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TEMA 1. HOMEHKJIATYPA HEOPI'AHUYECKUX BELLIECTB. CTEXUOMET-
PUYECKUE 3AKOHbI. KJIACCbI BELLIECTB.

XuMunyeckass HOMEHKNAaTypa - 00JIacTh HaAyYHOU TEPMUHOJIOTHH.

HomeHKnaTypa — crucrema panyoHaIbHBIX Ha3BaHUH BellecTB. B 0CHOBY KOTOpOIi mo-
JIO’)KEH COCTaB BELIECTB.

Homenknarypa ckinagbiBaeTcs u3 Qopmys(n300pakeHne cocTaBa Belll-Ba C MOMOUIbIO
CHUMBOJIOB XUMHUYECKUX 3JIEMEHTOB U YUCIIOBBIX MHACKCOB) U Ha3BaHUM (M300pakeHUE CO-
CTaBOB C IIOMOLIBIO CJI0BA WX IPYIIIIHI CJIOB).

[lepexon ot popmy: kK Ha3BaHUSAM U HA0OOPOT OCYIIECTBISAETCS CUCTEMON HOMEHKIIATyp-
HbIX nipaBui. CumBoubsl ipuBeaeHsl B [IC. O0b1yHO 310 1-4 nnu 1-4 u 2-s1 OyKBbI JaTHH-
CKOTI'0 Ha3BaHUs DJIEMEHTA.

Bo3sne cumBona anemeHnTa MOryT ObITh MIPECTaBICHbI 4 HHACKCA:

M - MaccoBoe 4ncIio 33.]’)?[2[ HOHa

9 - CUMBOJI DJIEMEHTA

) Z-nopsiaKoBbIi HOMEP (3apsiy sapa IMoacTpounsIil HHAEKC (IUCIIO ATOMOB)

Cu** -uon Meau ¢ 3apsaaoM +2
2C - M30TOM yriIepoja ¢ MACCOBBIM YUCIIOM 12
U — u30TON ypaHa ¢ MaCCOBBIM YHCIIOM 235

HomeHKnaTypa nMPOCTbIX Bell-B

Ha3zBanue npocToro Beml-Ba CTPOUTCS U3 PYCCKOTO Ha3BAHUA DJIEMECHTA YU YHCIIOBOM IpHU-
CTaBKH.

YucaoBbIE€ IPUCTABKH:

1-moHO 5-menTa 9-HoHa
2-1 6-rexca 10-nexa
3-Tpu 7-renTa n-
4-teTpa 8-okTa
Cucremarnueckie Ha3BaHMUsI TpanunuoHHbIe HA3BAHUS
0 Monoxkuciaopo ATOMapHBIN KUCTIOPO.
0, Jukucnopon MoneKkyJIsIpHbIN KUCIOPOT
0, Tpukucnopon O30H
E, Tetrpadocdop benwiit pocdop
S, [Tonucepa Awmopdnas cepa

I[J'IH pacupCacyCHuUsA MPOCTHIX BCII-B YalllC UCIIOJB3YIOT TPAJUIMOHHBIC U CIICHHAJIBHBIC
Ha3BaHMUAI.
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CnoxHble BelecTBa

B Heopranmuecko XuMUU K HUIM OTHOCSITCSI OKCH/Ibl, OCHOBAHUSI, KUCJIOTHI, COJIU.
OKCHJIBI — 3TO CJIOKHBIE BEII-Ba COCTOSIINE U3 2-X AJIEMEHTOB, OAUH U3 KOTOPBIX — KHC-
nopoxn (3, 0y)

OcHOBaHMS — 3TO CJIIOKHBIE BEII-Ba, TPU JUCCOLIMALIUN KOTOPBIX BOZHUKAIOT THIPOKCO-
rpymnsl — OH™ (Me(OH),,)

Couii — 3TO CIOKHBIE BENI-Ba, MPU IUCCOIMAIIMU KOTOPBIX BOSHUKAIOT KATUOHBI METAJLIA
1 aMMOHUS ¥ aHHOHBI KMCIOTHEIX octaTtkoB. (Na,S50,, K], CuBTy,)

B nHanucaHuu ClOKHBIX BELI-B HA IEPBOE MECTO CTABUTCS AJIEKTPOIIOJIOKUTEIbHAS CO-
CTaBJIAIOIIAs — KATHOH, 3a HEH AJIEKTPOOTPHUIIATEIbHAS — aHUOH. A Ha3bIBAIOTCS HA000-
pOT: CHayajia aHWOH, 3aT€M KaTHUOH, TPUYEM Ha3BaHUE aHMOHA B UMEHUTEJILHOM TaJIekKe,
KaTHOHA B POJIUTEIILHOM.

Okcuabl

CucremaTiyecKrde Ha3BaHUS CTPOST MPU MOMOIIM YUCIOBBIX MPUCTABOK. Takke cyiie-
CTBYET CIIOCO0 Ha3BaHUS MPEI0KeHHBIN [IITOKOM, KOTOPBII COCTOUT M3 CIOBA «OKCHI
U Jajiee YKa3bIBaCTCs JIEMEHT U €r0 CTEIIEHb OKMCIICHUS PUMCKUMHU U paMu B CKOOKaX.

Oxcuna CucremMHOe Ha3BaHHUe Haszpanue no Illtoky
Al, O, Tpuokcun quamtomuauss | OKcU amrOMUHUS
FeO MoHOOKCH/T Kee3a Oxkcup xenesa (2)
Cl,0, ['enTaokcua quxsiopa Oxcup xJsopa (7)
OcHoBaHus

HasBanusi cocTaBisifOTCSL COTJIACHO O0IIEMY MPaBUITY.

NaOH - rugpokcun HaTpus

Fe(OH)5- ruapokcuy xenesa(3)

CuapOKCHABI METAILIOB, coaepKamue oqHoBpeMenno 0°~ u OH ™ HaspIBaeTcs IpUcTaB-
KON MeTa-

FeO(OH) - metaruapokcu xxeiesa

A KaTHOHBI METAJIOB C MpHcoeTnHEHHBIME K HUM OH - rpynimaMu HasbiBaeTcst mpucTaB-

KOW THMJIPOKCO-
Fe**0QH?**- katnoH ruapokcoxenesa(3)

Kucnotbl
1.beckucnopoaHbIe K-Thl
HasBanue cocTout u3 AByX CJIOB: MpHJIaraTelibHOE U CJI0BO KuciioTa. K Ha3BaHUIO KUCTIO-

TOOOPA3YIOIIETO dJIeMEHTa T0OABISAIOT OKOHUAHUE — BOJAOPOaHAs . JIJis Ha3BaHUs aHWOHA
UCIIOJIb3YIOT KOPEHb JIATUHCKOTO Ha3BaHUA dJIEMEHTA C 100aBieHnuemM cypdukca -ui-
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DJIEMEHT dopMmyJia K-Tbl Ha3Banue K-TbI VYp-e aucconuanyu 1 Ha3B.
aHHOHA
Cl HCI Xmoposogopoauast | HCl «» H™ + CI~
K-Ta
Br HBr Bpomosomopoauas | HBr «<» H™ + Br~
K-Ta
J HJ Wonosomoponuast | H] «» HY + ]~
K-Ta
S H,S Ceposogoponnas | H,S< H*+HS™ << 2H *
K-Ta +52-
Bcerna Ha3panue OMHApHOTO COCIMHEHUS 3aKaHYMBACTCS HA -U-
B*3N~3- gutpun 60pa
Mgi*P;3- dpocdun Maraus
2.Kucnopooconepkaiiye K-Thl
(HO),,20,, H,50, (H0),S0, HCl0, (HO)CIO,
H,CO; (HO),CO m=1 |m=2
H_O\C 0 H_O\S//O H—-0 CE//{?
= J — v — =
H-o H—0 Yo N 0
cnabas K-Ta CUJIbHAS K-Ta camasl CHJIbHAs U3 BCEX
Eciu m<22, To kucnora Ecnmum m=2, To kucnora HEOPraHUYECKUX KHUCIIOT
citabas CUJIbHAs Bcerna

Ha3zeanue KUCIOTHI COCTOUT U3 JIBYX CJIOB: MPUJIATaTeIbHOTO U CIIOBa «kucaoTay. [Ipuna-
raTejbHOEe 00pa3yeTcs U3 pyCCKOro Ha3BaHUs KMUCIOTOOOPA3yIOIIero 3JieMeHTa ¢ 100aB-

JIEHUEM OKOHYAHMUI:
—HAaA

[Ipn max. cTeneHu OKUCICHUs - {—Eﬂﬁ
—eeas

HazBaHue aHMOHA COCTOUT M3 KOPHS JJATUHCKOTO HAa3BaHUS KHCIOTOOOPa3yIOIIEeTo dJe-

MeHTa U cypdukca -aT-

Ecnu crenenp okucaeHus MPOMEKyTOUHasI(peaABbICcIas), o0baHo +3, +4, B mpuiiara-

TEIHHOM HUCTIOJIB3YyeTCs CyP(HUKC -UCT- a B HA3BaHWH aHMOHA — cy(DPuKc - UT-

DneMeHT dopmyna HasBanue AHnoHn
p+5(max) « H, P*E‘% Oprodochopuas | POZ~- oprodoc-
H,0 K-Ta ¢at-non
HPO, | Meradochopnas | PO; - metadoc-
K-Ta (baT-1oH
p*e H,PO, dochopucras x-ta | PO3 -pochur-non
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Conu

HasBanwue coeit moguuHseTcss 0OIMKUM MpaBUiIaM:

Cuf, - nomun menu (2)

NaHCO; - runpakopOoHat HaTpust (KUCIast COJIb)
(CuOH), - xapOoHar ruapokcoMeu(2) (OCHOBHAS COJIb)
KAI(50,), — cynbdar kamus alfOMHUHHAS

CTeXVIOMeTpMﬂ — OTO pa3aci XUMUH, H3yqa}0mnﬁ KOJIMYCCTBCHHOC COOTHOILICHUEC MCXK-
Ay pearupyromuruMun BEII-BaMU, KOTOPLIC OIIPCACIIAIOTCA OCHOBHBIMU CTEXUOMETPUICCKH-
MH 3aKOHaMH.

OCHOBHbIE 3aKOHbI :

1) 3akoH coxpaHeHHUs Macchl BemiecTra (JlaByasne)

2) 3akoH mocrosiHcTBa coctasa ([Ipycr)

3) 3akOH PKBUBAJICHTOB

4) 3aKOH KpaTHBIX OTHOIIICHUMH

5) 3akoH ABOrajpo u Apyrue
B crexuoMeTpuu HCIOJIB3YIOT MOHITHE KOJIMYECTBA Bell-Ba 1¥(N) — 3TO YUCIIO CTPYKTYp-
HBIX DJICMEHTOB (aTOMOB, MOJICKYJI, HOHOB, 3JIEKTPOHOB H JIp.)
[¥] = monb
MoJtb — 3TO KOJI-BO BEII-Ba, KOTOPOE COJICPKHUT CTOIBKO CTPYKTYPHBIX DJICMEHTOB,
CKOJIBKO coJiepxkuTcs B 12 1. uzoromna yraepoaa 12.

Popmyrnbl BblpaXXeHUs KOJ-Ba Bell-Ba

OcHoBHBIE (POPMYJIIBI ITpousBoHbIe HOPMYITBI
=" m=19*pu
I
="
Vim V==9+V,
H=—
Ng N=29+*N,

Uucno ABOTajipo — 3TO YUCIIO YACTHII, cofepkaiiuxcs B 1 moie m000ro BeniecTBana.
Monspuas macca M - 3T0 Macca OJHOTO MOJIb BEII-Ba

[M] = kr/Momp=r/MOJIb
M(H,50,) - 98 r/mMmons M(HNO,) = 63 r/moib

JTro0bie pacu€Thl OCYIIECTBISIOTCS HA OCHOBE CTEXHOMETPUICCKUX 3aKOHOB.
aA +bB— ¢C + dD , rue a,b,c,d —crexuomerprueckue koddhdurpentsl, a A,B-pearenTsr,
C,D-niponykThl.
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m{d}  m{B)  m({)  m(D)
asp(d)  b+p(B)  cxp(C)  d=p(D)

TEMA 2. CTPOEHUE ATOMA. KBAHTOBBLIE YUCJIA

Cmpoenue amoma

Yacruna Macca, ycnoBHOU enuHU- | 3apsi
ITBI

[IpoToH 1 +1

Heiitpon 1 0

DIIEKTPOH 1 -1

Z'p+n=#

33CL 17*p +18=n)17e
M30TOIIBI
37C1 17+=p+20=nj17e
Anpo 3I1. 000J04YKa

W30TOnEI - aTOMBI, OTIWYAIOIIMECS YUCIOM HEUTPOHOB B SpE.
Kakasg 1 yacTun BaxkHee?
Ecau ot HeliTpalbHOTO aTOMa OTHSATH WK JOOABUTH K HEMY JJICKTPOH, TO ITOIYYHUM
MOHBI 3TOro aToma: ,Hanpumep, H® —e — H™ - xatnon
H°4+e—-H - TUIPUI-UOH
[Ipu u3MeHeHnHn B SApE YKUCIia HEUTPOHOB UMEEM HU30TOIIHI.
[Ipu n3mMeHeHnn Yuciia MPOTOHOB MOJIydaeM HOBBIN BHJI aTOMA.
Ywucno mpoTOHOB paBHO MOPSIKOBOMY HOMEPY dJIEMEHTA.

1911r. — nnanerapuas mojaens Pesepdopaa: BOKpyT siipa, Kak MIaHEThl BOKPYT
ConHiia, BpamarTces 3J€KTPOHBL. ITa MOJAEINb HaXOIUJIACh B TPOTHUBOPEUYUH C 3aKOHAMU
KJIACCUYECKON (PUBHKHU.

1913r. - moctynatsl bopa, KoTopbie onpeeeHHbBIM 00pa3oM 000CHOBANH TIJIaHE-
TapHYIO MOJIEIb.

IToBenenue yacTul B MUKPOMUPE MOJAYHUHSIETCS CBOUM 3aKOHAM, OTJIMYAKOIINXCS OT
3aKOHOB KJIACCHUECKOU (PU3UKH.

1924r. — JIyu ne bpailsib BICKa3bIBa€T MPEANIOIOKEHNE O JBOMCTBEHHON IPUPOJIE
JJIEKTPOHA: OH SABJIACTCA Y YaCTULIEH, U BOJHOM, IPUYEM JJIMHA BOJIHBI PABHAETCA:

h
A =—,rme A - 1uuHA BOJIHBI
mu

h - mocrosnnas [nanka (& 6,62 * 107** o)
M - Macca YacTHUIIBI
U - CKOPOCTb YaCTHUIIbI
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Heckonbkum rogamu nozxe J[3BUCOH U JepMmep MOATBEPIAHIN 3Ty THUIIOTEY,
HaO0r01ast TU(PPAKITHIO AIEKTPOHOB.

B 1927r. I'eitzenOepr BBEN MOHATUE HEONPEAEIEHHOCTH U C(HOPMYIUPOBAIT TPUH-
LWT HEONPEAETEHHOCTU: HEBO3MOXKHO C OJIMHAKOBOM TOYHOCTHIO OJTHOBPEMEHHO YKa3aTh
MECTO PACTIOJIOKEHUS YACTULIBI U €€ CKOPOCTb:

h .
Ax = Ap = o e A-HeomnpenenéHHOCTh KOOPIHHATHI,

Ap - HeompenenéHHOCTD UMITYJIbCA.

Takum o0Opa3om, KBAHTOBAsI MEXAHHUKA 3aMEHSET MOHITUE TOUHOTO MECTOHAXO0XKIe-
HUE D3JIEKTPOHA B aToMe 00Jiee UM MEHEEe BEPOSITHBIM B JAHHOM 00beMe aTOMHOTO MPO-
CTpaHCTBA.

BostHOBBIE CBOMCTBA AJIIEKTPOHOB TAK)KE CBUIETEIHLCTBYET O HEBO3MOKHOCTH (DUK-
CUPOBAaHMsI, T.€. OH OKAa3bIBACTCS pa3Ma3aHHbIM B TOW WJIM UHOW 00JIACTH IIPOCTPAHCTBA.

[IpeauHrep coCTaBUII ypaBHEHHE /IS BOJTHOBOM (DyHKIMH Y(IICK), pacIpoCTpaHsI-
€TCsl B TPEXMEPHOM MPOCTPAHCTBE U OMUCHIBAIOIIEH TTOBEICHHUE DJICKTPOHA B aTOMHOM
IPOCTPAHCTBE, CBsA3aI €€ ¢ 00IIel MOTEHIIMAIbHON YHEPTUEH:

Y(x,y,2) = f(E)

Pemenne ypaBaenus llpeaunrepa 1aBano BO3MOKHOCTh pacCUMTaTh YPOBHU Ha
KOTOPBIX MOT'YT HaXOJUTCS JIEKTPOHBI B aTOME.

VYpaBuenue npemnioxennoe lllpennHrepoM HamOMUHAET YpaBHEHUE CTOSAYEH BOJI-
HBI, ONTUCHIBAIONIEH KOeOaHue CTPYHBI:

T

H
N—t”

P, o0naka

;

f

NV

Pa3mazannoe »i1. oonako 1st

=

Tam, rae ¥ — Max - MecTo HanOOIIBIIICH BEPOSITHOCTH HAXOXKACHHUS JIEKTPOHA.

E,, = f(n,[,m) — roBoput 06 onpeAeIéHHOCTH MOPUHOHHOCTH SHEPTHH, I7I€ MO-
KET HAXOAUTCS DJIEKTPOH.

Taxum o6paszom, pemenue ypaHenus Llpeaunrepa 060cHOBaIO MPUHIUI KBAHTO-
BaHUs, [IPEJICKa3aHHbI bopoMm.

Keanmoesuvie uucna
Kaxoe urcio OyJeM XapakTephu30BaTh:
1)  DHepreTuvecku
2)  IIpocrpaHCTBEeHHO
3)  VYkaspiBaTh €ro BO3MOYKHBIC H3MCHEHUS
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4)  VYkasbpIBaTh 0003HAYCHUS

T - XapaKTepU3yeT SHEPTUIO YPOBHS, HA KOTOPOM HAaXOIUTCS dJEKTPOH, MPUIEM
4eM OJFKe K SIpy, TeM dHEPTUH MEHBbIIE; N U3MEHSETCs OT 1 JI0 0o, MPHHUMAET IIeJTbIC
3HAUEHHUS, N — IIIaBHOE KBAHTOBOE YHCIIO

[TpunsiTo N 0603HaYaTH 3arJaBHBIMU OYKBaMU JIATHHCKOTO a(aBuTa, HAUMHAS C
OykBbI K.

[Ipu n3y4eHNM CIIEKTPOB 0KA3aJI0Ch , UYTO KaXK/ask TMHUS COCTOUT Kak ObI U3 He-
CKOJIbKUX JIMHHI, OBLIO BBEIEHO OPOUTAILHOE KBAHTOBOE YUCIIO I,

Yucio [ xapakrepusyer paciueruieHie YPOBHS Ha MOaypOBHU. M 3HEPTHIO MO
YPOBHSI.

[ xapakrepusyet hopmy 2IeKTpOHHOTO 0OaKka. Boiiee cTporo roBopsT 0 MOMEHTE
KOJIMYECTBA JIBIXKCHUS DJICKTPOHA.

I — u3mensiercs ot 0 1o (n — 1). YcranosieHo uto 1 — biil ypoBeHb pachaaaeTcs Ha
7 — 0€ KOJI-BO IIOJIyPOBHEM, T.€.

/\I:2
i =1 |=2 |=3|=4

=0
= Bias.
/\::O Q
n=2
=0
n=1

Ecmu n=1 |=0 — 1-p1if ypOBEHb COCTOUT M3 OJHOTO MOAYPOBHS, HA KOTOPOM Pacro-
jaraercs S-o0JaKo.

[Tpu 6omee rry00OKOM M3YYEHUH CTIEKTPOB BO3HUKIIA HEOOXOIUMOCThH BO BBEJICHUU
3-ero KBaHTOBOTO YHCJIA, T.K. B MArHUTHOM II0JI€ CTIEKTP JIMHUN PACIIETUIIEeTCS Ha He-
CKOJIBKO JIMHHM.

JJist Xxap-Ku TIOBEICHHS] aTOMOB B MAarHUTHOM TIOJI€ CYIIIECTBYET 3-€ K8AHMOBOE
yucno my

Mm; — onpeAen€HHOEe 3HAYEHUE NMPOEKIIUU KOJI-Ba JIBHXKEHUS AJIEKTPOHA HA HaIpaB-
JICHHE MAarHUTHOTO TIOJISI HJTA OTIPEIEISET MOJI0KEeHUE OpOnTaIu B mpocTpaHcTre. [Ipu-
auMaet 3HayeHus ot 0 o +l.

Takum o6pa3om Bcero 3HaueHui (21+1). beuto 00HapykeHO, YTO CIIEKTPATbHBI-
€JIMHUU MOTYT OBITh PacHICIJIEHHbIE U TPU OTCYTCTBUU MAarHUTHOTO MOJIS.

Cy1iecTBOBaHUE ATUX JIMHUN Majio OTIWYAIOCh MO JITMHE BOJIHBI MO JIJTMHE BOJIHBI,
00BbsICHSIEMOE HEOOIBIITUM Pa3InuMeM B DHEPTUH DJIEKTPOHA C OJJMHAKOBLIM 3HAUCHUEM
IN; MarHUTHOTO KBaHTOBOTO yucaa. C BBeJeHUEM 1M; TOSIBUJIOCh MECTO HanboJjee Bepo-
SITHOTO HAXOKJICHUSI DJIEKTPOHA — «STYEHUKI.

[Mycts N=1 I1=0 m=0

10
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Ecimu n=2, to I=0, m=0
=1, m=-1 (T 1]
2p

25

Hudpa — ypoBeHb, OyKkBa — IOypOBEHB
Ecim n=3, =0 m=0

I=1 m=-1 T
m=0 [
m=1 L]
=2 m=-2 3s 3p 3d
m=-1 CTPOECHHUE TPETHETO DHEPIETUUECKOTO YPOBHSA
m=0
m=1
m=2

Ecnu noacunrars ynciao opOurtaneit Ha ypoBHE, UMeeM 1-b1ii ypoBeHb -1 opOurais,
2-oii - 4, 3-i1 — 9, 4-i1-16, T.e. uncio opbuTanel Ha ypOBHE PaBHO N-.
[To3xe ObLI0 BBEIEHO 4-0€ K6aHnmogoe Yucno M Ha3bIBAEMOE CHUHOBLIM.

M; COOTBETCTBYET MCXaHNYCCKOMY BpaAllICHUIO 3JICKTPOHA BOKPYT cBoeit ocu. B o1-

1 1
JIMIHUC OT APYTIUX YHUCCJII OHO NMCCT BCCI'O JIBA 3HAYCHU:A, 1a U TC I[pO6HI>IG: E H — E

1 o
E - BpalllCHUC 110 4aCOBOU CTPCIIKC. OO6o3Hauvaercs: T

1 .
— - BpallleHUE POTHB YACOBOH CTPEIKH. OGo3unauaercs: |

Caeném Bcro HH(MOPMAIMIO O KBAHTOBBIX YKCJIaX B TAOIHILY:

KBan- | Xap-ka N3menenue O6o3HaueHue
TOBOE
YHCIIO
DHeprusi [IpoctpancTBO
n DHeprus ypoB- | Pazmep ypoBHA Or 1,2 no= K,LM,N...
H4 (CT1051) (peanbHO 110 7)
I Oueprus nox- | ®opma am.odnmaka | Ot 0 mo (n-1) | s,p,d,f
YpOBHS
m, - Pacnosnoxenue op- | Ot —I, 0 mo +|I | Lludpa c coor-
ourasei B mpo- (Bcero 21+1) | BeTcTBYyIOIIMM
CTpaHCTBE TIO/] 3HaKOM
JNEUCTBUEM Mar-
HUTHOTO MOJIs 3eM-
I
m, - Bpamienue sek- E— Tl
TPOHOB BOKPYT . .
CBOEI COOCTBEHHOM

11
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CocTostHuE 3JIEKTpOHA B aTOME XapaKTepU3yeTcss HA0OPOM YEThIPEX KBAHTOBBIX YHCE,
KOTOpBIE MPEJICTABISAIOT COO0M KaK Obl «IIACHOPT AJIEKTPOHAY», TAK KaK KaXKJI0MY JIEKTPO-
HY COOTBETCTBYET CTPOTO ONpPEAEIEHHBIA HAOOp YHCElL.

OcHOBHbIE ITpaBuUIIa 3aMI0JIHEHUS 3JIEKTPOHAMHU YPOBHEHN U OLYPOBHEM:

1) npyHUIMI HAUMEHBIIIEH YHEPTHUY;

2) npuniun (3anpert) [aymnu;

3) npaBuio ['yuna;

4) npasuio KiedkoBckoro.

1) IIpuHIMN HaMMEHBIIEH SHepruy (TIABSHCTBYIOIINMN): 3aII0JTHEHUE HIET C YPOBHS
oOnagaronieil HAMMEHbUIEH SHEPrUei.

2) 3anper [Taynu: B aToMe HET M HE MOXKET OBITh JIEKTPOHOB CO BCEMH OJIMHAKO-
BBIMU KBAHTOBBIMH YHCIIAMH.

Nﬂpﬁumzz

Nyoayp=2 (21+1) s S—2(2*0+1)=2

p—2(2*1+1)=6
d—2(2*2+1)=10

3) IpaBwio 'yHaa: npu 3amMoHEHUH OpOUTAJICii ¢ OMHAKOBOM SHEPIHE 3aI0IHe-
HUE UAET TaKUM 00pa3oM 4TOOBI CyMMapHBIN CITUH ObLT MAKCUMAJIbHBIM.

4) IpaBuino KiieuykoBCKOTO: MPH 3aMOJHCHUN DJICKTPOHHBIX OpOUTAJICH CleayeT
yauThIBaTh cymmy (N+1). DnexTpoH uaét Ha opOoHUTaIh ¢ MCHBITUM 3HAYCHUEM CYMMEI;

ClIy4yae paBeHCTBA CyMM 3JIEKTPOH HAET Ha OpOUTAIh C MEHBIITUM 3HAYE€HUEM TJIaB-
HOTO KBAHTOBOT'O YKCIa «Ny.

PacnonoxeHue 31eKTPOHOB M0 YPOBHSM U OJYPOBHSIM Ha3bIBAETCA 3IEKTPOHHOU
(opMyII0ii, MU SJIEKTPOHHOUN KOH(PUTYparue.

JononHuTenbHbIE TpaBuia:

- CyMMa 3JIEKTPOHOB = Z,;

- 4UCJIO YpOBHEHN = HoMmepy nepuopa I1C;

- YUCJIO AJICKTPOHOB HA BHEIITHEM YPOBHE PAaBHO HOMEPY I'PYIIIbI JJIs 3JIEMEHTOB
TJIaBHBIX NOATpyIIL. J{Jis 371eMeHTOB MOOOYHBIX TPYII = 2;

Hcknrouenus:
Cr,Mo,Nb, Ru, Rh,Pt,Cu, Ag, Au (1 anexmpon Ha eHelierHem VpoeHe)u

Pd(0 snexmporoe)

Xumuueckue cgoticmea onpeoeisitomcs d1eKmpoHamu Ha HeuHeM YPOBHe

Jliist 51eMeHTOB 4 mepuoja, yYuThiBasi, 4To 30-€ He MPUHUMAIOT Y4acTHs B PEeaKIlu-
ax, 0-& munIyT cpasy 3a CHMBOJIOM HHEPTHOTO ra3a ¥ TAKMM 00pa3oM, BAJICHTHBIC JJICK-
TPOHBI OKA3bIBAKOTCS HAMMMCAHHBIMU PSJIOM.

Haxoxpaenue snextpoHa no ¢popmysie MOKHO ITPOBECTH 3-Msl CIIOCOOaMU:

12
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1) mo olmiemMy 4uCiIy IEKTPOHOB onpenenser Z,
2) KOOpAMHATHBIN crioco0: 1o BenmmurnHe N onpenenstoT nepuo, Mo CyMMe BHETII-
HUX 3JIEKTPOHOB — TPYIIITY;
3) 1o NpUHAJIEKHOCTU K CEMEMCTBY: CEMEMCTBO ONPENEIAETCs M0 YPOBHIO, KOTO-
PBIN HAXOAUTCS B CTAAMH 3aIOTHEHUS UITH 110 (OPMUPYIOLIEMY IEKTPOHY.
Yro 3a smeMenT 4517?
1 cnoco6: n=4 — [Ar]4s?
15125?2p°3s%3p°4s! - £,=7=19— K
2 crioco6 [Ar]*%4st —19
4s' sn=4—->4nep. —-K
g.=1—=11p.A
3 cnoco0: B cTraauu 3anofHeHUs HaXOAUTCA S-TIOIyPOBEHb, 3HAUUT 3TO CEMEUCTBO
S-2JIEMEHTOB, puuéM 4 mepuon, 1€ — K
45! apngercs GopMUPYIOIMM 31IeKTpoHOM K| TO ecTh ompezenser ero XxuMude-
CKHE CBOMCTBA U CEMEMNCTBO.
n=4
1=0
4s m.‘.':O

Yro 3a -1 4513d%?
n=4—nepuon 4
2.2 = 4, Ho onM Ha pa3HEIX ypoBHAX —* 4B = Ti
KBAHTOBBIE YMCIIa (POPMHUPYIOLIETO HIEKTPOHA:

n=3

I | =2
3d \V mEZ-l

S=-

®dopmynbl MOHOB.
Nown 310 yacTuila, BO3HUKAIOIIAS MPU OTaue(TIPUCOSTUHEHUN) € 1 HECYIITUE OTpe-
JeJIEHHBIN 3apsi.
Vkasarb Gpopmyity nona ,,Mg>*
Mg°[Ne]3s?
Mg?* Bo3nukaer npu otaaue € — Hoé Mg® — 26 — Mg?*
JIOTUYHO MPEANOI0KUTH, YTO ATO OYIYT ANEKTPOHBI C 3S-TIOTYPOBHS,
Mg?** umeer ctpykTypy nona [Ne]
VIMEHHO I03TOMY B IIPUPOJIE BCTPEUAETCS TONLKO coequnenne Mg+,
§2~ posnukaer npu S? + 2& - 57
S%[Ne]3s?3p*
S§27[Ne]3s?3p®

13
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yCTOHYMBasi KOHPUTypaLus
000J104KH 01aropoJHOTO ras3a

NMepuoanyvyeckumn s3akoH U nepuoanydeckaa cucrtema [1.1. MeHpeneeBa

Crnenyer OTMETUTh UYTO MOMBITKH KIACCU(PUIUPOBATH 3JIEMEHTHI MPETPUHUMAIHCH
HEOJIHOKPATHO.

1816r. Jlebepeitnep. «IIpaBuno Tpuany: Cl Br |

S SeTe

1862r. [llankyprya «3eMHas CIUpalb»: pacroaras 3JIEMEHTHI 110 CIIUPAIIA BOKPYT
HWIMH/IPA, OOHAPYKUJI CXOACTBO 3JIEMEHTOB, KOTOPBIE MONAaAalId HAa OJIHY BEPTHKAIb.

1866r. Hpronenae «3aKoH OKTaT»: B MOPSJIKE BO3pACTaHUN aTOMHBIX MacCc OOHapy-
KU CXOJICTBO B BOCbMH 3JIEMEHTAX.

1869r. [lepnoanyueckuii 3aK0H: CBOMCTBO MPOCTHIX 3JIEMEHTOB, IIPOCTHIX BELIECTB
HAXOJUTCS B 3aBUCUMOCTH OT aTOMHOW MAacChl.

JIro6ast 3aBUCUMOCTb MOKET OBITh MpEJCTaBIIeHA TpaduKOM, YpaBHEHHEM, TaOIuU-
neil. lna [13 nanbonee nogonuta tabnuua. B Hacrosimee Bpems uzBectHo okono 400 Ba-
puanTtoB I1C, Ho Haunbonee nonynsipHO 3(KOPOTKO-, IIMHHO-TIEPUOIHAS U JIp...)

MocTpoeHue Tabnuubl

Tabnuma coctout u3 7-mu ropu3oHTANBHBIX psiioB — [IEPUOIOB.

Ilepuoo — 3T0 TOPU30HTANBHBIN P SJIEMEHTOB, B aTOMaX KOTOPBIX MPOUCXOIUT
3aI0JIHEHUE OJIMHAKOBOIO YKciia ypoBHEN. [loka3piBaeT BHEIHUN yPOBEHb, YUCIIO MOI-
YPOBHEM, Ha KOTOPOE pacIalaeTcsl BHEIIHUNA YPOBEHb M YUCIO ypOoBHEH. B Tabnune nme-
eTcsl 8 BepTUKAIBHBIX CTOJI0I0B, Ha3biBaeMbix [ PYTITTAMMU.

I'pynna — 3T0 BEpTUKAJIbHBIN PsIJl 37IEMEHTOB C 00IIEH 371. 000JI0UKOM BHEIIHETO
yposHsa B HEBO3BY)XXJIEHHOM cocTosHuH.

PaznuyaroT riiaBHbBIE U TOOOYHBIE TPYIIIIBI

1A
Li[He]2s?
Na [He]3s?
K [Ar]4s? [ ns?
Rb [Kr]5s?t
Cs[Xe]6s?t
Cxema 3amoiHeHus 3JIeKTpoHaMH aToMoB 3J1ieMeHTOB B I1C:
Onektp. koHbuUryparus | Uucio ieMeHToB
1 mepuon 1s° 2
2 mepuon 25°2p™° 8
3 nmepuoJ 3s%4p™® 8
4 nepuon 45730 %4p™° 18
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5 epHo 5s“4d" " 5p"° 18

6 meprox 6s°5d"4f **5d"%p"° 32

7 nepuo 7s%6d'5f 6d”

B 2004 roxy 6611 OTKpHIT 118 nemeHT.

[1C noka3bpIBaeT 3aKOHOMEPHOCTh U3MEHEHUS Psifia CBOMCTB:
1. paguyc atoma
2. TOTEHIMAT UOHU3AINH
3. DHepruro cpojCTBa K MJIEKTPOHY

4. KHUCIIOTHBIE CBOMCTBA (OCHOBHBIEC, METAIUINYECKUE, HEMETAJTTMYECKHUE).
CoBpemennas popmynupoka [1C:

a) «CBOMCTBa MPOCTHIX 3JEMEHTOB, MPOCTHIX BEIIECTB, COCAUHEHUN 3aBUCSIT OT
3apsaa aapay.

0) «IlepruoaAMYHOCT, U3MEHEHHSI CBOMCTB OOYCJIOBJIEHA NEPHOJUYECKA MOBTOPS-
IOILICHUCS DJIEKTPOHHOU KOH(MUTYpAITUN.

PaccmoTpuM n3MeHEHUE CBOMCTB:
I'y — paCCTOSIHUE OT SAJIpa 10 BHEIIHUX AJIEKTPOHOB.

Na

Li

Ne
He

z

ITo epuoay I, yMEHBIIACTCS, TAK KaK C pOCTOM 3apsjia ssapa YBEINYUBACTCS IIPU-
TAKCHHUC BHCIITHUX 3JICKTPOHOB.

ITo rpymnme I, yBenM4uBaeTCs, TAK KaK YBEIUUYMBACTCS KOJINUYECTBO AJIEKTPOHHBIX
YPOBHEM.

[ToTeHiman nonusanuu (J) — 3HEprus He0OOXOAMMas JJIs OTPHIBA BHEIIHETO JJICK-
TpOHA OT HeUTpanbHOTrO aToma. Paznuuarot 1-#, 2-#, 3-it moTeHmman. J;<J,<Js
PaccMoTpuM u3mMeHeHue MOTeHIMala OT MOPsIKOBOI0 HoMepa

)1

Ne

He N

Li 15
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[Tunoo6pa3Hast 3aBUCUMOCTD IEMOHCTPUPYET EPUOUIHOCTD U3MEHEHUSI CBOMCTB.

Ecporcrsa x e — JHEPIUS, KOTOPAs BBLIEIAETCS P IPUCOECAUHEHUH DIEKTPOHA K
HehTpabHOMY atoMy. O0JIaa0T TAIOTeHBI, CIIEI0BATEILHO, 110 TIEPHOY OHA YBEITHYH-
BAETCs, a TIO TPYIINE YMEHBIIACTCSI.

AHaJIOTUYHO 3JIEKTPOOTPHUIIATETHPHOCTD — CBOMCTBO aTOMa OTTITHBATh OT ce0s 00-
Y0 JICKTPOHHYIO Mapy (CBA3EBYIO).

20 = (J+Ecp.)/2, HO 2HEprUs CpoOACTBA U3BECTHA HE JJISI BCEX DJIEMEHTORB, TOITOMY
JL.ITonnmuaTOM OBLITA IPEIOXKEHA OTHOCUTENIBHAS [ITKaJa SJIEKTPOOTPUIIATEIEHOCTH.

XapaKkTepucTUKa W3meHenue no nepuony | MismeHenue no rpymme
la YMEHBLIAETCS YBEIUYHMBACTCS

J YBEIUYHMBAECTCS YMEHBIIAETCS

Ecporcrra YBEJIUYHMBACTCS YMEHBIIAETCS

20 YBEJINYMBAETCS YMEHBIIAETCS

MerTtannnyeckue CBOWCTBA IOTUYHO CBSI3BIBATH C MOTEHIIMAIOM MOHU3auu. Meral-
JMYECKUE CBOMCTBA MO MEPUOAY YMEHBIIAIOTCS, TaK KaK YBEJIMUMUBACTCS MOTEHIIAAT
MOHM3AIIMH, a TI0 TPYIINE PacTyT.

Kpome Toro Obuta 3amedeHa quaroHaibHas MEPUOTUIHOCTD.

SO

Il mepuon Na Mg Al Si

| mepuon

Kpome nuaronanbHON EpUOIUYHOCTH, KOTOpas OOBSCHAETCA TEM, YTO HapacTaHUe
HEMETAJJIMYECKUX CBOMCTB B MEPHO/JIE CIEBA HANPABO YPABHOBEUIMBAETCS YBEIUUECHUEM
Me cBOWCTB B IpyIine CBepXy BHU3.

3amedeHa ele 3Be3Hasi NEPUOINYHOCTb.

ii

Ga—>Ge+-As
Sn
Cpenunee apudmeTnyeckoe MEeX1y CBOMCTBAMU HAXOASIIUXCS PSAOM BEIIECTB.
Irp. A lrp. Irp. IVrp. Vrp. Virp. Vilrp. | Vllirp.
ns' ns’ ns‘npt | nsnp® | ns“np® | ns‘np® | ns“np® | ns“np®
Irp. B lrp. I1rp. IVrp. Vrp. Virp. Vilrp. | Irp.

16
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ns' (n-1)d™ | ns® ns’ ns’ ns' ns* ns’
(n-1)d" | ns? (n-1d* | (n-D)d* | (n-1)d® | (n-1)d®> | (n-1)d®> | (n-1)d**®

TEMA 3. XUMWNYECKAA CBA3b. KOMITJIIEKCHbIE COEOUHEHUA

CymecTtByeT 4 BUa XUMHUYECKOU CBS3U:

Kpome Toro nmeet Mecto mpu 00pa3oBaHUU CBSI3H MEKMOJIEKYJISIPHOE B3aUMO/ICH-

CTBHC

1)
2)

HNonnag

KoBasnentHas
a) Henonsipnas
0) [Honspuas
B) [1o 1OHOpHO-aKIIENTOPHOMY MEXaHU3MY
3) MeTanmnnueckas
4) BogopoaHas

OCHOBHbIe XAPaKTepUCTUKN CBA3N.
-IJTNHA

-3HEPTUs
-BaJICHTHBIN yTOJI

AnuHa cBa3n (d.¢) — 370 paccTosiHEE MEKTY [IEHTPAMHU XUMHUECKH CBA3aHHBIX

aTOMOB.

lum=10"" M
1A=10"% cm
Jlnst iByxaToMHO#M Mostekynbl A-B d,, & 1, + 15
JInvHa cBs3M ONpEAEsaeTCA YKCIIEPUMEHTAIIBHO.
SHepausi ceAa3u
Paznuyaror sHepruto oOpa3oBaHUs CBSI3U U SHEPTHIO pa3phiBa CBS3U.

E

abp

- OTO SHEPIrus, KOTOpPAasA BbIACIACTCA ITPHU BOSHUKHOBCHWH MOJICKYJIbI M3 aTOMa

[Eﬂﬁp] = kJ>x/MOJIBb.

E-

obp

nkE>

pas

OIWHAKOBBI 110 BCJIMYMHC U ITPOTHUBOIIOJIOXKHBI 110 3HAKY.

Mexay UITMHOM CBI3U U DHEPTHUEN UMEETCA 3aKOHOMEPHOCTD.

Mouekyna d,., HM E.., x]JIxx/Monb
HF 0,092 536
HCI 0,128 432
HBr 0,142 360
H] 0,162 299

17
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B rpynmax pasaoMepHO T T, =T d,, =1 E_,

ITox KpaTHOCTHIO CBSI3M MMOHUMAIOT KOJIMYECTBO AJIEKTPOHHBIX Map, KOTOPBIE OCY-
HIECTBIISIOT XMMHUYECKYIO CBSI3b

0-0 E. =201xdoc/mom  d..=0,149uMm

0=0 E,, =404xDoxc/mom  d.=0,121am

., YeM BhIIIE KPAaTHOCTD, TEM 4 JUIHHA,
-C=C- a sHeprus 1, IPOYHOCTD T

-C=C-
-C-C-

> dCB

HanpaBlieHHOCTE CBSI3M BBIPA)KAETCs C TIOMOIIBIO BAJICHTHBIX YTJIOB.

BanieHTHBIH yroJi- 3TO yToia MEeXy BOOOpaKaeMbIMU JTUHUSMHU MTPOXO/ISIIIIUMHE Yepe3 1eH-
TPBI XUMUYECKH CBSI3aHHBIX ATOMOB.

JIByxatomHbIe MoJIeKyIIbl Buaa AB, nanpumep HCl, B mpocTpaHcTBE HE HAIIPABJIEHEI
Tpéxaromubie MOJIEKYIIbI Buaa AB 5, MOT'YT OBITh JTUHEHHBIMH, MOT'YT OBITH YIJIOBBIMH.

Hamnpuwmep B-A-B Be(l,
£180°- nuneiinas Monegyna
A }mo
B B

menbme £180°-yrnosas Monexyna

YeTbIpéxaTOMHBIC MOJIEKYITBI BUIa AB3, MOTYT OBITH YIJIOBBIME

Hanpumep
A B CIF,
B £90°- yrnosas mMosexkyna
2
F
A \ BCL,
7 N
J

£120°%3Be3na

18



CMONTEHC KNI
Memoouueckoe obecneyerue OUCYUNIUHBL ( @uhnas
51.0.07 «Xumusy

|

< 41
mn_

1) MoHHast CBSA3b — 5TO CBSI3b, KOTOPYIO OCYIIECTBIISIOT JIEKTPOCTATHYCCKUAM IIPHUTSIKE-
HUEM HOHOB.
Paccmompum obpazosanue monexyavt NaCl

Atombl Na u Cl pe3ko OTJIMYaroTCs 1O 3JIEKTPOHHON KOH(PUTYpALUU, SHSPTHH
MOHM3AINHU, CPOACTBY K € u D0.

Atom OnextponHas | J, »B E., 2B 20
dbopmya

Na [Ne]3s?t 5,14 0,74 1,01

Cl [Ne]3s*3p® 13,01 3,78 2,83

B pesynbrare B3auMOIEHCTBISA MEXK Iy aToMaMu ob6pasyroTcs nonsl Na ™ peakuuu
Na® — & — Na™, snexrponnas kondurypanus Na™: [Ne] — ycroiiunsas o6onouka 6ia-
TOPOJIHOTO T'a3a, JHEPreTUYECKU BBITOJJHOE COCTOSIHUE. FIMEHHO MOATOMY B IPUPOJE HET
metaiia Na, a Berpewarorcs coequnenns Na, rue Bcrpeuaercs Na™.

O6pasosanue Cl unér no peakiyn CI1° + & — C1~. DnexTpoHHas KOHQHUIYpaLUs
Cl™: [Ne]3s?3p® ~Ar oHepreTHYECKH BBITOHOE COCTOSHHE.

HNonHas cBA3b pean3yercs y 3JIEMEHTOB, UMEIOIIKEe 3HaUuTenbHbIe oTianuus B 0.
OOBIYHO 3TO JIEMEHTHI | U 2 TpyNMbI ¢ 3JIeMEeHTaMu 6 U 7 TPYIIIL, T.€. TaTOTeHUIbI, OKCH-
JIbI U T.I1.

Yem T A30, Tem cBA3b HOCHT GoJIEE HOHHBIM XapaKTep.

crenenb 100 ----- oo
wonnoctw, %p T CsF

70— 1

v

1,8 3,5 AJ0

Css13b B Mosiekyiie CSF — camast HoHHast U3 Bcex MpUpoaHbIX coenuuennit. DO(F)=4,0
A30 = 3,3

20(Cs)=0,7

OnHako, Jaxe y 3TOro COeAMHEHMS CTeneHb HOHHOCTU He nocturaet 100%

Ecnu nmposkcnepeMenTupoBath, To A0 = 3,5
% MOHHOCTH = ﬂ * 100%

A
[Mpunsto cunrtath, eciim A0 = 1,8, cBa3p nmpenmyniecTBeHHO HOHHAs, a 10 50% - KOBa-
JICHTHAs.
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d.; B HOHHBIX COEIUHEHHSIX HECKOJIBKO KOPOUE, YEM B KOBAJIEHTHBIX.
de=1, + 15 — 0,09 (BG(B) — BO(A)) — HOHHAas CBA3b

KpucranpHas pemérka MOHHBIX COCIMHEHUH COCTOUT U3 3aKOHOMEPHO YEpPEaYIO-
IAXCA B €€ y3J1aX HOHOB.

=]
b=
P
-]
=
=
=

e
|
[
=

L P a+ {‘I —

HNonnbie coequHeHU:

1) XOpOIIIo pacTBOPSIOTCS B MOJIAPHBIX PACTBOPUTEISIX (TI0JJOOHOE B ITOJT00HOM)
2) TPy THOJIETYYN

3) UMEIOT BBICOKHE TEMIIEPATYPhI IUIABJICHHS W KHITICHHUS.

2) KoBasieHTHas1 CBSI3b — 3TO HaKOOJIEE IIMPOKO PACHPOCTPAHEHHBIA THII CBSI3H.
1916r. — Ixx. JIsronc: XuMuueckas cBsi3b B Mojiekyie H, win N, o6bsicHseTcs 06-

pazoBaHuEM OOIIUX JIEKTPOHHBIX Nap. B rpaduueckoit popme cBsi3b 0003HAYAETCS Yep-
TOH.

H H-H

eNeeNe N=N

l O6IIII/I€ 9J1. TIapbI (HO,ZICJIéHHLIe, JIOKAJIN30BaHHLBIC, CBSIS@BBIG)

HCHOI[GJ'IéHHaﬂ, HCJIOKAJIM30BaHHAaA JJI.I1apa

Ho B 310 BpeMs ObLIO HEMOHSTHO, TOUYEMY € 00BEIMHSAIOTCS B TAPHI.
PaccMoTpuM 0Opa3zoBanne MOJICKYJIbI H 5

KpuBast n3MeHeHHs MOTEHIIHAIBHOM SHEPI UK TP 00pa30BaHUHM MOJIEKYJIbl 1.
Ecnu paccMOTpeTh cucTeMy, COCTOSIIYIO U3 2-X sep U 2-X €, TO B HEW BO3MOYKHO

JeMCTBHE CIAEAYIONINX CHII: E oTTankuBaHus «SIpo-aapoy, «€ — é», E mpurskenus «
€ —Anpo»,
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Kak B aToMe, Tak 1 B MOJIEKYJIE HMEET MECTO IBMKEHHUE €, modToMy E.... He MeHs-
ercs, a E . — MeHAeTCA.
Takum o6pazom obwmas E mensercs, Takxke Kak U Ej ey
Evoremy = Esg +E._, + (—E__.), TAKHM 06pPa30M CHJIBI OTTAIKUBAHHUS CO
3HAKOM +, CHJIBI IPUTSHKEHHS CO 3HAKOM —.
Torma mo Mepe cOMMKEHUS ABYX aTOMOB BO3MOKHBI CJACAYIOLINE CUTYALVH:

E 4

E u3ommppBaHHEIX aTOMOB BOJOPOOa

EC.EE (Hs)

1) Ha yuactke AB e | paccrosinus mexay aromamu 1 E;_, = Egg 4

2) B Touke B cuiibl mpUTSHKEHHS yPaBHOBEIIUBAIOTCS CHJIAMU OTTATKUBAHUHHUSL.
3) yuactok BC co crpemnenuem L 1+ pe3ko T E rames Eae gy Eae s

Takum 0O6pa3zoM Ha HEKOTOPOM paccTosHuM 0=d ., CHIIBI IPUTKEHUS YPABHOBEIIIHN-
BAIOTCS CUJIaMH OTTaJIKUBaHUsl. B cucTemMe mMeeT MeCTO BBIUTPHII SHEPTUHU, KOTOPBIA U
SBJISIETCS DHEPIHEN CBsA3M B MoJiekyie .

DTO BO3MOXKHO €CII BCTpeTaTrcsa 2 atoma H  caHTHIappaie/lbHBIMH CIHHAMH,
Ecnu BcTpeTarcs ¢ oiMHAKOBBIMU CIIMHAMHU, TO MOJICKYJIbI HE 00pa3yoTcsl.

BriBoa: oOpazoBaHue MOJIEKYT BO3MOXKHO, €CJIM BCTPEYAIOTCSI aTOMbI UMEIOIIIUE:

1) HecrmapeHHBIN AJIEKTPOH

2) aHTHIApaJICIbHYI0 OPUEHTAIIMIO CIIMHOB

3) mepeKkphIBaHUE JCKTPOHHBIX 00IaKOB HECITAPCHHBIX JICKTPOHOB B MPOCTPaH-
CTBE MEX]Y SJIpaMHU.

[Ipu 5TOM 00pasyercs 30HA C MOBBIIEHHOMN JIEKTPOHHOM IIIOTHOCTHIO, TJI€ IHEP-
T'Usi MUHIMaJIbHa, TAKUM 00pa30M JICKTPOHAM BBITOJIHO HaXOJAUTCS B 3TOH 00JIacTH.

OTH NIOJIOKEHUS JIETJIM B OCHOBY Memooda eanenmuuix ceazeil (BC).

2-011 METOT (Memoo MoJIeKyAAPHBIX OpOumaeil) o0bICHsIET 00pa30BaHUE MOJICKYJIBI KaK
3aMoJHEHUE BaJICHTHBIME YJICKTPOHAMU MOJICKYJISIPHBIX OpOUTANICH.
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PaccmoTpum oGpazoBanue mosieky mo metoay BC.
Oopazoeanue MHO20A0EPHBIX MOJIEK)IL.

H n=1 D]
H n=1 Elj

H,

B atoMHOM mpocTpaHcTBeE:

.

30Ha MMOBBIIICHHOU BHCKTpOHHOﬁ IINIOTHOCTHU

DNeKTPOHBI BpallaloTCs B MPOCTPAHCTBE MEXKY sIAPAMHU, KaK Obl «CIIHUBAs aTOMBI
B MOJIEKYJIbI 32 CUET MPUTSKEHUS! SIAPOM OJTHOTO 3JIEKTPOHOB JPYTOTO.

KA
N

O n=2

¢ D
# I

30Ha MOBBIICHHOW 3JIEKTPOHHOW MJIOTHOCTH

O0pa3oBaHME reTePOreHHBIX MOJIEKYIT

HCI H n=1 m

Cl n=3 \ cl
L]
NN Q@

Il. H

30HAa MOBBIIIEHHON
IJIOTHOCTH

JIOHOpHO-aKIeNTOPHBIA MEeXaHU3M 00Pa30BAHNUS KOBAJCHTHOM CBA3M

22



CMONTEHC KNI
Memoouueckoe obecneyerue OUCYUNIUHBL ( @uhnas
51.0.07 «Xumusy

|

5,\ ..‘;‘.:"
NMun_

AtoM-JIOHOP nipegocTaBisiet napy 3JIEKTPOHOB (HEMOAEIEHHYIO) a APYrol aToM —
AKIIEIITOP kax 651 3a0upaeT napy Ha BaKaHTHYIO OpOUTAIb.

H +
[ X J
o o
H N Cl
[ X J
H
HENoJAENEHHAs napa BaKaHTHasi OpOUTAIID JI-A MexaHu3M

B none amMoHus a3oT oOpazyeT 4 cBsi3u: 3 10 0OMEHHOMY MEXaHu3My U 1-1o ao-
HOPHO-aKLUENTOPHOMY MEXaHu3My. Bce 3T 4 CBA3U COBEPILIEHHO OJJMHAKOBBI IO IJIUHE U
SHEPIHUH.

Oo0Opa3zoBaunue noHa ammoHus 1mo BC

H* n=1 I:I aKIENToP

Oo0OpaszoBanue c¢Bsa3u B Mojiekyie CO

It ]

Cn=2 [f{]° " a— J-A

; .
Onzzm

C =0, 1o ects B (C)=3
B(0)=3
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CBoiiCTBa KOBAaJIEHTHOM CBSI3U:
1) Hacsimmaemocts
2)  HampasieHHOCTB
3)  TONSAPHOCTH
1) HacebliiaeMocTh  KOBaJICHTHOM CBSI3M OOBSCHSCTCS 3ampeToM [layiu uiu aHTH-
nappajieJibHasi OpUCHTAIUsI CIIMHOB, CBA3YIOLIUX AJICKTPOHHBIEC Maphl, 00YCIaBIMBAET ATO
CBOMCTBO.
2) HanpaBiaeHHOCTh KOBAJICHTHOM CBSI3U
XUMHUYECKasi CBsA3b 00pa3yeTcsl B HAMPABJICHUH TIEPEKPHIBAHUS AJIEKTPOHHBIX 001a-

KOB.
[TpuMmepb! mepeKpbIBaHMS:
1) 30Ha C MOBBILICHHO MJIOTHOCTHIO HAXOIUTCS B IPOCTPAHCTBE MEKIY SAPaMH
oOpa3syercst & — CBA3b

2) 30Ha C MOBBIIICHHON MJIOTHOCTHIO MMCPICHANKYJIAPHO JIMHHUAM — T CBA3b
n

3) [onsipHOCTE CBSI3U O0YCIIABIUBACTCS CMEIICHHEM OOIIIeH 3JIEKTPOHHO! Maphl B
ctopony 6oisiee D0 snemenTta. [Ipu 3TOM IpOMCXOIUT TOJIIpU3aIus CBsi3H; 6oaee 0
aToOM MPUHUMAET 3apsia «-», a Apyrou «+». Hampumep HCI.

[ToJIAPHOCTH CBSA3U XapaKTEPU3YETCs AUIIOIEHBIM MOMEHTOM
iw=208=*1, 20e -3apa0, l-paccmosnue mexncoy sapsoamu.
[ul= 1 JJebaii.

Bennunna i 3aBucut ot A0

Mornekyna A30 u, Heoaii
HF 2,0 1,82
HCI 0,75 1,07
HBr 0,64 0,79
HJ 0,11 0,38

H ABIIACTCA BCKTOpHOfI BEJIMUYMHOM U HarpaBJICHA OT «» K «-»
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[IpunsiTO cunrars, eciau

1) A30=0, To cBsI3b KOBaJIEHTHAS HEMTOJISPHAS

2) 0 < A30 < 1,8 cBs3b KOBajJIeHTHAS MOJISIPHAS

3) eciii BO3MOKHO 00pa30BaHHE HECKOJIBKUX CBS3CH, TO B IEPBYIO OYCPE/Ih peau-
3yercs 0 — CBA3b

Tubpudu3auusi amoMHbIx opbumasneu

B monexyne BeCl, csa3p atoma Be o0yciosnena ygactuem S u p snekrpoHos Be.
J1.6. cBSI3U pa3HBIMH, OJHAKO PEHTTEHOCTPYKTYPHBIM aHAJIU30M yCTAHOBJICHA PaBHOIICH-
HOCTb CBSI3H.

J171st 0OBsICHEHUST PABHOIICHHOCTH CBSI3U MCIIOJIB3YETCs SIBJICHUE THOPHUIN3AIUH.

['uOpuan3anus — 3T0 CMEIIEHUE SJEKTPOHHBIX 00IaKOB, Pa3HBIX IO YHEPTUH H T10
dbopme, B pe3yibTaTe 4ero 00pa3yroTcs HoBble THOpUIHBIE 00Jlaka C HEPAaBHOMEPHO pac-
IPEACIEHHOMN JIEKTPOHHOM INIOTHOCTBIO.

['uGpunuzanus TpeOyeT 3aTpaT SHEPTUH, TIOITOMY HE MMPOUCXOIUT Y DJIIEMEHTOB B
CBOOOTHOM COCTOSIHHU.

['uOpugHOE 0051aK0 CUIIbHEE EPEKPHIBACTCS C AJIEKTPOHHBIM 00JIAKOM JIPYroro
aToMa M ModToMy 00pasyer 0ojiee MPOYHbIE CBSI3U. DHEPIHs, BBIICTSIOMIAACS IIPU ITOM,
OKVIIAET 3atpaTsl Ha THOpUIN3AIHIO.

Boaopoanas cBsA3b

OO0ycnaBnuBaeTcs NPUTHKEHUEM MEXKYy aTOMOM BOAOPOa OAHON MOJIEKYJIBI U
cuiibHO D0 3JIEKTPOIUTOM APYTroi. ITO BBI3BIBAET ACCOUUALINIO MOJIEKYJ, TO €CTh MOSB-
JeHHe HeOOJIBIINUX MOJIMMEPOB, YTO BIUSET Ha (PU3MUECKHE CBOMCTBA BEIIECTB.

Hanpumep, monexkynsl HF 00pa3yroT accounatsl 3a c4eT BOJOPOAHOM cBsi3u. O60-
3HAYyaroT €€ TOYKaMU:

BOJIOPOJIHAS
H CBs3by, H
\ F l Fo' \\F

H

B Hacrosiiee BpeMst mpupo1y BOAOPOAHOM CBA3U CUUTAKOT JOHOPHO — aKIENTOP-
HoM. Haynmuue BoopoaHO# cBsi3u Mex 1y Mojekyiamu H,O mpuBOIUT K TOMY, YTO e
as(H20)=1 00°C, Torma kak tenmenns(NH 3)=-330C.

Crnemyet OTMETUTh, UTO BTOPUYHASI CTPYKTypa Oenka 00ycIaBIuBaeTCs BHYTPUMO-

JIEKYJISIDHOM BOJIOPOJIHOMN CBA3BIQ.

MeTasinyeckasi CBA3b
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Mertannnueckas CBsI3b — 3TO OCOOBIN BUJ| CBSI3U, O0YCIIOBIIEH IPUTSIKEHUEM MEKITY
HOJIOKUTENBHO 3aPSKEHHBIM OCTOBOM METAJIMUECKON PELIETKH M 00IeCTBICHHBIMU
BHELIHUMU 3JIEKTPOHAMH, KOTOPbIE CBOOOHO MEPEMEIAIOTCS B MEXKIOY3IHUSIX KPUCTAJI-
JNYECKOU PEIIETKH.

IIpn HanokeHUM Pa3HOCTH MMOTEHIIMAIOB BO3ZHUKAET HANPABICHHOE IBUKEHNE
AIEKTPOHOB — TOK.

AHanOrnyHO 0OBSICHAETCS TEIIOMPOBOIHOCTb.

TakuM BUIOM CBSA3U OOBSACHAETCS MJIACTUYHOCTh, KOBKOCTh, METAJIMYECKUH OJIECK,
BBICOKHE TEMIIEPATyphl IUIABJICHUS U KUTICHUS.

KoMILIeKCHBIE COeITMHEHU S

KommnekcHoe coelMHEHnE — 3TO coelnHeHus 6osee BbICOKoro nopsaka. Cyiie-
CTBYET HECKOJIBKO ONPEIEICHUMN.

KommnekcHoe cOeIMHEHNE — 3TO COeIMHEHUE, Y KOTOPOro XOTs Obl 0JIHA CBS3b 00-
PaTHO IO TOHOPHO —aKLUENTOPHOMY MEXAHU3MY.

Ks[Fe(CN)g] — xomiutekcHoe coequHeHue (KpOBaBO-KpacHas COJIb)

JIr060€ KOMIIEKCHOE COEMHEHUE COCTOUT U3 BHYTPEHHEN U BHEIIHEN cephl,
CBA3b MEXIY KOTOPHIMU — HOHHAas!

BuyTpennsis chepa 3akinrovaercs B KBaJipaTHble CKOOKH. B Hell BbIIESAIOT:

KOMIUIEKCOOBPA3OBATEJIb — atoM nimy HoH, BOKpYT KOTOPOTO0 KOOPINHHU-
poBansl JIMI'AHJIBI — oTpuniaTeabHO 3apsSy)KEHHBIE MOHBI WX MOJISPHBIE MOJICKYJIbI, KO-
TOpbIE KOOPJIUHUPYIOTCS BOKPYT KOMILIEKca 0OpazoBaresisa. Yucno TUraHaoB Ha3bIBaeTCs
KOOPANHAIIMOHHBIM yucnom.

BHENI. BHYTP.
A —

Ki}Fe (CN)\B‘\‘

Komriekco- nuranasl KOOPIWHAIMOHHOE YUCIIO
oOpazoBaTeib

3apsi)i KOMILIEKCO0Opa3oBaTeIs:
[To BHemHEH cdepe onpeaensercs 3apsia BHyTpeHHEH cpe/ibl, KOTOPbIE IIPE/ICTaB-
JISIFOT CO00M CyMMY 3apsiIoB KOMIUIEKCOOOpa30BaTeIsl M BCEX JIMTAHJIOB.
[Fe(CN)e]®, Tak kak 3K ; X +6(-1)= - 3 X=3 = Fe**
1. KoMIIeKkcHBIC COeTMHEHUS COICpIKAIIIHe MOJICKYJISIPHbIC JIUTaH bl, Hanpumep, H,O -
AKBaKOMILJICKCHI,
NH; aMMMaKarThl,
CO - xapOoHHIIBI
2. KomIutekcHOe CoeTMHEHHE, COIeP KaT MOHHBIC JIUTAH/IbI -  alUJOKOMILICKCHI
3. llukrdeckre KOMILJICKCHBIC COCTMHEHUS
4 MHoTOs1/IcpHbIE KOMILICKCHBIE COCTUHCHUS
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Homenkaarypa KC

Bo BHyTpeHHEH chepe cHauama Ha3pIBAIOT 3aPsHKCHHBIC JIMTAH]IBI, 3aTeM HEHTPasIb-
HbIe MOJICKYJTBI. [lepedrciieHue OJMHAKOBBIX JIMTAHIOB UAET B ai(paBUTHOM TOPSIIKE.
[Tpu Ha3BaHWM TUTAHAOB OKOHYAHUE -HJI 3aMeHsieTcs Ha cyhPukc —o-.

Ha3BaHHE aHHOHA Ha3BaHME JUTaHIa

OH rugpokc /] rugpokcO

CI xop/J1 xs10pO

Br opomMU | opomO

CN’ unanl /] nuanO

NH; - aMMUH HEWUTpabHbIE
H,O - aKBa JINTAHIbI
CO - KapOOHMII

Hepen Ha3BAHHUCM JIMT'aHAd YKA3bIBACT UX YHUCJIO, UCIIOJIB3Ys YUCJIICHHBIC IIPUCTABKH.

CO@I[I/IHGHI/IH C KOMILJICKCHBIM KaTHOHOM

Cuauasia Ha3bIBalOT: 1) aHUOH;

[Torom: 2) YUCIO JTUTaH/OB;
3areM: 3) Ha3BaHME JIKTaHI0B C —O-;
U naxoHer;: 4) Ha3BaHUE KOMILIEKCOOOpa3oBaTess B PpOAUTEIHHOM

HaJIe’Ke U ero CTEIICHb OKUCIICHUS
[Ni(NH3)4] Cl,- xnopua rerpaammunaaukens (11)
[Cu(NH3),4] SO4 — cyabdar rerpaammunmenn (11)

CoenHEHN ¢ KOMIUIEKCHBIM aHUOHOM
Bnaauaiie Ha3bpIBaeTCA aHUOH:

A B HEM: 1) yncno nuranios; A
2) Ha3zBaHue MUraHaoB ¢ cyddurcom « O»- ;
3) naTMHCKOE Ha3BaHME KOMILIEKCOOOpa3oBaTes ¢ cyhPpurcom «
AN
AT» u ero C.O;

4) Ha3BaHUE KaTHOHA

K4[Fe(CN)g] — rekcaunonodeppar (I1) xanus

K;3[Al Fg] — rexcadropoairoMmuHar kajaus

Jucconuanysi KOMILIEKCHBIX COeTHHEHUH
JIro60€ KoMIIIIEKCOOOpa30BaHUE, COCTOSIIINE U3 BHYTPEHHEHW U BHEIIHEH cephl,
JIETKO TUCCOIIMUPYET Ha HUX, TaK KaK CBA3b MEXTY HUMU HOHHASI.
BryTpennsis chepa aucconuupyeT He3HAYUTEIBHO, TI0 CTYNIEHSIM, YHCIIO KOTOPOE
PaBHO KOOPIUHAITMOHHOMY YHCITY.
OOBIYHO MUIITYT CYMMapHOE YPAaBHCHHE TUCCOIMAIIIN BHYTPEHHEH cephl:

27



CMONTEHC KNI
Memoouueckoe obecneyerue OUCYUNIUHBL ( @uhnas
i
51.0.07 «Xumusy | |

s 11
mMan_

[Be(OH),] 2 Be® + 40H
_ _ _[Bel [0H]*
KpaBHonecnoe_Kme/ _KHecmﬁKOCTﬂ _[BQ{UH:] ]
4
IMomuun! Yem menbie K ,ecroiicocrns TEM MPOUYHEE BHYTPEHHSIAA cepa.

XyMHYECKas CBSA3b B KOMIIJIEKCHbBIX COeIMHEHHUAX

Bo BHyTpeHHel chepe Mex Ty KOMILIEKCOOOpa3oBaTeIeM U JIUTaHAaMu UMEET Me-
CTO KOBaJICHTHAs CBS3b, 00pa30BaHHAs MO JIOHOPHO-AKIIEITOPHOMY MEXaHU3MY

Na,[BeCl,]

hid
Be® [He]2s? I
Be* [He]2s2pt —> Elkd

Be?* [He] ten=2 L

Be?* wumeer 4 opburamy pasHble 10 GOpPME U SHEPTHH
¢l- Ccl Ccl- CI™

Be’* Bsp®
dopMa KOMILIEKCHOTO HOHA - TETPadIp

Huxnopoaprenar (1) kamust : K[AgCl,]

N3 hopmysl BUAHO KOOPAMHAIIMOHHOE YHCIIO =2, TO €CTh HMOH cepedpa oOpa3oBai
2 paBHOIIEHHBIE CBSI3H, UMEET MECTO SP-TUOpUAM3aIus HoHa cepedpa; rudpuaHbe o0Iaka
00pasyIoT JIBE G- CBA3M IO/ yIiIoM paBHbIM (£1807)

Xnopun auxnoprerpaaksaxpoma (I11):  [Cr3* (H,0),CL,]7CL™

3agaua. Onpenenuts xapakrep cBs3u B mosiekysie KHSO, u tum rubpuaHoii cpe-

NbI.
Heobxoanmo n300pa3uth CTPYKTYpHbIE POPMYIIbI KUCIOTHI U COJIU:
H-0 N\ _~ O K-0 0
/S\\ > S/<
H-O 0 H-0 N 0
M#0 M#£0 M#0 M#£0
1)K20 2)H-0 3)3=S(2) 5HSZ0(2)
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Paccuntaem paznocts 30 yKa3aHHBIX CBSI3EH:

1) B30 (0)=3,5 | A DB0=2,59— mnonnas
20 (K)=0,91

2)20 (0)=3,5 AD20=1,4— koBajeHTHas MOJsIpHas
20 (H)=2,1

3)20 (0)=3,5 AD20=0,9— koBajeHTHas MOJIIpHas
20 (S)=2,6

4) AD0 = 0,9— koBasieHTHas MosipHasi(d, 1)

IMomun! Ecmu AD0>1,8 — cBsA3b HOHHAS
AD0=0 — xoBaJICHTHas1 HEMOJSIpHAas
AD0O<1,8 — koBaNleHTHAs NOJISIpHAS
Ecnu B Moniekysie umMeeTcst BO3MOKHOCTh MEKTy aTOMaMH 00pa30BaTh HECKOJIBKO
CBS3€H, TO B I1.0 peaiau3yercst T-CBsI3b
IEciu B MoJieKysie XOTs Obl OJIHA CBSI3b MOHHAS, TO BCE COSAMHEHUE CUUTACTCSA
MOHHBIM!
Takxum o6pazom monekyna KHSO, — nonnas, xopoio pactBopuma B BOJIE.

MexmoJieKyJIsIpHOE B3auMoaeincTreue (MMB)

[Ipy MOBBIIEHNY WM TTOHVYKEHUH TEMIIEPATYPbl UMEET MECTO NPUTSHKEHUE MEKITY
MOJIEKyJIaMU. BO3HUKAIOT yIIOpsAIOYEHHBIE CTPYKTYPBI-KUIKOCTH U AK€ TBEPABIEC BEllle-
CTBa.

MMB - 3TOT TEPMHH UCIIOJIb3YETCs ISl OIIMCAHUS BCEX TUIIOB B3aUMOJIECUCTBUS,
NPUBOASIIMX K 00pa30BAHMIO ACCOLIMATOB C ONPEEIEHHON cTpyKTypoil. Bee Tumbl MMB
UMEIOT IEKTPOCTATUYECKYIO. IIPUPOLY.

1. ODueHmaL{MOHHOQ MMB UMCCT MCCTO IIpH BSaHMOHGﬁCTBHH HOHHOTI'O B€IICCTBA C

MOJISIPHBIM WJIH 2-X MOJIIPHBIX BEUIECTB. 3aKJIIOYAETCA B TOM, YTO 2-i IUIOJb OpH-
EHTUPYETCS ONpeAeTIEHHBIM 00pa30M OKOJIO IEPBOTO.

R

2. Unoykyuonnoe MMB 3aKJTFOYACTCS] B HABEJCHUU JUIONS B HEMOJISIPHON MOJICKYJIe
o/ AEMCTBUEM NOJISIpHOM. HenousipHbIil + 1 — COBIIAIaroT.

Ao C 2
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HaBEeIEHHBIN TUIIOIb
3. [ucnepcroe MMB 0OYCIIOBJICHO B3aMMOJICCTBUEM MIHOBEHHBIX JIUIIOJICH, KOTOPBIC
MOSIBIISTIOTCS M icye3atoT ¢ yactoroi 10%2 rukios\c. Ucnonwsiyercs st o0bsicHe-
HUS CYIIECTBOBAHMS TBEPJIOTO U KHUJIKOTO BOJAOPOJA. MTHOBEHHBIN IUMOJIb BO3ZHU-
KaeT u3-3a QIyKTyaluu.
EMMEI = En:np + EHH,:., + E,qp{n:n

Bxuiag kax 101 COCTaBISIONIECH pa3InyeH

Monekyna | f, le6aii | Eop Eyun E en Z t,C
H, 0 0 0 1,7 1,7 -251
CH, 0 0 0 17,6 17,6 -161
H,0 1,84 36,3 1,9 8,8 47,0 100

Ot 3h(PEeKThI crneayeT yuuThIBaTh sl OOBSICHEHUS CBSI3el B MOJIEKYJISIPHBIX KPH-
CTajiax.

MMB Takxke Ha3blBaroT cuiaMu_Bad aep Baanbca.
E..s B 100 pa3 cnabee koBaneHTHOMU cBsi3u U B 10 pa3 ciaabee BOJOPOIHOIA. .

TEMA 4. SHEPI'ETHKA XUMHYECKUX ITPOLECCOB

[Tonsatue cuctemMsl, Kiaccuukaiys, napaMeTpbl, GyHKIIMH COCTOSIHUSI CHCTEMBI.

U — BHYTPEHHSIsI JHePrus

H — 3nTanbnus

S —3HTpONUSs

G —3Heprus I'u66ca

“IIpeanMeT XUMMHU He €CTh OJJHO M3y4YeHHE COCTAaBa TeJl, a TJIABHBIM 00pa3om
u3yueHue npespameHuil. CamMblii COCTAB eCTh TOJBKO Pe3yJbTAT NMpeBpPalleHHil.” -
J1. U. MenaeseeB

Tepmoounamuka - 370 HayKa 0 NMPeBPALICHUSAX OAHUX BUA0B JHEPrUHU B Apyrue.

TepmoarHaMuka BO3HHUKJIA KaK TEOPHs MTAPOBLIX MAIIMH, TJIe TeIJIOTa IpeBpaIiaeT-
cs B paboTy. B cBOeM pa3BuTHHM MpHIlIa K HEKOTOPHIM 0000IIEHUSIM — HAYALAM.

Brigenstor 2 — 3 Havana tepMoauHaMuKk. OCTallbHOE — CJIEACTBUS U3 ITUX 3aKO-
HOB.

OCHOBHBIE IIOHATUA TEPMOANHAMUKHU

Cucrema — 3TO TEJO WIH rpynna Teia, 00bEKTOB IPUPOJIbI, OTAEIBHBIX OT IPYTUX
peanbHOM MM BOOOpaKaeMoil OrpaHUYEHHON MOBEPXHOCTBIO.

OO0bexThI, HEe BXoasIue B cuctemy, HazbiBaeTcs CPEJJOU.
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Kaaccudurkanus cucrem

|. ITo xapakTepy oOMeHa C OKpy X aroLen cpeioi.
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Bun cucrembl OTHONIEHNUS C OKPYXAIOIIEN Cpenon AE, Am
N3onupoBannslie | HeT oOMeHa sHeprueid, HeT 0OMeHa BEIEeCTB AE=0
Am=0
3aKphIThIE Ecth 0OMeH sHeprueii, Het oOmena BemectBom | AE # 0
Am=0
OTKpBITBIE EcTh 00MeH 3Hepruei, ectb 00MEH BEIIECTBOM AE#0
Am #0

Bce xuBnie OpTraHU3MbI — OTKPBITBIC CUCTCMBI.

I1.ITo xonuuecTBy ¢a3.
DA3A — 5T0 yacTh CUCTEMBI, 0071a/1a10111as1 BO BCEX TOYKAX OJMHAKOBBEIMU XHUMHYE-

CKUMH U (PU3NYECKUMHU CBOMCTBaMU. Paznuyaror:

l)romorennsle (COCTOUT U3 0HOM (asel): 2H; )+ O,,)—2H50,)

2)rereporenHsle (coctout u3 2 unu 6onee dasz): 4Fe,,+ 30,,,+2H,0,,—4FeOOH
T.p’KaBuYMHA

CBOMCTBA CUCTEM MOKHO  Pa3ZEIUTh 110 XapaKTepy MX 3aBUCHMOCTH OT KOJIMYe-

CTBa BCIICCTBA. Ot XAapaKTCPUCTHUKU HA3BIBAXOT napamempamul, Paznnuaror:

1) skcTeHCUBHBIC (CYMMUPYIOTCS IPY COSAMHEHUH: ITTMHA, 00BEM, Macca);
2) UIHTEHCUBHBIE (HE 3aBUCST OT Macchl: T, p, BSI3KOCTH).
TepmoanHaMuyeckue NepeMeHHbIe, KOJIMUECTBEHHO XapaKTEPU3YIOIINE COCTOSTHUE

CHUCTCMBI. T, V, P, M — napamempuvl COCMOAHUSA CUCTEMDBL.

ITepexon cucteMsl U3 OAHOTO cocTosiHUA B Apyroe HazbiBaeTca IIPONECCOM

Krnaccudukanusg npoiieccos

|.ITo TerioBoMy 3 dekry:

1) sx30TepMuyecKkue (C BbIICTICHUEM TeIlIa);

2) SHIO0TEepMUYECKHE (C TIOTIIOMICHUEM TETLIa).

XVMMHUYECKOE ypaBHEHHE C YKa3aHUEM TEIUIOBOT0 d(heKrTa Ha3hIBACTCS MEePMOXU-

MUHECKUM.

ZN )+ H2SO 00— ZNSOy0e) 4 Hapy + 165,7 xllonc
menJiosast dnepaus, svloesiemcs 8 xooe peakyuu (Q)
Taxas 3anmuch B mocjenHee BpeMsl HCTIOIb3YeTCsl Mao.
I1. Tlo HemeHsOIIIEMYCS TTApaMETPY:
1) ecniu V — const, To U30XOPHBIH;
2) eciu p — const, To u300apHBI;
3) ecau T — const, To U30TepMHUYECKUI.
COBOKYITHOCTh BCEX XUMHUYECKHX U (DU3UICCKUX CBOMCTB XapaKTEPU3YET COCTOS-

HHUEC CUCTCMBI.
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K ¢pynkmmsam cocrossaus cuctembl otHocaT: U, H, S, G

OOMeH sHepruell MOXKeT OCyIIecTBIsseTcs B Bujae A uin Q

Ecnmu A coBepleHHO NPOTUB BHELIHHUX CHJI, OHA CYUTACTCS MOJIOKUTEIbHOM.

Q u A xapaktepu3yroT 2 ¢hopMbl iepeaayuu sueprud. OHU He ABJAAIOTCH (PYHKIH-
SIMU COCTOSIHMS.

Q (monHas 3HEprusi CUCTEMbI) paBHA MOJIHON YHEPTUU BCEX BUJOB ABUKEHUS MOJIE-
KyJ U aTOMOB.

Q He MoxeT ObITh u3MepeHa. MoxkHo onpeneauTs AQ mpu B3auMoeHCTBUN €
OKPYJKarOIIEH CpeHoM.

Q — mepa sHepruu, rnepeaaBaeMas OT OJJHOTO, Oojiee HarpeToro, Tejaa K MeHee
Harperomy. [lepenaua ocymectpisercs 3a cuet AT.

A — Mepa sHepruu, rnepeaaBaeMas 3a CueT epeMeIleHHs Macc.

[Tpu n30xopHOM mporiecce TemioBoi 3G ekt Qy= -AU (u3MeHeHHIO0 BHYTPEHHEH
sHeprun); ipu u3obapuom: Qp =AH (u3menenuto suTaNbIUN); Q1= A

N3BecTHO, uTo QV > Qp

-AU=4H + A4

Q=0Q+A

Taxum o6pasom H umeer pazmMepHOCTh SHEPTHUH.

KonuuecTBo Teria, nepejaHHOro cucTeMe Npu H300apHOM IPoLIecce, pacXOAyeTcs
Ha COBEpILEHUU pabOoThI U yBenuueHUU U, To ecTh CyMMa BHYTPEHHEN S3HEPTUU U PabOThI
NOJIy4aelllb Ha3BaHUE IHMATbNUAL.

H=4U + 4

Jlst sx3otepmuueckoi peakuuu: AH <0

s sanorepmuueckoi: AH > 0.

Ecnm BemecTBa 1 IpoyKThl B cTaHAAPTHBIX yejaoBusax (T=298 K (25°C) p=
101,3 kI1a = 1at™m ), To H HassiBaercsa cmandapmuoit ( AHYg), [AH] = xJIx/Momb

3HaueHue crangapTHbIX AH npuBeeHs! B Ta0nuIie.

AH,6p. — TEIIOBOM 3(ppeKT 1 MOIIB BeliecTBa B CTAHAAPTHBIX YCIOBUAX IIPH 00pa-
30BaHUU €r0 U3 MPOCTHIX BEIIECTB.

B 0ocHOBE TEPMOXUMHYECKHUX PAacUYETOB JEKUT 3aK0H I'ecca: ”TemnsioBou 3 ekt
He 32aBHUCHUT OT NPOMEKYTOYHBIX CTAJAUM, OT IIyTH MPoOLecca, a ONpeAeAeTCH TOJbKO
HAYAJbHBIMHM U KOHEYHBIMHU COCTOSIHUSIMH CHCTEMBbI.”

JUI1s TEpMOIMHAMUYECKUX PACYETOB UMEET 3HAUCHHUE CAeACTBHE U3 3ak0oHa ['ecca:
TEIUI0BO# 3P (PeKT peakunu paBeH pa3HOCTH MEKIAY CYMMO# IJHTAJILIIUN 00pa30Ba-
HMU MPOJAYKTOB, IPeABAPUTEIHLHO YMHOKEHHBIX HA COOTBETCTBYIOIIHE KO3 Puiu-
€HTBI, 1 CyMMOi1 SJHTAJBIIUI HCXOJHBIX BEIIECTB ¢ Y4€TOM BKJIAJAA KAKI0I0 CTEXHO-
MeTpHYecKuX K03 Ppuumenra.

aA +sb> cC+dD
HUCXO/JHbIE NPOAYKTHI
BellecTBa
(peareHThI)
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dII?I;:I. = E U dHHpoﬂ{TE EU AHHEKD,HHDE !

AH) =0

298(npocToro BemecTEA)

Penienue 3a1a4 oCyleCTBJISAETCS, UCIOJIb3YH AJITOPUTM:

1) BeImHCaTh ypaBHEHUE;

2) Beinucath U = crexuomeTpudeckuM KodPhuiimeHTam;

3) BeimmcaTh 3HaYeHUE AH 13 Tabnuisr;

4) pacuurats AH, ,

3agaya 1. Onpenenuts AH peakiium KaTamuTHYECKOTO OKUCIIEHUSI aMMHaKa.
Pewenne:

4NH3(1~) + 502(1") — 4NO(1") + 6H20(f)
U 4 5 4 6 [monv]
ﬂHg 0 -46,9 0 90,37 -241,82 [xoc/monn]
o = [4%90,25+6%(-241,82)] — [4*(-46,9)+5*0] = -904 x/[xc

Ecnu AH<O0, To coenunenue 6oiiee yCTOWYMBOE, YEM DJIEKTPOJIUTHI, U3 KOTOPBIX
OHO 00Pa30BaJIOCH.

C nomowwio 3axona I'ecca ModcHO onpedenums 8e1uUyUHbL MENI08bIX IPPexmos,
KOMOpble HeBO3MONCHO ONPeOeumsb IKCNePUMEHMAIbHO.

Bo03M0XHBIM NIOJIO)KEHUEM, BBITEKAIOIIUM U3 3aKOHa ['ecca, sBisieTcs TO, 4TO Tell-
J0BO# 3 (DHEKT pa3noKeHUs TOYHO PaBEH U MPOTUBOIOJIONKEH 10 3HAKY TEIIOBOMY (-
¢dekTy oOpazoBanus (3akoH JlaBya3be- Jlamiaca)

Ilepsoe nauano mepmoounamuKy yCTaHABIUBAECT SKBUBAJICHTHOCTD MPHU MIpEBpa-
IICHUSAX Pa3IUYHBIX (POPM SHEPruid, OJHAKO HE MOKA3bIBAET, B KAKOM HAIPABJICHUU U JI0
KaKoro npejena npoTeKaeT mpouecc.

Jlojiroe BpeMsi CUUTANIOCh, YTO PEAKIIUU CAMOIIPOU3BOJIBHO MOTYT IIPOTEKATh TOJIb-
KO 3K30T€PMUYECKHE MPOIIECCHI, OJTHAKO UCTIAPEHUE, PACTBOPEHUE HUTPATOB U TOMY T10-
N00HOE, SIBJISETCS IHAOTEPMUUYECKUM, TOKE MOTYT ITPOTEKATh CAMOIIPOU3BOJILHO.

JlomxHa ObITh (YHKIIMSI COCTOSTHUS, KOTOpas XapakTepu3oBaia Obl BO3MOKHOCTb
CaMOIIPOU3BOJILHOTO MPOTEKAHUS Mporiecca. ITo Jmponus (S). Beenena B 1865 roay
Kuaaysucom.

Paccmotpum aBa cocyna, conepxkamux nuHeptHbie ra3sl: Ne u Ar. OHu He B3auMO-
JEUCTBYIOT APYT C IPYTOM.

ﬁﬁm? °7] 83 gens

_Dq—’% OQ[] ==

33




CMONTEHC KNI
Memoouueckoe obecneyerue OUCYUNIUHBL ( @uhnas
51.0.07 «Xumusy

|

5,\ ..‘;‘.:"
NMun_

Ecnu coenunuth 00a cocyia, TO ra3bl NEpEeMenIatoTCs.

[Ipornecc cmenieHust He COMPOBOXKIAETCS TETIOBBIM A pekTom. CaMonpon3BOIIb-
HOE pa3zesieHue ra30B HeBO3MOXKHO = || cocTostHre TepMoguHaMUKK 060JIee BEPOSITHO.

OnBIT CBUACTENBCTBYET, YTO CHCTEMBI CIIOCOOHBI H3MEHSITHCSI PU OTCYTCTBUU
HHEPIreTUYECKUX CTUMYJIOB, €CIIM OHU MOTYT NEPEUTH B COCTOSTHUE ¢ OOJIbIICH BEpOSTHO-
CTBIO.

Tepmoounamuyeckasn 6eposmHOCHIb — ATO YUCIO CIIOCOOO0B, KOTOPBIMH JJOCTUTAETCSI
JAHHOE COCTOSIHUE MJIM YMCIIO MUKPOCOCTOSIHUM, OTBEYAIOIINX JAHHOMY MaKpOCOCTOSI-
HUIO.

[Tpu BeIOpackiBaHUM KyOUKOB (MTPE B KOCTH) BEPOATHOCTh BhINAACHUS 7 OTIIMYHO
OT BEPOSITHOCTH BbInafeHus 2 uim 12 B 6 pa3: 1n 6; 6 u 1;

2us;5u?2;
3u4;4mn3.

J11st OONIBIIMX MHOKECTB BEPOATHOCTh UX TEPMOJAMHAMUYECKUX COCTOSTHUM BCeraa
TUTaHTCKOE yucio. X HeyJoOHO U3MEepATh WU BBIUUCIATE. [103TOMY, BMECTO BEIMUMHBI
TEPMOJIMHAMUYECKOW BEPOSITHOCTH UCTIONB3YETCSl 3HAUCHUE IHMPONUU, KOTOPOE MPONop-
uoHaabHbI IN BepostHOCcTH (W):

S=RInW

B pacuete Ha 1 monb yacTuil S onuceiBaercst ypaBHenueM bonbiimana — [lnanka.

BbiB0/1: 3HTpPONNS — Mepa BEePOSITHOCTH COCTOSIHUS: YeM TPY/Hee MOPSA0K,
TeM TPY/Hee ero peajin3oBaTh.

S yBenMUMBaETCs C POCTOM OecropsiiKa.

S 3aBUCHT OT t, P ¥ arperaTHOTO COCTOSHUSI.

L'a3vbi — HOCUTENU S, TO €CTh YeM OOJIbIIIE YHUCIO MOJIEH Ta30B 00paszyeTcs, TeM sipue
BBIPAXKXCHO yBEIUYCHHE S.

Bmopoe nauano mepmoounamuyxy. B N30JIUPOBAHHON CUCTEME S CaMOTIPOU3BOJIb-
HOT'O MPOIECCa PACTET.

Tpemve Hauano mepmodunamuxu. S uneanbHoro kpucramia npu T = 0 paBna 0.

IIponieccel ¢ UBMEHEHUEM SHTPOIIUU

VYBenuuenue S YMeHblieHue S

YBennueHHBIH OECTIOPSI0K; MPOIIECCHI YMEHBIIIEHHBINH OECTIOPSII0K; MPOIIECCHI
paciupenust ra30B; ()a30BbIe MEPEXOAbl: | CKATHUS Ta30B; PPa30BhIE MEPEXOIBL:
-T »XK -I' = XK (kongeHncamus);

-K->T -I' =T (cybnumanus);

PactBopenue kpucTamios. Cucrema nepexout B 6oJiee ynops-
Cucrema nepexoJuT B MEHEE YNOPSIIO- | IOUEHHOE COCTOSIHUE

YEHHOE COCTOSIHHE

HaumeHbmmMu 3Ha4eHUsiMU S 00J12/1a10T TBepAble KPUCTAJUINYECKHUE Bellle-
crBa. Cramnapraas S° mpocthix BemecTs £0, To ectb |11 3aK0H TepMOAMHAMUKH CBHIC-
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TEJIBCTBYET O BO3MOKHOCTH YCTaHaBJIEHUsI S MPOCTHIX BemiecTs. [loaromy nepes 3HauKkom
CTaHJIaPTHOM S He CTaBAT 3HAYOK A:

AH3s5, HO S7se

CrangaptHasi S 1 MOJIb BelleCTBA B €0 CTAHIAPTHOM COCTOSIHAM - Sogg. S
= JIx/(K-momp)

K'S, kak hyHKIMH cOCTOSTHUS, IPUMEHUMO CJIeIcTBHe 13 3akoHa ['ecca:

ASX-p = ZDJ' SEPD,DFKTE - EUJ Sgcx

PaccmoTpum rpaduk u3mMenenus S npu (Ha3oBbIX Iepexoaax.

S
A
200 +
100 |Kp 1K ras
500 . 2000, T

ITpu dazoBbeIx nepexonax HaOmogaeM peskoe usmenenue T. [Ipu 1T nmpoucxoaut 1
S u3-3a 1 cwi kosieOaHKs aTOMOB.

[Tpu noctuxeHuu T = T\apmemms TPOUCXOTUT YBeNUUEHUE S HA AS 450, TAK KaK
PE3KO YBEJIMYUBAETCA XaOTUYHOCTh CUCTEMBI.

3agaua 2. PaccuutaTh cranmapTHoe 3HaYeHHE S BemecTBa Fe,03 mis peakiuu:
4Fe0(m)+ Og(z) — 2 F6203(m)
Pemienue: [MonB] V 4 1 2
[[ox/(x*monp)] S 57 205 X [JIx/(x-Moub)]
ﬂSx.p = Evjsr?pu,zwma - EUjSpEEF‘L{pDEIEHD{H =2 SEF‘QZDE} o [4 *B7+ 1+ 2{]5]

AS, ,=-259 [lwc/K = SFFQZ 05y = 86,5 [owc/(K-monv)

3agaua 3. BricKaXuTe IPEANONIOKEHNE O XapaKTepe U3MEHEHUS S B CIEAYONTUX
peakuusx:

@)2Hy) + Oi) — 2H0y,

6)2KC|03(m) — ZKCI(m) + 302(2)

Pemenue:

a)S YMEHBIINUTCS, TaK KaK YUCJIO MOJIEH B XO/I€ PEaKIINH YMEHbBIIIACTCS

35



CMONTEHC KNI
Memoouueckoe obecneyerue OUCYUNIUHBL ( @uhnas
51.0.07 «Xumusy

|

5,\ ..‘;‘.:"
NMun_

0)S yBenMUYUBaAETCs, TaK KaK B XOJI€ peaKkLMu MOSBIISETCS Ta30BOE BEIIECTBO
U3MEHEHHUE S orpeeNseTcsl He TOJbKO U3MEHEHUEM KOJIMYEeCTBa BEIlleCTBa, HAlpH-
Mep, B peakIiu nzomMepusanuu 0yrana Het msmenenus (AU=0)

AlLOs; t; p
— Tty

H3;C - CH,— CH, — CH3 H3;C - CH—- CH;
H — OymaH &Hg
uzobymanu

n300yTaH UMeeT 0oJiee YOPSAI0UCHHYIO CTPYKTYPY, MOATOMY S YMEHBIIIAETCS

N300apuo — nzorepmudyeckuii noreHuuaga (MUII) wau >aeprusa I'noo6ca

BoNbIIMHCTBO XUMUYECKUX PEAKIIMU TPOTEKAET B M30JIMPOBAHHBIX CUCTEMAX, MO-
sToMy HeoOoxoaumo yuuThiBath U AH, u AS. UTOOBI NX COTIOCTaBUTH, HYKHO MEPEUTH K
OJINHAKOBBIM €IMHUIIAM.

[Ipunsito cunrath, AH — sHTaNBNMITHBIN (hakTOP

T AS — saTponwmiinsIii pakTop
@dyHK1Ms, cBA3bIBatonIas o0a (hakTopa, Ha3biBaeTcss dHepruer ['md0ca nnm uzobdap-

HO — N30TEPMUYECKUU ITOTEHIINAIL.

AG,, =4H,, 1 0-T A4S, ), |- 00beIMHEHHBIN 3aKOH

N3menenue >nepruu ['nd6c¢ca cuctemsl rnpu oOpazoBanuu 1 MoJib BEIIECTBA MPU
CTaHJApTHBIX YCIOBUIX Ha3bIBaeTCs CTAHAAPTHOM 2Heprueit I mooca.

AG25¢ — >Tn naHHBIE TpUBEIEHBI B TabmmIe 11.

AG sBasiercst pyHKuuei coctossaus. K Helt mpumMeHuMo cieacTBue u3 3akoHa I'ec-
ca:

de.p = Z[{fﬂ{;npnmma - EU: &GI}{E}CD;{HDF‘D

IHHOMHH ! AG — xkpuTepuii caMonpou3BoJILHOI0 POTEKAHNS MpoLecca.
Ecnmu 4G<0, To camonpoun3BoiIbHO MPOTEKAET MpsiMasi peaKkius,
AG=0 — cocTosHHE XUMUYECKOTI'0 PaBHOBECHS,
AG>0, To Bo3MOkHA oOpaTHas peakiusi, mpsimas
CaMOINPOU3BOJIBHO HE MOUJIET.
Bbonbuioe otpuniatensHoe 3HaueHne 4G cBUAETENbCTBYET, UTO CUCTEMA 001 aeT
BBICOKOW PEaKIIMOHHON CITIOCOOHOCTHIO.
PaccmoTtpum cootHomenne mexay AH u TAS njst mponu3BOIBHOTO TPOTEKAHUS

IIPOLIECCOB.
AH AS AG
AH<0 AS>0 AG<0 — Bcerma I3K30TepMUYECKHMA
AH>0 AS<0 AG>0 — Bcernma unet oOpaTHast peaxIus
AH<0 AS<0 AG<0, ectm AH > TAS , To ecThb peakmus npsmasi;
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BO3MOYKHA IIPH HU3KUX TEMIIEpaTypax
AH>0 AS>0 AG<O0, ecu BeICOKas TeMIeparypa

Panee 6pu10 0OT™MeEueHo, ecniu 4G=0, HacCTymaeT COCTOSTHIE PAaBHOBECHSI.
OOBbeMHEHHBIH 3aKOH JaeT BO3MOXKHOCTb PACCUUTATD T papnopecns

3
AGx.P.= AHx.p.°10 — T4 Sx.p.

T . AH-107
pﬂEIHDEIEE,I}{.'-'-I AS

3aBucumocts Mexay MUII u const paBHOBecHs peakuu UMEET BU/L:

AG,, = —RTInK,

Ecnu moacraButh koaddunment nepexona ot Ink Ig, ro In =2,3 1g, R =8,31. Torxaa mo-
JIy4UM:

AG,,=-1915TIgK,

3anauva 4. Onpenenurs K, npu T = 400 K g peakuuu:

N204(r) — ZNOQ(F)
Pemenue: U 1 2 [MOJIB |
AH  9.66 33.5 [xJI>k/MOTB|
4S5 304.3 240.45 [ 1ox/(K*Momb)]

Paccunraem AH u A4S B X071€ 3TOM peakIuu:
AH = 2%33,5—-9,66 = 57,34 K I
AS = 2*240,45 — 304,3 = 176,6 []oc/K
Jna T = 400K umeem:
AG = AH — TAS =57,34 * 10° -400 * 176,6 = - 13,3 x [
AG 13,3=102

lgKp = = =1,74=K,=10""=54,3

—-19.15T 19,15=400

3amxaua 5. Bo3MOXHO 1M OCYLIECTBUTH BOCCTAHOBJICHUS JKEIE3a [10 PEAKIMU IPH
CTaHIapTHBIX YCIIOBHAX:
Fezog(m) + 3H2(3) - 2Fe(m) + 3H20(3)

Pemenue: o | 3 2 3 [MOJIB |
AHY,,  -822 0 0 -285,8 [k Jok/MOIB]
S%.. 87 1035 227 70.1 [/ (K*momb)]

A4H, , = 3*(-285,8) + 822 = -35,4 k [oc

A4S, , = [2*2,27 + 3*70,1] — /87 + 3*130.5] = 213.8 J]c/x

AGy, = -35,4%10°% — 298%213,8 = 28,34 k [l

AG>0 = naHHBIN NpoLECC TPU CTAHIAPTHBIX YCIOBUAX HEBO3MOMKEH.
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TEMA 5. XUMHYECKAA KHHETHKA. XUHMHYECKOE PABHOBECHE

Kuneruka — 3710 pazgen XuMuu, U3y4aroiuil CKOPOCTH XUMUYECKUX PEaKIIHil.

TepMmoauHaMuKka penrmia NPUHIUIIAATBEHYI0 BO3MOXHOCTH (HEBO3MOKHOCTD) TPO-
TeKaHMs peakuuid. B uncne ¢akropos He Obu10 Bpemenu. Hanpumep, uid peakuun — Cy,)
+ 0, — CO, <0

OnHako mpu OOBIYHBIX YCIOBUAX TPahUTOBBIN CTEP>KEHb KapaH/ailia He 3aropaeT-
csi. DTO 3HAYUT, YTO HEOOXOUMO YUUTHIBATh U IpyTre (hakTOphl, 4TOOBI XapaKTepHU30BaTh
00BeM MPOTEKaHUS TIPOIIECCOB.

CKOpOCTEhy , — 3TO H3MEHEHUE KOHLEHTPALMH (C) PearupyOIUX BEIIECTB B CIUHU-
Iy BpEMEHH (J1J1s1 TOMOTE€HHBIX IIPOIIECCOB) U HAa €AMHUILY TOBEPXHOCTH (J1J1 TeTepOTeH-
HBIX). be3pas3m4Ho, 0 KaKOMy BEIECTBY U3MEPATH CKOPOCTby ,, TAK KaK U3MEPEHHBIE 10
Pa3HBIM BEIIECTBAM OHM OYJyT COOTHOCUTHCS B DKBUBAJICHTHBIX KoJudecTBa. JItoOyro pe-
aKIIMI0 MOYKHO TIPEACTAaBUTh B OOIIIEM BUJIE:

aA+bB —-cC+dD

UCXOJTHBIC POy KTHI

BEIIECTBA

(peareHThl)

PaccMoTpum u3meHneHue ¢ uncia A win B (MCXOIHBIX BEIIECTB)
Cxopoctb n3MeHeHus: C mpoJlyKTOB:

CI'IPQ)I.
T
>Cucx T
CymeCTByeT ITIOHATHUC MFHOBGHHOﬁ CKOpOCTPL TO €CThb CKOpOCTB B I[aHHOﬁ MOMCHT:
. AC de
Ugyew = £ fim, — =4 —
MTH - AT—0 AT - dr

DaKTOpBI, BAUAIOIINE HA CKOPOCThy 1!

1) mpupona pearupyromux BeIiecTB;

2)C;

3)T;

4) Kkat;

5) MOBEPXHOCTH COMPUKOCHOBEHUS (Da3 (TOJBKO /JII T€TEPOTCHHBIX MPOIIECCOB).

1) BausiHue NPUPO/bI BeeCTBA HA CKOPOCThy
H, +F, — 2HF — ¢3pwi6 6 memnome
H, + Cl, — 2HCI — 63pwbis na ceemy
H, + Br, — 2HBr — npu naecpesanuu
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H, + |, — 2HI — knaccuueckas oopamumasn peaxyus
OxHo ¥ TO ke BewecTBo Hy pearupyer ¢ aHaoramu, a CKOpOCTby , PE3KO OTJIMYAET-
Csl, TaK KaK IIPUPOAA TaJOI€HOB CKa3bIBA€TCSA HA CKOPOCTby
n + H,SO, — ZnSt)4 + H, - 6ypno evioensemcs
Zn + 2CH;COOH — Zn (CH3COOQ), + Hy, - meonenno svioensiemes
[Tpupoaa KuCI0THI 06y§HaBHI/IBa€T Pa3HYI0 CKOPOCTb y p:
H,SO, — cuiibHas KUCI0TA;
CH3COOH(ykcycHas) — ciiabast kucioTa.

2) BausiHue KOHIIEHTPAIINH

3akon I'ynbadepra: “CkopocTb XUMHUECKON PEAKIIMU IPSIMO IIPOMOPLUHUOHATIbHA
npousBefeHuto C pearupyromux BeIeCTB B CTENEHIX, PABHBIX CTEXUOMETPUUECKUM KO-
s dunmenTam (B mpocTedmux ciaydasnx)” — 3M

Jlns peaknum okuciaenus 2 NO + O, — 2 NO,

Ckopocmeb,., = K-C 2 (NO) C{QZ} — KMHETHUYECKOE YpaBHEeHHE peakiuu, rae K — const

2,1 — yacTHbBIC IOPSAIAKH peakiuu, (2+1) — N — oOuuit

®uznyecknit cMpicha K. K — 310 ckopocTs p,, €cii Cpearnpyemrx semeers = 1 MOJB/TI

K 3aBucut ot T, npupoabl BenecTBa U KaTaanu3aTropa

Pa3nnuaroT HECKOJIBKO KUHETHYECKHUX KJIACCU(DUKAILINI PEAKIIHH.

|. beisarot peaknuu O-ro I-ro, ll-ro, lll1-ro mopsiaka. beiBaet ApoOHBINA MOPSIIOK.
[Topsimok ycTaHaBIMBAIOT SKCIIEPUMEHTAIBHO.

[Tpumepsl peakiuy pa3IuyHOTO MOPSIKA:

+ j—: = K — peakuus 0-ro nopsiaxa;

+ j—: = K-C — peakuus |-ro nopska;

+ j_: ReG peakuus |l-ro nopsna-
+ L=k

I1. TIo MoneKyISpHOCTH.

MoJieKyJIIpHOCTb ONPEAEIAETCS YUCIOM MOJIEKYJI, OAHOBPEMEHHBIM CTOJIKHOBEHU-
€M KOTOPBIX OCYIIECTBIISECTCS PEAKIIMs.

Paznuyaror:

1) monomonekymsipHbie peakiuu: |, 2 21

2) numonexyisipabie: Hy + 1, 2 2HI

3) tpumonekymsapusie: 2NO + O, — 2 NO,

Jlaxke CTONIKHOBEHHUE TPEX MOJIEKYJT MAJIOBEPOSATHO, TO3TOMY MOJEKYJISIPHOCTh BbI-
11e TpeX He ObIBAET.
Ecnu B ypaBHeHuu Oosbiiive Ko3(hQUIIMEHThI, TO 3HAYUT, YTO PEAKLUs UJIET MO CI0KHO-
My IyTH.
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B npocteimux ciryyasx MOJEKYISIPHOCTh COBIAJAET C MOPSAIKOM. ITO XapaKTEpHO
JUJIS OJTHOCTAIMMHBIX PEAKIUN.

Crnenyromum 00pa3oMm, 4TO B KA4ECTBE KPUTEPUS CKOPOCTH , HTHOTAA UCIIOIb3YIOT
nepuof noaypacnana (li,), paBHbI BpeMEHH, B TeU€HUH KOTOpOro C peareHToB yMEHb-
11a€TCS B 2 pa3a 110 CPABHEHUIO C HAYAIBHOMU.

3amayva 1. Kak u3MEHUTCA CKOPOCThy , okucnenus NO, ecnu p yBennaurcs B 3 pa-
3a?
2NO + O, — 2 NO,
Cropocmu, , = KCZ(NO)*C,DZ
ITpu yBenuuenuu p B 3 pa3za Vymenbiaercss = C yBenuuuBaeTcs B 3 paza
Cropocmb,., = K(3Cno)* * 3Co,, = 27 K34y * Cro,,

CKOPOCThy,,
— =27

xp
OTBeT: CKOPOCThy , YBEIUYUTCS B 27 pa3

CEKOPOCTE

3) BausiHue TeMIepaTypbl

EctecTBeHHO, uTo ¢ yBenuueHueM T CKOPOCTby , YBEIUUUTCS, TAK KaK JBHKECHHE
MOJIEKYJI CTAHOBUTCS 00Jiee HHTEHCHBHBIM, COyIapeHUE Yallle = CKOPOCTby , YBEIHINBA-
eTCHl.

OpnHako OBLIO 3aMEUEHO U BBIBEICHO MPABUIIO, BhIpaXkarollee NpUOIe)KEHHYIO 3a-
BUcUMOCTh ckopocTd OT T (mpaBuiio Baut IN'opda) npu yenuuennn T Ha Kaxbie 10°
CKOpPOCTby , YBEITMUMBAETCS B 2-4 paza (To ecTb y=2-4)

Iz— (=)

U, Ug,~Y t° |, TIe Yy — TeMIepaTypHblid KO3hQHUIHCHT peakuuy,

2

MIOKa3bIBAIOLINN, KAK U3MEHUTCS CKOPOCTby
npu u3MeHeHnd t Toapko Ha 10°
OTMeTHM, 9TO I OMOJOTHYEeCKHX 00BEKTOB Y 3HAYUT Ooublie (Y =4-8)

3anaua 2.
Jlano: Pemenue:
t,=240° TRITE = yie =24=16
CHOPOCTE &y
t,=280°
v =2
OTBeT: CKOPOCThy, yBEJINYHUBACTCS B 16 pas

CHOPOCTE £ n
CHOpOCTh £y '
3 28 .
VYcranoBneHo, uto B 1 cm” raza npoucxoaut 10°° cronkHoBeHuid. Ecnu Ob1 kaxgoe
CTOJIKHOBEHHE MPUBOAMIO K XUMHUYECKOMY B3aUMOJICHCTBUIO, TO BCE PEAKITUU IIUTH ObI
MTHOBEHHO (B3PBIB).
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OueBuano, HE KAXJIOE cTosikHOBEHHE 3aBepIIacTCsl B3aUMOJIecTBUEM. Appe-
HHYC yCTAHOBUJI 32KOH 3aBUCHMOCTHU CKOPOCTby, OT T mpu c=1 Monb/1.

e
K — Zpe_-lﬁ , I‘I[e K — COI’]St Dx,p

Z — 4uClO CTOJKHOBEHHM; P — CTEPUYECKUU (PAKTOP, YUHUTHIBAIOIIUN OJArONpUATHYIO
-1 - .

opuenTarmio Moekyi (p=10"- 10°); e — ocnosanme In; Ea — sneprus axtuBamuu; R — ra-

30Bast MOCTOsIHHAsA; T — TeMIeparypa.

AppeHuyc BBell MOHATHUE ‘aKTUBHBIX MOJIEKYJ ’,TO €CTh 00JaJatouuX H30bITOUHON
SHEPrUEH 110 CPAaBHEHUIO CO CPEIHEN SJHEPTUEH OCTAIBHBIX MOJIEKYIL.

E, — sneprus akruauuu, To ectb U3BBITOUYHAS sHeprusi.

ToabpKo CTONKHOBEHHME aKTUBHBIX MOJIEKYJI, 0Onafaromux E,, 3akaHunBaeTcs B3au-
MOJECHCTBUEM.

Ha BepmHHer6apLepa oOpa3zyeTcs mepe XOIHbI KOMIUIEKC: CTapble CBSI3U PACTATH-
BAIOTCS M HAYMHAIOT HAMEYATHCS] HOBBIE.

Jlaxxe HEe3HAUUTENbHOE CHIKEHUE E, yBeInUnBaeT CKOPOCTb.

4) Bausinue KaTajan3zarTopa

[Iportiecc ¢ yyacTuem KaTanu3aTopa Ha3bIBACTCS KATATHN30M

KarammzaTop — 310 BemecTBo, MeHstomee Uy ,, HO B KOHIIE IIPOLIECCA OCTAIOLIEECs
HEU3MCHHBIM.

PaznuuHbIii TOMOTE€HHBIN U T€TEPOTEHHBIN XapaKTep.

2S0;,.) + Oy, (NO.)) —*2S0; - roMOreHHBIH KaTalus3

N>y + 3Hz0) (Fey) > 2NH3;—rereporeHHslit kaTanu3

B HacTosiee BpeMst cyIiecTByeT T€OpHs TOMOT€HHOTO KaTalnn3a, COTJIacHO KOTO-
poii KaTtaau3aTop 00pa3yeT MPOMEKYTOUHBIM MMPOIYKT C OHUM U3 Pearupyuiux BeUleCTB,
KOTOPOE 3aT€M pearupyeT ¢ IPyruM peareHTOM.

Hamnpumep, 4 + B™ AB (peakuus NpoTeKaeT MeIJICHHO)

[Tpu mpuMeHeHnn KaTaau3aTopa:

DA+ K —> AK

2)AK + B~ AB + K

A+B+K AK AB+K

v
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I'eTeporeHHbIN KaTainus

Cy1ecTByeT HECKOIBKO TEOPHUH, HO TJIaBHBIM BO BCEX TEOPHUSX BbIJIEISAETCS S CcTa-
U, XapaKTEPHBIX JIJI 3TOTO KaTaau3a:

1) moaBoJ BelllecTBa K MOBEPXHOCTH KaTalu3aTopa;

2) copOuus BellecTBa Ha MOBEPXHOCTU KaTalu3aTropa;

3) peakius MEX]1y BellleCTBaMU Ha aKTUBHBIX IIEHTPax KaTajlu3aTopa;

4) necopO1us MPOAYKTa C TOBEPXHOCTH;

5) oTBOJ MPOJYKTa OT KaTaJiu3aTropa BIIyOb.

VYpaBHeHUE AJ1s1 CKOPOCTH B ClIydae reTepOreHHBIX MPOIECCOB BKIIOYAET B CeOsI Be-
JUYUHY TTOBEPXHOCTU CONPUKOCHOBEHUS MEXKTY (ha3aMH.

v =K-CS |, rme S— noBepXHOCTh COMPUKOCHOBEHHS pearupyromux ¢as.

Si + O,— SiO, = K-C{ﬂz}-S
BemecTBa, ocnabinsroniue AeHCTBUE KaTalu3aTopa, Ha3bIBACTCS KaTaIMYeCKUMU
ANpaMy.
BemectBa, ymenpmaromue Uy ,, Ha3bIBacTCA HHTUOUTOPAMH,
Kaaccudpukanus peakuuii
1) locaenoBaTebHbIE — 3TO PEAKIIUU C TPOMEKYTOYHBIMH CTAUSIMHU.
Hanpuwmep, 24 + 3B —> A,B; (peakuus NpOTEKAET Yepe3 psiji CTAAHI)
[Mpumep: 1) A +B —> AB
2) AB +A —>A,B
3) AB + 2B —» A,B3
[TpuueM kaxaas mocieayrolas CTaaust MPOTEKAET MOCIe MPEabIayIEH.
Kaxnasa cragusa numeer CBOIO CKOPOCTb.
CKOpOCTh MENJIEHHOM CTAIMM OTIPENEISAET CKOPOCTh BCETO MPOLECCa.
Mennennas craaus HassiBaercst JUMHATHAPYIOIIENR (mpuHIUIT Oy THUTOYHOTO
TOPJIBIIIKA).

2) MapajagaejbHbIe — 3TO MPOIIECCHI, KOTOPBIE CIIOCOOHBI TPOTEKATH B IBYX WJIH
0oJee HaMPABJICHUSIX.
— C

A +B —]

— D

CkopocCTHy ;, PACCUUTHIBAIOTCS 110 KaKAOMY IPOLECCY U CYMMHPYIOTCSL.

3) ConpsizKkeHHBIE: C OJTHUM H TEM K€ PearcHTOM OJHOBPEMEHHO B3aHMMOJICHCTBYET
2 nnu 0oJiee BEIIECTB.

A—»B AB

A=*C AC

4) KoJje0aTeanpHbIe. B HUX UMEET MECTO KOJICOaHeE KOHIOCHTPAINU HCKOTOPBIX
IMPOMCIKYTOYHBIX COC]II/IHCHl/If/'I 1 COOTBETCTBECHHO KOJIcOaHUs CKOpOCTH.
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5) LenHple: Ui HUX XapaKTEPHbI CICAYIONINE CTAIHUN:

a) 3apOXKJICHUE 1ICTIH;

0) pa3BUTHE IICTIH;

B) OOpBIB LIEMH.

a) UIMEeT MecTO 00pa30BaHKE PAJAMKAJIOB — YACTHI] C HECITAPEHHBIM 3JIEKTPOHOM,
KOTOPBIC YPE3BBIYAHO PEAKIIMOHHO-CIIOCOOHBI. OHM M300pa’keHBI CHMBOJIOM 3JIEMEHTA C
TOYKOM.

Hanpuwmep, st peakiuu H, +Cl, = 2HCI

E, nenHoi peakuuu MHOTo MeHbliie E, 0ObIYHON pEaKIMH, YTO €CTECTBEHHO CKa-
3BIBAETCS] HA CKOPOCTH.

XUMNYECKOE PABHOBECUE

Panee Obu10 0T™MEUEHO, uTO AG, |, TpH paBHOBECHU = ()

CocrostHue paBHOBeCHS HaOII0MaeTCS Yy OOpaTUMBIX PEAKITU, TO €CTh TE€X, KOTOPhIC
MOTYT UITH KaK B MPSMOM, TaK U B 00paTHOM.

K HeoOpaTuMbIM peakiusiM OTHOCSITCS:

1) c oOpa3zoBaHueM OcajKa;

2) C BBIJICTICHUEM Ta3a;

3 ) ¢ obpazoBanuem ciaboro snekTpoauta(Hamnpumep, H,0);

4) ¢ 6onpmuM Term10BbIM 3G (HeKToM(Qmax)

CocrosiHue paBHOBECHS HaOJII01aeTCs KOorma — =
v v

CBoiicTBa COCTOSIHUS PaBHOBCCHA:

1) - =«
v h

2) AG =0;

3) PaBHOBecue gocTuraercs ¢ 1000 CTOPOHBI;

4) PaBHOBecue TUHAMHUYHO; C HACTYIUICHUEM PAaBHOBECHS MPOIIECC HE OCTaHABIMBACT-
csl.
C BemiecTB B COCTOSIHUY PaBHOBECHS HA3BIBACTCS PAHOBECHBIMYU M 0003HAYaeTcs: [

Jns peakiuu aA + BB —» ¢C +dD

[A] = Cuexa)— Cupa) } PAaBHOBECHBIE KOHLICHTPAIMA UCXOJHBIX BEIIECTB.

[B] = CI/ICX(B) - CHp(B)

PaBHoBecHbIE Crponyros — 3TO TO, UTO 00Pa30BaAIOCh K MOMEHTY HACTYIUICHUS PaB-
HOBECHS.

[C]= Coope)

[D] - Co6p(D)

Bennuuna C,s, 3aBUCUT OT COOTHOLICHUS KO3(D(PUIINEHTOB B ypaBHEHUU TIEPE CO-
OTBETCTBYIOIIUMU BEIIECTBAMH.
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Yacro 3akon I'yabadepra u Baare Ha3pIBalOT QCHOBHBIM 3aKOHOM XUMHUYECKON
KHHETUKH WU 3aKOHOM JeiicTByrommx macc (31M).
Kpome atoro, 3/IM Ha3bIBaIOT BeIpakeHHEM CONSt paBHOBECHUS PEAKIIUU.
BriBesiem 3T0 BbIpaKXeHHUE:
aA+BB 2 cC+dD
Upp = K- Cf . CE — kuHeTH4YecKoe ypaBHeHHe NPAMOH peaKIHu
_ Vosp = K - C - CZ¢ — KuHeTH4ecKoe ypaBHeHHe 00paTHOH peaKlHH

ITpu paBHOBECHH Vyyp = DO(H)
K; [A]* [B]® = K, [C]° [D]

K _ k& _ [@°[p)°

= = - const paBHOBecHus
pAEHOEECHR K, [A]a [.E']a p

K npouseefeHHe C o 0.0z B CTEIL = CTEX. KO3QPUIHeHTaM

B

npouseefeHHe C, o v semecrs B CTEIL = CTeX. KO3QPHIIHEHTAM
Jucconmarus — oOpaTUMBIN MpoIece
NH,OH 2 NH; + OH~
Ky = Kp = [NH:?]*['DH'] —10-5 — i
NH,OH 10
Ecmu K, > 1, To npeobnanaeT npsAMasi peaKius;
Ecmu K, < 1, To npeobnanaeT oOpaTHas peaknus.
Bnusanue K, 3aBHCHT TOIBKO OT ABYX (aKTOPOB: OT IpUpoAbI BeniecTsa U T.
Jis 5K30TepMHUYECKON peakuuu: ¢ yseauyeHnueM T K, ymenbiaercs;

I[JIH OHIOTCPMHUYICCKOHN: C YBCIIMYCHUCM T Kp YBCINYHUBACTCA.

Pemenue 3a1a4 Ha UCXO/IHbIe U PABHOBECHbIE KOHIIEHTPALUH
3anaua 1. B nponecce okucnenuss SO, B SO, nocie Toro, kKak mpopearupoBasio

20% BemectBa SO, ycraHOBUIOCH paBHOBecHe. ONpeaeuTh PAaBHOBECHBIE C, €CITH U3-
BeCTHO, 4T0 C () .. =6 MOIB/TT, C () .. = 4 MOJIB/IL.

ano: Pemenue:

C (s, uex. =6 MOIIB/ L. 250,+0,— 2 S0,

C(oz) wer. = 4 MOJIB/JL. [Soz]:C(soz) ucx. C(soz) np.

W oo, = 20% ITo ycnosuto npopearuposaio 20%, 1.e. C ) ,, =

[50,]-? [s0,]-? - cucx,-l‘g’_0=6~o,2=1,2 MOTB/T

[Oz ]'?

[02]: C(oz) ucx. C(soz) np.
C o,y OTIPENIEIINM TIO YP-10 PEAKIIMH, COTIOCTABUB KO3(-ThI IIEPEN]
O, uS0O,:
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v(0,) _
u(SOz)

=> (0, )——U(SO)

(0,) np. -
Torma [0,]=C
[803]: C (SO;) o6p.
HO AHAJIOTHUY. C BBIHJerI/IBeHeHHBIM

N |- l\)ll—‘

Csop mp = 1 ,2=0,6 MOJIB/1
(0,) ucx. C = 4 076_3,4 MOHB/.H

(0;) np.

2 _
C(Sos) oﬁp-_z C(soz) np._172 MOJIb/JT

Takue 3a1aun 0OOBIYHO PEIIAOT TAOIUYHBIM CITIOCOOOM.
Perienne yepes Tabnuiry:

Kommnounentor | C,. 250,+0,=23S0,
C 2 1 2 []

np.v

SO, 6 mons/n1 | 20%,t.e. C o, ,, =6:0,2=1,2 | [SO,]=C,, -C,, =6-1,2=4,8
O, C -1 _1 [0,]=C,..-C,,=4-0,6=3,4
SO, 4 MOMB/1 ©z) mp. 5 T(SQ) mp o [303]:1,2

-1,2=0,6
C

509 o1 = C (50y) ap =112

3agaua 2. Jl;1s peakiuy CHHTE3a aMMHUAKa U3BECTHO, YTO YCTAHOBUIIOCH PABHOBE-
cue npu crexyromwx c: [N, ]=4 moms/m1, [H,]= 4 mons/n, [NH,]=12 mons/n. Onpenenuts
ucx.CuN,uH,.

KoMmoHeHTsI C,. N,+3H,—2NH,
c,, 1 3 2 [ ]
N, CH:[]+C =4+6=10 | ¢ _1 -1 4
_ (N3) np. 2 (NH3) np. 12
H, C,.=[ ]+ C,, =4+18=22
NH3 12:6
3 _3
C(H ) ~ oﬁp(NH3) " 4
2 2 —12
-12=18
* 12

* -10 B-By NH; onpenenum C, mma N, uC, nna H,; [NH, ]= C.om, =12

3apaua 3. U3BecTHO, 4TO JIJIs pOLIECcCa BOCCTAHOBJIEHUS JKelle3a U OKCHJIa kKeje3a
(1), ¢ momomkro oxcupa yraepoza (1) K, =0,5. C, . 6bum pasusr: a1 CO = 0,1 Mons/n,

np.

ucx.

CO,= 0,01 monp/n. Onpenenuts paBHOBecHBIE C.

Pemenue:
Kom-T1b1 C,. FeO+CO—Fet+CO,
C,. 1 1 [ ]
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CO 0,1 Monb/1 * X 0,1-x
CO, 0,01 momw/n X 0,01+x
[co,]

Jamumiem: K =
" [co]

HssectHo, yro C,, BemiecTB B BeipakeHue K | He BXoaAT, T.K. ux C m0o4TH Beeraa =

* - U3BECTHO, 4TO B Xoze peakuuu C . |, Cypon 1.
ITycte C,p o= X, Tormau C X
05= 0,01+ x

01-x
[cO,]= 0,0366 monb/n

[cO]=0,0734 monb/n

06p(CO;)

- pPCHICHUC ITOJIYUYCHHOI'O YPAaBHCHHUA ITIO3BOJIACT OIIPCACIINTD [ ]

CmeLleHne XMMUYECKOro paBHoBecust

Onpenensercs npunuunom Jle llareawe: eciu na cucmemy, naxooawyrocsa é pasnoese-
cuu, nOOelicmeoeams u3eHe, mo pasHosecue CMeuiaemcsa 6 COpPOHy moil peaxKyuu,
Komopasn ocnadnsaem okasvleaemoe 6030eiicmeue.

1) Baunsinue C

Jlerko yBuJeTh U3MEHEHHE B OMBITE B3auMoieicTBUs xjaopua xenesa (l11) ¢ ponanu-

aom ammonust FeCl,+3NH, CNS— Fe(CNS),+3NH, ClI

6n-xént OecuBer KpPOBaBO-KpacH OeCLBETH

a) 1 C (FeCl,), okpacka 1, —
C CMeEIacT PaBHOBECHE B CTOPOHY MPOIYKTOB PEaKIIuH

ucx.6—6

06) 1T C(NH,CNS), okpacka 1,—
B) T C (NH,CI), okpacka |, <

HpI/I YBCIIMYCHUU C PaBHOBCCHC CMCINACTCA B CTOPOHY HCXOIHBIX BCIICCTB.

npoo

2) Bausinue T

A+B2 AB AH<O0, tepMoauHaMuy. 3aMucCh AK30TEPMUYECKAS
A+BZ AB + Q — TepmoxuMHy. 3aMKCh peaxkuus

1 T GaronpusTCTBYET SK30TEPMUUYECKON peaKIuu
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TEMA 6. PACTBOPbI. PACTBOPbI 3JIEKTPOJINTOB

NneajbHbIE PACTBOPBI

NP — 510 pacTBOpHI, B KOTOPHIX HET B3aUMOJICUCTBUS MEx a1y komroneHTamu.K 1P
npuoIKarTes oueHb pazdasnenusie. [ aux AH=0, AV=0, a AG<O0, T.x. ST. CBoiicTBa
UJCATbHBIX )KUJIKUX PACTBOPOB AHAJIOTUYHBI CBOMCTBAM I'a30BbIX CMECEH.

[Ipu cmemernu MByX win 60jiee KOMIIOHEHTOB TPOUCXOIUT 00pa30BaAHKE HOBBIX
COCIMHEHUM, €CITM UMEET MECTO XUMUYECKOE B3aMOICHCTBHE, UITU €CJIH 00pa3yrOTCs

CMCCH.

MeHeneeB nepBBIM BEIABUHYJ TEOPHUIO O TOM YTO PACTBOPOM HA3BIBAETCS YCTOM-
Y1Bas FTOMOI€HHAsl CUCTEMA, COCTOSIIAas U3 IBYX UIIM 00JI€€ KOMIIOHEHTOB.
B Heit paznuyarot gucnepcHyo dhazy v AUCHEPCHYIO CPEny -

Kinaccudpukanus pactTBopoB

1. ITo pa3mepy 4acTuIl UK TIO CTETIEHU JucniepcHocTU. Pasnuuator: rpyboaucnepc-

Hble (pa3mep yactul => 100 um). U komnouHele.

Cpenu HUX: a)IMYJIbCUU;

0) a’3po30:H;
B) CYCIICH3UU;

HucnepcHas | Pacnpenensemoe | YciioBHbIE IIpuMepbl reTepOreHHBIX
cpena BEILIECTBO 0003HaYEHUsI | CUCTEM
T T T-T Munepaibl, 6€TOH, KOMIIO-
XK K-T 3UIIMOHHBIE MAaT.
r I'-T [TouBbI, TPYHTHI, KaIHI-
JIIPHBIE CUCTEMBI
KaranusaTopsl B ra30BbIX
CHUCTEMAX
K T T-K CycneH3uu, nactsl, myJjb-
XK K-XK a, UJIbl
OMyJbCHUH, TIEHBI, HEPTh,
MOJIOKO
r T T- a’pO30JI1, TIBUIb, JbIM
K K- a’p0o30JM, TYMaH

B ocHOBHOM 3aHMMaeMcCs U3yUYEHUEM PACTBOPOB MOJIEKYJISIPHOM M MIOHHOW CTEIICHU
AUCEPCHOCTU. MIX Ha3bIBatOT UCTUHHBIMU PACTBOPAMH.

2. [To arperaTHOMy COCTOSHUIO:

T-crumaser; K- CuS0O, B Boze; I-Bo3myX

3. [To conmeprkaHnio pacCTBOPEHHOTO BEIIECTBA

1) KonnientpupoBaHHbie U pa30aBiICHHBIC
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2) HacpliieHHble (JaabHENIEero pacCTBOPEHUS HE MTPOUCXO/IUT), HEHACHILIEHHbIE U TIepe-

HACBIIIEHHBIE ( HEYCTOWYNUBBIE CUCTEMBI).

4. ITo pacTBOpUMOCTH
1) Xopowo pacTBoprMbIE
2) Maio pacTBOpUMBIE

3) [IpakTyecku HepacCTBOPUMBbIE

K HUM OoTHOCITCA

CuJjbHBbIE 3JIEKTPOJIHUTDI

- kucnorel: HCL, HBr,H],HNO;, H,50,,HCIO0,

- ocHoBanus (ménoun): LiOH, NaOH,KOH, PbOH,CsOH, Ca(0OH),,57(0H),,Ba(0H),

-OO0JIBIIIMHCTBO COJICH

I[JI}I CUJIBHBIX 3JICKTPOJIMTOB XapaKTCPpHA IIPAKTHYCCKU ITOJIHAA JUCCOMUAITA.

MexaHU3M paCTBOPEHHUS CHJIbHBIX YJIEKTPOJIHUTOB

1 sranm

2 sTar

MMB

DO D
9
0
OO
n-J1

NG
O
®®

©

N-"u

HNmeeT mecTo MMB MEXITY
MOJIEKYJIaMHU PaCTBOPH-
TeJII U MOHHBIM KPHUCTaJI-
aom — OPUEHTAIIU-
OHHBIE — B3aumonein-
CTBUSI MEXKITY
MOJIEKYJIaMHU PacTBOPH-
TENS U BOJBI.

HMoH-1u1ojIbHOE B3auMO-
JCVCTBUE : MOJIEKYJIBI
pacTBOpUTENS pa3pylia-
0T KPUCTAJUIMYECKYIO
pemérky NaCl «Bpitac-
KHBAIOT» UOHBI B PaCTBOP
Y HAaYMHAIOT OKPYKATh
3TH UOHBI TUIPATHOU
0001I0YKOH(TuApaTHON
11y0oil) UMeeT MecTo
HWOH-TUIOJIbHOE B3aUMO-
JICUCTBHUE.

B pacTBOpax CHJIbHBIX
AJIEKTPOJUTOB HOHOB
MHOT0, I03TOMY, HECMOT-
psl Ha TUAPATHBIC «ITY-
OBI», HOHBI MOJAXOIST
JPYT K IPYTY U MEKY
HUMHU UMEET MECTO UOH-
JTATIOJIBHOE B3aUMOIEN-
cteue. [loaromy B nen-
CTBUTEIBHOCTH JIMCCOIH-
anus He aBisgercd 100% n
JUUISl PACTBOPOB CHUITBHBIX
AJIEKTPOJIUTOB BBEJECHO
MOHSATHE aKTUBHOM
KOHILleHTpalHH

a=f,-C,rne a —axrtusnas C
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fa - KO3hGUIMEHT aKTUBHOCTH
C - KOHIIEHTpAIHsI PacTBOPA
[ BBI3BaH MPOSBICHUEM MOH-MOHHOTO B3aUMOJICHCTBUS. B cHIbHO pa30aBIeHHBIX
pacTBopax, rlie MeXAy HOHAMH MHOTO MOJIEKYJI pacTBOPUTEIs, moyiarawt f, = 1 u trorna
a=~C.
B peanbHBIX pacTBOpax f, HaXOIAT IO TaOJIUIE B 3aBUCUMOCTH OT HOHHOW CHJIBI
pacTBopa.
I= %Z C;Z% , rnel — nonnas cuna pacteopa
C; - KOHIIEeHTpAIUs HOHOB
ZF - ux 3apsml
HonHas cuina pacTBOpa paBHa IOIYyCyMMeE ITPOU3BEEHUS KOHLIEHTpa-
U BCEX MOHOB, HAXOSALIMXCS B paCTBOPE, HA KBAJpaT UX 3apsja.
| BEIYUCIISIIOT JJ1s1 TOTO, YTOOBI 3aT€M MO TabJuIle HANTH KO3 PUIIMEHT aKTUBHOCTH

f(a)=f(1)

IIpuMepbl BEIYUCIICHNUS HOHHOM CUJIBI

Jlano: Pemenne:
C,(HCN=0,5 HCl & H'+Cl
‘ 0,5 05 05
- 1= ((0.5(+1)?+0,5(-1)*)=05
JaHo: Pemenue:
Cm(HZSO4):015 HZSO4 fo 2H++So42,
0,5 20’5 0,5
I-?
|:% (1.(+1) 2 +0,5(-2) 2 ):1’5
JaHo: Pemenue:
C,(Al,(S0,),)=0,05/Al,(SO,), <2 Al*+3 S0, =
0,05 2:0,05 0,05
1-?

:% (0,1:(+3)*+0,5(-2)*)=0,75

I Jl51s1 pa3psiga MOKHO 3HAKU HE YKa3bIBaTh!

PaccMmoTpuM paBHOBEcHE MEXIY PaCTBOPOM U 0caakoM, Harpumep, BaSO, . A6co-
JIOTHO HEPACTBOPUMBIX BELLIECTB HET, TO3TOMY JHUIOIN BOJbl, COPUEHTHUPOBABILINCH
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orpeeieHHbIM 00pa3oM, pa3pymaroT peuietky BaSO, u nepeBoasT B pacTBOP HOHBI CO-
T,

PactBopenue:
= K, > peakuus 0-ro nopska, T.k. C BeliecTBa Ha IOBEPXHOCTH HE MEHSETCS.

V pacms

ITo MCPC HAKOIUICHHA NOHOB B PACTBOPEC MCIKJAY HUMHU HAUYNHACTCA BBaHMOI[eﬁ—
CTBHC.

Baz+S0O% — Ba SO, |

Ocaxxnenune:
=K,C(Ba*)-C(SO%)

HpI/I paBHOBeCHH U pacme ™ U ocanc
K,=K, [Ba*][SO;]

[Ba][SO]

K p=——

D ocasc

K,

? IIK
[IpousBeneHre paCTBOPUMOCTH = MPOU3BECHNE KOHIICHTPAIHH.
IIP npuseneno B tabmuue: IMP .o, = 1-107

YcnoBus o6pazoBanus ocagka: [IIK>IITP
YcnoBus pactBopenust ocagka: [IK<IIP

[Toka He Oyner nocturnyta BenuunHa [1P, BemecTBo OyneT nepexoauTh B pacTBOP.

Pemenne 3a1a4 Ha 00pa30BaHUE M PACTBOPSHHUE OCAJIKa

3amuiieM ypaBHEHHE B OOIEM BHIE /IS BRIYHCICHHS PACTBOPUMOCTH BEIIECTBA.
JUCCOL
Al,S, & 2AI*+35%
X obp. 2x 3x
ocang
Ycnosue obpasoBanus ocaaka: [Al*]?[ S °>IIP

B o6mem Buge nns A, B, :

1P
= n+m
Vn'm™ - (hopmyna It BEIYUCIICHUSI PACTBOPUMOCTH BEITIECTBA.
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3agaua 1. Berauciure pacTBOpUMOCTh B MOJIB/JT U B T/71 opTodocdaTa KaiabIus, a
tak e C,, nonoB Ca*" u ¢ocdar-noHoB B HackIlIIeHHOM pactBope, eciu [1P (Ca, (PO,),

)=2-10%.

Pemenue:
Jlano:
ITP (Ca,(PO,),)=2-10"*. 1) 3anumrem ypaBHeHHE 00pa30BaHMSI OCAIKA:
Ca*+2P0O,* — Ca,(PO,),
3x 2X X

S[monw/n],[r/n]-?
C,[Ca*]-2C, [PO,*]? 2) 3amnuiieM yciaoBue 00pa3oBaHMs 0CaIKa:

[Ca*][PO,”]=IIP (Ca,(PO,),)
ITycts C(Ca, (PO, ),) B Mo/ 1=S=x
Torma [ Ca* ]=3x, [ PO, * ]=2x
(3x)*(2x)*=I1P

X = 51/2 DO =7 5-10.. MoB/T
108 0

3) UToOb! BEIYUCIUTD S B I/71, HY)KHO 8&38 ‘M
M(Ca, (PO, ), ) = 3-40+95-2 = 310 r/mob
S=7,5107"-310=2,3-10* r/n

[ Ca* ]=3x=3-7,5-107"=2,25-10"° moms/xa
[PO, * = 2x=2-7,5107"=1,5-10"° monb/n

3amaua 2. [IP(AgCl)=1,78-10 *°. Kako#i V Bojabl moTpeOyeTcs i paCTBOPCHHUS
Ir. aTOrO BemiecTna?

Jano: Pemenue:
IMTP(AgCl=1,78-10*° M(AQCI)=143,5 r/moib
m(AgCl) =1r. 1) YpaBHuenue oO6pa3oBaHMs OCaIKa:

Ag*+ Cl-— AgCI

2) ycnoBue o0pa3oBaHUs OCaIKa:

V (H,0)-? [Ag*][ CI- > TIP (AgClI)

3) S=[Ag* ]—[CI 1=1p ~ 13 10° Moms/m

S=1,3-107°-143,5= 18610 /0

4) Paccuutaem V Bojsl st pactBoperus 1r. AgCl

V (H,0) = 1-@— 537,6

186
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3amaua 3. Beinagaet u ocagok AQCI mpu cimuBanuu 50 mi. 0,1M pactBopa AgNO
, €200 M. 0,2M pactBopa HCI?

Jano: Pemenue:
C,(AgNO,)=0,1 M 1) 3anumem ypaBHeHHE 00pa30BaHMS OCAKA MIPU
V(AgNO,)=50 mu. B3aUMOJICMCTBUU YKA3aHHBIX BEILIECTB.
V(HCI)=200 mu. AgNO,+ HCI—>AgCI| + HNO,
C,(HCH=0,2 M 2) 3anumiem ycioBue oOpa3oBaHUS OCAIKa:

[Ag*][ CI- > IIP (AgCl) Ocanox-?
Jlo ciiuBaHusA: AgNO3Z Ag + NO, ", Tk
0,1 01 01
Iocne cnuBanus: V ;1
V ;= 50+200=250 mu.

3) CooTHolieHus MpHU pa30aBICHUE:
CM1V1:CM2V2

*
Vi 201%50_ 510 moms/n
250

PaSMepHOCTB V 31CCh HC NMCCT 3HAUYCHU A

4)C._=[Cl]= CVV = 0’22’;300 = 1,610~ momb/

5) Paccuutaem IIK u conocraBum c I1P:
[Ag*][ CI~]>IIP (AgCl)
2-107%-1,6-10*>1,78-1077;
3,2:-10°>1,78-10 " — ocamoxk |

C
Cm2= [Ang] = \r/nl

0611

o061

JHepreTuKa MpoueccoB PACTBOPEHH S
W3BecTHO, uTO TipU pazdasnernu H, SO MIPOUCXOJIUT CUIIBHOE Pa30rpeBaHue,

4 (xomy)
nostomy, yuutbiBas p (H,SO,)=1,867 r/cm*>p (H,O)=1r/cm®, H, SO, Bcerna ipioT
B BOAY, 8 HE HA00OPOT.

[Tpu pacTBOpeHNH BEIIECTBA PACTBOP CHIIBHO OXJIAKIACTCS, T.€. UMEET MECTO B3au-
MOJICUCTBUSL:

PactBopenue + pactBopurenb— B-BO B + Q

B-Ba pacTBope
rae, Q — remwtoBoit 3¢ ek nporecca pacTBOPEHUSI.
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[Ipu pacTBOpEHUN UMEET MECTO PA3PYILICHUS KPUCTAIIMYECKOW PEIETKH pacTBOPSI-
eMoro BemiectBa. Ha 3to Tpatutcs sneprus u npoucxoaut npouecc CAJIbBATAIINU (3a

CYET MOH-IUMOJBHOTO B3aUMOICHCTBHUS).
Ecmu pactBopurens - H, O, To npoucxonut npouecc [ MJIAPATALIUN. [1pu atom

DHEPIus BBIACIACTCA.
Ot cootHOWIEHUs E pa3pylIeHns] KpUCTaUINY. PEMIETKH pacTBOPSIEMOTO B-Ba U E

caJbBaTaIlMy 3aBUCUT Q peakiuu:
ecmm Q >Q......, TO PaCTBOPEHHE - TIPOIIECC IHAOTCPMUUCCKUAN

<Q,,...» TO pPaCTBOpPEHHE- IIPOIECC IK30TCPMHUICCKUIA

paspyut
€CJik Q paspyu

Jduccounauus Boabl. Bonopoanbiii mokas3areJib.
H,O - oueHb clalblil 2JIEKTPOJIUT. DTO aMPOIHUT (M KUCTIOTa M OCHOBaHUE).

H,O0=H" +OH" - ynpomieHHOe YpaBHEHUE JUCCOLUALINH.
H*+H,0— H,0- (1MOH OKCOHUSA).

Jasiee MOXET MpUCOEAMHUTHCS A0 4H * 10 oOpa3oBanus H,O; .
MBI BOCTI0JIB3y€EMCS YIIPOLIEHHBIM YPABHEHUEM

S IHTHOH T oo
[H.0]

MoxHO cuurartse, 4yTo [H,0]=C_ = % = 55,506/ 1

171. BOJBI

Ko:[H,0]=[H"][OH]

[H'J[OH1=10" =K, , =K, UOHHOE NPOU3EEOeHUEe B00bL

DTO XapaKTepHO JUIA t° =22° —25°. Jlis t° =100° K, =74*107", T.e.c 1t K, 1.
UeMm 1 ogna C, TeM | comnpsbkeHHas ¢ HEW pyrasi.
HeitrpansHblii pacTBOp: [H*]=[0H ]=+10" =107[Z] =[X?"*]; pH=pOH=7.

J J

Kucpiii pactBop: [H*]>107"; pH<7.

[{enounoii pactBop:[H1<10™"; pH>7.

PaboraTh ¢ MabIMK BETMIMHAMHA HEYTOOHO, H TI0 MPEIOKESHUIO JATCKOTO YICHO-
ro 3epeHceHa ObIJIO BBEJICHO MOHATHE BOJAOPOIHOIO TTOKA3aTEes.

pH =—Ig[H "] pOH =—Ig[OH "] eudpoxcunvnwiii noxazamens.
Ecnu nponorapudmMupoBath HOHHOE MPOU3BEEHUE BOJIBI, TO MOTYyYUM (HOPMYITY:

pH + pOH =14

[H*] 107 10 10” 107° 107"
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° 1 2z 3 4 5 6 T & % W 1 12 13 14

[OH] 10 107% 10”7 10™* 107"

HNoHHOE mpou3BeAcHUE BOJABI FOBOPUT O TOM, YTO Jajie€ B KOHLEHTPUPOBAHHBIX
BOJHBIX PacTBOPaxX MPUCYTCTBYIOT THIPOKCO-TPYIIIIHI.

JUis XapakTepucTuku PH pacTBOpOB CYLIECTBYIOT OCOObIE BEIIECTBA — MHJIUKATO-
pbl. BbIBarOT kujkue, Hanmpumep, PeHoIPTalenH, METHIOPAaHXK, Jakmyc. CyliecTBYIOT
OyMakHbIe, HalpUMep, YHUBEpCaIbHAsl MHANKATOpHAst OyMara, a TaKKe TOYHbIE 3HaYeHUs
PH omnpenenstorcs ¢ momoribio npudopa pH-meTp.

3nauenue pH pacTBopa BIuseT Ha MPOLECCHI, MPOUCXOSAIINE B paCTBOPE.

Boruncnenue pH pacTBOpOB CHIIBHBIX U CJIa0BIX 3JIEKTPOIUTOB.
3agauva 1. Boeruncnurs pH pactBopa HNO, .

Jlano: Pemenue:
0,01 x# HNO,. HNO, - c1abplii 2IEKTPOIHT.
pH -?

[H*]=vKo*C =10 *10? =10° = pH =3

3anaua 2. Beruucauts pH pactBopa H,SO, ¢ C,, =0,054
Jano: Pemenmue:

pH =-Iga

(HY)

0,01 1 H,SO,

J111s1 pacTBOPOB CHUIIBHBIX JIEKTPOJIUTOB

[Ipex e yem paccuuTaTh, MOCYUTAEM
| = %*(2*0,05*12 +0,05*2%) =015

H,S0, =2H* + SO
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0,05 2:0,05 0,05
ITo ta6muue f, =0.8=a=0,8-0,05=0,04=4*10"
IgfH "] =1g 4*1072% = lg4+ |g10_2 =0,6021-2=-13979
pH=1,3979 umu pH~1,4.

OGpatHas 3aaaya.

Jlano: | Pemrenue:
[H® ]=10""" [OH™ ]=10
pH=12,34 Bl
pOH =14-12,34 =166 CM. aHTHJIOTapUu(pPMbI
[H*]-?
[OH-]-? [H*]=1072% =10 *10°% = 4,571*10 * Mob/1
[OH ]=10"% =107 *10%* = 2,188*10 Moub/1

3anaua 4.
Jlano: Pemenue:
0,05NH,OH NH,OH - craboe ocHOBaHHE

NH,OH =NH, +OH  T.K. ci1al. 3IeKTPOIUT

0,05 0,05 0,05
pH-? a*c a*c

JKo*C JKo*C
ITo cripaBouHHKY [OH ] =vKo*C =v/2*10° *5*102 =10

pOH=3=pH=11

TEMA 7. JJEKTPOXUMHNYECKHUE CUCTEMBbI. OKUCJIUTEJIBHO-
BOCCTAHOBUTEJIBHBIE CBOMCTBA BEIIIECTB

CreneHb OKHCJIEHUS — 3TO (POpMaNbHBIA YCJIOBHBIM 3apsiji aToMa B MOJEKYJIE.
O6o3HauaeTcst HaJl aTOMOM IU(GPaAMU C COOTBETCTBYIOIINUM 3HAKOM. JTa BEIMYMHA MOMKET
OBITh MOJIOKUTEIBLHOMN, OTPUIIATEIILHOM, HYJIEBOM, TPOOHOM.

O6o03Hauaercs HUGPOI C COOTBETCTBYIOIIUM 3HAKOM.

[TonoxxutenbHOE 3HAYEHUE CTENEHW OKHCIICHHUS XapaKTepHO JIsi aTOMOB, OTAalo-
IIUX CBOM DJICKTPOHBI (II[EJI0OUHBIE METAJIJIBI, MPOTOH UMEIOT CTENIEHb OKUCIICHUS +1).

HyneBas creneHb OKHCIEHUST B MOJIEKYJIaX NPOCTHIX BELIECTB.

@dTOp B CBOUX COCTUHEHUSAX MMEET 3apAl -1, a Juist KUCIOpoa B OOJIBIIMHCTBE CO-
eAMHEHUI XapaKTepHa CTENeHb -2, XoTs B nepekucu H,O, oHa paBHa -1, B coenuHeHun
OF, paBna +2, a B Hagnepokcuae KO, -1/2.

Pacuer creneHu OKMCJICHUS.

OCHOBHOE TTPaBUJIO:
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AJiredpanyeckasi CyMMa cTelleHell OKHCJIeHHsI aTOMOB B MoJIeKyJle PaBHA HY-
JII0, B CJI0KHOM MOHeE — 3apsily TOr0 HOHA.

PaccuuTtaem creneHb OkucIieHUs a30Ta u cepbl B Mosekyse azotHo HNO; u cep-
Hoit H,SO,4 kucmor. O603HAYMM HEM3BECTHOE YEPE3 X, YMHOKHUM CTETICHb OKHUCIICHUS pac-
CMaTpUBAEMOT0 aTOMa Ha YMCJIO ATUX aTOMOB M COCTaBUM ypaBHEHHUE:

X
HNO;
(+1)-1 +x 1 +(-2)-3=0 x=+45
——
H N O3
X

H,SO4 (+1) -2 + x-1 + (-2)-4=0 x=+6

UtoOBI ompenenuTh CTENCHbh OKHCICHHUS MapraHia, ¢gocdopa, xjiopa U Xxpoma B
- 3- - 2.
nonax: MnOy4, PO,™, ClO3, Cr,0;” aHalOrM4HO COCTaBJIsIEM ypPaBHCHHS, HO HPHPABHH-
BacM MX K 3apsly HOHa.

X
MnO, x + (-2)-4=-1 X=+7
X
PO,> x + (-2)4=-3 X =+5
X

Clo; x + (-2)3=-1 X =+5
Cr,0; x2 + (-27=-2 x=+6

C TOUKM 3pEHUS U3MEHEHHUS CTEIIEHU OKHUCIIEHUSI XUMUYECKHE PEAKIIMU MOTYT MpPO-
TEKaTh ABOSIKO: JIMOO CTENEHb OKMCIEHUS OCTAETCs MOCTOSIHHOM, JINOO MEHSET CBOIO Be-
nuuuHy. Hanpumep:

+1-1 +1 -2 +1 +1 -1 +1 -2
HCI + NaOH —> NaCl + H,O - 6e3 u3sMeHeHUs CTENEHN OKUCICHUS

0 0 +3 -1
2Al + 3Br, - 2Al Br; — Al u Br noMeHsutn B pe3yJsibTaTe peakilii CBOU CTEIICHU OKHC-
JIeHUs

Peakunm, nporekaromuye ¢ U3MEHEHHEM CTEIIEHU OKHUCIICHHMS aTOMOB, BXOJSIINX B
COCTaB pearupyroumx BELIECTB, HA3BIBAIOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU. B
TaKUX pEaKLUAX IMPOUCXOAAT OJHOBPEMEHHO JBa IIpoLecca — 3TO OKUCIEHUE U BOCCTa-
HOBJIeHHE. PaccMOTpuUM ux.
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OxkmucjeHneM Ha3bIBACTCS IIponHccC oTaa4u 3JICKTPOHOB. HpI/I 9TOM CTCIICHb OKHC-
JICHU ITOBBIIIACTCA. ATOMBI, MOJICKYJIbI UJIM HOHBI, OTAAIOIIKUEC 3JICKTPOHLI, HA3BIBAKOTCA B
OCCTAaHOBHUTECJAM H. TAKUM 06p330M, MpoHeCC OKHUCJICHUA ITPOUCXOANUT C BOCCTA-
HOBJICHUCM.

BoccraHoBiieHHeM Ha3bIBACTCS npouecc NpUCOCANMHCHHA JSJICKTPOHOB. CreneHb
OKHCJICHHA IIPHU 3TOM IIOHMIKACTCA. ATOM]'::I, MOJICKYJIbl WJIM UOHLBI, IIPUHUMAIOOINEC JJICK-
TPOHBI, HA3BIBAIOTCAI O KU CJ U T E€J A M H. CJ'ICI[OB&TGJ'IBHO, MpoueCcCc BOCCTAHOBJICHUA
IMPOUCXOAUT C OKHUCIUTECIICM. CxeMaTU4HO 3TO BBIIVIAOUT TaK:

-e
" OKHCJICHHUE "
BOCCTAHOBHUTEJIb OKHCJINTE]Ib
d L d
< LI <
BOCCTAHOBJIEHHUE
TunnyHbIe BOCCTAHOBUTENN — 3T0 MeTauthl (ZNn, Fe, Al u 1.1.)!Botopo, 31emeH-

Thl B HU3IIHNX CTENECHIX OKUCIICHUS.
Tunu4yHbIe OKMCIUTENN — ITO FaJIOTeHbl, OMXpOMAT Kajlus, XJIOpHask BOJla, a30THAs
KHUCIIOTa U €€ COJId, OepTOJIETOBA COJIb, LIAPCKAsl BOJKA, EPMAHTaHAT Kalus U APyTrHe Be-
IIECTBA, B COCTAB KOTOPBIX BXOASAT ATOMBI B BBICIIUX CTENEHAX OKHCIICHHUS.
BemecTBa, B cOcTaB KOTOPBIX BXOJAST aTOMBI C IPOMEKYTOUHOM CTEIEHbIO OKUCIIE-
HUS, CIOCOOHBI OBITh M OKUCIHUTENISIMH M BOCCTAHOBUTEINSIMU B 3aBUCUMOCTU OT JAPYTOrO
KOMITOHEHTA peakiuu. K HUM OTHOCATCS EPEeKUCh BOJAOPO/IA, CYIb(UTHI U T.I1..
YacTo oIMH U TOT K€ 3JIEMEHT MOXKET MPOSBIATH PA3JIUYHBIE CTEIICHU OKUCIICHUS.
Hekoropsie mpumepbl TPUBEACHBI B CIASAYIONICH TaOIHIIE:
Bo3MokHBIE CTEIIEHN OKUCIIEHHUS PSia DIIEMEHTOB
OKHCIICHHE

v

One- CreneHp OKUCICHUSA
MEHT
B COeJIN 3| -2 -1 (0 +1 +2 +3 +4 +5 +6 +7
HEHUAX
Xiop HCI | CI | HCIO ClO, | HCIO HCIO
2 3 4
Mapra- MnCl MnO, HMnO,
HCII 2
Cepa HZS S SOZ H2804
ASOT NHg> N2 NZO NO N203 N02 HNO
3
Kwuco- Hzo Hzog 02
pon
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Kpaiinue cnea — Kpaitnue cipaBa —
TOJIBKO
TOJBKO BOCCTAHOBUTEIIb OKHCJIUTET
ROCCTAHOBIECHUE

THIIBI OKMCIUTEIbHO-BOCCTAHOBUTEIbHbIX PEAKIUH .

Peakumnu MexkMO0J1eKYJ/JISIPHOTO OKHCJIEHUSI-BOCCTAHOBIEHH S
(OKUCHIUTENh U BOCCTAHOBUTEIb MPUHAIJICKAT PA3HBIM BEIIECTBAM, T.€. HAXOASATCS
B Pa3HBIX MOJIEKYJIaX).
-1 +4 +2 0
4 HCI + MnO,; —» MnCl, + Cl, + 2H,0

Peaknun BHYTPHUMOJIEKYJISIHOTO OKUCJIEHHSI-BOCCTAHOBJIEHU S
(OKHCIUTEIh M BOCCTAHOBHUTEIh HAXOJATCS BHYTPH OJHOM MOJIEKYJE, HO 3TO JIMOO
aATOMBI Pa3JIMYHBIX AJIEMEHTOB, JUOO aTOMBI OJHOTO AJIEMEHTA B Pa3HBIX CTEICHSIX OKHC-
JICHUS).
+5 -1 0
2KCIO; —» 2KCI + 30,

-3 +3 0
NH4N02—) N2 + ZHZO

Peaknumn 1ucnponopunoHNpoOBaAHUS.

OxucnuTenas ¥ BOCCTAaHOBUTEb — 3TO aTOMBI OJHOTO U TOTO K€ AyeMeHTa. B xone
peaKIuy OJHU MOBBIMIAIOT CBOIO CTENEHb OKUCIEHUSI, IPYTUE MOHMKAOT. ITO XapaKTep-
HO JIJII aTOMOB B ITPOMEXXYTOUYHBIX CTETICHSIX OKUCIICHHUS.

1 +1
C.’ + H,O — HCI+ HCIO

PaccranoBka k03¢ GUUMEHTOB B YPABHEHHSI OKHCJIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuu
MeToa DJEeKTPOHHOI0 0aJIaHCcAa.

AJITOPUTM:
1. Onpenenuth CTENEHU OKHUCIEHUS 3JEMEHTOB M YCTAHOBHUTH AJIEMEHTHI,
MOMEHSBIINE CTENEHU OKHUCJIEHUS, BBIIIMCATH MPOLECCHl OTAAYH IIEKTPO-
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HOB — OKUCJIEHUSA, u npucoenunenus snexkrpoHoB — BOCCTAHOB-
JIEHW A,

2. TTogoOpaTth KOX(DPUIUEHTH — JOMOTHUTEIBHBIC MHOKUTEIH, TTO3BOJISIO-
ne ycraHoButh bAJIAHC DJIEKTPOHOB. VYyer uuncna 31eKTpOHOB
HEO0OXOIMMO BECTH Ha BCIO MOJICKYJTY, T.€. YIUTBIBATh YHUCIO aTOMOB IT0O-
MEHSBIIIUX CTCTICHb OKUCIICHUS;

3. PaccraButh K03 PUIIMEHTHI;

4. OcymiecTBUTh TPOBEPKY (Halie Bcero myTeM oOIiero OaigaHca aTOMOB
KHCJIOPOJIA).

Ipumep 1.

PaccMoTpuM peakiiyio B3aMMOJICHCTBHS Kejie3a ¢ XJIOPOM. 3allUIIeM CXEMY peak-
1007078

Fe + Cl, > FeCl; 1)

HcxomHbIe BEMIECTBA KENEe30 M XJIOp AJICKTPOHEUTpaIbHBL. B pesynbrare peaknuu
CTCTICHb OKHCJICHHS jKelie3a crajia +3,a xjopa -1. BelmuiemM aTombl, KOTOPhIE TTOMEHSIIN
CBOIO CTENIEHb OKHUCJICHUS, POCTABUB MOCJICAHIO CBEPXY HaJ aToMaMu. Tak Kak XJIop /10
peaKIuy HaXOUJICA B MOJICKYJISIpHOUW (popM, TO cobirofast MaTepuaibHbIN OanaHc, Moclie
peakiuu (mocie crpenoukn) mepen Cl' craBum kosadduument 2. PaccraBum cremnenu
OKHUCJICHUS ¥ TIPOBOJAMM PACCYKACHUS:

Fe’ — Fe*

(2)

c’, —2Cr

ATOM 3KeJe3a CO CTEICHBIO OKHCIICHHS, PABHOI HyIIIO, IIpeBpaIacTcs B HoH Fe* co
creneHbpio okucienus +3. [Ipu 3ToM 0H OTHAET TpU AIEKTPOHA, SABISIETCS BOCCTAHOBUTE-
JIeM, CaM K€ B PE3yJIbTaTe PEaKIINU OKUCIISIECTCS.

3amoMHHUTE: 0TAAJ € — OKMCJIMJICS, CAM SIBJISIETCSI BOCCTAHOBHUTEJIEM.

DJeKTpoHEHTpaIbHas 10 peaKIMKu MOJIeKyJa Xjopa npespaiaercs B 2Cl ( B n1Ba
(dbopManbHBIX MOHA XJIOpa C 3apsAaoM MUHYC oauH). [Ipy 3TOM Kaaplii aToM, a WX JBa,
IpUHUMAET 1o 1€, T.e. Bcero 2 3ieKTpoHa. XJjop, IpUHUMAs 3JIEKTPOHBI, BOCCTaHABIINBA-
€TCsI, CaM K€ SIBJISICTCS OKHUCITHTEIICM.

3anoMHUTE: B3S1JI € — BOCCTAHOBMJICS, CAM SIBJISIETCS OKHCJIMTEIEM.

Takum oGpazom, cxemsl (1) u (2) mpeBpamaroTcs B ypaBHEHUS dJIEKTPOHHOTO Oa-

JIaHca.
KoadpummenTs

Fe’ - 3¢ — Fe* - mpouecc okucieHns (3)

Cl%+ 2e —2CI" - mpouecc BOCCTAHOBICHHS 4)

OTtaensemM BepTUKAIBLHON YEPTON ClieBa HATMCAHHBIE ypaBHEHUS JIEKTPOHHOIO Oa-
JaHCa B OCYIIECTBIIIEM MOA00P KO3 (HUIITMEHTOB:
d) YKa3bIBAIOT YHCIIO MEPEIIS/IINX JICKTPOHOB, B IAHHOM CJIydae 3T0 3 U 2;
b) HaxomsT mIs HUX HamMeHbIee obmiee kpatHoe — HOK — B paccmaTtpuBaeMom
puMepe 3To 6;
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C) noaduparoT K03(HOUIMEHTHI; 3TO YaCTHOE OT JACJICHHUS HAUMEHBIIIErO OOIIEeTo
KPaTHOT'O HA YKCJIO MEpEelIeIINX 3JIEKTPOHOB. JTO YHCIa: Mepesl Keae30M 2
U IIepes XJI0poMm 3.

KO3 PUITUECHTDI HOK YUCIIO € ypaBHEHUs OajlaHca
2 3 Fe; - 3e - Fe*
T B-JIb T
6
3 2 CIOT + 26 B 2‘cr

JIefCTBUTENILHO, HEOOXOMMbIE IS 3° MOJIEKYJ XJiopa 6 3JIEKTPOHOB MOTYT JaTh
7IBa aToMa JKeJe3a.

3anuiieM cyMMapHOe ypaBHEHUE:

2Fe + 2Cl, > 2 FeCl;

Ipumep 2. C ydyeToM pacxoaa KUCIOTHI Ha coieo0pa3oBaHue.

3anuieM ypaBHEHHE PEaKIUU MEXKIy MEAbI0 W KOHIEHTPHUPOBAHHON a30THOMU
KuCIoToN CXxeMa peakiuu ey oIIas:

+5 +2 +4
Cu’ + HNO; —» Cu(NOs), + NO,

PaccTaBuM crereHH OKHCJICHMS. 3alHIIEM CXEMBI 3JICKTPOHHBIX TEPEXOJ0B IS

aTOMOB MEJIH U a30Ta, TOMCHSIBIIIMX B XOJI€ PCAKIIUU CBOU CTCIICHH OKUCJICHHMSL.
cu’ — Cu** - mporecc OKHCICHHS
N*° > N* - TMPOILIECC BOCCTAaHOBJICHUS

Umeem 1o peaxmun Cu’, N*°, mocite peaxumn Cu®*, N**. CexoBarensro, B xoze pe-
aKIUKM aTOM MEJU OTJaJ JIBa SJCKTPOHA, a aTOM a30Ta MPHUCOCTUHIIT AIEKTPOH. Menb sB-
JSIETCSI BOCCTAHOBUTEJIEM, B XOJIC PEaKIIUU OKHCIIIETCS, CTEIIEHb OKUCIICHHUS €¢ MOBBIIIA-
eTCsl. A30T CO CTENCHBIO OKUCIICHHUS +5 SBJISCTCS OKUCIUTENIEM H, IIOHMKAst CBOIO CTCIICHb
OKHCJICHHS, BOCCTAaHABIIUBACTCA.

Takum 006pa3om, ypaBHEHUS HIEKTPOHHOTO OanaHca UMEIOT BUJI:
korddunmentet  HOK  uwmcrno €

1 2 |Cu’-2e — Cu® - mpouecc OKUCICHNUS
2
2 1 N*™ +1e > N" - mporuecc BoccTaHOBICHHS
Cu + 2HNO; + 2HNO; — CugNOg3), + 2NO, + 2H,0
BOCCTAHO-  OKHCJHTE]b Ha C0J1e00pa30BaHu
BUTEb T
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[TonoGpaB korhdunreHTs, 3anuieM cymMmMapHoe ypaBHeHue. OTMETUB MpeBapu-
TEIHHO OJIHY OCOOCHHOCTh TaKMX peakiuid. [Ipu oKucIeHun MEeTaioB KUCIOTaMH OOBIY-
HO WIYT €IIe MPOLECCHl CONe0Opa3oBaHus, T.€. CBA3BIBAIOT MOIYUYHBIINECS MOHBI METAJ-
JIOB aHWOHAMHU KHCJIOT B HEHUTpaJIbHBIE MOJIEKYJbl. [lo3TOMy 001I€e KOTMYeCTBO MOJICH
KHUCIIOTHI OYyIeT HECKOJIBKO OOJIBITIE, B HAIIIEM MMPUMEPE OHO PaBHO YETHIPEM

Cu + 4HNO3 - CU(NO3)2 + 2N02 + 2H20

OOBIYHO CyMMapHO€ ypaBHEHHUE TOCIIe PACCTAHOBKU KO3 (MUIIMEHTOB Tepe OKUC-
JUTENIEM ¥ BOCCTAHOBHUTENIEM MUIIETCS HA OCHOBAHUK OOIIUX TIPABWII JIJIsl YpaBHEHUH pe-
akuuii. Jlemaercs 3To0 MOTOMY, YTO BCSAKOE YPAaBHEHHE B KOHEYHOM MTOTE €CTh OTOOpake-
HUE 3aKOHA COXPAaHEHMsI MacChl BEIIECTBA, a JJISI OKHUCIUTEIHbHO-BOCCTAHOBHUTEIHHBIX
IPOIIECCOB 00SI3aTEILHO COXPAHAETCS ellle OanaHc 3apsiioB.

IMpumep 3.

BizSg + HNOg - B|2(804)3 + NO + HZO (cxeMa)

W3 ypaBHeHUs peakluu BUIAHO, YTO MOMEHSJIU CBOU CTEIICHU OKHUCIICHHS cepa U
a3zoT. Cynbdun npeBpatuics B cyiab(har, IOMEHSB CTEIIEHb OKUCICHUS C  «- 2» JI0 «+6»,
T.C.

s? - 8 > S%
BOCCTaHOBUTEIb

HO KaK OTMEYaJOCh paHee, YHCIIO OTJAHHBIX JJICKTPOHOB HYKHO yKa3bIBaTh IS

MOJIEKYJIbI CYJIb(UIa BUCMYTa, YUYUTHIBAS, UTO B KaXKIYIO BXOJUT TPH CyIb(PUI-UOHA, T.€.
3S? - 24e —» 38

A3OT W3 HUTpAT-WOHA, B KOTOPOM MMEN CTETICHh OKUCICHHS «+5%», MPEeBpaTUIICS B

okcup azota (1), co crenensro okucaeHus «+2», IPUCOEINHUB TPU IJIEKTPOHA
N*™ + 3¢ —> N7

Takum 06pa3om, ypaBHEHUS FIEKTPOHHOTO OanaHca, Mog00p HAMMEHBIIETO 00IIEero

KpPaTHOTO ¥ KO3(P(UIIUEHTOB BHITIIAAT CIACAYIOMUM 00pa3oM

kodddummentet HOK  dwmcmo e

1 24 3S? - 24e — 3S+6—Hp0HCCC OKHCJIEHUS
B-JIb
24
8 3 N® + 3e > N"-—mpomecc
OK-JIb BOCCTAHOBJICHUS

VYpaBHEeHUE ¢ paccTaBICHHBIMU KO3 PUITUEHTAMU
Bi,S; + 8HNO; —» B|2(SO4)3 + 8NO + 4H,0
[Tepen MonekyiiaMu a30THOM KUCIOTH M okcuaa azota (1) xoaddumuent «8». Co-
Osroast 6alaHc aTOMOB BOJIOPOJIA, MEPEA MOJIEKYJION BOJBI B MPABOM YAaCTU ypaBHEHUS
HEOOXOIMMO MOCTaBUTh KO3 duumeHT «4». IIpoBepky Bcero ypaBHEHUs MPOBOAHUM, CO-
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XpaHsisi OaJlaHC aTOMOB KUCJIOpoJia: 24 aToma B JIEBOM YacTH ypaBHEHHS (10 CTPEJIOYKHU) B
8 monekynax HNO3 u (12 + 8 + 4) = 24 B npaBoii: B TpeX CyIb(UT-UOHAX, B 8 MOJIEKYyJIax
okcuja azota (1) u 4 monekynax BOJbI.

B xauectBe OPUMEPOB, MPOBOLUUPYIOIIUX HHTEPEC K OKHUCIUTEIbHO-
BOCCTAHOBUTEJILHBIM PEAKIUAM, WUTIOCTPUPYIOIIUX BO3MOXKHOCTH METOAA, MOXHO TMPHU-
BECTU CJIEAYIOIINE YPABHEHUS PEAKIIUU:

IIpumep 4: 1Ba BOCCTAHOBUTEIS M OJTUH OKUCITUTEb.

N3BecTHas co MIKOJIBI peakiusl 00XKUTra MUPUTA — MepBasi CTaaus MPOMBIIUICHHOTO
croco0a MoJy4eHHs] CEpHOM KUCIIOTHI.

1) cxema

FeS, + O, —» Fe,0O; + SO

2) ypaBHEHUs DJIEKTPOHHOTO OajaHca

-le +10e
4 11 Fe'?2st, - 1le N S+ 29
B-JIb
44
11 4 0% + de - 20%
OK-JIb

3) ypaBHeHHe peakiuu ¢ KodhuimeHTaMu
4FeS, + 110, = 2Fe, O3 + 8SO,
IIpumep 5: 1Ba BOCCTAaHOBHTES, OWH OKUCIUTEIh, IPOOHAs CTETICHb OKHUCIICHUS.
+4/3 -4 +5 +3 +4 +2
Fe; C + HN Ospa3zs. —> Fe(NOj3); + CO, + NO + H,0
1) ypaBHEHUs 3JICKTPOHHOTO OanaHca:

-5e
i J |
3-(4/3) ‘ -4 +3 +4
3 13 Fes;C -13e - 3 Fe + C
39
+5 +2
13 3 N + 3e — N

2) ypaBHEHHUE peakiluu ¢ KO3 PHUIIMeHTaMH
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3Fe;C + 40KHNOgpa36. — 9Fe(NQsz); + 3CO, + 13NQ + 20H,0

OB cesoticmea eewgecme 3aucam om pH cpeovl
Kucnas cpena:

2KMn*’0, + 5Na,S5**0; + 3H,50, —» 2Mn*%5*°0, + K,SO, + 5Na,SO, + 3H,0

becysemnas

2+ .
e Mn“" - 6ecysemmbiii

s

[
€ »

)] ; +6 o
MnO, 1P MN" 04 — Oypwitl 0cadok
MANUHOBO - (PUOIemosslil T3e >
+6 o
wenounas Mn O, - zenenviu

»

+le

Mn*"+5e— Mn*3 5| 10| 2 - soccmanosnenue, okuciumens

S _2e— S*° 2 5 |- okucnenue, soccmanosumers

HenrpansHas cpena:

2KMn*'0, + 3Na,S™03 + H,0 — 2Mn*{O, + 3Na;S*°0, + 2KOH
Mn*" +3e— Mn*f2|6| 3| -soccmanoenenue, oxucrumens

S _2e—» §*° 3 2 | - okucnenue, 60ccmanosumens

[llenounas cpena:

2KMn*’0, + Na,S™0; + 2KOH —» 2KMn*®0, + Na,S*™°0; + H,0
Mn™" +1e— MnT1 |2 2| - 6occmanosnenue, okuciumens

§™ _2e—» S*° 1 |- okucnenue, soccmanosumenns

O)IHOﬁ n3 CTa}]I/Iﬁ MMOJIy4uCHUA cepHoﬁ KUCJIOTHI SBJISIETCS OOKHUT IMHUpUTA:

AFe*2S7 = 1100 — 2Fe3052 + 85+40;2

+2 ¥3

Fe'™“—le— Fe - OKUCJIeHUe, 60CCMAHOBUMEIb
-- +4

2S7-10e— 2S 11| 44| 4| - oxucnenue, soccmanogumels

0 +4e— 0;% | 4 11| -eoccmanosnenue, okuciumens

Takum 06pa3om, B 3TOI1 MOJIEKyJI€ IBa BOCCTAHOBUTEIIS

be3ycnoBHO, HEIOCTATOYHO OrPAaHUYMBATLCA YMEHUEM 3alMCBHIBATh PA3IUYHBIC
OKHUCJIUTEJIbHO-BOCCTAHOBUTENbHBIE peakiuu. Heo0XoaqumMo ymMeTh pacCUMThIBaTh 3Haue-
HUE DKBUBAJICHTOB OKHCIIUTEIS U BOCCTAHOBUTEIA, YTO MO3BOJSAET B NAJIBHEUIIEM, B Kyp-
CE aHAIUTUYECKOW XMMUU MPOBOJUTH PACUETHI, TPEOYIOIIMECS MPU MPUTOTOBIEHUU COOT-
BETCTBYIOILIMX PACTBOPOB. « XMMUUYECKHUM Oarax» CTyJEHTa M0 3TON TeME BKJIIOYAET, KPO-

MC TOro, YMCHHC OIPCACIIATL HAIIPABJICHUC TaKHUX peaKuHﬁ,

YMCHHC aBaTb

KOJIMYCCTBCHHYIO OLICHKY I‘J'Iy6I/IHBI MMPOTCKaHUsI OKHUCIUTCIbHO-BOCCTAHOBUTCIILHBIX PC-

aKIIUH.
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TEMA 8. YCTPOUCTBO U YCII0BUS PAGOTbI TAJIbBAHUYECKNX IJIE-
MEHTOB. XUMUYECKUE NCTOYHUKUN TOKA.

Ecnu onmycTuTh METaUNIMYECKYIO TJIACTUHY B BOAY, TO, T.K. HE CYLIECTBYET abco-
JIIOTHO HEPACTBOPUMOTO BEIECTBA, JMITONN BObI BHITACKMBAIOT HOHBI ZN> U3 KpHCTAII-
JIMYECKON PELIETKU U OHM IEPEXOAAT B pacTBOp. IlnacTtuHa 3apskaeTcs OTpULATEIbHO.
Takum 00pa3oM, Ha IPaHHIIE BO3HUKAET JBOMHOMN 3JEKTPUUECKUN CIOM.

Zn
+|-
+ |-
H,O
Ecau onycTuTh IMHKOBYIO IUIACTHHY B pacTBOp ZNSO,, TO 3TH
MpoIIecChl OyIyT MPOTEeKaTh 3HAYUTEIHHO OBICTpEE.
Zn
4 -
4 -
ZnSO4

Ha I'paHuC MCTAJLJI-PACTBOP BO3HUKACT paBHOBCCHBIﬁ IIOTCHIO M AJI.

JI714 MalmoaKkTHBHOTO METAJUIA BUJ ABOWMHOTO CJIOS CJICAYIOIINI:

Cu
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CuSO,

HenocpeacTBeHHoO n3MepuTh MOTEHIIMAT HEBO3MOXKHO. HeoOxoanm 31ekTpos cpas-
HeHusl. B xauecTBe HEro BbIOpaH BOJOPOIHBIN 3JIEKTPOJ, MOTEHLIHAT KOTOPOIrO YCIOBHO
OPUHSAT PaBHBIM HYJIIO.

Cxema BOAOPOJHOTI'O 3JICKTPOAA.

B cocyn ¢ cepHOI KHCIOTOM OIyIIIEHA -
— H,  nnaTtuHOBas miacTUHKA, MOKPHITAS

—> o
MJIATUHOBOM YEepHBIO, KOTOpAs HACHIIICHA
BOJIOPOJIOM.
H,SO, I H, IToTeHmmanm Takoro AJIEKTPOaA YCIOBHO
4—

| IpUHAT paBHbIM 0.

CxeMa raJibBaHU4ECKOT'0 JICKTPOJIMTA JIJISI M3MEPSHUS CTAHIAPTHOT'O SJISKTPOJHOTO I10-
TCHIIMAJIA.
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A) Zn \ Cy

[/ [ .

1. AL
/L ZnS0y %54\

/ ! \

InukoErnf snekTpos PnexkTponuTudecknil kmoa K Cl+arap-arap Meauzri anekTpog

v, i

Jdpyvroe H300paKeHHE:
2y Cy—

nS50;y Il CuS0,
ITonynpoHHIAeMas MePEropoaKa

PaBHOBeCHBIN MOTEHIMAI HA TPAHUIIE METAUI—PACTBOP ISl METaJUIMYECKOW IJia-
CTUHKHU, OIYIICHHOW B PacTBOP CBOEH COJM C aKTUBHOCTHIO 1MOJIb/JN, U3MEPEHHBIA MpU
CTAHJAPTHBIX YCJIOBUSAX OTHOCUTEIBHO BOJOPOJHOTO 3JIEKTPOJA, MOTEHLIHANT KOTOPOIO
OPUHAT PABHBIM HYJIO, HA3bIBACTCS CTAHAAPTHBIM JJIEKTPOHHBIM IMOTEHUHMAJIOM (B
nanpHeimem COII). EOZn2+/Zn0

Ecnu 3nauenusa COII pacnonoxuTh B MOPSAKE BO3pACTaHUs, TO MOJYYUM P aK-
TUBHOCTH (HAMPSHKEHUSI METAJIJIOB, KOTOPBIM HauuHaeTcs ¢ JuTus). OH COACPKUT MOTEH-
[[AAJIBI TIOYTH BCEX METAJUIOB, BOAOPO/IA U 3aT€M MOTEHIIMAIbl HEAKTUBHBIX METAJIJIOB.

Yem menbire E°, Tem spU€ BBIPAXKEHO BOCCTAHOBUTEIBHBIN CBOMCTBA, TEM JIEMEHT
OJIbKe K Havaly psja.

Kaxnp1ii mpepl iy i BBITECHSIET MOCIEAYIONINI U3 pacTBOpa.

Ecnu ycnoBusi OTIMYHBI OT CTaHAAPTHBIX, TO 3HAYEHUE PABHOBECHOTO MOTEHIMANA
Haxo[sT 1o ypaBHeHuo HepHcera:

E=E’+RT/nF*Ina,/a,,.

DT0 ypaBHEHHE HAIMCAHO JUIsI TIpOIlecca BOCCTAHOBJICHHS, Tipu Temiieparype 25C
R=8,31, F=96500K In=2,3lg ypaBHeHue npeodpa3yercs:
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E=E’+0,059/n*|gao./asoc Ao =Arp.p.na =1
I[HH MeTaHHI/IquKOﬁ [JIaCTHUHKA, OHYH_[eHHaH B paCTBOp ypaBHeHI/Ie HpHHHMaeT BU/:
0,059
E=E’+ =219 ay.""
n
Ipexnonaraercs fa=1, 1o 8" ye=Cpe "
0,059
E=E’+ 719 Cp""
n
3HaquI/Ie PaBHOBCCHLIX ITIOTCHIMAJIOB ITO3BOJIAIOT pACCUUTATD 9I[C PCKIHUH:

I C=E»r=Eok.-EBoc.
Ecmu E>0—peaxnus unet, E=0—paBnoBecue E<0 — umer oOpaTHas peaxiusi.

TEPMOOUWHAMUKA OBP
N3 monoxenunii T/l n3BECTHO, 4TO CaMONPOU3BOJIBHBIN MTPOLIECC BO3MOXKEH, €CIIN
ACL,_,, < 0, Bo-IIepBBIX, BO-BTOPBIX, HOHBI Me, IMEIOLIHE MOI0XKHT. 3apsi/l, MPOHUKAIOT B
PacTBOp JI-JIUTA U COBEPIIL. pabOTy B MOJIE OTPUIL. MOT-Ja TPaHUIlBI pasesna. ITta padboTa
paBna: A=-nFE,.
OHa KoMIIeHCUpYETCs PabOTOM CUCTEMBI:

AGp = —nFE, g =—2%,10°

? nF

T.e., n060i1 camoripou3BoibHOM OB mporiecc M.6. ICTOYHUKOM 3J1. SHEPTHUH, T.€.
CITy)KUTh XMMHYECKMM MCTOYHUKOM Toka (XUT).

ACp = —RTInK:
—RTInK = —nFE,;
E _ RTInK

nF
pu K=8.31 ix/(K*momp), T=298K, F=96500K1, InK=2.3IgK/.

0,059

n

E.=

x lgh

DJIEKTPOXUMHYECKHUE MPOIeCcChI
OTH npolecchl paccCMaTPUBAIOTCS HA TPUMEPaX MPOLECCOB MpoTeKaromux B ['9,
IIPU JIEKTPOJIU3E U KOPPO3UHU.

FANNIbBAHUYECKWUI NEMEHT (I'3)
B OBP »nekTpoHbI HEMOCPEICTBEHHO MEPEXOAAT OT BOCCTAHOBUTEINSI K OKUCIUTE-
0. Ecnm mponeccsl OKUCIIEHUsS U BOCCTAHOBJICHUS Pa3JEivTh, a DJIEKTPOHBI HAIPABUTH
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0 METAJJIMYECKOMY IMPOBOJHHUKY, TO Takas CHUCTeMa IpelCTaBiseT coO0l raibBaHHYE-
CKMH DJIEMEHT.

I'D cocTout U3 ABYX 3JIEKTPOJIOB, NOTPYKEHHBIX B paCTBOPHI CBOUX COJIEU, COEIU-
HEHHBIX IEKTPOJIMTUYECKAM KIIFOUEM WM PAa3[EJIEHHBIX NOJIYIIPOHULIAEMOU MEPETOPO-
KOM, 4TO MPEIOTBPALIACT MPSIMOE, B3aUMOACHCTBUE. B raibBaHNYECKON IENU TPOUCXOAUT
IPOLIECC IPEBPALIEHUS XUMUUECKON IHEPTUH B DJIIEKTPUUYECKYIO.

AHOIOM B JJIEKTPOXMMHHM HA3bIBACTCH JJIEKTPOA, N0 KOTOPOMY HPOMCXOIUT
OKHCJIeHHMEe, TO eCTh 0TAa4a 3JIeKTpPoHa. OOBIYHO aHO/ 3apsKEH OTPULIATENLHO WJIU SIB-
JsieTcs 0oJiee aKTUBHBIM METAJJIOM, OH ITOCBUIAET JIEKTPOH B AKTUBHYIO LIETIb.

Katogom Ha3piBaercsi 3JIEKTPOA, HA KOTOPOM INPOMCXOAUT IPOLECC BOCCTA-
HOBJICHHSI, 00BIYHO MEHee AKTUBHbIH MeTaJLII.

Bremnsisa uens. ANEKTPOHBI —>

A\ 4

AHOx Karon

n.

< DBHYTpPECHHSASA LCIIb: ANn”
Brenrnsisa nens — MeTauIM4eCKUid MPOBOJHUK (3JIEKTPOHHAS! TPOBOIUMOCT ).
BuyTpennsis uenb — MOHHBIA pacTBOP (MOHHASI TPOBOAUMOCTS ).
CXEMA CTPOEHUA I'AJIbBBAHUYECKOI'O 9JIEMEHTA.
B ckoOkax yka3bIBalOT 3HAKH 3JEKTPOAOB, IPUUYEM MPUHSATO aHOJ| 3alIUCHIBATH CJIe-
Ba, KaToJ| — CIIpaBa.
Onna BepTUKaIbHAS YepTa 0003HAYAET TPAHUIly METaUl — PacTBOP, ABE — IPAHUILY
MEXK]ly PaCTBOPAMHU.
()A Me)|Me™||Me,™|M,° K(+)
N306pazum ['3, cocrosimuit 13 HUHKOBOTO U METHOTO AJIEKTPOIOB:
Buemnn. nemns
[ v
Anon (-) Karox (+)
A |
BHYTPp. LIEMb: P-P 3JI-1UTa, 00Ja a0
MOHHOM IPOBOJIMMOCTBIO
Cxewma 3anucu 1'9:
(A Mef | Me™ || Me;™™ | Me?  K(+)

| - rpaHuIIa MEXKY 3apIaMH OJHOTO B-Ba
|| - rparuTIa MEXTY B-BamMH

Tuner ['O:
1) meaHo-muHKoBbIH I'D nim I'D lanmdas-Axoou:
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Cxema I'D Jlanuamnsa-Axkobu:
(-))A: Zn| ZnS0,||CuS0,| Cu K(+)
(-)A: Zn? |Zn**|| Cu®*| Cu K(-)

A(-): Zn® — 2e — Zn** - ok-¢
K(+): Cu® + 2e — Cu® - Boc-¢

—
— “ IIpoueccel Ha AIEKTpOIAX:
—

—— | TOP: Zn® + Cu** — Zn** + Cu® - yp-e
ZnSOz— T usO; TOKOOOPa3yIoIeH p-H.

[IprurHOM BO3HUKHOBEHUS U NPOTEKAHUS
ToKa B I'D siBIIsieTCA pa3HOCTh NOTEHIUAIIOB.
SI[C:Ea = Eﬁ:a'rn:u,qa - Ea:—{u:u,a;a
Jlstst ipakTHKA 60JIee BayKHOM BETMUUHOM siBisieTcst Hanpsokerne U << E|

U=E. —Jr — AE

,  TneJr - omuueckue noTepu
AE - moTepu Ha MOIAPU3AINIO

2) I'D BoabTa: 2 pa3Hbix Me, HaXOASIIUXCS B pACTBOPE OJTHOTO JICKTPOJIUTA, B KO-
TOPOM JIBE TUTACTUHKH, HAIIPUMEP, IUHKOBASI U MEJIHAs IIOTPYKEHBI B PACTBOP
H,50,. Tlpu ero paboTe UHKOBBIM aHO/ PACTBOPSIETCSI, @ HA METH, TIOBEPXHOCTD
KOTOTOpOI Hackimaercs Hy, nporcxoaut ero Beiienenue.

T.0. B KA4€CTBE KaTOJa BOZHUKAET BOJOPOJHBIN DJIEKTPOL, 4 HE MEIHBIM.

Cxema I'D Bounbra:
(-)A: Zn°|Zn**|H,50,|2H |H, (Cu) K(+)
B ckoOkax crpasa ykas. mecto Boigen-s1 H, — Mefk,

3) KoHmeHTpamuoHHbIe I'D: 2 0IMHAKOBBIX JIEKTPO/Ia MOTPYIKEHBI B PACTBOP OJTHOTO
AIIEKTPOJIMTA, HO C pa3Hoii KoHuenTparmeii (C, 1 C,)
(-)A: Cu® | CuS0, || CuS0O, |Cu® K(+)
AHOJIOM SIBJISIETCS DJIEKTPOA B O0Jee pa30aBIC€HHOM pacTBOPE.
Paccunraem asyms criocobamu E, (J1C) meano-nuakoBoro I'D.

1. EQ s, = —0,76B
EQ 2+, = —0,34B
TOP: Zn° + Cu®* = Zn?* + Cu®
E, = EKE,_T,:,#jca — EEHME =034+0,76=1,1B
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2. E, = —AC * 10% /nF

Yro6sl paccuntath AC, ncn-em ciencreue us 3akona I'ecca.
TOP: Zn® + Cu?* — Zn®* + Cu°

ACx.p.=—147,16 — 65,56 = —212,72x/lx

_ 212720
3 206500

=1,1B

Buabl 351eKTpOI0B.

1) DnexTpoas! mepBoro poaa: Me morpyeHsl B pacTBOPhI cBoux codieit. Kpome To-
0, K TAKUM DJIEKTPOJIaM, OTHOCSAT aMaTbTaMHBIE AIEKTPO/IbI.

2) DneKTpo bl BTOpOro pojaa: Me MoKphIT clioeM MajJopacTBOPUMOTO COSAUHEHHUS
U OITYILIEH B PacTBOP, COJIEPKALINI AHUOHBI, OJHOUMEHHBIE C aHUOHAMHU TPYJHOPACTBO-
PUMOTrO COETUHEHHUSL.

Hanpumep Ag*|AgCL C

B cBs31 ¢ IOCTOSIHHBIM U XOPOIIO BOCHP. MOTEHLIUATIOM, TaKUE 3JIEKTPO/IbI UCIIOJb-
3YIOTCSl B TOTEHIIMOMETPHUH KaK AJIEKTPOIbI CPAaBHEHUSI.

3) BomopoaHblii 251eKTpo1 (YCTPOHCTBO CM. paHee).

I2+

MNOTEHIHUAJIBI TA3BOBBIX 3JIEKTPOAOB.

BonopoaHbii, KUCITOPOAHBIN, XJIOPHBIN 3JIEKTPOIBI.

PaccmoTpum no nopsiaky. ['a3oBble 37€KTPOABI COCTOST U3 METAJUIMYECKOro IMpo-
BOJHHMKA, KOHTAKTUPYIOIIETO OJHOBPEMEHHO C T'a30M U PacTBOPOM, COJIEp>KAIllUM HOHBI
ATOTrO 3JeMeHTa. MeTauiMuecky MPOBOJIHUK CITY>KHUT ISl OTBOJAA U TOJIBOJIA DJIEKTPOHOB,
TO €CTh JUIs Tepenadu 31eKTpoHOB. OH HE JOHKEH y4acTBOBATH B IPOIIECCE, JIOJKEH
ObITh HHANGDPEPEHTHBIM K 3TOMY TIpolieccy, Mpexae Bcero Pt, rpadwur.

Boaopoauslii 3s1exkrTpoa. [loreHunansl ra30BbIX JIEKTPOJAOB 3aBUCAT OT MaplUalib-
HBIX JaBJICHUI Ta30B M COOTBETCBTBEHHO ATH BEJIMYMHBI BXOIAT B ypaBHeHHE HepHcra.

BonopoaHslid 351eKTpoA: ypaBHEHUE TOKOONPEAEISIOMIEN PEAKIIAN:

2H"+2e=H,’

VYpaBuenue HepHcTa nist aToro npouecca:

E=g%+ 02059

n

Ipu pas6asnennu fa=1 u ay.=[H"] u Pyo=1(uucTeiit Bogopox), Toraa

E=0,0591g[H"] wmam E=-0,059pH

[TocTpouMm rpaduk 3aBUCUMOCTH 3HAYEHHUM MOTEHIIUAJIOB BOJAOPOJHOIO SJEKTPOIa
OT BeIM4UHBI PH:

g a’h/Pry

E

0 14pH
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—~0,828B

KHCJOPOJHBIN SJIEKTPO/I. AHanornuHO BOJOPOAHOMY MOXKHO —CO37aTh
KUCJIOPOJHBIN, TOr 1A

O, PYOH
ITpornecc BoccranoBnenus onuchiaercsa ypasaeanem O,+2H,0O+4e=40H"

0,059 _

Eozor- =E° ozion- + a4 g Por*a%0/a’on=

=0,401+0,0147IgP,+0,0147Ig a%p0/a’on.

an2o— cons’t =1

[OH-]=Ks/[H+]

Eozion- =0,401+0,01471gPo,+0,0147Ig[H*1*/(10*%)* =

= 0,401+0,0147IgPo, — 0,059pH+0,826=

=1,227 + 0,0147IgPo, — 0,059pH/

Ecnu O, — uncthii, To Poy=1, IgPo,=0, Torna:

3aBUCUMOCTh 3HAUYEHUH MOTEHIHMAIA KUCIOPOJIHOIO 3JIEKTPoJa OT BenuunHbl pH
pacTBOpa ONPEALCIIACTCS YypaBHCHUEM:

E 02/0H- :1,227'0,059pH

['paduix 3aBUCHMOCTH BEIMYMHBI 3HAYECHUS AJIEKTPOJHOrO MOTEHIMANA KUCIOPOI-
HOTO 2JIEKTpOAA OT BeJn4nHbI pH.

12— |
0,401

0 14

KHHeTHKA 3JIEKTPOAHBIX POIIECCOB.
IMoasipu3anysi: KOHIEHTPAMOHHAS M DJIEKTPOXUMHYECKas
KNMHETHUKA SJIEKTPOJHBIX ITPOLIECCOB
KuneTrnka 37eKTpOJHBIX MPOIECCOB M3Y4YaeT CKOPOCTh M MEXaHU3MBI 3JIEKTPOI-
HBIX TIPOIIECCOB 1 0a3UPYyETCsl HA OCHOBHBIX MOJIOKEHUSX OOBIYHON KHHETHKH.
v=f(mpupona, t, C, karamuzarop, S)
JIJIst DIeKTPOXUMHUYCCKUX MPOIIECCOB CKOPOCTh 3aBHcUT, L=f(nipupona, t, C, kaTa-
JU3aTop, S W elle cuia ToKa).

71



CMONTEHC KNI
Memoouueckoe obecneyerue OUCYUNIUHBL ( @uhnas
51.0.07 «Xumusy

|

AN r o |
mn_

OOBIYHO UCTONB3YIOT 1= J/S — MIOTHOCTH TOKA.

['eTeporeHHbId 3NEKTPOXUMHUYECKHAN IIPOLIECC COCTOMT M3 HECKOJBbKHX CTaJIHMU.
DTO psii NOCIEA0BATEIbHBIX PEAKIINM:

1. ITonBox peareHTOB K 3eKTpoay. [Ipyr 3TOM MPOUCXOIUT MACCONEPEHOC BEIlle-
CTBa U3 00beMa K MOBEPXHOCTH AJIEKTPOJIOB.

2. AncopO1ys Ha TOBEPXHOCTHU AJIEKTPO/IA.

3. mepexo] 3apsHKEHHBIX YacTHIl 4epe3 TpaHuIly pasnaesia (a3 MeTaui-pacTBOp
3JIEKTPOJIUTA, T.€. noHu3auus — 310 JJIEKTPOXUMNYECKAA CTA JUS.

4. JlecopO11usi ¢ TOBEPXHOCTH.

5. OTBOJ NPOAYKTOB OT BJIEKTPOJIA B pACTBOPE.

Kpome Toro, umerotr mecto u apyrue ¢a3oBble MpeBpalleHus, CBI3aHHbIE C 00pa-
30BaHUEM WJIHM PAa3PYLICHHEM TBEP/bIX TEJ, a TAKKE C BBIICICHUEM WU MOTJIONIEHUEM ra-
3a. [Ipy MrHOBEHHOM OCYIIECTBICHUH KaXKI0M CTaIuU MOJsIpU3aIius Obl OTCYTCTBOBAJA U
MOTEHIIMAJ Ha 3JIEKTPOJAX HE MEHSIIUCH.

E 4

E. const

E,

»
»

Panee ObLI0 OTMEUYEHO, YTO pealbHBIN JIEKTPOXUMHUUECKUI MPOIIeCC CBSA3aH C IM0-
JSpU3aIedl ¥ MO3TOMY MMEET MECTO M3MEHEHHE IJICKTPOIHBIX MOTEHIIUAIOB MPHU IPO-
XOXKJICHUH TI0 HUM JJICKTPUYECKOTO TOKA, T.€. MOJISpU3aIlHsl.

Ecnu n3BecTHa npuyrHa MOJSpU3AIUN, TO UCIIOJIB3YIOT TEPMHH NIEpEHAIIPSIKEHUE.
PaccMoTpum Buabl mosspu3aliui. Pa3nuyaroT KOHLUEHTPAIMOHHYIO M 3JIEKTPOXUMHUYE-
CKYIO TMOJIAPU3ALIHIO.

KonneHTparimonnas moJisipu3aiius BbI3BaHA 3aMEJICHHOCTBIO MaccoIlepeHoca
cranuii (1,2,4,5).

Zn Cu

zZn* cu®

[IOY[Zn**11-yBej. TIOU[CU*] |
EA T EKl«

Homyctum m3menenune C npomsonuio B 10 pas, To: EaHona=E02n2+/Zn+O,059/2IglO;
E>E°
Exarona=E’cy+/c,+0,059/21g10™; E<E”
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Ex

1
[ AEKaT A

/} AEHONa yU=E,-Ir-AEnosnsp.

Ea

SBneHue nonspusanuy 1o ypaBHeHHI0 HepcHcTa:
AEnomsp.konnen.=RT/nFlgas/a,
[Tpu pa3basnennn a=C, Tak kak fa=1
AE_RT Ig S
nF Cv
B npusnekTpogHOM c10€ BO3HHMKAET pa3HOCTh KOHIIEHTpAIMi Ha MOBEPXHOCTH —
Cs u B pacTBOpE
i

Moo 3amucath AE .= % lg(1- ), TI€ Ippe,=NFDC/8-TomnmmHa cnos.

TIPE]] .

BriBoai: ueM Gomnbire D, Cv u MeHbIle 0, TeM MeHbIle AEKOHII., T.€. TIepeMeIIn-
BaHUE CIIOCOOCTBYET yMeHbIIeHH0 AEKOHTI.

DJIEKTPOXUMHUYECKas] MOJIAPpU3aLuSs.

Dnextpoxumuueckas ctaaus — cooctBeHHo OB peakmus. Kak u mo0as peakius
CKOPOCTb 3TOM peakiuu 3aBuUcUT oT Ea. Uem menswiie Ea, Tem ckopocTs X.p. 6onbiie. B
OTJIMYUE OT KOHIIEHTPAIIMOHHOW TMOJISPHU3AIMN IEKTPOXUMMHYECKAS MOJSIPU3AIUs T10-
MHUMO IJIOTHOCTH TOKA 3aBUCHT:

-OT TIPUPOBI YACTHII;

-0T MaTepualia U XapakTepa MOBEPXHOCTHU IJIEKTPOIOB;

- OT ITOCTOPOHHUX UOHOB U [laB B neKkTpoIUTE

[IpyuuuHOl 3aMeUICHHOTO MPOTEKAHUS 3JEKTPOIHOTO aKT MOXKET CIY>KUTh BO3-
HUKHOBEHHE (Da30BBIX MJIM aJICOPOIIMOHHBIX MJIEHOK HA MOBEPXHOCTH 3JekTpoaa. [loaTo-
My KHHETUYECKHE 3aKOHOMEPHOCTHU TEpeHOca 3apsijia uyepe3 IpaHuily pasiena ¢a3 Has3bl-
BAIOTCS TEOPUEH 3aMeJIJICHHOTO pa3psia.

AE3n.=a+Dblgi

DTa 3aBUCHMOCTH MOJyunsa Ha3BaHue ypaBHeHus Tadens. OHO OBLIO TOTyYEHO
SKCIIEPUMEHTAJIBHO, MTO3THE TeopeTHUecku. a u b — koHcTanTel Tadens, rae a=f(mpupoas!
peakiuu, Mpu Marepualia 3JIeKTpoja, coctaBa pactBopa u t) b=f(cocraB pactBopa u t).

b(0,03-0,15).
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Koncrantsl a u b u3 rpaduxos 3aBucumoctu AEan-x=f(lgi), Torma tga — xapakre-
pusyert b. [TocTosiHHBIC a U D He OAMHAKOBBI JUISI PA3IMYHBIX METAJJIOB. BBIBO/: Ha 3ieK-
TPOXUMHUYECKYIO MOJISIPU3ALUIO BIKAET t 1 MaTepua 3JeKTpoa.

Od4eBuAHO TSl BBIOOPA OMTHUMANIBHBIX YCIOBHH MPOBEACHUS IICKPOXUMUIECCKOTO
nporecca He0OXOAMMO U3YUYUTh JUMUTYIOIIYIO CTAIUIO.

BrisiBiieHne MexaHu3Ma JIUMUTUPYIOIIEH CTa U MO3BOJISET OA00paTh BEIIECTBA,
Ha3bIBa€MbI€ JICTIOJS PU3ATOPAMH.

B uenom npu npoxoxaeHUH TOKa BOZHUKAeT 00a BUJA MOJSPU3ALMHA, COOTHOIIIE-
HUE MEXITYy KOTOPBIMHU 3aBUCHUT OT BUJIA AJICKTPOIUTA U YCIOBUS paboTsl 3.

PEIIEHUE 3AJJAY 110 TEME I'D.

Anroputm: 1.Cxema I'D

2.37EeKTPOIHbIE peakuu( MpOoIecc Ha aHOJI€ U Ha KaTOJe)
3. TokooOpa3yromas peakiys (CymmapHasi)

4.pacuet paBH. IOTEHIMAaNA Mo ypaBHeHUto HepHcera
5.pacuet B/IC

3agaua Nel.

Boraucnute O/IC u onpenenuTs HanpaBiIeHUE TOKA BO BHEIIHEW nenu s [0 u3
KEJIEe3HOM M cepeOpsHOM IUIACTUHKH, MOrPYXKEHHBIX B PpAacTBOPbl CBOUX COJIEH, TIle
C(Fe*")=0,1momp C(Ag*)=0,01M

W3 Tabnuiipl 3HaU€HUE MOTEHI[UAIOB:

E’re2+/re0=-0,44B E’ags/ag0=-0,80B

Fe aktuBnee Ag, Torna Fe — anon, AQ- kaTos.

e >
(A FelFe” |Ag|AG (+)K
< An

<«

DJIEKTPOIHBIE MTPOIIECCHI:

(-)A: Fe®-2e=Fe**

(+)K Ag'+e=Ag’

Cymmapuas peaximst: Fe’+2Ag '=Fe” +2Ag°

Pacuer paBHOBECHBIX MOTEHIMAJIOB MNPH 3aJlaHHBIX YCJIOBUSX MO YPaBHEHUIO
HepHcra:

E=E0+0,05919C (;;onosMe™)

EaHogla=E0Fe2+/Fe+0,059/2*Ig10'1=-O,44—O,0295=—0,47B

Exarona=E’ag+a,+0,059/1%1g102=0,68B

Pacuer 3/1C: Ep=Exarona-Eanona=0,68+0,47=1,15B.

3nauurt, kak odas OBP Bo3moxkHa , ecau D1C>0.

3AJJAYANe2. Onpenenure kakas u3 OBP Bo3MokHa, €Clii B Kaue€CTBE OKHCIIH-
TeJls KCIONb30BaTh HOoHBI Fe®* . IIpennonaraemeie OBP:

I2+Ze=2l'

Br,+2e=2Br

F2+Ze=2F'

Brimumem 3nauenue OB norenuuanos, npeayiaraemeix OB nap
E°\221.-=0,54B E5=0,77-0,54>0- Bo3moskHa
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E%sr226.-=1,07B E»=0,77-1,07<0
E’r22r.-=2,87B E5=0,77-2,87<0

E restirers~=0,7

Pemenmne: Peakmus Bo3MoskHa, ecau E>>0.

3apaua 3. CoctaBbTe cXeMy pabOThl KHUCIOPOAHOBOIOpoiHOTO ['D (cTanaapTHBIC

YCJIOBHS), €CJIM MapIiuaibHOe AaBiaeHue razop=1 pH=4

Brruncaure 3 /C.
Pemennie. OTmerum, uTo mpu Jirooom pH moTeHIman KUCIOPOJHOrO 3JIEKTpojia

Oynet 0oJbIIe BOJAOPOIHOTO.

1,4

23

\0,4

-0,8

CrenoBaTenbHO, AaHOJ — BOJOPOJAHBIN 3JIEKTPO/I.

(-)A Pt H,0[2H"||20H7|0; Pt(+)K
IIpouieccel Ha AMEKTPOIAX:

(-) A Hy-2e=2H"

(+)K O2+4e+4H"=2H,0

2H,+0,+4H"=4H"+2H,0

2H2+02:2H20

Pacuet paBHOBECHBIX MOTEHIIMAJIOB:

E=E° + 0,059/2*1ga’y./p(H,)=0+0,059*2Iga.=0,0591910*=-0,236B

pH=4 Pacuer mnoTreHIMana aHOJA MO YPAaBHEHHUIO JI1 Ta30BOr0 BOJAOPOIAHOTO

anektpoaa: Ea=-0,059pH. =- 0,059-4=-0,236B

Pacuet norennumana karojaa:
O,+4e+4H"=2H,0
E=E° + 0,059/4*Igp(0.)*a’n,0/a*on.= 0,401 + 0,0147Igp(0,) + 0,0147 * *Igl/a‘op.

= 0,401+0+0,0591g1/10"°=0,401+0,59=0,991.

Pacuer o YPaBHCHUIO I'a30BOT'0 KHCJIOPOAHO 3JICKTPOaAa.
E=1,23+0,0147Igp(0,)-0,059pH=1,227

-0,059*4=0,991.

DJIC=Ex-Ea=0,991+0,236=1,227B

TEMA 9. 3JIEKTPOJIN3 PACIIJIABOB U PACTBOPOB 3JIEKTPOJIMTOB

3J’I€KTpOJ’II/I3 — HIPOoOCCC Ha IJJICKTPpOAAX IIOL I[CﬁCTBHCM QJICKTPUICCKOIO TOKa,

IIOJABAEMOr0 OT BHEIIHETO HWCTOYHMKA. [Ipym 3TOM MpOMCXOAUT mpolecC MPEeBpalICHHS
3JIEKTPUYECKON IHEPTUU B XUMUUYECKYI0, KOTOPasi HAKAIUIMBAETCS B MPOAYKTaX PEAKIUH.
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lanpBaHMYECKU 3JIEMEHT
XUMHUYECKAS] SHEPTUs > DnekTpruyeckast SHEPIrust
‘QHGKTpOHHS

Suelika s 3JIEKTpONIM3a HA3bIBAETCS AIEKTPOM3epoM. COCTOUT U3 JABYX JJIEK-
TPOJIOB U DJICKTPOJIUTA.

[Ipouiecc mpu 3JIEKTPOIU3E NPOTUBOIOI0XKEH Tpoueccy ['3. [loaToMy mipu smek-
TpOJIU3€ KAaTOJl 3apsDKEH OTPHUIIATENIBHO, TaK KaK MPUCOSIWHEH K MHUHYCY HCTOYHHKA.
AHOJ — 3JIEKTPO/JI, HA KOTOPOM MPOUCXOAUT OKUCJIIEHUE, OH MOJAKIIOUYEH K mitocy. OKuc-
JIUTEIbHBIE U BOCCTAHOBUTEIILHBIE CBOMCTBA TOKA BO MHOTO pa3 CUJIbHEE JCHCTBUSI XUMHU-
YECKOr0 OKHCIJIEHHS U BOCCTAaHOBJEHUS. XapakTep MPOLECCOB Ha AJIEKTPOJAX 3aBHCHT:
npupoa IEKTPoIUTa (IEKTPOIU3 paciyiaBa WM PacTBOPOB), MPUPOJIbI aHOAa( pacTBO-
PUMBII UM HEPACTBOPUMBIN ), KOHLIEHTPALINH, TEMIIEPATYPbl, IJIOTHOCTH TOKa U pH.

[ToTeHunan u HanpsiKeHUe pasnoxeHus — UX.p — MUHMUMaIbHOE 3HAYEHUE BHEIII-
HEl Pa3HOCTHU MOTEHIMAJIOB, MPUJIOKEHHBIX K 3JIEKTpPOJaM, MPU KOTOPOM HAUYMHAETCS
AIEKTPOJIN3 JAHHOTO COCIUHEHUSI.

JI1st KaXxa0ro BeecTBa — 3T0 KOHCTAaHTa, CTAHAAPTHOE 3HaYEHUE, KOTOPOE IaHO B
cripaBoyHUKe. HampsikeHre pasiioxkeHus MPEeBHIIIACT Pa3ioKEeHHE:

Ux. pP.= Es+l (raneKTponMTa+ raneKTpozla)+ AEHOJ’[H]I)PBaL[I/IOHHaH

J{nst yBeNMUYeHUsI CKOPOCTH AJIEKTPOJIM3a JICKTPOIaM MPUKAIBIBAIOT Pa3HOCTh T0-
TEHIMAJIOB, MPeBbIarIy0 Benuununy JJ1C.

[Ipu 3TOM PHEpPrUs, 3aTpauynBacMasi Ha KOMIICHCAIIUI0O OMUYECKUX TTOTEPh U MOJIsI-
pU3anuio, IPEBpAIAeTCA B TEIUIOTY. DTO MPUBOJUT K MEPEPACXOAY IEKTPUUECKON IHEP-
ruu. PaccMoTpuM 371€KTpOIu3.

Bo3M0OkHBIE TUIIBI IPOLIECCOB JIEKTPOIU3A:

1. Dnektponu3 paciiaBa (pa3ioKeHUE AIEKTPOIUTA)

2. DIEKTPOIN3 PACTBOPOB (PA3IOKEHUE IEKTPOITUTA PACTBOPUTEIIS)

3. DIeKTponu3 cojiei, METAJJIOB, C PACTBOPUMBIM aHOJIOM, KOTOPBIH H3TOTOBJICH

U3 3THX K€ METAJLJIOB.

B kauecTBe HepacTBOPMMOr0 aHOAA PACCMATPUBAIOTCS SJIEKTPOJbI U3 IJIATHHBI,
30J10Ta, peaKo upuaus, ocmus, PbO,, rpadura.

3amensieHne CKOPOCTH aHOJHOTO PACTBOPEHUS BCIEACTBUE 00pa30BAHMS 3aUTHBIX
CJIOEB Ha3bIBaeTcs naccupaiuei. [loaToMy B kauecTBE HEPACTBOPUMBIX aHOJIOB MOTYT HC-
M0JIb30BaTh METAJLI, HA KOTOPOM 00Opa3yeTcs 3allluTHAs TUICHKa: 1, TAaHTaJ, HEeP)KaBero-
mas craiab, Fe u Ni.

E unepTHOro anoma > E KMCIOpOAHOro 31eKTpoaa. PaccMoTpuM 351eKTpoaus3 pac-
1J1aBa Ha UHEPTHBIX AJEKTPOAaX:

CaCl,=Ca**+2CI

(-)K Ca®*+2e=Ca’ — BoccranoBcHHE

(+)A 2CI - 2e=Cl,° — oxucieHue

CymmapHast: CaCl,=Ca’+Cl,’

Eciin B paciuiaBe HMeeTcsi cMech KaTHOHOB, Hampumep Zn>", Pb** ,Cu®, to mocie-
JIOBATEIbHOCTh UX BOCCTAHOBJICHUS ONPEESETCS 3HAUCHUEM MX CTaHJAPTHBIX MOTEHIIH-
aJoB.
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VA Pb** Cu**
-0,76 < 0,34

BoccranoBnenue HUACT C BJICKTPOJINTA, Y KOTOPOI'O INOTCHIIHAJ OoubIIIE.
OxucneHue Ha aHOJIC MPOTCKACT TEM JICTYC, YCM MCHbLIIC 3HAYCHUC ITOTCHIHAJIA
dHHUOHA.

[Tomuu! IlocnenoBaTenbHOCTD Pa3psIAKU:
(+)AHoa: B TIEpBYIO o4epenb yacTuia ¢ - Emin
(-)Karon Emax
Ecan AE< 1B, TO HayT 0OAHOBPEMEHHO HECKOJIbKO MPOLECCOB

B BoaHBIX pacTBOpax 3JIEKTPOJIMTOB C MHEPTHBIMU 3JIEKTPOJIAMU TOSBIISAETCS BTO-
poe BelecTBo, yuacTHUK npouecca — H20. Ilpu orcyrerBuu ruaponusa (conu 1V tuna) —
cpena HeWTpanbHas. ['uaponau3 no aHuoHy (conb nepsoro tumna). pH>7. OH runponus no
KaTHOHY (comu BToporo Tuna) pH<7, H snexrposur.

N3 351eKTpOaHBIX MPOLIECCOB 00JIEE BEPOSTEH TOT, KOTOPBIM TpeOyeT MUHBLIE IHEP-
ruu. Bech ps/l NOTEHUIMAI0B METAUIOB OT JIUTHUS JI0 30J10Ta U Apyrue MeHsercs ot -3B 1o
+3B. K asekTponam 3neKTpOIM3HOM BaHHBI MOXKHO IIPUJIOKHUTH Pa3HOCTh NOTEHUINAIOB
BO MHOTO pa3 Oosibllie 6B, m03TOMYy TOK Ha KaToJe caMblii CHJIbHBII BOCCTAHOBHUTEJIb,
a Ha aHo/le — OKUCJIUTEJIb.

B peanbHBIX polieccax NOpsI0K pa3psAKd MOKET ObITh HApYIIeH MOJspu3aluuen

B pactBopax conu uHKa Ha KaToJe KOHKYPHUPYIOT 3a AJEKTPOHBI Zn* u H', BEpHEE
MOJIEKYJIbI BOJIbl. BbIe/ieHne BOIOPo/1a NPOTEeKaeT ¢ 00J1ee BLICOKOI MoJIspu3anuei,
U OTEHLUAJI BbIJIeJICeHHS] CTAHOBHUTCHA 00Jiee OTPULATEIbHbIM.

E(Hy)]

E(Zn)
Emax

v

Iy 11 D)

Torma npu =iy TOJPKEH TOYHO BBIICISATHCS BOJIOPOM; TpH I OyaeT BBIACIATHCS H
BOJOPOJ U IIUHK, 3HAYHT, IIPH I, — TOJHKO IHHK.

PaccMOTpuM KaToOXHbIE MPOLECCHI MPH 3JIEKTPOJIH3€e BOAHBIX PAaCTBOPOB:

1) Me™+ne=Me° — Boccranoszerne Me

2) BoccTaHOBJIEHUE Bogopoaa pH<7 2H"+2e=H,0 Ennp=-0,059pH

3 BOCCTAHOBJICHHE JPYTHX OKHCIUTEIICH:

[Ox]+e=[Red]

Bce okucniennbie GopMbl OAPaA3IESIOTCS Ha 3 TPYMIIbL:
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Licooooin. Ca...Al.)..Zn...... Fe..H............. Cu.....Ag
2H"+2e=H,’ Me™+ne=Me°|  paspsaka
2H™+2e=H," )
Eme>En+/H2

Me"™+ne=Me°
N3 BOAHBIX PACTBOPOB HeJIb3sl MOJYYUTh AKTUBHbIE METAJLIbI.
AHoJHBIe TIporiecchl. [Ipu 37eKTpoau3e BOAHBIX PACTBOPOB:
1.) HepaCTBOPUMBIN aHOJT — HA aHOJIE UJIET OKUCIICHUE THAPOKCH ] HOHOB. pPH>7 40H —

4e=0,+2H,0

Ecnu cpena kucnas: pH<7 2H,0 - 4e=0,+4H"

OxkucneHue Apyrux MOHOB:

b) [Red]-e=[Ox]

DJIEKTPOJIN3 PACTBOPOB COJIel C PACTBOPUMbBIM aHOIOM:

a) Me®-ne=Me"™ - pacTBopeHre MaTepraa aHOAA

6) pH>7 40H-4e=0,+2H,0

pHS7 2H20-4e=02+4H+

B)[Red]-e=[Ox]

Bce BoccTaHOBUTENN JIENATCS HA ABE TPYIIIIHL:

1. morenuman MetasuioB<E KHUCIOPOAHOrO 371eKTpoja npu nanHoM pH. B atux
CIIy4asix aHOJl, U3rOTOBJICHHBIN U3 3TOTO MeTalljia pacTBopsieTcs, eciiu EaHo-
na=Eoz»0n-, TO HApsIAy ¢ pACTBOPEHUEM aHOJ1a, UJIET BbIJICJICHUE KUCIOpOoa Ha
aHoJe.

2. TOTEHIHMAJ OKHUCI./BOCCTaHOB.>1,229........... Nnet nporiecc ¢ HEpacTBOPU-
MBIM aHOJIOM, MPH CJIEYIOLIEN OUYEPEAHOCTHU: CHaYajaa pa3psyKarTcs MPOCThIE
WOHBI, HO TI0 MEPE POCTA 3HAYECHUS E° He npesbimaromux 1,53. Jlerue Bcero S
,I” , Br ,CI.C Beiienenuem npoctsix Bemmects: S° I, Bry, Cls.

Ha anoze He OKMCISIOTCS KUCIOPOA0COACpKAIMe aHUOHBI: C032' SO42' NOj3
PO, F. [Ipu paccMOTpEHHH peanbHBIX IPOLECCOB HA aHOJIE, HAIPUMED, IPH IIEKTPO-
mse BogHoro pactsopa NaCl mpu pH= 7 nmeem: NaCl=Na"+CI’
(-)K: Yactumsr:Na™, H,0O (H"); motenmanst: Enasnao =-2,714B; E’ H+H2=-0,403B Uner
nporiecc ¢ OOJBITUM oTeHIHaIoM, 1.6 2H,0+2e=H,+20H"

(+)A: Yactunsr Cl'* H,O(OH"); motenumansr: E°pc.=1,36B: Ep=l,2270—0,059pH
=1,227-0,059*7=0,814B

KpuBsie nossipuzalinoOHHbIE 1JIs1 aHOIHBIX MTPOIIECCOB:

Emin
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Bbiaesienne KucJa0poaa nNporeKaer ¢ 00Jiee BLICOKOM MOJIsipu3anueil, U moTeH-
IHMAJ BbIICJICHUS] CTAHOBUTCH 00J1ee MOJ0KUTeJIbHbBIM.

Ha anozne B nepByro ouepenp HIET MPOLECC ¢ MUHMMAIbHBIM IToTeHnuanoM. C ca-
Moro Hadana O, mpu Manbix i1=i; ogHOBpeMeHHO Bhinenenue Cl u Oy, npu 3HAYUTETBHBIX
I=i; Emin y xyopa, To OyneT BBLACTATHCS XJI0P.
Cpasuenue ['D u anextponuzepa.

OBP I DJIeKTPOJIN3Eep
IIporexkanune npouecca | Camonpou3BoJibHOE IIpunyaurTeabHoe
IIpeoOpa3zoBanue 3Hep- | U3 xumnueckoii B N3 3ekTpryecKkon B
THHU JIEKTPHYECKYI0 XHMHYECKYH0
Hanpsi:kenue PaBHoBecHOe Hanpsi- Teoperuuecku Hanps-
JKeHHe = AIIOTEeHI[HAJIOB | JKeHHUEe Pa3jioKeHHe KaK
3JIEKTPO10B Pa3HOCTh MEXKAY AHOA U
KaTOJAHBbIM MOTEHIHA-
JIaMU

Bo3saeiicrBue nmoasipu-
3aluu

A

-
X

» »
>

S~}
e

Hanpsizkenue najgaer Hanpsizkenue pacrer
U=E>-Ir-EnoJasp. U=E>+Ir+AEmno..

KonndecTBeHHas XapaKTepHUCTHKA MPOIECCOB JICKTPOIIM3a OTPaKEHA 3aKOHAMH
®dapanes. KoaudyecTBo mpopearupoBaBIero MpH 3ICKTPOJIN3E BEMIECTBA MPOIOPIIHO-
HAJIBHO KOJMYECTBY JCKTPUUECTBA MPOIIESAIIETO YePe3 AIEKTPOIIHT.

Bropoii 3akoH: ipu OTNpeieIEeHHOM KOJIMYECTBE dJIEKTPUUYECTBA, MPOIIESAIIETo Ye-
pe3 pacTBOP IIEKTPOIUTA OTHOIIIEHHE MAcC MPOPEArupoBaBIINX BEIIECTB = OTHOIICHHUIO
UX MOJISIPHBIX MacC MX SKBUBAJCHTOB MK My/M»31=m,/M>32

O6a 3akoHa MOXHO 00BbEeTMHUTD B oAnH. KonmnuecTBo amekTpuyecTBa, pasHoe 1F
i (96500Kom) nnmm 26,8 A*u Bcerna BoiensieT 1Monb SKBUBaJIeHTa BemecTBa. Macca
pactBopuBIerocs pemectsa m = M/n*1*t/F — 3axon dapanes.

Kpowme Toro, nmpu pemeHnn 3a1ad UCIOJIb3yeTCs BEIMYNHA, KOTOpast 0003HAYAETCSI
1 — BBIXO/I TIO TOKY.

T]:QI-KOJ'H/I'-ICCTBO 3aTPAavYCHHOI'0 JJICKTPUYECTBA HA JaHHYIO peakumo/Q'oéimee KOJMYCCTBO DJICKTPUUCCTBA
—_ *
N=Myp./Myeop./*100%
n Bceraa MenbIne 100%, T.k. Ha 3JeKTpoiax 0OBIYHO MPOTEKAET HECKOJIBKO TPO-
LIECCOB.
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TEMA 10. KOPPO3USA METAJIVIOB. MEPOITPUATHUA 11O 3AINUTE METAUJI-
JIOB OT KOPPO3UH

OTOT NMpoLEecC CaMONPOU3BOIBHOIO Pa3pyIUICHHs] METala B PE3yJIbTATe CIOKHOIO
(UBUKO-XMMHUUYECKOTO B3aUMOJICHCTBUS C OKpY>KaroIlel cpenoi. MeTtajuinueckoe cocTosi-
HUE CUUTAETCS] TEPMOJMHAMUYECKHA HEYCTOMYMBO. VI mO3TOMY METAJT CaMONPOU3BOJILHO
MEPEXOJIUT B OKUCIICHHYIO (JOPMY, COCTAB NMPOAYKTOB 3aBUCUT OT yYCIOBUH KOPPO3UHU.

XumMuuecKkasi JHeprusi pa3pyuieHusi MeTa/ia BblAeJAeTCd B BU/Ie TeIJIo-
ThI U 0€CII0JIE3HO PACCEHBACTCH B OKPYKAKOILYIO CPeay.

AG(AI - A|203):-1674KI[}K

30J10TO — €AMHCTBEHHBIN yCTOMYMBBIN METAJJI. B 11€710M KOppO3UIHOE pa3pyllICHHUE
— 3TO TETEPOTCHHBIN MPOIIECC, MPOTEKAIOIUI Ha rpaHulle (a3, B OCHOBE KOTOPOTO JICKHUT
OBP.

Kaaccudukauusi KOppO3MOHHBIX MPOLECCOB.

Kputepuii koppo3un Buagsl Kopposum

1.Mexanu3m B3anMo- | XumMudeckasi ¥ JIJIeKTPOXUMHYeECKAasi
AefCTBHA MeTajlla ¢
OKpY:KawlIeil cpeaoi

2.Bun  koppo3uonHoii | 1./'az06as (arpeccuBHas cpeaa — ras);

cpeabl (Yka3aH B cko0- | 2. Ammocghepnasn (Bo3ayXx);

Kax), ycjaoBus npote- | 3. I[Toozemnan (Mo4Ba,rpyHT);

KaHUA 4. buokoppo3us (MUKPOOPTraHU3MbI);

5. Konmaxmmnasn (31eKTpPOJINT);

6. Paouayuonnas (pa3nuvHbie BUIAbI 00JIyUeHHS);

7. Koppo3usa éneuwtnum moKkom, 61yxncoaouium moKom;

8. Koppo3us noo nanpscenuem (0HOBpeMeHHOE BO3/eliCcTBHE
MEXaHUYeCKOI0 HANPSIKeHHUs U CPe/bl);

9. Kopposuonnasn kasumayus (0JHOBPEMEHHO KOPPO3HOHHOE U
yAapHoe BO3/1elicTBHE BHELIHEH cpe/ibl);
10.@®pemmunz-koppo3us (0IHOBPEeMEHHO KOPPO3HOHHOE 1
BUOpALIMOHHOE BO3/JeHCTBHE BHEIIHEN cpeabl);

3. Xapaktep wu3MeHe- | 1. CrulomHasi paBHOMepHasi- pa3pyllIeHUE 110 BCEH TOBEPXHOCTU
HHUSl TIOBEPXHOCTH Me- | METAIa;

TaJJIa UJIM CIJIaBa 2. CiomiHasi HepaBHOMEPHAas ;

3. CTPYKTYpHO-U30UpaTe/bHast;

4. IIaTHAMHU KOPPO3UPYET OTAEIIbHbIE YUACTKU TIOBEPXHOCTH;

5. SsIzBamu;

6. Touyeunass (MUTTHHIrOBasi) MPOLIECC MOXO0X Ha MATHAMH, HO
pazpyuieHus 0oyiee MENKHe,;

7. llonnmoBepXHaCTHASA;

8. MeKKpHCTANIMTHASA 110 TPAHSIM KPUCTANIOB METaJLIA.

I'a3oBasi kKOppoO3usi — BO3HUKAET NPU KOHTAKTE METAJIa C ra3aMu B OTCYTCTBUHU
3JIEKTPONPOBOASIIMX PACTBOPOB. B MPUPOAHBIX YCIIOBHUSX BCTPEYAETCS PEIKO, Y4aCTO B
METAUTYPrUYECKUX U XUMUYECKUX MPOU3BOJICTBAX, & TAKKE MPHU BBICOKOTEMIIEPATYPHOM
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00paboTKe METAIOB, B JABUTATENIIX BHYTPEHHETO CropaHus, B ra30BbIX TypOMHAX, T.€.
npu B3aumoacicteun ¢ SO, Cly, O, , TOIIMBHBEIMHU ra3aMu.
MeTan BRICTYyaeT B POJIM BOCCTAHOBUTEJIS, arPECCUBHBIN Ta3 B POJIU OKUCITHTEIIS.
Kunernka razoBoi KOppo3uH.
Hanomnro, Bxone peakiuu Cyex | 5 Crpon. T»
Js 0Bp Egx-na | Egocer-1s TIIOKa HE HACTYIIUT PABHOBECHUE

ITpaxTtnueckum kpurepueM sapusercsa: AGy, < 50 k/lx, r.e E5>0,5B

Js1st 60pbOBI C 3TUM BUAOM KOPPO3UHU MPUMEHSIOT JIETUPOBAHUE METaslIa- 3TO
CIUTaBJICHHE C HUKEJIEM, XpOMOM, BaHaJUEM, BOJIb(paMoM, a TeMIepaTypHyo o0paboTKy
MeTaljia TPOU3BOSAT B CpeJie MHEPTHBIX Ta30B.

KuakocTHasi XuMuvecKasi KOPpPO3usi — MPOUCXOJIUT B CPeJIe KUIKOCTEH HEIIEKTPOIIH-
TOB (pacruiaBieHHas cepa, Opom, HedTh, OeH3MH, KepocuH). OTiIMYaeT MEHbIIas CKO-
POCTh, YEM B PACTBOPAX 3JIEKTPOJUTOB U MPEUMYIIECTBEHHO M0 XUMUYECKOMY MEXaHU3-
My. 3aIUIIA0T C IIOMOIIBIO HAHECEHUS MTOKPBITHA.

JJIEKTPOXUMHNUYEKASA KOPPO3US (atmocepHasi, MOPCKas, OA3EMHAas,
BHEILIHUM M 0J1yKAAI0LIUM TOKOM)

[Ipu 351EKTPOXUMHUYECKOM KOPPO3UM Ha MOBEPXHOCTH METAJJIa BO3HUKAIOT aHOI-
HBIC ¥ KaTOJHBIC 30HbI, @ IPU HAIMYUHU SJIEKTPOJIUTA 00Pa3yIOTCs MUKPOTaIbBaHUYECKUN
anemMeHT -MI'O-, nmpoayuupyromuii KOppo3uoHHbIM TOK. Ha aHOJE MpOMCXOAUT OKHCIIe-
HUE METAJIJIa, a HA KaTOJIe UMEET MECTO BOCCTAHOBIIEHHE OKucauTenel. OKUCIUTENEM TPU
3JIEKTPOXMMUUYECKOH KOPPO3MH, Takue uacTHibl, kKak H™ O,, KoTopble Ha3bIBAIOT JAenoJIsi-
pHu3aTopamMu.

bnaronpusrcrByromue ycioBus:
1. HeogHOpOIHOCTH CILIABOB 11O COCTaBY.
2. HeomHOpPOIHOCTB COCTaBa 3JIEKTPOJIUTA.

VYcnosue oopazoBanus MI'D: Ene < Eog-ns
Paccmorpum npoueccst B MID

Anon(-) Karon(+)

YpaBHEHHUE OKUCIICHUS BoccraHoBieHne okucaurenen

0 + T
Me™-ne=Me"™ - sto nep- | O,: wunm mornomenue | H': Belnenenue Bomopoaa
BUYHBIA MPOLIECC, BO3- | KUCIOPOJAAa WM KHUCIO- | WUIM KOPPO3HsI C BOJOPOJ-
MOHO BTOPUYHBIE TPO- | pOAHAS ACTOJSIpU3aLMs: | HOE JICTIOsIpU3aIiue.

neccol (B3aumojeictrue | A)pH<7 pH<7 2H"+2e=H,
MPOJIYKTOB kopposuu | 4H +0,+4e=2H,0 pH>7 2H,0+e=H,+20H"
WIn HOHOB Mertaiia ¢ | b) pH>7 E=-0,059pH-0,0295Igp(H,)
AIICKTPOITUTOM). 0O,+4e+2H,0=40H P(H,)=5*10"
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A)oOpa3zoBaHue THUIIPOK-
cuma:
Me"+nOH=Me(OH),
Me®*+20H=Me(OH),

b) obpa3zoBanue maino-
pacTBOpUMBIX docda-
TOB:

3Me* +2P0,=Me3(PO.),

DTO peakuusi KUCIOPO-
HOTO 3JIEKTpoAa:

E=-
1,228+0,0147Igp(0,)-
0,059pH

B canywae kopposuu
NapuyaJbHOE JaBJICHUE
KHCIIOpOJAa pPaBHO

0,21arm., T.K. TPOIEHT-
HOE COJep>KaHue €ro B
Bo3ayxe 21%.
0,01471gp(Oy)=
0,01471g0,21=0,0147-(-
0,68)=-0,01
Eog/oH_:1,217-0.059pH
[Tornomenuro Kucaopo-
Jla ClIOCOOCTBYET

1) yBenuuenue nuddy-
3UM, 2)yBeJIMYEHUE KOH-
HEHTPALMK  KUCIOPOJa,
3)yMeHBIIIEHUE TOJIIH-
HbI OKCHUJIHOM TUICHKH.

0,02951gp(H)=0,02951g5-10°
7=0,0295-(-6,3)= - 0,186
EH+/H2:0,186'0,059pH
CnocoOCTBYIOT — MoOrJIONIe-
HUIO BOJOpOAA:
l)yBenuuenue TtemMiepary-
PpEL,

2)yBeNMYCHUE KOHIIEHTpa-
i H,

3)npupoa 37eKTpoaa

4) nzmenenue pH.

Bo3MoHOCTE KOppO3un onpenensercs dHepruei [ mooca, Koppo3ust — caMOIPOH3-
BOJIBHBIN mpornecc. Tak kak Koppo3usi cBa3Ha ¢ ['D, To BO3MOKHOCTh €€ MPOTEKAHUS BO3-

T/1 3JIeKTPOXMMHUYECKOU KOPPO3UH

MOHO onpenenuts 1o JJ[C. Peaknusa BozmoxHa, ecau 3/C>0
Es=Eoxucn. — EBocct.(MeTamia)

1,2

0,2

\

-0,64

IlepBas o06acTh xapakTepuszyeTcs EnentimeocEoz/0on-. TO XapakTepHO JJIg 30J10Ta
U OJIM3KUX €My MeTajuioB. {7151 ATUX METayuioB KOPPO3Usl KUCIOPOJAHON U TeM OoJjiee BO-
JIOPOJIHOM AeNOJIsIpU3allui HEBO3MOKHA.

Bropas o0aactb: Eyenimeo<Eozon-, Eoxuer02>Eme Ilornomenue kuciaopoaa
WM KOPPO3HUs C KUCJIOPOJAHOM 1enoJIsipu3anuei.
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Tperbs 00J1acTh. BOIBIIMHCTBO METAILIOB.

Emen+meo<Eo2i0H-

Emen+/Meo<EH+/H2. BO3MOKHO moOrjionmeHue KUCJI0POAa M BblJeJeHUe BOJAOPOaAA,
TO €CTh KOPPO3Hsl C KUCJIOPOIHON U BOAOPOJIHOM AemoJIsIpu3anue.

Otrimmuua MI'D ot I'D:

1)MI'D KOpOTKO 3aMKHYT, HET BHEIIHEH LIETH, SHEPTUsI pEaKI[UU YXOIUT B TEILIO;

2) MI'D He umeeT MOPUCTOI EPETOPOIKH.

HNOJISIPU3AIIMA U CKOPOCTD QJIEKTPOOXUMUYECKOM KOPPO-
3Un
KuneTnka sneKTpUYecKUX MNpPOLIECCOB aHAJOTMYHO MPOLECccaM, MPOTEKAIOIIUX B
I'3. To ecth npu paboTe KOPPO3UOHHBIX MUKPOTATbBAHUYECKUX IJIEMEHTOB HAOIIOAaeTCs
SIBJICHHE KOHILICHTPALIMOHHOM Y XUMUYECKOU MOJISIPU3ALUNI.
X0/ MOJIApU3aLMOHHBIX KpUBBIX B MI'D.

E A
Ex
o
Ea

|

Koppo3uoHHbI npoliecc MpOTEKaeT A0 TEX MOP , MOKa BECh METAI HA aHOJIE HE
paspymutcsa. [lonspusanus B JaHHOM CiIy4dae OKa3bIBAET MOJIOKUTEIBLHOE 3HAUCHUE, T.K.
YMEHBIIIAET CUIIy KOPPO3UOHHOI'O TOKA U CHUKAET CKOPOCTH KOPPO3HH.

KonnenTpanuonHas nosjspusanus NPH BbLICJICHUH BOJOPOAAa HEe3HAYHUTEJIbHA,
IIprumHBL: Masible pa3Mepsl IPOTOHA — BBICOKAs IMOJBUKHOCTB €0, 4 3HAYUT, HE BO3ZHUKA-
€T HEJOCTAaTKA PEareHTOB IPU JIEKTPOJHOMN 30HE.

OpnHako, Ha 3TOT MPOLIECC OKA3BIBAET BIUSHUE MPUPOJA KATOAHOTO yyacTka. YToObl
CHU3UTBH CKOPOCTh BOJOPOIHOM JAEMOISIPU3ALNHA MOKHO CIIETIATh:

1. yMEeHBIIUTH KOHIIEHTPAIIMIO HOHOB BOJIOPOJA B CpEIE.

2. W30JMPOBAaTh METATUMYECKYIO MJIACTUHY

3. OYHUCTHUTH METAJLJ OT MpUMecei

4. TOHH3UTH TEMIEPATYPY — CKOPOCTh MOJIEKYJI CHU3UTBCS U MPOLECC 3aMEIIUTCS.

KUCJIOPOIJHASA AEIOJAPU3ALNSA HA KATOJE
Monekynsl Kuciopoaa OoJibllle MO pa3Mepy — MEHbIIAask CKOPOCTh JIBHKEHUS, MO-
3TOMY KOHIEHTPALMOHHAA MOJISIPU3alusA uMeeT 00JIbIIoe 3HAYeHue, HO MIPUPOoIa Ka-
TOJHBIX YYACTKOB HE BIIMSET HA CKOPOCTH JICTIOJISIPU3ALUU.
CHM3UTB CKOPOCTH AETOJIAPU3ALNNA KUCIOPOA:
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1. yMEHBIIUTH KOHIIEHTPAIMIO KUCIOPOa Y TOBEPXHOCTH MeTaljia

2. CHU3WTH MaplHaIbHOE JTABJICHUE KUCIOPO/Ia HaJl pACTBOPOM

3. M30JMPOBATh METAJUT OT OKHCIIUTEJIS.

CrerneHp YUCTOTHI METAJIa HE BIUSET HA CKOPOCTh KUCIOPOTHOM ETIOSIpU3aIIH.

POJIb AEITIOJISAPUSATOPOB B KOPPO3ZUOHHOM IMPOLECCE
Jlemonsipu3aTopbl YCKOPSIIOT Koppo3uoHHbIi mpouecc (H,0,): npu ssedenuu nepexucu 6o-
00po0a, 8vINOIHAIOWEL POTb OCNOJIAPUIAMOPA, YCKOPAIOUe20 KOPPO3UIO Nymem yseaude-
HUSL KOHYEHMPayuu Yacmuy OKUCIUmes Ha kamooe, Hanpsicerue 1 D yeeauyunocs.

H,0,=1/20,+H,0 — 1.e. yBenuumnBaeTcs KOJIUUESCTBO KUCIOPOIA.
0,+H,0+4e=40H"

1
YpaBHEHHE peakMu pa3inoKeHus nepokcuaa sogopoaa: H,0O, — 5 0, + H,O

2.5. 'paduk mosipu3aMOHHBIX KPUBbBIX NPH MOJISPU3ANNU U 1eN0JISIPU3ANNHA
A 1. AHOOHOE OKUCIenue memania
2. Boccmanoenenue okucaumeins Ha Kamooe
3.Beeodenue oenonapuzamopa
4 4. Ycxopernue kamoono2o 60ccmano8ietus.

I » i
noadapuszayusl denwmpuaauuﬂ

Poab monsipu3anyu M AenoJApU3ALUM NPH JIEKTPOXHUMHYECKOH KOPPO3MU:
RONAPU3AYUSA, BO3HUKAIOWAA 6 KOPPO3UOHHBIX 2ANb8AHUYECKUX INeMEHmAx, CHUdcaem
CKOPOCHb KOPPO3UU, 8 MO 8peMsl, KaK 88edeHue 0enoisapu3amopa Cmumyaupyem Kamoo-
HbIU npoyecc U yCcKopsaem KOppo3uoHHOe pa3pyuleHue.

[Ipumep pemieHus 3a1a4 no TeMe KOPpO3Hsi METAILIIOB.
3anava 1. Bo3moxkHa 1 KOppo3us Jiy)eHoro xene3a, npu pH=11 na Bo3ny-
X€, €CIIM BO3MOXHO COCTaBUTH cxemy ['D:
Ere2+/re0=-0,44
Esn+/sn0=-0,136
Eo21201-=0,401+0,059/4*190,21/10°=0,568 B
WM 10 ypaBHeHUI0 Eqyon.=1,217-0.059pH=1,217-0,059-11=1,217-0,649=0,568 B

Eorem2=0,059/2*1g(10™)%/(5*107)=-0,463 B

WJIH TI0 YPAaBHEHUIO Epgpi/reo=-0,44

=0186-0.059pH=0,186-0,059-11=0,186-0,649=-0,463 B

ComnoctaBuM: Erei/re0=-0,44 B < Eppp0n-=0,568B ,uimeeM KUCIOPOIHYIO JIETOJs-
pHU3aIuio
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ComnoctaBuM: Epeoi/re0=-0,44B > Eon442=0,463B BogopoaHas aenossipusaius He-
BO3MOKHA KOPPO3H1s1 BOSMOJXXHA

A() o [Sh] —> 0,/20H"
A: Fe-2e=Fe?
K: O,+2H,0+4e=40H"

3amaua 2. OnpeaenuTe TAIT KOppo3uu s cruiaBa Be-Sn (pH=6)
Pentenue. EOBez+/Be =-1,847B

E' 42 =0,186-0,059pH= - 0,522
EP02/OH_ :1,217-0,059pH=0,509 }—> EOCu2+/CU < EPO2/OH_ T.€e KOpp. € KHCJ’IOpOI{HOﬁ Jae-

MOJIsIpU3aluen. 7
Cxema: | A(-) ! K(+)
Be/Be** l—[Sn ]_l

H'/H, 0,/OH
[Ipouecchl Ha anekTpoaax:
A: Be-2e — Be”
K: O, +4e +4H" —2H,0 —norjiomenne Kucjiopoaa
2H"+2e — H, — BbIJIeJICHHE BOOPO/IA.

AJITOPUTM pelIeHus 3a/1a4:
1)Boimucars E° KOHTAKTHPYIOLIUX METAVIOB, ONIPEAEJIUTH AHOL;
2)Paccuurarhp E' okncanrenei;
3)YcranoBuTh BUJ KOPPO3uH, cpaBHUB E nona ¥ Eokucmrenrii;
4)CocraButhb cxemy MI'J;
5)YpaBHeHusi HA JJIEKTPOAAX.

Koppo3usi B ecTeCTBEHHBIX YCJIOBHAX
I. ATMOC®EPHASA
Camas pacripoctpanennas. [Ipumepno 80% Bcex KOHCTpYKIMA paboTaeT B aTMOC(hEpPHBIX
ycioBUsiX. ATMocdepHasi Koppo3us- pa3pyllieHrue MOBEPXHOCTH METANIOB B YCIOBHSIX pe-
aNbHOU 3eMHOM aTMocdepsl pu BiIakHOCTH Bo3ayxa Oosee 70%.CKopocTh aTM. Kop. 3a-
BUCHUT OT:

1) xapakTepa atMocheps! (TPOMBIIIUICHHAS, CENTbCKas, KOHTHHEHTAJIbHAS ),

2) BpeMEHU BO3AECHCTBUS;

3) cocTaBa MaTepuaia COCTOSHHS €ro MOBEPXHOCTH.

Hamnp., 61u30cTh MOpPst yCKOpsIET aTMOC(EPHYIO KOPPO3HUH., TPOMBIIIICHHAS aTMO-
cdepa, conepxkanias CO2, SO2,NO2,NH3,HCI ctocobcTByeT MpoTeKaHUIO KOPPO3HH C
BOJIOPOJHOM AETONSPU3ALIACH.

[lo crenenu yBIaXXHEHHOCTH MOBEPXHOCTH Pa3IMYAIOT CIEAYIOIINE BUJIBI aTM. KOP-
po3uu:
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a) CYXyI0 aTM. KOPP., Ul KOTOPOH XapakTepHO MOJHOE OTCYTCTBHE BJIArM Ha
MOBEPXHOCTH MeTau1a. MexaHu3M MpOoTEeKaHUs aHaJOrMUeH Ta30Boi Koppo3uu. O6pasy-
IOILECS OKCHUJIHBIE TUIEHKU 00J1a1at0T 3alIUTHBIMU CBOMCTBaMU;

0) BJIa:KHYI0 aTM. KOpp. (Ba1a:xkHocTh>70 % )Ha moBepxHocTu meraia oOpa3yer-
Csl U3-3a KaWJUIAPHOH, aIcOPOLIMOHHON HIIM XUMUYECKON KOHICHCALIMY TOHKAs! MJIEHKa
BJIary, B KoTopoit pactBopsierca O2,CO2 u oHa CTAaHOBUTCS 3JIEKTPOIIPOBOIHOM, BO3HU-
katoT MI'D, T.kx umeeTcs HEOJHOPOIHOCTh METAILIOB;

B) MOKpYI0 (BiaxkH nipumepHo 100%). Ha noBepXHOCTH BUAMMAs TIJIEHKA BIIArH.
Bosuukaer MI'D. Ona o0ycioBiieHa HEOJHOPOAHOCTHIO KOOPO3UOHHOU CPEJIbl, 8 UMEHHO
HEPABHOMEPHOM €€ a 3 p a Il U € — HEOJIMHAKOBBIM JIOCTYIIOM BO3/lyXa K Pa3JINYHbIM CJIO-
aM Karui. Co BpeMEHEM B LICHTPE KAIUIA COAEPKAHUE PACTBOPEHHOTO KHCIIOPOa CTAHO-
BUTCS HIJKE , UeM B Iiepudepruueckux (HapyKHbIX) CIIOSIX, HEIOCPEICTBEHHO COIIpUKaca-
IOIIUXCA ¢ BO3AyXOM. JTa 1eHTp 4yacTh ctaHoBUTCSI AHOJIOM u nonBepraercs pazpyiie-
HUIO, a epudepuiinas B (BUAE KOJIbIa)-KaTOAHBIM YYaCTKOM,Ha KOTOPOM NPOTEKAET
IpOILECC BOCCTAHOBIIEHUS Kuciopoa. [locie BbIChIXaHMsI Kallsld B €€ LIEHTpe OOHApyKH-
BaeTCs yriyOJIEHUE HHOTIa OTBEPCTHE.

I1. llonzeMHas — pa3pyuieHre MeT KOHCTPYKIHII B IOYBAaX M TPYHTAaX. (TpyOO-
IPOBO/IbI, ONIOPHI, cBau U T.I1.) OcoOeHHa 3HaUYUTEIbHA HAa O0JOTHCTHIX MoYBax ¢ pH<7
npuMepHo paBHo# 3 . [IpoTekaeT ¢ BogopoaHOM aenospusaiuein. bopb0y oCcyiecTBIsoT
HAHECEHUEM aHOJHOTO MOKPBITHS.

I11. KOPPO3UA O AEMCTBUEM BJYXKJIAIOIIUX TOKOB

[IporcxoauT Mo AEHCTBUEM BHEUIHETO HCTOYHHMKA TOKA. [IpoBOLMPYIOT KOPPO3HIO
TOKH, OTBETBJISIOLINECS OT 5K/J1 PeJibC, TPAMBAWHBIX JTUHUM OT 3a3emiieHus. Eciu KOHTaKT
MEXIy PEJIbCaMM IUIOXOM WIM PENbChl IJIOXO M30JIMPOBAHBI OT 3€MJIM MPOUCXOIUT OT-
BETBJICHHE TOKA U 3JIEKTPOH UAET Ha TPyOOIPOBOI.

J1s1st G0pbOBI C 3TUM BHIOM HAPYIICHUH:

1. u30aMpPOBATH PENBCHI OT MMOYBHI.
2. COEIUHATh YYaCTKM KOHTAKTa MEXIY pelbcaMU C MOMOIIbIO MPOBO/I-
HUKOB C KYCKOM YyT'yHa, KOTOPBIi Oy/A€T BHICTyNaTh NPUHYAUTEIbHBIM aHOJAOM.

IV. Koppo3usi B mopckoii Boae. Eii moaBep:keHbl cyna, THAPOCAMOJIETHI, U Me-
TaJVIMYECKUE COOPYXKEHUs MOpTOB. Mopckasi BoJa SIBISETCS XOPOIIMM DJIEKTPOJIUTOM
(pH=7,8-8,6), colepXUT 3HAUMTENIbHYI0O KOHILIEHTPAILMIO PACTBOPEHHOI0 KHcIopoja. B
Heil Benmko coaepxkanue Cl, uTo mpemnsitcTByeT 00pa30BaHUIO OKCHIHBIX IJICHOK M CIIO-
COOCTBYET MHTEHCUBHOW KOPPO3UH BBIIIE BATTEP-IMHUH, T]I€ IPOUCXOAUT NEPUOANUECKOE
cmauuBaHue. [l OopbObl C HEMl MCHOIB3YIOT KaK TOJHYIO 3alUTY MPOTEKTOPOM HWIIH
BHEIIHUM MOTEHIIMAJIOM, a TaK K€ pa3jNyuHble BUAbI MOKPHITHH (KaJMHUEBbIE, JTAKOKPACOU-
HBIE CO CIIel 100aBKaMU TOKCUYHBIMHU ISl MUKPOOPTaHHU3MOB)

Cnoco0bl 3alIUTHI 0T KOPPO3UH.

Br16op u cioco0 3amuTsl onpenensercs 3G HEeKTUBHOCTHIO U SKOHOMHYECKOH 1ierie-
CO00Pa3HOCTHIO:
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1. M3MEHEHUE CBOWCTB KOPPO3UOHHOU cpenpl. [Ipu ynanenun
MHUIIMATOPOB KOPPO3UH. Y TaJICHHWE KUCIIOpO/ia U3 BOJIbI, TyTEM MpeaBa-
PUTEIBLHOIO HArPEBAHUS WU JO0OABIISIEM BOCCTAHOBUTENM (TUIPA3HH).

2. [TommienaunBanue cpeibl
3. [Ipumenenre WHTHOUTOPOB, 3aMEMISAIONIUX KOPPO3HIO.
YpoTponuH.

MexaHu3M JIeHCTBUSI HHTHOUTOPOB 3aKIF0YAETCS B 00pa30BaHUH 3aITUTHBIX TJICHOK
Ha TTOBEPXHOCTH METaJlJIa, TOPMO3SILIUX KOPPO3UOHHBIN MpOIIeCC.
1. 3amuTHBII NOKPBLITUSA
OHHU U30JIUPYIOT METAJT OT arpeCCUBHOM CPEIbI:
PazanuaiT: oprannyeckue, HeopraHnudeckue, Mmerauindeckue. [locnegnue ne-
JISITCSL HA KATO/AHbIE U AaHO/IHBIE.
1. Opranunyeckue — HaHeCeHHUe JJAKOKPACOYHBIX MOKPBITHIA.
-Kpacku- cycnen3un (T-XK)- CMECh YacTHI[ MUTMEHTOB:OOBIYHO OKCH/IBI
Zn0O,TiO2,Fe203Cr203 B OpraHMYeCKUX CBI3YIONIUX.
Jlaku- KOJUIOMJHBIE paCTBOPHI- CMECh CMOJI WJIM BBICHIXAIOIIUX MAacell B Op-
rannyeckux pactBopureisix. [lokpsiTe oOpaszyercst u3-3a UCIApEHUs] PacCTBOPUTE-
JIs1 WK TIOJIMMEPU3aLUU Macia.
IMaJiM- pacTBOPHI JaKka, K KOTOPBIM J100aBJIeH MUTMEHT
- IMosmmepst ( BMC)
- Kayuyku u pe3uHa.
2. HeOpraHM4ecKue XMMUYECKHUE MOKPBITHS:
Heoprannueckue smanu CUIMKaTHBIE TTOKPBITHS)
— OKCHUJMpOBaHUE — TMOJIyYCHHE OKCHUIOB keye3a, Hamp., Fe203,(Boponenue). 3a-
IIMTHBIE CBOMCTBA MJICHOK YCUJIMBAIOTCS IIPU MPOIUTKE MACIIOM.
. AHONIMpOBaHUE — Tpollecc 00pa30BaHUs aHOJ/a Ha MOBEPXHOCTU ATFOMUHUEBOTO
U3JICIIUS TIPH TIOMOIIIH SJIEKTPOJIN3a,
dbochaTtupoBaHre — MOJYYCHHE HEPACTBOPUMBIX IUICHOK W3 MaIOPACTBOPUMBIX
docdaros xenesa, nuaka, maraus FePO4 ,ZNHPO,4,Mg3(PO,),, DT muieHkn o0pa3yroTcs
npu o0paboTke MeTamia pocpopHoit kuciopoid. docdarHbie MICHKA 001a1aI0T XOPOIIEn
aare3ven (CUEIIIeMOCThIO) U SIBJIIIOTCS XOPOIIUM TPYHTOM JJIsl HAHECEHUS JIaKOKpacou-
HBIX TTOKPBITHUM.
3. MeTaJ//INYeCKNe 3allIUTHbIE MOKPBLITUSA:
-aHO/IHO€ MOKPBbITHE — KOT/Ia 3alUIaeMbIii METaJlI MOKPBIBAIOT METAJIJIOM
c 6osee OTpHUIIATEIBHBIM MTOTEHITHATIOM

EMe TMOKPbITHSA < E3aumu1aeM0ro Me

B wuroro BozHukaer MI'D, rae Eme noxpurrun —AHO/I Takoe moxpeiTre sBIseTCA
HAJIC)KHBIM, OKHUCJICHHE 3alUIIEHHOTO METajjla He MPOU30MIET 10 TeX Iop, MoKa He
OKHCJIUTCS BECh IIMHK HA OIIMHKOBAHHOM KEJIC3¢

-KaTO/IHbI€ MOKPBITHSI — BBIOMPAIOT METANII ¢ 00JIee MOJIOKUTEIbHBIM MOTECHIHA-
JIOM, YeM Y 3alUIIaeMOro.
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Enme noxprrns > Esanmmaeworo Me  KaToIIHOE MOKpBITHE sIBIIsiETCA MeHEe d(D(HEKTHB-
HBIM U 3aIlMIIAeT TOJBKO IPH YCIOBHH IEIOCTHOCTH MOKPHITHSA. [Ipy moBpexaeHn:n Ka-
TOJHOTO TOKPBITUSI 00pa3yeTcs MHUKpOrajbBaHWYECKas Mapa M MPOUCXOJUT OKHCIICHUE
3alMIIaeMOro MeTajlia.

DJIEKTPOXUMHYECKAsl 3all[UTA OCHOBaHA HAa MCKYCCTBEHHOM TOPMOXKCHHH aHO/I-
HOTO WJIM KaTOJTHOTO TIpoliecca.

KATOAHAs 3alMTA — 3aKJIFOYAETCS B IMOJKIIOYEHHH 3aIMIIaeMOI0 MeTalia K OT-
pUIIATETFHOMY TIOJIFOCY UCTOYHHKA TOKA, M0 eChb Uzoeaue Cmano8Uumcs Kamooom, d Ka-
moo He pazpyuiaemcsi Ha ero moBEpXHOCTH MPOUCXOIAT IIPOILIECCH BOCCTAHOBIICHHUS
OKHUCIHUTENIeH U3 cpebl. K IMoI0KUTEeIbHOMY HCTOYHHUKY TOKA ITOKII0UACTCS HEHY KHBIN
JIOM, CTAHOBSIITUICS aHOJOM M pa3pyiaromuiicsa. Bee 10mKHO OBITh B TOKOTIPOBOASIICH
cpene Mcronp3yeTcs IS 3alUTHI TI0JI3EMHBIX TPYOOIPOBOIOB M Kabelel, TakKe 1030~
BBIX BOPOT, OYpOBBIX ITUIAT(HOPM, TOIBOIHBIX JIOJOK U T.II

| —

(+) (-) U3JIenue

Jlom (BcriomorarenbHeIi 1ekTpo) B koppo3rnonHoM MI'D sBisiercst A(-)

NPOTEKTOPHAS 3aIMTA — 3aKII0YAETCs B MOJICOCIMHEHUH K 3alUIIaEMOMY METAJLTy Ky-
couka Oosiee aktuBHOro Merasa(Zn,Mg,Al)-ocepmeennviii anoo, Torna Bo3HUKAET pas-
HOCTh TOTEHIIMAJIOB U OyJeT pa3pyliaThCs MPOTEKTOp, T.K. OH CTAHOBHUTCS aHOJHBIM
yuacTkoM. JKepTB. aHOA pacTBOPSETCS M €ro 3aMEHSIOT HOBBIM. J|OCTOMHCTBO: HET
Ha/I00HOCTH BO BHEIIIHEM HMCTOYHHUKE TOKa, crell. CoopyXeHHe KOTOPOro M.0. SKOHOMH-
YEeCKU HEBBIT'OJTHO.

Zn

[IporekTrop wu3nenue
A-) K()
AHOJHAas 3ALMUTA — 3aKJII0YAETCS B NOAKIIOYEHUH U3ETUS K MOJOKUTEIBHOMY HOJIIOCY
UCTOYHHMKA TOKA, CIIEJOBATEIbHO, CTAHOBUTCA aHOIAOM (anoonas noaapuzayus). Taxas
3alllMTa BO3MOYKHO TOJBKO JUIsl TE€X METAJIOB, KOTOPBIE CIIOCOOHBI K MACCHUBALUH, O]
JEHUCTBUEM BHELIHEr0 HMCTOYHMKA TOKa, oOpa3ylollas NacCHMBHAas IUIEHKA IOJy4aeTcs
OYCHb XOporiero kayectsa u 3¢ dexruBro npensrctyer kopposuu (Ni,Cr,Ti, Zr).

(+) .( ) |

N3 penue BcerniomorarenbHbIi 31EKTPOT

HN3MeHeHne cocTaBa U CBOMCTB KOPPO3HOHHOM CpeAbl
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T MEpONpPUSATUS CBsI3aHbl C BBeJeHHEM crenuanbHbix BeniectB- MHIMBUTO-
POB koppo3zum.

O06paboTKa KOPPO3HMOHHOMN CPEIIBI:

1) ynanenue unuinmatopoB koppozun HAI'PEBAHUWEM wnu JJOBABJIEHUEM
BOCCTAHOBMUEJIA, nanpumep, KUCIOPOJ yAAISIOT U3 BOABI IAPOBBIX KOTJIOB HarpeBas
Boay U 100aBisist Na,SO3 mnu-runpazun- NoH,

N2H4 +02 =N2 +2H20

Hcrnonp3yroT nojuienayuBaHue, YTO YMEHBIIIAET [H+]

BBeneHnne MHruOUTOPOB, KOTOPBIE aaCcOPOUPYIOTCS MOBEPXHOCTHIO MeTalia U 00-
Pa3yIOT 3alUTHBIC TUICHKH. HTHOUTOPBI MCHOJIB3YIOT B CUCTEMaX C IMOCTOSHHBIM HIIH
MajI000HOBIIIEMBIM 00BEMOM KOPPO3HOHHOM Cpe/ibl (KOTJIBI, IIUCTEPHBI, XMM. allapaThl)

Nuruburtopsl paznuyarot:1)mo coctaBy (OpraHMuecKWe W HEOpraHW4yeckue; 2) 1o
YCJIOBUSIM NPUMEHEHHUS-IJII PACTBOPOB WJIM JIETy4He.3)I0 MEXaHU3MYy JIeUCTBUS-
KAaTOJHBIE, aHOAHBIE, DKPAHUPYIOLIHKE.

PanuoHa/ibHOe KOHCTPYKTHPOBaHMeE — €LIE OJIMH CIIOCO0 OOPBHOBI:
n30eraTh KOHTAKTOB JIBYX Pa3IHMYHBIX METAIIJIOB
n30eratp menei, TPEeIrH, I MOXKET OBITh AIEKTPOJIUT
UCTIOJIb30BaHUE MATEPUAIIOB, YCTOMUMBBIX K KOPPO3UH .
MCTIOJIb30BAaHUE CBEPXYHUCTHIX METAIIJIOB U CILUIABOB
. TIOBEPXHOCTHas 00paboTka MeTaia (OJMPOBKA U Tak Jajee).
HaCCHBI/Ipy}omI/Ie meTaiisl: Al Ti  Va Mn Cr Kd xobarst, Ni (Fe
1 Pb — B 0co0BIX yCoBHSIX).

agbrwphE

3agaual. Kakoil MeTania MoXeT ObITh UCIOJIb30BaH B KAUECTBE MPOTEKTOPA IS 3aIIUTHI

uznenus u3 Meau rnpu pH=12? B uem oTanyue npoTeKTOPHOM 3alIUTHI OT KATOAHOM?
Pemenune

E’pereme =-1,847 B - anoy

E snovisn = -0,136 B

E' 42 =0,186-0,059pH= - 0,168 B

EPOZ,OH_ =1,217-0,059pH=0,863 }— EOBe2+/Be < Elymo <EP02/OH_ T.€ KOPP. € KHCJIO-

POAHOI M BOAOPOAHO nenojsipu3anmeii. B kauecTBe mpoTeKkTOpa MOA0MAET JTH000H Me-

TaJlJ1 ¢ MOTCHIIMAIOM MEHBIITNM, YeM TMOTEHIMAI MeIu, HanpumMep,Fe, Zn, Al.

KHCJIOPOAHOM JAenoJspu3anuei.
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@uiuana PerepajbHOro rocy1apcTBEHHOr0 0I0/KETHOI0 00pPa30BaTEILHOI0 YUpeKIeHH s
BbICIIEr0 00pa30BaHUs
«HaunonaJbHbI Hccaen0BaTeIbCKU YHUBepcuTeT « MW
B I. CMos1eHCcKe

JIabopaTopHBIil IPAKTUKYM
10 JUCHUILIHHE

XUMUA
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JIabopaTopHBI MPAKTUKYM IO JUCIHUILTAHE CITY>KUT JJIsl IPAKTHUECKOTO TIOKPEIUICHHUS JIEKITHOHHOTO
MaTepuasa v MPUBUTHS HABBIKOB MTPAKTUUECKON pabOTHI C 000PYI0OBaHUEM.
JlabopaTopnasi pabora Nel. KoHuieHTpanus pacTBOpoB
[IpuroToBUTH pacTBOp CONU 3aJaHHOW KOHLEHTPALUU U3 KOHLIEHTpHupoBaHHOTO (10%-r0) pacTBo-
pa TOM xe CONH, MPUOOPECTH HABBIK OMPEICICHHS INIOTHOCTH PACTBOPOB C MOMOIIBIO apeoMeTpa,
W3YYHTbH Pa3INyuHbIe CIIOCOOBI BHIPAYKEHUSI KOHIICHTPAI[MH PACTBOPOB.
JlaGopaTopHas padora Ne 2 DieKTpoHHAst CTPYKTYpa aTOMOB M OJTHOATOMHBIX HOHOB
[IproGpecTy HaBBIKK COCTaBJICHUS SIEKTPOHHBIX (POPMYJT aTOMOB;
JlabopaTopnasi pa6oTa Ne 3 Bupl XUMHUYECKOH CBSI3H B KOMITJICKCHBIX COSIMHCHHSIX
W3y4uth BUIIBI CBSI3U, MPUCYTCTBYIOLINE B KOMILIEKCHBIX COCTUHEHUSX.
JladbopaTopHas padora Ne 4 Xumudeckas TepMOAMHAMUKA
HayuuTbcsl SKCIIepUMEHTANIBHO C MOMOIIBIO KaJOpUMETpa OMPEeiaTh TeroBbie 3PGEKThl pac-
TBOPEHHUS DPA3IUYHBIX BEIIECTB B BOJE.
JladopaTopnasi padora Ne 5 KuHernka XUMHYECKUX pEaKITHi
DKCHEPUMEHTAIBHO U3YYUTh 3aBUCUMOCTH CKOPOCTH TOMOT€HHBIX U F€TEPOTE€HHBIX PEAKIUN OT
pa3IMyYHbIX (PAaKTOPOB — KOHLEHTPALUK PEarupyroIuX BEIIECTB, IUIOUIaAd OBEPXHOCTH pa3zena
das.
JladopaTopnasi padora Ne 6 XumMuieckoe paBHOBECHE
N3yuuTh BIMsHUE U3MEHEHHS] KOHIEHTpAIMN pearupyroumx BEHIECTB U MPOIYKTOB PEaKIMU Ha
CMEIIIeHHE XMMHUYECKOI0 PAaBHOBECHSI; OIBITHBIM IyTeM J10Ka3aTh 3((PeKTUBHOCTD NpuHIHMIa Jle-
[MMaTenwe.
JladopaTopHasi padoTa Ne 7 PacTBOpPBI DJIEKTPOJIUTOB
N3y4enue 31eKTponpoBOHOCTH PACTBOPOB PA3INYHbBIX BEIIECTB IO CTENEHU 3JIEKTPOIUTHUECKON
JUCCOLMAIMH; BbISICHEHHE YCIOBUN MPOTEKAaHUs XMMHUYECKHX PEaKIil B PacTBOpax AJIEKTPOJIU-
TOB.
JlabopaTopnasi pa6oTa Ne 8 OKHCIUTEITHEHO-BOCCTAHOBUTEIHHBIC TIPOIECCHI
O3HaKOMUTBHCSA C OKHCIHUTEIbHO-BOCCTAHOBUTEIbHBIMU CBOMCTBAMHM HEKOTOPBIX BEIIECTB, OCBO-
UTh METOJUKY COCTaBJICHUS YPABHEHUN OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN C TOMOIIbIO
METO/Ia ANEKTPOHHOIO OajaHca.
JladopaTopuasi pa6ota Ne 9 DJ/IC u HanpspDKEHUE METHO-IIMHKOBOTO TaTbBAHUYECKOTO JICMEHTA
OBnageTh METOAUKON COCTaBIICHUS IaJIbBAHMUECKUX LENeH U U3MEPEHUs HaNPsHKEHUS TajlbBaHU-
YECKUX 3JIEMEHTOB.
JlabopaTopnasi pa6ora Ne 10 Dnekrponus pactBopa cyibdara HaTpHsi Ha HUKEIEBBIX DIIEKTPO-
nax.
N3y4uTh KOJTMYECTBEHHBIE 3aKOHOMEPHOCTH MPOIIECCA AIEKTPOIIN3A.
JladopaTopnasi padora Ne 11 Koppo3ust MeTanioB u 3amura OT KOpPO3Ur
N3yunth ycnoBHUs BOZBHMKHOBEHHUS KOPPO3MOHHBIX MUKPOTAIbBAHUYECKUX AJIIEMEHTOB, SIBJICHUS
MOJIIPU3ALUU U ACTIONSPU3ALUU NIPU KOPPO3UH, O3HAKOMUTHCSA C HEKOTOPHIMH METOJaMH 3aIUThI
METAJJIOB OT KOPPO3HH.
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duinana PpenepajbHOr0 roCy1apcTBEHHOr0 OI0IKETHOT0 00Pa30BaTEbHOI0 YUpesKIeHUs
BbICIIEr0 00pa30BaHUs
«HaunonaJbHbI Hccaen0BaTeIbCKU YHUBepcuTeT « MW
B I. CMos1eHCcKe

MeToauyecKue peKOMEeHAAIUU K NPAKTUYECKUM 3aHATUIM
10 JUCIUILINHE

XUMUA
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Lenp npakTUYECKUX 3aHATHH 110 TUCLHUIUIMHE — 3aKPEIIEHUE JIEKIIMOHHOTO MaTepHrala JUCHUILIINHBI,
o0Oy4eHune CTYJCHTOB MPAKTUUECKON CTOPOHE KOMIETEHIINN, 3aKPETICHHBIX 3 TUCIIUTUINHOM.

[IpakTuueckue 3aHATHS 110 AUCUUIUIMHE IPOBOIATCS 110 CIEAYIOINUM TEMaM:

IIpakTnueckoe 3ansitue Nel OCHOBHBIE KJIacChl HEOPTAaHMYECKUX coequHeHnil. KonueHnTpamms
pacTBOpOB.

['enetrnyeckas cBA3b Mexay kiaccamu BemlecTB. CriocoObl BbIpaKEHUSI KOHILIEHTPALMHM PacTBO-
poB. CBsI3b MEXIY KOHLEHTPALUSIMHU.

IIpakTnyeckoe 3ansitue Ne2. CTpoeHue aToMa U NepuoAnYecKas cucremMa. XUMHUYECKas CBS3b.
KomrnekcHpie coenMHEHUS.

CocraBiieHre 3JIeKTPOHHBIX M AJIEKTPOHHO-Tpadudeckux Gopmyil 35eMeHToB. CBS3b CTPOEHUs
co cBoiictBamu. [lepuonnueckuii 3akoH U nepuoanueckas cucrema .M. Menneneea. Buapl xumunue-
CKOM CBSI3U, ONPEJECICHUE XapaKTepa CBSI3U B MOJIEKYJIE YEPE3 pacueT Pa3HOCTH AIEKTPOOTPULIATEIIb-
HOCTH KaXIOH CBs3U. MeTOJ BaJCHTHBIX CBs3ed. ATOMHO-OpOUTANIbHBIE CXEMBlI MOJIEKYJI B CBSI3U C
TUIIOM THOpUAM3AIMH LIEHTPAIBHOTO aToMa.

IIpakTHyeckoe 3anaTHEe Ne3 Xumuueckas TEpMOIMHAMUKA.

Pacuetsl TepmonHaMuyeckux (PyHKUINNA COCTOSTHUS MO CIEICTBUIO U3 3akoHa ['ecca.

IIpakTHyeckoe 3anaTHe Ned Xumuueckass KUHETHKA. XUMUYECKOE PABHOBECHE.

PacyeTbl cKOpOCTH XMMHUYECKON peaKIMK C yUYeTOM BIUSHUS pa3iuyHbIX QakTopoB. [Ipaktuye-
ckoe npumeHenue npuniuna Jle-1llarense s cmelienns paBHOBECHS B 3aJaHHOM HaIlpaBJICHUU.

IIpakTn4yeckoe 3ansitue Ne 5. PacCTBOpBI HEAJIEKTPOJIUTOB. PacTBOPHI AJIEKTPOITUTOB.

Pacuetsl o 3akonam Payns u npasuity Bant-I'odda, pacuetst pH pacTBOpOB CHIBHBIX U CIIA0BIX
3JIEKTPOJIUTOB; PACUEThl B PACTBOPAX MAJIOPACTBOPUMBIX AJIEKTPOJIUTOB.

IIpakTH4eckoe 3ansaTHE Ne 6. OKUCIUTEILHO-BOCCTAHOBUTENBHBIE PEAKIINH.

CocraBrieHre ypaBHEHUH JIEKTPOHHOTO Oananca s moadopa ko3¢ dunuentos B OBP.

IIpakTHyeckoe 3ansaTue Ne 7. ['albBaHUYECKUNA TIEMEHT.

Cocrasnenue cxem ['D, pacuerst 9JIC pazHbIMH crioco0aMu, pacueTbl paBHOBECHBIX MMOTEHIIHA-
JIOB 110 ypaBHeHMIO HepHcTa npy M3MEHEHUH YCIOBHH.

IIpakTHyeckoe 3ansaTHe Ne 8. Dnexkrponus.

Pacuetsl no 3akonam @apanes. OnpeneneHuil 0YEPEIHOCTU PA3PSIAKM YaCTHIl HA 3JIEKTPOJAX
yepe3 pacueThl paBHOBECHBIX NMOTEHIMANIOB. PacueThl MOTEHIINAIOB Ira30BbIX 3JEKTPOJIOB.

IIpakTuyeckoe 3ansaTue Ne 9. Koppo3susi.

Omnpenenenue Buaa nenoiisipusanuu. PacueTsl 11 onpezeneHus BO3MOKHOCTH KOPPO3UHU Yepes
BEJIMYMHBI IOTEHINAJIOB OKUCIIUTENSI U BOCCTAHOBUTEISI B 3a1aHHBIX YCIOBUSAX.

MeTtonudeckue yka3zaHus K IPAaKTUYECKUM 3aHATUSM MPHUBEICHBI B METOAMYECKOM TOCOOUHU

1. Tneb6osa H. b., Ocranenko JI.®. COoopHUK 3a1ad ¥ yOPaKHEHHUH MO Kypcy «Xumus». CMmo-
aerck PUO ¢umuana T'OY BITO «MDU (TY)» 2012. - 124 c.
ANTOPHUTM TIPOBEICHUS MPAKTHYSCKUX 3aHATHH 110 JTUCIUTUTHHE TIPEIITOJIaraeTcs CIIe Ty 0TI

- TIOCJIe BBIJIAYM 3a7a4d B TeueHUH 5-10 MUH. 3aHATHS CTYJEHTHl aHATH3UPYIOT UCXOHBIC TaHHBIE,
3aIUCHIBAIOT MaTEeMaTHICCKUE BBIpKeHUS (ITPH HEOOXOAMMOCTH) U pellias 3a7aduu, AT OTBETHI HAa BO-
MIPOCHI TECTOBBIX 33JAHUI U3 BHIIICTIPUBEICHHOTO TOCOOMS;

- OJIMH M3 CTYJICHTOB TPYTIBI BBI3BIBACTCS «K JIOCKE» U JIEMOHCTPUPYET TPYyIIEC BAPHUAHT PEIICHUS
3azay;

- OpraHu3yeTCsl MHTEPAKTHBHOE OOCYXKJICHHE PE3yJbTaTOB C pa3rpaHUYCHHEM (HYHKITMOHATBHBIX
00s13aHHOCTEH CTYyJCHTOB. B HTOre, COBMECTHBIMHU YCHIHSIMH (DOPMHUPYETCS U KOPPEKTUPYETCS OKOHYA-
TEJIFHOE PEUICHHUE.
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1. Obwme cBegeHUs1 0 CaMOCTOATENIbHOW paboTe CTyAEHTOB NO AUCLUNIIUHE

Lenb camocToATENbHOM PabOTHI CTYIEHTa — OCMBICIIEHHO W CAMOCTOSITENIFHO padoTaTh CHavaja ¢
y4eOHBIM MaTepHAJIOM, TIOTYyYaeMbIM MPU KOHTAKTHOM padoTe ¢ mpernoaaBarenemM, 3a10KUTh OCHOBBI Ca-
MOOpPIaHU3allMd U CAMOBOCIIUTaHMS C T€M, YTOObI MPUBUTH YMEHHUE B JAIbHEWUIIEM HENPEPHIBHO MOBHI-
IaTh CBOIO MpodeccroHalbHY 0 KBaTU(UKALIUIO.

CopepxaHue caMoCcTosATeNIbHOM paboTbl CTYAEHTOB NO AUCLIMMNSINHE

[Iporecc ocBoeHMSI CTYIEHTAMU JUCIUTUIMHBI « XUMUSD BKIIIOYAET 12 OCHOBHBIX TEM.
IIo Teme 1 «Tema 1.0cHOBBI HOMEHKJIATYPbI HEOPraHUYECKHUX BelleCTB. ATOMHO-MOJIEKYJISIPHOE
yUeHHe H CTeXHOMeTpHUYecKue 3aK0oHbl. Kiiacchl HeOpraHm4yecKux BelecTB:

Pexomenoayuu cmyoenmam no camocmoamenvHoi paoome Kk meme Nel.

a) MOAr0TOBKA K JIEKIUSIM.

[Ipu mOATOTOBKE K JICKIIUU TIO JAHHOW TeMe CTYJICHTY HeOOX0IMMO MOBTOPUTH IIKOJILHBIN MaTepH-
al [0 aTOMHO-MOJIEKYJISIPHOMY YYEHHIO, OCHOBHBIM XHMHUYECKUM MOHATHUSAM: aTOMbI, 3JIEMEHTHI, UX
HAaUMEHOBAHHSI M CUMBOJIBI, aOCOIOTHAsI aTOMHAsI Macca BEIIeCTBa, OTHOCUTENIbHAS aTOMHAsi Macca, KO-
JMYECTBO BEILIECTBA U €r0 pacyeT, CTEXMOMETPUUYECKUE 3aKOHBI U PaCUYeThl 110 HUM.

[To yka3zaHHBIM Ha JICKIIMH aJTOPUTMAM PEIICHUsS PAcUeTHBIX 3ajad IMpH pacderax mo Gopmyse u
10 YPaBHEHHIO 3aKPEMUTh MaTepHall PaCY€TOM WHAUBUAYAIbHOTO 3aJaHUSI.

a) MOAT0TOBKA K BHINIOJIHEHHUIO H 3aluTe JIadopaTopHbIX pador Ne 1.

[Ipu moAroTOBKE K BBIMOJHEHHUIO U 3aIIUTe J1abopaTopHbIX padoT Ne 1 «IIpurorosnenue pac-
TBOPOB 3aJJaHHOW KOHIIEHTPAL[MN» CJIEyeT O3HAKOMHUTBCS C METOIUYECKUMH YKa3aHUSMH K BbI-
HOJHEHUIO J1a00PaTOPHBIX padoT.

Konmponwvnwie éonpocwi 014 camonpogepku no meme Ne 1:

1. 1. daiite onpeneneHus NOHIATUSIM U 3aKOHAaM: MOJIb, MOJISIpHAsi Macca, 3aKOH COXPAaHEHHUsI MacChl,
3aKOH IOCTOSHCTBA COCTaBa, 3aKOH KPATHBIX OTHOIIEHUH, 3aKOH ABOIaJipo, 3aKOH SKBUBAJICHTOB.

1.2. OnpenenuTte MOJISUTBHYIO KOHIICHTPALIMIO @) pacTBOPA IIIIOKO3BI ¢ MaccoBou aosei 10%; 6) 0,2
M pacTBOpa XJIOpH/A IHHKA (ITOTHOCTH 1,05 r/cm’).

1.3. Kaxko#i o6bem 0,1 H pacTBOpa yKCYCHON KHUCIIOTHI MOKHO MPUTOTOBUTH U3 0,5 11 ee 96%-ro
pactBopa (rmotHocTb 1,059 r/em®)?

1.4. KakoBa HopMasibHas KoHIeHTpaiws a) 0,6 M p-pa xiopuaa sxenesa (111);

Ilo Teme 2 «CTpoenue atoMa. KBaHTOBbLIE YHCJIa» B KAYECTBE CAMOCTOATEILHOH Pa00TLI IPeay-
CMATPUBAIOTCH:

Pekomenoauuu cmyoenmam no camocmoamenvHou paoome Kk meme Ne2.

a) MOAroTOBKA K JIEKI[MSIM.

[Ipu MOATOTOBKE K JIEKIMSIM TIO0 JAHHOW TeME CTYJEHTY HEOOXOIUMO MU3YYUTh MOBTOPUTH IIKOJIb-
HBI MaTepual Mo TeMe, 03HAKOMUTHCS C HA0OPOM OCHOBHBIX IMOHSATUI M OMOPHBIX KOHCIIEKTOB.

OcCHOBHOE BHUMAaHHE CIIEyeT OOPATUTh HA TJIaBHbIC MPUHIIUITBI 3aMIOJTHEHUS AaTOMHBIX OpOUTaei:

MpaBUJIO HaUMEHbIIeH sHepruu, 3anpet [laynu, npasuno ['yuaa, npasuna KineukoBckoro. Dmnek-

TPOHHBIC U AIEKTPOHHO-Tpaduueckue (opMysIbl aTOMOB DJIEMEHTOB.
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0) MOArOTOBKA K BBHINOJHEHHIO W 3aluTe JadopaTopHoii padoTsl Ne 2. «DJIeKTPOHHAS CTPYK-

Typa aTOMOB U OJHOATOMHBIX MOHOB. 3yueHne akTUBHOCTH METAJUIOB B PEAKLHUAX U OOBSCHEHHE

€€ IEKTPOHHOMU CTPYKTYpOiI»

[Ipu mOATrOTOBKE K BBIMOJHEHHUIO W 3aIIUTE JabopaTopHON paboTel No 2 ciemyeT 03HAKOMUTHCS C
METOMYECKUMH YKa3aHUSIMH K BBITIOJHEHUIO TAOOPaTOPHBIX padoT.

Heo0xonumo mnpoaHanu3upoBaTh BO3MOYKHBIE BapUaHThl HAIUMCAHUSA HIIEKTPOHHO-TPapHUUECKUX

dopmyn, ymeHuss 000CHOBaTh BEpHBIN. /[y 3TOr0 ¢ MOMOIIBIO JIEKIIMOHHOTO MarepHaia HeoOXo-

MO HalTH OTBETHI AJIsi OOBACHEHMs PE3yJIbTaTOB IPOJEIAHHBIX OMNBITOB, ONMUPAsACh HA NIEPUOIU-

YECKMI 3aKOH U nepuoauyeckyro cucremy .M. Menneneesa.

B) MOATOTOBKA K NPAKTHYECKUM 3aHATUAM;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATHSAM CTYJICHTY HEOOXOJMMO MOJIb3YsACh HAOOPOM OCHOBHBIX
MOHATUH, OBJIA/IETh AJITOPUTMOM HalMCaHUsI 3JIEKTPOHHBIX U 3JIEKTPOHHO-Tpaduyeckux GopMyis1 aToMOB
9JIEMEHTOB, KBAHTOBBIX YHCEJ BHEHIHUX U (OPMHUPYIOLIETO 3IEKTPOHOB. [IpoBepuTh yCBOEHHE U 3aKpe-
IIUTh U3y4aeMblii MaTepHa MO3BOJIAET BHIIIOJHEHNE PACUETHOIO 3aJaHUS M OTBETHI HAa BOIIPOCHI TECTOB.

Konmponwsnuie eonpocwi 011 camonpogepku no meme Ne 2:

2.1. CpopmynupyiiTe OCHOBHBIEC TPUHLUIIBI KBAHTOBOM TEOPHH CTPOCHHUS BEIIECTBA (KOPITYyCKY-
JSIPHO-BOJTHOBOM Ayajn3M, IPUHIUI HEOMPEIeICHHOCTH, BOJTHOBas (DyHKIIMsS, aTOMHAasl OpOUTallb, KBaH-
TOBBIC YHCJIA).

2.2. Ykaxure aToM ¢ (OPMHUPYIOITUM AJICKTPOHOM ) 357, 6) 4p°, B) 3d, T) 42, OnwmTe ero 1o-
JIO’KEHHE B IIEPUOJUYECKON CUCTEME.

2.3. HanmumuTe nosiHy10 3JIeKTpOoHHYI0 hopmyiry atoma a) T¢, 6) Mn, B) Se, r) Ag, ) Ga, e) Pa, x)
V, 3) Sh, n) Rb, ) Kr. K kakomy cemMeicTBy OH OTHOCHTCSA? YKaXUTE €ro BHEIIHUH, IPEIBHEIIHUH CIIOH,
(hopMUPYIOIINI AJIEKTPOH, KBAHTOBBIE YUCIIA I AJIEKTPOHOB BHEITHETO CJIOSI M POPMUPYIOLIETO dJIEK-
TpOHA.

2.4. Yo Takoe BasieHTHOCTH? [TokaskuTe pacripeneneHue BaJCHTHBIX 3JICKTPOHOB a) Se, 6) Mn, B)
Fe, 1) Sn, n) As, x) Br, 3) Ti 1o KBaHTOBBIM siueiikaM B BO30Y>KICHHOM U HEBO30YIKJICHHOM COCTOSIHUU H
OTIPEIEITE COOTBETCTBYIONINE 3HAYCHHUS BAJICHTHOCTH.

2.5. Kak ocy1iecTBisieTcsi IpeBpalieHue aToma B HoHbI? Hanuimre NoiaHyo U COKpALIeHHYIO
ANEKTPOHHBIE (OPMYJIBI HOHOB ) Al 0) Ca?*, B)F, 1) s%,

2.6. JlaiiTe onpeneneHus MOHATHIM «IHEPrusl HOHU3ALUNY», «CPOACTBO K ANEKTPOHY», «IIIEKTPOOT-
pHUIAaTEIbHOCTEY. Kak MEHSIOTCS 3TH XapaKTEPUCTHKH, a TAKKE PAJIyC aTOMa U METANTHYECKUE CBOM-
CTBa y aTOMOB 3jieMeHTOB a) VII-A rpynmsl cBepxy BHU3, 0) |1l meprona cieBa Hanpago, B) |1-A rpymmsl
CBEpXy BHM3?

IIo Teme 3 « Xumuueckas cBfi3b. KoMIIeKCHBIE COeIMHEHNS» B KaUYeCTBe CAMOCTOATEILHOM
padoThLI IPEeIYCMATPUBACTCH:

Pexomendayuu cmyoenmam no camocmoamenvHoi pabome Kk meme Ne3.

a) MOAT0TOBKA K JIEKIUSIM.

[Ipu nmoAroToBke K JEKUUSAM IO JAHHOW TEME CTYJIEHTY O3HAKOMUTHCA ¢ HAOOPOM OCHOBHBIX I1O-
HSATUH ¥ ONOPHBIX KOHCIIEKTOB HACTOSAILIEH NUCLIHUIIIMHBIL.

OcHOBHOE BHUMaHUE clieAyeT OOpaTUTh Ha BUAbl XUMUYECKOU CBSI3U, OCHOBHBIE XapaKTEPUCTUKH

CBSI3U: JAJIMHA, SHEPTUs, BAJICHTHBINA yroi. Crenars akleHT Ha MeTo]l BaJIeHTHbIX cBsizelt (BC), He

YIIyCTUTh CBOMCTBA KOBAJIEHTHBIX CBS3€W: HACBIIEHHOCTD, HAIIPABIEHHOCTb- G U T-CBS3H, MOJIS-

pOCTh, a TaK)ke OOMEHHBIN U JOHOPHO-aKIENTOPHBIA MEXaHU3Mbl 00pa30BaHMs KOBAJIEHTHOW CBS-

34, TEOPUIO THOPUIN3AIMY ATOMHBIX OpOUTANIEH.

0) MOArOTOBKA K BBHINMOJHEHUI0 H 3alIUTe JadopaTopHoii padoTsl Ne 3. «XuMudeckast CBs3b.

[Mony4enne ammuakaToB 0-321€MEHTOB, OOBSICHEHUE CTPOCHUS KOMILJIEKCHOTO COSTMHEHUS.)»
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[Ipu moAroTOBKE K BBHIMOJIHEHUIO M 3aLIUTE J1abopaTopHOil paboTel Ne 3 cremayeT 03HAaKOMUTHCS C
METOJMUYECKUMH YKa3aHUSAMHU K BBINIOJHEHUIO JJAOOPATOPHBIX paloT.

[Ipu camocTosATENEHON TOATOTOBKE K JJabopaTopHOi padote Ne3 cremyer mpoaHaau3upoBaTh BO3-

MOJKHBIE TIPOIYKTBI PEAKLIMH C U30OBITKOM M HEJIOCTATKOM peareHTa TIuApokcuaa amMMoHwus. s

3TOTO C TIOMOIIBIO JIEKIIMOHHOTO MaTepuaia HeOOXOAMMO HAaWTH OTBETHI IJIsi OOBSICHEHHS Pe3yJb-

TaTOB INPOJIEJAHHBIX OIBITOB, ONMPAsCh HA CTPOECHHUE, 3HAHHE XapaKTepa CBS3€H B KOMIUIEKCHOM

COEJIMHEHUH U €r0 MEXaHU3Ma JIMCCOLMALINH.

B) NOAr0OTOBKA K NPAKTHYECKOMY 3aHATHIO;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATHSAM CTYJIEHTY HEOOXOIMUMO TOIb3YsACh HAOOPOM OCHOBHBIX
MOHATUI, OBJIAZIETh AJITOPUTMOM PELICHMS 3aJa4 10 TEME.

D10 3a71aum Ha 1) onpeneneHus Xxapakrepa cBs3el B MoJieKyJe, 2)00bsiCHEeHne MexaHu3Ma o0pa-

30BaHMsl KOBAJICHTHBIX CBs3eH, 3)yMEHUs ONpeNelATh, OObSCHATh Yepe3 MEePEeKpPhIBAHUE HIIEKTPOH-

HBIX 00JIAKOB BHUJ CBA3M, BO3MOXHYIO THOPUAN3ALINIO U COOTBETCTBEHHO (hopMy MoJeKyJbl. IIpo-

BEPUTh YCBOEHHUE U 3aKPENHUTh M3y4yaeMblil MaTepHuall MO3BOJSET BBIIOJHEHHE WHIUBHUILYalIbHOIO

3a/laHus ¥ OTBETHI HA BOIIPOCHI TECTOB.

1) MOATOTOBKA K KOHTPOJILHOW padoTe

[Ipu moAroToBKE K KOHTPOJILHOM padoTe HEOOXOAMMO U3YYUTh METOJUYCCKUE YKa3aHUsI, (TECTHI).
ITogroroBka Kk HEM COCTOUT B M3yYEHUM TEOPHUHM, 3aKPEIUICHUH YCBOCHHOI'O Marepuasa, IOBTOPEHUH
AJITOPUTMOB PEIIEHUs OCHOBHBIX THUIIOB 33J1a4 10 TEME.

Konmponvuwvie 6onpocwt 0ns camonposepku no meme Ne 3:

3.1. laiiTe onpeaeneHus MOHATUSAM: XUMHUECKas CBsI3b, NOHHAS CBSI3b, KOBAJICHTHAS CBSI3b (€€ BU-
IIbl), KPATHOCTb CBSI3U, MOJISIPHOCTh CBSI3H, BaJICHTHOCTh, BOJAOPO/HAs CBSI3b, BaH-/I€p-BaalbCOBbI B3aH-
MOJICUCTBHUS (UX BHJIBI).

3.2. Ompenenurte TUI CBS3U, 00pa3yroIIecs MeX1y aTOMaMu 3JIEMEHTOB ¢ (POPMUPYIOIIUMU JIEK-
Tponamu a) 4s” u 2p°, 6) 2s* u 3p”, B) 5d° u 2p°.

3.3. YUro Takoe rubpuausanus arToMHbIx opouraneit? [louemy ona npoucxoaur? Onpenenure THUI
ruOpuau3aimu B Mojekyiaax: a) Mgl,, 6) AlFs, B) SiH4, ) AsHs, ) H20, e) FeBry, x) CCly, 3) BHs.
N300pa3ute nx mpoCcTpaHCTBEHHOE CTPOCHUE, YKAKHUTE TUMOJIBHBIE MOMEHTHI CBSI3H U MOJIEKYJIbI. [1o-
JSIPHBI JIU MOJIEKYJIbI?

3.4. YUro Takoe koMIuieKkcHbIe coetuHeHus1? CocraBbTe HOPMYITYy KOMIUIEKCHOIO COEIMHEHUS, B KO-
TOPOM KOMILIeKcooOpa3oBareneM siBisiercst HoH pTyTH (1), murangamu — HouA-MOHBL, MOHAMH BHELTHEH
cohepsl — K*. HazoBure coeqmaeHnme.

3.5. N3o6paszute aroMHO-0pOUTANBEHBEIE cXeMbl MoJieky a) O, 6) N2, B) CO, 1) CO,, 1) MgS, e)
CyHy, k) CoHa. YkaxuTe, MEXTy KaKUMH OPOUTAISIMU 00pa3yIOTCsl XUMUUYECKHUE CBSI3H, U THIT TIEPEKPHI-
BaHUS JIEKTPOHHBIX 00JIAKOB.

3.6. Kakue yacTuipl, Kak IpaBUiIo, BISIOTCA KOMIUIEKcooOpazoBarensimu? [lepeuniciuTe Bce BUIbI
cesazu B Mmousekyine a) [Ag(NHs)2]Cl, 6) K3[Zn(OH)4], B) [CO(NH3)s](NO3s)s, r) Naz[Cu(CN)4], m)
Naz[Hgls], e) H[Ag(NO2)2]. YkaxuTe MOHBI BHEIIHEW U BHYTPEHHEH cepbl, KOMIUIEKCOOOpa30BaTeb,
JUTaH/bl, KOOPAWHAIIMOHHOE YUCIIO, JOHOP U akuenTop. HazoBure nanHbIe COEAUHEHMS.

IIo Teme 4 «JHepreTka XUMHYECKHX MPOLECCOB.» B KAYECTBE CAMOCTOATEIHLHOH PA0OTHI
NpeaAyCMaATPUBACTCA

Pekomenoauuu cmyoenmam no camocmoamenvHou paoome Kk meme Ne4.

a) NOAr0TOBKA K JIEKI[UM:

[Ipu moAroToBKe K JNEKIUSM MO JAHHOW TeME CTYJIEHTY O3HAKOMHTHCS C HAOOPOM OCHOBHBIX IO-
HATHA U ONTIOPHBIX KOHCTIEKTOB.
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OcHOBHOE BHUMaHHE CIIEAyeT 0OpaTUTh Ha dHepreTudeckue 3PQPEKThl XUMUUYECKUX PEaKIIHH.
HamnpaBnenue u mpenen mMpoTeKaHUS XUMHUUYECKHX PEaKIMil B U30JMPOBAHHBIX CHCTeMaX, (PyHK-
LU COCTOSIHUS CUCTEM, BHIYMCIICHHE UX U3MEHEHUS B XOJI€ XUMUUYECKOU peaKIuu ¢ HUCIOJIb30Ba-
HUEM CJIEACTBUS U3 3aKoHa ['ecca. BakHO MOHMMAaTh, YTO TEIIOTa U paboTa HE SBISIOTCS CBOM-
CTBAaMU CHCTEMBI, a XapaKTepPU3yIOT JIBe (DOPMBI TIepeadn YHEPTHH.

a) MOATrOTOBKA K BBINMOJHEHUIO W 3al(uTe JIA00pPaTOPHOii padoThl «DHEPreTUKa XUMUYECKUX
IIPOLIECCOB.»
[Tpu moAroTOBKE K BHINOJHEHHUIO U 3alIUTE TaOOPaTOPHOM pabOThl ClEeyeT 03HAKOMUTHCS C METO-
JTUYEeCKIMH YKa3aHHUSIMH K BBIITOJIHEHUIO J1a00paTOPHBIX paboT, (TECTHI)).
[Ipu moaroroBke k nabopaTopHON paboTe CleayeT MpHU 3aluCy 3HaYeHU (YHKIUI COCTOSHUS
pEareHToB M MPOIYKTOB PEaKIMii 0053aTeIbHO YUYUTHIBATh WX arperaTHbIE COCTOSIHHS MU aJlio-
TpOIHbIe MOIU(UKAIIMK BEIIECTB M yCJIOBUs mporecca. [Ipu mpoBeneHuu TepMOIMHAMHUYECKUX
pacdeToB HE CJIeayeT 3a0bIBaTh O CTEXUOMETPUYCCKHX KOIPPUIIMEHTAX W MOMHHUTH, YTO B CIIpa-
BOYHBIX Ta0JIMIIaX DHTAJbIUHN 00pa30BaHUS BBIPAKEHBI B KWJIOHKOYJIAX Ha Moib (kJk/Moib), a
SHTPONHUH — B JKOYJISIX HA MoJb-KenbBUH( [/ K-Mounb). [ToHMMaTh, 4TO B M30IMPOBAHHON CH-
cTeMe, TJle TPaHMIIbI HEMIPOHULIAEMBI I SHEPTHH W BEIECTBA DHTPOIHUS BO3pAcTaeT B JIOOOM
CaMONPOM3BOJILHOM MPOIIECCE, TaK KaK CHCTEMa CTPEMUTCS MEPEeUTH B Haubosee BEPOSTHOE CO-
CTOSIHHE.
B) IOITOTOBKA K MPAKTUYECKUM 3aHATHIM;
[Tpu MoAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJIEHTY HEOOXOUMO MO0JIb3YsICh HAOOPOM OCHOBHBIX
MOHSATUHN, OBJIAJIETh AJITOPUTMOM PEIICHHUS 3a/1a4 110 TEME.
Pacuetamu sHTponuUHU, SHTAIBIUK U HHepruu 'mbOca A XMMHUUECKHX peakuuil MpoBepsieTcs
YCBOEHHE H3y4aeMOro MaTepHaa.

Konmponwsnwvie éonpocwt onsa camonposepku no meme Ne 4:

4.1 Chopmynupyiite a) I, 6) 11, B) 11l 3akons! TepmonuHamuku. J[aifTe onpeaeneHus MOHATHSIM:
TEpPMOJIMHAMHUYECKas cUCTeMa (MX KiIacCU(pUKaIMK), QyHKIUS COCTOSHUS, TapaMeTpbl CUCTEMBI, (asa,
TEPMOJIMHAMUYECKUN ITPOLIECC.

4.2. Ilo kakoi TepMOAMHAMHUYECKOH (PyHKIIUM OmpeaessieTcs BO3MOXKHOCTh CaMOIIPOU3BOJIBHOTO
MPOTEKAHUS XUMHUECKHUX PEeaKIMil B N300apHO-U30TEPMHUUECKUX ycaoBusax? Onpenenure, BO3MOKHO JIU
CaMOIpPOU3BOJbHOE NpoTekanue peakuu a) HoOp = 2Hoy + Oy, 06) CaCOs¢y = CaO(yy + COy(ry B HLY.

4.3. Paccuuraiite Temriepatypy paBHoBecHs cuctemsl A + B = 2AB, eciii u3aMeHeHne SHTPOINUH B
xoze 3Toi peakiuu paBHo 10 J[x/K, a u3smenenue sutansnuu pasHo 25 kJx. [Ipu kakux remnepatypax
OTHOCHUTEJILHO TEMIIEpaTypbl paBHOBECHS BO3MOKHO CAMOITPOM3BOJIBHOE TEUEHHUE ATON PEAKIIH?

4.4. Vxaxwure HarpasieHue nporekanus nponecca A = B mpu 200°C, ecmm AH®; ;. = 20 x Ik,
AS® ;. =—100 JIx/K (2 ciocoba pemieHus).

4.5. Ipouecc CO(yy + Clyry = COClyry siBAsIETCS 3K30TepMHUYecKUM. Kak MeHsieTcs: SHTPONHUs B XO-
ne npsmoi peakuuu? IIpu kakux TemmepaTypax OTHOCUTENBHO T, BO3MOKHO CaMOIPOU3BOIBHOE IPO-
TEeKaHHe 3TON peakiuu?

IIo Teme 5 «XuMHUecKkass KHHETHKA. XMMHYECKOe PABHOBECHE» B KAaYeCTBE CAMOCTOSITE I b-
HOHW PAdOTHI MPEAYCMATPUBAETCH

Pexomenoayuu cmyoenmam no camocmonmenvHoi pabome K meme Ne5.

a) NOAT0TOBKA K JIEKI[USAM.
[Ipu moAroToBKe K JIEKIUSAM MO JAHHOW TeMe CTYJIEHTY O3HAKOMHTHCS C HAOOPOM OCHOBHBIX IO-
HITHH.
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OcHOBHOE BHUMaHUE CIIEAyeT OOpaTUTh HA MAPaMETPHI , OT KOTOPBIX 3aBUCUT CKOPOCTh XUMUYE-

CKOM peakliy, 3aKOHBI XapaKTepU3YIOILIUe 3TH 3aBUCUMOCTH. Pa300paThes U ySICHUTH 3HaUCHHE

TOHSITUS «YHEPTHsI AKTHBAIMI, TIPEICTABIATh TPpa(UKH X0/1a IK30- M SHAOTEPMHUECKUX PEaAKIIUA.

[TonnMaTp, 4TO XUMHUYECKOE YPAaBHEHHUE OTPAKAET BECOBBIE OTHOLICHHS MEXKIY PearupyronumMu

BEILIECTBAMH, HO HE MEXaHU3M.

0) MOAr0TOBKA K BHINMOJHEHUIO W 3amuTe J1adopaTtopHoii padoTsl Ne 6. «Kunetuka. M3yuyenue
3aBHUCHMOCTH CKOPOCTH TOMOT€HHBIX M T€TEPOTEHHBIX PEAKINI OT pa3InYHbIX (HakTopoB. M3ydeHnue Biu-
SIHUSI U3MEHEHUS KOHLEHTPALMK Ha CMEIllEHUE PaBHOBECHUS

[Ipu moaroToBke K BBHIMOJHEHUIO U 3aIUTE JIA0OpaTOpHOUM paboThl No 6 clieyeT 03HAKOMUTHCS C
METOANYECKUMHU YKa3aHUSMHU K BBIMOJTHEHHUIO JTJAOOPATOPHBIX padoOT, (TECTHI)).

[Ipu camocTosITeNIbHON MOATOTOBKE K JIabopaTopHoit padote Ne 6 ciieryeT mpoaHaaIu3upoBaTh
BO3MO)KHBIE 3aKOHOMEPHOCTH MPOTEKAHUSI PEAKIMH PA3IOKEHUSI THOCEPHOU KHUCIOTHI OT KOHIICH-
TpalMy, ONUPAsACh HAa 3aKOH JEHCTBYIOIIMX Macc, a 3aTEM B X0JI€ SKCIIEPUMEHTA 3TO MOJYUYaeT WK
HE MoJy4aeT noarsepxacHue. O posid MOBEPXHOCTU CONPUKOCHOBEHHS B F€TEPOreHHBIX MpoLieccax
HarJIsHO CBUJETENBCTBYET OMBIT 110 B3aUMOJEHCTBUIO MpaMopa ¢ KUCIOTOM.

[Ipu camMocTOsTENBHOM MOJATOTOBKE K TabopaTopHOi padote No7 ciemyeTr npoaHaIM3upoOBaTh
BO3MOYKHBIE 3aKOHOMEPHOCTH TMPOTEKaHUsI OOpaTUMOMN peaklru MPU M3MEHEHUU KOHIICHTPALUU
peareHToB M MpoaAyKToB. KuHeTHueckue MOHATHS M 3aKOHOMEPHOCTH, OOBSICHSIEMbIE C MO3UIIHIA
AJIEKTPOHHON TEOPUH, TEOPUH AKTUBHBIX CTOJKHOBEHHMM C NMPHUBIICYCHUEM DHEPreTUUYECKUX IMPE-
CTaBJICHUH JleNlaeT BO3MOKHBIM 00BbSCHEHHUE U MPeACKa3aHue pe3yIbTaToOB OIBITOB.

B) NOJAr0TOBKA K MPAKTHYECKUM 3aHATHSIM;

[Tpu MoAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJIEHTY HEOOXOUMO MOJIb3YACh HAOOPOM OCHOBHBIX
MOHSATUHN, OBJIAJIETh AJITOPUTMOM PEILICHHUS 3a/1a4 10 TEME.

DT0 3a/1a4yul Ha OCHOBHbIE KMHETUYECKUE 3aKOHBI, HA pacueThl HAYaJbHBIX M KOHEYHBIX KOHIICH-
Tpauuii KOMIIOHEHTOB PEAKIMU, HAa BIUSHHUE PA3IMYHBIX CIIOCOOOB BO3JCHCTBUS HA PABHOBECHYIO
CHUCTEMY M PEAKLIMIO TON CUCTEMBI.

A1) NOAr0TOBKA K KOHTPOJILHOI padoTe

[Tpu moAroTOBKE K KOHTPOJIIBHOM paboTe HEOOXOIMMO M3YUYHUTh METOAMYECKHUE YKa3aHUs, (TECThI).
[ToaroroBka K HEM COCTOUT B U3YYEHUU TEOPHUH, 3aKPEIUICHUH YCBOCHHOI'O MaTepuasa, MOBTOPEHUU
QJITOPUTMOB PELICHUSI OCHOBHBIX TUIIOB 3aJa4 IO TEME.

Konmponwvusie éonpocwt 0na camonpogepku no meme Ne 5:

5.1. laiiTe onpezieneHust MOHATUSAM: CKOPOCTh PEaKIH, KOHCTaHTa CKOPOCTH, MOPSAIOK PEaKIiH,
TEMIIepaTypHBIA KOd(PPHUIIMEHT, YHEPTUS aKTUBAIIMN, KHHETUIECKOE YPaBHEHUE, MEXaHU3M PEaKIUH.

5.2. ChopmynupyiiTe 3aK0H JeHCTBUS Macc. 3anuimuTe Beipaxkenne 3/IM (0CHOBHOE KHUHETHYE-
CKOE YpaBHEHHUE) JUIS CIISYIOIMX peakiuii: a) Ay + 2By =2Cy; 6) COsy + Ciry = 2CO(ry; B) 2HClp-p)
+ N3.2C03(p.p) = 2NaCI(p.p) + Hzo(m),'f‘COz(r), T) 3H2(r)+ 2B(T) = 2BH3(F).

5.3. Kak nzmenurcs ckopoctb peakuunt 2NOy + Oz = 2NOyry (k = 0,2, y = 2), ecnu: a) yBenu-
9uTh 00BEM CHCTEeMBI B 2 pa3a; 0) yBennunth KoHreHTpanuo NO B 2 pasa; B) yMEHBIIUTh TEMIIEPATYPY
Ha 30°, r) TOBBICUTH J1aBJIeHHE B 3 pa3a?

5.4. Bo ckonbko pa3 Hazo yBennuuTh AasieHue B cucteMe 2CO ) = COy(r) + Cr), 4TOOBI CKOPOCTH
peakuuu yBeauyuiach B 4 paza?

5.5. HauaipHble KOHIIEHTpanuu BeniecTs A u B B peakuun 2A ) + By = C(r) paBHBI COOTBET-
ctBeHHo 0,9 u 0,6 monb/n. OnpenennuTe CKOPOCTh PeakIMi B MOMEHT BPEMEHH, Koria KoHueHTparus C
crana pasHa 0,2 mosw/n (K = 0,3).
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Ilo Teme 6 «PacTBOpbI. PACTBOPLI 3JEKTPOJHTOB.» B KAYeCTBE CAMOCTOATEJILHOI PadoThI Hpeay-
CMATPUBAIOTCH:

Pekomenoayuu cmyoenmam no camocmoamenvhou pavoome kK meme Neo.

a) MOATroTOBKA K JIEKIIMH;

[Tpu moAroTOBKE K JEKIUSAM MO JAAHHOM TeMe CTYJEHTY O3HAaKOMUTHLCS C HaOOpPOM OCHOBHBIX IO-
HATHM.

[Tonnmanue Mexann3mMa 00pa3oBaHuUsl PACTBOPOB OOBSACHSET JEKTPOIUTHUECKYIO JUCCOLUAIINIO,
COOTBETCTBEHHO TEOPUU CHIIBHBIX U CIA0BIX AJIEKTPOJIMTOB, HOHHOE MPOU3BEACHHUE BOBI, BOJIO-
POJIHBINM TOKa3aTeNb, TUIIBI TUAPOIIN3A CoJiel, BhIUUCIeHne pH pacTBopa ruaponusyomencs co-
mu. Kiaccudukanust TuCiepCHBIX CHCTEM IMOABOJUT K MOHUMAHHWIO CTPOCHHS KOJUIOMAOB. J{is
UJealbHbIX PACTBOPOB OOBSCHSIOTCS KOJUIMTaTUBHBIE CBOMCTBA : MOHMKEHHUE MapIUAIbHOTO JaB-
JIEHUS TIapa PacTBOPUTENS HAJ PAcTBOPOM, MOBBIIICHHE TEMIIEPATYPhl KHUIICHUS, MOHIKESHUE
T(3am) —3akoHbI Payiisi, 0CMOTHYECKOE J1aBJICHHE.

0) MOAr0TOBKA K BBHINOJHEHHUIO U 3aLIUTE JIA0OPATOPHOIl padoTHhI ;

[Tpu mMoAroTOBKE K BHIMOJHEHHUIO U 3alllUTe JJaOopaTOopHOU paboThl o Teme Ne6 «PacTBophI iiek-
TpOAUTOB. O3HAKOMIJICHHE C DJIEKTPOXUMUYECKUM METOJOM OIPEACTICHUS CTeIIEHU JUCCOIMAINH dJICK-
TPOJIMTOBY» CIIEyEeT 03HAKOMHUTHCS C METOAMYECKUMHU YKa3aHUSAMHU K BBIIOJIHEHUIO TAOOPATOPHBIX padoT,
(TecTsl)).

[Tpu camocTosTENIbHOI MOATOTOBKE K J1abopaTopHOU padote mo Teme Ne6 ciieqyer mpoaHaau3upo-

BaTh BO3MOKHBIC 3aKOHOMEPHOCTH MPOTEKAHUS PEAKIIUI TUCCONMALIMY TPEJIATaeMbIX B MPAKTH-

KyMe pacTBOPOB BEIIECTB.

B) NOAr0TOBKA K MPAKTHYECKUM 3aHATHSIM;

[Tpu MoAroTOBKE K MPAKTUYECKUM 3aHATHUSAM CTYJIEHTY HEOOXOUMO MO0JIb3YACh HAOOPOM OCHOBHBIX
TIOHSTHIA, OBJIAJICTh AITOPUTMOM PEIICHUS 3a1a4 0 TEME.

Ot1o 3amaum Ha: 1)oOpazoBaHme ocanka, 2)Ha pacueT pH CHIBHBIX M CIaOBIX AJIEKTPOJIHUTOB,

3)pacueT WMOHHOW cuHJBI pacTBopa, 4)3axkoHbl Paynss W BeTMYMHY OCMOTHYECKOTO JaBIICHUS,

S)cTpoeHHe KOJJIOWIHBIX YaCTHII.

1) MOAT0TOBKA K KOHTPOJIbHOM padoTte

[Ipu moAroToBKE K KOHTPOJIBHON paboTe HEOOXOAMMO U3YYUTh METOJIUYECKUE yKa3aHUs, (TECTHI).
HOI[FOTOBKa K HGI7[ COCTOHUT B HSYHGHHH TGOpI/II/I, 3a1<permeH1/m yCBOGHHOFO MaTepI/Iana, HOBTOpeHI/II/I
AJITOPUTMOB PEILIEHUS OCHOBHBIX TUIIOB 33/1a4 1O TEME.

Konmponwsuwie éonpocwt onsa camonposepku no meme Ne 6:

6.1. Kak xmaccupuImpyroT 3JEKTPOIHTHI 10 CTETICHH qucconuanuu? K kakuM 3JIeKTpoJITaM OT-
Hocstcs cneaytommue Bemectsa: KOH, NaCl, CH;COOH, HNO3, HNO,, K,CO3, H,0, NH,OH, HCIO?

6.2. Uto mpeacrasisieT coO0H BbIpaKeHUE ISl KOHCTAHTHI TUCCOIMAIMN? 3alUIIINTE BRIPAKEHUE
JUTSE KOHCTaHTBI AUCCOIUAINH a) YKCYCHOM KUCIIOTHI, 0) THIPOKCHIa aMMOHHS, B) YTOJIBHOM KHCIOTHI (110
CTYIICHSIM).

6.3. Paccuwuraiite pH a) 0,05 M pactBopa comsiHO# kucnotsl, 6) 0,05 M pactBopa ruapokcuia
ammonus, B) 0,01 M pactBopa runpokcua kaius, ) 0,02 M pacTBopa a30THCTOM KHCIIOTHI.

6.4. Beimaget nu ocaZok Mpu cMenMBanuu paBHbIX 00beMoB 0,01 M pacTBopa HUTpaTa cepedpa u
0,005 M pactBopa Hoguaa Kaus?
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ITo Teme 7 «aeKTpOXHMHYECKHE CHCTeMBbl. OKHCJINTEILHO-BOCCTAHOBHUTEILHBIE CBOMCTBA Be-
IECTB» B KAYeCTBE CAMOCTOATEILHOM Pa00ThLI NPEIYCMATPUBAIOTCS:

Pexomendayuu cmyoenmam no camocmonamenvHoil pabome Kk meme Ne7.

a) NoAroToBKA K Jekuusim (1uac);

ITpy moAroToBKe K JEKIUSAM 10 JAHHOM TeMe CTYIEHTY O3HAKOMHUTbCS C HAOOPOM OCHOBHBIX I1O-
HSTHUH.

3HaKOMCTBO C TEMOM HauuMHAeTcs C IOHATHS CTENeHb OKucieHus. OKUCIUTENBbHO-
BOCCTAaHOBHUTCILHEIC CBOMCTBA BCIICCTB. OKHCINTEIbHO-BOCCTAHOBUTEIBHEIE pPCaku UX BUMBI. Turmsr
JIEKTPOOB. Pl HanpspKeHUs: METaJIoB.

0) MOATrOTOBKA K BBINMOJHEHHUIO U 3a1IUTe JJadopaTopHOi padoThel 1o teme Ne 7;

[Tpu moAroToBKe K BBIMOJIHEHUIO U 3alIUTe JabopaTtopHoil paboThl o Teme No7 « OKUCIUTENbHO-
BOCCTaHOBUTEJIbHBIE peakluu. [Ipyu 3HAKOMCTBO C BIMSHUEM XapaKTepa Cpeibl Ha X0/ PEAKLUU Ha Mpu-
Mepe MepMaHraHaTta Kajaush CJeQyeT 03HAKOMHUTHCS ¢ METOJNYECKUMU YKa3aHUSMHU K BBIIOJIHEHHUIO Jia-
060paTopHBIX paboT (TECTHI)).

[Ipu camocTOSITEIBHOM MOATOTOBKE K JJabopaTopHOH padboTe 1mo teme Neb ciiemyeT mpoaHau-
3UpOBATh BO3MOXHBIE 3aKOHOMEPHOCTH MPOTEKAHUS OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIUN

Ha IpHUMEpEe pacTBOpa MepMaHraHara Kajlus CyJb(QHUTOM HATpus B pa3HbIX cpenax. PesynbraTsl

MIPOBE/ICHHBIX OIBITOB HATJISIHO MOKA3bIBAIOT, YTO MPOJIYKT PEAKIIMU 3aBUCUT OT YCIIOBUM IMpOBE-

nenusi. PacctaHoBka k03()(QUIIMEHTOB B ypaBHEHHUU METOIOM 3JIEKTPOHHOTO OanaHca CBUIETEIb-

CTBYET O MOHUMAHUU CYITHOCTH 3TOTO B3aUMOJICUCTBUSI.

B) NOJITOTOBKA K MPAKTUYECKUM 3aHATHIM;

[Ipu moAroTOBKE K MPAKTHYECKUM 3aHATUSM CTYJIEHTY HEOOXO0IUMO IMOJIb3YSICh HAOOPOM OCHOBHBIX
TIOHSATUHN , OBJIAJCTh aJITOPUTMOM PEIICHUS 3a7ad 10 TeME, PaCCTaHOBKOW KO3 (UIIMEHTOB B ypaBHEHU-
sx. [IpoBeputh ycBOEHUE U 3aKPENUTh U3Y4YaeMblil MaTepuall MO3BOJISIET BHINOJIHEHUE PACUETHOTO 3a/a-
HUS U OTBETHI HA BOIPOCHI TECTOB.

Kaxk npaBuiio, BOpOCH! HAIIMCAHUS YPABHEHUN OKUCIIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINN
HE BBI3BIBAIOT 3aTPyAHEHUN. AKLIEHTUPYETCS BHUMAHUE HA Pa3jIM4UU NOHATUH «CTENEHb OKUCIIE-
HUS» U «BAJEHTHOCTb»,  pa3duparoTcs  KpUTEpUU  KiIacCUPUKAUM  OKUCIUTEJIbHO-
BOCCTAHOBUTEJIBHBIX PEaKLMi, CIOCOOBI pacueTa 3HAUYE€HUH MOJSIPHBIX MacC SKBHBAJEHTOB OKHC-
auTene u BoccraHoButenen. [Ipu paccMorpennn konnuectBeHHOW oneHkn OBP: cranpgapTHbIf
3JIEKTPOJHBIN IMOTEHIWAJ, PABHOBECHBIM IOTEHLUAN IIPU YCIOBUAX OTIMYHBIX OT CTAHJAPTHBIX,
ypaBHeHne HepHcTa, 21eKTpOoABMKYINAs CUJla PEaKIUU- BCEX ITUX MOHITHM MOSABIISIFOTCS ONpeJe-
JIEHHBIE TPYJHOCTH B YyCBOEGHMHU MaTepuana. O3HaKOMJIEHHE ¢ MEXaHW3MOM BO3HUKHOBEHUS JIBOM-
HOTO JIEKTPUYECKOTO CJIOS,, U3BMEPEHUEM NOTEHINAIA METAIUIMYECKOTO IEKTPOAA IO OTHOLIEHUIO
K BOJIOPOJHOMY DJIEKTPOMY JA€JIaeT MOHATHBIM PsJi HAIIPSHKEHUN METaJUIOB U COOTBETCTBEHHO BBI-
YHCIIEHUE DJIC PEAKIIHH.

Konmponwvuwsie éonpocwt ona camonpogepku no meme Ne7 :

7.1. aiite omnpeseneHus MOHATUAM: OKUCIUTENh, BOCCTAHOBUTEIb, OKHCIEHUE, BOCCTAHOBIICHUE,
JMCTIPOTIOPITMOHUPOBAHNE, CTENICHh OKUCIICHUS, PABHOBECHBIH MoTeHIInaI. CHOopMyITHpYyHTE YCIOBUSI
nporekanus OBP.

7.2. BO3MOXHO JIM IPOTEKaHUE OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINA MEKTY CIIETYOIIHU-
mu BemectBamu: a) HpS u HI, 6) HoS u H,SO3, B) H,SO3 1 HCIO,4? Eciin BO3MOXHO, YKaKHUTE OKUCITH-
TEJIb ¥ BOCCTAHOBHUTEIb.

7.3. Kakoii mporecc (OKHUCIEHNE U BOCCTAHOBIIEHUE) POUCXOUT MIPU CIEIYIOLINX MpeBpale-
mmsix: a) P — P 6) Ca — Ca™; B)N° > N*2
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7.4. 3anuimuTe ypaBHEHUS TOTYPEaKIMii: a) BOCCTAHOBICHUS HOHA AIFOMUHHUS;, 0) OKMCIICHUS Mar-
HUS; B) OKHCIICHUSI HOHA S 110 BBICIIIEHT CTEIICHH OKHCIICHHSI.

7.5. TlonGepure kKOAPGUITUEHTHI METOIOM SIEKTPOHHOTO OallaHCca, YKaKUTE OKHCIUTENb U BOC-
craHoButenb: a) Cu + HNO; —» CU(N03)2 + NO + H,0; 6) HI + H,SO4 — |, + H,S + H,0,
B) P + HNO3; + H,O — H3PO,4 + NO,
r) KMnO,4 + NaNO; + H,SO4 — MnSO4 + NaNO3 + H,0 + K;SO4, K kakomy TuIly OTHOCATCS yKa3aH-
Heie OBP?

7.6. JlokaxuTe c MO3ULMNA CTPOCHUS aTOMa, KaKue CBOMCTBA (OKHCIUTENIbHBIE, BOCCTAHOBUTEIb-

HbIC WIH JBOWCTBEHHBIC) MOXKET MPOSIBIIATH YIJIEPOI B cocTaBe MaHHBIX coenuneHuit: a) CO, 6) CO,, B)
CH4, F) KzCOg, ,Z[) CS,, e) HCN

IIo Teme 8 «YCTPOHCTBO M VCJIAOBUS PA0OThHI TaJbBAHHYECKHX JJIEMEHTOB. XHUMHYECKHE HC-
TOYHHKH TOKA. TOIJIMBHBIE 3JIEMEHTHI) B KaUeCTBE CAMOCTOATEIbLHOM PadoThI MpeaycMaT-

pUBaIOTCH:.

Pexomendayuu cmyoenmam no camocmoamenvHoi pabome Kk meme Ne§.

[Tpu moAroToOBKE K JEKIUSAM MO JaHHON TeMe CTYJEHTY O3HAaKOMUTHCS C HaOOpPOM OCHOBHBIX IO-
HATHM.

[Tonnmanue mexaHu3Ma BO3HMKHOBEHHUS TOKOOOpPa3yrolled peakiuu pa3dupaeTcss Ha IMpHUMepe
MEHO-IIUHKOBOI'O T'aJIbBAHUYECKOT0 IeMeHTa. Cxema 3JIeMEHTa, ITPOLECChl Ha AJIEKTPOIax, pac-
YET BEJIMYUHBI 3/IC TIOKA3bIBAIOT BO3MOYKHOE JAJbHEHIIEE MCIIOIb30BAHNUE TaJbBAHMYECKUX 3JIe-
MEHTOB B KaU€CTBE [IEPBUYHBIX HCTOUHUKOB TOKA.

0) MOAroTOBKA K BBLINOJHEHUIO U 3alIUTe JIa00OpaTOPHOiIl padoThl «I aJIbBAHUYECKUN 3JIEMEHT.
OBnazneHne METOMKOMN COCTaBIEHMSI FalbBAHUUECKUX LIETIEN U N3MEPEHUs HalPsKEHUS TaJlbBAaHUYECKUX
3JIEMEHTOBY;

[Ipn noAroToBKe K BBHINOJHEHUIO U 3aIIMUTE JIaOopaTOpHON padboThl o TeMe Ne§ «l anbBaHUUECKUI
snemeHT. OBlajieHHe METOJMKON COCTaBJIEHUS rajlbBaHUUYECKHUX LIETIEH U U3MEPEHUsl HAIPSHKEHUS Tallb-
BaHUYECKUX 3JIEMEHTOBY» CIIEAYET 03HAKOMHUTHCS C METOJIMYECKUMHU YKa3aHUSAMU K BBITIOJIHEHHIO JIabopa-
TOPHBIX padoT.

[Ipu camocTOSITeNTHHOM MOATOTOBKE K JIabopaTopHOU padboTe 1o Teme Ne® criemyeT nmpoaHaau3u-
pOBaTh HEBO3MOXHOCTh MPOTEKAHUS OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakiuil, ecau 31ac< 0.
Cesi3p Mexy 3¢ (Es) u sHeprueit [mO0ca Takke MO3BOJSET yKa3bIBaTh CAMOIIPOU3BOIBHO TIPO-
TEKaloIllie MPOIeCcChl, OTCI0OAa HEOOXOJUMOCTh pacyeTa 3JIC TajJbBaHUYECKOTO 3JIEMEHTAa JIBYMS
cniocobamu. [Tonspusanus KOHIEHTPALMOHHAS M JEKTPOXUMHUECKasi BBI3BIBACT U3MEHEHHUE I10-
TEHIMAJIOB 3JIeKTPoA0B. TpeboBaHUE pacueTOB HOBBIX PABHOBECHBIX MOTEHIIMATIOB MPEIyCMOTpe-
HO MPOTPaMMOM JUCHIHUIUIMHBI, U BBHITIOJTHEHHE TaKHX PacyeTOB MPHUCYTCTBYET MpPH 3aluTe 1abo-
paTopHOi pabOThl M MHIMBUYAJIBLHOTO 3a/1aHUS.

B) MOATOTOBKA K MPAKTHYECKHM 3aHATUIM;

[Tpu MOArOTOBKE K MPAKTUYECKUM 3aHATHUSAM CTYJEHTY HEOOXOIMMO MOJIb3YsCh HAOOPOM OCHOBHBIX
MOHSTHI , KoTopbIe NpuBeaeHb! B [Ipunoxxenuu [1.PI1J] b1.6.8 (1K, cc, 13, TecThl ) k pabodeit mporpamme
HACTOSIIEH IUCIUIUIMHBI OBJAJETh aJTOPUTMOM pEIIeHHs 33Jady MO Teme: 1) CONMOCTaBUB BEIMUYMHBI
CTaHJApTHBIX MOTEHIIMAJIOB, ONPEEIUTh aHOJ, 2)IpuBecTH cxemy ['3D, 3) mpuBecTH ypaBHEHMS dJIEK-
TPOJHBIX MPOIIECCOB U TOKOOOPA3YIOILYI0 peakinio, 4) BeIMOIHUTH pacueT DJ]C 11 ykazaHHOTO rajibBa-
Hudeckoro siementa (I'9). [IpoBeputh ycBOGHHE U 3aKpENUTh U3yyaeMblil MaTepHall MO3BOJISET BBINOJI-
HEHUE UH/IMBUYaJIbHOTO 33/1aHUS U OTBETHI Ha BOIIPOCKHI TECTOB.

1) MOAT0TOBKA K KOHTPOJIbHOM padoTte
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[Ipu moaroTroBke K KOHTPOJIBHOW paboTe HE0oOXOAMMO M3Y4YHTh METOIUYecKue ykazaHus. K Hei
COCTOMT B U3YYECHHH TEOPHUH, 3aKPEIUICHUN YCBOCHHOTO MaTepHalla, IOBTOPEHUH AJITOPUTMOB PEIICHHUS
OCHOBHBIX THIIOB 33124 110 TEME.

Konmponwvuvie 6onpocwt 01s camonposepku no meme No§ :

8.1. Jlaiite onpezneneHus MOHIATUIM: CTaHAAPTHBIN AIEKTPOAHBIM MOTEHLUAI, IPOBOJI-
Huku | u |l pona, anexTpoas! (MX BUAb), TajabBaHU4YeCcKuil aneMeHT, J/1C, nongpuzanus 3a€KTpo-
JI0B (€€ BHJIbI), IEKTPOXUMUYECKUN psiJl HAIPSHKEHUH METaJlIIOB, KOHLEHTPALlMOHHBIM rajbBaHU-
YECKHUU DIIEMEHT.

8.2. CocraBbTe cxemy a) Cu-Ag, 0) Li-Mn, B) Mg-Al, r) Al-Ag, n) Fe-K, e) O,-Ha, n)
Pb-Zn, e) Zn-Hg, x) Cu-H,, 3) Na-Cl,, ) O,-Cu ramsBannueckoro sjaemMenTa (yCJIOBHUS CTaHIapT-
HbI€). 3alUIINTE YPaBHEHUS 3JIEKTPOAHBIX npoueccos u TOP.

8.3. Paccumraiite DJIC a) cepeOpsiHO-KENE3HOTO, ©O) JIMTHEBO-ATFOMHUHUEBOTO,

B) HaTPHUEBO-LIMHKOBOI'O, ') MarHUEBO-CBUHIIOBOI'O raJIbBAHUYECKOT'0 3JIEMEHTA ABYMS CIIOCO0aMU
— Yepe3 pa3HOCTh MOTeHIHaIoB u yepe3 AG rop.

8.4. CocTaBbTe cxeMy pabOThl a) HATPUEBO-ATIOMUHUEBOT0, 0) KaJIbLINEBO-CEPEOPSHOTO, B) JIH-
TUEBO-LIMHKOBOTO, I') OJIOBSIHHO-Maruuesoro 1’0, paccunraiite ero 9/[C npu craHgapTHBIX yCIOBUAX U
npu u3meHeHnnu aktuBHocteil [IIOU B pesynbrare padotsl B 10 pa3 nmo cpaBHEHHUIO CO CTaHAAPTHBIM 3Ha-
YEHHUEM.

8.5. CocrtaBbTe cxemy paboThI a) cepeOpstHOTO, 0) MEAHOTO, B) CBUHIIOBOTO KOHIIEHTPAIIMOHHO-
r'0 TaJbBaHUYECKOI'0 3JIEMEHTA MPU aKTUBHOCTAX MOHOB cepedpa 0,1 u 0,001 mMoab/1, ykaxuTe akTHB-
HOCTb HOHOB B aHO/IHOM M KaTOAHON 30HaX. 3alULINTE YPAaBHEHUS AIEKTPOJAHBIX [IPOLIECCOB, paccunTai-
te Benuuuny J/IC.

IIo Teme 9 «DJEeKTPOIN3 PACIIABOB M BOJAHBIX PACTBOPOB JJIECKTPOJUTOB» B KaYecTBe Ca-
MOCTOSITEJIbHOI PadoThl IPeyCMATPUBAIOTCH:

Pekomenoauuu cmyoenmam no camocmoamenvHoll paoome Kk meme Ne9.
a) MOAr0TOBKA K BBHIIOJHEHHIO U 3aIIHUTe JJa00paTOpPHOi padoThl
[Ipy moAaroToBKEe K BBIMOJHEHUIO U 3alluTe 1abopaTopHO paboThl mo TeMe Ne9 «3nexTponus.
N3yyeHne KOIM4YECTBEHHBIX 3aKOHOMEPHOCTEH Ipolecca 3IeKTPOoIn3a Ha pUMepe pacTBopa cyibdaTa
HATpUS Ha HUKEJIEBBIX DJIEKTPOJIaX» CIIEyeT 03HAKOMUTHCS C METOJAMYECKUMHU YKa3aHUSIMHU K BBITIONHE-
HUIO JIa0OPAaTOPHBIX PabOT.
Tonbpko mocie ycBOeHHsI MOHSATUI TEMbl MOKET IPOU30MTH MOHUMaHHE MEXaHH3Ma dIIEKTPOIU3a
pacIiaBoB U BOAHBIX PACTBOPOB AJIEKTPOJIUTOB. [ MApPOIIN3 BeliecTBa B pacTBOPE BEIET K U3MEHe-
HUIO XapaKTepa CPe/Ibl, YTO BIUSET Ha BEIMYMHY MMOTSHIIMATIOB JIJIsl IPOIIECCOB Pa3psIKU BOABI HA
AJIEKTPO/AX U 3TO HEOOXOAUMO YUUTHIBAThH JIJISl OMPEENICHUS B 1€JIOM MOCIEA0BATEIbHOCTH MIPO-
LIECCOB HA IEKTPOIAX.

[Ipu camocToATEeNbHON TOATOTOBKE K jJabopaTopHOi paboTe mo temMe Ne9 crmemyer dYeTKo
MPEJICTABISITh AITOPUTM PACCMOTPEHHS Tpoliecca deKTponnsa:l)cxema; 2)mociieqoBaTeaIbHOCTh
MIPOIIECCOB Ha DJIEKTpOJax: a)Ha aHoje; 0) Ha KaToje; 3)pacueTsl o 3akoHam Dapanes; OTiuune
pEaIbHBIX MPOIIECCOB OCIOXHEHHBIX MAacCUBAIMEl aHOAAa M BIUSHUEM XapakTepa Cpelsl Ha Mpo-
I[ecc MOYEPKUBAI0 3HAUCHHE SKCIIEPHMEHTA TPU U3yYeHUH XUMUH. [ padukn xomaa mosisipu3aiu-
OHHBIX KPUBBIX YUUTHIBAIOT U3MEHEHHUE MOTEHINAIOB Ha JIEKTPOAAX U3-3a MOJIIPU3aIIH.

B) NOArOTOBKA K NPAKTUYECKUM 3aHATUAM;
[Ipu mOATOTOBKE K MPAKTUUECKUM 3aHATHSIM CTYJIEHTY HEOOXOIMMO T0JIb3YsICh HAOOPOM OCHOBHBIX
MOHSATHH.
Co’XHOCTh BBI3BIBACT OMPEACIICHHE OYEPETHOCTH Pa3psIIKU YaCTHI] HA AJIEKTPOIaxX U HEO0O-
XOAUMOCTb YUHTHIBATH BBICOKYIO MOJIIPU3ALIAIO ITPOLECCOB BbI JEJIEHUS KUCIOPOAa HA aHOJAE U BO-
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J0poJia Ha Karoje. TpyqHOCTH KOJMYECTBEHHBIX PAacyeTOB Ipolecca 3JIEKTPOIU3a M0 3aKOHAM
@Dapajes cBsI3aHbI TJIABHBIM 00pa3oM ¢ HEYMEHHEM OIpeNessaTh 3HAUE€HUSI MOJISIPHON MacChl SKBU-
BaJICHTOB BellecTB. [IpoBepuTh yCBOEHHE U 3aKpENUTh U3Y4YaeMblii MaTepua MO3BOJISET BBINOJI-
HEHUE MHIUBUIyaJIbHOTO 3aJjaHUSI U OTBETHI HA BOIIPOCHI TECTOB.

Konmponwvusie éonpocwt ona camonpoeepku no meme No9 :

9.1. MHaiite onpeesieHus: HOHATUAM: 3JIEKTPOJIN3 (€r0 BUbI), BBIXOJ 110 TOKY, TaCCUBALIMSL.
Chopmynupyiite 3akonsl Dapajes.

9.2. CocraBbTe CXe€My 3JIEKTPOIN3a, 3aIHUILINTE YPABHEHUS 3JIEKTPOIHBIX IPOLIECCOB, IPUBEINUTE
rpaduK MoIsIpU3alMOHHBIX KPUBBIX JUUIS 3JIEKTPOJIM3a clieayromux pacTBopoB: a) NiSOq (pH = 3, anek-
Tpoasl xkene3nbie), 0) KNOj (pH = 7, anekrpons! yronsabie), B) CuCl, (pH = 5, aHox yronbHbIH, KaTo
CBHHIIOBBIN). YKaXXuTe, Kak MeHseTcss pH B aHOTHOM M KaTOAHOM 30HAX MPH JICKTPOIIH3E.

9.3. Kakoe BelecTBO U B KAKOM KOJIMUYECTBE BBIICIUTCS HAa YTOJIBHOM aHOJE IPU JIEKTPOIU3E
BoaHOTO pactBopa Na,SO,4 (pH = 7), eciiv Ha KaTojie IPH TOM BBIICIUIIOCH 3 T BelecTBa?

9.4. PaccumTaiite BBIXOJ [0 TOKY METaJlJIa MPH IEKTPOIr3e BOAHOTO pacTtBopa NiSOy (pH = 3),
ecnu niocye npoxoxaeHus 96500 K macca kene3Horo katoaa uaMeHunaach Ha 14,68 r. AHOJ yrOJIbHBIH.

9.5. Paccuutaiite Bpems, HEOOX0AUMOE /1JIs TIOJYUYEHUS Ha YKEJIE3HOM U3JIEMH LIUHKOBOTO MOKPHI-
THS Maccor 65 T IpH MPOXOXKJACHUH TOKa CHIION 4 A uepe3 pacTBOp CynbdaTa IMHKA, €CJIU BBIXOJ 10 TO-
Ky 1uHKa paseH 50% (pH = 3).

Ilo Teme 10 «Koppo3uss MeTayioB. MeponpusTHS IO 3AIUTE METAJJIOB OT KOPPO3UHU.» B KAUYECTBE
CAMOCTOSATEJLHON PAa00THLI MPEIYCMATPUBAIOTCS:

Pexomendayuu cmyoenmam no camocmoamenvroi pabome xk meme Nel.

a) NOAT0TOBKA K JIEKI[UH.

[Ipu noAroTOBKE K JIEKLIUSAM 110 JaHHOH TeMe CTYJEHTY O3HAKOMHUTbCS C HAOOPOM OCHOBHBIX I1O-
HSTHM.

Tonbko mociie yCBOGHUS! OCHOBHBIX MOHSATHI TEMbl MOKET IPOU30UTH MOHUMAaHUE MEXaHU3-

Ma koppo3uu. O0uiIre KpuTeprueB 00ycIaBIMBaeT MHOTOOOpasre BU0B KOPPO3uH. BiusHue okuc-

JUTeNeN NMPUCYTCTBYIOIIMX B OKPYXKAIOIIEH Cpelie YYUTHIBAeTCS MPH pacdyere WX MOTEHIHAIOB C

UCTIONIb30BaHueM ypaBHeHUs1 HepHcra. OCHOBHBIC TOJNIOKEHUSI TEOPHH DIIEKTPOXUMHUYECKUX TPO-

IIECCOB BOCTPEOOBaHBI TAKXKE JJIST KOPPO3UH.

0) MOAroTOBKA K BHINOJHECHHIO U 3allTe JIA00PATOPHOH pPadoThI;

[Ipu noAroToBKe K BBHINOIHEHUIO U 3aluTe JlabopatopHoi paboTsl mo Teme NelO «Koppo3us wme-
TaJI0B. M3yueHne ycioBrii BOSHUKHOBEHHUSI KOPPO3HOHHBIX MUKPOTATbBAHHYECKUX AJIIEMEHTOB, SIBICHUS
MOJISIPU3ALIMHU U JETONSPU3AIIH [IPU KOPPO3UU. 3HAKOMCTBO C HEKOTOPBIMH METOJaMM 3alUThl METaJ-
JIOB OT KOPPO3HH.» CIEAYyeT 03HAKOMHUTHCS C METOJMYECKHMHU YKa3aHUSIMHU K BBITIOJHEHHUIO J1abopaTop-
HBIX paboT.

['maBHOE B OTpe/IeTICHNN BHUIA NENOJSPU3AIIN COCTOUT B OMPEICIICHUH COOTHOIICHUS MEXITy I10-

TEHIIMAJIOM OKUCIIUTENS W MOTEHLUAIOM aHOJa. Y CTAaHOBUB NEPBOHAYAIIbHO, KAKOW M3 KOHTAKTH-

PYIOIINX METAIIOB SIBIISIETCSI AHOJAOM M PACCUMTAB MOTEHIAIBI BOBMOXKHBIX OKHCITUTEIICH, MOKHO

OTIPeNIeIUTh BO3MOXKHOCTh (HEBO3MOXKHOCTh) MpoLiecca KOppo3un. M3ydeHne ponu MeTaluInyecKix

MOKPBITHH pacCMaTPHUBAETCS HAa IPUMEPE OLIMHKOBAHHOTO U JIY>)KEHOTO XKeJe3a.

B) MOATOTOBKA K MPAKTHYECKUM 3aHITHSM;

[Tpu mOATOTOBKE K MPAKTUIECKUM 3aHSATHIM CTYJCHTY HEOOXOMMO TTOJIb3YsCh HA0OPOM OCHOBHBIX
MOHATHUH , KOTOpbIE NPUBEJICHBI B pabouell MporpaMme HAacTOSIIIEH AUCHUIUIMHBI, OBJIAJIETh aJTOPUTMOM
pelIeHus 3a/1a4 1o TEME.

TpynHOCTH BBI3BIBAET YUET COJEPKAHUU OCHOBHBIX OKHMCIHMTENEH B OKpY’KaIOLIEeH cpene: co-

JiepKaHre KHCIOPOAa M BOJOPOJA B BO3yXe YUUTHIBACTCS ypaBHEHHEM HepHCTa M COOTBETCTBEH-
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HO BJIUSET H pacyeTsl. [IpoBepUTh YCBOCHUE U 3aKPENUTh U3Y4aeMblii MATEPHUAII II03BOJISIET BBINOJI-
HEHUE MHIUBUYaJIbHOTO 3aJaHUsA U OTBETHI HA BOIIPOCHI TECTOB.

1) MOAT0TOBKA K KOHTPOJIbHOM padoTte

[Ipn moaroToBke K KOHTPOJIBHOW pabote HEOOXOUMO U3YYHTh METOJUYECKHE yKa3a-
Hus.IToaroroBka K HEl COCTOWT B M3YyUYEHUHM TEOPHH, 3aKPEIJICHUH YCBOCHHOT'O MaTepuaja, MoBTOpe-
HHUHN aHFOPI/ITMOB pemeHI/m OCHOBHBIX THUIIOB 3a/J1a4 I10 TEMC.

Konmponwvusie 6onpocwt 01s camonposepku no meme Ne 10:

10.1. [aiite onpeneneHus: MOHATUSAM: KOPPO3HsI METAJIOB (€€ BHJIbI), MPOTEKTOP, aHOIHAS
U KaTOoAHasl 3alluTa, aHOJHOE U KaTOJHOE MOKPBITUE, JIETUPOBAHUE, AHOIMPOBAHNUE, MUKPO-
raibBaHuueckuil saemMeHT. ChopMynupyiTe YCIOBHUS NPOTEKAHUS SICKTPOXUMHUUYECKOM
KOPpO3UH.

10.2. IIpu KaKOM COOTHOUICHHWH IMOTEHIIMAJIOB OKHCIMTENCH U MOTEHIHMANa pa3pylIaeMoro
MeTajula BO3MOXKEH KOPPO3UOHHBIN nponecc? PaccunTaiiTe NOTEHIMAIBI OKUCIUTENEH Mpu
KOppo3uu BO BiaxkHoU atmocdepe nipu a) pH = 8, 0) pH = 13, B) pH =0, r) pH = 7. 3anu-
HINTE YpaBHEHUSI KUCIOPOIHON U BOJAOPOJHON ACTIONSPU3ALIMU [T JAHHOU CPEJIBI.

10.3. Onumute npoiecc KOppo3uu Keje3a ¢ BKIIOUSHUSIMU yriepoja Ha Bo3ayxe npu pH = 4.
10.4. YTo MOXET CIy>KUTh MIPOTEKTOPOM JIs 3AIIUTHI OT KOPPOo3uu u3aenaus u3 meau? CocrtaBbTe
cxemy MI'D (pH = 10), 3anummure ypaBHEHUs IPOLIECCOB.

10. 5. OnumurTe CyIHOCTh CASAYIOIIET0 METO/IA 3alIUThI OT KOPPO3HH: a) H3MEHEHHUE CBOWMCTB
KOPPO3UOHHOM Cpejibl, 0) aHOAHAs 3aluTa, B) KATOJHAS 3alUTa, I') MPOTEKTOPHAs 3aIl1Ta, 1)
aHOJTHOE MOKPBITHE, €) KaTOIHOE MOKPBITHE, 3K) JIeTupoBaHue. [IpuBeaute npumepsl.
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