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BBenenune

JucuumuinHa «Xumus»y OTHOCUTCS K JTUCHMIUIMHE Oa3oBod yacTu. OHa HampaBieHa Ha
dbopmupoBaHre  OOIIEKYIBTYPHBIX,  MNPOPECCHOHATBHBIX W  00menpodecCuoOHATbHBIX
KOMIIETEHIIMH 00yyaromuxcs B mpoliecce BeIoMHeHUs padoTt, onpeaeneHHbx @I'OC BO.
MeToauueckre yka3aHUsi COCTaBJICHbI Ha COBPEMEHHOM HAayYHOM YPOBHE M pacCUMTaHbl Ha
CTY/EHTOB, 10 HanpasieHuto 15.03.02 TexHomoruueckrue MalimHbl 1 000pyI0BaHUE.

[TocnenoBaTenbHOCTh JTAOOPATOPHBIX PAabOT COOTBETCTBYET JIOTHUECKOW CTPYKTYype ee
npoxoxacHud. IlpennmaraeMple METOAMUYECKHE YKa3aHUs COJAEp)KAT MaTepuain, KOTOPbII
PEKOMEHIyeTCsI UCTI0JIb30BaTh CTYIEHTaM MpU OCYIIECTBIECHUH JIaOOPaTOPHBIX 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 peaKHI/Iﬁ.

(DOpMI/IpyeMBIe KOMIICTCHI NN MJIW UX YaCTH.

HNunexc DopMynHpOBKa:

OK-7 CIOCOOHOCTBIO K CAMOOPraHU3aluy U CaMOOOpPa30BaHUIO
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https://openedu.ru/

OIIK-4 MIOHMMaHMEM CYIIHOCTH U 3HaueHHsI UH()OpPMAIMK B Pa3BUTUU
COBPEMEHHOT0 OOIIECTBA, CIOCOOHOCTHIO MOJIydaTh M 00pabaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYPHUPOBATh U 0(OPMIISITH HHOOPMALIUIO B JOCTYITHOM IS IPYTUX
BUJIC

IIK-5 CIIOCOOHOCTBIO MPUHUMATh YYaCTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MATMHOCTPOUTENIbHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHUYECKUMU 3aJaHUSIMH U UCIIOJIb30BAHUEM CTaHJIaPTHBIX
CpEACTB aBTOMATH3alMU IPOSKTUPOBAHUS

Teopernveckasi 4acThb
CKopocTb XUMHYECKHX peakuuii

VYpaBHEHUs] XMMUYECKHUX pEaKLUi, XapakTepu3ys MHOTHME CTOPOHBI IPOLECCOB, HE
BCEI/Ia JatoT MOJIHOE NPEICTABICHNE O CYIIIHOCTH MPOUCXOIALINX IPEBPALLICHUH.

Hekoropple XuMHUYECKHE NPOLECCHl, HANPUMEP, PEAKIMU pa3I0KEHUS B3pPbIBUATHIX
BEIIECTB, 3aKaHYMBAIOTCS B TE€UEHHUE J0J€i ceKyHpl. OUeHb OBICTPO 3aKaHYMBAIOTCS PEAKIUU
B3aUMOJICHCTBHS KHCIOT, ILienoueil u coneil B pactBope. OpraHmdeckue K€ COEJUHEHUS B
OOBIYHBIX YCJIOBUSIX B OOJBIIMHCTBE CIy4YacB B3aWMOJICHCTBYIOT MEXIy COOOH MeIJICHHO.
Taxkum 06pa3om, pa3Hble peaklMU COBEPIIAIOTCS B HEPABHbBIE IIPOMEXKYTKH BPEMEHH, T.€. MOTYT
UATH C PA3IMYHONU CKOPOCThIO. [103TOMY Ha OCHOBAaHMM TOJIBKO YPAaBHEHMH OJJHUX XUMHUYECKUX
peakiuii Hellb3s CyIUTh O CKOPOCTH Ipoliecca.

Xumuueckas Kunemuxa — 23MO Y4eHue O CKOPOCMU XUMUYECKUX NPOYeccos, ux
HANpasieHHOCmu U 0 PaKmopax Ha HUX GIUAIOUUX.

Henb u 327124 XUMHYECKOM KUHETUKUA — W3BICKAHWE ONTHUMAIBHBIX MapaMEeTpPOB IS
IPOBEICHUST XMMHYECKOTO CHHTE3a, a HMMEHHO: o0ecledeHue MaKCHUMaJIbHOH CKOpPOCTH
nporecca, HanboJsee paluoOHaIbHOE UCIIOJIB30BaHUE CIPhSI U SHEPTOPECYPCOB U JIp.

VYCTaHOBIIEHO, YTO Ha CKOPOCTb XMMHYECKHX PEAKIUH BIUSIOT MHOIO (PakTOpOB —
KOHIIEHTpAlusl B3aUMOJICHCTBYIOIIMX BEIIECTB, TeMIepaTypa Ipolecca, Haauuue (Uiau
OTCYTCTBHE) KaTalu3aTopa u Jp.

OKCIEpUMEHTBI [I0Ka3ajd, YTO YBEJIWYEHHE KOHLEHTPAalMU  B3aUMOJCHCTBYIOIIUX
BEIIIECTB BBI3bIBACT YBEIMUYEHUE CKOPOCTH PEAKIINU.

Ecin B 3akpblTOM cocyne NpH 33JaHHOM TeMIepaType pearupyroT [Ba BELIECTBa B
ra3000pa3HOM COCTOSIHUM WJIM B PacTBOpE

AC + BD <~ AD + BC,

TO CKOPOCTb 3TOM PEAKIMH ONpEENSAETCS YMEHBLUIEHHEM KOHIEHTpAmuu (MOJIb/IM?)
BemiectB AC u BD B enunuiyy BpeMeHHu (CeKyHIy, MUHYTY, 4ac). Tak Kak ¢ TeYeHHEM BPEMEHU
KOHIIEHTpALlUsl peardpyromux BEIIEeCTB MajaeT, TO 3aBUCUMOCTb CKOPOCTH pEaKIUH OT
KOHIEHTPALIUU MOYKHO BBIPA3UTh CIEAYIOLIUM 00pa3oM:

L=—(AC/A?), 2.1
r7ie o — CKOPOCTh MpsiMoii peakiu, AC - MOJIsIpHast KOHIIEHTpAIus, t — BpeMs.

I'padmyecku 3Ta 3aBUCHMOCTE N300pakeHa Ha pUCyHKe 5. 1.




Puc. 2.1 3asucumocmuv ckopocmu peaxyuu om epemenu
J10BOJIEHO pacIpOCTpaHEeHbI PEAKIMN THIIA:
mA + nB—> ¢C, (2.2)

B KOTOPBIX HA /7 MOJICKYJI BEIIeCTBA A MPUXOAUTCS 7 MOJICKYJI BEIIECTBA B, IPH 3TOM m
1 1 OOTIBIIIE €MHHUIIBL.

DKCIIepUMEHTAIBHO YCTAHOBIICHO, YTO JUIS TAKOTO MpOIlecca CKOPOCTh MPSMON peaKIiu
MOJKET OBITh BBIPAXKEHA CIEIYIOIINM 00pa3oM:

O =k[A]" -[BY. (2.3)

rJie X - KOHCTAaHTa CKOPOCTH MPSIMOM pPEaKIlui — BEJIMYMHA, paBHAs CKOPOCTH PEaKIHH

IIPY KOHIIEHTPAIMSIX PeareHTOB PaBHBIX €IMHUIIE; 0OpATHO MPOMOPIHOHANbHAS BPEMEHU; X U Y
— HEKOTOPBIE YUCIIa, OTMPEACIIIEMbIE ONIBITHBIM ITyTEM.

Koncmanma ckopocmu 3aBUCUT OT TeX ke (PaKTOPOB, YTO M CKOPOCTh TAaHHOW PEaKIHH,
HO He 3a8UCUM OmM KOHYEHMPAYUll peazupyrouux 6eujecms.

KoHcTanTa cKOpOCTH XapaKTepU3yeT peaklHio Jid ONpPENCJICHHBIX YCIOBUH —
memnepamypa, 0asnenue, Koauiecmeo u Kkavecmeo kamaiuzamopa v T.1. Pa3nuunble peakuuu
MO>KHO CpPaBHUBAThH TOJBKO €CJIM OHU MPOTEKAIOT MPHU CTPOTO OJIMHAKOBBIX YCIOBUSX.

VpaBuenuss Tumna (5.3), yCTaHaBIMBAIOUIME SKCIEPUMEHTAIBHO  OINPEIACICHHYIO
3aBHCHUMOCTh CKOPOCTH pEaKLUMU OT KOHLEHTPALUWA pearupyromux BEIIeCTB, Ha3bIBAIOT
KUHEMU4eCcKUMU YPaGHEHUAMU PeaKyull.

Kunernueckue ypaBHeHUs peakuuit (5.3) SBISIOTCS MaTEMaTHYECKHM BBIPAXKEHUEM
3aKOHa JEUCTBHS Macc — OCHOBHOTO 3aKOHAa XMMHUYECKOH KHHETHKH: CKOPOCMb XUMUYECKOU
peaxkyuyu nponopyUOHAIbHA NPOU3BEOEHUI0 KOHUEHMPAYUL peasupyioujux eeujecms 6 cmenexu
HEeKOmopbIX uucel, onpedensemvix sIKkcnepumernmanvio (nepsas popmynuponka — H.W. beketos,
1865 r; I'ynmpabepr u Bare, 1867 1.).

Tonpko MHOTJA MMOKA3aTENH CTETICHH KOHIICHTPAINH JJIs TaHHOTO BellecTna (X, y U 1p.)
B KHHETHYECKUX ypaBHEHUSAX (5.3) COBHMAAAIOT C €r0 CTEXUOMETPUIECKUM KOIPPUIIUEHTOM (X =
m; y = n ) B ypaBHeHUU peakuuu. OOBIYHO 3TO BBITIOTHSIETCS ISl AJIEMEHTAPHBIX PEAKIIHi, T.e.
peaxkuuii NpoXoAsIIUX B OAHY CTaJIUIO.

IIpuMeps! psMBIX 2JIEMEHTAPHBIX PEAKLIAN:

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

Jis  TakuX peaknui CTEeeHW B KUHETHMUYECKUX YPAaBHEHHSIX COBIMANAIOT  CO
CTEXMOMETPUUYECKIUMH KO3(DPUIIMEHTaMU PEareHTOB B YPaBHEHUHU PEAKIIUH.

Ilokazamenv cmenenu KOHYEHMPAYUU peasupyroujeco eewjecmea 6 KUHemu4yeckom
ypasHeHuu peaxyuu (X, y u 0p.) HA36l8aemcs NOpsiOKOM peakyuu no oanHomy seujecmey. Tax,
Harpumep, s peakuuu (6.1.2) mopsiaok mo BemiectBy A paBeH x, o B — y. Ilopsnkom xe
peakiuu B 1eJIOM (1) SIBISIETCS cyMMa MOPSAKOB 10 KaXJI0My peareHTy Ul TaHHOM peakuuw,
Hanpumep, Uit peakuuu (6.1.2): n =x + y.

Benuuunbl nopsika mo peareHTam (X, y U ap.) U MO PEaKIUu B IEJIOM (71) MOTYT OBITH
mo0biME HeOombIMMU  11eTbIMU yucnamu (1, 2 u peako 3), paBHATbCS HYJIO WM OBITh
npobubiMu uncnamu (1/2, 2/3, 3/4 u ap.). Hampumep, 11st peakiiuu CHHTE3a BOJIBI

2H2(2) + 02(2) > 2H20(2)

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

Tabauya 2.1 — 3aBUCUMOCTD MOPSAKA PEAKIIUU OT MapIHUaTbHBIX IaBICHUN KUCIOPOa U
BOJIOpOJIA

p(H2), Ila p(OZ), Ia BI/I,I[ KHUHETHUYCCKOI'O CyMMapHI—;II?I
YPaBHCHUA MOPSIJIOK
130 - 2600 26600 — 53300 v= k‘n}"z p(o)2 1
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2600 — 8000 20000 — 53300 v=hkpyy Py 0,5

0,4 .03

8000 — 50600 1330 - 5300 v=kpy Py, 0,7

HeoOxoaumpiM  yClIOBUEM XMMHYECKOTO B3aUMOACHMCTBUS SIBISIETCS CTOJIKHOBEHHUE
pearupyromumx 4acTUll — MOJIEKYJ, aTOMOB, HOHOB | JIp. B MOMEHT CTOKHOBEHHS IEKTPOHHBIC
o0JaKa peareHTOB CMEIINBAIOTCS, 00pa3ysi MpU ITOM HOBBIE CBSI3H.

Yucno monexyn, 00HOBPEMEHHbIM 63AUMOOCUCEUEM MeHCOY KOMOPbIMU 8 MOMEHM
CMOJIKHOBEHUSL ~ OCYWEeCmBIsiemcss — aKkm — XUMUYECKO20  Npespaujenus,  Ha3vl8demcs
MONEKYAAPHOCMBIO PeAKYUU.

Peakuuu ObIBalOT MOHO-, OH- M TPUMOJEKYJIAPHBIMU. TpPUMOJEKYJISPHBIE U
TETPAMOJICKYJISIPHBIE PEAKIHH OYeHb pEIKH. VI3BECTHBI JHUIIb HECKOJIBKO MPHUMEPOB
MIEHTaMOJIEKYJIIPHBIX PEeaKIUM.

B wacTHOCTH, K MOHOMOJIEKYJIIPHBIM PEAKIUSAM OTHOCST PEaKIUH Pa3I0KEHHUS MOJIEKYII
U BHYTPUMOJIEKYJIIPHBIX TEPErpynnupoBOK, HAIPUMEDP, PEAKIIMIO Pa3I0KEHUsI MOJIEKYJI Ho/a:

() < 21(2).
Kunernueckoe ypaBHEHHE 3TOTr0O IpoIecca UMEET EePBbIi MOPSI0K:
U= k[l 2].
[Tprmepbl OUMONIEKYJISIPHBIX PEAKIIHH:
2NO(2) <> N>0:(2); v = k[NOJ’

HBr(c) + H(2) <> H>(e) + Br(2); v = k[HBr][H] — KuHETHYECKOE ypaBHEHHE BTOPOTO
MOpPSIZIKA.

TpuMonekysipHas peaxius:

Cly(2) + 2NO(2) <> 2NOCI(2); v = k[CL,][NO]? — KUHETHYECKOE YPABHEHHE TPETHETO
MOpAIKA.

s npUBENEHHBIX peakuMil MOPSAOK M MOJIEKYJSIPHOCTh PEAKLUMH COBIAJAIOT, HO B
o011eM ciyyae OHU Pa3IUnYHBbL.

Ilopsaook peakyuu onpeoensiemcs MOLEKYIAPHOCHBIO CAMOU MeOJIeHHOU cmaouu OAHHOU
peaxkyuu.

Ecimu peaknus waer mo craiusiM, TO €€ TMOPSIOK PEaKIMM MEHbBIE WIA pPaBeH
MOJIEKYJISIPHOCTH peakiuu. Tak, Hampumep, IMpu CUHTe3€e BOJbI (cM. Tabnuiy 5.1) nmpu nopsiike

peaknuu paBHOMY enuHuie (n = 1; v = kplﬁz sz ), peaxIus — MOHOMOJIEKyJsipHast; ipu n = 0,5 (

v= kpgz Pg’j), peakiusi — MOHOMOJIeKYJisipHasi; npu n = 0,7 (v = kp%jpé)f), peakuus —
OUMOIIEKyIsIpHAsL.

Ipumeyanue. Heo6X0AMMO MOMHHTH, YTO MOJIEKYJISPHOCTb PEaKIUU, B OTIUYHUE OT €&
nopsijika, Bceraa uenoe uucio — 0, 1, 3.

3axon Oeticmseusi macc Ccnpageoaud MoONbKO Ol MOHO-, Ou- u pedce 0
MPUMONEKYTIAPHBIX PEaKYU.

[Tpu snemeHTapHON peakiy B CHCTeMe MPOTEKaeT TOJIbKO OJUH MPOIeCcC U ypaBHEHUE
pPEaKIMu PACKPHIBAET €r0 MEXaHW3M. BONBIIMHCTBO PEAKIUil — CIIOKHBIE U TPEICTABISIOT
co0ol cyMMapHBIN pe3yabTaT HECKOJIBKUX AJIEMEHTAPHBIX MPOIecCoB (ABYX U Oonee). [loatomy
o0111ee CI0KHBIX YpaBHEHHE PEaKIMii HE OTPAKAET MX PeaTbHbIA MEXaHU3M.

s cnooicuvix peakyuti 3aKOH O0eUCMBUSL MACC He NPUTONCUM 8 YENoM, d Cnpaseonus
JUUb K OMOENbHbIM e€ cmaouam Hebonvuiou monexyiaprocmu. Harpumep, odiee ypaBHEHUE
peaxkiuu UMeeT BU/I:

2A+B < C,

COIJIACHO KOTOPOMY SIBIISIETCSl SIKOOBI TpUMOJEKyJsipHOW. OIHAaKO MNpPOTEKaeT B JBE
CTaJIUU:

1) A + B <> D — ouenv 6vicmpo;
2) D + A <> C — meonenno.
24+ B« C.
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Tak Kak MOPSJIOK PEaKlMK OMpPEAEAeTCS MOJIEKYISIPHOCTBIO CAaMOW MEJIJIEHHOW CTaauu
peakuuu, TO JaHHas peakuus — OuMoJIeKyJsipHas W BToporo mnopsnaka. CreaoBarenbHO,
KMHETUYECKOE YPaBHEHUE ITOTO B3aUMOACUCTBUS OyIeT UMETh BH/I:

v=Fk[A][B], anev = k[A]*[B].

N3 (5.1) cnenyer, 4Tto ckopocmb peakyuu — 6eIUUUHA OOPAMHO NPONOPYUOHANLHAS
8peMeHU.

BcenenctBue pa3nuuyHONM CKOPOCTH JBMKEHHS MOJIEKYJ, OHHU OOJNAgaloT pazTuvIHON
KHHETHYECKOU 2Heprueit. [Ipu 3ToM KuHEeTHYEeCKast SHEPTHs PSIMO MPOMOPIIMOHATIFHA CKOPOCTH
JBUYKEHUS MOJIEKYJIBI.

Monexkynbl, KOTOpble 001a/1at0T BBICOKUM 3a1lacOM KHHETHYECKON SHEPTuu, Ha3bIBAIOTCS
AKTUBHBIMH.

JlononanumenvHyto snepauio, KOMopylo HA00 COOOWUMb MONEKYIAM OJisl Nepesood Ux 6
aKmueHoe COCmosAHuUe, HA3blealom 3Hepauel axmueayuy. XUMUYECKas pPEaKIHs MOKET
MIPOU30UTH TOJIBKO MIPH CTOJIKHOBEHUU aKTUBHBIX MOJICKYJI.

Ckopocmb xumuueckol peaxyuu npimo NPONOPYUOHATbHA HUCTY CMOIKHOBEHUU 6
eOUHUYY 8PEMEHU.

Ponp katanuzaTopa, mpuMEHsSIeMOro Juisl MPOTEKaHUsl TaHHOTO XMMHYECKOTro Ipoiiecca,
3aKJIIoyaeTcss B cleAyromeM: 1) B TOHMKEHHM SHEpPruu axkTHBAlUHM; 2) B oOecrneuyeHUn
HEO0OXOIUMO OPUEHTAIINH PEarupyrOIIUX YaCcTHII.

Biusinue TeMnepaTypsbl Ha CKOPOCTh peaKIuu

C mNOBBILIEHUEM TEMIIEPATypPbl YBEIUYMBAETCS CKOPOCTh IABMKEHHUS MOJEKYT M UX
KHHETHYECKast YHEPTUS. AKTUBHOCTh MOJIEKYJT BO3PACTAET, M CKOPOCTh PEAKIIUU YBEITUINBACTCSI.

3aBUCUMOCTh CKOPOCTH pEaKIMU OT TeMIIepaTypbl OIpeAensercs MpaBuiom BanT-
Todda: mpu yseruuenuu memnepamypor na rasxcovie 10°C ckopocmv peaxyuu o3pacmaem
npumepHo 6 2 pasa. J1ns HEKOTOPBIX peaKInil CKOPOCTh Bo3pacTaer B 3 — 4 pasza. IT0 3aBUCHUT OT
MIPUPOJIBI PEArUPYIOMIUX BEIIECTB.

Yucno, nokasvigaroujee 60 CKOIbKO pa3 YEeIudUBaemcsi CKOpoOCmb peakyuu npu
yeenuuenuu memnepamypol Ha 10°C, Hasvieaemcsi memnepamypHuviM Kodpduyuenmom u
obosnauaemcs .

W3meHeHne CKOPOCTH PEaKIiy OT TEMIIEPATypbl MOXKET OBITh BBIYHCICHO 1O (hopmyiie
Bant-T'odda:
b=

2 — 10 2.4)

rae Uy, U U; — CKOPOCTHM pEaKkLUMU IIPHU TeMIeparypax t; W t; COOTBETCTBEHHO; Y —

TeMriepatypHbiii koaddurment Bant-I'odda.
CKOpOCTh peakiuy B reTeporeHHbIX cucreMax. Biausinne kartajauzaropa Ha
CKOPOCTh XUHMHUYECKHX pPeaKiui

BemiectBa,  M3MEHSAIOIIME  CKOPOCTh ~ XMMHUYECKOTO  IpOIEcca,  Ha3bIBAIOTCS
Katanm3atopamu. Karanm3aropamu Moryt OBITh TBEpAbIC, JKUAKHE M Ta3000pa3HbIC
BemecTBa. MI3MEHEHHE CKOPOCTH XUMHUYECKOW PEaKIUu TOJl BIUSHUEM MPHCYTCTBYIOIIETO B
CHCTEME MMOCTOPOHHETO BEUIECTBA, COCTAB M KOJIMYECTBO KOTOPOTO K KOHILY PEaKI[MH OCTAIOTCS
0e3 U3MEHEHHI, Ha3bIBAIOTCS KATAJTU30M.

[Tpy roMOreHHOM KaTtaju3e B3auMOJICHCTBYIOIINE BEIIECTBA M KAaTAIN3aTOP COCTABJISIOT
onHo(aszHyro cucteMy. IIpu reTeporeHHOM Karaim3e peardpyrollie BEHIeCTBA M KaTalu3aTop
COCTABIISIIOT CUCTEMYy W3 HecKONbKkuX ¢a3. [lpu rereporeHHOM KaTtaiu3e B TNPUCYTCTBHH
HEOOJBIIUX KOJMYECTB KaTalu3aTopa MOTYT TPOpearupoBaTh OTHOCUTEIBHO OOJBIINE
KOJINYECTBA B3aWMOJICHCTBYIOMMX BemecTB. [Ipy rOMOreHHOM KaTajiu3e CKOpPOCTh PEaKIuu
MIPAKTUYECKH MPOMOPIIMOHAIbHA KOJIMYECTBY KaTaau3aTopa.

AKTUBHOCTB KaTaJlM3aTopa, a MHOTIA U CIEIU(PUIHOCTh UX EHCTBHS, B OOJIBIIION Mepe
3aBHUCHUT OT TeMIepaTypbl. JlJs KaxIoro mpouecca, CyIeCTBYIOT ONpe/ie/ieHHbIe KaTaln3aToPHl,
9acToO MOIOMPACMBIC IKCIICPUMEHTAIBHBIM ITyTEM.
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XuMHUYecKoe paBHOBecHe
Bce xuMuueckne peakiiui MO>KHO pa3feiiTh Ha JIBa TUIA: 00paTUMbIE U HEOOpaTHUMBIE.
MHorue peakuuu sSBISIOTCS 0OpaTUMBIMHU, T.€. TAKUMHU, MIPU KOTOPHIX 0O0pa30BaBIIHECS
MPOAYKTHI B3aUMOJICHCTBYIOT MEX/1y c000ii, MpeBpalasich B UCXOAHbIE BELIECTBA.
OOpatumble peakiuyd OTPAaHUYEHBl OMPECNIEHHBIM IPEAEIOM: OHU HE JOXOIAT 110
KOHIIa.
OO6muit Buj ypaBHEHHsI 0OpaTUMON peaKIiu:

mA + nB <> pC + gD. (2.5)

CKOpOCTI/I MpAMOTO U O6paTHOFO IpOoHECCOB BBIPAXKAIOTCSA CICAYIOMIUMMHA YPABHCHUAMMU:
v=kl4]"|B]" (2.6)
v=k[C]?|D]?. (2.7)

B MoMeHT ycTaHOBNIEHHS paBHOBECHS IpsMasi M 00paTHasi peakiuy He MPEeKpaIIaoTcs, a
MPOJIOIDKAIOT MPOTEKATh B IPOTHUBOIOIOKHOM HAIIPABJICHUH C PaBHBIMHU CKOPOCTSIMH.
I'paduuecku 310 MOKET OBITH TaK, KaK IMOKa3aHO Ha pUCyHKe 5.1.

Uu

ol

-

Ll

Pucynox 2.2 3asucumocms npsamoii u o6pammuoii peakyutl Z-
om 8pemMeHU

Ecnu cxopoctu mpsiMoit 1 oOpaTHON peakiuil paBHBI (Vyp = Vosp. — MaTEMaTHUECKOE
YCIIOBUE XHUMHYECKOIO pPaBHOBECHSA) , TO IpaBble yacTH  ypaBHeHuil (5.6) u (5.7), ux
BBIPXKAIOIINX, TAK)KE PABHBIL:

K[ A]"[B]" = K[ C]?[D]*. (2.8)

Ha ocnoBanuu 3Toro chopMyaupoBaHO MOJOKEHNUE, HA3BAHHOE 3aKOHOM JIEHCTBUS Macc
(BTOpast (OpMyYTUPOBKA): 8 MOMEHM PABHOBECUSL NPOU3BEOEHUE KOHYEHMPAYUL OeliCmB8YIOuUX
MACC UCXOOHBIX Geujecms HA KOHCMAHMY CKOPOCMU NPAMOU pPeaxkyuu pasHo Npou3eedeHuro
KOHYeHmpayuii 0elcmayliouux macc obpa3yiouuxcsi eeujecms Ha KOHCMAHMY CKOpPOCMU
06pamuoll peakyuu.

N3 ypaBuenus (5.8) ciemyert, 9To

- - [c]?[D)
ki = [A]m[B]” * (29)
OTHOIHGHI/IC )]BYX IIOCTOAHHEBIX BCJINYUH €CTh BCIIMYUHA HOCTOﬂHHafI, CJICIOBATCIIBHO:
fi-kr -lcl?ol” 210
A" [8]" 10

Koncranroit xumuueckoro paBHOBecuss K’ Ha3bIBa€TCs OTHOILICHHE MPOU3BEICHUS
PaBHOBCCHBIX KOHLIGHTpaI_[I/If/'I IIpOAYKTOB pcakuuun K IMPOU3BCACHUIO PAaBHOBCCHBIX
KOHIEHTPALUI UCXOJHBIX BELIECTB, B CTENIEHU UX CTEXUOMETPUUYECKUX KOA((DULIMEHTOB.

K? BeIpaxaet 3aKoH E€HCTBUSA Macc AJIsl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PAaeHo8ecuUsl He 3a8UCUM OM KOHYEHMPAyUuu peazenmos, HO 3d8UCUM Om memMnepamypsbl U om
npUPOObL peazupyioujux 6eujecms.

B MomeHT xuMudeckoro paBHoBecHs u3MeHeHue sHepruu ['ub0ca ne npoucxoautr — AG
= 0. Koncranra xumMuueckoro paBHoBecHsi cBs3aHa ¢ AG COOTHOIICHHEM:
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AG’ =-RT InK? (2.11)

VYuureiBasg, uro [mK’ =2,303 Igk? u R = 8314 Ix/K-monp ypaBHeHue (2.12)
npeoOpasyeTcs 10 BUAA:

AG’ =-19,14 T Igk? (2.13)

[lonb3ysich ypaBHEHHMEM  KOHCTaHTBl PABHOBECHS, MOYHO YIPABIATh XHMHUYECKUM
MIPOLIECCOM, YTO BaXKHO B TEXHOJIOTUYECKUX LIETIAX.

Ecnu B paBHOBecHOU cucteme mA + nB <> pC + gD yBenMuUTh KOHLEHTPALMIO A, TO B
cootHouieHuu (7.1.6) mis KP, NOMKEH YBEIMYUTHCS YHMCIUTENb WM YMEHBUIUTHCS BTOPOM
COMHO)KMTEJIb 3HAMEHATENA, T.€. BeIMUnHA [B]. OTO MOXKET IPOU30MTH B pE3yJIbTaTe CMELICHUS
paBHOBECHs CJieBa HaIpaBO, MPHUBOJAIIETO K OOpa30BaHUIO HOBBIX KOJMYECTB MPOAYKTOB
peakuuu — C u D.

Takum 00pa3oM, NMpU yCTAHOBUBILIEMCS HOBOM COCTOSIHUM PaBHOBECHS, KOHIEHTPALIUU
BCEX YETHIPEX BEUIECTB, N0 CPAaBHEHHUIO C NEPBOHAYAIBHBIMH, OKa)KyTCsl M3MEHUBLIMMUCH, a
3HaYeHHe KOHCTAHThl PAaBHOBECHSI HE U3MEHUTCSI.

CrnenoBarenbHO, JUIs CMEIIEHUS pAaBHOBECHS CJIeBa HAlpaBO HEOOXOAUMO WM
YBEJIMYUTh KOHLIEHTPALIMIO OJHOTO M3 HCXOJHBIX BEIIECTB, WIM YMEHBIINUTh KOHIIEHTPALIMIO
OJIHOT'O U3 MPOAYKTOB PEAKIINH.

C noMoIipio BBIPXKEHUS KOHCTAHTHI PaBHOBECHUS MOKHO ONPENENATh KOHIEHTpAIUU
BELIECTB B MOMEHT PaBHOBECHSI, a €CIM M3BECTHBI 3HaueHUs K’ M HUCXOJHBbIE KOHLEHTpPALUU
BEIIECTB, TO MOXHO ONPEACIUTh X PABHOBECHbIE KOHLIEHTPALINH.

Ecnu ncxomHyro KOHIEHTpaluio BemecTBa A 0003HauuTh uepe3 Cy(4), a 4ucio Moib
ero, IMPOpearupoBaBIIMX K MOMEHTY paBHoBecHs, yepe3 A C(4), To MosipHasi KOHIICHTpAIUs B
MOMEHT PaBHOBECHS ONPEIEIIUTCS TaK:

[A] = Co(A) — A C(A).

PaBHOBecHE B TreTEpOreHHBIX CUCTEMAX ONPEHENAETCS TOJBKO Ia30BOM WM KUIKON
¢bazoi, T.K. KOHIIEHTPAI[MHN TBEP/IbIX BEIIECTB HE BXOAT B YPaBHEHHE JUIsl CKOPOCTH PEaKIIUU.

HampaBnenne cmemieHns paBHOBECHSI CHUCTEMBl IIpU  HM3MEHEHMM KOHIIEHTPAlWH,
TEeMIIepaTypbl WIK JaBJIeHUs onpeneinserca npuHuumnomM Jle [Hlatense:

«Ecnu Ha 00paTUMyIo CUCTEMY, HaXOSIIYIOCS B TIOJBMKHOM COCTOSIHMM, OKa3aTh M3BHE
Kakoe — Ju00 BO3JEICTBHE, TO CUCTEMa OTBEYACT CMEIEHHWEM pPaBHOBECHsI TakuM 00pa3om,
4TOOBI OCIAOUTH 3TO BO3JCHCTBUEY.

ObopynoBaHue u MaTepuaJIbl
1. PactBop ceproii kuciorsl H,SO; ¢ konuentpanueit C(H,SO4)=2 mMomn/mm?
Tuocynbdara Hatpust Na,S,0;
HuctunnupoBaHHas Boja
[Tpobupku
JIoxkeudxa
broperka
Bonsgnas 6ansa
TepmomeHT
9. PactBop consnoit kucaotel HCI ¢ koruentpanueit C(HC1)=2 momn/mm?
10. Kap6onar kanbims (men) CaCO;
11. Mepokcun Bogopoa
12. PactBop okcuma maprauina (+4). MnO»
13. PactBop okcuma xenesa (+2), FeO
14. PactBop okcuna kpemuus (+4), SiO,
15. PactBop xnopuna xenesa (+3) FeCl; (C(FeCls) = 0,002 mons/am*
16. Pactsop Tronmanara kamus C(KNCS) == 0,002 moss/mm’
17. Pacteop KCI

e A ol
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Yka3aHnus 1o TexHuke 0e30MacHOCTH
1. Bce paboTbl B XUMHYECKOH J1a0OpaTOpHH JOJKHBI TPOBOAMUTHCS TPU HCIPABHOM
ANEKTPOOOOPYAOBAHNH, FIEKTPOIIPOBOIKE, MPABIIEHO 000PYAO0BAaHHOM BHITSDKHOM IIKady.

2. T'a30oBBIE KpaHBI ¥ TA30MPOBO/] TOJKHBI HAXOIUTHCS B HCIIPABHOM COCTOSTHUH, TTEPHOTHYECKH
IIPOBEPATHCSL.

3. PabGouee mecTo comepkaTh B OPSIIKE M YHCTOTE.

4. Cyxue peakTHBBI TpeOyeTcss OpaTh YUCTHIM IITIATEIIEM WK CIICIHATLHOM JI0KEUKOH.

5. MHznumiek peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce OIBITH ¢ BpEAHBIMH H MTAXHYIIUMHU BEIIECTBAMU, a TAKXKE YITAPUBAHUE KUCIOT M KHCITBIX
PacTBOPOB MPOBOJAUTH B BBITSHKHOM IKa(y.

7. OcTtaTku COeqMHEHMI cepedpa CIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUU PacTBOPOB B MPOOUPKE BCEra CIACAyeT ACpPKaTh €€ TaKUM 00pa3oM, U4TOOBI
0TBepCTHE IPOOUPKHU OBLIO HAIIPABIEHO B CTOPOHY OT pabOTAOIEro PSIOM COCeIa.

9. He HaKIIOHSTP JHIIO HAJl HATPEBAEMOM KUAKOCTHIO WM CTUIABIISIEMBIM BEIIECTBOM.

10. He CJICOYCT BAbIXATh Maxy4duc BCIICCTBA U TI'a3bl, 6J'II/I3KO HaKJIOHAACH K COCyly C 3TUMH
BCIICCTBAMU. Hroxatb BCIIECTBA MOXHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e napel WIK ra3 ABUXKXCHHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U MIEIOYEH B BBITSHKHOM IIKady.

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

13. Kareropuuecku 3amnpemnaercsi npoOOBaTh XMMHUYECKUE BEIIECTBA HA BKYC.

14. Tlpu pabote C JIETKO BOCILIAMEHSIONUMUCS BerecTBaMu (3(UPBI, OCH30II, CepoyTiIepoa 1
T.II.) HE OOJIXKHO OLITH pAAOM OI'Hs M BKIIFOYCHHBIX ITJIMTOK.

15. Ilpu paboTe CO CTEKIOM, XHMHYECKOW IOCYAOH, HE0OXOAMMO COOMI0AaTh IpaBUiIa
MPEIOCTOPOKHOCTU BO M30eKaHNEe paHEHU OCKOIKAMH CTEKJIa.

16. Karteropuuecku 3ampeniaercst OCTaB/sATh padoTaroIue Ipuoopsl 03 HAOIIOICHMSL.

18. B xumMuveckoii 1abopaTopuu HeOOX0JUMO padoTaTh B Xanare.

3aganus

Oneit 1. Omnpenenure CKOPOCTh B3aMMOJCUCTBUSL THOCYJb(aTa HATPUS C CEPHOM KHUCIIOTOH.
[Ipouecc MoXxeT OBITH BBIPAXKEH IBYMS CTAIHAMU:

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

Ha BTOpo#i cragum peakiuu BelAeseTca CBOOOIHAS cepa B BUIE OMAJIECIIHPYIOIIETO BEIIECTBA.
Bpems or Hawana peakiuu A0 MOSABIEHMS NEPBBIX BUAMMBIX CIEAOB CEpPhl 3aBUCUT OT KOHIIEHTpalUU
pearupyronmx BeIecTs.

B Tpu npoGupKu HANEHTE 10 5 CM® CEpHOI KMCIIOTHI U3 OIOPETKH, 3aTEM BO3BMHUTE TPH KOJIOOUKH
eMKOCTBIO TI0 50 cM’ u Haseiite: B mepByio 15 cM® Tuocynsdara Hatpus, Bo BrOopyr — 10 cm®
THOCYJIb(aTa HATPUS U 5 cM’ BOABI M B TPEThIO — 5 cM’ THOCyinb(ara Hatpus u 10 cM’ BOxbI
COOTBETCTBEHHO. byapTe TOWHBI Ipu OTMepe HyXHBIX 00beMOB BemecTB. IlomerpTe HOMepa KoIiO.
Temepp mo oyepenu B KaKAyIO KOJIOYy MpWIMBaiTe M3 MPOOMPKH MPUTOTOBJICHHBIN PAacTBOP CEPHOM
KHCIOTHL. BpeMs oTcunThIBaiiTe M0 ceKyHAOMEpPY (MJIM CEKYHIHOM CTpeJIKe 4acoB) C MOMEHTA CIIMBaHUS
PacTBOPOB 10 Havaja OMYTHEHHUS.

Pe3ynbraTs! omnbITa cBenuTe B TAOIUITY 2.2.

B uTore MOXXHO JM CAENATh BBIBOI: CKOPOCMb peaxyui 3agUcum om npupoobl peasupyroujux
gewecme U ux KoHyeHmpayuu?

Onpit 2. B Tpy cyXux MpoOUPKHU HANEHTE MO 5 CM® pacTBOpa CEPHOM KUCIIOTHI, & B TP APYTHE —
no 5 cm® pacteopa THoCyib(ara Hatpus. [TomecTute Bee MPOoOGUPKH B BoAsHYIO Ganto. Yepes 5 - 7 MUHYT
U3MephTe TEMIIepaTypy pacTBopa THOCYJb(haTa HATPUS U CICHTE COAEPKUMOE OAHOM Mapbl MPOOHPOK.
Otcuuraiite BpeMs OT cIMBaHUS NPOOHPOK 10 TOSBICHHS MOMYTHEHHUs. I3MmepbTe TemIiiepaTypy
pacTBopa THoCyJb(aTta HATPHsi B APYroil mpoOMpKe: OHAa JO/KHA ObITh Ha 10° BhIlIE, YeM B NEPBOM
ciy4ae.

Creiite comepxuMoe BTOPOH Mapbl MPOOHUPOK B OTMepbTe BpeMsa. OMBIT ¢ TpeTbel MpoOHpKOoit
MpoBOAAT Tipu Temiieparype Ha 20°C BbIlie IepBOHAYANBHON. Pe3ynbTaTel OMBITOB 3aHECUTE B TAOIHILY
2.3.

21



Onwir 3. Hanelite B nBe mpoOupku Ha 1/4 ux oObema COJSHOW KHCIOTHL. BriOepute aBa
OJIMHAKOBBIX KyCOYKa MeJla M OAMH W3 HUX Pa30TPUTE B CTYIIE B MOPOIIOK, 3aTEM OJHOBPEMEHHO B OJHY
13 MPOOHUPOK OIMYCTUTE KyCOUEK MeJa, a B JPYTYIO CCHIITBTE MTOPOIIOK.

Onpit 4. B uethipe npoGupKky HaselTe mo 3 ¢cM® pacTBOpa MEPOKCUIA BOAOPOaa. B Tpu u3 Hux
BCBINIBTE OJIHOBPEMEHHO 10 JIOXKEUYKe: B OOHY — OKCHa MapraHna (+4), B Apyryio — okcuia xxkenesa (+2),
B TpeThI0 — okcuma kpemuwms (+4). UeTBepTas mpoOupka — I cpaBHeHWs. HabmiomeHus 3amummure B
TETPajb.

Onbit5. IIpuMepom oOpaTuMol peakiuM SBISAETCS B3aMMOJCHCTBHE MEXKIy pa30aBICHHBIMH
pactBopamu Xjopuua xkeneza (+3) WM THOLMAHATA KallMs WM aMMOHUS (IPaKTUYECKH OeClBETHBIC
pacTBOPEI).

MonekynsipHOe YpaBHEHHE peaKLInu:

F€Cl3(p) + 3KNCS(p) <> FG(NCS)}(p) + 3KCl(p) .
HoHHoe ypaBHEHuUE:
Fe* () +3NCS™(p) > Fe(NCS)3( ).

OO0pazyromuiics B pe3ysbTaTe peaknnyd KOMIUIEKC — THOLMAaHAT jkeie3a (+3) obmamaeT KpacHBIM
L[BETOM, MHTEHCUBHOCTh KOTOPOI'O 3aBUCHT OT KOHLEHTpauuu. [103ToMy cMelieHne paBHOBECHS JIETKO
HaOII01IaTh MO0 U3MEHEHUIO HHTEHCUBHOCTH OKPACKH.

Cueiite B xon0y pasuble 00beMbl (10 — 15 c¢m?) pactBopa FeCl; (C(FeCl;) = 0,002 mons/aM’) u
pacTBOpa THOIMOHATA Kauusl (MJIM aMMOHHS) ¢ MOJIIpHOM KoHneHTparuei C(KNCS) == 0,002 mMons/mv’.

[TomyueHHBIN pacTBOp paszieiiTe B YeThIpe MPOOHPKH TakK, YTOOBI 00BEMBI BCEX PACTBOPOB OBLIH
[PUMEPHO OJMHAKOBBIMU. B mnepByro npoOupky no6asste 1 cM® pacteopa FeCls; Bo Bropyto — 1 cm’
HACBIIIICHHOTO PacTBOpa THOLMAHATA Kallusl; B TpeThio — kpucTtayumueckuit KC/ (wm NH,CI). YetBepras
MpoOUpKa — ATAJIOH [T CPAaBHEHUSI.

Pesynbratel onbiTa 3aHecuTe B TA0NIUIy 2.4,

Conep:xxaHue oT4yeTa
[l onvima 1.
Tabauya 2.2 3asucumocms cKOpOCmU peakyuu om KOHYeHTPALUA

Konnenrtpanus
Na,S,0s Bpewms ot Hauana
3_ OTCYETA JI0 TOSBICHUS OTHOCHUTENBHAs CKOPOCTh

C;( Na»S,04), MOflb/ o’ = o 10 o searin

V:\ Na»S»O , D =t
_VilNay$103) (v s004) e

VP —pa

rae V;( NayS,05), e =15;10;5;
Vp,[)c,,cgﬁ =V;(Na»S-O03) + V;(H>0) + V(H>50,) .

Ha ocHoBanmm MexaHu3Mma PCAKIIMN YKaXXUTEC eé IMopAaAOK M MOJICKYJIAPHOCTb. Hanummure
KHUHETHYECKOEe ypaBHeHUE. [lonbITalTeCh BRIUUCIUTH KOHCTAHTY CKOPOCTH.

IToctpoiite rpaduk 3aBHCUMOCTH CKOPOCTH PEAKIUU OT KOHIICHTPAIIMH PEarupyomuX BEIIeCTB.
Kaxoit nuHmeE BbIpakaeTcsi HalieHHas 3aBUCUMOCTH? I[IpoxomuTt 5 oHa uyepe3 Hadajgo KOOpAWHAT?
[Touemy?

s onvima 2.
Tabnuya 2.3 BinsHMe TeMnepaTypsl HA CKOPOCTh PEAKIMU

NeNe TeMIepaTvpa ombra. °C Bpewms ot Hauana orcuera 10 OTHOCHUTENbHAs CKOPOCTh
OIlbITa patyp ’ MIOMYTHEHHU, t peakuuu, U = t!
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Bripazure rpaduyecks 3aBUCHMOCTh CKOPOCTH PEaKIUH OT TEeMIIEPaTyphbl, OTJIOKUB Ha OCH
abcIuce 3HAYeHUsT TEMIIePaTyphl, a HA OCH OPJIMHAT 3HAYEHUS! OTHOCUTEIBHON CKOPOCTH peakiuu. Yemy
PaBHO 3HAYCHHUE TEMITEPATypPHOTO KOA(PPHUIMEHTa B BallleM OITbITE?

Jlns onvima 3.

OO0BbscHUTE, B KaKOH 13 MpoOHpok peakiws monia osictpee? [louemy?
s onvima 4.

OO0OBsCHUTE, OJJMHAKOBO JIM MPOTEKACT MPOIIECC PasioxeHHus Nepokcuaa Bojgopona? CocraBbre
ypaBHEHHE pa3IoKeHHs Mepokcuaa Bogopoaa. Omnpenenure TUN KaTannza. Kakoe n3 BelecTB oka3aio
KaTaJIUTUYIECKOe IeHCTBUE?

s onvima 5.

O0mwscaute, uTo npoucxoaut. CocTaBbTe BHIpAKEHUE 7SI KOHCTaHTH paBHOBecusl. Ha ocHOBaHMU
(hopMyIIBI IS pacueTa KOHCTAaHTHl PAaBHOBECHS YKAXKHTE, W3MEHEHHE KOHIIGHTPAlMH KaKHX BEIECTB
(MCXOMHBIX WIIH MMPOIYKTOB PEAKIINY) BHI30OBET 00JIee CYIIECTBEHHBIN CABUT PAaBHOBECHS.

Tabnuya 2.4 BinsiHue KOHLIEHTPALMKU PEAreHTOB HA XMMUYECKOE PABHOBECHE

N Ocna0neHue uiu Hamnpasnenue cmenenus
Howmep ombiTa JloOaBieHHBIN PacTBOP
YCUJIEHHE OKPACKH paBHOBECHS
1
2
3

KOHTPOJ’ILHLIQ BOIIPOCHI

ba30BbIi1 ypoBeHb

1. Yro n3ydyaer XUMHUYecKast KWHETUKA U JUIs YETO OHA CITYKUT?

2 Kakue akropbl HEOOXOIUMBI ISl BCTYIUICHHS B XUMHUYECKYIO PEAKIHIO pearupyronnx
gacTuir?

3. JailiTe omnpeae’IceHWE CKOPOCTH XHMHYECKOW peakuuu. Kak BeIVIAOUT Tpaduk,

OTPaKAIOUINI 3aBUCHMOCTh CKOPOCTH 3J€MEHTapHO# peakiuu Buaa P + G <> Q ot: 1) KOHIEHTpaIuu
pearenrta G; 2) KOHIICHTpAIIUU NPOAyKTa peakuuu Q7

4. Kak unraercs mepsas GopMynupoBKa 3aKOHA JIeHCTBUS Macc?

5. Kakoil cMpIcT MMeeT KOHCTaHTa CKOPOCTH peakuuii? OT 4ero 3aBUCUT U OT YEro He
3aBHUCUT 3TOT napamerp?

6. [Ipunoxum 71 3aKOH JIEHCTBUSI Macc K CII0KHBIM (MHOTOCTauitHBIM) peakuusiM? OTBeT
MOSICHUTE Ha IIPUMEpE.

7. VYkaxuTe, KOrja CKOPOCTh XWMHMUYECKOW Ppeakluu JEeUCTBUTEIBHO MPONOPIHMOHATbHA
MPOM3BEICHUIO KOHIICHTPAIUH Pearnpyronnx BEIIECTB B CTENEHSX, PaBHBIX MX CTEXHMOMETPHYECKUM
koa(durentam.

8. UTo Ha3BIBAIOT MOJEKYJISAPHOCTBIO U MOPSAKOM XUMHYECKUX peakiuil? Beeraa nu onu
OJINHAKOBBI?

9. Kak ompenenstor MONEKyJISIPHOCTh U MOPSAIOK CIOXKHBIX peakuuii? [losicHuTe oTBeT Ha
rpuMepe.

10. Kakue yacTtuiupl Ha3blBalOT «akTUBHbIMU»? JlaiiTe ompeneneHHe MOHITHIO «3HEPrus
AKTUBALI».

I1oBbI1IEHHBIN YPOBEHD

1. Kak m3mensercst sHeprus akTUBAIMKM B PUCYTCTBUU KaTamu3aTopa?

2. UTo NpouCXOIUT ¢ pearupyromuMHI YaCTULIaMU TIPY HarpeBaHuu?

3. [lpuBeaute ¢opmynupoBky mpaBuia Bant-IT'opda. Kakas d¢opmyna otpaxkaer
MaTeMaTHYEeCKYIO 3aBHCHMOCTh BO3PACTAHUS CKOPOCTH C YBEIIMICHUEM TEMITEPaTyphI?

4. Kaxo#t cmbicn nmeeT temriepatypHslii koaddurment? Uto o3HavaeT, HaIpuUMep, €CIH Y
=3?

5. Onpenenure TeMmrepaTypHblii KO3(QHUIIMEHT CKOPOCTH PEaKIUH, €CIIU MPH MOHWKEHUN
temneparypsl Ha 45 °C peakuus 3amemnack B 30 pas. Otser: y = 2,13.

6. IIpu 393 K peaxkums 3akaHumBaercss 3a 25 MuH. Yepes CKOIBKO MHUHYT 3Ta peakuus

3akonuntcs npu 443 K (y =2,5)? Otser: 0,255 muH.
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7. Kakue xuMudeckue peakimy Ha3bBalOT oOpatuMmbiMu? HeoOpatumbiMu? [IpruBeanTe nmpumMepsl
TaKUX peaKuuil.

8. Ilpm kakmx yCIOBHIX HACTyHaeT XMMUYECKOE PABHOBECHE B OOPAaTUMBIX cCTeMax?

9. Kakoil mapamerp Ha3bIBalOT KOHCTaHTOW paBHOBecusi? Kak oTpakaercsi €€ 3aBHCHMOCTb OT
KOHCTaHT NpsIMON 1 00paTHOHM peakuuii?

10. Ot xakux (aKTOpOB 3aBUCUT KOHCTAHTA PABHOBECHS? OT KAKUX HE 3aBUCHUT?

11. Tlouemy B BBIpaK€HHH KOHCTAHTHI PAaBHOBECHS KOHIICHTPAIIMH BEIIECTB YKa3aHBI B CTETICHSX,
COOTBETCTBYIOIIMX MX CTEXMOMETPHUYECKUM Kod3((uIreHTam, a He SKCIEPHUMEHTAIBHO OINpeaesieMbIM
YUCIaM X, y ¥ 1p.?

12. KakuM COOTHOIIICHHEM CBSI3aHAa KOHCTAHTa paBHOBeCHS ¢ dHepruei [ mooca?

13. IpuBenute dhopmynupoBky npunnumna Jle Ilatense. Kakoe nmpakTuyeckoe 3HaUCHHUE UMEET
stot npuHMn? [IpuBenure npuMepsl.

Cnucox JUTEPATYPHI, peKOMeH}IyeMI)Iﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHasi UTEpaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBuHs. - 13-¢ u3z., nepepad. u gor. -
M. : Akanemus, 2011. - 496 c. : mi. - (bakanaBpuar). - Pek. MOuH P®. - Tlpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust oKpy>Xaroiei cpeapl : XUMUs )KUBBIX opranu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3patensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTpOHHBIN // DneKTpoHHO-O0ubmoTeynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3UD. [10JIb30BATEIEH
JlonoiHUTeIbHAS JTUTEpaTypa:
1. I'munxka, H. JI. O6mas xumus / H. I'. I'nmunka ; 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 METaJuIoB : yueOHOoe ocobue (A1 CTYJCHTOB XMMHUECKOro (akyibTera
HarpaBieHui 0akanaBpoB « XUMHUD» U «XUMHUYECKasi TEXHOJIOTH») / coctaButenn O. A.
lNonoBanoBa. — Owmck : OMckuii rocy1apcTBeHHbINM yHUBEpCUTET UM. @.M. JlocToeBCKOTO,
2015. —552c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DIeKTpoHHO Oubanoreunas cucrema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mgocryma: s
aBTOPU3HUP. MOJIb30BaTENEH
Humepnem-pecypcut:

1 http://window.edu.ru/ — eauHOE OKHO JIOCTyIa K 00pa3oBaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckast Ou0IrMoTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 37ME€KTPOHHBIN KaTAJIOT aCCOIUAITUH JIEKTPOHHBIX OMOIHMOTEK
y4eOHbIX 3aBenieHuid u opranuzamnuiit CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpBITOE 0Opa3oBaHUe

Tema 6. PacTBopbI
JlaGopaTtopHas padora 3. DJIeKTPOJUTHYECKAS TUCCOIUAIIAS
Hens paboThl: Usydenue mporecca 3JEKTPOIUTHYECKON JAUCCOIMAIMU B BOJHBIX PAcTBOPax
QJICKTPOJIUTOB PA3HOU CHUJIBI.
dopmupyemble KOMIETSHIIUN WIH WX YacTH:

HNupexc DopmyIUpOBKa:

OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMO00OPa30BaHUIO
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https://openedu.ru/

OIIK-4 MIOHMMaHMEM CYIIHOCTH U 3HaueHHsI UH()OpPMAIMK B Pa3BUTUU
COBPEMEHHOT0 OOIIECTBA, CIOCOOHOCTHIO MOJIydaTh M 00pabaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYPHUPOBATh U 0(OPMIISITH HHOOPMALIUIO B JOCTYITHOM IS IPYTUX
BUJIC

IIK-5 CIIOCOOHOCTBIO MPUHUMATh YYaCTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MATMHOCTPOUTENIbHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHUYECKUMU 3aJaHUSIMH U UCIIOJIb30BAHUEM CTaHJIaPTHBIX
CpEACTB aBTOMATH3alMU IPOSKTUPOBAHUS

Teopernveckasi 4acThb

Pacmaz 3meKTpoIuTOB HAa HOHBI TIPY MX PACTBOPEHUH B BOJE HA3BIBACTCS MPOTOIH3OM.

Ipumeuanue. K mporeccaM MpoToan3a OTHOCSAT BCE XMMHYECKHE B3aMMOJEHCTBHS, B KOTOPBIX
yuactBytoT umousl H;O" u OH™. TepMuH «Iuccompamusiy ycTapes, BMECTO HEro PEKOMEHIyeTCs
MIPUMEHATH — IPOTOJIH3.

OCHOBHBIC TOJIOKECHHUSI TEOPUH MPOTONH3a (TOTHA—3JIEKTPOIUTUIECKON TUCCONMANNN) ObUIH
paspabotansl B 1887 roay mBenckum y4€HbiM CBaHTE AppPEHIYCOM.

ONEeKTPONUTH TPU PACTBOPEHUH B BOJAE TIOABEPrarOTCS MPOTONW3Y (pacmafaloTcs WIiH
JUCCOLIMMPYIOT) Ha MOJIOKUTENbHbIE U OTPUIIATEbHbIE HOHBI.

Ilon melicTBHMEM 3IEKTPUYECKOIO TOKA MOJOXKHUTEIBHO 3apsyKEHHBIE HOHBI JIBUXKYTCS K KaToay
(xKaTHOHBI), a OTPHUIIATENHHO 3aPHKEHHBIE — K aHOAY (aHUOHBI).

[Iporecc mporonuza — mporecc 00paTUMBIH, T.€. MapajuIeIbHO pacmlamry MOJIEKYN Ha WOHBI HIAET
MIPOLIECC COETUHEHNS HOHOB B MOJIEKYJIBI.

Hanpumep: CuSO, <> Cu’* +S03~

Cynbdar Meau B BOJIHOM pacTBOpE pacnanaercs Ha katnoH Cu®" u annon SO,™.

MexaHu3M mpoToiu3a (quccoruanun) ObuT paspaboTan pycckuM xuMukoM M. A. KaGmykoBbiM.

['maBHOM NpUYMHON MPOTOJIN3A SIBISETCA B3aUMOJACHCTBUE MOJIEKYJI JJIEKTPOJUTA C MOJIEKYyJIaMHu
pactBopuTens (Boabl). Mojekyna BoAbl MOJsIpHAst, B3aUMOJEHCTBYSI C DIEKTPOIUTOM, BOAA OCIA0IsIeT
JJIEKTPOCTATUYECKUE CHJIBI IPUTSHKEHUSI HOHOB B KPUCTAJUIAX M CHJIBI B3aMMOACUCTBUSA MEXAY aTOMAMHU
B COETMHEHUAX C KOBAJIEHTHOW CBSA3BIO, YTO M MPUBOJUT K UX MPOTONHU3Y (PUCYHOK 2.1).

S ol ')
_@®®_@8 8@ 95® =

a) NONAPHASL MONIEKYIA 8 HAYALe SUOPAMAYULU,

0) nepexo0 NoaAPHOL MOIEKYIbL 8 UOHHYIO NOO Oeticmeuem Ounoel 800ul,
8) eUOPAMUPOBAHHBLIL AHUOH,
2) euopamupoB8aHublli KAMUOH.
Pucynox 3.1 — Cxema npomonuza noasApHOU MOAEK)TbL

OO0pazoBaBiirecss WOHBI OKPYKEHBI OOOJOYKOW W3 TMONSPHBIX MOJIEKYT BOJBI W SBISIOTCS
THIPaTHPOBAHHBIMU HOHAMHU. OHU YCTOWYMBHI U CYIIECTBYIOT B paCTBOPE HE3aBUCUMO JPYT OT ApYra.

lMunpaTtrpoBaHHBIC HOHBI MOTYT HMETh KaK MOCTOSIHHOE, TaK U IEPEMEHHOE KOJUIECTBO MOJICKYIT
BOJIbI. ['MIpat MocTOSHHOTO cocTaBa 0Opa3yeT HOH Bogopoaa H', yaep:KkuBaroIinii 01Hy MOJICKYITy BOJIBI.
B HayuHoii 1 yueOHOi#t uTeparype ero o6o3navaoT H;O" (i OH;") 1 Ha3bIBatOT HOHOM THIPOKCOHUSL.

Cremyer moMHHTH, 4TO MOH H' B BOJAe HE CyIIECTBYeT, TAK KaK MOMEHTAIBHO PEarupyer C
MOJIEKYJI0# (MoJieKyiamu!) BOJIbI U CyIIecTBYeT ( B OCHOBHOM) TOJIBKO B BHJIE HOHOB I'MIPOKCOHHUS:

HJr + H20 — H30+.
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Cunvnvie u crabdule snexmponumol. CUIbHBIE JIEKTPOIMTHI TIPU PACTBOPECHUH B BOJIC MOJIHOCTHIO
(MM TTIOYTH TIOTTHOCTBIO) TTOIBEPTAIOTCS TIPOTOJIHM3Y — PACIaaloTCs Ha HOHBL.

Ilpumeuanue. TIpUHATO CUYUTATh CHIBHBIMH DJICKTPOJUTAMH BCE TE€ COCIWHCHHUS, KOTOpPHIC
pacmanatorcs 6osee yeM Ha 30%.

K aum otHOCSTCS:

a) kucinotel HSO4 (Tonbko 1o mepBoit crynenn!), HNOs, HCI, HI, HBr, HMnO,4, HCIO;, HCIOy;

6) ocuopanms menodasix (NaOH, KOH, RbOH, CsOH, o we LiOH!) u menouyHo3eMenbHBIX
metaios (Ca(OH),, Sr(OH),, Ba(OH), — HO ToiBKO 1O TIepBO# CTyneHH!);

B) IIOYTH BCE PACTBOPUMBIE COJIH.

CnaOble 3JIEKTPOJIMTHI IPHU PACTBOPSHHUU B BOJE JIMILB YAaCTHYHO MOABEpraroTcs mporonusy. K
CJIa0bbIM 3JICKTPOJIUTAM OTHOCAT, Hampumep. ciaenyromue kuciaorel: HCN, HNO,, HF, HCIO, HCOOH,
CH;COOH, H,COs, H,C,0s, H,S, H>SOs, HySi0s5, H:BO; u 1p.; ocHOBaHUST MeTaUIOB (KpOMe OCHOBaHUH
MIEIOYHBIX M MIET0OYHO3eMeNbHBIX MeTaioB), a Takke NH,OH. K cna®eim snekTponuTamM OTHOCHTCS
TakKe ¥ BOJIa.

IIpoTonu3s kucioT:

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

HSO + HA0 <> Hy0" + 507 : K 3 (H,50,4) = =0,012;

6) HCIOy + H,0 <> H;0" +ClO5 ; (100%);
6) HBr+ H,0 <> H;0" + Br; (100%).
HpOTOJ‘II/IS MHOTOOCHOBHBIX KHCJIOT CTyHquaTLIﬁ, npu 5TOM YHCIIO CTyneHeﬁ OnpeacIsACTCA

OCHOBHOCTBIO KHCJIOTHI (3TO ’K€ OTHOCHTCSI U K MHOTOKHCIIOTHBIM OCHOBAHHUSIM).
IIpoTonu3 ocHOBaHMIA:

a) NaOH <> Na' + OH ;
6) KOH < K* +OH;
6) Ca(OH), < CaOH" + OH .
IIpoTonus cosei:
Cpeonue conu:
a) NaCl <> Na™ +CIl;

6) KNO; <> K" + NO5 ;
6) ALy(SO,); <> 241°" +350;".

Kucnwvie conu:
K>HPO, < 2K + HPO/".

OcHnosnble conu:
a) AIOH(NOy), <> AIOH* +2NOy ;
AIOH™ & AP +OH
6) AI(OH), NO7 <[ AI(OH),|" + NOJ;
[A1OH),|" & AIOH* +OH ;
AIOH* & AI** +OH ™.

Komnnexcuwvie conu:
a) K|Cr(OH),| & K™ +[Cr(0OH),]";
(Cr(OH),|” & Cr +40H™;
6)Nay| Zn(OH), | € 2Na™ +[Zn(0H), >
[Zn(OH),|* > Zn** +40H "

KonnvecTBeHHO Mpoliecc MpOTOIN3a MOXKHO 0XapaKTEPU30BaTh C IOMOILBIO CHeneHu npomoau3a
Q| KOTOpast MPEJCTaBISIET COO0I OTHOIICHHUE YHCIA MOJb (7,) MOABEPTIINUXCS MPOTOIU3Y MOJIEKYJ, K
00IIeMY YUCITY MOJb (#45,) PACTBOPEHHBIX MOJICKYI:
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1y

a,% = -100 | (3.1)
o6y
JIis CUJIBHBIX 3JIEKTPOJIMTOB CTENeHb mporoyinza Onuska k equnmie (100 %). s ciabbix
AJIEKTPOIUTOB, MOJIEKYJIBI KOTOPHIX B OCHOBHOM HaXOJISTCS B PACTBOPE B MOJICKYJIIPHOM COCTOSIHHU, (X
— MaJjias B€JIWMYHHA.
CreneHb IPOTOIHM3a MOXKHO YBEIWYUTH IMOHMKEHUEM KOHIICHTPALMH PACTBOPEHHOTO BEIIECTBA
(Tabmuma 2.1) Wi MOBEIIEHUEM TEMITepaTyphl pacTBOPA.

Tabnuya 3.1. 3asucumocmsv cmenenu NPOmMoaU3a YKCYCHOU KUCTIOMbL OM KOHYEHMpayuu npu
20°C

C(CH;COOH), mons/am’ 0,1 0,01 0,001
a,% 1,4 4,2 12,4
Hanpumep, U151 yKCYCHOM KUCIIOTBI:
CH;COOH + H,0 < CH;COO™ + H30+;
[CH3CO0T] o0 [H,0"]
C(CH;COOH) C(CH;COOH)

Jiisi XapaKTepUCTUKU CNa0bIX SJEKTPOJIHMTOB HCIONB3YIOTCS KOHCTAHTHI MPOTOJIN3a, KOTOpHIE
SIBIIIIOTCS YaCTHBIM CJTy4aeM KOHCTAaHT XMMHUYECKOTO paBHOBECHSI.

ITpouecc nmporonusa ciaboro 3JIEKTPOINUTA SBIAETCS PaBHOBECHBIM, T.€. B CHCTEME IMPOTEKAIOT
OJHOBPEMEHHO [[Ba CONPSDKEHHBIX Ipolecca: MPOToau3 U Moispu3auusi. Hanpumep, 11 paBHOBECHOTO
mpoliecca a30TUCTOM KUCIOTHI ¢ MOJIEKYJIaMHU BOJBL: 1) mpsiMasi peakiusi — mpoliecc mpotoinsa (pacrajna)
moniekyn HNO, Ha uoHbI; 2) oOpaTHasi peakiis — Mossipusaius (cBs3biBanne nonoB H;O™ u NO, B
Moutekysisl HNO»)

a(CHLCOOH ), % = 100.

HNO, + H,0 <> H;0" + NO; .
KonudecTBeHHO 3TO paBHOBECHE XapaKTepu3yeT KoHcTanTa mporonn3a HNO,:
[H;0"]-[NO; |
[ HNO, |

J1711 MHOTOOCHOBHBIX KHCIIOT CYIIECTBYIOT HECKOJIBKO KOHCTAHT MIPOTON3a, KaXkaas U3 KOTOPBIX
KOJINYECTBEHHO XapaKTEPU3yEeT COOTBETCTBYIOIIYIO CTYIIEHb IIPOTOJIN3A.
Hanpuwmep:

=51-107%,

K, (HNO,) =

+ —
H,S+H,0 & H;0" + HS
+ —
A0 HS ]
4 = =1-10";
[H,S] ,
— + —
HS + H20 <> H3O +S 5
+ 2-
[H307]-[S7 ] 13
v =——————=L11-10"".
) [HS™]

[IpoTonu3 3IIEKTPONUTOB MO NEPBOW CTYNEHW HIET JIerde U, CJeJOBaTelbHO, BEIHMYMHA
KOHCTaHTHI TPOTOJIM3a MEPBOM CTYNEHH BcerAa OoJbllle BEIMYMH KOHCTAHT MPOTOJIM3a IMOCIETYIONINX
CTYTICHEH.

Koncmanma npomonusza max ogice, KaKk U KOHCMAHMA XUMUYECKO20 PABHOBECUs, AGAEMCs
BEUYUHOU NOCMOSIHHOU NPU OAHHOU meMnepamype u He 3a8UCUm om KOHYEHMpayuu eewjecmasd.

3aBHCUMOCTb MEXIy KOHCTAaHTOH PaBHOBECHSI M CTENEHBIO MPOTONH3a ONpPEAEsIeTcs] 3aKOHOM
pasbasnenust OcTBagbaa, HAIPUMED, TSI OAHOOCHOBHOU KHCIIOTHI (THra HA):

[H307]-[47] _ a’C(HA)

K (HA) = —npu « = 0,05 (5%
a( ) [HA] l— p ( 0)
nin
[H;071 4] 5 0
K, (HA) = = a>C(HA) —npu e < 0,05 (5%)

[HA|
I/IOHHLIG ypaBHCHI/I}l — 9TO Q)opMa 3aI1ncu, 0Tpa>1<afoma;1 COCTOAHHUEC BCILIECCTB B paCTBope nu
pe3yJIbTaT UX B3aUMOJIEUCTBUS APYT C APYTOM.
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[Ipu cocraBieHUM WOHHBIX YpaBHEHHH CleyeT pPYKOBOJACTBOBAaTbCA TEM, 4TO cClabvle
INEKMPONUMBL U MATIOPACMBOPUMbLE 8eujecmaa uzoopaxcaromes 6 gude monexyr. CuibHO pacmeopumbie
INEKMPONUMbL, KAK NOTHOCHbIO UOHUSUPOBAHHbLE, NUWLYINCA 8 8UOE UOHOB.

B MOHHBIX ypaBHEHUSX JOIKHO COOIIONATHCS YCIOBUE ANEKTPOHEUTPATBHOCTH — CYyMMA 3apa0os
6 1e601L 4aCTU YPAGHEHUsL O0IHCHA ObIMb PABHA CyMMe 3apsA008 NPAsoll Yacmu YpasHeHUs..

O6opynoBaHue U MaTepuAJIbI
1. PactBop cepnoii kucnotsl H,SOs ¢ konnentparmein C(H,SO4)=2 mMosn/nm’
2. Pactsop cossnoii kucinorsl HC1 ¢ xornenrpanueit C(HCI)=2 mons/am’
WNnaukarop dhenondrarens
WNHauKaTop METHIIOPAaHKEBBII
JlakmycoBas Oymara
Pacteop NaOH ¢ xonnenrpanueii C(NaOH) = 2 mons/mm’
JIMCTHIUTMPOBAaHHAS BOJA
[Ipobupku
9. Jloxeuka
10. PactBop Na,SO,
11. PactBop (NH4).SO4
12. PactBop xnopuaa 6apust
13. PactBOp cuinkara HaTpHs
14. PacTBOp COJISIHON KHCIIOTHI
15. PactBop cysbhara meau (+2)
16. PactBop arerara Hatpuss CH;COONa
17. Kap6onar kasnbiust (men) CaCOs
18. PactBop cysbdhara xpoma
19. PactBop eaxoro Hatpa

PN W

Yka3anus no Texnuke 0e30MacHOCTH
1. Bce paboTel B XUMHYECKOH 1ab0OpaTOpUM JODKHBI IMPOBOAUTHCS TPH HCIPABHOM
3IIEKTPOOOOPYIOBAHUH, DIIEKTPOIIPOBOJIKE, MMPABUIBHO 000PYIOBAHHOM BBITSDKHOM KA.

2. Ta3oBble KpaHbI U ra3011poBOJ JOJIXKHBI HAXOANUTHCS B UCIIPABHOM COCTOAHUH, ICPUOANYCCKHA
MTPOBEPSITHCAL.

3. Pabouee mecTo cofepKaTh B OPSAKE U YHCTOTE.

4. Cyxue peakTuBbl TpeOyeTCs OpaTh YUCTHIM INIATEIIEM WU CIICHUATBHON JIOKEUKOH.

5. MHznumek peakTuBa HE BBUIMBATH OOPATHO B COCY, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce OIBITH C BpeAHBIMH U MTAXHYIINMHU BEIIECTBAMH, a TAKXKE YIapUBaHUE KUCIOT M KHCIBIX
PacTBOPOB MPOBOJUTH B BHITSHKHOM IKa(dy.

7. OcraTku coeJMHEHMI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

8. Ilpu HarpeBaHUU pacTBOPOB B MPOOUPKE BCETa CIEAYeT ACpPKaTh e€ TaKuM 00pa3oM, U4TOOBI
OTBEpPCTHE TTPOOUPKH OBLIO HAIIPABJICHO B CTOPOHY OT pabOTAIOIIETO PAIOM COCea.

9. He HaKIOHATH JINIIO Haxq HaneBaeMOﬁ KHUAKOCTBHIO WIHN CINNIABJIIACMBIM BCUICCTBOM.

10. He crmegyer BmpixaTh Maxy4ue BEIISCTBA M Tra3bl, OJU3KO HAKIOHSSCH K COCYIy C STHMH
BenecTBaMu. Hioxath BelecTBa MOYKHO JIUIIIb OCTOPOXHO, HANPaBJIsAsA K ce0e maphl WK Ta3 ABHKEHUEM
PYKH.

11. XpaHHTbh pacTBOpPHI KOHIIEHTPHUPOBAHHBIX KUCIIOT U IETIOYEH B BHITSDKHOM IIKady.

12. BwumBath pa30aBiieHHbIE KUCIOTHI M MIEIIOYHBIE PACTBOPEI CIEYET B CIIMBHYIO CKIISTHKY.

13. Kareropudecku 3ampemaercsi mpoOoBaTh XMMHYECKHE BEII[ECTBA HA BKYC.

14. Tlpu paboTe C JEerKo BOCIUIAMEHSIONIMMUCS BemlecTBaMu (3¢upbl, O€H301, cepoyriepoa U
T.IL.) HE OJOJXKHO 6BITI) pAAOM OI'HA M BKIIFOYCHHBIX IIJIMTOK.

15. Ilpu pabore cO CTEKIOM, XHMHUYECKOW TIOCYIIOW, HEoOXOAWMO COOMIOAaTh MpaBUia
MPEIOCTOPOKHOCTH BO M30eKaHre paHEHUH OCKOJIKaMH CTEKJIa.

16. Kareropuuecku 3ampemiaercsi ocTaBiIiATh paboTaromire Npudopsl 6e3 HabIroIeHHS.

19. B xumudeckoii 1aboparopur He0OX0AUMO paboTaTh B Xajare.
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3aganus
Onwir 1. Hanelite B Tpu npoGupku mo 1-2 ¢cM® pacTBopa KUCIIOTHI, IIEIOYH U BOabl. Jlo6aBbTe B
KKy npoOupky wuHaukatop (cm. Tadum. 3.2.1). OOparure BHUMaHUE Ha I[BET HWHJIUKATOPOB B
pa3IMYHBIX CpeAax: KUCIIOM, IETOUHOW, HEUTPaIbHOM.
Tabnura 2.2 1[BeT HHAUKATOPOB B Pa3IHUHBIX Cpeaax

Cpena
HNuapuxarop P
KHCTIast HEHTpaIpbHAas IesI09Has
Jlakmyc KpacHbIN (hroneTOBEII CUHUU
Odenondranenn OCCIIBETHBIN OCCIIBETHRIN MaJTMHOBBIN
MerunopaHxeBbIi PO30BBIi OpaHXEBbII JKENTHIA

Onwir 2. B 1gBe mpoGupku Haseiite mo 1-2 ¢m’ pactBopos: B oaHy — Na,SOs, B apyrywo —
(NH4)>S04. B kaxayro u3 npoOupok mpuOaBbTe IO TakOMy ke 00beMy pacTBopa xjiopuaa Oapus. Bo
Bcex mpoOupkax oOpasyercsi ocagok Oernoro 1Bera. CocTaBbTe MOJNEKYJSIPHBIE W WOHHBIE YPaBHEHUS
COOTBETCTBYIOLIUX PEAKLIUM.

st Toro 4ToOBl onpenenuTh Kakas U3 00pa30BaBIIMXCS CONEH TPy IHOPACTBOPHMA, IIOCMOTPHUTE
TabJMIly PAacCTBOPHUMOCTH XMMHUYECKUX COEAWHEHUH. B BBIIEPacCMOTPEHHOM NpuUMeEpe 3Ta CONb —
cynndar dapusl.

Onpit 3. Hanelite B mpoOupKy 2 cM® pacTBOpa CHIIMKaTa HaTpusl, 100aBbTe TAKOE JKE KOJIUYECTBO
COJITHOM KucHOoTH. Yto mpomsomuio? Hamummre MonekyssipHOE, ITOJHOE HOHHOE M KPAaTKOE MOHHOE
ypaBHEHHUs 1aHHOH peakunu. OOpaTuTe BHUMaHUE, YTO KPEMHUEBAs KMCIOTA IUI0OXO PACTBOPUMA B BOJIE.

Onpit 4. Hanelite B mpo6upky 2 cM’ pactBopa cynbdara meau (+2). Jlo6aBbTe pacTBOp IIETOYH
(NaOH wmm KOH). Yto Bbl Habmronaere? Hamummre MonexyisipHOe ypaBHeHHE peakuuu. Ilomb3ysch
TabIMLed pacTBOPUMOCTH, OINpPENENUTe, KaKoe W3 ABYX OOpa30BaBIIMXCS COEAWHEHMH, BBINAJAET B
ocazok. HanmmuTe mosiHoe 1 KpaTkoe HOHHBIE ypaBHeHHA. OcaloK COXpaHUTE IS OTbITA 5.

OmneiT 5. B mpoOupky ¢ ocaakoMm THIpokcHaa MeAH (TOMyYeHHOTO B TPEABIIYLIEM OIIBITE)
100aBbTE HECKOJBKO CM’ pacTBOpa CONISIHOM KHCIOTBL OcCaJoK pacTBOPWICS (€CIM OCAIOK He
pacTBOPHIICS, TO BCTPSAXHHUTE MpoOUpPKY). Hanwimmure MoJeKyispHOE, MOJNHOE W KPaTKoe HOHHBIC
YpaBHEHHUS.

Omnpit 6. Haneiite B mpoOupky 2 cM® pactsopa anerara Hatpus CH;COONa u 106aBbTe HEMHOTO
pa30aBiieHHOW COJSHOW KHUCIOTH (Mnm cepHOW). [losBuica 3amax, MpUCYIIUH MOJIEKyJIaM YKCYCHOU
KUCHOTHL. [Ipu CcOCTaBICHWM HMOHHOTO ypaBHEHHUsS HE 3a0bIBaliTe, YTO YKCyCHas KHCJIOTa — CJA0bIiA
3JIEKTPOIIUT.

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

BcnoMHuuTe, 4TO yronpHas KUCIOTa OYEHb HEYCTONYMBA, pa3jiaraeTcs C BhIACICHUEM ITy3bIPHKOB
YITIEKUCIIOTO ra3a.

Hamummre MosiexyssipHOe, KpaTKoe U MIOJTHOE HOHHBIE YPaBHEHHSI.

Onmit 8. a) Haneiire B npodupky 2-3 cm® pactsopa cyibdara Xpoma U 100aBbTE 10 KAIUISM
pactBop enkoro Harpa (1o oOpasoBaHus ocanka). OOpazoBaiicsi OcagoK THApOKcHaa xpoma (+3),
OTMEThTE LIBET ocaaka. Hamummre MosieKysipHOE, MOJIHOE M KPaTKOE HOHHBIEC YPABHEHHS PEAKLIUH.

0) OOpazoBaBIIHiiCs 0caZOK B30OITAlTE U pa3einTe Ha aBe 4acTu. K ogHOM yacTh 100aBbTe 2-
3 ¢M’ CONSIHOM KHCIIOTHI, 8 KO BTOPOM — 2-3 M’ KOHIIEHTPHPOBAHHOTO PACTBOPA IIETO0YH.

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

Ilo ykazaHuro mnpenogaBaTeNss MOXKHO IIPOBECTH AHAJOTMYHBIC PEAKLIUMH C Y4acTHEM
THUIPOKCHIAMH ATFOMIHHS WIH [TUHKA, KOTOPBIE TaKkXke 00J1a1at0T aM(pOIUTHBIME CBOMCTBAMH.

CocTaBbTe MOJIEKYJIIPHBIE, TOJIHBIE U KPATKHE YPABHEHUSI COOTBETCTBYIOLINX PEAKIINM.

OmnbiT 9. Ilonb3ysch BBICTABICHHBIMM Ha JIAOOPATOPHOM CTOJIE PEAKTUBAMH, OCYIIECTBHUTH
PEaKIuio, BRIPAKEHHYIO CIEAYIOIINM HOHHBIM YPaBHEHHEM:

Fe’* +30H = Fe(OH); 4.
Hanwumure MOJICKYJIAPHOC YPAaBHCHUEC PCAKIIUU.
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OnpiT 10. [Tonp3ysich MOMydYeHHBIM B OIBITE 9 OCaJAKOM THAPOKCHAA Keme3a (1+3), OCyIecTBUTh

PCaKino, KOTOPYIO ONMCBHIBACT CICAYIOMICC HOHHOEC YPABHEHUE!
Fe(OH); +3H" = Fe’" +3H,0.

Hanuncatp HECKOJIBKO MOJIEKYJISIPHBIX YPABHEHUN pEaKLMM, IPUMEHSS IIPA 3TOM TaKHE KHCIOTBI,

KOTOPBIM OBl COOTBETCTBOBAJIN PACTBOPHMEIE cou Fe™
Conep:xaHue oT4yeTa
[Tonyuennsie nannpie 3adukcupyite B Tabmuie 3.2 mo crueayroieit popme:

Tabauia 3.2. Pe3ynbTaThl SKCIIEPUMEHTA

Ne i/t | Pearentsr XUMHYECKasi peaKITus Habmronenus

1

O N EE RS R \S)

KonTpoabHbie BOpPochI
ba3o0BbIi1 ypoBeHb
1. Uro Takoe 37eKTpoauTudecKas quccounanus’?
2. DNEKTPONUTHI U HE IEKTPOIUTHIL.
3. KT0 U3 XUMHUYECKUX COCTUHECHUH SIBISICTCS STICKTPOITUTOM?
[ToBbILIEHHBIN YPOBEHB
1. Hanuiure MoJeKyIsIpHbIE, IOJIHbIE U KPATKUE HOHHBIEC YPABHEHUS PEaKUUi B3aUMOICHCTBHUSA:
a) kapOoHaTa KaJlusi C COJITHOM KHCIIOTOI;
0) a30THCTOM KHCIIOTHI C TUPOKCUIOM HATPHS,
B) kKapOOHATa MarHusl ¢ a30THOM KHUCJIOTOM;
T') THAPOKapOOHaTa HATPHS C €IKUM HaTPOM;
) THAPOKCHJIA ATFOMUHUS C SIIKUM HATPOM;
€) COJITHOM KHCIIOTHI C CUIIMKATOM HATPUSL.

Cnncok Jurepatypbl, peKOMeHAyeMbli K HCI0JIb30BAHUIO 110 JAHHOI TeMe

OcHoBHas MTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Axagemus, 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 nexuii /
E. C. Muxamuna, A. JI. Iletenmun. — M. : U3narensckuii Jlom 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 mgocryma: s
aBTOPU3HP. NOJIb30BaATENCH
JlonoJiHUTeIbHAS JTUTEpaTypa:
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 TTocoome (I CTYICHTOB XMMHYECKOTO (haKyIbTeTa
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 : 25eKTpoHHBIH // DnekTpoHHO Oubmmorednas cucrema [PR
BOOKS : [caiir]. — URL: http://www.iprbookshop.ru/59676.html. — Pexum nocrymna: ans
aBTOPU3UD. M10JIb30BATENEH
Hnmepnem-pecypcoi:

1 http://window.edu.ru/ — eauHOE OKHO JIOCTyIa K 00pa30oBaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckast OnOIMOTeKa 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 — OTKpBITOE 0Opa3OBaHUEe

Tema 6. PacTtBopbI
JlabopaTropHnasi pabora 4. IIporoau3 coeii
Llenb paboTel: M3ydenue mporecca THApOIIN3a COJICH.
DopMHpyeMBble KOMIIETECHIIMN WIM UX YACTH:

NHupeke DopMyIUpOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPraHU3aluu U caMo00pa30BaHUIO
OIIK-4 MOHUMaHHUEM CYIIHOCTH U 3HaueHHs MH(OPMAIMK B Pa3BUTUU

COBPEMEHHOT0 OOIIECTBA, CHOCOOHOCTHIO MOJIydaTh M 00pabaThIBaTh
MH(GOPMAIIHIO U3 PA3TMYHBIX UCTOYHUKOB, TOTOBHOCTHIO HHTEPIIPETUPOBATS,
CTPYKTYpUPOBaTh U 0POPMIIATE HHPOPMAIIHIO B JOCTYITHOM IS APYTHX
BUJIE

IK-5 CIOCOOHOCTHIO MPUHUMATH yYacTHe B paboTax Mo pacyery u
MPOSKTUPOBAHUIO JICTAJICH U Y3JIOB MAIIMHOCTPOUTEIHHBIX KOHCTPYKITUI B
COOTBETCTBHH C TEXHHUYECKUMH 33aJJaHUSIMU U HCIIOJIb30BAHUEM CTaHIapPTHBIX
CPEJICTB aBTOMATH3AIUN TPOSKTUPOBAHHUS

Teopernyeckas 4acTb

Ilpoyecc e63aumooericmeus UOHO8 COU C MOAEKVAAMU B00bl, NPUBOOAWUU K 00PAZ0EAHUIO
CaboOUCCOYUUPYIOWUX  Belecn8 (MONEKYN ClAObIX KUCAOM UMU OCHOBAHUN, AHUOHO8 KUCTLIX Ul
KamuoHO8 OCHOBHBIX COjell) U Cconpogodcoaroueecs usmeHenuem pH pacmeopa, Haszvieaemcs
NPOMOAUZOM.

[IpoTonu3zy moasepraroTcst coyiv, 00pa3oBaHHbIE CIA0BIM OCHOBaHUEM MU cl1ab0i KUCIOTOM.

CnaOble AJIeKTPOIUTHI B BOJIE JIUIIIb YaCTUYHO JAUCCOLMUPYIOT Ha HOHBI. K HUM oTHOCATCS:

a) KUCJIOTBI — st, HzSO3, H2C03, H3PO4, HNOz, H3BO3, HClO, HCN, HF, CH3COOH " ap.;

0) Bce ocHOBaHUS MeTauIoB (Kpome Ienoueit), a takke NH4OH. K cnaObim anextponuram
OTHOCHTCS TaKXe BOJa.

CuibHBIE SJIEKTPOIIUTHL

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

0) OCHOBaHHMS MICTOYHBIX U IEJIOYHO3EMENIBHBIX MeTaoB, kKpome Mg(OH),, Be(OH)s,.

CoctaBuM Tabnmiy coinel, 0Opa30BaHHBIX pa3IMYHBIMHA (KaKk cJIaObIMH, TaK W CHIHHBIMH)
KHCJIOTaMH ¥ OCHOBaHUSIMHL.
Tabauya 4.1 Ipomoaus pazruuno2o munia Cojiek

Comm, 00pa3oBaHHbBIC

CIIa0BIMU KHUCIIOTAMU U C71a0bIMH KUCJIOTAMU U | CHJIBHBIMU KHCIIOTAMU
cJ1a0BIMHA OCHOBAHUSIMU
CHJIBHBIMHA CHJIBHBIMHA W CWJIbHBIMH
W CWJIbHBIMH KHACJIOTAMU
OCHOBAaHUSIMUA OCHOBAHUSIMHA OCHOBAHUSIMH
1 11 111 v

ALS;, NH,CN,

Na2C03, KzS, Nast3 A1C13, CUSO4, Mng Crz(CO3)3

KCI, Na,SO,s, KNOs;

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

PacTBOpBI BhIIIEYKa3aHHBIX COJICH MMEIOT PAa3IUYHYI0 PEAKLUIO: LICJIOYHYI0, KHUCIOTHYIO WIH
HEUTpaJIbHYI0. DTO OOBACHSETCS TE€M, YTO MOHBI, O0pa3yoLIrecs NpH pacnane 3TUX COJIeH, Pa3IMyHbIM
00pa30M B3aUMO/IEHCTBYIOT C BOJIOM.
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IIpoToaus coseii, 00pa30BaHHBIX CWILHBIM OCHOBAHUEM U
caa00i KHCJI0TOM

PaccmoTpumM mporecchl, mpoTekalompe Mpu mpoTonuse kapOonata HaTpusi. Na,CO; — conb
caboil TByXOCHOBHOW YTOJBHOW KHCIOTHI M CHJIIBHOTO OJHOKHCIOTHOTO ocHOBaHWs NaOH. 3ammmem
ypaBHEHHUE NIPOTOJIN3a 3TOU CONU:

Na,CO; <22 50Na™ +COZ.
Ilpumeuanue. llporonusy HOHOB (THIPONM3Y) BCErga MPENIIECTBYET MpPOLEcC MPOTOIN3a
(muccormam) Com.
Oo6pazyromuecs: KapOOHAT-MOHBI B3aUMOJICHCTBYIOT C MOJIEKYJIaMH BOJbI, TIPH 3TOM 00pa3yroTcs
aHnoHsl HCQO5 , a He monekyasl H,CO;, Tak kak nonsl //CO5 TUCCOUMUPYIOT FOpasio TpyaHEE, YeEM

monekyinbsl H,COs. IlosTomMy mpu OOBIYHBIX YCIOBHSIX HPOTONM3 KapOoOHaTa HATpHUA MPaKTHUYECKH
[IPOTEKAET I10 IEPBOM CTYIECHH.

HoHHO-MONEKYIIpHOE ypaBHEHUE NIPOTONIN3A CO32* 10 TIEPBOH CTYIIEHHU:
CO3™ + H,O <> HCO; +OH ;pH > 7.

B monexynsapHoit popme:
HonHo-MONeKysipHOE ypaBHEHUE nporonusza HCO5 :
HCO5 + H,O <> H,CO;+OH ;pH > 7.

B monexynspHoit popme:

NaHCO; + H,0 <> H,CO5 + NaOH — nipaktudecku He npoTekaer!

B pactBope mosBisiercs u30piTok noHOB OH', mostomy Bommblii pacTBOp Na,CO; wumeer
LIEJIOYHYIO PEaAKIIHIO.

KonuuecTBeHHO TpoIiecChl MPOTONH3a COJel XapakTepu3ytoT KOHCTaHTHI (Ki,) u creneHb (Olp)
MIPOTOJIN3a, a TIyOHHY MPOTEKaHHsI MPOTOJIM3a — U3MEHEHHE peakiuu cpesl (pH).

KoHcrater mpoTonm3a coisel, oOpa3oBaHHBIX CHJIBHBIM OCHOBaHHMEM U CIab0Oil KHCIIOTOM,
BBIYUCIISIFOT 110 POPMYIIaM CIEIYIOIIEro BUuaa

K _ K w
np; = Ki ) 4.1

a;

rae K np, — KOHCTaHTa MPOTOJIN3A 110 i-CTYIEHH;
K a; — 1-1 KOHCTaHTa NPOTOJIM3a 00pa3yIoLIEics CONPAKEHHON KUCTIOTHI.
Crenenp nporonausa:

np; K np;

np C2 C2 =0, (4.2)

2
a np +a
rie C — KOHIEHTPANKs COJH, MOJIB/IM”.
®opmyiny (4.2) mpUMEHSIOT TOTAa, KOrAa cTeneHb nporosmsa npesbimaet 0,05 (5%).
Ipu i < 0,05 (5%):

(4.3)

KoHIeHTpaluo TrUApOKCHI-MOHOB, ONPEACISIONIMX TIYyOMHY NpPOTEKaHHs MPOTOJIN3a, MOXKHO

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

[Ipumennm, nampumep, ¢opmynst (3.1) — (3.4) m1a KONMYECTBEHHOM OLICHKH IIPOLIECCOB
IPOTOJIM3A 10 TIEPBOii ¥ BTOPOH cTymneHsM kapoonara Hartpus npu C(Na,COs) = 0,1 mons/am’.
s nepBoi cTyneHu:
K, 10"
w = = =2,17-107";
K, (HyCO3)  4,6-10°

K 10
a,, z\/ i 27106 0466 (~ 4.66%):
n "¢ 0.1
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[OH 1y = (K p, € =4/21-107% - 0.1 = 4,66 107 2222

M
ZWI3 ’
pOH =—1g|[OH ]| =—1g4,66- 1072 =2.33; pH=14-pOH=11,67.
JI71st BTOpO# CTYyNEeHU BBIYUCIIMM TOJIBKO KOHCTAHTY MPOTOJIU3A:

-222.107%,

K. (COF)y——tw 1o
II 2
b2 K, (H,CO3) 45.107

CooTHoIIeHHEe TIEPBO ¥ BTOPOM KOHCTAHT MpoTonn3a kapooHat-uoHa (= 10 000)

K, (CO3T) 217.10°
K, (COTT)  222:107

~1,0-10%

HO3BOJISET PACUETOM J0Ka3aTh, 4To mpotonu3 CO;” (GaKTUYECKH IPOTEKAET TOIBKO 110 IEPBOM CTYIIEHH.
IIpoTosau3 coseil, 00pa30BaHHBIX CWILHOI KHCJI0TON M C1a0bIM OCHOBAHUEM

Pacecmotpum mpotonus comu CuSQO,. Cynedar Mean — cosib €1adoro ABYKHCIOTHOTO OCHOBAHHS
Cu(OH), u cunbHOM ABYXOCHOBHOM KHCIOTH HaSOs4.
[lepBuuHBIN TIpoOIIECC — MPOTOIU3 (JIUCCOITUAIIHS) COIIH:

Cus0, <225 cu™ + 507"
3areM HOHBI MEIU PEearupyroT ¢ MOJIEKYJIaMH BOJBL, TO €CTh UAET NMPOTOIN3 HOHOB — BTOPUYHBIN
nporiecc. KaTroHbl Meu ¢ MOJIEKyJIaMU BOJIbI 00pa3yroT KaTHOHbI OCHOBHO# conn CuOH™.
NoHHO-MOJIEKYIsSIpHOE YpaBHeHue npoTonu3a Cu’” 110 nepBoi CTymeHu:
Cu* +2H,0 <> CuOH™" + H;0"; pH <7

WK B MOJIEKYJISIpPHOH (opme:
2CuSO,4 +2H,0 < (CuOH ), SO, + H,50,.

Tak kak B pacTBOpe IPUCYTCTBYET KUCIIOTA, TO ero pH < 7.
Beinanenne ocaaka ruapokcuaa Meau (+2) He MpOUCXOauT, Tak kKak nousl CuOH" mucconuupyrot
ropaszuo TpynHee, yem Mosekyssl Cu(OH)..

CuOH™ +2H 0 <> Cu(OH) > + H30™;

. pH <7
WM B MOJIEKYJIAPHOH (hopme:

(CuOH), 80, +2H,0 <> 2(CuOH), + H,S0, — peakuus npakTHIeCKH He HIIET.

Utak, B 00BIYHBIX YCIOBUSIX MPOTONU3 Cyib(aTa MeIu MPOTeKaeT MPAKTHIECKU TOIBKO MO MEPBOH
CTYIICHH.

@opMynsl, TMO3BOJSIIOIIAE  KOJIWYECTBEHHO  OLEHUTH  IPOLECCHl  MPOTOIM3a  KaTHOHOB
COOTBETCTBYIOIIUM CJIa0BbIM OCHOBAHHUSIM:

K, = (4.5)
np; — > .
bRy
rne K, — KoHCTanTa MpOTONM3A TIO i-CTyTIEHH;
K p; — KOHCTaHTa IPOTOJIN3A 10 i-CTYNEHH CONPSKEHHOTO OCHOBAHMSL.
CrerneHp MpoToIm3a;
K K
2 np; np;
anp App - 2' - 2: =0, (4.6)
C C
e C — KOHIEHTPAIHS COJH, MOJIB/IM”.
®opmyy (3.6) mpUMEHSIOT TOTAa, KoTia creneHs nporonusa npesbimaet 0,05 (5%).
Ipu olpi < 0,05 (5%):
Uy 4.7)

KOHI.[eHTpaLII/I}O KaTUOHOB THAPOKCOHHA, OHNPCACIIAIOMINX FJ'IY6I/IHy MMPOTCKaHUusA IMPOTOJINU3A,
MOXXHO pacCHYUTaTh 110 YPAaBHCHUIO:
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[H307]; ~ [Kyy C . (4.8)

IIpoToau3 coJeil, 00pa30BaHHBIX CJ1aA0BLIM OCHOBAHHMEM M CJIa00i KMCI0TOM
Paccmotpum kak mportekaet nmporonus anerara ammoHus. CH;COONH4 — conpb cmaboii aTaHOBOM
KHCTIOTH U craboro ocHoBauus — NH4OH. YpaBHeHue mpoTonmsa 3TOH COMM UMEET CIeYIOIINN BUI:

CH;COONH ; <22 5 CH,COO™ + NH.

Hanee noust CH;COO™ u NH," moaBepraroTcsi MPOTOIU3Y — PEArHPYIOT ¢ MOJIEKYJIaMH BOJIBI:
CH;COO™ + NH; + H,0 <> CH;COOH + NH ,OH

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

Ilpu mpotonmse conel, 0Opa3oBaHHBIX CIa0BIM OCHOBaHMEM W CIIA00W KHUCIOTOH, peakmus
pacTBOpa 3aBUCHT OT CTENEHM IMPOTOIM3a OOpasyIOLIMX3Csl NPOLYKTOB — KucnoThl (tuma HA) u
ocHoBanms (tuma KtOH). Eciau mportonmn3 ocHoBanmsi KtOH mpeobnagaer Hag MPOTOMHU30M  KHUCIOTHI
HA, to xouuenrparus vonos OH™ Gonbine konnentpanuu H;O' — cpena menounas, ecim Ha000poT —
[H;0"] > [OH ], To kucas.

B jmaHHOM ciyyae, MOCKOJBKY CTENeHM mportonu3a ykcycHon xucnorel (K, = 1,8:107) u
rugpokcuga ammonuss (K, = 1,78:107°) npubmusurensHo omuHakoBbl, TOo pH cpempr Oyner
NPUOTU3UTEIBHO PaBEH CEMHU.

Cnedyem nomuums, ymo coau, 00pA308aHHbIE CUNLHLIM OCHOBAHUEM U CUNLHOU KUCIOMOU,
npoOmMONU3Y He NOOBeP2aAIOMCAL.

Hanpumep, xnopun Hatpust NaCl — conb cunbHoi kucinotsl HCl u cunbHOro ocHoBanusi NaOH.
Honel, oOpasyromyecss B pe3yibraTe IUCCOLMALMU 3TOW CONM, HE OOpa3yloT C BOAOH CladbIX
3J1eKTPONUTOB. Il03TOMY B OOBIYHBIX YCIOBUSIX PABHOBECHE IMPOTOIM3a MOJEKYJ BOABI B TaKUX
pacTBOpax He HapyllaeTcs M KOHLEHTPALWS MOHOB THAPOKCOHUS M THAPOKCHA-MOHOB OCTA€TCS TaKOM
ke, KaKk y uncToil Boasl — pH = 7.

Hoanblii mpoToIU3

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

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

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

CO;” + H,0 <> HCO; + OH ~

HCO;, +H,0 <+ H,CO,+0H .

Ecnm pacTBopsl HaxomsATcs B OZHOM COCyZE, TO MAET B3aMMHOE YCHJICHHE IPOTOJM3a KaKIOH
coui, Tak Kak obpasyrommecs nousl H;O" 1 OH™ cBsi3pIiBaroTCs ¢ 00pa3oBaHueM C1aboro 3JIEKTPOJIHTa —
BOZBL [Ipn 5TOM IPOTOMMTHYECKOE PABHOBECHE CMEIIACTCSI BIPABO, @ IPOTOJIHM3 KaXKAON COIM NPOTEKAaeT
10 KOHIIA.

M OHHO-MOJIEKYJIIPHOE ypaBHEHHE ITPOTOJIN3A:

24177 +3C0O5 +3H,0 <> 241(OH )5 4 +3C0O, T.
B monexynapHoit popme:
2AI(NOy) 5 +3K,COy +3H,0 <> 2A1(OH )5 L +3CO, T +6KNO; .

Hpyrumu npuMepaMu TakuX Hap HOHOB SIBJISFOTCSI:

1.Cr'" u S*

2. AP u S

>

3.Cr'u CO;
4.Fe*'u CO;
5. NHI u SiO? u Jp.
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O0opynoBaHue U MaTepuAaJIbI

PactBop xnopuaa aMmMoHus

PactBop cynbdara amromunus Al,(SO.);
9. Pacteop docdara Hatpus Na;PO,

10. PactBop (NH4),S

11. PactBop cynbdara amOMUAHHS

12. PactBop cynbdara xpoma Cra(SOs)s

13. PactBop pactBopa comasl Na,COs

1. PactBop mHIMKAaTOpa

2. JlucTHIIMpOBaHHAS BOJA
3. TlpoGupku

4. PactBop Na,CO:s

5. PactBop AICls

6. PactBop NaCl

7.

8.

Yka3aHus 1o TexHuke 0e30MacHOCTH
1. Bce paboTbl B XUMHYECKOH J1a0OpaTOpHH JOJKHBI TPOBOAMTHCS TPU HCIPABHOM
AIEKTPOOOOPYAOBAHNH, FIEKTPOIIPOBOIKE, TPABIIEHO 000PYAOBAaHHOM BHITSKHOM IIKady.

2. T'a30oBBIE KpaHBI ¥ TA30MPOBO/] TOJKHBI HAXOIUTHCS B HCIIPABHOM COCTOSTHUH, TTEPHOTHYECKH
IIPOBEPATHCSL.

3. PabGouee mecTo comepkaTh B OPSIIKE M YHCTOTE.

4. Cyxue peakTHBBI TpeOyeTcss OpaTh YUCTHIM IITIATEIIEM WK CIICIHATLHOM JI0KEUKOH.

5. MHznumiek peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3SIT.

6. Bce OIBITH ¢ BpEAHBIMH U MTAXHYIIUMHU BEIIECTBAMU, a TAKXKE YITAPUBAHUE KUCIOT M KHCITBIX
PacTBOPOB MPOBOJAUTH B BBITSHKHOM IKa(y.

7. OcTaTku COeqMHEHMI cepedpa CIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUU PacTBOPOB B MPOOUPKE BCEra CIACAyeT ACPKaTh €€ TaKUM 00pa3oM, u4TOOBI
0TBepCTHE IPOOUPKHU OBLIO HAIIPABIEHO B CTOPOHY OT pabOTAOIEro PSIOM COCeIa.

9. He HaKIIOHSTP JUIIO HAJl HATPEBAEMOM KUAKOCTHIO WM CTUIABIISIEMBIM BEIIIECTBOM.

10. He CJICOYCT BAbIXATh Maxy4uc BCIICCTBA U TI'a3bl, 6J'II/I3KO HaKJIOHAACH K COCyy C 3TUMH
BCIICCTBAMU. Hroxatb BCIIECTBA MOXHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e napbl WIK ra3 ABUXKXCHHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U MIEIOYEH B BRITSHKHOM IIKady.

12. BeumBath paz0aBieHHbIE KUCIOTHI U IIEIOYHBIE PACTBOPHI CIEIYET B CIIMBHYIO CKIISTHKY.

13. Kareropuuecku 3amnpemnaercsi npoOOBaTh XMMHUYECKUE BEIIECTBA HA BKYC.

14. Ilpu paboTte C JIETKO BOCILIAMEHSIONAMUCS BerecTBaMu (3(UPBI, OCH30II, CepoyTiIepoa U
T.II.) HE OOJIXKHO OLITH pAAOM OI'Hs M BKIIFOYCHHBIX ITJIMTOK.

15. Ilpu paboTe CO CTEKIOM, XHMHYECKOH IOCYAOH, HEoOXOAMMO COOMI0AaTh IpaBUiIa
MPEIOCTOPOKHOCTU BO M30eKaHNEe paHEHU OCKOJIKaMH CTEKJIa.

16. Karteropuuecku 3ampenaercst OCTaB/IsATh padoTaroIue Ipuoopsl 03 HAOIIOICHMSL.

20. B xumuyeckoit maboparopun He0OX0IUMO paboTaTh B Xajare.

3aganus
Onpit 1. B 4eThipe npoOUpKy HanelTe 1o 2-3 ¢M’: B NEPBYIO — JAMCTUUIMPOBAHHON BOJIBI, BO
BTOpYI0 — pactBopa Na,CO; mmm K,COs, B TpeThio — pactBopa AICl; mmm Al (SO.)s, B wetBépTyio — NaCl
mwm KCl. B kaxmyio npoOHpKy TIOMECTHTE IO MAJICHBKOMY KyCOUKY HHIMKATOPHOW OyMard.
[IpenBaputenbHO M3yYyUTEe U3MEHEHHE OKPACKM WHAWKATOPOB B pa3iMUHBIX cpegax. CpaBHHTE LBET
WHIMKATOpa B pacTBOpPax COJIEH C €ro OKpackoi B BOJE.

CocraBbTe HWOHHO-MOJICKYJISIDHBIE W MOJIGKYIISIPHBIE PEaKIUM IPOTOJIM3a COOTBETCTBYIOIINX
coJeid. 3amonHuTe TadMUIy 4.2.

Onwim 2. Hanelite B npo6GupKy 3 cM® pactBopa xjopuaa ammonus. Jlo6asbre 1-2 Kammu pactBopa
nakmyca. OTMeTbTe IBeT pacTBopa. KpacHBI LBET pacTBOpa yKa3bIBaeT Ha KHUCIYIO cpenly, T.C. B
pacTBope MMEIOTCSI CBOOOJHBIE MOHBI THIPOKCOHUS. COCTaBbTE MOHHOE M MOJICKYIISIPHOE YpaBHEHUS
npotosm3za conu NH,Cl.

Onwim 3. Haneiite B npo6upky 2-3 cMm’ pactBopa cyibdara amoMunus Alx(SO.); u no6asbre 1-2
Kalu pacTtBopa Jyakmyca. Kak m3meHwmncs nBer maaumkaropa? CocTaBbTe HOHHOE M MOJIEKYJISIPHOE
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YpaBHEHHUSI TPOTOJIM3a JAHHOM COJIM, YYWTHIBAs, YTO B Cllyyae MPOTOJIHM3a MHOT03apsSIHBIX KaTHOHOB
00pa3yroTcs KaTHOHBI OCHOBHBIX COJIEH.

Onwvim 4. Haneiite B npoOupky 2-3 cm® pactBopa docdara Harpust NasPOs u nob6assre 1-2 xarm
pacTBopa sakmyca. B kakoil nBer okpacuics jgakmyc? KakoBa cpema pactBopa? Kakoso 3nauenue pH
pactBopa? CocTaBbT€ HOHHOE U MOJICKYJIIPHOE YPaBHEHUs NpoToin3a pocdara HATpUs, YIUTHIBAs, YTO B
pesynbTate oopaszyercs runpodocdar Hatpus. JlaapHeimmii mpoTonmu3 (0 BTOPOH M TPEThEH CTYIIEHN)
BO3MOXCH JIMIIL B Cllydyae OYECHb pa30aBICHHBIX PACTBOPOB M TPH TIOBBIINICHHON TeMIiepaType.
HamummTe MOHHBIE W MOJICKYIISIpHBIC YpaBHEHUs TpoToiu3a ¢ocdara HATpus MO BTOPOUW U TpeTbel
ctynenu. Paccunraiite 3HaueHust kKoHCTaHT MpoTom3a (Kopi, Kup 11 Kips), cTenienn nmpoTonusa (Oapi, Ompz H
Oup3) ¥ [H30"] nst kaxknoii crynenn, cunras C(NasPOs) = 0,1 Mons/mm’.

Onwim 5. Haneiite B npobupky 2-3 cm’ pactopa (NH4),S u no6GaBbTe 1-2 Kamim pacTBopa
nmakmyca. Kakoit et mpuobpén pactBop? CHHHUH IIBET JakMyca MOKa3bIBaeT, YTO Cpella B PacTBOpE
menoyHas. OOpaTuTe BHUMaHHE Ha 3amax pactBopa. Yem maxaet pactBop (NH4),S? 3anummre noHHOE U
MOJICKYJIIPHOE YPaBHEHUs MPOToJu3a cyibduaa Hatpus. [IpoTonus 3Tol comu UAET Kak 1Mo MepBOH, TaK
U 110 BTOPOU CTYIICHMU:

NHJ +S8*" + H,0 <> NH,OH + HS~
NHj + HS™ + H,0 <> NH,OH + H,S

K, (NH,OH) =1,8:107; K, (H,S) = 1,0-107; K (H2S) = 1,0-10°".

Ucxons u3 3HadeHnii koHctant mpotonmsa misi NH,OH u H,S, caemaiite BBIBOJ 0 Xapakrepe
Cpelpl.

Ecnu HarpeTh pacTBOp MaHHOHW oMM (IPOKUIISITUTB), TO MPOTOJIN3 CTAHOBUTCS HEOOPATHMBIM, TaK
KaK [PpY HarpeBaHUH aMMHAK U CEPOBOJIOPO YXOIAT U3 c(hephbl peaKinu, CMeIasi pAaBHOBECHS B CTOPOHY
00pa3zoBaHus IPOJYKTOB MTPOTONIN3A.

Onwvim 6. Haneiite B mpoOupKy 2 cM® pacTBOpa Cyjb(ara aloMUHKA U 100aBbTe 2 cM® Cyabdhuaa
HaTpus. OOpaTuTe BHUMaHHE Ha [BET BBHINABIIETO OCAIKa M 3alaX. 3alUIITe HOHHOE W MOJEKYJISIPHOE
ypaBHEHUs TpoTonu3a cMecH pacTBopoB Al (SO4); u Na,S.

Onwvim 7. Haneiite B mpo6upky 2 cM® pactBopa cyibgara xpoma Cr(SOy); u Tyza xe 100aBbTe 2
cMm® pactBopa coabl Na,COs. B pesynbrare IM0JHOIO MPOTOIKM32a BBINAAAET OCAI0K CEPO-3€JIEHOIO LBETA
Cr(OH); m BBIEETSAIOTCS Ty3BIphKH  yTiekuciaoro raza CO,. CocTaBbTe HOHHOE W MOJEKYJISIPHOE
ypaBHEHUSI MPOTEKAIOIIUX POLIECCOB.

Conep:kanue oTyera

Onvim 1.
Tabnuya 4.2 Pe3ynbTaThl 5KCIIEPUMEHTA
Ne Popmyia BeliecTBa IIBeT uHaMKaTOpa Peakius cpenpl
1
2
3
4

[TonmyuyeHnHble JaHHBIE B OnbITax 2-7 3aduKcupyiite B Tabuuue 4.5 no ciegyrouien popme:
Tabauna 4.3. Pe3ynbTarhl 3KCIEpUMEHTa

Ne i/ | PeareHTts! XumMmudeckas peakius Haonronenns

1

(VNS RUS R N8}

KonTpoJbHbIe BOPOCHI
ba3oBbIi1 ypoBeHb
1. Uro Ha3bIBaeTCS IPOTOIHU30M?
2. Kakue conu noaseprarorcst IpoTonusy?
[ToBbI1LIEHHBII YPOBEHB
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3. TlpuBenaure mpuMEphl YETHIPEX THIIOB COJICH, OOpPa30BaHHBIX CHJIBHBIMH WIIH CJIaOBIMU
KHCJIOTAMHU U OCHOBaHUSMU.

Cnucox JUTEPATYPHI, peKOMeHIlyeMblﬁ 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. PacTBopbI
JlabopaTopnas padora 5. Ilpou3Benenne pacTBOPpUMOCTH
[lenr pabOTHI: W3ydeHWE YCIOBHI BBIAJECHHA W PACTBOPEHHS OCAIKOB W BiusHue I[IP
AJIEKTPOJIUTOB HA UX CIIOCOOHOCTH K MEPEOCakICHHIO.
DopMUpPyEMbIE KOMIIETEHIMU WIIA UX YACTH:

Nunexc DopmyIUpoBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMK U CaMOOOPA30BAHUIO
OIIK-4 MOHMMAHUEM CYIIIHOCTH U 3HAa4eHMs UH(OpMAaLUU B pa3BUTUU

COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOTyYaTh U 00pabaThIBaTh
I/IH(i)OpMaHI/IIO M3 pas3IMYHbIX UICTOYHHUKOB, TOTOBHOCTBIO HHTCPIIPETHUPOBATD,
CTPYKTYpUPOBaTh U OQPOPMIISATH HH(GOPMAIIHIO B JOCTYITHOM ISl IPYTHX
BHUC

IIK-5 CIOCOOHOCTBIO MPUHUMATh Y4acTHe B paboTax 1o pacueTy
MPOEKTUPOBAHUIO JIETATIEH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIMH B
COOTBETCTBHH C TEXHHUYECKUMH 3aJaHUSIMHU U UCIIOJIb30BAHUEM CTAaHAAPTHBIX
CpEIICTB aBTOMATH3AIMH POSKTHPOBAHUSI

TeopeaneCKaﬂ 4acTb
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Yacto B XHMMHYECKHUX pCaknudax MNOpUXOAUTCd HUMETH [JCJI0 C PaBHOBECHAMU, KOTOPBIC
YCTaHaBIUBAIOTCS B TETEPOTEHHBIX CHCTEMaX. TakoW CHUCTEeMOHN SBISIETCS, HAalpuMep, HaCHIIICHHBINA
pacTBOp, COIPHUKACAIOMIMICS C OCaJAKOM PacTBOPHUMOro BemecTBa. OcalioKk W HACHIIIEHHBI PacTBOp —
paziuuHbIe a3kl FETEPOTCHHON CHCTEMBI.

Ecnu kakyro-HUOY b TPYAHOPACTBOPUMYIO cOJib, HaripuMmep AgCl, mpuBeCTH B COMPUKOCHOBCHHE
¢ Bomo#, 1o oHbl Ag" u Cl, ©3 KOTOPBIX MOCTPOCHBI KPUCTAILUIBI COJM, UCITBITHIBAS MPUTIKEHUE CO
CTOPOHBI 6ny>1<11a}onmx ]IHHOHeﬁ BOJBI, 6YIIYT OTPBIBATHCA OT IMOBCPXHOCTU KPUCTAIJIOB MU B BHUIC
TUIPATUPOBAHHBIX MOHOB OyIyT MEPEXOIUTh B PAacCTBOP, HO HAPSAY C MPOIECCOM PACTBOPEHUS OyIeT
MPOXOUTh U COMPSDKEHHBIN mporiece — kpuctammmsarms. Mousr Ag' u Cl', cTalKuBasCh MpH JABUKEHHUH C
MOBEepXHOCThIO KpucTaimioB AgCl ¥ HWCHBITBIBAs MPUTSHKEHUE CO CTOPOHBI MPOTHUBOIOJIOKHO
3apsOKEHHBIX HMOHOB KPUCTALTMYECKOW PEMIETKH, IETUAPATHPYIOTCS U OCEHAI0T Ha IOBEPXHOCTH
KpucTayuIoB. CKOPOCTh KPHUCTAJUIM3AlMK BO3PACTAECT MO Mepe YBEIMUYEHHUS KOHIIEHTPAI[MH PacTBOPA.
Kornma cxopoctr mporieccoB pacTBOPEHHS] W KPUCTAJUIM3AIWN CTAHOBSTCS PaBHBI JOPYT IpPYTy, TO B
reTeporeHHOl cUCTEMe pacTBOp — OCaI0K HAcTyIaeT MOJIBUKHOE paBHOBECHE.

ITonmyuuBHIMiicA pacTBOp Ha3bIBA€TCs HACBIIICHHBIM, TaK KaK B HEM COJICPKHUTCA MPEIEIbHOE IS
JAHHON TeMIlepaTtypbl KOIMYECTBO pacTBOPEHHOTO BemiecTBa. B HaceimeHHOM pactBope AgCl
YCTaHaBIMBAETCA CIEIYIOIIee paBHOBECHE:

AgCl B9 ggt v
TBEpHas daza HACBIIIICHHBI PacTBOP

[TpumeHnsist K TOMY PaBHOBECHIO 3aKOH JEHCTBUS MAacC M YUUTHIBAs, YTO KOHLEHTpALsI TBEPIOH

(ha3bl HEe BXOIWT B BIPAKEHNE KOHCTAHTHI PAaBHOBECHS, MOYKHO 3aITHCATh:
K =[Ag"1[CI].

DOTO ypaBHEHHWE TIOKa3bIBAaET, HYTO B HACHIWEHHOM pacmeope  MmpyOHOPACMEOPUMOZO
NEKMPOAUMA  NpouU3sedeHue KOHYEHMpayull e20 UOHO8 eCMb BelUYUHA NOCHOAHHASL NPU OAHHOLUL
memnepamype. Imy eIUUUHY HA3LIBAIOM NPOU3BedeHueM pacmseopumocmu u ooosnadaiom I1P.

Hanpumep, ans manopactsopumoro AgCl:

TP(AgCl) = [AgT[C1 T,

rae [Ag'] u [Cl] — paBHOBECHBIE KOHIIEHTPAIINH, BHIPAKEHHBIE B MOJIB/ M.

PaBHOBecHass KOHLEHTpalus J1000r0 MOHA (YHKIHOHAJIBHO CBSI3aHA C JIPYTUM IapaMeTpoM
CHCTEMBI — aKTUBHOCTBIO, HAIIPUMED, JUTSI HOHa Ag':

a agr = fagr [AZ].

Koaddunuent npomnopuuoHAIILHOCTH  f,  Ha3blBaeMbld  KOA(D(UIIMEHTOM  aKTHBHOCTH,
XapakTepu3yeT CTENeHb OTKIOHEHWS CHUCTeMBl OT HWACallbHOW 3a CYET JJEKTPOCTaTUYECKHX
B3aMIMO/ICWCTBUI MOHOB, YYaCTBYIOIIMX B M3Y4aeMOM peakIny, C TIOCTOPOHHUMH (MM COOCTBEHHBIMH,
€CIIM MX KOHIICGHTPAllUs BBICOKA) MOHAMHU. B wuueanbHO# cucteme an = [A], Tak Kak KO3((UIUCHT
aKTUBHOCTM paBeH eauHuue (f = 1). DTo o3HauyaeT, 4YTO DIEKTPOCTATUYECKHE B3aMMOJEHCTBUS
OTCYTCTBYIOT.

Benuunna koadduipienTa akTHBHOCTH 3d8UCUM OM 3APA0a U UOHHOU CUbl, CO31aBaEMON BCEMHU
HWOHAMH 3JIEKTPOJUTOB, IPUCYTCTBYIOIINX B PACTBOPE:

17 )
I==>Cz . (5.1)
25

rae I — monnas cuna;

[Ci] — paBHOBecHast KOHIIEHTpAIIHSI HOHA;

Z; — €TO0 3aps.

HerpynHo yctaHOBUTB, YTO MOHHAS CHJIa pacTBopa OMHapHOro snekrposmta (Tun AB) Bcerma
OyZeT paBHa MOJSIPHOHN KOHIIeHTparuu dekTponmTa — [ = C(AB); ans tpunaproro (tum A,B wim AB»)
—pu=3C (A;B) mm p = 3C (AB,); s Terpanapuoro (tun A;B) — = 6C (AsB).

Koadduumentsl aKTUBHOCTH HHIAMBHIAYAIBHBIX HOHOB MOXKHO TEOPETHUYECKH OLIEHUTH I1O
¢dhopmynam Jlebas — XroKkKens:

—lg f; = Az?~JI, ecrm 1<0,01; (5.2)
2
, Az~
-lgf; = 217\/7, ecim 1 <0,1. (5.3)
1+ Ba'T
3necs A u B — KOHCTaHTHI, 3aBUCAIINE OT TEMIIEPATyphl U AMIIEKTPUIECKON MPOHUIIAEMOCTH
pactBoputenst (mis Bogel mpu 20 °C A = 0,5 (tounee 0,509) u B = 0,3); a — paccrosHue
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MaKCHUMAJILHOTO COJIMIKEHUS HOHOB, 3TH BCJIIMYUHBI OGBI‘IHO OPpUBOAATCA B CIPAaBOYHBIX TaGJII/IHaX.
[lockonbky KkojeOaHUS B 3HAUEHUSAX g HE CIHIIKOM CKa3bIBalOTCS Ha KOHEYHOM pe3yIbTaTe,
peKoMeHIyeTcst OpaTh MOCTOsHHOE 3HaueHue a = 3 A’. ClieJ0BaTeNbHO,

lo f = O,SZ[Z\E
ST
KoadumueHnT akTHBHOCTH WHAWBHUIYaJHLHOTO MOHA HEJB3s HU3MEPUTh SKCIEPUMEHTAILHO, TaK
KaK HeJb3s TOJYYUTh PAcTBOP, COJAEPKAIIUN HOHBI TOJBKO OJHOTO 3apsaa. DKCIEPUMEHTATHLHO MOXKHO
OTIPEJICTTUTh JIMIIb CPEAHUN KOI(PGHUIIMEHT AKTHBHOCTH fi 3NEKTpoiuTa AnB,, KOTOpPBIA CBs3aH ¢
KO3 PUIEHTaMU aKTHBHOCTH WHINBHUYATEHBIX HOHOB fa M f5, COOTHOIIICHHUSMH:

f+ =A/f4fp — s GunapHoro snektpoiurta AB;
fi= m /’I’Yf t’; — JUIs1 DNIEKTpoJinTa Thna An,Bi.

Cpennuii k03()QUIMEHT aKTUBHOCTH MOXHO PAaCCUUTATh U TEOPETUYCCKH, UCIIONB3Ys (OPMYJIbI
JHebas — Xrokkens

(5.4

—lg f, = Az zp~I, ecim 1< 0,01;
—lgf, = AZLB\E’
T 14 BaT
3nech a, A u B uMeroT Te ke 3HaueHus, yTo u B popmynax (4.3) u (4.4), nosTromy

ecim 1 <0,1

. 0.5z 2 Bﬁ
—“lgfy, =—FF7=.
* 1++/1T
s 6onee TouHOTO pacueTa KOAPPUIMEHTOB akTUBHOCTHU (1ipH | > 0,1) NpUMEHSIOT ypaBHEHHE
HBBHC&, KOTOPOEC IMO3BOJIACT BBIYHCIINTH KO3(1)(1)I/IIII/ICHTBI AKTUBHOCTH JJICKTPOJIUTOB U UHAWBUIYAJIbHBIX
WOHOB 11 MOHHBIX cwi 0,2 — 0,5 ¢ morpemHocThio, He npesbimaromnei 10%. Ypasuenue [IBuca mis
KO3 UIMEHTa aKTUBHOCTH HHIUBUIYAIEHOTO HOHA UMEET BHJI:
2
lg f 0,5z ~1
“8Ji =
1+~/1

a I CpeHeTo Kod(PPHUITMeHTa aKTHBHOCTH DJICKTPOINTA A By
g f 0,5z 4zp VI
_ L=t ATB RS

- 1++1

s 6onee BbIcOKMX HMOHHBIX cui (0,5 — 0,8) peKOMEHIyIOT TPHUMEHATH ypaBHeHHE [[PBHCa
CIIE/TYIOIIETO BHIA:
JI

_lg f = 0,527 -0,27 |, 5.8
gfi N (5.8)

(5.5)

~0,1z71, (5.6)

—0,lz4zp!. (5.7)

a I cpeHero Kod(PPHUITMeHTa aKTHBHOCTH DJICKTPOINTa A By

N/
-1 =05z z ——=—0,21 |, 5.9
gfir A“B 1+\/7 ( )

Benvnunnbl K03((GUIHMEHTOB aKTUBHOCTH MHAMBUYATLHBIX HOHOB MPU Pa3HBIX HOHHBIX CHIIAX W
cpenHue KOd(pQGUIMEHTH aKTHMBHOCTH JJIsl PACTBOPOB  AJIEKTPOJIUTOB PAa3HOM KOHICHTpPAIUH,
paccuntansabie o Qopmyinam Jlebas-XIoKkens, NPUBOIATCA B CHpaBOYHHMKAX. 3Has Kod(duumeHTs
AKTHUBHOCTH, MOXKHO OLICHUTh aKTHBHOCTh MOHA WJIH JJICKTPOJUTA B pacTBope. Jiist oOnerdyeHus pacyeTos
MOYKHO TIOJIb30BAThCS CIIETYFOIUMH JOTYIIICHUSIMU:

1 Koadduimentsl akTUBHOCTH HOHOB OJWHAKOBOTO 3apsiia HE3aBUCHUMO OT pajnyca HOHOB
npuMepHO paBHbl. [lodTOMy B cCHpaBOYHHMKAax MPHUBOASATCS WHOTJA YCPEIHEHHBIC BEIMYUHBI
K03 PUIIEHTOB aKTUBHOCTH JUISL OJTHO-, IBYX-, TPEX- U YETHIPEX3aPSTHHIX HOHOB.

2 Koa¢h¢uumeHTsl akTHBHOCTH HEHUTPAIBHBIX YaCTHUI] B pa30aBICHHBIX PACTBOPAX AIIEKTPOIUTOB
MOJIararoT PaBHBIMU €JUHUIIE.

3 OdeHb pa30aBlICHHBICE PACTBOPBI O3JEKTPOJIUTOB, HAMPHUMEpP, HACBIIICHHBIA pacTBOP
MaJIOPACTBOPUMOTO JIEKTPOJIUTA, MOKHO CUUTATh HICaTbHBIMU.

YacTo npu pacueTax CIOXKHBIX paBHOBecHH K03()(UIIMEHTH aKTHBHOCTH MPHUHUMAIOT PaBHBIMH
enunauIe. Takoe AOMyIIEHHE OMPABIAHO MO PSITY MPUIHH.

Bo-nepBeiX, BenmunmHBI KO03(D(PHUIIMEHTOB aKTHUBHOCTH, HaiaeHHbIE MO ¢dopmynam Jlebas —
XIOKKeJIsl, MOTYT B 9THX CIIy4asiX OKa3aThbCsl OYCHb JATCKUMHU OT UCTHHHBIX.
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Bo-BTOpBIX, BIMSHHE XHMHUYECKHMX (AKTOPOB Ha paBHOBECHE TIoOpa3lo OoJblie, YeMm
ANEKTPOCTATHYECKUX CHII, TIOOTOMY TpeHeOpekeHne MOCIeIHUMH TIPY pacueTax CIOXHBIX paBHOBECHN
HE BHOCHUT OIIYTHUMYIO TOTPEUTHOCTH B PE3yIbTaTHI.

Ecnn Monekyna TpyJHOPAacTBOPUMOTO BEIIECTBA TUCCOLMUPYET C 00pa30BaHHMEM HECKOJIBKUX
OJIMHAKOBBIX MOHOB, HATIPUMED:

Phy(POy), <29 53pPb>* +2PO;;
TO HpI/I BBIYHUCIICHUU HpOI/ISBeIIeHI/ISI paCTBOpI/IMOCTI/I 3TOIr0 COCOAUHCHMUS KOHHCHTpaHI/II/I
COOTBeTCTByIOHII/IX MOHOB BO3BOJATCSA B CTCIICHU paBHBIe nux CTeXI/IOMeTpI/I‘IeCKI/IM KOB(i)(i)I/IHI/IeHTaM:
IIP(Pby(PO,),) =[Pb> 1’[PO; 1%,
B ofbmem cmywae, mjis MalopacTBOPUMOTO CHJIBHOTO 3JekTpoiurta Tuma KtiAny, mpoTonms
pPacTBOPUMOM YaCTH KOTOPOTO MTPOTEKAET IO CXEME:

Kt.An, 0 XK + yAn*, (5.10)
BEIpakeHue s [IP Oyxer nMeTh BT
IIP(Kt.An,) = [KE" ] [An" ). (5.11)

Ces3b nmapamerpa [1P ¢ BenmuunnOM pactBopumocT Kt,Any oTpakaercs popMymou:

[TP(Kt, An,,
Sy (Kt An ), MOTE _ oy (KiyAn,) (5.12)
) 3 Xy
M X"y
WITH
r IP(Kt, An,)
Spu(KtyAn, ), — =ty PR -M(Kt, An,,). (5.13)

JTM Xy

3nas 3HaueHue [IP, MoXXHO mpenBHIETH BO3MOXKHOCTH IMEpexoAa PacTBOPEHHOrO BEIIECTBA B
0CaJIOK WX HAa00OpOT — MEePExXo]T OCaaKa B paCTBOP.

Ecnm mpousBenenne KoHIEHTpanuii HOHOB pacTtBopéHHOro BemecTBa (I1K,) MeHbIne 3HaueHUS
ero TP, To BeImagenusi ocagka He Oyzaer. Takod pacTBOp Ha3bIBaeTCS HEHACHIIIEHHBIM, H B HEM eImé
MOXET HIATH PACTBOpPEHHE JaHHOro BewiecTBa. B HaceimenHom pactBope I[IK, = IIP. Korna
MPOU3BEJICHNE KOHIICHTPAlMd HWOHOB PACTBOPEHHOTO BEIIECTBA CTAHOBUTCA OOJbIE 3HAYCHUS
MIPOU3BEACHUS PACTBOPUMOCTH, TO BEITIAAAET OCA/IOK.

Taxum o6pazom, Harpumep, it AgCl:

a) B HeHacwimeHHoM pactBope 1K, = [Ag |[CI] < ITPaqci;

6) B HaceimenHoM pactBope ITK,, = [Ag™][Cl] = TP agcs;

B) B mepenacsienHoM pactBope [TK, = [Ag ][CI] > TP g

HeHnachpIeHHBIH pacTBOpP KaKOTO-IMOO AJICKTPOIUTA MOXKHO CJeNaTh HACBHINCHHBIM U JaKe
TIePEHACHITIICHHBIM, TTPUOABIISISI K HEMY JIEKTPOJIAT, COEPKAIUN OJHOMMEHHbIE HOHBI. Hanpumep, eciu
k HeHachimeHHoMy pactBopy AgCl mpunmusare HCI wnm KCl, To MBI TeM caMbiM OyaeM yBETHYUBATH
KOHLIGHTpAIMI0 MOHOB XJIOpa, 4To mpuBoAuT K yBenuuyeHuto [IK,. B tor moment, korma I1Ks.c craner
oobie ero ITP (1,56-107"°), mpousoiiner Bemanenue ocaaka AgCl.

Jlns  pacTBOpeHMsT OcaZka TPYAHOPACTBOPUMOIO 3JICKTPOJIMTA HEOOXOJAUMO YMEHBIIHTh
KOHIICHTPAIIMIO €r0 MOHOB B PacTBOpE JJIs TOro, 4ToObl BenwuuHa ero 1K, crama menbme [1P. Droro
MOJKHO JTOOMTHCS, CBS3BIBAs OJIMH M3 MOHOB TPYIHOPACTBOPUMOTO BEHIECTBA C MOHOM J00ABISIEMOTO
peaxTHBa B c1ab0ANCCONMUPYIOIIEe WK JeTydee COSAMHEHNE.

PactBopuMoch ocanka MajgopacTBOPUMOTO SJCKTPOJIUTA YBEIHMUMBACTCA TaKXKe MPHU HAIUYUHU B
€ro HACBHIIICHHOM PacTBOPE NMOCTOPOHHUX HMOHOB — 3TO SBJICHUE HA3BIBAIOT coegvim 3¢pgexmom. Taxk,
HaIprMep, YBEIHYUBAECTCA PAaCTBOPHUMOCTh ocaigka BaCO; mpm BHECEHHWH B €0 HACHIIIEHHBIH PacTBOP
HekoTtoporo konmdecta conu NaNO; mnmm KBr u np. Bo3spacranne pacTBOpUMOCTH MalOpaCTBOPHUMBIX
OCAJIKOB CHJILHBIX JJICKTPOJIMTOB B MPHUCYTCTBHU IOCTOPOHHHX HWOHOB OOBSICHACTCS YBEINYCHUEM
MOHHOW CHJIBI PacTBOpA.

Hrak, pacTBOpeHHE OCaaKa MOXKET TPOUCXOIUTH:

1) mpu 0O6pa3oBaHUH PACTBOPUMOTO CIA00AMCCOIIMUPYIONIETO PICKTPOIUTA:

Mg(OH), \ +2NH} — 2Mg™" +2NH ,OH

Fe(OH), ¥ +2H" — Fe* +2H,0.
2) npu 006pa30oBaHUU Ta3000pa3HOTO COETUHEHHUS:
FeSy+2H" — Fe*" + H,S T
3) npu 0Opa3oBaHUH CIIA00JUCCOMUPYIONIET0 KOMILIEKCHOTO HOHA:
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AgCl L +2NHy —[Ag(NH), 1" + Cl~
4) IIPpU OKUCIIUTCIIbHO-BOCCTAHOBUTCIILHBIX ITPOLECCaX:
CuS{ +4H" +2NOy — Cut +2NO + SO, +2H,0
5) Ipyu HAJTHYIHMH TOCTOPOHHUX HOHOB.

ObopynoBaHue U MaTepuaJIbI
PacTBop aMmMuaKa (KOHIIEHTpaIUs pacTBopa ammuaka pasna 0,1 Mosb/am’)
Pacteop xnopuna ammonusi, C(NH,Cl) = 0,1 Mons/am’
PacTBop XJ10praa Maraus ¢ MoJspHoit kornenrpamnuein C(MgCly) = 0,1 mons/am’.
Kpucrannuueckuit non
Mukpomnarens
HacplleHHbIl pacTBOp MOAN/1A KaJIHs
Xnopun kansius (C(CaCly) = 0,1 mons/am’
PactBop kapOoHaTa U cynb(aTa HaTpHs
Hemmmorsipaslit pactsop HCI
. PactBop Na,S
. Conp IMHKA ¢ MOJISIpHOH KOHIIeHTpauuen nocneaneit 0, 1 MOJB/ M
. CactBop HCI, C(HCI) = 2 mons/nm’
. PacTBOp yKCyCHOU KHCITOTBI
. PactBop cynsduna natpus (C(Na,S) = 0,1 mons/am’)
. Jeunmomnsipusbiii pactBop CuSO, n FeSO4
. Consnas xucnora (C(HCI) = 0,1 mons/am?).
. Pacteop mutpara ceunia, C(Pb(NOs),) = 0,1 mons/am’,
. PactBop cynbdara u cynsduaa Hatpus ¢ konnentpausamu C(Na;SO4) = C(NayS) = 0,1 mons/am’
. PacTBOp Xpomata kanus

PN R

—t e ek e ek e e e e = \O
O 0N DNk WN — O

Yka3zaHus o TexHuke 0€30MacHOCTH
1. Bce paboTbl B XUMHYECKOH 1a0OpaTOpHH AOJKHBI HPOBOAMTHCS MPU HCIPABHOM
3JIEKTPOOOOPYIOBAHUH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0BAHHOM BBITSKHOM IIKAQYy.

2. Ta3oBble KpaHbI U ra301poBOJ JOJIXKHBI HAXOANUTHCSA B UCIIPABHOM COCTOAHUH, IEPUOANYCCKHA
IIPOBEPATHCS.

3. Pabouee MecTO CofiepKaTh B OPSIIKE M YHCTOTE.

4. Cyxue peakTHBbl TpeOyeTcs OpaTh YHCTHIM MITMATENIEM WK CIICHHATLHON JT0KESUKOM.

5. MHznumiek peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLIT B3SIT.

6. Bce omnbITHI € BPCAHBIMHA U MAXHYIIUMHU BCUICCTBAMU, a TAKIKC YIIApUBAHUE KUCJIIOT U KHUCJIBIX
pPacTBOPOB MPOBOJIUTE B BBITSHKHOM MIKady.

7. OcraTku COeIMHEHHH cepedpa CIIMBATh B 0COOBIC CKIITHKH.

8. IIpu HarpeBaHMM pacTBOPOB B MPOOHPKE BCETa CeAyeT AepikKaTh e€ TakuM 00pa3oM, 4TOOBI
OTBepcTHE NPOOUPKHU OBLIO HANPABICHO B CTOPOHY OT paboTaromIero psAaoM coceaa.

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

10. He crmexyer BOpIXaTh Maxydre BEMIECTBA M Ta3bl, OJIM3KO HAKIOHSACH K COCYIY C ITHMH
BemecTBaMu. HroxaTh BeliecTBa MOXHO JIMIIb OCTOPOYKHO, HAIIPaBIIsisl 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. Kareropuuecku 3anpeniaercsi npoOOBaTh XMMHUYECKUE BEIIECTBA HA BKYC.

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

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

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

21. B xumnyeckoii naboparopun He0OX0IUMO paboTaTh B Xajare.

3aganus
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Onwir 1. B mBe mpoGupku BHecTd Mo 1 c¢M’ pacTBopa amMmuaka (KOHIEHTpALMs pacTBOpa
ammuaka pasHa 0,1 monws/aM’). B omHy npoOupky m1006aBUTH 2 ¢M® BOJIbI, B JPYIYI0 2 CM’ pacTBOpa
xopuza ammonust, C(NH4C1) = 0,1 mons/mm’. TTocne 31oro B 06e npobupku BHECTH 1o 1 cM® pacTBOpa
XJIOpHUIa Maruus ¢ MoJisapHoi Kouuenrpanuein C(MgCl,) = 0,1 moss/mm’. OGpaTUTL BHUMAHKE HA TO, YTO
0CaJIOK BBITIA/IAET TOJIBKO B IPOOWPKE, TA€ HET XJIOPHUIa AMMOHHMSL.

OnpwiT 2. B nBe mpoOupkH BHECTH MO | MUKpoOIIMATEN0 KPHCTALTNYECKOro moja. B mepByro
npoOUpKy 106aBuTh 2-3 ¢M’ BOJBI, BO BTOPYIO CTOJBKO K€ HACHILIEHHOrO PACTBOpA MOIMAA KaJus.
VY6eautscs, YTO O MaJO PaCTBOPSETCS B BOJE, HO XOPOLIO PaCTBOPSIETCA B HOAUE KaJHS.

OmeiT 3. B 1ByX npoOupKax MOIYyYHUTh OCAAKH KapOoHaTa M Cyiab(dara KanbIus JCHCTBHEM Ha
pactBop xsopuga Kaneius (C(CaCly) = 0,1 mons/am’), pacTBopamMu KapOoHaTta U cyib(aTa HaTpus. B
o0e mpoOupku 1o6aBbTe neruMonsapHbd pactBop HCI. 3ameTsTe, 9TO MPOUCXOIUT PACTBOPEHHE TOIHKO
KapOoOHaTa KaJbITHsl.

OnsiT 4. B 1ByX nmpoOupKax MOIy4YUTh Oocaaku ZnS neiicTBueM pactBopa Na,S Ha pacTBOp cosu
LMHKA C MOJISIPHOM KOHIeHTpanueil nocaenneit 0,1 mons/am’. B ogny npobupky no6asuts 0,1 Moms/am’
pacteop HCI o pactBopenus ocaiaka, B APYryro Takoil ke 00béM 0,1 MoJb/mM’ pacTBOpa YKCYyCHOM
KHCJIOTHL. Y OUThCA, 9TO B YKCYCHOM KHCIIOTE CYIh(HI ITHKA HE PACTBOPIETCSI.

OmeiT 5. B 1ByX npobupkax nomyuuts ocagku CuS u FeS B3aumopeiicTBueM pacTBopa cyiabpuia
narpus (C(Na,S) = 0,1 mons/am’), ¢ nenmmonspasiva pactBopamu CuSOs u FeSO.. B 06e npobupku
N00aBUTHL OJIMHAKOBBIE 00BEMBI pacTBopa consHoi kucaotel (C(HCI) = 0,1 mons/nm?).

OmnbiT 6. B onHOM nipobupke monmyunth ocanok PbSO., B apyroi — ocagok PbS neiictBueM Ha
pactBop Hutpara ceunua, C(Pb(NOs),) = 0,1 mons/am’, pactBopamu cyibdara u cyibpuaa HaTpus ¢
xounenTpamusamMu C(Na,SOs) = C(NaS) = 0,1 mons/aM’® coorBeTcTBEHHO. B 00€ MpoOupKH 106aBUTH
omuHAaKoBEIM 00bEM 0,1 Mosin/mvM’ pacTBOpa Xpomara Kajus U TIIATENbHO Iepemeriath. OTMETHUTH
W3MEHEHHE [[BETa 0CaKa B OJJHOM 13 POOUPOK.

Conep:xaHue oT4yeTa

OmneiT 1. Hammcars ypaBHeHusi obpasoBanus Mg(OH), B MONeKyIsspHOM W HOHHOM BHJE.
Jlokazate pacu€ToM BO3MOXXHOCTHh BbIMIaJieHHss B ocamok Mg(OH), tomeko B otcyrctBum NH4CI,
rcnonb3yst 3Hauenne [IP(Mg(OH),).

OmneIT 2. YOenuTbes, 4TO MO Majlo PacTBOPSIETCS B BOJE, HO XOPOILO PacTBOPSETCS B MOAMIC
kaius. Yem 310 00bsacHUTE? COCTaBUTH ypaBHEHHE PEakUWHU B3aumopaehcTBus nona ¢ Kl B HOHHOM H
MOJIEKYJIIPHOM BHJIE.

Oneir 3. Kak, npumensist noustue [P u 3Has yciioBus pacTBOpEHHS OCAJIKOB, OOBSICHHUTH
HaOmonaemoe siBieHue? CocraBuTh ypaBHeHusi peakuun pactBopeHus CaCO; B HCl B moHHOM H
MOJIEKYJISIPHOM BHJIE.

OmnpiT 4. O6BACHUTD, TTOUEMY ZNnS pacTBOPSIETCS TOIBKO B COJITHOM KUCIIOTE, YYUTHIBAS MATYIO
pactBopuMOCTb U JetydecTb H,S. CocTaBuTh ypaBHeHUs B3aumoaeicTus Mexxay ZnS u HCl B nonnoM
1 MOJICKYJISIPHOM BHUJIE.

OmeIT 5. OTMETUTH pacTBOPEeHHE TONBKO FeS n 00bICHHUTD 3T0, HCIonb3ys 3HaueHue [1P mis FeS
u CuS. CoctaButs ypaBHeHHs B3aumoaelcTeus Mexxay FeS n HCl B HOHHOM 1 MOJIEKYJISIDHOM BHJIE.

OnbiT 6. OOBACHUTE MpOUCXOAdIIEe, MONb3ysach 3HaueHusMu [IP mis PbS, PbSOs u PbCrO..
CocraBUTh ypaBHEHHsI COOTBETCTBYIOIIUX PEAKLIUI B HOHHOM M MOJIEKYJISIPHOM BHJIE.

KonTpoabHbie BOIPoChI
bazoBblil ypoBeHb

1. ChopmynupyiiTe MOHATHE «IIPOM3BEIECHHE PACTBOPUMOCTH». [ Kakoro Tuma coeArHEHHH
oHo npumernmo? [lpuBenuTe npumepsl.

2. Hammumute ypaBHEHHS MPOLIECCOB MPOTONIM3a i cienytomux coeaunenuii: CaCOs;, Ag,CrOs,
Al(OH);. Kak OyayT BBITIISAETh COOTBETCTBYIONIME MM BBIPOKEHHS TPOU3BEINCHUN pPacTBOPUMOCTH?
Haiinute nx 3HaueHUs B CIPAaBOYHUKE M 3aIHILIUTE.

3. Yro takoe aktuBHOCTH? MoHHas cua pactBopa? [IpuBeanTte ¢hopMyIsl 11 UX pacyeTa.

IToBBIILIEHHBIN YPOBEHD

1. Kaxk cBsazansl I1P 1 pacTBOpUMOCTD MajlOpacTBOPHMBIX CHIIBHBIX AIIEKTpoIuToB? OTOOpasure
9Ty cBs3b Ha mpuMepe AgizAsO.

2. Tlepeunciure YCIOBUS PAacCTBOPEHHS OCAJKOB MajlOpacTBOPUMBIX BeliecTB. Kak MOXHO,
HampuMep, pacTBOpuTh ocanok Zn(OH),?
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3. Kakoe siBiieHUe Ha3bIBAIOT «COIEBBIM dQdexrom»? [IpuBenure nmpuMepsl.

Cnucox JUTEPATYPHI, peKOMeH}IyeMI)Iﬁ K HCI0JIb30BAHHIO 110 JAHHOM TeMe

OcHoBHas1 JiUTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBuHs. - 13-¢ u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : mi. - (bakanaBpuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumust oKpy>Xaroiei cpeapl : XuMUs )KUBBIX opranu3mMoB. Kypc neximii /
E. C. Muxanuna, A. JI. Ilerenmun. — M. : U3patensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTpOHHBIN // DneKTpoHHO-O0ubmoTeynas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum moctyma: mms
aBTOPU3UD. [10JIb30BATEIEH
JlonoiHUTeIbHAS JTUTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; 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 METaJUIoB : yueOHOoe ocodue (A1 CTYJEHTOB XMMHUECKOro (akyibTera
HarpaBieHui 0akanaBpoB «XUMHU» U «XUMHUYECKasi TEXHOJIOTHA») / coctaButenn O. A.
l'onoBanoBa. — Owmck : OMckuit rocy1apcTBeHHbINM yHUBEpCUTET UM. .M. JlocToeBCKOTO,
2015. — 552 c. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DIeKTpoHHO Onbanoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mgoctyma: s
aBTOPU3HUP. MOJIb30BaTENEH
Humepnem-pecypcwt:

1 http://window.edu.ru/ — eanHOe OKHO JAOCTyIa K 00pa3oBaTeNbHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcuteTckast Ou0IMoTeKa OHIAWHY.

3 http://catalog.ncstu.ru/ — 3MEeKTPOHHBIN KaTaIor acCOLUAIUHU SIIEKTPOHHBIX OHOIHNOTEK
y4eOHbIX 3aBenieHnid u opranuzamnuiit CKOO

4 http://www.iprbookshop.ru — 3BC.

5 https://openedu.ru — OTKpbITOE 0Opa3oBaHUE

Tema 6. PacTBopbI
JlaGopaTopHasi paGora 6. PacTBOpbI
[lenp paGotbl: OCBOMTH METOAWKY IIPUTOTOBICHHS DPACTBOPOB 3aJaHHOM KOHIICHTPALHH.
OcBoUTb apeOMETPUUECKUI METOJI U3MEPEHNUS INIOTHOCTU PACTBOPOB. Y CBOUTH MOHATHS aOCOIIOTHON U
OTHOCUTEJBHOU MOTPEIIHOCTEN U3MEPEHUI.
DopmupyemMble KOMIETEHIMU WIN X YacTH:

HNunexc DopmyIMpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMN U CaMO0OPa30BaHUIO
OIIK-4 MIOHUMaHHMEM CYIIHOCTH U 3HaueHHsI UH(OpPMAIMU B Pa3BUTUU

COBPEMEHHOT0 00111eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00padbaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUpPOBaTh U 0POpMIIATH HH(GOPMALIUIO B JOCTYITHOM IS APYTUX
BUJIC

I1K-5 CIIOCOOHOCTBIO MPUHUMATh YYacTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MATMHOCTPOUTENIBHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHHUECKUMH 33JaHUSIMU U HCIIOJIb30BAHUEM CTaHIapPTHBIX
Cp€aACTB aBTOMATHU3AIMH IIPOCKTUPOBAHUSA

TeopeTnyeckas 4acTb
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https://openedu.ru/

Pacmeopamu nasvisaiom comozennvie cucmemvl, cocmosuue u3 08yx u 6osee KOMNOHEHMOo8,
maxoice nPoOyKmos ux g3aumooeticmaus. Hampumep, BOIHBIN pacTBOpP CEPHOU KUCIOTHI COJEPKUT: BOILY
(pactBOpHTEND), TMApaTUpoBanHbIe HOHBI HSO4 -xH,O, HxH,O u SO, *xH,0.

Croco0bI BhIpaxkeHHs] KOHIEHTPALMA PACTBOPOB

Baxneiiiieli xapakTeprCTUKON PacTBOPOB SIBIIICTCS WX KOHIICHTPAIUS — MacCa WM KOJIMYECTBO
BEIEeCTBa, COJepKAIINECS B ONpeeNIeHHON Macce Wi 00beMe pacTBOPa MIIA PACTBOPUTEIIS.

Maccosas goms BemecTBa X — Macca BemectBa m(X) (B 1), conepkamasics B 100 T pacTBopa:

m(X
w(X),% = "X 100 6.1)
M p—pa
ModsiibHasi KOHIIGHTpAIMsl — KOJNUYECTBO MOJb BemiectBa n(X), coneprkaiieecs B OJHOM
kmrorpamme (v B 1000 1) pacTBOpHTEIIS:

C (X, MOJIb n(Xx) 1000 —

My s

m(X)
M(X)m
MouisipHast KOHIEHTpALHUsE — KOJIMIECTBO MOJIb BemiecTBa n(X), coeprkanieecs B OHOM IM° (K
B 1000 cM?) pacTBOpUTENS:

— 1000 6.2
r . (62)

Mmoinb n(X m(X
Cpr (X)), M0 =) Go00= D 600 63)
AM p-st M(X)Vp—r[ﬂ
MonsipHasgs KOHIEHTpalUs KOJMYECTBa JKBHUBAJICHTA (HOPMAIbHOCTh WU OSKBUBAJCHTHAS
KOHLICHTpAIHs) — KOJIMYECTBO MOJIb SKBUBAJICHTA BEIIECTBa X, COJIEPKAILEECs B OJTHOM am® (uma B 1000

CM’) PaCTBOPUTENS:

I
. n(— X) ¥
C(—X), 2 = sz 1000=—" 000, (6.4)
z
X M p-ns M(— X)Vp-ng
ZX
1 1
rac n(Z_) 12! M(Z—) — KOJHMYECCTBO MOJIb JKBHMBAJICHTAa BCIICCTBaA (B MOJ'H:-3KB) n €ro
X X

SKBUBAJICHTHAS Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Uncno Z, Ha3bIBAIOT IKEUBANCHINHBIM YUCAOM VI YUCTOM IKEUBANEHMHOCMU — Ly
> 1. 3naueHue Z, onpenessoT N0 XUMHYECKOW peakilni, B KOTOPO yJacTBYeT JaHHOE BEIIECTBO. Tak, B
YaCTHOCTH, JJISl BEIIECTB, ydacTByomuXx B OB-peakiusax, SKBUBaJIEHTHOE YHCIO Zg A BOCCTAHOBHUTENS
PaBHO YHCIy 3JEKTPOHOB, KOTOPOE OH OTHAET, a [UIsl OKHUCIMUTEISl — YHCIYy 3JIEKTPOHOB, KOTOPOE OH
npuHuMaeT. Hampumep, mia annona MnOs~ B 3aBHCHMOCTH OT XapakTepa peakuuu Z. MOXKET ObITh
paBHo 5, 3, 1, HanpuMmep:

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

MnO; + 2H,0+3e¢™ — MnO, +40H"; Z, = 3; 9(MnOs") = 1/3 Mo5;

MnO; +1e — MnO,?; Z, = 1; 3(MnOy) = 1/1 mMonb.
CrnenoBaTenbHO, B 3TUX PEAKIUAX PKBUBAJICHT okucauTenss MnOs cooTBeTCTBEHHO paBeH 1/5, 1/3 u 1
MOJTb.
Heo0xoa1Mo Bceria MOMHHUTD, YTO 3HAUCHUE SKBHBAJICHTA JIFO00I0 BemecTBa X HE MPEBbINIACT
eauHuIEL T. €. 9(X) < 1.
OnpeneneHne SKBUBAJICHTHBIX YHCE HEOIMHAKOBO 11 0OMeHHBIX 1 OB-peakuuii.
B 0OMEHHBIX peakIuaX IKBUBAIICHTHOE YHCIIO OMPEIEIIAIOT M0 CTEXUOMETPHH peakiuu. Eciau ams
peaxIu BU/A:
VAA+VBB = ch +vpD (85)
Ha OJIMH MOJIb BelllecTBa A TpeOyeTcs Va/Va MOJIb BelllecTBa B, TO Za= Vp/Va.

[lone3Ho 3HaTH, 9TO 0151 0OHOOCHO8HbIX Kuciom (Tunia HF, HCI, HBr, HI, HNO,, RCOOH u ap.)
u ooHokucromuwix ochosanui (Turia NH,OH, LiOH, NaOH, KOH, CsOH, RbOH wu np.) sxeusarenm
6ce20a pagen 0OUH MOJlb.

J1J1s1 TIOJIMOCHOBHBIX KHCJIOT W TIOJIMKUACIOTHBIX OCHOBAHUHN BEITMYMHBI SKBUBAICHTOB 3aBUCAT OT
THNa peakuui. Tak aAjid peakuu:

HzSO4 + ZKOH = KzSO4 + 2H20,
Z (H:SO,) = 2, a sxeusanenm ceprou kuciomoi — I(H,SO,) = Y5 monv, max kax na o0ur Moo
H,S0, mpebyemcs 2 monw (06a sxsusanenma!) KOH.
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Hns peakuuu:
H,SO, + KOH =KHSO, + H,O
Z(H:S0,) = 1, a sxeusanenm cepnoii kuciomol — I(H>SO0,) = 1 moab, max kak ¢ 00uH Moib
H>S0, peazupyem 1 monv (00un sxeusanenm!) KOH.

MorbHast 10711 — OTHOIIEHHE KOJUuecTBa Moib BemecTBa N(X) K 00meMy YHCIy MOJb BCEX

BemecTB Ny(Xi), COCTaBIIIONMNX PAcTBOP:
a(xy=NX)
Ny (X;)"

Tutp pactBopa BemecTBa X — Macca BemectBa m(X) (B T), comepikamiasics B OJHOM CM

pactBopa:

(6.5)
2 m(X)

1'(X), T, . (6.6)
CM p—pa

Tutp pactBopa BemectBa B mo ompenensiemomy BemecTBy X — Macca BemiectBa m(X) (B 1),
COOTBETCTBYIOIIAs OJJHOMY CM® CTAHIaPTHOTO PAacTBOpa BeluecTsa B:
T(B/X), 5 = mx)
cM V(B) p-pa
BecbMa BayKHBIM MapaMeTpoOM PacTBOPOB SBISIETCA WX TNIOTHOCTHh — OTHOIIIEHHE MacChl pacTBOpa
(B KT) K 00BEMY ATOTO pacTBoOpa:

(6.7)

K2 Mppa
ol NE A (6.8)
Ipumeuanue. B XuMum 4ale NpEMEHSIOT Pa3MEPHOCTH IIIOTHOCTH PaCTBOPOB B I/CM”.
s mpoBeAeHus pacdeToB IMoyie3HO 3HATH (popmyiy (8.10), CBA3BIBAIOIIYIO KOJUIESCTBO MOJb
OKBHUBAJICHTA BCIICCTBA Xc pas3IMYHbIMU BUIAMU KOHHeHTpaIH/Iﬁ €T0 PaCTBOPOB.
n(i X). vi01e = m(X) _TX)V(X) _ T(B/ X))V (B) _
x M Mctxy Mx
zZ, z. Z.

X X

X

1
AV w(X).%pppaV (X)
= 1000 = 1 . (6.9)
100M (— X)
Z)C
IIpy npuUroToBIEHUU PacTBOPOB € PA3NIMYHON MACCOBOH 10JI€ BECbMa IOJIE3HBIM SIBJIIETCS TaK
Ha3bIBa€MOE TIPABUIIO CMEIICHUS (WJIH MIPABUIIO «KPECTA).
Cxema «kpecTa» UMeeT BUL:

01, % — m;, T
w2, % — my, T,

rae o1, % 1 ,, % — MacCoOBBIE JOJIH UCXOIHBIX PACTBOPOB;

m; ¥ M, — MacChl HCXOTHBIX PACTBOPOB (B ') MOCIIE CMENICHHS KOTOPBIX, OYIET MOIy4eH pacTBOp
C MacCOBOH J10JIeH myx, %.

Honnoe npoussenenne Boanl 1 pH pacTeopon

Boma oTHOCHTCS K OYEeHb Cla0BbIM DICKTPONHTaM, W mpolecc e€ mporonusa (pacraia WiH
JIMCCOIIMAIINKN) SBISIETCST OOpaTHMbIM. PaBHOBecHe B 3TOM TIPOIIECCE CMEIICHO BIIEBO, B CTOPOHY
00pazoBaHUs MOJIEKYJT

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

Ilpumeyanue. TlpoTOMU30M HA3BIBAIOT MPOIECCHI KUCIOTHO-OCHOBHOTO B3aWMOJICHCTBUS,
MPOTEKAIOIIHNE C Y4aCTUEM PaCTBOPHUTENS (ISl BOAHBIX PACTBOPOB — 3TO MOJICKYJIBI BOJIBI).

KoncranTta mpoTtonnsa Bojs! pu 22°C MMeEeT cleAyIoIee 3HaueHUE

45



_[HT][oH "]
P H,0]
Tak xak MIpOTOJIM3 BOABI BECbMAa HE3HAYUTCIICH, TO PABHOBCCHYIO KOHLICHTPAIUIO MOJICKYJI BOAbI
MOKHO MPHHATH 32 MOCTOSHHYIO BEJMYMHY, YHCICHHO PaBHYIO e¢ OOIIel MOJSpPHOW KOHIIGHTPAILUH, TO
ectb cuntath, uto C(H,0) = [H,O] Moas/am’.
Iposenem pacuer (npu ycnosuu, uto p(H,0) = 1r/em® u M(H,0) = 18 r/mons):
m(H,0) ~ 1000
M((H,0) 18
MoJsIpHas KoHIeHTpamus Boasl, To ectb C(H,0) = 55,56 Mombs/nm’.
IIpencrasum (8.13) B ciieqyromneM BUIE:
[HT][OH 1=K ,[H,0]
[Moxcrasus B (8.14) n3BeCTHBIC BEIMYUHBI, TOJYYUM BEIMYUHY POU3BEACHUS KOHIICHTPAIUN
MOHOB THAPOKCOHUS W HOHOB THAPOKCH/IA!
[HT[OH 1=18-10""°.5556=10"* =K (6.13)
Urak, npomssenenne K, = [H'][OH] = 10" ang 4mcroif BoAbI M €€ PacTBOPOB, SBIISETCS
BEIMYMHOW TIOCTOSTHHOM W Ha3bIBACTCS UOHHBIM npousgedenuem Boapl (00o3navaercs Ky).
C coBpeMEHHOU TOYKU 3peHHUsl HE olHa MoJiekyina Boasl H»O, a eé mumep — H4O, niu 2H,0,
MOJIBEPTasiCh MPOTONN3Y (pacmanasics), oopasyeT oauH KaTnoH ruapokconns (H;O") u oguH rHapoKcH -
WOH:

=1.8-107'6, (6.12)

B 1 a1’ Boawl comepxurca n(H,O0) = =~ 55,56 mMonb — 3Ta BeIMYMHA U €CTh

w*

2H,0 & H3()Jr + OH

B YUCTON BOJIC KOHIICHTpaIys 3TUX HMOHOB paBHa u COCTaBJISIET
[H,0"1=[OH 1=~10"" =107 moaw/on’>.

B KkHCIOBIX pacTBOpax KOHIIEHTPAIUMS HMOHOB I'MIPOKCOHMS OOJIbII€ KOHIIEHTPALUH THAPOKCHI-
nonos: [H;0"] > [OH].

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

Opnako mpoussenenne [H;O] u [OH] B moboM pacTBOpe (KHUCIOM W INEIOYHOM) SIBIISIETCS
BEJIMYNHOU MOCTOSTHHOM.

Hcnonb3ys noHHOE MTpou3BeneHre Boabl K., MOXKHO pacCUuTAaTh:

a) KOHIICHTPAIIMIO HOHOB THPOKCOHHMS B PACTBOPAaX OCHOBAHUI

+ Kw
[H50 ]:E; (6.14)
0) KOHIICHTPAITHIO THAPOKCUA-HOHOB B KHCJIOM PacTBOpE.
- K\’V
[OH ]:m. (6.15)
3

Ucnonw3ys Benuunny K, ymaercst xapakTepu3oBaTh KUCIOTHOCTh U OCHOBHOCTH PacTBOPOB IO
KOHIIEHTPAIMH TOJIHKO HOHOB THIPOKCOHHMS.

Hanpumep:

a) B pactBope consHoi kucaotsl ¢ C(HCI) = 0,1 Mons/am® (cunTast MPOTOIM3 KUCIOTHI MOIHBIM,
t0 ecth o HCl) = 1) KOHIIEHTpalMsl HOHOB BOJOPO/a paBHA KOHIIEHTPAIIUH KHCIIOTHI, TaK KaK IMPOTOIU3
KHUCJIOTHI TTOJIHBIN, CJIEIOBATEIBHO:

[H;O]1=0,1 mons/nm® wmun  [H3;0'] = 10" mons/nm?;

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

[H;0%] =0,001 = 10~ mons/mm’.

B) B PacTBOpE IIEIOYH, Hampumep, ¢ MouspHoil konuenrtpamueii C(NaOH) = 0,1 momn/mm’,
KOHIICHTpAIHs THIPOKCUI-UOHOB PaBHA KOHIICHTPALMU IIEJIOYH, TaK KaK MPOTOJIM3 HICIOYU MPOTEKACT
nonrocteio (a(NaOH) = 1). Cnenosatensro, [OH] = 0,1 = 10™" mons/aM’. VauTsiBas B3aUMHYIO CBS3b
nonoB [H;0"] m [OH], mosBiseTcss BO3MOMKHOCTH XapaKT€PH30BaTh DTOT IIEIIOYHON pacTBOp IIO
KOHIIeHTpanuu nonos [H;O':

K, 14
[H07 = Kw 10 1
[OH"] 10"

=107" momw/nM’;

r) B 0,001 M pacTBOpe
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[OH 1= 0,001 = 10" mons/am*;

K, 10
[OH" ] 107°
ﬂﬂﬂ OOJIBIIETO yI[06CTBa XapaKTCPUCTUKY PCAKIUU CPEAbl BBIPAKAOT HE KOHL[CHTpa]_II/Ieﬁ

[H,07]= =107 MOJIB/ M.

BOJOPOJHBIX HWOHOB, TO €CTh BEIMYMHAMHM C OTPULATEIBHBIMM IIOKA3aTENsIMU CTENEHHW, a4 TakK
Ha3bIBa€MbIM BOJIOPOJIHBIM TMOKa3aTesaeM pH.

pH — necsatuunerii morapud™M KOHIICHTPAIMK BOIOPOJIHBIX HOHOB, B3STHIX C 0OpPAaTHBIM 3HAKOM: .
pH=-lg[H"] (6.16)
nim 0ojiee COBPEMEHHO
pH = —1g[H;07], (6.17)
rae [H;O'] Beipakaercs B MOJIB/ M.
s onmcanHbIX BBIIE TpuMepoB (1. 13 a, 6, B, T) pH cooTBeTcTBeHHO paBHbI: 1, 3, 13, 11.
Wsmenenne [H;O'] m pH B 3aBUCHMOCTH OT KHCJIOTHOCTH WM OCHOBHOCTH  CPEJIBI

npejcTaBiieHo B Tadmuiie 8.1.

Tabnuya 6.1 3asucumocms [H;O"] 1 pH 0T peakiiuu cpeibl
[H0'] 28%s R E Sttt B
VBennueHne KUCIOTHOCTH VBennueHne OCHOBHOCTH
7
< HEUTp >
cpena
56 89 10 11 12 13 14
01234
pH Cmabo- Cnabo- menousas CuWiIbHO- LIeJI0YHas
CunpHOKHCTAS cpena
KHCTas cpenia cpena cpena

B uucroit Bone pH = 7.

B xucnotHoit cpene pH < 7.

B menounoii cpeae pH > 7.

Takum 06pa3zom, yeMm Gosbllie KOHICHTpaIHsi HOHOB Bogopoaa [H3O'], Tem Gosbliie KHCIOTHOCTh

pactBopa, TeM MeHblle BeauunHa pH.

Hao6opot, uem mennbiie [H;O'], Tem Gosbliie OCHOBHOCTh pacTBopa 1 0oJibiie BearnyrHa pH.
[MponorapupmupyeM ypaBHEHHE HOHHOTO Tpou3BeaeHUs BoAbl (8.14) u, B3sB Jorapudmbl

00paTHBIM 3HaKOM, TIoay4dnM (tipu 22°C):

NNk W =

pH+pOH =14
Otkyna: pH = 14 — pOH u pOH = 14 — pH.
Bb1600: KOJIMYECTBEHHYIO XapaKTEPUTHUKY PEaKIMU Cpelibl BIOJIHE ompeessier 3HaueHue e€ pH.

Oo0OopynoBaHue 1 MaTepPUAJIbI

Pacteop NH4NO;
AMMMagHas CeNUTpa
CrexJIiHHas BOPOHKA
Kon6e na 100 cm®
Apeometp

[Imarens

Lumunap émkocteio 1,0 ov’

Yka3anus mo TexHuke 0e30ImacHOCTH
1. Bce paboTrbl B XUMHYECKOH 1a0OpaTOpHM AOJDKHBI HPOBOAWUTHCS IPU HCIPABHOM

3IIEKTPOOOOPYIOBAHUH, DIIEKTPOIIPOBOJIKE, MPABUIBHO 000PYIOBAHHOM BBITSDKHOM KA.

2. Ta3oBbIe KpaHbI U ra3011poOBOJ JOJIKHBI HAXOAUTHCS B UCIIPABHOM COCTOAHUH, ICPUOANYCCKHA

MIPOBEPSATHCHL.
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Pabouee mecTo copepkaTh B HOPSIIKE M YHCTOTE.
Cyxue peakTuBbI TpeOyeTcs OpaTh YUCTHIM IITIATENIEM FITH CTICIHAITBHON JIOKEIKOH.
Wznumiek peakTrBa He BEUTUBATH OOPATHO B COCY/I, M3 KOTOPOTO OH OBLIT B3AT.
Bce onbIThI € BPCAHBIMHA U MAXHYIIHUMHU BCUICCTBAMU, a4 TAKIKC YIIApUBAHNUEC KUCJIIOT U KUCJIBIX
PacTBOPOB MPOBOJUTH B BBITSKHOM IKa(dy.

7. OcTaTku COeqMHEHHI cepedpa CMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B MPOOHPKE BCETAa CIASAYET NepKaTh €€ TaKUM 00pa3oM, YTOOBI
OTBEpCTHE IPOOUPKHU OBLIO HAIIPABIICHO B CTOPOHY OT pabOTAOIEro PSIOM COCeIa.

9. He HaKIIOHSTP JUIIO HAJl HATPEBAEMOM KUJAKOCTHIO WM CILIABJISIEMBIM BEIIECTBOM.

10. He crmenyer BOpIXaTh MaxXydrie BEMIECTBA M Ta3bl, OJIM3KO HAKIOHSACH K COCYIY C ITHMH
BCIICCTBAMMU. Hroxatb BCHICCTBA MOKHO JIMIIb OCTOPOIKHO, HAIIPpaBJIAAd K ce6e apel WIK ra3 ABUXKXCHHUEM

PYKH.

S AW

11. XpaHUTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT U MIENIOYEH B BBITSHKHOM IIKady.

12. BsuiuBaTh pa30aBiicHHbIC KUCIIOTHI M IIEJIOUYHBIC PACTBOPHI CICAYET B CIIMBHYIO CKIISIHKY.

13. Kareropuuecku 3amnpemaercsi (poOOBaTh XMMHUYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe ¢ JIETKO BOCILIAMEHSIFOIIUMUCS BemecTBaMu (3(UpsI, OEH301, CepoyTriaepos
T.JI.) HE JIOJDKHO OBITH PSJIOM OTHS ¥ BKITFOYEHHBIX TUTUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW TMOCYAOH, HEeoOXOoAMMO COOMIOAaTh IpaBUiIa
MPEAOCTOPOKHOCTH BO N30€KaHNE PaHEHUI OCKOJIKAMHU CTEKIIA.

16. Kareropuuecku 3ampeniaeTcsi OCTaBIATh pabOTarOIIHe MPUOOPHI 0€3 HAOIIOICHHUS.

22. B xuMudeckoi 1aboparopun Heo0XxoanMo paboTaTh B Xajare.

3aganus

Omsrit 1. I[IpuroroBnenne pacTBopa HUTpaTa aMMOHHMS ¢ MaccoBoi Joner 10%

1 Paccunrars Haecky NH4NO;, HeOOXOMMYO JUTst PUrOTOBIIEHHsE 250 cM® pacTBOpa ¢ MacCOBO# I0MIel
(D(NH4NO3) =10%.

2 Paccunrannyro HaBecky NH4NO; B3BecuTh B OHOKCE Ha TEXHHYECKMX BecaxX. Pe3ysbTarhl
B3BCLIMBAHUS 3aHECTH B Ta0I. 5.2.

3 HaBecky aMMHAYHOW CEIUTPHI OCTOPOXKHO IEPEHECTH C ITOMOIIBI0 CYXOW CTEKIISTHHOM
BOPOHKH B MEPHYIO KOJIOY BMECTUMOCTBIO 250 cM’.

4 JloGaBuTh K HaBecke B Koyube 100 cM’ qUCTHILIMPOBAHHON BOMBL. THIATENBHO MEpPEMENIATH
pactBop 1o mosHOTO pactBopeHuss NH4NO;. JloauTh KoJ0y MUCTHILIUPOBAHHON BOJMOHM O KOJBIICBOM
OTMETKH TI0 HIDKHEMY MEHHCKY.

5 TuwarenpHO nepeMelars NPUrOTOBICHHBIM PacTBOP IISTH - HIECTUKPAaTHBIM IEPEBOpaUNBAHEM
KOJIOBI, TIOAZIEPKMBAS TIPOOKY.

6 U3meputh IJIOTHOCTH MpUTOTOBICHHOrO pacTBopa NHuNO; ¢ momomsio apeomerpa. Jlis
3TOTO MPHUIOTOBJIEHHBIA PACTBOP TEPENUTH B IIMHAP EMKOCTBIO 1,0 am’. OCTOPOXHO TOrpy3uTh B
pacTBOp apeoMeTp TakuM oOpa3oM, uYTOOBI apeoMeTp HE Kacalcsi CTeHOK LIWIMHApPA W 3aHSI
HETOABHXHOE MoJoxeHue. CHATh [OKa3aHus IFIOTHOCTHU CO IIKAJIbl apPEOMETpa U 3aHECTH B Tabm. 6.2.

7 Paccunrarh MOJSIPHYIO KOHLIEHTPALIMIO PUTOTOBJIIEHHOTO pacTBopa. PacuéTHble JaHHbBIE U PE3YJIbTaThl
W3MEpEeHHii 3aHecTH B Ta0M. 6.2.

8 OrbITHOE 3HAYEHHE TNTOTHOCTH PACTBOPA HUTPATa aMMOHWSI ( Poen) CPABHUTE C TEOPSTUUCCKIM  (TabiHMIIA
8.3)(pacCUUTaHHBIM Pireop, ).

9 Paccuutarth aGCOMOTHYIO A (T/CM’) U OTHOCHTENBHYH MOTPEIHOCTh o (%) W3MepeHus
IJIOTHOCTH NMPUTOTOBIIEHHTO PACTBOPA.

Tabauya 6.3 Ilnomnocms 600H020 pacmeopa HUMPAMa AMMOHUsL NH4N03

Konnenrpauus Konuenrpanus
p, r/em’ p, rlem’
®, % MOJIb/ M /oM’ o, % MOJIb/M> r/mM’
1 0,1252 10,023 1,002 18 2,415 193,3 1,074
2 0,2514 20,12 1,006 20 2,705 216,5 1,083
4 0,5071 40,58 1,015 24 3,299 264,1 1,100
6 0,7668 61,38 1,023 28 3,912 313,2 1,119
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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:xanue oT4yeTa
Tabnuya 6.2 P€3yabTaThl SKCIEPUMEHTA

Macca mg Macca
C(NH4NOs), Poxcrr- D ra6is Aabc., AortH.,
Orokca, + HaBeCKa, | HaBECKH, 3 3 3 3 o
MOJIB/IM r/'cm r/cM r/cM %
mg, T r my, T

KonTpoJbHbIE BOPOCHI
bazoBblil ypoBeHB

1 W3 Kakux KOMIIOHEHTOB COCTOAT BOJHBIE pacTBOpPbI cieayromux BemecTB: NasPO4, K,SOs,
NaNO;? OTBeT AaTh ¢ y4eTOM OPOLECCOB MPOTOIN3a HOHOB.

2 JIns yero mnpuMmeHsOT apeomeTp? KakoBa mocCIeqoBaTeNbHOCTh ONEpaldid TpU  3aMepe
TUIOTHOCTH KUIKOCTH?

[ToBbILIEHHBIN YPOBEHB

1 TIIOTHOCTB ¥ TUTP PACTBOPOB MMEIOT OJMHAKOBYIO Pa3MEpPHOCTH (r/cm’). B uem pasiuuue sTHx
napameTpoB?

2 [IpuBeuTe anropuT™M B3BELIMBAHUS TBEPBIX BEIIECTB.

Cnucox JUTEPATYPHI, peKOMeH)IyeMblﬁ K HCI0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHast MTEpaTypa:
1. Koposun, H. B. O6mas xumus : yue6nuk / H. B. KopoBus. - 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. [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 noctyma: mms
aBTOPU3HP. [10JIb30BATEICH
JlonoJiHUTeIbHAS JIUTEpaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nunka ; Ilox 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
HarfpaBieHull 0akanaBpoB «XUMHUs» 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. M10JIb30BATEIEH
Humepnem-pecypcwi:

1 http://window.edu.ru/ — eaMHOE OKHO JAOCTYIa K 00pa30BaTEeIbLHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — 3MEKTPOHHBIN KaTaIOT aCCOLUAIUH YIIEKTPOHHBIX OMOINOTEK
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yueOHbIX 3aBefieHni 1 opranusanuiit CKOO
4 http://www.iprbookshop.ru — 9BC.

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

Tema 7. KoMiuiekcHbIE COeAMHEHUS
JlabopaTtopHnasi padora 7. KomnjiekcHble coeIMHEHUS
I_ICJ'IB pa6OTBI: N3y4YCHUC KOMIIJICKCHBIX COGI{I/IHeHI/Iﬁ A UX XUMUYECKHX CBOUCTB.

DopMUPyEMBbIE KOMIIETEHIIMH WJIM UX YACTHU:

Nupexe DopMynUpOBKa:
OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMU U CaMOOOPA30BAHUIO
OIIK-4 MIOHUMaHHMEM CYIIHOCTH U 3HaueHHsI UH(OpPMAIMU B Pa3BUTUU

COBPEMEHHOT0 00111eCTBa, CIIOCOOHOCTHIO MOTy4YaTh U 00padbaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUpPOBaTh U 0POpMIIATH HH(GOPMALIUIO B JOCTYITHOM IS APYTUX
BUJIC

I1K-5 CIIOCOOHOCTBIO MPUHUMATH YYacTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MATMHOCTPOUTENIbHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHHUECKUMH 33JJaHUSIMU U HCIIOJIb30BAHUEM CTaHIapPTHBIX
Cp€aACTB aBTOMATHU3AIIMH IIPOCKTUPOBAHUSA

TeopeTnyeckas 4acTh
XUMHYECKHE CBS3M OCYIICCTBISIIOTCS 3a CUET 00OOIEHHMS HE CHApeHHBIX 3JIEKTPOHOB WIH
nepefayn dJIEKTPOHOB OJHMM M3 aTOMOB, BCTYNAIOIIMX B CBS3b JApyromy. B pesynbTare Takoro
B3aUMOJICHCTBHUSI 00pa3yloTCsl YCTOHYMBBIE KOH(PUIYypallu, WMEIOIIME Ha BAJICHTHOW 000JI0uKe
JJIEKTPOHHBIA OKTET. YCTOHYMBOCTH MOJOOHOW CTPYKTYpPBHI OOBSCHSETCS CXOJCTBOM B CTPOCHHHU C
WHEPTHBIMHU TazamMu. CoeqUHEHMs], OTyYalomuecs MoJ0OHBIM 00pa30M, Ha3bIBAIOTCSI OMHAPHBIMU.
MHorue aroMbl WM HOHBIL, 00pasyroLpe OHHAPHbIE COSIMHEHMS, MOTYT SIBIITHCS IOHOPAMU IEKTPOHOB VTS
JIPYTUX aTOMOB, IPYIIT aTOMOB MITH MOJIEKYTI, HE MMEFOIIMX YIEKTPOHHOIO OKTeTa. I lomydeHHbIe TakiM Iy TeM CIIoKHBIE
MOJIEKYITbl Ha3bIBAFOTCS KOMIUIEKCHBIMM COSIMHEHWSIMU WIM COSAMHEHMSMH BbICIIEro mnopsyika. Hampumep, B coctas
KomImIekcHoro coemynennst K>/ PtCls] sxomarnonsl K u [PtCls]”.
IlenTpanbHbIil aTOM IJIATHHBI CO CTENEHBIO OKHUCIEHHUs +4, BOKPYT KOTOPOro IpyINUpPYHOTCA
(KOOpAMHUPYIOTCS) APYTHE aTOMBI, Ha3bIBAETCSI KOMILIEKCOO0Pa30BaTEIeM.
[Ipucoeaunsiomuecs k HeMy HOHBI C/” Ha3bIBAIOTCS JIMTaHAAMH (WK aJICHAaMH).
HekoTopsle uranisl ¥ X Ha3BAHUS:
H,0 — axBa; NH; — ammun; O° — okco; OH — rugpokco; CN- — muano; SCN™ — popano; NO; —
uutpo; SO;* — cynbhuro; NH-OH — runpokcunamun; F- — ¢propo; CI” — xiopo; Br — 6pomo; I — iiojo.

Uuncno Muraszios, MpUCOESAUMHEHHBIX K KOMIIJIEKCOO0Pa30BaTeII0, Ha3bIBAIOT KOOPANHALIMOHHBIM
ypcioM (K.4.) Komiuiekcooopasosarens. K.u. (Pr) = 6.

Wonbl K' — BHemmHss KoopauHanuoHHas cdepa (nporuBouon); [PtClg]” — BHyTpeHHss
KoopauHauuoHHas cdepa. EE 3apsa( TouHee, cTeNeHb OKHCICHUS X) ONpPEAEISIETCS anreOpandeckou
CYMMOWH 3apsi/I0B KOMILIEKCO0Opa3oBarels v Iurauaos: x(/PtCls]*) = +4 +(—1)-6 = 2.

Ecnu BHYTpeHHSII KOOpIMHALIMOHHAS cdepa HMeeT TONOKHUTENBHBIA 3apsii, TO OHA Ha3bIBACTCA
KOMIUIEKCHBIM KaTHOHOM, €CJTM OTPHLIATENBHBIA — KOMIUIEKCHBIM aHHOHOM. VIMeeTcst psji COeIMHEHHH, B KOTOPBIX
BHYTPEHHSI1 KOOPIMHALMOHHAS cepa He HECET 3apsaia — HeWTpaibHble KOMIUIEKCHL. [IpuMeps! yKka3aHHBIX TUIIOB
KOMIUIEKCHBIX COSIMHEHUIL:

1) katuonnsie — [Pt (NH;);CI]Cl Y [Pt(NH;);CIl]" + CI;
[Cr(HzO)4Br2]Br 0 [Cr(H0).Br>]" + Br;
[Nz(HgO) /SOy M0 [Ni(H.0)s]*" SO/

2) annonnsle — K;/Fe(CN)s] !V 3K* + [Fe(CN)sJ*;

(NH,)>[Pt(OH),Cl,] " 2NH," + [Pt(OH);CL,]z :

Nas[AIFs] ™M 3Na* + [[AIF6]3’
3) meliTpanbHble (HeanekTpoautsl) — [Cr(H>0),PO,] MYy x;
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[RR(NH3)5(NO»)s] ML, %;
[Pd(NH>OH)>CI,] ("0 x.

Ilpumeyanue. KoMIiekcbl aHHOHHOTO THITA TaKXKe eIl€ Ha3bIBAOT alMJOKOMIUIEKCHBIMH, TaK
KaK [pY TIEPBUYHOM MPOTOJIM3€ OHU OTIIETUISIOT KOMIUIEKCHBIN aHHOH.

Aneopummel HaA36aHUN KOMHIEKCHbIX coedureHuti: 1) KaTHOHHBIE KOMIUJIEKCHI — CHadaja
Ha3bIBAIOT BHENTHIOO C(epy, a 3aTeM B POAUTEIHHOM TajieKe IIPUBOAT Ha3BaHUS JTUTAHAOB BHYTPEHHEH
cdepbl U pyccKoe Ha3BaHWE KOMILIEKCOOOpa3oBaTelNs C YKa3aHHEM €Tr0 CTENEHH OKHCIICHUS apaOCKUMHU
nuQpamu, HarpuMep:

[Pt (NH3);Cl] Cl—xnopuz TpUaMMUHXJIOPOTIIaTHHBI (12);
[Cr(H:0),Br,] Br —6pomun TeTpaakBaauOpomoxpoma (+3);
[Ni(H:0)s]SO, — cynbdat rekcaakBanukens (+2);

2) Ha3BaHHE aHWOHHBIX KOMIUIEKCOB HAYMHAIOT C BHYTpPEHHEH cdepbl — Ha3BaHUE JMIAHIOB U
JATHHCKOTO KOMIUIEKCO00pa3oBaress ¢ OKOHYAaHUEM -ami, 3aTEM — PYCCKOE Ha3BaHUE KaTHOHA BHEIIHEH
cdepsl, HanpuUMep:

K;[Fe(CN)s] — rekcamanodeppat (+3) xamus;
(NH,).[Pt(OH),Cl,] — muruapokcoTeTpaxioporiaTuaar (+4) aMMoHUS;
Nas[AlF ] — rekcadTopoartoMrHAT HATPHS,

3) B HEUTpaJIbHBIX KOMIUICKCaX BHAaYaJie HA3bIBAIOT JIMTaHIbl (C y4eToM andapurta), 3aTeM
CllelyeT pyccKoe Ha3BaHME KOMILIEKcooOpa3oBaTesst 0e3 yKa3aHusl €ro CTENCHH OKUCICHHS (TTOCTeTHSIS
OJTHO3HAYHO MOJKET OBITH OTpeeTIeHa C YUETOM JIEKTPOHEHTPAITbHOCTH KOMILIIEKCA), HAalpUMeD:

[CrPO4(NH;3);] — TprammuHbOCchaTXpOM;

[Rh(NO;)3(NH3)3] — TpuaMMHHTPUHHUTPOPOIHIA;

[Co(NO:);(NH3)3] — TpUaMMUHTPUHHTPOKOOAIBT.

CBsi3p MEX/Ty BHEUTHEW M BHYTPEHHEW cepoil MMeeT HOHHBINA XapaKTep, CBSA3b BO BHYTPEHHEH
cdepe — KOOPAWHAIIMOHHBIN (JJOHOPHO - aKIENTOPHBINA, CEMUITOJISIPHBI).

Bay1penssist koopmmHatmoHHas1 cepa i1 KOMITIEKCOB KATHOHHOTO M aHHOHHOTO THTIOB YCJIOBHO OTIEIEIETCS OT
BHEIIHEH c(hepbl KBAIPATHHIMU CKOOKAML

CyIecTBYIOT COEIMHEHHUSI, COCTOSIIIIE U3 KOMIUIEKCHBIX KATHOHOB M aHHOHOB!

[Co(NH;)s][Cr(CN)4] — rekcarmanoxpomar (+3) rekcaaMMHUHKOOAbTa (+3);

[Cr(NH3)s][Co(NO,)s] — rexcanntpokoOanbTar (+3) rekcaaMMuHXpoMa (+3);

[Pt(NH;);Cl][Pt(NH;)Cl;] — aMMHHTpUXJIOpOIIIATHHAT (+2) TpPUaMMUHXJIOPOIIATHHEI (+2).

Comu HEKOTOPBIX METAIJIOB, OCOOEHHO B KOHICHTPUPOBAHHBIX pPAacTBOpax, CIIOCOOHEI
pearupoBaTh MEXIy cOO0H, 00pa3ysi KOMIUIEKCHBIE COSTMHEHUS — dyMOKOMNIEKCHI:

AuCls+AuCls <> Auf[AuCls] — rekcaxnopoaypart (+3) 3omoTa (+3) ;
Cdl; + Cdl, « Cd[Cdl,] — TeTpaitogokaamar (+2) KagMusl.

PaznuyaroT mepBHYHBIA M BTOPWUYHBIA IMPOTONH3 KOMIUIEKCHBIX cOeIUHEHHUH. [lepBHYHBIHA
MPOTONN3 — OTIICIUICHUE BHEIIHEW cdepbl, OOBIYHO MPOTEKaeT IO THUITy CUJIBHBIX AJIEKTPOIUTOB.
Hampumep, 1u1s1 KOMIUIEKCOB:

K>[PtCls] M0y 2K* + [PtClq]*;

[Cu(NH3)4|Cly <22 S[Cu(NH ), P + 21

CreneHb MEPBUYHOrO MPOTONM3A JJIsi Ppa30aBIEHHBIX PACTBOPOB KOMIUIEKCHBIX COCIMHEHHUI
00brgHO 100 % mm OJM3Ka K 3TOW BEIHYUHE.

BropuuHOMy MpOTONW3y IOABEPralOTCs KOMILIEKCHBIE WOHBL lIpm 3TOM uX CTemneHb
MpPOTOJIM3a BechbMa Mayia. Pacmaj mporekaeT IO THITY CJIa0bIX 3JEKTPOJMTOB. THIT MPOTOaU3a —
CTYIIEHYATBIN, KOTOPBIM OMMCHIBACTCS YPaBHEHUEM 3aKOHA JCHCTBUS Macc.

KonmuecTBeHHO TpoImecchl MPOTONMN3a KOMIUIEKCHBIX HMOHOB XapaKTEPHU3YeTCs KOHCTaHTOH
HeCTOHKOCTH (Kiecr) MITH 0OpaTHOM €1 BeTMINHON — KOHCTaHTOU ycToanBoCcTH (Kyer).

Pa3nmnyaroT KOHCTAHTHI TIPOTOJIM3a CTyIeHYaThie U o0mue. CTyneHYaThie KOHCTAHThI CBSI3aHBI C
OTHICTUICHUEM OJIHOTO JIUTaH/Ia OT KOMIUICKCHOTO MOHA WJIM MOJIEKYJIbI, a OOIIHUEe KOHCTAHTHI YYUTHIBAIOT
PaBHOBECHBIE KOHIIGHTPAIMK KaK JUTAaHAOB, TaK M KOMILUIEKCOOOPa30BaTeNs, OOpa3yIOMIMXCS B XOHE
npoTonmu3a nmo BceM crynensM.Hanpumep, nmportonus xomuiekcHoro uona [Cu(NH;),/’" nporekaer B
YeThIPE CTYIICHHU:
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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

MMO ocHOBBIBacTCS Ha B3aMMOJCHCTBUU aTOMHBIX OpOMTACH, MPUBOMIAIINX K O0pa30BaHUIO
MHOTOIIEHTPOBBIX MOJIEKYJISIPHBIX OpOnTasieil, UMEIOMMX pa3Hbie 3Heprun. O0pa3oBaHNe CBA3BIBAIONINX
MOJIEKYJIAPHBIX opOuTanei (0°) MAET Ha HIDKHUX YHEPTeTUUYECKUX YPOBHSX, paspexigomux (¢77) — 3a
CYET BEPXHHUX.

Mexay ypoBHAMHU ¢ U ¢”*” HAaXOHAATCS YPOBHHU CNa00O CBS3BIBAIOIINX, HE CBS3BIBAIOLINX U
c1abo pa3peIXIIOMUX opOuTane (o.). MoONeKyIspHbIE OpOWTaTM 3aMONHSIOTCS JJICKTPOHAMHU B
COOTBETCTBUU C npuHIMIIOM [laynu u npasmiom XyHna.

MMO ocHOBaH Ha O4YEHb CJOXXHOM MAaTeMAaTHYEeCKOM alllapare, 4YTO MPEMSTCTBYET €ro
MIAPOKOMY HCITOITE30BAHUIO.

Oo0pa3oBanue KOMILIEKCOB KATHOHAMM

[IpucoenuHenre IUTaHAOB K KOMILIEKCOOOPA30BATENI0O MOXET IPOUCXOIUTH MOCPEACTBOM
0000MIeHAsT 3NEKTPOHHON TMaphl, MPUCOSIUHSIONICHCS TPYIIBl (KOMIUIEKCH BHEIPEHUS) WM 32 CUET
JNEKTPOCTATHYECKUX CHJI TMPHUTSHKEHHUS MOJEKYJ, OOJIafaroIiuX AWUIMOJFHBIM MOMEHTOM (KOMITIEKCHI
MIPUCOEIUHEHMUS).

Mornekynbl W HMOHBI, CIIOCOOHBIC BBHINOJHATH pOJIb JIMTAHIIOB, 1O AaKTUBHOCTH MOXHO
PacIOJIOKUTh B CIACAYIOIINN PsiA:

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

Ecnmu B kadecTBe JNWUraHIOB MCIIOJIB3YIOTCS HOHBI, HEPEUYMCICHHbIE BBIIIE, TO MOIYYaroTCs
KOMIUICKCHBIC COCIMHCHUS THIIA IBOMHBIX cojeil. Uem 0osblile BETUYMHA KOHCTAHTHI HECTOWKOCTH, TEM
MeHee TTPOUYEeH KOMIUIEKC B TeM OJIIKE TI0 CBOMCTBAaM JaHHBIM KOMITIEKC K TBOHHOM COJIH.

KommnuiekcHble coeTUHEHUsI ¢ BOAOH M IrMIPOKCHILHOUTPYNINOI B KauecTBe JUTAHA0B

WzBecTHO, uTO O€3BONHBIN CcynbdaT memu (MemHblii Kymopoc) CuSO, OeclBeTeH, HO MpH
NO0aBJICHWU BOJABI OH MPHOOpPETAeT CHHEE OKpAIIMBaHWE. OJTO IMPOUCXOIHWT BCIEACTBUE BHEAPEHUS
MOJIEKYJI BOJIbI BHYTPb KPUCTAJUINYECKON PEHIETKH COJIM M 00pa30BaHMsI KOMIUIEKCHOTO THApaTa.

Ilpu geiictBum menoyelr Ha CONM  METAUIOB (32  HCKIIOYEHHWEM  IIENIOYHBIX U
IIeTIOYHO3EMENbHBIX) 00pa3yIOTCsl THAPOKCHIBI, JIETKO PpAacTBOPHMBIE B KHCIOTaX, a aM(oTepHbIS
OCHOBaHHUS CIIOCOOHBI TakXKe pacTBOPATHCA B IIejodyax, o0O0pa3ys KOMIUIEKCHBIE WOHBI C
COOTBETCTBYIOIIUM JaHHOMY 3JEMEHTY KOOPIUHAUMOHHBIM uymcioM. OOpa3oBaHHWE A3THX HOHOB B
pacTBOpe MOYKHO paccMaTpUBaTh Kak IIPOIlecC IOCTENEHHOTO BBITECHEHUS BOJBI W3 THUIAPATHOIO
KOMIUTIEKCa HOHAMU THAPOKCHIIA.
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B 3aBucumoctu ot pH cpenbl mpoTonau3 cojed IMHKAa NPOTEKaeT CTyNeH4yaTo. B KHCIibIX
pactBopax, riae pH<7 obHapyx)uBarotcs Woubl [Zn(H>0),J>" u [Zn(H>0);0H]".

B meitrpanpHBIX pactBopax, rme pH = 7 oOpa3yercs He uMeEIomee 3apsia COSAMHCHHE
[Zn(H>0),(OH),], xoTOpoe JIerKo TepsieT Bo1y, npeBpaasicsk B Zn(OH),.

B 1wenounsix pactBopax, rae pH > 7 oOHapyxusaiorcs uoHsl [Zn(OH),*. OG6pasoBanue
MPUBEIEHHBIX BHIIIE COEAMHEHUH MOXKHO TaK)KE pacCMAaTPHBATh KaK CTYNMEHYATYIO TOTEPI0 MPOTOHOB
MOJIEKyJIAMHU BOJBI B KomIuiekce [Zn(H,0).J*".

Oo0pa3oBaHne KOMIJIEKCHBIX AHMOHOB

MHorue KUCIOpOACOAep KallUe KHUCIOTHl TAKKe MOXHO PacCMaTpUBaTh KaK KOMILIEKCHBIC
coeqiHeHUs. B kauecTBe KOMILIEKCOOOpa30BaTeNsl BBICTYIACT IEHTPAIBHBIN aTOM KUCIJIOTHI, JIUTAHIAMH
OOBIYHO SIBJISIFOTCSI aTOMBI KHCJIOPOJIA, & POJb BHEIIHEH Cepbl KOMIUIEKCHOTO COETUHEHUS BBITIOIHSIOT
MOHBI BOoJ0opo/ia. PaccMoTpuM 3TO Ha mpuMepe KUCIOT XJIopa.

Hon xjiopa uMeeT YeThIpe IEKTPOH b:lg Ly:&lﬂa, T.€. MOXKET SIBJIAITHCS JTOHOPOM DJICKTPOHOB,
TIOTIOJHSAS TIeKTPOHHBIE 000NOYKH JIPYTHX ATOMOB.

B 3aBuCHMOCTH OT KONMYECTBAa KHCIOPOAA, NMPHUCOETUHEHHOTO K HOHY XJIOpa, MOXET OBITh
00pa30BaHO 4 KUCIIOPOACOACPIKAIIMX KUCIIOTHBIX OCTATKA.

[Ipu mpucoenWHEHWM OJHOTO aToMa KHUCJIOpoAa O0pa3yeTcsl THUIOXJIOPUT- WOH, JIEKTPOHHOE
CTPOEHHE KOTOPOTO MOYKHO MPEACTABUTH CICIYIOIINM 00pa3oM

ATOM KHCIOpOJa Ha BaJEHTHOU 3nerjirf>€r;lﬁ& *0f0sI0uKe MMeeT 6 OSIEKTPOHOB, MOTOMY
KHCJIOPOJy UTsl 3aIlOJTHEHUS DIICKTPOHHOW 00OJIOUYKH 0 OKTeTa He XBaTaeT IBYX JJIEKTPOHOB, a XJIOp,
HMes DJIEKTPOHHBIN OKTET, MOXKET CITYXKHUTh JJOHOPOM JIEKTPOHOB.

Kucnopos 3aBepmaeT cBOO 3JIEKTPOHHYIO 000JI0UKY, OTTSATHBAS SJEKTPOHHBIHN JAyOJIEeT OT XJopa.
[lapa snekTpoHOB, paHee MpHHAIIEKAIAS XJIOPY, CTAHOBUTCA OOIIeH I XJiopa M KUcIopona. Mexmy
HUMH BO3HHUKACT AOHOPHO-AKUCIITOPpHAd CBA3b, IPU 3TOM JOHOPOM D3JJICKTPOHOB CTAHOBUTCA XJIOp, a
aKILIETITOPOM — KUCIIOPOJI.

BBuay Toro, 4To K XJIOpY NMPHUCOEIWHUIICS HEHTPANBbHBIN aToM KHCIOPOAa, 3apsi HOBOTO MOHA
OCTaJICS MPEKHUM.

[Tomo6HO 00pa30BaHUIO MOHA THIIOXJIOPUTA MOKHO C HOHOM XJIOpA CBSI3aTh JBA, TPH UIIH YETHIPE
aToMa KUCIIOPO/Ia, UCIIONB3Ys IIPU 3TOM T'OTOBBIE AJIEKTPOHHBIE JyOJIEThI XJI0pa.

Hanummure dpopmyisl: a) xnoput-uona CIO 5 ; 6) xnopar-uona CIO 5 ; B) nepxnopar-uona C/O

N

Crenenp OKUCIICHHSI XJIOpa paBHA COOTBETCTBEHHO +1, +3, +5 u +7, a KOOpAMHAIIMOHHEIE YUCIIa
-1,2,3,u4.
KoMmiekcHble coeJUHEHHS] B peaKkuusaX 00MeHa
Jns oOHapyXeHHS B pacTBOpax pa3iMYHBIX HOHOB YacTO YHOTPEOISAIOT KOMITJIEKCHBIE
coenuHenus. B wacTHocTH, 118 oOHapysxkenus noHa Fe™ ucnonbsyror pacteop K,/Fe(CN)s] — xenryro
KpPOBSIHYIO COJIb; TECT Ha OTKPBITUE HMOHOB Xele3a (+2) MpoBOAST ACWCTBMEM pacTBOpa KpacHOU
KpoBstHO# comu — K3/Fe(CN)q].

OobOopynoBaHue 1 MaTepPUAJIbI
PactBop xnopuna meau (+2)
PactBOp cynpdhuaa Hatpus
PactBop ammuaka
PactBOp cynpdhuaa Hatpus
PactBop xene30aMMOHMITHBIX KBacloB [NH Fe(SO,);
PactBop pomanmna xamus wim ammouus (KCNS i NH,CNS)
PactBop K3/Fe(CN)s]
PactBop NH,CNS.
. PactBOp cynbdara muHKa
10. PactBop ménoun
11. PactBop HuTpara pryTH (+2)

O N LR W~
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12. PactBOp Momuaa Kamus

13. PacrBopa xsopua xesesa (+3)

14. PacTBOp eNTOi KPOBSHOW COH

15. PacTBOp KpUCTAIUTMIECKOTO Cyb(daTa sxenesa (+2)
16. poGupku

Yka3aHnus 1o TexHuke 0e30MacHOCTH
1. Bce paboTbl B XUMHYECKOH J1a0OpaTOpHH JOJKHBI TPOBOAMTHCS TPU HCIPABHOM
AEKTPOOOOPYAOBAHUH, SIEKTPOIIPOBOKE, MPABIIEHO 000PYAOBAaHHOM BHITSDKHOM IIKady.

2. T'a30oBBIE KpaHBI ¥ TA30MPOBO/] TOJKHBI HAXOIUTHCS B HCIIPABHOM COCTOSTHUH, TTEPHOTHYECKI
IIPOBEPATHCSL.

3. PabGouee mecTo comepkaTh B OPSIIKE M YHCTOTE.

4. Cyxue peakTHBBI TpeOyeTcss OpaTh YUCTHIM IITIATEIIEM WK CIIeIHATLHOM JI0KEUKOH.

5. Hznumiek peakTuBa HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce OIBITH ¢ BpEAHBIMH U MTAXHYIIUMHU BEIIECTBAMU, a TAKXKE YITAPUBAHUE KUCIOT M KHCITBIX
PacTBOPOB MPOBOAUTH B BBITSHKHOM IKa(y.

7. OcTaTKu COeMHEHMI cepedpa CIMBaTh B 0COOBIC CKIISTHKH.

8. Ilpu HarpeBaHUU PacTBOPOB B MPOOUPKE BCEra CIACAyeT ACpPKaTh €€ TaKUM 00pa3oM, u4TOOBI
OTBepCTHE IPOOUPKHU OBLIO HAIIPABIEHO B CTOPOHY OT pabOTAOIEro PSIOM COCeIa.

9. He HaKIIOHSTP JHIIO HAJl HATPEBAEMOM KUAKOCTHIO WM CTUIABIISIEMBIM BEIIECTBOM.

10. He CJICOAYCT BAbIXATh Maxy4duc BCIICCTBA U TI'a3bl, 6J'II/I3KO HaKJIOHAACH K COCyly C 3TUMH
BCIICCTBAMHU. Hroxatb BCIIECTBA MOXHO JIMIIb OCTOPOKHO, HAIIPABJIAA K ce6e Hnapbl WIK ra3 ABUXKXCHHUEM
PYKH.

11. XpaHuTh pacTBOPHI KOHIIEHTPUPOBAHHBIX KUCIIOT U MIEIOYEH B BBITSHKHOM IIKady.

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

13. Kareropuuecku 3amnpemniaercsi npoOOBaTh XMMHUYECKUE BEIIECTBA HA BKYC.

14. Tlpu pabote C JIETKO BOCIDIAMEHSIONUMUCS BerecTBaMu (3(UPBI, OCH30II, CepoyTiIepoa U
T.II.) HE OOJIXKHO OLITH pAAOM OI'Hs M BKIIFOYCHHBIX ITIJIMTOK.

15. Ilpu paboTe CO CTEKIOM, XHMHYECKOW IOCYAOH, HEOOXOAMMO COOMIOAaTh IpaBUiIa
MPEIOCTOPOKHOCTU BO M30eKaHNEe paHEHU OCKOJIKAMH CTEKJIaA.

16. Karteropuuecku 3ampemaercst OCTaB/sATh padoTaroIue Ipuoopsl 03 HAOIIOICHMSL.

23. B xumuyeckoit naboparopun He0OX0IUMO paboTaTh B Xajare.

3aganusa

Onswir 1. Kavecmeennas peaxyus Ha uon meou. B mpobupky momecture 10 xamems pacTBopa
xiopuma (wm cynbdara) Memu (+2) W WO KamwmaM 100aBIsAlTe pacTBOp Cyiabduma HATpUS IO
00pazoBaHus ocaJka Y€PHOTO IBETA.

Hanummre monexynspHoe U HOHHOE ypaBHeHHE. [IpoOHpKy ¢ 0cakoM COXpaHHUTE sl OIbITa 3.

Omnpit 2. IlomydnTte pacTBOp KOMIUIEKCHOH CONMM — aMMHakara Menu. s 3Toro moMecTuTe B
npodupky 10 Karenb pacTBOpa XJIOPHA WK Cylb(ara MeIU U MO KaIusiM J00aBIIIHTe pacTBOp aMMHaKa
10 00pa3oBaHus 3eNEHOr0 Ocallka OCHOBHOIO XJjopuaa (cynbdara) Menu. 3aTeM K MPOAYKTaM peakLuu
nobaBbTe H30BITOK aMMHaka 10 HWCYe3HOBeHus ocanka. OOpasoBanics ammmakar menau. PactBop
KOMIUIEKCHOM COJIM OCTaBbTE JJIsl CIIEAYIOIIETO OIbITA.

Hamummre MonekynsipHoe W MOHHOE ypaBHeHHe peakiuii. KakoBa xoH(pUTypalys KOMIUIEKCOB
[Cu(NH;),J*" n [Cu(H>0)s]**? OnummnTe MX MarHUTHBIE CBOMCTBA.

Onwir 3. s o6HapyskeHust HOHOB Meau Cu’" B KOMIUIEKCHOM COJM K TIOJyYEHHOMY B OIBITE 2
aMMHUaKaTy MeJH IO KaluisiM NpuOaBiIstiiTe pacTBOp cynbduaa HaTpus A0 oOpa3oBaHHsl YEPHOTO OCajKa.
CpaBHHTE NOTYUYEHHBII 0CaIOK C OCaIKOM, IMOJIYYEHHBIM B OMBITE 1.

3anumuTe MOJIEKYIIPHOE M NOHHOE YPaBHEHUSI 00pa30BaHUs OCa/IKa.

Hamummre ypaBHEeHHE TEpBUYHOTO IMPOTOJM3a W YPaBHEHUS BCEX CTYNEHUYATHIX IPOIECCOB
MPOTOJIN3a KOMIUIEKCHOTO HMOHA; 3alHIINTE BBIPAKEHHs KOHCTAHT HECTOMKOCTH M OOpaTHBIX UM
KOHCTAaHT YCTOMYMBOCTH Uil BCeX CTyHeHell mnporonus3a. Kak BBIIJISIIUT COOTHOIIEHHE Ui OOIIei
KOHCTaHThl aMMHuakara Menu? Halinnre HyXHYI0 HH(GOpPMALMIO B CIpaBOYHHMKaX u BeimummTe e€. Kak
MOKHO OOBACHHUTH OKpacKy coeaunenuii Cu®’ ¢ mosumit TKIT?
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OmnwiT 4. CpasHenue ceoticmea KOMHIEKCHOU U 08otiHotl coau. B mpobupky momectute 10 xamnenb
pacTBopa Kelre30aMMOHUIHBIX kBacoB [NH.Fe(SO,),]/, nobaBpTe TIO KaIlIsiM pacTBOP POJAHUIA KaJIHS
um ammonust (KCNS wmu NH,CNS). TosiBnseTcs KpacHOE OKpalIMBaHUE, XapaKTepPHOE it noHa Fe'" 3a
cuért obpazoBanus Fe(CNS);.

Hanumure MonexkysaspHOe M HMOHHOE ypaBHEHME peakuuu. Kakyro yacTb BHIMMOIO CIIEKTpa
roryiomaet pactBop Fe(CNS);?

B npyryro npobupky nmomectute 10 xamens pactBopa Ki/Fe(CN)s] n Takxke O KarwisiM 100aBbTe
paBubiil 006éM NH,CNS. TosBuiiock 1 kpacHoe okparnuBanue? COIEpKUT I pacTBOP HOHbI Fe'™?

OmnpiT 5. IIpuroToBbTe TMAPOKCH] LUHKA M IEPEBEIUTE €ro B IMHKAT. JJIs 3TOro K pactBopy
cynbdaTa nuHKA 100aBbTE IO KAaIUIIM PAacTBOp IIENOYM A0 MOSBICHHS OCagka THAPOKcHAa IuHKa. K
MOJly4eHHOH cMecH J00aBbT€ W30BITOK MIENOYM A0 TOJIHOTO pacTBOpeHHs ocajaka. Hamummre
MOJIEKYJISIPHOE M HOHHOE YPaBHEHHE PeakMu 00pa30BaHue THIPOKCHIIA U [IMHKATA.

OmnswiT 6. Haneilite B mpoOMpKY HECKONBKO Kallelnb HUTpara pTyTd (+2) u 100aBbTe MO KaIUIsIM
pacTBOp HOAKA Kallus 10 00pa3oBaHUs OcaiKa.

Hanumure mMonekynsipHoe U HOHHOE ypaBHeHHE peakuuu. K oOpa3oBaBiieMycs OcajKy HOAWAA
pTyTH TpubaBbTe W3OBITOK HOAWIA Kajwsl JO TOJHOTO pacTBOpeHus wmomuaa prytu. Obpasyercs
KOMIIIEKCHAs coub. M300pa3ute GopMyIy MOIyuYeHHOM COJIM, 3HAsl, YTO CTEIIEHb OKUCJIEHHSI PTYTH PaBHA
(+2), a xoopauHanmonHoe uucio 4. MoHbl ioma — nuraHapl, MOHBI Kalusi — NPOTHBOHMOHHBI W,
CJIeIOBATENbHO, PACIIONOKEHB! BO BHEITHEH KOOPAMHAILIMOHHOM cdepe.

Hamummre mMonekynspHOe W MOHHOE ypaBHeHHE oOpa3zoBaHus KomruiekcHoW comu. Kak TBC
OOBACHSET DIEKTPOHHYIO CTPYKTYpy KoMILIeKcHOro moHa [Hgl,J*? Kakoil Tun rubpuan3anyuu KaTHOHA
Hg’* B atoM komiuiekce? KakoBbl MaruutHsie cBotictsa [Hgl,]”?

Onwir 7. Tecm Ha omxpwimue oicenesa (+3). B mpobupky momectute 10 kamenb pacTBopa
xyopuaa xenesa (+3), ¥ MO KamwisiM J00aBJIAWTE PacTBOP KEJATOW KPOBSHOM COJMM 1O 0Opa3oBaHUs
roixy6oro ocajaka 6€pJIMHCKON JIa3ypu.

Omnsrt 8. Tecm na omxpwvimue scenesa (+2). B mpobupky nomecture 10 karmenp pacTBOPEHHOTO B
BOJIE KPHCTAUIMYECKOTO Ccyibdara sxenme3a (+2), mpubaBbTe M0 KamisiM pactBop Ki/Fe(CN)d].
Habnronaetcst oOpa3zoBaHue ocajka XapakTepHOTO CHHEro 1BeTa (TypHOyJuieBa CHHB). JTO COeAWHEHUE
o0pazyeTrcs B pe3ysbTaTe HEMOJIHOTO 3aMelieHns1 HoHOB Kanus B Ks/Fe(CN); nonamu xenesa (+2).

IIpumeyanue. Jlokazano, 4to TypHOyJI€Ba CUHb U OEPIMHCKAs JIa3yph NOJHOCTHIO UACHTHYHBI U
HMMEIOT OJJUHAKOBEIE (POPMYITHI.

HazoBute, ucnons3ys npasuna MIOITAK, xenTyro u KpacHy!0 KpOBSHYIO COJIb; M3HA4albHO
00pasyIoNuecss CONM MPH OTKPHITHH HOHOB Fe’* u Fe''; kakoi (opMyloii ONMCHIBAETCS COCTAB
TypHOyJUIeBOM cuHM u OepnuHCKOW mna3ypu? Jlaiite HaszBanme stoil comm. Kax TKII ommceiBaer
5J1eKTpOHHBIE CTPYKTYphI [Fe(CN)sJ* n [Fe(CN)s]* ? YKkaxkuTe MX MArHUTHBIE CBOWCTBA.

Conep:xaHue oT4yeTa
[Tonmyuyennsle nanHble 3adukcupyiiTe B Tabauue 7.2 mo cienyrouei gpopme:
Ta6mmia 7.2. Pe3ynbTarhl SKCIIepuMeHTa

Ne i/ | Pearents! XuMu4eckas peakius HaoOmronenns

1

(O N EENY USRS}

KonTpoJbHbIe BOIPOCHI
ba3oBbl1i1 ypoBeHb
1. Kakue coenuHeHus: Ha3bIBalOT KOMIJIEKCHBIMU ?
2 Uem 00BsicHSIETCS UX MHOTOOOpazne?
3 Tlouemy TpymHO HAaTh BceoObemutoliee (OYeHb MOJHOE, MCUEpPIBIBAIOIIEE) OIpeesieHHue
KOMIUICKCHBIM COCIMHCHHSIM?
4 Kto aBTOp KOOpauHaNmoHHO# Teopru KC? Korma ona nosiBmracs?
5 U3 kakux smemeHToB coctosaT KC? [IpuBemuTe mpuMepsl.
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6 Kakas cBsI3p Ha3bIBacTCS JOHOPHO-aKIENTOPHON WM KoopauHarmonHou? Kakoit artow,
MOJIEKYJIa UITH HOH SIBJISIETCS IOHOPOM B KoMmiutekcax [Cr(CO)q], [Ag(NH3).]", [AIH,]?

7 Kak paccunTheIBaeTCs CTETIEHb OKHCIICHHS KOMIUIEKCOOOpa30BaTeNsd W 3apsj KOMILIEKCHOTO
rnoHa? OTBET MOSCHUTE HA MPUMEPE KOMILIEKCOB Borpoca 6.

8 Ha xakue THITBI TOAPA3ACISAIOT KOMIUIEKCHBIC coequHeHus? [IpuBeaure mo qBa nmpuMepa Takux
COCIMHEHUH U IaiiTe UM Ha3BaHUs.
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9 Yrto Takoe KOOPAWHAIIMOHHOE YMCIO KOMIUIeKcooOpaszoBarensi? Kakue 4dacTHIBI HA3BIBAIOT

murangamu? OTBET MOSICHATE Ha MTPUMeEpax.
IToBblllIEHHBIA YPOBEHD

1 YeM oleHMBAIOT IPOYHOCTH KOMILIEKCOB? Hamummre BeIpaKeHUs UIsi KOHCTAHT HECTOMKOCTH
M KOHCTAHT YCTOWYMBOCTH JJIs1 KOMIUTEKCHBIX HOHOB: [Ag(NH;),]", [Ag(CN).], [Ag(NO:),] .

2 B yeMm omimune IBOWHBIX COJIEH OT «TUIIMYHBIX» KOMIUIEKCOB?

3 Kakue KOMITJIEKCHBIE COETUHEHHsI OTHOCAT K anugokomiuiekcam? Kakme k aytokomruiecam?
[IpuBenuTe npuMepsl.

4 Kax TBC o0bsacHseT 00pa3oBaHie XUMUUYECKOI CBSA3M B KOMIUIEKCaX?

5 Kakue KoMIUIeKChl Ha3bIBatOT kKapOoHminaMu? OObICHUTE 00pa30BaHUE TAKUX KOMILIEKCOB C
MTO3UIIAY TEOPUH BaJICHTHBIX CBSI3CH.

Cnucok JuTepaTypbl, peKOMeHAyeMblil K HCIO0JIb30BAHMIO 110 JAHHOM TeMe

OcHoBHas1 JiUTepaTypa:
1. Koposun, H. B. O6mas xumus : yueonuk / H. B. KopoBus. - 13-¢ u3z., nepepab. u gor. -
M. : Akanemus, 2011. - 496 c. : mi. - (bakanaBpuar). - Pek. MOuH P®. - Tlpuin.: c. 461. -
bubmuorp.: 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. : U3patensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcT : 37eKTPOHHBIN // DneKTpoHHO-O0nbmoTevnas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctymna: mis
aBTOPU3UD. M10JIb30BATENEH
JlonoiHUTeIbHAS JTUTEpPaTypa:
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 (A1 CTYJCHTOB XMMHUECKOTo (akyibTeTa
HarnpaBiIeHui O0akanaBpoB « XUMHUD» 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 : 37eKTpOHHBIN // DeKTpoHHO Onbanoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum mgoctyma: 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 KaTaIor aCCOLUAIUHU SIIEKTPOHHBIX OHOIHNOTEK
y4eOHbIX 3aBenieHuid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — DBC.

5 https://openedu.ru — OTKpBITOE 0Opa3oBaHue

Tema 8. OKHCIIUTEIBbHO-BOCCTAHOBHUTEIbHDbIE Pe€aKInu
JlabopaTopHasi padora 8. OkMCIMTEIbHO-BOCCTAHOBUTEIbHbIE
Heﬂb pa6OTBI: I/IsyquHe OKHCIHUTCIBbHO—BOCCTAHOBUTCIIbHBIX peaKuHﬁ. ypaBHI/IBaHI/Ie OKHCJIIUTCIIBHO-
BOCCTaHOBHUTCIIbHBIX peaKLII/Iﬁ METOJA0OM JJICKTPOHHOI'O OajaHca
dopmupyemMble KOMIETCHIIUU HITH WX YacTH:

Nunexc DopmyUpoBKa:
OK-7 CHOCOOHOCTBIO K CAMOOPraHU3aluu U caMo00pa30BaHUIO
OIIK-4 MMOHMMAHUEM CYIIHOCTU U 3HAYeHUs UH(OpPMALUU B pa3BUTUU
COBPEMEHHOT0 00IIEeCTBa, CIIOCOOHOCTHIO MOTY4YaTh U 00pabaThIBaTh
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MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUpPOBaTh U 0POpMIIATH HH(GOPMALIUIO B JOCTYITHOM JJIs APYTUX
BUJE

IIK-5 CIOCOOHOCTBIO MPUHUMATh YYacTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MAIMHOCTPOUTENIBHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHUYECKUMU 3aJaHUSIMH U UCIIOJIb30BAHUEM CTaHJIaPTHBIX
CPEACTB aBTOMATH3AlMU IPOSKTUPOBAHUS

Teopernveckasi 4acThb
Teopml OKHMC/IUTECJIbHO-BOCCTAHOBUTE/IBbHBIX pealcum‘fl
Peam;uu, 6 KOomopblx npoucxoaum uzmMenenue cmenemel OKUCIEeHUs anomoe, HA3bleAromcs
OKUCTIUMETIbHO-60CCMAHOBUME/IbHBIMU .
B nmpocthix BeliecTBax CTENEHW OKUCIEHUS aTOMOB paBHbI HYNHO. I CIIOAKHOM MOJIEKYJIbI
CymMmMa CTETICHEW OKMCJICHHS BXOsIIIUX B €€ COCTAaB aTOMOB TAaKXXE OOJIXKHaA OBITH paBHA HYJIIO; IJId MOHA
— €ro 3apsny.
OxucieHreM Ha3bIBACTCS Iponecc oTaa4ym aToMoM MOJ'IGI(ynOfI WA MOHOM BJIEKTPOHOB!
Al —3e — AT
Fe*t —e > Fe**
2C1" —2e —> Cl, .
B mMpoHeCcCe OKUCICHUA NPOUCXOAUT MOBBIIIICHUC CTCIICHNU OKHUCJICHUS.
BoccranosienneM Ha3bIBacTCS Iponecc MNPUCOCAMHCHUA DJJIEKTPOHOB aTOMOM, HOHOM WA
MOJIEKYJIOM:

S+2e— §2F
Cly +2e —2CI~

Ft e — FeT.

[Ipu BOCCTaHOBJICHUU CTEIICHb OKHCICHHS TOHMKACTCA.

B 3aBucuMocTH OT cIOcOOHOCTH OTJaBaTh WM MPUHUMATH JIEKTPOHBI BCE BEMIECTBA ACISATCS Ha
OKHCITUTENTN ¥ BOCCTAHOBUTEIH.

Oxucnumenu — 3mMo amomvl, UOHbI UIU MOIEKYIbl NPUCOeOuHsIowue d1ekmponsl. Bo epemsa
peaxkyuu OHU 60CCMAHABIUBAIOMCAL.

Bocemanosumenu — smo amomvl, uOHbl UIU MOAEKYAbl, KOMOpPble OMOAiom 31eKmpoHvl. Bo
8peMsi peakyuu OHU OKUCTSIOMCA.

[Ipormeccr! OKuMCIEHNsI 1 BOCCTAHOBIIEHUS BCETAA MTPOTEKAIOT MapallIeIbHO, YTO MOKHO BBIPA3UTh
clenyIouel cXeMou:

Boccranosutens (B)) — e <> okuciurens (O))
Oxucnutens (O;) + e <> BOCCTAHOBHUTEND (B)).

CrnemoBaTeNnbHO, OKUCIUMETbHO-60CCMAHOBUMETIbHbIE PEaAKYUU NPedCmasisaiom cooou eOuHcmeo
08YX NPOMUBONONIONCHBIX NPOYECCO8 — OKUCTEHUA U 80CCAHOGNeHUA. B dTHX peakmusax oOlee 4ucio
3JIEKTPOHOB, OTJJABAEMBIX BOCCTAHOBUTEJIEM, PABHO OOILLEMY YUCITY, IPHUCOETUHIEMOMY OKHUCIUTEIEM.

[Ipu 3TOM HE3aBHCHMO OT TOTO MEPEXOJIAT JIM AJIEKTPOHBI C OJTHOTO aTOMa Ha JPYTOH MOJHOCTHIO
WIA JUIIb YaCTHYHO OTTATHBAIOTCS K OJHOMY W3 aTOMOB, YCJIOBHO TOBOPSAT TOJBKO 00 OTHade M
MPUCOCAMHEHHUH 3JICKTPOHOB.

B OBP oxucnmurens W BOCCTaHOBUTENb PEAarupyrT APYyr C JAPYrOM B DKBUBaJCHTHBIX
KOJIMYECTBAX.

Oxeusanenmom oxucaumens (0O) uru eoccmanosumens (B) nazvisaemcs maxoe KOIUHECMEo ux
MOJlb, KOMOPOE NPUCOEOUHAE ULU OmOdem OOUH MOIb IIEKMPOHO8, YO OMPANCAEMCA CAeOVIOWUMU
dopmynamu:

2(0), morb = 1 uu 2(B), motb = L,

e z
TJIe Z. — YHCIIO AIEKTPOHOB, KOTOPOE MPHUHUMAET OKUCIUTENs O WK OTAAaeT BOCCTAHOBUTEID B.
MonbHas (MM MOJISIpHast) Macca SKBUBaieHTa okucauTenss O U BOCCTAHOBUTENS B BhIpaxkaeTcs B

I/MOJIb U OTIpEICTISETCS U3 COOTHOIICHUH CIISAYIONIETO BHIA!

e

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

Zp Lo
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TONBKO B POJIM OKHUCIUTENS BBICTYNAIOT YaCTHIIBI, UMEIOIUE MaKCUMAalIbHO BO3MOXKHBIE CTETICHH
OKHCJIeHUs (Hanmpumep, Juis Mapranna — 31o (+7), mig a3ota (+5) U T.J.); TONBKO BOCCTAHOBHUTENS — C
MHHHAMAJILHOM CTETIeHBIO OKHMCIICHUS (111 cephl — 3T (—2), mist azota — (-3) U T.10.).

Yacmuysl, umerowue npomMedCymounsvle cmeneH OKUCIEHUsl, MO2ym NpOAGIAMb CEOUCMEAd KAK
oKuciumens, maxk u goccmanogumens. IT0 00yCIOBICHO: XUMHYECKOH MPUPOIOH peareHTa-mapTHEPA;
YCIIOBHSIMH B XapaKTEPOM CPEIIbl, B KOTOPHIX mpoTekaeT OBP.

Hampaenennocts OBP  ompenensercss BeNIWYMHAMH 3HAYEHUH CTAaHAAPTHBIX IMOTCHI[HAJIOB
peareHToB: okuciuTenb (O Bcerma uUMeeT OOJbIIME (10 anreOpandecKod BEWYMHE) CTaHIapTHBINA
MOTEHIUAII, YeM BOCCTAaHOBHTENb B.

Hampumep, B xucmoit cpene cmemmBaioT aa BemectBa: Ko,Cr,O; m NaNQO,. Kakoe u3 31X
BEIIeCTB OYJeT OKUCINUTENEM, KaKOe — BOCCTAHOBUTEJIEM?

OGpartumes K cripaBoyHbIM AaHubIM: ¢’ (Cr.0;7° + 14 H/2Cr” + 7H,0) = 1,33 B, ¢"(NOs + 2H"
/NO; + H,0O) = 0,78 B.

Ipumeuanue. PexoMeHyeTcs UCoiab30Bath yueoHoe mocooue: H.C. Axmeror, M.K. A3u3oBa,
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
oyzaer sBnsaTbest K>Cr.0;.

KonmuecTBeHHON XapakTepucTHKOW TTyOuHBI npoTekanuss OBP sBiseTcs 3HaueHHUEe KOHCTAHTHI
paBHOBeECHSI:

0 0
O)-¢ (B)
lo K7 _¢ (O) -9 (B) zs, 8.1
g 0.059 = 8.1)
rne ¢°(0) u ¢’(B) — craHmapTHBIE NOTEHUMAAbl OKUciauTens (O W BOCCTAHOBHUTEIS B

COOTBETCTBEHHO, B; Zy — cyMMapHO€E KOJIMYECTBO 3JIEKTPOHOB, IPUHUMAIOIINX yyacTue B fanHoi OBP.
Koncranra paHoBecus OBP cBsizana ¢ motenmuanom I'n66ca (x/moms-K):
AGY = —2303RTIgK?” (8.2)
Dueprus 'm66ca, B cBoro ouepenp, cazana ¢ DJIC (Ap”) nocrosuuoii @apazges (F) u uuciaom
9JIEKTPOHOB, y4acTBytomux B OBP:
AG?, JIoic/mons-K = —nAg°F, (8.3)
A’ = ¢°(0) — ¢"(B) — DJIC OKMCIMTENBHO-BOCCTAHOBUTEILHON PEAKIMU MPH CTaHAAPTHBIX
yCIOBUSIX, B.
Hnsa crannapteix yeioBuid: 7= 298,15 K = 298,2 K; R = 8,314 JIx/mMons-K; F =96450 =
96500 k/MOIB-3KB, IOTYYNM (hopMyITy YIOOHYIO IS PacUEeTOB:
1gK§98 _ - 96500
2,303RT 2,303-8,314-298,2
B ycnoBusiXx OTIMYHBIX OT CTaHAAPTHBIX, OKUCIUTEIHHO-BOCCTAHOBUTEIbHBIE MNOTEHLIMAIBI
(OBIl) m 3AC OBP, mporekaromux B BOJHBIX pacTBOpax, 3aBUCAT OT KOHLEHTpalUuH (TOYHEE,
AKTUBHOCTEH) YIaCTBYIOIIMX B IIPOIIECCE HOHOB. JTa 3aBUCUMOCTh BBIpaXkaeTcs hopmyroi Heprcra:

0,059 . [O]
B=pd 5 + g,
@ Po/B g [B]

rae ¢’os— CTAHIAPTHBIA OTEHIMAN pearenTa (OKUCINTENN WK BoccTanoBuTeNsA), B; [O] u [B] —
KOHIIEHTPALMKM OKUCJIEHHOM M BOCCTAHOBJEHHOW (POPM PEareHTa, MOJB/IAM’; Z — YMCIO JIEKTPOHOB B
MOJTypeaKUH JUIsl JaHHOTO peareHra.

Ilpumeuanue. Cnenyer Bceraa IOMHHUTh, YTO KOHLEHTpaLUH Bcex yuyacTHukoB OBP B ypaBHeHun
(7.5) sBnstrorest MomsapHbIME KoHLeHTpauusamu (Cy (X)), a He MonsipHbIMU 3kBHBajieHTa (C(1/z X)).

Ha 3nauenne OBII u Ha xapakTep NPOAYKTOB PEAKIIMH JOCTATOYHO CHIJIBHOE BJIMSHUE OKa3bIBAET
pH pactBopa, B kKoTOopoM mpotekaer OBP. Hampumep, mpu pH < 7 3HadyeHHe CTaHAAPTHOTO
MOTEHIHAIIA IJIS1 CHCTEMBI:

o (MnO; +8H™ / Mn>* + 4H,0)=1,51B;

npu pH =7 — 9 (MnO; + 2H~O0/ MnO, + 4OH ) =0,6 B ;

pH >7 — % (MnO; / MnOZ;?) = 0,564 B.

Baxueiiiine BOCCTAHOBUTENHU: aTOMBI METaJUIOB, BoAopol, yriuepon, CO, H.S, H>SO; NaNO.,
N612S203, H[, HBI", HCZ, F€S04, CVCZ3, MI’ISO4, NH;

Bakneiimme OKHCIUTENN: TaJIOTeHBI, XJIOPaThI, KUCIOpo, 030H (Os), KMnO,, K,Cr,0; K;xMnO,,
HQOQ, H2S04 (KOHL;.), HNOg, Pb02

nAgz)O = 16,9OI7A¢)0. (8.4)

(8.5)
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THIBI OKHCINTEIBHO-BOCCTAHOBUTEIBHBIX PeaKIUil
Paznuuarot Tpu THIIA OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIN:
a) BHYTPUMOJIEKYJISIpHBIC; 0) JUCIPOIOPLUOHUPOBAHUS; B) MEKMOJICKYIISIPHBIC.
Buympumonexynapnvie OBP — omo makue peakyuu, 6 KOMOpbIX U OKUCAUMENb, U
60CCMAHOGUMENb HAXOOAMCSA 6 COCMABe OOHOU MOAEKYNbl, HO AGIAIOMCA NPU IMOM  PA3HBLIMU
NEeMEHMAMU:
2KNO; —>2KNO5 + Oy
/N —2e <> N
12072 + 4e <> O,.
Peaxyuu  oucnponopyuonuposanuss — OBP, 6 Xxo00e Komopvix O00uUH U3 21EMEHMOS,
codepoicawjetics 8 00HOU MONEKYIe, 0OHOBPEMEHHO U NOGbIUIAC, U NOHUICAETN CMeNnetb OKUCTCHUSA

Cl, +2KOH — KCIO + KCIl + H,O
1|Cl, —2e <> 2CI"

1|Cly, —2e<>2CI .

K nucnponopiuoHMpOBaHHIO CIIOCOOHBI IOYTH BCE YACTHLBL, HMEIOIIUE IPOMEXYTOUHYIO
CTETICHb OKHCIICHUSI.

Haubonee pacmpocTpaHeHHBI peaknWd TPETHETO THIIA, KOTOPBIE MPOTEKAIOT C H3MEHEHHEM
CTENICHU OKHUCIJICHHS aTOMOB B Pa3HBIX MOJIEKYNax, T.€. OKHUCIUTEIb M BOCCTAHOBUTENb HAXOIITCA B
pasHbIx BemiecTBax. Crola ke CledyeT OTHECTH M PEaKLMM MEXIy Pa3HbIMHU BEILECTBAMH, B KOTOPBIX
aTOMBI OZHOTO U TOTO € DIIEMEHTa UMEIOT PAa3IUUHYIO CTEIICHb OKHCIICHUSI:

SHCI+ HCIOy — 3Cly +3H,0
1[2CI* +10e <> CIY
512C1 —2e > CIS.
ObopynoBaHue U MaTepuaJIbl
PactBop OpoMuzaa HaTpus
PactBop OeH3071a
[Tpobupku
PacTBop ii0aHOM BOABI
PacTBOp KpucTaI0B HOANAA KAIUs
IIepexuchk Bogopona
KpucranioB nepmanranara Kanus
PactBop Na.SO;
PactBop HUuTpUTa HaTpUA
10. PacTBOp OMXpomata KaJus
11. PactBOp OpOMHO¥ BOJIBI
12. TlopomkoobpazHasi cepsl
13. TuonmaHat xKaaust
14. PactBop coun xenesa (+3)
15. PactBop SnCl;
16. PactBop cynnhara meau CuSO4
17. XKene3Hbli TBO3IL
18. PactBop nepmanranara kamus KMnOy ¢ konnentparmeit C(KMnO4) = 0,02 mous/am’,
19. pactBopa cepHoii kuciotsl kuciora HSO, ¢ konnentparmeit C(H,SO.) = 2 mons/nam’.
20. Pacteopa ménoun NaOH ¢ konnentpamueii C(NaOH) = 2 mons/nm’
21. PactBopa cyibdura Harpus Na,SOs ¢ konuenrpaimein C(Na,SOs) = 2 Moss/nam’
22. PactBopa cynbdara xenesa (II) FeSO4 ¢ xonuentpanueit C(FeSO4) = 2 monn/mm3.

00NN W~

23. Pactiop asotHo# kucnorel HNO;,p(HNOs) = 1, r/em’

24. MenmHas MPOBOJIOKA

25. Muxpomat kamust K,Cr,O; ¢ xonnentpanueir C(K.Cr,O7) =2 MOJIB/ M.

26. Pactsopa uutpura Hatpust NaNO, ¢ konnentpanueii C(NaNO,) = 2 mosb/nam’
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Yka3anus no TexHuke 0e30MacHOCTH
1. Bce paborbl B XuUMHMYECKOH 1a0OpaTOpHM MOJKHBI HPOBOAMTHCS IPU HCIPABHOM
3IIEKTPOOOOPYIOBAHUH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0BAHHOM BBITSKHOM IIKAQYy.

2. Ta3oBbIe KpaHbI U ra3011poBOJ JOJIKHBI HAXOAUTHCS B UCIIPABHOM COCTOAHUH, ICPUOANYCCKHA
IIPOBEPATHCHL.

3. Pabodee MecTo comeprKaTh B OPSIKE U YHCTOTE.

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

5. MW3znumexk peakTuBa HE BBUIMBATH 0OPATHO B COCY, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce omnbITEI € BPC€OAHBIMHA U MaXHYIIUMHU BECUICCTBAMHU, a TAKXKE YIIapUBaHUE KUCIIOT U KHUCJIBIX
pacTBOPOB MPOBOJIMTE B BBITSKHOM IIKaQYy.

7. OcraTku coeqUHEHHI cepedpa CIMBaTh B 0COOBIE CKIISTHKH.

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

9. He HaKkIOHATH JIMIIO Haxq HanCBaCMOﬁ KHUAKOCTBIO MJIU CIIIaBJIIIEMBIM BE€HICCTBOM.

10. He crnexyer BAbIXaTh Maxy4ue BELIECTBA U Ia3bl, OJM3KO HAKIOHSSCH K COCYAY C 3TUMHU
BemecTBaMu. HroxaTh BelecTBa MOXHO JIMIIb OCTOPOYKHO, HAIIPABILIS K ce0e Iapbl WK a3 ABHKEHUEM
PYKH.

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

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

13. Kareropudecku 3ampemaeTcsi mpoOoBaTh XMMUYECKHE BEIECTBA HA BKYC.

14. Tlpu paboTe c JerKo 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 ITOCYI0M, HEOOXOAMMO COOJIOMATh IIpaBHIIA
MPEAOCTOPOKHOCTH BO N30EKaHNE paHEHUI OCKOJIIKAMH CTEKIIA.

16. Kareropuuecku 3amnpemaercsi OCTaBIATh paboTaromiie npudopsl 6e3 HaOIIoIeHHS.

24. B xuMu4ecKo# raboparopur HeoOXoauMo paboTaTh B Xajare.

3amanuda

Oneir 1. K pactBopy Opomuma Hatpusi B HpoOMpKEe MpHIEHTe HEMHOTO XJOPHOW BOIBI H
HECKOJIBKO Karlesb OeH3ona. Berpsixaute copepskumoe nmpoOupku. BepxHuii cioil okpacuicst B Oypblid
uBeT. Uto sBnseTcsd mpuunMHOW okpacku? Hamummmwre ypaBHEHHE peakIM M COCTaBbTE 3JIEKTPOHHYIO
CXeMy U3MEHEHHS CcTeleHel okucienus 3neMenToB. Onpenenure 3/[C 3Toif peakny.

Onpit 2. (OnBIT IPOBOAUTE B BHITSHKHOM miKady). B mpobupky Haneiite 1 cm® #omHON BOABI 1
TaKoi ke 00bEM OeHzoa. [IpoOupKy BCTpAXHUTE HECKOIBKO pa3. O0paTuTe BHUMaHHUE HA [IBET BEPXHETO
0eH301bHOTO ci0s1. [lomyyeHHBIN pacTBOp COXpaHUTE Il CPAaBHEHUSI.

B cyxyio npoOupKy HachIIbTE HEMHOTO KPHUCTAJJIOB MOIWAA Kaius (OCTOPOXXHO!), IO CTEHKE
mpobupky TnpubaBbTe 2-3 Kaluld pacTBOpa KOHIEHTPHUPOBAHHON CEpHOM KHCIOTHL. Brigensercs
razoo0pasHelii mpoaykT ¢ 3amaxom H.S. K comepxkumomy mnpobupku mpuneiite 1 cm® Gensoma u
OCTOPOXKHO BCTPSIXHUTE HECKOJIBKO pa3. OOpaTuTe BHUMaHHME HAa OKpAacKy OeH3osbHOrO cios. CpaBHUTE
3Ty OKPacKy ¢ OKpacKOH, MOTYYCHHOW BaMH TIPH BCTPAXUBAHWHU HOTHON BOZBI C OEH30JIOM.

Hanumure ypaBHeHus peakuuil. CocTaBbTE€ MOHHO-IJIEKTPOHHYIO CXEMY H3MEHEHHs CTeleHei
OKHCJIEHUS] aTOMOB PEarupyIOLINX BELIECTB.

Ommit 3. K 2 cM’ pacTBopa nepmanranara kanmust KMnO, 106aBbTe paBHBIN 006EM pa30aBIeHHOM
CEpHOM KHCIOTHI M Mepekucu Bopopona. OOparuTe BHUMaHHE Ha W3MEHEHHE LBeTa B pactBope. K
OTBEPCTHIO NPOOMPKM MOAHECUTE TICIOIIYI0 JIyduHKy. UTo mpu 3ToM HaOmogaercsi? Kakoil ras
BhIETAETCS?

Hanumure ypaBHeHHE NaHHOW peaknMU B MOJICKYJSIpHOW M MOHHOW (opmax. KosdduumenTts
OIIPEIETUTE C TOMOIIBIO METO/Ia AJIEKTPOHHO-HOHHOTO OanaHca.

OmnpiT 4. (OOBIT NPOBOAMTCS B BBHITSDKHOM wIKady). B cyxyro mpoOupKy HachlIbTe HECKOJBKO
KpPUCTAJUIOB NEpMaHTaHaTa Kalusg U OCTOPOKHO MPHIIEHTE HECKOJBKO Kareib pa30aBIeHHOTO pacTBopa
cosstHOM KucnoTsl (1:1). Beinensercs ras (ocTopokHo!), MOHIOXalTe ero.

Hanummre ypaBHeHHE NaHHOW PEaKUUH U COCTaBbTE IEKTPOHHO-HOHHYIO CXEMY H3MEHEHUS
CTEICHEN OKMCIICHUS JIEMEHTOB, YYaCTBYIOLINX B PEAKLIHH.

Omnepit 5. B Tpu otaenbHbie mpoOupku BHecute 1-2 cm® pactBopa KMnO,, a 3aTeM 100aBbTE B 9TH
NpoOUpPKH paBHBbIE 0OBEMBI: B TIEPBYIO M3 HUX — PacTBOp pa30aBICHHON CEPHOM KUCIIOTHI, BO BTOPYIO —
BOLy, B TPETbI0 — KOHLIEHTPUPOBaHHBIN pacTBOp mienoun. Ilocne dero B Kaxzayr M3 HPOOUPOK
npubasete 1-2 cM® pactBopa Na»SO;. YeMm 00BACHUTH TpoUcIIeNre n3MeHenns? Hanummre monubie
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ypaBHenus: OBP, ucnomnb3ysi HOHHO-3JIEKTPOHHBIH MeToA. OneHuTe riryOuHy MpOTEeKaHUs MPOLECCOB B
KaxzaoM ciryyae. OT 4ero 3aBUCHUT OKUCIIUTEIbHASL aKTUBHOCTh IIEPMaHTaHT-HOHA?

OmpiT 6. K 1ByM CM’ pacTBOpa HUTPHTAa HATPUS NPHJIEHTE PaBHBIM 00BEM pacTBOpa CEPHON
KHCJIOTHI U J00aBbTE MO KarisiM HeOOJbIIOE KOIMYECTBO pacTBopa noauaa kaiaus. OOpaTute BHUMaHUE
Ha U3MEHEHHE 1IBETa PacTBOpA.

Kakoe BemecTBo Bbiienunock? CocTaBbTe ypaBHEHHE COOTBETCTBYIOIIEH peakuun. Onpenenure
KO2() (PUIMEHTHI METOIOM TTOTYPEAKITHHA.

Onpit 7. Haneiire B mpo6upky 1-2 cm® pactBopa Guxpomara Kaiuus, 106aBbTe K HEMY JBOWHOM
00bEM pa30aBIeHHON CEPHOM KUCIOTHI U 4-5 cM’ pacTBopa HUTpuTa Hatpusa. OOpaTUTE BHHMAHHUE HA
M3MEHEeHHe I[BeTa pacTBopa. Hamummmre MOJIeKyIsIpHOE M HOHHOE YpaBHEHHUs AaHHOW peakunu. [lombop
K03(pPUIIEHTOB OCYIIECTBUTE METOAOM AJIEKTPOHHO-HOHHOTO OanaHca.

OmeiT 8. K 2-3 oM’ OpOMHOH BOZBI TPUJIEHTE PACTBOP IIEIOYH JO TOITHOTO OOECIBEUMBAHHS
pactBopa. CocTaBbTe 3JIEKTPOHHO-MOHHOE YPAaBHEHHME NAHHOW peaklM{ U OIpeaeinTe Kod3(duiueHTs
METOJIOM TOJIYpEaKIui.

Onpit 9. K 2-3 cM’ KOHIIEHTPUPOBAHHOTO PACTBOPA TMAPOKCHAA HATPUS 100aBbTE HEGOIBIIOE
KOJINYECTBO MOPOIIKOOOpa3HOH cepbl. CMeCh KUIIATUTE 10 UCUe3HOBEHUs cepbl. COCTaBbTE 3JIEKTPOHHO-
HOHHBIE CXEMBbl U3MEHEHUS CTEICHEH OKHMCIEHUS pearnpyonux BelecTs. Hanumure HoHHOE U MOJIHOE
ypaBHeHUs naHHOW peakiuu. K xakomy tunmy OBP otHocutcs nanHoe npespaienue? Ilouemy aTombl
Cephbl CIIOCOOHBI K TAKMM MpeBpalleHusIM?

Omngpir 10. K pactBopy ( 1-2 cm?) THonmManara kanus (MM aMMOHHMS) TIPUOABBTE TAKOH K€ 00BEM
pactBopa comm xene3a (+3). Kakoil mBer momydeHHOTO pacTBopa? 3aTeM K OKpalIeHHOMY pPacTBOPY
NpuOaBISIOT MO KaruisiM 10 mosiHoro oOecuBeunBanus pactBop SnCl,. Kakue mporecchl NpoUCXosT B
pactBopax u moueMy? Paccuuraiite DJIC peakuuu BoccTaHOBIeHUS Fe'™ momamum Sn’*. PaccuwmTaiite
usMenenue sHeprun ['m66ca (4G’ ,.) u xoncranty pasHoBecus (K’.,) mis 5toil peakuuu. OueHute
rIIyOuHy € MpOTEeKaHHUs.

Omwir 11 B npobupky nHaneiite 1-2 c¢m® pactBopa cyiabpara meaqu CuSO, u omycTute Tyaa
3aYUINEHHBIA C TIOMOIIBI0 HAKIAYHOW OyMarw jKelne3Hblil rBo3ab. [loctaBbTe mpoOWpKy B MITaTHB HA 5
MUHYT. Uepe3 5 MUHYT OTMEThTC M3MEHEHHMS [TOBEPXHOCTH JKEJIE3HOTO T'BO3IS M 3aHECUTE UX B Tpady
«Habmrogenus».

Hanumure ypaBHEHHE OKHUCINTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU U yPaBHANTE €€ 110 METOAY
3NIEKTPOHHOTO OanaHca. YKaKUTE OKHCIWTENb M BOCCTAHOBHUTENb. [lONB3ysiCh PSIIOM HaNpsHKEHHH,
YKaXHTe, KAKH€ METAJUIbl MOTYT BBEITECHATH ME/Ib U3 PACTBOPOB €€ CONEH.

Onpit 12 B Tpu mpoOGupku Haneiite mo 2-3 cm’ pactBopa nepmanranara kamus KMnOs c
xounenTpanuein C(KMnO4) = 0,02 mons/am’.

- B nepsyto npobupky nob6assre 1-2 cM® pactBopa cepHoit kucinoTsl kucnora HoSO, ¢
xonnenTpamuein C(H,SOy4) = 2 Moms/nm’.

- Bo BTOpYI0 NpobupKy 106aBbTe 1-2 ¢M® TMCTHIIMPOBAHHOMN BOJIBL.

B tpeThio npobupky no6assre 1-2 cm® pactopa ménoun NaOH ¢ konnentpanuein C(NaOH) = 2
MOJTB/ M.

Bo Bce mpoOupku Haneiite mo 3-4 ¢Mm® pactBopa cyibuTta Hatpus Na,SO; ¢ KOHIEHTpaLueit
C(Na,SOs) = 2 Monb/mm’,

OTMeThTE N3MEHEHHUE [IBETa PACTBOPOB B KAKIOH M3 MPOOMPOK C yUETOM 3aBUCUMOCTH OKPACKU
COEJIMHEHMI MApraHia OT €ro CTENEHH OKUCIEHHS: HoH MnO, umeeT GHOIETOBYIO OKpacKy, MnO,* —
3enéHyro, Mn®" — c1aGopo30ByI0, a PH MOl KOHLEHTPAIMU — OECIBETHYIO. 3aHECUTE HAOIIONEHHS B
rpady «Habmronenus».

Hamummre ypaBHEHUS! OKMCIATENBHO-BOCCTAHOBUTENBHBIX PEAKINA M yPaBHANUTE WX TI0 METOAY
AIIEKTPOHHOTO OanaHca. YKaKUTEe OKUCIUTENb U BOCCTAHOBUTEIb.

Omnpit 13 B npobupky Haneiite 1-2 cM’ pactBopa nepmanranara kaaust KMnOs ¢ KOHIEHTpalmen
C(KMnOs) = 0,02 mons/am’ moGasere 1 cm® pactBopa ceprHoil kucnothl H,SOs4 ¢ KOHIEHTpamuei
C(H,SO4) = 2 mMons/am’® u npuneiite 1 cm® pactBopa momuna xamus Kl ¢ konuentpamuein C(KI) = 2
MOJTB/ M.

3adukcupyiiTe U3MEHEHKE [IBETA pacTBOpa U 3aHecuTe HaOmoneHus B rpady «HabmogeHus.

Hanumure ypaBHEHHS! OKMCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKLMA 1 YPABHANTE UX [0 METOLY
AIIEKTPOHHOTO 0ajaHca. YKaKUTEe OKHCIUTENb 1 BOCCTAHOBUTEIb.

Oneir 14 B mpobupky Hameiite 1-2 cm3 pactBopa mnepmanranata kamuss KMnO4 c
koHneHTparmuert C(KMnO4) = 0,02 mons/am3, nobaBere 1 cM3 pacTBOopa cepHol kucioTel H2SO4 ¢
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kourenrpamuert C(H2S04) = 2 monws/am3 u npuneiite 1 cm3 pactBopa cynbdara xenesza (1) FeSO4 ¢
kounerTpanueit C(FeSO4) = 2 mons/am3.

3adukcupyiiTe n3MEHEHHE [[BETa pacTBOpa U 3aHecuTe HabmoaeHus B rpady «BeBoasl. HabmromeHus».
Hanummre ypaBHEHHS! OKUCIATENBHO-BOCCTAHOBUTENBHBIX PEAKIUH U YPaBHSIUTE X 110 METOY
3JIEKTPOHHOTO OajaHca. YKaKUTEe OKHCIUTENb U BOCCTAHOBUTEb.

Onpit 15 B nipoGupky Haneiite 1-2 ¢M® KOHIEHTPUPOBaHHOM a30THOM KucioThl HNOs,p(HNO;) =
1, r/eM’ .OnycTuTe B NPOOMPKY 3auMIIEHHYHO HaJauHOW Oymaroil MeaHyro MpoBoioky. Harpeiire
poOUpPKyY Ha IJIAMEHU ra30BOI FOPEJIKU U IOCTaBbTE €€ B INTATUB HA 5-10 MUHYT.

3adukcupyiiTe BbIACICHHE Ta3a B MPOOMPKE, LBET BBIICISIONICTOCS Ta3a M M3MEHEHHE IIBEeTa
pactBopa. 3aHecute HabmoAeHus B rpady «Habmronenus.

Hanumure ypaBHEHHS! OKMCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKLUM 1 YPABHANTE UX [0 METOLY
3JIEKTPOHHOTO 0ajaHca. YKaKUTe OKHCIUTENb U BOCCTAHOBUTEb.

Onpir 16 Hanetite B npo6upky 1 cm® pactBopa nuxpomara kamusi K,Cr,O; ¢ KoHIeHTparmen
C(K:Cr,07) = 2 monw/nm’ Jlo6aBeTe B mpoOUpKy 2-3 cMm® cepHoit kucinotel H,SOs ¢ KoHIeHTparmen
C(H,S0.) = 2 mons/mm® u 2-3 cm® pactBopa nurpura Harpus NaNO, ¢ xonnenrpanueii C(NaNO,) = 2
MOJIB/ M.

3adukcupyiiTe W3MEHEHHE IBeTa pacTBOopa. 3aHecuTe HaOmoneHus B rpady «BbIBOABL
HaOmronenus».

Hanummre ypaBHEHHS! OKHCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIMHA M YPABHSINTE UX MO METOIY
AIIEKTPOHHOTO OanaHca. YKaKUTEe OKHCIUTENb U BOCCTAHOBUTEIIb.

Conep:xaHue oT4yeTa
[Tonydennslie nanHble 3adukcupyiiTe B Tabmuie 8.1 mo cnexyromei popme:
Tabnuua 8.1. Pe3ynbTaThl SKCIEpUMEHTA

Ne i/ | PeareHTts! XumMuyeckas peakius Habmronenns

1

N |W(N

KonTpoabHbie BOIPOCHI
ba3oBbIi1 ypoBeHb

1 Yrto Ha3pIBaioT cTemneHplo okucieHns? Kak e€ o0o3Ha4a0T W Kakue 3HAYCHHS MOXKET OHa
npuHUMaTh? OTBET MOSCHUTE HA IpUMEpax.

2 Kak omnpenensiercs MakCUMallbHas 1 MUHUMAaJIbHAs CTETIEHU OKHCIIEHHUS JIEMEHTOB?

3 Kakwue peaknuy Ha3bIBaIOT OKUCIUTEIHHO-BOCCTAaHOBUTENFHBIMI? [IprBeaTe IPpUMEpHI.

4 Kaxue peareHTH Ha3bIBaIOT BOCCTAHOBUTEISIMH, KAKHE — OKUCITHTEISIMH?

5 B uem cyTh MeTo @ nmosmypeakuuid? s Kakux CUCTEM OH IPUMEHNM?

6 Kaxk BbIpaxkaeTcsi KOHCTAaHTa PABHOBECHUS PEAKLMU U YTO OHA BhIPAaXKaeT?

7 Kaxk MOHO paccunTath KOHCTaHTy paBHOBecusi? [IpuBeuTe COOTBETCTBYIONME (POPMYJIIBL.

8 Or xakux (akTOpOB 3aBHCUT MTPOTEKAHUE OKUCIUTEIBHO - BOCCTAHOBUTEIBHBIX PEaKIii?

9 3aBHUCHMOCTH OT KaKUX [apaMEeTpOB OTpaxkaeT ypaBHeHue Hepuera?

[ToBbILIEHHBIN YPOBEHB

1 Kak oIeHMBaIOT SKBUBAJICHTHI OKHCIHUTEIA M BOCCTAHOBUTEIA? B Kakux eIWMHHIAX OHH
BBIpaXaroTcs?

2 Yrto Ha3BIBAIOT MOJBHOW MAacCOW OKHCIIHTENS M BOoccTaHoBHTENs1? KakoBa mX pa3MepHOCTH?
[TpuBeauTe NpUMEPHI.

3 KakoBa cTpykTypa alropuTMa MeToJa OJJIeKTpoHHOro OamaHca? OTBET WILIIOCTpUPYHTE
MIpUMEpaMH.

Cnucok IMTepaTypsbl, peKOMeHyeMblii K HCI0/Ib30BAHMIO 110 JAHHOI TeMe
OcHoBHast MTEpaTypa:
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1. Koposun, H. B. O6mias xumus : yuebnuk / H. B. KopoBus. - 13-e u3z., nepepab. u gor. -
M. : Axkanemus, 2011. - 496 c. : mi. - (bakanaBpuar). - Pek. MOuH P®. - Ilpuin.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. Xumus okpy:karonieit cpeipl : XMMHsS )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-0uOIoTeuHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocrymna: ams
aBTOPU3UD. MOJIb30BATENEH
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Jlono/IHMTeIbHAS 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 mocodue (JUIst CTYJJCeHTOB XUMHUECKOTO (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
aBTOPU3HUP. NOJIb30BaTENEN
Hnmepnem-pecypcoi:

1 http://window.edu.ru/ — eamHOE OKHO JAOCTYIa K 00pa30BaTEeIbLHBIM pecypcam

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

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

4 http://www.iprbookshop.ru — OBC.

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

Tema 9. OcHOBHBIE NOJIOKEHHUS IJTEKTPOXUMUHM.
JlabopaTopHas padora 9. 'aibBaHHYeCKHE 3JIEMEHTBI
HGHB pa6OTI>II OCBOUTH COCTABJICHHUEC CXEMBI I'AJIbBAHUYCCKOI'O 3JIEMEHTA U METO/AbI HAIlTMCaHUA
YPaBHEHUH IEKTPOIHBIX IIPOLIECCOB.
DopmupyeMble KOMIETEHIMN WIN X YaCTH:

WNHupeke DopMyIUpPOBKA:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3AIMN U CaMO0OPa30BaHUIO
OIIK-4 MMOHMMaHHUEM CYIIHOCTH W 3HaueHHsI HH()OPMAIH B Pa3BUTHU

COBPEMEHHOT0 00IIIeCTBa, CIIOCOOHOCTHIO MOTYy4YaTh U 00pabaThIBaTh
WH(GOPMAIIHIO U3 PA3TUYHBIX UCTOYHUKOB, TOTOBHOCTHIO MHTEPIIPETUPOBATh,
CTPYKTYpUPOBaTh  OPOPMIISATh HHGOPMAIIHMIO B JJOCTYITHOM JJISl IPYTHX
BUJIE

HK-5 CIOCOOHOCTBIO MPUHUMATh Y4acTHe B paboTax 1o pacueTy
MIPOEKTUPOBAHUIO JIETAJIEN U Y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIUI B
COOTBETCTBUM C TEXHUUYECKUMHU 3aJaHUSIMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CPEJCTB aBTOMATU3ALIUU IPOEKTUPOBAHUS

Teopernyeckas 4acTb
[Ipuobperaembie komnereHuuu OOIl npu u3yueHun Mmarepuana pasjena:

0akayiaBp JOJKEH MOHUMATh POJIb OXPaHbl OKPYKAIOIIEH Cpesibl U palliOHAIBLHOTO
OPUPOJIONOIb30BAHUS ISl PA3BUTHUS W COXPAHEHUs LUBWIM3ALMM; 00JagaTh
CHIOCOOHOCTBIO M TOTOBHOCTBIO BIJIAJIETh OCHOBHBIMH METOJAaMHU, CIOCOOAMH H
CpeICTBaMH IMOJIyYE€HHUS, XpaHEHUs, MepepaOoTKku HH(OpPMAIMH, HCIOIb30BATh
KOMITBIOTEP KaK CPEJICTBO padOThl ¢ MHPOPMALIMEH; a Tak ke CaMOCTOSTEIbHOTO
npuoOpeTeHus: (U3MYECKUX 3HAHUM, i1 [OHMMAaHUA [PUHLUIIOB PabOTHI

HpI/I60pOB u YCTpOﬁCTB, B TOM YHCJIC BBIXOIAINX 3ad IIPCACIIbI KOMIICTCHTHOCTHU
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https://openedu.ru/

KOHKPETHOTO HampasiieHus. bakamBap OyneT cHocoOeH JeMOHCTPUPOBATh
0a30Bble 3HAHUS B OOJACTH €CTECTBEHHOHAYYHBIX JIUCUUIUIMH U TOTOBHOCTBIO
MCITI0JIb30BaTh OCHOBHBIE 3aKOHBI B MPO(ECCUOHATBHOM 1€ATETbHOCTH, IPUMEHSTh
METO/Jbl MAaTEMaTUYECKOTO aHajlu3a M MOJIEIUPOBAHUSA, TEOPETUYECKOTO U

OKCIICPUMCHTAJIbHOI'O UCCICAOBAHN.

Teopernyeckue 0CHOBBI
[Tpubop, B KOTOPOM XHUMHUYECKasi SHEPTHsI OKUCIUTEIHHO-BOCCTAHOBUTEIBHON pPeakuu

IIpeBpallaeTcs B dJIEKTPUYECKYI0, Ha3bIBAETCS TAJIbBAHNYECKUM 3JIEMEHTOM.

OcHoBHasl coCTaBHasl YacCTh raJlbBaHUUECKUX 3JIEMEHTOB — AJIEKTpoabl. Yale BCero oHu
ObIBAIOT METAUIMYECKUMHU. OJEKTPOA, Ha KOTOPOM TPOMCXOJIUT MPOLECC OKUCICHHUS,
Ha3bIBAECTCS AaHOJIOM.

Tak, eciii B raJlbBAHUYECKOM JJIEMEHTE UMEIOTCS MEIHBIM U LIMHKOBBIM 3JIEKTPOJbI, U B
TOCJIETHEM MIPOMCXOAUT MPOIIECC OKUCIERUs UHKaA: Zn' — 2¢” <> Zn’*, TO IIMHKOBBIH 2JIEKTPOJT
OyJIeT aHOJIOM.

DIEeKTpoJA, Ha KOTOPOM MPOUCXOAMT MPOILIECC BOCCTAHOBIIEHHUS, HAa3bIBACTCS KaToa0M. B
BBILIENPUBEAEHHOM TIPUMEPE KATOIOM ABISETCS MeAHbIN anektpoa: Cu’ + 2e « Cu’.

DNEKTPOHBI C AIEKTPOJIa, HA KOTOPOM HPOUCXOAUT MPOLIECC OKUCICHUS, NePEeXosIT Ha
ANEKTPO, TJI€ MPOTEKAET MPOLECC BOCCTAHOBIICHMUS.

Takum 00pa3oM, B raJIbBAHUYECKOM DJIEMEHTE, UMEIOIIEM B Ka4eCTBE KaTo/a MEAHYIO U
B Ka4eCcTBE aHO/a IMHKOBYIO IJIACTHHBI, SJICKTPOHBI C [IMHKOBOH MUIACTHHBI OYAYT MEPEXOIUThH
Ha MEJIHYIO.

10.7 DnekTpol B TaJIbBAaHMYECKOM HJIEMEHTE HAaXOAUTCS B PacTBOpE JJIeKTposuTa. B
MPOCTEUILIEM CITy4ae 3JIEKTPOJIUTOM SIBIISIETCS PACTBOP COJM TOTO METalIa, U3 KOTOPOIo CAeNaH
AIIEKTPOI.

Tak, B MEIHO-LIMHKOBOM TaJIbBAHMYECKOM 3JIEMEHTE LIMHKOBBIM AJIEKTPOJI MOXKET ObITh
MOMEILEH B pacTBOp CyJib(ara IIMHKA, a METHBINA — B pacTBOp CyjbdaTa MeIu.

CrnenoBaTenbHO: LMHK MMOMENIAIOT B PacTBOP, COAEPIKAUIUN KAaTUOHBI IIUHKA, a MEJb B
pacTBop, coaepKaluii KaTHOHBI MEIHU.

Cucrema, cocrodiasi U3 MeTajula, OMYLIEHHOIO B PacTBOp, COJEPKalUil €ro HOHBI,
Ha3bIBAETCS MOJIY>JIEMEHTOM U 0003HAYaeTCsl Me" " / Me (CBEpXY BCeraa OKUCIeHHas GopMma).

JIBa moiysneMeHTa, COeAMHEHHbBIE MPOBOJHUKOM, 00pa3yIOT TajbBaHUYECKHI SJEMEHT

(pucynok 9.1):
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Pucynox 9.1 Cxema MeOHO-YUHKOB0O20 2aNb8AHUUECKO20 dNIeMeHma

B rasbBaHu4ecKkoM 3€MEHTE OJMH JJIEKTPO (aHOJ) pacTBOPSETCs, T.€. MOHBI MeTasula
nepexoAsT B pacTtBop. Tak B MEAHO-IIMHKOBOM TaJbBAHUYECKOM JJIEMEHTE MPOUCXOJIUT
pacTBOPEHHE ITMHKOBOM TJIACTUHKHU.

B pesyinbrate nmepexona MOHOB LIMHKA C IUIACTUHKHM B PAacTBOP Ha IUIACTHUHKE OCTAETCSA
M30BITOK DJIGKTPOHOB, M OHA 3apsbkaeTcsi oTpuuartesnbHo. C apyroil CTOpPOHBI, MEPEX0]l HOHOB
[IMHKA B paCTBOP MPHUBOAUT K YBEIIMUCHHUIO UX KOHIIEHTPAUHU B PACTBOPE.

brnarogaps nepexoay MOHOB IIMHKA C TUIACTMHBI B PAacTBOP BEC IIMHKOBOW TUIACTUHKH
OyZeT yMEHbBIIAThHCS.

OIHOBpPEMEHHO C 3THM Ha MEIHOM 3JIEKTPOJE MPOUCXOJUT MPOIECC BOCCTAHOBJICHUS
HOHOB MEJTH U3 PACTBOPA: Cu’" + 2e <> Cu -

3a cuéT 3TOro npoiecca KOHIEHTPALMsI HOHOB MEU B PACTBOPE YMEHBIIIAETCS, a Macca
MEIHOW IUIACTUHKH YBEJIMYHBACTCS.

[Tepexox monoB Cu** W3 pacTBOpa Ha IUIACTMHKY NPUBOJMT K TOMY, YTO MEIHAs
IJTACTUHKA 3apsKaeTCs MOJIO0KUTEIBHO.

PaccMoTpenHbIl raibBaHUYECKUi AyieMeHT (dnemeHT Jlanmdns — Skobu) cxemaTudecku
MOHO 3aIUCcaTh CIEAYIOINUM 00pa3oM:

(=) Zn|ZnSO4||CrsO4|Cr(+)

WM B MOHHOU (hopme:

[—) =2

Z;?2+||(:u2+|<:u{ +)

OauHOYHBIE TMHUM B CXeMaX 0003HAYal0T TPAHUILy METAJT — PaCTBOP, a IBOMHBIC JIMHUU
— rpaHuIly MeX]y pacTBopaMu. OTpUIIATENbHBIN 3IEKTPO (aHO) 3aIMCHIBAETCS CIIEBA.

B ocHoBe paboThl pa300paHHOTO AJNEMEHTa JEKHUT OKHCIUTENbHO-BOCCTAHOBHUTEIbHAS
peakuus:

Zn+CuSO4 — ZnSO4 + Cu
WM B HOHHOH dopMe:
Zn+Cu’t —> Zn>" +Cu.

B ranpBaHMYECKOM 3J€MEHTE, COCTABICHHOM W3 KEJIE3HOHN IUIACTMHKH, OMYIIEHHON B

pactBop FeSO, M CBUHIIOBOW IJIACTHHKH, OMYyIIEHHOW B pacTBop Pb(NO;),, xene3o sBisercs

a"osmoM. Cxema 3TOro 3JICMEHTa cicayromas:
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(—)Fe

FeSO4||Pb(NO3),|PH(+) |

Ha >xene3nom snextpone (aHOAE) MPOUCXOIUT OKUCIEHUE. DTOT MPOIIECC ONMUCHIBACTCA
CJIETYIOIIKM AJIEKTPOHHO-MOHHBIM YPAaBHEHHUEM:

Fe¥ —2¢ «» Fe*.

JKene3Hplid 371€KTPOT TPUOOPETAET OTPUTIATETHHBIN 3apsiI.

Ha cBUHIIOBOM 351eKTpoje (KaToae) MPOMCXOAUT MPOILECC BOCCTAHOBICHHS MOHOB Pb**
13 pacTBopa:

PH*T +2¢ <> PHY.

CBUHIOBBIH 3JIEKTPOJ1 3apsHKAETCS MOJT0KUTEIBHO.

Cymmupyst 00a ypaBHEHUs, TOJYyYUM HOHHOE YPaBHEHHE pEaKIUH, MPOTCKAIOMICH B
JTAHHOM TaJIbBAHMYECKOM DJIEMEHTE:!

Fe+Pb*" — Fe*" +Pb.

DNEeKTPOHBI 10 TPOBOJHUKY, COCAMHSIONIEMY TUIACTUHKH, OYIyT TMEpeXOoauTh OT
JKEJIE3HOU IUTAaCTUHKHU K CBUHIIOBOIA.

Htak, B raipbBaHMYECKOM 3JIEMEHTE M0 MPOBOIHUKY, COSAUHSIOMIEMY 3JIEKTPOAbI, TEUET
JEKTPUYECKUH TOK.

[TosiBieHHE >IEKTPUYECKOTO TOKA CBHUJIETEIBCTBYET O HAJUYMHM PA3HOCTH MOTEHIIMAJIOB
MeXay odyekTponaMu. HMHade TroBOpsi, Ha OJHOM M3 D3JEKTPOAOB BO3HHKAET  KaKOM-TO
onpeAenEéHHbIA TOTEHIIUAN, PA3IMYHBINA IS Pa3IHYHBIX AJIEKTPOJIOB.

[Toreniman, KOTOPBI yCTaHABIMBAETCS HA METALIMYECKOM 3JIEKTPOJE, MOMEIIEHHOM B
PacTBOP COJIM OJTHOMMEHHOTO METaJllIa, Ha3bIBAETCS AJIEKTPOAHBIM IMOTEHIIMATIOM METaJIIa.

W3mepeHHble B CTAaHAAPTHBIX YCIOBUSAX MOTEHLHMATIbl METAJUIOB  HAa3bIBAIOTCS
HOPMaJbHBIMU (WJIM CTaHAAPTHBIMHU) DJIEKTPOJHBIMH MOTEHIIMATAMU MeTaioB. VX 3HadYeHHs
JUISL pa3IMYHBIX METAJJIOB IPUBECHbI B Tadmuie 9.1.

Uem merye wmetaym OTHAET OJIEKTPOHBI, T.€. UYEM Jierde€ OH OKHUCISIETCS, TeM
OTpHUIIaTeIbHEE €ro SJEKTPOJHBIA MOoTeHIHal. MHaue roBops, MO BEIMYMHE 3JIEKTPOIHOIO
MOTEHIIMATa MOKHO CYJIUTh O CIIOCOOHOCTH MeTajlsla OTJaBaTh JEKTPOHBI, T.€. 00 aKTUBHOCTH
MeTasa.

bornee akTUBHBIA MeTauT WMeeT Oo0Jiee OTPHUIATEIBHYIO BEIHUYHUHY JJICKTPOIHOTO
noteHuuana. Tak, HOpPMallbHble »JJEKTPOAHbIE TOTEHIMANbl MarHus, LWHKAa W Meau
COOTBETCTBEHHO paBHHI (B B):

»° (Mg/Mg2+) =-234;0°(Zn/Zn>")=—-0,76;0°(Cu/Cu>*)=+034.

CpaBHUBasi 5TU 3HAYEHHS, MOXKHO CJIIelaTh BBIBOJ, YTO HamOOJiee aKTUBHBIM U3 ITHUX

TpéX MCTAJJIOB SABJISICTCA M&FHI/IfI, a MCHEC aKTUBHBIM — MCb.
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B rampBaHWMYeCcKOM 3JEMEHTE, MMEIOIIEM J[Ba PA3TUYHBIX METAJUIMYECKUX JIIEKTPOJIa,
aHOJIOM OYyJeT METaUT ¢ MEHBIICH BEIMYMHOW CTAaHIAPTHOTO JJIEKTPOJHOTO IMOTCHIMANA, T.C.
0oJiee aKTUBHBII METAJIII.

HaHpHMep, B IraJIbBAHUYCCKOM 3JICMCHTC

M

Mg = ||Zn2+ |z

HauOoyiee OTPUIATENICH JJIGKTPOJHBIA IMOTCHIIMAT MAarHus, II09TOMY MAarHUEBBII
ANEKTPOJ OYIeT aHOIOM.
Ha maruueBom snekTpoe (aHozae) UAET IpOLEcC OKUCICHHUS 110 YPaBHEHUIO:

0

Mg (—)Mg2+ +2e.

Ha nuakoBOM anekTposie (KaTojie) MpOTEeKaeT MPOoLecC BOCCTAHOBIICHUS LINHKA:
Zn>"t +2e <> zn°.

10.36 CymmapHOE MOHHOE YPaBHEHHUE PEAKLUH, IPOTEKAIOIIEH B TAKOM I'aJIbBAHUYECKOM

3JIEMEHTE, CIIEAYIOIIEE:
Mgo + 72t M’ngr +7n0.

BennuuHa 37eKTpoIHOTO MOTEHIMAa MeTalla 3aBUCHT, TJIaBHBIM 00pa30M, OT IPUPOIbI
MeTajlja, TeMmIepaTypbl U KOHLEHTpAallMd HMOHOB MeTajljla B pacTBOpe. OTa 3aBUCHMOCTb
BBIpaXkaeTcs ypaBHeHreM HepHcra:

9 =9 (Me/ Me" ")+ glg C(Me"™™), 9.1)

rae ¢ (Me/Me"") — HOpMAIBLHBIN SIEKTPOIHBIA MOTEHIHAT;

1 — YHCJIO OTJaBaeMbIX (PUHUMAEMBIX) METAJNIOM 3JIEKTPOHOB;

C(Me"") — KOHLIEHTpAIUs HOHOB METAJIA B PACTBOPE, MOJIB/IIM”.

[Ipy KOHIIEHTpAMM HMOHOB MeTajlla, PaBHOW 1 MoJb/IM’, BTOPOM Yi€H ypaBHEHWs
oOpamiaercs B HONb, TOTAA @ = ¢, m.e. 2ACKMPOOHbLI NOMEHYUAL MEemaiia npu e2o
konyenmpayuu 1 monv/om’ npeocmasnsem coboii cmanOapmmbwill 21eKMpPoOHbIL NOMEHYUA.

DNeKTpOABMKYIAs cuia E raJbBaHUYECKOTO 3JIEMEHTa OIpPEeNeNseTcsl Pa3HOCTbHIO
MOTEHIIMAJIOB KaToja U aHoja: £ =@g —¢ 4.

Tak, D3JIC MarHueBO-IIMHKOBOTO TallbBAHUYECKOTO SJEMEHTa, MpPHU KOHIEHTPAIUIX
HOHOB COOTBETCTBYIOIINX METaJUIOB OJIH MOJIB/IM®, COCTAaBJISICT:
E=¢°(Zn/Zn>")—p° (Mg / Mg>") =-0,736—(—2,34) = 1,604 B.

Yem Oosbpllle pPa3HOCTh B 3HAUEHHMSIX CTAHAAPTHBIX OSJIEKTPOIHBIX IOTEHIIUAJIOB
MeTauioB, TeM Oosbire 3/IC ranbBaHNYeCKOTO 3JIEMEHTa, KOTOPBI 3TH METaJLIBl 00pa3yIoT.

CpaBaum JJIC TOABKO YTO pa3o0paHHOTO MAarHUEBO-IIMHKOBOTO TaJbBAHUYECKOTO

anemenTa ¢ DJIC MaraueBo-MeaHOTO JIEMEHTA.
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(—)Mg

Mg |20 | Znl 4 )
C(Mg/Mg>")=C(Cu/Cu’")=1luors /o’
E=¢° (Cu/Cu’t)— ¢’ (Mg/Mg>t)=+034—(-2.34)=2.68B. .

Wtak, yeM Janpiie JIpyr OT Jpyra HaXOAATCS MeTaulbl B TaOJuIle HOPMalbHBIX
AJIEKTPOAHBIX TOTEHIHANIOB, TeM Ooublie D/1C raapBaHUYECKOro 3JIEMEHTa.

Kak ormeuanock panee B pa3aerne, 3aBUCUMOCTb BEJIMYHMH JJIEKTPOAHBIX ITOTEHIIMATIOB OT
KOHIEHTPAllUd OKHUCIHUTEIbHOW M BOCCTAaHOBUTEIbHOW (opm peareHTa M oT pH cpens
BbIpa)kaeTcst ypaBHeHreM Hepucta (9.1).

VYpaBHenne HepHcra mo3Bosigser npoBoauth pacueT D/IC ranbBaHMUECKHUX JIEMEHTOB
IIPU YCJIOBUSAX OTJIIMYHBIX OT CTaH/IAPTHBIX.

N3menenne wmzobapHOro moteHimana ['mbOca B cucteMe YHMCICHHO paBHO padorte,
COBEpLIAEMOM B pPe3yJIbTaTe MPOTEKAHUS NIEKTPOXUMUYECKON PEAKIUU:

AG = -4 = —nAgF, (9.2)

rne A — paboTa DIEKTPUYECKOTO TOKa, paBHAas TMPOM3BENEHUIO YHCIa MOJb

MIEPEHECEHHBIX AIEKTPOHOB N, HAIIPSIKEHUS B DJIEKTPUUYECKOU 1enu A¢ u nocrossHHoi dapanes
F =96 454 Kn/monb = 96 500 Kn/mors.

Jl1st cTaHIapTHBIX YCIIOBUIA:

AG’ =-A"=-nA¢"F. 9.3)

KoHcTaHTa paBHOBECHS SJIEKTPOXMMHMYECKOM pEakIWH I CTaHAAPTHBIX YCIOBHM
ornpenensercst popMyIIoi cieayromero Buja:

_ nAgoOF

lgK?
£ 2,3-RT

=16,91A¢°. 9.4)

BennuuHbl KOHCTaHT PaBHOBECHUM U1 PAa3HBIX dJIEKTPOXUMHUUYECKUX PEAKLUH IT03BOJISIIOT
OIIpE/ENATh CTENIEHb UX HEOOPATUMOCTH.

[TockonbKy 2JIEKTPOIHBIM MOTEHIMAI METaJllla 3aBUCUT OT KOHLIEHTPALIMK pacTBOpa, TO
MOXHO COCTaBUTb LE€Ib U3 OAUHAKOBBIX METAUIMYECKUX DIIEKTPONOB, IIOTPYKECHHBIX B
pacTBOphbl C pa3IMYHON KOHLEHTpAUUEH HMOHOB 3TOr0 METala — MO0 KOHYEHMPAYUOHHbLU
2aNbBAHUYECKUL DTIeMEHM.

3/1C KOHIEHTPAIMOHHOTO 3JIEMEHTA OIpeeNsieTcs o popmyIe:

C,(Me*"
QﬂC:O’()SgIg | (Me™™)

2T O (MeTy

(9.5)

rae C(Me™) — KOHIEHTpaIKs MOHA METAJIIA B IIPUAJIEKTPOIHOM CIIOE, MOJIL/IM®, IPUYEM

Ci(Me™") > Cy(Me*™") ; z — cTeneHb OKUCIICHHS HOHA.

OGopynoBaHue U MaTepUAJIbI
1. JIpa crakana émkoctbio 100 cm’
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PactBop CuSO,, C(CuSO,) = 1 moav/om’.

PactBop ZnSO,, C(ZnSO,) = 1 monv/om’.
Menanas njiacTUHKa

[{uHkOBas nmIacTUHKA

MenaHble TPOBOIOYKH

BoasT™meTp

U — obOpa3Has TpyOKa

. pactBop KClI

0. Arap-arap

S0 NOA U AW

Yka3zaHus o TexHuke 0€30MacHOCTH
1. Bce paboTel B XUMHUYECKOH abopaTOpW¥ IOJDKHBI IMPOBOAWUTHCS TIPH HCIPABHOM
3JIEKTPOOOOPYIOBAHUH, DIIEKTPOIPOBOJIKE, MPABUIBHO 000PYI0BAHHOM BBITSDKHOM IIKAQYy.

2. T'a30Bble KpaHBI U ra30MpOBOJ 1OJKHBI HAXOJUTHCS B UCHPABHOM COCTOSIHUH, EPUOJMYECKH
IIPOBEPATHCS.

3. PabGouee mecTo comepkaTh B OPSIIKE M YHCTOTE.

4. Cyxue peakTHBbI TpeOyeTcs OpaTh YHCTHIM MITATENEM WK CIICIHATBLHON JIOKESUKOM.

5. H3numiek peakTuBa HE BBUIMBATH OOPATHO B COCY/I, U3 KOTOPOTO OH OBLT B3SIT.

6. Bce omnbITHI € BPCOAHBIMHA U MMAXHYIIUMHU BCUICCTBAMU, a TAKIKC YIIApUBAHUEC KUCJIIOT U KUCJIBIX
pPacTBOPOB MPOBOJMTH B BBITSKHOM IIKAQYy.

7. OcraTku COeTMHEHHH cepedpa CIIMBATh B 0COOBIC CKIITHKH.

8. Ilpu HarpeBaHUM PacTBOPOB B MPOOHPKE BCETAa CIASAYET AepKaTh €€ TaKuM 00pa3oM, YTOOBI
OTBepCcTHE NPOOUPKHU OBLIO HANPABIEHO B CTOPOHY OT paboTaloIero psAaoM cocea.

9. He HaKIOHATH MO HAJ HATPEBAEMON KUAKOCTHIO MM CIJIABIISIEMBIM BEIIECTBOM.

10. He crmexyer BOpIXaTh Maxydre BEMIECTBA M Ta3bl, OJIM3KO HAKIOHSACH K COCYIY C ITHMH
BCIICCTBAMU. Hroxatb BCIIECTBA MOXHO JIMIIb OCTOPOKHO, HAIIPABJIAA K cebe Tapel WK ra3 ABUXKXCHHUEM
PYKH.

11. XpaHUTh pacTBOPHI KOHIICHTPUPOBAHHBIX KHCIIOT U MIENIOYEH B BBITSHKHOM IIKAQy.

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

13. Kareropudecku 3ampemaercsi (poOOBaTh XMMHUYECKUE BEIIECTBA HA BKYC.

14. Tlpu paboTe c JEerko BOCIUIAMEHSIONIMMUCS BellecTBaMu (3upbl, OEH301, cepoyriepos U
T.JI.) HE JIOJDKHO OBITH PSJIOM OTHS ¥ BKIIFOYEHHBIX TUIUTOK.

15. Ilpu paboTe cO CTEKIOM, XHMHYECKOW TMOCYAOH, HEeoOXOoAMMO COOMI0AaTh IpaBUiIa
MPEAOCTOPOKHOCTH BO N30EKaHNE paHEHUI OCKOJIKAMHU CTEKIIA.

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

25. B xuMudeckoi 1aboparopur Heo0XoauMo paboTaTh B Xajare.

3aganus

Oneim | Bo3pmute 1Ba crakana éMKocTbio 100 cM’. B oauH U3 HUX HajeiTe pacTBOp
CuSO,, B npyrout — pactBop ZnSO,. KonmeHtpauuu pactBopoB oauHakoBbl: C(CuSO,) =
C(ZnS0,) = 1 monv/om’.

B mepBeIii cTakaH OMyCTUTE MEIHYKO IUIACTHHKY, BO BTOPOH — IMHKOBYH. K 00eum
IJIaCTUHKAM TMPUKPCIUTC MCAHBIC IIPOBOJIOYKH, KOTOPBIC COCAUHHUTC 4YCPE3 BOJBTMECTDP.
PactBopbl B crakanHax coemmauTe U — 00pa3HOW TpyOKOU, HamosiHeHHOW pacTtBopoMm KC/ B
cMecH C arap-arapoM. HaOmiomaercs OTKIOHEHHE CTpPENKH, T.e. B IENH MOSBISETCS
AIIEKTPUYCCKHIA TOK.

Tabnuya 9.1 Cmanoapmuule 21eKMpoOHble NOMEHYUATbL MeMAalioB

| VpaBuenme momypeakumu | ¢, B | VpaBuenme monypeakimn | ¢, B |
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Ag"+ e —Ag +0,7994 Hg3" + 2e < Hg +0,792
AP + 3e < Al -1,66 K'+ee K -2,.923
A’ + 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 Pt + 2e < Pt ~+1,2
Cu"+e— Cu +0,531 Rb™ + e« Rb -2,924
Fe’" + 3e < Fe -0,058 SH’" + 3e <> Sh +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

Conep:xaHue oT4yeTa
Hanwummre ypaBHEHHS 3JIEKTPOIHBIX TPOIIECCOB M CYMMapHOW PEaKIMU, TPOUCXOISIINX

npu pa60Te 9JICMCHTA. OHpe,Z[CJ'II/ITe Karoa u aHOJ. CocraBbTe CXCMY JJICMCHTA, pacchTaﬁTe

O/1C, AG v cTaHIapTHYIO KOHCTaHTY CKOPOCTH.

KoHTpoJibHBIE BOPOCHI
ba3oBblii ypoBEeHB

1 Kakue mpouecchl Ha3bIBalOT 3NEKTpOXUMUYECKUMHU? UYeM OHHM OTJIMYAITCS OT
o0bryHbIX OBP?

2 KakoBbl NpUYMHBI BO3HUKHOBEHUS JABOWHOTO 3JIEKTPUUYECKOIO CJI0S Ha MOBEPXHOCTH
METAJIJINYECKON IUIACTUHBI B BOJE?

3 Kakoe ycTpoHCTBO Ha3bIBAaIOT rajbBaHHMUECKUM 3jemMeHToM? IlpuBenute ero cxemy
Ha KOHKPETHOM IpUMEDPE.

4 Kakue snexTponbl Ha3bIBalOT aHOJaMH, Kakhe — KarojaMu? YKaXuTe aHoi U
KaToJl B IIMHK-CEPEOPSHHOM TralbBaHUYECKOM 3JIEMEHTE.

5 MOXHO 1M ONpeNeNuTh a0CONIOTHOE 3HAYEHUE DIIEKTPOAHOIO MOTeHIMana?
Kakoii anexTpo BbIOpaH B KauecTBe JIEKTPOJia CPaBHEHUS ?

6 Kak yctpoen crangaptHblii BomopoaHblii anektpon? Ilpusenurte ero cxemy u
OOBSICHUTE MPUHIIHUI PAOOTHI.

7 UYro Takoe «pAn HanpshkeHUi metamuioB»? Uto oH onpenenser?

IToBblllIEHHBIA YPOBEHD

1 Kakolf «XUMHUYECKUH CMBICIT» HMEIOT 3HaKU «+» U «» U1 CTaHJapTHBIX
ANEKTPOIHBIX MOTEHIIMATIOB OKUCIUTENbHO-BOCCTAHOBUTEIIBHBIX CUCTEM?
2 Kaxk onenuaror 9JIC ranpBaHnueckoro snemeHTa? OTBET MOSICHUTE HA MpUMEPE

KaJIMUH-MEIHOTO TaJbBAaHUYECKOIO AIEMEHTA.

3 Jlns yero mpumeHstOT ypaBHeHue Hepruera? Hanmummre hopmyiny mpuBeeHHOTO BUAA
3TOr0 ypaBHEHUS.

4 Kaxkue npubOpsl HA3BIBAIOT aKKyMylaTopaMu? KakoBbI UX THIIBI?

5 Kak yctpoeH CBUHIOBBIN akkymysstop? IlpuBenurte ypaBHEHMsI, ONKCHIBAIOLIME
MIPOLIECCHI €r0 3apsia-pa3psaa.
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Cnncok Jqureparypbl, peKOMeHAyeMbli K HCI0JIb30BAHHUIO 110 JAHHOI Teme

OcHoBHasi uTepaTypa:
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®. - Ilpui.: c. 461. -
bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpy>KarIie cpebl : XUMHUS )KUBBIX opranu3MoB. Kypc nekiuii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKCT : 2JIeKTPOHHBIN // DNeKTpOHHO-0MOmMoTeyHas 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-IIpecc, 2003. - 728c. - bubmuorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
2. XuMusi METaJUIOB : yueOHOe TTocodue (A1 CTYICHTOB XMMHUYECKOTO (aKyibTeTa
HarpaBjeHUH OaKagaBpoB «XUMHM» U « XUMHUYECKas TEXHOJIOTUs») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH 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: mms
aBTOPU3UD. [10JIb30BATEIEH
Humepnem-pecypcot:

1 http://window.edu.ru/ — eanHOE OKHO AOCTyIa K 00pa3oBaTeNbHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — 3MEeKTPOHHBIN KaTaIor aCCOLUAIUHU SNIEKTPOHHBIX OHOIHNOTEK
yueOHbIX 3aBefieHnit 1 oprannzanuit CKOO

4 http://www.iprbookshop.ru — OBC.

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

3HaHus U YMeHUs, NIpuodpeTaeMble CTYJIEHTOM B pe3yJIbTaTe 0CBOEHHSI TeMbI
3HATh: OCHOBBI CAMOOPTaHU3AIMH U CAMOOOPA30BAHHS;
3HaTL: CYIIHOCTDH U 3HAUYCHHUE I/IH(i)OpMaHI/II/I B pa3BUTUH COBPEMCHHOI'O OGIIICCTBa; OCHOBBI ITOJIYUCHHA 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
CTPYKTYPUPOBAHHOMH JIJIsl BHIIOJTHEHHS MPO(ECCHOHANBHOM /IS TEILHOCTH.
YMeThb: moNydaTh U 00padaThBaTh HHPOPMAIIHIO U3 PA3THUHBIX HCTOYHHKOB
VYMerb: MPUHUMATH yYaCTHE B padOTax IO pacyeTy U MPOCKTUPOBAHUIO JCTANICH U Y37I0B
MAIIMHOCTPOUTEIBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HACTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATHU3ALIMU MPOEKTUPOBAHUS

HaumenoBanue GhopMupyeMbIX KOMIETSHIIHIA

HNunexc DopmyIUpOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIMH U CaMO0OPa30BaHUIO
OIIK-4 MOHMMaHMEM CYIIHOCTH U 3HaueHHsI UH(HOPMAIMK B Pa3BUTUU

COBPEMEHHOT0 OOIIECTBA, CHOCOOHOCTHIO MOJIydYaTh M 00pabaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUPOBaTh B OQPOPMIISTH HHPOPMAIIHIO B JJOCTYITHOM ISl IPYTHX
BUJIC

IIK-5 CIIOCOOHOCTBIO MPUHUMATh YYaCTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MAIMHOCTPOUTENBHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHUYECKUMHU 3aJJaHUSIMH U UCIIOJIb30BAHUEM CTaHIaPTHBIX
CPEACTB aBTOMATH3AlMU IPOSKTUPOBAHUS

AKTYaJIbHOCTH TEMbI:

Ilepnonnueckuii 3akoH /. M. MeHneneeBa sBISETCS OCHOBOM COBPEMEHHOM XUMUH.
N3yuenne cTpoeHHMST aTOMOB BCKPBIBACT (PU3MUECKHN CMBICI TEPUOJAMYECKOTO 3aKOHA U
OOBSICHSET 3aKOHOMEPHOCTH W3MEHEHHS CBOICTB JJIEMEHTOB B TMEpPHOJaX M B Tpymmax
MEPUOIUYECKON CHCTEMBl. 3HAHWE CTPOCHHS aTOMOB SIBJISICTCS HEOOXOMMMBIM JIJIsi TIOHUMAaHUS
MPUYUH 00pa30BaHUs XUMHUYECKOW CBSI3M, KOTOpas, B CBOIO OYepeb, OMpEIENseT CBOWCTBA
BemiecTB. [loaTOMyY maHHBIN pa3nen SABISIETCS OJHUM M3 BAXKHEHUIIINX pa3/IesioB 00IIel XUMUH.
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https://openedu.ru/

[lepuoguueckast cucremMa »dJEMEHTOB, pa3paboTaHHas BenukuM y4éHbiM [
MeHneneeBbIM, CYMMHpPOBaJia BCEe 3HaAHUS 00 dJIEMEHTax, X CTPOCHHH, MaccaxX, COCTaBe sJpa,
AJIEKTPOHHBIX O00OJIOUYEK, W SIBISETCS CBOCOOpPA3HOW MIMAaprajkod MO BCEH HEOPTaHWYECKOM
XAMUH.

TeopeTuquKaﬁ 4acTb

YcTolunBO€ COCTOSHUE BJEKTPOHA B ATOME OMNUCHIBACTCS 3HAYEHUAMH YETBIPEX
XapaKTEePUCTUK — KBAHTOBBIX yucena N, 1, m, ¥ m_.CocTossHME 3JIEKTPOHA, OTBEYAIOLIEE

OTIpe/ieIeHHBIM 3HAUEHNAM KBAHTOBHIX umcen N, | MM, Ha3bIBalOT aTOMHOM JNIEKTPOHHOM
opOUTaNbl0. DHEPreTUYEeCKUM IOTYPOBHSAM 3JIEKTPOHA B aTOME, OTBEUYAIOIIMM Pa3IUYHbIM
3HAYCHUAM |, COOTBETCTBYIOT Cleayrolne OyKBEHHBIC 0003HAYCHHS:
[udpoBoe 0603HaYECHUE IHEPTETHIECKOTO MOTYPOBHS |: 0 2 |3
BykBeHHOEe 0003HAYEHHE YHEPTETUIECKOTO MOIYPOBHS |: s|P|d]|f

—

I'paduueckn xaxnas opOurans 0603HAYAETCS CUMBOJIOM-KICTKOM:

DNEKTPOHBI B aTOME PACTIPEACIISIOTCS COTJIACHO CIENYIOIIUM MPUHIUIIAM: TPUHITUITY
[Tayynw, NIpUHIUITY HAUMEHBIICH YHEPTHU C JOMOJHEHUSIMHU KIe4KOBCKOTO W MpaBHIY
XyHna.

CornmacHo mnpuHonumy I[laynmm B aTtoMe HE MOXET OBITh JBYX 3JIEKTPOHOB,
XapaKTepU3YIOIUXCSl OAMHAKOBBIM HAOOpPOM KBaHTOBBIX uwmcel. M3 3Toro ciemyer, 4ToO
Kaxcoas amomMHasi 31eKMPOHHAs opoumans modcem Oblmb 3aHAmMa He Oojnee yem 08YMs
9NeKMPOHAMU:

T

MIpUYEM pa3inyaTbCsi OHU OYIyT TOJIBKO CIIMHOBBIMU KBAaHTOBBIMH YUCIIAMHU.

[lopsinok 3amonHeHUs 3IEKTPOHAMU DJHEPIETHMUYECKUX YPOBHEH U MNOAYpPOBHEH
onpeaenseTcs MPUHIMUIIOM HAaUMEHbIIEH SHEPTUU: JIEKTPOHBI B aTOME PacloJiararmTcs
TaK, 4ToObI MX SHEprusi OblIa HauMeHbLIEH. [I0CKONIBbKY SHEPIUI0 3JIEKTPOHA XapaKTEPU3YHOT Kak
[JJABHOE 7, TaK U OpOMUTaIbHOE | KBAaHTOBBIE 4YHWCIA, TO 3JIEKTPOHBI MPEXKIE BCETO 3aHUMAIOT
TIOJIOKEHUE, COOTBETCTBYIOIEE MUHUMATbHOM cymme N+l — nepsoe donoanenue Kneuxosckoeo.
Ecin cymma n+l oanHakoBa, TO SMEKTPOHBI 3aHMMAIOT OPOWTATH C MEHBIINM 3HAYeHHEeM 1 —
emopoe donoanenue Kneuxosckoeo.

Pacripenienienrie 37€KTPOHOB B IHEPrETUYECKOM IOJYPOBHE ONPEIENIAETCS IMPaBUIOM
XyHla: yCTOHYMBOMY COCTOSIHMIO aTOMa COOTBETCTBYET TaKO€ pacIpeielieHHE 3JIEKTPOHOB B
MOJypOBHE, NMPH KOTOPOM a0COJIFOTHOE 3HAYEHHWE CYMMAapHOTO CHHHA OyJeT MaKCHMAaJbHBIM.
[ToaTomMy pacnpesesnieHne 3JIEKTPOHOB B MOAYPOBHE MPOMCXOAUT B MAaKCHMAaJbHOM YHCIE
opOuTaeil u ¢ mapaieTbHBIMU CIIMHAMM:

Tak T 17 WJIM TaK
(+1/2+1/2+1/2) = 3/2 | -1/2-1/2-172
HO HE TaK U ne Tax
(+1/2-1/2+1/2)=1/2 (+1/2-1/2+1/2)=+1/2

HeobxonmuMo MMeTh TOHSTHE O KBAaHTOBBIX YHUCIAX, TPEX yKA3aHHBIX MPHUHIIUIAX H,
ONUPAsICh HA HUX, YMETh COCTABIIATDH IEKTPOHHbIE ()OPMYJIIBI ATOMOB.

Bonpocsl u 3aganust
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Ilpumep 1. Kakoil moxypoBeHb 3aMONHIETCS DJIEKTPOHAMU B aTOME TOCTE 3alOJIHCHUS
3p -noayposus?

Pewenue. 3P -noaypoBHio oTBedaeT cymma n+l , paBHas 3 + 1 = 4. [Tociie 3amoaHeHns
3p -nonyposHst Bo3MoxkHO 3aronaenne 3d- mwm 4s-mogyposus. [loacuntaem cymmy n+l B
oboux cayuasx: 3d (3 +2)=5,a 4s (4 + 0) = 4. B cOOTBETCTBUH C MEPBHIM JOMOIHEHHEM
KJI€4KOBCKOTO DIIEKTPOH CTPEMUTCS 3aHATh MOJIOKEHWE Ha 4S-MOAypOBHE, TaK Kak B 3TOM
cinydae cymma n+| Oyaer HauMeHBIIIEH.

90



Ilpumep 2. CocTaBbTe 3JCKTPOHHYIO (OPMYIy aToMa KPEeMHHsS U TpaQUUECKYI0 CXeMy
3allOJIHEHUsI 3JIEKTPOHAMH YpOBHEH M MOAypOBHEHl B HOPMajibHOM U BO30Y)KIEHHOM €ro
COCTOSIHUSIX.

Pewenue. Dnextponnas ¢opMmynaa aTroMa KpPEeMHHUS HMMEET CICAYIOMUA BUJ:

1s22s2p°3s?3p?3d”. Tpadmueckas cxema HEBO3OYXKICHHOIO aToMa KpPEMHHS HMEeT
p Y. p

CHEAYIOUIUI BU:

1451
n=3 [11]1 [1 LT
n=2 (10 (1L |10 [1L d
n=1 1|1l P
S

BanentusiMu opOUTaNIIMU 371€Ch SABISIOTCS OPOUTAIN TPETHErO BHEIIHETO 3JIEKTPOHHOTO
ypoBHs. B Bo36yxaenHoM cocrosrmy (S1%) mpu mormomeHiy HeKOTOPOi SHEPrHK HIEKTPOH ¢

35-IOYPOBHSI epeiifeT Ha CBOGOIHY0 3P -0pOHTaIb:

Si*  1s°2s*2p°3s'3p°3d| T | T | T | 1
n=3
n=2 Nl d
n=1 T p
s

ba3o0BbIi1 ypoBeHb
1. CtpykTypa BAJICHTHOTO 5JIEKTPOHHOTO YPOBHs atoma
sieMeHTa  BeIpakaetcs  dopmynoit:  a)  5s°5p*; 6) 3d’4s. Onpenenure

MOPSIIKOBBI HOMEpP U Ha3BaHHE HJIEMEHTA.

2. HanmmmTe 31eKTpoHHBIE (hOPMYIIBI AaTOMOB 3JIEMEHTOB C MOPSIKOBBIMH HOMepamu 24
n 33. CocraBpTe WX rpaduueckue cxembl. K KakoMy 3JIEKTPOHHOMY CEMEWCTBY OTHOCHTCS
Ka)XXJIbIH U3 HUX U IOYeMy?

3. CocTraBbTe 3JIEKTPOHHBIE (OPMYJITBI ATOMOB 3JIEMEHTOB C TIOPSAKOBBEIM HOMEPOM 32 1
42. Y nocneaHero omMH S -31eKTpoH «mnposanuBaercs» Ha 4d-nomyposenb. K kakomy
AJIEKTPOHHOMY CEMEWCTBY OHHM OTHOCATCS?

4. Kakodi momypoBeHb  3amojHSAETCI B  aTroMax IOCJie  3aMOJIHCHUS

5p -noxyposra? mocne 3anonuenus Sf -moxyposna?

5. 3anumure AIEKTPOHHBIE bopmyITel aTOMOB AJIEMEHTOB c
3apsaoM anpa 8; 13 u 18. CocTaBbTe 371€KTPOHHO-TpAUUECKUE CXEMBI.

6. Kaxkoe MaKCHMaJIbHOE KOJINYECTBO AIEKTPOHOB MOXET
pacmoJiaratbscs B S-, p-, d-uf -IOAYPOBHAX JaHHOTO ypOoBH?

[Touemy? Hanucarpb 3J1€KTPOHHYIO CTPYKTYpy aToMa ¢ 3apsaaoMm sapa Z = 22.
7. DneKTpoHHas CTPYKTypa aToma OTIMCBIBAETCS hopmyoi

15°2s%2p°3s*3p°3d°4s’. Kakoii 310 3mement?

8. CKONBKO aTOMHBIX OpOWTaNeil COAEPKUT BTOPOW HHEPreTUYECKUH YpPOBEHb B
aToMax XUMHUYECKUX IEMEHTOB?

9. CKOJIbKO aTOMHBIX OpOUTAaJIE COAEPIKUT TPETHI SJHEPTeTUUYECKUI YPOBEHb B aTOMax
XMUMUYECKUX 3JIEMEHTOB?

10. CKOJIBKO aTOMHBIX OpOUTAJIEH CONEPKUT TPETUH SHEPreTHYECKH YPOBEHb aTOMa
nuHka? [IpuBenure 351eKTpOHHYIO (POpMYITy aTOMa 3TOrO 3JIEMEHTa.

11. CxonbKO aTOMHBIX OpOMTaNIel COAEPKUT TMATHIA YHEPTEeTHUYECKUN YPOBEHb aroma
nantaHa? [IpuBenure 351eKTpOHHYIO (POPMYIy aTOMa 3TOrO HJIEMEHTA.

91



12. CkoJIbKO aTOMHBIX OpOHUTajel COACPKUT LIECTOM IHEPTeTHUECKUI ypOBEHb aToMa
uepusi? [IpuBeaute 35eKTpoHHYIO (HOPMYITy aTOMa 3TOTO JJIEMEHTA.

13. Tlo 3apsay sapa aroma (Z=23) 3anummure 3JIE€KTPOHHBIE KOH(DUTYpaALUU
BAJICHTHBIX MOJIYyPOBHEW M, UCHOJIb3Ysl IpaBuia KiedkoBCKOro, yKakKuTe MOClIeI0BaTENbHOCTD
HUX 3aIl0OJTHCHUA.

[ToBbIlIEHHBIN YPOBEHB

1. Kakoe MAaKCHUMaAJIbHOC YHCJII0 9JICKTPOHOB MOXKET COACPIKATh
aToM B SJICKTPOHHOM YPOBHEC C TJIaBHBIM KBaHTOBBIM YHUCIIOM

n=5un=3?
2.  CKONBKO HE CTApeHHBIX JIEKTPOHOB COAepkaT HeBo3OyxkmeHHBle atomsl B, S, Cr?
CocTaBbTe HX JJIEKTPOHHBIC U TPaQUYCCKAE CXCMBI.
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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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3uarb: pabOTHI MO pacyeTy U MPOSKTUPOBAHMIO JIETANCH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUSMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CPEICTB aBTOMATU3ALlUHA IPOEKTUPOBAHUS

YMeTh: caMOCTOSATENHHO CTPOUTH TPOIIECC OBIAICHUS HHpOopManuel, 0TOOpaHHON
CTPYKTYpHUPOBAHHOH JIJIS BHIOTHEHHUS TPO(ECCHOHATBHOM AEATEILHOCTH.

YMern: nonyuats U 00padaThIBaTh MHYOPMAIHIO U3 PA3INYHBIX HCTOUHHKOB
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VYMerh: MPUHUMAThH yYacTHE B paboTax MO pacyeTy U MPOEKTUPOBAHUIO JeTalIeH U y3JI0B

MaIIMHOCTPOUTENBHBIX KOHCTPYKIMH B COOTBETCTBUY C TEXHUYECKUMHU 3aJaHUSMH U

HCIIOJIb30BAaHUEM CTaHJAPTHBIX CPEACTB ABTOMATU3ALUU IIPOCKTUPOBAHUS
HaumenoBanue ¢opMupyeMbIx KOMIETEHIIHHA

WNupexe DopMynHpOBKa:
OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMY U CaMOOOPA30BAHUIO
OIlK-4 MMOHUMaHWEM CYIIHOCTH U 3HAYCHHUS MHPOPMAIIMH B pa3BUTHH

COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOTyYaTh U 00padbaThIBaTh
MH()OPMAIHIO U3 Pa3INYHBIX HCTOYHHKOB, TOTOBHOCTBIO HHTEPIIPETUPOBATH,
CTPYKTYpUPOBATh U OQPOPMIISATH HH(POPMAIIHIO B JOCTYITHOM JJISI IPYTHX
BUJIC

1IK-5 CTIIOCOOHOCTBIO PUHUMATh Y9acTHe B paboTax Imo pacueTy
MPOEKTUPOBAHUIO JIETATEH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIMN B
COOTBETCTBHH C TEXHHUECKUMH 33JaHUSMHU U HCIIOJIB30BAHUEM CTaHIapPTHBIX
CPEJICTB aBTOMATU3AIIMH POSKTUPOBAHUSI

COBpeMeHHOC Pa3BUTUC HAYKH U TCXHHUKU IMPUBEIIO K PE3KOMY U3MCHCHHIO PCIIACMbIX 3aJad U
BBIIBUHYJIO HOBBIE TPeOOBAaHMS KaK K BHICIIEMY OOpa30BaHUIO BOOOIIE, TaK U K HAYYHOH IMOJTOTOBKE
CTYy/ICHTa B YaCTHOCTH. B HacTosiiee BpeMsi 0COOEHHOCTBIO CIIEIHAINCTa CIEeyeT CUUTATh HAUYUE Y
HEr0 TBOPYECKOTO MEIIJICHNS, OJHUM W3 BaXXHEWUIINX KAa4eCTB KOTOPOTO SBIISIETCS CHCTEMHOCTD.
[Mosromy pa3paboTka CHCTEMHOTrO MOAXO0Ja K PACCMOTPCHHMIO pasnena "XuMHUueckas CBsi3p' B Kypce
XMMHH TIPECTABIISETCS aKTYaIbHOM.

Teopernyeckasi 4acThb

Xumuueckas c6:A3b — COBOKYNHOCMb CUJl, OCUCMBYIOUWUX MeHCOy amomamu u
00yC1a8Iu8aowux yCcmouuusocms O0auHol cucmemsl. Pemaroniyro poibs B 00pa3oBaHUU
XAMHMYECKON CBSI3M UTPAIOT He CnapeHHvle (8aneHmHbvle) I1eKmponsbl TPEIBHEIIHET0 WiN
BHEIITHETO JHEpreTuueckux ypoBHeH. CrHapeHHble HJIEKTPOHBI MPH BO30YXKIEHUH CIOCOOHBI
pacnapuBaTthbCsi, o0ecreynBasi BO3MOKHOCTb 00pa30BaHUs OOJBLIEr0 YMCIa XUMHYECKHX CBS3EH.
BanentHocTh, 00ycrOBIEHHas OOIIMM YHUCIOM, WMEIONIMXCS B aTrOME HE CIApEeHHBIX
AJIEKTPOHOB, HA3BIBACTCS CHUHBANEHMHOCMbIO. PeaklMOHHas CIOCOOHOCTh XMMHUYECKOW CBS3U
OTIPENIENISICTCS €€ KOAUYECMBEHHbIMU XAPAKMEPUCMUKAMU, K YHCITY KOTOPBIX OTHOCSTCS:
ONUHA, BANEHMHBLU Y201 U IHEPUSL.

Teoprust XUMHYECKON CBS3M Ja€T BO3MOXKHOCTH ONHCATh PACIIPEACICHHE DIICKTPOHHON
IUIOTHOCTH B MOJIEKYJIe. Xumuyueckas csa3b umeem mMecmo mam, 20e 2J1eKmpoHHAs NIOMHOCHb
MedHcoy amomamu HauborbuLas.

Jnst mpuOIM>KeHHONW OLIEHKH 3JIEKTPOHHOHM MIOTHOCTH MEXIY aTOMaMH CYyIIeCTBYET
JIBA METOMA: Memoo MOAeKyIaApHblx opoumaneu (MO) u memoo eanenmuvix cesazei (BC).
PasnuyaroT ciemyronme OCHOBHBIE TUIBI XUMUYECKOW CBSI3U: KOBANEHMHYIO, OCYLIECTBISIEMYIO
oOmmIelt Tapoil AJNEKTPOHOB; UOHHYIO, KaK PE3yJbTAaT JIEKTPOCTATHUECKOTO B3aMMOJCHCTBUS
Pa3HBIX IO 3apsay MOHOB (MOHBI 0OPA3yIOTCs 3a CYET MOJIHOTO Mepexo/ia HEKOTOPHIX BHEIIHHX
ANIEKTPOHOB OJHOTO aTroMa K JAPYromy, Ooyiee JIIEKTPOOTPHIATEIHLHOMY), W MemaLiuiecKyio.
JIOHOPHO-aKIENTOPHAs M BOJOPOJIHAS CBS3M PACCMATPUBAIOTCS KaK Pa3sHOBUIHOCTH KOBAJICHTHOU
CBSI3M.

Bonpocsl u 3aganust
Ilpumep. Tlonaw3ysch 3NEKTPOHHON CTPYKTypoH aTomMa KpeMHHs B BO30YXKIAEHHOM
cocTosiHMH (CM. mpuMmep 2 B pasjelne 3), 00bACHUTE MeXaHu3M oOpasoBanus Mojekyasl S1F, u

uona [SiF,]”.

Pewenne. AToM (TOpa HMEET IEKTPOHHYIO CTpYKTypy 15”25’ 2p5:
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YeTblpe HE CHApPEHHBIX OJJIEKTPOHA BO30YKJIECHHOIO aTOMa KPEMHHsS YYacTBYIOT B
00pa30BaHWM YETHIPEX KOBAJICHTHBIX CBA3CH C HYETHIPbMS aroMamMHu (Topa, UMEIONIMMH TI0
OJTHOMY HE CIIAPEHHOMY DJIEKTPOHY:

F~g—F
F -~ NF
[~ -MOHBI HMEIOT 3JIeKTPOHHYI0 cTpykTypy 15°25°2p" — Bce BaleHTHEIC SMEKTPOHEI B

HEM CITAPEHBI:

n=2 ||t
n=1 |1y p

S

bazoBeblit ypoBeHb

1. Vkaxute tun xumudeckoit cassu B mostekynax H,, Cl, m HCL TIpusemute cxemy

o +
MEPCKPbIBAaHUSA SJICKTPOHHBIX o0rakoB. Kakue THUIIBI XUMHUUYECKOHN CBS3U pPCAIIM3YIOTCA B NH 4-

none?

2. VcTaHOBATE  NPOCTPAHCTBEHHYIO  CTPYKTypy  CHEAYIOIIMX  MOJIEKYI:
H,S, SiH, n PH,.

3. Kakyto XUMUYECKYIO CBSI3b Ha3bIBAIOT BOJOPOJHON?
Mexay MOJIEKyIaMu KaKUX BEILECTB oHa obpasyercs? [Mouemy
H,O un HF, uMes MEHBIIYIO MOJIEKYJIIPHYIO maccy, TIaBsTCA u

KHUIIAT PH 00Jiee BRICOKUX TEMIIEpaTypax, YeM UX aHAJIOTH?
4. Kak metop BaneHTHBIX cBsizeil (BC) oObsicHseT muHElHOE cTpoeHne MOJeKybl BeCl,

¥ TeTpasapudeckoe crpoenue Monekyasr CH, 2

5. CKoOIBKO HE CITapEHHBIX 3JIEKTPOHOB HAMEET aToM Xxjopa B
HOpPMAaJIbHOM U BO30YX/IEHHOM COCTOSIHUAX? UeMy paBHA BaJICHTHOCTb XJIOpa B HOPMAaJIbHOM U
B030Yy>k7eHHOM cocTosHuAx? [louemy (rop He MposBIsSEeT BaJIEHTHOCTb, PABHYIO CEMHU, XOTS
ABJIICTCA 3JICKTPOHHBIM aHAJIOT'OM xnopa?

6. Kak metoq MO 00BsCHSIET TO, YTO B MOJIEKYJISIPHOM HOHE [F," SHEpruu CBA3H
(318 k/Ix/monb) Gonbine, ueM B Monekyiae F, (159 xJlx/monp)? Kakas dopma 3ammcu

oTpaxaeT B Metoae MO crpoenue F,” u F,?

[ToBbIlIEHHBIN YPOBEHB
1. Onumwmre ¢ no3unuii Meroga BaleHTHBIX cBsizel (BC) anexTpoHHOe cTpoeHHE

moxekyist BH; wnona [BH, | .

2. CpaBHute CHOCOOBI o0pa3oBaHus KOBaJIEHTHBIX cBsA3el B
+
monexynax CH,, NH; unone NH,.
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3. Urto TaKoe O -CBSI3b " 7T -CcBA3b? [Harite 00BsICHEHHE Ha

npumepe monekyn C1,, N, u C,H,.

4. Kak meron MO o00bBsCHsET, MOYeMy MOJICKYJISpHBIA HOH He, IHEPreTHYSCKH
YCTOWYMB, TOTAa Kak Mousiekyna He, He cymectByer? Kakas ¢opma 3amucu oTpaxkaer B
merone MO crpoenne He, ? Obnanaer iiu uon He, mapamarHuTHbIME cBolicTBamu? [Touemy?

Cnucox JUTEPATYPHI, peKOMeHI[yeMLIﬁ K HCI0JIb30BAHMIO 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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Nunexc DopmyIUpoBKa:

OK-7 CIIOCOOHOCTEIO K CcaMOOpraHu3anuuu 1 CaM006pa30BaHI/IIO

OIIK-4 MOHMMAHUEM CYIIHOCTH U 3HAYeHUs UH(OpPMALUU B pa3BUTUU
COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTBIO MOyYaTh U 00pabaThIBaTh
WH(POPMAIIUIO U3 PA3ITUYHBIX HCTOYHHKOB, TOTOBHOCTHIO HHTEPIIPETHPOBATH,
CTPYKTYpUPOBaTh U 0OQPOPMIIATH UH(OPMALIHMIO B JOCTYITHOM ISl IPYTHX
BUJIC

HK-5 CIOCOOHOCTBIO MPUHUMATh Y4acTHe B paboTax Mo pacuyeTy
MIPOEKTUPOBAHUIO JIeTAJIEN U y3JI0B MAIIMHOCTPOUTEIbHBIX KOHCTPYKIUI B
COOTBETCTBUM C TEXHUUYECKUMHU 3aJaHUSIMHU U UCIIOJIb30BAHNEM CTaHIAPTHBIX
CPEJCTB aBTOMATU3ALIUK TPOESKTUPOBAHHUS

AKTyallbHOCTh pa0oThl. CHHTE3 HOBBIX COCIMHCHHMH W HM3yYCHHE HEHU3BECTHBIX pPaHEE
(HUBUKO-XMMHYECKUX CBOWCTB SIBIIIETCS AKTYaJbHBIM M C TOYKH 3PEHUS XHUMHYECKOW HAyKH
nMeeT GpyHIaMEeHTAIbHBINA XapakTrep. C MOMEHTa BO3HUKHOBEHHUS! XUMHUYECKOW TEPMOIUHAMUKHI
OIHOM W3 BaXHEHWIIMX 3a4a4 JTOW HAYKM SBISETCA  OINpPEACIICHHE CTaHAAPTHBIX
TEPMOJIMHAMUYCCKUX (QYHKIUHA WHIUBUIYAIbHBIX BEIIECTB. TaKWe JaHHbIE HEOOXOIUMBI
MPEXKE BCETO, JIJIsl pacyeTa paBHOBECHN XMMUYECKUX PEAKLIMI MIPU PA3IMYHbIX TEMIIEpAaTypax U
nasneHud. llpu >ToM muMuTHpYOMUM (AKTOPOM B TaKMX pacueTax sBISETCS, KaK MPaBHIIO,
OTHOCUTEJIBHO HU3Kasg TOYHOCTh B OMNPEACIICHUU YHTAILIINY XUMAYECKON pEaKInUHU, KOTopas
BBIYMCIIICTCS KaK anreOpawdeckass cyMMa SHTajlbInii 00pa3oBaHMs peareHToB. B m3aMepeHusx
SHTPOIUU JOIMYCTUMBI OOJBIINE TMOTPEITHOCTH, OCOOEHHO, €CIM pedyb HJAET O PEaKIUsx C
Y4aCTUEM KOHJICHCUPOBAHHBIX BEIIECTB. B 3TOM OTHOIIEHUU ONPEAECICHUE CTaHJAPTHBIX
SHTAIBIUN 00pa3oBaHUs W aOCONIOTHBIX SHTPONHMA WHAMBUIYAJIBHBIX BEHIECTB SIBISICTCS
HEO0OXOUMO 1 aKTyalbHOM 3a/1a4eil XUMUYECKOW HAYKH M TEXHOJIOTHH.

Teopernyeckasi 4acThb

Hayka O B3auMHBIX MpPEBPAlICHUSX pPa3IMYHBIX BHIOB DHEPrHHM HA3bIBACTCS
MmepmMoOUHAMUKOU.

[lpy XUMHUYECKHX PEAKIHUSIX IMPOMCXOAAT IIyOOKHE KadeCTBCHHBbIC H3MCHEHHS B
CHCTEME: PBYTCS CBSA3M B HCXOJHBIX BEIIECTBAX M BO3HHKAIOT HOBBIC CBS3M B KOHCUYHBIX
OpoayKTaX. DTH HW3MEHEHHE CONPOBOXKIAIOTCS TOMJIOMICHUEM WM BBIJICICHUEM SHEPTUH
OOBIYHO B BHJIC TEILIOTHI.

Pasmen TepMOAMHAMHMKH, H3YYaIOIIMH TEIUIOBbIe S(MQGEKThl XUMUYECKUX DPEaKIH,
Ha3bIBACTCS MepMOXUMUEL.

HpI/I JI000M IpoueCCC BLINOIHACTCA 3aKOH COXPAHCHUS OSHCPIUU. Tennoma Q,

noznowennas cucmemot, uoem na usmenenue eé enympennetl snepeuu AU u na coeepuenue
pabomol A :

Q =AU+A. wh)

BHyTpeHHS SHEpTrUs XapakTepUu3yeT CKPHITYIO B BEIIECTBE SHEPTHIO (KWHETHYECKYIO U
MOTEHIMAIbHYI0), KOTOPast BEICBOOOXKAAaeTCs MPU (PU3NYECKUX U XMMUYECKUX MpOLIeccax.

Tennogvim s¢hpexkmom peaxyuu HaA3bLIBAEMCA  KOIUYECBO  BbIOCNIEHHO2O U
noznowennozo menna. Cmanoapmmuwili meniogsol 2¢hgpexm coomeemcmeyem CMaHOAPMHBIM
yenosusam nposedenust peakyuii: T = 298,15 K, P = 101,3 klla. TennoBoi >3 dexT peakuuu,
IPOTEKAOIIEH NP MOCTOSIHHOM 00bEME CUCTEMBbI, PABEH U3MEHEHUIO BHYTPEHHEN SHEPTuu:

Qu =AU (42)
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bonvwuncmeo  xumuueckux peakyuu npomexaem npu  NOCMOAHHOM —OAGTIEHUU.
TeroBoil ekt XuMUUYEeCKoW peaklyy, MPOTEKAIoIIeNd NMpU MOCTOSHHOM JaBJICHHUHU, paBeH
U3MEHEHUIO DHTAJIbIIUU:

= AH.

Q (4.3)
DHTAIBINSA paBHA CyMMe BHYTPEHHEH SHEPrid U pabOThl paCIIMPEHHS:

H=U+pV.

p (4.3)
[MosTOMy OoHmanbnuio onpedensom Kak OSHepeuio pPACUUDEHHOU CUCIEMbl, €€
TeHHOCOI[er(aHI/Ie.

PeaKHI/H/I, KOTOpLIe COHpOBO)KILaIOTCﬂ BI)I,HeJ'[eHI/IeM TeHHOTBI, Ha3bIBAKOTCA

axzomepmuyeckumu. Ilpy UX TPOTEKAHMM TEIUIOCOAEPKAHUE CHUCTEMBl  YMEHBILIAETCS
(AH < 0)- [Ipu nmporekaHuu ke HAOTEPMHUUECKUX PEAKUUU, UIYIIUX C NOTJIOLIEHUEM TEIUIa,

TEIIIOCOIEPIKAHNE YBETHMIUBAETCS (AH > 0).

B 3aBMCMMOCTM OT XapakTepa IPOHCXOMAINETO MPOIECCA Pa3IUYalOT TEIUIOTHI
00pa3oBaHus, CTOPaHUs, PAcTBOPEHUS M T.A. IIOHATHE O TEmIOTE OOpa3oBaHMS BEIECTBA
SABJISIETCS OJHMM U3 Ba)KHENIIMX B TEPMOXHMMHMHU.

Tennomoii  obpa3zosanus (AHO@W,) Ha3vl8alom mennosol d¢hgexm peakyuu

00pazo8anusi 00HO20 MOJIb CJLONCHO20 BeWecmB8d U3 NPOCMbLX, YCMOUYUBHIX NPU CIMAHOAPMHBIX
VCI08UAX (T =298,15K; P=101,3 xIla). Temnors: 00pa3oBaHs HEKOTOPHIX BEIIECTB

npuBeneHs! B Tabmune 6.1. OO0patuTe BHUMaHUE HA TO, UYTO MenI0Mbl 00pA308aAHUS NPOCMbIX
seujecms, yCTOMIMBBIX MIPU CTAHAAPTHBIX YCIOBHSX, NPUHANbL PAGHBIMU HYIIO.

Tennosotl 3¢hpexm xumuueckou peakyuu 3as8uUcum oOm Npupoosvl U QU3UYECKO20
COCMOSAHUS UCXOOHBIX Beuyecms U NPOOYKMO8 Peakyull U He 3d6UCUm om nymu eé npoeoeHuUs.
TerutoBbie 3(pQEKTh 3aBUCAT OT CTPOCHHS PEArHPYIOLIMX MOJEKYJN, MO3TOMY TEOPETHYCCKH
paccunTath WX HEBO3MOXKHO. 3akoH [ecca mo3BONsieT Ha OCHOBAaHMM OTPAHUYEHHOTO
KOJIMYECTBa OMBITHBIX JAHHBIX IO TEIJIOTaM O0pa30BaHUs BBIYUCIATH TEIUIOBbIC d(PdEKTHI
OO0JIBIIIOTO YMCIIa PeAKIUH.

OCHOBHBIM 3aKOHOM TEPMOXUMHU SIBISI€TCS 3aKOH [ecca, B OCHOBE KOTOPOTO JIEKHT
3aKOH COXPaHCHHS YHEPTHH:

Tabauya 4.1 — Tennomsl 06pa308aHUsi HEKOMOPLIX BEUYECME

Bewecmeso AH (05 100/ MOMD Bewecmeo AH 55,5
K/orc/mone
ALO,(T) -1675 H,0(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, (x) 49 NO,(r) 33
CO(r) ~110 NaHCO, (1) 914
CO, () —393 Na,CO, (1) —1129
COS(r) 137 Na,S(r) 372
HCl(r) -92 Na,SO, (1) —1090
HNO, () ~173 Na,SO, (1) —1388
CuO(7) ~165 POCI, () =397
Cu(NO,), (1) =307 PCl, (1) 369
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H,0(x) 286 SO, (r) 297

B cootBercTBUM ¢ 3akoHOM ['ecca: mennosoii sghghexm psaoa nocredoeamenvhbix
peaxkyuil pagen menjiogomy 3pgexmy Opye02o psaoa Nociedo8ameNbHblX peaxyutl, eciu
UCXOOHble geujecmaa U npoOyKmvl npespaujeHull 00uHakossvi. Ha OCHOBaHMH 3TOTO TIOJXO01a C
TEPMOXUMHUCCKUMH YPaBHCHUSIMH MOXKHO OIEPUPOBATH TaK K€, KaK U C alreOpanvecKuMHu.
TepmoxumuuecKumy HA3b18AIOMCA XUMUYECKUE VDABHEHUS, 6 KOMOPbIX VKA3AHbl Meniosbie

aghgpexmol peaxyui.
W3BecTHO, 4TO B HEM30JIMPOBAHHBIX CHCTEMAX MPU OTCYTCTBUHU BHEIIHUX BO3JCHCTBUI
CaMOTPOM3BOJIBHO POUCXOIAT FIK30TCPMHUUCCKUE PEAKITUH (AH< 0). OcobeHHOCTBIO

XHUMHUYCCKUX npeBpameHHﬁ ABJIACTCA Yy4aCTHC B HHX OOJIBIIIOTO YHCIIA HaCTHII. 21.]'[51 TaKHuX
CHCTEM Hauboee BCPOATHO COCTOSAHHUC 6ecnopﬁzu<a, XapaKTCPHU3yCMOC 3HTpOHPI€I>i S

N3meHenune sHTpONUU MPU XUMUYECKUX PEAKIUAX PACCUNTHIBAETCS HA OCHOBAHUU CJIEACTBUS U3
3akoHa ['ecca. KadyeCTBEHHO 3HAK WM3MEHEHUS OJHTPONUU MOKHO OLEHHUTh, COIMOCTAaBUB
KOJIMYECTBO ra3000pa3HBIX BEMIECTB JI0 U MOCIE PEaKInu.

Bonpocs! u 3aganust
Ilpumep 1. BelUUCIUTh CTaHIAPTHYIO TEIJIOTY OOpa3oBaHHUs OKcHja sxeie3a (+3) mo
CJICAYIOIUM TCPMOXUMHUYCCKUM YPABHCHUAM:
1) 2Fe,, + 0O, =2Fe0,,; AH, = -532 k]I,

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

2(r)
(1)
Pewenue. 3anuieM TepMOXMMHUYECKOe ypaBHeHHe obpasosanus F'€,0; u3 mpocthix

BEIIECTB:
3) 2Fe,, + 1,50, = Fe,0,: AH_ = 2&/oc.

Jns Toro utoObl W3 JABYX JaHHBIX YPaBHEHUH TMOJYyYUTh HCKOMOE 3), HYXHO
ypaBHEHHE 2) pa3leauTh Ha JBa U CIOXHUTh ¢ ypaBHeHueM 1). Takue xe anreOpanyeckue

NEeHCTBUSI MPOBEAEM C TEIUIOBBIMU J(QQeKTaMu AaHHBIX pEaKUuid U TOJYyYUM HCKOMYIO

BEIIMYUHY AHW :

=0,5:(-584) - 532 = -824 xJ[>x/MOIIb.

2.

2Fe,, + 1,50, = Fe,0

(T AH

3(1"];
Jns pacueTta TETIOBBIX A(PPEKTOB XUMHUYECKUX PEAKIIMHA YacTO HCIOJB3YIOT MEpPBOE
clieCTBUE U3 3aKkoHa ['ecca:
Tennosoui 3¢phekm Xumuueckou peakyuu pasen cymme meniom o00pa306aHus

MMPOAYKTOB PCAKIIUHA 3a BBIYCTOM CYMMBI TCIIJIOT O6p8.30BaHI/IH HCXOAHBIX BEIICCTB:

AH,, =D AHZ =5 AHY (44)

Ilpumep 2. PaccuuraiiTe TemioBod 3(P¢eKT peakiuu TOpEeHHs STaHa HCXOAS W3
CTaHJIAPTHBIX TEIIOT oOpa3oBaHMs. Kakoe KOTMYECTBO TEIUIOTHI BBIIEIUTCS WIHA MOTIOTHTCA,
ecnu: a) cropaet 90 r stana; 6) obpasosanock 89,6 1M’

CO, (ny.).
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Pewenue. 3anuiieM TepMOXUMHUECKOE YpaBHEHUE PEaKLMUd FOPEHHUs 3TaHa B pacuere
Ha 1 MOJIB:
+ 3,50 — 2C0O

C,H s +3H,0, AH, = ? kllx.

o(r) 2(r)

Paccunrtaem TemnoBoii a3¢hdekT peakiuu Mo nepBoMy cIeACTBHIO U3 3akoHa [ecca:
_ 00p. oop. oop.
AH, , =3AH ", +2AH; —AHC,
oop.
AH J"" =0, Tak kaK 3T0 IPOCTOE BEMIECTBO.
[ToncraBuM 3HaUeHMs TEIUIOT 0Opa30BaHUs U3 TaOJIULIBI 6. 1:
AHXP‘ =3+(-286) + 2+(-393) + 85 = -1559 x/I>x/MOIIb.
[Tockonbky AHxlp_ <0, peakuus sK30TEpMUUECKa.

[lo ypasuenuto peakuuu cropaer 1 moms C,H, t.e. 30 r. Ilo ycnosuio 3anaun B

peakumio Berymuio 90 1 C,H ¢, uto cocrapser:

m,.
n(C,H,)= ol %0 =3 moib |
- M 30 2/ monw

C-H,

9
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Torma KOIM4eCTBO TCILJIA, BBIACJICHHOI'O IIPpHU CrOpaHuU 90r OTaHa, 6y;[eT:

Q=nAH_ =3 - (-1559) =-4677 x/Ix.

To ypaBHEHHIO PeaklMK M3 OJHOTO MOJb 3TaHa obpasyercs 2 monb CO, . HanomuuM,

4TO MOJIb Ta3a, IIPU H.y., 3aHUMaeT 00beM 22,4 v, 1o yenosuro 3amaun o0pa3oBanoch 89,6 nm’

CO,, ato cocraBnserT:

Veo, 89,6
n=——~== =4 monw .
224 22,4

KomnuectBo TCIUIA, BBIACIIKIEMOC IIPU 3TOM, PABHO!:

Q= nAH =4.(-1559) = - 6236 x/]x.

TeroBoit 3¢ (heKkT XUMUIECKO# peakIi MOKHO TaKXKe BBIYHCIIHTH, HCIIONB3YS BTOPOE
CIIECTBUE U3 3aKOHa ['ecca:
TennoBoil 3¢ ekt XUMUUECKO peaklMu paBeH CyMMe TEIUIOT CTOpPaHMs HCXOJHBIX

BCIHICCTB 3a BBIYCTOM CYMMBI TCIJIOT CrOpaHrd KOHCYHBIX BCIICCTB!

AH,, =3 AHZ" = AHG" (4.5)

Tennomoti ceopanus eewecmea AH " nasvisaemcs mennosoii s¢hgpexm peaxyuu

OKUCTIeHUSL 00HO20 MOJlb eewecmea Kucvzopodom C 06pa30861Hu€M 6blCULUX (ycmozlqueblx)

oxkcu0og. JIns OpraHMYecKHX COEAMHEHHM TEIJIOTOW CrOpaHUs HA3bIBACTCS TEIUIOBOH 3(QeKT

peaKIuu MoJIHOro cropanus 1 MoJb JaHHOTO OpraHumdeckoro semectsa ¢ oopaszoanuem CO, u
H,0 . CrangapTHble TEMIOTHI CrOpaHus MpuUBeIeHbI B Tabnuie 6.2. O6paTHTe BHUIMaHKE Ha TO,

yTo Ter1oTh cropanus seicuux okcunos (CO, u H,0) papabl Hymo.

Bewecmeéo AH <" wlloic/monw Bewecmeo AH <", kllowc/mons
CO -283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H, -1560 H, 2286
C,H.OH 1367 NH, -383

N0 -69

Ilpumep 3. Paccumtaiite TeruioBod 3¢ EKT peakiuu dTepuuKanuy UCXoIs U3 CTaHIAPTHBIX
Tabnuya 4.2 — Cmanoapmmubsle SHMATLAUU C2OPAHUSL HEKOMOPLIX COeOUHeHUll TeTUIOT CTOPaHHUsL.
Kakoe konmuecTBO TEIUIOTHI BBIACIUTCA WJIM TOTJIOTUTCA, €CJIM B Peakuuio BCTymuiao 138 1

staHoa?
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Pewenue. 3anmmem TCPMOXUMHNYICCKOC YPABHCHUC PCAKITNU:

C,H.OH,,, + CH,COOH,,, === CH,COOC,H,,, +H,0,: AH_ = ?&Jlx.

S(iE) () *

TenoBoil 3¢ ekt XUMUUECKOM peakuy paccuuTaeM 1o BTOPOMY CIIEICTBUIO U3

3akoHa ['ecca:

ceop ceop ceop
AH_ =AH +AH — AH S oo,

C,H;OH CH;COOH
AH[L_;:g = 0, TaK KaK BOJAa — 3TO BBICIIIUM OKCH.
[ToacTaBuM yuCIIEHHBIC 3HAUEHUSI TETUIOT CTOPAHUS U3 TaOIHIbI 6.2:
AH = -1367 - 874 + 2254 = 13 x/bx/monb,

TaK KaK AHX.p' - Oa peaKius SHAOTCPMHUYCCKAs.

[lo ypasuenuto peakuun pearupyer 1 moms C,H.OH. Ilo ycnopuio 3amaum B

peakmmio Berymuio 138 1 C,H,OH | uto cocrapnser:

M 1o 1382
n=——=—=——= =3 monb
M . 46 2/ monw

CoHsOH

Torma KOIM4EeCTBO TEIJIa, MOTJIONEHHOTO B JAHHOW PEaKIUuu:
Q=nAH,  =3-13 =39 x/lx.

CnenctBus M3 3aKkoHa ['ecca MPUMEHSIOTCA TaKXKe MPU TEPMOXUMHUYECKUX pacdeTax
JUIs ONpENeNIeHUs TEIUIOT oOpa3oBaHMsI WJIM CrOpaHMsl HMCXOJHBIX BEIIECTB WM IMPOJIYKTOB

peaKIuH.

Ilpumep 4. Bpruncnurte cTaHAapTHYIO TEIUIOTY OOpa3oBaHMs O€H30J7a HAa OCHOBAaHUM

TEPMOXMMHUYECKOTIO YPAaBHEHUS PEAKIIMU €r0 CTOPAHHUS:

CH,,, +750,,=6CO,,, +3H,0,; AH_, =-3133 x/lx/Monb.

6(r) > 2(r) 2(r)
Pewenue. I1o nepBoMy cneactuio U3 3akoHa ['ecca:
_ oop. oop. oop.
AH, , =3AH, 5 +6AH, —AH Y,
oop.
AH )" =0, Tak Kak 3TO MPOCTOE BEIECTBO. BhIpasum Temnoty oGpa3oBanus GeH30a:

f F(({G}). 3 f Fruop + 6 f Froo]) f FIYP

CoHg
IloacTaBuM 4mnCIIEHHBIE 3HAYCHUS U3 Ta6J'II/II_U>I 6.1:

AHCO*%( = 6(-393) +3-(-242) + 3133 =49 k/lsx/mMo1b.

Ipumep 5. Brrumcnure crangapTHyio Temnory cropanms anetmiena C,H, na

OCHOBAHUH TCPMOXUMHUYCCKOI'0 YPAaBHCHUS:
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C.,H,, +CO, +H,0, —— CH,=CHCOOH  ;AH  =-213 g/lx/Mom®.

AKpHIIOoBadg KHCIIOTa

Pewenue. I1o BTopoMy CIIeICTBUIO U3 3aK0Ha ['ecca:

ceop (op zop c2op
AH, , =AH: 7y +AH "+ AH L — AH GG coons

rue AH((OP 0.

OTCIOI[a BbIPpAa3uM TCIIOTY CropaHUA allCTUIICHA:

Achop f H —A Frc 20p + f ,F’L(Op
C,H, ‘

C,H;COOH * ;

AHZY = -213 +283 - 1370 = -1300 x]Jx/Moub.

Ilpumep 5. Paccunraiite n3MeHEHUE YHTPOIUU IIPU CHHTE3€ aMMHUaKa

I[J'I}I pCeUICHUSA 3aJd4 3alIMIICM YPABHCHUC PCAKIIUN B paCUCTC HA 1 Moab aMMHaKa

0,5N, +1,5H, =NH, ; AS, =7/ mone- K.

3HaK HU3MEHCHUS OHTPOIIMU MOXXHO YCTAaHOBUTH IO KOJHUYCCTBY MOJIb Fa3006p33HBIX

BCHICCTB:

An - nKOH. - nHCX. - 1 - (095 + 1’5) = -
F’He nKOH. u n

uex, — KOJHMYECTBO MOJIb KOHCYHBIX W HCXOAHBIX BCIICCTB; An — u3MeHeHue

KOJINYECCTBA MOJIb ra3006pa3HI>IX BCIICCTB l'IpI/I peaKI_[I/II/I
[Tockombky An < 0, TO B pe3yJbTaTe PEaKIuyu OCCIOPSAIOK B CHCTEME YMEHBIIACTCS
COOTBCTCTBGHHO OHTPOIIUA paCCManHBaeMOfI CHUCTCMBI TaK>XC y6BIBaeT. HpOI/ISBe,Z[eM pacyuer
N3MCHCHMU 3HTpOl'[I/II/I l'IpI/I 3TOI71 peaKLII/H/I B COOTBCTCTBHUH CO CJICACTBUEM U3 3aKOHA Fecca
AS{f_p_ = Sj;H} -0,5 -ng -1,5- Sff,z.,
rae So — CTAaHOAPTHBIC DHTPOIIMH BEIICCTB.
HO)ICTaBI/IM X YUCIIOBBIC 3HAUYCHU .

AS.\(’).p. =192,8-0,5-191,6 - 1,5-130,6 = -98,9 Jl:x/mons - K.

B uzonupoeanmnoii cucmeme (npu omcymcmeuu obmeHa dnepeueli u 6eujecmsom co

cpedotl) eo3pacmanue SHMPONUU ABIAEMCA Kpumepuem Camonpou3BoIbHO20 NPOMeEKaAHUs
peakyuti. B TpUBEIEHHOM MpHUMEpEe CAMONPOU3BOJIBHOE MPOTEKaHHWE TMPSMON peakIuu

0
HEBO3MOKHO, Tak Kak AS' Pl 0. Kak wu3BecTHO, HampaBieHHE NPOTEKAHUS XUMHUECKUX

TIPOIIECCOB OTpeseNnsercs aeiicTBueM ABYX (aktopos: sHTambnmitnoro AH _ (ctpemmenme
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CHCTEMbl K MHHHUMyMY SHepruM) M surponmitHoro AS . (CTpEMJICHHE K JIOCTHIKCHHIO

MaKCUMaIbHOTO Xaoca). OHM 00BEAUHSIIOTCS H300aPHO-U30TEPMHUUECKIM TTOTCHIIHAIOM:

AG. =AH —-TAS
X.p. X.p. X.p. (46)

Kpumepuem camonpouszgonvrnoco npomexanus peaxyuu seisiemcs yOulib U300apHO—

U30MEPMUYECKO20 NOMEHYUaNd AGX, P 0. Yem mensme Benuumna AGW,, TeM OOJIBIIE

BEpPOSITHOCTh MPOTEKAHUS XUMHUYECKON peakiuu. Takum o0pa3oM, C TOMOIIBIO AGX, ». MOXHO

HPOTHO3UPOBATH BO3MOKHOCTHh XHMHUYECKOTO MPEBPAICHNUS U AETaTh IPAKTUIECKUE BEIBOMBI.
Ilpumep 6. BO3MOXHO IIM COBMECTHOE XpaHEHHE Ha CKJIAAe ASTHICHIIHKOIS
(aHTH(PU3HAS )KUIKOCTh) U KATUHHOU cenuTpsl (yaoopenue)?

N3BecTHO, YTO STHUJICHIJIMKOJNL, KaK M MHOTHE OPraHWYeCKHE BEIIecTBa, 00amaeT

BOCCTaHOBUTCIIbHBIMHA CBOﬁCTBaMH, a KN03 SABJIACTCA OKHCIHUTCIICEM. OIIGHI/IM, BO3MOKHO JIN

MMPOTCKAaHWEC pCaKIuu MECKAY OTHMHU BCIICCTBAMMU. OI[I/IH N3 BO3MOXHBIX BapHUAHTOB
MIPEBpAILCHHS 3aIUCBIBACTCS CIISIYIOIIUM 00pa3oM:

3C,H,0, + 10KNO, =6CO, + 4H,0 + 10NO + 10KOH.

B cooTBercTBMU CcO cleacTBHEM U3 3akoHa I'ecca H306apHBII>i OTCHLOHAJI JaHHOI'O
MMpEeBpalICHUA MOXKCT OBITh BBIPAXKXCH 4UCPEC3 I/I306apHLI€‘ MHNOTCHIIUAJIbI O6p330BaHI/IH Y4aCTHHUKOB

IIPEBPALCHUS:

AG,.., =|6-AGH +4-AG,", +10-AGY +10-AGy, | —[3-AGY, , +10-AGL, |.

H}')('r.'}'}
IToacTaBUM YHCIIOBEIE 3HAYEHUS U3 TAOIHIEI 3:

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

HJ.')L'r.'J.l)
=-1377.6 k]I kK.
Tenepp BBIYMCIMM W3MEHEHHE M300apHOTO MOTEHIMATa XUMHUYECKOW peakiuu B pacueTe Ha |

MOJIb OTUJIICHTJIMKOJIA:

AG,, =AG /n . =—1377,6 k/{owc/ 3 moae =—459.2 k/{owc | mos.

). npesp CyH Oy
Takomy n3006apHOMY OTEHIIHATY COOTBETCTBYET TEPMOXUMUYECKOE YPaBHEHHUE:
10 4 10 10 .
C,H,0, +—KNO, =2C0, + ~H,0+—NO+—KOH; AG, ="
) -3 ' -3 7 3 3 o
Ta6ﬂuua 4.3 — 3nauenus cmaudapmezx nomeHyualos 06pa306anz HeKomopwlx eeuiecme

AG’ (x/[oic/monb)

obpas.

0 0 0 0
Bewecmso | AG ) Bewe cmso | AG o Bewe AG’ Bewe AG’
oopas. oopas. CmGO oopas. cm80 oopas.
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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 H,0,, |[-2374
RbH -27,6 | Sr(OH), -876 | CCLF, —435 H,0,,, | —1205
LiOH | —439 | Ba(OH), | —855 | C,F, | 6157 | KNO, | -3934
NaOH | -380 CO, -395 | C,H,0,| 3194 KCI | —409,0
KOH -379 CH A -50,8 C,H;(OH), —477 KMnO . —729,6
RbOH -374 CH,F -223,1 | C,H,0,| -112;5 MnO, —467,0
BeH, +15,5 CH,O -110 | C,H.CI 89,3 NO 80,6

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

[Tonyuennoe n3MeHeHne n300apHOTO MOTECHIIMANIA PEAKIIMA MEHBIIIE, YeM U300apHbIe
MOTeHIMaIbl 00pa3oBaHusl MHOTHX BenlecTB. [103ToMy mpoTekanue Takoil peakiiuu BechbMa
BeposATHO. OTCIoa CleyeT MPAKTUUECKUI BBIBO/: COBMECTHOE XPAHEHHUE STUIICHIJIMKOJIA U

CCIIMTPhIL Hedonycmwwo, TaK KaK MOKCT NPHUBCCTU K CAMOBO3TOPAHUIO.

Kpurepnii AG, b 0 moxer 6bITH IIPUMEHEH M Ui aHalIW3a YCTOMYMBOCTH

XHUMHUYCCKUX COCI[I/IHeHI/Iﬁ Ha OCHOBaHHWHN BCIMYHH HUX I/I306apHLIX IIOTCHIIMAJIOB O6pa30BaHI/I${.

YeMm MeHbIIIE AGx.p, , TEM IIPOYHEC MOJICKYJIA.

Ilpumep 7. Ha ocHOBaHMM M300apHBIX MOTEHIIMAJIOB 00pa30BaHUS MOJEKYJ CIeNaiTe
BbIBOJ1 00 yCTONYMBOCTH (PTOPIPOU3BOAHBIX MOJIEKYJ METAHA.

Brimumem u3 tabnuiest 4.3 nzo0apHble NOTEHIUAIBI 00pa30oBaHus (PTOPIPOU3BOIHBIX:

CH, |-508
CH,F |-223.1
CH,F, |-4183
CHF, |-6447
CF, 8889

W3 mpuBeneHHOTo psga BHIHO, YTO C YBEJIMYCHHEM KOJIMYECTBAa aTroMoB (ropa

ycroitumBocth Monekyn Bospactaer. Jns monexyn CH, u CFE, moxno BRIUMCINTE H306apHEIE

notenmanst (KAoic/ moav) ceszeit AGL™ =—13 u AGE” =-222,2 . D10 TOBOPHT 0

BeicOKOM mpounoctu cBsisu C-F. B 1o ke BpeMs B CMEIIAHHBIX TaJOT€HOBOIOPOIAX
n300apHbIi MOTEeHIMaN O00pa30BaHUS HE MOXKET OBITh pacCYMTaH IyTeM CYMMHPOBAaHUS

I/I306apHI>IX IIOTCHIIMAJIOB CBHSGﬁ, YTO CBA3aHO CO B3aMMHBIM OTTAJIKUBAHUEM aTOMOB.

107




B nmponecce XuMMUYCCKOro MpeBpaliCHud CPYHKI_II/I}I AGX.},, Y6BIBaeT A0 TCX IOop, MMOKa

HC HACTYIIUT COCTOSIHHUEC XUMHUYCCKOI'0 paBHOBCCHA. B cocrostaun paBHOBECUSA SHTAIBITUNHBLINA U

SHTPONUMHBIA (QaKTOPhl CPaBHUBAIOTCS. YCIOBHEM XHMHUYECKOTO pPaBHOBECHUS SIBISETCS

paserctso AG, ». =0, coorsercrryromee paencrey AH = TAS.

TabnuuHple 3HAYEHUS AHO u ASO OTHOCATCA K CTaHAAPTHBIM  YCJIOBUSAM

(T =298 K; P=101325 IIa). @dopmyna ans pacdera M300apHOrO MOTEHIMANA AG?/}_
npuoOpeTaeT B
0 _ 0o 0
AGx.p. - AHx.p. TAS,\‘./). (47)

Orta ¢dopmyna uMeeT NPHOTMKEHHBIM XapakTep, HO TO3BOJSET HA OCHOBAaHUU

0
AGx.p. =0 pacCUUTBIBaTh TEMIIEPATYPY, COOTBETCTBYIOINYIO PABHOBECHOMY COCTOAHHUIO
CHUCTEMBI.
A F{O
T
pasi ASO . (48)

[Tpu ucnonb3oBaHUM 3TOW (OPMYJIBI HAAO MOMHUTH, YTO PA3MEPHOCTH TAOIUYHBIX

3Hauyenuii He cornacosanbl: Af{ usmepsercs B k[x/mMonb, a AS — B [Ix/mMons K. TTosTomy mpu

MOJICTAHOBKE TAONMYHBIX 3HAueHWM 3HaueHue AJJ° mepeBomurcs B J[)K/MOIb C HOMOLIBIO

Muoxutenst 10°.

Ilpumep 8. Boruncnure u3o0apHble TOTCHIUANBI U PEaKIUN

2NO + 0, = 2NO,

npu temmeparypax 600 — 1000 K, mocrpoiite rpapuk AG -T wu cpemaiite BBIBOL O
HaAIpPaBJIEHUU PEAKLIUU [IPU Pa3HbIX TEMIEpaTypax.

3anuiieM ypaBHEHHUE PEaKIIMK B CTAHJIAPTHOM BHUJIE:
2NO + O, =2NO,; AS, , =? I/ mons - K.
B cootBeTcTBUM €O cileacTBHEM U3 3aKOHA I'ecca, BBIpa3suM U3MEHEHHUE YHTPOIIUU IIPH

XUMHYECKOHN pE€aKkuun 4€pe3 SHTPOIIUU YHAaCTHUKOB PABHOBCCHA:

. NO, NO

1 1
AS. =S50, =S, ES& =240-211- 5 205 =-73,5 Jlnc/ moav - K.

AHAJIOTUYHO HalIeM SHTAJBIIUI0 XUMHUUECKOU PEaKIINH:

AH,, = AH ) — AH G =32 - 90 = =58 k{oc/ vmoxb.

xX.p.

108



HaHOMHI/IM, YTO TCIIIIOTBI O6pa3OBaHI/IH IMPOCTBHIX BCIICCTB NPUHATHI PABHBIMHU HYJIIO (
o0op. __
AH P =0),
Tenepb BBIUUCIIUM TCMIICPATYPY, IIpU KOTOpOﬁ AOCTUTACTCA TCPMOAUHAMHUYCCKOC
PaBHOBECHUC!

_—58-10°

pasi

=789 K.

b
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W300apHblif MOTEHIMA IPU Pa3HBIX TEMIIEpAaTypax paccuuTaeM 1o GopMmylie C y4eToM

MHOkuTens 107
AG]  =-58+73,510" k.
Tockonsky AS <0, 1o pynxuus AG. ,. = f(T) — Bospacraromas.

[Toncransisi 3Ha4YeHHWs] TeMmIepaTyp U3 YCIOBUS IMpUMepa, HaiineM wu3o0apHbIe

MOTEeHUUANBI (K/[o1c/MOb):
AGY, =-13.9; AGS,, = -6,55; AGy,, = 0,8; AGy,, = 8,15; AG},,, = 15.5.

Ha ocHoBaHuM 3THX TaHHBIX CTPOUM IpaduK:

T,K 600 700 800 900 1000
AG® -13,9 —-6,55 0,8 8,15 15,5
x.p.

AG,kbk/Mons o

15
10 -
5 obpatnan
Touss peaxiusa
0 /( / T T "

) ]
600 700 800 900 T,K
-5 npamas

peaKuus
=107

Pucynox 4.1. I'padux 3aBUCUMOCTH M3MEHEHUS H300apHOTO MOTSHITHAIA

OT TeMIIepaTypsl

U3 rpapuka cruexyer, uro mpm 1 < TpaBH, npeoOiagaer mpsMas peakuus, Npu

un I'<T

paBH.

T>-T — oOpatHas. IlockoibKy peakuusi 3K30TE€pMUYECKas, TO P

paBH.

HAIPAaBJIEHHOCTh PEAKIMH ONpeessieTcs NpeodiafaHueM HHTaIbNUNHOTO, (akTopa, a MpHu

T TpaBH, — sHTponuifHoro Qaxropa. OTMETHM, YTO HACTYIJICHHE DPABHOBECHUS BO3MOKHO

TOJILKO TOT/1a, Koraa 3Haku u3menenns pyuxkiuit AH u AS oxunakossr.

ba3oBblil ypoBEeHb
1. Beaucnure TemioTy oOpa3oBaHus MOAYEPKHYTOTO B YPABHEHUH BELIECTBA, UCXOS

N3 TCPMOXUMHUYCCKOI'O YPAaBHCHUA
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No Vpasnenus peaxyuu AH, . Omeemer
3a0ayu T o AH ",
xk/{owc | Mo
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,0,,, + O, = As OS(I -261
3 1) CuCl,,,, +Cu,,, =2CuCl,, -56 ~136
2) Cu,,, +Cl, ., = CuClz(m) -216
4 1) 2P, +3Cl,,, =2PCl,,, -574 -375
2) PCIS( , =PCl,,,, +Cl,, 88
5 | 1)2pPb, +0,, =2PbO,, 438 277
2) 2Pb0,,, =2PbO,, + O, 116

2. Paccuwmraiite TeruioBor 3(@eKT ykazaHHOW peakIUh HMCXOAS M3 CTaHIAPTHBIX

TCIIJIOT 06pa30BaHI/I$I. Brrancante TakkKe KOJIUYECTBO TEILIOTHI (Q), KOTOPOC BBIACIUTCA HIIN

IMOIJIOTUTCA, €CJIM B JAHHYIO PCAKIHUIO BCTYIIHUIIO mr IEPBOro BCUICCTBA.

Ne Ypaenenus peaxyuu m, - Omeemul
3a0auu Q, x/lnc/monw

6 | HS, +CO,,=H,0, +COS,, 102 102

7 ['s,, +2C0O,, =S0,, +2CO,, 64 538

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

9 PCl;,, + H,0O,, = POCl,,, + 2HCI, 836 —630

10 2NaHCO3(T) = NaZCO3(T) + HQO(F) + COz(r) 252 96

3. Beruncnute TeroBoit aG ekt ykazaHHON peakluu UCXOs U3 CTAHIAPTHBIX TEIUIOT

CropaHwus. Paccuuraiite KOJIHMYSCTBO TCIJIOTBI, KOTOPOEC BBLIACIUTCA WM IOTJIOTUTCA, €CJIIN B

JAHHYO PEaKIUIO BCTynuiao V IM° TIEPBOTO rasa.

No Ypasnenus peaxyuu V., on’ Omeemvl
3adauu Q, xc/monw

11 [ 2CH,, +0,, =2CO,, +4H,, 89,6 ~140

12| 2NH,, +20,,, = Nzom +3H,0,, 67,2 —1045,5

13 Csz(r) + 2C02(r) = 4CO(F) + Hz(r) 112 590

14 CH,,, +CO,, =2CO +2H, 44,8 496

15 | C,H,, +H,,=2CH,, 56 ~165
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4. PaccuuTaiiTe cTaHAApTHYIO TEIJIOTY OOpa30BaHUS MEPBOrO B YpaBHEHHM BEILECTBA

WCXO/ISl U3 TIPUBEIEHHOTO TEPMOXUMHUYECKOTO YPABHEHHS PEAKIIMH U IAHHBIX 110 A °%" .

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

5. Ilo maHHBIM TAOJIUIIBI BHIYUCIMTE U3MEHEHHE M300apHOTO MOTEHIIMaga 00paTuMOi

peaxrun nipu Temmneparypax: 800, 900, 1000 1 1100 K. Beruncnure Takke temmepatypy,

npu KOTOpOﬁ OCYHICCTBJIACTCA PaBHOBECHUC B CHUCTCMC. HOCTpOﬁTC Fpa(pI/IK 3aBHUCHUMOCTH

M300apHOTO MOTEHIMAIa OT TEMIIEPATYPhl M CACIANWTE BBHIBOABI O HAMPABICHUH PEAKIUH MPU

pa3HbIX TeMIepaTypax.

Ne 3a0auu Obpamumas peaxyus AH" AS°
X.p.? X.p.?
K/[orc/monw Jowc/monv K
1. S0O,,, +0,50,,, =SO0,, —99 -93
2. CO,,, + C,, =2CO,, 173 176
3. CO,, +H,, =C, +H,0, -132 ~134
+ CH,, + H,0,, =CO,, +3H,, 207 +216
3. C, *2H,, =CH,, 75 -82
6. 3Fe,, +2CO,, =Fe,C, +CO,, —149 -155

I1oBbI1IEHHBIN YPOBEHD

1. Hcxona us YpaBHCHHUA PpCaKInH, z[aﬁTe KauCCTBCHHYKO OLCHKY M3 HU3MCHCHUA

OHTPOIIMKU TPpAMOIro IIpoLecca (y‘-ITI/ITe arperaTHbIC COCTOAHHUA YYACTHHUKOB peaKI_II/II/I).

I/ICHOJIBSYSI MOJIBHBIC SHTPOIIHMU 3THUX BCHICCTB, YKAKHUTC, 6yneT JIM MIPOTCKAaTh AaHHAA pCaKius

CaMOIIPpOU3BOJILHO B I/I3OJ'II/Ip0BaHHOI71 CHCTCMC.

Vpaenenue peaxyuu Monvnvle snmponuu, Omeem
Ne Jic/monv-K
3a0ayu 1 2 3 4 1 2 3 4 AS?
X.p.
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.| NH,, +3/40,, =3/2H,0, + 1/2N, | 192 | 205 | 189 | 192 | 33,75
2. KCIO,,, =KCl, + 3/202(r)) 143 | 83 | 205 247,5
3. 2C(r) + 3H,,, = C,H,, 74 | 131 | 229 -312
4. CH,,, +4Cl,,, =CCl,, +4HCI 186 | 223 | 215 | 187 | -115
5. | C¢Hg,, +NH,, =CHNH,, +H,, | 173|192 | 191 | 131 | -43

Cnncok Jurepatypbl, peKOMeHAyeMbli K HCI0JIb30BAHHUIO 110 JAHHOI TeMe

OcHoBHas MTEpaTypa:
1. Koporun, H. B. O6mas xumus : yaeonuk / H. B. Koposus. - 13-e uzn., mepepad. u gorr. - M.
: Axkagemus, 2011. - 496 c. : un. - (bakanaspuat). - 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. 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 JIUTepaTypa:
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/ — earHOE OKHO AOCTyIa K 00pa30BaTEebLHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — 37IEKTPOHHBIN KaTaJIOT aCCOLMALIUU YJICKTPOHHBIX OUOINOTEK
yueOHBbIX 3aBefeHui u opranuzanuii CK®O

4 http://www.iprbookshop.ru — OBC.
5 https://openedu.ru — OTkpeITOE 0Opa3zoBanue

Tema 5. O01ue 3aKOHOMEPHOCTH NPOTEKAHUS XUMHYECKHX MPOLECCOB.
IIpakTHyeckoe 3ansaTHe S. CKOPOCTH XMMHYECKUX peaKluil. XUMHYeCcKOoe paBHOBeCHe
Lesab 3aHATHA: yrIIyOUTh M OOOOLIUTH TEOPETUUYECKHE 3HAHHUS OOYYAIOLIMXCS O CKOPOCTH
XMMUYECKON PEaKlnu, 3aKperuTh 3HaHUE (OPMYJT BBIPAKEHHSI CKOPOCTH PEaKUWi, HAYUUTHCS
UCTIONB3Ysl JIaHHBIE (POPMYJIBL.

BBIINIOJIHATH aCyCThI Hayuutncs BBIBOAUTH KOHCTAHT
2

XUMHYECKOT'O paBHOBECHA.

3HaHuA U ymenus, npnoﬁpeTaeMble CTYAECHTOM B pPE€3yJbTaTE 0CBOCHUA TEMbI

3HaTh: OCHOBBI CAMOOPTaHU3AIMH U caMOOOPa30BaHHUS;
3HaTB: CYIIHOCTb U 3HAUCHHUEC I/IH(I)OpMaHI/II/I B pa3BUTUH COBPEMCHHOI'O O6HI€CTBa; OCHOBBI IIOJIYUCHHUA U
00paboTKH HHPOPMAITUN U3 PA3THIHBIX HCTOYHUKOB
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3uarb: pabOTHI MO pacyeTy U MPOSKTUPOBAHMIO JIETANCH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIMIA B COOTBETCTBUH C TEXHUYECKUMU 3aJaHUSMU U UCIIOJIb30BAHUEM CTaHIAPTHBIX
CPEICTB aBTOMATU3ALlUHA IPOEKTUPOBAHUS

YMeTh: caMOCTOSATENHHO CTPOUTH TPOIIECC OBIAICHUS HHpOopManuel, 0TOOpaHHON
CTPYKTYpHUPOBAHHOH JIJIS BHIOTHEHHUS TPO(ECCHOHATBHOM AEATEILHOCTH.

YMern: nonyuats U 00padaThIBaTh MHYOPMAIHIO U3 PA3INYHBIX HCTOUHHKOB
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VYMerh: MPUHUMAThH yYacTHE B paboTax MO pacyeTy U MPOEKTUPOBAHUIO JeTalIeH U y3JI0B

MaIIMHOCTPOUTENBHBIX KOHCTPYKIMH B COOTBETCTBUY C TEXHUYECKUMHU 3aJaHUSMH U

HCIIOJIb30BAaHUEM CTaHJAPTHBIX CPEACTB ABTOMATU3ALUU IIPOCKTUPOBAHUS
HaumenoBanue ¢opMupyeMbIx KOMIETEHIIHHA

WNupexe DopMynHpOBKa:
OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMY U CaMOOOPA30BAHUIO
OIlK-4 MMOHUMaHWEM CYIIHOCTH U 3HAYCHHUS MHPOPMAIIMH B pa3BUTHH

COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOTyYaTh U 00padbaThIBaTh
MH()OPMAIHIO U3 Pa3INYHBIX HCTOYHHKOB, TOTOBHOCTBIO HHTEPIIPETUPOBATH,
CTPYKTYpUPOBATh U OQPOPMIISATH HH(POPMAIIHIO B JOCTYITHOM JJISI IPYTHX
BUJIC

1IK-5 CTIIOCOOHOCTBIO PUHUMATh Y9acTHe B paboTax Imo pacueTy
MPOEKTUPOBAHUIO JIETATEH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIMN B
COOTBETCTBHH C TEXHHUECKUMH 33JaHUSMHU U HCIIOJIB30BAHUEM CTaHIapPTHBIX
CPEJICTB aBTOMATU3AIIMH POSKTUPOBAHUSI

AKTyalbHOCTB TeMbl. Bce mpoiiecchbl, KOTopble MPOUCXOIAT BOKPYT HAC U BHYTPH Hac,
UAyT ¢ mpeoOpa3oBaHUEM SHEPIUHU U, IPUUYEM C Pa3HOM ckopocThio. Tak, mporece nepeaayn
HEPBHOI'O UMITYJIbCA COBEPIIAETCS B COTHIE JI0JIU CEKYH/IbI, IPOLIECCHl YCBOCHHUSI UL TPEOYIOT
HCCKOJIBKHX YaCOB, a MPOLECCChI CTAPCHUA MOT'YT JJIMTHCA ACCATUIICTHA.

Bonbiioe npaktuyeckoe 3HaY€HUE XUMUYECKOW KMHETUKH COCTOUT B TOM, YTO OHA
pasperniaeT onpeaeisiTh, BO3MOKEH HJIM HEBO3MOKEH TOT WJIM MHOM MPOLIECC, U B KAKUX
YCIIOBUSX OH MpoucxoauT. [IpakTuueckoe 3HaueHne €€ OYEBUIHO, TaK KaK, TOJIbKO 3Hasi 3aKOHBI
KHHETUKHN U MEXaHNU3M peaKI_[I/If/'I MOKHO YHPaBJIATh XUMHUYCCKUMU IPOLCCCaMU. Or CKOpPOCTH
XUMHUYECKOH peaklUy 3aBUCUT BBIXOJ MPOIYKTOB, T.€. IPOU3BOIUTEIILHOCTD TPY/a U
anmnaparypsl.

Teopernyeckasi 4acThb

CKopocTh XUMHYECKUX peaKIuii

VYpaBHEHUSI XUMHUYECKUX pEaAKIMi, XapakTepu3ysh MHOTHME CTOPOHBI MPOLECCOB, HE
BCET/Ia JIAFOT TIOJTHOE TPEICTABIICHNE O CYITHOCTH MPOUCXOISAITUX MPEBPAIICHUH.

Hexotopble XxumMudeckue NpOLECCHl, HANpUMEp, PEAKIHMH Pa3I0KEHHUS B3PBIBUATHIX
BEIIIECTB, 3aKAHYMBAIOTCS B T€UEHHUE J0JIEH CeKyHbl. O4eHb OBICTPO 3aKAHUMBAIOTCS PEAKIIHH
B3aUMOJICMCTBUSL KHUCIIOT, IIeJIo4el M cojied B pactBope. OpraHuyeckue K€ COCIUHEHHUS B
OOBIYHBIX YCJIOBUSIX B OOJIBIIMHCTBE CIy4YaeB B3aWMOJCHCTBYIOT MEXKIYy COOOH MeEIJIEHHO.
Takum 06pa3zom, pa3HbIe pEaKkiy COBEPIIAIOTCS B HEPABHBIE MTPOMEKYTKH BPEMEHH, T.€. MOTYT
UITH C Pa3IMYHON CKOPOCTHIO. [109TOMY Ha OCHOBaHMM TOJIKO YPAaBHEHHM OJHHX XMUMHUYECKHX
peaKkiMii Hellb3sl CyIUTh O CKOPOCTH Ipoliecca.

Xumuueckass KuHemuxka — 5mMO YdeHue O CKOPOCMU XUMUYECKUX NpOYeccos, Ux
HanpaeienHocCmu U 0 (paxkmopax Ha HUX eIUSIOUUX.

Llens n 3amaym XUMHUYECKOW KWHETUKH — M3BICKAHWUE ONTHMAJBHBIX MapameTpoB IS
MPOBEJCHUS XHUMHYECKOTO CHHTE3a, a HMEHHO: O0O0ecleYeHHe MaKCUMAIbHON CKOPOCTH
nporiecca, HanboJiee paruoOHATHFHOE UCTIOIB30BAHHUE CHIPhSI M IHEPTOPECYPCOB H JIp.

YCTaHOBIEHO, YTO Ha CKOPOCTh XMMHYECKUX PEAKIUi BIUSIOT MHOTO (haKTOpOB —
KOHIICHTpAIlMsl B3aUMOJICUCTBYIOIIMX BEIIECTB, TeMIeparypa Mpolecca, Hamuuue (Uiu
OTCYTCTBHUE) KaTaau3aTtopa u Jp.

DKCIEPUMEHTHI TIOKA3alid, YTO YBEJIMYEHHWE KOHIICHTPAIIMM  B3aUMOJICUCTBYIOIINX
BEILIECTB BBI3BIBACT YBEJIMUECHUE CKOPOCTU PEAKIIMH.

Ecnu B 3akpeiTOM cocyjae mpu 3aJaHHOM TeMIepaType pearupyroT JBa BEIIECTBA B
ra3000pa3HOM COCTOSTHHH WU B pacTBOpE

AC + BD < AD + BC,
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TO CKOPOCTh 3TOM pEaKIUM ONPEAEISETCS YMEHBIICHHEM KOHIEHTPAUK (MOJB/1IM’)
BemiectB AC u BD B enunuiyy BpeMeHu (CeKyHIy, MUHYTY, 4ac). Tak Kak ¢ TeYeHHEM BpEeMEHU
KOHLIGHTpalUsl PEarupyrolux BeEIIECTB IaJaeT, TO 3aBUCUMOCTb CKOPOCTH pEakUWu OT
KOHIEHTPAIUU MOYKHO BBIPA3UTh CIEAYIOLUIUM 00pa3oM:

U =—(AC/Ar), (5.1

IZie 2> — CKOPOCTb MpsiMOi peakiu, AC - MOJIsSIpHast KOHIIGHTpaLus, t — Bpemsi.

['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
JI0BOJIBHO pacTpoOCTPaHEHBI PEAKIIMK TUTIA!
mA + nB—> cC, (5.2)

B KOTOPBIX HA /M MOJIEKYJ BEIECTBAa A MPUXOAUTCS 1 MOJEKYJ BEUIECTBA B, mpu 3TOM m
H 1 OOJIBbIIE €IUHULIBI.

OKCNEpUMEHTAIIBHO YCTAHOBJIEHO, YTO JUJISl TAKOTO MPOIIECCAa CKOPOCTh MPSAMOMN peakuu
MOJKET OBITh BBIpAXKEHA CJEIYIOIINM 00pazoM:

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

r7ie /K - KOHCTAaHTa CKOPOCTH IMPSIMOM peaKIui — BEIMYMHA, paBHAsI CKOPOCTH PEaKIHH

[P KOHIICHTPAIMSIX PEareHTOB PaBHBIX €IWHUIIEC; 0OPATHO MPOMOPIMOHAIBHAS BPEMEHH, X U Y
— HEKOTOPbIE YUCIIA, OTPEeIieMbI€ ONIBITHBIM ITyTEM.

Koncmanma ckopocmu 3aBUCHT OT TeX k€ (PaKTOPOB, UTO U CKOPOCTh TAaHHOHM peaKiivy,
HO He 3a8UCUM OM KOHYEHMPAYUll peazupyrouux 6eujecms.

Koncranta ckopocTH XapakTepus3yeT peakiUio Jisi ONPEACNICHHBIX YCIOBUM —
memnepamypa, 0agieHue, KoIu4ecmeo u Kaiecmeo kamanuzamopa M T.1. Paznuunele peakuuu
MOHO CPaBHHUBATh TOJBKO €CJIM OHU MPOTEKAIOT MPU CTPOrO OJUHAKOBBIX YCIOBUSIX.

VpaBuenuss Tuma (5.3), yCTaHaBIMBAIONIME OSKCIEPUMEHTAIBHO  OIPEICICHHYIO
3aBUCUMOCTh CKOPOCTH PEAKIUMU OT KOHLEHTpaluil pearupyrommx BEUIECTB, Ha3bIBAIOT
KUHemu4ecKUMU YPasHeHUsMU peaxyuii.

Kunernueckue ypaBHeHus peakiuii (5.3) sBISIOTCS MaTEeMaTUYECKUM BBbIpRXKEHUEM
3aKOHa JIEWCTBUS MacC — OCHOBHOI'O 3aKOHa XMMHYECKON KHHETUKH: CKOPOCHMb XUMUYECKOU
peaxkyuu nponopyYUOHAIbHA NPOU3EEOEHUIO KOHYEHMPAYULl peasupyioujux 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 ypaBHEHUX (5.3) COBMAAIOT C €r0 CTEXHUOMETPUIECKUM KOIPPUITUEHTOM (X =
m; y = n ) B ypaBHeHUHU peakuuud. OOBIYHO 3TO BBIOJIHSAETCS ISl SJIEMEHTapHBIX PEaKIuii, T.e.
peakiuii NpoXOoALIUX B OJIHY CTaIHIO.

[TpumMepbl PSAMBIX ATIEMEHTAPHBIX PEAKIIHI:

NO + O — NOy,
H +Cl — HCI;
N 204 — ZN 02.
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Jns  Takux peakuumid CTEeNeHW B KHUHETHMYECKHMX YPaBHEHHUSX COBIQJAIOT  CO
CTEXMOMETPUUYECKUMH KO3(DPUIIMEHTaMU PEareHTOB B YPaBHEHUHU PEAKIIUH.

Iloxazamenv cmenenu KOHYEHMPAYUU peasupyroujeco eewjecmea 6 KUHemu4yeckom
ypasHeHuu peaxyuu (X, y u 0p.) HA3bl8aemcs NOpsOKOM peakyuu no oanmomy eeujecmey. Tax,
Hanpumep, Uit peakuuu (6.1.2) nopsanox no BemiectBy 4 paBeH x, o B — y. Ilopsakom xe
peakiuu B eJIOM (1) SIBISIETCS cyMMa MOPSIKOB 10 KaXI0My peareHTy JUIsl JaHHOM peakuuw,
Harpumep, Uit peakuuu (6.1.2): n =x + y.

BenuuuHbl nopsiaka mo peareHTtam (X, y U JIp.) U IO peakuuu B LEJIOM (72) MOTYT ObITh
mo0bIMH HeOoNMbIIMMHU 1eTbIMU yucnamu (1, 2 u peako 3), paBHATbCS HYJIO MM OBITh
npobueMu uncnamu (1/2, 2/3, 3/4 u ap.). Hampumep, 115t peakiiuu CUHTE3a BOJIBI

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

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

Tabmuma 5.1 — 3aBUCUMOCTH TOPSAIKA PEAKINH OT MapIHATBHBIX JABICHUN KUCIOPOaa 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

HeoOXomuMbIM  yCIIOBHEM XHUMHUYECKOTO B3aMMOJICHCTBHS SIBISICTCS CTOJIKHOBEHHUE
pearupyroInuxX YaCTUIl — MOJICKYJI, aTOMOB, HOHOB | JIp. B MOMEHT CTOJIKHOBEHHUS SJICKTPOHHbBIC
o0JaKa peareHTOB CMEIINBAIOTCs, 00pa3ysi MpU ITOM HOBBIE CBSI3U.

Yucno monexyn, 00HOBPEMEHHbIM 63AUMOOCCNEUEM MeHCOY KOMOPbIMU 8 MOMEHM
CMOJKHOBEHUsL ~ OCYWeCMBNAemcss — aKm — XUMUYEeCKO20  NpeBpaujenus,  HA3bl8aemcs
MONEKYIAPHOCIBIO PeaKyUU.

Peakiun  OBIBAlOT MOHO-, OW- © TPUMOJCKYIAPHBIMHA. TPHMOJIEKYJISIPHBIE |
TETPAMOJICKYJISIPHBIC PEAKIMU OuYeHb peAKH. V3BECTHBI JIMIIb HECKOJBKO MPUMEPOB
MICHTaMOJICKYJIIPHBIX PEaKITHi.

B "acTHOCTH, K MOHOMOJICKYJIIPHBIM PEAKIIAAM OTHOCST PEaKIUH PA3JI0KEHHS MOJICKYIT
1 BHYTPUMOJICKYJISIPHBIX TIEPETPYIITMPOBOK, HAPHUMED, PEAKIINIO PA3JIOKEHHUS MOJIEKYJT Hoja:

I(2) & 21(2).
Kunernueckoe ypaBHEHHE 3TOTO MPOIECCa UMEET TIEPBBIH MOPSIOK:
(e k[l 2] .
[TpuMepbl OUMOIEKYIISIPHBIX PEAKIIHH:
2NO(2) <> N,Ox(2); v = k[NOJ?

HBr(e) + H(2) < H>(2) + Br(2); v = k[HBr][H] — xuHeTH4ecKkoe ypaBHEHHE BTOPOTO
MOPSIZIKA.

TpumoseKyssipHas peaKI{Hsi:

Cly(2) + 2NO(2) <> 2NOCI(2); v = k[CL][NO]? — KUHETHYECKOE YPABHEHHE TPETHETO
opsiIKa.

Jls mpUBENEHHBIX PEaKIUi MOPSAIOK M MOJIEKYJISPHOCTh PEaKIUil COBMAJAIOT, HO B
o011eM cirydae OHH pa3InyHBI.

Tlopsook peakyuu onpeodensemcs MOJIEKVIAPHOCMbIO CAMOU MeONeHHOU cmaoul OaHHOU
peaxkyuu.

Ecnu peakinust uaer mo crTamusiM, TO €€ TMOPSIOK peaKIMd MEHbBIIE WM PaBeH
MOJICKYJIIPHOCTH peakiuu. Tak, HarpuMep, PU CUHTE3€ BOBI (cM. Tabmwuiy 5.1) npu mopsiake

peakuuu paBHOMY eauHule (n=1; v = kplﬁz pgz ), peaxiust — MOHOMOJIeKyJIsipHast; ipu n = 0,5 (
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0 0,5 0,4 .03
v=hkpy Po. ), peakums — MOHOMONKyNspHas; mpu n = 0,7 (V=kpy pPy”), peakums —

OUMOIIEKy IS pHAsL.

Ipumeuanue. HeoOX0qMMO MTOMHUTH, YTO MOJICKYJIIPHOCTh PEAKIUH, B OTIUYHE OT €€
nopsijika, Bceraa uenoe uucio — 0, 1, 3.

3axon Oeticmseusi macc Ccnpaeeoaud MoOAbKO Ol MOHO-, Ou- U pedce 0
MPUMONEKYIAPHBIX PEeAKYULL.

[Tpu srmeMeHTapHOM peakiMu B CUCTEME MPOTEKAET TOJIBKO OHMH MPOIECC U YPaBHEHUE
pPEaKIMu PACKPBIBAET €r0 MEXaHW3M. BOJBIIMHCTBO PEaKIUil — CIIOKHBIE W TPEICTABIISIOT
cO0OM CyMMapHBIN Pe3ysIbTaT HECKOJIBKHX 3JIEMEHTapHBIX TpoleccoB (AByX u Ooisee). [ToaTomy
o0111ee CI0KHBIX YPaBHEHHUE PEaKIIMi HE OTPAKAET X PEeaTbHBIA MEXaHU3M.

s cnosicHvlX peaxyuti 3aKoH Oetcmeusi Macc He NPULONCUM 8 YeloM, d CHpageoius
UMD K OMOETbHbLIM €€ Cmaousam Hebonvuol monexkynsaprocmu. Hanpumep, oliee ypaBHEHHE
peaKIMy UMEET BUJIL:

24+ B < C,

COTJIACHO KOTOPOMY SIBIISIETCS SIKOOBI TPUMOJIEKYJIsipHOW. OIHAKO TPOTEKAaeT B JBE
CTaJUH:

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

24+ B« C.
Tak Kak MOPSJIOK PEaKIMK OINPEACIAECTCS MOJICKYJISIPHOCTBIO CAaMOW MEJIJICHHOW CTaauu
peakuuu, TO JaHHAs peakius — OuMoOJNIeKyJsipHas W BToporo mnopsiaka. CremgoBarenbHO,

KHHETUYECKOE YPAaBHEHUE ITOTO B3aUMOJACUCTBHS Oy/I€T UMETh BH/I:
v =k[A][B], a ne v = k[A]*[B].

N3 (5.1) cnenyer, uTo cropocmev peakyuu — eIUHUHA OOPAMHO NPONOPYUOHATbHAS
8peMeHU.

BenenctBue pa3nuuHON CKOPOCTH ABIDKEHHSI MOJIEKYJ, OHH 00JanaloT pasIndHOM
KHHeTH4eckoi sHeprueit. [Ipu s3ToM KMHEeTHYecKast SHEPTUsl IPSIMO MPOMOPIUOHATIBHA CKOPOCTH
JIBUYKCHUS MOJICKYJTBI.

Monekynbl, KOTOpble 00J1a/1al0T BBICOKUM 3a1lacOM KHHETHYECKOW SHEPTUH, Ha3bIBAIOTCS
AKTUBHBIMH.

Jlononnumenvhyto sHepeuro, KOMopyio HA00 COOOWUMb MOAEKYIAM OJisi Nepesood ux 6
aKmueHoe COCmosAHue, HA3blealom I3Hepauel axmueayuy. XUMUYECKas pPEaKkUHs MOKET
MIPOU3ONTH TOJIBKO MPH CTOJIKHOBEHUU aKTUBHBIX MOJICKYII.

Ckopocmb  xumuueckol peakyuu npimMo HNPONOPYUOHATbHA HUCTY CMOIKHOBEHUU 6
eOUHUYY 8PeMeHU.

Ponp karanuszaropa, IpUMEHSIEMOTO JJIsl MPOTEKAHUS JAHHOTO XMMHUYECKOTO Ipoliecca,
3aKJIIoYaeTcss B cleAyromeM: 1) B TOHMXKEHHM SHEPruu axkTHBAlUMHM; 2) B oOecreuyeHUun
HEO0OXOIUMOM OPUEHTAINH PEAarupPYIOIINX YaCTHII.

BiisinMe TeMnepaTypbl HA CKOPOCTh PeaKIuu

C MOBBINICHUEM TEMIIEPaTyphl YBEIHUUBACTCS CKOPOCTH JBIDKEHUS MOJIEKYT M WX
KMHETHUYecKasi SDHeprus. AKTUBHOCTh MOJIEKYJ BO3pPAcTaeT, U CKOPOCTh PEAKIMH YBEIHMUYNBACTCS.

3aBUCUMOCTh CKOPOCTH pPEaKIMU OT TEeMIepaTyphl oOmpenaensercs MpaBuioM Banort-
T'odda: mpu yseruvenuu memnepamypor na rascovie 10°C ckopocms peaxyuu o3pacmaem
npumepHo 6 2 pasa. J1ns HEKOTOPBIX peaKIil CKOPOCTh Bo3pacTaeT B 3 — 4 pasza. IT0 3aBUCHUT OT
MIPUPOJIbI pEarupyroIIrUX BEIIECTB.

Yucno, nokasvigaroujee 60 CKOIbKO pa3 YEeIuduUBaemcsi CKOpOCmMb peakyuu npu
yeenuuenuu memnepamypol Ha 10°C, Hasvieaemcsi memnepamypHuviM Kodgduyuenmom u
obosnauaemcs V .

H3MeHeHne CKOPOCTH peakiu OT TeMIIepPaTypbl MOXKET ObITh BBIYUCIEHO MO (opmyJie
Banr-T'odda:
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I
_7/ > (5.4)

rae Uy, U U, — CKOPOCTH PEakUMM IIPU TeMIeparypax t, M t; COOTBETCTBEHHO; Y —

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

BemecTtBa,  M3MeHSIONME ~ CKOPOCTh ~ XHMHYECKOTO  MpOILECCa,  Ha3bIBAIOTCS
Katanuzatopamu. Karanmsaropamu MoryT OBITH TBEpAble, JKUAKHE U Ta3000pa3HbIe
BemecTBa. MI3MeHeHne CKOPOCTH XMMHYECKOH peaknuu ITOJ BIMSHHUEM HPUCYTCTBYIOLIETO B
CHCTEME ITOCTOPOHHETO BELIECTBA, COCTAB U KOJIMYECTBO KOTOPOTO K KOHIYy PEaKIUU OCTAITCS
0e3 U3MEHEHHH, Ha3bIBAIOTCSI KaTaTU30M.

ITpu romoreHHOM KaTajau3e B3auMOAEHCTBYIONINE BEIIECTBA U KATAIU3aTOpP COCTaBIIAIOT
onHodaszHyro cucremy. [Ipu rereporeHHOM KaTaiuse pearupyrolife BEeIIecTBa U KaTalu3aTop
COCTABIISIIOT CUCTEMY U3 HECKOJNbKUX ¢a3. Ilpu rereporeHHOM KaTtaiu3e B NPUCYTCTBHU
HeOOJNBIINX KOJMYECTB KaTalu3aTopa MOTYT IIPOpPEarupoBaTh OTHOCUTEIBHO OOJbIIHUE
KOJINYECTBA B3aWMOJICHCTBYIOMMX BemecTB. [Ipy roMOreHHOM KaTajiu3e CKOpPOCTh PEaKLIUu
NPaKTHYECKH MPOMOPIIMOHATIBHA KOJTUYECTBY KaTaIU3aTopa.

AKTHUBHOCTB KaTaJln3aTopa, a MHOTA U CIEU(PUIHOCTh UX IEHCTBHSA, B OOJIBIION Mepe
3aBUCHT OT TeMIIEpaTypbl. [ kaxmoro mporecca, CymecTBYIOT ONpeIe/ICHHbIe KaTaln3aTophl,
4acTo MOJ0MpaeMble IKCIEPUMEHTAIBHBIM ITyTEM.

XuMH4YecKkoe paBHOBecHe
Bce xummnueckue peakiiuy MOKHO pa3/ieiMTh Ha J1Ba TUIIA: 0OpaTUMbIe U HEOOpaTUMBIE.
MHorue peakuuu SBISIOTCS 00paTUMBIMU, T.€. TAKUMH, NPH KOTOPBIX 00pa30BaBIIUECS
IIPOAYKTHI B3aUMOJICHCTBYIOT MEX/1y cO00ii, IpeBpallasich B UCXOAHbIE BELIECTBA.
OOpatumble peakluy OTPAHUYEHBl ONPEICIICHHBIM IPEAEIOM: OHU HE JAOXOIAT 110
KOHIIA.
OO01uit Buj ypaBHEHHsI 0OpaTUMON pEAKIUU:

mA + nB <> pC + ¢gD. (5.5

CKopocTH PSIMOTO U 0OPATHOTO MPOIIECCOB BBIPAKAIOTCS CICAYIOUIMMU YPaBHEHUSMU:
v=k[4]"[B]" (5.6)
v=klC]”[D]7. (5.7)

B MoMeHT ycTaHOBNIEHHS paBHOBECHUS IpsMasi U o0paTHasl peakuy He MMPEeKpaIlaoTcs, a
MIPOJOJKAIOT MPOTEKATh B IPOTHUBOIOJI0KHOM HAIIPABJICHUU C PABHBIMU CKOPOCTSIMH.
I'paduuecku 310 MOKET OBITH TaK, KaK IMOKa3aHO Ha pUCyHKe 5.1.

Uu

Pucynox 5.1 02
3asucumocmv npamoii u
00pammoll peakyuti om pemeHu

N

Ecnu cxopoctu mpsiMoii 1 0OpaTHON peakiuil paBHBI (Vyp = Vosp. — MaTEMATHUECKOE
YCJIIOBHE XHWMHUYECKOTO paBHOBECHs) , TO TpaBbie 4acTu  ypaBHeHuu (5.6) u (5.7), ux
BBIPAXKAIOIINX, TAK)KE PaBHBI:

K A"[B]" = k)7 (D). (5.8)
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Ha ocHoBanuu 310r0 c(HhOpMyIHPOBAHO MONOKEHHUE, HA3BAHHOE 3aKOHOM JIEHCTBUS Macc
(BTOpast (OpMYITUPOBKA): 8 MOMEHM PABHOBECUSL NPOU3BEOEHUE KOHYEHMPAYULl OeliCmBYIouuUx
MAcCC UCXOOHBIX Geujecms HA KOHCMAHMY CKOPOCMU NPAMOU pPearkyuu pasHo Npou3eedeHuro
KOHYenmpayuti 0eticmeyowux Macc o00pasylouuxcs ewjecms Ha KOHCMAHMY CKOPOCMU
0bpamuoll peakyuu.

N3 ypaBuenus (5.8) cienyer, 9To

== _[c]?[D)e
k/k = [A]m[B]” * (59)
OTHOI_HeHI/Ie ,Z[ByX INOCTOAHHBIX BCIIMYHUH €CTh BCIIMYMHA IIOCTOAHHAA, CIICA0OBATCIBHO!
kik=KP = lel[p)? 5.10
CECR (10

KoHcTranTOl XxuMuueckoro paBHoBecusi K” Ha3bIBaeTCs OTHOLIEHUE IPOU3BEICHHUS
PAaBHOBECHBIX  KOHIEHTPALMM MPOAYKTOB pPEAKIUMU K MPOU3BEICHUIO PABHOBECHBIX
KOHIEHTpALUI UCXOJHBIX BELIECTB, B CTENIEHU UX CTEXHUOMETPUUYECKUX KOA((OULIMEHTOB.

K? BeIpaxaet 3aKoH IE€HCTBUS Macc AJIsl PABHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
pasHosecusi He 3a8UCUM OM KOHYEHMPAyuu peazenmos, HO 3d8UCUM Om memMnepamypbl u om
npUpPOObL peazupyroujux 6eujecms.

B MoMmeHT xuMHueckoro paBHOBecus n3MeHeHue sHeprun [ modca ne nmpoucxoaut — AG
= (0. KoHcTanTa xumMuueckoro paBHoBecus cBsa3aHa ¢ AG COOTHOLIEHUEM:

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)

[Tonb3ysich ypaBHEHHMEM  KOHCTAHTbI PAaBHOBECHS, MOXHO YIPABIATh XHWMHUYECKUM
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 YBEIMUYUTBHCS YMCIUTENb WM YMEHBUIMTHCS BTOPOU
COMHOXUTEJb 3HaAMEHATENs, T.€. BEIWYUHA [ B]. DTO MOXKET MPOU30MTH B PE3YJIbTaTe CMEIICHUS
paBHOBECHs ClieBa HaIpaBO, MPHUBOJSAIIETO K OOpPa30BaHUIO HOBBIX KOJIWYECTB TMPOJYKTOB
peakuuu — C u D.

Takum 00pa3oM, MPU YCTAHOBUBIIEMCSI HOBOM COCTOSIHUU PAaBHOBECHS, KOHIICHTPAIIUU
BCEX YEThIpPEX BEIIECTB, 10 CPaBHEHHIO C MEPBOHAYAIBHBIMH, OKAKYTCS U3MEHUBLIMMHUCS, a
3HaUYE€HHUE KOHCTAHTHI PAaBHOBECHUSI HE U3MEHUTCS.

CnenoBarenbHO, MJii CMEUICHHMS pPaBHOBECHS CjeBa HampaBO HEOOXOJUMO WJIU
YBEIUYUTh KOHIIEHTPALMIO OJHOTO M3 MCXOJHBIX BELIECTB, WJIM YMEHBIIUTh KOHIEHTPALIMIO
OJIHOTO U3 MPOIYKTOB PEAKIINH.

C momoIbi0 BBIPAKEHUS KOHCTAHTHI PABHOBECHS MOKHO OIpPEACNATh KOHIIEHTPALUU
BEILIECTB B MOMEHT PaBHOBECHsSI, a €CIM M3BECTHBI 3HaueHUsi K’ W MCXOIHbIE KOHIEHTpPALUU
BEILIECTB, TO MOKHO ONPEJEIUTh UX PABHOBECHBIE KOHIIEHTPAIIH.

Ecnu ucxomnyro KoHIEHTpanuio BemiecTBa A 0003HauuTh depe3 Cy(4), a 4uciao Moib
ero, MpopearupoBaBIINX K MOMEHTY paBHOBecus, uepe3 /A C(4), To MOJsipHasi KOHIIEHTpAIUs B
MOMEHT PaBHOBECHS OMPEIEIUTCS TaK:

[A] = Co(4) — A C(A).

PaBHOBEcHE B reTEpOre€HHBIX CHCTEMAaX OIpPEAENAeTCs TOJbKO Ta30BOM WM KHUIKOU
(hazoi, T.K. KOHIICHTPAIIUHN TBEPbIX BEIIECTB HE BXOIAT B YPAaBHEHHE ISl CKOPOCTHU PEaKIIHH.

Hanpapnenue cwmelieHusi paBHOBECHS CHUCTEMBbl MPH M3MEHEHMHM KOHILEHTpALUH,
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, umoowl ocradumsy IMo 6030elucmaue).
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Bonpocs! u 3aganust

3amaya 1. Peakums pasnoxeHus okcuaa aszora (+5), mpoTekaromasi Mo ypaBHEHHUIO
obmero Buna 2N-0s(2) <> 4NO-(2) + O-(2), IPpOTEKAET B IBE CTAIMH:

1) N>Os(2) <> N>Os(2) + Os(2) — meonenno;
2) N>Os(2) + N>Os(2) <> 4NO;(2) — bvicmpo.

Omnpexnenute NOPSIOK M MOJIEKYJIIPHOCTH 3TOTO TpoIIecca.

Pemrenue. 13 ycrnoBwuii 3a1a4u CIIEIyET, YTO CKOPOCTh PEAKIIMH, B IIEJIOM, OMPEICIIAETCS
nepBoi craauent nporecca. Mtak, CKopocTh peakiiny MponopiuoHaibHa KoHIeHTpauu N>Os(T),
T.€. IPOIIECC PA3IIOKEHHS OKCHIA a30Ta (+5) — peakiiys MepBOro MOpsIKa, MOHOMOJICKYJISIPHASI.

3anaua 2. Beruncnure 3Haue€HHE KOHCTAHTHI CKOPOCTH MIPU HEKOTOPOH TemIeparype Juis
snemenTapHoii peakumu C(2) + D(2) <> B(z), eciu npu konuenrpauusax [C] = 0,04 mons/aM® n
[D] = 0,05 MosB/IM’ CKOPOCTH peakiu cocTaBmia v = 3,2-107,

Pemrenne: Tak kak peakiusi dJIEMEHTapHas, TO YPaBHEHHE pEaKIUH OTpakaeTr ¢
MEXaHU3M — 3TO PEaKIMs BTOPOTO MOpsAKa, T.e. KHHETHMYECKOE YpaBHEHHE 3TOT0 Mpoliecca
Oyzser UMeTh BUI:

v 32-10"

— —0,16.
[C][D] 0,04 -0.,05

v = K[C][D]. omcioda k =

3anmava 3. [lns peakiuu B Ta30Boi daze
24 + 3B < A,B;
MOJIyYeHHasi 3aBUCUMOCTh €€ CKOPOCTHM OT KOHIIEHTpAllMd PEareHTOB IPEACTABICHA B
Tabmuie 6.2.1.
Tabauya 5.2. 3asucumocms cKopocmu peakyuu om KOHYEeHMpayuu pearcHTOB

KoHuenTpanus, Mois/am’

Bemectso 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

CKOpOCTb PEaKIMK, MOJIb/(JIM**MHH) 0.32 0.64 0.32 128 128 1.60

KaxoB nopsinok peakiuu? Bprancianure KOHCTaHTYy CKOpOoCTH. Kak M3MEHUTCS CKOPOCTh
peaxkuuy Npy yBEJIIMYCHUH JaBJICHUS B J1Ba pa3a?

Pewmenne:

1. JIns HaxokIeHus MOpsJKa pPEakUMHM IPEeXAe BCEr0 HaJ0 HAWTH KHHETUYECKOE

ypaBHEHHE [JIsl OSTOM CIIOKHOM XuMHueckod peakuuu. [Ipm 3TOM HeoOXxoaumo

IIPOTECTUPOBATh YPABHEHMSI CIEAYIOIIUX TUIIOB:

1) mepBoro nopsiaka — v = kfA]; v = k[BJ;

2) Broporo nopsanka — v = k[AJ[B]; v = k[A]’; v = k[B]’;

3) tperwero nopsaaxa — v = k[AJ*[B]; v = k[A][B]’.

2 Kunernyeckoe ypaBHEHHE OyAeT COOTBETCTBOBATH JCHCTBUTEIBHOMY MEXaHU3MY
peaKiyy, eClIM BBIYMCICHHOE M3 HEr0 3HAYeHHWE KOHCTAHTBHI CKOPOCTH peakiuu Oyaer
OJMHAKOBBIM (MJIM NPUMEPHO OJUHAKOBBIM, C YYETOM IOIPEIIHOCTH M3MEpPEHHs B XOJe

JKCIIEPUMEHTA).
3 TectupoBaHue ypaBHEHHUS MEPBOTO MOPSIIKA BUIA 0 = k[A]:
. 0 0,32 ‘
1) mnst mepBoit mpo6sr A1 = Al =000 ,0;
. vy 0,64 )
2) 1151 BTOpOit Ipobbl A2 = i = 0.40 =L6;
3) anst TpeTheit mpobel A3 = [Z—; = g:ii =0,64.

Tak Kak 3HAYCHHE KOHCTAHTHI CKOPOCTH HE OIMHAKOBBI JIJISI MCCIICIOBAHHBIX MPOO, TO
KMHETUYECKOE ypaBHEHHE TIEpBOro Mopsaka Buma v = k[A] HE COOTBETCTBYET MEXaHU3MY
JAHHOW pEaKIu.

121




TectupoBaHue ypaBHEHHUsI IEPBOTO MOpsiAKa BUIa v = k/BJ:

. ] 0,32 .
1) mst mepBoii MPOOBI ky = (3], = 0.20 =1,6;
. > 0,64 ‘
2) 1y1st BTOpO# TTpoObI ky = (3] = 0.40 =1,6;
3) s TpeTheii mpober A3 = ﬁ = 8:;3 = L,6;
4) 15 yeTBepTOil IPoOHI K4 = [;]14 = (1);?) =L6;
. Us 1,28 )
5) utst ATOM MPOOBI ks = [Bs = 0.80 =1,6;
. Dg 1,60
6) JUTsI IeCTOM TPOOBI ke = (Bl = 1.00 =1.6.

Wtak, KUHETUYECKOE ypaBHEHUE NaHHOW peakuuu: v = k/BJ; KOHCTaHTa CKOPOCTH — k =
1,6.

4 VBenuueHue IaBJICHHS B CUCTEME B JIBA pa3a MOBBICUT KOHLEHTPAUU peareHToB 4 u B
TOXKE B JIBa pa3a, YyTO MPUBEIET B BO3PACTAHMIO CKOPOCTH PEAKIUHM TaKKe B JBa pasza. ITo
MO’KHO TIOJITBEPAHUTH PACICTOM:
vy  2k[B]

v, k[B]

3anmaya4 Ha cKONBbKO HAJ0 MOBBICUTH TEMIEPATYPy, YTOOBI CKOPOCTh PEAKIIMH BO3pOCTa
B 50 pa3 (y =2,3)?

Pemenne
Pacuet npoBeném no dhopmyne Bant-I'odda:
L~ t5—1
Yo _ 1o L, 10
— =y ,TIe —= =50; »=2,3; orcrona 50 =23
U

v
1 4

[Iponorapudmupyem o6e yacTu MOITYYEHHOTO PABEHCTBA!

I -4

1g2,3 = 1g50

¥ TocJie ero pemenus nomydnm At = 47 °C.

OtBet: UToOBI CKOPOCTH peakiuu Bo3pocia B 50 pa3 Ha/l0 MOBBICUTH TeMIiepaTypy Ha 47
0
C.
3anava 5. IIpu 393 K peakuus 3akanuuBaetcs 3a 10 MUHYT. 3a CKOJIBKO MUHYT 3Ta PEAKIHS
3akoHunTCcs nipu 363 K (y =3,0)?

Pemenne

Kak u3BecTHO, YTO MEXAY CKOPOCTHIO XUMHUUECKON PeakIK U €€ MPOI0JKUTEIbHOCTHIO
CYIIECTBYET 00paTHO MPOMOPLIHUOHATBHAS 3aBUCUMOCTb:

Ufz _ 0

>

Uy [2)

1
T/Ie T) ¥ T, — BpeMs IPOTEKaHUs peaKIUy MPH TeMIIEPaTypax f; U ¢, COOTBETCTBEHHO.
CrnenoBatenbHO, ypaBHeHUE (7.2.2.1) MOXKHO 3amucaTh B CIEAYIOIIEM BHUJIE:
I~
7]
oy 10
)

>

OTKy/1a
1t 393-363
n=ry-y 10 =10:3 10 =270 M1
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Otser: npu Temneparype 363 K sta peakius 3akaHunBaercs 3a 270 MUHYT

bazoBblit ypoBeHb

3agaya 1 Omnpenenure U3MEHEHUE CKOPOCTU MPSAMBIX 3JIEMEHTAPHBIX Ta30BbIX PEAKIUN
MIpU YBEJIMUEHUS IaBJICHUS B JIBA pa3a:
1)H,+ O — H+ OH; 2) Cl + H— HCI;
3) 2NO + Cl, — 2NOCI; 4) NO + O — NO..
Jnsa  kaxaoll peakuuMy ONpEAeNUTe MOPSAAOK W MOJEKYISPHOCTh M HAIUIIUTE
KMHETUYECKOE YPaBHEHHUE.
3agaay 2  Pe3ynbTarhl M3y4eHUS CKOPOCTHM PEAKUUM MEXIy BemectBamMu A u B
MpeICTaBICHBI B Tabmuie 5.3.
Tabauya 5.3 3asucumocmsv ckopocmu peakyuu om KOHYeHmpayuu peareHToB
KoHIeHTpaIys, MOJIb/ M’
BemectBo 4 0,10 0,20 0,20 0,10
Bemiectso B 0,10 0,10 0,20 0,05
CxopocTh peakiuu, Mojb/(av’-Mun) | 0,004 | 0,016 0,016 0,004
KakoB nmops10k 1 MOJIEKYJIIPHOCTh peakun? BeIaucinnTe KOHCTAHTY CKOPOCTH.
3anaga 3 Ilpu yBenuueHuM KOHLEHTpauuu BemectBa 4 B 1,6 paza CKOpOCTb peakuuu
Bo3pacTaeT B 2,93 pasza. KakoB nopsanok peakuuu no seniectsy 4?7 Otsert: ny = 1,83.
3amaua 4. CocTaBbTe BbIpaKeHHE ISl KOHCTAHThI PaBHOBECHS TOMOTE€HHOIO Mpolecca,
OIHCHIBAEMOT0 YPaBHEHUEM:

A4HCI + 02 <> 2H20 + 2Cl2 .

3amaua 5. J{s1 paBHOBECHOM ra3000pa3HOM CHCTEMBbI
CO+HyO<«<>COy+Hy, K= 1,0 (npu 830 °C).

Ompenenure KOHIEHTPAIIMM BCEX BEIIECTB B MOMEHT PaBHOBECHS, €CJIM HadaJbHas
xouuentpanus Co(CO) = 2 mons/am® u Co(H>0) = 3 Mosb/am’.

3anaya 6 Kak u3MeHHUTCS CKOPOCTh PEAKIIMU

2H,S +30;5 <> 2SO0, +2H,0 |

€CJTM KOHIIEHTpAIlMU BCEX Ta30B yBEJIWYHTHh B TpU pasza? B cTopoHy mpsiMoil wim oOpaTHOM
pEeaKIMK CMECTUTCSI XUMUYECKOE paBHOBECHE?

I1oBbI1IEHHBIN YPOBEHB

3amava 1 Peakius mpoxoauT B ra3oBoii (asze:
A+2B+D e C.

[Ipn yBenuueHnn KOHUEHTpaLuu peareHTa 4 B 2 pa3a CKOpOCTb peakluu BO3pocia B 2
pa3za. [Ipu yBennueHUN KOHIEHTpALMU pearenra B B 2 pa3a CKOPOCTh PEaKuu HEe U3MEHUIIACh.
[Ipu yBennueHun KOHIIEHTpALMU peareHTa D B 2 pa3a CKOPOCTh peaKIuu BO3pociia B 4 pasa.

Kak BbINISIIMT KMHETUYECKOE YpaBHEHHE TOM peakimu? Kak m3MeHUTCS CKOPOCTh PEAKLIUK ITPU
YBEIIMYEHUH OOIIero JaBlieHust B 3 pa3a? OTBET: CKOPOCTh PEAKIHH MPH YBEIMUCHUHN OOIIETO TABJICHUS B
3 pa3za Bo3pacrer B 27 pas.

3agaua 2 Ilpu 25 °C KOHCTaHTa CKOPOCTH PEAKIUK B ra30Boi (ase

N 204 > 2N Oz
UMEET CIIEAYIONTNE 3HAUCHUS:
P, Ila 21590 34660 89040
k(ycn. emuHUIIBI) 4,4 4,8 6,0.

[ToueMy KOHCTaHTa CKOPOCTH BO3pacTaeT NpH yBeludeHHd JaBieHus? Ilouemy
KOHCTAaHTa CKOPOCTH Ha3BaHA KOHCTAHTOM, €CJIM OHA 3aBHCHT OT JIABJICHHS?
3asaua 3. B KakoM HalpaBJIEHUH CMECTUTCS PABHOBECUE PEAKIIMU
4HCl+ Oy <> 2H,0+2Cly , AH’,, = —114,42 x]J{/MOIb,

123



eciu: 1) moBwicuTh KOHHEHTpanuio O); 2) yBenMUUTh KOHUEHTpauuio [/1,0; 3) NOHU3UTH
naenenne; 4) moseicuTh Temmeparypy Ha 50 °C (TemmeparypHbiii KO(Q(OHIMEHT HpIMOi
PEAKLMH Yrp = 2, @ Yosp. = 3)?

Cnucok JuTepaTypbl, peKOMEHAyeMblil K HCIO0Jb30BAHMIO 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. : U3patensckuii 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 6. PacTBOpbI
IIpakTyeckoe 3ansaTHe 6. PacTBopbl. Crioco0bl BbIpakeHUsA KOHIEHTPALMH
pacTBOpoB. PacTBOpBI 3/1eKTPOINTOB. PacTBOPHI HEIJIEKTPOJIUTOB

Heaw 3anstusi: GopmupoBanue 0a30BBIX 3HAHWN O CIIOCO0AX OIMPENCICHHS CBOWCTB U
KOHIICHTPAIIUi paCTBOPOB M HABBIKOB MPOBE/ICHUS PAaCUETOB.

3HaHusI M yMeHMs, IPHoOOpeTaeMble CTYIEeHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI
3HaTB: OCHOBBI CAMOOPIaHU3AIMH U caMOOOPa30BaHHUS;
3HaTh: CyIIHOCTh M 3HaUEHHE MH(OPMAIUY B PA3BUTHH COBPEMEHHOI0 OOIIIECTBA; OCHOBBI IOJIYUYCHHS U
00paboTKK HHPOPMAIMH U3 PA3TUIHBIX HCTOYHUKOB
3uath: PabOTHI MO pacyeTy U MPOSKTHPOBAHUIO JIETANICH 1 y3J10B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3AIHA TPOEKTUPOBAHUS
YMeTb: caMOCTOSTEIBHO CTPOUTH MpOoLiece OBNaieHus HH(popMalmei, 0TOOpaHHO! H
CTPYKTYpPHUPOBAHHOM JIJISI BBIMOTHEHHUS TPO(HECCHOHATIBHOM JESTEILHOCTH.
YMeThb: TOIy4aTh U 00padaTeIBaTh HH()OPMAITHIO M3 Pa3IMIHBIX HCTOYHUKOB
YMerTh: TPUHUMATH YYaCTHE B pabdOTax MO pacyeTy M MPOCKTHPOBAHMIO JCTAICH U y3JIOB
MAIIMHOCTPOUTEBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HACTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATH3ALIMU MPOEKTUPOBAHUS

HaumenoBanue (opMupyeMbIX KOMIETSHIIHIA

HNupexc DopmyIUpOBKa:

OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMH U CaMOOOPA30BAHUIO
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https://openedu.ru/

OIIK-4 MIOHMMaHMEM CYIIHOCTH U 3HaueHHsI UH()OpPMAIMK B Pa3BUTUU
COBPEMEHHOT0 OOIIECTBA, CIOCOOHOCTHIO MOJIydaTh M 00pabaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYPHUPOBATh U 0(OPMIISITH HHOOPMALIUIO B JOCTYITHOM IS IPYTUX
BUJIC

IIK-5 CIIOCOOHOCTBIO MPUHUMATh YYaCTHE B pabOTax IO pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MATMHOCTPOUTENIbHBIX KOHCTPYKIUH B
COOTBETCTBHH C TEXHUYECKUMU 3aJaHUSIMH U UCIIOJIb30BAHUEM CTaHJIaPTHBIX
CpEACTB aBTOMATH3alMU IPOSKTUPOBAHUS

AkTyanbHOCTh TeMbl. COBpEMEHHAsT MOJEKYJIIpHas TEOpUS PACTBOPOB MPEACTABISET
co0olf  OOmMMPHYI, WHTEHCHBHO Pa3BUBAIOMIYIOCS 00JIaCTb  MOJIEKYJSIPHOM  (DU3HKH.
MonekynsipHasi TeOpUs KHUIKHX PACTBOPOB OMHUPACTCS HA TEOPHIO YUCTHIX OJTHOKOMIIOHEHTHBIX
KHUJKOCTEH W TEOPUI0 MEKMOJCKYJISPHBIX CHJI. PacTBOpBI 3JEKTPOIHMTOB - OCOOBIA Kjacc
KOHJCHCUPOBAHHBIX HOHHO-MOJIEKYJISIPHBIX CHUCTeM. YUpe3BbIYaiiHasi CIOXHOCTh H3y4aeMOTo
o0BeKTa MpeIonpeeNisieT MHOTOYUCIICHHBIC TPYAHOCTH U MPOOJIEMBI B 3TOW OTPaCd HAYIHOTO
MTO3HAHMS.

Teopernyeckasi 4acThb
Crnoco0blI BbIpa:KeHUs] KOHIEHTPALMHM PacTBOPOB

Pacmeopamu nasvieaiom mepmoOUHAMUYECKU YCMOUYUBblE OOHOPOOHbIE CUCHEMDL,
cocmoAwue uz 06yx u Oonee KOMNOHEHMOE (paCWIGOpeHHle eeuecme u pacm@opumeﬂﬂ).
PacTBOopeHHbIE BelecTBa — 3TO KOMIIOHEHTBHI pPacTBOpa, KOTOpPbIE MEHSIOT CBOE arperaTtHoe
COCTOSIHME MpH ero oOpa3oBaHuM. PacTBopuTenb — BEIIECTBO, HE H3MEHSIOIIEE CBOETO
arperaTHoro COCTOSIHUS IPU 00pa30BaHUU PacTBOpA.

Haubosnee mupokoe pacnpocTpaHeHHe MMOJIyYUIA BOJHBIE PACTBOPBI, pACTBOPUTENIEM B
KOTOPBIX SABJIACTCA BOAA.

Bakneimiell xapakTepUCTHKOW pacTBOPOB SIBJIETCS HX KOHLEHTpaLus — Macca WIH

KOJIMYECTBO BEIIECTBA, COJEP)KAILMECS B OINpPEIEICHHON Macce WM 00beMe pacTBopa WIH
pacTBOpUTEIIS.

MACCOBAS JOJISI BEIIECTBA X - MACCA BEIIECTBA m(X) (B I),
COJIEPXKAIIIASICS B 100 T PACTBOPA::

o). % =" 100,
P 6.1)

MoJmsiTbHast KOHIIGHTpALHs — KomudaecTBo Moib Berecta N(X), comepixkarmeecs B 01HOM
kmitorpamme (uau B 1000 r) pactBOpuTENS:

MOJIb _ n(X) 1000 — m(X) 1000

p-yst M(X)mp,_ g (6.2)

C (X)),
m

KI m

MOJISIPHASL KOHLIEHTPAILIMS — KOJIMYECTBO MOJIb BEIIECTBA n(X),
COJIEP)KAIIEECS B OTHOM JIM® (MJIX B 1000 CM*) PACTBOPUTEJIA:

C,, (), X 1Y) 1o00= " 1000
HM» Ka—,1n M(X)Vp—flﬂ (6.3)
MOJIAPHA S KOHIIEHTPAILMS KOJIMYECTBA DKBUBAJIEHTA

(HOPMAJIBHOCTb WJIM SKBUBAJIEHTHAA KOHLIEHTPALIMA) — KOJIMYECTBO
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MOJIb DKBUBAJIEHTA BEIIECTBA X, COJAEPXXAIIEECS B OJHOM M’ (UJI B
1000 CM*) PACTBOPUTEJIS:

1 ) X
clx, M0J131> _ ;\- 1000 = T( ) -1000 (6.4)
Z,r IM p-ist M(iX)I/p-nﬂ |
zZ

X

1 1
rie ’7(—2 ) u M (—Z ) — KONMYECTBO MOJb AKBHBAJIEHTA BELIECTBA (B MOJIb-3KB) M €ro
X X

SKBHUBaJICHTHAsI Macca (T/MOJIb) COOTBETCTBEHHO.

HpuMeanue. Ywucao Zx Ha3bIBAKOT OK6UBANEHMHbIM  YUCIOM  HUIINX  YUCIIOM

sxeusanenmnocmu —2Z > 1. 3uauenue Z, onpepensroT o XMMHYECKOH peakiiy, B KOTOPOit
y4acTBYyeT JaHHOE BellecTBO. Tak, B YaCTHOCTH, AJIA Ui BELIECTB, ydacTByromux B OB-
PeaKuusX, SKBUBANEHTHOE Yncno Zy Iisi BOCCTAHOBHTENS PABHO YHCITY JIIEKTPOHOB, KOTOPOE
OH OTJAET, a I OKUCIIUTEINA — YUCIy DJIEKTPOHOB, KOTOpoe OH nmpuHumaer. Hanpumep, mnd
anona MnO, B 3aBucuMocTH oT Xapaktepa peakuun Z,  MoxeT ObITH paBHO 5, 3, I,
Harpumep:

MnO; + 8H  +35¢" =Mn"" +5H,0; Z_ = 5; 3(MnO;) = 1/5 Mons;

MnO;, +2H,0+3¢” = MnO, +40H"; Z = 3; D(MnO,) = 1/3 Monb;

MnO, +le =MnO; ;Z = 1;2(MnO;) = 1/1 Mon.

CrietoBaTeNbHO, B 3TUX PEAKIUIX SKBUBAJIEHT okuciurenss MnO, cooTBeTCTBEHHO paBeH

1/5, 1/3 u 1 MOJIb.
HeoOxoaumo Bcerja MOMHHMTh, YTO 3HAUCHHE YKBHBAJICHTA J000r0 BElecTBa X HE
HpeBBIAET eAUHUIEL T. €. I(X) < 1,
OnpeneneHne YKBUBAJICHTHBIX YMCENT HEOMHAKOBO JIJIsi 0OMeHHBIX 1 OB-peakiuii.
B 00MEHHBIX peakiusX SKBUBAJCHTHOE YHCIIO OMPEICIISIOT TI0 CTEXHOMETPUH peakiuu. Eciu
TUTS PEaKIuy BUJIA
viA+v,B=v.C +v,D
Ha OIUH MOJb BemectBa A Tpebyerca VyB/Vv,A mons Bemectsa B, 10 Z, =Vv/v, .

MOJIBHA$I J1OJISI — OTHOILEHUE KOJMYECTBA MOJIb BEIIECTBA N(X) K
OBIIEMY YMCJTY MOJIb BCEX BEIIECTB Ny (X;), COCTABJISAIOUINX PACTBOP:
N(X
)= VO

Ny (X)) (6.5)

Turp pactBopa BemtectBa X — macca emecrsa M(X) (B 1), comepxariascst B 0XHOM M’
pacTBopa:

7(X). eﬁ :m(X)
em’ V7 (6.6)
THUTP PACTBOPA BEIIECTBA B IIO OIIPEJEJISEMOMY BEIIECTBY X -
MACCA BEHIECTBA m(X) (B TI), COOTBETCTBVIOILIAS OJHOMY CM®
CTAHJIAPTHOI'O PACTBOPA BEILECTBA B:
T(B/ X). 2? _ m(X) (6.7)
em” V(B), .-

pa
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BECBbMA BAXHBIM ITAPAMETPOM PACTBOPOB ABJIAETCA UX IINIOTHOCTD
— OTHOLIEHUE MACCBI PACTBOPA (B KI') K OFbEMY 2TOI'O PACTBOPA:

ke m__,

a (6.8)

IIpumeuanue. B xumMuy Yaiie TPUMEHSIOT Pa3MEPHOCTD IIOTHOCTH PACTBOPOB B I/CM”.
Ji1st mpoBeieHrsT pacyeTOB TOJIE3HO 3HATh (opMydTy (9), CBA3BIBAIOIIYIO KOJTHYECTBO MOJIh
SKBHMBAJICHTA BEIIECTBA X C PA3TUYHBIMH BHIaMU KOHIICHTPAIUI €r0 pacTBOPOB.

m(X) _TXOV(X) _T(B/X)V(B) _
Mf(J X)) M(_' X) M'(J X)

n(L X)), moab=

1
CCXWXD) (X)), %p,, Y (X)

1000 e )
lOOM‘(Z‘ X) (6.9)

[Ipn mpUrOTOBIEHUHM PACTBOPOB C PA3NIWYHOW MACCOBOWM [10JIed BeCbMa IOJIE3HBIM
SIBJISICTCS] TAK HA3bIBAEMOE MPABUIIO CMEIICHUSI (MJTH TIPABUIIO «KPECTa).
Cxema «KpecTa» UMeeT BH/L:

w,% — m,, T
0
., %

@,, % — m,, I.

rae @, % 1 @, , % — MaccoBbIe IO UCXOTHBIX pacTBOpOB;

m1:|a)2 — @ UM, =0 — @, — mMacchl UCXOAHBIX PACTBOPOB (B I') MOCIE CMELICHUS

KOTOpBIX OyJIeT MOTy4eH pacTBOP C MAcCoBOM pomneit @, %o.
PacTBOpBI 3/1€KTPOJINTOB
Dnexmponumamy Ha3bIBAIOTCS BEIIECTBA, KOTOPbIE MPU PAaCTBOPCHUH B BOJE
MOJIBEPTafOTCsl MPOTONH3Y (IUCCOIMUPYIOT WM paclaialoTcs) Ha WOHBI WM MPOBOJAT
ANIEKTPUYECKH TOK. HeopraHudeckue KUCIOThI, OCHOBAHHUS U COJIU SIBJISIFOTCS DJIEKTPOJIMTAMH.
Cuia 3JIeKTpOIUTa XapaKTepu3yeTcs CTENEeHbI0 mpoTonu3a (& ), KoTopasi MOKa3bIBaeT
OTHOIIIEHWE YHCIIa MOJIEKYJI, pacmaBmmMxcs Ha HOHBI (/NV), K 0OIIeMy dYHCIy MOJEKYI

snektponuta B pactope ( N, ), u BbIpaxkaeTcs B MPOLEHTaXx:

azﬂ-lOO%.
N,

. (6.10)
VYCIIOBHO CUMTAIOT AJIEKTPOJIUTHI, IMOjABeprummecs nporonuszy Ha 3% u meHee (T.e.
a <3%) — cnabbimu, a Ha 30% u Gonee (@ > 30%) — cusbHBIMH.
B pactBope cmaboro 9NEKTPOJHMTAa  YCTAaHABIMBACTCS  PaBHOBECHE  MEXIY
HE/IMCCOLMUPOBAHHBIMU MOJIEKYJIaMH M TPOJYKTaMHU HX pacnajga — voHamu. Hampumep, B
pactBope ci1aboil 0THOOCHOBHOM KHCIIOTHI:
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H,O
2 + -
HA (__) H +4
KOHCTaHTa TAKOI'0 pPaBHOBCCHUS BBIPAKACTCA HYCPC3 PABHOBCCHBIC KOHIICHTpPAIUU
COOTBCTCTBYIOIIUX YaCTHIL B PAaCTBOPE U HA3BIBACTCA KOHCMAaHmou npomoJausza uau KOHCMAaHmou

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

K, (HA) = [HA] ' (6.11)

MHOroOCHOBHBIE KHMCIJIOTBI PAacHaJaroTCsl CTYIIEHYaTO, KaKJAas CTYNEHb W3 KOTOPBIX
XapakTepUu3yeTcs cBOel KoHcTaHTou. Hampumep:

) _ H'[HS
[H,5]
: HY[S*
HS 2o vt K, =TI
[HS"]
CoryacHo 3akony pas6asienus OctBanbaa, K, ¥ ¢ cBsa3aHbl ypaBHEHHEM:
2
a -C
K, (HA) = _ (6.12)
rae C — MoJspHas KOHLEHTPALHUS SJIEKTPOJINTA, MOJIL/IM".
Ipu ¢ << 1 ypaBuenue ynporaercs:
—_ 2.
K,(HA)=a" -C. (6.13)

lIJ'I?I PaCUCTOB, CBA3aHHBIX C IIPOTOJU30M KUCJIOT, YaCTO MCIIOJIB3YIOT HE K asa

T0Ka3aTeb KOHCTAHTHI poTonu3a (qucconmanun) PK, | kotoperii pasen:

P, = ~lgkK,. (6.14)

C Bospacrammem K |, T.e. c yBenMueHMEM CHIBI KHCJIOTHI, 3HAYCHHE pK,

a

yMeHbIIaeTcs, cileaoBatenbHo, yeMm 6onbue PK., | Tem cnabee kucnora. Tak, snasenus pK,
nns cnabbix kucnor or CH,COOH 1o HCN nexar B npenenax or 4,76 10 9,21.
Jlns omHoocHOBHBIX KucioT, Hanpumep, ykcycnoit — CH,;COOH, konuentpanun
[H'] 1 [A"] pasHBI u cocTaBisor:
[H']=[CH,COO ] = aC.
C yuerom ypaBHenus (10.2.4) numeem:
[H"]=[CH,COO =K, -C.

PacTBOpBI HEAIEKTPOJIUTOB
Paz0aBiieHHBIE PACTBOPBHI  BEIIECTB-HEIEKTPOIUTOB  O0JIQAAIOT  psiioM  (pusMKo-
XUMHUYECKUX CBOMCTB, JUIsI KOTOPBIX KOJMYECTBEHHOE BBIPAKEHHUE ITUX CBOMCTB 3aBUCUT TOJIBKO
OT YHCIa HAaXONAIIMXCA B PACTBOPE 4YACTUL[ PACTBOPEHHOIO BELIECTBA M PAaCTBOPUTEIS
(koyTMTaTUBHBIE CBOMCTBA). HekoTOphle M3 ATHUX CBOMCTB HMCHOJB3YIOTCS IS ONMpPEACIICHUS
MOJIEKYJIIPHON MacChl paCTBOPEHHOIO BEIECTBA.
Tax, B COOTBETCTBUM CO 8MOpbIM 3aKOHOM Payns: TOBbIIEHNE TeMIiepaTypbl KUeHus (

At ) WM NOHWKEHHE TEMIEpPAaTyphl KPHUCTAILIM3ALUM (Atkp) pa30aBICHHBIX PAaCTBOPOB
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HERJIEKTPOJIUTOB IPONOPLIUOHAIBHO YUCILY YacTHUIl PAaCTBOPEHHOIO BELIECTBA U HE 3aBHCHUT OT
€ro MPUpPOJIbI:

At =KC
kp m? (6.15)
Atxym. - ECm’ (6 16)
rae At — MNOHMXXCHHUC TCMIICPATYPbl 3aMCp3aHUsA HJIW TOBLINICHUC TCMIICPATYPbl KHUIICHUSA
pacTtBOpa, TIpan; K u E — KPHOCKOIIMYECKasd U 36YJ'IJ'H/IOCKOHI/I‘ICCKa$I KOHCTAHThI

cootBerctBenno; C, — MonambHas KOHIIEHTpaluMs pacTBOPEHHOrO BemecTBa, Momb/1000 T

pacTBOpUTEIIS.

Ilpumeuanue. Kpuockonuueckas H 30YyJUIMOCKONMUYECKAsh KOHCTAHTBI TPEACTABIIAIOT
co00il MOHMKEHHE TEeMIIepPaTypbl 3aMep3aHusl WM TOBBIIICHHE TEMIIEPATypbl KUIICHUS IS
PacTBOPOB HEJIEKTPOJIMUTOB IIPU WX KOHIIEHTPALMAX PaBHBIX 1 MOJb/oM’.

Ecmu M (T) HeaneKTposmTa, MMEKIIEro MOJIbHY0 Maccy M, pactBopeHsl B M ., (T)
pacTBOpUTEIs, TO:

1
At')’(l\l = K')’ll\l . h : 000 b Zpaayc
» . M()’*G[f Iqup*.l}i (6. 17)
1
Atl(llll = El{lll] . h : 000 > Zpaayc
M()’*()’Cl 171[)*.7}1 (6. 1 8)

@opMyJbl  MO3BOJIAIOT ONPEAETUTh TEMIEPaTypbl 3aMep3aHusi U KUIEHUS PacTBOPOB
HEIJIEKTPOJIUTOB MO MX KOHIIEHTPALMM, a TaKXKEe HAXOJUTh MOJIBHYIO MAacCy pacTBOPEHHOTO
BEIIECTBA 110 OHWKEHHUIO TeMIIEpaTyphl KUIIEHUS WM 3aMepP3aHUs PACTBOPOB.

Bomnpocsl u 3aganust

[Tpumep 1. HamucaTe MoneKyIsipHOE M HOHHOE YpaBHEHHs peaklUid B3aUMOJEHCTBUS
pacTBOPOB HUTpaTa Oapust U Cyib(hara HATPHsL.

1 CocraBisieM MOJEKYJISIPHOE YpPAaBHEHUE PEaAKIIUU:

Ba(NOs)5 + Nay SO, = BaSO, L +2 NaNO;

2 TlepenucbiBaeM 3TO ypaBHEHUS, W300pa3vB XOPOIIO AMCCOIMHPYIOIINE BEIIeCTBAa B
BUJIC MOHOB, a yXOJIsIue U3 chepbl Peakuud — B BUAE MOJEKYN, T.€. COCTaBISIEM IIOJHOE
MOHHOE YpaBHEHHE TAHHOW PEeaKIiH.

Ba** +2NO; +2Na* + S0~ = BaSO, 4 +2Na* +2NO5 .

3 BeinuceiBaeM HMOHHOE YpaBHEHHE pEaKIMH B OKOHYATEIILHOM BHJE (COKPAIICHHOE

HMOHHOE YpaBHEHHUE):
Bat +S0O; = BasSOy 1,

KOTOpOE OTpeNeisieT CyTh Ipollecca B3aUMOJICHCTBUS pacTBOPOB HHTpara Oapus H

cynbdaTa HATpHUS.

3amaga 2. Paccumtaiite monHyio cuiy pactBopoB RbNO;, CuCl, m Na;PO,, ecnm ux
MOJIISIPHBIE KOHIEHTpanuu pasHbl 0,1 MOIb/am’.
Pemenue. 1 B pactBope HUTpaTa pyouaus:
1 2 2 1 2 2\
I= E(CWZM+ +C,o2h j = SO+ 0.1 (1)) =01,

2 Ins pactBopa CuCly:
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1 |
I= E(CCUL 22 2 +Cazly) = E(0,1-22 +2.0,1-(-1)*) = 03.

3 Wonbsl Na™ u PO4 cO31a10T MOHHYIO CHITY:

1(' .2 . 2
I= E.CM‘ Zyat t Cpos3 2o

) = ;(0,3 17 4+0,1-(-3)%) = 0,6.

[Tpumep 3. CKOIBKO CM® pacTBOpa M'MAPOKCH I HATPHUs ¢ MaccoBoi poneit m(NaOH) = 30%
(p1 = 1,300 r/cm’) mago nobasuts k 300 cm® Bogsl (p(H,O) = 1,00 r/cM?), 4TOOBI MONTYYUTE PACTBOP
¢ MaccoBoit fonei wx(NaOH) = 10%?

Pemenue. MOXHO IPENIOKUTh TPU BApUAHTA PELICHUS TAKOM 3aa4Hu:

1) mosTanHbIN pacyeT, ¢ COCTaBICHUEM CHUCTEMBI U3 JIBYX YPaBHEHUN;

2) ¢ UCTIIOJIb30BAaHUEM 3aKOHA YKBHBAJICHTOB;

3) IpUMEeHUTh MPABUIIO KPECTa.

Bapuaum 1. Bpraucnum maccy rugapokcuga Hatpus (m(NaOH), r), xoropas noimkHa
COJIEP>KaThCS B UICXOHOM PacTBOpPE C Maccol my, I:

100 r pactBopa ¢ ®i(NaOH) = 30% conepxxut 30 r NaOH

my, T pactBopa ¢ ®(NaOH) = 30% conepxxut m r NaOH

30
Ilepsoe ypasnenue: m(NaOH ) = 100" my, T =0,3-my, .

Paccuutaem maccy pactBopa ¢ MaccoBoit goiieit wx(NaOH) = 10%:

100 r pactBopa ¢ wx(NaOH) = 10% conepsxwut 10 r NaOH

(300 + m,), r pactBopa ¢ ®(NaOH) = 10% conepxut m r NaOH.

Bmopoe ypaenenue: (300 +m;)-10=100-m(NaOH).

Mainee Beipaxenue 1uist m(NaOH) 3 nepBoro ypaBHeHMsI I0ACTaBUM BO BTOPOE U PELLIUM
BHOBb TMOJYYEHHOE YpaBHEHHE OTHOCHUTEIIbHO m; — MCKOMOW MacChl MCXOJHOTO pacTBoOpa ¢
®1(NaOH) = 30%:

(300+m;)-10=100-0,3m;; m; = 3(2)80 =150r

Tenepsr BbIYMCIUM 00BEM, KOTOPHIA OyayT 3aHumath 150 r pactBopa ¢ ®;(NaOH) =
30%, ucnonb3ys Gopmymy (8):
Ve ="M =10 4539

o 130

Otset: K 300 cM® Boas! Hano no6asuts 115,39 cm® (150 r) pactBopa ¢ 01(NaOH) = 30%,
4TOOBI MOJIYYUTh pacTBOp ¢ MaccoBoi noneit wx(NaOH) = 10%.

Bapuanm 2 'Y 1o6HO Bocmonib3oBaThest hopmyioit (9), yauThiBasi, 9To

0 (NaOIT) = @ (NaOH ) - m, _ @, (NaOH)- (300 + m,) _ n (NaOH),
M (NaOH) M (NaOH )

rae m; = p;Vj, r — Macca pactBopa ¢ ®;(NaOH) = 30%;

300 + m=m,= szz, T.

B wurore:

w(NaOH) -my = @ (NaOH)-(300 + m;); my;=1501; ¥, =11539 car”.

Bapuaum 3. TlpuMeHUM NOpaBUIO «KpPECTa», YUUTbIBas, 4yTo KoHueHTpauus NaOH B

YHCTOH BOJIE paBHA HYJIIO:

30% — m;, T
10, %
0,% — my, T.

Boruncnum macey pactBopa (my, ) ¢ ®1(NaOH) = 30% u maccy Boabl (my, T), KOTOpBIE

HAJI0 CMEMIaTh, YTOOBI MOMYy4nuTh pacTBOp ¢ ®x(NaOH) = 10%:
m=10-0=10r;m=30-10=20r.
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Hrak, uto6bl momyduts pactBop ¢ ox(NaOH) = 10%, mamo x 20 r (20 cm’) Bomasl
no6asuth 10 T pactBopa ¢ ®(NaOH) = 30%, a x 300 T BojsI Ha/10 70OABUTH:

m 10

m| = :300=—-300=1502; Vi, e’ =11539.
20

m 2

ba3o0BbIi1 ypoBeHb

3agaua 1. Hamumcarb HMOHHO-MOJIEKYJIIpDHBIE YPaBHEHUS pPEAKUMH B3aMMOJEHCTBUS
CIICAYIOIINX BEIIECTB:
a) Pb(NOs), u Na,S;
0) Cu(OH), u H,SOy4;
B) CaCO; u HCI;
F) FCSO4 nu st;
1) CuO u H,SO..
3amaga 2. CocTaBbT€ MOJIEKYJISIPHbIE YpaBHEHMsI peakLud, KOTOPbIE BBIPAXKAOTCS
CIIEAYIOIIMMHU KPATKUMU MOHHBIMHU YPAaBHEHUSMMU:

a) H" +OH = H,0

6) Cu*" +S* =Cus

6) CO;” +2H" =CO, + H,0

2) ZnOH™ + H' = Zn*" +H,0

0) HCO; +OH ™ = CO;™ + H,0

e) Mg(OH), +2H " = Mg** +2H,0.

3agaua 3. Paccumraiite aktmBHOCTH MOoHOB K™ m SO,* B pacTBOope cyibdara Kamus ¢
monsipaoii konuentpaiueit C(K>SO4) = 0,1 mons/mv’.

3amaua 4. Paccuwmraiite cpemHuii KO3h(HUIMEHT aKTUBHOCTH JUISI BOAHOTO PacTBOpa
TUJPOKCUIA HATPHs ¢ MOJIsApHOl koHieHTpanreiit C(NaOH) = 0,1 Monb/IM® U cpaBHUTE €ro ¢
SKCIIEPUMEHTAJIbHO HalieHHOW BenunHoM 0,764.

3agaua 5. Borumcaure npoussenenue pactBopumoctu Fe(OH),, ecnmu B 100 cM’ ero
HACBIIEHHOTO PacTBOpa coaepxkutes 9,6-107° r 3Toro rugpokcua.

Bamaua 6. Ilpoussenenue pactBopumoctn Ag,CO; cocrasiser 81072 Paccumrarh
PacTBOPUMOCTE KapOoHaTa cepedpa B MOJIb/IM” U T/ M.

3agaya 7. Beraucauts pactBopumocts CaF, (B Mosb/nM’) B Boge u B pactope CaCl, ¢
xonnentpanueii  C(CaCl) = 0,05 moms/mm® (IP(CaF,) = 4-10'). Bo ckomeko pa3
pPacTBOPUMOCTH BO BTOPOM Cllyyae MEHbIIIE, 4eM B IiepBoM? PacueTbl MpoBeCTH ¢ y4eToM u 0e3
y4yeTa MOHHOW CHJIBI PacTBOpa.

3agaua 8. Ckonbko cm® pactBopa (Vi(H;PO,)) dochoproit kucnors (Ci(H;PO4) = 1,010
Monb/aM’) Hamo moOasuth K 250 cm® pactBopa (ocdoproit kmcnotel (Co(H;PO,) = 1,510
MOJIB/IM), 4TOOBI ONYuuTh pacTBop ¢ @3(HsPO4) = 11,19% u p; = 1,060 r/cm*?

3amaua 9. Kakyto maccy kpuctamoruapata kapoonara Hatpusi Na,CO;-10H,O Hazo B3iTH
mist purotosiierrs 200 cM® ero BomHoro pactBopa ¢ Maccooit gonei »(Na,COs) = 10 % (p = 1,102
r/em?)?

Paccuntath 151 MOMy4eHHOTO pacTBOpa: THTP, MOJISIPHYO, MOJISIPHYIO SKBUBAJICHTA M MOJISUTEHYIO
koHreHTpaim  Na,COs;. OueHuth aOCOMIOTHYIO ¥ OTHOCHTENBHYIO (YCJIOBHBIE!) TIOTPEITHOCTH
MIPUTOTOBJIEHHS ITOTO PacTBOpA.

3agavya 10. BeIYuCIuTh MOJSPHYIO KOHIEHTPALMIO KOJWYECTBA SKBUBAJEHTA PacTBOpa
TUIPOKCUIA KallMsl TMOJYYEHHOTO TpU cMemmBanud pactBopos: 300 cm® ¢ C(KOH) = 0,8
moub/nm’ u 700 em® ¢ ¢(KOH) = 1,2 mons/am*? Kakos turp KOH mo HCI1?

I1oBbIIEHHBIN YPOBEHB
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Bagaua 1. Cxonbko cm® Boasl (p(H.0) = 1 r/em’) cnenyer moGasuth k 1 am° pactBopa
xsnoposogopoanoi kucaotel ¢ C(HCI) = 1,5 Mons/am’, 4To6bI MONYYUTH PACTBOP ¢ MOJISIPHOM
KOHIIEHTpAIUeN paBHON TouHO 1,0 Mob/am*?

3anava 2. B kakom o0BbEMe HachimeHHOTO pactBopa Agi;PO4 comepxurcs oauH rpamm
sroit comu (ITP(Ag;PO,) = 1,3-10%)?

Bamaua 3. B 10 av® macenmennoro pactesopa CaCOs comepxurca 0,0278 T MOHOB
KaJblMs. BIUUCIUTD TPOU3BECHNE PAaCTBOPHUMOCTH KapOOHAaTa KalbLusl.

3amaua 4. O6pasyerca au ocanok AgBr (ITP = 6,0-107"), ecnm ciuth paBHBIE 0OBEMEI
pactBopoB AgNO; u KBr ¢ xonnentpamusmu C(AgNOs) = C(KBr) = 0,001 monn/am??

Cnncok Jureparypbl, peKOMeHAyeMbli K HCI0JIb30BAHMUIO 110 JAHHOI TeMe

OcHoBHasl iuTEpaTypa:

1. Koporun, H. B. O6mas xumus : yaeouuk / H. B. Koposus. - 13-e uzn., nepepab. u gor. - 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 okpyKaromei cpeibl : XMMUS )KUBBIX opraHnn3mMoB. Kypc nexmmii /
E. C. Muxamuna, A. JI. [letenun. — 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 gocryma: s
aBTOPHU3HUP. MOJIb30BaTENEH

JlonoyiHUTeIbHAS JIUTEpaTypa:

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

2. XuMUsl METAJUIOB : yu4eOHOe TTocooue (s CTYJICHTOB XMMHUYECKOTO (haKyIbTeTa
HamnpaBlieHUl O0akanaBpoB « XUMUs» U «XUMHUYECKask TeXHONOTHs») / coctaButenu O. A.
I'onoBanoBa. — Omck : OMckHii rocyaapcTBeHHbINH yHUBEpcuTeT M. @.M. JlocToeBckoro,
2015. — 552 c. —

ISBN 978-5-7779-1875-8. — TekcT : 2eKTpoHHBIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctymna: mis
aBTOPU3UD. M10JIb30BATENEH
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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 7. KoMmjiekcHbIe coeTUHEHUS.
IIpakTuyeckoe 3ansaTHe 7. KoMmjieKcHbIe cOeIMHEHUS.

Heaw 3ansaTus: CHopMUPOBATE y CTYJACHTOB CUCTEMHBIC 3HAHKSI O CTPOCHUH M CBOHCTBAaX
KOMILUIEKCHBIX CO€IMHEHUU. HayduTh CTYJEHTOB MHOJy4aTh KOMIUIEKCHBIE COEAMHEHUS U Ha
OCHOBAaHHMHM TIOBEACHHUS KOMIUIEKCHBIX COCIMHEHHM B pacTBOpax JenaTh BBIBOABI 00 HX
YCTONYUBOCTH.

3HaHUs M yMeHMs, IPHoOpeTaeMble CTYIEeHTOM B pPe3yJibTaTe 0CBOEHUS TeMbI
3HaTB: OCHOBBI CAMOOPTaHU3AIMH U CaMOOOPa30BaHHUS;
3HaTh: CyIIHOCTh U 3HaUEHHE UH(OPMAIUY B PA3BUTHH COBPEMEHHOI0 O0IIIECTBA; OCHOBBI OJIYUYCHHS U
00paboOTKK HHPOPMAIMH U3 PA3TUIHBIX HCTOYHUKOB
3uath: PabOTHI MO pacyeTy U MPOSKTHPOBAHUIO JIETANICH 1 y3J10B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIBb30BAHUEM CTaHIAPTHBIX
CpEJICTB aBTOMATU3AIHA TPOEKTUPOBAHUS
YMeTb: caMOCTOSTEIBHO CTPOUTH MpOoLiece OBNaieHus HH(popMalmei, 0TOOpaHHO! H
CTPYKTYpPHUPOBAHHOM JIJISI BBIMOTHEHHUS TPO(HECCHOHATIBHOM JESTEILHOCTH.
YMeThb: moNydaTh U 00padaThBaTh HHPOPMAIIHIO U3 PA3THUHBIX HCTOYHHKOB
VYMerb: MPUHUMATH yYaCTHE B padOTax IO pacyeTy U MPOCKTUPOBAHUIO JCTANICH U Y3JI0B
MAIIMHOCTPOUTEIBHBIX KOHCTPYKLUNA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU U
HCTIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATHU3ALMU POEKTUPOBAHUS

HaumenoBanue GhopMupyeMbIX KOMIETSHIIHIA

Nupexe DopMynUpOBKa:
OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMH U CaMOOOPA30BAHUIO
OIIK-4 MIOHMMaHHUEM CYIIHOCTH U 3HaueHHsI UH(HOPMAIMU B Pa3BUTUU

COBPEMEHHOT0 OOIIECTBA, CHOCOOHOCTHIO MOJIydaTh M 00pabaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTBIO HHTEPIPETUPOBATH,
CTPYKTYpUPOBaTh H OQPOPMIISTh HHPOPMAIIHIO B JJOCTYITHOM ISl IPYTHX
BUJIC

I[1K-5 CIOCOOHOCTBIO MPUHUMATh Y4acTHe B padoTax 10 pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U Y3JI0B MAITMHOCTPOUTENIbHBIX KOHCTPYKIUH B
COOTBETCTBUM C TEXHMYECKUMU 3aJaHUSIMHU U UCIIOJIb30BAHNUEM CTaHIAPTHBIX
CPEJICTB aBTOMATHU3ALUU IIPOCKTUPOBAHMS

AxtyanpHOCTh  TeMbl. KommiekcooOpa3oBaHue umeeT  OoibllIoe  3HA4YeHHE  MpHU
MIPOTEKaHUU OMOJIOTUYECKHX IPOLIECCOB B KUBBIX OpraHu3Max. VoHBI HIENOYHBIX U LIEIOYHO-
3€MeJIbHBIX METAJJIOB B OMOJIOTMYECKUX JKUAKOCTSIX HAXOAATCS B BUJIE AKBAKOMIUIEKCOB, a HOHBI
d-371eMeHTOB, SBISACH MPEKPACHBIMU KOMILIEKCOOOpa30BaTeIsIMU, 00pa3yroT KOMIUICKCHI, B
KOTOPBIX B Ka4eCTBE JIMTAH/I0B BBICTYMAIOT AMUHOKHCIIOTHI, HyKJIENHOBBIE KUCIIOTHI, BUTAMUHBI
u ropMmoHbl. Hampumep, ’kene3o BXOIUT B cocTaB remoriioOnHa. HekoTopble KOMIIEKCHBIE
COEAMHEHHUs] 00J1IafaloT OHOJIOTMYECKONM aKTHUBHOCTbIO M INPHUMEHSIOTCS B KadyecTBe
JIEKapCTBEHHbIX IpemnaparoB (ButamuH Bl12). Kpome Toro, o0pa3oBaHune pacTBOPUMBIX
YCTOMUUBBIX KOMIUIEKCHBIX COEAMHEHWH IMO3BOJISET BBIBOAMTH W3 OpPraHU3Ma COJIM TSKEIbIX
METAJIOB, 410 CIOCOOCTBYET JI€3UHTOKCUKALIUU OpraHusma.
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Teopernyeckas 4acThb
XUMUYECKUE CBSI3U OCYIIECTBIAIOTCS 3a CUET 000OIIEHUS HE CIapeHHBIX JIEKTPOHOB
WIM TIepelayu 3JIEKTPOHOB OJHHMM M3 aTOMOB, BCTYMAIOIIMX B CBs3b Apyromy. B pesyinbrare
TaKOro B3aMMOJICUCTBUS O0Opa3yrOTCs YCTOWYHMBBIE KOH(PUTYpallM{, UMEIOIINE Ha BaJeHTHOMN
000JI0YKE HIIEKTPOHHBIH OKTET. Y CTOWYMBOCTD MO00HOM CTPYKTYPHI OOBSCHSIETCSI CXOJICTBOM B
CTPOCHMM C UHEpTHhIMU Ta3amu. CoOequHEeHMs, TMOJydaroluecss TMOJ00HBIM 00pa3om,
Ha3bIBAIOTCSl OMHAPHBIMHU.

MHorve aromMbpl WIM HOHBL, OOpasyrolme OMHApHBIC COSIMHEHHS, MOTYT SIBJISTHCS JIOHOpaMy
WIEKTPOHOB YISl JIPYTUX aTOMOB, TPyl arOMOB WIM MOJIEKYJ, HE WMEIOLUMX 3JIEKTPOHHOTO OKTETa.
[NomydeHHble TakMM TYTEM CIOKHBIE MOJEKYJIbI HA3bIBAIOTCS KOMIUIEKCHBIMH COCIMHEHUSIMU  WITH
COGIMMHEHMSIMH BBICITIETO Tiopsiika. Hanpumep, B coctaB komruiekcHoro coenuHennst K,/ PtCls] BXOTAT MOHBI
K" u [PtCl]*.

LeHTpanbHbplid aTOM IUIATHHBI CO CTENEHBIO OKHCICHHS +4, BOKPYT KOTOPOTO
TPYIIHPYIOTCS (KOOPAUHUPYIOTCS) IPYTUE aTOMBI, HA3bIBAETCS KOMILJIEKCOOOpa3oBaTeseM.
[Ipucoeaunsitomuecs k HeMy HoHbI C/” Ha3bIBAIOTCS JIMTaHAaMu (WK aJJIeHAAMH).
HekoTopsie muranapl ¥ UX Ha3BaHUS:
H,0 — axBa; NH; — ammun; O° — okco; OH — tugpokco; CN™ — muano; SCN™ — poaHo;
NO; — nutpo; SO5 — cynsduro; NHOH — ruapokcunamun; F- — ¢ropo; CI- — xyopo; Br —
opomo; [ — fioo.

Uucno NUraHgoB, TNPUCOEIMHEHHBIX K  KOMILIEKCOOOpa30BaTeNlo, HAa3bIBAIOT
KOOPIMHALMOHHBIM YUCIOM (K.4.) KoMIuiekcoobpaszosarens. K.u. (Pr'*) = 6.

Honsl K" — BHemHsAsS KoopauHanuoHHas chepa (IpotuBouor); [PtCls]* — BHyTpeHHSS
KoopauHainmoHHas cdepa. EE 3apsan( TouHee, CTENeHb OKHUCICHUS X) OMpeIeseTcs
anreOpanveckoil CyMMOM 3aps0B KOMIUIEKCOOOpa3oBarens U IMrannos: x(/PtCls]*) = +4 +(—
1)6=-2.

Ecmu BHYTpeHHSIs1 KoOOpIMHAIIOHHAs c(hepa MMEeT TOJIOKHUTENBHBIN 3apsil, TO OHA HA3bIBAETCS
KOMIUIEKCHBIM KaTHOHOM, €CJI OTPHULIATENbHBIM — KOMIUIEKCHBIM aHMOHOM. MIMeeTcst psilt coenMHeHnH, B
KOTOPBIX BHYTPEHHSISI KOOpIMHALIMOHHAS cepa He HEec€T 3apsifa — HelTpabHble KoMITIEKChL. [Ipumepsl
YKa3aHHBIX TUIIOB KOMILJIEKCHBIX coezmﬂemxlﬁ'

1) katuonnsie — [Pt (NH;);CI]CI "V, [Pt(NH3)3Cl] + Cl;

[Cr(HgO)4Br2]Br ', [Cr(H,0).Brsy]" + Br;
[Nz(HgO)ngQ, M0, [Ni(H>0)s]** SO
2) aHMOHHBIE — K3[F€(C]\])5] 3K" + [Fe(CN)s]*;
(NH4)2[Pt(OI‘[)2CZ4] 2NH4 + [Pt(O[‘I)zCI4]2
Na;[AIFs] {0 3Na™ + [[AIFs]*;
3) HelTpasbHbIE (HEDIEKTPOIUTHI) — /1 Cr(HgO)4PO4] 0
[Rh(NH3)5(NO»)s] M0 %;
[Pd(NH-OH),Cl,] M0, x
Ipumeuanue. Komruiekcsl AHHMOHHOTO TUNIA  TaKXke emé Ha3bIBAIOT
aIlMIOKOMIUIEKCHBIMHU, TaK Kak IMPU TMEPBUYHOM MPOTOJIM3E€ OHU OTILICIUIAIOT KOMILUIEKCHBIH
aQHHOH.

Aneopummul HA38aHULL KOMNIEKCHBIX cOeOuHeHull: 1) KaTHOHHBIC KOMIUICKCHI — CHaJaJIa
Ha3bIBAIOT BHEIIHIOK cdepy, a 3aTeM B POAMTEIBHOM Ma/ieKe MPUBOAAT HA3BAHUS JIUTAHJIOB
BHYTpEHHEH cdepbl U pycckoe Ha3BaHHME KOMIUIEKCOOOpa3oBaTelsl C yKa3aHHEM €ro CTENeHH
OKHCJICHUs apaOCKUMHU [T paMu, HapuMep:

[Pt (NH;);Cl]Cl—xnopua TpuaMMHUHXJIOPOTUIATHHEI (+2);
[Cr(H>0),Br;] Br —6pomun TeTpaakBaguopomoxpoma (+3);
[Ni(H>0)s] SO, — cynbdar rekcaakBanukens (+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;
3HaTL: CYIIHOCTDH U 3HAUYCHHUE I/IH(i)OpMaHI/II/I B pa3BUTUH COBPEMCHHOI'O OGIIICCTBa; OCHOBBI IIOJIYUCHHA U
00paboTKK HHPOPMAIMH U3 PA3TUIHBIX HCTOYHUKOB
3uath: PabOTHI MO pacueTy U MPOSKTHPOBAHUIO JICTANICH 1 y3J10B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKUMUA B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSAMU U UCIIOJIb30BAHUEM CTAHIAPTHBIX
CpEJICTB aBTOMATU3AIUA TPOEKTUPOBAHUS
YMeTh: CaMOCTOSTEIBHO CTPOUTH TPOIIECC OBIIAACHUS UH(pOpMaIHel, 0TOOPaHHOM U
CTPYKTYpPHUPOBAHHOM JIJISI BBIMOTHEHHUS MTPO(HECCHOHATIBHOM JESTEILHOCTH.
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

Nupexe DopMynUpOBKa:
OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMH U CaMOOOPA30BAHUIO
OIIK-4 MIOHMMaHMEM CYIIHOCTH U 3HaueHHsI UH()OpPMAIMK B Pa3BUTUU

COBPEMEHHOT0 OOIIECTBA, CIOCOOHOCTHIO MOJIydaTh M 00pabaThIBaTh
MH(POPMALIMIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO HHTEPIPETUPOBATH,
CTPYKTYpUPOBaTh H OPOPMIISTh HHPOPMAIIHIO B JJOCTYITHOM ISl IPYTHX
BUJC

I[1K-5 CIOCOOHOCTBIO MPUHUMATh Y4acTHe B paboTax 10 pacueTy
IIPOCKTUPOBAHUIO JETAIIEH U y3JI0B MAITMHOCTPOUTENBHBIX KOHCTPYKIUH B
COOTBETCTBUM C TEXHHUYECKUMHU 3aJaHUSIMHU U UCIIOJIb30BAHNUEM CTaHIAPTHBIX
CPEJICTB aBTOMATHU3ALUU IIPOCKTUPOBAHMS

AKTyanbHOCTh TeMbl. OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIE — MPOIECCHl MPHHAIEKAT K
9HCITy HauOoJiee PaCIpPOCTPAHCHHBIX XHMHYECKUX PEaKIUi U MMEIOT OIPOMHOE 3HAYCHHEC B
TEOpPUU U MPAKTHUKE.

Teopernyeckas 4acThb
Teopusi OKHCJINTEILHO-BOCCTAHOBUTEIBHBIX PeaKIuii
Peaxyuu, 6 xomopuvix npoucxooum usmeHenue cmeneneu OKUCIEHUS AMOMO8,
HA3bl6AI0OMCA OKUCIUMETIBbHO-60CCMAHOBUMETIbHBIMU.
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B mpocTeix BemiecTBaX CTEMEHM OKHUCICHHS aTOMOB paBHBI Hymio. [lns cioxHON
MOJICKYJIBI CyMMa CTETICHEH OKHCJICHHS BXOJIAIIMX B €€ COCTaB aTOMOB TakKKe JIOJDKHA OBITH
paBHa HYJIO; JJIs HOHA — €T0 3apsy.

OKuCIIeHHEeM Ha3bIBAETCS MPOIIECC OTAAYM aTOMOM MOJICKYJION MJIM HOHOM DJIEKTPOHOB:

Al —3e — AT
Fe*t —e > Fe**
2CI —2e — Cl; .

B nporiecce okucieHus: IPOUCXOANT MOBBIIIEHUE CTEIIEHN OKHCICHUS.

BoccranoBinenneM Ha3bIBaeTCs MPOIECC MPUCOCIUHEHUS AJICKTPOHOB aTOMOM, MOHOM
WJIM MOJIEKYJIOM:

S+2¢— 5"
Cly +2e —2CI~
Fe’ +e— Fe?t.

[Ipu BoccTaHOBIIEHUU CTETICHb OKUCIICHUS TOHIKASTCSI.

B 3aBucumocTu OT CIOCOOHOCTH OTJaBaTh WM MPUHUMATH 3JIEKTPOHBI BCE BELIECTBA
JIENATCS. HA OKUCITUTENN U BOCCTAHOBHUTEIH.

Oxucnumenu — 3mo amomvl, UOHbL UIU MOAEKYIbl NPUCOEOUHAIOWUE dNIeKmMpOHbl. Bo
8peMs peakyuu OHu 80CCMAHABTUBAIOMCAL.

Boccmanosumenu — smo amomol, uonsbl UIU MOIEKYIbl, KOMOPble OMOArOm INeKMpPOHbl.
Bo epems peaxyuu onu oxucasiomes.

[Tpoueccrl OKUCIEHHUST M BOCCTAHOBIICHHUSI BCETAA MPOTEKAIOT Mapasuie]bHO, YTO MOXKHO
BBIPA3UTh CIEAYIOIIEH CXEMOM:

Boccranosurens (B;) — e <> okucnurens (O))
Oxucnurens (0:) + e <> BoccTaHOBHUTEND (B)).

CrnenoBatenbHO, OKUCIUMENLHO-80CCMAHOBUMENIbHbIE DeaKyul npeocmasisaom cooolu
eOUHCMBO 08YX NPOMUBONOJIONCHLIX NPOYECCO8 — OKUCIEeHUs U 8OccmaHnogneHus. B 3Thx
peakuusx oOllee Yuciao 3JIEKTPOHOB, OTJABAEMBIX BOCCTAHOBUTEJIEM, PAaBHO OOLIEMY YHUCIY,
MIPUCOEAMHIEMOMY OKHUCITUTEIIEM.

[Tpu >TOM HE3aBUCUMO OT TOrO MEPEXOJAT JIU SJIEKTPOHBI C OJHOTO aroMa Ha JIPYroi
MOJTHOCTBIO WJIH JIMIITh YACTHYHO OTTATHUBAIOTCS K OJHOMY U3 aTOMOB, YCIIOBHO TOBOPST TOJIBKO
00 oTJave U NpUCOEIUHEHUH JIIEKTPOHOB.

B OBP oxucaurens M BOCCTAaHOBUTENb PEAarupyroT APYr € APYTOM B SKBUBAJIECHTHBIX
KOJIMYECTBAaX.

Oxeusanenmom okucaumens (0O) unu eoccmanosumens (B) Hazvieaemcs maxoe
KOIUYeCmeo UxX MOJb, KOMOpOe HpUCOeOuHsem uiyu omoaem OOUH MONb 3IIeKMPOHOS, UYMO
ompasicaemcst C1e0VIOWUMU QOPMYTAMU:

1 1
2(0), more = — nnn I(B), Mot = —,
Ze zZ
II€ Ze — YHCJIO DJIEKTPOHOB, KOTOPOE TMPUHHUMAET OKHUCIUTEIhr (O WIM OTAAeT
BOCCTAHOBHUTEIL B.
MounbHas (WM MOJISIpHAs) Macca SKBUBaJieHTa OKHCIUTeNs O W BOCCTAaHOBHTENS B

BBIPAXKACTCA B r/MOJb U OIPCACIIACTCA U3 COOTHOIICHUM CJICayromero sypaa:

e

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

= P

& (&

TonbKO B POJM OKUCIIHUTENS BBICTYMAIOT YaCTUIIBI, UMEIOIINE MAKCUMaIbHO BO3MOXKHBIC
CTENIEHU OKHCJICHHs (Hampumep, uisi Mapradma — 31o (+7), mist azora (+5) W T.J.); TOJBKO
BOCCTAaHOBUTEJSI — C MUHUMAIILHOM CTETIEHBI0 OKUCTIEHUS (N1 cepbl — 3TO (—2), 1u1st azota — (-3)
U T.J.).
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Yacmuywl, umerowue npomedlcymouHvle CmeneHu OKUCIAEeHUS, MO2ym NpOsAGIAmb
ceolicmea Kak oKucaumers, max u eoccmanogumes. ITo 00yCIOBIEHO: XUMUYECKON MPUPOIOI
peareHTa-napTHEPA; yCIOBUSIMH M XapaKTEPOM CpeJibl, B KOTOPHIX mpotekaeT OBP.

Hanpasnennocte OBP  omnpenensercs  BelMYMHAMKA ~ 3HAYEHUM  CTaHIAAPTHBIX
MOTEHIIMATIOB PEareHToB: OKUcIuTenb () Bcerga uMmeer Oonbplinii (1Mo anrebpanmdeckoit
BEJIMYMHE) CTAHIAPTHBIN MOTEHIIUAJ, Y€M BOCCTAHOBUTEIb B.

Hampumep, B kucnoit cpene cmemmusaroT asa Bemectsa: K,Cr,O; m NaNO,. Kakoe u3
3THX BelIecTB Oy/IeT OKUCIUTENIEM, KaKOe — BOCCTAHOBUTEIEM?

O6partumest k cnpaBodnbiM fauubiM: ¢'(Cr.0;° + 14 H/2Cr” + 7H,0) = 1,33 B;
¢"(NOs + 2H"/ NO> + H>0) = 0,78 B.

Ilpumeuanue. Pexomenayetcs ucnonb3oBath ydeOHoe mocobme: H.C. AxmeroB, M.K.
AsmzoBa, JIL.U. baneiruna. JlabopatopHbie W CEMUHApPCKHUE 3aHATHS 1O oOmed u
HeopraHuyeckoi xumuu. M.: Beicur. mxona, 2002.

Tax kax ¢’(Cr0;7 + 14 H'/2Cr” + 7H,0) > ¢"(NOs + 2H" / NO, + H,0), mo
okucnuteneM Oynet sBistbes K,Cr,0;.

KonndectBenHoil xapaktepuctukoi TiayOunsl mpotekanuss OBP sBisieTcss 3HaueHue
KOHCTaHTbI PABHOBECHSI:

i = 2O =0"(B)
0,059

rne ¢°(0) u ¢°(B) — crangapTHbIE NMOTEHLMANBI OKMCIMTENs O M BOCCTAHOBUTEIS B
COOTBETCTBEHHO, B; Zy — cymMmapHO€ KOJIMYECTBO 3JIEKTPOHOB, MPUHUMAIOLIUX YYacTHE B
naguon OBP.

KoncranTa paBnoBecust OBP cBsizana ¢ nmorenmnmanom ['u66ca (Jx/moinb K):

AGY = —2303RT1gK?

Dueprus 'm66ca, B cBoro ovepens, ceazana ¢ DJC (Ag’) mocrosunoit ®apanes (F) u

YKCJIOM 3JIEKTPOHOB, ydacTBytouux B OBP:

b}

AG®, JToic/monv-K = —nA¢°F,
Ap’ = ¢°(0) — ¢"(B) — DJIC OKUCIUTENHLHO-BOCCTAHOBUTEIBHON PEAKIUH IPH
CTaHJIAPTHBIX yCIIOBUSX, B.
s crangaptaeix yenoBuit: 7 = 298,15 K = 298,2 K; R = 8,314 JIx/monbK; F=
96450 =~ 96500 k/MOIIb-3KB, MOIYYUM (POpMYITy YIOOHYIO /IJIsi PACUETOB:
Fo 96500
2,303RT B 2,303-8,314-298,2
B  ycnoBusiXx OTIMYHBIX OT CTAaHAAPTHBIX, OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE
noreHuuansl (OBII) u 3JIC OBP, mnporekarommx B BOJHBIX pPacTBOpax, 3aBUCAT OT
KOHIIGHTpaluM (TOYHEE, aKTUBHOCTEH) y4YacCTBYIOUIMX B IpOIECCe HMOHOB. DJTa 3aBHCUMOCTh
BbIpaxkaeTcst popmyroil Heprera:

lg Kiye = nAp® =16,90nAp".

0,059 [O]
g [B] >

rae ¢’op— CTAHIAPTHBIN MOTEHIMAN PeareHTa (OKUCIUTEIN MM BOCcCTaHoBuUTeNs), B; [O]
1 [B] — KOHIEHTpAlMU OKHCIEHHON M BOCCTAHOBJIEHHON (POPM peareHTa, MOJIL/IM’; Z — YHCIIO0
AJIEKTPOHOB B MOJIYPEAKIIMH ISl TAHHOTO peareHTa.

Ilpumeuanue. Cnenyer Bcerga MOMHUTH, YTO KOHIIEHTpaluu Bcex ydacTHukoB OBP B
ypaBHeHuu (7.5) saBnsaoTcs MonspHbIMH KoHueHTpauusmu (Cy (X)), a He MOISIpHBIMU
sxBuBasieHTa (C(1/z X)).

Ha 3nauenue OBII u Ha xapakTep MPOIYKTOB PEAKIMH JOCTATOYHO CUJIBHOE BIIUSHUE
okasbiBaeT pH pactBopa, B koTopom mporekaet OBP. Hampumep, mpu pH < 7 3Hauenue
CTaHJIAPTHOTO TIOTEHIMAIIA I CUCTEMBI:

P’ (MnOg +8H™Y / Mn*>" + 4H,0)=1,51B;

ipu pH =7 — p®(MnOg +2H,0/ MnO, + 40H )= 0.6 B ;

pH >7 — % (MnOL / MnOZ;?)=0,564 B.

0
».B=pop + 1
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Baxwneiiine BOCCTAaHOBHUTENIU: aTOMBI METAIOB, BoJopoA, yriepoa, CO, H.S, H,SO;,
NaNO:, Na.S-0;, HI, HBr, HCI, FeSO,, CrCl;, MnSO,, NH;.
Bakneiimme OKUCIUTENHU: TallOTeHBI, XJIOPAThl, KUCIOopoa, 030H (Os), KMnO, K,Cr.0;,
Kng’l04, HzOz, HzSO4 (KOHI/;.), HNOg, PbOg
THNbI OKHCTUTETbHO-BOCCTAHOBUTEIbHBIX PeaKIuii
PasznmuyaroT Tpu THITA OKUCIIATETPHO-BOCCTAHOBUTEIILHBIX PEAKITHI:
a) BHYTPUMOJICKYJISIpHBIE; 0) AUCTIPOTIOPIIMOHUPOBAHUS; B) MEKMOJICKYIISIPHBIE.
Buympumonexynapuvie OBP — smo makue peaxyuu, 8 KOMOPbLIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOOAMCA 8 COCMABe OOHOU MONEKYbl, HO AGIAIOMCA NPU IMOM PA3HbLIMU
eMeHmamu:
2KNO; —>2KNO5 + Oy
/N —2e <> N
12072 + 4e <> O,.
Peaxyuu oucnponopyuonuposanus — OBP, 6 Xxode komopwvix 00uH u3 371€MeHmos,
cooepoicawelics 6 00OHOU MOJeKyNe, 0OHOBPEMEHHO U NO8bluiaem, U HNOHUNCAem CHeneHb
OKUCTIeHUSL:

Cl, +2KOH — KCIO + KCI + H,O
l|cl, —2e <> 2CI"
1|Cl, —2e <> 2CI.

K 1gucnponopiyoHUpOBaHHIO — CIIOCOOHBI ~ MOYTHM  BCE  YAaCTHIBI, HMEIOIIUE
MPOMCIKYTOUYHYHO CTCIICHb OKUCJICHUAA.

Hawnbonee pacnpocTpaHeHHBI pEaKIMH TPETHETO THUMA, KOTOPhIE MPOTEKAOT C
HU3MCHCHHUECM CTCIICHU OKHCJIICHHA aTOMOB B PA3HbIX MOJICKYJAX, T.C. OKUCIUTCIIL U
BOCCTAHOBUTCIIb HAXOJATCA B Ppa3HbIX BCUICCTBAX. C}011a KE CIIEAYCT OTHECTU U PCAKIIUU MCKIY
pa3sHbIMU BCHICCTBAMH, B KOTOPLIX aATOMBI OAHOI'O M TOr'0 K€ 3JICMCHTA HUMCIOT Pa3IMYHYHO

CTCIICHb OKUCJICHUA:
SHCI + HCIOy — 3Cl, + 3H,0

12 +10e <> 1Y
502CI" —2e <> C1S.

AJITOPUTMBI COCTABJICHHUSI MOJHBIX YPABHEHUI OKHCIUTETbHO-BOCCTAHOBUTEIbHBIX

peakuuii

[IpaBunbHO cocTaBiieHHOE NOJHOE ypaBHeHHE peakiuuun OBP nomkHO yaoBIETBOpSATH
3aKOHY COXPaHEHMsI MACChl BEIIECTB — YUCIO OOHUX U MeX JHce amoMo8 8 UCXOOHbIX eujecmeax
U NPOOYKmMax peaxyuu OO0ANCHO Obimb oounaxkosvim. B noHHBIX ypaBHeHUsX OBP moimkHBI
BBITIOJHATHCS: 3aKOH COXPAHEHHUsI MACChl BEIIECTB U YCJIOBHE 3JIEKTPOHEHTPATbHOCTH — cymMMma
cmeneHell OKUCIeHUsI UCXOOHBIX 6euecme OO0IHCHA OblMb PasHA CyMMe CmeneHell OKUCAEHUs.
NPOOYKMO8 peaKyuu.

Kpome »srToro, HeoOXoauMO TOMHHTH, YTO CTEIEHb OKHCJICHHUS MOXET OBITh
OTPHUIIATEIBLHOM, TTOJIOKUTEIBHOM, PAaBHOW HYJIIO, a TaKKe U APOOHBIM YHCiioM. Tak, Hampumep,
st coequnenust KO, crenenb OKUCIEHUs KUCIOpoia paBHa (—)Ya.

Cmenens okucieHus ce20a npueooumcs co 3Haxom (3HaK IUIIOC HE OIyCKaeTcs, a Bceraa
yKkasbiBaercs!).

[Tpu cocTaBieHnn ypaBHEHHH OKHCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIUI UCTIOIB3YIOT
JBA METOJa: METOJ DJIEKTPOHHOTO OalaHca M METOHA D3IEKTPOHHO-HOHHO-MOJIEKYISIPHOTO
Oamanca (Meronm mnomypeaknmii). I[locnmemHuii MeTOA WCHONB3YeTCS TOTNA, KOTIa peaKius
MPOXOTUT B cpefie dekTponuTa. [Ipu 3ToM ciabble 3MEeKTPOIUTHI, a TAKXKE MalOPAaCTBOPUMBIE
BEIIECTBA, 3aMUCHIBAIOTCS B MOJIEKYJISIPHOM BHJIE, @ CUJIbHBIE — B BHJI€ HOHOB.

Aneopumm cocmaenenus ypaenenuii OBP:
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1) onpenemnstoT OKUCIUTENb U BOCCTAHOBUTEIND (B TaOJIMIIAX HAXOJAT COOTBETCTBYIOIIHE
3HA4YEHUs CTAaHJAPTHBIX MOTEHIIMATIOB PEareéHTOB IaHHOM peakium);

2) ompenensoT, KaKue CTENeHH OKUCIICHUs IPHOOPETal0T BOCCTAHOBUTENb U OKHCIUTENb
nocine peakuuu. Yem Ooree CUIBHBIA OKHCIWTENb YYacTBYeT B pEaklMd, TaM BbIIIE
MIOJIHUMAETCSI CTETIEHb OKUCIIEHUSI BOCCTAHOBUTEIS.

AHajoru4Ho, 4yeM OoJiee CHIIbHBI BOCCTAHOBUTENb pPEAarupyeT C OKHUCIUTEIEM, TeM
CHJIBHEE TOHWKAETCSI CTENIEHb OKUCIIEHUS OKUCIIUTEISL.

3) ompenenstoT, B BHJAE KaKUX COCJUHEHHH CYIIECTBYIOT OKHCIEHHBIE U
BOCCTAHOBJICHHBIE AJIEMEHTHI B JAHHOW cpefie (KUCIIOH, IIeTOYHON U HelTpanpHol). Hampumep,
Fe'* B xucnoli cpeme cymecTByeT B BHAe coium Fe (+3), a B LIENOYHON cpele — B BHUIE
MaJIOpacTBOPUMOTo ocanka Fe(OH):s.

4) mnaxomar koddduuuentel B ypaBHeHun OBP Meronamu 537€KTpOHHOTO WK
3JIEKTPOHHO-MOHHOTO OajaHca.

B wMerozne »snexTpoHHOro OanaHca paccMaTpUBAOT —TMOJNYPEAKIMH OKHCICHUS U
BOCCTAHOBJIEHMSI C y4aCTUEM aTOMOB, HAXOSAINXCS B ONPEACIEHHBIX CTENIEHAX OKHCIEHUS.

Bonpocs! u 3axanust

[Tpumep 1. Ucnonb3yst MeTO 3JIEKTPOHHOTO OajlaHCa, COCTABUTh YpaBHEHHUE CIIEIYIOMIEH
OKHCIIUTEIILHO-BOCCTAHOBUTEIHLHOM peaknuuu:
Fe CI3 + Kl —>

VYkazaTh OKHCIUTEIb U BOCCTAHOBUTEIb; OMPE/ICTUTh UX SKBUBAJIICHTHI U YKBUBAJICHTHbHIC
MAacChl; BBIYUCIUTH MoTeHInan ['u60ca u KOHCTaHTY paBHOBECHS PEaKUUU U CAENaTh BHIBOJ O
riyOuHe e€ MpOTEeKaHMUs.

Pemenne: 1) 3HaueHHs] CTaHOAPTHBIX MOTEHIIMATIOB PEAreHTOB (CIPaBOYHBIE TaHHbBIE):
¢’ (Fe™/Fe™?) = 0,76 B, ¢"(I./2I') = 0,54 B,

2) Tak kak @'(Fe"/ Fe™) > ¢’(1,/2I'), To Fe™ — oxucnurenb, BOCCTAHABIMBAECTCS JIO
Fe'?; I - BoccTaHOBUTEIb, OKHUCISETCS 10 12

3) cxema manHoi OBP Oyner uMeTs ciaeayrommii BUI:

FeCly+ KI — FeCly + 1, + KCI ,

Ilpumeuanue. Cxema OBP Tonbko mNOKa3bIBaeT XapakTep HMCXOAHBIX M KOHEYHBIX
BEILIECTB.

4) 3amuIeM JIEKTPOHHBIE YPABHEHHMS IS TTOJTypEaKIInii

2 |Fe+3 +e <> Fe+2; Fet3 — OKHUCIIUTEIb;

1 | 217 —2¢ <> Iy; ] —BOCCTAaHOBHIEIIb;

r

| 3 1 .
:)(I Fe'”)=IMonb; MoJbHasiMacca >KBHUBaJEHTa — M (T Fet?)=56 ;
MOJIb

5)
3(21_) =1MoIb; MOJIbHasg Macca 2IKBUBaJIeHTa — M (11_) 1271 ;
2 1 MOJIb

2Fe*? +217 =2Fe*? + 1, — kpaTkoe uoHHOe ypaHeHue OBP (11 Hero BBINOIHSETCS 3aKOH

COXpAHEHHUsI MacChl BELIECTB U YCIOBUE JIEKTPOHEHTPAIILHOCTH);

6) u, OKOHYATeJIbHO — TMONHOe ypaBHeHHe OBP (mis HEro BBIMOJTHAETCS 3aKOH
COXPAHEHUS MacChl BELIECTB):

2FeCly +2KI = 2FeCly + I, +2KCI;

7) BBIYMCIUM H300apHO-TepMUYeckuil motenuuan ['mdoca mo dpopmyie AG’ = —
nA@"F, JI/M0Ib 1 KOHCTaHTy paBHOBecHs peakimu 1o(10.1.86)

a) AG"=—1-2-(0,76 — 0,54) 96500 = — 42460 Jx/Monb = — 42,46 kJ{x/MOJb;

0) lg Kihg = 16,90 nAp” =16.90-1-2(0.76 —0,54) = 7,436, .Kihe =107~ 2.73.107.

BreiBoa: rnyOuHa mpoTekaHHs NpPsIMOM peaklUd OTHOCUTEIBHO HEBENHMKa, 4YTO
00yCIIOBJICHO HE3HAYUTEIHHBIM PA3IMYNEM BEIMYUH CTAHJAPTHBIX AJIEKTPOIHBIX MOTCHIIMATIOB
peareHToB.
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B memode snekmponno-uoHno20 bananca (mounee — 31eKMpOHHO-UOHHO-MONEKYIAPHOO0
bananca) paccmampusaiom nepexoo NeKMPOHO8 Om OOHUX AMOMO8 UIU UOHOB K OpyeuM C
Yuémom xapaxkmepa cpeovl.

Jlns ypaBHUBaHHS aTOMOB KHCIOPOAA, a 3aTEM BOJOPOJA, B HEUTPAIbHOU PH=7)n
menounoit cpene (pH > 7) ucnonb3ytot: 1) OH™ — HOHBI, YUCIIO KOTOPBIX OOBIYHO y/IBAUBAIOT; 2)
MOJIEKYJIbI BOJIbI B kucioit (pH < 7): 1) monekysbl BobI (it kuciopoza!); 2) npotorsl H™ (st
BOJIOpOAA).

MeTon  3IeKTPOHHO-MOHHO-MOJIEKYJISIPHOTO  OajlaHca Has3bIBAlOT TaKKe€ METOJIOM
MOJIypPEaKIUH, U OH UMEET PsiJi IPEUMYIIECTB MO0 CPABHEHHUIO C METOJIOM JIEKTPOHHOTO OanaHca:
BO-TIEPBbIX, HE HAJ0 OMNPEIENATh CTENEHM OKUCJICHHUS 3JIEMEHTOB, TaK KakKk pacyéT vucia
AJIEKTPOHOB TPOUCXOJUT IO 3aKOHY COXPaHEHHs 3apsloB, U, BO-BTOPHIX, ABTOMAaTHYECKH
nonouparTcs Kod3(hUIMEHTH B COKpalléHHOM MOHHOM ypaBHeHMH nHaHHOW OBP. Ocobenno
BakeH mnociueauuii merox B OBP ¢ ydacTueM opraHMuecKuX COEAMHEHHH, TJie 4acTO CIIOXKHO
OTIPEAETUTH T€ aTOMBI YIJIEPO/Ia, KOTOPHIE MEHSIIOT CBOIO CTENEHb OKHCIICHUSI.

Mertoa nonypeakuuid mpuMeHUM TosibKo K TeM OBP, KoTopbie mpoTekaloT B pacTBOpax,
MOATOMY Ba)KHO YUYMTHIBATh XapakTep Cpellbl, B KOTOPOH MPOTEKAaeT JaHHas OKHCIUTEIHHO-
BOCCTAHOBUTEINIbHAS PEAKIIHSL.

[Tpumep 2. (pH < 7). Onpenenutp k03hPUIHEHTH METOAOM MOJypEaKIUi B CleAYOIIEeH
peaxiuu:

KMnOy4 + NaySO5 + Hy SO, —

YKkazaTh OKHCIHUTENb U BOCCTAHOBUTEII; ONPEICIUTh UX SKBUBAJICHTHI U YKBUBAJICHTHbIC
Macchl; BBIYMCIUTH NMOTeHIMan ['n60ca M KOHCTaHTy paBHOBECUS PEAKLMHU U CleNaTh BBIBOJ O
riyOuHe e€ mpoTeKaHus.

1) o°(MnOz +8H " / Mn?* +4H,0) =1,51B;
P (SO7~ +2H (SO~ + H,0) =022 B;
MnO, —OKHCIIUTENb, B KHUCIOM Cpele BOCCTAaHABIMBACTCA IO Mn*; sO;5 -
BOCCTAHOBUTENb, OKUCIISIETCS 10 SO;  ;
2) cxema ganHoit OBP numeer cnemyrommii BU:
KMnOy + Na> SOy + H,S0, ——> K280, + Nay SO, +MnSO, + H>O |
3) DBIEKTPOHHO-MOHHO-MOJICKYJISIPHBIE YpaBHEHHUS TMOJIypPEeakluid, € y4EeTOM KHCIION
cpenbl, OyayT UMETh BU:
2| MOy +8H™" +5¢ <> Mn** +4H,0
5| SO3~ + HyO —2¢ > SOF™ +2H™.
MonbHBIE MacChl 5KBUBAJICHTOB OKUCIUTENS U BOCCTAHOBUTEISI COOTBETCTBEHHO:

M(;Mf104)—;~119—23,8 d ;M(;S()f)_;xo_m,o r .

MOIJIb MOJIb

4) ymHOkaeM 00e€ TOJypeakIuu Ha UX oOmue MHOXHUTENH (2 U 5 COOTBETCTBEHHO),
[0CJI€ ATOTO CyMMHUPYEM IOTApHO JIEBbIE M MPABbIe YaCTH MOJYPEeaKIUi, MPUBOJUM MOJO00HBIE
U TIOJIy9aeM KpaTKOe HOHHOE YpaBHEHHE:

2MnO;, +580; + 6H" <> 2Mn** +550; +3H,0; 5) npubasisiem
COOTBETCTBYIOILINE
MPOTUBOUOHBKI U MOJIy4YaeM MOJIHOE ypaBHeHUE JaHnHou OBP:
2KMnOy +5Nay SOy +3H 850, ==2MnSO4 +5Na>SO4 + K> 504 +3H 50 |
IIpumeuanue. TecT-IpoBEPKY MPOBOAMM MOACYETOM UUCIIA AaTOMOB KHCIIOPOJA B JIEBOU U
[IpaBOM YacTAX MOJYyYEHHOTo MoJIHOTro ypaBHeHUs: OBP.
Hanpumep, uncio aToMOB KMCI0poJa B 00€UX 4acTsAX COCTaBIsIET MO 35 aTOMOB.

6) pacuet noTeHnuana 'm60ca 1 KOHCTAaHTHI PaBHOBECHUS PEAKILIUH:
a) AG’=—52:(1,51-0,22) 9650010 = —1244,85 xJI>x/Mob;
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BoiBon: riyOuHa mnpoTekaHWs MpsSMOMl peakuuu OYeHb BEJIHKa, YTO OOYCIIOBJIEHO
SHAYUTCIIBHBIM PAa3JIMYUCM BCIWYHUH CTAHAAPTHBLIX J3JICKTPOAHBIX ITOTCHIHAJIIOB PCArcHTOB —
peakLus MPaKTUIECKH HeoOpaTuma.

[Tpumep 3. (cpena ueitpanbHast — pH = 7). CocTaBUTh ypaBHEHHE OKUCIIEHUS CylIbpuUTa
HATpHsl TIEPMaHraHaTOM Kaius B HeiTpanbHoi cpene. KoadouumeHts mogodpars MeTomom
MOy pPEAKIUMN.

0) lg Kﬁ%g =

KMHO4 + N612503 + HzO —>

Onpenenutpb riyOuHy IPOTEKaHUS TPSIMON PEaKIIHH.
3.1 Ompenenum HaIpaBI€HHOCTb A3TOW pEAaKUMM, T.€. ONPENEIUM OKUCIUTEIb M
BOCCTaHOBUTEIIb!

P’ (MnOg +2H,0/MnO, +40H ) =0,6 B;
P’ (SO;™ + H,O/(SO;™ +20H )=—0,93B.

W3 BenmnuuH crtannaptHbix OB-noTeHnuanoB cieayer, 4To An(Oy — OKUCIUTENb, B
HEUTpalIbHOM cpefe BoccTaHaBiauBaeTca 10 MnQO:; 5032’— BOCCTaHOBHUTEIb, OKHUCISICTCSA IO
SO7™.

3.2 3anumeMm cxemy nanHoit OBP

KMnOy + NaySO5 + HyO — MnO5 + Nay SO, + ...

[Toka Henmb3st TOUHO ONPEAEIUTh KaKOH elié OyaeT MPOAYKT B JAHHOU PEaKIIUH.

3.3 CoctaBuM Monypeakiuuu Juist: 1) OKUCIUTENS U 2) BOCCTAHOBUTEIIS.

1) MnO; <> MnO, — cxema NoJypeaKuu.

VYpaBHUBaHUE KHUCIOPOJA BEJAEM C MOMOIIbIO YABOCHHOIO YMCIA THAPOKCU] - UOHOB, a
BOJIOPO/1a — MOJIEKYJI BOJIBI:

MnOy +2H->0 +3e <> MnO, + 40H  — NOJIypC€aKkuus OJI1 OKUCIATEIIS,

2) Sog?* RS SO}’ — CX€Ma IOJIyPEaKIHUH JJ1s1 BOCCTAHOBUTEIIS;

SO3™ +20H  —2e <> SO + H,O — TIONYPEaKIs JUIs BOCCTAHOBUTEI.

3.4 Tenepb cocTaBUM 3JIEKTPOHHO-UOHHO-MOJIEKYJISIPHBIC YPABHEHUSI:

2 | MnOy +2H50 + 3e <> MnO, + 4OH "~

3|SO3™ +20H —2e<> SO; + H50.

3.5 TIlpoBogum aHaJOTMYHBIE omepanud (cM. mpumep 1) W Tody4aeM HMOHHO-
MoJieKyJisipHoe ypaBHeHnue OBP:

2MnO; +3805~ + H>O <> 2MnO, + 3503~ + 20H ™.

Honno-monekynsipHoe ypaBuernune OBP ynoBnerBopsier maTepuaqbHOMYy OanaHCy H
YCIIOBHIO 3JIEKTPOHEHUTPAIIBHOCTH.

3.6 IIpubaBnsieM COOTBETCTBYIOIIME TPOTUBOMOHBI U MTOJIy4aeM ojiHoe ypaBHeHue OBP:

2KMnOy +3NarSOy + H2O =2Mn(Oy, +3Nay SOy +2K0OH

3.7 BoimonHeHnne MatepuaibHOro OanaHca st mojHoro ypasHeHus OBP mposepsiem
MOJICUETOM aTOMOB KHCJIOpPOJa B JIEBOM M MpaBoOi yacTsaX ypaBHeHus: ciera 17 O = cnpaa 17
0.

Kak BuUgHO W3 3TOr0 mpuMepa, METON AJIEKTPOHHO-MOHHO-MOJEKYJISIpPHOro OanaHca
MO3BOJISIET TAKXKE OMPEACIUTh M HEKOTOPhIC, 3apaHee HEU3BECTHBIC, MPOIYKThI OKHUCIUTEIHHO-
BOCCTAaHOBUTEIBHOM peaKIuu.

lg Koo =16.9- nA@® =16,9-6-(0.60 — (-0.93)) ~ 155 KL,o ~10'%°.

BriBoa: peakius mpakTHUECKH HeoOpaThMa.

[Tpumep 4. (pH > 7). Ilo nmpuBenennoii cxeme OBP, ucmonp3yss MeToj 3JIEKTPOHHO-

MOHHOTO 0ajlaHca COCTaBUTH MojHOe ypaBHeHne OBP:
KM}’IO4 + Na2503 + KOH —
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Paccuurare O/IC naHHON CHCTEMBI NpU CTAaHJAPTHBIX YCIOBUSAX U IPU CIEIYIOLIMX
PaBHOBECHBIX KOHLIEHTpaLMIX peareHToB: (MnO4 1=0,01; [Mn 2+] =0,05;

[SO{ 1=0.,01; [SO; 1=0,05 u npu pH = 4.1 craHmapTHBE TOTEHIMATB OKHCIHTENA U
BOCCTaHOBHUTEIS

@ (MnOy / MnOF ™) = 0.56 B; p° (SO7~ + H,O (SO~ +20H ) =— 0,93 B; MnOJ

OKHCJIMTENb, BOCCTAHABJIMBAETCA 10 MnO3~ ; SO3~ — BOCCTAHOBHTEIb, OKHCIIAECTCS 10 SOF .
4.2 cxema ganHoit OBP:
KMnOy4 + NaySO; + KOH — KoMnOy4 + Nay SO4 + H,O
4.3 DAEeKTPOHHO-UOHHO-MOJIEKYJISIPHBIE MTOJTyPEaKIINH
2| MnO; +e < Mn(ﬁ_
1| SO§~ +20H™ —2e <> SO7 + H50;
4.3 YMHO)aeM 00€ MoTypeakiii Ha COOTBETCTBYIONINE KOA(PPHUIIMEHTH, CYMMHUPYEM UX
JeBble W TpaBble  4YaCTU U TIOJy4YyaeM  HOHHO-MOJIEKYJISPHOE  ypaBHEHHE:
2MnOg + SO3™ +20H™ <> 2MnOF~ +SO;™ + H0 .
4.4 JloGaBiisisi COOTBETCTBYIOIIHE MPOTUBOMOHBI, ITOJIy4aeM MOJIHOE YPABHEHHUE PEAKIUH:
2KMnOy + Nay SOz +2KOH =2K,MnOy4 + Nay SOy + H50 |
4.5 IlpoBomum Tect mo kuciopony: 130 (cneBa) = 130 (cmpaBa) — ycJoBuUE
MaTepuaIbHOro OaiaHca BBIMOTHSIETCA.
4.6 Pacuér O/IC cuctembl IpHu CTaHAAPTHBIX YCIOBUSIX:
IC’ =Ap" =" (MnO; /MnO; )" (SO /SO5) = 0,56—(~0,93) = 1,49 B.
47 Ouenky 3JJIC mpu paBHOBECHBIX KOHIICHTPALUSIX PEAreHTOB BeAEM C
ucrnonb3oBanueM ypaBHeHus Hepucra (10.1.10):
a) BBIYMCIIEHUE PAaBHOBECHOTO MMOTEHIINAJIA [IEpMaHIaHAT-MaHTaHATHOTO 3JIEKTPOAA:

50 [MnOT1-[HT1® 18
P(Mn) = " (MnOy | MnOZ ) + 0,0 lg[ 041 E " 0564 0,01.1ng 0,553B:;
[;‘ran,_I_ ] 0,05
0) BBIUMCJICHUE PaBHOBECHOTO TIOTCHIIMAJIA CYJIb(aT-CYJIb(OUTHOTO JIEKTPOIA:
o . ” 59 )2* . +42 5. 2
p(B) =’ (SO; / SO;7) + 0,0 lg[S( 4 ]ﬂ[H ] :—0,93+0,0295‘lgLIH——O,Z%?SB:
2 [SOF7] 0,01-107"

B) 7IC = Ap = o(MnOs/MnOs)— ¢(SO#/SO5) = 0,553—(~0,378) = 0,931 B.

ba30BbIi1 ypoBeHb

1  PaccuuTaiiTe creneHb OKUCICHHS a30Ta B ero coemuHenwsx: AIN, N.H, NH,OH,
N>O, NO, N;Os, N>,Oy, N-Os.

2 Hanummre nosiHOEe ypaBHEHHE peaKUUU, NPUMEHSS METOAbI JJIEKTPOHHOTO
OayilaHca U MOJTypEaKIIuid, 1Mo CJIECIYIONEH CXeMe TOypeaKIuu:

KQCI’207 + SI’lS04 + H2S04 —

Onpenennure SKBUBAICHThI BOCCTAHOBUTENS M OKHUCIMTENS; PACCUMTAUTE MX MOJIbHBIC
MACCBI.

3 K xakomy tumy OBP otHOcutcs peakuus pasznoxenus H.0,? Uem oObsicHseTcs
CIOCOOHOCTH MEPOKCHIAa BOJOPOIa K TAKUM TpeBparieHusM? 3aKOHYUTE YpaBHEHUS peakluidl u
HAMUIIUTE JJTS1 KaXKI0M U3 HUX 3JIEKTPOHHO-UOHHBIE M MOJICKYJISIPHBIE YPABHEHHUS:

]) HzOz—’ veey 2) H202+ KMI’IO4 — MI’ZOz + veey 3) HzOz + PbS—> PbOz + S + ...

4. Kuciopoa MOKHO MOJTYYUTh B PE3YJIbTATE PA3I0KEHUS TAKUX BEIIECTB:

]) KClOg —> .y 2) KMl’l04 — ..., 3) KzCl"207 - ...

K kakomy tumy OBP otHOcATCS »53TM  peakumu? CocTaBbTe dSJIEKTPOHHBIE U
MOJIEKYJIIPHBIE YPABHEHUS ITUX PEAKLIUM.
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5 K Bopnomy pactBopy KCI/O; nobaBunu BoAHbIN pactBop K. B kakyio cTopoHy
NPOUAET peaklusi OKUCICHHS-BOCCTaHOBIEeHUA? Bprunciure 3C »3Toil peakuuu s
CTaHAAPTHBIX YCIOBHUM.

6 Kaxkumu cBoiictBamu Oyner obnaaate NaNO,? Ilouemy? IlpuBenurte mpumepsl
peaxkuuii, e HUTPUT HATPUsl — OKUCIIUTEID, TJI€ — BOCCTAHOBUTEIND?

7 Wcxons w3 3HAYEHUH CTaHAAPTHBIX JIEKTPOIHBIX NOTEHIMAIIOB, ONPEIEIINTE, IpsMas
WK oOpaTHast peakius OyaeT NPOTEKaTh B OTON CHCTEME NPH CTAHIAPTHBIX yCiloBusx: 1) Fe’™ +
ClO3 + H & Fe’" + CI + H0.

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

HNunexc DopmyIUpoBKa:
OK-7 CTIIOCOOHOCTBIO K CAMOOPTaHHU3AIMU U CaMOOOPA30BAHUIO
OIlK-4 MMOHUMaHWEM CYIIHOCTH U 3HAYCHUSI HH(POPMAIINH B Pa3BUTHU

COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOyYaTh U 00pabaThIBaTh
MH(OPMALHIO U3 PA3IMYHBIX UCTOYHHKOB, TOTOBHOCTBHIO HHTEPIIPETHPOBATS,
CTPYKTYpUPOBATh U OPOPMIISTH HH(GOPMAIIHIO B JOCTYITHOM ISl IPYTHX
BUJIE

IIK-5 CIOCOOHOCTHIO MPUHUMATh Y4acTHe B paboTax 1o pacueTy u
MPOEKTUPOBAHUIO JICTAIEH U y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIMH B
COOTBETCTBHH C TEXHHUYECKUMH 33aJaHUSIMHU U UCIIOJIb30BAHUEM CTAaHAAPTHBIX
CpPEIICTB aBTOMATU3AIIMH POSKTHPOBAHUSI

OpmauM u3 Hambosee OBICTPO Pa3BUBAIOIINXCS HAMPABICHUN TPHUKIATHON DJICKTPOXUMUH,
TECHO CBSI3aHHOM C DJIEKTPOTEXHHUKOM, SIBISETCS pa3paboTkKa HETPATUIIMOHHBIX XUMHUYECKUX
UCcTOYHUKOB ToKa (XUT), mepcrneKTUBHBIMH CPEId KOTOPBIX SIBISIOTCS TBEP0-JECKTPOJIUTHBIE
XUT ¢ HaTpueBBIM WM JUTHUEBBIM aHoAamu. [IprMeHeHHE WIENIOYHBIX METAJJIOB B KAadyeCTBE
AQHOJIHBIX MATEpPHAJIOB BBITOJHO TE€M, YTO OHHM OO0JaJal0T CaMbIMH HU3KHUMH CpeIu Apyrux Me -
OB DJJICKTPOXMMUYECKUMHU SKBUBAJICHTAMHU W BBICOKUMHU OTPHUIATEIbHBIMU 3HAYEHUSIMU
AJIEKTPOJHBIX NOTeHIMAIOB. [1070My 3HAHUS PTEKTPOXXUMUU —aKTyaJIbHBI.

TeopeTnyeckas 4acTh
[Tpubop, B KOTOPOM XUMHUYECKAsI SHEPTUS OKUCIUTEIHLHO-BOCCTAHOBUTEIHHON pEaKIuu
MPEBPAIIACTCS B JEKTPUUECKYIO, HA3bIBACTCS FAJIbBAHUYECKUM AJIEMEHTOM.
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OcHOBHas coCTaBHAs YacTh TaJIbBAHMYECKUX DJIEMEHTOB — 3JIEKTPObl. Yale Bcero oHu
OBIBAaIOT METAUTMYECKUMH. DIIEKTPOA, Ha KOTOPOM TIPOMCXOIMT IPOIECC OKUCIICHUS,
Ha3bIBAETCS AHOJIOM.

Tak, ecii B TaTbBAaHMYECKOM DJIEMEHTE MMEIOTCSI MEIHBIN W IIMHKOBBINA JICKTPOJIBI, M B
TOCJIETHEM MIPOMCXOIUT MPOIIECC OKUCIIEHUs IMHKaA: Zn' — 2¢” <> Zn’*, TO IIMHKOBBIH 2JIEKTPOJL
OyJIeT aHO/IOM.

DJEeKTpoJ, Ha KOTOPOM MPOMCXOUT MPOILIECC BOCCTAHOBIICHUS, HAa3bIBaeTCs KatojaoM. B
BBILIENPUBEASHHOM TIPUMEPE KATOIOM SABISETCS MEAHBIN onektpon: Cu’ + 2e « Cu’.

DJEKTPOHBI C 3JIEKTPOJIa, HA KOTOPOM NPOUCXOAUT MPOLECC OKUCICHUS, MEePexXosiT Ha
AIIEKTPOJ, TJIE MPOTEKAET MPOIECC BOCCTAHOBIICHHUSI.

Takum 006pazom, B raJibBaHUUYECKOM JIEMEHTE, UMEIOIIEM B KaUeCTBE KaToJla MEAHYIO U
B Ka4eCTBE aHOJ[a IMHKOBYIO TUIACTHHBI, DJIEKTPOHBI C IIMHKOBOW TUTACTHHBI OYIyT IMEPEXOIUTh
Ha MEJHYIO.

10.7 DnexkTpon B rajlbBaHUYECKOM JJIEMEHTE HAXOJIUTCSA B pacTBOpE 3JeKTposnra. B
MPOCTEHIIEM CIydae JIEKTPOIUTOM SIBIISIETCS PACTBOP COJIM TOT'O METallla, U3 KOTOPOTO CAeNlaH
IIEKTPOSI.

Tak, B MEIHO-IMHKOBOM T'aJIbBAHMUYECKOM 3JIEMEHTE IIMHKOBBIM 3JIEKTPOJl MOKET OBITH
MOMENIEH B pacTBOP CyNib(haTa IMHKA, a METHBIA — B PacTBOP Cyib(dara MeIu.

CrnenoBarenbHO: IMHK MOMEIIAIOT B PAcTBOP, COJAEpXAIIUil KaTHOHBI IIMHKA, a MEIb B
pacTBOp, CoAECpKAMN KATHOHBI ME/IH.

Cuctema, cocTosimias U3 MeTaja, OMYyIIEHHOIO B PacTBOp, COACPXKAIIMHA €ro HOHBI,
Ha3bIBACTCS TIOYJIEMEHTOM U 0003HAaUaeTCsA Ae" / Me (CBEPXY BCET/Ia OKHCIICHHAs popMa).

JIBa momysneMeHTa, COeAMHEHHBIE MPOBOJIHUKOM, 00Pa3yIOT TallbBAHUYECKUN DJIEMEHT
(pucynok 9.1):

€ (%)
=
71| Cu
— SO42’ | P
— +
7 ANE Uk
B — g
Zr=+S0 Cu>+S0,>

Pucynok 9.1 Cxema meono-yuHK08020 2anb8aHU4eCKO20 deMeHmd

B ranpBaHn4eckoM 3J€MEHTE OJUH 3JIEKTPOJl (aHOA) pacTBOpSETCS, T.€. MOHBI MeTajia
nepexonar B pacTBop. Tak B MEIHO-UMHKOBOM TajJbBaHUYECKOM 3JEMEHTE IPOUCXOJIUT
pacTBOpeHNe HIMHKOBOH IJIACTUHKHU.

B pesynbTare nepexoja MOHOB LIMHKA C IUIACTUHKU B PacTBOP Ha IIACTUHKE OCTAETCs
M30BITOK JIEKTPOHOB, M OHA 3apshkaercsi oTpuuarenbHo. C Apyroil CTOpOHBI, MEpexoj MOHOB
LIMHKA B PaCTBOP NMPUBOJUT K YBEJIUUYEHHUIO X KOHIEHTPALIUU B PacTBOPE.

bnaronapst mepexoJy MOHOB LIMHKA C IUIACTHHBI B PACTBOP BEC LIMHKOBOW IUIACTHHKH
OyJeT yMEHBIIAThCS.

OOHOBPEMEHHO € 3TUM Ha MEIHOM 3JIEKTPOJE IPOUCXOAMT IPOLIECC BOCCTAHOBICHUS
HOHOB MEJIH U3 PACTBOPA: Cu’" +2e <> Cu .

3a c4€r 3TOro mpolecca KOHLUEHTPalKs HOHOB MEIU B PACTBOPE YMEHbILIAETCs, a Macca
ME/IHOM IIACTUHKY YBEJIUYUBAETCS.

ITepexon wmonos Cu’’ M3 pacTBOpa Ha IUIACTUHKY NPUBOIAMT K TOMY, YTO MEIHAs
IUTACTHHKA 3apsKAeTCsl MOJI0KUTENBHO.

PaccMoTpenHblii rasibBaHUYeCKU A51eMeHT (31emeHT [lanuansa — Slkobu) cxemaTtudecku
MO>KHO 3aIlUCaTh CIEIYIOLUIMM 00pa3oM:

(=) Zn|ZnSO4||CrsO4|Cr(+)
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WM B MOHHOH opMe:

[—) =72

Z = ”(:uzﬂcu{ +)

OnuHOYHBIE TMHUH B CXeMaX 0003HAYal0T TPAHUILy METAJT — PaCTBOP, a IBOMHBIC JIMHUN
— TpaHuIly MeX1y pacTBopamMu. OTpUIIATENbHBINA SIEKTPO (aHO/) 3aHCHIBACTCS CIIEBA.

B ocHoBe paboThl pa3oOpaHHOrO 3JEMEHTa JIEKHUT OKUCIUTEIHLHO-BOCCTAHOBUTEIbHAS
peakuus:

Zn+CuSO4 — ZnSO4 + Cu

WM B MOHHOH opMe:

Zn+Cu’t —> Zn>" +Cu.

B ranpBaHMYECKOM 3JIEMEHTE, COCTABICHHOM W3 KEJIE3HOW IUIACTUHKHU, ONMYIIECHHON B
pactBop FeSO, M CBUHIIOBOW IJIACTHHKH, OMYyIIEHHOW B pacTBop Pbh(NO;),, xene3o sBisercs
aHogoM. Cxema 3TOro s3jieMeHTa CleAyoLas:

(=) Fe|FeSO,.||Pb(NO3) | PH(+) |

Ha >xene3nom snextpone (aHOAE) MPOUCXOIUT OKUCIEHUE. DTOT MPOLIECC OMUCHIBACTCA

CIEAYIOUIUM 3JIEKTPOHHO-UOHHBIM YPABHEHUEM
Fe¥ —2e «> Fe?t.

JKene3Hslii 2MeKTpo1 MPHOOPETAET OTPHUIIATEIBHBIN 3apsi.

Ha cBHHIOBOM >7ekTpoze (KaToje) MPOMCXOAMT IPOLECC BOCCTAHOBIEHUS MOHOB Pb**
13 pacTBopa:

Pb>" +2e <> Pp°.

CBUHIIOBBIH JIEKTPOJI 3apsHKACTCS TIOTOKUTEITBHO.

Cymmupyst 00a ypaBHEHUs, MOJYYUM HOHHOE YpaBHEHHE pEaKlWHU, MPOTEKAIomed B
JJAHHOM TaJIbBAHUYECKOM DJIEMEHTE:

Fe+Pb>" > Fe’" + Pb.

DNEeKTPOHBI MO TMPOBOJHUKY, COCIUHSIONIEMY IUIACTUHKH, OYIyT NEpeXoauTh OT
JKEJIE3HOM IJIACTHHKHU K CBHHIIOBOM.

Wtak, B ralbBaHUYECKOM 3JIEMEHTE MO MPOBOJHUKY, COEAUHSIOMIEMY JIEKTPOAbI, TEUET
BIEKTPUYECKUN TOK.

[losiBneHne 3ME€KTPUYECKOTO TOKA CBUJIETEIBCTBYET O HAJIMYMHU PA3HOCTH MOTEHIIMAJIOB
MEXIy OJJIeKTpojaamMu. IHade TOBOps, Ha OJHOM M3 DJEKTPOJOB BO3HHMKAET  KaKOMU-TO
onpeaenEHHbIM MOTEHIMAN, Pa3IMYHbIN I Pa3IUYHBIX JIEKTPOIOB.

[Toreniman, KOTOPBI yCTaHABIMBAETCS HA METALNIMYECKOM 3JIEKTPOJE, MOMEIIEHHOM B
pPacTBOP COJIM OJJHOMMEHHOTO METaIa, Ha3bIBAETCS 3JIEKTPOAHBIM IMOTEHIIMAJIOM METaJla.

N3mepeHHbie B CTaHZAPTHBIX YCIOBHUSX TOTEHIMATbl METAJJIOB  HA3BIBAIOTCA
HOPMaJbHBIMU (MJIM CTaHAAPTHBIMHU) DJIEKTPOJHBIMH MOTEHIIMATaMU MeTaioB. VX 3HadeHHs
JUIS pa3IMYHBIX METAJJIOB MTPUBEAEHBI B Ta0nuie 9.1.

Yem 1erye MeTalm OTHAET DJJIEKTPOHBI, T.€. YEM JIerye€ OH OKHUCISEeTCs, TeM
OTpHUlIaTeJIbHEE €ro DJIEKTPOAHBIA TOTeHIHMaI. Hade roBops, MO BEIWYHUHE DJIEKTPOIHOTO
MOTEHIIMATa MOKHO CYJIUTh O CIIOCOOHOCTH MeTajlsla OTJaBaTh JEKTPOHBI, T.€. 00 aKTUBHOCTH
MeTallia.

Bonee akTuBHBIM MeTamn umeeT Oojee OTPUIATETBHYIO BEIHYHUHY AJIEKTPOIHOTO
moTeHIMana. Tak, HOpMajbHBIE DJEKTPOAHBIC TMOTEHIMAIBl MarHus, LIWHKA W MeOu
COOTBETCTBEHHO paBHHI (B B):

@° (Mg/Mg2+) =-234:0" (Zn /ZI?2+) =—-0,76;0"(Cu / Cu2+) =+0,34.

CpaBHUBasi 5TU 3HAYEHHS, MOXKHO CJIIelaTh BBIBOJ, YTO HauOOliee aKTUBHBIM U3 JTUX
TPEX METAJIJIOB SIBJISIETCS MarHui, a MEHEE aKTUBHBIM — MeEJIb.

B ranbBaHmyeckoM 3J€MEHTE, UMEIOIIEM JBa PA3JIMYHBIX METAUNIMYECKHX 3JIEKTPOAa,
aHOJIOM OYJEeT METaJlT C MEHbBINEeH BETWYMHOW CTAHAAPTHOTO AJIEKTPOIHOTO MOTCHIHAA, T.C.
0oJiee aKTUBHBIM METaII.

Hampumep, B raTbBAHHYECKOM 3JIEMEHTE

Ay

AFeg 2 ||z;72+ Zr2
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Haubosiee OTpUIIATENICEH OJIIGKTPOJHBIM IMOTEHIIMAT MAarHus, IOTOMY MAarHUEBbII
ANEKTPOJ OYIET aHOIOM.

Ha maraueBom anektpo/ie (aHozAe) UAET MPOLeCC OKUCIECHUS TI0 yPaBHEHUIO:

Mgo <> /\/IgZJr +2e.
Ha nunkoBoMm 31exTpose (kaTtoe) IpoTeKaeT MpoLecC BOCCTAHOBICHUSI LIMHKA:
Zn’" +2e <> Zn".

10.36 CymmapHOE MOHHOE YpPaBHEHHE PEAKLUH, IPOTEKAIOIIEH B TAKOM I'aJIbBAHUYECKOM
3JIEMEHTE, ClIeAyIolee:

Mgo +Zn’"T > Mngr +7Zn".

BenuunHa 371eKTpoAHOTO MOTEHIIMAIa MeTallla 3aBUCHUT, TJIaBHBIM 00pa3oM, OT MPUPOIbI
MeTajljla, TeMIepaTypbl U KOHLEHTpAallud HMOHOB MeTajljla B pacTBOpe. OTa 3aBUCHMOCTb
BbIpaXkaeTcs ypaBHeHHeM HepHcra:

Q= q)O(Me/Me'H)qLMlgC(Me'H), 9.1)
n

rie ¢ (Me/Me") — HOpMAJILHBIN SIEKTPOIHBIN NOTEHIUAT;

1 — YHCJO OTJIaBaeMbIX (IPUHUMAEMBIX) METAJNIOM 3JIEKTPOHOB;

C(Me"") — xoHLeHTpanus HOHOB METAJIJIA B PACTBOPE, MOJIL/IM’.

[Ipy KOHIEHTpAMU HMOHOB METajlla, PAaBHOM | MOIB/IM’, BTOpOIl WiIeH ypaBHEHHs
oOpamaercs B HOJb, TOTAA @ = @, m.e. 2ACKMPOOHbLI NOMEHYUAL MEemalid npu e2o
konyenmpayuu 1 moav/om’ npeocmasnsem coboii cmanOapmmbwill SAeKMpPOOHbIL NOMEHYUA.

OnexTpoABMKyllas cuwia E TaabBaHUYECKOTO JJIEMEHTAa ONPEAENseTCS Pa3HOCTbIO
IIOTEHI[MAJIOB KaToda U aHona: £ =@x — @ 4.

Tak, D/IC MarHHeBO-IIMHKOBOTO TajJbBAaHMYECKOTO OJIIEMEHTA, INPH KOHIICHTPALUIX
HMOHOB COOTBETCTBYIOIIUX METAIJIOB OJINH MOJIB/IIM®, COCTaBIISIET:
E =9 (Zn!/Zn*")— ¢ (Mg / Mg>t)=—-0.736—(-2,34) = 1,604 B.

Yem Oomplne pa3HOCTh B 3HAYEHHUSX CTAHAAPTHBIX DIEKTPOJHBIX MOTEHIHAIOB
MeTaiioB, TeM 6obine 3/1C ranpBaHUYECKOTO AJIEMEHTa, KOTOPBIH 3TH METaJLThl 00pa3yIoT.

CpaBaum JJIC TOABKO YTO pa3o0paHHOTO MAarHUEBO-IIMHKOBOTO TaJbBAHUYECKOTO
anemenTa ¢ DJIC MaraueBo-MeIHOTO JIEMEHTA.

(— Mg Mg2+ ‘ Zn2* |Zn( +);
C(Mg/Mg2+) =C(Cu/ Cu?™* )= lavione / dar>

E=¢(Cu/Cu’")— @ (Mg/Mg?")=1+034—(-2,34) = 2,68 B. .

Wrak, yem panpliie Opyr OT JApYyra HaxOIATCS MeTauibl B TaOJHIle HOPMabHBIX
AMEKTPOHBIX MOTEHIMATIOB, TeM Ooubine DJ[C rabBaHUYECKOTO IJIEMEHTA.

Kak oTmeuanocs panee B paszzeie, 3aBUCUMOCTb BEJIMUMH 3JEKTPOJHBIX MOTEHIIMAIOB OT
KOHIIGHTPAIlMM OKHCJIHUTEIBHOM M BOCCTAaHOBHTENBHOH QopMm peareHTa u oT pH cpexasl
BbIpaxkaeTcs ypaBHeHreMm Hepacra (9.1).

VpaBuenue Hepncra mozBomsier npoBoauth pacuer D/C raapBaHMUECKUX 3JIEMEHTOB
MIPU YCIOBUSAX OTJIMYHBIX OT CTAHJIAPTHBIX.

N3menenne w3o0apHOTO mOTEeHNMana ['mOOca B CUCTEME YHCICHHO paBHO padore,
COBEPILIAEMON B pe3ybTaTe NPOTEKAHMS SJIEKTPOXUMHUUECKON peakuu:

AG =—-A4 = —nAgF, (9.2)

rnie A — paboTa »5SIEKTPUYECKOrO TOKa, paBHas MPOMU3BEIACHHUIO 4YHUCIAa MOJb

IIEPEHECEHHBIX IEKTPOHOB N, HAIIPSKEHUS B JJIEKTPUUYECKOU Lenu A¢ u nocrosiHHon dapanes
F =96 454 Kn/mons = 96 500 Kn/mors.

JInst craHIapTHBIX yCIIOBUIA:

AG’ =-A" = -nAg"F. (9.3)

KoHcTanTta paBHOBeCHs DJJIEKTPOXMMHUYECKOM pEaKUMM Uil CTAHJAPTHBIX YCIOBUH
omnpeaensieTcss GopMyIIOi CIeAYIOIETo BUAA:
nAgoOF

IlgK? =
£ 2,3-RT

—=16,9nA¢°. (9.4)
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BennuuHbl KOHCTaHT paBHOBECUH I PA3HBIX JIEKTPOXUMHUECKUX PEAKIMMI TO3BOJISIOT
OTIpE/IETIATh CTETIEHb UX HEOOPATUMOCTH.

[TockosbKy 3MEKTPOAHBIN MOTEHIMA METallla 3aBUCUT OT KOHLIEHTPALlUKA pacTBopa, TO
MOKHO COCTaBUTh L€Mb M3 OJMHAKOBBIX METANIMYECKHX OJJIEKTPOJOB, MOTPYKEHHBIX B
pacTBOpBl C pa3IMYHON KOHIIEHTpAlMEl MOHOB ITOTO METalla — 2M0 KOHYEHMPAyuoHHbIl
2aNbBAHUYECKULL INEMEHM.

3J1C KOHIEHTPAIIMOHHOTO 3JIEMEHTa onpezenseTcs no Gopmyie:

z+
WIC = 0,059Ig Ci(Me™") ’
z C,(Me™™)
I'1E C (MEZ+) — KOHLIEHTpaLUA HOHA METajula B IPUIIEKTPOIHOM CII0€, MOJIb/IM?, IpU4eM
ci(me”’) > co(me*) ; z — cTeneHb OKUCIICHHS HOHA.
OnexTponu3
TeopeTnyeckne OCHOBBI
DIEKTPOJIN30M HA3bIBAETCS OKUCIUTENbHO-BOCCTAHOBUTEIBHBIN MPOLECC, IPOUCXOIAIINN Ha
AIEKTPOJAX MPHU MPOIYCKAHUH HOCMOAHHO20 SIEKTPHUUECKOI0 TOKA YEPE3 PACTBOP WJIM PACILIaB
ANEKTPOJIUTA.
JI71st oCcyIIeCTBICHHSI DIIEKTPOIH3a HEOOXOMMO B COCY/I C PACTBOPOM WJIH PACILIIABOM
3JIEKTPOJIUTA BHECTHU J[BA AJIEKTPOJA, COCIMHEHHBIE C TIOJFOCAMU BHEITHETO UCTOUYHUKA
IIOCTOSTHHOTO TOKA.
DNEKTPOa, MPUCOEAUHEHHBIA K OTPULATEIIBHOMY IOJIFOCY BHEIIHETO UCTOYHUKA
MTOCTOSTHHOTO TOKa, Ha3biBaeTcst kKarogom (K).

[Iponyckanue TOKa uepe3 HJIEKTPOJIUT MPUBOJUT K TOMY, UYTO HOHBI B PacTBOpE
HAaYMHAIOT mepeMemarhcsa. [lomoKuTenbHbIE MOHBI, KaTHOHBI, ABMXKYTCS K OTPHUIATCIHBHOMY
ANEeKTpoay — Kartoxy. OTpuUllaTeNbHbIE HWOHBI, AHUOHBI, JBUXKYTCS K IOJOKUTEIBHO
3apsHKEHHOMY AJIEKTPOY — aHOY .

Ha kaTone nuér npouecc BOCCTAHOBIEHUS, T.€. MPOLIECC PUCOCIUHEHUS IJIEKTPOHOB.
B nanbonee mpocTom cirydae KAaTHOHBI BOCCTAHABIMBAIOTCS IO CXEME:

(9.5)

AT +e<> 4.
Ha anone unét npouecc OKUuCIeHus, T.€. IPOLecc OTAAYH IEKTPOHOB HOHaMu. B
MIPOCTEHILIEM CiTydae 3TOT MPOLECC BBIPAXKAIOT CIEAYIOLIUM 00pa3oM:
B —e<>B.
bnaronaps paboTe HCTOUYHMKA TOKa OJJIEKTPOHBI, OTJAaHHbIE HOHAMH Ha aHoJE,
nepenalTcss Ha Katol. B pesynbrare anonm Bc€ BpeMsi 0OemHSETCS DJEKTPOHAMH, a KaTOX
oOoraraercs.
Ha pucynke 10.1 npencraBieHa cxema 3JI€KTpOIU3Epa.

| o= |
—

Pucynox 9.1 Cxema snexmponuzépa
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PacriaB xymopuaa HATpHs COJICPXKHUT KaTWoHa Hatpusi Na® u anwonsl CI. Tlpu
MIPOITyCKaHUH Yepe3 ITOT paciliaB JIEKTPUUYECKOTO TOKA K KaTOAy HAIpPaBIISIOTCS MOHBI HATPHS,
a K aHOJ1y — XJIOPHUJI - UOHBI.

VY karona uAET MpoLecc BOCCTAHOBIICHUS B COOTBETCTBUH C YPABHEHUEM:

2C1 —2e <> Cl,
Na© +e <> Na®.
Y aHoza UIET MpOLECC OKUCIIEHUS M0 YPABHEHUIO:
Bech nporiecc anextponuza pacmiaBa NaCl MokeT ObITh 3aITUCaH B BHJIC CXEMBI:
K :Na® +e<> Na’
A:2CI" —2e <> Cl5.

Takum oOpa3om, MpH IEKTPOJIU3E paCIUIaBa XJIOPHIA HATPUS HA KATOJIE BBICISIETCS
HaTpHi, Ha aHOJE — XJIOP.

Wtak, npu 37€KTpoJIU3e PacIuIaBOB AIEKTPOIUTOB Ha KATOAE Pa3psKaroTCAd KaTUOHBI,
Ha aHOJIE AaHWOHBI, 00pa3yIOIIKE AIEKTPOIIUT.

BoaHbie pacTBOpHI 3JIEKTPOIUTOB IOMUMO MOHOB, Ha KOTOPBIE PaclagaeTcs 3JEKTPOIIUT,
cojepkKaT MOJIEKYJbl BOJIbI, CIOCOOHBIE TPUHHUMATH Y4YacTHE B KATOAHBIX W aAHOJHBIX
MpolLecCcax.

Ha xarozie BO3MOK€EH IpoLecc BOCCTAHOBJIEHUS MOJIEKYJI BOJIBI [10 YPaBHEHMIO:

2H>O +2e <> Hy +20H .

Ha anone Bo3MOK€eH NpOLIECC OKUCIIEHMSI BOJIbI, KOTOPBINA IPOTEKAET IO CXEME:

2H-O —4e <> 4HY +0,.

Kakue mpoueccel OyAyT NpOMCXOAWUTh Ha DJJIEKTPOJAX — 3aBUCUT OT BEJIWYMHBI
HOPMAJIBHBIX OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX TOTEHIIMAJIOB TOTO WJIM UHOT'O IpoLiecca.

HNonpl MeTalioB ¢ BecbMa Majol aire0pandeckol BEIMYMHOW CTaHAAPTHOTO
AJIEKTPOJIHOTO MOTEHIMaNa, oT Li 10 Al BKIIOYUTEIHHO, UMEIOT YPE3BhIYAIHO Maioe CPOACTBO K
3ICKTPOHAM, YCTyIasi B 3TOM OTHOmIeHUH noHaMm H' (cMm. tabi. 9.1). [loaToMy mpu 31eKTposm3e
BOJHBIX PAaCTBOPOB YKa3aHHBIX METAJUIOB Ha KAaTOJ€ IPOUCXOJUT BOCCTAHOBJIEHHE BOJBI IO
cXeMme, IIPUBEJICHHOM paHee.

KarnoHbl MeTamioB C MOJOKUTEIbHBIMU 3HAUYEHHUSIMHU CTAHJIAPTHOIO 3JIEKTPOIHOIO
norenrana (Cu, Ag, Hg, Au u 0p.) ©MeroT O0oJIbIlee CPOACTBO K 3JIEKTPOHAM, YeM HOHBI H ' (CcM.
tabs. 11.1). B urore, Ha KaTo/ie BOCCTaHABIUBAIOTCS MOHBI METAJUIOB I10 CXEME:

Me"™ + ne” —Me".

KatroHbl MeTaioB, 3aHUMArOIIUE B PSAAY HANPSOKEHUHN cpeHee nojoxenue (Zn, Fe, Cd,
Ni n [1p.), BOCCTaHaBIMBAIOTCS Ha KaTOJE OJHOBPEMEHHO C BOCCTAHOBJIEHMEM KaTHOHOB
BOZOpPOAA.

Wrak, npu onpenesneHny NpoayKTOB IEKTPOJIN3a BOJHBIX PACTBOPOB AJIEKTPOJIUTOB,
HAJ0 PYKOBOJCTBOBATHCS BBIIIEYKA3aHHBIMU COOOpaKeHUSIMU, OCHOBAaHHBIMU Ha aHAllM3e psaa
HaIpsOKCHUN.

Ha xaTtonme ierue Bcero paspsbkarOTCsi TaKHe KaTHOHBI, KOTOpble HMEIOT Oolee

TIOJIOKMTENBHBIN 2JIEKTPOAHBINA NOTeHIMal. Hanpumep, eciii 3JIeKTPOIUT COAepKUT noHbl Cu’

v Zn’*, T0 cpaBHMBas 3HA4YeHUS ¥ C% = 10,34 B u ¢ Z% ,. = —0,76 B, MOXXHO caenaTh
u n

3aKJIIFOYCHHUC, YTO JICTYC 6y,I[YT paspAKaTbLCA HOHBI Cu”, TaK KaK HUX SJ'IeKTpOI[HHﬁ IIOTCHOHAaJl
OoJIBIIIE.

Ha aHOoaeC JICTYC IMPOUCXOJIUT TOT Imponecc, HOpMaJ'IBHHﬁ OKHCJIIUTCIIBHO-
BOCCTaHOBHTeHBHBIfI IIoOTCHII A KOTOpOFO MCHBIIIC. HaHpHMep, nu3 I[Byx BO3MOXHBIX aHOJIHBIX
IpoueccCoB B paCTBOPC cepHoﬁ KHUCJIOTHI:

25077 —2e > S,03 . p° =+2.01
n
2HHO —de <> 4H + 05, 0" = +1,23
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ClelyeT OTAATh MPEANOYTEHHE BTOPOMY, T.K. €My COOTBETCTBYET MECHBIICE 3HAYCHHE
MOTEHIKANA.

Cpenu aHHOHOB HAUOOJBINEH CITIOCOOHOCTHIO K OKUCICHHUIO HA aHOJIe 00JIaar0T aHUOHBI
oeckucnoponnbix kucnot (CL, Br, I, S). B pe3yabTare 21eKTpoln3a pacTBOPOB, COAEPHKAIIUX
9TH MOHBI, HA aHOJE BBIACISAIOTCS CBOOOHBIC TaJIOTEHBI WIIH Cepa.

BoccranoBnenne MeTamuioB U3 pacTBOPOB UX coyied UAET TOJBKO B TeX Cilydasx,
KOTJla JaHHBIH MeTaul UMeeT OONBIINN DIEeKTPOJHBIA MOTEHIMAN, YeM Yy aTIOMHUHHS, T.€. Ha
KaTOoJIe BBIACIISAIOTCS TS METAUIBI, KOTOPBIC CTOST B PSTy HAIIPSDKEHUS MIpaBee aTFOMUHUS.
Hanpuwmep, snextponu3 pactBopa ZnCl; moMagT mo cxeme:
K :Zn>" +2e <> Zn°
A:2CI —2e <> Cly.

[Tpu snekTponu3e pacTBOPOB COJIE METANIJIOB, PACIIOIOKEHHBIX B Py HANpsHKEHUS 10
ATFOMUHHMSI BKITFOYUTETHHO, HA KaTOJIE MPOUCXOIUT BOCCTAHOBIICHHUE BOJBI IO YPaBHEHUIO:

2H>O +2e <> Hy T +20H ™.

Onexrponu3 pactBopa NaCl MOKHO N300pa3uTh CIETYIOIICH CXEMOM:

K :2H»O+2e <> Hy T +20H~
A:2CI —2e <> Cl, .

B xaTogHOM IpoCTpaHCTBE B pacTBope octaroTcst noHbl Na™ u OH (menous NaOH).

Kucnopoacomepxkamue aHuoHsl ( NO5 .SO3 ,PO3 W 1p.) HUMEOT OONbIINiA
OKHCIIUTEIBHO-BOCCTAHOBUTEIILHBIM MOTEHIIMA, YeM TOTEHIHAI TpOoIlecca OKUCICHUS BOJBI,
MO3TOMY TIPH AJIEKTPOJIU3E PACTBOPOB COJIEH, COMEPIKALINX ITH aHUOHBI, HA aHOJAE OKUCISIETCS
BOJA.

OnHako €cTh W HUCKIIOYEHHs, HAmpuMep, HpU SIEKTPOIH3E MIENIOYHBIX pPacTBOPOB
TUTIIOXJIOPUTOB M XJIOPATOB HAa MHEPTHOM aHojie okucistorcs annonsl CIO™ u ClO; no CIOs u
ClO4 cOOTBETCTBEHHO.

Hampumep, npu anekrponuse pacrsopa K>SO, npoTekaroT cieyronye npoueccsl:

K :2H,0+2e <> H, +20H"
A 2H,0—de <> O, +4H" .
Ha karome oOpasyeTcsi BOIOpOA, Ha aHOJE KHUCIOPOJ. B KaToJIHOM TPOCTPaHCTBE

HaKaruiMBaroTcst MoHbl OH ', B aHOJAHOM — HOHBI I'MJIPOKCOHHUS, IIOTOMY OKpacka Jakmyca B
KaTOJTHOM IPOCTpaHCTBE OyeT CUHEH, a B aHOAHOM — KpacHOM.

H_II/II)OKOC IMPUMCHCHUEC HUMCCT JJICKTPOJIU3 C paACmeopUMbIMU anooamu. B kadecTBe
TAKOBBIX TPUMCHAIOT MCIb, cepero, 30JI0TO, HUKCJIb U APYT'UC MCTAJLJIBI. Hpouecc QJICKTPOJIMN3a
IIprU 3TOM 3aKJIOYacTCsA B OKHCICHHH MCETalllla-aHOoAa [0 KaTHOHAa W B IIOCICAYIOIIEM €TI0
BOCCTAaHOBJICHHH BHOBb 10 MCTAJIJIMYCCKOI'O COCTOSHHUA HA KaTOAC.

CxeMa aekTpoiu3a BoaHoro pactBopa CuSO, ¢ MEIHBIM aHOOM:
A:Cu’ —2e <> Cu’*

K :Cu> +2e<>Cu’.

CooTHomIeHHE MCKAY Maccoit (I/IJ'II/I O6’beMOM) BCIIICCTBA BBIACIUBIINXCA HaA JJICKTpOAAX
IIpU 3JICKTPOJIU3C U KOJIHYECTBOM 3aTPAUCHHOI'O JJICKTPHUYCCTBA ONPEACIACT 3aKOH d)apazleﬂ:
KoJjiuyecmeo  eeujecmeda, 8bl0eUBULIC0CS npu  ajaekmpoause, NnpAaAmMo  nponopuuoHaIbHO

KoJjaudyecmey Jjlekmpudecmed, I’lpOW@dW@ZO yepes dIeKmpoaum 3a 8pemsi t
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m(X) It
96500’

1
n(—X), monv — ox6 = l
M X)

“x

1
rne m(X) — macca JIEKTPOXUMHUYECKH IIPEBPALIEHHOr0 BelecTa, 2; M (7 X) —
X

MOJIIpHAs Macca SKBUBATICHTA ONPEIEISIEMOTO BEIIECTBA, 2/MO/Ib;,

Z — YHCJIO JIEKTPOHOB, YYACTBYIOIIMX B OKUCIEHUN WJIM BOCCTAHOBJIIEHUU OJTHOT'O MOHA;
{ — BpeMs dJIEKTPOJIun3a, C.

Wnm nis ra3oB:

1
Vi (- XDt
ViX)=—""——,
96500
rie V(X) — o0beM DIeKTPOXHMHYECKHM BBIAEIEHHOTO Tasza, om’; Vm (Z X)—

SKBUBAJIEHTHBIA 00BEM DIIEKTPOXUMHUYECKH BBIIEJIEHHOTO ra3a, oM.

[Ipu »snexTposnn3e BOJHBIX PACTBOPOB COJIEH METAUIOB, 3aHMMAIOIIUX MPOMEKYTOUYHOE
MOJIOKEHUE B PsIy HANPSOKEHUU, HApAly C BBIAEICHUEM METajula Ha KaToJe WJIET BBIJEICHUE
Bojopona. IIpm »TOM Macca BBIIENMBIIETOCS MeETallla HE DJKBUBAJCHTHA KOJUYECTBY
MPOIIEIIETO Yepe3 pacTBOP 3JIEKTPUUYECTBA, YacTh KOTOPOTO PACXOAYETCS Ha BbIJEICHUE
BOJIOPO/IA.

Onexmponus ¢ HanodHceHuem 6HeulHe20 HANpsdHCeHUus — TOK OT BHEUIHEr0 HCTOYHHKA
MIPOXOAMT Yepe3 SJIEKTPOJUTUUECKYIO SUCHKY C HCCieayeMbiM pacTBopoM. Ilpu sTom oOrmiee
HanpsbkeHue U ckiIaabIBaeTcsl U3 MOTEHUUANA pa3inoxkeHus E, = E4, — Ex, IEPEHANPSIKEHUN Ha
anone 77 a., katome 77, wm morenmmana Ur = [R, HEOOXOAUMOrO ISl TPEOMOJICHUS
COMPOTUBJIEHUS AIeKTpoauTa R:

U= (Ewm+ 774)— (Exi—"1x) + Uz.

[MonnepxuBast ompeAesieHHOE 3HAUYEHHE TMOTEHIMajda Karoda, MOXHO MPOBOAUTH
MOCJIEIOBATEIbHOE BBIJICJICHHE METAUIOB M3 HCCIEAYEeMOro pacTBOpa WIM OTIEIECHHE OT
MEUIAIOIINX NpUMecel (3IEKTPOIN3 IPU KOHTPOJIUPYEMOM MTOTEHIHMATIE).

[Ipouecc nanekTponM3a CIHYKUT TMPEKIE BCErO [Jis MNPOMBIIIJIEHHOTO MMOJy4YeHUs
QTIOMUHUS, MEIHW, MHOTMX IIEJIOYHBIX M IIEJTOYHO3EMENbHBIX W APYrMX METaJUIOB; IS
aHATUTHYECKOTO omnpezaesnenus MmetaioB — Cu, Pb, Zn u mHOTHX 1p. Kpome TOro, ¢ MOMOIIIKIO
ANIEKTPOSIN3a MOXKET OBITh MPOBEACHO AHATMTUYECKOE pa3[eiCHHe psja METAIOB B M3 UX
cMeceil. Hanpumep, 3eKTpoIn30M BEIyT ONpEAeIeHUE MEAU, CBUHIIA, OJI0BA U IIMHKA B JIATyHU
METOZOM PA3[EIbHOrO 3JEKTPOOCAKACHUS TMPU KOHTPOJIUPYEMOM HOTeHUIHale. Meton
BHYTPEHHETO 3JIEKTPOJIM3a HCHOJb3YETCA MJI1 aHAIUTUYECKUX OMNPEACNICHUH OYEeHb MaJbIX
KOJIMYECTB METAJUIOB B PACTBOPaX, KOTOPbIE HE MOTYT OBITh OIPEICICHBI APYTUMU METOAMH.
KOPPO3UA METAJIJIOB
TEOPETUYECKHWE OCHOBBI

Kopposueii memannos nazvieaemes npoyecc papyuieHus Memaiid, npoucxoosaujuti noo
Oelicmsuem okpycaroujeli cpedvl. B pesynbrare 3TOTO Mpolecca MeTall MEepPexXOauT U3
CBOOOTHOTO COCTOSIHHS B XMMHUYECKH CBI3aHHOE.

Tak, pacTBopeHue xeie3a B COJSIHOW KHMCIIOTE WIIM PKABICHUE KEJIE3HBIX W3ICIMNA Ha
BO3AYX€ SBJISIOTCS MIPOIECCAMU Ppa3pyIICHUs 3TOI0 METaJlIa, T.€. MPOLECCOM KOPPO3HH.

[Io mexaHu3My mpoTeKaHUs TIpolecca KOPpO3Hsl JEIUTCS Ha XUMHYECKYI0 ¢
BIEKTPOXUMUUYECKYIO.

Xumuueckasi KOppo3us HE CONMPOBOXKIAETCS MOSBICHUEM DJIEKTPUUECKOT0 TOKA, TaK Kak
B 3TOM CJIy4ae HET MPOCTPAHCTBEHHOTO Pa3/ICJICHUS MPOIECCOB BOCCTAHOBIECHHUS M OKUCIICHHUS.

XuMudeckasi KOpposus TPOTEKaeT KaK OObIYHAs XUMUYECKash peakius, HaIlpumep,
B3aUMO/JICHCTBHUE JKeJie3a ¢ KUCIOPOAOM IIPH BBICOKOW TeMIepaType:

4Fe+30, —5>2Fe,05.
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DJeKTpoXUMHUYECKasi KOppo3usi HabJII0AaeTCsl IPU COMMPUKOCHOBEHUH METAJJIOB C BOJIOH,
pacTBOpaMu 3JIEKTPOIUTOB, aTMOCHEPHBIM BO3TYXOM.

OcHogHoe omauuue 31eKMPOXUMUYECKOU KOPPO3UU OM XUMUYECKOU COCMOUm 6 Mmom,
umo obwasn peaxkyusi 63auUMO0elCmaUs Memauld ¢ OKUciumenem Modxcem Ovimv pasoenena Ha
06a camocmosamenvubvix npoyecca: 1) npoyecc oxkucienus uau anoOHwlll npoyecc, 2) npoyecc
80CCMAHOBNICHUS. UL KAMOOHDBILIL.

[Ipy >1€KTPOXMMHYECKON KOPPO3UH IPOLECC OKUCIEHUS U MPOLECC BOCCTAHOBIICHUS
MIPOTEKAIOT HA PA3IMYHBIX YYacTKaX MeTallyla — AHOJAHOM M KaTOAHOM COOTBETCTBEHHO.

IIpoueccel, MPOUCXOAAIIME IIPU  IEKTPOXUMUYECKOHM KOPPO3HMH, aHAJOTUYHBI
mporeccaM, NPOTEKAIIMM B TaJlbBaHUYECKHX dJeMeHTax. lIpomecchl aeKTpOXUMHUYECKON
KOPPO3UH COIPOBOXKAAOTCS MEPEMEIICHUEM DJIEKTPOHOB C aHOAHBIX yYaCTKOB Ha KaTOIHBIE,
T.€. DJIEKTPOXUMHUYECKAss KOPPO3UsS COMPOBOXKIACTCS MOSIBICHUEM B METaLIE 3JIEKTPUYECKOTO
TOKA.

AHOJHBII Tpolecc NpH 3JIEKTPOXUMHUECKOH KOPPO3UU — ATO TEpPexXoj] MeTauia W3
CBOOOJTHOTO COCTOSHHE B HOHHOE:

Me® —ne <> M.

Hanpumep, npu 531€KTpOXMMHYECKOW KOPPO3MM JKE€Ie3a  MPOMCXOAUT CIEAYIOIIHAN
AQHOJHBIN IIPOLIECC:

Fe¥ —2e «> Fe*.

KaTOIlHBIﬁ mnmpouecc COCTOMT B BOCCTAHOBJICHUU OKI/ICJ’IHTGJ’IGﬁ, T.C. B MMPUCOCANHCHUU
3JIEKTPOHOB K MOJIEKYJIaM WJIM MOHAM U3 OKPYXKAIOLEl Cpebl.

Hrak, »snexkrpoxumMuyeckas KOpPpO3HMsl METaIOB — 3TO PE3yJbTar JEUCTBUSA
MHUKpOTaTbBaHMUECKHUX 3JIEMEHTOB, 00pa3yIOIIMXCsl HA TIOBEPXHOCTH MeTasia. B psne ciydaes
o0pa3oBaHME TaKWX TalbBaHOMAp OOYCIOBIEHO HAIMYMEM B MeTallaX MpPHUMEced WM
KOHTaKTOM JIBYX Pa3HOPOJHBIX METAIJIOB.

Tax, mpu pacTBOpEHHHU B pa30aBIE€HHON CEpPHOM KUCIOTE HUHKA, COAEPIKALLEr0 MPUMECH
xKeje3a, MPOUCXOAAT CIEAYIOUIME NPOLECChl: LMHK C NPUMECHIO Kejle3a, MOMEIIEHHBIA B
PacTBOP CEPHOI KUCTOTHI, IPEICTABIIAECT COOOM ralbBAHUYECKUN STIEMEHT

(—)Zn|H , SO |Fe(+).

AHO/IOM B 3TOM T'aJIbBaHUYECKOM 3JIEMEHTE sIBiIsieTcs OoJiee akTUBHBIM MeTail HuHK. Ha
aHOJIE POMCXOJUT CIEAYIOIINN ITPOLECC:
Zn® —2e <> zZn>*.
ONeKTpOHBI OT aHoja (IIMHKA) HAMpaBJISIIOTCS K Karody (Kenesy), rae MpOMCXOIUT
MPOIIECC BOCCTAHOBIICHHUS TIOJIOKUTEIBHO 3apPSHKCHHBIX HOHOB H™ M3 pacTBOpa CEpHON KHUCIOTHI:
2HY +2e <> H,.

OnbIT MOKAa3bIBAET, YTO CKOPOCTH IMpOLIecca PAacCTBOPEHMs LIMHKA, IpuU paboTe Takoro
raJlbBAHUYECKOT0 3JIEMEHTa, ropa3fo OoJjbllle, YeM CKOPOCTh pPEaKlHUU HEeMOCPeICTBEHHOTO
B3aMMOJICUCTBUS [IMHKA C KUCIIOTOM.

OcoOblli MHTEpEC TPENCTABIACT SJIECKTPOXUMHUUYECKAs KOPPO3Hsl B HEHUTpAbHOW cpeje,
TaK Kak 3TOT ciyyail Haubosee ONM30K K aTMOC(HEPHOW KOPPO3UH. DIIEKTPOJIUTOM B TaKOM
ciIy4ae sIBJIIETCS BOJA C pacTBOPEHHBIMU B Hel razamu (CO-, O, 3auactyio — SO,, HUTPO3HBIMHU
razamu N.O, u 1ip. ).

PacTBOpEHHBIN B BOJIe KUCIOPO/I, a TAKXKE KHCIOPOJ BO3LyXa MOTYT IPUHUMATh y4acTHe
B KarToJHOM IIpOLIECcC€, MpPU OTOM IPOUCXOAUT BOCCTAHOBJIEHHE KHCIOpPOJA COIVIACHO
YPaBHEHHUIO:

Oy +2H,O + 4e <> 40H ™.

PactBOopeHne B BOojE YIJIEKHCIIOrO ra3a NpUBOJUT K 00pa30BaHUIO YrOJIbHOW KHUCIIOTHI,

KOTOpast MPU JAUCCOIMAIIMH TaET HEOOIBIIOE KOJHYSCTBO HOHOB H '
CO, + H,0 <> H,COy <22 5 [1.0* + HCO; <29,
120 5 1.0t + COF
ITpu 5TOM Ha KaToe MOXKET MPOUCXOUTh BOCCTAHOBIICHHE KAaTHOHOB H':
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2H" +2e > H,.

Yacto KaTOﬂHLIfI mnponecc SABJIACTCA CMCHIAHHBIM, T.C. Ha KaToIC I/IIIéT mponecc
BOCCTAHOBJICHUA KHCJIOpOAda M IPOHECC BOCCTAHOBJIICHHA HOHOB H+, HpI/I‘IéM HOCJIG,I[HPII;'I, KaK
IIpaBujIo0, UMECT HOII‘-II/IHéHHOG 3HAQUYCHUC.

BCI_HeCTBa, YCHIINBAOIIYIO KOppO3uto, Ha3bIBAKOTCs akmusamopamu. CunsHO
JNEUCTBYIOIMM aKTHUBAaTOPOM SBISIETCA MOH Xjopa. I1o3ToMy mponeccbl KOppo3uu B MOPCKOM
BOJC HAYT ropasao HHTCHCI/IBHCI;'I, 4YEM B HpeCHOﬁ.

BemecTBa, 3ameistonue mporece pa3pyuieHusl METaIOB, HA3bIBAKOTCS UHSUOUMOPAMU.

I[J'ISI 3aI0UTBl MCTAJUIOB OT KOPPO3HMHU 4YaCTO HMCIIOJIB3YIOT PA3JIMYHBIC IMOKPBITUA, B TOM
YHcIe METAUIMYECKHe. B 3TOM ciyyae METasIONOKpPBITHE JOKHO OBITh YCTOMYMBBIM K
KOPPO3UH.

HapymeHHe HOCJIIOCTHOCTH MCTAJINIMUCCKOTO IMOKPBITUA MOXKCET IIPUBCCTH oo K
COXpPaHCHUKO OCHOBHOI'O MCTAaJllIa, mmbo K YCHHCHHOﬁ KOPPO3UM. OTO 3aBHCHT OT
CpaBHHTCHbHOﬁ AKTHUBHOCTH 3aIllUIIACMOI0 U 3alllUTHOI'O MCTaJ1JIa.

Meramnueckoe IIOKPBITUC U3 00J1€€ aKTUBHOI'O MeTaJlia, IIpyu HAPYIWCHHUHU LEJIOCTHOCTU
€ro CJIOsA, BBICTYIIACT B POJIM aHOJZIA B 06pa3OBaBH_ICMCSI TaJJbBaAaHUYCCKOM 3JICMCHTC.

OCHOBHOM MeTall B mponecce pa6OTI)I TaKOIro rajJlbBaHH4YCCKOI'O JJIEMCEHTAa HE 6y,I[CT
paspymarbcs. [TokpeiTie 13 Hanboyiee aKTHBHOTO METAJlIa Ha3bIBACTCS AaHOHBIM.

Korz[a IMOKPBITHUEC CACTIAHO M3 MEHEC AKTHMBHOI'O MCTalIa, TO HAPYHICHUC HEIOCTHOCTHU
3TOr0 MOKPBITHS NPUBEAET K OOPa30BAHMIO TaJbBAaHUYECKOIO 3JIEMEHTA, aHOAOM B KOTOPOM
6y,Z[CT ABJIATBCA SaH_II/IH_IaeMHﬁ MCTaJlJI, a KaTOAOM — IIOKPBITHE. Takue IIOKPBITUA HA3BIBAKOTCS
KaTOJHBIMU. B 3TOM citydae OCHOBHOM MeTayul OyeT pa3pyliaThCsl.

KaTO,I[HOC INOKPBITUEC SBJIACTCA MCHEC BbBI'OAHBIM, TaK KaK IIpyW HapymICHUHU €ro
LIEJIOCTHOCTU OCHOBHOM METall pa3pyIiaeTcs.

B cJIyda€ aHOJHOI'O ITOKPBITHUA OCHOBHOH MeTaJll IIpyU IHOBPCKIACHUH IIOKPBITUA HE
paspyiaercs. B 3ToM ero npeumMmymiecTBo.

Bonpocsl u 3aganust

[Ipumep 1 CrangapTHbIe JIEKTPOIHBIE MOTEHLIMABI JJIs [IMHKA U CBUHIA paBHbI — 0,76
B u — 0,13 B cooTBeTCTBEHHO. Y KaKOro M3 3JIEKTPOJOB, [IMHKOBOTO WJIM Y CBUHIIOBOTO, BBIIIE
TUIOTHOCTh JIBOMHOTO AJIEKTPUYECKOTO CJI0s, €CJIM 00a DIIEKTPO/Ia TOMECTUTh B BOJTY?

Pemenue

Y IMHKOBOTO 3JIEKTpOJa BEIWYMHA CTAHJAPTHOTO 3JIEKTPOJHOTO MOTEHIIMANa MEHbIIIE,
YeM Yy CBHHIIOBOTO, YTO CBS3aHHO C OOJIBIIEH CIOCOOHOCTHIO MOHOB IIMHKA THIAPATHPOBATHCS
MOJIEKYJIaMH BOJIbI M TMEPEXOJUTh U3 TBEPAOW MOBEPXHOCTH B pacTBOp. B wurore, y mnuHka
CO37aeTCS B MPHUAICKTPOTHOM CJIO€ 00Jiee MOIIHBIM JBOWHON JJICKTPUUYECKHH CIIOH, YeM Y
MMOBEPXHOCTU CBUHIIOBOTO 3JIEKTPO/IA.

[Ipumep 2 JKenesHnas W HUKeNeBas IUIACTUHKH, MOTPY>KEHHBIE B PAcTBOP COJSHOM
Kkucnotel ¢ Konuenrpauuein C(HCI) = 1 Mons/aM’, pacTBOPSIOTCS C BBIAEIECHHEM BOAOPOJIA.
Kakoii nporiecc HauMHaeTCA, €CJIM MIIACTUHKH COCTMHUTD MPOBOJHUKOM?

Pemenune
2.1 JIo coeqHEHUS TPOBOJIHMKOM H YKeJI€30, M HUKEb OKUCISUTHCH HoHamu H':
a) 1|Fe’ —2e < Fe’*,; @' (Fe’*/Fe’) = — 0,44 B;
112H" + 2¢ < H>t ¢’(2H'/H;) = 0,00 B;
OC, = " 2H'/H;) — ¢"(Fe**/Fe’) = 0,00 — (— 0,44) = 0,44 B;
6) 1|Ni’ — 2e” <> Ni**; ¢’ (Ni**/Ni’) = — 0,25 B;
1|12H" + 2¢ <> H>1 ¢’(2H/H;) = 0,00 B;

IC, = ¢"(2H/H>) — " (Ni**/Ni’) = 0,00 — (- 0,25) = 0,25 B.
Tax xak 3/[C; > 3/[C>, TO Ha KENe3HOU IUIACTHHKE BBIJICIICHUE BOJOpoaa Oyaer Oosee
WHTCHCUBHBIM, YeM Ha HUKEJIEBOH.
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2.2 Tlocne coeaMHEHUs MIACTUHOK — 00pa3yeTcs raJlbBaHUYECKUH 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 HHUKENEBOW IJIACTMHKH, HAXOAsCh B KOHTAakKTe C
pacTBOpoM cojepxaumMm H', mepeaaeT SICKTPOHbI 3THM KAaTHOHAM, YTO MPUBOIMUT K
00pa30BaHMIO MOJIEKYJ BOJOPOA.

I[Ipumep 3 Tok cunoit [0 A m1poxXomuT dYepe3 DIEKTPOIU3EpP C IUIATUHOBBIMHU
SIEKTPOAAaMH, B KOTOpoM Haxoautcs 500 cM® pacTBOpa TMAPOKCHAA HATPHUS C MAaCCOBOM JONIEH
o(NaOH) = 4,5 % (p = 1,05 2/cv’). Haniiure mojiHy CXeMy 2JIEKTPOJIN3a BOJAHOTO PacTBOpa
NaOH. CxonbKo 9acoB OTpeOyeTCsl BECTH JICKTPOJIN3, YTOOBI MaccoBas 10 pactBopa NaOH
nocruraa 10 %?

Penrenue
3.1 BbIUKMCIMM Maccy BOJBI B HCXOJHOM PACTBOPE:
P,
my (H,0) = (100 = ;) =
1 (H,0) 100 ( 1)
_ 105500 100 4.5) = 50137503,
100

3.2 Haiigem maccy KOHEUHOT'O pacTBOpA:
w11V 4,5-1,05-500
[22%) 10

My pa2 = =236,251.
3.3 Onpenenum mMaccy BOJbI, MOJBEPTLICUCS IEKTPOJIHU3Y:
Am(H,0) =my_pa1 —Mp_paz = P1V1 —Mppa2 =
=1,05-500 — 236,25 =288,75.
3.4 Bpewms niponiecca 3JeKTpon3a COCTaBUT:
o Am(H,0) F 28875 96500

7 1 10

1 =309604,2 ¢ = 86,0 .
M- H,0 18- —
(2 »,0) 5

3.5 Peakuuu, mpoTeKarONIMe Ha AIEKTPOIAX:

K :2H,0+2e <> HY +20H~
A 40~ —4de <> 21,0+ O, .

[Ipumep 4 DaexTponu3Ep COMEPKUT pacTBOP HUTpaTa CBHHIA (+2), aHOA — CBUHIIOBBIM.
[IponomxurenbHOCTh 31eKTponu3a 2 4 40 mun 50 c, cuiia Toka 5A4. Beraucianure TeopeTuyecKyro
yObUIb B Macce CBHHIIOBOTO aHOjAa. Hamuimmte ypaBHEHUs peakluid, MPOUCXOIANINX Ha
ANIEKTPO/Iax.

Pemenune

4.1 BapuaHT ¢ pacTBOPMMBIM aHOIOM. MeTammueckuii ceunen — anoxn (¢’ (Pb”>*/Pb°) = —
0,126 B) nerue OTAAET JIIEKTPOHBI, YEM MOJIEKYIIBI BOIBI ( 2H,0 —4e <> 05 +4H T, °=+1,23
B).

YpaBHEHUS peakluii, IPOUCXOIAIIMX Ha JIEKTPOIAX:

K : Pb* +2¢ <> Pb"
A:PpY —2¢ <> PHT.
4.2 Teopetuueckas yObUIb MacChl CBHHIIA COCTABHUT:
Am(Pb) = Iz M(ipb) _2:9650 h07. L 51750
F 2 96500 2
Ilpumep 5 Paccumraiite Bemmumusl JJC u AGY, #19 TPOLECCOB KOPPO3WH,

HpOTeKaIOHlI/IX 110 ypaBHeHI/ISIM:
Me(x) +H0 0+ 02) —Me(OH) g,
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rne Me — Fe, Ag. Kakoil U3 npuBeeHHBIX METAJUIOB OyJIeT MOABEPraThCcsi KOPPO3HU BO
BJI&)KHOM BO31TyXe?
Otser
4.1 Ycnosus IpoTeKaHus IPSIMOM peakluy IIPU CTaHAAPTHEIX yenosusx: IJC = Ag’,, >
0 na AG’,,, < 0.
4.2 3anumeM ypaBHEHHUs STHX IPOLECCOB M BhaucanM 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,/ 40H) = +0,40 B;
Kamoo
AC, =A@’ 1 = s — @u = + 0,4 — (—0,44) = +0,84 B;
AG’ 1= nAp", F =—2:0,84-96,5 = — 162,12 x/{oic/mone
Fe(k) +H:0p0+0z¢) —Fe(OH) .
Bv1600: caMonpon3BOJIbHAS KOPPO3US Keje3a BO BIAKHOM BO3JyXe MpPU CTaHIAPTHBIX
YCIIOBUSIX BO3MOXHA.
0) Tak xak ¢’(Ag"/Ag") = + 0,80 B > ¢"(2H,0 +0/ 4OH") = +0,40 B, To cepebpo Oyner
ABJIATHCS AHOJOM, TOTAA
OC; =A¢"cp> = s — pa =+ 0,40— 0,80 =— 0,40 B;
AG’.,,=-nAp’, F =—2(-0,40)-96,5 = + 77,20 x]oic/mons
Ag(k’) +]/2H20(,,c)+[/402(2) — XAg(O[‘[)z(K).
Bu1600: Tak xak I/[C> = A¢p’., < 0,aAG",,> > 0, To caMONIPOU3BOJILHAS KOPPO3USI
cepeOpa BO BIaKHOM BO3/1yX€ IIPH CTaHAAPTHBIX YCIOBHUSIX HEBO3MOXKHA.

ba3oBbIi1 ypoBeHb
1 B ranpBaHHUYECKOM 3JIEMEHTE MPOXOAUT PEAKITHS:
Pb’ + Cu’* = Pb*" +Cu".
CocTaBUTh CXeMy 3JI€MEHTa, BEIUUCIUTH cTaHAapTHYI0 DJ{C 1 KOHCTaHTy paBHOBECHSI.
2 OJ1C ranbBaHMUYECKOT'0 3JIEMEHTA, B KOTOPOM MPOTEKAET peaKius
24g" + Zn’ = Zn"" + 24g°

paBHa 1,56 B (298 K). Paccuuraiite AG 1 KOHCTaHTYy PaBHOBECHS ATON PEAKIIUH.

3 CranmapTHbI€ JIEKTPOJAHBIC TMOTEHIMAIBI JIs JKelle3a U kaaMus paBHbl — 0,44 B u —
0,40 B cooTBeTCTBEHHO. Y KaKOro W3 JJIEKTPOIOB, MKEJIE3HOTO WM KaJIMHUEBOBOTO, BHIIIE
IUIOTHOCTh JBOMHOTO AJIEKTPUYECKOTO €0, €ClIi 00a AJIEKTPOo/Ia TOMECTUTH B BOY?

4 CrangapTHBII 3JEKTPOIHBIN MTOTEHIIMA cepedpa paBeH

Ag" +e — A2’ ¢’ =08 B.

Kaxos Oyzer noreHuan 1 Kr MeTajuInyeckoro cepedpa, ONyIIeHHOro B pacTBOp HUTpaTa
cepebpa ¢ C(AgNO;) = 1 mons/am*?

5 N3006pa3zute cxemy pabOThI TAIbBAHUYECKOTO 3JIEMEHTA, COCTABICHHOTO U3 HUKEJIEBOU
U cepeOpsHOM MIACTHH, OMYIIEHHBIX B PACTBOPHI UX HUTPATOB. YKAKUTE KATOJ U aHOJ B 3TOM
raJibBaHUYeCKOM dJieMeHTe. Kakas Xumuueckass peakiusi JIeKUT B OCHOBE ATOTO
raJibBaHU4YecKoro »sjeMeHta? BpluncianTe uW3MeHEeHWH TmoTeHIMana ['nbbca W KOHCTaHTY
PaBHOBECHSI 3TON PEAKIUU.

6 CocraBbTe CXeMy TaJbBaHHYECKOTO DJEMEHTA, OJHHUM U3 3JEKTPOIAOB KOTOPOIO
SIBIIICTCSI KaJIMUEBas TUIACTHHA, MIOTPYKEHHAsI B PaCTBOP Cyib(aTa KaaMus, a APyTuM — MEIHAS
IJIaCTHHA, OIyIIIEHHAs! B PacTBOP cysb(dara Meau.

Hanumvre »neKTpoHHBIE YpaBHEHHUS MPOIIECCOB, MPOMCXOMSIIMX Ha DJIEKTPOAAX MpH
pabote snemeHTa. YkaxuTe katod 1 aHoj1. CocTaBbTe CXeMy AJIEMEHTA.

7 Yemy pasna D/1C n AG ranbBaHUYECKOIO 2JIEMEHTA

(=) Zn|ZnSO4||NiSO4|Ni(+) |
eciu KOHIEHTpalus noHoB Zn’ u Ni*" pasusl (B Mons/mv’): 1) 1,00; 2) 0,1; 3) 0,001?
8 Brrunciure 3/]C raibBaHMUECKOTO 3JIEMEHTa

(—)Fe‘FeCZannCZz |Sn(+) ,

165



eciu C(Fe™*) = 0,1 monv/om’, a C(Sn’*) = 0,01 monv/om’.

9 CocrtaBbTe CXEMbl BYX TaJIbBAHMYECKHUX AJIEMEHTOB, B OJJHOM M3 KOTOPBIX CBUHEI]
ABJIAETCS KaTOJOM, a B JpyroM — aHoJoM. CocTaBbT€ 3JIEKTPOHHBIE YpaBHEHHUS IPOLECCOB,
MIPOUCXOSAIINX Ha JIEKTPOJaxX 3TUX 3JIEMEHTOB. Bbrumciaure s Kaxao0d peakiuu KOHCTAHTY
CKOPOCTH.

10 OxuCIUTENbHO-BOCCTAHOBUTENBHASL PEAKIMs, IPOTEKAOIMas B TaJlbBaHUYECKOM
JJIEMEHTE, OIUCHIBAETCSA CXEMOM

(=) P | Fcz*,F()-”HMHO;,MnZﬁH* | Pt(+)

VYka3zatp karton M aHol. Kakyro ponp WrparoT IUIaTUHOBBIE 3JIeKTpoabl? Hanummnre
[IOJIHOE ypaBHEHUE ATOW peakuuu. Boprumcioure ansa He€ AG U CTaHAAPTHYIO KOHCTAaHTY
CKOpPOCTH.

11 DnexTpoaHbIi NOTEHIIMAI MApraHIEBOrO 3JIEKTPO/Ia, MOMEIIEHHOTO B PacTBOP COJIH
Maprasra (+2), cocrabisietr — 1,1 B. Beluuciuth KOHIIEHTpAIMO HOHOB MapraHiia B pacTBOPE.

12 B03MOXHO 1M pacTBOPEHME HUKEIS M BBLIEICHHE XpOMa IIPU IOTPYNKEHUU
HUKEJICBOU IIJIACTUHKH B pacTBOP COJIK Xpoma (+3)?

Bo3MOXHO 1M pacTBOpeHHME XpoMa U BBIJCICHHE METAJJIMYECKOIO HUKEIS Ipu
HOTPY»KEHUU XPOMOBOM IJIACTUHKY B pacTBOp conu Ni**?

OTBeT MOTUBUpPYITE.

13 TanbBaHMYECKUN DJIEMEHT COCTOUT M3 CTAHIAPTHOTO BOJOPOJHOTO 3JEKTpoAa H
BOJIOPOJHOIO 3JIEKTPOJIa, TOMEIIEHHOT0 B pacTBOp ykcycHou kuciotel ¢ C(CH;COOH) = 0,01
moav/om’. DJIC snementa coctasiser 0,200B. Beruncaure pH pacTBopa, KOHCTAHTY M CTEICHb
npoTtou3a (aucconuanun) ykcycHoi kucinorsl. Otet: pH = 3,39;

K, = 1L,7-107; a = 4,08:107 (4,08 %).

14 T'anbBaHMYECKUH 3JIEMEHT COCTOUT M3 CTAHAAPTHOIO BOJOPOJIHOrO 3JIEKTPOAa MU
BOJIOPOJHOTO JJIEKTPOJA, IMOMENIEHHOro B pactBop xjopuma ammonus C(NH,Cl) = 0,01
monv/om’. D]IC snementa cocrasuser 0,366 B. Berunciure pH pactBopa, KOHCTaHTY M CTEIEHD
nportosmsa (ruaponusa) NH,CI. Otser: pH = 6,20; K, = 5,56:107""; a,,, = 6,26-107 (6,26-107 %,).

15 Ilpu kakux KoHUEHTpauuax xjaopuaa nuHka (+2) 3/1C KOHIEHTPALMOHHOTO 3JIEMEHTA
pasHa 0,1 B? Hanummure ypaBHEHHS »3JIEKTPOIHBIX pEaKUM. YKKUTE OKUCIUTENIb |
BOCCTAaHOBUTEb.

16 Ykaxute NMpOAYKTHI 3JIEKTPOJU3a BOAHBIX pacTBopoB: H.SO, Na,SO, HCI, NaCl,
CaCl,, CoSO,.

17 AmOMUHHI B MPOMBINIJICHHOCTH TIOMYYarOT AJICKTPOIM30M paciuiaBa cMmecu ALOz(=
12 % mo macce) u Nas[AlFs] (= 88 % mo macce). Dnekrponsl — rpadurossie. [IpuBenure
MOJTHYIO CXEMY 2JIeKTpoiu3a. JlJis uero npuMeHs 0T KOMIUIEKCHYI0 contb Nas[AlF]?

18 TIpoMbIIUIEHHOE POU3BOJICTBO HATPHUS BEIYT EKTPOIU30M paciuiaBienHoro NaCl
U NaOH. Hanumute ypaBHEHHS peakiyil, TPOUCXOIAIINX HA SJIEKTPOIax.

19 Kakue mporecchl NpOUCXOAAT Ha 3JEKTPOAaxX IpHU 3JIEKTPOJIU3€ PacTBOpa XJopuia
Hukens (+2), ecam oba anekTpoja — HukeneBble? Kak u3MeHUTCs Macca aHoja MoOcCie
npomyckanus Toka cuioi 3,2 4 B teuenue 30 mun? OtBet: 1,76 2.

20 CoctaBbTe ypaBHEHHsI CaMOIPOM3BOJILHO MPOTEKAIOIIUX PEaKIUil NpU KOPPO3UU B
BOJIC, HAXOASAIIMXCS B KOHTAKTE TUIACTHH: a) IMHKA U OJI0Ba; O)keJe3a U IMHKA. [ e CKopocTh
nporieccoB Koppo3uu Beimie? OTBeT o0ocHy#Te pacueTtamu ctanaapTHeIX DJ1C u AG.

21 Ha3oBHUTE HECKOJBKO METAIOB, KOTOPHIE MOTYT CIIY>)KMTb aHOJHBIM M KaTOJHBIM
MOKpbITHEM Ui >kene3a. CocTaBbTe JJIEKTPOHHBIC YPaBHEHMsSI AIIEKTPOJHBIX IPOIIECCOB,
IIPOUCXOAIINX MIPU 3JIEKTPOXUMHUUECKON KOPpo3uu: 1) XpoMHUpPOBAaHHOIO; 2) HUKETUPOBAHHOTO
’Kelle3a BO BJIAXKHOM BO3JyXe U B KHCHOW cpene. CpaBHUTE CKOPOCTH IMPOLIECCOB KOPPO3UU B
ITUX CIIydasiX.

22 Yto takoe pxkapunHa? Hanummre e€ mpumepHyro dhopmyny. Eciu rBo3nbp BOUTH BO
BJIQXKHOE JIEPEBO, TO P)KABUMHOM IOKPHIBAETCS Ta €ro 4acTb, KOTOpas HAXOAWUTCS BHYTPHU
nepeBa. Yem 370 MOKHO 00bsicHUTH? HanuimTe ypaBHEHUS] aHOJTHOTO M KaTOJIHOTO MPOLIECCOB.
[TpuBenure ypaBHeHUs: 00pa30BaHUs BTOPUYHBIX IPOAYKTOB Pa3pyLICHHS Kele3a.
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23 XKene3nble O0YKU MPUMEHSIOT AJIsI TPAHCIIOPTUPOBKH KOHIIEHTPUPOBAHHOW CEPHOM
KucioTel. OIHAKO TMOciae OCBOOOXKACHUS OT KHUCIOTHI OOYKH YpEe3BBIUAWHO OBICTPO
paszpymatorcs. [louemy? YUto siBnsieTca aHOAOM, 4TO — KatogoM? Hamuimmre cOOTBETCTBYIOIINE
ypaBHeHUs peakimii. CocTaBbTe CXeMy 00pa3yIOIIETOCs IPH 3TOM TaJIbBAHUYECKOTO DJIEMEHTA.

IloBbIIEHHBINH YPOBEHB
1 TIpu xako¥ KoHIeHTpauu HOHOB Cu’ " 3JIEKTPOIHBIN TTOTEHIMAI MEH PABEH HYIIIO?

2 TlanbBaHMYeCKas 1eNb, COOpaHHAs U3 JBYX IIMHKOBBIX AJIEKTPOIOB, OJUH M3 KOTOPHIX
norpy»eH B pactop comu nunka ¢ C(Zn’") = 0,1 mons/nM’, a apyroii — B pactBop ¢ Co(Zn’") =
0,01 mosn/nv’. CocTaBbTe CXeMY KOHIEHTPALMOHHOTO JIeMeHTa U paccunTaiire ero DJIC.

3 Paccuutaiite 3/|C KOHUEHTPAIMOHHOTO AJIEMEHTA, COCTOAIIECTO W3 CTAaHAAPTHOTO
BOJIOPOJHOIO 3JIEKTPO/Ia U BOJOPOIHOTO 3JIEKTPO/IA, HAXOAIIEr0Cs] B YUCTOM BOJIE.

4 TloTeHnman METAITTHYECKOr0 MapraHia o OTHOIICHUIO K CTAHJAPTHOMY BOJOPOJTHOMY
aiexTpoay B pactBopax MnCl, ¢ xoHuentpaumsmu (B wmoaw/nm’) 0,001; 0,01 wu 0,1
cooTBeTcTBeHHO coctaBmwin (B B): — 1,277; — 1,248 u —1,219. Bpruncnure cTaHmapTHBIA
ANIEKTPOHBIN MOTEHLIUANl MAPTaHIIA.

5 Paccuurtaiite 3/]C KOHUEHTPALIMOHHOTO 3JIEMEHTA, COCTOSIIEr0 U3 JIBYX BOJOPOIHBIX
AJIEKTPOJIOB, IOTPY>KEHHBIX B pacTBOPHI ¢ pH 2 1 4. CocTaBbTe CXEMY 3TOTO AJIEMEHTA. Y KaXKHUTe
KaToJ U aHO/I.

6 BBIUMCTUTH MOTEHIIMAI CBHHIIOBOTO AJIEKTPOAA B HACKHIIIEHHOM pacTtBope PbhBr,, ecnu
xouuentpauus C(Br) = 1 moaw/om’, a npoussenenne pactBopumoctu I1P(PbBr;) = 9,1-107°.

7 Omnpenenute, MOXHO M TOJIYyYUTh Ta3000pa3HbIi (PTOp SIEKTPOITH3OM BOJHOTO
pacTtBopa GpTOpHAa HATPUS, €CIIU:

2H,O—4de <> 05 +4H ', °=+1,23 B;

Fy+2e & 2F, ¢ =+2,87 B;
2H (6 H,0) + 2¢ < H,, @ =-0,41 B.

OOGcynuTte aHaTOTUYHBIN BOTIPOC C YUYACTUEM JPYTUX rajJOoreHOB.

8 3ayemM K pacTBOpY COJIIHOM KHUCIIOTBI, MPU MOJYYEHHUU BOJOPOJA JAEHCTBUEM €€ Ha
IIMHK, B KUCJIOTY TO0OABJISIIOT HEMHOTO MEIHOTO Kyropoca? Jlaiite 0ObsICHEHUS C MPUBEICHUEM
peakuuii, MPOUCXOIAIIMX MIPU 3TOM IpoueccoB. MoxHo a1 BMecTo CuSOy B3SITh Ipyrue COJIU:
AgNO;, NiSO,, FeSO,?

9 Kak Bnuser pH cpeasl Ha CKOpocTh aTMOC(hEpHON KOPPO3HM Keje3a W IMHKA?
[Touemy? CocTaBbT€ ypaBHEHHsI aHOAHOTO W KAaTOJHOTO TPOIECCOB aTMOC(epHON KOoppo3uu
3TUX METAJLJIOB.

Cnucok JInTepaTypbl, pEKOMEHIyeMblii K HCII0JIb30BAHMIO 110 IAHHOM TeMe

OcHoBHas JuTEpaTypa:

1. Koposun, H. B. O6mas xumus : yaeonuk / H. B. Koposus. - 13-e uzn., nepepab. u gorm. - 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. Xumust okpyKaromei Cpeibl : XMMUS )KUBBIX oprann3moB. Kypc neximii /
E. C. Muxanuna, A. JI. Iletenun. — M. : U3narensckuii Jlom MUCuC, 2011. — 64 c. — ISBN
978-5-87623-457-5. —TeKcCT : 31IeKTpOHHBIN // DIeKTpoHHO-0nOmoTeyHas cuctema [PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum nocrymna: ams
ABTOPHU3UP. MOJIb30BaTEIEH

JlonoiHUTEIbHAS JTUTEPaTypa:

1. I'munka, H. JI. O6mas xumus / H. I'. I'munka ; [lox pen. A. U. Epmakosa. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c. - bubauorp.: c. 704. - [Ipenm. yka3s.: c. 706. - ISBN 5-
89602-017-1
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2. XuMus METaIoB : yueOHoe mocodue (JUIst CTYJJCeHTOB XUMHUECKOTO (haKyJIbTeTa
HanpaBlieHuH 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
aBTOPU3HUP. NOJIb30BaTENEN
Hnmepnem-pecypcoi:

1 http://window.edu.ru/ — eaMHOE OKHO JAOCTYIa K 00pa30BaTEeIbLHBIM pecypcam

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

3 http://catalog.ncstu.ru/ — 3JEKTPOHHBIN KaTaJIOT aCCOLMALIUHU JIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBezieHni 1 opranuzanuit CKOO

4 http://www.iprbookshop.ru — OBC.

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