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Cmoaenck — 2020
TEMA 1. HOMEHKITATYPA HEOPIr AHUWYECKUX BELUECTB. CTEXUOMET-
PUYECKUE 3AKOHbI. KIIACCbl BELLIECTB.

XuMunyeckass HOMEHKNAaTypa - 00JIaCTh HayYHOU TEPMUHOJIOTHH.

HomMmeHKnaTypa — crucrema paloHANbHBIX Ha3BaHUH BellecTB. B OCHOBY KOTOpOIi mo-
JIO’KEH COCTAB BEILECTB.

Homenknarypa ckinagbiBaeTcs u3 (Gopmyi(n300pakeHne cocTaBa Belll-Ba C MOMOUIbIO
CHUMBOJIOB XUMHUYECKUX 3JIEMEHTOB U YMCIIOBBIX MHACKCOB) U Ha3BaHUM (M300pakeHUE CO-
CTaBOB C IIOMOUIBIO CJIOBA WJIM PYIIIIBI CJIOB).

[lepexon ot hopmysT K Ha3BaHUSAM U HA0OOPOT OCYIIECTBIIAECTCS CUCTEMON HOMEHKIIATYP-
HbIX nipaBui. CumBoubsl ipuBeaeHsl B [IC. O0b1yHO 310 1-4 nnu 1-4 u 2-s1 OyKBbI JaTHH-
CKOTr'0 Ha3BaHUs dJIEMEHTA.

Bo3sne cumBoia anemMeHnTa MOryT OBITh TIPECTaBIICHbI 4 HHACKCA:

M - maccoBoe uncio 3apsin noHa

9 - CUMBOJI DJIEMEHTA

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

Cu®* -voH mMenm ¢ 3apsjoMm +2
YC - M30TOI yTiIepojia C MaCCOBBIM YUCIOM 12
?**U — M30TOIT ypaHa ¢ MacCOBBIM YHCIIOM 235

HomeHKnaTypa nMPOCTbIX Bell-B

Hazpanue npocToro Bemr-Ba CTpOUTCS U3 PYCCKOTO HA3BaHUS JIEMEHTA U YUCIOBOW MPH-
CTaBKH.

YucaoBbIE€ IPUCTABKU:

1-moHO 5-menTa 9-HoHa
2-1 6-rexca 10-exa
3-Tpu 7-renta n-
4-teTpa 8-okTa
CucremaTnuecKkie Ha3BaHMUSI TpanunuoHHbIC HA3BAHUS
0 Monoxkuciaopos ATOMapHBIN KUCTIOPO.
0, Jukucnopon MoneKkyJIsIpHbIN KUCIOPOJT
0, Tpukuciopon O30H
E, Terpadocdop benwiit pocdop
S, [Tonmucepa Awmopdnas cepa

I[J'IH pacupCacyCHus IMPOCTHIX BEI-B YalllC UCIIOJB3YIOT TPAJUIMOHHBIC U CIICHHAJIBHBIC
Ha3BaHMU:.
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CnoXxHble BelwecTBa

B Heoprannueckoi XMMUM K HUM OTHOCSITCS OKCHJIbI, OCHOBAHUS, KACIIOTHI, COJIU.
OKCHJIBI — 3TO CJIOKHBIE BEII-Ba COCTOSIINE U3 2-X AJIEMEHTOB, OAUH U3 KOTOPBIX — KHC-
nopoxn (3, 0y)

OcHOBaHUS — 3TO CIIOKHBIE BEUI-Ba, IPU AUCCOLMALNHA KOTOPBIX BOZHUKAIOT THIPOKCO-
rpymnsl — OH™ (Me(OH),,)

Conu — 3T0 cn0XHbBIE BEUI-Ba, IPU AUCCOIIUALIMHA KOTOPHIX BO3HUKAIOT KATHUOHBI METajia
1 aMMOHUS ¥ aHHOHBI KMCIOTHEIX octaTtkoB. (Na,S50,, K], CuBTy,)

B HanucaHuu CIIOXKHBIX BEUI-B HA IIEPBOE MECTO CTABUTCA JIEKTPOIIOJIOKUTEIbHAS CO-
CTaBJISIONIAsl — KATHOH, 32 HEHl 2JIEKTPOOTpHUIIATEIbHAS — aHUOH. A Ha3bIBaIOTCS HA000-
pOT: CHayaja aHuOH, 3aT€M KaTUOH, TPUYEM HAa3BaHHE AHMOHA B UMEHUTEIBLHOM MaJEKeE,
KaTUOHA B POJIUTEIILHOM.

Okcuabl

CucteMaTuuecKue Ha3BaHUs CTPOAT MPU MOMOIIY YUCIOBBIX MPUCTABOK. Takxke cylie-
CTBYET CIIOCO0 Ha3BaHUA NMPeI0oKeHHbIN [IITOKOM, KOTOPBIN COCTOUT U3 CI0BA «OKCHI»
U Jjajiee YKa3bIBACTCs AJIEMEHT U €r0 CTENEHb OKUCICHUSI pUMCKUMU LU paMu B CKOOKaXx.

Oxcuna CucremMHOE HA3BAHHUE Haszpanue no Iltoky
Al O Tpuokcun quamtomuaust | OKcU amfOMUHUS
FeO MOHOOKCH]T JKene3a Oxkcup xenesa (2)
Cl,0; ['enTaokcua quxsiopa Oxcup xJsopa (7)
OcHoBaHus

Ha3BaHus cOCTaBISIOTCS COTIIACHO OOIIEMY MPaBUITY.

NaOH - rugpokcu HaTpus

Fe(OH);- ruapokcu xenesa(3)

CuapOKCHABI METAILIOB, coep Kamue oqaoBpeMenHo 02~ u OH ™ HaspIBaeTcs MpUCTaB-
KOM MeTa-

FeO(OH) - metaruapokcu xxeesa

A KaTHOHBI METAJLIOB C pHcoequHEHHBIME K HUM OH - rpynmaMu HasbiBaeTcs mpucTaB-

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

Kucnotbl
1.beckucinopoaHbie K-Thl
HaSBaHI/Ie COCTOUT U3 }IByX CJIOB.: HpI/IJ'IaPaTeJ'IBHoe H CJIOBO KHUCJIOTA. K HAa3BaHUIO KHUCJIO-

TOOOPa3yIOLIETO AIEMEHTa T0OABIISIIOT OKOHYaHUE — BOJIOpo/iHad . JIig Ha3BaHUs aHHOHA
UCIIOJIb3YIOT KOPEHb JIATUHCKOTO Ha3BaHUA dJIEMEHTA C 1o0aBieHruemM cypdukca -ui-
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DIJIEMEHT ®opmyna k- | HazBaHue k-Tbl VYp-e nucconmanyi 1 Ha3B. AHUOHA
THI
Cl HCl Xmoposogopoauast | HCl «<» H* + Cl~™
K-Ta
Br HBr bpomosomopoauas | HBr«<» H* + Br~
K-Ta
] HJ Wonosomoponuast | HJ & H* + ]~
K-Ta
s H,S Ceposogopoanas | H,S < H¥ + HS™ <« 2H *+§2-
K-Ta

Bcerna nazpanue OMHApHOTO COSAMHEHUSI 3aKaHYMBAETCS HA -UJ-

B*3N~3- purpun 6opa
Mg3?P;3- pocohun Maraus

2.Kucnopoiocoiepkaiine K-Tbl

(HO),,30,,
H,CO, (HO0),C0 m=1
H— 0\

H—0

crnabas K-Ta
Eciu m<22, To kucnora
crnabas

C=0

H,S50,
m=2
H-ON y,0

/5 \
H-0 )
CUJIbHAS K-Ta
Ecnu m=2, To kucnora

CHJIbHasi BCCTraa

(HO),50,

HCIO, (HO)CIO,
0

H—0-cCl =0
\N 0

caMasi CUJIbHasA U3 BCCX
HCOPTraHUYCCKHUX KUCJIIOT

Haszseanue KNCIOTHI COCTOUT U3 JIBYX CJIOB: IIPUJIAraTeIbHOTO U CJIOBA «KUciaoTay. [Ipuna-
raTelibHOe 00paszyeTcs U3 pyCCKOTO Ha3BaHUS KUCIOTOOOPA3yIOIIETo 3JIEMEHTa ¢ J00aB-

JIEHUEM OKOHYAHWIA:

HpI/I maX. CTCIICHU OKUCJICHUS - {

—HAA
—E&dA
—eedA

Ha3panue annoHa COCTOUT U3 KOPHA JIATHHCKOI'O Ha3BaHUA KHCJ’IOTOO6p33YIOHICFO 2JIC-

MeHTa U cypdukca -aT-

Ecnu crenenb okucieHHs MPpOMEXYyTOUHasi(MpeaBbiciias), 00buHO +3, +4, B mpuiiara-
TEJIBLHOM HCTOJNB3YyeTCs Cyh(dUKC -UCT- a B HA3BAHUM aHUMOHA — CY(PPUKC - UT-

DJIEMEHT dopmyna Ha3zBanue AHUOH
p+5(max) « H, P+5Qj Oprodochopuas | POF~- oprodoc-
H,0 K-Ta (bar-nox
HPO, | Meradochopnas | PO; - meradoc-
K-Ta dbaT-non
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pta H; PO, ®ocdopucras k-ta | PO3 -pochur-non

Conu

HasBanue cosieit moguuHseTcs: 0OIMKUM MpaBUiIaM:

Cuf, - nomun menu (2)

NaHCO; - runpakopOoHat HaTpust (KUCIIast COJIb)
(CuOH), - xap6onar rugpokcoMeau(2) (OCHOBHAS COJIb)
KAI(50,), — cynbdar kaaus aTtOMHHUS

CTeXVlOMeTleﬂ — 9TO pa3acil XUMHHU, I/I3y‘-IaI-0Hllflf/'I KOJIMYCCTBCHHOC COOTHOIMCHUC MCXK-
Ay pCarupyromuruMu BCII-BaMH, KOTOPBIC OIIPCACIIAOTCSA OCHOBHBIMUA CTCXUOMETPHUUYCCKH -
MH 3aKOHaMH.

OCHOBHbIEe 3aKOHbI :

1) 3akoH coxpaHeHHUs Macchl BeriecTBa (JIaByasbe)

2) 3akoH nocrostHcTBa coctaBa (IIpycr)

3) 3aKOH PKBHUBAJICHTOB

4) 3aKk0OH KpaTHBIX OTHOIIICHHIMA

5) 3akoH ABOTajpo U APyrUe
B crexromMeTpuu HCIOJIB3YIOT MOHATHE KOJIUYECTBa Bell-Ba 1¥(N) — 3TO YUCIIO CTPYKTYP-
HBIX AJIEMEHTOB (2TOMOB, MOJIEKYJI, HIOHOB, 3JIEKTPOHOB H JIp.)
[¥] = monb
Mouib — 3TO KOJI-BO Belll-Ba, KOTOPOE COJIEPKHUT CTOIBKO CTPYKTYPHBIX DJIIEMEHTOB,
CKOJIBKO COJIepKUTCS B 12 T. n3oTomna yriaepoaa 12.

Popmynbl BbipaXXeHUs KOJi-Ba Bell-Ba

OcHoBHBIE (POPMYJIBI [TpousBoanbIe HOPMYJIBI
ﬁ:E m=1 = u
I
9=2
Vm V=19V,
="
Na N=98d=N,

Uwucino ABOrajipo — 3TO YHUCIIO YACTHII, CoAepKammuxcs B 1 MoJie 11000ro BeIiecTBaBa.
Momnsiprast Macca M - 3T0 Macca OJTHOTO MOJIb BEIll-Ba

[M] = kr/Momb=r/M0JIb
M(H,50,4) - 98 r/monme M(HNO;) = 63 r/monb

JIroOn1e paC‘léTBI OCYHICCTBIIAKOTCA Ha OCHOBC CTCXUOMCECTPHUUICCKHUX 3aKOHOB.
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aA +bB— ¢C + dD | rpe a,b,c,d —crexunomerpuueckue ko3 duineHtsl, a A,B-pearenTsl,
C,D-nipoayxThr.
m{d}  m{B)  m({)  m(D)

asp(A)  bsp(B)  e+p(C)  d+u(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, OTJIWYAIOIIMECS YHCIIOM HEHTPOHOB B SpE.
Kaxkas 1 yacTun BaxkHee?
Ecau ot HEliTpalbHOTO aTOMa OTHSATH WX JOOABUTH K HEMY JJICKTPOH, TO ITOIYYHUM
MOHBI 3TOro aToma: ,Hanpumep, H® —e — H™ - xatnon
H°4+e—-H - TUIPUI-UOH
[Ipu u3MeHeHnn B SApe YKUCIia HEUTPOHOB UMEEM HU30TOIIHI.
[Tpu u3mMeHeHnH Yucia MPOTOHOB MOJIy4yaeM HOBBIM BUJ aTOMA.
Yucno npoTOHOB PaBHO MOPSIKOBOMY HOMEPY AJIEMEHTA.

1911r. — nnanerapHas mojaenb Pesepdopaa: BOKpyT siipa, Kak MIaHEThl BOKPYT
ConHiia, BpamarTces 3J€KTPOHBL. DTa MOJENb HAXOIUJIACh B TPOTUBOPEYUH C 3aKOHAMU
KJIACCUYECKON (PUBHKHU.

1913r. - moctynatsl bopa, kKoTopbie onpeaeaeHHbBIM 00pa3oM 000CHOBAIY TIJIaHE-
TapHYIO MOJIEIb.

IToBenenue yacTul B MUKPOMUPE MOJAUYHUHSIETCS CBOUM 3aKOHAM, OTJIMYAKOIINXCS OT
3aKOHOB KJIACCHUECKOU (PU3MKH.

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

h
A =—,rme A - 1uuHA BOJIHBI
T

h - nocrosunas [nauka (= 6,62 * 1073 o)
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1 - Macca 4acTHIIbI
U - CKOPOCTb YaCTHIIbI
Heckonbkum rogamu noz:xe [[pBucon u Jxepmep NOATBEPANIIHN 3Ty THIIOTE3Y,
HaOMro1as1 TU(PPaKIIUIO JIEKTPOHOB.
B 1927r. I'eitzenOepr BBEN MOHATHE HEOTPEEIEHHOCTH U CHOPMYITUPOBAIT TIPUH-
ITUT HEOTIPEIEIEHHOCTH: HEBO3MOXKHO C OJITMHAKOBOW TOYHOCTHIO OJTHOBPEMEHHO YKa3aTh
MECTO PACITOJIOKEHUS YACTHIIBI U €€ CKOPOCTh:

h N
Ax = Ap = o e A-HeomnpenenéHHOCTH KOOPAMHATEHI,

Ap - HeomnpeeNEHHOCTH UMITYJIbCA.

Taxum 06pa3oM, KBaHTOBas MEXaHUKA 3aMEHSIET MMOHATHE TOUHOTO MECTOHAX XK Ie-
HHUE DJIEKTPOHA B aTOMe 00Jiee WIM MEHEE BEPOSATHBIM B JaHHOM 00BEME aTOMHOIO IIPO-
CTPaHCTBA.

BoHOBBIE CBOKCTBA 3JIEKTPOHOB TAK)KE CBUAETEIBCTBYET O HEBO3MOKHOCTH (DUK-
CUPOBAaHMsI, T.€. OH OKA3bIBAETCS pa3Ma3aHHbIM B TOM WJIM UHOM 00JACTH MPOCTPAHCTBA.

[IpeauHTep COCTABUII YPaBHEHUE TSl BOJIHOBOW (QyHKIMHU YW(TICH), pacIIpOCTPaHs-
€TCcsl B TPEXMEPHOM MPOCTPAHCTBE U OMKCHIBAIOIIEH [TOBEEHUE MIEKTPOHA B aTOMHOM
IPOCTPAHCTBE, CBsA3aI €€ ¢ 00LIel TOTeHIIMAIbHON YHEPTUEH:

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

Pemenue ypasuenus lIpenunrepa naBano BO3MOXHOCTb pacCUUTaTh YPOBHU Ha
KOTOPBIX MOT'YT HaXOJIUTCA 3JEKTPOHBI B aTOME.

VYpasuenue npennoxennoe LpeauHrepom HamoOMUHAET ypaBHEHUE CTOSIYEH BOJI-
HBI, OUCHIBAIOLIEH KOJeOaHUe CTPYHBI:

T

H
N’

2., obnaka

|

f

N

Pa3ma3zannoe 3i1. 061ako 15t

4=

Tam, rae ¥ — mMax - MecTo HaubOJIbIIEH BEPOSTHOCTH HAXOKIEHHS DIIEKTPOHA.

E,, = f(n,[,m) — roBoput 06 onpeAenEéHHOCTH MOPUHOHHOCTH SHEPTHH, I/IE MO-
KET HaXOJUTCS DIIEKTPOH.

Takum o0pa3om, pemienue ypaBHeHus Llpenqunrepa 000cHOBaIO NPUHIUIT KBAHTO-
BaHMs, IPEICKa3aHHbI bopom.

Keanmoesvie uucna
Kaxxaoe uucio OygeM XapakTepu30BaTh:
1)  DHepreTuvecku
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2)  TIpoctpaHCTBEHHO
3)  VYkaspiBaTh €ro BO3MOXKHBIC H3MCHECHUS
4)  VYkasbiBaThb 0003HAYCHUS
N - XapaKTepU3yeT SHEPTUI0 YPOBHS, HA KOTOPOM HaXOJUTCS 3JIEKTPOH, IPUUEM
4yeM OJIMOKE K 1Py, TEM DHEPrUM MEHbIIE; N u3MeHseTcs OT 1 70 0o, MPUHUMAET EbIe
3Ha4YEeHUS; N — IJIAaBHOE KBAHTOBOE YHCIIO
[IpunHsATO N 0003HAYATH 3arJaBHBIMU OYKBaMU JAaTHHCKOTO an(aBuTa, HAUMHAs C
OykBbI K.
[Ipu n3yueHnn CIEeKTPOB 0KA3aJOCh , UYTO KaXkaasi JIMHUSL COCTOUT KaK Obl U3 He-
CKOJIBKUX JIMHH, OBLIO BBEIECHO OPOUTAILHOE KBAHTOBOE YUCIIO I,
Yucio [ xapakrepusyer paciueruieHie YPOBHS Ha IOAypOBHH. M SHEPruro mo-
YPOBHSI.
[ xapaktepusyet hopMy SIIEKTPOHHOTO obJaka. bojee cTporo roBopsT 0 MOMEHTE
KOJIMYECTBA JIBUXKEHUS JIEKTPOHA.
I — usmenstercs or 0 1o (n — 1). YeranosieHo uro 1 — biil ypoOBEHb paciagaeTcs Ha
N — 0€ KOJI-BO OJAYPOBHEMN, T.€.

/\I:2
II::](:) = |=1 |=2 =3 =4
s b
/\::O Q
n=2
1=0
n=1

Ecim n=1 =0 — 1-p1if ypOoBEHb COCTOUT M3 OJTHOTO ITOAYPOBHSI, HA KOTOPOM PAaCIIO-
JaraeTcs S-00J1aKo.

[Tpu 6omee riy0OKOM U3yYEHUH CIIEKTPOB BO3HUKIIA HEOOXOJAMMOCTH BO BBEICHUH
3-ero KBaHTOBOTO YHCJIA, T.K. B MArHUTHOM ITI0JI€ CTICKTp JJUHUN PACIICIUIICTCS Ha He-
CKOJIbKO JIMHHM.

JJ1st Xap-Ku TIOBEICHHSI aTOMOB B MAarHUTHOM TIOJI€ CYIIIECTBYET 3-€ K8AHMOBOE
yucio m;

M, — onpeAenEHHOEe 3HAYCHHE MPOSKITMU KOJI-Ba JIBM)KCHUS JJICKTPOHA HA HAIpaB-
JIEHUE MarHUTHOTO TOJISI UJIA OTIPEIENIsieT TOJIOKEHUE OpOouTanu B mpocTpancTre. [Ipu-
HuMaet 3HayeHus ot 0 go +l.

Takum oOpa3om Bcero 3HaueHuii (21+1). bbuto 0OHApykeHO, YTO CIIEKTPAIBHBI-
SIIMHUY MOTYT OBITh PACIICTUICHHBIC U TIPH OTCYTCTBUU MAarHUTHOTO TTOJIS.

Cy1iecTBOBaHME ATUX JIMHUN MaJI0 OTINYAIOCh MO JITTMHE BOJIHBI IO JIJTMHE BOJIHBI,
00BbsICHSIEMOE HEOOIBIITUM Pa3InuYUEM B DHEPTUU JIEKTPOHA ¢ OJUHAKOBBIM 3HAUCHUEM

10
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mM; MAarHWTHOTO KBaHTOBOrO uncia. C BBeaeHHEM M MOSIBHIOCH MECTO HanboJee Bepo-
STHOTO HaXOKJICHHUS DJICKTPOHA — «TUCHKI.

[Tycts n=1 I1=0 m=0

Ecimu n=2, to I=0, m=0

I=1, m=-1 (T 11
m=0 2p
m=1 2S

Hudpa — ypoBeHb, 6yKkBa — OypOBEHB
Ecmu n=3, I=0 m=0

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

Ecnu moacunrars ynciao opOurtaneil Ha ypoBHE, UMeeM 1-b1ii ypoBeHb -1 opOurais,
2-oii -4, 3-i1 — 9, 4-1i-16, T.e. uncI0 OpOUTANEH HA yPOBHE PaBHO M7,
[To3:xe ObLI0 BBEIEHO 4-0¢€ K6anmogoe Yucno Mg Ha3bIBAEMOE CHUHOBLIM.

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

1 1
JIMIHC OT APYTUX YHUCCII OHO NMCCT BCCI'O JIBA 3HAYCHUA, 1a U TC I[pO6HI>IG: E H — E

1 o
E - BpalllCHUC 110 4aCOBOU CTPCIIKC. OO6o3Hayvaercs: T

1 .
— 2 - BpalleHue MPOTHB YACOBOH CTPEIIKH. OGo3unauaercs: |

CBC}IéM BCHO I/IH(I)OpMaIII/II-O O KBAHTOBBIX YHCJIaX B Ta6HI/IIIy3

Kgan- | Xap-ka N3menenune O6o3HaueHue
TOBOE
9HCIIO
DHeprusi [IpoctpancTBO
n DHeprus ypoB- | Pazmep ypoBHA Or 1,2 no= K,LM,N...
H4 (CT1051) (peanbHO 110 7)
| Oueprus nox- | @opma am.odnaka | Ot 0 mo (n-1) | s,p,d,f
YpOBHS
my, - Pacnonoxxenue op- | Ot -1, 0 mo +1 | Lludpa c coot-
ourasei B mpo- (Bcero 21+1) | BeTcTBYIOIIMM
CTPaHCTBE MO/ 3HAKOM
JNEUCTBUEM Mar-
HUTHOTO MOJIs 3eM-
M
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m, - Bpamienue iek- Zpg—= Tl
TPOHOB BOKpPYT
CBOCH COOCTBEHHOM
OCH.

e

CocTostHuE 3JIEKTPOHA B aTOME XapaKTepU3yeTcss HA0OPOM YEThIPEX KBAHTOBBIX YHCEI,
KOTOpBIE MPEJICTABISIOT COO0M KaK Obl «ITACHIOPT AJIEKTPOHAY», TaK KaK Ka)XJI0MY JIEKTPO-
HY COOTBETCTBYET CTPOTO ONpeAeTEHHbIA HAOOP YUCEIL.

OcHoBHbI€E MpaBuUIia 3aM0JIHEHUS 3JIEKTPOHAMU YPOBHEHN U OIyPOBHEM:

) npuHIMT HAUMEHBIIIEH YHEPTUH;

2) npunuun (3anper) [laynu;

3) mpasuio ['yHna;

4) npaBuno KineukoBckoro.

1) [IpuHIMn HauMeHbIIeH SHepruH (TJIaBEHCTBYIOIINN): 3aMI0JIHEHUE HIET C YPOBHS
oOnagaronieil HaMMEHbIIEH YHepruei.

2) 3anper [Taynu: B aTOMe HET M HE MOXKET OBITh AJICKTPOHOB CO BCEMHU OJTMHAKO-
BBIMU KBAaHTOBBIMH YHCJIAMH.

Nﬂpﬁumzz

N}mam=2 (214+1) mna S—2(2*0+1)=2

p—2(2*1+1)=6
d—2(2*2+1)=10

3) [paswio ['yHIa: ipH 3aMOTHEHUN OpOUTAJICH ¢ OJIMHAKOBON YHEPTHEH 3aIT0THE-
HUE UAET TaKUM 00pa3oM 4TOOBI CyMMapHBINA CIIUH 0BT MAaKCHMAJIBHBIM.

4) [paBwio KieuykoBCKOTO: MPH 3alIOTHCHUH JICKTPOHHBIX OpOUTANICH CleIyeT
yauTHIBaTh cymMmmy (N+1). DnexTpoH uaét Ha opOHUTaIh C MEHBIITUM 3HAYCHUEM CYMMEI;

CJIy4yae paBeHCTBA CyMM 3JIEKTPOH UAET Ha OpOUTaIb C MEHBIIIMM 3HAYEHUEM TJIaB-
HOTO KBAHTOBOT'O YKCIa «Ny.

PacrnionoxeHue 31eKTPOHOB MO YPOBHSIM U TIOJIyPOBHSIM Ha3bIBAETCS AIEKTPOHHON
(bopMyII0ii, MU DJIEKTPOHHOM KOH(pUTYpaIue.

JlonoaHUTEIbHBIE TPaBUIIA:

- CyMMa 3JIEKTPOHOB = Z;

- YUCI0 YpoBHEW = Homepy nepuoja [1C;

- YUCJIO 3JICKTPOHOB HAa BHEIIIHEM YPOBHE PaBHO HOMEPY IPYMIIbI IJI SJIEMEHTOB
[JIABHBIX MOJArPYI. /sl 371eMEHTOB MOOOYHBIX TPYIII = 2;

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

Pd(0 a1exmponoe)

Xumuueckue ceotlicmea onpedeﬂmomc;z IJIEKNIPOHAMU HA 6HEUWLHEM YPOBHE

12
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Jl1st 2J1eMeHTOB 4 Tieproa, yunuThiBasi, yTo 3d-€ He MPUHUMAIOT Y4acTHs B PEaKIl-
sx, d-& muInyT cpa3y 3a CHMBOJIOM HHEPTHOTO T'a3a U TAKMM 00pa3oM, BaJICHTHBIC JJICK-
TPOHBI OKA3bIBAIOTCSI HAITMCAHHBIMU PSIIOM.

Haxoxxnenue anekTpoHa mo gopmMyiie MOXKHO MPOBECTH 3-Msl CIocoOamu:

1) mo olrmiemMy 4uCiIy IEKTPOHOB onpenensier Z,

2) KOOpAMHATHBIN crioco0: 1o BenmmurnHe N onpenenstoT nepuo, Mo CyMMe BHETII-
HUX 3JIEKTPOHOB — TPYIIIY;

3) 1o NpUHAIEKHOCTU K CEMEMCTBY: CEMEMCTBO ONPENENsAeTCs 110 YPOBHIO, KOTO-
PBIN HAXOAMUTCA B CTAANH 3aMOTHEHUS U 110 (OPMUPYIOLIEMY SIEKTPOHY.

Yro 3a snement 45'?

1 cnoco6: n=4 — [Ar]4s?

15125?2p°3s%3p°4s? - £,=7=19— K

2 crioco6 [Ar]*¥4st —19

4s! s5n=4—->4nep. —K
g.=1—=11p.A

3 croco6: B cranuu 3amonHeHuss HAaXOAUTCA S-TIOYPOBEHb, 3HAYHUT 3TO CEMEHCTBO
S-2JIEMEHTOB, puuéM 4 mepuon, 1€ — K

45! apngercs GopMUPYIOIKMM d1IeKTpoHOM K| TO eCTh ompemenser ero XxuMude-
CKHE CBOMCTBA U CEMEMNCTBO.

n=4
1=0
4s m.‘.'=0

Yro 3a -1 4513d%?
n=4—mnepuon 4
2.€ = 4, Ho onM Ha pa3HEIX ypoBHAX —* 4B = Ti
KBaHTOBBIC YMCIIa (POPMUPYIOIIETO JICKTPOHA!

n
(Tt | =2
3d \V m;=-1

dopMyIbl MOHOB.

HWoH 5T0 yacTHIia, BO3HUKAIOIAst PU OTAa4Ye(IPUCOEIUHEHNH) € U HECYIIUE OIIpe-
JeJIEHHBIN 3apsi.

Vkasats popmyiy nona ;,Mg?*

Mg°[Ne]3s?

Mg** Bosuukaer npu otnaue € — Hoe Mg — 2& - Mg**

JIOrUYHO MPEATIONOKHTH, YTO 3TO OYAYT HJAEKTPOHLI C 3S-II0YPOBHH,

Mg?* umeer crpykrypy nona [Ne]

13
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VIMEHHO 103TOMY B IPUPOJIE BCTPEUAETCS TOIBKO coeiuHenne Mg,
$2~ Bosuukaer npu S° + 2& — S
S%[Ne]3s%3p*
S§?-[Ne]3s?3p®

H_/

yCTOWYMBAsI KOHPUTYpaIUs
000J109KH 0JIarOpoTHOTO Tas3a

Mepuoanyvyeckum 3akoH u nepuoaunveckasa cuctema 1.1. MeHaeneeBa

Crnemyetr OTMETUTH YTO TOTBITKH KIACCU(PUITUPOBATH SJIEMEHTHI MPEITPUHIMAIHICH
HEOJIHOKPATHO.

1816r. Iebepeitnep. «IIpaBuno Tpuam»: Cl Br |

S SeTe

1862r. llankypTya «3eMHas Criupajby»: pacnoiaras 3JI€MEHTHI [0 CIIUPAIu BOKPYT
WINH/IPA, OOHAPYKUJIT CXOACTBO 3JIEMEHTOB, KOTOPBIE MONAaJalId HAa OJIHY BEPTHUKAIIb.

1866r. Heronene «3akoH OKTaT»: B IOPSAIKE BO3PACTaHUI aTOMHBIX Macc 0OHapy-
UJI CXOJICTBO B BOCBbMU 3JIEMEHTAX.

1869r. [leproanueckuii 3aKOH: CBOMCTBO MPOCTHIX 3JIEMEHTOB, IPOCTHIX BEILIECTB
HAXOJUTCS B 3aBUCUMOCTH OT aTOMHOW MAaCCBHI.

JIro6as 3aBUCUMOCTb MOXET ObITh IPEICTABIICHA IPAPUKOM, YPAaBHEHHEM, TA0JIH-
ueit. s 113 nanbonee nogonuia tadbnuna. B HacTosimiee BpeMs uzBecTHo okotio 400 Ba-
puanToB I1C, Ho Hanbonee nomynsipHo 3(KOPOTKO-, JUIMHHO-TIEPUOIHAS U JP...)

NocTpoeHune Tabnuubl

Tabmuma coctout u3 7-mu ropuzoHTAIBHBIX psgoB — [IEPMOJIOB.

Ilepuoo — 3T0 TOPUZOHTAIBHBIN PSJT JIEMEHTOB, B aTOMaX KOTOPHIX MTPOUCXOIUT
3aIl0JTHEHHE OJIMHAKOBOIO uKcia ypoBHel. [loka3pIiBaeT BHEIIHUN YPOBEHB, YUCIIO TO/I-
YPOBHE, Ha KOTOPOE pacIailaeTcs BHEIIHUN YPOBEHb U YUCIIO ypOBHEH. B Tabnuie nme-
eTcs 8 BepTUKAIBHBIX CTOJIOI0B, Ha3piBacMbIXx [ PYIITTAMMU.

I'pynna — 3T0 BEpTUKAIBHBIN PSI/T 3JIEMEHTOB C OOIIEH 371. 000JI0YKOI BHEIITHETO
yposrsi B HEBO3BYXXJIEHHOM cocrostHUM.

Paznuyator riaBHbIE M TOOOYHBIE TPYIITIBI

1A

Li [He]2s?

Na [He]3s?

K [Ar]4s® > ns?t
Rb[Kr]5s?
Cs[Xe]6st

Cxema 3anoJaHEeHMsI DJIEKTPOHAMU aTOMOB 311eMeHTOB B I1C:

| OneKTp. KOHPUTYpaIHs ‘ Yuciio 351EMEHTOB

14
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1 nepuop 15+ 2
2 mepuon 25 °2p™° 8
3 meprog 3s“4p"° 8
4 iepuo 45723d"%4p™° 18
5 nepuon 55240 %5p"® 18
6 mepuo 6s “5d'4f*5d"6p"° 32
7 iepuon 7s7°6d'5f '6d"

B 2004 rogy 6su1 oTKpBIT 118 351€MEHT.
[1C noka3piBaeT 3aKOHOMEPHOCTh U3MEHEHUS Psifia CBOMCTB:
1. paauyc atoma
2. TIOTEHIIAAJI HOHU3AIIUU
3. DHEpruro cpojCTBa K IEKTPOHY
4. KUCJOTHBIE CBOMCTBA (OCHOBHBIE, METAINTUYECKHE, HEMETATNINYECKHE).
CoBpemennas popmynuposka [1C:
a) «CBoOMCTBa MPOCTHIX 3JEMEHTOB, MPOCTHIX BEIIECTB, COCAMHEHUN 3aBUCIT OT
3apsiaa siapay.
0) «IlepruoaMYHOCT, M3MEHEHHSI CBOMCTB OOYCIIOBIIEHA TIEPHOIUYESCKU TTOBTOPS-
IOIIEHNCS AIEKTPOHHON KOH(MUTYpaLTAN.
PaccMoTpyum n3meHeHue CBOMCTB:
l'a — pacCTOSIHUE OT $JIpa 10 BHEIIHUX 3JIEKTPOHOB.

Na

Li

Ne
He

»
»

Z

[To nepuony I, yMEHbIIIAETCS, TaK KaK C POCTOM 3apsjia s/ipa yBEIUYUBACTCS MIPU-
TSOPKEHHUE BHEITHUX AJIEKTPOHOB.

[To rpyrmrie I, yBeIUUMUBAETCS, TaK KaK YBEJIMUYUBACTCS KOJMYECTBO DJICKTPOHHBIX
YPOBHEM.

[Morennuan nonusaiuu (J) — sHeprus HeoOX0AMMas JJIs OTPHIBA BHEIITHETO JJICK-
TPOHA OT HEUTpaJIbHOTO aToMa. PaznuuaroT 1-i, 2-#, 3-i moreHnmant. J;<J,<Js

PaccMoTpuM n3MeHeHue MOTeHIMala OT MOPsIKOBOI0 HOMepa

)

Ne
15
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[TnnooOpa3Hast 3aBUCUMOCTb IEMOHCTPUPYET NEPHUOJUYHOCTD U3MEHEHUS CBOMCTB.

E cposcrsa x e — SHEPTHSA, KOTOPAs BBIACIACTCSA IIPU IPUCOCTUHEHUH DIIEKTPOHA K
HeUTpasibHOMY aTtoMy. O0J1aat0T raJIOreHbl, CIeI0BaTeIbHO, 110 IEPUOY OHA YBEIHYH-
BAETCs, a MO IPYINE YMEHBIIAETCS.

AHaNOTUYHO 3JIEKTPOOTPUIIATEIHLHOCTD — CBOMCTBO aTOMa OTTITUBATh OT ce0s 00-
IIYI0 SJIEKTPOHHYIO Mapy (CBSI3EBYIO).

30 = (J+Ecp.)/2, HO BHEPTrUs CPOJICTBA U3BECTHA HE JJIS BCEX AJIIEMEHTOB, IOATOMY
JL.ITonnuaroM OblIa IpeIokKeHa OTHOCUTENbHAS [IKaja 3JeKTPOOTPULATEIbHOCTH.

XapaKTepUCTUKA W3menenue no nepuony | Mi3amenenue mo rpymnme
la YMEHBUIAETCS YBEIUYHMBACTCS

J YBEJIMYHMBACTCS YMEHBIIAETCs

Ecporcrsa YBEJIUYHMBACTCS YMEHBIIAEeTCs

20 YBEJINYMBAETCS YMEHBIIIACTCS

MeTananyeckue CBOMCTBA JJOTMYHO CBS3BIBATh C MOTCHIIMAJIOM MOHU3AIMU. MeTall-
JIMYECKUE CBOMCTBA MO MEPUOAY YMEHBIIAKTCS, TAK KaK YBEJIMYMBACTCS MOTEHIUAI
VMOHHU3ALINH, a TIO TPYIINE PACTyT.

Kpome Toro Obla 3amedeHa AuaroHaibHasi NIEPUOAUYHOCTD.

SO

Il nepron Na Mg Al Si

| nepuon

Kpome nuaronanbHOM MEPUOIUYHOCTH, KOTOPasi OOBSCHAETCA TEM, YTO HapacTaHHUe
HEMETAJUIMYECKUX CBOWCTB B IIEPUOJE CI€BA HAIPABO YPABHOBEIIMBACTCSA YBEIUYCHUEM
Me cBOIICTB B rpynie CBepxy BHU3.

3ameueHa elle 3Be3/1Hasi NIEPUOJANYHOCTD.

ii
Ga—>Ge<+-As

!

Sn

Cpennee apudmeTnyeckoe MEeX1y CBOMCTBAMU HAXOASAIIUXCS PSAIOM BEIIECTB.

[IVrp.  |[Vrp.  |Virp. [ Vlirp. | Vlirp.

Irp. A [lrp. | Hlirp.

16
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ns' ns’ ns‘npt | nsnp® | ns’np® | ns‘np® | ns“np® | ns“np®
Irp. B lrp. Irp. IVrp. Vrp. VIirp. Vlirp. | Irp.

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**®

CMOSIEHCKHA
( DUnnAn

TEMA 3. XUMWNYECKAA CBA3b. KOMITJIIEKCHbIE COEAUHEHUA

CymecTtByeT 4 BUa XUMHUYECKOU CBS3U:
1)  Honnas
2)  KosanentHas
a) Henonsipnas
0) [Honspuas
B) [1o 1OHOpHO-aKIIENTOPHOMY MEXaHU3MY
3) MeTannnyeckas
4) BogopoaHas
Kpome Toro nmeer Mecto mpu 00pa3oBaHUU CBSI3H MEKMOJIEKYJISIPHOE B3aUMOICH-
CTBHE

OCHOBHbIe XAPaAKTepUCTUKN CBA3N.

-ITTMHA

-3HEPIUs

-BaJICHTHBIN yTOJI

AnuHa cBa3n (d.g) — 370 paccTosiHEE MEKTY [IEHTPAMHA XUMHUECKH CBA3aHHBIX

ATOMOB.
1lamM=10""wm
1A=10"% cm

Jlnst iByxaToMHO#M Motekynbl A-B d,, & 14 + 15

JInvHa CBsI3M ONpEAEsAeTCA SKCIEPUMEHTAIBHO.

SHepaus cefAa3u

Paznuyaror sHepruto oOpa3oBaHus CBSI3U U SHEPTHIO pa3phbiBa CBS3U.
E 5, - 9TO SHEPrHsl, KOTOPAs BBIACISACTCS NP BOSHUKHOBEHUH MOJICKYJIbI U3 aTOMa
[Eﬂﬁp] = kJ>x/MOJIB.

E . wE*

obp " pas OIMHAKOBBI 11O BCJIMYMHC U ITPOTUBOIIOJIOXKHLI 110 3HAKY.

Mexay UIMHOM CBI3U U DHEPTHUEN UMEETCA 3aKOHOMEPHOCTD.

Mouekyna d,., HM E.., xIxx/Monb
HF 0,092 536
HCI 0,128 432
HBr 0,142 360

17




CMOSIEHCKHIA
MemO()ulteCKoe 06@07[61187'114@ Oucuunﬂuﬂbl ( ‘mmnymn
b51.0.07 «Xumusa»

|

MBN_

(HJ 10,162 | 299 |

B rpynmax paBaoMepHO T Ty, =T d,, =1 E_,

ITos1 KpaTHOCTHIO CBSI3M IMMOHUMAIOT KOJIMUECTBO AJIEKTPOHHBIX Map, KOTOPBIE OCY-
HIECTBIISIIOT XUMUUYECKYIO CBSI3b

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

0=0 E,, =404xDxc/mom  d.=0,121aMm

H.. YeM BBIIIE KPATHOCTH, TeM 4 1ynHa,
-C=C- a sHeprus 1, IPOYHOCTH T

-C=C-
-C-C-

> dCB

HanpaBlieHHOCTE CBSI3M BBIPA)KAETCs C TIOMOIIBIO BAJICHTHBIX YTJIOB.

BanieHTHBIH YroJi- 3TO yToia MEeXy BOOOpaKaeMbIMU JTUHUSMHU MTPOXOJISIIIUMHE Yepe3 11eH-
TPBI XUMUYECKH CBSI3aHHBIX ATOMOB.

JIByxatomHbIe MoJIeKyIibl Buaa AB, nanpumep HCl, B mpocTpaHcTBEe HE HAIPABJIEHEI
Tpéxaromubie MOJIEKYIIbI Buaa AB 5, MOT'YT OBITh JUHEHHBIMH, MOT'YT OBITH YIJIOBBIMH.

Hanpumep B-A-B Bell,
£180°- nuneiinas Monegyna
A }mo
B B

menbme £180°-yrnosas Monexyna

YeTbIpéxaToMHBIE MOJIEKYITbI BUIa AB3, MOTYT OBITH YIJIOBBIMH

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

18
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£120%3Be3ma
1) MoHHast CBSA3b — 5TO CBSI3b, KOTOPYIO OCYIIECTBIIIOT JIEKTPOCTATHYCCKUAM IIPHUTSIKE-
HHEM HOHOB.

Pacemompum obpazosanue monexynsr NaCl

Atombl Na u Cl pe3ko oTIMYaroTCs 10 3JIEKTPOHHON KOH(PHUTypaIuu, SHePT U
MOHM3AINHU, CPOACTBY K € u D0.

Atom OnextponHas | J, »B E., 3B 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 MEX Iy aToMaMu ob6pasyroTes nonsl Na ™ peakuuu
Na® — & — Na™, snexrponnas kondurypanus Na™: [Ne] — ycroiiunsas o6onouka 6ia-
TOpPOJIHOTO T'a3a, JHEPreTUYECKU BBITOJJHOE COCTOSIHUE. FIMEHHO MOATOMY B IPUPOJE HET
metaia Na, a Berpewarorcs coequnenns Na, rae scrpeuaerca Na™,

O6pasosanue Cl unér no peakyuu C1° + & — C1~. DnexTpoHHas KOHGUIYpaLKs
Cl™: [Ne]3s?3p®~Ar oHepreTH4ECKH BBITOHOE COCTOSHHE.

HNonHas cBA3b peain3yercs y 3JIEMEHTOB, UMEIOIINE 3HaUuTeNbHbIe oTanuus B 0.
OOBIYHO 3TO JIEMEHTHI | U 2 TpyNMbI ¢ 3JIeMeHTaMu 6 U 7 TPYIIIL, T.€. TaJTOTeHUIbI, OKCH-
JIbI U T.I1.

Yem T A30, Tem cBA3b HOCHUT GoJIce HOHHBIHM XapaKTep.

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

70— 1

v

1,8 3,5 A0

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

20(Cs)=0,7

OnHako, Jaxe y 3TOro COeAMHEHUS cTeneHb HOHHOCTU He aocTturaer 100%

Ecnu nmposkcnepeMenTupoBath, To A0 = 3,5

A30
% nonHoctu = — * 100%

=l
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[Mpunsto cuurath, ecinu AI0 = 1,8, cBsa3p npenmyIecTBeHHO HOHHAS, a 10 50% - KoBa-
JICHTHAsI.

d.; B HOHHBIX COEIUHEHHSIX HECKOJIBKO KOPOUE, YEM B KOBAJIEHTHBIX.
de=1, + 15 — 0,09 (30(8) — BO(A)) — HOHHadA CBA3b

KpucranpHas pemérka HOHHBIX COCIMHEHUH COCTOUT U3 3aKOHOMEPHO YEpPEeIy0-
IAXCA B €€ y3J1aX HOHOB.

=]
b=
P
-]
=
=
=

e
|
[
=

L P a+ {‘I —

HNonnbIie coequHEeHUS:

1) XOpoIIIo pacTBOPSIOTCS B MOJIIPHBIX PACTBOPUTESIX (TI0JJOOHOE B TTOT00HOM)
2) TPy THOJIETYYN

3) UMEIOT BBICOKHE TEMIIEPATYPHI IUIABJICHHS W KHITCHHUS.

2) KoBasieHTHas1 CBSI3b — 3TO HAaMOOJIEE IMPOKO PACHPOCTPAHEHHBIA THII CBSI3H.
1916r. — Ix. JIsronc: XuMuueckas cBsi3b B Mojiekyie H, wiu N, o6bsicHseTcs 06-

pazoBaHuEM OOIIUX JIEKTPOHHBIX Nap. B rpadguyeckoii popme cBsizb 0003HAYAETCS Yep-
TOH.

H H-H

eNeeNe N=N

l oO1ue 311. mapsl (oIeEHHBIC, TOKATHU30BaHHBIE, CBS3EBHIC)

HCHOI[GJ'IéHHaﬂ, HCJIOKAJIM30BaHHAaA JJI.I1apa

Ho B 310 BpeMs ObLIO HEMOHSTHO, TOUYEMY € 00BEIMHSAIOTCS B TIAPHI.
PaccMoTpuM oOpazoBaHue MOJIEKyYIIbI 5
KpuBast i3MeHEHHs TOTECHIIMAILHON SHEPTHU TIPU 00pa3oBaHuu MOJIeKysibl .
Ecnu paccMoTpeTh cucTeMy, COCTOSIIYIO U3 2-X saep U 2-X €, TO B HEW BO3MOYKHO
JeHCTBHE CAEAYIONINX CUIT: E oTTankuBaHus «sApO-aapo», «€ — €», E mputsokenus
«E — AApO»,
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H H
EE—H' _
naK B aTOME, TaK U B MOJIEKYJIE HMEET MECTO JIBUXKeHHE €, modToMy E,... He MeHs-
ercs, a E . — MeHAeTCH.
Takum o6pazom obmas E mensercs, Takxke Kak U Ej ey
Evon-ma =Eqg + Eo.o + (—Eg_e], TaKHM 00pa30M CUiIbl OTTAJIKUBAHHS CO
3HAKOM +, CHJIBI IPUTSKEHUS CO 3HAKOM —.

Torz[a 10 MEpC COJIMKECHUS ABYX aTOMOB BO3MOJKHBI CJICAYIOIINC CUTYyallun:

E 4

E u3onuppBaHHBIX aTOMOB BOJOPOOa

EC.EE (Hs)

1) Ha yuactke AB e | paccrosnust mexay atomamn T E;_, = E5, 4

2) B Touke B cuibl npuTsikenns ypaBHOBEIIUBAKOTCS CHJIAMU OTTaIKUBAHUHHUSI.
3) yuactok BC co crpemnennem L 7 pe3ko T E s Eae gy Eor s

Takum 06pa3oM Ha HEKOTOPOM PACCTOSTHUM 0=, CUIIbI IPUTHKCHHS YPABHOBEIIH-
BAIOTCS CUJIAaMH OTTAJIKMBaHUsI. B cucTeMe mMeeT MECTO BBIMTPBIIT SHEPTUH, KOTOPBIN U
SBJISIETCS DHEPIUEH CBsA3M B MoJiekye .

DTO BO3MOKHO €CJIM BCTpeTATcss 2 aromMa H € aHTHIappa/ie/lbHbIMH CIIHHAMH,
Ecnu BeTpeTarcs ¢ oiMHAKOBBIMU CIIMHAMHU, TO MOJICKYJIBI HE 00pa3yroTCsl.

BriBoa1: 0OpazoBaHue MOJIEKYI BO3MOXKHO, €CJIM BCTPEYAIOTCS ATOMBI UMEIOIIIHE:

1) HecrapeHHBIN JIEKTPOH

2) aHTHIApaJICIbHYI0 OPUEHTAIIMIO CIIMHOB

3) nepeKpbIBaHUE IEKTPOHHBIX 00JIAKOB HECITAPEHHBIX JICKTPOHOB B MPOCTPAH-
CTBE MEXY SJIpaMHU.

[Ipu 5TOM 00pasyercs 30HA C MOBBIIEHHOMN JIEKTPOHHOM IJIOTHOCTHIO, TJIE YHEP-
r'Usi MUHUMAJIbHA, TAKUM 00pa30M 3JIEKTPOHAM BBITOTHO HAXOJIUTCS B OTOM 00JIACTH.

OTH MOJ0KEHUS JIETJI B OCHOBY Memooda eaienmusix ceéazeil (BC).
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2-011 METOJ (Meno0 MOEeKYIAPHBIX opoumaneil) o0ObsICHICT 00pa30BaHUE MOJICKYJIBI KaK
3aI0JIHCHUE BaJICHTHBIMHU JJICKTPOHAMH MOJICKYJISIPHBIX OpOUTAJICH.

PaccmoTpum oOpazoBanue Moseky o metoxy BC.
Oopazoeanue MHO20A0EPHBIX MOJIEK)IL.

Hn=1 D]
H n=1 Ej

H,

B atromHOM IMPOCTPAHCTBC!

.

30Ha MOBBIICHHOM AJIEKTPOHHOM IIJIOTHOCTH

DJEKTPOHBI BPAIIAIOTCS B IPOCTPAHCTBE MEXAY SAPaMU, KaK Obl «CILHBAas» aTOMBI
B MOJIEKYJIBI 33 CYET MPUTSHKEHUS SIAPOM OJJHOTO 3JIEKTPOHOB APYTOTO.

O n=2

¢ D
SE |

30Ha MOBBIIICHHOMN AJEKTPOHHOUN MIIOTHOCTH

O0pa3oBaHME reTePOreHHBIX MOJIEKYIT

HCI H n=1 m

Cl n=3 N Cl
S
NN O@

Il. H

30HAa MOBBIIIEHHON
IJIOTHOCTH
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JIoHOpPHO-aKIeNTOPHBIA MeXaHU3M 00Pa30BaHNs KOBAJIEHTHOM CBSI3H

Atom-ZIOHOP npenocrasiisier napy 31€KTPOHOB (HEMOAEIEHHYIO) a IPYyTOi aTOM —
AKIIEIITOP kak Obl 3a0upaeT napy Ha BaKaHTHYIO OpOUTaJIb.

H +
o0
[ J
H N Cl
o0
H
HEIoAeJIEHHA apa BaKaHTHasi OpOUTAIb JI-A MexaHnu3m

B none ammoHus a3oT oOpa3syeTt 4 cBsi3u: 3 10 0OMEHHOMY MEXaHu3My U 1-1o go-
HOPHO-aKLENTOPHOMY MeXaHu3My. Bce 3T 4 CBsI3U COBEPILIEHHO OJIMHAKOBBI 0 JJIMHE U
SHEPTHUH.

Oo0Opa3zoBanue noHa amMmmoHus 1o BC

H* n=1 I:I aKIENToP

Oo0OpaszoBanue ¢Bsa3u B Mojiekyie CO

Cn=2 [f{]° " a— J-A

; .
On:ZM

C =0, o ects B (C)=3
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B(0)=3

CBolicTBa KOBaJICHTHOW CBSI3U:
1) Hacreimmaemoctb
2)  HampasieHHOCTB
3)  TOJAPHOCTH
1) HachlliaeMocTb  KOBaJICHTHO# CBSI3M 00BsICHSCTCS 3ampeToM [laynu uiu aHTu-
nappa’seibHas OpUEHTAlUs CIIMHOB, CBA3YIOIINX 3JEKTPOHHbBIE Tapbl, 00YCIABIMBAET 3TO
CBOWCTBO.
2) HanpaBiieHHOCTh KOBQJICHTHOU CBSI3H
Xumuueckas cBsi3b 00pa3yeTcs B HallpaBJIEHUU NEPEKPbIBAHUS 3JIEKTPOHHBIX 001a-

KOB.

[Ipumepsl nepeKkpbIBaHUS:

1) 30Ha C NOBBIIEHHON MIOTHOCTHIO HAXOAUTCS B IPOCTPAHCTBE MEKY SApaMu
oOpa3syercst & — CBA3b

@H e

2) 30Ha C NOBBIIICHHOW MIOTHOCTHIO NEPIEHIUKYIISPHO JIUHUSM — TT CBA3b
n

3) [onsipHOCTH CBSI3U O0YCITABIMBACTCS CMEIICHHEM OOIIIeH 3JIEKTPOHHOM Maphl B
ctopony 6oisiee D0 snemenTa. [Ipu 3TOM IpoOUCXOAUT TOJNISIpU3aIMs CBs3H; 6oee 0
aTOM IIPUHUMAET 3apsia «-», a apyroi «+». Hanpumep HCI.

[ToSIPHOCTD CBSI3U XAPAKTEPU3YETCS TUIOJILHBIM MOMEHTOM
=20 =*1 20e-3aps0, l-paccmosnue medxncoy zapsoamu.

[ul= 1 Jebai.

Benuuuna i 3asucut ot A0

Monekyna A30 u, Hebaii
HF 2,0 1,82
HCI 0,75 1,07
HBr 0,64 0,79
HJ 0,11 0,38
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L ABJIIETCA BCKTOpHOﬁ BCJIMYUHOM U HaIlpaBJICHA OT «H» K «=»

[IpunsiTO cCunrars, eciau

1) A30=0, To cBsI3b KOBaJIEHTHAS HEMTOJISPHAS

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

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

Tubpudu3auusi amoMHbIx opbumaneu

B monexyne BeCl, csa3p atoma Be o0yciosnena ygactuem S u p snekrponos Be.
J1.06. cBSI3U pa3HBIMH, OJHAKO PEHTTEHOCTPYKTYPHBIM aHAJTN30M yCTAHOBJICHA PaBHOIICH-
HOCTb CBSI3H.

J171st 0OBsICHEHUSI PABHOIICHHOCTH CBSI3U MCIIOJIB3YETCs SIBJICHUE THOPHUIU3AIUH.

['uOpuan3anus — 3T0 CMEIIEHUE SJEKTPOHHBIX 00IAKOB, Pa3HBIX MO YHEPTUH H TI0
dbopme, B pe3yibTaTe 4ero 00pa3yroTcs HoOBble THOpUIHBIE 00Jlaka C HEPaBHOMEPHO pac-
IPEACIEHHOMN JIEKTPOHHOU INIOTHOCTBIO.

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

['uOpugHOe 0051aK0 CUIIbHEE IEPEKPHIBACTCS C AJIEKTPOHHBIM 00JIAKOM JIPYTroro
aToMa M ModToMy 00pasyer 0oJiee MPOYHbIEC CBSI3U. DHEPIHs, BBIICTSIOMIAACS IIPU ITOM,
OKVIIAET 3atpaTsl Ha THOpUIN3AIHIIO.

Boaopoanas cBsA3b

OO0ycnaBnuBaeTcs NPUTHKEHUEM MEXKYy aTOMOM BOAOPOa OAHON MOJIEKYJIBI U
ciibHO D0 3JIEKTPOIUTOM APYTroi. ITO BBI3BIBAET ACCOUUALINIO MOJIEKYJ, TO €CTh MOSB-
JeHHe HeOOJIBIINX MOJIUMEPOB, YTO BIUSET Ha (PU3NUECKHE CBOMCTBA BEILIECTB.

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

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

H

B Hacrosiee BpeMst mpupo,1y BOAOPOJHOM CBA3U CUUTAKOT JOHOPHO — aKLENTOP-
HoM. Hasmuue BoopoaHO# cBsi3u Mex Ty Mosiekyinamu 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 BOJIOPOJIHON CBA3BIQ.

MeTasinyeckas CBA3b
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Mertannnueckas CBsI3b — 3TO OCOOBIN BUJ| CBSI3U, O0YCIIOBIIEH IPUTSIKEHUEM MEXKITY
MOJIOKUTENIBHO 3apSKEHHBIM OCTOBOM METAJNIMYECKON PEIIETKH U 00IECTBIEHHBIMU
BHELIHUMU AJIEKTPOHAMH, KOTOPbIE CBOOOHO MEPEMEIAIOTCS B MEXKI0Y3IHUSIX KPUCTAJI-
JNYECKON PEIIETKH.

[Ipu HanoXKeHUM Pa3HOCTH NMOTEHIIMAIOB BO3ZHUKAET HAIPABICHHOE IBUKEHUE
AIEKTPOHOB — TOK.

AHanOrnyHO 0OBSICHAETCS TEIIONPOBOIHOCTD.

Taxum BUOM CBSI3U 00BACHSAETCS IIACTUYHOCTh, KOBKOCTh, METAIIINYECKUM OJecK,
BBICOKME TEMIIEPATYPHI IIJIABJICHUS U KUIICHHUS.

KoMmiekcHbIEe COeIMHEHHU ST

KommnekcHoe coelMHEHnE — 3TO coelMHeHus 6osee BbICOKOro nopsaka. Cyiie-
CTBYET HECKOJIBKO ONPEIEICHHM.

KomriekcHOE COeTMHEHNE — 3TO COEIMHEHNE, Y KOTOPOTO XOTs Obl OJIHA CBSI3b 00-
PATHO IO TOHOPHO —aKLUENTOPHOMY MEXAHU3MY.

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

JIro00e KOMIUIEKCHOE COETMHEHUE COCTOUT U3 BHYTPEHHEHN U BHEITHEH cdepbl,
CBSI3b MEXJ1y KOTOPBIMHU — HOHHas1 !

BuyTtpennsis chepa 3akirovaercs B KBajpaTHble CKOOKHU. B Hell BbIIEAIOT:

KOMIUIEKCOOBPA3OBATEJIb — atoM uiv HOH, BOKPYT KOTOPOT0 KOOPIUHHU-
poBansl JIMI'AHJIBI — oTpuniaTeabHO 3apsy)KEHHBIE MOHBI WU MOJISPHBIE MOJIEKYJIbI, KO-
TOpbIE KOOPJIUHUPYIOTCS BOKPYT KOMIUIEKca 0O0pazoBaresiss. Yucno TUraHaoB Ha3bIBaeTCs
KOOPIMHAILIMMOHHBIM uncnom.

BHENI. BHYTP.
A —

K3 [Fe (CN) 6
o

Komriekco- nurasasl KOOPIWHAIMOHHOE YUCIIO
oOpazoBaTeib

3apsi1 KOMIIEKco0Opa3oBaTes:
[To BHemHEH cdepe onpeaensercs 3apsii BHYTPEHHEHN Cpelibl, KOTOPBIE MPEACTaB-
JSIFOT CO00M CyMMY 3apsiI0B KOMIUIEKCOOOpa30oBaTesi U BCEX JIMTaHIOB.
[Fe(CN)e]®, Tak kak 3K* ; X +6(-1)= - 3 X=3 = Fe**
1. KoMIekcHbIe coeTMHEHUS COAIepIKaIINe MOJICKYJISIpHbIe TUTaH bl Hanpumep, H,O -
AKBaKOMILJIEKCHI,
NH; aMMMaKaThbl,
CO - xapOoHWIBI
2. KoMiuiekcHoe coeiMHEHHE, COAep>KaT MOHHbBIE JIUTAaH/Ibl -  al[UA0KOMILUIEKCHI
3. [lukinyeckre KOMIIEKCHbIE COSAMHEHUS
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Homenknarypa KC

Bo BHyTpenHeil cepe cHauana Ha3bIBAIOT 3apsHKCHHBIC JIMTAH/IBI, 3aTEM HEUTpallb-
HbIe MOJIEKYJIbI. [lepeuncienne OJMHAKOBBIX JIMTAHIOB UAET B a(paBUTHOM HOPSIKE.
[Ipu Ha3BaHMM JINTAHJIOB OKOHYAHHUE -HJI. 3aMeHseTCs Ha CypdUKC —o-.

Ha3BaHUE aHUOHA Ha3BaHUE JINTaHa

OH ruapokc /] ruapokcO

CI ximopU /] xiopO

Br opomMU ] o6pomO

CN’ unanl /] 1005¢:)5(0)

NH;3 - aMMUH HEUTpaJbHbIC
H,O - aKBa JIMTaHbI
CcO - KapOOHMII

Hepen HAa3BaHHUECM JIMTaH/1d YKAa3bIBACT X YMUCIIO, UCITOJIB3Y YMCIICHHBIC ITIPUCTABKU.

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

Cuauasia Ha3bIBalOT: 1) aHUOH;

[Torom: 2) 4HCIIO JINTAHIOB;
3areM: 3) Ha3BaHME JIKTaHJIOB C —O-;
U naxoHer;: 4) Ha3BaHUE KOMILIEKCOOOpa3oBaTess B PpOAUTEIHHOM

HaJIe)Ke M €ro CTEIEeHb OKUCIICHHS
[Ni(NH3)4] Cl,- xnopua rerpaammunnukens (11)
[Cu(NH3),s] SO4 — cyabpar terpaammunmenn (11)

CoennHeHns ¢ KOMIUIEKCHBIM aHHOHOM
Brauajie Ha3kIBaeTCI aHUOH:

A B HEM: 1) 4ncio TUraHIoB; A
2) Ha3BaHUE TUTaHA0B ¢ cypdukcom « On-;
3) naTMHCKOE Ha3BaHHE KOMILIEKCO0OpazoBaTes ¢ cyhPurcom «
AN
AT» u ero C.O;

4) Ha3BaHUE KaTHOHA

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

K;3[Al Fg] — rexcadropoairoMmuHar kajaus

Aducconuanus KOMILIEKCHBIX COeIMHEHUM
JIro60€e KoMIIeKCOOOpa3oBaHUE, COCTOSIIINE U3 BHYTPEHHEH U BHEIIHEH cephl,
JIETKO TUCCOIIMUPYET Ha HHUX, TaK KaK CBS3b MEXITY HUMU HOHHAS.
BryTpennss chepa AuccConuupyeT HE3HAYUTEIIBHO, TI0 CTYNIEHSIM, YHCIIO KOTOPOE
PaBHO KOOPJIUHAITMOHHOMY YHCITY.
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OOBIYHO MUIITYT CyMMapHOE YpaBHEHUE TUCCOLMAIIMN BHYTPEHHEH Cephl:
[Be(OH),] 2 Be® + 40H
_ _ _[Bel-[oH]*
KpaBHOBecHoe _szc/ _KHecmﬁKOCTﬂ _m
IMomuun! Yem menbiue K ,ecroiicocrns TEM MPOUYHEEe BHYTPEHHSIAA cepa.
XuMuyeckasi CBSizbh B KOMIIJIEKCHBIX CO€TMHEHHUAX
Bo BHyTpeHHel chepe Mex Ty KOMILIeKCOoOpa3oBaTeIeM U JIUraHAaMu UMEET Me-
CTO KOBaJICHTHAs CBS3b, 00pa30BaHHAs MO JIOHOPHO-AKIIEITOPHOMY MEXaHU3MY

Nﬁz[BEC-!4] hi
Be® [He]2s? I
Be* [He]2s2p! —> M

Be?* [He] ten=2 L

Be’* wumeer 4 opOuranu pasHble 110 GOpME M SHEPIHU
¢l- Ccl Ccl- CI™

Be’* Bsp®
dopMa KOMILIEKCHOTO HOHA - TETPadIp

Huxnopoaprenar (1) kamust : K[AgCl,]

N3 GopMyIibl BUTHO KOOPAMHAIIMOHHOE YHCIIO =2, TO €CTh HMOH cepebpa oOpazoBai
2 paBHOIIEHHBIE CBSI3H, UMEET MECTO SP-THUOpHUAM3aIus noHa cepedpa; rudpuaHbe o0IaKa
00pa3yIoT JIBE G- CBA3M MO yriioM paBHbIM (£1807)

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

3agaua. Onpenenuth xapakrep cBs3u B Mosiekysie KHSO, u tum rubpuaHoii cpe-

IBI.
Heobxoanmo n300pa3uth CTPYKTYpHbIE POPMYIIBI KUCIOTHI U COJIU:

S
H-0 /\\ o~ \\ 0
M# 0O |v|¢o |v|¢o M#0
1)K 20 2)H-0 3)0-S(2) 5HSZ0(2)
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Paccuntaem paznocts 30 yKka3aHHBIX CBSI3EH:

1) 90 (0)=3,5 | A D0=2,59— uonHas
20 (K)=0,91

2)20 (0)=3,5 AD0=1,4— koBajeHTHas NOJIApHast
20 (H)=2,1

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

4) AD0 = 0,9— xoBaneHTHas noJsipHasi(d, )

IMomun! Ecmu AD0O>1,8 — cBs3b HOHHAS
AD0=0 — xoBaJIeHTHas1 HEMOJISIpHAas
AD0<1,8 — koBaNleHTHAs NOJISIpHAS
Ecnu B MoJiekysie umMeeTcst BO3MOKHOCTh MEKTy aTOMaMH 00pa30BaTh HECKOJIBKO
CBSI3€H, TO B I1.0 peaan3yeTcst T-CBsI3b
IEciu B Mosiekysie XoTs Obl OJTHA CBS3b MOHHAS, TO BCE COSAMHEHUE CUUTACTCS
MOHHBIM!
Takum o6pazom mosnekyna KHSO, — nonnas, xopoio pacTBopruma B BOJE.

MexmoJieKyJIsIpHOE B3auMoaeiucTrBue (MMB)

[Tpu NOBBIIIEHUH VTN TIOHWKEHUU TEMIIEPATYPhl UMEET MECTO MPUTSKEHUE MEXKTY
MOJIEKYyJIaMU. BO3HUKAIOT yHOPSAI0YEHHBIE CTPYKTYPBI-KUIKOCTH U JIa’Ke TBEPbIE BEIlle-
CTBa.

MMB - 3TOT TEPMHH UCIIOJIb3YETCS ISl OMTMCAHUS BCEX TUIIOB B3aUMO/ICUCTBUS,
MPUBOAIINX K 00pa30BaHHUIO aCCOIIMATOB C ONPECIEHHON CTPYKTypoi. Bee Tubl MMB
UMEIOT DJICKTPOCTATUUECKYIO. IPUPOY.

1. Opuenmayuonrnoe MMB UMEET MECTO IIPHU B3aWMOJECHCTBUN HMOHHOTO BEILECTBA C
HOJIAPHBIM WJIN 2-X MOJISIPHBIX BEIIECTB. 3aKIOYAETCSA B TOM, UTO 2-i JUIOJIb OPH-
EHTUPYETCS ONPEAEIEHHBIM 00pa30M OKOJIO IIEPBOTO.

2. UHOyKyuonHoe MMB 3aKJTIOYAETCS B HABEJICHUU JTUTIOJNS B HETIOJISPHOU MOJICKYJIE
oJ ACMCTBUEM NOJISIpHOM. HenosipHbIil + 1 — COBNAIatoT.
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HaBEJIEHHBIN JUIIONb
3. [ucnepcroe MMB 00YCIIOBIEHO B3aMMOIEHCTBUEM MIHOBEHHBIX TUIIOJIEH, KOTOPHIE
TMOSBIIAIOTCA U Ucue3aroT ¢ yactoroit 10*° mukmnos\c. Ucnons3yeTcs mnst 00bacHe-

HUS CYIIECTBOBAHMS TBEPIOTO U KUIKOTO BOJOPO1a. MTHOBEHHBIN AUMOIH BO3HH-
KaeT u3-3a QIyKTyaIluH.

EMME = Eu:up + EP{H,.-:[ + E,EI;I}{IZ-FI
Bxuag kax 101 COCTaBISAIONIIEN Pa3JInyeH
Monekyna | i, e6ait | Eqp Eun E o 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 3 (PeKThI cneayeT yUuThIBaTh ISl OOBSICHEHUS CBSI3€l B MOJIEKYJISIPHBIX KpH-
cTajulax.

MMB Takke Ha3bIBaroT cunamMu _BaH nep Baanbca.
E...= & B 100 pa3 cnabee KoBajeHTHOM cBs3u 1 B 10 pa3 ciaabee BOIOPOIHOIA. .

TEMA 4. SJHEPI'ETHKA XUMHYECKUX ITPOLECCOB

[TonsiTue cucTemsl, KIaccuPUKaIUs, MapaMeTpbl, PyHKIUNA COCTOSTHUS CUCTEMBI.

U — BHYTPEHHsIS DHEePrus

H - 3xTansnus

S — 3HTpONnUSs

G —sneprus 'm66ca

“IIpeaMeT XUMHMHU He €CTh OJJHO M3y4YEHHE COCTaBa TeJl, a TJIABHBIM 00pa3om
u3yyeHue npeppameHuil. CamMblid COCTAB eCTh TOJBKO Pe3yJbTAT NPeBpPAlIeHHH.” -
/1. U. MenaeseeB

Tepmoounamuka - 370 HAyKa 0 NPeBPALICHUSX OJHUX BHA0B JHEPIHHU B Apyrue.

TepmonrHaMyKa BO3ZHMKIIA KaAK TEOPHS ITAPOBBIX MAIlWH, I1€ TEIJIOTa IPEBPaALacT-
cs B paboTy. B cBOEM pa3BuTHHU MpUIIIa K HEKOTOPBIM 0000IEHUSIM — HAYAIaM.

Breigensror 2 — 3 Hayasia TepMoAnHAMUKH. OCTaIbHOE — CIEACTBUS U3 dTUX 3aKO-

HOB.

OCHOBHBIE IOHATUA TEPMOANHAMUKHAU

Cucrema — 3TO TeJI0 WIH Tpymna Teji, 00bEKTOB MPUPOIbI, OTAEIBHBIX OT APYTUX
peanbpHOM MU BOOOpa)kaeMoi OrpaHUYEHHON TOBEPXHOCTBIO.

OO6BEKTHI, He BXOJAIINE B cHcTeMy, HassiBaercs CPEJIOM.
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Kinaccudpukanus cucrem

|. ITo xapakTepy oOMeHa C OKpyXarolen cpe1ou.

Bun cuctemsl OTHOIIIEHUS C OKPY’KaloIIeH cpeoi AE, Am
N3onupoBannbsie | Het oOMeHa sHeprueid, HeT 0OMeHa BEIleCTB AE=0
Am=0
3aKpBIThIE EcTth 0OMeH 3Heprueii, Het oOMeHa BemectBoM | AE # 0
Am=0
OTKpBITBIE Ectb 00MeH sHeprueil, ecTb 00MEH BEIeCTBOM AE#0
Am#0

Bce >kxuBbI€ OpraHU3Mbl — OTKPBITHIE CUCTEMBI.

I1.ITo konuaecTBy ha3.

DA3A —5T0 4acThb CUCTEMBI, 00J1a/1aro1ias BO BCEX TOYKaxX OJUHAKOBBEIMH XHMUYeE-
CKUMH U (PU3NYECKUMH CBOMCTBaMU. Paznuyaror:

1)romorenssie (COCTOUT U3 OOHOM (assl): 2H )+ Oz.—2H50,,)

2)rereporenHsle (cocrout u3 2 unu 6onee dpasz): 4Fe )+ 30,,,+2H,0,,,—4FeOOH

T.pKaBuMHA

CBOMCTBA CUCTEM MOXXHO  pa3JIeNUTh N0 XapaKTepy UX 3aBUCUMOCTH OT KOJIHYE-
CTBa BEILIECTBA. JTU XapaKTEPUCTUKU HA3BIBAIOT napamempamu. Pa3znudaror:

1) sxcTeHCcHUBHBIE (CYMMUPYIOTCS IPY COSAMHEHUM: IJTMHA, 00BEM, Macca);

2) UHTEHCUBHBIE (HE 3aBUCAT OT Macchl: T, p, BA3KOCTb).

TepmoarHaMuyecKue NEPEMEHHbBIE, KOJIMYECTBEHHO XaPaKTEPU3YIOIINE COCTOSIHUE
cuctemsl: T, V, p, M — napamempol cocmosnus cucmemul.

ITepexon cuctemMbl U3 OAHOTO cocTosiHUA B Apyroe Ha3biBaetcss IPOLHECCOM

Krnaccudukanus nporeccos

I.ITo TerioBoMy 3ddekry:

1) sk30TEepMUUECKUE (C BBIICICHUEM TEIIA);

2) sHI0TepMUYECKUE (C TOTJOIMICHUEM TEILIa).

XHUMHYECKOE YPaBHEHHUE C YKa3aHUEM TEIJIOBOTO 3 eKTa Ha3bIBACTCS MepMOXU-
MUHECKUM.

ZN i+ HySO e~ ZNSOy e+ Hapy + 165,7 ke

mennoeas snepaust, evloensemcsi 6 xooe peakyuu (Q)
Taxkast 3anMCh B TIOCTIETHEE BPEMS UCIIOJIb3YETCSI MaJIo.
I1. ITo HEmMeHsArOIIEMYCS TApAMETPY:
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1) ecniu V — const, To U30XOPHBIIA;

2) ecnu p — const, To n3006apHBIi;

3) ecau T — const, To U30TEpMHUYECKUI.

COBOKYITHOCTb BCEX XUMHUUYECKHX U (PU3UUECKUX CBOMCTB XapaKTEPU3YET COCTOS-
HUE CUCTEMBI.

K ¢pynkuusam coctosinus cuctembl otHocsT: U, H, S, G

OOMmeH >Hepruel MoKeT ocylecTBisercs B Buae A uinu Q

Ecnu A coBepiieHHO MPOTUB BHEUTHUX CUJI, OHA CYUTAETCS TOJIOKUTEIIbHOM.

Q u A xapakrtepusytot 2 ¢popmbl iepenauu 3Hepruud. OHu He SIBJIATCH PyHKIU-
SIMU COCTOSIHMSL.

Q (monHas PHEprusi CUCTEMBI) paBHA MOJHOW YHEPTUU BCEX BUJIOB ABUKEHUS MOJIE-
KyJI U aTOMOB.

Q HEe MoXxeT ObITh u3MepeHa. MoxkHo onpenenuts AQ pu B3auMOJCHCTBUN C
OKPYIKaIoIIEH CpeaoH.

Q — Mepa sHepruu, nepegaBaemasi OT OJJHOTO, O0Jiee HaArpeToro, Tea K MEHEe
HarperoMy. [lepenaua ocymectisiercs 3a cuet AT.

A — Mepa sHepruu, nepeaaBaeMas 3a CHeT EPEMEILCHHs Macce.

[Tpu nzoxopHOM mporecce TemnoBo Apdext Qy= -AU (M3MeHeHNI0 BHYTPEHHEH
sHeprun); npu uzodapuom: Qp =AH (u3menenuto sHTaNbIUN); Q1= A

N3BecTHO, uTo Qv > Qp

-AU=4H + A

Q=Q+A

Takum oOpazom H umeer pa3MepHOCTh SHEPTUH.

KonuuecTBo Tersa, nepeJaHHOro CUCTEME MPHU U300apHOM IMPOLIECCE, PACXOTYETCS
Ha COBEpIIEHUHU pabOThl U yBenuueHun U, To eCTh CyMMa BHYTPEHHEU SHEPTUU U padOoThI
NOJTy4Yaellb Ha3BaHUE IHIMATbNUS.

H=4U+ 4

st sk3oTepmuyeckoit peakiuu: AH <0

s sanorepmuueckoii: AH > 0.

Ecnu BelecTBa ¥ IpoIyKThl B cTaHAAPTHBIX yejaoBusx (T=298 K (25°C) p=
101,3 kIla = 1at™m ), To H Ha3wIBaeTcs cmaundapmuoii ( nggB), [AH] = xJI>x/M0b

3nayeHue crannaptHeix AH nipuBeneHsl B Tabuiie.

AH,gp, — TemoBo# 3¢ dexT 1 Mo BelecTBa B CTAHJAPTHBIX YCIOBHAX IIPH 00pa-
30BaHUU €r0 U3 MPOCTHIX BEIIECTB.

B ocHOBE TEpMOXUMHYECKHUX PacyeToB JEKUT 3aK0H I'ecca: ”TensioBoit 3¢ppext
He 32aBHCHUT OT MPOMEKYTOUYHBbIX CTAJHUIi, OT IIyTH MpoIecca, a ONpeaesasieTcsi TOJIbKO
HAYAJIbHBIMHM U KOHEYHBIMH COCTOSIHUSIMM CHCTEMBbI.”

JI71st TepMOIMHAMUYECKUX PACu€TOB UMEET 3HaUCHHE CJeACTBUE U3 3akoHa ['ecca:
TeI10BOM 3P PeKT peakunu paBeH pa3HOCTH MEKAY CYMMOM JHTAJbIINMA 00pa30Ba-
HHHU NPOAYKTOB, NPeIBAPUTEIbHO YMHOKEHHBIX HA COOTBETCTBYIOIINE KO3pPuum-
€HTbI, U CYMMOI JHTAJILIIHI UCXOAHBIX BEIIECTB € YUeTOM BKJIAJAa KAKI0T0 CTEXHO-
MeTpUYecKuX Kod¢puuueHra.
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aA +sbB> cC+dD
HCXOHbIE NPOAYKTHI
BellecTBa
(peareHThI)

dHE = EU dHﬂpD,ﬂﬁﬂ{Ta ZU 'ﬂHI}{EJ{D,E[HDE J

AH) =0

298(npocToro semecTEa )

Pemienne 3a1a4 oCylecTBJIACTCH, HCIOJb3YH AJITOPUTM:

1) BeIIUCATh ypaBHEHHE;

2) Boinucath U = crexuoMeTpuyeckuM KodPphuimentam;

3) Beimucath 3HaYeHue AH u3 Tabmuiml;

4) pacuutats AH, ,

3amaya 1. Ompenenuts AH peakiyu KaTalTUTHUECKOTO OKUCIICHUS] aMMHUAaKa.
Pemenue:

4NH3(1~) + 502(1") — 4NO(r) + 6H20(r)
U 4 5 4 6 [monb]
ng s -46,9 0 90,37 -241,82 [xloc/monw]
o = [4%90,25+6%(-241,82)] — [4*(-46,9)+5*0] = -904 x/[oc

Ecau AH<0, To coequnenue 0oiee yCTOMUUBOE, YEM IEKTPOIUTHI, U3 KOTOPBIX
OHO 00Pa30BaJIOCH.

C nomowwio 3axona I'ecca modxcHo onpedenums genuyunbl Meniosvlx d¢hghexkmos,
KOMOopbvle HEGO3MONCHO ONPEOeUmsd IKCNePUMEHMANbHO.

Bo03MOXHBIM TI0JI0’KEHHEM, BBITEKAIOLIUM U3 3aK0Ha ['ecca, siBisieTcs TO, 4TO TeM-
710BOM 3(h(PEKT pa3noKeHUs TOUHO PaBEH U MPOTUBOIOJIOKEH M0 3HAKY TEIUIOBOMY 3(]-
(bexTy obpazoBanus (3akoH JlaByasbe- Jlamiaca)

llepsoe nauano mepmoOUHAMUKY, yCTAaHABINBAET YKBUBAJICHTHOCTD MIPH MPEBpa-
HICHHUSIX PA3IUYHBIX (HOPM SHEPTHil, OJHAKO HE MOKA3bIBAET, B KAKOM HAMPABICHUHU U IO
KaKoro npejena npoTeKaeT npoLecc.

Jlosiroe BpeMsi CUUTANIOCh, YTO PEAKIIUU CAMOIIPOU3BOJIIBHO MOTYT IPOTEKATh TOJIh
KO AK30TEPMUYECKHUE MPOLIECCHI, OJHAKO UCTIAPEHUE, PACTBOPEHUE HUTPATOB U TOMY I1O-
N00HOE, SIBJISETCS IHAOTEPMUUYECKUM, TOKE MOTYT IPOTEKATh CAMOIIPOU3BOJIBHO.

JlomxHa ObITh (PYHKLHS COCTOSTHUS, KOTOpas XapakTepu3oBaia Obl BO3MOXHOCTb
CaMOITPOU3BOJILHOTO MPOTEKAHMS Mporiecca. ITo Jrmponus (S), Beenena B 1865 roay
Kaay3ucom.

PaccmoTpum n1Ba cocyaa, coaepskanux nuueptHele rassl: Ne u Ar. OHu He B3auMo-
JNEUCTBYIOT APYT C IPYTOM.

BRE = 7] R a=es

:ﬁ—’% 33 OQ[] ==
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Ne Ar

Ecnu coequuuTh 00a cocyia, TO ra3bl IepeMeatTcs.

[Ipouiecc cMmelieHrs He COMPOBOKAAECTCS TEIUIOBBIM 3P dekToM. CaMOonpon3BOIb-
HOE pa3jielieHue ra30B HEBO3MOKHO = || cocTosiHue TepMOAMHAMUKHN 00Jiee BEPOSITHO.

OnbIT CBUACTEIBCTBYET, YTO CUCTEMBI CIIOCOOHBI U3MEHSITHCSI IPU OTCYTCTBUU
HSHEPreTUYECKUX CTUMYJIOB, ECIIM OHU MOTYT IEPEUTH B COCTOSTHUE C OOJIbIIEH BEPOSTHO-
CTBIO.

Tepmoodunamuyeckas 8epoOAMHOCHIb — 3TO YACIO CIIOCOO0B, KOTOPBIMU JOCTUTAETCS
JAHHOE COCTOSTHUE WJIM YUCJIO MUKPOCOCTOSIHHM, OTBEYAIOIIUX TaHHOMY MaKpOCOCTOS-
HUIO.

[Ipu BeIOpackiBaHUU KyOMKOB (MTpE B KOCTH) BEPOATHOCTD BBINAACHUS 7 OTIMYHO
OT BEPOATHOCTH BblnaAeHus 2 win 12 B 6 pa3: 1lu 6; 6 u 1;

2n5;5u?2;
3u4d;4us3.

J11st GONBIIMX MHOKECTB BEPOSATHOCTh UX TEPMOJIMHAMUYECKUX COCTOSIHUM BCeraa
THUTaHTCKOE Yucio. VX HeyJoOHO U3MEPATh WM BHIYUCIATE. [[03TOMY, BMECTO BETMUUHBI
TEPMOJIMHAMHUYECKOW BEPOSITHOCTH UCIIOIb3YETCS 3HAUEHUE SHMPONUY, KOTOPOE MPONOp-
nuoHapHEI IN BeposTHOCTH (W):

S=RInW

B pacuere Ha 1 Moab yacTui S onuceiBaeTcsa ypaBHeHueM bonbimana — [Inanka.

BeiBoA: 3HTpONMSA — Mepa BEPOSTHOCTH COCTOSIHUSA: YeM TPYy/Hee MOPSAOK,
TeM TPY/JHee ero peajn3oBaTh.

S yBeIMUYMBaETCs C pOCTOM Oecropsiika.

S 3aBUCHT OT t, P U arperaTHOTO COCTOSIHUS.

L a3pl —HOCUTENHU S, TO €CTh Ye€M OOJIbIIE YUCIIO MOJIEH Ta30B 00pa3yeTcs, TEM sipue
BBIPAKEHO YBeIUMYeHHUe S.

Bmopoe nauano mepmoounamuxy. B ©30JIMPOBAHHON CHCTEME S CaMONPOU3BOIIb-
HOT'O MPOLECCA PACTET.

Tpemve nauano mepmodunamuxu. S uaeanbHoro kpuctamia npu T = 0 paBHa 0.

IIponeccrl ¢ U3BMEHEHUEM SHTPOIUU

VYBenuuenue S YMeHnbienue S

VYBennueHHbIN 0ecnopsioK; IpoLEeCcChl YMEHBIIEHHBIN 0ECIOPSII0K; MPOIECCHI
pacmpeHus ra3oB; (a30oBbIe MEPEXObl: | CXKATHS Ta30B; (Pa30BbIC MEPEXOIbI:
-T »XK -I' — X (konaeHcanus);

- K-> T -I' —T (cybnumarius);

PacTBOpenue kpucramios. Cuctema nepexoauT B 6oJiee ynopsi-
Cucrema nepexoauT B MEHEE YIIOPSII0- JIOYEHHOE COCTOSIHUE
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YCHHOC COCTOAHHUC ‘ ‘

HaumeHnbmmMu 3Ha4eHUsIMU S 00J121a10T TBepAble KPUCTAJUINYECKHUE Bellle-
crBa. Cramnapraas S° mpocthix BemecTs £0, To ectb |11 3aK0H TepMOAMHAMUKH CBHIC-
TEIbCTBYET O BOBMOXHOCTH YCTaHABJIEHUs S MPOCThIX BemiecTB. [loaTomMy nepes 3HauKoM
CTaHJAPTHOM S HE CTaBSAT 3HAYOK A

AH5e, HO S7og

CranaptHas S 1 MoJIb BelllecTBa B €ro CTAHJIAPTHOM COCTOSIHUM - S3gg. S
= JIx/(K-moip)

K'S, kak pyHKIMM cOCTOSTHUS, IPUMEHUMO cJIeIcTBHe U3 3akoHa ['ecca:

ASx.p = Zl)j Sgpl:u,z@rma - Evj SE.;X

PaccmoTtpum rpaduk n3menenus S npu (Ha3oBbIX Epexoaax.

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

[Tpu dazoBbix nepexoaax HabmogaeM peskoe usmenenue T. [Ipu 1T npoucxogut 1
S uz-3a 1 cui1 kojieOaHKMS aTOMOB.

[Tpu noctrxeHnn T = T\ apmemns MPOUCXOTUT YBeNMUEHUE S HA AS 450, TAK KaK
PE3KO YBEIIMYUBACTCS XaOTUYHOCTh CUCTEMBI.

3agaua 2. PaccuuraTh crangaptHoe 3HaueHue S Bemectsa Fe,03 1us peakiuu:
4F€O(m)+ Og(e) — 2 F9203(m)
Pemenue: [Momb] v 4 1 2
[[x/(x*momb)]  S° 57 205 X [x/(kMoub)]
de.p = Eujsr?pupyma _ ZUjSpEEFHpDEEHHH =2 S{DFQZDE} - [4 57+ 1= 205]

A4S, ,=-259 Jnc/K = Siee, 05, = 86,5 Jowc/(K-momw)

3anauya 3. BrickaxuTe MPEANONOKEHHE O XapaKTepe U3MEHEHUS S B CIETYIOIINX
peakuusX:
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a)2H)) + Oy) — 2H0,,)

6)2KC|O3(m) — 2KC|(m) + 302(2)

Pemenue:

a)S YMEHBIIUTCS, TaK KaK YUCJIO MOJIEH B XOJI€ PEaKIINH YMCHbBIIIACTCS

0)S yBenmMYMBAETCS, TaK KaK B XOJI€ PEAKITUN TOSBIISIETCS Ta30BOE BEIIECTBO

HM3MEHEHHE S ONpeieNIeTCs He TOJIBKO M3MEHEHHWEM KOJIMYECTBA BEIIeCTBA, HAIIPH-
Mep, B PeaKIuy u3oMepu3aiuu OytaHa Het uaMenenus (AU=0)

AlLOs; t; p
— e,

H;C - CH, - CH,; — CHj3 H3;C - CH—- CH;
H — Oyman (t'H3
uszobymau

n300yTaH uMeeT 0oJiee yOPSAIOUCHHYIO CTPYKTYPY, IIOATOMY S YMEHBIIACTCS

N300apuo — msorepmuuecknii norenuuas (MUIIL) van >aweprusg 'moo6ca

BONBIIMHCTBO XUMUYECKHUX PEAKIIMU IPOTEKAET B U30JIMPOBAHHBIX CUCTEMAX, I10-
3TOMYy He0OXoanMo yuuTsiBath U AH, u AS. UT0OBI HX COTOCTaBUTH, HY>)KHO TIEPEUTH K
OJIMHAKOBBIM €IMHULAM.

[Ipunsrto cunrtath, AH — sHTaNBNUIHBIN (akTOp

T AS — sHTponuitHbIN (hakTOp
OyHkus, cBsA3bIBatonias ooda (akropa, Ha3biBaeTcs dHepruer ['nd0ca nnm uzobdap-

HO — U30TCPMUYCCKUM TTIOTCHIINA,

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

N3menenue snepruu ['mb06ca cuctemsl mpu oOpazoBanuu | MoJb BEIeCTBA MPU
CTaHJAPTHBIX YCIOBHX Ha3bIBA€TCS CTAHAAPTHOM 3Heprueit I mooca.

AG25¢ — >Tu naHHBIE IpUBEIEHBI B Tabmme 11.

AG sBisiercst pynkiuen cocrossaus. K Hell mpuMeHnMo cJieicTBUe u3 3akona ['ec-
ca:

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

IHHOMHH ! AG — kpuTepuii caMONIPOU3BOJIbHOI0 NPOTEKAHUSA TpoIecca.
Ecmu 4G<0, To camonpon3BOiIbHO MPOTEKAET IpsiMasi peaxius,
AG=0 — cocTosTHIE XUMUYECKOTO PAaBHOBECHS,
AG>0, To Bo3MOXKHA OOpaTHAs peakIus, mpsimast
CaMONPOU3BOJIBHO HE MOUJIET.
Bbonbmioe otpuniatensaoe 3Hauenne 4G CBUAETENBCTBYET, UTO CUCTEMA O0IaaeT
BBICOKOW pEaKIIMOHHON CITIOCOOHOCTBIO.
Paccmotpum cootnommenne mexnay AH u TAS Anis nponu3BOIBHOTO MPOTEKAHUS
IPOLIECCOB.
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AH AS AG
AH<O0 AS>0 AG<0 — Bcerya 5K30TepMUYSCKUI
AH>0 AS<0 AG>0 — Bcerma unet oOpaTHast peaxIus
AH<O0 AS<0 AG<0, ectm AH > TAS , To ecTh peakmus npsmasi;
BO3MOXHA TIPH HU3KUX TEMIIEpaTypax
AH>0 AS>0 AG<0, eciii BbICOKasi TeMIieparypa

Panee 6bu10 0OT™MEueHo, ecnu 4G=0, HacTymaer COCTOSIHUE PAaBHOBECHUS.
OObeMHEHHBIN 34KOH J1aeT BOSMOXHOCTE PaCCUHTaTh T pasrosecns
AG'x.P.= AHx.p.'IO — T4 Sx.p.

T . AH-10%
FI-EI.EEHEIEEEDI}{H AS

3aBucumocts Mexay MUII n const paBHOBeCHs peakMy UMEET BUL:

AG,, = —RTInK,

Ecmm moncraButh k03¢ dumment mepexoaa ot In x Ig, o In = 2,3 1g, R = 8,31. Torxaa mo-
TY9IHIM:

AG,, =-1915TIg K,

3anava 4. Onpenenuts K, npu T =400 K s peakuuu:

N204(r) — 2NOZ(1“)
Pemenue: U | 2 [MOJIB |
AH  9.66 33.5 [k JI>k/MOIB|
AS  304.3 240.45 [ 1ox/(K*Momb)]

Paccunraem AH u A4S B X01€ 3TOM pPEaKINH:
AH = 2%33,5—-9,66 = 57,34 K Jlorc
AS = 2*240,45 — 304,3 = 176,6 /K
Jlna T = 400K umeem:
AG = AH — TAS =57,34 * 10° -400 * 176,6 = - 13,3 x [Joc

lg Kp = 4G 133« 102 —174=K, = 10474 = 54 3

—-1%,15T 1315400

3agaua 5. Bo3MOXHO 1M OCYLIECTBUTH BOCCTAHOBJIEHHS JKEIIE3a 10 PEAKIIUY [IPU
CTaH):[apTHBIX YCHOBI/IHX:
F6203(m) + 3H2(2) — ZFe(m) + 3H20(2)

Pemenue: o | 3 2 3 [MOJIB |
AHY%,:  -822 0 0 -285,8 [k JI>x/Mob |
S§%5e 87 103,5 2,27 70,1 [ 1x/(K*momp)]
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AH,, = 3*(-285,8) + 822 = -35,4 x [c

AS,, = [2*2,27 + 3*70,1] — /87 + 3*130.5] = 213.8 [oc/k

AG,, = -354*10° - 298*213,8 = 28,34 k [c

AG>0 = npaHHBIN NPOIECC MTPU CTAHJAPTHBIX YCIOBUSIX HEBO3MOKEH.

TEMA 5. XUMHYECKAA KHHETHKA. XUHMHYECKOE PABHOBECHE

KuHeTtuka — 310 pazaen XuMuM, U3y4arouid CKOPOCTH XUMUYECKUX PEaKIUH.

TepMmoauHaMuKka penrmia NPUHIUIIAATEHYI0 BO3MOXXHOCTH (HEBO3MOKHOCTB) TPO-
TeKaHus peakuuid. B yncie ¢pakTopos He Obu10 BpeMenu. Hampumep, st peakuuun — Cy)
+ 0, —> CO, <0

OpnHako mpu OOBIYHBIX YCIOBUAX TPaUTOBBIN CTEP>KEHb KapaH iaiia He 3aropaeT-
csi. DTO 3HAYUT, YTO HEOOXOIUMO YUUTHIBATh U IpyTre (hakTOphl, 4TOOBI XapaKTepHU30BaTh
00BeM MTPOTEKaHUS TIPOLIECCOB.

CKOpOCTEhy , — 3TO H3MEHEHUE KOHLEHTPALMH (C) PearupyoIuUX BEIIECTB B €IUHU-
Iy BpEMEHH (J1J1s1 TOMOTE€HHBIX IIPOIIECCOB) U HAa €AMHUILY TOBEPXHOCTH (17151 T€TEPOTeH-
HBIX). be3pas3m4Ho, 0 KaKOMy BEIECTBY U3MEPATh CKOPOCTby ,, TAK KAK U3MEPEHHBIE 110
Pa3HBIM BEIIECTBAM OHM OYJyT COOTHOCUTBHCS B DKBUBAJICHTHBIX KoJinuecTBa. JIto0yto pe-
aKIIMI0 MOYKHO TIPEACTAaBUTh B 0OIIIEM BUJIE:

aA+DbB —-cC+dD

UCXOJIHbIE IPOIYKTHI

BEILIECTBA

(peareHThl)

PaccMoTpum u3meHnenue ¢ uncia A win B (MCXOIHBIX BEIIECTB)
Cxopoctb n3mMeHeHus: C mpoJlyKTOB:

Crrgn,
T
>Cucx T
CymeCTByeT ITIOHATHUC MFHOBGHHOﬁ CKOpOCTI/I, TO €CThb CKOpOCTB B I[aHHOﬁ MOMCHT:
. AC de
Upew = £ fim, — =+ —
MTH - AT—=0 At - dr

DaKTOpBHI, BAUAIOIINAE HA CKOPOCThy 1!

1) mpupoaa pearupyrouux BeIecTB;

2)C;

3)T;

4) kat;

5) MOBEPXHOCTh COMPUKOCHOBEHUS (Da3 (TOJBKO /JIs TE€TEPOTCHHBIX MPOIIECCOB).
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1) Bausinue NpUPO/BI BelleCTBA HA CKOPOCThy
H, +F, — 2HF — 63pvi6 6 memnome
H, + Cl, — 2HCI — 63pbi6 na ceemy
H, + Br, — 2HBr — npu naecpesanuu
H, + |, — 2HI — knaccuueckas oopamumasn peaxyus
OpmHo 1 TO ke BelecTBO Hy pearupyer ¢ aHajoramu, a CKOpOCThy , PE3K0O OTIMYAET-
cs1, TaK KaK IIPUPO/ia raJlOT€HOB CKa3bIBAETCSA HA CKOPOCThy
Zn + H,SO, — ZnSt)4 + H, - 6ypno svloensiemcs
Zn + 2CH3;COOH — Zn (CH3COO0), + H, - meonenno svioensiemest
[Tpupona KKCIOTH 00Y(IIaBINBAET PA3HYIO CKOPOCTH  p:
H,SO, — cunpHas KUCI0TA;
CH3COOH(ykcycHast) — cimabas KUCoTa.

2) BausiHue KOHIIEHTPAIIUH

3akou I'yabadepra: “CxkopoCcTh XUMHUYECKON PEAKIIUU MPSIMO MTPONOPIHUOHAIbHA
npousBeeHuo C pearupyrommx BEeIIeCTB B CTENCHIX, PABHBIX CTEXUOMETPUUECKUM KO-
s¢punrenTam (B nmpocterdmux ciayvasnx)” — 31AM

s peakuuu okucienus 2 NO + O, — 2 NO,

Ckopocmb,., = K*C 2 (NO) * C{QZ} — KMHETUYECKOE ypaBHEHHE peakiuu, riae K — const

2,1 — yacTHBIC TOPSAIKH peakiuu, (2+1) — N — obmui

Pusnueckuit cMbica K. K — 310 ¢kopocTs ;,, €ci Cpearnpyenmix semecrs = 1 MOJIB/II

K 3aBucut ot T, npupoasl BemecTBa U KaTaau3aropa

Pa3nnuaroT HECKOJbKO KUHETHYECKUX KIACCU(PUKALMA PEAKIIMH.

|. beisatot peakuuu O-ro |-ro, Il-ro, Ill1-ro mopsaka. beiBaeT ApoOHBINA MOPSIIOK.
[Topsiniok ycTaHABIMBAIOT SKCIEPUMEHTAIBHO.

[IpuMepbl peakiuy pa3IM4HOrO NOPSIKA:

d
Z-K- peakuus 0-ro nopsaka;

I+

4+
|85 |
11 11
> >
a A
A
(@]
o
=
=
~
Na)
=
@)
=
@]
o)
Na)
~
=
R

peakuus |l-ro mopsina-

= [{Cz o

H
|

I1. ITo MOnEeKyJIApHOCTH.

MonekyJISIpHOCTh OTPESIIICTCS YHCIOM MOJIEKYJI, OMHOBPEMEHHBIM CTOJIKHOBEHH-
€M KOTOPBIX OCYIIECTBIISICTCS PEAKITHSI.

Paznuyaror:

1) MmoHOMOIEKYIIsIpHBIE peakiuu: |, 2 21

2) mumonexyisipabie: Hy + 1, 2 2HI

3) tpumonekymsipasie: 2NO + O, — 2 NO,
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Jlaxxe CTOJIKHOBEHHUE TPEX MOJIEKYJI MAaJIOBEPOSATHO, I03TOMY MOJIEKYJISIPHOCTD BbI-
1€ TpeX He ObIBaeT.
Ecnu B ypaBHeHuu 60mbine Ko3QGUIUEHTHI, 3TO 3HAYUT, YTO PEaKLUs UACT MO CI0KHO-
My IIyTH.

B npocTeimux ciryyasx MOJEKYISIPHOCTh COBIAJAET C MOPSAIKOM. ITO XapaKTEpHO
JUIL OTHOCTAIMMHBIX PEAKIUN.

Cnenyromum 00pa3oM, 4TO B KA4ECTBE KPUTEPHSL CKOPOCTHy , HHOT'J1a HCIIONB3YIOT
nepuoj noaypacnana (li,), paBHbII BpeMeHH, B TeUeHUH KOTOporo C peareHToB yMEHb-
1aeTcs B 2 pa3a 110 CPaBHEHUIO C HAYAJIBHOM.

3anaua 1. Kak u3MeHHUTCS CKOPOCThy , okuciienus NO, eciu p yBenmuntces B 3 pa-
3a?
2NO + O, —» 2 NO,
Cropocmu,, = KCZ(No)*COZ
[Ipu yBenuuenuu p B 3 pa3za Vymensmaercss = C yBenuuuBaeTcs B 3 pasza
Cropocmo,,, = K(3Cno)” * 3C,, = 27K Clvoy * Crosy

CKOPOCTh,
— - EP_ 27
CKOPOCTh,

OTBET: CKOPOCTBy , yBEIMUUTCA B 27 pa3

3) Biausinue TeMnepaTypbl

EctecTBeHHO, uTO ¢ yBennueHneM T CKOPOCTby , YBEINYUTCS, TAK KaK JBHKECHHE
MOJIEKYJI CTAHOBUTCS O0Jiee HHTEHCUBHBIM, COyJapEHHE Yallle = CKOPOCTby , yBEIUIHNBA-
eTCsL.

Opnnako ObLIO 3aMEYEHO U BBIBEJCHO MPABUIIO, BhIpaXKaroIee MprUOIeKeHHYIO 3a-
BHCHMOCTB ckopoctd oT T (mpaBuio Baut Fodda) npu yeenmaennn T na kaxsie 10°
CKOPOCTby , YBEIUUUBAETCA B 2-4 pa3a (To ecTb y=2-4)

Tz— ty

U= U, Y t° | riey— TeMIeparypHbiii Ko3GQUIHMECHT peakiuy,

MIOKAa3bIBAIOLIHH, KAK M3MEHUTCSA CKOPOCTby
0

npu u3MeHeHuu t Toiapko Ha 10

OTmeTHM, 9TO JJIsT OMOJIOTHIECKHX O0OBEKTOB Y 3HAYUT Ooutbie (y =4-8)

3anaua 2.
Jano: Pemenue:
1:1:2400 CHOpPOCTR &g — ?ﬁ — 24 =16
0 CHOPOCTh £y
t,=280
Y =2
OTBeT: CKOPOCThy, yBEJINYMBAETCS B 16 pas
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CHOPOCTE £ )
CHOpOCTh £y '
3 28 .

VYcranosneHo, uto B 1 cm” raza npoucxoaut 10 cronkHoBeHuid. Eciu Obl kaxoe
CTOJIKHOBEHHE MPUBOANIIO K XUMHUUYECKOMY B3aUMOJICHCTBHUIO, TO BCE PEAKIMH LIUTH OBl
MTHOBEHHO (B3pBIB).

OueBugno, HE KAXK/IOE cTosikHOBEHUE 3aBEPIIACTCS B3aUMOJIEUCTBUEM. Appe-
HHYC yCTaHOBUII 3aKOH 3aBUCHMOCTH CKOPOCTby, OT T mpu ¢=1 Monb/1.

e
K= Z-p-E'_E , tie K — const vy,

Z — YHCIIO CTOJIKHOBEHUM; P — CTEPUYCCKHM (PaKTOp, YUUTHIBAIOIMIMKA OJIaronpusTHYIO
1109 :

opueHTanuto Moiekyi (p=10"- 107); ¢ — ocHoBanume In; Ea — sHeprus aktusaiuu; R — ra-

30Bas MOCTOsIHHAS; T — TeMmeparypa.

AppeHuyc BBEI MOHATUE “aKTHBHBIX MOJIEKYJI ,TO €CTh 00JIaJal0IUX U30BITOYHOM
SHEPruey N0 CPABHEHHIO CO CPEIHEN SJHEPTUEN OCTAIIBHBIX MOJIEKYII.

E, — sueprus akruBamuu, To ectb U3BBITOYHAS >uHeprus.

TonbKO CTOJIKHOBEHUE aKTUBHBIX MOJIEKYJ, oOnanammux E,, 3akaHunBaeTcs B3au-
MOJICHCTBHEM.

Ha Beme/IHer6apLepa oOpasyeTcs mepe XOHbIH KOMILUIEKC: CTaphle CBSI3U PACTATHU-
BalOTCSl U HAYMHAIOT HAMEYAThCS HOBBIE.

Jlaxxe He3HAUMTENIbHOE CHUKEHUE E, yBeIIMUMBaeT CKOPOCTb.

4) Bausinue KaTajanu3aropa

[Ipouecc ¢ yyacTuem KaTanu3aToOpa Ha3bIBAETCS KAaTaIU30M

Karamu3zaTop — 3710 BeniecTBo, MeHsomee Uy ,, HO B KOHIIE IIPOLECCA OCTAIOMIEECs
HEW3MEHHBIM.

Pa3nuuHbIli TOMOTEHHBIN U T€TEPOTEHHBIN XapaKTep.

280, + O, (NO) —*>2S0; - roMOreHHsbli KaTanu3

N>g) + 3Hyy (Fey) — ™ 2NH;-— rereporeHHslii kataian3

B nHacTosiiee BpeMs CyIeCTBYET TEOPUs TOMOTEHHOIO KaTajln3a, COTJIaCHO KOTO-
poil KaranuzaTop oOpa3zyeT MPOMEKYTOUYHBIN MPOAYKT C OJJHUM U3 PEarupyiiux BelleCTB,
KOTOPOE 3aTEM PEArupyeT ¢ IpyruM pearcHTOM.

Hanpumep, 4 + B~ AB (peakuus NpoTeKaeT MEJICHHO)

[Ipu npuMeHeHnn KaTann3aropa:

A+ K —> AK

2)AK+ B> AB + K

A+B+K AK AB+K

v
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I'eTeporeHHbIN KaTain3

CymecTByeT HECKOIBKO TEOPHUH, HO IJIaBHBIM BO BCEX TEOPHUSX BBIIEISAETCS S CTa-
JIAW, XapaKTEePHBIX U1 TOTO KaTajIn3a:

1) moaBOI BelecTBA K MOBEPXHOCTH KaTallu3aTopa;

2) copO1us BelecTBa Ha MOBEPXHOCTH KaTanu3aTopa;

3) peakuus MeXy BEIIECTBAMU Ha aKTUBHBIX LIEHTPAX KaTajau3aropa,

4) necopOuus NpOAYKTa C HOBEPXHOCTH;

5) oTBOA MPOJYKTa OT KaTalnu3aTopa BriyOb.

VYpaBHEHHUE 1J11 CKOPOCTH B ClTydae TeTepOreHHBIX MPOILIECCOB BKIIOYAET B ce0s1 Be-
JUYUHY TOBEPXHOCTU COMPUKOCHOBEHUS MEXAY (azaMu.

v=K-CS |, rae S — moBepXHOCTh COMPUKOCHOBEHHSI pearupyomux ¢as.

Si+ 0,— SIiO, 0= K-C{gz}-S

BerectBa, ociadiistonye 1eicTBUE KaTaIu3aTopa, Ha3bIBACTCS KaTATUICCKUMU
ALPAMH.

Bemecrsa, ymenbmaromue Uy ,, Ha3pIBa€TCst MHTUOUTOPAMH,
Kaaccudbukanysa peaknui
1) ITocienoBaTeILHBIE — OTO PEAKIIUH C TPOMEKYTOYHBIMHU CTATUAMHU.
Hanpuwmep, 24 + 3B — A,B; (peakuus MpoTEKaeT yepes psij CTaauii)
[pumep: 1) A +B —> AB

2) AB +A —>A.B

3) A,B + 2B —» A,B3
[TpuueM kaxkaas mocieayroIIas CTaaus MPOTEKAET MOCie MPeabTyIIEH.
Kaxnas cragus uMeet CBOI0 CKOPOCTb.
CKOpOCTh MEJICHHOM CTaIMU ONPEJEISAET CKOPOCTh BCEro ImpoIiecca.
MemeHHas cTaaus Ha3bIBaeTCs JII/IMI/ITI/IPYIOHIEfl (mpuHIUIT Oy THUTOYHOTO

TOPJIBIIIKA).

2) IlapaJuieJibHBIE — 3TO MPOLECCHI, KOTOPbIE CIIOCOOHBI MPOTEKATh B JIBYX WU
OoJee HaMPABJICHUSIX.
— C
A +B —

— D
CKOpOCTI/IX.p PACCHUTBIBAIOTCH 110 KAXKIAOMY ITPOLCCCY U CYMMUPYIOTCA.
3) COHPH?KCHHBIQ: C OJHUM M TEM K€ PCArcHTOM OJHOBPCMCHHO BBaHMOJICfICTByeT

2 niu 0oJiee BELIECTB.
A—»B AB
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A=*C AC

4) KosnedaTeJpHble: B HUX UMEET MECTO KOJIeOaHHe KOHIICHTPAIMHA HEKOTOPBIX
MPOMEKYTOUHBIX COCIMHEHUI U COOTBETCTBEHHO KOJIEOAHUSI CKOPOCTH.

5) llemHple: I HUX XapaKTEPHBI CICIYIONINE CTAHH:

a) 3apOKJICHUE 1IeTH;

0) pa3BUTHE 1ICTIH;

B) OOpBIB IIEMH.

a) UMeeT MeCTO 00pa30BaHME PAIUKAIOB — YACTUIl C HECTIAPECHHBIM AJICKTPOHOM,
KOTOPBIC YPE3BBIUAMHO PEAKIITMOHHO-CITIOCOOHBI. OHU N300payKeHBI CHMBOJIOM 3JIEMEHTA C
TOYKOM.

Hanpumep, s peakuuu H, +Cl, = 2HCI

Cl, —» 2Cl

E., nermHoM peakiuu MHOTO MeHbIe E, 0OBIYHONM peaKIuu, 9YTO €CTECTBEHHO CKa-
3BIBAETCSl HA CKOPOCTH.

XUMNYECKOE PABHOBECUE

Panee Ob110 0T™MEUEHO, 4TO AG, |, TpH paBHOBECHHU = ()

CocrosiHre paBHOBecHs HAOIIOAaeTCs y 0OpaTUMBIX Peakiivii, TO €CTh TeX, KOTOPhIC
MOTYT UJITU KaK B IPSIMOM, TaK U B OOPaTHOM.

K HeoOpaTuMbIM peakiusM OTHOCSITCS:

1) ¢c o6pa3oBaHKEM OCAJIKA;

2) C BBIJICJICHUEM Ta3a;

3 ) c o6pazoBanueM cinaboro snekrponurta(Hanpumep, H,O);

4) ¢ 6ompmuM TeTTOBBIM 3P HeKToM(Qmax)

CocrostHue paBHOBECHUS HAOJIIOaeTCs KOTa — = &
u v

CBoiicTBa COCTOSIHUS PaBHOBCCHA.

1) - = «;
(4 (&)

2) AG =0;

3) PaBHOBecue qocTUTACTCS C JIFOOOH CTOPOHBI,

4) PaBHOBecHe TUHAMUYHO; C HACTYIUICHHEM PAaBHOBECHS MPOIIECC HE OCTaHABIMBACT-
Cs.
C BeIIecTB B COCTOSIHMM PaBHOBECHsI HA3bIBACTCS PAHOBESCHBIMU M 0003HaYaeTcs: |

Jst peakruu aA + BB —» ¢C +dD

[A] = Cuexa)— Cupa) } PaBHOBECHBIE KOHIIEHTPAIIMN UCXOAHBIX BEIIECTB.

[B] = Cucx®) = Cupis)

PaBnoBecHBIE Ciponyiros — 9TO TO, 9TO 00PA30BAIIOCH K MOMEHTY HACTYIIJICHUS PaB-
HOBECHS.
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[C] - C06p(c)

[D] - C06p(D)

Bennunna C,g, 3a8BUCUT OT COOTHOILLEHHS KOI(D(DULMEHTOB B YPaBHEHHUU TIEPE]] CO-
OTBETCTBYIOIIMMU BEIIECTBAMH.

Yacro 3akoH I'yabadepra u Baare Ha3pIBatOT OCHOBHBIM 3aKOHOM XUMUYECKON
KHMHETUKH WU 3aKOHOM JeiicTByrommx macc (31M).

Kpome atoro, 3/IM Ha3bIBalOT BeIpak€HHEM CONSt paBHOBECHUS PEAKIIUU.

BriBeeM 3T0 BbIpaKEHHUE:

aA+BB 2 cC+dD

Upp = K- Cf . CZ — KMHeTHYecKoe ypaBHeHHe IPAMOH peaKIjHH
_ Uogp = K - (¢ - C§ — KHHeTH4ecKoe ypaBHeHHe 00paTHOH peaKIHH

ITpu paBHOBECHH Vyyp = 1)06(}O
K: [A]* [B]" = K; [C]° [D]

K R L)

= 2= - const paBHOBecus
pPAEHOBECHR K, [4]@ [E]EJ p

npouzeeieHHe Coporiiros B CTEIL = CTEX. KO3 OHIIHEHTAM

K,= :
? mpouzeefenue C, i cemecrs B CTENL = CTEX. KO3 QUIIHEHTaM

MCCOIMAITNS — 0OpaTUMBIN TIpoLIece
NH,OH 2 NH; + OH~
NH{1+[0H™ _5 1
Ky = HP=M:1B s L
NHyOH 103
Ecmu K, > 1, To npeobnanaeT npsaMasi peaKuus;
Ecmu K, < 1, To npeobnanaer oOpaTHas peakius.
Bnusanue K, 3aBHCUT TOIBKO OT ABYX ()aKTOPOB: OT IpUpoAbI BeniecTBa 1 T.
Jlis 5K30TepMHUYECKON peakuuu: ¢ yBeanyeHueM T K, ymenbiaercs;

i sanorepMuyeckon: ¢ yenudenuem T K, ysennuusaercs.

Peuienue 3a1a4 HA UCXO/IHbIE 1 PABHOBECHbIE KOHLIEHTPAIIUH
3agaua 1. B nponecce okucnenus SO, B SO, mocie Toro, Kak mpopearupoBaio
20% BemectBa SO, ycTaHOBWIOCH paBHOBecue. OnpeaenuTh paBHOBECHBIE C, €CITU U3-

BeCTHO, 4uTO C o, ., =6 MOIIB/1, C = 4 MOMB/1.

(0y) ucx.

ano: Pemenue:
C (s0,) uex. =6 MOIIB/ L. 250,+0,— 2 S0,

Cop =4 MOJIB/II. [SOZ]ZC(SOZ) o= C

(SO,) np.
W(Soz) = 20% ITo ycnoButo npopearuponaio 20%, 1.e. C (50,) np. =
[50,]-? [sO;]-? = Cucx_-l"(‘)’_0=6-o,2=1,2 MOJB/T
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[02]: C C(soz) np.

(0y) ucx. -

u(02)=§ v(S0,)

(S0) np.

% -1,2=0,6 Moab/n

= 4-0,6=3,4 MoJb/1

C (o,) ONPENETUM TI0 YyP-F0 PEAKIIMHU, COIIOCTABUB KO3(-ThI MEPEN
v(SO,) 2

(0;) np.

[803]= C (SO;) o6p.

O, uS0,:
U(Oz) _1
2
1
C (0y) np. _E C
Torma [0,]=C ) - C
ITo aHamoruy. ¢ BEIIIEPUBEICHHBIM
2 —_—
C (SO3) obp. — E C (50,) np. _1 ,2 MOHB/H

Takue 3a1aun 0OOBIYHO PEIIAOT TAOJUYHBIM CITIOCOOOM.
Petienue uepes Tabiuiry:

KoMmoHeHTHI

C

ucx.

C

250,+0,=2S0,
2 1 2

np.v

[ ]

SO,
O,
SO,

6 MOJIB/ N

4 MOMB/T1

20%,.e. C o, ,, =6°0,2=1,2

C
C

1

(0,) np.‘g

1.1,2=06

2

C =1,2

(50,) np.

(80y) np. —

(S05) 06p.

[so,]=C
[02]: C
[s0,]=1,2

ucx.

ucx.

-C, =6-1,2=4,8
-C,, =4-0,6=3,4

3amauva 2. )11 peakuuy CHHTE3a AaMMHAKa U3BECTHO, YTO YCTAHOBHIIOCH PABHOBE-
cue npu cnexyromwx c: [N, ]=4 moms/x1, [H,]= 4 mons/1, [NH,]=12 mons/n. Onpenenuts

ucx.CuN,uH,.

KomnoneHnTsl C.o N,+3H,—2NH,
c,, 1 3 2 [ ]
= = = 1 1
N, Ce [ ]+ Cnp. 4+6=10 C(Nz) np.=E i) np.=E'12=6 4
H, C,.=[]+C,, =4+18=22 , S
NH, C(H,) onECoﬁp_(NHE;):E -12=18 .
* 12 —12
* -10 B-By NH; onpenenum C, mma N, uC, nna H,; [INH, ]= C.om, =12

3apaua 3. U3BecTHO, 4TO JIJIs pOLIECCa BOCCTAHOBJICHUS JKeJle3a U OKCHJIa Keye3a
(1), c nomomsto oxcuna yrnepoaa (1) K, =0,5. C, . 6t pasuer: ana CO = 0,1 mons/n,

CO,= 0,01 monp/n. Onpenenuts paBHOBeCHBIE C.
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Pemenue:
Kom-TB1 C,.. FeO+CO—Fe+CO,
C,. 1 1 [ ]
CO 0,1 mMonb/1 * X 0,1-x
CO, 0,01 mons/n X 0,01+x
[co,]

3amumiem: K )= [CO]

Hssectro, yro C,, BewiecTs B BeipaxkeHue K | He Bxoadr, T.K. ux C no4ru Beeraa =

* - U3BECTHO, 4TO B Xoze peakuuu C . |, Cypon 1.
ITycte C,p o= X, Tormau C X
0,5= 0,01+ x

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

[cO]=0,0734 mons/n

06p(COy)

- pPCIICHUC ITOJTYYCHHOI'O YPAaBHCHUS ITO3BOJIACT OIIPCACINTD [ ]

CmeLleHne XMMUYECKOro paBHoBecust

Onpenensercs npunuunom Jle llareawe: eciu na cucmemy, naxooawyrocsa é pasnoese-
cuu, nO0elicmeoeams u3eHe, mo pasHosecUe CMeuiademcsa 6 COpPOHY moil peaxKyuu,
Komopas ocnadasaem okazvleaemoe 603oeiicmeue.

1) Baunsinue C

Jlerko yBHJIeTh U3MEHEHHUE B OIBITE B3auMOoIeicTBUS Xopuaa xkenesa (111) ¢ ponanu-

nom ammonmst  FeCl,+3NH , CNS— Fe(CNS),+3NH, ClI

6n-xént OecuBer KpPOBaBO-KpacH OeCILBETH

a) 1 C (FeCl,), okpacka 1, —
C CMeEIIaeT PaBHOBECHE B CTOPOHY MPOJAYKTOB PEaKIIMK

UCx.6—6

06) 1 C(NH,CNS), okpacka 7,—
B) T C (NH,CI), okpacka |, <

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

npoa

2) Bausinue T

A+BZ AB AH<O0, TepMoauHaMuy. 3aluch AK30TEPMUYECKAS
A+BZ AB + Q — TepmoxuMHy. 3aMKCh peaxkuus
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TEMA 6. PACTBOPbI. PACTBOPbI 3JIEKTPOJINTOB

NpeanbHble PACTBOPLI

HP — 510 pacTBOpPBL, B KOTOPBIX HET B3aUMOAECHCTBHS MexAy KomnoHeHTamu.K NP
npubIMKaIOTCA o4eHb pa3dasiennsie. Jns aux AH=0, AV=0, a AG<0, T.x. ST. CBoiicTBa
UJICATBHBIX KUIKUX PACTBOPOB AHAJIOTMYHBI CBOMCTBAM T'a30BbIX CMECE.

[Ipu cMemniennu ABYX Win 00Jiee KOMITIOHEHTOB MPOUCXOIUT 00pa30BaHUE HOBBIX
COCIMHEHUMN, €CIT UMEET MECTO XMMHUYECKOE B3aUMO/JICUCTBUE, UITH €CITH 00pa3yIOTCs
CMecCH.

MenpeneeB NepBblid BBIABUHYJI TEOPUIO O TOM YTO paCTBOPOM HA3bIBAETCS YCTOM-
YuBasi TOMOT'E€HHAs CHCTEMa, COCTOSIIAs U3 IBYX WU 00Jiee KOMIIOHEHTOB.

B Heit paznuyaror aucnepcHyo dha3y B IUCIEPCHYIO CPeny .

Kinaccudpukanuss pactTBopoB

1. ITo pa3mepy YacTHIl UM TIO CTENIEHU JUcIepcHOCTU. Pasnnuaror: rpydoaucnepc-
Heie (pazmep vactuil == 100 aM). U komnougHbie.
Cpenu HUX: a)3MYJIbCUU;
0) a’po30:H;
B) CYCIICH3UU;

Hucnepcnas | Pacnpenensiemoe | YcClIOBHbIE [TpuMepsl reTeporeHHbIX
cpena BEIIIECTBO 0003HAYCHUS | CHCTEM
T T T-T Munepaibl, 66TOH, KOMIIO-
K K-T 3ULIMOHHBIE MaT.
I I-T I1ouBbI, TPyHTHI, KaITHJI-
JIIPHBIE CUCTEMBI
Karanuzatopsl B ra3oBbIxX
CUCTEMAX
XK T T-K Cycrnen3uu, nacTsl, MyJib-
XK AK-XK a, UJibl
OMybCUH, IEHBI, HEPTB,
MOJIOKO
r T T-I' a3p030JI1, TIbUIb, JbIM
K K-T' a’po30iH, TYMaH

B ocHOBHOM 3aHMMaeMcst U3y4EHUEM PACTBOPOB MOJIEKYJIIPHOM M MIOHHOM CTEIEHU

AUCIICPCHOCTMU. HX Ha3pIBatOT HCTUHHBIMU PacTBOpaMMU.

2. [1o arperaTHOMy COCTOSIHUIO:

T-cinaser; K- CuSO, B Boxe; I'-Bo3ayx

3. Ilo COACPKAHUIO PACTBOPCHHOTO BCUICCTBA
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1) KonuientpupoBaHHbie 1 pa30aBiIcHHbIC

2) HacpliieHnsle (JaabHENIEero pacCTBOPEHUS HE MTPOUCXO/IUT), HEHACHILLEHHbIE U TIepe-

HACBIILIEHHbIE ( HEYCTONYMBBIE CUCTEMBI).

4. ITo pacTBOpUMOCTH
1) Xopowo pacTBopuMbIE
2) Maiio pacTBOpUMBIE

3) [IpakTryecku HepacTBOPUMbIE

K HUM oTHOCHATCA

)
|

X

CHJIBbHBIE JIEKTPOJINTHI

- xkucnorel: HCL, HBr,H],HNO,,H,50,,HCIO,

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

-OO0JIBIITMHCTBO COJICH

,HJ'IH CHUJIBHBIX 3JICKTPOJIMTOB XapPAaKTCPHA IIPAKTHYCCKU ITI0JIHAA JUCCOIMUAIIA.

MexaHU3M pacCTBOPEHHUS CHJIbHBIX 3JIEKTPOJIUTOB

1 sTan

2 sTarn

MMB

DO D
9
9
Yole
u-11

008

©

n-"u

HNmeeT MecTo MMB MEXITY
MOJIEKYJIAMU PACTBOPH-
TEJIs © HOHHBIM KPHUCTaJI-
aom — OPUEHTAIIU-
OHHBIE — B3aumoen-
CTBUSI MEXKTY
MOJIEKYJIAMU PACTBOPH-
TEJISI U BOJIBI.

Hon-gumnonarHOE B3aUMO-
JICMCTBUE : MOJIEKYJIBI
pacTBOPHUTENS pa3pylla-
10T KPUCTAJUIMYECKYIO
pemérky Nall «Bpitac-
KHBAIOT» UOHBI B PACTBOP
Y HAUMHAIOT OKPYXKaTh
3TU UOHBI TUJIPATHOU
00010YKOI(TUApaTHON
11y0oil) UMeeT MecTo
HOH-IUIIOJIBHOE B3aNUMO-
JICUCTBHUE.

B pactBOpax CHIIBHBIX
3JIEKTPOJIUTOB HOHOB
MHOT0, ITO3TOMY, HECMOT-
PS HA THAPATHBIE «IITy-
OBI», HOHBI TOIXOIAT
JIPYT K APYTY U MEXKITY
HUMHU UMEET MECTO HOH-
JTATIOJILHOE B3aUMOIeH-
creue. [loaTomy B nei-
CTBUTEIBHOCTH JUCCOIH-
anus He asigercd 100% n
JUTSA paCTBOPOB CUJIbHBIX
BJIEKTPOJIUTOB BBEICHO
MOHSITHE aKTUBHOM
KOHIeHTpAaluH

49

CMOSIEHCKHA
( DUnnAn




CMOSIEHCKHIA
Memoouueckoe obecneuenue OUCYUnIUHbL ( ounuan

)

B1.0.07 «Xumusi» S
M3U_
a=f,-C,rne a —axrtusnas C
fa - KOOhGUIMEHT aKTUBHOCTH
C - KOHIIEHTpAIKsI PacTBOPA
[ BBI3BaH MPOSIBIICHUEM HOH-UOHHOTO B3aUMOJICHCTBUS. B CHIIBHO pa30aBicHHBIX
pacTBopax, rlie MeXKAy HOHAMH MHOTO MOJIEKYJI paCTBOPUTEIs, rmonarawt f; = 1 u to-
rnaa = C,
B peanbHbIX pacTBOpax f, HaXOAAT IO TAOJIMIIE B 3aBUCUMOCTH OT HOHHOM CHJIBI
pacTBopa.
I= %Z C;Z% , rnel — nonnas cuna pacteopa
C; - KOHIIEHTpaLKs HOHOB
ZF - ux 3apsml
NonHas cuna pacTBopa paBHA MOJyCyMMe MTPOU3BEAECHUS KOHIIEHTpPa-
U BCEX MOHOB, HAXOIAIIUXCS B paCTBOPE, HA KBAJpaT UX 3aps/a.
| BEIYUCIISIIOT JJ1s1 TOTO, YTOOBI 3aT€M MO TabuIle HAUTH KO PUIMEHT aKTUBHOCTH
f(a)=f(1)

IIpuMepbl BEIYUCIICHNUS HOHHOM CUJIBI

Jlano: Pemenue:
C,(HCDH=0,5 HCI < H'+Cl"
‘ 0,5 0;5 015
I-? :%( (0,5:(+1)%+0,5(-1)?)=0,5
Jano: Pemenue:
C,(H,S0O,)=05| H,SO, & 2H"+SO,”*
075 20,5 0,5
I-?
:%(1'(“)2 +0,5(-2)*)=1,5
JaHo: Pemenue:
C,(Al,(SO,),)=0,05Al,(SO,), <=2 Al*+3 SO, =
0,05 2:0,05 0,05
[-?

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

I {5151 pa3psiga MOKHO 3HAKU HE YKa3bIBaTh!

PaccMmoTpum paBHOBECHE MEXTy paCTBOPOM H OCaaKoM, Hampumep, BaSO, . AGco-
JFOTHO HEPACTBOPHMBIX BEIIECCTB HET, TOITOMY JHUIIOIN BOJIbI, COPUCHTHPOBABIIIHCH

50



CMOSIEHCKHIA
MemO()ulteCKoe 06@07’[61!87114@ Oucuun}luﬂbl ( ‘m nnAn
b51.0.07 «Xumusa»

|

MBN_

ornpeeieHHbIM 00pa3oM, pa3pymaroT peretky BaSO, u nepeBoasT B pacTBOP HOHBI CO-
T,

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

V pacms

HO Mepe HAKOIIJICHUA NOHOB B paCTBope Me>1<z[y HHUMHU HAYUHACTCSA BBaHMOHCﬁ-
CTBUC.
Ba?+SO% — Ba SO, |

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

D ocasc

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

K [Ba][SO]
SLoIp= T
i IIK

[IpousBeneHre paCTBOPUMOCTH = IPOU3BEICHUE KOHIICHTPAIUH.
IIP npuseneno B tabmuue: IMP .o = 1-107

YcnoBus o6paszoBanus ocagka: [IK>ITP
YcnoBus pacrBopenust ocaaka: [IK<IIP

[Toka He Oyner nocturnyta BenuuuHa [1P, BerecTBo OyneT nepexoauTh B pacTBOP.

Pemenne 3a1a4 Ha 00pa30BaHUE M PACTBOPSHHUE OCAJIKA

3anuiieM ypaBHCHHE B 00IIEM BUIE IS BHIYMCICHUS PACTBOPUMOCTH BEIIIECTBA.
JUCCOI]
Al,S, & 2AI*+35%
X obp. 2x 3x
ocang
Ycnosue obpasoBanus ocaaka: [Al*]?[ S °>IIP
B o6mem Buge ms A, B, :

1P
= n+m
S \/ n"mm - (hopmyna ISt BEIYUCIICHUSI PACTBOPUMOCTH BEIIECTBA.
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3agaua 1. Berauciure pacTBOpUMOCTh B MOJIB/JT U B T/71 opTodocdaTa KaiabIus, a
tak xe C,, nono Ca*" u hochaT-nOHOB B HACKIIIIEHHOM pacTBope, eciiu [1P

(Ca,(PO,),)=2-10"%,

Pemenue:
Jano:
ITP (Ca,(PO,),)=2-107%. 1) 3anummem ypaBHeHHE 00pa30BaHUS OCaIKa:
Ca*+2P0O,* — Ca,(PO,),
3x 2x X

S[monw/n],[r/a]-?
Cc,[Ca*]-2C,[PO,*]? 2) 3anmmieM yciaoBre 00pa3oBaHUS OCaIKa:

[Ca*][PO,* ] IIP (Ca,(PO,),)
[Tycts C(Ca,(PO,),) B MOJIB/I=S=X
Torma [ Ca* ]=3x, [ PO, ¥ ]=2x
(3x)°*(2x)*=I1P

X = ﬁ{E = @Y9 =75.10.. MOIB/I
108 0

6.0
3) UtoObI BEIYUCIUTE S B I/J1, HYKHO @%8 ‘M

M(Ca,(PO,),)=3-40+95-2 = 310 r/Momb
S=17,5107-310=2,3-10" 1/n

[ Ca? 1=3x=3-7,5:107=2,25-10"° monn/n
[PO, * =2x=2-7,5107"=1,5-10"° moub/n

3amaua 2. [TP(AgCIl)=1,78:10*°. Kakoii V Boabl moTpeOyeTcs /sl paCTBOPCHUS
Ir. 3TOrO Bemecraa?

Hano: Pemenue:
ITP(AQCl)=1,78-10*° M(AQCI)=143,5 r/monb
m(AgCl) =1r. 1) YpaBHeHue oOpa3oBaHus OCaKa:

Ag*+ Cl-— AgClI

2) ycioBue 00pa3oBaHus OCaIKa:

V (H,0)-? [Ag*][ Cl- ]>TIP (AQCI)

3) S=[Ag*]=[Cl ]=VIIP ~1 3-10°° momb/n
S=1,3-10"°-143,5=1,86-10 ’ r/n

4) Paccunraem V Bojb! s pactBopenus 1r. AgCl

V(H,0) = 1=100_g376

S 186
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3amaua 3. Beinagaet u ocagok AgCI nmpu ciiuBanuu 50 mi. 0,1M pactBopa Ag-
NO, ¢ 200 mu. 0,2M pactBopa HCI?

Jano: Pemenue:
C,(AgNO,)=0,1 M 1) 3anuiem ypaBHeHHE 00pa3oBaHus OcajiKa MpH
V(AgNO,)=50 mu. B3aUMOJICMCTBUHU YKa3aHHBIX BEILIECTB.
V(HCI)=200 mu. AgNO,+ HCl - AgCI{ + HNO,
C,(HCDH=0,2 M 2) 3anumiem yciaoBue oOpa30BaHUS OCAIKa:

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

3) CooTHolieHus MpHU pa3daBICHUE:
CM1V1:CM2V2

*
Vi 201%50_ 5.10 moms/n
250

PazmepHocTh V 371€Ch HE MEET 3HAYEHUS

4)C _,=[Cl]= C\;‘lvl = 0’227;500 =1,6:10" MoaB/1

o061
5) Paccuutaem IIK u conoctaBum c I1P:
[Ag*][ CI~]>IIP (AgCl)
2-107%-1,6-10*>1,78-1077;
3,2:-10°>1,78-10 " — ocamoxk |

C 1
C:m2= [Ag+] = \}n

o6y

JHEPreTuKa NPoueccoB PACTBOPEHHUS
N3BecTHO, uTO Mpu pazdapnenun H, SO MPOMCXOJIUT CHIIbHOE pa3orpeBaHue,

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

[Tpu pacTBOpEeHNH BEIIECTBA PACTBOP CHIIHBHO OXJIAKIACTCS, T.€. UMEET MECTO B3au-
MOJICUCTBUSL:

PactBopenue + pactBopurenb— B-BO B + Q

B-Ba pacTBope
rae, Q — rermwtoBoil 3¢ ekt npoiecca pacTBOPEHUSI.
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[Ipu pacTBOpEHUN UMEET MECTO PA3PYILICHUS KPUCTAIUIMYECKOW PELIETKH pacTBOPSI-
eMoro BemiectBa. Ha 3to Tpatutcs sueprus u npoucxoaut npouecc CAJIbBATAIINU (3a

CYET MOH-IUMOJBHOTO B3aUMOICHCTBUS).
Ecmu pactBopurens - H, O, To npoucxonut npouecc [ MJIAPATALIUN. [1pu aTom

SHEPrusl BbIJEISAETCS.
Ot cooTtHomienus E pa3pyiienus Kpuctauiny. pemeTky pacTBopsieMoro B-Ba u E

caJbBaTaIMK 3aBUCUT Q peakiuu:
ecmm Q >Q......, TO PaCTBOPEHHE - TIPOIIECC IHAOTCPMUUCCKUN

<Q,,...» TO PaCTBOpPEHHE- IIPOIECC IK30TCPMHUICCKUIMA

paspyu
eciau Q I

JAuccounanust Boabl. BoropoaHblii nokasareib.
H,O- o4eHb cladbIid AJEKTPOIUT. ITO aMpOJIUT (M KUCTIOTA U OCHOBAHUE).

H,O0=H"+OH" - ynpoiiieHHOe ypaBHEHHE TUCCOIALINH.
H*+H,0— H,0- (MOH OKCOHUA).
Janee MOXeT NpUCOEAMHUTHCS A0 4H * 10 oOpa3oBanus H,O; .

MBI BOCIIOJIB3YEMCS YITPOILIEHHBIM YPABHEHUEM
+1% -
a — [H ] [OH ] :1,8*10_16
[H,0]
1000
MoxHO cuurartp, 4yTo [H,0]=C_ = T 55,5monw/ 1

111. BOJBI

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

[H'J[OH 1=10" =K, , =K, UOHHOE Npou3zsedenuUe 800bl

DTo XapaKTepHO JuIs t° =22° —25°. Jlns t° =100° K, o =74*107, T.e. ¢ 1t K, 1.
Yem 1 ogna C, Tem | conpsKeHHas C HEU apyras.
HeiitpansHblit pacTBop: [H*]=[OH ]=+10" =107[Z] = [22]; pH=pOH=T.

J J

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

[{enounoii pactBop:[H1<10™"; pH>7.

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

pH =—Ig[H "] pOH =—Ig[OH "] eudpoxcunvhwiii noxazamens.
Ecnu mponorapudmMupoBath HOHHOE MPOU3BEJEHUE BOJIBI, TO MOTYyYUM (HOPMYITY:

pH + pOH =14

[H*] 107 10~ 10” 107 107"
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|  mmamapH

[OH] 10" 107% 10”7 10°* 107"

Honnoe mpousBeneHUEe BOABI TOBOPUT O TOM, YTO Jajee B KOHIIEHTPHUPOBAHHBIX
BOJIHBIX PacTBOPaxX MPUCYTCTBYIOT THAPOKCO-TPYTIIIHI.

Jlns xapakTepucTuku PH pacTBOpPOB CYNIECTBYIOT OCOOBIE BEIIECTBA — WHIMKATO-
pbl. BeIBatoT xujukue, Hanmpumep, GpeHonTalenH, METHIOpaHxX, Jakmyc. CyliecTBYIOT
OyMakHbIe, HApUMEP, YHUBEpCaabHas HHANKATOpHAs Oymara, a TaK)Ke TOYHbIE 3HAYCHHUSI
PH omnpenenstorcs ¢ momorpio nmpudopa pH-meTp.

3nauenue pH pactBopa BiIuseT Ha MPOIECCHI, MPOUCXOSIINE B paCTBOPE.

Berancnenmne pH pacTBOpOB CHIIBHBIX U CJIA0BIX 3JIEKTPOIUTOB.
3agaua 1. Beruuciuts pH pactopa HNO, .

Jano: Pemienue:
0,01 x HNO,. HNO, - cnabpblit 21eKTPOITUT.
pH -?

[H*]=+vKo*C =10 *10? =10° = pH =3

3anaua 2. Beruuciauts PH pactBopa H,SO, ¢ C,, =0,051
JlaHo: Pemenue:

pH =-Iga

(H™)

0,01 x H,SO,

JIns1 pacTBOPOB CUJIBHBIX 3JIEKTPOJIMTOB

[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 =2a=0,8-0,05=0,04=4*10 "
IgfH"]=1g4*10? =Ig4+1g10 =0,6021— 2 = —1,3979

pH=1,3979 umu pH~1,4.
OO6patHas 3aaaya.

Jano: | Pemenue:
[H™1=10"" [OH"
pH=12,34 110 P
pOH =14-12,34 =166 CM. aHTHJIOTapUu(PMbI
[H*]-?
[OH"]-? [H"]=107%** =107"°*10%% = 4,571*10 *monb/n1
[OH ]=10"% =107 *10%% = 2,188*10 Moub/1

3anayva 4.
JlaHo: Pemenue:
0,05uNH,OH NH,OH - ctaboe ocHOBaHHE

NH,OH =NH, +OH™ T.K. ci1a0. 3JeKTPOIUT

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

JKo*C JKo*C
TTo cripaBounmKy [OH ]=+Ko*C =+/2*10°*5*102 =10

pOH=3=pH=11

TEMA 7. QJJJEKTPOXUMHNYECKHE CUCTEMBbI. OKHCJIMTEJIbBHO-
BOCCTAHOBUTEJIBHBIE CBOMCTBA BEIIIECTB

CreneHb OKHCJEHUS — 3TO (POpMaNbHBIA YCJIOBHBIM 3apsij aToMa B MOJEKYJIe.
O6o3HauaeTcst HaJl aTOMOM IUGPaAMU C COOTBETCTBYIOIIMM 3HAKOM. ITa BEIMYMHA MOXKET
OBITh MOJIOKUTEIBLHOMN, OTPUIIATEIILHOM, HYJIEBOM, TPOOHOM.

O603Havaercs IMPpPoi ¢ COOTBETCTBYIOIIUM 3HAKOM.

[TonoxutenbHOE 3HAYEHUE CTENEHUW OKHUCIIEHUS XapaKTepHO [JIsi aTOMOB, OTAAro-
IIMX CBOM 3JIEKTPOHBI (IIIEJI0YHBIE METAIIJIbI, IPOTOH UMEIOT CTENEHb OKUCICHUS +1).

HyneBas creneHb OKHCIEHUST B MOJIEKYJIaX NPOCTHIX BELIECTB.

@dTOp B CBOUX COCTUHEHUSX MUMEET 3apsn -1, a uIst KUCIOpoa B OOJIBIIMHCTBE CO-
eAMHEHUI XapaKTepHa CTENeHb -2, x0T B nepekucu H,O, ona paBHa -1, B coenuHeHnn
OF, paBna +2, a B Hagnepokcuae KO, -1/2.

Pacuer creneHu OKMCJICHUS.

OCHOBHOE TTPaBUJIO:
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AJiredpanyeckasi CyMMa cTelleHell OKHUCJIeHHsI AaTOMOB B MOJIeKyJle PaBHA HY-
JII0, B CJI0KHOM MOHeE — 3apsily 3TOr0 HOHA.

PaccuuTtaem creneHb okuclieHHs a30Ta u cepbl B Mosekyse azotHor HNO; u cep-
HoMt H,SO,4 kucinor. O603HAYMM HEM3BECTHOE YEPE3 X, YMHOKHUM CTETICHb OKUCIICHUS pac-
CMaTpHUBAEMOI'0 aTOMa Ha YKCJIO ATUX aTOMOB M COCTaBUM YpPaBHEHHUE:

X
HNO;
(+1)-1 +x 1 +(-2)-3=0 x=+5
——
H N O3
X

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

UtoOBI ompenenuTh CTEICHh OKHCICHHS MapraHia, ¢gocdopa, xjiopa u xpoma B
- 3- - 2.
nonax: MnOy4, PO,™, ClO3, Cr,0;” aHalOrM4HO COCTaBJIsEM ypPaBHCHUS, HO HPHPABHHM-
BaeM WX K 3apsIy 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 OKUCIIEHUSI XUMUYECKHE PEAKIIUU 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 noMeHsuti B pe3yJsibTaTe peakiiii CBOU CTEIICHU OKHC-
JIeHUs

Peakunm, nporekaromue ¢ U3MEHEHHEM CTEIIEHU OKHUCIICHHMS aTOMOB, BXOJSIINX B
COCTaB pearupyrolmx BELIECTB, Ha3bIBAIOTCS OKUCIUTENIbHO-BOCCTAHOBUTEIbHBIMU. B
TaKUX pEaKUUAX IMPOUCXOAAT OJHOBPEMEHHO JBa IIpoLEecCa — ITO OKUCIEHUE U BOCCTa-
HOBJIeHHE. PaccMOTpuUM ux.
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OKHuc/IeHHeM Ha3bIBACTCS Impouecc OTaAa4u SJICKTPOHOB. HpI/I 9TOM CTCIICHb OKHC-
JICHHA ITOBBIIIACTCA. ATOMBI, MOJICKYJIbI MJIM HOHBI, OTAAIOMINC 3JICKTPOHBI, HA3bIBAIOTCA B
OCCTAHOBHUTCJOAM HU. TAKUM 06p330M, IIponecC OKUCICHUA IMPOUCXOAUT C BOCCTA-
HOBJICHUCM.

BoccraHoBiieHMeM Ha3bIBaCTCS nmpouecc MpHUCOCIUHCHHA JJICKTPOHOB. CreneHb
OKHCJICHHA IIPHU 3TOM IIOHMIKACTCA. ATOMLI, MOJICKYJIbl WJIM UOHLBI, IIPUHUMAIOIINEC 3JICK-

TPOHBI, HA3BIBAIOTCAI O KU CJ U T E€J A M H. CJ'ICI[OB&TGHBHO, MpoueCcCc BOCCTAHOBJICHUA
IMPOUCXOAUT C OKHUCIUTECIICM. CxeMaTH4HO 3TO BBIIJIAOUT TaK:

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

Thl B HU3IINX CTENEHIX OKUCIICHUS.
Tunu4yHbIe OKMCIUTEIN — ITO FaJOTeHbI, OMXpOMAT Kajus, XJIOpHask BOJia, a30THAs
KHUCIIOTa U €€ COJId, OepTOJIETOBA COJIb, LIAPCKAsl BOJKA, MIEPMAHTaHAT Kajus U Apyrue Be-
IIECTBA, B COCTAB KOTOPBIX BXOAAT ATOMBI B BBICIIUX CTENEHAX OKHCIICHHUS.
BemecTBa, B cOCTaB KOTOPBIX BXOJAT aTOMBI C IPOMEKYTOYHOM CTEIEHbIO OKUCIIE-
HUS, CIOCOOHBI OBITh M OKUCIHUTENISIMH M BOCCTAHOBUTEISIMU B 3aBUCUMOCTU OT JPYTOTO
KOMITOHEHTA peakiuu. K HUM OTHOCSATCS MEPEKUCh BOJAOPO/IA, CYyIb(UTHI U T.1I..
YacTo OIMH U TOT K€ 3JIEMEHT MOXKET MPOSBIATh PA3JIMUYHBIE CTENICHH OKUCIICHHUS.
Hekoropsie mpumepbl TPUBEACHBI B CIACAYIONICH TaOIHIIE:
Bo3MoxHBIE CTENIEHN OKUCIEHUS PSia SJIEMEHTOB
OKHCIICHHE

v

One- CreneHb OKUCICHUSA
MEHT
B COeJIU 3| -2 -1 (0 +1 +2 +3 +4 +5 +6 +7
HEHUAX
Xiop HCI | CI | HCIO ClO, | HCIO HCIO
2 3 4
Mapra- MnClI MnO, HMnNO,
HEll 2
Cepa HZS S SOZ H2804
A3ot NHg> N2 NZO NO N203 N02 HNO
3
Kwucio- Hzo Hzog 02
pon
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Kpaiinue cnea — Kpaitnue cipaBa —
TOJIBKO
TOJIBKO BOCCTAHOBUTEIb OKMCIIUTET
ROCCTAHQBICHUE

THIIBI OKMCIUTEIbHO-BOCCTAHOBUTEIbHbIX PEAKIUH .

Peakuuu MeKMOJIEKYJISPHOT0 OKHCIEHUSI-BOCCTAHOBIEHUS
(OKHUCIUTENh U BOCCTAHOBUTENb MPUHAAJIECKAT Pa3HbIM BELIECTBAM, T.€. HAXOJATCS
B Pa3HbIX MOJIEKYJIAX).
-1 +4 +2 0
4 HCl + MnO,; »> MnCl, + Cl, + 2H,0

Peaknun BHYyTPHUMOJIEKYJISIHOTO OKUCJIEHHSI-BOCCTAHOBJICHU S
(OKHCIIUTENh U BOCCTAHOBUTEIb HAXOATCS BHYTPH OJHOM MOJIEKYJIe, HO 3TO JU0O0
aATOMBI Pa3JIMYHBIX AJIEMEHTOB, JUOO aTOMBI OJHOTO 3JIEMEHTA B Pa3HBIX CTEIICHSAX OKHC-
JICHUS).
+5 -1 0
2KCIO; —» 2KCI + 30,

-3 +3 0
NH4N02—) N2 + ZHZO

Pealcm/m AUCIIPONMOPIHIMNOHNPOBAHUS.

OKHUCIUTEIF U BOCCTAHOBUTEIb — 3TO aTOMBI OAHOI'O U TOI'O K€ J3JICMCHTA. B X04e
pe€akuu OJHH IMOBBINIAOT CBOIO CTCIICHL OKUCIICHHA, JPYIHC ITOHMUIKAIOT. 910 XapaKkTep-
HO IJI1 aTOMOB B IIPOMCKYTOYHBIX CTCIICHAX OKUCJIICHUS.

1 +1
C.’ + H,O — HCI+ HCIO

PaccranoBka k03¢ GuLMEHTOB B YPABHEHHSI OKUCJIUTEIBHO-BOCCTAHOBUTEIbHBIX
peakuuu
MeToa DJEeKTPOHHOI0 0aJIaHCcAa.

AJITOPUTM:
1. Onpenenuth CTENEHU OKHUCICHHS HJIEMEHTOB U YCTAHOBHUTH JJIEMEHTHI,
MOMEHSBIINE CTENEHU OKHUCJIEHUS, BBIIIMCATH MPOLECCHl OTAAYH IIEKTPO-
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HOB — OKUCJIEHUSA, u npucoennnenus snekrpoHoB — BOCCTAHOB-
JIEHW A,

2. TlogoOpaTth KO(DPUIUEHTH — JOMOTHUTEIBHBIC MHOKUTEIH, TTO3BOJISIO-
ne ycraHoButh bAJIAHC DJIEKTPOHOB. VYuyer uncna 31€KTpOHOB
HE0OXO0JJMMO BECTH HA BCIO MOJIEKYIY, T.€. YUUTHIBATh YMCIO aTOMOB IO-
MEHSIBIIIUX CTENIEHb OKUCIICHUS;

3. PaccraButh K03 PUIIEHTHI;

4. OcymiecTBUTh TPOBEPKY (Halie Bcero myTeM oOIiero OajgaHca aTOMOB
KHCJIOPO/A).

Ipumep 1.

PaccMoTpuM peakiivio B3aMMOJIEHCTBHS jKelie3a C XJIOPOM. 3aIuIlleM CXeMy peak-
1107078

Fe + Cl, > FeCl; 1)

Hcxoanpie BelecTBa ’ene30 U XJIop AJIEKTpOHEUTpaIbHbl. B pesynbraTe peakuuu
CTEIEeHb OKHUCJICHUS >KeJie3a cTaia +3,a xjopa -1. Beinuiiem aTombl, KOTOpbIE TOMEHSIIN
CBOIO CTENEHb OKHUCJICHUS, TPOCTABUB MOCJICIHIO CBEPXY HaJ aToMaMu. Tak Kak XJIop 110
peaKIMKi HAXOJUJICS B MOJICKYJIIpHON (PopM, TO coOrofasi MaTepuaibHbIid OajlaHc, mocie
peakiuu (mocie crpenoukn) mepen Cl' craBum kosadduument 2. PaccraBum cremnenu
OKHUCJICHUS ¥ TIPOBOJANM PACCYKACHUS:

Fe > Fe”

)

c’, —2Cr

ATOM ’Kelle3a CO CTEICHbI0 OKHCIICHHS, PABHOM HYIIIO, IpeBpamaercs B noH Fe>* co
cTerneHbto okucieHus: +3. [Ipu 3ToM OH OTHAET TpU AIEKTPOHA, ABJISIETCS BOCCTAHOBUTE-
JIEM, CaM K€ B Pe3yJIbTaTe PEaKIUU OKHUCIISIETCS.

3anoMHUTE: 0TAAJ € — OKMCJINJICH, CaM SIBJISIETCS BOCCTAHOBUTEJIEM.

DJIeKTpoHEHTpaIbHas 10 peaKIMu MOJIeKyJa Xjopa npespainaercs B 2Cl ( B n1Ba
dbopManbHBIX MOHA XJIOpa C 3apsaoM MUHYC oiauH). [Ipu 3TOM Kaxknblid aToMm, a UX JIBa,
MpUHUMAET 10 1€, T.e. Bcero 2 ajeKkTpoHa. XJIop, IPUHUMAs! AJIEKTPOHBI, BOCCTaHABINBA-
€TCsI, CaM K€ SBJISIETCS OKUCITUTEIIEM.

3anoMHUTE: B3SJI € — BOCCTAHOBMJICS, CAM SIBJISIETCS OKHCJIMTEIEM.

Takum oGpazom, cxemsl (1) u (2) mpeBpamaroTcs B ypaBHEHHUS 3JIEKTPOHHOTO Oa-

JIaHca.
KoadpummenTs

Fe’ - 32— Fe* - mpomecc oxucieHus (3)

Cl% + 2e  — 2CI" - mporecc BOCCTAHOBIICHHS 4)

OTtaenseM BepTUKAIBHON YEpTON ClieBa HATMCAHHBIE YPAaBHEHUS 3JIEKTPOHHOTO Oa-
JaHCa B OCYIIECTBIIIEM MOA00P KO3 (HUIITMEHTOB:
d) YKa3bIBAIOT YHCIIO MEPEIIS/IINX JICKTPOHOB, B IAHHOM ClTydae 3T0 3 U 2;
b) HaxomsT M HUX HamMeHbIee obmiee kpatHoe — HOK — B paccmaTtpruBaeMom
npuMepe 3To 6;
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C) noaduparoT K03(HOUIMEHTHI; 3TO YaCTHOE OT JACJACHHUS HAUMEHbBIIETO O0IIEero
KPaTHOT'O HA YKCJIO MEpEelIeIINX 3JIEKTPOHOB. JTO YMCIa: Mepesl Keae30M 2
U IIepes XJIOpoMm 3.

KO3 PUITUECHTHI HOK YUCIIO € ypaBHEHUs OajlaHca
2 3 Fe; - 3e - Fe*
T B-IIb j
6
3 2 CIOT + 26 = 2‘cr

JIefCTBUTENILHO, HEOOXOMMBbIE IS 3° MOJIEKYJ XJiopa 6 3JIEKTPOHOB MOTYT JaTh
7IBa aToMa KeJe3a.

3anuiiemM cyMMapHOe ypaBHEHUE:

2Fe + 2Cl, > 2 FeCl;

Ipumep 2. C ydyeToM pacxoaa KUCIOTHI Ha coieo0pa3oBaHue.

3anuireM ypaBHCHHE PEAKIMA MEXKIYy MEIbI0 W KOHIICHTPUPOBAHHOW a30THOM
kuciaoTor CxeMa peakiiu ciaeayromas:

+5 +2 +4
Cu’ + HNO; - Cu(NOs), + NO,

PaccraBum crereHn OKWCICHHUS. 3alUIEM CXEMBI 3JEKTPOHHBIX TEPEXO0MI0B IS

aTOMOB MEJIH 1 a30Ta, IOMEHSBIITNX B X0/I€ PEAKIIMH CBOU CTCTICHH OKHUCIICHUS.
cu’ — Cu** - mpouecc OKHCICHHS
N*° > N* - TMPOILIECC BOCCTAaHOBJICHUS

Umeem 1o peaxmun Cu’, N*°, mocie peaxmn Cu®*, N**. CexoBarensro, B xoze pe-
aKIMW aTOM MEAH OTJAJ JIBa 3JIEKTPOHA, a aTOM a30Ta MPHUCOSAMHMI IEKTPOH. Menb sIB-
JISIETCS BOCCTAHOBHUTEIIEM, B XOJIC PEAKIIUHA OKUCIISAETCS, CTCTICHb OKUCIICHHS €€ IOBBIIIa-
eTcsl. A30T CO CTETICHBIO OKUCIICHUS +5 SBJISETCS OKUCIUTEIIEM M, IIOHUXas CBOIO CTCIICHb
OKHCIICHUSI, BOCCTAHABIIMBACTCS.

Takum 006pa3om, ypaBHEHUS HIEKTPOHHOTO OaaHca UMEIOT BUJI:
korddunmentet  HOK  uwmcrmo e

1 2 |Cu’-2e — Cu® - mpouecc OKHCICHUS
2
2 1 N*™ +1e > N" - mporuecc BoccTaHOBICHHS
Cu + 2HNO; + 2HNO; — CugNOg), + 2NO, + 2H,0
BOCCTAHO-  OKHCJHTE]b Ha C0J1e00pa30BaHn
BUTEb T
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[TonoGpaB korddunreHTs, 3anuieM cymmapHoe ypaBHeHue. OTMETUB MpeBapu-
TEIHHO OJIHY OCOOCHHOCTh TaKMX peakiuid. [Ipu oKucIeHun MEeTaioB KUCIOTaMH OOBIY-
HO MIIYT €IIIe MPOIIECChl CONICO0Pa30BaHUs, T.€. CBA3BIBAIOT MOJYYHUBIINECS HOHBI METal-
JIOB aHWOHAMU KHCJIOT B HEHUTpabHBIE MOJIEKYJbl. [l03TOMYy 00III€€ KOTUYECTBO MOJICH
KHUCIIOTHI OYyIeT HECKOJIBKO OOJIBITIE, B HAIIIEM MPUMEPE OHO PaBHO YETHIPEM

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

OOBIYHO CyMMapHOE ypaBHEHHE TOCIIe PACCTAHOBKU KOA(P(MUIIMEHTOB TIepe OKUC-
JUTENIEM ¥ BOCCTAHOBHUTENIEM MUINIETCS HA OCHOBAHUM OOIUX TIPABWII JIJIsl YpaBHEHUH pe-
akuuii. Jlemaercs 3TO MOTOMY, YTO BCSKOE YPAaBHEHHUE B KOHEYHOM MTOTE €CTh OTOOpaXKe-
HUE 3aKOHA COXPAHECHHsSI MAacChl BEIIECTBA, a ISl OKHCIUTEIHbHO-BOCCTAHOBHTEIHHBIX
IIPOIIECCOB 00sI13aTEIHLHO COXPAHSIETCS €IIle OaTaHC 3apsiIoB.

IMpumep 3.

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

W3 ypaBHeHUs peakluH BUIAHO, YTO MOMEHSJIM CBOU CTENIEHU OKHUCIICHHS cepa U
a3oT. Cynbhua npeBpaTuics B CylbdaT, IOMEHSIB CTEIICHh OKUCICHHUS C  «- 2» JI0 «+6»,
T.C.

S*? - 8 - S%
BOCCTAaHOBUTEIb

HO KaK OTMEYaJOCh paHee, YHCIIO OTJAHHBIX JJICKTPOHOB HYKHO yKa3bIBaTh IS

MOJIEKYJIbI CYyJIb(UIa BUCMYTa, YUYUTHIBAs, UTO B KXKIYIO BXOJUT TPH CyIb(UI-UOHA, T.€.
3S? - 24e —» 38

A3OT W3 HUTpAT-UOHA, B KOTOPOM HMEN CTETICHh OKUCICHHS «+5%», MPEeBpaTUIICS B

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

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

KpPaTHOTO ¥ KO3(P(HUIIUESHTOB BBITIIAIAT CIACAYIOMUM 00pa3om

kodhdummentet HOK  dwmcmo

1 24 352 - 24e — 3S™_ mpomecc oxuceHns
B-J1b
24
8 3 N® + 3e > N"-—mpomecc
OK-ITh BOCCTAHOBJICHHSI

VYpaBHEeHUE ¢ paccTaBICHHBIMU KO3 PUITUEHTAMU
Bi,S; + 8HNO; —» B|2(SO4)3 + 8NO + 4H,0
[Tepen monexkynamu a30THOM KUCIOTHI U okcuzaa azota (l1) koaddunuent «8». Co-
Osroast 6alaHc aTOMOB BOJIOPOJIA, MEPEA MOJIEKYJION BOJBI B MPABOM YacCTU ypaBHEHUS
HEOOXOIMMO MOCTaBUTh KO3 duLMeHT «4». IIpoBepKy Bcero ypaBHEHUs MPOBOAMM, CO-
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XpaHsisi 6aJlaHC aTOMOB KUCJIOpo/ia: 24 aToma B JIEBOM 4acTH ypaBHEHUS (0 CTPEIOYKH) B
8 monekynax HNO3 u (12 + 8 + 4) = 24 B npaBoii: B TpeX CyIb(UT-UOHAX, B 8 MOJIEKYyJIax
okcuja azota (1) u 4 Mmonekynax BOJbI.

B xauectBe IPUMEPOB, MPOBOLUHUPYIOIIUX HHTEPEC K  OKHUCIUTEIbHO-
BOCCTAHOBUTEJILHBIM PEAKIUAM, WUTIOCTPUPYIOIIUX BO3MOXHOCTU METOA, MOXKHO MpPH-
BECTH CJICIYIOIINE YPABHEHUS PEAKIUU:

IIpumep 4: 1Ba BOCCTAHOBUTEISI M OJIUH OKUCITUTEb.

N3BecTHas co MIKOJIBI peakiusi 00XKWUTra MUpPUTa — MepBasi CTaaus MPOMBIIUICHHOTO
croco0a MoJy4eHHs] CEpHOM KHUCIIOTHI.

1) cxema

FeS, + O, —» Fe,0O; + SO

2) ypaBHEHUs DJIEKTPOHHOTO OajaHca

-le +10e
4 11 Fe'?S™, - 1le N 2 o+ 29
B-JIb
44
11 4 0% + e > 207
OK-J1b

3) ypaBHeHHE peakiuu ¢ KodhUIneHTaMH
4FeS, + 110, = 2Fe, O3 + 8SO,
IIpumep 5: 1Ba BOCCTAHOBHUTEIIS, OIUH OKUCIUTEND, IPOOHAS CTETICHb OKUCIICHUS.
+4/3 -4 +5 +3 +4 +2
Fe; C + HN Ospa3zs. —> Fe(NOj3); + CO, + NO + H,0
1) ypaBHEHUs 3JICKTPOHHOTO OanaHca:

-5e
N 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 peakiluy ¢ KO3PPHUIIMeHTaMH
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3Fe;C + 40KHNOgpa36. — 9Fe(NQsz); + 3CO, + 13NQ + 20H,0

OB ceoticmea eewgecme 3aucam om pH cpeovl
Kucnas cpena:

2KMn*’Q,4 + 5Na,S**0; + 3H,50, —» 2Mn*%5*%0, + K,SO, + 5Na,SO, + 3H,0

becysemnas

2+ .
e Mn“" - 6ecysemnbiii

s

[
1= »

)] ; +6 o
MnO, HEmPEeIEtMN" 04 — Oypwitl 0cadok
MANUHOBO - (PUoIemoswlil T3e >
+6 o
wenounas Mn O, - zenenviu

»

+le

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

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

HeurpansHas cpena:

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

S*_2e—» §*° 3 2 | - okucnenue, 60ccmaHo8UmMENb

[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 KHUCJIOTHI SBJISIETCS O0KUT IMHUpUTA:

AFe*2S; = 1100 — 2Fel3052 + 854052

+2 ¥3

Fe'“—1le— Fe - OKUCJIeHUe, 60CCMAHOBUMEIb
- +4

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

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

Takum 06pa3om, B 3TOI MOJIEKYyJIE€ IBa BOCCTAHOBUTEIIS

be3ycn0oBHO, HEIOCTATOYHO OrPAHWYMBATHCA YMEHUEM 3alUCBHIBATh PA3JIUYHBIC
OKHUCJIUTEJIbHO-BOCCTAHOBUTENbHBIE peakuu. Heo0XoaqumMo yMeTh pacCUMThIBaTh 3Haue-
HUE DKBUBAJICHTOB OKHCIIUTEIS U BOCCTAHOBUTEIIA, YTO NO3BOJISET B JAIBHENIIEM, B Kyp-
C€ aHAJUTUYECKON XMMHUU MPOBOJIUTH PAaCcUEThl, TPEOYIOIINECS MTPU MPUTOTOBIEHUHU COOT-
BETCTBYIOILIUX PACTBOPOB. « XUMUUYECKUI Oarax» CTyJEHTa M0 3TOM TeME BKIIIOYAET, KPO-

MC TOro, YMCHHC OIPCACIIATL HAIIPABJICHUC TaKUX peaKuHﬁ,

YMCHHC [OaBaTb

KOJIMYCCTBCHHYIO OLICHKY I‘J'Iy6I/IHBI MPOTCKAHUA OKHUCIIUTCIBbHO-BOCCTAHOBUTCIIbHBIX PC-

aKIIUH.
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TEMA 8. YCTPOUCTBO U YCII0BUS PAGOTbI TAJIbBAHUYECKNX SJIE-
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-
JNYECKON PEHIETKU U OHM MEPEXOIAT B pacTBOp. I1nacTuHa 3apsokaeTcs OTpULATENBHO.
Takum 00pa3oMm, Ha IPaHHIIE BO3HUKAET JBOMHOMN 3JEKTPUUECKUN CIOM.

Zn
+|-
+1-
H,O
Ecnu onycTUTh IMHKOBYIO IJIACTUHY B pacTBop ZNSO,, TO 9THU
MPOIIECCHl OYIyT MPOTEKATh 3HAUUTEIHLHO OBICTpEE.
Zn
4 -
4 -
ZnSO4

Ha I'paHuC MCTAJLJI-PACTBOP BO3HUKACT paBHOBCCHBIﬁ IIOTCHII MU AJI.

JI714 MalmoaKTHBHOTO METAJUIA BUJ ABOWMHOTO CJIOS CJICAYIOIINI:

Cu
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CuSO,

HenocpeacTBeHHO n3MepuTh MOTEHIIMAT HEBO3MOXKHO. Heobxoanm 31ekTpos cpas-
HeHusl. B kauecTBe Hero BbIOpaH BOJOPOAHBIA 3JIEKTPOJ, MOTEHLIMAT KOTOPOIO YCIOBHO
OPUHSAT PaBHBIM HYJIIO.

Cxema BOAOPOJHOTI'O 3JICKTPOAA.

B cocyn ¢ cepHOI KHCIOTOM OIyIIIEHA -
— H,  miatuHOBas mjaacTUHKA, HOKPHITAs

—> o
MJIATUHOBOM YEepHBIO, KOTOpAas HACHIIICHA
BOJIOPOJIOM.
H,S0O, H, [ToTeHIMaT TAaKOTO DIJIEKTPOAA YCIIOBHO
4—

| IpUHAT paBHbIM 0.

CxeMa raJijbBaHM4ECKOT'0 JICKTPOJIMTA JUISI M3MEPSHUS CTAHJAPTHOI'O YJICKTPOIHOTO I10-
TCHIIMAJIA.
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A) Zn

\

[ [ [ .
1. AL
/L Zn504 ,C,l}w%;\
/ .. \

ITuuxorpri anexTpon InexTponuTudeckmii kmoa: K Cl+arap-arap Meaueni anexTpog

v, i

Adpyroe H300pakeHHe:
Vi Cy—

Zn350y I CusS0;,
TTonympoHHIIaeMas Ieperopoaka

PaBHOBECHBIN NMOTEHIMAN HA TPAHUIE METAII—PACTBOP I METaUIMYECKOW IIjia-
CTUHKH, OITYILIEHHON B PacTBOP CBOEW COJM C aKTMBHOCTBIO 1MOJIB/JI, U3BMEPEHHBINH NpHU
CTAHJAPTHBIX YCJIOBHUAX OTHOCUTEJIBHO BOJOPOJHOIO 3JIEKTPOJA, IOTEHLUHAI KOTOPOTO
OPUHAT PaBHBIM HYJIIO, HA3bIBAE€TCS CTAHAAPTHBIM 3JIEKTPOHHBIM NOTEHIHMAJIOM (B
nanpHeimem COII). EOZn2+/Zn0

Ecnu 3nauenusa COII pacnonoxuTh B MOPSAKE BO3PACTaHUS, TO MOJIYYUM PAJ aK-
TUBHOCTH (HANpPSKEHUS METAJUIOB, KOTOPbI HaunHaeTcs ¢ JUThs). OH COAEpKUT MOTEH-
L[MaJIbl IOYTH BCEX METAJUIOB, BOJOPO/IA U 3aTEM ITOTEHIUAIIBI HEAKTUBHBIX METAJIIOB.

Yem menbine E°, Tem sipue BBIPaOXEHO BOCCTAHOBHTEIBHBIN CBONCTBA, TEM SIEMEHT
OJIv>Ke K Havaily psija.

Kaxxnplii npeapI Ayl BBITECHSET MOCHEAYOIIMI U3 pacTBOpA.

Ecnu yciioBHs OTIIMYHBI OT CTaHIAPTHBIX, TO 3HAYEHUE PABHOBECHOIO MOTEHIIMANA
Haxo[sT 1o ypaBHeHuo HepHcera:

E=E’+RT/nF*Ina,/a,,.

DT0 ypaBHEHHE HAIHMCAHO YIS TPOIlecca BOCCTAHOBJICHUS; pu Temmeparype 25C
R=8,31, F=96500K In=2,3lg ypaBHeHue npeodpa3yercs:
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E=E’+0,059/n*|g@o./asoc Qox=rpppa =1
I[Hﬂ MeTaHHI/IquKOﬁ [IJIaCTHUHKA, OHyIHeHHaH B paCTBOp ypaBHeHI/Ie HpI/IHI/IMaeT BU/:
0, 0,059
o Ig dMe

n+

E=E’+

Ipexnonaraercs fa=1, 1o 8" ye=Cpe "

E=EO+ 0,?‘59 Ig CMen+

3HaueHne PaBHOBECHBIX MOTEHIIMATIOB MO3BOJIAIOT paccuutaTh I/C pexunn:
91 C=Es=Eok.-EBoc.
Ecmu E>0—peaknus unet, E=0—paBnoBecue E<0 — umer oOpaTHas peaxiusi.

TEPMOOMWHAMUKA OBP
N3 nmonoxenunii T/l n3BECTHO, 4TO CaMOMPOU3BOJIBHBIN MTPOLIECC BO3MOXKEH, €CIIH
ACL,_,, < 0, BO-IIEPBBIX, BO-BTOPbIX, HOHBI M€, MMEIOIIHE TOIOKUT. 3apsijl, TPOHUKAIOT B
PacTBOp J-JIUTA U COBEPIIL. pabOTy B MOJIE OTPUIL. MOT-Ja TPaHUIlBI paszesna. ITa padboTa
paBna: A=-nFE,.
Ona KoMIIeHCHUpYEeTCsl pa0OTON CUCTEMBI:

AGp = —nFE, E=——""%10°

T.e., n1060it camornpou3BoibHOM OB mporiecc M.6. ICTOYHUKOM 3J1. SHEPTHUH, T.€.
CITy)KUTh XMMHYECKMM MCTOYHUKOM Toka (XUT).

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

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

_Doss 1gK

E.

n

DJIEKTPOXUMHYECKHUE MPOIEeCcChI
DT npolecchl pacCMaTPUBAOTCSA HA TPUMEPAX MPOLIECCOB MPOTEKaomuX B [0,
IIPU 3JIEKTPOJIN3E U KOPPO3UHU.

rANIbBAHUYECKUWU INIEMEHT (I'3)
B OBP »5ekTpoHBI HEMOCPEACTBEHHO MEPEXOAAT OT BOCCTAHOBUTEINS K OKHCIIUTE-
aro. Ecnu mpoliecchl OKUCTICHHSI M BOCCTAHOBJICHHSI Pa3/IeNTh, a dJICKTPOHBI HAPABUTh
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0 METAJJIMYECKOMY IMPOBOJHHUKY, TO Takas CHUCTeMa IpeJCTaBisieT coOOl ranbBaHUYE-
CKHUH 3JIEMEHT.

I'D cocTout U3 ABYX 3JIEKTPOIOB, IOTPYKEHHBIX B PACTBOPBI CBOUX COJIEH, COEIN-
HEHHBIX AIEKTPOJMUTUYECKAM KIIFOUEM WIM PA3JAEIEHHBIX NOJYIIPOHULIAEMON MEPEropo-
KOM, 4TO MPEIOTBPALIACT NPSIMOE, B3aUMOACHCTBUE. B raibBaHNYECKON IENU TPOUCXOAUT
IPOLIECC IPEBPALIEHUS XUMHUECKON IHEPTUH B DIIEKTPUUECKYIO.

AHOIOM B JJIEKTPOXMMHHM HA3bIBACTCH JJIEKTPOMd, N0 KOTOPOMY HPOMCXOIUT
OKHCJIeHHEe, TO eCTh 0TAa4a 3JIeKTpPoHa. OObIYHO aHO/ 3apsKEH OTPULIATENLHO WJIU SIB-
JsieTcs 0oJiee aKTUBHBIM METAJUIOM, OH ITOCBUIAET 3JIEKTPOH B AKTUBHYIO 1IETIb.

Katogom Ha3piBaercsi 3JIeKTPOA, HA KOTOPOM NPOMCXOAUT IMPOLECC BOCCTA-
HOBJICHHSI, 00BIYHO MEHee AKTUBHbIH MeTaJLII.

BuemHss uens. 3JICKTPOHBI —

A\ 4

AHoOx Karon

n.

< DBHYTpPECHHSASA LEIIb: ANn”
Buennsis nens — MeTauIMuecKuii MPOBOJHUK (3JIEKTPOHHAS! TPOBOIUMOCTH ).
BuyTpennsis nenb — MOHHBIA pacTBOP (MOHHASI TPOBOAUMOCTS ).
CXEMA CTPOEHU A I'AJIBBAHNYECKOI'O OJIEMEHTA.
B ckoOkax yka3bIBalOT 3HAKH AJEKTPOAOB, IPUUYEM MPUHATO aHOJ 3alIUCHIBATH CJIe-
Ba, KaToJ| — CIIpaBa.
Onna BepTUKaIbHAs YepTa 0003HAYAET TPAHUIly METaUl — PacTBOP, ABE — IPAHUILY
MEXK]1y PaCTBOPAMHU.
()A Me)|Me™||Me,™|M,° K(+)
N306pazum ['3, cocrosmuit 13 MUHKOBOTO U METHOTO AJIEKTPOIOB:
Buemnn. nemns
[ v
Anon (-) Karox (+)
A I
BHYTP. IIEIIb: P-P dJ1-JIUTa, 00Ja A0
MOHHOM IIPOBOJIMMOCTBIO
Cxewma 3anucu 1'9:
(A Me? | Me™ || Mey*™ | Me)  K(+)

| - rpaHUIIa MEXKTY 3apAaMu 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 Jlaausng-Skoou:
())A: Zn| ZnS0,||CuS0O,| Cu K(+)
(-)A: Zn? |Zn?*|| Cu?*| Cu K(-)

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

—
— “ IIponecchl Ha NIEKTpOAAX:
—

—— | TOP: Zn® + Cu** — Zn** + Cu" - yp-e
ZnSOz— T usO; TOKOOOPa3yIoIei p-H.

[IprurHON BO3HUKHOBEHUS U IPOTEKAHUS
TOKa B ['D ABIIETCS pa3HOCTDH MOTEHIIMAIIOB.
SI[C:Ea = Eﬁ:a'rn:u,qa - Ea:—{u:u,a;a
Jls1st ipakTHKA 60JIee BaYKHOM BETMUUHOM siBisieTcst Hanpsokerne U << E|

U=E. —Jr — AE

,  TneJr - omuueckue noTepu
AE - motepu Ha TOIAPU3AIHIO

2) I'D BoabTa: 2 pa3Hbix Me, HaXOASIIKUXCS B pACTBOPE OJTHOTO JICKTPOJIUTA, B KO-
TOPOM JIBE IUTACTUHKH, HAIPUMED, IIMHKOBAsI U METHASI IOTPYKECHBI B PaCTBOP
H,50,. Tlpu ero paboTe UHKOBBIM aHO PACTBOPSIETCSI, @ HA METH, TIOBEPXHOCTD
KoTOTOpO# HackimaeTcs Ha, mporncxomur ero BeieneHue.

T.0. B KQUECTBE KAaTO/1a BO3HUKACT BOJIOPOIHBIN AIIEKTPO/, @ HE METHBIA.

Cxema I'D Bounbra:
(-)A: Zn°|Zn**|H,S0,|2H|H, (Cu) K(+)
B cko0kax crmpaBa ykas. Mmecto Beiaen-s H, — MeqkE,

3) KoHmeHTpamuoHHbIe I'D: 2 0IMHAKOBBIX JIEKTPO/Ia MOTPYIKEHBI B PACTBOP OJTHOTO
DIIEKTPOJINTA, HO ¢ pasHoi koHueHrpanueii (C; 1 C;)
(-)A: Cu® | CuS0, || CuS0, |Cu® K(+)
AHOJIOM SIBJISIETCS DJIEKTPO B O0Jee pa30aBIC€HHOM pacTBOPE.
Paccunraem asyms criocobamu E, (DJ1C) meano-nmukoBoro I'D.

1. ESz+ )5, = —0,76B
E2 2+ /0, = —0,34B

TOP: Zn°® + Cu®* = Zn?* + Cu®
=0,34+0,76 =1,1F

E3 = Efcca'ru:u,qa - Ea:—{u:u,a;a
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2. E, = —AC * 102 /nF

Yrobsr paccunrats AC, ncn-eMm criefcTBre u3 3akoHa I'ecca.
TOP: Zn® + Cu?* = Zn®* + Cu°

ACx.p.=—147,16 — 65,56 = —212,72x/lx

_ 212720
3 206500

=1,1B

Buabl 351eKTpOI0B.

1) DnexTpoab! mepBoro poaa: Me morpyeHsl B pacTBOPhI cBoux codieit. Kpome To-
o, K TAaKUM 3JIEKTPOJIaM, OTHOCSAT aMajlblaMHBIE JIEKTPOIbI.

2) DneKTpo bl BTOpOro pojaa: Me MoKphIT clioeM MajJopacTBOPUMOTO COSAUHEHHUS
U OITyILIEH B PacTBOP, COJEPKALIUI AaHUOHBI, OJHOMMEHHbIE C aHUOHAMHU TPYIHOPACTBO-
PUMOTO COETUHEHHUS.

Hanpumep Ag*|AgCL C

B cBs3U ¢ MOCTOSIHHBIM U XOPOILO BOCIP. MOTEHLIUATIOM, TaKUE 3JIEKTPOIbI UCIIOIb-
3YIOTCSl B TOTEHIIMOMETPHUH KaK AJIEKTPOIbI CPAaBHEHUSI.

3) BomopoaHblii 351eKTpo1 (YCTPOHCTBO CM. paHee).

I2+

HOTEHLHUAJIBI I'A30OBBIX JIEKTPOOB.

BonopoaHbiii, KUCITIOPOAHBIN, XJIOPHBIN 3JIEKTPOIBI.

Paccmotpum mo nopsiaky. ['a3oBbie 3IEKTPOABI COCTOSAT M3 METAILUIMYECKOTO IPO-
BOJHUKA, KOHTAKTUPYIOIIETO OJHOBPEMEHHO C Tra30M U PACTBOPOM, COAEPKAIIUM HOHBI
ATOTO AJIEMEHTA. MeTaIM4ecKy MPOBOJAHUK CIYKHUT JIJI1 OTBOJAA U MOABOAA JIEKTPOHOB,
TO €CTh IS IepeAadyu 3IeKTpoHOB. OH HE JIOJHKEH y4acTBOBATh B MPOLIECCE, AOJIKEH
ObITh MHIUG(PEPEHTHBIM K ATOMY TIpoIlieccy, mpexkae Bcero Pt, rpadur.

Boaopoauslii 3s1ekTpoa. [loreHunansl ra30BbIX JIEKTPOAOB 3aBUCIT OT Maplyalib-
HBIX JaBJICHUM T'a30B U COOTBETCBTBEHHO 3TH BEJIWYHHBI BXOASAT B ypaBHeHue HepHcra.

BonopoaHslid 351eKTpoA: ypaBHEHUE TOKOONPEAEISIOMIEN PEAKIIUHN:

2H"+2e=H,’

VYpaBaenue HepHera 151 aTOrO0 mporecca:

E=g%+ 02059

n

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

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

[TocTpouMm rpaduk 3aBUCUMOCTH 3HAYEHHMM MOTEHIIUAJIOB BOJAOPOJHOIO 3JIEKTPOIa
OT BeIM4UHBI PH:

g a’h/Pry

E

0 14pH
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—~0,828B

KHCJOPOJHBIN DJIEKTPO/I. AHanornuHO BOJOPOJHOMY MOXKHO —CO37aTh
KUCJIOPOIHBIN, TOr1a

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

0,059 _

Eozon- =E° ozion- + 4 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*]*/(10*%)* =

= 0,401+0,0147IgPo, — 0,059pH+0,826=

=1,227 + 0,0147IgPo, — 0,059pH/

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

3aBUCUMOCTh 3HAUYEHUI MOTEHIHAIa KUCIOPOJIHOIO 3JIEKTPoJa OT BenuunHbl pH
pacTBOpa oupeneIsieTcs ypaBHEHUEM:

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

['padyix 3aBUCHMOCTH BEIMYMHBI 3HAYECHHS AIIEKTPOJHOrO MOTEHIMANA KUCIOPOI-
HOTO 2JIEKTpOAa OT BeJnunHbI pH.

12— |
0,401

0 14

KHHeTHKA 3JIEKTPOAHBIX IPOIIECCOB.
IMoasipu3anysi: KOHIEHTPAIMOHHAS M DJIEKTPOXUMHYECKaS
KMHETHUKA SJIEKTPOAHBIX ITPOLIECCOB
KuneTrnka 371eKTpOJHBIX MPOIECCOB M3Y4YaeT CKOPOCTh U MEXaHU3MBI 3JIEKTPOI-
HBIX TIPOIIECCOB U 0a3UPYyETCsl HA OCHOBHBIX MOJIOKEHUSX OOBIYHON KHHETHKH.
v=f(mpupona, t, C, karamuzarop, S)
JIJIst DIeKTPOXUMUYECKUX MPOIIECCOB CKOPOCTh 3aBHCUT, L=f(nipupona, t, C, kaTa-
JU3aTop, S W elle cuia ToKa).

72



CMOSIEHCKHIA
MemO()ulteCKoe 06@07[6"487‘114@ Oucuunﬂuﬂbl ( \Q‘JMHMAJT
b51.0.07 «Xumusa»

|

X 11
M3M_

OOBIYHO UCTOIB3YIOT 1= J/S — MIOTHOCTH TOKA.

['eTeporeHHbId 3NEKTPOXUMHUYECKHAM IIPOLIECC COCTOMT M3 HECKOJBbKHX CTaJIHH.
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 pasnesia (a3 MeTaui-pacTBOp
3JIEKTPOJIUTA, T.€. noHu3auus — 310 JJIEKTPOXUMNYECKAA CTA JUS.

4. lecopOuus ¢ MOBEPXHOCTH.

5. OTBOJ MPOAYKTOB OT 3JIEKTPOJIA B pACTBOPE.

Kpome Toro, umerotr mecto u apyrue ¢a3oBble MpeBpallleHus, CBI3aHHbIE C 00pa-
30BaHMEM WJIM Pa3pyLICHUEM TBEPABIX TEN, @ TAKKE C BBIACICHUEM WJINA MOTJIOICHUEM Ta-
3a. [Ipu MrHOBEHHOM OCYIIECTBICHUH KaXKI0M CTaIUU MOJSIpU3aIiis Obl OTCYTCTBOBAJA U
MIOTEHIIMAJ Ha 3JIEKTPOJAaX HE MEHSIIUCh.

E 4

E. const

E,

[
»

Panee 0110 OTMEUYEHO, YTO pealIbHBIN JIEKTPOXUMHUUECKUI MPOIeCC CBSA3aH C IM0-
JSpU3aedl ¥ MO3TOMY MMEET MECTO M3MEHEHHE IJICKTPOIHBIX IMOTEHIIUAIOB MPHU IIPO-
XOXKJICHUH TI0 HUM JJICKTPUYECKOT0 TOKA, T.€. MOJISIpU3aIlusl.

Ecnu u3BecTHa npu4MHa MOJSIPU3ALMHI, TO UCIIOJIb3YIOT TEPMUH NIEPEHANPSIKECHUE.
PaccMoTpum Buabl mossipu3aliui. Pa3nuyaroT KOHLUEHTPAIMOHHYIO M AJIEKTPOXUMHUYE-
CKYIO TMOJIAPU3ALIHIO.

KoHuenTpaimonnas mnoJisipu3aiusi BbI3BaHA 3aMEJICHHOCTBIO MaccollepeHoca
cranuii (1,2,4,5).

Zn Cu

zZn* cu®

ITOY[Zn**]1-yBefr. TIOU[CY>"] |
EA T EKl«

Honyctum u3menenue C npomsonuio B 10 pas, To: EaHona=EOan+/Zn+O,059l2IglO;
E>E°
Exarona=E’cy+/c,+0,059/21g10™; E<E”
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Ex

1
[ AEKaT 4

1 AEHOza yU=E.-Ir-AEnossp.

Ea

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

TIPE].

Moxno 3amcath AE .= % lg(1- ), TI€ Ippe,=NFDC/8-TommmHa cios.

BriBoi: ueM Gomnbiie D, Cv u MeHsIle 0, TeM MeHbIle AEKOHII., T.€. TIepeMelIn-
BaHHE CIIOCOOCTBYET YMEHbIIEHNIO AEKOHII.

DJIEKTPOXUMHUYECKasi MOJIAPpU3aLus.

Dnextpoxumuueckas ctaaus — cooctBeHHo OB peakmus. Kak u mo0as peakius
CKOPOCTh 3TOH peakuuu 3aBucuT oT Ea. Uem menbmie Ea, Tem ckopocTs X.p. 6osbie. B
OTJIMYUE OT KOHIIEHTPAIIMOHHOW TMOJISPHU3AIMN JIEKTPOXUMHYECKAS MOJSIPU3AIHUs TI0-
MHUMO TUIOTHOCTH TOKA 3aBUCHT:

-OT IPUPOBI YACTHII;

-OT MaTepHaia u XapaKkTepa MOBEPXHOCTH AJICKTPOIOB;

- OT IOCTOPOHHMUX MOHOB U [1aB B 3yeKkTpoIHTE

[TpyuurHON 3aMEIJICHHOTO MPOTEKAHUS AJICKTPOJHOTO aKT MOXET CIYXKUTh BO3-
HUKHOBEHME (Da30BBIX MJIM aJICOPOIIMOHHBIX MJIEHOK HA MOBEPXHOCTH 3JekTpoaa. [loaTo-
My KHHETUYECKHE 3aKOHOMEPHOCTHU TEpeHoca 3apsijia uyepe3 rpaHuily pasfiena ¢as Haszbl-
BAIOTCS TEOPUEH 3aMEJIJICHHOTO pa3psia.

AE3n.=a+Dblgi

DTa 3aBUCUMOCTH MOJyuYnsa Ha3BaHue ypaBHeHus Tadens. OHO OBLIO TOTYyYEHO
SKCIIEPUMEHTAIBHO, MTO3THE TeopeTHUeckr. a u b — koHncTanTel Tadens, rae a=f(mpupoasr
peakiuu, Mpy MaTepualia 3JeKTpoja, coctaBa pactBopa u t) b=f(cocraB pactBopa u t).
b(0,03-0,15).
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Koncrantsl 8 u b u3 rpaduxos 3aucumoctu AEan-x=f(lgi), Torma tga — xapakre-
pusyert b. [TocTosiHHBIC a U D He OAMHAKOBBI JUISI PA3JIMYHBIX METAJIOB. BhIBO/: Ha 3ieK-
TPOXUMHUYECKYIO MOJISPU3AIHUIO BIAUSET t U MaTepuall 3JIeKTpoa.

Od4eBUAHO TSI BHIOOpA OMTHMAIIBHBIX YCIOBHU MPOBEACHUS IIEKPOXHUMHYECKOTO
nporecca He00XOAMMO U3YUYUTh JUMUTYIOIIYIO CTAIUIO.

BrisiBiieHne MexaHu3Ma JUMUTUPYIOIIEH CTa Uy MO3BOJISET OA00paTh BEIIECTBA,
Ha3bIBa€MbI€ JICTIOJS PU3ATOPAMH.

B uenom npu npoxoxaeHUH TOKa BOZHUKAeT 00a BUJa MOJISPU3ALUU, COOTHOIIIE-
HUE MEXITYy KOTOPBIMHU 3aBUCUT OT BUJIA DJIEKTPOJIUTA U YCI0BHUS paboThl ['D.

PEIIEHUE 3AJJAY 110 TEME I'D.

Anroputm: 1.Cxema I'D

2.3JIEKTPOJIHbIE peakiuu( mpoliecc Ha aHO/I€ U Ha KaTOJE)
3. TokooOpa3yromias peaxkiys (CymmapHasi)

4.pacuer paBH. OTeHIMaNa no ypaBHeHuto Hepucra
S.pacuer D/1C

3agaua Nel.

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

N3 Tabnuiibl 3HaYEHUE TTOTEHIIUAIOB:

Ere2+/re0=-0,44B E’ags/ag0=-0,80B

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

e >
(-)A Fe’|Fe”[|Ag'|Ag (+)K
< An’

<«

DJIEKTPOHBIE TTPOIIECCHI:

(-)A: Fe®-2e=Fe**

(+)K Ag'+e=Ag’

Cymmapuas peaxims: Fe’+2Ag =Fe” +2Ag°

Pacuer paBHOBECHBIX MOTEHIMATIOB MPHU 3aJaHHBIX YCIOBHUSX MO YPaBHEHUIO
HepHcra:

E=E0+0,05919C (;;on0sMe™)

Eanona=E’re./r+0,059/2*1g10™"=-0,44-0,0295=-0,47B

Exarona=E’ag.a,+0,059/1%1g102=0,68B

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

3nauurt, kak Jobas OBP Bo3moxkHa , eciau DJ1C>0.

3AJJAYANe2. Onpenenure kakas u3 OBP Bo3MokHa, €clii B Ka4€CTBE OKUCIIH-
Test Hcmonb30BaTh noub! Fe** . Tpenmomaracmbie OBP:

I2+Ze=2l'

Br,+2e=2Br

F2+2922F_

Brimumem 3uauenune OB norenuuanos, npeayiaraemeix OB nap
E°\221.-=0,54B E5=0,77-0,54>0- Bo3mosxkHa
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E%o0,.-=1,07B E»=0,77-1,07<0
E°,r-=2,87B E»=0,77-2,87<0

0 _
E Fe3+/Fe2+'—O,7
Pemenmne: Peakmus Bo3MoskHa, ecau E>>0.

3apaua 3. CoctaBbTe cXeMy pabOThI KMUCIOPOAHOBOIOpoiHOTO ['D (cTanaapTHBIE
YCJIOBHS), €CJIM MapiuaibHOe AaBieHue razop=1 pH=4

Brruncaure 23 /C.

Pemenue. OtmeTum, uto npu a00oM pH moTeHIman KUCIOPOAHOTO 3JIEKTPOjia

Oynet 0oJbIIe BOJAOPOIHOTO.
1,23

\0,4

-0,8

CrenoBaTenbHO, aHOJ — BOJOPOJAHBIN 3JIEKTPO/I.

(-)A Pt Hy0[2H"||20H7|0; Pt(+)K
IIpouieccel Ha IEKTpOaAX:

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

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

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

2H2+02:2H20

Pacqu PaBHOBCCHBIX ITIOTCHIUAJIOB!

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

pH=4 Pacuer mnoTeHIMana aHOJA MO YPaBHEHHUIO JII Ta30BOr0 BOJAOPOIHOTO
anektpoaa: Ea=-0,059pH. =- 0,059-4=-0,236B

Pacuet norennmana 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+0,059191/10"°=0,401+0,59=0,991.

Pacuet 1o YPaBHCHUIO I'a30BOT'0 KHCJIOPOAHO 3JICKTPOaAA.

E=1,23+0,01471gp(0-)-0,059pH=1,227

-0,059*4=0,991.

3JIC=Ex-Ea=0,991+0,236=1,227B

TEMA 9. 3JIEKTPOJIN3 PACIIJIABOB U PACTBOPOB 3JIEKTPOJIMTOB

DJIeKTPOJIN3 — TIPOIIECC Ha BJICKTPOAAX IOJ JCUCTBUEM DJICKTPUUYECKOTO TOKa,
MOoJaBa€MOro OT BHEIIHETO UCTOYHUKA. [Ipy 3TOM IMPOUCXOIUT MPOIECC MPEBpPAIICHUS
AIEKTPUUYECKON SHEPTUU B XUMHUYECKYI0, KOTOpas HAKAIIJIUBACTCS B MPOAYKTAX PEAKIIUH.
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lanpBaHMUYECKU 3JIEMEHT

XUMHUYECKAS] SHEPIUs _ > DnekTpuueckasl SHEPIrus

‘QHGKTpOHHS

Suelika s 3JIEKTpONIM3a HA3bIBAETCS AIEKTPOn3epoM. COCTOUT U3 JABYX JJIEK-
TPOJIOB U DJICKTPOJIUTA.

[Ipouiecc mpu 3JIEKTPOIU3E NPOTUBOIOI0XKEH Tpoueccy ['3. [loaToMy mipu 3mek-
TpOJIU3€ KaTOJl 3apsbKEH OTPHUIIATENIbHO, TaK KaK MPUCOEAMHEH K MHUHYCY HCTOYHHKA.
AHOJ — 3JIEKTPO/JI, HA KOTOPOM MPOUCXOAUT OKUCJIEHUE, OH MOJAKIIOUYEH K mitocy. OKuc-
JIUTEIbHBIE U BOCCTAHOBUTEIIbHBIE CBOKMCTBA TOKA BO MHOTO pa3 CUJIbHEE ACHCTBUS XUMH-
YECKOr0 OKHCIJICHHSI U BOCCTAaHOBJIEHUA. XapakTep MPOLECCOB Ha AJIEKTPOAAX 3aBUCHT:
npupoaa IEKTPoIUTa (IEKTPOIU3 paciiaBa WM PacTBOPOB), MPUPOJIbI aHOAa( pacTBO-
PUMBIN UM HEPACTBOPUMBIN ), KOHLIEHTPALIMH, TEMIIEPATypbl, ILIOTHOCTH TOKa U pH.

[ToTeHunan u HanpsiKeHUe pasnoxeHus — UX.p — MUHHUMaIbHOE 3HAYEHUE BHEIII-
HEW Pa3HOCTHU MOTEHIHMAJIOB, MPUJIOKEHHBIX K 3JEKTPOJaM, IMPU KOTOPOM HAYMHAETCS
AIEKTPOJIN3 JAHHOTO COCIUHECHUSL.

JInst Kak1oro BemecTBa — 3TO KOHCTaHTa, CTaHJapTHOE 3HAUYEHHUE, KOTOPOE JI1aHO B
cripaBoyHUKe. HanpsikeHue pasiioxkeHus MPEeBHIIIACT Pa3ioKEeHHE:

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

J{nst yBeNTMUeHUsI CKOPOCTH AJIEKTPOJIM3a JICKTPOIaM MPUKAIBIBAIOT Pa3HOCTh M0-
TEHIMAJIOB, MpPeBbIaroIly0 Benuuuny JJ1C.

[Ipu 3TOM PHEpPrUs, 3aTpauyrBaeMasi Ha KOMIICHCAIIUI0O OMUYECKUX MOTEPh U MOJIsI-
pHU3anuio, IPEBpPAIAETCA B TEIUIOTY. DTO MPUBOJUT K MEPEPACXOAY IEKTPUUECKON IHEP-
ruu. PaccMoTpuM 371€KTpOIu3.

Bo3M0kHBIE TUIIBI IPOLIECCOB JIEKTPOIU3A:

1. DnekTponn3 paciuiaBa (pa3aoKeHUE ANEKTPOIUTA)

2. DIEKTPOIN3 PacCTBOPOB (Pa3I0KEHUE MIEKTPOIUTA PACTBOPUTEIS)

3. DIeKTpoau3 cojiei, METAJJIOB, C PACTBOPUMBIM aHOJIOM, KOTOPBIN H3TOTOBJIICH

U3 3THUX K€ METAJIJIOB.

B kauecTBe HepacTBOPMMOI0 aHOAA PACCMATPUBAIOTCS SJIEKTPOJbI U3 IJIATHHBI,
30J10Ta, peaKo upuaus, ocmus, PbO,, rpadura.

3amejyieHue CKOPOCTH aHOJTHOTO PACTBOPEHHUSI BCIEJCTBUE 00pa30BaHUs 3alIUTHBIX
CJIOEB Ha3bIBaeTcs naccupaiueid. [loaToMy B kauecTBE HEPACTBOPUMBIX aHOJIOB MOTYT HC-
M0JIb30BaTh METaJl, HAa KOTOPOM O0pa3yeTcst 3aluTHAs IUICHKa: 11, TaHTajl, Hep)KaBero-
mas craiak, Fe u Ni.

E uneptHOro anoma > E xucnopogHoro snekrpoaa. PaccMorpum anexkrponus pac-
1J1aBa Ha UHEPTHBIX AJEKTPOAaX:

CaCl,=Ca**+2CI

(1)K Ca**+2e=Ca’ — BoccraHOBICHHE

(+)A 2CI - 2e=Cl,° — oxucieHue

CymmapHas: 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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Zn* Pb*" cu®*
-0,76 < 0,34

BoccranoBnenue HUACT C BJICKTPOJINTA, Y KOTOPOI'O INOTCHIIHMAJ OoubIIIE.
OxucneHue Ha AHOJIC MPOTCKACT TEM JICTYC, YCM MCHbLIIC 3HAYCHUC IIOTCHIMAJIa
dHHUOHA.

[Tomuu! IlocnenoBaTenbHOCTD Pa3psSIAKU:
(+)AHoa: B IepBYIO o4epenb yacTuia ¢ - Emin
(-)Karon Emax
Ecau AE< 1B, T0 HAYT OAHOBPEMEHHO HECKOJIBKO MPOLECCOB

B BOIHBIX pacTBOpax 3JIEKTPOJIMTOB C MHEPTHBIMU 3JEKTPOJAMHU IOSBIIAETCS BTO-
poe BeliecTBo, yyacTHUK npouecca — H20. Ilpu orcyrcrBum ruaponusa (conu 1V tuna) —
cpena HeWTpanbHas. ['uaponu3 no aHuoHy (conb nepsoro tumna). pH>7. OH runponus no
kaTHOHy (conu BToporo tuna) pH<7, H' snekrponur.

N3 351eKTpOaHBIX MPOLIECCOB O0JIEE BEPOSITEH TOT, KOTOPBIM TpeOyeT MUHBLIE IHEP-
ruu. Bech psl MOTEHIMAIOB METAIOB OT JUTHUS 10 30J10Ta U Ipyrue MeHsercs ot -3B 1o
+3B. K asexkTponam 3neKTpOIM3HONM BaHHBI MOXKHO IIPUJIOKHUTH Pa3HOCTh NOTEHUINAIOB
BO MHOTO pa3 Oosibllie 6B, m03TOMy TOK Ha KaToJe caMblii CHJIbHBII BOCCTAHOBHUTEJIb,
a Ha aHO/le — OKUCJIUTEJIb.

B peanbHBIX polieccax NOpsI0K pa3psAKd MOXKET ObITh HApyIIeH NOJsipu3alnuen

B pacTBOpax CONM LHHKA HA KaTOAe KOHKYPUPYIOT 3a 2ekTpoHs! Zn>" u HY, BepHee
MOJIEKYJIbI BOJIbl. BbIe/ieHne BOIOPo/1a NPOTEeKaeT ¢ 00J1ee BLICOKOI MoJIApu3anuei,
U OTEHUHAJI BbIIEJICeHUS] CTAHOBUTCH 00Jiee OTPULATEIbLHbBIM.

E(Hz)‘

E(Zn)
Emax

v

Iy 11 D)

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

PaccMoTpuM KaToIHbIE MPOLECCHI MPH JIEKTPOJIH3€e BOJHBIX PACTBOPOB:

1) Me™ +ne=Me° — BoccranoBzeHne Me

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

3 BOCCTAHOBJICHHE JPYTHX OKHCIUTEIICH:

[Ox]+e=[Red]

Bce okucniennbie GopMbl TOAPA3IEISIOTCS Ha 3 TPYMIIbL:
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Licooooin. Ca...Al.)..Zn...... Fe..H............. Cu.....Ag
2H"+2e=H,’ Me™+ne=Me°|  paspsaka
2H++26=H2° <
Eme>En+/H2

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

4e=0,+2H,0

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

OxwucneHue Apyrux HOHOB:

b) [Red]-e=[Ox]

DJIEKTPOJIN3 PACTBOPOB COJIeH ¢ PACTBOPUMBIM aHOIOM:

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

0) 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 nanHoMm pH. B atux
CJIy4asx aHoJl, UI3rOTOBJICHHBIN U3 3TOTO MeTaJljia pacTBopsieTcs, eciiu EaHo-
na=Eoz»0n-, TO HApsIAy ¢ pACTBOPEHUEM aHOJ1a, UJIET BbIJICJICHUE KUCIOpOoa Ha
aHoJIE.

2. TOTEHIHAJ OKHUCI./BOCCTaHOB.>1,229........... Nnet npotiecc ¢ HEpacTBOPU-
MBIM aHOJIOM, TIPH CJICIYIOIIECH OUepeIHOCTH: CHavYajaa pa3psyKarTCs MPOCThIC
HWOHBI, HO TI0 MEPE POCTA 3HAYCHUS E° He npessbimaromux 1,53. Jlerue Bcero S
,I” , Br ,CI.C Beiienenuem npoctsix Bemects: S° I, Bro, Cls.

Ha anoze He OKMCISIOTCS KUCIOPOA0COACpKAIMe aHUOHBI: C032' SO42' NOj3
PO,> F. [Ipu paccMOTpeHUHU peaIbHbIX MPOLIECCOB HA aHOJIE, HAIPUMED, MPHU IIEKTPO-
mse BogHoro pactsopa NaCl mpu pH= 7 nmeem: NaCl=Na"+CI’
(-)K: Yactumsr:Na™, H,0O (H"); motenmanst: Enas/nao =-2,714B; E’ H+H2=-0,403B Uner
nporiecc ¢ OoIBITUM 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 JIS1 aHOIHBIX TPOIIECCOB:

Emin
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Bbiaesienne KUCJI0poaa NpoTeKaer ¢ 00Jiee BLICOKOM MOJIsipu3anueil, U moTeH-
IHMAJ BbICJICHUS] CTAHOBUTCH 00J1ee MOJ0KUTeJIbHbBIM.

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

OBP I DJIeKTPOJIN3Eep
IIporexkanue npouecca | Camonpou3BoJibHOE IIpunyaureabHoe
IIpeoOpa3zoBanue 3Hep- | U3 xumnueckoii B N3 3ekTpryeckon B
THHU JJIEKTPHYECKYI0 XHMHYECKYH0
Hanpsi:kenue PaBHoBecHOe Hanpsi- Teoperuuecku Hanps-
JKeHre = AIIOTEeHIHAJIOB | JKeHHUEe Pa3jioKeHHe KaK
3JICKTPO/10B Pa3HOCTH MEXKAY AHOA U
KaTOJAHBbIM MOTEHLHA-
JIaMH

Bo3saeiicrBue nmoasipu-
3aluu

—
~

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

S~}
e

» »
» »

KonuuecTBeHHas xapakTepUCTHKA MPOIECCOB AJIEKTPOIN3a OTpaKeHa 3aKOHAMHU
®dapanes. KoauuecTBo npopearupoBaBIIero MpH 3JIEKTPOIIU3€E BEMIECTBA MPONOPIIHO-
HAJIBbHO KOJMYECTBY JCKTPUUECTBA MPOIIESAIIECTO YePe3 AIEKTPOIHT.

Bropoii 3akoH: ipu OTNpeieIEeHHOM KOJIHMYECTBE dJIEKTPUUYECTBA, MPOIIESAIIETO Ye-
pEe3 pacTBOP IIEKTPOIUTA OTHOIIEHUE MAcC MPOPEArupoOBaBIINX BEIIECTB = OTHOIICHHUIO
UX MOJISIPHBIX MacC MX SKBUBAJCHTOB MK My/M31=m,/M>32

O6a 3akoHa MOXHO 00BETMHUTD B ofnH. KonuecTBo anmekTpuyecTsa, pagHoe 1F
i (96500Kom) nnmm 26,8 A*u Bcerna BoiensieT 1Monb SKBUBaJIeHTa BemecTBa. Macca
pactBopuBIerocs pemectsa M = M/n*1*t/F — 3axon dapanes.

Kpome Toro, npu periennu 3aaq UCHOJb3yeTCsl BEIMUMHA, KOTOpas 0003HavaeTcs
1 — BBIXOJI IO TOKY.

n:QI-KOHI/I‘{CCTBO 3aTPavYCHHOI'0 JJICKTPUYECTBA HA JAaHHYIO peaKuH}o/Q_06mee KOJIMYECTBO JJICKTPHUYECTBA
—_ *
N=Myp./Myeop./*100%
n Bceraa MenbInne 100%, T.k. Ha 3JeKTpoIax 0OBIYHO MPOTEKAET HECKOJIBKO MPO-
IIECCOB.
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TEMA 10. KOPPO3USA METAJIVIOB. MEPOITPUATHUA 11O 3AINUTE METAUJI-
JIOB OT KOPPO3UH

DTOT MPOLECC CaMOIPOU3BOJIBHOTO Pa3pyLICHUs METAIIa B PE3YJIbTATE CIIOKHOTO
(U3UKO-XMMHUUYECKOTO B3aUMOJICUCTBUS C OKpY>KaroIiel cpenoi. Metajuinueckoe cocTosi-
HUE CUUTAETCS] TEPMOJMHAMUYECKHA HEYCTOMYUBO. VI mO3TOMY METAIT CaMONPOU3BOJILHO
MEePEXOJIUT B OKUCIICHHYIO (OPMY, COCTAB NMPOAYKTOB 3aBUCHUT OT YCJIOBUH KOPPO3UHU.

XuMuueckasi JHeprusi pa3pyumieHusi MeTa/Uia BblIeJseTCS B BU/IE TeIJIO-
ThI U 0€CII0JIE3HO PACCEHBACTCH B OKPYKAKOILYIO CPeay.

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

30J10TO — €AMHCTBEHHBIN YCTOMYMBBIN MeTalll. B 11€710M KOppOo3UiHOE pa3pylleHHue
— 3TO TETEPOTCHHBIN MPOIIECC, MPOTEKAIONI Ha rpaHulle (a3, B OCHOBE KOTOPOTO JICHKHUT
OBP.

Kunaccudukanus KOpPpPO3HOHHBIX MPOLIECCOB.

Kputepuii koppo3un Buagsl Kopposum

1.Mexanu3m B3auMo- | XUMHYECKass M JJIEKTPOXUMHUYECKAs
AefCTBHA MeTajlla ¢
OKpY:KamwlIeil cpeaoi

2.Bun  koppo3uonHoi | 1.I'az06as (arpeccuBHas cpeaa — ras);

cpeabl (Yka3aH B cKo0- | 2. Ammocghepnasn (Bo3ayX);

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

KaHUSA 4. buokoppo3us (MUKPOOPTraHU3MbI);

5. Konmaxmmnasn (31eKTpPOJINT);

6. Paouayuonnasn (pa3iuvyHbie BUIbI 00/ 1yYeHHsI);

7. Koppo3us éneuwtnum moKkom, 0aysHcoaouyum moxKom;

8. Koppo3usa noo nanpscenuem (0THOBpeMeHHOe BO3/1eliCTBHE
MEXaHMYECKOI0 HANPSIKEHUS U CpPebl);

9. Kopposuonnasa kasumayus (0JHOBPEMEHHO KOPPO3HOHHOE U
yAapHoe BO3/ielicTBHE BHELIHEH cpe/ibl);
10.@pemmunz-koppo3us (0AHOBpPEMEHHO KOPPO3UOHHOE U
BUOpalIMOHHOE BO3/JeiCTBHE BHEIIHEN cpeabl);

3. Xapaktep wu3MeHe- | 1. CrulomHasi paBHOMepHasi- pa3pyllIeHUE 110 BCel OBEPXHOCTU
HHUS TIOBEPXHOCTH Me- | METAJIA;

TaJJIa UJIM CIJIaBa 2. CiomiHasi HepaAaBHOMEPHAas ;

3. CTPYKTYpHO-U30UpaTe/bHast;

4. IIsaTHAMHU KOPPO3UPYET OT/IETBHBIC YYACTKU MOBEPXHOCTH;

5. SsIzBamu;

6. ToueuHnass (MMTTHUHIOBAs1) TMPOIIECC MOXOX Ha IMSITHAMH, HO
pazpyuieHus 0oyiee MEJKHe,;

7. llonnmoBepXHaCTHASA;

8. Me:kKpUCTaJUIMTHASA 110 TPaHsIM KPHCTAJUIOB MeTallja.

I'a3oBasi kKOppo3usi — BO3HUKAET NPU KOHTAKTE METAJUIA C ra3aMH B OTCYTCTBUHU
3JIEKTPONPOBOASAIIMX PACTBOPOB. B MPUPOAHBIX YCIOBUSAX BCTPEUYAETCS PEIKO, YaCTO B
METAUTYPrUYECKUX U XUMUYECKUX MPOU3BOJICTBAX, & TAKKE MPHU BBICOKOTEMIIEPATYPHOMI
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00paboTKe METAJIOB, B JBUTATENAX BHYTPEHHETO CrOpaHUs, B ra30BbIX TypOMHAX, T.€.
npu B3aumopaeicteun ¢ SO, Cly, O, , TOIIMBHBEIMHU ra3aMu.
MeTtat BRICTyaeT B POJIM BOCCTAHOBUTEJIS, arPECCUBHBIN T'a3 B POJU OKUCITUTEIIS.
Kunernka razoBoi KOppo3uu.
Hanomnro, Bxone peakiuu Cyex | 5 Crpon. T»
Js 0Bp Egx-na | Egocer-1s TTIOKa HE HACTYIIUT PABHOBECHUE

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

Js1st 60pbOBI C 3TUM BUAOM KOPPO3UHU MIPUMEHSIOT JIETUPOBAHUE METajlIa- 3TO
CIUIaBJICHHE C HUKEJIEM, XpOMOM, BaHaJueM, BoJb(ppaMoM, a TeMIiepaTypHyt0 00paboTKy
MeTalia IPOU3BOJIAT B CPEJIe MHEPTHBIX Ta30B.

KuakocTHasi XuMuYecKasi KOPpPO3usi — MPOUCXOJUT B CPEJIe KUIKOCTEH HEIIEKTPOIH-
TOB (pacruiaBieHHas cepa, OpoM, HedTh, OeH3uH, KepocuH). OTIMYaeT MEHbIIAs CKO-
POCTh, YEM B PACTBOPAX 3JIEKTPOJMTOB U MPEUMYIIECTBECHHO MO XUMHUYECKOMY MEXaHM3-
My. 3aIUIIA0T C IIOMOIIBI0 HAHECEHUS MTOKPBITHA.

JJIEKTPOXUMHNUYEKASA KOPPO3US (atmocepHasi, MOPCKas, OA3eMHAas,
BHEIIHUM M 0J1yKAAI0LIUM TOKOM)

[Ipu 35IEKTPOXUMHUYECKON KOPPO3UM HA MOBEPXHOCTH METAJJIa BO3HUKAIOT aHOI-
HBIC ¥ KaTOJHBIC 30HbI, @ IPU HATHYUU JIEKTPOJIUTA 00PA3yIOTC MHUKPOTalbBaHUYECKUN
aneMeHT -MI'O-, nmpoayuupyromuii KOppo3uOHHbINM TOK. Ha aHOAE MpoucXonuT oKucie-
HUE METAJlJIa, a Ha KaTOoJie UMEET MECTO BOCCTAHOBIIEHHE OKucauTenel. OKucIuTenemM npu
3JIEKTPOXMMUYECKOH KOPPO3MH, Takue uacTuibl, kKak H™ O,, KoTopble Ha3bIBAIOT JAenoJIsi-
pHu3aTopamMu.

bnaronpusrcrByromue ycioBus:
1. HeoqHOpPOIHOCTH CIIJIABOB 110 COCTaBY.
2. HeomHOpPOIHOCTB COCTaBa 3JIEKTPOJIUTA.

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

AHox(-) Karon(+)

YpaBHEHHUE OKUCITICHUS BoccranoBieHne okucaurenen

Me®-ne=Me™ - sto mep-
BUYHBI TPOLIECC, BO3-
MOKHO BTOPHUYHBIC IPO-
1ecchl (B3anMMOCHCTBHIE
IPOTYKTOB KOPPO3HH
WIM HWOHOB MeTalla ¢
AJIEKTPOJIUTOM).

O,: WM TIOTJIOIIEHNE
KHCIIOpOAa WU KHCJIO-
POJTHAS ICTIOJISIPU3ATIHS:
A)pH<7
4H"+0,+4e=2H,0

b) pH>7
0O,+4e+2H,0=40H"

H': Brimenenue Bomopona
WM KOPPO3Usi C BOAOPOJ-
HOE JETOJIIpU3aLINEH.

pH<7 2H"+2e=H,

pHZ7 2H20+e=H2+20H-
E=-0,059pH-0,0295Igp(H,)
P(H,)=5*10"

82




Memoouueckoe obecneuenue OUCYUnIUHbL

F1.0.07 «Xumusr»

CMOSIEHCKHA
( DUnnAn

f

|

X 11
M3M_

A)oOpazoBaHue THAPOK-
cuma:

Me"" +nOH=Me(OH),
Me?*+20H=Me(OH),

b) obpa3zoBanue maino-
pacTBOpUMBIX docda-
TOB:

3Me**+2P0,=Mes(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 Kuciaopo-
J1a 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
CrocoOCTBYIOT — MOIJIONIE-
HUIO BOJOpOAA:
l)yBenuuenue Temmepary-
PpEL,
2)yBeJIUYEHUE
i H,
3)npupoa 37eKTpoaa
4) namenenue pH.

KOHICHTPA-

Bo3MoxHOCTE KOppO3un onpenensercs dHepruei [ mooca, Koppo3ust — caMOIIPOm3-
BOJIBHBIN nponecc. Tak kak Koppo3us cBA3Ha ¢ ['D, TO BO3MOKHOCTb €€ NMPOTEKAHUS BO3-

T/1 3JIeKTPOXMMHUYECKOU KOPPO3UH

MOHO onpenenuTs 1o JJIC. Peaknusa BosmoxHa, ecinu 3/C>0
Es=Eoxucn. — EBocct.(MeTamia)

1,2

0,4

0,2

I

-0,64

IlepBasi 001acTh xapakTepusyercs Enent/meo™Eo20H.. OTO XapakTepHo s 301ota
U OJIM3KUX €My METajuioB. /[ 3TUX METayuioB KOPPO3Usi KUCIOPOAHON U Tem OoJiee BO-
JIOPOJIHOM AeNOJIsIpU3allui HEBO3MOKHA.

Bropasi 00smactb: Enenimeo<Eozon-s Eoxucr02>Eme -Iloriiomenne kuciiopoaa
WM KOPPO3HUs C KUCJIOPOAHOM JenoJisipu3anuei.
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Tperbs 00J1acTh. BOTBIIMHCTBO METAILIOB.

Emen+meo<Eo2i0H-

Emen+/Meo<EH+/H2. BO3MOKHO moOrJioneHue KUCJI0POAAa M BblJeJeHUEe BOJAOPOaAA,
TO €CTh KOPPO3Hsl C KUCJIOPOIHON U BOAOPOIHOM AemoJIsIpU3anue.

Otrimmuua MI'D ot I'D:

1)MI'D KOpOTKO 3aMKHYT, HET BHEIIHEH 1IeTH, SHEPTHsl PEaKIMU YXOIUT B TEILIO;

2) MI'D He umeeT MOPUCTOi NEPErOPOIKH.

NOJISIPU3AIIAA 1 CKOPOCTD DJIEKTPOOXUMHUYECKOM KOPPO-
3Un
KuneTnka sneKTpUyYecKMX MNPOLIECCOB aHAJOTMYHO MPOLECcaM, MPOTEKAIOIIUX B
I'3. To ecth nipu paboTe KOPPO3MOHHBIX MUKPOTATHBAHUYECKUX AJIIEMEHTOB HAOII01aeTCs
SIBJICHHE KOHIICHTPALIMOHHON Y XUMUYECKOU MOJISIPU3ALINAN.
XoJ1 MOJApU3ALMOHHBIX KpUBBIX B MI'D.

EA
Ex

Er

\

Ea

|

Koppo3uoHHbI nporiecc MpoTeKaeT A0 TeX MOp , MOKa BECh METAJUT Ha aHOJE HE
paspywmrcs. [lomsipusanus B JaHHOM Cly4ae OKa3bIBAE€T IMOJIOKUTEIBHOE 3HAYEHHUE, T.K.
YMEHBIIIAET CUJIy KOPPO3UOHHOI'O TOKA U CHUKAET CKOPOCTh KOPPO3UHU.

KonnienTpanuonHas nosisipu3aiusi NPH BbIIEJCHUM BOJOPOAA HE3HAYUTEJIbHA,
[IprumHbL: Masble pa3Mepsl IPOTOHA — BBICOKAs MOJBHKHOCTB €r0, a4 3HAYNT, HE BO3ZHUKA-
€T HEJOCTAaTKA PEareHTOB IPU JIEKTPOJHOMN 30HE.

OpnHako, Ha 3TOT MPOLIECC OKA3bIBAET BIUSHUE MTPUPOJA KATOAHOTO yyacTka. YToObI
CHU3UTBH CKOPOCTh BOJOPOIHOM JAEMOISIPU3ALNHI MOKHO CIIETATh:

1. yMeHBIINTH KOHIIEHTPALIMIO HOHOB BOJIOPOJIA B CpeIe.

2. W30JMPOBAaTh METAITUMYECKYIO MIJIACTHHY

3. OYHUCTHUTH METAJLJ OT MpUMecei

4. TOHU3HUTH TEMIIEPATYPY — CKOPOCTh MOJIEKYJ CHUZUTHCA U MPOLECC 3aMEITUTCSL.

KUCJIOPOIJHASA AEIOJAPU3ALNSA HA KATOJE
Monekynbl KUciopoaa OoJbllle MO pa3Mepy — MEHbIIAask CKOPOCTh JIBHXKEHUS, MO-
3TOMY KOHUEHTPALMOHHAS MOJAPHU3alMs UMeeT 00/1b1I0e 3HAYeHHe, HO NTPUPOJIa Ka-
TOJHBIX YYACTKOB HE BJIMSIET HA CKOPOCThH JICTOJISIPU3AIMH.
CHM3UTB CKOPOCTH AETOJIAPU3ALNNA KUCIOPOA:
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1. yMEHBIIUTH KOHIIEHTPAIMIO KUCIOPOa Y TOBEPXHOCTH MeTalia

2. CHU3WTH MaplHUaIBLHOE JTABJICHUE KUCIOPO/Ia HaJl pACTBOPOM

3. M30JMPOBATh METAJUT OT OKHCIIUTEJIS.

CrerneHp YMCTOTHI METAJIa HE BIUSET HA CKOPOCTh KMCIOPOTHOM JETIOSPU3AIIUH.

POJIb AEITIOJISAPU3ATOPOB B KOPPO3UOHHOM IMPOLECCE
Jlenonsipu3aTopbl YCKOPSIIOT Koppo3uoHHbIi rpouecc (H,0,): npu ssedenuu nepexucu 6o-
00po0a, 8bINOHAIOWEL POTb OENOJIAPUIAMOPA, YCKOPAIOUe20 KOPPO3UIO Nymem yseaude-
HUSL KOHYEHMPayuu yacmuy OKUCIUmes Ha kamooe, Hanpsjicerue 1D yeeauuunocs.

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

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

2.5. 'paduk nosipu3aMOHHBIX KPUBbBIX NPH MOJISPU3ANUM U 1eNOJISIPU3ANNHA;
A 1. AHOOHOE OKUCeHue memania
2. Boccmanoenenue okucaumeins Ha Kamooe
3.Beeoenue oenonapuzamopa
4 4. Ycxopernue kamoono2o 60ccmano8ietus.

| |

»

noaiapuszayusl Oenowzpus’auuﬂ

Poib moasipu3anuu ¥ JeNOoJSIPU3ANUM NPH IJIEKTPOXMMUYECKOM KOPPO3MH:
noApU3aAYUsA, BO3HUKAIOWAS 8 KOPPOZUOHHBLIX 2ANbBAHUYECKUX IJIeMEHMax, CHUdMCaem
CKOPOCHb KOPPO3UU, 8 MO 8peMsl, KaK 868e0eHuUe 0enoisipu3amopa CImumMyaupyenm Kamoo-
HbIU npoyecc U yCKopsiem KOppo3UOHHOE pa3pyuieHue.

[Ipumep penieHus 3a1ay no TeMe KOppOo3Hsi METAILIIOB.
3apava 1. Bo3moxkHa i KOppo3us JIy)eHoro xenesa, npu pH=11 na Bo3ny-
X€, €CIIM BO3MOXHO COCTaBUTH cxemy ['D:
Ere2+/re0=-0,44
Esn+/sn0=-0,136
Eoz20n-=0,401+0,059/4*1g0,21/10°=0,568 B
WM 10 ypaBHeHUI0 Eqyon.=1,217-0.059pH=1,217-0,059-11=1,217-0,649=0,568 B

Eonsm2=0,059/2*1g(101%/(5*107)=-0,463 B

WJIH TI0 YPAaBHEHUIO Ergpi/re0=-0,44

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

ComnoctaBuM: Erei/re0=-0,44 B < Eop/004-=0,568B ,uimeeM KUCIOpOIHYIO JIETOs-
pHU3aIuio
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ComnoctaBuM: Epeoi/re0=-0,44B > Eon412=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 TUIT KOppo3uu s cruiaBa Be-Sn (pH=6)

Pentenue. EOBez+/Be =-1,847B

E" 4412 =0,186-0,059pH= - 0,522
E”ozion- =1,217-0,059pH=0,509  }— E’cusicu < E oz/on- T.€ KOpP. ¢ KHCJIOPOIHOI -
MOJIsIpU3aluen.
Cxema: | A(-)

'
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 BOJOPO/A.

K(+)

AJITOPUTM pelIeHus 3a/1a4:
1)Boimucars E° KOHTAKTHPYIOLIUX METAVIOB, ONIPEAEJIUTh AHO/L;
2)Paccuntars E' okncanredeii;
3)YcranoBuTh BUJ KOPPO3uH, cPaBHUB E nona ¥ Eokucmrenrii;
4)CocraButh cxemy MI'J;
5)YpaBHeHus1 HAa 2JIEKTPOAAX.

Koppo3usi B ecTeCTBEHHBIX YCJI0BUAX
I. ATMOC®EPHASA
Camas pacnipoctpanennas. [Ipumepno 80% Bcex KOHCTpYKIMA paboTaeT B aTMOC(hEpPHBIX
ycloBUsSX. ATMOchepHasi Koppo3us- pa3pyllieHrne MOBEPXHOCTH METANIOB B YCIOBHSIX pe-
aNbHOU 3eMHOM aTMocdepsl npu BiIaxkHOCTH Bo3ayxa Oosee 70%.CkopocTh aTM. Kop. 3a-
BUCHT OT:

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

2) BpeMEHU BO3CHCTBHS;

3) coctaBa MaTepHajia COCTOSIHUS €r0 MOBEPXHOCTH.

Hamnp., 61u30cTh MOpPst yCKOpsieT aTMOC(EpHYIO KOPPO3UH., TPOMBIIIIICHHAS] aTMO-
cdepa, conepxkanias CO2, SO2,NO2,NH3,HCI ctocoOcTByeT NpoTeKaHUIO KOPPO3HH C
BOJOPOJHOM ACTIOJIAPU3ALIACH.

[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
OBEPXHOCTH MeTau1a. MexaHu3M MpOTEeKaHUs aHAJIOTMUYEH Ta30Boi Koppo3uu. O6pasy-
IOLLMECA OKCHUJIHBIE TUIEHKU 00J1a1at0T 3alIUTHBIMU CBOMCTBaMU;

0) BJIa:KHYI0 aTM. KOpp. (Baa:xkHocTh>70 % )Ha moBepxHocTu merasia oOpa3yer-
Csl U3-3a KaWJUIAPHOM, aIcOPOLIMOHHON I XMMUYECKON KOHAEHCAIIMU TOHKAs TUICHKA
BJIary, B KoTopoit pactBopsiercsa O2,CO2 u oHa CTAaHOBUTCS 3JIEKTPOIPOBOIHOM, BO3HU-
katoT MI'D, T.kx umeeTcs HEOJHOPOIHOCTh METAILIOB;

B) MOKpYI0 (BiaxkH nipumepHo 100%). Ha noBepXHOCTH BUAMMAs TIJIEHKA BIIArH.
Boznukaer MI'D. Ona 00ycioBieHa HEOTHOPOAHOCTHIO KOOPO3UOHHOM Cpeibl, @ UMEHHO
HEPABHOMEPHOM €€ a 3 p a Il U € — HEOJJIMHAKOBBIM JIOCTYIIOM BO3/lyXa K Pa3JINYHbIM CJIO-
aM Karui. Co BpeMEHEM B LICHTPE KAIUIA COAEPKAHUE PACTBOPEHHOTO KHCIOPOa CTAHO-
BUTCS HIDKE , UeM B niepudepruueckux (HapyKHbIX) CIIOSIX, HEOCPEACTBEHHO COIIpHUKaca-
IOIIUXCA ¢ BO3AyXOM. JTa 1eHTp 4yacTth ctaHoBUTCSI AHO/IOM u nonBepraercs paspyiie-
HUIO, a epudepuiinas B (BUAE KOJIbIa)-KaTOAHBIM YYaCTKOM,Ha KOTOPOM MPOTEKAET
poLEecC BOCCTaHOBIEHUS Kuciaopoaa. [locie BrIChIXaHUs KaIljiy B €€ LIEHTpe 0OHapyKu-
BaeTCs yriyOJIEHUE HHOTIa OTBEPCTHE.

I1. llon3eMHas — pa3pyuieHre MeT KOHCTPYKIMII B IOYBAaX M TPyHTAaX. (TpyOoO-
IPOBO/IbI, ONIOPHI, cBau U T.I.) OcoOeHHa 3HaUYUTEIbHA HAa O0JOTHCTHIX MoYBax ¢ pH<7
npuMepHo paBHo# 3 . [IpoTekaeT ¢ BogopoaHOM nenomspusanueid. bopp0y oCyiiecTBIsoT
HAHECEHUEM aHOJHOTO MOKPBITHS.

I11. KOPPO3UA O AEMCTBUEM BJYXKIAIOIIUX TOKOB

[IporcxoauT Mo JEHCTBUEM BHEUIHETO HCTOYHHUKA TOKA. [IpoBOLMPYIOT KOPPO3HIO
TOKH, OTBETBJISIOLINECS OT 5K/J1 PeJibC, TPaMBAWHBIX JTUHUM OT 3a3emiieHusl. Eciu KOHTakT
MEXIy PEJIbCAMM IUIOXOM WM PENbChI IJIOXO W30JIMPOBAHBI OT 3€MJIM IPOUCXOJIUT OT-
BETBJICHHE TOKA U 3JIEKTPOH UAET Ha TPyOOIPOBOI.

J1s1st G0pbOBI C 3TUM BHIOM HAPYIICHUH:

1. m30aMpPOBATH PENBCHI OT MOYBHI.
2. COEMUHATh YYaCTKH KOHTAKTa MEXAY PEelbCaMU C MOMOIIBIO MPOBO/I-
HUKOB C KYCKOM YyT'yHa, KOTOPBIM OyA€T BHICTyNaTh NPUHYIUTEIbHBIM aHOJOM.

IV. Koppo3usi B mopckoii Boge. Eii moaBep:keHbl cyna, TUAPOCAMOIIETHI, U Me-
TaJNIMYECKUE COOPYXKEHUs MOpTOB. Mopckasi BoJa SIBISETCS XOPOIIMM DJIEKTPOJIUTOM
(pH=7,8-8,6), conepXUT 3HAUYMTEJIbHYIO KOHILIEHTPAIMIO PACTBOPEHHOIO KHciiopoaa. B
Heil Benmko coxaepxkanue Cl, uTo mpensiTcTByeT 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 MOTEHIHAJIOM, a TaK K€ pa3INYHbIe BUAbI MOKPHITUH (KaJMHEBbIE, JIAKOKPACOU-
HBIE CO CIIeIl] 100aBKaMU TOKCUYHBIMHU JUISI MUKPOOPTaHHU3MOB)

Cnoco0bl 3alIUTHI 0T KOPPO3UH.

Br160p u cioco0 3amuTsl onpenensercs 3G HEeKTUBHOCTHIO U SKOHOMHUYECKOH 11erie-
CO00pa3HOCTHIO:
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1. W3MEHEHUE CBOMCTB KOPPO3UOHHOU cpenbl. [Ipu yaanenun
MHUIIMATOPOB KOPPO3HUH. Y TAJICHUE KUCJIOPOJia U3 BOJIbI, ITyTEM MpeaBa-
PUTEIBLHOIO HArpEBaHUS WU JO0OABIISIEM BOCCTAHOBUTENM (TUIPA3HH).

2. [TonmienaunBanue cpeibl
3. [Ipumenenre WHTHOUTOPOB, 3aMEMIAIONIUX KOPPO3HIO.
YpoTponuH.

MexaHu3M JIeHCTBUS HHTHOUTOPOB 3aKII0YAeTCS B 00pa30BaHNH 3alUTHBIX IJICHOK
Ha MOBEPXHOCTH METaJlIa, TOPMO3SIIUX KOPPO3UOHHBIN TIPOIIECC.
1. 3amuUTHBII NOKPBLITUSA
OHHU M30JIUPYIOT METAJT OT arpecCUBHOM CpPEeIbI:
PazanuaiT: oprannyeckue, HeopraHnudeckue, Mmerauindeckue. [locnegnue ne-
JISITCSL HA KATOAHbIE U AHO/IHBIE.
1. Opranuyeckne — HaHeceHHe JAKOKPACOYHBIX MOKPbITHI.
-Kpacku- cycnen3uu (T-k)- CMECh YacTHI[ MUTMEHTOB:OOBIYHO OKCH/IBI
Zn0,Ti02,Fe203Cr203 B opraHU9YecKUX CBS3YIOIINX.
Jlaku- KOJUIOMAHBIE PACTBOPHI- CMECh CMOJI HJIM BBICHIXAIOIIUX Macel B Op-
raHM4YecKux pactBoputersx. [lokpeiTe oOpasyercs m3-3a UCMIApeHHs] pacTBOPUTE-
JIs1 MY TIOJIMMEPHU3allii Maca.
IMaJiM- pacTBOPHI JaKa, K KOTOPBIM 100aBJIEH MUTMEHT
- ITosmmepst ( BMC)
- Kayuyku u pe3uHa.
2. HeOpraHM4ecKue XMMUYECKHUE MOKPBITHS:
Heoprannyeckue smanu CUIMKaTHBIE TTOKPBITHS)
— OKCHUJIMPOBAHUE — TMOJIyYEHHE OKCHUIOB Keye3a, Hamp., Fe203,(Boponenue). 3a-
IIUTHBIC CBONCTBA MJICHOK YCUJIMBAIOTCS TIPH MPOTTUTKE MACIIOM.
. AHONIMpOBaHUE — TpoIllecc 00pa30BaHUs aHOJ/a Ha MOBEPXHOCTU ATFOMUHUEBOTO
U3JICIIUS TIPH TIOMOIIIH SJIEKTPOJIN3a,
dbocharupoBaHre — MOITyYCHHE HEPACTBOPHMBIX IUICHOK W3 MajopacTBOPHUMBIX
docdaros xenesa, nuaka, maraus FePO4 ,ZNHPO4,Mg3(PO,),, DT muieHkn o0pa3yroTcs
npu o0paboTke MeTamia pocpopHoit kuciopoid. docdarHbie MICHKA 001a1aI0T XOPOIIEn
aaresuei (CLETUISIEMOCThIO) U SBIISIOTCA XOPOIINM TPYHTOM JIJIsi HAHECEHUS JTaKOKPacod-
HBIX TTOKPBITHUM.
3. MeTa/lNIMYeCKHe 3allIUTHbIE MOKPBITHUS:
-aHO/IHO€ MOKPBITHE — KOT/1a 3alUIIAEMbIii METAJJT MOKPHIBAIOT METAJIOM
c 6osee OTpUIIATEIbHBIM MTOTEHITHATIOM

EMe TMOKPbITHSA < E3aumu1aeM0ro Me

B wuroro BozHukaer MI'O, rae Ewme noxpurun —AHO/ Takoe mokpeiTe sABisieTcs
HAJICKHBIM, OKHMCJICHUE 3alllMIIEHHOTO MeTajla HE MPOU3OHIET A0 TEX IMOp, MOKa He
OKHCIIMTCS BECh IIMHK HA OIITMHKOBAHHOM JKEJIe3¢e

-KaTOJAHbIE MOKPBITUSI — BHIOUPAIOT METaU1 ¢ 00Jee MOJIOKUTEIIbHBIM MOTCHIUA-
JIOM, YEM Y 3al[UIIAEMOTO.
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Enme noxprmns > Esanmmaeworo Me  KaToHOE MOKpBITHE sIBIIsiETCA MeHee d(P(HEKTHB-
HBIM W 3allMIIAeT TOJBKO IPH YCIOBHH IEIOCTHOCTH MOKPHITHSA. [Ipy moBpexaeHnn Ka-
TOJHOTO TOKPBITUSI 00pa3yeTcs MHUKpOrajbBaHWYECKas Mapa M MPOUCXOJUT OKHCIICHUE
3alMIIaeMOro MeTajlia.

DJIEKTPOXUMHYECKAsl 3all[UTA OCHOBaHA HAa MCKYCCTBEHHOM TOPMOXCHUH 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 ne paspyuiaemcs Ha ero moBepXHOCTH MPOUCXOAAT MPOIECChI BOCCTAHOBIICHUS
OKHUCIIHUTENIeH U3 cpebl. K MoI0KUTeIbHOMY HCTOYHHKY TOKA IMOIKIII0YACTCS HeHYKHBIH
JIOM, CTAHOBSIIUICS aHOJOM M pa3pyIiaromuiicsa. Bee 10mKHO OBITH B TOKOTIPOBOASIICH
cpene Mcnonb3yeres s 3alUThI ITO36MHBIX TPYOOIPOBOIOB 1 KaOelIeH, TaKkKe ITUTF030-
BBIX BOPOT, OYpOBBIX IIAaTGOPM, TIOIBOIHBIX JIOJIOK U T.II

| —

(+) (-) u3aeIme

Jlom (BcriomorarennbHeIi 1ekTpo) B koppo3rnonHoM MI'D sisiercst A(-)

NPOTEKTOPHAS 3aIUTA — 3aKII0YAETCs B MOJICOCIMHEHUH K 3alUIaeMOMY METaLTy Ky-
couka Oosiee aktuBHOro Merasa(Zn,Mg,Al)-orcepmeennviii anoo, Torna Bo3HUKAET pas-
HOCTh TOTEHIIMAJIOB U OyJeT pa3pyliaThCs MPOTEKTOp, T.K. OH CTAHOBHUTCS aHOJHBIM
ydacTkoM. JKepTB. aHOA pacTBOPSETCS M €ro 3aMEHSIOT HOBBIM. J[OCTOMHCTBO: HET
Ha/I00HOCTH BO BHEIIHEM MCTOYHHUKE TOKa, crel. CoopyXeHrne KOTOporo M.0. 3KOHOMH-
YECKU HEBBIT'OJTHO.

Zn

[IporekTrop wu3nenue
A-) K()
AHOJHAas 3aIUTA — 3aKJII0YAETCS B NOAKIIOUEHUH U3JETUS K MOJOKUTETbHOMY HOJIIOCY
UCTOYHHMKA TOKA, CIIEJOBATEIbHO, CTAHOBUTCA aHOIAOM (anoomas noaapuzayus). Taxas
3alllMTa BO3MOYKHO TOJIBKO ISl TE€X METAJIOB, KOTOPBIE CIIOCOOHBI K MACCHBALUH, O]
JEHACTBUEM BHEIIHErO0 HMCTOYHMKA TOKa, oOpa3ylolias NacCHMBHAs IUIEHKA MOJy4aeTcs
OYCHb XOporiero kayectsa u 3¢ dexruBro npensrctyer kopposuu (Ni,Cr,Ti, Zr).

(+) .( )

N3nenue BcriomorartenbHbIi 3IEKTPOT

HN3MeHeHne cocTaBa U CBOMCTB KOPPO3UOHHOM CpeAbl
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T MEpONPUSATHUS CBsI3aHbl C BBeJeHHEM crenuanbHbix BemiectB- MHIMBUTO-
POB koppo3um.

O06paboTKa KOPPO3MOHHOMN CPEIIBI:

1) ynanenue ununmatopoB koppozun HAI'PEBAHUWEM wnu JJOBABJIEHUEM
BOCCTAHOBMUEJIA, nanpumep, KUCIOPOJ yIAJISIOT U3 BOABI MAPOBBIX KOTJIOB HArpeBast
Boy U 100aBisast Na,SO3 mnu-runpazun- NoH,

N2H4 +02 =N2 +2H20

Hcrnonp3yroT noamienayuBaHue, YTO YMEHBIIAET [H+]

BBeaenne MHrHOMTOPOB, KOTOpPHIE aCOPOMPYIOTCS MOBEPXHOCTHIO MeTauia U 00-
pa3yloT 3alllUTHBIE TUICHKU. VHTUOUTOPBI UCMONB3YIOT B CHUCTEMaxX C MOCTOSIHHBIM WITU
MaJ000HOBIIIEMBIM 00bEMOM KOPPO3UOHHOM Cpeibl (KOTIIbI, IIMCTEPHBI, XUM. annaparhl)

Nuruburtopsl paznuyaror:1)no coctaBy (OpraHMYecKMe U HEOPraHWYECKHue; 2) 1o
YCJIOBHUSIM NPUMEHEHHUS-IJIE PACTBOPOB WJIM JIETy4He.3)I0 MEXaHU3MYy JIEeUCTBUS-
KaTOJIHbIE, aHOHbBIE, SKPAHUPYIOIIHE.

PanuoHa/ibHOe KOHCTPYKTHPOBaHMeE — €LIE OJIUH CIOCO0 OOPHOBI:
n30eraTth KOHTAKTOB JIBYX Pa3IMYHBIX METAIJIOB
n30eratp menei, TPEeIrH, IJe€ MOXKET OBITh AIEKTPOJIUT
UCTIOJIb30BaHUE MATEPUAIIOB, YCTOMUMBBIX K KOPPO3UH .
MCTIOJIb30BAaHUE CBEPXUHUCTHIX METAIIJIOB U CIUIABOB
. TIOBEPXHOCTHasi 00paboTka MeTaia (OJMPOBKA U Tak Jajee).
HaCCHBI/Ipy}omI/Ie meTaiisl: Al Ti  Va Mn Cr Kd xobarst, Ni (Fe
1 Pb — B 0co0BIX yc1oBHSIX).

agbrwphE

3apaval. Kakoii MeTamn MokeT ObITh MCIIOJIB30BaH B Ka4eCTBE MPOTEKTOpA JUIS 3allUTHI

uznenus u3 Menu rnpu pH=12? B yem otanuue npoTEeKTOPHO 3alUTHI OT KATOAHOM?
Pemenune

E’gere 8 =-1,847 B - anoy

E snovisn = -0,136 B

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

E oz0n- =1,217-0,059pH=0,863  }— E’sepeime < E'iinz <E 02001 T-€ KOpP. ¢ KnCII0-

POAHOI M BOAOPOAHON nenossipu3aumeil. B kauecTBe mpoTeKTOpa MOA0OMAET JTH000H Me-

TaJlJ1 ¢ MMOTCHIIMAIOM MEHBIITUM, YeM TMOTEHIMAI MeIu, HarpumMep,Fe, Zn, Al.

KHCJIOPOAHOM AenoJspu3anuei.
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JIabopaTopHBI MPAKTUKYM IO JUCIUILTAHE CITY>KUT JJISl IPAKTHYECKOTO TOKPETUICHHUS JIEKITHOHHOTO
MaTepuaia v MPUBUTHS HABBIKOB MTPAKTUUECKON pabOTHI C 000PYI0OBaHUEM.
JlabopaTopnasi pabora Nel. KoHuieHTpanus pacTBopoB
[IpuroToBUTH pacTBOp CONU 3aJaHHOW KOHILEHTPALUU U3 KOHLIEHTprupoBaHHOTO (10%-r0) pacTBo-
pa ToM ke CONH, MPUOOPECTH HABBIK OMPEICICHUS INIOTHOCTH PACTBOPOB C MOMOIIBIO apeoMeTpa,
W3YYHUTbH Pa3INyuHbIe CIIOCOOBI BEIPAKEHUSI KOHIICHTPAIMH PACTBOPOB.
JlaGopaTopHas padora Ne 2 DiieKTpoHHAs CTPYKTYpa aTOMOB M OJTHOATOMHBIX HOHOB
[TproGpecTy HaBBIKK COCTABICHUS SJIEKTPOHHBIX (POPMYJT aTOMOB;
JlabopaTopnasi pa6oTa Ne 3 Bupl XUMHUYECKOH CBSI3H B KOMITJICKCHBIX COSIMHCHHSIX
W3y4uth BUIIBI CBSI3U, MPUCYTCTBYIOUINE B KOMILIEKCHBIX COCTUHEHUSX.
JladopaTopHas padora Ne 4 Xumudeckas TepMOAMHAMUKA
HayuuTbcsl SKCrIepMMEHTaIbHO C MOMOIIBIO KaJOpUMETpa ONpeAeiaTh TerioBbie 3P deKThl pac-
TBOPEHUSI PA3JIMYHBIX BEIIECTB B BOJIE.
JladopaTopHasi padora Ne 5 Kunernka XUMHYECKUX pEaKITHit
DKCHEPUMEHTAIBHO U3YYUTh 3aBUCUMOCTH CKOPOCTH TOMOT€HHBIX U F€TEPOTE€HHBIX PEAKIUN OT
pa3IMyYHbIX (PAaKTOPOB — KOHLEHTPALUK PEarupyrouX BEIIECTB, IUIOUIaAd TOBEPXHOCTH pa3zesna
das.
JladopaTopnasi padora Ne 6 XumMuieckoe paBHOBECHE
N3yuuTh BIMsHUE U3MEHEHHSI KOHLEHTpAIMi pearupyroumx BEIIECTB U MPOIYKTOB PEaKIMU Ha
CMEIIIEHNE XMMHUYECKOI0 PAaBHOBECHSI; OIBITHBIM IyTeM J0Ka3aTh 3¢ (eKTUBHOCTS puHIumna Jle-
[MMaTenwe.
JlabopaTopHasi padoTa Ne 7 PacTBOpPBI 2JIEKTPOJIUTOB
N3ydenue 31eKTponpoBOIHOCTH PACTBOPOB PA3INYHbBIX BEIIECTB IO CTENEHU 3JIEKTPOIUTHUECKON
JUCCOLMAIMH; BbISICHEHHE YCIOBUN MPOTEKAaHUs XMMHUYECKHX PEaKIil B pPacTBOpax AJIEKTPOJIU-
TOB.
JladopaTopnasi padora Ne 8 OKHCIUTEIHPHO-BOCCTAHOBUTEIBHBIE TIPOIECCHI
O3HaKOMUTBCS C OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIMU CBOMCTBAMHU HEKOTOPBIX BEIIECTB, OCBO-
UTh METOJUKY COCTaBJICHUS YPAaBHEHHUI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUNA C TOMOIIBIO
METOJIa ANEKTPOHHOTO OaaHca.
JladopaTopnasi padora Ne 9 DJIC u HanpsuKeHUE MEIHO-IIMHKOBOTO TaJIbBAHMYECKOTO JJIEMEHTA
OBnazieTh METOIUKON COCTABIICHHUS TaJIbBAHUUECKUX IIENIEH U U3MEpPEHUs HANPSHKCHUS TalbBaHU-
YECKUX 3JIEMEHTOB.
JlabopaTopuasi pa6ora Ne 10 Diekrponus pacTBopa cyib(ara HaTpHsi Ha HUKEICBBIX JIEKTPO-
nax.
N3y4nTh KOJTMYECTBEHHBIE 3aKOHOMEPHOCTH MPOIIECcCa ANEKTPOIIN3A.
JladopaTopnasi padora Ne 11 Koppo3ust MeTanioB u 3amura OT KOpPO3ur
N3yunTth ycinoBHUsi BOBHMKHOBEHHUS KOPPO3MOHHBIX MHUKPOTaIbBAHUYECKUX AJIIEMEHTOB, SIBJICHUS
MOJISIPU3AIUMHN U JISTIOJSIPU3AIIIHN TIPU KOPPO3HUH, 0O3HAKOMHUTBCS C HEKOTOPBIMU METOIaMH 3aIUThI
METAJJIOB OT KOPPO3HH.
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Lenp mpakTUYECKHUX 3aHATUI MO JUCHUILIUHE — 3aKPEIJICHUE JICKIIMOHHOTO MaTepuaa JUCIUIUINHBL,
o0Oy4eHune CTyJEHTOB MTPAKTUUYECKON CTOPOHE KOMIETEHIINM, 3aKPETICHHBIX 3a TUCIIUTUINHOM.

[IpakTrueckue 3aHATHS O JUCHUIUIMHE IPOBOJSTCS MO CJICTYIOUIUM TEMaM:

IIpakTnueckoe 3ansitue Nel OCHOBHBIE KJIacChl HEOPTaHMYECKUX coequHeHunil. KonueHnTpamms
pacTBOpOB.

['enetrnyeckas cB3b Mexay kiaccamu BemlecTB. CriocoObl BbIpaKEHUsI KOHILIEHTPALIMU PaCTBO-
poB. CBsI3b MEXYy KOHLEHTPALUSIMHU.

IIpakTnueckoe 3ansaTue Ne2. CTpoeHHE aTOMa U NEPUOAMYECKAS CUCTEMA. XUMHUYECKas CBS3b.
KomrnekcHpie coenMHEHU .

CocraBiieHre 3JIeKTPOHHBIX M AJIEKTPOHHO-Tpadudeckux Gopmyi 35eMeHToB. CBS3b CTPOEHUs
co coiictBamu. [leprnoanueckuii 3aKkoH U nepuoanyeckas cucrema .M. Menneneea. Buapl xumunue-
CKOM CBSI3U, ONPEJECICHUE XapaKTepa CBSI3U B MOJIEKYJIE YEPE3 pacueT Pa3HOCTU AIEKTPOOTPHULIATEIIb-
HOCTH KaXIOH CBs3U. MeTOJ BaJCHTHBIX CBs3€d. ATOMHO-OpOUTANIbHBIE CXEMBlI MOJIEKYJI B CBSI3U C
TUIIOM THOpUAM3AIUH LIEHTPAILHOTO aToMa.

IIpakTHyeckoe 3anaTHEe Ne3 Xumuueckas TEpMOIMHAMUKA.

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

IIpakTHyeckoe 3anaTHe Ne4 Xumuueckass KUHETHKA. XUMUUYECKOE PABHOBECHE.

PacyeTbl cKOpOCTH XMMHUYECKON peaKIMH C YYeTOM BIUSHUS pa3nuyHbIX QaxTopos. [IpakTuue-
ckoe npumeHenue npuniuna Jle-1llarense s cmelienns paBHOBECHS B 3alaHHOM HaIlpaBJICHUU.

IIpakTnueckoe 3ansitue Ne 5. PacTBOpbI HEAJIEKTPOJIUTOB. PacTBOPHI AJIEKTPOIUTOB.

Pacuets! o 3akonam Payns u npasuiy Bant-I'odda, pacuerst pH pacTBOpOB CHIBHBIX U CIIA0BIX
3JIEKTPOJIUTOB; PACUEThl B PACTBOPAX MAJIOPACTBOPUMBIX AJIEKTPOJIUTOB.

IIpakTHyeckoe 3ansaTHe Ne 6. OKUCIUTEILHO-BOCCTAHOBUTENBHBIE PEAKIIUH.

CocraBreHre ypaBHEHUH JIEKTPOHHOTO Oananca s moaodopa ko3¢ dunuentos B OBP.

IIpakTHyeckoe 3ansaTue Ne 7. ['albBaHUYECKUN ITIEMEHT.

CocraBnenue cxem I'D, pacuersr DJIC pa3HbIMH criocoOamu, pacyeThl PABHOBECHBIX MOTCHIIHA-
JIOB 110 ypaBHEHHIO HepHCTa py U3MEHEHNUH YCIIOBUIA.

IIpakTnueckoe 3ansitue Ne 8. DiiekTpon3.

Pacuetsr no 3akonam @apanes. OnpeneneHuil ouepeAHOCTU Pa3psAIKU YACTHUIl HA AJIEKTPOJAX
Yyepe3 pacueTbl paBHOBECHBIX MTOTEHIUANOB. PacueTbl NOTEeHIMAIOB Ira30BbIX 3JEKTPOIOB.

IIpakTuyeckoe 3anaTue Ne 9. Koppo3susi.

Onpenenenne BUaa aenosipu3anuu. PacyeTsl 1 onpeneneHns BO3MOKHOCTH KOPPO3HH Yepe3
BEJIMYMHBI TIOTEHIIMAJIOB OKUCIUTENS U BOCCTAHOBUTENIS B 3aJIaHHBIX YCIIOBHSIX.

MeTtoudeckue yka3aHus K IPAKTHYECKUM 3aHATHSM MIPUBEICHBI B METOHYECKOM TIOCOOUH

1. Tneb6osa H. b., Ocranenko JI.®. COoopHUK 3a1ad ¥ yOPaKHEHHUHN MO Kypcy «Xumusy. CMmo-
aerck PUO ¢umuana T'OY BITO «MDU (TY)» 2012. - 124 c.

ANTOPHUTM TIPOBEICHUS MPAKTHYSCKUX 3aHATHH 110 JTUCIUTIINHE MTPETOIaracTCsl CIIe Ty FOITUH:

- TIOCJIe BBIJIAYH 3a7a4d B TeueHUU 5-10 MUH. 3aHATHS CTYJEHTHI aHATH3UPYIOT UCXOHBIC TaHHBIE,
3aIMCHIBAIOT MaTEeMaTHICCKUE BBIpKeHUS (IIPH HEOOXOAMMOCTH) U pellias 3a7aduu, AT OTBETHI HAa BO-
MIPOCHI TECTOBBIX 33JAHUI U3 BHIIICTIPUBEICHHOTO TOCOOHS;

- OJIMH M3 CTYJICHTOB TPYTIBI BBI3BIBACTCS «K JIOCKE» U JICMOHCTPUPYET TPYIIE BApHAHT PEIICHUS
3azay;

- OpraHu3yeTCsl MHTEPAKTHBHOE OOCYXJICHHE PE3yJbTaTOB C pa3rpaHUYCHHEM (HYHKITMOHATBHBIX
00s13aHHOCTEH CTYyAEHTOB. B UTOTE, COBMECTHBIMHU YCHIIHSIMH (DOPMHPYETCS U KOPPEKTUPYETCS OKOHYA-
TEJIFHOE PEUICHHUE.
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1. O6wume cBeaeHNA O CaMOCTOATENBLHOW paboTe CTyAEHTOB NO AUCLMNIIUHE

Llenb caMOCTOSTENBHOM PabOTHI CTYJCHTA — OCMBICICHHO U CAMOCTOSATENILHO paboTaTh CHavala ¢
y4eOHBIM MaTepHajIoM, OJTyYaeMbIM IPH KOHTAKTHOW paboTe ¢ MperoaaBaTesieM, 3aI0KUTh OCHOBBI Ca-
MOOpraHU3aliy U CAMOBOCIIMTAHUS C TEM, YTOOBI MIPUBUTh YMEHHUE B JaJbHEHIIEM HENPEPHIBHO TMOBBI-
1aTh CBOIO MpodeccroHalbHY0 KBaTU(UKALIUIO.

CopepxaHue caMoOCTOATENbHOM paboTbl CTYAEHTOB NO AUCLIMNTINHE

[Tpouecc ocBOeHUS CTYJAEHTAMU JUCIHUILTUHBL « XUMHUS BKIIIOUAET 12 OCHOBHBIX TEM.
IIo Teme 1 «Tema 1.0cHOBBI HOMEHKJIATYPbI HEOPraHUYECKUX BellleCTB. ATOMHO-MOJIEKYJIsIPHOE
yuyeHHe M cTeXuoMeTpuyeckne 3akoHbl. Kilacecbl Heopranmueckux BelecTB!

Pexomendayuu cmyoenmam no camocmosamenvHoil pabome Kk meme Nel.

a) MOAroTOBKA K JIEKI[MSIM.

ITpy noAroTOBKE K JIEKIUH 110 JTaHHON TeMe CTYJEHTY HEOOXOJMMO OBTOPUThH LIKOJIBHBINA MaTepu-
aJlI 110 aTOMHO-MOJICKYJIIPHOMY Y4YCHHIO, OCHOBHBIM XHWMHWYCCKUM IOHATHUAM: aTOMbI, 3JICMCHTLI, HUX
HaUMEHOBAaHMS U CUMBOJIbI, a0COJIOTHAs aTOMHas Macca BEILeCTBa, OTHOCUTEIbHAsS aTOMHas Macca, Ko-
JMYECTBO BEILECTBA U €T0 PACUET, CTEXUOMETPUUECKUE 3aKOHBI U PACUETHI 10 HUM.

[To yxa3zaHHBIM Ha JIEKLIMM QJITOPUTMaM PELICHUs pacyeTHBIX 3a/ad MpH pacueTax 1no Gopmyse u
110 YPAaBHCHUIO 3aKPCIIUTh MATCPpUAJl paCuUCTOM MHANBUAYAJIBHOT'O 3aaHUs.

a) NOAr0TOBKA K BBINOJHEHUIO U 3a11UTe JIa0opaTOpHbIX padoT Ne 1.

[Tpu moAroTOBKE K BBHIMOJIHEHUIO U 3amuTe JadopatopHbix padbot Ne 1 «[Ipurotosnenue pac-
TBOPOB 33J]aHHOM KOHIICHTPALIMK» CJIEAYET O3HAKOMUTHCS C METOAUYECKUMHU yKa3aHUSIMU K BbI-
MTOJIHEHHIO JTabOpaTOPHBIX PadoT.

Konmponwsnuie eonpocwt 011 camonposepku no meme Ne 1:

1. 1. laiiTe onpeneneHns NOHATHAM U 3aKOHAM: MOJIb, MOJISIPHAsI Macca, 3aKOH COXPaHEHHs MacCHhl,
3aKOH MOCTOSIHCTBA COCTaBa, 3aKOH KPATHBIX OTHOIIEHH, 3aKOH ABOTapo, 3aKOH KBHUBAJICHTOB.

1.2. Onpenenurte MOJISUIBHYIO KOHIICHTPAIIMIO a) pacTBOpa III0K03bl ¢ MaccoBoi foier 10%; 6) 0,2
M pacTBopa xnopuaa nuHKa (TotHocTs 1,05 F/CMS).

1.3. Kaxoii o6bem 0,1 H pacTBOpa yKCYCHON KHCIIOTHI MO>KHO NMPHUTOoTOBUTH U3 0,5 11 ee 96%-r0
pactBopa (wrotsocTs 1,059 r/em®)?

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

I1o Teme 2 «CTpoenue atoMa. KBaHTOBbBIE YHCJI2» B KAYECTBE CAMOCTOATEILHOI padoThl Npeay-
CMATPHUBAIOTCH:

Pexomenoayuu cmyoenmam no camocmonamenvroi pabome Kk meme No2.

a) MOATr0TOBKA K JICKIUSIM.

[Ipu moaroTOBKE K JIEKIMAM IO JAAHHOW TeMe CTYACHTY HEOOXOAMMO M3YUHUTh MOBTOPHUTH HIKOJIb-
HBIM MaTepHal 1o TeMe, 03HAKOMUTHCS C HA0OPOM OCHOBHBIX IMOHSATUI M ONOPHBIX KOHCIIEKTOB.

OcHOBHOE BHUMaHHUE CIIeAyeT 0OpaTUTh Ha TJIaBHbIE PUHIIMIIBI 3aII0JIHEHHS] aTOMHBIX opOuTaneii:

IIpaBUJIO HAUMEHbIIEH dHepruu, 3anpet [laynu, npasuno ['yHaa, npasuna KineukoBckoro. Dmiek-

TPOHHBIE U AIIEKTPOHHO-Tpaduueckue (HopMyJIbl aTOMOB JIEMEHTOB.
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0) MOATrOTOBKA K BBHINOJHEHHIO W 3aluTe JadopaTopHoii padoTsl Ne 2. «DJIeKTpOHHAs CTPYK-

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

€€ IEKTPOHHOMU CTPYKTYpOiI»

[Ipy moATrOTOBKE K BBIMOHEHHUIO W 3aIUTE JaOopaTopHON paboTel No 2 ciemyeT 03HAKOMHUTHCS C
METOJMYECKUMH YKA3aHUSIMH K BBITIOJIHEHUIO JJAOOPaTOPHBIX padoT.

Heo0xonumo mnpoaHanu3upoBaTh BO3MOKHBIE BapUaHThl HAIUMCAHUS HIIEKTPOHHO-TPaPUUECKUX

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

MO HalTH OTBETHI AJIsi OOBACHEHMs PE3yJIbTaTOB IPOJEIAHHBIX OMNBITOB, ONUPAsACh HA NIEPUOIU-

YECKMI 3aKOH U nepuoauyeckyro cucremy .M. Menneneesa.

B) MOATOTOBKA K NPAKTHYECKUM 3aHATUAM;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATHAM CTYJICHTY HEOOXOJMMO MOJIb3YsACh HAOOPOM OCHOBHBIX
MOHATUH, OBJIa/IeTh AITOPUTMOM HalMCAHUsI SJIEKTPOHHBIX U 3JIEKTPOHHO-Tpaduyeckux GopMyis aToMOB
9JIEMEHTOB, KBAHTOBBIX YHCEJ BHEHIHUX U (POPMHUPYIOLIETO 3IEKTPOHOB. [IpoBepuTh ycBOGHHUE U 3aKpe-
IIUTh U3y4aeMblii MaTepHa MO3BOJIET BHIIIOJIHEHNE PACUETHOIO 331aHUS U OTBEThI HA BOIIPOCHI TECTOB.

Konmponwsnuie eonpocwi 011 camonpogepku no meme Ne 2:

2.1. CpopmynupyiiTe OCHOBHBIE TPUHLUIIBI KBAHTOBOM TEOPHH CTPOCHHUS BEIIECTBA (KOPITYyCKY-
JSIPHO-BOJTHOBOM Ayaji3M, MIPUHIUI HEOPEIeJICHHOCTH, BOJTHOBAs (DyHKIIMSA, aTOMHasi OpOUTalb, KBaH-
TOBBIC YHCJIA).

2.2. Yxaxure aToM ¢ (OPpMHUPYIOITUM AJICKTPOHOM ) 357, 6) 4p°, B) 3d, T) 42, OnwmTe ero mo-
JIO’KEHHE B IIEPUOJUYECKON CUCTEME.

2.3. HanmumuTe noJiHy10 3JIeKTpOoHHYI0 hopmyiry atoma a) Tc, 6) Mn, B) Se, r) Ag, ) Ga, e) Pa, x)
V, 3) Sh, n) Rb, ) Kr. K kakomy ceMeicTBy OH OTHOCHTCS? YKaKUTE €ro BHEIIHUH, IPEBHEIIHUI CIIOH,
(hopMUPYIOIINI AJIEKTPOH, KBAHTOBbIE YUCIIA I AJIEKTPOHOB BHEIITHETO CJIOS M POPMUPYIOLIETO JIEK-
TpOHA.

2.4. Yto takoe BasieHTHOCTH? [lokakuTe pacnpenesieHre BaJICHTHBIX 3JIEKTPOHOB a) Se, 6) Mn, B)
Fe, 1) Sn, n) As, x) Br, 3) Ti 1o KBaHTOBBIM siueiikaM B BO30YKICHHOM U HEBO30YKJICHHOM COCTOSIHUHU M
OTIpeIeNIUTE COOTBETCTBYIOLINE 3HAUCHHUS BaJICHTHOCTH.

2.5. Kak ocymiecTsisieTcsl IpeBpalleHie aToMa B HOHbI? HanuiumTe MoiaHyo U COKpaLIEHHYO
3JICKTPOHHBIC (DOPMYJIBI HOHOB a) A, 0) Ca™, B)F, 1) S

2.6. laiiTe onpeieeHHst IOHATUSAM «IHEPIUsl HOHU3ALUI», «CPOJICTBO K AJIEKTPOHY», «IJIEKTPOOT-
pHUIaTEIBHOCTEY». Kak MEHSIOTCS 9TH XapaKTEPUCTHKH, a TAKKE PAIIYC aToMa U METANTNIECKHAE CBOM-
CTBa 'y aToMOB 37eMeHTOB a) VII-A rpynnsl cBepxy BHU3, 0) |1l nepuona ciesa nanpaso, B) |1-A rpymnisl
CBEpXy BHU3?

IIo Teme 3 « XumMuueckas cBf3b. KoMIIEKCHBIE COeIMHEHN» B KAUYEeCTBE CAMOCTOATEILHOM
padoThI NPEeAYCMATPHUBACTCH:

Pexomendayuu cmyoenmam no camocmoamenvHou pabome Kk meme Ne3.

a) MOAT0TOBKA K JIEKIUSIM.

[Ipn nmoAroToBke K JEKUUSAM IO JAHHOW TEME CTYJIEHTY O3HAKOMUTHCSA C HAOOPOM OCHOBHBIX I1O-
HSATUH ¥ ONOPHBIX KOHCIIEKTOB HACTOSAILIEH NUCLIHUIIIMHBIL.

OcHOBHOE BHUMaHUE cleAyeT OOpaTUTh Ha BUAbl XUMUYECKOU CBSI3U, OCHOBHBIE XapaKTEPUCTUKH

CBSI3U: JAJIMHA, SHEPTUs, BAJICHTHBIN yroi. Crenars akleHT Ha MeTo]l BaJIeHTHbIX cBsizelt (BC), He

YIIyCTUTh CBOMCTBA KOBAJIEHTHBIX CBS3€W: HACBIIEHHOCTD, HAIIPABICHHOCTb- G U T-CBS3H, MOJIS-

pOCTb, a TaK)ke OOMEHHBIN U JOHOPHO-aKIENTOPHBIA MEXaHU3Mbl 00pa30BaHMs KOBAJIEHTHOW CBS-

34, TEOPUIO THOPUIN3AIIMY ATOMHBIX OpOUTANIEH.

0) MOArOTOBKA K BBHINMOJHEHUI0 H 3alIUTe JadopaTopHoii padoTsl Ne 3. «XuMudeckast CBs3b.

[Mony4enne ammuakaToB 0-271€MEHTOB, OOBSICHEHUE CTPOCHUSI KOMILZIEKCHOTO COSTMHEHUS.)»
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[Ipu moAroTOBKE K BBHIMOJHEHUIO M 3alUTe J1abopaTopHoil paboTel Ne 3 cremayeT 03HAaKOMUTHCS C
METOJMUYECKUMH YKa3aHUSMHU K BBINOJIHEHUIO JJAOOPAaTOPHBIX paloT.

[Ipu camocTosATENIEHON TOATOTOBKE K JJabopaTopHOi padoTte Ne3 cremyer mpoaHaau3upoBaTh BO3-

MOYKHBIE TPOXYKTBI PEAKLUH C U30BITKOM M HEJAOCTATKOM peareHTa TIuApoKcHaa aMMoHMs. Jlis

3TOTO C TIOMOIIBIO JIEKIIMOHHOTO MaTepuaia He0OOXOAMMO HAUTH OTBETHI JJIsi OOBSICHEHHS PE3yilb-

TaTOB INPOJIEJIAaHHBIX OIBITOB, ONMPAsCh HA CTPOECHUE, 3HAHHE XapaKTepa CBs3€H B KOMIUIEKCHOM

COEJIMHEHUH U €r0 MEXaHU3Ma JIMCCOLMALINH.

B) NOAr0TOBKA K NPAKTHYECKOMY 3aHATHIO;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATHSAM CTYJICHTY HEOOXOJMMO MOJIb3YsACh HAOOPOM OCHOBHBIX
MOHATUI, OBJIAZIETh AJITOPUTMOM PELICHUS 3aJa4 10 TEME.

Oto0 3a71aum Ha 1) onpeneneHus Xxapakrepa cBs3el B MoJieKyJe, 2)00bsICHEHnEe MeXaHu3Ma oopa-

30BaHMsl KOBAJICHTHBIX CBs3eH, 3)yMEHUs ONpeNeliATh, OObSCHATh Yepe3 MEepEeKpPbIBAHUE HJIEKTPOH-

HBIX 00JIAKOB BHUJ CBA3M, BO3MOXHYIO THOPUAN3ALINIO U COOTBETCTBEHHO (hopMy MoJeKybl. IIpo-

BEPUTh YCBOEHHUE U 3aKPENHUTh M3y4yaeMblil MaTepHuall MO3BOJSET BBIIOJHEHHE WHIUBHUIYalbHOTO

3a/laHus ¥ OTBETHI HA BOIIPOCHI TECTOB.

1) MOArOTOBKA K KOHTPOJILHOW padore

[Ipu moAroToBKE K KOHTPOJILHON paboTe HEOOXOAMMO MU3YYUTh METOJUYCCKUE YKa3aHUsI, (TECTHI).
ITogroroBka Kk HEM COCTOUT B M3YYEHUM TEOPHUH, 3aKPCIUICHUH YCBOCHHOI'O MaTepuasa, IOBTOPEHUU
AJITOPUTMOB PEIIEHUs OCHOBHBIX THUIIOB 33J1a4 10 TEME.

Konmponvnwvie éonpocwi onsa camonposepku no meme Ne 3:

3.1. [laiiTe onpeneneHus NOHATUIM: XUMUYECKas CBSI3b, MOHHAS CBA3b, KOBAJIEHTHAs CBS3b (€€ BU-
JIbl), KPATHOCTbH CBSI3U, MOJISIPHOCTH CBSI3U, BAJIGHTHOCTb, BOJIOPO/IHAS CBSI3b, BaH-/I€P-BaaIbCOBBI B3au-
MOJICUCTBUS (UX BHJIBI).

3.2. Ompenenurte TUI CBSI3U, 00pa3yroIIecs MeXa1y aTOMaMU 3JIEMEHTOB ¢ (POPMUPYIOIIUMU dJIEK-
Tponamu a) 4s” u 2p°, 6) 2s* u 3p”, B) 5d° u 2p°.

3.3. Uto Takoe rubpuan3aius aToMHbIX opouTaneit? [louemy ona npoucxoaut? Omnpeaenure TUT
ruOpuau3alyy B Mojiekyiax: a) Mgl,, 6) AlFs, B) SiHy4, r) AsHs, ) H,0, e) FeBr,, x) CCly, 3) BHs.
N306pa3ute ux npocTpaHCTBEHHOE CTPOCHHE, YKAKHUTE JTUMOJIbHBIE MOMEHTHI CBSI3U U MOJieKybl. [1o-
JISIPHBI JIX MOJIEKYJIbI?

3.4. YUro Takoe koMIuieKcHbIe coenuHeHus1? CoctaBbTe HOPMYITY KOMIUIEKCHOTO COEIMHEHUS, B KO-
TOPOM KoMILIeKkcooOpa3oBaresneM sBisiercst uoH pTyTH (I1), turannamu — HoaUa-MOHBI, HOHAMH BHEITHEHN
cohepsl — K*. HazoBure coemneHne.

3.5. N3o6pa3zute aToMHO-0pOUTANIEHBEIE cXeMbl MoJiekyt a) O, 6) Np, B) CO, 1) CO,, 1) MgS, e)
C,Hy, k) CoHa. YkaxuTe, MEXTy KaKUMH OPOUTAISIMU 00pa3yIOTCsl XUMUUYECKHUE CBSI3H, U THIT TIEPEKPHI-
BaHUS AJIEKTPOHHBIX 00JIAKOB.

3.6. Kakue yacTuipl, Kak mpaBUiIo, BISIOTCA KOMIUIEKcooOpazoBarensimu? [lepeuniciuTe Bce BUIbI
ceszu B Mmousekyne a) [Ag(NHs)2]Cl, 6) K3[Zn(OH)4], B) [CO(NH3)s](NO3)s, r) Naz[Cu(CN)4], m)
Naz[Hgls], e) H[Ag(NO2)2]. YkaxkuTe HOHBI BHEIIHEW U BHYTPEHHEH c(epbl, KOMIUIEKCOOOpa30BaTeb,
JIUTaH]Ibl, KOOPJUHAIIMOHHOE YKCII0, TOHOP U akuentop. HazoBute nanHbie coeqMHEHUSI.

o Teme 4 «JHepreTuka XUMHYECKHX MPOLECCOB.» B KAYECTBE CAMOCTOATEILHOH PA0OTHI
NnNpeaAyCMaTPUBACTCA

Pekomenoauuu cmyoenmam no camocmoamenvuou 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 FPQPEKThl XUMUUYECKUX PEAKIIHH.
HamnpaBnenve u mpenen mMpoTeKaHUS XUMHUYECKHX PEaKIMil B U30JMPOBAHHBIX CHCTeMaX, (PyHK-
LU COCTOSIHUS CUCTEM, BHIYMCIICHHE UX U3MEHEHUS B X0OJI€ XUMUUYECKOU peaKIuu ¢ UCIOJIb30Ba-
HUEM CJIEACTBUS U3 3aK0oHa ['ecca. BakHO MOHMMATh, YTO TEIUIOTa U paboTa HE SBISIOTCS CBOM-
CTBAaMU CHCTEMBI, a XapaKTepPU3yIOT JIBe (DOPMBI TIepeadn YHEPTHH.

a) MOATrOTOBKA K BBINMOJHEHUIO W 3aluTe JIA00pPaTOPHOii padoThl «DHEPreTUKa XUMUYECKUX
IIPOLIECCOB.»
[Tpu moAroTOBKE K BHIMOJHEHHUIO U 3alIUTE JaOOPaTOPHON pabOThl ClEeyeT O3HAKOMUTHCS C METO-
JTUYEeCKIMHU YKa3aHHUSIMH K BBIITOJIHEHUIO J1a00paTOPHBIX paboT, (TECTHI)).
[Ipu moaroroBke k nabopaTopHON paboTe CleayeT MpHU 3aluCy 3HaYeHU (YHKIUI COCTOSHUS
pEareHTOB W MPOIYKTOB PEaKIMii 0053aTeIbHO YUUTHIBATh WX arperaTHbIC COCTOSHUS WU ajlio-
TPOIHbIE MOIU(UKAIIMK BEIIECTB M yclIOBUS mnpouecca. [Ipu mpoBeneHUN TEpMOAMHAMHYECKUX
pacdeToB HE CJIeayeT 3a0bIBaTh O CTEXUOMETPUYCCKUX KOIPPUIIMEHTAX W MOMHHUTH, YTO B CIIpa-
BOYHBIX Ta0JIMIIaX PHTAJbINHN 00pa30BaHUS BBIPAKEHBI B KUJIOHKOYJIAX Ha MoJb (k/>k/Moib), a
SHTPONHUH — B JKOYJISIX HA MoJb-KenbBUH( [/ K-Moinb). [loHMMaTh, 4TO B M30IMPOBAHHOU CH-
cTeMe, TJle TPaHMIIbI HEMIPOHULIAEMBI I SHEPTHH W BEIEeCTBAa DHTPOIHUS BO3PACTAaET B JIIOOOM
CaMOIIPOU3BOJILHOM IIPOIIECCE, TaK KaK CHUCTEMa CTPEMUTCS NepeiiTh B Haubosiee BEPOSTHOE CO-
CTOSIHHE.
B) IOITOTOBKA K MPAKTHYECKUM 3aHATHIM;
[Tpu moAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJIEHTY HEOOXOUMO MO0JIb3YsICh HAOOPOM OCHOBHBIX
MOHSTUHN, OBJIAJIETh AJITOPUTMOM PEILICHHUS 3a/1a4 110 TEME.
Pacueramu sHTponuHU, SHTAIBNNUK U HHepruu ['nGOca A XUMHUYECKUX peakuuidl IpoBepsieTcs
YCBOEHUE H3y4aeMOro MaTepHaa.

Konmponwsnsie 6onpocwt 015 camonposepku no meme Ne 4:

4.1 Chopmymnupyiite a) I, 6) 11, B) 11l 3akonb! TepMonuHaMuky. J[aiiTe onpeaeeHus MOHATHSIM:
TEpPMOJIMHAMHYECKAs cUCTeMa (MX KiIacCUpUKAIK), PyHKIUSI COCTOSHHS, TapaMeTPpbl CUCTEMBI, (asa,
TEPMOJMHAMHYECKHI MTPOLIECC.

4.2. Tlo xakoi TepMOJAMHAMUYECKON (PYHKIIMH OMPEACIIIEeTCS BO3MOKHOCTh CAMOTIPOU3BOIBHOTO
MPOTEKAaHUS XUMHUYECKHUX PeaKlMii B N300apHO-U30TePMHUUECKUX YcaoBusix? Onpenenure, BO3MOKHO JTU
CaMOIpPou3BoJbHOE NpoTekaHue peakuu a) HyOp = 2Hory + O, 6) CaCOs¢y = CaO(yy + COy(ry B H.Y.

4.3. PaccuurtaiiTe Temiiepatypy paBHoBecus cuctembl A + B = 2AB, eciin u3aMeHeHue SHTPONUM B
xoze 3Toi peakiuu paBHo 10 JLx/K, a m3smenenune sutansnuu pasHo 25 kJx. [Ipu kakux remmnepartypax
OTHOCHUTEJILHO TEMIIEpPaTypbl paBHOBECHSI BO3MOKHO CAMOIIPOU3BOJIBHOE TEUEHNE ITON peaKInu?

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 siBRsIETCS 3K30TepMHUYecKUM. Kak MeHsieTcst SHTPONHUs B XO-
ne npsmoi peakuuu? IIpu kakux TemmepaTypax OTHOCUTENBHO T, BO3MOKHO CaMOIIPOU3BOIBHOE IPO-
TEeKaHHe 3TON peakiuu?

IIo Teme 5 «XuMHUecKkass KHHETHKA. XMMHYECKOe PABHOBECHE» B KAaYeCTBE CAMOCTOSITE Ib-
HOW PA00THI MPEAYCMATPUBAETCH

Pexomendayuu cmyoenmam no camocmoamenvHoi pabome K meme Ne5.

a) NOAr0TOBKA K JIEKI[USAM.
[Ipu moAroToBke K JEKUUAM 1O JAHHOW T€ME CTYJCHTY O3HAaKOMHUTHCS C HAOOPOM OCHOBHBIX I0-
HATHUH.
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OcHOBHOE BHUMaHUE CIIEAyeT OOpPaTUTh HA TAPAMETPHI , OT KOTOPBIX 3aBUCHT CKOPOCTh XUMUYE-

CKOM peakliy, 3aKOHBI XapaKTepU3YIOILIUe 3TH 3aBUCUMOCTH. Pa300paThcs U ySICHUTH 3HaUCHHE

TIOHSITUS «YHEPTHsI AKTHBAIMI, TIPEICTABIATh TPpa(UKH X0/1a IK30- M SHAOTEPMHUECKUX PEaAKIIUHA.

[TonnMatp, 4TO XUMHUYECKOE YPAaBHEHHUE OTPAKAET BECOBbIE OTHOLICHHS MEXKIY PEarupyronumMu

BEIIECTBAMHU, HO HE MEXaHH3M.

0) MOAr0TOBKA K BHINMOJHEHUIO W 3amuTe J1adopaTopHoii padoTsl Ne 6. «Kunetuka. M3yyenue
3aBHUCHMOCTH CKOPOCTH TOMOT€HHBIX M T€TEPOTEHHBIX PEAKINI OT Pa3IMYHbIX (HakTopoB. M3ydeHnue Biu-
SIHUSI U3MEHEHUSI KOHLEHTPALIUK Ha CMEILlEHUE PaBHOBECHUS

[Ipu moaroToBke K BBHIMOJHEHUIO U 3aIUTE JIA0OpaTOpHOUM paboThl No 6 clieyeT 03HAKOMUTHCS C
METOANYECKUMHU YKa3aHUSMHU K BBIMIOJTHEHUIO JTJAOOPATOPHBIX padoOT, (TECTHI)).

[Ipu camocTosITeNIbHON MOATOTOBKE K JIabopaTopHoit padote Ne 6 cienyeT mpoaHaaIu3upoBaTh
BO3MOXKHBIE 3aKOHOMEPHOCTU MPOTEKAHUS PEAKIMH PA3IOKEHUSI THOCEPHONU KHUCIOTHI OT KOHIICH-
Tpaluu, ONUPasiCh Ha 3aKOH JICUCTBYIOIIMX MAccC, a 3aT€M B XO0JI€ IKCIIEPUMEHTA 3TO MOIy4YaeT UIN
HE TMoJy4aeT noarsepxacHue. O posi MOBEPXHOCTH COMPUKOCHOBEHHS B T€TEPOreHHBIX MpoLieccax
HATJISIIHO CBUJIETEIBCTBYET OIBIT IO B3aUMOJEHCTBUIO MpaMopa C KUCIOTOM.

[Ipu camMocTOsTENBHOM MOATOTOBKE K TabopaTopHOi padote No7 ciemyer npoaHaIM3upoOBaTh
BO3MOYKHBIE 3aKOHOMEPHOCTH TMPOTEKaHUsI OOpAaTUMOMN peakluu MPU M3MEHEHUU KOHIICHTPALUU
peareHToB M MpoayKToB. KuHeTHueckue MOHSATHS U 3aKOHOMEPHOCTH, OOBSICHSIEMbIE C MO3UIIHMA
AJIEKTPOHHON TEOPUH, TEOPUH AKTHUBHBIX CTOJIKHOBEHHMM C NMPHUBICYCHUEM DHEPreTUUYECKUX IMPE-
CTaBJICHUH JIeJIaeT BO3MOKHBIM 00BbSCHEHHUE U MPeACKa3aHue pPe3yIbTaToOB OIBITOB.

B) NOJAr0TOBKA K MPAKTHYECKUM 3aHATHSIM;

[Tpu MoAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJIEHTY HEOOXOUMO MO0JIb3YACh HAOOPOM OCHOBHBIX
MOHSTUHN, OBJIAJIETh AJITOPUTMOM PEILIECHHUS 3a/1a4 10 TEME.

DT0 3a/1a4yu Ha OCHOBHbIE KMHETUYECKHE 3aKOHBI, HA pacueThl HAYaJbHBIX U KOHEYHBIX KOHIICH-
Tpamuii KOMIIOHEHTOB PEAKIUH, Ha BIUSHUE PA3IMYHBIX CIIOCOOOB BO3JCHCTBHS HA PABHOBECHYIO
CUCTEMY U PEaKIIMIO 3TOI CUCTEMBI.

J1) MOATOTOBKA K KOHTPOJILHOW padore

[Tpu moAroToBKE K KOHTPOJIBHON paboTe HEOOXOIMMO M3YUYUTh METOAMYECKHUE YKa3aHUs, (TECThI).
[ToaroroBka kK HE COCTOUT B U3YYEHUU TEOPHUH, 3aKPEIUICHUH YCBOCHHOI'O MaTepuasa, MOBTOPEHUU
QITOPUTMOB PELICHHSI OCHOBHBIX TUIIOB 3aJa4 IO TEME.

Konumponwsusie éonpocwt 0na camonpoeepku no meme Ne 5:

5.1. JlaiiTe onpeneneHns NOHATHSIM: CKOPOCTh PEAKIINU, KOHCTAHTa CKOPOCTH, MOPSAIOK PEAKIINH,
TeMIEepaTypHbIi K03()PUIIMEHT, PHEPTHsI aKTUBAIINH, KHHETUYECKOE YpaBHEHHE, MEXaHU3M PEaKInu.

5.2. ChopmynupyiiTe 3aK0H JeHCTBUS Macc. 3anumuTe Beipaxkenne 3/IM (0OCHOBHOE KMHETHYE-
CKOE YpaBHEHHUE) JUIS CIISYIOIHX peakiuii: a) Ay + 2By =2Cy; 6) COs¢y + Cry = 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 namenurcs ckopocts peakuunt 2NOy + Oz = 2NOyry (k = 0,2, y = 2), ecnu: a) yBenu-
9uTh 00BEM CHCTEeMBI B 2 pa3a; 0) yBennunth KoHreHTpanuio NO B 2 pasa; B) yMEHBIIIMTH TEMIICPATYPY
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 yBeauuuiaach B 4 pasza?

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 pasua 0,2 mosw/n (K = 0,3).
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Ilo Teme 6 «PacTBOpbI. PAaCcTBOPLI 3JEKTPOJHTOB.» B KAYeCTBE CAMOCTOATEJALHO PadoThI Hpeay-
CMATPUBAIOTCH:

Pekomenoayuu cmyoenmam no camocmoamenvHou pabome k meme Ne6.

a) MOATroTOBKA K JIEKIIMH;

[Tpu moAroTOBKE K JEKIUSAM MO JAAHHON TeMe CTYJEHTY O3HAaKOMUTHCS C HAOOPOM OCHOBHBIX IO-
HATHM.

[Tonnmanue Mexann3ma 00pa3oBaHuUsl PACTBOPOB OOBSACHSET JEKTPOIUTHUECKYIO JUCCOLUALINIO,
COOTBETCTBEHHO TEOPUU CWIIBHBIX U CIA0BIX AJNEKTPOJIIMTOB, HOHHOE MPOU3BEACHHUE BOBI, BOJIO-
POJIHBINM TOKa3aTelNb, TUIIBI TUAPOIIN3A COJiel, BhIUUCIeHHne pH pacTBopa ruaponusyomencs co-
mu. Kiaccudukanuss TUCTIEpCHBIX CHCTEM IMOABOIUT K MOHUMAHHWIO CTPOCHHS KOJUIOMIOB. J{is
UJeallbHbIX PACTBOPOB OOBSCHSIOTCS KOJUIMTaTUBHBIE CBOWCTBA : MOHMKEHHUE MaplUalIbHOTO JaB-
JICHUSl TIapa PacTBOPUTEINS HAJ PAcTBOPOM, TOBBIIICHHE TEMIIEPATYPhl KHUIICHUS, MOHIKESHUE
T(3am) —3akoHbI Payiisi, 0CMOTHYECKOE J1aBJICHHE.

0) MOAT0TOBKA K BBHINOJHEHUIO U 3aLIUTE JIA0OPATOPHOIl padoThI ;

[Tpu mMoAroTOBKE K BHIMOJHEHHUIO M 3alllUTe JJaOopaTOpHOU paboThl o Teme Ne6 «PacTBophI iiek-
TpOAUTOB. O3HAKOMIICHHE C DJIEKTPOXUMUYECKUM METOJOM OIPEICICHUS CTEIIEHU JTUCCOIMAINH DJICK-
TPOJIMUTOBY» CIIEyeT 03HAKOMHUTHCS C METOAMYECKUMHU YKa3aHUSAMH K BBIIOJIHEHHUIO TAOOPATOPHBIX padoT,
(TecTsl)).

[Tpu camocTosTENIbHOI MOATOTOBKE K J1abopaTopHOM padote mo Teme Ne6 ciieqyer mpoaHaau3upo-

BaTh BO3MOKHBIC 3aKOHOMEPHOCTH MPOTEKAHUS PEAKIUI TUCCONMALIMY TPEIaracMbIX B TPAKTH-

KyMe pacTBOPOB BEIIECTB.

B) NOJAr0TOBKA K MPAKTHYECKUM 3aHATHSIM;

[Tpu MoAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJEHTY HEOOXOIUMO MOJIb3YsACh HAOOPOM OCHOBHBIX
MIOHSTHIA, OBJIAJIETh AITOPUTMOM PEIICHUS 3a1a4 10 TEME.

Orto 3amaun Ha: l)oOpazoBanue ocaaka, 2)Ha pacueT pH CuiIbHBIX U clIaObIX SJIEKTPOJIUTOB,

3)pacueT WMOHHOW CHJIBI pacTBOpa, 4)3aKkoHBl Paynst W BETWYHHY OCMOTHYECKOTO JaBJICHUS,

5)cTpoeHne KOJUIOUAHBIX YaCTHII.

1) MOAT0TOBKA K KOHTPOJIbHOM padoTte

[Ipu moAroToBKE K KOHTPOJIHHON paboTe HEOOXOJAMMO M3YYUTh METOIUYECKUE yKa3aHUs, (TECTHI).
[ToaroToBka Kk HEW COCTOUT B M3YYEHUHM TEOPHUH, 3aKPEIUVICHUM YCBOCHHOI'O MaTepuala, MOBTOPEHUHN
AJTOPUTMOB PEIICHUSI OCHOBHBIX THIIOB 33J1a4 10 TEME.

Konmponwvnsie 6onpocwt 01s camonposepku no meme Ne 6:

6.1. Kak xmaccupuImmpyroT 3JEKTPOIHTHI 110 CTEIICHH JUcconuauu? K kakuM 3JIeKTpOJITaM OT-
Hocstcs cneaytomue Bemectsa: KOH, NaCl, CH;COOH, HNO3, HNO,, K,CO3, H,0, NH,OH, HCIO?

6.2. Uto mpeacrasisieT coO0H BbIpaKeHUE JJIs1 KOHCTAHTHI TUCCOIMAIMN? 3aIUIIINTE BRIPAKECHUE
JUTSE KOHCTaHTBI AUCCOIUAIINH a) YKCYCHOM KUCIIOTHI, 0) THIPOKCHIa aMMOHHS, B) YTOJIBHOM KHCIOTHI (110
CTYIICHSIM).

6.3. Paccuwuraiite pH a) 0,05 M pactBopa comnstHO# Kucnotsl, 6) 0,05 M pactBopa ruapokcuia
ammonus, B) 0,01 M pactBopa rujpokcua kaius, ) 0,02 M pacTBopa a30THCTOH KHCIIOTHI.

6.4. Brimaget nu ocaZok Mpu cMenMBanuu paBHbIX 00beMoB 0,01 M pacTBopa HUTpaTa cepedpa u
0,005 M pactBopa Hoguaa Kaius?
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IIo Teme 7 «aeKTpOXHMHYECKHE CHCTEeMBbl. OKHCJINTEILHO-BOCCTAHOBHUTEILHBIE CBOMCTBA Be-
IECTB» B KAYeCTBE CAMOCTOATEILHOM Pa00ThLI MPEIYCMATPUBAIOTCS:

Pexomenoayuu cmyoenmam no camocmonamenvHoil pabome Kk meme Ne7.

a) NoAroToBKAa K Jekuusm (1uac);

ITpy moAroToBke K JEKIUSAM 10 JAHHOM TeMe CTYIEHTY O3HAaKOMHUTbCA C HAOOPOM OCHOBHBIX ITO-
HSTHUH.

3HaKOMCTBO C TEMOM HauuMHAeTcs C IOHATHS CTENeHb OKucieHus. OKUCIUTENBHO-
BOCCTAaHOBHTCILHEIC CBOMCTBA BCIICCTB. OKHCINTEIbHO-BOCCTAHOBUTEIBHEIE pCaku UX BUBI. Turmer
JIEKTPOOB. Pl HanpspKeHUs: METalIoB.

0) MOATrOTOBKA K BBINMOJHEHHUIO U 3a11UTe JJadopaTopHOi padoTsl 1o teme Ne 7;

[Tpu moAroToBKe K BBHIMOJIHEHUIO U 3alIUTe JabopaTtopHoil paboThl o Teme Neo7 « OKUCIUTENbHO-
BOCCTaHOBUTEJIbHBIE peaklnu. [Ipyu 3HAKOMCTBO C BIMSHUEM XapaKTepa Cpeibl Ha XOJ PEaKUH Ha Mpu-
Mepe MepMaHraHaTa Kajaush CJeQyeT 03HAKOMHUTHCS ¢ METOJNYECKUMU YKa3aHUSMHU K BBIOJIHEHHUIO Jia-
060paTopHBIX paboT (TECTHI)).

[Ipu camocTOSITEIBHOM MOATOTOBKE K JabopaTopHOH padoTe 1o Teme Neb ciiemyeT mpoaHau-
3UpOBATh BO3MOXHBIE 3aKOHOMEPHOCTH MPOTEKAHUS OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX PEAKIUN

Ha IpHUMEpEe pacTBOpa MepMaHraHara Kajlus CyJb(QHUTOM HATpus B pa3HbIX cpenax. PesynbraTsl

MIPOBE/ICHHBIX OIBITOB HATJISIHO MOKA3bIBAIOT, YTO MPOJIYKT PEAKIIMU 3aBUCUT OT YCIIOBUU IMPOBE-

nenusi. PacctaHoBka k03()(QUIIMEHTOB B ypaBHEHHUU METOJOM JJIEKTPOHHOTO OanaHca CBUAETEIb-

CTBYET O MOHUMAHUU CYITHOCTH 3TOTO B3aUMOJICUCTBUS.

B) MOJITOTOBKA K MPAKTUYECKUM 3aHATHIM;

[Ipu moATroTOBKE K MPAKTHYECKUM 3aHATUSM CTYJICHTY HEOOXO0IUMO IMOJIb3YSICh HAOOPOM OCHOBHBIX
MOHATHH , OBJIAJIETh AJITOPUTMOM pEIICHUS 3a]a4 M0 TeME, PACCTaHOBKOM KOA((UIIMEHTOB B YpaBHEHHU-
sx. [IpoBepUTh yCBOEGHUE U 3aKPEMUTh U3yYaeMblii MaTepHas MO3BOJISIET BHIIIOJHEHUE PACUETHOIO 3aj]1a-
HUS ¥ OTBETHI Ha BOIPOCHI TECTOB.

Kak mpaBuiio, BOnpockl HalMCaHUs yPaBHEHUH OKHUCIUTENbHO-BOCCTAHOBUTENIBHBIX pEaKLIUi
HE BBI3BIBAIOT 3aTPYJAHEHUM. AKIEHTUPYETCS] BHUMAHUE HA PA3JIMUUU MOHSATUN «CTETNEHb OKHUCIIE-
HUS» U «BAJGHTHOCTb»,  pa30HpaloTCs  KPUTEpUU  KIacCU(PUKAIMM  OKUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIUH, CIIOCOOBI pacyeTa 3HAUCHUM MOJIIPHBIX MAacC SKBHUBAJIEHTOB OKHC-
nutened u BocctaHoButened. [Ipu paccmoTpeHun konnuecTBeHHOUW onieHkn OBP: cranmapTHbI
AJIEKTPOJIHBIN MOTEHIMAJ, PABHOBECHBIA MOTEHIIMAT MPH YCIOBUAX OTJIIMYHBIX OT CTAaHJIAPTHBIX,
ypaBHeHrue HepHcTa, S7eKTpOABIKYIIAs CHJla PEeaKIIUU- BCEX ITUX TOHSITHH MOSBIISIFOTCS OTpe/ie-
JIEHHBIE TPYJAHOCTU B YCBOCHUM MaTepuana. O3HaKOMIIEHHE C MEXaHU3MOM BO3HUKHOBEHHUSI JIBOW-
HOTO 3JIEKTPUYECKOTO CJIOSl, U3BMEPEHHEM MOTEHILMAIa METAJUIMYECKOT0 JEKTPOAa O OTHOIIEHUIO
K BOJIOPOJHOMY 3JIEKTPOJY JA€JIaeT MOHSATHBIM PsiJi HANPSKEHUH METaJUIOB U COOTBETCTBEHHO BBI-
YHUCIIEHUE 3]IC PEAKIIUH.

Konmponwvusie éonpocwt 0na camonpogepku no meme Ne7 :

7.1. aiite ompeseneHus NOHATUAM: OKUCIUTENh, BOCCTAHOBUTEINb, OKHCIEHUE, BOCCTAHOBIICHUE,
JMCTIPOTIOPITMOHUPOBAHNE, CTENICHh OKUCIICHUS, PABHOBECHBIH MoTeHIInal. CHOpMYITHpYHTE YCIOBUS
nporexkanus OBP.

7.2. BO3MOXHO JIM IPOTEKaHUE OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINA MEXKTY CIIE YOI~
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) IPOUCXOUT MIPU CIEAYIOLINX MpeBpale-
mmsix: a) P — P 6) Ca — Ca™; B)N° > N*2
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7.4. 3anumuTe ypaBHEHUS TOTYPEaKIMii: a) BOCCTAHOBICHUS HOHA AIFOMUHHUS; 0) OKMCIICHUS Mar-
HUS; B) OKHCIICHUSI HOHA S 110 BBICIIIEHT CTEIICHH OKHCIICHHSI.

7.5. TlonGepure kKOdPGUITUEHTHI 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 xakomy TuIly OTHOCATCS yKa3aH-
Heie OBP?

7.6. JlokaxuTe C MO3UIMNA CTPOCHHUS aTOMa, KaKue CBOMCTBA (OKHCIUTENIbHbBIE, BOCCTAHOBUTEIb-

HbIC WM ABOWCTBEHHBIC) 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-

pUBarOTCAa:.

Pexomenoayuu cmyoenmam no camocmoamenvHoi pabome K meme Ne8.

[Tpu moAroTOBKE K JEKIUSAM MO JAHHOM TeMe CTYJEHTY O3HAaKOMHUTHCS C HAOOPOM OCHOBHBIX IO-
HATHM.

[Tonnmanue mexaHu3Ma BO3HUKHOBEHHUS TOKOOOpPa3yrolled peakiuu pa3dupaeTcss Ha IMpHUMeEpe
MEHO-IIUHKOBOI'0 T'aJIbBAHUYECKOT0 IeMeHTa. Cxema 3JIeMEHTa, ITPOLECChl Ha AJIEKTPOIax, pac-
YeT BEJIMYUHBI 3/IC MOKA3bIBAIOT BO3MOXKHOE JalbHEWIEe UCIOIb30BaHUE TalIbBAHUYECKUX dIie-
MEHTOB B KaU€CTBE [IEPBUYHBIX HCTOYHUKOB TOKA.

0) MOAroTOBKA K BBLINOJHEHUIO U 3alIUTe JIa00OpaTOPHOii padoThl «I albBAaHUYECKUN 3JIEMEHT.
OBnazneHne METOMKOMN COCTaBIEHMSI ralbBAHUUECKUX LIETIEN U N3MEpPEHUs HalPsyKEHUS TaJlbBAaHUYECKUX
3JIEMEHTOBY,;

[Ipu noAroToBKe K BBHIOJHEHUIO U 3aIIMTE JJaOopaTOpHOU padboThl 1o TeMe Ne§ «l anbBaHUYECKU
anemeHT. OBllajieHue METOJIUKON COCTAaBIEHUS raIbBAHMYECKUX LENeil U U3MEepEeHUs HaIlPsHKEHUS Trajlb-
BAaHUYECKUX DJIEMEHTOBY» CIIEAYET 03HAKOMHUTHCS C METOJIMYECKUMHU YKa3aHUSAMU K BBITIOJIHEHHIO JIabopa-
TOPHBIX padoT.

[Tpu camoCTOATENBHOM MOATOTOBKE K JIabopaTopHOW pabore mo Teme Ne§ ciiemyeT nmpoaHan3u-
pOBaTh HEBO3MOXKHOCTh IMPOTEKAHHS OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX peakiuii, eciu 31ac< 0.
Csi3p Mexy 3¢ (Es) u sHeprueit [mO0ca Takke MO3BOJSET yKa3bIBaTh CAMOIIPOU3BOIHHO TIPO-
TEKaIoIlie MPOIeCcChl, OTCI0Ia HEOOXOAMMOCTh pacyeTa 3JIC TajJbBaHUYECKOTO IJIEMEHTa JIBYMS
ciocobamu. [Tonsipu3anusi KOHIIEHTPALMOHHAS M JEKTPOXUMHUECKasi BBI3BIBAET M3MEHEHHUE I10-
TEHIIUAJIOB 3JIEKTPOAOB. TpeboBaHUE PacueTOB HOBBIX PAaBHOBECHBIX MOTEHIIUATIOB MPEIyCMOTpe-
HO MPOTrPaMMOM JHUCLUHUIUIMHBI, U BBIIIOJHEHUE TaKUX PacyeTOB MPHUCYTCTBYET IPU 3aIlUTE J1a00-
paTopHOU pabOTHl M MHIMBUIYAJTBLHOTO 3a/1aHUS.

B) NOJAr0TOBKA K NPAKTHYECKUM 3aHATHSIM;

[Tpu MOArOTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJIEHTY HEOOXOUMO MOJIb3YsACh HAOOPOM OCHOBHBIX
MOHSTHIA , KOTOphIe NipuBeaeHb! B [Ipunoxenun [1.PI1J] b1.5.8 (1K, cc, 13, TecThl ) kK pabodeit mporpamme
HACTOSIIEH TUCIUIUIMHBI OBIAJETh aJTOPUTMOM pEIICHUs 33/Jad MO Teme: 1) COMoCTaBUB BEIMUYMHBI
CTaHJApTHHIX MOTEHIIUAJIOB, ONPEACIUTh aHOM, 2)IpHUBECTH cxemy ['D, 3) mpuUBECTH ypaBHEHHS dSJIEK-
TPOIHBIX MPOIIECCOB U TOKOOOPA3YIOILYIO peakiyio, 4) BeIMOIHUTH pacueT DJIC 11 ykazaHHOTO rajibBa-
Hudeckoro siementa (I'9). [IpoBeputh ycBOo€HHE U 3aKpENUTh U3yyaeMblil MaTepHall MO3BOJSET BBINOJI-
HEHUE UH/IMBUYaJIbHOTO 33/1aHUS U OTBETHI HA BOIIPOCHI TECTOB.

1) MOAT0TOBKA K KOHTPOJIbHOM padoTte
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[Ipu moAroTroBke K KOHTPOJIBHON paboTe HE0OXOAMMO M3Y4YHTh METOIuYecKue ykazaHus. K Hei
COCTOMT B U3YYECHHH TEOPHUH, 3aKPEIUICHUN YCBOCHHOTO MaTepHalla, IOBTOPEHUH AJITOPUTMOB PEIICHHUS
OCHOBHBIX THIIOB 33124 110 TEME.

Konmponwvusie 6onpocwt 01s camonposepku no meme No§ :

8.1. JlaiiTe ompeneneHus] NOHATHAM: CTaHAAPTHBIN 3JIEKTPOIHBIA MOTEHIMAJ, MPOBO/I-
Huku | u |l pona, anexTpoas! (MX BUAb), rajgbBaHU4ecKuil aeMeHT, J/1C, nongpuzanus 3a€KTpo-
JI0B (€€ BHJIbI), IEKTPOXUMUYECKUN psijl HAPSHKEHUH METaJlIIOB, KOHLEHTPALlMOHHBIN rajJbBaHU-
YECKUU DJIEMEHT.

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 sjaeMenTa (yCJIOBHUS CTaHIapT-
HbI€). 3alUIINTE YpaBHEHUS 3JIEKTPOAHBIX npoueccos u TOP.

8.3. Paccumraiite DJIC a) cepeOpsiHO-)Kene3HOro, ©) JTUTHUEBO-aTIOMHUHUEBOTO,

B) HaTPUEBO-LIMHKOBOI'O, ') MarHUEBO-CBUHIIOBOI'O raJIbBAHUYECKOT0 3JIEMEHTA ABYMS CIIOCO0aMU
— Yepe3 pa3HOCTh MOTeHIHANIoB 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 craHIapTHBIX YCIOBUAX U
npu u3meHeHnu aktuBHocTeil IIOU B pesynbrare padotsl B 10 pa3 nmo cpaBHEHHUIO CO CTaHAAPTHBIM 3HA-
YEHHUEM.

8.5. CocrtaBbTe cxemy paboThI a) cepeOpstHOro, 0) MEAHOTO, B) CBUHIIOBOTO KOHIIEHTPAIIMOHHO-
0 TaJbBaHUYECKOI'0 3JIEMEHTA MPU aKTUBHOCTAX MOHOB cepedpa 0,1 u 0,001 moib/1, ykaxure akTHB-
HOCTb HOHOB B aHO/IHOM M KaTOAHOU 30HaX. 3alUIINTE YPAaBHEHUS AIEKTPOJAHBIX [IPOLIECCOB, paccunTai-
te Benuuuny J/1C.

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 BBIIOJHEHHIO U 3aIIHUTe JJa00paTOpHOi padoThl
[Ipy moAaroToBKE K BBIMOJHEHHUIO U 3allUTe 1abopaTopHO paboThl mo TeMe Ne9 «3nexTponus.
N3yyeHne KOIMYECTBEHHBIX 3aKOHOMEPHOCTEHN Ipolecca 3JIEKTPoIn3a Ha pUMepe pacTBopa cyibdaTa
HATpUS Ha HUKEJIEBBIX DJIEKTPOJIaX» CIIEAyeT 03HAKOMUTHCS C METOJAMYECKUMHU YKa3aHUSIMH K BBITIONHE-
HUIO JIa0OPAaTOPHBIX PabOT.
Tonbpko mocie ycBOeHHsI MOHSATUI TEMbl MOKET IPOU30MTH MOHUMaHNE MEXaHH3Ma IIEKTPOITU3a
pacIiaBoB U BOAHBIX PACTBOPOB AJIEKTPOJIUTOB. [ MApPOIIN3 BellecTBa B pacTBOPE BEIET K U3MEHe-
HUIO XapaKTepa CPeJibl, YTO BIUSET HA BEIMYUHY MMOTSHIIMATIOB JIJIsl IPOIIECCOB Pa3psIKU BOABI HA
ANEKTPOAX U 3TO HEOOXOAUMO YUUTHIBATh JIJISl OMPEENICHUS B 1€JIOM MOCIEA0BATEIbHOCTH MPO-
LIECCOB HA IEKTPOIAX.

[Ipu camocToATEeNpHON TOATOTOBKE K jJabopaTopHOi paboTe mo teMe Ne9 crmemyer dYeTKo
MPEJICTABISTh AITOPUTM PACCMOTPEHHS Tpoliecca deKTponusa:l)cxema; 2)mocieqoBaTeabHOCTh
MIPOIIECCOB Ha DJICKTpOjax: a)Ha aHoje; 0) Ha KaTojae; 3)pacueTsl o 3akoHam Dapanes; OTiuune
pEabHBIX MPOIIECCOB OCIOXHEHHBIX MAacCHBAIMEl aHOAAa M BIUSHUEM XapaKTepa Cpelsl Ha Mpo-
I[ecc MOYEPKHUBAl0 3HAUCHHUE SKCIIEPUMEHTA TPU U3yUeHUH XUMUH. [ padukn xomaa mossipu3aiu-
OHHBIX KPUBBIX YUUTHIBAIOT U3MEHEHHUE MOTEHINAIOB Ha JIEKTPOAAX U3-3a MONIIpU3aIIH.

B) NOArOTOBKA K NPAKTUYECKUM 3aHATUAM;
[Ipu moArOTOBKE K MPAKTUUECKUM 3aHATHSIM CTYJIEHTY HEOOXOIMMO T0JIb3YsICh HAOOPOM OCHOBHBIX
MOHSATHH.
Cio’XHOCTh BBI3BIBACT OINPEACIICHHE OYEPETHOCTH Pa3psIIKU YaCTHI] HA AJIEKTPOIax U HE0O-
XOAUMOCTb YUUTHIBATH BBICOKYIO MOJIIPU3ALIAIO IPOLECCOB BbI JEJIEHUS KUCIOPOJa Ha aHOJAE U BO-

104



CMOSIEHCKHIA
Memoouueckoe obecneuenue OUCYUnIUHbL C SURTAT
|

b51.0.07 «Xumusa» e |
M3 _

JopoJia Ha Karoje. TpyqHOCTH KOJMYECTBEHHBIX PAacyeTOB Ipolecca 3JIEKTPOIU3a M0 3aKOHAM
@dapanes cBs3aHbI TJIABHBIM 00pa3oM ¢ HEYMEHHEM OIpeNessaTh 3HaU€HUsI MOJISIPHON MacChl SKBU-
BaJICHTOB BellecTB. [IpoBepuTh yCBOEHHE U 3aKpENUTh U3YYaeMblii MaTepua MO3BOJISET BBINOJI-
HEHUE MHIUBUIyaIbHOTO 3aJjaHUSI U OTBETHI HA BOIIPOCHI TECTOB.

Konmponwsusie éonpocwt 0na camonpoeepku no meme Ne9 :

9.1. MHaiite onpeesieHusl HOHATUAM: 3JIEKTPOJIN3 (€r0 BUbI), BBIXOJ 110 TOKY, TaCCUBALIMSL.
Chopmynupyiite 3akonsl Dapajes.

9.2. CocraBbTe CXe€My 3JIEKTPOIN3a, 3aIHUIINTE YPABHEHUS 3JIEKTPOIHBIX IPOLIECCOB, IPUBEINUTE
rpaduK MoIsIpU3alMOHHBIX KPUBBIX JUIS 3JIEKTPOJIM3a clieqyromux pactBopoB: a) NiSOq (pH = 3, anek-
Tpoasl xkenesnbie), 0) KNOj (pH = 7, anekrpons! yronsabie), B) CuCl, (pH = 5, aHox yronbHbIH, KaTo
CBHHIIOBBIN). YKaXXuTe, Kak MeHseTcss pH B aHOTHOM M KaTOIHOM 30HAX MPH JICKTPOIIH3E.

9.3. Kakoe BelecTBO U B KAKOM KOJIMUYECTBE BBIICIUTCS HAa YTOJIBHOM aHOJE IPU 3JIEKTPOIU3E
BoaHOTO pactBopa Na,SO,4 (pH = 7), eciiv Ha KaTojie P TOM BBIICIUIIOCH 3 T BelecTBa?

9.4. PaccumTaiite BBIXOJ 10 TOKY METalJIa MPH IEKTPOIu3e BoaHOTO pactBopa NiSOy (pH = 3),
ecnu niocie npoxoxaeHus 96500 K macca skene3Horo katoaa u3aMeHusaach Ha 14,68 r. AHOJ yrOJbHBIH.

9.5. Paccuutaiite Bpems, HEOOX0AUMOE /1JIs TIOJYUYEHUS Ha YKEJIE3HOM U3JIEIMH LIUHKOBOTO MOKPHI-
THS Maccor 65 T IpH MPOXOXKJACHUH TOKa CHIION 4 A uepe3 pacTBOp CysbdaTa IMHKA, €CJIU BBIXOJI 10 TO-
Ky 1uHKa paseH 50% (pH = 3).

Ilo Teme 10 «Koppo3ust MeTayioB. MeponpusTHS O 32IUTE METAJJIOB OT KOPPO3HUHU.» B KAYECTBE
CAMOCTOSATEJLHON PAa00OTHLI NPEIYCMATPUBAIOTCS:

Pexomendayuu cmyoenmam no camocmoamenvroi pabome xk meme Nel(.

a) NOAr0TOBKA K JIEKIUH.

[Ipu mOATrOTOBKE K JIEKLIUSAM 0 JAHHOH TeMe CTYJICHTY O3HAKOMHUTHCA C HAOOPOM OCHOBHBIX IIO-
HATHH.

TonpKo Mocie YCBOGHUSI OCHOBHBIX MOHSATHI TEMBI MOKET MPOU30MTH MOHUMAaHUE MEXaHM3-

Ma Koppo3uu. Obunue KpuTepreB 00yciaaBIMBaeT MHOrooOpasue BUJI0B KOppo3uu. BiusHue okuc-

JWUTENeN MPUCYTCTBYIOMIMX B OKPYXKAIOWIEH Cpele YYMTHIBACTCS MPH PacdyeTe WX MOTCHIIUAIOB C

UCHoib30BaHueM ypaBHeHuss HepHcra. OCHOBHBIE TOJIOKEHUSI TEOPUU DIIEKTPOXUMHUUECKHUX MPO-

[IECCOB BOCTPEOOBAHBI TAKXKE JJIST KOPPO3UH.

0) MOATrOTOBKA K BHINOJHEHMIO U 3alIUTe JJA00pATOPHOH padoThI;

[Ipu moAroToBKE K BHITIOJHEHUIO U 3aIIUTe JTabopaTopHoi paboThl mo TeMe Nel() «Kopposus wme-
TaJI0B. M3yueHne yciioBrii BOSHUKHOBEHHUSI KOPPO3HOHHBIX MUKPOTATbBAHHYECKUX AJIIEMEHTOB, SIBICHUS
MOJIIPU3ALIMHU U JETONSPU3ALMH [IPU KOPPO3UU. 3HAKOMCTBO C HEKOTOPBIMH METOJaMM 3alUThl METaJ-
JIOB OT KOPPO3HH.» CIEAYyeT 03HAKOMHUTHCS C METOJMYECKHMHU yKa3aHHSIMHU K BBITIOJTHEHHUIO J1abopaTop-
HBIX paboT.

['maBHOE B OTpe/eTICHNN BHUIA NENOJSPU3AIUN COCTOUT B OMPEICIICHUH COOTHOIICHUS MEXITy I10-

TEHIIMAJIOM OKUCIUTENS U MOTEHLUAIOM aHOJa. Y CTAaHOBUB IEPBOHAYAIIbHO, KAKOW M3 KOHTAKTH-

PYIOIINX METAIIOB SBIISIETCSI AHOJAOM M PACCUMTAB MOTEHIMAIBI BOBMOXKHBIX OKHCITUTEIICH, MOXKHO

OTIpPeNIeIUTh BO3MOXKHOCTh (HEBO3MOXKHOCTh) MpoLiecca KOppo3un. M3ydeHne ponu MeTauInyecKix

MOKPBITHI pacCMaTPHUBACTCS HAa IPUMEPE OLIMHKOBAHHOTO U JIY>)KEHOTO XKeJe3a.

B) MOATOTOBKA K MPAKTHYECKUM 3aHITHSM;

[Tpy OATOTOBKE K MPAaKTUIECKUM 3aHSATHSIM CTYJCHTY HEOOXOMMO TTOJIb3YsCh HA0OPOM OCHOBHBIX
MOHATHUH , KOTOpbIE PUBEJICHBI B pabouell MporpaMme HAacTOSIIIEH AUCHUIUIMHBI, OBJIAJIETh aJTOPUTMOM
peleHws 3a/1a9 1o TEME.

TpynHOCTH BBI3BIBAET YyUET COJEPKAHUU OCHOBHBIX OKHUCIHMTENEH B OKpY’KaIOLIeH cpene: co-

JiepKaHre KUCIOPOAa M BOJIOPOJA B BO3yXe YUUTHIBACTCS ypaBHEHHEM HepHCTa M COOTBETCTBEH-
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HO BJIUSET H pacyeTsl. [IpoBepUTh YCBOCHUE U 3aKPENUTh U3Y4aeMblil MATEPHUAII II03BOJISIET BBINOJI-
HEHUE MHIUBUYyaIbHOTO 3aJaHUsA U OTBETHI HA BOIIPOCHI TECTOB.

1) MOATOTOBKA K KOHTPOJIbHOM padoTte

[Ipn moaroToBke K KOHTPOJIBHOW pabote HEOOXOUMO U3YYHTh METOJUYECKHE YyKasa-
Hus.IToaroroBka K HEl COCTOWT B M3YUYEHUHM TEOPHH, 3aKPEIJICHUH YCBOCHHOT'O MaTepuaja, MoBTOpe-
HHUHN aHFOPI/ITMOB pemeHI/m OCHOBHBIX THUIIOB 3a/J1a4 I10 TEMCE.

Konmponwvusie 6onpocwt 01s camonposepku no meme Ne 10:

10.1. [aiite onpeneneHus: MOHATUSAM: KOPPO3HsI METAJIOB (€€ BHJIbI), MPOTEKTOP, aHOIHAS
Y KaTOJIHAsl 3alllUTa, AHOJHOE U KAaTOJAHOE MOKPBITUE, JIETUPOBAHKUE, aHOIUPOBAHUE, MUKPO-
ranpBaHuueckuil snemenT. ChopMynupyiTe YCIOBUS NPOTEKAHUS 3JIEKTPOXUMHYECKOU
KOPpO3UH.

10.2. IIpu kaKOM COOTHOLICHHWH TMOTEHIMAJIOB OKHCIMTENCH U MOTEHIHANa pa3pylIaeMoro
MeTajula BO3MOXKEH KOPPO3UOHHBIN nporecc? PaccunTaiiTe MOTEHIIMAIBI OKUCIUTENECH MpU
KOppo3uu BO BiaxkHoU atmocdepe nipu a) pH = 8, 0) pH = 13, B) pH =0, r) pH = 7. 3anu-
LIUTE YPABHEHUSI KUCIOPOJHON U BOAOPOJIHOM JAETOJISPU3ALMHY 111 JAHHOU CpEebl.

10.3. Onumute mporecc KOppo3uu Keje3a ¢ BKIIOUCHUSIMU yTriiepoa Ha Bo3ayxe mpu pH = 4.
10.4. YTo MOKET CIIyKUTb IPOTEKTOPOM IS 3aLUTBI OT KOppo3uu usaenus u3z Meau? CocraBbre
cxemy MI'D (pH = 10), 3anummure ypaBHEHUs IPOLIECCOB.

10. 5. OnuiuTe CynHOCTh CIAEAYIOIIEro METO/1a 3aIUThl OT KOPPO3UU: a) U3MEHEHHE CBOWCTB
KOPPO3UOHHOM Cpejibl, 0) aHOAHAS 3alUTa, B) KATOIHAS 3aIUTa, T') MPOTEKTOPHAS 3aIlUTa, 1)
aHOJIHOE MOKPBITHE, €) KaTOJHOE TIOKPBITHE, K) JlerupoBanue. [IpuBenute npuMepsl.
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