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BBenenue

JucuumnnuHa «XUMHs» OTHOCUTCSA K JUCHUIUIMHE 0a30Boii yactu. OHa HampaBiieHa Ha
dbopMupoBaHHe  OOMIEKYJIBTYPHBIX, NPO(ECCHOHATBHBIX H  00menpodecCuoOHATbHBIX
KOMITETCHIIMHM 00yYJaroIIMXCs B MPOIIECCE BRIMOIHEHU padoT, onpeneneHHbx GI'OC BO.
Meroanueckue yka3zaHusi COCTaBJICHbI HA COBPEMEHHOM HAay4YHOM YpPOBHE U pacCUUTaHBbl Ha
CTyeHTOB, 1o HanpasieHuto 09.03.02 MudopmarimoHHbIe CUCTEMBI M TEXHOJIOTHU

[TocnenoBarenbHOCTh J1AOOPATOPHBIX PabOT COOTBETCTBYET JIOTMUECKOH CTPYKType ee
npoxoxaeHus. Ilpennaraemple MeETOAMYECKHME YKa3aHUs COJEp)KAaT MaTepuain, KOTOPbIi
PEKOMEH IyeTCsI UCIIOJIb30BATh CTY/IEHTaM MPHU OCYIIECTBICHUH J1a00OPaTOPHBIX padoT.



Tema 1. OcHOBHBIE MOHATHS U 3aKOHBI XUMHH.

JladopaTopnasi padora 1. OcHOBHBIE KJIacChl HEOPraHUYECKUX BelleCTB

Ilens pabGoTel: M3ydeHHE OCHOBHBIX KJIAaCCOB HEOPTaHMYECKHX COCAMHEHUH M HX
XUMHUYECKUX CBOUCTB.
dopmupyeMble KOMIETEHIIMY UM UX YaCTH:

Teopernyeckasi 4acTb
Oxcuabl

Crpoenne okcuaoB. OKCHIBI MPEACTABISAIOT COOOH CIIOKHBIE BEMIECTBA, COCTOSIINE W3 aTOMOB
JIBYX DJIEMEHTOB, OJTHUM M3 KOTOPBIX SIBJISCTCS KUCIOPO/I.

Taxoe onpeneneHue OKCHAOB MO 3JIEMEHTAPHOMY COCTaBY HeE SIBJISIETCS] 3aKOHUEHHBIM U TpeOyeT
YTOYHEHHS: K OKCHUJAM CIIEYeT OTHECTH TOJIbKO TaKHE KHUCIOPOJIHBIC COCTUHEHUS, B KOTOPBIX CTCIEHb
OKHCIICHHSI KUCITOPO/ia paBHa — 2.

OKCI/IIH)I MOTyT O6p2130BI)IBaTL KaK MCTaJlJIbl, TAK 1 HEMECTAJIJIbI.

J1s TOrO 9TOOBI COCTAaBUTh XUMUYECKYIO (hOpMYITy JTFOOOTO OKCHIa, HEOOXOIUMO TIOMHHUTB, YTO
MOJICKYJIbl XUMHUYECKUX COCAMHEHHM AIEKTPOHEUTPATbHbI. OJTO O3HAYaeT, 4YTO CyMMa CTeleHeH
OKHCJICHUS 3JICMCHTOB, BXOIAIIUX B COCTAB MOJICKYJIBI, JOJDKHA 6I)ITI) paBHA HYJIIO.

Hamnpumep:

Na,"*02 — oxcun Hatpus; P2°0s2 — oxeun dpocdopa (+5).

Crenyer 3HaTh, YTO OOJBIIMHCTBO 3JIEMEHTOB B 3aBUCHMOCTH OT YHCIAa BO3MOXKHBIX CTETICHEH
OKHCIICHHsI MOTYT 0Opa3OBBIBaTh HECKOJBKO OKCHIOB. Hampumep, a3oT oOpa3yeT ISITh OKCHIOB, T.K.
HUMEET IATh TOJOXKHUTEIBHBIX cTeneHel okucienus (+1, +2, +3, +4, +5): N2O, NO, N2Os, NO, N2Os.

Homenknarypa u rpaduyeckue Gpopmysbl okcuaoB. Ha3BaHue OKcHaa CKIAIBIBACTCS U3 JBYX
cnoB: 1) okcum;, 2) pycckoe Ha3BaHUE JJIEMEHTA C YKa3aHHEM B KPYTJBIX CKOOKaxX €ro CTeleHU
OKHCIICHHSI.

IMpumeuanue. Eciu 3ieMEHT UMEET B CBOMX COCJMHEHHSX TOJBKO OJIHY CTEICHb OKUCIICHHS, TO
e€ 0OBIYHO HE MPHUBOJIAT:

Zn0O — okcun 1ueka; CaO — okcun kanbius;, FeO — okcup xkenes3a (+2); SnO2 — okcup oosa
(+4); Na20 — okcun Hatpust; Al,O3 — OKCHI ATFOMHHUSL.

1. KucnotHele ¥  HEKOTOpble  aM(OJNUTHBIC  OKCHJAbI  HA3BIBAIOTCA  AHTHUAPUIAMHU
COOTBETCTBYIOIIUX KHCIIOT:

B,O3 — OopHbIit aHruIpu, okcus oopa (+3);

SiO2 — KpeMHHUEBBIN aHTUAPH/I, TUOKCHT KpeMHuUs (+4);

N2Os — a30THBIN aHTUAPUI, OKCH a30Ta (+5);

Sb>03 — cypbMSHUCTBIN aHTUAPH, OKCUJT CYPbMBI (+3).

2. Ha3BaHus OKCHJOB 1O MEXIAYHApPOJHON HOMEHKJIATYype CKIAJbIBACTCS W3 CJIOBAa OKCHI,
Ha3BaHMS DJIEMEHTA C YKa3aHUEM €0 CTENCHU OKUCIIeHNs (apaOCKuMu U(paMu B KPYTIIBIX CKOOKaX):

CuO — okcun meau (+2);

Cu.0O — okcnpg meau (+1);

FeO — okcup xenesa (+2);

Fe,Os3 — okcup xenesa (+3).

3. B 3aBUCHMOCTH OT CTENECHHM OKHCIICHHUS dMITUpUYECKUe U rpadudeckue GopMyibl OKCHIOB
UMEIOT BUJI:
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Knaccudukammss oxcumoB. Bce okcuapl (0 WX CBOWCTBAM) MOXHO pa3feluTh Ha
CONIe00pa3yIoIUe U HeCcoIeo0pasyromne.

K neconeobpasyromum otaocsarcs okcuasl: N2O, NO, CO.

Bce ocranpHBIe OTHOCATCS K coneoOpasyromuM. ConeoOpas3yroniiue OKCHABI, B CBOIO OYepeb,
MOJKHO pa3elIuTh Ha TPU TPYIIIHL:

—  OCHOBHBIE;

—  KHCJIOTHBIE;

—  aMm{QOIHUTHEIE.

OcHoBHBIe OKCcHIBl. K OCHOBHBIM OKCHIIAM OTHOCSITCSI OKCHIBI, TUAPATHI KOTOPBIX SIBIISIOTCS
OCHOBaHUSIMH.

Hanpuwmep:

Na.O — NaOH;

Ca0 — Ca(OH)y;

FeO — Fe(OH)..

4. Oxcunbl cambix akTUBHBIX MeTauioB (K, Na, Ca u ap.) coeauHSIOTCS HEOCPEICTBEHHO C
BOJIOH, 00pa3ysi paCTBOPUMBIE B BOJIE CHIIbHBIE OCHOBAHHUS — IIETOYH:

Na,O + H,O = 2NaOH;

BaO + H,O = Ba(OH)..

5.  bBonpmmHCTBO 0cHOBHBEIX OKcHaOB (CuO, FeO, Fe O3 u mp.) ioxo pacTBOpSIOTCS B BOJE.
[To3aTOMy COOTBETCTBYIOIIHIE UM OCHOBaHMs (OHH TaKXKe HEPAaCTBOPHUMEI B BOJIE) MTOTyYAIOTCSI KOCBEHHBIM
Iy TEM.

6. XapakTepHbIM CBOWCTBOM OCHOBHBIX OKCHJIOB SIBJISIETCSI B3aMMOJEWCTBHE WX C KHUCIOTAMH
WM KUCJIOTHBIMHU OKCHJIAMH C 00pa30BaHUEM COJICH:

Na,O + H,SO4 = Na,SO4 + H20;

Na,O + CO, = Na,CO:s.

7. OcHOBHBIE OKCHIBI 00Pa3yIOTCs TOJIBKO METaJIAMH.

Kucnornaeie okcuapl. K KHCIOTHBIM OKCHAaM OTHOCSTCS OKCHIBI, KOTOPBIM COOTBETCTBYIOT
KHCJIOTHI:

CO; > HzCOs;

SO3 —> HzSO4;

P205 —> H3PO4.

8. KucnoTHble OKcHIBI 00pa3yIoT:

a) okcumpl HemetawioB — N2Os, N2Os, SOz, SOs, P03, P2Os u ap.;

0) OKCHABI HEKOTOPBIX METAJUIOB MOOOYHBIX MOATPYIII, UMEIOIINX BBHICHIYIO (PaBHYIO HOMEDPY
TpyIIIbI) WK OJM3KYI0 K Hel cTerneHb okucienus — CrOs, V205, Mn;O7, MnOs, MoOs u 1.1.

9. KucnotHble OKCHJBI B3aUMOJICHCTBYIOT C OCHOBAaHHSMH M OCHOBHBIMH OKcHUAaMHu. UM
COOTBETCTBYIOT THAPOKCH/BI, IPOSIBIISIONINE KUCIOTHBIE CBOMCTBA!

SO, + 2NaOH = Na SOz + H,0;



SO, + Ky0 = K,SOs3;
SO, + H,0 = H,SO0:s.

10. BoNBIIMHCTBO KHUCIOTHBIX OKCHUIOB PAacTBOPHMMO B BOJAE W, pearupys ¢ Hell, oOpasyer
KHACHOTHL. [109TOMY KHCIIOTHBIE OKCHABI HA3BIBAIOT TAK)KE aHTHAPUAAMHU KUCIOT («aHTHAPUI» O3HAYaeT
«O€3BOTHBIN).

1) N.Os + H,O — (HzNzOe) — 2HNOs3;

2) SOz + HyO — H,SOy;

3) CrOs + H,O — HuCrOy;

4) Cl,07 + H,O0 —» (H2C|208) — 2HCIOy;

5) Mn.O; + H,O — (HzMI’les) — 2HMnNO..

11. Crenenu OKHMCIIEHHUS SIEMEHTOB B OKCHJIE U B KMCJIOTE OJIMHAKOBBIE, HAIpuMep, B Mn,"*O7 n
HMI’]7+O4.

Amvdonutasie  okcuabl. K aMQOTMTHRIM OKCHIAM OTHOCATCS OKCHIBI, OOJaJaroIime
CIOCOOHOCTBIO pearupoBaTh Kak ¢ KUCIOTaMH, Tak ¥ co mienodamu: BeO, ZnO, SnO, PbO, Al,03, Cr.0a.

12. Ux ruapataeie QopMbl — aM(OIUTHBIE THAPOKCUABI — OOJIAAAIOT CBOWCTBAMH Kak
OCHOBaHUH, TaK ¥ KUCIIOT, T.€. OHH BCTYTAIOT B PEAKIIUH B3aUMOIEHCTBUS C KHCIOTAaMH H IIEI0YaMHU.

13. AMdoauTHBIE OKCH/IBI HEPACTBOPUMBI B BOJIE.

14. AMdonuTHBIE OKCHIIBI, MPOSBISAS CBOWCTBA OCHOBHBIX OKCHIIOB, PEarnpyroT C KHCIOTaMH,
o0pa3yst collb U BOJY:

Zn0O + H3S04 = Zn0O4 +H0;

PbO + 2HNO;3; = Pb(NOs), + H20;
A|203 + 6HNO3 = 2A|(N03)3 + 3H,0.

15. AMmdomuTHBIE OKCHABI TakXke OO0pa3ylT COJM TPH B3aUMOJCHCTBHM C OCHOBAaHWSIMH H

OCHOBHBIMH OKCHJIAMHU:

Zn0O + Na,O > NaxZnOy;

ZnO + 2NaOH ————"=—> Na;ZnO; + H;0;

ZnO + 2NaOH + H20 = Na; [Zn(OH)a].

16. Naz[Zn(OH).] — komIuiekcHas coiib. B cocTaB KOMITIEKCHOM COJIM BXOJISIT:

1) non Metaiuia aM(pOJIUTHOrO OKCHA (C TOM K€ CTENEHBIO OKUCIIEH s ) Zn?*;

2) ruapokcwibHble rpynnsl OH;

3) WOHBI MeTaJUIa, BXOJAIIETO B COCTAB Ménoun, Na*.

Uwucno THAPOKCUIIBHBIX TPYMI (JIMTaHO0B), KOTOPOE MOXKET yIEpKHBATh LEHTPAIbHBIN aTOM —
KOMIUIEKCOOOpa3oBaTenb (MeTaul aM(pOIUTHOTO OKCHAA), ONPEesieTcsl KOOPAUHAMOHHBIM YHCIIOM,
NPUCYIIMM JaHHOMY METaTy.

17. KoopaMHanuoHHbIe uncna paBHbl: Be?* — 4, Zn* — 4, Sn?* — 3, Pb** — 3, APF* — 4, Cr¥* — 4.

18. PaccmoTtpum mpuMmep cocraBieHHS (OpMyNbl KOMIDIEKCHOH COJIM, TOJyYaromiencst u3
TMIPOKCH/IA [IMHKA M IIEN0uM. KOMIUIEKCHBIH MOH CONEPKUT KOMIUIEKCOOOpasoBareib Zn?* u 4eTwipe
noHa ruapokcuia. CyMMapHBI 3apsi/] KOMILTIEKCHOTO MOHA PaBeH —2, a COCTaB ero MOKHO M300pa3uTh
dopmymnoit [Zn(OH)s]*. DTOT KOMIUIEKCHBIH MOH SIBISETCS aHHOHOM. 3apsj KOMILUIEKCHOTO aHHOHA
HEUTpanmM3yeTcsi KATHOHOM, BXOJSIIIMM B COCTaB IIENOYH (IPOTUBOMOHOM). Ecin 3T0 oHO3apsSAHBINA HOH
(K* mwmm Na'), To cocTaB KOMIUIEKCHOW COJHM MOXKHO 3aIMcaTh (QOPMYIaMHU: K2[Zn(OH)4],
Naz[Zn(OH)4].

19. Ha3BaHus KOMIUIEKCHBIX COJIel (AHHOHHOTO THIIA):

Naz[Be(OH).] — rerparuapokcobepuiuiaT (+2) HaTpHs;

Naz[Zn(OH)4] — TeTparuapokcoiuakat (+2) HaTpus;

K[Sn(OH)3] — tpuruapokcocranHar (+2) xamusi;

K[Pb(OH)3] — tpuruapokcoruiromoat (+2) Kanus;

Na[Al(OH)4] — TerparuapokcoantomMuHar (+3) HaTPHsL;

K[Cr(OH)4] — Terparuapokcoxpomar (+3) kajus.

Kucaorsi

KucnoramMmn Ha3bIBalOTCSl CIIOKHBIE BEHIECTBA, MOJEKYJIBI KOTOPBIX COCTOST W3 KHCJIOTHOTO
oCTaTKa U aTOMOB BOJIOPO/Ia, CITIOCOOHBIX 3aMeIaThCs Ha METAILIL.

Kucnorsl MOXHO paccMarpuBaTh Kak MPOMYKT B3aUMOJCHCTBHSL KHCIOTHBIX OKCHIIOB
(aHrHIPUIOB) C BOJOM:

SO3 + H,0 = H,SOy4;

CO, + H,O = H,COs.

CIUTaBJICHUC




Ilo KOJIMYECTBY MOHOB BOJOpOAaA, CITOCOOHBIX 3aM€IaTbCA Ha MCTallll, B MOJICKYJIC KHUCJIOTBI

MOIPa3AETSAIOTCS HA OJTHO-, JBYX-, TPDEXOCHOBHBIC U T.J.:

HCI, HNO3, HF — onHOOCHOBHBIE KUCIIOTEL,

H>SO., H2COs, H2S — 1ByXOCHOBHBIE KUCIIOTHI;

H3PO., H3AsO4 — TpEXOCHOBHBIC KHUCIIOTHI.

Ha3Banus kucnor:

HCI — xmmopoBomopoHas (consHast);

H2S — cepoBomopoaHast;

HF — ¢ ropoBomopomnas (TuraBukoBas);

HNOs — a3oTHas;

H>SO4 — cepHas;

H>COs — yrosbHas;

H3PO. — oprodochopnast.

Kucnots! B3auMoAeHCTBYIOT C:

a) ocHoBaHuIMH — H2SO4+ 2NaOH = NaSO4 + H20;

0) ocaoBHBIMH okcumaMu — HSO4 + CuO = CuSO, + H0;
B) comsamu — HSO4+ BaCl, = BaSO, + 2HCI.
I'padmaeckue GopMyITbl KUCIIOT.

N3o0paxast rpaduuecKu KUCIOTY, CIIEAYeT UCXOIUTh U3 TOTO, YTO OHA COCTOMT U3 IIEHTPATEHOTO

aToMa HeMeTajula, COeAIUHEHHOTO C TuApoKcuibHOM rpymmoid OH™ u kucnoponmom. Ilo konunyecTBy
aTOMOB BOJ0pPOAa B KUCJIOTE MOKXHO CYAUTH O KOJUYCCTBE T’MAPOKCUIIBHBIX I'PYIIIT B MOJICKYJIC!

H,PO, HNO, H,PO,
H-0\ e Koy
H-0"P=0  H-O-N| H-0-P,

H-0/ 0 O-H

Ecau MOJICKYJIa KHUCJIOThI COACPKUT JIBa HECHTPAJIbBHLIX aTOMa, TO IIPpH HEYETHOM YHCIIC aTOMOB

KHCJIopoga OHU COCIHUHANOTCA MCEKIAY co0oi uepe3 aToM KHUCIO0pOJda, a THUAPOKCUIIBHBIC TPYHIIIBI N
OCTAJIBHBIC aTOMbBI KUCJIOPOJa paCpeACIAOTCA IOPOBHY MCKAY LCHTPAJIIbHBIMHA aTOMaMU:

H,S,0, H4P,07
O O H-0O O-H
| | \ /
H-O0O-S-0-S-0-H O=P-0-P=0
| | / \
O O H-0O O-H
OcHoBaHus

OcHoBaHUs — CJIO)KHBIE BC€HOICCTBA, COCTOAIIMEC M3 KaTHMOHA METaIlia U I‘I/I)IPOKCI/IHBHOf/i TpyIbI

I'pynny OH™ HaszpiBaroT ruznpokcua. OTCr0/ja OCHOBAHUS HA3bIBAIOT:

LiOH — ruapoxcun nuTws;

Ca(OH), — ruapoKcHI KaabIvs;

Fe(OH), — runpokcuy xenesa (+2);

Fe(OH)s — runpoxcny xenesa (+3).

Uucno ruapokcwibHbIXx Tpynn OH™ B Monekyie OCHOBaHHS, CIIOCOOHBIX OTIIEIUISATHCS TPH

aucconuranuu, ornpeacsA€T €ro KMCJIOTHOCTD!:

a) ognokuciaotaeie — NaOH, KOH;
0) neyxkucinotHsie — Ba(OH)2 , Ca(OH)2;
B) TpéxkucnotHbie — Al(OH)s , Fe(OH)s.
I'paduueckue popmynsr:
Fe(OH), Fe(OH)s
OH
/
Fe—-OH

OH



H-O- Fe -O-H

OcHOBaHHUs B3aUMOICHCTBYIOT:

a) ¢ kucaoramu: 2HCI + Cu(OH); = CuCl; + 2H,0;

0) ¢ kucnotHeiMu okcugamu: CO2 + NaOH = Na,COs + H;0;

B) ¢ comsmu: CuSOy4 + 2NaOH = Cu(OH),4d + NazSOa.

AMbonauTHBIE THAPOKCHBI (TaK K€ KaK U WX OKCHJbI) 00Iaat0T JBOWCTBEHHBIM XapaKTePOM:
pearupyroT ¢ KHCIOTaMH — TPOSIBIAIOT CBOMCTBA OCHOBAHUH, a TaKXKe PeardupyroT C IIeIoYaMu —
HPOSIBIISIIOT KMCIIOTHBIC CBOWCTBA

Zn(OH); + H.SO4 = ZnS04 + 2H0;

CIUTaBJICHUC

Zn(OH); + 2NaOH > Na2ZnO: + 2H,0;

Zn(OH), + 2NaOH — =25 Na,[Zn(OH)4];

Al(OH); + NaOH ————=—> NaAlIO; + 2 H,0;
pacTBop

Al(OH); + NaOH ——— > Na[AI(OH)4].

Kak yxazano Bble, aM(pOIUTHBIE OKCHABI U THIPOKCHABI MOTYT pearipoBaTh HE TOJIBKO C
pacTBOpaMH IMIeIoueid, o0pa3ysi KOMIUIEKCHBIC COJIM, HO U C TBEPIBIMH OE3BOTHBIMH IIENIOYaMHU IyTEM
crutasienusi, 0opaszyst NaAlO; — MeTaamoMUHAT HATPHS.

IMpu pactBopennu B Boje Oe3BomHbix coneir NaxZnO, u NaAlO. onu ruaparupyrorcs,
IpeBpaIasch B KPHCTAJUIOTHPATHL:

Na;ZnO; + 2H,0 — Naz[Zn(OH)4];
NaAlO2 + 2H20 — Na[Al(OH)4].

HaoOopoT, ecmu BbImapuBaTh pPacTBOp COJNM KPUCTALIOTHApATa, a 3aTeM IPOKalIWBaTh

KPHUCTAJUIOTHAPAT, TO THAPATHAS (JopMa pa3pyIIaeTcs, a 3aTeM BOJa yIeTyIHBACTCS

Naz[Zn(OH)s] ——> 2H,0 + Na,ZnOs.

Coau
Coau MOKHO paccMaTpuBaTh KaK MPOAYKTEI ITOJHOI'O0 WKW YaCTUYHOT'O 3aMCIICHUSA aTOMOB
BOJIOPOJIa B MOJIEKYJIE KHCIOTHI HA aTOM MeTalia, THOO THAPOKCHIBHBIX TPYIIT B MOJIEKYJIE OCHOBAaHUS
Ha KUCJIOTHBIE OCTaTKH. Pasnudaror conmu cpeiHne, KUCIbie, OCHOBHBIC, IBOHHBIC.
Conu pa3nuyarot:
a) cpeanane — NaxSO4 ,AlICI;3 , KsPOy;
6) kucibie — NaHSO,4 , KH,PO,4 , KzHPO4;
B) ocaoHBIe — AIOHCI; , AI(OH).CI,;
r) nBoiinbie — KAI(SO4)s.
CpenHue cCou MoTy4aroT:
a) TP B3aUMOJICHCTBHHA OCHOBHOTO OKCHU/Ia C KUCIIOTHBIM OKCHJIOM:
Ca0 + CO,=CaCOg;
0) mpu B3aMMOAEWCTBUN OCHOBAHUSA C KUCIOTHBIM OKCHIOM:
Ca(OH)z + CO,= CaCOs + H,0;
B) IIPH B3aUMOJICHCTBHM OCHOBaHHWS C KHCIIOTOU (€CIIHM BEIECTBA B3ATHI B 3KBUBAJICHTHBIX
KOJTMYECTBAX):
Ca(OH); + 2HNOs = Ca(NO); + 2H,0;
T') IpY B3aUMOACHCTBUN OCHOBHOT'O OKCHA C KHCIOTOM:
CuO + H2S04 = CuSO4 + H20;
) Tp1 OOMEHHOMN PeaKIK MY COJIBIO M KUCIIOTOM, WIIK BBITIA/IAET OCATIOK:
Na,COs3 + H,SO4 = Na,SO4 + CO; + H20;
BaCl, + H2SO, = BaSO4! + 2HCI;
€) Tpu B3aUMOJCHCTBMM COJM CO IIEJNOYbIO, B pe3yibTaTe dero oOpasyercs
MaJIOpaCTBOPUMOE OCHOBAHHE HITH JIETKOJIETY4ee COeIMHEHHUE:
CuSO4 + 2NaOH = Na SO, + Cu(OH);
NH,CI + NaOH = NaCl + NHsT + H0.
3AIIOMHMUTE, 4gro comu ¢ HepacTBopuMbiMu ocHOBarmsiMH HE PEATMPYIOT!



) Tmpu OOMEHHOM B3aMMOJIEHCTBHH IBYX COJICH, B pe3yJIbTaTeé KOTOPOTO OOpa3yeTcs
MaJIopacTBOpUMast COJIb:
AgNO; + NaCl = AgCN + NaNOs;
3) IpH B3aWMOJICHCTBUHM METAIUIOB C HEMETalUIlaMH, B Pe3yJbTaTe KOTOPOro OOpasyroTcs
coJi OECKHUCIOPOTHBIX KHCIIOT:
2Al + 31, = 2Alls.
Kucnbie comu. Kucnple comy MOXKHO paccMaTpUBATh KakK MPOAYKTHI HEMOTHOTO 3aMEIICHHSI
BOJIOPOJHBIX HOHOB B MOJIEKYJIE KUCIOTHI HOHAMH MeTajla:
H3PO4 + KOH = KH,PO4 + H,0:;
H3PO4 + 2KOH = KoHPO4 + 2H0;
H3PO4 + 3KOH = K3PO4 + 3H;0.
KH2PO4 — muruapodocdat kamusi, kKuciblii pochOpHOKUCIIBINA Kanuii 0AHO3aMELIEHHBIN;
K2HPO4 — runpodocdat kamws, KUCIbiid GocHOPHOKUCITBINA KA JIBY3aMEIIEHHBIN;
K3PO. — oprodocdar xamust, HochOpHOKHCIBIN KaTH.
Kucnbie conu kanpuust GocopHOil KUCIOTH UMEIOT BU:
Ca(H2PO4)2 —  murmmpodocdar  Kambis, KHCIbIH — (POCHOPHOKUCIBIN  KalbIHid
OJTHO3aMEIIEHHEBIH;
CaHPOQO4 — ruapodocdat kanbius, KUCIbIH GOCHOPHOKUCITBIN KA JBY3aMeIIEHHBIH.
OCHOBHBIE COJIM — MPOAYKTHI HEMOJIHOTO 3aMEIEHHsI THAPOKCHIILHBIX HOHOB OCHOBaHHS Ha
KHCJIOTHBIC OCTaTKU. TakuM 00pa3oM, B MOJIEKYJIe OCHOBHOW COJM KPOME HOHOB METAllIa ¥ KUCIOTHOTO
ocTaTKa COJIEPKATCS K MOHBI THAPOKCHUIIA:
Al(OH)3 + HNOs = AlI(OH)2NOs + H20;
Al(OH)3z + 2HNO3; = AIOH(NO3), + 2H20;
A|(OH)3 + 3HNO; = Al(N03)3 + 3H,0.
Al(OH);NO; — HuTpar AUrHaAPOKCH T ATIOMUHHS,
AIOH(NO3), — HUTpAT THAPOKCH]] ATFOMUHNS;
AI(NO3)3 — HUTpAT ATFOMUHHS.
3Hast 3apsiJl HOHA BXOJSIIET0 B COCTaB OCHOBHOM COJIM, a TaK)Ke 3apsiji KUCIOTHOTO OCTATKa,
HETPYJHO COCTaBUTH (hOPMYITy OCHOBHOM COJIH:
CocraBieHue ypaBHEHHS PEaKIMi TTOJyYEHUs BCEX MBICIMMBIX COJIEH TPH B3aUMOICHCTBHN
THIPOKCH/IA ATIOMHHUS M CEPHOW KHCIOTHI (HEOOXOJHUMO TOMHHTH, YTO HE BCE COJH CIOCOOHBI
CyIIIECTBOBATH):

CrOH(NO3)2 Al(HSO.)
MgOHCI

Cr(OH)2NOs 7 / Aly(SO4)3
CrOH)s >  CroHSOs Mg(OH), = (MgOH), 0,

4 \

[Cr(OH)2]2S04 (MgOH), PO, N [AI(OH)2]2S04

AI(OH)s3 + 3H2S04 = AI(HSOs)s + 3H:0;

2Al(OH); + 3H2S04 = Aly(SO4)3 + 6H0;

Al(OH)3 + H2SO4 = AIOHSO4 + 2H,0;

Al(OH); + 3H2SO4 = [AI(OH)2]2SO4 + 2H:0.

I'paduueckue ¢opmynsr coneld. (s mpaBWIBHOIO TpadUUecKOro M300paKEHUS! COJH
HEOOXOUMO OTUETIIMBO MPEACTABIATH Irpaduueckre GOpPMYIIbl KUCIOTHBIX U OCHOBHBIX OCTaTKOB. Tak,
XJIOpHasi KHCJIOTa 00pa3yeT OuH KUCIOTHBIN ocTaTok ClOy

Cepnas xucnora — asa: SOs> , HSO4

®dochopnas kucnora — Tpu: POs> , H,POs, HPO,>
[TosTOMy € TUAPOKCHUAOM HATPHS 3TH KHCIOTHI 00pa3yIoT COJIH:

AI(OH)s = AIOHSO,

-0 H-0 H-0
\ \ \
-0-P=0 H-0O-P=0  -0-P=0
/ / /
-0 -0 -0

S S 10
/ '\ I\



NaClOg4 NaxSO4 NaHSO4

) OH Na-O O
C/ . / \
u N u
\ O \ S
[/ \\ [\
O Na-O O H-0 O
NasPOg4 NaH2POg4 NaHPO4
Na-0O Na-0O Na-0O
\ \ \
Na-O-P=0 H-0O-P=0 Na-O-P=0
/ / /

Tuapokcua meau (+2) — Cu(OH), o6pasyer aBa octatka: Cu? u CuOH™:
U, CJIEJIOBATEIIBHO, C a30THOM KHCIIOTONH MOKET 00Pa30BbIBATh JIBE COJH:

Cu(NO3): n CUOHNO3

0] O
T T
O-N H-O-Cu-O-N
/ \\ \\
/ 0] @)
Cu
\ O
v 7
O-N
\\
0]

Peakiuu B3aMMHOTO TpeBpalieHus: coiell. Panee OBUTM pacCMOTPEHBI COJM KaK MPOJYKTHI
B3aUMOJICHCTBUS KUCIIOTH M ocHOBaHMS. [Ipy HemocTaTke KUCIOTHI 00pa3yroTcs OCHOBHBIE COJNH, T.€. HE
BCE THUAPOKCHIBHBIE HOHBI MOTYT 3aMECTUThCS Ha KHUCIOTHBIE OCTaTKH. A IPHU HEJOCTAaTKE OCHOBAaHUS
MOTYT TOJyd4arbcad Kucible conmu. OTCI0Jja CTaHOBUTCS TOHSATHBIM METOJ TIepeBOja OJHON CONH B
ApYTYIo.

s mepeBoma OCHOBHOW COJIM B HOPMAaJIbHYIO (CPEAHIOI0) WM KHCIYI0 HEO0OXOANMO
JN00aBUTh KHCIIOTY, & TPH IEpPEeBOje KHCIOH CONM B CPETHIOI0 WM OCHOBHYIO CIieNyeT J00aBHTh
ocHoBaHue. IIpm 3TOoM ymOOHO HCHOIB30BATH OJHOWMEHHBIE OCHOBAaHMS M KHCIOTHI, YTOOBI HE
3arpoOMOXKJaTh YpaBHEHUE PEaKLIUU IPYTUMH COJISIMH:

) CaCOs
(« (CaOH)2COs3 H,0:
(C Ca(HCO3)2 )+ 2H,0;
5) CrOHCI;
Cr(OH)CI &
CI’( CrCls

11



Cr(OH).Cl + 2HCI = CrCl; + H,0;

2 CaHPO.
Ca(H2PO4)2—> Cas(POas): O:
™\ (CaOH)sPO. 10O
+ 4H,0;

-\ e — g Rt e £ —N Tt — - g —

(CaOH)3PO4
Ca3(PO4)2 —>CaHPO4
Ca(H2P0a)2

1)

(CaOH)3PO4/

(CaOH)sPO, +%HF&§3§(PO4)2 + 3H,0;
(CaOH)sPO, + H3PO, = CaHPO;, + 3H:0;

Caz(POa)2

e) 1 Al(HSO4)s
Alx(SOs)s > AIOHSO4
Al(F ™ [AI(OH)3]S04 304 + 6H:0.
Ob6paru HEUTpaIM3alMu UAET B MPUCYTCTBUU IIENOYHU

NaOH, a ne ocaoBanus Al(OH)s, T.k. mocneHee HEPACTBOPUMO.
AIOHSO; + H2SO4 = Al2(SO4)3 +2H20;
[AI(OH)2]2SO4 + 2H2S04 = Al(SO4)3 +2H20.

OO6opynoBaHue U MaTepHaJIbI
Oxcup xaneiusg CaO
WNupukatop dpenondranenn
Oxkcuma meau CuO
PactBop ceproit kucnotst HSO, ¢ kornenTpanueit C(H2S04)=2 MOJIB/M®
Pacteop NaOH ¢ koruentpauuneit C(NaOH) = 2 monb/nm®
Oxcun nuaka ZnO
Xuopuna kagmust CdCl,
Xnopuz amromuaust AlCl3
Cynbdar meau CuSOq4
10. Xnopun 6apus BaCl,
11. JuctmimpoBaHHas Bojia
12. TpoGupku
13. Jloxkeuka

CoNoaRrWNE

Ykazanus mo TexHuke 0€30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJKHBI MPOBOJUTHCS IPH HCIPABHOM

3JIEKTPOOOOPYAOBAHNH, FNEKTPOIPOBOIKE, TPABHUIILHO O0OPYI0BAaHHOM BBITSKHOM LIKady.

2. T'a30BbIe KpaHBI U ra30MPOBO/I 1OJHKHBI HAXOIUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOINIECKU
MIPOBEPSTHCS.

3. Pabodee mMecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcst OpaTh YUCTHIM IINATEIEM MU CIICLHAIBHON JT0XKEUKOH.

5. M3numek peakThBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3AT.

6. Bce ombITHI C BpeHBIMHU 1 MTAXHYIIMMH BEIIECTBAMH, a TAKXKE YIIAPUBAHNUE KUCIIOT M KUCIIBIX
PacTBOpPOB MPOBOJIUTH B BBITSDKHOM IIKaQy.

7. OcrtaTKu coeqUHEHUI cepedpa cIuBaTh B 0COObIC CKIISTHKH.
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8. Ilpu HarpeBaHMM PacTBOPOB B IMPOOUPKE BCEra CIEAYET JAepiKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJIEHO B CTOPOHY OT PaOOTAIOIIETO PSIOM COCEIa.

9. He HaKJIOHATH JUIIO HAJl HATPEBACMOM JKUIKOCTHIO WM CIUIABIIIEMBIM BEIICCTBOM.

10. He cnexyeT BapIxaTh Maxydue BEIIECTBA U rasbl, OJU3KO HAKIOHSSACH K COCYAY C 3THMU
BeniecTBaMy. HroxaTh BelllecTBa MOKHO JIMIITL OCTOPOKHO, HANPABIISS K ceOe Maphl WK ra3 ABKCHHEM
PYKH.

11. XpaHHTbH PacTBOPHI KOHIICHTPUPOBAHHBIX KUCIIOT U IIEIOYCH B BHITSHKHOM IIKAQy.

12. BrwummBaTh pa30aBICHHBIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XHMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEPOYIIIepo U
T.J1.) HE JOJDKHO OBITh PSIOM OTHSI U BKIIFOUCHHBIX TUTMTOK.

15. IIpu paboTe coO CTEKIOM, XHMHYECKOW TOCyIOH, HEOOXOAMMO COONIIO/AaTh IpaBUIiIa
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHUH OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3arpeniacTcs OCTaBIATh pa0OTaroMe TPUOOPHI 03 HAOIIOICHUS.

17. B xumudecko# taboparopur He0OXOAUMO paboTaTh B XalaTe.

3aganus

OmepiT 1. Bo3pMHuTE 10KEUKOH 04eHb HEOOIBIIOE KOJTMYECTBO OKCUAA KaJIbIIMs, IOMECTUTE €r0 B
npoOupKy u n06aBbTe 3 cM® Bozibl. Eciu okeua kanbius CaO pacTBOpUIICS HE MOJHOCTBIO, 3TO 03HAYAET,
yTo B3IT M30bITOK CaO. Hammmure ypaBHeHume peakuuu. J[o0aBpTe B MpoOHpKy, rae oOpa3oBaiics
TUAPOKCHUI Kajblws, 1-2 kammum wHauKatopa (eHondranenna. B kakoil mBeT OKpacwics pacTBOp B
npobupke? Kakas cpena pacteopa?

OneiT 2. Bo3pMHTE I0KEUKOM HEOOIBIIOEC KOJIMYSCTBO OKCHAA MEOH, IIOMECTUTE €ro B
npo6upky. Tyna xe n06aBbTe 2-3 cM® pa30aBIeHHON CEPHOI KMCIOTHI, HATPEHTE NPOOUPKY 10 KHIICHHSI.
B xkakoii mnBer oxpacwics pacteop? CocrtaBbTe ypaBHeHHE peakinuu. OTQUIBTPYHTE pacTBOp OT
OCTABILErocs OKCHAA MEIM U K OXIaXAeHHOMY (GuiIbTpaTy (pacTBopy) no6aBbTe 2-3 cMm® pacTBopa
mémoun NaOH. Uro mpowmzomo? Hanmmure ypaBHeHWe peakinmu. Temepb Harpeire mpoOupky. Kax
n3MeHMIICS UBeT ocanka? CocTaBpTe ypaBHEHUE PEaKLMU Pa3I0KEeHUs TUAPOKCUIA MEIH.

OmnsiT 3. Bo3pmure ase mpoOupku. IlomectuTe B HUX HEOONBIIOE KOIWYECTBO (HAa KOHUYMKE
JIOYKEUKH) OKCHJA LMHKA WM OKCHJA alloMMHMS. B ofHy mpobupky Haneiite 2-3 cM® pa3baBieHHOM
CEpHOIl KHMCJIOTHI, B APYryr 2-3 cM® KOHIEHTPUPOBAHHOTO pacTBOpa wmiejodn. Harpeiite BTOpyro
npooupky. Okcuabl B 00eUX MPOOMPKAX pPACTBOPSIOTCS, 4YTO IOJATBEPIKAACT UX aM(OIUTHOCTS.
CocTraBbTe ypaBHEHUS PEAKITUH.

Onwir 4. Haneiite B mpo6upky 1,5 cm® pacteopa comu xaamus (xnopuaa CdCl, mmu cynbgdara
CdSO.) u Tyna xe mobasbre 1 cm® pactBopa ménoun. Hanuvmmre ypaBHeHus peakumii. B mpoGupke
obpazoBasicsi ocagok. OtmersTe 1BeT ocanka. Coxpepkumoe NpPOOUpPKH, MPEABAPUTEIBHO B300NTaB,
paszenure Ha 2 4acTu, MEPeIuB OJHY U3 HUX B ApYryio nmpoOupky. K comepxumomy ogHON mpoOHpKu
n06aBbTe 2 cM® pa3baBIeHHON CepHOM KUCIOThL. Ocalok pacTBOPUICS. DTO MPOU3OILIO B PE3YJILTATE
peakuuu HeWTpanu3aluu oOcHOBaHMWA. Hammmumrte ypaBHenue peakuuu. K conmepxumomy ofHOH
npobupku 106aBbTe 2 cM® pacTBopa mEnoun. OcasoK He paCTBOPUIICA, T.K. 00JIa1as TOJBKO CBOWCTBAMM
OCHOBAaHHUSI, CO LIETI0YaMHU HE B3aUMOACHCTBYET.

Ongpit 5. Haneiite B mpoGupky 2-3 cm® pactBopa comu amomuaus. J[06aBbTe 1Mo Kamism (10
oOpa3oBanust ocazaka) pasoOaeineHHblii pactBop mienoud (KOH — wminum NaOH). IlosiBuiics ocamok
ruapokcuna amomuHus Al(OH): Oenoro mBera. Hanummumre ypaBHeHme peaknuu. ConepKumoe
NpoOUpPKH, TpeaBapUTENLHO B300JTaB, pa3ienurte Ha ABe yacTu. K comepKUMOMY OIHOW NMPOOHPKHU
no6asbre 2-3 cm® pasOaBieHHON cepHOit KkucnoThl. Ocamok pactBopmiics. COCTaBbTE ypaBHEHHE
peakuuu. Bo BTOpyio mpo6upky 106aBbTe 2-3 cM® KOHIEHTPHPOBaHHOIO pactBopa mmenoun (KOH um
NaOH). Uto npoun3onuio ¢ 0cakoM rUIpoKcuia amoMuHausa? HanumunTe ypaBHEHUS peaKkiyH.

Onwit 6. Haneiite B mpoOupky 2-3 cm® pactBopa cyibdara meau. J[06aBbTe HECKOIBKO Karesb
(ue 6onee aByx!) ménoun NaOH 10 06pa3oBanus cBETIIO-3e5IEHOr0 ocajaka ocHOBHOM coyt (CuOH)2S0..
N36bITOK mI€Nn0uM npuBeaeT K oOpa3oBaHuio ocaaka rugpokcuna meaun Cu(OH),.

Onpir 7. Haneiite B npobupky 2-3 c¢m® pactBopa xnopuaa Gapusi BaCl, m memnoro ceproii
KHCIIOTBI JIO oOpa3oBaHms ocaaka. OTMeTsTe 1BET oOpasylomerocs ocamaka. Vcmoetaiite Ha
PacTBOpPUMOCTh TIOJIYYSHHBIH OCAaJOK B KHCJIOTe M Ienoyd. s 3TOro: comepXHMoe NpPOOHpKH,
npeaBapUTeIbHO B300NTAB, pazaenuTe Ha aBe npodupku. K cogepskumomMy oHON poOupku 100aBbTe 2—
3cm® cepnoii kucnotel ¢ konuentpanueii C(H:SOs) = 2mons/am®, a B apyryio mpodupky — 2-3cm®
pactBopa wwénoun ¢ konuenTpamuein C(NaOH) = 2 mons/nm® u norpeiite B IIaMeHH ra30BOH FOPEIKH.
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OTMeThTe, MPOM3O0IILIO JIM PacTBOPEeHHE ocazka cyibdara Oapus. O0bsicHuTe nopeneHue ocaaka BaSOq
npu obpadoTke ero pacropamu H>SO, u NaOH monb3ysich Tabnuieit pacTBOPHMOCTH.
CocTaBbTe ypaBHEHHE XUMHUECKOHN peakiiuu 00pa3oBaHus cysibdara 6apusi.

Conep:kanue oTyera
[Tony4yennsie annbie 3adukcupyiite B Tabnuue 1 no ciemyromieii popme:
Tabauna 1. Pe3ynbraThl 3KCiepuMeHTa

Ne i/t | PearenTsl XuUMHUEcKasi peaKius HaOmronenus

1

gl iw|N

KoHTpoJibHbIE BOPOCHI
ba3oBblii ypoBeHb
Uro Ha3biBaeTcsa okcuaaMu? Kakyro cTeneHb OKHCIEHUS IPOSBIIAET KUCIOPO B OKCUAax?
Jaiite kpaTKyro KIacCU(PUKAITUIO0 OKCHIAM.
Uro Ha3zwiBaeTcs kuciiotamu? IIpuBeauTe nx KiiacCUpUKAIIUIO
Uro HaszwiBaeTcs ocHoBaHmsIMU? [IpuBeauTe nx KiaccuuKaIio

NS

IloBBIlICHHBIN YPOBEHB
1. Kaxkwue 35eMeHTBI 00pa3yIoT OKCHIbI?
2. Kak cocrapnsieTcst xumudeckas ¢popmyia okcuaa?
3. Kakue okcuapl 00pasyeT a3oT?
4. Kaxue oKkcuIbI B3aUMOJICUCTBYIOT ¢ Bofo. [IpuBecTn mpumep.
5 Kakue coennuaenus HazpBatorcs consmu? [IpuBenure ux kinaccupukanmto

Cnucok JiuTepaTypbl, peKOMEHIyeMblii K HCII0JIb30BAHMIO 110 JAHHOH TeMe

OcHoBHas1 JiMTepaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBuH. - 13-e u3z., nepepab. u nom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Tlpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpyskaroieil cpeibl : XuMus KHUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 27eKTPOHHBIN // DnekTpoHHO-0nOoTeuHas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum moctymna: mist
aBTOPU3HUP. MOJIB30BATENEH
Jlono/IHMTeIbHAS JIMTepaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. ['muska ; [lox pen. A. . Epmaxosa. - U3x. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. X¥MUS METaJIOB : yueOHoe mocodue (U1 CTYJASHTOB XUMHUECKOTO (paKkynbTeTa
HalnpaBlieHUu# O0akanaBpoB « XUMUA» U «XUMHUEcKas TeXHoJIorus») / cocraBurenu O. A.
I"'onoBanoBa. — Omck : OMckuil rocyapcTBeHHbIN yHuBepcureT uM. @.M. /locroesckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHbIN // DnekTpoHHO 6ubnuoreyHas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum noctymna: mis
aBTOPH3UP. MOJIb30BaTENIEH
NuTepHeT-pecypcebl:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIIa K 00pa30BaTeIbHBIM pecypcam
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2 http://biblioclub.ru/ — 3BC «YHuuBepcuteTckast OHOIMOTEKA OHIIARHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN JICKTPOHHBIX OHOIMOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeIToe 06pa3oBaHue

Tema 5. Oﬁume 3aAKOHOMEPHOCTH NPOTEKAHUA XUMHNYIECCKUX MMPOUECCOB.
JlaGopaTopHas padora 2. XuMH4YecKas KHHeTHKA U XUMHYeCKoe paBHOBecHe

HGHB pa6OTbI: HU3yUCHHUC XUMHUYECKOM KMHETUKU H paBHOBECHUA, U q)aKTOpOB, BJIMAIOIINX Ha

CKOPOCTh U CMEIIIEHNE PABHOBECHS XUMUYECKUX PEAKIIAH.

®opmupyemMble KOMIETEHIIUH UK UX YaCTH:
Teopernyeckasi 4acTb
CxopocTh XMMHYECKHX peaKkuui

VYpaBHEHMsSI XMMMUYECKHUX pPEaKUui, XapaKTepu3yss MHOTHE CTOPOHBI IIPOLECCOB, HE
BCEr/ia AatoT MOJIHOE IPECTABIEHUE O CYIIHOCTU MIPOUCXOIAIINX IPEBPALLICHUH.

Hekotopble XuMHuUecKue MpPOLECChl, HAIpUMEp, PEaKLUH pPa3JI0KEHHUS B3PbIBUATHIX
BEIIIECTB, 3aKAaHUYMBAIOTCS B TEUCHHE JI0Jei CeKyHbl. OUeHb OBICTPO 3aKaHYMBAIOTCS PEAKIHH
B3aMMOJCHCTBYS KUCIOT, LIENo4Yed U coned B pacTBope. OpraHMYecKHe K€ COCOUHEHHS B
OOBIYHBIX YCIOBHUSIX B OOJIBLIMHCTBE CIy4YaeB B3aUMOJICHCTBYIOT MEXAY COOOW MENJICHHO.
Takum 00pazom, pa3Hble peakii COBEPLIAIOTCA B HEpaBHbIE IPOMEKYTKH BPEMEHH, T.€. MOTYT
UATH C Pa3IMuHON CKOpOCThIO. [103TOMY Ha OCHOBAaHMU TOJIBKO YPAaBHEHUH OJHUX XMMHYECKHX
peaxkuil Hellb3sl CyAUTh O CKOPOCTH IIpoLiecca.

Xumuueckas Kunemuxa — 23mMO Y4eHue O CKOPOCMU XUMUYECKUX HpOYeccos, ux
HANpasiIeHHOCMU U 0 PaKmopax Ha HUX GIUAIOUIUX.

Henp m 3amaun XMMHYECKOM KUHETUKH — W3bICKAHUE ONTHMAJbHBIX [apaMeTpoB AJIs
NPOBEIEHUST XHMHUYECKOTO CHHTE3a, a HMMEHHO: oO0ecledeHHe MaKCUMalbHOW CKOPOCTH
npoliecca, HauboJee palMOHAIBHOE UCIIOIb30BAHNE ChIPbs U SHEPIOPECYPCOB U AP.

VYCTaHOBIIEHO, YTO Ha CKOPOCTb XMMHYECKHUX DPEaKLUUH BIUSIOT MHOro (haKTOpPOB —
KOHIEHTpallusi B3aUMOJICHCTBYIOIIMX BEILIECTB, TEMIeEparypa Mpolecca, Haauuue (Uiau
OTCYTCTBHUE) KaTajln3aropa U Jp.

OKCIepUMEHTBl [I0Ka3ajy, YTO YBEJIWYEHHE KOHILIEHTPAMH  B3aUMOJIEHCTBYIOIIMX
BELIECTB BBI3BIBAET YBEJINYCHUE CKOPOCTH PEAKIIUH.

Ecnu B 3akppITOM cocyne Npu 3aJaHHOW TEMIIEpaType pearupyroT JiBa BeIecTBa B
ra3o00pa3HOM COCTOSIHUM UJIM B PACTBOPE

AC + BD < 4D + BC,

TO CKOPOCTh 3TOH PEaKIMH OMpefenseTcs YMeHbIIEHHEM KOHIIEHTPAIHH (MOJIb/IMS)
BetiecTB AC u BD B enunuily Bpemenu (CeKyHIy, MUHYTY, 4ac). Tak Kak ¢ Te4eHHEM BpPEMEHU
KOHLIEHTpAlLlMsl PpEearupyroliyux BeELIECTB MagaeT, TO 3aBUCHUMOCTb CKOPOCTH pe€akUuu OT
KOHIEHTPALUU MOYKHO BBIPA3UTh CIEAYIOLIUM 00pa3oM:

E—

v=—(AC/At) (2.1)

rne €2 — CKOpOCTh MPSIMON pPeaKiuH, AC - MOJISIpHAs KOHLIEHTpanus, t — Bpems.
I'paduaecku sTa 3aBUCHMOCTh H300pakeHa Ha pUcyHke 5.1.
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v =—(AC/At)

Cif~—---

Cof-----

t1 to —_— g
Puc. 2.1 3asucumocmsv ckopocmu peaxyuu om epemeHu
HOBOJ’IBHO PacIpoCTpaHCHbI PCAKIIMU THUIIA:
mA + nB—> ¢C, (2.2)

B KOTOPBIX Ha m MOJICKYJI BEIICCTBA A MMPpUXOOUTCH n MOJICKYJI BEIICCTBA B, IIpru 3TOM m
U N OOJIBIIE €TUHULIBL.

3KCH€pI/IM€HTaJII)HO YCTAHOBJICHO, YTO [JIA TAKOI'0O IIpo1ecca CKOPOCTh HpﬂMOfI pCaknuu
MOeET OBITh BbIpa’XC€Ha CJIICAYHOIINM 06p8.30MZ

v=K[A]*-[BY, (2.3)

—

rae K - koHcTaHTa CKOPOCTH NPSAMOH PEAKIMH — BETMUMHA, PABHAs CKOPOCTH PEaKLIAH
IpY KOHIEHTPAMAX PEareHTOB PAaBHBIX €AMHUIIE; OOPATHO MPOMOPIMOHANBHAS BpEMEHH; X H Y
— HEKOTOpBIE YUCIIA, OIPEEIieMble OIBITHBIM Iy TEM.

Koncmanma cxopocmu 3aBUCHT OT TeX k€ (PaKTOPOB, YTO U CKOPOCTh JAHHOW pEaKIuH,
HO He 3a8UCUM OM KOHYEHMPAayull peazupyrouux 6euecms.

KoHcranta ckopocTH XapakTepus3yeT peakUuio JUIsl ONpeAeNeHHBbIX YCIOBHUM —
memnepamypa, oasnexue, Koauiecmso u Kayecmeo kamaiuzamopa U T.1. Paznuynble peakuun
MO>KHO CPaBHUBATh TOJBKO €CJIM OHU MPOTEKAIOT MPU CTPOTO OJAMHAKOBBIX YCIOBUSX.

VpaBHenuss Ttuna (5.3), yCTaHaBIMBAIOLIIUME OSKCIEPUMEHTAIBHO OMNpPEACICHHYIO
3aBUCHUMOCTh CKOPOCTH pEaKIMM OT KOHIIEHTpalMil pearupyronx BeLIECTB, HAa3bIBAIOT
KUHeMU4eCKUMU YPAGHEHUAMU PeaKyull.

Kunernueckue ypaBHeHusi peakuuil (5.3) sBISIOTCA MaTeMaTHYECKUM BBIpAKEHHEM
3aKOHA JEWCTBUS Macc — OCHOBHOI'O 3aKOHA XUMHUYECKOW KUHETUKU: CKOPOCMb XUMUYECKOU
peakyuu nponopyUoOHAIbHA NPOU3BEOEHUI0 KOHYEHMPAYyUulli peasupyrouux 6eujecme 6 cmeneHu
HEeKOmopbIX yucel, onpeoeniemvix skcnepumenmanvro (nepsas popmynuponka — H.W. beketos,
1865 r; I'ynmpn6epr u Bare, 1867 1.).

Tonbko MHOTJa OKa3aTeNy CTENeHH KOHLEHTpAIMK sl JaHHOTO BeriecTBa (X, Y u 1p.)
B KUHETHYECKUX ypaBHEHUsX (5.3) coBManaroT ¢ €ro CTEXMOMETPUUECKUM KO3 PUIeHTom (X =
M; Y =N ) B ypaBHeHUHU peakiuu. OOBIYHO ATO BBINOIHIETCS JUIS AJIEMEHTAPHBIX peakiuii, T.e.
peaxkuii MpOXoAsIIUX B OAHY CTa/IUIO.

[TpumMepbl NPSAMBIX JIEMEHTAPHBIX PEAKIIUMA:

NO + O — NO;
H +Cl — HCI;
N2O4 — 2NO:.

Jis  Takux peakuuid CTeNeHH B KHUHETHUYECKHMX YPaBHEHHUSAX COBIQJAIOT  CO
CTEXHOMETPUYECKUMH KO3 PUIIMEHTaMU PeareHTOB B ypaBHEHUU PEaKIUH.

Ilokazamenvy cmenenu KOHYEHMPAyuu peasupyroujeco eeujecmed 6 KUHemu4yeckom
ypaeuneHuu peaxyuu (X, Y u 0p.) Hazvieaemcs nopsaokom peaxyuu no OaHHomy eewecmsy. Tak,
Hanpumep, Ui peakuuu (6.1.2) nopsnok nmo BemectBy 4 paBeH X, no B — Y. Ilopsankom xe
peakuuu B 1esoM (N) ABISETCS cyMMa MOPAJKOB 10 KaKJOMY peareHTy Ajs JaHHON peakluH,
Hanpumep, Ui peakuuu (6.1.2): n=x +y.
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Bemuuunbl nopsinka mo peareHTam (X, Y W JIp.) U MO peakmuu B 1eaoM (N) MOTYT OBITh
Tr00bIMH  HeOoNbIMMHU 1eNbIMU yuciamMu (1, 2 u penko 3), paBHATBCS HYJIO WIH OBITh
npoOHbIMu urciiamu (1/2, 2/3, 3/4 u np.). Hanpumep, a1 peakuuu CHHTE3a BOBI

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

MOPSAZIOK PEaKIMK, B 3aBUCUMOCTH OT NapUHUalIbHBIX JaBJICHUI BOJIOPOAA U KUCIOPOJA,
umeeT npobHoe 3raueHue — 1, 0,5 u 0,7 (cm. Tabnuity 5.1).

Tabauya 2.1 — 3asucumocms nopsioka peaxkyuu Om napyudibHbiXx 0d61eHull KUCI0pooa U
68000p00a

p(Hy), TTa p(O2), Tla Bun kuHeTnyeckoro CymMmapHbIit
YpaBHEHUS MOPSIOK
130 - 2600 26600 — 53300 v= kp,l42 pgz 1
L0 .05
2600 — 8000 20000 — 53300 v =Kkp H, Po, 05
8000 — 50600 1330 - 5300 L= kp&:1 pgf 07

HeoOxoauMbIM  YCIIOBHEM XHMHYECKOTO B3aUMOJCHCTBUS SIBISICTCS CTOJKHOBEHHE
pearupyroux YacTUll — MOJICKYJI, aTOMOB, HOHOB U Jip. B MOMEHT CTOJKHOBEHHS JICKTPOHHBIC
o0Jiaka peareHTOB CMEIIMBAIOTCSI, 00pa3yst IPU 3TOM HOBBIC CBSI3H.

Yucno monexyn, 0OHOBPEMEHHbIM B3AUMOOCUCMEUEM MeNCOY KOMOPLIMU 6 MOMEHM
CMOJIKHOBEHUSL  OCYWeCMEIAEmCcs — aKm — XUMUYECKO20  Npespawyenus,  HA3bl8aAemcsl
MONEKVIAPHOCBIO PEAKYUU.

Peakiuu ObIBalOT MOHO-, OHM- ¥ TPUMOJCKYJSIPHBIMH. TpUMOJICKYJSIpHBIC U
TETPAMOJICKYJISIPHBIC PEAaKIUU O4YeHb pPEIKH. VI3BECTHBI JIMIIb HECKOJBKO IMPHMEPOB
TICHTAMOJICKYJISIPHBIX PEAKIIU.

B yacTHOCTH, K MOHOMOJIEKYJISIPHBIM PEAKIIMSIM OTHOCST PEAKIIUU PA3JIOKECHUS MOJICKYJT
Y BHYTPUMOJICKYJISIPHBIX TIEPErPYNITUPOBOK, HATIPHUMED, PEAKIHIO PA3JIOKESHUS MOJICKYJT Hoa:

I2(2) < 21(2).
Kunetndeckoe ypaBHEHHE 3TOTO MPOIEcca UMEET TIEPBBIi MOPSIOK:
v =K[l2].
[Tpumepsl OMMOJIEKYIISIPHBIX PEAKIIUU:
2NO(2) <> N202(2); v = k/[NOJ?

HBr(2) + H(e) <> Hz(2) + Br(e); v = k[HBr][H] — xuneTndeckoe ypaBHEeHHE BTOPOTO
HopsiJIKa.

TpumosneKyssipHas peaKIusi:

Cla(2) + 2NO(2) <> 2NOCI(2); v = K[CI;][NO]? — kxuneTHUeCKOE ypaBHEHHE TPETHETO
HOPSIIKA.

Jlnsi MIpUBENECHHBIX PEAKIUi MOPSIOK U MOJIEKYJISIPHOCTh PEaKIUi COBIAJAIOT, HO B
o011eM ciyyae OHU Pa3IUnYHbL.

Tlopsiook peakyuu onpeodensemcs MOLEKYIAPHOCHBIO CAMOU MeOJIeHHOU CMAouU OaHHOU
peaxkyuu.

Ecmu peakiuss uaer mo craausM, TO €€ TOPSJIOK pPEaKIMd MEHbIIE WIH PaBEeH
MOJICKYJIIPHOCTH peakiuu. Tak, HarmpuMep, Ipu CHHTE3€ BOJBI (CM. Tabmuily S5.1) npu mopsiake

peakuu paBHOMy eaunHuie (N =1, U = kp]H2 pg ), peakuysi — MOHOMOJIEKYJIIpHasi; mpu N =
2

0 L05 0,4 .,0,3
05 (v=Kk ), - ;mpu n = 07 (V=Kp" Py,
( pH2 p02 ), peakuuss — MOHOMOJIEKYJIIpHAs; NpHU ( pH2 p02 )

peakIus — OMMOJICKYJISIpHasl.
Ipumeyanue. HeoOX0AMMO TMOMHUTH, YTO MOJICKYJISIPHOCTh PEAKIUH, B OTIIMYHE OT e
nopsijika, Bceraa nenoe uncio — 0, 1, 3.
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3axon Oelicmeusi Mmacc Ccnpageoius MoOAbKO Ol MOHO-, Ou- u pejce 0
MPUMONEKYIAPHBIX PEAKYUIL.

[Tpu srieMeHTapHON peakuK B CUCTEME MPOTEKAET TOJIBKO OJIMH MPOLECC U ypaBHEHHE
peaKIMK PacKpbhIBACT €ro MeXaHW3M. BOJBIIMHCTBO pEaKIMid — CIOXKHBIC U MPEACTABIISIOT
cO0O CyMMapHBIi Pe3ysIbTaT HECKOJIBKUX AJIEMEHTAPHBIX MPOIeccoB (ABYX u Ooiee). [ToaTromy
o0I111ee CIIOKHBIX YPaBHEHUE PEAKIIMA HE OTPAKACT MX PealIbHbIA MEXaHU3M.

Jnsa cnodcuvix peakyuil 3aKoH O€UCMEUs. MACC He NPUNONCUM 6 YelOM, d CHpasedus
JUWbL K OMOENbHbIM e€ cmaousm Heboabulol moaekyiapHocmu. Hampumep, obiiee ypaBHEHUE
pEaKIMK UMEET BUJI:

24+ B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJICKYJsipHOW. OIHAKO TPOTEKaeT B JBE
CTaJIMu:

1) A + B <> D — ouenw 6vicmpo;
2) D + 4 & C — meonenno.

2A+ B« C.
Tak kak MOPSIIOK PeaKIMK OMPEACNIACTCS MOJEKYIIPHOCTBIO CaMO MEIJICHHOW CTauu
peakiuu, TO JaHHAas peakius — OWMOJeKyJspHas W BToporo mnopsaka. CremoBaTenbHO,

KHHETUIECKOE YPaBHEHUE ITOTO B3aMMOJICHCTBHS OyAeT UMETh BU/I:
v =K[A][B], a ne v = k[AJ?[B].

N3 (5.1) cnemyer, 4TO0 CcKopocmb peakyuu — 6eiudUHa OOPAMHO NPONOPYUOHANbHAS
8peMeH.

BenenctBue pasnudHOM CKOPOCTH JBMIKEHHS MOJIEKYJ, OHM OOJaJaloT pa3iuyHON
KUHETHYECKOW dHepruei. [Ipu 3ToM KuHeTHYecKast SHEprus MPsIMO IPONOPIIMOHATIbHA CKOPOCTH
JIBUKCHHSI MOJICKYJIBI.

ModekyJbl, KOTOpbIe 00J1a/Ial0T BEICOKUM 3allacOM KHHETHYECKOW SHEPTHH, HA3bIBAKOTCS
AKTUBHBIMHU.

Jononnumenvuyro sHepauio, KOmopyio HA00 cooOuums MOJIEKYIAM Olsi Nepesood ux 6
AKmMueHoe COCMOsIHUe, HA3bIBaAom 3Hepeuel axmusayuy. XUMHAYECKas PpEaKIHs MOXKET
MIPOU30UTH TOJBKO MPH CTOJIKHOBEHUH aKTUBHBIX MOJIEKYI.

Ckopocmb  XuUMu4eckol peakyuu npsamo NPONOPYUOHAbHA YUCTY CMOJIKHOBEHUU 6
eOUHUYY BPEMEHU.

Ponp xatanmszaTtopa, IpUMEHSEMOTO I MPOTEKaHUS JaHHOTO XUMHUYECKOTO Ipollecca,
3aKJII0YaeTCs B cCleAymoomeM: |) B TOHIKEHWH DSHEPrUM akTuBaluu; 2) B oOecrnedeHuu
HEOO0XO0IUMOI OPUEHTAIH PEarupyrOIIUX YaCTHIL.

Bausinne TeMneparypbl Ha CKOPOCTh PeaKIUu

C mOBBIMICHUEM TEMIIEPATypPhl YBEIHMUHUBACTCS CKOPOCTH JBIMDKCHUS MOJIEKYT M HX
KUHETHYecKasi DHepTrusi. AKTUBHOCTh MOJIEKYJI BO3PACTAET, M CKOPOCTh PEaKIIUU YBEITUUHBACTCS.

3aBUCHUMOCTh CKOPOCTH pEakIWHd OT TEMIIEPAaTyphl OMpeesseTcs MpaBujioM BaHT-
Fodda: npu yseruuenuu memnepamypvr na rasxicovie 10°C ckopocms peakyuu o3pacmaem
npumepto 6 2 paza. [ HEKOTOPBIX peakIMil CKOPOCTh Bo3pacTaeT B 3 — 4 paza. DTO 3aBUCHUT OT
MPUPOJIBI PEATHPYIOIIUX BEIIECTB.

Yucno, nokaszvisawoujee 60 CKOIbKO pd3 YBEIUYUBAEMCs CKOPOCMb peakyuu npu
yeenuvenuu memnepamypbi Ha 10°C, Hazvieaemcs memnepamypHviM KodI@uyuenmom u

obosHauaemcs 7/ .

V3MeHeHne CKOPOCTH pEeaKIMU OT TeMIEpaTypbl MOKET ObITh BBIYMCICHO MO (Gopmyiie
Bant-T'oddda:

th—

_y 10 2.4)

Utl

18



rae Ut2 51 Utl — CKOpOCTU peaklMU Mpu TeMmieparypax 2 u t1 cOOTBETCTBEHHO; Y —

teMriepaTypHbiid kKoddduruent Bant-I'odda.
CKopoCTh peakiuy B reTeporeHHbIX cucreMax. Biausinne karajnuszaropa Ha
CKOPOCTh XUHMUYECKHX PeaKiuid

BemectBa, HM3MEHSAIOIME  CKOPOCTh  XHMHYECKOTO  Ipolecca,  Ha3bIBAIOTCA
Kataim3zaropamu. KaranuzaTtopamMu MOTYT OBITh TBEpIble, JKHIKAE W Tra3000pa3HbIC
BerecTBa. MI3MEHEHHE CKOPOCTH XMMHUYECKOW pEaKlUU TOJ BIHUSHUEM IPUCYTCTBYIONIETO B
CHCTEME MMOCTOPOHHETO BEIIECTBA, COCTaB M KOJIMYECTBO KOTOPOTO K KOHILYy PEaKIUU OCTAIOTCS
0€3 U3MEHEHM, Ha3bIBAIOTCS KaTATU30M.

[Tpu roMOreHHOM KaTajau3e B3aMMOJICHCTBYIONIME BEIIECTBA U KATAIU3aTOP COCTABIISIOT
onHo(dasnyto cucremy. [Ipu reTeporeHHOM KaTajau3e pearupyrollue BEUIeCTBAa M KaTalu3aTop
COCTAaBJIIIOT CHUCTEMY W3 HecKoibkux (a3. [lpum rereporeHHOM Kartajaw3e B IPHCYTCTBUU
HEOOJBIIMX KOJUYECTB KaTajiu3aTopa MOTYT MPOpPEarupoBaTh OTHOCHTEIHHO OOJIbIINE
KOJINYECTBA B3aWMOJICHCTBYIONIMX BEIIECTB. [IpM rOMOTEHHOM KaTajn3e CKOPOCTh PEaKIIMU
MPAKTUYECKH MTPOIIOPIMOHAIbHA KOJIMYECTBY KaTaanu3aTopa.

AKTHUBHOCTB KaTaju3aTropa, a MHOT/Ia M CIeUU(UIHOCTD MX JEHCTBHS, B OOJIBIION Mepe
3aBHCHUT OT TeMIepaTypsl. s KaKA0ro mporecca, CyIecTBYIOT ONPEIeICHHbBIE KaTaln3aTophl,
Y4acTO MOIOMPACMBbIC IKCIIEPUMEHTAIBLHBIM ITyTEM.

XuMHYeCKOe paBHOBeECHE
Bce xumuueckue peakiiuu MOXHO pa3esiuTh Ha JIBa THUIA: 00paTUMbIe U HEOOpaTUMBbIE.
MHorue peakuuu sBISIOTCA 00paTUMBIMU, T.€. TAKMMH, IPU KOTOPBIX 00Opa3oBaBLIMECS
IPOAYKTHI B3aUMOAECHCTBYIOT MEX/ly COOOM, IPEeBpaIlasch B HCXOJHbIE BELIECTBA.
OOpatuMble peakLiiy OrpaHUYEHbI ONPEICIIEHHBIM MPEIEIOM: OHU HE JOXOAAT A0 KOHLA.
OOmuit Buj ypaBHEHUsI 0OpaTUMON peaKIiu:

mA + nB <« pC + gD. (2.5)

CkopocTH IpsIMOTO U 00PaTHOTO TPOIIECCOB BBIPAKAIOTCS CIEAYIONIMMH YPAaBHEHUSIMU:
v =k[A]"[B]" (2.6)
v =k[C]P[D]". 2.7)

B MoMeHT ycTaHOBJEHMs paBHOBECUS MpsiMasi U oOpaTHasi peaKIuy He MpeKpaIiaoTcs, a
IIPOJOJDKAIOT MPOTEKATH B TPOTUBOIOJI0KHOM HAIIPABJIIEHUN C PABHBIMHU CKOPOCTSIMH.
I'padruecku 310 MOKeT ObITh TaK, Kak MOKa3aHO Ha pUCyHKE 5.1.

UA

L2

[
»

t

Pucynox 2.2 3asucumocms npsamoti u 00pamuou peakyutl om epemeHu

Ecnu ckopocTu mpsiMOM M OOpaTHOH peakmui PaBHBI (Vmp = Vosp. — MATEMATHYECKOE
p p

YCIIOBUE XUMHUYECKOTO pPaBHOBECHs) , TO TpaBble 4YacTH ypaBHeHud (5.6) u (5.7), ux

BBIPAXKAIOMINX, TAKKE PABHBI:

K[AI"[BT = k[c]P[D]" 9

Ha ocHoBanuu 310oro copMynupoBaHO MOJIOKEHHUE, Ha3BAaHHOE 3aKOHOM JICHCTBUS Macc
(BTOpas GopMyIUpOBKa): 8 MOMEHmM pABHOBECUs NPOU3BEOeHUe KOHYEHMPAYULl Oeticmseyouux
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MAcc UCXOOHbIX BeUjecms HA KOHCMAHMY CKOPOCMU NPAMOU pPeakyuu pPasHO NPOU38e0eHUI0
KOHYEeHMpAayuti O0eucmeylowmux macc oopasylowuxcs 6ewecme Ha KOHCMAHMY CKOpOCMU
00pamHoll peakyuu.

W3 ypaBuenus (5.8) cnenyer, 4yTo

gszﬂﬂi (2.9)
[A]"[B]"
OTtHoILLIEHUE ABYX INIOCTOAHHBIX BEJIMYUH €CTh BCIIMUKWHA ITIOCTOSAHHAsA, CII€A0BATECIIBHO!
iUE:KP:EﬂﬂBEu (2.10)
[A]"[B]"

KoHncranToii xuMuveckoro paBHOBecusi K” Ha3bIBaeTCS OTHOILICHHE MPOU3BEIACHUS
PABHOBECHBIX  KOHLIEHTPAIlM TMPOJYKTOB pEakIUH K TMPOHU3BEACHUIO  PABHOBECHBIX
KOHIICHTPAIIUi HCXOHBIX BEIIECTB, B CTEIICHU UX CTEXHOMETPHUUECKUX KOAPPHUIICHTOB.

KP BbIpa)kaeT 3aKOH JEMCTBUS Macc /Uil PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PABHOBECUs. He 3a8UCUM OM KOHYESHMPAYUU peazesmos, HO 3a6UCUm Om memMnepamypsl u om
APUPOObL peazupyroujux 6eujecms.

B MOMeHT XMMHYECKOTro paBHOBeCHs M3MeHeHue dHepruu ['nb6ca He npoucxoaut — AG
= 0. KoHcTanTa XuMHU9IecKoro paBHoBecHsI cBsi3aHa ¢ AG COOTHOIIEHUEM:

AG® = —RT InKP (2.11)

VaureBas, gro INKP =2,303 IgKP u R = 8,314 JIx/K-mons ypaBuenue (2.12)
npeoOpasyercs 10 BUjA:

AG®=-19,14 T IgKP (2.13)

[Tonp3ysich ypaBHEHHEM  KOHCTAHTBhl PABHOBECHS, MOXXHO YIIPABISATh XUMHUYECCKUM
IPOIIECCOM, YTO BaXXHO B TEXHOJIOTMYECKHX IIEIISX.

Ecnu B paBHOBecHoit cucteme MA + nB <> pC + gD yBenuuuTh KOHIEHTpaLMIO A, TO B
cooTHomieHuu (7.1.6) mnsg KP, HOMKEH YBENWYUTHCS YHMCIUTENb WM YMEHBIIUTHCS BTOPOM
COMHOXHTEJb 3HAMEHATENs], T.€. BEIMYMHA [B]. DT0 MOXET NPOU30iTH B pe3yJbTaTe CMEILEHUs
paBHOBECHsI cjeBa HANpaBo, NMPHUBOJAIIEIO K OOpPa30BaHUIO HOBBIX KOJUYECTB MPOIYKTOB
peakiuu — C u D.

Takum 00pazom, IpU yCTaHOBHUBILEMCSI HOBOM COCTOSIHUM PAaBHOBECHS, KOHIEHTpaIUU
BCEX YETHIPEX BEIIECTB, 10 CPAaBHEHHWIO C TEPBOHAYAIBHBIMHU, OKAXKYTCS W3MEHHUBIIUMHUCS, a
3HaYeHHE KOHCTAHThI pABHOBECHUS] HE U3MEHUTCSL.

CrnenmoBarenbHO, JUIS CMEIIEHHS pABHOBECHS ClIeBa HAmpaBO HEOOXOAMMO WK
YBEJIMYUTh KOHLEHTPAIMIO OJHOTO M3 MCXOJHBIX BEIIECTB, MJIM YMEHBUIMTh KOHLEHTPAIHIO
OJTHOTO U3 TIPOJYKTOB PEAKIIHH.

C nomouibo BBIPAXKEHUSI KOHCTAHTHI PABHOBECHUS MOXHO ONPENENATh KOHIEHTPALUU
BEIIECTB B MOMEHT PaBHOBECHS, a €CJIM W3BECTHBI 3HAa4eHHS K¥ W HMCXOJHBIE KOHIICHTPAIHH
BEIIIECTB, TO MOKHO ONPE/IEIUTh UX PABHOBECHbBIE KOHIIEHTPAIIUH.

Ecnu ucxomHyro KOHIEHTpanuio BemecTBa A 0003HaunTh uepes Co(A), a 4HCIIO MOJb

€Tro, MpopCarupoBaBIINX K MOMCHTY PAaBHOBCCH:, UCPEC3 A C(A), TO MOJIIpHAA KOHLCHTpAaLus B
MOMCHT PaBHOBECHUA OIIPCACINTCA TaK:

[A] = Co(A) — A c).

PaBHOBECHE B T€TEPOTr€HHBIX CUCTEMAaX OMNPEAENSIETCS TOJbKO Ta30BOM WM KUJKOU
¢dazoil, T.K. KOHIIEHTPAIIUU TBEP/IbIX BEIIECTB HE BXOJAT B YPaBHEHHE ISl CKOPOCTU PEAKITHH.

HampaBnenue cMemieHuss paBHOBECHS CHCTEMBI TP HW3MEHEHHHM KOHIICHTpAIUH,
TeMIlepaTypbl WIH JaBiieHus onpeaensercs npunuunoM Jle Hlarense:

«Ecnu Ha 00paTUMyIO CHCTEMY, HaXOIAIIYIOCS B MOABMYKHOM COCTOSTHUH, OKa3aTh U3BHE
Kakoe — 00 BO3JEHCTBHE, TO CHCTEMa OTBEUAET CMEIICHHEM PAaBHOBECHUS TaKUM 00pa3oM,
qTOOBI OCIIA0UTE 3TO BO3LEHCTBUEY.

ObopynoBanue 1 MaTepUaJIbI
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. PactBop cepnoit kucnorsl HoSO4 ¢ konuentpammei C(H2SO4)=2 mMons/mm?
Tuocynbdara Hatpus NaxS;03
JIMCTUIUTMPOBAHHAs BOJA
[Ipobupku
Jloxeuka
Bropertka
Bopsnas 6ans
TepmomenT
. PactBop comnsnoii kucaorsl HCIl ¢ kornenrpanueit C(HCH=2 momns/nm3
10. Kap6onar kanbius (mea) CaCOs
11. Iepokcun Bogopoaa
12. PactBop okcuaa mapranna (+4). MnO;
13. PactBOp okcupa xenesa (+2), FeO
14. PactBop okcuma kpemuus (+4), SiO
15. Pactop xnopuna xenesa (+3) FeCls (C(FeCls) = 0,002 mons/am®
16. Pacteop tHonmanara kamust C(KNCS) = = 0,002 mons/nm®
17. PactBop KCI

©PNAPWN

Yka3anus 1o TexHuke 0e30MacCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
AIIEKTPOOOOPYIOBAaHHH, IICKTPOIPOBOJIKE, MPABHIBHO 000PYI0OBAHHOM BBITSDKHOM HIKady.

2. Ta30BbIe KpaHBI U ra30MPOBO/] TOJKHBI HAXOTUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOANIECKU
MIPOBEPSTHCA.

3. Pabouee MecTo comepxkaTh B OPSAKE M YUCTOTE.

4. Cyxue peakTHBbl TpeOyeTcst OpaTh YUCTHIM ILINATEIEM MU CIICUAIbHON JT0XKEUKOH.

5. MUznumex peakTrBa He BBUIMBATH OOPATHO B COCY/l, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce ombITH ¢ BpeAHBIMH U TTAXHYIIUMH BEIIECTBAMH, & TAK)Ke yIIapuBaHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIC CKIISHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B MPOOUPKE BCET/Ia CIEAyeT JAepKaTh e€ TaKuM 00pazoM, 4TOObI
OTBepCTHE MPOOUPKHU OBUIO HANIPABJIEHO B CTOPOHY OT pabOTAOIIETro PSIOM COCea.

9. He HaKJIOHATH JIMIO HAJ HArPEBAEMOM KHIKOCTHIO MITH CIUIABIISIEMBIM BELIECTBOM.

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C DTHMHU
BemecTBaMu. HroxaTh BemecTBa MOYKHO JIMIIb OCTOPOXKHO, HANPaBIIsisA K cede mapbl WM Ta3 ABHKCHUEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSHKHOM IIKaQy.

12. BrpummBaTh pa30aBiIeHHbIC KUCIOTHI U MENOYHBIE PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKo BOCILIAMEHSIOIIUMUCS BeliecTBaMH (3QUphI, OSH301, CEPOYIrIIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJITFOUSHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHYECKOH IOCYyHoi, HeoOXxoauMo coOmogaTh NpaBHiia
NPEIOCTOPOKHOCTH BO M30€KaHNE PAHEHUI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3anpeiiacTcst OCTaBIATh pabdoTaroIe Ipruoopsl 0€3 HAOIIOACHUS.

18. B xumuueckoii nabopaTtopun HeoOX0AUMO padoTaTh B Xanare.

3ananus
OmeiT 1. Ompenennute CKOPOCTb B3aMMOJCHCTBUS THOCYJIb(daTa HATPUSI C CEPHOM KHCIIOTOM.
IIpomecc MOXeT OBITH BBIPAKEH ABYMS CTATUSIMU:

a) N&28203 + H2804 = Na2804 + H28203— OBICTPO;
6) HyS,03 = HyO + S0y +S { — meanento.

21



Ha Bropoii cragun peaknyu BBIJCISETCS CBOOOIHAS cepa B BHJC OMAICCIUPYIONIETo BEIIECTBA.
BpeMmst oT Hayana peakuuu 10 TOSBICHHUS MEPBBIX BHIUMBIX CJIEIOB CEPHl 3aBHUCHT OT KOHIIEHTPAIUU
pearupyomx BemecTB.

B Tpu npoGupku Haneiite mo 5 cM® cepHOI KMCIIOTBI W3 GIOPETKH, 3aTEM BO3bMUTE TPH KOJIOOUKH
emkocTbio mo 50 cm® um maneiite: B mepByro 15 cm® Tmocynbgara Hatpus, Bo BTopyn — 10 cm®
THOCYJIb(aTa HATpHs M 5 c¢M° BOABI M B TPeThi0 — 5 cM® Thocynbdara Hatpus u 10 cm® Bomwl
COOTBETCTBEHHO. BynbpTe TOYHBI MpPU OTMEpPE HYKHBIX 00BEMOB BemlecTB. [lomeTbTe HOMepa Koio.
Teneps mo oduepenu B Kaxaylo KoJOy MpHIUBaiiTe M3 MPOOMPKH MPUTOTOBIEHHBIA PACcTBOpP CEPHOMN
KHCITIOTHL. BpeMs oTcunThIBaiiTe 10 CEKyHIOMEPY (WM CEKYHIHOW CTPENIKEe YacOB) C MOMEHTA CIIMBAHUS
pacTBOPOB J0 Ha4yaja MOMYTHEHHS.

PesynbTathl onbiTa cBeuTe B TA0NUILY 2.2.

B nrore MOXHO NH cHenaTth BBIBOM: CKOPOCMb peakyuu 3asUcum om HpUpoobl peasupyroujux
gewiecmes u ux KoHyeHmpayuu?

OnwiT 2. B Tpu cyxux MpoOMpPKH HaJEHWTE MO 5 ¢cM> pacTBOpa cepHOI KMCIIOTHL, B TPH JPYTHE —
o 5 cm® pacTBopa THOCYJIb(aTa HaTpus. [loMecTuTE BCe MPOOMPKH B BOASAHYIO OaHIo. Uepes 5 - 7 MUHYT
M3MEphTE TEMIIEpPaTypy pacTBOpa THOCYNb(aTa HATPUS U CICHTE COJAEPKUMOE OJHOHM mapbl MPOOHUPOK.
OtcumrtaiiTe BpeMsl OT CIMBaHHA MPOOMPOK [0 TMOSIBICHHS IMOMYTHEHHs. V3MepbTe TemiepaTypy
pacTBopa THOCynb(]aTta HaTpus B Ipyrod mpoOWpke: OHA JODKHA ObITh Ha 10° BBINIE, YeM B MEPBOM
cirydae.

Creiite comepkuMoe BTOPO#l mapbl TpoOUPOK M oTMepbTe BpeMs. OMBIT ¢ TpeTheil MpoOupKoH
MpOBOAT Tipu TemriepaType Ha 20°C Bbllie MepBOHAYAIBHONU. Pe3ynbTaThl ONMBITOB 3aHECUTE B TaOIHUILY
2.3.

OneiT 3. Hanefite B nBe mpoOupku Ha 1/4 ux oObeMa COJITHOW KHUCIOTHL. BbiOepute aBa
OJIMHAKOBBIX KyCcOUYKa MeJla U OJTUH M3 HUX Pa3OTPHUTE B CTYIIE B MOPOIIOK, 3aTEM OJHOBPEMEHHO B OJIHY
13 IPOOHPOK OITyCTUTE KyCOUEK MeJa, a B IPYTYIO CCHIMTBTE MOPOIIOK.

OnbiT 4. B 4eThipe MpoOUpKH HaneiiTe 1m0 3 cM® pacTBopa MmepokcHaa Boaopojaa. B Tpu 3 Hux
BCHITIBTE OJHOBPEMEHHO TI0 JIOXKEUKE: B OJJHY — OKCHIa Mapranina (+4), B Apyryio — okcuaa xxemnesa (+2),
B TPeThi0 — OKcHuaa KpemHuus (+4). UerBepras npobupka — [yt cpaBHeHUs. HaOmoeHus 3anumuTe B
TETPaJb.

OnpwitS. [lpumepom 00paTUMON peakIMM SBJSETCS B3aUMOJICHCTBHE MEXIy pa30aBiICHHBIMU
pacTBOpaMH XJopuaa Jkene3a (+3) W THOIMAHATA Kajlusl WIM aMMOHUS (IPaKTUYECKH OECIBETHBIC
pacTBOPBHI).

MounekynsipHOE ypaBHEHHE PEAKITHH:

FeCls(p) +3KNCS () <> Fe(NCS)3(,) +3KCl ).

HNonHOE ypaBHEHHE:

Fe>*(p) +3NCS ™ (p) <> Fe(NCS)3(py.

OO0pasyromuiicsi B pe3y/ibTaTe peaklMu KOMIUIEKC — THOLMAHAT kene3a (+3) olnagaeT KpacHbIM
LIBETOM, MHTEHCUBHOCTb KOTOPOTO 3aBHCUT OT KOHIEHTpauuu. [losToMy cMmemieHne paBHOBECHS JIETKO
HaOJIFOIATh 110 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

Creiite B k010y paBHble 00beMbl (10 — 15 cm®) pacteopa FeCls (C(FeCls) = 0,002 monb/nm®) u
pacTBOpa TMOLMOHATA Kanus (MM aMMOHus) ¢ MoJsapHoii kornentpanueii C(KNCS) = = 0,002 mons/am>.

[MonyyenHsIil pacTBOp pazielTe B YeThipe MPOOUPKH Tak, YTOOBI 0OBEMBI BCEX PACTBOPOB OBLIN
IPUMEPHO OJMHAKOBBIMH. B mepByro npobupky nobassre 1 cm® pactsopa FeCls; Bo Bropyro — 1 cm®
HACBIIIEHHOTO PacTBOpa THOLMaHaTa Kaus; B TpeThto — kpuctaiumueckuii KCl (mm NH4Cl). Yerepras
npoOUpKa — ATAJIOH JUIS CPABHEHHSI.

Pesynbrarhl onbiTa 3aHecuTe B Tabnuity 2.4.

Conep:kanue oTuera
Jlna onvima 1.
Tabauya 2.2 3asucumocms ckopocmu peakyuu Om KOHYeHmpayuu

Konmentparust Bpems ot Hauana OTHOCHTENNbHAS CKOPOCTh
NazS203 oTCYeTa JI0 MOSIBJICHHUS peakiu
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Ci(NayS,03), MOJlb/ o’ = HOM};T}éeHH’I U -n
_ VilNazS,05) Co(NayS,03)
p—pa

rae Vi(NayS,03), en® =1510;5;
3_

Vo paren” =Vi(NagS,05)+Vi(H20)+V(H,S0;).

Ha ocHoBanMm MexaHn3Ma peakUM{ YKaxuTe e€ MOpANOK W MOJIeKyJsipHOocTh. Hammmmire
KMHETH4eCKoe ypaBHeHHe. [lonpITaliTech BBIYMCIUTH KOHCTAHTY CKOPOCTH.

[MocTpoiite rpaduK 3aBUCUMOCTH CKOPOCTH PEAKIMU OT KOHICHTPAIIMH PearupyrolIux BEUIeCTB.
Kaxoil nuHueil BblpakaeTcs HailneHHasi 3aBUCUMOCTb? IIpoXomuT M OHa yepe3 Hayano KOOpAUHAT?
[Touemy?

Jlna onvima 2.
Tabauya 2.3 Bauanue memnepamypsl Ha4 CKOPOCHb peakyuu

NeNe TeMIepaTypa obrra. °C Bpewms ot Havyana oTcueTa 10 OrHocuTenbHas CKOPOCTh
omnkbITa patyp ’ IIOMYTHEHMUS, { peakiu, U = t!

Bripazure rpadudeckn 3aBUCHMOCTh CKOPOCTH PEAaKIHUH OT TEMIIEpaTyphl, OTIOXKHUB Ha OCH
abcluce 3HaYCHUsT TEMIIEPATYPhI, @ Ha OCH Op/IMHAT 3HAYCHUSI OTHOCHUTEIFHON CKOPOCTH peakiuu. Yemy
paBHO 3HaYEHHE TeMIlepaTypHOro ko3 (duIreHTa B BaleM onbiTe?

Jlna onvima 3.

OOmbsicHHTE, B KaKOH M3 IPOOMPOK peakius nounia osictpee? [loyemy?
Jlns onvima 4.

OOBsACHUTE, OJUHAKOBO JIM MPOTEKAET IMPOIECC Pa3lIoKeHus mepokcuaa Bogopona? CocraBpre
ypaBHEHHE Pa3IoKEHUs Mepokcuaa Boxopona. Onpenennte THN Katannia. Kakoe n3 BeliecTB oKazaio
KaTaJINTUYECKOE NeHCTBUE?

Jlna onvima 5.

O0bscHuTe, uTo porcxonuT. CocTaBbTe BRIpAKEHUE JJIT KOHCTAHTHI paBHOBecus. Ha ocHoBaHMH
(bopMyIbl sl pacdeTa KOHCTaHTHl PaBHOBECHS YKKUTE, M3MECHEHHE KOHIIGHTpAIMH KaKWX BEIECTB
(MCXOJHBIX U MPOIYKTOB PEAKINK) BHI30BET OOJIee CYNECTBEHHBIN CIBUT PaBHOBECHS.

Tabnuya 2.4 BausHue KoHyeHmpayuu peazeHmos Ha XUMu4eckoe pasHosecue

N Ocna0nenue i Hanpasnenue cmemienus
Howmep ombiTa JloGaBieHHEI pacTBOP
YCHJIEHHE OKpPacKu paBHOBECHSI
1
2
3

KoHTpoJibHBbIE BONIPOCHI

ba30BbIi1 ypoBEHB

1. Uro u3yyaeT XUMHUYECKash KHHETHKA U JJIs1 4YeT0 OHA CITY KHT?

2. Kakue dakTopsl HEOOXOAMMBI ISl BCTYIUICHUS B XUMHUYECKYIO PEAKIHI0 PEarupyrOIInuX
qacTull?

3. Jaiite ompeneneHre CKOPOCTH XWMHYecKoi peakuuu. Kak Beimsaur rpaduk,

OTpa)KaOIIUH 3aBUCUMOCTh CKOPOCTH 3JIEMEHTapHO# peakiuu Buna P + G <> Q ot: 1) KOHIIEHTpauu
pearenta G; 2) KOHIICHTpALMK IPOAYKTa peakuun Q7?
4. Kak unraetcs nepsast popMyarpoBKa 3aKOHA ASHCTBHS Macc?
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5. Kaxkoit cMBICT MMeeT KOHCTaHTa CKOpPOCTH peakmuii? OT 9ero 3aBHCHUT W OT YEero He
3aBUCHUT ITOT ITapaMeTp?

6. [TpusoskuM 71 3aKOH JIEHCTBHUS MAcc K CIOXHBIM (MHOTOCTAMIHBIM) peakiusim? OTBeT
MOSICHUTE Ha MpUMepe.
7. VKaxuTre, Korja CKOPOCTh XMMHYECKOW peaKIMu ACHCTBUTEIHHO MPOMOPIIMOHAIBHA

NPON3BE/ICHUIO KOHLCHTPALMH PearupyromnX BEIIECTB B CTENEHSAX, PABHBIX HX CTEXHOMETPUYCCKHM
ko3 unmentam.

8. Uro Ha3BIBAIOT MOJEKYJISIPHOCTBIO W MOPSIKOM XHMHYECKHX peakumii? Beerma mm oHm
OJIMHAKOBBI?

9. Kak onpenenstor MONEKyJSIPHOCTh M TOPSAOK CIOXKHBIX peakuuii? [loscHuTe oTBET Ha
npumepe.

10. Kakne dacTumbl Ha3bIBAlOT «aKTHBHBIMH»? J[laliTe ompeneneHne MOHITHIO «IHEPTHs
AKTUBALIANY.

IToBbIIEHHBIN YPOBEHD

1. Kax m3MeHsieTcs sHeprus akTUBALMK B MPUCYTCTBHHU KaTanu3aropa?

2. YTo MPOMCXOANT C pearupyIoIMMHU YaCTUI[AMHU TIPH HAaTPeBaHUU?

3. [MpuBenute ¢dopmynupoBky mnpaBwia Banr-I'opda. Kakas ¢dopmyna otpaxaer
MaTeMaTHYECKYIO 3aBUCHMOCTb BO3PACTAHUS CKOPOCTH C YBEIIMUYCHHEM TEMIIEpaTyphl?

4. Kakoii cMbicn umeer TemriepaTypHblii koadduiuent? Uto o3HadaeT, HapuUMep, ecliu Y
=3?

5. Ompenenure TeMIepaTypHbIi KOIQPHUIUESHT CKOPOCTH PEAKIUH, €CIIU TPH ITOHKESHUU
temneparypsl Ha 45 °C peakuus 3amemmnack B 30 pas. Otsert: v = 2,13.

6. IIpu 393 K peaxnus 3akaHuyuBaeTcsd 3a 25 MuH. Yepe3 CKONBKO MHUHYT 3Ta peakuus

3axoHumuTCcs mpu 443 K (y =2,5)? Otser: 0,255 MuH.

7. Kakue xumMudeckre peakiny Ha3bIBalOT 00paTUMbIMU? HeoOpaTumbiMu? llpuBenuTe nmpumeps
TAKUX PEaKLUil.

8. Ilpu KakuX yCIOBHUSX HACTYMAaeT XMMUYECKOEe PABHOBECHE B 00pPaTUMBIX CUCTEMaXx?

9. Kakoil mapameTp Ha3bIBalOT KOHCTaHTOU paBHOBecusi? Kak orpaxkaercsi €€ 3aBUCUMOCTb OT
KOHCTaHT NMpAMOI 1 00paTHOM peaxiuii?

10. Or xakux (aKTOpOB 3aBHCUT KOHCTAHTa PABHOBECHUS? OT KAKUX HE 3aBUCHUT?

11. Ilouemy B BBIpaX€HHU KOHCTaHTbI pABHOBECHs KOHLEHTPALMHU BEIIECTB yKa3aHbl B CTEIICHSIX,
COOTBETCTBYIOIIMX MX CTEXHOMETPHUUECKUM KO3(P(HUIMEHTaM, a HE SKCHEPUMEHTAJIBHO ONpPEIeIieMbIM
yucnam X, Y u zp.?

12. KakuM COOTHOIIICHHEM CBs3aHa KOHCTaHTa paBHOBecUs ¢ dHeprueii ['no0ca?

13. IIpusenute ¢opmynuposky npunuuna Jle Illarense. Kakoe npakruueckoe 3HaueHHE HUMEET
atot npuHuun? [IpuBeanure npumepsl.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHasi iMTEpaTypa:

1. Koposun, H. B. O6mas xumus : yue6nux / H. B. KopoBuH. - 13-e u3z., nepepab. u nom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpumn.: c. 461. -
Bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyskaroieit cpefibl : XUMHUs )KUBbIX opranu3moB. Kypc nexkuuit /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH

Jlono/IHMTeIbHAS JIUTepaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [lox pen. A. U. Epmaxosa. - U3x. 30-e, ucmp. -
M. : Uurerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. X¥MUS METaJIOB : yueOHoe mocodue (Ui CTYJAEHTOB XUMHUECKOTO (haKyJIbTeTa
HaIpaBJjeHUHN OaKaJaBpOB « XUMH» U « XUMHUYECKas TEXHOJoTus») / coctaputenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocygapcTBeHHbIN yHUBEpcuTeT M. .M. JlocToeBckoro,
2015. —552c¢c. —
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ISBN 978-5-7779-1875-8. — TekcT : 2neKTpOHHBIH // IneKTpoHHO OnbimoTevyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
ABTOPHU3HUP. MOJIb30BATEIICH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTyIa K 00pa30BaTeIbHBIM pecypcaM

2 http://biblioclub.ru/ — 9BC «YHuBepcuteTckast OMOIMOTEKA OHIIARH.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIHAINU dJICKTPOHHBIX OHOIMOTEK

yueOHBbIX 3aBefieHui U opranuzanuii CKOO
4 http://www.iprbookshop.ru — 3BC.

S https://openedu.ru — OTkpsIToe 06pa3oBaHue

Tema 6. PacTBopbl
JlaGopaTopHasi padora 3. DJIEeKTPOJIUTHYECKAS JUCCOLMALNS

Lens pabotel: N3syduenue mporecca 3IEKTPOIUTHYECKON JUCCOIMAIIMK B BOJHBIX PACTBOpaxX

3JIEKTPOJINTOB Pa3HON CHJIBI.
DopmMupyeEMbIE KOMIIETEHLIMHU WJIM UX YaCTH:
Teopernyeckasi 4acTb

Pacrnaz 31eKTpoIUTOB Ha MOHBI TPU UX PACTBOPEHUH B BOJIE HA3BIBAETCS MPOTOIH30M.

Ilpumeuanue. K mponeccam mpoTojin3a OTHOCST BCE XMMHUYECKHE B3aUMOJCHCTBUS, B KOTOPBIX
yuactBytoT noHbl H3O" wu OH'. TepMHH «IUCCOIHAIMs» yCTapes, BMECTO HEr0 PEKOMEHIYETCS
NPUMEHSTH — TIPOTOJH3.

OCHOBHBIE TOJOKEHHUSI TEOPUU MPOTONH3a (TOTrIAa—AJIEKTPOIUTHUECKOW TUCCONUAIMN) ObUIH
paspabotansl B 1887 rogy mBeackum yu€HeiM CBaHTE APPEHUYCOM.

OJEeKTPONMTEl TPHU PACTBOPEHWH B BOJE IOABEPralOTCs MNpOTOiIM3y (pacmajarorcs WIn
JMCCOIIMUPYIOT) Ha TIOJIOKUTENbHBIE H OTPHULIATEIIHHBIC HOHBI.

Ilon neiicTBHEM 3IEKTPUYECKOrO TOKA MOJIOKHUTENBHO 3apsKEHHbIE HOHBI JBIDKYTCS K KaTOLy
(KaTHOHBI), a OTPUIIATENFHO 3apsHKEHHBIE — K aHOAY (aHHUOHBI).

[pornecc mpoTtonm3a — nporecc 0OpaTUMBIH, T.€. MapaiebHO paclaay MOJIEKYJ Ha HOHBI WAET
MIPOLIECC COETMHEHHSI HOHOB B MOJIEKYJIBI.

Hanpumep: CUSO4 <> CM2+ + SO4_

CynbdaT Menu B BOJHOM pacTBOpe pacmagaercs Ha katnod Cu?* u anmon SO42.

MexaHu3M MpoTONU3a (IMCCoMaIim) ObUT pa3padoTaH pycckum xumukoM U. A. KaOirykoBbiM.

['MaBHOW MPUYMHON MPOTONM3A SBISETCS B3aMMOACHCTBUE MOJIEKYJ DJIEKTPOJIUTA C MOJICKYIaMH
pactBoputens (Boabl). MoJeKkya BOJbI MOJISPHAS, B3aUMOACUCTBYS C 3JIEKTPOIUTOM, BoJia ocnabisier
3JIEKTPOCTATHYECKHE CHIIBI IPUTSDKEHUS HOHOB B KPUCTAJUIAX M CHJIBI B3aMMOJICHCTBUSI MEXIY aTOMaMu
B COEMHEHHAX C KOBAJICHTHOM CBS3bIO, YTO U MPUBOAMT K X MPOTOIHU3Y (PHUCYHOK 2.1).

a) 6)® @ B) r)
< @—@@ @@’@O@—>©®@

@) NONAPHASL MONIEKYIA 8 HAYANe cUOPAMAyUl;

0) nepexo0 NOAPHOU MOJIEKYIbL 8 UOHHYIO NOO Oelicmeuem Ounoiel 600bl;

8) eUOPAMUPOBAHHBIU AHUOH,
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2) 2udpamupoBanHbLil KAMUOH.
Pucynok 3.1 — Cxema npomonusza noaspHou MOeKy. vl

OO0pa30oBaBIIMECsT HOHBI OKPYXKEHBI O0OJOYKOW W3 TONAPHBIX MOJEKYT BOJABI U SIBJISIOTCS
THAPATUPOBAHHBIMU HOHaMHU. OHY YCTOWYMBHI M CYIIIECTBYIOT B PACTBOPE HE3aBUCHMO JIPYT OT JAPyTa.

I'unpaTrpoBaHHBIE HOHBI MOTYT UMETh KaK TIOCTOSHHOE, TaK U IEPEMEHHOE KOTUUECTBO MOJICKY T
BOJIbI. [ MpaT MOCTOSIHHOTO COCTaBa 00pa3yeT HOH Bogopoaa HY, yaep)kuBarouii 01HY MOJIEKYJTY BOJIBL.
B Hay4Hoit 1 yueOHO# muTeparype ero oo6o3navarot HzO" (vau OHs™) v Ha3bIBAalOT HOHOM THAPOKCOHHS.

Cremyer MOMHHUTB, yTO MOH H* B BOJe HE CYIIECTBYET, TaK KaK MOMEHTAJIBLHO pPEarupyer C
MOJIEKyII0# (MoneKynaMu!) BOABI B CyIIECTBYeT ( B OCHOBHOM) TOJBKO B BUJIE HOHOB THIPOKCOHUS:

H* + H,O — H30".

Cunvnusie u crabwvie snexmponumsi. CUILHBIC SJICKTPOIUTHI IIPU PACTBOPSHUH B BOJIE TTOJHOCTHIO
(VY TOYTH MTOJTHOCTBIO) TIO/IBEPTat0TCs MPOTOIU3Y — PACHaIaloTCs HA HOHBI.

Ipumeyanue. TlpuHATO CUMTATh CHIBHBIMH 3JICKTPOJIMTAMH BCE TE COCAMHCHUS, KOTOPHIC
pacnanatorcs Oosiee ueM Ha 30%.

K aum otHOCSTCS:

a) kucaoTel HSOs (Tosbko mo nepeoit crynenu!), HNOs, HCI, HI, HBr, HMnQOs4, HCIO3, HCIOq;

0) ocuosanus menounsix (NaOH, KOH, RbOH, CsOH, no ne LiOH!) u mienouno3emMensHbIX
metaiutoB (Ca(OH)z, Sr(OH)z, Ba(OH)2 — Ho TosbKO 10 TIEpBO# cTyreHu!);

B) MOYTH BCE PACTBOPUMBIC COJIH.

CnaOble 2JIEKTPOJIMTHI MIPH PACTBOPSHUM B BOJE JIMIIb YaCTUYHO IOJBEPraroTcs mpotoiusy. K
CITa0BIM BJIEKTPOJINTAM OTHOCAT, Hampumep. creayromue kuciorel: HCN, HNO,, HF, HCIO, HCOOH,
CH3COOH, HyCOs, H2C04, H.S, HzSOs, H:SiOs, HsBOs wu mp.; ocHOBaHHs MeTauioB (Kpome
OCHOBAaHWH MIETOYHBIX U IIe0OYHO3eMeNbHBIX MeTamoB), a Takke NH4sOH. K cnabpim anextponuram
OTHOCHTCS TaKXe U BOJIA.

[IpoTonu3 KucnoT:

a)H,SO, + H,0 <> H30™ + HSO, (100 %);
[H30"1[SO; ]

[HSO, ]

HSO,; + H,0 <> H30" + S0 ; K,,(H,S0,) = =0,012;

6) HCIO; + H,0 <> H30™ + ClOg'; (100 %);
6) HBr+H,0 <> H3;0" + Br~; (100 %).
[IpoTonr3 MHOTOOCHOBHBIX KHCJOT CTYNEHUYaThIH, IPU 3TOM YHCIO CTYIEHEH ompenessiercs
OCHOBHOCTBIO KHCJIOTHI (BTO 7K€ OTHOCUTCA U K MHOT'OKHCJIOTHBIM OCHOBaHI/ISIM).
[IpoTonu3 ocHOBaHMIA:

a) NaOH & Na® +OH~;
6) KOH <> K" +OH~;
6) Ca(OH), <> CaOH" +OH".

IIpoTonus cosnei:
Cpeonue conu:

a) NaCl <> Na™ +Cl~;
6) KNO; <> K™+ NO3 ;
6) Al,(SO,)5 <> 2A1%" +3507".

Kucnvie conu:
KoHPO, < 2K + HPO.Z .

OCHOGHble coau.
a) AIOH(NO;), <> AIOH?" + 2NO;;
AIOH?" <> AI® +OH";
6) Al(OH),NO; <> [AI(OH),]" + NO3;
[AI(OH), ] <> AIOH?" +OH;
AIOH?* & AI®* +OH ™.

Komnnexcuwvie conu.
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a) K[Cr(OH), ]« K" +[Cr(OH),];
[Cr(OH),] <> Cr3" +40H";
6)Na,[Zn(OH), ] <> 2Na* +[zn(OH), ]*;
[Zn(OH),J*~ <> Zn?* + 40H .
KomnnuectBeHHO IIpoHeCC MPOTOJIMU3a MOXKHO OXapaKTEPHU30BATE C IIOMOLIBIO CmeneHu npomaoiusa

O , KOTOpasi MpeJCTaBiIseT coOO0N OTHOIICHHE YKcia MOJb (Ny) MOJABEPTIIMXCS MPOTOIU3Y MOJICKYI, K
o0mmemMy yrciay Moib (Nosy) PACTBOPEHHBIX MOJIEKYI:

n
a,% =—=—.100. (3.1)
no6u;

st cUIBHBIX 3JEKTPOJIMTOB CTeleHb mpoTonu3a Onm3ka Kk eaunune (100 %). [na cmabbpix
3JEKTPOJINTOB, MOJIEKYJIBI KOTOPBIX B OCHOBHOM HaXOASTCA B paCTBOPE B MOJIEKYJIIPHOM COCTOSIHUM, (¥
— MaJias BelNM4YuHa.

CreneHp MpOTONIN3a MOXHO YBEIWYUTh MOHM)KEHHEM KOHIIEHTPALMd PAacCTBOPEHHOI'O BELIECTBA
(Tabmnwma 2.1) nin MOBBIIIIEHHEM TEMITEPaTyPhl pacTBOpA.

Tabnuya 3.1. 3asucumocmsb cmenenu npomoaU3a YKCyCHOU KUCIOMbl OM KOHYEHMpAayuu npu
20°C

C(CH3COOH), mons/nm® 0,1 0,01 0,001
a,% 1,4 4,2 12,4
Hamnpumep, 1151 yKCYCHOM KUCIIOTBI:
CH3COOH + H,0 <« CH3COO™ + H30%;

- +
[CHyCOOT] | oo_ [HsO'] |

C(CH3;COOH) C(CH 3;COOH)

Jnsi XapakTepUCTUKU CIA0BIX 3JIEKTPOJIMTOB HCHONB3YIOTCS KOHCTAHThI MPOTOJIN3a, KOTOpBIE
SBJISIFOTCS YaCTHBIM CITy4aeM KOHCTaHT XMMUYECKOTO PaBHOBECHUSI.

[Iporecc mpoTonmu3a c1aboro 3MEKTPOIHUTA SBIAETCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKAIOT
OJIHOBPEMEHHO JIBa CONPSDKEHHBIX Ipoliecca: MpOoToNu3 U Mossipusanus. Hanpumep, s paBHOBECHOTO
npoliecca a30TUCTON KHUCIIOTHI C MOJIEKYJIaMH BOABL: 1) IpsiMasi peakLusi — Ipoliecc npoTou3a (pacnajaa)

mosiekyn HNO; Ha monbl, 2) oOpaTHas peakis — mousipu3anus (cBsi3biBanue noHoB H3zO" u NO2™ B
mosekyibl HNO2)

a(CH,COOH),% =

HNO, + H,0 <> H3;0" + NO,.
KonmuecTBeHHO 3TO paBHOBECHE XapakTepusyeT KoHcTaHTa poToimn3a HNO,:
+ —
[H;07]-[NO, ]
[HNO, ]

HHH MHOT'OOCHOBHBIX KHCJIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT IIPOTOJIM3a, KaXX/1asd U3 KOTOPBIX
KOJINYECTBEHHO XapaKTEePU3yeT COOTBETCTBYIOILYIO CTYIIEHb IIPOTOIN3A.
Hanpumep:

K, (HNO,) = =51.107%

+ -.
H28+H20 <> H30 + HS ,
+ —
_[HO J-[HS] . 7.
a = =1.10"";
[H2S] ,
- + -.
HS™ +H,0 < H;0" +S°7;
+ 2—
_[H30 ][]
[HS™]
[IpoTronn3 3neKTpOIUTOB IO NEPBOM CTyNEHM HJET JIEr4e W, CJIEJOBAaTEIbHO, BEIMYMHA
KOHCTaHTBI IPOTOJIN3a MEPBOM CTYNEHM Bcerga Ooblie BEWYWH KOHCTAHT MPOTONHU3a MOCIETYIOLINX
CTyIICHEM.
Koncmanma npomonusza max odice, KaK U KOHCMAHMA XUMUYECKO20 DABHOBECUSl, ABIAEHICA
BEIUYUHOL NOCIMOSHHOU NPU OAHHOU MeMnepamype u He 3a8Ucum om KOHYEeHMpayuu eeujecmad.

3aBHCUMOCTh MEXIY KOHCTAHTON PaBHOBECHS M CTEICHBIO MPOTOJIM3a OMPEAEISIeTCS 3aKOHOM
pasbasnenus OcTBabaa, HATPUMED, IS OJJTHOOCHOBHOM KUCIOTHI (THita HA):

-11.107%,

a
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[Hs0"1-[47] _ a?C(Ha)

K. (HA4) = - >0,05 (5%
a( ) [HA] 1-o npu o (5%)
501050
H,0"]-[4~
K, (HA) _H07][47] = a?C(HA) —upua < 0,05 (5%)

[H4]

Nonnrpie ypaBHeHHS — 3TO (hopMa 3alMCH, OTPAKAIOMIAs COCTOSHHE BEIIECTB B PACTBOPE H
pe3yNbTaT UX B3aUMOJEHCTBHS APYT C APYTOM.

IIpu cocTaBieHWHM HMOHHBIX YpaBHEHHWH cJeIyeT pPYKOBOJCTBOBATHCS TEM, YTO cradvie
AEKMPOIUMNBL U MATOPACMBEOPUMBLE 8eujecmed uzoopasicaiomes 6 guoe monexkyi. CUIbHO pacmeopumbvie
NeKMPOAUMDBL, KAK NOJHOCNbIO UOHUIUPOBAHHbBIE, NUULYICS 8 8UOE UOHOB.

B MOHHBIX ypaBHEHHUSX JOKHO COOMIOAATHCS YCIOBHE 3JIEKTPOHEHTPATBHOCTH — CYyMMA 3aPA008
6 11e601L Yacmu YpasHeHus 00IHCHA ObIMb PABHA CyMMe 3apsa008 NPAGol Yacmu YPAGHEHUS.

OO6opynoBaHue U MaTepuabl
1. PactBop cepnoii kucnorsl H,SOs ¢ konnentpamueii C(H2S04)=2 mons/nm?
2. PactBop consnoii kucnotsl HCI ¢ koruentpammeit C(HCIH)=2 momn/am®
3. Hupukarop penondranenn
4. VHauKaTop METHIOPAHKEBBIN
5. JlakmycoBasi Oymara
6. PactBop NaOH ¢ konnenrpanueii C(NaOH) = 2 moms/am®
7. JlucTHIUTMpOBaHHAs BOJA
8. IlpoOupku
9. Jloxeuxka
10. PactBop NazSO4
11. PactBop (NH4).SO4
12. PactBop xnopua Gapust
13. PacTBOp cuivkaTa HaTpHs
14. PacTBOp COJSAHOM KUCITOTHI
15. PactBop cysbdara meau (+2)
16. PacrtBop arnerara narpus CHsCOONa
17. KapGonar xansims (men) CaCOs
18. PactBop cysbpara xpoma
19. PactBoOp ezxoro Hatpa

Yka3aHus 110 TeXHUKe 0e30I1aCHOCTH
1. Bce pa0oTel B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPU HCIPABHOM

3JIEKTPOOOOPYAOBAHHH, IIEKTPOIPOBOIKE, TPABUIILHO 000PYIOBAHHOM BBHITSXKHOM HITKady.

2. Ta30BbIe KpaHBI U Ta30MPOBO/T IOJKHBI HAXOIUTHCS B HCIIPABHOM COCTOSTHUH, TIEPHOINIECKU
MIPOBEPSTHCS.

3. PaGodee mecTo comepkaTh B HOPSIKE U YHCTOTE.

4. Cyxwue peakTuBbl TpeOyeTcst OpaTh YMCTHIM IITIATEIEM HITU CIIEIIUATIBHON JT0XKESUKOH.

5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY.I, U3 KOTOPOTO OH OBLI B3AT.

6. Bce ombITH ¢ BpeAHBIMY U MIAXHYIIUMH BEIIECTBAMU, a TAKKE yIAPUBAHUE KUCIOT U KUCIBIX
pacTBOPOB MPOBOMUTH B BBITSDKHOM ITKAQYy.

7. OcraTKu coOeqUHEHU cepedpa ciaMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHMM PacTBOPOB B NPOOUPKE BCET/a ClenyeT AepkKarh €€ TakuM 00pa3oM, 4ToObI
OTBepcTHe MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAOIIEro PSIOM COCEa.

9. He HaK/IOHSTH JIMTO HAJl HATPEBACMOM )KHIKOCTHIO HIIM CTUIABIISIEMbIM BEIIECTBOM.

10. He cnenyer BOBIXaThb Maxy4due BEIIECTBA W Tas3bl, OJU3KO HAKIOHSSICH K COCYyLy C 3THMHU
BemecTBaMy. HroxaTh BelecTBa MOKHO JIMIIL OCTOPOXKHO, HAIIPaBIIsAd K ce0e Iapbl WK ra3 ABHXKEHHEM

PYKH.
11. XpaHuTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCJIOT U ILEJIOUEH B BBITSHKHOM LIKa]y.
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12. BrwummBaTh pa30aBIeHHbIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOOBaTh XHMUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEPOYIIIepo U
T.J1.) HE JOJDKHO OBITH PSJIOM OTHSI U BKITFOYCHHBIX TUTMTOK.

15. IIpu paboTe cO CTEKIOM, XHMHUYECKOW TOCYAOH, HEOOXOAMMO COONIIO/IaTh IpaBUIia
MPEOCTOPOKHOCTH BO M30eKaHNE PAHESHHI OCKOIIKAMU CTEKIIA.

16. Kareropuuecku 3arpeniacTcs OCTaBIATh pa0OTaroIMe TPUOOPHI 03 HAOIIOICHUS.

19. B xumu4eckoii 1abopaTopun HEOOX0AMMO paboTaTh B XajlaTe.

3ananus
Ongpit 1. Hanelite B Tpu npooupku o 1-2 cM® pacTBopa KHCIIOTBI, IIENT0YH U BoAbl. Jl06aBbTe B
KOKAy0 npoOupky wuHaukatop (cMm. tabm. 3.2.1). OOparuTe BHUMAaHHE Ha IIBET HHIUKATOPOB B
Pa3IMYHBIX CpeJax: KUCIIOH, IIEJIOYHOM, HEUTPAIbHOMU.
Tabnuya 2.2 []sem uHOUKamopos 8 pasiuiHbix cpedax

Cpena
WNunukatop p
KHCast HeHTpabHast HIeT0YHAS
Jlakmyc KpacHBII (uosieToBBII CHUHUU
deHondranenn OeCLBETHBIN OeCLBETHBIN MaJIMHOBBIH
MertunopaHxeBbIil PO30BBIi OpPaH>KEBBIN KEATBIN

Onpir 2. B aBe mpobupku Haneiite mo 1-2 cm® pactBopos: B ogny — Na;SOs, B apyryro —
(NH4)2SO4. B xaxayro u3 npoOHpoK mpubaBbTE MO TAKOMY e 00beMy pacTBopa xyopuia Oapus. Bo
BCeX MpoOupKax oOpazyercst ocagok Oemoro nBera. CocTaBbTe MOJEKYJSIPHBIC M WOHHBIC ypaBHEHUS
COOTBETCTBYIOIIUX PEAKIUIL.

st Toro 9ToObl ONpeieuTh Kakas u3 00pa30BaBIINXCS COJIEH TPYAHOPACTBOpUMA, TIOCMOTPUTE
TaONMIy PacTBOPUMOCTH XHUMHYECKHX COCIAMHEHHWH. B BbIlllepacCMOTpEHHOM MpUMeEpe 3Ta COllb —
cynbsgar Oapws.

Onwit 3. Hanelite B npo6upky 2 cM® pacTBOpa CuIMKaTa HaTpHs, 100aBbTE TAKOE JKE KOJTMIECTBO
COJNIIHOM KHuCNOTHl. YTo mpom3zonuio? Hamummure MOJIEKYISIpHOE, TOJHOE MOHHOE M KPaTKOe HOHHOE
ypaBHEeHUsI JaHHOH peakiuy. OO0paTHTe BHUMAaHHE, YTO KPEMHHEBasl KUCIIOTA MJI0X0 pacTBOpUMa B BOJIE.

Onwit 4. Haneiite B mpo6upky 2 cm® pactBopa cynbdara meau (+2). Jlo6aBbTe pacTBOp IIENOUH
(NaOH wunu KOH). Yto BBl HabmromaeTe? HamuimnTe MONEKYIIPHOE ypaBHEHHE peakiiuu. I10b3ysch
TabNMIeH pPacTBOPUMOCTH, OMpEJNENINTe, Kakoe W3 JBYX OOpa30BaBIIMXCS COCTUHEHHWH, BHIMAJaceT B
ocaziok. HamuimunTe noiaHoe u KpaTkoe HOHHBIE ypaBHeHMs. OcaoK COXpaHHUTE IS OIIbITa 5.

OmbiT 5. B mpoOupky ¢ 0caskoM THAPOKCHAA MeOu (TIOJIY4YEeHHOrO B IPEBbIAYIIEM OIBITE)
100aBbTE HECKOJIBKO CM° pacTBOpa COJSHONW KUCIOThl. OcCamok pacTBOpmiCH (€CIHM OCAaIoOK HE
pacTBOPWIICS, TO BCTPSAXHUTE MNpoOMpKy). Hamumumre MonekynsipHOoe, MOJHOE M KpPaTKOE€ HOHHBIC
YpaBHEHHS.

Ongit 6. Hanelite B mpo6upky 2 cm® pacteopa anerata natpust CH;COONa u 106aBbT€ HEMHOTO
pa30aBieHHON CONSHOW KUCIOTH (Wimu cepHOM). IlosBuiics 3amax, MPUCYIIMI MOJIEKYJIaM YKCYCHOU
kucnoTel. [Ipu cocTaBneHMM HOHHOTO ypaBHEHHMs He 3a0bIBaiiTe, 4TO YKCYCHas KHCJIOTa — CJIaOBbId
3JIEKTPOJIUT.

OmeiT 7. B HEOOMBIIIOM KOJMYECTBE BOABI B30OITANTE MIETOTKY PacTePTOTO B MOPOIIOK Meja U
MpUIIEHTEe HEMHOTO PacTBOpa COJsIHOM KucioThl. Kakoil ras npu 3ToM Beiaenurcs?

BcnoMHuuTe, 4TO yronpHas KUCJIOTa OUY€Hb HEYCTOWYHBA, PAa3flaracTcs C BbIICICHHEM MTy3BbIPHKOB
YTIIEKUCIIOTO ra3a.

Hanumure MonekyisipHoe, KpaTKOE U IMOJIHOE HOHHBIE ypaBHEHUSI.

Onwir 8. a) Haneiite B mpobupky 2-3 cm® pacTtBopa cyibdara xpoma M 100aBbTE MO KAIUIAM
pacTBOp emkoro Harpa (no oOpa3oBaHus ocaiaka). OOpa3oBajicsi 0cagok rujapokcuma xpoma (+3),
OTMETHTE IIBET 0caJiKa. Hanmuimure MoJeKysipHOE, TTOJTHOE U KPATKOE MOHHBIC YPaBHEHHS PEaKIIUii.

0) OOpazoBaBmIuiics ocajok B30ONTaNTE U pa3aenuTe Ha nBe yacTH. K oqHON yactu mo0aBbTe 2-
3 cm® CONSIHOM KHUCIIOTBI, & KO BTOPOii — 2-3 ¢cM® KOHIIEHTPUPOBAHHOTO PACcTBOPA MIEIOYH.

OO6paruTe BHUMaHHUE, 9TO 0CAIOK B 00EHX IPOOMpPKaX pacTBOPIIICS. BCrOMHHTE, YTO THIPOKCHT
xpoma (+3) obnamaer aM(OTUTHBIMH CBOMCTBAMH, B3aMMOJEHCTBYS Kak C KHCJIOTaMH, TaK U C
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menodamu. Ilpm 3ToM BO BTOpOM cilydae oOpa3yercs KOMIUIEKCHas coib. Kakas? Harmummmure eé
bopmyiry.

[lo ykazanuio mpenojaBaTeNss MOXKHO TIPOBECTH AaHAJOTMYHBIE pPEAKIUM C Y4acTUEM
TUAPOKCHIaMU AJTFOMUHUS WU [IMHKA, KOTOPBIE TAKKe 001a1at0T aM(pOTUTHEIME CBOHCTBAMH.

CocTaBbTe MOJIEKYJISIPHBIE, TIOJTHBIE W KPAaTKHE YPaBHEHUSI COOTBETCTBYIOIINX PEaKIIAH.

Onpwir 9. Ilomb3ysich BBICTABICHHBIMH Ha Ja0OpaTOPHOM CTOJE pPEaKTHBAaMH, OCYIIECTBUTH
PEaKIINIO, BRIPAKCHHYIO CICAYIOIMIUM HOHHBIM YPaBHEHUEM:

Fe** +30H™ = Fe(OH); 4.

Harnmmmire MoneKkynsipHoe ypaBHEHUE PEaKIHu.
Omnprt 10. [Tome3ysch MOMYYEHHBIM B OIBITE 9 0cagkoM THApOKcHa Kemes3a (+3), OCyIIeCTBUTh
PEaKIHI0, KOTOPYIO OMHUCHIBAET CIIEAYIOLIEe HOHHOE YpaBHEHUE:

Fe(OH); +3H " = Fe®" +3H,0.
Hamnncats HECKOJIBKO MOJIEKYJISIPHBIX YPaBHEHHMM pEaKLUil, IPUMEHS [IPU 9TOM TaKHU€ KUCIIOTHI,
KOTOPBIM OBl COOTBETCTBOBAJIM PACTBOPUMEIE comu Fe*
Conep:kanue oTyera
[Tony4yennsie nanubie 3adukcupyiiTe B Tabnuie 3.2 mo ciexyromeit popme:
Tabnuna 3.2. Pe3ynbTarhl 9KCiepuMeHTa

Ne i/t | PearenTtsl XUMHUYECKask peakius Habmronenus

1

gl w|N

KonTpoJibHBIE BONIPOCHI
ba3oBbIii ypoBeHB
1. Yto Takoe 3MeKTpOIUTHYECKAs AUCCOMALINSA?
2. DIEKTPOIUTHI U HE DJIEKTPOJIUTHI.
3. KT0 U3 XUMUYECKUX COCAUHEHUH SBISICTCS AIEKTPOIUTOM?
IToBbI1LIEHHBIN YPOBEHB
1. Hanmmmre MosieKynspHbIE, MTONHbIE U KpaTKUe HOHHbIE YPABHEHUS PeaKIIUi B3aUMOIEHCTBUS:
a) KapOOHaTa KaJlusl C COJITHOW KHCIIOTO;
0) a30THCTOI KUCIOTHI C THAPOKCHUIOM HATpHS;
B) KapOoHaTa MarHus ¢ a30THOM KHCJIOTO;
T') THIPOKapOOHaTa HATPUA C €KUM HaTPOM;
1) THAPOKCH/IA ATFOMUHUS C €KUM HATPOM;
€) COJITHOM KHCIIOTBI C CHJIMKATOM HaTpHsL.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 10 TAHHON Teme

OcHoBHas iuTEpaTypa:

1. Koposun, H. B. O6m1as xumus : yaeonuk / H. B. KoposuH. - 13- u3n., nepepad. u jgor. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpyskaromiei cpeipl : XUMHsI )KHUBBIX oprann3MoB. Kypc nexumii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 21eKTPOHHBIN // DnekTpoHHO-0uOnuoreynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: mis
aBTOPU3HP. NOJIb30BaTENEN

JlonmosiHuTEILHAS JIUTEPATYypAa:

1. T'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uuterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
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2. XYMHUSI METAIIJIOB : yueOHOE mocobue (1s1 CTYIEHTOB XMMUYECKOTO (haKyJIbTeTa
HarnpaBiieHuH 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocynapctBeHHbI yHUBEpcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 35eKTpOoHHBIN // DnekTpoHHO OnbimoTeyHas cuctema [IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYIa K 00pa30BaTeIbHBIM peCypcaM
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Tema 6. PacTBopbI
JlaGopaTopHas padora 4. [Iporoan3 coJieit
Lens pabotel: M3ydyenue nporecca ruaposin3a cojieu.
DopmupyeMbIE KOMIIETEHLIIMU WM UX YaCTH:
Teopernyeckasi 4acThb

Ilpoyecc 63aumooelicmeus UOHO8 COMU C MONEKYAAMU B00bl, NPUBOOAWUL K 0OPA308AHUIO
cnaboouccoyuupyowux eewecme (MoaeKyl Ciadvlx KUCIOM UIU OCHOBAHUL, AHUOHO8 KUCTLIX UMU
KAMUOHO8 OCHOBHLIX CONlell) U conposodcoaroueecs usmenenuem pH pacmeopa, Hasvieaemcs
NPOMONUZOM.

[TpoTonu3y moaBeprarTCcsi CONM, 00pa3oBaHHbBIE CI1a0bIM OCHOBAHHEM HITH C1a00H KHUCIIOTOM.

Cnabnie QJICKTPOJIMTHI B BOAC JIUIIb YaCTUYHO JUCCOUMUPYIOT HA NOHBL. K #HuMm otHOCsTCS:

a) kucaotel — H,S, HaSO3, HoCOs, HsPO4, HNO,, H3BO3, HCIO, HCN, HF, CH3;COOH u ap.;

0) Bce OCHOBaHMsA MeTaIOB (kpome mienoueii), a tawke NHsOH. K cmabeiM 3nekTponuram
OTHOCHUTCSI TaKKe BOJIA.

CHITBHBIE DIIEKTPOJIUTHIL:

a) kucnoTel — H2SO4, HNO3, HCI, HBr, HMnO4, HCIO3, HCIO;

0) OCHOBaHWUSI MICIOYHBIX U IEIOYHO3EMENIbHBIX MeTas1oB, kpome Mg(OH)2, Be(OH)..

CocraBuM Tabnmily cosed, 0Opa3OBaHHBIX PAa3UYHBIMH (KaK CIa0bIMH, TaKk M CHIBLHBIMH)
KUCIIOTAMU M OCHOBAHUSIMU.
Tabnuya 4.1 Ilpomonus paznuunozo muna conetl

Comn, o0pa3oBaHHBIC

C.Ha6BIMI/I KHUCJIOTaMH U CHa6BIMI/I KHUCJIOTaMH U CUJIbHBIMU KHUCJIOTaAMHU
CJ'Ia6BIMI/I OCHOBAaHUSIMHU
CUJIbHBIMHU CUJIbHBIMH U CUJIBHBIMHU
1 CUJIBHBIMHU KHUCJIOTaAMH
OCHOBAHHUsAMUAU OCHOBAaHUsSIMHAU OCHOBAaHHUsAMHAU
| I i AV
Al,Ss, NH,CN
N3.2C03, KzS, Na,SOs A|C|3, CUSO4, MgC|2 ! ! KC|, Na2804, KNO;
Cr2(003)3
pH>7 pH<7 pH=7 pH=7

PacTBOpbI BBIIIEYKAa3aHHBIX COJEM HMMEIOT Pa3IMYHYI0 PEaKLUIO: MIEIOUYHYI0, KHCIOTHYIO WIIU
HEUTpaNbHYI0. DTO OOBICHIAETCS TEM, YTO MOHBI, 00pa3yIoUIiecs MPH pacmaje dTUX COJeH, pa3nuyHbIM
00pa3oM B3aMOZEHCTBYIOT C BOJIOH.

IIpoTosm3 coJieil, 00pa30BaHHBIX CHJIBHBIM OCHOBAHHUEM N
c1aboii KUCJI0TOI
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PaccmoTtpuM mpomecchl, mpoTekaromue npu nporoinse kapOonara Hatpua. NaxCOz — coub
caboi JBYXOCHOBHOW YrOJBHOM KHCIOTHI M CHIBHOTO OJMHOKHUCIOTHOro ocHoBaHuss NaOH. 3amuiiem
ypaBHEHHE IPOTOJIM3a ITOU COJIH:

H _
Na,CO; <22 52Na* + COZ".
Ilpumeuanue. IlpoTonm3zy WOHOB (THAPONM3Y) BCEerJa NPEIIIECTBYET TMPOILECC MPOTOIU3a

(mucconuanym) Cou.
OO0pa3yronuecss KapOOHAT-HOHBI B3aUMOJICHCTBYIOT C MOJICKYJIAMH BOJBI, TIPU 3TOM 00pa3yTCs

AHUOHBI HCO:;)_ , @ He MoJekysl H,COs, Tak Kak MOHBI HCOg_ JTUCCOIIMUPYIOT TOPa3ao TpyaHee,

yem Mosiekyibl HoCOs. TloaToMy mpu OOBIYHBIX YCIIOBHSX MPOTONU3 KapOOHATa HATPUS MPAKTUYCCKU
MPOTEKAET MO NIEPBOM CTyNICHHU.

HoHHO-MOJIEeKyIsIpHOE YpaBHEHNE TPOTOIH3a CO3 TI0 TIEPBOH CTYIIEHU:

COZ™ +H,0 <> HCO; +OH™; pH > 7.
B MonekynspHoii opme:

Na2CO3 + Hzo <> NaHCO3 + NaOH .

HNonHo-MONEKyIIpHOE YpaBHEHUE TIPOTOIH3A H CO3_ :

HCO; +H,0 <> H,CO3+0OH ; pH > 7.
B monexymspHoit popme:

NaHCO; + H,0 <> H,CO;3; + NaOH - npaxruuecku ne nporekaer!

B pactBope mosBiusiercs u30biTok moHoB OH', mostomy Bomsbli pactBop Na,COsz wmmeer
HIETIOYHYIO PEAKIIHIO.

KonudecTBEeHHO MPOIECCHI MPOTONH3a Coyieil XapakTepu3yroT KOHCTaHThI (Knp) U cremensb (Onp)
NPOTOJIN3A, a TIYOMHY IPOTEKaHUs MPOTOJIN3a — U3MEHEHue peakuuu cpensl (pH).

Koncratel mpoTonusa coisiel, 0O0pa30BaHHBIX CHJIBHBIM OCHOBaHHMEM U cJa0Oi KHCIIOTOH,
BBIYHUCIISIIOT 110 (hOpMYyJIaM CIIeIYFOIIEro BUa

K 4.1
Knpl — w , ( )
Ky,
rne K np; ~ KOHCTAHTa NPOTOIH3A 110 I-CTyreHH;
K . — 1~ KOHCTaHTa NPOTOJIH3a 00Pa3ykONIENHCs CONPSIKEHHON KUCIIOTHI.
[
CreneHs npoTonnsa:
2 K"Pi K"Pi _ (4.2)
(24 np + anp : 2 - 2 e
C C
rae C — KOHIEHTpaLus COJIH, MOJIB/aM>.
Dopmyity (4.2) IPUMEHSIOT TOT 1A, KOTraa cTerneHs npotoiusa npesbimaet 0,05 (5%).
Ipu i < 0,05 (5%):
K, . (4.3)
anp ~
C

KonmenTtpainto THAPOKCHI-UOHOB, OMPEICIAIONINX TIyOWHY TPOTEKAHUS TMPOTOIN3a, MOXKHO

paccunTaTth 10 YPABHCHUIO!:
[OH7] ~ /Ky, C- (4.4)

[pumennm, Hampumep, dopmynst (3.1) — (3.4) s KONMYECTBEHHOW OIIEHKH MPOIECCOB
IIPOTOJIM3a 1O TIEPBOIt M BTOPOii cTynensM kapoonara Harpus pu C(Na,COs) = 0,1 mons/mm®.
[ns mepBoii CTyneHu:
14
_ K 10 ;
Kip, (CO37) = L = - =217-10%
1 K, (H,CO3) 4,610
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K, .10~
Uy z\/ n 2T A0 6 0466 (~ 4,66%):
C 01

-3 MOJIb |

[OH ], ~ /Ky, 21:107*-01=4,66-107° 2

oM
POH =—Ig[OH "], =—1g4,66-10° =2,33; pH =14 - pOH =11,67.
I[Hi[ BTOpOfI CTYIICHU BBIYHCIIUM TOJIBKO KOHCTAHTY MPOTOJJIM3A:
Ky 1014

K, (COZ)= = =2,22-108,
P2 Ko, (H,CO3)  45.107

CooTHolleHne IepPBOH U BTOPOI KOHCTAHT MPOToIu3a kapoornar-noHa (= 10 000)

2—
Kip, (CO37)  217.107

— = —~10-10°
Kup,(CO5™) 22210

TIO3BOJISET PACYETOM JI0Ka3aTh, 4T0 mpoTonu3 COs* GpakTHUECKH MPOTEKAET TOIBKO 110 MEPBON CTYTIEHH.
IIporosnus coseil, 00pa30BaHHBIX CWIBHON KHCJI0TOM U c1a0bIM OCHOBAHHUEM

Paccmotpum nporonus comu CuSQOs. Cynbdar Meam — cojib C1ab0ro JBYKUCIOTHOTO OCHOBaHUS
Cu(OH); u cunpHO# ABYXOCHOBHOM KHUCIOTHI HoSO4.
[lepBuuHBIHA TIPOIECC — MPOTONN3 (JAUCCOIHAITNS) COJIH:

CuSO, <22 scu?" +S02"

3aTeM MOHBI MEIM PEarupyroT ¢ MOJIEKYJIAMU BOJBI, TO €CTh UIET MPOTOINU3 NOHOB — BTOPUYHBIMA
nporiecc. KatroHsl Meii ¢ MOJIEKYJIaMH BOJIbI 00pa3yroT KaTHOHbI 0cHOBHOM coii CUOH®.
NoHHO-MoNIeKyIspHOE ypaBHEHHE npoTosuza CU?* 1o nepBoii cTynenu:

Cu?" +2H,0 <> CuOH™ + H,0™; pH <7
WM B MOJICKYJIIpHOU (hopMe:
2CuSO, +2H ,0 <> (CuOH), SO, + H,S0,.
Tak Kak B pacTBOpe IPUCYTCTBYET KUCIOTA, TO ero pH < 7.

Brimagenune ocaaka rugpokcuaa Meaun (+2) He MPOUCXOoauT, Tak Kak nousl CUOH™ auccormupyror
ropaszo TpyaHee, yeM mousiekysbl CU(OH)..

CuOH™ +2H,0 <> Cu(OH), + H30™; pH<7
WA B MOJIEKYJIAPHOU (hopMe:

(CUOH) 2 SO4 +2H 20 &~ Z(CUOH) 2 +H 2 SO4 — peaxIus MPaKTHIECKH HE UJIET.

Hrak, B 00BIYHBIX YCIOBUSIX MPOTOIN3 CyIb(aTa MeIU MPOTEKAET MPAKTHUECKU TOIBKO 110 TIEPBOH
CTYIICHH.
@opmyJibl, MO3BOJSIOIIME KOJIMYECTBEHHO  OLEHUTh MPOLECCHl  MPOTOJM3a  KaTUOHOB
COOTBETCTBYIOIINM CIIa0BIM OCHOBAHWISIM:
_ Ky (4.5)
K. =W
mp K.. !
bi

rac K — KOHCTaHTa IIpOTOJIn3a 10 I-CTyrICHI/I

K bl — KOHCTaHTa IIpOTOJin3a 1o i-CTyrICHI/I CONPSZKECHHOI'O OCHOBAHMUHL.

CTCHCHB HpOTOJ’II/I3aI
K. K.
ol +a,, —2 g, (4.6)
SN oL ox:
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rae C — KOHIEHTpAIMs COJIH, MOJIb/IM>,
®opmyny (3.6) IpUMEHSIOT TOT/a, KOT/Ia CTeTieHb mpoToiu3a npessimaet 0,05 (5%).
I[Tpu oupi < 0,05 (5%):

~ npi . 4.7
o, ~,—
P C
KoHmeHTpammio KaTHOHOB THAPOKCOHWSA, OMPENENSIONINX TIyOWMHY IPOTEKaHUs MPOTOIN3a,

MOXHO paCC‘lI/ITaTb 110 ypaBHeHI/IIOZ
[Hs0*]; = [Kp C- (4.8)

IIpoToau3 coseii, 00pa30BaHHBIX CJ1A0BLIM OCHOBAHHEM M CJIa00i KHCI0TOM
PaccmoTpum kak mpotekaer nporonu3 anerata ammonus. CHsCOONH4 — conb cnaboit sTaHOBOM
KUCIOTHI U cadoro ocHoBanus — NH4sOH. YpaBHenue mpoTonn3a 3To# Coau UMEET CICTyIONTHIA BU:

H,0 —
CH 3COONH, « 122 5CH,CO0™ + NH .
Hanee nonst CH3COO™ u NH4" monmBepraroTcst mpoTon3y — pearupyroT ¢ MOJICKYJIaMH BO/IbI:

CH4COO™ + NHJ + H,0 <> CH3COOH + NH ,OH
WM B MOJISKYJISIpHOU (hopMe

CH4COONH,, + H,0 <> CH5COOH + NH ,OH .

[Ipu mpotommse coneir, 0Opa30BaHHBIX CIAOBIM OCHOBaHMEM H CIA00H KHCIOTOW, PEaKIIus
pacTBOpa 3aBHCHUT OT CTENEHH TMPOTONM3a OOpa3yIoIUX3cs MPOAYKTOB — KUCIOTHI (Thma HA) u
ocHoBanus (tuna KtOH). Eciu nporonus ocHoBanus KtOH mnpeobnamaeT Haj MPOTOIU30M  KUCIOTHI
HA, to xonmentparust nonoB OH™ 6onbitie xontentpanun HsO™ —  cpema menounas, eciin Hao0b0poT —
[H30*] > [OH™], To Kucnas.

B jaHHOM Ciy4ae, TOCKOJBKY CTENEHW mpotonm3a ykcycHon kuciotel (Ko = 1,8:10°) wu
rugpokcuaa ammonms  (Kp = 1,78:10°) npubnusurensHo opuHakoBbl, To pH cpeasl Oyner
NpUOTU3UTENHHO PaBeH CEMH.

Cnedyem nomMHUMb, YmMO COAU, OOPA308AHHBIE CUNLHBLIM OCHOBAHUEM U CUILHOU KUCIOMO,
NPOMONU3Y He NOOGeP2aArOMCSi.

Hamnpumep, xmopun matpus NaCl — cons cusbroii kuciaotel HCl u cunbroro ocuoanust NaOH.
Honel, oOpasymoomiecs B pe3yibTaTe IUCCOLMALMKM 3TOM COJIM, HE OOpa3yloT ¢ BOAOH cialbIX
9eKTponuToB. [l03TOMy B OOBIYHBIX YCIIOBHSX pPaBHOBECHE MPOTOJIM3a MOJEKYJT BOJBI B TaKHX
pacTBopax He HapylIaeTcs W KOHICHTPAILUS MOHOB THAPOKCOHHS M THAPOKCHA-HOHOB OCTAETCsl TAKOW
K€, Kak y uucToi Boabl — pH = 7.

IHonHbIH IpOTOIH3

PaccmoTpum, kakue mpoAayKThl oOpasytorcsi mpu cmermBanuu pactBopoB AlI(NOz)s u KoCOs.

Hutpar anromunust moasepraercsi IpoTONIK3Y 10 KaTHOHY, a KApOOHAT KaJus - 110 aHUOHY:

AI(NO,), <2 AI* +3NO;

AI** +2H,0 <> AIOH* + H,0"
AIOH* +2H,0 < AI(OH); + H,0"
AI(OH)} +2H,0 <> AI(OH), { +H 0"
K,CO, «22 52K " +COZ"

COZ +H,0 <> HCO; +OH"~

HCO; +H,0 & H,CO; +OH".

Ecian pacTBOpsl HaxoAATCd B OJHOM COCYZE, TO MAET B3aMMHOE YCHJICHHE NPOTOJNHM3a KaXIOH
cou, Tak Kak oopasyromuecs: HoHbl H3O™ 1 OH cBsi3pIBatOTCS ¢ 00pa30BaHUEM CIIa00T0 JIEKTPOJIHTA —
BobL. [Ipu 3TOM IpoTONMTHYECKOE paBHOBECHE CMEIAETCS BIIPABO, a MPOTONIN3 KaXKI0HW COJIH MPOTEKaeT
JI0 KOHIIA.

VonHO-MOJIEeKyIsIpHOE YpaBHEHHE IIPOTONIN3A:
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2A1%" £3C02™ +3H,0 <> 2AI(OH)5 4 +3CO, T.
B MonexymsipHO# Gopme:
2AI(NO3)3 +3K,CO;3 +3H,0 <> 2AI(OH); 4 +3CO, T +6KNO;.
HpyruMu npuMepaMy TakUX Hap UOHOB SIBISIOTCA:

1.Cr¥*u S§*
2. AP u S*

2_
3.Cr*u C03

2_
4. Fer u COy;

. 2

Oo0opynoBanne U MaTepuabl
PactBop unnukaropa
HuctunnupoBaHHas Bosa
[pobupku
PactBop Na,COs
Pactsop AICl3
Pacteop NaCl
PactBop xmmopuga aMMoHMs
PactBop cynbdata amomunus Alx(SOs)3
. PactBop docdara narpus NasPOy
10. PactBop (NH.)-S
11. PactBop cysbtara amoMuHAsL
12. PactBop cynbgara xpoma Cra(SOs)3
13. PactBop pactsopa coxsl Na,COs

CoNoaR~WDNE

Ykazanus no TexHuke 0e30MacHOCTH
1. Bce pa0oTel B XUMHYECKOH 1a0OpaTOpUHM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
3JIEKTPOOOOPYAOBAHNH, FNEKTPOIPOBOIKE, TPABHUIEHO O0OPYL0BAaHHOM BBITSKHOM LIKady.

2. Ta3oBbIe KpaHBI U ra30MPOBO/T IOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
MIPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxwue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM MU CIICIHATBHON JT0XKESUKOH.

5. MUznumex peakTrBa HE BEUTMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce onbITH ¢ BpeAHBIMH U MAXHYIIMMH BEIIECTBAMU, a TAKKE yIaPUBAHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOAUTE B BBITSKHOM IIKAQYy.

7. OcraTKu coeJUHEHUI cepedpa ciIMBaTh B 0COObIC CKIISTHKH.

8. Ilpu HarpeBaHMM PacTBOPOB B MPOOMPKE BCErJa CIEAYeT JIepiKaTh €€ TakuM 00pa3oM, 4TOOBI
OTBEpCTHE MPOOUPKH OBLIO HAIIPABJIEHO B CTOPOHY OT PadOTAIOIIEro PSIOM COCeaa.

9. He HaK/IOHSTH JIMTO HAJl HATPEBACMOM YKHIKOCTHIO HIIH CIUIABIISIEMbIM BEIIECTBOM.

10. He cnemyer BIbIXaTh IMaxy4due BEIIECTBA W ra3bl, OJIM3KO HAKIOHSSICH K COCYIy C DTHMH
BemlecTBaMy. HroxaTh BemecTBa MOKHO JIMIIL OCTOPOXKHO, HANPABIIAA K ce0e maphl WK ra3 ABHKEHHEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT H IEJIOUEH B BBITSHKHOM MIKaQy.

12. BrumBathk pa30aBieHHbIE KUCIOTHI U IIEIOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XMMHUYECKHE BEIIECTBA Ha BKYC.

14. Tlpu paboTe ¢ JIErKOo BOCILIAMEHSIOIIUMUCS BellecTBaMH (3QUphI, OCH30J, CEPOYIrIIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJTFOUSHHBIX TUTUTOK.

15. Ilpu paboTe co CTEKIOM, XHMHYECKOW IOCYHOH, HEoOXoauMo coOmogaTh NpaBHiia
IPEIOCTOPOXKHOCTH BO U30€KaHNE PAHEHUN OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3ampemiacTcs OCTaBIATh paOdoTaroIIre IpruOopsl 0€3 HAOMIOACHUS.

20. B xumMuueckoit 1abopatopun He0OX0JUMO paboTaTh B Xajare.
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3ananusa
Onpit 1. B 4eThlpe npoOupku HanelTe mo 2-3 c¢M®: B MEpBYIO — IMCTHILIMPOBAHHON BOJBI, BO
BTOpYI0 — pactBopa Na;COs mwiu K2COs, B Tpetbio — pactBopa AlCIs mwiu Alx(SOs)s, B getsépTyio — NaCl
wim KCl. B kaxayoo mnpoOHMpKYy NOMECTHTE [0 MAaJICHBKOMY KyCOYKY WHIMKATOPHOW OyMarw.
[IpeaBapuTenbHO HM3ydUTe W3MEHEHHWE OKPAacKW HHIMKATOPOB B Pa3NUUYHBIX cpedax. CpaBHHUTE LBET
HWHJIUKATOpa B pacTBOpax coJjel ¢ ero OKpackoi B BoJE.

CocTaBpTe HMOHHO-MOJIEKYJSPHBIE M MOJIEKYJSIPHBIE PEaKIUU TPOTOJIHM3a COOTBETCTBYIOIINX
cojeii. 3anonuuTe Tabnuiy 4.2.

Onwim 2. Hanelite B npo6upKy 3 cM® pacTBOpa Xjopuaa aMmonus. Jlo6aBbTe 1-2 Karmm pacTBopa
nmakmyca. OTMeThTe 1BET pacTBopa. KpacHbIl mBeT pacTBopa yKas3plBaeT Ha KHCIYIO Cpedy, T.e. B
pacTBope MUMEIOTCSl CBOOOAHBIE MOHBI TUAPOKCOHMA. COCTaBbTE MOHHOE M MOJEKYJSPHOE ypaBHEHHUS
npotosn3a conu NH4Cl.

Onwvim 3. Haneiite B mpo6upky 2-3 cm® pactBopa cynbdara amomunus Alx(SOs)s n nobasste 1-2
Karin pacTBopa JakMmyca. Kak msmeHwncs nser uHaukaropa? CocTaBbTe MOHHOE U MOJIEKYJISIPHOE
YpaBHCHUS TPOTOJJIM3A [IaHHOfI COJIM, YYUTBIBAaA, 4TO B CJIy4ac IIPOTOJIM3a MHOI'O3apAJHBIX KaTUOHOB
00pa3yroTcs KaTHOHBI OCHOBHBIX COJIEH.

Onwim 4. Haneiite B mpo6upky 2-3 cm® pactBopa docdara narpus NasPOs u no6assTe 1-2 Kamm
pacTBopa Jakmyca. B kakoit nBer okpacwics nakmyc? Kakosa cpena pactBopa? KakoBo 3nauenue pH
pactBopa? CocTaBbTe HOHHOE M MOJIEKYJISIPHOE ypaBHEHHs TpoToNu3a ¢ocdara HATPHUS, YIUTHIBAs, YTO B
pesynbrate obpasyercs ruapodocdar HaTpus. JanpHeHHil TPOTONMU3 (110 BTOPOH M TPEThel CTYIICHH)
BO3MOXXEH JIMIIb B ClIy4ae OYCHb pa30aBJICHHBIX PACTBOPOB W MPHU MOBBIIICHHOW TeMIIEpaType.
Hanmmimure MoHHBIE M MOJIEKYIISIpHBIC ypaBHEHHUs! Tporonu3a ¢ocdaTra HATPUS MO BTOPOH M TpeThei
ctynenu. Paccauraiite 3HaueHns koHcTaHT nipoToim3a (Kupi, Kup2 1 Kips), cTenenn mpotonusa (Oupi, Oup2
¥ Onp3) ¥ [H3O*] s kasxnoit crynenu, cuntas C(NasPOq) = 0,1 Mons/nme,

Onwim 5. Haneiite B npobupky 2-3 cm® pactBopa (NHs):S u no6asbre 1-2 kamiam pacTBopa
nmakmyca. Kakoit mBeT mpuoOpén pactBop? CHHHIA IBET JIaKMyca TOKa3bIBaeT, YTO Cpela B PacTBOpE
mestounas. O0paTuTe BHUMaHUe Ha 3amax pactBopa. Yem maxuet pactBop (NH4),S? 3anummre nonHoe u
MOJIEKYJISPHOE YPaBHEHUs NMPOTOJIN3a Cyibduna HaTpus. [IpoTosn3 3Toi coiau uaét Kak 1o nepBoi, Tak
Y TI0 BTOPOW CTYTICHH:

NH; +5% + H,0 <> NH,OH + HS ™~

NH; + HS ™ + H,0 <> NH,OH + H,S

Kb (NHsOH) =1,8:107%; Ka1 (H2S) = 1,0-107; Kaz2 (H2S) = 1,0-107%,

Ucxons n3 3nauenwit koncranT npotonms3a manss NH4sOH u H,S, cnemaiite BBIBO# 0 xapakTepe
Cpelibl.

Ecnu HarpeTh pacTBOp JaHHOM coyv (MPOKMITATHTE), TO MPOTOJU3 CTAHOBUTCS HEOOPATHUMBIM, TaK
KaK [P HArpeBaHUM aMMHAK U CEPOBOIOPOJT YXOISIT U3 cephl PeakiluK, cMelas PAaBHOBECHS B CTOPOHY
00pa3oBaHMs MPOYKTOB IPOTOJIH3A.

Onwvim 6. Haneiite B mpo6upky 2 cM® pacTBopa cyib(aTa amroMUHES B 106aBbTe 2 cM° cyabhuaa
Hatpust. OOpaTuTe BHUMaHKME HA I[BET BBHIMABIIETO OCAAKA U 3arax. 3aluIiuTe HOHHOE W MOJIEKYJISIPHOES
ypaBHeHHs TipoToiu3a cMecH pactBopoB Alx(SO4)s u NaoS.

Onwvim 7. Haneiite B mpo6upky 2 cm® pactopa cynbpaTa xpoma Cra(SO4)s u Tyna ke 100aBbTe 2
cm® pactopa coasl Na;COs. B pesynbTaTe HOIHOTO MPOTOJIU3A BBINAAAET OCANO0K CEPO-3€NEHOTO LBETA
Cr(OH); wu BeigensitoTcs my3sipbku yriaekucioro raza CO,. CocTaBbTe HOHHOE U MOJICKYJISIPHOE
ypaBHEHUS POTEKAIOIIUX ITPOLIECCOB.

Conep:xanue oTuyera

Onvim 1.
Tabauya 4.2 Pe3yromambi IKcnepumenma
No dopmyia BelecTBa IIBeT unnuKaTOpa Peakuus cpenbl
1
2
3
4
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[TomyuenHbie nanHble B onbITax 2-7 3adukcupyiite B Tadmauie 4.5 o criexyromieit hopme:
Tabmuua 4.3. Pe3ynpTaThl SKCIIEPUMEHTA

Ne i/t | Pearentsl XuUMHUECKasi peaKius HaOmronenus

1

AW

KonTpoiibHbIE BOIPOCHI
ba3oBblii ypoBEHb
1. Yto Ha3bIBaeTCS MPOTOIU3OM?
2. Kakue conu mosiBepraiorcsi mpoTonuzy?
[ToBbILICHHBIN YPOBEHB
3. TlpuBeaure NpUMEpPHl YETHIPEX THUIOB COJICH, OOPAa30BAHHBIX CHIIBHBIMHM HIIH CIa0bIMU
KHCJIOTaMH U OCHOBaHUAMU.

Chucokx JUTEPATYPHI, peKOMeHZ[yeMBIﬁ K MCI0JIb30BaHHIO 110 JAHHOI TeMe

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yaeOunuk / H. B. KopoBuH. - 13- u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanmuna, E. C. XuMus okpysKaromiei cpepl | XUMHs )KUBBIX Oprann3MoB. Kypc nexmmii /
E. C. Muxamuna, A. JI. Ilerenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21€KTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATENIEH
Jlono/IHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. . Epmakoga. - U3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. X¥MHUS METaJIoB : yueOHoe rocodue (Ui CTYJAEHTOB XUMHUECKOTro (hakybTeTa
HanpaBlieHU# 0akanaBpoB « XuUMUsS» U «XuUMHUecKas TexHonorus») / coctasutenu O. A.
I"'onoBanoBa. — OmMck : OMcKkHil rocygapcTBeHHbIM yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubnuoreynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocrymna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHTepHET-pecypcebl:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIIa K 00pa30BaTeIbHBIM pecypcamM

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas OMOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIUAIMU dJIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHni 1 opranuzanuit CKOO

4 http://www.iprbookshop.ru — OBC.
5 https://openedu.ru — OTkpeITOE 06pazoBaHUe

Tema 6. PacTBopbl
JlabopaTopnasi paGora 5. IlpousBenenne pacTBOPMMOCTH
[lens paboOTHI: wW3ydeHWe YCIOBUI BBHIMAICHUS W PACTBOPEHHS OCAIKOB W BimsHue I[IP
3JIEKTPOJIUTOB Ha UX CIIOCOOHOCTD K EPEOCAKACHUIO.
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https://openedu.ru/

DopmMupyeMbIe KOMIIETEHIIMHN WM UX YaCTH:
Teopernyeckasi 4acThb

YacTo B XHMHYCCKHX PEAKIUAX TPUXOIUTCS HMETh [€JI0 C pPaBHOBECHSIMH, KOTOPBIE
YCTAaHABIMBAIOTCS B TETEPOTrCHHBIX CHCTEMax. Takoil CUCTEMOM SBISETCS, HAIpHUMEP, HACBIILICHHBII
pPacTBOp, COMPHUKACAIOMIMICS C OCAIKOM PAacTBOPUMOro BemiecTBa. OcaJoK M HACHIIICHHBINM pacTBOp —
pasnuuHbie ()a3bl FETEPOTEHHON CHCTEMBI,

Ecnu kakyoo-HHOY b TPYIHOPACTBOPUMYIO COJIb, HaniprmMep AJCI, mpuBecTH B COMPUKOCHOBEHHE
¢ Bogoii, To monsl Ag" u Cl', 3 KOTOpPBIX MOCTPOEHBI KPUCTAJLIBI COJIM, MCIBITHIBAS MPHUTKEHHE CO
CTOPOHBI OJyXIAIONUX JHUIOJNICH BOJBI, OyIyT OTPHIBATBCS OT IMOBEPXHOCTH KPHUCTAUIOB M B BHJIC
THUAPATHPOBAHHBIX MOHOB OYIyT MEPEXOAWTh B PAcTBOpP, HO HapsAy C MPOIECCOM pacTBOpeHus Oyaer
MIPOXOIUTH U CONPSDKEHHBIN mporecc — kpucTammmsarms. Mousr Ag™ u Cl°, crankuBasce Ipu IBHKEHNH C
MOBEPXHOCThIO KpucTaioB AQCl U HCOBITBIBAS TMPUTSHKEHHE CO  CTOPOHBI  MPOTHBOIOJIOMKHO
3apsOKEHHBIX HMOHOB KPUCTANIMYECKOM PEIIETKH, NETHAPATUPYIOTCS M OCENAl0T Ha TOBEPXHOCTU
KpucTauioB. CKOPOCTh KPUCTAJUIM3AIMK BO3PACTaeT MO0 MEpe YBEIWYCHHS KOHIICHTPAIMH PacTBOpA.
Korma ckopocTu mpoIeccoB pacTBOPEHUS M KPUCTAUIM3AIMU CTAaHOBSTCS PaBHBI APYT APYTY, TO B
TETEPOrCHHON CUCTEME PAaCTBOP — OCAIOK HACTYMAeT MOABHUKHOE PaBHOBECHE.

[omyauBimiicss pacTBOp Ha3bIBAETCS HACHIIICHHBIM, TaK KaK B HEM COAEPIKUTCS MPEASIbHOE IS
JAHHOM TeMIlepaTyphl KOJMYECTBO pAcTBOPEHHOTO BemiecTBa. B HaceimeHnoMm pactBope AgCl
YCTaHABIMBACTCS CJIEIYIONIEE PABHOBECHE:

H,0 _
AgCI «— 5 AgF+Cl
TBEpIas (asa HACBIIIEHHBINA PacTBOP

[IprumeHnsist K ITOMY PaBHOBECHIO 3aKOH JEHCTBUS MacC U yUUTHIBasl, YTO KOHLEHTpaUs TBEPIOM
(a3bl He BXOAMT B BBIPAXKEHUE KOHCTAHTHI PABHOBECHS, MOXKHO 3aIIUCATh!

K =[Ag"][CI"].

DTO ypaBHEHHE [MOKAa3bIBaCT, 4YTO B HACLUYEHHOM paAcmeope  mpyOHOPACMBOPUMO2O
IAEKMPOIUMA NPOU3BEOCHUE KOHYSHMPAYUNl €20 UOHO8 eCMb GelUHUHA NOCMOSHHASL NpU OAHHOU
memnepamype. Omy eUYUHY HA3bIEAIOM NPOU3EeOeHuemM pacmeopumocmu u obosnayaiom I1P.

Hanpumep, mis mamopacteopumoro AgCI:

ITP(AgCI) = [Ag][CI],

rae [Ag*] u [Cl] — paBHOBECHBIE KOHIIEHTPALIMH, BEIPAYKEHHBIE B MOJIL/IM".

PaBHOBecHasi KOHIIGHTpaIys Jr000ro MoHa (YHKIMOHAIBLHO CBsA3aHA C JPYTUM IapaMeTpoM
CHCTEMBI — aKTUBHOCTBIO, HATIpUMep, Ut HoHa AgQ*:

a pg+ = ng+ [Ag+]

Kospduuuent mpomnopimonaipioctd  f,  HaspiBaeMblii  KOA()(UIMEHTOM  AKTHBHOCTH,
XapakTepU3yeT CTENEeHb OTKJIOHEHHS CHCTEMBI OT WIEAIbHOW 3a CYET JJIEKTPOCTATHUECKUX
B3aMMOJICHCTBUI MOHOB, YYAaCTBYIOIIMX B U3y4aeMO# peakivu, ¢ MOCTOPOHHUMHU (FIIH COOCTBEHHBIMH,
€ClIM WX KOHIICHTpAIlMs BbICOKA) MOHaMH. B waeanbHON cucteme ax = [A], Tak Kak KO3(PHIUCHT
aktuBHOCTH paBeH emuwuuie (f = 1). DTo o3HawaeT, YTO 3IEKTPOCTATHUECKHE B3aWMOIECHCTBIHS
OTCYTCTBYIOT.

Benununna ko3 duiimenta akTHBHOCTH 3d8UCUM OM 3apsdd U UOHHOU CUJbl, CO3/1aBaeMOI BCEeMU
HOHAMH JJIEKTPOIIUTOB, MPUCYTCTBYIOIIMX B PACTBOPE:

(L 2
| =— zCiZi : (5.1)
2iz

rzae | — nonnas cuna;

[Ci] — paBHOBeCHasI KOHIIEHTpAIIKS HOHA,

Zi — ero 3apan.

HerpynHo ycraHOBHTB, UTO MOHHAsl CMJIa pacTBopa OuHapHOro snextponuta (tun AB) Bcernma
OyzeT paBHa MOJIIPHOM KOHLEHTpaImu >ekrponuta — i = C(AB); st tpunapHoro (tun A2B nmm AB»)
—u=3C (A2B) wm p = 3C (AB>); ms rerpanaproro (tun AzB) — p = 6C (AszB).

Koadduumentsl akTUBHOCTH HHOWBHIYaJIbHBIX HOHOB MOXHO TEOPETHYECKH OLEHHUTH IO
dopmynam Jlebast — XroKkes:
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—lg f, = Az?J/1, ecm  1<0,01; (5.2)
AT

—lgfi=—"——, ecrm 1 <0,1. (5.3)
1+ Ba+/I
3nech 4 1 B — KOHCTAaHTBI, 3aBHUCSIIME OT TEMIEPATypbl H IUIICKTPUUECKON MPOHUIIAEMOCTH
pactBoputens (mias Boael mpu 20 °C A =~ 0,5 (tounee 0,509) u B =~ 0,3); @ — paccrosHue
MaKCHUMAJIbHOT'O COJIMDKCHHSI MOHOB; OTH BEJIUYHHBI OOBIYHO HPHUBOIATCS B CIIPABOYHBIX TaOIHIAX.
[Tockonbky KoneOaHWS B 3HAYCHHAX @ HE CJIHMIIKOM CKa3bIBAIOTCS HAa KOHEYHOM pe3yJbTaTe,
peKoMeHjTyeTcs 6paTh MocTosiHHOE 3Ha4eHue a = 3 A%, CnieoBaTensHo,

_|gf—w (5.4)
S RV '

KoadduimenT akTHBHOCTH MHIWBHUIYyaIbHOTO MOHA HENb3s M3MEPHTh SKCIEPUMEHTAIBHO, TaK
KaK HeJb3s MOJIY4YUTh PacTBOP, COAEPKAIIUNA MOHBI TOJBKO OJHOTO 3apsijia. DKCIEPUMEHTAIbHO MOKHO
OIPEACIUTh JIUIIb CPEeaHUi KO3(DGUIMEHT akTHBHOCTH f:r anexTponuta AmBn, KOTOpBIA CBsi3aH C
K03 PHUIMEHTaMH aKTUBHOCTH MHIUBUAYaTbHBIX HOHOB fa 1 fg, cooTHOMICHHAMMU:

fi = 4/ f A fB — 17151 OMHApHOTO AeKTponuTa AB;

megen
fi = m+\n/ f A fB — JUIsl 3JIEKTpOoIuTa TUNA AmBh.

Cpenauii K03()(HUIHEHT aKTUBHOCTH MOYKHO PacCUUTaTh M TEOPETHUYECKH, UCTIONB3Ys (HOPMYIIBI
JleOast — XroKKems

—lg f. = Az ;25 VI, ecm 1< 0,01;
Az 2p~1
~lgf, =—48 _
* 1+Bavl
3neck a, A u B umeror Te ke 3HaueHus1, uto u B popmynax (4.3) u (4.4), noaromy
0,52 421
-lgf, = : (5.5)
- 1++/1

st Gonee TouHoro pacuera Kod¢hGupreHToB akTuBHOCTH (ipH | > 0,1) mpuMeHsI0T ypaBHEHHE
JlpBHUCa, KOTOPOE TO3BOJISET BHIYUCIUTL KOIPPHUIIMEHTHI aKTUBHOCTH DJICKTPOJIUTOB U MHIUBHIYaIbHBIX
nOHOB Ayid MoHHBIX cui 0,2 — 0,5 ¢ morpemrHocTeo, He npeBbimatomeid 10%. Ypasaenue [zBuca mis
KO3 UIIMEHTa aKTUBHOCTH MHIUBUIYAIBHOTO HOHA HMMECT BHUI:

O,52i2x/T
g f = 22N
++/1

a Juist CpeiHero Kod(PUIMeHTa aKTUBHOCTH DIIEKTPOJIUTa AmBy
0,52 ;2,1
_ |g fi _ AcB
1+1

Jus 6onee Boicokux moHHBIX cua (0,5 — 0,8) pekOMEHIYIOT NMPHUMEHSATh ypaBHeHUe J[[IBuca
CJIeTyTOIIEro BUa:

lgf =05z —— 021 |, 58
gt i 1+\/T (5.8)

a JIJ1s1 CpeiHero KO3 HUIMeHTa aKTUBHOCTH JIeKTposiuTa AmBn

J1
—lgf, =052,z ——-0,21 |. 5.9
1 Bl 1 )

ecmn 1<0,1

— O,lzizl , (5.6)

-01z 2,1 . (5.7)
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Bennunabl K03()(OUIMEHTOB aKTUBHOCTH MHJIMBH/YyalbHBIX HOHOB TIPH PAa3HBIX MOHHBIX CUIIAX H
cpenare  KO3(D(UIMEHTH AKTUBHOCTH JUIsi  PACTBOPOB  3JICKTPOIMTOB pa3HONH  KOHIICHTPAIIWH,
paccuntanuble o Qopmynam Jlebas-XrioKkens, MPUBOAATCS B CIPaBOYHMKAX. 3Has KOIH(OUIHEHTHI
AKTUBHOCTH, MOKHO OLICHUTH aKTUBHOCTbH MOHA WJIM 3JIEKTPOJIUTA B pacTBope. st obaeryeHus: pacueToB
MOIKHO TIOJIb30BAThCS CIICTYOIUMHE JOMYIICHUSMH:

1 KoadduumeHTsl aKTUBHOCTH HWOHOB OJHMHAKOBOTO 3apsja HE3aBHCHMO OT pajuyca HOHOB
npuMepHO paBHBL [lo3TOMy B cCHpaBOYHMKaxX TNPUBOAATCS HMHOTAA YCPEOHEHHBIC BEJIHMYUHEI
K03(pPHUIIMEHTOB AKTUBHOCTH JIJISl OJTHO-, IBYX-, TPEX- M YE€THIPEX3apPSIHBIX HOHOB.

2 KoaddurmeHTsl aKTHBHOCTH HEUTPATHHBIX YACTHIL B pa30aBICHHBIX PACTBOpPaX AJICKTPOIUTOB
MOJIararoT PaBHBIMU €IMHHILIE.

3 OueHp pazbaBlieHHbIE PACTBOPBI OJJEKTPOJIUTOB, HANpPUMEp, HACBHIIICHHBI pacTBOp
MaJIOpPACTBOPUMOTO JICKTPOJIUTA, MOKHO CUUTATH HJICATbHBIMH.

YacTo mpu pacueTax CIOKHBIX paBHOBeCHH KOA(M(QUIMEHTH aKTMBHOCTH HMPUHUMAIOT PaBHBIMH
eaunuie. Takoe JOMyIIEHHUE ONPABAAHO MO PALY HPUYKH.

Bo-nepBbix, BenmmunHB KO3()PUIMEHTOB aKTUBHOCTH, HaiineHHble 1O (opmymam J[lebas —
XIOKKesi, MOTYT B 9THX CIy4asX OKa3aThCs OYCHb JAJCKUMHU OT HCTHHHBIX.

Bo-BToppIX, BIMSHHE XHMHUYECKMX (AKTOPOB Ha paBHOBECHE Topa3fo Oojblle, dYeM
3JIEKTPOCTATHYECKHUX CHJI, IO3TOMY MPEHEOPEKEHUE TOCIEIHUMHE MPH PacueTax CIOMXHBIX PaBHOBECHUUN
HE BHOCHT OIIIYTHMYIO MOTPEIIHOCTh B PE3YIIbTATHI.

Ecnu monekyna TpyIHOpPacTBOPHMOTO BELIECTBA JUCCOLMHPYET C 0Opa3oBaHHMEM HECKOJIBKUX
OANHAaKOBBIX NOHOB, HAIIPUMEDP:

Pby(PO, ), <22 53Pb2" +2POF;

TO TIpU BBIYUCICHHUU TIPOU3BECACHHUSA PACTBOPUMOCTH OJOTOI0 COCAMHEHHA KOHUCHTpaluuu
COOTBCTCTBYIOIINX MOHOB BO3BOJATCA B CTCIICHU PaBHBIC UX CTCXUOMCTPUUICCKUM KOI—)(b(I)I/IHI/IGHTaMl

IIP(Pby(PO,),) =[Pb* 1°[PO; 1°.

B o0mem ciydae, mis MamopacTBOPHUMOTO CHIbHOTO 3JiekTponmrta tuna KitAny, mporonms
PacTBOPUMOI YaCTH KOTOPOT'O MPOTEKAET IO CXEMe:

H
KtAny <20 o o+ yAN®, (5.10)
BeIpakenue 11 [1P OyaeT umets Bua
IIP(KtAn) = [K* T [An*T. (5.11)

Cesi3b mapametpa 1P ¢ BenmuuuHo# pactBopumoctu KixAny orpaskaercs: GopmMyJIou:

MONb _ . 1_[P(KtxAny)

Sy (KtyAn ), —— =x+ (5.12)
M Ty I[M3 Xxyy
501051
ITP(Kt, An
Sm (Kt Any), L=X+y(—xy) - M (Kty An ). (5.13)
M x*yY

3nas 3Hauenue [IP, MOXHO MpeaBUAETH BO3MOXHOCTh NEPEX0Aa PAacCTBOPEHHOIO BEIIECTBA B
0CaJIOK WIIK HA00OPOT — IEPEX0J] OCa/iKa B pacTBOP.

Ecnm mpomsBenenue KoHIEHTparii noHOB pacTBopéHHOro BemecTBa (I1K,) MeHbIe 3HaUYCHUS
ero 1P, To Bemagenus ocagka He Oyaer. Takoit pacTBOp Ha3bIBA€TCS HEHACHIMICHHBIM, W B HEM emIé
MOXET HJITH PACTBOPEHUE JaHHOro BemiecTBa. B HaceimenHom pactBope IIK, = IIP. Korma
MPOM3BEJICHNE KOHIICHTPAMA WOHOB PACTBOPEHHOTO BEIIECTBA CTAHOBHUTCS OOJbBIIEC 3HAYCHUS
MPOU3BEACHUS PACTBOPUMOCTH, TO BBITTATIAET OCATOK.

Takum oOpazom, Hanpumep, it AgCI:

a) B HeHacwieHHOM pactBope 1K, = [Ag*][CI] < [TPagcy;

0) B HackiieHHoM pactBope I1K, = [AgQT][CI'] = [TPagci;

B) B iepeHacoinienHoM pactope [1K, = [Ag*][CI] > [TPagcl.

HenacwIeHHBIN pacTBOp KaKOro-IMOO 3JIEKTPOJIUTA MOXHO CJENIaTh HACHIIIEHHBIM H JIaXe
MePEHACHIIEHHBIM, IPUOABIIASA K HEMY DJICKTPOJIUT, COAEPKANTUN OMHOMMEHHBIC HOHBI. HanmpumMep, ecim
K HeHachimeHHomy pactBopy AQCl npumusate HCl mmu KCI, To MBI TeM caMbiM OyaeM yBEIMYMBATH
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KOHLICHTPALMIO MOHOB XJ0pa, 4To NpuBOAUT K yBenuueHuto I1K,. B tor moment, korna I1Kager cTaner
6onpwe ero ITP (1,56-1029), mpownsoiiner Beimanenue ocaaka AgCl.

Jyis  pacTBOpeHMsI Ocajka TPYAHOPACTBOPUMOTO 3JICKTPOIHMTA HEOOXOJUMO YMEHBIIUTH
KOHIICHTPAIIMIO €r0 MOHOB B PacTBOpE AJis TOTo, uToObl BenmuuHa ero I1K, crama mensire ITIP. Dtoro
MOJKHO JTOOWTBCS, CBSI3bIBas OJWH W3 MOHOB TPYIHOPACTBOPHUMOIO BEIIECTBA C FMOHOM JOOABISIEMOTO
peaxTuBa B c1aboANCCONMUPYIOIIEE WITH JIETy4dee COeTnHEHHeE.

PactBopuMoOChH 0ocajzka MaaopacTBOPUMOIO JJIEKTPOJIUTA YBEIUUYMBACTCS TAKKE MPU HAIUYUU B
€ro HaCBIIIEHHOM PAacTBOPE IMOCTOPOHHUX HMOHOB — 3TO SIBIIEHWE HA3BIBAIOT co/ie8biM d¢hghekmom. Taxk,
HaIprUMep, YBEIHIUBAETCS pacTBOPUMOCTh ocanka BaCOsz mpu BHECEHHH B €ro HACHIIICHHBIH pacTBOP
HekoToporo kommyectBa comi NaNOsz; win KBr u np. Bo3pactanue pacTBOPHMOCTH MajiopacTBOPHMBIX
OCaJIKOB CHJIBHBIX JJICKTPOJIUTOB B IMPUCYTCTBUU TOCTOPOHHUX HOHOB OOBSICHACTCS YBEIMYCHHEM
WOHHOM CHJIBI pacTBOpA.

Hrak, pacTBOpeHHE OCaZKa MOXKET MIPOUCXOIUTD:

1) npu 06pa3oBaHNH PACTBOPHMOTO CIA00ANCCOLUUUPYIOLIETO IIEKTPOIUTA:

Mg(OH), 4 +2NH; — 2Mg** + 2NH ,0OH
Fe(OH), 4 +2H* — Fe®" + 2H,0.

2) ipu 00pa30BaHUH Ta3000pa3HOTO COSTUHEHHUS:

FeS | +2H' - Fe?" + H,S T

3) mpu 00pa3oBaHUH CIA0OAMCCOMUPYIOIIET0 KOMILIEKCHOTO HOHA:

AgCl | +2NH; —[Ag(NH3),]" +CI-

4) mpu OKUCIUTENHHO-BOCCTAHOBUTENIBHBIX MIPOIIECcCax:

CuS 4 +4H" +2NO; — Cu®* +2NO + SO, + 2H,0

5) Ip¥ HaNWYIMK TOCTOPOHHUX HOHOB.

Oo0opynoBaHne U MaTepuasbl
PacTBOp aMmMuaka (KOHIEHTpanus pacTBopa ammuaka pasua 0,1 mous/am®)
PactBop xnmopuma ammonwust, C(NH4Cl) = 0,1 MOJB/M®
PactBop xsopuaa Maraus ¢ MmoJisipHoi kornerrpaiein C(MgCl,) = 0,1 MOJTB/ M.
Kpucrammaecknii noj
Mukpomnaresns
HaceplieHnslii pacTBOp MoauAa Kanus
Xuopun kasibiust (C(CaCly) = 0,1 MOJIB/IM°
PactBop kapOoHaTa U cynbhaTa HATPHsI
. Heuumonsipubiit pacteop HCI
10. PactBop Na.S
11. Conp uuHKa ¢ MOJISPHON KOHLIEHTpaumel nocneanei 0,1 Moss/am3
12. Cactop HCI, C(HCI) = 2 mons/nm®
13. PacTBOp yKCYCHOM KUCIIOTBI
14. Pactsop cymsduaa natpus (C(NazS) = 0,1 mons/am®)
15. etmmounsipusiit pactBop CuSOs u FeSO4
16. Consnas xucnora (C(HCI) = 0,1 mons/mmd).
17. Pactop nutpara ceunna, C(Ph(NO3)2) = 0,1 mons/mm?,
18. PactBop cynsdaTa u cynspuna Hatpus ¢ koruenrpamusamu C(NazSOs) = C(NazS) = 0,1 momns/nm®
19. PactBop xpomata Kaus

CoNoaR~WDNE

Yka3zaHus 1o TexHuke 0€30MacHOCTH
1. Bce pabGoThl B XUMHYECKOW 1a00paTOPUM JOJDKHBI TMPOBOAMTHCS NPHU HUCIPABHOM
3JIEKTPOOOOPYI0BAHHH, JICKTPOIPOBO/IKE, IPABUILHO 000PY/I0BAHHOM BBITSKHOM IKa]y.
2. Ta30oBbIe KpaHBI U Ta30MPOBO/T TOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSTHUH, TIEPHOINICCKU
MIPOBEPSTHCSL.
3. PabGouee mecTo conepkaTh B OPSIJIKE U YUCTOTE.
4. Cyxue peakTuBbI TpeOyeTCs OpaTh YUCTHIM IITIATEIIEM WU CTICITHATBHOMN JIOKETKOM.
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5. MWznumek peakTrBa HE BEUIMBATH OOPATHO B COCY, W3 KOTOPOTO OH OBLIT B3AT.

6. Bce OmbITH ¢ BpSAHBIMHE U MAXHYIIUMH BEIIECTBAMY, & TAKKE yIAPUBAHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcrtaTKu coeqUHEHUI cepedpa cauBaTh B 0COObIE CKIISHKH.

8. Tlpu HarpeBaHWUM PACTBOPOB B MPOOUPKE BCET/IA CIEYET JepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT Pa0OTAIOIIETO PSIOM COCEIa.

9. He HaKIOHSTH MO HaJl HATPEBAEMOM YKUKOCTBIO HJIH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnemyer BIbIXaTh Maxy4ue BENIECTBA W Tas3bl, OJNU3KO HAKIOHSSICH K COCYIy C DTHMH
BeniecTBaMu. HroxaTh BelllecTBa MOKHO JIMIITL OCTOPOYKHO, HANPABIISS K ceOe Maphl WK ra3 ABMKCHHEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U ILEJIOUEH B BBITSHKHOM LIKAQYy.

12. BrwummBaTh pa30aBICHHbIC KUCIOTHI U IMEIOYHBIE PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOdoBaTh XUMHUYECKUE BEIIECTBA Ha BKYC.

14. TIpu paboTe ¢ JIETKO BOCILIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEPOYIIIepo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TUTUTOK.

15. IIpu paboTe co CTEKIOM, XHMHUYECKOW TOCYIOH, HEOOXOAMMO COONIIO/IATh IpaBUIIa
NPEOCTOPOKHOCTH BO M30€KaHNE PaHEHHH OCKOJIKAMH CTEKIIA.

16. Kareropudecku 3arpemiaeTcs OCTaBIsATh padOTarONIIe TPUOOPHI 63 HAOMFOISHUSI.

21. B xuMudeckol 1abopaTopur HEOOXOANMO paboTaTh B XalaTe.

3aganusa

Onpit 1. B e mpoOupku BHectw mo 1 cm® pacTBopa amMMuaka (KOHLEHTpALusi pacTBOpa
ammuaka pasHa 0,1 mons/aM®). B ogHy mpoGHpKy n006aBHTH 2 CM® BOABI, B APYTYIO 2 CM° pacTBoOpa
xnopuaa ammonust, C(NH4CI) = 0,1 monw/nm3. Tlocne storo B 06e npobupku BHecTH 1o 1 cm® pacTBopa
XJIOpH/Ia Maruus ¢ MonspHoii koruenTpamuein C(MgClz) = 0,1 mons/mm®. OGpaTuTh BHUMaHKE Ha TO, YTO
0CaJIOK BBINIAJIAET TOJIBKO B MIPOOUPKE, TIe HET XJIOpHIa aMMOHHSI.

OmnpiT 2. B aBe mpoOupku BHECTH MO | MHUKpOLINATENI0 KPUCTALIMYECKOro Hoaa. B mepByio
npo6upKy n06aBuThE 2-3 cM® BOJBI, BO BTOPYKO CTOJBKO K€ HACBIIIEHHOTO PAcTBOPA HMOAMIA KAIHs.
Y06enutbces, YTO MO MaJI0 PaCTBOPSIETCS B BOJIE, HO XOPOILIO PACTBOPSIETCS B HOIUAE KAJIUSI.

OmeiT 3. B aByX mpoOupkax MOJy4UTh OCAagKU KapOoHaTa W cyib(ara KaabUus ACHCTBHEM Ha
pactBop xsopuna kansius (C(CaCly) = 0,1 mons/nm®), pactBopamu kap6oHaTa u cyiabdara Hatpus. B
0be mpobupku m06aBbTe AenuMoisapHblii pactBop HCI. 3aMeThTe, UTO MPOUCXOIUT PACTBOPEHHE TOJIBKO
KapOOHaTa KaJbIHs.

OmeiT 4. B 1ByXx nmpobupkax moiay4yuTh ocagku ZNnS neiictBuem pactBopa NapS Ha pacTBOp conn
[IMHKA C MOJISIPHOM KOHIIeHTparuei nocneaneit 0,1 MoJis/ame. B oJHy npoOupky modasuts 0,1 MOJIb/IM°
pactop HCI 1o pactBopenumst ocanka, B ApYryro Takol xke o6bém 0,1 mMonbs/am® pacTBopa yKCyCHON
KHCIOTBL. YOEAUTECS, YTO B YKCYCHOM KHCIIOTE CYIb(QH IMHKA HE PACTBOPSIETCS.

OmeiT 5. B n1BYX npobupkax nonxyunth ocaaku CuS u FeS p3aumoneiictBuem pactBopa cyibhuaa
natpus (C(NazS) = 0,1 mons/mm%), ¢ memumonspasivMu pactBopamu CuSOs u FeSO4. B 06e npoOupku
100aBUTH OJIMHAKOBBIE 00BEMBI pacTBopa consinoii kucnotel (C(HCI) = 0,1 mons/nm3).

OmeiT 6. B ogHo#t mpobupke monyunts ocagok PbSO., B apyroit — ocamok PbS neiictBuem Ha
pactBop Hutpata cBuaua, C(Pb(NO;s),) = 0,1 mons/mm3, pactBopamu cynsdaTa u cynabpuma HaTpHS C
xonnenrpamusamMu C(Na;SOs) = C(NazS) = 0,1 mons/am® CoorBeTcTBeHHO. B 066 MpoOUpKu 106aBHTH
omuHaKoBelii 00bEM 0,1 Mois/aM® pacTBOpa Xpomara KanMsl M THIATEJBHO mNepememarb. OTMETHTH
W3MEHEHHE [IBETa 0CajIKa B OJTHOW M3 MPOOHPOK.

Conep:xanue oTuyera

Omneir 1. Hanwmcare ypaBHeHus oOpazoBanusi MQ(OH), B MoiekyasipHOM ¥ HOHHOM BHJIE.
Jloka3ate pacyéToM BO3MOXHOCTH BbimajeHus B ocagok MQ(OH): tompko B orcyrctBum NH4CI,
ucnonb3ys 3HaueHue [IP(Mg(OH).).

OmeIT 2. YOEauThCS, 9TO MO MO PAaCTBOPSETCS B BOZAE, HO XOPOIIO PACTBOPSETCS B WOIHIIC
kaaua. Yem 310 00bsacHUTH? COCTaBUTH ypaBHEHHE peakuuu B3aumoneiicTBus moga ¢ Kl B moHHOM U
MOJIEKYJISIPHOM BHJIE.

Omeir 3. Kak, npumensist nonstue [IP u 3Has ycloBUSL pacTBOPEHHUS OCAIKOB, OOBSCHHUTH
Habmomaemoe siBitenne? CocraBuTh ypaBHeHMs peakumu pactBopenust CaCOs; B HCl B momHOM 1
MOJIEKYJISIPHOM BHJIE.
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OmnbiT 4. O0BACHUTS, TOUeMy ZNS pacTBOPSICTCS TOJLKO B COJITHON KHCIIOTE, YIUTHIBAS MaJIyIO
pacTBOpuMOCTS 1 JieTydecth HoS. CocTaButh ypaBHeHuUs B3aumoeicTsust mexkay ZnS u HCl B nonnom
Y MOJICKYJIIPHOM BHJIC.

OmnepIT 5. OTMETUTH pacTBOPEHHE TONBKO FES 1 00BICHUTD 3TO, Hcnonb3ys 3HadeHue [1P mst FeS
u CuS. CoctaBuTh ypaBHeHHUs B3aumoeiicteust Mmexxay FeS u HCl B moHHOM 1 MOJICKYIISIpHOM BHIE.

OmbiT 6. OOBSICHUTE MPOKUCXOIsAINEe, MOIb3ysAch 3HaueHusmu [IP mast PbS, PbSOs u PbCrOs.
CocTaBUTh ypaBHEHHSI COOTBETCTBYIOLIMX PEAKIMI B HMOHHOM U MOJICKYJIIPHOM BHJIC.

KoHTpoJibHBIE BOIPOCHI
ba30BbIil ypoBEHB

1. ChopmynupyiiTe MOHITHE «IIPOW3BEIECHHE PACTBOPUMOCTHY». I KaKOTrO THUMA COETUHEHHH
oHo npuMeHnmMo? [IpuBeaure nmpuMepsl.

2. Hamummmre ypaBHEHUS MPOLIECCOB MpoToiin3a Jyis cienyromux coeauaeHnii: CaCOs, Ag2CrOy,
Al(OH)s. Kak OyayT BBINJISAETh COOTBETCTBYIOIIHE MM BBIPAKCHHS MPOM3BEIACHUH pPAaCTBOPHUMOCTH?
Haiinute ux 3Ha4eHUs B CIPABOYHUKE U 3ANULIUTE.

3. Yro Ttakoe akTMBHOCTH? MoHHas cuna pactBopa? [lpuBenure Gopmysibl s UX pacyera.

[ToBbILIEHHBIN YPOBEHB

1. Kaxk cBszansr [IP 1 pacTBOpHUMOCTh MaIOPacTBOPUMBIX CHIIBHBIX 3leKTponuToB? OToOpasute
9Ty cBs3b Ha ipumepe AgzAsSOy.

2. IlepeuncnuTe YCIOBUS PACTBOPEHHSI OCAIKOB MallOpPACTBOPHUMBIX BemlecTB. Kak MOXKHO,
Harpumep, pacTBOpuTh ocagok Zn(OH),?

3. Kakoe siBiieHue Ha3bIBAIOT «COJIEBBIM d(dexTom»? [IprBeaure npumepsl.

Cnmcok JiuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas iMTeparypa:
1. Koposun, H. B. O6mas xumus : yaeounuk / H. B. KoposuH. - 13- u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyskaroleit cpezibl : XUMHUs )KUBbIX opranu3mos. Kypc nekuuit /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 27€KTpOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATENEH
Jlono/IHUTeIbHAS JIMTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. T'. T'nuaka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, uctp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. X¥MUS METaJIOoB : yueOHoe mocodue (I CTYACHTOB XUMHUYECKOTO (haKyJIbTeTa
HalpaBlieHUH O0akaliaBpoB « XUMUA» U «XUMHUECKas TeXHOJIorus») / coctaBurenu O. A.
I"'onoBanoBa. — Omck : OMckmil rocygapcTBeHHbIN yHUBEpcuTeT M. .M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHTepHET-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas OMOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajIor acCOIUAIMU DIICKTPOHHBIX OMOIHOTEK
yueOHBIX 3aBefieHHi u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeITOe 06pa3zoBaHue
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Tema 6. PacTBOpBI
JlaGopaTtopHas padora 6. PacTrBopbl

ens pabGoThl: OCBOMTH METOAWKY IPUTOTOBICHUS PACTBOPOB 3aJaHHOW KOHIIEHTPAIHH.
OcBOHTBH apEOMETPUYCCKUI METO U3MEPEHHS IIOTHOCTH PACTBOPOB. Y CBOHMTH MOHSTHS a0COJIIOTHON U
OTHOCHUTEJILHOM MOTPEIIHOCTEN U3MEPEHHUN.

DopMuUpyeMbIE KOMIIETEHIIUH WJIM UX YaCTH:

Teopernyeckasi 4acTb

Pacmeopamu nazvigaiom eomozennvie cucmemvl, cocmosiuue Uz 08yx u Oojiee KOMNOHEHmMos, a
maxkaice npooyKmog ux gzaumooericmausi. Hamprumep, BOJHBIN pacTBOp CEPHOW KUCIOTHI COACPKUT: BOAY
(pactBOpUTEND), rHApaTHpoBanHbie HoHbl HSO4xH20, HxH,0 u SO42-xH-0.

Cnoco0bl BhIpaskeHHsI KOHIEHTPAIUM PACTBOPOB

BakHeiiiei XxapakTepHCTHKON pacTBOPOB SIBISCTCS WX KOHIICHTPALUS — Macca WM KOJIHMYECTBO
BEIIIECTBA, COJCPIKAIINECS B ONPEICIICHHON Macce WM 00beMe PacTBOpa WM PACTBOPHTEIIS.

Maccoas nois BemecTa X — Macca Bemectsa M(X) (B 1), conepkamascs B 100 T pactBopa:

0(X),%="%) 109 61)

mp—pa

MossiibHasi KOHIEHTpAIMs — KOJIMYECTBO MOJh BemectBa N(X), coaepikamieecs B OIHOM
kuorpamme (umu B 1000 1) pacTBopHTEINS:

c. (X), MOIb _ n(X)

11000 = —MX)

KT My M (X)mp_m

-1000 (6.2)

MonsipHas KOHIIEHTpaIus — KOJIMYECTBO MOJIb BemecTsa N(X), coaepkanieecs B OQHOM M (MK

B 1000 cm®) pacTBOpHTENS:
C, (X), Mon; _ n(X) 11000 = m(X)
M Vp-nﬁ M (X )Vp-JISI

MouisipHasi KOHIIGHTPALMs KOJHUYECTBA OKBHBAJICHTa (HOPMAJBbHOCTh WIJIM OSKBHBaJICHTHAS
KOHILIEHTPAIMs) — KOJIMYECTBO MOJIb SKBUBAJICHTA BEIECTBA X, coziepsKarieecs B ogHoM am° (umu B 1000
cm®) pacTBOpHTENS:

-1000 (6.3)

1
n(—X
1 MOJIb (Zx ) m(X)
C(—X), —3 = -1000= -1000, (6.4)
Zy IM p-na M (7 X)Vp-ﬂﬂ
Zx

rie n(i) U M(—) — KonM4ecTBO MOJIb DKBMBAJIEHTA BEINECTBA (B MOJIB-OKB) M €rO
X X

9KBHBAJICHTHAs Macca (I/MOJIb) COOTBETCTBEHHO.

IIpumeuanue. Uncno Z, Ha3bIBAIOT IKEUBANEHIMHBIM YUCIOM WIH YUCIOM IKGUBANEHMHOCIU — Ly
> 1. 3naueHune Zx ONpEEISIOT 0 XUMUIECKON peaknny, B KOTOPOH y4acTBYeT JaHHOE BelecTBO. Tak, B
YaCTHOCTH, IJIsl BEHIECTB, y4acTByromUX B OB-peaknusax, S5KBUBaJIIEHTHOE YUCI0 Zp JUIsl BOCCTAHOBUTEIIS
PAaBHO 4YHUCILy 3JIEKTPOHOB, KOTOPOE OH OTJAET, a A OKHUCIUTENs — YHCIy JJIeKTPOHOB, KOTOPOE OH
npuanmaer. Hanpumep, s annona MnOs B 3aBHCHMOCTH OT XapakTepa peakiuu Zx MOXKeT OBbITh
paBHo 5, 3, 1, Hanpumep:

MnO4 + 8H* + 5¢- — Mn?* + 5H,0; Z, = 5; 2(MnO4) = 1/5 mMois;

MnOs + 2H,0+3e” — MnO; +40H"; Zs = 3; 3(MnOys") = 1/3 Mo,

MnOs +1le” — MnOs?2; Z, = 1; D(MnOys") = 1/1 Mob.
CrenoBatenbHO, B 9THX peakIMAX SKBUBAIEHT okuciutenst MnOs cooTBeTcTBeHHO paseH 1/5, 1/3 u 1
MOJIb.
Heo0xomumo Bceria TOMHHTB, YTO 3HAYCHUE SKBHBAJICHTA JTFOOOT0 BEIIECTBA X HE MPEBBIIIAET
eauHuIlpl, T. . 9(X) < 1.
OnpenesneHne SKBUBATICHTHBIX YHCENl HEOIWHAKOBO it 0OMeHHbIX 1 OB-peakuuii.
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B 0OMEHHBIX peakIysx SKBUBAICHTHOE YHCIIO OMPECIISIIOT M0 CTEXHOMETPHH peakiuu. Ecim as
peakiuy BUIA:
vaA+veB = VcC + VDD (85)
Ha OJIMH MOJIb BelecTBa A TpeOyeTcs Ve/va MO BemiecTBa B, To Za= va/va.
IMonesHo 3HATh, uTO 02151 0oHoocHoenbix Kuciom (tuna HF, HCI, HBr, HI, HNO,;, RCOOH u mp.)
u oonokucromuwvix ocnosanui (tTuna NH4OH, LiOH, NaOH, KOH, CsOH, RbOH wu ap.) sxsusanenm
6ce20a paser 0OUH MOJlb.
J1J1s1 TIONTMOCHOBHBIX KUCIIOT M TIOJMKHUCIOTHBIX OCHOBAHWH BEJIMYUHBI SKBUBAJICHTOB 3aBUCST OT
tuna peakuuil. Tak 11 peakiuu:
H>SO4 + 2KOH = K3S04 + 2H,0,
Z (H2SOs) = 2, a axeusarenm ceproti kuciomol — I(H2SOs) = ¥ monw, max kax Ha 00uH Mo
H>SO0. mpebyemcs 2 monw (ds6a sxeusanenmal) KOH.
s peakuyu:
H,S04 + KOH = KHSO4 + H,0
Z(H2S04) = 1, a sxsusanenm cepnoii kuciomot — I(H>SOs) = 1 monws, max kak ¢ 00uH Mo
H,SO4 peazupyem 1 mons (00un sxeusanenm!) KOH.
MosbHas 107 — OTHOIIEHHE KoindecTBa Mojb BemtecTBa N(X) k 00mieMy 4HCIy MOJb BCEX
BemectB Ny (Xj), COCTaBISIOMUX pacTBOP:

N(X)
Nz (Xj)

Turp pactBopa BemectBa X — Macca BemectBa M(X) (B T), comepkamascsi B OJHOM CM®

pacTBopa:
e m(X)

3
Tutp pactBopa BemectBa B mo ompenemnsemomy BemectBy X — Macca BemectBa M(X) (B 1),
COOTBETCTBYIOIIAs OJIHOMY CM® CTaHIapTHOTO PacTBOpa BemlecTsa B:

2 m(X)
R T

BecbMma BayKHBIM ITapaMeTpOM PacTBOPOB SBISIETCS MX IUIOTHOCTh — OTHOIIEHUE MACCHI PaCcTBOPa
(B xr) K 00BEMY 3TOTO pacTBOpa:

a(X)= (6.5)

T(X), (6.6)

. (6.7)

P, 3 = : (6.8)
M° Vo

Ipumeuanue. B XuMuu yale IPUMEHSIOT Pa3MEPHOCTh IIOTHOCTH PACTBOPOB B I/cM®.

Jlyis ipoBeZicHUsT PAacyeTOB MOJIe3HO 3HATh (Gopmyny (8.10), CBA3BIBAIOIIYI0O KOJIMYECTBO MOJIb

OKBHBAJICHTA BCIICCTBA Xc Ppa3IMYHbIMA BUJAAMU KOHLICHTpaI_[I/Iﬁ €T0 PacTBOPOB.

o X)momy MO0 _TOOV(X) _T(BIX)V(B) _
Zx M(ZiX) M(Zix) M(Zix)
1

SGVEO 00096550V () | (6.9)
1000 100M(ZiX)

X
IIpy npUroTOBIEHNN PACTBOPOB C PA3IM4YHON MAacCCOBOW JOJIEH BeChbMa IOJIE3HBIM SIBJISIETCS TaK
Ha3bIBa€MOE MPABHUJIO CMEUICHUS (MIIH IPABHIIO «KPECTa»).
Cxema «kpecTa» UMeeT B

1, % — my, r
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wx, % (5.10)
w2, % — mg, T,

rae o1, % 1 w2, % — MaccoBBIC TOJIM HCXOIHBIX PACTBOPOB,;

M1 ¥ M2 — Macchl UCXOIHBIX PACTBOPOB (B T) MOCIIE CMEMIEHUSI KOTOPHIX, OYIeT MoTydeH pacTBOp
C MaccoBoit noneit mx, %.

HNonnoe npousseaenne Boabl u pH pactBopoB

Boga otHocHWTCS K O4YeHB CaOBIM B3JEKTPONMTAM, M Tporiecc e€ MpoToim3a (pacmaga WU
JIUCCOLIMAINK) SIBIISIETCS OOpaTUMbIM. PaBHOBecHE B 3TOM MPOIECCE CMEIICHO BIEBO, B CTOPOHY
00pa3oBaHHs MOJIEKYT

H.O < H"+OH". (6.11)

Ipumeyanue. 1lpoTOMM30M HA3BIBAIOT TPOIECCH KHUCIOTHO-OCHOBHOTO B3aMMOICHCTBHUA,
MIPOTEKAIOMIHE C YYaCTHEM PaCTBOPUTEIIS (7151 BOJHBIX PACTBOPOB — 3TO MOJIEKYJIBI BOJBI).

Koncranra npotomnusa Bojs! ipu 22°C UMeeT clieayroliee 3HaueHue

+ —
_[HTJ[OH ]
, =
[H20]
TaK KakK HpOTOHI/I3 BOJbI BECbMa HE3HAYUTCIICH, TO paBHOBeCHyIO KOHHeHTpaHI/HO MOHeKyJI BOJbI
MO’KHO MPHHATD 32 TIOCTOSHHYIO BEJHMUYKMHY, YUCICHHO PaBHYIO e¢ 00IIell MOJISIPHON KOHIIEHTPAIMH, TO

ectb cunTaTh, uto C(H20) = [H20] Moms/mve.
I[Tposesem pacuet (pu ycinosu, uto p(H20) = 1r/cm®u M(H20) = 18 r/mons):

m(H,0) 1000
M(H,0) 18

€CTh MOISpHAsk KOHIeHTpaus Bobl, To ecth C(H,0) = 55,56 mons/nve,
[Ipeacrasum (8.13) B ciemyromieM BUIE:

[H*][OH 1=K ,[H,0]

[ToncraBuB B (8.14) n3BecTHBIE BEIMYNHBI, TOTYYHM BETHYMHY ITPOU3BEIEHUS KOHIEHTPAIUi
MOHOB I'MJIPOKCOHUS U HOHOB THAPOKCHIA:

[H*][OH 1=18-10°.5556 =10 = K. (6.13)

Urak, npoussenenne Ky = [H*][OH] = 10 nna uucrolt Boabl M ee pacTBOPOB, SBISETCS
BEIIMYMHOM TIOCTOSTHHOM U HAa3bIBACTCS UOHHBIM npousgedeHuem Bojbl (06o3Hauyaetcs Ky).

C coBpeMEHHOM TOUYKH 3peHHs He ogHa Moiyekyna Bogsl HxO, a e€ numep — HsO2 nmm 2H:0,
HO/IBEprasich NpOTONU3y (pacranasck), oopasyeT oauH katuoH ruapokconus (HsO") u onun ruapokcn-
WOH:

=18-10716, (6.12)

B 1 am® Boawl comepxures N(H0) = ~ 55,56 Monp — 3Ta BeJIUYMHA U

2H,0 <= H30* + OH"
B YHCTON BOJIE KOHILIEHTPALHS 3THUX HOHOB paBHa u COCTaBJISICT

[H0"]=[OH ]=~v10" =10 mons! on®.

B kuciwix pacTBOpax KOHUOCHTpauud HOHOB T'HMIAPOKCOHUA GOHBHIG KOHUOCHTpaluu THAPOKCHUI-
nonos: [H30*] > [OH].

B 1mienouHbIx pacTBOpax, HAOOOPOT, KOHIEeHTpanus noHoB OH™  Gobilie KOHIICHTPAI[MK HOHOB
Bojopozna: [H3O'] < [OH].

Onnako mpoussenenne [HzO™] m [OHT] B mo6om pactBope (KHCIOM W IIETIOYHOM) SIBISETCS
BEJIMYMHOM MOCTOSIHHOM.

Hcnonb3ys noHHOE Mpou3BeicHHe BoIbI Ky, MOXKHO pacCUUTaTh:

a) KOHIIEHTPAIMIO HOHOB THAPOKCOHUS B pACTBOPaX OCHOBAHHM

[H3O+]= KW a (614)
[OH ]
6) KOHOCHTPAUIO THAPOKCHUI-UOHOB B KMCJIOM PACTBOPC.
[OH ]= Ky . (6.15)
[H307]
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Hcnons3ys Bennuuny Kw ynaercs xapakTepu3oBaTh KHUCIOTHOCTh M OCHOBHOCTH PAacTBOPOB IO
KOHLIEHTPALMH TOJIBKO MOHOB TUAPOKCOHUS.
Hamnpumep:
o D= 3
a) B pactBope coistHor kucinoTel ¢ C(HCI) = 0,1 mone/amM® (cuuTas mpoTONHU3 KUCIOTH! OJTHBIM,

to ectb a(HCI) = 1) KoHIEHTpanKs HOHOB BOAOPOAA paBHA KOHIEHTPAIMH KMCIOTHI, TaK KaK MPOTOJIN3
KHCJIOTHI ITOJTHBIH, CIIC0BATEIBHO:

[Hs0*]=0,1 mons/mm® wunu  [Hz0*] = 107 mons/nm3;

6) B pacteope ¢ C(HCI) = 0,001 mons/am® (o= 1)

[H30%] = 0,001 = 10 moms/mm°.

B) B pacTBOpE ILEJNOYM, Hampumep, ¢ MouspHoil konuentpauuein C(NaOH) = 0,1 mons/ame,
KOHIIEHTpAIHs THAPOKCHA-UOHOB PaBHA KOHIEHTPALMH MIEJIOYH, TaK KaK MPOTOJIU3 MIEIIOUH MPOTEKaeT
nonnocteio (a(NaOH) = 1). Crenosarensno, [OH] = 0,1 = 10 mons/am®. YuuThiBas B3aUMHYIO CBA3b

noHoB [H3O0*] u [OH7], mosBisieTcss BO3MOXKHOCTh XapaKTepH30BaTh 3TOT WICJIOYHOM PAacTBOP IO
KOHIeHTpalu noHoB [H3O™]:

K, 10

- = 10‘13 MOITB/IM®;
[OH"] 10~

[H30"]=

r) B 0,001 M pacTBOpe
[OH] = 0,001 = 10 mons/am>;
14
[H 3()+] — K w _ 10
[OH"] 107°
Jliist ©OJIbIIEro ymao0CcTBa XapakTEPUCTHKY PEAKIMH CPEIbl BHIPAXKAIOT HE KOHIIEHTpAIei

BOJOPOJIHBIX HOHOB, TO €CThb BEIWYMHAMH C OTPULATEIIBHBIMH ITOKAa3aTEIsIMA CTENEHH, a TakK
Ha3bIBa€MbIM BOJIOPOJHBIM IMOKa3areneM pH.

pH — necsiTuunelii torapu™M KOHICHTPALUK BOJIOPOJHBIX HOHOB, B3SITHIX C OOPATHBIM 3HAKOM: .

pH =-Ig[H"] (6.16)

-10 -11 moms/mMe.

uu 60s1ee COBPEMEHHO

pH = —Ig[H30], (6.17)
rae [H3O*] Beipaskaercst B MOJIB/ M2,
Jis onmcanHbIX BhIIE puMepos (1. 13 a, 0, B, ) pH cooTBercTBeHHO paBHsr: 1, 3, 13, 11.

Nsmenenne [HsO] m pH B 3aBHCHMOCTH OT KHCIIOTHOCTH WM OCHOBHOCTH  CPEIBI
TpeJICTaBIeHo B Tadnuie 8.1.

Tabauya 6.1 3asucumocmo [HsO'] u pH om peakyuu cpedwl

+ N L@ D ® 2 3 49 g3
o oo oo o o O ¢ S5 6 6 ¢
[Hs0"] A3 499 a9 | =<9 839399
YBennueHnne KUCIOTHOCTH YBennueHne OCHOBHOCTH
7
< HEUTp >
cpena
56 89 10 11 12 13 14
01234
pH Cmabo- Cnabo- menoyHas CuibHO- IIETIOYHAs
CunbHOKHCIIAs cpena
KHUCJas cpea cpena cpena

B uucroii Bone pH = 7.

B xucnotnoit cpene pH < 7.

B menounoii cpene pH > 7.

Taxum 00pa3oM, yeM 6oJIbIIe KOHIIEHTPAIMs HOHOB Boopoza [HzO"], Tem Gosbliie KMCIOTHOCTD
pacTBopa, TeM MEHbIIe BenuarnHa pH.

Hao6opot, yem menbIie [HzO*], TeM GoJibiiie OCHOBHOCTH pacTBOPa U OoJbiiie BeauunHa pH.

[IposnorapupmMupyeM ypaBHEHHE HOHHOIO Ipou3BeAcHUs Boubl (8.14) u, B3AB JOrapudmsl C
00paTHBIM 3HaKOM, Noxy4nM (ripu 22°C):
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pH + pOH = 14
Otxyna: pH = 14 — pOH u pOH = 14 — pH.
Bv1600: KOTMYECTBEHHYIO XapaKTEPUTHUKY PEaKIIMU CPEIbl BIIOJIHE ONpeelseT 3HaueHue eé pH.

ObopynoBanue 1 MaTepuaJIbI
Pacteop NH:NO:
AMMmadHas ceuTpa
CrekisiHHas BOPOHKa
Kon6e na 100 cm®
Apeometp
Inarens
Lmmangp émkoctsio 1,0 ave

NooabkowhE

Yka3aHnus 1o TexHuke 0e30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJDKHBI MPOBOJUTHCS IPH HCIPABHOM
AIIEKTPOOOOPYIOBAaHHH, IICKTPOIPOBOJIKE, MPABHIBHO 000PYIOBAaHHOM BBITSDKHOM HIKady.

2. Ta30BbIe KpaHbI U Ta30MPOBOJ IOIDKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, TIEPUOAHIECKU
MIPOBEPSTHCA.

3. Pabouee MecTo comepxKaTh B OPSAKE M YUCTOTE.

4. Cyxwue peakTuBbl TpeOyeTcst OpaTh YUCTHIM IITIATENEM HIIH CIIEIUATIBHON JIOKEUKOH.

5. Uznumex peakTrBa HE BBUIMBATH OOPATHO B COCYI, M3 KOTOPOTO OH OBLI B3ST.

6. Bce ombITH ¢ BpeAHBIMH U TTIAXHYIIUMH BEIIECTBAMU, a TAKKE yIIapUBaHUE KUCIOT U KUCIBIX
PacTBOPOB MPOBOJIUTH B BHITSHKHOM IIKady.

7. OcraTKu coeqUHEHUI cepedpa ciuBaTh B 0COObIC CKISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B MPOOUpKE BCET/a CIENyeT AepkKaTh e€ TakuM 00pa3oM, 4TOOBI
OTBepCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PabOTAIOIIETO PSIIOM COCea.

9. He HaKJIOHATH JIMIO HAJ HATPEBAEMOM KHIKOCTHIO MITH CIUIABIISIEMBIM BEIIECTBOM.

10. He cnenyer BIbIXaTh MMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C 3THMH
BenlecTBaMy. HroxaTh BelecTBa MOKHO JIMIIb OCTOPOKHO, HANPABIISAS K ceOe Tapbl WK ra3 JABHKEHHEM
PYKH.

11. XpaHuTb pacTBOPHI KOHIICHTPUPOBAHHBIX KHCJIOT U IEJIOUEH B BBITSHKHOM IIKaQy.

12. BrpumBaTh pa30aBiIeHHbIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3amperiaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIerko BOCILIAMEHSOIIUMUCS BelecTBaMu (3QUpbI, OSH301, CEpOYTIIepo U
T.JI.) HE JIOJDKHO OBITH PSIIOM OTHSI U BKJIFOUSHHBIX TUTUTOK.

15. Ilpu paboTe coO CTEKIOM, XHMHUYECKOW TIOCYI0H, HEOoOXOAWMMO COONIIO/IaTh IpaBUIIa
IPEIOCTOPO’KHOCTH BO M30€KAaHUE PAHEHUH OCKOJIKAMH CTEKJIA.

16. Kareropuuecku 3arpeiiacTcs OCTaBIATh pa0dOTaroIIMe IpUOOpsl 0€3 HAOIOICHUS.

22. B xuMuveckoit 1abopatopun He0OX0IUMO paboTaTh B Xajare.

3ananus

Ot 1. [IpuroroBnenne pacTBopa HUTpaTa aMMOHHS ¢ MaccoBoi fornert 10%

1 Paccunrars Haecky NHsNOs, HeoOxomamyro yist purotorienus 250 cM® pacTBOpa ¢ MacCoBOM JI0MEl
®(NHNO3) =10%.

2 Paccunrannyro HaBecky NHiNOs B3BecuTh B OIOKCe Ha TEXHHUYECKHX Becax. Pe3ynbTarsl
B3BEIIMBAHUS 3aHECTH B Ta0II. 5.2.

3 HaBecky aMMuayHOH CETUTPBI OCTOPOXKHO TIEPEHECTH C MOMOILIBIO CYXOH CTEKJISIHHON
BOPOHKH B MEPHYIO KOJIOY BMECTHMOCTBIO 250 cM®,

4 Jlo6aButh K HaBecke B konoe 100 cM® mucTmimpoBaHHOM Boabl. TIIATENHHO MEpEMEIIaTh
pactBop o momHOoro pactBopeHUsS NH:NOs. Jlomwuths k00y NUCTHUTMPOBAHHOW BOMOM JO KOJBIIEBOM
OTMETKH 10 HIJKHEMY MEHHCKY.

5 TmarensHO nepemenate NPUTOTOBIECHHBIM PAacTBOP ILITU - LIECTUKPATHBIM IIEPEBOPAUMBAHUEM
KOJIOBI, TTIOICPKIBAS TIPOOKY.
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6 UMsmepurp miotHocTh mpurororieHHoro pactBopa NHiNOs; ¢ momornsio apeomerpa. [ls
5TOTO MPHUIOTOBJIEHHBIA PACTBOP IEPEIUTh B LWIMHAP EMKOCTBIO 1,0 am®. OCTOPOXHO MOrpys3HTh B
pacTBOp apeoMeTp TakuM o00pa3oM, YTOOBI apeoMeTp He Kacalics CTCHOK IMJIMHApPA H 3aHsul
HETOABIKHOE MmoJioxkeHne. CHATH MOKa3aHus TUIOTHOCTH CO MIKAJIbI apeOMETpa U 3aHECTH B TabJI. 6.2.

7 Paccuurars MOJSIPHYIO KOHIICHTPAIIO TIPUTOTORIICHHOTO pacTBopa. Pacu€THbIe NaHHbIe U pe3yibTaThl
M3MEpPEHHI 3aHeCT! B Ta0I. 6.2,

8 OrnbITHOE 3HAYCHHE TIOTHOCTH PACTBOPA HUTPATa AMMOHHUS (Paxen) CPABHUTH C TEOPETHYSCKMM (Ta0JHIIA
8.3)(PacCUMTAHHBIM Preop.).

9 PaccumTaTh aGCOMOTHYIO Auee(I/cM®) M OTHOCHTENBHYIO TOrpemHOCTh ® (%) H3MepeHus
IUIOTHOCTH MPUTOTOBJICHHTO PACTBOPA.

Tabnuya 6.3 Ilnomnocme 6o0no2o pacmseopa Humpama ammorus NHaNO3

Konnentpanus Konuenrpanus
p, r/em® p, rlem®
®, % MOJTB/mM® r/mm® o, % MOJTB/mM° r/mm®

1 0,1252 10,023 1,002 18 2,415 193,3 1,074
2 0,2514 20,12 1,006 20 2,705 216,5 1,083
4 0,5071 40,58 1,015 24 3,299 264,1 1,100
6 0,7668 61,38 1,023 28 3,912 313,2 1,119
8 1,0300 82,50 1,031 35 5,033 402,9 1,151
10 1,2980 103,9 1,0397 40 5,873 470,1 1,175
12 1,5710 125,7 1,048 50 7,656 612,8 1,226
14 1,8480 1479 1,057 55 8,602 688,5 1,252
16 2,1290 170,4 1,065

Conep:xanue oTyera
Tabnuya 6.2 Pe3ynomamul 9xcnepumerma

Macca mg Macca
C(NHsNO3), Poxers Pradny Aabec., AoTH.,
Orokca, | + HaBecka, | HaBECKH, 3 3 3 3 0
MOJIB/IM r/cMm r/cm r/cm Yo
Mg, T r My, T

KoHnTpoJibHBIE BOIPOCHI
ba3oBbIii ypoBeHB

1 M3 xakux KOMIIOHEHTOB COCTOSIT BOJHBIE pacTBOphI ciexyromux BemecTB: NasPOs, KySOs,
NaNQ3? OtBeT AaTh ¢ Y4ETOM MPOILIECCOB MPOTOJIN3a HOHOB.

2lns uero mpumeHstoT apeoMerp? KakoBa mOCIeNOBaTENbHOCTh OINEpAlUid IPH  3aMepe
IUIOTHOCTH KUIKOCTH?

IToBbI1LIEHHBIN YPOBEHB

1 [110THOCTb M TUTP PacTBOPOB UMEIOT OJMHAKOBYIO Pa3MepHOCTh (I/cm®). B uem paznuuue sTHx
napameTpoB?

2 [IpuBenuTe arOPUTM B3BEIIMBAHUS TBEPIBIX BEIIECTB.

Cnucok JuTepatypbl, peKOMEHAyeMbIi K UCIO0Jb30BAHUIO 110 JAHHOU TeMe

OcHoBHas JuTepaTypa:

1. Koposun, H. B. O6mas xumus : yaebunuk / H. B. KopoBuH. - 13- u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpumn.: c. 461. -
Bubmnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust oKpy>KaroIien cpeibl : XUMHUs KUBBIX opranu3MoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
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978-5-87623-457-5. —TeKcT : 2NeKTpOHHBIH // DnekTpoHHO-O0nOMroTeyHas cuctema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
JlonoiHUTeILHAS JTUTEpPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. . Epmakoga. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJuIoB : yueOHOe mocobue (sl CTYJCHTOB XMMHYECKOTO (aKyIbTeTa
HaIpaBjeHUH OakaJaBpoB « XUMH» U « XUMHUYECKask TeXHOJIorus») / coctaputenu O. A.
["'onoBanoBa. — Omck : OMckuil rocygapcTBeHHbI yHUBepcuTeT M. .M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubnmoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: mis
aBTOPU3HUP. NOJIb30BATEIEH
HNuTepHeT-pecypcesl:

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

2 http://biblioclub.ru/ — 3BC «YuuBepcuterckas OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTpOHHBIH KaTajaor acCOIHAINN dJIEKTPOHHBIX OHOIMOTEK
yueOHbIX 3aBefieHui u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbiToe 06pa3oBaHue

Tema 7. KoMILieKCHBIE COeTUHEHUS
JlaGopaTopHas padora 7. KoMnjiekcHbie coeiuHeHUsI
HCHB pa6OTBI: I/I3y‘leHI/Ie KOMIIJIICKCHBIX COG,Z[I/IHeHI/Iﬁ U NX XUMHUYCCKUX CBOﬁCTB.

DopmupyemMble KOMIIETEHLIIUHA WM UX YaCTH:
Teopernyeckasi 4acThb
XMMHUYECKHE CBSI3U OCYIIECTBISIIOTCS 3a CUET OOOONICHMS HE CHApeHHBIX OSJIEKTPOHOB HIIH
nepenaydl IEKTPOHOB OJHUM W3 aTOMOB, BCTYNAIOIIMX B CBA3b Jpyromy. B pesynbrare Takoro
B3aUMOJICHCTBUSL 00pa3yloTcsi yCTOWYMBBIE KOHQUTypaluu, HMEIONIME Ha BaJeHTHOW 000J0YKe
ANIEKTPOHHBIA OKTET. YCTOMYMBOCTh MOJOOHOH CTPYKTYPHI OOBSCHSETCS CXOACTBOM B CTPOCHHU C
MHEPTHBIMU TazamMu. COeTMHEHNS, Oy YaroNIHecs MoJOOHBIM 00pa30M, Ha3bIBAIOTCS OMHAPHBIMH.
MHorve atoMbl M HOHBI, 00pasyrollje OMHAPHBIE COSIMHEHYIST, MOTYT SIBJISITECS JIOHOPAMH AIEKTPOHOB TSI
JIPYTUX aTOMOB, TPYITI aTOMOB WM MOJIEKYJT, He MMEIOIIUX EKTPOHHOTO OKTeTa. [10TydeHHbIe TaKUM ITyTEM CIIOKHBIE
MOJICKYJTbI Ha3bIBAFOTCSI KOMIUIKCHBIMA COCIIMHEHVSIMA WTH COCIIMHEHISIME BBICIIIETO Topsiyika. Harpumep, B coctas
KxomriexcHoro coemmnenst Ko[PtClg] xomsr rorst K* 1 [PtCls]?.
LleHTpaJIbHBI aTOM IUIATHHBI CO CTCNEHBIO OKHCIEHHs 14, BOKPYr KOTOPOTO TIPYIIHPYHOTCS
(KOOpIMHUPYFOTCS) APYTUE aTOMBI, Ha3bIBAETCS KOMILIEKCOOOpa30BaTelIeM.
[pucoenuustommuecs k Hemy noHbl Cl™ Ha3bIBalOTCS JIMranamMu (WM aaIeHIaMu).
HekoTopbie TUran/ipl 1 MX Ha3BAHUS:
H,0 — akBa; NH3 — amvun; O° — okco; OH — ruypokco; CN™ — rmano; SCN™ — ponano; NO; —
HuTpo; SO3* — cynbduro; NH,OH — runpokcunamun; F- — dropo; CI™ — xnopo; Br~ — 6pomo; ™ — itoz1o.

Yucio MranioB, MPUCOSTMHEHHBIX K KOMILIEKCOOOPa30BaTENo0, HA3hIBAIOT KOOPIUHAIIMOHHBIM
upciIoM (K.4.) KoMIuiekcooOpaszosatens. K.u. (Pt™) = 6.

Wonnl K* — BHemmss koopjuHanuoHHas cdepa (mportusouon); [PtCls]> — BHyTpeHHss
KoopauHanuoHHas cdepa. E€ 3apsaa( TouHee, cTENEeHb OKUCIECHHUS X) ONpeneNnsercs aiaredpanyecKon
CYMMOif 3aps10B KOMILTIeKcooOpaszoBaTes 1 aurannos: x(/PtClg]*) = +4 +(—1)-6 = -2.

Ecnu BHYTpeHHSI1 KOOpIMHALMOHHAS cdepa HMMEeT MOJOKUTEIBHBIA 3aps, TO OHAa Ha3bIBaeTcs
KOMIUICKCHBIM KaTHOHOM, €CITH OTPULIATENBHBIN — KOMIUIEKCHBIM aHHOHOM. VIMeeTcst psifi COeTMHEHUH, B KOTOPBIX
BHYTPEHHSIS KOOPIMHAIMOHHAS cdepa He HeceT 3apsiyia — HeHTpabHbIe KOMITIEKCH. [IprMeps! yKa3aHHBIX THIIOB
KOMIUIEKCHBIX COCTUHEHHIL:
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1) xatronnsie — [Pt (NH3)sCI]CI (H—20) [Pt(NH3)sCIT* + CI;
[Cr(H20)4Br2]Br (H—20> [Cr(H20)4Br;]" + Br;
[Ni(H20)6]SO04 (H—ZO) [Ni(H20)6]*" SO4*;

2) annonnsie — Ks[Fe(CN)e] (H—ZO) 3K* + [Fe(CN)s]*;

(NH4)2[Pt(OH).Cl4] (H—ZO) 2NHs* + [Pt(OH).Cls]?;

HZO + 3
Nas[AlIFs] €—=—> 3Na* + [[AIFs]*;

H>0
3) metitpanbusie (HeamekTpoauThi) — [Cr(H20)4P04] 2> X,

H,0

[Rh(N H3)3(N02)3] <———> X
H,0

[PA(NH20H)Cly] ¢—2—> x.

Ipumeuanue. KoMIulekchl aHMOHHOTO THIA TakXKe elIé HA3bIBAIOT allMJOKOMIICKCHBIMHU, TaK
KaK [pU TIEPBUYHOM IPOTOJIM3E OHU OTHICTUISIIOT KOMIUIEKCHBIN aHHOH.

Aneopummol HaA36aHULL KOMNIEKCHbIX coeOuHeHuli: 1) KaTHOHHBIE KOMIUIEKCHI — CHadJala
Ha3bIBAIOT BHENIHIOW cdepy, a 3aTeM B POTUTEIHHOM MaIekKe MPUBOIAT HA3BAHUS JTUTAHIOB BHYTPCHHEH
cdepsl U pycckoe HazBaHHE KOMILIEKCOOOpa30BaTelis C YKa3aHHEM €ro CTETIEHH OKUCICHHS apaOCKUMHU
nudpamu, HarpuMmep:

[Pt (NH3)sCI]Cl - xmopun TppaMMuHXIOpOILUIATHHEI (12);
[Cr(H20)4Br2]Br —6pomun terpaakBaanopomMoxpoma (+3);
[Ni(H20)6]SO: — cynbdar rexcaaxBanukess (+2);

2) Ha3BaHWE AaHMOHHBIX KOMILJICKCOB HAUYMHAIOT C BHYTpEHHEW cepbl — HAa3BaHUE JINTAHJIOB H
JATUHCKOTO KOMIUIEKCO00pa3oBaTelsl ¢ OKOHYAHUEM -ami, 3aTeM — PYCCKOE Ha3BaHUE KATHOHA BHEITHEH
cdepsl, HaITpUMep:

Ks[Fe(CN)g] — rekcarmanodeppar (+3) xanus;
(NH.)2[Pt(OH).Cl4] — murumpokcoreTpaxioporiatuHar (+4) aMMOHHS;
Nas[AlFs] — rekcadTopoantoMuHaT HATPHUS;

3) B HEHUTpaJbHBIX KOMIUIEKCAX BHA4aJleé HAa3bIBAIOT JIMraHabl (C ydeToM ajdaBuTa), 3aTeM
CJIeJlyeT PyCCKOe Ha3BaHHE KOMILIEKCOOOpa3oBatelis 0e3 YKa3aHUs ero CTENeHH OKUCICHHS (TTOCITe THSIS
OJTHO3HAYHO MOKET OBITh OINpeJieNieHa ¢ YIETOM DIIEKTPOHEHTPAILHOCTH KOMILIEKCa), HAalpuMep:

[CrPO4(NHz3)3] — tpuammundocharxpom;

[Rh(NO2)3(NHs)s] — TppraMMHUHTPHHUTPOPOTHIA;

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

CBs3b MEXKy BHEIIHEH U BHYTpeHHeH cepoii nMeeT HOHHBIN XapakKTep, CBS3b BO BHYTPEHHEH
chepe — KOOPAMHAIIMOHHBIH (JIOHOPHO - aKIENTOPHBIN, CEMUITOJISIPHBIH).

BHyTpeHHsIs KOOPIMHAIMOHHAS cdepa s KOMITICKCOB KATVIOHHOIO M aHHOHHOTO TUTIOB YCIOBHO OTIIRNISICTCS OT
BHEIITHEH ohepbl KBAPATHHIMI CKOOKAMEL
CylecTBYIOT COCIMHEHHUSI, COCTOSIIINE U3 KOMIUIEKCHBIX KATHOHOB H aHHOHOB!

[Co(NH3)e][Cr(CN)g] — rexcarmanoxpomar (+3) rekcaaMmuakoOaibTa (+3);

[Cr(NH3)6][CO(NO-)s] — rexcanmtpokodabTar (+3) rekcaammuuxpoma (+3);

[Pt(NH3)sCI][Pt(NH3)Cls] — ammunaTprxiopomiatHHat (+2) TpUaMMHHXIOPOILIATHHBI (+2).

Conmm  HEKOTOPBIX METANIOB, OCOOCHHO B KOHLEHTPHUPOBAaHHBIX PAacTBOpaxX, CIOCOOHBI
pearupoBaTth MEXKIy COo00ii, 00pa3ys KOMIUICKCHbBIE COSTUHEHUS — AYMOKOMIIEKCHL.
AUCI3+AuCl; < Au[AuCleg] — rexcaxsopoaypar (+3) 3omora (+3) ;
Cdl; + Cdl; <« Cd[Cdl4] — TeTpaitomokaamat (+2) KaaMHsL.
PaznuuaroT mepBUYHBIA M BTOPUYHBIM MPOTONHU3 KOMIUIEKCHBIX coeAuHeHuil. IlepBuuHbIM
NPOTOJIN3 — OTIICIUICHUE BHEITHEW Ccgepbl, OOBIYHO TPOTEKAET MO THITY CHILHBIX JIIEKTPOJIUTOB.
Hanpumep, 17151 KOMIUIEKCOB:

K2[PtCle] (H—ZO) 2K* + [PtClg]*;
[Cu(NH3)41Cl, <29 5[Cu(NH3) 412" +2C1
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CremeHp TEPBUYHOTO MPOTOJIM3A IS Pa30aBICHHBIX PACTBOPOB KOMIDIEKCHBIX COCTWHEHUN
00b614H0 100 % mian 0aM3Ka K 9TOM BEIUYHHE.

BTopuuHoMy npoTONM3Yy MOABEPraloTCs KOMIUIEKCHbIE HOHBI. [Ipu 3TOM uX cTeneHb
MpOTOJM3a BechMa Majia. Pacmaj mpoTekaeT Mo THUMY CclIa0bIX 3JCKTPOJMTOB. THIT MpoToiu3a —
CTYNEHYAThII, KOTOPBIN OMHUCHIBACTCA YPAaBHEHUEM 3aKOHA ACHCTBUS Macc.

KonmuaecTBeHHO Tporiecchl MPOTONM3a KOMIUIEKCHBIX HOHOB XapaKTepU3yeTcs KOHCTaHTOM
HEeCTOMKOCTH (Kieer) MITM 0OpaTHOI €1 BEMTMUMHOM — KOHCTAaHTOU yCTOHYMBOCTH (Kyecr).

Pa3nn4aroT KOHCTaHTHI MIPOTONM3a CTyneHdaTle U o0me. CTymmeH4YaTble KOHCTAHTHI CBSI3aHBI C
OTIIEIUIEHHEM OJJHOTO JIUTaH/a OT KOMIUIEKCHOTO HOHA MITH MOJIEKYJIBI, a OOIINe KOHCTAHTHl YIUTHIBAIOT
PaBHOBECHBIC KOHIICHTpAIMM KaK JIUTAaHJOB, TaK W KOMIUIEKCOOOpa3oBareis, o0Opa3yromuxcs B X0Je
IpoTonM3a 1o BceM cryneHsm.Hanpumep, mpotonns xommiuekcHoro mona [Cu(NHs)4]** mporekaer B
YeThIpe CTYTIECHU:

2+
1) [Cu(NH3)4]%" ©[Cu(NH3)31% + NHg;  Kyeens _[CulNH3)s] ]ENH3]=1,07.10‘2;
[[Cu(NH3)4]™"]
2+ 2
2) [CU(NH)s " o [CU(NHa) o2 NHg; K = 02l Iy 515
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),]%* <> [CuNH3]?" + NH3; KHeCT2=[[C”(NH3)] ][Z'Hﬂ ~4,68.107;
[Cu(NH3)4]""]
2+ 4
4) [CUNH3]%* & Cu®" + NHj; Koeerl =w =1,02-107
[[Cu(NH3)1™"]

CyMmMapHOe ypaBHEHHUE MPOTOJIM3a BHYTPEHHEH KOOPAMHAIIMOHHON C(ephbl BBIpaXKaeTCs OOIIMM
YpaBHEHUEM:
2+, 4H,0 2+
[CU(NH3)4] (—2)[CU(H20)4] +4NH3.
3HadyeHne oOIIEH KOHCTAHTBI HECTONKOCTH OMNpEAEISIeTCS MPOM3BEAECHUEM BCEX CTYMEHUYATHIX
KOHCTaHT HecToitkoctn. Hampumep, mst mona [Cu(NHs)s]?* o61mas koHCTaHTa HECTOWKOCTH OyIeT UMETh
BUJI:

2
KHCCT([CU(NH3)4] +) = KHCCT]_ 'KHeCTz 'KHeCTs 'KHeCT4 =
_[Cu(H20)41°"1-INH 31"
[Cu(NH3),1%* |

Ipumeuanue. Crynenyatsiii nporosnus nona [CU(NH3)4]** B BoaHBIX pacTBOpax MpesicTaBieH B
BUJIe, KOTOPBI OTBEUACT MPUHYUNY COXPAHEHUS  NOCMOAHCMBA  KOOPOUHAYUOHHO20 — HUCHA
Komniexcoobpazogamens. JlokazaHO, YTO NPHU OTPBIBE OT KOMIUIEKCHOTO HOHA JIMTaHJAa €ro MECTO
3aHUMAIOT MOJIEKYJIBI BOJBI:

—951.10713,

[Cu(NH3)4]** + H>0 < [Cu(NH3)3H20]%" + NH3
B uTOre Iporecc J0JKEH 3aBepIINThCS 00pa3oBaHueM TeTpaakBakomiekca [Cu(H20)4]%".

Yem Oosipllle BeIWYMHA KOHCTAHTBI HECTOWKOCTU (WM MEHbLIE KOHCTaHTa YCTOWYMBOCTH),
TEM MEHee YCTOWYHMBO JJAHHOE KOMILIEKCHOE COCIMHEHHE.

[IpoTonnu3 KOMIUIEKCHOTO HWOHAa BO MHOTHX CIy4asX JIOKa3bIBaeTCsi C TIOMOIIBIO
YYBCTBHUTEIBHBIX PEAaKTUBOB, OOHApY>KMBAIOIIMX B PACTBOPE KOMIUIEKCHOTO COCIMHEHHS HOHBI
KOMITJIEKCOOOpA30BaTeNs U JIUTaH/IOB.

Hampumep, nonbsl meau B komiwiekcHOM coeauHenun [CUu(NHs)s]Cl; moxHO 00HapyXuTh,
npruOaBHB K PACTBOPY ITOW COJIM PACTBOP CYIb(PHIA HATPUS:

[Cu(NH3)4]Cl, + NayS = CuS { +2NaCl + 4NHg;
[Cu(NH3),]%" +572 = CuS | +4NH;

WJIN ITYTEM CBA3BIBAHUS aMMHUAKa B Ooree HpO‘lHBIf’I KOMILICKC — KaTUOHBI aMMOHMU A
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[CU(NH3)4]C|2 +4HCl —» CUC|2 +4NH4C|,
[Cu(NH3)41?" +4H* - Cu?" +4NH].

Komnnexcuvle coedunenus ¢ manoycmouuugou eHymperuel cghepoil, npomonau3 Komopotl
NPOXOOUM NPAKMUYECKY NOIHOCHbIO — 2O 080LHbIE COIU, HATIPUMED:

H>,0
[K(H20)6][AI(H20)6](SO4)2 (—L_) K* + AI** + 250,* + 12H,0; amoMoKanueBkie

KBacCIbI

[2NH4(H20)s][Fe(H20)6](SO4)2 (L) 2NH,*+ Fe**+250,% +12H.0;
cosib Mopa.

Teopus BameHTHBIX cBsized (TBC) oOBsCHAET CTpOCHHE KOMIUIEKCHBIX COCIWHECHUN
BO3HUKHOBCHHUEM JOHOPHO-AaKLENTOPHOW CBSI3M MEXKAYy KOMIUIEKCOOOpa3oBaTeIeM U JIMTaHIaMH.
OOBIYHO JTOHOPOM 3JICKTPOHHOM Tapbl CIYXKUT JIMTAHI, AaKLENTop — CBOOOAHBIE OpOUTAIN
KOMIUTEKcooOpa3oBaress.

TBC BO MHOrHX CIy4asX TIO3BOJISET YCTAHOBUTH O3JCKTPOHHYIO M TPOCTPAHCTBEHHYIO
KoMIutekca. Teopusi y4uThIBACT MPH ITOM XapakTep BAaJCHTHBIX OpOUTAJel IIEHTPaIbHOTO aToMa B €ro
TUOPUIHOM FITH HETHOPHUIHOM COCTOSHUH.

OCHOBHBIC TUIBI THOPUIHBIX COCTOSHHI KOMIUIEKCOOOpa30BaTesisi U COOTBETCTBYIOIIHE UM
TIPOCTpaHCTBEHHBIE CTPYKTYphl: SPp — ymueitmas ([Ag(NHs)2]*, [Cu(NHs)]"); sp® — terpasmpuueckas
([Cu(NHa3)4]*", [NiCls]?"); d?sp® ([CoFe]®) mmm  sp®d? ([Co(CN)s]*) — okrasmpuueckas. KpampaTHo-
IIOCKOCTHO# CTPYKType oTBeuaeT dsp’-rubpuansanus, Hanpumep, 11 Kommiekcaoro nona [Ni(CN)4]* .

Oco60 1eHHyr0 HHQOpMANUIO 00 SIEKTPOHHOM CTPOCHHH U TEOMETPUYECKOW CTPYKTYpe
KOMITJIEKCOO0Pa30BaTeNsd HMEIOT €ro MarHUTHBIE CBOMCTBA. [lapaMarHUTHBIE KOMILJIEKCHI HIMEIOT B CBOEM
COCTaBe HeTapHbIC IEKTPOHBI — OHHM BTATHBAIOTCS B MAarHUTHOE TI0JIE, & JMaMarHUTHEIE, B KOTOPBIX BCE
AIIEKTPOHBI CHAPEHBI, U3 MATHUTHOTO TIOJISI BHITAIKUBAIOTCSI.

MaruuTHblii MOMEHT KOMILIEKCA (1) BBIPaXKaroT B MarHeToHax bopa (oaun M. b = 0,927-10%
apr/raycc), KOTOpbIii MOXKET OBITh BRIYHCIICH U3 (popMyIia Bua:

u=-nn+2), (7.0

rJe N — YKCIIo HE CIIaPEHHBIX SJIEKTPOHOB B aTOME WIIM HOHE KOMILIEKCOOOPA30BaTeIs.
DKcnepuMeHTalbHas HHGOPMAIMst O BEIMYMHAX MATHUTHOIO MOMEHTA IMO3BOJIAET CYIUTH O
THIIE TUOPUAN3AIMU [IEHTPAILHOIO aTOMa U O TEOMETPHH KOMILIEKCA B LIEJIOM.
VIMEHHO BEJIMYMHBI MarHUTHBIX MOMEHTOB JUISi KOMIUIEKCOB C KOOPJAMHAIIMOHHBIM YHCIIOM 6
TIO3BOJNIMIIM BBECTH TOHSTHS GHewuneopboumanvhoi NSNPnd® u enympuopbumansuoti (n—1)d’nsnp® -

rUOpHUIN3aIINY.
BHyTprHOpOHTAIbHBIE KOMILIEKCHI — JHaMArHUTHBI WM HU3KOCITHHOBBIE, COJEPIKAT OJUH HIIH
nsa Hecmapennbix d1ektpoHa ([CO(CN)e]* u /PdCly]* — nmamarHuTHBI); BHEIIHEOPOHTAILHBIE —

BBICOKOCIIMHOBBIE, BKTIOUAIOT 3 — 6 HecmapeHHbIX mektpoHa ([COFs]® — powen = 4,8; 4 HecapeHHBIX
anexTpona; [MNCla]* — toxen. = 5,95; 6 HECTIAPEHHBIX IEKTPOHOB).

TBC yOenutenbHO NOSCHSIET CTPOCHHE KapOOHHWJIOB METAJUIOB C HYJEBOHW CTENEHBIO
okucieHus. Bo30yxaeHHOe COCTOsIHME aToMa KOMIUIEKCOOOpa30BaTeNs MOXKET NPUBECTH K CIIAPUBAHUIO

AE
d-371eKTPOHOB, HANPUMeEp, y TAKMX aTOMOB Kak XpoM (... 3d°4S'4p® ———> 3d%4s4p?), xeneso (...

AE AE
3d°4S%4p° ————> 3d%4s°4p°), muxemn (... 3d%4S%4p° ———> 3d"%4s°4p°). Orciona momsTHO
oOpa3oBaHHMe JMaMarHUTHBIX KoMmiuiekcoB — kapOonmioB: [Cr(CO)s], [Fe(CO)s/ u [Ni(CO)4]
COOTBECTBEHHO.

Teopust xpucrammnueckoro moins (TKII), B oramune or TBC, yauTsiBaeT 3meKTpocTaTHIecKoe
BIIMSTHHUE JIUTaHI0B Ha d-OpOMTaM KOMILIEKCOOOpa3oBaTelnsi, KOTOPOe HEOJMHAKOBO M3-3a UX Pa3HOM
HPOCTPAHCTBEHHOI OPHEHTAIHH.

Jlokaszano, uro 0> u O¢y> opbutamu (d,- ypoBeHB) HCHBITHIBAIOT OONee CHIBHOE
OTTAJKMBAaHHUE IOl BIMSHUEM 3JIEKTPOCTATUYECKOTO MOJIS JIMTAHIO0B, YeM opOuTaiu Oyy, Oyz- 1 Oy (d; -
YPOBCHB).

B okrasgpuueckom moie d-opOWTamM  KOMIUIEKCOOOpa3oBaTelss IpPHOOpPETAaoT  IBa
9HEPreTUYECKHUX YPOBHS: 1) ¢ MeHbIeH sHeprueii d; — ypoBeHb, BKIIOYAIONINN TPH OpOUTATH Uxy, Ox.o- 1
dy.2; 2) ¢ Gonee BBICOKOI Heprueii d,- ypoBeHb, copepikanuii 18e d,>- u dy.,>- opouTay.
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DHeprusi pacuieryieHust (A) — pa3HOCTh MEXIy SHEprusiMu ypoBHe# d,- u d., ducieHHas
XapaKTePUCTHKA PA3HOTO JJIEKTPOCTATHYECKOTO JEHCTBHS TIOJS JIMTAaHAOB Ha TPOCTPAHCTBEHHOE
pacnpeelieHue AIEKTPOHHOH TIIOTHOCTH (-opOuTaseil KoMIIeKcooOpa3oBaTels.

Bennunna A HeoguHaKOBa [ Pa3HBIX JIMTAHAOB M 3aBUCHT OT UX NPUpPOABL. Bennunna sueprun
pacIeruieHrs, BbI3bIBaeMasi pa3HbIMH JIUTAHAAMH, BO3PACTAeT B CICAYIOMIEM TTOPSIKE:
I"<Br <ClI'<F <OH < C;044<H,0 <NH;<NO; <CN < NO<CO,
T.€. KXJIbI{ CIEAYIOIIUI Jurany co3aaéT 0ojee CHIBHOE MoJie, YeM npeablnymuii. [IpuBeneHnas
MOCIIEI0BATEIEHOCTD HA3BIBACTCS CHEKMPOXUMULECKUM PAOOM.

Jluzanowr craboeo nons paclojaraloTCs B Haudajle psaga, o0jdamaroT BechbMa Majoi A. d-
Opbutanu KomIieKcooOpazoBaTesl ¢ TaKUMH JIMTAaHIAMH 3aroJIHSIOTCS B COOTBETCTBHH IIPABHIIOM
XyHna (abcomomuas GeIUYUHA CYMMAPHO2O CRUHA 8 NOOYPOBHE O0NNCHA Oblmb Maxkcumavrou). Tpn
STOM JHEPrusl OTTATKWBAaHUS [BYX CIIAPEHHBIX JJIEKTPOHOB OKAa3bIBACTCS BBIIIE, Ye€M BelW4YMHA A.
Komrmiekcsl, coaepkaiine JIMranapl ¢1adoro Mo, Bceria IapaMarauTHEL.

Jlueanowi cuibHo20 NoJis BEI3BIBAIOT BEChbMa 3HAYUTENBHYO SHEPTUIo paciieruieHus. [Ipu stom
SHEpPrus OTTAIKUBAaHUS JBYX CHApEeHHBIX OJJIEKTPOHOB OKAa3bIBAE€TCS MEHBINE, 4YeM BeldndrnHa A.
[TocenoBaTeIbHOCTh  3AIOJHEHUST JICKTPOHaMHU d-ypOBHS KOMILIEKCOOOPA30BaTessl  CICIYIOIIas:
CHaJaja UET 3alO0JIHCHUE OJMHOYHBIMH, 3aTE€M — CIIAPCHHBIMH 3JIEKTPOHAMH opOuTaneii d,, mocie yero
3IIEKTPOHAMH 3anoHs0TCs d,-opouTanu. KOMIUICKCHBIE COSMHEHHUS, COCPIKAIIHe JIUTAHIbl CHIIBHOTO
TOJIS, TMAMarHUTHBI WIH SIBJISIFOTCS HU3KOCTIMHOBBIMHU.

TKII 0OBsICHSET OKpacKy KOMIUIEKCHBIX BEIIECTB C HAIMYHMEM y KOMILIIEKCOOOpa3oBaTes
BaKaHTHO# opOutanu Ha d,- momyposHe. IIpu mepexone anekTpoHa ¢ O, Ha O, MOXYpPOBEHb dHEPrus
MorJonaeMoro ceera (£) mpw 5TOM aIeKBaTHA HHEPrHHM paciiervieHns (A), 9TO OIpenensieTcs
CJIETYIOIIUM COOTHOIICHUEM (11 OJHOT'O MOJIb BEIIECTBRA):

A, IPic/mons = ENa = hvNa = hcNa/A = 0,1196/1, (6.2)
rae Na = 6,02:102 — nocrosunas Asoraapo; h = 6,6:1034 JIx-c — nocrosunas Ilnanka; ¢ = 3-108
M/C — CKOPOCTB cBeTa; V(cM ) 1 AM(M) — 4acTOTa M JJIMHA BOJIHBI MOTIIOIAEMOTO CBETA COOTBETCTBEHHO.

L[BeT — 3TO 3pUTENBHOE OINIYIIEHNE IEKTPOMAarHUTHOTO M3ITy4deHHs ¢ JyIMHaMu BosH 400 —
760 um (1 um = 107° m). Ecau Bce majaromue aydd OTPAKaroTCs, TO BELIECTBO — OECIBETHOE, €CIIH
MOJTHOCTHIO TIOTIIOMIAIOTCS — YepHoe. [Ipu n3dupaTenb-HOM MOTIIONIEHUH OIYIIEHHE [IBETHOCTH CO3/IAI0T
NpOIIEANINEe WM OTPAKEHHBIE BEIIECTBOM JIy4d. Takod I[BET Ha3bIBAETCS JIOTIONHUTEIHHBIM MU
HaOmogaemMbM (cM. Tadm. 9.1.35).

Metoa monexynsipHbix opOutanein (MMO) siBisieTcst caMbIM YHHBEPCAIBHBIM IPH ONMCAHUH
XUMHYECKOH CBS3HM B KOMIUIEKCHBIX coenHeHUssX. MMO y4nThIBaeT B3aMMHOE BIUSHUE OpOUTANEH KaK
KOMITJIEKCOO0paszoBarens, Tak u Juranjos (B orauuue ot TKII) nmpu oOpa3oBaHNHM XMMUYECKHUX CBSI3EH B
KOMILIEKCAX.

Tabnuya 7.1 Tabauya ysemnocmu

JnuHa BomH, LBer

Hwm CrekTpanbHbIi Habmaroaemelit
400 — 435 ®uoneToBbIi 3eJIeHOBAaTO-KEIThIH
435 - 480 Cunuit Kenterit
480 — 490 3eneHOBaTO-CUHHAN OpanxeBblii
490 — 500 Cune-3enéHblit KpacHbrii
500 — 560 3eneHsblit [TyprypHbIit
560 — 580 XKenro-3eneHpiii ®duroeTOBBIIH
580 — 595 Kenreiit Cunnii
595 — 605 OpaHKeBblii 3e1eHOBAaTO-CHHUI
605 — 730 KpacHbrii CuHe-3eNeHbli
730 — 760 [TypmypHbIit 3eneHbrit

MMO ocHOBBIBaeTCsl Ha B3aUMOJCHCTBUM aTOMHBIX OpOHMTajlel, MPUBOAAIIMX K 00pa30BaHUIO
MHOTOIIEHTPOBBIX MOJICKYJIIPHBIX OpOUTAJIel, IMEIOIINX pas3Hble dHeprun. OOpa3zoBaHUe CBA3BIBAIOIIIX
MOJIEKYJISIPHBIX opOuTaseit (0°) naéT Ha HIKHKUX HEPreTHYECKUX YPOBHSX, paspbixisitomux (o7*F) — 3a
CYET BEPXHUX.
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Mexny ypoBHAMH ¢°° U ¢°“? HaAXOIATCSA YPOBHH CIab0 CBS3BIBAIONINX, HE CBS3BIBAIOIINX H

c1abo paspeIXisTronux opourtaneit (o;). MonekynspHble OpOWTanyd 3aloNHAIOTCA JJIEKTPOHAMHU B
COOTBETCTBUH ¢ puHIUNoM [laynu u npaBuinom XyHpa.

MMO ocHOBaH Ha OYEHb CIO)KHOM MaTeMaTHYeCKOM ammapaTe, YTO MPEMSITCTBYET €ro
MIIPOKOMY HCTIOJIB30BaHUIO.

OO0pa3zoBaHue KOMILIEKCOB KATHOHAMU

[IpucoearHeHNWEe JMTaHIOB K KOMILIEKCOOOPA30BATEII0 MOXET IPOUCXOAHMTH TOCPEICTBOM
00001IeHHsT IEKTPOHHONW Taphl, MPUCOSAUHSIOMENHCS TPyNIbl (KOMIUIEKCH BHEAPEHUS) MM 3a CUET
AIEKTPOCTATHYECKUX CHI MPHUTHKEHUS MOJEKYJ, OONaJaroNuX IUIMOIBHBIM MOMEHTOM (KOMILIEKCHI
MIPUCOCMHEHUS ).

Mornekyibl M HMOHBI, CIIOCOOHBIC BBIMIOJIHATH POJb JIUTAHAOB, [0 AKTHBHOCTH MOXHO
PacCTOJIOKHUTh B CIETYIOIINN P

H,0 > NH;>NO, >CN>1>Br>Cl>F.

Ecnu B KkayecTBe JMraHIOB HCHOJB3YIOTCS HMOHBI, IEPEYHUCICHHBIE BBIIIE, TO MOJY4YarOTCs
KOMIUICKCHBIC COCIUHCHHS THIA JBOWHBIX coJiel. UeM OoJibllie BEIMYMHA KOHCTAHThI HECTOMKOCTH, TEM
MeHee MPOoUYeH KOMIDIEKC B TeM OJFDKe 10 CBOMCTBAM JaHHBIM KOMIUIEKC K IBOMHOMN COJIH.

KoMiuiekcHble coefMHEHHS ¢ BOJAOI U TMIPOKCUJIBLHOMIPYIIO B KayecTBe JIMTaAHA0B

UzBectHO, 4TO O€3BOmHBIN cynbhaT Mean (Mensblidi kymopoc) CuSOs; OecnBereH, HO TpU
no0aBlieHMH BOJABI OH NPHOOPETAET CHHEE OKpallMBaHUE. JTO MPOUCXOOUT BCJICICTBHE BHEAPECHUS
MOJIEKYJ BOJIbI BHYTPb KPUCTALITMYECKON PEIETKH COIM U 00pa30BaHUs KOMIUIEKCHOTO THAPATA.

I[lpu ngeiictBuM  ImeIOYEe HA COJIM  METAUIOB (32  HMCKJIIOYCHHEM  IICIOYHBIX U
HIETIOYHO3EMETbHBIX) 00pa3yroTCs THIPOKCHIBI, JIETKO DPACTBOPHMBIE B KHUCIOTaX, a aM{QOTepHbIE
OCHOBAaHHUSI CIIOCOOHBI TaK)K€ pAcCTBOPATBCS B LIeaoyax, o0pasys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIMM JaHHOMY DJJIEMEHTY KOOPAHMHAIIMOHHBIM uuciioM. OOpa3oBaHHEe 3THX HOHOB B
pacTBOpe MOYKHO paccMarpuBaTh KaK IIPOLIECC IOCTETIEHHOTO BBITECHEHUS BOJBl U3 THIAPATHOIO
KOMIIJIEKCa HOHAMH THIPOKCHIIA.

B 3aBucumoctu ot pH cpeasl mporonu3 coneidl LHMHKA NPOTEKAeT CTymeH4YaTo. B KUCHbIX
pactBopax, rie pH<7 obnapysxusatotcs nousl [Zn(H20)4]*" u [Zn(H20)s0H]".

B mHeiitpansHeix pacTtBopax, rae pH = 7 oOpasyercs He umeromee 3apsja COCIUHEHHE
[Zn(H20)2(0OH).], xotopoe sierko tepsier Boy, npespaiasick B ZN(OH)..

B menounsix pacTtBopax, rae pH > 7 oGHapyxmBatorcs mombl [Zn(OH)s]*. O6pasoBanue
MIPUBEIEHHBIX BBIIIE COSTUHEHUH MOYKHO TaKXKe paccMaTpHBaTh KaK CTYNEHYATyl0 MOTEpI0 NMPOTOHOB
MoJeKyTaMu Bojibl B Komruiekce [Zn(H20)4]%".

Oo6pa3oBanue KOMIIEKCHBIX AHUOHOB

MHorue KHCIOpOACOAEpIKAIe KUCIOTHl TakXe MOXHO paccMaTpuBaTh KaK KOMIUIEKCHBIE
coeuHeHMs. B kadecTBe KOMIIIIEKCOOOpa30BaTesis BHICTYAET LIEHTPAIBLHBIN aTOM KHUCIIOTHI, JINTaHAaMHU
OOBIYHO SIBIISIIOTCS aTOMBI KHCJIOPOAA, a POJIb BHELIHEH c(hepbl KOMIUIEKCHOTO COCIMHEHUS! BBIMOJIHAIOT
MOHBI BoJopoa. PaccMoTpum 3T0 Ha prMepe KUCIOT XJIopa.

MoH XJI0pa UMEET YETBIPE 3JIEKTPO HBIQIJIYG erTa, T.e. MOXET ABJIATHCS JOHOPOM DIIEKTPOHOB,
TIOTIOJIHAS DJIEKTPOHHBIE 00O0JIOUKH IPYTUX aTOMOB.

B 3aBMCHMOCTH OT KOJMYECTBA KHCJIOPOJA, TPUCOEIMHEHHOIO K HOHY XJIOpA, MOXKET OBITh
00pa30BaHo 4 KMCIOPOACOAEPKALIMX KUCIOTHBIX OCTAaTKa.

[Ip¥ TPUCOEIMHEHUH OJIHOTO aTOMa KHUCJIOPOJAa 00pa3yeTcsi THIOXJIOPUT- HMOH, JIEKTPOHHOE
CTPOEHHUE KOTOPOTO MOXHO TIPECTABUTE CIIEMTYIOIIMM 00pa3oM

ATOM KHCIIOpOJa Ha BAJICHTHOW »dJie Tp@lH(@ ‘ofonouxe umeer 6 3JIEKTPOHOB, TO3TOMY
KHCIIOPOJy ISl 3aIlOJIHEHUSI 3JIEKTPOHHOW O0OJOYKHM J0 OKTETa HE XBaTaeT ABYX AJIEKTPOHOB, a XJIOP,
HMes 3JEKTPOHHBIN OKTET, MOXKET CIY’KUTh JOHOPOM 3JIEKTPOHOB.

Kucnopon 3aBepiaet CBOIO 3JEKTPOHHYIO 000JI0UKY, OTTSATHBAS JICKTPOHHBIN AyOJeT OoT Xjopa.
[Tapa 31exTpoHOB, paHee MpPUHAIISKAIIAS XJIOPY, CTAHOBUTCS OOIIEH I XJIopa M KUCIIopona. Mexay
HHUMHU BO3HUKAET JOHOPHO-aKLENTOPHASI CBSI3b, NMPU STOM JOHOPOM 3JIEKTPOHOB CTAHOBUTCS XJIOp, a
aKIIETITOPOM — KHCIIOPO/I.
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BBuay TOro, 4TO K XJIOpY NMPHCOCTUHUICS HEUTPAIBHBIA aTOM KHCIOPOJa, 3apsii HOBOTO HOHA
OCTAJICS TIPESIKHHM.

[Nogo6HO 00pa3oBaHKIO MOHA TUTIOXIIOPUTA MOXKHO C HOHOM XJIOpa CBSI3aTh ABa, TPU WU YETHIPEe
aToMma KHCJIOPOJa, UCIOIb3Ys IIPH TOM T'OTOBBIE ANEKTPOHHBIE yOJIETHI XJI0pa.

Hanumure gpopmynsr: a) xnoput-uona ClO, ; 6) xnopar-uona ClOj ; B) nepxnopar-uona ClO, .

CrereHbp OKWCIICHHS XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 1 +7, a KOOpAMHAIIMOHHBIC YHICIIA
-1,2,3,u4.

KoMmiekcHble coeqUHEeHMs] B PeakuusX 00MeHa

Hns oOHapyXeHHSI B pacTBOpax pa3iMYHbIX HOHOB YacTO YMOTPEONAI0T KOMILICKCHBIC
coenuHenns. B wactHOCTH, 15 0OHapy)eHus noHa Fe™® ncmonksyror pacteop Ka[Fe(CN)s] — xentyro
KpPOBSIHYIO COJIb; TECT HAa OTKpPHITHE HWOHOB Kene3a (+2) HpoBOIAT NEHCTBHEM pacTBOpa KpacHOU
kpoBsiHoii conu — K3[Fe(CN)e].

ObopynoBanue 1 MaTepuaJIbI
PactBop xnopuna meau (+2)
PactBop cynsdhuna Hatpus
PactBop ammuaka
PactBop cynbduna HaTpus
PactBop xene3oammonmiibix kBacioB [NHiFe(SOs),
PactBop ponannna xanus win ammoHust (KCNS min NH4CNS)
PactBop K3[Fe(CN)e]
PactBop NH4CNS.
PactBop cynbdara nuHKa
10. PactBop miénoun
11. PactBop Hutpata pryTH (+2)
12. PactBop noauaa Kaius
13. PactBOpa xs0puaa xenesa (+3)
14. PactBop enToi KPOBSIHOM COMN
15. PacTBOp KpHcTaIHUecKoro cyibdara xenesa (+2)
16. npo6upku

CoNoGaR~WDNE

YKka3zaHus o TeXHUKe 0€30IaCHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJKHBI MPOBOJUTHCS IPH HCIPABHOM
3JIEKTPOOOOPYAOBAHHH, IIEKTPOIPOBOAKE, TPABUILHO 000PYIOBAaHHOM BBHITSHXKHOM IIKaQYy.

2. T'a30BbIe KpaHBI U ra30MPOBO/ TOJHKHBI HAXOUTHCS B HCIIPABHOM COCTOSTHUH, TIEPHONICCKU
MIPOBEPSATHCA.

3. Pabouee MeCTO copepKaTh B OPSAAKE U YUCTOTE.

4. Cyxue peakTHBbI TpeOyeTcsl OpaTh YHCTHIM IIMATEIEM HITH CIICIIUATHHON JT0XKESUKOM.

5. Uznumex peakTuBa HE BBUIMBATH OOPATHO B COCY.I, U3 KOTOPOTO OH OBLI B3AT.

6. Bce OmbITH ¢ BPEHBIMH U MIAXHYIIUMHE BEIIECTBAMH, & TAKXKE yIIApPHBAHUE KUCIOT U KHCIBIX
PacTBOPOB MPOBOAMTH B BBITSKHOM IIKAQYy.

7. OcraTKu coOeqUHEHU cepedpa ciIMBaTh B 0COObIE CKIISHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B POOUPKE BCET/Ia CIENyeT JepKaTh €€ TakuM 00pa3oM, 4ToObI
OTBepcTHE MPOOUPKH OBLIO HATIPABJIEHO B CTOPOHY OT PabOTAIOIIEro PsIOM coceia.

9. He HaKIOHSTH MO HAJl HArPEBAEMOM )KUIKOCTHIO HJIH CIUIABIISIEMBIM BEILIECTBOM.

10. He cnemyer BIbIXaTh IMaxy4due BEIIECTBA W Ta3bl, OJU3KO HAKIOHSSICH K COCYIy C OTHMH
BenlecTBaMy. HroxaTh BeliecTBa MOKHO JIMIIb OCTOPOKHO, HANPABIISAS K ceOe Taphl WK ra3 JIBHXKEHHEM
PYKH.

11. XpaHHTb PacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIIEJI0YEH B BEITSDKHOM IIKady.

12. BrpummBaTh pa30aBIeHHbIC KUCIOTHI U MEIOYHBIE PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XMMHUYECKHE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIErKO BOCILIAMEHSIOIIUMUCS BelecTBaMu (3QUphI, OCH301, CEPOYIIIepPo U
T.JI.) HE IOJDKHO OBITH PSIIOM OTHSI U BKITFOUCHHBIX TLTUTOK.
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15. IIpu pabote cO CTEKIOM, XHUMHYECKOW IOCYAO0H, HEOOXOMWMO COONIOAaTh IIpaBHIIA
MPEOCTOPOKHOCTH BO M30eKaHNE PAHESHHI OCKOIIKAME CTEKIIA.

16. Kareropuecku 3arnpeniacTcs OCTaBIATh pa0OTaroIIMe TPUOOPHI 03 HAOIOICHUS.

23. B xumMuueckoii 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganusa

Onsir 1. Kavecmeennas peaxyus na uor meou. B mpoOupky momectute 10 kamenp pactBopa
xynopuaa (unn cynepara) mMeam (+2) W MO KamusiM JOOaBISIHTE PacTBOp Cyib(uaa HATpUs OO
0o0pa3oBaHMs OcasKa YEPHOTO LIBETA.

Hanumure monekynsipHoe 1 HoHHOE ypaBHeHue. IIpoOupKy ¢ 0caakoM coXpaHuTe AJIs OIbITa 3.

OmepiT 2. [TonyunTe pacTBOp KOMIUIEKCHOW COJIM — aMMHakata MeAd. [[ng 3Toro momectute B
npobupky 10 Kamenb pacTBopa XJIOpUAa WK Cyib(aTa MEIH U TI0 KaruisaM 100aBIsIiTe pacTBOp aMMHUaKa
0 00pa3zoBaHMs 3€IEHOTO OCaJKa OCHOBHOTO Xjopuna (cymbdara) Memu. 3aTeM K MPOAYKTAM PEaKIHU
no0aBbTe M30BITOK aMMHaka J0 HCYE3HOBeHHs ocaaka. OOpasoBaics amMmuakaT menu. PactBop
KOMITJIEKCHOH COJIM OCTaBbTE ISl CIEIYIOMIETO OTbITA.

Hanmmure monekyisipHOoe 1 MOHHOE ypaBHEHHE peakuuii. KakoBa KoHUrypauus KOMIIJIEKCOB
[Cu(NH3)4]** 1 [Cu(H20)s]?"? Onmmmte NX MarHUTHBIE CBONHCTBA.

Ompit 3. Jlna o6HapykeHus noHOB Meau Cu?* B KOMILIEKCHOI COMM K MOJTYYEHHOMY B OIIBITE 2
aMMMaKaTy MEIH IO KalusiM MpHOaBIsiTe pacTBOp cyiabduaa HaTpus 40 oOpa3oBaHMsA YEPHOTO OCalIKa.
CpaBHHTE MOITYYEHHBIH OCaIOK C OCAAKOM, [IOIYyYEHHBIM B ONbITE 1.

3anummTe MOJIEKYJISIPHOE M MOHHOE YpaBHEHHs 00pa30oBaHUs OCaaKa.

Hanumwure ypaBHeHHME TEpBHYHOTO MPOTONM3a W ypPaBHEHHUS BCEX CTYNEHYATHIX MPOIECCOB
IPOTOJIN3a KOMIUICKCHOTO HOHA; 3allMIIUTE BBIPAKEHHUS KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAHT YCTOMYMBOCTH Ui BCEX CTyINeHeW mpoTosn3a. Kak BBIMISAWT COOTHOILIEHHME AJSl OOIIeH
KOHCTaHTHI aMMuakata mMeau? Haiinute Hy»XHYI0 WHQOpPMAaIUIO B CIpaBOYHMKAX W BeImumuTe e€. Kak
MOYHO O0BACHHUTH OKpacKy coeaunennii Cu?* ¢ mosummii TKIT?

OmneiT 4. Cpasnenue ceolicmea KOMIIEKCHOU U 060LiHOU coau. B mpodbupky nomectute 10 Kamnenb
pactBopa xene3oaMMoHuiHbIX KBaciioB [NHiFe(SO4)2], 106aBbTe MO KaruisiM pacTBOp pOJaHUIA Kajus
umi ammonus (KCNS mmi NH,CNS). [osiBisieTcst KpacHOe OKpaliuBaHue, XapakTepHoe 11 nona Fe** 3a
cuét obpazoBanust Fe(CNS)s.

Hanmmwure MonekynsipHOe ¥ MOHHOE ypaBHEHHE peakiuu. Kakyioo 4acTh BHAMMOTO CIIEKTpa
morortaet pactBop Fe(CNS)s?

B apyryto npobupky nmomectute 10 karens pactBopa Ks[Fe(CN)g] u Tarxke 1o kamisM go6aBbTe
pasnbiit 068M NH4CNS. Tlossuiock nu kpacHoe okparmpanue? CoaepKuT i pacTBOp HOHbI Fe**?

OmeiT 5. [IpuUrOTOBETE TUAPOKCHI ITUHKA U MEPEBEIUTE €ro B IMHKAT. (s 3TOTO K pacTBOpY
cynbdara nuHKa 100aBbTE MO KaljlsIM PAacTBOP MIEIOYM O IMOSIBICHMS OCaJKa Tmapokcuaa muHka. K
NOJYYeHHOH cMecH J00aBbTe W30BITOK INENOYM [0 IOJHOTO PAacTBOpeHus ocaigka. Hanwmmmre
MOJIEKYJISIPHOE ¥ MOHHOE YpaBHEHHE peakiiuu 00pa3oBaHue THAPOKCHIA U IMHKATA.

OmneiT 6. Haneiite B mpoOHPKY HECKOJBKO Kareib HUTpaTa pTyTH (+2) u 100aBbTe MO KarlisiM
pacTBOp HOANAA Kaus 10 00pa3oBaHUs OcajKa.

Hanmmwre mMonekynsipHOe M HOHHOE ypaBHeHHe peaknuu. K oOpa3oBaBuieMycst 0cajiky HOIUIA
pTYyTH TpHOaBbTe W30BITOK HOJHUIIA KaJIWs JO TIOJHOTO pacTBOpeHHs uomuna prytd. OOpasyercs
KOMILIEKCHas1 conb. M300pazute GpopMyiy noaydeHHOH cod, 3Has, YTO CTENEeHb OKMCIICHHUS PTYTH PaBHA
(+2), a xoopauHanuoHHoe umcio 4. MoHbl Hojga — JUraHabl, MOHBI Kajiusi — NPOTHBOMOHBI W,
CJIeJIOBATENHLHO, PACIIONOKEHBI BO BHEIIHEH KOOPAWHAIIMOHHOMW cdepe.

Hanumwure monekyinspHOe ¥ MOHHOE ypaBHEHHE 0oOpa3oBaHMs KoMiulekcHoM comu. Kak TBC
00BACHAET 2IEKTPOHHYIO CTPYKTYpY KoMILiekcHoro uona [Hgla]®? Kakoit Tun rubpuamsanyy KaTHOHA
Hg®* B aTom Kommiekce? KakoBsl MarauTHbIe cBoiicTBa [Hgl4]*?

Omwir 7. Tecm na omxpvimue ouceneza (+3). B mpobupky momectutre 10 Kamens pacTBopa
xyopuza xenesa (+3), ¥ Mo KamwisiM J00aBJsiiTe pacTBOp KENTOHW KPOBSHOM COJIM 10 0Opa3oBaHUs
roiry0oro ocanka GepIMHCKOMN JTa3ypH.

OmwiT 8. Tecm na omxpoimue dceneza (+2). B mpodbupky momectute 10 Kamens pacTBOPEHHOTO B
BOJIC KpPUCTAIUIMYECKOTO Ccynbgara xene3a (+2), mpubaBbre 1o Karmisim pactBop Ka[Fe(CN)s].
Habmiomaetcst oOpa3oBaHue 0caika XapakTEPHOTO CHHETO IBeTa (TypHOyJIeBa CHHB). JTO COSAMHEHHE
obpasyercs B pe3yabTaTe HEMOIHOTOo 3amerneHus nonoB Kanus B Ks[Fe(CN)s nonamu xemesza (+2).
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Ilpumeuanue. JlokazaHo, 4T0 TypHOYIUIEBA CHHBb M OEPIMHCKAS Ja3yph MOJHOCTHIO HICHTUYHBI U
MUMEIOT OJIMHAKOBBIE ()OPMYIIBIL.

Hazosure, ucnone3ys npasmwia MIOITAK, xenTyro M KpacHYH KpPOBSHYIO COJIb; H3HAYAIbHO
obpasyroliecss comM TpU OTKpHITHM HoHOB Fe?* u Fe®; kakoif dopmymoif ommceIBaeTcs COCTaB
TypHOYJUIeBOil cuHM u OepnuHckoi nazypu? Jlaiite HazBanme stod comu. Kak TKII omumceiBaer
anexrponnsie cTpykTypsl [Fe(CN)s]* 1 [Fe(CN)s]® ? YkakuTte nx MarHuTHbIE CBOHCTBA.

Conep:kanue oTyera
[Tony4yennsie qannble 3aduKcupyiiTe B Tabnuie 7.2 mo cienyromeit popme:
Tabnuna 7.2. Pe3ynbTarhl 9KCiepuMeHTa

Ne i/t | PearenTsl XuUMHUECKasi peaKius HaoOmronenus

1

gl wWwiN

KonTposibHbIE BOPOCHI
ba3oBbIil ypoBeHb

1. Kakue coenrHeHUs Ha3bIBAIOT KOMIUIEKCHBIMU?

2 Uem 00BsCHSETCS NX MHOTOOOpasme?

3 Ilouemy TpynmHO AaTh BceoObeMIIIONIEEe (OYEHB IOJTHOE, WCUYEPIBIBAIOIIEE) OIpeaeIeHIe
KOMIUIEKCHBIM COETMHEHUSIM?

4 Kro aBTOp koopauHanmoHHOM Teopun KC? Korna ona nosiBunacs?

5 U3 kakux amemeHTOoB coctosit KC? IIpuBeanute mpumepsl.

6 Kakas cBsI3p Ha3bIBaeTCs JIOHOPHO-aKIENTOPHON WM KoopauHanuoHHOW? Kakoit arom,
MOJIEKYJIa MJIK MOH siBJisieTcs foHopoM B komtekcax [Cr(CO)s], [Ag(NH3)2]", [AlH4]?

7 Kak paccuuThIBaeTCsS CTEHNEHb OKUCJICHHS KOMIUIEKCOOOpa3oBateliss M 3apsi KOMIUIEKCHOTO
noHa? OTBET MOSCHUTE HA IPUMEPE KOMITJIEKCOB BOIIpoca 6.

8 Ha kakwue THITBI TOpaA3JICISIOT KOMIUIEKCHBIE coequaenus? [IpuBenure no 1Ba npuMepa Takux
COEIUHEHNN U JaliTe UM Ha3BaHUI.

9 Yto Takoe KOOpAMHALMOHHOE YHCIO KOMIUlekcooOpaszoBaTensi? Kakue yacTHIBI HA3bIBAaIOT
nuradggamu? OTBET MOSCHUTE Ha TPUMEpax.

IToBbI1LIEHHBIN YPOBEHB

1 Yem oneHMBaIOT NPOYHOCTHh KOMIUIEKCOB? Hamumure BoIpaKeHUs AJ1s1 KOHCTAHT HECTOHKOCTH
¥ KOHCTaHT YCTOWYMBOCTH [y KoMIuteKcHbIX noHOB: [Ag(NH3)2]", [AJ(CN)2], [Ag(NO.)2] .

2 B u4eMm oTinune NBOMHBIX CONEN OT «THIIHYHBIX» KOMIUIEKCOB?

3 Kakue KOMIUIEKCHBIE COSAMHEHMS OTHOCAT K auupokomiuiekcam? Kakue x ayrokommiiecam?
[IpuBenuTe npumepsl.

4 Kak TBC o0psicHsieT 00pa3oBaHne XUMUYECKON CBSA3H B KOMIUIEKCAX?

5 Kakue koMIuleKkchl Ha3bpIBalOT KapOoHmIamu? OObsicHUTE 00pa30BaHUE TAKUX KOMIUIEKCOB C
MO3UIMH TEOPUH BAJIEHTHBIX CBA3EH.

Cnucok JauTepatypbl, peKOMEHAyeMbIi K UCIO0Jb30BAHUIO 110 JAHHOU TeMe

OcHoBHas iuTEpaTypa:

1. Koposun, H. B. O6mras xumus : yaeonuk / H. B. KoposuH. - 13- u3n., nepepad. u gor. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyskaromiei cpeipl : XUMHsI )KHUBBIX oprann3MoB. Kypc nexumii /
E. C. Muxanuna, A. JI. [lerenun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 31eKTPOHHBIN // DnekTpoHHO-0ubnnoTreynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pesxum moctyna: mis
aBTOPU3HUP. M10JIb30BATEIIEH

JlonoiHUTEeIbHAS JIUTEpaTypa:
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1. I'munka, H. JI. O6mas xumust / H. I'. ['muska ; [lox pen. A. . Epmakoga. - U3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJuIoB : yueOHOe mocobue (s CTYJACHTOB XMMHYECKOTo (akyibTeTa
HalpaBjeHU OakaJaBpoB « XUMU» U « XUMHYECKask TEXHOJIorus») / coctaputenu O. A.
["'onoBanoBa. — Omck : OMckuil rocygapcTBeHHbIN yHUBepcuTeT M. .M. JlocToeBckoro,
2015. —552c¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKkTpoHHbIH // DnekTpoHHO 6ubnuoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pexxum mocryma: mis
aBTOPU3HUP. N10JIb30BATEIEH
HNuTepHeT-pecypcebi:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas OMOIMOTEKA OHJIANH.

3 http://catalog.ncstu.ru/ — saeKTpOHHBIH KaTajaor acCOIHAINN dJIEKTPOHHBIX OHOIMOTEK
yueOHBbIX 3aBefieHui u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpbiToe 06pasoBaHue

Tema 8. OKHCINTEIBLHO-BOCCTAHOBHUTEILHBIE Ppe€aKInu
JlaGopaTopHnasi pa6oTa 8. OKUCIANTEIHHO-BOCCTAHOBHUTEIbHBIE
Llens pa®oTel: M3yueHne OKHCIUTENBHO—BOCCTAHOBHUTEIBHBIX PEAKIINiL. Y PAaBHUBAHUE OKHCIIUTEBHO-
BOCCTAaHOBUTCIIbHBIX peaKuHﬁ METOJOM 3JICKTPOHHOI'O OajaHca
dopmupyeMblie KOMIIETCHIIMU WX X YaCTH:

Teopernyeckasi 4acTb
Teopusi OKHCINTETbHO-BOCCTAHOBUTEIbHBIX peaKkuuii

Peaxyuu, ¢ xomopvix npoucxooum uzmeHeHue cmeneHeu OKUCIEHUs amoMO8, HA3bl8AIOMCs
OKUCTUMENIbHO-60CCIMAHOBUMETLHBIMUL.

B npocTeix BemiecTBax CTENEHHM OKUCICHHMS aTOMOB paBHbI HYJIO. ISl CIOXXHOHW MOJIEKYJIBI
cymMMa CTEIIEHEW OKMCJICHUS BXOAAIIUX B €€ COCTaB aTOMOB TaK>XKX€ JOJI’KHa OLITH paBHA HYJIIO, OJI1 HOHA
— €ro 3apsjy.

OxucneHreM Ha3bIBaETCs MPOLECC OTAAYM ATOMOM MOJIEKYJIOW HIIM HOHOM 3JIEKTPOHOB!

Al —3e — AI3F

Fe’t —e - Fe3"

2Cl —-2e > C|2 _
B nponecce okucneHus NPOUCXOIUT MOBBILIEHUE CTEIIEHU OKUCIICHHUS.
BoccranoBienneM Ha3bpIBaeTCsS MPOILECC MPHUCOSAWHEHHS DJICKTPOHOB aTOMOM, WOHOM WIIH
MOJIEKYJIOM:

S +2e —» §%*

Cl, +2e — 2CI~

3+ = 2+
Fe’" +e > Fe ",
HpI/I BOCCTAHOBJICHUU CTCIICHb OKHUCIICHUA ITIOHU>XKXACTCS.
B 3aBUCHUMOCTHU OT CHOCO6HOCTI/I oTaaBaTh UJIN HpI/IHI/IMaTL BHGKTI)OHBI BCE€ BCUICCTBA ACIATCA HaA

OKHUCIIMTCIIM U BOCCTAHOBUTCIIN.
Oxucaumenu — 3mo amombvl, UOHbL UJU MOJIEK)]Ibl npucoeduﬂﬂlomue JJIEKMPOHDBL. Bo epems

peaxkyuu OHU 60CCMAaHA6IUBAOMCAL.
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Boccmanosumenu — 3mo amomvl, UOHBI UIU MOJIEKY/bl, KOMOpble OMOAm 21eKmpousl. Bo
8peMs peaxyuy OHU OKUCISIIOMCA.

[Iporiecchl OKUCICHHS U BOCCTAHOBJICHUS BCET1a MPOTEKAIOT MapaUIeIbHO, YTO MOXKHO BBIPA3UTh
CIEAYIOLIEH CXEMOM:

BoccranoBurens (B1) — € <> okucaureins (O1)

Okwucaurens (02) + € € BoccTaHOBUTEIND (B?).

CrenoBaTenbHO, OKUCIUMENbHO-60CCIMAHOBUMENbHBLE PeaKyul npedcmagiaiom coool eOuHCmeo
08YX NPOMUBONONONCHBIX NPOYECCO8 — OKUCTEHUS U 80CCMAHO06IeHUs. B 3THX peaknuax oOlee 4uciio
AJIEKTPOHOB, OT/AaBa€MbIX BOCCTAHOBHUTEJIEM, PABHO OOIIIEMY YHUCITy, TPHCOETUHIEMOMY OKHCIUTEIEM.

[Ipu 5TOM HE3aBHUCHMO OT TOTO MEPEXOIAT JIM ANEKTPOHBI C OAHOTO aTOMa Ha JAPYTOd MOIHOCTHIO
WIA JMIIb YaCTUYHO OTTATHBAIOTCS K OJHOMY M3 aTOMOB, YCJIOBHO TOBOPST TOJNBKO 00 OTHade M
MIPUCOEANHEHUH JIEKTPOHOB.

B OBP oxucnurens W BOCCTAaHOBUTENb pEArHPyIOT OPYT C JIPYTOM B 3KBHUBAICHTHBIX
KOJIMYECTBaX.

Oxeusanenmom oxucaumens (O) uiu eéoccmanogumens (B) nazvigaemces maxoe Koauuecmeo ux
MOTIb, KOMOpOe NPUcoeOuHsem Uil omoaem 00U MOIb INEKMPOHO8, YMO OMPANCAENCs CIe0YVIOuUMU
dopmynamu:

2(0), monw = 1 win I(B), moab = i
Zg Zg
TOE Ze — YHUCIIO 3JIEKTPOHOB, KOTOPOC€ NPUHUMAET OKUCIUTECIIb O wm OTAACT BOCCTAHOBHUTCIIb B.
MonrpHasg (I/IJ'II/I MOJ'IHpHaH) Macca SKBUBaJIeHTa okuciutensd O U BOCCTAaHOBUTENS B BbIpAXKacTCA B
T/MOJIb ¥ OTIPEIENISAETCS W3 COOTHOIIEHUH CIIeIYIOIIero BU/Ia:

1) st oxkucutens— M (i 0),2 ! monw;, 2) msaBoccranoBurensi— M (i ,B),2l monv-
Ze Ze

TonbKO B POIH OKHUCHHUTENS BRICTYTIAIOT YACTHIIBI, UMEIOIIIE MaKCHMAaIbHO BO3MOXKHBIE CTETICHH
OKHUCIJIeHUs (Hampumep, s Maprania — 310 (+7), ansg azota (+5) U T.1.); TOIBKO BOCCTAHOBUTENS — C
MHUHHMAJIBHOW CTEMEHBIO OKUCICHHS ([T cephl — 310 (—2), ams azota — (-3) u T.11.).

Yacmuysl, umerowue npomMeNCcymoyHvle CmeneHyu OKUCIEeHUSA, MO2YM NpOAGIAMb C8OUCMBA KAK
oKuciumens, mak U 80cCmarosumens. ITO OOYCIOBICHO: XUMHUYECKON MPHUPOJION peareHTa-napTHEPa;
YCIIOBUSIMH M XapaKTepOM Cpeibl, B KOTOphIX poTekaeT OBP.

Hanpasnennocts OBP  onpezensiercss BelWMYMHAMU 3HA4YeHUI CTaHIAPTHBIX TOTEHIHAJIOB
peareHTOB: okuciuTenb (O Bcerma uMmeeT Oonbmmid (TIO0 anreOpandeckoil BENWYHMHE) CTaHIApTHBINA
MOTEHIAII, YeM BOCCTaHOBHUTEIb B.

Hanpumep, B kucioit cpeae cmemmusator jnBa BemiectBa: KoCroO7 m NaNO,. Kakoe u3 atux
BEIIECTB OyJET OKUCIIUTENEM, KaKOe — BOCCTAHOBHUTEIEM?

O6patumcs k crpaBounbiM aaHHbM: ¢°(Cr.072 + 14 HY/2Cr*3 + 7H,0) = 1,33 B; ¢°(NOs +
2H"/ NO; + H,0) = 0,78 B.

ITlpumeuanue. Pexomenayercss ucnonp3oBath yaeonoe nocodbue: H.C. Axmero, M.K. A3u3ona,
JLU. bagpiruna. JlaGopaTtopHble W CeMHMHApCKHE 3aHATHS MO OOLIEH M HEOpraHUYecKOW XUMHHU. M.:
Breici. mixosa, 2002.

Tak xak p°(Cr,072 + 14 H*/2Cr*3 + 7TH,0) > ¢°(NOs + 2H*/ NO; + H.0), mo oxucnurenem
oynet sBisThest KoCraOs.

KonunuecTBeHHON XapakTepuCTHKOM riryouHbl npotekanus OBP sBisiercs 3HaueHHe KOHCTaHTHI

paBHOBECHS:
0/Ay_ .0

lgKP = ¥ ©)-¢ (B) ,
0,059

rne ¢°(0) m ¢°(B) — cTaHAapTHBIE MNOTEHIHMAIbl OKHCauTens (O W BOCCTAHOBHTENs B
COOTBETCTBEHHO, B; Zs — cyMMapHO€E KOJIMYECTBO 3JICKTPOHOB, MPUHUMAIONIHNX yyacTue B qaHHOi OBP.
Koncranra pasaoBecust OBP cesizana ¢ noreninanom ['ub6ca (Ix/mois-K):

AGY = -2,303RT IgK P (8.2)
DHeprus I'n66ca, B cBoro ouepespb, cBsana ¢ IJIC (A¢p®) nmocrosuuoit ®apanes (F) u unciom
3JIEKTPOHOB, yuacTBytomux B OBP:

> (81)
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AG®, oie/mons-K = —nAg°F, (8.3)
Ap® = 9°%(0) — ¢°(B) — DJIC OKMCIIHTEIbHO-BOCCTAHOBHTEIBHOM PEAKIUU MPU CTAHIAPTHBIX
ycnoBusix, B.
Huns cranmaptaeix yenosuid: 7= 298,15 K = 298,2 K; R = 8,314 Jx/monb'K; F =96450 ~
96500 x/MOTB-3KB, TOITyYInUM (HOPMYITY yIOOHYIO IIJIsl paCUeTOB:

gK? F 96500

- - nA@° =16,90nAp°.
298 = 5 303RT  2.303.8314-2982 ¢

(8.4)

B ycrnoBusSX OTJIMYHBIX OT CTAaHAAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEILHBIC MMOTCHIUAIIBI

(OBII) m DJIC OBP, mpoTekalomux B BOAHBIX PacTBOPAx, 3aBUCAT OT KOHIICHTpAIMd (TOYHEE,
AKTUBHOCTEH) yYaCTBYIOIIMX B MPOIIECCE HOHOB. DTa 3aBUCMOCTD BhIpaxkaeTcsi popmynoit HepHera:

0,059, [O]
lg 1
[B]
e ¢°o/s— CTAaHAAPTHEII MOTEHINAN peareHTa (OKMCIMTENN Tl BoccTaHoBuTens), B; [O] u [B] —
KOHIIEHTPALMK OKMCIEHHOM M BOCCTAHOBJIEHHOW (hOPM pEAreHTa, MOJBL/IM®, Z — 4UCIIO JEKTPOHOB B
MOJTypeakuy 7Sl JTaHHOTO pearcHTa.
Ipumeyanue. Cnenyet Bcera MOMHUTh, YTO KOHLEHTpAIMK Bcex yyacTHUKOB OBP B ypaBHeHuun
(7.5) sBnsitoTest monsipHbIME KoHIeHTpatwmsamu (Cy (X)), a He mosipHbiMu dkBuBaiienra (C(1/z X)).
Ha 3nauenne OBII 1 Ha xapakTep IpPOAYKTOB pPEaKIUKU JOCTATOYHO CHUIIBHOE BIUSHUE OKA3BIBAECT
pH pactBopa, B koTtopom nporekaer OBP. Hampumep, npu pH < 7 3HayeHue cTaHIApPTHOIO
MOTEHIMANA JJIl CUCTEMBI:

@2 (MnOj +8H" /Mn®" + 4H,0) =151B.
wpupti=7- @°(MNOF +2H,0/MnO, + 40H ") =0,6 B
oi>7- @0 (MnOg /Mn0Oz2) =0,564B.

Bakneiimme BOCCTAaHOBUTENN: aTOMBI METaJLUIOB, Bojopox, yriepon, CO, HoS, H.SOs, NaNO,
Na,S,03, HI, HBr, HCl, FeSQO,, CrCls, MnSQO4, NHs.

Bakuelime OKUCIUTENN: TaIOTEHBI, XJIOpaThl, KHCI0po I, 030H (O3), KMNnOa, KoCr,07, KoMNnOs,,
HzOz, HzSO4 (KOHL;.), HNOs, PbOZ.

¢,B= gog,B + (8.5)

THUINbI OKMCIUTEIBHO-BOCCTAHOBUTEIBHBIX PeaKui
PaznuuaroT Tpu THIIA OKUCIUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUIH:
a) BHYTPUMOJIEKYJISIpHBIE; 0) TUCIIPONIOPLUOHUPOBAHUS; B) MEKMOJIEKYJIISIPHBIE.
Buympumonexynapuvie OBP — 2mo maxue peakyuu, 8 KOMOPLIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOAMCA 6 COCMAge OOHOU MONEKYNbl, HO AGIAIMCA NpU IMOM  PASHLIMU
9AeMEeHmamu.

2KNO3 ——2KNO, + O,
AN -2e <> N*
12072 + 4e <> O,.

Peaxyuu  oucnponopyuonuposanuss — OBP, 6 x00e Komopulx O00uH U3 2JIEeMEHMOs,
codepocawjeticst 8 0OHOU MONEKYNe, OOHOBPEMEHHO U NOGLIUIAEN, U NOHUIICAEH CIENeHb OKUCTIEHUSL.

Cl, + 2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI"
1|Cl, —2e <> 2CI~.
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K amcnpornopunoHUpOBaHNIO CHOCOOHBI TIOYTH BCE YACTHIBI, HMEIOIIHME MPOMEXYTOUHYIO
CTETICHb OKUCIICHUSI.

HauGonee pacrmpocTpaHeHHBI pPEaKIMU TPEThETO THIA, KOTOPBIE MPOTEKAIOT C HM3MECHEHUEM
CTEMEHU OKHCIICHUS aTOMOB B Pa3HBIX MOJIEKYJaX, T.€. OKHUCIMUTEIb W BOCCTAHOBHUTENb HAXOMISITCS B
pasubix BemecTBax. Crofia ke CleIyeT OTHECTH M PEaKIMH MEXIY Pa3HbIMH BEIIeCTBaMH, B KOTOPBIX
aTOMBI OZHOTO M TOTO YK€ 3JIEMEHTa UMEIOT Pa3JIMYHYI0 CTeIIEHb OKHCICHMS:

5HCI + HClO5 — 3Cl, + 3H,0

112C1™ +10e <> CI3
512C1~ —2e <> ClJ.

Oo0opynoBaHne U MaTepuaJbl

PactBop Opomuma HaTpus

PactBop Genzomna

[Tpobupku

PactBop flonHOM BOZIBI

PacTBOp KpHCTaIIIOB HOAWAA KAIHS

[Tepexucs Bogopona

KpucrannoB nepMaHranara Kaius

PactBop Na,SOs3

PactBop HUTpUTa HATPUSL
. PacTBOp Onxpomara Kanus
. PacTBOp OpOMHOI1 BO/IBI
. IlopormkooOpasHas cepbl
. Tuonmmanar xanus
. PacTBOp comnm xene3a (+3)
. PactBop SnCl,
. PactBop cynbdara menu CuSO,
. XKene3Hslii rBo316

PactBop nepmanranara kanmiuss KMnOs ¢ konuentpanueii C(KMnOa) = 0,02 mons/mm3,

. pacTBOpa cepHoi kKuciothl kucnora H,SO4 ¢ konnentpamuein C(H2SO4) = 2 Monb/nme.
Pacteopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2 mons/qm3,
PactBopa cynbdura Hatpust Na;SOs ¢ kornentpanueii C(Na;SO3) = 2 mons/am3,
. Pactropa cynbdara xenesa (II) FeSO4 ¢ konnenrparueii C(FeSO4) = 2 monb/am3.

BoOooo~NoGa~wNE

N NDNNNNRPRRERRRERRE R
W NPOOWO~NOOURNRWNEREO

. PactBop azotnoii kucnorel HNO3,p(HNO3) = 1, r/em®

. MEeJTHast IPOBOJIOKA

. Auxpomar kamust KoCr20O7 ¢ kornenTpammeit C(K2Cr.07) = 2 MOJTB/IM®.

. PactBopa nurputa Harpust NaNO- ¢ konnentpanuein C(NaNO2) = 2 mons/nm®,

NN N
(SR @) N

Yka3zaHus o TexHHKe 0€30MacHOCTH
1. Bce paboThl B XUMHYECKOH 1a0OpaTOpUM JOJKHBI MPOBOJUTHCS IPH HCIPABHOM

3JIEKTPOOOOPYIOBAHNH, SICKTPOTPOBOIKE, IPABUIIBHO 00OPYJIOBAHHOM BBITSHKHOM IKa(]y.

2. T'a30BBIC KpaHBI ¥ Ta30TPOBO/T TOJKHBI HAXOAUTHCS B HCIIPABHOM COCTOSTHHH, TIEPUOTUICCKH
MPOBEPATHCH.

3. PabGouee mecTo conepkaTh B IOPSJIKE U YUCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YACTHIM IIMATENEM WIN CHEIIHATLHON JIOKEUKOM.

5. HManuiek peakThBa HE BHUIMBATh OOPATHO B COCY/I, U3 KOTOPOTO OH OBLI B3ST.

6. Bce ombITHI € BPEAHBIMHA U MIAaXHYIIUMHU BCUICCTBAMHU, a TAKXKE YIIapUBAHUEC KUCJIOT U KUCJIBIX
PacTBOPOB MPOBOJUTH B BRITSKHOM HIKaQdy.

7. OcTaTku coelMHEHUH cepedpa CIMBaTh B 0COObIE CKIISTHKH.

8. Ilpu HarpeBaHHH PacTBOPOB B IMPOOUPKE BCErAa CIEAYET JAepiKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLIIO HAIPABJICHO B CTOPOHY OT PabOTAIOIIETO PSIIOM COCeIa.

9. He HaKJIOHATH TUIIO HAJl HATPEBACMOM JKUIKOCTHIO WM CIUIABIIIEMBIM BEIIECTBOM.
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10. He cnemyer BIbIXaTh IMaxy4ue BEIIECTBA W Ta3bl, ONU3KO HAKIOHSSICH K COCYIy C DTHMHU
BeniecTBaMu. HroxaTh BelllecTBa MOKHO JIMIITL OCTOPOXKHO, HAMPABIISISL K ceOe Maphl WM ra3 JBIKEHHEM
PYKH.

11. XpaHHTb PacTBOpPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U IIIEI0YCH B BBITSDKHOM KAy .

12. BrwummBaTh pa30aBICHHbIC KUCIOTHI U MEIOYHBIC PACTBOPHI CIIEAYET B CITUBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaercsi mpoOoBaTh XHMHUYECKUE BEIIECTBA HA BKYC.

14. TIpu paboTe ¢ JIETKO BOCIUIAMCHSIOIIUMUCS BellecTBaMu (3QUphI, OCH301, CEPOYIIIepPo U
T.JI.) HE TOJDKHO OBITh PSIIOM OTHSI U BKJTFOUCHHBIX TLTUTOK.

15. IIpu paboTe coO CTEKIOM, XHMHUYECKOW TOCYIOH, HEOOXOAMMO COONIIO/IATh IpaBUIiIa
MPEIOCTOPOKHOCTH BO M30€KaHNE PaHEHHH OCKOJKAMH CTEKIIA.

16. Kareropuuecku 3arpeniacTcs OCTaBIATh pa0OTaroIHe TPUOOPsI 03 HAOIIOICHUS.

24. B xuMu4ecKoH J1abopaTopuy HEOOXOAMMO paboTaTh B XaaTe.

3aganusa

Omeir 1. K pactBopy Opomunma HaTpusi B NpOOMpKE MpHICHTE HEMHOTO XJIOPHOW BOABI U
HECKOJIbKO Karenb OeH3ona. Berpsixaure conepkuMoe mpoOHpKu. BepxHuii cioil okpacuics B Oypblid
uBer. Uto sBiseTcs NpUuMHOM Okpacku? HamummTe ypaBHEHHE pEaKLMU U COCTAaBBTE 3JIEKTPOHHYIO
CXEMy U3MEHEHUS cTeneHel okucienus anemMeHToB. Onpeaenure 3/C 310l peakuuu.

OnpiT 2. (ONBIT MPOBOAUTE B BHITSHKHOM HIKady). B npobupky Haneiite 1 cm® fiogHol Boasl 1
Takol xe 00péM OeH3omna. [IpoOupKy BCTpSIXHUTE HECKONBKO pa3. OOpaTHTe BHUMaHKE Ha IIBET BEPXHETO
6enzonpHOrO cnost. IlomydeHHbIH pacTBOp COXpaHUTE AJISl CPAaBHEHUSI.

B cyxyio nmpoOupKy HachIIbTe HEMHOTO KPUCTAUIOB MOAMA Kaius (OCTOPOXKHO!), MO CTEHKE
npoOupkn TpubaBbTe 2-3 Kamikd pacTBOpa KOHIIGHTPUPOBAHHOM CEpHOH KHCIOTHL. Briaensercs
razoo0pasHelii mpomykT ¢ 3amaxom HzS. K comepsxumomy mpoOupkm mpuieiite 1 cm® GeHsoma u
OCTOPOXHO BCTPAXHHUTE HECKOJBKO pa3. OOpaTuTe BHUMAaHUE HA OKpacKy OeH3ombHOro ciosi. CpaBHHTE
3Ty OKpacKy C OKPacKOM, MOJlyYeHHOH BaMU ITPH BCTPSXUBAHUU HOAHOM BOJIBI ¢ OEH30JIOM.

Hanumure ypaBHeHusa peakuuid. COCTaBbTE MOHHO-3JIEKTPOHHYIO CXEMY HM3MEHEHHsS CTEIECHEU
OKHCJICHHSI aTOMOB PEarupyromux BemecCTB.

Omngit 3. K 2 ¢m® pactBopa nepmanranara kanus KMnOg4 no6aBbTe paBHbIi 00bEM pa30aBIeHHOM
CepHOW KHUCIOTHI M IepekucH Boxopona. OOpartuTe BHMMaHHE Ha HM3MEHEHHME IBeTa B pacTBope. K
OTBEPCTUIO NPOOMPKM IOJHECHUTE TICIOMYI0 Jy4yMHKY. UYTo mpu 3ToM Habmomaercsi? Kakod ras
BBIAEITIIETCS?

Hanumwure ypaBHeHHE JaHHOW peakiWy B MOJEKYJISApHOH M moHHOH (opmax. KoaddummenTts:
OIIpeJIeJIUTE C IIOMOIIBIO0 METO/1a 3JIEKTPOHHO-MOHHOTO OanaHca.

OmnpiT 4. (OOBIT IPOBOAMUTCS B BBITSHDKHOM IKady). B cyxyro mpoOHMpKy HAchIIbTe HECKOJIBKO
KpPHCTAIJIOB TIEpMaHraHaTa Kallusi © OCTOPOKHO MPWIICHTE HECKOJIBKO Karellb pa30aBieHHOTO pacTBopa
constHoM kucioThI (1:1). Beinensercs ra3 (octopoxHo!), IOHIOXAMTE €ro.

Hanumwure ypaBHeHHe NaHHOM peakMU U COCTABbTE 3JIEKTPOHHO-MOHHYIO CXEMY HM3MEHEHHS
CTEeTeHeW OKUCIIEHHS 3JIEMEHTOB, YUaCTBYIOIINX B PEAKIUH.

Ongit 5. B Tpu otaenbHble npooupku Baecute 1-2 cm® pactBopa KMnOys, a 3aTeM 106aBbTe B 5TH
NpoOUPKH paBHBIE OOBEMBI: B TIEPBYIO U3 HUX — PAcTBOP pa30aBICHHON CEPHOM KMCIIOTHI, BO BTOPYIO —
BOJly, B TPETbI0O — KOHIICHTPUPOBAHHBIA pacTBOp IWiejoud. [lociie 4ero B KakIyr W3 MPOOHUPOK
npubasbre 1-2 cm® pactBopa Na,SOsz. UeM 00bsACHUTL mpoucureamue n3mMeHenns? Hanummre momubie
ypaBHenuss OBP, ucnonbs3yst HOHHO-3J1€KTPOHHBIN MeTon. OueHuTe TyOMHY HPOTEKaHHs MPOLECCOB B
KakaoM citydae. OT 4ero 3aBHCHUT OKHCIUTENbHAs aKTUBHOCTh IEPMaHTaHT-HOHA?

Onpir 6. K nBym cM® pacTBopa HUTpHTAa HATpHsi NPHIIEWTE PaBHBIA OOBEM pacTBOpa CEPHOMN
KHCJIOTHI M J0OaBbTE IO KaIIsiM HEOOJIbIIOEe KOJMYECTBO pacTBopa noAuaa Kanus. OOpaTute BHUMaHUE
Ha U3MEHEHHE 1[BETa pacTBOpA.

Kaxoe BemecTtBo Bbinenminochk? CocTaBbTe YpaBHEHHE COOTBETCTBYIOIIEH peakuuu. Onpenennrte
KO3 GHUIUEHTHI METOIOM ITOJIypEaKIIni.

Onwir 7. Haneiire B nmpo6upky 1-2 cm® pactBopa Guxpomara Kajus, 100aBbTe K HEMY JBOHHOM
00bEM pa3baBleHHOM cepHON KMCIOTHI M 4-5 c¢M® pacTBopa HuTpura HaTpus. OOpaTMTe BHUMAHHE Ha
M3MEHEHHe 1IBeTa pacTBopa. HamuimmTe MoekyIsipHOe M HOHHOE YpaBHEHHUS NaHHOW peaknuu. [lomgbop
K023(pPULIMEHTOB OCYIIECTBUTE METOZOM 3JIEKTPOHHO-HOHHOTO OajaHca.

Onwir 8. K 2-3 cm® GpoMHOI BOJIBI TIPWJIEHTE PAacTBOP IIETOYH 0 MOJHOTO OOECIBEYMBAHHUS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE ypaBHEHME NAHHOHM peakuu M onpenesnuTe Kod((UIMEHTH
METOJIOM IOJTypeaKLnil.
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Onpir 9. K 2-3 cM® KOHIIEHTPHPOBAHHOTO PacTBOpa TUAPOKCHAA HATPUS NOOABHTE HEOOJIBINOE
KOJIMYECTBO MOPOIIKO0Opa3Hoi cepbl. CMeCh KUILSITUTE JI0 HCUE3HOBEHHUs cepbl. COCTaBbTE IEKTPOHHO-
WOHHBIC CXEMbI U3MCHCHUS CTEIICHEH OKUCIICHUS Pearupyroniux BellecTB. HamuimmTe HOHHOE U TIOJTHOE
ypaBHeHUs AaHHOHM peakuuu. K xakomy tumy OBP oTHocuTcst manHoe mpeBparienue? [louemy atombl
CepBI CITOCOOHBI K TAKUM TIPEBPAIICHHASIM?

Omngir 10. K pacteopy ( 1-2 cm®) TMonmanaTa kanus (MM aMMOHHS) IPHOABBTE TAKOH e 00BEM
pactBopa comu xene3a (+3). Kakoil nBer momydeHHoOro pactBopa? 3aTeM K OKpalICHHOMY pPacTBOPY
OpUOABIIAIOT MO KAIUIAM 10 MONHOTO oOeciBeunBanus pactBop SNClo. Kakue mporiecchl mMpoUCcXoasT B
pactBopax u mouemy? Paccumraiite DJIC peakuun BoccTaHoBIeHHs Fe®" momamu Sn?*. Paccunmraiite
u3MeHenue Heprun I'm66ca (4G’ ,.) u xoHcranty paBHOBecHs (KP.,) Mg dTol peakiuu. OIeEHHTE
IyOMHY €€ IPOTCKaHMSI.

Oneir 11 B npobupky maneiite 1-2 ¢cm® pactBopa cynsdara mean CuSOs m omycture Tyna
3aYUINECHHBIA C TIOMOIIBI0 HAXKIAYHON Oymaru >kene3Hblid IBo3b. [locTaBbTe MPOOUPKY B MITATUB HA 5
MUHYT. Uepe3 5 MUHYT OTMEThTE U3MEHEHUsI TIOBEPXHOCTHU JKEJIE3HOTO T'BO3/S M 3aHECHTE HX B rpady
«HaOmronenus».

Hanumvre ypaBHEHHE OKHCIMTENbHO-BOCCTAHOBUTEIBHOW PEAKIIUN U YPABHANTE €€ 0 METOIY
9JIEKTPOHHOTO OajaHca. YKaXUTE OKUCIUTENIb M BOCCTAaHOBUTENb. [loNb3ysich pSAOM HampsDKEHHH,
YKaXKHUTE, KAKAE METAIUTBI MOTYT BBITECHSATH ME/Ib U3 PACTBOPOB €€ CoJeH.

Onpir 12 B Tpu mpobupku Haneiite mo 2-3 cm® pactBopa mepmanranara kamus KMnOs ¢
xonnenrparueit C(KMnOg) = 0,02 Moms/am®.

- B nepByto nmpooupky no6asbre 1-2 cm® pacTBopa cepHoii kucnotsl kuciota HaSOs ¢
xonnenrpamuei C(HzSO04) = 2 mMomn/am®,

- Bo BTOpyio npobupky 106aBbTe 1-2 cM® IMCTHILIMPOBAHHON BOJIBL.

B tpetsio npobupky no6asbTe 1-2 cM® pactBopa ménoun NaOH ¢ konuentpanueit C(NaOH) = 2
MOJIB/ M3,

Bo Bce mpoGupku Haneiite mo 3-4 cm® pactsopa cymbdura Hatpus Na;SOz ¢ KOHIEHTpanueit
C(NazS03) = 2 mons/nme,

OTMeThTe U3MEHEHUE I[BETa PACTBOPOB B KAXKJIOW M3 MPOOUPOK € YUETOM 3aBUCUMOCTH OKPACKU
COEIMHEHMIT MapraHIa OT €ro CTENEHU OKHCIeHUs: HoH MnO4~ umeeT GpuoneToByro okpacky, MnO4s> —
3enényro, Mn?* — c1abopo30ByI0, a IpH MaJION KOHIEHTPALUK — OECLBETHYIO. 3aHECHTE HAOIIONEHUS B
rpady «Habmromenusn».

Hanwumvre ypaBHEHHST OKUCITUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIMIA U YPAaBHANTE UX MO METOLY
3JIEKTPOHHOTO OanaHca. YKaXHuTe OKUCIUTEIh U BOCCTAHOBHUTENb.

Ongit 13 B npo6upky Haneite 1-2 cm® pactsopa nepmanranata kanus KMnOg ¢ KoHIEHTpanuei
C(KMnQO,) = 0,02 moms/nm3 no6asere 1 cm® pactBopa cepHoit kucioTel H.SO4 ¢ KOHIIEHTparueit
C(H2S0y4) = 2 mons/nm® u npuneiire 1 cm® pactBopa nomauaa kamus Kl ¢ konmenrpamuein C(KI) = 2
MOJIB/ M.

3adukcupyiiTe n3MEHEHHE [IBETa pacTBOpA U 3aHeCUTe HaOmoaeHus B rpady «HaomoneHus».

Hanwumvre ypaBHEHUST OKUCITUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIMi U YPABHSINTE HX MO METOJY
3JIEKTPOHHOTO OanaHca. YKaXHuTe OKUCIUTEIh U BOCCTAHOBHUTENb.

Oneir 14 B mpobupky Hamedite 1-2 cm3 pacrBopa mnepmanraHata kamugs KMnO4 c
koHneHrparuein C(KMnO4) = 0,02 mons/mm3, nobaBsre 1 cM3 pactBopa cepHoii kuciaoret H2SO4 ¢
koHueHTpanueir C(H2SO4) = 2 mons/amM3 u nmpuneiite 1 cm3 pactBopa cyibdara xenesa (1) FeSO4 ¢
koHueHTpanueit C(FeSO4) = 2 mons/am3.

3adukcupyiiTe U3MEHEHHE 1IBETA pacTBOpPa M 3aHecuTe HaOmoaeHus B rpady «BoBoasl. HabmoxneHus».
Hanummre ypaBHEHUs! OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKUid U YpaBHINTE UX 110 METOIY
AJIEKTPOHHOTO OanaHca. YKaXuTe OKUCIUTENh U BOCCTAHOBHUTENb.

Onwit 15 B npoGupky Haneiire 1-2 ¢cm® konnentpuposannoii azotnoit kucnoter HNOs,p(HNO3)
= 1, r/em® .OnyctuTe B NpOOMPKY 3auMINEHHYIO HAXKIAYHOM OymMarodl MeaHyro IpoBosoky. Harpeiite
npoOUpPKY Ha IIAMEHU Ta30BOM FOPENIKU U MOCTaBbTe €€ B IITATUB Ha 5-10 MUHYT.

3adukcupyiite BeIgeneHHE Ta3a B NPOOUPKE, IBET BBHIACIAIONIEIOCS ra3a M M3MEHEHHE IIBEeTa
pacTBOpa. 3aHecute HaOmoaeHus B rpady «HabmoaeHus».

Hanumvre ypaBHEHHsT OKUCITUTEIHHO-BOCCTAHOBUTENILHBIX PEAKIMid U YPaBHSIUTE UX MO METOLY
3JIEKTPOHHOTO OanaHca. YKaXUTe OKUCIUTENb U BOCCTAHOBHUTENb.

Onwir 16 Haneiire B mpobupky 1 cm® pactsopa muxpomara kamus K,Cr,O7 ¢ KoHueHTpamueit
C(K2Cr,07) = 2 mons/nm®. JIo6aBsTe B mpoOupky 2-3 cm® cepHoii kucinotel HoSOs ¢ KOHLEHTpanueit
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C(H2S04) = 2 mons/am® u 2-3 cm® pactBopa mutpura Hatpus NaNO; ¢ konuenrpanueii C(NaNQOy) = 2
MOJIB/IM®,

3aduxcupyiiTe W3MeHeHHE IIBETa pACTBOpA. 3aHecuTe HaOmoaeHus B rpady «BbIBOILL
Haonroneansn».

Hanummre ypaBHEHHS! OKMCIHTENBHO-BOCCTAHOBUTENBHBIX PEAKIMI U YPABHANTE UX 110 METOIY
5JIEKTPOHHOTO Oananca. YKa)uTe OKUCIUTEh U BOCCTAHOBHTEb.

Conep:kanue oTyera
[Tony4yennsie nanneie 3adukcupyiite B Tabnuue 8.1 mo cienyromeit popme:
Tabnuna 8.1. Pe3ynbrarhl 9KCiepuMeHTa

Ne i/t | PearenTsl XuUMHUEcKasi peaKius HaOmronenus

1

gl

KoHTpoJibHbIE BOPOCHI
ba30BbIi1 ypoBeHB

1 Yto Ha3pIBatoT cTemeHplo okucieHus? Kak e€ 0003Ha4arOT M KakWe 3HaUYeHUS MOXKET OHa
npuHuMaTh? OTBET NOSICHUTE HA IPUMEPaX.

2 Kak omnpenensercs MakCUMalbHass U MUHUMAJIbHASL CTETICHN OKUCIICHHSI SJIEMEHTOB?

3 Kakwue peaxiu Ha3bIBalOT OKACIUTEIHHO-BOCCTAHOBUTEIBHBIMU? [[puBeInTE IpUMEPEI.

4 Kakue peareHTHI Ha3bIBAIOT BOCCTAHOBUTEISIMH, KAaKHE — OKUCITUTEIISIMU ?

5 B gem cyTh MeTO1a TToMTypeakiuii? J{s Kakux CUCTEM OH MMPUMEHUM?

6 Kaxk BeIpaxkaeTcsi KOHCTaHTa PABHOBECHS PEaKIMU M YTO OHA BhIpakaeT?

7 Kak MOXKHO paccunTaTh KOHCTaHTY paBHOBecus? [IpuBennTe cooTBeTCTBYIOMIHE (DOPMYIIBL.

8 Or kakux (HpakTOpOB 3aBUCHT MPOTEKAHHE OKUCIUTEIHHO - BOCCTAHOBUTEIHHBIX PEaKI[Hii?

9 3aBUCHMOCTb OT KaKUX IMapaMeTPOB OTpakaeT ypaBHeHue HepHcra?

[ToBbIIEHHBIN YPOBEHB

1 Kak oOIeHMBaIOT 3KBHUBAJICHTHI OKHCIUTENS M BOCCTaHOBHUTENs? B Kakux eIWHWIIAX OHHU
BBIpaKaroTcsi?

2 Yro Ha3bIBAIOT MOJIBHON MacCOW OKHCIUTENs M BoccTaHoBuTeNsA? KakoBa Mx pa3MepHOCTH?
[IpuBenuTe mpuMepsI.

3 KakoBa cTpykTypa ajropuTMa MeTOJa 3JIEKTPOHHOro OayiaHca? OTBET WUIIOCTPUPYHTE
MpUMepaMH.

Cnncok JuTeparypbl, peKOMeHAyeMblil K HCI0Jb30BAHUIO 10 TAHHON Teme

OcHoBHas JuTepaTypa:

1. Koposun, H. B. O6mias xumus : yaebunuk / H. B. KopoBuH. - 13- u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpumn.: c. 461. -
bubnmorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyskaroleit cpezibl : XUMHUs )KUBbIX opranu3moB. Kypc nekuuit /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH

JlonoIHUTeIbLHAS JTUTEpPaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [lox pen. A. U. Epmaxosa. - U3x. 30-e, ucmp. -
M. : Urrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
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2. XYMHSI METAIIJIOB : yu4eOHOE MocoOue (151 CTYICHTOB XMMUYECKOTO (haKyIbTeTa
HarnpaBiieHui 0akanaBpoB «XUMHUs» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocynapctBeHHbI yHUBEpcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpOoHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mis
aBTOPU3HP. MOJIb30BATENEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYIa K 00pa30BaTeIbHBIM peCypcaM

2 http://biblioclub.ru/ — BBC «YHuBepcuteTckast OMOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOHAINN JICKTPOHHBIX OMOIMOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeIToe 06pa3zoBaHue

Tema 9. OcHOBHBIE IOJI0KEHHS AJICKTPOXUMMUH.
JlabopaTopHnasi pa6ora 9. 'aJibBaHNYecKHE AJIEMEHTBI
[{enb paboOThI: OCBOUTH COCTABICHHE CXEMbI FAJIbBAHUYECKOTO 3JIEMEHTA U METO/Ibl HAITUCAHUS
YPaBHEHHI AJICKTPOJIHBIX ITPOIIECCOB.
dopmupyemble KOMIETSHIINH UIH UX YaCTH:
Teopernyeckasi 4acThb

[Tpuobperaembie komrerenuuu OOIl npu u3ydeHHH Marepuana pasjelna:
OakaJiaBp JI0JKEH MMOHUMATh POJIb OXPaHbl OKPYIKAKOIIEH Cpeibl U PAlIMOHAIHLHOTO
MPUPOJIONIONB30BAHUSL Il Pa3BUTUS M COXPAHECHUS IMBWIM3ALMKM; 00JI1aaTh
CIIOCOOHOCTBHIO M TOTOBHOCTBIO BIAJE€Th OCHOBHBIMH METOJAMH, CIIOCOOaMU H
CpEeACTBaMM TMOJYYEHHS, XPaHCHUs, MepepadoTKu HHGOPMAIMU, HUCIOIb30BaTh
KOMITBIOTEP KaK CPencTBO paboThl ¢ mH(MOpPMAIUEH; a Tak K€ CaMOCTOSITEIIbHOTO
npuoOpeTeHus: (PU3NUEeCKUX 3HAHUM, Il TOHUMAaHUS TPUHIIMIOB PadOThHI
MpUOOPOB U YCTPOMCTB, B TOM UKCJI€ BBIXOMSIIMX 3a Mpeaeiabl KOMIETEHTHOCTH
KOHKPETHOTO HampaBieHus. bakamBap OyneT cmocoOeH JeMOHCTPHPOBATH
0a30BbIe 3HAHUSI B 0O0JACTH €CTECTBEHHOHAYYHBIX IUCIUIUIMH W TOTOBHOCTBIO
WCITI0JIb30BAaTh OCHOBHBIC 3aKOHBI B TIPO()ECCHOHATLHOM NI TEIbHOCTH, IPUMEHSTh
METOJbl MaTEMAaTUYECKOTO aHajlv3a M MOJCIUPOBAHUS, TEOPETHUYECKOIO H

9KCIICPUMCHTAJIbHOT'O UCCICAOBAHNS.

Teopernyeckue 0CHOBBI
[Tpubop, B KOTOPOM XUMHUYECKAsI SHEPTUsi OKUCIUTEIbHO-BOCCTAHOBUTEIBLHON peakinu

MMpeBpaIIacTCs B 3JICKTPUICCKYI0, HA3bIBACTCA T'AJIbBAHUYCCKUM 3JICMCHTOM.
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https://openedu.ru/

OcHOBHas cOCTaBHAsl YacTh TAbBAHMYECKHUX AJIEMEHTOB — 3JIEKTPObI. Yarie Bcero oHu
OBIBAIOT METATMYECKUMHU. OJEKTPOJ, Ha KOTOPOM HPOUCXOAUT TPOIECC OKHCICHHS,
Ha3bIBACTCS AaHOJIOM.

Tak, ecnu B raJbBaHUYECKOM 3JIEMEHTE UMEIOTCS MEAHBIA M IIMHKOBBIH AJICKTPOJBI, U B
ToCHeIHEM TIPOMCXOUT MPOLIECC OKUCIeHUs uHKa: ZN° — 28° «» ZNn?*, To UHKOBLI 371eKTpo
OyJzleT aHO/IOM.

DNeKTpoJ, Ha KOTOPOM IPOHCXOJUT MPOIIECC BOCCTAHOBJICHUS, HAa3bIBaeTCs KaToAoM. B
BBIIEIPUBEAEHHOM MPUMEPE KATOJOM SBJIAETCA MeIHbIH d1ekTpoa: Cu?*+ 2e” «» Cu’,

DNEKTPOHBI C JIEKTPO/a, Ha KOTOPOM MPOUCXOIMUT MPOLECC OKUCICHUS, NEePeXOosIT Ha
AIIEKTPOJ, TJI€ POTEKALET MPOIECC BOCCTAHOBIICHHS.

Takum 00pazom, B ralbBAaHUYECKOM JIEMEHTE, UMEIOIIEM B Ka4eCTBE KaTo/1a MEIHYIO H
B KauecTBE aHOJa IIMHKOBYIO IUIACTHHBI, JICKTPOHBI C IIMHKOBOM IIACTHHBI OyIyT IMEPEXOANUThH
Ha MEJIHYIO.

10.7 DnexTpoa B rajJbBaHUYECKOM 3JIEMEHTE HAXOJUTCS B pacTBOpE 3JeKTpoauTa. B
IPOCTEHIIEM CITy4ae JIEKTPOIUTOM SBISIETCS. PACTBOP COJIM TOT'O METAlIa, U3 KOTOPOTO ClIeJIaH
JIIEKTPOI.

Tak, B MeIHO-ITMHKOBOM T'aJIbBAHUYECKOM DJIEMEHTE IIMHKOBBIH 3JIEKTPOJ MOXKET OBITh
MOMENIEH B pacTBOP CyJib(aTa IIMHKA, a MEAHBINA — B PaCTBOP CyJib(aTa M.

CrnenmoBarenbHO: IUHK MMOMENIAIOT B PAcTBOP, COJAEPKAIIMK KaTHOHBI IMHKA, a MEIb B
pacTBOp, CoIepIKAINNA KaTHOHBI MEJIH.

CI/ICTCMa, CoCToAasA M3 METalllla, OIYIICHHOI'o B pacTBOp, conepmamnﬁ €ro HOHBI,

n+
Ha3bIBAaeTCsl MOJYdJIEMEHTOM U 0003HaYaeTCs Me™™ / Me (cBepxy Bcerma OKHCIICHHAsS
dopma).
JIBa mosryaneMeHTa, COeAMHEHHBIE MMPOBOJIHUKOM, 00pa3ylOT rajJbBaHHMYECKUN JJIEMEHT

(pucynox 9.1):

e /\\
e

Zn Cu
— SO~ +
— +
DEag- L el
— B — -
Zn?*+S0,? Cu?*+S04?

PucyHOK 9.1 Cxema me HO-YUHKOB020 2A/IbBAHUYECKO20 dleEMeHmA
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B ranpBaHMYeCcKOM 3J€MEHTE OAMH 3JIEKTPOJ (aHOJ) pacTBOpSETCS, T.€. MOHBI MeTasula
nepexoasT B pacTtBop. Tak B MEAHO-IIMHKOBOM TaJbBAHUYECKOM JJIEMEHTE IPOUCXOIUT
PacTBOPEHUE UMHKOBOM IJIACTUHKH.

B pesynbrare nmepexona MOHOB LIMHKA C IUIACTMHKU B PAacTBOP Ha IJJACTUHKE OCTAETCS
M30BITOK JIEKTPOHOB, M OHA 3apspKaeTcsl oTpuuatesnbHo. C JIpyroil CTOPOHBI, MEPEX0] MOHOB
LMHKA B paCTBOP MPHUBOAUT K YBEJIMUYCHUIO NX KOHIEHTPALIMU B PACTBOPE.

brmaropaps nepexony MOHOB LIMHKA C IJIACTHHBI B PacCTBOP BEC LMHKOBOM IJIACTUHKU
OyIeT yMEHbIIAThCS.

OI[HOBpeMeHHO C OTUM Ha MCIHOM DOJICKTPOAC IPOUCXOAUT MPOHECC BOCCTAHOBJICHUA

2+ L 2e<>CuU.

MOHOB MEJIM U3 pacTBOpa: Cu

3a c4€r 3TOrO IMpolecca KOHIEHTpAIUs HOHOB MEU B paCTBOpPE YMEHbLIAeTCs, a Macca
METHOM TUIACTUHKHU yBEJIMYHUBACTCS.

Ilepexon monoB CU?* W3 pacTBOpa Ha IUIACTMHKY NPHBOAMT K TOMY, 4TO MeJHas
IUTACTUHKA 3apsKACTCS MOJIOKHUTEIBHO.

PaccMmoTpennsbiil ranpBaHndeckuil aneMeHT (daemeHT anuans — SkoOu) cxemarnuecku

MOKHO 3aITUCATh CIEIYIOMNM 00pa3om:
(-)Zn[znSO4|[Cusoylcu(+)
WA B UOHHOH (opMme:

(_)Zn\Zn2+ cu?*jcu(+)

OnvHOYHbBIE IMHUM B cXeMax 0003HAYaI0T IPaHUILy METAJLI — PacTBOP, a IBOMHbIE TMHUN
— IpaHUIly MeXy pacTBopamMu. OTpuaTeIbHBIN 3JIEKTPOJT (aHO) 3aIMChIBAETCS CIIEBa.
B ocHoBe paboThl pa300paHHOTO 3JIEMEHTAa JIEKHUT OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS

peaxmus:
Zn+CuSOq — ZnSO4 +Cu

WM B HIOHHOU (hopme:

Zn+Cut 5 7Zn%t +Cu.

B ranpBaHMuYecKOM 3JIEMEHTE, COCTABJICHHOM M3 JKEJE3HON IUIACTUHKHU, OMYIICHHON B
pactBop FeSOas, u cBUHIIOBOH TUIacTHHKH, omyineHHOW B pactBop PD(NO3)2, kene3o spusercs

agogoM. CxemMa 3TOro 3JeMeHTa ciIeayromas:

(—)Fe\Feso4HPb(N03)2\Pb(+),
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Ha >xene3Hom snekTpose (aHo/e) MPOUCXOAUT OKUCIECHHE. DTOT MPOIECC ONMHMCHIBACTCS

CJICAYIOIHUM 3JICKTPOHHO-MOHHBIM YPABHCHUCM:

3 2+
Fe¥ —2e «» Fe?™.
XKernesHslii 251eKTPOA MPUOOPETAET OTPULIATEIBHBIHN 3apsi.

Ha cBHHIIOBOM 31eKkTposie (KaToje) MPOUCXOIUT TIPOIECC BOCCTAHOBIEHHS HOHOB Ph?*

U3 pacTBopa:

2+ - 0
Pb“™ +2e <& Pb”.
CBI/IHHOBHﬁ BHeKTpOI[ 3apﬂ>1<aeTc;I ITIOJIOKUTCJIIBHO.

CYMMI/IPYH oba YpaBHCHUA, IIOJIYYHUM HOHHOC YPAaBHCHHUC PCAKIUU, npOTeKanmeﬁ B

JaHHOM TaJIbBAHHUYCCKOM J2JICMCHTC!

Fe+Pb®t — Fe®" +Pb.

DONEeKTPOHbl IO MPOBOJHHUKY, COEIUHSIOLIEMY IIJIACTUHKH, OyIyT MEpeXoJuTh OT
JKEJI€3HOM MIACTUHKU K CBUHIIOBOIA.

Wrak, B ranbBaHUUECKOM 3JIEMEHTE MO MPOBOJHUKY, COSAUHSAIOIIEMY 3JIEKTPOJIbI, TEUET
ANEKTPUYECKUN TOK.

[losiBIeHHE 3JIEKTPUYECKOrO0 TOKA CBUJAETEIBCTBYET O HAJIIMYUU PA3HOCTU MOTEHLIHAIOB
MEXIy OJJIeKTpogamMu. IHadye roBops, Ha OJHOM U3 DJIEKTPOJOB BO3HUKAET  KAKOH-TO
OIpEACIEHHBIA MOTEHIINAN, PA3JIMYHBIN ISl pa3JIMYHbIX YIEKTPOIOB.

[Toreniman, KOTOPBI yCTaHABIMBAETCS HA METALUIMYECKOM 3JIEKTPOJIE, MOMEIIEHHOM B
pacTBOpP COJIM OJTHOMMEHHOI'O METAJUIA, Ha3bIBAETCS MIEKTPOIHBIM OTEHIIMAIIOM METaLIA.

W3mepeHHble B CTaHJApTHBIX YCJIOBHAX IOTEHIHMAIbl METAJJIOB  HA3bIBAIOTCS
HOPMabHBIMU (WJIM CTAaHAAPTHBIMU) AJIEKTPOJHBIMH TOTEHI[MANIaMU MeTaiioB. VX 3HaueHus
JUISL pa3JIMYHbIX METAJIJIOB NPUBEEHBI B Tabauie 9.1.

Uem gserye wmetamr OTAAET DIEKTPOHBI, T.€. YEM JIerde OH OKHCISETCA, TeM
OTPULIATENIBHEE €r0 JJIEKTPOAHBIM IoTeHuuan. MHaye roBops, IO BEJIMYHMHE DIIEKTPOJHOTO
NOTEHIMAJa MOYKHO CYJIUTh O CIIOCOOHOCTH METajla OT/AaBaTh JIEKTPOHBI, T.€. 00 aKTUBHOCTU
MeTasuia.

bonee axkTuBHBIM MeTannm uMeeT Oojee OTPUUATENBHYIO BEIUYUHY D3JIEKTPOIHOTO
noTeHMana. Tak, HOpMajbHbIE SJIEKTPOAHBIE TMOTEHUMAIBl MarHus, IMHKA WU MeIu

COOTBETCTBEHHO paBHHI (B B):

o° (Mg/Mg?+) =-2,34,¢°(Zn1Zn**) =-0,76:¢° (Cu/Cu°*) = +0,34.
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CpaBHI/IBaﬂ 9TH 3HAYCHHA, MOXKXHO CIACJIaTh BbIBOA, YTO HanoOosee aKTUBHBIM U3 3THX TpéX

MCTAJJIOB ABJIACTCA MaFHHﬁ, a MCHCC aKTUBHBIM — MCIb.

B rampBanndeckoM QJICMCHTC, MUMCIOLICM JIBa PA3JIMYHBIX MCTAJUIMYCCKUX IJJICKTPOAA,

aHOAOM 6y,Z[CT METaJI ¢ MEHBIICH BEIIMYMHOMN CTaHJAPTHOI'O J3JICKTPOJHOT'O IMOTCHIHKAalIa, T.C.

0osiee aKTHUBHBIM METAJIII.

Hamnpumep, B ralbBAHU4ECKOM 3JICMEHTE
Mg‘Mg 2+l 7n 2+|Zn

HauoOoee OTpULATCIICH 3H€KTpO,Z[HBII>'I IIOTCHIIMa]I MarHus, II03TOMY MarHHeBbIN

AIEeKTpoA OyIeT aHOJOM.

Ha maraueBom anextpose (aHoze) uAET MPOIEecc OKUCICHUS IO YPaBHEHHUIO:
0 2+ | o4
Mg~ <>Mg“" +2e.

Ha nuakoBom QJICKTPOJAC (KaTOIIe) IMPOTCKACT IIPOLECCC BOCCTAHOBJICHUA IIMHKA:

Zn?t +2e <> 7n%

10.36 CymmapHOE HOHHOE YpaBHEHHUE PEAKIMH, IPOTEKAOUIEH B TAKOM I'aJIbBAHUYECKOM

9JICMCHTE, CIICAYIOMICC:

0 2+ 2+ 0
Mg~ +Zn“" > Mg“" +2Zn".
BenuunHa 371€KTpoAHOrO MOTEHIIMAa MeTalljla 3aBUCUT, TJIaBHBIM 00pa3oM, OT IPUPO/Ib

MeTajuia, TeMIepaTypbl W KOHIEHTpPAIlMd HOHOB MeTajlla B pacTBOpe. OJTa 3aBUCHUMOCTH

BbIpa)kaeTcs ypaBHeHHeM HepHcra:

go=(p°(Me/Me”+)+O’OnglgC(Me”+), ©.1)
TIE (pﬂ(Me/ Me"™") — HopMabHBIM IEKTPOIHBIN OTEHIHA;
N — YKCJI0 OTAaBaeMBbIX (MPHHUMAEMBIX) METAJIOM JJIEKTPOHOB;
C(Me") — KOHIIEHTpAIHs HFOHOB METaJlIa B PACTBOPE, MOJIB/IM".
IIpy KOHIIEHTpAaIlMM HOHOB MeTailia, paBHOW | Monb/mM°, BTOpOil uileH ypaBHEHHS
obpamaercs B HONb, TOTAA @ = ¢, m.e. 21eKMPOOHbI NOMEHYUAN MEemania npu e2o

xonyenmpayuu 1 monw/om® npedcmasnsiem co6oii cmanOapmubwlii S1eKMpPOOHbILL NOMEHYUA.

SHCKTpO)IBI/DKYHIaSI cuna FE ranmpbBaHMYECKOrO dJIEMEHTA OMpeaAcIsICTCA Pa3sHOCTBIO

MOTEHITHAIOB KaTO/Ia ¥ aHO/a: E= Pk —PA.
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Tak, D/JIC MarHMeBO-IIMHKOBOI'O TajbBAHUYECKOTO »JJEMEHTa, MPU KOHIIEHTpALHUIX

HNOHOB COOTBCTCTBYIOIIMNX MCTAIJIOB OJJWH MOJIb/, I[MS,

cocrapyser: E = ¢°(Zn/Zn 2+) —¢° (Mg /Mg 2+) =-0,736—(—2,34) =1,604 B.

UYem Goipliie pa3HOCTh B 3HAUEHHUSAX CTAaHJAPTHBIX AJIEKTPOJAHBIX MOTEHIIMAJIOB METAIIIOB,
TeM Oosbite J/1C ranpBaHUYECKOTO 3JIEMEHTa, KOTOPBIM 3TH METaJUIbl 00pa3yloT.

CpaBaum 3JIC TOABKO 4YTO pa3o0paHHOTO MarHUEBO-IIMHKOBOTO TajbBAHMUYECKOTO

anemenTa ¢ 3J1C MarHueBo-MeIHOTO JJIEMEHTA.
(—-)Mg
C(Mg/Mg?")=C(Cu/Cu?*) =1luorwlon’

Mg 2" |zn%*|zn(+);

E =¢°(Cu/Cu?")—¢°(Mg/Mg?") =+0,34—(~2,34) = 2,68B. .

Wrak, yem panmpie Apyr OT Jpyra HaxOJITCS METauibl B TaOdHIle HOPMAabHBIX
AJIEKTPOJIHBIX MOTEHIIMAIOB, TeM Oouibiie DJ]C raqsbBaHUYECKOTO JIEMEHTA.

Kak ormeuanocs panee B pasjese, 3aBUCUMOCTb BEJIMYUH AJIEKTPOJHBIX MOTEHIIMAIOB OT
KOHIIEHTPAllMU OKUCIUTEIbHOW M BOCCTAaHOBUTENbHOH ¢opM peareHta U oT pH cpendsl
BbIpaxkaeTcst ypaBHenueM Hepuera (9.1).

VYpasuenue Hepucra mo3Bossier npoBoauth pacuer J/C raabBaHUYECKUX SJIEMEHTOB
MIPU YCIIOBUSAX OTIIMYHBIX OT CTAH/IAPTHBIX.

N3menenne wn3obapHOro mnoreHnuaiga ['mbOca B cucTeMe YUCIEHHO paBHO padoTe,
coBeplIaeMOi B pe3yJbTaTe MPOTEKaHUsI dJIEKTPOXUMHUECKON PEeaKINU:

AG = —-A = —nAgF, (9.2)

rnie A — paboTra DSIEKTPUYECKOTO0 TOKA, paBHAas MPOU3BEICHUIO YHCIa MOIb

MIEPEHECEHHBIX JIEKTPOHOB N, HAMIPSHKEHUSI B DJIEKTpUUEcKol 1enu Ap u noctosHHoit Dapanes
F =96 454 Kii/moub = 96 500 Ki/moob.

Jlnst cTaHIapTHBIX YCIIOBHIA:

AGY =-A%=_nAyp°F. (9.3)

KoHncTanta paBHOBecHs SIEKTPOXMMHUYECKON pEaKIUU IS CTaHJIAPTHBIX YCIOBHIA
omnpenensercss GopMyIIoi cienyromero Bujaa:

0
p AP F _16.0nap?. (9.4)
2,3-RT
BeHI/I‘II/IHI)I KOHCTAHT paBHOBeCI/Iﬁ JJISA paSHI)IX 3J'IeKTpOXI/IMI/I'-ICCKI/IX peaKHI/II\/'I ITIO3BOJIAOT
OTIPENICTIATh CTENEHb UX HEOOPATUMOCTH.
HOCKOHBKy BHGKTPOHHBH‘/JI IIOTCHIHAJI METaJljia 3aBUCUT OT KOHHCHTpaL[I/II/I paCTBopa, TO

MOKHO COCTaBUTL 1CIb HW3 OAWMHAKOBBIX MCTAIMYCCKUX JSJICKTPOAOB, IIOIPYKCHHBIX B
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pacTBOpBl C Pa3IUYHON KOHIEHTpALKeld HOHOB 3TOTr0 MeTajla — 2M0 KOHUEHMPAYUOHHbLU
2ANbBAHUYECKUL DTIEMEHM.

3/1C KOHLIEHTPALIMOHHOT'O JIEMEHTA ONPENEeIIAeTCs 10 PopMyJie:
0059 - C,(Me™)
Z " Cy(Me™)

rie C(Me?") — KOHLIEHTpAIUs MOHA METAIA B IPUIIIEKTPOIHOM CJIOE, MOJIB/IM°, IpHYeM

YIC = , (95)

C1(Me*") > C2(Me*) ; Z — cTeneHb OKUCIIEHHS HOHA.

ObopynoBanue 1 MaTepuaJIbI
JlBa crakana émkocThio 100 cm®

PactBop CuSOs, C(CuSOs) = I mons/om®.

PactBop ZnSOs, C(ZnSO4) = 1 monwv/om®.
Mennas naacTUHKA

[{rHKOBAs MIACTHHKA

MenHble IPOBOIOYKH

BonsTmeTp

U — obpasnas tpyOka

. pactBop KCI

0. Arap-arap

000Nk w N

Yka3aHus 0 TEXHHUKE 0€30IACHOCTH
1. Bce paboTel B XMUMHYECKOH 1a0OpaTOpHUHM JOJDKHBI MPOBOJUTHCS IPU HCIPABHOM
3JIEKTPOOOOPYAOBAHHH, IIEKTPOIPOBOAKE, TPABUILHO 000PYOBAaHHOM BBHITSHXKHOM IIKaQYy.

2. Ta3oBbIe KpaHBI U Ta30MPOBO/T IOJKHBI HAXOUTHCS B HCIIPABHOM COCTOSIHUH, TIEPHOINIECKU
MPOBEPSATHCA.

3. Pabouee mecTo conepkaTh B MOPSIIKE U YUCTOTE.

4. Cyxwue peakTHBbI TpeOyeTcst OpaTh YMCTHIM IITATEIEM MU CIIEIUATBHON JT0XKEUKOH.

5. MUznmmex peakTuBa HEe BBUIMBATH OOPATHO B COCY.I, U3 KOTOPOTO OH OBLI B3ST.

6. Bce onbITH ¢ BpeAHBIMH U MAXHYIIUMH BEIIECTBAMH, a TAKKE yIaPUBAHUE KUCIOT U KUCIIBIX
pacTBOPOB MPOBOJMTH B BBITSDKHOM IITKaQYy.

7. OcraTKu coeqUHEHUI cepedpa cIMBaTh B 0COObIC CKIISHKH.

8. Ilpu HarpeBaHuM PacTBOPOB B NPOOMPKE BCETAa CIeNyeT JAepKaTh e€ TaKuM 00pa3oM, 4TOObI
OTBepCTHE MPOOUPKHU OBUIO HANIPABIEHO B CTOPOHY OT pabOTAIOLIEro PSAIOM COCEa.

9. He HaK/IOHSTH JIMTO HAJl HATPEBACMOM YKHIKOCTHIO HIIM CIUIABIISIEMbIM BEIIECTBOM.

10. He cnenyer BIBIXaThb Maxy4due BEIIECTBA M ras3bl, OJIM3KO HAKIOHSSICH K COCYLy C 3THMHU
BemiecTBaMy. HioxaTh BemecTBa MOKHO JIMIIL OCTOPOXKHO, HAIPABIISAA K ce0e maphl WK ra3 ABHKEHHEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KHCJIOT U ILEJIOUEH B BBEITSHKHOM LIKady.

12. BrumBath pa30aBieHHbIE KUCIOTHI U IEIIOYHBIE PACTBOPHI CIIEAYET B CIIUBHYIO CKIISTHKY.

13. Kareropuuecku 3armpeniaercsi mpoOdoBaTh XHMHUYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIErKo BOCILIAMEHSIOIIUMHUCS BeliecTBaMH (3QUphI, OCH301, CEPOyIIIepo U
T.J1.) HE IOJDKHO OBITH PSIZIOM OTHSI 1 BKJIFOUEHHBIX TUTUTOK.

15. Ilpu paboTe coO CTEKIOM, XHMHYECKOW IOCYAOH, HEoOXoauMo coOmogaTh NpaBHiia
MPEJIOCTOPOKHOCTH BO M30€KaHNE PAHEHHI OCKOIIKAMH CTEKIIA.

16. Karteropuuecku 3ampeniaercsi OCTaBiIsATh paboTarole Npudopsl 63 HaOIIOACHUS.

25. B xumMunueckoii 1abopatopun He0OX0JUMO paboTaTh B Xajare.

3aganusa
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Onwvim 1 Bossmute qBa crakana émkxoctbio 100 cm®. B oauH W3 HUX HajeiiTe pactBop
CuSOs, B apyroit — pactBop ZnSOs. Konmentparuu pactBopoB oauHakoBbl: C(CuSOs) =
C(ZnSO04) = 1 monv/om®.

B mepBeIii cTakaH OMyCTUTE MEIHYKO IUIACTHHKY, BO BTOpPOH — IUHKOBYIO. K oOenm
IUTACTHHKAM TPHKPENUTE MEIHBbIC MPOBOJOYKH, KOTOpPHIC COCAMHHUTE 4YEpe3 BOJBTMETP.
PactBopel B crakanax coemunutre U — oOpasHoil TpyOkoii, HamoiHeHHO# pactBopoM KCIl B
cMecu C arap-arapoMm. HaOnromaeTcst OTKIIOHEHHWE CTPENKH, T.€. B IIENH TOSBISAETCA
ANEKTPUUECKUH TOK.

Tabauya 9.1 Cmanoapmuvie 31eKmMpoOHble NOMEHYUATbL MEMALILO8

VpaBHEHUE M10JTypPEAKLUU ¢,B VpaBHEHHE MOJTypPEaKIHH 0o’ B
Ag* + e oAg +0,7994 Hg5 "+ 2e o He +0,792
AR + 3¢ > Al -1,66 K'+e— K -2,923
Audt + 3e o Aut +1,41 Lit+ee Li -3,04
AU + e Au +1,50 Mg?* + 2e -Mg -2,37
Au* + e — Au +1,68 Mn2* + 2e < Mn -1,17
Ba?* + 2¢ < Ba -2,91 Mo®* + 3e « Mo -0,2
Ca%* + 2e & Ca -2,79 Na* + e < Na -2,713
Co®* + 3¢ & Co +0,46 Ni2* + 2e & Ni -0,228
Co%** + 2e — Co -0,29 Pb%* + 2e & Pb -0,126
Cr3* + 3e & Cr -0,74 Pb** + 4e & Pb +0,77
Cd** + 2e & Cd -0,403 Pd%* + 2e & Pd +0,915
Cu®* + 2e & Cu +0,345 Pt** + 2e & Pt ~+1,2
Cu* + e« Cu +0,531 Rb* + e < Rb -2,924
Fe3* + 3¢ o Fe -0,058 Sh3* + 3e «— Sh +0,20
Fe?* + 2¢ > Fe -0,473 Sn?* + 2e & Sn -0,140
2H" + 2e & H> 0,0000 Sr¥* + 2e & Sr -2,89
Hg?*" + 2e < Hg +0,850 Zn* +2e « Zn -0,764

Conep:xanue oTyera
Hanummre ypaBHeHHs 37IEKTPOIHBIX MPOLIECCOB U CYMMApHOM peakIMu, MPOUCXOIAIINX

npu pa60Te 9JICMCHTA. OHpe,Z[eJ'II/ITe KaTroa u aHOJ. CocraBbTe CXEMY J3JICMCHTA, pacch/ITaﬁTe

O/1C, AG 1 cTaHIapTHYIO KOHCTAHTY CKOPOCTH.

KonTposabHbie BOpockl
ba30BbIi1 ypoBEHB

1Kakue mporecchl Ha3bIBAIOT JIEKTPOXUMHUYECKUMHU? YeM OHHM OTIHYaloTCs OT
0o0bruHBIX OBP?

2KakoBbl MPUYMHBI BO3HUKHOBEHUS JABOWHOTO JJIEKTPUYECKOTO CJIOS HA MOBEPXHOCTHU
METaJIMYECKOM IIACTUHEI B BOJIE?

3 Kakoe ycTpoicTBO Ha3bIBalOT TajbBaHUYECKUM d1eMeHToM? [IpuBeaute ero cxemy
Ha KOHKPETHOM MPUMEDPE.

4 Kakue s1eKkTpo/pl Ha3bIBAIOT aHOJAMM, Kakue — KaTogamMu? YKaXuTe aHoj U
KaToJl B LIMHK-CEPEOPSHHOM TrallbBAHNYECKOM 2JIEMEHTE.
S) MoXHO IM ompeAenuTbh aOCOJMIOTHOE 3HAYEHHWE BJIEKTPOJHOrO IOTeHIuana?

Kaxoit a5mekTpos BEIOpaH B KauecTBE JIEKTPOIa CPABHCHUS ?
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6 Kak yctpoeH cranmapTHblii BOAOpOAHBIN 3nekTpoxa? llpuBenute ero cxemy u
00BSACHUTE MPUHITUT PAOOTHI.
7 Urto Takoe «psa HanpsHKeHU MeTaiioB»? UTo oH onpenessieT?

I1oBbIILIEHHBIN YPOBEHD

1 Kakolf «XUMHUYECKHIl CMBICI» HMEIOT 3HaKU «+» U «—» Uil CTaHAapTHBIX
AJIEKTPOJIHBIX MOTEHIIMAJIOB OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CUCTEM?
2 Kak onenuBaror IJIC ranbBanndeckoro siaeMenta? OTBET MOSCHUTE HA pUMEPE

KaJIMUH-MEIHOTO rajlbBaHUYECKOIO AJIEMEHTA.

3 Jus yero npumeHsoT ypaBHenue Hepucra? Hanumure ¢popmyiy npuBeneHHOTO BUIa
3TOr0 ypaBHEHUS.

4 Kakwue mpuOOopbl HA3BIBAIOT aKKyMyJIsiTopamMu? KakoBbl MX THITBI?

5 Kak ycrpoen cBuHLOBBINM akkymyisTtop? IlpuBeaute ypaBHEHHS, ONMCHIBAIOLIUE
IIPOLIECCHI €r0 3apsAa-pa3psaia.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas JiMTeparypa:
1. Koposun, H. B. O6mas xumus : yueOuuk / H. B. KopoBuH. - 13- u3z., nepepab. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpysKaromei cpepl | XUMHs )KUBBIX Oprann3MoB. Kypc nexmmii /
E. C. Muxamuna, A. JI. Ilerenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21€KTpOHHBIN // DnekTpoHHO-0nOmmoTeynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATENEH
Jlono/IHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [lox pen. A. U. Epmaxoga. - U3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. X¥MUS METaJIOB : yuyeOHoe mocodue (Ui CTYACHTOB XUMHUYECKOTO (haKyJIbTeTa
HampaBlieHUH O0akaniaBpoB « XUMUA» U «XUMHUEcKasi TeXHOJIorus») / cocraBurenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocygapcTBeHHbIM yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxum mocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHTepHET-pecypcebl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuTerckas OMOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIUAIMU dJIEKTPOHHBIX OMOIMOTEK
yueOHBIX 3aBefieHHi u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.

S https://openedu.ru — OTkpbITOE 06pa3OBaHUE
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MuHHCTEpCTBO HAYKHW W BHICIIETO oOpa3zoBanus Poccuiickoit denepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa3oBaTeIbHOE YUPEKICHHE
BBICIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBI YHUBEPCUTET»
HeBuHnHOMBICCKHIA TeXHOMOTHYECKUA HHCTUTYT (pruan) CKOY

METOAHYECKHUE YKA3AHHUA

10 BBHITIOJIHEHUIO MPAKTUYECKUX padoT
MO JTUCHUILIINHE « XUMHMSD)
JUISL CTYZICHTOB OYHOU (DOpMBI 00yUeHUS
HanpaBJICHUS TTOATOTOBKHU
15.03.02 TexHoJOTHMYECKHE MAIIMHBI U 000PYI0BaHUE

Hesunnomeicck 2022
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Meroanueckne ykazaHus pa3pabOTaHbl B COOTBETCTBHHM C TPEOOBAHUSAMHU
OI'OC BO wu paboueld mnporpaMMbl JUCHUIUIMHBI «XUMHUS». YKa3aHUs
NpelHa3HAYeHbl Ui CTYACHTOB OYHOM QopMbl OOydeHHUs HampaBlICHUS
noaroroBku 15.03.02 TexHojoruueckue MalvHbl 1 000pyAOBaHUE.

ConepxaT OCHOBHBIC pa3fieibl M3Yy4a€MOI0 TEOPETHUYECKOro MaTepuaa,
MEpEUCHb 3aJaHUM, HEOOXOAWMBIX MJIT TPOpabOTKH, a TaKXKe CIHCOK
PEKOMEHAYEMOMU JINTEPATYPHI.

Cocmasumenu T.C. Yepeonuuenko, Kamo.xum.Hayx
K.C. Cuinko, accucmenm.
Ome. pedakmop A.JI. IIpocKkypHUH, KaHO.XUM.HAYK, OOYEHM.
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BBEJEHHUE

JucuummmHa «Xumus» OTHOCHTCS K JAUCHUIUIMHE 0a30Boi wactu. OHa HampaBlieHa Ha
dbopMupoBaHue  OOHICKYJIBTYpHBIX,  OOMIEIPOPECCHOHAIBHBIX U TPO(HECCHOHATBHBIX
KOMITETEHIIMI 00yJaromuxcs B mpoliecce BeIMoIHeHus padort, onpeaeneHabx @I'OC BO.

Metoanyeckre yKa3aHusi COCTAaBICHBI HA COBPEMEHHOM HAayYHOM YPOBHE M PACCUUTAHBI
Ha CTYJICHTOB, 110 HanpasiieHuio 15.03.02 TexHosornueckue MalmHbl 1 000pyI0BaHUE.

[TocnenoBarenbHOCTh TEM COOTBETCTBYET JIOTMYECKOM CTPYKType €€ MPOXOXKIACHHUS.
[Ipennaraemple METOAMYECKHE YKa3aHHS COJEp)KaT MaTepuai, KOTOPBIH pEeKOMEHAyeTCs
UCIOJIb30BATh CTYJEHTaM MPH MOATOTOBKE K MPAKTUYECKUM 3aHATHUSM.

JlJis TOATOTOBKM K MPAKTHYECKUM 3aHSATUSM CTYICHT JOJDKEH W3YYHTh MaTepuan 1o
COOTBETCTBYIOIIEH TeMe, MCIOJb3ysl OCHOBHYIO M JOIOJHHUTEIBHYIO JHUTEPaTypy, a TaK e
UCIoNb3ys nepuoandeckue n3aanus CMU.
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Tema 1. OcHOBHBbIE OHATHS U 3AKOHbI XUMHUM.
IIpakTuyeckoe 3ausiTue 1. OCHOBHBIE KJIaCChl HEOPraHUYecKUX BemecTs. OCHOBHbIE
3aKOHbI XMMHH
Heap 3ansaTus: O6001IeHNe, 3aKpeIJICHHEe U CUCTEMaTH3alusl 3HaHUN O Ba)KHEHUIINX

KJ1acCaX HEOPTaHNYCCKUX COG,Z[I/IHCHI/II‘/'I Ha IpUMEpPE OKCUA0B, KHUCJIOT, OCHOBaHUM U COJICH.

3HaHMSA M yMeHUSs, IpHo0peTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HaTh: OCHOBBI CAMOOPTAHU3AIMH B CaMOOOpa30BaHNS;
3HaTh: CyIIHOCTH U 3HaUYCHHE MH(OPMAIMK B Pa3BUTHU COBPEMEHHOTO O0IIECTBA; OCHOBBI IIOJIyUEHHUS
1 00paboTKH MHPOPMAMH U3 Pa3THYHBIX HICTOUHHKOB
3HaTh: PabOTHI O pacyeTy U MPOCKTUPOBAHUIO JACTANICH U y3J0B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKUHUI B COOTBETCTBUHU C TEXHUUYECKUMU 33JIaHUSIMHU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3aLNU ITPOECKTUPOBAHUS
YMeThb: caMOCTOSTENHFHO CTPOUTH MPOIECC OBIaieHus HH(opMaIneit, 0TOOpaHHON U
CTPYKTYPUPOBAHHOM JJIsl BBIIOJIHCHUS MPOQPECCUOHAILHOM JCSITSILHOCTH.
YmeTh: momydats 1 00pabaThIBaTh HHG)OPMALIUIO U3 PA3THYHBIX HICTOYHUKOB
VYmerb: MPUHUMATH yYacTHE B paboTax MO pacyeTy U MPOSKTUPOBAHUIO JETajeil U y3JI0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKUMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3ALMUA IPOEKTUPOBAHUSA

HanmenoBanune ¢GopMHpYEeMBIX KOMIIETCHIUH

AKTYalIbHOCTb TEMBI

K Heopranndeckum COEIMHEHUSM OTHOCST BCE€ COYETaHUSI XUMHYECKHX DJIEMEHTOB,
KOTOpbIE HE COJAEpXk aT yIiepoA. bDONBIIMHCTBO W3BECTHBIX COEIWHEHHM  SIBIIAIOTCS
OpTraHWYECKUMH, OJHAKO M3BECTHO OKOJIO 20 MUJUITMOHOB T€X, KOTOPbIE MPUHAJIEKAT K KIIACCy
Heoprannyeckux. OrpoMHOE KOJMYECTBO BBHI3bIBAET HEOOXOIUMOCTh WX KIACCU(HUKALUU, TO
€CTh JeNleHus1 Ha Tpynmbl. Kaxaoe U3 3THUX BEIIeCTB 00JIaJJaeT CBOMMH XapaKTePUCTUKAMH, U
MOATOMY MOJKHO BBIJIETUTH OCHOBHBIE KJIACChl HEOPTaHUUYECKHX coeauHeHwil. s moboro u3
HUX XapaKTEPHBI Pa3IMYHBIE CMOCOOHOCTH B3aMMOJICUCTBHS C JPYTUMHU BEIIECTBAMHU, CBOU
CBOMCTBA. XHMHUS, KIACChl HEOPTAHUYECKUX COCIMHEHUN B KOTOPOUM 3aHUMAIOT BaKHOE MECTO,
paccMaTpuBaeT UX KIACCU(DUKAIUIO C HECKOJIBKUX TOUYEK 3PEHUS.

Teoperuyeckasi 4acThb

Heoprannueckue coeauHEHHs] KIACCHPUIMPYIOTCS IO COCTaBy HIJIM IO CBOWCTBaAM
(byHKUIMOHATBHBIM NpU3HaKaM). [1o cocTaBy OHU AENATCS HA MPOCTHIE — 3TO OJTHOAJIEMEHTHBIC
COCIMHEHUS M CIIOXKHBIC, JIBYX3JIeMEHTHbIC (OMHAPHBIC) U MHOTO3JICMEHTHBIE (Tabmuia 1).

Tabauya 1 — Knaccugukayus neopeanuueckux coeOuHeHull

[Tpocteie CoKHBIE
Memannwi (88 31€MEHTOB): Jeyxsnemenmuvie (OUHAPHBIEC)
S- DJIEMEHTEI THAPHUIEI LiH, NaH, CaH,,
(kpome H u He); KapOu bl SiC, CaCy, AlsCs3,
P-2JIEMEHTBI
Al Ga, In, TI. Ge. HHUTPH /I Na,N, Mg;N,,
Sn, Pb, Sb, Bi: OKCHJIBI Ca0, Al,0s3,
d -2J1eMEeHTHI; Cynb(uIBL K.S, ZnS,
f -omemenTEL raTuIbI NaCl, FeCl,.
Hememannwt (22 snemeHTa): Miozosnemenmible
S- SEGECI:ITBI Comn
> 1G5 CpeiHuE NaNO,, K,PO,,
P-2JEMEHTHI
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B,C,SI,N,P,S KHCJIbIE NaHSO,, KH,PO,,

O, As, Se, Te,
rajoreHsl, 0J1IaropoHbIe (ruzpo-) Ca(HCO,),,
rasbl. OCHOBHBIE MgOHCI, Al(OH),Cl,
(runpoxco-) (CuOH),SO,;
IM'uapoxcunpl:

ocuosarnss KOH, Ni(OH),, Ba(OH),
ampourst ZN(OH), <> H,ZnO,;
Al(OH), «< H,AIO,

Kucnotsl

Be3KkuciIopoHbie HF, HCI, HBr, HI
Kucnoponconepxamue HNO,, H,SO,

Crno’xHble HEOPraHMYECKHE COEAMHEHNUS, COrIacHO Tabauue 1, Kpome nojapasie’neHuii no
COCTaBy, B CBOI OdYepelb MOAPA3ENAIOTCS M0 (YHKIMOHAIBHOMY IPHU3HAKY Ha OKCHIBI,
THJIPOKCUIBI (OCHOBHBIC M aM()OJTUTHBIE ), KUCIIOTHI U COJIH.

K GuHapHBIM COeTMHEHUSM OTHOCSATCS:

1) OKCHIBI — COSTMHEHHUS ATIEMEHTOB C KHCIIOPOJOM CO CTEIICHbIO OKUCICHUsI (—2);

2) Ta’uIbl — raIOTeHIPOU3BOIHBIE ((DTOPUIBI, XJTIOPUIBI U AP.);

3) cyabduIBI — COCTUHEHHUS C CEPOM CO CTEMEHBIO OKUCICHUS (—2);

4) HUTPUBI — COSIMHEHHS C a30TOM CO CTEIICHBIO OKHCIeHUs (—3);

5) kapOu/Ibl — COCAMHEHHUS YTIepoa CO CTENCHbBIO OKUCIeHus (—4);

6) dochuapt — coenunenus Gocdopa co CTENeHbIO OKUCTEHUS (—3).

Homenknamypa  bunapuvix  coeounenuti. K nmaTuHckoMy — Ha3BaHHIO — Oojee
AIIEKTPOOTPHIIATEIILHOTO AIIEMEHTAa C OKOHYaHHUEM «u0» H00aBISIOT PYyCCKOe Ha3BaHUE MEHee
AJIEKTPOOTPHULIATEILHOTO 3JIEMEHTAa B POAUTEIIBHOM TMaJeXe, C YKa3aHHEM €ro CTeNeHU
OKHCJIEHHS apaOCKUMH LUu(ppaMH B KPYTJIBIX CKOOKaX.

IIpumepsr:

Cr,O, — okenza xpoma (+3);

O,F, — dropux kucnopona (+1);

Al,C, — xapGun anomnHus;

CuBr, — 6pomun Mezu (+2).

OcHOBHBIE IOHATHUS U OCHOBHBbIE 3AKOHBI XUMHH
Mons — KOIWYECTBO BEIIECTBA, COJAEpIKAIlee CTOJNBKO K€ CTPYKTYPHBIX €IUHUI]
(MOMEeKyJ, aTOMOB, HOHOB, JICKTPOHOB WJIHM JAPYTUX YACTHUIl), CKOJIBKO aTOMOB COJEPKUTCS B 12
r m3otoma yraepoaa 2C. Umclo 4acTHI, COAEpIKAIMXCS B OXHOM MOIb TIOGOTO BEIIECTBa,
cocrapyseT 6,02-102% cTpyKTypHBIX euHUI (nocmosHHas A8o2adpo).
Monvuas (monapnas) macca — 3TO Macca OJHOTO MOJIb BEUIECTBA, BbIpaKCHHasl B
rpamMmax, YUCJIEHHO paBHAsi OTHOCUTEIBHOU MOJIEKYJISIPHOM Macce 3TOrO BEIIECTBA.

Tak, mouekyisipHas Macca Moiekynsl Cl, paBea 70,90 a. e. M. (aTOMHBIX eIUHALL
macchl). Torga MonbHas Macca Mosiekyn xjopa pasHa 70,90 r/monbs. Ho MonbHas macca atoma
xJiopa paBHa 35,45 r/Monb, IprUUéM OAMH MOJIb MOJIEKYJI Cl2 COJIEPKUT 2 MOJIb aTOMOB XJIOpA.

Oxeusanenm — 3TO peajbHas WIM YCJIOBHAas 4YacTHIA, KOTOpask B KHUCIOTHO-OCHOBHOM

peaklMy HKBUBAJICHTHA OJIHOMY HOHY BOJIOpPOJa, @ B OKHCIHUTEIbHO-BOCCTAHOBUTEIBHOMN
peaxkiuu — OIHOMY eKTpoHy. Hanpumep, B KHCIIOTHO-OCHOBHOM peakuu

3H,S0, + 2AI(OH), = Al,(SO,), + 6H,0.
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IIECTH MOHaM BOJOpoJa (B TPEX pearupyrouux MOJIEKYJIaX CEpHON KHCIOTHI) COOTBETCTBYIOT
JIBE€ MOJICKYJIbI Al(OH)g, CJIeIOBAaTENIbHO, OJHOMY HOHY BOJOpOJa OJKBHBajeHTHa 1/3

monexynsl Al(OH),, unaue rosops, sksusanenr Al(OH), cocrasuser 1/3 mons Al(OH),. B
PEAKIMH OKHCICHHUSI-BOCCTAaHOBIICHUS
H,SO, (pa36.) + Mg =MgSO, +H, T
0 - 2+

atom Maruus Tepser jasa onekrpona: MQ~ - 287 — MQ” u nostomy oauH 3KBHBAIEHT
MarHusi COCTaBIseT Y2 Moib. Bemuuwmnsl 1/3 u 1/2 (B 3TUX mpuMepax) Ha3bIBAIOT (PAKmMopom
9KBUBANEHMHOCMU.

Oxeusanenmnas macca — 3TO Macca OJHOTO SKBHBAJCHTA BEIECTBA BBIPAKEHHAs B
rpammax, T. €. Pa3MEpHOCTb SKBUBAJICHTHOM Macchl — I/MOJIb.

OOBEM, 3aHMMaeMbIil MPH JAHHBIX YCJIOBUSAX MOJBHOW WIJIM SKBHBAJIECHTHOH MaccoW,
Ha3bIBAETCS] COOTBETCTBEHHO MOJIbHHIM WIIN IKEUBANEHMHbIM 00BEMOM TOT0 BELLIECTBA.

Tak, monbhas Macca Al(OH), pasra 78,0 r/mous, a 9KBHBaNeHTHAs Macca COCTaBISCT

1/3 monbaoit Maccer Al (OH)g, T.€. 26,0 T/MONb. ATOMHAsi Macca Maraus paBHa 24,3 r/Mouib, a
€ro SKBHBAJICHTHAs Macca (B MPUBEIEHHOM BBIIIEC TPUMEPE) COCTABISAET 1/2 ero MOJIbHOM MacChl
— 12,12 r/Mo07b.

B cooTBercTBUM C 3aKOHOM 3KBHUBAJIEHTOB Macchl (00BEMBI) pearupyrolux BeEIIECTB
m(X,) (V(X;)) u m(X,) (V(X,)) npsMo mpomopuuoHaIbHbI MX SKBHBAICHTHBIM Macca

(oOBEMaM): ) X))
m(A) _ MA,
ML(X) ML (K,)’ .
V(X) _V(X,)
Vo (X)) Vy(X,) (1.2)

BOl'lpOCI)I " 3aJaHUs.

[TpuBeném mpuMepsl BHITIOTHEHUS TUITMYHBIX 3aJJaHU, TPUBEIEHHBIX B padoTe.

Ilpumepl. CoctaBbTe (hopmylly HOpMabHOW (CpenHeil) conu Oapus U MBIIIBIKOBOU
KHCIIOTBI.

Pemenne. ®opmyia MbimbsikoBoit kucaotel H ASO,. Mornekyina conu, o6pazoBanHas

2+ 3- .

moHom Ba” wu xucnoteim ocrarkom ASQO, , nomkHa OBITE JIEKTPOHEHTpABHA.

Haumensiiee obmiee kpaTHoe unceln 2 1 3 (3apsiabl HOHOB) PaBHO 6, OATOMY MOJIEKYJIa T0JIKHA
3—

conepxkarh 6:2 = 3 atoma Gapus u 6:3 = 2 kucnotbix ocratka ASO, . dopmyna conu

Ba,(AsO,),.

Ilpumep 2. CocrtaBbTe (OpMYTy OCHOBHOW CONHM QIIOMHHHS U OpPOMOBOIOPOIHOM
KHCIIOTBI.
Pemenne. Monekyna OCHOBHOM CONM JAOJKHA COJIEpKaThb KHCIOTHBIE OCTAaTKHM HOHA

Br,uona AI**u OH -rpymmer. Tax kak B MoJeKyle IMIPOKCH/A ATOMHHHS Beero Tpu OH
rpynmel, a octarka ¢ OH -rpyrmamu Bosmoxuo msa: (AI(OH),))* u (AIOH)*, 1o
ocHoBHbIX coreii Oyner Beero xse: Al(OH),Br u AIOHBE,.

Ilpumep 3. CocTraBbT€ YpaBHEHHUSI PEAKIMHA MEXIY COOTBETCTBYIOIIMMHU KHUCIOTaMH U
OCHOBaHUSIMU, MIPUBOASIINX K 00pa3oBaHUIO CJIETYIOIINX coJeit:

Ni(NQO,),, NaHCO,, Fe,(SO,),.
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Peurenne. Hopmanshyro coms Ni(NO,), Moxzo monyunts npu B3aumozmeiicTuu
ocrosarnsst Ni(OH), u asorroit kucorst HNO,:
Ni(OH), + HNO, — NiNQ, +2H.,0.
Kucnyto cons, rugpoxap6onar natpus NaHCO,, monyuaror neiicrueM yriaekucioro
rasza Ha ’UJIPOKCH/I HATPUS:

NaOH + CO, = NaHCO,.
Coms Fe, (SO 4)3 MOJKET OBITh CHHTE3UPOBaHa, HAIPUMED, TaK:
2Fe(OH), + 3H,50, = Fe,(S0,), + 6H.,0.
Xumuueckue peaxyuu uodym 00 KOHYA, eClu 8 pacmeope 006pazyemcs 0caook, 2as,
CAaObIL  NEKMPOIUM  UIU KOMNIEKCHbIL UOH. YPaBHEHUS PEaKIMid HMOHHOTO oOOMEeHa
HEOOXOIMMO TMHUCAaTh B MOJEKYJSPHOH, MOMHOH M COKpaméHHOW uoHHOM (opmax. I[lpu

HalmMCaHMM HMOHHBIX ypaBHeHI/Iﬁ (I)OpMy.]'H:I ra3oB, 0CaaKOB H c1a0BIX QJICKTPOJIMTOB CIICAYCT
3aIlIMCbIBATh B BUJIC MOJICKYJL.

CYMMa OJJTHOMMEHHBIX HOHOB U QJICKTPHUYCCKUX 3apsJ10B B JIEBON U npaBoﬁ qacTiax

yYpaBHEHHS JIOJDKHA OBITh OJMHAKOBA. B HacTosmeM paszjienie paccMaTpUBAIOTCS PEaKIUU
WOHHOIro oOMeHa.

Ilpumep 4. Hanumure B MOJIEKYJISIPHON M MOHHOM (hopMax ypaBHEHMsI peakLuil MEXIy
CJICAYIOUIMMH BEIIEeCTBaAMMU:

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

Pemenue. B mosiekynsipHom 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 nonnom Buje:

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

2) Ba® +2CI" +2Na* + SO =BaSO, { +2Na* + 2CI;

3)2Na* + COZ +2H"+2CI" =2Na* +2Cl +CO, T +H,0;

4) 2Na* + 20H" +2H" + SO} =2Na" + SO + 2H,0;

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

U B cokpaménnoit popme:

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. I1o cokpallléHHBIM MOHHBIM YPAaBHEHMSIM HAIUIIUTE IOJHBIE MOJEKYIISPHBIC
YPaBHEHUS:

1) OH +H' =H,0; 2) Cu® +S* = CuS+; 3) 2H* + CO> = H,CO..
Pemenue. B neBoii yacTu 3TUX MOHHO-MOJEKYJISPHBIX YpaBHEHHUI yKa3zaHbl CBOOOJIHBIE

WOHBI, KOTOPBIE 00pa3yIOTCs MPU TUCCOIUAIMN CHIIBHBIX 3JIeKTpoiauToB. ClieoBaTenbHO, MPU
COCTaBJICHMM MOJIEKYJISIDHBIX ypaBHEHUH CIleAyeT, IMOJIb3ysach TaOauIel pacTBOPUMOCTH,
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BBIOMPATH CHJIBHBIE DJIEKTPOJIMTHI, COAEPIKAIME COOTBETCTBYIOIMH MOH. Hanpumep, won H*

conepxutcs B coctase cunbHoro aexrpoura HCl,a OH ™ — 8 NaOH. Torna:

1) HCI + NaOH = NaCl + H,O — monexyusipras dopma;

H* +ClI"+Na" + OH =Na" + Cl' + H,O~ mnonnas wonnas ¢opma; u Torma
CoKpaiéHHast HoHHas opma OyJIeT UMETh 3a/laHHBIN BHI:
H" +OH = H,0.
Cre10BaTeNIbHO, MOJIEKYJIIPHOE YPABHEHHME COCTABIECHO HpaBuiabHO. OcTaBIIMecs JBa

YPaBHEHUs COCTABIAIOTCS IO AHAJIOTMYHBIM [PHUHLMIIAM M COOTBETCTBYIOLIHME UM
MOJIEKYJISIpHBIE ()OPMBI UMEIOT BUJI:

2) CuCl, + Na,S = CuS{ + 2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
IIpumep 1. Boraucnure skBuBaneHTsl u skBuBanentueie maccel H,SO, n AI(OH), B

pCaKknusX, BbIPA’KCHHBIX YPABHCHUSMMU:

H,SO, + KOH = KHSO, + H,0 (1)
H,SO, + Mg =MgSoO, +H, T (2)
AI(OH), + HC1 = A1(OH),C1 + H,0 A3)

AI(OH), + 3HNO, = AI(NO,), +3H,0.  (4)
Pemrenue. DxkBUBaNIEHT (SKBUBAJIEHTHAS Macca) CIOXKHOTO BEIIECTBA, KaK U AKBUBAJICHT
(9KBUBaAJIEHTHAs Macca) dJIEMEHTa, MOKET UMETh Pa3lInYHble 3HAUCHHUS B 3aBUCUMOCTH OT TOTO,
B KaKyl0 peakl1io 0OMEHa BCTYIAET 3TO BELIECTBO.
Dxeusanenmuas macca Kuciomsi pasHa ee mMonpHo# Macce (M), nememnoit Ha umcno

aTOMOB BOJAOpOH4d, 3aMCUICHHBIX B JTaHHOM pcakiiun Ha MCETaJlI. Oxeusanenmuas macca
OCHO6AdHUsl paBHA €ro MOJILHOH Macce (M), JICJICHHOM Ha YHCIO TUAPOKCUIIBHBIX TPYIIII,

3aMCIIICHHBIX B I[&HHOI‘/’I PCAKIIMHU KUCIIOTHBIM OCTATKOM.
CnenosarensHo, sksuBanentnas macca H,SO, B peaxumu (1): M(H,SO,)/1=

98 r/mos, a B peakuun (2): M(H,SO,)/2 =49 r/mons. Jxsusanentnas macca Al(OH), B
peaKIum 3): M(AI(OH),)/1=782/ mons;, a B peaxuumn 4):
M(AI(CH),)/3 =262/ monw.

3agauy MOXHO pewmnts U gApyruMm cmocobom. Tak kak omun moms H,SO,

B3auMOIeiicTBYeT ¢ onHol sxBuBaneHTHON Maccoi KOH u nByms sxBuBaneHTHBIMEH Maccamu
Mareus, To ee dKBHBaneHTHas macca B peakuuu (1) pasaa M/1 r/mons, a B peakuun (2) —
M/2 r/momns; Al(OH), B3aumopeiictByer ¢ oxHoii skBuBanenTHOH Maccoii HC1 m Tpems

osksuBaneHTHEIME Maccamu HNO,, mostomy ero skBuBanentHas mMacca B peakuuu (3) paBHa
M/1 r/mons, a B peaxumn (4) — M/3 r/mons. DxeuBanentst H,SO, B peakumsx (1) u (2)

COOTBETCTBEHHO paBHbI 1 Moub 1 1/2 mons; skeuBanentst Al(OH), B ypasnennsx (3) u (4)

COOTBETCTBEHHO paBHbI 1 MoJb 1 1/3 MOJIb.
Ipumep 2. B xaxoit macce Ca(OH), comepkutcst CTOIBKO 5Ke S9KBUBAICHTOB, CKOJIBKO B

624 AI(OH),?

Peurenne. Dxsusanentras macca Al(OH), pasna 1/3 ero monbsHoit macesl, T.e. 78/3 =
26 r/mons. CnenoBarensho, B 624 v Al(OH), comepxurcs 624:26 = 24 sksusaineHra.
Oxsusanentnas macca Ca(OH), pasua 1/2 ero monbHo# Maccsl, T.e. 37 r/moins. OTcrona
24 sksusanenra Ca(OH), umeror maccy 37,3-24 = 888 .
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ITpumep 3. Ha BoccranoneHme 7,09 T okcuma Mmeramna (+2) tpebyercs 2,24 am°
BOJI0OpOJa (HOpMaJIbHbIE YCIIOBUS). BrlunciauTe sKBUBaJEHTHYIO Maccy Merauia. Uemy paBHa
aTOMHas Macca MeTauia?

Pemenne. MosipHBIH 00BeM M1000T0 ra3za MpU HOPMAJbHBIX YCIOBUAX COCTABIISIET
22,4 am®. Otcroza sxBuBaneHTHbIH 06beM Bogopona V., (H,), monexyna koroporo cocrout
U3 JIByX aTOMOB BOJIOPOJa, paBeH 22,4/2 = 11,2 e,

B cooTBeTcTBUY € 3aKOHOM 3KBUBAJIEHTOB COCTAaBIIIEM COOTHOILICHHE:

m(MeO) _V(H,)
M,(MeO) V,(H,)
[ToncTaBUB COOTBETCTBYIOIIME 3HAUEHUS U3 YCIOBHS 3aa4H, MOIy4aeM:

7,09 = M3(Meo); M, (MeO) :@-11,2 =35,45 2/ mone.
2,24 112 2,24

Jlanee, y4uThIBas, 4TO SKBHMBajJeHTHas macca okcuaa M 9(MeO) CKJIaIbIBAETCS U3

cymmbl okBuBaneHTHbIX Mace Meramna (M,(Me)) u xucnopona (M,(0) =8 2/ monw),
HalIéM:
M, (Me) =M, (MeO) — M, (O) = 35,458 =27,45 2/ monb.
AToOMHas Macca MeTajlia COCTABUT:
A(Me) =M, (Me) -V (Me) =27,45-2=54,92/ mons.

OtBer: 5TOT MeTasut — mapranen, Mn.

Ilpumep 4. V3 1,64 r auTpara Metauia noxydero 1,36 r ero cynbdara. Berauciure
SKBUBAJICHTHYIO MacCy MeTalia.

Pemenue. [Ipu pemenun 3amauu cienyeT UMETh B BHAY, YTO IKGUBANIEHMHASL MACCA
XUMUYECK020 coeOuHeHus paBHa CyMMe SKBHBAJICHTHBIX MAcC COCTABJISIONIUX €r0 YacTeu.

B nmaHHOW peakuuu y4YacTBYIOT COJH: JIKGUBANEHMHAS MACCA COMU PABHA CYMMe
OKBUBAJIEHMHBIX MACC Memajlad U KUCJI0nMHO20 ocmamka.

[TosTomMy: a) PKBHUBaJEHTHas Macca HHTpaTa paBHA CyMME JKBHBAJICHTHBIX Macc
MeTajla ¥ HUTPAT-TPYIIIIbL:

M, (Me(NG,),), e/ mone =M ,(Me) + M ,(NO; ) = M ,(Me) + 62;

0) SKBHBaJlEHTHas Macca cylbgama paBHA CyMME SKBHUBAJICHTHBIX MacC MeTallla W
CyJib(aTHOW TPYIIIbI:

MS(I\/Iex(SO4)y), el mone =M (Me) +M3(SOf_) =
= MS(Me)+%M (SO;") =M, (Me) +%-96: M, (Me) + 48.

qu/ITI)IBaﬂ CKa3aHHOC, HOquHM:
m(Me(NG;),) _ m(Me,(SO,),)
M, (Me(NGO,).) |\/|3(Mex(SO4)y) ’

uitu

164 136
M,(Me)+62 M (Me)+48
Omgem: M (Me) =20 2/ monw.

Bonpocel 1 3a1aHus 1JI1 CAMOCTOATEILHOIO PeLIeHUs
ba3oBbli1 ypoBeHb

84



1. CocraBbTe opMynbl HOPMATbHBIX U KHCIBIX coneil MpibsikoBucroit H,ASO, n

cepuoit H,.SO, xucnor u marawus.
P 29V

2. MoxHo B105 TOJIYYHTH pacTBop, coAepKaIui OJHOBPEMEHHO
Ba(OH), u HCI1? CaCl, u Na,CO,? NaCl u AgNO,? KCI u NaNO,? YKaxure,

Kakue KOMOMHAIlMK HEBO3MOXKHBI U TIOYEMY .

3. CocraBbTe (POpMYIJIBI OCHOBHBIX COJICH jkKele3a M COJSHON KUCIIOTHI, allOMUHHS H
CEpPHOM KHUCJIOTBHI.

4. JlokaxxuTe ypaBHEHHUSMHU peaknIuid aM(OIUTHOCTh CIEAYIOUIMX COCTUHEHUIA:

Zn0, Al,O,, Sn(CH),, Cr(OH)..

5. Hamummure xumuueckue GOpPMYJIbI ClSAYOIHUX cojei: cyiabdar meau (+2),
TUIPOCHIIUKAT HATPHS, alleTaT Kalius, XJOPUA AUTUApPOKcoxkene3a (+3), kapOoHAT aMMOHUSA,
nuruapodocdar JIUTHS, TETPArHIPOKCOATIOMUHAT KK, Y KQXKUTE TUIIBI IPUBEAEHHBIX COJICH.

6. CocTtaBbTe MOJICKYJISIPHBIC YPAaBHEHUS pPEaKIUi, KOTOPHIC BBIPAXKAIOTCS CICAYIOMUMHU
HMOHHO-MOJIEKYJIIPHBIMH YPaBHCHHUSIMU:

1) Zn*" + H,S = ZnSd +2H"; 2) HCO,+ H" =CO, + H,0; 3) Ag" + ClI'= AgClI $.

7. Kakue u3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - ssaumogeiictayior ¢
paCTBOpOM FI/IILpOKCI/II[a HanI/Iﬂ? HaHI/IIHI/ITe MOJIeKyJIFIpHI)Ie nu I/IOHHO'MOHCKyHﬂpHIﬂe
YPaBHEHHUS COOTBETCTBYIOIINX PEAKIIHIL.

8. CocraBpTe MOJIEKYJSIDHBIE ¥  HOHHO-MOJICKYJISIPHBIE  YpaBHEHHUS  peakUuit
B3aMMO/JICHCTBUS B PACTBOPAX MEXKIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), u KOH.
9. CocTaBbTe MOJIEKYISIPHBIC YPaBHEHUS PEAKIHN, KOTOPBIE BBIPAKAIOTCS CIEAYIOIINMHU
HOHHO-MOJICKYJISIPHBIMU YPABHCHUAMMU:

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

10. CocraBbTe MONEKYISIpHbIE U HWOHHO-MOJIEKYJSpHBbIE YpaBHEHHS peaKiui
B3aUMOJICVCTBUS MEXKIY:

1) FeCl, u KOH; 2) NiSO, u (NH,),S; 3) MgCO, u HNO,.
11. CocraBbTe MOJEKYJSIpHBIE YpaBHEHHs peakUuil, KOTOpPbIE BBIPAKAIOTCS
CJIETYIOIIMMU HOHHO-MOJIEKYJISIPHBIMHA YPaBHEHUSAMU:

1) Mg* + CO? =MgCO, | ; 2) 2H" + SiO% =H,SiO, | ; 3) Pb* + 21 =Pbl, .
12. CocraBbTe MOJEKYJSIpHBIE W HOHHO-MOJICKYJISIPHBIE ypaBHEHHS PEaKIHii
B3aHMOI(eﬁCTBHH B pacTBOpax MCKIy:

1) CdS(xenTsrit ocanok) u HCI;2) Cr(OH), n NaOH; 3) Ba(OH), u CoCl,.
13. CocraBbTe MOJICKYJSpPHBIC YPaBHCHHSI PEAKIMi, KOTOPHIC BBIPAXKAIOTCS
CJICAYIOIIMMU HOHHO-MOJICKYJIAPHBIMU YPABHCHUAMMU:

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

14.  Bpluucnute — SKBUBAJEHT M OKBUBaJEHTHYI0  Maccy  (ochopHoit
kucaorsl H,;PO, B peaxuusix obpasoBanus: a) ruxpodocdara; 0)
nurunapodocdara; B) Gpocdara.

15. Ipu cropanuun 10,00 r metanna obpasyercs 18,88 r okcuna meramia. Onpenenure
SKBUBaAJICHTHYIO Maccy Metaiuia. Oteer: 9,01 r/mMob.

16. Omnpenenute HKBUBAJICHTHbIE Macchl MeTaia u cepHl,

ecnu 3,24 r metanna odpasywor 3,48 r okcuna u 3,72 r cyapduna.
17. BpruncnuTe KOJUUYECTBO BEIECTBA SKBUBAJIEHTA U MOJISIPHYIO MAacCy SKBUBAJIEHTA

HUTpaTa IUTHIAPOKCOKEIE3A Fe(OH)2N03 u aurugpoapcenara aurus LIH,ASO, B
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pPEAKIUAX, BEIPAXKAEMbIX YPAaBHEHUSIMH:
Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

I1oBBIIIEHHBINH YPOBEHB

1. C KakuMM U3 TEPedYUCIEHHBIX HHKE BEIIECTB IIPOpearupyeT a3oTHas KHUCIIOTA:
N,O;, Al(OH),, CaO, HCI, K,S? H3o6pasure rpaduueckue GpopmyIbl 3THX COCIMHCHHIL.

Hanumure ypaBHEeHUsT COOTBETCTBYIOLIUX PEAKIIUM.

2. CocraBbTe ypaBHEHUS PEAKIUK B3aUMOICHCTBUS CICIYIONIUX COCAMHEHUN:

a) HUTpat cepedpa u noau. Kaus; 0) OKCHJI IMHKA U TUIAPOKCU]] HATPUSI.

3. CocraBbTe (HOPMYJIBI KUCIBIX KAIUEBBIX COJIeH opToPocopHOi KUCIOTHI, OCHOBHOM
LUHKOBOW COJIM YTOJIbHOW KUCIIOThI, OCHOBHBIX aJJFOMUHHUEBBIX COJIEH COJSTHOW KUCIIOTHI.

4, CocraBpTe MOJICKYJSIDHbIE W HOHHO-MOJICKYJSIDHBIE YPAaBHCHHS  pEaKIUil
B3aUMOJICVCTBUS MEXKIY:

1) H,SO, u Ba(OH),; 2) FeCl, n NH,OH; 3) CH,COONa n HCI.

5. YKaxuTe, B KAKMX U3 MPUBEACHHBIX CIIyYacB B3aMMOJICUCTBUE TPOU30UIET:

1) Sn(OH), + NaOH —»?; 2) Na,SO, + HCl —?;
3) BaCl, + Na,50, —?; 4) Na,S + HCl — 2.

CocTaBbTe MOJICKYJISIPHBIE W HWOHHO-MOJICKYJISIPHBIC YPaBHEHHS COOTBETCTBYIOIINX
pEeaKIuu.

6. Yemy paBeH npu HOPMAaJTbHBIX YCIIOBUSAX SKBUBAJICHTHBII
o6beM kuciopona? Ha cxuranme 3 r meramna (+2) tpebyercsa 1,38 am® kuciopona (H.y.).
Bbraucnnuth SKBUBAJICHTHYIO MacCy M MOJIbHYIO Maccy atoro meramna. Orser: 12,15 r/monb;
24,3 r/MOb.

7. DnemeHT o0OpasyeT psa Ta3000pa3HbIX COEAMHEHWW, IUIOTHOCTh KOTOPBIX IO
Bojopony 8, 15, 22, 29. CoapepxkaHue 3JIeMEHTa B JAHHBIX COEIMHEHHUSX COOTBETCTBEHHO
pasHo 75,0; 80,0; 81,81 u 82,76 %. Onpenenure OTHOCUTEIBHYIO aTOMHYIO MacCy U Ha3BaHUE
snementa. Otser: 12; C.

Cnucok JINTepaTypbl, peKOMEH/yeMblii K HCI0JIb30BAHUIO 110 IaHHOI TeMe

OcHoBHasi iMTEpaTypa:

1. Koposun, H. B. O6mas xumus : yueOnuk / H. B. Koposus. - 13-e u3n., nepepa6. u gon. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxamuna, E. C. Xumus okpyxarotieii cpebl : XUMUsl )KUBBIX opraHu3mMoB. Kypc nekmuii /
E. C. Muxanuna, A. JI. [Terenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTPOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pesxxum noctyna: mis
aBTOPU3HUP. MOJIB30BATENEH

Jlono/IHMTeIbHAS JIMTepaTypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [lox pen. A. . Epmaxkosa. - U3x. 30-e, ucmp. -
M. : Uurerpan-IIpecc, 2003. - 728c. - bubnuorp.: c. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. X¥UMUS METaJIOB : yueOHoe rmocodue (U1 CTYJACHTOB XUMHUECKOTO (haKyJIbTeTa
HalpaBlieHUu# O0akanaBpoB « XUMUA» U «XUMHUECKas TeXHOJIOorus») / coctaBurenu O. A.
I"'onoBanoBa. — Omck : OMckmil rocygapcTBeHHbIN yHUBEpcuTeT M. .M. JlocToeBckoro,
2015. — 552 ¢c. —

ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIH // DnekTpoHHO 6ubinoreynas cucrema IPR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxum moctyna: mis
aBTOPU3HUP. M10JIb30BATEIIEH
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HNuTepHeT-pecypcesbi:
1 http://window.edu.ru/ — enuHOE OKHO JOCTYIIa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas OMOIMOTEKA OHJIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBII KaTajaor acCOIUAIMN JIEKTPOHHBIX OMOIHOTEK
y4eOHBIX 3aBefieHui u opranuzamuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbeITOE 0OpazoBaHKe

Tema 2. CTpoeHue aToma
I[IpakTHYeckoe 3aHATHE 2. DIeKTPOHHBbIE (POpPMYJIbI ATOMOB

Hean 3anaTHsA: 00001IUTH 3HAHUS 00 3JIEKTPOHHOM CTPOCHUH aTOMOB XMMHUYECKHX JIEMEHTOB;
3aKpenuTh YMEHHS W HaBBIKM COCTABJICHHUS DIIEKTPOHHBIX (OpMyNI aTOMOB XHUMHUYECKUX
AIIEMEHTOB, a TAK)KE UX TpaPUUECKUX N300paKEeHHH.

3HaHUA M yMeHNsl, IpUodpeTaeMble CTYIEHTOM B pe3yJibTaTe OCBOEHHUS TeMbI
3HaTh: OCHOBBI CAMOOPIaHU3ALUH U CAMOOOpa30BaHus;
3HaTh: CyIIHOCTh U 3HAUYCHUE MH()OPMALIMU B PA3BUTHH COBPEMEHHOT'O OOIIECTBA; OCHOBBI MOJTYUYCHHS
1 00paboTKu HH(GOPMAITUH U3 PA3THYHBIX HCTOYHUKOB
3uarn: pabOTHI [0 pacyeTy U MPOCKTUPOBAHUIO JETANCH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKUHI B COOTBETCTBUM C TEXHUYECKUMU 33JaHUSAMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpPEACTB aBTOMATU3ALUU IIPOCKTUPOBAHUS
YMeTh: caMOCTOSTENLHO CTPOUTH MPOIIECC OBIaAeHUs HH(popMannei, 0TOOpaHHON U
CTPYKTYPHUPOBAHHOI IS BBIITOJTHEHHS TPOPECCUOHATIBHON IESTENEHOCTH.
YMerh: nomydaTh 1 00padaThIBaTh HHPOPMALIMIO U3 PA3IMYHBIX HCTOYHUKOB
YMerh: TPUHUMATH yuacTHe B pabOTax Mo pacyeTy U MPOSKTUPOBAHUIO JETaNIeH U y3TI0B
MAaIIMHOCTPOUTENIBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMH 3aJaHUSIMU U
HWCTIOJIb30BAHMEM CTAHJIAPTHBIX CPEACTB aBTOMATHU3ANHU MPOECKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETSHIIHIMA

AKTYaJIbHOCTb Te€MbI:

[lepuonnueckuii 3akoH /. 1. MeHneneeBa sBISETCS OCHOBOM COBPEMEHHOM XUMHM.
N3yuenne cTpoeHHsT aTOMOB BCKPBIBAET (PU3MUECKUH CMBICT TEPHOJUYECKOTO 3aKOHA U
OOBSCHSET 3aKOHOMEPHOCTH W3MEHEHHUS CBONCTB OJJIEMEHTOB B MEpUOJaXx W B TpYyIIax
MEePUOIUUECKON CHCTEMBbl. 3HAHWE CTPOCHHS aTOMOB SIBJISIETCSI HEOOXOAUMBIM JIJISI TIOHUMAaHUS
OpPUYMH 00pa30BaHUsS XMMHUYECKOH CBSI3M, KOTOpas, B CBOIO OYepellb, OMpeNesseT CBOHCTBA
BemecTB. [loaTOMY JaHHBIN pa3en SABIAETCS OJHUM U3 BAXKHEUIINX Pa3IeioB OOIIeH XUMUH.

[leproguueckast cucremMa »SJIEMEHTOB, pa3paboTaHHas BenukuMm y4éHbiM [
MenpeneeBsiM, CYMMHpPOBaja BCe 3HAHUS 00 dJIeMEHTax, MX CTPOCHHH, Maccax, COCTaBe sJpa,
DIIEKTPOHHBIX OOOJIOUEK, U SIBJISETCS CBOCOOPA3HOW MIMAprajikoi MO BCeH HEOpraHHYeCKOi
XUMUH.

Teoperuuyeckasi 4acTh

VYcTolunBOE COCTOSIHME DJIEKTPOHA B aTOME ONMCBIBAETCS 3HAUYCHUSAMHU YETBIpEX
xapakTepucTuk — kBaHToBbIX umcen N, |, M, mm,.Cocrosuue snexrpona, orBedaromee

ONPCACICHHBIM 3HAYCHUSAM KBAHTOBBIX YHCCII n, I n ml, Ha3bIBAaIOT aTOMHO BHGKTPOHHOﬁ
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opOuTanbl0. DHEPreTHUYeCKUM MOAYPOBHSIM JJIEKTPOHA B aTOME, OTBEYAIOIIUM Pa3IUYHBIM
3HaYeHUAM |, cOOTBeTCTBYIOT ceyromue GyKBeHHbIE 0003HAUCHHUS:
IudpoBoe 0603HAUEHHE IHEPTETHUECKOTO NOAypOBHS | : 0
BykBeHHOE 0003HaUEHHE YHEPreTHYECKOTro MoAypoBHS | : Ss|P|d|f
I'paduuecku xaxaas opOuTasb 0003HaAYAETCS CUMBOJIOM -KJIETKOII:

[EEN
N
w

DIEKTPOHBI B aTOME PACIPESISIOTCS COTJIacHO CICAYIOMMNM MPUHIIMIIAM: TPHHITUITY
[Taynu, npuHIMIY HAUMEHBIIEH SHEPTUU C JOoMOJHEHUsIMU KIIeUKOBCKOTO M NpaBuUIlly
XyHpa.

Cornacuo mnpunnuny Ilaynu B atome He MOXET OBITh JBYX OJJIEKTPOHOB,
XapaKTEePU3YIOIIMXCS OJWHAKOBBIM HAa0OpPOM KBAaHTOBBIX uuces. M3 3TOoro ciemyer, 4To
Kaxcoasi amomHas 1eKmMpoHHAs. opOumans modcem Oblmb 3aHAmMa He 0Oolee yem 08yMs
NIEKMPOHAMU.:

&

MPUYEM pPa3uyaThCs OHU OYIyT TOJNBKO CIIMHOBBIMU KBAHTOBBIMH YHCIIAMHU.

[Topsgox 3amonHeHus 3JIEKTPOHAMHU DSHEPreTUYECKHMX YpPOBHEM U MNOAypOBHEMH
ONnpenenseTcss IPUHUUIIOM HAauMEHbIIEH SHEPTUM: 3JIEKTPOHBI B aTOME pacIojiararorcs
TaK, 4ToObl WX SHEPrusi ObUIa HamMeHbInel. [I0CKONBbKY SHEPTrur0 AIEKTPOHA XapaKTEPH3YIOT Kak
[JIaBHOE 7, TaKk M OpOWTaIbHOe | KBAaHTOBBIC YMCIA, TO SJIEKTPOHBI MPEKIE BCETO 3aHHUMAIOT
TIONIOXKEHHE, COOTBETCTBYIOIee MUHMUMaNbHOH cymme N+l — nepsoe donoanenue Kneuxoscrozo.
Ecmn cymma N+l onmmakosa, To meKTpoHE! 3aHMMAOT OpOMTANL C MEHBIIMM 3HAuyeHHMeM [1—
emopoe dononneHue Kneukosckozo.

Pacrnipenienienrie 31€KTPOHOB B HEPIETUYECKOM IIOJyPOBHE OMNPEIENAeTCs MPaBUIOM
XyHza: yCTOWYMBOMY COCTOSIHHIO aTOMa COOTBETCTBYET TAaKO€ PACIPEAEIECHUE DJIEKTPOHOB B
MOJypOBHE, TIPU KOTOPOM a0COJIFOTHOE 3HAYEHHE CYMMApHOrO CIHMHA OyJleT MaKCHMalbHBIM.
[ToaToMy pacnpeneneHre >3JEKTPOHOB B IMOIYPOBHE MPOUCXOJUT B MAKCUMaJIbHOM YHCIIE
opOuTanel u ¢ napajjieIbHbIMU CIIUHAMHU:

Taxk T WJINA TaK U A
(+1/2+1/2+1/2) = 3/2 | (-1/2-1/2-1/2) | =3/2
HO HE TaK N He Tak -
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HGO6XOI[I/IMO HMETH MOHATHUC O KBAHTOBBIX YHUCIAX, TPEX YKA3aHHBIX IpUHOUIIAX U,
ONUpasiChb HA HUX, YMCTb COCTABJIATH 3JICKTPOHHBIC (I)OpMy.HBI aTOMOB.

Bonpocsl u 3axanus

Ilpumep 1. Kakoli moypOBEeHb 3alOJIHAETCS AJIEKTPOHAMHM B aTOME IOCJE 3arOJHEHUs
3p -noayposHs?

Pewenue. 3P -nmogyposrio otBedaer cymma N+l | pasras 3 + 1 = 4. Tocne 3anonHenus
3p -moxypoBHs Bo3moxkHO 3anonHenne 3d- wmm 4S-momyposrs. IMoxcunraem cymmy N+l B

obonx ciyuasx: 30 (3 +2) =5, a 4S (4 + 0) = 4. B COOTBETCTBHH C MEPBBIM JIOTIONHEHHEM
KJ1e4KOBCKOTO »JIEKTPOH CTPEMHTCS 3aHATh MojIokeHHe Ha 4S-moaypoBHe, Tak Kak B 3TOM
cyugae cymma N+l Gyner manmensmeii.

Ilpumep 2. CocTaBbTe SJEKTPOHHYIO (POPMYITy aToMa KPEeMHHUS U TPapUIECKyI0 CXEMY
3aMOHEHHUST DJIEKTPOHAMH YpPOBHEH W TOAYpPOBHEH B HOPMATbHOM U BO30YXICHHOM €ro
COCTOSTHUSIX.

88



Pewenue.  DnexktponHas  ¢opMmyia  aroMa  KpPeMHHS ~ UMEET  CJCAYIOIIHMA
2902916222220
Bun:15°25°2p°3s°3p“3d”. I'papuueckas cxema HEBO3OYKIEHHOTO aTOMa KPEMHMS HMEET

[ (14% {1117158:3701

14SI
n=3[11[1 [1 T T
n=2 11 1L [1L |1} d
n=1|1] P
S

BaneHTHBIMU OpOUTANIAMU 371ECH SIBIISIFOTCS OPOUTANIN TPETHETO BHELTHETO AIEKTPOHHOTO
ypoBHsi. B Bo36ysxkaennom coctosauu (SI1*) mpu mornomesnn HEKOTOPOil SHEPTHH SIEKTPOH C

3s-110/1ypOBHS TIepeiiieT Ha CBOOOIHYI0 3 -OpOUTaIIb:

Si*  1s°2s°2p°3s'3p®3d) T | T | T | T
n=3
n=2 N R d
n=1 1 P
S

ba3oBbIli ypOBEHb
1. CrpykTypa BaJICHTHOTO 3JIEKTPOHHOTO YPOBHS atoma
omementa  Bepaxaercs  (opmymoi:  a)  55°5p*; 6) 3d°4s'. Onpezenure

MOPSAKOBBIM HOMEP U Ha3BaHHE JIEMEHTA.

2. Hanmmure 37eKTpoHHBIE (POPMYIIBI aTOMOB SJIEMEHTOB C MOPSAKOBEIMH HOMEpamu 24
u 33. CocraBbTe uX rpaduueckue cxembl. K KakoMy 3JIEKTPOHHOMY CEMEWCTBY OTHOCHTCS
KKl U3 HUX U TIouemy?

3. CocraBbTe 2JEKTPOHHBIE (OPMYJIIBI ATOMOB JIEMEHTOB € MOPSIIKOBBIM HOMEPOM 32 U
42. V mocnemHero omMH DS -31eKTpoH «mpoBanuBaercs» Ha 4d -momyposens. K kakomy
AIIEKTPOHHOMY CEMENCTBY OHM OTHOCATCS?

4. Kakoll moaypoBeHb  3aloOJIHSETCSs B aroMax IIOCj€  3aIlOJIHEHUS
5p -moxyposrs? nocne 3anomaenns St -moxyposusa?

5. 3anummuTe 3JIEKTPOHHBIE bopMybl aTOMOB HJIEMEHTOB c
3apsiioM sanpa 8; 13 u 18. CocraBbTe 2JIEKTPOHHO-TpahUUECKHE CXEMBI.

6. Kaxoe MaKCUMaJbHOE KOJHYECTBO HJIEKTPOHOB MOJKET
pacrnoJiaraTbcs B S-, p-, d- u f -moaypoBHax JTAaHHOTO ypOBHs?

[Mouemy? HanucaThb 3J1€KTPOHHYIO CTPYKTYpy aToMa ¢ 3apsagom aiapa Z = 22.
7. OneKTpoHHas CTPYKTYypa aToma OIMCBIBAETCS bopmymoit

1525 2p°3s°3p°3d°4s®. Kaxoii 510 snement?

8. CKOJBKO aTOMHBIX OpOMTanel COJEPKUT BTOPOHl SHEPreTHUECKUil YpOBEHb B
aToOMaxX XUMUYECKHUX DJIEMEHTOB?

9. CKOIBKO aTOMHBIX OpOMTaNIel COAEPKHUT TPETHH SHEPreTHUECKU YPOBEHB B aTOMax
XUMHYECKHUX 3JIEMEHTOB?

10. CkoabpKO aTOMHBIX OpOUTAJIEH CONEPKUT TPETUH SHEPreTUYECKH ypOBEHb aToMa
nuHka? [IpuBeaute 31meKTpoHHYIO (OPMYITy aTOMa 3TOTO DJIEMEHTA.

11. CxonpKO aTOMHBIX OpOUTaNeH COAEPIKUT MATHIN IHEPreTHUECKUil YpOBEHb aToMa
nantana? [IpuBenure 351eKTPOHHYIO (POPMYITy aTOMa 3TOTO AJIEMEHTA.

12. CkonbKO aTOMHBIX OpOHMTaJe COAEPKUT IIECTON YHEPreTUUEeCKUl YPOBEHb aToMa
uepusi? [IpuBeauTte aneKTpoHHYIO (HOPMYITY aTOMa 3TOTO AJIEMEHTA.
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13. Ilo 3apsgy sanpa aroma (Z=23) 3anuiuUTe >JIEKTPOHHbIE KOH(Urypanuu

BAJICHTHBIX l'IOI[ypOBHCfI H, UCIIOJIb3Yyd IIpaBUJia KJ'IGLIKOBCKOFO, YKaXUTE IMOCICA0BATCIIBHOCTD
HX 3aI10JIHCHHA.

IToBbIlLIEHHBIN YPOBEHD

1. Kakoe MAaKCHMAJIBHOC YHCJIO0 OJICKTPOHOB MOXET COACPIKATh
aToM B SJICKTPOHHOM YPOBHEC C T'JIaBHBIM KBaHTOBBIM YUCIOM
N=5un=3?

2. CKOJBKO HE CHIApeHHBIX SIEKTPOHOB coiep:kaT HeBo3Oyxkaennsle atomel B, S, Cr?

CocTtaBbTe HX JIEKTPOHHBIE U TPaQUUECKUE CXEMBI.

3. Kakue W3 SIIEKTPOHHBIX bopmyt, OTpaXKaroIuX CTPOECHHUE
HEBO30YKIEHHOTO aTOMa HEKOTOPOT'O 3JIEMEHTA, HE BEPHBI:

1) 1s%2s22p°3st; 2) 1s22s%2pb; 3) 1522522p®3s23p®3d*

4) 1s22s22p®3s%3p®4s? ; 5) 1s22s22p°3s23d? ? [Touemy?

4. W3 npuBeIEHHBIX dJIEKTPOHHBIX KOH(DUTYpALHIA:
1p2, 25, 2p7, ad', 3f7, 4p6, 5s®, 3d™ BriGepure Te, KOTOPBIE IPAKTHYECKH

CylLIecTBOBaTh HEe MOTYT. OOBACHUTE IPUUMHBI.
5. Ilo »yeKTpOHHBIM KOHQUIypalMsM HMOHOB OIPEAEIUTE 3apsii sAIep HUX aTOMOB:

¥ ..3d" 4Sz4p6; > ...3sz3p63d0 4s°.  Banummre  dIEKTPOHHBIE  (POPMYIBI
aTOMOB M JIEKTPOHHBIE CTPYKTYPhI X BHEIIHUX 000JIOUEK.

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas1 JIMTepaTypa:
1. Koposun, H. B. O6mas xumus : yueOnuk / H. B. Koposus. - 13-e u3n., nepepa6. u gom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. Xumus okpyxarotieil cpebl : XUMUsl )KUBBIX opraHu3mMoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. [Terenmun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DneKTpoHHO-0nOmmoTeyHas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATENEH
JlonoJIHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [lox pen. A. Y. Epmakoga. - U3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. X¥MUS METaJIOB : yueOHoe mocodue (U1 CTYJeHTOB XUMHUECKOTo (haKyJIbTeTa
HampaBlieHUu# O0akanaBpoB « XuUMUsI» U «XUMHUecKas TeXHOIorus») / coctaButenu O. A.
I"'onoBanoBa. — Omck : OMckHil rocygapcTBeHHbI yHUBEpcuTeT M. .M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHbIN // DnekTpoHHO 6ubnnoreynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: mis
aBTOPH3UP. MOJIb30BaTeNeH
HNHTepHET-pecypcenbl:

1 http://window.edu.ru/ — enuHOE OKHO JOCTYIIa K 00pa30BaTeIbHBIM pecypcamM

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckas OMOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — sneKTpOHHBII KaTajaor acCOIUAIMU dJIEKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHni u oprannzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3oBaHKe
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Tema 4. XUMHNYECKASA CBS3b
IpakTuyeckoe 3ansaTue 3. XUMHNUYeCKASA CBA3b
Lesb 3aHATHA: PACIIUPHUTD U YIITyOUTH 3HAHUS YUALIUXCS IO TeME « XMMHUYECKas CBSI3b»

3HaHUA M yMeHNsl, IpUodpeTaeMble CTYJIEeHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI
3HaTh: OCHOBBI CAMOOPTaHU3ALMH U CaMOOOPa30BaAHHS;
3HaTh: CYIIHOCTH U 3HaUYCHHE HH(OpPMAIMK B Pa3BUTHH COBPEMEHHOTO 00IIeCTBa; OCHOBBI ITOTYyYEHHS
1 00paboTKM HHPOPMAITUN U3 PA3TMIHBIX HCTOTYHHKOB
3HaTh: PabOTHI 1O pacyeTy U MPOECKTUPOBAHUIO JIETaJICH U y3J10B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKIUIA B COOTBETCTBUH C TEXHUUYECKUMU 3aJaHUSMU U UCIIOJIb30BAHUEM CTaHJAPTHBIX
CpEZICTB aBTOMATU3AaLUHU ITPOECKTUPOBAHUS
YMeTb: CaMOCTOSTEILHO CTPOUTH IPOIIECC OBIAICHUI HHPOpMAaIUEH, 0TOOpaHHOH 1
CTPYKTYypPHUPOBAHHOM JJIs1 BBITOJIHEHUS TPO(PECCHOHATFHON IS TETFHOCTH.
YMern: monydaTh 1 00padaThBaTh HHPOPMALIUIO U3 PA3IMYHBIX HCTOYHUKOB
YMerh: TPUHUMAThH yuacTHe B pab0OTax Mo pacyeTy U MPOSKTUPOBAHUIO JETANICH U y3TI0B
MAaIIMHOCTPOUTEINIBHBIX KOHCTPYKLMKA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEACTB ABTOMATU3AIMHA IPOCKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETSHIIHIMA

COBpCMCHHOC PAa3BUTUC HAYKU U TCXHUKH INPHUBCIO K PE3KOMY M3MCHCHHIO PCIIACMbIX 3a4a4 U
BBIIBUHYJIO HOBbIE TPeOOBaHUS KaK K BbICHIEMY OOpa30BaHUIO BOOOIIE, TAK M K HAYYHOH HOATOTOBKE
CTYACHTa B YaCTHOCTU. B Hacrtosimee Bpemsi 0COOEHHOCTBIO CHELMANINCTA CIELyeT CUUTaTh HAIUYHE Y
HEro TBOPYCCKOr'O MLILNIJICHMA, OJHUM U3 BaXXHEUIINX KadecTB KOTOpOTro ABJIACTCSA CHUCTCMHOCTD.
[TosTomy pa3paboTka CHCTEMHOTO TOJXOAa K PacCMOTpPEHHIO pazzaena "XuMmudeckas CBs3b' B Kypce
XUMHH MIPEJICTABISIETCS aKTyaJIbHOM.

Teopernyeckasi 4acThb

Xumuueckas c6A3b — COBOKYNHOCMb CUN, OCUCMEYIOWUX MeHcOy amomamu u
obycnasnuearowux ycmoudueocms OanHou cucmemsl. Pemamoonryro pomb B 00pa3oBaHUM
XUMHYECKOW CBS3M WUIPAOT He CnapeHHvle (6aieHmmuvie) 21eKmpoHbl TPEABHEUIHETO WU
BHEIITHETO SHEPreTHdeckux ypoBHeW. CrapeHHbIe AJIEKTPOHBI NPH BO30YXKIEHUU CIOCOOHBI
pacrnapuBarbCsi, o0ecrednBasi BO3MOXKHOCTb 00pa30BaHUs OOJIBILIEr0 YMCIa XUMHUYECKUX CBS3EH.
BanentHocTh, oOOycnoBiieHHass OOIIMM YHCJIOM, HMEIOIIMXCS B aTOMe€ He CHapeHHBIX
3JIEKTPOHOB, HA3BIBACTCS CHUHBANEHMHOCMbIO. PeaklMOHHAsi CMOCOOHOCTh XMMUYECKOH CBSI3H
OTIPENIETISIETCS. €€ KONUYECMBEHHLIMU XAPAKMEepUCMUKamy, K YUCITY KOTOPBIX OTHOCSTCA:
ONIUHA, BANEHMHBLU Y20l U IHEP2USL.

Teopust Xxummyeckoil cBA3M JaeT BO3MOXKHOCTh ONUCATh pPACHpe/eNieHHe 3JIEKTPOHHOM
IUIOTHOCTH B MOJIEKYJIE. XuMuueckas cesa3b umeem Mecmo mam, 20e 2J1eKMpOoHHAs NIOMHOCMb
MedHcoy amomamu HauborbuLas.

Jns npubnukeHHON OLEHKH 3JIEKTPOHHOUM IMIOTHOCTH MEXIy aTOMaMH CYIIECTBYET
JIBA METOJa: Memoo MoaeKyiapHuix opoumanei (MO) u memoo eanenmmuvix cesazeu (BC).
Pasnuuaror ciemyromye OCHOBHBIE THITBI XUMUYECKOM CBSI3H: KOBAIEHMHYI0, OCYLIECTBIIIEMYIO
oOmiell mapoil 3JEKTPOHOB; UOHHYIO, KAaK Pe3yJibTaT 3JIEKTPOCTATUYECKOTO B3aWMOJCHCTBHS
pa3HbIX IO 3apsily MOHOB (MOHBI 0Opa3yloTCs 3a CYET IMOJHOIO Mepexoja HEKOTOPBIX BHEITHHX
BNIEKTPOHOB OJIHOTO aroMa K Jpyromy, Oosee 3JIeKTPOOTPHUIATENFHOMY), U Memaiiudeckyio.
JloHOpHO-aKIENTOPHAS ¥ BOJIOPOJIHAS CBSI3M PAcCMATPUBAIOTCS KaK Pa3sHOBUIHOCTH KOBAJEHTHOM
CBSI3U.

Bonpocsl u 3axanus
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Ilpumep. Tlonp3ysach SJIEKTPOHHON CTPYKTYpOM aToMa KpeMHHS B BO30YKICHHOM
cocTosiHUM (cM. mpumep 2 B pazfene 3), 0ObsICHUTE MEXaHU3M OOpa30BaHUsI MOJIEKYJIBI SiF4 u

nona [SiF,]?.

Pemenne. AToM (hTOpa HMEET SIEKTPOHHYIO cTpykTypy 15°25°2p°:

n=2 R
n=1 o]
1

S

UYerblpe HE CHAapeHHBIX 3JIEKTPOHA BO30Y)KIEHHOIO aroMa KpEMHHUS YYacTBYIOT B
00pa30BaHUM YETHIPEX KOBAJIEHTHBIX CBA3E€H C 4YEThIppMs aroMamu (ropa, MMEOLUMH 110
OJIHOMY HE CIIapEHHOMY JIEKTPOHY:

F\S_/F
|
-

- 29a29n6
F -uonbr umeror snekrponnyto crpykrypy 1S°2S°2p° — Bce BajleHTHBIE SIEKTPOHBI B

HEM CIIAPEHBI:

nmo | T[T
n=1 | 1 p
S

ba30BbIii ypoBEeHB

1. Yxaxwure tun xumudeckoit csisu B monekynax H,, Cl, u HCL. Tlpusenute cxemy

o +
NEPCKPbIBAHUSA SJICKTPOHHBIX o0nakoB. Kakue THIIBI XUMUYECKOU CBS3U PCAIN3YIOTCA B NH4 -

noHe?

2. YcranoBute IIPOCTPAHCTBEHHYIO CTPYKTYpPY CJICIYIOITIX MOJIEKYJI:
H,S, SiH, n PH,,.

3. Kakyto XUMUYECKYIO CBSI3b Ha3bIBAIOT BOJIOPOJIHOM?
Mexny MOJIEKYJIaMH KaKuX BEIIIECTB OHa obpazyercs? [Touemy
H,O u HF, nuMest MEHBIIYIO MOJIEKYJIAPHYIO maccy, IUIaBATCS u

KHUIIAT NPH 00Jiee BEICOKUX TEMIIepaTypax, YeM UX aHaJoru?
4. Kak meron BaneHTHbIX cBsi3elt (BC) oObscHseT nuHelHoe cTpoeHne MoJekynbl BeCl?

¥ TeTpasapudeckoe crpoenue Monexkymst CH, ?

S. CkonmpkO ~ HE  CHApeHHBIX  DJJEKTPOHOB  HMMEET  aTroM  XJopa B
HOPMAaJIbHOM U BO30YX/IEHHOM COCTOSIHUAX? YeMy paBHA BaJICHTHOCTh XJIOpa B HOPMaJIbHOM U
B0O30YykKJeHHOM cocTosiHusIX? [loyemy TOp He MposiBiIsSIET BaJe€HTHOCTh, PAaBHYIO CEMH, XOTS
ABJIIETCS DJIEKTPOHHBIM aHAJIOTOM XJjopa?

6. Kak meromr MO 00BsCHSIET TO, YTO B MOJIEKYJSIpHOM HOHe F,” sHepruu cBsizu
(318 x/lx/Monb) Gombure, ueM B Mouekyne F, (159 xJx/mons)? Kakas dopma 3amucn

orpaxaer B Metoge MO ctpoenne F,” u F,?

[ToBbIlIEHHBIN YPOBEHB
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1. Onummre ¢ mo3umuii Meroma BajdeHTHBIX cBszeil (BC) snexTtpoHHOE CTpoeHue
monexynet BH, unona [BH,] .

2. CpaBHute CIIOCOOBI o0Opa3oBaHUs KOBQJICHTHBIX cBsi3ei B
monexynax CH,, NH, u none NHj.

3. Yro TaKoe O -CBsI3b u 7T -CBSA3B? Jatite 00BbsSICHCHHE Ha
npumepe morekya CL,, N, u C,H,.

4. Kak metonq MO 00bscHSAET, OYEMY MOJEKYISIpHBIA HOH Hep' sHepreTHuecku
yCTOWYMB, TOrAa Kak Mmoiyiekyna He; He cymectByer? Kakas dopma 3ammcu OTpakaeT B
merone MO crpoenue Hep™? O6namaer nu uoH Hep® napaMarHUTHBIMU CBOWCTBaMu?
[Touemy?

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas JiMTeparypa:
1. Koposun, H. B. O6mas xumus : yueonnk / H. B. KopoBus. - 13-¢ usn., nepepad. u jorr. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy:Karolen cpeasl : XUMHUs KUBBIX opranu3mMoB. Kypc nekumii /
E. C. Muxanuna, A. JI. [Terenmua. — M. : U3parensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 2yeKTpOHHBIH // DneKTpoHHO-0nbanoreuynas cucrtema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPHU3HP. MMOIb30BATENEH
JlonoJIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pen. A. U. Epmaxkoga. - W3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XuMus MEeTauIoB : yueOHOe mocodue (i1 CTYJACHTOB XHMHYECKOTO (aKyIbTeTa
HamnpaBlieHUH O0akanaBpoB « XUMUsD» U « XUMHUYECKast TEXHOJIorus») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocygapcTBeHHbIN yHUBepcuTeT M. .M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO 6ubimoteynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATEIEH
HNurepHer-pecypcnl:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTeIbHBIM PeCypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckasi OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN dJIEKTPOHHBIX OHOIMOTEK
yueOHBIX 3aBefieHHi u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbiToe 00pa3oBaHue

Tema 5. O611He 3aKOHOMEPHOCTH MPOTEKAHUS XUMUYECKHX MPOLECCOB.
IIpakTnyeckoe 3ansTHe 4. XUMUYecKasi TEPMOAUHAMMKA. JHEPreTHKAa XUMHYECKUX
npoueccos. HanmpaBjieHHOCTh XHMHYECKHX IPOILIECCOB
He.]'lb 3aHATHUSA: BBECTU HCpBHﬁ 3aKOH TCPMOJAWMHAMUKH KaK 3aKOH COXpPAaHCHHA OJOHCPIUuu
TCpMOZLHHaMI/I‘leCKOﬁ CHUCTEMBI, PACKPLITh €TI0 (1)I/I3I/I‘16CKO€ COACPIKAHUEC TTPU PACCMOTPCHUN KOHKPCTHBIX
MPOIIECCOB, MPOIOJDKUATE (HOPMUPOBAHHE YMEHUU ONHMCHIBATH TEIUIOBBIC TIPOIECCHI (PU3UUCCKUMHU
BCIIMYMHAMHU 1 3aKOHaMU,
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https://openedu.ru/

3HaHus U yMEeHHUSs, IpUodpeTaeMble CTYJIEHTOM B pe3yJibTaTe 0CBOEHMSI TeMbI
3HaTh: OCHOBBI CAMOOPTaHU3ALMH U CaMOOOPa30BaHHS;
3HaTh: CyIIHOCThH M 3HaUYEHUE HH()OPMALINU B PA3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI MOTYUCHHS
1 00paboTKYM HHPOPMAITUH U3 PA3TUIHBIX HCTOTHHKOB
3uaTh: pabOTHI O pacyeTy U MPOCKTUPOBAHUIO JACTANICH U y3JI0B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKIUIA B COOTBETCTBUH C TEXHUUYECKUMU 3aJaHUSIMU U UCIIOJIb30BAHUEM CTaHJAPTHBIX
CpEeZICTB aBTOMATU3AaLUU ITPOECKTUPOBAHUS
YMeTb: CaMOCTOSTEILHO CTPOUTH IPOIIECC OBIAICHUI HHPOpMAIHEH, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM JIs1 BEITIOHEHHSI TPOPECCUOHAILHON IEATETbHOCTH.
YMmern: momydaTh 1 00padaThIBaTh HHPOPMALIUIO U3 PA3TMYHBIX HCTOYHUKOB
YMerh: TPUHUMATh y4acTHe B pabOTax 1Mo pacyeTy U MPOCKTUPOBAHMIO JCTANICH U y3JI0B
MAaIIMHOCTPOUTENIbHBIX KOHCTPYKUUKA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
KCIIOJIb30BAHUEM CTAHIAPTHBIX CPEJICTB ABTOMATU3AIUU ITPOECKTUPOBAHUS

HaumenoBanue ¢GopMHpyeMBbIX KOMIIETCHIUH

AxTyanbHOCTh PaboThl. CHHTE3 HOBBIX COEAMHEHUN U H3yuyeHUE HEU3BECTHBIX paHee
(U3UKO-XMMHUYECKUX CBOMCTB SBJIETCS AKTYaJbHbIM M C TOYKHM 3PEHUS XUMUYECKOW HAYyKH
umeeT (pyHnaMeHTanbHbIN XapakTep. C MOMEHTa BO3HUKHOBEHHSI XUMUYECKOM TEPMOJMHAMUKU
OJIHOM W3 BAKHEWIIMX 3a1a4 OTOM HAyKM SBISIETCS  ONpPENEICHUE  CTaHIAPTHBIX
TEPMOJMHAMMUYECKUX (QYHKLUMH WHAMBUIYaJbHbIX BeLIeCTB. Takue JaHHbIE HEOOXOAUMBI
IIPEXKJIE BCETO, AT pacyeTa PABHOBECUN XUMUYECKUX PEAKLUU IPU Pa3INYHbIX TEMIIEPATypax U
nasieHuu. Ilpu 3ToM mumuTHpYOIMM (AKTOPOM B TaKUX pacueTax sBJISETCs, KaK IMPaBUIIO,
OTHOCHUTEJIBHO HM3Kasi TOYHOCTb B OINPEIACICHUH YHTAIBIINY XUMHUYECKOM PEaKkLHH, KOTOpas
BBIUUCIIIETCS Kak anredpandeckas CymMMma SHTasbIINi 00pa3oBaHUs peareHToB. B m3MepeHusix
SHTPOIUHU JIOMYCTUMBI OOJIBIINE IMOTPEUTHOCTH, OCOOCHHO, €CIM PEYb HAET O PEAKIHAX C
y4acTHEM KOHACHCHUPOBAHHBIX BEIIECTB. B ITOM OTHOIIEHWHM OIPEICIICHHE CTaHIAPTHBIX
SHTAJBIUNA 0O0pa30BaHUsI M AOCONIOTHBIX SHTPONHUM WHAMBHUIYaJIbHBIX BEIECTB SBIISETCS
HEO0OXOJUMOM 1 aKTyaJIbHOM 3a/1aueil XUMHUYEeCKOW HAyKU ¥ TEXHOJIOTHH.

Teopernyeckasi 4acTb

Hayka o B3auMHBIX @peBpallleHUsX pPA3JIUYHBIX BHJIOB DSHEPrUM Ha3bIBAETCS
MepMOOUHAMUKOLL.

[Ipn XuUMHYECKMX peakUMsIX NPOUCXOAAT TINyOOKHE KAaueCTBEHHbIE W3MEHEHUS B
CUCTEME: DPBYTCA CBSI3M B HMCXOJHBIX BEUIECTBAX M BO3HUKAIOT HOBBIE CBSI3M B KOHEUHBIX
NPOAYKTaX. OTH HU3MEHEHHUE COINPOBOXAAIOTCS TMOIVIOIMIEHUEM WM BBIJCICHUEM HHEPrUu
0OBIYHO B BH/I€ TETIJIOTHI.

Paznen TepMoaMHAMUKM, M3y4aroUIUil TerioBble A((EKTHl XUMHUYECKUX pPEaKIuii,
Ha3bIBACTCS MEPMOXUMUEU.

[Ipu m060OM TIpoliecce BBINOJNHACTCS 3aKOH COXpaHeHHs dSHepruu. Tentoma Q,

noanowjennas cucmemotl, uoem na uzmenenue eé enympenneti snepeur AU u na cosepuenue
pabomut A

Q =AU+A. 4.1

BHYyTpeHHSISI SHEprUs XapaKTepU3yeT CKPHITYIO B BEIIECTBE SHEPTHIO (KHHETHICCKYIO H
MOTEHIIMAIBHYI0), KOTOpasi BRICBOOOXK1aeTCs pU (PU3HMUECKUX M XUMUYECKHUX MPOIeccax.

Tennosvim a¢hghexmom  peakyuu HA3bIBAEMCA  KOTUYECMBO — bLOCIEHHO20 — UIU
noenoujennoz2o menia. CTaHIapTHBIN TEMIIOBOM d()h(PEKT COOTBETCTBYET CTAaHAAPTHBIM yCIOBUSIM
npoeaenus peakmuii: T = 298,15 K, P = 101,3 «lla. Tennosoii s¢pgpexm peaxyuu,
npomexaroueti npu NOCMOSHHOM 00beMe CUCMEMbL, PABEH USMEHEHUIO HYMPEHHeU IHEPUL.:

Q, = AU. “2)
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BoBIIMHCTBO XUMUYECKUX PEAKLIMIN MTPOTEKAET MPU MOCTOSIHHOM JABIICHUH. 1enniosot
ahpexm xumuueckol peakyuu, npomexarowelu npu NOCMOSAHHOM OAGIeHUU, PABEH U3MEHEHUIO
OHMANLNUU.

= AH.
QP (4.3)
DOHTaNBNMs paBHA CyMME BHYTPEHHEH SHEPTHH U pabOThl pacIIupEeHus:
H=U+pV.
P (4.3)
HOSTOMy OHmMajlbnuro onpedeﬂmom KaK 9Hepauro pacwupeHHoﬁ cucmemsl, €€
TCIIOCOACPKAHHUC.
PeaKLII/II/I, KOTOprC COHpOBO)KI[aIOTCSI BBIACJIICHUCM TCIIJIOTHI, Ha3bIBAKOTCA
IK30mMepMuUu4ecCKumu. HpI/I HNX TIPOTCKAaHHHU TCINIOCOACPKAHUC CHUCTEMBI YMCHBIIACTCA

(AH < 0). IIpu npoTexkanuu xe YHAOTEPMUYECKNX PEAKIHi, HAYIIHX C TOTIOMEHHEM TeIla,
Ternocoaepkanue yemmausaercs (AH > 0).

B 3aBucmmocTtu oT XapakTepa MNpPOUCXOAALICro Ipomecca pasjindaroT TCIIJIOThL
06p330BaHI/I$I, CropaHusi, paCcTBOpPCHHA U T.[. ITonsatue o Temuorte O6paSOBaHI/I$I BCIICCTBA
SIBIISICTCS OJJHUM W3 BaKHEHUIIINX B TCPMOXHUMHHU.

Tennomoui obpazosanus (AH()GpaS‘) Ha3vlearom menioeou 3¢pgexm peaxyuu

06paz06anus 00HO20 MOb CLONCHO0 6EUWeCMEA U3 NPOCMBIX, YCMOUYUEHIX NPU CIMAHOADMHBIX
yenosuax (T =298,15 K; P =101,3 x[1a). Temnorsl 06pazoBanusi HEKOTOPHIX BEIIECTB

npuBesieHbl B Tabnuue 6.1. OOpatuTe BHUMaHUE HA TO, YTO Meniomsl 00pa308aHusi NPpoCmbix
6eujecme, yCTOMUUBBIX IIPU CTAaHJAPTHBIX YCIOBUAX, NPUHAMbL PAGHBIMU HYTIIO.

Tennoeoii s¢pghexm xumuueckou peaxyuu 3aeucum om nNpupoosbl U QUIULECKO2O
COCMOSAHUSL UCXOOHBIX Beujecms U NPOOYKMOE peakyuy U He 3a8Ucum om nymu eé npoeeoeHusl.
TennoBble 3 GEKThl 3aBUCAT OT CTPOCHUS PEArupyrolMX MOJIEKYJ, MO3TOMY TEOPETHUECKU
paccunTaTh MX HEBO3MOXKHO. 3akoH [‘ecca TO3BONMSET HAa OCHOBAHUHM OIPAaHMYEHHOTO
KOJINYECTBA OMNBITHBIX JaHHBIX IO TEIUIOTaM OOpa30BaHMs BBIYUCIATH TEIUIOBBIE A(PQPEKTHI
00JBIIOro YKcia peakiui.

OCHOBHBIM 3aKOHOM TEPMOXMMUU SIBISETCA 3aKOH I ecca, B OCHOBE KOTOPOTO JIEKHT
3aKOH COXpPaHEHHs DHEPTUH:

Tabauya 4.1 — Tennomul 06pa308aHUs. HEKOMOPLIX BeULECNE

Bewecmeo AH06pa3_, K/[oic/monw Bewecmeso AHO(;paS.,
K/[ic/monw
ALO, (1) -1675 H,O(r) —242
Al (SO,),(r) 3434 H,S(r) —20
CH, (r) —75 MgO(t) —601
C,H, () -85 Mg(NO,), (1) —790
C.H, (%) 49 NO, (r) 33
Co(r) ~110 NaHCO, (1) -914
CO,(r) 393 Na,CO,(r) -1129
COS(r) -137 Na,S(r) —872
HCI(r) -92 Na,SO, (1) —1090
HNO, () ~173 Na,SO, (1) ~1388
CuO(1) 165 POCI, () —597
Cu(NO,), (1) -307 PCl; () 369
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H,0(x) 286 SO, (r) 297

B cootBercTtBuM ¢ 3akoHOM ['ecca: mennosoii s3ghgpexm psoda nocredosamenvbHbiX
peakyuili paseH menjiogomy 3pgexkmy 0pyeoco psaoda Nocie008amenbHblX peaKyull, eciu
UCXOOHble Beujecmaa U nPooyKmul npeepaujerutl 0OuHakoevl. Ha 0OCHOBaHHH 3TOTO MOAXOJa C
TEPMOXUMHUYECKUMHU YPABHCHUSMHU MOXHO OIEPHPOBATH TaK K€, KaK M C alreOpamyecKUMH.
Tepmoxumuueckumy HA3bIBAIOMCA XUMUYECKUE VPAGHEHUs, 6 KOMOPbIX YKA3aHbl Meniogvle
aghghexmul peaxyuil.

N3BecTHO, UTO B HEM30JIMPOBAHHBIX CUCTEMAaX MPH OTCYTCTBHH BHEIIHUX BO3JICHCTBUN
CaMOTPOM3BOJILHO IPOUCXOIAT SK30TEPMUYCCKUE PEAKITUH (AH< 0). Oco0GeHHOCThIO
XUMHUYECKHX TPEBPALICHUN SIBISCTCS y4acTHe B HUX OONBIIOr0 umcia yacTuil. J[ms Takmx
cucTeM HaMOOlee BEPOATHO COCTOSHHME OECHOpANKA, XapaKTepPH3yeMOe OSHTPONHEH .

W3meHeHne SHTPONHUH MPYU XUMUYECKUX PEAKIIUSIX PACCUMTHIBACTCS HA OCHOBAHHH CIICJICTBHS U3
3akoHa ['ecca. KauecTBEHHO 3HaK HM3MEHEHHS DHHTPONUU MOYKHO OLIEHUTh, COIMOCTaBUB
KOJIMYECTBO ra3000pa3HBIX BEIIECTB J0 U MOCIIE PEAKIIHH.

Bonpocel u 3a1aHu
Ilpumep 1. BplUMCIUTD CTaHIAPTHYIO TEIIOTY OOpa30BaHUs OKcHaa jkene3a (+3) mo

CIICAyrOIuM TCPMOXUMUYCCKHUM YPABHCHUAM!

1) 2Fe,, +0,,, = 2Fe0,,; AH, = -532 kJlx;

2) 4Fe0,, + O, = 2Fe,0,,; AH, = -584 Kkl

Pewenue. 3anuieM TepMOXMMHYECKOE ypaBHeHHe obpasosanus F€,0, u3 mpocrsix

BCHIICCTB:

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

2(r) 3(n)?
Jlnist Toro uToOB! U3 ABYX JAHHBIX YPaBHEHUH MOyYUTh UCKOMOE 3), Hy>)KHO ypaBHEHHE
2) pa3menuTh Ha JBa M CIOXWUTHb C ypaBHeHueM 1). Takue ke anreOpanyeckue IeHCTBUS

IPOBENIEM C TEIUIOBBIMU 3(h(PeKTaMu TaHHBIX PEaKIMH U MOITYYUM UCKOMYIO BETHUUHY AHx_p_ :
2Fe,, +1,50,,, =Fe,0,,; AH, , =0,5:(-584) - 532 = -824 KJl/moms.

s pacueta TeriaoBbIX 3(H(PEKTOB XMMHUECKHX pPEaKIMi 4acTO HMCIONB3YIOT MEepBOE
CleICTBUE U3 3aKoHa ['ecca:
Tennosou spppexm xumuueckor peakyuu pagen CcymMme meniom o0pa3oeanus

npoc)ykmoepeakuuu 3a 6blUemom CyMmobl menjiom 06p03060H1/l}l UCXOOHDIX eewecms.”

AH,, =S AH? =" AH (4.4)

Ilpumep 2. Paccuuraiite TeruioBol 3¢GEKT peakuuu TOPEHUs JTaHa HCXOMAs U3
CTaHJApPTHBIX TEIUIOT oOpa3zoBaHus. Kakoe KOMMYECTBO TETUIOTHI BBIACIUTCS WM TOTIIOTHTCA,

ecnu: a) cropaet 90 r sTana; 6) o6paszosanock 89,6 am°

C02 (1.y.).
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Pewenue. 3anuiiemM TePMOXUMHUYECKOE YPaBHEHHE PEAKIIMKM TOPECHUsS TaHA B pacyeTe
Ha | MOJIB:
+ 3,50 — 2CO

C,H +3H,0,,; AH,, =? k.

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

PaccuntaeM TeruioBoit 3 ekt peakiuu 1Mo nmepBoMy CICICTBHIO U3 3aKoHa ['ecca:
AH, , =3AH}" +2AH(Y — AHZY,
AH gfp " = (), Tak KaK 3TO MPOCTOE BEIIECTBO.
[ToxcraBuM 3HaYEHUS TEIIOT 0Opa3oBaHUs U3 TaOIHIIB 6.1:
AHX_p_ =3+(-286) +2+(-393) + 85 =-1559 k/[x/MOJIb.
TMockomsky AH, | <0, peakuus >K30TepMHYECKa.
o ypasuenmio peakiuu cropaer 1 moms C,H, t.e. 30 r. Ilo ycnosuio 3anaun B
peakmuio Berymto 90  C,H, uto cocrasiser:

Me,y, 902
M 302/ monw

CZHG

=3 moinb.

n(czHe) =

Torna KonMM4ecTBO TeIIa, BhIICICHHOTO Ipu cropanuu 90 T sTaHa, Oyer:
Q=nAH_, =3 - (-1559) =-4677 xJbx.
Io ypaBHEHHUIO peaKLHK U3 OAHOrO Molb dTaHa obpasyercs 2 monb CO,. Hamomuum,

YTO MOIb ra3a, IpH H.y., 3aHUMaeT 06beM 22,4 ave. TTo ycnosuio 3anaun obpasobaiock 89,6 am?

CO,, uro cocrasusier:

V
—&=£=4M0ﬂb.

n=
224 22,4
KonuuecTBo Teria, BbAENsEMOE IIPH 3TOM, PaBHO:

Q=nAH,, =4-(-1559) = - 6236 x/Dx.

TennoBoii S(I)(I)CKT XUMHUYECKON PCaKIMU MOKHO TAK>KC€ BBIYUCIIUTDH, UCIIOJIB3YS BTOPOC

CleICTBUE U3 3aKoHa ['ecca:
Tennoeou s¢hghexm Xxumuueckou peaxkyuu paseH cymme meniom C2OpPanusi UCXOOHBIX

seulecnie 3a 6bl4eniom CYyMmol meniom ccOpaHusl KOHEYHbIX 6eecme.

AH_ =Y AHE? = AHE. (4.5)

« ceop. ~
Tennomoti cecopanus eewecmea AH ™" nasvisaemcs mennoeoii s¢ppexm peaxyuu

OKUCTIEHUs1 00OHO20 MOJIb BeujeCcmed KUCIOPOOOM C 00pA308aHUeM BblCUUX (YCMOUYUBHIX)

oKkcu00g. JIns OpraHMYeCKUX COEAMHEHHH TEIUIOTOM CropaHusi Ha3bIBaeTCs TeIoBOH 3¢ ekt
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PEaKIUH [OJIHOrO CrOPaHusl 1 MOJIb JAHHOTO OpraHMYecKoro Bemecrsa ¢ oopasosannem CO, n
H,O . Crannaprabie TemioTsl cropanus npuBeneHsl B tabmuue 6.2. OOparute BHUMAHKE Ha TO,
a0 TemioTsl cropanus Beicmnx okeuzos (CO, u H,0O) pasusl Hymo.

Ilpumep 3. Paccuuraiite TerinoBoi 3dekT peakuuu dTepruUKAMN UCXOJ U3 CTaHIAPTHBIX

Tabauya 4.2 — Cmanoapmusie SHMATLRUU C2OPAHUSL HEKOMOPBHIX COCOUHEHUL TETIJIOT CTOpaHUsI.

Bewecmeso AH ", x[]oic/monn Bewecmeo AH ", klloc/monn
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 KOIMYECTBO TEILIOTHI BBIACIIMTCA WM IOTJIOTUTCA, €CJIM B PCAKLIUIO BCTYIIUIIO 138 r

sraHosa?

Pewenue. 3anumem TEPMOXUMHUYCCKOC YPABHCHUC PCAKIIUHU:

C,H,0H,,, + CH,COOH,,, T=22=> CH,COOC,H,,, +H,0,,; AH, =? kJlx.

(x)?
TennoBoii 3¢ hekT XMMUUECKON peaKIMKi pacCUUTaeM 110 BTOPOMY CIIEJICTBUIO U3

3akoHa ['ecca:

AH = AF lceop + AHceop AHceop

C,HsOH CH,COOH CHACOOC,Hs
AH ;f:g = (), TaK KaK BOJA — ATO BBICIIHH OKCH/I.
[ToacTaBUM YHCIIEHHBIE 3HAYEHUS TEIUIOT CrOPaHUs U3 Tabmuibl 6.2

AH,, = -1367 - 874 + 2254 = 13 kJlx/mos,

Tak kak AH e 0, peakuus >HIOTEPMUYECKAS.

Ilo ypasuenmto peakuun pearupyer 1 mons C,H.OH. Ilo ycnosuro 3amaun B

peakuuro Berymmio 138 v C,H.OH, uro cocrasuser:

mC2H50H . 1382
Mo 462/ monw

n= =3 monwb.

Torma KoJIM4ecTBO TCI1J1a, IIOTJIOMICHHOI'O B }IaHHOfI pPEaKknum:

Q=nAH,, =313 =39 k/lx.
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CrnenctBusi U3 3akoHa ['ecca MpUMEHSIOTCA TakXKe IMPU TEPMOXMMHYECKHX pacyeTax
JUTSL OTIPENICTICHHsI TEIIOT OOpa30BaHUsSl WM CTOPAaHUS UCXOAHBIX BEIIECTB WU TPOIAYKTOB
peaxkuu.

Ilpumep 4. BoruncnuTte CTaHIapTHYIO TEIUIOTY oOpa3oBaHHs OeH30j7a Ha OCHOBAaHUU

TEPMOXUMHYCCKOI'O YpaBHCHHUA PCAKIIUN €T'0 Cr'OpaHUA:

CeHy(, +7,50,,, = 6CO,, +3H,0,; AH,, =-3133 k[bx/Mom,

6(r) 2(n) 2(r)

Pewenue. I1o nepsomy cneacTBuio u3 3akoHa ['ecca:
_ 0op. obp. oop.
AHx.p. —3AHH20+6AHCO2 AHCSHS.

op.
AH J = 0, Tak KaKk 5T0 POCTOE BEWECTBO. Bhipasum Temnoty obpazosanus Genzomna:

obp. _ Q. oop. . obp.
AHC6H6 =3 AHH20 +6 AHCO2 AHx_p‘.
TToacraBuM unciieHHBIE 3HAUEHUS U3 TAOIUIEI 6.1

AH gfz'e = 6-(-393) + 3:(-242) + 3133 = 49 xI>x/MOJIb.

Ilpumep 5. BblumciuTe CTaHmapTHy!O Teuiory cropanms auermnesa C,H, Ha

OCHOBAaHMHU TCPMOXUMHUUCCKOI'O YPABHCHUA:

C,H,, + CO,, +H,0,,, —— CH,=CHCOOH,,; AH,, =-213 JIx/Morb.

AKpHUJI0OBasA KUCJIO0Ta

2(r)

Pewenue. I1o BTopoMy ClIeICTBHIO U3 3aK0Ha ['ecca:
_ ceop ceop ceop ceop
AH , =AH ., +AH," +AH, 6 —AH Y coons
ceop __
rne AH Ho = 0.
OTcrona BbIpa3suM TEIJIOTY CTOPaHHUs alleTHIICHA:

AHCY =AH, , —AHC +AH

CHy — C,HyCOOH * »
AHEZ%’Z = -213 + 283 - 1370 = -1300 k/[>x/M0JIb.

Hpumep 5. PaccuuraiiTe n3MEHEHHE OHTPOIINH ITPU CUHTE3C aMMHaKa.

Jlnst pemienus 3a1a4u 3anuilleM YpaBHEHNE PEaKUK B pacyeTe Ha 1 MoJIb aMMuaKa:

0,5N, +1,5H, =NH, ; AS =7 /[oic/ mons- K.

3HaK M3MCHCHUS OHTPOIIMU MOXHO YCTAaHOBUTH IO KOJHUYCCTBY MOJIb Fa3006p3.3HBIX

BCIICCTB:
An=n_ -n, =1-(05+15)=-1,

rac nKOH nn — KOJIHNYCCTBO MOJIb KOHCYHBIX WM HMCXOAHBIX BCIICCTB, An — HN3MCHCHHC

HCX.
KOJINYECTBA MOJIb I'a3000pa3HbIX BEIIECTB MPU PEaKIUH.
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[Mockonsky AN <0, To B pe3ysbrare peakiun GECTIIOPAIOK B CHCTEME YMEHBIIAETCS.

COOTBETCTBEHHO OHTPOIIHA paCCManHBaeMOﬁ CHUCTCMbI TaKXKC Y6BIBaeT. HpOI/ISBeIleM pacucT

HU3MCHCHUA SHTPOIINHU IIPpH 3TOM p€aKknun B COOTBETCTBHUH CO CIICACTBUEM M3 3aKOHA I'ecca:

AS°, =S8, —0,5-S5 ~1,5-S5 .,

0
rac S — CTaHAAPTHBIC SHTPOIIMHU BEIICCTB.

[ToACTaBUM HX YHCIIOBBIE 3HAYEHUS:
ASS.p‘ =192,8-0,5-191,6 - 1,5-130,6 = -98,9 /Ix/moms - K.

B uzonuposanmoii cucmeme (npu omcymcmeuu o6MeHa dHepeuel U 6eujecmeom co
cpeooli) eo3pacmanue SHMPONUU AGNAEMC Kpumepuem Ccamonpou38oibH020 NPOMeEKaAHUs

peaxkyui. B TNpuBEIeHHOM MpUMEpe CaMOINPOHU3BOJILHOE MPOTEKaHHE TMPSIMON peaKIuu

0
HEBO3MOXKHO, TaK Kak ASx_p‘ < 0. Kak wu3BeCTHO, HampaBIeHHE MPOTEKAHHS XUMHYECKHX
IPOIIECCOB OINpPEAENAETCs NEHCTBHEM JIBYX (hakTopoB: sHTanbmuitnoro AH x.p. (cTpemieHue

CUCTEMBl K MHUHUMYMY O3HEpPIHMHM) W JHTPOINUUHOIO ASX_p_ (cTpemiieHHE K JOCTHUKEHHIO

MaKCHUMAJIbHOI'O Xaoca). Onn O6’[>C,HI/IH$IIOTC$I H306apHO'I/ISOTepMI/I‘leCKI/IM INOTCHOHUAJIOM:

AG,, =AH_ —TAS, “s)

Kpumepuem camonpouzeonvnoco npomexanus peaxyuu sensemcs yovlib U300apHO—

usomepmuuecxozo nomenyuara AG,_ <0. Yem menpme semmumna AG_  , Tem Gombme

BCPOATHOCTL IPOTCKAHUSA XUMHUYECKOU pCaKkIuu. Taxkum 06pa30M, C IMMOMOIIIBIO Apr MOXKHO

IPOTHO3UPOBATh BO3MOKHOCTh XUMHUECKOTO MIPEBPALLICHHS U 1€7aTh IPAKTUYECKHE BBIBOIBI.
Ilpumep 6. BO3MOXHO JM COBMECTHOE XpaHEHHE Ha CKJIaJe STHICHIIUKOJIS
(anTH(pU3HAsA KUAKOCT) U KAIMHHON cenuTpsl (yrnodpenue)?

N3BecTHO, YTO ATUIICHTIWKONb, KaK WU MHOTHE OpPraHWYECKHE BEIIeCTBa, OOJaaaeT

BOCCTAaHOBUTCIIbHBIMUA CBOﬁCTBaMH, a KNO3 SABIIACTCA OKHCIHUTCICM. OI_[CHI/IM, BO3MOXHO JIKX

MMPOTCKAHUC PpCaKIUU MECKAY OTHUMU BCHICCTBAMU. OI(I/IH U3 BO3MOXKHBIX BapHUaHTOB

MMpEBpalICHUS 3alMUCBIBACTCA CICAYIOIHUM 06pa?>oM:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B cooTrBercTBUU cO cneAcTBHEM U3 3akoHA [ecca M300apHBIM MOTEHIMAT JAHHOTO
MIPEBPAIICHHS] MOKET OBITh BBIPAXKEH Yepe3 n300apHbIe MOTEHIIUAIB 00pa30BaHUs YIYaCTHUKOB

TIPEBPAICHHS:

AG,,,,=(6-AG, +4-AG}Y, +10-AGy +10-AG}y, )~ (3-AG, , +10-AGLT,, ).

npeep = (

100



[ToxcraBuM YMCIOBEIE 3HAYEHUS U3 TaOIUIIEI 3:

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

npesp
=-1377,6 xJIx.

Tenepb BBIYMCINM M3MEHEHUE M300apHOTO MOTEHIMAla XUMUYECKON peakluu B pacyere Ha 1

MOJIb OTUJICHT TIMKOJIA:

AG,, =AG,,., N .0, =—1377,6 k/{owc] 3 mons =—439,2 K/l mone.

npeep
TakoMy n306apHOMY MOTEHIHATY COOTBETCTBYET TEPMOXHUMUYECKOE YPABHEHUE!

C,H.0, +%KNOS = 2CO, +%HZO+%NO+%KOH; AG,, =7

Tabnuya 4.3 — 3nauenus cmanOapmHuIX NOMEHYUATI08 00PA308AHUSA HEKOMOPLIX BEUECME

AG ?61033_ (x/loic/monv)
Bewecmso | AGP Bewe cmso | AG® | Bewe AGY - Bewe AG?
obpas. ob6pa3s. cmeo obpas. cmeo obpas.
LiH —68,7 SrH, -140 CHF, —644,7 C,H; 201,0
NaH -33,6 BaH2 -151 CHCIF, -429,4 HZO(F) -228,8
KH -34 Ca(OH)2 -899 CF4 -888,9 HZO()K) -237,4
RbH -27,6 | Sr(OH), -876 | CCLF, —435 H,0, -120,5
LiOH —439 | Ba(OH), | 855 C,F, —615,7 KNO, -393,4
NaOH -380 CO2 -395 CzHeoz -319,4 KCI -409,0
KOH -379 CH4 -50,8 C,H;(OH), 477 KI\/InO4 -729,6
RbOH -374 CH3F -223,1 (:5H4C)2 -112,5 MnO2 -467,0
BeH2 +15,5 CHZO -110 C6H5C| 89,3 NO 80,6
CaH2 -138 CHze -418,3 C,H.CH, 113,8

[TomyueHHOE M3MEHEHNE N300apHOro MOTEHIINAIA PEAKLIUU MEHBbIIIE, 4YeM U300apHbIe
MOTEeHLIMa bl 00pa3oBaHMsI MHOTHX BemiecTB. [lo3Tomy mpoTekanue Takoil peakiiny BecbMa
BepoATHO. OTCI0/1a ClIeyeT IPAKTUUYECKHI BBIBO/: COBMECTHOE XPAHEHUE dTUIICHITIMKOIIS U

CCIIMTPHIL Hec)onycmumo, TaK KaK MOKCT NPUBECTU K CAMOBO3I'OPAaHUIO.

Kpurepuii Apr <0 wmoxer OBITh NpPUMEHEH M JUIS aHaIM3a YCTOHYMBOCTH

XUMHNYECKUX CO@)II/IHGHI/Iﬁ Ha OCHOBaHHWHM BCIMYHH HUX H306apHBIX IIOTCHIIMAJIOB O6pa3OBaHI/I$I.

Yem menbine AG, ».» TEM [IPOUHEE MOJICKYIa.
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Ilpumep 7. Ha ocHOBaHMYU M300apHBIX MOTCHITHAIOB 00pa30BaHUs MOJIEKYJ CACIalTe
BBIBOJ] 00 yCTOMYMBOCTH (PTOPIPON3BOAHBIX MOJIEKYJI METaHA.

Beimumem u3 tabiuibl 4.3 n300apHbIe MOTSHIMAIBI 00pa30BaHus (TOPIIPOU3BOTHBIX:

CH, |[-508
CH,F |-2231
CH,F, |-4183
CHF, |-6447
CF, —888,9

13 NPpUBCACHHOI'0 piaAda BUAHO, YTO C YBCIHMYCHUCM KOJIMYECTBA aATOMOB Q)Topa

ycroitunBocts Moseky: Bospacraer. s monekyn CH, n CF, moxuo Bbramciuts nzobapusie

norenumanst (Kowc/ monw) ceszeit AGS*) =13 u AG"Y =—-222,2 . 1o rosopur o

BbICOKOM mpounoctn cBssu C-F. B To ke BpeMs B cMEmIaHHBIX TaJOr€HOBOJOPOAAX
n300apHBIM MOTEHIMal 00pa30BaHUs HE MOXKET OBITh pacCuMTaH IyTEM CYMMHpPOBaHUS

1300apHBIX NOTEHIUAIOB CBs3€il, YTO CBSI3aHO CO B3aUMHBIM OTTAJIKUBAaHUEM aTOMOB.

B nponecce xumMuyecKoro mpeBpanieHus GyHKIUsA AGx_p. yObIBaeT 10 TeX mop, Moka
HE HACTYIIUT COCTOSIHUE XMMHYECKOTO paBHOBECHS. B COCTOSHMM paBHOBECHS DHTAIBIIMIUHBIN U
SHTPONUMHBIA (QaKTOpPhl CpPaBHUBAIOTCS. YCIOBUEM XHMHUYECKOTO pPaBHOBECHUS SIBIISETCS

pasencteo AG, = =0, coorserctayiomee pasenctey AH = TAS.

0 0
TaGmuunbie 3mauenns AH™ u AS OTHOCATCS K CTaHJApTHBIM  YCJIOBUSM

(T =298 K; P =101325T1Ia). dopmyna ans pacuera u300apHOTO MOTEHIHANA AGS

.p.

npuoOpeTaeT BUA:

0o _ 0o 0
AGx.p. - AHx.p. TASx.p. (47)

Orta ¢opmyna uMmeeT NPUOTMKEHHBIH XapakTep, HO IMO3BOJSET HAa OCHOBAaHHUH
0 _
AGx_p_ =0 paccuuteiBaTh TeMIepaTypy, COOTBETCTBYIOILYKD PAaBHOBECHOMY COCTOSIHHIO

CHUCTCMBI:

AH?
T e = 2SO (4.8)

IIpu ucnonb3oBaHUM 3TOW (OPMYNBI HAJO MOMHUTH, YTO PAa3MEPHOCTH TAOIUYHBIX

3Hauenuii He cornacosanbl: AH u3mepsercs B kJIx/Monb, a AS — B Jix/Mons K. TTosTomy mpu
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" 0
HOJICTaHOBKE TaOMM4HBIX 3HaueHuil 3Hauenme AH™ mepesomurca B J/MONB ¢ MOMOIIBIO
muOoKuTEIs 108,

Ipumep 8. Borancnure n300apHbIC TOTEHITUAIBI IS PeaKIIHH
2NO + O, = 2NO,

npu Temmneparypax 600 — 1000 K, nocrpoiite rpapuk AG -T wu cpenaiite BbiBOA 0
HAIPAaBJICHUU PEaKIUU IPU Pa3HbIX TeMIepaTypax.

3anumeM YpaBHCHHUE pC€aKIMU B CTAHAAPTHOM BHUJIC:

2NO + 0O, =2NO,; AS, | =? i/ mons- K.

B cooTBeTcTBUM cO ciieacTBUEM U3 3akoHA ['ecca, BbIpa3uM U3MEHEHHE SHTPONMHU pU

XHUMHYECKOM peaKkun 4€pe3 SHTPOIINU YHaCTHUKOB PABHOBCCHUSL:

AS,, =St — St —%sgz = 240 - 211—%.205:—73,5 Tl monw - K.

AHaJornyHo HaﬁﬂeM SHTAJIBITHIO XUMUYIECKOMN pCaKIuu:
AH = AH;%”Z' — AH? =32 —90 =58 x/loic | monw.
HaHOMHI/IM, YTO TCIIJIOTHI 06pa3OBaHI/I$[ MMPOCTBIX BCUICCTB IMPUHATBHI PABHBIMH HYJIIO
(AHG! =0).

Tenepp BBUHCINM TEMIIEPATypy, IPU KOTOPOM JOCTUTAETCS TEPMOJIMHAMHUYECKOE

paBHOBecHe:

~ -58.10°

= =789 K.
pan =735

N306apHbIif OTEHIMA IPU pa3HbIX TEMIIEPATypax paccyuTaeM 1o Gopmyse C y4yeToM

mHOXKHTENs 1073;
0o _ 3
AG, , =-58+73,5-10" x/Ix.
Mockonsky AS <0, 1o pynxuns AG. ». = T(T) — Bospacraromas.

[loncraBnsisi 3HAUeHUs TEeMIIEpaTyp U3 YCIOBUA MpUMeEpa, Haiiem wu300apHbIe

NOTEHIUAIBI (K/otc/MOb):
AGY, =-13,9; AGY,, = -6,55; AGS, = 0,8; AGS, = 8,15; AGS,, = 15,5.

Ha ocHOBaHUM 3THX TaHHBIX CTPOUM IpaduK:

T,K 600 700 800 900 1000

AGS.p. -13,9 —6,55 0,8 8,15 15,5

103



Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS H300apHOT0 MOTEHIIMAIa

OT TCMIICPATYPhI

U3 rpadpuka crmegyer, uto mpu | < TpaBH_ npeoOyiagaeT mpsiMas peakius, Mpu

T>T,,. — obparnas. Ilockonbky peakuus ok3orepmuyeckas, to mpu T <T

HAIIpaBJICHHOCTb PCaKIHUH OIIPCACIIACTCA HpeO6J'IaI[aHI/IeM BHTaHLHHﬁHOFO, cbaKTopa, a IIpu

T>TpaBH. — sHTponuitHOTO (hakTopa. OTMETHUM, YTO HACTYIUICHHE PaBHOBECHS BO3MOXKHO

TOJIbKO TOT/Ia, Koraa 3Haku usmenenus Gpynxuuit AH 1 AS onunakosbr.

ba30BeIil ypOBEHB
1. Beruncnute Temnory o0pa3oBaHus MOAYEPKHYTOTO B YpaBHEHUH BEIIECTBA, UCXO/s

N3 TCPMOXUMHUUCCKOTO YPABHCHUA

Ne Vpasnenus peaxyuu AH, Omesempl
3a0ayu K;Z]M/Moﬂb AH 06p.’
k[l | monw

1 11)4NH, +50, =4NO +6H,0 -1169 90
2) 4NH, + 30, = 2N, + 6H,0,, -1530

2 [1)4As,, +30,, = 2As,0,, -1328 925
2) AS,0y) + Oy = AS,0; -261

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

4 |1)2P, +3Cl,, =2PCl,, -574 375
2) PCly,, = PCl,,, +Cl,, 88
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1) 2Pb,, +O,,, = 2PbO,
2) 2PbO,,, = 2PbO,, + O

2(r)

-438

116

277

2. Paccunraiite TerioBod 3(Q¢eKT yKa3aHHON peakIUuu HUCXOAS W3 CTaHIAPTHBIX

TCIIJIOT 06pa3OBaHI/I${. Brrancanre Takke KOIWYECTBO TEIIOTHI (Q), KOTOPOC€ BBIACIUTCA HIIN

MOTJIOTUTCH, €CJIM B JAHHYIO PCAKIIHUIO BCTYIIHUIIO mr NEpBOTO BCUICCTBA.

Ne Ypasuenus peaxyuu m, 2 Omeemol
3a0ayu Q. kil

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

7 S(T) + ZCOZ(r) = SO2(r) + ZCO(F) 64 538

8 COZ(F) + 4H2(F) = CH4(1") + 2H20(r) 88 -332

9 | PCly, +H,0, =POCl,, +2HCI, 836 680

10| 2NaHCO,,, = Na,CO,, +H,0O +CO, 252 96

3. Beruucnure temnoBoi 3hpPeKT yKazaHHON peakIuy UCXOAs U3 CTAaHAAPTHBIX TEIIOT

CropaHus. Paccuuraiite KoImuecTBO TCIUIOTBI, KOTOPOC BBLIACIUTCA HJIM IOTJIOTUTCA, €CJIN B

JAaHHYI0 pEaKUO BCTYIINUIIO V ,Z[M3 IICpBOro rasa.

Ne Ypaenenus peaxyuu V, on® Omeemeul
3a0auu Q, xloclmons

11| 2CH,, +0,, =2CO,, +4H,, 89,6 ~140

121 2NH,,, +20,, =N,0, +3H,0, 67,2 -1045,5

13 | CH,,, +2CO,,, =4CO,, +H,, 112 590

14 | CH,, +CO,,, =2CO,, +2H,,, 44,8 496

15| CHgy +H,,=2CH, 56 ~165

4. PaccunTaiiTe cTaHAAPTHYIO TEIJIOTY 0Opa30BaHMsI MEPBOTO B YPaBHEHUH BEIIECTBA

op.
HCXOAd U3 TPUBCACHHOTO TCPMOXUMHUYCCKOI'O YPABHCHUA PCAKIIUN U JAHHBIX I10 AH o .

MNe 3a0auu Ypaenenus peaxyuu AH 7%
k/[oc | monw
16 2A1,0,, + 650, +30,, =2Al,(S0,),, -1736
17 4NO,, + O, +2H,0,, =4HNO, —252
18 2Mg(NO,),,,, =2MgO,,, +4NO,, + O, 510
19 2CuO,, +4NO,, + O, =2Cu(NO,),,, —416
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20 Na,SO,,, =Na,SO,, +Na,;S, -176

5. Tlo maHHBIM TaOIMIIEl BEIYHCIHTE HM3MEHEHHE M300apHOro MOTEHIUana 00paTHMOi
peakiuu npu Temneparypax: 800, 900, 1000 m 1100 K. Beruucnure Takxke Temmeparypy,
IpU KOTOPOH OCYIECTBIsETCS paBHOBECHE B cucTeMe. llocTpoiite Tpaduk 3aBHCHMOCTH
1300apHOTO MOTEHIMANA OT TeMIepaTyphl U CeNaiiTe BHIBOABI O HANPABICHUU PEAKIHU TIPH

pa3HbIX TEMIIEpaTypax.

Ne 3a0auu Obpamumas peakyus AHZ‘p.’ AS g.p.’
Koic/mono Jowc/monn-K
L SO, +050,,, =SO,,, 99 ~93
2. CO,, *+ C,, =2CO,, +173 +176
3. CO,, +H,, =C, +H,0O, -132 ~134
4. CH,,, +H,0,, =CO,, +3H,, +207 +216
5 C. *+2H,, =CH,, ~75 -82
6. 3Fe,, +2CO,, =Fe,C,, +CO,, —149 155

[ToBbIIEHHBIN YPOBEHb
1. Mcxons W3 ypaBHEHHs pEakKLUH, JaiiTe KaueCTBEHHYIO OIICHKY M3 HM3MEHEHUS

SHTPOIIMU TPpAMOro Iponecca (y‘{TI/ITe arperaTHbIC COCTOAHHA YYACTHHUKOB peaKI_II/II/I).
I/ICHOJ'II)BYSI MOJIBHBIC SHTPOIIMHU 3THUX BCHICCTB, YKAKHUTC, 6YI[6T JIM MIPOTCKaThb AaHHAas peaKlus

CaMOIIPOU3BOJILHO B HSOJIPIpOBaHHOfI CHCTEMC.

Ypasnenue peaxyuu Monvnvie smmponuu, Omeem
Ne Jlorc/monv-K
3a0ayu 1 2 3 4 1 2 3 4 AS°
X.p.
1| NH,,, +3/40,, =3/2H,0,, + 1/2N,, | 192 | 205 | 189 | 192 | 3375
2. KCIO,,, =KCl,, +3/20,,) 143 | 83 | 205 2475
3. 2C(r) + 3H,,, = C,H,, 74 | 131 | 229 -312
4. CH,, +4Cl,, =CCl,, +4HCI | 186 | 223 | 215 | 187 | -115
5. | CgHgpy + NH;, =CH.NH, +H, | 173 | 192 | 191 | 131 | -43

Cnmcok JuTepaTypbl, peKOMeHyeMblil K HCIIO0JIb30BAHUIO M0 JAHHOW Teme

OcHoBHas iuTEpaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonnk / H. B. KopoBuH. - 13-e u3n., mepepab. u joir. - M.
: Akanemus, 2011. - 496 c. : uin. - (bakanaBpuart). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubmumorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyxaromieii cpespl : XUMusl )KUBbIX opranu3moB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [Terenmun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TeKcT : 2NeKTpOHHBIH // DnekTpoHHO-O0nOMHoTeyHas cuctema [IPR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pesxxum moctyna: mis
aBTOPU3HUP. N10JIb30BATEIEH
JlonoiHUTeIbHAS JTUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Uuterpan-IIpecc, 2003. - 728c. - bubmmorp.: ¢. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-
89602-017-1
2. XYMHUsI METAIIJIOB : yu4eOHOE MocoOue (1 CTYICHTOB XMMUYECKOTO (haKyJIbTeTa
HarpaBiieHui 0akanaBpoB « XUMHU» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocynapctBeHHbI yHUBEpcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 31eKTpOHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexwum nocryna: mist
aBTOPU3HP. MOJIb30BATENEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTeIbHBIM PeCypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuterckasi OHOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIN KaTaIor acCOLMALUU 3JICKTPOHHBIX OHOINOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpbiToe 00pa3oBaHue

Tema 5. O61IHe 3aKOHOMEPHOCTH MPOTEKAHUS XUMHYECKUX MPOIECCOB.
IIpakTuyeckoe 3ansaTHe 5. CKOPOCTH XUMHUYECKUX pPeaKkuii. XuMnyeckoe paBHOBecHe
Hean 3ansaTusi: yrayouts U 0000IIMTH TEOPETHUYECKHE 3HAHUS OOYYAIONIUXCS O CKOPOCTH

XUMHUYECKON peaklnu, 3aKpernuTh 3HaHHe (GOpMYJT BBIPAKEHUSI CKOPOCTU pPEaKLUH, HAy4YHUThCS
BBIMOJIHATh pacueThl, MHCIHONb3ys JaHHble (opMynbl. HayduTbCsi BBIBOJUTH KOHCTAHTY
XUMHYECKOIO0 PaBHOBECHS.

3HaHMA ¥ yMeHHUs, IpHodpeTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHHUSI TeMbI

3HaTh: OCHOBBI CAMOOPraHM3ALMH U CaMOOOPa30BaHMUS;
3HaTh: CyIIHOCTH U 3HaYCHHE MH(OPMALMU B Pa3BUTHH COBPEMEHHOT'0 OOIIECTBA; OCHOBBI IIOJIyUEHHS
1 00paboTKH MHPOPMAIMH U3 PA3THYHBIX UICTOYHHKOB
3uath: pabOTHI IO pacyeTy U MPOEKTUPOBAHUIO JIeTAIEH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIHUU B COOTBETCTBUHU C TEXHUYECKUMU 3aJaHUSMH U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpPEeACTB aBTOMATU3aLUU IIPOECKTUPOBAHUS
YMeTb: caMOCTOSITENIHO CTPOUTH MPOLIECC OBNaAeHHs HH(pOpMalell, 0TOOpaHHOH! U
CTPYKTYPHUPOBAHHOM IS BBIITOJTHEHHS TPOGECCHOHATIBHON IESITeNbHOCTH.
YMeTb: noiyuarbh 1 00padaThIBaTh HHOOPMALIUIO U3 Pa3IMYHBIX HCTOYHHKOB
YMeTh: NMPUHUMATh y4acTHe B paboTax Mo pacyeTy U MPOEKTUPOBAHMIO JETajel U y3JI0B
MalIMHOCTPOUTEIBHBIX KOHCTPYKIUI B COOTBETCTBUHU C TEXHUYECKUMU 33/IaHUSIMU U
HCIIOJIb30BaHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3ALUU IIPOCKTUPOBAHUS

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHMA

AKTyalnbHOCTBh TeMbI. Bce mporiecchbl, KOTOpbIe MPOUCXOAT BOKPYT HAaC U BHYTPH Hac,
UAYT ¢ IpeoOpa3oBaHUEM YHEPIUHU U, IPUUYEM C pa3HOM ckopocThio. Tak, mporece nepeaayn
HEPBHOI'O UMITYJIbCA COBEPIIAETCS B COTHIE JIOJIM CEKYH/IbI, IPOLIECCHl YCBOSHUSI MMUIIU TPEOYIOT
HECKOJIbKUX YacoB, a MPOLIECCHI CTAPEHMS MOTYT JJIMTHCS AECATUIIETHSL.

bonboe npakTuyeckoe 3Ha4€HUE XUMUYECKOW KMHETUKH COCTOUT B TOM, YTO OHA
pa3pelaeT OnpeneisaTh, BO3MOXKEH UM HEBO3MOXEH TOT WJIM MHOU IIPOLECC, U B KAKUX
YCIIOBUSX OH IMPOUCXOAUT. [IpakTHueckoe 3HaueHnE €€ 04EBUIHO, TaK KaK, TOIBKO 3Hasl 3aKOHBI
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KMHETUKU U MEXaHU3M peaklUui MOKHO YIPABIATh XUMHUECKUMHU Mporeccamu. OT CKOPOCTH
XUMUYECKON PeaKlUy 3aBUCUT BBIXOJ] IPOIYKTOB, T.€. IPOU3BOJUTEIBHOCTD TPYAa U
anmnaparyphl.

Teoperuueckas yacThb

CxopocTh XMMHUYECKUX pPeaKkiuii

VYpaBHEHMsS] XMMMUYECKHUX PEaKIUil, XapaKTepu3yss MHOTME CTOPOHBI IIPOLECCOB, HE
BCErZla AAaroT IOJIHOE IPEACTABICHUE O CYIIHOCTH ITPOUCXOJAIINX IIPEBPALICHUMN.

HekoTtopple XMMHUYECKHE IPOLIECCHI, HANpPUMEp, PEAKLMM PA3JI0KEHHUsSI B3pPbIBUATHIX
BEILIECTB, 3aKaHUMBAIOTCS B TEUEHHE J0JeH CeKyHIbl. OueHb ObICTPO 3aKaHUYMBAIOTCS PEAKLUU
B3aMMOJEHCTBUS KUCIOT, LIEN04Ye U coneid B pacTBope. OpraHMYecKHE € COCOUHEHUS B
OOBIYHBIX YCJIOBUSAX B OOJIBIIMHCTBE CIIy4aeB B3aHUMOACHUCTBYIOT MEXAYy cO00H MeNJIeHHO.
Takum 00pazom, pa3HbIe pEaKkIK COBEPLIAIOTCA B HEPAaBHbIC MIPOMEKYTKH BPEMEHH, T.€. MOTYT
UATH C PA3IMYHON CKOPOCTBIO. [103TOMYy Ha OCHOBAaHUU TOJIBKO YPAaBHEHUHN OJHHUX XMMHYECKHX
peaKIui HeNb3s CyAUTh O CKOPOCTH IIpoLECCa.

Xumuueckasn Kunemuxa — 35mMO Y4eHue O CKOPOCMU XUMUYECKUX Npoyeccos, ux
HAnpagIeHHOCMuU U 0 PaKmopax Ha HUX GIUAIOUUX .

Ileny m 3amaym XMMMYECKONM KMHETHKM — W3BICKAHUE ONTHMAJIBHBIX I1apaMETpPOB IS
IIPOBEJCHUSI XHMHYECKOIO CHHTE3a, a HMEHHO: O0OecliedyeHHEe MaKCHMaJIbHOW CKOpPOCTU
npoliecca, Haubosee paluoHaNIbHOE UCIIOIb30BAHUE ChIPbs U SHEPIrOPECYPCOB U AP.

VYCTaHOBIIEHO, YTO Ha CKOPOCTh XMMHYECKHX DPEAKIU{ BIUSIOT MHOTO (PAaKTOpPOB —
KOHIIGHTpaLUsl B3aMMOJICHCTBYIOIIMX BEIIECTB, TeMIleparypa Ipolecca, Haauuue (Win
OTCYTCTBHE) KaTajau3aTopa u Jip.

OKCIIEpUMEHTBI II0Ka3ajd, 4YTO YBEJIWYEHHE KOHLIEHTPALMH  B3aUMOJEHCTBYIOIIMX
BEIIECTB BbI3bIBAET YBEJINUEHUE CKOPOCTU PEAKIIMH.

Ecin B 3akpeITOM cocyzne INpU 3aJaHHOW TEMIIEpAaType pearupyroT liBa BEILECTBA B
ra3o00pa3HOM COCTOSIHUHM MJIH B PacTBOpe

AC + BD < AD + BC,

TO CKOPOCTb 3TOH peaKIuM OMpejenseTcs YMEHbIICHHEM KOHIIEHTpAIHH (MOJIb/IMS)
BeiecTB AC u BD B enunuily Bpemenu (CeKyHIy, MUHYTY, 4ac). Tak Kak ¢ TeUeHUEM BpeMEHHU
KOHIEHTpAllUsl PpEearupyrollux BeELIECTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTH pE€akUuu OT
KOHLEHTPALUU MOYKHO BBIPA3UTh CIEAYIOLIUM 00pa3oM:

 —

v=—(AC/At) (5.1)

raie €2 — CKOpOCTh TPSIMOI pPeaKiuu, AC - MOJISIpHAas KOHLIEHTpanus, t — Bpems.
I'paduuecku sTa 3aBUCUMOCTh H300paxkeHa Ha pUcyHke 5.1.

Cif—--

Cof-----

»
»

t1 b —

Puc. 5.1 3asucumocmsv ckopocmu peakyuu om epemeHu
JIOBOJILHO pacrpoCTpaHeHbl peaKklMK TUIA!
mA + nB—> ¢C, (5.2)
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B KOTOPBIX Ha M MOJIEKYJ BemecTBa A MPUXOIUTCS N MOJIEKYJ BemecTBa B, mpu 3ToM M
1 N OOJIbIIE €IUHULIBI.

DKCHEePUMEHTAIBHO YCTAHOBIICHO, YTO JJII TAaKOT'O IIPoIiecca CKOPOCTh MPSIMOM peaKIfuu
MOJKET OBITh BBIPAXKECHA CIICIYIOIIINM 00pa3oM:

v=Kk[AT*-[BYY, (5.3)

—

rae K - koncTaHTa CKOPOCTH NPSAMO PEAKIMH — BETMYMHA, PABHAs CKOPOCTH PEAKLITH
IpY KOHIEHTPALUAX PEareHTOB PAaBHBIX €AMHUIIE; OOPATHO MPOMOPIUOHAIbHAS BpEMEHH; X H Y
— HEKOTOpPBIE YUCIIA, OIPEEIAEMbIE OIBITHBIM IIyTEM.

Koncmanma cxopocmu 3aBUCHT OT TeX e (aKTOPOB, YTO U CKOPOCTh JAHHOM peakluy,
HO He 3a8UCUM OM KOHYEHMPAayull peazupyrouux 6euecms.

KoHcTanTa CKOpOCTM XapakTepus3yeT peakUuio JUIsl OINpEeAEIEHHBIX YCIOBUM —
memnepamypa, 0aenieHue, KOIudecmeo u Kaiecmeo kamaiuzamopa U T.A. Pasnuunbele peakuuu
MOYKHO CpPaBHUBATh TOJIBKO €CJIM OHU IPOTEKAIOT IIPU CTPOrO OJMHAKOBBIX YCIOBHUSX.

VpaBuenuss Tuna (5.3), ycTaHaBIMBAIOLUIME HKCIEPUMEHTAJIbHO  ONPEJEICHHYIO
3aBUCUMOCTh CKOPOCTH PEAaKIMHU OT KOHLEHTPAlUil pearupyronmx BEIECTB, Ha3bIBAIOT
KUHeMU4eCKUMU YPAGHEHUAMU PEaKyull.

Kunernueckue ypaBHeHUs peakuuil (5.3) sABIAIOTCS MaTeMaTHYECKUM BBIPAKECHHEM
3aKOHA JIEWCTBUSA MacC — OCHOBHOI'O 3aKOHAa XMMHUYECKOW KUHETHKHU: CKOPOCHb XUMUYECKOU
peakyuy nponopyYUOHAIbHA NPOUIEEOEHUI0 KOHYEHMPAYULl peasupyiomjux eewecms ¢ cmenenu
HEeKOmMOopbIX Yuce, onpeoensemvlx skcnepumenmanvro (nepsas popmyinuposka — H.W. beketos,
1865 1; I'ynpabepr u Bare, 1867 r.).

Tonpko MHOrJA MMOKa3aTeny CTENEHU KOHIEHTpAIMK Ui JaHHOTO BelecTsa (X, Y u 1Ip.)
B KMHETHUYECKUX ypaBHEHUX (5.3) COBMAJAIOT C €r0 CTEXUOMETPUUYECKUM KO3 PUIIEHTOM (X =
M; Y =N ) B ypaBHeHUHU peakiuu. OOBIYHO 3TO BBIIOJIHAETCS AJIS 3JEMEHTAPHBIX PEaKlUi, T.€.
peaKkuuii NpoXOAALUINX B OAHY CTAAMIO.

[IpuMepsl IPSMBIX 2JIEMEHTAPHBIX PEAKIIAMN:

NO + O — NOy;
H+Cl— HCI;
N204 — 2NO:.

JUia  Takux peakuud CTENEeHW B KUHETHMUECKUX YPaBHEHMSIX COBMAJAIOT CO
CTEXHOMETPUUYECKUMHU K03()(HUILIMEHTaMU peareHTOB B YPaBHEHUU PEaKLUu.

Ilokazamenv cmenenu KOHYeHmMpayuu peasupyroweco 6eujecmea 6 KUHemu4eckom
ypasuenuu peakyuu (X, y u 0p.) nazvleaemcs nopsAOKoM peakyuu no oamHomy eewjecmey. Tak,
Hanpumep, Ui peakuuu (6.1.2) mopsinox nmo BemectBy 4 paBeH X, mo B — Y. Ilopsakom xe
peakuuu B 1esioM (N) ABJISETCS cyMMa MOPSJIKOB 10 KaKJOMY peareHTy JAjsl JaHHON peakiuH,
Hanpumep, Ui peakuuu (6.1.2): n =X +y.

Bennuunsl nopsiika mo peareHtam (X, Y U Ap.) U MO peakiuu B 1eaoM (N) MOTYT OBITh
T00BIMH  HEOONBIIMMHU TenbIMU yucinamu (1, 2 u penko 3), paBHATbCA HYJIIO WIH OBITh
npoOubiMu uncinamu (1/2, 2/3, 3/4 u np.). Hanpumep, 1711 peakiiuy CHHTE3a BOJIbI

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

MOPSAZOK PEAKIMU, B 3aBUCMMOCTH OT MaplMajibHBIX JAaBIECHUH BOAOPOAA U KHUCIOpOJa,
uMeet apobHoe 3nadeHue — 1, 0,5 u 0,7 (cM. Tabnwuiy 5.1).

Tabnuya 5.1 — 3aeucumocms nOpsAOKA peakyuu om napyuaIbHuIX 0aeIeHUll KUCI0pooa u
6000p00a

p(H2), Tl p(02), Tla Bun kuneTnueckoro CymmapHsbIi
YpaBHEHHUS TIOPSIJIOK
_1nl 0
130 — 2600 26600 — 53300 L= ka2 pOz 1
2600 — 8000 20000 — 53300 v=K 0 0> 0,5
- - =kpy,, Po, ,
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0,4 ,,0,3
8000 — 50600 1330 — 5300 v=kp. ps 0,7
PH, Po,

HeoO0XomuMbpIM  yCIIOBUEM XWMHYECKOTO B3aMMOJCHUCTBUS SIBIIICTCSI CTOJKHOBEHHE
pearupyromux YacTUIl — MOJIEKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOJIKHOBEHHSI 3JICKTPOHHbIE
o0J1aka peareHTOB CMEIIMBAIOTCs, 00pa3ysl MPH TOM HOBBIC CBSI3H.

Yucno monexyn, 00OHOBPEMEHHbIM 63AUMOOENUCMEUEM MeHCOY KOMOPbIMU 6 MOMEHM
CMONKHOBEHUL  OCYUeCMBIAemcsi — aKm — XUMUYEeCKO20  NpeBpaujeHus,  Ha3bleaemcs
MONEKYIAPHOCMbIO PeaKyuu.

Peakniuu  ObIBatOT MOHO-, OHM- ¥ TPUMOJICKYJISIPHBIMH. TpPHUMOJICKYJISIpDHBIE U
TETPAMOJICKYJSIPHBIE PEAaKIMHU OuYeHb peAKd. M3BeCTHBl JHIIb HECKOJIBKO IPHMEPOB
MIEHTaMOJICKYJISIPHBIX PEaKIIUH.

B wacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIUAM OTHOCST PEAKLUU PA3JIOKEHUS MOJIEKYJIT
U BHYTPUMOJICKYJISIPHBIX TIEPErPyIIHPOBOK, HAIPHUMED, PEAKIHIO Pa3IOKEeHUsT MOJICKYJI oa:

l2(2) < 21(2).
KuneTtnueckoe ypaBHEHHE 3TOTO MPOIecca UMEET TIEPBbIN TOPSIOK:
v = K[I2].
[Tpumepbl OUMOJIEKYISIPHBIX PEaKIUU:
2NO(2) <> N202(2), v = k/NOJ?

HBr(z) + H(e) <> Hz(2) + Br(2); v = K[HBr][H] — kunetnveckoe ypaBHEHHE BTOPOTO
HOpSIZIKA.

TpumosnekymnspHas peakius:

Cla(2) + 2NO(2) <> 2NOCI(2); v = K[CIZ][NO]? — kuneTHUecKkoe ypaBHEHHE TPETHETO
HOpSIJIKA.

JIisl IpUBENEHHBIX pEaKkIUi MOPSAOK M MOJEKYISAPHOCTh PEaKklIMi COBIAJAIOT, HO B
o0I11eM ClTyyae OHHM pa3IUyHBbI.

Ilopsook peakyuu onpeoensiemcsi MOJLEKYAAPHOCMbIO CAMOU MEONEeHHOU CMaouu OaHHOU
peakyuu.

Ecmu peakmus wper mo craausM, TO €€ TOPSJIOK pPEaKIWW MEHbIIe WIH PaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, Hampumep, MpH CHHTE3€ BOJBI (cM. Tabnuiy 5.1) mpu nopsake

peakuuu paBHoMy equHuLe (N =1, U = kp]|'_|2 pg ), peaKiusi — MOHOMOJIEKYJISIpHasi; Ipu N =
2

05 (L= k[f)a2 pg’zs), peakius — MOHOMOJeKyJsipHas; npu n = 0,7 (U = kp&’j p£2’3),
peakiusi — OUMOJNEKyIsIpHasl.

Ipumeuanue. HeoOX0AMMO MOMHUTH, YTO MOJICKYJIIPHOCTh PEAKIIWH, B OTIUYHE OT e
nopsiaka, Beeraa menoe yucio — 0, 1, 3.

3axon Oeticmeusi Mmacc Ccnpageoius MoAbKO Ol MOHO-, Ou- u pejce 0
MPUMONEKYTIAPHBIX PEAKYUIL.

[Tpu >neMeHTapHOM peakIiu B CUCTEME MPOTEKAeT TOJIBKO OJIMH MPOIECC ¥ YPAaBHCHHE
PCaKIIUU PACKPBIBAET €r0 MEXaHW3M. BOJBIIMHCTBO pEaKIMid — CJIOXHBIC W IPEIACTABISIOT
co00i1 cyMMapHBI pe3yJbTaT HECKOJIBKUX dJIEMEHTAPHBIX MpolleccoB (AByX u 6onee). [loaTomy
o0I1ee CI0KHBIX YpaBHEHUE PEaKIUi He OTPAKAET X PEATbHBIA MEXaHHU3M.

Jna cnodxcuvix peakyuili 3aKOH OeUCMBUs MAcC He NPUNONCUM 6 YELIOM, d CHpaseous
UMD K OMOENbHLIM €€ cmaousam Hebowuol monekyiaprocmu. Hanpumep, oOiiee ypaBHEHNE
pEaKIuu UMeeT BU/I:

24+ B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPHUMOJEKyNsapHOW. OJHAKO TpOTEeKaeT B JBE
CTaJIuu:

1) A + B < D — oyenwv 6vicmpo;
2) D + 4 < C — meonenno.
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24+ B« C.

Tak kak MOPSAIOK PeaKIMK OMPEACIIIeTCS MOJEKYJISPHOCTHIO CaMOl MEIJICHHOW CTaJuu
peakiuu, TO JaHHAas peakluss — OWMOJIEKYyJIsipHas W BToporo mopsjaka. CremoBarenbHO,
KHHETUIECKOE YPaBHEHUE ITOTO B3aMMOJICHCTBHS OyAeT UMETh BU/:

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

N3 (5.1) cnemyer, 4TO0 Cckopocmb peakyuu — 6eiuUYUHA OOPAMHO HPONOPYUOHANbHAS
8peMeHU.

BcenenctBue pa3nuyHOM CKOPOCTH JBMIKCHHSI MOJICKYJI, OHH OOJaJaloT pa3IMyHON
KUHETHYECKOW dHepruei. [Ipu 3ToM KMHEeTHYecKast SHEPTUsl PSIMO MTPONOPIIMOHATIbHA CKOPOCTH
JIBUKCHUSI MOJICKYJTBI.

Modekybl, KOTOpbIe 00J1aIal0T BEICOKMM 3allacOM KHWHETHYECKOW YHEPTHH, HA3bIBAKOTCS
AKTUBHBIMHU.

Jononnumenvuyro sHepauio, KOmMopyio HA00 cooOuums MOIEKYIAM 015 Nepesood Uux 6
AKmugHoe COCMOsIHUe, HA3bI8AOm dHepeuel axmusayuy. XUMHUYECKas pEaKkIus MOXKET
MPOM30UTH TOJIBKO TPU CTOJKHOBEHHH AKTUBHBIX MOJICKYI.

Ckopocmb  XumuyecKkol peakyuu npsamo NPONOPYUOHAIbHA HYUCTY CMOJIKHOBEHUU 6
eOUHUYY BPEMEHU.

Ponp xatanmszaTtopa, IpUMEHSEMOTO I MPOTEKaHUS JAaHHOTO XHMHUYECKOTO Ipolecca,
3aKIII0YaeTCsl B CleAyromeM: 1) B TOHMKEHHH SHEPTUM aKTHBAalMW; 2) B OOeCreueHHH
HE0O0XO0IUMOI OPUEHTAIH PEarupyrOIIUX YaCTHIL.

BinsiHue TeMnepaTypbl Ha CKOPOCTh peaKuu

C mMOBBIICHUEM TEMIICPATYpPhl YBEIHMYUBACTCS CKOPOCTH JBIDKCHUS MOJIGKYJT M HX
KUHETHYECKAs SHEPTHsl. AKTUBHOCTh MOJICKYJI BO3PACTaeT, U CKOPOCTh PEAKIMH YBEITUIUBACTCS.

3aBUCHUMOCTh CKOPOCTH pEaKIHUU OT TEMIIEPATyphl OMpEeNsIeTCs IMpaBuioM BaHT-
Fodda: npu yseruuenuu memnepamypor na rascovie 10°C cxopocms peakyuu o3pacmaem
npumepHo 6 2 pasa. JIns HEKOTOPHIX peakIuii CKOPOCTh Bo3pacTaeT B 3 — 4 pa3a. DTO 3aBUCHUT OT
MPUPOJIBI pEaruPYIOIINX BEIIECTB.

Yucno, nokaszvisaioujee 60 CKOIbKO pd3 YEEIUYUBAEMCs CKOPOCMb peakyuu npu
yeenuuenuu memnepamypvl Ha 10°C, Hasvieaemcsi memnepamypHuiM Kodgduyuenmom u

obosnauaemcs 7/ :

M3MeHeHHe CKOPOCTH peakiMM OT TeMIIepaTypbl MOKET ObITh BBIYMCICHO MO (Gopmyiie
Bant-T'odda:

th—

t
—2 =y 10 (5.4)
Utl

rae Ut2 41 Utl — CKOPOCTH pEaKIMW Ipu Temneparypax t2 m ti COOTBETCTBEHHO; Yy —

TemneparypHbliil ko3 duuuent Baut-I'odda.
CKopocTh peakuy B reTeporeHHbIX cucreMax. Bausinne karanusaropa Ha
CKOPOCTh XUMHUYECKHUX peaKkuuil

BemectBa,  M3MEHAOIME  CKOPOCTh  XMMHYECKOIO  IIpPOILECCa,  Ha3bIBAIOTCS
karanu3aTtopamu. Karanmzatopamu MoryT ObITh TBEpAble, JKUAKME U Ta3000pa3Hble
BenlecTBa. MI3MEHEHHE CKOPOCTH XMMHUYECKOW pEeakLUU IOJ BIMSIHHEM IPUCYTCTBYIOLIETO B
CHUCTEME MTOCTOPOHHETO BEIECTBA, COCTaB M KOJIMUYECTBO KOTOPOTO K KOHILY PEaKIUu OCTalOTCS
0€3 U3MEHEHU, Ha3bIBAIOTCS KaTaTU30M.

[Ipu roMoreHHOM KaTajau3e B3auMOJIEUCTBYIONINE BEIIECTBA U KaTalu3aToOp COCTaBIISIOT
onHo(daszHyto cuctemy. IIpu reTeporeHHOM KaTaju3e pearupyrollye BellecTBa M KaTalnu3aTop
COCTaBJISIIOT CHCTEMY H3 HecKonbkux ¢a3. Ilpu rereporeHHOM Karaauze B MPUCYTCTBUU
HEOOJIBIIIMX KOJMYECTB KaTaju3aTopa MOTYT IIpOpearupoBaTb OTHOCUTENILHO OoJblIMe
KOJIMYECTBA B3aMMOJCHCTBYIOIMX BellecTB. [IpM roMOreHHOM KaTaln3e CKOpPOCTb peakluu
IIPAKTUYECKH MTPONIOPLHOHAIbHA KOJIMUYECTBY KaTaanu3aTopa.
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AKTUBHOCTB KaTajau3aTopa, a MHOT/Ia U CHeUPUIHOCTh UX JIEUCTBUS, B OOJIBIION Mepe
3aBUCHUT OT TemIiepaTypsl. [l kaxaoro npoiiecca, CylecTBYIOT OIIPEIEICHHbBIE KaTaanu3aTopPhl,
4acTo NOJ0MpaeMble SIKCIIEPUMEHTALHBIM ITyTEM.

XuMHYecKoe paBHOBecHe
Bce xumuueckne peakiiuy MOKHO pa3ienTh Ha JIBa TUIIA: 00OpaTUMbIE U HEOOpaTHUMEIE.
MHorue peakuuu SIBISIOTCS OOpAaTHMBIMH, T.€. TAKMMH, IIPU KOTOPBIX 00Opa30BaBIIUECS
IPOJYKTHI B3aUMOJICHCTBYIOT MEXTy OO0, mpeBpamasich B HCXOAHbIE BEIIECTBA.
OOpaTuMble peakIy OTPaHUYEHBI ONIPE/ICIICHHBIM IIPEICIOM: OHU HE TOXOAAT JI0 KOHIIA.
OOmuwmii BUJ ypaBHEHHs 00paTUMON peakIuu:

mA + nB <« pC + gD. (5.5)

CkopocTH IpsMOTro U 00paTHOT'O MPOIIECCOB BBIPAKAIOTCS CIECAYIOUIMMH YPAaBHECHUSAMU:
v =k[A]"[B]" (5.6)
v =k[C]?[D]". (5.7)

B MOMEHT ycTaHOBIICHHSI paBHOBECHS IpsMasi M 00paTHas peaKIuy He TMPEeKPaIarTcs, a
IPOJIOIDKAIOT MPOTEKATh B IPOTUBOIIOJIOKHOM HAIIPABICHUH C PAaBHBIMH CKOPOCTSIMU.
I'paduaecku 310 MOKET OBITH TaK, KaK MOKa3aHO HA pUCYHKE S5.1.

UA

L2

Pucynox 5.1
3asucumocms npAMOU u t
00pamHoll peakyuii om 8pemeHu

v

Ecnu cxopoctu mpsMoil u oOpaTHOW peakuuil paBHBI (Vmp = Vosp. — MATEMATUUYECKOE
yCIOBHE€ XHUMHUYECKOTO0 pPaBHOBECHs) , TO IMpaBble 4acTH  ypaBHeHud (5.6) u (5.7), ux
BBIPAKAIOIINX, TAK)KE PaBHBI:

K[AI"[B]" = K[CPP[D]. 59
Ha ocHoBannu 310oro c(hopMyInpoBaHO MOJIOKEHHUE, HA3BAHHOE 3aKOHOM JIEHCTBHSI Macc
(BTOpas hopMyIUpOBKA): 8 MOMEHmM pABHOBECUs NPOU3BEOeHUe KOHYEHMPAYULl Oeticmseyoujux
MACC UCXOOHBIX BeWeCms HA KOHCMAHMY CKOPOCMU NPAMOU peakyuu paeHO NPOU3Ee0eHuUro
KOHYEeHMpAayuti Oeucmeyrowux macc o00pasylouwuxcs 6ewecms Ha KOHCMAHMY CKOpOCMU
0b6pamuou peaxkyuu.
W3 ypaBHenus (5.8) cinenyer, uto

v/ [clP[p]! (5.9)
[A"[B]" |
OTHOI_HCHI/IC ABYX IMOCTOSAHHBIX BCIIMYHUH €CTh BCIIMUMNHA ITOCTOSAHHAA, CIICAOBATCIIBHO!:
E/E:KP:M (5.10)
[A"[B]" |

KoHcTanTol XUMHYECKOTO PaBHOBCCHUA K? Ha3plBaeTCS OTHOIICHHE NPOU3BCACHUSA
PaBHOBECHBIX KOHHCHTpaHI/Iﬁ IMPOAYKTOB pPCaKnuu K IMPOU3BEACHUIO PaBHOBCCHBIX
KOHI_[CHTpaLII/Iﬁ HUCXOJHBIX BCHICCTB, B CTCIICHU UX CTCXUOMCECTPUUCCKUX KOZ—)(i)(I)I/IL[I/IeHTOB.
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KP BbIpakaeT 3akoH AeMCTBUS Macc JUIsl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PpagHoGecuUsi He 3a8Ucum Om KOHYEHMPAyuu peazeHmos, HO 3a8UcCum Oom memnepamypul u om
nPUPOOLL Peazupyroujux eujecms.

B MOMeHT XMMHYecKOoro paBHOBecHs n3MeHeHue sHeprun [ ndoca ve npoucxogutr — AG
= 0. Koncranra xumMuueckoro paBHoBecusi cBsi3zaHa ¢ AG COOTHOLICHHEM:

AG? = —RT InKP (5.11)

VYuuteBas, uyto INKP =2,303 IgKP u R = 8,314 JIx/K-moar ypaBHenume (5.12)
npeoOpa3yeTcs 10 BUA:

AG®=-19,14 T IgKP (5.13)

[lonp3ysich ypaBHEHHMEM  KOHCTaHTbl PABHOBECHS, MOYKHO YIMPABIAThH XUMHUYECKUM
MPOLIECCOM, YTO BaKHO B TEXHOJIOIMUYECKUX LIETISX.

Ecnu B paBHOBecHOi cucteme MA + nB <> pC + D yBennunth KOHLIEHTpAHIO A, TO B
cootHomeHuu (7.1.6) mns KP, MOJDKEH YBEIWYUTHCS YUCIUTENh WM YMEHBIIUTHCS BTOPOMH
COMHOXHTEJb 3HAMEHATEJS, T.€. BEIMYMHA [B]. DT0 MOXET NPOU30ITH B Pe3yJIbTaTe CMEILEHUS
paBHOBECHs ClieBa HANpaBO, MPHUBOJIALIETO K OOpPa30BAHUIO HOBBIX KOJMYECTB MPOAYKTOB
peakiuu — C u D.

Takum 00pa3oM, MpU YCTAHOBUBILIEMCSI HOBOM COCTOSIHUM PaBHOBECHS, KOHIIEHTPAIMU
BCEX YEThIPEX BELIECTB, 0 CPAaBHEHUIO C NEPBOHAYAIBbHBIMU, OKAXYTCS HW3MEHHUBIIMMUCSH, a
3HaYeHNE KOHCTAHThI PABHOBECHS HE N3MEHUTCS.

CnenoBarenbHO, Jii CMELICHMsS] pPaBHOBECUS Cj€Ba HalpaBo HEOOXOIUMO WU
YBEJIMYUTh KOHIIGHTPALIUIO OJHOTO M3 MCXOJTHBIX BEIIECTB, WM YMEHBIIUTh KOHIEHTPAIUIO
OJIHOTO U3 MPOAYKTOB PEAKIIUH.

C moMoIipi0 BBIPKEHUS KOHCTAHTHI PaBHOBECHS MOXKHO ONpPENeNsATh KOHILIEHTPALUU
BELIECTB B MOMEHT PaBHOBECHSI, a €CIM W3BECTHBI 3HaueHUd K’ M HUCXOJHBIE KOHLIEHTPALUU
BEIIECTB, TO MOKHO ONPEAETUTh UX PABHOBECHBIE KOHIICHTPAIIUH.

Ecnu ucxomHyio KOHIIEHTpaluio BeriecTBa A 0003HaunTh depe3 Co(A), a YuCIio MOJb

€Tro, MpopcarupoBaBUINX K MOMCHTY PABHOBCCHS, UCPEC3 A C(A), TO MOJISIpHAA KOHLCHTpAaIus B
MOMCHT PaBHOBECHUA OIIPCACINTCA TaK:

[A] = Co(A) — A cA).

PaBHOBECHME B TE€TEPOTEHHBIX CHUCTEMaxX OMNPEACISIETCS TOJBKO Ta30BOM WIM KHUIKOUN
¢azoil, T.K. KOHIIEHTPAIIUU TBEP/IbIX BEIIECTB HE BXOJAT B YPaBHEHHE JJIsl CKOPOCTU PEAKITHH.

HanpaBnenvne cmemeHnss paBHOBECHUS CHUCTEMbl NPU HU3MEHEHUM KOHUEHTPALWH,
TeMIepaTypbl WM JaBJIeHUs onpeaenserca npudiunoM Jle [larense:

«Ecnu na oopamumyio cucmemy, HaAxX00AWYOCa 8 NOOBUNCHOM COCMOAHUU, OKA3AMb
U36He Kaxkoe — 1uOo eo3oeiicmeue, mo cucmema omeeuaem cmeuieHuem pasHoeecus maxKum
00pazom, umoowvl oc1adumsb IMO 6030€liCHEUEe).

Bonpocsl u 3apanus

3amaya 1. Peakumsi paznoxeHus okcujaa asora (+5), mpoTekaromias MO YpaBHEHHUIO
obmiero Buaa 2N20s(2) «» 4NOz(2) + O2(e), mpoTekaeTt B 1BE CTaIUU:

1) N2Os(2) <> N2Os(2) + Oz(2) — meonenno;
2) N2Os(2) + N2O3(2) <> 4NO2(2) — bvicmpo.

Omnpenenure NOpsAI0K U MOJIEKYJISIPHOCTB 3TOTO MpoIiecca.

Pemenue. 13 ycnoBuii 3a1aun ciieyeT, YTO CKOPOCTh PEAKLIUU, B IIEJIOM, ONPEAEIAETCS
nepBoii ctaanelt nmpomecca. Mrak, ckopocTs peaknuu npornopiimonaibaa KoHmeHTpaui N2Os(T),
T.€. IPOIIeCC Pa3IoKEHHUs OKCHIa a30Ta (+5) — peakius nepBoro Nopsiika, MOHOMOJIEKYJISIPHASL.

3anada 2. Beruncnure 3HaYeHNE KOHCTAaHTBI CKOPOCTH IIPH HEKOTOPOW TEMIEPATYpPe UL
anemenTtapHoii peakiuu C(2) + D(2) <> B(z), ecnm npn xonnenTpamusx [C] = 0,04 mons/am® u
[D] = 0,05 Monb/aM® cKOpOCTh peakImy cocTaBuaa v = 3,2-107%,

Pemenne: Tak kak peakiusi >JIE€MEHTapHas, TO YPAaBHEHUE pEaKIUU OTpaxkaeTr eé
MEXaHHU3M — JTO PEaKLMs BTOPOTO IOPsANKA, T.e. KNHETHYECKOE yYpaBHEHHE 3TOTO Ipolecca
OyIeT UMEeTh BU/I;
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v 32-100%
[C][D] 0,04-0,05

L= k[C][D], omciooa K = )
3amaua 3. [[ns peakiuu B ra3oBoi (aze
24 + 3B > A2B3
MOJTy4eHHasl 3aBUCHUMOCTh €€ CKOPOCTH OT KOHIICHTPAIIMM PEareHTOB IpEeJ/ICTaBlieHa B
Tabauie 6.2.1.

Tabnuya 5.2. 3asucumocms CKOpOCHMU peakyuy 0m KOHYEeHMpayuu peazenmos

KoHuenTparms, Mos/am°

Bemectso 4 0,20 0,40 0,50 0,60 1,20 0,20

BemectBo B 0,20 0,40 0,20 0,80 0,80 1,00

CKOpPOCTH PEAKIUH, MOJIB/(JIM>-MUH) 0.32 0.64 0.32 128 128 160

KaxoB nopsinok peakuuu? Bbrunciaure KOHCTaHTY cKOpocTH. Kak M3MeHHMTCS CKOpOCTb
peakuuy Npy yBEJIMYCHUH JaBJICHUs B [1Ba pa3a’

Pemenue:

1. JInst HaxoXkneHus MOpsAKa pPEaKUUM IPEXAE BCEr0 HAIA0 HAWTH KHUHETHYECKOE

ypaBHEHHE JJIsi JTOH CIIO)KHOW XUMHUYECKOW peakiuu. I[Ipm 3ToM HEoOXoaumo

IIPOTECTUPOBATh YPaBHEHUS CIEAYIOIINX TUIIOB!

1) mnepsoro nopsiaka — v = k[/A4]; v = k/BJ;

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

3) tpersero nopsiaka — v = K/AJ?/B]; v = K[A][B]>.

2 Kunernueckoe ypaBHEHHE OyAeT COOTBETCTBOBATH JEHCTBUTEIBHOMY MEXaHHU3MY
peaKIyy, €ciIM BBIYMCICHHOE W3 HEro 3HAYeHHE KOHCTAHThI CKOPOCTH pEakuuu OyJer
OJIMHAKOBBIM (MJIM MPHUMEPHO OJIMHAKOBBIM, C YYETOM IIOTPELIHOCTH H3MEPEHUs B XOJe
HKCIIEPUMEHTA).

3 TectupoBaHue ypaBHEHUS MEPBOTo mopsiaka Bujaa v = K/A]:

1) s mepBo# mpoOsI Ky = - 0,32 =16;
[Al; 0,20
2) st BTopoit mpoos! Ky = Y2 _ 064 =1,6;
[A]l, 0,40
3) s TpeTbeit mpoosl K3 = % 0,32 =0,64.
[Al3 0,50

Tak kak 3HaYeHHUE KOHCTAHTBHI CKOPOCTU HE OJWHAKOBBI JJIsI UCCIIEIOBAaHHBIX MPOO, TO
KHHETHYECKOE YpaBHEHHE IMEpBOro mopsaka Buma v = K/A] He COOTBETCTBYET MEXaHH3MY
JTAaHHOW peaKInH.

TecTupoBaHue ypaBHEHHs TIEPBOTO Mopsika Buaa v = K/BJ:

1) s nepBoi mpoOsI Ky = - 032 =16;
[B]y 0,20
2) st BTopoit mpoos! Ky = Y2 _ 064 =1,6;
[B], 0,40
3) s TpeTbeit mpobsl Kz = U3 % =16;
[Blz 0,20
4) nist 9eTBepTOM MpoOHI Kg = b4 _ % =16;
[B]l, 0,80
5) most nsiToit mpookl Kg = vs 128 =16;
[Bls 0,80
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g 1,60 -1
[Blg 1,00
WTak, KHHETHYECKOE YpaBHEHHUE JaHHOU peakiuu: v = K/BJ; KoHCTaHTa CKOpOCTH — K =

6) a7 mecToi mpods! Kg =

1,6.

4 YBenuueHue AaBJICHHS B CUCTEME B J[Ba pa3a MOBBICUT KOHLIEHTPAL[UK peareHToB A u B
TOKE B JBa pa3a, 4TO HPHUBEAET B BO3PACTAHUIO CKOPOCTU PEAKLUU TAKXKE B JBa pasa. IJTo
MOYKHO HOJATBEPAUTH PACUETOM:

vy _ 2K[B] _ 5
vy k[B]
3amavad Ha ckOJIBKO Haj0 MOBBICUTH TEMIIEPATYPY, YTOOBI CKOPOCTh PEaKIui BO3pOCIia
B 50 pa3 (y =2,3)?

Pemenne
Pacuer nmposeném no popmyne Bant-I'odda:
A =h . -1y
—2 = Y 10 , Te il =50; y=2,3; orctonab0=2,3 10
Ut Utl

1
[Iponorapudmupyem 06e yaCTH MOITYyYEHHOT'O PABEHCTBA:

-4
< _=1g2,3 =1g50
10 g g

¥ TIOCTIE ero pentenus moxyunm At = 47 °C.
OtBet: UToOBI CKOpOCTH peakunu Bo3pocia B 50 pa3 HaJ0 MOBBICUThH TeMIepaTypy Ha 47
°C
3anaua 5. [Ipu 393 K peakuust 3akanuuBaercs 3a 10 MUHYT. 3a CKOJIBKO MUHYT 3Ta PEaKLIUs
3akoHuuTcs npu 363 K (y =3,0)?
Pemenne
Kak u3BecTHO, YTO MEXIY CKOPOCTBIO XMMUUYECKON PEAKIIMU U €€ MPOJODKUTEIBHOCTBIO
CYIIECTBYET OOPaTHO MPOMOPLUOHAIBHAS 3aBUCHMOCTb:
L
b 71

Uy T

1
I7ie T1 ¥ T2 — BpeMs MPOTEKaHUs peakluy pu TeMreparypax ti u t2 COOTBETCTBEHHO.
CrnenoBatenbHO, ypaBHeHUE (7.2.2.1) MOXHO 3amucaTh B CISAYIOIIEM BHUJIC:
a4

1

) 7/ 10 ,

2
OTKyJa

ty—t; 393-363
rn=19-y 10 =103 10 =270 mun.

Otser: npu Temneparype 363 K ata peakuus 3akaHuuBaercs 3a 270 MUHYT

ba30BeIil ypoBEHB

3amaga 1 Omnpenenute u3MEHEHHE CKOPOCTH MPSMBIX AJIEMEHTAPHBIX Ta30BBIX PEaKIIUn
HpI/I YBeHquHI/ISI JaBJICHUA B IBa pa3a:

1)H, + O — H + OH; 2) Cl + H— HCI;

3) 2NO + Cl, — 2NOClI; 4) NO + O — NOe..

JUiss  KaKIO0M pEeakUUH OIpEACIIUTEe MOPSAAOK M MOJEKYJISIPHOCTb M HaIMIINTE
KHHETHYECKOE YpaBHEHHE.

3amaau 2 Pe3ynbTaThl M3yueHHUs] CKOPOCTH peakIMM MEXIy BemiectBaMu A u B
MIpEACTaBICHBI B Ta0mwuIe 5.3.
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Tabnuya 5.3 3asucumocmv CKOpoCcmu peakyuu om KOHYeHmpayuu peazeHmos
KoHneHTpamus, Mojib/am°
BemectBo 4 0,10 0,20 0,20 0,10
BemtectBo B 0,10 0,10 0,20 0,05
CKOpOCTh peaxiuy, mons/(mve-mun) | 0,004 0,016 0,016 0,004
KaxoB nopsiiok u MOJIEKyJIIpHOCTh peakiuu? Berauciure KOHCTAaHTY CKOPOCTH.
3amaua 3 Ilpu yBenuyeHMH KOHILEHTpanuu BemectBa 4 B 1,6 pa3za CKOpPOCTh peakuuu
Bo3pacraeT B 2,93 paza. KakoB nopsiaok peaknuu 1o BemiectBy A? Oteet: na = 1,83.
3amaua 4. CocTaBbTe BBIp@XXEHHE JUIsI KOHCTAHTHI PaBHOBECHS T'OMOT€HHOTrO Ipoiiecca,
OIKCHIBAEMOTO YPABHEHHEM:

4HCI + 0, <> 2H,0 + 2Cl, .

3amaya 5. /[ paBHOBECHOM ra3000pa3HO CHCTEMBI
CO +Hy0 < COy + Hyp, k7= 1,0 (mpu 830 °C).
Omnpenenute KOHIEHTPAlMM BCEX BEIIECTB B MOMEHT pPAaBHOBECHs, €CIIM HadalbHas
kornerTpamus Co(CO) = 2 mons/mm® u Co(H20) = 3 Moms/mm®.
3anava 6 Kak n3MeHHUTCS CKOPOCTh pEaKIUU
2H28 +302 <> 2802 + 2H20 ,

€CJIM KOHIIGHTpAIlMM BCEX ra3oB YBEIMUYUTH B Tpu pa3a? B cTopoHy mpsmol uiau oOpaTHOM
peaKkLuu CMECTUTCA XMMHUECKOEe paBHOBECHUE?

I1oBBIIIEHHBINH YPOBEHB

3amaga 1 Peaknus mpoxoauT B Ta30BOH dase:
A+2B+D e C.

[Ipu yBenmueHnn KOHIEHTpaluu peareHTa 4 B 2 pa3a CKOPOCTb peakluu BO3pocia B 2
pasa. [Ipu yBennueHUM KOHIIEHTpALUU peareHTa B B 2 pa3a CKOPOCTh peaKluy HE U3MEHUIIACh.
[Ipu yBenuueHnun KoHIeHTpanuu pearenra D B 2 pa3za ckopocTh peakiiuu Bo3pociia B 4 pasa.

Kak BBINNISIIUT KMHETHYECKOE YpaBHEHHUE 3ToM peakimn? Kak n3MeHUTCs: CKOpOCTh Peakiiy Mpu
YBEJIMYEHUH OOIIIETO JaBiieHus B 3 paza? OTBET: CKOPOCTh PEAKIMH ITPH YBEIMUSHUH OOIIETO JaBIICHUS B
3 paza Bo3pacrer B 27 pas.

3amaua 2 Ilpm 25 °C KoHCTaHTa CKOPOCTH PEaKIHH B Ta30Boii dase

N204 <> 2NO2
HUMEET CIICAYIOIINE 3HAUCHHU:
P, Tla 21590 34660 89040
K(yca. eqMHUIIBI) 4.4 4,8 6,0.

Hoquy KOHCTAaHTa CKOPOCTH BO3paCTacT TIMIpHU YBCINYCHUU IIaBJ'ICHI/ISI? HO‘ICMy
KOHCTaHTa CKOPOCTHU Ha3BaHa KOHCTaHTOﬁ, €CJIM OHA 3aBHUCHUT OT )IaBJ'IeHI/ISI?
3aj:[aqa 3. B kakom HaIlTpaBJICHUU CMCCTUTCS PAaBHOBCCUC PCAKIIUU

AHCI + 02 < 2H 20 + 2ClI 2, AH’ , =—114,42 x]I/Monb,

ecnu: 1) MOBBICUTH KOHIEHTpauuio (2; 2) yBeIMYUTh KOHIEHTpauuio H20; 3) MOHU3UTH
nasnenue; 4) moBeicuTh Temmepatypy Ha 50 °C (TemmepaTypHbli Kod(QuIMEHT mpAMOiL
PEAKIUH Yrp = 2, a Yoop. = 3)?

Cnucok JuTepatypbl, peKOMEHAyeMbIi K UCIO0Jb30BAHUIO 110 JAHHOM TeMe

OcHoBHas JuTepaTypa:

1. Koposun, H. B. O6mas xumus : yueonnk / H. B. Koposus. - 13-e uzn., nepepab. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - TIpumn.: c. 461. -
Bubmnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy»Karoieii cpeibl : XMMUs KUBBIX opranu3moB. Kypc nexnuii /
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E. C. Muxamuna, A. JI. Iletenun. — M. : U3narenbckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHOo-0uOnmmoTreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/56618.html. — Pexxum nocryma: mis
aBTOPU3HUP. M10JIb30BATEIEH
JlonoiHUTeIbHAS JTUTepaTypa:
1. T'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tox pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: ¢. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XYMHSI METAIIJIOB : yu4eOHOE IMocooue (1Sl CTYIEHTOB XMMHUYECKOTO (haKyJIbTeTa
HarpaBieHui 0akanaBpoB « XUMHUI» U «XUMHUYECKask TEXHOJOTHs») / coctaBuTenu O. A.
I'omoBanoBa. — Owmck : OMckuii rocynapctBeHHbI yHUBEpcUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 35eKTpOHHBIN // DaeKTpoHHO OnbimoTeyHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocryna: mis
aBTOPHU3HP. MMOIb30BATENEH
HNuTepHeT-pecypcebl:

1 http://window.edu.ru/ — eauHoe OKHO JOCTYyIa K 00pa30BaTeIbHBIM PeCypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuteTcKkasi 6HOIMOTEKA OHIIANHY.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN JIEKTPOHHBIX OHOIMOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTtkpeiToe 00pa3oBaHue

Tema 6. PacTBOpBI
IIpakTnuyeckoe 3ansitue 6. PactBopbl. Cioco0bl BbIpasKeHU KOHIEHTPALUH
pacTBOpPOB. PacTBOpPBI 3JIeKTPOIUTOB. PacTBOPHI HEJIEKTPOJIUTOB

Heap 3ansiTusi: QopmupoBaHue 0a30BBIX 3HAHMKU O croOco0ax OMpeAeNeHuss CBOWCTB U
KOHIICHTpAIlUH PaCTBOPOB U HABBIKOB MPOBEJICHUS PACUETOB.

3HaHMsA M yMeHHUs, IpuodpeTaeMble CTYICHTOM B pe3yJibTaTe 0CBOEHUS TeMbl
3HaTh: OCHOBBI CAMOOPraHU3aLMU U CaMOOOPa30BaHMUS;
3HaTh: CyIIHOCTH U 3HaYCHHE MH(OPMAIMU B Pa3BUTHH COBPEMEHHOT0 OOIIECTBA; OCHOBBI ITOJIyUEHHS
1 00paboTKH MHPOPMAIMH U3 PA3THYHBIX UICTOUHHKOB
3Hath: pabOTHI 1O pacyeTy U MPOEKTUPOBAHUIO JIETAIEH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKLHUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U UCIIOJIB30BAHUEM CTaHAAPTHBIX
CpEeICTB aBTOMAaTU3alUu IIPOEKTUPOBAHUA
YMeTb: caMOCTOSITENIHO CTPOUTH NPOLIECC OBNaAeHHs HH(pOpMalel, 0TOOpaHHOH! U
CTPYKTYPHUPOBAHHOM /IS BBIITOJTHEHHS TPO(GECCHOHATIBHON IESITeNbHOCTH.
YMmeTh: momydats 1 00pabaThIBaTh HHYOPMALIMIO U3 PA3TMYHBIX HICTOYHUKOB
YMeTh: NMPUHUMATh y4acTHe B paboTax Mo pacyeTy U MPOEKTUPOBAHMIO JeTajel U y3JI0B
MalIMHOCTPOUTEIBHBIX KOHCTPYKIMI B COOTBETCTBUU C TEXHUYECKUMU 33IaHUSIMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATHU3ALUU POEKTUPOBAHUSA

HaumenoBanue ¢GopMupyeMbIX KOMIETEHIIHHA

AkTtyanbHOCTh TeMbl. COBpeMEHHAsE MOJIEKYJsipHash TEOpUs PAcTBOPOB MPEACTABISET
coOoif  OOIIMPHYIO, MHTEHCHBHO pa3BUBAIONIIYIOCS 00JacTb  MOJEKYJISPHOM  (U3HKH.
MonexkynsipHasi T€OpHsl )KUJIKHX pPaCTBOPOB OMHUPAETCS HA TEOPHUIO YUCTHIX OJTHOKOMIIOHEHTHBIX
KHUJIKOCTEH M TEOPHI0O MEXMOJIEKYJISIPHBIX CHJI. PacTBOpBI 3JEKTPOIUTOB - OCOOBIN Kilacc
KOHJCHCUPOBAHHBIX HMOHHO-MOJIEKYJISIDHBIX CHUCTEM. YUpe3BblYaiiHas CIOXHOCTb H3y4aeMOIO
00BEKTa MpeAonpeaesieT MHOTOYUCICHHBIE TPYJHOCTH U MPOOJIEMBI B 3TOH OTpaciu Hay4YHOTO
MIO3HAHUS.
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Teoperuueckas yacTb
Cnoco0bl BbIpa:keHNsi KOHIEHTPALUMUA PACTBOPOB

Pacmeopamu nazvieaiom mepmoounamuyecku ycmouyugvle 0OHOPOOHbIE CUCHEMDL,
cocmosiwue u3 08yx u 0Ooiee KOMNOHEHMOS8 (PACMBOPEHHLIX Gewecms U pacmeopumensy).
PactBopenHbIe BeliecTBa — 3TO KOMIIOHEHTHI PAcTBOpA, KOTOPHIE MEHSIOT CBOE arperatHoe
COCTOSTHME TpU ero oOpazoBaHuU. PacTBopuTeslb — BEIIECTBO, HE HW3MEHSIOIIEE CBOETO
arperaTHOTrO COCTOSTHHSI ITPH 00pa30BaHUU PAaCTBOPA.

Haubonee mmpokoe pacnpocTpaHeHUE MOTYYUIA BOJHBIE PACTBOPBI, PACTBOPUTEIIEM B
KOTOPBIX SABJIACTCA BOAA.

Baxkneiimeld xapakTepUCTHKOM pacTBOPOB SIBISIETCA WX KOHIIGHTpalMs — Macca WU
KOJINYECTBO BEIIECTBA, COJIEPIKAIMECS B OIPENEICHHOW Macce WM Oo0beMe pPacTBOpa WU
pacTBOPUTEIIS.

Maccosas nons BemectBa X — macca Bemectsa M(X) (B 1), comepxamascs B8 100 1

pacTBoOpa:

0(x),% =) 100

1
Mp—pa (6.1)
MonsansHas KOHIOCHTPpAaUWA — KOJIUYCCTBO MOJIb BCIICCTBA n(X) , COACpKAIMeECCsa B OJJHOM

kmiorpamme (nau B 1000 r) pactBopuTes:

MOJIb _ n(X) m(X)

1000 =
M5 M (X)mp_ﬂ,I

-1000

c, (%)

KT (6.2)
MonspHas KOHIEHTpamus — kKonudecTso Monb Bemectsa N(X), coneprxameecss B oqHOM
am® (umm B 1000 cM®) pacTBOpHTES:

M(X) MOJIb n(X). m(X)

00=
M (X)Vp-na

-1000
(6.3)

MossipHast KOHIIEHTpaLusl KOJIMYECTBAa SKBUBAJICHTA (HOPMAJIbHOCTh WJIM 3KBUBAJICHTHAs
KOHIIHTpAIHs) — KOIMYECTBO MOJb JKBHBAJEHTA BElecTBA X, COAEPIKAIIEecs B OTHOM IM°
(umm B 1000 cM®) pacTBOpHTEIS:

(L x)
MONb _ Z m(X)
C (— X), > 1000=— -1000 6.4
z, oV, M (= XV, |
Z

X

1 1

rne N(—) u M(—) — Konu4yecTBO MOJb DKBUBAJICHTa BelIeCcTBa (B MOJb-3KB) H €ro
ZX X

SKBUBAJICHTHAas Macca (T/MOJIb) COOTBETCTBEHHO.

HpumeltaHue. Yuciao ZX Ha3bIBAKOT OK6UBANEHMHbIM  YUCIOM WA YUCIOM

okeusanenmuocmu —Z, > 1.3nauenne Z, ONPENENSIOT 0 XUMHYECKON PEaKIUH, B KOTOPOH

Y4aCTBYCT OAaHHOC BCHICCTBO. TaK, B YaCTHOCTH, I IJid BCIICCTB, YYACTBYIOIIHUX B OB-
pCaKknusAax, SKBUBAJICHTHOC YUCIIO ZB AJI1 BOCCTAHOBUTCIISL PaBHO YHCITY DJICKTPOHOB, KOTOPOC

OH OTJIAeT, a JUIsl OKUCIMTENSI — YUCIY 3JIEKTPOHOB, KOTOpoe OH MpuHUMaeT. Hampumep, mmns
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aunoHa MnO, B 3aBHCHMOCTH OT XapakrTepa peakuumu Z, MOXeT ObIThb paBHO 5, 3, I,
HanpuMmep:
MnO;, + 8H" +5¢" = Mn*" +5H,0; Z, =5; 2(MnO;,) = 1/5 mMoss;
MnO, + 2H,0+3e" = MnO, +40H"; Z, = 3; 5(MnO,) = 1/3 mo5;
MnO, +1e =MnO; ;Z, =1; 3(MnO;) = 1/1 MoJb.
CnenoBaTenbHO, B 3TUX peaKklMAX SKBUBaNEHT okuciuTeass MnO; cOOTBETCTBEHHO paBeH

1/5,1/3 u 1 monsb.
Heo6xonumo Beerjja NOMHUTB, 4TO 3HaYEHUE 3KBUBAJICHTa J1I000ro Beniectsa X He
npeBblIIaeT eAUHUIBL, T. €. I(X) < 1.

Ormpezenenne SKBUBAJICHTHBIX YMCENT HEOANHAKOBO Ul 0OMEeHHBIX 1 OB-peakiuii.
B 00MeHHBIX peakIusIX 3KBUBAJIEHTHOE YHCIIO ONPEIEIAIOT 10 CTEXHOMETpUH peakiuu. Eciu
JUIsL peakIuy BUA

V,A+ vgB=v.C +v,D
Ha OJIMH MOJb BemectBa A Tpebyercs vgB/v,A monb BemectBa B, 10 Z, =Vv,/v, .
ModnbHast 107151 — OTHOLIEHHE KoJimuecTBa Mok BemecTBa N(X) k o0memMy 4ncity MoJb BeexX

BEILIECTB NE (X;) , cocraBsIOLMX PaCcTBOP:

N (X
a(X) =N
Ny (X) (6.5)
Tutp pactBopa BemectBa X — macca Bemectsa M(X) (B 1), comepxkaascs B 01HOM cM®
pacTBopa:

cem® ' (6.6)

p-pa

T(X), 23 _ m(X)

Tutp pactBopa Bemectsa B 1o onpenensemomy Bemectsy X — macca semectsa M(X)

% cTargapTHOrO pacTBOpa BelmecTa B:

m(X)

(B T), COOTBETCTBYIOLIAsI OJHOMY CM

T(BIX), cjf v B)

(6.7)

Becbma BaKHBIM IapaMeTpOM PacTBOPOB SIBISIETCS UX IUIOTHOCTh — OTHOIIEHHE MAaccChl
pacTBopa (B KI') K 00bEMY 3TOT0 pacTBOpa:

VY (6.8)

p-pa

Ipumeuanue. B XUMWH Yalle TPUMEHSIOT Pa3MEPHOCTh TIOTHOCTH PACTBOPOB B I/CM.
Jnst mpoBeieHHs pacueToB TMOJIE3HO 3HATH (popmMyiry (9), CBSI3BIBAIOIIYIO KOJIHYECTBO MOJb
HKBHMBAJICHTA BEIIECTBA X C Pa3IUYHBIMHU BHIaMU KOHIIEHTPAIIM €r0 pacTBOPOB.

0 X) o= OO _TOONCO _TEIXNV(E)
. MG MG M)
1
CCEXNVIX)  (X), %0,V (X) (6.9)

1000 100M (Z1 X)

x
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HpI/I IIPUI'OTOBJICHUKU PaCcTBOPOB C paSHI/I‘lHOﬁ MacCOBOH I[OJ'IGI71 BCCbMa II0JIC3HBIM
ABJIACTCA TaK HA3bIBACMOC IMMPAaBUJIO0O CMCIICHHA (I/IJII/I IIpaBUIIO «erCTa»).
Cxema «KpeCTa» UMECT BU:

w,% — m, T
,, %
@, % — m,, T.

rac a)l, % n 0)2, % — MacCCOBBIC JOJIM UCXOOHBIX PACTBOPOB,

— MacCCbl UCXOOHBIX PAaCTBOPOB (B F) IOCJIE CMCIICHUA

m,=|w, —o| 1m, =0, -,

KOTOPBIX OyJIeT IOJIydeH pacTBOp ¢ MaccoBoit goneit @,, %0.
PacTBOpBI 3J1€KTPOJINTOB
Onexmponumamu HaA3bIBAIOTCS BEIIECTBA, KOTOPbIE IIPU PACTBOPEHMH B BOJE
MOJIBEPTAIOTCS  MPOTONH3Y (JUCCOIUUPYIOT WM PACHaJaioTcs) Ha HWOHBI M IPOBOJIST
AJIeKTpUUECKuil TOK. HeopraHnveckue KUCIOThl, OCHOBAHHS U COJIM SIBJISTFOTCSI AJICKTPOJIUTAMHU.
Cuiia 3JIeKTpOJIUTa XapaKTepU3yeTcsl CTENeHbI0 MPpoToiu3a (& ), KOTopas MOKa3bIBaeT
OTHOIIEHME 4YHWCIAa MOIEKyN, pacmaBmmxcs Ha uoHbl (N ), x 00meMy wumciay Momexkyn
anexrpoimra B pacteope (N ), # Beipakaercst B IporeHTax:

a =£~100%.
N

0

(6.10)

VYCIOBHO CUMTAIOT AJIEKTPOJUTHI, MOABEpriivecs mnportonusy Ha 3% u MeHee (T.e.

a < 3%) — cinabsivu, a Ha 30% u Goxee (0 = 30%0) — cunbHBIMIL

B pactBope cmaboro  SEKTPONNTAa  YCTAHABIMBACTCS  PABHOBECHE  MEXIY
HEJIMCCOIMMPOBAHHEIME MOJIEKYlaMH ¥ TPOAYKTAMH HX pacmlaga — MoHamu. Hampumep, B
pacTBope c1a60ii 0JTHOOCHOBHO KHCIOTHI:

HAT2= H + A”

KoncranTa Takoro PAaBHOBCCHUS BBIPAKACTCA UYCPC3 PABHOBCCHBLIC KOHICHTpPAIUU
COOTBETCTBYIOIINX YAaCTUIL B paCTBOPEC U HA3bIBACTCS KOHCIMAHMOU npomoausa uiu KOHCIMAHMOU

ouccoyuayuu K, (HA):

_[H'I[AT]
K, (HA) = AT 6.10)

MHOroOCHOBHBIE KHCIIOTBI PACIANAIOTCS CTYNEHYaTO, KaKIas CTYIIEHb U3 KOTOPBIX
XapaKTepU3yeTcsi CBOEH KOHCTaHToN. Hanpumep:
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H,Se===H" + HS"; Kﬂ:m-

[H,S]
__HO _ H*[S*
HS 2o H 57 K, =[5 ]
[HS7]
CoriacHo 3akoHy pasbasierns OctBanbaa, K, U ¢ cBsi3aHbl ypaBHEHHEM:
2
a -C
Ka(HA) :—1_a ) (612)
rne C — MomnspHas KOHIEHTPAIHS YIEKTPOIHTA, MO/ IM .
IIpu o << 1 ypaBHeHue ympomaercs:
— 2.
K. (HA)=a"-C. (6.13)

[[J'Iﬂ pacyceToB, CBA3AaHHLIX C ITPOTOJIU30M KUCIIOT, HaCTO UCIIOJIB3YIOT HC Ka ,d

IOKa3aTelb KOHCTAHThI poTonu3a (auccormarmu) PK, , koTopslit paBeH:

PK, = —lgK.. (6.14)

C Bospacranuem K

a>» TI.C. C YBCIMYCHHUCM CHJIbI KHCJIOTBI, 3HAYCHHC pKa

yMeHblIaeTcs, cregosarenso, yeM Oomnbue PK,, Tem cnabee kucnora. Taxk, snauenns PK,
st cnabbix kucinor ot CH,COOH no HCN nexar B npexenax or 4,76 10 9,21.

Jlnst opHOOCHOBHBIX Kucinor, Hampumep, ykeycHoit — CH,COOH, kouuenrparmn

[H+] 1 [A’] paBHBI 1 COCTABISAIOT:
[H*] = [CH,COO] = aC.
C yuerom ypasaenus (10.2.4) umeem:

[H*]=[CH,CO0 ]~ K, C.

PacTBOpBI HEIIEKTPOJIUTOB
Pa30aBneHHble pacTBOpPBHI  BEIIECTB-HEANIEKTPOIUTOB 00daNaoT psaoM  (pusuko-
XMMHYECKUX CBOMCTB, IJII KOTOPBIX KOJWYECTBEHHOE BHIPAXKEHHUE ITUX CBOKMCTB 3aBUCHUT TOJIBKO
OT YHuCJa HaXOIAIIMXCS B PACTBOPE YaCTHULl PACTBOPEHHOIO BEIIECTBA W PACTBOPUTEIS
(koyTMTaTUBHBIE CBOMCTBA). HekoTOopble M3 ATHUX CBOMCTB HMCHOJB3YIOTCS JUISI OMPEaSTICHUS
MOJIEKYJIIPHOW MacChl paCTBOPEHHOTO BEIIECTBA.
Tak, B COOTBETCTBUU CO 8MOPbIM 3aKOHOM Payns: MOBBINIEHUE TeMIEpaTypbl KUIIEHUS

(At

HERJIEKTPOJIMTOB MPONOPIHUOHATILHO YHCITY YacTHIl pacTBOPEHHOTO BELIECTBA U HE 3aBHCHUT OT
€ro IPUPOJIBL:

KHII.

) WIM TOHWKEHUE TeMIepaTypbl KPUCTAIUIM3ALUN (Atkp) pa30aBiIeHHBIX PACTBOPOB

At, =KC
kp m’ (6.15)
At =EC
KHIL m’? (616)
rne Al — monwkenue Temmeparypsl 3aMep3aHWs WM TOBBILIEHHE TEMIIEPATYPHI KUIIECHUS
pacTtBOpa, TIpamd; K u E — KpPHUOCKOIIHNYECKasA U 36yHJII/IOCKOHI/I‘-IeCKa}I KOHCTAHTBI
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coorerctBerHo; C — — MOISUIbHAS KOHIGHTpALWs PAacTBOPEHHOrO BemiectBa, Moimb/1000 r

pacTBOpUTEILS.
IIpumeuanue. Kpuockonuyeckas M 30YyJUIMOCKONIMYECKAs KOHCTAHTBHI MPEACTaBIISIOT
co00il TOHMXKEHHE TEMIIEpaTypbl 3aMEp3aHUs WJIU IOBBILIEHHE TEMIIEPaTypbl KUIIEHUS IS
PacTBOPOB HEHIEKTPOIUTOB MPU MX KOHLEHTPALUAX PaBHBIX 1 MOMB/M>.,
Ecmu M (r) HesnekTponura, HMEROIIEro MosbHyt0 Maccy M, pactopensr B M oy (1)
pacTBOpuUTENs, TO:

m
Atsau = K3aM ) a— 1000 ’ epadyc
J " M@—sa mp—m (617)
m 1
Atmm = Exun ’ e OOO ’ Zpa()yc
Mefea mpf.m (618)

@opMysbl  MTO3BOJISIOT ONPEAEIUTh TEMIEPATYPBI 3aMep3aHus U KUIIEHUS PAacTBOPOB
HEJJICKTPOJIUTOB 110 UX KOHLCHTPALMM, & TAKXKE HAXOAUTh MOJIBHYIO MacCy pacTBOPEHHOTO
BEILECTBA 110 IOHM>KEHUIO TEMIIEPATYphl KUIIEHUS UJIU 3aMEpP3aHMs paCTBOPOB.

BOl'lpOCbI H 3aJaHusA

[Ipumep 1. HanumcaTe MONEKYJSIPHOE M MOHHOE YPaBHEHHUS PEaKLIMM B3aMMOJEHCTBHSA
pacTBOpOB HUTpaTa Oapus u cynbdara HATPUSL.
1 CocraBisieM MOJIEKYJISIPHOE YPaBHEHUE PEAKIIUU:

Ba(NO;), + Na,SO, = BaSO, { +2NaNO,

2 TlepenucpiBaeM 3TO ypaBHEHHS, W300pa3WB XOPOIIO IMCCOIMUPYIOIINE BEIIECTBA B
BUJE MOHOB, a yXOJfIIMe M3 chepbl peakuud — B BHUJE MOJEKYJ, T.€. COCTABIIsEM IIOJIHOE
MOHHOE YpaBHEHUE JJaHHOW peaKIuy.

Ba?" +2NO;3 +2Na™ + SO~ = BaSO, ¥ +2Na* + 2NO3.

3 BoimucbiBaeM HOHHOE YpPAaBHEHHE pEaKLUH B OKOHYATEJBHOM BHJIE (COKpAIEHHOE
MOHHOE YpaBHEHHE):

Ba®" +SOZ™ =BaS0O, 4,

KOTOpOE OMpeenseT CyTh Mpolecca B3aUMOJEHCTBUS PacTBOPOB HHUTpara Oapus H
cynbdaTa HaTpHUs.

3amaya 2. Paccumtaiite nonnywo cuiy pactBopoB RDNOsz, CuClz m NasPOs4, ecnm ux
MOIISIPHBIE KOHIIEHTpauu pasHbI 0,1 Moms/mv°.
Pemenue. 1 B pactBope HuTpaTa pyouus:

1 2 2 1 2 2\
"Q(CszRw +CNO§zNO§j_§(o,1-1 +0,1-(-1)%) =0,
2 Jlnst pacteopa CuCly:

1 2 2 )1 2 2y
I _E(CCU2+ZCU2+ +CC|ZC|)—E(O,1'2 +20,l(‘1) )—0,3.

3 Honst Na* u PO4~3 co3naror HoHHYIO CcHITY:
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- +C %(0,3-12+0,1-(-3)2):0,6.

2 )
| _ZCNa PO?’ZPO B

Ipumep 3. Ckombko cM® pacTBOpa THAPOKCHA HATPHS ¢ MaccoBoit goneit w1(NaOH) = 30%
(p1 = 1,300 r/cm®) Hazmo nobasuts k 300 cM Bozsl (p(H20) =~ 1,00 r/cM®), 4TOGBI MOTYUHTH pPacTBOp
¢ maccoBoii noseit wx(NaOH) = 10%?

Pemenune. MOXKHO IPEMIOKUTh TPU BAPUAHTA PELICHUS TAKOM 3aa4H:

1) mo3TamHbIif pacyeT, ¢ COCTaBIEHUEM CUCTEMBI U3 IBYX YpPaBHEHHIA;

2) ¢ UCIOIB30BAHUEM 3aKOHA SKBUBAJICHTOB;

3) IpUMEHUTH IPABHUIIO KPECTA.

Bapuanm 1. Beraucium maccy ruapokcuaa Hatpust (M(NaOH), r), kotopas nojpkHa
COJIEPKaThCS B UCXOJHOM PacTBOPE C Maccou My, T

100 r pactBopa ¢ m1(NaOH) = 30% coxepxut 30 r NaOH

m1, T pactBopa ¢ ®1(NaOH) = 30% coxepxutr m r NaOH

Ilepsoe ypasnenue: m(NaOH ) = % my, r =0,3- my, r

Paccunraem maccy pactBopa ¢ MaccoBoit noieit wx(NaOH) = 10%:
100 r pactBopa ¢ ox(NaOH) = 10% conepxur 10 r NaOH
(300 + my), r pactBopa ¢ ®(NaOH) = 10% coxmepxxut m r NaOH.

Bmopoe ypasnenue: (300 + ml) -10 =100 - m(NaOH).
Hanee Boipaxenue a1 M(NaOH) u3 nepBoro ypaBHEHUsI MOJCTaBUM BO BTOPOE M PEIIMM
BHOBb ITOJYYEHHOE ypaBHEHHE OTHOCHTEIHHO M1 — HCKOMOW MacChl MCXOIHOTO pacTBopa C
®1(NaOH) = 30%:
3000

(300 + ml) 10 =100 - 0,3m1; ml = T =150 r.

Tenepp BerunciuM 00beM, KOTOpPbIA OynyT 3anuMarh 150 r pactBopa ¢ ®1(NaOH) =
30%, ucnons3ys hopmymy (8):

V 3 my 150

cm” =—=——-=115,39.
P1 1,30
Otser: K 300 cm® Bozts Hazo 106aButh 115,39 em® (150 1) pacteopa ¢ w1(NaOH) = 30%,
4TOOBI MOTYYUTh pacTBOp ¢ MaccoBoi noieit mx(NaOH) = 10%.
Bapuanm 2 'Y o610 Bocnosib3oBathes GopmMyinoi (9), yuuTeiBasi, YTo

) (NaOH)_a)l(NaOH)-ml oy (NaOH) - (300 +my) _
! ~ M(NaOH) M (NaOH)

p—pa’

n, (NaOH),

rae My = p1Vi, r — macca pactBopa ¢ ®w1(NaOH) = 30%;
300 + my=mz = p2Va, .
B urore:

o, (NaOH)-m; = w, (NaOH)- (300 +m,); my=150r; V; =115,39 ca®.

Bapuanm 3. TlpuMeHHM TpaBWIIO «KpecTa», y4uThbiBas, 4To KoHIeHTparuss NaOH B
YHCTOW BOJIE paBHA HYJIIO:

30% — mi, T
10, %
0,% — mpy, T.
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Berurcianm mMacey pacteopa (M, 1) ¢ o1(NaOH) = 30% u maccy Bomsl (M2, T'), KOTOpPbIE
HAJI0 CMEIIaTh, YTOOBI MOTYy4uTh pacTBOp ¢ Wx(NaOH) = 10%:
m=10-0=10r;m,=30-10=20r.
Utax, uTo6sl momyunts pactBop ¢ wx(NaOH) = 10%, Hamo x 20 r (20 cm®) BoAmI
no6asuth 10 r pactBopa ¢ w1(NaOH) = 30%, a k 300 r BoasI Ha10 JOOABHUTH:
m = LN 300= 10, 300=150¢; V4, en® =11539.
mo 20

ba3oBblii ypoBEHb

3amaya 1. HammcaTh HOHHO-MOJICKYJISIPHBIC YpPaBHEHHS pEAKIMA B3aWMOICHCTBHUS
CJIETYFOIIMX BEIICCTB:
a) Pb(NO3)2 u NazS;
0) Cu(OH)2 u H2SO4;
B) CaCOs u HCI,
r) FeSO4 u HS;
1) CuO u H2SO..
3amaga 2. CocTaBbT€ MOJICKYJSIPHBIC YpPaBHEHHUS PEAKIHH, KOTOPHIC BBIPAKAIOTCS
CJICAYIOUIMMH KPATKMMHU UOHHBIMU YPaBHCHUSIMU:

a) H" +OH™ =H,0

6) Cu?* +5% =cCus

6) CO3™ +2H* =CO, +H,0

2) ZnOH' +H™ =Zn*" +H,0

0) HCO3 +OH™ =CO3™ +H,0

e) Mg(OH), +2H " = Mg?" +2H,0.

3amaua 3. Paccuwmraiite aktmBHOCTH MOHOB K' m SO4% B pacTBOpe cymbdara Kamus c
monspHoit kornenTparueit C(K2S04) = 0,1 moms/mv®.

3amaua 4. Paccumraiite cpeiHuil KOA(QQHUIMEHT aKTUBHOCTH JJIsI BOJHOIO pacTBOpa
TUAPOKCHIA HATpUs ¢ MojsipHoii konmentpanueir C(NaOH) = 0,1 mMons/nqm® u cpaBHHTE €ro C
AKCIIEPUMEHTANIbHO HalliecHHOW BennuuHou (,764.

3amaya 5. Berumcmure npowmssenenue pactBopumocti Fe(OH)z, ecm B 100 cm® ero
HACBIIIEHHOTO PacTBOpa coepKuTcs 9,6-107° I 3TOro THAPOKCUA.

3amaua 6. Ilpomseemenme pactBopumoctH AQ2COs cocraBmser 8-10712 Paccumrats
PacTBOPUMOCTH KapOoHaTa cepedpa B MOMB/AM° U T/aM°.

3anaga 7. Beraucouts pactsopumocts CaF, (B Moms/am°) B Boge u B pactBope CaCls ¢
koHnentpamuein C(CaCly) = 0,05 wmoms/mm® (ITP(CaFz) = 4-107'Y). Bo ckompko pa3
pPacTBOPUMOCTH BO BTOPOM CITydae MEHbIIE, YeM B TIepBOM? PacueTsl mpoBecTH ¢ yueTom u 0e3
yueTa HOHHOM CHJIBI pacTBOpaA.

3amaua 8. Ckombko cm® pactBopa (V1(H3POs)) dhocdoproii kucnotsr (C1(HsPOs) = 1,010
Mons/avM3) Hamo mo6aBuTh K 250 cm® pacTBopa docdopHoit kucaors (Co(HsPOs) = 1,510
MoIB/M®), 9T06BI TTONTyunTh pacTBop ¢ wa(HzPO4) = 11,19% u p3 = 1,060 r/cm>?

3amaua 9. Kakyto maccy kpucramioruapata kapoonara Hatpus NaxCOs-10H20 Hamo B3TH
vt mpuroTosierrs 200 cM ero BOTHOTO pacTBopa ¢ Maccosoii omeit m(NaCOsz) = 10 % (p = 1,102
r/em®)?

Paccuntarh st ONMy4eHHOTO pacTBOpa: TUTP, MOJSIPHYIO, MOJISIPHYIO SKBUBAJICHTA W MOJIUTHHYIO
koHteHTpaiw  NapCOs.  OueHuth a0COMIOTHYIO M OTHOCHUTENBHYIO  (YCTOBHBIE!) TIOTPEIIHOCTH
TIPUTOTORJICHHST 3TOTO PACTBOPA.

3agaua 10. BeMUCIUTG MOJSPHYIO KOHIIEHTPALMIO KOJMYECTBA SKBUBAJIECHTA PacTBOpa
THIPOKCHIA Kalns TIONYYEHHOTO TPH CMemmBaHMM pactBopo: 300 cm® ¢ C(KOH) = 0,8
moms/mm® 1 700 em® ¢ ¢(KOH) = 1,2 mons/nm>? Kakos tutp KOH no HCI?
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[ToBbIlIEHHBIN YPOBEHD

3amaua 1. Ckonbko cm® Bomsl (p(H20) = 1 r/em®) cnemyer mo6asuth k 1 am® pactsopa
xnopoBogopoaHoii kucaotel ¢ C(HCI) = 1,5 Monb/am°, 4T06BI HOTYYHTh PACTBOP C MOJISPHOI
KOHIIEHTpaIMeil paBHO# Touno 1,0 Moms/mM3?

3amaua 2. B kakoM 00bEMe HachimeHHOro pactBopa AQsPOs comepKUTCS OJUH rpaMMm
3roit comu (TTP(AgsPOs) = 1,3-10729)?

3amaua 3. B 10 aM° HachlmeHHOTO pactBopa CaCOs coaepxurcs 0,0278 r nMOHOB
KaJbIUsl. BRIYUCIUTE TPOU3BEIEHNE PACTBOPUMOCTH KapOOHATa KaJbITH.

3amaua 4. O6pasyercst i ocagok AgBr (ITP = 6,0-107*%), ecnu cauth paBHBIE 06BEMEI
pactBopoB AgNO3 u KBr ¢ xornentpamusavu C(AgNO3) = C(KBr) = 0,001 moss/am>?

Chucox JIUTEPATYPHI, peKOMeH)IyeMLIﬁ K MCI0JIb30BAaHHIO 110 JAHHOI TeMe

OcHoBHas JuTepaTypa:
1. Koposun, H. B. Obmas xumus : yueonnk / H. B. KopoBus. - 13-¢ usn., nepepab. u jorr. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy:Karolen Cpesl : XUMHU KUBBIX opraHu3MoB. Kypc nekumii /
E. C. Muxanuna, A. JI. [lerenmua. — M. : U3parensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : eKTpOHHBIH // DnekTpoHHO-0nbanoreynas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPHU3HP. MMOJIb30BATENEH
JlonoJIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'muuka ; [Tox pen. A. . Epmakosa. - M3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METauIoB : yueOHOe mocodue (i1 CTYJACHTOB XHMHYECKOTO (aKyIbTeTa
HampaBlieHU# O0akanaBpoB « XUMUs» U «XUMHUECKas TeXHOIOTHs») / coctaButenu O. A.
['onoBanoBa. — Omck : OMckHil rocyapcTBeHHbIN yHUBepcuTeT M. .M. JlocToeBckoro,
2015. —552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DnekTpoHHO 6ubimoTteynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATENIEH
HNurepHer-pecypcnl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckasi OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTpOHHBII KaTajaor acCOIHAINN dJIEKTPOHHBIX OHOIMOTEK
yueOHBIX 3aBefieHHi u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTkpbiToe 00pa3oBaHue

Tema 7. KoMnjiekcHbIe cOeTMHEHMHS.
IpakTuyeckoe 3ansaTue 7. KoMnjiekcHbie coenHeHUs.

Heab 3ansaTus: ChopMUpoBaTh y CTYACHTOB CUCTEMHBIE 3HAHUSI O CTPOSHUU M CBOMCTBAX
KOMIUIEKCHBIX CO€IMHEHUN. HayduTh CTyAEHTOB IOJy4aTh KOMIUIEKCHBIE COCOUHEHUS U HA
OCHOBaHWHU TIOBEJICHUS KOMIUIEKCHBIX COEAMHEHWH B pacTBOpax JeliaTh BBIBOJABI 00 HX
YCTOMYUBOCTH.

3HaHUA U ymenus, npnoﬁpeTaeMble CTYAEHTOM B pPE€3yJabTaTEC 0CBOCHUA TEMbI

3HATB: OCHOBBI CAaMOOPTaHU3AIMH U CAMOOOPA30BAHNUS;
3HAaTh: CYIIHOCTH U 3HAUCHHE HH(OPMAIMK B PA3BUTHH COBPEMEHHOTO O0IIeCTBA; OCHOBBI TTOTYUCHHUS
1 00paboTKM HHPOPMAITUN U3 PA3TMIHBIX HCTOTHHKOB
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3HaTh: PabOTHI MO pacyeTy U MPOCKTUPOBAHMIO JACTAJICH U y3JI0B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKUHUA B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUSMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpeJICTB aBTOMATU3alINHU MTPOECKTUPOBAHUS
YMeTh: caMOCTOSATENFHO CTPOUTH MPOIIECC OBIaAeHUs HH(popMannei, 0TOOpaHHO!
CTPYKTYPUPOBAHHOM 151 BEITIOTHEHHSI TPOPECCUOHAILHON IEATETLHOCTH.
YmeTh: monydats 1 00pabaThIBaTh HH(OOPMALIMIO U3 PA3THIHBIX HICTOYHUKOB
YMerh: TPUHUMATh ydacTHe B paboTax 1Mo pacyeTy U MPOCKTUPOBAHMIO JCTAJICH U y3JI0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKLHUI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEJCTB aBTOMATHU3AIUN MPOCKTUPOBAHUS

HaumenoBanue ¢GpopMHpyeMBbIX KOMIETSHIUH

AxTyanpHOCTh TeMbl. KoMiiekcooOpa3oBaHue uMeeT 00JIbII0e 3HAYeHUE P MPOTEKAHUH
OMOJIOTHYECKHUX IPOLIECCOB B KHUBBIX OpraHu3Max. VMOHBI HIETOYHBIX M IIEI0YHO-3E€MENIbHBIX
METaJUIOB B OMOJIOTHYECKUX JKUAKOCTSIX HAXOIATCS B BHJIE AKBAKOMIUIEKCOB, a HMOHBI d-
9JIEMEHTOB, SIBJSSICH MPEKPACHBIMH KOMILIEKCOOOpa3oBaTelssMU, 00pa3yloT KOMIUIEKCHI, B
KOTOPBIX B KaUECTBE JIMT'AH/JOB BHICTYIAIOT AMUHOKUCIIOTHI, HYKJIIEHHOBBIE KUCIIOThI, BATAMUHbI
U TOpMOHBL. Hampumep, >kene3o BXOIUT B cOCTaB remorioOuHa. HekoTopble KOMIIEKCHBIE
coequHeHUs 007analT OUOJIOTMYECKOM AaKTUBHOCTbIO M IPUMEHSIOTCS B KayecTBE
JIeKapCTBEHHBIX mpernaparoB (ButamuH Bl12). Kpome Toro, ob6pa3oBaHue pacTBOPUMBIX
YCTOMYMBBIX KOMIUJIEKCHBIX COEIMHEHUMN IMO3BOJIIET BBIBOAUTH U3 OPraHU3Ma COJM TSKEIBbIX
METaJlIOB, 4TO CIocoOCTByET J€3UHTOKCUKALIUU opraHusma.

Teopernyeckasi 4acThb
XUMHUECKUE CBSI3M OCYHICCTBISIFOTCS 32 CYET OOOOIICHUST HE CIAPEHHBIX 3JICKTPOHOB
WIN TIepeiayd AJIEKTPOHOB OJHUM M3 aTOMOB, BCTYMAIOIIMX B CBs3b JIpyromy. B pesymbrare
TAKOTO B3aUMOJICHCTBHS OOpa3yIOTCsl yCTOMYUBBIC KOH(MUTYpallMU, UMEIOIINE HA BaJICHTHOM
000JI04KE AJIEKTPOHHBIN OKTET. Y CTOMUMBOCTH MOJOOHOM CTPYKTYPBl OOBSICHIETCS CXOJCTBOM B
CTpOEHHH ¢ WUHEpTHbIMH Ta3amMu. CoequHEeHHs, TMOoNyYalIuecs MOoJ00HBIM 00pa3om,
HA3BIBAIOTCS OMHAPHBIMH.

MHorve arombl WM HOHBIL, OOpasyrole OMHApHBIE COSIMHEHMs, MOTYT SBIIITHCS JIOHOpaMU
MEKTPOHOB YT JIPYTMX aTOMOB, TPYINT arOMOB WM MOJIEKYJ, HE MMEIONMX OJIEKTPOHHOTO OKTETA.
[omydeHHble TakuM TyTEM CJIOKHBIE MOJIEKYJIbl HA3bIBAIOTCS KOMIUIEKCHBIMH —COCMHEHUSIMA  WITH
COEMHEHISAMH BBICIIIErO ropsika. Harpumep, B cocras komiutexcHoro coemunerns Ko[PtClg] Bxomsr nonbr K+
u [PtClg]?.

[leHTpanpHBIA aTOM IUIATHHBI CO CTENEHBIO OKHUCICHHS +4, BOKPYT KOTOPOTO
TPYHNIUPYIOTCS (KOOPAUHUPYIOTCS) APYTHE aTOMBI, Ha3bIBAETCS KOMILIEKCOOOpa30BaTEIIEM.
[Mpucoenuusromuecs kK Hemy nonbl Cl” Ha3pIBatOTCS TUTaHaMu (MK aI7ICHIaMH).
HekoTopsie nuranpl U MX Ha3BaHUSA:
H>0 — axBa; NH3 — ammun; 0% — okco; OH™ — rupoxco; CN™ — rmano; SCN™ — ponaso;
NO2 — mutpo; SOs% — cynshuro; NH.OH — ruapokcunamun; F- — ¢ropo; CI- — xmopo; Br —
o6pomo; I~ — #iomo.

Yucno InUTaHIOB, NPUCOSAUHEHHBIX K  KOMILIEKCOOOpa30BaTeNo, Ha3bIBAIOT
KOOP/IMHAITMOHHBEIM YHCIIOM (K.4.) KOMIUTeKcoobpasosatens. K.u. (Pt™) = 6.

Honsl K* — BHemHAs KoopauHaIMoHHas chepa (mpotusouon); [PtCls]> — BHyTpenHss
koopauHanmonHas cdepa. EE€ 3apsna( TouyHee, CTENEHb OKHUCICHUS X) OMPEeseTcs
anreGpandeckoil CyMMOil 3apsAI0B KOMIIEKCoo6pasoBarens 1 nuraHnos: x(/PtCls]%) = +4 +(—
1)6 =-2.

Ecmu BHYTpeHHSIS1 KOOpIMHAILIMOHHAS c(hepa MMeeT TIOJIOKUTEBHBINA 3apsi, TO OHa HAa3bIBACTCSI
KOMIUIEKCHBIM KaTUOHOM, €CJTH OTPULIATENTHHBIN — KOMIUIEKCHBIM aHUOHOM. VIMeeTcst psifi COeTMHEHNH, B
KOTOPBIX BHYTPEHHsISI KOOPIMHAIIMOHHAS c(hepa HEe HeCET 3apsiyia — HeMTpaibHbIe KOMIUTEKChL. [IprmMephl
YKa3aHHBIX TUTTOB KOMIUIEKCHBIX COSIMHCHHIA:

H,0
1) katuonusie — [Pt (NH3)sCI]Cl <—2—> [Pt(NH3)sCI]* + CI";
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H,0
[Cr(H20)4Br2]Br «—2—> [Cr(H20)4Br2]* + Br;

[Ni(H20)6]SO04 (H—ZO) [Ni(H20)s]** SO4*;

H>0
2) annonnsie — K3[Fe(CN)s] «——27 5 3K+ [Fe(CN)e]* ;

H,0
(NH4)2[Pt(OH)2Cls] <—2—> 2NHs* + [Pt(OH):Cls]*;
H
Nas[AlFs] (;O> 3Na* + [[AlIFe]*;

H,0
3) meiitpanbhbie (HeanekTpoauThl) — [Cr(H20)4P04] —2 > x;

[Rh(NH3)s(NO2)s] <225 .

H
[Pd(NH20H).Cl;] PRELE TN

Ipumeuanue. Komrmiekcel ~ aHMOHHOTO ~ THMAa  Takke  emié  Ha3bIBaloT
AIlMJJOKOMILJICKCHBIMHU, TaK KaK IMpPHU TEPBHYHOM IMPOTOJIM3E OHH OTLICIUISIOT KOMILICKCHBIN
AHHOH.

Aneopummvl Hazeanull KOMNIEKCHBIX coeOuHenuli: 1) KaTHOHHBIE KOMIUJIEKCHI — CHavasa
Ha3bIBAIOT BHEIIHIOKW Cepy, a 3aTeM B POAMTEIBHOM MaJCKe MPHUBOISIT HA3BAHUS JIMTaHIOB
BHYTpEHHEH cepbl U pyccKoe Ha3BaHHE KOMILICKCOOOpPA30BaTellsi C yKa3aHHWEM €ro CTEINCHU
OKHCIICHHSI apaOCKUMK U paMu, HalIpUMED:

[Pt (NH3)3CI]Cl — xnmopun TppaMMHUHXIOPOILIATHHBI (+2);
[Cr(H20)4Br2]Br —6pomu g TeTpaakBagudopoMoxpoma (+3);
[Ni(H20)6]SO4 — cynbdat rekcaakBanukens (+2);

2) Ha3BaHHWC AHUOHHBIX KOMIUICEKCOB HAYMHAIOT C BHYTPEHHEW cQepbl — Ha3BaHHE
JIMIaHJOB M JIATUHCKOTO KOMIUIEKCOOOpa3oBarelisi ¢ OKOHYaHUEM -am, 3aTeM — PYCCKOe
Ha3BaHUE KATHOHA BHEIIHEH c(epbl, HapuMep:

Ks[Fe(CN)e] — rekcartmanodeppar (+3) kanus;
(NHa4)2[Pt(OH)2Cls] — nuruapokcoterpaxioporuiaTiHat (+4) aMMOHHS;
Nasz[AlF¢] — rekcadropoamoMiHaT HaTpUS;

3) B HEUTpaJbHBIX KOMIUIEKCAX BHAYaje HA3bIBAIOT JIMTaH/ABI (C y4eToM ajdaBuTa),
3aTeM CIeIyeT pPyCcCKOe Ha3BaHHME KOMIUIEKcooOpas3oBaresiss Oe3 yKa3aHHs ero CTereHU
OKHCIIeHUs (TOCIEAH s OJJHO3HAYHO MOXKET OBITH OIpe/IeIeHa C YYETOM JIEKTPOHEHTPaTbHOCTH
KOMILJIEKCa), HallpuMep:

[CrPO4(NHz3)3] — TpuammuHbochaTxpom;

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

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

CBs13p MeXJly BHEIIHEH M BHYTpPEHHEH cepoll MMeeT MOHHBIH XapakTep, CBs3b BO
BHYTpEHHEH cepe — KOOpAHMHAIIMOHHBIN (JOHOPHO - aKIIENTOPHBIN, CEMHITOSPHBIN ).

BHyTpeHHsIsI KoopMHAIMOHHasE cdepa JiTsi KOMIUIEKCOB KATHOHHOIO M aHHOHHOIO TUITIOB YCIIOBHO
OTJIEJBIETCS OT BHEILHEH cepbl KBATPATHHIMH CKOOKAMHU.
CyIIecTBYIOT COSTUHEHUSI, COCTOSIINE U3 KOMIUIEKCHBIX KATHOHOB U AaHUOHOB:

[Co(NH3)e][Cr(CN)s] — rexcarmanoxpomar (+3) rekcaammuHkoOaibTa (13);

[Cr(NH3)s][Co(NO»)e] — rekcarmTpokobanbTar (+3) rekcaaMmuaxpoma (+3);

[Pt(NH3)3CI][Pt(NH3)Cls] — amMunTpuxmopormatuHar (+2) TpUAMMHHXJIOPOTUIATHHEI
(+2).

Cony HEKOTOPBIX METaJUIOB, OCOOCHHO B KOHIIEHTPHPOBAHHBIX PacTBOPAx, CIIOCOOHBI
pearupoBath M1y co00i, 00pa3ysi KOMIUICKCHBIC COSAUHEHUS — AYMOKOMNIEKCbL.
AUCI3+AuClz <> Au[AUCle] — rekcaxmopoaypart (+3) 3omota (+3) ;
Cdlz + Cdlz <> Cd[Cdl4] — TeTpaitogokaamar (+2) kaaMusi.
PaznuuaroT mnepBUYHBIA M BTOPUYHBIM MPOTOJIM3 KOMIUIEKCHBIX COEIUHEHHI.
[TepBUYHBII MPOTOINM3 — OTIIEIVICHHE BHEUIHEH cepbl, 0OBIYHO MPOTEKAET MO THITY CHIBHBIX
ANEKTPOIUTOB. Hampumep, 17151 KOMIUIEKCOB:
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H,0
K2[PtCls] <—2—> 2K* + [PtCl¢]?;

[Cu(NH3),41Cl, <22 S[Cu(NH3) 412" +2C1 .

CreneHp MEpBUYHOrO MPOTOJIM3a [UIsl pa30aBICHHBIX PACTBOPOB  KOMILJIEKCHBIX
coenuHeHni 00braHO 100 % miu 6IU3Ka K 3TOM BETUYHHE.

BropuuHomy npoTonu3y moABepraroTcsi KOMIUIEKCHbIE HOHBI. [Ipu 3TOM MX cTeneHb
MPOTONIM3a BechMa Maia. Pacmaa mporekaer 1o TUIY C1aObIX AJIEKTPOIUTOB. THI MPOTOIM3a —
CTYIIEHYATbhI!, KOTOPBI OMUCHIBACTCSA YPaBHEHUEM 3aKOHA JEHCTBHSI Macc.

KonwdecTBeHHO mporecchl  MPOTOM3a KOMIUIGKCHBIX ~ HOHOB — XapaKTEpH3yeTCs
KOHCTAHTON HECTOMKOCTH (Kiecr) MM 0OpaTHOM €if BETMYMHOW — KOHCTAHTOW YCTOWYHMBOCTH
(Kyer).

PaznnyaroT KOHCTAaHTBHI MPOTONM3a CTyleH4arble u oOuue. CTyneH4arble KOHCTaHTHI
CBSI3aHBI C OTHICIUICHUEM OJHOTO JIUTAHJAa OT KOMIUIEKCHOIO MOHAa WMIIM MOJIEKYJIbI, a 00Iue
KOHCTaHTBbl  yYWTHIBAIOT  PABHOBECHBIE  KOHIIGHTpAallMM  KaK  JIMTaHJIOB, TaKk U
KOMIUIEKCO0Opa3zoBaTelisi, 00pa3ylonmxcs B XOJe MPOTOJiHM3a MO BceM cryreHsM.Hampumep,
npotonu3 kommiekcHoro nona [Cu(NHs)4]?* mpoTexaeT B yeThIpe CTyNEHH:

2+
1) [Cu(NH3) T2 o [CulNHa a2 + NHy; Koy = o 0)a ] TWS] 7 12
[[Cu(NH3)4]7"]
2+ 2
2) [Cu(NH3)3]%" <> [Cu(NH3)5]%* + NHg; KHeCT3=[[C”(NH3)2] ][2NH3] ~186.107:
[[Cu(NH3)3]""]
2+ 3
3) [Cu(NH3),]%* <> [CUNH3]?* + NH3; Keen _[[CuNHy)] ][2”“] =468-107*;
[Cu(NH3)4]°"]
2+ 4
4) [CUNH3]%" & Cu? + NH3; Koeerl _MCUTTIINAL ) 104
[[Cu(NH3)J*]

CyMmMapHOe ypaBHEHHUE MPOTOJIN3a BHYTPEHHEH KOOPAMHAIMOHHON cepbl BhIpaXkaeTcs
OOLINM YpaBHEHHEM:

[Cu(NH3) 1% <229, [Cu(H,0)41%" + 4NH 3.

3HaueHue oOOWIEl KOHCTAaHTHI HECTOMKOCTH OINpEAeNseTcss IPOU3BEACHHEM BCEX
CTyMeHUYaThIX KOHCTAaHT HecToiikocTH. Hampumep, mus mona [Cu(NHs)s]?* obmas xoncTanTa
HECTOMKOCTH OyJeT UMETh BUJ:

2
KHGCT([CU(NH3)4] +) = KHCCT]_ 'KHeCTz 'KHeCT3 'KHCCT4 =
_[Cu(H,0)41*1-[NH3]*

[Cu(NH3)a1> ]
Ipumeyanue. Crynendatwiii nportomus wuoHa [CU(NHs)s]>* B BomHbIX pacTBOpax
IpPENCTAaBICH B  BUJAE, KOTOPBI OTBEYACT  MPUHYUNY  COXPAHEHUs  NOCMOSHCMEA
KOOPOUHAYUOHHO2O0 —HuUCHd  KOMNnliekcoobpasosamens. Jloka3aHo, 4YTO TIPH OTpPHIBE OT
KOMIUIEKCHOT'O HOHA JINTaH/1a €r0 MECTO 3aHMMAIOT MOJICKYJIbI BOJIBI:
[Cu(NHs3)4]*" + H20 <> [Cu(NH3)sH20]?* + NH3
B wurore nmporecc JOMKEH 3aBEpIIUTBhCS OOpAa30BaHUEM TETPaaKBaKOMILICKCA
[Cu(H20)4]%".
Yem Oosbllle BETMYMHA KOHCTAHTHI HECTOMKOCTH (WM MEHbIIE KOHCTaHTa
YCTOWYHMBOCTH ), TEM MEHEE YCTOWYMBO JAHHOE KOMIUIEKCHOE COCTHHEHHE.
[IpoToNM3 KOMIUIEKCHOTO HMOHAa BO MHOTHX CIy4YasX JIOKa3bIBaeTCsi C IOMOIIBIO
qyBCTBUTEIBHBIX PEAKTHBOB, OOHAPYKHUBAIOIINX B PACTBOPE KOMILICKCHOTO COSIMHECHUSI HOHBI
KOMILICKCOOOPa30BaTesl U JIMTaHIOB.

—951.10713,
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Hanpumep, wonsr wmeau B KommiekcHoM coeauHenud [Cu(NHsz)s4]Clo  mosxHO
00HApYKHUTh, IPUOABUB K PACTBOPY 3TOM COJIM PACTBOP CYJIb(HUIa HATPHUS:
[Cu(NH3)4]1Cl, + NayS = CuS  +2NaCl +4NHg;

[Cu(NH3)41%" +572 =CuS { +4NHg

HJIA ITYTCM CBA3BIBAHUS aMMUAKa B Ooitee HpO‘-IHBIﬁ KOMIIJICKC — KaTUOHBI aMMOHMA:
[CU(NH3)4]C|2 +4HCl —» CUC|2 +4NH 4C| ;

[Cu(NH3)4]%" +4H* — Cu* +4NH.

Komnnexcnvlie coedunenuss ¢ manoycmouqusou 6HympeHHell chepoti, npomoaus
KOMOPOU NPpoXooum npaKmuiecku HOJIHOCMbIO — MO0 08OUHblE COIU, HATPUMED:

H,0
[K(H20)6][Al(H20)6](SO4): 2> K* + AB* + 250> + 12H,0;
AJIFOMOKAJIMEBBIC KBACIIbI

[2NH4(H20)6][Fe(H20)6](SO4)2 (—H—20—> 2NHs*+ Fe**+2504% +12H0;
cosib Mopa.

Teopus BaneHTHBIX cBsa3ed (TBC) oO0BsCHAET CTpOCHHE KOMILIEKCHBIX COCIMHCHHI
BO3HMKHOBEHHEM JOHOPHO-aKIENTOPHOW CBSI3M  MEXAY KOMIUIEKCOOOpa3oBaTelieM U
aurangamu. OOBIYHO JOHOPOM 3JIEKTPOHHOW Maphl CIYKUT JIUTAH[, aKLENTOp — CBOOOIHBIE
opOuTaIu KOMILUIEKCOOOpa3oBaTels.

TBC BO MHOTHX CITy4asiX MO3BOJISIET YCTAHOBUTh 3JIEKTPOHHYIO U MPOCTPAHCTBEHHYIO
KOMIUIeKca. Teopusi y4uMTHIBAET IMPU 3TOM XapakTep BaJCHTHBIX OpOUTalIel LEHTPaJIbHOIO
aToMa B €ro THOPHUIHOM WM HETUOPUTHOM COCTOSIHUU.

OcHoBHbIE ~ TUIIBI ~ TUOPUIHBIX  COCTOSHMW  KOMIUIEKcooOpa3oBarenss U

COOTBETCTBYIOIIME WM IIPOCTPAHCTBEHHBIE CTPYKTypbl: SP — JmHeitnas ([Ag(NHs)2]*,
[Cu(NH3)2]"); sp® — rerpasmpuaeckas ([Cu(NHs)s]?*, [NiCls]?*); d?sp® ([CoFe]®) mmn spid?
([Co(CN)6]*) - oxradapuyeckas. KBaapaTHO-TIIOCKOCTHOH CTpYKType oTBedaeT —dsp’-

rUOpUIM3aIuMs, HampuMep, s KomrutekcHoro nona [Ni(CN)a]%.

Oco60 1eHHyr0 HHGpOpMAIHMIO 00 3JIEKTPOHHOM CTPOEHUM U TE€OMETPUYECKON
CTPYKTYpEe KOMIUIEKCOOOpa3oBaTeNsi WMEIOT €ro MarHUTHble CBOMCTBa. [lapaMarHuTHBIC
KOMILJIEKChl UMEIOT B CBOEM COCTaBE HEIMAPHBIE 3JIEKTPOHBI — OHM BTATMBAIOTCS B MarHUTHOE
moje, a JMaMarHUTHBIE, B KOTOPBIX BCE OJJIEKTPOHBI CIAPEHBI, W3 MAarHUTHOTO TMOJS
BBITAJIKUBAIOTCS.

MarauTHbII MOMEHT KOMIUIEKca (i) BbIpakatloT B MarHeToHax bopa (omunH M. b =
0,927-1072 spr/raycc), KOTOpPBI MOKET OBITh BHIUHCIIEH U3 (hOpMyIa BUJA:

H#=n(n+2),
rze N — 9ruciao He CHapeHHBIX AIEKTPOHOB B aTOME MITM HOHE KOMIUTIEKCOOOpa3oBaTels.

OKcrepuMeHTalbHasi MH(QOpMaIs O BEIMYMHAX MArHUTHOTO MOMEHTa IO3BOJISET
CYIUTPH O TUTIE THOPHIN3AINH EHTPAIBHOTO aTOMa M O TEOMETPUHU KOMITIIEKCA B TIEJIOM.

VIMEeHHO BETMYMHBI MarHUTHBIX MOMEHTOB JJISi KOMIUIEKCOB C KOOPAMHAIIMOHHBIM
4KCIIOM 6 TIO3BONMIN BBECTH MOHSATHS 6Hewneopbumansroti NSNP°nd? u enympuopbumansmoil
(n-1)d?nsnp® - ruGpuamsamy.

BHyTprOpOuTATEHBIE KOMIUIEKCH — JAMAMarHUTHBI WM HU3KOCIHHOBBIE, COJIEpIKAT

omiH win gBa HecmapeHHBIX dnektpoHa ([CO(CN)s]>~ u /PdCli* — nmamarsuTeBI);
BHEITHEOPOUTAIBHBIE — BEICOKOCIIHHOBBIE, BKITIOUAIOT 3 — 6 HecnapeHHBIX d1ekTpoHa ([CoFs]®
— loken. = 4,8; 4 HecmapeHHBIX dmekTpoHa; [MNCli]? — foxen = 5,95; 6 HecmapeHHBIX
JIEKTPOHOB).

TBC yOeautenbHO MOSCHSET CTPOCHHE KapOOHMUJIOB METAIJIOB C HYJIEBOM CTENEHBIO
OKUCJICHUA.
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Teopus xpucramwmueckoro mois (TKII), B ormumume ot TBC, yuuThiBaeT
ANIEKTPOCTATUYECKOE BIUSHHUE JMraHaoB Ha d-opOUTamM KOMIUIEKCOOOpa3oBaTeis, KOTOPOE
HEOJIMHAKOBO M3-3a UX Pa3HOM MPOCTPAHCTBEHHOH OPUCHTAIIHH.

Joxazano, uto 02~ u Oiy?- opbutamu (0,- ypoBeHB) HMCHEITHIBAIOT OONEE CHIBHOE
OTTAJIKUBAHUE IMOJ] BIMSHUEM JICKTPOCTATHYECKOTO IMOJIS JIUTAHIOB, YeM OpOUTAIH Oxy, Oxz- U
dy-z (d; - ypoBeHs).

B okrasapuueckom mojie O-opOuTand KOMILIEKCOOOpa3oBaTesi MPUOOPETAIOT Ba
IHEPreTUYECKUX YpoBHS: 1) ¢ MeHbIei sHeprueit 0, — ypoBeHb, BKIIOYAIOLIHNA TPU opOuTanu dx-
y» Oxz- 1 yz; 2) ¢ Gomee BHICOKOH 3Heprueil d,- yposeHs, comepxkammii mse 2~ u Oy
opOuTau.

Oueprusi pacuierieHust (A) — pasHOCTh MEXAy dHeprusiMu ypoBHed O, u dg,
YHCIICHHAs XapaKTEPUCTHKA PA3HOTO 3JIEKTPOCTATHYECKOTO JCUCTBHUS IOJS JIMTAHIOB Ha
IPOCTPAHCTBEHHOE pacrpeseseHue SIICKTPOHHON IUTOTHOCTH d-opOuTaneit

KOMIUIEKCOOOpa30BaTesl.
Benuunna A HeoJMHAKOBa JAJIsl pa3HBIX JIMTAHIOB U 3aBUCUT OT WX MpHpoabl. Bennunna
SHEPTUU PACHICTUICHHMS, BhI3bIBACMAasi Pa3HBIMU JIMTAHJIAMU, BO3PACTAaET B CJICAYIOIIEM MOPSIIKE:
I-<Br < CI"<F < OH < C;044< H,0 < NH3 < NO;” < CN- < NO<(O,
T.€. KOKABIM CIeNyOIUi JUraHg co3gaér Oosee CHIIBHOE IMOJIe, YeM IpEeAbIyIIni.
[TpuBeneHHas MOCIEA0BATEIBLHOCTh HA3bIBACTCS CHEKMPOXUMULECKUM PAOOM.

Jlueanowl craboeo noist paclojararoTcs B Hadyaje psiaa, 001a1aoT BecbMa Maioi A. d-
OpOutanu KoMmIiekcooOpa3oBareiss C TAaKUMHU JIMTAHAAMU 3aloJHSIIOTCS B COOTBETCTBUU
npaBuioM XyHHa (aOCONOMHAS BENUYUHA CYMMAPHO20 CHUHA 8 NOOYPOBHe O0JHCHA OblMb
maxcumanvrotl). [Ipu 5TOM 5Heprus OTTAIKUBAHUS JABYX CIAPEHHBIX AJIEKTPOHOB OKa3bIBACTCS
BbIIe, 4yeM BenuunHa A. KOMIUIEKCHI, cojaepkamye JUTaHIbl Ci1adoro ToJisA, Bceraa
napaMarHUTHBIL.

Jlueanowvl cunvHo2o nois BHI3BIBAIOT BEChMa 3HAYUTEIBHYIO DHEPTHUIO0 PACIICTUICHUS.
[Ipu 5TOM 3Heprusi OTTAJKUBaHUS JABYX CHApPEHHBIX 3JEKTPOHOB OKa3bIBAETCS MEHBLIE, YEM
BEITMYMHA A. [TocnenoBarenbHOCTH 3aroJHEHUs AJIEKTPOHAMHU d-ypoBHs
KOMIUIEKCOOOpazoBaTeNs CleAyrollasi: cHavala WIeT 3aloJHEHHEe OJUHOYHBIMU, 3aTeM —
CHApEHHBIMH JICKTPOHAMHU OpOHUTaieH d;, mocje yero 3IeKTpoHaMHK 3aroHSI0TCs ,-opOuTaIm.
KoMmmuiekcHble COEUMHEHHUs, COAEpKAllMe JIMTaHAbl CUJIBHOTO TOJs, JAWaMarHUTHBl WIIU
SIBJISIFOTCSI HU3KOCTTUHOBBIMH.

TKII  oObsicHSET  OKpacKy  KOMIUIEKCHBIX  BEIIECTB C  HajlH4yueM Yy
KOMILIEKCOOOpa3oBarteisi BaKaHTHOW opOuTanu Ha O,- mogypoBHe. [Ipu mepexoje 3aeKTpoHA ¢
d-- Ha d,- mOAypOBeHb SHeprus mMorjiomaeMoro ceera (E) mpu 5TOM ajeKBaTHA SHEPTUU
pacuieruieHust  (A), 4YTO OMNpeAensercs CIEIYIONMM COOTHOIICHHEM (JJii OJHOTO MOJb
BEIIIECTBA):

A, /Pic/mons = ENa = hvNa = hcNa/A = 0,1196/2, (6.2)
rae Na = 6,02:10% — nocrosiHHast Asorazpo; h = 6,6:1073* Jlxx-c — mocrostuuas [lnanka; ¢
= 3-108 m/c — ckopocTh cBeTa; V(cM ) M A(M) — 4acTOTa ¥ JUIMHA BOJHBI MOTJIONAEMOTO CBETa
COOTBETCTBEHHO.

LIBeT — 3TO 3pUTEIBHOE OMIYIIEHNUE IEKTPOMATHUTHOTO M3IIYYCHHS C JTTHHAMHU BOJIH
400 — 760 um (1 M = 107° M). Ecin Bce majaromye JTydd OTPaXKaroTcs, TO BEIIECTBO —
OecIiBeTHOE, €CJIM TOJHOCTBIO TMOMIOMAloTCs — dYepHoe. [Ipu m30mpaTtenbHOM TOTJIONMIEHUN
OIIYIIEHUE IBETHOCTU CO3JAIOT MPOIICAIINE UM OTPAXKEHHBIE BEUIECTBOM Jyuyu. Takoil 1BET
Ha3bIBACTCSI JIOMOJIHUTEIILHBIM MJTH HAOJF01aEMBIM.

Merton monekynspHbix opoutaneii (MMO) sBisieTcss caMbiM yHHBEpPCAJIbHBIM TPH
ONMCAHUM XHUMHUYECKOW CBSI3M B KOMIUIEKCHBIX cOeAMHEHHSIX. MMO y4uThIBa€T B3aMHOE
BIUSHUE OpOUTANlell Kak KOMIUIeKcooOpa3oBaTens, Tak U nurannoB (B oriaumuue ot TKII) mpu
00pa30oBaHNM XUMUYECKHUX CBSA3EH B KOMILJIEKCaX.

MMO ocHOBBIBacTCS Ha B3aUMOJICHCTBUU AaTOMHBIX OpOUTallel, NPUBOMSAIIUX K
00pa3oBaHUI0 MHOTOLEHTPOBBIX MOJEKYJISPHBIX OpOuTaNel, HMMEIOIUX pa3Hble SHEPIUU.
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OO6pa3oBaHre CBS3BIBAOIINX MOJICKYJIAPHBIX opOuTanen (0°°) uAET Ha HIKHUX SHEPTETUUECKHUX
YPOBHSIX, pa3pbixysitoniux (07“?) — 3a c4eT BEpXHUX.

Mexny ypoBHAMH o u o’P HaXoOATCA YpPOBHU Ciab0 CBS3BIBAOIIMX, HE
CBS3BIBAIOIIMX U CcHab0 paspeIXiAOmMuUX opoutaneir (oz). MonekynspHble  OpOUTaIN
3aIOJIHSIOTCS 3JIEKTPOHAMU B COOTBETCTBUHM ¢ npuHIMNIoM [laynu u npaBuiom XyHna.

MMO ocHOBaH Ha OYEHb CJIOXKHOM MAaTeMaTHYECKOM alllapaTe, YyTO MPEMATCTBYET €ro
HIMPOKOMY HCIOJIB30BaHUIO.

Bonpocsl u 3ananus

ITpumep 1 Hanumure ypaBHEHUS NEPBUYHOTO POTOJIN3A VIl KOMILJIEKCOB:

1) [Co(NHa3)s][CoF¢]; 2) [Pt(NH3)s]Clo; 3) K[Co(NO2)s(NHs)2]; 4) [Pt(NH3)2Cl2].
VkaxuTre HUX THIN, ONpEAeIuTe CTENeHb OKHCIeHUus KomiuiekcooopazoBatens (KO), ero
koopauHanronHoe uuciio (KY), maiite um Ha3BaHUeE.

Ortser.

1.1 [Pt(NHs)4]Cl (H—ZO) [Pt(NH3)4]?* + 2CI- — tun xatuounsii; KO — nnatuna;

creriedb okuciaenus KO: x(Pt) = +2 (paBeH 3apsay KOMIUIEKCHOTO HMOHA, TaK KaK MOJICKYJIbI
ammuaka Heiirpanbhel); KU(Pt) = 4; nazBanue — XJI0pu JHaMMHHIUIATAHBL (+2).

H,0
1.2 K/Co(NO2)4(NHs)2] ¢—=2—> K* + [Co(NO2)4(NHs)2]~ — Tn annonssiii; KO —
kobaibT; creneHb okucienus KO: X(K) + x(Co) + 4x(NO2) + 2x(NH3) = 0 wim +1 + x(Co) +
4(-1) + 2(0) = 0; x(Co) = +3; KU(Co) = 6, Ha3BaHHE — TMAMMHHOTETPAHUTPOKOOAIbTAT (+3
KaJus ).

H,0
1.3 [Pt(NH3)2Cl2] —2 5 x HeanekTponuT, KO — miaTuHa; cTeneHb OKHCICHHS

KO: x(Pt) + 2x(NH3) + 2x(CI") = 0 mm x(Pt) = — 2x(CI") = -2-(-1) = +2; KY(Pt) = 4; na3panue

— AMaMMUHAIUXJIOPOILIaTUHBI.

1.4 [Co(NH3)s][CoFs¢] (H—ZO) [Co(NH3)s]®* + [CoF¢]* — Tum xarmonHO-
annonHbli; KO B kaTnoHe u aHMOHE — KOOanbT; creneHb okucienus KO B: a) kKaTHOHHOM
kommekce [CO(NH3)s]** — x1(Co) + 6X(NH3) = +3; x1(Co) = +3; 6) B aHHOHHOM KOMILIEKCE
[CoF6]® — Xx2(Co) + 6X(F) = — 3; X2(Co) = -3 + (—)-6X(F) =

=-3 + (-)6°(-1) = +3; KU1(Co) = KU2(Co) = 6; nazBanue — rekcapropoxodbansbtar (+3)
rekcaaMmmMuHKoOanbTa (+3).

[Tpumep 2 Kak TBC o00bsicHSE€T 5SIEeKTPOHHOE CTPOEHHUE U MPOCTPAHCTBEHHYIO
CTpYKTYpy KapOonuna Hukens? KakoB Tum ruOpuanzanuy KOMIUIEKCOOOpa3zoBaTelss U KakoBa
reoMeTpHUecKas CTPYKTypa 3TOTr0 KoMIuiekca?

OTtser

TBC BrmonmHe yIOBIETBOPUTEIHLHO OOBSICHSIET CTPOCHHE KOMILIEKCHBIX KapOOHHIBHBIX
COCJTMHEHUH, B KOTOPBIX CTENEHb OKHCICHUSI KOMIIEKcooOpa3oBaTels paBHa HYIo. [IpuBeneM
pPUMEp TaKOTo OOBSICHEHUS ISl DIEKTPOHHOW CTPYKTYpPHI KOMILIEKCA TeTpakapOOHUIa HUKEIs
Ni(CO)a.

Cxema 3JeKTPOHHOM CTPYKTYPhl HEBO30YKACHHOTO aTOMa HUKENsI UMEET BUJI:

Ni® 3d 4s 4p

{2 2 O O D

:0
[ox Bnusuuem dverbipex wmosekyn CO arom Hukens (og NI™) mnepexomur B

.0*
BO30YKIE€HHOE COCTOSHHE (2§ NI ) MyTeM chapuBaHus AByX O-2JI€KTPOHOB W mepexoja

napbl 3JICKTPOHOB ¢ 4S-IMOJypOBHS Ha MIATYIO0 BakaHTHyI0 3d-opOutans. B urore peamusyercs
AIIEKTPOHHAsI CTPYKTYpa C YETHIPbMsI CBOOOJHBIMU OpOUTANsIMH — OnHOW 4S- u Tpex 4p-
opOUTaJISIMHU.
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Ni% 3d 4s 4p

MR EREREIRER
CcO co Cco co
VunursiBas, urto Bce uerhipe Ni@®&CO — cBssM (IKCHEPUMEHTANBHBIC JAHHBIC)

abCOMIOTHO PABHOLIEHHKI, BIOJIHE JOTHYHO INPENIONOKHTh MX SP-THOPHMAM3AIMIO, TO €CTh
reomerpuueckas koHpurypauus Ni(CO)s— Terpasapuueckas.

[Ipumepa 3  Ompepenutb THN  TUOPUAM3ALUM —  BHCIIHCOPOWTAIBHBIA  WJIH
BHYTPHOPOUTAIBHBIN, T ciaeayronux komiuiekcoB: [FeCls]™, nare He criapeHHBIX 3JICKTPOHOB;
[PACl4]* mamarautasii; [MN(CN)e]®, 1 = 2,93, ecu 11 HUX M3BECTHO YMCIIO HE CHIAPEHHBIX
SJICKTPOHOB HJIM TPUBOJUTCS OSKCICPUMEHTAIBHO OINPEICIICHHBIC 3HAYCHUS CYMMapHOIrO
MarHMuTHOTO MOMEHTa ().

Ortser.

3.1 I1aTh He capeHHbBIX 1eKTPOHOB B HoHe [FeCls]™ oTBeuaroT 31eKTpOHHOM CTPYKTYpe

noHa xene3a Fe** ... 3d°4s%4p° umu B rpadmueckoit Gpopme

Fe3* 3d 4s 4p
quBIpe HOHa-JIMra"ga Cl’ 06pa3y10T YCTBIPEC XHMMHYCCKHC CBA3HW 110 JOHOPHO-

aKUENTOPHOMY  MEXaHW3My 3a CUeT BaKaHTHBIX, OJHOW S- u  3p-opOuTanei,

KoMIuIekcooOpasoparenst Fe3*. Tompko Takoe B3amMoseiicTBHe opOutaneil xenesa (+3) u

4eTeipex noHoB xJyiopa Cl™ MoxkeT coxpaHuTh nmapamarHuTHbIe cBoiicTBa komiuiekca [FeCls] ™.
Urax, rpaduueckas popmyna [FeCls]™ Oyner umeTs crueayromuii BIIT;:

[FeCls] 3d sp® — THOpUIM3aIHS
AT AT A 11 (000000 00

Cl Cl Cl Cl
Tun ruOpuau3anuu — BHENIHE OpOWTAJBHBIA; TreoMeTpuyeckas Qopma —
TeTpadApHUeCKasl.
3.2 B muamarautHOM [PdCls]? mony 46Pd** cooTBeTcTByeT rpaduueckas SIeKTpOHHAS
CTPYKTYpa, KOTOpasi He COAEPKUT HE CIIapPEHHBIX AIICKTPOHOB, YTO OOBSICHSACTCS BIUSHUEM OIS
yetbipex jurangos Cl.

Pd2* 4d 5s 5p

NN NN

B pesyinbrate, 1Mo JOHOPHO-aKI[ENTOPHOMY MEXaHU3MY, 00pPa3ylOTCs YeThIPE CBS3H: OJHA
3a cuer BakaHTHOW 4d-opOurtanu; Tpu — 3a cueT OAHOM 5S- M ABYX — 3a cueT Sp-opOutaneit
noxyposHeii Pd?*.

B utore rpadudeckas CTpyKTypa AuaMarHuTHoOro kommiekca [PACls]? umeer Bun:

Pd2* Ad Bs 5p
NN NN (90|00 | 88 | ®¥

40'5s'5p? — rubpuamsanys.
Tun rubpumusaMuy — BHYTpHOpOUTanbHBIA; reomerpust [PdCls]> — kBaapartho-
IIOCKOCTHASL.
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3.3 BenmuunHa SKCIEPUMEHTAIBHO OMPEACIIEHHOTO0 CYMMapHOTO MarHUTHOTO MOMEHTa (i
= 2,93) ansa xommekcHoro uona [Mn(CN)s]®™ mokassiBaeT, 4To MOH-KOMIIIEKCOOOPA30BATEND
Mn3* comepuT 1Ba He CTAPEHHBIX AIEKTPOHA.

JIBa He CHAPEHHBIX >JIEKTPOHA OTBEUYAIOT DJIEKTPOHHOH CTpykType HonHa Mn®*
3d%45%4p° wmu B rpaduueckoii Gopme

Mn** 3d 4s 4p

NI

[uanua-uoHsl 00pa3yroT LIECTh XUMHUYECKUX CBS3E€H 3a CUET BAaKaHTHBIX OpOWTanen
Mn®*, nBe — ¢ 3d-; omHy ¢ 45- 1 TpH — ¢ 4P-OpOUTATAMM.
Torna rpaduyeckas popmyna [Mn(CN)s]> Gyner nmers ciemyronmuii BU:

[Mn(CN)s]*> 3dsp® — rubpuam3anus
N T T (90| 00| 00| 0% |00 | ®®

CN CN CN CN CN CN
Tun rubpuauzanuy — BHyTpUOPOUTANIbHBIN; reoMeTpruueckas (popma — OKTadJpuyecKasl.

ba30BbIil ypOBEHB

3amaua 1 KoGaneT B coctosuun Co?* (3d’) obpasyer mBa THma KOMILIEKCOB,
Pa3IMYAIOMUXCA MO MArHMTHBIM CBOiCTBaM: HU3KocHHHOBBIA kommiekce [CO(NO2)s]* (u =
1,73) u BeicokocnmHOBBI — [CO(H20)6]*" (1 = 3,87). M300pasuth cxeMy pacrpeneieHns
371eKTPOHOB 110 J.- 1 0,- opbuTanaM HOoHA-KoMIIIekcooOpaszosarens Co? .

3anaya 2 O60bscauth ¢ mosunmu TKII 1BetHOCTh coemuHeHwit menu (+2) u
OeclIBETHOCTh COeAMHEHUN Meau (+1).
3amaua 3 CrekTp ToOrnomeHns mis KomruiekcHoro uoHa [Ti(H20)s]®" umeer

MakcuMyM 1mipu 504 HM. UTO MpPOMCXOAUT MpU TOTJIOMIEHUH CBETa 3TUM HOHOM? BBIUMCIUTH
SHEPruIo pacuierieHus (Bo30yxaeHus). B kakoil BeT okpalieH 3TOT KOMILIEKC?

3anava 4 K 1 mm® pactBopa Kz[Hgls] ¢ xommentpammeii C(K2[Hgls]) = 0,001
Monb/IMe, comepxkamero 0,05 moms m36sTka Kl, mpnbasumy Takyro Maccy HOHOB S2°, KoTopas
comepxutcs B 1 1m° HacwimenHoro pactBopa CdS. Bemaner mi ocagok HYS  Kieer([Hgl4]?) =
1,5-1073%; TIP(CdS) = 7,9-107%; TTP(HgS) = 1,6:107°2).

3anaya 5 WNonnzanmonHas m3oMepus KOMIUIEKCHBIX COCIWHEHUHN 3aKirodaercs B
Pa3IUYHOM pACIPE/ICIICHHH NOHOB MEXy BHYTPEHHEH M BHENTHEW cepamu, 94TO CKa3bIBACTCS
Ha pasHOM mporekaHuu mnporonusa. Kommiuekc coctaBa COSO4Br(NHz)s cymiectByer B BHIe
JIBYX M30MEPOB: OJIUH C HUTPATOM cepedpa maét ocamok Ag2SOs, nmpyroii — AgBr; npu aeiicTBrm
xyopua 6apust onuH 1aét ocanok BaSOs, Apyroii ocaaka He 0Opasyer.

Hanummre xoopauHaIMOHHBIE (OPMYIIBI H30MEPOB, YUUTHIBAS, YTO KOOPIUHAIIMOHHOES
qrcio koOanbTa (+3) paBHO MIECTH.

3amaga 6 Ilomb3ysce HOMeHkimatypoirr MIOITAK, Ha3BaTh clemyrone KOMITICKCHI:
1) [Ptls(NHa)]; 2) [CoPO4(NHs)s]; 3) [Co(OH)s(NHa)s]; 4) [PtCls(NHs)2]; 5)
[Co(NO2)2CI(NH3)3]; 6) [Cr(H20)3(CNS)3]; 7) [PtSO3(NH3)s]; 8) [Pt (NH3)4] [IrFs].

3amaga 7 Kakas cBsi3b Ha3bIBaeTCsl JOHOpHO-akienTopHou? Kakoil arom wiu WOH
ABJIAETCS JIOHOPOM M KaKOW aKIEeNTOpoM B KOMILIEKCHBIX MoHax: [BFi]~, [PtF6]%, [HsO]™,
[CU(CN)4]**? Ompenenure B HHMX CTeNeHb OKHCIEHHS KOMILIEKCOOOpa3oBaTens U
KOOPAWHAIIMOHHOE YUCIIO.

3amaga 8 Kakume coenuHeHUs Ha3bIBAIOT alMIOKOMILIEKCHBIMU? CocTaBbTe (HOpMyITBI
KoMmIuiekcoB s wona V' ¢ wmomamum F, CNS™ u# NO, B KadecTBe IJMTaHuoB, €CIH
KoopauHAIMOHHOE uncno V3 papHo mecTn.
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3amaua 9 Hanumure ypaBHEHUS peakifii HUTpaTa cepedpa ¢ KOMIUIEKCAaMU CIIEAYIOIIETO
cocraBa: PtCls-6NHs, PtCls-5NH3, PtCls-4NHs, PtCls-:3NH3, PtCls-2NHs.  CocraBbre
KOOPAMHAIIMOHHBIE (POPMYJIBI ITHX KOMIUIEKCOB, HA30BUTE UX M HAIUIINTE YPAaBHEHUS PEAKIIUN
MIEPBUYHOTO MPOTOJIM3a ISl KaXI0Tr0 U3 HUuX. Kakol U3 3THX KOMIUIEKCOB — HEAJIEKTPOIUT?

3amaua 10 Breruucnure koHIeHTpamuio (B Monb/z[M3) HOHOB KaJMHUs B PacTBOpE C
xonuentpanueit C(K2[Cdls]) = 0,1 mons/am®, comepxamenm Hoaua kamus ¢ C(KI) 0,1 moms/mm®
(K**([Cd14]%) = 7,94-107).

3amaga 10 Mapranen (0) u koGamber (0) 0Opa3yrOT JIUMEpHBIE JBYXSACpPHBIC
kapoouuabHbe KOMITIEKCH [C02(CO)g] u [Mn2(CO)10]. Kak TBC 00BSCHIET UX DJICKTPOHHOE
ctpoenue? [IpuBeanTe COOTBETCTBYIOIIKNE AICKTPOHHBIC TPAUIECKUE CXEMBI.

3amaua 11 Kako#l Tum ruOpuau3anuu, BHEIIHE- WM BHYTPU OpOUTAIbHBIN, aTOMHBIX
opbutaneit Co®* B kommuekcubix uonax [CO(NH3)e]®* (mmamarmuren) u [CoFe]® (tpm
HECIapPCHHBIX JICKTPOHA)?

3anaya 12 OnpenenuTs ruOpuHble OpOUTANIN LIEHTPAIBHOIO MOHA U F€OMETPUUECKYIO
CTPYKTYPY KOMILJICKCOB, JJIsi KOTOPBIX YKAa3bIBACTCS YUCIIO HE CHAPEHHBIX AJICKTPOHOB HWIIH
HAWJICHHOE ONBITHBIM IyTeM 3HaueHue u: a) [CoCls]”, Tpu HeCIapeHHBIX AIICKTPOHA; 0)
[MnCls)%, 1 = 5,95; B) [AuCls]” — nmamarautssiii; 1) [FeCls]™, maTh HecapeHHBIX SIEeKTPOHOB;
1) [PdCl4]%, nmamarauthsiii; ¢) [Fe(CN)s]®, x) [Fe(CN)s]*", amamMarHuTHSIiA.

3amaua 13 Kakoii Tun rubpuau3anuu aTOMHBIX opoutaieit gochopa ocymiecTBisercs B
nonax [PCls]" u [PCle]", u3 xoropsix cocrost kpucramibl P2Clig? KakoBa nmpocrpaHcTBeHHast
KOH(UTyparus STHX HOHOB?

3amaua 14 Pacteop [Ni(H20)s]** umeer 3enenyio okpacky. O6bsICHHTE, MOYEMy OKpacka
ucue3aeT MPH BBEJICHUH B 3TOT pacTBop HoHOB CN™.

3anaua 15 IpenckaxuTte MarHUTHEIE cBoiicTBa MOHOB: a) [Al(H20)6]**, 6) [Zn(H20)6]°",
B) [Cu(H20)4]%", r) [Fe(H20)6]*", n) [Fe(H20)6]?", e) [Cr(H20)s]**. Ilpeackakure MarHuTHbIC
CBOMCTBa HOHOB, Y KOTOPBIX MOJICKYJIbI BOJIBI 3amernieHbl Ha NHs, F~ nm CN-.

IToBBILIEHHBIN YPOBEHD

3amava 1 Hon [CrFe]* — mapamaramreH (tscen. = 3,91). Iloctpoiite ero
DHEPIreTUYCCKYI0 AMarpammy, Ucnoib3ys MMO. VKaxuTe YHUCIO W XapaKTep XHUMHYECKUX
CBSI3€M B KOMILIEKCE.

3amaua 2 BeluncnauTh  KoHIeHTpanur  uoHoB  Ag® B pacTtBOpe,  eciu
C(/Ag(NH3)2]NO3) = 0,2 moms/mm® u C(NH3) = 0,5 mons/mm®. O6mas KOHCTaHTa HECTOHKOCTH
kommekca [Ag(NHs)2]* pasra 6:1078.

1 Hanucatb dopmynsl coenunennii: 1) tpuammuHdpocharoxpoma (+3); 2)
TpuaMMHuHTpHUHo0poaus (+3); 3) AMaMMHHTETPaXIOPOIIaTHHBI (+4); 4)
TpUaMMHUHTpUHUTpOpoaus (+3); 5) muruapokcunamMuHaAuXiIoponamiagus (+2); 6)
AMMUHTPUXJIOPOIUIATUHAT (+2) TPUaMMUHXJIOPOIUIATUHEI (+2); 7) rekcarmaHokoOanptar (+3)
rekcaMmmuHKoOanbpTa(+3); 8) rekcadgropoxpomar (+3) rexcakBaxpoma(+3); 9)

TeTpaxJopoIiaTuHat (+2) TeTpaMMUHIUTHApOKcOIuIaTuHbl (+4); 10) rekcanmanoxpomar (+3
rekcaMmmMHHKOOabTa(+3); 11) rekcanuTpo-kobdaneTar (+3) rekcammuuaxpoma(+3).

3amaua 3 Bemager nm ocamox kapbonara kaamus (ITP(CACO3)=2,5-101), ecnm x
pactBopy ¢ konnentpamueir C(CA(NH3)sSOs) = 0,01 mons/mv® 106aBuTE paBHBIH 06BEM
pactBopa conbl ¢ koHmeHtpaiueir C(NaxCOz) = 1-10* moms/mm®? Otser: ocamoxk CACOs3
BBITIAJICT.

3anaua 4 BemiectBo coctaBa PtSO4(OH)2(NH3)s 00pa3yeT 1Ba HOHU3AIMOHHBIX H30MEPA.
BoaHBII pacTBOp OJHOIO M3 HUX HEUTPAJIEH, IPYroro — MMeeT WIeIouHyro cpeny. Hanummre
KOOpJMHAIIMOHHBIE (DOPMYJIBI M30MEPOB, YUUTHIBAS, YTO KOOPAWMHAIIMOHHOE YHCIIO IIATHHBI
pPaBHO IIECTH, & HOH SO4* — GuIeHTaHTEH.

3amaga 5 Kak TBC o0mscHseT cTpoeHune kapoonmwioB xpoma (0) u xenesa (0)? Kakue
koopauHarroHHbie yncia umetor Cr(0) u Fe(0) B aTux xommiekcax?
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3amada 6 B kakux 00JacTSX AJIEKTPOMArHUTHOTO CHEKTpa MPOUCXOAUT MOTIIOIICHUE,
ecnu pactBopbl umeroT okpacky: NiClo — semenyro, TiCls — kpacHo-nypmnypayro, CuSOs —
CUHIOIO?

3amaua 7 OObscHuTe, nmouemy coeamHeHuss Au (+1) He okpamiensl, a Au (+3) —
OKpAIIICHBI.

3amaua 8 MakcumyM nornomenns Bogsoro pactsopa [Cr(NHs)e]®* cocrapmser 460 HM,
a ms pacteopa [Cr(H20)6]%"— 710 um. Kakylo okpacKy HMEIOT PacTBOPBI STHX KOMILIEKCOB?
Paccunraiite SHEPrUIO paclIeTUICHUS I THX UOHOB.

3amava 9 Kakoil uiMHE BOJHBI COOTBETCTBYET MAaKCHMYyM IMOTJIOIICHUS JUTS BOJHBIX
pactBopoB moHa [Mn(H20)6]%", ecnu smeprus pacmennenns ais d- u d,- mogyposrein Mn®*
paBHa 250,5 kJIx/monb? Kakyro okpacky uMeeT 3TOT pacTBOp?

OTBeT: OKpacka opaHkeBas; Amax = 472 HM.

3agaya 10 M300pa3uTh cxemy pachpeieieHuss 3JIeKTpoHOB 1Mo ds- u d,-opOutansm
KOMIIIeKcooOpaszoparenss B KoMiulekcHBIX HoHaX [Cr(H20)6]®* (usxen = 4,8) u [Cr(CN)s]®*
(IMaMarHUTHBIN).

3amaua 11 MoxHO 1M CYMTaTh MOJIEKYJIbI METaHa M aMMHaKa KOMIUIEKCHBIMHU
coenquneHusmMu? Kak MMO onuceiBaeT o0pazoBaHue MOIeKysipHbIX opOutaneit B CHs u NH3?

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO 110 TAHHOM Teme

OcHoBHas JiMTeparypa:
1. Koposun, H. B. O6mas xumus : yueonnk / H. B. KopoBus. - 13-¢ usn., nepepab. u norr. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy:Karolen cpeasl : XUMHUs KUBBIX opranu3mMoB. Kypc nekumii /
E. C. Muxanuna, A. JI. [Terenmua. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocrymna: mis
aBTOPH3UP. MOJIb30BaTeNeH
JlonmoJIHUTeIbHAS JIUTepaTypa:
1. T'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxkosa. - U3a. 30-e, uctp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METajuIoB : yueOHOe mocodue (i1 CTYJACHTOB XHMHYECKOTO (aKyIbTeTa
HamnpaBlieHUH O0akanaBpoB « XuMUs» U «XUMHUECKas TeXHoJorus») / cocraBurenu O. A.
['onoBanoBa. — Omck : OMckHil rocygapcTBeHHbIN yHUBepcuTeT M. .M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : aneKTpoHHBIH // DekTpoHHO 6ubimoteynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pesxxum nocryna: mis
aBTOPU3HUP. MOJIB30BATENEH
HNuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTyIa K 00pa30oBaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YuuBepcuterckasi OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAINN dJIEKTPOHHBIX OHOIMOTEK
yueOHBIX 3aBefieHH u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTkpeiToe 00pa3oBaHue

Tema 8. OkuCANTEIHHO-BOCCTAHOBUTEILHBIE PEAKIIUH
IIpakTnyeckoe 3ansiTue 8. OKUCIUTETbHO-BOCCTAHOBUTEIbHbIE PeAKIUH
Ileab 3aHsATHS: 1) TOBTOPUTH OCHOBHBIE HOHATHS 00 OKHUCIEHUH M BOCCTAHOBJIICHHH,
pPaccMOTPETh CYIIHOCTh OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIINIA;
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2) BbIpabOTaTh YMEHHUS 110 COCTABJICHHUIO YPAaBHEHUI XUMUYECKUX pEaKLUi, MPOTEKAIOIINX
B Pa3NIUYHBIX CpelaX METOJOM JIEKTPOHHOTO OanaHca;

3HaHus U yMEeHHUSs, IpUodpeTaeMble CTYJIEHTOM B pe3yJibTaTe 0CBOEHMSI TeMbI
3HATB: OCHOBBI CAaMOOPTaHU3AIMH U CAMOOOPa30BAHNUS;
3HaTh: CyIIHOCTH M 3HaUYEHHE HH()OPMAIINU B PA3BUTHUU COBPEMEHHOTO OOIIECTBA; OCHOBHI MTOTYYCHHS
1 00paboTKY HHPOPMAITUH U3 PA3TUIHBIX HCTOTYHHKOB
3HaTh: PabOTHI O pacyeTy U MPOCKTUPOBAHUIO JACTANICH U y3J0B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKIUIA B COOTBETCTBUH C TEXHUUYECKUMU 3aJaHUSMU U UCIIOJIBb30BAHUEM CTaHIAPTHBIX
CpEIICTB aBTOMATU3alHUH ITPOECKTUPOBAHUS
YMeTb: CaMOCTOSTEILHO CTPOUTH IPOIIECC OBIAICHUI HHPOpMAaIUEH, 0TOOpaHHOH 1
CTPYKTYPUPOBAHHOM JJIsl BBIIOJIHCHUS IPO(PECCUOHAILHOM JACSITSILHOCTH.
YmeTh: mony4ars u 00pabaThIBaTh HH(YOPMALIUIO U3 PA3THYHBIX HICTOYHUKOB
YMerh: TPUHUMATh yUacTHe B pab0OTax Mo pacyeTy U MPOCKTUPOBAHUIO JIETAICH U Y3II0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKUMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
KCIIOJIb30BAHUEM CTAHAAPTHBIX CPEICTB aBTOMATHU3ALUU ITPOECKTUPOBAHUSA
HaunmenoBanue (hopMHpyeMBIX KOMITETSHITUH

AKTyanbHOCTh TeMbl. OKHCIUTENbHO-BOCCTAHOBUTENIbHBIE — MPOIECChl NPHHAIEKAT K
qrcly HauboJiee PacHpOCTPAHEHHBIX XMMHMYECKUX PEaKIUid U MMEIOT OrPOMHOE 3HAueHUE B
TEOPUU U MPAKTUKE.

Teopernyeckasi 4acTb
Teopusi OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX PeaKIMii

Peaxyuu, 6 Kkomopvix npoucxooum u3meHeHue CmeneHel OKUCIeHUs amomMos,
HA3bIBAIOMCA OKUCIUMENIbHO-60CCMAHOSUMENIbHLIMU.

B mnpocrteix BemecTBax CTENEHW OKHUCIEHUsS aTOMOB paBHbl Hyr0. [l cioxHOU
MOJIEKYJIBI CyMMa CTETEHEH OKHCJICHHUS BXOMSIIUX B €€ COCTaB aTOMOB TaKXe JOJKHA OBITh
paBHa HYJIIO; UIsI HOHA — €TI0 3apsaay.

OxkwuclIeHreM Ha3bIBAETCS MPOIIECC OTAAYM aTOMOM MOJIEKYJION MIJIM HOHOM JJIEKTPOHOB:

Al —3e — AI3*

Fe’" —e— Fe3*

2CI~ —2e > Cl,.
B Mponecce OKUCICHUA NPOUCXOANUT IMOBBIIICHUEC CTCIICHU OKHUCJIICHU.
BoccraHoBneHneM HazblBaeTCs MPOLIECC MPUCOEAUHEHHS 3JEKTPOHOB aTOMOM, MOHOM
WJIM MOJIEKYJION:

S +2e —»S2*

Cl, +2e - 2CI~
Fe3t +e > Fe?t.
IIpu BoccTaHOBIIEHUU CTETIEHD OKUCIICHUS TOHMKAETCSI.
B 3aBrcHMOCTH OT CIIOCOOHOCTH OTJaBaTh HWJIM NPUHHUMATL 3JICKTPOHBI BCE BCHICCTBA
JIENATCSA HAa OKUCIIUTENIN U BOCCTAHOBUTEIH.
Oxucnumenu — 3mo amomvl, UOHbL UIU MOJIEKYIbl NPUCOCOUHAIOWUE INeKmpOHbl. Bo
6pems peakyuu OHU 60CCMAHABIUBAIONICAL.
Boccmanosumenu — smo amombi, UOHbL UNU MOJIEKYIbl, KOMOPble 0OMOAOm 1eKMpPOHbL.
Bo epemsa peakyuu onu oxucisaomcs.
IIponiecchl OKUCIEHUS U BOCCTAHOBJIEHUS BCErJa MPOTEKAIOT MapajliesIbHO, YTO MOXKHO
BBIPA3UTH CIEAYIOIIEH CXEMOM:

Boccranosurens (B1) — € <> okucnurens (O1)
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Oxucnurens (02) + € <> BoccTaHOBUTEND (B2).

CrenoBarenbHO, OKUCIUMENbHO-80CCMAHOBUMENbHbIE PeaKyuu Npeocmasisam cooou
€OUHCMBO 08YX NPOMUBONONLOICHBIX NPOYECCO8 — OKUCIEHUs U 60ccmanosienus. B 3Tux
peaknuax oOIIee YHCIO IJIEKTPOHOB, OTAABAEMBIX BOCCTAHOBUTENIEM, PAaBHO OOIIEMY YHCIY,
PUCOCTUHICMOMY OKHCITHTEIICM.

[Tpu >TOM HE3aBHCHMO OT TOTO MEPEXOMSAT JIM AJIEKTPOHBI C OJHOTO aroMa Ha JIPYrou
MOJTHOCTHIO WJIM JIUIIIb YACTUYHO OTTSTHBAIOTCS K OJHOMY M3 aTOMOB, YCIIOBHO TOBOPSIT TOJIBKO
00 oTAaye ¥ NPUCOCTUHEHUH SICKTPOHOB.

B OBP okucnutenbs W BOCCTAaHOBUTENb PEArHPYIOT IPYT C APYrOM B SKBHUBAJICHTHBIX
KOJIMYECTBAX.

Oxeueanenmom okucaumens (0O) unu eoccmanosumens (B) Hazvieaemces makoe
KOIUYECmE0 UX MOb, KOMOpoe NPpUcOeOuHsem uiu omodaem OOUH MONb INeKMPOHO8, UMO
ompas’icaemcsi CiedViouwumMu Qopmyiamu.:

2(0), monw = 1 win I(B), monb = i
Zg Zg
II€ Ze — YHCIO DIEKTPOHOB, KOTOPOE IPHUHUMAET OKHMCIAHMTENs (O WIM OTHAET
BOCCTAHOBUTEIb B.
MonbHas (WM MOJsSIpHas) Macca DKBUBAllEHTa OKMCauTelss O W BOCCTAaHOBUTENS B
BBIPAXKAETCS B T/MOJIb U OIIPEAEISETCS U3 COOTHOIIEHHH CIIEYIOIIETO BU/IA:

1
1) st okucurensi— M (— O), el monw, 2) misBoccranosurensi—M (—, B), e/ monw
€ Ze

Tonbko B poaM OKMCIUTENS BBICTYNAIOT YAaCTHIIbI, UMEIOINE MAaKCUMAIbHO BO3MOXKHbBIE
CTENEHH OKHUCIIEHUs (Hampumep, Uil MapraHua — 3to (+7), mist azora (+5) U T.A.); TOJIBKO
BOCCTAQHOBHTEIISI — C MUHUMAJIBHOM CTENIEHbI0 OKUCICHUsI (s cepbl — 310 (—2), s azorta — (-3)
U T.J.).

Yacmuyvl, umerowjue npoMentCymoyHvle CMeneHu OKUCAEHUs, MO2Ym NpOsAEIAmb
ceoticmea Kak OKUCIumers, maxk u goccmanogumersi. ITo 00yCIOBIEHO: XUMUYECKOW MPUPOAOH
peareHTa-nmapTHEPA; yCIOBUAMHU U XapaKTEPOM Cpefbl, B KOTOPBIX potekaer OBP.

Hampasnennocts OBP  ompenensiercs  BeMWYMHAMHM ~ 3HAYEHUNW  CTaHAAPTHBIX
NOTEHIMAJIOB PEareHToB: oOkuciautenb (O Bcerga uMmeer Ooibiiui (1o  anredOpanyeckont
BEJIMYMHE) CTAaHJAPTHBIN MOTEHIIMAJ, YeM BOCCTAHOBUTEIND 5.

Hanpumep, B xucnoii cpeae cmemmuBarot asa BemectBa: KoCr.07 u NaNOz. Kakoe u3
ATUX BEUIECTB Oy/I€T OKUCIUTENEM, KaKO€ — BOCCTAHOBUTEIIEM?

OOpatumcsi K CIPaBOYHBIM JTAHHBIM: (/)O(Cr207’2 + 14 H*/2Cr*® + 7HO) = 1,33 B;
¢°(NO3 + 2H*/ NOy + H20) = 0,78 B.

Ipumeuanue. PexomeHayeTcss ucmoib3oBath yuebnoe mocodbue: H.C. Axmeros, M.K.
AsuzoBa, JI.W. banpirmna. JlaGopaTopHple W CeMHHApCKHME 3aHATHS 1O OOmed u
HeopraHuueckoi xumuu. M.: Beici. mkona, 2002.

Tak xax @°(Cr2072 + 14 H*Y/2Cr*3 + 7TH20) > ¢°(NOs~ + 2H" / NO;~ + H20), mo
okucnutenem 0yaet apisaTbest KoCr20y7.

KonnuecTBeHHoi xapakTepucTukoil riayOuHbl mporekanus OBP sBisercs 3HauyeHue

KOHCTAHTBI PaBHOBCCHUA:
0/Ay_ 0
gKp - 2"©)=0"(®)
0,059

rie ¢°(0) n ¢°(B) — craHmapTHBIE TIOTEHIMANBI OKHCINTeNss O W BOCCTAHOBUTENS B
COOTBETCTBEHHO, B; Zy — cymMmapHO€ KOJMYECTBO 3JIEKTPOHOB, MPUHHUMAIOUIUX YYacTHE B
nagaou OBP.

KoncranTa paBrnoBecust OBP cBsizana ¢ motennmanom ['u66ca (JIx/momns K):

IR ]
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AG? = —2,303RT IgK P
DHeprus I'n66ca, B cBo0 ouepens, cBssana ¢ IJIC (ApP) mocrosuuoit Dapanes (F) u
YHCIIOM AJIEKTPOHOB, y4acTBytomux B OBP:
AG®, [loic/mons K = —nAg°F,
Ap® = 0°0) — ¢°B) — DJIC OKHMCIUTEIHPHO-BOCCTAHOBHTENIBHONW PEAKIHU MpHU
CTaHIApPTHBIX YCIOBUSAX, B.
st crangaptreix yenoBuid: 7= 298,15 K = 298,2 K; R = 8,314 JIx/monwK; F=
96450 ~ 96500 k/MOIBb-3KB, TOIyIUM (HOPMYITY yIOOHYIO I PACUETOB:

IgK o = L 96500 nAp® =16,90nA¢°.
2,303RT  2,303-8,314-298,2

B  ycnoBusx OTIMYHBIX OT  CTaHAAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEIIbHBIE
noreHuuansl (OBII) m OJIC OBP, nporekarommx B BOJHBIX pacTBopax, 3aBUCAT OT
KOHIIEHTpaluu (TOYHEE, aKTUBHOCTEH) y4yaCTBYIOLIMX B IPOLECCE MOHOB. JTa 3aBUCHUMOCTh
BeIpakaeTcst popmyioit Hepuera:

0,059 [0]
[B]

rae 9’0 — CTaHJAPTHHIN MOTEHIMAN peareHTa (OKMCIHTEIN WM BOCCTAaHOBHTENA), B;
[O] u [B] — KOHIEHTpalMy OKHMCJIEHHOH M BOCCTAHOBIEHHOH (hOPM peareHTa, MOJIB/IMS, Z —
YHCJIO0 3JICKTPOHOB B TIOJIYPEAKIIUH JIJIsl TAHHOTO pearcHTa.

Ilpumeuanue. Cnenyer Bceraa MOMHHUTH, YTO KOHIEHTpaAlMu Bcex ydacTHUKOB OBP B
ypaBHeHuu (7.5) sBnsA0OTCS MOJspHBIMU KoHUeHTpauusmu (Cuy (X)), a He MOISApHBIMU

0
@, B= Yo/ T

skBuBaieHTa (C(1/z X)).
Ha 3nauenue OBII u Ha xapakTep NpPOAYKTOB PEAKIMHM JOCTATOUYHO CHJIbHOE BIIMSHUE
okassiBaeT pH pactBopa, B kotopoMm mnpotekaer OBP. Hampumep, npu pH < 7 3Hauenue

CTARAPTHONO NOTCHIHANa JUTA CHETEMb:
@ (MnOj +8H" /Mn®* +4H,0) =151B .
wpupH =7 X (MO +2H,0/MnO, +40H ") =0,6 B
ot >7- @0 (MnOg / MnO;2) = 0,564B.

Baknelie BOCCTaHOBHUTEIH: aTOMBI METaJIOB, Bojopo, yriepon, CO, H.S, H2SOs,
NaNOgz, Na2S203, HI, HBr, HCI, FeSO4, CrCls, MnSOa, NHa.

Baxkueiiire OKHCIUTENN: TaJIOTeHBI, XJI0paThl, KUCI0po, 030H (O3), KMnOs, K2Cr207,
KoMnOgs, H202, H2SO4 (kony.), HNO3, PbOs.

Tunbl OKMCJINTEIbHO-BOCCTAHOBUTEIbHBIX PeaKkiuii

PaznuyaroT Tpu THIIA OKUCIUTEIHFHO-BOCCTAHOBUTEIBHBIX PEAKIIUN:

a) BHYTPUMOJIEKYJISIpHBIE; 0) AUCTIPOTIOPLIMOHUPOBAHUS; B) MEKMOJIEKYJIISIPHBIE.

Buympumonexynapnvie OBP — smo makue peaxkyuu, 6 KOMOPbIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOSIMCA 8 COCMABe OOHOU MOEKYbl, HO AGNAIOMCA NPU IMOM PA3ZHbIMU
neMeHmamu.

2KNO3 —>2KNO, + O,
AN™® —2e >N ™

1207% + 4e <> 0,.

Peaxyuu oucnponopyuonupoeanuss — OBP, 6 xode komopbix 00uM U3 31eMeHmos,
cooepoicawelicss 6 O0OHOU MOJeKyle, OOHOBPEMEHHO U Nogbliudem, U HNOHUNCAem CMmeneHb
OKUCTIeHUS.
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Cly +2KOH — KCIO + KCI + H,0
1|Cl, —2e <> 2CI"
1|Cly, —2e <> 2CI~,

K nucnponopuuoHHpOBaHHMIO — CIIOCOOHBI ~ MOYTHM  BCE  YAaCTHIBl, HMEIOIIUE
IIPOMEXYTOUHYIO CTENIEHb OKHUCIICHMUS.

HaubGonee pacnpocTpaHeHHBI peakUUU TPEThEro THUIA, KOTOPbIE MPOTEKAIOT C
U3MEHEHHUEM CTENEHM OKUCJIEHMST AaTOMOB B pa3HbIX MOJIEKYyJaX, T.€. OKUCIUTENIb U
BOCCTaHOBUTEJIb HAXOJATCS B pa3HbIX BemlecTBax. Crofia ke cielyeT OTHECTH U PEeaKlUuyd MeXay
pa3HbIMM BELIECTBAMH, B KOTOPBIX aTOMbI OJHOTO U TOIO K€ 3JIEMEHTa UMEIOT Pa3IMyHYIO
CTETEeHb OKUCIICHHUS:

5HCI + HClO5 — 3Cl, + 3H,0

112C1° +10e <> CI3
5|2CI_—2e<—>CI8.

AJITOPUTMBI COCTABJIEHUS MOJHBIX YPABHEHUIH OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX

peakuuii

[IpaBuibHO cocTaBiieHHOE TONHOE ypaBHeHue peakiuu OBP momkHO yIOBIETBOPSTH
3aKOHY COXPAHEHHS] MAcCChl BEIIECTB — YUCIO OOHUX U MeX JHce amOMO8 8 UCXOOHBIX euecmeax
U npooyKmax peaxyuu OO0IH*CHO Oblmb 00uHakogviM. B MoHHBIX ypaBHeHUsX OBP momxHbI
BBITOJIHATHCS: 3aKOH COXPAHEHHUS MAcChl BELECTB U YCIOBHE 3JIEKTPOHEUTPAIBHOCTU — CyMMA
cmenemnell OKUCTIeHUsl UCXOOHBIX 8euecms OO0JHCHA ObiMb paeHa CyMMe CmeneHell OKUCTIeHUs]
NPOOYKMO8 peaxkyuu.

Kpome »sToro, HeoOXOoaWMO TMOMHUTH, YTO CTENEHb OKHUCICHHS MOXET OBITh
OTPULIATENIbHOM, TIOJIOKUTENBHON, PaBHOW HYJIIO, a TakKe M JpOoOHBIM yuciaoM. Tak, Hanpumep,
st coenunenus KO cTenenb OKUCIeHHs KUCIOpoaa paBHa (—)va.

Cmenens oxucieHus 6ce20a npugooumcs co 3Haxkom (3HaK IUTIOC HE OIyCKaeTcs, a BCcerja
yKa3zbiBaercs!).

[Ipu cocTaBieHnn ypaBHEHUN OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIINI UCTIOIB3YIOT
Ba METOJa: METOJ JJIGKTPOHHOrO OalaHca U METOJ DJIEKTPOHHO-MOHHO-MOJIEKYISIPHOTO
Oamanca (Meron momypeakiuit). [lociaeaHuii MeTOJ HMCHOJB3yeTCs TOT/A, KOTAa peakius
MPOXOJTUT B cpefie dnekTponuta. [Ipu aTom crnabble 3MEeKTPOIUTHI, a TAaKKE MaIOPacCTBOPUMEBIE
BEIIECTBA, 3alMCHIBAIOTCS B MOJIEKYJISIPHOM BHUJIE, @ CUJIbHBIE — B BUJIE HOHOB.

Aneopumm cocmasnenus ypagnenuti OBP:

1) ompenensoT OKUCIUTENb U BOCCTAHOBUTEIND (B TaOJIMLIaX HAXOASAT COOTBETCTBYIOIINE
3HAUEHUS CTAH/IAPTHHIX MOTCHIIMATIOB PEAareHTOB IaHHOM peaKIlnu);

2) onpenensoT, Kakue CTeNeHU OKUCICHHS MPUOoOPETaloT BOCCTAHOBUTENb U OKUCIIUTENb
nocne peakuuu. Yem Oojee CUTBHBIM OKUCIUTEIh YYacTBYET B pEaKIMU, TaM BHIIIE
MOJIHUMAETCS CTENIEHb OKUCIIEHHUS BOCCTAHOBUTEJS.

AHanoru4Ho, yem Ooyiee CHUIIBHBIM BOCCTAHOBHTENb PEarupyeT C OKUCIUTENEM, TEM
CUJIbHEE MTOHMKAETCS CTETIEHb OKUCICHHS OKUCIUTEIIS.

3) ompemensioT, B BHAEC KaKUX COCOUHEHUH CYIIECTBYIOT OKHCIEHHBIE U
BOCCTAaHOBJICHHBIC DJICMEHTHI B JAHHOU cpejie (KUCIIoN, MeIOYHOM U HelTpansHOo#). Hampumep,
Fe3* B xmcmoii cpene cymecTByer B Buae comu Fe (+3), a B menouHoil cpene — B BHIE
mastopacTBopumMoro ocajaka Fe(OH)s.

4) wnaxomaT kodpduuueHTsl B ypaBHeHMH OBP Meromamu 3JIEKTpOHHOTO WU
3JIEKTPOHHO-WOHHOTO OaJiaHca.
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B wmerome osnexkTpoHHOro ©OanaHca paccMaTpUBAIOT TMOJYpPEaKUUU OKHUCICHHUS W
BOCCTAHOBJICHUS C YYACTUEM aTOMOB, HAXOISIINXCS B ONPEACIEHHBIX CTEIICHIX OKUCICHHUS.

BOI[pOCLI H 3aJaHusA

[Tpumep 1. Mcnonb3ys MeTo 31€KTPOHHOro OajaHca, COCTaBUTh YPaBHEHUE CIIETyIOLIeH
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHON PEaKIUH:

FeClg + KI —

VYka3aTh OKHCITUTENb U BOCCTAHOBUTEI; OMPEICIUTh UX YKBUBAIICHTHI U SKBUBAJICHTHBIC
MAacChl; BBIYMCIUTh NMOTeHUHad ['n60ca ' KOHCTAaHTY PaBHOBECHS PEaKLMU U CIENaTh BBHIBOJ O
riryOuHe e€ IpoTeKaHus.

Pemenue: 1) 3HaueHus: CTaHIAPTHBIX MOTEHIIMAJIOB PEAareHTOB (CIPABOYHBIC JTaHHBIE):
¢°(Fe*3 Fe*?) = 0,76 B; ¢°(12/21") = 0,54 B;

2) Tak kak @°(Fe*® Fe*?) > ¢°(I2/217), To Fe™ — okmcnurens, BocCTaHABIMBACTCS IO
Fe*?: | - BoccTaHOBUTEIb, OKUCISIETCS 10 l2;

3) cxema gannoit OBP Gyner uMmeThb ciexyronuii BUI:

FeClg + KI — FeCly + 15 + KCI .

Ilpumeuanue. Cxema OBP TONBKO NOKa3bpIBa€T XapaKTep HCXOJHBIX M KOHEUYHBIX
BEIIIECTB.
4) 3anuieM 3JeKTPOHHbIE YPAaBHEHHUS JUISl ITOJTY PEAKLUI

2| Fet3 +e” o Fe'?; Fe™ —okucmmens;
112 —2e < 1y; | —BoccTaHOBUTEND;
9(1' Fe+3) =1MOJb, MOJIbHAS MacCa SKBUBAICHT a —M(} Fe+3) =56 ;
1 1 MOJIb
2 1 v 2
3(=1") =1monb, MonbHast Macca dSkBuBaneHTa —M (=1) =127 ;
2 1 MOJIb
+3 - _ +2
2Fe™ +21 =2Fe"" + |2 — KpaTkoe noHHoe ypaBHeHre OBP (111 Hero BeImonHseTcs

3aKOH COXPaHEHHUs MaCChl BEIIECTB U YCIOBUE AIEKTPOHEUTPATLHOCTH);
6) u, OKOoHUaTenbHO — TmonHOoe ypaBHeHue OBP (111 Hero BBIMONHSAETCS 3aKOH
COXpaHEHHUs MacChl BEIIECTB):

2F€C|3 + 2KI = 2FeCI2 + |2 + 2KC|,

7) BBIYMCIUM H300apHO-TepMUYecKuil moteHuuan ['mdoca no popmyie AGY = —
NA@°F, JI/MoIb U KOHCTAHTY paBHOBecus peakuuu 110(10.1.86)
a) AG% =—1-2-(0,76 — 0,54) 96500 = — 42460 JIx/Momb = — 42,46 xJIK/MOIB;

6) IgKJpg =1690nA¢° =16,90-1-2(0,76-0,54) = 7,436, K Jpg =10"% ~ 2,73.10".

BriBoa: TinyOmHa mpoOTeKaHUS TPSMOM PEAKIMU OTHOCHUTEIBHO HEBEJIHMKA, YTO
00yCIIOBICHO HE3HAYUTEIbHBIM Pa3IMYieM BEJIMYWH CTaHAAPTHBIX IJIEKTPOJHBIX MOTEHIIUAIOB
peareHToB.

B memooe snexmponno-uonnozo 6anranca (mounee — 21eKmMpOHHO-UOHHO-MONEKYIAPHOO0
bananca) paccmampusarom nepexoo 31eKMpOHO8 OMm OOHUX AMOMO8 UNU UOHO8 K OpYeuM ¢
Yuémom xapakmepa cpeovl.

JInst ypaBHMBaHUs aTOMOB KHCIIOPOJA, a 3aTEM BOJOPOJA, B HEUTPAIbHON (PH=7)n
mienouHoit cpene (pH > 7) ucnonb3yrot: 1) OH™ — HOHBL, 4MCTI0 KOTOPBIX OOBIYHO YABAUBAIOT; 2)
MOJIEKYJIBI BOIbI B Kucaoi (pH < 7): 1) Mosekyinsl Boab! (a1 kucnopoaa!); 2) nporousl HY (mms
BOJIOpOAA).
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Meton  3NEeKTpPOHHO-MOHHO-MOJIEKYJIIPHOTO 0ajaHca Ha3bIBAIOT TaKXKe METOJOM
NOJIypEaKLUi, U OH UMEET psAJ] IPEUMYILECTB 10 CPABHEHHUIO C METOJIOM 3JIEKTPOHHOTO OasaHca:
BO-TIEPBBIX, HE HAJ0 ONPENENATh CTEIEHH OKHCIICHHS 3JIEMEHTOB, TaK Kak pacy€r uucia
AJIEKTPOHOB IPOMCXOJUT IO 3aKOHY COXpPAHEHHWS 3apsl0oB, U, BO-BTOPBIX, ABTOMATUYECKU
noaduparoTcsi Ko3pUIMEHTH B COKpalEHHOM HMOHHOM ypaBHeHuu nanHoii OBP. OcoGenHo
BakeH nocieqHuii merox B OBP ¢ yuactuem opraHMueckux COEAMHEHMM, IZI€ 4acTO CJIOXHO
ONPENIETUTh TE aTOMBI YIIEPOJa, KOTOPhIE MEHSIOT CBOKO CTEIIEHb OKUCIICHHUS.

Meton nonypeakuuii npuMeHuM Tosibko K TeM OBP, koTopble npoTeKkaroT B pacTBOpax,
MIO3TOMY BaXKHO YYMTBIBATH XapakTep Cpeibl, B KOTOPOM MNPOTEKAET JaHHAs OKUCIUTEIBHO-
BOCCTAaHOBUTEJIbHAS PEAKIU.

[Tpumep 2. (pH < 7). Onpenenutb K03(PGHUIUESHTH METOIOM MOJYPEaKIUi B CISTYIOIICH
peaxkuuu:

KMnO4 + N8.2803 + H2804 —>

VYKazaTh OKMCIUTENb U BOCCTAHOBUTEIIb; OMPEAEIUTh X SKBUBAJICHTHI U SKBUBAJICHTHBIE
Macchl; BBIYMCIUTH MOTEeHIMaN ['n60ca M KOHCTaHTy paBHOBECHS PEAKIMU U CHIENaTh BHIBOJ O
riyOuHe e€ NpoTeKaHuUs.

1) @°(MnO; +8H™ I Mn?* + 4H,0) =1,51B;
9’ (SOZ™ +2H ' /(SO3™ + H,0) =0,22B;

MnO 4 — OKHMCIIMTEIb, B KHUCJIOW CPENE BOCCTAHABIMBACTCA JIO Mn?*; 803 -

BOCCTAHOBUTEJIb, OKUCIISETCS 10 SO4 ;
2) cxema manHoit OBP uMeeT crienyronuii BUI:

KMnO4 + Na2803 + H2804 ——> KzSO4 + N3.2804 + MnSO4 + Hzo

3) 2IEeKTPOHHO-MOHHO-MOJIEKYJISPHBIE YPAaBHEHUS TIOJypeakUui, ¢ Y4YeTOM KHCIOH
cpenbl, OyyT UMETh BU:
2| MNOp +8H ™ +5e <> Mn?" +4H,0
5| SO§™ +H,0—2e <> SOF +2H*

MoapHBIE MacChl SKBHBAJICHTOB OKHCIIUTEIS M BOCCTAHOBUTES COOTBETCTBEHHO:

M(%Mno;)zé-m:zs,s . M(%sog—)zésozm,o

T

]
MOJIb MOJIb

4) ymHOkaeM o0e MoJypeakIy Ha UX OOIIMe MHOXHUTETH (2 U 5 COOTBETCTBEHHO),
MOCJIE 3TOT0 CYMMHPYEM IOMApHO JIEBbIE U MPaBble YaCTH MOJIypeaKlid, TPUBOAUM MOA00HbBIE

U TTOJIy4aeM KPaTKOC NOHHOC YPAaBHCHUC!

2MnO; +5S0% +6H " <> 2Mn?* +5S05 +3H,0;
5) mpubagsieM COOTBETCTBYIOIIHE MPOTUBOMOHBI M TIOJIydaeM MOJHOE ypaBHeHHE nanHoi OBP:

2KMnO, +5Na,S03 +3H,50, == 2MnSOy +5Na,SO, + K250 +3H,0

IIpumeuanue. TecT-IpOBEPKY IPOBOAUM IIOACYETOM YUCIIA AaTOMOB KHCIIOPOJA B JIEBOU U
IIPaBOM YacTAX MOJIYYEHHOTO MOJIHOTO ypaBHeHUs OBP.

Hamnpumep, uncio aToMOB KHCIIOpO/1a B 00€MX YacTAX COCTaBISACT 1O 35 aTOMOB.

6) pacuet notenuuana ['m60ca 1 KOHCTaHTHI PABHOBECHS PEAKILIUU:
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a) AG® = —5-2+(1,51-0,22) 96500103 = —1244,85 K JI/MOIB;
o AGY ~124485

28 _23RT  _23.8314.107%.2982
BreiBoa: rmiyOMHA mpoTeKaHHsI MPSIMOM peakiMd OYEeHb BEJIHMKA, 4YTO OOYCJIOBICHO
SHAYUTCIBbHBIM Pa3JIM4YUCM BCIIMYMWH CTAHAAPTHBIX JJICKTPOAHBIX IMOTCHIHUAIOB PCAarCHTOB —
peaKius MPaKTUIECKH HeoOpaTuma.
[Tpumep 3. (cpena neritpanbHas — pH = 7). CocTaBUTh ypaBHEHUE OKHCIICHUS CYIb(pUTA
HATpUsl NEPMaHTaHATOM Kallusi B HelTpanbHOU cpene. KoadduiumeHTsl mog00paTh METOIOM
IIOJTY PEAKIIUM.

0) IgK

~2183L  Khg =10%931 2201078,

KMnO,4 + Na»,SO3 + H,0 —

Onpenenuth TiTyOUHY IPOTEKAHUS TPSMON PEaKIIUU.
3.1 OmnpenenuM HaMpaBIE€HHOCTh 3TOM pPEaAKUUU, T.€. OMPEACIUM OKHUCIUTEIb U
BOCCTaHOBHUTEIIb:

¢°(MnO; +2H,0/MnO, +40H ) =0,6 B;
¢°(SOZ™ + H,0/(SO2™ +20H ") =—0,93B.

M3 Benuuun CTaHAAPTHBIX OB-HOTGHI_II/IaJ'IOB CJIeayeT, 4ro Mno4 — OKHCIIMTCIIb, B

2—
HeWTpanbHOU cpeae BoccTraHaBinuBaeTca 10 MnOg; 803 — BOCCTAHOBUTEIb, OKUCIIAETCS IO
SOy .
3.2 3anumem cxemy aanHoi OBP

KMnO4 + Na2803 + Hzo —> Mn02 + N8.2804 + ...

[Toka Henb3st TOUHO ONPEIEIUTh KaKou el OyJeT MPOAYKT B JaHHOW peaKiliu.
3.3 CoctaBuM MONTypeakuu JUist: 1) OKHUCTUTENS U 2) BOCCTAHOBUTEIIS.

1) MnO4 <> MnOy — cxema nonypeaxunn.

VYpaBHUBaHUE KHUCIOPOJA BEAEM C IMOMOIIBI YABOCHHOTO YMCIIa TUJIPOKCU - UOHOB, a
BO/I0POJIa — MOJIEKYJI BOABI:

MnO,4 +2H50 +3e <> MnO, + 40H  — nonypeaxuus mns oxucaurens;

2) S03 < SO4 — cXeMa MOoJypeaKkluy AJisi BOCCTAaHOBUTEIS,

_ _ 2_
SO +20H -2e <> S0; +Ho0 _nonypeaxums ans soceranosurens.

34 TCHCpB COCTaBUM JJICKTPOHHO-UOHHO-MOJICKYJIAPHLIC YPABHCHU:

2 MnO,4 +2H50 +3e <> MnO, +40H
31502 + 20H ™ —2e «> S02 ™ + H,0

3.5 IlpoBogum aHanoruyHele omnepauuu (cM. npumep 1) M 1ogydaeM HMOHHO-
MoJieKyJisipHOoe ypaBHeHre OBP:

2MnOj; +3S05™ + Hy0 <> 2MNnO, + 3502~ +20H ~

Honno-monexynsipaoe ypaBHenue OBP ynoBnerBopsier MarepuanbHOMy OanaHcy WU
YCIIOBUIO JIEKTPOHEUTPAIBHOCTH.

3.6 [IpubaBisieM COOTBETCTBYIOLINE TPOTUBOMOHBI U NIOTy4YaeM NojHoe ypaBHenue OBP:
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2KMnOy + 3Na,S03 + H,0 = 2MnO, +3Na,SO, + 2KOH .

3.7 BeolnosiHeHHEe MarepuagbHOro OayiaHca Juisl nosiHoro ypaBHeHuss OBP mposepsiem
MOJICYETOM aTOMOB KHUCJIOpOJia B JICBOM M MpaBOM 4acTsAX ypaBHeHUs: ciieBa 17 O = cnpasa 17
0.

Kak BuaHo u3 sToro mpumepa, METOI 3JIEKTPOHHO-HOHHO-MOJIEKYJSIpHOro OanaHca
MIO3BOJISIET TAK)KE ONPEIEIIUTh U HEKOTOpBIE, 3apaHEe HEU3BECTHBIC, IPOAYKTbl OKUCIUTEIBHO-
BOCCTAHOBUTEJIHHON PEaKIIHH.

IgK Jpg =169 nAp® =16,9-6- (0,60 — (~0,93)) ~ 155; K Jog ~101°°,

BriBoa: peakius mpakTHuecKu HeoOpaTuma.
IIpumep 4. (pH > 7). Ilo npuBenennoii cxeme OBP, ucnonb3yss MeTon 3J€KTPOHHO-
MOHHOTO OajlaHca COCTaBUTH MoTHOE ypaBHeHUEe OBP:

KMnOy + Na,SO; + KOH —»

Paccuurare O/IC naHHON cUCTEMBl HpPU CTaHAAPTHBIX YCIOBUSAX M IPHU CIEAYIOLIUX

PAaBHOBECHBIX  KOHIIGHTpAIMSIX  PEarcHTOB: [I\/InO Z ] =0,01; [Mn 2+] =0,05;
[503_] =0,01; [804_] =0,05 u mpu pH = 4.1 craHgapTHbIe MOTEHI[HAIBI

OKHCIIUTECIIA U BOCCTAaHOBHUTCIIA

¢°(MnOZ / MnOZ ™) =0,56 B; 0° (SOF~ + H,0/(SO%™ + 20H ") =—0,93B;

MnQO, — oxuciauTenb, BOCCTAHABIMBAETCS JI0 MnOf_; 803 — BOCCTAHOBHUTEJIb, OKUCIISCTCS

pily) SO4_.
4.2 cxema gannoi OBP:
KMnO4 + N&zSOg + KOH — K2Mn04 + Nast4 + Hzo

4.3 DeKTPOHHO-NOHHO-MOJIEKYJISIPHBIE MTOJIYPEAKIINH

2l MNO; +e <> Mnof_
1 SOZ™ +20H ™ —2e > SOZ~ + H,0.

4.3 YMHO)kaeM o0e NmosTypeakliui Ha COOTBETCTBYIOIINE KO3 (PUIIMEHTHI, CYMMUDPYEM UX
JeBble M TpaBble  4yacTW W I[IOJy4yaeM  HMOHHO-MOJIEKYJSIpHOE  ypaBHEHHeE:

2MnOj + S04~ +20H ~ <> 2MnOZ~ +S0Z~ + H,0 .
4.4 I[O68.BJ'IH$I COOTBCTCTBYIOIIUEC ITPOTHUBOUOHBI, ITOJTy4aCM ITOJIHOC YPAaBHCHHUC PCAKIIUU:
2KMnO, + Na,SO3 + 2KOH = 2K,MnOy + NaySO, + H,0

4.5 TlpoBomum Tect mo kuciopoxny: 130 (cmeBa) = 130 (cmpaBa) — ycioBHE
MaTepHaIbHOrO OajaHca BHITOIHACTCS.

4.6 Pacuér D/IC cucremsl Ipu CTaHAAPTHBIX YCIOBUAX:

IAC° = Ap® =¢°(MnOs/Mn0O4>)—¢°(S04>/SO3*) = 0,56—(-0,93) = 1,49 B.

47 Omnenky OJIC mnpu paBHOBECHBIX KOHLEHTPALMSAX pPEAreHTOB BEIEM C
ucnonb3oBanueM ypasHenust Hepucra (10.1.10):

a) BBIYMCIIEHUE PAaBHOBECHOTO MOTEHIIMAJA TIepMaHTaHAT-MAaHT'AHATHOTO JIEKTPOJa:

1.1 +718 18
0,059|g[MnO4] [H™] 0’56+0701.|go,01 1

0 — 2—
o(Mn) = 0% (MnOz / MnOZ) +
4 5 [MnOZ"] 0,05

=0,5535;

0) BBIYMCIICHHE PAaBHOBECHOTO MOTEHIMAJIA CYJIb(aT-CyIb(PUTHOTO JIEKTPOaa:
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2— +12 2
o(B) =¢°(S0Z™ /S057) + 0059 [50; ] 2[H I 093+00295. Ig &118 = -0,378B;
2 [SO57] 0,01-10~

B) 2/IC = Ap = p(MnO4 IMnO42)— p(SO42/S03>) = 0,553—(~0,378) = 0,931 B.

ba3oBb1i1 ypoBeHb

1 Paccuuraiite creneHb okucieHus aszora B ero coeauHenusx: AIN, N2Hiz, NH20H,
N20, NO, N203, N20O4, N2Os,

2 Hanumure mnonHoe ypaBHEHHE peakUuu, HPUMEHSAS METOAbl 3JIEKTPOHHOIO
OanaHca M Moytypeakiuii, o cieayroue cxeme noixypeakiuu:

K2Cr207 + SnSO4 + H2SO4 —

Omnpenenute 5KBUBAJIEHTHl BOCCTAHOBUTENS M OKHCIUTENS; PACCUUTANTE MX MOJIbHBIE
MAacCBhl.

3 K kakomy tumy OBP orHocutcst peakuusi paznoxenus H20:? Uem oObsicHsercs
CIIOCOOHOCTH MEPOKCH/Ia BOJIOPO/IA K TAKUM IpeBpalieHUsIM? 3aKOHUUTE YPaBHEHUS PEeaKLUi U
HaMMIINTE I KQXKJIOW U3 HUX 3JIEKTPOHHO-UOHHbIE U MOJIEKYJISIPHbIE YPaBHEHHUS:

1) H:02— ...; 2) H2 02+ KMnOs — MnO2 + ...; 3) H202+ PbS — PbO2 + S + ...

4. Kuciopol MOXHO MOIY4YUTh B Pe3yJIbTaTe Pa3/IoKEHHs TAKUX BEIECTB:

1) KCIO3 — ...; 2) KMnO4 — ..., 3) KoCr207 — ..

K xakomy tuny OBP otHOcAaTcs »3tm  peakumu? CocTaBbTe DIIEKTPOHHBIE W
MOJIEKYJISIPHBIE YPABHEHUSI 3TUX PEaKLU.

5 K Bogromy pactBopy KCIO3 no6asumu Boamsiii pactBop Kls. B kakyio cropony
MpOMIET peakius OKUCIeHUs-BoccTaHOBIeHUs? Bprunciure IJIC sTol  peakiuu  ais
CTaHJAPTHBIX YCIOBHH.

6 Kakumu cBoiictBamu Oyner o6mamate NaNO2? Ilouemy? IlpuBenure mpumeps
peaxkuui, rae HUTPUT HaTPpUsl — OKUCIINTEINb, I/I€ — BOCCTAHOBUTEID?

7 Hcxons v3 3HaYEHUM CTaHAAPTHBIX AJIEKTPOJHBIX MOTEHIUAIOB, ONPEIEINUTE, psMas
UM 06paTHAs peakiys OyaeT IpoTeKaTh B ATOH CHCTeMe MPU CTAaHAApTHRIX ycrnosusax: 1) Fe?*
+ ClO3™ + H* « Fe** + CI” + H.0.

2) Clz + Mn?* + H20 < MnO4s~ +CI- + H™;

3) NOs + Fe?* + H" <> NO + Fe** + H,0;

4) 103 + SO3> + H* <> I + SO4% + H0.

JIig KaXKoi MpsIMON peaKIK OLEHUTE MIyOHHY MPOTEKaHUSI.

I1oBBIIIEHHBIN YPOBEHD

13aKkoHUUTH COCTaBJICHUE YPABHEHHUS CIICTYIONIEH PEaKIIUU:
HAsSO2 + KMnO4 + H2SO4 — H3AsO4 + ...

Y COCTAaBHTB ISl HETO DIIEKTPOHHBIE U AJIEKTPOHHO-HOHHBIE CXEMBI ITOTYPEaKIni.

Paccuurare O/[C peakuuu ns CTaHIApPTHBIX YCIOBUM.

23asucut mu nporekanne OBP ot pH cpenpl? ['mapokcuiaMiuH BOCCTaHABIMBAET (NpU
sToM okucnsercs o asora; ¢°(No+ 2H,O + 2H'/2NH,OH) = —1,87 B) B xucmoM pacTope
cynbdart xene3a (+3) g0 cynbdara xeneza (+2), a B METOYHOM PACTBOPE OKHUCISAET (caM MpH
5TOM BOCCTaHAaBJIMBACTCS JI0O aMMHaKa; (/)O(N H>OH + 2H>0/NH3 + 20H") =+ 0,42 B) ruapokcu
xene3a (+2) B ruapokcua skene3a (+3). CocTaBUTh SJIEKTPOHHBIE W HOHHO-3JIEKTPOHHBIC
ypaBHeHHsT 00euX peaknuid. YKa3aTh OKHCIHWTEIh W BOCCTAHOBUTENb. ONpenenuTh TIIyOuHY
NPOTEKaHUS IPSMOTO MpoIiecca B 00eux ciaydasx.

3 [lpoxomuT 75U peakmuss B BOJHOM pAacTBOPE MEXIy HWOIUAOM HATpUS U
cBOOOHBIM xJIopoM? [ IpsIMOM peaklMy BBIYMCIUTE NMoTeHIMain ['mb6ca u mpoBeCTH OLEHKY
[IyOMHBI IPOTEKaHUS Mpoliecca.

4 Beruucnure snekTpoausiii morennuan cucrembl ClOs~ + 8HY/ClIm + 4H0 mpu
CIIETyIONNX PABHOBECHBIX MOJISIPHBIX KOHIEHTparmsax (Mons/mv®) u pH: 1) [CIO4] = 0,1; [CIT]
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=0,05; pH =1; 2) [CIO4] =0,05; [CI']=0,1; pH = 2; 3) [CIO4] =0,01; [CIT] = 0,05;
pH = 0,5.

12TIpu xakux 3HaueHusx pH Bo3M0OkHO BoccTtaHOBIcHHE HOHOB MNOs nonamu: 1) 17 2)
Br; 3) CI™?

Cnucok JuTepaTtypbl, peKOMEHAyeMbIi K UCIO0Jb30BAHUIO 110 JAHHOM TeMe

OcHoBHasl JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonnk / H. B. KopoBus. - 13-e usn., nepepab. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - TIpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxamuna, E. C. XuMus okpy:Karomiei cpesibl : XUMHS )KHBBIX opraHnu3moB. Kypc nexumii /
E. C. Muxanuna, A. JI. [lerenmun. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : eKTpOHHBIH // DnekTpoHHO-0nbanoreynas cucrtema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocryna: mis
aBTOPHU3HP. MMOIb30BATENEH
Jlono/JIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'muuka ; [Tox pen. A. . Epmakosa. - W3x. 30-e, ucrp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: ¢. 704. - IIpeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METajuIoB : yueOHOe mocobue (71 CTYJACHTOB XHMHYECKOTO (aKyIbTeTa
HamnpaBlieHUu# O0akanaBpoB « XuMus» U «XuUMHUecKas TeXHoIorus») / cocrapurenu O. A.
["'onoBanoBa. — Omck : OMckuil rocygapcTBeHHbIN yHUBepcuTeT M. .M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : anekTpoHHBIH // DnekTpoHHO 6ubimoreynas cucrema [PR
BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/59676.html. — Pesxxum moctyna: as
aBTOPU3HUP. OJIB30BATENEH
HNurepHer-pecypcnl:

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

2 http://biblioclub.ru/ — 3BC «YHuBepcuterckasi OMOIMOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIUAIMU dJIEKTPOHHBIX OMOIHOTEK
yueOHBIX 3aBefieHui u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTtkpbiToe 00pa3oBaHue

Tema 9. OcHOBHBIE N0JI0KEHHUS YTeKTPOXHUMHUH.
IIpakTnyeckoe 3ansaTue 9. I'anbBaHuueckue daeMeHThl. Koppo3usi Mmerasios.
JIEKTPOJIN3

Hear  3ansatusi:  dopmupoBaHue  HEOOXOJUMOTO  KOMIUIEKCAa  3HaHUH 00
ANIEKTPOXMMHUYECKUX TPOLECCaX M HX KOJIMYECTBEHHBIX XapakTepucTukax. PopMupoBaHue
HABBIKOB HCIIOIb30BaHUS (PyHIaMEHTAIbHBIX 3aKOHOB U OCHOBHBIX MOHATHI XUMUYECKOW HayKu
B 00JIaCTH 3JIEKTPOXUMUH Il IOHUMAHUS CBOICTB MPOIIECCOB, MCIOJIb3YEMBIX B COBPEMEHHOM
MPOMBIIIJIEHHOCTH

3HaHMA M yMeHHUs, IpHo0peTaeMble CTYICHTOM B pe3yJibTaTe 0CBOCHHUSI TeMbI

3HATB: OCHOBBI CAaMOOPTaHU3AINH U CAMOOOPa30BAHNS;
3HAaTh: CYIIHOCTH U 3HAUCHHE HH(OPMAIMK B PA3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI TTOTyUCHHUS
1 00paboTKM HHPOPMAITUN U3 PA3TMIHBIX HCTOTYHHKOB
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3HaTh: PabOTHI MO pacyeTy U MPOCKTUPOBAHMIO JACTAJICH U y3JI0B MAIIMHOCTPOUTEIIbHBIX
KOHCTPYKUHUIA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSMH U UCIIOJb30BAHUEM CTaHJAPTHBIX
CpeJICTB aBTOMATU3alINHU MTPOECKTUPOBAHUS
YMeTh: caMOCTOSATENFHO CTPOUTH MPOIIECC OBIaAeHUs HH(popMannei, 0TOOpaHHO!
CTPYKTYPUPOBAHHOM 151 BEITIOTHEHHSI TPOPECCUOHAILHON IEATETLHOCTH.
YmeTh: momydats 1 00pabaThIBaTh HH(OOPMALIUIO U3 PA3TIHIHBIX HICTOYHHKOB
YMerh: TPUHUMATh ydacTHe B paboTax 1Mo pacyeTy U MPOCKTUPOBAHMIO JCTAJICH U y3JI0B
MAIIMHOCTPOUTENIbHBIX KOHCTPYKLHUI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEJACTB aBTOMATHU3AIMHU MPOECKTUPOBAHUS

HaumenoBanue ¢GopMHpyeMbIX KOMITETCHIUN

OpnHuM U3 Hanbosiee OBICTPO PA3BUBAIOIIMXCS HANPABICHUN MPUKIAJIHON 3JIEKTPOXUMUH,
TECHO CBSI3aHHOH C AJIEKTPOTEXHUKOW, SBISAETCS pa3paboTKa HETPAJAULIMOHHBIX XUMHYECKUX
UCTOYHUKOB ToKa (XUT), mepcrneKTUBHBIMU CPEH KOTOPBIX SBISIOTCS TBEPAO-3JIEKTPOIUTHBIE
XUT ¢ HaTpueBbIM WM JINTHEBBIM aHOJAaMH. [IpMMEHEHME IIEIOYHBIX METALUIOB B KayeCTBE
AQHOJHBIX MAaTE€PHAJIOB BHIFOJIHO TEM, YTO OHM OOJIaJal0T CaMbIMU HU3KUMHU cpeau Apyrux Me -
OB QJIEKTPOXMMHUYECKUMHU SKBUBAICHTAMU U BBICOKUMHU OTPULIATEIbHBIMU 3HAUEHUSMU
JEKTPOAHBIX TOTEHIHANIOB. [1030My 3HaHMS 2IEKTPOXXUMUN —aKTYaJIbHBI.

Teopernyeckasi 4acThb

[Tpubop, B KOTOPOM XMMHUYECKasi SHEPrHsl OKUCIUTEIbHO-BOCCTAHOBUTEIbHON pPEeaKIUn
IIpeBpallacTCs B AIEKTPUUYECKYIO0, HA3bIBAETCS IAJIbBAHUYECKUM 3JIEMEHTOM.

OcHOBHasl cOCTaBHAsl YacCTh raJIbBAHUYECKUX DJIEMEHTOB — 3JIEKTpoAbl. Yale Bcero oHu
OBIBAIOT METAJUIMYECKUMHU. OJIEKTPOJl, HAa KOTOPOM IIPOUCXOJUT MPOLECC OKHUCIECHHUS,
Ha3bIBACTCS AHOOM.

Tak, ecnu B raJlbBAHUYECKOM 3JIEMEHTE UMEIOTCS MEJIHBIN U IIUHKOBBIA 3JIEKTPOJIbI, U B
ToCNeIHEM TIPOMCXOUT MPOIIECC OKHUCIeHUs uHKa: ZN° — 28° «» ZNn?*, To IUHKOBEIH 27eKTpo
OyzleT aHO/IOM.

OnexTpos, Ha KOTOPOM IPOMCXOAMT IIPOLECC BOCCTAHOBIIEHUS, Ha3bIBAeTCA KaToaoM. B
BHIIITENPHBEIEHHOM TIPEMEpPE KAaTO0M SBJISIETCS MEAHbIH anekTpo: Cu?t+ 2e «» Cu®,

DNEKTPOHBI C JIEKTPOJIa, HA KOTOPOM IPOUCXOAMT MPOLIECC OKUCICHMS, MEPEXOIAT Ha
ANEKTPOJI, TJI€ MPOTEKAET MPOLECC BOCCTAHOBJICHUS.

Takum 006pazom, B ralbBaHUYECKOM JIEMEHTE, UMEIOIIEM B KaueCTBE KaTo/1a MEIHYIO U
B KayeCTBE aHO/1a IUHKOBYIO IJIACTHHBI, 3JIEKTPOHBI C IIMHKOBOM IUIACTUHBI OYIyT NEPEXOIUTh
Ha MEJHYIO.

10.7 DnexTpoa B TraJbBaHUYECKOM 3JIEMEHTE HAXOJUTCS B PacTBOpE 3JjieKTpoauTa. B
IIPOCTEHILEM CITydae MIEKTPOIUTOM SIBISIETCS PACTBOP COJIM TOTO METALIA, U3 KOTOPOTO CAEIaH
ANEKTPOI.

Tak, B MEIHO-LIMHKOBOM TaJIbBAaHMUECKOM 3JIEMEHTE IUHKOBBIM 3JIEKTPOJ MOXKET OBITh
MOMEIIEH B pacTBOpP CyJb(daTa IUHKA, a METHBIN — B pacTBOp CyJib(hara Meau.

CrnenoBaTenbHO: IIMHK MOMEIIAIOT B PacTBOp, COAEPKALMN KAaTHOHBI LIUHKA, a MEAb B
pacTBOp, COAEpKAMN KATHOHBI MEU.

Cucrema, cocrosmas U3 MeTajljla, OMYLIEHHOIO B PAacTBOpP, COAEp)KAILUN €ro HOHBI,

n+
Ha3bIBAETCS TOJIy?JIEMEHTOM U 0003Ha4yaercs Me™™ / Me (cBepxy Bcerza OKHCICHHas
dopma).
JIBa moyasieMeHTa, COeAMHEHHBIE MPOBOJIHUKOM, 00pa3yIOT TalbBAHWYECKUN DIIEMEHT
(pucynok 9.1):

£ ()
;_ T\
Zn Cu
— 8042_ —
— +
DA 146 Y el
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Pucynox 9.1 Cxema meOHO-YUHKOBO2O 2ANbBAHUYECKO20 dNIeMEeHMA

B ranbBanmveckom 3jieMEHTE OJMH 3JIEKTPOJ (aHOM) PacTBOPSIETCS, T.€. HOHBI MeTalia
nepexoAsaT B pacTtBop. Tak B MEAHO-IIMHKOBOM TajbBAaHUYECKOM JJIEMEHTE MPOUCXOIUT
pPacTBOPEHHUE MHKOBOM IIJIACTUHKH.

B pesynbraTte nepexoja MOHOB LIMHKA C IUIACTUHKM B PACTBOP Ha IUIACTMHKE OCTaETCS
M30BITOK 3JIEKTPOHOB, M OHA 3apsbKaeTcs oTpuuareabHo. C Apyrod CTOPOHBI, MEPEeXoi HMOHOB
IIMHKA B paCTBOP MPUBOJAUT K YBEJIMUYCHHUIO UX KOHIIEHTPALIMKU B PaCTBOPE.

braronapst mepexo/ly MOHOB IIMHKA C IUIACTUHBI B PACTBOP BEC IMHKOBOW IUIACTUHKHU
OyzleT yMEHBIIIaThCS.

ODHOBPEMEHHO C 3THM Ha MEIHOM JJICKTPOJIE MPOUCXOJUT IMPOIECC BOCCTAHOBJICHHS

MOHOB MEJIM U3 PacTBOpA: Cu 2+ +2e <> Cu.

3a c4€r 3TOrO IMpolecca KOHIEHTpAIUs HOHOB MEU B paCTBOpPE YMEHbLIAeTCs, a Macca
MEIHOM TUIACTUHKU YBEIUYUBACTCSI.

Ilepexox monoB CU?* W3 pacTBOpa Ha IUIACTHHKY IIPHBOAMT K TOMY, 4TO MeJHAs
IUTACTUHKA 3apsKACTCS MOJIOKHUTEIBHO.

PaccmoTpennsblil ranpBaHndeckuil aneMeHT (daemMeHT anuans — SlkoOu) cxemarnuecku
MO>KHO 3aIIUCaTh CIAEAYIOUINM 00pazoM:

(-)Zn[znSO4|[Cusoylcu(+)
WU B MOHHOU Popme:

(-)zn[zn?*|cu*|Cu(+)

OnvHOYHbBIE IMHUM B cXeMax 0003HAual0T IPaHUILy METaJUl — PacTBOP, a IBOMHbIE TMHUN
— IpaHuIly Mexay pacTBopaMu. OTpULIaTENIbHBIN 31€KTPO/] (aHO) 3alMChIBAETCS CIIEBA.

B ocHoBe pa0®oThl pa300paHHOIO 3JIEMEHTa JIC)KUT OKUCIUTEbHO-BOCCTAHOBUTEIbHAS
peaxius:

Zn+CuSQOq — ZnSO4 +Cu

WU B MOHHOU opme:

Zn+Cu?* > 7Zn%t +Cu.

B ranpBaHMYECKOM 3JIEMEHTE, COCTaBICHHOM W3 JKEJIE3HOW IUIACTUHKH, OIYIICHHOW B
pactBop FeSOs, u CBHHIIOBOW IIacTHHKH, onyiieHHOH B pactBop PDH(NO3)2, xene3o sBusercs
aHosoM. Cxema 3TOro 2JIeMEeHTa CIIeyIOMIas:

(—)Fe|FeSO,||Pb(NO3),|Pb(+).

Ha xene3nom QJICKTPOAC (aHO,Z[C) MMPOUCXOAUT OKHCIICHHC. OTOT mponecc OIMMMUChIBACTCA
CJICOYIOIIUM 3JICKTPOHHO-MOHHBIM YPAaBHCHUCM!

Fe¥ —2e &> Fe?t
JKenesHblii 271€KTPO/I PHOOPETAET OTPHUIATENBHBIN 3apsiI.

Ha cBHHIIOBOM 31eKTpojie (KaToje) MPOMCXOUT TIPOIecC BOCCTAHOBIEHHS HOHOB Ph?*
U3 pacTBopa:

Pb2t +2e <> Pb°.

CBUHIIOBBIN JIEKTPOJ 3aPSAKAETCS TOJIOKUTEIBHO.
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Cymmupyst o0a ypaBHEHHUs, NOJyYMM HOHHOE YpaBHEHHE pEeaKlMH, MPOTEKaloleld B
JTAHHOM TaJIbBAHUYECKOM 3JIEMEHTE:

Fe+Pb%" - Fe?" +Pb.

ONEeKTPOHBl IO IPOBOJHUKY, COEIMHSIOLIEMY IUIACTUHKH, OyIyT IEpPEeXOJuTh OT
JKEJIE3HOM IIIACTUHKU K CBUHIIOBOIA.

Wrak, B ralbBAaHUYECKOM 3JIEMEHTE 110 NPOBOJHUKY, COSAUHAIOIIEMY IEKTPOIBI, TEUET
JNEKTPUYECKUH TOK.

[losiBIeHHE 3JIEKTPUYECKOrO0 TOKA CBUAETEIBCTBYET O HAJIIMYUU PA3HOCTU IOTEHLHAIOB
MEXIy dJeKTponaMu. [Hade roBops, Ha OJHOM U3 DJEKTPOJOB BO3HUKAECT  KaKOH-TO
OIPEIEIEHHBIN IOTEHIIUAN, PA3JIMYHbIN U1 Pa3JIMYHBIX AIEKTPOIOB.

IToTeHnnan, KOTOPBIM yCTaHABIMBACTCS HA METAUNIMYECKOM DJIEKTPOJIE, MOMEIIEHHOM B
PacTBOP COJIM OJHOMMEHHOTO METaJlIa, Ha3bIBACTCS 3JICKTPOAHBIM IIOTEHIIMAJIOM METAJLIA.

W3mepeHHble B CTaHJApTHBIX YCJIOBHAX IOTEHLHMAIbl METAJJIOB  HA3bIBAIOTCS
HOpMaJIbHBIMU (WJIM CTaHAAPTHBIMU) JIEKTPOJHBIMH MOTEHIMATIaMU MeTauioB. VX 3HaueHus
JUIs Pa3IMYHbIX METAJJIOB MIpHUBEeHBI B Tabuuue 9.1.

Yem userye wmetayur OTAAET DJIEKTPOHBL, T.€. YEM JIerde OH OKHCIAETCA, TeM
OTpULATENIBHEE €ro JJIEKTPOAHBIM NoTeHuuan. MHaue roBops, MO BEIUYMHE 3JIEKTPOIHOIO
NOTEHIMAJIa MOKHO CYJTUTh O CIOCOOHOCTH METajla OT/AaBaTh JEKTPOHHI, T.€. 00 aKTHBHOCTH
MeTalla.

Bosee akTuBHBIA MeTa/ul MMeEeT Oojiee OTPHUIATEIBHYIO BEIUYMHY 3JIEKTPOTHOTO
noTeHuuana. 7Tak, HOpPMaJIbHBIE DJIEKTPOJHBIE IIOTEHLUAIbl MAarHus, LUHKA W MEIU
COOTBETCTBEHHO paBHbI (B B):

»° (Mg/Mg?*) =-2,34;¢° (Zn1Zn?*) =-0,76:¢° (Cu/ Cu’*) = +0,34.

CpaBHuBasi 3TH 3HaUEHUS, MOXKHO CZENaTh BBIBOJ, UTO HaU0OJee aKTUBHBIM U3 3TUX TPEX
MCETAJIJIOB ABJISICTCA Mal"HI/II\/'I, a MCHEC aKTUBHBIM — MC/Ib.

B ranpBaHMYecKOM 3J€MEHTE, UMEIOIIEM [IBa PA3NIMYHBIX METAJUIMYECKUX 3IIEKTPOJa,
aHOJIOM OYJIeT METaJUl C MEHBIIEH BEIIMYMHON CTaHAAPTHOTO JJIEKTPOJHOTO MOTEHIHANA, T.C.
0osee aKTUBHBIM METAILII.

Hamnpumep, B rarbBaHYECKOM dJIEMEHTE

Mg|Mg“*|zn®*|zn

HauOoJyiee OTPHUIATEICH DJIEKTPOJHBIM TMOTEHIMAl MarHusi, IMO3TOMY MAarHUEBBIN
ANIEKTPOA OyJET aHOIOM.
Ha maruueBom snextpojie (aHoAe) UAET MPOLEecC OKUCIEHUS TI0 ypPaBHEHUIO:

Mg <> Mg?* +2e.
Ha nunkoBOM a5tekTposie (KaToze) mpoTeKaeT MPOoIecc BOCCTAHOBICHHUS [IMHKA:
Znt +2e <> 7n%

10.36 CymmapHO€ HOHHOE YpaBHEHHE PEAKIMHU, TPOTEKAIOLIEH B TAKOM TaJIbBAHUYECKOM
DIIEMEHTE, CIIeIyFoIIee:

0 2+ 2+ 0
Mg~ +Zn“" > Mg“" +2n" .
Bennunna QJICKTPOAHOTO MOTCHIMAJIa MCTAJlJIa 3aBUCHUT, I'NIAaBHBIM 06pa3OM, OT NPpHUPOABI

MeTajlja, TeMmrepaTypbl M KOHLEHTPAallMM HOHOB MeTajjla B pacTBOpe. JTa 3aBUCUMOCTH
BbIpaXkaeTcsl ypaBHeHHeM HepHera:
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o 0,059
0=0 (Me/Me”+)+TIgC(Me”+), ©.1)

TIE (pU(Me/ Me"") — HopMalbHBII 3JEKTPOIHbIN ITIOTEHIIUAI;

N — YHCJI0 OTJAaBaeMbIX (IPHHUMAEMBIX) METANIOM JICKTPOHOB;

C(Me"™) — KOHIIeHTpaIis HOHOB METAIIA B PACTBOPE, MOJIb/ M .

[Ipy KOHIIEHTpAalMM HOHOB METajia, PaBHOW 1 Monb/mM°, BTOpOil ulleH ypaBHEHHS
obpamaercss B HOINb, TOTAA @ = @, m.e. I1eKMPOOHbII NOMEHYUAl Memaild Rpu e20
xonyenmpayuu 1 monw/om® npedcmasnsiem co6oii cmanOapmublii 21eKMpoOHbIL NOMEHYUAL.

DONeKTpOABMKYIIAss Cwia E ralpBaHUYECKOTO O3JIEMEHTa OINPEACseTCs Pa3HOCTBIO

NOTEHIIMAJIOB KaToJda U aHOoJa: E — (0 K — (0 A.

Tax, 3JIC MarHueBO-IIMHKOBOTO TaJIbBAHUYECKOTO 3JIEMEHTA, IPU KOHLIEHTPALMIX
HUOHOB COOTBETCTBYIOLINX METaJUIOB OIVH MOIB/ M,

cocrapyser: E = ¢°(Zn/Zn 2+) —¢° (Mg /Mg 2+) =-0,736—(—2,34) =1,604 B.

YeM Ooutbliie pa3HOCTh B 3HAYCHHUSX CTAHAAPTHBIX dJIEKTPOIHBIX IOTECHIIMATIOB METAJIIIOB,
teMm Oosbiie DJ]C raapBaHMYECKOTO 3JIEMEHTA, KOTOPBIA 3T METaJIbl 00pa3yIoT.

CpaBuum JJIC TONBKO 4YTO pa300paHHOTO MAarHWEBO-IIMHKOBOTO TalbBaHHYECKOTO
anemenTa ¢ 9J1C MarHueBo-MeIHOTO JJIEMEHTA.

(-)Mg|Mg?*|zn?*|zn(+)

C(Mg/Mg?")=C(Cu/Cu?") =1luomwlon’
E =¢°(Cu/Cu’*)—p°(Mg/Mg>") =+0,34—(—2,34) = 2,68B.

Wtak, yeM panplie Apyr OT Jpyra HaxoJsATCS MeTalibl B TaOiMile HOPMAlbHBIX
AJIEKTPOJIHBIX MOTEHIINATIOB, TeM Ooubiie DJ[C raqrbBaHUYECKOTO JIEMEHTA.

Kak ormeuanocs paHee B paszese, 3aBUCUMOCTb BEJIMUUH IEKTPOJHBIX TOTECHIIMAIOB OT
KOHIEHTPAllUl OKUCJIMTEIbHOW M BOCCTAaHOBUTENbHON ¢GopM peareHta u oT pH cpensl
BeIpakaeTcs ypaBHeHHeM Hephceta (9.1).

VYpaBuenue Hepucra mo3Bomsier npoBoauth pacuer J/C raabBaHUYECKUX SJIEMEHTOB
MIPHU YCIOBUSAX OTIMYHBIX OT CTAaHJAPTHBIX.

N3menenne wun3obapHoro moreHnuana ['mbOca B cuCTeMe YHCICHHO paBHO padoTe,
COBEpLIAEMOM B PE3YJIbTATE NPOTEKAHMS DJIEKTPOXUMHUECKON PEAKIINN:

AG = -A = —nAgpF, 9.2)
rne A — paboTa »HIEKTPUYECKOrO TOKAa, paBHAs MPOU3BEIACHUIO YHUCIA MOJb
MIEPEHECEHHBIX AJIEKTPOHOB N, HAIIPSKEHUS B DJIEKTPUUYECKON 1enu A¢ u nocrossHHoN dapanes
F =96 454 Kn/mons = 96 500 Kn/mob.
JInst cTaHIapTHBIX YCIIOBUIA:

AGY =-A%=_nAyp°F. (9.3)

KoHcTranTta paBHOBECHS DSIIEKTPOXMMHUYECKOM pEaKIMM JUIsl CTaHJAPTHBIX YCIOBHMA
omnpenensercss GopMyIIoi cienyromero Bujaa:

2,3-RT

BennunHbI KOHCTaHT PaBHOBECHUM IS Pa3HBIX JIEKTPOXUMHUUYECKUX PEAKIUHI MTO3BOJISIOT
OTIpeNeNATh CTeTeHb UX HeOOPaTUMOCTH.

[TockoabKy 37€KTPOAHBIN MOTEHIMAT METAJIa 3aBUCUT OT KOHUEHTPAIMU PAacTBOpa, TO
MOKHO COCTaBUTh LE€Ib M3 OJUHAKOBBIX METAJUIMUECKUX JJIEKTPOAOB, IOIPYKEHHBIX B
pacTBOpBl C Pa3IM4YHOM KOHLEHTPAlMeldl HOHOB 3TOTO0 METAUIA — 910 KOHYEHMPAYUOHHbIU
2aNbBAHUYECKULL INeMEHM.

3/1C KOHIIEHTPAIIMOHHOTO AJIEMEHTa ompeesseTcs mo Gopmye:
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C,(Me**
9ﬂC:0,059 Iq 1( )

]
z " Cy(Me™)

I'JIE C(ME?**) — KOHIIEHTpaIMs HFOHA METaJlIa B IPUIIEKTPOIHOM CJI0€, MOJIB/IMS, IpruueM
c1(me**) > co(me*™) ; Z — cTeneHb OKUCIIEHHS HOHA.
DIIEKTPOJIN3
TeopeTnyeckrue OCHOBBI
DNEKTPOIN30M Ha3bIBAETCS OKUCIUTEIHHO-BOCCTAHOBUTENBHBIN MPOIlecC, IPOUCXOASAIINN Ha
AIIEKTPO/Iax MPU NPOIYCKAHUU NOCMOSHHO20 dIAEKTPUUECKOT0 TOKA YepEe3 pacTBOP WJIK pacIljiaB
AEKTPOJINTA.
Jiist ocymecTBIEHHS AIEKTPOIIM3a HE0OOXOAMMO B COCY/I C pACTBOPOM HIIH pacIyIaBOM
3JIEKTPOJIMTA BHECTH JIBa JIEKTPO/Ia, COETUHEHHBIE C MOTI0CAMH BHEIIHEr0 UCTOYHUKA
MOCTOSTHHOTO TOKA.

DNeKTpo, MPUCOCTUHEHHBIN K OTPUIIATEIbHOMY MOJIFOCY BHEIIHETO HCTOYHUKA
MOCTOSIHHOTO TOKa, Ha3biBaeTcs karogoMm (K).

[Ipomyckanue TOKa uepe3 SJCKTPOIUT MPUBOJUT K TOMY, YTO HOHBI B PacTBOpE
HaYMHAIOT rnepeMeniathesa. [looKuTenbHbIE MOHBI, KaTHOHBI, ABUXKYTCS K OTPHUIATEIBHOMY
anekTpoay — Karomy. OTpuuaTenbHbIE HOHBI, AHHOHBI, JBUXKYTCS K MOJOKUTEIHHO
3apsKEHHOMY 3JIEKTPOJY — AHOAY.

Ha xaTtone unér mpoiiecc BOCCTaHOBIIGHUS, T.€. NMPOLIECC MPUCOEAUHEHHUS dIIEKTPOHOB.
B nanbosnee npocToM cilydyae KaTHOHbI BOCCTaHABIMBAIOTCS 110 CXEME:!

L -
A" +e > A
Ha aHOJC I/I,ZléT npouecc OKHUCJICHHA, T.C. npouecc oTaa4uyu BJIGKTpOHOB HNOHaAMMU. B
MPOCTEHIIIEM CTydae 3TOT MPOIECC BBIPAKAIOT CIAEAYIOIINM 00pa3oM:

B -e~—B.
brnarogapss paboTe HCTOYHMKAa TOKa OJIIEKTPOHBI, OTJAaHHbIE HWOHAMHU Ha aHOJE,
nepearoTcss Ha Karoa. B pesynbrare aHoj BcE Bpemsi OOCHHSETCS SJEKTPOHAMH, a KaToJl
oboraraercs.
Ha pucynxke 10.1 npencraBinena cxema 3JeKTpoau3épa.

(9.5)

_ :‘T@”_ _

Pucynox 9.1 Cxema snexmponuzépa
Pacruia xyopuaa HaTpus COAEpXHMT KathoHa Hatpus Na™ wu ammonsl Cl°. Ilpm
MPOITYCKaHUU Yepe3 ATOT PacCIliaB dIEKTPUUECKOTO TOKA K KaTOy HAMPABIISIOTCS UOHBI HATPHSI,
a K aHOZY — XJIOPU/JI - UOHBI.
VY karona uAET MpoLEecC BOCCTAHOBIIEHUSI B COOTBETCTBUU C YPaBHEHHEM:

2ClI~ —2e <> Cl,
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+ ., 4 0
Na™ +e <> Na",
Y aHoJa UIET NMPOLECC OKUCIIEHHUS 10 YPABHEHUIO:
Bechb mporiecc anexrposnza paciiaa NaCl moxer ObITh 3amucan B BHIE CXEMBI:

) + = 0
K:Na" +e < Na
A:2ClI" —2e < Cl5.

Taxum 00pa3oM, pH IEKTPOIU3E paciijiaBa XJIOpUIa HATPUs Ha KaTOJIE BBIACTSACTCS
HaTpHUii, HA AaHOJI€ — XJIOP.

I/ITaK, HpPI I-)HGKTpOJII/Be paCHHaBOB 3JICKTpOJII/ITOB Ha KaTrolc pa3p;1>KaI0Tc;1 KaTUuOHBI, a
Ha aHOA€ aHUOHBI, 06pazy10u11/1e BJ'IeKTPOJ'II/IT.

BOI[HBIG paCTBOpr 3JICKTpOJII/ITOB IIOMHMO MOHOB, Ha KOTOpHe pacnanaeTcsi 3JI€KTpOJII/IT,
coz[epxcaT MOJ'IeKyJ'IH BOJHI, CHOCO6HBIC HpI/IHI/IMaTB y‘IaCTI/Ie B KAaTOAHBIX W AaHOAHBIX

mponeccax.
Ha karone Bo3moxkeH Mponecc BOCCTAHOBJICHWA MOJICKYJI BOAbI IO YPABHCHHIO:

2H,0 +2e <> Hy +20H ™

Ha anoae Bo3MOxeH mponecc OKMUCJICHUA BOABI, KOTOpBIfI IMPOTCKACT 110 CXCMC!

2H,0-4e <> 4H" +0,.

Kakue mnpoueccsl OyayT HpOMCXOIUTh Ha OHIIEKTPOAAX — 3aBUCUT OT BEJIMYUHBI

HOPMAaJIbHBIX OKUCIIUTEIIbHO-BOCCTAHOBUTENIBHBIX MIOTEHIIMAIIOB TOTO HIIM HHOTO IpoIiecca.

HMoHbl MeTaJuloB C BecbMa Majiol anreOpanyecKol BEIMYMHON CTaHAApPTHOTO
ANIEKTPOIHOTO MOTeHIMaNa, oT Li 10 Al BKIIIOUUTENIFHO, HMEIOT YPE3BBIUAIHO MAJIOe CPOJICTBO K
3JIEKTPOHAM, YCTyIas B 3TOM OTHOIIEHUH noHaM H' (cM. 1abi. 9.1). [ToaToMy Ipu 3IEKTPOIIHU3e
BOJIHBIX PACTBOPOB YKa3aHHBIX METAIJIOB HAa KaTOAE MPOMCXOIMT BOCCTAHOBJIEHHE BOJBI IO
cXeMme, PUBEICHHON paHee.

KaTnoHbl MeTanaoB ¢ MOJIOKUTEIBHBIMU 3HAYEHUSIMU CTAaHIAPTHOTO 3JIEKTPOJHOIO
norenuana (Cu, Ag, Hg, Au u dp.) umeroT Gostbliiee CPOICTBO K 3JIEKTPOHAM, ueM HOHBI H (cM.
tabm. 11.1). B urore, Ha kaToie BOCCTaHABJIMBAIOTCS HOHBI METAJIOB 110 CXEME:

Me™ + ne” «<>Me’.

KaTnoHsl MeTasI0B, 3aHUMAIOIIKE B PsIIY HaNpsDKeHUi cpepHee nonoxenue (Zn, Fe, Cd,
Ni u 1p.), BOCCTaHABIMBAIOTCS HAa KaTolle OJHOBPEMEHHO C BOCCTAHOBJICHHEM KaTHOHOB
BOZIOPOZA.

WTak, npu onpeneseHny IpoTyKTOB AIEKTPOIH3a BOAHBIX PACTBOPOB AJIEKTPOJIUTOB,
Ha/I0 pYKOBOJICTBOBATHCS BBILICYKAa3aHHBIMU COOOpa)KEHUSIMH, OCHOBAaHHBIMU Ha aHalIM3€ psja
HaIpsKEHUN.

Ha karonme nerye Bcero paspspKaroTCsl TaKMe KaTHOHBI, KOTOpble HUMEIOT Oosee

TIOJIOKUTENBHEIH AEKTPOIHBINA MOTeHIMAaN. Hanpumep, eciu SIeKTPOTUT COAepKUT noHbl Cu?*

¢°Cu ¢o Zn
2+ = =
u Zn“", To cpaBHUBAs 3HAUCHUS Cu 2+ =1+034Bu Zn2+ =-0,76 B, MOxxHO

clenaTh 3aKTIOUEHHe, 4TO Jierde OymyT paspskaThess MOHBI CU?Y, Tak Kak WX 3JIeKTPOJIHBII
MOTEHIIHANT OOJIBIIIE.

Ha amome gJerye mpOWCXOAWT TOT  TPOIECC, HOPMAIBHBIH  OKHCIHTEIBHO-
BOCCTaHOBUTENIBHBIN MOTEHIIHAI KOTOPOTo MeHbIe. Hampumep, U3 ABYX BO3MOKHBIX aHOJHBIX
MIPOIIECCOB B PACTBOPE CEPHOM KUCIIOTHI:

2505~ — 26 <> S,08 ™, ¢° = +2,01

u
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o
2H,0—4e <> 4H" + 0Oy, 0° =+1,23

CIIEAyeT OTAATh MPEIIOYTEHUE BTOPOMY, T.K. €My COOTBETCTBYET MEHbIIIEE 3HAYCHUE
MOTEHIINATIA.

Cpenu aHHOHOB HaWOOJBIICH CIIOCOOHOCTHIO K OKMCIICHUIO HA aHOZAE 00J1a/1al0T aHUOHBI
6eckucnopoaubix kucinot (CI, Br, I, S%). B pesynbTaTe 7eKTpONH3a pacTBOPOB, COAEPKAIIUX
9TH MOHBI, HA aHOJIE BBIACISIOTCS CBOOOIHBIE TaJIOTEHBI HITH Cepa.

BoccraHoBiieHHE METAaUIOB U3 PACTBOPOB HMX COJECH HAET TOJIBKO B TEX CIy4YasXx,
KOTJa JAHHBIH METaJlI UMEET OOJBIIMN SJEKTPOIHBIA MOTEHIMAT, YeM y aJIOMHHHUSA, T.C. Ha
KaTO/IC BBIICIISIFOTCS T€ METAJLIBI, KOTOPBIC CTOSIT B PSIy HAIIPSDKEHHUS ITPaBee aIFOMUHUSI.
Hamnpumep, anekrponus pactBopa ZnClz moitnér no cxeme:

K :Zn?* +2e <> Zn°
A:2CI~ —2e <> Cl,.

[Ipu s:eKkTponn3e pacTBOPOB COJIEH METAIIOB, PACIIOJIIOKEHHBIX B Py HAIPSDKEHUS 10
IIOMUHUS BKJIIOUUTENIBHO, HA KaTO/1€ MPOUCXOAUT BOCCTAHOBIICHHE BOJIbI 10 YPABHEHHIO:

2H,0+2e <> Hy T 4+20H .

Dnexrpoau3 pactBopa NaCl MoxxHO H300pa3uTh ClieaAyIOIIel CXEMOM:

K:2H,0+2e <> H, T+20H"
A:2Cl~ —2e <> Cl,.

B xarogHOoM IpocTpancTBe B pacTBope ocTarorcs HoHbl Na™ u OH (menous NaOH).

— — 3—
Kucnopoaconepxxamme aHUOHBI (NO3 1304 ,PO4 U JIp.) HUMEIT OOJbIINi

OKHCJTUTENIbHO-BOCCTAHOBUTEIIbHBINA MOTEHIIMAN, YeM MOTEHIIMAT MPOoIlecca OKHCICHUS BOJIBI,
MI03TOMY TIPH DJICKTPOJIM3€ PACTBOPOB COJICH, COMEPIKAIUX 3TH aHHOHBI, HA aHOJEC OKHCIISIETCS
BOJIA.

OnmHAaKO eCThb W HUCKIIIOYEHUS, HAIpUMep, MPU DIIEKTPOJH3E MICTOYHBIX PACTBOPOB
THIIOXJIOPUTOB U XJIOPAaTOB Ha MHEPTHOM aHoje okucisioTces aHrnonbl ClO™ u ClO3™ mo ClOz™ u
ClO4™ coOTBETCTBEHHO.

Hampumep, npu snextponuse pactBopa KoSO4 mpoTekaroT Cieayroime mpoIecch:

K:2H,0+2e <> H, +20H"
A:2H,0-4e <> 0, +4H"

Ha karone oOpa3yercss BOAOpOI, Ha aHOAE KHUCIOPOJ. B KaTOgHOM MpOCTpaHCTBE

HakarumBaroTca MoHbl OH , B aHOJHOM — MOHBI THAPOKCOHHUS, MOATOMY OKpacka JIakMyca B
KaTOJTHOM MPOCTPAHCTBE OyIeT CHHEH, a B aHOJHOM — KPacCHOM.

[IIupokoe NMpHUMEHEHHWE HMMEET JJIEKTPOIU3 C pacmeopumvlmu anooamu. B kadectBe
TAKOBBIX MPHUMEHSIOT MeJib, CEpeOpo, 30JI0TO, HUKEIb U Apyrue Metaiuibl. [Iporecc anekrponusa
IOpU STOM 3aKIJIIOYAeTCs B OKUCIICHHM METajla-aHo/a 10 KaTHOHA W B IOCIEAYIOIIEM €ero
BOCCTaHOBJICHUU BHOBB JI0 METAJNTMYECKOTO COCTOSTHUS Ha KaTOJIe.

Cxema 371eKTposm3a BogHOTo pacTBopa CuSO4 ¢ METHBIM aHOAOM:

A:Cu® —2e &> Cu*
K :Cu?®* +2e &> Cu’.
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CooTHoteHne MeX Iy Maccou (W 00beMOM) BEIIECTBA BBIICIUBIINXCS HA AJIEKTPOIAX
IIPH DJICKTPOJIM3E M KOJUYECTBOM 3aTPAuyCHHOrO 3JICKTPHUECTBA ompeaeiseT 3akoH Dapajes:
KOUYeCmB0  Beujecmsd, BblOeUBULe20Cs. NpU  dJIeKmpoauze, NpsamMo  NPONOPYUOHATILHO

KOUYeCmay 3JleKmpudecmad, npoueouie2o yepe3 21eKkmpoaum 3a epems t

m(X
MJ;X%ﬂer%WSZ g_) :9;%0’
Zy M (T X) 3)
ZX
1
rae M(X) — Macca MIEKTPOXHUMHIYECKH IPEBpAlieHHOro Bemectsa, 2, M (— X) -
X

MOJIIpHAsT Macca SKBUBAICHTA OMPECIIIEMOT0 BELECTBA, &/MO/lb,

Z — YUCJIO0 E)JICKTpOHOB, yLIaCTByIOHII/IX B OKHCJICHHNHU NJIN BOCCTAHOBJICHHWHU OJHOI'O MOHA,
t — Bpems 2yIeKTpoImn3a, C.

WUnm ns ra3os:

Vo (LX)t

JA
V(X)= a ,
() 96500

rie V(X) — o0beM DSIeKTPOXMMHYECKH BBINEJIEHHOTO rasa, OMS Vm (i X)—
Z[x
SKBHUBAJICHTHBINH 00BEM dIeKTPOXMMIYECKH BBIICTIEHHOTO ra3a, On°.

Ipu 3J€eKTpoM3€e BOJHBIX PACTBOPOB COJIEH METAUIOB, 3aHMMAOIIMX MPOMEKYTOYHOE
HOJIOKEHUE B Py HANPsOKEHHH, HApSAAY C BBIICIECHHEM METajlla Ha KAaToIE UIET BhIAEJIECHHE
Bojopoga. Ilpm 3TOM Macca BBIIEIMBIIETOCS MeTalla HE OSKBUBAJICHTHA KOJIMYECTBY
IPOLIEANIEr0 YEPe3 PacTBOP DJJIEKTPUUECTBA, YAaCTh KOTOPOTO PACXOAYeTCs Ha BhIAEICHUE
BOJIOPO/IA.

DNeKmponu3 ¢ HALONCCHUCM 6HEUHe20 HANPAJNCeHUs — TOK OT BHEIIHEr0 WCTOYHUKA
IPOXOJUT Yepe3 3JIEKTPOIMTHUECKYIO SYEHKY ¢ MccieayeMbIM pacTBopoM. IIpu atom obree
Hanpsbkeare U CKiazbIBaeTCs M3 MOTEHIMANA Pa3IokKeHus E, = E4n — Ekt, IEPEHANPSIKEHUN Ha
aone 1) an, xarome 7]k m moremmmanma Ur = IR, HeoOGXomumoro Juis MHpeojoNeHHs

CONPOTHBIIEHUS 2JIEKTpoiuTa R:
U= (Emn+ 1] an) - (Exc—T]«) + Ur.

[lognepxuBas oOmNpeAeieHHOE 3HAUYEHHE IMOTEHIMajda KaroAda, MOXHO IPOBOAUTH
MOCIIEZIOBATENbHOE BBIJEICHUE METAVIOB U3 HCCIEAYEeMOIo pacTBOpa WM OTHEIEHHE OT
MENIAIOIIUX MPUMECEH (IIEKTPOIU3 MPU KOHTPOJIUPYEMOM MOTEHITHATIE).

[Ipouecc nanekTponn3a CIYKUT MPEXIE BCEro JUisl MPOMBIIUIEHHOTO IMOJY4YEeHUS
QTIOMUHMS, MEAM, MHOTHX IIEJNOYHBIX M IIEJIOYHO3EMEIbHBIX M JIPYTUX METAIOB; IS
AQHAJIMTUYECKOTO onpeneneHus MertaioB — Cu, Pb, Zn u muorux ap. Kpome Toro, ¢ moMoripo
AIIEKTPOJIN3a MOXKET OBITH MPOBEIECHO AHATUTHYECKOE pa3/elieHHe psa METauioB B U3 HX
cMmeceil. Hanpumep, 31ekTpoinn3oM BeayT onpeaeseHue MeI1, CBUHIIA, 0JI0Ba U IIMHKA B JaTyHU
METOJIOM PAa3AEIBHOIO AJIEKTPOOCAXKAEHUS MpPU KOHTPOJIMPYEMOM MNOTeHIuane. MeTtox
BHYTPEHHEI0 AJIEKTPOJIM3a HCIIOJIb3YETCS Uil aHAJIUTUYECKUX OIpeAeNeHUIl OYeHb MallbIX
KOJIMYECTB METAJUIOB B PACTBOpax, KOTOPBIE HE MOTYT OBITh ONMPEACIEHBI APYTUMU METOIAMHU.
KOPPO3UA METAJIJIOB
TEOPETUYECKHWE OCHOBBI
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Koppo3sueii memannos nazvieaemcs npoyecc paspyuienus Mmemanid, npouUcxooawuti noo
Oelicmeuem oOKpydcaroujel cpedvl. B pe3ylnbrare 3TOro mpolecca MeTaul MepexoauT H3
CBOOOJHOIO COCTOSTHUSI B XUMUYECKHU CBS3aHHOE.

Tak, pacTBOpeHHE Kelle3a B COJISIHOM KHCIIOTE WM PKABJIECHUE KEJE3HBIX U3ACIUN Ha
BO3/IyX€ SIBJISIIOTCS MPOIeCCaMU pa3pyILIeHUs 3TOT0 METala, T.e. IPOILECCOM KOPPO3UH.

[To MexaHW3My TpPOTEKaHHUS TMpollecca KOPpO3Us JEIUTCS Ha XUMHYECKYI0 W
IIEKTPOXUMHUYECKYIO.

XuMHUYECKasi KOPPO3HsI HE COMPOBOXKIAETCS MOSBICHUEM JJICKTPUUECKOTO TOKA, TAK KaK
B ATOM CJIy4ae HET MPOCTPAHCTBEHHOTO pa3/eIeHUs MIPOLIECCOB BOCCTAHOBIICHUS U OKHCIICHUSI.

XuMH4ecKass KOppO3Wsl MPOTEKaeT KaK OOBIYHAS XUMHUYECKas pPEakius, Halpumep,
B3aMMOJICICTBHE JKee3a ¢ KHUCIOPOA0M MpHU BBICOKON TeMmIepaType:

4Fe + 302 —t)2F6203_

DNEeKTPOXUMHUYECKasi KOppo3us HAOII01aeTCs MPU CONTPUKOCHOBEHUH METAJIOB C BOJIOMH,
pacTBOpaMH JIEKTPOIUTOB, aTMOCHEPHBIM BO3TyXOM.

OchosHoe omaudue 21eKMpOXUMUYECKOL KOPPO3UU OM XUMUYECKOU COCMOUm 8 MoM,
umo obwas peakyusi 83auMo0elCmaus. Memaiid ¢ OKUCIumenem moxicem Ovimov pazoeieHa Ha
08a camocmoamenbHblX npoyecca: 1) npoyecc okucieHus uiu aHoOHwll npoyecc, 2) npoyecc
80CCMAHOBIIEHUSL UTU KAMOOHDBLUL.

[Ipu 2MEKTPOXUMUYECKOW KOPPO3UH IMPOIECC OKUCICHHS W IMPOIECC BOCCTAHOBIICHUS
NPOTEKAIOT Ha PA3JIMYHBIX YYacTKaX MeTajlla — aHOJHOM M KAaTOJHOM COOTBETCTBEHHO.

[Tpomieccrl, MPOWCXOAAIINE TMPHU  DICKTPOXUMHUYECKONH KOPPO3HH, AHAJOTUYHBI
nporieccaM, MPOTEKAIONIMM B TajlbBAaHHMUYECKUX JJIeMEeHTaX. [Iporecchl 31IeKTPOXUMHUYECKOU
KOPPO3UHU COIMPOBOXKIAFOTCS MEPEMEIICHUEM JJIEKTPOHOB C aHOJHBIX yYacTKOB Ha KaTOJHEIC,
T.. DIIEKTPOXUMHUYECKAsh KOPPO3HS COMPOBOXKIACTCS MOSBICHUEM B METAIUIC DJICKTPHUYECKOTO
TOKA.

AHOMHBIN TpoIecC NpU DIEKTPOXHUMHUYECKOH KOPPO3WHM — 3TO TEepexo] MeTaiaa U3
CBOOOJTHOTO COCTOSIHUE B HOHHOE:

0 .5 n+
Me™ —ne <> Me'" .
Hanpumep, npu >3I€KTpOXMMHYECKOM KOPPO3WMU KeEe3a  MPOUCXOAMT CIIECTYIOIIMI
AHOJHBIU MPOLECC:

Fe¥ — 2e &> Fe?t

KaTO)IHBIﬁ HpOHeCC COCTOHUT B BOCCTAHOBJICHUU OKHCHHTeHeﬁ, T.C. B HpI/ICOCI[I/IHeHI/H/I
:‘)HCKTpOHOB K MOHCKYHaM HJIN UOHaAM U3 Opr}KaI'OHIeﬁ CpeJIBI.

I/ITaK, 3HeKTpOXI/IMI/IquKaﬂ KOppO3I/IH MCETAJIJIOB — 9TO pe3yHLTaT HeﬁCTBHH
MI/IKpOFaHI)BaHI/IquKI/IX DJICMCHTOB, 06pa3y10HIHXCfI Ha HOBerHOCTI/I MeTaja. B pf[)le CnyqaeB
06pa3OBaHI/IC TaKuXx raHLBaHOHap O6YCJ'IOBJ'ICHO HaJIUYUEM B MCETaJlJ1aX HpHMeCCﬁ NN
KOHTAKTOM HByX paSHOpOJIHI)IX MCTAJIJIOB.

TaK, HpI/I paCTBOpeHI/II/I B pa36aBHeHHOI>i CepHOﬁ KHCJIOTC IMHKA, COI[ep)KaU_IeFO HpHMeCH
JKeyesa, MPOUCXOMAT CIEAYIOMIUE MPOLECCH: IUHK C NPUMECHIO JKele3a, MOMENEHHBI B
paCTBOp CepHOﬁ KHCJIOTHI, HpeI[CTaBJBIeT CO6OI\/'I raﬂLBaHI/IqCCKI/Iﬁ DJICMCHT

(-)Zn|H,SO,|Fe(+).

AHO)IOM B 3TOM TaJIbBaHUYECKOM DJIEMEHTE ABJISIETCS 00Jiee aKTUBHBIA MeETaJLI IINHK. Ha
aHO/Ie TIPOUCXOIUT CJICAYFOIIUI MPOIIeCC:

0 o5 2+
n" -2 2n°"
DONEeKTPOHbI OT aHoja (I[MHKA) HAMpaBJISIOTCS K Karody (Kenesy), rae MPOUCXOAUT
POIIECC BOCCTAHOBIICHHS TIOJIOKUTEIIBHO 3apPSHKEHHBIX HOHOB H'™ M3 pacTBOpa CEPHOM KUCIOTHL:

2H" +2e <> Hy.
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OnpIT MOKa3bIBAET, YTO CKOPOCTH MpOIlecca pacTBOPEHHUs LMHKA, MpU paboTe TaKoro
rajJlbBaHMYECKOTO 3JIEMEHTAa, Topa3/o OoJiblie, YeM CKOPOCTh PEAaKIMH HEMOCPEICTBEHHOTO
B3aUMO/ICVCTBUS LIMHKA C KUCIOTOM.

OcoOblif UHTEpEC MPEACTaBISET JICKTPOXUMHYECKAss KOPPO3Us B HEHUTPaNbHOU cperne,
TaK Kak 3TOT ciy4ail HauOosiee OJM30K K aTMOC(hEpHOW KOPPO3UH. DJIEKTPOJIUTOM B TaKOM
CiIydae sIBIIIETCS BoJa ¢ pacTBOpEHHBIMU B Hell razamu (CO», Oz, 3adactyio — SOz, HUTPO3HBIMU
razamu NxOy u 1p. ).

PacTBOpEHHBIN B BOJE KUCIOPO/, & TAKKE KUCIOPO BO3AyXa MOTYT IPUHUMATh y4aCTHE
B KAaTOJHOM Mpouecce, NPH OSTOM MPOUCXOIUT BOCCTAHOBJIEHUE KHCIOPOJA COIIACHO
YpaBHEHUIO:

O, +2H,0+4e <> 40H "~

PacTBopeHure B BO/I€ YIVIEKUCIIOTO ra3a MPUBOJUT K 0OPA30BAaHUIO YIOJHHOW KHCIIOTHI,
KOTOpast IPH AUCCOIMALUH JAET HEGOIBIIOE KOJIUYECTBO HOHOB H™:

CO, + H,0 «> H,CO; <22 , H, 0% + HCO; « 22

+ —_
«H2° ,H. 0% +CcOoZ.
I[1pu 5TOM Ha KaToe MOXKET IPOUCXOAMTH BOCCTAHOBJIEHHE KAaTHOHOB H':

2H  +2e > H,.

YacTto KaTOAHBIM MpOUECC SBIAETCS CMEIIAaHHBIM, T.€. HA KaToAE€ HUIET MPOLIECC
BOCCTaHOBJICHUS KHCIIOPOJA M IIPOLIECC BOCCTAHOBIEHUS MOHOB HY, mpuuém mocnennuii, Kak
MpaBUJI0, UMEET MOAYMHEHHOE 3HAUCHHE.

BemectBa, ycunuBaromlyr0o KOpPpO3uI0, Ha3bIBatOTCS — akmugamopamu. CHUIBHO
JIEUCTBYIOIIUM aKTHUBATOPOM SIBIIsI€TCS MOH XJsiopa. [loaTomMy mporiecchl KOPpO3UH B MOPCKOM
BOJIE UAYT IOpa3/io MHTEHCUBHEH, YEM B IIPECHOM.

Bemecta, 3amepisironiiue mpoiece pa3pymnieHusi METAJIIIOB, HA3bIBAOTCS UHSUOUMOPAMU.

JIst 3alMThl METAJIOB OT KOPPO3UM YacTO MCHOJIb3YIOT Pa3JIMUHbIE MOKPBITUS, B TOM
Yyucie MeTauimueckue. B ATOM cilyyae METaJIOMOKPBITUE JOHKHO OBITh YCTOWYMBBIM K
KOpPPO3UH.

Hapymienne 1e10CTHOCTH METAITMYECKOTO TOKPBITHS MOXET TMpUBECTH JHOO K
COXPAaHEHHIO OCHOBHOTO MeTalia, JH00 K YCHUJICHHOM KOPpPO3UU. OTO 3aBUCUT OT
CpPaBHUTEIHHON aKTUBHOCTH 3AIIAIIAEMOTO U 3alUTHOTO MeTasa.

Meramueckoe MOKpBITHE U3 00JIee aKTUBHOTO METaJlla, TPH HAPYIICHUU IEJTOCTHOCTH
€ro CII0s1, BBICTYIAET B POJIM aHOAA B 00pa30BaBIIEMCS TalbBAHUYECKOM DJIEMEHTE.

OcHOBHON MeTaisl B mpolecce paboThl TaKOro IajJbBaHUYECKOTO 3JIEMEHTa He Oyner
pa3pymiatbes. [TokppiTie 13 HanboIee aKTUBHOTO METAIIa Ha3bIBA€TCS AaHOTHBIM.

Korga mokpeiTiHe cienaHo U3 MEHee aKTHBHOTO METajlla, TO HapylIeHHE IEJIOCTHOCTH
ATOr0 TOKPBHITUS TPUBEAET K OOPAa30BAHUIO TabBAHUYECKOTO AJIEMEHTAa, aHOJIOM B KOTOPOM
OyIleT SBJISATHCS 3alUIIAEMBI METaJUI, a KaTOJOM — MOKpbITHE. Takue MOKPHITHS HAa3BIBAIOTCS
KaTOAHBIMU. B 3TOM ciyuae OCHOBHOM MeTai OyAeT pa3pyaThCes.

Katomnoe mokpeiTHE SBISIETCS MEHEE BBITOJHBIM, TaK KakK TPH HapYIIEHUH €ro
LEJIOCTHOCTA OCHOBHOM METaJLI pa3pyliaeTcs.

B ciydae aHOTHOTO MOKPHITHS OCHOBHOW METAJIJI MPU TOBPEKICHUU TIOKPHITUS HE
paspyiaercs. B 3ToM ero npenuMyniecTBo.

Bonpocsl u 3axanus
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[Ipumep 1 CrangapTHbIe MEKTPOAHBIE MOTEHIMANBI U1 IMHKA U CBUHIIA paBHBI — 0,76
B u — 0,13 B cooTBeTcTBEHHO. Y KaKOro U3 3JEKTPOJOB, IMHKOBOTO WJIM Y CBUHIIOBOTO, BBIIIIE
IUIOTHOCTD JBOMHOTO 3JIEKTPUYECKOIO CII0s, €Clii 00a 3JIEKTPOo/ia TOMECTUTH B BOLLY?

Pemenue

VY LHMHKOBOTO 3JEKTpOja BEIMYMHA CTAaHAAPTHOTO AJIEKTPOJHOTO MOTEHIIMAjIa MEHBIIIE,
4YeM y CBHHIIOBOTO, YTO CBSI3AHHO C OOJBIIEH CIOCOOHOCTHIO MOHOB IIMHKA THUAPATUPOBATHCS
MOJIEKYyJIaMH BOJBl U MEPEXOAUTh U3 TBEPAOW MOBEPXHOCTH B pacTBOp. B wurore, y muHka
CO3/1aeTCs B MPUIIEKTPOJHOM CJIo€ 00jiee MOIIHBINH BOMHON SJEKTPUUECKUI CIIOW, YeM Yy
MOBEPXHOCTU CBUHIIOBOTO 3JIEKTPOA.

IIpumep 2 XKene3Has u HuKeneBass IUIACTUHKH, MOTPYKEHHBIE B PAaCTBOP COJISTHOM
kucinoTel ¢ KoHmentpamueir C(HCI) = 1 Mo/ aM>, pPacTBOPSIOTCS C BBIJCICHHEM BOIOPOJA.
Kaxoit nporiecc HauMHAETCs, €CJIU ITACTUHKHU COSTUHUTD MTPOBOAHUKOM?

Pemenne
2.1 JIo coeqvHEHHMs IIPOBOAHUKOM U JKEJIE€30, U HUKEb OKUCIISUIUCH MoHamu H™:
a) 1|Fe® — 26 « Fe?*; ¢°(Fe?*/Fe®) = — 0,44 B;
12H" + 26 « H>1 ¢°(2H*/H2) = 0,00 B;
DC1 = p°(2H*IH2) — ¢°(Fe?*/Fe®) = 0,00 — (- 0,44) = 0,44 B;
6) LNI® - 2e” <> Ni2*: oO(NiZ*/Ni®) =~ 0,25 B:
12H* + 26~ < Hat #°(2H*IHz) = 0,00 B;

DIC> = ¢°(2H*IH2) — ¢°(Ni?*/Ni® = 0,00 — (- 0,25) = 0,25 B.

Tak kak 3/[C1 > 3/]C>, TO Ha Xene3HOW IUIACTHHKE BbIEIEHUE BOJOpoa Oyaer Oonee
MHTCHCUBHBIM, YeM Ha HUKEIICBOM.

2.2 Tlocne coeMHEHUs MIACTUHOK — 00pa3yercsl TajlbBaHUYECKUH 3JIEMEHT, B KOTOPOM
OyIyT IpOTEKATh PEAKIUU:

anon: 1|Fe®—2e” — Fe?*; ¢°(Fe?*/Fe®) = — 0,44 B;

katoz: 1|(Ni%) 2H" + 2e™ <> Hp1.

IToTOK 371E€KTPOHOB C KEJIe3HOM IUIACTMHKH (aHoza) OyAeT MepexoJuTh Ha HUKEIEBYIO
(karomy) 1Mo TPOBOAHHUKY. [IOBEpXHOCTh HHUKEIEBOW IUTACTHHKH, HAXOISICh B KOHTaKTe C
pacTBopoM cojepkamuM HY, mepemaer 93JEKTPOHBI STHM KaTHOHAM, YTO MNPUBOIUT K
00pa30BaHUIO MOJIEKYJ BOAOPO/IA.

IIpumep 3 Tox cunoit /0 A TpPOXOAUT dYEpe3 DIEKTPOJIU3EpP C IIJIATUHOBBIMU
7IEKTPOJAMH, B KOTOPOM Haxoautcs 500 cM® pacTBopa TMAPOKCHIA HATPHS C MACCOBOM jomneit
oMNaOH) = 4,5 % (p = 1,05 2/cm®). HanummTe MONHYIO CXEMY 3JIEKTPOJIN3a BOIHOTO PacTBOpPa
NaOH. Ckonpko 9acoB moTpedyeTcsi BECTH AJIEKTPOIIH3, 9TOOBI MaccoBas joist pactBopa NaOH
nocruraa 10 %?

Pemenne

3.1 Beruucnum mMaccy BOJBI B HICXOJJHOM pacTBOpE:

V.
ml(HZO):%~(1OO—a)1)=

~1,05-500
100
3.2 Hatinem MacCy KOHECYHOI'0 pacTBOpa:
_ a)lplvl _ 4,5 . 1,05 -500

M ap = = 236,25
ppaz =, 10

- (100- 4,5) =501,375¢n°.

3.3 Onpenenum Maccy BOJIbI, HOABEPTIICHCS AIEKTPOIU3Y:
AM(H20) =My pa1 = Mppa2 = P1VL —Mppa2 =
=1,05-500- 236,25=288,75r.

3.4 Bpems nporecca 37eKTpoJin3a COCTABUT:
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. Am(H0) F _ 28875 96500

I 1

. =3096042¢=86,0u.
M(=H->O 18. =
(2 20) >

3.5 Peakuuu, npoTeKaronme Ha 3JIEKTPoIax:
K :2H,0 + 26 <> HY + 20H~
A:40H —4e <>2H,0+0,.

[Tpumep 4 DnexkTposn3€p COACPKUT PAcTBOP HUTpATa CBHUHIA (+2), aHOJ — CBUHIIOBBIH.
[TponomxurensHOCTh 3neKTpoiu3a 2 4 40 muH 50 ¢, cuna Toka 54. Berurcinute TeOpeTHUECKYIO
yObUIb B Macce CBUHIIOBOIO aHoja. Hamummre ypaBHEHUS peakuuid, MPOUCXOIAIINX Ha
AIIEKTPOAX.

Pemenue
4.1 BapuaHT ¢ pacTBOPUMBIM aHOOM. MeTanmueckuii ceunen — anox (p°(Pb?*/Pb%) = —

A +
0,126 B) serde oTgaeT 3MEKTPOHBI, Y€M MOJEKYJbI BOJIBI (ZHZO —de > 02 +4H ",

(o]
@ —.1238)

VYpaBHEHUS peaKLHid, MPOUCXOAAIIMX Ha ANEKTPOAAX:
K : Pb** +2e <> Ph°
A:PbY —2e 5 Pb?*,

4.2 TeOpeTI/I‘leCKaﬂ Y6BIJ'IL MaCChbl CBMHIId4 COCTAaBHT:

Am(Pb) = IFT M (% Pb) = 29650 547 1 _ 51,75r.

96500 2
Ipumep 5 Paccumraiite Bemuumust DJIC um AG’, nana mpomeccoB Kopposuw,
MPOTEKAIONIUX 110 YPABHEHHSIM:
Me(x) +H200)+02¢) —Me(OH)ng,
rane Me — Fe, Ag. Kakoit u3 npuBeleHHBIX METAIUIOB OyJIeT MOABEPraThCsi KOPPO3UU BO
BIIQYKHOM BO3/1yXe?

Otser
4.1 Ycnosus mpoTeKaHus TIPSMOi peakIuy MPH CTaHAAPTHEIX yenouax: IC = Ag% ),
>0 wm AG%, <0.
4.2 3anuieM ypaBHEHHUs STHX mporieccos U Beraucaum 1t Hux DJIC u AGY,
a) 1| Fe—2e o Fe?* ; p°(Fe?*/Fe®) = - 0,44 B;
anoo
1| 2H20 +02 + 4™ < 40H"; ¢°(2H20 +02/ 40H") = +0,40 B;
Kamoo
C1 =Ag%p1 = pk— pa=+ 0,4 — (-0,44) = +0,84 B;
AG% = -nA@’, F=—20,8496,5 = 162,12 xl]oic/monw
Fe(x) +H2000+02) —Fe(OH)24).
Bv1600: caMonpon3BOiIbHASL KOPPO3Us JKeie3a BO BIAKHOM BO3/AyX€ MpPH CTaHAAPTHBIX
YCIIOBUSX BO3MOKHA.
6) Tak kak p°(Ag*/Ag®) = + 0,80 B > ¢°(2H.0 +0»/ 40H") = +0,40 B, To cepebpo Gyer
SBIIATHCS AHOJIOM, TOTJa
IICr =A@ p2 = ok — pa =+ 0,40 — 0,80 = — 0,40 B;
AG . p2= N AP, F =~ 2:(-0,40)-96,5 = + 77,20 /Jorc/mons
Ag(x) +1/2H200+1/405) — xAg(OH) 2.
Bw1600: Tak kak DJ[C2 = Ag%, < 0,aAG’%,> >0, To caMONPOU3BOILHAS KOPPO3HUS
cepeOpa BO BIAKHOM BO3/1yX€ MPHU CTaHIAPTHBIX YCIOBHUSIX HEBO3MOJXKHA.
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ba3oBblii ypoBEHb

1 B rasibBaHMYECKOM 3JIEMEHTE MTPOXOIUT PEaKIIUs:

Pb% + Cu?* = Pb?* +CUC.
CocTaBUTh CXeMy AJIEMEHTa, BRIYUCIUTH cTaHAapTHYI0 DJ]C 1 KOHCTaHTy paBHOBECHSI.
2 D]J1C raipBaHMYECKOTO JIEMEHTA, B KOTOPOM MPOTEKACT PEaKIUs

2Ag* + Zn® = Zn?* + 2Ag°

pasna 1,56 B (298 K). PaccunTaiite AG 1 KOHCTaHTY paBHOBECHS 3TOM PEAKIIHH.

3 CraHzmapTHBIC 3JIEKTPOJHBIC IMOTEHIIUAJBI I Kejae3a u Kaamus paBHbl — 0,44 B u —
0,40 B cooTBeTCTBEHHO. Y KaKoro H3 3JEKTPOJOB, KEJIE3HOT0 WM KaJMHUEBOBOI'O, BBIIIE
IUIOTHOCTD JBOMHOTO 3JIEKTPUUECKOTO €05, €Clid 00a 3JIEKTPOo/1a TOMECTUTH B BOLLY?

4 CrangapTHBIN 3J1€KTPOJHBIN MTOTEHLIMAN cepedpa paBeH

Agt+e - Ag® ¢°=08B.

KakoB Oymer moteHIan 1 Kr METaJUTMYECKOTO cepedpa, OMyIIEHHOTO B PaCTBOP HUTpATa
cepedpa ¢ C(AgNO3) = 1 mMons/mm>?

5 N3o6pa3ute cxeMy pabOThI TaJIbBAHUYECKOTO 3JIEMEHTA, COCTABJIEHHOT'O M3 HUKEJICBOM
U cepeOpsHOM MIACTHUH, OMYIICHHBIX B PACTBOPHI UX HUTPATOB. YKaXHUTE KaTOA U aHOJ B 3TOM
rajibBaHWYeckoM odyieMeHTe. Kakasgs Xxumudeckas peakuus JSKUT B OCHOBE 3TOTO
raJlbBAHUYECKOTO dJeMeHTa? Bpruncnute wu3MeHeHMHM TmoTeHuuana [ubbca W KOHCTaHTY
PaBHOBECHS 3TON PEAKLIUH.

6 CocraBpTe CXeMy TallbBAHMYECKOTO JJIEMEHTa, OJHHUM H3 3JIEKTPOIOB KOTOPOTO
SIBIIICTCSI KaJIMUEBas IUIACTUHA, TIOTPYKCHHAS B PaCTBOP CyJb(aTa KaaMus, a JPyruM — MeTHAS
IUIACTHHA, OIYIIEHHAsl B PacTBOP CyJlibara Meau.

Hanummure 37eKTpOHHBIC ypaBHEHUS MPOIECCOB, MPOUCXOASIINX Ha 3JIEKTPOJaX IpPH
pabote snemMenTa. YKaxuTe katoq 1 anoa. CocTaBbTe CXEMY AJIEMEHTA.

7 Yemy paBna DJIC u AG raibBaHUYECKOTO JIE€MEHTA

(—)Zn[ZnSO4||NiSO4|Ni(+),

ecm KoHIeHTpamus HoHoB Zn%* u Ni2* pasnsr (B Moms/nv°): 1) 1,00; 2) 0,1; 3) 0,001?
8 Brrunciure DJ1C rajbBaHUUECKOTO dJIEMEHTA

(—)Fe|FeCly[SnCly[Sn(+).

ecn C(Fe?") = 0,1 monw/om®, a C(SN**) = 0,01 monv/om®.

9 CocraBpTe CXEMBI JByX TIBBAHHYECKHUX DJIEMEHTOB, B OJJHOM M3 KOTOPBIX CBUHEI]
ABJISIETCSI KaTOJIOM, a B JAPYroM — aHoAoM. CocCTaBbT€ 3JIEKTPOHHBIE YpaBHEHHUs MPOILIECCOB,
MPOUCXOAIINX HA AJIEKTPOJAxX ATHUX AJIEMEHTOB. BhIUuncinTe ISl KOXKIOW PEAKIMH KOHCTaHTY
CKOPOCTH.

10 OKHCIUTETHPHO-BOCCTAHOBUTEIIbHAS PEaKIHs, MPOTEKAomas B TalbBAHHYECKOM
DJIEMEHTE, OTTICBIBAETCST CXEMOM

(=)Pt| Fe?*, Fe3"|MnOz, Mn®* H " | Pt(+)

Vkazare karong u aHoA. Kakyro ponbs HrparoT IUIATHHOBBIE 3JeKTpoabl? Hanummmre
MOJTHOE ypaBHEHUE JToW peakuuu. Breramcnurte mansa He€é AG W cTaHAApTHYIO KOHCTaHTY
CKOPOCTH.

11 DnexTpoAHbIN MOTEHLIMAT MapraHIeBOTO 3JEKTPO/ia, OMEIIEHHOTO B PACTBOP COJIH
Maprasma (+2), cocrapiset — 1,1 B. BeraucianTs KOHIIEHTpaIMi0 HOHOB MapraHiia B pacTBOPE.

12 Bo3MOXHO 1M pacTBOPEHHE HUKEIS M BBIICICHHE XpoMa IMpH MOTrPYKEHUU
HUKEJIEBOU IJIACTUHKH B pacTBOP coJi Xpoma (+3)?

Bo3MOXXHO 1M pacTBOpeHHE XpOMa U BBIJEICHUE METAUIMUECKOr0 HUKENs MpHU
TIOTPY’KEHNH XPOMOBOIi IIIACTHHKH B pacTBop comu NiZ*?

OTBeT MOTUBUpYIITE.
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13 TanbBaHMuYECKUN 3JIEMEHT COCTOMT M3 CTaHJAPTHOTO BOJOPOJHOTO 3JEKTpoAa U
BOJIOPOJHOTO 3JIEKTPO/Ia, TOMEIIEHHOT0 B pacTBOp ykcycHOM kucinotel ¢ C(CH3COOH) = 0,01
monwv/om>. DJIC snmementa cocrasuser 0,200B. Brruncnure pH pacTBopa, KOHCTAHTY M CTCIICHb
poToJu3a (Aucconuanuu) ykcycHoi kucinotsl. Otet: pH = 3,39;

K.~ 1,7-107; a =~ 4,08-107 (4,08 %).

14 TanpBaHMuYECKUH 3JIEMEHT COCTOMT W3 CTaHJAPTHOIO BOJOPOJIHOIO 3JIEKTpoAa U
BOJIOPOJHOTO 3JIEKTpOJa, MOMEIMCHHOro B pactBop ximopuaa ammonuss C(NH4Cl) = 0,01
monv/om®. DJIC snementa cocrapiser 0,366 B. Boraucnure pH pacTBopa, KOHCTAaHTY M CTENEHb
npotomusa (ruapommsa) NH4Cl. Otser: pH = 6,20; Ky = 5,56:107%; oup = 6,26-107° (6,26-107
%).

15 Ipu kakux KOHIEHTpanusx xyuopuaa nuHka (+2) 3JIC KOHIIEHTPaIlMOHHOTO JIEMEHTA
paBua 0,1 B? Hanumwure ypaBHEHHS D3JICKTPOJHBIX pEAKIUN. YKAKUTE OKHUCIHUTENIb U
BOCCTAHOBUTEb.

16 YkaxxuTe mpoayKThl 3JICKTposin3a BoAHBIX pacTtBopoB: H2SO4, NaSOs, HCI, NaCl,
CaCly, CoSOs.

17 AnmoMUHUIE B MIPOMBIIUICHHOCTH MOJIyYalOT 3JICKTpou3oM paciiaBa cMecu AloOs(=
12 % mno macce) u Naz[AlFs] (= 88 % mo macce). Diekrpoasl — rpaduroBbie. [IpuBeaure
MOJIHYIO CXEMY JIeKTposn3a. JIJis uero mpuMeHstoT KoMIuiekcHyto coiib Naz[AlFs]?

18 IIpoMmbIIUIeHHOE TPOU3BOICTBO HATPHUS BEAyT 3sekTposin3oM paciuiaBieHrHoro Nacl
u NaOH. Hanummre ypaBHEHUS peakIiii, IPOUCXOAIINX Ha dIIEKTPOAaX.

19 Kakue mporecchl MPOUCXOAAT Ha 3JEKTPOJaxX MpPH AJIEKTPOJIM3E pacTBOpa XJIOpHa
Hukens (+2), eciu oba snekTpoia — HukeneBbie? Kak M3MeHHUTCS Macca aHoJa TOCIe
npomyckanus Toka cuioi 3,2 A B reuenne 30 mun? OtBer: 1,76 2.

20 CocraBbTe ypaBHEHHS CaMOIIPOM3BOJIEHO MPOTEKAIOIINX PEAKIUK TPU KOPPO3UH B
BOJIe, HAXOMSIINXCS B KOHTAKTe TUIACTUH: a) IIMHKA M 0JIOBa; 0)xkene3a U IUHKA. [ 1e ckopocTh
poIeccoB Kopposuu Beie? OTBeT 00ocHy#Te pacueramu cranmapTHeIX DJIC u AG.

21 HazoBuTe HECKOIBKO METaJUIOB, KOTOPHIE MOTYT CIYXHUTh AHOJHBIM U KATOIHBIM
HNOKpbITUEM Ui >kene3a. CocTaBbTe JJIEKTPOHHBIE YPAaBHEHMsI AIJIEKTPOJHBIX IPOIIECCOB,
MPOUCXOSAIINX MPH IEKTPOXUMUYECKONM KOPPO3UH: 1) XpOMUPOBAHHOTO; 2) HUKEIMPOBAHHOTO
JKeye3a BO BJIQXKHOM BO3JyXe M B KUCION cpene. CpaBHUTE CKOPOCTH IPOLECCOB KOPPO3UH B
ATHUX CIIyYasiX.

22 Yto Takoe pkaBunHa? Hammmure e€ mpumepHyro ¢opmyrny. Eciau rBo3aps BOUTH BO
BJIQXKHOE JEPEeBO, TO P)KABUMHOM TMOKPHIBAETCS Ta €ro 4acTh, KOTOpas HAXOAHUTCS BHYTPHU
nepeBa. Uem 310 MOKHO 00BsicHUTH? Hanumure ypaBHEHHsI aHOJHOTO M KaTOJJHOTO MPOIIECCOB.
[TpuBenute ypaBHEHUSI 00pa30BaHMs BTOPUUHBIX MPOAYKTOB Pa3pyIICHUS Kele3a.

23 JKene3nple OOYKM TPUMEHSIOT Ui TPAHCIIOPTUPOBKM KOHIIEHTPHPOBAHHOW CEpHOU
kucnoTel. OnHako Tmocie OCBOOOXKIEHUS OT KHUCIOThI OOYKH 4Ype3BBIYAMHO OBICTPO
paspymarotcs. [Touemy? Uto siBnsieTcst aHOIOM, YTO — KatoaoM? HanmummTe cOOTBETCTBYIOIINE
ypaBHeHHs peakiuid. CocTaBbTe cXeMy 00pa3yromerocs Mpu TOM rajlbBaHUYECKOTO 3JIEMEHTA.

IToBBIIIEHHBINA YPOBEHB
1 TIpu xaxoit koHneHTpauy HoHOB CU?* 371eKTPOAHEIH MOTEHIMAN MEH PaBeH HYIO?

2 lanpBaHMYeCKas 1eMb, COOpaHHAs U3 ABYX IIMHKOBBIX JJIEKTPOJOB, OJUH U3 KOTOPBIX
Torpy’eH B pacTBop comn muHKa ¢ C1(Zn?*) = 0,1 moms/am®, a apyroii — B pactBop ¢ C2(Zn?*) =
0,01 mouts/mm. CocraBbTe CXeMy KOHIIEHTPAIIMOHHOTO 3jieMeHTa U paccuuTaite ero J/(C.

3 Paccumraiite D3/IC KOHIICHTPAIIMOHHOTO 3JEMEHTA, COCTOSIIETO W3 CTAHJIAPTHOTO
BOJIOPOJHOTO 3JIEKTPO/Ia U BOJOPOIHOTO JIEKTPOAA, HAXOASIIETOCs B YUCTOM BOJIE.

4 TloTeHIMaT METAJUTMYECKOTO MapraHIiia Mo OTHOIIEHUIO K CTAHJAPTHOMY BOJAOPOJTHOMY
snekTpoxy B pactBopax MnCly ¢ komuentpamusamu (B mois/nm®) 0,001; 0,01 u 0,1
cooTBeTCTBeHHO coctaBmi (B B): — 1,277; — 1,248 u —1,219. Beluucnure craHmaapTHBINA
3JICKTPOIHBIN TOTSHITMAJI MapraHIia.
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5 Paccuuraiite DJIC KOHIIEHTPAITMOHHOTO JIEMEHTA, COCTOSIIEIO U3 JBYX BOJOPOIHBIX
AJIEKTPOJIOB, TOTPYKEHHBIX B pacTBOphI ¢ pH 2 u 4. CocTaBbTE CXEMY 3TOTIO JIEMEHTA. Y KaKUTE
KaToJ U aHO[I.

6 BblunciuTh MOTEHIMAT CBUHIIOBOIO 3JIEKTPOJa B HAchIleHHOM pactBope PbBr2, ecnu
konnenrpamust C(Br) = I mons/om®, a npoussenenue pactsopumoctu [IP(PbBr2) = 9,1-10°S.

7 Ompenenure, MOXHO JM TOJIYYHTb Ta3000pa3HbIi (TOP 3JIEKTPOINU30M BOJHOTO
pacTtBopa QTopHaa HATPUS, ECIIU:

2H,0—4e<>0, +4HT @° 11238

[}
Fo+2e o 2F, @ =+2387B;
[¢]
2H*(6 H20) + 26~ Ho, @ =_041B.

OO6cyauTe aHAIOTHYHBIN BOTIPOC ¢ yYaCTHEM JAPYTUX IaJOr€HOB.

8 3auemM K pacTBOPY COJISHOW KHCJOTBI, IPU MOJYYCHHH BOJOpPOJA JACHCTBHEM €€ Ha
IIMHK, B KUCIIOTY J00ABJISIOT HEMHOTO MEIHOro Kyrnopoca? Jlaiite 00bSICHEHUS ¢ PUBEICHUEM
peaKuuid, MPOUCXOMANINX P ITOM TporieccoB. Moxuo mu BMecto CuSO4 B34Th ApyTrUe COJH:
AgNOs3, NiSO4, FeSO4?

9 Kak Bimmser pH cpeapl Ha CKOpPOCTh aTMOC(HEPHOM KOPpO3MH JKejde3a W LUHKa?
[Touemy? CocraBbTe ypaBHEHHS aHOIHOTO M KAaTOJHOIO MPOIECCOB aTMOC(HEpHOH KOppOo3uu
9THX METAJIJIOB.

Cnmcok JimTepaTypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO M0 JAHHON Teme

OcHoBHasi iMTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueonnk / H. B. KopoBus. - 13-e usn., mepepad. u jorr. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuat). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyxaromieil cpeipl : XUMUs KUBbIX opranu3moB. Kypc nekuuii /
E. C. Muxanuna, A. JI. [Terenmma. — M. : Uzparensckuit JJom MUCuC, 2011. — 64 ¢c. — ISBN
978-5-87623-457-5. —TekcT : 21eKTpOHHBIN // DnekTpoHHO-0uOnuoTeynas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexwum nocrymna: mis
aBTOPU3HP. MOJIb30BATENEN
JlonoJiHUTeIbLHAS JIUTepaTypa:
1. T'nunka, H. JI. O6mas xumus / H. I'. I'nunka ; [Tog pea. A. U. Epmaxosa. - U3a. 30-e, uctp. -
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2 http://biblioclub.ru/ — 3BC «YuuBepcuterckasi OMOINOTEKA OHIIANH.

3 http://catalog.ncstu.ru/ — saeKTPOHHBIH KaTajaor acCOIHAIMN JIEKTPOHHBIX OMOIHOTEK
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BBeaeHue

BHeayuTOpHasi caMOCTOsiTe/TbHast paboTa - rylaHupyeMasi yueOHasi, yueOHO-UCC/Iei0BaTeTbCKast
paboTa CTy/1eHTOB, BBINO/THsIeMasi BHe 3aHSTHIA 110 3a/]JaHUI0 U TIPY YTIPAaB/IeHUH TIperojaBaresieM, HO 6e3
ero Hermocpe/ICTBEHHOTO yUacCTHs.

CamocTosiTenibHasi paboTa MPOBOAMTCS C LIe/IbIO:

- CUCTeMaTH3allid U 3aKpervieHUs T0/yUeHHBbIX TeOPeTHUeCKUX 3HaHWUM U MPaKTUUeCKUX YMeHHUM
00yyYaroInXxCs;

- yray6sieHus U pacIIMpeHUst TeOpeTHYeCKUX 3HaHWM;

- (opmMupoBaHUs YMEHUI HUCIOH30BaTh HOPMATUBHYIO, MIPABOBYIO, CIIPABOYHYIO JOKYMEHTAL[UI0 U

CrieLiManbHYO JIUTepaTypy;

- pa3BUTHUS TI03HABaTe/IbHBIX CIIOCOOHOCTEM M aKTMBHOCTU OOyYaloL[UXCSi: TBOPYECKOMH

VMHULIMATUBBI, CAMOCTOSITEJTbHOCTH, OTBETCTBEHHOCTH, OPraHU30BaHHOCTH;

- (opMupoBaHMe  CaMOCTOSATENTLHOCTA  MBIIUIEHUs,  CMOCOOHOCTEM K  CaMOpa3BUTHIO,

COBEpILIEHCTBOBAHHUIO U CaMOOPTaHK3al[1H;

- ¢opMupoBaHus 00IUX U TTPOheCCHOHATBHBIX KOMIETEeHI[AH
- pa3BUTHIO UCC/Ie[I0BaTe/IbCKUX YMEHHUH.



1 ITosicHuTe/IbHAA 3allMCKa

CamocrosTennbHast paboTa cCTyzieHTa — BHJ Yy4yeOHOW [1esSTeTbHOCTH CTYZeHTa, TpeOyroImumi
OOJIBIION TIOATOTOBUTE/BHON [lesiTe/IbHOCTH TiperiofiaBaresisi. CamocTosiTenbHasi pabora M0O3BOJisieT
ONTUMa/JIbHO COYeTaTb TEOPeTHUeCKyl0 W TPaKTHUecKyro COcCTaB/soue o0yuenus. IlmaHomepHas
OpraHu3aList 3Toi paboThI IM03BOJIsIET ONMepaTMBHO OOHOB/SATH Cofep)KaHHe 00pa3oBaHMs, CO37aBast
TIPeJTIOCLUTKY /i1 ()OPMHMPOBAHUS OOLIMX KOMIeTeHIM U obecrieunBasi, TAKUM 00pa3oM, KauecTBO
TIO/ITOTOBKM CIIeLMa/MCTOB Ha KOHKYPEHTOCIIOCOOHOM YPOBHE.

MeToauueckre pPeKOMEH/ALIMM PacKpbIBAIOT Y CTY/E€HTOB (OPMHUPOBAHUE CHUCTEMBI 3HAHUMU,
MPAaKTHUECKUX YMeHWH U OOBSICHEHWs YPOBHS 00pa30BaHHOCTU W YPOBHSI TIOATOTOBKU CTY/JEHTOB.
M3yueHre TIPOrPAMMHOTO MaTepuana [O/DKHO CI0COOCTBOBaTh (DOPMUPOBAHUIO Y  CTY/I€HTOB
HeoOXOAUMBIX /151 PO(eCCUOHATLHOM JIeSITeTbHOCTH 3HaHW Y HAaBBIKOB.

2 Kpurtepuu oLieHKH Pe3y/IbTaTOB CaMOCTOATE/TbHOM PadoThI

KpuTepusMy OLIEHKU pe3y/bTaTOB BHEAYJUTOPHOM CaMOCTOSTe/IbHOM pPaboThl 00yuaromxcs
SIBJISIFOTCSL:

- ypOBeHb OCBOeHMs yueOHOro Marepuarna;

- YpPOBeHb yMeHWUsI UCII0/Ib30BaTh TeOpeTHUecKre 3HaHUs MPU BbINOJHeHWH TIPaKTUUeCKUX 3a/ay;

- ypoBeHb C(HOPMUPOBAHHOCTH 00I1IeyUeOHBIX YMEHHH;

-  YPOBeHb YME€HHs aKTHBHO WCII0/Ib30BaTh 3JIEKTPOHHBIE OOpa3oBaTe/ibHbIE PeCYPChl, HaXOAWUTh
Tpebyrolytocs nH(OPMaLIUIo, U3yJaTh ee U MPUMEHSITh Ha IMPaKTHKe;

- 000CHOBaHHOCTb M UeTKOCTb M3/I0KEHHUSI MaTepHara;

- odopmieHHe MaTepraia B COOTBETCTBUU C TpeOOBaHUSIMU CTaH/japTa MpeATrpUsITHS;

- YpPOBeHb yMeHUsI ODUEHTHPOBATLCS B MOTOKe WH(MOPMaLIWH, BbI/|e/ISITh [J1aBHOE;

- YpOBeHb yMeHMs UeTKO chopMyTUPOBaTh NPob/ieMy, TIpe/i/IoKUB ee pellieHre, KpUTUUeCKU OI[eHUTh
pellieHue U ero Noc/efiCTBUS;

-  YpPOBeHb YMeHHs OIpe/ie/uTh, TIPOaHaJU3UPOBaTh albTepHAaTHUBHbIE BO3MO>KHOCTU, BapUAHTHI
JeCTBUH;

- ypoBeHb yMeHMs ChOPMY/IMPOBATH COOCTBEHHYIO MO3HUIIHIO0, OLIEHKY U apr'yMeHTHPOBATh ee.

3 PEKOMEHAHHI/II/I 110 BBIITO/THEHUIO PA3/IMYHBIX BU/I0B CAMOCTOATE/IbHBIX p860T

B mporecce camocTosiTesibHON paboThl CTyZeHT mpuobpeTaeT HaBBIKM CaMOOpPraHW3alluy,
CAMOKOHTDOJISI, CaMOyTIpaBjieHHsi, camMope(deKCMM W CTAHOBUTCS aAKTHUBHBIM CaMOCTOSITE/IbHBIM
CyOBeKTOM yueOHOM JesiTe/TbHOCTH.

BbImosHsis caMocTosITeNTbHY 0 pPaboTy 10/ KOHTPOJIEM TIperiojaBaTeist
cmyoeHm 00/1)CeH:

- OCBOUTh MHHUMYM COZIep>KaHHUs, BHIHOCUMBI Ha CAMOCTOSITEJIbHYIO pPabOTy CTYJeHTOB U
Tipe/IJIo’KeHHbIN TiperiofiaBaTesieM B cootBeTcTBUM ¢ ®@I'OC CIIO mo paHHOMY TpodeccroHaTbHOMY
MO/TYJTIO;

- TJIaHUPOBaTh CaMOCTOSATe/IbHYI0 paboTy B COOTBETCTBUU C rPaprKOM CaMOCTOSITe/TbHOM paboThl,
TIpe/IJIO’KEHHBIM TperiofiaBaTesieM;

- CaMOCTOATe/IbHYI0 paboTy CTYJeHT [OJ/DKeH OCYILEeCTBJ/IATh B OpPraHM3al[MOHHBIX (opmax,
TIPeZIlyCMOTPEHHBIX YUeOHBIM IJIaHOM M paboueli porpamMmoli nperozaBaTesis;

- BBINOJIHATH CAMOCTOSITe/TbHYIO pabOTy U OTUUTHIBATHCS TI0 ee pe3y/bTaTaM B COOTBETCTBUH C
rpadMKOM TIpe/ICTaB/I€HUs] pe3y/IbTaTOB, BUAAMU U CPOKAMU OTYETHOCTH TI0 CAMOCTOSITeSTbHOUW pabote
CTY/IeHTOB;
cmyodeHm mModicem:

CBepX Tpe/IJI0KeHHOr0 Tipero/jaBaTesieM (Tpy¥ 000CHOBAHKU U COTIACOBAHMYM C HUM) U MUHUMYyMa
obs13aTenbHOTO coziep)Kanusi, onpeensiemoro ®I'OC CITO no npegmerty:

- CaMOCTOSTe/IbHO OTIpe/ie/isiTh ypOBeHb (T/TyOUHY) TTpOpaboTKHY CoZiep>KaHusi MaTepuarna;

- TIpeJjiaraTh JAOTIO/THUTEIbHBIE TEMbI ¥ BOTIPOCHI [IJIsi CAMOCTOSITeTbHOU TTPOPaboTKY;

- B paMKax o01jero rpadvka BbIOJIHEHUS] CaMOCTOSITe/TbHOM paboThl rpejaraTb 060CHOBaHHbIH
WH/IUBUYa/IbHBINA TPadUK BBITIOJTHEHUS U OTUETHOCTH T10 pe3y/ibTaTaM CaMOCTOSITe/TbHOUM paboThI;



- TIpejjiaraTh CBOM BapUaHThI OPraHU3aLMOHHBIX (POPM CAMOCTOSTE/TLHOM PaboThI;

- WCTO/B30BaTh /i1 CaMOCTOSITe/IbHOM pabOThl MeTo/uuecKrde mocobus, yueOHbIe mocobus,
pa3paboTKu CBepX Mpe/iIo’KeHHOT 0 Mperio/iaBaTesieM TiepeyHs;

- UCIO/Ib30BaTh He TOLKO KOHTPOJIb, HO U CAMOKOHTPOJIb Pe3yJ/IbTaTOB CAMOCTOSITe/IbHON paboThI
B COOTBETCTBUM C METO/IaMM CaMOKOHTDOJIS, TIPeAJIOXKEHHBIMH TIpero/iaBaTesieM WM BbIOpaHHBIMU
CaMOCTOSITE/TEHO.

CamocrosiTenibHasi paboTa CTY/IEHTOB /IO/DKHA OKAa3bIBaTh Ba)KHOE B/IMsHWE Ha (hOPMUPOBaHUE
JIMYHOCTH OyAylero CrelyasucTa, OHa TJIAHUPYeTCsl CTYJeHTOM CaMoCTosiTenbHO. Kaaplil CTyneHT
CaMOCTOSTe/IbHO OTIpeZiefisieT PeXHUM CBoeil paboTbl U Mepy Tpy/a, 3aTpaudBaeMOro Ha OBJa/ieHHe
yueOHBIM coiepKaHHeM TI0 KaKAou auciuriiHe. OH BBITIOHSET BHEAYAUTOPHYIO PaboTy 10 JIMUHOMY
WH/IUBH/IyaJIbHOMY TUIaHY, B 3aBUCUMOCTH OT €r'0 TIOJrOTOBKH, BDEMEHH U JAPYTUX YCIOBUH.

3.1 PekomMeH/Jal[UH 10 MOATOTOBKE COOOIeHHs 110 H3yyaeMoil TeMe

[ToaroroBka cooOIIeHUs - 3TO BUJ BHEAyJUTOPHOW CAMOCTOSTE/NbHON pabOoThI MO TMOATOTOBKE
HebosIbIIOro 1Mo 06beMy yCTHOTO COOOIIeHu s /i1 03ByUMBaHUs Ha ayJUTOPHOM 3aHsATHU. Coobijaemast
uH(OopMalLYsl HOCUT XapakTep YTOYHEHHsS WM 0000IeHus, HeceT HOBH3HY, OTPa)KaeT COBPeMEeHHBIN
B3IJIsA[] T10 OTIpe/ie/ieHHbIM MpobJsieMam.

Coo011ieHre OT/IMUaeTCsT OT OK/IaZI0B U pedhepaToB He TOMBKO 00BeMOM HMH(pOPMAIMY, HO U ee
XapaKTepoM - COOOIleHUs] [OTO/HSAIOT W3ydaeMblid BOMPOC (aKTUUECKUMM WM CTaTUCTUUECKUMU
MaTepuanamu. OcopmisieTcsi 3alaHue NHCbMEHHO, OHO MOXKeT BKJ/IHYaTh 3/IEMEHThl HarJsiZiHOCTU
(unmrocTpaLuy, IeMOHCTPALUIO, TPe3eHTaL1Io).

PernameHT BpeMeHH Ha 03ByUMBaHKE COOOIIEHHS - 10 5 MUH.

[17151 BBITIOJTHEHUsI CAMOCTOSITe/IbHOW PaboThl HEOOX0IUMO:

- cobparh ¥ U3yYNUTh UCTOYHUKY UH(POPMALIHU TI0 TeMe;

- COCTaBUTbH IUIaH COOOIIeHNS;

- BBI/IeJIUTb OCHOBHbIE TIOHATHUS;

- BBeCTU B TEKCT JIOTIOJIHUTe/IbHbIE [JaHHbIe, XapaKTepu3yolljie 00beKT U3yueHus;

- 0(hopMHUTH TEKCT MMCbMEHHO;

- CAaThb Ha KOHTPOJIb NPerno/aBaTesito U 03ByUUTh B yCTaHOBJIEHHBIN CPOK.

Kpurepuu onieHKH CO00IIIeHHS 110 U3yUaeMoil Teme:

1. AKTya/sIbHOCTb TE€MBI.

2. CooTBeTCTBHE CO/iep>KaHUs TeMe; T/TyOrHa MpopaboTKu MaTepuraria.

3. I'paMOTHOCTB M MOMHOTA UCMOIb30BAHUS UCTOUHMKOB; Ha/TMuKe 3/1eMeHTOB HarJisi[HOCTH.

Onenka «OTJIMYHO» craBuTCs, ecnu cooOlleHWe COOTBETCTBYeT 3a/laHHI0; TeMma TI1yboKo
npopaboTaHa C HCIO/Ib30BaHUEM [JOCTAaTOYHOTO KOJMYECTBA MCTOYHMKOB HWH(OpMalyy; cooOijeHue
COZIePKUT JIOTIOJIHUTENbHYIO0 MH(OpMaLIMIO, He OCBelljeHHYI0 B yueOHMKe; coobleHre COMPOBOXKAaeTCsl
3/IeMeHTaMH HarJsiTHOCTH; BbJiep>KaH perjiaMeHT BpeMeHHU Ha 03ByUMBaHHe COODIIeHus!.

Ouenka «XOPOIIO» cTaBUTCS, eciu COOOLeHre COOTBETCTBYET 3a/jlaHHIo; Tema IyOoKo
npopaboTaHa C HCIIO/Ib30BaHHMEM [JOCTAaTOYHOTO KOJMYECTBA MCTOYHMKOB HWH(OpMalyy; cooOijeHue
CO/ZIeP’KUT [JOTO/THHTETbHYI0 MH(OPMaLIMIO, He OCBeIlleHHY!0 B yueOHMKe; cOo01jeHre He COTIPOBOXK/AaeTCsl
3/IeMeHTaMH HarJsiTHOCTH; PerjlaMeHT BpeMeHU Ha 03BY4YMBaHHe COOOIeHUs TIPeBBIIIIeH.

Onenka «YJOBJIETBOPUTEJIBHO» craBuTCS, ecyii cooOllleHHe He BIIOJHEe COOTBETCTBYeT
3a/laHUI0; Tema TpopaboTaHa Heray0OKO; WCII0/b30BaH OAWH WCTOUHWUK HWH(OPMAIUH; COOOIeHHe
COZIEP)KUT MaJlo [OMNOJIHUTeNbHOW MH(OpMalMy, He OcBelljleHO B yueOHMKe; cooOlleHHe He
COTIPOBOXKIAETCS 3/IeMeHTaM{ HarJyIsiAHOCTH; perlaMeHT BpeMeHH Ha O03By4uBaHHMe COOOIIeHWs He
BbI/IepIKaH.

3.2 PexoMeH/Jal{MH 110 MMOATOTOBKeE JOK/Ia/ia

Ioksaz, Kak BUZ CAMOCTOSITe/TbHOM paboThI B yueOGHOM Tpoijecce, Crioco6CTByeT pOPMUPOBAaHUIO
HaBBIKOB HCCJIe[IOBaTe/bCKOM pabOoThl, paciIMpsieT T03HaBaTe/bHbIe WHTEPECHI, YUUT KPUTHUECKH
MBIC/TUTb.

[Ipu HamMcaHWM JIOK/Iajia 0 3a[JaHHOW TeMe CTY/IeHT COCTaBJsieT TUIaH, MoJ0UpaeT OCHOBHbIE
VCTOYHUKH.



B npotiecce paboThbl C KCTOUHUKAMHM CUCTEMaTU3UPYET MO/TyUYeHHbIe CBEe/IeHMs, 1e/laeT BbIBObI U
000011eHus.

K fmoknagy mo KpyrnHOM Teme MOTYT TPHB/IEKAaTh HECKOJBLKO CTYJEHTOB, MEXIY KOTOPLIMU
pacIpe/iesIitOTCS BOMIPOCHI BBICTYTIIEHUSI.

Bb100p TembI J0K/1aja

TeMaTWKa /IOK/Iala OOLIUHO OMpe/ieNisieTCs TIperiojiaBaTesieM, HO B OMpe/e/ieHUd TeMbl
WHUL[IATUBY MOXKET MPOSIBUTD U CTY/IEHT.

[Tpe>kae ueM BLIOpaTh TEMY /I0KJ/IaZia, aBTOPY HEOOXOAMMO BBISIBUTH CBOM MHTEPEC, OTPee/UTh,
Ha/| Kakol 1pobsieMoii oH xoTern Obl topaboTaTs, 6osiee TIyOOKO ee H3yUuTh.

OTansbl padoThI HAJ| JOK/IAl0M

1) dopmynupoBaHUe TeMbl, TIPUYeM OHa JO/DKHA OBbITb He TOJBKO aKTyalbHOM 1O CBOEMY
3HaYeHWI0, HO U OPUTMHAIbHOM, UHTEPECHO! T10 COZIePyKaHHUI0.

2) Tlogbop u M3yyeHHe OCHOBHBIX MCTOYHMKOB IO TeMe (Kak MpaBWIbHO, MpU pa3paboTke
JIOK/1a/la UCMO/Ib3yeTcsl He MeHee 8-10 pa3nuHbIX UICTOYHUKOB).

3) CocraB/ieHue CIyMcKa UCMO0/Ib30BaHHBIX UCTOUHHKOB.

4) OO6paboTka 1 crcTeMaTH3aLys UHPOPMALIH.

5) PaspaboTka riaHa Jokiaza.

6) Hamucanue goknaza.

7) IlybsuuHoe BLICTyTI/IEHUE C pe3yJ/ibTaTaMy UCC/ie/JOBaHMSI.

CTpykTypa Aokaaja:

- TUTYJIbHBIU JIUCT

- orjaBsieHHe (B HeM TOC/Ie/J0BaTeIbHO U3/1araloTCsl Ha3BaHUs TTYHKTOB /JOK/IaZla, YKa3bIBalOTCS
CTPaHMULIbI, C KOTOPBIX HAUMHAETCS KaXK/IbIM MYHKT);

- BBejleHMe ((popMynupyeT CyThb ucciefyeMol mpoGsieMbl, 0O0CHOBBIBAeTCS BHIOOD TeMBbI,
OTIpeJie/ISIFOTCSL ee 3HAauMMOCTb M aKTya/bHOCTb, YKa3bIBalOTCA Lie/lb M 33flauM JI0K/aja, [aeTcs
XapaKTepUCTUKa UCTIOb3yeMOU JTUTepaTyphl);

- OCHOBHas 4acTh (KaKAbIM pasfesn ee, JOoKa3aTeJbHO PACKPbIBasi OT/E/bHYIO MpobieMy miu
OJJHY U3 ee CTOPOH, JIOTUUeCKH SIBJISIeTCS MPOZ0/KeHUeM TIpe/ibIyIero; B OCHOBHOM UacTH MOTYT ObITh
TIpe/iCTaB/ieHbl Tab/UIbl, rpadUKu, CXeMbI);

- 3ak/roueHue (TIO/IBOJSATCSI UTOTHM WM JaeTcss 000OIleHHBIN BBIBOJ 1O TeMe [0KJaja,
TIpe/l/1aratoTcsl peKOMeH/Jalun );

- CITMCOK MCTIO/Ib30BaHHBIX NCTOYHUKOB.

BBezienre - 3TO BCTynMTe/bHAas YacTb HAyUHO-MCCIeA0OBAaTeIbCKOM paboTbl. ABTOp [O/DKEH
TIPUJIOXKUTB BCE YCUJTHSI, UTOOBI B 9TOM HeDOJIbIIOM 10 06bemMy pasziesie TIoKa3aTh aKTya/lbHOCTh TeMBI,
PaCKpBITh PaKTUYeCKYI0 3HAUMMOCTH ee, OTIpe/le/IUTh Lie/Td U 3a/jaud SKCIleprMeHTa UM ero (pparMeHTa.

OcHoBHast uacTb. B Hell pacKpbIBaeTCsi CofiepyKaHue JOK/Iaza.

Kak npaBu/io, OCHOBHasi 4aCTb COCTOUT U3 TEOPETUUECKOT0 1 MPaKTUYeCKOro pasziesioB.

B TeopeTuueckom pasziesie pacKpbIBalOTCs UCTOPUsSI U TeOpUsi UCCelyeMou TpobJieMbl, JaeTcs
KPUTUYECKU aHa/Iu3 IMTepaTypbl U MOKa3bIBatOTCS MO3UL[UM aBTOpa.

B nmnpakTuueckoM pasjiesle U37aral0TCs MeTOAbI, XOZ, W pe3y/JbTaTbl CAMOCTOSITEIEHO
TIPOBE/IEHHOT 0 KCIIepUMeHTa UM (pparMeHTa.

B ocHOBHO 4acTi MOTYT OBITh Tak)Ke Tpe/iCTaB/IeHbl CXeMbl, AUarpaMMbl, TaO/IUL[bl, PUCYHKU U
T.[.

B 3ak/toueHMM COZlep)KaTcsi MTOTU paboThl, BBHIBOZABI, K KOTOpPbIM TIpUIIeJI aBTOp, M
peKOMeHIaliK. 3aK/It0UeHHe I0/DKHO ObITh KpaTKUM, 00s13aTe/TbHBIM M COOTBETCTBOBATH MTOCTaB/IEHHBIM
3aZiauam.

CrHCOK MCIO/b30BaHHBIX MCTOYHUKOB TIPe/ICTaB/sieT co00i rmepeyeHb MCIO/Ib30BaHHBIX KHHUT,
crareii, paMUIMKU aBTOPOB TIPUBO/ATCS B a/i)aBUTHOM TIOPSIZIKe, TIPU 3TOM BCe UCTOYHUKH Jat0TCs IO/
o0111eif Hymepalyel TuTepaTyphbl. B MCXOAHBIX JAHHBIX UICTOYHHUKA YKA3bIBAIOTCS (haMUIHSL M MHUALIA/IBI
aBTOpa, Ha3BaHWe PabOThI, MECTO U TOJ, U3/JaHMUs.



[TpunoskeHre K JoOKnaLy O(OPMIISIFOTCS Ha OT/e/bHBIX JINCTaX, IPUYeM KaK/Joe J0/KHO UMeTh
CBOW TeMaTUYeCKWW 3arojlOBOK M HOMep, KOTOpBIM IMILIeTCS B IPaBOM BepxHeM YIJly, HalpuMmep:
«IIpunoxenue 1».

TpeGoBaHus K 0()opM/IEHHIO JOK/IaAA

[oknaz BBITIOMHSETCS Ha JIMCTax mucueit 6ymaru gopmara A4 B Microsoft Word, o6bemom 5-10
cTpaHul] TekcTa. Pasmep mpudTa — 14; uHtepBan — 1,5; ¢ Hymepaluell CTpaHHML| CBepXY CTPaHHL{bI
rocepeJiiHe, ab3aliHbIil OTCTYIT HAa PacCTOSIHUM 3 CM OT JIeBOW rpaHUIbl 10Jisi. B TekcTe 0bsi3aTe/bHBI
CCBUIKM Ha IepBOMCTOYHMKHU. KOIMUYecTBO MCTOUHUKOB: He MeHee 5-8 pas/IMUHbIX UCTOYHHUKOB. [Ipu
othopmeHru paboTbl COOJIOAAOTCS TIOIS:

- neBoe — 30 MM;

- mpaBoe — 10 mm;

- HwkHee — 20 MM;

- BepxHee — 20 MMm.

[loknaz nomKeH ObITh BBITIOJIHEH IPaMOTHO, C COO/TI0/IeHNeM KY/IbTYPbI U3/I0XKeHUs..

Kpurepum onjeHKH J0K/IaAa

- aKTyaJbHOCTb TeMbI UCC/IeJOBaHNUS;

- COOTBETCTBUE COJZlepyKaHusl TeMe;

- TnybuHa npopaboTKK MaTepuasa; MPaBUIbHOCTh U TIOIHOTA UCTIOIb30BaHMs UICTOYHHKOB;

- COOTBeTCTBHUe 0(OpM/IeHUS [JOK/a/ja CTaHjapTaM.

I[To ycMoTpeHuto mperno/iaBarters AOK/IaAbl MOTYT OBITh MpeZCTaB/ieHbl HA CeMHHapax, HayuHo-
NIPaKTHYeCKUX KOH(epeHLUsIX, a TaKXKe UCT0b30BaThCs Kak 3aueTHble paboThl M0 MPOMJeHHBIM TeMaM.

3.3 PexomMeHjaLiiii 110 HaNMMCaHUIO pedepara

PedepaTr - 93TO HayuHO-MCCe/loBaTeNbCKasi paboTa, B KOTOpOW Ha OCHOBe W3y4eHHs
TIepBOMCTOYHHKOB (CTaTel, KHUT, IPyTHX MaTepUasioB) aBTOP PaCKpbIBaeT CyTh UCCIeAyeMOoi MpobieMsl,
TIPUBO/IMT Pa3/inyHble TOUKU 3peHHsl Ha M3ydaeMyro npobieMy (Ueu, pellieHusi, peAoyKeHus U T.7.), a
TaK>Ke COOCTBeHHBIe B3TJIs1/]bl, 000CHOBBLIBast CBOe MHEHHE

Pecepat, Kak npaBu/Io, JO/DKEH COZlepyKaTh C/IeyIolIre CTPYKTYPHBIE 3/1IeMEeHTHI:

TUTYJ/IbHBIN JTUCT;

COJleprKaHue;

BBe/IeHUE;

OCHOBHasl 4acTh;

3aK/IFOUYeHUe;

CHMCOK HCI0J/Ib30BAHHBIX UCTOYHUKOB;
TIPU/IOXKeHus (TIPY HeoOXO0AUMOCTH).

Ob6mwem pedepaTa - He MeHee 5 U He 6onee 15 crpanul]. B pedepate cieayeT cienaTh CCbUTKK Ha
WCII0/Tb30BaHHble MCTOYHUKA. OHHM IO/DKHBI OBITH OQOpM/IEHBI B COOTBETCTBUMHM C YCTaHOBJ/IEHHBIM
CTaH/JapTOM.

l'oToBBI pedepaT mpefcTaBsieTCss IperojaBaTento [as MpoBepku. [Ipu onjeHke pedepaTta
YUUTBIBaeTCs. yMeHUe obOyuarolierocss paboTatb C HayuHOW JMTepaTypoM, aHalIW3UpOBaTh pa3/MyHbIe
TOUKHM 3peHMs M0 CIIOPHBIM BOMpOCaM, apryMeHTUPOBaTb CBOe MHEHHe, HaBbIKM O(OPMJIEHUS CChUIOK,
CIMCKa UCTIOIb30BaHHOM JIUTEPATyphI.

B copep>kaHny NpyBO/ATCS HAMMEHOBaHUS CTPYKTYPHBIX YacTeil pedepaTa, I/1aB v naparpagoB ero
OCHOBHOM YaCTH C YKa3aHHMeM HOMepa CTPaHML{bl, C KOTOPOM HAaUMHAEeTCsl COOTBETCTBYIOLAs UaCTh, [/1aBa,
naparpad.

Bo BBejieHMH aeTcs 0011iast XapakTepucTHKa pedepara: 060CHOBBIBAeTCS aKTya/lbHOCTh BEIOpaHHOM
TeMbl; OTIpe/iesisieTCs Le/ib paboThl U 3aiaui, TIOAJIeKall[|e PeleHH o /7S eé TOCTYKeHUST; OTTHMCHIBAIOTCS
00beKT U TpeAMeT HcCC/iefoBaHus, WH(oOpMalMoHHass 0a3a UCCAeJoOBaHUs, a Takke KpaTKo
XapaKTepr3yeTcsl CTPYKTypa pedepara 1o rjiaBam.

OcHOBHasi 4aCTh JJ0/KHA COZiep>KaTh MaTepuasl, Heo0X0AUMBIN Jjisl JOCTHXKEeHHSI TTOCTaB/IeHHOM Lie/u
Y 3a/lay, pellaeMbIX B MpoLiecce BbINo/HeHUs pedepaTa. OHa BK/ItoUaeT 2-3 I/1aBbl, KaXK/asi U3 KOTOPhIX, B
CBOIO ouepe/ib, lenuTcs Ha 2-3 naparpaga. CoZiepykaHue 0CHOBHOM YaCTH [JOJDKHO TOYHO COOTBETCTBOBAaTh
TeMe IpOeKTa U TOJHOCTbIO eé packpbiBaTb. ['y1aBbl M maparpadel pedepaTa [O/DKHBI pacKpbIBaTh
OMHMCaHue pellleHrsl TIOCTaB/AeHHbIX BO BBeJleHWU 3aad. [1o3ToMy 3arosioBKM I/iaB M naparpagos, Kak

Noup,rwWwNE



MIpaBU/IO, [IOJDKHBI COOTBETCTBOBAaTh MO CBOEM CyTHM (OpPMyJMpOBKaM 3ajau pedepara. 3arojioBKa
"OCHOBHAS YACTbB" B copepskanuu pedepara ObITh He [JO/DKHO.

['naBbl OCHOBHOM uacTu pe¢epaTa MOTYyT HOCUTb TeOPeTUYECKUM, METOJ|0JIOTUYECKUN U
aHaINTUYEeCKUM XapakTep.

Obsi3aTenbHBIM AJisi pedepaTa sIB/sIeTCs JIOTHUecKasi CBsi3b MeXK/ly IJlaBaMU U T0C/IeloBaTe/IbHOe
pa3BUTHe OCHOBHOW TeMbl Ha TPOTSDKEHHUM BCe PaboThl, CaMOCTOSITeNbHOe W3/I0)KeHHe MaTepuara,
apryMeHTUPOBAaHHOCTh BbIBOJIOB. Takyke 00si3aTeNbHBIM SIB/ISIETCSl HaJIMuMe B OCHOBHOM YacTu pedepaTta
CCBIJIOK Ha UCI0JIb30BaHHble UCTOUYHUKHU.

V3noxeHre HeoOXOJUMO BeCTH OT TpeThero Juija («ABTOp rosaraert...») JuMb0 MCI0/Ib30BaTh
0e3mMuHble KOHCTPYKIMK W Heolpe/ielleHHO-JIMUHble TpesioykeHnsi («Ha BTOpoOM 3Tare McCCiiefyroTCs
c/iefyrolye moAXobl. .. », «[IpoBejleHHOe HcciejoBaHUe TTO3BOUIIO J0Ka3aTk...» U T.I1.).

B 3ak/mroueHny 10ruuecKy nocseiloBaTelbHO U3/1aratoTCs BBIBO/BI, K KOTOPBIM MPHILIes CTYZeHT B
pe3y/bTaTe BBINOJIHEHUS1 pedepaTta. 3ak/IroueHWe [O/DKHO KpaTKO XapaKTepu30BaTh pelleHHe BCeX
TIOCTaB/IEHHbBIX BO BBEJIEHUM 3a/lau U IOCTIKeHHUe 1iesiu pedepaTa.

CIMCOK MCIO/Tb30BAHHBIX UCTOUHMKOB SIB/ISIETCSI COCTaBHOM YacThiO0 paboThI U OTpakaeT CTereHb
M3y4YeHHOCTH pacCMaTpuBaeMoi pobsieMbl. KomyecTBO MCTOYHHKOB B CITUCKE OTIPeZessieTCsl CTYIeHTOM
CaMOCTOSITeNIbHO, /i1 pedepata uX pekoMeHAyemoe KoauuectBo oT 10 mo 20. Ilpu sTOM B crivcke
00s13aTeNIbHO /I0/DKHBI TIPUCYTCTBOBATh WCTOYHUWKH, W3JaHHbIE B TIOC/IeIHME 3 TO/a, a TaKKe HbIHEe
JIeMCTBYIOLLIe HODMAaTHBHO-TIPaBOBbIE aKThl, Pery/IMPYIOL1e OTHOIIIeHYs, pacCMaTprBaeMble B peepate.

B npunokeHust ciefyeT OTHOCHTH BCIIOMOraTe/IbHBIM MaTepuas, KOTOPbIM IPU BK/IIOUEHUU B
OCHOBHYI0 4acTb paboTbl 3arpoMokjaeT TeKCT (TabiMLibl BCTIOMOTraTeNbHBIX JaHHBIX, WUHCTPYKLUH,
MeTOAUKH, (POPMbI JOKYMEHTOB U T.I1.).

Odopmnenue pedepara

[Ipu BbITIOIHEHWM BHeAYJWTOPHOM CaMOCTOSITeNIbHOW paboThl B BHZe pecdepaTa HEOOXOAMMO
cobmoaTh ceytoliye TpeboBaHus:

- Ha O/IHOU CcTOpOHe yikucTa 6emnoii 6ymaru popmara A4,

- pa3mep mpudTa - 12; Times New Roman, 11BeT - 4epHbIii;

- MeXX/[yCTPOYHbIA UHTEPBas - OJUHAPHbIN;

- T0JI Ha CTPaHUL{e — pa3Mep JIeBOro MoJisi — 2 CM, MPaBoro - 1 cM, BepxHero - 2CM, HUXKHEr0 - 2CM;

- 0oT¢$h0opMaTUPOBAHO IO IMPHUHE JIUCTa;

- Ha IepBo# cTpaHHULe He0OXOAUMO U3J/I0KUTH T/1aH (Cofiep>KaHue) paboThI;

- B KOHLe paboThl HEOOXOANMO YKa3aTh UCTOYHUKH HCTIOIb30BaHHOW JINTEPaTyphl;

- HyMepaLus CTpaHUL| TeKCTa — CKBO3Hasl.

CrnuCcoK MCII0/1b30BaHHBIX UCTOUHMKOB J0/DKeH (OPMHPOBAThCS B anaBUTHOM TMOpsAKe II0
(amuium aBTOpOB. JIuTeparypa 0ObIYHO FPYMIIUPYETCS B CITUCKE B TaKOM M0C/Ie0BaTe/TbHOCTH:

1. 3akoHOzaTenbHbIE U HOPMAaTUBHO-METOAUYECKHe JOKYMEHThI U MaTepHaJibl;

2. cnmeLyanbHasi HayyHasi OTeueCTBeHHasi U 3apyOekHasi jiuTepaTypa (MoHorpaduu, yueOHUKH,
Hayy4Hble CTaTbU U T.I1.);

3. CTaTUCTUUYeCKWe, MHCTPYKTUBHbIE W OTUETHbIe MaTepuasbl NpPeANpUsTHN, OpraHvu3alyid U
YUpeXIeHUM.

BksitoueHHas B CITUCOK IUTepaTypa HyMepyeTcs CIJIOLIHBIM MOPSZAKOM OT [epBOro [0 Moc/eHero
Ha3BaHUs.

[To KaxJoMy IMTepaTypHOMY MCTOYHMKY YKa3blBaeTCs: aBTOp (WM CpyIa aBTOPOB), IMOJIHOE
Ha3BaHHe KHUTY WM CTaThbH, MECTO ¥ HAMMEeHOBaHHe U3/aTebCTBa (AJ1s1 KHUT U OpOIIIop), TO/ U3/aHus;
JUIs1 )KypHaJIbHBIX CTaTel yKa3blBaeTCsi HaMMeHOBaHUe KypHasa, To/ Bbilycka U HoMmep. 1o cbopHUKam
TPyZAOB (CTaTeil) yKa3bIBaeTCs aBTOp CTaThH, €€ Ha3BaHWE W Jjajiee Ha3BaHWe KHUTH (COOpPHMKA) U ee
BBIXO/IHbIE JIaHHBIE.

[Tpunoxxenus ciepyeT opopMIIATE KakK MPO/j0/DKeHre pedepaTa Ha ero roc/aeyrolux CTpaHULiax.

Kaxzoe mnpunoxeHre [JO/DKHO HAuMHATLCS C HOBOW CTpaHHMLbl. BBepxXy cTpaHuLpl cIipaBa
ykasbiBaeTcsi coBo "Ilpunokenue" u ero Homep. IIpuo)keHue [JO/DKHO MMeThb 3arojIOBOK, KOTOPBIU
pacrioJiaraeTcsi 1o LieHTPY JIMCTa OTAebHON CTPOKOM U TleuaTaeTcsi IPONMCHBIMU OyKBaMM.

[TpunoskeHusi cielyeT HyMepOBaTh MOPSAKOBOM HyMeparieii apabckuMu Ly pamu.

Ha Bce ripusio)keHust B TeKCTe paboThI 10/KHBI ObITh CChIIKKM. Pacriosiarate NMpuioKeHus ciefyeT B
TIOpsIZiKe TIOSIBJIEHNSI CChIJIOK Ha HUX B TEKCTe.



Kpurepumu onjenku pedepara

Cpok czilauu roToBOro pecdepara onpeziesisieTcsi yTBep>KeHHbIM rpauKoM.

B ciyuae oTpulaTeNbHOTO 3akK/lOUeHUsi TIperiofiaBaTesisi CTyJeHT o0si3aH jopaboTaTb WU
nepepaborath pedepar. Cpok AopaboTKu pedepara ycCTaHABIMUBAeTCS PYKOBOAUTE/EM C Y4YeTOM
CYILIHOCTY 3aMeyaHuii 1 o0beMa HeoOX0[uMoM 10paboTKU.

Pedepar orjeH1BaeTcs o cUcTeme:

Onenka "OT/IMYHO" BricTaBasieTcs 3a pedepaT, KOTOPbIN HOCUT MUCC/IeZiloBaTe/IbCKUN XapaKTep,
CO/ZIEPKUT TPAMOTHO M3/I0’KeHHBIN MaTepuall, C COOTBETCTBYIOIIMMH 000CHOBaHHBIMU BHIBO/IAMU.

Onenka "XOPOIIIO" BbicTaB/isieTcs 3a TPaMOTHO BBITIOJIHEHHBIM BO BCEX OTHOLLIEHUSIX pedepar
TIPY HaTMYWY HeOOJIBIIMX HeJJOYEeTOB B €r0 COJiep>KaHUU WITH OOPMITeHHH.

Ounenka "YIOBJIETBOPUTEJIBHO" BbicTaBisieTcs 3a pedpepaT, KOTOPbIM yI0BIETBOPSIET BCEM
npe/ibsiB/IsieMbIM ~ TpeOOBaHUSIM, HO  OTJIMUAeTCsl TOBEPXHOCTBIO, B HEM TPOCMaTpUBaeTCs
Heroc/1eloBaTe/IbHOCTh U3/I0’KeHUsT MaTepyasa, rpe/icTaBieHbl He0O0CHOBAHHBIE BHIBOJbI.

Ouenka "HEYIOOBJIETBOPUTEJIBHO" BeicTaBnsieTcsi 3a pedepar, KOTOPbId He HOCUT
WCCJIe/IOBaTe/TbCKOTO XapaKTepa, He COJIepXKUT aHa/lki3a MCTOYHUKOB U TO/IXO/I0B I0 BbIOpaHHOW TeMe,
BBIBO/IbI HOCAIT JleK/IapaTUBHBIN XapakTep.

3.4 PekoMeHjaliMH 1O MOJTrOTOBKE 3/IEKTPOHHOM Ipe3eHTaliu

Co3paHne MaTepyasioB-TIpe3eHTal[i - 3TO BHJ CAMOCTOSITENbHOM paboThl 00yuarouuxcsi 1o
CO3[JaHUI0 HAar/sAJHBIX WH(YOPMALMOHHBIX TOCOOHWHM, BBINOJHEHHBIX C TOMOIIBI) MYIbTUMEeAUMHON
KOMIIbIOTepHOM nporpammel PowerPoint.

[Ipe3eHTalusl KaK JOKYMEHT Tpe/iCTaB/isieT cOO0i moc/eoBaTe/TlbHOCTh CMEHSIIOLUX APYT Jpyra
C/IAJIOB - TO eCTh 3/eKTPOHHBIX CTPaHWYEeK, 3aHMMAIOIIMX BeCh SKpaH MOHHTOpa (0e3 mpucyTCTBUs
naHeJsieii mporpammel). Yallije Bcero AeMOHCTpPALIMs MTpe3eHTalluu PoeLupyeTcs: Ha O0/bIIOM 3KpaHe, pexke
— pa3faercsi coOpaBLIMMCSI KaK MevyaTHbIN Marepuan. KommuecTBO CaliZioB afieKBaTHO COJEep)KaHUIO0 U
TIPO/IOJDKUTENIBHOCTA  BLICTYTIEHUsS] (HampuMep, [Jii 5-MUHYTHOTO BBICTYTUIEHUS pEeKOMEeHZYeTCs
UCTI0/Tb30BaTh He Oonee 10 craiioB).

OTanbl CO3/aHUs Npe3eHTaLun:

- TUIAaHWPOBaHHWe Mpe3eHTalyu (BIOODP TeMbI; Orpe/iesieHre ayIuTOPYY; OTipeieieHre 1ie/n);

- TIOJTOTOBKA COJiep)KaHUsI Tpe3eHTaluM (CTPYKTYpHO-CEMaHTHUeCKW aHa/lu3 TeMbl
Tpe3eHTally; TIOUCK W aHAJTMTUKO-CUHTeTHYecKasi iepepaboTKa MCTOYHUKOB MH(OPMALIUH; COCTaB/IeHe
TJIaHa Tpe3eHTalluy Ha OCHOBe UMEIOLIUXCSl UCTOYHMKOB; HalMCcaHue UCXOJHOTO TeKCTa /i/isl Ipe3eHTalluy;
pasjiefleHMe HUCXOJHOTO TeKCTa Ha MOpPLMM — MO KajpaM (3KpaHamMm, cjaiijiaM), orpefejieHue HX
TI0C/Ie/]0BaTeIbHOCTH; OTIpe/le/ieHre COCTaBa KaXk/0oro Kajpa (3KpaHa, craifia), BK/IoUas u300pakeHUst:
DUCYHOK, ¢oTo, Tabmuija, AWarpamMma, CxeMa; TeKCThI: 3arojioBOK CJlai[ja, IiepeueHb BOIPOCOB,
JedUHULMS, Te3UC, TO3YHT (C/I0raH) U T. I1.;. ONIpe/ie/ieHre Coiep)KaHusl yCTHOIO KOMMEeHTapHsi K KaXKI0My
cnanay;

- TexXHWYecKas peanu3alysi INpe3eHTalMy (MCII0/Ib30BaHWe BO3MOYKHOCTeW mporpammel Power
Point (wm wHOW mNporpaMMmsbl) A1 MOATOTOBKU MYJbTUMEJWWHOM Tpe3eHTalliM; MCI0J/Ib30BaHue
MyJIbTUMEeUUHBIX 3((EKTOB;

- BbIOOp /IM3aliHa Mpe3eHTaluH;

- perneTULMsi TIpe3eHTAl[UM (TPOBepKa CHMHXPOHHOCTH YCTHOTO TeKCTa U JIleMOHCTPUPYeMBbIX
C/1aiifoB; obecrieueHre COOTBETCTBHUS 00beMa Ipe3eHTAlMH OTBeJEHHOMY Ha Hee BpPeMeHH, IpPOBepKa
COOTBETCTBUS Tpe3eHTal[ui TpeOOBaHUSIM YCTHOTO MyO/JMUHOTO BLICTYTIIEHUS).

B xo/e co3aHus pe3eHTal He00X0IMMO PYKOBO/ICTBOBATHCS C/IeYIOIIMMH TPeOOBaHUSIMH.

[TpaBuna mpugToBOro opopMIeHUs:

1. IIpudTe! C 3aceUKaMH YATAIOTCS JieTye, ueM rpoTecku (1pudThl 6e3 3aceyek);

2. 17151 OCHOBHOTO Te€KCTa He PeKOMeH/IyeTCs UCII0/Ib30BaTh MPOMUCHbIe OYKBHI.

3. IIpudToBol KOHTPACT MOXKHO CO3ZaTh MOCPEJCTBOM: pa3mepa LIPU(Ta, TOMIMHBI LIPUPTa,
HauepTaHusi, GOPMbI, HarpaB/IeHUs U L[BeTa.

I[TpaBusia BbIOOpa I[BETOBOI raMMB.

1. 1lBeToBasi raMMa ZIo/’)KHa COCTOSITh He OoJiee ueM U3 JBYX-TpPeX LIBETOB.

2. CyIiecTByIOT He coueTaeMble KOMOWHAIIVY I[BETOB.

3. UepHbIii LIBeT MMeeT HeraTUBHbIN (MpayHbli) MOATEKCT.
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4. bBenblii TEKCT Ha YePHOM (pOHEe UMTAeTCs TUI0X0 (MHBEpPCHs TVI0X0 YATAEeTCs).

I[TpaBuna 0611iel KOMITO3UIUH.

1. Ha nonoce He [0/KHO OBITH OOblIE CeMU 3HAUMMBIX OOBEKTOB, TaK KaK UesloBeK He B
COCTOSIHMY 3alIOMHUTB 3a OZIMH pa3 0ojiee ceMu IMyHKTOB Yero-yimbo.

2. Jlorotwm Ha MoJioce ZI0/DKeH pacriosaraTbCs CripaBa BHU3Y (C/1eBa HAaBepPXy U T. [1.).

3. JloroTwr 0/DKeH OBITh TPOCTOM U JTAKOHUYHOM (hOPMBI.

4. [Ou3aiiH J0/DKeH ObITb TIPOCTHIM, a TEKCT - KODOTKUM.

5. W3o06pakeHusl IOMAIIHUX >KUBOTHBIX, JleTel, KeHIIWH U T.[. SIBJSIOTCS TO0XKUATETbHBIMA
obpazamu.

6. KpymHele 00beKThl B cocTaBe 0001 KOMIIO3UIMK TIOPTAT obiriee BrieuatieHue. OrpoMHbIe
OyKBBI B 3aro/I0OBKax, KHOTIKA HaBUTalMK BbICOTOM B 40 MUKcesel, BepcTKa B O/JHY KOJIOHKY IIIMPUHON B
600 Touek, pa3menvTeNnb OJHOTO LBeTa, PACTSHYTbIM Ha BeCb 3KpaH - BCe 3TO MNpHUJaeT AU3avHy
HernpogeCcCUOHATbHBINA BU/,.

KpuTepuu oLieHKH 3/71eKTPOHHOH Npe3eHTaluu

1. CooTtBeTcTBYE COZlepKaHusl TeMe.

2. TlpaBuibHasi CTPYKTypHUPOBaHHOCTb HH(OPMALUH.

3. Hannuue iornyeckoi CBS3M U3/10KeHHON MH(OpMaL1H.

4. OCcTeTMYHOCTb OQOPM/IEHHST W COOTBETCTBUE €r0 TeMe, COOTBETCTBHE TpeOOBaHUSM
ogopM/ieHus1 TIpe3eHTaLi.

5. Pabota npesicTaBiieHa B CPOK.

Onenka «OTJIMYHO» craBUTCA, eciyd TIpe3eHTalUsl COOTBETCTBYET 3aZlaHUI0; TeMa TJIyOOKO
npopaboTaHa C HCMOIb30BaHKWEM JIOCTaTOYHOTO KOJIMYeCTBa MCTOYHHMKOB MH(GOpPMALMH; TIpe3eHTarys
COZIep>XKUT JIOTIOJTHUTeTbHYI0 MH(OPMaLMIo, He OCBellleHHYI0 B yuyeOHMKe; odopMmieHUe Mpe3eHTalyn
3CTETUYHO M COOTBETCTBYET TeMe, COOTBETCTBHe TpeOoBaHMsM odopmiieHHs mnpe3eHTauyi; 3¢deKTs
aHMMalMM B MPe3eHTalMK UCII0/Ib30BaHbl J03MPOBAHHO, He OTB/IEKas U He pa3fpakasi CIyllaTesen.

Ouenka «XOPOIIIO» cTaBUTCS, ec/iv BblepKaHbl Ilepeuric/ieHHble Bblllle KPUTepUu, [OIYIeHbl
He3HauyuTe/IbHble HapyLlIeHUs B CTUIMCTHUKe 0()OpMJ/IeHUs], He[JOUeThl B CTPYKTYPe.

Onenka «YJOBJIETBOPUTEJIBHO» craBuTCS, ecid Tema Ipe3eHTAl[ud TpopaboTaHa
HersyboKO C MCI0J/Ib30BaHUeM O/IHOTO MCTOYHMKa MH(OpMalK; HapylleHbl TpeboBaHUs 0popMIeHHUs,
CTPyKTypa npopaboTana cabo.

3.5 MeToauKa cocTaB/IeHUA OMIOPHOI0 KOHCIIeKTa

OrnopHbIM KOHCIEKT — 3TO pa3BepHYThIM I1aH Bailiero nmpejcTosiiero oTeera Ha TeOpeTUUeCKU
Bonipoc. OH mpuv3BaH MoMouYb Bam rmocsefoBaTenbHO H3/I0KWATH TeMy, a MpernojaBaTento — Jyullle
rnoHuMaTh Bac u ciequts 3a norukor Baiero otera.

[TpaBU/IbHO COCTaB/IEHHBIN OMOPHBIA KOHCIIEKT /I0JKEH COZiepKaTh BCe TO, UYTO B IIPOL{eCCe OTBETa
Bbl HamepeBaeTech paccka3aTb. JTO MOTYT ObITb uepTexxu, rpaduku, Gopmyssl (ecmu TpebyeTcs, C
BBIBO/ZIOM), (DOPMY/TMPOBKY OCHOBHBIX 3aKOHOB, OIpe/ie/IeHNs.

OcHoBHbIe Tpe0OBaHUs K (hopMe 3alIUCH ONIOPHOr0 KOHCIIeKTa:

1. JlakoHUUHOCTb. OTIOPHBIN KOHCITEKT AOJDKeH ObITh MUHUMAJIbHBIM, YTOOBI €ro MOYKHO ObLIO
BOCITpor3BecTH 3a 6 — 8 MuHyT. [To 06BeMy OH /10/KeH COCTaB/IATh IPUMEPHO O/IWH TOJTHBIN JTUCT.

2. CTpyKTypHOCTh. Becb MaTepuasn Jo/KeH pacriosiaraTbCsi MajbIMU JIOTUYeCKUMU OI0KaMH, T.e.
JIOJDKEH COZlep’KaTh HeCKOJIbKO OT/AeNbHbIX TYHKTOB, 0003HaueHHbIX HOMepaMH WU CTPOYHLIMU
npobesiamu.

3. AxueHtvpoBaHue. Iyl nyuyllero 3arilOMHMHAHUSI OCHOBHOrO cmbicia OMNOPHOrO KOHCIIEKTa,
I71aBHYO Hjieto OMOpHOro KOHCMEKTa BbIJE/A0T paMKaMU pas/iMuHbIX LIBETOB, Pa3/IWYHBIM LIPU(TOM,
Pa3/MUHBIM Pacro/I0’KeHUEeM CJIOB (110 BEPTHKA/IH, 10 AUaroHasIm).

4. Yuuukauusa. Ilpum cocraBneHnu OIOpPHBIA KOHCIIEKT MCIIO/B3YKOTCS — OMpe/ie/iéHHbIe
ab0OpeBUaTypbI U YC/IOBHBIE 3HAKH, YaCTO TOBTOPSIIOLIMECS B Kypce JaHHOTO TpeiMeTa

5. AroHomus. Kaxapnii Manbiii 670K (ab3arl), HapsAy C JIOTUUECKOW CBSI3bI0 C OCTabHBIMH,
JIOJDKeH BbIpa’kaTh 3aKOHUEHHYIO MBIC/Ib, I0/KeH ObITh akKypaTHO odopMiieH (MMeTh TIpYB/ieKaTe/TbHbIH

BU[).
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6. OpuruHanbHOCTb. OTOpHBIA KOHCIIEKT J0/KeH ObITb OopurvHaneH 1o Qopme, CTPYKTYpe,
rpadryeckoMy HCTOMHeHUIO, Oiaroziaps uemy, OH jyuiie coxpassieTcs B mamsath. OK fgo/mkeH OBITH
HarJIsIIHBIM Y TIOHATHBIM He TOJIbKO BaMm, HO U nperiofiaBaTesto.

7. B3aumocssi3b. Tekct OMOPHOro KOHCIIEKTa ZI0/KeH OBITh B3aMMOCBSI3aH C TEKCTOM y4yeOHMKa,
YTO TakK ’Ke BJIMsIeT Ha yCBOeHHe MaTepuaria.

IIpuMepHBIH MOPALOK COCTAB/IeHUs OTIOPHOT'0 KOHCIEKTa:

1. IlepBuuHOE O3HAKOMJIEHHE C MaTepyajioM H3yuyaeMOM TeMbl M0 TeKCTy yueOHHKa, KapTam,
JOTIO/THUTEIbHOU JTTepaType.

2. BoljienieHrie TJIaBHOTO B M3y4aeMOM MaTepHaJie, COCTaBlIeHHe 0OBIYHBIX KPAaTKUX 3aIHCeH.

3. Tlopbop K JaHHOMY TeKCTY OTIOPHBIX CUTHAJIOB B BHJIe OT/IeJIbHBIX CJIOB, OTIpe/|e/IEHHBIX 3HAKOB,
rpaMKOB, PUCYHKOB.

4. TlpopymbiBaHMe CXxeMaTHuecKoro crocoba KoJUpPOBaHWsI 3HAHWM, UCII0/Ib30BaHUe Pa3/MuHOrO
mpudTa U T.4.

5. CocraB/ieHue OITOPHOT0 KOHCIIEKTa.

Kpurepumu o11eHKH 0NIOPHOIr0 KOHCIEKTa:

1. CooTBeTCTBHE KOHCIIEKTa COLePyKaHUI0 TeMBI;

2. IlpaBusibHasi CTPYKTypHUPOBAHHOCTL UH(OPMALUY;

3. Hannuue JiorMueckoil CBSI3W M3/0)KEHHOW MH(OPMaLUM; COOTBETCTBHE O(OpMIeHUs
TpeGOBaHUSM; aKKypaTHOCTb ¥ TPAMOTHOCTb W3/I0)KEHUSsI;

4. Pabora czjaHa B CpOK.

Ouenka «OTJIMYHO» craBuTCsl, ecid cofepykaHue ONOPHOI0 KOHCIIeKTa COOTBETCTBYET TeMe,
MH(pOpMaLKsl NPaBWIbHO CTPYKTYPUPOBaHa, U3/10’)KeHa IPaMOTHO, JTAKOHUYHO U JIOTUYEeCKU CBSI3aHHO, C
WCTI0/Tb30BaHUEM CXeM U COKpalljeHUi; paboTa c/jlaHa B yCTaHOBJIEHHBIN CPOK

Ouenka «XOPOIIO» cTtaBUTCS, eC/v COAepykaHHhe OIOPHOI'O0 KOHCIIeKTa COOTBETCTBYET TeMe,
vH(poOpMalsl TpaBWIbHO CTPYKTYpPHPOBaHAa, W3J/I0)KeHa JAKOHWUUHO U JIOTUYECKHW CBSA3aHHO, C
WCII0/Tb30BaHMEM CXeM M COKpallieHui; paboTa c/jaHa B yCTaHOB/IEHHBIM CPOK; He MCII0/Ib30BaHbl OTIOPHBIE
CUTHaJIbI, IOMYyIIleHbl 1-2 He3HauuTe bHbIe OLIMOKY 1 HapylleHus B oopMIeHnn

Ouenka «YIOBJIETBOPUTEJIBHO» craBUTCH, ecd COJep)kaHhe OIOPHOI0 KOHCIIeKTa
COOTBETCTBYeT TeMe, WH(OpMalMsi CTPYKTYpPUpOBaHA HepalMOHalbHO, W3/I0’KeHa HelakKOHWYHO, 6e3
WCIIO/Ib30BaHUSI CXeM U COKpallleHui; paboTa c/laHa He B YCTAHOBJIEHHBIM CPOK; He MCII0/Ib30BaHbI
OTIOpHBIE CUTHAJIBI, JOMYIeHbl HapyIlIeH!sI B O()OPMJIEHHUH.

3.6 MeTouKa CcoCTaB/IeHUs 00001Ia0eli TadIHUIbI

CocraBneHnve cBojHOU (00o61iatorieii) TabMULIBI TI0 TeMe - 3TO BHJ, CaMOCTOSITe/IbHOM paboThI
o0yuJaroIerocs 1o CUCTeMaTr3aluu 00beMHOM UH(OPMaIK, KoTopasi CBOAUTCS (000011jaeTcst) B paMKu
Tabmmipl. POpMUpPOBaHKE CTPYKTYPBI TaO/IUIIBI OTPaykKaeT CKIOHHOCTh 00YYaroIerocsi K CUCTeMaTH3aluu
MaTepHajia U pa3BUBaeT €ro yMeHHUsl IO CTPYKTypupoBaHWiO uH(MopMarmu. KpaTKOCTb W3/10KeHHUS
uH(OpMalMK XapaKTepu3yeT CIIOCOOHOCTb K €e CBepThiBaHWI0. B paMkax Tabiuipl HarJsiiHO
0TOOpakaroTCsT KaK pa3zie/ibl OZJHOM TeMbl, TaK U pa3/iesibl pa3HbIX TeM. Takue TabaMIIbI CO3AAl0TCs Kak
TIOMOIIIb B M3y4eHUU OO/bIIOro odbema MHGOPMALUH, Kejlas TPUJATh €My ONTHUMabHYI (GopMmy asis
3aroMyHaHus. 3aJjaHue Jallle BCEr0 HOCHUT 00si3aTe/bHBbIA XapaKTep, a ero KayecTBO OIIeHHWBAEeTCs TI0
KaueCTBY 3HaHUU B TIPOLIECCE KOHTPOJISI.

3aTpaThl BpPeMeHH Ha COCTaBJIeHHWE CBOJHOM TalO/UIBl 3aBUCAT OT oObemMa HWHGbOpMaIUY,
CJIOYKHOCTH ee CTPYKTYPUPOBAHUS U OTIPe/Ie/ISIeTCsl TIPero/jaBaTesiem.

ITopsajok paboTsI:

— UW3Y4YHTh UH(HOPMALUIO 10 TEME;

— BbIOpaTh ONTUMAILHYIO (hOpMy TabJTUIIB;

— uH(OpPMaIMIO TIPe/ICTaBUTh B CKaTOM BU/IE U 3aI0JTHUTh €10 OCHOBHBIE rpadbl TaO/IHIIB;

— TI0JTb3YSICh TOTOBOM TabsuIel, 3 GeKTUBHO MOATOTOBUTLCS K KOHTPOJIIO T10 3a/JaHHOMN TeME;

Kpurtepuu oneHKu:

— COOTBETCTBHE COZIEP>KaHUS TEME;

— JIOTUYHOCTH CTPYKTYPBI TaOJIUIIBI;
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— TpaBWIbHBIN 0TOOP MHpOPMaLWY;

— HammMuue 0000wLaero (CUCTeMaTHU3UPYIOLEro, CTPYKTYPUPYIOIEr0, CPaBHUTETBHOTO)
XapakTepa U3/10KeHUs UH(popmMaLuy;

— cooTtBeTCcTBHE 0opmieHHs TpeOoBaHMsAM; paboTa cZjaHa B CPOK.

Onenka «OTJIMYHO» cTaBUTCS, €U Cofiep>KaHue TabJrIbl COOTBETCTBYeT TeMe; TeMa IJTy0oKo
npopaboTaHa C HCIIO/Ib30BaHHMEM [IOCTATOYHOTO KOJMYeCTBAa HMCTOYHUKOB HH(opMauyy; Tabiuia
TIpaBU/ILHO CTPYKTYpUpPOBaHa; Tab/uiia akkypaTHo oopmieHa; paboTa cjaHa B CPOK.

Ouenka «XOPOIIIO» cTaBUTCS, eC/iv BbleprKaHbl Ilepeuric/ieHHble Bblllle KPUTepUu, [OIyIeHbl
He3HauuTe/IbHbIe HeJjoueThl; paboTa claHa B CPOK.

Onenka «YJOBJIETBOPUTEJIBHO» craBuTCs, ecu TeMa rnpopaboTaHa Hermy00Ko, CTPYKTypa
Tabsuipl TipopaboTaHa cabo; Tabsvija COAEPXXUT MHOTO JIMIIHeNH WH(OpMaluu Wik HaobopoT He
COZlep)KUT Bceld Heobxommol nHpopmMarmy; Tabura ohopmieHa HeakKypaTHO; paboTa cZiaHa He B CPOK.

3.7 IIpaBu/Ia CaMOCTOSITe/TbHOW PAa0dOTHI C IMTepaTypo

CamocrosTenbHasi paboTa ¢ yueOHHKaMU M KHUTaMH — 3TO BakKHeli1llee yCI0BHe () OPMUPOBAHUS
cebs1 HayyHoro crioco6a no3HaHusl. OCHOBHbIE COBEThI 37leCh MOYKHO CBECTH K CJIe/IyIOLLMM:

1. CocraBUTh NepeyeHb KHUT, C KOTOPbIMU BaM ciiefiyeT o3HakKOMUTHCS.

2. Cam Takoii repeueHb JI0/KeH ObITh CCTeMaTU3UPOBAHHBIM (UTO HEOOXOAUMO /1Jisi CEMUHAPOB,
YTO [y 3K3aMeHOB, UTO TIPUTOAWTCS [Jis HAllMCaHUsl KYPCOBBIX M [JUIUIOMHBIX paboT, a uro Bac
VHTepecyeT 3a pPaMKaMu O(QULIMaIbHON yueOHOU [iesiTe/TbHOCTH, TO eCTb YTO MOKeT PacIlIMpUTh Bariry
00IIy0 KYJBTYDY...).

3. ObGsi3aTeNlbHO BBIMUCHIBATD BCe BBIXO/HBbIE [aHHbIE IO KaXKA0W KHWre (TMPU HaMMCAHUU
KyPCOBBIX Y IUTVIOMHBIX PabOT 3TO MO3BOJIUT OYeHb CIKOHOMUTH BPEMSI).

4. Tlpu cocraB/ieHUU MepeyHell TMTepaTyphbl Cjie[yeT MOCOBETOBaThCS C MpernojaBaTesisiMy (Uu
Jake c Oosiee TOJTOTOB/IEHHBIMU U 3PYJUPOBAHHBIMUA COKYPCHHKAMH), KOTOpbIe IOMOryT Bam myurire
COPUEHTUPOBATLCS, HA UTO CTOMT OOpaTUThb Oosblilee BHUMaHWe, a Ha UTO BOOOIIe He CTOWUT TPAaTHUTh
BpeMmsl...

5. EcrecTBeHHO, BCe MpOYUTaHHbIE KHUT'H, yUeOHWUKU U CTaTbU C/ie[lyeT KOHCIIeKTUPOBATh, HO 3TO
He O3HayaeT, YTO HaJl0 KOHCIIEKTHUPOBAaTh «BCe IOZPSJ»: MOXKHO BBINMCHIBATb KPaTKO OCHOBHBIE WJEU
aBTOpa ¥ MHOT/ja MPUBOJUTL HauboJiee sipKre U MoKa3aTe/ibHble LIMTAaThI (C YKa3aHWeM CTPaHHULY).

6. Ecm kaura — Baima coGcTBeHHas1, TO [JOTyCKaeTCsl AeflaTh Ha TOMsSX KHATU KPaTKye TIOMeTKU
VI K€ B KOHIle KHWIHM, Ha IMYyCTbIX CTPaHMLAaX MPOCTO CJe/aTb CBOM «IpeJIMEeTHBIM yKa3aTesb», Te
OTMeuaroTcsi Haubosee MHTepecHble [y Bac MbIciv M 00si3aTeNbHO YKa3bIBAIOTCS CTPAHHLIBI B TEKCTe
aBTOpa (3TO OUeHb XOPOILIWIi COBET, MO3BOJISIOLNM SKOHOMUTh BpeMsi U ObICTPO HaXOAUTb «M30paHHbIe»
MecTa B CaMbIX Pa3HbIX KHUTax).

7. Eciim Bbl panblile Maso paboTanu ¢ HayuyHOM JIMTepaTypol, TO cieAyeT BblpaboTtaTh B cebe
CIIOCOOHOCTh «BOCTIDUHMMATB» CJIOKHBIE TEKCTbI; [Jii 9TOTO JIYUIIWM TPHUeM — HAY4YUThCS «UHTaTh
Me//IeHHO», Korja Bam NOHSTHO KaJoe NMpOYMTaHHOe C/I0BO (2 ec/lv C/I0BO He3HaKOMoOe, TO JIMOO C
TIOMOIIIBIO CJIOBapsi, MO0 C MOMOIIBIO TIperiofiaBaTesisi 00si3aTebHO ero Y3HaTh); OTBIT MOKA3bIBaeT, UTo
TI0C/Ie 3TOTO CTY/IeHT ObICTPO U KaueCTBeHHO NpopabaTbiBaeT KHUTH.

8. Ectb emje ouH 3¢ deKTUBHBIN Cr10c00 ONTUMU3UPOBATH 3HAKOMCTBO C HAYYHOU JTUTEpaTypon
— clieflyeT yBJleubCsl KAKOM-TO KJieel U Bce KHUI'M NIPOCMaTpyBaTh C TOUKM 3peHUs JaHHOM uzen. B sTom
cjlyyae CTyJeHT (WIM MOJOZON YueHbIM) OyZeT Kak Obl MCKaTb apryMeHThI «3a» WU «IIPOTHB»
WHTepecytollleli ero uzier, U 0JHOBPEMeHHO OH Oy/ieT Kak Obl 00I11aThCs C aBTOPAMU 3THUX KHUT T10 TIOBOAY
CBOUX HJIel U pa3MBbIIIEHUM. ..

UTeHre HAyYHOT' O TEKCTa SIB/ISIETCS YaCThIO [T03HaBaTeIbHOM JlesiTeNlbHOCTH. Ee 11e/1b — n3B/ieueHne
u3 TekcTa Heobxomumoit uHGopMarmy. OT TOro Ha CKOJBKO OCO3HAaHHA YMTAIOIIMM COOCTBEeHHast
BHYTPeHHsIsI YCTaHOBKa Mpu oOpalljeHUd K IeYaTHOMY CJOBY (HalTU HYy’>KHble CBe/leHUs, YCBOWUTb
VMH(pOPMaLMIO TIOJTHOCTBbI0 WM YaCTUYHO, KPUTUUYECKH MpOaHa/lIu3MpoBaTh MaTepyasa U T.I1.) BO MHOIOM
3aBUCUT 3(PeKTHBHOCTh OCYILIeCTB/ISIEMOrO JeNCTBUS.

[lnist CTyZIeHTOB OCHOBHBIM BUJOM UTeHHs Y4eOHOU JITepaTyphbl sIBJSeTCS M3ydaroliee uTeHue,
KOTOpOe MpeAroaraeT JOCKOHaJIbHOe OCBOeHMe MaTeprasa; B X0/je TaKOr0 YTeHUsI TOTOBHOCTb MPUHSTh
W3/I0)KeHHYI0 MH(OpMalMo, peanu3yeTcs yCTaHOBKAa Ha Ipefie/lbHO T0JIHOe TOHMMaHWe Marepuarna;
VMMeHHO OHO TI03BOJIsieT B paboTe ¢ yueOHOM MUTepaTypoil HaKaraMBaTh 3HAHUS B PAa3/IMUHBIX 00/1aCTsX.
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BoT rnoueMy vMeHHO 3TOT B/ UTeHHUs] B paMKaX yueOHOM JiesiTe/TbHOCTH [JOJDKeH ObITh OCBOEH B MEPBYIO
ouepesib. Kpome TOro, mpy OB/aZleHMU JaHHBIM BHJOM 4UTeHUs (JOPMHUPYIOTCS OCHOBHbIE IIPHUEMBI,
TOBBILIAIOIIHME 3PPEKTUBHOCTh PabOThI C HAYYHBIM TEKCTOM.

OcHogHble 8udbl CUCITIEMAMU3UPOBAHHOU 3aNUCU NPOYUMAHHOZ20:

1. AHHOTHpOBaHUe — Tpejie/lbHO KpaTKoe CBs3HOe OMuCaHue TPOCMOTPEHHOMN W/ MPOUYMTaHHON
KHUTU (CTaTbM), ee cofiep)KaHusl, ICTOUHUKOB, XapaKTepa U Ha3HaueHus;

2. TlnaHvpoBaHre — KpaTKas Jorvueckasi OpraHu3aliydsi TeKCTa, pPacKphIBarollasi cojiep)kaHue U
CTPYKTYpy U3y4aeMOro MaTepuasna;

3. Te3upoBaHue — JIaKOHUYHOe BOCIIPOM3Be/leHHe OCHOBHBIX YTBep)KJeHuUd aBTopa 0Oe3
npYB/eueHUs (pakTHUYeCKOro MaTepuarna;

4. LlutpoBaHHe — [IOCJOBHOE BBLIMMChIBAHWE M3 TeKCTa BbIZIEp)KeK, H3BIeueHUd, Haubosee
CYLLIeCTBEHHO OTPaKaroLMX Ty WA UHYIO MBIC/b aBTOPa;

5. KoHcniekTpoBaHue — KpaTKoe U Noc/ieZloBaTe/lbHOe U3/I0’KeHUE COZlepyKaHus IPOUUTaHHOrO.

KoHCcnekT — C/oXKHBIN Cr1oco0 W3/I0)KeHHs] COZIep)KaHWSl KHUTM WM CTaTbd B JIOTHUECKOMN
roc/ejoBaTelbHOCTA. KOHCMEeKT akkymyjaupyeT B cebe TMipefblgylijie BHZbI 3allCH, T[103BOJISIET
BCECTOPOHHE OXBATUTh COJiep)KaHWe KHUTH, CTaTbu. [103TOMy yMeHHe COCTaB/IsITh I/IaH, Te3UCHI, fenaThb
BBINKCKY U JIpyTHe 3al1Cy OTIpe/iesisieT U TeXHOJIOTHI0 COCTaB/IeHUsI KOHCTIeKTa.

KpuTepuu oLieHKH yCTHOT0 0TBeTa CTy/eHTa:

[1pu oLieHKe YCTHBIX OTBETOB CTY/IEHTOB YUUTBLIBAIOTCS CIeAYIOLIe KDUTePUU:

1. 3HaHMe OCHOBHBIX TPOLIECCOB U3yYaeMoil IpeAMeTHOM 001acTu, rimyOrHa U MOJTHOTA PACKPBITHS
BOMpOCa.

2. BnajeHve TepMUHO/IOTMYECKHM arapaToM U UCI0/Ib30BaHKUe ero MpH OTBeTe.

3. YMeHue 0OBSICHUTH CYILITHOCThH SIBJIEHWH, COOBITHM, MPOLIeCCOB, Jie/iaTh BBIBOALI U 0000111eHus,
[laBaTb apryMeHTUPOBaHHbIe OTBETHI.

4. YMeHue /lefiaTh aHa/IM3 PeKJIaMHOT0 MPO/IYKTa MO0 Tpe//Io)KeHHON CXeMe.

5. BnajeHre MOHOJIOTMUECKOM peublo, JIOTUYHOCTb W TI0C/e[0BaTe/JbHOCTh OTBETAa, yMeHHe
OTBeYaTh Ha MoCTaB/IeHHbIe BOMPOCHI, BbIpa’kaTh CBOe MHEHHe T10 06Cy»kaeMoit rpobieme.

Onenkoit "OTJ/IMYHO" ouleHnBaeTcsi OTBeT, KOTOPBIM IMOKa3bIBaeT MPOYHbIE 3HAHWS OCHOBHBIX
TIPOIIECCOB M3y4YaeMOW TIpeJMeTHOUW 00/1acTH, OT/IMYAeTCs T/IyOWHOW W TIOJTHOTOM PACKPBITHUSI TEMBI;
B/Ia/leHie TEPMUHOJIOTUUeCKHM arifiapaToM; yMeHre 00bsICHATD CYLL{HOCTh SIBJIEHUH, TIPOLIeCCOB, COOBITHH,
JiesiaTh BBIBO/IBI M 00001eHNSs], JaBaTb apryMeHTHPOBAHHbIE OTBETHI, IPUBOJUTH MIPHUMepPHI; CBOOOAHOE
B/Ia/leHe MOHOJIOTUUeCKOM peyublo, JIOTUYHOCTh U M0C/1e/l0BaTeIbHOCTh OTBETA.

Onenkoii "XOPOIIIO" orjeHrBaeTcsi OTBeT, OOHApPY’>KWUBAIOIIUK TIPOUHBbIE 3HAHUS OCHOBHBIX
TIPOLIeCCOB M3y4yaeMoOW TipeMeTHOUW 00/acTH, OT/IMuYaeTcs T/yOMHONW UM TIOJTHOTOM DPACKPBITUSI TEeMBI;
B/IaJleHre TePMHUHOIOTUYeCKUM aIllapaToM; YMeHre 00bsCHSTh CYITHOCTB SIBJIEHUH, TTPOLIeCCOB, COOBITHH,
JlefiaTh BBIBO/IbI U 000011jeHNs, JaBaTb apryMeHTHUPOBaHHbIE OTBEeThI, PUBOJUTHL MPUMeEpPhI; CBOOOAHOe
B/IaJleHe MOHOJIOTMUECKOM peyblo, JIOTUYHOCTh U I0C/Ie[0BaTe/IbHOCTh OoTBeTa. OIHAKO AOIyCKaeTcs
OJlHa - IBé HETOYHOCTH B OTBETe.

Ouenkoit "YJOBJIETBOPUTEJIBHO" onjeHMBaeTcs OTBET, CBU/ETE/IbCTBYIOLIUKM B OCHOBHOM O
3HaHWM TIPOLIECCOB M3yuaeMOW TIpeIMeTHOM 00/acTH, OT/IMYAIOIIUMCS HeZOCTaTOUHOW TyOWHOW |
TIOJTHOTOM PacKpBITHSI TEMbI; 3HaHHEM OCHOBHBIX BOIIPOCOB TeOPUH; €1abo coOpMUPOBaHHBIMI HaBBIKAMHU
aHa/iv3a SIBJIE€HWM, TPOLeCCOB, HEJOCTAaTOUHbIM yMEHMEeM /[laBaTb apryMeHTUPOBaHHble OTBETbl M
TIPUBOJUTE TIPUMEPbI; HeJI0CTaTOYHO CBOOOHBIM BiaZileHHEM MOHOJIOTMYEeCKOW peublo, JJOTUUHOCTBIO U
TI0C/Ie/]0BaTeIbHOCTBIO OTBeTa. [lorycKaeTcsi HECKOIBKO OIIMOOK B CO/lepyKaHUU OTBeTa.

Onenkoii "HEYIOBJIETBOPUTEJIBHO" oreHrBaeTcsi OTBeT, OOHApY)KMBAIOL[UM He3HaHHe
TPOLIeCCOB  M3yuaeMol TpeJMeTHOW 00s1lacTh, OT/IMYAIOLIUICA HernyO0OKUM pacKpbITUeM TeMbI;
He3HaHWeM OCHOBHBIX BOIIPOCOB TeOpHH, HeC(POPMHUPOBaHHBIMU HaBbIKaMU aHa/IM3a sIBJIEHUH, ITPOL{eCCOB;
HeyMeHMeM J[laBaTb apryMeHTUpPOBaHHbIe OTBeThl, C/abbIM BJlafleHUeM MOHOJIOTUYeCKON peybto,
OTCYTCTBHEM JIOTMUHOCTH U TI0C/e[j0BaTebHOCTH. J]OMyCKaloTCsi cephe3Hble OMMOKU B COJepyKaHUN
OTBeTa.

3.8 PekoMeHJan{uy 10 HANMMCAHHIO 0TYETA M0 MPAKTHYeCKoi padore

OTueT TO TMpaKTUYeCKoW paboTe OQOPMISIOT C WCIOAB30BaHWEM CPEJCTB, KOTOpPbIE
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TNIpe/IOCTaB/ISIIOTCA TEKCTOBBIM mporjeccopoM MS Word 1 pacrieuatbiBaloT Ha MPUHTEpPE C XOPOLIMM
KaueCTBOM I1e4aTH.

OdopmieHue TekcTa 0TYETa N0 MPAKTHUECKO# padoTe

TekCT MO/DKEeH pacriosiaraTthCs Ha OIHOM CTOpOHe jmcTa Oymaru dopmara A4, UMeTb KHWKHYIO
OpPHMeHTALUI0 /IJIi OCHOBHOT'O TeKCTa, U anbOOMHYI0, ec/ii 3TO HeoOXOAUMO, — [/Isi Pa3MelleHUsl CXeM,
PUCYHKOB, TaO/uUIT U T.11.

[ cTpaHuL] C KHWKHOM OpHeHTalell peKOMeH/YyeTCsl yCTaHaB/IWBaTh CJleAyHoLye pa3Mepbl
TI0JIeN:

- BepxHee - 2 cMm,

- HIDKHee - 2 CM,

- JeBoe - 3 CM,

- 1pasoe - 1 cm.

[nsi cTpaHul] ¢ anbOOMHOM OpHeHTalell peKOMeH/yeTCsl yCTaHaB/IMBaTh CJielyIoliye pa3Mephl
TI0JIeN:

- BepxHee — 3 M,

- HkKHee — 1 cMm,

- J1eBoe — 2 CM,

- IIpaBoe — 2 CM.

s BBoga (v (opMaTHpOBaHKsl) TEKCTa peKOMEH/IyeTCs UCII0/Ib30BaTh:

- wpudt — Times New Roman,

- pa3mep — 14 (12) mr,

- MEeXCTPOYHBIM UHTEepPBaJl — OVHAPHbIM,

- crioco® BbIpaBHMBAHHUSI — TI0 LIKMPUHE [/I1 OCHOBHOTO TeKCTa ([/isi 3aro/I0BKOB, CITUCKOB U
JOPYTHX 371eMeHTOB TeKCTa MOKHO BBIOMpATh JIpyrve CriocoObl BbIpaBHUBAHMS, HArpuMep, 3arojioBKU
MO>KHO pa3MelaTh 110 LIeHTpY),

- HauepTaHUe — 00OBIYHOe,

- OTCTYII TlepBo# cTpoku (ab3aiiHbiii otcTym) — 1,25 cMm.

Jln1s1 BBIZIe/IeHHsI 3aro/I0BKOB, K/TFOUEBBIX MOHSATHH [0y CKaeTCsl UCII0/Ib30BaHUe APYTUX Cr1ocoboB
HauepTaHUs (KypCUB, MOTY>KUPHOE).

B Tekcre criefyeT UCno/ib30BaTh aBTOMaTUYeCKY0 paCCTaHOBKY II€PEHOCOB.

KaBbIuku B TeKCTe 0hOpMISIOTCS eIMHO0Opa3Ho (6o « », bo “ ).

Cnucku

HyMepoBaHHbIe CITUCKH 0OPMIISIIOTCS C/IeAyIoIM 0bpa3om:

1.

2.

3.

MapKrpoBaHHbIe CITUCKH 0(OPMIISIOTCS C/IeAyIOM 00pa3om:

Tab/MIbl U WUTIOCTPALUH

B oTuere Mo mpakTHuUeckoil paboTe MOXKHO HCII0/Ib30BaTh TabMIbl, KOTOpPbIe TIOMOTAIOT
CUCTEeMaTH3UpOBaTh, CTPYKTYPUPOBATh U HATJIIJHO NIPe/ICTaB/ISTh MaTepUalbl.

Ccpinka Ha Tabmuily B TekcTe obsi3aTesibHa. Tabmuily cieyeT pacrosiaraTb B TEKCTe JIUIIb [10CTIe eé
YIOMHHaHMUSI.

Wnmoctpanyu (uepTexxu, rpauku, CXxeMbl, PUCYHKH) TaKKe C/e/lyeT pacrojaraTb B TEKCTe Moc/e
YX TIepBOT0 YIIOMUHAHWs, U Ha HUX 00s13aTe/TbHO /J0/DKHBI OBITh CCHUIKH.

Hyw™mepartiusi pucyHkoB (Tabmui]) MOXXeT ObITh CKBO3HOM 1O BCel paboTe WM OCYIIeCTBISTHCS B
Tripefiesiax paszesa, Haripumep, PucyHok 1 unm PucyHok 1.1.

Ccpinku Ha TabMULbl, PUCYHKH, TPUIOXKEHHSI 3aK/TFOUAF0TCS B KPYTJIble CKOOKH.

Hywmepaius crpaHun

B oTyere mo mpakTU4YeCcKoi paboTe OCYIIeCTB/IsSIeTCS CKBO3HAs HyMepaljisi CTPaHHL], HauMHas C
NIepBOro JIUCTA.

[TopsifKOBBIM HOMEp CTPaHULBI CaeflyeT CTaBUTb B IIPaBOM HIWDKHEM YIJIy IIOJII CTPaHWLbL.
Crpanutibl paboThl c/iefiyeT HyMepoBaTh apabCcKuMu 1rdpamu.
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OTueT 10 MpakTUYeckoil paboTe AO/KeH cofiep)KaTh: Ha3BaHUe paboThl, 1iesik, 0b6opyoBaHuUe,
BpeMsi BBITIOJIHEHHs] pabOoThI, TIOPSJOK BBIMOTHEHHs pab0ThI, BEIBOZ, 0 paboTe.

[TopsifioK BbITIONIHeHKs1 paboThI J0/DKeH BKJIF0UaTh KPaTKoe OrrcaHue NPOU3Be/leHHbIX JAelCTBUM, C
MCII0/Tb30BaHKEM (TTpU HeOOXOAUMOCTH) WUTIOCTPATUBHBIX MaTePUasoB.

4 Yue0HO-MeTOHYECKOEe M HH(OPMaIHOHHOE 00ecreueHHue
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1. Kazanckuii, A. A. TlpuknasHoe mporpammupoBaHve Ha Excel 2019 : yyeGHOe mocobue nms
cpezHero rnpogeccroHansHoro obpasoBanusi / A. A. KasaHckuil. — 2-e u3f,., nepepab. u fon. — Mockga :
UsparensctBo FOpaiit, 2022. — 171 c. — (TIpodeccronansHoe obpazoBanue). — ISBN 978-5-534-12461-
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