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BBenenune

JuctunnuHa «Xumus» OTHOCUTCS K JUCHUIUIMHE 0a30BoW dacTu. OHa HampaBieHa Ha
dbopmupoBaHre  OOIIEKYIBTYPHBIX,  MNPOPECCHOHATBHBIX W  00menpodecCuoOHATbHBIX
KOMIIETSHIINI 00yJaroIuxcs B IMpoliecce BIoMHEHHS padoT, onpeneneHHbpx @I'OC BO.
Meroanueckne yka3aHWsS COCTAaBJICHBI HA COBPEMEHHOM HAyYHOM YpPOBHE M pacCUMTaHBI Ha
CTYJIeHTOB, 1o HampasieHuto 15.03.04 ABromaTu3alds TEXHOJOTMUYECKUX MPOLECCOB U
MIPOU3BOJICTB .

[TocnenoBarenbHOCTH TA0OPATOPHBIX PAbOT COOTBETCTBYET JIOTUYECKOW CTPYKType ee
npoxoxkaeHus. llpenmaraempie METOAWYECKHE YKa3aHUA COJEp)KAT MaTepual, KOTOPBIH
PEKOMEHIyeTC s UCTIOJIb30BaTh CTYIEHTaM TPU OCYIIECTBICHUH 1a00PaTOPHBIX padoT.



Tema 1. OCHOBHBIC MOHATHSA U 3aKOHBI XUMHUH.

JlabopaTtopnas pa6ora 1. OCHOBHbIE KJIACCHI HEOPTAaHMYECKNX BellecTB

Llenp paboTel: M3ydyeHHe OCHOBHBIX KIJIACCOB HEOPTaHWYECKHX COCIUHEHHH M HX
XUMHUYECKUX CBOMCTB.
®opmupyemMble KOMIETEHIIUN WIH UX YaCTH:

TeopeTrnyeckas 4acTb
OKkceuabl

Crpoenne okcuaoB. OKCUABI MPEACTABISIOT COO0# CIIOXKHBIC BEIIECTBA, COCTOSIINE U3 aTOMOB
JIBYX DJIEMEHTOB, OJTHUM U3 KOTOPBIX SBISETCS KHUCIOPO/I.

Takoe omnpe/ieneHrne OKCHIOB IO IIEMEHTAPHOMY COCTaBy He SIBISIETCS 3aKOHYEHHBIM U TpeOyeT
YTOYHEHHS: K OKCHUAAM CIIeyeT OTHECTH TOJBKO TaKMe KUCIOPOJHbIC COSAMHEHHS, B KOTOPBIX CTENECHb
OKHCIIEHUSI KHCIIOpOo/ia paBHa — 2.

Oxcuapl MOTYT 00pa30BEIBaTh KaK METAJLIBI, TAK ¥ HEMETAJLTHI.

s TOro 9TOOBI COCTAaBUTh XUMUYECKYIO (POPMYITY JIFOOOTO OKCHIIA, HEOOXOAUMO MTOMHHUTH, UTO
MOJIEKYJIBl XHMHUYECKHX COCAMHEHHH JIIEKTPOHEUTpANbHBL. JTO 03HA4YaeT, 4TO CyMMa CTeleHei
OKHCIICHUS 3JIEMEHTOB, BXOJISIIMX B COCTaB MOJICKYJIBI, IOJDKHA OBITh paBHA HYIIIO.

Hanpumep:

Na,"O? — okcun Harpust; P,”0s? — okenn pocdopa (+5).

Crenyer 3HaTh, YTO OOJILIIMHCTBO DJIEMEHTOB B 3aBHCHMOCTH OT YHCJIa BO3MOXHBIX CTEIeHEeH
OKHCJIEHUSI MOTYT OOpa30BbIBaTh HECKOJNBKO OKCHIOB. Hampumep, azor oOpasyer ISITh OKCHIOB, T.K.
HMEET IIATh HOJ0XKHUTEIbHBIX CTeleHel okucieHus (+1, +2, +3, +4, +5): N,O, NO, N,O;, NO,, N,Os.

Homenxmarypa u rpaduueckue Gopmyisl okcumoB. Ha3Banme oxcuma CKIaabIBaeTCs W3 JIBYX
cioB: 1) okcua, 2) pyccKoe Ha3BaHHME JJIEMEHTAa C YKa3aHHEM B KpPYIJIBIX CKOOKaxX €ro CTerneHu
OKHCIICHUS.

[Ipumeuanne. Ecnm aneMeHT UMeeT B CBOMX COSAMHEHUSIX TOJIBKO OJHY CTETIeHb OKHCJICHUS, TO
e€ 00BIYHO HE PUBOJIIT:

Zn0O — okcun muaKa; CaO — okeup kanpimst; FeO — okcun xxenesa (+2); SnO, — okcu 010Ba
(+4); Na,O — okcup Hatpust; ALLOs — OKCHIT aJTFOMUHUS.

1. KucrmorHele #u  HekoTopble aM(ONWTHBIE OKCHABl  HA3BIBAIOTCS  AHTHAPHIAMHU
COOTBETCTBYIOIUX KUCIIOT:

B>O; — 6opHbIii anruapun, okcun 6opa (+3);

Si0, — KpeMHHUEBBIH aHTUAPHUJL, TUOKCUA KpeMHU (+4);

N>Os — a30THBIN aHTUIAPHUI, OKCU a30Ta (+5);

Sb,0; — CypbMSHUCTBIH aHTHAPHI, OKCHJ] CYPbMBI (+3).

2. Ha3BaHus OKCHIOB TIO MEXIYHAPOIHOW HOMEHKIATYpE CKIIAIBIBAETCS W3 CIIOBA OKCHUI,
Ha3BaHWS 3JIEMEHTA C YKa3aHHUEM €T0 CTENeHH OKUCIIEHUS (apabCKUMU II(paMu B KPYTIIBIX CKOOKaxX):

CuO — oxcun menu (+2);

Cu,O — okcun meau (+1);

FeO — okcup xenesa (+2);

Fe,O; — okcnn xenesa (+3).

3. B 3aBUCHMOCTH OT CTEIICHU OKHCICHHS SMIUpPUYECKUE U rpadudeckre GopMysbl OKCHIOB
UMEIOT BUI;
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Knaccudukarnust okcunoB. Bce okcuapsl (110 WX CBOWMCTBAM) MOXKHO —pa3lieiuTh Ha
COJICO0pa3yIoNIye U HecoJieoOpa3yoIue.

K "econeoOpasyrommumM otHOCATCS okcuapl: N,O, NO, CO.

Bce ocranmpaBIe OTHOCATCS K coneoOpasyromuM. Coaeo0pa3yromre OKCHIIBI, B CBOIO OYepeb,
MO>KHO Pa3feUTh Ha TPU TPYIIIIHL:

—  OCHOBHEIC;

—  KHUCJIOTHBIE;

—  amMQOJIHTHBIE.

OcHoBHbIe OKcHIIBI. K OCHOBHBIM OKCHIIaM OTHOCSITCSI OKCHIBI, THAPATHI KOTOPBIX SBISIOTCS
OCHOBAHUSIMHU.

Hampumep:

Na,O — NaOH;

CaO — Ca(OH);

FeO — Fe(OH)..

4. Okcunbl cambix akTuBHBIX MeTainioB (K, Na, Ca u ap.) coenuHSIOTCS HEMOCPEICTBEHHO C
BOJIOM, 00pa3yst paCTBOPUMBIC B BOJIE CHIIBHBIC OCHOBAHUS — IIETOYH:

Na,O + H,O = 2NaOH;

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

5. bompmuHCTBO 0cHOBHBIX okcHIOB (CuO, FeO, Fe,O; u ap.) mioxo pacTBOPSIIOTCS B BOJIE.
[ToaTOMYy COOTBETCTBYIOIINE UM OCHOBAHUS (OHU TAK)KE€ HEPACTBOPUMBI B BOJIC) TIOTYyYAIOTCSI KOCBEHHBIM
Iy TEM.

6. XapaxkTepHbIM CBOMCTBOM OCHOBHBIX OKCHJIOB SIBJII€TCSI B3aMMOJIEUCTBUE HUX C KHUCIOTaMU
WM KUCJIOTHBIMH OKCHIaMHU ¢ 00pa30BaHUEM COJICH:

Na,O + H,SO, = Na,SO, + H,O;

Na,O + CO,; = Na,COs.

7. OcHOBHBIE OKCHJIBI 00Pa3yIOTCS TOJIBKO METaJUIaMHU.

Kucnoraeie okcuapl. K KHCIOTHBIM OKCHIaM OTHOCSATCS OKCHIBI, KOTOPBIM COOTBETCTBYIOT
KHUCJIOTHI:

CO, —» H2C03;

SO3 —> HzSO4;

P205 —> H3PO4.

8. KucmoTHBIE OKCHIBI 00pa3yIoT:

a) okcuael HeMeTawioB — N,Os, N>Os, SO,, SOs;, P,Os, P,Os u np.;

0) OKCHJIBI HEKOTOPBIX METAIIOB MOOOYHBIX MOATPYII, UMEIOIIUX BBICIIYIO (PaBHYI HOMEPY
TpyNIbl) Wik OMM3KyIo K Hel crenens okuciaerns — CrOs;, V,0s, Mn,O;, MnOs;, MoOs u T.1.

9. KucmoTHbpIe OKCHIBI B3aWMOJCHCTBYIOT C OCHOBAHHSIMH W OCHOBHBIMH OKcHIaMU. UM
COOTBETCTBYIOT TMAPOKCHIBI, TPOSBIISIONINE KACIOTHBIE CBOWCTBA!

SO, + 2NaOH = Na,SO; + H,0;
SOz + Kzo = KzSOg;
SOz + Hzo = HzSO3.

10. BodBIIMHCTBO KHCIOTHBIX OKCHJIOB PacTBOPUMO B BOZAE M, pearupys c Hel, oOpasyer
KHCTOTHL [103TOMY KHCIIOTHBIE OKCHIBI Ha3bIBAIOT TaKXKe aHTHIPHIAMHU KUCIOT («aHTHIPHD O3HAYAET
«OE3BOIHBII»).

1) Nzos + Hzo —> (HzNzOs) —> 2HNO3;



2) SO3 + HzO —> HzSO4,

3) CrO; + H;O — H,CrOq;

4) CLLO; + H,O — (HzCleg) — 2HCIOy;

5) Mn207 + H20 —> (Hle’leg) —> 2HM1’104

11. Crerneny OKHCIICHHS 3JIEMEHTOB B OKCUJIE U B KHCIIOTE OJIMHAKOBBIE, HATIpUMED, B Mn,'O; u
HMn""O,.

Amdomutasie okcumel. K aM(omMTHBIM OKCHIAM OTHOCATCS OKCHIBL,  OOJaaromive
CHOCOOHOCTBIO PearupoBaTh Kak ¢ KHCIOTaMU, Tak U co meiaodamu: BeO, ZnO, SnO, PbO, Al,O;, Cr,0;s.

12. Ux ruapatHeie Gopmbl — aMQONHUTHBIC THUAPOKCHABI — 00JaNaloT CBOWCTBAMH Kak
OCHOBaHWM, TaK ¥ KHUCJIOT, T.€. OHM BCTYMAIOT B PEAKIIH B3aMMOAECHCTBHUS C KICIOTaMH H IIeI0YaMHu.

13. AMdonuTHBIE OKCHIBI HEPACTBOPUMEI B BOJIE.

14. AMdonuTHBIE OKCHIIBI, TIPOSBIISSI CBOMCTBA OCHOBHBIX OKCHJOB, PEarupyroT C KHCIOTaMH,
00pazyst colib U BOJY:

ZnO + H,SO4 = Zn0y4 +H20;

PbO + 2HNO3 = Pb(NO3)2 + Hzo;
A1203 + 6HNO3 = 2A1(NO3)3 + 3H20

15. AMmdomuTHBIE OKCHABI TakXke OOpa3yIOT CONM TPH B3aWUMOACHCTBHH C OCHOBAaHHSMH M
OCHOBHBIMH OKCHJIAMHU:

7ZnO + Na,O —ee , Na,ZnQOs;

ZnO + 2NaOH —==¢ 5 Na,ZnO, + H>0;

Zn0O + 2NaOH + H,O = Na,[Zn(OH).].

16. Na,[Zn(OH),] — xommiiekcHast coib. B cocTaB KOMILIEKCHOM COMU BXOIST:

1) uoH MeTaia aM(OIUTHOrO OKCHIA (C TOM JKe CTENEHbIO OKUCIIEHUs) Zn*;

2) runpoxcunbHble rpynmsl OH;

3) HOHBI METAJUIA, BXOJISIIETO B COCTaB miénoyn, Na'.

UKcao ruApOKCUIIBHBIX TpyHn (JIMTaHJOB), KOTOPOE MOXET YJEpKUBATh IEHTPAIBHBIA aTOM —
KOMIUIEKCOOOpa3oBaTeNnp (MeTamt aM(OIUTHOTO OKCH[A), OIMpPENeNIeTcss KOOPAUHAIMOHHBIM YHCIIOM,
MIPUCYIINM JaHHOMY METaJlTy.

17. KoopauMHalMoHHbIe uKcna paBHel: Be*' — 4, Zn*" — 4, Sn*' — 3, Pb*' -3, A’ — 4, Cr*" — 4.

18. PaccmoTrpum mpuMep cocTaBieHHS (OPMYIBI KOMIUIEKCHOW COJH, TONyYaromlencs u3
TUIPOKCHIA IIMHKA M IEN0UM. KOMIUIEKCHBIA MOH CONEPXKUT KOMILIEKCOOOpa3oBarelb Zn>" v 4deThipe
noHa runpokcuiaa. CyMMapHBIH 3apsii KOMIUIEKCHOTO HOHA PaBeH —2, a COCTaB €ro MOXKHO M300pa3uTh
dopmymnoit [Zn(OH)s]*. DTOT KOMIUIEKCHBIM HOH SBISETCS aHHOHOM. 3apsj KOMILIEKCHOTO aHMOHA
HEHTpanu3yeTcsi KATHOHOM, BXOJSIIUM B COCTaB MIEN0YHN (MPOTUBOMOHOM). Ecim 3T0 otHO3apsAaHbBIN HOH
(K" wmm Na’), To cocraB KOMIUICKCHOH COJIM MOXXHO 3amucath (HOpMyJiaMu: K>[Zn(OH)4],
Na,[Zn(OH)4].

19. Ha3paHus KOMIUIEKCHBIX COJIel (AHHOHHOTO THIIA):

Na,[Be(OH)4] — rerparuapokcodepuiaT (+2) HaTpus;

Na,[Zn(OH)4] — TeTparuapokcouHKaT (+2) HaTpus;

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

K[Pb(OH);] — tpurnapoxcorrom6ar (+2) xanus;

Na[Al(OH),] — TeTparugpokcoantoMusar (+3) HaTpus;

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

Kucnorst

KucnoramMmu Ha3pIBAaIOTCS CIOXKHBIE BEMIECTBA, MOJEKYJIBI KOTOPBIX COCTOSIT W3 KHCIIOTHOTO
OCTaTKa ¥ aTOMOB BOJIOPOJIa, CIIOCOOHBIX 3aMelIaThCs HA METaJlL.

Kucnoret MOXHO paccMaTpuBaTh Kak HPOAYKT B3aUMOJCHCTBHUS KHCIOTHBIX OKCHJIOB
(a"HTEIPHUIOB) C BOJOM:

SO3 + Hzo = H2SO4;

COz + HzO = H2C03.

[To xonmMYecTBY MOHOB BOJIOPOJIA, CITIOCOOHBIX 3aMEIIaThCs Ha METAII, B MOJEKYJE KHCIIOTHI
MOJIpa3/ICTSIOTCS HA OJHO-, JBYX-, TPEXOCHOBHBIE U T.JI.:

HCI, HNO;, HF — 01HOOCHOBHEIE KHCIIOTEI;

H,SO4, H>COs, H,S — 1ByXOCHOBHBIE KHCIIOTHI;

H;PO., H3AsO4 — TpEXOCHOBHBIC KHCITOTHI.

Ha3zBanus kucior:

HCI — xnopoBogopoanas (comnsiHas);



H,S — cepoBooponnas;

HF — ¢ropoBogopoaHast (TuraBukoBas);

HNO; — azoTHas;

H,SO4 — cepnas;

H,CO; — yronbHas;

H;PO. — opTodochopras.

Kucnotsl B3auMo1eHCTBYIOT C:

a) ocHoBanusmu — H>SO,+ 2NaOH = Na,SO, + H,0;

0) ocHoBHBIMHU okcuniamMu — H,SO,+ CuO = CuSO;, + H,0;
B) comsamu — H,SO4+ BaCl, = BaSO, + 2HCI.
I'paduueckue GoOpMyIIBI KUCIIOT.

Nzobpaxkast rpaduuecku KUCIIOTY, CIEAYET HCXOAUTh U3 TOTO, YTO OHA COCTOHT U3 IEHTPAITLHOTO

aToMa HeMeTayja, COeAMHEHHOro ¢ ruapokcuibHOM rpynmod OH™ m kucnopomom. Ilo kommdecTBy
aTOMOB BOJIOpPO/ia B KMCJIOTE MOYKHO CYJIUTh O KOJIMYECTBE THPOKCUIIBHBIX TPYII B MOJIEKYJIE:

H. PO, HNO, H. PO,
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Ecm MOJICKYJIa KUCJIOTBI COACPIKUT IBa LECHTPAJIBHBIX aToMa, TO IIpU HEYETHOM YMCIIE aTOMOB

KHCJIOpoAa OHU COCOUHANOTCA MCKIAY coboit 4epe3 aTtoM Kucjopoaa, a TMAPOKCWIBHBIC TI'PYHIIbI U
OCTaAJIbHBIC ATOMBI KHUCJIOPpOAa PACTIPCACIIAIOTCA ITOPOBHY MCKAY LHCHTPAJIbHBIMA aTOMaMU:
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OcHOBaHHUS — CIIO)KHBIE BEIIECTBA, COCTOAIINE M3 KaTHOHA METaljila ¥ THIPOKCHUIHHON TPYIIIEI

I'pynmy OH™ HazeiBaroT ruapokcui. OTcrona OCHOBAHUS HA3bIBAIOT:

LiOH — ruapokcua uTus;

Ca(OH), — ruipoKCcuI KaJbIIus;

Fe(OH), — ruapoxcua xeneza (+2);

Fe(OH); — rumpokcun xenesa (+3).

Yucno ruapokcunbHbix rpynn OH™ B Mosiekyne OCHOBaHHSA, CHOCOOHBIX OTHICIUIATHCS MPHU

Aaucconuanu, OnpeacitgeT €ro KUCJIOTHOCTh!:

a) omaokucinoraeie — NaOH, KOH;

0) neyxkuciorasiec — Ba(OH), , Ca(OH),;
B) Tp€xkucnorHeie — AI(OH); , Fe(OH).
I'padmueckue hopmyisr:

Fe(OH), Fe(OH);
H-O- Fe -O-H / OH
Fe - OH
OcHoBaHUs B3aUMO/ICHCTBYIOT: \
a) c¢ xwucmoramm: 2HCI + OH Cu(OH), = CuCl;, + 2H,0;
0) ¢ KHCIOTHBIMH OKCHIAMH: CO; + NaOH = Na,CO; + H,0;

B) ¢ comsimu: CuSO, + 2NaOH = Cu(OH),d + Na,SO,.
AMbonuTHBIE THAPOKCHUIBI (TAK K€ KaK U MX OKCHJBI) 00JaNaloT JABOMCTBEHHBIM XapaKTepOM:

pearupyioT ¢ KHCJIOTaMU — TMPOSIBJISIIOT CBOWCTBA OCHOBAaHUM, a TaKXKe pPEarupyloT ¢ IIeIoYaMu —
MIPOSIBIISIOT KUCIIOTHBIE CBOICTBA



Zn(OH), + H>SO4 = ZnS0O, + 2H,0;

Zn(OH), + 2NaOH —ewe 5 Na,ZnO, + 2H,0;

Zn(OH), + 2NaOH —2 5 Na,[Zn(OH)4];

Al(OH); + NaOH —zzmee 5, NaAlOs + 2 H,O;

Al(OH); + NaOH —==* 5 Na[Al(OH)4].

Kak yxasano Bble, amM(OJNTHBIE OKCHIBI M THAPOKCHUABI MOTYT pEarupoBaTh HE TOJIBKO C
pacTBopaMH mienodel, o0pasyssi KOMIUIEKCHBIE COJIM, HO M C TBEPABIMU O€3BOJHBIMH IIEIOYaMHU MyTEM
crasnenus1, oopasysa NaAlO, — MeTaanoMuHaT HaTpHSL.

IIpu pactBOpeHnu B Boae Oe3BoaHbIx coseli Na,ZnO, un NaAlO, oHM TUApaTHPYIOTCA,
MPEeBpaIIascCh B KPHCTAIIOTHAPATHI:

Nazzl'l02 + 2H20 —> Naz[ZH(OH)4],
NaAlO, + 2H,O — Na[Al(OH)4].

HaoGopoT, ecnu BblmapuBaTh pacTBOP COJMM KPUCTAJUIOTHApATa, a 3aTeM MpPOKaJluBaTh

KpHCTAIJIOTHPAT, TO TUApaTHas Gopma paspyiiaercs, a 3aTeM BoJa yIETyYnBaeTCs
Naz[ZH(OH)4] —) 2H20 + NazznOz.

Coun
Cony MOKHO paccMaTpuBaTh KaK MPOIYKTHI MOJHOTO WJIM YACTUYHOTO 3aMEILICHUSI aTOMOB
BOZOpOJa B MOJIEKYJIC KHUCJIOTHI Ha aTOM MeTajlla, JIM00 THIPOKCHIBHBIX TPYIII B MOJIEKYJIE OCHOBAHUS
Ha KUCJIOTHBIE OCTaTKH. Pa3InualoT coju cpeHue, KUcible, OCHOBHbIE, ABOMHBIE.
Conu pa3nuyaror:
a) cpeaaune — Na,SO4 ,AlCI; , K5POy;
6) KUCJIBIC — NaHSO4 , KH2P04 . KzHPO4,
B) ocHoBHble — AIOHCI, , AI(OH).ClI;
r) nBoiiabie — KAI(SO,)..
CpenHue conu moy4aroT:
a) MIpH B3aMMOZEHCTBUN OCHOBHOTO OKCH/IA C KHCJIOTHBIM OKCHJIOM:
CaO + CO,= CaCOs;
0) Tpu B3aMMOJCHCTBUM OCHOBAHUS C KUCIIOTHBIM OKCHIOM:
Ca(OH)z + CO,=CaCOs; + Hzo;
B) MPH B3aMMOJEHCTBUU OCHOBAHHS C KHCIOTOH (€CII BEIeCTBa B3SThI B SKBHBAJICHTHBIX
KOJTMYECTBax):
Ca(OH); + 2HNO; = Ca(NO), + 2H,0;
T') IpY B3aMMOJICHICTBUU OCHOBHOT'O OKCHJIA C KUCIIOTOM:
CuO + H,S0O, = CuSO,4 + H,0;
1) Ipy OOMEHHOH Peaknuy MEXIy COJIbIO U KUCIIOTOH, MM BBIIIAAAET OCATOK:
Na2C03 + HzSO4 = Na2804 + C02 + HQO,
BaCl, + H,SO, = BaSO.{ + 2HCI;
€) TpH B3aUMOACHCTBHM COJNM CO IIEJIOYBIO, B pe3yjibTaTe 4dero oobpaszyercs
MaJIopacTBOPUMOE OCHOBAHHE MM JIETKOJIETyUee COeIMHEHHE:
CuSO, + 2NaOH = Na,S0, + Cu(OH);
NH.CI + NaOH = NaCl + NH;T + H,O.
3AIIOMHUTE, uro conu ¢ HepacTBopuMbiMu ocHoBaHUsIMH HE PEATPYIOT!
XK) Tpd OOMEHHOM B3aMMOJACHCTBHM [BYX COJIeH, B pe3yJibTaTe KOTOPOro obOpasyeTcs
MaJIOpacTBOPUMAs COJIb:
AgNO; + NaCl = AgCIl + NaNOs;
3) IpU B3aUMOCHUCTBHM METAJUIOB C HEMETAlJIaMH, B Pe3yJibTare KOTOPOro o0pasyroTcs
COJIM OECKUCIIOPOJHBIX KUCIIOT:
2A1+ 31, = 2AllL.
Kucneie conu. Kucible coiam MOXHO paccMaTpuBaTh Kak IPOLYKTHI HETIOJHOTO 3aMELICHHUS
BOJIOPOJHBIX HOHOB B MOJIEKYJIE€ KHCIIOTHI HOHAMU METaJlJa;
H3PO4 + KOH = KH2P04 + HZO,
H3PO4 +2KOH = KzHPO4 + 2H20,
H3PO4 + 3KOH = K3PO4 + 3H20
KH,PO,4 — nuruapodocdar xamusi, kucibiid (pocHOpHOKUCIIBIN KAIUH 0HO3aMEeIIEHHBIN;
K;HPO, — ruapodocdaT kamust, Kuciasiii pochOpHOKUCIBIN KAl JBY3aMeILEHHBIH;
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K5PO, — oprodocdar kanus, pochopHOKHCIBII KaTHid.

Kucnbie conu kanbius GocGopHOH KACIOTHI UMEIOT BUI:

Ca(H,PO.), — gurumpodocdar xampitist, KUCHBIA  (HOCHOPHOKHUCIBIA  KaIbITAH
OJHO3aMEIEHHBINM;

CaHPO, — runpodocdat kanpuusi, KUCIbIA (ocHOPHOKUCIBIN KaTui 1By3aMeIEHHBIH.

OCHOBHBIE COJH — MPOJAYKTHI HETIOJIHOTO 3aMEIICHUs THAPOKCHIbHBIX HOHOB OCHOBAHHUS Ha
KHCJIOTHBIE OCTAaTKU. TakuM 00pa3oM, B MOJIEKYJIe OCHOBHOM COJIM KpOME MOHOB METAaJlIa U KHCIOTHOTO
0CTaTKa COJICPKATCS U MOHBI THIPOKCHJIA:

Al(OH); + HNO; = Al(OH),NOs + H,0;

Al(OH); + 2HNO; = AIOH(NO:s), + 2H0;

AI(OH)3 + 3HNO; = AI(NO3)3 + 3H,0.

Al(OH),NO; — HUTpaT TUTHAPOKCU aTFOMUHHS,

AIOH(NOs), — HETpaT THAPOKCH/T ATFOMUAHUS;

AI(NO3); — HUTpAT aTIOMHHUSL.

3Has 3aps] MOHA BXOJSIIECTO B COCTAaB OCHOBHOMW COJIH, a TaKKe 3apsi KHUCIOTHOTO OCTATKa,
HETPYJHO COCTABUTH (HOPMYITy OCHOBHOM COJIH:

CocrapiieHre ypaBHCHHUS PEAKIMi MOTYUYCHUS BCEX MBICIUMBIX COJel MPU B3aUMOICHCTBHN
THOPOKCHIA aTIOMUHHUS W CEPHOH KHCIOTBHl (HEOOXOOMMO TMOMHHUTb, YTO HE BCE COJHM CIIOCOOHBI
CYIIECTBOBATh):

CrOH(NO:) AI(HSO
71 i MgOHCI ANIS09
Cr(OH),NO; 7 / Aly(SOw);

9 /7

Mg(OH), — (MgOH), CO,

Cr(OH); -  CrOHSO. Al(OH); = AIOHSO,
N\ Y \
[Ct(OH)1],S0s (MgOH), PO, N[AI(OH),]:S0.

AI(OH); + 3H,80, = AI(HSO,); + 3H,0;

2AI(OH); + 3H,S0; = Aly(SOs)s + 6H,0;

AI(OH); + H,SO, = AIOHSO, + 2H;0;

AI(OH); + 3H,S0; = [AI(OH),]:SOs + 2H;0.

I'paduueckue (opmynbl coneil. JIas NMpaBMIBHOrO TpadHMUecKOro HM300paKeHHs COJH
HEOOXOIMMO OTYETIIMBO MPEICTABIATH rpaduueckue GOpMyIbl KUCIOTHBIX ¥ OCHOBHBIX OCTAaTKOB. Tak,
XJIOpHAsl KUCIIOTa 00pa3yeT oArH KHUCIOTHBIH octaTok ClO4

Cepnas kuciora — a8a: SO4* , HSOq:

®ocdopnas kucaora — tpu: PO, H,POs, HPO,™

[To3TOMY C THAPOKCHIOM HATPHS 3TH KMCIOTHI 00Pa3yIOT COJH:

- 0 H-0O H-0O
NaClO4 NaQSO4 NaHSO4
@) Na-0O 0] Na-0 @)
/! \ \
1.1.1.]1 Na— 0O -Cl =0 S
S
\\ / \\ /\\
O Na-0O O H-0 O
Na3PO4 NaH2P04 NazHPO4
Na-0O Na-0O Na-0O
\ \ \
Na-O-P=0 H-O0-P=0 Na-O-P=0
/ / /

~ ~ - —~ - —~
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Tuapoxcun meau (+2) — Cu(OH), o6pasyer nsa ocratka: Cu” u CuOH :
H, CIIeJIOBATENHLHO, C A30THON KHCIOTONW MOXKET 00Pa30BhIBATH JIBE COJIH:

/
Cu
\
/ \\
/ (0]
Cu
\ (0]
VT
O-N
\\
0]

Peakunn B3amMHOTO TpeBpamieHus cojeil. Panee ObUIM pacCMOTPEHBI COJIM KaK MPOIYKTHI
B3aMMOJICHCTBHSI KUCIOTHI U OCHOBaHUs. [Ipu HeocTaTke KHCIOTH 00pa3yroTCsi OCHOBHEIE COJIH, T.€. HE
BCE THAPOKCHUIIbHBIE HOHBI MOTYT 3aMECTHTHCSA Ha KUCIOTHBIE OCTaTKH. A IpPHU HEJOCTAaTKE OCHOBAHUS
MOTYT TMOJNy4YaTbCsl KHchble conu. OTCrofa CTaHOBHUTCS IOHATHBIM METOJ INEpEBOJA ONHOM CONMHM B

s mepeBojia OCHOBHOW COJM B HOPMAIBHYIO (CPEIHIOW) WIM KUCIYH HEOOXOIUMO
N00aBUTh KHUCIOTY, a TPH TepeBONE KHCIOW CONM B CPEIHIOI WM OCHOBHYIO CIIeNyeT JI00aBHUTh
ocHoBaHme. [Ipm 3TOM yHOOHO WCIONB30BATh OIHOWMEHHEIE
3arpoMOXJaTh YPaBHEHUE PEAKIIUK IPYTUMU COJISIMU:

OH
/
Cu
\

H-O0-Cu-O-N
\\

2 _CaCo;
( (CaOH),COs : 1,0;
(C ACa(HC()s)z )+ 2H,0;
CrOHCl,
%) Cr(OH).C1 77
Cr( ACI'C13
Cr(OH).Cl1 + 2HCI = CrCl; + H,0;
B)
7 CaHP 04
Ca(H2P04)2 _> Cas(PO4)2 O;
A\ (CaOH);PO, LO:;
— N Tem T e - TN T e N T e T ‘_4H203
r)
/1 (CaOH)3PO4
Ca3(PO4)2 —>CaHPO,
4 Ca(H2PO4)2
z)
=7 Ca3(PO4)2
(CaOH);P0, L

(CaOH);PO, + HEPOFHRQYPO,), + 3H,0;
(CaOH)3P04 + H3PO4 = CaHPO4 + 3H20,
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e) /7 AI(HSO4)3
Al(SO4)s —> AIOHSO,
AI(E "\ [AI(OH),],SO: O+ 6H,0.
OO6patu felTpamu3anuy UAET B MPUCYTCTBUM IIEIOYH
NaOH, a ve ocHoBarmst AI(OH)s, T.k. mTociieHee HepacTBOPHUMO.
AlOHSO4 + HzSO4 = Alz(SO4)3 +2H20,
[AI(OH),],SO4 + 2H,SO4 = Al(SO4); +2H,0.

OoOopynoBanue 1 MaTepPUAJIbI
Oxkcup xanpiusg CaO
WNunukarop perondrarenn
Oxkcuna meau CuO
PactBop ceproii kucnotsl H,SO, ¢ kornentpanueit C(H,SO4)=2 mons/am’
Pacteop NaOH ¢ xonuenrpanueii C(NaOH) = 2 mons/nm’
Oxcup mmHKa ZnO
Xnopun kagmus CdCl,
Xmopun amromuaus AlCls
Cynbdar meau CuSO,
Xmopun 6apust BaCl,
JuctummpoBaHHas Boja
[IpoOupku
Jloxeuxa

NN RN =

—t e = \O
e

Yka3aHnus 1o TexHuKe 0e30I1aCHOCTH
1. Bce paboTel B XUMHYECKOH 1ab0OpaTOpUM IOJDKHBI IMPOBOAUTHCS TPH HCIPABHOM
ANEKTPOOOOPYAOBAHUH, FIEKTPOIIPOBOIKE, IPABIIEHO 000PYAO0BAHHOM BHITSDKHOM IIKady.

2. Ta3oBrble KpaHbI U ra30npoBO JOJIKHBI HAXOANUTHCS B UCIIPABHOM COCTOAHUH, ICPUOANYCCKHA
MPOBEPSITHCSL.

3. Pabouee mecTo cofepKaTh B OPSAKE U YHCTOTE.

4. Cyxue peakTHBBI TpeOyeTcss OpaTh YUCTHIM IIIATEIIEM WM CIICIIHATLHOM JI0KEUKOH.

5. MWznumek peakTuBa HE BBUIMBATH 0OPATHO B COCY, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce OIBITH ¢ BPEAHBIMH U MTAXHYIIUMHU BEIIECTBAMU, a TAKXKE YIIAPUBAHUE KUCIOT M KHCITBIX
PacTBOPOB MPOBOAUTH B BBITSHKHOM IIKady.

7. OcTtaTku COeMHEHMH cepedpa CIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHWU pacTBOPOB B MPOOUPKE BCETA CIEAYET AepKaTh €€ TaKUM 00pa3oM, 4TOOBI
OTBepCTHE IPOOUPKHU OBLIO HAIIPABIEHO B CTOPOHY OT pabOTAOIEro PsIOM COCeIa.

9. He HaKIOHATH JINIIO HaxQ HarpeBaeMof/'I KHUAKOCTBHIO MJIN CIIABIIIEMBIM BE€HICCTBOM.

10. He CJICOAYCT BAbIXaTh Maxy4uec BCIICCTBA U TI'a3bl, 6JII/13KO HaKJIOHAACH K COCyly C 3TUMH
BemecTBaMu. HioxaTh BelecTBa MOYKHO JIMIIIb OCTOPOXHO, HAMPaBIIssA K ce0e maphl MK Ta3 ABIKEHUEM
PYKH.

11. XpaHuUTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KHCIIOT U MIENIOYEH B BBITSHDKHOM IIKady.

12. BbunBathk paz0aBieHHbIC KUCIOTHI U IEIOYHBIE PACTBOPHI CIEIYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaeTcs mpoOoBaTh XUMUICCKUE BEIIECTBA HA BKYC.

14. Tlpu pabote C JIETKO BOCILIAMEHSIONAMUCS BemecTBaMHu (3(UPBI, OCH30II, CepoyTiIepoa 1
T.J1.) HE JJOJDKHO OBITH PSIZIOM OTHS M BKJIFOUCHHBIX TUTUTOK.

15. Ilpu pabore cO CTEKIOM, XMMHUYECKOW TIOCYIIOW, HEOOXOAMMO COOMIOAaTh NpaBUia
MPEI0OCTOPOIKHOCTH BO M30€KaHNE PaHCHUHM OCKOJIKaMHU CTEKJIa.

16. Karteropudecku 3ampeiaeTcsi OCTaB/IATh padoTarolye mpruoopsl 0e3 HAOIIOICHUS.

17. B xuMuveckoii 1adopatopruu He0OX0JUMO padoTaTh B Xanare.

Sananus

OmnpIT 1. Bo3bMHuTE T0KEUKOH 0U€Hb HEOONIBIIOE KOJTMYECTBO OKCHIA KAJIBLHSI, IOMECTUTE €TO B
npoOupKy U 106asbTe 3 cM® Bozibl. Eciu oken kanbiust CaO pacTBOPHUIICS HE MOTHOCTBIO, 3TO O3HAYAET,
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yto B3aT M30bITOK CaO. Hamummre ypaBHenue peakimu. J[00aBbTe B MpoOMpKy, rie oOpa3oBaiics
THIPOKCH] Kanblus, 1-2 karum wHAWKatopa ¢eHondranenHa. B kakoil mBeT OKpacHIICSs pacTBOp B
npobupke? Kakas cpema pactBopa?

OmneiT 2. Bo3pbMuTe J0OKEUKOH HEOONBIIOE KOJIMYECTBO OKCHAA MEIH, I[IOMECTHTE €ro B
npobupky. Tyna xe no6asbre 2-3 cM® pa30aBIEHHON CEPHON KUCIIOTHI, HArPEHTE MPOOUPKY 10 KUIIEHHS.
B kakoit mBer okpacmics pactBop? CoctaBbTe ypaBHeHHE peakuud. OTQWIBTpYHTE pPacTBOp OT
OCTABIIEroCs OKCHIA MEIM U K OXJaxAeHHOMY (HIbTpaTy (pacTBopy) no6aBbTe 2-3 cM® pacTBOpa
ménoun NaOH. Uro npomsomio? Hanummmre ypaBHeHMe peakuuu. Temepb HarpeiTe mpooupky. Kak
n3MeHWICs 1BeT ocaika? CocTaBbTe ypaBHEHUE PEAKIUH PA3I0KECHUS THIPOKCHIA MEIH.

OmnpiT 3. Bossmure ase mpoOupku. llomectute B HHX HEOONBIIOE KOJUYECTBO (HA KOHYHKE
JIOXKEUKH) OKCH/IA [IMHKA WJIM OKCHIa alloMHHHUsA. B omHy mpoOupky Haneiite 2-3 c¢M® pa36aBieHHOM
CEpHOM KHUCJIOTHI, B JPYryro 2-3 ¢M’ KOHLEHTPHPOBAHHOIO pacTBopa Iueioud. Harpeiite BTOpyIO
mpobupky. OKcumel B 00eMX MTPOOHMPKaxX paCTBOPSIOTCS, YTO IOATBEPXKIAeT WX aMQOIUTHOCTE.
CocTaBbTe ypaBHEHUS PEAKIIUU.

Onpit 4. Haneiite B npo6upky 1,5 cM’ pactsopa comu kaamus (xinopuaa CACl, umu cynbgara
CdSO.) u tyma xe nobasere 1 cM’ pactBopa ménoun. Hanumure ypaBHeHus peakuuii. B mpoGupke
obpazoBaics ocafgok. OtrMersTe mBeT ocaaka. ComepkuMoe TPOOHMPKH, IPeaBapUTEIHHO B30ONTAB,
paszgenute Ha 2 4acTH, NMEpesuB OJHY M3 HHUX B ApPYyryo mpobupky. K comepxumomy ogHO# mpoOHpKu
no6aBbTe 2 ¢cM’ pasbaBlieHHOM cepHON KUCIOThl. OCaJoK pacTBOPUIICA. DTO TPOU30LLIO B Pe3yJbTaTe
peakuMu HeWTpain3aluuu ocHoBaHus. Hanumwnre ypaBHeHue peakuumu. K comepXKMMOMy OIHOM
npo6GupKHu 100aBbTe 2 cM® pacTBopa ménoun. Ocagok He PacTBOPHIICH, T.K. 001a1as TOJIBKO CBOMCTBAMU
OCHOBaHWUsI, CO IEJI0YaMH HE B3aUMOJICHCTBYET.

Onwit 5. Haneiite B nmpoOupky 2-3 ¢M® pacTBopa conu amoMunus. J{o0aBbTe mo KamisaM (10
oOpa3oBaHusi ocanaka) paszbamieHHbli pactBop menoun (KOH  wim NaOH). TlosiBuics ocamok
runpokcuga amomunus Al(OH); Oemoro muBera. Hamumwmre ypaBHenue peakiuu. Conep:kumoe
MPOOHpPKH, TpeIBapUTEIHHO B30OJITaB, pa3[enuTe Ha aBe 4dacTH. K comepxuMoMmy OJHON TpoOHpKH
no6aBeTe 2-3 oM’ pasbaBieHHOW cepHOM KucnoThl. Ocamok pactBopwics. CocraBbTe ypaBHEHHE
peakuu. Bo BTOpyro mpoOupky no6asbre 2-3 cM® KOHIEHTpUpOBaHHOro pacTBopa menoun (KOH win
NaOH). Yro mpou30muio ¢ ocagkoM THApoKcua antoMuHua? HamuimunTe ypaBHEHUS peakuny.

OmnwiT 6. Hanelite B mpobupky 2-3 cM® pactBopa cyibgara meau. J[o6aBbTe HECKOIBKO Kamesb
(ae 6omnee nmByx!) mémoun NaOH mo obpazoBanus cBeTi0-3enEHOTO ocanka ocHoBHOU comu (CuOH),SO..
W30b1TOK IEN0UN pUBEET K 00pazoBaHuio ocanka ruapokcuaa meau Cu(OH),.

Onpit 7. Hanelire B npobupky 2-3 cm® pactopa xiopuaa Gapus BaCl, u HeMHOro cepHoi
KHACIOTBI JI0 oOpa3oBaHus ocajgka. OTMeTbTe MBeT o0Opasyomerocs ocaaka. VcmbeltaiiTe Ha
pacTBOPUMOCTh TMOJYYEHHBIH OCaJOK B KHUCIOTe W mienodd. (s 3Toro: coiepkumoe NpoOUpKH,
MpeIBapUTEIHHO B300OITAB, pa3ieluTe Ha 1Be podupku. K cogepxkuMomy otHOM TpoOUpKu 1006aBbTE 2—
3cm® ceproit kucnotel ¢ konuentpamueir C(H.SO4) = 2Mons/nM’, a B Apyryro npoGupky — 2-3cm’
pactBopa ménoun ¢ kounentpanuein C(NaOH) = 2 Mons/aM® u morpeiite B IIIaMEHH Ta30BOM TOPEIKH.
OtMeTbTe, MPOU3OLLIO JIW PacTBOPEHHE Ocalka cyibdara Oapus. O0bsicHUTE MoBeaeHKe ocagka BaSO,
mipu 06pabdoTke ero pactBopamu H>SO, m NaOH mons3ysich Tabmuieil pacTBOPAMOCTH.

CocraBbTe ypaBHEHHE XUMUUIECKOHN peakiuu 00pa3oBaHms Cyiabdara 6apusl.

Conep:kanue oTyera
[Torydennsie nanHbIe 3adukcupyiite B Tadbmuuie 1 mo cnemyromieit popme:
Tabnuna 1. Pe3ynbraThl SKCIIEpUMEHTa

Ne m/mt | Pearentsr XuMH4YEcKasl peakuus HabGmonenus

1

[ N EEN USR] )

KonTpoJibHBIE BOPOCHI
ba3oBblii ypoBeHb
1. Yro Ha3mIBaeTcs OKCI/I,[[aMI/I? KaKyIO CTCIICHb OKUCJICHUS IMTPOABIIACT KUCIIOPOA B OKCI/I)Z[aX?
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2. JlaiiTe KpaTKyro KiacCU(UKAIIMIO OKCHIAM.
Uro nazwiBaeTcs kucnoramu? [IpuBeaure ux kinaccuduxammro
4. Yrto Ha3zpIBaeTcs ocHOoBaHMAMU? [IpuBennuTe uX KiraccH(pHUKaIIio

98]

IloBbIIEHHBIH YPOBEHD
1. Kaxkwue snmeMeHTH 00pa3yioT OKCHIBI?
2. Kak cocraBmsieTcst xumudeckas Gopmysa okcuma?
3. Kakue okcunbl oopasyer a3oT?
4. Kakue okcuabl B3auMoJeNcTBYIOT ¢ Bopol. [IpuBectu npumep.
5 Kakue coenuaenust Ha3biBatoTcs consimu? [IpuBennTe nx KiIaccUQHUKALUIO

Cnncok Jureparypbl, peKOMeHAyeMbli K HCI0JIb30BAHMUIO 110 JAHHOI TeMe

OcHoBHasl JiuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : mi. - (bakanaBpuar). - Pek. MOuH P®. - Ilpui.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy:karomieit cpeipl : XMMHS )KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKCT : 2NIeKTPOHHBIN // DNEKTpOHHO-O0MOmMoTeyHas cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum mgocryma: mis
aBTOPU3HUP. MOJIb30BaTENeH
Jlono/IHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pea. A. U. Epmakosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMUs METAJUIOB : yu4eOHOe TTocooue (s CTYJICHTOB XMMHUYECKOTO (aKyIbTeTa
HamnpaBlieHU# O0akanaBpoB « XuMUs» U «XUMHUYECKask TeXHONOrus») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbIH yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. — 552 ¢c. —
ISBN 978-5-7779-1875-8. — TekcT : a1eKTpoHHBIH // DnekTpoHHO Oubmuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctymna: mis
aBTOPU3UD. M10JIb30BATENEH
Humepnem-pecypcoi:

1 http://window.edu.ru/ — eanHOE OKHO AOCTyIa K 00pa3oBaTEebHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckas 6HOIMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37€KTPOHHBINA KaTaJIOT aCCOLMALIUYU 3JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBefieHni 1 opranusanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTkpeITOE 0Opa3OBaHUE

Tema 5. O0uue 3aKOHOMEPHOCTH MPOTEKAHUSI XUMUYECKHUX MPOIIECCOB.
JlaGopaTtopnas padora 2. XuMH4YeCKasi KHHETHKA U XUMHYECKOe paBHOBeCcHe

enp pabOThI: u3yueHHE XUMUYECKON KMHETHKH M PABHOBECHS, W (DAKTOPOB, BIHUSIONIMX HA

CKOpPOCTb U CMCHICHUE PAaBHOBECUS XUMHUIECKUX peaKHHfI.

dopmupyemMble KOMIETSHIIUN WIH UX YaCTH:
Teopernyeckas 4acTb
CKopocTh XMMHYECKUX peaKmuii
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YpaBHEHMsI XMMMUYECKHX PEaKLUi, XapaKTepu3ys MHOTHE CTOPOHBI IIPOLIECCOB, HE
BCEr/la JaloT MOJIHOE MPEICTaBICHNE O CYIIIHOCTH MPOUCXOISALINX MPEBPALLICHHUH.

Hekoropple XMMHYECKHE TMpOLIECCHI, HANpPUMEP, PEAKLMHM PA3JIOKEHHUS B3pPBIBUATBIX
BEIIECTB, 3aKaHYMBAIOTCS B TeUeHUe A0jeil cekyHIpl. O4eHb ObICTPO 3aKaHYMBAIOTCS PEAKIIMU
B3aMMOJEHCTBHSI KUCIIOT, LIEN04Yed M coseld B pacTBope. OpraHMuyecKkue e COCAVHEHHS B
OOBIYHBIX YCJIOBUSIX B OOJIBIIMHCTBE CIy4YaeB B3aWMOJCHCTBYIOT MEXKIYy COOOH MeEIJIeHHO.
Taxkum 06pa3zom, pa3Hble PEaKIMU COBEPIIAIOTCS B HEPABHbBIC POMEXYTKH BPEMEHH, T.€. MOTYT
UATH C PA3IMYHONU CKOPOCThIO. [103TOMY Ha OCHOBAaHUM TOJIKO YPaBHEHHMH OJJHUX XUMHUYECKUX
peakiuil Helb3sl CyAUTh O CKOPOCTH ITpOLECcca.

Xumuueckas KuUHemuka — 5MO Y4eHue O CKOPOCMU XUMUYECKUX NpOYeccos, Ux
HAanpasieHHoOCmu U 0 PaKmopax Ha HUX GIUAIOUUX.

Llenp u 3amauM XMMHUYECKOM KUHETUKU — M3BICKAHHWE ONTUMAIbHBIX MapaMeTpoB IS
NPOBEICHUSI XMMHUYECKOTO CHHTE3a, a HMEHHO: O0ecleueHHe MAaKCHUMaJbHOH CKOpPOCTH
npolecca, HanboJsee paluoHaIbHOE UCIIOIB30BaHUE ChIPhS U SHEPTOPECYPCOB U JIp.

VY CTaHOBIIEHO, YTO Ha CKOPOCTh XMMHUYECKHUX PEAKIUN BIUSIOT MHOTO (akTOpOB —
KOHIEHTpAllUsl B3aUMOJICHCTBYIOIIMX BEIIECTB, TEMIepaTypa Mpolecca, Haauuue (Uiu
OTCYTCTBHE) KaTanusaTopa u Jp.

OKCHepUMEHThl T0Ka3ajd, 4YTO YBEJIWYEHHE KOHLEHTPALUKM  B3aUMOJICHCTBYIOIINX
BEIIECTB BBI3BIBAET YBEINUEHUE CKOPOCTH PEAKIIMH.

Ecnu B 3akpbiToM cocyne MpH 3aJaHHOM TeMIlepaType pearupyroT [Ba BelIeCTBa B
ra3000pa3HOM COCTOSIHUM WJIM B PacTBOpE

AC + BD < AD + BC,

TO CKOPOCTH 3TOM pEaKIUM ONpPENESETCS YMEHBIICHHEM KOHIEHTpAIUK (MOJb/IM’)
BemiectB AC u BD B enunuiy BpeMeHu (CeKyHIy, MUHYTY, 4ac). Tak Kak ¢ TeYeHHEM BpEeMEHU
KOHIEHTpAlUsl pearupyrolux BEIIECTB MAaJaeT, TO 3aBUCHUMOCTb CKOPOCTH pE€akUuu OT
KOHIEHTPAIIUU MOYKHO BBIPA3UTh CIEAYIOLUIUM 00pa3oM:

U =—(AC/Ar), (2.1

T/Ie ¢ — CKOPOCTh NpsIMOi peakiuu, AC - MOJSIpHAsI KOHIICHTpAIHS, t — BpeMs.

['padraecku 3Ta 3aBUCUMOCTD N300pakeHa Ha pUCyHKE 5.1.

Puc. 2.1 3asucumocmuv ckopocmu peaxyuu om epemenu
J10BOJIEHO pacIpOCTPaHEHbI PEAKIMN THIIA:
mA + nB—> ¢C, (2.2)
B KOTOPBIX HA /7 MOJIEKYJI BEIIeCTBA A MPUXOIUTCS 7 MOJICKYJI BEIIECTBA B, TIPH 3TOM m
1 1 OOTIBIIIE €MHHUIIBL.
DKCIIepUMEHTATIBHO YCTaHOBIICHO, YTO JUIS TAKOTO IMpoIecca CKOPOCTh MPSMON peaKIiu
MOJKET OBITh BBIPAXKEHA CIEIYIOIINM 00pa3oM:
O =k[A]" -[BY. (2.3)
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r7e A - KOHCTaHTa CKOPOCTH IPSMON peaKiMy — BEJIWYMHA, paBHAs CKOPOCTH PEaKIUH
IIPY KOHIIEHTPAIMSIX PEareHTOB PaBHBIX €IMHUIIE; 0OpAaTHO MPOMOPIHMOHANIbHAS BPEMEHH; X U Y
— HEKOTOPBIE YNCIIA, ONPEAEIIAEMbIE OIIBITHBIM ITyTEM.

Koncmanma ckopocmu 3aBUCUT OT TeX ke (PaKTOPOB, YTO M CKOPOCTh TAHHOW PEaKIIHH,
HO He 3a6UCUM O KOHYEHMPAayull peazupyroujux 6eujecms.

KoHcTanTa cKOpoCTH XapaKTepu3yeT peaklHio JJii ONpPEJCJICHHbIX YCIOBUH —
memnepamypa, 0asienue, Koauiecmeo u Kkavecmeo kamaiuzamopa v T.1. Pa3nuunble peakuuu
MO>KHO CpPaBHUBAThH TOJIBKO €CJIM OHU MPOTEKAIOT MPHU CTPOrO OJIMHAKOBBIX YCIOBUSX.

VYpaBuenuss Ttuna (5.3), yCTaHaBIMBAIOIIUME SKCIEPUMEHTAIBHO ONpPEACICHHYIO
3aBHCHUMOCTh CKOPOCTH pEaKLUMU OT KOHLEHTPALUNA pearupyromux BEIIeCTB, Ha3bIBAIOT
KUHeMU4eCKUMU YPasHEHUAMU PeaKyull.

Kunernueckue ypaBHeHUs peakuuil (5.3) SBISIOTCS MaTeMaTUYECKHUM BBIPAKEHUEM
3aKOHA JIEHCTBUS MAacC — OCHOBHOI'O 3aKOHAa XMMMUYECKON KHHETUKH: CKOPOCMb XUMUYECKOU
peakyuu nponopYUOHAIbHA NPOUIEEOEHUI0 KOHYEHMPAYUL peazupyiouux eeuecms 6 cmenexu
HEeKOmopbwIX uucel, onpedensemvix dIkcnepumernmanvio (nepsas popmynuponka — H.W. beketos,
1865 r; I'ynmpabepr u Bare, 1867 1.).

TonbKko MHOTA TIOKA3aTeNId CTENeHN KOHLEHTPAIUK JUIsl JAHHOTO BellecTBa (X, y U 1p.)
B KMHETUYECKUX ypaBHEHUX (5.3) COBMAAIOT € €ro CTEXHUOMETPUYECKUM KOAIPPUIIUEHTOM (X =
m; y =n ) B ypaBHEHUU peakiui. OObIYHO ATO BBHIMOIHACTCS Ul SJIEMEHTapHBIX pEakIHid, T.e.
peaxkuuii NpoXoAsuX B OAHY CTaJUIO.

[Ipumepsbl NpsAMBIX 2JIEMEHTAPHBIX PEAKIMI:

NO + O — NOy;
H +Cl — HCI;
N 204 — 2N 02.

JUig  Takux peakuud CTENEHM B KUHETHMUYECKHX YPAaBHEHMSIX COBNAJAIOT  CO
CTEXMOMETPUUYECKUMH KO3 PUIIMEHTaMU PEareHTOB B YPaBHEHUHU PEAKIIUH.

Ilokazamenv cmenenu KOHYeHmMpayuu peasupyrouezo 6eujecmed 6 KUHemuieckom
ypasHeHuu peaxyuu (X, y u 0p.) HA3vl8aemcs NOpssOKOM peakyuu no oanmomy eeujecmey. Tax,
Hanpumep, Uit peakuuu (6.1.2) nopsanox no BemiectBy 4 paBeH x, o B — y. Ilopsakom xe
peakiuu B 1eJIOM (7) SIBJISIETCS cyMMa MOPSIKOB 10 KaXI0My peareHTy Ul JaHHOM peakuuwu,
Harpumep, Uit peakuuu (6.1.2): n =x + y.

BenuuuHbl nopsiaka o peareHTam (X, y U JIp.) U IO peakuuu B LEJIOM (72) MOTYT ObITh
mo0bIMH HeOoNMbIIMMHU 1eTbIMU yucnamu (1, 2 u peako 3), paBHATbCA HYJIO MM OBITh
npobubiMu uncnamu (1/2, 2/3, 3/4 u ap.). Hanmpumep, 11st peakiiuu CHHTE3a BOJIBI

2H,(2) + O,(2) <> 2H>0(2)

MOPSAZIOK PeaKlMy, B 3aBUCUMOCTH OT MaplHalbHBIX JaBICHUN BOAOPOJA M KUCIOPOa,
umeeT npo6Hoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabmuiy 5.1).

Tabauya 2.1 — 3aBUCUMOCTD TOPSIIKA PEAKIIMN OT MapIUaIbHBIX TaBICHUN KUCIOPOa U
BOJOpOAA

p(H), Ia p(02), Ia Bux ;;‘:;;Z‘;;;Kom Cgﬁ:ﬁggﬁ
130 - 2600 26600 — 53300 v=kpy P, 1
2600 — 8000 20000 — 53300 v=hkpy pey] 0,5
8000 — 50600 1330 — 5300 v=hkp}pS? 0,7

HCO6XO,ZII/IMI)IM YCJIOBUEM XHUMHYECKOTO B3aHMOHeﬁCTBHﬂ SABIICTCA CTOJIKHOBECHHE
pearupyromumx YacTUIl — MOJIEKYJ, aTOMOB, HOHOB | JIp. B MOMEHT CTOJKHOBEHHS 3IEKTPOHHBIE
o0JaKa peareHTOB CMEIINBAIOTCs, 00pa3ysi MpU ITOM HOBBIE CBSI3U.

Yucno monexyn, 0OHOBPEMEHHbIM 63AUMOOEUCTEUEM MeXHCOY KOMOPLIMU 8 MOMEHM
CMONKHOBEHUA — OCYWeCmeIAemcs — aKm — XUMUYeCKo20 — Npespawjenus,  Ha3vbleaemcs
MOJIEKYIAPHOCMBIO PEaKyUU.
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Peakimu  ObIBatOT MOHO-, OH- ¥ TPUMOJEKYJISIPHBIMHU. TPHUMONEKYISPHBIE U
TETPAMOJICKYJSIpHBIE PEAaKIWW OYeHb peAKH. V3BeCTHBI JHIIL HECKOIBKO MPHUMEPOB
MEHTAMOJICKYJISIPHBIX PEaKIIUi.

B wacTHOCTH, K MOHOMOJIEKYJISIPHBIM PEAKIUSM OTHOCST PEaKIH Pa3IOKEHHUS MOJICKYIT
Y BHYTPUMOJIEKYJISIPHBIX TIEPErpyNIUPOBOK, HAIPUMED, PEAKIIHIO Pa3NI0KEHUs MOJIEKYJI Ho/a:

L(2) < 21(2).
KuneTtnueckoe ypaBHeHHE 3TOT0 Mpoliecca UMEET IepBhIi MOPSI0K:
v =k[1].
[Tpumepbl OUMONIEKYISIPHBIX PEAKIIHH:
2NO(2) < N>Ox(2); v = k[NOJ*

HBr(2) + H(2) <> H>(¢) + Br(e); v = k[HBr][H] — xuHeTH4ecKoe ypaBHEHHE BTOPOTO
MOPSIZIKA.

TpuMonekymsipHas peaxius:

Cly(2) + 2NO(2) <> 2NOCI(2); v = k[CL,][NO]? — KnHETHYECKOE yPABHEHHUE TPETHETO
MOpsIKA.

1 mpuBENEeHHBIX peakuMii MOPSAOK M MOJEKYJSIPHOCTh PEAKLIMH COBHAAAKOT, HO B
o011IeM cityyae OHM Pa3JIndHBI.

Tlopsidox peakyuu onpedensemcs MOIEKYIAPHOCMBIO CAMOU MeQJIeHHOU cmaouul OaHHOU
peakyuu.

Ecmu peaknust maer mo cTamusiM, TO €€ TOPANOK peaKkMd MEHbBIIE WM PaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, HampumMep, Mpu CUHTe3€ BOJBI (cM. Tabnwuiy 5.1) mpu mopsiike
peakiuu paBHOMY enuHuIe (n=1; v = kplﬁz sz ), peakuus — MOHOMoOIeKysipHast; pu 1 = 0,5 (

0 05 0.4 .03
v=kpy Po), peakmus — MOHOMONEKyIspHas; mpu n = 0,7 (V=kp, py”), peaknus —

OMMOJIEeKyJIsIpHasl.

Ipumeuanue. HeoOX0MMO MOMHUTH, YTO MOJIEKYJISPHOCTh PEAKLUH, B OTIUYUE OT €&
nopsiaka, Bcerga uenoe uucio — 0, 1, 3.

3akon Oeticmeuss macc cnpageonus mMoabko Ois  MOHO-, Ou- u pedxce OJis
MPUMONEKYIAPHBIX PEAKYULL.

[Ipu snemeHTapHO# peakiy B CUCTEME MPOTEKAET TOJIKO OJMH MPOLECC U ypaBHEHUE
peaKkIMy PacKphIBACT €r0 MEXaHW3M. BOJNBIIMHCTBO pPEaKIUii — CIOXKHBIE W TMPEICTABISIOT
co00i cyMMapHBIi pe3ysIbTaT HECKOJIIBKHUX 3JIEMEHTapHBIX MpoleccoB (AByX u 6oisee). [ToaTomy
o011Iee CIOKHBIX YpaBHEHHE PEAKIUi HE OTPAKACT UX PealbHBI MEXaHU3M.

st cnosicHvlX peaxyuti 3aKoH Oelcmeusi Macc He NPULONCUM 8 YeloM, d CHpaseoius
UMb K OMOENbHbIM €€ cmaousim Heboabuiol moaexyiapuocmu. Hampumep, olree ypaBHEHUE
peaKIy UMeeT BUJL:

24+ B < C,

COIJIACHO KOTOPOMY SBISICTCA SIKOOBI TpUMOJEKYJsipHOW. OIHAKO NHpOTEKaeT B JBE
CTaINH:

1) A + B <> D — ouens bvicmpo;
2) D + A < C — mednenno.

24+ B« C.
Tak Kak MOPSJIOK PEAKIIMH OIPEACIACTCS MOJICKYJSIPHOCTBIO CaMOW MEJIJICHHOW CTaauu
peakiuu, TO JaHHAas peaknus — OWMOJIeKyJspHas W BToporo mnopsaka. CremoBaTenbHO,

KMHETUYECKOE YPaBHEHUE 3TOr0 B3aUMOAECUCTBUS Oy1eT UMETh BU/L:
v =k[A][B], a nev = k[A]*[B].
N3 (5.1) caenyer, 4Tto ckopocmv peaxyuu — 6eauyuHa 0OPAMHO NPONOPYUOHANLHASL
8peMeHU.
BceneactBue pa3nuyHOW CKOPOCTH JBMIKEHHMS MOJIEKYJ, OHU OOJIaJaloT pazIuvyHON
KMHETH4eCcKOU sHepruei. IIpu sToM KMHeTHYeCKast SHEPrUsl NPSIMO IPONOPLHOHATIBHA CKOPOCTH
JBUKEHUS MOJIEKYJIbI.
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Mounekynbl, KOTOpbIe 00J1aat0T BBICOKUM 3aIlacoM KMHETUYECKOW SHEPTUH, HA3bIBAIOTCS
AKTUBHBIMH.

HononnumenvHyro sHepeuto, KOmopyio Hado cooOwums MoaeKynam Oisl nepeeooa ux 6
aKmueHoe COCmosAHUe, HA3bI8AIOM IJHepauel akmueayuy. XUMHUYECKas pPeakiHs MOKEeT
MIPOU30UTH TOJIBKO MPHU CTOIKHOBEHUU aKTUBHBIX MOJIEKYII.

Ckopocmb xumuyecKkol peaxyuu NpsimMo HPONOPYUOHATLHA HUCTY CMOJIKHOBEHUU 8
eOUHUYY 8peMeHU.

Ponp karanmusaTtopa, MpUMEHSEMOTo IS IPOTEKaHHUS JaHHOTO XMMHYECKOTO Ipoliecca,
3aKJIIOYaeTcsl B CIeAyromeM: 1) B TIOHMKEHHHM SHEPruu akTHBAIMH; 2) B oOecreueHun
HEOOXOAMMOW OPUEHTAITUN PEarupyroNIuX YacTHII.

Bausinue TeMnepatypbl Ha CKOPOCTh peaKIHu

C TOBBIIIEHHEM TEMIIEPATypPhl YBEIUYHBAETCS CKOPOCTh JABMKEHHUS MOJEKYJT W HX
KHUHETHYECKasi SHEPTUs. AKTUBHOCTh MOJIEKYJI BO3PACTAET, U CKOPOCTh PEAKLIUU YBETUUMBACTCSI.

3aBUCHMOCTh CKOPOCTH PEaKI[MM OT TeMIIepaTypbl OIpeAeyseTcsl npaBuioM BanT-
Fodbda: npu yseruuenuu memnepamypwi na rasxicovie 10°C ckopocms peaxyuu ospacmaem
npumepHo 6 2 paza. JIns HEKOTOPBIX peaKklHii CKOPOCTh BO3pacTaeT B 3 — 4 pasza. ITO 3aBUCHUT OT
MIPUPOJIBI PEATUPYIOIIUX BELIECTB.

Yucno, nokaswigarowee 60 CKOILKO paA3 YEeIUyU8aemcs CKOpOCHb peakyuu npu
veenuyenuu memnepamypvl na 10°C, Hazvieaemcs memnepamyphviM KodIp@uyuenmom u
oboznauaemces V.

H3MeHeHne cKOpOCTH peakiuu OT TeMIIepaTypbl MOXKET ObITh BBIYHCICHO TO (opmylie
Bant-T'odda:

2y (2.4)

rae Uy, U U, — CKOPOCTH pEakUMM IIPH TeMIeparypax t, M t; COOTBETCTBEHHO; Y —

TemneparypHslii koapduuueHt Bant-I'odda.
CkopocTh peaknuH B reTeporeHHbIX cucremMax. Bausinue karaausaropa Ha
CKOPOCTh XUHMHUYECKHX peakuui

BemecTtBa, u3MeHSIONME ~ CKOPOCTh ~ XMMHYECKOTO  MpOILECCa,  Ha3bIBAIOTCS
Katanuzatopamu. Karanmsaropamu MoryT OBITH TBEpAble, JKUAKHE U Ta3000pa3HbIe
BemecTBa. MI3MeHeHne CKOPOCTH XMMHYECKOH PpEeaknuu IOJ BIMSHHUEM HPUCYTCTBYIOLIETO B
CHCTEME ITOCTOPOHHETO BELIECTBA, COCTAB U KOJIMYECTBO KOTOPOTO K KOHIYy PEaKIUU OCTAITCS
0e3 U3MEHEHHH, Ha3bIBAIOTCSI KATATU30M.

ITpu romMoreHHOM KaTajiu3e B3auMOAEHCTBYIONIUE BEIIECTBA U KATAIU3aTOpP COCTaBIIAIOT
onHodaszHyto cucremy. [Ipu rereporeHHOM KaTaiu3e pearupyrolire BEeIIecTBa U KaTalu3aTop
COCTABIISIIOT CUCTEMY U3 HECKOJNbKUX ¢a3. Ilpu rereporeHHOM KaTtaiu3e B NPUCYTCTBHU
HeOOJBIINX KOJMYECTB KaTalu3aTopa MOTYT IIPOpearupoBaTh OTHOCUTEIBHO OOJbIIUE
KOJINYECTBA B3aWMOJICHCTBYIOMUX BemecTB. [Ipy roMOreHHOM KaTaiu3e CKOpPOCTh PEaKLIUU
NPaKTHYECKH MPOMOPIIMOHATIBHA KOJTUYECTBY KaTaIU3aTopa.

AKTHUBHOCTB KaTaJln3aTopa, a MHOTIA U CIeU(PUIHOCTh UX IEHCTBHSA, B OOJIBIION Mepe
3aBUCHT OT TeMIIEpaTypbl. [ Kaoro mporecca, CymecTBYIOT ONpeIe/ICHHbIe KaTaln3aToPBl,
4acTo MoJ0UpaeMble IKCIIEPUMEHTAIBHBIM ITyTEM.

XuMH4YecKkoe paBHOBecHe

Bce xummnueckue peakiiuy MOKHO pa3/ieMTh Ha J1Ba TUIIA: 0OpaTUMble U HEOOpaTUMBIE.

MHorue peakuuu SBISIOTCS 00paTUMBIMU, T.€. TAKUMH, IPH KOTOPBIX 00pa30BaBIIUECS
IIPOAYKTHI B3aUMOJICHCTBYIOT MEX /1y cO00ii, peBpallasich B UCXOAHbIE BELIECTBA.

OOpatumble peakluy OTPAHUYEHBl ONPEICIICHHBIM IPEAEIOM: OHU HE JOXOIAT 110
KOHIIA.

OO01uit Buj ypaBHEHHsI 0OpaTUMON PEAKIUU:

mA + nB <> pC + gD. (2.5)
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CKOpOCTI/I npAMOTro u 06paTHOI‘O IponeCCOB BbIPAKAIOTCA CICAYIOIIUMHA YPABHCHUAMU:
v=klA4|"|B]" (2.6)
v=KC|”[D]?. (2.7)

B momenT YCTAHOBJICHUS PAaBHOBCCHA IIPsAMas U 06paTHa$I pC€aKlun HC IIPCKPAIIAIOTCA, a

MIPOJIOJDKAIOT MPOTEKATh B MPOTUBOIOJIOKHOM HAIMPABJICHUU C PABHBIMU CKOPOCTSMH.
['padmdecku 3T0 MOXKET OBITH TaK, Kak MOKa3aHO Ha pUCyHKe 5.1.

Un

ol

B

»

Pucynox 2.2 3asucumocms npamoii u obOpammoil peaxyuii Z-
om epemenu

Ecnn cxopoctu mpsiMoii 1 oOpaTHON peakuui paBHBI (Vyp = Vosp. — MaTEMaTHUECKOE
YCJIIOBHE XHWMHYECKOTO paBHOBECHs) , TO TpaBble 4acTu  ypaBHeHud (5.6) m (5.7), ux
BBIPA)KAIOLINX, TaKKe PaBHBI:

KA"[B]" = Klc]?[D]. (2.8)

Ha ocHoBanuu 3toro copMyJIMpOBaHO MOJIOKEHHUE, HA3BAHHOE 3aKOHOM JIEHCTBUS Macc
(BTOpast GopMyITUpPOBKA): 8 MOMEHM PABHOBECUs NPOU3EeOeHUe KOHYEHMPAyull 0eucmeyiouux
MACC UCXOOHBIX Beecms HA KOHCMAHMY CKOPOCMU NPSAMOU peakyuu pasHo NpOU38e0eHuio
KOHYenmpayuii  0eticmeyiowux Macc o0pazyiouwuxcs eujecms Ha KOHCMAHMY CKOPOCMuU
0bpammotl peakyuu.

W3 ypaBuenus (5.8) cnenyer, 4to

o _lalos
OrtHolieHune ABYX IMMOCTOAHHBIX BCIIMYUH €CTh BCIIMUMHA IIOCTOSAHHAS, CIICAOBATCIIbHO!:
Fioxr Lol 2.10
VECR 10

Koncranroii xumuyeckoro paBHOBecHs K” Ha3bpIBa€TCsl OTHOLIEHHUE IPOU3BEIAECHUS
PaBHOBECHBIX  KOHIEHTpAalUMd TMPOAYKTOB peakUUh K TPOU3BEICHUI0 PABHOBECHBIX
KOHIICHTPAIIMH UCXOHBIX BEIIECTB, B CTENIEHU UX CTEXUOMETPUICCKUX KO (DUIIMEHTOB.

KP BrIpa)kaeT 3aKOH JEHCTBUS Macc /ISl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PAasHo8ecuUsl He 3a8UCUM OM KOHYEHMPAyuu peazenmos, HO 3d6UCUM OMm memMnepamypbl u om
NpUPOObL peazupyroujux euecms.

B MoMmeHT XxuMHUYecKOro paBHOBecHs W3MeHeHue dHepruu [ uboca e npoucxoautr — AG
= 0. KoHcTaHTa XMMHYECKOT0 paBHOBECHS CBA3aHa ¢ AG COOTHOILIEHUEM:

AG’ = —RT InK? (2.11)

YuuteiBas, uro [mK? =2,303 Igk? wu R = 8314 JIx/K-momnp ypaBHeHue (2.12)
npeoOpasyeTcs 10 BUAA:

AG’ =-19,14 T IgK? (2.13)

[Tonp3ysick ypaBHEHHMEM  KOHCTaHThl PABHOBECHUS, MOXHO YIPABJISTH XUMHUYECKUM
MIPOLIECCOM, YTO BAXKHO B TEXHOJIOTUYECKUX LIETISX.

Ecnu B paBHOBecHOU cucteme mA + nB <> pC + gD yBenMuuTh KOHLEHTPALMIO A, TO B
cootHommeHnu (7.1.6) must KP, NOMKEH YBENMYUTHCS YHUCIUTEIb WM YMEHBIIUTHCS BTOPOU
COMHOXKMTEJIb 3HAMEHATENIA, T.€. BeJIMUnHA [B]. DTO MOXKET POU30MTHU B pe3ysIbTaTe CMELICHUS
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paBHOBECHs ClieBa HAIpPaBO, MPHUBOJAMIETO K OOpa30BaHUIO HOBBIX KOJIWYECTB TMPOAYKTOB
peakuyu — C u D.

Takum 00pa3oM, MPU YCTAHOBUBILIEMCSI HOBOM COCTOSIHUU PAaBHOBECHS, KOHIICHTPAIIUU
BCEX YETHIPEX BEIECTB, MO CPABHEHUIO C MEPBOHAYAIBHBIMHU, OKKYTCS M3MEHUBIIUMHUCS, a
3HaUYE€HHUE KOHCTAHTHI PAaBHOBECHUSI HE U3MEHUTCS.

CrnemoBaTenbHO, MJIi CMEIICHHUS PABHOBECHs CJIEBa HAMpaBO HEOOXOAMMO WIH
YBEJIMYUTHh KOHIIEHTPALMIO OJHOTO M3 MCXOAHBIX BEIIECTB, WM YMEHBIIUTh KOHIIEHTPALIUIO
OJTHOTO W3 MPOAYKTOB PEAKITHH.

C momoIbi0 BBIPAKEHUS KOHCTAHTHI PAaBHOBECHS MOKHO OIPEACNATh KOHIICHTPALUU
BEIIECTB B MOMEHT PaBHOBECHsS, a €CIIM M3BECTHBHI 3HaueHUs K’ M WCXOJHBIE KOHIIEHTpAIluu
BEILIECTB, TO MOKHO ONPEJCIUTh UX PABHOBECHBIEC KOHIIEHTPAIUH.

Ecnmu ucxomnyro koHIeHTpanuio BeriecTBa A 0003HauuTh depe3 Cy(4), a 4uciao Moib
€ro, MpOpearupoBaBIIuX K MOMEHTY paBHoBecus, uepe3 A C(A), To MoysspHasi KOHIIEHTpAIHs B
MOMEHT PaBHOBECHS OTIPEICTTUTCS TaK:

[A] = Co(4) — A C(A).

PaBHOBecHE B TE€TEPOr€HHBIX CHCTEMAaxX OMNPENEIAETCS TOJBKO Ta30BOM WM KUIAKOH
¢dazoi, T.K. KOHIICHTPAI[UHN TBEPbIX BEIIECTB HE BXOAT B YPaBHEHHE ISl CKOPDOCTHU PEaKIIHU.

HampaBnenue cMemeHnuss paBHOBECHS CHUCTEMBI TIPH HM3MEHCHHHM KOHIICHTpPAIIHH,
TeMIIepaTypbl WIH J1aBlieHus onpenaenserca npuHuumnom Jle [latensbe:

«Ecnu Ha 00paTUMYIO CHCTEMY, HAXOISAIIYIOCS B TTOJBHKHOM COCTOSIHUU, OKa3aTh U3BHE
Kakoe — Ju00 BO3JEHCTBHE, TO CUCTEMa OTBEUACT CMEIICHHWEM PaBHOBECHS TaKuUM 00pa3om,
YTOOBI OCIA0UTh 3TO BO3ACHCTBHUEY.

O6opynoBaHue U MaTepUaJIbl
1. Pactsop ceproit kuciotsl HSO4 ¢ kornentpanueit C(H.SO4)=2 mons/ oM’
Tuocynbdara vHatpust Na,S,0;
JuctunnmupoBaHHas Boja
[Ipobupku
Jloxeuka
bropetka
Bogstnas 6aus
TepmomeHT
9. PactBop consnoit kucaorsl HCI ¢ konuentpanueit C(HC1)=2 mos/am’
10. Kap6onar xansiust (Men) CaCO;
11. IMepokcun Bogopoaa
12. PactBop okcuma mapranna (+4). MnO,
13. PactBop okcuaa xenesa (+2), FeO
14. PactBop okcuma kpemuus (+4), SiO,
15. PactBop xsnopuna xenesa (+3) FeCl; (C(FeCls) = 0,002 mons/am’
16. PactBop Tronmanara kanus C(KNCS) == 0,002 mons/am’
17. PactBop KCI

XN R WD

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce pa®oTel B XMMHYECKOH J1a0OpaTOpHM JOJDKHBI TPOBOAMTHCS IIPU HCIIPABHOM

3IIEKTPOOOOPYIOBAHNH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0OBAHHOM BBITSKHOM KA.

2. Ta3zoBble KpaHbI U ra3011poBOJ JOJIKHBI HAXOAUTHCS B UCIIPABHOM COCTOAHUH, ICPUOANYCCKHU
HPOBEPATHCS.

3. Pabodee MecTo comeprKaTh B IOPSIKE U YHCTOTE.

4. Cyxue peakTHBbl TpeOyeTcs OpaTh YHCTHIM ILITATENIEM HIH CHIEHHAIEHON JTOKEUKOM.

5. MWznmmiek peakTuBa HE BBUIMBATH 0OPATHO B COCY, U3 KOTOPOTO OH OBLT B3SIT.
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6. Bce omnbITHI € BPCAHBIMHA U MAXHYIIUMHU BCUICCTBAMHU, a TAKIKC YITapUBAHUE KUCJIIOT U KUCJIBIX
PacTBOPOB MPOBOJIUTH B BBITSKHOM IIKady.

7. OcraTku COeTMHEHHH cepedpa CIIMBATh B 0COOBIC CKIITHKH.

8. IIpu HarpeBaHMM pacTBOPOB B MPOOHPKE BCETa ClEAyeT AepikKaTh e€ TakuM 00pa3oM, 4TOOBI
OTBepCcTHE MPOOUPKHU OBLIO HAMPABIEHO B CTOPOHY OT paboTalomIero psAaoM coceaa.

9. He HaKJIOHATH JTUIIO HAJ| HATPEBAEMOM KUAKOCTHIO MU CILIABIISIEMBIM BEIIECTBOM.

10. He crmenyer BOpIXaTh Maxydrie BEMIECTBA M Ta3bl, OJIM3KO HAKIOHSACH K COCYIY C ITHMH
BemecTBaMu. HroxaTh BeliecTBa MOXHO JIMIIb OCTOPOYKHO, HAMIPABIISIsl K ce0e maphl WK ra3 ABHKEHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIEHTPHUPOBAHHBIX KUCIOT U MIEIOYEH B BBITSHKHOM IIKady.

12. BpumBath pa30aBieHHBIE KHUCIOTHI U MICIIOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropudecku 3anpeniaercsi npoOOBaTh XMMUYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe c Jerko BOCIUIAMEHSIONIMMUCS BelecTBaMu (3upbl, OEH301, cepoyriepos U
T.IL.) HE OJOJXKHO 6I)ITI) pAAOM OIr'Hs M BKIIFOYCHHBIX IJIMTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW TMOCYAOH, HEeoOXOAMMO COOMI0AaTh IpaBUiIa
MPEOCTOPOKHOCTH BO N30CIKAHNE PAaHEHUI OCKOJIKAMH CTEKIIA.

16. Kareropuuecku 3ampeniaeTcsi OCTaBIATh pabOTaroIIHe MPUOOPEI 0e3 HAOTIOICHHUS.

18. B xumMuveckoii 1abopatoprun He0OX0JUMO padoTaTh B Xanare.

3aganus

OmeiT 1. Omnpenenute CKOPOCTh B3aUMOJCHUCTBHS THOCYNb(ara HATPHS C CEPHOW KHCIOTOM.
[Ipouecc MOxeT OBITH BBIPAXKEH IBYMS CTAIHAMU:

a) Na25203 + H2SO4 = Na2SO4 + H2S203 — 6},ICTp0;
0) 25,03 = HyO+ S0, + S 3 - MEJUIEHHO.

Ha BTopoii cTagun peaknuu BbLACISIETCS CBOOOJHAS cepa B BHUJIE OMAJECHUPYOMIETO BEIIECTBA.
Bpems oT Hawana peakiuu A0 MOSABIEHHS NEPBBIX BUAMMBIX CIEAOB CEphl 3aBUCHUT OT KOHIIEHTpaluu
pearupyonmx BenecTs.

B Tpu npoGupKy HaJelTe 1Mo 5 cM® CEPHOM KHUCIOTHI U3 OFOPETKH, 3aTEM BO3BMUTE TPU KOJIOOUYKH
eMKOCTBIO 10 50 cM’ u Haseiite: B mepByio 15 cm® Tuocynsdara Hatpus, Bo BrOopyr — 10 cm®
THOCYJIb(aTa HATPUS W 5 cM® BOABI M B TPETBbIO — 5 cM’ THOCyinb(ara Hatpus u 10 cM’ BOIbI
COOTBETCTBEHHO. byapTe TOYHBI IpU OTMEpe HyXHBIX 00beMOB BemiecTB. IlomeTpTe HOMepa Koio.
Teneps mo ouepenu B KaXIylo KoiOy NpUIMBaWTE U3 MPOOWPKH MPHUTOTOBJICHHBIM PAacTBOpP CEPHOI
KHCIOTHI. Bpemst oTcunThIBaiiTe M0 ceKyHAOMEPY (WK CEKyHJHOM CTpENIKE 4acoB) C MOMEHTA CIMBaHUS
pacTBOPOB 10 Havyaja MOMYTHEHHS.

Pe3ynbTats! ombiTa cBenuTe B TAOIUILy 2.2.

B urore MOXHO M caenaTh BBIBOJ: CKOPOCMb peakyull 3asUcum Om HPUpoosl pedzsupyroujux
6ewecms u ux KOHyeHmpayuu?

OnpiT 2. B Tpu cyXux NpoOMPKH HAIIEHTE 1O 5 CM® pacTBOpa CEPHOM KUCIIOTHI, & B TPH JPYTUE —
1o 5 cM® pactBopa THoCyb(ara Harpus. [TomecTute Bee IpOOGUPKH B BOJsHYIO Ganto. Yepes 5 - 7 MUHYT
U3MEphTe TEMIIEpaTypy pacTBopa THOCYNIb(haTa HATPUS U CICHUTE COACPKUMOE OIAHOU Mapbl MPOOHPOK.
Otcuuraiite BpeMs OT ciMBaHUS NPOOMPOK 10 TOSIBJICHHsS NOMYTHEHUs. l3Mmepbre TemiiepaTypy
pacTBopa THOCYIh(haTa HATpHUI B IPYroW mpoOupke: oHa JOKHA OBITh Ha 10° BBINIE, YeM B IIEPBOM
ciy4ae.

CreiliTe copepKUMOe BTOPOH mapbl MPOOUPOK U oTMEphTe BpeMst. ONBIT C TpeThei MpoOUpKOH
IPOBOIAT Tipu Temrieparype Ha 20°C BeINIe epBOHAYATLHOW. Pe3yabTaThl OMBITOB 3aHECUTE B TAOIHUITY
2.3.

OmneiT 3. Haneiite B aBe mpoOupku Ha 1/4 nx oObema consiHOH KucioTel. BriOepute nBa
OJMHAKOBBIX KyCOYKa MeJla M OAMH U3 HUX Pa30TPUTE B CTYIIE B MOPOIIOK, 3aTEM OJHOBPEMEHHO B OIHY
13 IPOOUPOK OMYCTHUTE KYCOYEK Melia, a B IPYTYIO CCHIITBTE MOPOIIOK.

Onpit 4. B yethipe npoGUpKy HaselTe mo 3 cM® pacTBOpa MEPOKCUIA BOAOPOaa. B Tpu u3 Hux
BCBINIBTE OJIHOBPEMEHHO 10 JIOXKEUKE: B OJHY — OKCHJa MapraHua (+4), B Apyryro — okcua xxenesa (+2),
B TpeThI0 — okcuma kpemums (+4). UeTBepTas mpoOupka — I cpaBHeHHsA. HabOmiomeHus 3amuimmre B
TETpajb.

OnbiT5. TIpuMepom oOpaTuMoOl peakiuM SBISAETCS B3aHMMOJICHCTBHE MEXKIY pa30aBICHHBIMH
pacTBopaMH XJjopuma keiesa (+3) W THOIMaHATa Kadsg WIH aMMOHHS (TIPAKTHYECKH OCCITBETHBIC
pacTBOPEI).

21



MornekynsipHOe ypaBHEHUE PEAKLIUU:

F€Cl3(p) + 3KNCS(p) <> FG(NCS)}(p) + 3KCl(p) .
HNonnoe ypaBHeHHE:

Fe™* (p) +3NCS™(p) > Fe(NCS)3( ).

OO6pa3yromuiicss B pe3ybTaTe peakIni KOMIUIEKC — THOIMAHAT jkele3a (+3) obmamaeT KpacHBIM
[[BETOM, MHTEHCHBHOCTh KOTOPOTO 3aBHCHT OT KOHIeHTpanuu. [lo3TomMy cMmerieHne paBHOBECHS JIETKO
HaOII01aTh MO0 U3MEHEHHIO HHTEHCUBHOCTH OKPACKH.

Cueiire B xon0y pasubie 00beMbl (10 — 15 cm®) pactBopa FeCl; (C(FeCl;) = 0,002 mons/aM’) u
pacTBOpa THOLMOHATA Kauusl (MJIM aMMOHHS) ¢ MOJIIPHOM KoHneHTparuei C(KNCS) == 0,002 mMos/mv’.

[Monmy4eHHBIN pacTBOp pasiieiiTe B 4eThIpe MPOOUPKH TaK, YTOOBI 00BEMBI BCEX PACTBOPOB OBLIH
NPUMEPHO OJMHAKOBBIMHU. B mepByro mpobupky mobasete 1 ¢cm® pactBopa FeCls; Bo Bropyro — 1 oM’
HACBIIIICHHOTO PacTBOpa THOILMAHATa Kallusl; B TpeThio — kpucTtayumyeckuit KC/ (wm NH,CI). YetBepTas
npoOupKa — ATAJIOH IS CPaBHEHUSI.

Pesynbratel onbiTa 3aHecuTe B TA0IUIy 2.4.

Conep:xaHue oT4yeTa
[l onvima 1.
Tabauya 2.2 3asucumocms cKOpoOCmuU peakyuu om KOHyenTPALUA

Konnenrpauus
Na,S,0; Bpems ot Havana 0
3 THOCUTEJIbHASI CKOPOCTb
C;( Na»S,04), MOflb/ om” = OTqunT;M;;oT Il:é)}){l::eHHﬁ peakim
— 41
_ Vil Nay$,05) - Co(Nay$,03) te v
Vp—pa

rae Vi(Na25203),C~-1~13 =15;10;5;

Vp—pc1=c“”3 - Vi(NGZS2O3) + VJ(HZO) + V(HZSO4) .

Ha ocHoBaHMM MeXaHHM3Ma pEaKIUM YKOKHTE €€ NOpAJOK M MOJIEKYJISpHOCTb. Hanummre
KMHETHYECKOE ypaBHEHNUE. [lonbITaliTeCh BEIUMCINTE KOHCTAHTY CKOPOCTH.

ITocTpoiite rpaguk 3aBUCUMOCTH CKOPOCTH PEAKLMH OT KOHLEHTPALUU PEarupyIoyX BEIIECTB.
Kaxoit nunmel BbIpaxkaeTcsi HaliieHHas 3aBUCUMOCTH? I[IpoxomuT nu oHa uyepe3 Hadajgo KOOpAHHAT?
[Touemy?

Jns onvima 2.
Tabnuya 2.3 BinsHUE TeMIepaTypsl HA CKOPOCTh PEaKIUU

NeNe TeMIeparyoa ombira. °C Bpems ot Hagana oTcyera 10 OtHOCHUTENBHAsA CKOPOCTD
OITbITa patyp ’ IIOMYTHCHU, t peakuuu, U =t

Bripazure rpaduyeckn 3aBUCHMOCTh CKOPOCTH PEaKIUM OT TEeMIIEPaTyphbl, OTIOKWUB Ha OCH
abcIuce 3HaYeHUsT TeMTIepaTyphl, a HA OCH OPJIMHAT 3HAYEHUSI OTHOCHTEIBHON CKOPOCTH peakiuu. Yemy
PaBHO 3HAYCHHE TEMIIEPATYPHOTO K03 duilMeHTa B BalieM OmbITe?

[l onvima 3.

OO0BsacHUTE, B Kakoi 13 MpoOupok peakws monia osictpee? [louemy?
s onvima 4.

OO0OBsCHUTE, OJJMHAKOBO JIM MPOTEKAET MPOIIECC pasioxeHus Nepokcuaa Bogopona? CocraBbre
YpaBHEHHUE PA3NIOKEHUs MepoKcuaa Bojopona. Omnpexenure TN Karanu3a. Kakoe W3 BelecTB okasajio
KaTaJINTUYeCcKoe JieficTBrE?
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s onvima 5.

O0bsacHUTE, uTO TporcxoauT. CocTaBbTe BEIpaXeHHE ISl KOHCTAHTHI paBHOBecHs. Ha ocHOBaHUM
(hopMyIBI ISl pacueTa KOHCTAHTHI PaBHOBECHS YKaXXHUTE, W3MEHEHHE KOHIIEHTPAlWi KAaKMX BEIECTB
(MCXOTHBIX WJIH MPOJYKTOB PEAKIIMK) BHI30BET 00JIee CYIIECTBEHHBIN CIBUT PABHOBECHSI.

Tabruya 2.4 BausgHue KOHIIEHTPALMU PEareHTOB HA XUMHYECKOE PABHOBECHUE

N OcnaGnenue wiu Hampasnenue cmemeHns
Howmep ormbiTa JloGaBiieHHBIN PacTBOP
YCHJICHHE OKPACKH paBHOBECHs
1
2
3

KonTpoJbHbIe BOIPOCHI

ba3oBbIi1 ypoBeHb

1. Uro m3yyaeT XMMHYECKasi KHHETHKA U JIJISl 9€T0 OHA CITY)KUT?

2 Kakue ¢aktopsl HEOOXOIUMBI Il BCTYIUICHHUSI B XUMHUYECKYIO PEaKIHIO PearnpyIOIInX
gacTui?

3. JlaiiTe ompenmeieHHE CKOPOCTH XHMHUYECKOW peakmuu. Kak BBRINBIAAT —Tpaduk,

OTpaXkaloIINil 3aBUCUMOCTh CKOPOCTH AJIEMEHTApHOW peaknuu Buaa P + G <> O ot: 1) KOHIEHTparuu
pearenta (; 2) KOHUEHTpALUH MPOAYKTa peakuun Q7

4. Kak unrtaercs mepsas popMynupoBKa 3aKOHA JIeHCTBUS Macc?

5. Kaxo#i cMbpIcnT mMeeT KOHCTaHTa CKOPOCTH peakuuii? OT 4ero 3aBHUCHT M OT Yero He
3aBUCHT 3TOT mapameTp?

6. [TpuokuM 1M 3aKOH EHCTBHSI MacC K CIIOXKHBIM (MHOTOCTaIuitHbIM) peakiusim? OTBeT
MOSICHUTE Ha IpUMeEpe.

7. VYKkaxure, KOrAa CKOPOCTh XHMHYECKON peakiuu JeHCTBUTENHHO IPOIOPIUOHATbHA

MPOM3BE/ICHUIO KOHICHTPAIlMi pearupyrolix BEIIECTB B CTEINCHIX, PABHBIX HX CTEXHOMETPUYECKUM
KodpdUIeHTaM.

8. UTo Ha3BIBAIOT MOJCKYJIIPHOCTBIO W TIOPSIKOM XMMHYECKHX peakmuii? Beerma nmm oHm
OJNHAKOBBI?

9. Kak onmpenenstoT MOJEKyIApHOCTh U MOPSIIOK CIOXHBIX peakuuit? [loscHute oTBeT Ha
npumepe.

10. Kakue 4yacTuibl Ha3bIBaIOT «aKTUBHBIMH»? JlaliTe omnpejeneHue TOHITHIO «IHEPTHSI
AKTHBALIII.

[ToBbIlIEHHBIN YPOBEHB

1. Kak nzmensercst SHeprusi aKTUBAIlMK B IIPUCYTCTBUH KaTanu3aropa?

2. YTo MPOMCXOAMT C PearnpyrolMH YaCTULIAMU TIPH HarpeBaHUH?

3. [MpuBenute ¢dopmynupoBky mpaBmia Baxr-I'opda. Kakas Qopmyma otpaxaer
MaTeMaTHYECKYIO 3aBUCHUMOCTh BO3PACTaHUsI CKOPOCTH C YBEITMUECHHEM TeMIepaTyphl?

4. Kakoit cmbicn umeeT TemmneparypHbiii ko3¢ ¢unueHT? Yto o3HavyaeT, HaIpUMep, eciu Y
=37

5. OnpenenuTe TEMIIEPATYPHBIH KOIPOHUITUEHT CKOPOCTH PEAKITHMH, SCIH IPH TMOHKESHUH
temneparypsl Ha 45 °C peakuus 3amemmnach B 30 pas. Otser: y = 2,13.

6. Ipu 393 K peaxkumsa 3akaHumBaercs 3a 25 MuH. Yepe3 CKOIBKO MHUHYT 3Ta peakLys

3akoHunTcs mipu 443 K (y =2,5)? Oter: 0,255 muH.

7. Kakne XxuMH4YecKue peakiny Ha3blBaloT oOparuMbiMu? HeoOpatumbeiMu? [lpuBenute mpumeps
TaKHUX peakiuil.

8. Ilpu kakuXx yclOBHIX HACTYNAeT XUMHUYECKOE PaBHOBECHE B OOPATUMBIX CUCTEMax?

9. Kaxkoii mapaMmeTp Ha3bIBaIOT KOHCTAaHTOW paBHOBecusa? Kak oTpaxaercss e€ 3aBHCHUMOCTH OT
KOHCTaHT IpsIMON ¥ 00paTHOM peakiuii?

10. Ot kakux (axTOpPOB 3aBUCUT KOHCTAHTA PABHOBECHS? OT KAKUX HE 3aBUCHUT?

11. IloyeMy B BBIpak€HUHM KOHCTAHTBI pPAaBHOBECHS KOHLIEHTPAIUH BEIIECTB YKa3aHbI B CTENCHSIX,
COOTBETCTBYIOIIUX MX CTEXHMOMETpHUYECKUM Kod(duIreHTam, a He SKCIEPHUMEHTAIBHO OINpeaessieMbIM
qyciaam x, y u ap.?

12. Kakum COOTHOIIIEHHEM CBs3aHa KOHCTaHTa paBHOBECHS ¢ dHepruen [ mdoca?
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13. Ipuenute dhopmynupoky npunnumna Jle [llatense. Kakoe mpaktuyeckoe 3HaUCHHUE UMEET
stoT npuHImn? [IpuBenuTe mpuMepsr.

Cnucox JUTEPATYPHI, peKOMeHIlyeMbIﬁ K HCNO0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas MTEpaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBus. - 13-¢ u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : ui. - (bakanaBpuar). - Pek. MOuH P®. - IIpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpy>Xaroiei cpeasl : XuMus )KUBBIX opranu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3parensckuit Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTPOHHBIN // DneKTpoHHO-O0ubmoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3UD. [10JIb30BATEIEH
JlonoiHUTeIbHAA JTUTEpaTypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; [lox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHS METAJUIOB : ydeOHOE TTocoOue (7151 CTYIEHTOB XUMHUYECKOTO (DaKybpTeTa
HarfpaBiieHui 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJIOTHA») / coctaButenn O. A.
lNonoBanoBa. — Owmck : OMckuii rocy1apcTBeHHbIM yHUBEpCUTET UM. .M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpOHHBIN // DneKTpoHHO 6ubanoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyma: mis
ABTOPHU3UP. MOJIb30BaTEIEH
Humepnem-pecypcoi:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIIa K 00pa30BaTEeIILHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OnbinoTeka OHIaH».

3 http://catalog.ncstu.ru/ — 37MEKTPOHHBIN KaTaJIOT aCCOIUAITUY JIEKTPOHHBIX OHOIHMOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE

Tema 6. PacTtBopbI
JlaboparopHasi padoTa 3. DJIeKTPOIUTHYECKAS TUCCOLUALMSA

Hens paboThl: U3ydenue mporecca 3JEKTPOIUTHYECKOM JAUCCONMALMU B BOJHBIX PAcTBOPax

ANIEKTPOIUTOB PA3HOMN CHITBL
dopmMupyembie KOMIIETCHIIMN WA UX YaCTH:
Teopernyeckas 4acTb

Pacnaj 971€KTpONUTOB Ha HOHKI TIPY MX PACTBOPEHHUHU B BOJIE HA3BIBACTCS TIPOTOIM3OM.

Ipumeyanue. K mpomeccaM MpoTOJIHM3a OTHOCAT BCE XMMHYECKHE B3aUMOJCHCTBHS, B KOTOPBIX
yuactBytoT nousl H;O" u OH™. TepMuH «IuccOmMamusiy ycTapes, BMECTO HEro PEKOMEHIyeTCs
MIPUMEHSATH — TIPOTOJIH3.

OCHOBHBIE TIOJOKEHHUSI TEOPUH MNPOTONU3a (TOTAa—3JIEKTPOIUTHUYCCKOW IUCCOLMALNK) ObUIN
paspaboTansl B 1887 roay mBenckuM yu€HbeiM CBaHTE APPEHUYCOM.

ONEeKTPONUTH TPH PACTBOPEHWH B BOJAE TIOABEPrarOTCAd MPOTONM3Y (pacmamaroTcs WIiIH
JICCOLIMUPYIOT) Ha ITOJIOKUTETBHBIC U OTPUIIATEIILHBIC HOHBI.

[lon neiicTBUEM DJEKTPHUUECKOTO TOKA MOJOXKUTENBHO 3apsHDKEHHBIE MOHBI IBUKYTCS K KaTOXy
(KaTHOHBI), a OTPHUIIATENHHO 3aPsHKESHHBIE — K aHOY (aHUOHBI).

[porecc npoTonmza — mporece 0OpaTUMBIH, T.€. MapaJUICIBHO PAcTaay MOJIEKYN Ha HOHBI WAET
MPOIIECC COCTUHEHHSI HOHOB B MOJICKYJIbI.
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Hanpumep: CuSO, <> Cu’* + 503~

Cysbdar Meu B BOJHOM pacTBOpe pacraziaercs Ha katuod Cu®’ u annon SO4”.

Mexanu3Mm nporonusa (auccouuannu) 0bu1 pazpadoran pycckum xumukom M. A. KaGirykoBbiM.

I'maBHO¥M NmpUYMHON MPOTOJIU3A SIBISETCA B3aMMOJACHCTBUE MOJIEKYJ 3JIEKTPOJUTA C MOJIEKYJIaMu
pactBoputeist (Boabl). MojeKyna BOABI MOJSIpHAst, B3aUMOJIEHCTBYSI C DIEKTPOIUTOM, BOAA OCIAOISIET
3JIEKTPOCTATHYECKHUE CUIIbI IPUTSHKEHNSI HOHOB B KPUCTAJJIAX U CHJIbI B3aUMOACHCTBHS MEXIYy aTOMaMHU
B COEAMHEHHUSAX C KOBAJIEHTHOH CBA3bIO, UTO U MPUBOAUT K UX MIPOTONN3Y (PUCYHOK 2.1).

B

@@@QO@ | )r

@@@—»@@ @
a) NONSIPHASL MOJIEKYIA 8 Hadae zuapamauuu;
6) nepexo0 NoAPHOU MOJIEKYIbL 8 UOHHYIO NOO Oelicmeuem OUnoael 600bl;
8) 2UOPAMUPOBAHHBII AHUOH,
2) euopamupoBaHuslli KAMUOH.

Pucynox 3.1 — Cxema npomonu3a noaspHOU MOJeKyIbl

OO0pazoBaBirecs WOHBI OKPYKEHBI OOOJIOYKOW W3 TMOJIIPHBIX MOJIGKYJ BOJBI U SIBISIOTCS
THIPATHPOBaHHBIMU HOHAMU. OHU YCTOWYMBHI ¥ CYIIECTBYIOT B PACTBOPE HE3aBUCUMO JPYT OT APYTa.

I'mapaTtupoBaHHBIE HOHBI MOTYT HMETh KaK MMOCTOSTHHOE, TaK M TIEPEMEHHOE KOJIMYECTBO MOJIEKYIT
BOJIBI. ['HIpaT MoCcTOSHHOTO cocTaBa 0Opas3yeT HOH Bojopoaa H', yaep:kuBaroIiuii 01Hy MOJICKYITy BOJIBI.
B Hay4Hoi#t 1 y4ueOHo# muTepatype ero o6o3HayaT H3;O" (i OH3") 1 Ha3bIBalOT HOHOM THAPOKCOHHUSL.

Cremyer MOMHHTB, 9YTO MOH H™ B BOJe He CYIIECTBYET, TaK KaKk MOMEHTAJIBHO PearnpyeT ¢
MOJIEKYJIOHN (MOJIEKyIaMH!) BOJIBI M CYIIECTBYET ( B OCHOBHOM) TOJIEKO B BHJIC HOHOB THAPOKCOHUS:

H+ + HzO — H30+.

Cunvnsie u crabvle snexkmpoaumsl. CHIBHBIE JIEKTPOIHUTHI TIPY PACTBOPEHUH B BOJIE MTOITHOCTHIO
(WIIM TOYTH MOJIHOCTHIO) TIOJIBEPTAIOTCS TMPOTOU3Y — PACIaIat0TCs Ha HOHBL.

Ilpumeuanue. TIpUHATO CUNTATh CUIBHBIMU DJICKTPOJIUTAMU BCE TE€ COCIHWHEHHUS, KOTOpPHIC
pacmagatorcs 6onee geM Ha 30%.

K =M oTHOCSTCS:

a) kucnotel H,SO4 (Tonbko mo nepsoii ctynenu!), HNOs, HCI, HI, HBr, HMnO,, HCIO;, HCIOy;

6) ocHopanms menoddslx (NaOH, KOH, RbOH, CsOH, o we LiOH!) u menoyHo3eMeIbHBIX
metamioB (Ca(OH),, Sr(OH),, Ba(OH), — HO TOnBKO 110 TIepBO#i cTymieHu!);

B) TIOYTH BCE PACTBOPUMBIC COJIH.

Crnalble 3IIEKTPOJIMTHI IPU PACTBOPEHHUH B BOJE JIUINb YACTHYHO MOABEpPraroTcs nporonmsy. K
CJTa0BIM 3JIEKTPOJIUTAM OTHOCAT, Harpumep. cienyromue kucinorel: HCN, HNO,, HF, HCIO, HCOOH,
CH;COOH, H,COs, H,C,0s, H,S, H>SOs, HoSi0s;, H:BO; u n1p.; ocHOBaHUS METa/LUIOB (KpOME OCHOBaHUH
HIEJIOYHBIX M IIeTIOYHO3eMeNbHBIX MeTannoB), a Takke NH,OH. K cnaObim anekTponuTam OTHOCHTCA
Tak)Ke M BOJa.

TIpoTonn3 KUCIOT:

a)H,SO, + H,0 <> H;0" + HSO, (100%);
[H;0"][S0; ]
[HSO, ]

HS(); +H2() > H3()+ +S()47; K(IZ (HzS()4) = = 0,012;

6) HCIOy + H,0 <> Hy0™7 + ClO5 ; (100%);
6) HBr+ H,0 <> H;0" + Br™; (100%).
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HpOTOJII/I3 MHOI'OOCHOBHBIX KHCJIOT CTyrICH‘-IZlTI;IfI, Ipyu 3TOM YHUCJIO CTyHCHCﬁ OIMpeaACIACTCA
OCHOBHOCTBIO KHCIIOTHI (3TO YK€ OTHOCUTCSI K K MHOTOKHCIIOTHBIM OCHOBAHUSM).
TIpoTonn3 ocHOBaHMIA:

a) NaOH <> Na* + OH ;

6) KOH <K' +OH;

6) Ca(OH), <> CaOH™ +OH ™.
IIpoTonus coneii:
Cpeonue conu:

a) NaCl <> Na™ +CIl;
6) KNO; <> K" + NO5 ;
6) ALy(SO,); <> 241°" +350;".

Kucnvie conu:
K>HPO, « 2K + HPO/".

OcHosnvie conu:
a) AIOH(NOy), <> AIOH*" +2NO5 ;
AIOH*" & AI** + OH ™
6) A(OH),NO; <3| AI(OH),|" + NO5;
[41(0H),]" & AlOH*" + OH " ;
AIOH* & A" +OH .
KOMVUZEKCHble COJlUu.
a) K|Cr(OH),| & K™ +[Cr(OH),]";
[Cr(OH),|” & Cr* +40H "
6)Nay| Zn(OH) ;| > 2Na* +[Zn(0H),|*;
| Zn(OH),|* & Zn*" +40H ",
KomnuectseHHO IIpoIeCC NpPOTOJIMU3a MOKHO 0XapaKTEPHU30BATE C IIOMOIIBIO CmeneHu npomoausa
Q |, KOTOpast TPEJCTaBISIET COO0 OTHOIICHHUE YHCIA MOJb (7,) MOABEPTIIUXCS MPOTOIU3Y MOJEKYJ, K

00IIIeEMy YHCITY MOJIb (745,) PACTBOPEHHBIX MOJICKYJT:

n
X
a,% =

-100, (3.1)
No6uy
[t cUIBHBIX B3JEKTPOJIMTOB CTENeHb Hporonu3a Onmska k exunuie (100 %). [na cmabeix
ANIEKTPOJIUTOB, MOJICKYJIbl KOTOPBIX B OCHOBHOM HAaXOJSATCS B PACTBOPE B MOJICKYJISIPHOM COCTOSIHUU, (¥
— Masas BeIMYMHa.
CreneHp NpoOTOIM3a MOYXKHO YBEIHYUTH IMOHI)KEHUEM KOHLIEHTPALMU PACTBOPEHHOTO BEILECTBA
(Tabnuna 2.1) WK NOBBIIIEHUEM TEMIIEPATypPhl PACTBOPA.

Tabnuya 3.1. 3asucumocms cmeneHny nPOMOAU3A YKCYCHOU KUCTOMbL O KOHYEHMPayuu npu
20C

C(CH;COOH), mons/nm’ 0,1 0,01 0,001
a,% 1,4 4,2 12,4
Hanpumep, U151 yKCYCHOM KUCIOTHI:
CH;COOH + H,0 < CH;COO™ + H;0™;
[CH3CO07] 40— [H,07]
C(CH;COOH) C(CH;COOH)
Jna xapakTepuCTHKH cIa0bIX 3JEKTPOJIMTOB HCIOJB3YIOTCS KOHCTAHTHI MPOTOJH3a, KOTOPHIE
SIBJISIFOTCS] YACTHBIM CJIy4aeM KOHCTAHT XMMHUYECKOIO PaBHOBECHSL.
[Iponecc nmporonu3za ci1aboro 3IEKTPOIUTA SBISAETCS PABHOBECHBIM, T.€. B CHCTEME MPOTEKAIOT

OJIHOBPEMEHHO JIBa COMPSHKCHHBIX MPOIIecca: MPOTOJIM3 U Mojsipu3anus. Hanpumep, isi paBHOBECHOTO
TpoIiiecca a30TUCTOM KUCIOTHI ¢ MOJICKYJIaMHU BOZBL: 1) mipsiMasi peakiust — mpoliecc mpoToim3a (pacrasa)

100.

a(CH;COOH),% =
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monekyn HNO, Ha wonbr, 2) obpaTHas peakius — mojsipusarus (cBs3biBanne woHoB H;O™ u NO, B
monekyisl HNO,)
HNO, + H,0 <> H;0" + NO; .
KonmuecTBeHHO 3TO paBHOBECHE XapakTepusyeT KoHcTanTa nporonnza HNO,:
[H,0"]-[NO; ] _
K, (HNO,) =3 2151107,
| HNO, |

J711 MHOTOOCHOBHBIX KHCIIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT MPOTON3a, KAk 1as U3 KOTOPBIX
KOJIMYECTBEHHO XapaKTEPU3yeT COOTBETCTBYIOMIYIO CTYIIEHb MPOTOJIN3A.

Hanpuwmep:

H,S+H,0 <> H;O" + HS™;
[H30"]-[HS™] 11077

: [H,S]
HS™ + H,0 <> H;0" + 5%,
[H;07]-[S*] s
a, = W = 1,1 . 10 .

[Iporonus »MEKTPONUTOB IO MEPBOM CTYHNEHH HAET JIerde H, CJIEIOBATENbHO, BEINYMHA
KOHCTAHTBI IPOTOJIN3a MEPBOI CTyNEHM BCeraa OOJbIle BEIWYMH KOHCTAHT MPOTOJIM3A IOCIETYIOIINX
CTYTICHEH.

Koncmanma npomonuza max oice, Kak u KOHCMAHMA XUMUYECKO20 PABHOBECUS, ABIAETNCS
6EUNUHOU NOCMOSAHHOU NPU OAHHOU MeMnepamype u He 3a6UCUm Om KOHYECHMpayuu 6ewiecmsa.

3aBHCHMOCTb MEXIYy KOHCTAHTOH paBHOBECHS U CTEHNEHBIO MPOTOJIM3a ONPEEIsIeTCs] 3aKOHOM
paszbasienust OcTBaibaa, HAIPUMED, U1 OJHOOCHOBHON KUCTOTHI (Tuna HA):

[H;07]-[47]_a?C(HA)

2

K (HA) = —npu e = 0,05 (5%
(1( ) [HA] l— o P ( 0)
i
[H;07]- 4] 5 0
K, (HA) = = o> C(HA) —nipu & < 0,05 (5%)

[£14]

Wonnble ypaBHeHHs — 3TO (hopMma 3alucH, OTpakalollas COCTOSHHE BEIIECTB B pacTBOpE U
pe3ynbTaT UX B3aUMOJEHCTBHS APYT C IPYTOM.

IIpn cocraBneHMH WOHHBIX YpaBHEHUH CJelyeT pPYKOBOJICTBOBATBCA TEM, UTO crabvle
NEKMPOIUMBL U MATOPACMBOPUMbBIE 8euec8a U300paxcaiomces 8 guoe moaekyn. CunbHo pacmseopumbvie
NEKMPOSUMBL, KAK NOTHOCMBIO UOHUSUPOBAHHBLE, NULULYMCS 8 8UOE UOHOB.

B noHHBIX ypaBHEHUSIX JOIHKHO COOIIONATHCS YCIOBHE AIEKTPOHEUTPATBHOCTH — CYMMA 3apso08
6 J1e6Oll Yacmu ypasHeHUs: 00HCHA ObIMb PABHA CYMMe 3aPA008 NPABOU YACTHU YPABHEHUSL.

OobOopynoBaHue 1 MaTEPUAJIBI
1. Pactsop cepuoii kucnotsl H,SO4 ¢ konnentparueit C(H.SO4)=2 mMons/am’
2. PactBop consnoit kucnorel HCI ¢ konnentpamueiit C(HC1)=2 mons/am’
3. Unaukartop ¢peHonpranenH
4. WHguKaTop METHUIOPAHKEBBII
5. JlakmycoBas Oymara
6. PactBop NaOH c¢ xonuenrpauueii C(NaOH) = 2 mons/nm?
7. JucTunaupoBaHHas BOJA
8. TIpobupku
9. Jloxeuka
10. PactBop Na,SO,
11 PaCTBOp (NH4)ZSO4
12. PactBop xnopuaa 6apus
13. PacTBOp cuIMKaTa HATPHsI
14. PacTBOp COMAHOM KHUCIOTHI
15. PactBop cynbdara meau (+2)

27



16. PactBop arnerara Hatpuss CH;COONa
17. Kap6onar xansiust (Men) CaCO;

18. PactBop cynbdara xpoma

19. PactBop eaxoro Hatpa

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paborbl B XuUMHMYECKOH 1a0OpaTOpHM MOJKHBI HPOBOAMTHCS IPU HCIPABHOM
3IIEKTPOOOOPYIOBAHUH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0BAHHOM BBITSDKHOM IIKAQYy.

2. Ta3o0Bble KpaHBI U ra30MPOBO/JI IOJHKHBI HAXOJUTHCS B UCIPABHOM COCTOSIHUH, IEPUOMYECKH
IIPOBEPATHCHL.

3. Pabodee MecTo comeprKaTh B IOPSIKE U YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM ILITATENIEM HIH CIIEHHAIEHON JIOKEUKOM.

5. MW3znumiek peakTuBa HE BBUIMBATH 0OPATHO B COCY, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce oIBITHI ¢ BpEAHBIMYU M TIAXHYIUMH BEIIECTBAMH, a TAKXKE YIAPUBAHNAE KUCIOT M KHCIIBIX
pacTBOPOB MPOBOJIMTE B BBITSDKHOM IITKAQYy.

7. OcraTku coequHEHHI cepedpa CIIMBaTh B 0COOBIE CKIISTHKH.

8. IIpu HarpeBaHMM PacTBOPOB B MPOOHMPKE BCETIa ClEAyeT AepxkaTh e€ TakuM 00pa3oM, 4TOOBI
oTBepcTHE POOUPKHU OBLTO HAMPABIEHO B CTOPOHY OT paboTaroIero psaoM cocea.

9. He HaKIOHATH U0 HAJ| HATPEBAEMON KUAKOCTHIO MU CIIABIISIEMBIM BEIIECTBOM.

10. He crexyer BAbIXaTh Maxy4ue BELIECTBA M Ia3bl, OJM3KO HAKIOHSACH K COCYAY C STHMHU
BemecTBaMu. HroxaTh BelecTBa MOXHO JIMIIb OCTOPOYKHO, HAIIPABILISL K ce0e Hapbl WK a3 ABHKEHUEM
PYKH.

11. XpaHuUTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BBITSDKHOM IIKady.

12. BeumBath pa30aBieHHbIE KUCIOTHI U LIEIOYHBIE PACTBOPHI CIELYET B CIIMBHYIO CKILIHKY.

13. Kareropudecku 3amnpemaeTcsi mpoOoBaTh XMMUYECKHE BEII[ECTBA Ha BKYC.

14. Tlpu paboTe c JEerKo BOCIUIAMEHSIOIMIMMHUCS BemecTBaMu (3¢upbl, O€H301, cepoyriepoa U
T.J1.) HE TOJDKHO OBITH PAJOM OTHS M BKIIIOYEHHBIX TUIUTOK.

15. I[Ipu paboTre cO CTEKIOM, XHUMHYECKOW ITOCYII0M, HEOOXOAMMO COOJI0OMATh IIpaBHIIA
MPEAOCTOPOKHOCTH BO N30EKaHNE paHEHUI OCKOJIIKAMHU CTEKIIA.

16. Kareropuuecku 3amperaercsi OCTaBIATh paboTaromire Npudopsl 6e3 HaOIIoIeHHS.

19. B xumudeckoi taboparopur HeoOXoauMOo paboTaTh B Xajare.

3amanuda
Onwit 1. Hanelite B Tpu npoOupku 1o 1-2 cM® pacTBopa KMCIIOTHI, IIET0YH U BOABL Jl06aBbTe B
KKy npoOupky wuHaukatop (cm. tadm. 3.2.1). OOparure BHUMaHUE Ha I[BET HWHJIUKATOPOB B
pa3IMYHBIX CpeAax: KUCIOM, IETOYHOW, HEUTPabHOM.
Tabmuma 2.2 1[BeT HHAMKATOPOB B Pa3IMYHBIX CpeIax

Cpena
MNupukarop p
KHCTast HEHTpaJIbHAas IesI09Has
Jlakmyc KpacHbIN (hroneToBEIi CUHUU
®denondranenn OCCIIBETHBIN OeCIIBETHBIN MaJTMHOBBIN
MerunopaHxeBblid PO30BBIi OpaHXEBbII JKENTHIA

Onwir 2. B 1gBe mpoGupku Haseiite mo 1-2 ¢m’ pactBopo: B oaHy — Na,SOs, B apyrywo —
(NH4)>S04. B kaxayro u3 npoOupok npubaBbTe IO TaKOMy ke 00beMy pacTBopa Xxjiopuaa Oapus. Bo
Bcex mpobupkax obOpasyercs ocagok Oenoro nera. CocTaBbTe MOJEKYJSIPHBIC U MOHHBIE YpaBHEHHUS
COOTBETCTBYIOIUX PEAKLIUM.

st Toro 4roOBl onpenenuTh Kakasi u3 00pa30BaBLIMXCS CONEH TPy IHOPACTBOPHMA, IIOCMOTPHUTE
TabJMIly PAacTBOPHUMOCTH XMMUYECKUX COCAWHEHUH. B BBIIIEPacCMOTpPEHHOM NpuUMeEpe 3Ta COJb —
cynbdar Oapusl.
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Onpit 3. Hanelite B mpoOupKy 2 cM® pacTBOpa CHIIMKAaTa HaTpusl, 100aBbTe TAKOE e KOJIUYECTBO
COJITHOM KucHOoTH. Yto mpomsomuio? Hamummre MonekyssipHOE, ITOJHOE HOHHOE M KPAaTKOE MOHHOE
ypaBHEHHUs NaHHOH peakunu. OOpaTuTe BHUMaHUE, YTO KPEMHUEBAs KMCIOTA IUI0OXO PACTBOPHMA B BOJE.

Onpit 4. Hanelite B mpo6upky 2 cM’ pactBopa cynbdara meau (+2). Jlo6aBbTe pacTBOp IIETOYH
(NaOH wmm KOH). Yto Bbl Habmronaere? Hanummre MonexkyisipHOe ypaBHeHHE peakuuu. Ilomb3ysch
TabIMLel pacTBOPUMOCTH, OINpENENUTe, KaKoe W3 ABYX OOpa30BaBIIMXCS COCAWHEHMH, BBINAJAET B
ocazok. HanmmuTe mosiHoe 1 KpaTkoe HOHHBIE ypaBHeHHA. OcaoK COXpaHUTE IS OTbITA 5.

OmneiT 5. B mpoOupky ¢ ocaakoMm TuIpokcuaa MeAu (TOMyYeHHOTO B TPEABIIYLIEM OIIBITE)
100aBbTE HECKOJBKO CM’ pacTBOpa CONSIHOM KHCIOTBL OcCaJoK pacTBOPWICS (€CIH OCAJOK HE
pacTBOPHIICS, TO BCTPSAXHHUTE MpoOUpPKY). Hanwimure MoJeKyIspHOE, MOJHOE W KpaTKoe HOHHBIC
YpaBHEHHUS.

Omnpit 6. Haneiite B mpoOupky 2 cM® pactsopa anerara Hatpus CH;COONa u 106aBbTe HEMHOTO
pa30aBiieHHOW COJSHOW KHUCIOTH (Minm cepHOW). [losBuica 3amax, MpUCYIIUE MOJIEKYJaM YKCYCHOU
KUCHOTHL. [Ipu COCTaBICHWM HMOHHOTO ypaBHEHHUsS HE 3a0bIBaliTe, YTO YKCyCHas KHCJIOTa — CJAO0BIA
3JIEKTPOIIUT.

OmnbIT 7. B HEO0JIBIIOM KOJIMYECTBE BOJBI B30OJITANTE LIETIOTKY PAacTEPTOro B MIOPOLIOK Meja U
MIPIJICHTE HEMHOTO PacTBOPA COJSTHON KHCIOTHL. Kakoi ra3 IpH STOM BBIICITHTCS?

BcmoMHuuTe, 4TO yrospHas KUCI0Ta OYEHb HEYCTONYMBA, pa3jiaraercs C BhIACICHUEM ITy3bIPHKOB
YITIEKUCIIOTO ra3a.

Hamummre MosiexyssipHOe, KpaTKOe U MIOJTHOE HOHHBIE YPaBHEHHSI.

Onpit 8. a) Haneiire B npodupky 2-3 cm® pactsopa cyiabdara Xpoma U 100aBbTE 10 KAIUISM
pactBop enkoro Harpa (1o oOpasoBaHus ocanka). OOpazoBaicsi OcagoK THApOKcHAa xpoma (+3),
OTMEThTE LIBET ocafaka. Hamummre MoneKysipHOE, MOJIHOE M KPaTKOE HOHHBIC YPABHEHHS PEAKLIUH.

0) OOpazoBaBIIHiiCcs 0caZOK B30OITalTE U pa3eiuTe Ha aBe 4acTu. K ogHO# yacTh 100aBbTe 2-
3 ¢M’ CONSIHOM KHCIIOTHI, 8 KO BTOPOM — 2-3 M’ KOHIIEHTPHPOBAHHOTO PACTBOPA IIEIOYH.

OOpatuTe BHUMaHKE, YTO OCAA0K B 00EHX MPOOHPKaxX pacTBOPHIICS. BcroMHUTE, YTO THAPOKCHT
xpoma (+3) ob6mamaer aM(ONUTHBIMH CBOHCTBAMH, B3aUMOJEHCTBYS Kak C KHCIOTaMH, TaK U C
menoyamu. [lpu sToM Bo BTOpoM ciydae oOpasyercs KomIuiekcHas conb. Kakas? Hamumure eé
¢dopmymy.

Ilo ykazaHuro mnpenogaBaTenss MOXKHO IIPOBECTH AHAJOTMYHBIC PEAKIMH C Y4acTHEM
THIPOKCHIAMH ATFOMIHHS WIH [TUHKA, KOTOPBIE TaKXke 00J1a1at0T aM(pOIUTHBIME CBOMCTBAMH.

CocTaBbTe MOJIEKYJIIPHBIE, TOJIHBIE U KPATKHE YPABHEHUSI COOTBETCTBYIOLINX PEAKIINM.

OmnbiT 9. Ilonb3ysick BBICTABICHHBIMM Ha JIAOOPATOPHOM CTOJIE PEAKTUBAMH, OCYIIECTBHUTH
PEaKIuio, BRIPAKEHHYIO CIEAYIOIINM HOHHBIM YPaBHEHHEM:

Fe’* +30H = Fe(OH); 4.

Hanumure MonexynsipHoe ypaBHEHUE PEaKLUH.

Omneprt 10. [Toap3ysck MOMYyYEHHBIM B OMBITE 9 OCaaKkoOM THAPOKCHAA Kene3a (+3), OCyIecTBUTh
PEaxIuio, KOTOPYIO OMUCHIBAET CIeAyIolIee HOHHOE ypaBHEHHE:

Fe(OH) +3H" = Fe’ +3H,0.
Hamnucath HECKOIBKO MOJNEKYJISIPHBIX YpaBHEHUH peakuuil, MpUMEHss MPU 3TOM TaKHe KUCIIOTHI,
KOTOPBIM ObI COOTBETCTBOBAIIM PacTBOpUMBIE coiu Fe'
Conep:kanue oTyera
[Tonmyuyennsie nanneie 3adukcupyiite B Tabauie 3.2 mo ciexyromei Gopme:
Tabnuna 3.2. Pe3ynbTarhl SKCIepUMEHTa

Ne m/mt | Pearentsr XuMH4YecKasi peakuus HabGmonenus

1

[ N EE USRI \S)

KonTpoabHbie BOIpochl
ba3oBblii ypoBEeHB
1. Uto Takoe 3JeKTPOTUTHICCKAS JUCCOITHAITNS?
2. DIEKTPOJIUTHI U HE 3JCKTPOIIHTHL.
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3. KT0 U3 XUMHUYECKUX COSAUHECHUH SIBISICTCS STICKTPOITUTOM?
[ToBbILIEHHBIN YPOBEHB
1. Hanuiure MoJIeKyIsIpHbIE, IOJIHbIE U KPATKUE HOHHBIE YPABHEHUS PEaKLUUi B3aUMOICHCTBHUSA:
a) kapOoHaTa KaJlusi C COJITHOUM KHCIIOTOI;
0) a30TUCTOM KUCIIOTHI C TUAPOKCUAOM HATPHS,;
B) kKapOOHATa MarHusl ¢ a30THOM KHUCJIOTOM;
T') THAPOKapOOHaTa HATPHS C €KUM HaTPOM;
1) THAPOKCHJIA ATFOMUHUS C SIIKUM HATPOM;
€) COJITHOM KHCIIOTHI C CUIIMKATOM HATPUSL.

Cnncok Jurepatypbl, peKOMeHAyeMbli K HCI0JIb30BAHHUIO 110 JAHHOI TeMe

OcHoBHas MTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - TIpun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpy>karoiei cpeapl : XuMUs )KUBBIX opranu3moB. Kypc nexmuii /
E. C. Muxamuna, A. JI. Ilerenmun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 271eKTpOHHBIN // DneKTpoHHO-O0ubInoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum mpocryma: s
aBTOPU3HP. M0JIb30BATEICH
JlonoJiHUTeIbHAS JTUTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; [ox pen. A. . Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMUS METAJUIOB : yu4eOHOe Tocoome (I CTYJICHTOB XMMHYECKOTO (haKyIbTeTa
HarpaBieHull 0akanaBpoB «XUMHUs» U «XUMHUYECKask TEXHOJIOrUs») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH yHUBepcuTeT M. @.M. JlocToeBckoro,
2015.—552¢c. —
ISBN 978-5-7779-1875-8. — TeKcT : 25eKTpoHHBIH // DnekTpoHHO Oubmmorednas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocrymna: ans
aBTOPU3UD. M10JIb30BATENEH
Hnmepnem-pecypcoi:

1 http://window.edu.ru/ — eauHOE OKHO JIOCTYIa K 00pa30BaTeIbLHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KAaTaJIOT acCOIUAIIAN JICKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefeHui u opranuzanuii CK®O

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTKpBITOE OOpa3oBaHUEe

Tema 6. PacTBopbI
JlaGopatopnas pa6ora 4. [Iporosm3 coJei
ens paboTer: M3yueHue npoiiecca THIPOIN3a COTCH.
®opMupyemble KOMIETEHIIMN WIH UX YaCTH:
Teopernyeckas 4acTb

Ilpoyecc e83aumodeticmeus UOHO8 COMU C MOJEKYAAMU BOObl, NPUBOOAWUL K 0OPAZ0BAHUIO
Cﬂa60<)uccouuupyrou;ux sewecmes (MOﬂek'le cnabdvlx KUCIom uiu OCHOGGHuﬁ, AHUOHOB KUCJbIX UIU
KamuoHOo6 OCHOBHbIX COﬂeﬁ) u conpoeoofcc)aiow;eem USMEHEHUEM pH pacmeopa, Hasvleaemcs
npomoJu3om.

[IpoTonu3y moaBepraoTcs coiu, 00pa3oBaHHBIE CITA0BIM OCHOBAHHEM WIIH CTA00W KHCIOTOM.

Cna0Osle QJICKTPOJIUTHI B BOAC JIMIIb YaCTUYHO AUCCOLMUHUPYIOT HAa MOHBI. K aum otHOCATCS:
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a) KUCJIOTHI — H2S, HzSO;;, H2C03, H3PO4, HNOQ, H3BO3, HCIO, HCN, HF, CH3COOH " ap.;

0) Bce ocHOBaHUS MeTaLIOB (Kpome mmienmoueif), a takke NH,OH. K cmabemm snextpommram
OTHOCHTCS TaKXe BOJa.

CUJIbHBIC 3JICKTPOJIUTHL

a) kucnotel — H,SO4, HNO;, HCI, HBr, HMnO4, HCIO;, HCIO4;

0) OCHOBaHMS IIEJIOYHBIX U MIETOYHO3EMETFHBIX MeTauoB, kpome Mg(OH),, Be(OH)..

CoctraBuM Tabnmiy coined, 0Opa30BaHHBIX Pa3IMYHBIMUA (KaKk cJIaObIMH, TaK W CHIIBHBIMH)
KHCIIOTaMH M OCHOBaHUSIMH.
Tabnuya 4.1 Ipomonus pasnuuno2o mulla COJICH

Comm, 00pa3oBaHHbBIC

CaObIMH KUCIIOTaMU U CTaOBIMHU KUCIOTAMHA M | CHIIBHBIMHU KHCIIOTaMHU
c1a0bbIMHA OCHOBaHUSIMU
CUJIBHBIMH CUJIBHBIMHU U CUIIBHBIMU
U CUIbHBIMH KHCIIOTAMHU
OCHOBAHMAMU OCHOBAaHUAMU OCHOBAHMSMU
I II III v

ALS;, NH4CN,

N32CO3, KzS, N32803 A1C13, CuSO4, MgClz CI‘z(CO3)3

KCI, NBQSO4, KN03

pH>7 pH<7 pH=7 pH=7

PacTBOpBI BBINIEYyKAa3aHHBIX COJEH HMMEIOT PA3IMYHYIO PEAKIMIO: MIETOYHYIO, KUCIOTHYIO WIIH
HEUTpaJbHYI0. DTO OOBACHSIETCS TEM, YTO MOHBI, OOpa3yolecs MpH pachajie 3THX COJICH, pa3IuuHbIM
00pazoM B3aUMOJICHCTBYIOT C BOJIOM.

IIpoTtonu3s coJieil, 00pa3oBaHHBIX CUJIBLHBIM OCHOBAHHMEM U
c1a00i KHCJI0TOM

PaccmoTpuM mporiecchl, TpOTEKaroImKue NpH TpoToim3e kKapboHata Harpus. Na,COs — coib
c1aboil TBYXOCHOBHOW yTOJIBHOW KWUCJIOTHI U CHJIBHOTO OJHOKHCIOTHOTO ocHoBaHMS NaOH. 3ammmem
YpaBHEHHUE MPOTOJIU3a ITOH CONH:

Na,CO; <22 50Na™ + COZ™.

Ipumeuanue. TlpoTonusy HWOHOB (THIPONM3Y) BCErJa TMPEIIIECTBYET MpPOIecC MPOTOIN3a
(IMccoumayu) Cou.

OO6pazytomuecs KapOOHAT-HOHBI B3aMMOJIEHCTBYIOT C MOJIEKYJIaMH BOJBI, TIPH 3TOM 00pa3yloTCs
aHnoHsl /{/COs5 , a He Monekynsl HCOs, Tak kak noHbl //C ()5 OUCCOLUMUPYIOT FOpa3ao TpyAHEE, YeM
monekyinbl H,COs. [losToMy mpu OOBIMHBIX YCIOBHSIX NPOTONU3 KapOoHATa HATpPHS MPaKTUYECKU
IIPOTEKAET 110 IIEPBON CTYIECHH.

HoHHO-MONEeKyIsIpHOE YPAaBHEHUE TTPOTOIU3A CC)_%* 10 TIEPBOM CTYIIEHU:
CO;™ + H>0 <> HCO; + OH ;pH > 7.

B monexymnspHoii hopme:
Na,CO5 + H,0 <> NaHCO; + NaOH .
HoHHO-MONEKyIIpHOE ypaBHEHHUE mpoTonu3a HCO5 :
HCO; + H,0 <> H,CO; + OH ; pH > 7.

B monexymsipHO# hopme:

NaHCO; + Hy0 <> H,CO5 + NaOH — nipaktudecku He npoTekaer!

B pactBope mnosBusiercss u30biTok noHoB OH', mostomy Boasblii pactBop Na,CO; umeer
HIETIOYHYO PEaKITHIO.

KonudecTBeHHO mpoIiecchl MPOTONM3a COJNICH XapakTepu3yroT KoHCTaHTHI (K.,) u cremeHb ()
MPOTOJIN3a, a TITYOUHY NPOTEKaHHs IPOTONIN3a — U3MEHEHHE peakiuu cpeasl (pH).

Koncrater mporonm3a conel, 0Opa3oBaHHBIX CHJIBHBIM OCHOBaHHEM U CIA00H KHCIOTOM,
BBIYHCIISIIOT 110 (JOPMYIIaM CIIEIYIOIIEro Buaa

Kop, =% (4.1)

rac Knpj — KOHCTaHTa pOTOJIn3a 1o i-CTyHCHI/I;
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K a; — 1-1 KOHCTaHTa NPOTOJIM3a 00pa3yIoLIeics CONPKEHHON KUCTIOTHI.
Crenensp nporonausa:
K
np; np;
———=0 (4.2)
2 2 ’
C C

2
Aonp Ty, -

ryie C — KOHIEHTpALHS COJHU, MOJIb/IM”.
®opmyiy (4.2) mpUMEHSIOT TOTAa, KOTAa cTeneHb nporosusa npesbimaet 0,05 (5%).

Ipu i < 0,05 (5%):
K}Y
Pi
anp ~ C : (43)

KoHIeHTpaluo TrUApOKCHI-MOHOB, ONPEACISIONIMX TIYyOMHY NpPOTEKaHHs IMPOTOJIN3a, MOXKHO

pacCcunuTaTh 1O YPABHCHUIO!:
[OH " 1; ~ Ky, C . (4.4)

[Ipumennm, nampumep, ¢opmynst (3.1) — (3.4) m1a KONMYECTBEHHOM OLIGHKH IIPOLIECCOB
IPOTOJIM3A 10 TIEPBOii ¥ BTOPOH cTymneHsM kapoonara Hatpus npu C(Na,COs) = 0,1 mons/am’.
Jns nepBoi CTyneHu:

K. 1074
w - = 2,17-107%;
K, (HyCO3)  4,6-10°

K 10
a,, z\/ i 27106 0466 (~ 4.66%):
n "¢ 0.1

[OH 1, zm= 21-104.01=4.66-103M".

;HMS,

pOH =—1g|OH ]| =—-124.,66- 1072 =2.33; pH=14-pOH =11,67.
JI1s1 BTOpO# CTyIIEHU BBIYUCIUM TOJIBKO KOHCTAHTY IIPOTOJINA3A:

Kw 10_14

= - =222-10"%,
K, (H,CO3) 45-10

Kp, (CO37) =

CooTHolleHIEe MEPBOI ¥ BTOPOI KOHCTAHT MPOTOJH3a KapooHaT-uoHa (= 10 000)

Ky (COTT) 217.10°
Kp,(COTT) 2,22:107

~1,0-10%

MO3BOJISIET PACUETOM JI0Ka3aTh, 4To Npotoin3 COs* (paKTHUECKH TIPOTEKAET TOJIBKO 110 MEPBOM CTYIEHH.
IIporosus coseil, 00pa30BaHHBIX CWIBHON KMCJI0TOH M CJ1a0bIM OCHOBAHUEM

Paccmorpum mporomms comu CuSOs. Cynbdar Menu — conb caboro ABYKHCIOTHOTO OCHOBaHUS
Cu(OH), u cunpHOM ABYyX0CHOBHOH KucIoThl HoSO,.
[epBUyHBII TpoLIECC — MPOTONU3 (IUCCOLMAINS) CONH:
H,0 -
CuSO, 0 ot 4+ SO;".
3areM MOHBI MEAH PEArupyroT ¢ MOJEKYJaMH BOJABI, TO €CTh UAET MPOTOIN3 HOHOB — BTOPUYHBII
npotecc. KaTHoHbI Mei ¢ MOJIEKYJIaMU BOJIbI 00pa3yroT KaTHOHbI 0CHOBHO# conn CuOH™.
NoHHO-MONEKyIsIpHOE ypaBHeHue npotonu3a Cu®’ 1o nepBoit cTyneHu:
Cu*" +2H,0 <> CuOH™" + H;0%; pH <7

WM B MOJIEKYJISIPHOH hopMme:
2CuSO, +2H,0 <> (CuOH), SO, + H, SO,
Tak kak B pacTBOpe MPUCYTCTBYET KUCIOTA, TO ero pH < 7.
Beinaaenue ocaaka rupokcuaa Meau (+2) He MPpOMCXOauT, Tak kKak nousl CuOH" nucconuupyror
ropaszo TpynHee, yem Mosiekyssl Cu(OH)..
CuOH™ +2H,0 <> Cu(OH)> + H30"; pH <7
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WM B MOJIEKYJIAPHOH (hopme:
(CuOH), 80, +2H,0 <> 2(CuOH), + H,S0, — peakuus npakTU4ecKHu He UIET.

Utak, B 00BIYHBIX YCIOBUSIX MPOTOJU3 Cyib(aTa MeIu MPOTEKAET MPAKTUIECKU TOIBKO MO MEePBOH
CTYIICHH.

@opMynsl, TO3BOJSIIOIIAE  KOJIWYECTBEHHO  OLEHUTH  IPOLECCHl  MPOTOIM3a  KAaTHOHOB
COOTBETCTBYIOIIUM CJIa0BIM OCHOBAHHUSIM:

K :& 4.5)

roe K np; — KOHCTaHTa POTOJIN3A 110 1-CTYIIEHH;

K j,; — KOHCTaHTa IPOTOJIN3A TI0 i-CTYNEHH CONPSHKEHHOTO OCHOBAHMS.
CrerneHp MpoTOIN3a;

K
2 np; np;
a np “|”a”[] '_2'_—2l:0, (46)
C C
e C — KOHIEHTPAIKS COJH, MOJIB/IM’.
Dopmyy (3.6) mpUMEHSIIOT TOTAa, Kora creneHs nporonnsa npesbimaet 0,05 (5%).
ITpu 0, < 0,05 (5%):
K
np;
Ay = . 4.7)
C
KoHueHTpanuioo KaTHOHOB THUAPOKCOHUS, OINpPENEISIOIUX [IyOMHY MpPOTEKaHUs MPOTOJIH3a,
MOYKHO PacCUHUTATh 10 YPaBHEHUIO:

[H307]; ~ [Kyy C . (4.8)

IIpoToau3 coseil, 00pa30BaHHBIX CJ1A0BLIM OCHOBAHMEM M CJIa00i KMCI0TOM
Paccmotpum kak mportekaet nmporonus anerara ammoHus. CH;COONH4 — conpb cmaboii aTaHOBOM
KHCTIOTHI U craboro ocHoBauus — NH4OH. YpaBHeHue mpoTonm3a 3TOH COMM UMEET CIEeYIOIINN BUI:

CH;COONH ; <22 5 CH,COO™ + NH.

Hanee nousl CH;COO™ 1 NH4" monmBepraroTcest mpoToJIu3y — pearupyroT ¢ MOJICKYJIaMH BOJIbIL:
CH;COO™ + NH; + H,0 <> CH;COOH + NH ,OH

WK B MOJIEKYJISIpHOU (popme
CH;COONH, + H,0 <> CH;COOH + NH ,OH .

Ilpu mpotonmse conel, 0Opa3oBaHHBIX CIa0BIM OCHOBaHMEM W CIIA00W KHCIOTOH, peakmus
pacTBOpa 3aBUCHT OT CTENEHM IMPOTOIM3a OOpasyIOLIMX3Csl NPOLYKTOB — KucnoTel (tuma HA) un
ocHoBanms (tuma KtOH). Eciau mportonmm3 ocHoBanusi KtOH mpeobnagaer Hag MPOTOMHW30M  KHUCIOTHI
HA, to xouuenrparus nonos OH™ Gonbine konnentpanuu H;O' — cpena menounas, ecim Ha000poT —
[H;0"] > [OH ], To Kucas.

B jmaHHOM ciyyae, MOCKOJBKY CTENEHW mportonu3a ykcycHon kucnorel (K, = 1,8:107) u
rugpokcuga ammonusi (K, = 1,78:107°) npubmusurensHo omuHakoBel, To pH cpempr Oyner
NpUOTU3UTEIBHO PaBEH CEMHU.

Cnedyem nomuums, uYmo coau, 00pA308aHHbIE CUNLHLIM OCHOBAHUEM U CUNbHOU KUCIOMOU,
npoOmMONU3Y He NOOBeP2aAIOMCAL.

Hanpumep, xmopun Hatpust NaCl — conb cunbHoi kucinotel HCl u cunbHOro ocHoBanusi NaOH.
Honel, oOpasymomyecss B pe3yjibTaTe IUCCOLMALMU 3TOW CONM, HE OOpa3yloT C BOAOH CladbIX
37IeKTPONUTOB. Il09TOMY B OOBIYHBIX YCIOBUSIX PABHOBECHE IMPOTOJIM3a MOJIEKYJ BOABI B TaKUX
pacTBOpax He HapyllaeTcs M KOHLEHTPALWS MOHOB THAPOKCOHUS M THAPOKCHA-WOHOB OCTA€TCS TaKOM
ke, KaK y uncToil Boasl — pH = 7.

oanblii mpoToIU3

Paccmotpum, kakue TpoayKTel oOpasyiorcs mpu cMmemmBanud pactBopoB Al(NOs); u K,COs.

Hutpar anmoMunus noasepraeTcs IpOTOIU3y MO KaTHOHY, a KapOOHAT Kalus - 0 aHHOHY:
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AI(NO,), <125 AP +3NO;

Al +2H,0 <> AIOH™" + H,O"
AIOH?" +2H,0 <> AI(OH)} + H,O"
AI(OH); +2H,0 <> AI(OH), 4+ +H,0"
K,CO, <2 52K" + CO;

CO;” + H,0 <> HCO; + OH ~

HCO;, +H,0 <+ H,CO,+0H .
Ecnmu pacTBOpbl HaXOIATCS B OJHOM COCYNE, TO HAET B3aUMHOE YCHICHHE MPOTONU3a KaXION
couh, Tak Kak obpasyrommecst nousl H;O™ 1 OH™ cBsi3pIBaroTCs ¢ 00pa3oBaHueM C1ab0ro 3JIEKTPOJIHTA —

BOJBI. HpI/I 9TOM IIPOTOJIUTUYCCKOC PABHOBECHUEC CMEIIACTCA BIIpaBO, a IIPOTOJIN3 Ka)KIlOfI COJIM IPOTCKACT
J0 KOHIIA.

HMoHHO-MONEeKyIsipHOE YpaBHEHUE ITPOTOIU3A:
2A1°T +3C0O5 +3H,0 <> 2AI(0OH )5 4 +3CO, T.
B monexynsapHoit popme:
2AI(NO;); +3K,CO; +3H,0 <5 2A1(OH); 1 +3C0O, T +6KNO;.
Hpyrumu npuMepaMu TakKUX Iap HOHOB SBJISIOTCS:
1.Cr''uS*
2. AP u S*

3.Cr"'u CO;™
4.Fe*'u CO;
5. NH, n SiO;™ u np.

OGopynoBaHue U MaTepUaJIbI
PactBop nHmukaropa
HuctunnupoBaHHas BoJa
[Ipobupku
PactBop Na,COs
PactBop AICL;
Pacteop NaCl
PactBop xnopuma aMMoHHS
PactBop cynbdara amromunus Al(SO,)s
PactBop docdara Hatpust Na;PO,
. PactBop (NH4),S
. PactBop cynbdara amromuHus
. PactBop cynndara xpoma Cr(SOs4);
. PactBop pactBopa coasl Na,CO;

XN R

—_ = = e \O
W N = O

Yka3zaHusi Mo TeXHUKe 0€30MaACHOCTH
1. Bce paboTbl B XUMHYECKOH 1a0OpaTOpHH AOJKHBI TPOBOAMTHCS MPU HCIPABHOM

AJNIEKTPOOOOPYAOBAHUY, FIEKTPOIPOBOIKE, IPABUILHO 000PYA0BAHHOM BBITSHKHOM IIKaQYy.

2. Ta30BbIe KpaHBI ¥ Fa30MPOBO/I JOKHBI HAXOJAUTHCS B UCIIPABHOM COCTOSIHUH, TIEPHOANIESCKU
IIPOBEPATHCS.

3. PabGouee mecTo comepkaTh B HOPSIIKE M YHCTOTE.

4. Cyxue peakTuBbI TpeOyeTcs OpaTh YUCTHIM IIIATENIEM WU CIICUATBHON JIOKEUKOH.

5. Wznuiiek peakTuBa HE BBUIMBATh 0OPATHO B COCY/I, U3 KOTOPOI'O OH OBLI B3SIT.

6. Bce omnbITEI € BPC€AHBIMHA U MAXHYIIUMHU BCUICCTBAMHU, a TAKKE YIIapUBAaHUE KUCJIIOT U KHUCJIBIX
PacTBOPOB MPOBOJIUTH B BBITSHKHOM HIKady.

7. OcTraTK¥l COeIMHEHHI cepedpa CIIMBATh B 0COOBIC CKIITHKHU.

8. Ilpu HarpeBaHUU PacTBOPOB B MPOOUPKE BCET/a CICAYET ACPKaTh €€ TaKUM 00pa3oM, U4TOOBI
oTBepcTHE NPOOUPKHU OBLIO HANPABIEHO B CTOPOHY OT paboTalomIero psAaoM cocea.

9. He HaKJIOHATSH JIUII0 HAJ] HATPEBAEMOM KUAKOCTHIO MU CILIABIISIEMBIM BEIIECTBOM.
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10. He criexyer BAbIXaTh Maxy4He BEHIECTBA W Ta3bl, OJM3KO HAKIOHSSACH K COCYAY C STHMHU
BemecTBaMu. HroxaTh BelecTBa MOXHO JIMIIb OCTOPOYKHO, HAIIPABIISISL K ce0e Maphl WK ra3 ABMKEHUEM
PYKH.

11. XpaHuUTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BBITSHDKHOM IIKady.

12. BeumBath paz0aBieHHbIE KUCIOTHI U IETOYHBIE PACTBOPHI CIEIYET B CIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaeTcs mpoOoBaTh XUMUIECCKUE BEIIECTBA HA BKYC.

14. Tlpu pabote C JIETKO BOCILIAMEHSIONAMUCS BerecTBaMu (3(UPBI, OCH30II, CEpOyTiIepoa U
T.J1.) HE TOJKHO OBITH PAOM OTHS M BKIIFOYEHHBIX TUIUTOK.

15. Ilpu paboTe CO CTEKIOM, XHMHYECKOH IOCYAOH, HE0OXOAMMO COOMI0AaTh IpaBUiIa
MPEAOCTOPOKHOCTH BO N30CKaHNE PAaHEHUI OCKOJIIKAMH CTEKIIA.

16. Kareropuuecku 3ampenaercst OCTaB/sATh padoTaroIue Ipuoopsl 03 HAOIIOICHMSL.

20. B xuMudeckoi 1aboparopur He0OX0aUMO paboTaTh B Xajare.

3aganus
Onmir 1. B 4eThipe npoOHMpKU HajeiTe mo 2-3 ¢M’: B MEPBYIO — AUCTHIUIMPOBAHHON BOJBI, BO
BTOpYI0 — pactBopa Na,CO; mmm K,COs, B TpeThio — pactBopa AICl; mmm Al (SO.)s, B wetBépTyio — NaCl
wm KClL B kaxayro mnpoOuMpKy MNOMECTUTE IO MaJeHbKOMY KYCOYKY HMHAWKAaTOPHON OyMarm.
[IpenBaputenbHO M3yYyUTEe U3MEHEHHE OKPACKM WHAWKATOPOB B pa3iMUHBIX cpegax. CpaBHHTE LBET
HWHJIUKATOpa B pacTBOPAX COJIEH C €ro OKpacKou B BOJE.

CocTaBpTe HOHHO-MOJIEKYJSIPHBIE W MOJIEKYJISIPHBIE pPEaKIUW MPOTOJIH3a COOTBETCTBYIOIINX
coseli. amonHute TabnuIy 4.2.

Onwim 2. Hanelite B npoGupKy 3 cM® pactBopa xjopuaa ammonus. Jlo6asbre 1-2 Karmu pactBopa
makmyca. OTMmeTbTe IBEeT pacTBopa. KpacHBI IIBET pacTBopa yKa3blBaeT Ha KHCIYIO Cpedy, T.e. B
pacTBOpe MMEIOTCS CBOOOJHBIE MOHBI THAPOKCOHMA. COCTaBbT€ HMOHHOE U MOJIEKYJISIPHOE YpaBHEHUS
mpoTtonu3a coxu NH,Cl.

Onwim 3. Haneiite B npoGupky 2-3 cMm’ pactBopa cyibdara amoMunus Alx(SO.); u no6asbre 1-2
Kaliy pacTBopa jakMmyca. Kak m3meHwuscss nser umHaukaropa? CocTaBbTe MOHHOE M MOJIEKYISPHOE
ypaBHEHUs MpPOTOJIM3a JaHHOW COJIM, YYUTHIBAs, YTO B Cllydyae MPOTOJIM3a MHOIO3apsSAHBIX KaTHOHOB
00pa3yroTcsi KATHOHBI OCHOBHBIX COJICH.

Onwvim 4. Hanetite B npodupky 2-3 cm® pacteopa (ocdara narpus Na;PO, u no6assre 1-2 xamm
pacTBopa nakMyca. B kakoil uBer okpacuics nakmyc? KakoBa cpena pactBopa? KakoBo 3nauenune pH
pactBopa? CocTaBbTe HOHHOE M MOJIEKYJISIpPHOE YpaBHEHHUs TpoTonu3a hocdarta HATpusl, yUUTHIBAs, 4TO B
pesynbTate obpazyercs runpodocdar Harpus. JanpHeimmii mpoTonu3 (M0 BTOPOI M TPEThEH CTYIICHN)
BO3MOXKEH JIMIIb B Cllydae OYEeHb pPa30aBICHHBIX pPACTBOPOB M MpPHU MOBBIINIEHHOW TeMIIEpaType.
Hanummre mMoHHBIE M MONEKYJSIpHBIE ypaBHEHHs mpoToiu3a (ocdara HaTpus MO BTOPOH U TpeTbei
ctynenu. Paccunraiite 3HaueHust KoHCTaHT MpoTONH3a (Kopi, Kup 11 Kyps), cTenenn mpoTonusa (Oapi, Onpz |
Oup3) ¥ [H30"] qst kaxgoii crynenn, cunras C(NasPOs) = 0,1 Mons/mm’.

Onwim 5. Haneiite B npobupky 2-3 cm® pactsopa (NH4),S u no6GaBbTe 1-2 Kamim pacTBopa
nakmyca. Kakoil ner nmpuoOpén pactBop? CuHHMI IBET JakMyca IOKa3blBaeT, YTO Cpella B PacTBOpE
menogHas. ObpaTuTe BHUMaHUE Ha 3amax pacTBopa. Uem maxueT pactBop (NH4).S? 3anumure nonHoe 1
MOJIEKYJISIpPHOE ypaBHEHUsI IpoTonu3a cyibduaa Hatpus. [Iporonus 3Toit conu uAET Kak MO MEPBOM, TaK
U TI0 BTOPOH CTYIIEHH:

NHJ +8°" + H,0 <> NH ,OH + HS~
NHj + HS™ + H,0 <> NH,OH + H,S

K, (NH;OH) =1,8-107; Ky (H2S) = 1,0-107; Koo (H2S) = 1,0-107,

Ucxons u3 3HadeHnii koHcTanT mpotonu3a misi NH.OH u H,S, caemaiite BBIBOJ 0 Xapakrepe
CpenBl.

Ecnu HarpeTs pacTBOp IaHHOM coyiu (IPOKUIISITUTE), TO IPOTOJIM3 CTAHOBUTCSI HEOOPATUMBIM, TaK
KaK [pY HarpeBaHNH aMMHAK U CEPOBOJIOPO YXOIAT U3 c(hephbl peaKinu, CMEIasi pABHOBECHS B CTOPOHY
00pa3zoBaHus MPOJIYKTOB MPOTONIN3A.

Onwvim 6. Haneiite B mpoOupKy 2 cM® pacTBopa Cyib(ara aloMUHKSA U J100aBbTe 2 cM® Cyabdhuaa
Hatpust. OOpaTHTe BHUMaHNE HA LBET BBINABIIEIO OCAIKA U 3amax. 3alHIINTe HOHHOE M MOJIEKYJIIPHOE
ypaBHeHUs poToin3a cMecu pactBopoB Al (SO.); u Na,S.

Onwim 7. Hanetite B mpo6upky 2 cm® pactopa cyibhara xpoma Cr(SO4); u Tyza ke 106aBbTe 2
cm® pactBopa cozsl Na,COs. B pesynbrate MOJHOrO MPOTOJIM3a BBINALAET OCAI0K CEPO-3€NIEHOTO IIBETa
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Cr(OH); u Bwimenstorcs my3blppkd yraekucnoro raza CO,. CocTaBbTe HOHHOE W MOJIEKYJISIpHOE
YpaBHEHHS TIPOTEKAIOIINX ITPOIECCOB.

Conep:xaHue oT4yeTa

Onvim 1.
Tabauya 4.2 Pe3ynbTaThl 3KCIIEPUMEHTA
Ne DopMyJIa BelEeCTBa IIBeT nHIUKAaTOpa Peaknus cpebl
1
2
3
4

[Tonyuennsie nanHbie B onbITax 2-7 3adukcupyiite B TadiuIe 4.5 mo caegyrooiei gopme:
Tabnuia 4.3. Pe3ynbTaThl SKCIEPUMEHTA

Ne /1 | PearenTsl XuMu4ecKasi peakius HaGnronenus

1

(VNS RUS R N}

KonTposabHble BOIPOCHI
ba3o0BbIi1 ypoBeHb
1. Yro HazbpIBaeTCA MPOTOIU3OM?
2. Kakue coy oBeprarorcsi IpoToIu3y?
IToBbIILIEHHBIN YPOBEHD
3. IlpuBemuTe mpUMEPHl UYETHIPEX THUIOB COJEH, OOPAa30BAaHHBIX CHUJIBHBIMH WJIN CIAObIMH
KHCJIOTaMHU M OCHOBaHUSIMH.

Cnncok Jureparypbl, peKOMeHAyeMbli K HCI0JIb30BAHHUIO 110 JAHHOI Teme

OcHoBHasi JuTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy>KarIie cpeipl : XUMUS )KUBBIX opranu3MoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKCT : 2NIeKTPOHHBIN // DNEeKTpOHHO-0MOMoTeyHas cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum mgoctyma: mis
aBTOPU3HUP. MOJIb30BaTENEH
JlonoJIHUTEIbHAS JTUTEPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pea. A. U. Epmakosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMusi METaJUIOB : yueOHOe TTocodue (A1 CTYICHTOB XMMHUYECKOTO (haKyibTeTa
HaIpaBJeHUH OaKagaBpoB «XUMHUMD» U « XUMHUYECKas TEXHOJIOTUs») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbIH yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : aeKTpoHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: mis
aBTOPU3UD. [10JIb30BATEIEH
Humepnem-pecypcwi:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIIa K 00pa30BaTEeIILHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckas 6MOIMOTEKa OHIANHY.
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3 http://catalog.ncstu.ru/ — 37€KTPOHHBINA KaTaJIOT aCCOLMALIUU SJIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBefieHni 1 opranusanuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpeITOE 0Opa3OBaHKE

Tema 6. PacTBopbl
JlaGopaTtopnas padora S. [Ipon3Benenune pacTBOPUMOCTH

ens pabOTHI: wu3yueHWe YCIOBUIl BBINAJCHUS W PACTBOPEHHUS OCAJKOB W BiusiHue [IP

3JIEKTPOJIUTOB Ha UX CIIOCOOHOCTH K MEPEOCaAKICHHUIO.
@opMupyemMble KOMIETEHIIUN WIH UX YaCTH:
Teopernyeckas 4acTb

YacTo B XMMHMUYECKHMX pEaKLUSIX MNPUXOAUTCI HMETh JEJI0 C PaBHOBECHSIMH, KOTOPBIE
YCTaHABIMBAKOTCA B TE€TEPOTEHHBIX cUcTeMax. TakoW CHCTEMOH SBISETCS, HAIPUMEP, HACBILICHHBIN
pacTBOp, CONPHUKACAIOMMICS C OCaAKOM pacTBOPUMOro BemecTBa. Ocalok M HACHIIEHHBIH pacTBOp —
pasnnuHble a3bl TeTEPOrCeHHON CHCTEMBI.

Ecnu kakyro-HHOYAb TPy THOPACTBOPHMYIO coiib, HarnpuMep AgCl, mpuBecTH B CONPUKOCHOBEHHUE
¢ Bogoii, To noHbl Ag' u Cl, U3 KOTOPBIX MOCTPOEHBI KPUCTAILIBI COJIM, HUCIBITHIBAS MPUTSHKCHHE CO
CTOPOHBI OJIy>KAAIOLIMX TUIOJIEH BOABI, OyAyT OTPBIBATHCSA OT IOBEPXHOCTH KPUCTAJIOB M B BHIE
TMIPaTHPOBAHHBIX MOHOB OyIyT HEpEeXOIUTh B PAacTBOP, HO HapsAAy C IIPOLECCOM pPacTBOPEHHs OyneT
HPOXOIUTH U CONPSKEHHBIN Tpotiece — kpucTamu3anust. Moust Ag™ u Cl, crankuBasich npu IBHXESHUH C
MOBEPXHOCThIO KpucTaioB AgCl ¥ HCHBITBIBas MPHUTSHKEHHE CO CTOPOHBI MPOTHUBOIOIOKHO
3apsDKCHHBIX HOHOB KPHUCTAUIMYECKOM pEMETKH, NETUAPATUPYIOTCS M OCENaloT Ha IOBEPXHOCTH
KpucTayuIoB. CKOPOCTh KPHUCTAJUIM3ALMK BO3PACTaeT MO Mepe YBEITHMUYEHHUS KOHIIEHTPAI[MH PacTBOpA.
Kornma ckopoctu mporeccoB pacTBOPEHHMs] M KPUCTAJUIM3ALMM CTAHOBATCS PaBHBI APYr ApPYyry, TO B
reTepOreHHOI CHUCTEME pacTBOP — OCa0K HACTyIaeT MOJIBUKHOE PAaBHOBECHE.

ITonyuuBHIMIiCS pacTBOP HA3bIBAETCS HACBIILEHHBIM, TAK KaK B HEM CONEPKUTCS NPEAEIbHOE IS
JaHHOW TeMIlepaTypbl KOJHYECTBO pacTBOPEHHOro BemiecTBa. B HaceimeHHoMm pactBope AgCl
YCTaHABIIUBAETCA CIEIYIONIEE pABHOBECHE:!

T 0/ BRPALL-C N PA Y
TBEPOas daza HaCBIIIEHHBIN pacTBOp

IIpuMeHsia K 3TOMY paBHOBECHIO 3aKOH JIEHCTBHS MAacC U YYHUTHIBAs, YTO KOHIICHTPALUs TBEPAOU

(ha3bl HEe BXOWT B BBIPAYKCHNUE KOHCTAHTHI PABHOBECHS, MOYKHO 3aITUCaTh:
K =[A4g"][Cl].

OTO ypaBHEHHE TIOKa3bIBAa€T, YTO B HACHIWEHHOM pacmeope MmpyOHOPACMEOPUMOZO
INEKMPONUMA NPOU3BEOeHUEe KOHYEHMPAYUll e20 UOHO8 eCcmb GelUYUHAd NOCMOSHHASL Npu OAHHOU
memnepamype. Smy 8eIuyUHy HA3bIBAIOM NPOU3BedeHueM pacmeopumocmu u obosuayarom I1P.

Hanpumep, 1y manopacteopumoro AgCl:

TP(AgCl) = [Ag T[C1 T,

rae [Ag'] u [Cl'] — paBHOBECHBIE KOHIIEHTPALMH, BHIPAKEHHBIE B MOJIb//IM".

PaBHOBecHast KOHIEHTparus JO00r0 WOHA (YHKIMOHAIBFHO CBS3aHA C JIPYTHM IapaMeTpoM
CHCTEMBI — aKTUBHOCTBIO, HAIIPUMED, T HOHa Ag':

a agr = Tagr [AZ].

Koaddumumenr mnpomoprmuoHasbHOCTH f,  Ha3pBaeMbId  KOd()(PHUIIMEHTOM  aKTHBHOCTH,
XapaKTepHu3yeT CTEMEeHb OTKIOHCHHUS CHUCTEMBl OT WJACATbHOM 3a CUET JJIEKTPOCTATHICCKUX
B3aMMOJICHCTBUH MOHOB, YYaCTBYIOIIMX B M3y4aeMOU peakluu, C TOCTOPOHHUMH (MM COOCTBEHHBIMH,
€CIIM WX KOHIIEHTpAalusl BBICOKA) MOHAMHU. B wmieanbHO# cucteme an = [A], Tak Kak Ko3((UIIUEHT
AKTUBHOCTU paBeH eauHuie (f = 1). DTo o03HAyYaeT, 4TO 3JCKTPOCTATUYCCKHE B3aMMOCHCTBUS
OTCYTCTBYIOT.

BennunHa koaduIrienTa akTUBHOCTH 3d68UCUM OM 3APA0ad U UOHHOU CUbl, CO3/1aBa€MO BCEMH
MOHAMH 3JIEKTPOJIMTOB, IPUCYTCTBYIONINX B PacTBOpE:
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17 5
I ==>Cz . (5.1)
25

rae | — nonnas cuia;

[Ci] — paBHOBeCHAas1 KOHLEHTpALIMSI HOHA;

Zj — €ro 3apa.

HetpynHo ycTaHOBHUTH, UTO MOHHAs CHiIa pacTBopa OumHapHOTro 3nektposnurta (tun AB) Bcerma
OyzeT paBHA MOJSIpPHOH KOHLEHTpauuu snektponuta — pL = C(AB); ans tpuHapHoro (tun A,B umn AB,)
—pn=3C (A;B) umu p = 3C (AB.); ms rerpanapuoro (tun AsB) — p = 6C (AsB).

KoadduimeHTsl aKTUBHOCTH HHIMBHIYAIBHBIX HOHOB MOXXHO TEOPETHUYECKH OIIGHUTH IO
¢dopmynam [lebas — Xrokkens:

—lg f; = Az}\1, ecorm 1< 0,01; (5.2)
2
AzPT
—lgfi=—="'—=, ecmm 1<0,1. (5.3)
&/i 1+ Ba 1
3necb A 1 B — KOHCTaHTBI, 3aBUCSILIKE OT TEMIIEPATYphl U AUSJIECKTPUUECKON MPOHULIAEMOCTH
pactBoputens  (mus Bomel mpu 20 °C A = 0,5 (tounee 0,509) m B = 0,3); @ — paccrosHue

MaKCHMaJIBHOTO COJIM)KEHHSI MOHOB; 3TH BEIMYMHBI OOBIYHO IPHUBOJSATCS B CIIPABOYHBIX TaOIMIaX.
[Mockombky KoyleOaHUSI B 3HAUEHHWAX « HE CIHUIIKOM CKa3blBAlOTCSI HA KOHEYHOM pe3ylbTaTe,
peKoMeHyeTcst Opath MOCTOsHHOE 3HaueHue a = 3 A’. CrieoBaresHo,

lo f = O,SZ[Z\E
ST
Kos¢pdummenT akTHBHOCTH WHIMBHIYaJbHOTO MOHA HEJB3sI M3MEPUTH SKCHEPHMEHTAILHO, TaK
KaK Helb3s MOIYyYUTh PacTBOP, COACPIKAIINN HMOHBI TOJIBKO OJHOTO 3apsiaa. DKCIEPUMEHTATBHO MOYKHO
OIIPENICNIUTh JIMIIb CPEeIHUH KOA(POUIMEHT aKTHBHOCTU fi JJEKTpoiuTa AnB,, KOTOpBIH CBsi3aH c
ko3 ureHTaM aKTHBHOCTH MHAMBUAYAIBHBIX HOHOB fA M f5, COOTHOIICHHUSIMU:

J+ =+ f4fp — nng GunapHoro snexrponura AB;
fo =" [ fg — U ONEKTPOIUTA THIIA AmBh.

Cpenauii K03(QGUIHEHT aKTUBHOCTH MOXKHO PACCUHTATh U TEOPETUUECKH, UCTIONB3YS (POPMYJIIBI
Jebas — XroKkkens

(5.4)

—lg f, = Az zp~I, ecim 1< 0,01;
—lgf, = AZAZB\E .
T 14 BaT
3nech a, A u B uMeloT Te ke 3HaueHus, uyTo u B popmynax (4.3) u (4.4), nosromy

ecm 1<0,1

. O,SZAZB\/Y
B T

Jliis Gonee TouHOTO pacueTa KOAPPUIMEHTOB akTUBHOCTU (1ipH | > 0,1) NpUMEHSIOT ypaBHCHUE
JI3BHCa, KOTOPOE MO3BOJIAET BEIYUCIUTE KOA(D(UIIUEHTH aKTUBHOCTH AJICKTPOJIUTOB M MHIUBUIYAIBHBIX
noHoB i noHHBIX cun 0,2 — 0,5 ¢ morpemHocThio, He TipeBbimatomeii 10%. YpaBaenue JlpBuca ams
KO3 GUIMEHTa aKTUBHOCTH MHIUBUIYAIbHOTO HOHA UMEET BH/I:

e 05221
ST

a Juist cpeaiHero ko3 dHUINEeHTa aKTUBHOCTHU 3JIEKTPOIUTA A By
g f 0,5z 4zp VI
—lg f, = —AZBNT

- 1+T1

[na 6onee Beicokux MOHHBIX cuia (0,5 — 0,8) pexoMeHAyIOT NMpUMEHSTh ypaBHeHHE J[3BHCa
CJICAYIOIETO BUAA:
VI

g £ =05z Y _—0027], ,
gfl l[l-ﬁ-\/? j (5 8)

a U1 cpeaHero ko3 puurueHTa akTHBHOCTH MIEKTposinTa AnmB,

(5.5)

~0,1z71, (5.6)

—0,lz4zp1. (5.7)
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VI
—1 =0,5z z5| ——=—0,21 |. 59
g.fi A“B 1+ﬁ ( )

Bennunabl k03 (OUIIHMEHTOB aKTUBHOCTH MHAMBUAYAILHBIX HOHOB ITPH Pa3HBIX HOHHBIX CHJIAX W
cpenHue KOA(GOGUIMEHTH AaKTHBHOCTH JJIsI PACTBOPOB  AJIEKTPOJIUTOB PAa3HOM KOHIEHTpPAIUH,
paccuntanaele o Qopmynam Jlebas- XIOKKens, MPUBOIATCA B CHPAaBOYHUKAX. 3Has KOd()(UIMEHTHI
aKTUBHOCTH, MOXXHO OLICHUTh aKTHBHOCTH MOHA WJIM JIEKTPOJIMTA B pacTBope. Jlist o0erdeHus pacueTos
MOYKHO TTOJIB30BAThCS CIEAYIOIIUMHU JAOTYIICHUSIMU:

1 KoadduimenTsl akTUBHOCTH HOHOB OJWHAKOBOTO 3apsiia HE3aBUCHUMO OT pajnyca HOHOB
npuMepHo paBHBL [loaToMy B CHpaBOYHHMKAaX TNPHBOAATCS WHOTJA YCPEIHEHHBIC BEIHMYHHBI
K03 GHUIINEHTOB AKTUBHOCTH ISl OJTHO-, IBYX-, TPEX- U YETHIPEX3apsIHBIX HOHOB.

2 KoadunueHTsl akTHBHOCTH HEHTPAIBbHBIX YacTHLl B Pa30aBIEeHHBIX PacTBOpPax 3JIEKTPOIUTOB
MOJIararoT PaBHBIMHU €JUHUIIE.

3 QOuens pa30aBiIeHHbIE PACTBOPBI JJIEKTPOJIUTOB, HANpPUMEpP, HACBHIIICHHBIH pacTBOpP
MaJIOPACTBOPUMOTO JIEKTPOJIUTA, MOYKHO CUUTATh HICaTbHBIMU.

YacTo npu pacueTax CIOXKHBIX paBHOBECHH KO3()(UIIMEHTH aKTUBHOCTH NPUHUMAIOT PaBHBIMU
enuHUIE. Takoe NOMyIIEeHNe ONPABIAHO 1O PSIy TPHYHH.

Bo-mepBbIX, BenMW4MHBI KOX(QQHUIUEHTOB AKTHBHOCTH, HaiaeHHble 1O (opmyinam [ebas —
XIOKKeTIsl, MOTYT B 9THX CIIy4asiX OKa3aThCsl OYCHb JATCKUMHU OT UCTHHHBIX.

Bo-BTOpBIX, BIMSHME XUMHYECKHX ()AaKTOPOB Ha paBHOBECHE TIOpas3fgo Oousblle, UeM
ANEKTPOCTATHIECKUX CHJI, IOATOMY NMPEHEOPEKECHNE TTOCTIESIHUMH MIPU pacyeTax CIOXKHBIX PaBHOBECHH
HE BHOCHUT OLIYTUMYIO MOTPEIIHOCTh B PE3YbTaTHI.

Ecnu Monekyna TpyIHOpPacTBOPHMOTO BEIIECTBA TUCCOLMUPYET C O0Opa30BaHUEM HECKOJIBKUX
OZIMHAKOBBIX MOHOB, HAIIPUMEP:

H,0 3—
Pby( PO, ), <22 53Pp* +2PO];
TO TIIpU BBIYUCICHHUU TPOU3BCACHHUA pPACTBOPHUMOCTH OTOro COCAUWHCHUA KOHUCHTpAIIUH
COOTBCTCTBYIOIIUX MOHOB BO3BOJATCA B CTCIICHU PABHBIC UX CTCXUOMETPUICCKUM KOB(l)(l)I/II_II/IeHTaM:
2+43 3—42
IIP(Pby (PO, ),)=[Pb""]"[PO; 1.
B ob6mem ciydae, st MagopacTBOPHMOTO CHIJIBHOTO JyekTponmta Thna KteAn,, TpoTOIN3
pacTBOPHUMOMN YaCTH KOTOPOTO MPOTEKAET IO CXEME:

KtAn, < xKe™ + yAn®, (5.10)
BeIpakenue i [IP Oyner uMeTs BUIT
IIP(Kt.An,) = [K¢" J'[An]. (5.11)

Cas3p napamerpa [1P ¢ Benmuunoii pacrBopumoctu Kt,Any orpaxaercst popmyoit:

[TP(Kt An
Sy (Kt oAn ), 2000 — vy (Kt Any) (5.12)
J 3 Xy
AM X"y
)5010%0
r IP(K#t, An,)
Sp(KtyAn,), ——5 =<ty — -M(Kt. An,). (5.13)

AM”

3nas 3HaueHue [IP, MOXHO MpenBUIETh BO3MOXHOCTHh IEPEXOAa PACTBOPEHHOTO BEIIECTBA B
0CaJIOK WJI HA00OPOT — MEPEeXo/1 0Ca/ika B PacTBOP.

Ecnmu mpousBenenne KoHIEHTpanuid HOHOB pacTBopéHHoro BemectBa (I1K,) meHbIne 3HaueHUS
ero [IP, To Brimagenus ocaaka He OymeT. Takoil pacTBOp Ha3bIBaeTCS HEHACHIIICHHBIM, U B HEM emIé
MOXXET HITH PACTBOpPEHHE JaHHOro BeunlecTBa. B HaceimenHom pactBope I[IK, = IIP. Korna
MPOM3BEJCHNE KOHIIEHTpallui HOHOB PpAacTBOPEHHOIO BEIECTBA CTAHOBHUTCA OOJblIEe 3HAUYEHUS
MIPOU3BECHHS PACTBOPUMOCTH, TO BBINAJAET OCAJIOK.

Taxum obpazom, Hanpumep, ans AgCl:

a) B HeHachimenHoM pactBope I1K,, = [Ag™][Cl7] < TTPagcs;

6) B HaceimieHHOM pactBope [1K, = [Ag |[CIl7] = [P sqci;

B) B nepeHacsieHHoM pactBope [TK, = [Ag ][CI] > TTP g

HenacrpIeHHBI pacTBOpP KaKOTO-TMOO 3JIEKTPOJINTa MOXKHO C/eNaTh HACBHIIEHHBIM U JaXKe
MIEPEHACHIIICHHBIM, TPHOABII K HEMY JJIEKTPOJIUT, COEpKallni OTHOMMEHHBIE HOHBI. Hampumep, ecinu
Kk HeHacbimieHHOMY pacTBopy AgCl mpunusars HCI mmn KCl, To MBI TeM cambiM OyaeM yBeITHMYUBATH
KOHIICHTPAIIMI0 MOHOB XJIOpa, 4TO mpuBoAuT K yBenmmueHuo [1K,. B Tor MomeHT, korga [IKa.c craner
oonbie ero TP (1,56-107'%), mpounsoiiner Bemanenue ocagka AgCl.
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s pacTBOpeHMsI OcaZka TPYJAHOPACTBOPUMOIO 3JICKTPOJIMTA HEOOXOJUMO YMEHBIIHUTh
KOHIICHTPAIMIO €r0 MOHOB B pacTBOpe I Toro, 4toOsl BenmuuHa ero 1K, crama menpme [1P. Drtoro
MOXXHO JOOWTHCS, CBSA3BIBAS OMWH W3 WOHOB TPYMAHOPACTBOPHUMOTO BEIIECTBA C MOHOM JOOABIISIEMOTO
peakTHBa B c1a00UCCOLMUPYIONICE WITH JIETy4ee COSAMHCHUE.

PactBopuMoch ocanka MajgopacTBOPUMOIO SJIEKTPOJUTA YBEIMUMBACTCA TaKXKe MPHU HAIUYUU B
€r0 HACHIIIEHHOM PAacTBOPE MOCTOPOHHUX MOHOB — 3TO SBJICHHE HA3BIBAIOT cosesbim dpgexkmonm. Tak,
HaIlpuMep, YBEITUIHBACTCS pacTBOPUMOCTh ocanka BaCO; mpu BHECEHWH B €r0 HACHIIICHHBIN PacTBOP
HekoToporo koiudectBa coiau NaNO; unu KBr u np. Bo3pactanue pacTBOpUMOCTH MalOpacTBOPUMBIX
OCaJIKOB CHJIbHBIX JJIEKTPOJIHMTOB B MPHCYTCTBHH IOCTOPOHHHX HWOHOB OOBSCHSETCS YBEIMYCHHUEM
HWOHHOM CHJIBI pacTBOpa.

Hrak, pacTBOpeHHE OCaaKa MOKET IMPOUCXOIUTH:

1) mpu 00pa3oBaHNU PACTBOPUMOTO CIA0O0UCCOIUUPYFOIIETO IIEKTPOIIHTA!

Mg(OH), \ +2NH} — 2Mg™" +2NH ,OH

Fe(OH), ¥ +2H" — Fe* +2H,0.

2) pu 00pa30BaHNH Ia3000pa3HOT0 COSANHEHUSI:
FeSy+2H' - Fe’™ + H,8 T
3) nmpu 0Opa3oBaHUH CIA00JUCCOMUPYIONIET0 KOMIIEKCHOTO HOHA:
AgClL +2NHy —[Ag(NH3),1" + Cl~
4) Ipu OKUCINUTEIbHO-BOCCTAHOBUTENBHBIX MPOIIECCax:
CuS{ +4H" +2NO; — Cu** +2NO + SO, +2H,0

5) npu HATMYKUU TTOCTOPOHHUX HOHOB.

OGopynoBaHue U MaTepuaJbl
PacTBop aMmMuaKa (KOHIIEHTpaIUs pacTBopa ammuaka pasna 0,1 Mosb/am?)
Pacteop xnopuna ammonusi, C(NH4Cl) = 0,1 mons/am’
PacTBop XJ10puaa Maraus ¢ MoJspHoi konuenrpamnuein C(MgCly) = 0,1 Mons/am’.
Kpucrammueckuii non
Mukpommnarens
HacpImieHHbI1I pacTBOp HOAUAA KATIUS
Xnopun kanbius (C(CaCly) = 0,1 mons/am’
PactBop kapOoHaTa u cynb(aTa HaTpHs
9. Hemmmorspusrii pactsop HCI
10. PactBop Na,S
11. Conb nuHKa ¢ MOJIIPHON KOHIIEHTpaIiei mocieanei 0,1 MOJB/ M
12. Cacteop HCI, C(HCI) = 2 mons/am*
13. PacTBOp yKCYCHOM KHCIIOTBI
14. Pacteop cynbduna matpus (C(NayS) = 0,1 momus/nam)
15. Hemumosipubiii pactBop CuSOs u FeSO4
16. Consnas xucnora (C(HCI) = 0,1 mons/mm’).
17. Pacteop nutpara ceunua, C(Pb(NOs),) = 0,1 mons/am’,
18. PactBop cynbdara u cynsduga nHarpus ¢ konnenrpanusmu C(Na,SO,) = C(NayS) = 0,1 Mons/nm’
19. PactBop xpomara Kajus

XN RN

Yka3zaHusi 0 TeXHUKe 0€30MACHOCTH
1. Bce paboTel B XUMHYECKOW J1TaOOpaTOPHU JOJDKHBI TIPOBOJMTHCS TIPH HCIIPABHOM

3IIEKTPOOOOPYIOBAHUH, DIIEKTPOIPOBOIKE, MPABUIBHO 000PYI0OBAHHOM BBITSDKHOM IIKAQYy.

2. T'a30BBIE KpaHbI ¥ ra30MPOBOJ] TOJIKHBI HAXOIUTHCS B HCIIPABHOM COCTOSIHUH, IEPUOAHYECKH
IIPOBEPATHCSL.

3. Pabouee mecTo comepKaTh B HOPSAKE U YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTcs OpaTh YUCTHIM IIIATENIEM WU CIIEUATBHON JIOKEIKOH.

5. V3numek peakTuBa HEe BEUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLT B3ST.

6. Bce omnbITEI € BPC€AHBIMHA U MAXHYIIUMHU BCUICCTBAMHU, a TAKKE YITapUBaHUE KUCJIIOT U KHUCJIBIX
pPacTBOPOB MPOBOJMTH B BBEITSDKHOM IIKAQYy.
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7. OcTaTku coeIMHEHMI cepedpa CIMBATh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHWM pacTBOPOB B MPOOUPKE BCET/a CIeMyeT AeprKaTh e€ TaKuM 00pa3oM, YTOOBI
0TBepCTHE TPOOUPKH OBLIO HAIMIPABIEHO B CTOPOHY OT pabOTAOIIEro psIOM COCea.

9. He HaKkIOHATH JIMIIO Haxg HaneBaCMOP'I KHUAKOCTBHIO MJIN CIIIaBJIIEMBIM BE€HICCTBOM.

10. He crnexyer BAbIXaTh Maxy4ue BELIECTBA W Ta3bl, OJM3KO HAKIOHSSACH K COCYAY C STHMHU
BemecTBaMy. HioxaTh BemecTBa MOYKHO JIMIIIb OCTOPOXHO, HAMPaBJIsis K ce0e maphl WK Ta3 ABIKEHUEM
pYKH.

11. XpaHuUTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BBITSHDKHOM IIKady.

12. BsumBarh pa30aBiieHHbIE KUCIOTHI M MIEIIOYHBIC PACTBOPHI CIEIYET B CIIMBHYIO CKIISTHKY.

13. Kareropudecku 3amnpemaeTcsi mpoOoBaTh XMMUYECKHE BEIIECTBA Ha BKYC.

14. Tlpu pabote ¢ JIeTKO BOCILIAMEHSIOIIUMHUCS BemecTBaMu (3(UphI, OEH30J, CepoyTriIeposa
T.J1.) HE JJOJDKHO OBITH PSIZIOM OTHS M BKJIFOUEHHBIX TUTUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW TIOCYIIOW, HEoOXOAWMO COONIOAaTh MpaBUia
MPEAOCTOPOKHOCTH BO N30EKaHUE paHEHUI OCKOJIIKAMH CTEKIIA.

16. Karteropudecku 3ampeiaercs OCTaBIIsATh padoTaronue mpuOopsl 0¢3 HAOIIOICHUS.

21. B xumuyeckoit mabopaTopuu He0OX0IUMO paboTaTh B Xayare.

3aganuda

Oneir 1. B gBe mpobupku BHecT mo 1 cm® pacTBopa ammuaka (KOHIEHTpAaLMs pacTBOpa
ammuaka pasna 0,1 mons/aM’). B omHy npoGupky m00aBuTh 2 ¢M® BOABI, B IPYTyH 2 CM’ pacTBOpa
xnopuaa ammonust, C(NH4Cl) = 0,1 mons/am’. Tlocsie aToro B 06e npobupku BHecTH 110 1 ¢M® pacTBopa
XJIOpUIa Maraus ¢ MoJisapHoi konnentpanuein C(MgCl,) = 0,1 moss/mm?’. OGpaTUTL BHUMAHKE HA TO, YTO
0CaJIOK BBITIAJIAET TOJIBKO B MPOOUPKE, TIE HET XJIOPUIa AMMOHHUSI.

OnswiT 2. B nBe mpoOupku BHECTH MO | MUKpoIIMATeNno KPUCTALTHYECKOro moja. B mepByro
npoOUpKy 1006aBUTh 2-3 ¢M® BOJBI, BO BTOPYIO CTOJBKO K€ HACHINIEHHOrO PAcTBOpA MOIMA KaJus.
Y6enuThces, 94TO MO MaJio PAaCTBOPSETCS B BOJIE, HO XOPOLIO PACTBOPSAETCS B MOAMIE KA.

OmneIT 3. B AByX mpoOupKax MOJy4YHTh OCAAKH KapOoHaTa M cynbdaTa KaublHs JEHCTBUEM Ha
pactBop xsopuaa Kanpis (C(CaCly) = 0,1 mons/am’), pacTBopamu KapOoHarta U cyib(ara Harpus. B
00e pobupkm g06aBbTe menuMosipHbIi pactBop HCI. 3aMeTbTe, 9TO IPOUCXOIUT PACTBOPEHNE TOIHKO
kapOOHaTa KaJbLusl.

OmnpiT 4. B 1ByX mpodupkax Moiay4duTh ocaiku ZnS neiictBueM pactBopa Na,S Ha pacTBOp COJH
[IMHKA C MOJIIPHOM KOHIIeHTpamuen nocneanei 0,1 Mous/am>. B onHy npobupky mobdasuts 0,1 MOJIb/IM?
pacteop HCI 10 pacTBopeHHs ocaika, B IPYTyro Takoil sxe 00béM 0,1 MOJib/IM® pacTBOpa yKCyCHOM
KHCIOTHIL. YOEANUTHCS, UTO B YKCYCHOM KUCIIOTE CyNb()UA HUHKA HE PacTBOPSETCS.

Omnpit 5. B n1Byx npodupkax momyunth ocaaku CuS u FeS B3anMopeiicTBueM pacTBopa cynbdua
Hatpus (C(Na,S) = 0,1 mons/mm?), ¢ memumonspasivu pactBopamu CuSO, u FeSO,4. B 06e npoOupku
N00ABUTHL OJIMHAKOBBIE 00BEMBI pacTBopa consinoi kuciotel (C(HCI) = 0,1 mons/nm?).

OmnsiT 6. B omHOM npobupke momyuuth ocagok PbSOs4, B apyroit — ocamok PbS neiictBuem nHa
pacteop Hutpara ceunua, C(Pb(NO;),) = 0,1 mons/am°, pactBopamu cynbdara u cynbpuma HaTpus ¢
xonnenTpanusamMu C(Na,SO,) = C(NayS) = 0,1 mons/am’® coorBercTBeHHO. B 06€ MpoOupku 106aBUTH
oMHaKoBbI 00bEM 0,1 Mob/IM® pacTBOpa XpomaTa Kajiusi W TINATENLHO mepememars., OTMETUTS
N3MEHEHHE [[BETA 0CAKa B OJHOH U3 IPOOUPOK.

Conep:xaHue oT4yeTa

Oneir 1. Hammcare ypaBHeHus obpazoBanms Mg(OH), B MONEKyIsIpHOM W HOHHOM BHJE.
Jlokazatp pacu€ToM BO3MOXXHOCTHh BbIMageHus B ocamok Mg(OH), tompko B otcyrctBum NH4Cl,
ncnons3ys 3Hauenue [I1P(Mg(OH),).

OmnpIT 2. YOenuTbes, 4TO MO Majio PAcTBOPSIETCS] B BOJE, HO XOPOILO PacTBOPSIETCS B MOAMIEC
kanus. Yem 310 00bsacHUTE? COCTaBUTH ypaBHEHHE peakUWU B3aumopehcTBus nona ¢ Kl B HOHHOM H
MOJIEKYJIIPHOM BUJIE.

Oneir 3. Kak, npumensisi monstue [IP w 3Has ycnmoBus pacTBOpEHHS OCAIKOB, OOBSCHHUTH
Habmogaemoe sBinerne? CocTaBuTh ypaBHeHHs peakiuu pactBopeHus CaCO; B HCl B moHHOM H
MOJIEKYJIIPHOM BUJIE.

OnbIT 4. OOBSICHUTB, TOYEMY ZNnS pacTBOPSETCS TOJIBKO B COJSIHOM KHUCIOTE, YUUTHIBAS MAIYIO
pacTBopuMOCTSh U JieTydecTh H,S. CocTaButh ypaBHeHuUs B3anMoaeicTeus Mexay ZnS u HCI B nornoM
Y MOJIEKYJISIPHOM BH/IE.
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OmneIT 5. OTMETUTH pacTBOpPeHUE TONBKO FeS u 00bscHUTh 3T0, uctonk3yst 3Hadenue [1P ans FeS
u CuS. CocraButh ypaBHeHUs B3aumo/eiicteus Mexnay FeS u HCl B noHHOM 11 MOIIEKyJISIpHOM BHJIE.

OnpiT 6. OOBsACHUTE TpoUCXoAdIiee, Monb3ysick 3HadueHusMU [IP mms PbS, PbSO, u PbCrO..
CocTaBUTh ypaBHEHHSI COOTBETCTBYIOLINX PEaKIUi B MOHHOM M MOJIEKYJISIPHOM BHJIE.

KonTposabHbie BOpochl
ba3oBbIi1 ypoBeHb

1. Chopmynupyiite MOHATHE «IIPOM3BEIEHUE PACTBOPUMOCTH». [ Kakoro Tuma COeAMHEHMH
oHo nmpumeHnMo? [IpuBeanTe mpuMepsI.

2. Hanmumure ypaBHEHMsI IPOLIECCOB MPOTONIN3A I cienyromux coeauHenuii: CaCOs;, Ag,CrOs,
Al(OH);. Kak OyayT BBIMIAOETH COOTBETCTBYIOIIME MM BBIPQKEHHs NMPOHM3BEIECHHH pPacTBOPUMOCTH?
HailiguTte ux 3HaueHus B CIPABOYHUKE U 3AIHILIUTE.

3. Yro takoe akTuBHOCTh? MoHHas cuia pactopa? [IpuBeaure hopmyJisl 1jis UX pacyeTa.

[ToBbILIEHHBIN YPOBEHB

1. Kak cBszanst [IP 1 pacTBOpHMOCTh MaIOpacTBOPUMBIX CHIIBHBIX AIIEKTpoiuToB? OT0oOpasuTe
3Ty cBA3b Ha npumepe AgzAsOs.

2. IlepeumcnuTe yclIOBUSL PacTBOPEHHS OCAJKOB MajopacTBOPUMBIX BemiecTB. Kak MoxHO,
HaIpuMep, pacTBopuTh ocamok Zn(OH),?

3. Kakoe siBeHIE Ha3BIBAIOT «CONEBBIM 3 exTom»? IIpuBeauTe mpuMepsl.

Cnucok JuTepaTypbl, peKOMEHAyeMblil K HCIO0Jb30BAHMIO 110 JAHHOM TeMe

OcHoBHas JuTEpaTypa:
1. Koposun, H. B. O6mias xumus : yuebnuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Axkanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - Ilpui.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy:karomei cpeipl : XMMHs )KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —Tekcr : aneKTpoHHbIH // DnekTpoHHO-0nOIoTeuHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocrymna: amns
aBTOPU3UD. MOJIb30BATENEH
Jlono/IHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [lox pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaiIoB : yueOHoe 1mocodue (JUIst CTYJJCHTOB XUMHUYECKOTO (haKyJIbTeTa
HanpaBlieHUH O0akanaBpoB « XuUMUs» U «XUMHUYECKask TeXHOIOrus») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMcKkHii rocyaapcTBeHHbIH yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 351eKTpOHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: mms
aBTOPU3HP. MOJIb30BATEICH
Hnmepunem-pecypcoi:

1 http://window.edu.ru/ — eamHOE OKHO JAOCTYIa K 00pa30BaTEeIIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3JEKTPOHHBINA KaTaJIOT aCCOLMALIUHU SJIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBeieHni 1 opranuzanuii CKOO

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE
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Tema 6. PacTtBopbI
JlaGopaTopHas padora 6. PacTBOpbI

Ilens paboThl: OCBOMTH METOAMKY HPHIOTOBIEHHS PACTBOPOB 3aJAHHON KOHIIEHTPAILUH.
OCBOUTH apEOMETPUUECKHI METOJT N3MEPEHUS IIIOTHOCTH PACTBOPOB. Y CBOUTH TOHSTHSI aOCOIIOTHON M
OTHOCUTENBHON MOTPEIIHOCTEN U3MEPEHU.

DopmupyemMble KOMIIETEHIIUNA WIIH UX YaCTH:

Teopernyeckas 4acTb

Pacmeopamu naszviearom 2omozennuvle cucmemsl, cocmoswue uz 08yxX u Oojee KOMHOHEHMOS, a
makoice nPpodyKmos ux e3aumooeticmeus. Hanmpumep, BOIHBIN pacTBOP CEPHOM KUCIOTHI COJEPKUT: BOILY
(pacTBopHTENs), ruApaTupoBannbie HoHbl HSO, -xH,0, HxH,0 u SO, 2-xH,0.

Coco0b! BhIpaeHUs] KOHIIEHTPalUH PacTBOPOB

Baxueiiend xapakTepUCTUKOM PaCTBOPOB SIBJISETCA UX KOHIEHTpAIMA — Macca UM KOJIUYECTBO
BEIIECTBA, COAEPIKaIIUecs B ONPEeTICHHOH Macce ik 00beMe pacTBOpa MK PaCTBOPHUTEIS.

MaccoBas gons BemecTBa X — Macca Bemectsa m(X) (B 1), conepxamascs B 100 r pactBopa:

) X
W(X),%ZL)-IOO 6.1)
mp*pa

MomsiibHasi KOHIIGHTpalUs — KOJHMYECTBO MOJb BemiecTBa n(X), coaepikamieecs B OJHOM
kworpamme (unu B 1000 1) pacTBopuTeIs:
X

C (x), Mo _ X)) a0 -

KT

m

mX)
Mp s M((X)m

MounspHas KOHIEHTpaMs — KOJINYECTBO MOJIb BemecTna n(X), comepsxkamieecs B OMHOM AM° (MK
B 1000 cm®) pacTBopuTess:

1000 (6.2)

p-ns

moinb  n(X m(X
Cpr (X)), M0 =) Go00= D 600 63)
AM p-st M(X)Vp—r[ﬂ
MorsipHasi KOHIEHTpAIUsl KOJMYECTBA OKBUBAJICHTA (HOPMAIBHOCTh WM 3KBUBAJICHTHAS
KOHIIEHTpAIHUs) — KOJIMIECTBO MOJIb SKBUBAJIEHTA BEIECTBA X, coepskamieecs B ogHoM am° (umm B 1000

cM®) pacTBOpUTEIIS:

: n(L X) ¥
C(—X), 25 = sz 1000=— "5 1600, (6.4)
z
X IM p-1s M(— X)Vp-ﬂg
ZX

1 1
rue ’7(2—) u M (z—) — KOJIMYECTBO MOJIb 3KBHBAJEHTA BellecTBa (B MOJb-3KB) U €r0

X R

SKBUBAJICHTHAs Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Uncno Z, Ha3bIBAIOT IKEUBAAEHINHBIM YUCAOM VI YUCTOM IKEUBATNEHMHOCMU — Ly
> 1. 3HaueHue Z, onpenessaoT M0 XUMUUYECKOW peakliui, B KOTOPOH y4acTBYeT JAaHHOE BEILECTBO. Tak, B
YaCTHOCTH, AJIS BEHIECTB, y4acTBYIOMUX B OB-peaknusax, 5KBUBAIEHTHOE YNCIO Zg A BOCCTAHOBUTESL
PaBHO YHCIy 3JEKTPOHOB, KOTOPOE OH OTHAET, a JUIsI OKHUCIHUTEIS — YHCIY 3JIEKTPOHOB, KOTOPOE OH
npuHuMaeT. Hampumep, mis annona MnO, B 3aBHCHMOCTH OT XapakTepa peakuuud Zy MOXKET OBITh
paBHoO 35, 3, 1, Harpumep:

MnO, + 8H" + 5¢” — Mn*" + 5H,0; Z, = 5; 9(MnOy) = 1/5 Mo,

MnO; + 2H,0+3e” — MnO, +40H"; Z, = 3; 3(MnOy") = 1/3 Mous;

MnO; + le” — MnO,?; Z,= 1; 3(MnO,) = 1/1 mons.
CrenoBaTenbHO, B 3TUX PEAKIHIX SKBUBAICHT OKACTUTENT MnOy4 coOTBETCTBEHHO paBeH 1/5, 1/3 u 1
MOJIb.
Heo0xoa1Mo Bcerja MOMHUTD, 4TO 3HAUEHUE SKBUBAJICHTA JTFO00OTO BellecTBa X HE TPEBHINIACT
eauHMIEL, T. ¢. D(X) < 1.
OmpenencHue SKBUBAJICHTHBIX YHCEIT HEOIUHAKOBO JUIsT 00OMEeHHBIX 1 OB-peakimii.
B 00MeHHBIX peakIusX SKBUBAJICHTHOE YUCIIO ONPEICIIAIOT 10 CTEXUOMETPUU peakiuu. Eciau ms
peaKiuu BUA:
VaA+vsB = vcC + vpD  (8.5)
Ha OJIMH MOJIb BellecTBa A TpeOyeTcs Vi/Va MOJIb BelliecTBa B, T0 Za= Vp/Va.
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[Tone3no 3HaTh, 4TO 07151 00HOOCHO8HLIX Kucaiom (Tua HF, HCl, HBr, HI, HNO,, RCOOH wu np.)
u ooHokucromuwlx ocnosanuii (turia NH,OH, LiOH, NaOH, KOH, CsOH, RbOH wu np.) sxeusarenm
8ce20a pagen 0OUH MOJb.
JJ1s TOJTMOCHOBHBIX KHCJIOT U MOJIMKHCIOTHBIX OCHOBAHUH BEJIMYMHBI SKBUBAJICHTOB 3aBHUCAT OT
THMna peakuuil. Tak 1y peakuuu:
HzSO4 + 2KOH = KzSO4 + 2H20,
Z (H-S0,) = 2, a skeusanenm ceprnoii kuciomol — I(H>S0,) = ¥ monv, max kax Ha ooun Mo
H>S0, mpebyemcsa 2 monw (06a sxeusanrenma!) KOH.
st peakuuu:
HzSO4 + KOH = KHSO4 + Hzo
Z(H>S0,) = 1, a sxeusanenm cepnoti kuciomol — (H,SO,) = I mons, max xkak ¢ 00uH Mo
H>S0, peacupyem 1 monw (00un sxeueanenm!) KOH.
MomnbHasi 10N — OTHOIIEHHE KOJMMYecTBa MOJb BemecTBa N(X) K 00IIeMy 4HCIy MOIb BCEX
BemiecTB Ny(Xj), COCTaBISIOMINX PacTBOP:
a(xy=NX)
Ny (X;)’
Tutp pactBopa BemecTBa X — Macca BemectBa m(X) (B T), comepkamiascss B OJHOM CM
pactBopa:

(6.5)
2 m(X)

7(X), % . (6.6)
CM p—pa

Tutp pactBopa BemectBa B mo ompenensiemomy BemectBy X — Mmacca BemectBa m(X) (B T),
COOTBETCTBYIOILAs OJJHOMY CM® CTAHIaPTHOTO PAacTBOpa BelecTBa B:

T(B/X), 5 = mXx)
cm V(B) p—pa

BecbMma BayKHBIM TapaMeTpOM PacTBOPOB SIBISIETCS MX TUIOTHOCTh — OTHOIIEHUE MACChl PacTBOPa
(B KT) K 00BEMY 3TOTO pacTBOpa:

(6.7)

Ke ’/npfpa
P =
M p-pa
IIpumeuanue. B XuMuu valile IPUMEHSIOT Pa3MEPHOCTH TIIOTHOCTH PacTBOPOB B I/CM”.
Jlis mpoBeieHUsT pacyeToB MOJIe3HO 3HaTh (hopmyiy (8.10), CBA3BIBAIOIIYIO KOJIMYECTBO MOJIb
OKBUBAJICHTA BEUICCTBA Xc Pa3INYHbIMU BUAAMHU KOHHeHTpaHI/Iﬁ €T0 PaCTBOPOB.

(X, soms— m(lX) _ T(X)IV(X) _ T(B/)l()V(B) _
Zx M(—X) M(E—X) M(—X)
Z, Z ., z

X X X

(6.8)

1
C(Z XHW(X) (X ),%Pppa V(X))
_ _ ‘ (6.9)
1000 100M(L X)
z

X

[Ipu npUroTOBICHUN PACTBOPOB C Pa3IUYHON MacCOBOH JIOJIeH BeCbMa MOJIC3HBIM SBISICTCS TaK
Ha3bIBaEMOE MPABUIIO CMEIICHHS (MITH TIPABUIIO KKPECTA ).
CxeMa «KkpecTay UMeeT BU:

o,% — m;, T
ox, % (5.10)
, % — my, T,

rae i, % 1 ®;, % — MacCOBBIE JIOJM HCXOIHBIX PaCTBOPOB;
m; ¥ M, — MacChl HCXOJIHBIX PACTBOPOB (B T') IMOCJIE CMEIIEHUS KOTOPHIX, OyIET MOIYICH pacTBOP
C MaccoBOH Honer oy, %.
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Honnoe npoussenenne Boabl 1 pH pacTBopoB

Boma oTHOCHTCS K OYEHb Cla0BIM DICKTPONHUTaM, W mpolecc e€ mporonusa (pacraia WiH
JIMCCOIIMAIINKN) SIBISIETCS. OOpaTHMbIM. PaBHOBecHe B 3TOM TPOIIECCE CMEIICHO BIIEBO, B CTOPOHY
00pa3zoBaHUs MOJIEKYJT

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

Ipumeuanue. TlpoTONM30M Ha3BIBAIOT MPOLECCHl KUCIOTHO-OCHOBHOI'O B3aWMOJCHUCTBHSL,
MPOTEKAIOIIHNE C Y4aCTUEM PaCTBOPHUTENS (ISl BOAHBIX PACTBOPOB — 3TO MOJICKYJIBI BOJIBI).

KoncranTta mpoTtonmsa Bojs! pu 22°C UMeeT clieAyIolIee 3HaueHUE

_[HT][0H "]
P [H,0]
Tak Kak IpOTOIM3 BOJBI BEChbMa HE3HAUMTENIEH, TO PAaBHOBECHYIO KOHIIEHTPALIHMIO MOJIEKYJ BOJIBI
MOJKHO MPHUHATH 32 MOCTOSHHYIO BEJTMUMHY, YHCICHHO PaBHYIO €€ 00mIell MONSpHONH KOHIIEHTPALUH, TO
ectb cuntath, uto C(H,0) = [H,0] Moas/am’.
ITposenem pacuer (ipu yenosuu, uto p(H,0) = 1r/em’ u M(H,0) = 18 1r/mMoib):
m(H,0) ~ 1000
M((H,0) 18
MOJIsIpHasi KOHIeHTpaus Boasl, To ecth C(H,0) = 55,56 Monbs/nm’.
IIpencrasum (8.13) B ciremyromeM BUIE:
[H"][OH 1=K ,[H,0]
[ToncraBuB B (8.14) n3BecTHBIE BEIUYHHBI, TOJYYUM BEIHYHHY MPOU3BEACHUS KOHIIEHTPALIi
MOHOB THPOKCOHHS W HOHOB THAPOKCH/IA!
[HT[OH 1=18-10""°.5556=10"* = K (6.13)
Urak, npomssenenre K, = [H'][OH] = 10" mig umcroii BoABI M €€ PacTBOPOB, SABISAETCS
BEJIMYMHON TIOCTOSTHHOM W Ha3BIBACTCS UOHHBIM npousgedenuem Boapl (00o3Havaercs Ky).
C coBpeMEeHHOU TOYKU 3peHHUsl HE olHa MoJekyina Boasl H-O, a e€ mumep — H4O, nmu 2H,0,
MOJIBEPrasiCh MPOTONIH3Y (pacmaasch), obpasyeT oauH katuoH rugapokconust (H;O") u omuH ruapokcu-
WOH:

=1.8-107'6, (6.12)

B 1 a1’ Bogwl comepxurca n(H,O) = ~ 55,56 MoJIb — 3Ta BEJIMYUHA U €CTh

w*

2H,0 = H3C)Jr + OH"

B YHUCTOU BOJIC KOHICHTpanus ITUX HOHOB paBHa u COCTaBJIACT
[H,0"]=[0H 1=~10""* =107 monw/on’>.

B kuCIBIX pacTBOpax KOHICHTPAIUS HOHOB THAPOKCOHHS OOJIBIIE KOHIEHTPALUH THIPOKCH/I-
nonos: [H;0"] > [OH].

B mienounsix pacTBopax, Ha000poT, KOHIICHTparus noHoB OH™  0oJibllle KOHIIEHTPAIUU UOHOB
Bogopoaa: [H;O'] < [OH].

Opnako mpoussenenne [H;O] u [OH] B mo6oM pacTBOpe (KHCIOM U INEIOYHOM) SIBISIETCS
BEJIMYMHOM MMOCTOSTHHOM.

Hcnonk3ys noHHOE Ipou3BeicHNUE BOIbI Ky, MOXHO paccUuTaTh:

a) KOHIISHTPAIIMIO HOHOB THJIPOKCOHMSI B PACTBOPAaX OCHOBaHUMN

+ Kw
[H30 ]:E; (6.14)
0) KOHIIEHTPALUIO TUAPOKCUI-HOHOB B KUCIIOM PacTBOpE.
- K\’V
[OH ]:m. (6.15)
3

Ucnonw3ys Bennunny K, ynaercst xapakTepu3oBaTh KUCIOTHOCTh U OCHOBHOCTH PacTBOPOB IO
KOHIICHTPAIIMU TOJIbKO HOHOB THIPOKCOHUSI.

Hanpumep:

a) B pactBope constHoi kucaotsl ¢ C(HCI) = 0,1 Mons/am® (cumTast MpOTOIM3 KUCIOTHI HOIHBIM,
10 ecth a(HCI) = 1) xoHIIEHTpalKs HOHOB BOAOPO/Ia PaBHA KOHIICHTPAIIMH KHUCIOTHI, TaK KaK MPOTOJIN3
KHCJIOTHI MTOJTHBIH, CIIeI0BATEIbHO:

[H;0']=0,1 moms/am® wmu [H30'] = 107" mons/mv?;

0) B pactBope ¢ C(HCI) = 0,001 mons/am’ (o= 1)

[H;0"]= 0,001 = 107 mMoms/mm’.
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B) B PacTBOpE IIEIOYH, Hampumep, ¢ MouspHoil konuenrtpamueii C(NaOH) = 0,1 moms/mm’,
KOHIIEHTpAIHs THIPOKCUI-NOHOB paBHA KOHIIEHTPAIWH IIENIOYH, TaK KaK MPOTOJIH3 MIENI0YH MPOTEeKaeT
nonrocteio (a(NaOH) = 1). Cnenosatensro, [OH] = 0,1 = 10™" mons/aM’. VauTsiBas B3aUMHYIO CBS3b
noHoB [H;0"] m [OH], mosiBiseTcss BO3MOXHOCTh XapaKTEpU30BaTh 5TOT IIEIOYHOHW pacTBOP IO
KOHIeHTpanuu nonos [H;O':

K, -
(1#,07= =10

[OH"] 107

=107" MOJIB/IM>;

r) B 0,001 M pacTBOpe
[OH 1= 0,001 = 10~ mons/am’;
K, 107"
[OH"] 107°
Jns Gonbiero yno0cTBa XapaKTEPUCTHKY PEAKIUH Cpelbl BBIPAKAIOT HE KOHIEHTPALUEH

BOAOPOAHBIX HOHOB, TO €CTb BCJIMYMHAMU C OTPULATCIIBHBIMU IIOKa3aTeJIAMU CTCIICHHU, a TakK
Ha3bIBA€CMBIM BOJJOPOAHBIM II0OKA3aTCIIEM pH

pH — necsatnunslii TorapiudmM KOHIEHTPAINH BOJOPOAHBIX HOHOB, B3SITBIX C OOPATHBIM 3HAKOM: .
pH =—lg[H] (6.16)

[H,07]= =107 MOJIB/IM°.

wim 00JIee COBPEMEHHO
pH = -lg[H;07], (6.17)
rae [H;O"] Beipaxaercs B MOJIB/ M.
Jls onrcanHbIX BbIIe mpuMepoB (1. 13 a, 0, B, T) pH cooTBeTcTBeHHO paBHsl: 1, 3, 13, 11.
Wsmenenne [H3;0'] m pH B 3aBUCHMMOCTH OT KHCJIOTHOCTH HWJIH OCHOBHOCTH  CpPEJIbI
npeacTaByieHo B Tabmuie 8.1.

Tabnuya 6.1 3asucumocms [H;0'] u pH OT peakuuu cpeabl
[H:O'] 2ges £ E EEE 5555
VBenuueHue KuCI0THOCTH VBenuueHne OCHOBHOCTH
7
< HEUTp >
cpena
56 89 10 11 12 13 14
01234
pH Cmabo- Cmabo- miemouHas CHIIbHO- IIEIOYHAS
CwibHOKHKCTIAsA cpena
KHCIas cpeaa cpena cpena

B uucroii Bone pH = 7.

B xucnotHoit cpene pH < 7.

B menounoii cpene pH > 7.

Takum oOpazom, uem OoJbllIe KOHIEHTpauus HOHOB Bogopoaa [H;O'], Tem Gosbliie KHCIOTHOCTD
pacTBopa, TeM MeHblIe BennunHa pH.

Hao6oport, uem mensbiiie [H;O'], Tem Gosbiiie OCHOBHOCTh pacTBopa 1 0oJibiie BemryrHa pH.

[Iponorapudmupyem ypaBHEHHE WOHHOTO TNpou3BeneHus: Boubl (8.14) W, B3gB yorapumsl
00paTHBIM 3HAKOM, ToryduM (npu 22°C):

pH+pOH = 14

Otkyna: pH = 14 — pOH u pOH = 14 — pH.

Bb1600: KOJTMUECTBECHHYIO XapaKTEPUTHKY PEaKIMK CPEJIbI BIIOJIHE ONpe/eisieT 3HaueHue eé pH.

O6opynoBaHue U MaTepuaJbl
Pacteop NH4NO;
AmMMuadHas ceauTpa
CrexisiHHas BOPOHKa
Kon6e na 100 cm’

=
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5. Apeomerp
6. Illnarens
7. Uwumunap émkocteio 1,0 am’

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTel B XUMHYECKOH TabOpaTOpUH IOJKHBI IMPOBOAUTHCS TPH HCIPABHOM
AJIEKTPOOOOPYAOBAHUY, FICKTPOIPOBOIKE, IPABUIILHO 000PYI0BAHHOM BBITSKHOM IIKaQy.

2. T a3o0Bble KpaHBI U ra30MPOBOJI TOJKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, IEPUOMYECKH
TIPOBEPSITHCA.

3. Pabodee MecTo comeprKaTh B IOPSIKE U YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM IITATENEM HIH CHIEHHATEHON JIOKEUKOM.

5. MW3znmmek peakTuBa HE BBUIMBATH 0OPATHO B COCY, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce OIBITHI ¢ BpEAHBIMYU M TTAXHYIUMH BEIIECTBAMH, a TAKXKE YIAPUBAHNAE KUCIOT M KHCIIBIX
pacTBOPOB MPOBOJIMTE B BBITSKHOM IIKAQYy.

7. OcraTku coequHEHHI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHWM pacTBOPOB B MPOOUPKE BCET/a CIENyeT AeprKaTh e€ TaKuM 00pa3oM, 4TOOBI
oTBepcTHE POOUPKHU OBLTO HAMPABIEHO B CTOPOHY OT pabOoTaloIero psaoM cocea.

9. He HaKJIOHATH U0 HAJ| HATPEBAEMOM KUAKOCTHIO MM CIIABIISIEMBIM BEIIECTBOM.

10. He crmegyer BmpIxaTh Maxy4dne BEIIECTBA W Ta3bl, OJM3KO HAKIOHSSCH K COCYIy C STHMH
BemecTBaMu. HioxaTh BemecTBa MOYKHO JIMIIIb OCTOPOXHO, HAMPaBIIsis K ce0e maphl MK Ta3 ABIKEHUEM
PYKH.

11. XpaHuUTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BBITSDKHOM IIKady.

12. BwumBath pa3z0aBiieHHbIE KUCIOTHI M MIEIIOYHBIE PACTBOPHI CIIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropudecku 3amnpemaeTcsi mpoOoBaTh XMMUYECKHE BEIECTBA HA BKYC.

14. Tlpu paboTe c JerKo BOCIUIAMEHSIOMIMMUCS BemecTBaMu (3¢upbl, O€H301, cepoyriepoa U
T.J1.) HE TOJDKHO OBITH PAJOM OTHS M BKIIFOYEHHBIX TUIUTOK.

15. I[Ipu paboTre cO CTEKIOM, XHUMHYECKOW IIOCYI0M, HEOOXOAMMO COOJIOMATh IIpaBHIIA
MPEAOCTOPOKHOCTH BO N30EKaHNE paHEHUI OCKOJIIKAMH CTEKIIA.

16. Kareropudecku 3ampemmaeTcsi OCTaBISATh padoTaroIIre MpruOOpsl Oe3 HAOMFOISHUSI.

22. B xuMu4ecko# raboparopur HeoOXoauMo paboTaTh B Xajare.

3aganusa

Omnsit 1. [Iprurorosnenue pactBopa HUTpaTa aMMOHHs ¢ MaccoBoit noneit 10%

1 Paccuurars Haecky NH4NO;, HeoOX0mMyro 1 HpUrotossierrs 250 cM® pacTBopa ¢ MacCoBOM Ioiei
(D(NH4NO3) =10 % .

2 Paccuntannyro HaBecky NHiNO; B3BecuTh B OIOKCE Ha TEXHHYECKHUX Becax. Pe3ymbTaTs
B3BELIMBAHUS 3aHECTH B Ta0I. 5.2.

3 HaBecky aMMHMa4HOM CEJNUTPHI OCTOPOYKHO IEPEHECTH C IOMOIIBIO CYXOH CTEKJISSHHOM
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTBIO 250 cM’.

4 Jlo6aBuTh K HaBecke B Konbe 100 cM’ mucTHIMpoBaHHON BOBL THIATENBHO MEpPEMENIaTh
pactBop mo momHoro pactBopeHus NHuNO;. JlomuTe K070y MUCTHIUTMPOBAHHOW BOMOHM IO KOJBIIEBOM
OTMETKH 110 HIYKHEMY MEHHCKY.

5 TmarensHO nepemMenarh MPUrOTOBICHHBINA PAacTBOP IIITU - HIECTUKPATHBIM IIEPEBOPAYNBAHUEM
KOJIOBI, TIOZZICPKMBAst IIPOOKY.

6 M3mepuTh IDIOTHOCTH MpUTOTOBICHHOTO pacTBopa NHuNO; ¢ momomsio apeomerpa. Jlis
3TOTO MPHUIOTOBJIEHHBIN PACTBOP TEPENUTh B IINUHIAP EMKOCTBIO 1,0 aM’. OCTOPOKHO TOrpY3UTh B
pacTBOp apeoMeTp TakuM oOpa3oM, UYTOOBI apeoMeTp HE Kacalcsi CTeHOK LWIMHApPAa H 3aHsI
HETOABIXHOE MoJoxeHue. CHATh MOKa3aHuUs MIIOTHOCTHU CO IIKAJbI apeOMeTpa 1 3aHECTH B Tabm. 6.2.

7 PaccunTarh MOJSIPHYIO KOHLIEHTPALIMIO MPUTOTORJIIEHHOTO pacTBopa. PacuéTHble JaHHbIE U Pe3yJIbTaThl
V3MEPEHHI 3aHECTH B TA0M. 6.2.

8 OnbITHOE 3HaYCHKE INIOTHOCTH PACTBOPA HUTPATa AMMOHHSI (Pacen) CPABHUTB C TEOPETHUECKUM (Talbnmia
8.3)(pacCUMTaHHBIM Precp )

9 Paccuntarth aGCOMOTHYIO A (T/CM’) M OTHOCHTENBHYIO MOTPEIHOCTh o (%) W3MEpeHus
IJIOTHOCTH MPUTOTOBJIEHHTO PacTBOPA.

Tabauya 6.3 IInomnocms 600H020 pacmeopa HUMPAMa AmMMOHUA NH4NO3
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Konnenrpauus Konnenrpauus
p, r/em’ p, rlem’
o, % MOJIb/ M /oM’ o, % MOJIB/ M r/nm’

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 147,9 1,057 55 8,602 688.5 1,252
16 2,1290 170,4 1,065

Conep:kanue oTyera
Tabnuya 6.2 P€3yabTaThl SKCIEPUMEHTA

Macca mg Macca
C(NH4NOs), Poxcr- Prais Aabc., AotH.,
OroKca, + HaBecKa, | HAaBECKH, 3 ; ) 3 o
MOJIB/ M r/'cM r/cM r/cM )
mg, T r m,, T

KonTpoJbHbIe BOIPOCHI
ba3oBbIi1 ypoBeHb

1 M3 xakux KOMIIOHEHTOB COCTOSIT BOJHBIE pacTBOphI cienyromux BeniecTB: Naz;POs, K,SOs,
NaNO;? OTBeT aTh ¢ y4eTOM IIPOIECCOB MPOTOIHN3a HOHOB.

2 JIns dero mnpuMeHsOT apeomerp? KakoBa mocieqoBaTeNbHOCTh ONEpaldid TpU  3aMepe
MJIOTHOCTH JKUJKOCTHU?

IToBblllIEHHBIA YPOBEHD

1 TIIOTHOCT ¥ TUTP PaCTBOPOB UMEIOT OJMHAKOBYIO Pa3MEPHOCTH (T/cm’). B uem pasnuume 31X
rnapaMeTpoB?

2 [IpuBeauTte arOPUTM B3BEIINBAaHUS TBEPIBIX BEUIECTB.

Cnucok JInTepaTypbl, peKOMEHIyeMblii K HCII0JIb30BAHMIO 110 IAHHOH TeMe

OcHoBHas iMTeparypa:

1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpyskaromieit cpeipl : XMMHS )KUBBIX opranu3moB. Kypc nekiuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKCT : 2NIeKTPOHHBIN // DNEKTpOHHO-O0MOMoTeyHas cuctema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum gocryma: mis
aBTOPHU3HUP. MOJIb30BaTENeH

JlonoJIHUTEIbHAS JTUTEPaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [lox pea. A. U. Epmakosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1

2. XuMUs METAJUIOB : yu4eOHOe TTocooue (s CTYJICHTOB XMMHUYECKOTO (aKyIbTeTa
HamnpaBlieHU# O0akanaBpoB « XUMUsI» U «XUMHUYECKask TeXHONOTHs») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH yHUBEpcuTeT M. @.M. JlocToeBckoro,
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2015.—552¢c. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyma: s
aBTOPH3UD. MOJIb30BATENEH
Humepnem-pecypcol:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OubinoTeka OHIalH».

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KaTaJIOT acCOIUAIIAN JIEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTKpeITOE O6pa3oBaHUEe

Tema 7. KoMIiuiekCHbIE COeIMHEHUS
JlaboparopHasi padora 7. KomnjiekcHble coOeIMHEHUs
[{enms pa®OThI: H3yUeHHE KOMIUIEKCHBIX COCTHHCHUI M HX XUMHUYIECKUX CBOWCTB.

dOopMupyeMbIe KOMIIETEHITUN WJIN UX YaCTH:
Teopernyeckas 4acTb
XWMHUYECKHE CBS3M OCYIIECTBISIOTCS 3a CUET 000OIIEeHWs HE CHapeHHBIX JJIEKTPOHOB WIIH
nepeaadyy dJIEKTPOHOB OJHHUM M3 aTOMOB, BCTYNAMOIIMX B CBiI3b JApyromy. B pesyibTare Takoro
B3aMIMOJICUCTBUSL 00pa3yrOTCs YCTOWYHMBBIC KOH(UTYpallMd, HWMEIONINE Ha BaJICHTHOH 000JI0YKe
AJNIEKTPOHHBIA OKTET. YCTOWYMBOCTH IMOAOOHON CTPYKTYphl OOBSCHSETCS CXOJICTBOM B CTPOCHUHU C
WHEPTHBIMU TazaMu. COeTMHEHHUSI, TTOTYJAIOIIHeCs TTOJOOHBIM 00pa3oM, Ha3bIBAIOTCS OMHAPHBIMH.
MHorve aroMbl WM HOHBI, 00pasyroLje OHHAPHBIE COSIMHEHMS, MOTYT SIRISITECS JIOHOPAaMU YIEKTPOHOB [T
JPYTYIX aTOMOB, TPYIIT aTOMOB WITH MOJIEKYIT, He MMEFOIIMX YIEKTPOHHOTO OKTeTa. [ lomydeHHbIe TakiM IyTéM CIIOKHBIC
MOJTEKYIThl Has3hIBAFOTCS KOMITIEKCHBIMI COSIMHEHHSIMA P COSIFHEHMSIMH BBICITIETO TIopsyika. Hamprimep, B coctaB
KoMITIekcHoro coemvnenns K,/ PtCls] sxonarvonsl K u [PtCls]”.
ILenTpanbHBI aTOM IJIATHHBI CO CTEICHBIO OKHUCIICHUS +4, BOKPYT KOTOPOTO TPYIITUPYIOTCS
(KOOPIMHUPYIOTCS) APYTUE aTOMBI, Ha3bIBAETCSI KOMIUIEKCOOOPa30BaTEIEM.
[Ipucoenuusromuecs kK HeMy HOHBI Cl” Ha3bIBAIOTCS JTUTAHIAMU (FITH aICHIaMH ).
HekoTopble JIuraH/ bl U MX Ha3BAHUS:
H,0 — akBa; NH; — ammun; O° — okco; OH — ruapokco; CN™ — muano; SCN™ — popano; NO; —
HuTpo; SO — cyneduro; NH,OH — runpokcunamun; F- — dropo; CI” — xnopo; Br — 6pomo; I — iiof0.

Yucio Turasaos, IPUCOCIMHEHHBIX K KOMILJICKCOOOPA30BaTEeII0, HAa3bIBAIOT KOOPIMHAIIMOHHBIM
yucsioM (K.4.) KoMIuiekcoobpasosarens. K.u. (Pr™) = 6.

Honsl K' — BHemHss KoopauHanuoHHas cdepa (nporuBouon); [PtCls/> — BHyTpeHHss
KoopauHanuoHHast cdepa. E€ 3apsa( TouHee, cTeleHb OKHCIEHHS X) OIpenelsieTcs aaredpandyeckoit
CYMMOM 3aps10B KOMILIEKCO0Opa3oBartes u Iuranaos: x(/PtCls]*) = +4 +(—1)-6 = —

Ecrmn BHyTpeHHss1 KoopmuHAIMOHHAs cepa WMEeT TONOKUTENBHBIA 3aps, TO OHa Ha3bIBACTCS
KOMIDIEKCHBIM KaTUOHOM, €CJIH OTPHUIIATENILHBIN — KOMILIEKCHBIM aHMOHOM. VIMeeTcst psifl COeIMHEHHH, B KOTOPBIX
BHYTPEHHSII KOOPIMHAIIMOHHAS cepa He HeceT 3apsiia — HeUTpaibHble KOMIUIEKCHL [IpuMeph! ykazaHHBIX THIOB
KOMIUIEKCHBIX COCIMHEHHUIL:

1) xatuonnsie — [Pt (NH3);CIJCI (™7, [Pt(NH3)3CZ] + Cl;
[CF(H20)4BI"2]BI" [CF(H20)4BI’2] + Bl"
[NZ(H20)6]SO4 0, [Ni(H:0)s]** SO/

2) aHUOHHBIE — Kj[Fé(C]V)g] 3K + [Fe(CN)4]*;

(NH4)2[Pt(O[‘[)2Cl4] 2NH4 + [Pl(O]‘[)zCL;]Z

Nas[AIFs] M0 3Na* + [[AIFs]*;

3) ueitrpanbuble (HednexTpoauThl) — [Cr(H>0).PO,] (ﬂ, X

[Rh(NH3)3(NO:)s]
[Pd(NH,OH),Cl,] 0, x.
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Ipumeyanue. KoMIiekchl aHHOHHOTO THIA TaKKe CII€ Ha3bIBAIOT AI[MIOKOMIUICKCHBIMH, TaK
KaK MPH MEPBUYIHOM IIPOTOIU3E OHU OTHICTIISAIOT KOMITJICKCHBIN aHUOH.

Aneopummpl  HA38AHUN KOMNAEKCHbIX coedunenuti: 1) KaTHOHHBIE KOMIDIEKCHI — CcHadala
Ha3bIBAIOT BHEILIHIO cdepy, a 3aTeM B POJUTENLHOM NaJleke IPUBOST Ha3BaHUs JIUTaHAOB BHYTPEHHEH
cdepbl 1 PyCCKOe Ha3BaHME KOMILIEKCOOOpa3oBaTeisl ¢ yKa3aHHEM €r0 CTETEeHH OKHCIeHUS apabCKuMH
nudpamMu, HampuMep:

[Pt (NH;);Cl] Cl—xnopu TpuaMMAHXJIOPOIIIATHHEI (+2);
[Cr(H,0),Br,] Br —opomu TeTpaakBaguopomoxpoma (+3);
[Ni(H,0)s]SO, — cynbdar rexcaakBaHukens (+2);

2) Ha3BaHME aHWOHHBIX KOMIUIEKCOB HAYMHAIOT C BHYTpPEHHEH cdepbl — Ha3BaHWE JIMTAHIOB U
JATUHCKOTO KOMILIEKCO00pa3oBareis ¢ OKOHUYAHHEM -ami, 3aTeM — PYCCKOe Ha3BaHHE KaTHOHA BHEITHEH
cdepbl, HanpuUMep:

K;[Fe(CN)s] — rexcarmanodeppat (+3) kamus;
(NH,)>[Pt(OH),Cl,] — nurunpokcoteTpaxjioporiaruHar (+4) aMMOHHUS;
Nas[AlFs] — rekcadTopoalitoMUHAT HATPHS,

3) B HEUTpaNbHBIX KOMIUIEKCAX BHadajieé HA3bIBAIOT JIMTaHABI (C ydeToM andaBuTa), 3aTeM
CIIEZlyeT pycCKOoe Ha3BaHHME KOMILIEKCOOOpazoBaTens 06e3 yKa3aHHUs €ro CTETIEHU OKHCICHUS (ITOCIeIHS
OJHO3HAYHO MOXET OBITh OIpeIeTieHa C YUETOM 3IEKTPOHEUTPATbHOCTH KOMILIEKCa), HAPUMeEp:

[CrPOy(NH;);] — ppammuHdocdaTxpom;

[Rh(NO:)3(NH3)s5] — TpHaMMUHTPUHUTPOPOINH;

[Co(NO:)3(NH3)3] — TpuaMMUHTPHUHATPOKOOAIBT.

CBs3p MeX/y BHEIIHEW M BHyTpeHHEH c(epoil MMeeT HOHHBIM XapakTep, CBA3b BO BHYTPCHHEH
cdepe — KOOPAMHAITMOHHBIH (JIOHOPHO - aKIENTOPHBIN, CEMUTIONSPHBIN ).

BHy1penHsist kKoopmiHAIMOHHas chepa [yist KOMITIEKCOB KATVOHHOIO M aHHOHHOTO THIIOB YCJIOBHO OT/IRIIIETCS OT
BHeIIHel chepbI KBaPaTHBIMI CKOOKaMH.

CyIIecTBYIOT COETMHEHHSI, COCTOSIIIINE W3 KOMIUIEKCHBIX KATHOHOB ¥ aHWOHOB!

[Co(NH;)s][Cr(CN)4] — rexcammanoxpomar (+3) rekcaaMMHHKOOTBTa (+3);

[Cr(NH;)s][ Co(NQO,)s] — rexcanntpokoOanbTar (+3) rekcaaMMuHxpoma (+3);

[Pt(NH3);CI][Pt(NH;3)Cl3] — aMMUHTpUXIIOpOIUIaTHHAT (+2) TPUAMMHUHXJIOPOTIIaTUHBI (+2).

Conm  HEKOTOPHIX METAJIOB, OCOOCHHO B KOHIICHTPHPOBAHHBIX pPAacTBOpaX, CIOCOOHBI
pearupoBaTh MEXIy cO00H, 00pa3ysi KOMIUIEKCHBIE COSTMHEHUS — dYMOKOMNIEKChL:

AuCl;+AuCls <> Au[AuCls] — rekcaxiopoaypar (+3) 3omota (+3) ;
Cdl, + Cdl, <+ Cd[Cdl,] — Terpaitogokanmar (+2) Kagmusl.

PasnuuaroT nepBUYHBIA M BTOPUYHBIA IPOTOJM3 KOMIUIEKCHBIX coeluHeHui. [lepBHuHBINA
NPOTOJIN3 — OTIIEIUIeHHe BHeUmIHeH cdepbl, OOBIYHO MPOTEKAET IO THITY CHIIBHBIX JIIEKTPOIUTOB.
Hanpumep, 111 KOMIIIEKCOB:

K>[PtCls] (L) 2K + [PtCl,s 27,’
[Cu(NH3)4|Cl <222 S5 [Cu(NHA) 4 P +2CT .

CreneHb MEPBHYHOTO TPOTONM3A ISl pa30aBIEHHBIX PACTBOPOB KOMIUIEKCHBIX COEIMHEHUI
00b19H0 100 % wmu 6JIM3Ka K 3TOM BEJIMYMHE.

BropuuHOMy NpOTONHM3Y TMOABEPrarOTCsS KOMIUIEKCHBIE HWOHBL [IpH 3TOM HX CTereHb
MpoToNiM3a BechMa Mana. Pacmag mporekaeT MO THITY CIA0BIX 3JIEKTPONHUTOB. THIT mpoTonu3a —
CTYTIEHYATHIN, KOTOPBIA OMICHIBAETCS YpaBHEHHEM 3aKOHA JEUCTBUS Macc.

KonndecTBeHHO TpoOIECCH MPOTOJHM3a KOMIUIEKCHBIX HOHOB XapakTepH3yeTcs KOHCTaHTOW
HeCTOUKOCTH (Kiecr) MM 0OpaTHOM €ii BeTMUUHON — KOHCTaHTOM ycToiunBocTh (Kye,).

PaznmnuaroT KOHCTaHTHI TIPOTOJH3a CTyNeH4Yarble U obmue. CTyneHJYaTsie KOHCTAHThI CBSI3aHBI C
OTIICTIEHHEM OJHOTO JINTaH/a OT KOMIUIEKCHOTO MOHA MIIM MOJIEKYJIbI, a OOIIHe KOHCTAHTHI YUYNTHIBAIOT
PaBHOBECHBIE KOHIEHTPALlMM KaK JHUTaHIO0B, TaK M KOMIUIEKCOOOpa3oBaTessl, 00pa3yloluxcs B XOJe
nporonmsa mo BceM crynedsm.Hampumep, nporonus kommiekcHoro wona [Cu(NH;),]”" nporekaer B
YeThIpe CTYICHH:
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[[Cu(NH )37 IINH5]

D) [Cu(NH3) 417" <> [Cu(NH3)31°T + NHy:  Kyeers = L =1,07-1072;
[[Cu(NH3) 417 7]
~ ~ Cu(NH~ )~ I+ NH~ - B
2) [(.ﬂil(;z\"rH})}}u-'— <> [(ﬂif(;?\"rH_'; )2]‘:’_ + A\rH:;., k‘HCCT:‘) = [[ ”( J)H] ][q J] = 1.8() . 10_3;
[[Cir‘(:?\-"HS)_g:l—Jr]
, , Cu(NH )T [NH T
3) [Cu(NH3)> 17" <> [CuNH3]™" + NHy; K yeerr = [Cu(NH )] M,} 3] =4.68-107%
[Cu(NH3)4]7 ]
) o] C 2+ ;?\"rHﬂ 4
4) [CuNH3 1> <> Cu™* + NH 3; Kopeq) — LI INHST 5 104,

o 2
[[Cu(NH 3 )] +]
CymMapHOe ypaBHEHHUE MPOTOJIU3a BHYTPCHHEH KOOPIWHAIIMOHHOW C(ephbl BRIpaXKaeTCs 0OIIMM

YpaBHEHUEM:

[Cu(NH3) 417« 29 5 1Cu(H,0) 417 + 4NHS.

3HayeHre OO0Iel KOHCTAHThl HECTOMKOCTH OINpeAeNsieTcs MPOU3BEAECHHUEM BCEX CTYNEHUYATBIX
KOHCTaHT HecTolkocTn. Harpumep, nis wona [Cu(NH;),J’" o61ias KOHCTaHTa HECTOMKOCTH OyIET MMETh
BUJ:

¥ 2
Kyeer ([Cu(NH3) 4] +) = KHeCT] 'KHeCTz 'KHeCT3 'KHeCT4 =
[Cu(H0) 41" |- [NH3 *

[Cu(NH3)41*"

IIpumeuanue. Ctynendarsiii nporonus uona [Cu(NH;),J’" B BOOHBIX pacTBOpax IPEACTABIEH B
BUZE, KOTOPBIH OTBEYACT MNPUHYUNY  COXPAHEHUS  NOCMOSAHCMEA — KOOPOUHAYUOHHO20 — YUCAA
Komnaekcoobpasosamens. JlokazaHO, 4TO NPU OTPBHIBE OT KOMIUIEKCHOTO HOHA JIMTaHAA €ro MECTO
3aHUMAIOT MOJICKYJIBI BOJIBI:

9511075,

[(:11/l(]\7['[3)4]2+ + HzO <> [Cl/t(]\/[‘13)31‘120]2+ + NH3
B uTOre mpolecc 10KEH 3aBEPIINTLCS 0OpasoBaHueM TeTpaakBakomiuiekca [Cu(H>0),]*".

Uem Oosblie BeITUYMHA KOHCTAHTHI HECTOMKOCTH (MJIM MEHbILE KOHCTAHTa yCTOMYMBOCTH),
TE€M MEHEE YCTOMUMBO JaHHOE KOMITJIEKCHOE COEMHEHNE.

IIpoTOonM3 KOMIUIEKCHOIO HMOHa BO MHOTMX CIy4asX JIOKa3blBaeTcd C IOMOILBIO
JyBCTBUTEJIBHBIX PEAKTHBOB, OOHAPYXMBAIOIIMX B PACTBOPE KOMIUIEKCHOI'O COCOUHEHHUS HOHbI
KOMILJIEKCOO0pa30BaTes U JIUTaH/0B.

Hanpumep, nonsl mMean B kommiiekcHoM coenuneHnn [Cu(NH;),/Cl; MoxHO 0OHapy»KHTb,
npruOaBUB K PacTBOPY 3TOH COJIM pacTBOP CyJIb(uAa HATPHUS:
[Cu(NH3)41Cl, + NasS = CuS L +2NaCl + 4NH5;

[Cu(NH3)41*" + S 2 = CuS 4 +4NH;

WJIN ITYTEM CBA3bIBAHUA aMMHAKa B Ooiee l'[pO‘-IHbIﬁ KOMINIJIEKC — KATHOHBI aMMOHMUS:
[CL[(NH3 )4]C12 +4HCI —> CL[C[z + 4NH4C1,

[Cu(NH3), T +4H T —> Cu?" +ANH] .

Komnnexcuvie coedunenuss ¢ mManoycmouyugol euympentel cghepoil, npomoauz Komopou
NpOXOOUm NPAKMU4eCKU NOIHOCMbIO — MO OBOUHbIE CONU, HATIPUMED:

[K(H>0)s][AI(H:0)5](SO4)> !y K* + AP* + 2SO/ + 12H,0; anmoMOoKalveBble KBaCIIbI

[2NH4(H20)6][F8(H20)6](SO4)2 (i) 2NH4++ F€3++2S0427 +12H20,'
cosib Mopa.

Teopust BameHTHBIX cBszeid (TBC) o0OBSCHAGT CTpOCHHWE KOMIUIEKCHBIX COEIMHEHUI
BO3HUKHOBCHHEM JIOHOPHO-AaKIEIITOPHOM CBA3M MEXIY KOMIUIEKCOOOpa3oBaTeleM M JIMIaHJaMu.
OOBIYHO JOHOPOM DJJIEKTPOHHOW Tapbl CIYKUT JWTaHZA, aKOenTop — CcBOOOIHBIE OpOUTATH
KOMITJIEKCOOOpa3oBaTetsl.

TBC BO MHOrMX Cciy4asx I[O3BOJSIET YCTAaHOBUTH OJJIEKTPOHHYIO U IIPOCTPAHCTBEHHYIO
KoMIiekca. Teopusl YUUTHIBACT MPU ITOM XapakTep BAJICHTHBIX OpOHTANICH IEHTPAILHOTO aTOMa B €T0
TMOPUAHOM WJIM HETHOPUIHOM COCTOSTHHH.

OCHOBHBIC TUIBI THOPHIHBIX COCTOSHHH KOMILJIEKCOOOpA30BaTesisi U COOTBETCTBYIOLIME UM
NPOCTPAHCTBEHHBIE CTPYKTYPBL: Sp — juHelnas ([Ag(NHs),]", [Cu(NH;),]"); sp’ — terpasmpuueckas
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([Cu(NH3)**, [NiCL]*"); d’sp’ ([CoFs]) wmu sp’d® ([Co(CN)s]*) — okrasnpuueckas. KsagpartHo-
IUIOCKOCTHOM CTPYKTYpPE OTBEYAET dsp’~-ruOpUaM3ays, HaIpUMeD, 1JIs KOMIUIEKCHOro MoHa [Ni(CN),J”.

Oco00 1eHHyI0 WHGOPMAIHMIO 00 AIIEKTPOHHOM CTPOSHWH M TEOMETPHUYECKOH CTPYKType
KOMILJIEKCOOOpa30BaTelisi UMEIOT €ro MarHUTHBIE CBoWCTBa. [lapaMarHuTHBIE KOMIUIEKCHI UMEIOT B CBOEM
COCTaBe HEMapHBIC JICKTPOHBI — OHHM BTATUBAIOTCS B MAarHUTHOE IOJIE, & JUAMAarHUTHEIC, B KOTOPBIX BCE
AJIEKTPOHBI CMIAPEHbI, U3 MATHUTHOTO TIOJIST BHITAIKHBAIOTCSL.

MarHuTHBIF MOMEHT KOMITIeKca (i) BeIpakaioT B Marueronax bopa (oanu m. b = 0,927-10
apr/raycc), KOTOpbIii MOKET ObITh BEIYMCIICH U3 (hopMyJia BHA:

p=+n(n+2), (7.1)
TJIe 71 — YUCJIO HE CIIAPEHHBIX 3JICKTPOHOB B aTOME WJIM HOHE KOMITJICKCOOOpa30BaTelIsl.

DKCrepUMeHTaIbHass WHPOPMAIIKS O BETMYWHAX MArHUTHOTO MOMEHTA ITO3BOJISET CYIUTh O
TUTIE THOPUAM3AINY EHTPAIIBHOTO aTOMa U O TEOMETPUH KOMITJIEKCA B LIEIOM.

VIMeHHO BeIMYMHBI MAarHUTHBIX MOMEHTOB JJI1 KOMIUIEKCOB C KOOPJIUHAIIMOHHBIM YHCIOM 6
HO3BOJMIIM BBECTH IOHATHS 6HewHeopbumanvnoti nsnp’nd’ m enympuopbumanvioti (n—I1)d’nsnp’

-20

THOpHUIN3AIIH.
BHYTpHOPOHTAIBLHBIE KOMIUIEKCHI — JMaMAarHUTHBI 1M HU3KOCIIMHOBBIE, COJEPIKAT OJUH WK
nBa HecmapeHHbIX snektpoHa (/Co(CN)sJ> u [PdCl,/?” — nmaMarHuTHbI); BHEIIHEOPOUTAIbHBIE —

BBICOKOCIIMHOBBIE, BKIOYAIOT 3 — 6 HecrnapeHHbIX 21eKTpoHa ([CoFs]* — fiwen = 4,8; 4 HecmapeHHBIX
aneKkTpoHa; [MnCly]* — lioen = 5,95; 6 HECTIAPEHHBIX JJIEKTPOHOB).

TBC yOeauTenbHO TIOSCHAET CTPOCHHWE KapOOHWJIOB METAUIOB C HYJIEBOH CTETCHBIO
okucieHus. Bo30yxkneHHOe COCTOsSHIE aToMa KOMILIEKCO00pa30BaTeNs MOKET IPUBECTU K CIIAPUBAHHIO
d-31eKTPOHOB, HAIIPUMED, y TAKUX aTOMOB Kak XpoM (... 3d°4S'4p” ' ,3d°4s"4p"), xeneso (... 3d°45°4p’
,3d%4s°4p"), mukens (... 3d°4S°4p” M,3d"°4s°4p”). Orcroga moHATHO 06pa3oBaHME JMAMATHUTHBIX
KOMILTIEKCOB — KapOouwmioB: [Cr(CO)s/, [Fe(CO)s] u [Ni(CO),] cOOTBECTBEHHO.

Teopus kpucrammdeckoro noist (TKID), B ornuune or TBC, yunThIBaeT 31€KTPOCTATHIECKOE
BIIMSHYUE JIUTAHAOB Ha d-OpOUTAM KOMILIEKCOOOpa3oBaTels, KOTOpOe HEOAMHAKOBO M3-3a MX pa3HOU
MPOCTPAHCTBEHHOW OPHEHTALINH.

Hokazano, uro d.- u d’,’- opbutamu (d,- ypoOBEHb) MCIBITHIBAIOT 6OJIEE CHILHOE
OTTAJIKMBAHHE ITOJI BIMSHUEM DJIEKTPOCTATHYECKOTO TIOJS JIMTAHIOB, YeM OpOuTanu dy.,, dx-- U d,.. (d; -
YPOBEHB).

B okrasmpuueckom rmosie  d-opOuTaid  KOMIUIEKCOOOpa3oBareys MPUOOPETaroT  JBa
SHEPreTHYECKUX YpOoBHS: 1) ¢ MeHbILel 3Hepriel d, — ypOBEeHb, BKIIOUAIOMINN TpU opOuTanu dv.,, dv.- 1
d,.; 2) ¢ Gonee BHICOKOM DHEPrHE d,- yPOBEHb, copepKaiuii a8e d.”- u d,”,’- opouTamy.

OHeprusi pacmierieHns (A) — pa3HOCTh MEXIY SHEPTHAMU ypOBHEW d,- W d,, YHCICHHAs
XapaKTepUCTHKAa Pa3HOTO AJIEKTPOCTATHYECKOTO JACHCTBHS IMOJS JIMTaHAOB Ha NPOCTPAHCTBEHHOE
pacriipenesieHre 3JCKTPOHHOH MIIOTHOCTH d-0pOuTaiel KOMILIEKCO00pa30oBaTes.

Benwnunna A HeoJMHAKOBA ISl Pa3HBIX JIUTAH/IOB U 3aBUCHT OT MX MPHUPOJbI. Benmunna sHeprun
pacuiernyieHus], BEI3bIBaeMasi Pa3HbIMU JIUTAHIAMK, BO3PAcTaeT B CIEAYIOIEM MOPsIIKe:
I'<Br <ClI <F <OH < C,0/<H0<NH; <NOy <CN < NO<CO,
T.€. KOKIBIN CIEAYIONIHA JTUraHa co31aéT Ooee cCHiTbHOE TIoJIe, YeM npensinymuii. [IpusenenHas
MOCIIEIOBATEILHOCTD Ha3bIBACTCS CHEKMPOXUMULECKUM PIOOM.

Jlueanowl cnabozo noas pacmonaraloTcsi B Hadaje psjaa, oOnajaloT BecbMa Majod A. d-
OpOutanu KOMILTEKCOOOpa3oBaTellss ¢ TAKUMH JIMTAaHAaMHU 3aIlONHSIOTCS B COOTBETCTBUH TIPABUIOM
XyHaa (abcomomuas 6eauuuHa CyMMAapHO20 CRUHA 8 NOOYPOBHe O0NCHA Dbimb Makcumanvhol). Tlpu
3TOM DJHEPrusl OTTAJKWMBAHMS [BYX CIHAPEHHBIX JJIEKTPOHOB OKAa3bIBACTCS BHINIE, YeM BeNUYMHA A.
Kommexkcsl, cogeprkariye TUraaisl c1aboro mosi, Bceraa napaMarHiuTHBL.

Jlueanowvl cunbHo20 noJA BBI3BIBAIOT BeChbMa 3HAYHUTENLHYIO SHEPTHIO pacuieruienus. [Ipu atom
SHEpPTusl OTTAIKWBAHHSA JIByX CIAPEHHBIX OJIICKTPOHOB OKAa3bIBACTCS MEHBIIEC, YeM BEIMYMHA A.
[TocnenoBaTenbHOCTD 3alONHEHHS DJICKTPOHAMH d-ypOBHA KOMIUIEKCOOOpa3oBaTelnsi —Ccleayrouas:
CHauaya MJIET 3aloTHeHUEe OJMHOYHBIMH, 3aT€M — CIIAPEHHBIMH JIEKTPOHAME OopOHTanei d,, mocje 4ero
AIIEKTPOHAMH 3aIONHSIOTCA d,-opOuTani. KoMIekcHble coeIMHEH S, COACpKaIIne JIMTaHAbl CHIIBHOTO
TOJIsI, AMAMAarHUTHBI WK SBIISIIOTCS HU3KOCITHHOBBIMHU.

TKII o0BSCHAET OKpacKy KOMIUIEKCHBIX BEIECTB C HAaJMYHWEM Y KOMILIEKCOOOpa3oBartems
BaKaHTHOW opOuTamn Ha d,- moxypoBHe. llpn mepexozne snexTpona ¢ d,- Ha d)- TIOQYPOBEHb DHEPTHA
noryiomaeMoro cBeta (F) mpH 3TOM aJeKBaTHAa JHEPruM pacuierieHus: (A), 4To omnpeaemsieTcs
CIIEIYIOIIUM COOTHOILIEHHEM (IJIs1 OAHOTO MOJIb BEIIECTBA):

A, Hoc/mone = ENy = hvNy = heNy/A = 0,1196/2,  (6.2)
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rae Ny = 6,02-10% — mocrosunas Aporanpo; i = 6,6:107* Jx-¢c — nocrosnnas Ilnanka; ¢ = 3-10°
M/C — CKOPOCTh CBETa; V(CM ') 1 A(M) — 9acTOTa M JUIMHA BOJHBI MOIJIOMIAEMOTO CBETA COOTBETCTBEHHO.

[IBeT — 3TO 3pUTENBHOE OLIYLIEHUE AIEKTPOMArHUTHOIO M3Iy4YeHUs ¢ JuHaMu BoyH 400 —
760 um (1 mM = 10 m). Eciu Bce majgaroique JIydu OTPaXKaroTCs, TO BEIECTBO — OECUBETHOE, €CIIH
MOJTHOCTBIO MOTJIOMAOTCS — YepHoe. [Ipy n30uparenbHOM MOTJIONICHUH OIYIIEHUE IIBETHOCTH CO3JIAI0T
MPOIMIEIINEe W OTPAKEHHBIE BEMIECTBOM JIyYH. TakoW I[BET HA3BIBAETCS [OTIOJHUTENIBHBIM HIIH
HaOmomaeMbM (cM. Tab. 9.1.35).

Meton monekymsipHbix opoutaneii (MMO) sBnsieTcsl caMbIM YHHBEPCAILHBIM TTPH OTIHCAHUHU
XMMHYECKOW CBSI3U B KOMILUIEKCHBIX COeMHEHUsAX. MMO y4HThIBaeT B3aUMHOE BIUSHHE OpOUTaNel Kak
KOMIUTEKcooOpa3oBatess, Tak u uranjos (B ommmyue ot TKII) mpu oOpazoBaHNy XUMHUYECKHX CBSA3EH B
KOMILJIEKCAX.

Tabnuya 7.1 Tabmuia NBETHOCTH

JnvinHa BOJH, IlBer

Hm CrieKTpaabHbIH Ha6mo1aeMelii
400 — 435 DuHoNETOBBIM 3eJIeHOBATO-KENThIN
435 —480 Cunuit Kenteiii
480 —490 3eN1eHOBATO-CUHUI OpaHnxeBbIi
490 — 500 Cune-3enéHbii Kpachsrit
500 — 560 3eneHsblil [lypnypHbIii
560 — 580 Kento-3enenplit ®uoNIETOBBIM
580 — 595 KenTerii Cunnii
595 - 605 OpamKeBbIi 3eeHOBaTO-CHHAN
605 — 730 Kpacusrit CuHe-3eNeHbIiI
730 -760 [TypmypHbIii 3eneHsbrit

[IpucoenuHeHue nUTraHIOB K KOMIUIEKCOOOPA30BATEII0 MOXKET NPOUCXOIUTh IMOCPEIACTBOM
0000IIeHHST AIEKTPOHHOW Taphl, MPUCOCTUHSIOMIECHCS TPYNIBl (KOMIUIEKCH BHEAPEHUS) WU 3a CUYET
QJICKTPOCTATUYCCKUX CHUJI TPUTAXKCHUA MOJICKYII, 06naﬂa}omnx JAUIIOJIBHBIM MOMECHTOM (KOMHHGKCI)I
MPUCOCIUHEHWS ).

Mornekynbl W HMOHBI, CIIOCOOHBIE BBHINOJHATH pOJIb JIMTAHJIOB, 1O AaKTUBHOCTH MOXHO
pAacCIONIOXUTh B CIAEAYIOUIUHN P

H>O> NH;>NO 5 >CN>1>Br>CI>F.

Ecan B kauecTBe NHMraHIOB HCHOJB3YIOTCS HOHBI, MEPEUUCICHHBIC BBIIIE, TO MOIYYaIOTCA
KOMIUICKCHBIC COCJIMHECHHUS THIIA IBOMHBIX cojeil. Uem 0osbpllle BETUYMHA KOHCTAHTHI HECTOWKOCTH, TEM
MEHee ITPOYEH KOMIUIEKC B TeM OJIMKE TI0 CBOMCTBAM JaHHBIM KOMITIEKC K TBOMHOM COJIH.

KoMniekcHbIe coeTUHEHHS ¢ BOAOI U THAPOKCUILHOUIPYNIOi B KaYyecTBe JUTaHI0B

UzBectHO, uTO O€3BOIHBIA cynbpar Mean (Memsbelid kymopoc) CuSO, OecuBereH, HO mpU
N00aBIEHWU BOJABI OH TMPHOOpPETaeT CHHEEe OKpAIIMBaHWE. JTO IMPOUCXOIWT BCIEACTBHUE BHEAPEHUS
MOJIEKYJI BOJIbI BHYTPb KPUCTAJUINYECKON PEHIETKH COJIM M 00pa30BaHMsI KOMIUIEKCHOTO TUpaTa.

Ilpu geiictBum 1medgoyelr Ha COMM  METAUIOB (32  HCKIIOUYEHHWEM  IIENOYHBIX U
IIeTIOYHO3EMENFHBIX) O00pa3yIOTCSl THAPOKCHIBI, JIETKO PpACTBOPHUMBIE B KHCIOTaX, a aM(OTepHBIC
OCHOBaHHS CIIOCOOHBI TakKXe pacTBOPAThCS B  Imejo4ax, oO0pa3ys KOMIUIEKCHBIE HOHBI C
COOTBETCTBYIOIIUM JaHHOMY 3JEMEHTY KOOPIMHAUMOHHBIM uymciaoM. OOpazoBaHHWE O3THX HOHOB B
pacTBOpe MOKHO paccMaTpuBaTh KaK MPOLECC IOCTENEHHOTO BBITECHEHUS BOIBl W3 TUAPATHOTO
KOMIUTIEKCa HOHAMH THAPOKCHIIA.

B 3aBucumoctu ot pH cpenbl mpoTonau3 cojed IMHKa NPOTEKaeT CTyneH4yaTo. B Kucibix
pactBopax, riae pH<7 oGuapyxkusarorcs nonst [Zn(H-0)J*" v [Zn(H-0);0H]".

B melitpanpHBIX pacTBOpax, Tae pH = 7 oOpa3yercs He wumeromiee 3apsiia COSAMHEHUE
[Zn(H:0)>(OH);], xoTOpOe JeTKO TepsIeT BOLy, peBpamasch B Zn(OH);.

B menounslx pactBopax, rae pH > 7 oGHapyxuBarorcs uoHsl [Zn(OH),”. OGpasoBanue
MPUBEIEHHBIX BEIIIE COSAMHEHUN MOXXHO TaK)K€ pacCMaTpHBATh KaK CTYNMEHYATYIO TOTEPI0 MPOTOHOB
MOJIEKYJIaMHU BOJIBI B KoMmIuiekce [Zn(H>0),]*".

Oo0pa3oBanne KOMIJIEKCHBIX AHMOHOB

MHorue KUCIOpPOACOACPKAIINE KUCIOTHI TaKXKE MOKHO paccMaTpUBaTh KaK KOMILICKCHEIE

coeqnHEHNs. B KadecTBe KOMIIEKCOOOpa30BaTeNs BRICTYIIAET IIEHTPAIBHBIA aTOM KHCJIOTHI, INTaHIaMH
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OOBIYHO SBJISFOTCS ATOMEI KHUCJIOpOJa, a poJjib BHEIITHCH C(i)epI)I KOMIIICKCHOTO COCAHMHCHUWS BBIITOJTHAIOT
HOHBI BOAOpPOAA. PaCCMOTpI/IM 9TO Ha NMMPUMEPE KUCJIOT XJIopa.

Hon xj0pa uMeeT 4eThIpe IEKTPO L:IQ L};(SJl:Ta, T.€. MOXET SIBJATHCA JTOHOPOM 3JIEKTPOHOB,
TIOMOJTHSISL STIEKTPOHHBIE 0GONOYKH JPYTHX aATOMOB.

B 3aBuCHMOCTH OT KOJMYECTBAa KHCIOPOAA, NMPHUCOETUHEHHOTO K HOHY XJIOpa, MOXET OBITh
00pa3zoBaHo 4 KHCIOPOACOAEPIKALINX KHCIOTHBIX OCTATKA.

[Ipu mpucoenWHEHWH OJHOTO aToOMa KHUCIOpoAa O0pa3yeTcsl THUIOXJIOPUT- WOH, DJIEKTPOHHOE
CTPOEHHE KOTOPOT0 MOXHO MPEJCTaBUTh CIECAYIONUM 00pa3zoM

ATOM KHCIIOpOJAa Ha BaJCHTHOU 3nerjirf)€dfi(@ ‘oforouKe MMeeT 6 OSIEKTPOHOB, MOTOMY
KHCJIOPOJy JUTsl 3aIIOJTHEHUS DIICKTPOHHOW 00OJIOUYKH 0 OKTeTa He XBaTaeT IBYX DJIEKTPOHOB, a XJIOp,
numes SHCKTpOHHLIﬁ OKTCT, MOXKCT CJIIYKHUTb JOHOPOM 3JICKTPOHOB.

Kucnopon 3aBepiiaeT CBOO 3JEKTPOHHYIO 000JI0UKY, OTTATHBAS SJEKTPOHHBIN AyOJIET OT XJopa.
[Tapa >7meKTpOHOB, paHee MpUHAISKAIIAS XJIOPY, CTAHOBUTCS OOIIEH I XJIopa B KUCIopoaa. Mexmy
HUMH BO3HHUKAEeT JOHOPHO-aKLUENTOpHAs CBs3b, NPH 3TOM JOHOPOM 3JIEKTPOHOB CTaHOBUTCS XJIOp, a
aKLENTOPOM — KHUCIOPOJ,.

BBuny toro, 4yTo K XJIOpY NPUCOECIHWHHUIICS HEUTPAIBHBIA aTOM KHCJIOPOJa, 3aps]l HOBOTO MOHA
OCTaJICS IIPEKHUM.

[Tono6HO 00pa30BaHMIO HOHA THUIIOXJIOPUTA MOKHO C HOHOM XJIOpa CBSI3aTh [1Ba, TPU WIIN YETHIPE
aToMa KUCIIOPO/Ia, UCIIONB3Ys IIPU 3TOM TOTOBBIE AJIIEKTPOHHBIE JTyOJIETHI XJI0pa.

Hanumure dopmynst: a) xaoput-uona CIO 5 ; 6) xiopar-uona C[O 5 ; B) nepxinopar-uona CIO

N

Crenenp OKUCIICHHSI XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 u +7, a KOOpAMHAIIMOHHEIE YUCIIa
-1,2,3,u4.
KoMmnuiexkcHble coeIMHEHUS] B peaKIuAX o0MeHa
Jns oOHapyKeHHsS B pacTBOpax pa3IMYHBIX HMOHOB YacTO VIIOTPEOJIAIOT KOMILICKCHBIC
coequHeHus. B yactHOCTH, A 0OHApY)KEHUSI MOHA Fe®’ ucnonb3yrT pactBop K/ Fe(CN)s] — xentyro
KpPOBSIHYIO COJIb; TECT Ha OTKPBITUE HMOHOB Xele3a (+2) MpoBOAAT ACWCTBMEM pacTBOpa KpacHOH
KpoBstHO# comu — K3/Fe(CN)q].

OGopynoBaHue U MaTepUAJIbI
PactBop xnopuna meau (+2)
PactBop cynsduna HaTpus
PactBop ammuaka
PactBop cynsduna HaTpus
PacTBop xene30aMMOHMIHBIX KBacloB [NHFe(SO,);
PactBop pomannaa kamus uwinu ammonust (KCNS nimu NH,CNS)
PactBop K3/Fe(CN)s]
PactBop NH,CNS.
PactBop cynbdara nuHKa
. PacTBOp miénoun
. PactBop HuTpata prytn (+2)
. PacTBOp Moauaa kanus
. PactBopa xsopuna xenesa (+3)
. PacTBOp >xenTON KpOBSHOH COIN
15. PacTBOp KpHCTAITMIECKOTO CybdaTa sxernesa (+2)
16. npobupku

O %0 NSRRI~

~ N~ NN
A wWNh~D

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTbl B XUMHYECKOH J1a0OpaTOpHH JOJKHBI TPOBOAMUTHCS NPU HCIPABHOM
3IIEKTPOOOOPYIOBAHNH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYIOBAHHOM BBITSKHOM IIKAQYy.
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2. Ta3o0BbIe KpaHbI U ra30MPOBO/I IOKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, TIEPUOIMUECKH
TIPOBEPSITHCA.

3. Pabodee MecTo comeprKaTh B OPSIKE U YHCTOTE.

4. Cyxue peakTHBbl TpeOyeTcs OpaTh YHCTHIM ILITIATEIEM HIH CIICHHAILHON JIOKEUKOM.

5. MW3znumek peakTuBa HE BBUIMBATH OOPATHO B COCY, U3 KOTOPOTO OH OBLI B3SIT.

6. Bce OIBITH C BpeAHBIMH U MTAXHYIIHMHU BEIIECTBAMH, a TAKXKE YIapUBaHUE KUCIOT M KHCIBIX
pacTBOPOB MPOBOJIMTE B BBITSDKHOM KA.

7. OcraTku coequHEHH cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHMM pacTBOPOB B MPOOHMPKE BCETIa CIEAyeT AepxkaTh e€ TakuM 00pa3oM, 4ToObI
OTBEpCTHE IPOOHUPKHU OBLIO HAMIPABIEHO B CTOPOHY OT pabOTAarOIIEro psaoM COCea.

9. He HaKJIOHATH JIUIIO HAJ| HATPEBAEMOM KUAKOCTHIO MM CIIABIISIEMBIM BEIIECTBOM.

10. He crmegyer BmpixaTh Maxy4dne BEIIECTBA W Tra3bl, OJU3KO HAKIOHSSACH K COCYIy C STHMH
BemecTBaMu. HioxaTh BemecTBa MOYKHO JIUIIIb OCTOPOXHO, HAMPaBIIssA K ce0e Maphl MK Ta3 ABIKEHUEM
PYKH.

11. XpaHuUTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BBITSDKHOM IIKady.

12. BrwumBath pa30aBiieHHbIE KUCIOTHI M MIEIIOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3ampeniaeTcs mpoO0oBaTh XUMUIECCKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe C Jerko BOCIUIAMEHSIOIMIMMUCS BemecTBaMu (3¢upbl, O€H301, cepoyriepoa U
T.J1.) HE TOJKHO OBITH PAJOM OTHS M BKIIFOYEHHBIX TUIUTOK.

15. I[Ipu paboTte cO CTEKIOM, XHUMHYECKOW IIOCYII0M, HEOOXOAMMO COOJIOMATh TIpaBHIIA
MPEAOCTOPOKHOCTH BO N30CKaHNE PAaHEHUI OCKOJIIKAMH CTEKIIA.

16. Kareropuuecku 3amnperaercsi ocTaBiIiATh paboTaromre Npudopsl 6e3 HaOII0IeHHS.

23. B xuMu4eckoi Jraboparopur HeoOX0oauMo paboTaTh B Xajare.

3aganuda

Onwit 1. Kauecmeennasi peaxyus Ha uon meou. B mpobupky nomecture 10 kamenb pacTBopa
xmopuna (wnu cynbdara) menud (+2) W mo KamwaM Ja00aBisiiTe pacTBOp cynbduaa HaTpus 10
o0pa3oBaHuUs OcajKa YEPHOTO IIBETA.

Hamummre MosexymsipHoe 1 HOHHOE ypaBHeHHe. [IpoOdupKy ¢ ocagkoM coXpaHHUTE IS OIbITa 3.

OmneiT 2. [Tomyunte pacTBOp KOMIUIEKCHOH CONM — aMMuakaTa mMeau. Jims 3Toro momecture B
npobupky 10 kamenb pacTBOpa XJIOpHIa WK CyiIb(ara MeIu U MO KaIuisiM J00aBIANiTe pacTBOP aMMHUaKa
1o oOpa3oBaHMA 3€NMEHOTO OCagKa OCHOBHOTO XJopuzaa (cynbdaTa) Meau. 3aTeM K MPOAYKTaM PeaKIyuu
nobaBpTe H30BITOK aMMHaka 10 HWCYe3HOBeHHs ocanka. OOpasoBancsi ammmakar meau. PactBop
KOMIIJICKCHOM COJIM OCTaBbTE AJISl CIEAYIOLIErO OIbITA.

Hamummre MonekynspHOe W MOHHOE ypaBHeHHE peakiuii. KakoBa KOHpHUryparus KOMILIEKCOB
[Cu(NH3)J*" n [Cu(H>0)s/*"? Onuiunre MX MATHATHEIE CBOMCTBA.

Onpit 3. Jlns o6Hapyxenust HOHOB Meau Cu’" B KOMIUIEKCHOW CONIM K TOJYYEHHOMY B OIIBITE 2
aMMHaKaTy MeJIH IO KaIllsiM MPUOaBIsHTE pacTBOp Ccynbduaa HATpUs 10 00pa3oBaHUs YEPHOTO OCAIKA.
CpaBHHTE NOJYYEHHBIN 0CaJJOK C OCAJKOM, IOJIYYEHHBIM B OIBITE 1.

3anmuiuTe MOJICKYJISIPHOE U HIOHHOE YpaBHEHUS! 00pa3oBaHMsl OcajKa.

Hanumwure ypaBHeHWE NEpPBHYHOTO NPOTONHM3a M YPaBHEHHs BCEX CTYMEHUYATHIX IPOIECCOB
MPOTONIN3a KOMIUIEKCHOTO HOHA; 3alllIINTE BBIPAKEHUS KOHCTAHT HECTOMKOCTH W OOPaTHBIX WM
KOHCTaHT YCTOWYHUBOCTH JJII BCEX CTyIeHeH mpotoim3a. Kak BBITVIAIAT COOTHOIICHHE IS OOIICH
KOHCTaHThl aMMHakata Menu? Haiiaute HyXHYI0 MH(GOpPMALUIO B CIpaBOYHMKAX M BeimummTe e€. Kak
MOKHO OOBSCHUTH OKPACKy COCTUHEHU Cu*' ¢ mozunmit TKIT?

OmwiT 4. CpasHenue ceoticmea KOMAIIEKCHOU U 08otiHotl coau. B mpobupky momectute 10 Kamenb
pacTBopa Kele30aMMOHUIHBIX kBacoB [NHFe(SO,),/, nobaBbTe MO KaIulsIM pacTBOp pOJaHHIA KaJHst
i ammonust (KCNS nmu NH,CNS). TlosiBisieTcs KpacHOe OKpalllMBaHUe, XapaKTepHOE Ui HoHa Fe'* 3a
cuér obpazoBanus Fe(CNS);.

Hamummre MoONeKyiIspHOE M HMOHHOE ypaBHEHHE peakiuu. Kakyio 4acTh BHAWMOTO CIIEKTpa
nornomaet pactBop Fe(CNS);?

B npyryro npobupky nmomectute 10 kamnens pactBopa Kz/Fe(CN)s] 1 Takxke O KarwisiM 100aBbTe
paBHbIii 006éM NH,CNS. TTosBunock nmu kpacHoe okpamuBanue? COIep:KHUT JIM PaCTBOP HOHBI Fe’™?

OmnpiT 5. [IpUroToBbTE THAPOKCH] LMHKA M TEPEBEIUTE €ro B IMHKAT. [ 3TOro K pacTBOpy
cyibdarta nuHKa H00aBbTE MO KallisiM PacTBOP LIETIOYM O MOSABICHUS OCalka THApPOKcHaa nuHkKa. K
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MOJTlyYeHHONH cMecH A00aBbTe WU30BITOK MIENOYM A0 TOJHOIO pacTBOpeHHs ocajaka. Hamummre
MOJIEKYJIIPHOE M HOHHOE YpaBHEHHE PeakInu 00pa3oBaHue THAPOKCHIA M IMHKATA.

OnpwiT 6. Hameiite B mpoOWpKYy HECKOJBKO Kallelnb HUTpara pTyTd (+2) u 1o0aBbTe MO KaIUIIM
pacTBOp MOAWAA Kalus 10 00pa3oBaHHS OcajKa.

Hanumure mMonexynspHoe U HOHHOE ypaBHeHHE peakuuu. K oOpa3oBaBiieMycs ocaiKy HOAWAA
pTYTH TpuOaBbTe H30BITOK HWOAWAA KaHs A0 IIOJTHOTO pacTBOpeHHWs Homuma pTryTtd. OOpasyercs
KOMIUIEKCHas coiib. M300pasute ¢hopMyiTy MMOydeHHON COJIH, 3Has, YTO CTEIIeHb OKUCIICHHUA PTYTH paBHA
(+2), a xoopauHanmonHoe uucio 4. Mouwl i#oma — nuraHapl, MOHBI Kalusi — HPOTHBOHMOHHBI W,
CJICI0BATENbHO, PACIIONOKEHBI BO BHEIIHEH KOOPAMHALIMOHHOM cdepe.

Hamummre mMonekynspHOe W MOHHOE ypaBHeHHE oOpa3zoBaHus KomiuiekcHoW comu. Kak TBC
OOBSACHSET DIEKTPOHHYIO CTPYKTYpY KoMIulekcHoro moHa [Hgl,J*? Kakoil Tun rubpuan3anyuu KaTHOHA
Hg’" B atoM koMmuiekce? KakoBbl MarHuTHbIE cBoiicTBa [Hgl, ] ™?

Onwir 7. Tecm Ha omkpwimue oicene3a (+3). B mpobupky momectute 10 kamenb pacTBopa
xyiopuaa xenesa (+3), ¥ MO KamwisiM J00aBJIWTE PacTBOP KEJITOW KPOBSHOW COJM 1O 0Opa3oBaHUs
rojy0oro ocajaka OCpJIMHCKOM Ja3ypu.

Omnsrt 8. Tecm na omxpwvimue scenesa (+2). B mpobupky nomecture 10 kamenb pacTBOPEHHOTO B
BOJIE KpHICTAJUIMYECKOro cyinbdaTta xeneza (+2), mpumbaBpTe MmO KamisaM pactBop K;/Fe(CN)s/.
Habnronaetcs oOpa3zoBaHue ocajka XapakTepHOTO CHHEro 1BeTa (TypHOyJuieBa CHHB). JTO COeAWHEHUE
oOpasyercs B pe3ylibTaTe HEMOJIHOTO 3aMelieHnss HOHOB Kaius B K;/Fe(CN)s nonamu xenesa (+2).

Ipumeuanue. Jlokazano, 4To TypHOyIJIeBa CHHb B OEpIMHCKAS JIa3yphb MMOJHOCTHIO HASHTHYHBI U
HMMEIOT OJJUHAKOBbIE (POPMYIIHI.

HazoBute, ucnons3ys npasuna NIOITAK, xenTyro u KpacHy!0 KpOBSHYIO COJIb; M3HA4albHO
00pasyrolIuecss COJMM NPH OTKPHITUM HMOHOB Fe’™ u Fe'", xakoil (OpMyJIol ONUCHIBAETCS COCTaB
TypHOyJUIeBOW cuHH W OepimHCKOW nazypu? J[laiite Ha3Banme ostoii comu. Kak TKII ommceiBaer
3J1eKTpOHHBIE CTPYKTYpPhI [Fe(CN)sJ* n [Fe(CN)s]* ? YkaxkuTe MX MarHUTHBIE CBOWCTBA.

Conep:xaHue oT4yeTa
[Tonmyuyennsle nanHble 3adukcupyiite B Tabauue 7.2 mo cienymouei gpopme:
Tabauna 7.2. Pe3ynbTarhl 3KCIEpUMEHTa

Ne i/ | PeareHTts! XumMmudeckas peakius Hao0nronenns

1

N[N

KonTpoJbHbIe BOIPOCHI
ba3oBbIi1 ypoBeHb

1. Kakue coennHeHus: Ha3bIBalOT KOMIJIEKCHBIMU ?

2 Uem 00BSICHSIETCS X MHOTO0Opasne?

3 Tlouemy TpymHO HAaTh BceoObemutoliee (OY€Hb MOJHOE, MCUEpPIBIBAIOIIEE) OIpeelieHHue
KOMIUIEKCHBIM COCTUHCHHSIM?

4 Kto aBTOp KoOpamHaNmoHHOM Teopuu KC? Korma ona nosiBmracs?

5 W3 xakux anemenToB coctosaT KC? [IpuBenute mpumMepsl.

6 Kaxkas cBA3p Has3bIBaeTCs AOHOPHO-AaKLUENTOPHOH WIM KOOpAMHAUMOHHOH? Kakoil arowm,
MOJIEKYJIa UITH HOH SIBJISIETCS IOHOPOM B KoMmiutekcax [Cr(CO)q], [Ag(NH;3).]", [AIH,]?

7 Kax paccumTbhIBaeTca CTENeHb OKHUCICHHS KOMIUIEKCOOOpa3oBaTelsl M 3apA] KOMIUIEKCHOTO
noHa? OTBET MOSICHUTE Ha MPUMEpPE KOMIUIEKCOB Borpoca 6.

8 Ha xakue THITBI TOAPa3AEISAIOT KOMIUIEKCHBIE coequHenus? [lpuBenure mo qBa mpuMepa Takux
COEIMHEHUHN U JalTe UM Ha3BaHU.

9 Uro Takoe KOOPAMHAIIMOHHOE YHUCIIO KOMILIEKCOOOpa3zoBaTela? Kakue dacTHIlBI HA3bIBAIOT
nuragnamu? OTBET MOSCHUTE HA IPUMEPAX.

[ToBbI1LIEHHBIN YPOBEHB

1 Yewm omeHUBAIOT MPOYHOCTH KOMITIEKCOB? Hammimire BeIpaskeHUs A1l KOHCTAHT HECTOWKOCTH

M KOHCTAHT YCTOWYMBOCTH JJIs1 KOMIUTEKCHBIX HOHOB: [Ag(NH;),]", [Ag(CN).], [Ag(NO:),] .
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2 B uem oTianune IBOHHBIX CONEH OT «TUITMYHBIX)» KOMIIJIEKCOB?

3 Kakue KOMIUIEKCHBIE COCOUHEHHsSI OTHOCAT K anuaokomiuiekcam? Kakue k ayrokomiuiecam?
[IpuBeauTe NpUMEpHI.

4 Kak TBC o0bsacHsieT 00pa3oBaHie XUMHYECKOI CBS3M B KOMILIEKCaxX?

5 Kakue koMmIuiekchl Ha3biBaloT kapOoHmIaMu? OOBsCHUTE 00pa30BaHHE TAKUX KOMILJICKCOB C
MO3ULIUY TEOPUU BAJECHTHBIX CBS3EH.

Cnucox JUTEPATYPHI, peKOMeHI[yeMLIﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas MTEpaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBuHs. - 13-¢ u3z., nepepad. u gor. -
M. : Akagemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust okpy>Xarolei cpeapl : XuMus )KUBBIX opranu3moB. Kypc nekiuii /
E. C. Muxamuna, A. JI. Iletenmun. — M. : U3narensckuii JJom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TekcT : 271eKTpOHHBIN // DneKTpoHHO-O0ubInoTeyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyma: nms
aBTOPU3HP. M10JIb30BATEICH
JlonoJiHUTeIbHAS JIUTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Iox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmumorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METAJUIOB : y4eOHOE TTOCOOHe (7151 CTYIEHTOB XUMUYECKOTO (DaKybTeTa
HarfpaBieHull 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJIOruA») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH yHUBepcuTeT M. @.M. JlocToeBckoro,
2015.—552¢c. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreuyHas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocrymna: amns
aBTOPU3UD. M10JIb30BATENEH
Humepnem-pecypcwi:

1 http://window.edu.ru/ — eaMHOE OKHO JAOCTYIa K 00pa30BaTEeIIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuTeTckas OMOIMOTEKa OHIIANHY.

3 http://catalog.ncstu.ru/ — 3JEKTPOHHBIN KaTaJIOT aCCOLMALIUH JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBefeHui u opranuzanuii CK®O

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE

Tema 8. OKHCIUTEIBHO-BOCCTAHOBUTE/IbHBIC PEAKIIUT
JladopaTopHasi padora 8. OkuCIMTEIbHO-BOCCTAHOBUTEIbLHbIE
HCHB pa60TBI: I/I3y‘-ICHI/I€ OKHUCIHUTCIBbHO—BOCCTAHOBUTCIIbHBIX peaKHHﬁ. ypaBHI/IBaHI/Ie OKHCJIHUTCIBHO-
BOCCTaAaHOBHUTCIIbHBIX pCaKHI/Iﬁ METOJAOM JJICKTPOHHOI'O OajaHca
@opMupyemMble KOMIIETEHIIUN WIA UX YaCTH:

TeopeTnyeckas 4acThb
Teopml OKHCJINTECJIbHO-BOCCTAHOBHUTEC/JIbHBIX peammﬁ
Peam;uu, 6 KOomopblx npoucxodum UMeHeHue cmenemnel OKUCIeHUs amomose, HAaA3vblearmcs
OKUCaIUmelIbHO-60CCMAHOBUMENIbHBIMU .
B mpocTthix BeliecTBax CTENEHW OKUCIEHUS aTOMOB paBHbI HYNHO. i CIIOAKHON MOJIEKYJIbI
CyMMa CTEIIEHEH OKHCIICHHS BXOAAIIIUX B €€ COCTAaB aTOMOB TAKXEC AOJIXKHA OBITh paBHA HYJIIO; AJI1 HOHA
— €ro 3apsny.
OKHCIIeHNEM Ha3bIBAETCS mpouecc OTaAa41m aToMoOM MOJ'ICKynOfI HJIX UOHOM JJICKTPOHOB!
Al —3e — AIP*
Fe*t —e > Fe**
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2C1 —2e —> Cly .
B nporuecce okucIeHNsI MPOUCXOIUT MOBBIICHUE CTEIICHN OKUCIICHHS.
BoccranoBieHreM HasbIBaeTCs IPOIECC MPUCOSAWHEHHUS JIIEKTPOHOB aTOMOM, HOHOM HIIH
MOJIEKYJIOM:

S+2e— 852"

Cly +2e —2CI~

Ft e — FeT.

[Ipu BOCCTaHOBIEHNUH CTETIEHb OKHCICHHS TOHMKACTCA.

B 3aBucuMocTH OoT ciocoOHOCTH OTJaBaTh WM MPUHUMAThH JIEKTPOHBI BCE BEIECTBA ACIMATCS Ha
OKHCJIMTEII! U BOCCTAHOBHUTEIH.

Oxucnumenu — 3mMo amomvl, UOHbI UIU MOIEKYIbl NPUCOeOUuHsIowue d1ekmponsl. Bo epems
peaxkyuu OHU 80CCMAHABIUBAIOMCAL.

Boccmanosumenu — smo amomsi, UOHbL UIU MONEKYIbl, KOMOpPblEe OMOArOmM 31eKmpoHbl. Bo
8peMsl peakyuy OHU OKUCTIAIOMCA.

[Iporeccr! OKKUCIEHYS 1 BOCCTAHOBIICHHUS BCET/Aa MPOTEKAIOT MapaJlIeIbHO, YTO MOKHO BBIPA3UTh
CJeAyIoNIel CXeMOil:

Boccranosurens (B)) — e <> okucautens (O))
Oxucmurens (0;) + e <> BOCCTaHOBUTEIND (B)).

CrneioBaTeNbHO, OKUCIUMETbHO-60CCIMAHOBUMETIbHbIE PEAKYUU NPedCMABNsaiom coO0u eOUuHCmE0
08YX NPOMUBONOTONCHBIX NPOYECCO8 — OKUCTIEHUS U OCCAHO6IenUs. B 3THX peaknusax oOIlee 4ucIio
AIIEKTPOHOB, OTJ]ABAEMBIX BOCCTAHOBUTEJIEM, PABHO OOILEMY YUCITY, IPHUCOETUHIEMOMY OKHUCIUTEIEM.

[Ipu 3TOM HE3aBHCHMO OT TOTO MEPEXOAT JIM IIEKTPOHBI C OJTHOTO aTOMa Ha JPYTOH IMOIHOCTHIO
WIA JUIIb YaCTHYHO OTTATHBAIOTCS K OJHOMY W3 aTOMOB, YCJIOBHO TOBOPST TOJBKO 00 OTHade M
MPUCOEANHEHHUH 3JICKTPOHOB.

B OBP oxucnurtens ¥ BOCCTaHOBUTENb pEarupyroT Apyr C JAPYroM B DKBUBAJEHTHBIX
KOJIMYECTBAX.

Oxeusanenmom oxucaumens (O) uru soccmanosumens (B) nasvieaemces maxoe xoauuecmeo ux
MOIb, KOMOpOe NPpUcoeounsem Ui omoaem 0OuH MOJb 3JeKMPOHO8, YMO OMPaicaemcs Ciedyiouumu
dopmynamu:

2(0), morb = 1 uu 2(B), motb = ]—,
Ze z

T/I€ Ze — 9HACJIO DIEKTPOHOB, KOTOPOE MPUHUMAET OKUCINTENb O W OTJAeT BOCCTAHOBUTEND B.

MonbHas (MM MOJISIpHast) Macca SKBUBaIeHTa okucauTenss O U BOCCTaHOBUTENS B BbIpaxkaeTcs B
I/MOJIb ¥ OTIpeNeNIieTCS U3 COOTHOIICHUH CIEAYIOIIEro BUA:

e

1 1
1) n7st okucauTeaa— M (— O), e/ moae; 2) aasiBocctanopureasi —M (—., B), e/ moas

= P

& (&

TonbKO B pOJIM OKUCIINTENS BBHICTYNAIOT YaCTHIIBI, HMEIOIHNE MAaKCUMaJIbHO BO3MOXKHbIE CTEIIEHU
OKHCJIeHUs (Hampumep, Uil Mapranua — 31o (+7), mist azora (+5) ¥ T.4.); TONBKO BOCCTAHOBHTEINS — C
MHHHAMAJILHOM CTETIeHBIO OKHMCIICHUS (111 cephl — 3T (—2), mist azota — (-3) U T.10.).

Yacmuywl, umerowjue npomesicymounvie CMeneHu OKUCICHUs, MO2YM NPOsGIsAMb CEOUCMEA KAK
oKuciumens, maxk u goccmanogumens. IT0 00yCIOBICHO: XUMHYECKOH NMPUPOIOH peareHTa-mapTHEPA;
YCJIOBUSIMH M XapaKTEPOM CpeAbl, B KOTOPBIX npoTekaeT OBP.

Hampasnennocts OBP  ompenensercs BenmWYMHAMW 3HAYEHWH CTAaHAAPTHBIX MMOTEHIIHAIIOB
peareHToB: okucauTens O Bcerma uMeeT OOibIIMi (10 anreOpandecKoi BENWYMHE) CTaHAApTHBINA
MOTEHLINAJI, YeM BOCCTAaHOBUTENb B.

Hanpumep, B xucnoit cpene cmemmBaioT asa BemectBa: KoCr,O; u NaNO,. Kakoe u3 »tux
BEIIeCTB OYJeT OKUCINUTENEM, KaKOe — BOCCTAHOBUTENIEM?

OGparumes k cripaBoubiM aanueiM: ¢ (Cr.0;7° + 14 H'/2Cr + 7H,0) = 1,33 B, ¢"(NO;s + 2H"
/NO; + H,O) = 0,78 B.

Ilpumeuanue. Pexomenmyercs ncnoip3oBaTh yueOHoe mocobue: H.C. AxmeroB, M.K. Asusosa,
JL.W. bagpiruna. JlabopaTtopHble M CEMUHApCKHE 3aHATHS MO OOIIed W HEOpraHW4ecKOW XUMHHU. M.:
Brercmi. mkomna, 2002.

Tax xak ¢’(Cr:0;° + 14 H/2Cr™ + 7H,0) > ¢"(NOs + 2H" / NO; + H,0), mo OKMCIUTENEM
oynert sBisaTecs K.Cr.0;.
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KonnvecTBeHHOH XapaKTepUCTHKON TyOuHbl poTekanust OBP sBnsiercss 3HaueHHe KOHCTaHTHI
paBHOBeCHSI:
lgk? = 2O -0"B) (8.1)
0,059
rne ¢°(0) u ¢’(B) — craHmapTHBIE NOTEHUMANILl OKUciuTens (O W BOCCTAHOBHMTENSA B
COOTBETCTBEHHO, B; Zs — cyMMapHOe KOJIMUYECTBO AJIEKTPOHOB, IPHHUMAIONINX yyacThe B JanHoi OBP.
Koncranra paBHoBecust OBP cBsizana ¢ notennmanom I'n66ca ([Ix/monp K):
AGY = —2303RTI1gK” (8.2)
Dueprus ['n66ca, B cBoro ouepenn, cazana ¢ DJIC (Ag”) nocrosunoi Papaness (F) u 4uciom
AIEKTPOHOB, yuacTByomux B OBP:
AG’, JInc/monv-K = —nAg°F, (8.3)
Ap’ = ¢°(0) — ¢°(B) — DJIC OKUCINTENHLHO-BOCCTAHOBUTENLHON PEAKIUM ITPU CTAHAAPTHBIX
ycloBHSIX, B.
Jnsa crannaptHeix yeaosui: T = 298,15 K = 298,2 K; R = 8,314 Jx/mMonb-K; F=96450 =
96500 K/MOB-3KB, MOTYYUM (HOPMYITy yIOOHYIO AJISl pACUETOB:
g KL = F _ 96500
2,303RT 2,303-8,314-298,2
B ycnoBusix OTIMYHBIX OT CTaHAAPTHBIX, OKHCIUTEIHHO-BOCCTAHOBHUTEIBHBIE ITOTEHIINAIBI
(OBII) m 5C OBP, npoTtekaromyx B BOJHBIX pPAacTBOpPaxX, 3aBUCAT OT KOHILEHTpaluu (TOYHEE,
aKTHBHOCTEH) y4acTBYIOLINX B NIPOLIECCE HOHOB. JTa 3aBUCUMOCTH BhIpaxkaeTcs ¢popmynoit HepHera:
0,059, [O]
ST g
[B]
rae ¢’op— CTaHIAPTHBIN MOTEHIMA PeareHTa (OKMCINTENN WM BoccTanoButens), B; [O] u [B] —
KOHIIEHTPAIMKM OKUCJICHHOM M BOCCTAHOBJEHHOW (DOPM PEareHTa, MOJB/IM’; Z — YMCIO JIEKTPOHOB B
MOJTypeaKUy JUIsl JaHHOTO peareHTa.
Ipumeuanue. Crenyet Bceraa MOMHHUTD, YTO KOHLEHTpaUXu Bcex yuacTHUKOB OBP B ypaBHeHUN
(7.5) saBnstrotrest MonspHbIME KoHIeHTpanusamu (Cy (X)), a He MmossipabiMu dkBuBatienTa (C(1/z X)).
Ha 3nauenune OBII u Ha xapakTep MpOAYKTOB peaKlMU JOCTATOYHO CHJIbHOE BIUSHHE OKa3bIBAET
pH pactBopa, B xoTopom mporekaer OBP. Hampumep, npu pH < 7 3HayeHuwe cTaHAAPTHOTO
MOTEHLUAJIA JUISI CUCTEMBI:

o (MnO; +8H™ / Mn?* + 4H,0) =1,51B;

npu pH =7 — p® (MnOZ + 2H,0/ MnO> + 40H ) =06 B ;

pH >7 — % (MnO; / MnO;?) =0,564B.

Baxneifime BOCCTAaHOBUTENHU: aTOMBI METaJUIOB, Bojopol, yriuepon, CO, H.S, H>SO; NaNO.,
NasS,0;, HI, HBr, HCI, FeSO,, CrCl;, MnSO,, NH;.

Bakneimme OKHCITUTENN: TaJIOTeHbI, XJIOPaThl, KUciopo, 030H (O;), KMnO,, K,Cr,0; K:MnO,,
HzOz, H2S04 (KOHZ{.), HNO3, PbOz

nAgDO = 16,9017Ag00. (8.4)

0. B=p5 + (8.5)

Tunbl OKMCJINTETbHO-BOCCTAHOBUTEIbHBIX peaKkuMid
PaSHI/I‘IaIOT TpI/I THUIIA OKUCINUTCIBbHO-BOCCTAHOBUTCIIBHBIX peaKuHﬁ:
a) BHYTPUMOJIEKYIISIPHBIE; 0) TUCIPONOPIIHOHUPOBAHHUS, B) MEXKMOJICKYIJISIPHBIC.
Buympumonexynapnoie OBP — osmo makue peakyuu, 6 KOMOpbIX U OKUCAUMENb, U
80CCMAHOBUMENb HAXOO0SAMCA 8 COCMAge O0OHOU MOJEKYIbl, HO ABIAIMCA NpU IMOM  PASHLIMU
2/leMeHmamu:
2KNO; —>2KNO5 + Oy
2\N+5 —2e<> N
12072 + 4e <> O,.
Peaxyuu  oucnponopyuonuposanuss — OBP, 6 xo00e Komopvix 00uH U3 91eMEHMO8,
cooeparcaujelicst 8 00HOU MOeKyIe, 0OHOBPEMEHHO U NOSbLUAEN, U NOHUMICAEN CIeNeHb OKUCTIeHU:

Cl, +2KOH — KCIO + KCIl + H,0
1|Cl, —2e <> 2CI"
1|Cl, —2e<«>2Cl .
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K aucnponopl@oHHpOBaHUIO CIIOCOOHBI TOYTH BCE YACTHIBI, HWMEIOIIUE IPOMEKYTOUHYIO
CTETIeHb OKHCIICHISI.

Hamnbonee pacmpocTpaHeHHBI peakIMi TPEThEro THIIA, KOTOPBIE MPOTEKAIOT C HM3MEHEHHUEM
CTETICHH OKHUCJICHHS aTOMOB B Pa3HBIX MOJEKYNax, T.€. OKHUCIUTEIb M BOCCTAHOBHUTENb HAXOISITCA B
pasHbix BeuiecTBax. Crofa ke cleyeT OTHECTH M PEaKLMH MEXIy pa3HbIMHU BEIECTBAMH, B KOTOPBIX
aTOMBI OJTHOTO M TOTO K€ DJIEMEHTa UMEIOT Pa3INIHyI0 CTEIIEHb OKUCICHHUS:

SHCI + HCIOy — 3Cl, +3H50
1[2CI"5 +10e <> CIY
512C1 —2e > C1Y.
O0opynoBanmne 1 MaTepHaJIbI
PactBop OpomMuaa HaTpus
PactBop OeH301a
[IpoOupku
PacTBop i101HO BOIBI
PacTBOp KpHCTaIIOB HOMAA KAJUS
[lepexucs Bonopona
Kpucramios nepmanrasara Kaaus
PactBop Na,SO;
PactBop HUTpHUTA HaTpUs
PacTBop Ouxpomara kanus
. PacTBOp OpoMHOI#1 BOIBI
[MopomkooOpa3Has cepbl
Tuonuanar kanus
PactBOp comm xenesa (+3)
PactBop SnCl,
PactBop cynbdarta mean CuSO,
J’Kene3Herii rBO31b
Pactop nepmanranara kamusi KMnOy ¢ konnentparmein C(KMnO4) = 0,02 mons/am’,
pactBopa cepHol KucnoTsl kucnota HoSO, ¢ konuentpanueit C(H,SO4) = 2 Mo/ M’
. PactBopa ménoun NaOH ¢ konuentpamueiit C(NaOH) = 2 mons/nm’
. PactBopa cynbduTa Hatpus Na,SOs; ¢ konnerTparuein C(Na,SOs) = 2 Mons/am’
. PactBopa cynbdara xenesa (II) FeSO4 ¢ xonuenrpanueii C(FeSO4) = 2 moan/mm3.

0L N R W~

DO DO N M N N N NN NN NN
N~NSCXNSaRNLSN~S

N
(9%

. Pactsop asornoi kucnotsl HNO;,p(HNO;) = 1, r/em’

. MeJHas MIPOBOJIOKA

. Imxpomar kamust KoCr,0; ¢ konnenrpanueii C(KoCr,O;) = 2 Mons/am’.
Pacteopa mutpuTa Harpus NaNO, ¢ konnentpanueii C(NaNO,) = 2 momubs/am’,

RN
SN

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTbl B XUMHYECKOH J1a0OpaTOpHH JOJDKHBI TPOBOAMTHCS MPU HCIPABHOM

3IIEKTPOOOOPYIOBAHUH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0BAHHOM BBITSDKHOM IIKAQYy.

2. Ta30BbIe KpaHBI ¥ ra30MPOBO/I] JOKHBI HAXOJUTHCS B UCIIPABHOM COCTOSIHUH, TICPHOANICCKU
MPOBEPATHCAL.

3. PabGouee mecTo comepkaTh B OPSIIKE H YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM IITATENIEM HIH CIIEHHAIEHON JIOKEUKOM.

5. H3znumiek peakTBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3SIT.

6. Bce omnbITEI € BPC€OHBIMHA U MaXHYIUMHU BECUICCTBAMHU, a TAKXKE YIIapUBaHUE KUCIIOT U KHUCJIBIX
PacTBOPOB MPOBOJMTE B BBHITSKHOM IIKAQYy.

7. OcraTku coeqUHEHHI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHHWU PacTBOPOB B MPOOUPKE BCEra CIACAYeT ACPKaTh €€ TaKUM 00pa3oM, 4TOOBI
oTBepcTHE POOUPKHU OBLIO HAMPABIEHO B CTOPOHY OT pabOoTaroIero psaoM cocea.

9. He HaKJIOHATH JIUII0 HAJl HATPEBAEMOU KUAKOCTHIO MU CIIABIISIEMBIM BEIIECTBOM.

10. He crneayer BAbIXaTh Maxy4He BENISCTBA W Ta3bl, OJM3KO HAKIOHSACH K COCYAY C STHMH
BCIICCTBAMU. Hroxatb BCHICCTBA MOKHO JIMIIb OCTOPOIKHO, HAIIPABJIAA K ce6e napel WIK ra3 IBUXKXCHHUEM

PYKH.
11. XpaHUTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHUCJIOT U IIEJI0YEH B BRITSKHOM ITKady.
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12. BrumBaTh pa36aBlieHHBIE KUCIOTHI U MIEIOYHBIE PACTBOPHI CIEAYET B CIIMBHYIO CKIISTHKY.

13. Kareropudecku 3anpemaercsi npoOOBaTh XUMUYECKUE BEIIECTBA HA BKYC.

14. Ilpu paboTte C JIETKO BOCILIAMEHSIONTAMUCS BelecTBaMHu (3(HUPBI, OCH30II, CepOyTiIepoa 1
T.I[.) HE OJOJXKHO 6BITI) pAAOM OI'HA Y BKIIFOYCHHBIX IIJIMTOK.

15. Ilpu pabore cCO CTEKIOM, XMMHUYECKOW TIOCYIIOW, HEOOXOAMMO COOMI0AaTh NpaBUia
MPEOCTOPOKHOCTH BO N30EKAHNE PAaHEHUI OCKOJIIKAMH CTEKIIA.

16. Kareropuuecku 3ampeniaeTcsi OCTaBIATh pabOTArOIIHe MPUOOPHI 0€3 HAOITIOICHHUS.

24. B xuMu4eckoH Jrabopatopur HeoOXoauMo paboTaTh B Xamare.

3aganus

OmeiT 1. K pactBopy Opomuza Hatpus B NpOOMpKE NpUIEHTE HEMHOIO XJIOPHOH BOIBI U
HECKOJIBKO Karesb OeHszona. Berpsxaute comepskumoe mpoOupku. BepxHuii cioil okpacuicst B Oypblid
uBer. YUTo sBisieTcsl MPUYMHON OKpacku? Hamummre ypaBHEHHE pEaKIUU M COCTABBTE DJIEKTPOHHYIO
CXEeMyY U3MEHEHHUS cTereHel okucienus anemenToB. Onpeaenure 3/C 3Toif peakuuu.

Onpit 2. (OnBIT TPOBOJMTH B BHITSHKHOM miKady). B mpoOupky Haseiire 1 cm® #oaHO0M BoabI M
TaKoM ke 00sEM OeH30ma. [IpodbupKy BCTpAXHHUTE HECKOIBKO pa3. OOpaTuTe BHUMAHKE Ha I[BET BEPXHETO
0eH301bHOTO cios1. [lomy4yeHHBIN pacTBOp COXpaHHUTE ISl CPABHEHUSI.

B cyxyio npoOupky HachlibTeé HEMHOT'O KPHCTAJUIOB MOIUAA Kaius (OCTOPOXHO!), MO CTEHKE
nmpoOupku TpubaBbTe 2-3 KalUIM pacTBoOpa KOHIICHTPHPOBAHHOW CEpHON KHUCIOTHL Briaensercs
razoobpasuelii mpoaykt ¢ 3amaxom FH,S. K comepxumomy mnpobupku mnpuneiite 1 cm® Genzona u
OCTOPO’KHO BCTPSIXHUTE HECKOJIBKO pa3. OOpaTHUTe BHUMaHHE Ha OKpacKy OeH3osbHOTrO ciosi. CpaBHUTE
3Ty OKPAacKy ¢ OKpacKoH, MOJyYEHHON BaMH IPY BCTPAXUBAHUHU HOIHON BOZIBI C OEH30JI0M.

Hanumure ypaBHeHus: peakiuii. COCTaBbTe HOHHO-JJIEKTPOHHYIO CXEMY U3MEHEHHsI CTeleHEeH
OKHCIIEHHS aTOMOB Pearupyominux BeUIeCTB.

Omnwmit 3. K 2 cMm® pactBopa nepmanranara kamus KMnO, 1o6aBbTe paBHbINH 00bEM pa30aBIeHHON
CEpHOM KHCIOTHI M Nepekucu Bomopona. OOparuTe BHUMaHHE Ha HW3MEHEHHE LBeTa B pacTBope. K
OTBEPCTHIO TPOOMPKM TOAHECUTE TICIOUIYI0 JYy4uHKy. UTo mpu 3ToM Habmogaercsi? Kakod ras
BBIACTIIETCS?

Hamummre ypaBHeHHe MaHHON peakiy B MOJICKYJSIpHOW M MOHHOH (opmax. KoadduumenTst
OIIPEIETUTE C IOMOIIBI0 METOIA MIEKTPOHHO-HOHHOI0 OaslaHca.

OmnpiT 4. (OOBIT IPOBOAMTCS B BBHITSDKHOM mIKady). B cyxyro mpoOupKy HachIIbTe HECKOJBKO
KPHCTAJJIOB TIEpMaHTraHaTa Kajlus U OCTOPOXKHO IMpUIIeTe HECKOJBKO Kamelb pa30aBIeHHOTO pacTBOpa
comnstHOM KucnoTsl (1:1). Beimensercs ras (ocTopokHO!), MOHIOXANTE €ro.

Hanumure ypaBHEHHE NAHHOW PEAaKIUU W COCTABHTE DJIEKTPOHHO-HOHHYIO CXEMY H3MEHCHHS
CTEINCHEN OKUCIICHUS JJIEMEHTOB, YYaCTBYIOLINX B PEAKLIHH.

Omnwit 5. B Tpu otenbHbie npoOupku BHecuTe 1-2 cM® pactBopa KMnQOy,, a 3aTeM 100aBbTE B 9TH
NpOOUPKH paBHBIE OOBEMBI: B TIEPBYIO M3 HUX — PacTBOp pa30aBICHHOW CEPHOM KUCIIOTHI, BO BTOPYIO —
BOIy, B TPETbI0O — KOHLEHTPUPOBAaHHBIH pacTBOp mienoun. [locie dHero B Kaxayr W3 MPOOUPOK
npubasbTe 1-2 cM® pactBopa Na>SO;. YeM 0OBACHUTH NPOMCHIEAIINE M3MeHeHus? Hanuiure moaHsie
ypaBHeHus: OBP, ucnons3yst HOHHO-JIEKTPOHHBIH MeToA. OLeHuTe IIyOHHY NPOTEKaHUS IPOLIECCOB B
KaxaoM cirydae. OT 4ero 3aBUCUT OKUCIIUTEIbHASI aKTUBHOCTh IIEPMaHTaHT-HOHA?

Onpit 6. K 1ByM ¢cM’ pacTBOpa HUTpHTA HATPHs NPHUIEHTE PaBHBIH 00BLEM pacTBOpa CEPHOM
KHCJIOTHI ¥ J00aBbTE MO KamjsiM HeOOJbIIOe KOIUYECTBO pacTBopa noauzaa kaiaus. O0paTure BHUMaHUE
Ha U3MEHEHHE I[BETa PacTBOpA.

Kaxoe BemecTtBo Belenuiock? CocTaBbTe ypaBHEHHE COOTBETCTBYIONIEH peakunu. Onpenennre
K03(p pUIIEHTH METOIOM TIOJTypEaKLHi.

Onpir 7. Haneiire B nmpo6upky 1-2 cm® pactBopa Guxpomara Kanus, 106aBbTe K HEMY JBOWHOM
00bEM pa30aBIeHHON CEPHOM KUCIOTHI U 4-5 cM’ pacTBOpa HUTpuTa Hatpusi. OOpaTUTE BHUMAaHHUE Ha
W3MEHEHHUe IBeTa pacTBopa. Hamummute MojeKynspHOe U HOHHOE YpaBHEHMS AaHHOH peakuuu. Iloxbop
K03()(pUIIMEHTOB OCYIIECTBUTE METOAOM JIEKTPOHHO-UOHHOTO OanaHca.

Onpir 8. K 2-3 ¢M® GPOMHOM BOABI HNPHIIEHTE PacTBOP IMIEIOYH IO MOJHOTO 00ECHBEYUBAHUS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE YPaBHEHUE JaHHOM peakiuu U onpeaenutre koddduuueHTs
METOJIOM TOJTypeaKIui.

OmpiT 9. K 2-3 ¢M’ KOHLIEHTPHMPOBAHHOIO PACTBOPA TUAPOKCHIA HATPUS 100aBbTE HEOOIBLIOE
KOJINYECTBO MOPOIIKOOOpa3HOH cepbl. CMeCh KUIIATUTE 0 MCUe3HOBEHUs cepbl. COCTaBbTE 3JIEKTPOHHO-
WOHHBIE CXEMBl H3MEHEHHUSI CTENICHEH OKHCIICHHUS PearnpyIoNIuX BellecTB. Hamumure HOHHOE U TIOJTHOE
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ypaBHeHUs naHHOW peakiuu. K xakomy tumy OBP otHocutTcs nanHoe mnpespaienue? [louemy aTombl
CephI CITOCOOHBI K TAKUM TPEBPAIICHUIM?

Ommrt 10. K pactBopy ( 1-2 cM’) THOnMaHaTa Kanus (MM aMMOHMSI) TPUOABBTE TAKOM ke 00bEM
pactBopa comu xene3a (+3). Kakoit uBetr momydeHHOro pactBopa? 3aTeM K OKpalIeHHOMY pacTBOPY
NpuOAaBIAIOT MO KaruisiM 10 mosHoro oOecuBeunBanus pactBop SnCl,. Kakue mporecchl MpoUCcXosT B
pactBopax u modemy? Paccumraiite DJIC peakuum BoccTaHOBIeHHs Fe'™ momamm Sn’". Paccuuraiite
u3MeHenue sHeprun ['m6oca (4G%,.) u xoncranty paBHoBecus (K’.,) mis >Toil peakuum. OueHuTe
ryOnHy e€ mpoTeKaHusl.

Onpir 11 B npobupky naneiite 1-2 cm® pactBopa cyibpara meau CuSOs u omycrure Tyna
3QUMIICHHBIA C TTOMOIIBI0 HAXKIAYHON OyMaru jkeJe3HbIi TBo3ab. [locTaBbTe IpOOMPKY B IITATHUB Ha S5
MUHYT. Uepe3 5 MUHYT OTMEThTe M3MEHEHHs ITOBEPXHOCTH JKEJIE3HOTO T'BO3JS U 3aHECUTE HX B rpady
«HaoOmronenus».

HanmmmTe ypaBHeHHE OKHCIHTEIHHO-BOCCTAHOBHUTENBHON PEAKIMN U yPaBHANTE €€ 10 METOIY
JIIEKTPOHHOTO OanaHca. YKaXHTE OKHCIHTENb W BOCCTAaHOBUTENb. [lONB3ysiCh pSAOM HampsDKEHHH,
YKaXUTE, KAKAE METaJUIbI MOTYT BBITECHATh MEZb U3 PACTBOPOB €€ COJIEH.

Onwir 12 B 1pu mpobupkm Hanelite mo 2-3 c¢m’ pactBopa mepmanradara kamus KMnOs c
konuenrpanueir C(KMnO4) = 0,02 Mons/am’

- B nepsyto npobupky mob6assre 1-2 cm® pactBopa cepHoit kucinotsl kucnora HoSO, ¢
konuentpanueit C(H,SO,) = 2 mons/mm’.

- Bo BTOpyI0 npobupKy 106aBbTe 1-2 ¢M® TUCTHIIMPOBAHHOMN BOJIBL.

B tpethio nmpobupKy nob6assre 1-2 cM’ pacteopa ménoun NaOH ¢ konnenrparumeit C(NaOH) = 2
MOJIB/ M.

Bo Bce mpobupku Haneiite 1o 3-4 cm® pactBopa cyibpuTra Hatpus Na,SO; ¢ KOHIEHTpanueit
C(Na,SOs) = 2 Mosb/nm’,

OTMeThTe U3MEHEHHE IIBETa PACTBOPOB B KAXKJOW U3 MPOOUPOK C yUETOM 3aBHCHUMOCTH OKPACKH
COEJIMHEHUI MapraHia oT €ro CTelneHH okucieHus: HoH MnO, mMmeeT GHOIETOBYIO OKpacky, MnO.* —
3enényro, Mn®' — c1abopo30ByI0, a NP MAJIOH KOHIEHTPAIUK — OECLBETHYIO. 3aHECHTE HAOIIONCHHS B
rpady «HabmromeHns.

Hamummre ypaBHEHUS! OKMCIATENBHO-BOCCTAHOBUTENFHBIX PEAKIINA M YPaBHANUTE WX TI0 METOIY
AIIEKTPOHHOTO 0ajaHca. YKaKUTE OKHCIUTENb K BOCCTAHOBUTEIb.

Onpit 13 B npo6upky Haneiite 1-2 cM’ pacteopa nepmanranara kaaust KMnOy ¢ KOHIEHTpalmen
C(KMnO4) = 0,02 mons/nm’, mobassre 1 cm® pactBopa cepHoii kucmotel H,SOs ¢ KoHIEHTpaumei
C(H,SO4) = 2 moms/am’® u npuneiite 1 cm® pactBopa momuna xamus Kl ¢ konuentpamueit C(KI) = 2
MOJIB/IM’.

3adukcupyiiTe U3MEHEHHE [[BETa paCTBOpa U 3aHecuTe HabmoaeHus B rpady «HabroxeHus.

Hamummre ypaBHEHUS! OKMCIATENHHO-BOCCTAHOBUTENBHBIX PEAKINM M YPaBHANUTE UX TIO METOAY
AIIEKTPOHHOTO 0anaHca. YKaKUTE OKUCIUTENb U BOCCTAHOBUTEIb.

Oneir 14 B mpobupky Haneiite 1-2 cm3 pactBopa mnepmanranara kamus KMnO4 c
koHneHTpamuerr C(KMnO4) = 0,02 mons/am3, mobaBere 1 cm3 pactBopa cepHoit kucnmorel H2SO4 ¢
kounenrpamuern C(H2S04) = 2 monws/am3 u npuneiite 1 cm3 pactBopa cynbdara sxenesza (1) FeSO4 ¢
koHnenrpamueit C(FeSO4) = 2 mons/mm3.

3adukcupyiiTe n3MEHEHHE [[BETa pacTBOpa U 3aHecuTe HabmoaeHus B rpady «BeBoasl. HabmromeHus».
Hanummre ypaBHEHHS! OKHCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIIUH U YPaBHSITE UX 10 METOY
3JIEKTPOHHOTO 0ajaHca. YKaKUTEe OKHCIUTENb U BOCCTAHOBUTEIb.

Omnepit 15 B mpo6upky Haneiire 1-2 cM® KOHIEHTPUPOBAHHOM a30THOM KucaoTel HNOs,p(HNO;) =
1, r/em® .OnycTute B MPOGMPKY 3auMINEHHYIO HaKIA4HOM Oymaroii MeaHyro npoBosioky. Harpeiite
poOUpPKY Ha IJIAMEHU ra30BOI FOPEJIKU U IOCTAaBbTE €€ B INTATUB HA 5-10 MUHYT.

3adukcupyiite BbIAEICHUE ra3za B NMPOOMPKE, LBET BBIAEISAIOLICTOCS Ta3a M M3MEHEHHE IIBeTa
pactBopa. 3aHecute HabmoaeHus B rpady «Habmronenus.

Hanumure ypaBHEHHS! OKHCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIMH M YPaBHSANUTE UX MO METOIY
3JIEKTPOHHOTO OajaHca. YKaKUTe OKUCIUTENb U BOCCTAHOBUTEb.

Onpir 16 Hanetite B npobupky 1 cm® pactBopa auxpomara kamust K,Cr,O; ¢ KoHIEHTpanmeit
C(K:Cr,07) = 2 monw/nm’ Jlo6aBeTe B mpoOUpKy 2-3 cMm® cepHoil kucinotel H,SOs ¢ KoHIEHTparmen
C(H>SO4) = 2 monb/am’ u 2-3 cM’ pactBopa uurpura Hatpust NaNO, ¢ konnenrpaueii C(NaNQ,) = 2
MOJIB/ M.
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3adukcupyiiTe W3MEHEHUE IIBETa pacTBOpa. 3aHecuTe HaOmojeHus B rpady «BbIBOIBL
HaOmronenus».

Hanwumvre ypaBHEHHS! OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUA M YPABHANUTE MX MO METOIY
AJIEKTPOHHOTO OayiaHca. Y KaKUTE OKUCIIUTENIb U BOCCTAHOBUTEII.
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Conep:xaHue oT4yeTa
[Tonyuennsie nannpie 3adukcupyite B Tabmuie 8.1 mo cnemxyrorieit hopme:
Tabnuma 8.1. Pe3ynbTaThl SKCIIEPUMEHTA

Ne i/t | Pearentsr XUMHYECKasi peaKIus Habmronenus

1

[ N EEN RS R \S)

KoHTpoJ/ibHBIE BOPOCHI
ba3oBbIi1 ypoBeHb

1 Uro Ha3bIBalOT cTeneHbio okucieHus? Kak e€ 0003HAUarOT M KaKhe 3HAYCHHUS MOXKET OHa
npuHUMaTh? OTBET MOSCHUTE HA IpUMEpax.

2 Kak onpenensieTcss MakCUMasbHasi | MUHUMAJIbHASI CTEIICHU OKUCIICHUSI 3JIEMEHTOB?

3 Kakue peakiy Ha3bIBalOT OKUCINUTEIbHO-BOCCTAHOBUTENbHBIMU? [IpuBeIMTE IPUMEPHI.

4 Kakwue peareHThl Ha3pIBalOT BOCCTAHOBUTEIISIMHU, KAKHE — OKUCIUTEIISIMU?

5 B uem cyTh MeToa nomypeakuuid? J{as Kakux CUCTEM OH MPUMEHNM?

6 Kak BpIpakaeTcs KOHCTaHTa paBHOBECHS PEAKIIMH W 9TO OHA BBIpaXkaeT?

7 Kak MOXHO paccuuTaTh KOHCTaHTY paBHOBecHs? [IpuBennure cooTBeTCTBYIONNE (hOPMYITHL.

8 Ot kakux (aKTOPOB 3aBUCHUT MPOTEKAHHE OKUCIUTEIEHO - BOCCTAHOBUTEIBHBIX PEAKIIUN?

9 3aBHCHMOCTB OT KaKHX IIapaMETPOB OTpaxkaeT ypaBHeHue Heprera?

[loBbI1LIEHHBIN YPOBEHD

1 Kak olLEeHMBArOT 3KBUBAJIEHTHI OKHCIWUTENS M BOCCTAaHOBHTENIA? B Kakux eaMHUIIAX OHHU
BBIpXKAIOTCS?

2 Yrto Ha3bIBAIOT MOJBHOM MAaccoil OKHCIMTENS M BoccTaHoBHTENsA? KakoBa ux pa3MepHOCTH?
IIpuBenuTe npuMepsl.

3 KakoBa CTpyKTypa aJiropurMa MeETOAa 3JICKTpOHHOro OanaHca? OTBET WLIIOCTPUPYHTE
PUMEPAMH.

Cnucox JUTEPATYPHI, peKOMeHIlyeMblﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas iMTEpaTypa:

1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBus. - 13-¢ u3z., mepepab. u gor. -
M. : Akagemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pek. MOuH P®. - IIpumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumust okpy>Xarolei cpeapl : XuMus )KUBBIX opranu3moB. Kypc nekiuii /
E. C. Muxamuna, A. JI. [letenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 27eKTpOHHBIN // DneKTpoHHO-O0ubnoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3HUP. MOJIb30BaTENEN

JonmosiHuTEILHAS JIMTEPATYypAa:

1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; [ox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMHs METAJUIOB : ydeOHOE TTOcOOue (7151 CTYIEHTOB XUMHUYECKOTO (DaKyibpTeTa
HarfpaBiieHul 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJIOTHUA») / coctaButenu O. A.
I'omoBanoBa. — OmMck : Omcknii rocyapcTBeHHbIN yHuBepcuteT nM. @.M. JlocToeBckoro,
2015. —552c. —

ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mgoctyma: mis
aBTOPH3UD. MOJIb30BATENEH

Humepnem-pecypcwi:
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1 http://window.edu.ru/ — eaMHOE OKHO JAOCTYIa K 00pa30BaTEeIILHBIM pecypcam
2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3JEKTPOHHBIN KaTaJIOT aCCOLMALIUHU JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBezieHni 1 opranuzanuii CKOO

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE

Tema 9. OcHOBHBIE NOJIOKEHHUS IJTEKTPOXMMHUM.
JlabopaTopHasi padora 9. 'anbBaHMYeCKHE 3JIEeMEHTHI
Lesb paboOTHI: OCBOHMTH COCTABIICHHE CXEMbI FAJIbBAHUYECKOTO AJIEMEHTA U METOJIbI HAIICAHUS
YPaBHEHUH 3JIEKTPOIHBIX MPOLIECCOB.
DopmMupyeMbIe KOMIIETEHIUN WJIM UX YaCTHU:
Teopernyeckas 4acTb

[Ipuo6peraembie komnereHuuu OOIl mpu u3yueHun Mmarepuana pasjena:
OakanaBp JOJDKEH MIOHUMATh POJIb OXPAHBI OKPYIKAIOIICH CPebl U PAIMOHATBHOTO
OPUPOAOIIONB30BAHUS ISl Pa3BUTUS W COXPAHEHHUs UMBWIM3AIMKU; O0O0JaaaTh
CIIOCOOHOCTBIO M TOTOBHOCTHIO BJIAJCTh OCHOBHBIMH METOJAMH, CIIOCOOAMU H
CpeIICTBAaMH TOJYYEHUS, XpaHEHUs, nepepaboTku WH(OpMAaIUU, HCIOIh30BaTh
KOMITBIOTEP KaK CPEJICTBO pabOThl ¢ MHGOPMAIIMEH; a TaK ke CaMOCTOSTEIHLHOTO
npuoOpeTeHus: (U3MYECKUX 3HAHWUW, IS TOHWMAHUS TPUHIUIOB PabOTHI
MpUOOPOB MW YCTPOMCTB, B TOM YHCJI€ BBIXOJSIINX 32 MPEeIbl KOMIETEHTHOCTH
KOHKPETHOTO HampapjieHus. bakaiBap Oyner cnocoOeH JAeMOHCTPUPOBATh
0a30BbIC 3HAHWUA B OOJACTH E€CTECTBEHHOHAYUYHBIX IHUCIUIUINH W TOTOBHOCTHIO
UCII0JIb30BaTh OCHOBHBIE 3aKOHBI B MPO(ECCUOHATBHOM IeATETbHOCTH, MPUMEHSITh
METOJBl MaTEMaTHYCCKOTO aHaiW3a M MOJCIHPOBAHUSA, TEOPETUUCCKOTO U

OKCIICPUMCHTAJIbHOI'O UCCIICIOBAHMAA.

TeopeTnyeckue 0CHOBBI
[Ipubop, B KOTOPOM XMMHYECKAsI SHEPTUsl OKHUCIUTEIbHO-BOCCTAHOBUTEIBHON peaKluu

MPEBPAIIACTCS B DJICKTPUUECKYIO, HA3bIBAETCS TAIIbBAHUICCKUAM DJIEMEHTOM.
OCHOBHas COCTaBHAsl YacCTh TaJIbBAHMYECKUX JJIEMEHTOB — AJICKTPO/IbI. Yale Bcero oHu
OBIBAIOT METAJUIMYECKUMHU. OJEKTPOA, Ha KOTOPOM TPOHMCXOIUT TMPOLECC OKUCICHHUS,
HA3BIBACTCS aHOJOM.
Tak, ecny B raJlbBAHUYECKOM IJIEMEHTE MMEIOTCS METHBIM U ITWHKOBBIA AJICKTPOJIBI, U B
HOCJIEIHEM NPOUCXOJUT MPOIIECC OKMCIICHUA LUHKA: Zn' — 2e <> Zn’', TO NMHKOBBIN 3JIEKTPO.T

OyZeT aHO/IOM.
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DeKTpol, Ha KOTOPOM HPOUCXOJUT MPOLIECC BOCCTAHOBIICHUS, Ha3bIBACTCS KatoaoM. B
BBILIENPUBEASHHOM TIPUMEPE KATOIOM ABJISETCS MEAHbIN onektpoa: Cu’ + 2¢ < Cu’.

DJEKTPOHBI C 3JEKTPO/a, Ha KOTOPOM MPOMCXOIUT MPOILECC OKUCICHUS, TIEPEXOAiT Ha
AIIEKTPOJI, T/IE MPOTEKAET MPOIECC BOCCTAHOBIICHHSI.

Takum 00pazom, B TalbBaHMYECKOM DJIEMEHTE, UMEIOIEM B Ka4eCTBE KaroJa MEIHYIO U
B KaueCTBE aHOJa IIMHKOBYIO IUIACTHHBI, JICKTPOHBI C IMHKOBOW TUIACTUHBI OYAyT HEPEXOIUTh
Ha MEJIHYIO.

10.7 DnekTpoa B TaJbBaHHUYECKOM 3JIEMEHTE HAXOJIUTCS B pacTBOpe 3JICKTpoiuTa. B
NPOCTEHIIIEM CITydae dJIEKTPOIUTOM SIBIISIETCS PAaCTBOP COJIM TOTO METalia, U3 KOTOPOTO CIeNaH
ANEKTPO/I.

Tak, B MEIHO-IIMHKOBOM T'aJIbBAHUYECKOM JJIEMEHTE IIMHKOBBIH 3JIEKTPOJ MOXKET ObITh
MIOMENIEH B pacTBOP CyJib(haTa IMHKA, a ME/IHBIA — B PacTBOP CyJsb(dara Meu.

CrenoBaTeNbHO: IIMHK MOMEIIAIOT B PACTBOP, COJACPIKAIIMN KAaTHOHBI IIMHKA, a MEIb B
pacTBOp, COAEPKAIIMN KATUOHBI MEH.

Cucrema, cocrosiias U3 MeTalla, OMYyIICHHOIO B PAaCTBOP, COJACPXKAIIMHA €ro HOHBI,
Ha3bIBAETCS MOJIY>JIEMEHTOM U 0003HAYACTCS Me' " / Me (CBEpXY BCeTa OKUCIEHHAsS (opMma).

JlBa moy37eMeHTa, COCAMHEHHBIC MPOBOIHUKOM, 00pa3yloT rajibBaHMYECKUN AJIEMEHT

(pucynok 9.1):

¢ (%)
e
7n Cu
_ SO s
— -
il s LRt
B — g -
7Za=+S0O44 Cu?+S0,%]

Pucynox 9.1 Cxema MeOHO-YUHKOBO20 2AbBAHUUECKO20 INEMEHMA

B rajpBaHUYECKOM 3JIEMEHTE OJIUH 3JIEKTPOJ (aHOM) pacTBOPSETCS, T.€. HOHBI METaslia
nepexoasIT B pacTBOp. Tak B MEIHO-IMHKOBOM TaJbBaHHUYECKOM 3JEMEHTE MPOUCXOIUT
pacTBOpEeHHUE IMHKOBOH IJIACTUHKH.

B pesynbrare mepexoja MOHOB IIMHKA C IUIACTUHKHA B PACTBOP HA IIACTUHKE OCTA&TCS
U30BITOK AJIEKTPOHOB, M OHA 3apsbkaercsi orpuiiarenbHo. C APYyroil CTOPOHBI, MEPEeXo HOHOB
[[MHKA B PaCTBOP MPHUBOAUT K YBETHMUCHUIO MX KOHIIEHTPAIIUU B PACTBOPE.

bnaronapst mepexoJy MOHOB IIMHKA C TUIACTHHBI B PACTBOP BEC IIMHKOBOW IUIACTHHKH
OyJeT YMEHBIIIAThHCS.

OHOBPEMEHHO C ATHM Ha MEIHOM 3JIEKTPOJE MPOUCXOIUT IMPOIECC BOCCTAHOBJICHHSI

HOHOB MEJIU U3 PACTBOPA: Cu’" +2¢ <> Cu -
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3a cu€T 3TOro mnpoiecca KOHIEHTPALMsI HOHOB MEU B PACTBOPE YMEHbIIIAETCs, a Macca
MEIHOW IUIACTUHKH YBEJIUYHBACTCS.

[lepexox monoB Cu** W3 pacTBOpa Ha IUIACTMHKY NPUBOJMT K TOMY, YTO MEIHAs
MJIACTUHKA 3apsKACTCS TOJIOKUTETBHO.

PaccMoTpenHbIli raibBaHUUYECKUH dieMeHT (dnemeHT [lanudnsa — Skobu) cxemaTudecku
MOHO 3aIUCcaTh CIEAYIOIIUM 00pa3oM:

(=) Zn|ZnSO4||CrsO4|Cr(+)
WM B HOHHOH opMe:

[—) =2

Z = ”(:uzﬂcu{ +)

OpuHOYHBIE JIMHUM B cXeMax 0003HAYar0T IPaHUIy METAJl — PACTBOP, a ABOMHBIE JINHUU
— rpaHully MeXIy pacTBopamMu. OTpHUIATENbHBIN 31€KTPO/] (AHO[) 3aIMChIBACTCS CIIEBa.

B ocHoBe paboThl pa300paHHOTO 3JIEMEHTa JICKUT OKUCIUTEIHHO-BOCCTAHOBUTEIbHAS
peakuus:

Zn+CuSO4 — ZnSO4 + Cu
WIN B MIOHHOH (opMme:
Zn+Cu’t —> Zn>" +Cu.

B rajpBaHMYECKOM 3JIEMEHTE, COCTABICHHOM W3 JKEJIE3HOM IUIACTUHKH, OIIYIIEHHON B
pactBop FeSO, 1 CBUHIIOBOM IJIACTUHKH, ONYIIEHHON B pactBop PbH(NQO3),, xene3o ABiseTcs
aHogoM. Cxema 3TOro 3JeMeHTa CIeAyoLas:

(—)Fe

FeSO4||Pb(NO3),|PH(+) |
Ha xene3znom OJICKTPOAC (aHOI[e) IIPOUCXOAUT OKHCIICHHUEC. 9ToT IIPOLECC OIMMCBhIBACTCA
CJICAYIOIUM 3JICKTPOHHO-NOHHBIM YPABHCHUCM:
Fe® —2¢ <> Fe?t.
JKene3uslii aeKTpoa MPHOOPETAET OTPHULIATEIBHBIN 3apsi.
Ha cBuHIIOBOM 31ekTpoze (KaToje) NPOMCXOJUT IIPOLECC BOCCTAHOBIEHUS MOHOB Pb*
H3 pacCTBOpa:
Pb>" +2e <> Pb°.
CBUHIIOBBII 3JIEKTPOA 3apsAyKAETCSI MOJTOKUTEIBHO.
Cymmupyst 006a ypaBHEHHS, MOJTYYHM HMOHHOE YpPaBHEHHE PEAKIMH, MPOTEKArolel B
JaHHOM T'aJIbBAHUYCCKOM JJICMCHTC:
Fe+ Pb>t — Fe’" +Pb.
DJEKTPOHBI 10 TPOBOJHHUKY, COCAMHSIONIEMY TUIACTUHKH, OYIyT TMepeXOoauTh OT

JKee3HON IUTaCTUHKHA K CBUHIIOBOM.

67



Hrak, B ranbBaHMUECKOM 3JIEMEHTE MO MPOBOJHUKY, COSAUHSIOIEMY AJIEKTPObI, TEUET
3IEKTPUYECKUN TOK.

[TosiBIeHrEe MEKTPUIECKOTO TOKA CBUJIETEIBCTBYET O HAJIMYMHA PA3HOCTH MOTCHIIMAJIOB
MEXIy DJJeKTpojaamMu. IHade TOBOps, Ha OJHOM M3 D3JEKTPOJOB BO3HHMKAET  KaKOW-TO
onpenenEHHbIA MOTEHIMAN, PA3JIMYHBIN I Pa3TUYHBIX JIEKTPOIOB.

[Toreniman, KOTOPBI yCTaHABIMBAETCS HA METALUIMYECKOM 3JIEKTPOJE, MOMEIIEHHOM B
pacTBOp COJIM OJHOMMEHHOTO METaJIa, HA3bIBAETCS AJEKTPOJHBIM MTOTEHIIMAIIOM METalIa.

W3mepeHHble B CTaHAAPTHBIX  YCJIOBHUSX IOTEHUMANbl METAUIOB  HA3bIBAKOTCS
HOpMaJbHBIMU (WJIM CTaHAAPTHBIMHU) DJIEKTPOJHBIMH MOTCHIIMATAMU MeTaioB. VX 3HaYeHHS
JUIS pa3IMYHBIX METAJIIOB ITPUBEAEHBI B Ta0nuIe 9.1.

Uem gerdye wmeramn OTAAET OAJIEKTPOHBI, T.€. YEM JIEr4e OH OKHUCIAETCS, TEeM
OTpULIATEIbHEE €r0o 3JIEKTPOAHBIA MOTeHIHal. VHade roBops, MO BEIWYUHE SIJIEKTPOJHOTO
MOTEHIIMATa MOXKHO CYJTUTh O CIIOCOOHOCTH MeTajllla OTJaBaTh JEKTPOHBI, T.€. 00 aKTUBHOCTH
MeTaJlIa.

bonee axkTuBHBIN MeTamm uMMeeT Oojiee OTPHUIATEIBHYIO BEIUYUHY 3JIEKTPOJIHOTO
noTeHyana. Tak, HOpMajbHbIE >JEKTPOAHBIC MOTEHUMAIbl MarHus, LWHKAa W Meau
COOTBETCTBEHHO paBHHI (B B):

@»° (Mg/Mg2+) =-2.34;:0" (Zn /) Zn2ty = —0,76; 0" (Cu / Cu2"y=+10,34.

CpaBHUBasi 5TU 3HAYEHHS, MOXKHO CJlielaTh BBIBOJ, YTO HauOoJiee aKTUBHBIM U3 3TUX
TPEX METAJJIOB SIBJISIETCS MarHui, a MEHEE aKTUBHBIM — ME/Ib.

B ranbpBanmyeckoM 3J€MEHTE, UMEIOIIEM JBa PA3IMYHBIX METAUIMYECKHUX 3JIEKTPOAa,
aHOJIOM OyJEeT METaJlJI C MEHbIIEeH BETWYMHOW CTAHJAPTHOTO 3JCKTPOJHOTO MOTEHIHAJA, T.C.
0ojiee aKTUBHBIN METaJll.

HaHpHMep, B raJiIbBAHU4YCCKOM 3JICMCHTC

Mg

ATz ||Zn2+ | Zr2

HanOoJiee OTPHUIIATENICH JJIGKTPOJIHBIA IMOTCHIIMAT MAarHus, ITI09TOMY MAarHUEBBII
ANEKTPOJ OYJIET aHOIOM.
Ha maraueBom snektpose (aHozae) AET MpoLecc OKUCIEHUS TI0 yPaBHEHUIO:

0«5 Mg?" +2¢.

Mg
Ha rmuakoBOM 371eKTpoie (KaTo/1e) MpOTeKaeT MPOIecC BOCCTAHOBIICHHUSI IIMHKA:
Zn’" +2¢ <> Zn".
10.36 CymmapHOe HOHHOE YPaBHEHHE PEaKIIMH, MPOTEKAIOIIEH B TAKOM rajlbBaHUYECKOM

OJICMCHTE, CIICAYIOICC:

Mg® + zZn?t > Mgt + zn® .
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BennuuHa 37eKTpoJHOTO MOTEHIMAala MeTaljla 3aBUCHT, TJIaBHBIM 00pa30oM, OT IPUPOIbI
MeTajljla, TeMIepaTypbl U KOHLEHTpAallud HMOHOB MeTajljla B pacTBOpe. OTa 3aBUCHMOCTb
BBIpa)kaeTcst ypaBHeHneM HepHcra:

@ =" (Me/Me"")+ glg C(Me"™"), 9.1)

rae ¢ (Me/Me") — HOpMAJIBLHBIN SIEKTPOIHBIA MOTEHIUAT;

1 — YHCJIO OTJIaBaeMbIX (IPUHUMAEMBIX) METAJNIOM 3JIEKTPOHOB;

C(Me"") — KOHLIEHTpAIUs HOHOB METAJIA B PACTBOPE, MOJIB/IIM”.

IIpy KOHIEHTpALMH HMOHOB MeETajlla, PaBHOW 1 MoJb/IM’, BTOPOM Yi€H ypaBHEHUs
oOpamiaercs B HONb, TOTAA @ = ¢, mM.e. 2ACKMPOOHbLIL NOMEHYUAL MEemaiid npu e2o
konyenmpayuu 1 moav/om’ npeocmasnsem coboii cmanOapmmbwill SAeKMpPOOHbLL NOMEHYUA.

ONEeKTpOABMKYIAs cuia E ralbBaHHYECKOrO 3JIEMEHTa OIpPEeNeNseTcsl Pa3HOCTbHIO
MOTEHIIMAJIOB KaToJa U aHoja: £ =@g —¢ 4.

Tak, D3JIC MarHmeBO-IIMHKOBOTO TallbBAHUYECKOTO 3JEMEHTa, MpPHU KOHIEHTPAILUIX
HOHOB COOTBETCTBYIOILIMX METaJuIOB OJIH MOJIB/IM®, COCTaBJISICT:
E=¢°(Zn/Zn>")—p° (Mg / Mg>") =-0,736—(—2,34) = 1,604 B.

Yem Oonpie pa3HOCTh B 3HAYEHHUSX CTAHAAPTHBIX DIEKTPOJHBIX MOTEHIHAIOB
MeTauioB, TeM Oosbiie 3/IC ranbBaHU4YeCKOTO 3JIeMEHTa, KOTOPBI 3TH METaJlIbl 00pa3yIoT.

CpaBaum JJIC TOMBKO YTO pa3o0paHHOTO MAarHUEBO-IIMHKOBOTO TaJbBAHUYECKOTO

aneMmenTa ¢ DJIC MaraueBo-MeIHOTO JIEMEHTA.

(— Mg Mg2+ ‘ Zn2+ | Ze(+);
C(Mg/Mg2+) =C(Cu/ Cu?™* )= lavione / dar>

E=9°(Cu/Cu’*)y—p° (Mg /Mg?>t)=14034—(-2,34)=2,68B. .

Wrak, yem panpliie Opyr OT JApyra HaxoIATCS MeTauibl B TaOJHIle HOPMaJbHBIX
ANIEKTPOJIHBIX MOTEHIMANOB, TeM Oonbiie DJ[C raapBaHUUECKOTO JIEMEHTA.

Kak oTrmeuanocs paHee B pazjerne, 3aBUCHMOCTb BEJTUUMH AJIEKTPOJHBIX MOTEHIIMATIOB OT
KOHIIGHTPAIlMM OKHCJIHUTEIBHOM M BOCCTAaHOBHTENBHOH ¢opMm peareHTa u oT pH cpensl
BBIpaXkaeTcs ypaBHeHuem Hepucra (9.1).

VYpaBHenne HepHcta mo3Bosser mpoBoauTh pacueT D/IC ranbBaHHMYECKUX SJIEMEHTOB
MIPH YCIIOBUSAX OTIIMYHBIX OT CTAH/IAPTHBIX.

N3menenne w3o0apHOTO mMOTEeHNMAana ['mOOca B CHUCTEME YHCICHHO paBHO padore,
COBepIIaeMOl B pe3yjIbTaTe MPOTEKAHUS AIEKTPOXUMUUYECKON PeaKIiu:

AG = -A = —nAgF, (9.2)
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rne A — paboTa DSIEKTPUYECKOrO TOKa, paBHas MPOM3BEIEHUIO YHCIa MOJb
IIEPEHECEHHBIX AIEKTPOHOB N, HAIIPSKEHUS B JJIEKTPUUYECKOU Lenu A¢ u nocrossHHon dapanes
F =96 454 Kn/mons = 96 500 Kn/mors.
Jl1s cTaHnapTHBIX YCIOBHM:
AG’=-A" = —nAp F. (9.3)
KoHcTranTta paBHOBeCHs JJIEKTPOXMMHUYECKOM pEaKUUM Ui CTAHJAPTHBIX YCJIOBUH
ornpeneseTcst popMyIIoi cieayromero Buja:

nAgoOF

IlgK? =
£ 2,3-RT

—16,9nA0°. (9.4)

BennunHbl KOHCTaHT PaBHOBECH AJI pa3HbIX JIEKTPOXUMUUYECKUX PEAKIUHN MMO3BOJISIOT
OTIPE/IETISITh CTETICHb UX HEOOPATUMOCTH.

[TockonbKy 2JIEKTPOJHBIN MOTEHIMAT METalljla 3aBUCUT OT KOHLIEHTPALUK pacTBopa, TO
MOXKHO COCTaBUTh LEIb M3 OIMHAKOBBIX METANIMYECKHX OJJIEKTPOJOB, MOTPYKEHHBIX B
pPacTBOPBI C PA3IUYHON KOHIICHTpAIMel HMOHOB 3TOTO METajlla — 2/M0 KOHYEHMPAYUOHHbI
2aNbBAHUYECKUL DTIEMEHM.

DJ1C KOHIIEHTPAIIMOHHOTO JIEMEHTA OMPEEIsIETCs 0 popMyIie:

0,059 C,(Me™™)
Ig

¢ = z+y
z Cry(Me )

(9.5)

rae C(Me**) — KOHLEHTpalus HOHA METaJlIa B IPUAIIEKTPOIHOM CJIOE, MOJIb/IM®, IPUYEM

Ci(Me™) > Cy(Me™) ; z — cTeneHb OKUCICHUS HOHA.

O6opynoBaHue U MaTepuabl
JBa crakaHa émkocThio 100 cm’
PactBop CuSO,, C(CuSO,) = 1 moav/om’.

PactBop ZnSO,, C(ZnSO,) = 1 monv/om’.
MenHas niacTUHKA

[{nHKOBas mIacTUHKA

MenHble IPOBOJIOYKH

BoasT™meTp

U — oOpa3nas TpyOka

. pactBop KClI

0. Arap-arap

SRR RO

Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paboTel B XMMHYECKOH J1abOpaTOpHM JOJDKHBI TPOBOAMTHCS IIPU HCIIPABHOM

3IIEKTPOOOOPYIOBAHNH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0OBAHHOM BBITSDKHOM IIKAQYy.

2. Ta3zoBble KpaHbI U Ira3011poBOJ JOJIKHBI HAXOAUTHCS B UCIIPABHOM COCTOAHUH, ICPUOANYCCKHA
HPOBEPATHCS.

3. Pabodee MecTo comeprKaTh B IOPSIKE U YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM IITATENIEM HIH CHIEHHATEHON JTOKEUKOM.

5. MW3znmmek peakTuBa HE BBUIMBATH OOPATHO B COCY, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce omnbITEI € BPC€OAHBIMHA U MaXHYIIUMHU BECUICCTBAMHU, a TAKXKE YIIapUBaHUE KUCIIOT U KHUCJIBIX
pPacTBOPOB MPOBOJIMTE B BBITSKHOM IIKAQYy.
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7. OcTaTku coeIMHEHMI cepedpa CIMBATh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHWM pacTBOPOB B MPOOUPKE BCET/a CIeMyeT AeprKaTh e€ TaKuM 00pa3oM, YTOOBI
OTBEpCTHE MPOOHPKH OBLIO HAMIPABIEHO B CTOPOHY OT pabOTAIOMIETO PSIIOM COCEla.

9. He HaKJIOHATH JIMIIO HAJI HATPEBACMON KUAKOCTHIO MIIH CIUIABJISIEMBIM BEILIECTBOM.

10. He crnexyer BAbIXaTh Maxy4ue BELIECTBA W Ta3bl, OJM3KO HAKIOHSSACH K COCYAY C STHMHU
BemecTBaMy. HioxaTh BemecTBa MOYKHO JIMIIIb OCTOPOXHO, HAMPaBJIsis K ce0e maphl WK Ta3 ABIKEHUEM
pYKH.

11. XpaHuUTh pacTBOPHI KOHIEHTPUPOBAHHBIX KHCIIOT U IIEJIOYEH B BBITSHDKHOM IIKady.

12. BeumBath paz0aBieHHbIE KUCIOTHI U IIEIOYHBIE PACTBOPHI CIEIYET B CIMBHYIO CKIISIHKY.

13. Kareropudecku 3amnpemaeTcsi mpoOoBaTh XMMUYECKHE BEIIECTBA Ha BKYC.

14. TIpu paboTe C JEerKo BOCIUIAMEHSIONIMMUCS BellecTBaMu (3¢upbl, 6eH301, cepoyriepo] U
T.J1.) HE JJOJDKHO OBITH PSIZIOM OTHS M BKJIFOUEHHBIX TUTUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW TIOCYIIOW, HEoOXOAWMO COONIOAaTh MpaBUia
MPEAOCTOPOKHOCTH BO N30EKaHUE paHEHUI OCKOJIIKAMH CTEKIIA.

16. Karteropudecku 3ampeiaercs OCTaBIIsATh padoTaronue mpuOopsl 0¢3 HAOIIOICHUS.

25. B xumuyeckoit mabopaTopuu HeoOX0IUMO paboTaTh B Xaare.

3aganuda

Onvim | Bo3pmute 1Ba crakana éMKocThio 100 cM’. B oauH U3 HUX HajeiTe pacTBOp
CuSO,, B npyroui — pactBop ZnSO,. KonmeHtpamuu pactBopoB oauwHakoBbl: C(CuSO,) =
C(ZnS0,) = 1 monv/om’.

B mepBeIii cTakaH ONMyCTUTE MEAHYIO IUIACTMHKY, BO BTOpPOM — IIMHKOBYI0. K obOeum
IUTACTHHKAM TPUKPENUTEe MEAHbIE IPOBOJIOYKH, KOTOpPBIE COCIMHUTE YEpe3 BOJIBTMETP.
PactBopel B crakanax coegmnute U — 0Opa3HOW TpyOKoi#, HamoisHeHHOW pacTBopoM KCI B
cMecH C arap-arapoM. HaOmromaercs OTKIOHEHHE CTpPENKH, T.6. B IENH MOSBISACTCS
AIIEKTPUYECKHI TOK.

Tabauya 9.1 Cmanoapmuule 21eKMpoOHble NOMEHYUATbL MeMAalIOB

VpaBHEHHE MOTypEaKIUH ¢,B VpaBHEHHE MOJTypeaKInu o', B
Ag"+ e —Ag +0,7994 Hg3" + 2e <> Hg +0,792
AP + 3e < Al -1,66 K'+ee— K -2,.923
Au’" + 3e — Au® +1,41 Li"+e Li -3,04
A’ + e Au +1,50 Mg + 2e Mg -2,37
Au" + e < Au +1,68 Mn’" + 2e <> Mn -1,17
Ba** + 2e < Ba -2.91 Mo’ + 3e < Mo -0,2
Ca’" + 2e < Ca -2,79 Na' + e« Na -2,713
Co’" + 3e < Co +0,46 Ni’" + 2e <> Ni -0,228
Co*" + 2e < Co -0,29 Pb*" + 2e <> Pb -0,126
Cr’*+ 3e < Cr -0,74 Pb*" + 4e < Pb +0,77
Cd* +2e Cd -0,403 Pd** + 2e & Pd +0,915
Cu’" + 2e < Cu +0,345 P+ 2e < Pt ~+1,2
Cu" +e- Cu +0,531 Rb" + e« Rb -2,924
Fe’* + 3e « Fe -0,058 SH** + 3e «— Shb +0,20
Fe’" + 2e « Fe -0,473 Sn’" + 2e <> Sn -0,140
2H" + 2e < H, 0,0000 St + 2e & Sr -2,89
Hg" + 2e — Hg +0,850 Zn’" +2e & Zn -0,764

Conepxanue oTyeTa
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HammmmTe ypaBHEHUS 3JIEKTPOIHBIX MPOIIECCOB U CYMMAPHOH pEaKIny, MPOUCXOSIIIX
npu padore snemenrta. Onpenenure katox u aHox. CocTaBbTe CXeMy 3JIEMEHTa, PaCCUMTAKTeE

O/1C, AG n cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KonTposbHble BOIPOCHI
ba30BbIi1 ypoBeHb

1 Kakue mporecchl Ha3bIBAIOT 3IEKTPOXUMUYECKUMHU? UYeM OHHM OTJIMYAIOTCS OT
00braHBIX OBP?

2 KakoBbl MPUYHHBI BO3HUKHOBEHUS JABOWHOTO SJIEKTPHUUYECKOTO CJI0S HAa MOBEPXHOCTH
METaJUTMYECKOM IJIACTUHBI B BOAE?

3 Kakoe ycTpoiCTBO Ha3bIBalOT rajibBaHu4YeckuM 3yieMeHToM? [lpuBeaure ero cxemy
Ha KOHKPETHOM IMIpUMEpE.

4 Kakue smekTposibl Ha3bIBalOT aHOJAMM, KaKMe — KaToJamHu? YKaXUTe aHOA U
KaToJ1 B IMHK-CEPEOPSHHOM TaJIbBAHUYECKOM JJICMEHTE.
5 MOXXHO M OmNpeaeauTh aOCOJIOTHOE 3HAYEHHE OJJICKTPOIHOTO IMOTeHIraja’?

Kakoii anexTpo/1 BBIOpaH B KauecTBE IEKTPOJia CPAaBHEHUS ?
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6 Kak yctpoeH cranpgapTHbli BoAopoiHblid anekrtpon? IlpuBenurte ero cxemy u
OOBSICHUTE MPUHIIUI PAOOTHI.
7 Yro Takoe «pAa HanpsKeHU MetamuioBy»? Uto oH onpenenser?

IToBBIILIEHHBIN YPOBEHD

1 Kakoll «XMMHYECKHI CMBIC» MMEIOT 3HAaKH «+» U «—» I8 CTaHJapTHBIX
AJIEKTPOJIHBIX MOTEHIIMAIOB OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX CUCTEM?
2 Kak onenuBaror O/]C ranpBanndeckoro snemeHTa? OTBET MOSICHUTE HAa IPUMEpE

KaJIMUH-MEIHOTO TajbBaHUYECKOIO AIEMEHTA.

3 Jlns yero npumensitoT ypaBHeHue Hepuera? Hanumure gopmyity npuBeieHHOTo BUia
3TOr0 ypaBHEHUS.

4 Kaxkue npuOOpsl HA3BIBAIOT aKKyMylaTopaMu? KakoBbI UX THIIBI?

5 Kak yctpoeH cBUHIOBBIM akkymysstop? IlpuBenurte ypaBHEHMsI, ONKCHIBAIOIIME
IIPOLIECCHI €T0 3apsaa-paspsaa.

Cnucok JInTepaTypbl, pEKOMEHIyeMblii K HCII0JIb30BAHMIO 110 IAHHOM TeMe

OcHoBHasl JuTEpaTypa:
1. Koposun, H. B. O6mias xumus : yueonuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - Tlpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy>KarImiei cpesl : XUMHUS KUBBIX opranu3MoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcCT : 31IeKTpOHHBIN // DNeKTpoHHO-0nOmoTeyHas cuctema [PR
BOOKS : [caiir]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocryma: ams
ABTOPHU3UP. MOJIb30BaTEIEH
JlonoJiHUTEIbHAS JTUTEPaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [Tox pea. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaJIoB : yueOHoe mocodue (JUIst CTYJJeHTOB XUMHUYECKOTO (haKyJIbTeTa
HarpaBJieHUH OaKagaBpoB « XUMHM» U « XUMHUECKash TEXHOJIOTHs») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH yHUBEpcUuTeT M. @.M. JlocToeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TeKcT : 351eKTpOHHBIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: mms
aBTOPU3UD. [10JIb30BATEIEH
Humepuem-pecypcet:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIa K 00pa30BaTEeIILHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckas 6MOIMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37MEKTPOHHBIN KaTaJIOT aCCOLMUAIUY JIEKTPOHHBIX OMOIHMOTEK
yueOHbIX 3aBeieHni 1 opranuzanuit CKOO

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTKpBITOE 0Opa3OBaHUE
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MuHHCTEpCTBO HAyKH U BhIciIero oOpa3oBanus Poccuiickoit deneparyu
®denepalibHOE rOCYJapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKWI ®EJIEPAJIBHBIN YHUBEPCUTET»
HeBunHoMbIcCKH TexHONMOTHUECKU HHCTUTYT (prmnan) CKOY

METOTHYECKHE YKA3AHHA

10 BBIMIOJIHEHUIO MPAKTUYECKUX padboT
0 TUCITUTIIUHE « XAMUS)
JUTSI CTYJICHTOB OYHOH (hOpMBI OOyUeHUS
HaIpaBJICHUS TOATOTOBKU
15.03.02 TexHoJIOTHYECKHE MAITMHBI K 000PY/IOBAHHE

Hesunnomreicck 2022
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Mertoauyeckue ykazaHusi pa3pabOTaHbl B COOTBETCTBHM C TPEOOBAHUSIMHU
OI'OC BO wu pabouedt mnporpaMMbl JIUCHUIUIMHBI «XUMHUS». YKazaHUs
npelHa3Ha4YeHbl JJI1 CTYJACHTOB O4YHOW (opMbl OOy4YeHHs HampaBIICHUS
noarotoBku 15.03.02 TexHoioruueckue MamvHbl 1 000pyAOBaHUE.

ConepxaT OCHOBHBIE pa3/elibl U3y4aeMOI'o TEOPETUYECKOro maTepuana,
MepeyeHb 3aJaHui, HEOOXOMUMBIX JUIsl TMPOPaOOTKH, a TaKKe CIUCOK
PEKOMEH1yEMOU JTUTEPATYPHI.

Cocmasumenu T.C. YepeOonuuenko, KaHo.Xxum.HayK
K.C. Cuinko, accucmenm.
Ome. pedakxmop AJL Tlpockyphun, KaHO.XUM.HAYK, OOYEHM.
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BBEJIEHUE

JucuumuimHa «Xumus»y OTHOCHTCS K TUCHMIUIMHE Oa3oBod yactu. OHa HampaBieHa Ha
dbopMupoBaHHe  OOMICKYJIbTYpHBIX,  OOMIEIPOPECCHOHAIBHBIX W TPOPECCHOHATHHBIX
KOMIIETEHIINI 00yJaromuxcs B mpoliecce BeIoMHeHNs padoTt, onpeneneHubix @I'OC BO.

MeTtoanyeckne yKa3aHusl COCTAaBJICHbI HA COBPEMEHHOM HAYYHOM YPOBHE M PAaCCUUTAHBI

Ha CTYyJIEHTOB, 10 HampasiaeHuo 15.03.02 TexHoJaornueckue MalivHbl 1 000pYJOBAHUE.
[locenoBaTenbHOCTE TEM COOTBETCTBYET JIOTMUECKOM CTPYKType €€ IpPOXOXKICHMS.
[Ipenyaraemple METOJMUYECKHE YKa3aHUs COJEp)KaT Marepuan, KOTOPbI peKOMeHIyeTcs
HCIOJIb30BaTh CTYJEHTAM P MOATOTOBKE K MPAKTUYECKUM 3aHATHUSM.
JU1g TOATOTOBKM K IPAKTHMYECKUM 3aHATHSAM CTYIEHT JOJDKEH H3YyYWUThb MaTephall I10
COOTBETCTBYIOLIEH TEME, UCIOJb3ys OCHOBHYIO U JOIOJIHUTEIIBHYIO JIUTEPATypy, a TaK XKe
UCHOJB3ys nepuoanyeckue nzganuss CMU.
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Tema 1. OcHOBHbIE NOHATHUS U 3AKOHBI XUMHH.
IIpakTnueckoe 3ansitue 1. OCHOBHbBIE KJIACCHI HEOPraHUYeCKUX BemecTB. OCHOBHbIE
3aKOHbI XUMHH
Heap 3anaTus: OO6001IIeHNE, 3aKpEIVIEHHe U CUCTEMAaTH3alus 3HAHUM O Ba)KHEHIINX

KJIacCaX HEOPraHMYECKUX COCMHEHHUI Ha MTPUMEpPE OKCUAO0B, KHUCIIOT, OCHOBAHHI U COJICH.

3HaHuA U yMeHus, NpuodpeTaeMble CTYIEHTOM B pe3yJbTaTe 0CBOCHHUS TeMbl

3HaTh: OCHOBBI CAaMOOpPTaHHU3AIMH U CaMOOOPa30BaHUS;
3HaTh: CyNIHOCTh M 3HaUCHHE HH(OPMAIMK B PA3BUTHH COBPEMEHHOI0 O0IIIECTBA; OCHOBBI IOJIYUYCHHS U
00paboTkK HHGOPMAIMH U3 PATUYHBIX UCTOYHUKOB
3uarb: pabOTHI MO pacueTy U MPOSKTUPOBAHMIO JIETANCH U y3JI0B MAIIMHOCTPOUTEIHHBIX
KOHCTPYKIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUSMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CpPEICTB aBTOMATU3ALUHA IPOEKTUPOBAHUSA
YMeTh: CaMOCTOSATEIBHO CTPOUTH IPOIIECC OBIIAACHUS UH(pOpMaIHel, 0TOOPaHHOM 1
CTPYKTYPHUPOBAHHOMH JIJIsl BHIIOJTHEHHS MPO(HECCHOHANBHOM /IS TEILHOCTH.
YMeTb: nonydatsh U 00padaThIBaTh MHOOPMAIIHIO U3 PA3INYHBIX HCTOYHHKOB
YMerh: TIPUHUMAThH y4acTHe B pab0Tax Mo pacyeTy U MPOCKTUPOBAHMIO JETAICH U y3TI0B
MAIIMHOCTPOUTENBHBIX KOHCTPYKLUKA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEACTB ABTOMATH3AIINN POECKTUPOBAHUS

HaumenoBanue (hopMupyeMbIX KOMIETSHIIHIMA

AKTYalbHOCTb TEMBI

K HeoprannueckuMm COEIMHEHUSM OTHOCST BCE€ COYETAHUS XUMHUYECKHUX JJIEMEHTOB,
KOTOpBIE HE COIEpXKarT yriepoA. DbDOJIBIIMHCTBO M3BECTHBIX COEAUHEHUW  SBISIOTCS
OpraHUYEeCKMMHU, OJTHAKO M3BECTHO OKOJO0 20 MUJUTMOHOB Te€X, KOTOPHIE MPUHAJIEKAT K KJIacCy
Heoprannmdeckux. OrpoMHOE KOJIMYECTBO BBI3BIBACT HEOOXOIMMOCTh MX KJIacCH(PHUKAIUH, TO
ecTh neneHus: Ha rpymnmbl. Kaxkmoe u3 3Tux BemecTB 00JaacT CBOUMH XapaKTEPUCTUKAMU, U
MMO3TOMY MO>KHO BBIJIETUTH OCHOBHBIE KJIACChl HEOPTraHMYECKUX coenuHeHui. g mrodoro u3
HUX XapaKTePHBl Pa3IMYHBbIE CIOCOOHOCTH B3aMMOJICHCTBHSI C JPYTHMHU BEIIECTBAMH, CBOH
CBOWCTBA. XHUMHUS, KJIIACChI HEOPTAaHUYECKUX COCOUHEHHI B KOTOPOM 3aHMMAIOT Ba)KHOE MECTO,
paccMaTpuBaeT WX KiIacCU(PUKAIMIO C HECKOJIbKUX TOYEK 3PEHUSI.

Teopernyeckas 4acTb

Heoprannueckue coeauHeHUs KIaCCUPUIMPYIOTCS IO COCTaBy WM IO CBONCTBaM
(pyHKIIMOHANBHBIM TpU3HaKaM). [1o cocTaBy OHUM JENATCS HA MPOCTHIE — 3TO OJTHOIIEMEHTHBIE
COEMHEHHMSI U CIIOXKHBIE, ABYX3JIEMEHTHbIE (OMHAapHbBIE) U MHOTO3JIEMEHTHbIE (Tabnuma 1).

Tabnuna 1 — Knaccudukanys HeOpraHMUeCKuX COSTMHEHUI

[IpocTeie CroxHbIe
Memannwvt (88 31eMEHTOB): Jleyxanemenmmuule (OUHAPHBIE)
S- 3JIeMEHTBI THIPHIBL LiH, NaH, CaH,,
(xpome H u He); KapOu bl SiC, CaC,, AliCs,
-3JIEMEHTBI
Al pGa In, T1, Ge HHTPHIBL Na;N, Mg;N.,
Sn. Pb. Sb. Bi: OKCH/IbI CaO, Ale},
d -3y1eMEHTHI; CyTbQUIBI K,S, ZnS,
f -2JIeMEHTBI. TFaITHIB] NaCl, FeCl,.
Hememannol '(22 Mmnozosnemenmuvie
SB_JIeMeHTa). Conn
3§61;_/II€36}.ITI>I cpenHue N&NO3 , K3PO4 ,
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P-2JICMCHTHBI KUCJIBIC NaHS 04 ) I{I‘sz)()4 ,

B,C,Si,N,P, S
0. As, Se. Te, (rumpo-) Ca(HCO,),,
raJoreHsl, 61aropo HbIe OCHOBHBIE MgOHCI, Al(OH),CI,
Tasel. (rUIPOKCO-) (CuOH),SO,;
IM'mapoxcuaebr:

ocuosannss KOH, Ni(OH),, Ba(OH),
ampomuter Zn(OH), <> H,ZnO,;
Al(OH), < H,AIO,

Kucnotsl

Be3KHCI0pOoIHbIE HF, HCI, HBr, HI
Kucnoponconepxamme HNO,, H,SO,

Crno’xHble HEOpraHM4ECKHE COEAMHEHNUS, COIIacHO Tabauue 1, kpome noapasieneHuii no
COCTaBy, B CBOIO OYe€peIb MOAPA3AETAIOTCS MO (YHKIHMOHATHLHOMY TMPU3HAKY HA OKCHIBI,
THIPOKCHU/IBI (OCHOBHBIE M aM(OJIUTHBIE), KUCIOTHI U COJH.

K 6uHapHBIM COE€TMHEHUSM OTHOCSITCS:

1) oKCHZIBI — COETMHEHUS] JIEMEHTOB C KUCIOPOJOM CO CTENIEHBIO OKUCIEHHUS (—2);

2) ranuapl — rajJoreHnpou3BoAHbIC ((PTOPHIBI, XJTOPUIBI H JIP.);

3) cynb(GUABI — COSTUHEHUS C CEPOU CO CTETIEHBIO OKUCITCHUS (—2);

4) HUTPUJIBI — COSMHEHUS C A30TOM CO CTENEHBIO OKUCIEHus (—3);

5) KapOuIBI — COSAMHEHUS YTIIEPOa CO CTETICHBIO OKUCICHUS (—4);

6) bochunber — coenuHeHN hochopa co CTEIEHBIO OKUCIeHUS (—3).

Homenxnamypa — ounapuvix  coedunenuti. K 1aTHHCKOMY  Ha3BaHWIO  OoJjee
ANEKTPOOTPUIIATEIHLHOTO AJIEMEHTa C OKOHYaHHEM «u0» N00aBISAIOT PyCCKOE Ha3BaHHE MEHee
AIIEKTPOOTPHUIIATEIFHOTO DJJIEMEHTAa B POJUTENFHOM TMajieke, C YKa3aHHEM €ero CTeleHH
OKHCIIeHUS apaOCKUMU U pamMu B KPYTIIBIX CKOOKaX.

[Ipumepsr:

Cr,O, — oxcun xpoma (+3);

O,F, — ¢ropun xucnopona (+1);

Al,C; — xap6un amomunus;

CuBr, — 6pomun Menu (+2).

OcHOBHbBIE MOHATHSA M OCHOBHBIE 3AKOHBI XMMHUH

Monb — KONWYECTBO BEIIECTBA, COJAEpIKAIllee CTOJIBKO K€ CTPYKTYPHBIX €IUHHII
(MOz€eKyJ, aTOMOB, HOHOB, 3JIEKTPOHOB WJIN JIPYIMX YacTHIL), CKOJIBKO aTOMOB COJEPXKUTCS B 12
r uzorona yriepoaa “C. UnCI0 9acTHI, COAEPKAIIMXCA B OJHOM MOJb JIOOOrO BEIIECTBA,
cocrasyser 6,02-10% cTpykTypHBIX equnull (nocmosnnas A6o2adpo).

Monvuasa (monapnas) macca — 3TO Macca OJHOTO MOJIb BEIIECTBA, BBIpaKCHHAsl B
rpamMmax, YUCICHHO paBHasi OTHOCHTEIHHON MOJIEKYJISIPHON Macce 3TOro BEIIeCTBA.

Tak, monexynspHas macca Moiekynsl Cl, pasma 70,90 a. e. M. (aTOMHBIX €IMHHIL
Macchl). Torma MonbpHas Macca MoJieKyJ xyopa paBHa 70,90 r/mons. Ho monpHas Macca atoma
xnopa pasHa 35,45 r/mons, mpuuéM oxua Monb mMoekyn Cl, comepsxut 2 Mons aTomoB Xiopa.

Oxeusanenm — 3TO peanbHas WM YCIOBHAs 4acTHIa, KOTOpas B KUCJIOTHO-OCHOBHOM
peakuMyu DSKBUBAJICHTHA OJHOMY HOHY BOJOPOJA, a B OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOU
peaKkuuu — OJHOMY 3JIEKTpOoHY. Hanpumep, B KUCIOTHO-OCHOBHOM peaKIUU

3H,S0, + 2AI(OH), = AL(SO,), + 6H,0.
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IMeCTH MOHaM BOJOpOJa (B TpéX pearupyromux MOJICKYJIax cepHoﬁ KI/ICJ'IOTBI) COOTBCTCTBYIOT
ABC MOJICKYJIbI AI(OH)3 , CJICAOBATCIbHO, OJHOMY HWOHY BOAOPOJa JSKBHBAJICHTHA 1/3

monexynsl Al(OH);, unaue rosops, sxsuanent Al(OH), cocrapnser 1/3 mons Al(OH),. B
pEeaKuy OKHCIECHUS-BOCCTAHOBIICHUS
H,SO,(pa36.) + Mg =MgSO, + H, T

aTOM MarHusi TepseT JBa AJIEKTPOHA: MgO -2¢ > Mg2+ U TI03TOMY OJMH 3KBUBAJICHT
Mar"usi COCTaBIseT Y2 Moib. Bemuumuer 1/3 u 1/2 (B 3THX mpumepax) Ha3bIBAIOT (DaKmopom
9KBUBAIEHMHOCTU.

OKeusanenmuas macca — 3TO Macca OJHOTO SKBHBAJICHTA BEIIECTBA BBIPAKEHHAs B
rpaMMax, T. €. pa3MEPHOCTb SKBUBAJIEHTHOI MacChl — I/MOJIb.

OO0bEM, 3aHMMaeMblil MPH JAHHBIX YCJIOBHUSX MOJIBHOM WM 3KBHUBAJEHTHOM Maccow,
HA3bIBAETCSI COOTBETCTBEHHO MOIbHbIM WU 9K8UBANEHMHbIM 00BEMOM 3TOTO BEIIECTBA.

Taxk, monsHas macca Al(OH); pasma 78,0 r/mons, a sxBHBaneHTHAs Macca coCTaByIAeT

1/3 monsroit maccet AI(OH),, 1.e. 26,0 r/mMonb. AToMHast Macca Maruus pasHa 24,3 r/mMoib, a

€ro SKBUBAJICHTHAs Macca (B MPUBEACHHOM BBIIIIC IPUMEPE) COCTABIIACT 1/2 €ro MOJBHOM MacChI
— 12,12 r/monsb.

B coOTBeTCTBHM C 3aKOHOM 3KBUBAJIEHTOB Macchl (00BEMBI) pearupyromux BeleCTB
m(X,) (V(X))u m(X,) (V(X,)) npgamo nponopiroHaIbHbl UX SKBHBAJCHTHBIM Macca
(oOBEMam):

m(Xl) _ m(Xz)

M(X,) M,(X,) (b
V(X)) V(X,)

V(X)) V(X)) (1.2)

BOl'[pOCl)I H 3aJaHUA:

[IpuBeném npuMeps! BHITOTHEHUS TUIIMYHBIX 33JaHUN, TPUBEAEHHBIX B padoTe.

Ilpumepl. CoctaBbTe (hOopMyTy HOPMaJIbHOW (CpemHei) coiu Oapwisi M MBIIIBIKOBOMN
KHCJIOTHI.

Pemenne. ®opmysia Mbnmbsakosoii kucaotel [1;ASO,. Monekyna conu, o6pazoaHHas

3- o
HMOHOM BCl2+ U KHCIOTHBIM OcCTatkoM As 04 , HJOJIZKHa OBITh QJICKTPOHCUTPAJIbHA.

Haumensiiee obmiee kpaTtHoe uncen 2 U 3 (3apsibl HOHOB) paBHO 6, TOITOMY MOJIEKYJia JOJIKHA
3—
comepkaTh 6:2 = 3 aroma Gapus m 6:3 = 2 kucnoTHeIx octatka AsO, . ®opmyna conu

Ba,(AsO,),.

Ilpumep 2. CocraBbTe (OpMyTy OCHOBHOW CONHM alOMHHUS M OpPOMOBOIOPOTHOM
KHCJIOTHI.

Peurenre. MosieKkyna OCHOBHOI CONIM JOJDKHA COZEPXKaTh KHCIOTHBIC OCTATKH HOHA
Br ,uona Al**u OQH -rpymnsl. Tak Kak B MOJIEKylle THAPOKcHAA amoMuHust Beero Tpu OH
rpymmeL, a octatka ¢ (Qff -rpymmamu Bosmoxuo asa: (Al(OH),))" u (AIOH), 1o u
ocHOBHBIX coneii Oynet Beero ase: Al(OH),Br u AIOHBT,.

Ilpumep 3. CocTtaBbTe ypaBHEHHUs PEAKIIMH MEXIY COOTBETCTBYIOIIMMH KHUCIOTaMH M
OCHOBaHUSIMH, MPUBOASIINX K o0pa3oBaHUIO CIIEYIOIINX coJeil:

Ni(NO,),, NaHCO,, Fe, (SO, ),.
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Pemenne. Hopmamsuyio coms NiI(NO;), moxkHO momyumTs mpu B3amMojeHdcTBUHM
ocuosarms N1(OH), u asornoit kucmorsr HNOj:
Ni(OH), + HNO, — NiNO, +211,0.

Kucnyio conb, ruapokapoonar natpus NaHCO;, nonyuaror nmeiicteuem yriexucnoro
ra3a Ha THIPOKCH]] HATPHS:

NaOH + CO, = NaHCO,.
Coms Fe, (SO 4)3 MOJKET ObITh CHHTE3UpOBaHa, HallpUMep, TaK:
2Fe(OH), + 3H,SO, = Fe,(SO,), + 6H,0.

Xumuueckue peakyuu uoym 00 KOHYA, eciu & pacmeope o00pazyemcs o0cadok, 2as,
cnabvlll  INeKMpoOIUm U  KOMWAEKCHuI UOH. YPaBHEHHUs peakluii HOHHOTO OOMeHa
HEOOXOAMMO THCaTh B MOJEKYJSIPHOW, TOJHOW M COKpaméHHOW WOHHOW ¢opMmax. I[Ipu
HAMCAaHUKM HOHHBIX YPAaBHEHUH (OPMYJBI T'a30B, OCAIKOB M CIAOBIX AJIEKTPOIMUTOB CIEHAYET
3aMMCBIBATh B BUJE MOJIEKYJI.

CymMMa OJHOMMEHHBIX HMOHOB M 3JEKTPUUYECKHX 3apsiioB B JIEBOM M NPAaBOM 4YaCTAX
ypaBHEHHS [I0JDKHA OBITh OAMHAaKoBa. B Hacrosiiiem paszene paccMaTpUBAIOTCS PEaKIUH
MOHHOTO OOMEHa.

Ilpumep 4. Harumute B MOJICKYJIIPHON M MOHHOHM (hopMax ypaBHEHHUS PEaKIIUA MEKITY
CIIEYIOIIMMHU BEUIECTBAMM:

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

Pemenue. B mosiekynsipHoM BUjie:

1) Pb(NO,), + H,S =PbS{ +2HNO,; 2) BaCl, + Na,SO, =BaSO, ¥ + 2NaCl;
3) Na,CO, + HCl=2NaCl+ CO, T + H,0; 4) NaOH + I1,SO, = Na,SO, + 2I,0;
5) CH,COONa + HNO, = CH,COOH + NaNO,.

B nonnowm Bune:

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

2) Ba® +2Cl +2Na* +S0O; =BaS0,  +2Na* +2CI;

3)2Na* + CO; +2H "+ 2ClI" =2Na* +2CI' + CO, T + H,0;

4)2Na” +20H +2H' +SO; =2Na' + SO +2H,0;

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

WU B cokpaménnoii hopme:

1) Pb* + H,S=PbS{ +2H" ;2)Ba* + SO =BaSO, | ;

3) CO¥ +2H =CO, T +H,0;4) OH + H™ = H,0;

5) CH,COO" + H" = CH,COOH.

Ilpumep 5. 110 COkpallEHHBIM MOHHBIM YPaBHEHUSM HAMMILUTE ITOJHBIE MOJIEKYJISPHBIE
YPaBHEHHS:

1)OH +H =H,0;2)Cu® +8 =CuSi;3)2H +CO? =H,CO,.
Pemenue. B neBoil 4acTu 3THX MOHHO-MOJIEKYJISIPHBIX YpPaBHEHUHN yKa3aHbI CBOOOHBIC

MOHBI, KOTOpPBIE 00pa3yIOTCs MPHU AWCCOIUAINH CHIIBHBIX 3JEKTPONHUTOB. Clie0BaTeNbHO, TIPH
COCTaBJICHUHM MOJIEKYJISIPHBIX YpaBHEHUI cjenyeT, MOJb3ysACh Talnuield pacTBOPUMOCTH,
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BBIOMPATh CHJIBHBIE DJIEKTPOJIHMTHI, COJAEPIKAIINE COOTBETCTBYIOIMI WOH. Hanpumep, won H'
cozepxntcs B coctae cubHoro srexktpomta HCla 07 —8 NaOH. Torpa:

1) HCl + NaOH = NaCl + H,0 — monekynspnas dpopma;

H" +ClI'+Na" + OH =Na' +Cl' + H,O - nonnas wommas dopma; u Torma
COKpaIméHHast HoHHasi popma OyJeT UMETh 3aJaHHbII BHI:
H™ + OH = H,0.
Cre1oBaTeNnbHO, MOJIEKYISAPHOE YPABHEHHE COCTABIEHO NpaBWibHO. OCTaBIImecs jBa

YPAaBHEHUSA COCTABJIAIOTCA [0 AHAJIOTMYHBIM IPUHLUIIAM M COOTBETCTBYIOIIUE UM
MOJIEKYJISIpHBIE (POPMBI UMEIOT BUJ:

2) CuCl, + Na,S = CuS \ +2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ipumep 1. Berauciure SkBuBaNeHTH 1 3kBuBanenTHsie Maccer H,SO, 1 A1(OH),

peaKkIusIX, BHIPAXKCHHBIX YPABHECHUSIMU:
H,SO, + KOH =KHSO, + H,0 (1)
H,SO, + Mg=MgSO, +H, T 2)
Al(OH), + HC1 = A1(OH),C1 + H,0 (3)
AI(OH), +3HNO, = AINO,), +3H,0.  (4)
Pemienue. DkBUBaNEeHT (SKBUBAJIEHTHAs Macca) CJI0KHOTO BEIIECTBA, KAK U HKBUBAJICHT

(3I(BI/IBaJ'IeHTHa$I Macca) OJIEMEHTA, MOXET UMETh PA3JIMYHLIC 3HAUCHHUA B 3aBUCUMOCTH OT TOIO,
B KaKYI0 pCaKIno oOMeHa BCTYHACT 3TO BCIICCTBO.

IKeuUsanIeHmMHas macca Kuciomsl paBHA €€ MOJBHOM Macce (M), nenennoit na uncno
aTOMOB BOJIOPOJa, 3aMEIICHHBIX B JaHHOW pEaKIUu Ha METaUl. OK8UBAIEHMHAS Macca
OCHOBAaHUs PaBHAa €ro MOJBHOW Macce (M), NEJIGHHOW Ha YHCIO THIPOKCHIBHBIX TPYIIIH,
3aMEIICHHBIX B JaHHOW PEaKIMK KUCIOTHBIM OCTaTKOM.

Cnenosarenbho, skBuBanentnas macca H,SO, B peakuun (1): M(H,SO,)/1=
98 r/Mons, a B peaxiuu (2): M(H,SO,)/2 =49 r/mons. Dxpusanentnas macca AI(OH), B
peakuuu 3): M(AI(OH),)/1="782/ moxv;, a B peakuuu 4):

M(AI(OH),)/3 =262/ mons.

3ajauy MOXHO pemMTh M ApyruM crmocoboM. Tak kak omun moms H,SO,

B3aMMOJIENCTBYET ¢ onHoi skBuBaneHTHOM Maccoii KOH u nByms skBuBaneHTHRIMEH MaccamMu
Maruus, TO €€ SKBUBaJeHTHas Macca B peakimu (1) pasua M/1 r/moins, a B peakuun (2) — M/2

r/moms;  Al(OH), BsaumopeiictByer ¢ onmoif SkBuBanmenTHOH wMaccoii HC1 u Tpems
skpuBanentHbMu Maccamu HINO; | mostomy ero sxeuBanenTtHas macca B peaxiuu (3) paBHa
M/1 r/mons, a B peakuuu (4) — M/3 r/momns. Dxsusanentst H,SO, B peaxmumsax (1) u (2)

COOTBETCTBEHHO paBHbI 1 Momb 1 1/2 moib; sxBuBanentst AI(OH), B ypasnenusx (3) u (4)
COOTBETCTBEHHO paBHbI 1 MoJib U 1/3 MOJIBb.
ITpumep 2. B xaxoii macce Ca(OH), conmepsxntcs cToibKo 5ke SKBUBAJICHTOB, CKOJIBKO B

624 Al(OH),?

Pemenne. DxBuBaneHTHAs Macca AI(OH)3 paBHa 1/3 ero monbHOH Macchl, T.e. 78/3 =
26 r/monb. Crnenosatensno, B 624 r Al(OH), conepxutca 624:26 = 24 skBuBaneHTa.
DxeusanentHas macca Ca(OH), pasma 1/2 ero monpHoi# Maccsl, T.e. 37 r/Momab. OTcrona
24 skeupanenta Ca(OH), umeror maccy 37,3-24 = 888 r.
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IIpumep 3. Ha Boccranosnenue 7,09 r oxcuga Meramwia (+2) tpebyercsa 2,24 am’
BOJIOpoJia (HOpMaJIbHBIE YCIOBHUS). BhIUuCINTe SKBUBAJIECHTHYIO Maccy MeTauia. Yemy paBHa
aTOMHas Macca MeTtajuia’?

Pemenue. MonbpHbBINH 00beM 11000T0 ra3a Mpu HOPMaJdbHBIX YCIOBUSIX COCTaBIISIET
22,4 mv®. Otcrona SKBHBaNeHTHBIH 06beM Bogopoma V,(H,), momexyna xotoporo cocromt

U3 JIByX aTOMOB BOIOPOJa, paBed 22,4/2 = 11,2 nv’.
B cooTBeTcTBUY € 3aKOHOM HKBHBAJIEHTOB COCTaBIISIEM COOTHOILICHHE:
m(MeQ) _ V(H,)
M ,(MeO) V,(H,)
[TocTaBUB COOTBETCTBYIONIME 3HAYSHHS U3 YCIOBUS 33a]a4M, TOTy4aeM:

7,09 _ Mg(MCO); M (MeO) = 7,09 11,2 =35,45 2/ moxe.
2,24 11,2 2,24

I[aﬂee, YUUTEIBAA, YTO S3KBHUBAJICHTHAA MacCa OKCHIA Ma(Meo) CKJIaaAbIBACTCA M3

CyMMBbI dKBUBaneHTHbIX Macc Mmetamnia (M ,(Me)) u xucnopona (M ,(0O)=8 2/ monwv),
HalaEM:
M (Me)=M ,(MeQ)—M_(0)=35,45-8=27.45 2/ moao
ATOMHas Macca MeTalla COCTABHT:
A(Me) =M ,(Me) -V (Me)=27,45-2 =54,92/ moaw .

OtBeT: 3TOT MeTasul — Mapraner; Mn .

Ilpumep 4. V3 1,64 T HuTpara Metayiia noiyderno 1,36 r ero cynwsdara. Beraucaure
SKBUBAJIEHTHYIO MAacCy METaJLIa.

Pemenue. [Ipu pelieHny 3a1a4u CIEAyeT UMETh B BHIY, UTO IKEUBALCHMHASL MACCA
XUMUYECKO20 COeOUHeH s PABHA CYMMe SKBUBAJICHTHBIX MAcC COCTABIISIFOIINX €r0 YacTei.

B JaHHOM peakIMu YYacTBYIOT COJIM: OKGUBALCHMHAS MACCA CONU PABHA CYMMeE
IKGUBALCHMHBIX MACC MEMALIA U KUCTOMHO20 OCMAMKA.

[TosToMy: a) SKBMBaJE€HTHas Macca HUTpara paBHa CyMME OSKBMBAJIECHTHBIX MaccC
MeTalla ¥ HUTPAT-IPYIIIIbL:

M (Me(NO,) ), 2/ moib =M (Me)+ M ,(NO, ) =M ,(Me) +62;

0) PKBUBAJIEHTHas Macca cyivbgama paBHa CyMME SKBUBAJICHTHBIX MacC MeTaja M
CyJb(paTHON TPYIIIbI:

M ,(Me (S0,),), 2/ moro =M (Me)+ M ,(SO;") =

=M (Me)+ %M(SOj) =M. (Me)+ % 96 = M (Me) + 48.
VYuuteIBas CKa3aHHOE, MOJTYYHM:
m(Me(NO,),) _ m(Me,(SO,),)
M,(Me(NO,),) M (Me(SO,),)’

uiau
L64 1,36
M, (Me)+62 M, (Me)+48
Omesem: M (Me)=20 2/ monw.

Bonpocs! 1 3a1aHKMA 1J151 CAMOCTOSITE/ILHOTO PelIeHUA:
ba30BbIi1 ypoBeHb
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1. CoctaBbTe (hOPMYIEI HOPMANBHBIX M KHCIHIX comell mpmmbskouctoii H;ASO; u

cepuoit H,SO, kucnor u marsus.
2. MoxHo B105 TOJIYYUTh pactsop, coAepKaIInil OZHOBPEMEHHO

Ba(OH), n HCI? CaCl, u Na,CO,? NaCl u AgNO,? KCl u NaNO,? VKakure,
KaKkre KOMOWHAIIMY HEBO3MOXKHBI U TIOYEMY.

3. CoctaBbTe (OpMYJIBI OCHOBHBIX COJICH Kejle3a W COJITHOW KHUCIIOTHI, aTlOMUHHS W
CEpPHOM KHCIIOTHI.

4. JloxkaxxuTe ypaBHCHHSIMH peakiuii amMQ@OJIMTHOCTh CJCAYIOMNUX COCIUHEHUMN:
Zn0, ALO;, Sn(OH),, Cr(OH),.

5. Hamummre xumudeckue (OpMyNBI CHEIyOImMX conei: cymbdar memu (+2),
THAPOCWIMKAT HATPHUA, arleTaT KaJlus, XJOPHJ JUTHIAPOKcoxkene3a (+3), kapOoHAT aMMOHWUS,
auruapodocdar TUTHsL, TETPATHAPOKCOATIOMUHAT Kalusl. Y KaKUTE TUIIbI MPUBEAEHHBIX COJICH.

6. CocTaBbTe MOJIEKYJIIpPHBIE YPaBHEHUS PEaKIiii, KOTOPbIE BBIPAXKAIOTCS CIIEIYIOIIMMHU
HMOHHO-MOJIEKYJISIPHBIMU YPABHEHUSIMU:

1) Zn® + H,S=ZnS{ +2H ; 2) HCO,+ H =CO, + H,0:3) Ag  +Cl'=AgCl |

7. Kakue n3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, — psaumoneiictByior c
pPacTBOPOM THMApOKCHAa Harpua? Hamummre MOJEKYISApHBIE M MOHHO-MOJIEKYJISIPHEIE
YpPaBHEHHMs COOTBETCTBYIOIINX PEAKIIHIA.

8. CocraBbTe MOJEKYJISpPHbIE U HOHHO-MOJIEKYJISIDHBIE YPAaBHEHHS  pPEaKIMH
B3aUMOJICHCTBUS B PACTBOPAX MEXKIY:

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

9. CocTaBbTe MOJIEKYJISIPHBIE YPABHEHUS peaKlnii, KOTOPbIE BBIPAXKAIOTCS CIEAYIOLIUMHI
MOHHO-MOJIEKYJIIPHBIMH YPaBHEHUSAMU:

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

10. CocrtaBbTe MOJNEKYJISpPHbBIE M HOHHO-MOJIEKYJISIDHBIE YpPaBHEHHUS peakLui
B3aUMOJICUCTBUSA MEXKIY:

1) FeCl, n KOH; 2) NiSO, u (NH,).S; 3) MgCO, u HNO,.
11. CocraBbTe MONEKYJSPHBIE YPAaBHEHHUS  DPEAKLMM, KOTOpbIE  BBIPAXKAIOTCS
CJIEAYIOLIMMU MOHHO-MOJIEKYJISIPHBIMU YPaBHEHUSMU:

)Mg™ + COY =MgCO, ¥ ;2)2H +Si0} = H,SiO, ¥ ; 3) Pb> +2I =Pbl, | .
12.  CocTtaBbT€ MOJICKYJISIPHBIE W HOHHO-MOJIEKYJISIDHBIE YpaBHEHHUS  pEaKIui
B3aMMO/JICUCTBUS B PACTBOPAX MEKIY:

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

13.  CocrtaBbTe MOJEKYJSIPHBIE YPaBHEHHsI pEaKlMil, KOTOPbIE BBIPAXKAKOTCS
CJICAYIOIIMMU MOHHO-MOJIEKYJISIPHBIMU YPaBHEHUSAMHU:

1) Cu” +20H = Cu(OH), ¥:2)Zn* +S8* =ZnS{:3)Ca’ +COT = CaCO, .

14. Bbluumcnure  SKBUBAJEHT M OKBUBAJNEHTHYIO  Maccy  (ochopHOi

xucnorsl H,PO, B peakunsx o6pasosanus: a) rugpodocdara; 0)

nuruapodocdara; B) pocdara.

15. Ilpu cropanuu 10,00 r meTamia obpasyercs 18,88 r okcuna meramna. Onpenenure
SKBHMBAJIEHTHYIO Maccy MeTtamia. Otet: 9,01 r/mMorb.

16. Onpenenute SKBHUBAJICHTHbIE MacChl MeTtajia u cephl,
ecnu 3,24 r metanna ob6pasyror 3,48 r okcuga u 3,72 r cynabduna.

17. BeluucianTe KOJMYECTBO BEIIECTBA SKBUBAJIICHTA M MOJISIPHYIO MacCy SKBHUBaJICHTA
uutpata auruapokcoxenesa Fe(OH),NO,; wu aurumpoapcenara mutus LiH,AsO, s
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pCaKnuAax, BbIpaXaCMbIX YPABHCHUAMU:
Fe(OH),NO, + 2HNO, = Fe(NO,), + 2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

[loBbIIEHHBIN YPOBEHB

. C kakuMH M3 NEPEUYMCICHHBIX HWXXE BELIECTB IPOPEATMPYET Aa30THAsl KHCIIOTa:
N,O,, AI(OH),, CaO, HCI, K,S? H306pasure rpaduueckue hopMyiIsl 3THX COSTHHEHHIL.
Hanumure ypaBHEHUS! COOTBETCTBYIOIIMX PEAKLIUM.

2. CocraBbTe ypaBHEHHS PEAKIIMI B3aUMOJICUCTBUSA CICAYIOIINX COCTUHEHUM:

a) HATpat cepebpa v noau. Kajiwvs; 0) OKCHII ITUHKA U TUIPOKCU]] HATPUSL.

3. CocrtaBbTe (HOPMYJIIBI KUCIBIX KaJIMEBBIX cojiel opTohochOpHOM KUCIOTHI, OCHOBHON
LUHKOBOW COJIM YTOJBHOW KUCJIOThI, OCHOBHBIX aJFOMUHHUEBBIX COJIEH COISTHOM KUCIOTBHI.

4. CocraBbTe€ MOJIEKYJISIPHbIE M  HOHHO-MOJICKYJISIPHBIE  YPAaBHEHUS  peaKIUl
B3aUMOJICUCTBUSA MEXKIY:

1) H,SO, u Ba(OH),; 2) FeCl, u NH,OH; 3) CH,COONa u HCL

5. Ykaxure, B KaKUX U3 NPUBEAEHHBIX CIIy4aeB B3aUMOJECHCTBUE ITPOU30UIET:

1) Sn(OH), + NaOH — ?; 2) Na,SO, + HC1 > ?;
3) BaCl, + Na,SO, - ?;4)Na,S+ HCl1 > .

CocraBbTe MOJEKYJSIPHBIE M HOHHO-MOJIEKYJISIDHBIE YPaBHEHHUSI COOTBETCTBYIOIIMX
peaKuid.

6. Uemy paBeH npu HOPMaJIbHBIX YCIOBUSIX SKBUBAJICHTHBIN
06bem kucnopona? Ha cxwuranme 3 r meramna (+2) tpebyercs 1,38 am® kucmopona (H.y.).
BBIYUCANTD 3KBUBAJICHTHYIO Maccy UM MOJBbHYIO Maccy 3toro metamia. Otser: 12,15 r/mons;
24,3 r/MOb.

7. DnemeHT oOpa3yeT psa Ta3000pa3HBIX COSAMHEHHH, IUIOTHOCTh KOTOPBIX TIO
Bojopony 8, 15, 22, 29. ConepkaHue 3J€MEHTa B MAHHBIX COEAUHEHUSAX COOTBETCTBEHHO
pasno 75,0; 80,0; 81,81 u 82,76 %. Onpenenure OTHOCUTEIbHYIO aTOMHYIO MacCy U Ha3BaHUE
snemenra. Oteer: 12; C.

Cnucok JuTepaTypbl, peKOMEeHAyeMblil K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHasi iMTepaTypa:

1. Koposun, H. B. O6mas xumus : yae6nuk / H. B. Koposus. - 13-e uzn., nepepab. u goim. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanusna, E. C. XuMus okpyxaromiei cpesibl : XUMUs KUBbIX opraHu3MoB. Kypc nekumii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —Tekcr : aneKTpoHHbIH // DnekTpoHHO-010aoTeuHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocrymna: amns
aBTOPU3UP. M10JIb30BATEIEH

Jlomo/THMTeIbHAS JIUTepaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [lox pen. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METaIoB : yueOHoe mocodue (JUIst CTYJJeHTOB XUMHUYECKOTo (haKyJIbTeTa
HanpasiieHUul O0akanaBpoB «XuMus» U «XuUMHUYecKas TexHonorus») / coctautenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbIN yHUBEpeuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —

ISBN 978-5-7779-1875-8. — TekcT : 351eKTpOHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyma: nms
aBTOPU3HUP. N10JIb30BATENEN
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Humepnem-pecypcol:
1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTEIbHBIM pecypcam
2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OnbinoTeka OHIalH».

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KaTaJIOT acCOIUAIIAN JIEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpbITOE OOpa3zoBaHUe

Tema 2. CTpoenue aToma
IIpakTn4eckoe 3anaTHE 2. DJIEKTPOHHBIE (POPMYJIBI ATOMOB

Heab 3anaTHA: 0000IIUTH 3HAHUS 00 3JIEKTPOHHOM CTPOCHUU aTOMOB XMMHUYECKHUX AJIEMEHTOB;
3aKpeNMUTh YMEHUS U HAaBBIKM COCTABJICHMSI 3JEKTPOHHBIX (OPMYJ aTOMOB XHMHUYECKHX
AIIEMEHTOB, a TAKXKe UX IpaduyecKuX H300paKeHH.

3HaHMA ¥ YMeHUsl, IpuodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HATh: OCHOBBI CAMOOPTaHU3AIMH U CAMOOOPA30BAHHS;
3HaTh: CyIIHOCTh M 3HaUEHHE MH(OPMAIUY B PA3BUTHH COBPEMEHHOT0 OOIIIECTBA; OCHOBBI OJIYUYCHHS U
00paboTKK HHGOPMAIMH U3 PATUYHBIX UCTOYHUKOB
3uarh: pabOTHI MO pacyeTy U MPOSKTUPOBAHMIO JIETANCH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpPEICTB aBTOMATU3ALMHA IPOEKTUPOBAHUSA
YMeTh: CaMOCTOSTEIBHO CTPOUTH TPOIIECC OBJIAACHUS UH(pOpMaIHel, 0TOOPaHHOM U
CTPYKTYpHUPOBAHHOH JJIS BHIOTHEHUS TPO(ECCHOHATIBHOM AEATENLHOCTH.
YMeThb: ToIydaTh U 00padaTeIBaTh HH(DOPMAITHIO M3 Pa3IMIHBIX HCTOYHUKOB
YMerTh: TIPUHUMATH YYaCTHE B pabdOTax MO pacyeTy M MPOCKTHPOBAHMIO JCTAICH U y3JIOB
MAIIMHOCTPOUTEIBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HACTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATHU3ALIMU MPOEKTUPOBAHUS

HaumenoBanue GhopMupyeMbIX KOMIETSHIIHIA

AKTYaJIbHOCTb Te€MbI:

Ilepuonnueckuii 3akon /. M. MeHneneeBa sABISETCS OCHOBOM COBPEMEHHOU XUMUH.
N3yuenne cTpoeHHsT aTOMOB BCKpPBIBACT (PU3MUECKHM CMBICI TEPUOJAMYECKOTO 3aKOHA U
OOBSICHSET 3aKOHOMEPHOCTH HM3MEHEHHS CBOICTB JJIEMEHTOB B TMEpPHOJAaX M B TpyImax
MEPUOIUYECKON CHCTEMBl. 3HAHUE CTPOCHHS aTOMOB SIBJISICTCSI HEOOXOMAUMBIM JIJIsi TIOHUMAHUS
MPUYUH 00pa30BaHUs XUMHUYECKOHW CBSI3M, KOTOpas, B CBOIO OYepelb, OMpPENENseT CBOMCTBA
BemiecTB. [loaTOMY maHHBIN pasznen SABISETCS OAHUM M3 BAXKHEHUIIINX pa3/IesioB 00IIel XUMUH.

[lepuoguueckast cucremMa dJEMEHTOB, pa3paboTraHHas BenukuM y4éabiM  JI.W.
MeHeneeBbIM, CYMMHpPOBajia BCe 3HaAHUSI 00 dJIEMEHTax, X CTPOCHHH, Maccax, COCTaBe sJpa,
AJIEKTPOHHBIX O0OJIOUEK, W SBISETCS CBOCOOpPA3HOW MIMaprajkod MO BCEH HEOPraHUYECKOM
XHAMHH.

TGOpETI/I‘leCKaH 4acTb

YcTolunBOE COCTOSHME BJIEKTPOHA B ATOME OMNUCHIBACTCS 3HAYEHUAMH YEThIPEX
XapaKTEepUCTUK — KBAHTOBBIX uucen 1, 1, m; ¥ m_.CocTosiHUE 3JEKTPOHA, OTBEyarolee

OTpe/ieIeHHBIM 3HAYEHHAM KBAHTOBHIX umcen N, | MM, Ha3bIBalOT aTOMHOM JNIEKTPOHHOM
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opOuTaNbl0. DHEPreTHUECKUM IMOJYPOBHSIM DJIEKTPOHA B aTOME, OTBEYAIONIUM Pa3IUnIHbIM
3HAYCHUSAM |, COOTBETCTBYIOT Cleayroline OyKBEeHHBIC 0003HAYCHHS:
I[MudpoBoe 0603HAUCHUE IHEPTETHICCKOTO MOTYPOBHS | : 0
bykBeHHOE 0003HaYEHHE SHEPTETUYECKOTO MOAYPOBHS |: s|pP|d|f
I'padudecku kaxmast opOUTadb 0003HAYAETCS CHMBOJIOM-KICTKOM:

—_
[\
(O8]

DNEKTPOHBI B aTOME PACTIPEAENIAIOTCS COTNIACHO CIENYIONIUM MPUHIHUIAM: TPUHIUITY
[Taynw, NpUHIUITY HAUMEHBIICH YHEPTHU C JOMOJHEHUSIMHU KIE4KOBCKOTO W MpaBHIY
XyHna.

CornmacHo mnpuHonumy I[laynmm B aroMe HE MOXET OBITH JBYX DIJIEKTPOHOB,
XapaKTepU3YIOIUXCsl OAMHAKOBBIM HAO0OpPOM KBaHTOBBIX uwmcen. M3 aToro ciemyer, uTo
Kaxcoas amomMHasi 21eKMPOHHAs opoumans modxcem Oblmb 3aHAMA He Oojnee uyem 08YMs
INeKMPOHAMU.

T

MPUYEM pa3nyaThCsi OHU OYIyT TOJIBKO CIIMHOBBIMU KBAHTOBBIMH YUCIIAMHU.

[lopsinok 3amonHeHUs 3JIEKTPOHAMU DJHEPreTHMUYECKUX YPOBHEH U MOAYpPOBHEMH
ONpeeNAeTCs] NIPUHIUIIOM HAaUMEHbIIEH SHEPTUM: JIEKTPOHBI B aTOME PacnojararoTcs
TaK, 4ToObl MX SHEprusi ObuIa HauMeHbLIEH. [T0CKONIBbKY SHEPIUIO 3JIEKTPOHA XapaKTePU3YIOT Kak
[JIaBHOE 71, TaK U OpOHUTaIbHOE | KBAaHTOBBIE YHMCIA, TO 3JIEKTPOHBI MPEXKIE BCETO 3aHUMAIOT
TIOJIOKEHUE, COOTBETCTBYIOIEE MUHUMAIbHOM cymme N+l — nepsoe donoanenue Kneuxosckozo.
Eciu cymma n+l oanHaKoBa, TO SMEKTPOHBI 3aHMMAOT OPOWTAIH C MEHBIIMM 3HAYCHHEM 1N —
emopoe donoaneHue Kneuxogckoeo.

Pacripenenenuie 371€KTPOHOB B IHEPreTUYECKOM MOJYPOBHE ONPEIENISETCS MPaBUIOM
XyH/a: yCTOWYMBOMY COCTOSIHUIO aTOMa COOTBETCTBYET TAaKOE€ PACIPENEICHHUE DJIEKTPOHOB B
MOJypOBHE, MPU KOTOPOM aOCOJIOTHOE 3HAUYE€HHUE CYMMApHOTO CIHMHA OYyJET MaKCHUMAaJIbHBIM.
IloaTomy pacnpenesieHue 3JIEKTPOHOB B IIOJYPOBHE NPOMCXOJUT B MAKCHUMAJIbHOM YHCIE
opburaneil u ¢ napajsuieIbHbIMU CIUHAMM:

Tak Tt T WA TaK U
(+1/2+1/2+1/2) = 3/2 | -1/2-1/2-112)| =32
HO HE TaK U ue tax
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HCO6XO,Z[I/IMO HMCTb TIOHATHUC O KBAHTOBBLIX YHCIIAX, TPCX YKA3AHHBIX IPUHIUIIAX H,
onupadaCh Ha HUX, YMETb COCTABJIATH 3JICKTPOHHBIC (1)0pMy.]'II)I aTOMOB.

Bonpocsl u 3a5anus

Ilpumep 1. Kaxoli nonypoBeHb 3alOJHAETCS IEKTPOHAMM B aTOME IOCJE 3alOJIHEHUS
3D -noxypoHs?

Pewenue. 3P -nonypoBHio otBeuaer cymma n+| , pasnas 3 + 1 = 4. Iocne 3amonHenus

3p -nomypoBust Bo3MoxHo 3amonuenne 3d- mmm 48 -momgyposns. Iloxcunraem cymmy n+l B
oboux cnyuasx: 3d (3 +2) =15, a 4s (4 + 0) = 4. B COOTBETCTBHH C MEPBBIM JOMOIHEHUEM
KJ1edKOBCKOTO 3JIEKTPOH CTPEMUTCS 3aHSTh TMOJOKECHHE Ha 4S-MOJypOBHE, TaK KaK B 3TOM
ciaydyae cymma ntl Oyzmer HanMeHbIIEH.

Ipumep 2. CocTaBbTe 3JIEKTPOHHYIO (POPMYITy aTOMa KPEMHHS H TpaUIecKylo cxemy
3allOJTHEHUST AJIGKTPOHAMH YPOBHEH M IOAYpPOBHEH B HOPMAJIBHOM M BO30YXJICHHOM €ro
COCTOSTHHSIX.
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Pewenue. Dnextponnas (opMyjida aromMa KpPEMHHS HMMEET CIEAYIOIUA  BUJI:
1s*2s°2p°®3s*3p°3d”. Tpaduueckas cxemMa HEBO3GYXICHHOTO AaTOMa KPEMHHS HMEET
CHEAYIOLIMI BUA:

1451
n=3 111 [1 T
n=2 [t1 [11 [11 |10 d
n=1 |1} p
S
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BaneHTHBIMU OpOUTAISIMU 3/1€CH SBISIOTCS OPOUTAIN TPETHETO BHEITHETO AJIEKTPOHHOTO
yposHs. B Bo36yxennom cocrosaun (S1%) mpu mormomennn HeKOTOPOit SHEPTHH HIEKTPOH C

35-II0/TypOBHSI TIepeii/IeT Ha CBOGOIHYIO 3P -0pOHTab:

Si*  1s’2s°2p°3s'3p’3d| T | T | T | 1T
n=3
n=2 R d
n=1 T 1Y
S

ba3oBblii ypoBEeHB
1. Ctpykrtypa BAJICHTHOTO 3JIEKTPOHHOTO YPOBHS aroma
SJ€EMeHTa  BeIpakaercs  (QopMmysoi:  a) 5s°5p*; 6) 3d’4s'. Onpenenure

HOPSIKOBBIM HOMEP U Ha3BAHUE JIEMEHTA.

2. HanmummmTe »eKTpoHHbBIE (POPMYJIIBI aTOMOB 3JIEMEHTOB C MOPSAKOBEIMU HOMEpaMu 24
u 33. CocraBpTe uX rpaduueckue cxembl. K KakoMy 3JIEKTPOHHOMY CEMEWCTBY OTHOCHUTCS
KaXbId U3 HUX U TTOYEMY?

3. CocraBbTe 3J€KTPOHHBIE (POPMYJIIBI ATOMOB 3JIEMEHTOB C MOPSAAKOBBIM HOMEPOM 32 U
42. YV mocnenHero omuH SS-3I€KTpoH «mposanuBaercs» Ha 4d-nomyposens. K kakomy
AJIEKTPOHHOMY CEMENCTBY OHU OTHOCATCS?

4. Kakoii moaypoBE€Hb  3amoOJHSETCS B  aToMax MOCJHE€  3alOJHEHUS

5p -nonyposus? mocne 3anonuenus Sf -moxyposns?

5. 3anummuTe AJEKTPOHHBIE bopMymBI aTOMOB 3JIECMEHTOB c
3apsiaom sigpa 8; 13 u 18. CocTaBbTe IIEKTPOHHO-TpaQUIECKUE CXEMBI.

6. Kakoe MaKkCHMaJbHOE KOJIMYECTBO 3JIEKTPOHOB MOJKET
pacmoJiaratscs B S-, p-, d-uf -TIOAYPOBHAX JAHHOTO ypOBHs?

[Touemy? Hamucars 3JeKTPOHHYIO CTPYKTYPY aToma ¢ 3apsaom sapa Z = 22.
7. OneKTpoHHas CTPYKTYypa aroMa OIIUCHIBAECTCS bopmymnoi

15°2s%2p°3s*3p°3d°4s’. Kakoii 510 srmement?

8. CKOJIIBKO aTOMHBIX OpOHUTaJel COAEPKUT BTOPOW HHEPreTUUECKUH YpPOBEHb B
aTOMax XMMHUYECKHUX DJIEMEHTOB?

9. CKOJIBbKO aTOMHBIX OpOHTaNel COAEPKUT TPETHI YHEPreTUIECKU YPOBEHb B aTOMax
XUMHYECKUX DJIEMEHTOB?

10. CkOJBKO aTOMHBIX OpOUTANeH CONEPXKUT TPETUH IHEPreTUYECKH ypOBEHb aToMa
nuHka? [IpuBenure 351eKTpOHHYIO (POPMYITy aTOMa 3TOrO 3JIEMEHTA.

11. CkonbKO aTOMHBIX OpOUTaJe COAEPIKUT MATHIM dHEPreTHYECKH YpOBEHb aToMa
nanraHa? [IpuBenure 351eKTpOHHYIO (OPMYIy aTOMa 3TOrO HJIEMEHTA.

12. CkoIbKO aTOMHBIX OpOHUTANIel COACPKUT MIECTON SHEPreTUUECKHl yPOBEHb aToMa
uepus? [IpuBeanTe 31eKTPOHHYIO (hOPMyYITy aTOMa 3TOTO IEMEHTA.

13. Tlo 3apsmy sapa aroma (Z=23) 3anumure 5SJI€KTPOHHBIE KOHQPUIypaIU
BaJICHTHBIX MOJYPOBHEH M, UCIONIb3Ys MpaBuia KieukoBCKOro, yKaXHUTe MOCIe0BaTeIbHOCTD
UX 3aI0JHEHHUS.

[ToBBIIIIEHHBI YPOBEHB
1. Kakoe MaKCUMaJIbHOE YHUCJIIO 3JIEKTPOHOB MOKET coAepKaTh
aToM B DJJCKTPOHHOM  ypOBHE C  TJaBHBIM  KBaHTOBBIM  YHCJIOM
n=5un=3?
2. CKONbKO HE CTApeHHBIX SIEKTPOHOB COAepikKaT HeBo30OyxkmeHHble atomsl B, S, Cr?
CocraBbTe UX 3JEKTPOHHBIC U IPahUIECKHE CXEMBI.
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3. Kaxue u3 SIEKTPOHHBIX dopmy, OTPaXKAIOIIUX CTpOeHHE
HEBO30YKIEHHOTO aTOMa HEKOTOPOT'O SJIEMEHTA, He BEPHBI:

1) 1s*2s%2p”3s'; 2) 1s?2s*2p°; 3) 1s2s*2p°3s*3p°3d*

4) 1s*2s2p°3s?3p%4s?; 5) 15*2s*2p®3s*3d?* ? [Touemy?

4. W3 npMBeJEHHBIX DJIEKTPOHHBIX KOH(UTYPaLIUIA:
1p*, 2s°, 2p’, 3d', 3f7, 4p°, 5s°, 3d" BEIGepuTe Te, KOTOpEIC MpaKTHUECKH

CYIIIECTBOBATh HE MOTYT. OOBSICHUTE IPUYHHBI.
5. Tlo »2meKTpOHHBIM KOH(MHUTypamusiM HWOHOB OMPEICTUTE 3apsl saep HX AaTOMOB:

D% ..3d""4s%4p°; D71 .3573p°3d 4s".  Bammmmre  omexTpomHbie  GOpPMYIBI

aTOMOB U 3JIEKTPOHHBIE CTPYKTYPbI UX BHEIIHUX 000JIOUEK.

Cnucox JUTEPATYPHI, peKOMeHIlyeMbIﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas MTEpaTypa:
1. Koposwun, H. B. O6mas xumus : yaeOnuk / H. B. KopoBus. - 13- uzn., nepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipumn.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpy»xaroleit cpesibl : XMMHUs )KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. [letenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 27eKTpOHHBIN // DneKTpoHHO-O0ubnoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3HP. MOJIb30BATEICH
JonmosiHuTEIbHAS JIMTEPATYypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [ox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmumorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METAJUIOB : ydeOHOE TTOcoOue (7151 CTYICHTOB XUMHUYECKOTO (DaKybpTeTa
HarfpaBieHul 0akanaBpoB «XUMHU» U «XUMHUYECKasi TEXHOJIOTHA») / coctaButenu O. A.
I'onmoBanoBa. — OmMck : Omckuii rocyapcTBeHHbI yHuBepcuteT nM. @.M. JlocTtoeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mgoctyma: mis
aBTOPU3UD. MOJIb30BATENEH
Humepnem-pecypcoi:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIa K 00pa30BaTEeIILHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OnbinoTeka OHIalH».

3 http://catalog.ncstu.ru/ — 37MEKTPOHHBIN KaTaJIOT aCCOLMUAIUH JIEKTPOHHBIX OHOIMOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — OBC.
5 https://openedu.ru — OTkpbITOE 0OOpa3zoBaHUe

Tema 4. XUMHNUYECKAS CBS3b
IMpakTnueckoe 3ausaTue 3. XUMHNYeCKASA CBS3b
Hean 3aHATHA: paCIIUPUTD U YIIIyOUTh 3HAHUS YUallUXCs 110 TEME « XUMHUUECKAsl CBSI3b)»

3HaHuA U ymenus, npuoﬁpeTaeMble CTYAECHTOM B pPE€3yJjJbTaTE 0CBOCHUA TEMbI

3HaTh: OCHOBBI CAMOOPIaHU3AIMH U caMOOOPa30BaHUs;
3HaTh: CYIIHOCTH M 3HaYeHHE MH(OPMALIMHU B Pa3BUTHH COBPEMEHHOT'O O0IIECTBA; OCHOBBI OJTY4YEHUS U
00paboTKH MHPOPMALIH U3 Pa3INYHbIX HICTOYHUKOB
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3HaTh: pabOTHI MO pacyeTy U MPOESKTUPOBAHUIO JIeTaNICH U y3JI0B MATMHOCTPOUTEIBHBIX
KOHCTPYKIUI B COOTBETCTBUYU C TEXHUYECKUMU 33aIaHASIMH U UCTIOJIb30BAHUEM CTaHIAPTHBIX
CPEACTB aBTOMATU3ALUH IIPOEKTUPOBAHUS
YMeTh: caMOCTOSATENHHO CTPOUTH TPOIIECC OBIAICHUS HHpOopManuel, 0TOOpaHHON
CTPYKTYpUPOBAHHOM /711 BBIIOJIHEHUS TPO(PECCUOHANBHOI e TeIbHOCTH.
YMern: nonyuats U 00padaThIBaTh MHYOPMAIHIO U3 PA3INYHBIX HCTOUHHKOB
YMmerh: IPUHUMATH y4acTHe B paboTax Mo pacyeTy W MPOSKTUPOBAHUIO JETaleH U y3JI0B
MaIIMHOCTPOUTENBHBIX KOHCTPYKIUH B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSMHU U
HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3ALMU IPOEKTUPOBAHUS

HanmenoBanne ¢GopMHpYEeMBIX KOMITETCHIUH

COBpeMeHHOC Pa3BUTUC HAYKH U TCXHHUKU IMPUBEJIO K PE3KOMY M3MCHCHHIO PCIIACMbIX 3aJad U
BBIIBHHYJIO HOBBIC TPeOOBAaHHS KaK K BBICIIEMY OOpa30BaHHIO BOOOINE, TaK M K HAYIHOM MOArOTOBKE
CTyJICHTa B YaCTHOCTU. B HacTosiiiee BpeMsi 0COOCHHOCTBIO CIEIUAIKMCTA CICAYEeT CYMTATh HATMIUE Y
HEro TBOPYCCKOI'0 MLINIJICHMA, OAHUM U3 BaXXHEUIINX KadecTB KOTOpOTro ABJIAICTCSA CHUCTEMHOCTD.
[TosTOoMy pa3paboTKa CHCTEMHOTO IOJIXOAa K PacCMOTPEHHUIO pasfena "Xumuueckas cBA3b" B Kypce
XUMUH TPEICTABIISETCS aKTyaTbHOIA.

Teopernyeckasi 4acThb

Xumuyeckas 6436 — COBOKYNHOCMb CUN, OCUCMBYIOWUX MeHcOy amomamu Uu
00YCIa8IUBAIOWUX  YCIOUYUBOCHb  OAHHOU  cucmembl. Pemiaroniyro poiib B 00pa3oBaHHUU
XUMHUYECKON CBS3M UTPAIOT He CnapeHuvle (8aleHmHvle) 31eKMpoHsbl TPEABHEIIHEro WIN
BHEIIIHETO JHEPreTHYecKuX ypoBHEW. CrapeHHbIe 3JEKTPOHBI MPH BO30YXKIECHUH CIOCOOHBI
pacrmapuBarbcsi, obecrednBasi BO3MOXKHOCTh 00pa3oBaHMs OOJBIIETO YHCIAa XUMHYECKHX CBS3CH.
BanenTHocTh, O0O0ycnOBIIEHHas OOIIMM YHCIOM, HWMEIONIUXCS B aroMe HE CIIapeHHBIX
ANIEKTPOHOB, HA3BIBACTCA CHUHBAEHMHOCMbIO. PeakiiMoHHas COCOOHOCTh XMMHYECKOH CBS3U
OIPEIEISIETCA €€ KOAUYECMBEHHbIMU XAPAKMepUucmukamy, K YUCIY KOTOPBIX OTHOCSITCS:
ONUHA, 8ANEHMHDIU Y201 U IHEPIUSL.

Teopust XUMHUYECKOW CBS3M JIA€T BO3MOXKHOCTb ONMCATh PACIPECSICHHE AJIEKTPOHHOM
TUIOTHOCTU B MOJIEKYJIE. Xumuueckas céa3b umeem mMecmo mam, 20e 3J1eKmpoHHAsL NIOM HOCMb
MedHcoy amomamu HauboabuLas.

Jns npubnu>xeHHON OLIEHKH 3JIEKTPOHHOW MIOTHOCTH MEXKIy aTOMaMy CYIIECTBYET
JIBA METO/A: Memoo0 MOAeKyIaApHbix opoumaneu (MO) u memoo eanenmuvix ceéazei (BC).
Paznuuaror cnemyromye OCHOBHBIE THUIBI XMMHUYECKOM CBSI3U: KOBAIEHMHYI0, OCYUIECTBISIEMYIO
o0mmieil mapoil 3NEKTPOHOB; UOHHYIO, KaK PE3yJbTAaT DIEKTPOCTATHUECKOTO B3aMMOJCHCTBUS
pa3HbIX MO 3apsay MOHOB (MOHBI 00pa3zyroTCs 3a CUET MOJHOIO Iepexoja HEKOTOPHIX BHEIIHUX
AJIEKTPOHOB OJHOTO aroMa K JIpyromy, Oojiee 3JIEKTPOOTPULATENBHOMY), U MEemaiiuyecKyio.
JIOHOpHO-aKIENITOpPHAs. ¥ BOJIOPOAHAS CBS3U PACCMATPHBAIOTCS KaK Pa3HOBUAHOCTU KOBaJIEHTHOM
CBSI3H.

Bonpocsl u 3a5anus
Ilpumep. Tlonp3ysich DIEKTPOHHOW CTPYKTYpOW aToMa KpPEMHHUS B BO30YKIECHHOM
COCTOsIHMH (CM. mpuMmep 2 B pasjelne 3), 00bIACHUTE MeXaHu3M 00pa3oBaHus Mojekyasl S1F, u

nona [SiF, ]”.

Pewrerne. AToM (TOpa HMEET IEKTPOHHYIO CTPYKTYpy 15”25’ 2p5:

n=2 R EEEY
n:1 p
1

N)
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UYeTplpe HE CHApEHHBIX JJIEKTPOHA BO30YXJIEHHOTO aTroMa KpPEMHHUS YYacTBYIOT B
0o0pa30BaHMM YEThIpEX KOBAJIEHTHBIX CBSA3€Hl C 4YeThIpbMs aromMamu (Topa, UMEIOUIMMH IO
OJIHOMY HE CIIAPEHHOMY 3JIEKTPOHY:

F\Si/F
F -~ SNF

. 20276
F~-MOHBI HMEIOT JIEKTPOHHYIO CTPYKTYpy 1S°2S°2p° — Bce BaJCHTHBIC JICKTPOHBI B

HEM CITAPEHBI:

=2 |ttt
n=1 1 p

S

ba30BbIi1 ypoBeHb

1. Vkaxure tun xummdeckoit cszu B Monekynax H,, Cl, m HCL. TIpusemure cxemy

o +
IIePEKPIBAHUS HICKTPOHHBIX 001akoB. Kakue THUIIBI XMMUYECKOH cBsi3u peannsyiorcs B NH, -

noHe?

2. YcranoBure IPOCTPAHCTBEHHYIO CTPYKTYpY CIICAYIOUIMX  MOJEKYJ:
H,S, SiH, u PH,.

3. Kakyro XUMHYECKYIO CBSI3b Ha3bIBAIOT BOJIOPOJTHOM?
Mexny MOJIEKYJIaMH KaKux BEILIECTB OHa obpa3yercs? [Touemy
H,O n HF, uMest MEHBIIIYO MOJICKYIISIPHYFO maccy, TUIaBATCS u

KUIIAT NpH 0o0Jiee BHICOKUX TEMIIepaTypax, YeM UX aHaJIOTU?
4. Kak metop BaneHTHbIX cBsizell (BC) oObscHseT nuHeliHoe cTpoeHne MojeKyibl BeCl

¥ TeTpasapudeckoe crpoenue Monekyasr CH, 2

5. CkoIBKO  HE  CHApeHHBIX  IEKTPOHOB  HMMEET  aroM  XJopa B
HOpPMaJIbHOM U BO30YKJIE€HHOM cocTosiHUSIX? UeMy paBHa BaJIEHTHOCTh XJIOpa B HOPMaJbHOM U
B030yXJIeHHOM cocTosiHusAX? Ilouemy (Top He MposBIsET BaJEHTHOCTb, PAaBHYIO CEMH, XOTS
ABJISICTCA IEKTPOHHBIM aHAJIOTOM XJIopa’?

6. Kak metoq MO 00BSCHSET TO, YTO B MOJEKYJISIPHOM HOHE [, 3HEPTUU CBS3HU
(318 k/Ix/monb) Gonbine, ueM B Monekyiae I, (159 xJlx/mons)? Kakas dopma 3anmcu

oTpaxaeT B Metoae MO crpoenue F,” u F,?

I1oBBIIEHHBIN YPOBEHB
1. Onummre ¢ mo3unuii Meroda BaleHTHBIX cBsizel (BC) anexTtpoHHOE cTpoeHHE

mosekyist BH, wnona [BH, ] .

2. CpaBHute CHOCOObI o0Opa3oBaHUs KOBaJIEHTHBIX cBs3ei B

+

monexynax CH,, NH, u none NH,.
3. Yto TaKoe O -CBS3b u 7T -CBA3b? Jlarite 00BsSICHEHHE Ha

npumepe monekyn C1,, N, u C,H,.

4. Kax merogq MO o00bscHsAET, TOYEMy MOJEKYISIpHBIH HOH He,  JHEPreTHYECKU
ycToWuMB, TOorjga Kak Monekyna He, He cymectByer? Kakas ¢opma 3ammcu OTpakaeT B
metoae MO crpoenne He, ? Obnanaer au noH He, mapaMarHUTHBIME cBolicTBamu? [Touemy?

Cnucok JuTepaTypbl, peKOMEeHAyeMbIil K HCIO0JIb30BAHMIO 110 JAHHOM TeMe
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OcHoBHas1 JiUTepaTypa:
1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopoBuH. - 13-e u3n., nepepad. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMusi okpyKaromei cpesibl : XMMUs )KUBBIX opranu3mMoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 27eKTpOHHBIN // DneKTpoHHO-O0nbmoTeynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctymna: mis
aBTOPU3UD. M10JIb30BATENEH
JlonoiHUTeIbHAS JTUTEpaTypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'munaka ; Iox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMus METaJIoB : yueOHOoe ocobue (Al CTYJCHTOB XMMHUECKOTo (akynbTeTa
HarpaBiIeHui 0akanaBpoB « XUMHU» U «XUMHUYECKasi TEXHOJIOTH») / coctaButenn O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHBINH yHUBepcuTeT uM. @.M. JlocToeBckoro,
2015.—552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 3neKTpOHHBIN // DNeKTpoHHO OnbanoTeunas cucrema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum gocryma: s
aBTOPHU3HUP. MOJIb30BaTENEH
Humepnem-pecypcwt:

1 http://window.edu.ru/ — eanHOE OKHO AOCTYIa K 00pa3oBaTeNbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHUBepcuTeTCKass OMOIMOTEKA OHJIANHY.

3 http://catalog.ncstu.ru/ — 3MEeKTPOHHBIN KaTaIOT aCCOLMUAIUHU SIIEKTPOHHBIX OHOINOTEK
y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0Opa3zoBaHUe

Tema 5. O01mue 3aKOHOMEPHOCTH NPOTEKAHUS XHMHYECKHX IPOLECCOB.
IIpakTnyeckoe 3ansaTHe 4. XuUMHUYecKkass TePMOAUHAMUKA. JHEPreTHKAa XUMHYECKUX
npoueccos. Hanpap/ieHHOCTh XUMHYECKHX MPOLECCOB
eap 3aHATHA: BBeCTH TMEPBbIH 3aKOH TEPMOJMHAMUKH KaK 3aKOH COXpAHEHHsS DSHEPrHu
TEPMOJIUHAMHUYECKON CHCTEMBI, PACKPBITh €T0 (PU3NIECKOE COMEPI)KaHNEe TTPU PACCMOTPEHUH KOHKPETHBIX
nmpoueccoB, MIPOHOIZKHUTH (bOpMI/IpOBaHI/IC YMCHI/Iﬁ OMMUCBIBATL TCIUIOBBLIC IMPOHECCHI (1)I/I3I/ILICCKI/IMI/I
BCIIMYMHAMHU U 3aKOHaAMH,

3HaHus M yMeHMs, IpHoOpeTaeMble CTYIEHTOM B pPe3yJIbTaTe 0CBOCHUS TeMbI
3HaTh: OCHOBBI CAMOOPIaHU3ALMH U caMOOOPa30BaHMUS;
3HaTh: CyIIHOCTH U 3HaYCHHE UH(OPMALIUH B PA3BUTUH COBPEMEHHOI'O OOIECTBA; OCHOBBI IIOIY4EHUS U
00paboTky nH(OPMALUK U3 PA3IUYHBIX HCTOUHUKOB
3uarb: pabOTHI MO pacyeTy U MPOEKTUPOBAHMIO JIeTANEH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIUI B COOTBETCTBUU C TEXHUYECKUMU 33IaHUSMU U MCIOJIb30BAHUEM CTaHIAPTHBIX
CpPEICTB aBTOMAaTU3alUA IPOEKTUPOBAHUSA
YMeTb: caMOCTOSITENTFHO CTPOUTD MPOIECC OBNAAeHHS HH(pOpMaIiei, 0TOOpaHHOH H
CTPYKTYpUPOBAHHOM /711 BBIIOJIHEHUS IPO(PECCUOHANBHOM e TeIbHOCTH.
¥YMerth: nony4ars 1 00pabaTeiBaTh HHHOPMALMIO U3 PA3IUYHBIX HCTOYHUKOB
VYmerb: MPUHUMATH yYacTHE B paboTax Mo pacyeTy U MPOSKTUPOBAHUIO JeTajeil U y3JI0B
MaIIUHOCTPOUTENBHBIX KOHCTPYKIUN B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSMU U
HUCTIIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3aIUU IIPOEKTUPOBAHU

HaumenoBanue ¢GopMHpyeMBIX KOMIIETEHLIUH
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AKTyanbHOCTh paboThl. CHMHTE3 HOBBIX COEIMHEHUN U H3yUYEHUE HEU3BECTHBIX paHee
(bU3NKO-XMMHUYECKHX CBOMCTB SIBJISETCS aKTyaJlbHbIM M C TOYKM 3pEHHMsS] XMMHYECKOH Hayku
uMmeeT QpyHaaMeHTaIbHbIN XapakTep. C MOMEHTa BOZHUKHOBEHUSI XUMHUYECKOW TEPMOAUMHAMUKHI
ONHOM M3 BaXHEWIIMX 3a7ad »dJTOM HAYKH SBIIETCA  ONPEACICHUE  CTaHIApPTHBIX
TEPMOJMHAMMUYECKUX (QYHKIMA WHAMBUIYaJbHBIX BEIIECTB. Takue JaHHbIE HEOOXOAMMBI
IIPEKIE BCETO, IS PACYETA PABHOBECUM XMMUYECKUX PEAaKLIU IPHU Pa3INYHBIX TEMIIEPATypax U
nasneHud. Ilpu 3TOM TUMUTHPYIOMUM (PAKTOPOM B TaKUX pacyerax sBISETCS, KakK MpPaBUIIO,
OTHOCHUTEIIbHO HHU3Kas TOYHOCTb B ONPEICIICHUU YHTAILIINY XUMHYECKOM PEAKIUH, KOTOpas
BBIUUCIISICTCS KaK anredpandeckas CyMMa SHTAJIBINI 00pa3oBaHHUs peareHToB. B m3MepeHusx
SHTPOIUU JOMYCTUMBI OOJIBIINE MOTPEHIHOCTH, OCOOEHHO, €CIM PeuYb HAET O PEaKLUUsAX C
y4acTMEM KOHACHCUPOBAHHBIX BEUIECTB. B 3TOM OTHOIIEHMM OIpPEACIICHHE CTaHIAPTHBIX
SHTAJIBIUNA O00pa30BaHUsI M aOCONIOTHBIX OSHTPONMH WHAMBUIYalbHBIX BEIIECTB SBISIETCS
HEO0OXOUMOM 1 aKTyaJIbHOM 3a/1aueil XUMUYECKON HAyKH U TEXHOJIOTHH.

TeopeTnyeckasi 4acThb

Hayka o B3auMHBIX MpeBpALEHUSIX PA3JIWYHBIX BHJOB SHEPrUU Ha3bIBAETCS
mepmMoOUHAMUKOU.

[Ipy XUMHYECKHUX peaKUUsAX TPOUCXOIAT TIIyOOKHe KaueCTBEHHbIE H3MEHEHUs B
CUCTEME: PBYTCS CBSI3M B HUCXOJHBIX BEIIECTBAX M BO3HUKAIOT HOBBIE CBSI3M B KOHEUHBIX
MPOAYKTaXx. OTH HU3MEHEHHUE COMPOBOXKAAIOTCS TOIJIOMIEHUEM WM BBIJCICHUEM SHEPTUU
OOBIYHO B BHUJIC TETIOTHI.

Paznen tepMoauHAMUKH, HW3yYarOIIMK TEIUIOBbIe 3(PHEKThl XUMHUYECKUX PEaKIIHi,
Ha3bIBAETCSI MEPMOXUMUEI.

HpI/I JI000M IpoHECCE€ BBIIIOIHACTCA 3aKOH COXPAaHCHUSA OHCPIUH. Tennoma Q,

NO2NIOWEHHAsT CUcCmeMot, udem Ha uzmenenue eé enympennei snepeuu AU u na cosepuienue
pabomul 4 :

Q =AU+A. wh)

BHyTpeHHS SHEpTrUs XapakTepu3yeT CKPHITYIO B BEIIECTBE SHEPTHIO (KWHETHYECKYIO U
MOTEHIUAIIBHYIO ), KOTOPast BEICBOOOXKIAETCS MPH (PU3NUECKUX M XUMUUYECKHX TPOIeccax.

Tennogvim s¢hpexkmom peaxyuu HaA3vLIBAEMCA  KOIUYECNBO — BbIOCNIEHHO2O — UNU
noznowennozo menaa. Cmanoapmmuwili meniogeou ¢hgpexm coomeemcmeyem CmMaHOAPMHbIM
yenosuam nposedenusi peakyuu: T = 298,15 K, P = 101,3 klla. TermoBo#t 3¢ ¢eKxT peaxiuy,
NPOTEKAIOIIEH MPH TTOCTOSIHHOM 00beMe CUCTEMBI, PABEH H3MEHEHUIO BHYTPEHHEH YHEPTUH:

Qu =AU. (42)

bonvwuncmeo xumuveckux peaxyuil npomexkaem npu NOCMOAHHOM — OAGIEHUU.
TemnoBoii >pQexT XUMHUUECKON peakluu, MPOTEKaoled MpH MOCTOSHHOM JaBJICHUH, PaBEeH
W3MEHEHUIO SHTAIBITUU:

Qp = AH. (4.3)
DOHTaNbNMs paBHA CyMME BHYTPEHHEH SHEPTHU U pabOTHl pacIIUpEeHUs:
H=U+pV.
P (4.3)

[loatomy osumanvnuio onpeodendiom Kax 5SHEP2UO PACUWUPEHHOU CUCHEMDbI, €€
TEIUIOCOIepKaHue.

Peakiuu, KOTOpbIE  CONPOBOXKIAIOTCS  BBIACIICHHEM  TEIUIOTHI,  HA3bIBAIOTCS
skzomepmudeckumy. Ilpm HX TPOTEKAHUH TEIUIOCOJAEPKAHUE CHUCTEMBl YMEHbILAETCS
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(AH < O) HpI/I MMPOTCKAHNHU KC DOHAOTCPMHUUCCKUX peaKHI/Iﬁ, naymux C IOorjiomeHueM TeCIlIa,

Temoconepxkanne ysernunsaercs (AH > 0).

B 3aBucumocTH OT XapakTepa HPOUCXOIAIIEIO MPOIEecca pa3iuvyaroT TEeIIOThI
oOpa3oBaHMsl, CropaHusi, pacTBopeHuss U T.1. lloHATue o Temyore 00pa3oBaHUS BeEIIECTBA
SIBIIICTCSL OJTHUM M3 BOKHEUIITUX B TEPMOXUMHUH.

Tennomotui  obpazosanus (AH(,@W,) HA3bl8AIOM  MeNnnoeol 3pgekm peaxkyuu

006pazo6aHusi 00HO20 MOJIb CLOICHO20 BEUWyeCmea U3 NPOCMbIX, YCMOUYUGHIX NPU CMAHOAPMHBIX
yCnosusix (T=298,15K; P=101,3 klla). Temnors 00pa30oBaHUsI HEKOTOPBIX BEIIECTB

npuBeseHbl B Tabnune 6.1. OOpaTuTe BHUMaHHE HA TO, YTO Meniomvl 00pazo8anusi npoCmulx
geujecms, yCTOWUUBBIX IIPU CTAaHIAPTHBIX YCIOBUSX, NPUHAMbL PAGHLIMU HYTIO.

Tennosou 3¢hghexm Xumuueckou peakyuu 3a8UCUmM OM HPUPOObL U DHUIUYECKO20
COCMOANUSL UCXOOHBIX 8eUjecm8 U NPOOYKMO8 Peakyuu U He 3asucum om nymu e€ npoeeoeHus.
TennoBeie d(HPEKTH 3aBUCAT OT CTPOSHHUS PEATHPYIONIUX MOJEKYJ, MOAITOMY TEOPETUYECKH
paccuuTaTh MX HEBO3MOXHO. 3akoH I'ecca TO3BOISIET Ha OCHOBAaHUU OIPAHUYEHHOTO
KOJIMYECTBA ONBITHBIX JAHHBIX IO TEIUIOTaM OOpa30BaHUs BBIYUCIATH TEIIOBBIE A EKTHI
0O0JIBIIIOTO YKCIA PEAKIIUH.

OCHOBHBIM 3aKOHOM TEPMOXHMHH SIBIIICTCS 3akoH I ecca, B OCHOBE KOTOPOTO JICKHUT
3aKOH COXPaHEHUS YHEPTUU:

Tabnuya 4.1 — Tennomosl 06pazo8anus HEKOMOPLIX GEUECME

Bewecmeso AH (05 500/ MOMD Bewecmeo AH 55,5
K/[orc/mone
ALO, (1) ~1675 H,O(r) —242
AL(SO,); (1) 3434 H,S(r) —20
CH, (r) 75 MgO(r) —601
C,H,(r) -85 Mg(NO,),(T) =790
CH, (%) 49 NO,(r) 33
CO(r) ~110 NaHCO,(t) 914
CO, (1) 393 Na,CO, (1) —1129
COS(r) ~137 Na,S(T) =372
HCl(r) —92 Na,SO, (1) —1090
HNO, () ~173 Na,SO, (1) —1388
CuO(r) -165 POCI, () =597
Cu(NO,), (1) —307 PCI, (1) —369
H,0(x) 286 SO, (1) —297

B cootBercTBUM ¢ 3akoHOM lecca: mennogoi 3¢pghexm psda nocredosamenbHbix
peakyuii paseH mMeniogomy 3pgexmy Opyeoeo paoa Nocied08amelbHblX peakyuil, eciu
UCXOOHble geujecmaa U npoOyKmul npespaujeHull 00uHakossvi. Ha 0OCHOBaHMH 3TOTO MOJX0Ja C
TEPMOXUMHUYECKUMH YPABHEHUSIMH MOXXHO OIIEPUPOBATH TaK K€, KaK U C alreOpanvecKuMHu.
TepmoxumuuecKuMy HA3b18AIOMCA XUMUYECKUE VDABHEHUS, 6 KOMOPbIX VKA3AHbl Meniosvie

aghghexmul peaxyuil.
N3BecTHO, 4TO B HEU30IMPOBAHHBIX CUCTEMAaX MPH OTCYTCTBUU BHEIIHUX BO3ACUCTBUN
CaMOTIPOU3BOJILHO TTPOUCXOJISIT IK30TEPMHUUCCKUE PEAKITUN (AH< 0). OcobGeHHOCTBIO

XUMHNUYCCKHX HpeBpameHHﬁ ABJIICTCA Y4aCTUC B HHUX OOJIBIIIOTO YHCIIA qJaCTHII. I[HSI TaKuX
cucTeM Hambolee BEpPOSATHO COCTOSHHE Oecropska, XapakTepu3yeMoe OJHTpONmei .
M3meHeHne SHTPONNH MPH XUMUYECKUX PEaKIHAX PacCUNTHIBACTCS HA OCHOBAHHUU CIIC/ICTBHS U3
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3akoHa I'ecca. KadecTBEHHO 3HAK WM3MCHCHMS OHTPOIIMKU MOXKXHO OLCHUTH, COIIOCTaBUB
KOJIMYECTBO Fa3006p33HBIX BCIICCTB J10 U MOCJIC pCaKIHH.

Bonpocsl u 3ananust
Ilpumep 1. BplUUCIUTh CTaHIAPTHYIO TEIIOTY OOpa3oBaHHUs OKcHja sxeie3a (+3) mo

CJICAYIOIUM TCPMOXUMHUYCCKUM YPABHCHUAM:
1) 2Fe , + O, =2FeO,; AH, = -532 x/lxk;

?
2) 4FeQ, + O, =2Fe,0,,,; AH, =-584 k]l

2(r)
Pewenue. 3anuimeM TepMOXHUMHYECKOe ypaBHeHHe obpasosanus Fe,0; u3 mpocteix

BCIICCTB.

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

Jns toro utoObl W3 ABYX JAAaHHBIX YypPaBHEHUH MONYYUTh HUCKOMOE 3), HYKHO
ypaBHEHHE 2) pa3lIeNIUTh HA JBa M CIOXHUTH ¢ ypaBHeHueM 1). Takue ke anreOpandeckue

NEHCTBUSI MPOBEAEM C TEIUIOBBIMU J(QQEeKTaMu MaHHBIX pEaKUud U IOJYyYUM HCKOMYIO

BEIIMYUHY AHX.p_ :

2Fe , + 1,50, =Fe,0,: AH

( 3(r)?

=0,5:(-584) - 532 = -824 xJI5x/MOIIb.

?.

Jns pacueta TEmIOBBIX A(PPEKTOB XUMHUYECKUX PEAKIIMHA YacTO HCIOJB3YIOT MEPBOE
CJIEICTBUE U3 3aKOoHa [ ecca:
Tennosoui 3¢ppexm xumuueckou peakyuu paseH cymme mMeniom o00pa3z08aHus

IMPOAYKTOB PCAKIIUU 3a BBIYCTOM CYMMBbI TCIIJIOT O6pa3OBaHI/I$I HCXOAHBIX BCIICCTB:

AH,, =3 AH =3 AT 4

Ilpumep 2. PaccumraiiTe TemioBod 3(PQeKkT peakiuu TOpPEeHHs HSTaHa HCXOAS W3
CTaHJIAPTHBIX TEIIOT oOpa3oBaHMs. Kakoe KOTMYECTBO TEIUIOTHI BBIICIUTCS WIH MOTJIOTHTCA,

ecnu: a) cropaet 90 r stana; 6) obpasosanock 89,6 1M’
CO, (ny.).
Pewenue. 3anuiieM TePMOXUMUYECKOE YPAaBHEHUE PEAaKIIMK TOPEHHS dTaHA B pacueTe
Ha | MOJB!
C,H,, +3,50

6(r) 2(r) - 2C02(r) + 3H20(H\.); AHx.p. =7 K,H)K

PaccunTaem temnoBoi 3¢pdekt peakunu no nepBoMy CIeACTBUIO U3 3aKoHa ['ecca:

_ oop. oop. oop.
AH, , =3AH, 5 +2AH:; —AH

H,0 G H »

oop.
AH 5 =0, Tak kak 5T0 IPOCTOE BEIIECTRO.
[ToxacraBuM 3HaUeHMSI TETUIOT 0Opa30BaHUs U3 TAOIUIIBI 6. 1:
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AHX'P‘ =3+(-286) + 2+(-393) + 85 = -1559 x/I:x/MOTb.
[Tockonbky AHXAp_ <0, peaxuust 9K30TePMHUUYECKASL.
o ypasuenuto peakiuu cropaet 1 moms C,/H, t.e. 30 r. Ilo ycnosuio 3amaun B

peakuuio Berymuiio 90 r C,H ¢, uto cocrapnser:

m..
n(C,H,)= e 902
M 30 2/ monw

CaHsg

5

=3 monw .

Torma KOJIM4YECTBO TeIlIa, BhIAeNEHHOTo MpHu cropanuu 90 r aTaHa, Oyaer:

Q=nAH_ =3 - (-1559) =-4677 x/lx.
ITo ypaBHEHHMIO PEaKIMK U3 OJHOTO MOJb 3TaHa obpasyercs 2 mons C 02. Hanomuum,
4TO MOJIb Ta3a, IIPU H.y., 3aHUMaeT 00beM 22,4 v, 1o yenosuro 3amaun o0pazoBanock 89,6 nm’

CO,, uto cocrasser:

Veo, 89,6
n= 2 = =4 monw .
224 22,4

KomnunuectBo TCIUIA, BBIACIIKICMOC IIPU 3TOM, PABHO!:

Q=nAH,  =4- (-1559) =- 6236 xJIx.

TemnoBoit 3hpexT XuMHUYecKol peakiuu MOKHO TaK)K€ BBIYMCIIUTD, UCII0JIb3Ys BTOPOE
CJIECTBUE U3 3aKOoHa ['ecca:
TennoBoil 3¢ ekt XUMUYECKOH peaklMu paBeH CyMMeE TEIUIOT CTOpPaHMs MCXOJHBIX

BCHICCTB 3a BBIYCTOM CYMMBI TCILJIOT CropaHrd KOHCYHBIX BCIICCTB!

“ ceop . “
Tennomoti ceopanus eewecmea AH " naszvisaemcs mennosoii s¢hpexm peaxyuu

OKUCTIeHUSL 0OH020 MOJlb sewecmea KMCJZOpOdOM C 06pa30861H1/l€M eblcUlUX (yCl’l’lOlzlluGbl)C)

oxcu0og. JIns opraHMYecKHX COEIWHEHHH TEIJIOTOW CrOpaHUsl Ha3bIBACTCS TEIUIOBOU A(PQeKT

PeaKIuu MoJIHOro cropanus 1 MoJb JaHHOTO OpraHmdeckoro semectsa ¢ oopaszoanuem CO, u
H,0 . CrangapTHble TEIIOTHI CropaHus MpuBeeHbl B Tabnuie 6.2. O6paTHTe BHUIMaHUE Ha TO,

yTo TernoTh cropanus seicuux okcunos (CO, u H,0) papub Hymo.

Bewecmeo AH ", klowc/mone Bewecmeo AH ", klowc/mone
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CO
CH,
C,H,
C,H,
C,H,OH

-283
-890
-1300
-1560
-1367

CH,COOH
CH,COOC,H,
C,H,COOH
H2

NH,

N,O

-874
-2254
-1370
-286
-383
-69

Ilpumep 3. Paccumraiite TeruioBor >PQeKT peakuuu 3TepuUKaIuN UCXOMIS

U3 CTaHAAPTHBIX

Tabauya 4.2 — Cmanoapmuvle SHMAIbAUU CCOPAHUSL HEKOMOPLIX COeOUHeHUll TETUIOT CTOPaHHUS.

Kakoe koanM4ecTBO TEIIOTHI BBLACIIUTCA WA HOTJIOTUTCA, €CJIW B PCAKIHUIO BCTYIIHUIIO 138 r

3TaHosa’?

Pewenue. 3anumieM TEpPMOXMMHUYECKOE YPABHEHUE PEAKIMH:

C,H.OH,,

+CH,COOH ——‘—> CH,COOC,H,

SE)

+H, 0, s AH,

() ?

=7 kJIxK.

TenoBoit 3¢ (ekT XUMUUECKOHN peakiuy PacCUUTaeM 10 BTOPOMY CIIEICTBUIO U3

3akoHa ['ecca:

AH ceop

H,0

[TogcTaBuM YHCIIEHHBIE 3HAYEHUS TEIJIOT CTOPAHUS M3 TaOJIUIIBI 6.2:

= -1367 - 874 + 2254 = 13 x/I;x/Mo0nb,

AH, , =AH:

C,H;OH

+ AHSY

CH;COOH

— AF {caop

= (), TaK KaK BOJia — OTO BBICIIINHM OKCH/I.

AH

X.p.

tak kak AH | e 0, peaKkLus SHA0TEPMHUUECKASI.

CH,COOC,Hs

[lo ypasuenuio peaxiuu pearupyer 1 moms C,H.OH. Ilo ycnosuto zamaun B

peaxtmio Berymuio 138 1 C,H,OH | uro cocrapnser:

Torma KOIM4YECTBO TCI11J1a, IIOIrJIOICHHOI'O B JIaHHOM pCaKkuuun:

=3-13 =39 kJIx.

m
n =

C,HsOH

1382

M

CoHsOH

Q= nAHX‘p'

46 2/ monw

=3 monwv

CnenctBust U3 3aKkoHa ['ecca MPUMEHSIOTCS TaKXKe MPU TEPMOXUMHUYECKUX pacderax

A1 onpE€ACICHUA TCIIIOT 06pa3OBaHI/I$I HJIN CTrOopaHuUsA HCXOJHBIX BEIICCTB HWIIM IPOJYKTOB

pCaKknuu.

Ilpumep 4. BpraucnuTe CTaHIAPTHYIO TEIJIOTY OOpa3oBaHMs OEH30Jia HA OCHOBAHHH

TEPMOXUMHYECCKOTO YPAaBHCHHA PCAKINU €T'0 CrOpaHUA:
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CH,,, +750,,=6CO,, +3H,0,; AH_, =-3133 k/lx/Moub.

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

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

f F’ — 3 f F(oﬁp + 61 F’()ﬁ‘n _ f F({ﬂ()p.
x.p.

H,0 co, CeHy *

oop.
AH "™ =0, Tak Kak 9TO IIPOCTOE BEWIECTBO. BRIpasuM TeIIoTy 00pazoBanus GeH30Ma:

f F(()(’)p. — 3 . f F{U&p. + 6 f F{Oﬁ[). . f F[.\.'p_-

CyH H>0 Co,
[NoxcraBuM 4mMcClIEHHBIE 3HAYEHUS U3 TaOIUIE! 6.1:

AHE%( = 6(-393) + 3:(-242) + 3133 = 49 x/>x/mMmo011b.

Ilpumep 5. Boluucnute craHmapTHyio Temnoty cropanust anetunena C,H, na

OCHOBAHUH TCPMOXUMHUYCCKOI'0 YPAaBHCHUA:

¢, H,, +CO, +H,0, —— CH,=CHCOOH,; AH =-213 k/Lx/MOb.

)

AKpWIIoBadg KUCIIOTa

Pewenue. I1o BTopoMy CIIEICTBHIO U3 3aK0Ha ['ecca:

_ ceop ceop ceop ceop
AH, ,=AH 'y +AH " +AH " —AH -

C,H,COOH >
ceop

rne AH H0 = 0.
OTtcroa BbIpa3uM TEIJIOTY CTOPaHUs alleTUJIEHA:

A =AH,, ~AHE) + A

CH, C,H,COOH * 5

AHZ? = 213+ 283 - 1370 = -1300 x/I>k/MOTE.

C,H,
Ilpumep 5. Paccunraiite U3MEHEHUE SHTPOIIUU IIPU CUHTE3€ aMMHUAKa.

Jlid pelieHus 3ajauy 3ayileM YpaBHEHUE peakluy B pacueTe Ha | Molb aMMHuaka:

0,5N, +1,5H, =NH, ; AS,_ =?/loc/ mone- K.

3HaK HM3MEHCHUS OHTPOIIMU MOXHO YCTAHOBUTH II0 KOJIMYECTBY MOJIb F33006p83HBIX

BCIICCTB.

An=n_ -n,  =1-(0,5+1)5)=-1,

KOH. Hnc

rac nKOH' nn — KOJHYCCTBO MOJIb KOHCYHBIX M HCXOAHBIX BCIICCTB, An — U3MEHEHHE

HCX.
KOJINYECTBA MOJIb a3000pa3HbIX BELIECTB IPU PEaKIUH.
Hockonsky An < 0, To B pesynbrare peakiuu 6ecnopsI0K B CHCTEME YMEHBIIAETCS.

COOTBETCTBEHHO SHTPOIINA paCCManHBaeMOﬁ CHUCTEMBbI TaKXKC Y6LIB8.€T. HpOH?»BCI[eM pacueT

HU3MCHCHUS DHTPOINU ITPU 3TOM pCaknuun B COOTBETCTBUU CO CIICACTBUCM U3 3aKOHA I'ecca:

AS{f_p_ = S;Hg —-0,5 -ng -1,5- Sff,z.,
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rac SO — CTaHAAPTHBIC OHTPOIINH BCIICCTB.

HO,Z[CTaBI/IM UX YUCJIOBBIC 3HAUCHU A
AS? =192,8-0,5-191,6 - 1,5-130,6 = -98,9 Jlx/moms - K.

B uzonupoeanmoii cucmeme (npu omcymcmeuu obmeHa dHepeueli U 6eujecmsom co
cpeooli) 8o3pacmanue SHMPONUU ABIAEMCA Kpumepuem CamMonpoussoIbHO20 HPOMeEeKaHUsl

peaxyui. B TpuUBEJEHHOM HpUMEpPE CaMOIPOMU3BOJIBHOE IPOTEKAHHWE TPSAMON peakuuu

0
neBosmoxkHo, Tak kak AS, < 0. Kak msBectHo, HampaBieHHE NPOTEKAHHS XHMHYECKHX
TPOILIECCOB ONpEeNsieTcs AecTBreM aBYX (akropos: suramemmitnoro AH - (crpemenue

CHCTEMbl K MHHHUMYMY OSHepruu) u surpomuitnoro AS ~— (cTpemieHHe K IOCTHKEHHIO

p-
MaKCUMaIbHOTO Xaoca). OHM 00BEAUHSIIOTCS H300apHO-U30TEPMHUUECKIM TTOTCHIIHAIOM:

AG. =AH —-TAS
X.p. X.p. X.p. (46)

Kpumepuem camonpouszgonvrnoco npomexanus peaxyuu seisemcs yOulib U300apHO—

U30MEPMUYECKO20 NOMEHYUaNd AGX, P 0. Yem mensme Benuumna AGX.,,,, TeM OOJIBIIE

BEpPOSITHOCTh MPOTEKAHUS XUMHUYECKON peakiuu. Takum o0pa3oM, C TOMOIIBIO AGX, ». MOXHO

MIPOTHO3UPOBATH BO3MOYKHOCTh XUMHUYECKOTO MTPEBPAILICHHS U JAeTaTh MPAKTUIECKUE BBIBOIBI.
Ilpumep 6. BO3MOXXHO JIMI COBMECTHOE XpaHEHHUE Ha CKJIAJAe ATHICHIJIUKOJS
(arTH(dpU3HAS KUAKOCTH) U KATUHHOU cenuTphl (ynoopenue)?

N3BecTHO, YTO STHUJICHIJIMKOJIbL, KaK M MHOTHE OPraHUYeCKHE BEIIecTBa, o0amaeT

BOCCTaHOBUTCIIbHBIMHA CBOﬁCTBaMH, a KN03 SABJIACTCA OKHCIHUTCIICEM. OIleHI/IM, BO3MOKHO JIN

MMPOTCKAaHWEC pCaKIuu MECKAY OTHMHU BCIICCTBAMMU. O[[I/IH N3 BO3MOXHBIX BapHUAaHTOB
MIPEBpAILEHHS 3aIUCBIBACTCS CIISIYFOIIUM 00pa3oM:

3C,H,0, + 10KNO, =6CO, + 4H,0 + 10NO + 10KOH.

B cooTBercTBMU CcO cleacTBHEM U3 3akoHa I'ecca H306apHBII>i OTCHIHAJI JaHHOI'O
MMpEeBpalICHUA MOXKCT OBITh BBIPAXKXCH 4UCPEC3 I/I306apHLI€‘ IHNOTCHIIUAJIbI O6p330BaHI/IH Y4aCTHHUKOB

IIPEBPALLCHUS:

AG. = (f 6- AG;’!;;; +4.AG ;;;f;) +10-AGY +10-AGY, ': —(3- AG;’.?{}“OE +10-AG, |

npeep

IToacTaBMM YHCIOBEIE 3HAYEHUS U3 TAOIHIEI 3:
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AG.  =6-(-394,6) + 4(-228,8) +10-80.6 +10-(-379.3) - (3-(-319,4)+10- (-393.4)) =

npeap
=-1377,6 k]I k.

Teneps BBIYMCINM W3MEHEHHE M300apHOTO TMOTEHIMAa XUMUYECKON peakiuu B pacyeTe Ha |

MOJIb OTHUJICHTJIMKOJIA:

AG,, =AG,  In., . ==1377,6 koxc/3 voas =—459,2 k/wc ! voae.
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TakoMy n3006apHOMY MOTEHIMATY COOTBETCTBYET TEPMOXMMUYECKOE YPAaBHEHUE:
10 4 10 10
C,H,0,+—KNO, =2C0O,+—-H,0+—NO+—KOH; AG, b= ?
i -3 ’ -3 3 3 o
Tabnuya 4.3 — 3nauenus cmaHOApmMHbIX NOMEHYUAN08 0OPA30B8AHUSL HEKOMOPBIX BeUjecns

AG’ (x/[oic/monb)

obpas.

Bewecmso | AG? Bewe cmeo | AG? .| Bewe AGY Bewe AG?
o6pas. o6pas. cmeo o6pas. cmeo o6pas.
LiH —68,7 SrH, -140 CHF, —644,7 C,,H, 201,0
NaH -33,6 BaH, -151 | CHCIF, —429.4 H,0, —228,8
KH -34 Ca(OH), -899 CF, —888,9 H20(>l<) —237,4
RbH —27,6 | Sr(OH), —876 CCLFE, —435 H202(>K) -120,5
LiOH —439 | Ba(OH), —855 C,F, —615,7 KNO, -393,4
NaOH -380 CO, -395 C,H,O, -319,4 KCl —409,0
KOH -379 CH, -50,8 | C,H,(OH),| —477 KMnO, | -729.6
RbOH -374 CH,F -223,1 | C.H,0,| -1125 MnO, —467,0
BeH, +15,5 CH,O -110 | C,H,CI 89,3 NO 80,6
CaH, —-138 CH,F, —418,3 | C,H,CH, 113,8

[TonyueHHOe U3MEHEHHE U300apHOTO MOTEHIMAlIa PeaKI[Mi MEHbIIE, YeM N300apHbIe
NOTEHIMAIbl 00pa30BaHMs MHOTHX BelecTB. [103ToMy npoTekaHue Takoi peakiuu BecbMa
BepoATHO. OTCI0/1a CIIEYET IPAKTUUECKUN BBIBOJI: COBMECTHOE XPAHEHHE dTUIICHIVIMKOISA U

CCIIMTPBI Hec)onycmumo, TaK KaK MOKCT NPHUBCCTHU K CAMOBO3TOPAHUIO.

Kpurepuit AG, b 0 moxer 6bITH IIPUMEHEH M Ui aHalIW3a YCTOMYMBOCTH

XUMHNYCCKHX COCI[I/IHGHI/Iﬁ Ha OCHOBAHHHU BCIIMYHUH HX I/I306apHLIX INOTCHIINAJIOB 06pa30BaHI/I${.

YeM MeHbIIIE AGx.p, , TEM IIPOYHEC MOJICKYJIA.

Ilpumep 7. Ha ocHOBaHMM M300apHBIX NMOTEHIMAIOB 00pa30BaHMs MOJEKYJ cAelanTe
BbIBOJ1 00 yCTONYHMBOCTH (PTOPIPON3BOAHBIX MOJIEKYJ METAHA.

Boinumiem u3 tabnuiiel 4.3 n306apHbie MOTEHIIMAIBI 00pa30BaHus GTOPIPOU3BOIHBIX:

CH, |-508
CH,F |-223.
CH,F, |-4183
CHF, |-6447
CF, 8889
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J% k3 MNPUBCACHHOTO psidJia BUAHO, YTO C YBCIMYCHHUCM KOJIMYCCTBA 4aTOMOB (I)Topa

ycroituuBocTs Mosekyn Bospactaet. [ monexyn CH, u CF, moxno Bbrauciuts uzo6apusie

norenmansl (Koic/ monw) cesseit AG.”™ =—13 u AGZ"" =—-222,2 . D10 TOBOPHT O

BeicOKOM Tmpounoctu cBsisu (C-F. B 1o ke BpeMs B CMEIIAHHBIX TaJOT€HOBOIOPOIAX
M300apHBI TMOTEHIMAN O00pa30BaHUS HE MOXET OBITh PACCYUTAH IyTEM CYMMHPOBAHHS

M300apHBIX TOTEHIIMAJIOB CBSI3€H, YTO CBSI3aHO CO B3AaUMHBIM OTTAJIKUBAHUEM aTOMOB.

B mporiecce xuMuueckoro npeBpamieHus GyHKIHs AGX, ». YOBIBA€T 710 TEX MO, MOKa
HE HACTYIIUT COCTOSTHUE XUMHUUYECKOTO paBHOBECHUS. B COCTOSTHMM paBHOBECHUS SHTAJIBIIUUHBIN U
SHTPONUMHBIN (PAKTOPHl CPAaBHUBAIOTCS. YCIOBHEM XHMHUYECKOTO PABHOBECHUS SIBISETCS

pasercro AG, b= 0, coorserctByromee pasercrey AH = TAS.

Ta6nmuunpie 3mauenns  AH® g AS? OTHOCATCA K CTaHAAPTHBIM  YCIOBUSIM

(T =298 K; P=101325 IIa). dopMyna myisg pacueta H300apHOTO MOTEHITMATA AG?

p.

IpUOOpeTaeT BUA:

0 _ 0o _ 0
AG., =AH_ —TAS, (4.7)

Orta ¢opMmyna umeeT NPUOIMIKEHHBIH XapakTep, HO IMO3BOJSET HAa OCHOBAHUU

0
AG,\'A/L = 0 pacCUUThIBATh TEMIICPATYPY, COOTBCTCTBYIOUIYIO PAaBHOBCCHOMY COCTOSHHIO
CHUCTCMBI.
ﬁ F{O
T
pasi ASO . (48)

[Ipu wucnonp30BaHUM 3TOW (GOPMYJIBI HAJO MOMHHUTH, YTO PA3MEPHOCTH TAOIUUHBIX
3HayeHuii He cornacoBanbl: AH{ wsmepsercs B k/x/mMonb, a AS — B [Ix/mMons K. TTosTomy mpu
HOJCTAaHOBKE TaONMYHBIX 3HaucHUM 3HaueHue AJJ° mepeBomurcs B J[K/MOIb C HOMOLIBIO

MuoxuTens 10°.

Ilpumep 8. Berauciante n300apHbIe TOTCHIMAIBI IJIs1 PEaKIIUN
2NO + 0, =2NO,
npu Ttemneparypax 600 — 1000 K, mocrpoiite rpapuk AG -T wu caemaiite BbIBOL 0

HalpaBJIEHUH peaKklU MIPU Pa3HbIX TeMIIepaTypax.

3anuiueM ypaBHEHHE pEakluy B CTAHJAPTHOM BUJE:

2NO + 0O, =2NO,; AS, =7 J]c/ mons - K.
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B cooTBeTcTBHHU CO CIIEACTBUEM U3 3aKOHA Fecca, BbIPA3UM U3MCHCHUC SHTPOIINHU TIPU

XUMHUYECKON PEAKIMU YEPE3 SHTPOIIMU YYACTHUKOB PABHOBECHS:
0 0 I o 1
AS =S, —S,,—=S, =240-211——-205=-73,5 o/ moas - K.
NP, NO, NO 2 [} 2 :
AHAJIOTUYHO HallIeM SHTAJBIINI0 XUMUUECKOU PEaKIINH:
0o 0op. o0op. __ _ )
AH ., =AH 5 = AH o =32 =90 = =58 kloic/ mone.
HamomuuMm, 4T0 TEmnoTsl 00pa30BaHUs MPOCTHIX BEIIECTB MPHUHSATH PAaBHBIMHU HYIIO (

AHJ" =0).

0,
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Tenepb BBIUUCIIUM TCMIICPATYPY, IIpU KOTOpOI\/'I AOCTUTACTCA TCPMOAUHAMHUYCCKOC

paBHOBecHe:

_—58-10°

pasi

=789 K.

M
W300apHblil MOTEHIMA IPU Pa3HBIX TEMIIEpAaTypax paccuuTaeM 1o Gopmylie C y4eToM

MHOxuTeNns 107:

AG’ =-58+73.5-10" kJIx.

x.p.
Tockonsky AS <0, 1o pynxuus AG. ,. = f(T) — Bospacraromas.

[ToncraBnsisi 3Ha4YeHHWs] TeMmIepaTyp U3 YCIOBUS MpUMepa, HaiineM wu3o0apHbIe

MOTEeHUHUANBI (K/[orc/MOb):

AGyy, =-13,9; AGY,, = -6,55; AGy,, = 0.8; AGo,, = 8,15; AG,,, = 15.5.

600

Ha ocHOBaHUM 5THX JaHHBIX CTPOUM TpaduK:

T,K 600 700 800 900 1000
AG? -13,9 -6,55 0,8 8,15 15,5
X.p.
AG,kbk/mons |
15
10 —
51 obpatnan
Touan peakuus
o // 1 T |
600 700 800 200 T,K
-57] npamas
peakuus
=107

Pucynok 4.1. I'paduk 3aBUCUMOCTH U3MEHEHHS U300apHOTO MOTEHIMAaa

OT TCMIICPATYPbI

U3 rpapmka crmexyer, uro mpm 1 < TpaBH, npeoOiagaeT mpsMas peakuusi, Npu

T>T — oOparHas. IlockonabKy peaknus SK30TepMHUYECKas,

paBH.

HaIPaBJIEHHOCTh PEAKIIUU OIpEACISIeTCS TpeodialaHieM SHTAIbIIMAHOTO, (dakTopa, a TMpHu
T>T — sHTponuiHOrO (hakropa. OTMETHUM, UYTO HACTYIUIEHHE PABHOBECHS BO3MOXKHO

paBH.

TOJIBKO TOT/1a, Koraa 3Haku u3menenus pyukiuit AH u AS onunaxossi.
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ba30BbIi1 ypoBeHb

1. Beruucnute Temoty oOpa3oBaHus MOAYEPKHYTOTO B YPAaBHEHHN BEIIECTBA, UCXOJS

N3 TCPMOXUMHUYCCKOI'0 YPaBHCHUA

Ne Vpasnenus peaxyuu AH Omeeny:
3a0ayu e o AH ",
K/[orc | monw
I | 1)4NH, +50, =4NO + 6H,0,, -1169 90
2) 4NH, +30, =2N, +6H,0, -1530
2 | 1)4As,, +30,, =2As,0,, -1328 925
2) As,05, + Oy = As,0; -261
3 1) CuCl,,,,, + Cu,,, =2CuCl,, -56 ~136
2) Cu,,, +Cl,, =CuCl,,, -216
4 |1)2P, +3Cl,, =2PCl,,, -574 375
2) PCl,,,, =PCl,,, +Cl,, 88
5 |1)2Pb,, + O, =2PbO,, 438 77
116

2) 2PbO,, =2PbO,, + O, ,

2. Paccuwmraiite TeruioBoM S(QeEeKT yKazaHHOW pEaKIMh HMCXOAs U3 CTaHIAPTHBIX

TCIIJIOT 06pa30BaH1/1;1. Brruncanre TakkKe KOJIUYECTBO TEILIOTHI (Q)g KOTOPOC BBIACIIUTCA HUIIN

IMOTJIOTHUTCA, CCJIM B JAHHYIO PCAKIIHUIO BCTYIIHUIIO mr MEPpBOro BCUICCTBA.

No Ypaeuenus peaxyuu m, > Omeemui
3a0ayu Q, xc/monw

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

7 Siy 12C0,,, =80, +2CO, 64 538

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

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

10| 2NaHCO,,, =Na,CO,, +H,0,, +CO,, | 252 96

3. Boruucnure temnoBoit 3¢ GeKT ykazaHHON peakluu UCXO/s U3 CTAHJAPTHBIX TEIUIOT

CropaHusl. Paccuuraiite KOJIMYECTBO TCIUIOTBI, KOTOPOC BBIACIUTCA HIIW MNOTJIOTHUTCHA, CCIIM B

JAHHYIO PEAKIUIO BCTYNUiI0 V M’ TIEPBOTO rasa.

No VYpasuenus peaxyuu V, o’ Omeemul
3a0a4u Q, xllc/monw

11 2CH4(F) + Oz(r) = ZCO(I‘) + 4H2(I‘) 89,6 140

12 2NH3(F) + 20z(r) = NZO(F) + 3HZO(F) 67,2 —1045,5
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13| CH,, +2CO,, =4CO, +H,, 112 590
14 | CH,,, +CO,, =2CO,, +2H, 44.8 496
15 | C,H,, +H,,=2CH,, 56 ~165

4. PaccuuTaiiTe CTaHZApTHYIO TEIJIOTY 0Opa3oBaHUs NEPBOTO B YpaBHEHHH BEIIECTBA

UCXOMS U3 IPUBEACHHOTO TEPMOXMMHYECKOTO YPABHEHHS PEAKIIMU U JAHHBIX 110 A [ %" .

Ne 3a0auu Ypasnenus peaxyuu AH“@",
K/[oic | monw
16 2A1,0,,, + 650, +30,, =2AL(S0,), —1736
17 4NO,,, + 0O, +2H,0,, =4HNO, —252
18 2Mg(NO;),,, =2MgO,,, + 4N02(r) +0,, 510
19 2Cu0,, +4NO,, + O, =2Cu(NO,),,, —416
-176

20 Na,SO,, =Na,SO,,, +Na,S_

5. [1o maHHBIM TAONHIIBI BBEIYUCINTE M3MEHEHHE M300apHOTO MOTEHIIMANa 00paTuMoi

peaku npu Temneparypax: 800, 900, 1000 u 1100 K. Beruncnure taxxe temmeparypy,

pu KOTOpOﬁ OCYHICCTBIIACTCA PaBHOBECHUEC B CHUCTEMC. HOCTpOfITG Fpa(bI/IK 3aBUCHUMOCTHU

I/I306apHOI‘0 MOTCHIIMAJIa OT TCMIICPATYPhl U clenalTe BBIBOJBI O HaIllpaBJICHUU PCAKIUU IIPU

pa3HbIX TEMIepaTypax.

Ne 3a0auu Obpamumas peaxkyus AH® AS°
X.p.? X.p.?
K/[ic/monw Jlorc/monv K
1. SO,,, +0,50,, =80, —99 -93
2. CO,, +C, =2CO,, +173 +176
3. CO., +H,, =C, +H,0 -132 —134
4. CH,,+H,0, =CO +3H, +207 +216
S. C, T2H,, =CH,, 75 82
6. 3Fe,, +2CO,, =Fe,C, +CO,, ~149 ~155

IToBbllIeHHBIN YPOBEHB

I. Wcxons w3 ypaBHEHMS pEaKlUU, NAaWT€ KAYECTBEHHYIO OILICHKY W3 HW3MEHEHHUS

OHTPOIIMKU TPAMOro IIpoLecca (y‘ITI/ITe arperaTHbi€ COCTOAHHUA YYACTHHUKOB peaKI_II/II/I).

HCHOJ’IBSY&I MOJIBHBIC SHTPOIIHNU 3THUX BCIHICCTB, YKAKUTC, 6yII€T JIX MIPOTCKAaTh JaHHAsA pCaKlusd

CaMOIIPpOU3BOJILHO B I/I3OJ'II/IpOBaHHOI71 CHCTCMC.
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VYpasuenue peaxyuu Monvusie sHmponuu, Omeem
No Jlorc/monv K
3a0ayu 1 2 3 4 1 2 3 4 AS’
X.p.
1. NHm) + 3/402(r) = 3/2H20(r) + 1/2N2(F) 192 | 205 | 189 | 192 33,75
2. KC103(T) = KCI(T) + 3/202(r) 143 | 83 | 205 247,5
)
3. 2C(1) + 3H,,, = C,H, 74 | 131 | 229 -312
4, CH4(F) + 4C12(r) = CC14(>K) + 4HC1(F) 186 | 223 | 215 | 187 -115
5. C()H()()K) + NH3(F) = C()HSNH%K) + Hz(r) 173 | 192 | 191 | 131 -43

Cnncok Jurepatypbl, peKOMeHAyeMbli K HCI0JIb30BAHMUIO 110 JAHHOI TeMe

OcHoBHas MTEpaTypa:
1. Koporun, H. B. O6mas xumus : yaeonuk / H. B. Koposus. - 13-e u3n., mepepad. u gorr. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuart). - Pek. MOuH PO®. - IIpui.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. MuxanuHa, E. C. XuMus okpy»xarolei cpesibl : XMMHUs )KUBbIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 271eKTpOHHBIN // DneKTpoHHO-O0ubnoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum gocryma: mis
aBTOPU3HP. M0JIb30BaATENCH
JlonoJIHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Iox pen. A. . Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMUS METAJUIOB : yu4eOHOe TTocodme (I CTYICHTOB XMMHYECKOTO (aKyIbTeTa
HarpaBieHull 0akanaBpoB «XUMHUs» U «XUMHUYECKask TEXHOJIOTHUsA») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH yHUBepcuTeT M. @.M. JlocToeBckoro,
2015.—552¢c. —
ISBN 978-5-7779-1875-8. — TeKcT : 5eKTpoHHBIH // DnekTpoHHO Oubmmoreunas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocrymna: ans
aBTOPU3UD. M10JIb30BATENEH
Hnmepnem-pecypcoi:

1 http://window.edu.ru/ — eanHOE OKHO AOCTyIa K 00pa30BaTEeIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OnOIMOTeKa OHIANHY.

3 http://catalog.ncstu.ru/ — 3JEKTPOHHBINA KaTaJIOT aCCOLMALIUHU YJIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBefieHni u opranuzanuii CK®O

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpeITOE 0Opa3zoBanue

Tema 5. O01mue 3aKOHOMEPHOCTH NPOTEKAHUS XUMHYECKHX MPOLECCOB.
IIpakTHyeckoe 3ansaTHe S. CKOpPOCTH XMMHYECKUX peaKluil. XUMHYecKoe paBHOBeCcHe
Leab 3aHATHA: yrIyOUTh M OOOOLIUTH TEOPETUUYECKHE 3HAHHUS OOYYaIOLIMXCS O CKOPOCTH

XMMUYECKON PEaKlnu, 3aKpeNuTh 3HaHUE (OPMYJT BBIPAKEHHSI CKOPOCTH PEaKLWi, HAYYUTHCS
BBIMOJIHATh pacueThl, HCHOJb3ysd JaHHble (GopMmyibl. HayuuTbcs BBIBOAMTH KOHCTaHTY
XUMHUYECKOTO PAaBHOBECHS.

3HaHuA U ymenus, npnoﬁpeTaeMble CTYAECHTOM B pPE€3yJbTaTE 0CBOCHUA TEMbI

108



https://openedu.ru/

3HaTB: OCHOBBI CAMOOPTaHU3AIMH U CaMOOOPa30BaHHUS;
3HaTh: CyIIHOCTH M 3HaUeHHE WH(GOPMAIH B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBBI OJTYUYCHHS U
00paboTKH HHPOPMAITUN U3 PA3THIHBIX HCTOYHUKOB
3uath: PabOTHI MO pacyeTy U MPOSKTHPOBAHUIO JCTANICH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKLMU B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpPEIICTB aBTOMATU3AIIUHA TPOEKTUPOBAHUS
YMeThb: CaMOCTOSATENHHO CTPOUTH MIPOIIECC OBJIAICHUST HH(OPMAITHEH, 0OTOOpaHHOH U
CTPYKTYPHPOBAHHOM [IJIsl BBITOJTHEHHS MPO(HECCHOHANBHOM e TeNFHOCTH.
YMeTh: moiy4aTh U 00padaThiBaTh MHPOPMAIHIO U3 PA3INYHBIX HCTOYHHKOB
YMerh: TIPUHUMATH y4acTHe B paboOTax Mo pacyeTy U MPOCKTUPOBAHMIO JCTAICH U y3JI0B
MAIIMHOCTPOUTENbHBIX KOHCTPYKIHUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEICTB ABTOMATU3AIMU TIPOEKTUPOBAHUS

HanmenoBanue ¢GopMHpyeMBIX KOMIIETCHIUH

AKTyanbHOCTh TeMbI. Bee nporieccsl, KOTopble IPOUCXOAAT BOKPYT HAaC U BHYTpPH Hac,
UAYT ¢ mpeoOpa3oBaHUEM SHEPTUU U, IPUYEM C pa3HOU CKOpOCThio. Tak, mpoliecc nepenadu
HCPBHOI'O UMITYJIbCa COBEPIIACTCA B COTBIC NOJIU CCKYHbI, ITPOLUECChI YCBOCHU A ITHUIIN Tpe6y}0T
HECKOJIbKMX YacoB, a MPOIIECCHl CTAPEHUS MOTYT JJIUTHCS AECATUICTHS.

Bbosnsmroe MPAKTUYCCKOC 3HAUCHUC XUMHAYECKOU KMHETUKU COCTOUT B TOM, UTO OHa
paspelaeT onpeaesaTh, BO3MOXKEH UM HEBO3MOXKEH TOT HJIM MHON MPOIECC, U B KAKHX
YCJIIOBUAX OH IMMPONUCXOOUT. HpaKTI/I‘-IGCKOC 3Ha4YeHUe e O4YE€BHUAHO, TaK KaK, TOJIBKO 3Has 3aKOHBI
KHUHETHKU U MEXaHU3M PEaKIMil MOKHO YNPaBIATh XUMUUYECKUMHU TporeccaMu. OT CKopocTH
XUMHUYECKOU PC€aKuun 3aBUCUT BbIXOJ MPOAYKTOB, T.C. IPOU3BOAUTCILHOCTL TPyada U
anmapaTyphl.

Teopernyeckasi 4acThb

CKopocTh XMMHYECKUX peaKkiuii

VYpaBHEHMs] XMMMUYECKUX PEaKLUi, XapaKTepu3ys MHOTHME CTOPOHBI IIPOLIECCOB, HE
BCErJa JAI0T MOJHOE MPEICTABICHUE O CYIIHOCTH MPOUCXOIAIIUX IPEBPALICHUM.

Hekoropple XMMHMYECKHE TMpOLIECCHI, HANpPUMEP, PEAKLMHM DPA3JIOKEHHUS B3pPbIBUATBIX
BEIIECTB, 3aKaHYMBAIOTCS B Te€UEHHUE J0Jeil ceKyHbl. O4ueHb ObICTPO 3aKaHYMBAIOTCS PEAKIHU
B3aMMOJEHCTBHSI KUCIOT, LIeN0o4ed M coseld B pacTBope. OpraHMuyecKue e COSAUHEHHUS B
OOBIUHBIX YCJIOBHUAX B OOJBIIMHCTBE CIIy4aeB B3aMMOICHCTBYIOT MEXIy cOOOIl MeIeHHO.
Taxkum 006pa3zom, pa3Hble peaKlUU COBEPIIAIOTCS B HEPABHbBIE IPOMEXYTKH BPEMEHH, T.€. MOTYT
UITHU C PA3IMYHON CKOPOCThIO. [103TOMY Ha OCHOBaHHMH TOJIBKO YPAaBHEHHM OJHMX XMMHUYECKHX
peaxkuil Hellb3sl CyAUTb O CKOPOCTH IIpoLEcca.

Xumuueckas KuHemuka — 9MO Y4eHue O CKOPOCMU XUMUYECKUX NpOYeccos, Ux
HAnpasieHHOCMuU U 0 (PaKmopax Ha HUX GIUAIOUUX.

[lenp u 3a7a4yM XMMHUYECKONW KWHETUKH — H3BICKAHUE ONTHUMAJIBHBIX NapamMeTpoOB JIs
NPOBEICHUSI XMMHUYECKOTO CHHTE3a, a HMMEHHO: O0ecleueHHe MAaKCHUMaJbHOH CKOpPOCTH
nporecca, HanboJsee paluoHaIbHOE UCIIOIB30BAHUE CHIPhS K SHEPTOPECYPCOB U Ip.

VYCTaHOBIIEHO, YTO Ha CKOPOCTh XMMHUYECKHUX PEAKIUN BIUSIOT MHOTO (PaKTOpPOB —
KOHIIEHTpAlUsl B3aUMOJICHCTBYIOIIMX BEIECTB, TeMIepaTypa Mpolecca, Haauuue (UiIu
OTCYTCTBHE) KaTanusaTopa u Jp.

OKCHEPUMEHTHl TOKa3ajld, YTO YBEJIMYEHUE KOHIEHTPAlMH  B3aUMOJECUCTBYIOIIMX
BEIIECTB BBI3BIBAET YBEINYEHUE CKOPOCTH PEAKIIMH.

Ecnu B 3akpeITOM cocyzne NpH 3aJaHHOW TEMIEpAType pearupyroT JBa BeEIIECTBa B
ra3000pa3HOM COCTOSTHUH WJTU B PacTBOPE

AC + BD < AD + BC,

TO CKOPOCTb 3TOM pEaKIUH ONPEAEISETCS YMEHBIICHHEM KOHIEHTPAUK (MOJb/IM’)
BemectB AC u BD B enunuily BpemeHu (CEeKyHIy, MUHYTY, 4ac). Tak Kak ¢ TEYCHHEM BPEMEHHU
KOHIEHTpAllUsl Ppearupyrolyx BEIIECTB MaJaeT, TO 3aBUCHUMOCTb CKOPOCTH pEakUuu OT
KOHIEHTPAIIUU MOYKHO BBIPA3UTh CIEAYIOLUIUM 00pa3oM:
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O =—(AC/ A, (5.1)
T/Ie ¢ — CKOPOCTh NpsIMOi peakiuu, AC - MOJSIpHAsI KOHIICHTpAIHS, t — BpeMs.
['padraecku 3Ta 3aBUCUMOCTB N300pakeHa Ha pUCyHKeE 5.1.

A

v =~(AC/ At

C:
4
C
Puc. 5.1 3asucumocmo ta t —t’ VCKopocmu peaxkyuu om
8pemeHU
JIOBOJIBHO pacTpOCTPaHEHBI PEAKIMK TUTIA!
mA + nB—> cC, (5.2)

B KOTOPBIX HA M MOJIEKYJ BEIECTBAa A MPUXOAUTCS 1 MOJEKYJ BEUIECTBA B, mpu 3TOM m
H 1 OOJIBbIIE €IUHULILI.

OKCIEpUMEHTAIIBHO YCTAHOBJIEHO, YTO JUJISl TAKOTO MPOIIECCa CKOPOCTh MPSAMOMN peakuu
MOJKET OBITh BBIpAXKEHA CIEIYIOIINM 00pazoM:

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

r7ie /K - KOHCTAaHTa CKOPOCTH IMPSIMOM pEeaKIui — BEIHMYMHA, paBHAsI CKOPOCTH PEaKIHH

[P KOHIICHTPAIMSIX PEareHTOB PaBHBIX €IWHUIIEC; 0OPATHO MPOMOPIMOHAIBHAS BPEMEHH, X U Y
— HEKOTOPbIE YUCIIA, OTPEeIieMbIe ONIBITHBIM ITyTEM.

Koncmanma ckopocmu 3aBUCHT OT TeX k€ (PaKTOPOB, UTO U CKOPOCTh JTAHHOM peakiivy,
HO He 3a68UCUM OM KOHYEHMPAYUll peazupyrouux 6eujecms.

Koncranta ckopocTH XapakTepu3yeT peakiUi0 Jisi ONPEACJICHHBIX YCIOBUM —
memnepamypa, 0agieHue, KoIu4ecmeo U Kaiecmeo kamanuzamopa M T.1. Paznuunele peakuuu
MOHO CPaBHHUBATh TOJBKO €CJIM OHU MPOTEKAIOT MPU CTPOr0 OJUHAKOBBIX YCIOBUSIX.

VpaBuenus Tuma (5.3), yCTaHaBIMBAIOUIME OSKCIEPUMEHTAIBHO  OIPEIACICHHYIO
3aBUCUMOCTh CKOPOCTH PEAKIUU OT KOHLEHTpAIMil pearupyrommx BEUIECTB, Ha3bIBAIOT
KUHemu4ecKUMU YPasHeHUsMU peaxyuii.

Kunernueckue ypaBHeHus peakiuii (5.3) sBISIOTCS MaTeMAaTHYECKUM BBbIpRXKEHUEM
3aKOHa JIEWCTBUS MacC — OCHOBHOI'O 3aKOHa XMMHYECKON KHHETUKH: CKOPOCHMb XUMUYECKOU
peaxkyuu nponopyYUOHAIbHA NPOU3EEOEHUI0 KOHYEHMPAYULl peasupyoujux eeujecms 6 cmenexu
HEeKomopulx uucel, onpeoensemvlx Ikcnepumenmanvro (nepsas Gopmynuposka — H.U. bekeros,
1865 r; I'ynpnbepr u Bare, 1867 r.).

Tonpko MHOTA MMOKa3aTeNH CTENeHU KOHIIEHTpAIUK JJis TaHHOTO BellecTna (X, y U 1p.)
B KHHETUYECKUX ypaBHEHUSX (5.3) COBMAAIOT C €r0 CTEXHUOMETPUIECKUM KOIPPUITUEHTOM (X =
m;y = n ) B ypaBHeHUU peakuuud. OOBIYHO 3TO BBIOJIHSAETCS ISl SJIEMEHTapHBIX PEaKIuii, T.e.
peakuuii NpoXoaAlIUX B OJIHY CTaJIHIO.

[TprumMepbl PSAMBIX ATIEMEHTAPHBIX PEAKIIHI:

NO + O — NOy,
H +Cl — HCI;
N 204 — ZN 02.

Jlng  Takux peakuud CTEMEeHM B KHHETHMUYECKHUX YPaBHEHMSIX COBMAJAIOT  CO
CTEXHOMETPUIECKUMH KOd(DPHUIIMEHTaMU PeareHTOB B YPAaBHEHUHU PEAKIIHH.

Ilokazamenvy cmeneHu KOHYEHMpAyuu peazupyrouie2o 6euwecmsd 6 KUHEemUUecKom
VypasHeHuu peakyuu (X, y u Op.) Ha3vl8aemcs nopsoKoOM peaxyuu no oanHomy eeujecmsy. Tak,
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Hanpumep, Uit peakuuu (6.1.2) nopsanox no BemiectBy 4 paBeH x, o B — y. llopsakom xe
peakuuu B 1eJIOM (1) SIBISIETCS cyMMa MOPSIKOB 10 KaXI0My peareHTy Ul TaHHOM peakuuw,
Hanpumep, Uit peakuuu (6.1.2): n =x + y.

BenuuuHbl nopsiaka mo peareHTtam (X, y U JIp.) U IO peakuu B LEJIOM (72) MOTYT ObITh
mo0bIMH HeOoNbIIMMHU 1eTbIMU yucnamu (1, 2 u peako 3), paBHATbCA HYJIO MM OBITh
npooubiMu unciamu (1/2, 2/3, 3/4 u np.). Hanpumep, a1 peakiiyu CUHTE3a BObI

2H,(2) + O,(2) <> 2H>0(2)

MOPSAZIOK PeaKlMy, B 3aBUCUMOCTH OT MaplHalbHBIX JaBICHUN BOAOPOJA M KUCIOPOJa,
umeeT pobHoe 3HaueHue — 1, 0,5 u 0,7 (cm. Tabmuiy 5.1).

Tabmuma 5.1 — 3aBUCUMOCTH TIOPSAIKA PEAKINH OT MapIHATBHBIX JABICHUN KUCIOPOIa U
BOJOpOAA

o | oy [ P [ G
130 - 2600 26600 — 53300 v=kpy P, 1
2600 — 8000 20000 — 53300 v=hkpy pey] 0,5
8000 — 50600 1330 — 5300 v=hkp}pS? 0,7

HeoOXoauMbIM  yCIIOBHEM XHUMHUYECKOTO B3aMMOJICHCTBHS SIBISICTCS CTOJIKHOBEHHE
pearupyroInux YaCTUIl — MOJICKYJI, aTOMOB, HOHOB | JIp. B MOMEHT CTOJKHOBEHHUS SJICKTPOHHbBIC
o0J1aKa peareHTOB CMEIINBAIOTCs, 00pa3ysi MpU ITOM HOBBIE CBSI3H.

Yucno monexyn, 00HOBPEMEHHbIM 63AUMOOCUCEUEM MeHCOY KOMOPbIMU 8 MOMEHM
CMOJKHOBEHUSL  OCYWeCMBNAemcss — aKm — XUMUYeCKO20  Npespaujenus,  HA3bl8aemcs
MONEKYIAPHOCIBIO PeaKyUU.

Peakiuu  OBIBalOT MOHO-, OW- H TPUMOJCKYISAPHBIMHA. TPHMOJIEKYJISIPHBIE |
TETPAMOJICKYJISIPHBIC PEAKIIMd OuYeHb peAKH. V3BECTHBI JIMIIb HECKOJBKO MPUMEPOB
MICHTAMOJICKYJIIPHBIX PEaKITHii.

B "acTHOCTH, K MOHOMOJICKYJIIPHBIM PEAKIIAAM OTHOCST PEAKIUH PA3JI0KEHHUS MOJICKYIT
1 BHYTPUMOJICKYJISIPHBIX TIEPETPYIITMPOBOK, HAPHUMED, PEAKIINIO PA3JIOKEHHUS MOJIEKYT Hoja:

I(2) & 21(2).
Kunernueckoe ypaBHEHHE 3TOTO MPOIECCca UMEET TIEPBBIH MOPSIOK:
(e k[l 2] .
[TpuMepbl GUMOIEKYIISIPHBIX PEAKIIHH:
2NO(2) <> N,Ox(2); v = k[NOJ?

HBr(e) + H(2) < H>(2) + Br(2); v = k[HBr][H] — xuHeTH4ecKoe ypaBHEHHE BTOPOTO
MOPSIZIKA.

TpumoseKyssipHas peaKIfHsi:

Cly(2) + 2NO(2) <> 2NOCI(2); v = k[CL][NO]? — KUHETHYECKOE YPABHEHHE TPETHETO
opsiIKa.

Jlis mpUBENECHHBIX PEaKIUN MOPAIOK M MOJEKYJISPHOCTh PEaKIUil COBMAJAIOT, HO B
o011eM cirydae OHH pa3IndHBI.

Tlopsook peakyuu onpeodensemcs MOJIEKVIAPHOCMbIO CAMOU MeONeHHOU cmaoul OaHHOU
peaxkyuu.

Ecnu peaknust uaer mo crTamusiM, TO €€ TMOPSIOK peaKIMd MEHbBIIE WM PaBeH
MOJICKYJIIPHOCTH peakiuu. Tak, HampuMep, PU CUHTE3€ BObI (cM. Tabmwuiy 5.1) npu mopsiake

10

peakuuy paBHOMY euHuIe (n = 1; U =kpy, Py, ), peakuus — MOHOMOJIEKYIapHast; mpu n = 0,5 (
0 05 0.4 0.3

v=kpy Po. ), peakums — MOHOMONEKyNspHas; mpu n = 0,7 (V=hkpy pPp”), peakuus —

OMMOJIeKyIIsIpHasl.
Ilpumeuanue. Heo6XxoaumMo MOMHHUTH, YTO MOJICKYJSIPHOCTh PEAKIUU, B OTIMYHUE OT €&
nopsiika, Bceraa uenoe uucio — 0, 1, 3.
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3axkon Oeticmeus Mmacc cnpageonus8 MoOAbKO Ol MOHO-, Ou- u pegce Ois
MPUMONEKYIAPHBIX PEAKYUIL.

[Ipu syeMeHTapHO# peakiu B CUCTEME MPOTEKAET TOJILKO OJMH MPOIECC U YPaBHEHUE
peakiMy PacKphIBa€T €ro MeXaHW3M. BOJBIIMHCTBO pEakKIUil — CIOKHBIE W MPEIACTaBISIOT
co0OM CyMMapHBIN Pe3yJIbTaT HECKOJIBKHX 3JIEMEHTapHBIX TpolieccoB (AByX u Oosee). [ToaTomy
o0I1ee CIIOKHBIX YpaBHEHHE PEAKIUi HEe OTPaKACT UX PealibHBIA MEXaHU3M.

Hnsa cnosicHvlx peaxkyuti 3aKOH O0elcmeusi Macc He NPUNONCUM 8 YeloM, d Cnpageoius
UMb K OMOENbHbIM €€ cmaodusim Heboabuiol moaexyiapuocmu. Hampumep, olree ypaBHEHHE
peaKIMy UMEET BUJI:

24+ B < C,

COIJIACHO KOTOPOMY SIBIISICTCS SIKOOBI TPUMOJICKYJIsipHOW. OIHAKO TPOTEKAaeT B JBEC
CTa/IMu:

1) A + B <> D — ouens bvicmpo;
2) D + A < C — mednenno.

24+ B« C.
Tak Kak MOPSIOK PEAKIMU OIMPEACIIICTCS MOJIEKYIAPHOCTHIO CaMON MEUIEHHOW CTaIuH
peakiuMu, TO JaHHas peakiuss — OWMOJIeKyJsipHas W BTOporo mopsaka. CliegoBaTeNbHO,

KMHETUYECKOE YpaBHEHHE 3TOr0 B3aUMOAECUCTBUS Oy/1eT UMETh BH/I:
v =k[A][B], a ne v = k[A]’[B].

U3 (5.1) caenyer, 4TO cKOpocmb peakyuu — 6eIUdUHA O0OPAMHO NPONOPYUOHANLHAS
8peMeHU.

BcenenctBue pasnuyHONW CKOPOCTH ABMXKEHHS MOJIEKYJ, OHU OOJIaaloT paziIuvHON
KMHETH4eCcKo! sHepruel. IIpyu sToM KMHeTHYeCcKast SHEPrUs NPSIMO MPONOPLHMOHATIBHA CKOPOCTH
JBUKEHUS MOJIEKYJIbI.

Mornekybl, KOTOpble 00J1a/1al0T BEICOKUM 3allacOM KHUHETUYECKOI SHEpPruu, Ha3bIBAIOTCS
AKTUBHBIMH.

HononnumenvHyro sHepeuto, KOmMopyio Hado cooowums MoaeKynam Oisl nepeeooa ux 6
aKmueHoe COCmosAHUe, HA3bI8AIOM IJHepauel akmueayuy. XUMUYECKas pPeakius MOKEeT
IIPOU30MTH TOJIBKO ITPH CTOJIKHOBEHNHU aKTUBHBIX MOJIEKYJI.

Ckopocmb xumuyecKkol peaxyuu NpsimMo HPONOPYUOHATLHA HUCTY CMOJIKHOBEHUU 8
eOUHUYY 8peMeHU.

Ponp kaTanuzaropa, NpUMEHsIEMOro JAJs MPOTEKaHUs JTaHHOTO XMMHMYECKOTO Ipolecca,
3aKIII0YaeTcsl B ciefyromeM: |) B TMOHIWKEHHMM HHEPIUU aKTUBAlUM; 2) B o0ecredeHuu
HE0OXO0IMMON OpUEHTAIMH pearupyromux YacTHUIl.

Baunsinne TeMnepaTypbl Ha CKOPOCTh peaKkIuu

C mMoOBBIILIEHHEM TEMIIEpaTyphbl YBEIMYUBAETCS CKOPOCTh JBMXKEHUS MOJIEKYJT U HX
KMHETUYeCKasi SJHEpIUs. AKTUBHOCTh MOJIEKYJI BO3PACTAET, U CKOPOCTh PEAKIIMM YBEIHMUNBAETCSI.

3aBUCHUMOCTh CKOPOCTH pEakIuu OT TeMIepaTyphl oOIpeaesnsercss mpaBuwioM Bant-
Fodda: npu yseruuenuu memnepamypwr na rasxicovie 10°C ckopocmv peaxyuu ospacmaem
npumepHo 6 2 paza. JIns HEKOTOPBIX peaklHii CKOPOCTh BO3pacTaeT B 3 — 4 pasza. ITO 3aBUCHUT OT
IIPUPO/IbI pEarupYIOIINX BEIIECTB.

Yucno, nokaswigarowee 60 CKOILKO paA3 YEeIUyU8aemcs CKOpPOCMb peakyuu npu
veenuyenuu memnepamypvl na 10°C, Hazvieaemcs memnepamyphviM KodIp@uyuenmom u
obosnauaemcs .

W3MeHeHne CKOPOCTH peakiMy OT TeMIEepaTypbl MOKET ObITh BBIYHCIECHO 1O (opMmyJe
Bant-T'odda:

2y 10 (5.4)

rae U;, U U; — CKOpPOCTH peaKkLUM IIpU TeMmIepaTrypax t, ¥ t; COOTBETCTBEHHO; Y —
TemneparypHslii koapduureHt Bant-I'odda.
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CxopocTh peakuum B reTeporeHHbIX cucreMax. Bausinne karanusaropa Ha
CKOPOCTh XMMHUYECKHUX peaKkiuii

BemectBa,  HM3MEHAOIIHME  CKOPOCTb  XUMHUYECKOIO  IIPOLIECCa,  HA3bIBAIOTCS
kartanuzatopamu. Karammzatopamu MoryT ObITh TBepAble, KUJAKHE U Ta3000pa3Hble
BelecTsa. MIsMeHeHne CKOPOCTH XMMHUYECKOM PpEeaKkLUW II0J BIMSHUEM IPUCYTCTBYIOLIETO B
CUCTEME MIOCTOPOHHETO BEIIECTBA, COCTAB M KOJIMYECTBO KOTOPOTO K KOHILy PEaKI[MH OCTarOTCS
0e3 U3MEHEHH, Ha3bIBAIOTCS KaTAJTU30M.

[Ipy roMOreHHOM KaTaiau3e B3aMMOJECHUCTBYIOIIME BEIIECTBA U KATAIU3aTOP COCTABISIOT
oaHo(aszHyto cucteMy. IIpu reTeporeHHOM Kataju3e pearhpyrollyde BElIecTBAa M KaTalu3aTop
COCTaBJISIOT cHUCTeMy U3 Heckoinbkux (a3. Ilpu rereporeHHOM KaTaiu3e B NPUCYTCTBUU
HEOOJIBIIIMX KOJIMYECTB KaTalau3aropa MOTYT IpOpearupoBaTb OTHOCUTEIBHO OOJbIINE
KOJIMYECTBA B3aUMOJACHCTBYIOIIMX BewlecTB. [IpM rOMOreHHOM KaTtajin3e CKOpPOCTh pPEAKLUU
IIPAaKTUYECKU NPONIOPLIUOHAIbHA KOJIMYECTBY KaTaIu3aTopa.

AKTHBHOCTh KaTajqu3aTopa, a MHOTJIa U CIeUU(PUIHOCTD UX JIEeHCTBUS, B OOJIBILION Mepe
3aBUCUT OT TEeMIIepaTyphl. /[ KakI0ro mporecca, CymeCTBYOT ONPEACIICHHbIE KaTaIu3aTOopPhI,
4acTo NoJ0MpaeMble FIKCIIEPUMEHTAIbHBIM MTyTEM.

XuMHUYecKoe paBHOBecHe
Bce xuMuueckne peakiiui MO>KHO pa3feiiTh Ha JIBa TUIA: 0OpaTUMbIE U HEOOpaTHUMBIE.
MHorue peakuuu sSBISIOTCS 0OpaTUMBIMHU, T.€. TAKUMHU, MIPU KOTOPHIX 0O0pa30BaBIIHECS
MPOAYKTHI B3aUMOJICHCTBYIOT MEX/1y c000ii, MpeBpalasich B UCXOAHbIE BELIECTBA.
OOpatumble peakuyd OTPaHUYEHBl OMPECIIEHHBIM IPEAEIOM: OHU HE JAOXOIAT 110
KOHIIa.
OO6muit Buj ypaBHEeHHsI 0OpaTUMON peaKIiu:

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

CxopocTu mpsIMOro U 0OPaTHOTO MPOIIECCOB BBIPAYKAIOTCS CIEAYIOIIUMU YPaBHEHUSMHU:
v =k A]"[B]" (5.6)
v=k[C]?|D]?. (5.7)

B MoMeHT ycTaHOBNIEHHS paBHOBECHS IpsiMasi M 0OpaTHasi peakiuy He MPEeKpaIIaoTcs, a
MPOJIOIDKAIOT MPOTEKATh B IPOTUBOIOIOKHOM HAIIPABJICHUH C PaBHBIMH CKOPOCTSIMH.
I'paduuecku 310 MOKET OBITH TaK, Kak IMOKa3aHO Ha pUCyHKe 5.1.

Uu

v =Y)
Pucynox 5.1 02 >
3asucumocms npsamou u
0OpamHoll peakyuii om 8pemeHu

Ecnn cxopoctu mpsiMoii 1 oOpaTHON peakuui paBHBI (Vyp = Vosp. — MaTEMaTHUECKOE
YCJIIOBHE XHWMHYECKOTO paBHOBECHs) , TO TpaBble 4acTu  ypaBHeHud (5.6) m (5.7), ux
BBIPA)KAIOLINX, TaKXKe PaBHBI:

KA"[B]" = Klc]?[D]. (5.8)

Ha ocHoBanuu 3toro chopMyJIUpOBaHO MOJIOKEHHUE, HA3BAHHOE 3aKOHOM JIEHCTBUS Macc
(BTOpast GopMyITUpPOBKA): 8 MOMEHM PABHOBECUs NPOU3EeOeHUe KOHYSHMPAYUll 0eucmeyiouux
MACC UCXOOHBIX Beecms HA KOHCMAHMY CKOPOCMU NPSAMOU peakyuu pasHo NpOU38e0eHuUio
KOHYenmpayuii  0eticmeyiowux Macc o0pazyiouwuxcs eujecms Ha KOHCMAHMY CKOPOCMuU
0bpammotl peakyuu.

W3 ypaBuenus (5.8) cnenyer, 4to
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[c]”[D]?

k/k = [A]m[B]” * (59)
OTHOI_HeHI/Ie ,Z[ByX INOCTOAHHBIX BCJIIMYHUH €CTh BCIIMYMHA ITOCTOAHHAA, CIICAO0BATCIBHO!
kik=KP = lel[p)? 5.10
CECR 10

KoHcranTOl XuMMuueckoro paBHoBecusi K” Ha3bIBaeTCs OTHOUIEHUE IPOU3BEICHHUS
PAaBHOBECHBIX  KOHIEHTPALMM MPOAYKTOB pPEAKIUMU K MPOU3BEICHUIO PABHOBECHBIX
KOHIEHTpAU UCXOJHBIX BELIECTB, B CTENIEHU UX CTEXUOMETPUUYECKUX KOA((OULIMEHTOB.

K? BeIpaxaet 3aK0oH IEHCTBUS Macc AJIsl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHosecust He 3a8UCUM OM KOHYEHMPAayuu peazenmos, HO 3d8UCUM OM memMnepamypbl u om
npUpPOObL peazupyroujux 6eujecms.

B MoMmeHT xuMHueckoro paBHOBecus n3MeHeHue sHeprun [ modca ne mpoucxoaut — AG
= (0. KoHcTanTa xumMuueckoro paBHoBecus cBa3aHa ¢ AG COOTHOLIEHHEM:

AG’ = —RT InK? (5.11)

VYuuteiBasg, uto [mK’ =2,303 IgK» wu R = 8314 JIx/K-monp ypaBHenue (5.12)
npeoOpa3yeTcst 10 BUA:

AG"=-19,14 T Igk? (5.13)

[Tonb3ysick ypaBHEHHMEM  KOHCTAHTbl PaBHOBECHS, MOXHO YIPABIATh XWMHUYECKUM
IIPOLIECCOM, YTO BaXKHO B TEXHOJIOTUUECKUX LIETIAX.

Ecnu B paBHOBecHOM cucteme mA + nB <> pC + gD yBenuunuTh KOHIIEHTPAIHMIO A, TO B
cootHoumieHuH (7.1.6) g KP, NOMKEH YBENMUYUTBHCS YMCIUTENb WM YMEHBUIMTHCS BTOPOU
COMHOXUTEJb 3HaAMEHATENs, T.€. BEIWYUHA [B]. DTO MOXKET MPOU30MTH B PE3YyJIbTaTe CMEIICHUS
paBHOBECHs ClieBa HAIpaBO, MPHUBOJSAIIETO K OOpa30BaHUIO HOBBIX KOJIWYECTB TMPOJYKTOB
peakuuu — C u D.

Takum 00pa3oM, MPU YCTAHOBUBIIEMCSI HOBOM COCTOSIHUU PAaBHOBECHS, KOHIICHTPAIIUU
BCEX YEThIpEX BEIIECTB, 10 CPaBHEHHIO C MEPBOHAYAIBHBIMH, OKKYTCS U3MEHUBLIMMHUCS, a
3HaUYE€HHUE KOHCTAHTHI PAaBHOBECHUS HE U3MEHUTCS.

CnenoBarenbHO, MJii CMEUICHHMS pPaBHOBECHS CjeBa HampaBo HEOOXOJUMO WJIU
YBEIUYUTh KOHIIEHTPALMIO OJHOTO M3 MCXOJHBIX BELIECTB, WJIM YMEHBIIUTh KOHIEHTPALIMIO
OJIHOTO U3 MPOIYKTOB PEAKIIUH.

C momoIbi0 BBIPAKEHUS KOHCTAHTHI PAaBHOBECHS MOKHO OIPEACNATh KOHIIEHTPALUU
BELIECTB B MOMEHT PaBHOBECHsI, a €CIM M3BECTHBI 3HaueHUsi K’ W MCXOIHbIE KOHLEHTpPALUU
BEILIECTB, TO MOKHO ONPEJEIUTh UX PABHOBECHBIE KOHIIEHTPAIIH.

Ecnu ucxomnyro KoHIEHTpanuio BeriecTBa A 0003HauuTh depe3 Cy(4), a 4uciao Moib
ero, MpopearupoBaBIINX K MOMEHTY paBHOBecus, uepe3 /A C(4), To MOJsipHasi KOHIIEHTpAILUs B
MOMEHT PaBHOBECHS OMPEIEIUTCS TaK:

[A] = Co(4) — A C(A).

PaBHOBEecHE B reTEpOreHHBIX CHCTEMAaX OIpPEAENAEeTCS TOJbKO Ta30BOM WM KHUIKOU
(hazoi, T.K. KOHIICHTPAIIUHN TBEPbIX BEIIECTB HE BXOIAT B YPAaBHEHHE ISl CKOPOCTHU PEaKIIHH.

HanpaBnenue cwmelieHusi paBHOBECHS CHUCTEMbl IMPH M3MEHEHMHM KOHIEHTpALUH,
TeMIIepaTypbl WIH J1aBlieHus onpenaenserca npunuumnom Jle [latensbe:

«Ecnu na oopamumyro cucmemy, Haxo0AwyOCca 6 NOOBUIHCHOM COCMOAHUU, OKA3AMb
U36He Kaxkoe — 1ubo ¢o3deiicmeue, mo cucmema omeeuaenm cmeueHuem pagHoeecus maKkum
00pazom, umoowt ocradums IMo 6030elucmaue).

Bomnpocs! u 3axanus
3amaya 1. Peakums pasznoxeHus okcuaa aszorta (+5), mpoTekaromias Mo ypaBHEHHUIO
obmiero Buma 2N>Os(2) <> 4NO,(2) + O>(e), mpoTeKaeT B IBE CTAIUU:
1) N>Os(2) <> N>Os(2) + O:(2) — meonenno,
2) N>Os(2) + N>Os(2e) <> 4NO-(2) — bvicmpo.
Omnpenenure MOPSIO0K U MOJEKYIISIPHOCTH 3TOTO MpoIiecca.
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Pemenue. M3 ycnoBuii 3a1aum cieayeT, 4YTo CKOPOCTh PEaKIMM, B LEIOM, ONpeeseTcs
MepBoi cTaauen mporecca. Mitak, CKOpoCTh peakiiny MpomnopIiimoHaibHa KoHIeHTpauu N>Os(T),
T.€. POLIECC PA3NIOKEHUS OKCUIA a30Ta (+5) — peakius IepBoro MopsaKa, MOHOMOJIEKYJIIpHasl.

3anava 2. BeruncnuTe 3Ha4eHHE KOHCTAHTBI CKOPOCTH IIPU HEKOTOPOU TeMmmepaType Ui
snemenTapHoii peakimu C(2) + D(2) <> B(2), ecnu npu kouuenrpauusx [C] = 0,04 mons/aM® u
[D] = 0,05 MoB/IM® CKOPOCTH peakiyu cocTaBmia v = 3,2-107,
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Pemienne: Tak kak peakius dJIEMEHTapHAas, TO YPaBHCHHUE PEAKIUU OTpakaeT et
MEXaHU3M — 3TO PEaKIMs BTOPOTO MOpsAKa, T.e. KHHETHYECKOE ypaBHEHHE 3TOTO Mpoliecca
OyJeT UMeTh BUJI:

— ~ 3,2-107
v = K[C][D], omciooa k = A

= = =0.16.
[C][D] 0,04-0,05

3amaua 3. [{nst peakiuu B ra30Boi daze
2A + 38 Aad A2B3
MOJIy4eHHas! 3aBUCUMOCTh €€ CKOPOCTHM OT KOHIIEHTpAllMHd pPEareHTOB IPEACTABICHA B
tabnure 6.2.1.
Tabauya 5.2. 3asucumocms cKopocmu peakyuu om KOHYeHmpayuu peareHToB

KoHIeHTpaIys, MOJIb/ M’

BemectBo 4 0,20 0,40 0,50 0,60 1,20 0,20

Bemectso B 0,20 0,40 0,20 0,80 0,80 1,00

CKOpPOCTb peaKIMu, MOJIb/ (M *MHH) 0.32 0.64 0.32 198 198 1.60

KakoB nopsiok peakuun? Beraucnure KoHCTaHTy cKOpocTH. Kak M3MEHHUTCS CKOPOCTh
pEaKIUK [PU YBEINYCHUH JaBJICHUS B JiBa pa3a’

Pewenue:

1. Jlma HaxoXkAeHWS MOpSAKAa pPEaKUUu MPEeXIEe BCEr0 HaI0 HAWTH KHUHETUYECKOe

ypaBHEHHE JUIi OTOM CIOXKHOW XHMMHYECKOW peakiuu. Ilpm sToM HEoOX0aMMO

POTECTUPOBATH YPABHEHHUS CIICTYFONIHX THUTIOB:

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

2) Broporo nopanka — v = k[A][B]; v = k[A]*; v = k[B]’;

3) tperwvero nopsaka — o = k[AJ*[B]; v = k[A][B]’.

2 KuneTHueckoe ypaBHEHHE OY/JET COOTBETCTBOBATh JICHCTBUTEIBHOMY MEXaHH3MY
pEakKlUK, eCJIM BBIYMCICHHOE W3 HEro 3HAa4YeHHWE KOHCTAHTBI CKOPOCTH pEakUuuu OyJner
OJIMHAKOBBIM (WJIK TMPUMEPHO OJUHAKOBBIM, C YYETOM MOIPEITHOCTH H3MEPEHHS B XOJE

JKCIIEPUMEHTA).
3 TectupoBaHue ypaBHEHHUS MIEPBOTO MOPsIIKA BUA 0 = k[A]:
. vy 032
1) ans nepsoit mpoGsr A1 = A, 020 ,0;
. vy 064
2) 115 BTOpOIt IpobEI A2 = (4], 040 1,6;
3) anst TpeTheit mpobkl A3 = [Z—i = g;i =0,64.

Tak kak 3HaYeHHWE KOHCTAHTBHI CKOPOCTH HE OJMHAKOBBI JJISI UCCIEAOBAHHBIX MPOO, TO
KMHETUYECKOE ypaBHEHUE TNEpBOro mopsaka Bupa v = k[/A] He COOTBETCTBYET MEXaHU3MY
JAHHOW pEaKLyH.

TectupoBaHue ypaBHEHUS [IEPBOTO MOPs/IKa BUIa v = k[B/:

v 032

i k= = =1,6;
1) ans mepBoit IpoOBI A [Bl, 0,20

5 . e o = vy, 064 L6
) 1Sl BTOPOU MpOOBI A2 (B, 040

vy 032
b k = = = 1,6’

3) st TpeTheit mpoObI A3 [Bl; 0,20

Uy 1,28

4) muist 4eTBEPTOH MPOOBI ky=——= =1,6;
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vs 128

i ks =——=—"-—=106;
5) mist ATOU TPOOBI A5 [Bls 080
6 . 6 o — g 1,60 -
) JUIs1 ILIeCTOW MpoOBl K6 —[B]6 —1’00 ,0.

Wrak, kuHeTHYECKOE YpaBHEHUE NaHHOW peakinuu: v = k/B]; KOHCTaHTa CKOPOCTH — k =
1,6.
4 YBenuueHue JaBJICHHS B CUCTEME B JIBA pa3a MOBBICUT KOHLIEHTPAIUU peareHToB 4 u B
TOXE€ B JIBa pa3a, 4TO MPUBEAET B BO3PACTAHUIO CKOPOCTH PEAKIMM TaKKe B JIBa pasza. IJTo
MOYKHO ITOATBEPAUTDH PACUETOM:
vy  2k[B]
U k[ B]
3amaua4 Ha ckoibKO HAJ0 MOBBICUTH TEMIIEPATypPy, YTOOBI CKOPOCTh PEaKIUUd BO3POCIIA
B 50 pa3 (y =2,3)?

Pemenune
Pacuer nposeném no popmyne Bant-I'odda:
H—t > —1

Y _ 10 L 50 ,—23 _ 10
4 , TIe =50, y»=2,3; orcroma 50=23
Uy

1
[Tponmorapudmupyem 06€ yacTu MOJTyIEHHOTO PaBEHCTBA!

I -4
Ig2,3 =1g50
10 g g

¥ TI0CJIE €70 pernenus nonyunm Ar = 47 °C.
OtBet: UT0OBI CKOPOCTH peakiiuu Bo3pocia B 50 pa3 HaZ0 MOBBICUTH TeMIepaTypy Ha 47
°C.
3anayva 5. IIpu 393 K peakuus 3akaHunBaetcs 3a 10 MUHYT. 3a CKOJIBKO MUHYT 3Ta PEaKIIUs
3axkoHuuTcs npu 363 K (y =3,0)?
Pemenune
Kak u3BecTHO, 4TO MEXIy CKOPOCTHIO XUMUUECKON PEaKUH U €€ MPOI0JKUTEIILHOCTHIO
CyIIECTBYET 00paTHO MPONOPIIMOHATbHAS 3aBUCUMOCTbD:

Ufz O

5

o [2)

1
T7I€ Ti U T> — BpeMsI MPOTEKAHUS PEAKIIUHU TIPH TeMIIepaTypax ¢; v {> COOTBETCTBEHHO.
CrnenoBarenbHO, ypaBHeHHE (7.2.2.1) MOXKHO 3amucaTh B CIEAYIOIIEM BUJE:
=1
71
oy 10
)

OTKyJa
151 393-363
r=ry-y 10 =103 10 =p70 M
Otsert: npu Temneparype 363 K sta peakius 3akanuuBaercs 3a 270 MUHYT

ba3oBblil ypoBeHb

3agaua 1 Omnpenenute U3MEHEHHE CKOPOCTH MPSMBIX JIEMEHTAPHBIX T'a30BbIX pEaKIHii
[IPY YBEJIMUCHHSI TABJICHUS B JIBA pasa:

1)H,+ O — H+ OH; 2) Cl + H— HCI;

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

JUis  KaXIOoW peakuuu OINpeleNuTe MOPSJOK M  MOJEKYJISPHOCTh U  HAIUIIUTE
KUHETHYECKOE ypaBHEHHE.

3amaau 2  PesynbraThl M3y4yeHMsS CKOPOCTH pPEaKLMU MEXIy BemiectBamMu A u B
npeJcTaBieHbl B Tadauie 5.3.
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Tabruya 5.3 3asucumocmsv cCKOpOCMU peakyuu om KOHYeHmpayuu peareHToB
KoHuenTpanys, Mois/am’
BemectBo 4 0,10 0,20 0,20 0,10
BemectBo B 0,10 0,10 0,20 0,05
CKOpPOCTb peaKIMu, MOJIL/ (M’ *MHH) 0,004 0,016 0,016 0,004
KaxoB nopsox u MoJEKyJIIpHOCTb peakuuu? BplunucinTe KOHCTAaHTY CKOPOCTH.
3anmava 3 Ilpu yBenuueHuu KOHLEHTpauuu BemectBa 4 B 1,6 paza CKOpOCTb peakiuu
Bo3pacraer B 2,93 paza. KakoB nopsnok peakuuu no seuectsy 4? Orser: ny = 1,83.
3amaua 4. CocTtaBbTe BBIpaKCHHE ISl KOHCTAHTHI PaBHOBECHS TOMOTEHHOTO Tpoliecca,
OIIUCHIBAEMOTO YPaBHEHUEM:

AHCl + 05 <> 2H,0 +2C1,.,

3amaua 5. /{15t paBHOBECHOM Ta3000pa3HOM CUCTEMBI

CO + Hy0 <> COy + Hy , K? = 1,0 (pu 830 °C).

Omnpenenure KOHILIEHTPAllMM BCEX BEIIECTB B MOMEHT pPaBHOBECHs, €CITU HadaabHas
xounentpanus Co(CO) = 2 mons/am® u Co(H>0) = 3 Monns/nm’.

3agaya 6 Kak u3BMEHUTCSI CKOPOCTh PEaKIuu

2H»S +305 <> 250, + 2H,0 ,

€CIIM KOHIIEHTPAIIMK BCEX Ta30B yBEIUYUTH B TpH paza? B cTopoHy mpsiMoil miu oOpaTHOU
PEaKIUU CMECTUTCS XMMHUECKOE paBHOBECHE?

IloBbIIEHHBINH YPOBEHB

3amaua 1 Peakumst mpoxoauT B Ta30Boi ¢ase:
A+2B+ D« C.

[Ipy yBennueHUM KOHIIEHTpalMu peareHta 4 B 2 pa3a CKOpOCTb peaKlUHU BO3pocia B 2
paza. [Ipu yBenmueHHH KOHILIEHTpALlMU peareHta B B 2 pa3a CKOPOCTh PEaKlMU HE U3MEHUJIACH.
[Ipu yBennueHnM KOHIIEHTpaIuu peareHta D B 2 pa3a CKOPOCTh peaKkIMy Bo3pociia B 4 pasa.

Kak BbIIsauT KMHETMYECKOE YpaBHEHHE 3TOM peakimu? Kak I3MEHUTCSI CKOPOCTh PEeakUUy Mpr
YBEJMYEHUH 00IIETo AaByieHust B 3 paza? OTBET: CKOPOCTh PEAKIINH MPH YBEITMYSHHH OOIIETO JaBIICHHS B
3 paza Bo3pacrer B 27 pas.

3amaua 2 Ilpu 25 °C KOHCTaHTa CKOPOCTH PEaKLUH B ra30Boi (ase

N 204 <> 2N 02
UMEET CIIeAYIOUIIe 3HAaUCHUS:
P, 1la 21590 34660 89040
k(yci1. euHUIIBI) 4,4 4,8 6,0.

[loueMy KOHCTaHTa CKOPOCTM BO3pacTaeT Ipu yBeaudeHun pasieHus’? Ilouemy
KOHCTaHTa CKOPOCTU Ha3BaHa KOHCTAHTOM, €CIIM OHA 3aBUCUT OT JIaBJICHUS?
3anava 3. B kakoM HanpaBJI€HUHM CMECTUTCS] pABHOBECUE PEaKLIUU
4HCl+ O, <> 2H,0+2Cl, , AH’,, = 114,42 xJI5/MOnb,
ecnu: 1) moBBICUTH KOHIEHTpauio O,; 2) yBenMYuTh KOHIEHTpamuio H>O; 3) NMOHM3UTH
naenenne; 4) moseicuTh Temreparypy Ha 50 °C (temmeparypHbiii KO(Q(GHIMEHT OpIMOi
PEAKIIUH Vip = 2, A Yosp. = 3)?

Cnucok JuTepaTypbl, peKOMEHAyeMblil K HCIO0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHasi MTepaTypa:

1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. Koposus. - 13-e uzn., nepepa0. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMust okpy»Karomei cpesibl : XMMUs )KUBBIX opranu3mMoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3patensckuit Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTPOHHBIN // DneKTpoHHO-O0nbmoTevnas cucrema [PR
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BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocrymna: amns
aBTOPH3UD. MOJIb30BATENEH
Jlono/IHMTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'muaka ; [lox pen. A. U. Epmaxkosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METaIoB : yueOHoe mocodue (JUIst CTYJJeHTOB XUMHUYECKOTO (haKyJIbTeTa
HanpaBlieHul O0akanaBpoB « XuUMUs» U «XUMHUYECKask TeXHOIOrus») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMcKkHii rocyaapcTBeHHbIH yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 351eKTpOHHbIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum moctyma: mms
aBTOPU3HP. MOJIb30BATEICH
Hnmepnem-pecypcoi:

1 http://window.edu.ru/ — eamHOE OKHO JAOCTYIa K 00pa30BaTEeIILHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckas 6M0IMOTEKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37EKTPOHHBIN KaTaJIOT aCCOLMALIUHU JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBezieHni 1 opranuzanuii CKOO

4 http://www.iprbookshop.ru — OBC.

5 https://openedu.ru — OTkprITOE 0Opa3oBaHue

Tema 6. PacTtBopbI
IIpakTHyeckoe 3ansaTue 6. PactBopbl. Crioco0bl BbIpakeHUs1 KOHLIEHTPALUH
pacTBopoB. PacTBOpbI 3/1eKTPOINTOB. PacTBOPHI HE3IEKTPOJIUTOB

Hean 3ansiTus: GopmMupoBaHue 0a30BBIX 3HAHMK O CIOCO0ax OIpEAeNICHUs CBOWCTB M
KOHILICHTpaLUi paCTBOPOB U HABBIKOB IIPOBEJICHUS PACUYETOB.

3HaHus M yMeHMs, IpHoOpeTaeMble CTYICHTOM B pPe3yJIbTaTe 0CBOCHUS TeMbI
3HaTh: OCHOBBI CAMOOPIaHU3ALMH U caMOOOPa30BaHMUS;
3HaTh: CyLIHOCTH U 3HaYCHHE UH(OPMALIUH B PA3BUTUH COBPEMEHHOI'O OOIIECTBA; OCHOBBI IIOIY4YEHUS U
00paboTku nH(OpPMALUK U3 PA3IUYHBIX HCTOUHUKOB
3uarb: pabOTHI MO pacyeTy U MPOEKTUPOBAHMIO JIeTANEH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIUI B COOTBETCTBUU C TEXHUYECKUMU 33IaHUSMU U MCIOJIb30BAHUEM CTaHIAPTHBIX
CpPEICTB aBTOMAaTU3alUA IPOEKTUPOBAHUSA
YMeTb: caMOCTOSITETFHO CTPOUTD MPOIECC OBNAASHHS HH(pOpMaIiei, 0TOOpaHHOH 1
CTPYKTYpUPOBAHHOM /711 BBIIOJIHEHUS IPO(PECCUOHANBHOM e TeIbHOCTH.
¥YMerb: nony4ars 1 00pabaTeiBaTh HHHOPMALMIO U3 PA3TUYHBIX HCTOYHUKOB
VYmerb: MPUHUMATH yUacTHE B paboTax Mo pacyeTy U MPOEKTUPOBAHUIO JeTajeil U y3JI0B
MaIIUHOCTPOUTENBHBIX KOHCTPYKIUN B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSMU U
HUCTIIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB aBTOMATU3aIUU IIPOEKTUPOBAHU

HaumenoBanue ¢GopMHpyeMBIX KOMIIETEHLIUH

AkTyanbHOCTh TeMbl. COBpEMEHHAsI MOJIEKYJIIpHAash TEOpPUs PACTBOPOB IPEACTABISAET
co0o0if  OOWIMPHYIO, HWHTEHCHMBHO pPAa3BUBAIOIIYIOCS 00JacTb  MOJEKYJISPHOH  (DU3HKH.
MonexynsipHas T€OpUs )KUJIKUX PaCTBOPOB OMHUPAETCS Ha TEOPHUIO YUCTHIX OJHOKOMIIOHEHTHBIX
KHUJAKOCTEH M TEOPUI0 MEXMOJEKYJSPHBIX CUl. PacTBOpBI 3JEKTPOIMTOB - OCOOBINA Kiacc
KOHJCHCUPOBAHHBIX HOHHO-MOJIEKYJISIPHBIX CHUCTEM. Ype3BbluaiiHas CIIOXKHOCTb H3y4aeMoOro
o0BeKTa MpeIonpeaesieT MHOTOYUCIIEHHBIE TPYAHOCTH U MPOOJIeMbl B 3TOM OTpaciyu HaAy4HOTO
MIO3HAHMSL.

TeopeTnyeckas 4acThb
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Crnoco0blI BbIpa:keHUs] KOHIEHTPALUM PacTBOPOB

Pacmeopamu naswieaiom mepmoOUHAMU4ecKu yCmouuugvle OOHOPOOHbIE CUCHEMbL,
cocmosiyue u3 08yx u 0Oojee KOMNOHEHMOG (PACMBOPEHHLIX 6eujecme U pacmeopumens).
PacTBOpeHHbIE BelecTBa — 3TO KOMIIOHEHTHI pacTBOpa, KOTOpPbIE MEHSIOT CBOE arperatHoe
COCTOSIHME TpH ero oOpa3oBaHuM. PacTBopHTeNb — BEIIECTBO, HE H3MEHSIOIIEE CBOETO
arperaTHOro COCTOSTHUS ITpU 00pa30BaHUM PacTBOPA.

Haubounee mmpokoe pacnpocTpaHeHHE MOIyYUIA BOJHBIE PACTBOPBI, pACTBOPUTENIEM B
KOTOPBIX SABJICTCA BOAA.

Bakneimield xapakTepUCTHKOW pacTBOPOB SIBJISETCS HX KOHLEHTpalus — Macca WIH

KOJINYECTBO BEILECTBA, COJEpXKAIMECs B OIpPEJEJIEHHON Macce MM 00beMe pacTBopa MU
pacTBOpUTEIIS.

MACCOBAS JOJISI BEIIECTBA X - MACCA BEIIECTBA m(X) (B I),
COJIEPXKAILIASICS B 100 T PACTBOPA::

o). % =" 100,
My pa (6.1)

MoisibHAsT KOHIIGHTpAIHs — KommdecTBo Moib Bermectsa N(X) | comeprkarieecst B 0HOM
kmorpamme (uau B 1000 1) pacTBOpuTENS:
MOJIb n(X) m(X) 1000

C X
( L M(X)mp—nﬁ (62)

-1000 =

KT My g

MOJISIPHASI KOHIIEHTPAILIMSI — KOJIMYECTBO MOJIb BEHIECTBA 1n(X),
COI[EP)KALHEECH B OJJTHOM JIM?* (MJIU B 1000 CM?) PACTBOPUTEJIS:

(X) MOJTb ”(X)-IOOOZ m(X) 1000
I[M Ka—,1n M(X)Vp—f[ﬂ (6.3)
MOJISAAPHASA KOHIIEHTPALIA KOJIMYECTBA OKBUBAJIEHTA

(HOPMAJIBHOCTb WMJIM SKBUBAJIEHTHAA KOHLIEHTPALIMA) — KOJIMYECTBO
MOJIb DKBUBAJIEHTA BEIIECTBA X, COAEPXAIIEECS B OJHOM M’ (UJIU B
1000 CM*) PACTBOPUTEJL:

n(LX )
Momb _ z, m(X)
C(—X) - 1000 = -1000
Zy I[M I/p—.rm M(L X) (6.4)

p-yist
Zy

1
e n(—z ) u M (—Z ) — KONMYECTBO MOIb OSKBHBAJEHTA BelIECTBA (B MONb-DKB) M €ro0
X X

SKBUBAJICHTHas Macca (T/MOJIb) COOTBETCTBEHHO.

HpuMeltaHue. Yucio Zx Ha3bIBAKOT  OKBUBANEeHMHbIM  YUCJIOM  WUIIAX  YUCIIOM

axeueanenmmocmu —2L = 1. 3navenue Z_ onpenensior mo XMMHUECKOH PeaKIUH, B KOTOPO#
y4acTBYeT JAaHHOE BelIecTBO. Tak, B YacCTHOCTH, AJs JUIs BEIIEeCTB, ydacTByrommx B OB-
peakIusx, SKBUBAJIEHTHOE 4ucao Zp JUls BOCCTAHOBUTENS PABHO YMCITY 3JIEKTPOHOB, KOTOPOE
OH OT/IA€T, a JUJISl OKUCJIMTENSI — YUCIY DJIEKTPOHOB, KOTOpOE OH mpuHuUMaeT. Hampumep, aiis
aamona MnO, B 3aBUCHMOCTH OT XapakTepa peakuun Z_  MoxeT ObITb paBHO 5, 3, 1,
Harpumep:
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MnO; +8H +35¢ =Mn" +5H,0; Z_ =5; 3(MnO;) = 1/5 Mons;
MnO; +2H,0+3¢” = MnO, +40H"; Z = 3; 3(MnO,) = 1/3 Moub;
MnO; + le" =MnO; ;Z = 1;3(MnO;) = 1/1 Monb.

Cre1oBaTeNIbHO, B ATHX PEAKIMIX dKBUBAICHT okuciuTenss MnO, cOOTBETCTBEHHO paBeH

1/5, 1/3 u 1 MOJIb.
Heo06xoaumMo Bceria MoMHUTD, YTO 3HAUCHHE SKBUBAJICHTA JIFOOOro BelecTBa X HE

HpeBbIIAeT eAUHUIEL T. €. I(X) < 1,
Omnpenenenre SKBUBAJICHTHRIX YUCENT HEOUHAKOBO sl 0OMeHHBbIX 1 OB-peakiuii.
B 00MEHHBIX peakIusaX SKBHBAIIEHTHOE YHCIIO OMPEEISIFOT 0 CTEXUOMETPUH peakiuu. Eciu
JUISL pEaKIMy BUIA
viA+v,B=v.C +v,D
Ha OJIUH MOJIb BemectBa A Tpebyerca VyB/V,A mons BemectBa B, 10 Z, =Vv/v, .

MOJIbHASI JI0JI51 - OTHOLIEHWE KOJIMYECTBA MOJIb BEIIECTBA N(X) K
OBLIEMY UMCJTY MOJIb BCEX BELIECTB Ny (X;), COCTABJISIIOIMX PACTBOP:
N(X
i) = N
Ny (X)) (6.5)

Tutp pactBopa BemectBa X — macca Bemectsa M(X) (B r), cogepKamasics B 0XHOM cM’
pacTtBopa:

T(X),

e _ m(X)
v’ V ’ (6.6)

p—pa

cm”

THUTP PACTBOPA BEILECTBA B IIO OIIPEJIEJISEMOMY BEIIECTBY X -
MACCA BEIIECTBA m(X) (B TI), COOTBETCTBVIOIIASI OIHOMY CM?
CTAHJIAPTHOI'O PACTBOPA BEII[ECTBA B:

T(B/X), C; - V’ZS() . 67

BECbMA BAXHBIM ITAPAMETPOM PACTBOPOB ABJIAETCA UX INIOTHOCTD
— OTHOILIEHUE MACCBI PACTBOPA (B KI') K OFbEMY 2TOI'O PACTBOPA:
P E . m_ .
NV (6.8)
IIpumeuanue. B XxuMuu valie IPUMEHSIIOT Pa3MEPHOCTD IIOTHOCTH PACTBOPOB B I/CM’.
JUnist poBeIeH sl pacueToB MOJIE3HO 3HATh (GopMyIy (9), CBA3BIBAIOIIYIO KOJTUYECTBO MOJIb
SKBMBAJICHTA BEIIECTBA X C Pa3IMYHbIMH BHIaMU KOHIIEHTPAIMil €ro pacTBOPOB.

m(X) _T(XOV(X) _T(B/X)V(B) _
Mf(l X) M(_l X)) M ! X)

1
n(— X)), moib=

zZ

1
GOV (X)), %p, W (X)
B 1000 a ’

100;\4(2L X)) (6.9)
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[Ipy npuroTroBreHMM pacTBOPOB C pPa3IUYHOM MacCCOBOM J0Jed BechbMa IMOJIE3HBIM
SBJIIETCS TAK Ha3bIBA€MOE MIPABUIIO CMELICHHUSI (MM MPABUIIO «KPECTa).
CxeMa «kpecTay UMeeT BUJ:

w,% — m,, T
0
@_, %

@,, % — m,, I.

rue @, % u w,, % — maccoBble JOJIM UCXOHBIX pacTBOPOB,
ml:|a)2 - a)X’ A Mm, =@, — @, — Macchl UCXOJHBIX PACTBOPOB (B I') MOCJE CMEIICHUS

KOTOPBIX OyJIeT TOTydeH pacTBOp ¢ MaccoBoit noneit @, %o.
PacTBOpBI 3/1€KTPOJINTOB
Onexmponumamu Ha3bIBAIOTCS BEIIECTBA, KOTOPbIE TPU PACTBOPEHHUU B BOJE
MOJIBEPTalOTCSl  MPOTONH3Y (IUCCOIMUPYIOT WM pACcIalaloTcs) Ha WOHBI M MPOBOJSAT
ANIEKTPUYECKHi TOK. HeopraHuueckue KUCIOThI, OCHOBAHHUS U COJIU SIBJISIFOTCS DJIEKTPOJIMTAMH.
Cuiia SJIEKTpOIUTa XapaKTepU3yeTcs CTENEeHbI0 TpoTonu3a (& ), KoTopasi MOKa3bIBaeT
OTHOIIIEHHE YHCIIa MOJIEKYJ, pachaBmMXcs Ha HOHBI (/N ), K 0OIIeMy YHCIIy MOJEKYI

snekTposura B pactBope ( V), u BbIpaxkaeTcs B POLIEHTAX:

azﬂ-lOO%.
N

. (6.10)
VYCIOBHO CUMTAIOT AJIEKTPOJUTHI, MOABEprmmecs mnportonusy Ha 3% u meHee (T.e.
a <3%) — cnabbimu, a Ha 30% u 60stee (@ = 30% ) — CHITBHBIMH.
B pactBope cmaboro ANEKTPONHMTA  yCTAHABIMBACTCS  PaBHOBECHE  MEKIY
HEAMCCOIMMPOBAHHBIMA MOJICKYJIaMU W TPOAYKTaMH WX pacmaja — uoHamu. Hampumep, B
pacTBope c1aboi OJTHOOCHOBHOW KHUCIIOTHI:

H,O
2 + —
HA (__) H +4
KOHCTaHTa TAKOI'0 PpPaBHOBCCHUS BBIPAKACTCA HYCPC3 PABHOBCCHBIC KOHICHTpPAIUU
COOTBCTCTBYIOIIUX YaCTHIL B PAaCTBOPE U HA3BIBACTCA KOHCMAaHmou npomoJausza uau KOHCMAaHmou

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

MHOroOCHOBHBIE KHMCIJIOTBI PAacHaJaroTCsl CTYIIEHYaTO, KaKJ1as CTYIEHb M3 KOTOPBIX
XapakTepU3yeTcs cBOel KoHCcTaHTou. Hampumep:

) . H'[HS]
HS 2o m v ps; Kk, =AU ]
D —— al [H2S]
__Ho N _ [H[S*]
HS ——H +8"; K  =—"—"=
& a2 [HSf]

CornacHo 3akony pas6asienus OctBanbaa, K, ¥ ¢ cBa3aHbl ypaBHEHHEM:
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e

a .
rae C — MosspHas KOHLEHTPAIUS 3JIEKTPOJINTA, MOJIB/IM".
Ilpu ¢ << 1 ypaBHeH¥ue ympomaercs:
— 2.
K (HA)=a*-C. 6.13)

I[JISI PacuCTOB, CBA3AHHLIX C IIPOTOJU30M KUCJIOT, YaCTO MCIIOJIL3YIOT HC K asa

TIOKa3aTeNh KOHCTAHTBI poTonu3a (juccormanun) PK, | kotoperii pasen:

pK, = ~lgkK,. (6.14)

C Bospactanmem K, T.. c yBenruueHmeM CuIbl KuCJIOTHI, 3Hadenme PK,

a

yMeHBIIaeTcsl, cilenoBaTenbo, yem 6onbue PK., | Tem cnabee kucnora. Tak, smagenus PK,
nns cna6eix kucnor or CH,COOH 1o HCN nexar B npenenax ot 4,76 10 9,21.
Jlns omnoocHoBHBIX KucioT, Hanpumep, ykcychoii — CH,COOH, xonuentpanun
[H'] 1 [A’] pasHbI u cocTaBnsior:
[H']=[CH,COO ] = aC.
C yuerom ypasnenus (10.2.4) umeem:

[H']=[CH,CO0 |~ K, -C.

PacTBOpbI HEXJIEKTPOIUTOB
Pa3z0aBiieHHbIE pAacTBOPBI  BEIECTB-HEUIEKTPOIUTOB  00JaAal0T  psioM  (husMKo-
XUMUYECKUX CBOMCTB, JUIsI KOTOPBIX KOJUYECTBEHHOE BBIPAKEHHUE dTUX CBOMCTB 3aBUCUT TOJIBKO
OT 4YHMCJIa HaxXOJAIIMXCS B PAcTBOPE YaCTUL PACTBOPEHHOIO BELIECTBA M PAaCTBOPUTEI
(xoymMraTuBHBIE CBOMCTBa). HekoTopple M3 3THX CBOICTB MCIOJB3YIOTCS JUISL ONpPEIEICHUS
MOJIEKYJISIPHOM MacChl pACTBOPEHHOTO BEILIECTBA.
Tax, B COOTBETCTBUM CO 8MOPbIM 3aKOHOM Payns: NOBbILIEHNE TeMIIepaTypbl KUIEHUS (

At_ ) uiu TOHIKEHHe TeMIepaTypbl KpUCTAILTH3aLHHU (Atkp) pa30aBJICHHBIX PacTBOPOB

KUII.
HERJIEKTPOJIUTOB IPONOPLUUOHATIBHO YUCILY YacTHUIl PAaCTBOPEHHOIO BELIECTBA U HE 3aBUCHUT OT
€ro MPUPOJIBI:

At, =KC
kp m? (6.15)
Atxym. - ECm’ (6 16)
rae At — INOHMXXCHHUC TEMIICPATYPbl 3aMCp3aHUSA HJIW IOBLIMICHUEC TCMIICPATYPbl KUIICHUA
pacTBOpa, TIpan; K u E — KPHOCKOIIMYCCKasd H 36y.HJ'II/IOCKOHI/I‘leCKa${ KOHCTAHTBI

cootBerctBenno; C, — MonmsmpHas KOHIIEHTpamus pacTBOPEHHOTO BemecTBa, Momb/1000 T

pacTBOpHTEIIS.
IIpumeyanue. Kpuockommueckass ¥ 30yJUIMOCKONHYECKass KOHCTAHTHI IPEICTABISIOT
co00#l MOHM)XEHHE TEeMIIepaTyphl 3aMep3aHMs WIM MOBBIIICHHUE TEMIIEPATYpbl KHIICHHS IS
PAcTBOPOB HEDJIEKTPOJIMTOB IIPU UX KOHIEHTPAILMAX PABHBIX 1 MOJB/ M’
Ecnmn M (T) HeaneKkTpoauTa, MMEIOLIEro MoJIbHYI0 Maccy M, pacTBopeHsl B M ., (T)
pacTBOpHTEIS, TO:
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At =K, -——" , epaoyc
h M, m,, Py (6.17)
I
At!\‘ll” = El\‘lll] . h : 000 b Zpaayc
M, ., m,, (6.18)

@opMysbl  MO3BOJSIOT ONPEIEIUTh TEMIIEPATypbl 3aMEpP3aHMsl U KUIIEHHsS PacTBOPOB
HEJJICKTPOJIUTOB 110 MX KOHIICHTPALlMM, & TAKXKE HAXOAUTh MOJIBHYIO MacCy pacTBOPEHHOTO
BEILIECTBA 10 NOH)KEHHUIO TEMITEpaTyphbl KUIICHUS WIIN 3aMep3aHus PaCTBOPOB.

Bonpocsl u 3aganust

[Tpumep 1. HamucaTe MonekyisipHOE M HMOHHOE YpaBHEHMs peaklUid B3aUMOJEHCTBUS
pacTBOPOB HUTpaTa Oapust U cyib(ara HATPHsL.
1 CocraBisieM MOJEKYJISIPHOE YpaBHEHUE PEaKIIUU:
Ba(NO3), + Na, SO, = BaSO4 1 +2NaNO;

2 IlepenuceiBaeM 3TO ypaBHEHUsI, M300pa3HMB XOPOIIO JUCCOLMHUPYIONINE BEIIECTBA B
BUJIC MIOHOB, a yXOJIsIIMe W3 C(epbl peaknud — B BHAE MOJEKYJ, T.€. COCTABISIEM IIOJHOE
MOHHOE YpaBHEHHUE JJAHHON PEaKIny.

Ba** +2NO3 +2Na* + SO}~ = BaSO, ¥ +2Na* + 2NO5 .

3 BeinmucbiBaeM HOHHOE YpaBHEHHE PEAaKIMU B OKOHYATEIFHOM BHUJE (COKpAIIEHHOE

HMOHHOE YpaBHEHHE):
Bat +SO; =BasSOy 1,

KOTOpOE OIpenersieT CyThb Ipollecca B3aWMOACIHCTBHS pacTBOPOB HHTpara Oapus u

cynbdaTa HATPHUA.

3amava 2. Paccuumtaiite monnyio cuiny pactBopoB RbNOs;, CuCl, m NasPO,, ecnm ux
MOJISIPHBIE KOHIEHTpanuu pasHbl 0,1 Mob/am’.

Pewenue. 1 B pactBope HUTpaTa pyouaus:

1 2 > Y1 2 2y
I= E(C‘szm’+ +C,o2h J = SO+ 01 (D)) =0l
2 s pactBopa CuCly:
‘ 1

C2e22 2 +Cazdy) = E(0,1-22 +2.0,1-(-1)*) = 03.
3 Wonsl Na" u PO, co31a10T MOHHYIO CHITY:

— 1‘. v 2 Y 2 _ 1 2 2 3
I = 5(‘61\%‘ ZNa‘ +CP0;3ZP();3 ) = 5(073-1 +0’1.(_3) )_ 0.6.

ITpumep 3. CKoNBKO CM® pacTBOpa MHAPOKCHIA HATPHS ¢ MaccoBol aoneit o (NaOH) = 30%
(p1 = 1,300 r/cm?) mago no6asuts k 300 cM® Boas! (p(H,O) = 1,00 r/cM?), 4TOOBI MOIYYHTE PACTBOP
¢ maccoBoit oneit ox(NaOH) = 10%?

Pemenne. MOXHO NPEIIOKUTh TPH BapHAHTA PEIICHHUS TAKOH 33aauu:

1) mosTanmHBIN pacyeT, ¢ COCTABICHUEM CUCTEMBI U3 IBYX YPaBHEHUIA,

2) ¢ UCTIOJIb30BAHNEM 3aKOHA DKBUBAJICHTOB;

3) IpUMEHUTH IPABUIIO KPECTa.

Bapuanm 1. Bpraucium Maccy tunapokcuaa Hatpus (m(NaOH), 1), xoTopas moipkHa
COZIEPIKATHCS B HCXOAHOM PacTBOPE C Maccoi my, T

100 r pactBopa ¢ ®;(NaOH) = 30% conepxut 30 r NaOH

my, T pactBopa ¢ ®(NaOH) = 30% coaepxut m r NaOH
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Ilepsoe ypasnenue: m(NaOH ) = 100 my, r=0,3-m, .

Paccunrtaem Maccy pactBopa ¢ maccoBoit goneit wx(NaOH) = 10%:

100 r pactBopa ¢ ®wx(NaOH) = 10% coxepxwut 10 r NaOH

(300 + m,), T pactBopa ¢ ®(NaOH) = 10% coaepxkwut m r NaOH.

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

Hanee Boipaxenue 111 m(NaOH) U3 nepBoro ypaBHeHUs MOACTaBUM BO BTOPOE M PELIUM
BHOBb IOJYYEHHOE YpPaBHEHHE OTHOCHTEJIBHO mM; — HMCKOMOM MacChl MCXOJHOTO pPacTBOpa C
®1(NaOH) = 30%:

(3004 m;)-10=100-0,3my; m; = 3280 =150

Tenepp BeIYHMCINM 00BEM, KOTOPBIH OyayT 3anmMaTth 150 T pactBopa ¢ @ (NaOH) =

30%, ucnonb3ys popmyiy (8):
Ve =" =120 44539
o L30

Ortser: K 300 cm® Bogsl Hano no6asuts 115,39 cm® (150 1) pacteopa ¢ o(NaOH) = 30%,
4TOOBI MOJTYYUTh pacTBOp ¢ MaccoBoi noselt wx(NaOH) = 10%.

Bapuanm 2 'Y 106HO BOCTIOIB30BaTHCS POpMYIIoii (9), yIUThIBast, 9TO

1 (NaOH) = @ (NaOH ) -m, _ @, (NaOH)- (300 +m,) ~ . (NaOH),
M (NaOH) M(NaOH)

rae m; = p;Vy, r — Macca pactsopa ¢ ®(NaOH) = 30%;

300+ miy=m, = szz, r.

B urore:

w(NaOH ) -my = @ (NaOHY)-(300+m);, m;=150r; V;, =115.39 e,

Bapuaum 3. 1lpuMeHUM NOpaBUJIO «KpPECTa», YUUTHIBas, 4yTo KoHueHTpauus NaOH B

YUCTOM BOJIE paBHA HYJIIO:

30% — my, T
10, %
0,% — my, T.

Breruncnum macey pactBopa (my, 1) ¢ @(NaOH) = 30% u maccy Boasl (mz, T'), KOTOpbIE
HAJI0 CMeIIaTh, YTOOBI MOIY4UTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m=30-10=20r.
Hrak, uto6bl momy4uts pactBop ¢ ox(NaOH) = 10%, mamo x 20 r (20 cm’) Bomsl
no6asuth 10 T pactBopa ¢ ®(NaOH) = 30%, a x 300 r BoasI Ha/10 1OOABUTH:

m 10

mj = :300=—-300=1502; Vi, en® =11539.
20

m 2

ba3oBblii ypoBeHb

3amaya 1. HammcaTh HOHHO-MOJEKYNSIpHBIE YpaBHEHHS PEAKLUUl B3aHMMOJCHCTBHS
CIICAYIOIINX BEIIECTB:
a) Pb(NOs), u NaS;
6) Cu(OH), u H>SOy;
B) CaCO; u HCI;
F) FCSO4 nu st;
1) CuO u H,SO,.
3amaga 2. CocTaBbT€ MOJIEKYJISIPHbIE YpaBHEHMsI peakLUud, KOTOPbIE BBIPAKAIOTCS
CIIETYFOIMMHU KPATKMMU HOHHBIMU YPaBHEHUSMH:
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a) H" +OH = H,0

6) Cu*t + 8% =Cus

6) CO3™ +2H" =CO, + H,0

2) ZnOH ' + H" = Zn*" +H,0

0) HCO; +OH™ = CO3™ + H,0

e) Mg(OH), +2H " = Mg*>* +2H,0.

3amaua 3. Paccuwmraiite aktueHOocTH MoHOB K' m SO, B pactBOope cynbdara kamus ¢
moustpHoit kornenrpanreii C(K.SO4) = 0,1 mons/am’.

3amaua 4. Paccuwmraiite cpemHuii K03h(HUIMEHT aKTUBHOCTH JUISI BOAHOTO pPacTBOpa
TUIPOKCUIA HATpHs ¢ MOJIsspHOM KoHuenTpanueir C(NaOH) = 0,1 Monb/aM® ¥ CpaBHUTE €r0 ¢
AKCIEPUMEHTAILHO HalieHHOW BennurHoM 0,764.

3agaua 5. Berumcnure npoussenenue pactBopumoctu Fe(OH),, ecimu B 100 cM’ ero
HACBIIIEHHOIO pacTBOpa coaepkutcs 9,6:107° r 3TOro ruApoKCcHIa.

Bamaua 6. Ilpoumssemenue pactBopumoctn Ag,CO; cocrasiser 81072 Paccumrarh
PacTBOPUMOCTH KapOoHaTa cepedpa B MOJIb/ M U I/ M.

3agaua 7. Beraucauts pactBopumocts CaF, (B Mosabs/nm’) B Boge u B pactsope CaCl, ¢
konuenrpanueii C(CaCl) = 0,05 mons/mm® (IP(CaF,) = 4-10'). Bo ckomeko pa3
pPacTBOPUMOCTH BO BTOPOM CiTydae MEHbIIE, 4eM B IepBoM? PacdeTsl mpoBeCTH ¢ y4eToM u 0e3
ydeTa HOHHOM CHJIBI pacTBOpa.

3agaua 8. Ckonbko cm® pactsopa (Vi(H;PO,)) dochoproit kucnors (Ci(H;PO4) = 1,010
Mounb/aM’) Hamo mo6asuth K 250 cm® pactBopa (ocdoproit kucnorel (Co(H;PO,) = 1,510
MOIIb/M?), 4TOOBI OTyunTh PacTBOp ¢ 03(H3PO,) = 11,19% u p; = 1,060 r/cm*?

3amaua 9. Kakyto maccy kpuctamoruapaTa kapoonara Hatpust Na>,CO;-10H,O Hazo B3iTH
ms apurotosierrs 200 cM® ero BomHoro pactBopa ¢ Maccooit gonei »(Na,COs) = 10 % (p = 1,102
r/em?®)?

Paccuurats 15 omy4eHHOTo pacTBOpa: TUTP, MOJIIPHYIO, MOJISIPHYEO SKBUBAJIEHTA U MOJISUTGHYHO
koHreHTpaimi  Na,COs;. OueHuth aOCOMIOTHYIO M OTHOCHTENBHYHO (YCJIOBHBIE!) TOTPEITHOCTH
IIPUTOTOBJIEHHST ITOTO PacTBOpA.

3amavya 10. BeryuciauTe MOJSPHYIO KOHIIEHTPAIMIO KOJMYECTBAa HKBHUBAJICHTa pPacTBOpa
TUIPOKCUIA KalMs IMOJYYEHHOTO INpU cMelmmBanuu pactBopos: 300 cm® ¢ C(KOH) = 0,8
mous/am® 1 700 v’ ¢ ¢(KOH) = 1,2 mons/am*? Kakos tutp KOH o HCI1?

I1oBbIIEHHBIN YPOBEHD

3agaua 1. Cxomnbko cm® Boawl (p(H.0) = 1 r/em’) cnenyer moGasuth k 1 am° pactBopa
xoposogopoaHoi kucnorsl ¢ C(HCI) = 1,5 mons/mm’, 4To0BI IOMYYUTH PacTBOP C MOJISPHOMN
KOHIIEHTpaIUel paBHON TouHo 1,0 Monb/am*?

3anaua 2. B kakom 00BEMe HachieHHOTO pactBopa AgiPO4 comep uTcs OJWH IpaMm
sroit comu (ITP(Ag;PO4) = 1,3:102%)?

3amaua 3. B 10 av® maceimenHoro pactesopa CaCOs comepxurca 0,0278 T MoHOB
KaJbIUs. BRIYUCIIUTE TPOU3BEICHNE PACTBOPUMOCTH KapOOHATA KaJBITHUSI.

3agaua 4. O6pasyercsa mu ocanok AgBr (ITP = 6,0-107"), ecnu cnuth paBHBIE 0OBEMBI
pactBopoB AgNO; u KBr ¢ xonnentpamusamu C(AgNOs) = C(KBr) = 0,001 mons/am??

Cnucox JUTEPATYPHI, peKOMeHIlyeMbIﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas MTepaTypa:

1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBus. - 13- uzn., nepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipuan.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpy»xKarolei cpesibl : XMMHUs )KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. [letenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
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978-5-87623-457-5. —TeKcT : 27eKTpOHHBIN // DneKTpoHHO-O0ubnoTeyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3HP. MOJIb30BATEICH
JonmosiHnTEILHAS JIMTEPATYypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; [ox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METAJUIOB : ydeOHOE TTOCOOue (7151 CTYIEHTOB XUMHUYECKOTO (DaKybpTeTa
HarfpaBiieHull 0akanaBpoB «XUMHU» U «XUMHUYECKask TEXHOJOTHA») / coctaButenu O. A.
I'omoBanoBa. — OmMck : OMckui rocyapcTBeHHbI yHuBepcuteT nM. @.M. JlocTtoeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mpoctymna: s
aBTOPH3UD. MOJIb30BATENEH
Humepnem-pecypcoi:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OnbinoTeka OHIalH».

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KaTaJIOT acCOIUAIIAN JIEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpbITOE OOpa3zoBaHUe

Tema 7. KoMniekcHbI€ COeIMHEHHUS.
IIpakTuyeckoe 3ansaTHe 7. KoMmjieKCHbIE COeIMHEHUS.

Hean 3anaTusa: ChopMupoBaTh y CTYI€HTOB CUCTEMHBIE 3HAHUSI O CTPOCHUH U CBOMCTBAX
KOMIUIEKCHBIX COEIMHEHUH. HayduTb CTyIEHTOB IOJIy4aTh KOMIUIEKCHBIE COEAMHEHHS W Ha
OCHOBAaHUM TIOBEJEHUS KOMIUIEKCHBIX COEAMHEHHWH B pacTBOpax [JenaTh BBIBOABI 00 HX
YCTONYUBOCTH.

3HaHuA U ymenus, npuoﬁpeTaeMble CTYAECHTOM B PE€3yJbTaTEC 0CBOCHUA TEMbI

3HaTh: OCHOBBI CAMOOPTaHU3AIMH U caMOOOPa30BaHHUS;
3HaTh: CyIIHOCTh M 3HaUEHHE HH(OPMAIUY B PA3BUTHH COBPEMEHHOT0 OOIIIECTBA; OCHOBBI OJIYUYCHHS U
00paboTKK HHPOPMAIMH U3 PA3TUIHBIX HCTOYHUKOB
3uarth: PabOTHI MO pacueTy M MPOSKTHPOBAHUIO JIETANICH 1 y3J10B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3AIIUHA TPOEKTUPOBAHUS
YMeTh: CaMOCTOSTEIBHO CTPOUTH TPOIIECC OBJIAACHUS UH(pOpMaIHel, 0TOOPaHHOM U
CTPYKTYpPHUPOBAHHOM JIJISI BBIMOTHEHUS TPO(HECCHOHATIBHOM JAESTEILHOCTH.
YMeThb: TOIyYaTh U 00padaTeIBaTh HH()OPMAITHIO M3 Pa3IMIHBIX HCTOYHUKOB
YMerTh: TIPUHUMATH YYaCTHE B pabdOTaX MO pacyeTy W MPOCKTHPOBAHMIO JICTATICH U y3JI0B
MAIIMHOCTPOUTENBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HACTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATH3ALIMU MPOEKTUPOBAHUS

HaumenoBanue (opMupyeMbIX KOMIETSHIIHIA

AxtyanpHOCTh  TeMbl. KommiekcooOpa3oBaHue umeeT  OoibllIoe  3HA4YeHUE  IpHU
IIPOTEKaHUU OMOJIOTMYECKHX IIPOLIECCOB B KUBBIX OpraHu3mMax. VOHBI LIENOYHBIX U LIEIOYHO-
3€MeJIbHBIX METAJJIOB B OMOJIOTMYECKUX JKUAKOCTIX HAXOAATCS B BUJIE AKBAKOMIUIEKCOB, & HOHBI
d-371eMeHTOB, SBIIAACH MPEKPACHBIMU KOMILIEKCOOOpa30BaTeNsIMU, OOPa3yrOT KOMIUIEKCHI, B
KOTOPBIX B Ka4eCTBE JIMTAH/I0B BBICTYIAI0T AMUHOKHCIIOThI, HyKJIEUNHOBBIE KUCIIOThI, BUTAMUHBI
u ropMmoHbl. Hanpumep, ’kene3o BXOIUT B cocTaB remoriioOnHa. HekoTtopble KOMILIEKCHBIE
COEAMHEHMs] 00JIaaloT OHOJIOTMYECKONM aKTHMBHOCTbIO M INPUMEHSIOTCS B KadyecTBe
JIeKapCTBEHHbIX TmpenaparoB (BurtamuH B12). Kpome Toro, oOpa3oBaHHEe pacTBOPUMBIX
YCTOMUUBBIX KOMIUIEKCHBIX COEJAMHEHWH I03BOJIAET BBIBOAMTH W3 OpPraHU3Ma COJIM TSAXKEIbIX
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MCETAJlJIOB, 4qTo CHOCO6CTByeT JAC3MHTOKCHUKAIIH opraHuisma.

Teopernyeckas 4acTb

XVAMUYECKUE CBSI3H OCYIIECTBIISIOTCS 32 CUET 00OOIIEHUS HE CIIAPEHHBIX 3JIEKTPOHOB
WIH TIepelaydl 3JeKTPOHOB OHHM M3 aTOMOB, BCTYMAIOIIMUX B CBs3b Apyromy. B pesynbrate
TAaKOTO B3aWMOJICUCTBUS O0OPa3yrOTCs YCTOWYHMBBIC KOHPUTYpALMW, UMEIOIINE Ha BaJCHTHON
000J104Ke PNIEKTPOHHBIN OKTET. Y CTOWYMBOCTh MOAOOHON CTPYKTYPHI OOBSICHSAETCS CXOACTBOM B
CTPOCHHHM C WHEPTHBIMH Ta3amu. COeIUHEHHsS, IOJyJaromrecss TOJ00HBIM 00pa3om,
HA3BIBAIOTCSI OMHAPHBIMHU.

MHorvie aromMpl WM HOHBL, 0Opasyrolie OWHAPHBIE COCIMHEHHS, MOTYT SIRIATHCS JIOHOPAaMHU
WIEKTPOHOB ISl JIPYTUX aTOMOB, TPyl aTOMOB WM MOJEKYJ, HE WMEIONIMX O3JIEKTPOHHOTO OKTETa.
[NoydeHHble TakkM TIYTEM  CIIOKHBIC MOJICKYJIBI HA3BIBAIOTCS KOMIUICKCHBIME  COCIIMHCHUSIMA  VITH
COGIMHEHHSIMU BBICIIIETO Topsika. Harnprmep, B coctaB komruiekcHoro coemuuenust K/ PtCls] BXOMST NOHBI
K" u [PtCl]*.

[lenTpanpHBId aTOM TMJIATHHBI CO CTENEHBIO OKHUCIEHUs +4, BOKPYr KOTOPOTO
TPYNIHPYIOTCS (KOOPIUHUPYIOTCS) IPYTUE aTOMBI, HA3bIBACTCS KOMITJIEKCOOOpa30BaTeIeM.

[Ipucoeaunsironuecs k Hemy HOHbI C/” Ha3bIBAIOTCS JIUTaHAaMU (WK aJICHAAMH).

HekoTopsie TUraHapl ¥ UX HA3BAHHUS:

H,0 — axBa; NH; — ammun; O’ — okco; OH — ruapokco; CN™ — unano; SCN™ — pozaHo;
NO; — nurpo; SO;* — cymsduro; NH,OH — ruapokcunamun; F~ — ¢ropo; CI- — xmopo; Br~ —
opomo; [ — ioio.

Uwcno  NTUTaHIOB, TPUCOCIMHEHHBIX K  KOMILIEKCOOOPA30BaTeII0, HA3bIBAIOT
KOOPIMHALMOHHBIM YUCIOM (K.4.) KoMIulekcoobpaszosarens. K.u. (Pr') = 6.

Wonbl K" — BHemHsAs KoopauHanmonHas chepa (npotuBonon); [PtCls/* — BHyTpeHHsS
KoopAauHanMoHHas cdepa. EE 3apsa( TouHee, cTeNeHb OKHCIEHHUS X) OMpeensercs
anreGpanveckoll CyMMOM 3apsAIoB KOMILIEKCOOOpa3oBaTens u jqurannos: x(/PtCls]”) = +4 +(—
1)6=-2.

Ecimi BHYTpeHHSISI KOOpIMHAIMOHHAS c(hepa UMEET TIOTIOKHTEIBHBIN 3apsijl, TO OHA HA3bIBACTCS
KOMITJIEKCHBIM KaTHOHOM, €CJTH OTPHUIIATENbHBIN — KOMILUIEKCHBIM aHHOHOM. MIMeeTcs psifl coeiuHeHuH, B
KOTOPBIX BHYTPEHHSISI KOOP/IMHAIIOHHAS c(epa He HEeceT 3apsifa — HeHTpabHbIe KOMITICKCHL. [Tprumepsl
YKa3aHHBIX THIIOB KOMITIEKCHBIX COSIMHEHUIA:

1) katuonnsie — [Pt (NH;);Cl]Cl 10, [Pt(NH;);Cl]" + CI;

[CF(H20)4BI’2]BV (L) [C'}"(I‘IQO)4BI"2]Jr + Bl’i,'
[Ni(H>0)4] SO, PRLLUAN []\71(1‘[20)5]2+ 50427;

2) annonnsle — K3[Fe(CN)s] < 3K* + [Fe(CN)sJ*;

(NH,),[Pt(OH),Cl,] "y 2NH," + [Pt(OH),CL,J*;

Nas[AIFs] <" 3Na™ + [[AIFs]*;
3) ueitrpanbusie (Heanekrponutel) — [Cr(H>0)PO,] M0, x;
[Rh(NH3)5(NO»)s] s %;
[Pd(NH,OH),Cl,] ("7, x.

Ilpumeuanue. Komruiexcsl AHUOHHOTO TUMIA  TaKke emé Ha3bIBAIOT
aIMIOKOMIUICKCHBIMHU, TaK KakK IMPU TICPBHYHOM IPOTOJIM3EC OHU OTIICTUISIOT KOMIUICKCHBIN
aHMOH.

Aneopummul HA38aHULL KOMNIEKCHBIX cOeOUuHeHuli: 1) KaTHOHHBIE KOMILIEKChI — CHavaJia
HA3bIBAIOT BHEIIHIOK cdepy, a 3aTeM B POAUTEIHHOM MaJie)Ke MPUBOAST HA3BaHUS JIUTAHIOB
BHYTpPEHHEH CQepbl M pyccKOe Ha3BaHHE KOMIUICKCOOOpA30oBaTeNsl ¢ YKa3aHHEM €ro CTCICHH
OKHCIIeHUS apaOCKuMU U pamMu, HapuMep:

[Pt (NH;);Cl]Cl—xnopua TpuaMMUHXJIOPOTUIATUHEI (+2);
[Cr(H>0),Br;] Br —6pomun TeTpaakBaguopoMmoxpoma (+3);
[Ni(H>0)s] SO, — cynbdar rekcaakBanuxens (+2);
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2) Ha3BaHME aHUOHHBIX KOMILJIEKCOB HAUMHAIOT C BHYTpeHHEW cdepsl — Ha3BaHUE
JUTAaHIOB W JIATHHCKOTO KOMIUIEKCOOOpa3oBarenss C OKOHYaHHUEM -am, 3aTeM — pPYCCKOe
Ha3BaHME KaTHOHA BHEUIHEH cdepbl, HalpuMep:

K;[Fe(CN)s] — rexcanmanodeppar (+3) kamus;
(NH,),[Pt(OH).Cl,] — nuruapokcoTeTpaxioporiaTuHat (+4) aMMOHUS;
Na;s[AIFs] — rekcadTOpOATIOMUHAT HATPUS;

3) B HEUTpanbHBIX KOMIUIEKCAX BHAYaje HA3bIBAIOT JIMTAHIBI (C ydeToMm amndaBuTa),
3aTeM ClIeyeT pPYCCKOe Ha3BaHHE KOMILIEKCOoOOpa3oBaresss Oe3 yKa3aHHs €ro CTeleHU
oKHcIieHus (TIOCTeAHSS OJJHO3HAYHO MOXET OBITh OINpe/ieNieHa C YIETOM AJIEKTPOHEUTPAIILHOCTH
KOMIUIEKCa), HallpuMep:

[CrPO4(NHj3);] — TpuamMmmuHpochaTxpoM;

[Rh(NO;)3(NH3)3] — TpuaMMUHTPUHUTPOPOIUH;

[Co(NO:)3(NH;3)3] — TpUaMMHUHTPUHUTPOKOOATIBT.

CBsi3p MEXIy BHEIIHEHl M BHYTpeHHEH c@epoil MMeeT HOHHBIM XapakTep, CBSI3b BO
BHYTpEHHEH cdepe — KOOPIUHAIIMOHHBIN (JOHOPHO - aKIIETITOPHBIA, CEMUTIONSPHBIN).

BHyTtpeHssis koopauHaIMOHHas! cpepa /i1l KOMIDIEKCOB KATHOHHOTO M aHHOHHOTO THTIOB YCJIOBHO
OT/IEJISIETCS! OT BHEIHEH cpephbl KBAIPATHHIMU CKOOKAMH.

CyIIecTBYIOT COCTUHCHHSI, COCTOSIIINE M3 KOMIUICKCHBIX KATHOHOB U aHUOHOB:
[Co(NH3)s][Cr(CN)4] — rexcarmanoxpomar (+3) rekcaaMmmuHKoOabTa (+3);
[Cr(NH;)s][Co(NO:)s] — rekcanutpokoOasbTar (+3) rekcaammunaxpoma (+3);
[Pt(NH;);Cl][Pt(NH3)Cl;] — aMMUHTpUXJIOpOIUIaTUHAT (+2) TpUaMMUHXJIOPOTLIATHHBI

(+2).

Conu HEKOTOPBIX METAIOB, OCOOEHHO B KOHIICHTPHUPOBAHHBIX PACTBOPAX, CIIOCOOHBI

pearupoBatb MeXIy co00i, 00pa3ysi KOMIUIEKCHBIE COCTMHEHUS — A)MOKOMNIEKCHL:
AuCl;+AuCl; > Au[AuCls] — rexcaxnopoaypart (+3) 3o0m10ta (+3) ;
Cdl, + Cdl, < Cd[Cdl,] — terpaitogokanmar (+2) Kagmusl.

PasnuyaroT mepBUYHBI W BTOPUYHBIA TPOTOIM3 KOMIUIEKCHBIX COCTUHEHHIA.
[TepBUYHBIN TPOTOIM3 — OTIICIUICHUE BHEITHEH c(ephbl, OOBITHO MPOTEKAET MO THITY CHIIBHBIX
aNeKTponuToB. Hampumep, s KOMIUIEKCOB:

K>[PtCls] ™, 2K* + [PtCls]*;
(Cu(NH3)4|Cl <222 S[Cu(NHA )4 TP +2C1 .

CreneHb NEPBUYHOTO TMPOTOJIM3A JUIsl Pa30aBICHHBIX PACTBOPOB  KOMILIEKCHBIX
coeauneHmni 06b19HO 100 % mm 6;M3Ka K ATOM BeTMUMHE.

BropuuHoMy mpoToNIM3y MOABEPraroTCs KOMIUIEKCHbIE MOHBL. [Ipu 3TOM HX cTeneHb
MpOTOJIM3a BechMa Mana. Pacnaa mpoTekaer 1o THITy ciaalbIX 3JEKTPOJIUTOB. THI MpOTOIHM3a —
CTYIIEHYATbIi, KOTOPBII OMUCHIBAETCS ypaBHEHUEM 3aKOHA JICUCTBHUS Macc.

KonudgecTBeHHO mpormecchl  MPOTOJM3a KOMIUIGKCHBIX ~ HOHOB — XapaKTepHU3yeTcs
KOHCTaHTON HeCTOMKOCTH (Kieer) MM 0OpaTHOM € BEMWYMHOM — KOHCTAaHTOM YCTOHYMBOCTH
(Kyer)-

PaznuyaroT KOHCTaHTBI MPOTOJM3a CcTyneHdatble W oOmme. CTymneHyaThle KOHCTAHTBI
CBSI3aHBI C OTHICTJICHHEM OJHOTO JIMTaH[a OT KOMIUIEKCHOTO MOHA WJIM MOJEKYJbI, a OOIue
KOHCTaHTBl ~ yYUTHIBAIOT  PAaBHOBECHbIE  KOHLIEHTpPAlMM  Kak  JIMTAHAOB, TakK M
KOMILJIEKCO0Opa3oBartes, o0pa3yloIMXcst B XOJe MpOTOojiHM3a Mo BceM crynensM.Hampumep,
HPOTOIH3 KOMILIEKCHOTro noHa [Cu(NH;),J>* mpoTekaeT B 4eThIpE CTYIEHU:
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[[Cu(NH )37 IINH5]

D) [Cu(NH3) 417" <> [Cu(NH3)31°T + NHy:  Kyeers = L =1,07-1072;
[[Cu(NH3) 417 7]
~ ~ Cu(NH~ )~ I+ NH~ - B
2) [(.ﬂil(;z\"rH})}}u-'— <> [(ﬂif(;?\"rH_'; )2]‘:’_ + A\rH:;., k‘HCCT:‘) = [[ ”( J)H] ][q J] = 1.8() . 10_3;
[[Cir‘(:?\-"HS)_g:l—Jr]
, , Cu(NH )T [NH T
3) [Cu(NH3)> 17" <> [CuNH3]™" + NHy; K yeerr = [Cu(NH )] M,} 3] =4.68-107%
[Cu(NH3)4]7 ]
) o] C 2+ ;?\"rHﬂ 4
4) [CuNH3 1> <> Cu™* + NH 3; Kopeq) — LI INHST 5 104,

o 2
[[Cu(NH 3 )] +]
CyMMapHOe ypaBHEHHE MPOTOJIM3a BHYTPEHHEH KOOPIUHAMOHHOMN c(ephl BhIpaXKaeTcst

OOLINM YpaBHEHHUEM:

[Cu(NH3) 41> <22 [Cu(H,0) 412 + 4NH,;.

3HayeHue oOImIell KOHCTAHTHI HECTOMKOCTH OIpeIenseTcs IPOU3BEICHUEM BCeX

CTYIEHYAThIX KOHCTaHT HecTolkoctu. Hampumep, mng wona [Cu(NH;),J’" obmas xoHcTaHTa
HECTOMKOCTH OylIeT UMEeTh BHI:

; 2
KHeCT([CL{(NH3)4] +) = KHeCT] 'KHeCTz 'KHeCT3 'KHeCT4 =
v 2 4
[Cu(H,0)4]7"]-[NH;]
[Cu(NH3)4 1"

Ipumeuanue. Crynendateiii nporonn3 uona [Cu(NH;),’" B BOTHBIX pacTBOpax
NpeACTaBIeH B  BHJE, KOTOPbI  OTBEYAET MPUHYUNY  COXPAHEHUs  NOCMOAHCMEA
KOOPOUHAYUOHHO20 HUCAA KOMNAeKcoobpaszoeamens. JlokazaHO, 4YTO TIPpA OTPBIBE OT
KOMIIJIEKCHOT'O MOHA JIMTaH/a €ro MECTO 3aHUMAIOT MOJIEKYJIbI BOJBI:

[Cu(NH;),J*" + H>0 < [Cu(NH;);H.O]*" + NH;

B wurore mpouecc JOMKEH 3aBepUIMThCS  O0Opa30BaHMEM TETPaaKBaKOMILIEKCA
[Cu(H-0),J*".

Yem Oosplle BeNMYMHA KOHCTaHTbl HECTOMKOCTH (MM MEHbIIE KOHCTAaHTa
YCTOWYMBOCTH), TEM MEHEE YCTOMYMBO JIaHHOE KOMILJIEKCHOE COE/IMHEHUE.

[TpoTONM3 KOMIUIEKCHOTO HMOHa BO MHOTHX CIIydasX JIOKa3bIBae€TCsl C IOMOUIbIO
YYBCTBUTEJIbHBIX PEAKTHBOB, OOHAPYKHUBAIOUIMX B PACTBOPE KOMIUIEKCHOTO COEIMHEHUS! MOHBI
KOMILJIEKCO0Opa30BaTesis U JIMT'aH0B.

Hampumep, wuoHbl Meaum B komIiekcHOM coenuHenuu [Cu(NH;)./Cl;  MoxHO
OOHapy>KUTbh, IPUOABHUB K PaCTBOPY 3TOW COJIM PacTBOP CyJIb(pHIa HATPUSA:

[Cu(NH3)41Cl, + NasS = CuS L +2NaCl + 4NH5;

[Cu(NH3)41*" + S 2 = CuS 4 +4NH;

HJIK ITYTEM CBA3bIBAHUA aMMHUAKa B Ooiee HpO“IHBH\/JI KOMIIJIEKC — KaTUOHbI aMMOHMH:
[CL[(NH3 )4]C12 +4HCI —> CL[C[z + 4NH4C1,

-951.10713,

[Cu(NH3) 4> +4H " — Cu>t +aANH] .
Komnnexcnvie coedunenuss ¢ manoycmoudusol GHympenHell cepoil, npomonus
KOMOpOU Npoxooum npaKxmuiecku nOJHOCMbIO — 910 0B8OlHbIe COIU, HATIPUMED:
[K(H:0)s][Al(H:0)4](SO,)> !y K" + AP + 250/ + 12H,0; amoMoKaIueBble KBACIIbI
[2NH (H>0)4][Fe(H-0)s]/(S0,)> 2y 2NH,;+ Fe'*+2507 +12H.0;
cosb Mopa.

Teopust BaneHTHbIX cBsA3el (TBC) oObscHSET cTpoeHHE KOMILJIEKCHBIX COEJUHEHUM
BO3HHKHOBEHHEM JIOHOPHO-aKIENITOPHOW  CBSI3M  MEXIy KOMIUIEKCooOpa3oBareneM |
murangamMu. OOBIYHO JOHOPOM SJIEKTPOHHOW Maphl CIYKUT JUTaHI, aKIEenTop — CBOOOJHBIE
opOuTa KOMIIEKCOOOpa3oBaTesl.
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TBC Bo MHOTUX Cily4asiX MO3BOJISET YCTAHOBUTH AIEKTPOHHYIO U IIPOCTPAHCTBEHHYIO
KOMIUIEKca. TeopHusi y4MThIBAaeT IMPH STOM XapaKTep BaJCHTHBIX OpOHUTalell LEHTPaJIbHOTO
aToma B €ro ruOpUIHOM WJIM HETMOPUIHOM COCTOSIHUU.

OcHOBHBIE THUIIBI rUOPHUIHBIX COCTOSIHUH KOMILIEKCO00pa3zoBaTeis u

COOTBETCTBYIOIIIME KM MPOCTPAHCTBEHHBIC CTPYKTYpbl: sp — JuHelHas ([Ag(NHs),]",
[Cu(NH;),]*); sp® — terpasapuueckas ([Cu(NH;),J**, [NiCLJ*); d’sp’ ([CoFs]) nma sp’d’
(/Co(CN)s]*) — oxrasmpuueckas. KBaapaTHO-IUIOCKOCTHONW CTPYKType OTBeYaeT dsp’-

rUOPUIU3aIMs, HAPUMED, I KoMILIeKcHOro noHa [Ni(CN).J*.

Oco60 1eHHyI0 uH(pOpMAIMIO 00 5SIEKTPOHHOM CTPOCHHH M T'€OMETPHUUECKOM
CTPYKType KOMIUIEKCOOOpa3oBaTeisi HWMEIOT €ro MarHWTHbIe cBoicTBa. [lapamarHuTHBIE
KOMILJIEKChl UMEIOT B CBOEM COCTaBE HEMapHbIC 3JEKTPOHBI — OHU BTATHUBAIOTCS B MAarHUTHOE
mojie, a JMaMarHWTHBIE, B KOTOPBIX BCE OJJIEKTPOHBI CHApeHBl, W3 MAarHUTHOTO TMOJS
BBITAJIKUBAIOTCSL.

MarHuTHblii MOMEHT KOMIUIeKca (i) BbIpakaloT B MarHeToHax bopa (ogun m. b =
0,927-10%" apr/raycc), KOTOPBIi MOKET ObITH BBIUKMCIIEH U3 GOpMyJIa BUA:

1 =nn+2),
i€ 71 — YHUCII0 HE CIIApEHHBIX JIEKTPOHOB B aTOME MJIM HOHE KOMIUIEKCOOOpa3oBaTersl.

OKcrnepuMeHTallbHass MH(OpMalMs O BEJIWYMHAX MAarHUTHOIO MOMEHTa I03BOJISET
CYIHTb O TUNE THOPUIN3AIMH EHTPAIFHOTO aTOMa M O TEOMETPUH KOMIUIEKCA B IIETIOM.

VIMeHHO BEeNMYMHBI MAarHUTHBIX MOMEHTOB JUJISi KOMILUIEKCOB C KOOPAWHAIMOHHBIM
YUCIIOM 6 TIO3BOJIMIM BBECTU TIOHATHS GHEWHeOpOUManvhot nsnp’nd’ M eHympuopoumanshou
(n—1)d’nsnp’ - rubpuanzanum.

BHyTpropOuTaibHble KOMIUIEKCHl — JMAMarHUTHBI MM HU3KOCIIMHOBBIC, COIEpXKAT
ONMH wWnu fBa HecrmapeHHBIX onekTpoHa (/Co(CN)sJ> u [PdClJ>~ — nuamarHuTHb);
BHEIIHEOPOUTAIBHEIE — BHICOKOCIIMHOBBIE, BKIIOUAIOT 3 — 6 HecnapeHHbIX dyeKTpona ([CoFs’
— Loen, = 4,8; 4 HecTiapeHHBIX d1eKTpoHa; [MnCly]* — lowen = 5,95; 6 HeCTTapEHHBIX SIEKTPOHOB).

TBC yb6enutenbHO MOSCHSAET CTpPOCHUE KapOOHMUIOB METAJIJIOB C HYJIEBOM CTENEHbBIO
OKHCIICHUS.

Teopus xpuctammuyeckoro mnonst (TKII), B ommuune ot TBC, yuuThsiBaeT
ANIEKTPOCTATUUECKOE BIMSHHE JIMTAaHAOB Ha d-OopOWTaIM KOMILJIEKCOOOpa3oBarTels, KOTOpoe
HEOJMHAKOBO U3-3a UX PA3HOMN IPOCTPAHCTBEHHON OPUEHTALIUH.

Jlokazano, uro d.- u d.’,’- opoburtanu (d,- ypOBEHb) HCIBITHIBAIOT OOJEE CHIBLHOE
OTTAJIKWBAHUE IO/ BIMSHUEM 3JIEKTPOCTATHYECKOTO TMOJIS JIMTaHAOB, YeM opOuTanu d..,, d..- u
d,-(d.- ypoBeHB).

B okrarppuueckoM mone d-opOuTanu KoMIUIeKcooOpa3oBateist NMpuoOpeTaroT 1Ba
SHEPTEeTUYECKHUX YPOBHS: 1) C MEHBIIEH dHEpTrUen d. — YpOBEHb, BKIIIOYAIOIINN TpU OpOUTAIHN -
1 dvm M d,; 2) ¢ 00JIeE BBICOKOM DHEPTUEN d,- yPOBEHD, COAEpXKaIMi 18e d.”- U d,’,’- opOHUTaIH.

DHeprusi pacmieryieHus (A) — pa3HOCTh MEXIy SHEPrusiMH ypoBHeU d,- u d.,
YHUCJICHHAS XapaKTePHCTUKA PA3HOTO DJIEKTPOCTATHUECKOTO JEHCTBUS TOJS JIUTaHAOB Ha
MIPOCTPAHCTBEHHOE pacnpezeneHue AJIEKTPOHHOMN IJIOTHOCTHU d-opOuTraneit
KOMILJIEKCO0Opa30BaTes.

Bennunna A HeonmHakoBa 7S pa3HBIX JIMTAHIOB M 3aBHCUT OT MX MPUPOJbl. Bennunna
SHEPIUH PaCIIeIUICHUs, BEI3bIBa€Masi pa3HbIMU JIMTAHJAMH, BO3PACTAET B CIEIYIOIIEM MOPSIKE:
I <Br <ClI <F <OH < C,0/ < H,0 < NH; <NO; <CN < NO<CO,
T.€. KaXIbI CIHEAYIOmUN JuraHa co3gaét Ooyiee CHIIBHOE TOJIE, YeM IPeIbLIyIIHiA.
[IpuBeneHHas MOCAEA0BATENBHOCTh HA3bIBACTCS CHEKMPOXUMUYECKUM PAOOM.

Jlueanowl ciaboeo nons pacnoiararoTcs B Hadase psijia, o0sagaoT BechMa Majoi A. d-
OpOuTanu KOMILIEKCOOOpa3oBaTeisl C TAaKUMH JIMTaHIaMU 3allOJIHAIOTCS B COOTBETCTBHUHU
npaBwioM XyHpaa (abcontomuas 6eIudyuHa CyMMApPHO20 CRUHA 6 NOOYPOBHE OO0NHCHA Oblmb
maxcumanvroul). Ilpyu 3TOM 3HEprusi OTTaIKMBaHUS JBYX CIAPEHHBIX 3JEKTPOHOB OKAa3bIBAETCS
BhIle, 4YeM BeianmuuHa A. KoMriuiekcbl, copepkamiye Jurasabl ciadoro Iojs, Bcerja
rapaMarHUTHBIL.
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JIueanowl cunbHo20 NOJA BBI3BIBAIOT BECbMa 3HAUUTEIBHYIO DHEPTUIO pacIlCIICHUS.
[Ipu >TOM 5Heprus OTTAJKUBAHUS JBYX CHApEHHBIX 3JEKTPOHOB OKAa3bIBAETCSI MEHBIIE, YeM
BEJIMYMHA A. [TocnenoBarenbHOCTH 3aIl0JIHEHUS JJIEKTPOHAMH d-ypoBHSA
KOMIUIEKCOOOpa3oBaTesl CleAyrollasi: CHadajla HWIEeT 3alojHeHHEe OJUHOYHBIMHU, 3aTeM —
CMIAPEHHBIMU 3JICKTPOHAMU OpOHTaNel d,, MOCie Yero 3MEKTPOHAMU 3alOJIHAIOTCS d,-OpOUTaANIH.
KomMmruiekcHble coeMHeHUs, COJep Kallue JUTaHJbl CHUJIBHOTO TOJIS, JUAMarHUTHBI WJIU
SBJIAIOTCS HU3KOCITMHOBBIMH.

TKII  oObsicHSeT  OKpacKy  KOMIUIEKCHBIX  BEIIECTB C  HAIWYUEM Y
KOMILJIEKCO0Opa3oBaTens BakaHTHOW opOuTanu Ha d,- moxypoBHe. Ilpu mepexoze aieKkTpoHa ¢
d- Ha d, TONypOBEHb HHEpPrus MorjomaeMoro cera (£) mpu 3TOM aJeKBaTHA HSHEPrHU
paciierieHust (A), 4YTO OIpeneiseTcss CIAEAYIOIMM COOTHOLIEHUEM (JUI1 OJHOrO0 MOJb
BEIIIECTBA):

A, Ioic/mone = ENy = hvNy = heNy/A = 0,1196/7, (6.2)

rae Ny = 6,02:10% — nocrosHHas Aoraapo; h = 6,6-107* Jlxk-c — moctosnnas Ilnanka; ¢
= 3-10° M/c — ckopocTh cBeTa; V(cM ') U A(M) — 4acTOTa W JUIMHA BOJIHBI IOIJIOIAEMOTO CBETA
COOTBETCTBEHHO.

[IBeT — 3TO 3pUTENBHOE OILIYIIEHUE JIEKTPOMArHUTHOTO M3JIY4YEHMs C AJIMHAMHU BOJH
400 — 760 am (1 um = 10”° m). Eciu Bce majgaromme JIydd OTPakarOTCH, TO BEMIECTBO —
OecIBETHOE, €CIHM TMOJHOCTBIO TOTJOIIAaloTCss — 4depHoe. lIpu u3bupaTeabHOM MOTIIOIIEHHH
OLIYIIEHUE IIBETHOCTH CO3JIAI0T MPOUIEAIINE WM OTPAKCHHbIE BEIIECTBOM JIydd. Takoil 1BeT
Ha3bIBAETCS IOTIOJIHUTEIBHBIM MU HA0JII0JaeMbIM.

Meton monekynspHbix opOutaneir (MMO) siBisieTcsi caMbIM YHUBEPCAJIbHBIM IPHU
ONHUCAaHUU XUMHUYECKOW CBSI3M B KOMIUIEKCHBIX COeAMHEHHAX. MMO yuuTBIBaeT B3aUMHOE
BIIUSIHUE OpOuTaliell Kak KoMIuiekcooOpas3oBarens, Tak U jurasaos (B otauuue ot TKII) mpu
00pa3oBaHNM XMMUYECKHX CBSI3€H B KOMILIEKCAX.

MMO ocHOBBIBaeTCS Ha B3aUMOJCHCTBUM AaTOMHBIX OpOUTANCH, NPUBOIANINX K
00pa30BaHUIO MHOTOIEHTPOBBIX MOJIEKYJISIPHBIX OpOHUTajel, HMMEIOMIMX pa3Hble >HEPruHu.
OOpazoBaHue CBA3BIBAIOIINX MOJIEKYJISIPHBIX opOuTanei (o) ua€T Ha HKHUX YHEPreTUYECKUX
YPOBHSX, pa3pbIXJstomux (0”*?) —3a cueT BEpXHUX.

Mexny ypoBHAMU o° u o077 HaxoOATCS YPOBHHM CJ1a00 CBSA3BIBAIOIINX, HE
CBA3BIBAIOIIMX M cJa00 pasphIXJAOMMX opoutaneit (0:). MonekynspHele opOuTamu
3aIOJIHAIOTCS 3JIEKTPOHAMH B COOTBETCTBUHM ¢ puHLMIoM [laynu u mpasuiiom XyHza.

MMO ocHOBaH Ha OYEHb CJIO)KHOM MAaTEMAaTHUYECKOM amlmapare, 4ToO MPEMSITCTBYET €ro
HIIMPOKOMY MCIOJIB30BaHUIO.

Bonpocsl u 3aganust

[Tpumep 1 Hanumure ypaBHEHUS IEPBUYHOTO MPOTOJIN3A JJIsI KOMITJICKCOB:

1) [Co(NH;)s][CoFs]; 2) [Pt(NH3),JCL; 3) K[Co(NO,),«NH;s),[;, 4) [Pt(NH;).Cl;].
YKaxuTe UX THI, OINpEeAeNuTe CTeNeHb OKUCIeHHs KomIuiekcoobpaszoBatens (KO), ero
koopauHannonHoe uncio (KY), gaifre um Ha3BaHue.

Ortser.

1.1 [Pt(NH;),]Cl; L [Pt(NH;),J** + 2CI" — tan xatuonnslii; KO — miaTuHa; cTeneHsb
okucinenus: KO: x(Pt) = +2 (paBeH 3apsly KOMIUIEKCHOTO MOHA, TaK KaK MOJIEKYJIbI aMMHaKa
Hertpanbhbl); KU(Pt) = 4; Ha3BaHWE — XJIOPUJ JUAMMUHILIATHHBI (1+2).

1.2 K[Co(NO;)«(NH;),] < K" + [Co(NO,)«(NH;),]” — tun anuonHslii; KO — kobasT;
crenenb okucnenus KO: x(K) + x(Co) + 4x(NO;) + 2x(NH;) = 0w +1 + x(Co) + 4(=1) + 2(0)
= 0; x(Co) = +3; KU(Co) = 6; Ha3BaHHE — TUAMMUHOTETPAHUTPOKOOAIBTAT (+3 Kaus ).

1.3 [Pt(NH;),Cl,] (", x — nuesnextponut; KO — miatuna; crenens okucienus KO: x(Pt)
+ 2x(NH;) + 2x(Cl') = 0 wma x(Pt) = — 2x(Cl') = -2-(—1) = +2; KU(Pt) = 4; Ha3BaHUEC —
JTUAMMUHTAXJIOPOTUIATHHBI.

1.4 [Co(NH;)s][CoFs] "y [Co(NH;)s]’" + [CoFs]>” — Tun xatmonHo-annoHusii; KO B
KaTHOHE W aHHWOHE — KOOambT; cTemeHb okucieHus KO B: a) KaTHOHHOM KOMIUICKCE
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[Co(NH;)s]** — x;(Co) + 6x(NH;) = +3; x;(Co) = +3; 6) B annonHoM komruiekce [CoFs]’ —
x2(Co) + 6x(F) =—3; x5(Co) =3 + (=)-6x(F) =

=-3 + (-)6:(—1) = +3; KU;(Co) = KUx(Co) = 6; Ha3zBanue — rexcadropoxodanstar (+3)
rekcaaMMHHKOOabTa (13).

[Ipumep 2 Kak TBC o00bsiCHSE€T DJIEKTPOHHOE CTPOSHHUE U TMPOCTPAHCTBEHHYIO
CTPYKTYpy KapOoHWia Hukens? KakoB Tl THOpHIu3aniy KOMILIEKCOOOpa3oBaTelss M KakoBa
reoMeTpHUYECKasi CTPYKTypa ITOro KOMIUIeKca?

OtBer

TBC BmonHE yIOBIETBOPUTEIHHO OOBICHIET CTPOCHHE KOMILIEKCHBIX KapOOHUIBHBIX
COCJTUHCHHIA, B KOTOPBIX CTEIICHh OKHUCIICHHS KOMITICKCOOOpa3oBarTes paBHa Hyo. [IpuBeaem
MPUMEP TaKOro OOBSCHEHUS ISl SJICKTPOHHOU CTPYKTYpPhI KOMIUIEKCA TeTpakapOOHHUIA HUKEIS
Ni(CO),.

Cxema 2IeKTPOHHOM CTPYKTYPhI HEBO30YKICHHOTO aTOMa HUKENS UMEeT BUJ:

Ni’ 3d 4s 4p
R R | | |

Ion BiomsHWEM ueThlpeX Monmekyn CO arom Hukens (,gNi’) mepexomuT B

BO30YKIICHHOE COCTOSIHUE (.4 Ni® ) MyTeM crapuBaHUs JABYX d-3JEKTPOHOB M HEpeXoja Mapbl

JJIEKTPOHOB C 4s-TIOAYPOBHS Ha IATYIO BakaHTHYI 3d-opOutans. B wurore peammsyercs
AJIEKTPOHHAsI CTPYKTypa C YETBIPbMSI CBOOOJHBIMU OpOMTAIsIMU — OIHOM 4s- U Tpex 4p-
OpOHUTAISIMHU.

Ni’™ 3d 4s 4p
R A B B R R T T K
coO co co co

VuuteiBas, 4to Bce ueTbipe Ni & CO — cBsA3u (IKCIEPUMEHTAIbHBIC AHHBIC)
a0COJIIOTHO PABHOLICHHBI, BIOJHE JIOTUMHO IPEANOIOKHUTE UX Sp -THOPUIM3ALNIO, TO €CTh
reomerpuueckas kounpurypauus Ni(CO),— teTpasapuueckas.

[Ipumepa 3  Omnpenenuts TUO  TrUOpUIM3AaLUMU  —  BHEUIHEOPOUTAIbHBIA WM
BHYTPHOPOUTATIBHBIN, IS CIEAYIOMUX KOMILIEKCOB: [FeCl,/ ", IATh HE CIapEHHBIX AJIEKTPOHOB;
[PdCl,J* nmuamaranThbiii; [Mn(CN)sJ*, u = 2,93, ecnu Uit HUX M3BECTHO YMCIIO HE CIIAPEHHBIX
NIEKTPOHOB HWJIM TPUBOAMUTCA OKCIEPUMEHTAIbHO OIPEICIICHHBIE 3HAUYEHUS CYyMMAapHOIO
MarHuTHOTO MOMEHTa ().

Ortser.
3.1 [Ia1p HEe crapeHHBIX JIEKTPOHOB B MOoHE [FeCl,] 0TBEUalOT JIEKTPOHHON CTPYKTYype
voHna xenesa Fe'" ... 3d°4s"4p” wnun B rpaduyeckoii popme

Fe'* 3d 4s 4p
I S S e S I I | | | |

Yerbipe wuoHa-nmuranga CI  0o0pa3yloT 4YeThlpe XHMHYECKHE CBSI3U MO JOHOPHO-
aKIEeNTOPHOMY  MEXaHM3My 3a CYeT BaKaHTHBIX, OJHOM s- H  3p-opOHTaieH,
KoMIIIeKcooOpasoBarens Fe''. Tompko Takoe B3aMMOJEHCTBUE opOmTaneil xeme3a (+3) u
YyeThIpeX HOHOB Xxyiopa C/” MOXKeT COXpaHUTh MapaMarHuTHBIE CBOMCTBA KomIuiekca [FeCly] .

Urak, rpapuyeckas Gopmyna [FeCl,]” Oyner uMeTh CASAYIOIMIHNA BUI:

[FeCl,] 3d sp’ — rubpuamzanus
LT [T [ P[] T [V IR DS
Cl Cl Cl Cl
Tun rTUOpuaW3alMu — BHEIIHE OpOWTANBHBIN, TeoMmeTrpudeckas ¢opma —
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TETpad IpUIECKast.

3.2 B muamarautHoM [PdCl,J* wony Pd’" cooTBeTcTBYeT TpaduuecKkas dJIEKTPOHHAS
CTPYKTYpa, KOTOpasi HE COAEPIKHUT HE CTIAPEHHBIX 3JIEKTPOHOB, UTO OOBIACHSIETCS BIMAHUEM TOJIS
yeThipex quranaoB Cl .

Pd** 4d s 5p
R O A | | | | |

B pesynbTare, 1o JOHOPHO-AKIIEITOPHOMY MEXaHHU3MY, O0pa3yIOTCs YEThIPE CBSA3U: OJIHA
3a CUeT BAaKaHTHOW 4d-opOWTaM; TPU — 3a CYET OAHOM Js- M JIBYX — 3a cueT JSp-opoOurtaneit
noayposHeii Pd’".

B uTore rpaguyeckas CTpyKTypa AMaMarHUTHOTo Komiuekca [PdCl,]* umeeT Bu:

Pd** 4d 5s 5p
(LA [T [N [ D R IR D] |
4d'5s'5p’ — rubpuauzanys.

Tun rubpuauzauuu — BHYTPUOPOMTAILHBIN, Teomerpus [PdCl,]> — xBagpaTHO-
TUIOCKOCTHAS.

3.3 BenuuuHa 3KCHEPUMEHTAIBHO ONPEAEIEHHOT0 CYMMapHOI0 MarHUTHOIO MOMEHTa (U
= 2,93) s komiuiekcHoro uoHa [Mn(CN)s]>” mOKa3bIBaeT, 4TO MOH-KOMILIEKCOOOPA30BaTEb
Mn’" comepKuT 1Ba HE CHIAPEHHBIX SJIEKTPOHA.

JlBa He CIAPEHHBIX DIIEKTPOHA OTBEYAIOT BJIEKTPOHHON CTPYKType HoHa Mn’"
3d*4s"4p” nim B rpaduueckoit Gpopme

Mn** 3d 4s 4p
R O | | | | | |

Huanua-noHsl 00pa3yroT MIECTh XUMHUYECKHX CBS3€H 3a CYET BaKaHTHBIX OpOHTamneit
Mn**, nBe — ¢ 3d-; onHy ¢ 45- 1 TpU — ¢ 4p-OpOUTANAMH.
Torna rpapudeckas Gpopmyna [Mn(CN)s]> Oyaer uMeTh CIeayOMIUA BUI:

[Mn(CN)s]* 3d’sp’ — rubpummsanms
| T4 | T | T | ®®| ®®| ®®| ®®| ®®| ®®|

CN CN CN CN CN CN
Tun rubpuau3anuy — BHyTpHOPOUTATIBHBIN; reoMeTprudeckas (popMa — OKTadApruuecKasl.

ba30BbIi1 ypoBeHb

3agaua 1 KobGansr B cocrosuun Co’* (3d’) obpasyer 1Ba TuIa KOMIUIEKCOB,
pa3IMYAOMINXCS [0 MarHUTHBIM CBOMCTBaM: HU3KOCIIMHOBBIN Komiuiekce [Co(NO»)s]* (u =
1,73) u BwicokoctuHOBBIN — [Co(H.0)s/*" (1 = 3,87). W300pasuts cxemy pacnpeeiacHus
3JIEKTPOHOB 110 d;- ¥ d,- OpOUTaIIM HOHA-KOMILIEKcooOpasosarens Co’".

3agaua 2 OO6bsicautey ¢ mo3unuu  TKII uBetHocTh coemuHenuid meam (+2) u
0ecCLIBETHOCTh coeAMHEeHUN Meau (+1).
3amaua 3 Cnextp mnommomeHuss 18 KomiuiekcHoro wuona [Ti(H»0)s]’" wumeer

MakcumyMm npu 504 HM. UTO mpOMCXOAMT MPHU MOTJIOLIEHUU CBETAa 3TUM HMOHOM? BBIYMCIHTH
SHEPrulo pacuierieHus (Bo30yxaeHus). B kakoil 1IBET OKpalleH 3TOT KOMIUIEKC?

3anaua 4 K 1 am’ pacrteopa K>[Hgl,] ¢ xonuentpauueii C(K,[Hgl,]) = 0,001
mouns/aM’, conepxkaiero 0,05 monb u30bITKa K/, TpUOaBWINM TaKyl0 MAaccy HOHOB S°, KOTOpas
conepxkurcs B 1 aM’ Hacwimennoro pactsopa CdS. Bemaner i ocanok HgS — Kueel([Hgl,J*) =
1,5-107"; TIP(CdS) = 7,9-10%"; TIP(HgS) = 1,6:10).
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3anaya 5 HNonunzannonnass u3oMepuss KOMIUIEKCHBIX COEIMHEHUN 3aKI04aeTcsl B
Pa3IMYHOM pacIpeeICHNH HOHOB MEXIy BHYTPEHHEH W BHEITHEH chepamMu, 9TO CKa3bIBAETCS
Ha pa3HOM mpoTekaHuu mnportoiusza. Kommiekc coctaBa CoSO,Br(NH;)s cyliecTByeT B BHJE
JIBYX U30MEPOB: OJIMH C HUTPATOM cepedpa naét ocanok Ag>SO,, npyroit — AgBr; mpu ACHCTBUN
xyopuna 6apust oguH naét ocanok BaSO,, npyroi ocaaka He 0Opasyer.

Harmumure xoopauHaIimoHabie GOpMysIbl ©30MEPOB, YUUTHIBAsA, YTO KOOPJAMHAIIMOHHOE
qrcio kobanbTa (+3) paBHO IIECTH.

3agaya 6 Ilomb3ysice HomeHknatyporr MIOITAK, Ha3Barh cieayromme KOMIUIEKCHI:
1) [Pt1«(NH;),]; 2) [CoPO4«(NH3)s]; 3) [Co(OH)3(NH3)s], 4) [PtCIl3(NH3)5]; 5)
[Co(NO;).CI(NH3)3]; 6) [Cr(H:0)3(CNS)s]; 7) [PtSO3(NH3)s]; 8) [Pt (NH3)4] [IrFs].

3amaua 7 Kakas cBs3b Ha3bpIBaeTCs JOHOpPHO-aknenTopHor? Kakoil atom wiM HOH
ABJIAETCA JOHOPOM M KaKOM aKLENTOpOM B KOMIUIEKCHBIX MOHax: [BF,], [PtF6]*, [H;0]",
[Cu(CN),J>*? Onpenenure B HHX CTENEHb OKUCIEHHS KOMIUIEKCOOOpA3oBaTens M
KOOPJMHAIIMOHHOE YHCIIO.

3amaya 8 Kakue coequHEHHsI HA3BIBAIOT alUIOKOMITIEKCHBIMH? CocTaBbTe (HOPMYIIBI
KoMIUIekcoB Uit woHa V°° ¢ wmomamm F, CNS u NO, B KauecTBe IMTaHIOB, €CIHU
KOOPIMHALMOHHOE YUCIIO V7' paBHO MIECTH.

3amaua 9 HanummmTe ypaBHEHHS peakiuii HUTpaTa cepedpa ¢ KOMIJIEKCAMH CJICTYIOIETO
cocraBa: PtCl,s6NH;  PtCly5NH;,  PtCls4NH;  PtCly3NHs;,  PtCl;2NH;  CoctaBbTe
KOOPJIMHAIIMOHHBIE (POPMYJIBI TUX KOMILIEKCOB, HA30BUTE MX M HAITUIIIUTE YPABHEHUS PEaKITHil
MEPBUYHOTO MPOTOJIN3A JJIA KXKI0T0 U3 HUX. Kakoil U3 3TUX KOMILIEKCOB — HEAJNIEKTPOIUT?

3agaua 10 Berumcnure KOHIEHTpauuio (B MOJB/IM’) HOHOB KajaMHUS B PacTBOpPE C
xouuenrpanueit C(K>/Cdl,]) = 0,1 mons/nm°, conepxaiem oaua kamus ¢ C(KI) 0,1 mons/am’
(K*([CdL,]*) = 7,94:107).

3agaua 10 Mapranen (0) u kobamsT (0) 00pa3yioT AMMEpHbIE IBYXsJIEpHbIC
kapOoHWIbHBIE KOMIUIEKCH [Co:(CO)s] n [Mn>(CO),y]. Kak TBC 00BsICHSIET UX 3JIEKTPOHHOE
ctpoenue? [IpuBeanTe COOTBETCTBYIOIINE MIEKTPOHHBIE TPAPUIECKIE CXEMBI.

3amaya 11 Kakoif Tun ruOpuansanuy, BHEUIHE- WM BHYTPU OPOUTANIbHBIM, aTOMHBIX
opoutaneii Co’* B kommuekcHeix wnoHax [Co(NH;)s”" (nuamaramren) u [CoFs]> (tpu
HECIapEHHBIX AJIEKTPOHA)?

3amava 12 Omnpenenuth THOpPUAHBIE OPOUTATH LEHTPATHLHOTO MOHA M TEOMETPUYECKYIO
CTPYKTYPY KOMIUIEKCOB, JJII KOTOPBIX YKa3bIBA€TCS YHWCJIO HE CIAPEHHBIX JJEKTPOHOB WIIH
HalJICHHOE OMBITHBIM IyTeM 3HaueHue u: a) [CoCly]”, Tpu HeCcmapeHHBIX IIEKTPOHA; 0)
[MnCL,]*, u = 5,95; B) [AuCl,] — nnamarauThbIii; T) [FeCl,] , IATh HECTIAPEHHBIX JJIEKTPOHOB;
n) [PdCL,]*, nuamarautheiii; €) [Fe(CN)sJ*, k) [Fe(CN)sJ*, nnaMarHuTHBIA.

3anmava 13 Kaxoii Tun rubpuausanuy aToMHbIX opOuTanei pocdopa ocyiiecTBisieTcs B
nonax [PCl,J" u [PCls]", w3 xoTopbiX coctosaT kpuctamisl P>Cl;? KakoBa mpocTpaHCTBEHHAs
KOH(HUTypamus 3TUX HOHOB?

Bamaua 14 PactBop [Ni(H.0)s]*" umeeT 3enenyro okpacky. OObICHUTE, IOYEMY OKpacKa
WCYE3aeT MPHU BBEJCHUH B 3TOT pacTBOp HOHOB CN .

3amaua 15 Ipeackaxure MarHUTHBIE CBOMCTBA MOHOB: a) [Al(H,0)s]’", 0) [Zn(H,0)s]*",
B) [Cu(H.0),]*", ) [Fe(H.0)s]**, n) [Fe(H:0)s]**, €) [Cr(H,0)s]>". Tlpenckaxure MarHUTHEIE
CBOMCTBA HOHOB, Y KOTOPBIX MOJIEKYJIBI BOJIBI 3aMellieHbl Ha NHs, F~ wiu CN.

[ToBbIlIEHHBIN YPOBEHB

3amauva 1 Uon [CrFs]> — mnapamarHuTeH (Uxen. = 3,91). Iloctpoiite ero
SHEPreTUUECKYI0 auarpammy, ucnonb3dyss MMO. Vkaxure 4uucio M XapakTep XHMHYECKHX
CBA3EH B KOMILJIEKCE.

3anaua 2 BbIUMCIMTS  KOHIIEHTpAIMiO  HOHOB Ag' B pacTBope,  €CIid
C([Ag(NH;),JNO;) = 0,2 mons/nm® u C(NH;) = 0,5 mons/am’®. OOmmas KOHCTAHTa HECTOMKOCTH
xomiuiekca [Ag(NH;),] " pasua 6-107°,
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1 Hammucatp popmyiiel coenunenuii: 1) puammungocdaroxpoma (+3); 2)

TpuaMMHHTpHogopoaus (+3); 3) AMaMMHUHTETPaxXJI0pOIIaTUHbI (+4); 4)
TPUAMMHUHTPUHUTPOpOAUs (+3); 5) AMTUAPOKCHIaMUHAMXJIOponaiaaus (+2); 6)
aMMUHTPUXJIOPOIUIATUHAT (+2) TpUaMMUHXJIOpPOIUIaTUHBI (+2); 7) rekcaunaHokoOanbTar (+3)
rekcamMmmuHkoOanbpTa(+3); 8) rexcadropoxpomar (+3) rekcakBaxpoma(+3); 9)

TeTpaxyjoporuiaTuHat (+2) TeTpaMMuHAUTUApokcoruiatunel (+4); 10) rekcaunanoxpomar (+3
rekcaMMHHK0OanbTa(+3); 11) rekcanuTpo-kobansTar (+3) rekcammuaxpoma(+3).

Bamaua 3 Bemager nm ocamok kapbomara kxaamusa (IIP(CdCO;)=2,5-10"), ecim
pactBopy ¢ kouuenrpamueii C(Cd(NH;),SO;) = 0,01 mons/aMm® 1006aBUTH paBHBIA 00bEM
pacteopa comel ¢ KonmeHrtpamuein C(NaCO;) = 1-10* moms/mm*? Otet: ocamok CdCO;
BBITIAJIET.

3amaua 4 BemectBo coctaBa PtSO.(OH),(NH;), 06pa3yeT aBa MOHU3AIMOHHBIX U30MEpa.
BopHblii pacTBOp OJJHOTO M3 HUX HEWTpajeH, Ipyroro — MMeeT IIejo4Hylo cpeny. Hamummure
KOOpJWHAIIMOHHBIE (DOPMYIIBI M30MEPOB, YYHTBIBAs, YTO KOOPIWHAIMOHHOE YHCIIO TUIATHHEI
paBHO 1iecTH, a HoH SO,/ — OUIEHTAaHTEH.,

3amaua 5 Kak TBC o6wbscHsaer crpoenue kapoonunos xpoma (0) u xkenesza (0)? Kakue
KOOpAUHalMOHHKIE yKciia uMeroT Cr(0) n Fe(()) B 3Tux KoMIuiekcax?

3amaya 6 B kakux o0nacTax 3JEKTPOMArHUTHOTO CHEKTpa MPOMCXOAUT IOTJIOLIEHUE,
€CIIi pacTBOpPBl MMEKT okpacky: NiCl, — 3enenyrw, TiCl; — kpacHo-mypmypayto, CuSO; —
CUHIOK0?

3amaua 7 OObsicaure, mouemy coeawHenus Au (+1) He oxpamensl, a Au (+3) —
OKpAIIECHBI.

3azaua 8 MakcumyM ToriomieHus BogHoro pactsopa [Cr(NH;)s]'* cocrauster 460 um, a
nns pacteopa [Cr(H,0)s/*"— 710 mm. Kakyro OKpacKky HMMEIOT PacTBOPHI OTUX KOMILIEKCOB?
PaccuuTaiitTe 3HEpruto paciieruieHus sl 3TUX HOHOB.

3agaya 9 Kakoil JiuHE BOJIHBI COOTBETCTBYET MAKCUMYM TMOTJIONIEHUS JJISI BOJHBIX
pactBopoB WoHa [Mn(H>0)s]’", ecnu sHeprus pacuiervienus i d.- u d,- nogyposHeit Mn'*
paBHa 250,5 x/Ix/monb? Kakyio okpacky uMeeT 3TOT pacTBOp?

OTBeT: OKpacka OpaHKeBast; Amax = 472 HM.

3amaua 10 M300pa3uth cxeMy pacmlpeneneHuss JJIEKTPOHOB MO d.- W d,-opOuTaisim
KOMILIEKCOOOpasoBarens B KOMIUIEKCHBIX HOHaX [Cr(H>0)s]’" (twen = 4,8) m [Cr(CN)s]**
(ImaMarHUTHBIN).

3amaga 11 MoXHO 1M CUMTaTh MOJIEKYJbl METaHa M aMMHaKa KOMIUIEKCHBIMU
coequHeHusiMu? Kak MMO onucsiBaer oOpa3zoBaHue MOJIEKYJSIpHbIX opOuTaneit B CH, u NH;?

Cnucok JuTepaTypbl, peKOMEeHAyeMbIil K HCIOJIb30BAHMIO 110 JAHHOM TeMe

OcHoBHasi uTepaTypa:

1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. KopouH. - 13-e uzn., nepepad. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubmuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMusi okpyKaromei cpesibl : XMMUst )KUBBIX opranu3mMoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 27eKTpOHHBIN // DneKTpoHHO-O0nbmoTeynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctymna: mis
aBTOPU3UD. M10JIb30BATEIEH

JlonoiHUTeIbHAS JTUTEpPaTypa:

1. I'munxka, H. JI. O6mas xumus / H. I'. I'munka ; Tox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1

2. XuMus METaJuIoB : yueOHOoe ocodue (A1l CTYJEHTOB XMMHUECKOTo (akynbTeTa
HarpaBiIeHui 0akanaBpoB « XUMHUD» U «XUMHUYECKasi TEXHOJIOTH») / coctaButenn O. A.
I'onoBanoBa. — Omck : OMckHit rocyaapcTBeHHBINH yHUBepcuTeT uM. @.M. JlocToeBckoro,
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2015.—552¢c. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyma: s
aBTOPH3UD. MOJIb30BATENEH
Humepnem-pecypcol:

1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OubinoTeka OHIalH».

3 http://catalog.ncstu.ru/ — 3IEKTPOHHBIN KaTaJIOT acCOIUAIIAN JIEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTkpbITOE OOpa3zoBaHUe

Tema 8. OKHCIIMTEIBHO-BOCCTAHOBUTEIbHBIC PEAKIINH
IIpakTH4eckoe 3anaTHE 8. OKHCIUTENbHO-BOCCTAHOBUTEIbHbIC PEAKIIUHA
Leap 3aHsATHA: 1) MOBTOPUTH OCHOBHBIC TMOHATHUS OO0 OKHCICHHMH W BOCCTaHOBJIICHUH,
paccMOTpeTh CYLTHOCTh OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEaKIIHii;
2) BbIpabOTaTh YMEHHUSI 110 COCTABJICHUIO YPABHEHUM XMMUUECKHUX PEAKIMMA, TPOTEKAIOIINX
B Pa3JIMUHBIX CPE/IaXx METOJIOM 3JIEKTPOHHOTO OanaHca;

3HaHuA U ymenus, npuoﬁpeTaeMble CTYAECHTOM B PE€3yJbTaTEC 0CBOCHUA TEMbI

3HaTB: OCHOBBI CAMOOPTaHU3AIMH U CaMOOOPa30BaHHUS;
3HaTh: CyIIHOCTh M 3HaUEHHE MH(OPMAIUY B PA3BUTHH COBPEMEHHOI0 OOIIIECTBA; OCHOBBI OJIYUYCHHS U
00paboTKky nH(GOPMALMH U3 PA3THYHBIX HCTOYHUKOB
3uath: PabOTHI MO pacueTy U MPOSKTHPOBAHUIO JICTANICH 1 y3J10B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3AIUA TPOEKTUPOBAHUS
YMeTb: caMOCTOSTEIBHO CTPOUTH MpOoLiece OBNaieHus HH(popMaluei, 0TOOpaHHO! u
CTPYKTYPHUPOBAHHOM /IS BBIIOJHEHHUS TPOPECCHOHANBHOM e TeIbHOCTH.
YMeTb: TOIy4aTh U 00padaTeIBaTh HH(DOPMAITHIO M3 Pa3IMIHBIX HCTOYHUKOB
YMerTh: TPUHAMATH YYaCTHE B padOTax MO pacyeTy W MPOCKTHPOBAHMIO JCTATICH U y3JI0B
MAIIMHOCTPOUTEBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATHU3ALIMU MPOEKTUPOBAHUS
HaumenoBanue (opMupyeMbIX KOMIETSHIIHIA

AKTyanbHOCTh TeMbl. OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIE  MPOLIECCHl NPUHAIEKAT K
quCclly HauOoJiee PacpOCTPAHCHHBIX XHMHUYECKUX PEaKIUid U MMEIOT OIPOMHOE 3HAYCHHE B
TEOPUU U IPAKTUKE.

TeopeTnyeckas 4acTb
Teopusi OKHCJIUTEIbHO-BOCCTAHOBUTEJIbHBIX peakuuii

Peaxyuu, 6 xomopvix npoucxooum usMeHeHue CcmeneHel OKUCIeHUs amoMos,
HA3bl8AIOMCA OKUCIUMENbHO-80CCMAHOBUMENTbHBIMU.

B mpocteix BemecTBax CTENEHW OKHUCIEHUS aTOMOB paBHbl Hyr0. /s cioxxHOU
MOJIEKYJIbl CyMMa CTETNEeHEW OKHCJICHHUS BXOMAIIUX B €€ COCTaB aTOMOB TaKXke JI0JDKHA ObITh
paBHA HYJIIO; JISI MOHA — €70 3apsay.

OKucIIeHHeM Ha3bIBAETCs MIPOLIECC OTAAYH ATOMOM MOJIEKYJION WJIM HOHOM 3JIEKTPOHOB:

Al —3e — A"
Fe2+
2CI —2e—>Cly.

B npouiecce okucieHus: MPOUCXOAUT NOBBIIEHUE CTEIIEHU OKUCIICHUS.

BoccraHoBneHueM Ha3bIBaeTCs IMPOLIECC MPUCOEIWHEHHUS 3JIEKTPOHOB aTOMOM, MOHOM
WJIM MOJIEKYJIOMN:

—e—> Fe3+

S+2e—S>"
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Cly +2e —2CI~
F*t +e— Fe’t.

[Ipu BoccTaHOBIIEHUH CTETIEHb OKUCIIEHUS TOHMKAETCSl.

B 3aBucumocTu 0T CrOCOOHOCTH OTJaBaTh WM MPUHUMATH 3JIEKTPOHBI BCE BELIECTBA
JENIATCS HA OKMCIIUTENN U BOCCTAHOBUTEIH.

Oxucnumenu — 3mo amomvl, UOHbL UIU MOAEKYIbl NPUCOCOUHAIOWUE dNIeKmMpOoHbl. Bo
8peMs peakyuu OHu 80CCMAHABTUBAIOMCAL.

Boccmanosumenu — smo amomol, uoHbl UIU MONEKYIbl, KOMOPble OMOAOm INeKMPOHb.
Bo epems peaxyuu onu oxucasiomes.

[Tpoueccrl OKUCIEHHUST M BOCCTAHOBIICHHUSI BCETAA MPOTEKAIOT Mapasuie]bHO, YTO MOXKHO
BBIPA3UTh CIEAYIOIIEH CXEMOM:

Boccranosurens (B)) — e <> okuciurens (O))
Oxucnurens (0;) + e <> BoccTaHOBHUTEND (B)).

CrnenoBatenbHO, OKUCIUMENLHO-80CCMAHOBUMENIbHbIE DeaKyul npeocmasisaom cooolu
eOUHCMBO 08YX NPOMUBONOJIONCHLIX NPOYECCO8 — OKUCIEeHUs U 8OccmaHnogneHus. B 3Thx
peaknusx oOllee Yuciao 3JIEKTPOHOB, OTJABAEMBIX BOCCTAHOBUTEIEM, PaBHO OOLIEMY YHUCIY,
IIPUCOEANHIEMOMY OKHUCIUTEIIEM.

[Tpu >TOM HE3aBUCUMO OT TOrO MEPEXOIAT JIU SJIEKTPOHBI C OJHOTO aroma Ha JIPYroi
MIOJIHOCTHIO WJIM JIMIIB YACTUYHO OTTATHBAIOTCS K OAHOMY M3 aTOMOB, YCIOBHO T'OBOPST TOJIBKO
00 oTJave U NpUCOEIUHEHUH JIIEKTPOHOB.

B OBP oxucaurens M BOCCTAaHOBUTENb PEAarupyroT APYr € APYTOM B SKBUBAJIECHTHBIX
KOJIMYECTBAaX.

Oxeusanenmom oxkucaumens (0O) unu eoccmanosumens (B) Hazvieaemcs maxoe
KOIUYeCmeo UxX MOJb, KOMOpOe HpUCOeOuHsem uiyu omoaem OOUH MONb 3IIeKMPOHOS, UYMO
ompasicaemcst C1e0VIOWUMU QOPMYTAMU:

2(0), morb = 1 uu 2(B), motb = ]—,
Ze Ze

II€ Z. — YHUCJIO OJJIEKTPOHOB, KOTOpPOE MpPUHUMAET OKuUcAuTear O WM OTHaeT
BOCCTaHOBUTEIND B.

MornbHas (WaM MOJSIpHAsl) Macca SKBUBaJEHTa okuciaurenass O M BOCCTaHOBUTENs B
BBIPAYKAETCSI B I/MOJIb U OTIPEAEISETCS U3 COOTHOIICHHI CIEAYIONIEro BUAA:

1 1
1) nas okucautensi— M (— ), e/ moas; 2) aasrocctanopurenss—M (—. B), e/ mone

Z, Z,

TonpKO B POIM OKUCIMTENS BBICTYNAIOT YACTULBI, UMEIONINE MAKCHMaJIbHO BO3MOKHBIE
CTENIEHU OKHUCJICHHs (Hampumep, uisi Mapradma — 31o (+7), mist a3ora (+5) W T.1.); TOJBKO
BOCCTAHOBHUTEIISI — C MUHUMAJIbHOM CTENEHbIO OKUCIIEHUS (11 cepbl — 3TO (—2), aist a3ota — (-3)
U T.J.).

HYacmuyel, umerowue npomedcymouHvie CmeneHu OKUCIeHUA, MO2Ym NpOsAEAimb
ceolicmea Kak oKucaumers, mak u eoccmanogumes. ITo 00yCIOBIEHO: XUMUYECKON MPUPOI0OI
peareHTa-napTHEPA; yCIOBUAMHU U XapaKTEPOM Cpefbl, B KOTOPbIX potekaer OBP.

Hanpasnennocte OBP  onpenensercs  BelMYMHAMKA ~ 3HAYEHUM  CTaHIAAPTHBIX
MOTEHIIMAJIOB pPEareHToB: OKucauTenb (O Bcerga uMmeeT Oojipluil (Mo anreOpanyeckon
BEJIMYMHE) CTAaHJAPTHBIN MOTEHIINAJ, YeM BOCCTAaHOBUTEID B.

Hampumep, B kucnoit cpene cmemmsaroT asa Bemectsa: K,Cr,O; m NaNO,. Kakoe u3
3THX BelIecTB Oy/IeT OKUCIUTENIEM, KaKOe — BOCCTAHOBUTEIEM?

O6patumest k cnpaBodnbiM fanubiM: ¢'(Cr.0;° + 14 H/2Cr™ + 7H,0) = 1,33 B;
¢"(NOs + 2H"/ NO> + H>0) = 0,78 B.

Ilpumeuanue. Pexomenayetcs: ucnoib3oBath ydeOHoe mocobme: H.C. AxmeroB, M.K.
AsmzoBa, JIL.U. baneiruna. JlaGopatopHbie W CEMUHApPCKUE 3aHATHS MO oOmed u
HeopraHuuyeckoil xumuu. M.: Beicur. mxona, 2002.
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Tax xak ¢’(Cr0;7 + 14 H/2Cr” + 7H,0) > ¢"(NOs + 2H" / NO; + H,0), mo
okucnuteneM 0ynet saBisaTbest K>,Cr,0;.

KonnuecTBeHHOM XapakTepucTUKOW TiayOuHbl mporekanus OBP sBusiercs 3HadeHue
KOHCTaHTBI PAaBHOBECHSI:

gk ? 2@ =0"B)
0,059

rae ¢’(0O) u ¢°(B) — cTangapTHBIE NOTEHIUANLI OKHMCIUTeds O W BOCCTAHOBMTENS B
COOTBETCTBEHHO, B; Zy — cyMMapHO€ KOJMYECTBO 3JEKTPOHOB, MPUHUMAIOIIMX Yy4acTUE B
nanHoit OBP.

Koncranrta paBaoBecus OBP cBsizana ¢ nmorennuaniom ['n66ca (Ix/mons-K):

AGY = —2303RT1gK”

Dueprus 'u66ca, B cBoro ouepens, cesasana ¢ DJC (Ag’) mocrosunoit dapanes (F) u

YHUCJIOM JIEKTPOHOB, yyacTByromux B OBP:

b}

AG’, [loc/mons-K = —nA¢°F,
Ap’ = ¢°(0) — ¢’(B) — DJC OKHMCIUTENBHO-BOCCTAHOBHUTENHFHOM DPEAKIUH IIPH
CTaHAAPTHBIX YCIOBUsX, B.
Hns cranpaptaeix yenmoBuid: T = 298,15 K = 298,2 K; R = 8,314 Jlx/monwK; F=
96450 = 96500 k/MOJIBb-3KB, TTOTy4IUM (HOPMYITYy YIOOHYIO ISl PACYETOB:
Y R A 96500
28593
2303R7T 2.303-8314.2982
B  ycrnoBusix OTAWMYHBIX OT CTAHJAPTHBIX, OKHCIUTEIbHO-BOCCTAHOBUTEIHHBIC
norennmansl (OBII) u 3C OBP, mnporekarommx B BOJHBIX pPacTBOpPax, 3aBUCAT OT
KOHIICHTpaIMu (TOYHEe, aKTUBHOCTEW) yYacTBYIOIIMX B MPOIECCE HOHOB. JTa 3aBUCUMOCTH
BbIpakaeTcst popmyinoit Hepucra:

nAng =16,90 nAng .

0,059 . [O]
[B]

rae ¢’op— CTAHIAPTHBIN MOTEHIMAJ PeareHTa (OKUCIIUTENN MM BoccTaHoBuTeNs), B; [O]
U [B] — KOHLEHTpalUK OKHUCIEHHON M BOCCTAHOBICHHON (DOPM Pe€areHTa, MOIL/IM’; Z — YUCIIO
AIIEKTPOHOB B MOJYPEAKIINHU ISl TaHHOTO pearcHTa.

Ilpumeuanue. Crnenyer Bcerja MOMHUTh, YTO KOHIEHTpaluu Bcex ydacTHHKOB OBP B
ypaBHeHuu (7.5) sBisitoTcst MouyispHbIMH KoHUEHTpauusiMu (Cy (X)), a He MOJISpHBIMU
skBuBanenTa (C(1/z X)).

Ha 3nauenue OBII u Ha xapaktep MpOAYKTOB pPEakIMM JOCTATOYHO CHUIILHOE BIIMSHUE
okaspiBaeT pH pactBopa, B kotopom nporekaer OBP. Hanpumep, npu pH < 7 3HaueHue
CTaHAAPTHOTO TMOTSHIIMAIIA JIJISI CHCTEMBI:

PO (MnO7 +8H ™/ Mn** +4H,0)=151B;

ipu pH =7 — p®(MnOg +2H,0/ MnO, + 40H )= 0,6 B ;

pH>7 — % (MnOL / MnO;?>) = 0,564 B.

Baxuneiiine BOCCTAaHOBUTENU: aTOMBI METAIOB, BoJopoA, yriepoa, CO, H.S, H,SO;,
NCINOz, N02S203, HI, HBF, HCZ, FeSO4, C}"Cl3, M}'ZSO4, NH3

Baxneiimme OKUCIUTENU: TallOTeHBI, XJIOPAThl, KUCIOpoa, 030H (Os), KMnO, K,Cr.0;,
KzM}’ZO4, HzOz, H2S04 (KOHI/;.), HNOg, PbOz

TunbI OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX pPeakumii

Paznuuaror Tpu THIIA OKUCIUTENEHO-BOCCTAHOBUTEILHBIX PEAKITHIA:

a) BHyTPUMOJIEKYJISIpHbIE; 0) TUCIPONOPLUOHUPOBAHUS; B) MEXXMOJIEKYJIIPHBIE.

Buympumonexynapuvie OBP — smo maxue peakyuu, 6 KOMOpPbIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOAMCS 8 COCMABe OOHOU MOJIEK)Y/Ibl, HO AGNAIOMCL NPU IMOM PAZHLIMU
eMeHmamu:

. B=pdp + Ig

2KNO; —>2KNO5 + Oy
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2INTY —2e <> N3
12072 + 4e <> O,.
Peaxyuu oucnponopyuonuposanus — OBP, 6 xo00e Kkomopvix 00uH U3 3]1€MeHMOs,

CO@@pOfCClW@L?C}Z 6 O00HOU MoJleKyiie, 00H06p€M€HHO u noevluiaem, U nNOHUINCAEmM CnieneHsb
OKUCJICHUA:

Cl, +2KOH — KCIO + KCIl + H,O
1|Cly —2e«s2CIT
l|Cl, —2e<«>2CI .

K aucnponopuMOHMpPOBaHUIO — CIIOCOOHBI ~ MOYTH  BCE  YaCTHIBI,  HMEOIIUE
MIPOMEKYTOUHYIO CTETIEHb OKHCIICHHUS.

HaunbGonee pacnpocTpaHeHHBI peaklMd TPEThEro THIA, KOTOPHIE MPOTEKAIOT C
W3MEHEHUEM CTENEHW OKHCIIEHHS AaTOMOB B Pa3HbIX MOJEKylaX, T.€. OKHUCIUTENb |
BOCCTAHOBHUTCIIb HAXOAATCA B Ppa3HbIX BCUHICCTBAX. C}oz{a JKC CIICAYCT OTHECTU U PCAKIIUU MCKIAY
pa3HBIMHU BELIECTBAMH, B KOTOPBIX aTOMBI OJTHOIO M TOTO K€ 3JIEMEHTa UMEIOT pa3InyHYIO

CTCIICHb OKUCJICHUA:
SHCI + HCIOy — 3Cl, + 3H,0

1|2CI™ +10e <> CIY
5(2C17 —2e <> C1.

AJITOPUTMBI COCTABJIEHHUS MOJHBIX YPABHEHUI OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX

peakuui

[TpaBmiibHO cocTaBiieHHOE NOJHOE ypaBHeHHe peakiuun OBP nomkHO yaoBiIeTBOpSATH
3aKOHY COXPaHEHHsSI MACChI BEIIECTB — YUCIO OOHUX U MeX Jce amoMo8 8 UCXOOHbIX eujecmeax
U npodyKmax peaxkyuu O00JH*CHO Obimb o00unaxosvim. B nonHbIX ypaBHeHUsix OBP moimkHBI
BBITMIOJIHSATBCS: 3aKOH COXPAHEHUS! MAacChl BELIECTB U YCIOBHE 3JIEKTPOHEHUTPATILHOCTU — CYMMA
cmenenell OKUCTIeHUsL UCXOOHBIX 8eujecms OO0JHCHA OblMb pasHa CyMMe CMmeneHel OKUCTIeHUs.
NPOOYKMO8 peaKyuu.

Kpome »TOro, HEOOXOAMMO TIOMHHUTB, YTO CTENEHb OKHUCICHUS MOXET OBbITh
OTPHUIATETHLHOM, MOJIOXKUTEIBLHON, PABHON HYIIO, @ TAKXKE U IPOOHBIM uucioM. Tak, Hampumep,
st coequuenus KO, crenenb OKUCIIeHUs KUCIOpoia paBHa (—)Ya.

Cmenenw oxkucnenus 6ce20a npugooUmcs co sHakom (3HaK IUTIOC HEe OIyCKaeTcs, a BCeraa
yKka3biBaetcs!).

[Ipu cocTaBneHun ypaBHEHUN OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIX PEAKLUNA UCTIOIB3YIOT
JIBA METOJAa: METOJ| 3JIEKTPOHHOro OajlaHca M METOJA 3JIEKTPOHHO-HOHHO-MOJIEKYJISIPHOTO
Oamanca (Meton momypeakiuii). I[locmegHuii MeToN HMCHONB3yeTCS TOTAA, KOTa pPEaKIHs
IIPOXOJUT B cpene aiekrpoiuTa. [lpu 3ToM cialOble 3eKTPOIUTHI, a TaKXKEe MaOpacTBOPUMBIE
BEILIECTBA, 3aMCHIBAIOTCS B MOJIEKYJISIPHOM BHJIE, & CUJIbHBIE — B BUJIE HOHOB.

Aneopumm cocmasnenus ypasuenuti OBP:

1) onpenensitoT OKUCIUTENh U BOCCTAHOBUTEND (B TaOIHMIIAX HAXOSAT COOTBETCTBYIOIIHE
3HAYEHUS CTAHJIAPTHBIX MOTEHITHAIIOB PEAreHTOB JTAHHOW PEaKIIUN);

2) ompeaensoT, Kakhue CTeTIeHN OKUCIICHUS MTPHOOPETAIOT BOCCTAHOBUTEND U OKUCITUTEh
nocie peakuuu. Yem Ooree CHUIbHBIA OKHCIUTENb YYacTBYeT B peakldd, TaM BbIIIE
MOJAHUMAETCS CTENIEHb OKUCIIECHUSI BOCCTAHOBUTESI.

AHanoruuHo, yeM OoJiee CUIIbHBIA BOCCTAHOBUTENb PEArHpyeT C OKHUCIUTEIEM, TEM
CUJIbHEE TTOHMKAETCA CTETIEHb OKUCIICHUS] OKUCIIUTEIIS.

3) ompenensitoT, B BHAE KaKMX COEJUHEHHH CYyIIECTBYIOT OKHCIEHHBIE U
BOCCTAHOBJICHHBIE JIEMEHTHI B JAHHOW cpejie (KUCIIOH, IIeTOUHON U HelTpanbHol). Hampumep,
Fe'* B xucnoli cpeme cymecTByeT B BHAe coium Fe (+3), a B LIENOYHON cpele — B BHUIE
MaJIOpacTBOPUMOTo ocasika Fe(OH):s.
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4) wnaxomat kodddumuentel B ypaBHeHun OBP Meromamu 2IE€KTPOHHOTO WK
AJIEKTPOHHO-UOHHOTO OajaHca.

B wMmetome onekTpoHHOro ©OamaHca pacCMaTPUBAIOT TOJIYPEAKIUU OKHUCICHUS U
BOCCTAHOBJICHUS C YHAaCTUEM aTOMOB, HAXOJAIINUXCA B OHpe}IeJ'IéHHBIX CTCIICHAX OKUCIICHUS.

Bonpoce! 1 3a1anus
[Tpumep 1. Ucnonb3yst MeTO[ 3JIEKTPOHHOTO OallaHCa, COCTABUTh YPaBHEHHE CIIETYIOIEH

OKHCIIUTEIILHO-BOCCTAHOBUTEILHON pe€aKkinu:
F6C13 + KI —

VKa3aTh OKHCIUTENb U BOCCTAHOBUTENb; ONPEIEIUTh UX 3KBUBAJIICHTHI U YKBUBAJICHTHbBIC
MAacCCBhI; BBIYHCIUTEL MOTeHIMaN [ m60ca M KOHCTAHTY PaBHOBECHS PEAKIMU W CHCIATh BHIBOJ O
riryouHe e€ MpoTeKaHHUs.

Pemienue: 1) 3HadeHUs] CTaHAAPTHHIX MOTEHIIMAJIOB PEAareHTOB (CIPAaBOYHBIC JIaHHBIC):
¢’(Fe™/Fe?) = 0,76 B; ¢"(1./2I') = 0,54 B,

2) tak xak @'(Fe™/ Fe™) > ¢°(I,/2I'), t0 Fe” — oxucnurenb, BOCCTAHABIUBAETCS IO
Fe™; I - BOCCTAaHOBHTEJIb, OKUCISETCS 110 15

3) cxema gannoit OBP OyneT uMeTs ciienyrommii BUI;:

FeCly + KI = FeCly + 1, + KCI |

Ilpumeuanue. Cxema OBP TOnbKO NOKa3bIBAET XapakTep HMCXOAHBIX U KOHEUYHBIX
BEIIIECTB.

4) 3anumIeM 3JIEKTPOHHBIE YPABHEHHUS 1JIs MTOJTypeakui

2 |Fe+3 +e <> Fe+2; Fet3 — OKHUCIIUTEIb;

1|27~ —2¢” <> I5; I~ —BOCCTaHOBMTED;

T

2

1 3 1 3
(= Fe'”)=1Monb; MoJbHasiMacca SKBUBAJIeHTa —M (- Fe'~) =56
1 ' 1 ' MOJIb 5)
2

_ | -
3(5] ) =IMo0Jb; MOJIbHast Macca 3KBHBAJIEHTa — A (I] y=127 r .

bl

MOJIb
2Fe™ 4217 =2Fe™ + 1, — KpaTkoe HoHHoe ypaBHeHHe OBP (n1s Hero BbIMoOJIHSAETCS 3aKOH

COXPaHEHHUSI MacChl BEIIECTB U YCIOBUE YJIEKTPOHEHTPAIILHOCTH ),
6) U, OKOHYaTeJbHO — TMoNHOe ypaBHeHHe OBP (s Hero BBINOJHSETCS 3aKOH
COXpaHCHHUsSI MacChl BEIIECTB):
2FeCly +2KI = 2FeCly + I, +2KCI;

7) BbIUMCIUM H300apHO-TepMuUeckuil norenuuan ['mdoca no dpopmyie AG’ = —
nA@F, JIk/MOJb ¥ KOHCTaHTy paBHOBecHs peakiuu 1mo(10.1.86)

a) AG’ =—1-2:(0,76 — 0,54) 96500 = — 42460 JIx/monb = — 42,46 k]J/Mob;

6) lg Kihg = 16,90 nAp” =16,90-1-2(0,76 —0,54) = 7,436, .Khyg =107~ 2.73.107.

BreBon: riyOmHa TpoOTEKaHUs TMPSIMOM pPEaKUWHM OTHOCUTENBHO HEBENUKa, 4TO
00yCJIOBJIEHO HE3HAUUTENIbHBIM Pa3IndMeM BEIWYMH CTaHJAPTHBIX 3JEKTPOJHBIX MOTEHIMAIOB
peareHToB.

B memooe snekmponno-uonno2o bananca (mounee — 31eKmMpOHHO-UOHHO-MONEKYIAPHO20
banauca) paccmampueaiom nepexoo 31eKmMpoHO8 Om OOHUX AMOMOS UNU UOHO8 K OpPYeUM C
yuémom xapaxkmepa cpeovl.

s ypaBHUBaHUSA aTOMOB KHCIIOPOZA, a 3aTEM BOJOPOAA, B HEUTPAIbHOU (PH=7)n
menouHoi cpene (pH > 7) ucnons3yroT: 1) OH™ — HOoHBI, YHUCIO KOTOPBIX OOBIYHO yIBAaUBAIOT; 2)
MOJIEKYJIbI BOJIbI B kKucoi (pH < 7): 1) monekysl Boas! (it Kuciopoza!); 2) npotors H™ (st
BOJIOpOQ).

MeTox  3JEKTPOHHO-MOHHO-MOJIEKYJSIPHOTO ~ OanaHca Ha3bIBAIOT TaKKe METOAOM
MOJIypPEAKIMI, U OH UMEET PsiJi IPEUMYIIECTB [0 CPABHEHUIO C METOJIOM 3JIEKTPOHHOTO OanaHca:
BO-TIEPBBIX, HE HAJO ONPEACIATh CTENEHU OKUCIEHHUS 3JEMEHTOB, TaK KaK pacuéT 4yucia
3JIEKTPOHOB TPOUCXOAUT IO 3aKOHY COXPaHEHMs 3apsAloB, M, BO-BTOPBIX, aBTOMAaTHUYECKH

141



noaouparoTcs Kod(pQHUIHUEHTH B COKpPAIIEHHOM MOHHOM ypaBHeHUHM JnaHHOH OBP. OcoGenno
BakeH mnocienHuii Meroq B OBP ¢ ydacTeM OpraHM4ecKuX COEIWHEHHH, Tl 4acTO CJIOKHO
ONPEJEIUTH T€ ATOMBI YITIEPOA, KOTOPBIE MEHSIOT CBOIO CTEIIEHb OKHUCIICHHUS.

Merton nonypeakuuid mpuMeHUM TOJbKO K TeM OBP, koTopble MpoTeKaroT B pacTBOpax,
[IO3TOMY BaXXHO YYMTBHIBATH XapaKTEp CpeAbl, B KOTOPOM INPOTEKAET AAHHAS OKHUCIHUTEILHO-
BOCCTAHOBUTEJIbHAS PEAKLIUS.

[pumep 2. (pH < 7). Onpenenuts K03(hHUIMEHTH METOIOM MOJYpPEaKIMid B CIEIYIOMICH
peakuuu:

KMnOy4 + NaySO5 + Hy SO, —

VYka3aTb OKUCIUTENb U BOCCTAHOBUTEID; ONPEAECIUTh UX SKBUBAJICHTHI U YKBUBAJICHTHbBIC
MAacchl; BBIYMCIUTH MOTEeHIMaN ['nO0ca M KOHCTAaHTy paBHOBECHS PEAKLIMU U CHIENaTh BHIBOJ O
riryouHe e€ MpoTeKaHHUs.

1) % (MnO; +8H " / Mn?" +4H,0) =1,51B;
P (SO7~ +2H (SO~ + H,0) =022 B;
MnQOj —OKWCIUTENb, B KHUCIOW cpele BOCCTaHABiIMBacTcs 10 Mn’; SO3 ™ -

BOCCTAHOBUTEIb, OKUCIISIETCA 10 SO;
2) cxema ganHoit OBP umeer cnegyrommii BUa:
KMnOy + Na» SOy + H>SO4 —>—> K5 SOy + Na» SO, + MnSO, + HA0
3) DIEKTPOHHO-MOHHO-MOJICKYJISIPHBIE YpaBHEHHS TMOIYypeakiuil, ¢ y4eToM KHUCIION
cpenbl, OyayT UMETh BU:
2| MOy +8H™ +5¢ <> Mn®* +4H,0
5| SO + H,0—2e 5507 +21".
MonbpHbIe Macchl SKBUBAJICHTOB OKUCIUTENS U BOCCTAHOBUTENSI COOTBETCTBEHHO:
v amory=L9-238- " mclsory=L.so=400-"
5 5 MOJIb 2 2 MOJIb
4) ymHOKaeM 00e MoJypeakIMu Ha WX OO0IIMe MHOXHUTENIH (2 U 5 COOTBETCTBEHHO),
MocJie 3TOT0 CYMMHUPYEM MONAapHO JIEBbIE U MpaBble YacTU MOJypeaklui, MPUBOJAUM MOJ00HBIE
Y TIOJTy4aeM KpaTKOe MOHHOE YPaBHEHHE:

2MnOy +580; + 6H" <> 2Mn** +550; +3H,0; 5) npubasisem
COOTBETCTBYIOILIHE
IIPOTUBOMOHBI U [I0JIy4aeM I0JIHOE ypaBHeHHE qaHHONH OBP:
2KMnO4 +5Na> SOy +3H 250, ==2MnSOy +5Na>SO4 + K> 504 +3H 0,

Ipumeuanue. TecT-npoBEpKy MPOBOAUM MOACUETOM YUCIIa AaTOMOB KHCIIOPO/ia B JIEBOU U
MPaBOM YacTAX MOTYyYEeHHOTO MoysHoro ypaBHeHus OBP.

Hampumep, uncio aToM0OB KHUCI0po/ia B 00€UX YacTsIX COCTaBIsAET MO 35 aTOMOB.

6) pacuet noTeHnuana ['m66ca u KOHCTaHTHI PAaBHOBECHSI PEaKLIUU:

a) AG’ =—5-2:(1,51-0,22) 96500-10° = —1244,85 kJI/Mo1b;

AGY 124485

6) 12K 305 = —S 57 = — ~2183L K&, =107"%31 2 20.1071%
2.3 ~2,3:8314-10 ~ -298.2

BeiBox: riyOmHa mpoTeKaHWs MPSAMOW pEaKIWU OYCHb BEIMKA, YTO OOYCIOBJIEHO
SHAYUTCIIbHBIM PAa3JIMYUCM BCIIMYMUH CTAHAAPTHBIX JSJICKTPOAHBIX ITOTCHIHMAJIIOB PCArCHTOB —
peaKus MPaKTUIECKH HeoOpaTuma.

ITpumep 3. (cpena neiirpanbHas — pH = 7). CocTaBuTh ypaBHEHHE OKUCICHUS CylbhuTa
HATpHs TIEPMaHraHaTOM Kaius B HeiTpanbHO# cpene. Koadduumentsr momodpars MeTomom
IIOJTY PEAKIIUM.

KMHO4 + N612503 + HzO —>
OHpeILeJlI/ITL FHY6I/IHy MMPOTCKAHU HpﬂMOﬁ pCaKkuuu.

142



3.1 OHpCI[eJ'II/IM HaIpaBJICHHOCTDb 3TOH pcaknuu, T.C. OHNPCACINM OKHCIIUTCIb U
BOCCTaAaHOBHUTCIIb.

P’ (MnOg +2H,0/MnO, +40H ) =0,6 B;
P’ (SO;™ + H,O/(SO;™ +20H )=—0,93B.

N3 BennuuH craHaapTHbiX OB-noreHnManoB cienyer, 4ro AnO, — OKHCIUTENb, B
HeHTpabHOI cpele BoccTaHaBiampaeTcs A0 MnQ,; SO3 — BOCCTAHOBHUTENb, OKUCISETCS JI0
NYoras

3.2 3anumeM cxeMy nanHor OBP

KMnOy + NaySO5 + HyO — MnO5 + Nay SO, + ...

[Toka Hesb3st TOYHO ONpeAETUTh KaKoH emé OyJeT NPOIYKT B JaHHOM peakluy.

3.3 CoctaBuUM MoNTypeakuu uist: 1) OKUCIUTENS U 2) BOCCTAHOBUTEIIS.

1) MnO; <> MnO, — cxema NOJypeaKIHH.

VYpaBHUBaHHE KUCIOPOA BEAEM C MOMOUIbIO yJBOEHHOTO YMCIIAa THAPOKCHU]L - HOHOB, a
BOJOPOJa — MOJIEKYJI BOABIL:

MnOy +2H>0 + 3e <> MnO> + 40H  — TIOJIypE€aKus OJIsi OKMCIATEIIA,

2)S03~ <> S03  — cxema HOJypeaKLyH IS BOCCTAHOBUTEJIS;

SOF™ +20H ™ —2e <> SO3 + H>O — TIONYPeaKIus JUIs BOCCTAHOBUTEI.

3.4 Tenepb coCcTaBUM 3JIEKTPOHHO-UOHHO-MOJIEKYJISIPHBIE YPABHEHHUS:

2 | MnOx +2H>0 + 3e <> MnO> +40H ~

3|80 +20H —2¢ <> SO; + Hy0.

3.5 IlpoBogum aHamoruyHsle omnepanuu (cM. OpuMep 1) U MoilydyaeM HOHHO-
MoJIeKyJsipHOe ypaBHeHne OBP:

2MnOg +385057 + H>O <> 2MnO, + 3803~ + 20H ™.

Honno-monexynsapHoe ypaBHenne OBP ynoBneTBopseT MarepuaabHOMYy OalaHcy U
YCIIOBUIO AJIEKTPOHEUTPATILHOCTH.

3.6 IIpubaBisieM COOTBETCTBYIOIINE MPOTHBOMOHKI M TIOJydaeM IoiaHoe ypaBHeHue OBP:

2KMnOy +3NarSOy + H,O =2MnOy, +3Nay SOy +2KOH

3.7 BoinonHeHnue MartepuaibHoOro OanaHca [uisi mojHoro ypasHeHus OBP mposepsiem
IIOJICYETOM aTOMOB KMCJIOPOJA B JIEBOM M IPaBOM 4YacTAX ypaBHeHus: ciesa 17 O = copasa 17
0.

Kak BHIHO W3 3TOro mpumepa, METOJ| 3JIEKTPOHHO-HOHHO-MOJIEKYJIIPHOTO OanaHca
MO3BOJIIET TAaKXKE ONpPEAENIUTh U HEKOTOPbIE, 3apaHee HEU3BECTHbIE, IPOAYKTbI OKHCIUTEIbHO-
BOCCTAaHOBUTEJILHON PEAKIIUH.

lgK{hg =169 - nA@p® =16,9-6-(0.60 — (—0.93)) ~155; KLy  ~10'77.

BriBoa: peakius npakTuyecku HeoOpaTuMma.

[Ipumep 4. (pH > 7). Ilo npusenennoit cxeme OBP, ncnonb3ys mMeTos 3JI€KTPOHHO-
MOHHOTO OajlaHca COCTaBUTH MoIHOE ypaBHeHHEe OBP:

KMnOy + Nay SO5 + KOH —

Paccuurare O/IC naHHON cHCTEMbI NpPU CTAaHJAPTHBIX YCIOBUSAX U IPU CIEIYIOLIMX

paBHOBECHBIX KOHIIEHTpALIUAX peareHTos: [(MnO, 1= 0,01; [Mn 2+] =0,05;

[SO%’] =0,01; [5042’] =0,05 u npu pH = 4.1 crangapTHble MOTEHIMAIBI OKUCIUTENS U
BOCCTAaHOBHTEIISA

P’ (MnO3 / MnO3 ™) =0.56B; " (SO7~ + H,O/(SO{™ +20H ) =— 0,93 B; MnOZ

OKUCJINTEIb, BOCCTAHABJIUBAETCS 10 MnOf‘ ; SO35~ — BOCCTaHOBUTEC]Ib, OKUCTISICTCS 10 SO5 .

4.2 cxema gannou OBP:
KMnOy4 + NaySO; + KOH — KoMnOy4 + Nay SO4 + H,O
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4.3 DneKTpOHHO-NOHHO-MOJIEKYJISIPHBIE [TOJIyPEaKIIMH
2| MnOy +e <> MnO%_
1| SO3~ +20H —2¢ <> SO7 + Hy0;
4.3 YMHO)kaeM o0e Nojiypeakliii Ha COOTBETCTBYIOIINE KOAP(ULUEHTHI, CYMMUPYEM UX
JeBble M TpaBble  4YacTW W [OJy4YaeM  HMOHHO-MOJIEKYJIIDHOE  ypaBHEHHE:
2MnOy +SO3™ +20H ™ <> 2MnO3~ +SO3™ + H,0 .
4.4 JTo6aBiisisi COOTBETCTBYIOIINE TPOTHBOMOHBI, TIOJyYaeM IMOJTHOE YPaBHEHNE PEAKIIUU:
2KMnOy4 + Na> SOz +2KOH =2KoMnOy4 + Na»y SOy + H-50 |
4.5 IlpoBomum Tect mo kucinopoxny: 130 (cmeBa) = 130 (cmpaBa) — ycJoBHUE
MaTepHaIbHOTro OajgaHca BBITOIHIETCS.
4.6 Pacuér D/IC cuctembl IpHu CTaHAAPTHBIX YCIOBUSIX:
NC’ = A" =" (MnO; /MnOs )¢ (SO /SO5™) = 0,56—(-0,93) = 1,49 B.
47 Ouenky 3JJIC mpu paBHOBECHBIX KOHIICHTPALUSIX PEAreHTOB BeAEM C
ucnons3oBanueM ypaBHeHus Hepucra (10.1.10):
a) BBIUMCIIEHUE PAaBHOBECHOTO TIOTEHIIMAIA TIEpMaHTraHAT-MaHTaHATHOTO AJIEKTPO/IA:

59 [MnOz1-[H '] 18
o(Mn) = p° (MnO; ..-‘"'A-W;:Oi_}+0’0 o M1O4] E I 056+ 0,01-1¢ 20117 _ 5535
[;‘ff”()i_ ] 0,05
0) BBIYHCIICHUE PAaBHOBECHOTO MOTEHIIMANA CYJIb(aT-CyTb(OUTHOTO IEKTPOIA:
s s 0,059 [SOTT)[HTT 0,05-1°
p(B) =" (SOF /1 SO{7) + lg[ 4 ]ﬁ[ ] =-093+0,0295-1g————=-0378B;
2 [SO;77] 0.01-107"

B) 2IC = Ap = o(MnO;/MnOs)— ¢(SO/SO5) = 0,553—(~0,378) = 0,931 B.

ba30BbIi1 ypoBeHb

1 Paccuuraiite creneHpr OKHCIEHUS asora B ero coemuuenusax: AIN, N>H, NH,OH,
NzO, NO, N203, N204, N205.

2 Hanummre mnonHoe ypaBHEHUE peakUud, NPUMEHSS METOAbl 3JIEKTPOHHOIO
OayaHca M MoJIypeaxiyii, o CIeAYIOLIeH cXeMe MOoTypeakuu:

K>Cr,0; + SnSO4 + HSO4 —

Omnpenenure >KBUBAJIEHTHl BOCCTAHOBUTENS M OKHUCIUTENS; PACCUUTAMTE MX MOJIbHBIE
MAaccChbl.

3 K xakomy tunmy OBP otHOocutcs peakums pasnoxenus H.0.? Yem oObscHseTcA
CIOCOOHOCTH MEPOKCHIa BOJOPOIa K TAKUM IpeBpalieHusM? 3aKOHYUTE YpaBHEHUS peakuuil U
HAIUIINATE JJIs KaXA0M U3 HUX JIEKTPOHHO-UOHHBIE U MOJIEKYJISIPHBIE YPABHEHHUSL:

1) H:0,— ...; 2) H;O;+ KMnO; — MnO; + ...; 3) H:O,+ PbS — PbO, + S + ...

4. Kucinopoz MOKHO MOIY4YUTh B PE3YJIbTATE Pa3I0KEHUS TAKUX BEILECTB!

1) KCIO; — ...; 2) KMnO, — ...; 3) K:Cr:0O7 — ...

K kakomy tumy OBP otHOCATCS aTM peakuuu? CocTaBbTe D3JIEKTPOHHBIE U
MOJIEKYJISIPHbIE YPABHEHUS STUX PEaKIHil.

5 K Bopnomy pactBopy KCI/O; nobaBunu BoAHbIN pactBop K. B kakyio cTopoHy
NPOUAET peaklusi OKUCICHHS-BOCCTaHOBIEeHUA? Bprunciure 3C »3Toil peakuuu s
CTaHJIAPTHBIX YCIIOBUH.

6 Kaxkumu cBoiictBamu Oyner obnaaate NaNO,? Ilouemy? IlpuBenute mpumepsl
peaxkuuii, e HUTPUT HaTPUsl — OKUCIIUTEID, TJI€ — BOCCTAHOBUTEID?

7 Wcxonast u3 3Ha4eHUI CTaHJAPTHBIX AJIEKTPOJHBIX MOTEHIIMATIOB, ONPEAEIUTe, MpsimMast
WK oOpaTHast peakius OyaeT NPOTEKaTh B OTON CHCTEME MPH CTAHIAPTHBIX yCiIoBusx: 1) Fe’™ +
ClO3 + H" & Fe'* + CI + H>0.

2) Cl, + Mn”* + H,O < MnO, +CI" + H';

3) NO; + Fe’" + H < NO + Fe' + H,0;

4) 105 + 50327 +H o L+ S0427 + H,0.
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JUist KaX10M IpSMOM peakiuu OLEeHUTE TITyOHHY MPOTEKaHUsL.

[ToBbIlIEHHBINA YPOBEHB

1 3aKOHYUTH COCTABJIEHNE YPABHEHUS CIIEIYIONICH peaKInu:
HAS02 + KMn04 + H2S04 d H3ASO4 + ...

U COCTaBUTH JJIsl HETO JIEKTPOHHBIE U JIEKTPOHHO-MOHHBIE CXEMbI IOJTypeaKni.

Paccunrars OJIC peakiuu a1s CTaHIAPTHBIX YCIOBUH.

2 3aBucut nu nporekanue OBP ot pH cpenwi? I'mapokcunamun BoccTaHaBIUBaeT (TIpH
3TOM OKHcnsieTcs 10 asora; ¢ (N>+ 2H.O + 2H/2NH,OH) = —1,87 B) B KUCIIOM pacTBOpe
cynbdar xeneza (+3) 10 cynbdara xenesa (+2), a B IIEJIOYHOM PacTBOPE OKUCISACT (caM MpH
3TOM BOCCTaHaBIUBaeTcs 10 ammuaka; ¢’ (NH.OH + 2H,O/NH; + 20H ) = + 0,42 B) runpoxcus
xene3a (+2) B rumpokcua skene3a (+3). CocTaBUTh SJEKTPOHHBIE M HOHHO-3JICKTPOHHBIS
ypaBHEHHS 00€UX peakuuid. YKa3aTh OKHCIUTENb U BOCCTAHOBUTENb. OmnpenenuTth TIyOuHYy
MPOTEKaHUs MPSIMOTO IMpolecca B 00euX cirydasx.

3 [IpoxomuT nu peakuus B BOJHOM pACTBOPE MEXKAY HOMUIAOM HATpuUs U
CBOOOHBIM XytopoM? JIJIst MpsIMOM peakIMy BBIYUCIUTH MOTeHIHA [ nO0Cca 1 MpOBECTH OIEHKY
TITyOUHBI IPOTEKAHUS MPOIIeCcCa.

4 BeluuciuTe SJIEKTPOAHBIA moTeHIman cuctembl CIO;, + SH'/CI + 4H,O mpu
CIIEYIOIINX PABHOBECHBIX MOJSPHBIX KOHIEHTpanusax (Mons/am’) u pH: 1) [CIO, ] = 0,1, [Cl]
=0,05; pH=1;2) [CIO;] = 0,05, [C[] =0,1;, pH =2, 3) [CIO,;] =0,01; [Cl] =0,05;
pH = 0,5.

1211pu xakux 3Ha4eHUsIX pH BO3MOXXHO BoccTaHOBIIeHHE HOHOB MnO, nonamu: 1) I; 2)
Br;3) CI?

Cnucok JuTepaTypbl, peKOMEHAyeMblil K HCIOJIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas1 JIUTepaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. Koposus. - 13-e uzn., nepepa0. u gor. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMusi okpyKaromei cpesibl : XMMUs )KUBBIX opranu3mMoB. Kypc nekuuii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTPOHHBIN // DneKTpoHHO-O0nbmoTednas cucrema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocrymna: ans
aBTOPU3UD. M10JIb30BATENEH
Jlono/IHMTe IbHAS JIUTepaTypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'munaka ; [ox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-Ilpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipenm. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs MEeTaiIoB : yueOHoe mocodue (JUIst CTyJJeHTOB XUMHUECKOTo (haKyJIbTeTa
HarpaBJIeHUH 0akanaBpoB « XUMHUD» U «XUMHUYECKasi TEXHOJIOTHs») / cocTtaButenn O. A.
I'onoBanoBa. — Omck : OMcKkHii rocyaapcTBeHHbIH yHUBEpeuTeT M. @.M. JlocToeBckoro,
2015. —552¢c. —
ISBN 978-5-7779-1875-8. — TekcT : 351eKTpOHHBIH // DnekTpoHHO OubnuoredHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mpocryma: s
aBTOPU3HP. M0JIb30BaATEICH
Humepnem-pecypcut:

1 http://window.edu.ru/ — eaMHOE OKHO AOCTyIa K 00pa3oBaTEebLHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHUBEpcUTETCKass OMOIMOTEKA OHJIANHY.

3 http://catalog.ncstu.ru/ — 37€KTPOHHBINA KaTaJIOT aCCOLMALIUYU 3JIEKTPOHHBIX OUOINOTEK
y4eOHBIX 3aBenieHnid u opranuzamnuii CKOO
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4 http://www.iprbookshop.ru — OBC.
5 https://openedu.ru — OTkpeITOE 0Opa3oBaHue

Tema 9. OcHOBHBIE M0JI0KEHHUS IeKTPOXUMHUH.
IIpakTnueckoe 3ansiTue 9. I'aabBaHNYeckue d1eMeHThl. Koppo3us meranios.
Dy1eKTpOIH3

Heab  3anstua:  dopMupoBaHue  HEOOXOAMMOro  KOMIUIEKCa  3HaHUH 00
QJICKTPOXUMHUUYCCKUX TMPOoUECCaX U HUX KOJIUYCCTBCHHBIX XapPaKTCPHCTHUKAX. CDOpMI/IpOBaHI/IG
HaBBIKOB UCIIOJIb30BaHUS (PYHAAMEHTAIbHBIX 3aKOHOB M OCHOBHBIX MOHATUN XUMUYECKON HayKu
B oOmact SJICKTPOXUMUU JIS1 TIOHUMAaHHA CBOMCTB mponeccoB, UCIOJb3YEMBIX B COBpeMeHHOﬁ
MPOMBIIIJICHHOCTH

3HaHMA ¥ yMeHusl, npruodpeTaeMble CTYICHTOM B pe3yJibTaTe 0CBOCHUS TeMbl
3HaTb: OCHOBBI CAMOOPTAaHU3ALUH U CAMOOOPA30BAHUS;
3HaTh: CYNIHOCTh M 3HaYEeHHE HH(OPMAIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI OYyYSHUS U
00paboTKky nHGOPMALMH U3 PA3THYHBIX HCTOYHUKOB
3Hath: pabOTHI 10 pacyeTy U MPOEKTUPOBAHMIO JIETAJIEH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIUU B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUAMU U UCIOJIb30BAHUEM CTaHAAPTHBIX
CPEACTB aBTOMATU3ALUU IPOCKTUPOBAHUS
YMeTh: caMOCTOSATENHHO CTPOUTH TPOIIECC OBIAICHUS HHpOpManuel, 0TOOpaHHON
CTPYKTYPHUPOBAHHOM /IS BBIIOIHEHHUS TPOYECCHOHANBHOM e TeIbHOCTH.
YMern: nonyuats U 00padaThIBaTh MH(YOPMAIHIO U3 PA3INYHBIX HCTOYHHKOB
Ymerh: IPUHUMATH y4acTHe B paboTax Mo pacyeTy ¥ MPOCKTHUPOBAHUIO JETaleH U y3JI0B
MaIIMHOCTPOUTENBHBIX KOHCTPYKIUH B COOTBETCTBUU C TEXHUYECKUMHU 3aJaHUSMHU U
HCIIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATU3ALMU IPOEKTUPOBAHUS

HanmenoBanne ¢GopMHpYEeMBIX KOMITETSHIUH

OpnanM u3 Hanbolsiee OBICTPO PA3BUBAIOIIMXCS HAMIPABICHUN MPUKIATHON SIEKTPOXHUMHUH,
TECHO CBSI3aHHOM C DJIEKTPOTEXHHKOM, SIBISETCS pa3paboTKa HETPATUIIMOHHBIX XUMHUYECKHUX
nctouHuKoB Toka (XUT), nepcrneKTUBHBIMU Cper KOTOPBIX SIBISIIOTCS TBEPAO0-3JIEKTPOJIUTHBIE
XUT ¢ HaTpueBbIM U JIUTHEBBIM aHOAaMH. [IprMeHEHHE IIEeOYHBIX METAUIOB B KauyeCTBE
AHOJHBIX MAaTEPHAIIOB BHITOJHO TE€M, YTO OHU O0JIAAIOT CAMBIMU HH3KUMU CpeIu Ipyrux Me -
OB DJJICKTPOXMMHUYECKMMHU SKBUBAJICHTAMU W BBICOKUMHU OTPHUIATEILHBIMU 3HAYEHUSIMU
ANEKTPOJHBIX MOTEHIMATIO0B. [1070My 3HAHUS FNEKTPOXXUMUU —aKTyaJIbHBI.

TeopeTnyeckas 4acThb

[Ipubop, B KOTOPOM XUMHUYECKAsI SHEPTUSI OKUCIUTEIHLHO-BOCCTAHOBUTEIHHON pEaKIIuu
MPEBPAIIAETCS B AJEKTPUUECKYIO, HA3bIBAETCS TAJIbBAHUYECKUM AJIEMEHTOM.

OcHOBHas COCTaBHasl YacCTh T'aJIbBAHMYECKUX SJIEMEHTOB — 3JIEKTPO/Ibl. Yallle Bcero oHu
OBIBAIOT METAUTMYECKUMHU. JIEKTPOJ, HA KOTOPOM TIPOMCXOJUT TIPOIECC OKHUCIICHHS,
HA3BIBACTCS aHOIOM.

Tak, ecii B raJlbBAHUYECKOM 3JIEMEHTE MUMEIOTCS MEAHBIN M IIMHKOBBIM JIEKTPOJIbI, U B
THOCJIETHEM TIPOMCXOIUT MPOIIECC OKUCIIEHUs IMHKA: Zn' — 2¢” <> Zn’*, TO IIMHKOBBIM 2JIEKTPOJL
OyJIeT aHOJIOM.

DNEeKTpoJ, Ha KOTOPOM MPOUCXOAUT IMPOIIECC BOCCTAHOBIICHHUS, HAa3bIBA€TCS KaToa0M. B
BBIIECTIPUBEAEHHOM IIPUMEPE KaTOJI0M SABJISETCs MeIHbIN snekrpon: Cu’ + 2« Cu’.

DIEKTPOHBI C 3JIEKTPOJIa, HA KOTOPOM MPOUCXOAUT IMPOLIECC OKUCICHUS, MEPEXOAT Ha
AJIIEKTPOJ, TJI€ MPOTEKAET MPOIECC BOCCTAHOBJICHUS.

Takum 00pa3oM, B TaIbBAHUYECKOM DJIEMEHTE, UMEIONIEM B Ka4eCTBE KaTo/a MEIHYIO H
B KaueCTBE aHOJa IIMHKOBYIO ITUIACTHHBI, JIEKTPOHBI ¢ IIMHKOBOW TJIACTHHBI OyayT MEPEXOIUTh
Ha MEJHYIO.
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10.7 DnexTpoa B rajabBaHMYECKOM D3JIEMEHTE HAXOAWUTCS B PacTBOpE dJeKTposuTta. B
MPOCTEHIIEM CITydae JIEKTPOIUTOM SIBISIETCS] PACTBOP COJIM TOT'O METalia, U3 KOTOPOTO CIeNIaH
AIIEKTPOI.

TaK, B MCIHO-IIMHKOBOM T'aJIbLBAHUYCCKOM 3J3JICMCHTC HHHKOBBII)’I OJICKTPOA MOXKET OBITH
MOMEIIEH B pacTBOp Cylb(dara IIMHKA, a METHBIA — B paCTBOP CyJbdaTa MeIu.

CrneoBaTelbHO: IIMHK MTOMEIIAIOT B PacTBOP, COJEPIKANINN KaTHOHBI IIMHKA, a MEIbh B
pacTBoOp, coAep KAl KAaTHOHBI MEJIH.

Cucrema, cocTosimias W3 MeTaylia, OMyIIEHHOTO B PacTBOp, COACPIKAIIMNA €ro WOHBI,
Ha3bIBAETCS MOJIy3JIEMEHTOM U 0003HAYAETCs Me" " / Me (CBEpXY BCeraa OKUCIeHHas GopMma).

JIBa momysneMeHTa, COeAMHEHHBIE MPOBOJHUKOM, 00pa3yIOT TajbBaHUYECKHHI SJEMEHT
(pucynox 9.1):

e (%)

g &
Zn| Cu
— SO& +
— +
il g Ukgt—

B — g -

7= +S0O,4%] Cu?+S0,7

Pucynok 9.1 Cxema mMeOHO-YUHKOBO2O 2AIb8AHUUECKO20 dNIeMEeHmA

B raspBaHMYECKOM 3JI€MEHTE OJMH DJICKTPOA (aHOM) pacTBOPSETCS, T.€. HOHBI MeTajuia
IepexoAsT B pacTtBOp. Tak B MEAHO-LIIMHKOBOM TaJbBAHUYECKOM JJIEMEHTE ITPOUCXOIUT
pacTBOPEHNE HUHKOBOM IJIACTUHKHU.

B pesyinbrare nmepexona MOHOB LIMHKA C IUIACTUHKHM B PAacTBOP Ha IUIACTUHKE OCTAETCSA
M30BITOK DJIGKTPOHOB, M OHA 3apspkaeTcs oTpuiatesnbHo. C apyroil CTOPOHBI, MEPEX0]l HOHOB
LIMHKA B paCTBOP NPUBOAUT K YBEJIIMUCHHUIO UX KOHIIEHTPALUU B PACTBOPE.

biarogaps nepexoay MOHOB LIMHKA C IUIACTMHBI B PAacTBOP BEC LIMHKOBOW TUIACTUHKH
OyZeT yMEHbIIAThHCS.

ODHOBPEMEHHO C 3THM Ha MEIHOM JJIEKTPOJE MPOUCXOJMUT MPOIECC BOCCTAHOBJICHUS
HOHOB MEJTH U3 PACTBOPA: Cu’" + 2e <> Cu -

3a cué€T 3TOro npoiecca KOHIEHTPALMsI HOHOB MEU B PACTBOPE YMEHBIIAETCS, a Macca
MEIHOW IUIACTUHKH YBEJIUYHBACTCS.

[Tepexon wonos Cu®’ m3 pacTBOpa Ha IUIACTUHKY NPMBOAMT K TOMY, YTO MEIHAs
IJTACTUHKA 3apsKAETCs MOJIOKUTEIBHO.

PaccMoTpenHblii ranbBaHMYECKUi AneMeHT (dnemeHT [lanmdnsa — Skobu) cxemaTudecku
MO>KHO 3aIHcaTh CIeAYIOUMM 00pa3oM:

(=) Zn|ZnSO4||CrsO4|Cr(+)

WM B MOHHOU (hopme:

[—) =2

Z;?2+||(:u2+|<:u{ +]

OauHOYHBIE JIMHUU B CXeMax 0003HAuYal0T IPaHUIly METaJll — PacTBOP, a ABOMHBIC THHUU
— TpaHuIly MeXay pacTBopamMu. OTpUIIATENbHBIN 3JEKTPO/I (AHO/) 3aMUCHIBACTCS CJICBA.

B ocHoBe paboThl pa3oOpaHHOrO AJIEMEHTa JICKUT OKHUCIUTEIbHO-BOCCTAHOBHUTEIbHAS
peakuus:

Zn+CuSO4 — ZnSO4 + Cu
WM B MOHHOH opMe:
Zn+Cu’t —> Zn>" +Cu.

B ranpBaHMYECKOM 3JIEMEHTE, COCTABJICHHOM W3 KEJIE3HOW IUIACTUHKHU, ONMYIICHHON B
pactBop FeSO, W CBUHIIOBOW IJIACTHHKH, OMYyIIEHHOW B pacTBop Pbh(NO;),, xene3o sBisercs
aHogoM. Cxema 3TOro 3JieMeHTa CleAyoLas:
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(—)Fe

FeSO4||Pb(NO3),|PH(+) |

Ha >xene3nom snextposie (aHOAE) MPOUCXOAUT OKUCICHHE. DTOT MPOIECC OMUCHIBASTCS
CJIEIYIOIIUM 3JIEKTPOHHO-UOHHBIM YPAaBHEHUEM:

Fe® —2e «> Fe?t.

Kene3nslii aeKTpo1 MpHOOpETaeT OTPULIATEIbHBIN 3apsi.

Ha cBuHIIOBOM 31eKTpozie (KaToje) NPOMCXOJUT IPOLECC BOCCTAHOBIEHUS MOHOB Pb*
W3 pacTBOpA:

Pb>* +2e <> PhY.

CBUHIOBBIH 3JIEKTPOJ 3apsHKAETCS MOJT0KUTEIBHO.

Cymmupyst 0062 ypaBHEHHUS, MOJTYYHM HMOHHOE YpPAaBHEHHE PEAKIMH, MPOTEKArolel B
JAaHHOM TaJIbBAaHMYCCKOM BJICMEHTE:

Fe+ Pb>* > Fe’* +Pb.

DNEeKTPOHBI 10 TPOBOJHUKY, COCAMHSIONIEMY TIUIACTUHKH, OYIyT MepeXOoauTh OT
JKEeJIe3HOU IIJIACTUHKHU K CBUHIIOBOM.

Hrak, B rarbBaHMYECKOM 3JIEMEHTE TI0 MPOBOJHUKY, COSAUHSIONIEMY AJIEKTPOIBI, TEUET
ANEKTPUYECKUH TOK.

[TosiBieHHE >IEKTPUUYECKOTO TOKA CBHUJIETEIBCTBYET O HAJUYMHU PA3HOCTH MOTECHIIMAJIOB
MEXIy »JJeKTpogamMu. IHaue TOBOps, Ha OJHOM M3 D3JEKTPOJOB BO3HHMKAET  KaKOM-TO
onpenenEHHbIN MOTEHIUAN, PA3JIMYHBIN I PA3TUYHBIX JIEKTPOIOB.

[ToTeHman, KOTOPbI YCTaHABIMBAETCS HAa METAJNIMYECKOM 3JIEKTPOJIE, TOMEUIEHHOM B
pacTBOp COJIM OJHOMMEHHOIO METAJIA, HA3bIBAETCS AIEKTPOAHBIM ITOTEHIHAIIOM METALIA.

W3mepeHHble B CTaHAAPTHBIX  YCJIOBHUSX IOTEHIMAlbl METAUIOB  HAa3bIBAKOTCS
HOPMAaJIbHBIMU (MJIM CTaHAAPTHBIMHU) AJIEKTPOJHBIMHU TMOTEHIIMATIAMH MeTauioB. VX 3HaueHus
JUTS pa3IMYHBIX METAJJIOB MPUBEACHHI B Tabnwmie 9.1.

Yem Jsrerye MeTal OTHAET DJIEKTPOHBI, T.€. YEM JIETYE OH OKHCISIETCSA, TEM
OTpULIATEIbHEE €r0o 3JIEKTPOAHBIA MOTeHIHal. Hade roBops, MO BEIUYUHE SJIEKTPOAHOTO
MOTEHI[HAIA MOXKHO CYJIUTh O CIIOCOOHOCTH METajula OTJAaBaTh AJIEKTPOHBI, T.€. 00 aKTUBHOCTH
MeTallia.

bornee akTUBHBIA MeTaluT MMeeT Oo0Jiee OTPHUIATEIBHYIO BEIHYHUHY JJICKTPOIHOTO
noTeHuana. Tak, HOpMajbHbIE >JEKTPOAHbIE MOTEHUMANIbl MarHus, LWHKA W Meau
COOTBETCTBEHHO paBHbI (B B):

»° (Mg/Mg2+) =—234:0°(Zn/Zn>")=—-0.76;p°(Cu/Cu’*) = +0,34.

CpaBHUBasi 5TU 3HAYEHHS, MOXKHO CJIIelaTh BBIBOJ, YTO HamOoOJiee aKTUBHBIM U3 ITHUX
TPEX METAIJIOB SABJISIETCA MarHuii, a MEHEE€ aKTUBHBIM — ME/Ib.

B ranbpBaHmyeckoM 3J€MEHTE, UMEIOIIEM JBa PA3IMYHBIX METAUIMYECKHX 3JIEKTPOAa,
aHOJIOM OYJEeT METaJlJT C MEHbBIIEeH BETWYMHOW CTAaHIAPTHOTO 3JIEKTPOJHOTO MOTEHIHMAJA, T.C.
0oJiee aKTUBHBIH METAI.

Hanpumep, B ralbBaHUYECKOM SJIEMEHTE

Mg |Areg 2™ | |Zn 2+ | =

HanOoJiee OTPHIATENICH JJCKTPOJHBIA TMOTCHIIHAT MAarHus, TOSTOMY MAarHHUEBBIN
ANEKTPOJI OYJET aHOAOM.

Ha maruueBom snekTpoe (aHozae) UAET IpOoLEecC OKUCICHHS 110 YPaBHEHUIO:

Mgo
Ha nmuakoBoM 371ekTpoae (KaTtoe) IpoTeKaeT MPOoIece BOCCTAHOBICHHSI IIMHKA:
Zn?t 1 2e <> zn0.

10.36 CymmapHOE HOHHOE YPaBHEHHE PEaKIINH, MPOTEKAIOIICH B TAKOM raJlbBAHUYECKOM

AJIEMEHTE, CIeAyIoIIee:

<« Mg?" +2e.

Mgo +Zn?t > ]\/[ngr +2zn0,
BennunHa 31€KTpoAHOTrO MOTEHIMAIa MeTalljla 3aBUCUT, TJIaBHBIM 00pa3oM, OT NMPUPOIbI
MeTajljla, TEMIEpaTypbl M KOHLEHTpAalluM HMOHOB MeETajlyla B pacTBOpe. OTa 3aBHCUMOCTH
BBIpa)kaeTcst ypaBHeHHeM HepHcra:
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Q= Q)O(Me/Me'H)qLglgC(Me'H), 9.1)

rae ¢ (Me/Me"") — HOpMAILHBIN SIEKTPOIHBINA HOTEHIUAL,

1 — 9HCJIO0 OTJIaBaeMbIX (TIPUHUMAEMBIX ) METAJIOM 3JICKTPOHOB;

C(Me"") — xoHILeHTpaLs HOHOB METAJIIa B PACTBOPE, MOJIL/ M.

[Ipy KOHIEHTpAIMM HMOHOB METajlla, PAaBHOM | MOJB/IM’, BTOpOIl WiIeH ypaBHEHHs
oOpamiaercs B HOIb, TOTAa @ = ¢, m.e. 21eKMPOOHbLLI NOMEHYUAl MEemaiia npu e2o0
konyenmpayuu 1 monv/om’ npeocmasnsem coboii cmaHOapmmbwill 2AeKMpPOOHbLL NOMEHYUA.

DneKTpoABMXKYyIIas cwia E TambBaHUYECKOTO JIIEMEHTa OMpEAeNseTcss Pa3HOCTHIO
MOTEHIIMAIOB KaTo/1a U aHoja: £ =@g — @ 4.

Tak, D3JIC MarHueBO-IMHKOBOTO TallbBAHUYECKOTO DJEMEHTA, TPH KOHIEHTPAIUIX
HMOHOB COOTBETCTBYIOIINX METaJlJIOB OJINH MOJIB/IM®, COCTaBJISIeT:
E=¢°(Zn/ Zn>")—p° (Mg / Mg>") =-0,736—(—2,34) = 1,604 B.

Uem Ooisblie pa3HOCTh B 3HAUCHUSAX CTAHIAPTHBIX JJIEKTPOTHBIX TOTEHITHAIOB
MeTaioB, TeM 6obie 3/1C ranpBaHUYECKOT0 3JIeMEeHTa, KOTOPBIHA 3TH METaJIbl 00pa3yIoT.

CpaBaum JJIC TOMBKO YTO pa3o0paHHOTO MAarHUEBO-IIMHKOBOTO TaJbBAHUYECKOTO
anemenTa ¢ 9J[C MarHueBo-MeIHOTO JIEMEHTA.

(— Mg Mg2+ ‘ Zn2* |Zn( +);
C(Mg/Mg2+) =C(Cu/ Cu?™* )= lavione / dar>

E=¢°(Cu/Cu?")—p° (Mg /Mg?*)=+034—(-2,34) = 2,68 B. .

Wtak, yeM panpiie JIpyr OT Jpyra HaXxOAATCS MeETaulbl B TaOJuIle HOPMalbHBIX
3JIEKTPOAHBIX MOTEHIUAIOB, TeM Ooubiie D/1C ranbBaHUYECKOTO 3JIEMEHTA.

Kak orMedanocs paHee B pasjiene, 3aBUCMMOCTb BEJIMYHH JICKTPOAHBIX ITOTEHIIUAIOB OT
KOHIIGHTPAllMM OKHCJIHMTEIbHOM M BOCCTaHOBHTENbHOH ¢opMm peareHta u oT pH cpexabl
BBIpaXkaeTcs ypaBHeHnuem Hepucra (9.1).

VYpaBrnenue HepHcra nmo3Bosiger npoBoguth pacueT D/IC ranbBaHMUECKHUX JIEMEHTOB
IIPY YCJIOBUAX OTIIMYHBIX OT CTAHIAPTHBIX.

W3menenne wn3obapHOro mnoreHmuaiza ['mbOca B cucTeMe YMCIEHHO paBHO padoTe,
COBEpLIAEMOH B PE3yJIbTATE MPOTEKAHUS NIEKTPOXUMUYECKON PEAKIIUU:

AG =—-A4 = —nAgF, (9.2)

rne A — pabora »SJIEKTPUYECKOrO TOKa, paBHas IPOM3BEIEHUIO 4YHCIA MOJb

MIEPEHECEHHBIX IEKTPOHOB N, HAIIPSKEHUS B JJIEKTPUUYECKOU Lenu Ag u nocrosiHHon dapanes
F =96 454 Kn/mons = 96 500 Kn/morb.

Jl1st cTaHIapTHBIX YCIIOBUIA:

AG’ =-A4" = -nAg"F. (9.3)

KoHcTanTa paBHOBecHs 3JIEKTPOXMMMUYECKON pEakUUU [UId CTaHJAPTHBIX YCIOBHUMH
omnpenessercst popMyIIoi cieayomero Buja:
nAgoOF
23-RT

BennuuHbl KOHCTaHT PaBHOBECHM IS Pa3HBIX JEKTPOXUMHUUYECKUX PEAKIUI MTO3BOJISIOT
OIPEIEIIATh CTENIEHb UX HEOOPATUMOCTH.

[TockonbKy AIEKTPOAHBIN NOTEHIMAI METa/lla 3aBUCUT OT KOHIIEHTPAllMH pacTBOpa, TO
MO>XHO COCTaBUTh LENb M3 OAMHAKOBBIX METAJNIMYECKUX JJIEKTPOJOB, IOTPYKEHHBIX B
pacTBOPBI C PA3IMYHOM KOHIIEHTpAalMEld HOHOB 3TOI0 METAIA — 3MO0 KOHYEHMPAYUOHHbIU
2AaNbBAHUYECKULL SNeMEHM.

DJ1C KOHIIEHTPAIIMOHHOTO JIEMEHTA OMPEEsIeTCs 0 GopMyIie:

C,(Me*™
Q,ZZC:O’0591g [ (Me™™)

z4y
z Cy(Me™™)
I'IE C(ME*') — KOHIIEHTpalMs HOHA METAIIA B IPHAIIEKTPOIHOM CJIOE, MOJIB/IM’, IIPHYEM
ci(me”’) > ¢cy(me™) ; z — CTeneHb OKUCICHUS HOHA.
DneKTpoIn3

IgK? = =16,9nAp" . (9.4)

(9.5)
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TeopeTnueckre OCHOBBI
DJEKTPOIM30M Ha3bIBAETCS OKHCIUTEIbHO-BOCCTAHOBUTENBHBIN Mpoliecc, MPOUCXOAAIIUN Ha
ANIEKTPOIaX MPHU NPOIYCKAHUH NOCMOSHHO20 IIEKTPUYECKOT0 TOKA YepEe3 pacTBOP WIIM pacIljiaB
ANIEKTPOJIUTA.
JUist oCyIecTBICHUS JIEKTPOJIN3a HE0OX0AUMO B COCY/I C pACTBOPOM HITH pacIljlaBOM
AJIEKTPOJINTA BHECTH JIBA AJIEKTPO]Ia, COEAMHEHHBIE C MTOJIFOCAMU BHEUTHETO HCTOYHHKA
IIOCTOSTHHOTO TOKa.

DNeKTpo, MPUCOESIUHEHHBIN K OTPUIATETFHOMY HOJIIOCY BHEIIHETO0 UCTOYHHUKA
MIOCTOSIHHOTO TOKa, Ha3biBaeTcs karoaoM (K).

[Ipommyckanue Toka uepe3 3JEKTPOIUT MPUBOJUT K TOMY, YTO HOHBI B PacTBOpE
HA4YMHAIOT rnepemearscs. [lomoxkuTenbHble MOHBI, KaTHOHBI, IBUXKYTCS K OTPHULATEIBHOMY
anekTpony — Karoxy. OTpularerabHble HWOHBI, AHUOHBI, JBIXKYTCS K IOJOXHTEIBHO
3apsSHKEHHOMY JJIEKTPOAY — aHOAY.

Ha xaTtone uaér mpouecc BOCCTaHOBIIEHUS, T.€. MIPOLIECC MPUCOECTUHEHUS FTEKTPOHOB.
B naunbomnee npocToM cityyae KaTHOHBI BOCCTAHABIMBAIOTCS MO CXEME:

AT +e<> 4.
Ha anone unér nporecc okuciaeHus, T.e. MpoLecc OTJauu JIEKTPOHOB HoHaMu. B
IPOCTEHIIIEM CITydae 3TOT MPOLECC BHIPAXKAIOT CIEIYIOIUM 00pa3oM:
B —e<>B.
bnaromapss pabore HCTOYHMKA TOKa DJJEKTPOHBI, OTJaHHbIE HMOHAMU Ha aHoJe,
nepefalTcs Ha Kato. B pesynbrare aHon Bc€ BpeMsi oOemHSAETCSl 3JEKTPOHAMHU, a KaTox
oborarmaercs.
Ha pucysnke 10.1 npencraBiena cxema 351€KTpOIn3Epa.

_ _/‘T@’_ _

Pucynox 9.1 Cxema snexmponuzépa
PacriaB xyopuaa HaTpHsl COJIEPXKHT KaTWoHa Hatpusi Na' wu anwonsl CI. Tlpu
MPOITYCKaHUM Yepe3 ATOT pacIljiaB dJIEKTPUUYECKOTO TOKA K KaTOy HAIpaBJIsIIOTCS UOHBI HATPHS,
a K aHOZY — XJIOPHJI - HOHBI.
¥V karoga ua€T npouecc BOCCTAaHOBJICHHS B COOTBETCTBUM C YPAaBHEHHUEM:
2C1 —2e <> Cl,
Na® +e <> Na®.
VY aHoja €T npouecc OKUCICHUS 110 YPaBHEHUIO:
Beck npouecc anextponu3za pacmiaBa NaCl MOXKeT ObITh 3aIIUCaH B BUJIE CXEMBI:
K :Na® +e<> Na’
A:2C1" —2e <> Cl,.
Taxum 0Opa3oM, MpH IEKTPOIIU3E paciyiaBa XJIOpHUIa HATPUs Ha KaToJIe BBIIEIAETCS
HaTpUii, HA aHOJZI€ — XJIOP.
Wrak, npu 31eKTposan3e paciiiaBoB AIEKTPOJUTOB HAa KAaTOJE PAa3psKAIOTCsS KaTHOHBI, a
Ha aHOJIe AaHUOHBI, 00pa3yIOIIKe AIEKTPOIIUT.
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BopHble pacTBOpPHI 2JIEKTPOIUTOB MOMUMO HOHOB, HA KOTOPBIE PAclafaeTcs AIEKTPOIIUT,
COZepKaT MOJIEKYJBl BOJBI, CHOCOOHBIE TPUHHMATh YYacTHE B KaTOMHBIX W aHOJHBIX
Iporeccax.

Ha karozie BO3MOXEH MpoIiecc BOCCTAHOBJICHUSI MOJIEKYJT BOJIBI TI0 YPaBHEHUIO:

2H,0 +2e <> Hy +20H .

Ha anoze BO3MOXeH NpoIiecC OKUCICHHUS BOJIbI, KOTOPBIA MIPOTEKAET MO CXEME:

2HA0 —de <> 4H" +0,.

Kakne mporeccbl OyayT TpPOUCXOMUTh Ha DJIEKTPONAX — 3aBHCHT OT BEJIWYHHBI
HOPMAaJIbHBIX OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX MMOTEHIIMAIOB TOTO WM HHOTO Ipoliecca.

HNonbl MeTaioB ¢ BecbMa Majol aiaredpanyeckol BEIMYMHON CTaHAAPTHOIO
3JIEKTPOAHOTrO MOTEHIMANA, OT Li 10 Al BKIIIOUUTEIBHO, UMEIOT YPE3BBIYAHO Majioe CPOJICTBO K
DIIEKTPOHAM, YCTyIIasi B 3TOM OTHOIIeHUH HoHaM H' (cM. Tabi. 9.1). [TooToMy IIpH BIEKTPOJIH3E
BOJIHBIX PACTBOPOB YyKa3aHHbIX METAIJIOB HAa KaTOAE MPOUCXOAUT BOCCTAHOBIIEHHE BOJBI IO
CXeMme, IPUBEJICHHOM paHee.

Katuonsl MeTamgoB ¢ MOJIOKUTENBbHBIMU 3HAUEHUSIMH CTaHAAPTHOTO AJIEKTPOAHOTO
notennmana (Cu, Ag, Hg, Au u op.) umeroT Gosbliiee CPOACTBO K 3JIEKTPOHAM, YeM HOHBI H' (CcM.
tabmn. 11.1). B urore, Ha KaToie BOCCTaHABJIMBAIOTCS MOHBI METAJIJIOB 110 CXEME:

Me"™ + ne” —>Me'.

Karuonsl MeTanioB, 3aHMMAIOIIME B Psly HapsDKeHUH cpeanee nosnoxenue (Zn, Fe, Cd,
Ni m 7p.), BOCCTAaHABIMBAIOTCSA HAa KAaToOJE OJHOBPEMEHHO C BOCCTAHOBIICHHEM KAaTHOHOB
BOZOPOAA.

Wrak, npu onpeaeneHny IpoayKTOB AIEKTPOIH3a BOAHBIX PACTBOPOB JIEKTPOJIHUTOB,
Ha/I0 PYKOBOJICTBOBATHCS BBILICYKAa3aHHBIMU COOOPaXEHUSMHU, OCHOBAaHHBIMHU Ha aHAlU3e psla
HaIPsHKEHUM.

Ha karome unerue Bcero paspspKaloTCsl TaKdUe KaTHOHBL, KOTOpblE HMMEIOT Oosiee

TIOJIOKMTENBHBIN JIEKTPOAHBIN MOTeHIMaN. Hanpumep, eciy 31IeKTpoauT coaeput nonsl Cu’

¥ Zn’*, To cpaBHWBas 3Ha4YeHUS ¢ C% 5= 10,34 B u ¢ Z% ,.= —0,76 B, MOXHO caenaTh
u n

3aKIIFOYEHHE, YTO JIerdye OyayT paspsKaTthes MOHBI Cu’’, Tak Kak UX DJIEKTPOJHBINA IOTEHIHAI
OobI1Ie.

Ha ano;me 7erde mpouCXOAMT TOT  TPOLECC, HOPMAJbHBIA  OKUCIUTEIHHO-
BOCCTAaHOBUTEIIFHBIA TIOTEHIIMAT KOTOPOTO MeHbIe. Hampumep, U3 IBYX BO3MOXKHBIX aHOJHBIX
IIPOLIECCOB B PACTBOPE CEPHOM KUCIIOTHI:

25077 —2e <> S,048 " =+2.01
u
21,0 —4e <> 4H " + Oy, 0° = +1,23

clieflyeT OTAATh MPEINOYTEeHHE BTOPOMY, T.K. €My COOTBETCTBYET MEHbIee 3HaYCHHE
MOTEHLKANA.

Cpenu aHMOHOB HaWOOJIbIICH CIIOCOOHOCTHIO K OKMCIIEHHIO Ha aHOZE 00J1a1atl0T aHUOHBI
oeckucnoponnbix kucnot (CL, Br, I, S). B pe3yabTare 21eKTpon3a pacTBOPOB, COAEPHKAIIUX
3TH MOHBI, HA aHOJIE BBIJEISAIOTCS CBOOOAHBIE IaJIOTEHbI MITH Cepa.

BoccranoBneHne MeTauioB U3 pacTBOPOB UX COJIed UIET TOJBKO B TeX Cilydasx,
KOTJla JaHHBI MeTaul UMeeT OONBIINN DIMEeKTPOJHBIA MOTEHLMAN, YeM Yy aTIOMHUHHS, T.€. Ha
KaTOJI€ BBIACIISIOTCS T€ METAJLIBI, KOTOPBIE CTOSIT B PS/Iy HANIPSDKEHHS MTPABEe ATFOMUHUSL.
Hanpumep, snextponu3 pactBopa ZnCl; moMagT mno cxeme:
K:Zn" +2e <> Zn°
A:2CI —2e <> Cly.

[Ipu snexTponn3e pacTBOPOB COJIEH METAJIOB, PACIIONIOKEHHBIX B PAY HANPSIKEHUS 10

AJIFOMUHUS BKJIIOYUTEIBHO, Ha KaTO/Ie MPOMCXOIUT BOCCTAHOBIIEHUE BOIBI 10 YPABHEHUIO:

2H,O +2e <> Hy T +20H ™.
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Onextponu3 pactBopa NaCl MOKHO U300pa3UTh CIEAYIOUICH CXEMOIA:
K:2H,0+2e<> Hy T+20H~
A:2CI —2e <> Cl,.

B kaTtoqHOM IPOCTPAHCTBE B pacTBOpE OocTatoTcs HoHbl Na™ u OH (menous NaOH).

Kucnopoacoziepsamye aHuoHsl ( NO3 ,SO7 ,PO3; ¥ 7p.) HMeIOT 0oJbIuii
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHBIM MOTEHIMAN, YeM IMOTEHIMAJ Ipolecca OKUCICHUS BOJBI,
[IO3TOMY IIPH IEKTPOJIM3E PACTBOPOB COJIEH, COEPIKAILNX 3TH aHUOHBI, HA AaHOJE OKUCIIAETCS
BOJIA.

OpHako ecThb M MCKIIOYEHHUs, HalpuMep, NpPU 3JIEKTPOJIM3€ ILEIOYHBIX PAcTBOPOB
THIIOXJIOPUTOB U XJIOPATOB Ha MHEPTHOM aHoje okucistores annonsl C/O™ u CIOs no CIOs u

CIlO4 cOOTBETCTBEHHO.
Hampumep, npu anekrponuse pactBopa K,SO, mpoTekaroT ciexyromnue mpoecco:

K :2H,O+2e <> H, +20H"
A:2H,0—4de <> O, +4H"
Ha KaToae 06pa3yeT051 BOAOpPOd, Ha aHOAC KHCIIOPOA. B KaTOAHOM IPOCTPAaHCTBC

HakarBaroTcsi HoHbl OH™, B aHOJTHOM — MOHBI THAPOKCOHHS, MO3TOMY OKpacka JakMyca B
KaTOJTHOM IPOCTpaHCTBE Oy/eT CUHell, a B aHOAHOM — KpacHOM.

[IIupokoe NpUMEHEHHE HMMEET DJEKTPOJIU3 C pacmeopumviMu anodamu. B xadecTBe
TaKOBBIX MIPUMEHSIIOT MeJlb, CepeOpo, 30JI0TO, HUKENb U Ipyrue metamibl. [Ipouecc anekrponnza
IIpU 3TOM 3aKJIIOYAETCS B OKMCIEHUM MeTallla-aHo/Ja /10 KaTMOHA M B IOCIEIYIOIIEM €ro
BOCCTAHOBJICHUU BHOBb /IO METAJUTMYECKOTO COCTOSIHUS Ha KaToO/Ie.

Cxewma anekTposin3a BoaHoro pactsopa CuSO, ¢ METHBIM aHOJOM:
A:Cu’ —2e <> Cu’*

K :Cu> +2e<>Cu’.

CooTHoleHne MeXxay Maccor (M 00beMOM) BEIIECTBa BBIJICITMBIIMXCS Ha JIEKTPOIaX
MIPU DJIEKTPOJIN3€ U KOJUYECTBOM 3aTPAuCHHOTrO JJIEKTPUYECTBA OmpenaessieT 3akoH Dapanes:
KOIUYeCmeo  eeujecmsd, BblOeUsULe20cs Npu  JIeKmponuse, NpsamMo  NPONnOPYUOHATLHO

KOAUYeCmay 1eKmpuiecmad, npoueouteco uepes 31eKmpoaum 3a 6pemsi t
m(X) It
96500’

1
n(—X), monv — ox6 = l
M X)
z

X

1
rae m(X) — Macca SIEeKTPOXMMHYECKH IIpeBpallleHHOro BelectBa, 2; M (7 X) -
X

MOJIIpHAs Macca SKBUBATICHTA ONPEIEIIEMOT0 BEILIECTBA, &/MO/Ib;,

Z — YHUCJIo BHCKTPOHOB, y‘-IaCTByIOH_[I/IX B OKHCJICHHUHU HJIM BOCCTAHOBJICHHUH OJHOI'O MOHA,
{ — BpeMs dJIEKTPOJIn3a, C.

Wnm ni1s ra3oB:

1
Vin (X))t
V(iX)=——" ",
96500
1
rne V(X) — 00BeM »>JIeKTPOXUMHYECKHM BBIICNEHHOTO Ta3a, oa’; Vm (Z— X) -
[x

SKBUBAJIEHTHEIH 00BEM DIIEKTPOXUMHYECKH BBIIEIEHHOTO ra3a, oM.
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[Ipu snexTponuse BOAHBIX PACTBOPOB COJICH METANUIOB, 3aHHUMAIOIIUX MPOMEKYTOUHOE
MOJIOKCHUE B DSy HANPSIKCHHMA, HAPSAAY C BBIJICIICHUEM METaJlla Ha KaToJe HJIET BBIICICHHE
Bojopona. Ilpm 5TOM Macca BBLACTUBIIETOCS MeETaula HE JKBUBAJCHTHA KOJHUYECTBY
MPOMICIIETO Yepe3 PacTBOP JJIEKTPUYECTBA, YaCTh KOTOPOTO PACXOMYETCSl Ha BBIICIICHHE
BOJIOpPOJIA.

DNeKmponu3 ¢ HANONCEHUEM BHEUIHe20 HANpsdiCeHus — TOK OT BHEUIHETO HCTOYHHUKA
MPOXOTUT Yepe3 DIICKTPOIUTHUECKYIO sUeHKY C HccleayeMbiM pacTBopoM. [Ipu 3Tom oOriee
HanpspkeHue U CKIIaApIBaeTCsl M3 MOTSHIMANIA Pa3NIoKeHUs E, = E4, — Ex;, ICPCHANPSHKCHUN Ha
anone 77 ., kxarome 77k w morenmmana Up = [R, HEOOXOAMMOTO I TPEOIOJICHHS
COIIPOTHBIICHUS JIEKTPOUTa R:

U= (Ewm+ 774)— (Exi—"1x) + Uz.

[TomnepxuBasi omnpejielicHHOE 3HAYCHHWE ITOTCHIMAIa KaToja, MOXKHO IPOBOJUTH
MOCNIEIOBATEIHbHOE BBIJICTICHHE METAUIOB U3 HCCIEAYEMOTO pacTBOpa WU OTACNEHHE OT
MEMIAFOIINX TPUMeECEH (3JICKTPOJIH3 MPU KOHTPOJIUPYEMOM ITOTSHITHATIE).

[Ipouiecc amekTpoinM3a CIYKUT TPEKIAE BCEro [UIsl MPOMBIIUICHHOTO TOTyYeHUS
QTFOMHUHHS, MEIH, MHOTHX IIEJOYHBIX M IIEIOYHO3EMEIbHBIX W JIPYTUX METAJUIOB; IS
aHAJIMTUYECKOTO ompeseneHus: metamioB — Cu, Pb, Zn n MmHoTUX JIp. Kpome Toro, ¢ moMoIibko
AJIEKTPOJIN3a MOXKET OBITH TMPOBEJICHO AHATMTHYECKOE pa3JieICHHe psjga METAUIOB B M3 X
cMmeceil. Hanpumep, 31eKTpoin30M BeIyT ONpeaeTeHre MEeIU, CBUHIIA, OJIOBA U IUHKA B JIATYHH
METOJIOM PAa3JeIBHOTO DIIEKTPOOCAKICHUS TIPH KOHTPOJHMPYEMOM IOTeHIHAIe. MeTox
BHYTPEHHETO DIIEKTPOJIU3a HCIONB3YeTCS s AHAIUTUYECKUX ONPEICIICHUH OUYeHb MAaJbIX
KOJIMYECTB METAJUIOB B PacTBOpax, KOTOPBIE HE MOTYT OBIThH OIPEICICHBI APYTUMH METOIaMH.
KOPPO3UA METAJIJIOB
TEOPETMYECKHWE OCHOBBI

Kopposueii memannoe nazvieaemcs npoyecc paspyuwieHus Memaiid, npoucxoosiyuti noo
Oelicmauem OKpyxcaroujell cpedvl. B pe3ynprare 3TOTO Tpolecca MeTaul TMEepPeXOoIuT U3
CBOOOHOTO COCTOSIHHSI B XUMHUYECKH CBSI3aHHOE.

Tak, pacTBOpeHHE *KeJle3a B COJSIHOW KUCIIOTE WM PKaBJICHHE KEIIC3HBIX W3JCIIANA Ha
BO3/TyX€e SBJISIOTCS MPOIleCCaMU Pa3pyIICHHs 9TOTO METasla, T.€. IPOIECCOM KOPPO3HUH.

[To wmexaHW3My TMPOTEKAHHS TIpoIlecca KOPPO3MS JCIUTCS HAa XUMHYECKYI0 |
ANEKTPOXUMHUYECKYIO.

XuMudeckasi KOppo3us He COMPOBOXKIACTCS MOSBICHHEM JIEKTPUYECKOTO TOKA, TaK Kak
B ATOM CJIy4ae HET MPOCTPAHCTBEHHOTO pa3/esIeHus MPOIECCOB BOCCTAHOBIECHUS M OKUCIICHHSL.

XuMudeckasi KOppo3us TPOTEKaeT KakK OOBIYHAsS XWMHUYECKas peakilvs, HaIlpumep,
B3aMIMOJICHCTBHE JKeje3a ¢ KHCIOPOIOM MPHU BBICOKOM TeMIepaType:

4Fe+30, —>2Fe,05.

DIEKTPOXUMHUYECKAst KOPPO3Hs HAOII0JaeTCsl TIPU COMPUKOCHOBCHHH METAJUIOB C BOJIOM,
pacTBOpamMu IEKTPOIUTOB, aTMOCHEPHBIM BO3TyXOM.

Ocno6Hoe omauuue 21eKMPOXUMUYECKOU KOPPO3UU OM XUMUYECKOU COCMOUM 8 MOM,
umo obwan peaxkyusi 83auUMOO0elCmMaUs Memaula ¢ OKUCaumenem modxcem Ovimv pasoenena Ha
08a camocmosmenvhvix npoyecca: 1) npoyecc oxucieHus uiu aHoOHwll npoyecc, 2) npoyecc
80CCMAHOBIEHUSL UL KAMOOHDBIL.

[Ipu >MEKTPOXUMUYECKOW KOPPO3UH MPOIECC OKUCICHUS U MPOILECC BOCCTAHOBICHUS
MPOTEKAI0T Ha pa3jMyYHBIX Y4yacTKaXx MeTajljla — aHOJAHOM M KaTOJHOM COOTBETCTBEHHO.

[Iporieccel, TPOUCXOASIINE TPU DICKTPOXHUMHUECKONH KOPPO3HUU, AHATOTUYHBI
mporeccaMm, MPOTEKAIIMM B TajdbBaHMYECKUX 3yieMeHTaX. [Ipoliecchl 3JIeKTpOXMMHYECKOM
KOPPO3UU COIMPOBOXKIAIOTCS MEPEMEIEHUEM JJIEKTPOHOB C aHOJTHBIX YYacCTKOB Ha KaTOMIHEBIE,
T.€. DJEKTPOXUMUYECKAss KOPPO3USI COMPOBOXKAACTCS MOSIBICHUEM B METallIe 3JIEKTPUYECKOTO
TOKA.

AHOJHBII TpolecC NpHU BJIEKTPOXHUMHUECKONH KOPPO3UU — ATO IMEpPexXoj] MeTauia W3
CBOOOJTHOTO COCTOSTHHE B HOHHOE:

Me® —ne <> Me" ™.
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Hanpumep, npu 51eKTpOXMMHYECKOW KOPPO3MM JKejae3a  MPOUCXOAUT CIEAYIOLIHN
AQHOJHBIN TPOIIECC:

Fe® —2¢ <> Fe?*.

KaTO,ZlHHﬁ nmponecc COCTOUT B BOCCTAHOBJICHUU OKI/ICHHTCJIGIZ, T.C. B MMIPUCOCANHCHUUN
AJIEKTPOHOB K MOJIEKYJIaM WJIM MOHAM M3 OKPYXKAIOLIEH CPEbI.

I/ITaK, QJICKTPOXHUMUUICCKAA KOppOo3us MCTAJIJIOB — 9TO pe3yjibTar ﬂeﬁCTBHH
MHUKPOTaJIbBAHUYCCKUX 3JICMCHTOB, O6pa3yIOHH/IXCﬂ Ha IMOBCPXHOCTHU METAJlIIA. B paac CiiydacB
O6pa3OBaHI/Ie TaKUX TaJbBaHOIIAP O6yCJ'IOBJ'IeHO HaJIM4UEM B MCTaAJlJIax HpHMeCGﬁ 1501040
KOHTAKTOM ABYX pa3H0p0)1me MCETAJIJIOB.

TaK, IIpu paCTBOPCHUHN B pa36aBneHH0171 CCpHOfI KHCJIOTC IUHKA, COACPIKAIICTO ITPUMCCU
KeJe3a, MPOUCXOIAT CIECAYIOIIME IMPOLECChl: IIMHK C NPUMECHIO JKelle3a, MOMEIIEHHBIA B
pacTBoOp CepHOﬁ KHUCJIOTBI, MIPEACTABJIACT CO60ﬁ raJIbBaHNYECKUI DJIEMEHT

(—)Zn|H , SO |Fe(+).

AHOJIOM B 3TOM TaJTbBaHUYECKOM 3JIEMEHTE sIBIsieTcs OoJjiee aKTUBHBINA MeTail MHK. Ha
aHOJI€ MMPOUCXOIUT CIIETYIOIIUI IPOLECC:
Zn® —2e <> zZn>*.
DNEeKTpPOHBI OT aHoja (IIMHKA) HAMPABISIIOTCS K Karomy (Kenesy), Ie MPOUCXOIUT
MPOLIECC BOCCTAHOBIICHHUS TIOJIOKUTEIBHO 3apPsHKEHHBIX HOHOB H' M3 pacTBOpa CEpHOM KUCIIOTHI:
2HY +2e <> H,.

OnbIT MOKa3bIBaET, YTO CKOPOCTH MpOIlecca PacTBOPEHHUsS LMHKA, MpU paboTe TaKoro
raJIbBAHUYECKOTO JJIEMEHTa, ropa3ao OOoJbIlle, YeM CKOPOCTh PEaKIUHU HETOCPEICTBEHHOTO
B3aUMOJICMCTBUS IMHKA C KUCJIOTOM.

OcoObIif MHTEpEC MPEACTaBISET ICKTPOXMMHUYECKAss KOPPO3Us B HEHUTPaIbHOU cpejne,
TaKk Kak 3TOT ciy4ail HauOosiee OJMM30K K aTMOC(hepHOUW KOPPO3UU. DJIEKTPOIUTOM B TaKOM
cilyyae sIBJII€TCS BOJa C pacTBOPEHHBIMU B Het razamu (CO;, O», 3auactyio — SO,, HUTPO3HBIMU
razamu N.O, 1 11p. ).

PacTBOpEHHBI B BOJE KUCIOPOJ, a TAKXKE KUCIOPO BO31yXa MOTYT IPUHUMATh y4acTHE
B KAaTOJHOM IIpoLecce, IPH OSTOM MPOUCXOJUT BOCCTAHOBJIEHHE KHUCJIOPOJA COIVIACHO
YPaBHEHUIO:

Oy +2H,O+4e <> 40H ™.
PaCTBOpCHI/Ie B BOAC YIUVICKHUCIIOTO Tra3a MPHUBOJUT K 06pa30BaHmo erJ'IBHOfI KHCJIOTHI,
KOTOpast TIPH TUCCOIMAINH TAaET HEOOIBIIIOE KOINYECTBO HOHOB H '
CO, + H,0 <> H,COy <29 5 H,0% + HCO; 29,

0 S H.0" +CO3.

[Tpu 3TOM Ha KaTOJe MOKET MPOUCXOJAUTH BOCCTAHOBJIEHHE KaTHOHOB H':
211 4 2e <> 11, .

YacTto KaTOAHBIM IIPOLIECC SIBISAETCS CMEIIAHHBIM, T.€. Ha KaToAE€ MIET MpPOLECC
BOCCTaHOBJICHHSI KHCJIOPOJa W MPOIIECC BOCCTaHOBJIEHUS MOHOB H', mpuuém mocieanuii, Kak
MIPAaBUJIO, UMEET MOJAUYNHEHHOE 3HAUYCHHUE.

BemectBa, ycuiMBaIOIIy0 KOPPO3HWIO, Ha3bBalOTCS  akmugamopamu. CHIBHO
JEHCTBYIOLMM AKTUBATOPOM sIBJSETCS MOH Xjopa. [loaTtomy mpouecchl KOppo3uu B MOPCKOM
BOJIE UIIYT TOpPa3a0 HHTEHCUBHEHN, YEM B MPECHOM.

BemecTBa, 3ameanstonue nporece pa3pyuieHusi METaalIoB, Ha3bIBAKOTCS UHSUOUMOPAMU.

Jnst 3auThl METAIOB OT KOPPO3UWH YacTO HMCHOJIB3YIOT PA3JIMYHbIE MOKPBITHS, B TOM
quclie MeTaJuIn4eckrue. B 3TOM cilydae METa/UIOMOKPBITUE JIOJDKHO OBITh YCTOMUYMBBIM K
KOpPPO3HUH.

Hapymienre 1eOCTHOCTH METAIMYECKOTO TMOKPBITUS MOXET MPUBECTH JHOO K
COXpPAaHEHUI0O OCHOBHOTO MeTauia, JUOO K YCHJIECHHOM KOPpO3UHU. ITO 3aBUCHUT OT
CPaBHUTEJIBHOM aKTUBHOCTH 3alIMIIAEMOr0 U 3alIUTHOTO MeTaJlja.
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Mertamniyeckoe MOKpBITHE U3 0ojiee aKTUBHOTO METaslla, IPU HApYIIEHUH IIeTOCTHOCTH
€ro CJI0s1, BBICTYTIAeT B POJIM aHO/1a B 00pa30BaBIIeMCsl FaIbBAHUYECKOM 3JIEMEHTE.

OcHOBHOW MeTaJl1 B Ipolecce paboThl TAaKOrO TaJbBAHUYECKOTO JJIEMEHTa He Oyaer
paspymartbes. [lokpbiTue U3 Hanbosiee akTUBHOTO METaJlla Ha3bIBAETCSl AaHOHBIM.

Korna nokpeiTue cnenaHo U3 MEHEE aKTMBHOIO METajlla, TO HapyLIEHHE LEIOCTHOCTH
3TOr0 MOKPBITUS MPUBEAET K OOPa30BAHMIO TaJbBAaHUYECKOIO 3JIEMEHTA, aHOAOM B KOTOPOM
OyZIeT SIBIATHCS 3alUIIAeMbII METaJll, a KaToJI0M — MOKPhITUE. Takue MOKPBITHS HA3BIBAIOTCS
KaToAHbIMU. B 3TOM ciryuae oCHOBHOM MeTai OyJeT pa3pylaThbCsl.

KatonHoe mnokpeiTHE SBISIETCS MEHEE BBITOJHBIM, TaK Kak MpU HapyUIEHUH €ro
L[EJIOCTHOCTH OCHOBHOM METasll pa3pyIiaercs.

B cnyuae aHOOHOTO MOKPBITUST OCHOBHOM METAJIJI NMPU MOBPEKICHUU TOKPBITUS HE
paspyuiaercs. B aTom ero nmpenmyiiectso.

BOl'[pOCbI H 3aJlaHusA

[Ipumep 1 CrangapTHble JIEKTPOIHBIE OTEHIMAIBI A1 [IUHKA U CBUHLA paBHbI — 0,76
B u — 0,13 B cooTBEeTCTBEHHO. Y KaKOro M3 3JIEKTPOAOB, [IMHKOBOTO WJIM Y CBHUHIIOBOTO, BBIIIE
IUIOTHOCTb JIBOMHOTO AJIEKTPUUYECKOTO CJIOSI, €CJIM 00a 3JIEKTPo/ia IOMECTUTH B BOAY?

Pemenne

Y LIMHKOBOTO 3JE€KTPOAA BEIMYMHA CTAaHAAPTHOIO 3JIEKTPOJHOTO MOTEHIMala MEHBIIE,
YeM y CBHMHIIOBOTO, YTO CBSI3aHHO C OOJIbIlIEH CIIOCOOHOCTHIO MOHOB LIMHKA TMIPATHPOBATHCS
MOJIEKYJIaMHM BOJBI U IEPEXOAMTH W3 TBEPAON MOBEPXHOCTH B pacTBop. B wurore, y numHka
CO3/1aeTcsi B MPUAJIEKTPOAHOM cjoe O0jee MOIIHBINA JBOWHOW 3JIEKTpUYECKUH CIIOH, yeM y
MIOBEPXHOCTU CBUHIIOBOI'O IEKTPO/IA.

IIpumep 2 Xene3Hasd M HUKeleBas IUIACTUHKH, MOTPYXKEHHBIE B PacTBOP COJITHOU
KUCIOTHl ¢ KouueHTpanued C(HCI) = 1 Mons/mM’, pacTBOPAIOTCS C BBLICIEHUEM BOJOPOJIA.
Kakoii nmpouiecc HauMHaeTCs, €CJIM INIACTUHKH COCTMHUTD MPOBOJHUKOM?

Pemenue
2.1 Jlo coeHEHHS IPOBOIHUKOM H KeJI€30, U HUKEIb OKHCIISIIMCh HoHaMu H':
a) 1|Fe’ —2e < Fe*, @' (Fe’*/Fe’) = — 0,44 B;
112H" + 2¢ < H>% @"(2H/H;) = 0,00 B,
JC, = 9" H /H,) — ¢"(Fe’/Fe’) = 0,00 — (— 0,44) = 0,44 B;
6) 1|Ni’ — 2¢” <> Ni**; @"(Ni**/Ni’) = — 0,25 B;
112H" + 2¢” — H>} " (2H'/H;) = 0,00 B,

OC, = ¢"(2H/H;) — " (Ni**/Ni’) = 0,00 — (- 0,25) = 0,25 B.

Tak xak 3/[C; > 3/[C>, TO Ha KENe3HOU MIACTHHKE BBIJICICHUE BOoJopoaa Oyaer Oosee
MHTEHCUBHBIM, YEM Ha HUKEJIEBOM.

2.2 Tlocne coeMHEHUs MIACTUHOK — 00pa3yeTcs rajlbBaHUYECKU 3JIEMEHT, B KOTOPOM
OyIyT IpoTeKaTh peaKIIUu:

anon: I|Fe’—2e < Fe™; @' (Fe’'/Fe’) = — 0,44 B;

karox: 1|(Ni’) 2H" + 2e <> H.1.

[ToTOK 37€KTPOHOB C >KEJIE3HOM IUIACTMHKU (aHOJa) OyAeT MepexoquTh Ha HHUKEJIEBYIO
(xaToxy) mo mpoBOAHMKY. [lOBEpXHOCTH HHKENEBOW TIJIACTMHKH, HAXOAsCh B KOHTAakKTe C
pacTBOpoM cojepxaumMm H', mepeaaeT dICKTPOHbI 3THM KAaTHOHAM, YTO MPUBOIMUT K
00pa30BaHMIO MOJIEKYJ BOJAOPOA.

IIpumep 3 Tok cunoit [0 A m1poxXomuUT dYepe3 DIEKTPOIU3EpP C IUIATUHOBBIMU
SIEKTPOAAMH, B KOTOpoM Haxoautcs 500 cM® pacTBOpa TMAPOKCHAA HATPHUS C MAaCCOBOM JONIEH
o(NaOH) = 4,5 % (p = 1,05 2/cv’). Haniiunre mojiHyrO CXeMy 2JIEKTPOJIN3a BOJAHOTO PacTBOpa
NaOH. CxonbKo 9acoB OTpeOyeTCsl BECTH JICKTPOJIN3, YTOOBI MaccoBas 10 pactBopa NaOH
nocturiaa 10 %?

Pemenune

3.1 BriuuciuM Maccy Bofbl B UCXOAHOM PacTBOpE:
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~1N

my(H,0) = 100 (100 - @) =
_ 105300 60— 4.5y = 501375 end3.
100

3.2 Haitnem Maccy KOHEYHOTO pacTBOpa:
1% . .
1,017 :4,5 1,05 500:236,25F.
(25 10

Mp_pa2 =
3.3 Onpenenum Maccy BOAbI, TOABEPTUICIHCS ANEKTPOIUY:
Am(H,0) =my_pa1 —Mp_paz = P1V1 —Mppa2 =
=1,05-500 — 236,25=288.,751.
3.4 Bpems npoiiecca 3JeKTpoin3a COCTABUT:
o Am(H,0O) F 28875 96500

1 I 1
M(=H,0 18- —
(5 H20) 5

=309604,2 ¢ = 86,0u.

3.5 Peaknuu, NpoTeKaromue Ha 3JIEKTpoJaax:

K :2H,O0+2e <> HY + 20H™
AAOH ™ —4e <> 2H0+ 0, .

[Tpumep 4 DnexkTposn3€p COAEPKUT PacCTBOP HUTpaTa CBUHLA (+2), aHOJ — CBUHIIOBBIH.
IIponomxurensHOCTh 2eKTponu3a 2 4 40 muH 50 ¢, cuiia Toka 54. Beruuciaure TeopeTuyecKyro
yObUIb B Macce CBHUHIIOBOIO aHoia. Hamumurte ypaBHEHHsS peaklMid, MPOUCXOASIIUX Ha
NIEKTPOJIAX.

Pewmenne

4.1 BapuaHT ¢ pacTBOPMMBIM aHOIOM. MeTaiunueckuii ceunen — anoxn (¢’ (Pb’*/Pb°) = —
0,126 B) nerue OTAAET NEKTPOHBI, YeM MOJIEKYIIBI BOIBI ( 21,0 —4e <> O5 + 4H T, »°=+1,23
B).

YpaBHEHHUs peakuil, IPOUCXOIAIIUX Ha DJIEKTPOAAX:

K :Pb* +2e <> Pb°
A:Pb° —2e <> PH*T .

4.2 Teopetuueckasi yObUTh MacChl CBHHIIA COCTABHT:

29050 H07.L 5175+
96500 2

[pumep 5 Paccuuraiire Benmmuuusl DJC u AG’, 11 TIPOLECCOB KOPPO3HH,
MIPOTEKAOLIUX 110 YPaBHEHUSIM:

Me(x) +H>0p010s) —Me(OH) 0,

rae Me — Fe, Ag. Kakoi u3 NpuBEIEHHBIX METAJIOB OYJET MOJBEPraThCsi KOPPO3UH BO
BIIQ)KHOM BO3yXxe?

Am(Pb) = 1—; . M(%Pb) =

OtBer
4.1 VcnoBust IpOTEKaHUs TPSIMON PEAKIUK NIPH CTaHAAPTHBIX yeosusx: DJC = A¢’., >
0 nmu AG’,,, < 0.
4.2 3anuieM ypaBHEHHS 3THX MPOLECCOB M Bbiaucaum st Hux DJIC u AGY
a) I|Fe'—2e« Fe" ; o"(Fe’'/Fe’) = — 0,44 B;
amoo
1| 2H,0 +0; + 4e” > 40H ; ¢"(2H,0 +0/ 40OH ) = +0,40 B;
Kamoo
OAC; =A@’ = @i — 0 =+ 0,4 — (—0,44) = +0,84 B;
AG’. 1= nAp’ ,F =—2:0,8496,5 = — 162,12 x/{orc/mons
Fe(k) +H:00010:.) —Fe(OH)q.
Bv1600: caMOonpou3BOJIbHAs KOPPO3US JKejle3a BO BJIAXXHOM BO3JyXe IPU CTAHAAPTHBIX
YCIIOBUSIX BO3MOYKHA.
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0) Tak xak ¢’(Ag"/Ag") = + 0,80 B > ¢"(2H,O +0O/ 4OH") = +0,40 B, To cepebpo Oyner
SIBJISITHCS @HOJIOM, TOTa
ONC: =Ap’p2 = s~ pa = + 0,40 — 0,80 = — 0,40 B;
AG’sp2=-nAQ'pF =~ 2:(~0,40)-96,5 = + 77,20 x/Ioc/mons
Ag(K) +]/2H20(9K,+1/402(2) — XAg(O]‘I)Z(K).
Bui600: Tak xak /C, = A¢"., < 0,aAG’ ,,> 0, TO cCaMONIPOU3BOJILHAS KOPPO3HUSI
cepebpa BO BIAKHOM BO3/yX€ IPH CTAHAAPTHHIX YCIOBHAX HEBO3MOYKHA.

ba30BbIi1 ypoBeHb

1 B ranpBaHNYECKOM 3JIEMEHTE MPOXOAUT PEaAKIIHS:

Pb’ + Cu’* = Pb*" +Cu".
CocTaBUTh CXEMY AJIEMEHTA, BBIYUCIUTH CTaHAapTHYI0 DJ{C 1 KOHCTaHTY paBHOBECHS.
2 BJ1C ranbBaHMYECKOTO 3JIEMEHTa, B KOTOPOM MPOTEKAET peaKius

24g" + Zn’ = Zn’" + 24g°

paBHa 1,56 B (298 K). PaccuuTtaiite AG 1 KOHCTaHTY PaBHOBECHSI 3TOH PEaKIUH.

3 CrangapTHbI€ 3JEKTPOJIHbIC MOTSHIMANBI [ *Keye3a U Kaamus paBuel — 0,44 B u —
0,40 B cooTBeTcTBEHHO. Y KaKOro M3 3JEKTPOAOB, >KEJIE3HOTO WM KaIMHEBOBOIO, BBIIIE
TUIOTHOCTh JIBOMHOTO AJIEKTPUIECKOTO CJI0s, €CJIM 00a AIIEKTPO/Ia TOMECTUTh B BOJTY?

4 CraHgapTHBIN 3JIEKTPOIHBIN TTOTSHIIMA cepedpa paBeH

Ag" +e — Ag’, ¢’ =08 B.

KakoB Oyner noreniuain 1 kr Metaminyeckoro cepedpa, OMymneHHOro B pacCTBOpP HUTpaTa
cepebpa ¢ C(AgNO;) = 1 mons/am>?

5 N3o0pa3ute cxemy pabOThl raIbBAHUYECKOTO AJIEMEHTA, COCTABICHHOTO M3 HUKEIEBOM
U cepeOpsHOM IJIACTHH, OIMYIIEHHBIX B PACTBOPBI UX HUTPATOB. YKAKUTE KATOJ U aHOJ B dTOM
rabBaHU4YecKoM odyieMeHTe. Kakas XuMmHueckas peakius JeKUT B OCHOBE 3TOTrO
raJlbBAaHUMYECKOTO0 dJeMeHTa? BhlUMCINTe W3MEHEHWH TOoTeHIMana [ 'nbbca W KOHCTaHTY
paBHOBECHSI 3TOM PEaKIUu.

6 CocraBbTe CXEMy TallbBAHHYECKOTO JJEMEHTa, OAHUM U3 3JIEKTPOJIOB KOTOPOTO
SBIIETCS KaJIMUEBas IJIACTHHA, MOTPYKEHHAsl B PacTBOp cyibdaTa KaaMmus, a APyTUM — MeAHAs
TUTACTHHA, OITyIIEHHAs! B PacTBOP Cysibdara Meu.

Hanumure sneKkTpoHHBIE ypaBHEHHUS MPOIECCOB, MPOUCXOMALINX Ha 3JIEKTPOAAX IMPHU
pabote anemenTa. Ykaxute karoa u aHoa. CoCcTaBbTe CXeMy JJIEMEHTA.

7 Uemy paBHa 3/IC u AG rajibBaHMYECKOTO 2JIEMEHTA

(=) Zn|ZnSO4 || NiSO4| Ni(+)

€CIIi KOHLeHTpanus uoHoB Zn’" u Ni** pasusl (B Moss/mv?): 1) 1,00; 2) 0,1; 3) 0,001?

8 Beruucnure 3/1C ralbBaHUYECKOTO JIEMEHTA

(—)Fe‘FeC&”SnCZz |Sn(+) ,

eciu C(Fe’*) = 0,1 monv/om’, a C(Sn’*) = 0,01 monv/om’.

9 CocraBbTe CXEMBI JIBYX TaJbBAaHHMYECKHX DJIEMEHTOB, B OJTHOM W3 KOTOPBIX CBUHEI]
SIBJISIETCSL KaTOJIOM, a B JAPyroM — aHoaoM. CocTaBbTe 3JIEKTPOHHBIE YpaBHEHHUS IPOLIECCOB,
MPOMCXOSIINX HA DJIEKTPOJIAX ITUX DJIEMEHTOB. BhrunciauTe s Kaxa0l peakiuu KOHCTAHTY
CKOpPOCTH.

10 OxucauTEeNbHO-BOCCTAHOBUTENIbHAS PEAKIUsS, MPOTEKAONAs B TallbBAHUYECKOM
3JIEMEHTE, OMUCHIBAECTCSA CXEMOM

(=) P | Fcz*,F()-”HMHO;,MnZﬁH* | Pt(+)

b

VkazaTe katon u aHolA. Kakyr poJib WIparOT IJIaTUHOBBIE 31eKTponbl? Hanwmwmre
[IOJIHOE ypaBHEHUE ATOW peakuuu. Bprumcioure ansa He€ AG U CTaHAAPTHYIO KOHCTAaHTY
CKOPOCTH.

11 DnexTpoaHbIi NOTEHIIMAI MapraHIEBOrO 3JEKTPO/Ia, MOMEIIEHHOTO B PacTBOP COJIH
Maprasa (+2), cocrabisier — 1,1 B. Beluuciuth KOHIIEHTpAIMIO HOHOB MapraHiia B pacTBOPE.

12 Bo3MOXHO 1M pAacTBOPEHME HUKEIS M BBLIEICHHE XpOMa IIPU IOTPYNKEHUH
HUKEJICBOU IIJIACTUHKH B pacTBOP COJK Xpoma (+3)?
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Bo3MOXHO 1M pacTBOpeHHME XpOMa U BBIJCICHHE METAJJIMYECKOIO HUKEIS IpuU
HOTPYKEHMU XPOMOBOM ITACTHHKM B PACTBOP comu Ni**?

OTtBeT MOTUBHpPYHTE.

13 TanpBaHMYECKHI 3JIEMEHT COCTOMT M3 CTAHJAPTHOTO BOJOPOJIHOTO BJEKTpOJa U
BOJIOPOJIHOTO BJIEKTPO/Ia, MOMELIEHHOT0 B pacTBOp ykcycHou kucnotel ¢ C(CH;COOH) = 0,01
monv/om’. DJIC snemenra coctasnser 0,200B. Boruncnure pH pacTBopa, KOHCTaHTY U CTENIEHD
npoTon3a (Auccouuanun) ykeycHoit kucinorsl. Oter: pH = 3,39;

K.= 1,7-107; 0= 4,08107 (4,08 %).

14 T'anbBaHMYECKHUH DJIEMEHT COCTOUT M3 CTaHAAPTHOIO BOJOPOJHOIO 3JJEKTPOAA M
BOJIOPOJHOTO JJIEKTPOJA, TMOMENIEHHOro B pactBop xjopuma ammonus C(NH,Cl) = 0,01
monv/om’. D]IC snementa coctasuser 0,366 B. Berunciure pH pactBopa, KOHCTaHTY U CTEIEHD
npotonmsa (rugponnsa) NH,CI. Otser: pH = 6,20; K,,, = 5,56-107°; a,, = 6,26-107 (6,26-107 %).

15 IIpu kakux KOHLEHTpAMIX Xjaopuaa nuHka (+2) 3/1C KOHIEHTPaLMOHHOTO JIeMEHTa
paBHa 0,1 B? Hanummre ypaBHEHUs O3JEKTPOJIHBIX pEAKIMM. YKaXUT€ OKHUCIHUTEIb U
BOCCTAaHOBUTEb.

16 Ykaxute MpOAYKTHI AJIEKTPOIN3a BOAHBIX pacTBopoB: H.SO, Na,SO., HCI, NaCl,
CClClz, COSO4.

17 AmtoMUHHI B MPOMBINIJICHHOCTH TIOMYYalOT AJICKTPOIN30M paciuiaBa cmecu ALOz(=
12 % mo macce) u Nas[AlFs] (= 88 % mo macce). Dnekrponsl — rpadurossie. [IpuBenute
MOJIHYIO CXEMY 3JIeKTposu3a. [t yero npuMeHsoT KOMIUIEKCHYIO coilb Nas[AlFs]?

18 TIpoMbINUIEHHOE MPOU3BOJICTBO HATPHUs BEIyT EKTPOIU30M paciuiaBieHHoro NaCl
1 NaOH. Hanumnre ypaBHEHUS peakUnid, TPOUCXOISIINX Ha IEKTPOJAX.

19 Kakue mporeccbl MpOMCXOAAT Ha 3JIEKTPOAAaX IPHU DJIEKTPOJIU3€ PAacTBOpa XJopuaa
Hukens (+2), ecaum oba anekTpoja — HukeneBble? Kak u3MeHUTCS Macca aHoja MoOcie
npomyckanus Toka cuioi 3,2 4 B teuenue 30 mun? OtBet: 1,76 2.

20 CocraBbTe YpaBHEHMsI CaMOIPOM3BOJBHO NPOTEKAMONIUX PEAKIUl IPH KOPPO3UHU B
BOJIE, HAXOAAIIMXCS B KOHTAKTe IUIACTHH: a) IMHKAa U OJIOBa; O)keJe3a U IIMHKA. [ 1e CKopocTh
mporieccoB Koppo3uu Beimie? OTBeT o0ocHyMTe pacuetamu ctanaapTHeIX DJ1C u AG.

21 Ha3oBHUTE HECKOJIBKO METAUIOB, KOTOPHIE MOTYT CIIy>)KMTb aHOJHBIM M KaTOJHBIM
MOKpbITHEM Ui skene3a. CocTaBbTe JJIEKTPOHHBIE YPaBHEHMsI AIIEKTPOJHBIX IPOIIECCOB,
MPOUCXOAIINX TPHU AIIEKTPOXUMHUYECKOH KOppo3uu: 1) XpOMUPOBAHHOTO; 2) HUKETUPOBAHHOTO
JKelle3a BO BJIAXKHOM BO3JyXe U B KHcHoM cpene. CpaBHUTE CKOPOCTH MPOLIECCOB KOPPO3UU B
ITHX CIIydasiX.

22 Yro Takoe pxaBunHa? Hamummure e€ npumepnyto ¢opmyrny. Eciu rBo3ap BOUTH BO
BJIQ)KHOE JIEPEBO, TO P)KABUMHOM IOKPHIBAETCS Ta €ro 4acTb, KOTOpas HAXOAWTCS BHYTPHU
nepeBa. Yem 310 MOXHO 00BsICHUTH? HamuimmTe ypaBHEHUSI aHOHOTO U KaTOJTHOTO MPOIIECCOB.
[TpuBenute ypaBHeHUs: 00pa30BaHMs BTOPUYHBIX IPOAYKTOB Pa3pyLICHHS kKele3a.

23 XKene3nble O0YKM NMPUMEHSIOT AJII TPAHCIOPTUPOBKH KOHLIEHTPUPOBAHHOW CEPHOM
KUCIOThl. OJHAKO TOCie OCBOOOXKICHHS OT KHUCIOTBI OOYKM Upe3BBIYAMHO OBICTPO
paspymarorcs. [louemy? Uto siBiseTcst aHOIOM, YTO — KatogoMm? Hamuimre cOOTBETCTBYIOIINE
ypaBHeHUs peakuuii. CocTaBbTe cXeMy 00pa3yIoLerocs mpyu TOM ralbBaHU4eCKOT0 3JIEMEHTA.

[ToBbITIICHHBINH YPOBEHB
1 TIpum kakoi KoHIEHTpauu HoHOB Cu’' DJIEKTPOIHBIN ITOTEHIMAI MEIY PABEH HYIIIO?

2 lanpBaHMYeCKas LeNb, COOpaHHAs U3 JBYX LIMHKOBBIX AJIEKTPOJOB, OJUH U3 KOTOPHIX
Horpy»eH B pacTBop coyu nunka ¢ C(Zn’") = 0,1 mons/am’, a apyroii — B pactBop ¢ Co(Zn’") =
0,01 mose/nv’. CocTaBbTe cXeMy KOHIEHTPAIMOHHOTO JIeMeHTa U paccunTaiire ero DJIC.

3 Paccuuraiite D/IC KOHIIEHTPALIMOHHOTO 3JIEMEHTa, COCTOSIIET0 M3 CTaHAAPTHOIO
BOJIOPOJIHOTO 3JIEKTPO/a U BOJOPOIHOIO AJIEKTPOIa, HAXOAAIIETrOCsl B YMCTOM BOJE.

4 TloTeHIMal METAITUYECKOT0 MapraHiia o0 OTHOIICHUIO K CTAaHJAPTHOMY BOJOPOTHOMY
snekTpomy B pactBopax MnCl, ¢ xoHueHtpamusmu (B Mmoms/mm’) 0,001; 0,01 wu 0,1
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cooTBeTCTBeHHO coctaBun (B B): — 1,277; — 1,248 u —1,219. Bpruucnute craHIapTHBIHA
AJIEKTPOJIHBIN MOTEHIIMAT MapraHIia.

5 Paccumraiite 3/1C KOHLIIEHTPALIMOHHOIO 3JIEMEHTA, COCTOSIILErO U3 ABYX BOIOPOAHBIX
AJIEKTPOJOB, MOTPYKEHHBIX B pacTBOphI ¢ pH 2 1 4. CocTaBbTe CXEMY 3TOT0 JIEMEHTA. Y KaXKUTE
KaToJ U aHO[.

6 BbraucianTh MOTEHITMAT CBUHIIOBOTO 3JIEKTPOJa B HACKHIIIEHHOM pacTtBope PbBr,, ecnu
xouuenrparwst C(Br-) = I monw/om’, a npoussenenue pactsopumoctu I1P(PbBr;) = 9,1-10°°.

7 Omnpexnenute, MOXHO JIM MOJYyYHUTh ra3000pa3Hbli (TOp 3IEKTPOIM30M BOJHOTO
pacTBopa ¢pTOpHIa HATPUs, €CITH:

2H,O—4e <> O0r +4H "', »°=+1,23 B;

F,+2e o 2F, ¢ =+287 B;
2H' (6 H,0) + 2¢” < H,, @ =-0,41 B.

OO0cyauTe aHaTOTHYHBIN BOIIPOC C Y4acTUEM JPYTHUX TaJOreHOB.

8 3aueM K pacTBOpPY COJISTHOM KHCIIOTHI, IPH TMOJYYCHHH BOJOpOJA JCHCTBHEM ¢¢ Ha
[IMHK, B KUCIIOTY J00aBJISIOT HEMHOTO MeIHOro Kynopoca? Jlaiite 0ObsICHEHHS C MPUBEICHHEM
peakIuii, MPOUCXOIAIINX MPU 3TOM TporieccoB. MoxkHo i1 BMecTo CuSOy B3SITh IpyTH€ COJIU:
AgNO3, NISO4, FeSOﬂ

9 Kak Bmuser pH cpeasl Ha CKOpPOCTh aTrMOCEpPHOH KOPPO3HMH Kejie3a W IHMHKA?
[Touemy? CocTaBbTe ypaBHEHHUS aHOJHOTO W KAaTOAHOTO IPOILIECCOB aTMOC(EpHON KOPpPO3UH
3TUX METAJIJIOB.

Cnucox JUTEPATYPHI, peKOMeHIlyeMbIﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas MTepaTypa:
1. Koposwun, H. B. O6mas xumus : yaeonuk / H. B. KopoBus. - 13- uzn., nepepab. u mom. - M.
: Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - [Ipun.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpy»xKarolei cpesibl : XMMHUs )KUBBIX opranu3moB. Kypc nekuuii /
E. C. Muxamuna, A. JI. Iletenun. — M. : U3narensckuii JJlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 27eKTpOHHBIN // DneKTpoHHO-O0ubnoTevyHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3HP. MOJIb30BATEICH
JonmosiHnTEILHAS JIMTEPATYypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; [ox pen. A. U. Epmakosa. - U3n. 30-e, ucnp. -
M. : Unterpan-IIpecc, 2003. - 728c. - bubmmorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-
89602-017-1
2. XuMHs METAJUIOB : y4eOHOE TTOCOOue (7151 CTYIEHTOB XUMHUYECKOTO (DaKybpTeTa
HarnpaBieHui 0akanaBpoB « XUMHU» U «XUMHUYECKasi TEXHOJIOTHUA») / coctaButenu O. A.
I'omoBanoBa. — OmMck : Omcknii rocyapcTBeHHbIN yHuBepcuteT nM. @.M. JlocToeBckoro,
2015. —552c. —
ISBN 978-5-7779-1875-8. — Tekcr : anekTpoHHbIH // DnexTpoHHO 6nbanoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mgoctymna: s
aBTOPH3UD. MOJIb30BATENEH
Humepnem-pecypcwi:

1 http://window.edu.ru/ — eamHOE OKHO JOCTYIa K 00pa30BaTEeIIbLHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OubinoTeka OHIaiH».

3 http://catalog.ncstu.ru/ — 37MEKTPOHHBIN KaTaJIOT aCCOLMUAIUY JIEKTPOHHBIX OHOIHMOTEK
yueOHbIX 3aBefeHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 0OOpa3zoBaHUe
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BBenenne

Hacrosiee moco6ue pazpabotano Ha OCHOBE:

— @enepanbHOro 3akoHa oT 29 nmekabps 2012 r. Ne 273-®3 «O6 oOpazoBaHuHM B
Poccuiickoi @enepanumny;

— @enepallbHbIX  TOCYJApCTBEHHBIX  00pa30BaTENbHBIX  CTAHJAPTOB  BBICHIETO
obpazoanus (nanee PI'OC BO);

— HOPMaTUBHO-METOAMYECKHX JTOKyMeHTOB MuHoOpHayku Poccuu;

—¥YcraBa ®I'AOY BO «CeBepo-KaBkazckuii ¢eqepanbHbIii YHUBEPCUTETY,

—IIpukazom MunoOpHayku Poccun ot 06.04.2021 N 245 «O6 ytBepxkaeHuu llopsaka
OpraHM3allud W OCYIIECTBICHHUS O00pa30BaTENbHON JAEATEIBHOCTH 1O 00pa3oBaTeIbHBIM
IporpaMMam BBICIIET0 00pa30BaHusl - IporpaMmmam OakanaBpuara, MporpaMMaM CIeluanuTera,
IporpaMMaM Maructparypsi» (3apeructpupoBaHo B Muntocte Poccun 13.08.2021 N 64644);

— okanpHBIX HOopMaTHBHBIX akToB ®I'AOY BO «Ceepo-KaBkasckuil ¢enepaibHblil
YHHUBEPCUTETY.

Ha coBpemMeHHOM pblHKE Tpyla KOHKYPEHTOCIIOCOOHBIM MOKET CTaTh TOJBKO
KBAJTM(HUIMPOBAHHBI PAaOOTHUK COOTBETCTBYIOLIETO YPOBHS M MpOoQwMiIs, KOMIETECHTHBIMH,
CBOOOJTHO BIAJACIONICH CBoell mpodeccueir W OPUECHTUPOBAHHBIA B CMEXKHBIX 00JIaCTIX
JeSTeNbHOCTH, CHOCOOHBIH K 3(dekTuBHON paboTe Mo CHEeNUMaIbHOCTH HAa YPOBHE MHPOBBIX
CTaHJIaPTOB U TOTOBBIN K OCTOSTHHOMY MPO(ECCHOHATBHOMY POCTY.

CamocrosaTenbHasi paboTa CTyAeHTa HalpaBieHa Ha JOCTWKEHHE IeNie MOATOTOBKU
CHEHMATUCTOB-TIPO(hecCHOHaNIOB, aKTUBHOE BKIIIOUEHHE O0y4YaeMbIX B CO3HATEIbHOE OCBOCHHE
cojZiepKaHusl 00pazoBaHMsA, OOeCleYeHHEe MOTHBALMM, TBOPYECKOE OBJAJEHHE OCHOBHBIMHU
cocobamu Oynaymel mnpodecCHoHambHON NeaTenbHOCTH. UTOOB MOATOTOBUTH U OOYYHTH
TaKoro IMpogeccroHalia, BBHICIIUM Y4eOHBIM 3aBEICHUSIM HEOOXOIMMO CKOPPEKTHPOBATh CBOM
MOJAXO0Jl K IUIAHMPOBAHHWIO M OpraHU3allid y4eOHO-BOCHMTATENbHONH pabOThl. DTO B paBHOM
CTETICHHM OTHOCUTCS K W3MEHEHHIO COJAEp)KaHUs M Xapakrepa ydeOHoro rmporecca. B
COBPEMEHHBIX pealMsX 3ajjada MpernoaaBaress BhICIICH IIKOJbI 3aKI0YaeTcs B OpraHu3alul 1
HarpaBJICHUH M03HABATEIbHON JEATENLHOCTH CTYIEHTOB, 3(pPEeKTUBHOCTH KOTOPOIl BO MHOTOM
3aBHCUT OT HX CaMOCTOSITeNIbHON paboTel. B cBoro ouepenb, camocTostenbHas paboTa
CTYICHTOB JIOJDKHA TPEACTaBIATH COOOM HE MpPOCTO CaMolleib, a CPEACTBO JOCTHXKEHHS
MPOYHBIX U MIYOOKHUX 3HAHUM, UHCTPYMEHT (OPMUPOBAHUS aKTUBHOCTH M CaMOCTOSITEIbHOCTH
CTYJCHTOB.

B cBs3u ¢ BBeieHneM B 00pa3oBaTeIbHBIN MPOLECC HOBBIX 00pa30BaTEIbHBIX CTAHIAPTOB,
C YMEHBIIEHUEM KOJMYECTBA ayJUTOPHBIX 3aHATHMM IO AMCLUIUIMHAM BO3pacTaeT poJib
CaMOCTOSATENIHONH  paboOThl  CTyIEeHTOB. Bo3HuWkaeT  HEOOXOAMMOCTh  ONTHMH3AIUU
caMocTosiTeNnbHOM  paboTel  cryaeHToB (manee - CPC). TlosBusercs HEOOXOIUMOCTb
MOJIEpPHU3AI[MN TEXHOJOTUN OOy4YeHHUs, YTO CYIIECTBEHHO MEHSAET NOJAXOAbl K Yy4eOHO-
METOAMYECKOMY U OPTaHU3AIIMOHHO-TEXHHYECKOMY 00ecreueHuI0 yueOHOro mpoiiecca.

JlanHas Metoguueckas pa3paboTKa COACPKHUT PEKOMEHJAIMH [0 OpraHU3aluH,
yIpaBJIeHUIO U obecrieueHuIo 3PPEeKTUBHOCTH CaMOCTOSATENILHONW pabOThI CTYICHTOB B Ipoliecce
oOyueHus B 1esIX GOpMUPOBAHUS HEOOXOJUMBIX KOMITETEHIIUH.

CamocrosaTenbHas paboTa CTYJICHTOB SIBISIETCS 00A3aTENbHBIM KOMIIOHEHTOM Y4eOHOTo
mpolecca A KaKIoro CTyAIeHTa U ompenensercs yueOHbIM I1aHoM. Buabl camocrosiTenbHOM
paboOThl CTYACHTOB OIpENENAOTCs TMpH pa3paboTke paboYMX MporpaMMm M y4eOHBIX
METOJIMYECKUX KOMIUIEKCOB JUCHMIUIMH coAepXaHueM ydeOHoW aucuuivinHbl. [lpu
OIPENICICHUH COJICP)KAHUSI CaMOCTOSITENbHON pabOThl CTYAEGHTOB CJEIyeT YUYUTHIBAaTh HX
YPOBEHb CaMOCTOSITEIBHOCTH U TPeOOBaHMUS K YPOBHIO CaMOCTOSITEIbHOCTH BBITYCKHUKOB JUIS
TOro, 4TOOBI 3a MepHoa OOyueHHs] MCKOMBI ypOBeHb ObUI AOCTUIHYT. Tak, yAeibHbIH Bec
CaMOCTOSATENLHON paboTHI Mpu 00yueHUr B O4HOM popme cocrtaBiseT 10 50% OT KoauvecTBa



ayJIMTOPHBIX YacOB, OTBEJAEHHBIX HA M3Y4YCHHE UCIMIUIMHBI, B 3a09HON (popMe - KOITHUYECTBO
9acoB, OTBEJICHHBIX HA OCBOCHHE TUCIUILTNHEI, yBeITHMIUBaeTCs 10 90%.

CaMmocTtosiTenbHass paboTa ompenensieTcs Kak WHAWBHIyallbHAs WU KOJUIGKTUBHAS
ydeOHasl JeATeNbHOCTh, OCYIIeCTBIsieMasi 03 HEMOCPEICTBEHHOTO PYKOBOJCTBA Ieaarora, HO
IO €r0 3aJIaHUSM U MOJ] €T0 KOHTPOJIEM.

CamocrosTenpHasi paboTa — OJTO TO3HABaTeNbHAs YydYeOHas JesITeIbHOCTh, KOTJa
MOCIIEA0BATEIHHOCTh MBIIIJICHHSI CTYJCHTa, €r0 YMCTBEHHBIX W MPAKTUYECKHX OMNepanuil u
JCHCTBHIA 3aBUCUT W OMpEICIIIeTCs caMuM CTyaeHTOM. CaMocCTosTelIbHas padoTa CTYJICHTOB
CHOCOOCTBYET pa3BUTHUIO CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OpPraHM30BaHHOCTH,
TBOPYECKOTO TIOJX0Ja K PEIICHUI0 MPOOJIeM yU4eOHOTO W MPOPECCHOHATBHOTO YPOBHS, YTO B
UTOTE TIPUBOJUT K PAa3BUTHIO HABBIKA CaMOCTOSTENBHOTO IUIAHUPOBAHUS U peaTH3aIiH
JCSATEILHOCTH.

[lenpt0 caMOCTOSATENBHON pabOThI CTYICHTOB SIBISETCS OBJIAJCHHE HEOOXOIUMBIMU
KOMIICTCHIIMSIMA 110  CBOEMY  HANPABICHUIO  ITOJATOTOBKH, OIBITOM TBOPYECKOH U
HCCIIEIOBATENLCKOM 1eATEeIHbHOCTH.

Ha ocHOBaHMHM KOMIIETEHTHOCTHOTO IIOJX0JIa K peallu3alud MPOoPeCCHOHATBHBIX
00pa30BaTeNbHBIX MPOTPaAMM, BHIAMH 33aJaHHH JIJIsl CAMOCTOSATEIHHON PaOOTHI SBISIFOTCS:

- Ol 061a0eHusi 3HaHUAMU: dYTeHWEe Tekcta (y4eOHHWKa, TEePBOMCTOYHHUKA,
JOTIOJTHUTENIPHOW JIMTEpATyphl), COCTABJICHHE IUIaHA TeEKCTa, Tpaduueckoe H300pakeHne
CTPYKTYpBI TEKCTa, KOHCIEKTUPOBAHUE TEKCTa, BBIMMCKH M3 TEKCTa, paboTa cO CIOBApsIMH H
CIPaBOYHHMKAMH, O3HAKOMJICHHE C HOPMATHBHBIMU JAOKYMEHTaMH, y4eOHO-HCCIIEe0BaTEeNbCKAs
paboTa, UCIIOIb30BAHKUE ayAHO- U BHICO3ANICEH, KOMIIBIOTEPHOW TEXHUKH U MH(POPMAITMOHHO-
TEeJIEKOMMYHHUKAIIMOHHOW ceTh IHTepHeT U ip.

- 0na 3aKpenjieHusi U cucmemamuzayuu 3Hanui: PaboTa C KOHCIEKTOM JIEKIWH,
obOpaboTka Tekcra (y4eOHHKa, MEePBOMCTOYHHUKA, JOTOJIHUTEILHOW JHMTEPaTyphl, ayauo u
BUJ€O3anMCcel), IOBTOpPHas paboTa HajJ y4eOHBIM MaTepuanoM, COCTaBJICHUE IUIaHa,
COCTaBJIEHHE TaOIMIl Ui CHCTEMAaTH3allMM Y4eOHOro MaTepuana, OTBET Ha KOHTPOJIbHBIE
BOIIPOCHI, 3all0JHEHHE pabodel TeTpaau, aHaIuTHYecKas o0paboTka TekcTa (aHHOTUPOBAaHMUE,
penieH3upoBanue, pedepupoBaHHe, KOHCIEKT-aHAIU3 M Jp.), 3aBEpUICHHE ayIUTOPHBIX
IPAaKTUYEeCKUX paboT M odopmieHHE OTYETOB IO HHUM, [OJArOTOBKA MyJbTUMEAUA
COOOIICHUI/IOKIaI0OB K BBICTYIUICHHIO Ha ceMuHape (KOH(EpeHIUH), MaTepuaoB-
Ipe3eHTalluid, MoAroToBka  pedepara, cocraBieHue  Oubnuorpaguu, TeMaTHUYECKHX
KpPOCCBOPZOB, TECTUPOBAHUE U IIP.

- 014 popmuposanus ymeHull: PEIICHUE 3a7a4 W yNPaXHEHUU MO 00pasily, pelieHue
BapUATHBHBIX 3a7ay, BHINIOJHEHHE YepTeKeH, CXEM, BBIMIOJHEHHE pPacyeToB (rpaduueckux
paboT), penieHne CUTYyanoOHHBIX (TIPOPECCHOHANBHBIX) 3a/1a4, TIOJTOTOBKA K JICJIOBBIM UTpaM,
MPOEKTUPOBAHHE M MOJEIUPOBAHUE pAa3HBIX BHIOB M KOMIIOHEHTOB MpO(dheccCHOoHANBHOM
NeSITeNLHOCTH, PeIIEKCUBHBIN aHAN3 MPO(HECCHOHATBLHBIX YMEHUN C MCIIOH30BAaHHEM Ay IHO-
Y BUJCOTEXHUKH U JIp.

CaMmocrtosiTenbHass paboTa MOXET OCYIIECTBIATHCS WHANBUAYATbHO WJIH TPYyNIIaMH
CTYJICHTOB B 3aBUCHUMOCTHU OT IIeJId, 00beMa, KOHKPETHOM TEMAaTUKH CaMOCTOSTEIbHON padoThI,
YPOBHS CIIOHOCTH, YPOBHS YMCHHA CTYICHTOB.

KoHnTponb pe3ynbTaToB caMOCTOSITENbHON pabOThl CTYJEHTOB MOKET OCYIIECTBISATHCS B
mpenenax BPEMEHH, OTBEJACHHOTO Ha oOO0s3aTeibHBbIC yYeOHBIC 3aHITHS 10 JAUCHUILIUHE |
BHEAyJIUTOPHYIO CaMOCTOSITENIbHYI0 pabOTy CTYIEHTOB MO TUCIHUIUIMHE, MOKET MPOXOIUTH B
MUCbMEHHOMW, YCTHOU MITU CMETIaHHOU (popme.

CamocrtosiTenbHas paboTa TPOBOAMUTCS B BHIE YHNPAKHEHUH MPU H3YYEHHH HOBOTO
MaTepuaia, YIpaXHESHUH B TPOIECCe 3aKPEIICHUS ¥ IIOBTOPEHUS, YIIPAXKHEHUH TPOBEPOUYHBIX U
KOHTPOJIBHBIX PaboT, a TaKkKe JIJIs1 CAMOKOHTPOJISL.

JInist opraHu3amuy caMoCTOSITENIFHON pabOThl HEOOXOIUMBI CIICAYIOIINE YCIOBUS:

1. TOTOBHOCTB CTYJICHTOB K CAMOCTOSITEIbHOMY TPY/LY;
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2. HAIMYME W JOCTYIHOCTh HEOOXOIMMOTO Y4eOHO-METOIUYECKOTO U CIPABOYHOTO
MaTepuaa;

3. KOHCYJIbTAlMOHHAS TIOMOIIb.

CamocrosiTenbHas paboTa MOXKET IMPOXOJHUTh B JICKIHOHHOM KaOHHETEe, KOMIIBIOTEPHOM
3ajge, OuOmmuoreke, pgoma. CamocrosTenbHas pabora cHocoOCTBYeT (OPMHUPOBAHUIO
KOMIETCHIMH, TPEHUPYET BOJIO, BOCIHUTHIBACT PAOOTOCIIOCOOHOCTh, BHUMAHKE, TUCLHILIUHY U
OTBETCTBEHHOCTb.

1 O0mas xapakTepuCcTHKA CaMOCTOSATE/IbHOM Pad0ThI CTyIeHTA NPHU U3YYEeHUU
AUCHUIIMHBI

JucuumuimHa «XUMUS» OTHOCUTCA K JMCUUIUIMHE 0a30Boil yacTu. OHa HampaBiieHa Ha
(dopmupoBaHue Mpo(pecCHOHATBHBIX KOMIIETEHIMHA OO0YyYarolmuXcsi B HPOLECCe BBIOIHEHUS
pabor, onpenenennsix PI'OC BO.

HanmenoBaHue KOMITETEHITHI

Kon, dopmynmpoBka Kon, hopmynupoBka [Tmannpyemsie pe3yabTaThl 00yIeHUS
KOMIIETEHIIUNA WHIUKATOpa 10 TUCIIATIINHE (MOIYJIIO),
XapaKTEepPHU3YIOIINE 3TaIbl
(hopMHPOBaHUS KOMIIETEHLIUH,

VHJMKAaTOPOB

YK-1 Crnocoben | -1 YK-1 Boiiessier | IloporoBsbiii ypoBeHb

OCYIIIECTBIIATh MIOUCK, | TPOOJIEMHYIO curyauuto, | IloHMMaeT: OCHOBHBIC 3aKOHBI OOIIEH

KPUTUUYECKUN aHaIM3 W | OCYIIECTBISIET €€ aHalu3 U | M HEOPraHWYECKOW XHMHHU

CUHTE3 UHQOpPMAINH, | TUATHOCTHKY Ha ocHOBe | IloBBINICHHBIH YPOBEHb

INPUMEHATh  CUCTEMHBIM | CHCTEMHOIO IIOAX0/a IMonumaer: o0mue 3aKOHOMEPHOCTH

MONXOJ sl peIIeHus MPOTEKaHUsI XMUMUYECKUX PEaKIUi B

MTOCTaBIICHHBIX 3a]a4 pacTBOpax M TBEpHOH (ha3e, OCHOBEHI
XUMHUYECKOM  TEPMOJMHAMUKH U

KHUHCTUKHU

NA-2  VYK-1  ocymectsisier | IloporoBsiii ypoBeHb

TIOHCK, otbop u | lipumensier: HWHTEPIPETUPOBATH

cUCTEeMaTH3alui0 MH(pOpMalyy | 3aKOHOMEPHOCTU B U3MEHEHUU

UL OTIpeNieIeHNs | CBOMICTB JJIEMEHTOB B CBSI3U C HUX

aNbTePHATUBHBIX BapHaHTOB | JIEKTPOHHBIM CTpPOEHHEM

CTpaTerMYeCKUX pelleHuid B | (MOJNIOKEHHEM B NEPHOAUYECKON

poOJIEeMHON CUTYaIH chcTeMe), NPOrHO3UPOBATh CBOMCTBA
BEIIIECTB

IloBbIIIEHHBIA YPOBEHD
Y4aurTbiBaeT U IpUMEHSET
TEOPETHUYECKUE 3HAHNS O CTPOCHUH,
M3MEHEHUH COCTaBa U PEaKIMOHHON
CIOCOOHOCTHU pearupyromux BemecTB
JUTS TIpeJICKa3aHusi 0coOeHHOCTEeH
IIPOTEKaHUs peaKlUii, cocTana,
CTPOEHHS U CBOWCTB IPOIYKTOB;
nosb3oBaThes [lepuognueckoit

CHUCTEMOH
UA-3 VYK-1 ompenenser u | IloporoBsiii ypoBeHb
OLICHMBAET PHUCKH BO3MOXHBEIX | McmoJb3yer: METOJIBI aHanmm3a
BApUAHTOB pEIIEHUH | pe3yNbTaTOB dKCIIEPUMEHTA;
npobiaeMHon curyanuy, | IloBbIlICeHHBI YPOBEHb
BBIOMpaeT onTUMalbHbIM | Mcnmoab3yer: HaBBIKM XHMHUYECKOIO
BApHUAHT €€ peIIeHus OKCHEPUMEHTA C  Y4eTOM  IPaBHII




TEXHUKHA 0e30ImacHOCTH
HCIIOJIb30BAHUH
PEaKTHBOB,  aHalIW3a  PE3yJIbTATOB
OIIBITOB u (hopMmynupoBaHus
000CHOBAHHBIX BBIBOIOB

pu
XUMHUYECKUX

OIIK-1
€CTECTBEHHOHAYYHBIE
OOIICHHKEHEPHBIC
3HAHWS, METOTBI
MaTeMaTHYECKOTO
aHam3a
MOJICTUPOBAHUS
poheCCHOHAITBHOM
JESITETBHOCTH

[IpumensTe

u

WUa-1  OIIK-1  IIpumenser
OCHOBHBIE 3aKOHBI B 001acTH
€CTECTBEHHOHAYUYHBIX u
0OLIeMHKEHEPHBIX
JUCLUILINH.

Iloporosrblii ypoBeHb

ITonmMaeT: CBOICTBa  pa3IUYHBIX
KJIacCOB XUMHNUYECCKHUX 9JICMCHTOB,
COEIMHEHUH, BEIIECTB U MAaTEPUAIIOB
IMoBbIlIEHHBII YPOBEHb

Ionumaer: JKCIIEPUMEHTAIbHBIE
JIaHHBIE O MPUPOJIC XUMUUYECKON CBS3H
W CBOWCTBaX pa3iIMYHBIX KJIaCCOB
XUMHYCCKUX JJIEMCHTOB B
poheCCHOHAIBHOM e TeIbHOCTH

NA-2  OIIK-1  aHanusupyer
€CTECTBEHHOHAYYHbIE U
OOIICHHKECHEPHBIC 3HAHUSA,
METO/IBI

Iloporoserii YPOBeHb
IIpumensieT: aHamM3UPOBATh CTPOECHUE
BEILECTBA, IPUPOAY  XUMHUYECKOU
CBSI3U U CBOMCTBA Pa3JIM4YHBIX KJIACCOB
XUMHYECKUX 3JEMEHTOB, COCIUHEHHMH,
BEIIECTB U MaTepHAIIOB
IloBbIlIEHHBIA YPOBEHD

OnuceiBaer: MIPOBOJIUTH
OKCIEPUMEHTANIBHBIE  UCCIIEAOBaHUS
CTpPOEHUS BEIECTBA, pUpoae
XUMHYECKOW CBSI3M M CBOMCTBax
pa3IM4yHBIX  KJIACCOB  XMMHYECKHX
3JIEMEHTOB B Tpo(eccHOoHaIbHOMN
JIeATENbHOCTH

na-3 OIIK-1 [IpoBoaut
TEOPETUIECCKHE "
JKCIIEPUMEHTAIbHBIC
UCCIICIOBaHHS B
npoecCuoHaTbHOU
JeSITeITbHOCTH.

Iloporoselii ypoBeHb

OBnagen: HaBbIKaMM aHAJIN3HPOBATH,
HCIIOJIB30BaTh 3HAHUSA O CTPOCHUH
BEILECTBA, IPUPOJIE XUMUYECKOU CBS3H
U CBOWCTBAaX pa3iIM4YHBIX KJIACCOB
XUMHYECKUX JJEMEHTOB, COCIUHEHHMH,
BCLICCTB U MaTCpHaJIOB
IloBbIlIEHHBIH YPOBEHD

OBJjanen: HaBBIKAMH  IPOBEICHUS
DKCIICPUMEHTANBHBIX  HMCCIIECAOBAHMIA
CTpPOCHUSA BEIIIECTBA, IpUpoae
XAMHWYECKOH CBSI3M W CBOMCTBax
pPasTUYHBIX  KJIACCOB  XUMHYCCKUX
JIEMEHTOB B NpodeccHoHaIbHON
JIeITEIbHOCTH

B pamkax kypca AUCHMIUIMHBI «XUMHS» CaMOCTOATENbHAsE paboTa CTYJAEHTOB HAaXOJIUT
aKTHUBHOE MPUMEHEHHNE U BKIIIOYAET B c€0s1 pa3IMyHbIC BUJIBI JESITEIbHOCTH:
- NOJrOTOBKAa K MPAKTHYECKUM 3aHATHUSAM, B TOM 4Hciae paboTa C METOAWYECKUMU
YKa3aHUSAMHU, CPEJICTBAMHU MacCcOBOI HH(OpMAIIHH;
- NOJATOTOBKAa K JIEKIMSAM, B TOM 4YHCIE CaMOCTOSATENBbHOE YITyOJIeHHOE H3yuYeHHe

TEOPETUIECKOTO Kypca 10 PeKOMEHIOBAaHHOH JINTEpaType;

- IIOATOTOBKA K HpOMe)KYTOqHOP’I aTTCCTalluH.




Ienb camocTosITeIbHON PabOTHI CTYACHTA MPU MOATOTOBKE K JICKIUSAM 3aKIII0YacTCs B
MOJTyYeHUU HOBBIX 3HAHUMU, MPUOOPETEHHBIX MpH OoJiee TITyOOKOM H3YYEHHMH JIMTEpaTyphl IO
JMCIUTUIAHE.

3agaun:

— TopaboTKa ¥ MOBTOPEHUE KOHCIICKTOB JICKIINH;

— OCMBICIIEHUE COJIEpKaHUS JEKIHH, JOTUIECKON CTPYKTYPBbI, BBIBOJOB.

Lenb caMocTOSITEIBHOM PabOThI CTYIEHTA MPHU MOJATOTOBKE K MPAKTUYECCKUM 3aHSTHSAM
3aKJIFOYACTCA B er'IY6HeHI/II/I, paciMpCeHruu, ACTAITU3UPOBAHUN 3HaHI/II\/’I, MOJIYYCHHBIX Ha JICKIUAX
B 000011eHHOM (hopme.

3agaun:

— Pa3BHUTh CIIOCOOHOCTH MPHUMEHSTH MOJYYCHHBbIC 3HAHHS HAa MPAKTUKE NPU PEIICHUH
KOHKPCTHBIX 3a71a4;

— TPOBEPUTHh 3HAHHS CTYJCHTOB, TOJYYCHHBIC HA JICKIUAX W MPH CAMOCTOSITEIHBHOM
HU3YUYCHUH JIUTCPATYPHI.



2 Ilnan-rpauK BHINOJHEHHUS CAMOCTOATEIBLHOH PadoThI

Tabmuua 1 — Buasl camocTosTenbHOM paboTh A7 04HOM (popMbl 00yUeHHS

Konpr CpenctBa u OO0bemM yacoB, B TOM YHUCIIe
peannzyemMbl TEXHOJIOTUU CPC KonTaktH Bcero
X B OLIEHKHU ast pabora
KOMITETEHII U] ACSITENIbHOCTU .
o CTYJICHTOB
u, npenojana
nHauKaTopa( TeIeM
OB)
Ounas dhopma 00ydeHus
2 ceMecTp
VK-1UJI-1 | IoaroTtoka k CobecenoBanue 6,0 1,2 7.2
VK-1 UJ1-2 nmabopaTopHOU paboTe
VK-1 UJ-3 CamocTosTensHOe CobecenoBanue 24,51 1,29 25,8
OIIK-1 VJI-1 | U3y4eHne JuTeparypel
OIK-1 UJ1-2 IToaroroska k Bompocsr k 25,5 1,5 27
OIIK-1 MJI-3 | PK3aMeHy 9K3aMCHY
Htoro 3a 2 cemectp 56,01 3,99 60




3 KOHTpOJILHLIe TOYKH U BUABbI OTYETHOCTHU 110 HUM

B pamkax peTHHIOBOI CUCTEMBI YCIIEBAEMOCTh CTYICHTOB I10 Ka)KJ0M AUCIUIUIMHE OLICHUBAECTCS
B XOJI€ TEKYLIErO0 KOHTPOJIA U MPOMEKYTOYHON aTTECTALUU.

4 OnucaHue NOKa3aTeJieil U KpUTEepUEB OlleHMBAaHMSI KOMIIETeHIUI Ha pa3/IMYHBIX 3Tanax
UX GOpMHUPOBAHHUS, ONNMCAHUE IIKAJI OLleHUBAHUSA

Komnerenuus YpoBHU CPOPMUPOBAHHOCTH KOMIICTCHIIU (1),
(um), MHIUKATOP MuHIMaTBHBINR MuHEManbHBIA
(b1) YPOBEHb HE JOCTUTHYT YPOBEHb CpenHuil ypoBeHb BrlIcokuii ypoBeHb
(HeynosnerBoputensHO | (YIOBIETBOPUTEIHHO (xoporo) (oTM4HO)
) ) 4 6amrta 5 6amioB
2 bauta 3 bayuta
Komnemenyus: YK-1 Cnocoben ocywecmansms nOUCK, KpUmu4eckutl aHaiu3 u cunmes ungopmayuu,
NPUMEHSAMb CUCIEMHBLIL HOOX00 0Jisl peuieHUs NOCIMABLEHHbIX 3a0ay
Pesynpratsr HE MMOHUMAeT | HE B JIOCTaTOYHOM | TIOHMMAeT MMOHUMAET o0rme
o0y4eHus M0 | OCHOBHBIE 3aKOHBI | 00beME TIOHMMAET | OCHOBHBIE 3aKOHBI | 3aKOHOMEPHOCTH
MUCIIUAIIINHE o01eit U | OCHOBHBIE 3aKOHBI | 001IEH U | MIPOTEKaHUs
(Moymro): HEOPTraHUIECKOM obmeit Y | HCOPTAaHUIECKOW | XUMHUYECKUX PEAKITHH
Huoukamop: XUMHAH HEOpPTraHWYeCKOn XUMHAH B pacTBopax u
na-1 YK-1 XUMHH TBEpAOH ¢ase,
BBIIETISIET OCHOBBI XUMHYECKOI
poOIEMHYTO TEPMOTUHAMUKH u
CHUTYAIHIO, KHHETHKH
OCYIIECTBIISIET €€
aHaIm3 u
QUarHOCTUKY  Ha
OCHOBE
CUCTEMHOTO
oIX0J1a
na-2 VYK-1 | He npuMeHsieT HE B JOCTaTOYHOM IIPUMEHSIET YUYUTBIBAET U
OCYIIECTBIISIET MHTEPIPETAIIIO o0beMe MOXKET MHTEPIpPETUTal | MPUMEHSET
IIONCK, OTOOp W | 3aKOHOMEPHOCTH B WHTEPIPETUPOBATh | IO TEOpETHIECKUE
CHUCTEMaTH3AINIO M3MEHEHUH CBOICTB 3aKOHOMEpPHOCTH B | 3aKOHOMEPHOCTH | 3HAHHA O CTPOSHHUH,
uHGOpPMAaMK  AJIs | SJIEMEHTOB B CBSI3U C | HN3MEHEHUH CBOWCTB | B M3MEHEHHUHU M3MEHEHHUH COCTaBa U
olpeneIeHus UX DJIEKTPOHHBIM 3JIEMEHTOB B CBSA3M | CBOWCTB pEeaKIMOHHON
aNbTEPHATUBHBIX CTpOEHHEM C UIX DJIEKTPOHHBIM | DJIEMEHTOB B crocobHOCTH
BapHaHTOB (monoxeHueM B CTPOCHHEM CBSI3H C UX pearupyomnmx
CTPaTETMYECKIX TIEPUOUIECKON (monoxeHueM B AIIEKTPOHHBIM BEIIECTB IS
penreHuit B | cucreme), MIEPUONIECKON CTpOCHHEM TpeICKa3aHus
poGJIeMHOM IIPOTHO3UPOBATh cucreme), (monoxeHueM B ocobeHHOCTeH
CUTyalluH CBOICTBA BEUIECTB IIPOTHO3UPOBATH NEPUOJUIECKON IPOTEKAaHUS PEAKIIUA,
CBOICTBa BEIIECTB | CHCTEME), cocTaBa, CTPOCHHUS U
[IPOTHO3UPOBATh | CBOWCTB MPOYKTOB;
CBONCTBA MOJIb30BaThCA
BEILIECTB [Tepuoanueckoit
CHUCTEMO
na-3 VK-1 | ne HCTIONB3YET | HE B JocTaTouyHoM | Mcmonb3yer HCTIONBb3YET METO/IbI
ornpenemnser U | METOJBI aHanu3a | 00beMe MCIONIB3YeT | METONBl aHalu3a | U HaBBIKK
OLICHUBAET PHUCKHU | PE3yIbTaTOB METOJBl  aHaln3a | pe3yJbTaToB XHUMHUYECKOTO
BO3MOKHBIX JKCIIEpUMEHTA pe3ynbTaToB JKCIIEPUMEHTa 9KCIIEPUMEHTA C
BapHAHTOB JKCIIEPUMEHTa Y4ETOM MPaBHII




peleHuit
Ipo0IIeMHOM
CUTYALVH,
BBIOMpaET
ONTUMAJIbHBIN
BapuaHT eé
penieHus

TECXHUKHN
0€30MacHOCTH MpH
WCTIOJIb30BaHUT
XUMHUYCCKUX
PCaKTHUBOB, aHAIIN3a
PE3yIIBTATOB OIBITOB
1 HOpMyITUPOBAHUS
000CHOBaHHBIX
BBIBOJIOB

Komnemenyus: OIIK-1 Cnocoben npumensms ecmecmeeHHOHAYUHblE U OOUWEUHIICEHEPHbIE 3HAHUS, MemOoObl
MAMEMaAMU4ecKo20 aHaIU3A U MOOETUPOBAHUsL 8 NPOPeCCUOHATLHOU DesimeNbHOCU

NJI-1 OIIK-1 HE MOHMMAaET METOJIbI | HE B JIOCTATOYHOM MOHUMAaET MOHUMAET
[Ipumensier HAy4YHOTO TO3HAHUS 00beME IOHUMAET METOJIBI SKCIIEPUMEHTAIbHBI
OCHOBHbIE 3aKOHEI B MIPUPOABI U MECTO METOJIBI HAYIHOTO Hay9IHOTO € JaHHbBIE O IPUPOJC
obnactu XVMHH B MMO3HAHUS IPUPOABI | TIOZHAHUS XUMHWYECKOH CBSI3U
€CTCCTBEHHOHAYYHBl | COBPEMEHHOMU M MECTO XHMHH B IPUPOIBL U M CBOMCTBAax
X B HAy4YHOH KapTUHE COBPEMEHHOMU MECTO XMMHH B Pa3IUYHBIX KIaCCOB
OOIICMHKEHEPHBIX MHupa HayYHOU KapTHHE COBpPEMEHHOU XUMHYECKHAX
JUCHMITINH Mupa Hay4HOMN 3JICMEHTOB B
KapTUHE MUDPA poecCUOHATBHOM
eI TEILHOCTH
HJI-2 OIIK-1 HE MMOHUMAaET HE B JJOCTaTOYHOM MOHUMAaeT MPOBOAUT
aHATU3UPYET CTPOCHHUE BEIICCTBRA, 00beEME TTOHUMAET CTpPOCHHUE SKCIIEPUMEHTATBHBI
€CTECTBEHHOHAYYHBl | MPUPOAY XUMHUYECKOU | CTPOCHHE BEIIlECTBA, € MCCIIeOBaHUS
en CBSI3H U CBOMCTBA BEIIECTBA, IPUPOY | MPUPOIY CTpPOEHHUS BEILIECTRA,
OOIICHHKCHEPHBIC Ppa3IUYHBIX KJIACCOB XHUMHYECKOU CBSI3H | XMMHYECKOH pUpoe
3HAHWS, METOIBI XUMHYECKHUX 1 CBOMCTBaA CBSI3HM U CBOMCTBA | XUMHUYECKOH CBS3U
3JIEMEHTOB, Pa3TUYIHBIX KJIACCOB | Pa3IMYHBIX M CBOMCTBax
COEIMHEHUM, BEIIECTB | XUMHYSCKUX KJIacCOB Pa3ITUIHBIX KIacCOB
U MaTEpUaoB 3JIEMEHTOB, XHUMHAYECKHAX XHUMHYCECKHUX
COCTUHEHHH, DJIEMEHTOB, 3JIEMEHTOB B
BEILIECTB U COCIUHCHMUIH, poeCCHOHATLHOM
MaTepHaioB BEIIECTB U JIEeSITENLHOCTH
MaTepHaJIOB
HE BJIaJCCT HaBBIKAaMH | HE B JOCTATOYHOM BIAJICET BJIaJIcCT HAaBBIKAMU
aHATN3UPOBATH, 00beMe HaBBIKAMH HaBBIKAMHA MPOBEICHUS
WCIIOJIb30BaTh 3HAHUS | aHAJTU3UPOBATH, aQHATM3UPOBATD, SKCIIEPUMEHTATBHBI
0 CTPOCHUU HCIIOJI30BAaTh HCITOJIB30BaTh X HCCIIETOBAHUMN
BEIIECTBA, TPUPO/IE 3HAHUS O CTPOCHUHU | 3HAHUS O CTpPOEHHUS BEILIECTRA,
T3 OIK-1 XI/IM}/I‘IGCKOI‘/’I CBSA3M U | BEIECTBA, nupnpo;[e CTPOCHUU pUpoe §
TTpoBouT CBOMCTBax XI/IMI/I‘EGCKOI/I CBS3H | BEIIECTBA, XI/IMI/I‘ECCKOI/I CBSI3H
Pa3ITUYIHBIX KJIACCOB 1 CBOICTBax TIPUPOIIE M CBOMCTBax
TEOPETUYECKUE " .
SKCTIEpHMEHTATbHbIE XUMHAYECKUX Pa3IUYIHBIX KJIACCOB | XMMHUYECKOM Pa3TUIHBIX KIacCOB
e — s 3J'IeMeHTOB,V XHUMHYCSCKHUX CBH'iI/I H XAMHYECKUX
. COEIUHEHHH, BEIECTB | JIEMEHTOB, CBOMCTBaX 3JIEMEHTOB B
npodeccuoHaATBEHON . .
eSITENBHOCTIL. U MaTepHUaioB COCIMHCHHI, Pa3ITUIHBIX poeCCHOHATLHOM
BEIIECTB U KJIacCOB JIeSITeIIbHOCTH
MaTepHaIoOB XUMHAYECKUX
9JIEMEHTOB,
COCIUHCHMH,
BEILECTB U
MaTEepHAJIOB

10




5 TemaTnuecKkui MJIaH JUCHUNIUHBI

No | Pazmen (tema) | Peamusyembie KonTakTHast paboTa 00y4aronuxcs ¢ CamocTosiT
JUCIUTUINHEL | KOMIIETSHIINH, MIPeTIoIaBaTesieM, YacoB eJbHas
WHAAKATOPHI pabora,
oS) % o § qacoB
= | 8% | 5z | i%
2 2= 53 E 3
= c5 | 2| zeo
£ S =3
= = =
Ounas ¢popma 00yueHus
2 cemecTp
1 OcHOBHBIE YK-1 UJ-1 3 6 6
TNIOHATHA U VK-1 UJ1-2
3aKOHBI VK-1 UJ1-3
XAMWH. OIIK-1 UJI-1
OIIK-1 -2
OIIK-1 N/1-3
2 | Crpoenne VK-1 UJI-1 3 6
aToMa. VK-1 UJ1-2
YK-1 U1-3
OIIK-1 NUJ-1
OIIK-1 /-2
OIIK-1 N/1-3
3 ITepuoguuecka | YK-1 UJI-1 3 6
s CUCTeMa U VK-1 UJ1-2
NepHOMIECKH | YK-1 WJ]-3
i 3aKOH I[I/I OIIK-1 I/IZ[-I
Meneneena. OIIK-1 UJ1-2
OIIK-1 N/1-3
4 Xnmmueckas | VK-1 UJI-1 3 3
CBS3b. VK-1 UJ1-2
VK-1 U-3
OIIK-1 N1-1
OIIK-1 N 1-2
OIIK-1 N1-3
5 | O6mue VK-1 UJ-1 3 6 3
3aKoHOMepHOC | VK-1 UJI-2
TH NpoTeKanus | YK-1 YJI-3
XUMHUYECKUAX OIK-1 VJI-1
TIPOIIECCOB. OITK-1 UJI-2
OIIK-1 NJ-3
6 PacTBopbL. YK-1 UJI-1 6 6 18
VK-1 U1-2
VK-1 U-3
OIIK-1 -1
OIIK-1 U 1-2
OIIK-1 N1-3

11




7 Kommuexcueie | YK-1 UJI-1 3
COCAMHEHHSI. VK-1 U]-2
VYK-1 U1-3
OIIK-1 /-1
OIIK-1 Na-2
OIIK-1 N/1-3
8 Oxucmurensro | YK-1 UJI-1 3 6
- VYK-1 Ua-2
BOCCTaHOBHTE | YK-] NJI-3
JTEHBIC OIIK-1 N/JI-1
Deaiimi. OIIK-1 UJI-2
OIIK-1 N/1-3
9 OcHoBHBIE VK-1 UJI-1 5 8
TOJIOKEHUS VK-1 UJ-2
DICKTPOXMMHH | YK-1 WJI-3
: OIIK-1 N/JI-1
OIIK-1 N1-2
OIIK-1 N/1-3
HUTOI'O 3a 2 32 32 44
ceMecTp
HUTOI'O 32 32 44
No HaumeHoBaHMe TeM AUCUUIUIMHBI, KX KpaTKoe coaepkanue | O0beM N3 Hux
Tembl 4acoB | IMPaKTHYECK
Jucuu as
TUTAH [MOATOTOBKA
bl , 4aCOB
2 ceMecTp
1 OCHOBHBIE MTOHATHS U 3aKOHBI XUMHUH 1.5 1,5
1. OCHOBBI cCaMOOpraHU3aMY ¥ CaMOOOPa30BaHUs IPH U3YyUCHUN
JVCITUTLTHHEL
2.CyuHoCTh 1 3HaueHHE HHQOpPMAIUU O XUMHHU B Pa3BUTHU
COBPEMEHHOT0 0011ecTBa
1 OcCHOBHBIE ITOHATHS U 3aKOHBI XUMHUH 1,5
1.0OcHOBBI IONTy4eHHsI H 00pab0oTKH UHPOPMAIIMN O XUMHH U3
Pa3IMYHBIX HCTOYHUKOB.
2.XuMHsI KaK MUPOBO33pEeHUYECKas HayKa
2 Crpoenne atoma. 1,5 1,5
1.ITocnenoBaTenbHOCTD Pa3BUTHSI MOHATHSA ATOM. DJIEKTPOHHBIE
(hopMyIBI aTOMOB.
2.O7eKTPOHHBIE CTPYKTYPbI JIEMEHTOB NIEPUOJUUECKON CHCTEMBI
MaJbIX ¥ OONBIINX TIepruoa0B. JIBOMCTBEHHAS IPHUPOIA
3JEKTPOHA.
2 Crpoenue aTtoma. 1,5
1.CoBpeMeHHbIE MPECTaBIECHUS O CTPOCHUN aTOMa - SAPO U
3JIEKTPOHBI; MX 3aps]l M Macca.
2.0ueHka pa3MepoB aTOMOB C TIOMOUIBbIO IIOCTOSHHOW ABOTajpo.
ATtoMmHbIe opOuTany. KBantoBble ynca.
3 Ilepuoanueckas cucreMa u nepuoguyeckuii 3akon JI. 1. 3,0 1,5
Menpneneesa.
1.CTpyKTypa rOpU30HTaIbHAs U BEPTHKAIbHAS NEPUOAMYECKOI
cucteMsl 2.11eproasl U ceMeicTBa 3IEMEHTOB. [ 'pymnnbl U
noarpynmsl. [IepuoaUuyHOCTh CBOKWCTB 3IEMEHTOB.
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3.3aKOHOMEPHOCTH B U3MEHEHUH YHEPTUN MOHU3AIIUH, CPOJICTBA
K 3JIEKTPOHY, 3JI€KTPOOTPHLATEIEHOCTH, AaTOMHBIX U HOHHBIX
paIMyCoB.

XuMHUECKast CBS3b.

1.YcnoBust 00pazoBaHusi XUMHYECKO# cBsizu. [lapameTpsl
Mouekyd. 2. Ilpupoaa xumuyeckoil cBsizu. loHHast CBSI3b.
KoBaneHnrtHas cBs3b.

Merainnueckas cBs3b. BoioposiHast cBsi3b.

3,0

1,5

OO011e 3aKOHOMEPHOCTH TIPOTCKAHHUS XUMHUYECKUX MPOIECCOB
1.OHepreTnka XuMHUYECKUX IIPEBpaICHUH.

Tepmoxumus. M1306apHbIe 1 N30XOPHBIE TPOIIECCHI.
TepmoguHamuueckasi cucTema. 2.3aKOH COXpaHEHUS YHEPTUH.
BuyTtpenuss sHeprus u 3HTaNbIUA. TepMOXUMHUUECKHE
ypaBHeHus. 3akoH ['ecca. CTaHTapTHBIE COCTOSHUS
BeIIIeCTBa.XI/IMI/I‘IeCKaﬂ KHMHCTHUKA.

1,5

O6H_II/IC 3aKOHOMCPHOCTHU MPOTCKAHUA XUMHUYCCKUX MTPOLICCCOB

1.CropocTtb xummuueckoi peakuuu. Heo6xonumslie GpakTopsl amst
NPOTEKaHMsI PEaKIINH.

2.DHeprus akTUBAIMN. AKTUBHPOBAHHBIA KoMILIeKC. DakTopsl,
BJIMSIOLINE HA CKOPOCTh XMMUYECKOH PEeaKLny.

1,5

PactBopsI.

1.Bune! koHnentpanuii. PactBopumocts. Koadduiuent
PacTBOPUMOCTH H €T0 CMBICI. PacTBOpHI HAaCKIIIICHHBIE 1
HEHaChIIIeHHbIC. 3aKOH paciipeneneHus. PactBopuMocTs ra3os.
TemnoBbie 3G EKTH POIECCOB PACTBOPCHHUS.

2.CBoiicTBa pacTBOPOB HEAIEKTPOIUTOB. [IoHATHE O poLeccax
muddysun u ocmoca. OcMoTHYeCKOe JaBiieHHue. 3akoH BanT-
Tl'odda u ycnosus ero BoinonHeHus. JaBieHne HaChILIEHHOTO
mapa HaJl pacTBOpaMu. 3akoHbI Payris.

1,5

PacTtBOpBI

1.IIpnunne! HeBbIONHEHHA 3aKOHOB Bant-I'odda u Paymns mis
PacTBOPOB AMEKTPONHUTOB. M30TOHMIECKHA KOA(DPHUIHEHT U ero
cmbich. [lorsTre 00 MMAIEKTPHYECKO MPOHUIIAEMOCTH U
MOHHU3UPYIOLIEeH CIOCOOHOCTH pacTBopuTens. Teopus
IEKTPOIUTHYECKON AMCCOLMALIUY.

1,5

Kommnnekcurie COCAUHCHNS.
1.Kommekcoobpazoparens. Jluranasl. KoopanHannonHoe
gucso. Kilaccudukarys 1 HOMEHKIaTypa

OKHUCITUTETBHO-BOCCTAHOBUTEIIBHBIE PEAKLIUH.
1.OxucnuTen 1 BOCCTAaHOBUTEIH. AITOPUTMBI COCTaBIIEHUS
ypaBHenuit OBP B cootBercTBun ¢ npasmwiamu MIOITAK.

1,5

OKHCIUTETHHO-BOCCTAHOBUTENBHBIE PEAKIIHH.
1.Meton 3neKTpoHHOT0 Oatanca. IOHHO-DIIEKTPOHHBIA METOI.

1,5

OCHOBHBIE MTOJIOKEHUS DIIEKTPOXUMUH.

1. T'anpBanm4eckue 3neMeHThl. CTaHIaPTHBIC TOTCHIUANEL. Pst
HanpspDKkeHnH. TexHIKa onpeeNieHril CTaHAapTHRIX MTOTEHITHAIOB
OKHCIIUTEJIEH U BOCCTAHOBUTEJICH.

2.9/1C ranmpBaHUYECKOTO 3JIeMEeHTa U e€ BeunciiecHue. CBsI3b
sneprun ['m66ca ¢ 3/IC ranbBaHHYECKOTO JIEMEHTa. Y paBHEHUE
Hepncra. Dnement Hanmais-Sxo0n.

1,5

1,5

OCHOBHBIE MTOJIOKEHUS ITEKTPOXUMHUH.

1.[ToHsITHE O KOHIEHTPAIIMOHHBIX TATBBAHUYECKUX DIIEMEHTAX.
CxeMbl TaTbBaHUUYECKUX IIEMEHTOB.

2.9nexrponu3. OnpeaeneHue, CymHOCTb. DJISKTPOIN3 PacIliIaBOB
U pacTBOpOB. PacTBOpHMBIE K HEPAaCTBOPUMBIE 3JIEKTPOMBIL.

1,5
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CxemBl 3JIEKTpOSiM3a C TPUMEHEHHWEM HEPaCTBOPUMBIX U

PacTBOPUMBIX aHOJIOB.

9 OCHOBHBIE NTOJIOKEHUS DIEKTPOXUMHUU. 2 2,5

1. AKKyMyTSTOpPBL. AKKyMYJISATOPBI KHCJIOTHBIE M IIIEJIOYHBIE.

ITpakTuueckoe 3HaUYEHHUE IEKTPOJIN3a. TOIIMBHBIE 3JIEMEHTHL

3akonsl anekTponuza M. dapazes.

2.Koppozust meramioB. Tunsl koppo3un. CKOPOCTh KOPPO3UHU U

(axTops! Ha He€ BIMAIONIME. 3alIUTa METAUIOB OT KOPPO3UH.
Hroro 3a 2 cemectp 32 16

Hroro 32 16

6 Bonpocsl aJ11 co6ece 0BaHUSA

Bonpocs! pis 3x3amMeHa

Omnpenenenue, ey U 3aa4d AUCUUTUIUHBI «XUMHUS».
OCHOBBI CaMOOpPraHU3alMK U caMo00pa30BaHus IPH U3YUCHUH JUCIUILINHEI,
CymHOCTh 1 3HaYeHue UHPOpPMAIK O XUMHUU B Pa3BUTHH COBPEMEHHOI'O OOIIIECTBA;
OcHoBBI OJTyueHUs: 1 00pabOTKU UHDOPMALIMK O XUMUU U3 PA3INYHBIX HCTOUHUKOB.
ba3oBble METOBI NCCIIEOBATENBCKOMN AEATEIBHOCTH B XUMHYECKON TEXHOJIOTHH.
OcHOBHBIE TIOHATUSA XUMHH - ATOM, MOJIEKYJIA, XUMUYECKUH 2JIEMEHT, MOJIb, 3KBUBAJICHT.
VYraeponHas equHALA. AOCOTIOTHAS U OTHOCUTEIbHAs aTOMHAsi U MOJIbHAsE MacChI.
OcCHOBHBIE 3aKOHBI XMMHH. 3aKOH COXPAaHEHMsI MACChI BEILIECTB, 3aKOH IIOCTOSIHCTBA COCTAaBa, 3aKOH
ABoraapo u ero ciaeactBus. OTHOCUTEIbHAS TUIOTHOCTh Ta30B. OnpeieneHne MOJIbHBIX Macc ra3oB.
VYpasuenue Knaneiipona-Menaeneesa.
9. Ksanrossie uncna. [Ipuanun [aynu. [Tpuanun saumensmen saeprun. [Ipasuna Kneukosckoro.
IIpaBuiio I'ynna.
10. JIBe ¢popmynupoBku nepuoaudeckoro 3akoHa J[.1. Menneneesa. Ctpykrypa I1C. Onpenenenue
nepuoaoB u rpymni. IlpuunHa nepuoau4HOCTH cBOKCTB BenlecTB. [IoHATHE 0 BTOpUYHON
NEPUOAUYHOCTH.
11. IIpupona xummueckoi cBsizu (XC). Tunsr XC.
12. KosanentHas cBs3b (KC) - HanpaBiieHHOCTb, HACHIIIIAEMOCTb, MOJIIPHOCTD U MOJISIPU3YEMOCTb.
13. Tepmoxumusi. TernoBsie a3 dexTsl. [lonsTre sHTaNBINN. TepMOXUMHYECKUE YpaBHEHH. 3aKOH
I'ecca u ero ciencreue
14. Xumuueckasi KUHETHKA - ollpeiesieHue, 3aaaun. HeoOxoaumble U 10CTaTOYHbIE YCIOBUS
IPOTEKAHUS XUMUUYECKUX PEAKLIUH.
15. CKOpOCTh XMMHMUYECKHX pEaKIMM. 3aKOH JEHCTBUS Macc.
16. 3aBHUCHUMOCTh CKOPOCTH peakiuid oT temneparypsl. [IpaBuno Bant-I'odda. [Tonsarue o katanuse.
17. Xumnyeckoe paBHOBecHe. KoHCTaHTa paBHOBECHs. Y CIIOBUS CMEIIECHUS XMMHYECKOTO PABHOBECHUS -
npunuun Jle-llarenbe.
18. VYpauenue ['n60ca u ero anamms.
19. Omnpenenenuie pactBopoB. CocoObl BhIpaXKEHUS KOHIEHTPALUH PacTBOPOB.
20. Teopus anexrponutuueckoit auccoruanuu. [lonstue "nporonus". Koncranra u cteneHb npoToiusa.
21. TIporonu3 paznu4Horo tuna cosued. KoHCTaHTa U CTENeHb MpOTOIN3a.
22. KommniexcHsle coenunenus (KC) - onpenenenune, npuuuHsl 00pazoBanust. OCHOBHBIE IOJI0XKEHUS

teopun A. Bepuepa.
23. OxucnuTeNnbHO-BoccTaHOBUTENbHBIE peakiuu (OBP) - onpenenenue, TUIIBL.
24. ANTOpUTMBI COCTaBJIEHUS MOJNHBIX ypaBHEHUNH OBP - 371eKTpOHHOT0 1 HOHHO-3JIEKTPOHHOT'O

0anaHCoB.

O Nk WNRE
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25. IIpeamer snekTpoxumuu. ['anpBannueckuii anement (I'9). CTaHaapTHBIN AIEKTPOIHBIA MOTSHIIHAT
(COII). CrarmapTHBINA BOJOPOIHBIN 3JIEKTPO] - YCTPOHUCTBO M MPUHLIUT paOOTHI.

26. Onpenenenue COII meramnos. [lonstue 3/1C I'D.

27. 3aBucumoctb OB - moteHuanoB ot pa3nuuHbIx (akTopoB. YpaBHenue Hepuera. Cxemsr ['D.

28. DIIEKTPOIU3 - ONPEIeTICHIE; YCTPONUCTBO U IPUHIIUI PaOOTHI IIEKTPOIU3EPA.

29. DAEKTPOIbI - PACTBOPUMBIE U HEPACTBOPUMBIE. DIIEKTPOIN3 PACcCTBOPOB U PACILIABOB.

30. 3akoHsl anektponuza M. dapazes.

31. Koppo3us MeTamioB - XUMUYECKas U 3JIEKTPOXUMHUYECKAs.

32. 3anmTa METAIUTMYECKUX U3JIeTIUA OT KOPPO3UH.

33. [Ipouecchl KOppO3UK NPOTEKAIOIINE TPU HAPYIICHUHU MOKPBITUA OLIMHKOBAHHOTO, JTY>KEHHOTO,
KaJIMUPOBAHHOTO, XPOMUPOBAHHOTO ¥ HUKEIUPOBAHHOIO JKEJE3a.

34. Uctopus pazsutus nousaTus "arom". Moaens atoma [x. k. Tomcona. Anepnas momens 3.
Pesepdopna.

35. Ypasaenue M. [lnanka. [Imanerapuas monens aroma H. bopa.

36. PactBopumocTs ra3oB. 3akon ['enpu. TernoBeie 3 PeKThI pacTBOPEHHSL.

37. JlaBiieHHe HACBIIEHHOTO Mapa. MI3MeHeHue teMnepaTypbl KUIIEHUS U KPUCTAIITU3ALUH.

38. IlepBrIii 1 BTOpOI1 3aKOHBI Payiis.

39. Bona - mporonus, nonnoe npousseaenue; pH u pOH. [Tonsarue o OydepHbIX pacTBOpax.

40. Hanpasnennoctb OBP. YpaBuenue HepHcra.

41. DAEKTPOTUTUYECKUI CUHTE3 aTIOMUHUSA U MEH.

42. AKKyMYJIATOPBI - IIEJIOYHbIE U KHUCIIOTHBIE.

43. Cymuocts OB-mpoiieccoB mpu 3apsiike U pa3psijike CBUHIIOBOTO, JK€JI€30-HUKEIEBOTO U cepeOpsHO-
LUHKOBOT'O 3JIEKTPOJIOB.

7 MeTonnuecKkue peKOMeH/IANHN N0 H3YYeHUI0 TEOPETHYECKOT0 MaTepuaJia

CaMocTosTelbHass paboTa CTYJACHTA B XOJAC JIEKIHOHHBIX 3aHATHI BKIIOYACT HW3YUYCHHE
BOMPOCOB TEOPHH, BHIHECEHHBIX HA CAMOCTOSTENILHOE U3yUYEHHE B COOTBETCTBHHU C paboueil mporpaMMoit
JUCHUIIIINHBI, npopa60TKy JICKHUOHHBIX MATCPUAJIOB [JIA IOATOTOBKM K KOHTPOJIIO 3HaHUH Ha
JICKIMOHHBIX 3aHATUSAX (OMPOC) W TMOATOTOBKY BOMPOCOB MJiE OOCYXACHHUS TPU KOHCYJNbTAllUU C
Iperno/iaBaTeseM.

Pabota ¢ neknMoHHBIM MaTepuUaIoM HE 3aBepIIaeTcs MO0 OKOHYAaHWU Jekiuu. Ha 2 yaca mekuuu
HEOOXOJAMMO 3aTPaTUTh OKOJIO Yaca Ha paboTy ¢ KOHCIEKTOM. 3a 3TO BPEeMEHsI HEOOXO0IMMO MepeYnTaTh
3aMucy, MOMOJHUTh UX JAHHBIMH, KOTOPBIE YAAIOCh 3alIOMHHUTh U3 PEeUYM MPENoAaBarels, HO He yAaloch
3anucark. Paboras ¢ KOHCIICKTOM, HY>KHO OTMCTHUTH HCIIOHATHBLIC BOIIPOCHI IAJI BBIACHCHHA KOTOPLIC Y
npernoaaBarens Ha KOHCYnbTauud. OTAETBHO CIeIyeT BBIACIUTH CBA3aHHBIE C TEMOU JIEKIIUH BOMPOCHI,
KOTOPBIE MPETo1aBaTellb MOPYIHII IPopadboTaTh CaMOCTOSTEIHHO.

AKTHBHO mMpopabOTaHHBIM B TEYEHHWE CEMECTpa KOHCIEKT JEKIUH B JaTbHEUIIEM CIYXKUT
OCHOBOH AJIg ITOATOTOBKH K DK3aMCHY.

Bompocs 11st caMOCTOSATENBHOTO N3Y4YEHHUS MIPEICTABIICHBI B 11. 5.

CaMocTosTenbHas padoTa B X07¢ MPAKTHKYMA BKIIIOYACT BHIMOJTHCHHE 33JJAHUH K IPAKTHYCCKHM
3aHATHUSAM, B YAaCTHOCTH pEIIEHUE 3aJad pPAa3IUYHOTO YPOBHS CIOXHOCTH. 3aJaydl TNPUBEICHBHI B
MCTOANYCCKNX YKA3aHUAX K IIPAKTUYCCKUM 3aHATHUAM U (i)OH)IaX OLCHOYHBIX CPCACTB.

3Hasi TeMy MNPAKTUYECKOTO 3aHATHS, HEOOXOIMMO TOTOBUTHCS K Hemy 3abmaroBpemeHHo. [lis
3¢ (HeKTUBHON MOJArOTOBKHU K MPAKTUYECKOMY 3aHSATHIO HEOOXOAMMO MMETh METOJIUYECKOE PYKOBOACTBO
K TPaKTHYECKOMY 3aHSTHIO.

Kputepuu onieHHBaHUS MPAKTUYECKUX 3aHATUN MPECTABICH B (DOHAE OIIECHOYHBIX CPEICTB.
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[Ipu mpoBepke MPaKTUUYECKOTO 3aJlaHus, OLEHUBAIOTCS: MOCIEI0BATEILHOCTh U PAlMOHAIBHOCTD
W3JIOKCHHUSI Marepuaia, IOJIHOTa W JOCTaTOYHBIM OOBEM OTBETa; HAYYHOCTh B OINEPUPOBAHHUH
OCHOBHBIMHM MOHSATUSMHM; UCIIOJIb30BAaHUE U U3YUECHHE JIONOJIHUTEIbHBIX TUTEPATYPHBIX UCTOUHUKOB
Kpurepuu onieHHBaHUs PE3yIbTaTOB CAMOCTOSTEILHON pabOThI: BOIIPOCHI JIsl COOECEIOBaHUS U
SK3aMeHa npuBeeHbl DOH/IE OIIEHOYHBIX CPEACTB MO TUCLUHUILIINHE

8 MeToguyecKue peKOMeHJal MM [0 OPraHU3any CaMOCTOSATE/IbHON padoThI
CTYJ,€eHTOB

CamocrosTenbHas paboTa sBIsSETCS OJHUM U3 BUAOB YU€OHOH JESITeNbHOCTH 00y4aroLIXcs,
CHOCOOCTBYET Pa3BUTHIO CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH U OPIaHU30BAaHHOCTH, TBOPUYECKOIO
MOJIX0/1a K PELICHHUIO TPo0iIeM yueOHOro U MpoheCCHOHAIBLHOIO YPOBHSI.

AypautopHas caMmocTosITeIbHas paboTa MO Yy4yeOHOW [UCUUIUIMHE OCYILECTBISETCS Ha
YUeOHBIX 3aHATHUAX 110/ HEMOCPEICTBEHHBIM PYKOBOJCTBOM MPEMOAABATEINS U 110 €ro 3aJaHHIO.

BueaynuropHas camocTosTenbHasi padoTa BBINOIHIETCS 110 33JJaHUI0 MpernogaBaTesis 06e3 ero
HEINOCPEACTBEHHOI'O yUacTHsl.

Bunpl 3ananuii 171 BHEayJUTOPHON CaMOCTOATENBHON pabOThl, MX COACpP)KAHUE U XapaKTep
MOTYT UMETh BapHATUBHBINA U U (HEepeHIUPOBAHHBIN XapaKTep, yUUThIBATh CHEUU(UKY H3ydaeMOn
y4eOHON JUCUMILIMHBI, MHAUBUIyallbHbIE 0COOEHHOCTH 00yUaroerocs.

KoHTposab camocToaTenbHOM paboThl U OLIEHKA €€ Pe3y/IbTaTOB OPraHU3yeTcs Kak eIMHCTBO
IBYyX (dopM:

1. caMOKOHTpPOJIL M caMOOLEHKa 0OYYArOIIErOCs;

2. KOHTpPOJIb U OLIEHKA CO CTOPOHBI MPETOIaBATEI.

9 MeToau4yecKHe peKOMeHJalM1 PH pa6oTe HajJ KOHCIIEKTOM BO BpeMs
NpoBeJeHHs JIEKIUN

B xozme nekuMoHHBIX 3aHATUN BECTH KOHCIIEKTHpOBaHME ydeOHOro martepuaina. Obpamarh
BHUMAaHUE Ha KaTerOpHH, (OPMYIHPOBKH, PACKPHIBAIOIINE COACPIKaHUE TEX MM WHBIX SBICHUN H
IIPOLIECCOB, HAYYHbIE BBIBOJBI W IPAKTUYECKUE PEKOMEHIAMHU, IOJIOKUTEIbHBIA OIBIT B
OpaTOpPCKOM HCKyccTBe. JKenareabHO OCTaBUTh B pa0OUYMX KOHCIEKTaX MO, Ha KOTOPBIX AENaTh
MIOMETKH U3 PEKOMEHJOBAaHHOM JINTEpaTyphl, AOMOIHIIOIME MAaTeprail NPOCIyIIaHHON JIEKLINH, a
TaKKe MOJUYEPKUBAIOIINE OCOOYI0 BaYKHOCTh T€X MJIM MHBIX TEOPETUUECKUX IOJIOKEHHNA. 3a/1aBaTh
IIPENOIABATEN0 YTOYHSIOIIME BOMNPOCHI C LENbI0 YACHEHHS TEOPETUYECKHUX IOJOKEHUM,
pa3pelieHus: CIOPHBIX CUTYaLUil.

B xoze moAroToBkM K CEMHMHApaM M3yYUTh OCHOBHYIO JIMTEPATypy, O3HAKOMMTHCS C
JIOTIOJIHUTENBHON JIUTEPATYpPON, HOBBIMU IyOJUKALUSAMU B NEPUOJUYECKUX M3JIAHUAX: JKypHAJIaX,
razetax u T.J. llpu sTOM yuecTb peKOMeHIAlMM TpenojaBareiss U TpeOoBaHHs Y4uyeOHOM
nporpaMmel. JlopabaTeiBaTh CBOW KOHCHEKT JIEKIIMH, JieJiasi B HEM COOTBETCTBYIOIIWE 3aIUCH W3
JUTEpaTyphl, PEKOMEHJOBAHHOM MpernojaBaTeieM M NPeIyCMOTPEHHOH y4eOHOW IporpaMMoii.
[ToaroToBUTH TE3UCHI AJIs BBHICTYIUIEHUH 110 BCEM Y4E€OHBIM BOIIPOCAM, BHIHOCUMBIM Ha CEMHUHAp.
['oToBsICH K AOKIaAy WK pedepaTuBHOMY COOOIICHUIO, 00paAIIaThCs 38 METOAUYECKOM MOMOIIBIO K
npenoaasarento. CocTaBUTh IIAH-KOHCIEKT CBOETO BHICTYIUIEHUA. [IpogyMaTs npuMepsl ¢ LEnbio
oOecrieueHHsT TECHOW CBSA3M M3y4aeMOW TEOpUM C pealibHOM >Ku3Hbl0. CBOEBpEMEHHOE U
Ka4eCTBEHHOE BBITNIOJHEHUE CAaMOCTOSTENIHONW paboThl Oazupyercs Ha COOJIOJCHUU HACTOSIIMX
PEKOMEHIaluid U W3YyYEHUU PEKOMEHIOBAHHOMW JiuTepaTypbl. CTYJEHT MOXET JOMOJHUThH CIIMCOK
UCIIOJIb30BAaHHOW JIMTEpPATypbl COBPEMEHHBIMU HCTOYHMKAMH, HE IPEJCTABICHHBIMU B CIIMCKE
PEKOMEH/I0BAaHHOM JUTEpaTyphl, U B JajbHEHIIEM HCIOJIb30BaTh COOCTBEHHBIE MOJTOTOBIICHHBIC
yueOHbIe MaTepHalIbl IPU HAMCAaHUH PadoT.
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10 MeTogn4ecKue peKOMeH/Jal iy MO0 NOArO0TOBKE K NPAKTHY€eCKUM 3aHATUAM

[IpakTnyeckoe 3aHsATHE — ONWH W3 caMbIX 3()()EKTUBHBIX BHUJIOB YYEOHBIX 3aHSATHH, Ha
KOTOPBIX CTYAEHTBI Y4aTcsi TBOPUYECKH paboTaTh, apryMEHTHPOBATh M OTCTAaMBATh CBOIO MO3HIIMIO,
NPaBWIBHO M JOXOJYMBO HM3JIaraTh CBOM MBICIH Tiepen ayautopueil. OCHOBHOE B TIOATOTOBKE M
NPOBENICHUH TPAKTUYECKUX 3aHATHH — ITO CaMOCTOATENbHas paboTa CTyneHTa HaJl W3ydYeHHEeM
Tembl. CTYJICHT 00sI3aH TOYHO 3HATh IUIaH 3aHITHS 00 KOHKPETHOE 3a7aHue K Hemy. Ha 3aHsaTuu
00CYX/Ial0TCSl y3JI0BbIE BOIMPOCHI TEMBI, OJJHAKO TaM MOTYT OBITh M Takue, KOTOpbIE HE OBbLIH
NPEMETOM PAaCCMOTPEHHUS Ha JICKIIMH. MOTYT OBITh ¥ CIICIIHAIbHBIC 3aIaHHsI K TOW WM HHOW TeMe.

l'otoBUTBHCS K nabopaTOpHOMY 3aHATHIO cienyeT 3apaHee. Heo0XoanMo BHUMATEIbHO
O3HAKOMUTHCS C TUIAHOM M JPYTMMH MaTepUallaMH, YSCHUTH BOIIPOCHI, BBIHOCHMBIC Ha
oOcyxJeHue. 3aTeM HYXHO I[0J00paTh JMUTEpaTypy U JApyroil HEOOXOAMMBIN, B T.4.
PEKOMEHIOBAaHHBIN, MaTtepuan (depe3 OMOIMOTEKYy, y4eOHO-METOIWYECKHA KaOMHET Kadeapbl H
ap.). Ho mpexne Bcero, crnemyer oOpaTUThCS K CBOMM KOHCIIEKTaM JIEKIIMH U COOTBETCTBYIOIIEMY
pazzeny yueOHHKaA. M3ydeHne BceX UCTOYHUKOB JOJDKHO MIITH TIOJ] YIJIOM 3PSHHUS TIOMCKA OTBETOB
Ha BEIHOCHUMBIE Ha IPAKTUKO-OPUEHTUPOBAHHBIC 3aHATHS BOTIPOCHI.

3aBepIIarouid Tar MOJATOTOBKH K 3aHSITHSM COCTOHMT B BBITIOJIHCHUHM HWHIMBHIYaJbHBIX
3a/IaHUMN.

B ciydae niporycka 3aHsTHSI CTYACHT 00s513aH IMOATOTOBUTh MaTepPHall M OTYUTATHCS 110 HEMY
mepea IperojaBaTeieM B 0OyCIIOBIEHHOE BpeMs. MokeT OBITh TPETIOKEHO OTACTHHBIM
OakanmaBpaM, BBUIY WX cJ1a0Oi MOJATOTOBKH, OoJyiee TIIyOOKO OCBOWUTH MaTepuan W TPUHTH Ha
MH/IMBUlyaJIbHOE cOOeceI0BaHHE.

CTyneHT He JOMyCKAaeTCs K 3a4eTy, €CIM y HEro eCTh 3aJI0JDKCHHOCTh TI0 MPAaKTHYECKHM
3aHATHUSIM.
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