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

XvmMuyeckasg HOMEHKNaTypa - 00J1acTh HayYHOW TEPMUHOJIOTHH.

HomeHKnaTypa — crucreMa paiioHalIbHBIX Ha3BaHUH BellecTB. B OCHOBY KOTOpO# mo-
JIO’KEH COCTaB BEILECTB.

Howmenknarypa ckianeiBaercs u3 (opMyi(M300pa)xKeHne cocTaBa BeEIl-Ba C IOMOIIbIO
CUMBOJIOB XUMHUYECKHUX 3JIEMEHTOB U YHCIIOBBIX MHJIEKCOB) U Ha3BaHUM (M300paxkeHue co-
CTaBOB C ITOMOUIBIO CJIOBA WJIX I'PYTIIHI CJIOB).

Ilepexon oT popmy:n K HaA3BaHUSAM U HA0OOPOT OCYIIECTBIIAETCS CUCTEMON HOMEHKJIATyp-
HbIX npaBuil. CuMBosbl ipuBesieHbl B IIC. O6buHO 370 1-51 in 1-51 1 2-51 OyKBBI JTaTUH-
CKOI'0 Ha3BaHUs DJIEMEHTA.

Bozne cumBosia anemenTa MOryT ObITh PEACTaBIIEHBI 4 MHJIEKCA:

M - maccoBoe gncio 3apsiz noHa

9 - CUMBOJI DJIEMEHTA

) Z-nopsiqKOBBI HOMED (3apsi sapa [MoacTpouHBIi HHAEKC (YUCIIO AaTOMOB)

Cu** -uon meau ¢ 3apsagom +2
“C - M30TOII yTAepoa C MaCCOBBIM YUCIIOM 12
?**U — M30TOII ypaHa ¢ MacCOBBIM YHCIOM 235

HomeHknartypa npocThbixX Bell-B

Ha3zpanue npocToro Bemr-Ba CTPOUTCS U3 PYCCKOTO HA3BaHUS JIEMEHTA U YMCIOBOW MPH-
CTaBKH.

YucnaoBbI€ IPUCTABKMU:

1-moHO S5-mieHTa 9-HoHa
2-11 6-rexca 10-neka
3-Tpu 7-renta n-
4-tetpa 8-okTa
CucremMaTrdecKue Ha3BaHUS TpanunmoHHbIC Ha3BaHUS
0 MoHokucopoa ATOMapHBIN KUCIIOPOJ
0, Juxuciopon MosneKyJISIpHbIA KUCIOPOT
0, Tpukuciopon O30H
P, Tetpadocdop benbiit pocdop
Sh ITonucepa AwmopdHas cepa

I[JISI pacnpeaciaCHusd IMPOCTHIX BCII-B Yalll€ UCIIOJB3YIOT TPAAUIIMOHHBIC U CIICHWAJIbHBIC
Ha3BaHMS.
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CnoxHble BewecTBa

B Heoprannueckol XuMUU K HUM OTHOCSITCSI OKCHJIbI, OCHOBAHHUSI, KUCJIOTBI, COJIH.
OKcHIIBI — 3TO CIIOKHBIC BEII-Ba COCTOSAIINE U3 2-X AJIEMEHTOB, OJMH M3 KOTOPHIX — KH-
copon (3, 0,)

OcCHOBaHUS — 3TO CJIOXKHBIC BEII-Ba, MPU JUCCOUAIIMHA KOTOPBIX BO3HUKAIOT THIPOKCO-
rpynnel — OH™ (Me(OH),)

Com — 3TO CIIOKHBIE BEII-Ba, IIPH JTUCCOIMAIIMN KOTOPHIX BOZHUKAIOT KaTHOHBI METalIa
¥ aMMOHHS U aHHOHBI KUCITOTHBIX 0cTaTKoB. (Na,50,, K], CuBT;,)

B Hanmcanuy CIOXHBIX BEII-B HA TIEPBOE MECTO CTABUTCS AJICKTPOIIOIOKUTEIbHAS CO-
CTaBJISIONIAS — KATHOH, 3a HEH 2JIEKTPOOTpHUIIaTeIbHAS — aHUOH. A Ha3BIBAIOTCS HA000-
pOT: CHauaja aHWOH, 3aTeM KaTHOH, MPUIEM Ha3BaHKUE aHHOHA B MNMCHHUTEILHOM TAIeKe,
KaTHOHA B POJIUTEIIBHOM.

Okcuabl

CucreMaTHuecKre Ha3BaHMS CTPOST IMPU MOMOIIY YUCIOBBIX MPUCTABOK. Takke CyIecT-
BYET CII0CO0 Ha3BaHUS MPEI0KeHHBIN [IITOKOM, KOTOPBII COCTOUT U3 CIOBA «OKCHUI» H
Jajee yKa3bIBae€TCs 3JIEMEHT M €r0 CTEIIeHb OKUCICHUS PUMCKUMH [UBpaMU B CKOOKaX.

Oxcup CucremHoe Ha3BaHue Haszsanue no Illtoky
Al, 0, Tpuokcnn quamomunusa | Okcua aTFOMUAHHS
FeO MoOHOOKCH]T JKele3a Oxcup xenesa (2)
Cl,0, I'enTaokcuna nuxiaopa Oxcup xsopa (7)
OcHoBaHusa

HasBanust coCTaBISIOTCS COTJIACHO OOIIEMY MPaBUITY.

NaOH - rugpoxcua HaTpHs

Fe(OH)5- ruapokcuy xkenesza(3)

'uapoKCHIBI METAIIIOB, cojepKaiue oqHoBpeMento 02~ u OH ™ naswiBaercs npucras-
KOM MeTa-

FeO(OH) - MmeTaruipokcu xeiesa

A KaTHOHBI METAJLIOB C MpHCOoeTnHEHHBIME K HuM OH - rpynmamu Ha3bIBaeTCs IPUCTaB-

KOM TUJIPOKCO-
Fe**0H?**- katnon rugpokcoxene3a(3)

Kncnotsbl
1.beckucnopoaHbIe K-ThI
HaszBanue cocTOUT U3 ABYX CJIOB: MPHJIAraTeIbHOE U CI0BO KUCI0Ta. K Ha3BaHUIO KUCIIO-

TOOOpPa3yIOIIEro AJIeMEHTa 100aBISI0T OKOHYaHUE — BOJopoaHas . /{15 Ha3BaHMs aHMOHA
MCIIOJIB3YIOT KOPEHB JIATUHCKOTO HAa3BaHUS dJIEMEHTA C 1o0aBieHueM cypdukca -ui-
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DNeMeHT ®opmyna k-Tel | HazBanue k-Tbl VYp-e nucconmanuu U Ha3B.
AHMOHA
Cl HCI XnopoBogoposHast | HCl «» H™ + CI~
K-Ta
Br HBr BpomoBomopoanas | HBr «<» H™ + Br~
K-Ta
J HJ Honosomopomuas | HJ < H* + ]~
K-Ta
S H,S CepoBomoponnast | H,S«< H* + HS™ &« 2H *
K-Ta +52°

Bceria Ha3BaHue OMHAPHOTO COEAUHEHNUS 3aKAaHYMBACTCSA HA -U[I-
B*3*N~3- gutpun Gopa
Mg3?P; 3- pochun Maraus

2. Kucnopoiocoaepxaiine K-Tbl

(HO),20,, H,50, (HO0),S50, HCIO, (HO)CIO,
H,CO;, (HO),CO m=1 |m=2
H_O\C 0 H_O\S//O H-0 CI//{?

= Y -0 — =
H-o H-0 Yo N\ 0
cirabas K-Ta CHJIbHAS K-Ta camasi CuJIbHas 13 BceX
Ecnu m<2, To kuciora Ecin m=2, To kucnora HEOPTraHUYECCKUX KUCIIOT
ciiabas CUJILHAs Bcerna

Ha3zeanue KUCIOTHI COCTOUT U3 ABYX CJIOB: MPUJIAraTeIbHOTO U CJIOBA «KHUCIO0Tay. [Tpuna-
raTe’apbHOoe 00pazyercs U3 pyCCKOro Ha3BaHUs KHUCIOTOOOPA3yIOIIEro dJIieMeHTa ¢ 100aB-

JIEHUEM OKOHYAHUU:
—HaA

[Ipm max. creneHn OKUCIEHUS - { —6aA
—esaA
Ha3BaHue aHnOHa COCTOUT U3 KOPHS JTATUHCKOTO HAa3BaHUS KHCIO0TOOOPa3yoIEero dJe-

MeHTa u cypdukca -aT-
Ecnu crenenb OKUCIIEHHs POMEXKYTOUHAasI(MpeaBbIcIIas), 00bIyHO +3, +4, B mpuiiara-
TEJILHOM HUCTOJIb3yeTcsl Cyh(PUKC -UCT- a B Ha3BaHUM aHUOHA — Cy(pduUKc - UT-

DJIEMEHT dopmyna Ha3zpanue AHUOH
p+5(0max) « H, P*E‘\% Oprodocdopnas | PO ~- oprodoc-
H,0 K-Ta dbar-uoH
HPO, | Meradochopnas | PO; - meradoc-
K-Ta dat-non
pt3 H; PO, ®ocopucras k-ta | PO5 -hochur-mnon
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Conu

Hazanue coieil moquuHseTcsi OOLIKUM MpaBUIaM:

Cuf, - nonun meau (2)

NaHCO; - runpakopOoHat HaTpHs (KHCIas COJIb)
(CuOH), - kapOoHat ruapokcoMeu(2) (OCHOBHAS COJIb)
KAI(50,), — cynbdar xamust aTFOMUHHS

CTEXMOMETDMH — 9TO pa3acii XUMHH, I/I3y‘{aIOIHI/Iﬁ KOJIMYCCTBCHHOC COOTHOIICHUC MCK-
Ay pearupyrommuMun BCIl-BaMH, KOTOPBIC OIIPCACIIAIOTCA OCHOBHBIMU CTCXUOMCTPHYICCKHU-
MM 3aKOHaMH.

OCHOBHbI€ 3aKOHbI :

1) 3akoH coxpaHeHHs Macchl BemecTBa (JlaByasne)

2) 3akoH mocrosiHcTBa cocrasa (IIpycr)

3) 3akOoH PKBHBAJICHTOB

4) 3aK0oH KpaTHBIX OTHOIICHUI

5) 3akoH ABOranpo u Japyrue
B cTexuoMeTpun MUCMONIB3YIOT MOHATHE KOJIMYeCTBAa Bell-Ba 1(N) — 3TO YUCIIO CTPYKTYp-
HBIX 2JIEMEHTOB (aTOMOB, MOJIEKYJI, HOHOB, JIEKTPOHOB U JIp.)
[¥] = monb
Mouib — 3TO KOJ-BO BEII-Ba, KOTOPOE COAEPKUT CTOIBKO CTPYKTYPHBIX JIIEMEHTOB,
CKOJIBKO coJiepkuTcs B 12 1. n3otomna yriepoaa 12.

Popmyrnbl BbipaXeHUs KoJ-Ba Bell-Ba

OcHOBHBIE POPMYJIBI [TpousBoaHbIE (POPMYJIBI
9= m=439*pu
i
9=
Vm V==9=V,
9=
Na N=9=N,

Yucao ABoraapo — 3TO YHCIIO YACTHII, COAEPIKAIIMXCS B 1 MOJIe J1F000r0 BEIECTBABA.
Monsiprast Mmacca M - 3T0 Macca OZHOIO MOJIb BEII-Ba

[M] = xr/Monb=r/M01b

M(H,504) - 98 v/mons  M(HNO;) = 63 r/mM0b

JItoOnIe pacyEThl OCYIIECTBISIOTCS HA OCHOBE CTEXHOMETPUIECKUX 3aKOHOB.
aA +bB— cC + dD | rae a,b,c,d —crexunomerpuueckue koddduiuentsl, a A,B-peareHTsl,
C,D-npoayKThI.
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m{d)  m{B)  m(C)  m(D)

asp(4)  bop(B)  cop(C)  dep(D)

TEMA 2. CTPOEHUE ATOMA. KBAHTOBBbIE YUCIJIA

Cmpoenue amoma

Yactuia Macca, ycl1oBHOU eAMHU- | 3apsi
Bl

IIpoToH 1 +1

Hetitpon 1 0

DJIEKTPOH 1 -1

ZP+H=#

3C1 17*p +18+=n\17e
H30TOIIBI
37CL 17*p+20=nj17e
Anpo 3J1. 000JI0UKa

H3o0TOnBl - aTOMBI, OTJIMYAIOIIUECS YUCIIOM HEUTPOHOB B SIZIPE.
Kakas n yactun Baxuee?
Ecnu oT HElTpanbHOTO aTOMa OTHATH WU 100aBUTh K HEMY AJIEKTPOH, TO MOJYyYUM
MOHKI 3TOro atoma: ,Harnpumep, H® —e — H™ - katnon
H° + e — H™ - runpua-uon
[Ipy n3mMeHeHnn B SApPE YKCIIAa HEUTPOHOB UMEEM U30TOIIBI.
[Tpu n3MeHEHNH YrCia MPOTOHOB MOJyYa€M HOBBIN BUJ aTOMA.
Yucno npoTOHOB PAaBHO MOPSIAKOBOMY HOMEPY JJIEMEHTA.

1911r. — miranerapuas mozaenb Pesepdopaa: BOKpyr spa, Kak MIaHEThl BOKPYT
ConHua, BpalaTcs AIEKTPOHBI. JTa MOJEIb HAXOIWJIaCh B IPOTUBOPEUUH C 3aKOHAMU
KJIaCCUYEeCKON (DU3UKH.

1913r. - moctynatel bopa, koTopbIe onpeaeieHHbIM 00pa3oM 000CHOBAJH TJIaHE-
TapHYIO MOJIETb.

[ToBenenue 4acTUI B MUKPOMUPE MOIUYMHSIETCS CBOUM 3aKOHAM, OTINYAIOIINXCS OT
3aKOHOB KJIaCCUYECKON (PU3UKHU.

1924r. — JIyn ne bpailnb BbICKa3bIBa€T MPEATIONOKEHUE O TBOMCTBEHHOM TPUPOJIE
AJIEKTPOHA: OH SIBJISIETCS M YACTHULIEH, U BOJTHOW, IPUYEM JJIMHA BOJIHBI PABHSIETCS:

h
A=—,rne A - gauHa BOJHEI
muo

h - mocrosunas ITnanka (& 6,62 * 1073 o)
M - Macca YaCTUIIbI
U - CKOPOCTH YaCTHIIBI
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Heckonbknm rogamu nosxe J3BUCOH u JXkepMep MOATBEPAWIN 3Ty TUINOTE3Y, Ha-
Orromast MU PaKITUIO AIEKTPOHOB.

B 1927r. I'eitzenOepr BBEN MOHATHE HEONPEACIEHHOCTH U CHOPMYITUPOBAI MPUH-
LIAII HEOTIPEEIEHHOCTU: HEBO3MOKHO C OIMHAKOBOW TOYHOCTBIO OJIHOBPEMEHHO YKa3aTh
MECTO PACHOJIOKEHHUS YACTUIBI U €€ CKOPOCTh:

h .
Ax = Ap = o Te A-Heomnpenen€HHOCTh KOOPANHATHI,

Ap - Heonpe1eIEHHOCTh UMITYJIbCA.

Takum 00pa3oM, KBaHTOBAsI MEXaHUKA 3aMEHSET NOHITHE TOYHOTO MECTOHAXOXK/IE-
HUE 3JIEKTPOHA B aToMe 0oJiee WM MEHEE BEPOSITHBIM B IAHHOM 00bEME aTOMHOTO TIPO-
CTpaHCTBA.

BonHoBbIE CBOICTBA 3JIEKTPOHOB TaKXKE CBUIETENBCTBYET O HEBO3MOKHOCTH (PUK-
CHUpPOBaHUS, T.€. OH OKa3bIBACTCs pa3Ma3aHHbIM B TOM WJIK MHOW 00JIaCTH MPOCTPAHCTBA.

[Ipeaunrep cocTaBui ypaBHEHUE IS BOIHOBOM (QYHKIIUH Y(IICH), pacpOCTpaHs-
€TCsl B TPEXMEPHOM MPOCTPAHCTBE U OMUCHIBAOIIEH TOBEJCHUE 3JIEKTPOHA B AaTOMHOM
MIPOCTPAHCTBE, CBsI3aJ €€ ¢ 00IIe MOTEHIIMATBLHON YHEPTUECH:

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

Pemenue ypaBuenus lpeannrepa naBano BO3MOXHOCTb pacCUUTaTh YPOBHU Ha
KOTOPBIX MOTYT HaXOJIUTCA 3JEKTPOHBI B aTOME.

VYpaBHenue npennoxennoe LpeanHrepom HAMOMUHAET YpaBHEHUE CTOSIUEH BOJI-
HBbI, ONMCHIBAIOIIECH KOJI€OAHUE CTPYHBI:

T

H
~

Q... oOtaka

;

f

VY

Pa3mazannoe 1. o6mako 1s?

S

Tam, roe ¥ — max - MecTo HauOOJbBIIEH BEPOATHOCTH HAXOKICHHUS DIIEKTPOHA.

E,, = f(n,I,m) —rosopur 00 onpeaeIéHHOCTH OPIIMOHHOCTH SHEPTUH, TJIE MO-
KET HAXOJIUTCS JICKTPOH.

Takum o6paszom, pemienne ypaBHeHus Llpenrarepa 060CHOBaIO NMPUHIIUI KBAaHTO-
BaHUs, NpeAcKa3aHHbIil bopoM.

Keanmoevie uucna
Kaxmoe uncio Oynem XxapakTepu3oBaTh:
1)  DuHepreruyecku
2)  IlpoctpaHcTBEHHO
3)  VYkaspBaTh €ro BO3MOXKHBIC H3MEHEHUS
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4)  VYka3bpiBaThb 0003HAYCHUS

T - XapaKTEPU3yeT JHEPTUIO YPOBHS, HA KOTOPOM HaXOJUTCS IEKTPOH, IPUUEM
yeM OnMKe K Sapy, TEM SHEPrUU MEHbIIE; N U3MEHSIETCA OT 1 10 00, IPUHUMAET LIEJIbIe
3HAYEHHUS; N — IJJaBHOE KBAHTOBOE YHCIIO

[Tpunsito N 0603HaYaTh 3ariJaBHBIMUA OYKBaMH JIATUHCKOTO ali(haBUTa, HAUMHAS C
OykBbI K.

[Ipu n3ydyeHnu CreKTPOB OKA3aJ10Ch , UYTO KaxKJasi JMHHUS COCTOUT Kak Obl U3 He-
CKOJIbKHX JIMHHUH, OBLITIO BBEJICHO OPOUTATbHOE KBAHTOBOE YUCIIO I.

Yucio [ xapakTepu3syeT pacuieryicHue YpoBHs Ha Mo ypoBHU. U sHepruto noy-
POBHSI.

[ xapaktepusyet hopMy 3JIEKTPOHHOTO 0OaKa. bosiee cTporo roBOpsIT 0 MOMEHTE
KOJIMYECTBA JIBMXKEHUS 3JIEKTPOHA.

[ — uzmensiercst ot 0 1o (n — 1). YcraHoBjeHO 4TO Tt — il YPOBEHb pachagacTcs Ha
N — 0€ KOJI-BO IOAYPOBHEM, T.€.

/ =
=1 =1 |=2 =3 |=4

1=0
s |
/\I:O Q
n=2
=0
n=1

Ecmu n=1 =0 — 1-b1ii ypOBEHb COCTOUT M3 OJHOTO ITOAYPOBHS, HAa KOTOPOM PacIio-
jaraercsi S-00JaKo.

[Tpu 601ee rmy0oKOM U3YYEHUH CIIEKTPOB BO3HUKIIA HEOOXOIUMOCTh BO BBEJICHUU
3-ero KBaHTOBOTO YHCJIa, T.K. B MArHUTHOM I10JI€ CIIEKTp JIMHUN PacCIIeIUIseTCs Ha He-
CKOJIBKO JIMHHM.

JIyst Xap-Ky TOBEZICHUSI aTOMOB B MAarHUTHOM TI0JI€ CYIIECTBYET 3-€ K8AHMOB0E
yucno my

mM; — oNpeACIEHHOE 3HAYCHUE TPOSKIIMK KOJI-Ba JIBFKCHUSI SJICKTPOHA HA HAIPaB-
JICHUE MarHUTHOTO TTOJIS MUTH OTIPEIeIIIeT TOJIOKEHUE OpOoruTay B mpocTpancTse. [1pu-
auMaet 33adenus ot 0 go +l.

Takum oOpa3om Bcero 3HaueHwmii (21+1). Beuto 0OHApY)EHO, YTO CIIEKTPAIbHBIC-
JUHUU MOTYT OBITh PACIICIITICHHBIC U ITPU OTCYTCTBUH MAarHUTHOTO TTOJIS.

CymiecTBoBaHME ATUX JUHUN MaJIO OTJIWYAIOCH IO JUTMHE BOJIHBI IO JITTUHE BOJIHEI,
00BsACHSIEMOE HEOOIBIITUM PA3TUINEM B IHEPTUU DJICKTPOHA C OJJMHAKOBBIM 3HAYCHUEM
M; MAarHWTHOTO KBaHTOBOTO Ynciia. C BBEJACHHEM M MOSBHIIOCH MECTO HanOOJIee BEpo-
ATHOT'O HAXOKJICHUS AJIEKTPOHA — «STUEHUKI.

ITycts n=1 1=0 m=0

10



Hanpasnenue noocomosxu 13.03.01 « Tennosnepeemuxa u meniomexnuxa
IIpoghunv «nepeoobecneuenue npeonpusmuily
Memoouueckoe obecneuenue PII[] B1.0.07 «Xumusy»

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

=1, m=-1 (T T11
m=0 2p
m=1 23

[Hudpa — ypoBeHb, OyKBa — MOAYPOBEHB
Ecimu n=3, I=0 m=0

CMOneHCKmiA
( DUInAN

I=1 m=-1 T
m=0 [
m=1 L
=2 m=-2 3s 3p 3d
m=-1 CTPOECHUE TPETHEr0 DHEPIETUUECKOTO YPOBHA
m=0
m=1
m=2

Ecnu noacuntars ynciao opOurtaneil Ha ypoBHE, ©MeeM 1-bIil ypoBeHb -1 opOurais,

2-oi1 -4, 3-i1—9, 4-i1-16, T.e. unciio opOUTANICH HA YPOBHE PaBHO N~ .

2

[To3:xe ObLTO BBEAECHO 4-0€ K8anmosoe 4ucio Mg Ha3bIBAEMOE CHUHOBBIM.
Mg COOTBETCTBYET MEXaHUYECKOMY BpPALICHUIO 3JIEKTPOHA BOKPYT CBOeH ocH. B oT1-

1
JIUIUEC OT APYIr'UX YHUCCJI OHO UMCCT BCCTO /IBA 3HAYCHUS, J1a U TC I[pO6HBI€I E n— E

1 .
S ~ BpallleHHe M0 4acOBOH CTPEIKe. O6Gosznavaercs: T

1 .
— - BpallleHUe NMPOTHB YACOBOH CTPEIKH. Oo6o3HayaeTcs:

1

Ceném BCro MH(OpPMAIMIO O KBAHTOBBIX YKCIAX B TAOJIUILY:

1

KBan- | Xap-ka N3menenue O6o3HaueHue
TOBOE
YHCJIO
DHeprus IIpocTpancTBO
n Oueprus ypoB- | Pa3mep ypoBHs Ot 1,2 go= K,LLM,N...
Hs (cI1051) (peanpHO 110 7)
I DHeprus mo- dopma v1.00maka | Ot 0 mo (n-1) | s,p,d,f
TypOBHS
m, - Pacmonmoskenue op- | Ot —l, 0 mo +I | Hudpa ¢ coot-
ouraneii B mpo- (Bcero 21+1) | BeTcTBYyIOIIMM
CTPaHCTBE MO/ 3HAKOM
JeHCTBUEM Mar-
HUTHOTO MOJIA 3eM-
vyt
m, - Bpamienue snek- L Tl
TPOHOB BOKPYT . .
CBOEI COOCTBEHHOM
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OCH.
NN

CocTosiHHE AJIEKTPOHA B @TOME XapaKTepU3yeTCsl HA0OPOM UEThIPEX KBAHTOBBIX YHCEI,
KOTOpPBIE IPEICTABIISIIOT COOON KaK Obl «IaCIIOPT JIEKTPOHAY, TaK KaK KaXkKJIOMY JJIEKTpO-
HY COOTBETCTBYET CTPOI0 ONpeAEIEHHBIA HAOOP YUCEIL.

OCHOBHBIE ITPAaBUJIA 3aIIOJHEHUS MIEKTPOHAMH YPOBHEW U ITOyPOBHEH:

1) mpuHIMI HAUMEHBLIEH SHEPTUH;

2) npunuun (3amnper) [laynu;

3) mpasuio ['yHna;

4) npaBuiio KiedukoBckoro.

1) IIpuHIMN HaMMEHBIICH SHepPTruH (TJIABEHCTBYIOIINN): 3aIT0JIHEHUE HIIET C YPOBHS
oOnagaronieil HAaMMEHbLIEH YHEPTUeH.

2) 3anper [laynu: B aTOME HET ¥ HE MOXET OBITh 3JICKTPOHOB CO BCEMH OJIMHAKO-
BBIMU KBaHTOBBIMH YU CJIaMHU.

Nﬂpﬁumzz

Nyosyy=2 (21+1) o S—2(2*0+1)=2

p—2(2*1+1)=6
d—2(2*2+1)=10

3) [Ipaswiio ['yHaa: npu 3amoiHeHHH OpOUTANICH C OJMHAKOBOW YHEPTHEH 3aroJTHe-
HUE UAET TAKUM 00pa30M YTOOBI CYMMAapHBIN CIIMH ObUT MAKCUMAaJIbHBIM.

4) IpaBuino KieuykoBCKOTO: MPH 3aMOJTHEHUH DJICKTPOHHBIX OpOUTAJICH ClieyeT
yuuThIBaTh cymMmy (N+l). DiekTpon unér Ha opOUTANTb C MEHBIINM 3HAYCHUEM CYMMBI;

clly4ae paBE€HCTBAa CyMM 3JIEKTPOH UAET HAa OpOUTAIIb C MEHBILIUM 3HaYCHHUEM IJI1aB-
HOTO KBaHTOBOI'O YUCIIA «Ny.

PacrnionoxeHune 31eKTpOHOB 0 YPOBHSM U IIOYPOBHSIM Ha3bIBA€TCS AJIEKTPOHHON
(hopMyJIOii, WU DIIEKTPOHHOM KOH(UTYpaIuei.

JonoJIHUTENbHbBIC MTPaBUIIA:

- CyMMa 3JIEKTPOHOB = Z;

- 4KiCJI0 YpoBHEN = HOoMmepy nepuona I[1C;

- YHCJIO JICKTPOHOB HAa BHEIIHEM YPOBHE PABHO HOMEPY I'PYMIIbI 1JIsI JIEMEHTOB
[JIABHBIX MOArPYyI. /s 37IeMEeHTOB MOOOYHBIX TPYII = 2;

Hcxirouenus:
Cr,Mo,Nb, Ru, Rh,Pt,Cu, Ag, Au (1 a3nexmpoH Ha eHelleneM VPoeHe) U

Pd(0 arexmporos)

Xumuueckue ceoticmea onpeoensitomcs 21eKmpoHaAMU HA BHEUHEM YDOBHe

J1i1s1 371eMeHTOB 4 Tiepro/ia, yuuThiBas, uTo 3d-€ He NPUHUMAIOT yYacTHsI B PEaKIly-
sx, 0-€ muIyT cpasy 3a CHMBOJIOM HHEPTHOTO T'a3a U TAKUM 00pa3oM, BaJICHTHBIC JICK-
TPOHBI OKA3bIBAIOTCSI HATMCAHHBIMU PSAJIOM.

Haxoxnenue anekTpoHa mo GopMyie MOXHO MPOBECTH 3-Msl ClIOCOOaMu:
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M3
1) mo oGremMy YUCITy IEKTPOHOB onpeaenser Z,
2) KOOpJMHATHBIN c110c00: 110 BenuuuHe N onpenenstoT nepro/, o CyMme BHEIII-
HUX 3JIEKTPOHOB — TPYIITY;
3) o NpUHAIEKHOCTH K CEMEUCTBY: CEMEMCTBO ONPENEISAETCS M0 YPOBHIO, KOTO-
PBIif HAXOAUTCS B CTAJIUU 3aMOTHEHUS WM 110 (POPMUPYIOIIEMY DJIEKTPOHY.
Yro 3a dnemenT 4517?
1 crioco6: =4 — [Ar]4s?
1512522p°35%23p°4st —» £,=7=19— K
2 cocob [Ar]te4st —19
4s! s5n=4->4nep. —-K
ge=1—-1r1pA
3 croco6: B cTaguu 3anmonHeHNsT HAXOAUTCS S-TTOIYPOBEHb, 3HAYHUT 3TO CEMEHCTBO
S-3JIeMEHTOB, npuuéM 4 niepuon, 1€ — K
45t gpnserca GOpMHUPYIOMINM SIEKTPOHOM K, TO €CTh ONPENENSIET €ro XuMHUIe-
CKHE CBOMCTBA U CEMEICTBO.
n=4
I=0
4s m[:O
S=
2
Yro 3a on-1 4513d*?
n=4—mnepuon 4
2.€ = 4, Ho onu Ha pa3HbIX ypoBHsX — 4B = Ti
KBaHTOBBIC YUCIIa POPMUPYIOIIETO DJIEKTPOHA!

n=3

I | =2
3d \—> mEZ-l

s=2

2

dopmMyrnbl MOHOB.
HoH 310 yacTuila, BOZHUKAOMIAs IPU OTaue(IIPUCOETUHEHNH) € U HECYIIIHE OIpe-
JEeJIEHHBIN 3apsi.
Vxkaszare hopmyiy nona ,,Mg>*
Mg®[Ne]3s?
Mg?* BosHukaer pu otgaue € — Hog Mg® — 2& - Mg?*
JIOrHYHO MPEIIIOIOKHUTD, YTO 3TO OYAYT JIEKTPOHBI ¢ 3S-110{ypOBHS,
Mg** umeer ctpykrypy nona [Ne]
VIMEHHO 1109TOMY B IIPUPOJIE BCTPEYACTCS TOJILKO coequnenne Mg2*.
$2~ posnukaer npu S + 2& — 52
S%[Ne]3s?3p*
§?~[Ne]3s?3p*
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H_J

yCTOWUYMBasi KOHPUTYpaIUs
000JI04KHM 0J1arOpOIHOTO Ta3a

Mepuoanyeckun 3akoH u nepuoaundeckasa cucrema 1.1. MeHpoeneeBa

Crnenyer OTMETUTH YTO MOMBITKH KIACCU(PUIIUPOBATH JIEMEHTHI MPENTPUHUMAIKUCH
HEOJIHOKPATHO.

1816r. lebepeitnep. «IIpaBuno Tpuan»: Cl Br |

S SeTe

1862r. [llankypTya «3eMHasi Ciupajiby»: pacnoaras 3JIEMEHTBI 10 CIIUPad BOKPYT
HUIMHAPA, OOHAPYKUIT CXOJCTBO 3JIEMEHTOB, KOTOPBIE IMONAJaId Ha OJHY BEPTUKAIIb.

1866r. Hpronene «3aKoH OKTaT»: B MOPSAJKE BO3pACTaHHUI aTOMHBIX Macc OOHapy-
KU CXOJICTBO B BOCBMH 3JIEMEHTAX.

1869r. [leprnoanyeckuil 3aK0H: CBOKMCTBO MPOCTHIX 3JIEMEHTOB, IIPOCTHIX BEILIECTB
HaXOJIUTCS B 3aBUCUMOCTH OT aTOMHOM MaccChl.

JIro0ast 3aBUCUMOCTB MOKET OBITh MIPEACTABICHA IPAPUKOM, YpaBHEHHEM, Ta0IH-
ueit. J{ns 113 nanbonee nononna rabnuua. B HacTosee Bpems n3BecTHo okoiio 400 Ba-
puanTtoB I[1C, Ho Haubosnee nonyasipHO 3(KOPOTKO-, IITMHHO-NIEPUOAHAS U Ap...)

MNocTpoeHune Tabnuubl

Tabnuia coctout U3 7-mMu ropuzoHTaidbHbIX psaoB — [IEPMOJIOB.

Ilepuo0 — 3T0 TOPU3OHTAIBHBIN PSIIT AIIEMEHTOB, B aTOMaX KOTOPBIX MPOUCXOIUT
3aI0JIHEHUE OJIMHAKOBOIO YKciia ypoBHEN. [oka3piBaeT BHENIHUI YPOBEHD, YU CIIO MOY-
POBHEH, HA KOTOPOE pacnagaeTcsl BHEUTHUI YPOBEHb U YHCIIO YpOoBHEH. B Tabnuiie numeeT-
cs1 8 BepTUKaAIBHBIX CTOJI010B, Ha3biBaeMbIX [ PYTIITAMMN.

I’ pynna — 3T0 BEpTUKATBHBIN PSiJ] 2JIEMEHTOB € 00I1IEH 3J1. 000JI0UYKOIN BHEIIHETO
yposast B HEBO3BYXJIEHHOM cocTosHuN.

PaznuuaroT riaBHbIE U TOOOYHBIE TPYIIIIHI

1A
Li [He]2s*
Na [He]3s?
K [Ar]4s? » ns?
Rb [Kr]5s?
Cs[Xe]6st
Cxema 3aroTHeHHS 2JICKTPOHAMHU aTOMOB 3JieMeHTOB B I1C:
DJeKTp. KOoHpUryparus Hucno »1eMeHTOB
1 mepuon 1s™? 2
2 TIepuoJ 2s72p™® 8
3 mepuon 3st%4pt® 8
4 mepuon 4s7°3d"4p™° 18
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5 nepro 5s24d"1%p™® 18

6 meprox 6s?5d'4f *5d"%p"® 32

7 iepuos 7st%6d 5 1 6d>

B 2004 roxy 6611 OTKpHIT 118 31eMeHT.
[1C noka3pIBaeT 3aKOHOMEPHOCTh U3MEHEHHUS PS/Ia CBOMCTB:
1. pagnyc atoma
2. TOTEHIIMAJ HOHU3AINN
3. DHEpruio cpoJiCTBa K ANEKTPOHY
4. KHUCJIOTHBIE CBOMCTBA (OCHOBHBIE, METAINIMUECKUE, HEMETANTUYECKUE).
Copemennas popmynuporka I1C:
a) «CBOHCTBa MPOCTHIX 3JIEMEHTOB, MPOCTHIX BEIIECTB, COCAMHEHUN 3aBUCST OT
3apsiia sapay.
0) «l[lepnoAMYHOCTH WM3MEHEHUSI CBOMCTB OOYCJIOBJICHA TEPUOJUYECKU IOBTO-
pSIOIENCs STIEKTPOHHON KOH(DUTYypaALTHI.
PaccMoTpyuM n3mMeHEeHUe CBOMCTB:
I, — PAcCTOSIHUE OT sAJIpa A0 BHEITHUX 3JIEKTPOHOB.

Na

Li

Ne
He

»
»

z

[To nepuony r, yMEHbIIIAETCS, TAK KAK C POCTOM 3apsia siipa YBEIUUMUBAECTCS MIPHU-
TSDKEHUE BHEIIHHUX 3JIEKTPOHOB.

1o rpymre I, yBeIMUNMBAETCA, TaK KaK YBEIMYMBACTCS KOJIUYECTBO MIEKTPOHHBIX
YPOBHEM.

[Morenmuan nonu3zarmu (J) — 3HEPrusi HEOOXOUMasl ISl OTPHIBA BHEIIIHETO JICK-
TpOHA OT HEUTpaJIbHOTO aToma. Paznuuarot 1-i1, 2-i, 3-i1 noteHmman. J;<J,<J3
PaccMoTpuM M3MeHeHHe MOTeHIMaNa OT OPAIKOBOIO HOMEpa

1

Ne

He N

Li 15
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[Tunoo6pa3Hast 3aBUCUMOCTh IEMOHCTPUPYET MEPUOJUIHOCT U3MEHEHUS CBOMCTB.

Ecponcrsa ke — FHEPTHUs, KOTOPAs BBIAEIACTCA IIPH NPUCOETMHEHUHN JIEKTPOHA K HEl-
TpasibHOMY aToMy. O0JIa1al0T rajloreHbl, CIeI0BaTENbHO, 110 IEPUOTy OHA YBETUYUBACT-
cs, a TIO TPYIITIE YMEHBIIAeTCS.

AHaJIOTHYHO 3JIEKTPOOTPHUIIATEIILHOCTh — CBOMCTBO aTOMa OTTATHUBATH OT cebst 00-
IIYIO DJIEKTPOHHYIO Tapy (CBSA3EBYIO).

20 = (J+Ecp.)/2, HO BHEPrUs CPOCTBA U3BECTHA HE ISl BCEX AJIEMEHTOB, MIOATOMY
JL.ITonnmuHaTOM OBLTA MTPENJIoKEHA OTHOCUTEIIBHAS MIKaJIa JIEKTPOOTPULIATETHHOCTH.

XapakTepuCTHUKa N3menenue no nepuony | M3meHnenue no rpymnme
la YMEHBIIAEeTCs YBEJIMYHUBACTCS

J YBEJIMYHUBAETCS YMEHBIIAETCS

Ecporcrea YBEJIMYHUBAECTCS YMEHBIIAETCS

20 YBEIIMYUBAETCS YMEHBIIIAECTCS

Mertamueckue CBOWCTBA JIOTHYHO CBA3BIBATH C MOTEHIMAJIOM HOHU3anuK. Meral-
JMYECKUE CBOMCTBA MO NEPUOAY YMEHBIIAIOTCA, TAK KaK YBEIMYMBAETCS OTEHIIMAI UO-
HU3all1H, a [0 TPYMIE pacTyT.

Kpome Toro Obuta 3amedeHa 1uaroHajibHas IEPUOAUYHOCTb.

SO

Il nepron Na Mg Al Si

| mepuon

Kpome auaronanbHOM MEpUOAUYHOCTH, KOTOPask OOBSICHAETCS TEM, YTO HapacTaHUE
HEMETAJUINYECKUX CBOMCTB B IIEPUO/IE CIIEBA HAIIPABO YPABHOBEIINBAETCS YBEINUYCHUEM
Me CBOWCTB B IrpyIine CBEpXy BHU3.

3amMeueHa ele 3Be3/1Hasi IEPUOANYHOCTD.

ii

Ga—>Ge<+-As

"

Cpennee apudmeTHaecKkoe MKy CBOMCTBAMU HAXOSIIUXCS PSIOM BEIIECTB.

Irp. A lrp. Irp. IVrp. Vrp. VIirp. Vlirp. | Vllirp.
ns' ns’® nsnp’ [ nsnp® [ ns'np® | ns’np® | ns’np® | ns’np®
Irp. B Irp. Irp. IVrp. Vrp. Virp. Vlilrp. | Irp.
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ns' (n-1)d” | ns® ns’® ns’ ns' ns’ ns’®
(n-1)d" | ns® (n-1)d* | (n-D)d* | (n-1)d® | (n-1)d® | (n-1)d®> | (n-1)d**®

TEMA 3. XUMWNYECKAA CBA3b. KOMITJIIEKCHbIE COEAUHEHUA

CymectByeT 4 BU1a XUMUYECKOMN CBSI3U:
1)  Howunas
2)  KoBasenTHas
a) Henonsipnas
0) [Honsipuas
B) [1o 1O0HOpHO-aKIIEITOPHOMY MEXaHU3MY
3) Meramueckas
4) Bonopoanas
Kpome Toro umeeT Mecto mpu 00pa3oBaHUU CBA3U MEKMOJICKYIISIPHOE B3aUMO/ICH-
CTBUE

OCHOBHbIe XapaKTepucTtmkmn CBA3N.

-JUTHHA

-9Heprus

-BaJICHTHBIN yTOJI

OnuHa cBAa3un (d;g) — 3T0 paccTosiHEE MEKITY IIEHTPAMH XUMHUYCSCKHU CBSI3aHHBIX

aTOMOB.
lam=10""m
1A=10"%cMm

Jliis nByxaTomMHOM MoJekynsl A-B d.. & 17, + 15

JlmHa cBA3U onpenensaeTcs SKCIIEPUMEHTAIbHO.

AHepaus cesa3u

Paznuyatot sHepruto 00pa3oBaHUs CBSI3U U SHEPTHUIO pa3phbiBa CBA3HU.
E, 5, - 9TO 9HEprusi, KOTOpast BBIACISACTCS [IPH BOSHUKHOBCHUH MOJICKYJIBI H3 aTOMa
[Eoﬁp] = k/]x/MoTb.

E{jﬁp I/IE;m OJINHAKOBBI 110 BEJIMYMHE U MPOTUBOIIOJI0XKHBI 10 3HAKY.

Mexay JUTMHOM CBI3U U DHEPTUEN NMEETCA 3aKOHOMEPHOCTD.

Monekyna d,., HM E.., xJ[>x/Monb
HF 0,092 536
HCI 0,128 432
HBr 0,142 360
H] 0,162 299
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B rpynmnax paBHOMEPHO T 7o =T d.. =L E,,

[Tos1 KpaTHOCTBIO CBSI3U MMOHUMAIOT KOJIMYECTBO 3JIEKTPOHHBIX Map, KOTOPBIE OCY-
HIECTBIISIIOT XUMHUUYECKYIO CBSI3b

0-0 E.,=201xdxc/mome d.~0,149uM

0=0 E., =404 xIxnc/momw d,.=0,121Mm

B, YeM BbIIIE KPATHOCTh, TEM  JUIMHA,
-C=C- a oHeprus T, mpounocts T
-C=C-
-C-C-
> e

HanpaBiaeHHOCTD CBS3M BBIPAXKAETCS C MOMOIIIBIO BaJICHTHBIX YTJIOB.
BajeHTHBIN YroJ- 3TO Yroi MeXa1y BOOOpaskaeMbIMHU JIMHUSAMH MTPOXOASIIUMHE Yepe3 IeH-
TPBI XUMHYECKHU CBSI3aHHBIX aTOMOB.
JIByxaTomHbIe MosIeKyIbl Buaa AB, nanpumep HCI, B mpocTpaHCcTBE HE HAPABJICHEI
TpéxaTomuble MONEKYIbI BUaa AB;, MOTYT OBITh JMHEHHBIMH, MOTYT OBITh YTJIOBBIMHU.
Hampumep B-A-B Be(l,

£180°- nuneiinas Monexyna

_ AL \|H0
B B
menbe £180°%-yrinosas Monekyna

YeTpipéxaToMHbIe MOJIEKYIbI Bia AB3, MOTYT OBITH YIJIOBBIMHU

Hanpumep
A B CIF,
B £90% yrnosas Mosiexyia
2
F
A \ BCL,
" e
J

£120%3Be3na
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1) HonHasi ¢BSI3b — ATO CBSI3b, KOTOPYIO OCYIIECTBIISIFOT AJIEKTPOCTATHUECKUM MPUTSHKE-
HUEM HOHOB.
Paccmompum obpazosanue monexynvr NaCl

ATombl Na u Cl pe3ko oTJIM4aroTCs 1o JIeKTPOHHONW KOH(PUTypaIiu, SHEPTUU HO-
HU3aIUU, CPOJCTBY K € u D0.

AtoMm OnekTponHas | J, 3B E., 3B 20
dbopmymna

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

Cl [Ne]3s?3p® 13,01 3,78 2,83

B pe3yibTare B3auMOJENCTBHS MEKILY aToMaMK 00pasyrorcs nonsl Na™ peakuuu
Na® — & — Na*, snexrponnas konpurypauus Na™: [Ne] — ycroituusas o6omouka Ga-
TOPOHOTO ra3a, SHEPreTHYECKHU BBITOJAHOE COCTOsIHHE. IMEHHO 1T03TOMY B MPUPOJIC HET
metauta Na, a Betpeuarores coenunenus Na, riae Berpevaercs Na™.

O6pasosanue Cl unét no peakuun C1° + & — C1~. DuekrpoHHas KoHpUrypamus
CI™: [Ne]3s%3p®~Ar sHepreTHYECKH BBITOJHOE COCTOSHUE.

HoHHas CBSI3b pean3yeTcs y 3JIEMEHTOB, UMEIOIINE 3HAYUTENbHbIC 0TS B 0.
OOBIYHO 3TO 37IeMEHTHI | U 2 rpynmnsl ¢ 35ieMeHTaMu 6 U 7 TpyII, T.€. TaJIOre€HUAbl, OKCH-
IBI ¥ T.11.

Yem T A30, Tem cBsa3b HOCUT GOJIEE HOHHBIN XapaKTep.

crenenp 100 --- oo
wonnoctu, %p T CsF

510 S 1

v

1,8 3,5 A30

Cas13b B MoJiekyse CSF — camast noHHas U3 BceX NpupoaHbIx coequHenuit. D0(F)=4,0
A0 =33

20(Cs)=0,7

OnHako, naxe y 3TOro COeAMHEHUS cTeneHb HOHHOCTU He pocturaet 100%

Ecnu mposkcnepementuposars, To A0 = 3,5

A30
% HOHHOCTH = - " 1009%

=l

[Mpunsro cunrtath, eciiu A0 = 1,8, cBs3b npenMyInecTBEHHO HOHHasL, a 10 50% - KoBa-
JIEHTHAas.
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d.; B MOHHBIX COCIMHEHHUIX HECKOJIBKO KOPOUE, YeM B KOBAJICHTHBIX.
de.=r, + 15 — 0,09 (3[}(8] — BO[A)) — HOHHAasd CBA3b

Kpucranpnas pemérka HOHHBIX COCIMHEHUN COCTOUT U3 3aKOHOMEPHO YEPEIYIO-
LIHAXCSA B €€ y3J1aX UOHOB.

L=
=
fad
=1
(= ™
i
=

™
[
=

at 41

W oHHBIC COCMHEHUS:

1) XOpOIIO pacTBOPSIIOTCS B MOJIAPHBIX PACTBOPUTEIAX (IIOJOOHOE B MOJ0OHOM)
2) TPy IHOJICTYYH

3) UMEIOT BBHICOKHE TEMIIEPATYPhI IJIABICHHUS U KAIICHHS.

2) KoBajieHTHasi CBA3b — 3TO Han0O0JIee MTUPOKO PACTIPOCTPAHEHHBIN THIT CBA3H.

1916r. — JIx. JIstonc: Xumudeckas cBs3b B Mojiekyie H; umu N, o0bscHseTCs 00-
pa3oBaHHEM OOIMX JEKTPOHHBIX Nap. B rpaduyeckoit popme cBsi3p 0003HAUAETCS Yep-
TOU.

H H-H

eNseNe N=N

l oO1ue 3J1. mapsl (MoAeIEHHBIE, JIOKATU30BaHHBIC, CBS3EBLIC)
Hemno/IelEHHAs, HEIOKaTN30BaHHas dJ1.1Iapa

Ho B 310 BpeMs ObIJIO HEMOHATHO, TTOUEMY € OOBEIUHSAIOTCS B TIAPHI.
PaccmoTtpuM o6paszoBanne MoJieKyiibl
KpuBast i3MeHEHHS MOTEHIHAIBHOM SHEPTHH P 00pa30BaHUK MOJIEKYIIbl .
Ecnu paccMOTpeTh cucTeMy, COCTOSLIYIO U3 2-X SIAEP U 2-X €, TO B HEW BO3MOKHO
NeHCTBUE CICAYIOMMX CWI: E oTTamkuBaHus «sSIaApo-aapoy, «&€ — e», E nputskeHus «
€ — Aapo»,
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Kak B aTome, Tak 1 B MOJIEKYJIE HMEET MECTO JIBMKEHHUE €, modTomy E ... He MeHs-
ercs, a £, — MeHsAeTcA.
Takum oOpazom obmias E mensercs, Taxoke Kak U E gy
Evonen = Eaqg + E._. + (—E,_.), TakuM 006pa30M CHIIBI OTTAIIKUBAHUS CO
3HAKOM +, CHJIBI IIPUTSKCHHS CO 3HAKOM —.
Torma mo Mepe COMMKEHUS ABYX aTOMOB BO3MOJKHBI CIICTYIONTUE CHTYAIIHH:

E 4

E u3onuppBapHBEIX aTOMOB BOAopoaa

Ecs (1)

1) Ha yuactke AB e | paccrosinus mexny atomamu 1 E;_. — E g, |

2) B Touke B cHiIbI MpUTSHKEHUS YPAaBHOBEIIMBAIOTCS CHJIAMH OTTAIKMBAHWHHMS.

3) yuactok BC co crpemiiernem L rpe3ko T E o By oy

Takum 00pa3oM Ha HEKOTOPOM PaCCTOSHUH (=d .5 CHJIBI IPUTHKEHUS YPABHOBEIIIH-
BaIOTCS CUJIAaMH OTTAJIKUBAaHMS. B CCTEME MMEET MECTO BBIUTPHITI SHEPTHH, KOTOPBINA 1
SIBJISICTCSI SHEPIHEH CBs3U B MoJjiekysie .

IT0 BO3MOKHO €CIIM BCTpeTATcs 2 atomMa ¢ aHTHIappaielbHBEIMH CIHHAMH,
Ecnu BcTpeTsTcst ¢ OqMHAKOBBIMU CITUHAMH, TO MOJICKYJIBI HE 00pa3yroTC.

BriBo: 00pazoBaHne MOJIEKYJI BO3MOXKHO, €CJIA BCTPEYAIOTCS ATOMBI UMEIOIIIHE:

1) HeclapeHHbBIN JCKTPOH

2) aHTHIAPAUICIbHYI0 OPHEHTAIMIO CITHHOB

3) nepekphIBaHUE IEKTPOHHBIX 00JIAKOB HECITAPEHHBIX 3JICKTPOHOB B MPOCTPAHCT-
BE MEXKY SIIPAMHU.

[Tpu 3TOM 00pasyeTrcss 30Ha C MOBBIMIEHHON JIEKTPOHHOU MJIOTHOCTHIO, TJE YHEP-
r'vsl MUHUMAJIbHA, TAKUM 00pa30M 3JICKTPOHAM BBITOJTHO HAXOIUTCS B 3TOW 0OJIACTH.

OTH TIOJI0KEHUSI JIETJIU B OCHOBY Memooa eanenmuulx ceéazeit (BC).
2-01 METOJI (Memo0 MONEKYIAPHBIX OpOumaneil) o0bsICHIECT 00pa30BaHUE MOJICKYJIbI KaK
3aMoJHEHUE BaJCHTHBIMU 3JIEKTPOHAMHU MOJIEKYJISIPHBIX OpOUTaNIei.
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PaccmoTpum oOpa3zoBanue Monekys o metony BC.

Oopazosanue MHO20A0EPHBIX MONEKYIL.

Hn=1 D]
Hn=1 Ej

H,

B atomHOM npocTpaHcTBeE:

30Ha MOBBIIICHHOMN AJIEKTPOHHOMN MIIOTHOCTH

CMONEHCKMA
( DUInAN

f
|

3

MM

BJIGKTpOHBI BpamaroTCs B IIPOCTPAHCTBC MCIKAY AAPaMH, KaK OBl «CIIUBAs aTOMBI

B MOJICKYJIBI 3a CUET MPUTKCHUA AAPOM OAHOI'O I3JICKTPOHOB APYIOTO.

O n=2

e |

30Ha MOBBILICHHOMN AJIEKTPOHHOU IIJIOTHOCTH

OO0pa3oBaHUEe TeTEPOTEHHBIX MOJIEKVII

HCI H n=1 m

Cl n=3 N Cl
NEEEEN
NN O@

Il. H

30HA MOBBIIIEHHON
IJIOTHOCTH

JIOHOpHO-aKIeNTOPHBIA MeXaHU3M 00Pa30BAHUA KOBAJIEHTHON CBA3M
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Atom-/IOHOP npenocraBiget napy 3J€KTPOHOB (HEMOAEIEHHYIO) a APYroil aToOM —
AKIEIITOP kak 6n1 3a0upaet napy Ha BaKaHTHYIO OpOHUTAIIb.

HENoAeJIEHHAs apa BaKaHTHasl OpOUTAIIb J-A MexaHu3m
B none ammoHus a3zot odpasyet 4 cBsizu: 3 10 0OMEHHOMY MEXaHU3MY U 1-110 J10-
HOPHO-aKLIENITOPHOMY MexaHu3My. Bce 3T 4 ¢BsI31 COBEPILIEHHO OJMHAKOBBI 10 JJIMHE U

SHEPIuMu.

Oo0OpaszoBanure noHa ammMoHus 1mo BC

H* n=1 I:I aKIETITOP

Oo0OpaszoBanue ¢Bsa3u B Mojiekyie CO

It ]

Cn=2 [{]° " a— LA

; .
On=2m

C =0, 1o ects B (C)=3
B(O)=3
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CBoiicTBa KOBaJICHTHOM CBSI3H:
1) Haceimmaemocts
2)  HampaBieHHOCTB
3)  TONSAPHOCTH
1) HachlimaeMocTh KOBaJICHTHOM CBS3H 00BsACHSETCS 3ampeToM [layiiu uin aHTH-
nappa’jeinbHas OpUEHTAINS CIIMHOB, CBA3YIOIIMX 3JICKTPOHHBIE TTaphl, 00YCIIaBIMBACT 3TO
CBOMCTBO.
2) HanpaBiieHHOCTh KOBaJCHTHOM CBSI3U
XuMHUecKas CBsI3b 00pa3yeTcsl B HAIIPaBJICHUU TIEPEKPBIBAHMS SJICKTPOHHBIX 00J1a-

KOB.
[IpuMepb! nepeKphIBaHMUS:
1) 30Ha ¢ NOBBIIEHHO! MNIOTHOCTBIO HAXOJUTCS B MPOCTPAHCTBE MEKY sIAPaMU
oOpa3yeTcst 0 — CBA3b

2) 30Ha C IOBBIIICHHON MJIOTHOCTHIO MCPICHAUKYIISIPHO JIMHUAM — 7T CBA3b
n

3) [onsipHOCTH CBSI3U O0YCIIaBIMBACTCS CMEIIICHHEM OOIICH JIEKTPOHHON Taphl B
ctopony 6oisiee D0 snementa. [Ipu 3TOM IporcxXoUT ToJIsipU3aIus cBsa3u; 6oaee 30
aTOM TMPUHKUMAET 3apsij «-», a apyroit «+». Hanpumep HCI.

[ToASAPHOCTE CBA3M XapaKTEPU3YETCS AUITOILHBIM MOMEHTOM
H=208=*1 20e-3aps0, l-paccmosnue medxcoy sapsaoamu.
[u]= 1 Hebaii.

Bennunna ¢ 3aBucur ot A0

Monekymna A30 i, [ebaii
HF 2,0 1,82
HCI 0,75 1,07
HBr 0,64 0,79
HJ 0,11 0,38

L SIBIIAACTCS BeKTOPHOﬁ BEJIMYMHOM U HaImpaBJi€Ha OT W« K «-»
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[IpuHATO cunTaTh, eCu

1) A30=0, To cBs3b KOBaJICHTHAs HETOJISPHAS

2) 0 < AD0 < 1,8 cBs13b KOBaJICHTHAS MOJIIPHAs

3) eciii BO3MOKHO 00pa30BaHNE HECKOJIBKUX CBS3CH, TO B IEPBYIO OYEPEIh peau-
3yeTcsi ¢ — CBA3b

Tubpudusauuss amomMHbIx opbumarnel

B monekyne BeCl, cs3p atoma Be o0ycioBiena yaactiuem S u p siektpoHos Be.
J1.0. CBsI3M pa3HBIMHU, OJTHAKO PEHTICHOCTPYKTYPHBIM aHAJIM30M YCTaHOBJICHA PaBHOIICH-
HOCTb CBSI3H.

J1J1s1 00BsSICHEHUST PABHOIICHHOCTH CBSI3H UCIIOJIb3YETCS SIBJICHUE THOPHIA3AIIHH.

['uOpuan3anus — 3T0 CMEIICHUE 3JICKTPOHHBIX 00JIaKOB, Pa3HbIX 10 SHEPTUH H IO
dbopmMme, B pe3ysbTaTe 4ero 00pa3yroTcs HOBbIe THOPHIHBIC 00JIaka ¢ HEPaBHOMEPHO pac-
npeeIEHHON 3JIEKTPOHHOM TIOTHOCTBIO.

['uOpunuzanus TpeOyeT 3aTpaT SHEPTUH, TIOITOMY HE MPOUCXOIUT Y JIEMEHTOB B
CBOOOJTHOM COCTOSIHUU.

['uOpumHOE 00JIaKO CHITbHEE MEPEKPBIBACTCS C AIEKTPOHHBIM 00JIAKOM JIPYTOTO
aToMa M TI0ATOMY 00pa3yeT 00Jjiee MPOUYHBIC CBSA3H. DHEPTHSI, BEIICISIONIASNCS TIPU ATOM,
OKVTIIAET 3atpatsl Ha THOPUAN3AIIUIO.

BoaopoaHasi cBi3b

OOycnaBnuBaeTcs NPUTKEHUEM MEXKIY aTOMOM BOJIOPOJIa OJTHOM MOJIEKYJIbI U
cIbHO D0 3JIEKTPOIUTOM JIPYTOM. ITO BBI3BIBAET ACCOLUMAIIMIO MOJIEKYJI, TO €CTh MOSIB-
JIeHUE HEOOJIBIINX MOJMMEPOB, YTO BIUSAET HA (PU3MUECKUE CBOMCTBA BEILIECTB.

Hanpumep, mosnekynsl HF 00pa3yroT accouuatsl 3a c4eT BOJOPOAHOM cBsi3u. O60-
3HAYarOT €€ TOYKaAMMU:

BOJOPOJIHAS
H cBai3py H
\ F l Fo' \\F

H

B nacrosiee Bpems npupoay BOAOPOIHON CBA3U CUUTAIOT JOHOPHO — aKLENTOP-
HoM. Hanuume BogopoHo# cBsi3n Mexay mosekynamu H,O nmpuBoauT kK ToMy, 4TO
—100° — qa0
tamenns(H20)=100"C, Torna kax t,penns (NH3)=-33"C.
Crnenyer OTMETUTh, UTO BTOPUYHAsI CTPYKTypa Oenka 00ycaaBIuBaeTCsl BHYTPUMO-

JIEKVIIIPHOU BOJOPOJIHOMN CBI3BIO.

MeTasinyeckas CBA3hb
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Mertannnueckast CBsI3b — 3TO OCOOBIN BUJ CBSI3U, O0YCIIOBIICH MPUTHIKEHUEM MEXKITY
MTOJIOKHUTENBHO 3apS’KEHHBIM OCTOBOM METANIMYECKON PEIIETKH U OOIIECTBICHHBIMU
BHEIIHUMH 3JI€KTPOHAMH, KOTOPbIE CBOOOIHO MEPEMEIIAIOTCS B MEXKA0Y3IUAX KPUCTA-
JINYECKOU PEIIETKHU.

[Ipu HaJIOKEHUU Pa3HOCTH ITOTEHIIMATIOB BO3HUKAET HAIIPABICHHOE JIBM)KCHHE
AJIEKTPOHOB — TOK.

AHaJIOrM4HO OOBSICHIETCS TEIIONPOBOAHOCTb.

TakuM BUIOM CBA3H OOBSICHSETCA IIACTUYHOCTh, KOBKOCTh, METAJNIMYECKUH OJIECK,
BBICOKHE TEMIIEPATYPHI IIJIABJICHUS U KATICHHUS.

KoMILieKkCcHbIE€ cOeTMHEHUS

KommiekcHOe coeIMHEHnE — 3TO COeMHEHUs 0oJiee BEICOKOro nopsaka. Cymuiect-
BYET HECKOJIBKO OIPEICIICHUMN.

KommnekcHoe COeIMHEHUE — 3TO COEAUHEHUE, Y KOTOPOro XOTs OblI OJTHA CBSI3b 00-
PaTHO O IOHOPHO —aKIEITOPHOMY MEXaHU3MY.

Ks[Fe(CN)g] — xommuiekcHOe coequHeHre (KpOBaBO-KpacHas COJIb)

JIr060e KOMIUIEKCHOE COSIMHEHUE COCTOUT U3 BHYTPEHHEHN U BHEIIHEH Cephl,
CBS3b MEXIY KOTOPBIMU — HOHHAas !

BuyTtpennsis chepa 3axinrovaercs B KBajipaTHbie CKOOKH. B Hell BBIIETSIOT:

KOMIUIEKCOOBPA3OBATEJIb — atoM Win HOH, BOKPYT KOTOPOTO KOOPIUHU-
poBaunbl JIN["AH/IbI — oTpunarenbHO 3apsiKEHHBIE MOHBI WIIH MOJISPHBIE MOJIEKYJIbI, KO-
TOpPBbIE KOOPJIUHUPYIOTCSI BOKPYT KOMILJIEKca 0Opa3oBaTess. YUMcIo TMraHoB Ha3bIBACTCS
KOOPJIMHAIIMOHHBIM uuciom.

BHENI. BHYTP.
(_A_\ f_)%

Kg,JFe (CN)\GA\‘

KomMruiekco- JMranabl KOOPIWHAIMOHHOE YHCIIO
obOpa3oBaTeib

3aps KOMILIEKCO0Opa3oBaTes:
[To BHemHEH cdepe onpenensercs 3apsi BHyTPEHHEH cpe/bl, KOTOPhIE IPEICTaB-
JSIOT OO0 CyMMY 3apsiIoB KOMILUIEKCOOOPAa30BaTENs M BCEX JIUTAHJIOB.
[Fe(CN)e]®, Tak kak 3K* ; X +6(-1)= - 3 X=3 = Fe**
1. KoMIieKCHBIE COeTMHEHUS COIEPIKAIIINE MOJICKYJISIpHbIC TUTaH I, Hanpumep, H,O -
AKBAKOMILICKCHI,
NH; aMMMaKaThl,
CO -  kapOoHWIBI
2. KoMILIeKCHOE COeIMHEHUE, COIEPKAT MOHHBIE JIUTAH/IBI -  Al[UJOKOMILIEKCHI
3. lluknuyeckue KOMIUIEKCHBIE COEAMHEHNUS
4.MHOTOSIepHbIE KOMILIEKCHBIE COEAUHEHUS
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Homenkiarypa KC

Bo BHyTpeHHei cepe cHauana Ha3bIBAIOT 3apSKCHHBIC JINTAH/IbI, 3aTEeM HEUTpalb-
HbIE MOJIEKYJIBL. [lepednciienne 0 JMHAKOBBIX JIMTAHIOB UAET B al(paBUTHOM HOPSIKE.
[Ipu Ha3BaHUM JTUTAaHOB OKOHYAHHUE -] 3aMeHseTcs Ha cyPp(PUKC —o-.

Ha3BaHWE aHHOHA Ha3BaHUE JIUTaHIa

OH runpokc /] rupokcO

CI xmopU /] x510pO

Br opomMU ] opoMO

CN’ uuan /] nuanO

NH3 - aMMWH HEWUTpaJIbHbIE
H,O - aKBa JINTAHIbI
CO - KapOOHMIT

Hepe):[ Ha3BaHHECM JIMT'aH/{a YKa3bIBACT UX YHCJI0, UCITIOJIB3Ys YN CIICHHBIC ITIPHUCTABKU.

COCI(I/IHeHI/ISI C KOMIUICKCHBIM KATHOHOM

Chauasia Ha3pIBalOT: 1) aHUOH;

IToTtom: 2) YHCIIO JINTAHJIOB;
3areM: 3) Ha3BaHHE JIKIAHIOB C —O-;
U naxoHer; 4) Ha3BaHWE KOMIUIEKCOOOpa3oBaTelis B pOAUTEILHOM

NaJIeKe M €0 CTEIEHb OKMCIICHUS
[Ni(NH3),] Cl,- xnopua Terpaamvunaaukens (11)
[Cu(NH3),s] SO4 — cyabdart terpaammunmenn (11)

CoeanHeHns ¢ KOMIUIEKCHBIM aHUOHOM
Brauase Ha3bpIBaeTCI aHUOH:

A B HEM: 1) yncno nura"aos; A
2) Ha3BaHUE TUTAHNIOB C cypdurcom « O»-;
3) JTaTMHCKOE Ha3BaHWE KOMIUIEKCOOOpa3oBaTes ¢ cyhPpurcom «
AT» u ero C.O{\
4) Ha3BaHUE KaTUOHA
K4[Fe(CN)g] — rekcauuonodeppar (1) xanus
K;3[Al Fg] — rexcadgropoasroMmuHar kajims

Aucconmanus KOMILICKCHBIX COCAUHECHUM
JIro6oe komIuIeKCOOOpa3oBaHue, COCTOSAIIME U3 BHYTPEHHEN U BHEIIHEH cepbl,
JIETKO IUCCOLMUPYET Ha HUX, TaK KaK CBSI3b MEKy HUMHU MOHHA.
BHyTpeHnHss cdepa quccouunpyer He3HaYUTENbHO, [0 CTYNEHSIM, YUCIIO KOTOPOe
PaBHO KOOPJAMHAILIMOHHOMY YHCITY.
OOBIYHO MUILYT CyMMapHOE YpaBHEHUE TUCCOLMALMY BHYTPEHHEN cephl:
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[Be(OH),] = Be* + 40H
_ _ _[Be]l-[0H]*
KpaBHosecnoe _K)mc/ _KHeCToiiKocnl _m
HHomuu! Yem menbmie K ,ocroiicocrn; TEM NMPOYHEE BHYTPEHHsAA chepa.
XyMHUYecKasi CBsI3b B KOMILIEKCHbBIX COeITMHEHUSIX
Bo BHyTpeHHEH cdepe Mex Ty KOMIUIEKCOOOpa3oBaTeIeM U JIMTaHIaMH HMEET Me-
CTO KOBaJICHTHAs CBSA3b, 00pa30BaHHAs 0 JIOHOPHO-AKIICTITOPHOMY MEXaHU3MY

Nﬂz[BECI4] hid
Be? [He]2s? I
Be* [He]2s'2p! —> Eikd

Be?* [He] 1.e n=2 \_

Be?* wumeer 4 opburanu pasHble 110 GOPME U SHEPTHU
Cl— cr; ci- Cl™

Be** Bsp?
dopMa KOMILIEKCHOTO MOHA - TETPAdIp

Huxnopoaprenar (1) xamus : K[AgCl,]

N3 popMyIibl BUTHO KOOPAUMHAIIMOHHOE YUCIIO =2, TO €CTh HOH cepedpa oOpazoBa
2 paBHOIIEHHBIE CBSI3U, UMEET MECTO SP-TUOpUIU3aIUsI HOHA cepeldpa; THOpUIHbIe 00IaKa
00pasyIoT JBE G- CBA3M MO yriioM paBHbIM (£180?)

Xnopug guxnoprerpaaksaxpoma (I1):  [Cr3* (H,0),CL,]TCL™

3agaua. Onpenenuth xapaktep cBs3u B mosiekyne KHSO, u tun rubpuaHoii cpe-

JbI.
Heobxoanmo n300pa3uTh CTPYKTYPHBIE POPMYIIBI KUCIOTHI U COJIH:
H-0 N\~ © K-0 o)
/S\\ > S/<
H-O 0 H-0 \\ 0
M#0 M# O M# 0O M#0
1)K20 2)H-0 3) 05 (2) 5HSZ0o(2)
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Paccunraem paznocts 0 yKa3aHHBIX CBA3EH:

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

2)20 (0)=3,5 AD20=1,4— xoBaJeHTHas NOJIApHAs
50 (H)=2,1

3)20 (0)=3.,5 AD0=0,9— xoBasieHTHas MOJsIpHAs
20 (5)=2,6

4) AD0 = 0,9— koBayieHTHas MoJsApHasi(d, )

IMomuu! Ecmm ADO>1,8 — cBI3b HOHHAS
AD0=0 — koBaNIeHTHas HEMOJISAPHAs
AD0<1,8 — koBasIeHTHAsI NOJISIPHAS
Ecnu B Monekyne nMmeeTcs BO3MOKHOCTh MEXKAY aTOMaMu 00pa3oBaTh HECKOJIBKO
CBSI3€H, TO B I1.0 pEAIN3YETCS T-CBA3b
IEcnu B MoJieKyJie XOTsl Obl OJTHA CBSI3b MOHHASI, TO BCE COCIMHEHUE CUUTACTCS
HOHHBIM!
Taxum 06pazom monekyna KHSO, — nonnas, Xxopoio pacTtBopuma B BOJE.

MeskMoJieRyJIsIpHOe B3auMoaecTBue (MMB)

[Ipy NOBBIIEHUH WU TTOHUKEHUN TEMIIEPATYPbl UMEET MECTO NMPUTSIKEHUE MEXKTY
MOJIEKyJIaMU. BO3HUKAIOT yIIOPSIOUYEHHBIE CTPYKTYPBI-KUIKOCTH U J1aK€ TBEPABIE BEIllE-
CTBa.

MMB - 3TOT TEPMHH UCIIOJIB3YETCS JJIsI OITMCAHUS BCEX TUIIOB B3aUMOJICHCTBUS,
MPUBOJISIINX K 00pa30BaHUIO aCCOIMATOB C ONPENeNEHHON CTPYKTypoii. Bee Tumibl MMB
HMMEIOT JIEKTPOCTATHYECKYIO. IPUPOY.

1. OpueHmaMMOHHOG MMB UMCCT MCCTO IIpHU B3aI/IMOI[€I\/)ICTBI/II/I HOHHOT'O B€IICCTBA C

MOJIIPHBIM WJIHM 2-X MOJIAPHBIX BEMIECTB. 3AKIOYAETCS B TOM, YTO 2-i JUIIOIb OpHU-
EHTUPYETCS ONpeAcTIEHHBIM 00pa30M OKOJIO TIEPBOTO.

O D

2. Unoykyuonnoe MMB 3aKJIFOYAETCS B HABEJCHUU JUIONS B HEMOJISIPHON MOJIEKYJIe
MO JEUCTBUEM NONSIpHOM. HenonsipHbIi + 1 — coBIamaror.

A2 O
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HaBEIEHHBIN JUIIOJD

CMOneHCKmiA
( DUInAN
[

3

MM

3. Hucnepcroe MMB 00yCIIOBIICHO B3aUMOJICHCTBHEM MIHOBEHHBIX JHITOJICH, KOTOPHIS
TMOABIAIOTCA M HcYe3aroT ¢ yactotoil 10 nuknos\c. Mcnons3yeTcst ams 00bsicHe-

HHS CYIIECTBOBAHUS TBEPAOTO U KHUAKOTO BOAOPO1a. MTHOBEHHBIN IUIOIb BO3HHU-

KaeT u3-3a QIyKTyaInH.
EMD‘[EI = Eu:up + EHH,.EI; + E,qp{m

Bxuiag kax 101 COCTaBIISIONIEH Pa3InyCH

Mognexyna | p, lebann | Eg, Euun E icn 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 B(b(l)eKTbI CICAYCT YUHUTBIBATD IJIA 00BACHECHUS CBI3€CH B MOIJICKYJIAAPHBIX KpH-

cTajliax.

MMB Takke Ha3bIBarOT criiaMu Bad nep Baanbca.

E.xs B 100 pa3 cmabee koBaneHTHOMU CBsi3u U B 10 pa3 ciaabee BOJOPOIHOIA. .

TEMA 4. SJHEPI'ETUHKA XUMHYECKUX ITPOLHECCOB

[TonsiTHE cUCTEMBI, KJTacCUPUKALIK, TapaMeTpbl, (YHKIIMH COCTOSIHUSL CUCTEMBI.

U — BHYTPEHHsISl JHeprus
H - 3nTansnus

S —3HTpONUsA
G —3Heprust 'u66ca
“IIpeaMeT XUMHMH He €CTh OJIHO U3y4Y€eHHE COCTABA TeJl, 2 TJIABHBIM 00pa3om
u3yyeHue npeppaiieHuil. Camplii COCTaB €CTh TOJBLKO Pe3yJbTAT NPeBpalleHuil.” -
1. 1. MenneJieeB
Tepmoounamuxa - 370 HAyKa 0 NpeBpallleHUsAX OJJHUX BUIOB YJHEPIrUM B JIPyrue.
TepMoanHaMuKa BO3HUKJIIA KaK TEOPHs MApOBLIX MAIIWH, i€ TeIUIOTa MpeBpaliaeT-

csi B paboTy. B cBoeM pa3BuTHUM NpHIlLIa K HEKOTOPHIM 0000IIEHUSIM — HAYAIaM.

Briaenstor 2 — 3 Havana tepmoauHaMUKH. OCTAIbHOE — CIEACTBUS U3 ATUX 3aKO-

HOB.

OCHOBHBIE IOHATUA TEPMOANHAMUKHN

CucreMa — 3TO TEJIO WIH TPYIINA TeJ, 00BEKTOB IPUPOABI, OTICTBHBIX OT IPYTUX
peanbHOM UM BOOOpakaeMoi OTpaHUYEHHOM MTOBEPXHOCTHIO.

OOBeKThI, HE BXoslIMe B cucteMy, HazbiBaeTcss CPEJJOU.
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Kaaccudukanusa cucreM
|. ITo xapakTepy oOMeHa C OKpYKarolieil CpeIou.
Bun cucremsl OTHOIIIEHUA C OKpY>KaloIIeh cpeion AE, Am
N3onupoBannsie | HeT oOMeHa sHeprueii, HeT 0OMeHa BEIIECTB AE=0
Am=20
3aKpbIThIE EcTtp 0OMeH sHeprueii, HeT oOMeHa BemectBoM | AE # 0
Am=20
OTKpBbITBIE EcTtp 00MeH sHeprueii, ecTb 00MEH BEIIECTBOM AE#0
Am #0

Bce JxuBBIe OpraHu3Mbl — OTKPBITBIC CUCTEMBI.

I1.ITo konuuecTBy a3.

DA3A — 5T0 YacTh CUCTEMBI, 00JIaal0MIast BO BCEX TOYKAX OJMHAKOBBIMHM XUMHYC-
CKHMH B (PU3NYCCKUMH CBOMCTBaMH. Pa3zmnyaror:

1)romorennsle (COCTOUT U3 OfHON Gasbl): 2H )+ Oz.)—2H50;)

2)rereporenHsle (coctout U3 2 unu donee daz): 4Fe,,,+ 30,.,,+2H,0,,,—4FeOOH

T.pKaBuMHA

CBOMCTBA CUCTEM MOXKHO  pa3JEIUTh MO XapaKTepy UX 3aBUCUMOCTU OT KOJIMYECT-
Ba BEILIECTBA. DTU XapaKTEPUCTUKU HA3BIBAIOT napamempamy. Paznmyaor:
1) sKcTeHCHUBHBIE (CYMMUPYIOTCS IPYU COEAMHEHHH: ITTUHA, 00BEM, Macca);
2) UIHTEHCUBHBIE (HE 3aBUCST OT Macchl: T, p, BI3KOCTH).
TepMoauHaMUYECKHE TEPEMEHHBIE, KOJIMYECTBEHHO XaPAKTEPU3YIOIIUE COCTOSIHUE
cuctemsl: T, V, p, M — napamempuvl cocmosnus cucmemul.
[Tepexon cucteMbl U3 OAHOTO cocTosiHUSA B ipyroe HazpiBaeTrcss [IPOINECCOM

Knaccudukarnms npolieccon

|.ITo TermoBomy 3 dexry:

1) sk30TEpMUUECKHE (C BBIACICHUEM TEILNIA);
2) sHJI0TepMUYECKHE (C TOTJIOIMICHUEM TEIla).
XHUMHUECKOE YpaBHEHUE C YKa3aHHUEM TEIJIOBOro 3 deKTa Ha3bIBaCTCs mepMOoXU-

MUHECKUM.

Zn(m)+ H2804(,,C)—> ZnSO%?,C) 'f Hg(g) + 165,7 K;ZZDK‘
menJiosast dnepaus, evloesiemcst 6 xooe peaxyuu (Q)
Taxas 3anmuch B IOCIeHEE BPEMS UCTIOIB3YETCS MaJo.
I1. Tlo HemeHsOIIIEMYCSl TTApaMEeTpPy:

1) ecniu V — const, To U30XOpHBIN;

2) ecnu p — const, To n3006apHBIN;

3) eciu T — const, TO U30TEPMUYECKHUIA.
COBOKYITHOCTh BCE€X XUMHUUYECKHUX U (PU3MYECKUX CBOMCTB XapaKTepU3yeT COCTOSI-

HHEC CUCTCMBI.

31



Hanpasnenue noocomosxu 13.03.01 « Tennosnepeemuxa u meniomexnuxa  DURGAN
[

IIpoghunv «nepeoobecneuenue npeonpusmuily S |
Memoouueckoe obecneuenue PII[] B1.0.07 «Xumusy» mMan_

K dynkmusm coctostams cuctemsl otHocat: U, H, S, G

OOMeH sHeprueit MoxeT ocyuiecTBisercs B Buae A uiu Q

Eciau A coBeplIEHHO IPOTUB BHEIIHUX CHJI, OHA CYUTAETCS IOJOKUTEIBHOMN.

Q u A xapaktepusyioT 2 ¢hopmbl iepefaun 3Heprur. OHU He ABJAIOTCH PyHK-
MMM COCTOSTHMS.

Q (mmosiHast HHEPTUS CUCTEMbI) paBHA IMOJIHON YHEPIMH BCEX BUAOB JBUKEHUS MOJIE-
KYyJI A aTOMOB.

Q He MoxkeT ObITh u3MepeHa. MoxxHo onpeenutb AQ rnpu B3auMoIeCTBUN C OK-
pyXKarolien cpeao.

Q — Mepa 3Hepruu, nepegaBaemasi OT OJJHOT0, 00Jiee HarpeToro, Tejaa K MeHee Ha-
rperomy. Ilepenaya ocymectBiusiercs 3a cuet AT.

A — Mepa sHeprum, neperaBaeMas 3a CueT IepEMEIICHHS Macce.

[Tpu uzoxopHOM mporiecce TemnoBoi apdext Qy= -AU (13MeHeHnI0 BHyTpEHHEH
sHepruM); npu nzobapuom: Qp =AH (u3menenuro suramsnmum); Qr= A

M3BectHO, uTo Qy > Qp

-AU=4H + A

Q=Q+A

Taxum o6pazom H umeeT pazmMepHOCTh SHEPTHH.

KonuuecTBo Tema, nepeJaHHOro CUCTEME IIPH U300apHOM MPOLECCE, PACXOTYETCS
Ha COBEPILIECHUU paboThl U yBenuyeHuu U, To ecTh cymMmma BHYTPEHHEH SHEPTHH U PaOdOThI
MOJIy4aelllb Ha3BaHUE OHMAIbRUSL.

H=4U + 4

Jns sx3orepmudeckon peakuu: AH <0

Jns sunorepmuueckon: AH > 0.

Ecnm BemecTBa U IpOAYKTHI B CTAaHAAPTHBIX yejaoBusx (T=298 K (25°C) p=
101,3 xIla = 1at™m ), To H Ha3kIBaeTCa cmandapmmuoii ( AHggﬂ), [AH] = x]JI>x/M07b

3nauenue crangapTHbeIx AH npuBeeHs! B Ta0nuIIe.

AH,gp,. — TerunoBo# 3¢ ekt 1 MoIb BelecTBa B CTaHIapTHBIX YCIOBUAX IPH 00pa-
30BAHMM €T0 U3 IPOCTHIX BEIIECTB.

B ocHOBe TEpMOXUMHYECKHUX pacyeToB JEKUT 3aKk0H I'ecca: ”TensioBoii 3¢ppext
He 3aBMCHUT OT NPOMEKYTOYHBIX CTaJAHil, OT IYTH MPOLECCa, a onpeAessieTcs TOJIbKO
HAYAJBHBIMHM U KOHEYHBIMHU COCTOSIHUSIMU CHCTEMBbI.”

JI1st TepMOAMHAMUYECKUX PacyeTOB UMEET 3HAUCHHUE CeACTBHE U3 3akoHa ['ecca:
TeNJI0BOM 3(p(peKT peakunu paBeH Pa3HOCTH MexKAY CYMMO# IHTAJIBLIINM 00pa30Ba-
HHMU MPOAYKTOB, IPEABAPUTEJIbHO YMHOKEHHBIX HA COOTBETCTBYIOIIME KO3 Puum-
€HTbI, 1 CyMMOIi SJHTAJIBIIHI HCXOJIHBIX BENIECTB € Y4€TOM BKJIAJAa KAXKIOI0 CTEXHO-
MeTpUYeCKUX Ko3ppuuueHTa.

aA +sb> cC+dD
HCXO/IHbIE NMPOAYKTHI
BellecTBa
(peareHTnI)
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ﬂHE = EU ﬂannp@rma EU ﬂHchn,q:-me J

dHZQB{npDcTDrD BEIIECTEd} =0

Pemienue 3a1a4 ocynecTBIAsI€TCH, MCIOJIL3Y AJITOPUTM:

1) BBIIMCATh ypaBHEHHE;

2) BeimucaTh U = cTexuoMeTpudecKuM KodhpuimeHTam;

3) Boimucath 3HaueHne AH u3 tabmuisr;

4) pacuntats AHj

3agaua 1. Onpenenuts AH peakunn KaTaTuTUYECKOTO OKUCIECHUSI aMMHUaKa.
Pewenue:

4NH3(F) + SOZ(D — 4NO(F) + 6H20(p)
U 4 5 4 6 [monv]
AH%.: 46,9 0 90,37 -241,82 [kLic/monw]
H,, = [4790,25+6%(-241,82)] — [4*(-46,9)+5*0] = -904 x/]xc

Ecimu AH<O0, To coenunenue 6oiiee yCTOWYUBOE, UEM DJIEKTPOJIUTHI, U3 KOTOPBIX
OHO 00pPa30BaAJIOCH.

C nomowwio 3axona I'ecca mModcho onpedenums genuyunbl Meniosvlx d¢hghexmos,
KOMOpble HeO3MOICHO ONPEOeUms IKCNEPUMEHMATLHO.

B03MOKHBIM TI0JI0KEHHEM, BBITEKAIOIUM U3 3aKOHa ['ecca, sBsieTcs TO, 4TO Tel-
J0BOM d(PPeKT pa3nokeHUsi TOYHO PaBEH U MPOTHUBOIIOJIIOKEH 10 3HAKY TETIOBOMY 3 (-
dexty oOpa3oBanus (3akoH JlaBya3be- Jlamiaca)

Ilepsoe nauano mepmoounamuxy yCTaHABIMBACT YKBUBAJICHTHOCTD MPHU TIPEBpa-
MICHUSAX PA3IMYHBIX (DOPM DHEPTHUH, OJJHAKO HE TIOKA3hIBACT, B KAKOM HAMPABJICHUH U JIO
KAaKOT0 Mpejiesia MPOTEKAET MPoLiecC.

Jlonroe BpeMsl CUUTAIOCh, YTO PEAKIIMHA CAMOIIPOU3BOIHFHO MOTYT IMTPOTEKATh TOJIb-
KO AK30TEPMUYECKHE MPOIIECCHI, OJTHAKO UCIIAPEHUE, PACTBOPEHUE HUTPATOB U TOMY I10-
J00HOE, SIBJISETCS YIHAOTEPMUIECKUM, TOKE MOTYT IIPOTEKATh CAMOIIPOU3BOJIHHO.

JlomxkHa ObITH (DYHKIIHS COCTOSHUSA, KOTOpast XapakTepru3oBaja Obl BOZBMOXKHOCTh
CaMOIIPOM3BOJILHOTO TPOTEKaHUs mporiecca. ITo yumponus (S). Beenena B 1865 roay
Kaay3ucom.

PaccmoTpum aBa cocyna, conepxkamux nHeptHbie ra3sl: Ne u Ar. Onu He B3aumo-
JNEUCTBYIOT APYT C IPYTOM.

mﬁ”m? B

_Dq—’% OQO[] ==
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Ecnu coequnuTh 00a cocy/ia, TO ra3bl IEpPEeMEIIaroTCsl.

[Tporecc cMmemnieHust He COMPOBOXKIAETCS TETIOBBIM 3 dekToM. CaMonpon3BOIIb-
HOE pazJieJIeHue Ta30B HEBO3MOXKHO = || cocTosiHME TepMOIMHAMUKHN 00Jiee BEPOSITHO.

OnBIT CBUAETENBCTBYET, UYTO CUCTEMBI CIIOCOOHBI U3MEHSTHCS TIPU OTCYTCTBUU
HHEPreTUUECKUX CTUMYJIOB, €CIIM OHH MOTYT MEPEHTH B COCTOSHUE C OOJIbIIEH BEPOSTHO-
CTBIO.

Tepmoounamuyeckas 8eposmHOCHb — 3TO YUCIIO CIIOCOO0B, KOTOPBIMU JOCTHIA€TCS
JAHHOE COCTOSTHUE WJIM YUCJIO MUKPOCOCTOSIHUM, OTBEYAIOIIUX TAHHOMY MaKpOCOCTOSI-
HUIO.

[Tpu BeIOpaceiBaHUM KyOMKOB (MTpE B KOCTH) BEPOSITHOCTD BHINIAJEHUS 7 OTIIMYHO
OT BEPOATHOCTH BblnaaeHus 2 i 12 B 6 pa3: lu 6; 6 u 1;

2u5;5u2;
3ud;4us3.

J71st GONBIIMX MHOYKECTB BEPOSITHOCTh UX TEPMOJMHAMUYECKUX COCTOSIHUN BCeraa
TUTaHTCKOE yucio. X HeyJoOHO U3MepATh WU BIYUCIATE. [103TOMY, BMECTO BEITMUMUHBI
TEPMOJMHAMUYECKON BEPOSATHOCTU UCTIONB3YETCS 3HAUCHUE IHMPONnuUY, KOTOPOE MPomop-
moHanbHeI IN BepostHocTr (W):

S=RInW

B pacuete Ha 1 Monb wacTuiy S onmuckiBaeTcs ypaBHeHueM bonbiimana — [Tnanka.

BbIB0/1: IHTpPONUS — Mepa BEPOSITHOCTH COCTOSIHUSA: YeM TPY/JAHee NMOPA/IOK,
TeM TPy/Hee ero peajin3oBaTh.

S yBenmuuuBaeTcs ¢ pocToM OecropsiiKa.

S 3aBUCHUT OT t, P U arperaTHOro COCTOSIHUS.

L'a3vbi — HOCUTENN S, TO €CTh YeM OO0JIbIIIe YUCIIO MOJIEH Ta30B 00pa3yeTcs, TeM sipue
BBIPKEHO YBEIMUCHUE S.

Bmopoe nauano mepmoounamuxy. B ©30JIMPOBAHHON CUCTEME S CaMOIPOU3BOJIb-
HOTO IIPOLIECCa PacTeT.

Tpemve nauano mepmoounamuxu. S uaeanbHoro kpuctaimia npu T = 0 paBHa 0.

IIponecchl ¢ UI3MEHEHUEM DHTPOIINHU

YBenuuenue S YMeHnbiienue S

VY BenuueHHbBIH 0eCTopsIIOK; MPOIIECCHI YMEHBIIICHHBIN 0ECTIOPSIOK; MPOTIECChI
pacmupeHust ra3oB; pa3oBbIe MEPEXOAbl: | CXKATHUS Ta30B; (PPa30BbIE IEPEXOIbI:
-T »XK -T' — X (xoHaeHcanus);

- K-> T -I' —T (cybnumarus);

PacTBOpenue kpucTamios. Cucrema nepexoauT B 6oJiee ynopsi-
Cucrema nepexoauT B MEHEE YIOPSII0- JIOYEHHOE COCTOSTHUE

YEHHOE COCTOSTHUE
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HaumeHbIMMU 3Ha4YeHUSIMU S 00J121a10T TBep/Able KPUCTAUINYECKHUeE Bellle-
crBa. Crannaptaas S° mpocTsix BemecTs £0, To ectb |11 3aK0H TepMOIMHAMUKH CBH/IC-
TEIbCTBYET O BOZMOKHOCTH YCTaHaBJICHUS S MPOCTHIX BenlecTB. [loaTomy nepen 3HaukoM
CTaHAAPTHOHN S HE CTaBAT 3HAYOK A:

AH35, HO S75g

CrangaptHas S 1 MoJIb BelIeCTBA B €0 CTAHAAPTHOM COCTOSIHHM - Sogg. S
= JIx/(K-momp)

K S, xak QpyHKIMH cOCTOSIHUS, IPUMEHUMO CJIeACTBHMe U3 3aKkoHa ['ecca:

ASx.p = Zl)j Sgp-:n,ayma o Evj SECX

PaccmoTtpum rpaduk uzmenenus S npu (pa3oBsIx nepexogax.

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

[Tpu dazoBbix nepexonax Habmonaem peskoe n3menenue T. [Ipu 1T npoucxoaut 1
S u3-3a 1 cui kKoyie0aHus aTOMOB.

[Tpu noctmxkeHUn T = T, ap500ms TPOUCXOIUT YBETUUEHUE S HA AS 05005, TAK KAK
PE3KO YBEITUYMBACTCS XaOTUYHOCTH CUCTEMBI.

3agaua 2. Paccuurarh cTangapTHoe 3HaueHue S BemectBa Fe,03 i peakiuu:
4FeO(m)+ Og(g) — 2 Fego_g(m)
Pemenue: [MonB] V 4 1 2
[ 1x/(k*Momb)| s 57 205 X [Jx/(k-MOmB)]
‘ﬂsx.p = Evjsr?puqua - EUjSpEEFHpDEIEHHH =2 S{DFQZDE} — [4+ 57+ 1+ 2{]5]

AS, ,=-259 [ic/K =55F3293}= 86,5 Jlowc/(K-monb)

3anaua 3. BrickaxkuTte MpeAnoaoKeHUe 0 XapakTepe U3BMEHEHHS S B CIIEIYIOLIUX
peakuusx:

a)2H2(2) =+ 02(2) — ZHZO(Z)

6)2KC|03(m) — ZKCI(m) + 302(2)
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Pemenue:

a)S YMEHBIIUTCS, TaK KaK YUCJIO MOJICH B XOJ/I€ PEAKIIMH YMEHBIIAETCS

0)S yBenmuUIMBaeTCsA, TaK KaK B X0JI¢ PEAKIIUU MOSBIISIETCS Ta30BOE BEIIECTBO

W3MEHEHHE S OnpeeNsieTcsl He TOJIhKO M3MEHEHHEM KOJIMYECTBA BEIECTBA, HAIIPH-
Mep, B PeakIuy u3oMepu3aiuu Oyrana Het uamenenus (AU=0)

AlLOs; t; p
—

H;C - CH,— CH, — CHj H3C - CH - CH;
H — Oymau &Hg
uzobymau

n300yTaH UMeeT 0oJiee YIOPAIOUCHHYIO CTPYKTYPY, IOITOMY S YMEHbBIIIAETCS

N300apuo — nzorepmudyeckuii norenuuag (MUII) niau rueprus I'mo6ca

BONBIIMHCTBO XUMUYECKHUX PEAKINH MPOTEKAET B U30JIMPOBAHHBIX CHCTEMAaX, MO-
TOMYy He0O0X0oauMo yuuTsiBaTh U AH, u AS. UTOOBI NX COTIOCTaBUTH, HY>)KHO TIEPEUTH K
OJIMHAKOBBIM €TUHUIIAM.

[Ipunsro cunrtatb, AH — sHTANBOUIHEIN (hakTOp

T AS — sHTpOnMitHBINA PakTop
OyHk1us, cBa3bIBatonas o0a paxropa, HazpiBaeTca dHepruen ['md60Oca nmm nzodap-

HO — N30TEPMMUYECKHUM NOTCHIHA.

AG,, =4H,, 1 0*-T A4S, |- 00ObeIUHEHHBIN 3aKOH

N3menenue snepruu 'nb6ca cuctemsl pu oOpazoBaHuu 1 MoJib BELIECTBA MPU
CTaHJAApPTHBIX YCJIOBHSIX Ha3bIBaeTCs CTAaHAAPTHOM 2Heprueit I mooca.

AGJsz — >Ti naHHBIE pUBEEHbI B TabnuLe 11.

AG sBasieTcst pyHkumein coctossaust. K Heil mpumMeHnMo cjieacTBue u3 3aKoHa ['ec-
ca:

‘ﬂGx.p = Z%&anupﬁrma - E{{r ﬂl'{;p{u:xu:u,:.,:—{u:ur'u:u

HOMHHU ! AG — kpuTepuii CaMONPOU3BOJIbHOI0 NPOTEKAHMS MpoIecca.
Eciu 4G<0, To camonpon3BOJIbHO MPOTEKAET psiMasi peaxkius,
AG=0 — cocTosIH1E XUMUYECKOT'O PAaBHOBECH,
AG>0, To BO3MOkHA OOpaTHas peakius, npsamas
CaMOITPOU3BOJIbHO HE TIOMJIET.
Bbonbmoe otpuniarensHoe 3Hauenue 4G CBUAECTENBCTBYET, UTO CUCTEMA 00JIaaeT
BBICOKOU pEaKIIMOHHON CITIOCOOHOCTBIO.
PaccmoTpum cootHomenue Mmexay AH u TAS njst mpou3BOJIBHOTO TPOTEKAHUS
IIPOLIECCOB.
AH AS AG
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AH<O0 AS>0 AG<0 — Bcerma 3K30TepMHUUICCKHIMA
AH>0 AS<0 AG>0 — Bcerma umer oOpaTHas peaxius
AH<0 AS<0 AG<0, ectu AH > TAS , To ecTh peakitus mpsimasi;
BO3MOJYKHA IPA HU3KUX TeEMIIEpaTypax
AH>0 AS>0 AG<0, ecni BbICOKas TeMIepaTypa

Panee 06110 OTMCYCHO, €CJIN AGZO, HAaCTyIIacT COCTOSHHUC PaBHOBCCHA.
O6T)CI[HH€HHI>II>1 ?éaKOH AacT BO3BMOKHOCTB paCCUUTATDh TpaBHOBeCI/IH
AGx.P.= Apr°10 - 74 Sx.p.

T . AH-107
pE.EiHEIEiEC.D{_'FI AS

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

AG,, = —RTInK,

Ecnu noacraButh koahduiuert nepexoaa ot Ink Ig, ro In =2,3 1g, R =8,31. Torxaa mo-
JYIHM:

AG,,=-1915TIgK,

3anava 4. Onpenenuts K, npu T =400 K q1a peakuun:

N204(f) — 2N02(F)
Pemenue: U 1 2 [MOJIB |
AH  9.66 33.5 [k JIK/MOIIB |
4S5 304.3 240.45 [ 1x/(K*Momb)]

Paccunraem AH u A4S B X07€ 3TOM peaKIuu:
AH = 2%33,5—-9,66 = 57,34 K J]orc
AS = 2*240,45 — 304,3 = 176,6 [{orc/K
Jlna T = 400K umeem:
AG = AH — TAS =57,34 * 10° -400 * 176,6 = - 13,3 x [
AG 13,3=10%

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

—19,15T 13,15+400

3agaqa 5. Bo3MmoxxHO 11 OCYHICCTBUTH BOCCTAHOBJICHU: KCJIC3a 110 PCAKIINH IIPU
CTaHAAPTHBIX YCIIOBUAX:
F3203(m) + 3H2(2) i 2Fe(m) + 3H20(3)

Pemenne: o 1 3 2 3 [MOIB |
AHY.e  -822 0 0 -285.,8 [k JIx/MOJIB]
S%e 87 103,5 2,27 70,1 [JIox/(K*Moi1p) |

AH,, = 3*(-285,8) + 822 = -35,4 x Jic
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A4Sy, =[2*2,27 + 3*70,1] — /87 + 3*130.5] = 213.8 douc/x
AGyy, = -35,4*10° — 298%213,8 = 28,34 k JInc
AG>0 = naHHBIN NpoLECC IPU CTAHIAPTHBIX YCIOBUAX HEBO3MOMKEH.

TEMA 5. XUMHYECKAA KHHETHKA. XUMHYECKOE PABHOBECHE

Kuneruka — 370 pa3zen XuMuu, U3y4aroiiuil CKOPOCTH XUMUYECKUX PEaKIIH.

TepmoauHaMuKa peluia NPUHIUIHATIBHYIO0 BO3MOXKHOCTh (HEBO3MOXKHOCTD) IIPO-
TeKaHMs peakuuid. B uucne pakropos He ObuT0 BpeMmenu. Hanpumep, s peakuun — Cpy)
+0,—> CO, <0

OpaHako npu OOBIYHBIX YCIOBUAX IPaUTOBBIN CTEPKEHb KapaHiallla He 3aropaet-
csl. DTO 3HAYUT, YTO HEOOXOJUMO YUUTHIBATh U JIpyrue (hakTopbl, YTOOBI XapaKTepU30BaATh
00BEM MPOTEKAHUS IPOLIECCOB.

CKOpPOCTBy , — 3TO U3MEHEHUE KOHIICHTPAIIMH (C) PEarupyroNuX BENIECTB B €IMHHU-
1y BPEMEHH (1711 TOMOT€HHBIX MPOLECCOB) M HA €IMHUILY TOBEPXHOCTH (7151 TE€TEPOTEH-
HbIX). be3pasnnyHo, 10 KaKOMy BEIIECTBY U3MEPATH CKOPOCTby p,, TAK KAK H3MEPEHHBIC I10
Pa3HBIM BEIECTBaM OHU OYIyT COOTHOCUTHCA B SKBUBAJICHTHBIX KoJimdyecTBa. JItoOyto pe-
aKIIMIO MOKHO TIPEJICTAaBUTH B OOIIIEM BUJIC:

aA+bB —cC+dD

VCXOJIHBIE MPOTYKTHI

BEILECTBA

(peareHThI)

PaccMmoTpum n3Menenue ¢ yncna A unu B (MCXOJHBIX BELECTB)
Cxopoctb n3menenus: C npoIyKTOB:

Crrgr.

=C1/1cx T
Cy1uiecTByeT MOHITHE MTHOBEHHOW CKOPOCTHU, TO €CTh CKOPOCTh B JAHHOW MOMEHT:

. AC de
Upew = £ fim, — =4 —
MTH - AT—0 AT - dr

DaKTOpBbI, BAUAIOIINE HA CKOPOCTby ;!

1) mpupona pearupyromux BeIiecTB;

2) C;

3) T;

4) kat;

5) MOBEPXHOCTH COMPUKOCHOBEHHUSI (a3 (TOJIBKO JJIsl T€TEPOTrE€HHBIX MPOLIECCOB).
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1) Biausinue NpUpo/Ibl BelleCTBA HA CKOPOCThy
H, +F, — 2HF — 63pwvi6 6 memnome
H, + Cl, — 2HCI — 63pwis na ceéemy
H, + Br, — 2HBr — npu nacpesanuu
H, + I, — 2HI — knaccuueckas oopamumasn peaxyus
OpnHo U TO *ke BellecTBO H; pearupyer ¢ aHaloraMu, a CKOPOCTby , PE3KO OTJINYAET-
csl, TaK KaK IIPUPO/ia raJIOT€HOB CKa3bIBAETCSA HA CKOPOCThy
n + H,S0, — ZnSD4 + H, - 6ypHo svidensemcs
Zn + 2CH;COOH — Zn (CH3COO0), + H, - meonenno svioensemes
IIpupona KKCI0TH 00Y¢IaBINBAECT PA3HYIO CKOPOCTD y !
H,SO, — cuiipbHas KUCI0Ta;
CH3COOH(ykcycnas) — cnabast Kuciora.

2) BiausiHue KOHIEHTPAIIMT

3akoHn I'yabadepra: “CxkopocTb XUMHUYECKON PEAKIIMU IIPSIMO IIPOIIOPLIAOHAIIBHA
npousBeAeHU0 C pearupyromnmx BEIIECTB B CTENEHIX, PABHBIX CTEXUOMETPUUECKUM KO-
s punuentam (B mpocteimmx ciydasnx)” — 3 M

s peakuum okuciaenus 2 NO + O, — 2 NO,

Ckopocmeb,., = K-C 2 (NO) * C{ﬂz} — KUHETUYECKOE YpaBHEeHUE peakuuu, rae K — const

2,1 — gacTHBIC IOPAIKH peakiuu, (2+1) — N — oOuwit

®usnyecknit cMpicna K. K — 310 ckopocTs ;,, €CIU Cpearnpyensix semeers = 1 MOJB/TI

K 3aBucut ot T, npuponsl BemecTBa U KaTain3aropa

Pa3nnuaroT HECKOJIbKO KUHETUYECKUX KIaCCU(UKALMA PEAKIIMH.

|. beisatoT peakuuu O-ro I-ro, Il-ro, lll1-ro mopsiaka. beiBaet ApoOHBINA MOPSIIOK.
ITopsimoK yCTaHABIMBAIOT 3KCIIEPUMEHTAIIBHO.

[Ipumepsl peakuuy pa3auyHOro MOpsIKa:

+ j—: = K — peaknuus 0-ro nopsiaka;

+ j—: = K-C — peakuus |-ro nopska;

+ Z=KCrC

+ de _ KC? Efaxmm I1-ro mopsiz-

dt

I1. TTo MosieKyIIpHOCTH.

MonekynapHOCTb ONPEENIAeTCS YHUCIOM MOJIEKYJI, OAHOBPEMEHHBIM CTOJKHOBEHU-
€M KOTOPBIX OCYLIECTBIIAECTCS PEAKIIHS.

Paznuyaror:

1) MoHOMOnNEKysipHBIE peakiuu: |, 2 2|

2) mumodnexymnsipasie: Hy, + 1, 2 2HI

3) tpumornekymsipubie: 2NO + O, — 2 NO,
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Jlaxxe CTOJIKHOBEHHE TPEX MOJIEKYJI MAJOBEPOATHO, HOITOMY MOJIEKYJISIPHOCTD BbI-
1€ Tpex He ObIBaerT.
Ecnu B ypaBHeHHH Oostbire KOd()PUITUEHTHI, TO 3HAYHT, YTO PEAKIIHS HJICT MO CIIOKHO-
My TyTH.

B npocTeimmx ciiydasx MOJIEKYJISIPHOCTh COBITQIAET C MOPSAIKOM. DTO XapaKTEPHO
JUJT OTHOCTAIMMHBIX PEAKIUN.

Crenyromum o0pa3oM, 4YTO B Ka4ECTBE KPUTEPHsI CKOPOCTH , THOT 1A UCIIONB3YIOT
nepuo nojypacnazaa (ly,), paBHbI BpeMeHHU, B TeUeHUH KOTOporo C peareHToB yMEHb-
1aeTcs B 2 pasza Mo CpaBHEHUIO C HaYaJIbHOM.

3anaua 1. Kak u3MeHHUTCS CKOPOCTby , okucaeHus NO, ecnu p yBenuuures B 3
paza?
2NO + O, — 2 NO,
Cropocmo,, = I(CZ(,\IO)*C,D2
[Ipu yBennuenuu p B 3 pa3za Vymenbmaercss = C yBeanuuBaeTcs B 3 pasza
Cropocmb,., = K(3Cnoy)* * 3C,, = 27K CENO] *Cloy

CKOPOCTbh,
) S 27

xp
OTBeT: CKOPOCThy ;, YBEIUUUTCS B 27 pa3

CKODOCTE

3) Bausinne TeMnepaTypbl

EcTecTBeHHO, UTO ¢ yBeIn4eHHEM T CKOPOCTby , YBEINUUTCS, TAK KaK JBIKCHHIE
MOJIEKYJI CTAHOBUTCS 00JIee HHTCHCHBHBIM, COYIapeHHE Yallle => CKOPOCTby , yBEINYNBA-
eTcsl.

Opnako OBLIO 3aMEYEHO M BBIBEICHO MTPaBUIIO, BRIPAKAOIIEE MPUOJICKEHHYIO 3a-
BHCHMOCTB ckopoctr oT T (mpaBuiio Bant Todda) npu yeenmaennu T Ha kaxpie 10°
CKOPOCTby , YBEITMUMBACTCS B 2-4 pasa (To ecTb y=2-4)

tz— ry

U, Uy~ Y t° |, raey— TeMIepaTypHblii KOOQQUIHMEHT peakiuuy,

2

IIOKa3bIBAIOLIUH, KAK H3MEHUTCS CKOPOCTby
0

1pu u3MeHeHund t Tonpko Ha 10

OTMeTuM, 4TO 1J1s1 OMOJIOTHUECKUX 00BEKTOB Y 3HAUUT OobIie (Y =4-8)

3ajaua 2.
Jlano: Pemenue:
At
0 CHOpOCTR £y
b:280
Y =2
OTBET: CKOPOCThy, yBENMYMBAETCA B 16 pas
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CKOpPOCTE £ n
CKOPOCTR £y '
3 28 .

YcranoBieHo, 4to B 1 cm” raza npoucxoaut 10 cronkHoBeHuil. Eciu Obl kaxxaoe
CTOJIKHOBEHHE MPUBOJAWIO K XUMHUYECKOMY B3aUMOJIEHCTBUIO, TO BCE PEAKIIUU IIUIH ObI
MTHOBEHHO (B3pBIB).

OueBnnno, HE KAX/IOE cTonkHOBEHUE 3aBEpIIACTCS B3aUMOJIEUCTBUEM. Appe-
HHYC yCTaHOBHUJI 3aKOH 3aBUCHMOCTHU CKOPOCTby, OT T mpu c¢=1 mMounb/m.

5
K — Zpe_iﬁ , FI[e K — COﬂSt Dx.p

Z — 4uCJIO CTOJKHOBEHMH; P — CTepUYECKUU (PAKTOP, YUUTHIBAIOIIMNA OJIArONPUATHYIO
110 :

opuenTario Moeky (p=10"- 10°); e — ocosanue In; Ea — sneprus akruarun; R — ra-

30Basi IOCTOSIHHAA; T — TemMneparypa.

AppeHuyc BBeN MOHATHE “aKTUBHBIX MOJICKYJI ,TO €CTh 00J1adal0uX U30BITOYHOM
SHEPTUEH MO CPABHEHUIO CO CPEIHEU SHEPTUEN OCTAIBHBIX MOJIEKYIL.

E, — sHeprus aktuaiuu, To ectb U3BBITOYHAS >Heprus.

ToJIbKO CTOJIKHOBEHHE aKTUBHBIX MOJIEKYJ, obnanaromux E,, 3akaHunBaeTcs B3au-
MOJCUCTBUEM.

Ha BepmpIHer6apLepa 00pa3yeTcs mepe XOIHbIM KOMIUIEKC: CTapbhle CBSI3H PACTITH-
BaIOTCS ¥ HAUMHAIOT HAMCYATHCS HOBEIC.

Jlaxxe He3HAUUTENBHOE CHUKEHNE E, yBEIMUNBaET CKOPOCTb.

4) BausiHue KAaTaJIu3aTopa

[Ipouecc ¢ yyacTruem KaTalau3aTopa Ha3bIBAETCS KaTATU30M

KarammzaTop — 510 BemectBo, MeHstoniee Uy ,, HO B KOHIIE IIPOLIECCA OCTAIOIIEEC
HEN3MEHHBIM.

Pa3nu4HbIil TOMOTEHHBIN U TETEPOrEHHBIN XapAKTED.

250, + O, (NO)) —>2S0; - roMOreHHBIi KaTaau3

N>q) + 3Hyy (Fey) — > 2NH;— rereporenssiii katann3

B HacTosimiee BpeMs CylecTBYET T€OpUs TOMOT€HHOr0 KaTajln3a, COTJIACHO KOTO-
poil kaTanu3aTop 0OpazyeT NPOMEKYTOUHBIN MPOAYKT C OAHUM U3 Pearupyiiux BEUIECTB,
KOTOPOE 3aTE€M pEarupyeT ¢ IPyTUM peareHTOM.

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

[Tpu nprMeHEeHNH KaTanu3aTopa:

DA+ K —>AK

2JAK+B > AB+ K

A+ +tK AK AB+K

v
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I'eTeporeHHbIN KaTajau3

CyliecTByeT HECKOJIBKO TEOPHiA, HO TJIaBHBIM BO BCEX TEOPHSX BBIJIEIISIETCA S5 CTa-
JIAW, XapaKTEPHBIX ISl ’TOTO KaTaJIn3a:

1) moaBoj BelllecTBa K MOBEPXHOCTH KaTalM3aTopa,;

2) copOIus BEIIeCTBa Ha MOBEPXHOCTU KaTaau3aTopa;

3) peakius MeX/1y BellleCTBaMU Ha aKTHBHBIX IIEHTpax KaTalu3aTropa;

4) necopOuus MPOYKTa C MOBEPXHOCTH;

5) OTBOJ POJIYKTa OT KaTaau3aropa BriyOb.

VYpaBHeHUE AJ1sI CKOPOCTH B CITy4ae FeTEPOTreHHBIX MPOIIECCOB BKIIOYAET B ceOsI Be-
JUYUHY TTOBEPXHOCTH COMPUKOCHOBEHUS MEXY (pazamu.

v=K-C-:S |, e S— nmoBepXHOCTh COMPUKOCHOBEHUS pearnpyromux ¢as.

Si + o,—» S|02 D= K'C{Oz} -S

BemecTBa, ocnmabnsiomue 1eiicTBUE KaTaln3aTopa, Ha3bIBACTCS KaTATNISCKUMU
AIPaMHU,

BemectBa, ymenpmaronue Uy ;,, Ha3pIBa€TCS HHTHOMTOPAMH.
Kaaccudpukauus peakuui
1) IMocenoBaTeIbHBIE — 3TO PEAKIIUH C TPOMEKYTOUHBIMHU CTATUSIMHU.
Hanpuwmep, 24 + 3B — A,B3 (peakuus NpoTeKaeT yepes psj CTaaui)
[Mpumep: 1) A +B —> AB

2) AB +A4 —PAzB

3) A>B + 2B _>A233
[TpuueM Kaxaas MOCIEnyOIIas CTaausl MPOTEKAET MOCIIE MPEAbLTYIEH.
Kaxxmas cragus uMeeT CBOXO CKOPOCTb.
CkopocTh MEIJIEHHOM CTaJANM OMPENIENIET CKOPOCTh BCErO Mpolecca.
MeuienHas craaus HasbiBaercss JAMHUTHPYIOIMIEM (npusmmn OyTBUIOYHOTO

TOPJIBIIIKA).

2) IlapaJjieJibHBIE — 3TO MPOIECCHI, KOTOPHIE CIIOCOOHBI MPOTEKATh B JIBYX WU

0oJiee HaMpPaBICHUSX.
— C

A+B —

— D
CKOpPOCTH , PACCUNUTBIBAIOTCS T10 KaXkKIOMY IPOLIECCY U CYMMHUPYIOTCH.
3) ConpsizKeHHBIE: C OJTHUM H TEM )K€ PEarcHTOM OJIHOBPEMEHHO B3aMMOJICHCTBYET

2 wim 00JIee BEILECTB.
A—»B AB
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A=*C AC

4) KosedaTeJbHbIe: B HUX HUMEET MECTO KOJIeOaHHEe KOHIICHTPAIIMHA HEKOTOPBIX
MIPOMEKYTOUHBIX COSAMHEHUN U COOTBETCTBEHHO KOJICOAHMS CKOPOCTH.

5) LlenHple: I HUX XapaKTePHBI CICAYIOIINE CTa UM

a) 3apOoXKJACHUE 1IeTH;

0) pa3BUTHE LICTIH;

B) OOpBIB IICTIH.

a) UIMEeT MeCTO 00pa30BaHKE PAJAMKAJIOB — YaCTHI] C HECTIAPEHHBIM 3JIEKTPOHOM,
KOTOpbIE YpE3BBIUANHO PEAKIIMOHHO-CITOCOOHBI. OHU N300paKEHbI CUMBOJIOM JJIEMEHTA C
TOYKOM.

Hanpuwmep, mist peakiu H, +Cl, = 2HCI

E, uenHoit peakiiuu MHOTO MeHble E, OObIYHONM peakIuu, 4TO €CTECTBEHHO CKa-
3BIBAETCS Ha CKOPOCTH.

XUMUNYECKOE PABHOBECHUE

Panee Obu10 0T™MEUEHO, 4yTO AG, |, TpH paBHOBeCHU = ()

CocrostHue paBHOBecHs HabJI01aeTCa Yy OOpaTUMBIX PEAKIUi, TO €CTh TE€X, KOTOPhIE
MOTYT UJTH KaK B TIPSIMOM, TaK U B OOPaTHOM.

K HeoOpaTuMbIM peakiusiM OTHOCSITCS:

1) ¢c o6pa3oBaHKEM OCAJIKA;

2) C BBIJICJICHUEM Ta3a;

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

4) ¢ 60abIUM TETUTOBBIM 3D PeKTOM(Qpmax)

CocrosiHue paBHOBeCHS Ha0JIIOAAaeTCs KOraa — =
u u

CBoiicTBa COCTOSIHUS PaBHOBCCHA.

1) - = «;
w (&)

2) AG =0;

3) PaBHOBecHe qoCcTHrAeTCs € JF000H CTOPOHBI,

4) PaBHOBeCHE TMHAMUYHO; C HACTYIUICHUEM PaBHOBECHS MIPOIIECC HE OCTAHABIIMBACT-
cs.
C BeIecTB B COCTOSTHUY PaBHOBECHS Ha3bIBACTCS PAHOBECHBIMU M 0003HAYaCTCs: [

s peaknuu aA + BB —» ¢C +dD

[A] = Cuexa)— Crpea) } PaBHOBECHBIE KOHIICHTPALIUA UCXOJHBIX BEIICCTB.

[B] = Cucxw) = Cup(e)

PasnoBecHBIE Cponyiros — 3TO TO, YTO 0OPA30BaAIOCh K MOMEHTY HACTYIICHUS PaB-
HOBECHS.
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[C] = Caspe
[D]= Cospip)

Bemunna C,s, 3aBUCUT OT COOTHOLIEHUS KO3()(DULIMEHTOB B ypaBHEHUH IIEpE]] CO-
OTBETCTBYIOIIMMU BEIIECTBAMH.

Yacro 3akoH I'yabadepra u Baare Ha3pIBaloOT OCHOBHBIM 3aKOHOM XUMHUYECKOWU
KUHETUKYU WJIM 3aKOHOM JeicTByomux macc (3M).

Kpowme storo, 3JIM Ha3bIBaloT BhIpakeHHEM CONSt paBHOBECHS PEaKIIUU.

BriBesieM 3T0 BhIpaKeHHE:

aA+BB 2 cC+dD

Upp = K- Cf . CE — KMHeTH4ecKoe ypaBHeHHe NPAMOH peaKIHH
_ Vggp = K - (¢ - C2 — KuHeTHYecKoe ypaBHeHHe 00paTHOMH peaKlHH

ITpu paBHOBECHH Vyyp, = Vogp
K [A]* [B]’ = K, [C]° [D]

_ K _ [c°[p)¢
Hpaa[—[nﬁec,p{_q - H_j_ = ﬁﬁ - const PaBHOBCCHA

. npouzeefieHHe C oo im0 B CTEIL = CTEX. KO3QOHIHEeHTAM

B

npouseefeHHe C, o i semecrs B CTEIL = CTeX. KO3dQUIHeHTaM
Hucconmanus — oOpatuMblii mpoLece
NH,OH 2 NH; + OH™
Ky= Kp = [NH:'I]x[ﬂH'] —10-5 = iﬁ
NH,OH 10
Ecmm K, > 1, To npeobnafaeT npsMasi peaKius;
Ecmu K, < 1, To npeobnanaeT oOpaTHas peakius.
Bnusanue K, 3aBHCHT TOJIBKO OT ABYX (PaKTOPOB: OT MpHUpoabl BemecTBa u T.
Jis 5K30TepMHUUECKON peakuuu: ¢ yennyenueMm T K, ymenbiaercs;

s suporepmuyeckon: ¢ ysenndenueM T K, yBennuuBaercs.

PeiieHue 3a1a4 HA MCXO/IHbI€ U PABHOBECHbI€ KOHLIEHTPALIMH
3anaua 1. B nporecce okucnennst SO, B SO, mocie Toro, Kak mpopearupoBaso

20% BemectBa SO, ycTaHOBUIIOCH paBHOBecHe. OnpeaenuTh paBHOBECHbBIE C, €CJIH U3-
BeCTHO, 410 C o ., =6 MONB/1, C (, ) .. = 4 MOJIB/IL.

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

C (0,) ucx. = 4 MOHI’/‘H‘ [SOZ]:C (SO,) ucx. - C (SO,) np.

W(Soz) =20% ITo ycnosuro npopearuposaio 20%, 1.e. C g, ,, =
[s0,]-? [S0,]-? = Cucx_‘l\%=6'0,2=l,2 MOJIB/JT
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[Oz]'?
[OZ]: C (0,) ucx. - C(SOQ) np.
C o,y OTIPENEIHNM TI0 YP-10 PEaKIUH, CONIOCTABHB KO3(-ThI HEPE
O, uS0,:
v(0,) _1 - 1
===> 1(0,)== v(SO
0(S0,) 2 v(0,) 5 v(S0,)
Ceopm :% C o m =% 1,2=0,6 MoB/1
Torna [0,]=C, = Cio,) up.= 4-0,6=3,4 MonB/I
[803]: C(SO3) 06p.
ITo aHaaOrud. ¢ BBIIEIPUBEICHHBIM
2
C so,) oﬁp‘:E C s0,) np. = 1,2 MOIB/1T
Takwue 3aqaun 0OBIYHO PEMIAIOT TAOIMYHBIM CIIOCOOOM.
Perrenue uepes Tabmuiy:
Kommnonentor | C,., 250,+0,=23S0,
C,, 21 2 [ ]
SO, 6 mons/1 | 20%,t.e. C g, ,, =600,2=1,2 | [sO,]=C, . -C,, =6-1,2=4,8
O _1 _1 o,|=C,.-C, =4-0,6=3,4
SO: 4 MoJB/1 Coo w "y C 5o Y {SZO] ]=1u; r
-1,2=0,6 S
C 50, 0n = Cisoy w. =112

3agauva 2. Jljis peakiuy CMHTE3a aMMUAKa U3BECTHO, YTO YCTAHOBHIJIOCH PABHOBE-
cue Tipu caeayrommx c: [N, =4 monw/n, [H,]= 4 mons/n, [NH,|=12 Mons/1. Onpenenuts

ucx.CuN,uH,.

KoMITOHEHTEI C.. N,+3H,—2NH,
c,, 1 3 2 [ ]
N, Cm=[]+C, =4+6=10 | =1 =1 4
_ _ _ (N3) np. 2 (NH3) np. 12
H, C..=[]+C,, =4+18=22
3 3
C(H,),, ==C =2 4
( 2) np. 2 06p.(NH3) 2 (_12
-12=18
* 12

* -110 B-By NH; ompenemum C,, mma N, uC, mnaH,; [INH, ]= C o, =12
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3agauya 3. M3BecTHO, UTO JJIs MpoIlecca BOCCTAHOBJICHHUSI JKele3a U OKCHIA JKeTie3a
(1), ¢ momomkto okcuza yraepoza (1) K, =0,5. C, . 6si1m pausl: g1 CO = 0,1 Mons/n,

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

Pemienue:
KoMm-T1b1 C,.. FeO+CO—Fet+CO,
C,. 1 1 [ ]
CO 0,1 Moab/n * X 0,1-x
CoO, 0,01 momnb/n X 0,01+x
[co,]

Samumem: K | = [CO]

UssectHo, uro C,,, BemecTs B Beipaxkenue K | e Bxoadr, 1.x. ux C moyTH Beeraa =

*- U3BeCTHO, uTO B X0z peakimu C,.. |, Crpox 1.

Iycts Gy co= X, Torma u C,;,c0,) =X

0,5= 0,01+ x
01-x

[cO,]= 0,0366 monb/n

[cO]= 0,0734 monb/n

- pELIEHHE MONYUYEHHOTO YPABHEHHS TO3BOJISET ONPENEITHUTS | |

CmMeleHne XMMnN4eCcKoro paBHoBecus

Onpenensercs npunuunom Jle Hlareawe: eciu na cucmemy, naxooaugyrocsa é pasnoese-
cuu, nOOeiicmeosams UzeHe, Mo pasHosecUe CMeuyaenmcs 6 CHopoHy moil peaKkyuu,
Komopas ocaaobnsem oxkazvleaemoe 03oelicmaeue.

1) Bausinne C
Jlerxo yBUIeTh M3MEHEHHUE B OTBITE B3auMoiericTBrs xaopuaa xxenesa (111) ¢ ponanu-
nom ammonust FeCl,+3NH, CNS— Fe(CNS),+3NH , Cl

On-xént OecuBeT KpPOBaBO-KpacH OecCIBETH

a) 1 C (FeCl,), okpacka 1, —

C ... CMEIIACT PABHOBECHE B CTOPOHY MPOTYKTOB PEAKITUU
6) T C(NH,CNS), okpacka 1,—

B) T C (NH,CI), okpacka |, <

ITpu ysennuenuu C,,,, paBHOBECHE CMEIIAETCSA B CTOPOHY MCXOJHBIX BEIIECTB.
2) Baussaue T
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—>
A+B¢«~ AB AH<O0, repmoanHamuy. 3amuch 3K30TepMUYECKas
A+B2 AB + Q — TepMOXUMUY. 3aMMHUCh peakuus

1 T GmaronpuaTCTBYET SK30TEPMHUUECKON peaKIuu
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TEMA 6. PACTBOPbLI. PACTBOPbI SJIEKTPOJINTOB

HNaeajbHbIE PACTBOPLI

NP — 510 pacTBOpHI, B KOTOPBIX HET B3aUMOJICUCTBUS MEX 1y komnoneHTamu.K 1P
npuoIKaroTcs odeHb pasdasiernsie. s aux AH=0, AV=0, a AG<0, T.x. ST. CBoiicTBa
UJICAUTBHBIX )KUIKUX PACTBOPOB AHAJIOTUYHBI CBOMCTBAM ra30BbIX CMECEH.

[Ipu cMelieHnu ABYX Ui 00Jie€ KOMITIOHEHTOB MPOUCXOIUT 00Opa30BaHUE HOBBIX
COCIMHECHUM, €CITH IMEET MECTO XMMUIECKOE B3aUMO/ICHCTBUE, WITH €CITH 00pas3yroTcs
CMECH.

MeHeneeB nepBhIi BEIABUHYJ TEOPUIO O TOM YTO PACTBOPOM HA3BIBAETCS yCTOM-
Y1Bas FOMOT'€HHAsl CUCTEMA, COCTOSIIAs U3 IBYX UK 00JIee KOMITOHEHTOB.

B Helt paznuyaror aucnepcHyo dha3y v IUCIEPCHYIO CPEey .

Kaaccudbukanus pacTBopoB

1. Ilo pazmepy "acTull WK MO CTENEHH aucnepcHocT. Pasnnyatot: rpybonucnepc-
Hble (pa3mep yactull == 100 uM). U xomnouiHble.
Cpenu HUX: a)3MYJIbCUU;
0) a’p0o30.1H;
B) CYCII€H3UU;

HucnepcHas | Pactipenensiemoe | YcinoBHBIE [Ipumepsl reTepOoreHHbIX
cpena BEIIIECTBO 0003HaYCHUSI | CUCTEM
T T T-T Musepaibl, 6€TOH, KOMIIO-
K K-T 3ULIMOHHBIE MAT.
I [-T [TouBbI, TPYHTBI, KaIluI-
JISIPHBIE CUCTEMBbI
Kartanuzaropsl B ra30BbIX
CHUCTEMAxX
K T T-XK CycneHsuu, nacTel, MyJjb-
XK K-2K I1a, UJIbI
OMyIbCUH, TIEHBI, HE(PTh,
MOJIOKO
I T T- a3p030JIH, TbLIb, JbIM
K K-T' a’p0o30J11, TYMaH

B 0CHOBHOM 3aHMMaeMcCsi U3y4YEHUEM PACTBOPOB MOJIEKYJISIPHOM M MIOHHOM CTEIIEHH

AUCIICPCHOCTH. MX Ha3bIBarOT UCTUHHBIMU pacTBOpaMu.

2. [1o arperaTHOMy COCTOSIHUIO:

T-crumaBer; K- CuS0O, B Boze; I'-BO3MyX

3. [1o conepkaHuio paCTBOPEHHOTO BELIECTBA

1) KonnentpupoBaHHbIe U pa30aBICHHBIC
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2) HaceblieHHble (JaJIbHEMILIETO PACTBOPEHMS HE MPOUCXOIUT), HEHACHIIICHHBIE U TIEpe-
HACBIILIEHHBIE ( HEYCTONYHMBBIE CUCTEMBI).
4. Tlo pacTBOpUMOCTH
1) Xopomo pacTBoprMbIE
2) Maino pacTBopuMbIe
3) IIpakTHyecku HepacTBOPUMBbIE

CuiibHbIE 3J1€KTPOJIMThI

K auM oTHOCATCS

- xucnorel: HCl, HBr,H],HNO,, H,50,,HCI0,

- ocuoBaunus (mémoun): LiOH, NaOH,KOH, PbOH,CsOH, Ca(OH),,5r(0H),,Ba(0H),
-OO0JIBIIIMHCTBO COJICH

I[JUI CHUJIbHBIX 3JICKTPOJIMTOB XapaKTCPHaA IIPAKTHYCCKHU ITOJIHAA AUCCOTHUALINA.

MexaHu3M paCTBOPEHHUS CHJIbHBIX 3JIEKTPOJIHUTOB

1 sTanm 2 sTarn 3 aTan

®© ® &% |0 o O
| ee ﬁ+ O
NI Q Q @ @8
c—Na* O )
DO

MMB 1-]1 h-n

Nmeer mecto MMmB Mexay | MoH-nunonsHOE B3anmo- | B pacTBopax CHIIBHBIX

MOJIEKYJIaMU PaCTBOPH- JEUCTBUE : MOJIEKYJIbI AIEKTPOJIUTOB MOHOB

TEJISl U MIOHHBIM KPUCTAJI- | paCTBOPUTENA pa3pyllia- | MHOTO, IO3TOMY, HECMOT-

aom — OPUEHTALU- 10T KPUCTAJUIMYECKYIO ps Ha TUAPATHBIE Y-

OHHBIE — B3aumoneiict- | perérky NaCll «Boitac- ObD», HOHBI TOAXOIAT

BHSI MEXKIy MOJIEKYJIaMH | KUBAKOT» HOHBI B PACTBOP | APYT K APYTY U MEXKAY

pacTBOPUTENS U BOJBI. Y HAaYMHAIOT OKPYKaTh HUMH UMEET MECTO UOH-
ATU MOHBI THJIPATHOMN JIATIOJIBHOE B3aUMOICUCT-
00010uKOH(TUIpaTHOU Bue. [loaTroMy B neicTBu-
11y0oit) UMEeT MEeCTO TEIHOCTU JUCCOLUALINS
HOH-IUIIONBbHOE B3auMoO- | He aBisgerca 100% u mist
JIEUCTBUE. PacTBOPOB CHIIBHBIX

BJIEKTPOJIUTOB BBEICHO
MNOHATHUE AaKTUBHOU
KOHLIeHTPalHH

a=f,-C,rne a— axrtuBnas C
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fa - K03 PHUITMECHT aKTUBHOCTH
C - KOHIIEHTpAIHs pacTBOpa
f. BBI3BaH NPOSBICHUEM HOH-MOHHOTO B3aUMOJICHCTBUA. B CHIIbHO pa30aBiIcHHBIX
pacTBopax, TJie MeXIy HOHAMH MHOTO MOJIEKYJI pacTBOPHUTEIA, ojaratot f, = 1 u Torga
a=C,
B peasbHBIX pacTBOpax f, HaXOMAT IO TAOJMIIE B 3aBUCHUMOCTH OT HOHHOW CHJTBI
pacTBopa.

I= %Z C,Z% , rnel — nonnas cuna pactBopa
C; - KOHIIEHTpALIKS HOHOB
Z{ - ux 3apsamsl
HonHas cuna pacTBopa paBHa MOJIyCyMME MPOU3BEISHUS KOHIIEHTpa-
U BCEX MOHOB, HAXOISAIINXCS B paCTBOPE, HAa KBaJIpaT UX 3apsa.
| BEIYMCIISIOT JIJ1s1 TOTO, YTOOBI 3aT€M 110 TabJIMIle HAMTH KO PUITMEHT aKTUBHOCTH
f(a)=f(1)

[IpuMephI BEIYMCICHUS HIOHHOW CHJIBI

C, (HCD=0,5 HCI & H*+ClI-

Jano: ‘ Pewenue:
‘ 0,5 0,5 05

1-? |=%( (0,5-(+1)2+0,5(-1)?)=0,5
Jlano: Pemenue:
C,(H,80,)=055| H,SO, & 2H"+SO,*
0,5 2:0,5 05
I-?
:%(1'(+1)2 +0,5(-2)*)=1,5
Jlano: Pemenue:
C,(Al,(SO,),;)=0,05Al,(SO,),=2 AlI*+3S0, *
0,05 2-:0,05 0,05
[-?

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

I [Ins1 pa3psiia MOYKHO 3HAKH HE YKa3bIBaTh!
PaccMmoTpum paBHOBECHE MEXTy paCTBOPOM H ocajkoM, Hanpumep, BaSO, . AGco-

JIOTHO HEPACTBOPUMBIX BEIIECTB HET, TO3TOMY JUIIOIN BOAbL, COPUEHTUPOBABIIKCH OTI-
peneneHHBIM 00pa3oM, pa3pyiiaroT pemetky BaSO, u nepeBoasT B pacTBOpP HOHBI COJIH.
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PactBOpenue:
= K, —»peakuus 0-ro nopsiika, T.K. C BemecTsa Ha HOBEPXHOCTH HE MEHSIETCS.

U pacms

ITo MCPC HAKOIUUICHHA NOHOB B PACTBOPEC MCKAY HUMHU HAYMHACTCA BBaHMOI[CfICT—
BHC.

Ba?+S0%* — Ba SO, |

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

1) ocasx

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

© [Ba][SO]
Bpp= ——

K, IIK

[IpousBeaeHne pACTBOPUMOCTH = IMPOU3BEACHNE KOHIICHTPAIIHH.
ITP npuseneno B tabauue: I1P .o, = 1:107°

YcnoBus obpazoBanus ocaaka: [TIK>ITP
YcnoBus pactBopenus ocaaka: [IK<IIP

IToka He Oyner nocturnyta BenuuuHa [1P, BemecTBo OyieT nepexoauTs B pacTBOP.

Pemienue 3aga4 Ha 00pa30BaHUE M PACTBOPSHHUE OCAIKA

3anuieM ypaBHEHUE B 00IIEM BHJIC ISl BBIYUCIICHHS PACTBOPHUMOCTH BEIIECTBA.
JTUCCOL]
Al,S, 2 2AI*+3S*
X obp. 2X 3x
ocang
YcnoBue obpazoBanus ocazaka: [Al*]*[ S ]°>IIP
B oOmem Buze niis A B, :

1IP
= n+m
S +\/ n"mnm - (opMyIa 1St BEIYUCTIEHUS PACTBOPUMOCTH BEIIECTBA.

3anaua 1. Beruucnure pacTBOPUMOCTb B MOJIB/J U B I/71 opTodocdaTa Kanblus, a
tak ke C,, nono Ca* u ¢pochar-noHOB B HackleHHOM pacTBope, eciu [P (Ca, (PO, ),

y=2-10"%.
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Jlano:
TP (Ca,(PO,),)=2-10"*.

Penienue:

1) 3anumiem ypaBHeHHE 00pa30BaHMS OCAIKA:
Ca**+2 PO, * - Ca,(PO,),

3x 2X X

S[momaw/n],[r/m]-?
Cc,[Ca*]-2C,[PO,*]-?

2) 3anuiieM ycjaoBHe 00pa30BaHUs OCaIKa:
[Ca*][PO,*]> TP (Ca,(PO,),)
[Tycts C(Ca, (PO, ),) B Monp/1=S=x
Tornma [ Ca* ]=3x, [ PO, * ]=2x
(3x)*(2x)*=IIP

x=5‘/E: COD =7510 Momb/n
108 0

3) UroOBbl BBIYMCINUTE S B I/J1, Hy’KHO 8&38 ‘M
M(Ca, (PO, ), ) = 3-40+95-2 = 310 r/mos
S=7,5107-310=2,3-10" r/n

[ Ca* ]=3x=3-7,5-10"=2,25-10"° monb/n
[PO,* ]=2x=2-7,510"=1,5-10"° momp/n

3amaua 2. [TP(AgCl)= 1,78-10"°. Kako#i V Bojbl HOTpeOYETCS I PACTBOPCHHSI

1r. aToro BemiecTna?

Jano:
IMP(AgCIl)=1,78-10"°
m(AgCl) =1r.

V (H,0)-?

Pemenue:
M(AQCI)=143,5 r/moib
1) YpaBHeHnue o0pa3zoBaHus OCaIKa:
Ag*+ Cl-— AgCI
2) ycnoBue 00pa3oBaHUs OCaIKa:
[Ag*][ CI ]=IIP (AgCI)
3) S=[Ag*]=[Cl ]=1IP ~1 3-10"° momb/n
3

S=1,3-10"°-143,5= 1,86-10_ r/n
4) Paccuutaem V Bojsl st pactBoperust 1r. AgCI

V(H,0)= 1= _ 53765

S 186

3amaua 3. Beimamaer mu ocagoxk AgCl npu cnuanuu 50 mu. 0,1M pactBopa AgNO
, €200 M. 0,2M pactBopa HCI?
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Jlano: Penienue:

C,(AgNO,)=0,1 M 1) 3anumiem ypaBHeHHEe 00pa30BaHMs OCaIKA MPU

V(AgNO,)=50 mu. B3aHMOJICMCTBUU YKA3aHHBIX BEILIECTB.

V(HCI)=200 mur. AgNO,+ HCI-AgCI{ + HNO,

C,(HCH=0,2 M 2) 3anuiieM yciaoBue oOpa3oBaHus OCaIKa:

[Ag*][ Cl-]>IIP (AgCl) Ocamok-?
Jo cusanns: AGQNO,; 2 Ag™+ NO, ~, Tk.
0,1 01 01
ITocne cnmuBanns: V ;1
V ;= 50+200=250 m.

3) CooTHollleHHs TPU pa30aBICHUE:
CM1V . =CM2V2

C,.=[Ag"]= C\;“Vl = O’;;fo =210 Mo/

0061
PaBMepHOCTB V 34C€CHh HE UMCCT 3HAUCHUA

4)C. .=[Cl]= Cvmlvl = 0’222500 =1,6-10"" momb/n

00y
5) Paccuutaem I1IK u conoctaBum c I1P:
[Ag*][ Cl]>TIP (AgCl)
2:107%-1,6-10*>1,78-10*;
3,2-107°>1,78-10 " — ocamoxk |

JHepreTuKa NpoueccoB pacTBOPEHMs
WsBecTHO, uTO npu paszdasnenuu H, SO, ,,,, TPOMCXOIUT CUIILHOE Pa30IPEBAHUE,

nosTomy, yuutbiBas p(H,SO,)= 1,867 r/em*>p(H,0)=1r1/cm®, H,SO, Bcerna npioT
B BOJLy, @ HE HA00OPOT.

[Ipu pacTBOpeHUH BeUIECTBA PACTBOP CUIIBHO OXJIAXKIAETCS, T.€. UMEET MECTO B3au-
MOJCHUCTBUS:

PactBopenue + pactBoputeab— B-BO B + Q

B-Ba pacTBope

rae, Q — rertoBoi A3 ¢eKT mpoiiecca paCTBOPEHHS.

IIpu pacTBOpEHUU UMEET MECTO PA3PYLICHHS KPUCTAIIMYECKON PEIETKHA PacTBO-
psemoro BemectBa. Ha 3To Tpatutcs sueprus u npoucxoauT npouecc CAJIbBBATAIINNA
(3a cueT MOH-AUTOJIBHOTO B3aUMOACHCTBHS).

Ecnu pactBopurens - H, O, To npoucxoaut nponecc TMIAPATALUU. ITpu sTom
SHEPTUs BBIJEISIETCS.
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Ot cooTtHomenus E pa3zpylieHnst KpUCTAIIMY. PEMIETKH pacTBOPsEMOro B-Ba v E

canbBaTallMy 3aBUCUT (Q peaKiuu:
ecmm Q .., >Q.....» TO PACTBOPEHHUE - MPOLIECC SHAOTEPMUYECKUI

eciu Q < Q... TO pPaCTBOpEHHE- MMPOIIECC IKZ0TEPMHUUECKUI

paspyu
Jduccounanust Boabl. BonopoaHblili moka3areib.
H,O - oueHb cIadbli AMEKTPOIUT. ITO aMPOJIUT (M KUCIOTAa U OCHOBAHHUE).
H,O0=H"+OH - ynpomieHHOe ypaBHEHUE AUCCOLUALINN.
H* +H,0 — H,O- (MOH OKCOHUS).
Jlanee MOXeT IpUCOSTUHUTRCS 10 4H ¥ 10 oOpa3oBanus H,O; .
MBI BOCTIOJIB3YEMCS YITPOLICHHBIM YPABHEHUEM

+1% -

a — [H ] [OH ] :1,8*10_16
[H.0]
1000

MoxHO cuuTars, 4TO [H,0]=C_ = ST 55,5mon6/ 1

1. BOBI

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

[H'][OH]1=10" =K, , =K, UOHHOE NPOU3EEOeHUe B00b

DT0 XapakTepHO A t° = 22° —25°, Jnsa t° =100° K, , =74*10™, 1.e. ¢ Tt K, o 1.
UeMm 1 ogna C, TeM | conpsiKEHHAs C HEW pyrasi.

HeiiTpansHblii pacTBOp: [H*]=[OH ]=+v10* =107[Z] = [2?"®]; pH=pOH=7.
Jl Jl

Kucsiii pacteop: [H*]>107; pH<7.

[lenounoii pacteop:[H*]<107; pH>7.

PaboTath ¢ MajIbIMU BEIMYUHAMH HEYJOOHO, U 10 IPEIJIOKEHUIO TaTCKOr0 Y4eHO-
ro 3epeHceHa ObUIO BBEJIEHO MOHSITHE BOJOPOAHOTO MOKa3aTesl.

pH =-Ig[H"] pOH = —Ig[OH "] cudpoxcunvuwili noxazameis.

Ecnu nponorapudmupoBath HOHHOE MPOU3BEICHHUE BOJIBI, TO MOTYy4uUM (hopmyiy:
pH + pOH =14

[H"] 107 10 10~ 107° 107"

! ' ' ' ; ' ' ; ' ' ; ' ' ; i I A0TA 1]]-[
o 1z 3 4 5 & 7T & ¢ 1 1 12 13 14

[OH"] 107% 107 107 10 10
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HonHoe mpou3sBeleHUE BOABI TOBOPUT O TOM, YTO Jajle€ B KOHIIEHTPHUPOBAHHBIX
BOJIHBIX PacTBOpax MPHUCYTCTBYIOT THAPOKCO-TPYIIIIHL.

s xapaktepuctuku PH pacTBOPOB CYyIIECTBYIOT 0COOBIE BEIIECTBA — WHIMKATO-
pbl. beiBaloT xuakue, Hampumep, (eHondTareuH, METHIOpaHX, JakMmyc. CyliecTBYIOT
OyMakHBIC, HATIpUMEP, YHUBEpCAbHAS WHANKATOpHAs OyMmara, a TakyKe TOUHbIC 3HAUCHUS
pH omnpenenstoTcs ¢ momorkio npudopa pH-metp.

3nauenue pH pacTBopa BIUsSET HA MPOLECCHI, MPOUCXOISIINE B paCTBOPE.

Berancnenue pH pacTBOpOB CHITBHBIX U CITA0BIX 3JIEKTPOIUTOB.
3agaua 1. Beruuciuts pH pactBopa HNO, .

JlaHo: Pemenue:
0,01 x HNO,. HNO, - cnabplit >1eKTPOIHUT.
pH -?

[H*]=vVKo*C =+10**102 =102 = pH =3

3agaua 2. Beruuciurs pH pactBopa H,SO, ¢ C, =0,05u
Jlano: Pemienue:

pH =-lga

(H")

0,01 x H,SO,

J{ns1 pacTBOPOB CHIIBHBIX JIEKTPOIUTOB

[Ipexae yeM paccuuTaTh, IOCUUTAEM
| = %*(2*0,05*12 +0,05*%2%) =015

H,50,=2H" + SOf_
0,05 2-:0,05 0,05
ITo ta6mume f,=0.8=a=0,8-0,05=0,04=4*10"
lgfH ]=1lg 4*1072 = lg4+Ig 1072 =0,6021 —2 = —1,3979
pH=1,3979 nn pH=1.4.

OO6paTHas 3aaaya.

Jlano: Pemenue:
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[H™ ]=10""" [OH ™ ]=10
pH=12,34 Bl
pOH =14 -12,34 =1,66 CM. aHTUJIOTaApUPMBbI
[H]-2
[OH"]-? [H]=10"%* =10"*10%% = 4,571 *10 " monb/1
[OH ]=10"% =107 *10%% = 2188 *10° MouIb/1

3agaua 4.
Jlano: Pemenue:
0,05NH,OH NH,OH - citaboe ocHOBaHHE

NH,OH =NH, +OH~ T.K. c1a0. 3JIEeKTPOJIUT

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

JKo*C JKo*C
Io crpaBouHHKY [OH "] =Ko *C =+/2*10° *5%102 =10

POH=3= pH=11

TEMA 7. JIEKTPOXUMHNYECKHWE CUCTEMBI. OKUCJIMTEJIBHO-
BOCCTAHOBUTEJIBHBIE CBOMCTBA BEIIIECTB

Crenenb OKHMCJeHHsI — 3TO (OPMAIBHBIA YCIOBHBIM 3apsjl aTOMa B MOJICKYJIE.
O6o3HauaeTcst HaJl aTOMOM U(GPaMU C COOTBETCTBYIOIIUM 3HAKOM. JTa BEIUYMHA MOMKET
OBITh TIOJIOKUTEILHOMN, OTPUIIATEIIFHOM, HYJIEBOU, TPOOHOM.

O603HavaeTcst UGPON ¢ COOTBETCTBYIOIIUM 3HAKOM.

[TonoxuTenbHOE 3HAYEHHE CTETICHW OKHCICHUS XapaKTEepHO JJIi aTOMOB, OTAAlo-
IIUX CBOU AJICKTPOHBI (IIETIOUHBIE METAILIBI, MPOTOH UMEIOT CTETIEHb OKHUCIICHUS +1).

HyneBas cTeneHs OKUCIEHHUST B MOJIEKYJIaX MPOCTHIX BEIIECTB.

@dTOp B CBOUX COCIUHEHUAX MMEET 3aps -1, a I KUCiIopoia B OOJIBIIMHCTBE CO-
EAMHEHUI XapaKTepHa CTENeHb -2, X0oTs B nepekucu H,O, ona paBHa -1, B coennHeHUH
OF, paBna +2, a B Haanepokcuae KO, -1/2.

Pacyer creneHn OKHUCJICHUS.

OCHOBHOE MPABUJIO:

AJsredOpanveckasi CyMMa CTerneHeil OKMCJICHU aTOMOB B MOJIEKYJIe PAaBHA HY-
JII0, B CJIOKHOM HOHE — 3apsi/ly 3TOI0 HOHA.

PaccuntaeM creneHb OKHCIIEHUS a30Ta U cepbl B Mojiekysne azotHoir HNO3 u cep-
Hoit H,SO,4 kucnor. O603HaYMM HEU3BECTHOE Yepe3 X, YMHOKHUM CTETIEHb OKHUCIICHUS pac-
CMaTpUBAEMOI0 aTOMa Ha YUCJIO 3TUX aTOMOB M COCTABUM YpaBHEHHUE:
X
HNO;

56



Hanpasnenue noocomosxu 13.03.01 « Tennosnepeemuxa u meniomexnuxa  DURGAN
[

IIpoghunv «nepeoobecneuenue npeonpusmuily S |
Memoouueckoe obecneuenue PII[] B1.0.07 «Xumusy» mMan_

(+1) -1 + X -1 +(-2)-3=0 x=+5

) ——
H N O3

X
H,SO, (+#1) -2 + X-1 + (2)-4=0 x=+6

YtoOBI onpeaeuTh CTEIeHb OKUCIICHHS MapraHiia, Gocdopa, Xjiopa ¥ XpoMa B HO-
- 3- - 2-
Hax: MnOy4, PO,”, CIO3’, Cr,0; aHalorMYHO COCTaBJISICM ypaBHEHUS, HO IPUPABHUBAEM
UX K 3apsay HOHA.

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

ClO;y x + (-2):3=-1 X =45
Cr,0;” x2 + (-27=-2 x=+6

C TOUYKM 3peHVs U3MEHEHHUS CTEIIEHU OKUCIIEHUS XUMUYECKUE PEAKIIUU MOTYT IIpO-
TEKaThb JBOSIKO: JINOO CTENEHb OKHCIIEHUS OCTAETCsl NOCTOSHHOM, JIMOO MEHSET CBOIO Be-
nnuuny. Hanmpumep:

+1-1 +1 -2 +1 +1 -1 +1 -2
HCI + NaOH —> NaCl + H,O - 0e3 usmeHeHns CTENEHN OKUCICHUS

0 0 +3 -1
2Al + 3Br, = 2Al Br; — Al u Br noMeHsu B pe3ysibTaTe peakiliu CBOH CTEIICHH OKHC-
JICHUS

Peaknuu, nporekaromye ¢ M3MEHEHUEM CTEIEHU OKHUCJIEHHS aTOMOB, BXOISIIUX B
COCTaB PEArupyrolInX BEIIECTB, HA3bIBAKOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU. B
TAKUX PEAKIUAX MPOUCXOAAT OJHOBPEMEHHO JIBa IPOLECCA — 3TO OKUCIIEHUE U BOCCTa-
HoBJIeHUE. PaccMoTpum ux.

OxmuciaeHueM Ha3bIBACTCS MPOLECC OTAAYM AJIEKTPOHOB. [Ipn 3TOM cTeneHp Okuc-
JICHUS TTOBBIIIAETCA. ATOMBI, MOJIEKYJIbl WJIM MOHBI, OTAAIOIINE JIEKTPOHbI, HA3bIBAIOTCS B
OCCTAHOBMTEJ S M H. TAKUM 00pa3oM, MPOIECC OKUCICHUSI TPOUCXOIUT C BOCCTa-
HOBJICHUEM.

BoccraHoBieHHeM Ha3bIBAETCS MPOLECC NMPUCOCIUHEHUS SJEKTPOHOB. CTeneHb
OKHCJIEHUS TIPHU 3TOM MOHMXKAETCS. ATOMBI, MOJIEKYJIbl UJIM UOHBI, TPUHUMAIOIIUE DJICK-
TPOHBI, Ha3bIBAIOTCS O K M ¢ I U T € J A M U. Clie1oBaTebHO, TPOLIECC BOCCTAHOBIICHUS
MPOUCXOJUT ¢ OKHUcIUTesIeM. CXeMaTUYHO 3TO BBITJISIIUT TaK:
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-e
" OKHCJICHUE "
BOCCTAHOBHUTEJIb OKMCJINTE]b
< =Y <
< LI <
BOCCTAHOBJICHHE
TUnUYHbIE BOCCTAHOBHTEIH — 3T0 MeTawibl (ZN, Fe, Al u T.1.)!'Bogopo, smemeH-

ThI B HU3IIUX CTENICHAX OKUCIICHHUS.

Tunu4HbIe OKUCIUTENN — 3TO FaJOTeHbl, OMXpOMAT Kajus, XJIOpHas BOJIa, a30THAs
KHCJIOTa U €€ COJIM, OEpTOJIETOBA COJIb, LIAPCKas BOJIKA, IEPMAHIaHAT Kajus U Jpyrue Be-
IIECTBA, B COCTaB KOTOPBIX BXOJST ATOMBI B BBICIIUX CTEICHSIX OKUCIICHUSI.

BemiecTBa, B cOCTaB KOTOPBIX BXOJST aTOMBI C POMEKYTOYHOM CTEMEHBIO OKUCIIEC-
HUSI, CHOCOOHBI OBITh M OKUCIUTENISIMU M BOCCTAHOBUTEIISIMU B 3aBUCUMOCTH OT APYroro
KOMIIOHEHTA peakiuu. K HUM OTHOCATCS IEPEKUCH BOAOPOAA, CYIb(PUTHI U T.I1..

YacTo OOUH U TOT K€ BJIEMEHT MOKET MPOSBIATH PA3JINYHBIE CTETIEHU OKUCIICHUS.
HekoTtopsie mpumepbl TPUBEIACHBI B CISAYIONIECH TaOIuIIE:

Bo03MOXHBbIE CTENEHU OKUCIIEHUS PSAJA DIEMEHTOB

v

OKHCJICHHC
One- CreneHb OKHCIICHUS
MEHT
B coelr 3| -2 -1 10 +1 +2 +3 +4 +5 +6 +7
HEHHUSIX
Xinop HCI | Cl | HCIO ClO, | HCIO HCIO
2 3 4
Mapra- MnClI MnO, HMnO,
Hell 2
Cepa st S SOZ HzSO4
AzoT NH3 NZ Nzo NO N203 N02 HNO
3
Kucno- Hzo H202 Og
pona
VYrnepon CO CO,
Kpaiinue cnesa — Kpaiinue cripaBa —
TOJBKO
TOJIBKO BOCCTAHOBUTEIIb OKHUCJIUTEN
ROCCTAHQBICHUE
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THUINbI OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX peamml“d .

Peakniun MexkMOJIEKYJISIPHOTO OKMCJIEHUA-BOCCTAHOBJICHUSA
(OKUCIUTENb U BOCCTAHOBUTEIh MPUHAJICKAT Pa3HBIM BEILIECTBAM, T.€. HAXOIATCA
B Pa3HbIX MOJICKYJIAX).
-1 +4 +2 0
4 HCl + MnO, »> MnCl, + Cl, + 2H,0

Peakniun BHYTPUMOJIEKYJISIHOTO OKUCJIEHUS-BOCCTAHOBJICHUS
(OKMCIHTENb U BOCCTAHOBUTENb HAXOAATCS BHYTPU OJIHOM MOJIEKYJE, HO 3TO JMOO
aTOMBI PA3JIMYHBIX AJEMEHTOB, JUOO aTOMbI OJHOTO JIEMEHTA B PA3HBIX CTEMEHSIX OKHC-
JICHUS).
+5 -1 0
2KCIO; —» 2KCI + 30,

-3 43 0
NH4N02—) N2 + 2H20

Peaknumn 1ucnponopuuoOHUpPOBaHHUSA.

OKucauTeIh U BOCCTAHOBUTENb — 3TO aTOMBI OJIHOTO M TOTO K€ 3JeMeHTa. B xoze
peaKuu OJHU MOBBIIIAIOT CBOIO CTENEHb OKUCIIEHUS, IPYTrUe MOHMKAIOT. ITO XapaKTep-
HO JIJISI aTOMOB B ITPOMEKYTOUYHBIX CTENIEHSAX OKUCIICHHUS.

1+l
C,’ + H,O — HCI+HCIO

PaccranoBka K03(p)(pUIIMEHTOB B YPABHEHUSA OKHMCJIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakuui
MeToa DJEeKTPOHHOI0 0aJIaHCA.

AJITOPUTM:
1. Omnpenenutb CTENEHU OKUCIEHUS AJIEMEHTOB M YCTAHOBUTH JJIEMEHTHI,
MOMEHSIBILIME CTENIEHU OKHUCJIEHMsI, BBIMUCATH MPOLIECCHl OTIaYU JIEKTPO-
HOB — OKUCJIEHUA, n npucoenunenus snekrpoHoB — BOCCTAHOB-
JIEHUA;
2. IlogoOpaTth KOX(PPUIUMEHTH — JOMOJHUTEIbHbBIE MHOKUTEIHU, MO3BOJISIO-
e ycranoBuTh BAJIAHC DJIEKTPOHOB. Yuer uncina 31€KTpOHOB He-
00XOJMMO BECTH Ha BCIO MOJIEKYJY, T.€. YUUTHIBATh YMCJIO aTOMOB MTOMeE-
HSIBIIUX CTENEHb OKUCIICHUS;
PaccraButh K03 HUITUECHTHI;
OcymecTBUTH MTPOBEPKY (Ualle BCETO MyTeM 001Iero 6asanca aToMOB KHU-
ciopona).

B~ w
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Ipumep 1.

PaccMoTpuM peakiuio B3aMMOJCHCTBHS jKelle3a ¢ XJIOPOM. 3aluIleM CXEeMYy peak-
UYL,

Fe + Cl, — FeCl; (1)

HcxomaHbie BemecTBa JKeJIe30 U XJIOP dJICKTPOHEHTpaabHbl. B pe3ynbTaTe peakmuu
CTETNIEHb OKHUCJICHHS JKelle3a craja +3,a xjopa -1. BeimuieM aTombl, KOTOphIE TTIOMEHSUIA
CBOIO CTEIICHb OKHUCIICHUS, TPOCTABUB MOCIETHIOI CBEPXY HaJ aTOMaMHi. Tak Kak XJop 10
peaKuy HaXOJWICA B MOJIEKYJISIpHOM (popm, TO cobitoias MaTepHalibHbIN OaaHc, mocie
peakiuu (mocie crpenoukn) mnepen ClI° craBum kosddumment 2. PaccraBuMm creneHn
OKHUCJICHUS ¥ TIPOBOJAMM PACCYKICHHS:

Fe - Fe”

2)

cl,  —2cCr

ATOM 5KeJe3a CO CTENEHBIO OKHCIICHHS, PABHOI HyINO, IpeBpamacTcs B nou Fe** co
cTeneHbto okucienus +3. [Ipu 3ToM 0H OTHAET TpU IJICKTPOHA, SBIIICTCS BOCCTAHOBHUTE-
JIEM, CaM K€ B pe3yJIbTaTe PEaKIUU OKUCIISETCS.

3anoMHHUTE: 0TAAJ € — OKUCJINJICS, CAM SIBJISIETCSI BOCCTAHOBHTEIEM.

DieKTpOoHEHTpaIbHas 10 peakluu MoJjieKysa xyopa npespamaetcs B 2Cl° ( B aBa
(dbopMalIbHBIX MOHA XJIOpA C 3apsAIoM MUHYC oAuH). [Ipu 3TOM Kaxablii aToMm, a UX JBa,
MpPUHUMAET 10 1€, T.e. Bcero 2 3IeKTpoHa. XJIop, MPUHUMAS 3JIEKTPOHBI, BOCCTAHABIINBA-
€TCsl, CaM K€ SIBJISICTCS] OKUCITUTEIIEM.

3anmoMHUTE: B35/ € — BOCCTAHOBMJICS, CAM SIBJISIETCS OKHCJIUTEIEM.

Takum oOpazom, cxemsl (1) u (2) npeBpamaroTcs B ypaBHEHUsI 3JIEKTPOHHOTO Oa-

JaHca.
KoaddurmenTst
Fe® - 3e  — Fe* - mpouecc oxucieHns (3)
Cl% + 2e —2Cl - mpouecc BOCCTAHOBICHHS 4)

OtnensieM BepTUKAIBLHON 4EpPTOM ClieBa HAIMCAHHBIE YPaBHEHMS DJIEKTPOHHOIO Oa-
JIAaHCA U OCYLIECTBIISIEM 0100 KO3(DPHUIIMEHTOB:

d) YKa3bIBAIOT YHCJIO MEPEIICIINX IEKTPOHOB, B JAHHOM CJIy4ae 3T0 3 U 2;

b) HaxonsaT Mt HUX HauMeHblee odmiee kpatHoe — HOK — B paccmaTpuBaeMoM
npumepe 3T1o 6;

C) moaduparoT K03(HUIIMEHTHI; 3TO YaCTHOE OT JCJICHUS HAUMEHBIIIETO OOIIEero
KpPaTHOTO Ha YKCJIO MEPEUIeANNX 3JEKTPOHOB. JTO YUCHA: MIEPEN KEIE30M 2
U Tiepes XJIOpoMm 3.

KO3 PUITMEHTHI HOK YHCIIO € ypaBHEeHUs OajlaHca
2 3 Fe - 3e - Fe”
B-JIb j
6
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3 2 c:lo/F + 2 - 2CI

JlelicTBUTENLHO, HEOOXOMMMBIE IS 3° MOJIEKYI XJI0opa 6 DJIEKTPOHOB MOTYT IAaTh
JIBa aToMa JKeJiesa.

3anuieM cCyMMapHO€ ypaBHEHUE:

2Fe + 2Cl, —» 2 FeCl;

Ipumep 2. C ydgeToM pacxoaa KUCIOTHI Ha cOJIco0pa30OBaHuUE.

3anuireM ypaBHECHUE PEaKIIUU MEXKy MEIbI0 U KOHIICHTPUPOBAHHOW a30THOM KH-
ciotoir Cxema peaKIuu CJIeTyrOoIIast:

+5 +2 +4
Cu’ + HNO; —» Cu(NOj), + NO,

PaccTtaBuM cTereHr OKHCICHHS. 3alMIIeM CXEMbI JJICKTPOHHBIX IEPEXOJIOB IS

aTOMOB MEJIH U a30Ta, TOMCHSIBIIIMX B XOJI€ PCAKIIUU CBOU CTCIICHH OKHCJICHHMSL.
cu’ — Cu* - mpomecc OKHCICHHS
N*™ —N" - mporecc BOCCTAHOBICHHS

Umeem 1o peaxtun Cu’, N*°, mocne peaxupun Cu®*, N**. Cregosarensho, B xoze pe-
aKIMW aTOM MEIM OTIAJ JIBa 3JICKTPOHA, a aTOM a30Ta MPUCOSAMHMI JICKTPOH. Menb sB-
JISIETCSl BOCCTAHOBHTEJIEM, B XOJI€ PEaKIIMA OKUCIISICTCS, CTCIICHb OKUCIICHUS €€ TOBBIIIa-
eTcsl. A30T CO CTENICHBIO OKUCIICHHUS +5 SBISICTCS] OKUCITUTEIIEM U, IIOHM)KAsi CBOIO CTETICHb
OKHCJICHUSI, BOCCTaHABJIMBACTCS.

Takum 006pa3om, ypaBHEHUS HIEKTPOHHOTO OalaHca UMEIOT BU:
ko3punmentet HOK uwmcno e

1 2 |Cu’-2e — Cu® - mpomuecc OKHCICHNUS
2
2 1 N*™ +1e > N* - mporecc BoccTaHOBICHHs
Cu + 2HNO; + 2HNO; — CugNOg3), + 2NO, + 2H,0
BOCCTAHO-  OKHMCJHUTE]b Ha c0J1e00pa3oBaHu
BUTEJIb T

[Togo6paB koxhummeHTsl, 3anuieM cymMmmapHoe ypaBHeHue. OTMETUB TIpeaBapu-
TEJLHO OJHY OCOOEHHOCTh TaKMX peaknuid. [Ipu oKuCIeHuN METAIIOB KUCIOTaMHU OOBIU-
HO WYT €I MPOIECCHI COJIeo0pa30BaHus, T.€. CBA3BIBAIOT MOJYUYUBIIHECS MOHBI METall-
JIOB aHMOHAMH KHCIJIOT B HEWUTpalbHBIC MOJICKYJbI. [T03TOMY 00IIICe KOTUYECTBO MOJICH
KHCJIOTBI OyJIeT HECKOJILKO OOJIBIIE, B HAIIIEM MMPUMEPE OHO PaBHO YETHIPEM

Cu + 4HN03 —> CU(NO3)2 + 2N02 + ZHZO

OOBIYHO CyMMapHOE ypaBHEHHE MOCIIC PACCTAaHOBKU KOAG(OUIIMEHTOB Mepe OKHC-
JUTEJEM ¥ BOCCTAHOBUTEJIEM MUIIETCS] HA OCHOBAHUM OOIIUX TIPABWII IJIsI YPaBHEHUH pe-
akiuii. Jlemaercs 3To MOTOMY, YTO BCSKOE YpaBHEHHE B KOHEYHOM MTOTE €CTh OTOOpake-
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HUE 33aKOHAa COXpaHEHUs MAacChl BEUIECTBA, & JJIsI OKUCIHUTEIbHO-BOCCTAHOBUTEIBHBIX
IPOLIECCOB 00sI3aTENBFHO COXpaHsETC elle OaaHc 3apsiioB.
IIpumep 3.

BizSg + HNOg - B|2(804)3 + NO + Hzo (CXQMa)

W3 ypaBHEHHs peakUuu BUAHO, YTO IOMEHSUIM CBOM CTEIEHHW OKHUCIIEHUS cepa U
a30T. Cynbdun npeBpatuics B cyab(har, IOMEHSIB CTENIEHb OKUCICHHS C  «- 2» 10 «+6»,
T.€.

S* - 8 > S%
BOCCTaHOBUTEIIb

HO KaK OTMEYaJIOCh PaHEEe, YHUCIO OTAAHHBIX AJIEKTPOHOB HY)KHO yKa3bIBaTh JJIS

MOJIEKYJIbI CyIb(puIa BUCMYTa, YUUTHIBAs, YTO B KXY BXOJUT TPH CYJIb(PHUA-UOHA, T.€.
3s? - 24e > 38%

A3OT U3 HUTpPAT-UOHA, B KOTOPOM HMMEJ CTETIEHb OKUCICHUS «+5», IpeBpaTUICS B

okcup azota (1), co crenenpro OKUcIeHus «+2», IPUCOEINHUB TPHU AIIEKTPOHA
N*° + 3 —> N7

Taxum oGpa3om, ypaBHEHUS AJIEKTPOHHOTO OanaHca, MoA00p HAUMEHBIIETO 00IEro

KpPaTHOTO U KO3((OULIMEHTOB BBIMJISIAAT CAEAYIOIHUM 00pa3om

ko3 urmentet HOK  uwmcio €

1 24 3S? - 24e — 3S*®— mporecc okucneHus
B-ITh
24
8 3 N® + 3e > N"—mpomecc
OK-J1b BOCCTaHOBJIECHUS

VYpaBHeHue ¢ paccTaBlIeHHBIMU KOd(hPHUITIEHTaMU
BizSg + 8HNO; —> B|2(804)3 + 8NO + 4H,0

ITepen monexynamu a30THOM KUCJIOTHI U okcuaa azoTa (ll) koadduruent «8». Co-
Osroast 6alaHC aTOMOB BOJOPO/JIA, MEped MOJIEKYJION BOJBI B MPABOM YACTU ypaBHEHUS
HEOO0XO0IMMO TOCTaBUTh Kod(dduiueHt «4». [IpoBepky Bcero ypaBHEHHS MPOBOJIUM, CO-
XpaHsisi 6ayiaHc aTOMOB KUCIopojia: 24 aToma B JIEBOM YacTH YpaBHEHHUS (10 CTPEJIOYKHU) B
8 monekynax HNO3 u (12 + 8 + 4) = 24 B npaBoii: B Tpex Cyab(OUT-HOHAX, B 8 MOJIEKyIax
okcuja azota (l1) u 4 Mmonekynax BOJBbI.

B kauectBe MPUMEPOB, TMPOBOLHUPYIOIIUX HHTEPEC K  OKHUCIUTEIBHO-
BOCCTAHOBUTEIBHBIM PEAKIUSIM, WLTIOCTPUPYIOIIUX BO3MOKHOCTA METOAA, MOXKHO MpH-
BECTH CJICAYIOIINE YPABHEHUS PEAKIIUU:

IIpumep 4: 1Ba BOCCTAHOBUTEINS U OJIMH OKUCIUTENb.

N3BecTHast cO MIKOJBI peakiys 00KUra MUpuTa — NepBasi CTaJusl MPOMBIIIIIEHHOTO
croco0a MoJy4eHHs CEpHOM KUCTIOTHI.
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1) cxema
FeS, + O, —» Fe,0; + SO
2) ypaBHEHHMs DIEKTPOHHOrO OajaHca

-le +10e
4 11 |Fe”SsY, - 1le - FE° + 25174
B-JIb
44
11 4 0% + de - 20%
OK-JIb

3) ypaBHEHHE peakKIu ¢ KodhUITUMESHTAMH
4FeS, + 110, = 2Fe,0O; + 8SO0O,
IIpumep 5: 1Ba BOCCTAaHOBHTEIS, OJUH OKUCIUTEIb, IPOOHAS CTCIICHb OKHACIICHHMSL.
+4/3 -4 +5 +3 +4 +2
Fe; C + HN nga36. —> Fe(NO3)3 + CO, + NO + H,0O
1) ypaBHeHUs 3JEKTPOHHOTO OanaHca:

-5e
‘ 8e \|L l
3-(4/3) ‘ -4 +3 +4
3 13 Fe;C -13e — 3 Fe + C
39
+5 +2
13 3 N + 3e — N

2) ypaBHEHHUE peakiuy ¢ Ko3pPHuiueHTaMu

3Fe; C + 40HNOspazs. — 9Fe(NT3)3 + 3CO, + 13N

OB csoticmesa eewjecme 3asucsam om pH cpeowi

Kucnas cpena:

2KMn+7O4 + 5Na28+403 + 3H,SO, — 2Mn+28+604 + K,SO, + 5Na,SO, + 3H,0
becysemnas

+ 20H,0
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] 2+ «
e Mn“" - 6ecysemmnuii

=5

MnO,

[
g »

HeUumpanbHas

Mn*®0, — 6ypuiii ocadox

MAUHOB0 - (huoremoswiil

»
Tie '

+6 o
wenounas Mn 04 - 3€JleHblU

»

Mn™" +5e_, Mn*}y 5

S™-2e— S™
Hevirpanbnas cpena:

2KMn*’0, + 3Na,S™0;3 + H,0 —» 2Mn*{0O, + 3Na;S*°0, + 2KOH

6| 3| -soccmanosnenue, okuciumens

Mn*" +3e— Mn*
S™-2e—» S*
[llenounas cpena:

2KMn*'0, + Na,S*0; + 2KOH —» 2KMn*®0, + Na,S*°0; + H,0
25

Mn*" +1e—» Mn
S™ _2e—» §*°

OI[HOﬁ nus3 CTaI[I/Iﬁ IMOJIYUYCHUA cepHoﬁ KHUCJIOTHI SIBJISCTCS 00XKUT IMUpUTA:

W
3

»

+le

10| 2| - eoccmanosnenue, okuciumens

5 OKUCJieHue, 6occmaHosumeslb

2| - OKucjierue, 6occmaHosumetb

2| 2| - soccmanosnenue, OKucaIumens
1 |- oxucnenue, goccmamnogumeins

4Fe*2Sy = 1109 - 2Fef3052 + 85+ 052

Fe*? _1e— Fe™
25" - 10e—» 25™
09 +4e — 057

4

- OKUC/IeHUEe, 60CCMAHOBUMEIb
11| 44| 4 - OKUCTIeHUe, B0CCMAHOBUMED
11| -soccmanoénenue, oxkuciumens

Takum 006pa3om, B 3TOI MOJIEKYJIE IBa BOCCTAHOBUTEIIS

be3yciioBHO, HENOCTATOYHO OrPaHUYMBATHCS YMEHHUEM 3alMChIBATH pPa3JINYHbIC
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHBIC peakiuu. Heo0XxoaumMo yMeTh pacCUuThIBaTh 3HaYeE-
HHE SKBUBAJICHTOB OKUCIIUTENSI U BOCCTAHOBUTES, UTO MTO3BOJISET B JaJbHEUIIEM, B KYp-
CE aHAJTUTUYECKON XUMUU MPOBOJIUTH PACUEThI, TPEOYIOIINECS MPU MPUTOTOBICHUU COOT-
BETCTBYIOIIUX PACTBOPOB. « XUMHUECKHUI Oarak» CTyJIEHTa MO 3TON TeMe BKIIIOYAET, KPO-

M€ TOr0, YMEHHE OIPEICIATh

HAaIlpAaBJICHUE TAaKUX PEaKLHnil,

CMOneHCKmiA
( DUInAN

YMCHHC [aBaThb

KOJIMYCCTBCHHYIO OLICHKY I‘J'IY6I/IHBI IMPOTCKAHUA OKHCIUTCIbHO-BOCCTAHOBUTCIBHBIX PC-

aKIUH.
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TEMA 8. YCTPOUCTBO U YCIIOBUSI PAGOTbI TAJIbBAHUYECKNX 3JIE-
MEHTOB. XUMWYECKUE NCTOYHUKUN TOKA.

Eciy onycTUTh METAJUIMYECKYIO TUIACTUHY B BOAY, TO, T.K. HE CYIIIECTBYET a0CO-
JIIOTHO HEPACTBOPHMOTO BEIIECTBA, AMIIONN BOIbI BHITACKHBAIOT HOHBI ZN°* M3 KpHCTAI-
JMYECKOMN pEeIIeTKU U OHU MEePEXoasT B pacTBop. [limacTuHa 3apskaercs OTpULATENBHO.
Taxum oOpa3om, Ha TpaHHIle BOSHUKAET JBOMHON 3JIEKTPUUECKHM CIIOM.

Zn
+|-
+ |-
H,O
Ecnu onycTUTh IMHKOBYIO MJIACTUHY B pacTBop ZNSO,, TO OTH
HpOHeCCBI 6y,Z[YT HpOTeKaTB 3HAYUTCIIBHO 6BICTpee.
Zn
+ -
+ -
ZnSO4

Ha rpanune MeTtamui-pacTBOp BO3HUKAET PaBHOBECHBIM ITOTECHIIUAT.

JI719 Mall0OaKTUBHOTO METAJIAa BUJ ABOWMHOTO CJIOS CJIICAYIOIINI:

Cu
-+
-+

CuSO,

HemnocpencTBeHHO W3MEpUTh TTOTEHITHAT HEBO3MOXKHO. HeoOxomum anekTpo1 cpas-
HeHus. B kadecTBe HETO BBHIOPAH BOJOPOJHBIN JIEKTPO, MOTEHIIMAT KOTOPOTO YCIOBHO
MIPUHAT PaBHBIM HYJIIO.
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Cxema BOAOPOJAHOTI'O 3JICKTpOJa.

B cocya ¢ cepHOM KMCITOTOM OITylIEHA -
— H,  mnnaTuHOBas miacTUHKA, MOKPHITAS

. N
MJJATHHOBOW YEPHBIO, KOTOpas HACHIIICHA
BOJIOPOJIOM.

HSO, T« H, [ToTeHuMa TakoTo AIEKTPO/aa YCIOBHO

OPUHAT paBHBIM (.

CxemMa raJlbBAaHUH4ECKOTr0 DJIIEKTPOJIUTA JUISI U3MEPEHUS CTAHIAPTHOTO DJIEKTPOIHOTO IMO-
TECHIHAJA.
\ Cu

[_{ \ .

N AL
/L Zn50: QJ&;\

/ ,, \

umroprni snextpos JnexTpomnTageckuil wroa K Cl+arap-arap Megmsiii anextpoa

A) Zn

v, i

Jdpvroe H300paKeHHE!
Vi Cy—

ZnS0y I CuS0q
TTonynpoHHIIaeMas IeperopoaKa

PaBHOBECHBIN MOTEHIIMAT HA TPAHUIIE METAUI—PACTBOP JJII METAUIMYECKOW Ijia-
CTUHKH, OIYIICHHOW B PAacTBOP CBOEH COJM C aKTUBHOCTHIO 1MOJIIb/JI, U3MEPEHHBINA TpHU
CTaHJAPTHBIX YCJIOBHUSIX OTHOCUTEJIBHO BOJOPOJHOTO 3JEKTPOJA, MOTEHIHAT KOTOPOTO
NPUHSAT PABHBIM HYJIIO, HA3bIBACTCS CTAHAAPTHBIM JJIEKTPOHHBIM MOTEHUIHMATIOM (B
nanpHetmem COII). EOZn2+/Zno
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Ecnu 3nauenus COII pacnonokuTe B NOPSAAKE BO3pACTaHUs, TO MOJYyYUM psI akK-
TUBHOCTHU (HaNpsDKEHHUSI METAJJIOB, KOTOPBIA HAUMHAETCS ¢ JUTHS). OH COEPKUT MOTEH-
LAAJIBI IOYTH BCEX METAJUIOB, BOJOPOJAA U 3aTEM ITOTEHIIMAJIBI HEAKTUBHBIX METAJLJIOB.

Yewm menbine EY, Tem ApUYe BBIPAKEHO BOCCTAHOBUTEIBHBIM CBOWCTBA, TEM JIEMEHT
OnmKe K Havaily psja.

Kax1p1i1 mpeIpInyIMil BEITECHSIET ITOCIEAYOMNN U3 pacTBOpa.

Ecnu ycnoBust OTAMYHBI OT CTaHAAPTHBIX, TO 3HAYEHUE PABHOBECHOI'O MTOTEHIHAIIA
HaxoJiT 1o ypaBHeHHo HepHera:

E=E’+RT/nF*Ina /.

DTO ypaBHEHHME HAIKMCAHO JJIA Ipolecca BOCCTAHOBJIECHU; pu Temneparype 25C
R=8,31, F=96500K In=2,3lg ypaBHeHue npeodpa3yercs:

E=E’+0,059/n*1ga,/as0c Qo= 1p.p.5a =1
JIst MeTaIn4ecKoi HJ'IaCTI/IHKa, OIyIIECHHAs B PACTBOP ypaBHEHUE MPUHUMAET BHI:

E= Eo 0,059 0,059 | ga Me
Hpe):[nonaraeTc;I fa=1, o 8" ye=Cme""
E= E0+0059|gCMe

3HaquHe PABHOBECHBIX IMOTEHIIMAIOB NO3BOJISAIOT paccunTaTth JJC pexumu:
I1C=E»=Eok.-EBoc.
Ecnmu E>0—peakuus unetr, E=0—paBnoBecue E<0 — uner oOpaTHas peaxiusi.

TEPMOANMHAMUKA OBP
N3 nonoxenunit T/] ©3BECTHO, YTO CAaMOIPOU3BOJIBHBINA MIPOLECC BO3MOKEH, €CIIN
ACL,_, < 0, BO-NIepBBIX, BO-BTOPHIX, HOHBI M€, MMEIOIIHE TTONOKUT. 3apsi/l, TPOHUKAOT B
pPacTBOp AJI-JIUTA U COBEPIIL. pabOTy B MOJIE OTPHUII. MOT-JIa TPAHUIILI pas3zena. JTa pabora
paBna: A=-nFE,.
Ona KoMIIeHCHpYeTCs padOTON CUCTEMBI:

AGp = —nFE, g —_8% 103

# o =

T.e., mo60ii camonpon3BoasHOM OB mporiecc M.0. ICTOYHUKOM 3J1. IHEPTHUH, T.€.
CITy’KUTh XMMHUYECKMM UCTOYHUKOM Toka (XUT).

ACp = —RTInKk;
—RTInK = —nFE,;
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E — RTInK

3 =

nF
Hpu K=8.31 JIx/(K*moms), T=298K, F=96500K1, InK=2.3IgK/.

_ bos9

n

E, w gk

DJIEKTPOXMMHYECKHE MPOLecChl
OTH mpoliecchl pacCMaTPUBAIOTCS HA TPUMEPAX MPOLIECCOB MpOoTeKaromux B [,
IIPU DJIEKTPOJIN3E U KOPPO3UHU.

FANNbBAHUYECKWIA INEMEHT (I'9)

B OBP »nekTpoHbl HEMOCPEACTBEHHO MEPEXOIAT OT BOCCTAHOBUTENS K OKUCIIUTE-
0. Ecii mponeccsl OKUCIIEHNUSI 1 BOCCTAHOBJIEHUS PA3LAEIUTh, & JJIEKTPOHBI HAIPABUTH
0 METAIMYECKOMY IMPOBOJIHUKY, TO TaKas CHCTeMa IMPEACTaBIseT cOOOM raibBaHUYE-
CKHM DJIEMEHT.

I'D cocTouT U3 ABYX dIEKTPOJAOB, NOTPYKEHHBIX B PACTBOPHI CBOUX COJIEU, COEU-
HEHHBIX JJICKTPOJIMTUYECKAM KIIIOYEM WM PA3JAEICHHBIX IOJYIIPOHUIAEMOU IIEPEropoi-
KOMW, YTO IPEAOTBPAILAET NPAMOE, B3aUMOIEUCTBYE. B ralbBaHNMYeCKOU Lenu IPOUCXOIUT
IIPOLIECC NIPEBPALLIECHUS XUMUYECKON YIHEPTUH B AIEKTPUYECKYIO.

AHOAOM B JJICKTPOXHMHHM Ha3bIBACTCH JIEKTPOd, M0 KOTOPOMY HNPOMCXOIHUT
OKHCJIEHUE, TO eCTh 0Ta4a 3J1eKTPpoHa. OObIYHO aHO/ 3apsDKEH OTPULIATEIbHO UIIH SIB-
Jsiercst 0os1ee aKTMBHBIM METAJLJIOM, OH ITOCBIJIAET 3JIEKTPOH B aKTUBHYIO LIETIb.

Katoaom Ha3bIBaercsi 3JIEKTPOA, HA KOTOPOM IPOMCXOAMT IpOLEcC BOCCTA-
HOBJICHHS, 00BIYHO MeHee AKTUBHbIM METAJLII.

Bremnsa nens. 3JIEKTPOHBI —

v

AHOJI Karon

0.

“BHyTpeHHsA Lelb: ¢ AN
Buennsis nens — MeTaNIMueCKUN MPOBOAHUK (2JIEKTPOHHASI IPOBOJIUMOCTD ).
BuyTpenHsis uenb — MOHHBIA pacTBOp (MOHHASI TPOBOAUMOCTB ).
CXEMA CTPOEHUA I'AJIBBAHUYECKOI'O 2JIEMEHTA.
B cko0kax yka3bpIBarOT 3HAKH JIEKTPOOB, IPUUEM TMPUHSTO aHOJ] 3alMChIBATh Cle-
Ba, KaTOJ1 — CIIpaBa.
Opna BepTUKaJIbHAS YepTa 0003HAYAET TPAHUILy METAJl — PACTBOP, JIBE — TPAHUILY
ME¥K]ly pacCTBOpaMHu.
(A Me)|Me™||Me," IM,° K(+)
N3o06pazum '3, cocrosmuit 3 MMHKOBOTO U METHOTO AJIEKTPOIOB:
Buenn. nemns
[ v
Anon (-) Karox (+)
A |
BHYTp. LIEMb: p-p 3J-JIUTa, 00JIadar0IIui
MOHHOUN IPOBOJIUMOCTBIO
Cxewma 3anucu ['9:
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(DA Me? | Mel™ || Me;*™ | Me  K(+)

| - rpaHuIIa MEKTY 3apaaMu OJHOTO B-Ba
|| - rpanuIIa MeK Ty B-BaMH

Tuner I'D:
1) meaHo-muHKOBBIN I'D win I'I lanmaas-Axoou:
Cxema I'D Jlanmdns-Sxoou:

- +
(-)A: Zn| ZnS0,||CuS0O,| Cu K(+)

(-)A: Zn® |Zn**|| Cu*| Cu K(-)

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

.

— IIponecchl Ha 3IEKTPOAAX:
“ B pou pox
—

—— | TOP: Zn® + Cu** = Zn** + Cu® - yp-e
T uSO; TOKOOOpasyrouieit p-u.

[IprunHOM BO3HUKHOBEHUSA U MPOTEKAHUS
ToKa B ['D sABIIsSIETCSA pa3HOCTH NMOTEHIIMAIIOB.
9I[C:E3 = EKaTu:u,qa —E

JInst mpakTuKK 0o0Jiee BaXKHOM BeNMMIUHON siByisieTcs HanpspkeHne U < E,

asoga

U=E. —Jr — AE

,  Tne Jr - oMuueckue moTepu
AE - motepu Ha MOJISIPU3ALIHIO

2) I'D Boabra: 2 pa3Hbix Me, HAXOIAIIMXCS B PACTBOPE OJTHOTO AJICKTPOJIUTA, B KO-
TOPOM JIBE TUIACTUHKH, HAIIPUMEP, [IMHKOBAs U MEJIHAasl IOTPYKEHbI B pAaCTBOP
H,S50,. TIpu ero paboTe MHKOBBIN aHO]I PACTBOPSETCS, a HAa MEH, IIOBEPXHOCTh
KOTOTOPO# Hackimaercs H,, mporcxoaur ero BeigencHue.

T.0. B KaU€CTBE KaToJia BOSHUKAET BOJAOPOJHBIN JIEKTPO/I, @ HE METHBIN.

Cxema I'D Bospra:

()A: Zn®|Zn?*|H,S0,|2H*|H, (Cu) K(+)
B ckoOkax cripaBa yka3. Mecto Bbimen-s1 H, — Mek,

3) KoHUeHTpauuoHHbIe 'J: 2 0OMMHAKOBBIX AIIEKTPO/IA MIOTPY>KEHBI B PACTBOP OAHOTO
3IEKTPOJINTA, HO ¢ pa3HO# koHenTpaiwei (C; 1 C;)
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(-)A: Cu® | CuS0, || CuSo, |Cu® K(+)
AHOIIOM SIBIISIETCS DJICKTPO B O0siee pa30aBICEHHOM pPacTBOPE.
Paccunrtaem asyms cocobamu E, (DJ1C) menno-muakoBoro I'D.

1. E2 24,5, = —0,76B
E22+ /0, = —0,34B

TOP: Zn® + Cu?t —= Zn** + Cu®
E, = Eiarons — Eanosa = 0,34+ 0,76 = 1,18
2. E, = —AC * 10% /nF
Yro651 paccuntaTs AC, ncn-em crenctaue n3 3akona Iecca.

TOP: Zn® 4+ Cu** = Zn** + Cu°

ACx.p.=—147,16 — 65,56 = —212,72x/lx

_ 212720
296500

=1,1B

3

Buabl 351eKTpPOI0B.

1) DnexTpoabl mepBoro poaa: Me morpyeHsl B pacTBOPbI CBouX coJieit. Kpome To-
ro, K TAKMUM 3JIEKTPOJaM, OTHOCST aMaiblaMHbIE AJIEKTPOJIbI.

2) DeKTpo sl BTOPOro pojaa: Me MOKPHIT CII0eM MajopacTBOPUMOTO COCTUHECHUS
Y OIYIIEH B PacTBOP, COJIEPKAIIUIA aHUOHBI, OJJHOMMEHHBIE C aHHOHAMH TPYTHOPACTBO-
PUMOTO COETUHEHUS.

Hanpumep Ag*|AgClL C1**

B ¢Bs131 ¢ TOCTOSTHHBIM 1 XOPOIIIO BOCTIP. TTOTSHITUATIOM, TaKUE JIEKTPOIbI HCIIOb-
3YIOTCSI B IOTCHIIMOMETPHUH KaK JICKTPOBI CPAaBHEHUHI.

3) BomopoaHblii 351eKTpo/1 (YCTPOHCTBO CM. paHee).

INOTEHIHAJIbBI 'A30OBBIX 9JIEKTPO10B.

BonoponHslid, KUCITOPOAHBIN, XJTOPHBIN 3JEKTPOIBL.

PaccmoTtpum no nopsiaky. I'a3oBbie 2IEKTPOABI COCTOSAT U3 METAIIMYECKOTO IMPO-
BOJIHUKA, KOHTAKTHPYIOIIETO OJTHOBPEMEHHO C T'a30M M PAaCTBOPOM, COJEPKAIIUM HOHBI
ATOTO 3JeMeHTa. MeTauM4ecKd MPOBOJAHUK CIYKUT JJIsl OTBOJIa M MOJIBOJIA DJIEKTPOHOB,
TO €CTh JUIsl mepenadu 31eKTpoHOB. OH HE JOJDKEH ydacTBOBAaTh B IPOIECCE, JOJHKEH
ObITh MHAU(D(PEPEHTHBIM K ATOMY TIporieccy, mpexke Bcero Pt, rpadwur.

Bonxopoanslii 3s1exkTpoa. [loTeHInansl ra30BbIX 3JIEKTPOAOB 3aBUCAT OT MaplUallb-
HBIX JIaBJICHUM Ta30B U COOTBETCBTBEHHO AT BEJIIMYMHBI BXOAAT B ypaBHeHue HepHcTa.

BonopoaHsblii 351eKTpOA: ypaBHEHUE TOKOOIIPEAEISAIOIIEH pEAKIIAM:

2H"+2e=H,’°

VYpaBaenue HepHera 1151 3TOTO mporiecca:

E:EO+ @

n
IIpu paz6apnennu fa=1 u ay.=[H"] u Pnpy=1(umcTslif Bonopox), Toraa

Ig a%4/Ppy
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E=0,0591g[H"] wmam E=-0,059pH

[TocTtpouMm rpaduk 3aBUCHMOCTH 3HAYCHHH TOTECHIIMAJIOB BOJOPOJIHOTO 3JIEKTPOIa
OT BeIUYUHBI PH:

E

0 14pH

~0,828B

KHCJOPOJHBIN DJEKTPO/I. AHaIOrHYHO BOJIOPOIXHOMY MOXHO —CO3/aTh
KUCJIOPOAHBIN, TOrAa
0, P/OH'

ITponecc Boccranosnenus onuceiBaercsa ypasaeanem O,+2H,0+4e=40H"
0 0,059
Eozion- =E° oziom- + = Ig Poz*a 20/’ on-=

_20,401+0,0147|gP02+0,0147|g a Hgo/a OH-
anoo— cons’t =1
[OH-]=Ka/[H+]

Eogon- =0,401+0,01471gPo,+0,0147Ig[H*]*/(10™%)* =

= 0,401+0,01471gPo, — 0,059pH+0,826=

=1,227 + 0,0147IgPo, — 0,059pH/

Eciu O, — unctsiit, To Po,=1, IgPo,=0, Toraa:

3aBUCHUMOCTh 3HAUYEHUIN MOTEHUHAIAa KHUCIOPOJHOrO 3JIEKTPOoAa OT BeaudyuHbl pH
pacTBOpa OIpPENEIAETCS YPaBHEHUEM:

E opion. =1,227-0,059pH

['paduik 3aBUCUMOCTH BEIMYWHBI 3HAUYCHUS DJICKTPOIHOTO MOTEHIIMANIA KUCIOPOI-
HOTO JIEKTPOJa OT BeJIMuuHbI pH.

1,227\
0,401

0 14
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KuHeTHKA 3JIeKTPOIHBIX NPOIIECCOB.
Ioasipu3anysi: KOHIEHTPAIIMOHHAS U YJIEKTPOXUMHYECKAsI

KMHETHUKA SJIEKTPOJHBIX ITPOIIECCOB

KuneTrnka 371eKTpOAHBIX MPOIECCOB M3Y4YaeT CKOPOCTh M MEXaHU3MBI dJIECKTPOJI-
HBIX MIPOLIECCOB U 0a3UPYyeTCsl HA OCHOBHBIX MOJIOKEHUSX OOBIYHON KHUHETHUKH.

v=f(mpupona, t, C, karamuzarop, S)

JI1s 3IIEKTPOXUMHUYECKUX MPOIECCOB CKOPOCTh 3aBUCHT, L=F(mpuposa, t, C, kara-
JU3aTop, S W elle Chjia TOKa).

OOBIYHO UCTOJB3YIOT 1= J/S — MIOTHOCTH TOKA.

['eTeporeHHbIN AIEKTPOXUMHUYECKUN TPOLIECC COCTOUT M3 HECKOJIBKUX CTaui.
OTO psif MOCIEeTOBATENBHBIX PEAKITHIA:

1. ITongBox peareHTOB K 3JeKTpoAy. [Ipy 3TOM MPOMCXOAUT MACCOMEPEHOC BEIlle-
CTBa U3 00BEMa K IIOBEPXHOCTH SJIEKTPOIOB.

2. AncopO1ys Ha MOBEPXHOCTHU 3JIEKTPOA.

3. mepexoi 3apsHKEHHBIX YaCTUIl Yepe3 TpaHuily paszzena (a3 MeTaui-pacTBOP
3NeKTpoJnTa, T.€. noHn3zanus — 310 DJIEKTPOXUMHUYUYECKAA CTA M.

4. JlecopO1usi ¢ MOBEPXHOCTH.

5. OTBOJ MPOAYKTOB OT AJIEKTPOJIa B PACTBOPE.

Kpome toro, umerotr mecto u Jipyrue ¢azoBbie MpeBpalieHusi, CBsI3aHHbIE ¢ 00pa-
30BaHHMEM WJIH Pa3pyILICHUEM TBEPAbIX Tell, a TAKXKE C BBIJICICHUEM WM MOTJIOMICHUEM ra-
3a. [Ipy MrHOBEHHOM OCYIIECTBICHUH KaXKI0M CTaANM MOJISIpU3aIiis Obl OTCYTCTBOBAjA U

IMOTCHIO XA Ha 3JICKTPOAaX HC MCHSAJIUCH.
E

E. const

»
»

Panee ObUI0 OTMEUEHO, YTO PEANIbHBIN JIEKTPOXUMHUUECKUN MPOLIECC CBS3aH C MO-
JAPU3ALUEN U MIOITOMY UMEET MECTO U3MEHEHUE IEKTPOIHBIX MOTEHIHUAIOB IPU MPOXO-
KJCHHUU 10 HUM JJIEKTPUUECKOrO TOKA, T.€. MOJIAPU3ALIUSL.

Ecnu n3BecTHa npyu4rHa MOJAPU3ALNHI, TO UCIIOIB3YIOT TEPMUH MEPEHANIPSHKEHUE.
Paccmotpum Buapl momspusanuu. PaznmmyarOT KOHUEHTPAUMOHHYK) WU DJIEKTPOXHUMUYE-
CKYIO TOJISIPU3ALIUIO.

KoHueHTpanmonHass noJisipu3aius BbI3BAHA 3aMEIJIEHHOCTBIO MACCOIIEPEHOCA
craauii (1,2,4,5).

Zn Cu

Zn cu**
| .
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ZnS0O, CuSOq,

[IOU[Zn**]1-yBen. TIOU[CU*] |
EAr? Exl
Homnyctum n3menenne C npousonuio B 10 pa3, To: EaHOHa=EOZn2+/Zn+0,059/2|glO;
E>E°
Exarona=E’ci2+/c,+0,059/21g10™"; E<E®

Ex

1
| AEKaTt A

/} AEHOza v U=E,-Ir-AEnonsp.

Ea

SBnenue nonspusanuu 1Mo ypaBHeHHIO HepcHcTa:
AEmnomnsp.xonnen.=RT/nFlgay/a,
[pu pazbaBieHun a=C, Tak kKak fa=1
C
AE-RT jg=s
nF C\/
B npuaiIeKTpoAHOM €II0€ BO3HHMKAET Pa3HOCTh KOHIICHTPAIMA Ha MOBEPXHOCTH —
Cs u B pacTtBOpE
i
Mosno 3amcath AE, .= % lg(1-
n

IIPE]].

), TA€ Inpe,=NFDC/S-Tommuna cnos.

BriBoa: uem Gomnbire D, Cv u MeHsIle 0, TeM MeHbIe AEKOHIL., T.€. IepeMeIIn-
BaHME CrIOcOOCTBYeT yMeHbIIeHU0 AEKOHTI.

DJIEKTPOXUMHYECKAS MOJISIPU3ALHS.

DnekTpoxumuueckas cragusi — cooctBeHHo OB peaknus. Kak u mobas peakuus
CKOPOCTb 3TOM peakuuu 3aBucuT oT Ea. Uem menbine Ea, Tem ckopocTh X.p. 6osbiie. B
OTJINYME OT KOHLEHTPALMOHHOW MOJISIPU3aLHH 3JIEKTPOXUMHYECKAS MOJISIPU3ALMS T10-
MHMO IUIOTHOCTH TOKA 3aBUCHT:

-OT NPUPOJBI YACTHLL;

-0T MAaTEPHUAIA U XapaKTePa MOBEPXHOCTH DIIEKTPOIOB;

- OT ITIOCTOPOHHMX MOHOB U [1aB B anexTponure

[IprunHON 3aMEUIEHHOTO NMPOTEKAHUS JJIEKTPOAHOTO AKT MOXKET CIIY)KUTh BO3-
HUKHOBEHHUE (Pa30BBIX WM aJCOPOLMOHHBIX MJICHOK Ha MOBEPXHOCTH 3JekTpoja. [loaTo-
My KMHETHUYECKHE 3aKOHOMEPHOCTH IepeHoca 3apsija uepe3 IpaHully pasaena (a3 Ha3bl-
BAIOTCS TEOPUEH 3aMEIIJIEHHOIO pa3psiaa.

AE»n.=a+blgi

OTa 3aBUCUMOCTb I0JIy4nsia Ha3BaHue ypaBHeHUs Tadens. OHO ObLIO MOIYYEHO
IKCTIEPHUMEHTAIBHO, MTO3/IHE TeopeTHdecku. a u b — xoncTanTel Tadenst, rue a=f(mpupomasr
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peakiuu, Mpu MaTepualia 3JeKTpojia, cocTaBa pactBopa u t) b=f(cocraB pacrBopa u t).
b(0,03-0,15).

Koncrants! a u b u3 rpaduxos 3aBucumoctu AE31-x=f(Igi), Toraa tga — xapaxre-
pusyet b. [TocTosiHHBIC a U D HEe OJMHAKOBBI JIJISl PA3JIMYHBIX METAJIOB. BBIBOI: Ha 3Iek-
TPOXMUMUYECKYIO MOJIIPU3ALNIO BIUAET t 1 MaTepuani 3JIeKTpoia.

OuyeBUHO 11 BEIOOpA ONTUMAIBHBIX YCIOBUN MPOBEIACHUS AJIEKPOXUMUUYECKOTO
polecca HEOOXOAMMO U3YyUUTh TUMUTYIOMIYIO CTAJIUIO.

BrisiBieHrne MexaHu3Ma JIUMUTUPYIOIIEH CTa iUy MO3BOJISIET TOA0OPaTh BEIIECTBA,
Ha3bIBa€MbI€ JENOJIAPU3ATOPaAMHU.

B nenom npu npoxoxAeHUH TOKA BOZHHKAET 00a BUAA MOJISPHU3ALUU, COOTHOIIE-
HUE MEXy KOTOPBIMH 3aBUCHUT OT BU/JIA AJICKTPOJIUTA U YCIOBUS paboThI ['3.

PEIIEHUE 3AJIAY I10 TEME I'D.

Anroputm: 1.Cxema I'D

2.57IEKTPOIHBIE peakiuu( MpoIecC Ha aHOJIC U Ha KaTOJIE)
3. TokooOpa3ytomias peakuus (CymmapHasi)

4.pacudeT paBH. NOTEHIMANa 0 ypaBHeHUI0 HepHcTa
S.pacuet D]JIC

3agaua Nel.

Boraucnuts 9/1C u onpenenuTs HalpaBJICEHHE TOKA BO BHEIIHEW menu s [0 u3
KEJIEe3HOM M cepeOpsHON IMIIACTUHKHM, MOTPYKEHHBIX B PAacTBOPBI CBOMX COJIEH, rae
C(Fe*")=0,1momp C(AgH)=0,01M

W3 Tabauipl 3HaY€HHE MOTEHIMAJIOB:

EOFe2+/Feo:'O,44B EOAg+/Ago='0,8OB

Fe aktuBHee AQ, Torna Fe — anon, AQ- KaTo.

e >
(-)A Fe’lFe*||Ag'|Ag (+)K
< AN

DIIEeKTPOHBIE MPOIIECCHI:

(-)A: Fe’-2e=Fe**

(+)K Ag'+e=Ag’

Cymmapnast peaximst: Fe*+2Ag =Fe” +2Ag°

Pacuer paBHOBECHBIX MOTEHIIMAJIOB NP 3aJaHHBIX YCIOBHSIX IO YPaBHEHHIO
HepHcra:

E=E0+0,05919C (;;onosMe™)

EaHona=EOFez+/Fe+0,059/2*|g10'1=—0,44-0,0295=—0,47B

Exatona=E’g./as+0,059/1*1g107=0,68B

Pacuer DJIC: Eao=Ekarona-Eanomna=0,68+0,47=1,15B.

3Hauurt, kak Jro6as OBP Bo3moxkHa , ecau DJ1C>0.
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BANAYANe2. Onpenenure kakass u3 OBP Bo3MokHa, €clii B Ka4e€CTBE OKHCIIH-
TeJIs MCIIONIb30BaTh HOHEI Fe’* . [Ipennonaraemeie OBP:

I,+2e=2I

Br,+2e=2Br

F,+2e=2F

Brinuiem 3nauenue OB norenuuanos, npegiaraeMbix OB map
E0|2/2|--=0,54B E»=0,77-0,54>0- Bo3MoO>KkHA
E%pmr.-=1,07B E»=0,77-1,07<0

E%r-=2,87B E»=0,77-2,87<0

0 _
E FeS+/Fe2+'—0,7
Pemenue: Peakius Bo3moskHa, eciau E>>0.

3amauya 3. CocTtaBbTe CXeMy pabOThl KHUCIOPOIHOBOIOPOIHOTO ['D (cTanaapTHBIE
YCJIOBUS), €CJIU NapluaibHoe AaBieHue razop=1 pH=4

Brruncaure 3/1C.

Pemennie. Ot™Metum, uTo npu Jirooom pH moTeHIman KUCIOpOIHOTO AIEKTPOa

Oynet 0oJbIle BOJAOPOJAHOTO.
1,23

\0,4

-0,8

CrenoBaTenbHO, AaHO — BOJOPOIHBIN 3JIEKTPOI.

(-)A Pt H,0]2H"||20H7|0, Pt(+)K
[Iponecchl Ha ANEKTPOAAX:

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

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

2H2+02+4H+:4H++2H20

2H2+02:2H20

PacueT paBHOBECHBIX TOTCHIIHAJIOB:

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

pH=4 Pacuer mnoTreHIMana aHO/IA MO YPAaBHEHHUIO MJI1 Ta30BOT0 BOJOPOJHOTO
anekTpoaa: Ex=-0,059pH. =- 0,059-4=-0,236B

PacueTt noreHiana karoaa:

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

E=E° + 0,059/4*Igp(0.)*a’y0/a’or.= 0,401 + 0,0147Igp(0,) + 0,0147 * *Igl/a‘on.
= 0,401+0+0,0591g1/10"°=0,401+0,59=0,991.

Pacuer no ypaBHEHHIO Ta30BOT0 KUCIOPOIHO AJIEKTPOIA:

E=1,23+0,0147Igp(0,)-0,059pH=1,227

-0,059*4=0,991.
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S C=Ex-Ea=0,991+0,236=1,227B

TEMA 9. 3JIEKTPOJIN3 PACIIJIABOB U PACTBOPOB 3JIEKTPOJIMTOB

DJIEKTPOJIN3 — TIPOIIECC HAa BJEKTPOJAX MO JIEUCTBUEM 3JIEKTPUYECKOrO TOKA,
[10/1aBa€MOr0 OT BHEIIHEro MCTOYHUKA. [Ipyu 3TOM MpOMCXOIUT mpoliecc MpeBpanieHus
AIEKTPUYECKON SHEPTUH B XUMHUUYECKYI0, KOTOpasi HAaKaIJIMBA€TCA B MPOAYKTaX PEaKIIUH.

["anmbBaHMYECKUM DIIEMEHT
XuMHuecKasi JHeprus > DrekTpuyuecKasi SHeprus
‘SHGKTPOJII/B

Suelika 1Sl 3JIEKTPOIU3a HA3bIBAETCS AEKTpon3epoM. COCTOUT U3 JBYX SJEK-
TPOJOB U JIEKTPOJIUTA.

[Ipouiecc mpu 3JIEKTPOIU3E MPOTUBOIOIO0KEH Tporieccy [3. IloaTtoMy npu 3mek-
TPOJIM3€ KaTOJ 3apsDKEH OTPUIIATEIbHO, TaK KaK MPUCOEAUWHEH K MUHYCY HMCTOYHMKA.
AHOJl — 2JIEKTPO]I, HA KOTOPOM MPOUCXOIAUT OKUCIIECHHE, OH MOAKIIOUEH K mitocy. OKuc-
JUTENbHBIE U BOCCTAHOBUTEJILHBIE CBOMCTBA TOKA BO MHOTO pa3 CUJIbHEE JACHCTBUS XUMMU-
YECKOr0 OKUCJICHHMS U BOCCTAHOBJICHHUS. XapaKTep MPOIECCOB Ha BJEKTPOAaX 3aBUCHT:
MPUPOJIA JIEKTPOJUTA (FIEKTPOIU3 paciljiaBa WM PacTBOPOB), MPUPOALI aHO1a( PacTBO-
PUMBII WJIK HEPACTBOPUMBIH ), KOHIICHTPALIMU, TEMIIEPATYPHI, IJIOTHOCTH Toka U pH.

[ToTenmman u HanpsokeHUe paszioxkeHus — UX.p — MUHMMalIbHOE 3HAYEHUE BHEIII-
HEW Pa3HOCTH MOTEHIMAJOB, MPUIIOKEHHBIX K 3JIEKTPOJaM, MPU KOTOPOM HAUYMHAETCS
ANEKTPOJIN3 JAHHOTO COECTUHEHMUS.

JInst KaXkmoro BeHIeCTBa — 3TO KOHCTaHTa, CTAHJAPTHOE 3HAUYEHHUE, KOTOPOE JTaHO B
cripaBoyHUKe. HampsikeHue pas3inoKeHus PEBBIIIAET pa3ioKeHUE:

Ux. p =Eo+l (raneKTponHTa+ r3HCKTp0,Ha)+ A EnonﬂpmaHHOHHaﬂ

JInst yBenmMYeHUsl CKOPOCTH AJIEKTPOIN3a JIEKTPOIaM MPUKAIBIBAIOT Pa3HOCTh MO-
TEHIMAJIOB, MPEBbIIAONTYI0 Bennunny J/C.

[Ipu sTOM PHEpPTUS, 3aTpaunBaeMasi Ha KOMIICHCAIIUI0 OMUYECKUX MOTEPh U MOJIs-
pHU3aIuio, MpeBpaniaeTcs B TEIIOTY. DTO MPUBOIUT K MEPEPaACXoay dICKTPUUECKON dHEP-
ruu. PaccMoTpuM 35eKTpous.

Bo03MOXHbIE TUIIBI TPOLECCOB AJIEKTPOJIN3A:

1. DnekTponu3 pacmiana (pa3ioKeHUe FIEKTPOIUTA)

2. DIJEKTPOJN3 PaCTBOPOB (Pa3I0KEHUE MIEKTPOIUTA PACTBOPUTEIS )

3. DIEeKTpOan3 Cojiel, METAJJIOB, C PACTBOPHUMBIM aHOJIOM, KOTOPBIA U3TOTOBIICH

U3 3THX K€ METAJLJIOB.

B kauecTBe HepacTBOPMMOI0 aHOAA PACCMATPUBAIOTCS SJIEKTPOJbl U3 IJIATHUHBI,
3010Ta, peako upuaus, ocmus, PbO,, rpadura.

3amejyieHue CKOPOCTH aHOTHOTO PACTBOPEHMS BCIIECTBUE 00pa30BaHUS 3alUTHBIX
CJI0€B Ha3bIBaeTcs naccupaiue. [loaToMy B KauecTBE HEPACTBOPUMBIX aHOJIOB MOTYT U C-
M0JIb30BaTh METaJll, HA KOTOPOM OOpa3yeTcs 3allluTHas IUICHKA: 11, TaHTall, Hep)KaBero-
mas craib, Fe u Ni.

E uneptHOro anona > E kucimopogHoro snekTpoaa. PaccMoTpum 37eKTposn3 pac-
I1aBa Ha MHEPTHBIX AJIEKTPOJIax:
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CaCl,=Ca’*+2CI

(-)K Ca**+2e=Ca’ — BoccraHOBICHHE

(+)A 2CI - 2e=Cl,° — okucnenne

Cymmapras: CaCl,=Ca’+Cl,’

Ecii B paciuiaBe HMEeTcs CMeCh KaTHOHOB, Hampumep Zn>', Pb® ,Cu®*, to mocue-
JIOBaTEJIbHOCTh UX BOCCTAHOBIICHHS ONPEICIACTCS 3HAUYCHUEM WX CTaHJAAPTHBIX MOTCH-

[1AJIOB.
Zn? Pb?* Cu?'
-0,76 < 0,34

Boccranosnenue HUACT C JJICKTPOJINTA, Y KOTOPOI'O IIOTCHIHAJI OoubIIIE.
Oxucnenue Ha aHOJC IMPOTCKACT TCM JICTYC, 4YCM MCHBIIC 3HAYCHHC ITOTCHIIHMAJIA
AaHHUOHaA.

[Tomuu! [locenoBaTenbHOCTD Pa3pPSIKHU:
(+)AHoa: B IepByIO o4epenp yactua ¢ Emin
(-)Kartox Emax
Eciu AE< 1B, T0 HAYT OAHOBPEMEHHO HECKOJIBKO MPOLECCOB

B BOOHBIX pacTBOpax 3JEKTPOJIUTOB C MHEPTHBIMU SJEKTPOJAMH MOSIBISAETCS BTO-
poe BemiecTBo, yuacTHUK nporecca — H20. [Ipu orcyrerBun runponusa (conu 1V tuma) —
cpena HetpanpHas. ['uaponus no anuony (cons nepsoro tuma). pH>7. OH™ rugponus no
KaTHoHy (conu Broporo Tuna) pH<7, H' snektponur.

N3 351eKTpOoHBIX MPOIIECCOB O0Jiee BEPOSITEH TOT, KOTOPBIN TpeOyeT MUHBIIIE IHEP-
ruu. Bech psji NOTEHIIMATIOB METAIJIOB OT JIUTHUS A0 30J10Ta U ApYyrue MeHsercs ot -3B 1o
+3B. K anekTpogaM 3JIEKTPOIU3HON BaHHBI MOXKHO MPUJIOKUTH PAa3HOCTh MOTEHIIMATIOB
BO MHOTO pa3 6oJbiie 6B, mo3TOMYy TOK Ha KaToJe caMblii CUJIbLHbI BOCCTAHOBUTEJIb,
a HA aHO/le — OKUCJINTEb.

B peanbHbIX mIpolieccax MopsJIOK pa3psiAKu MOXKET ObITh HAPYIIICH MOJsIpru3aluen

B pacTBOpax CONM LHHKA HA KATOe KOHKYPUPYIOT 3a a1eKkTporsl Zn>" u H', BepHee
MOJIEKYJIbI BO/Ibl. BhliesieHne BOA0poIa NpoTeKaeT ¢ 0oJiee BLICOKOH MOJIsIpU3anue,
U MOTEHINAJI BblJIeJIEHUSI CTAHOBUTCH 00Jiee OTPULATEIbHbBIM.

E(Hy)]

E(Zn)
Emax

v

o 01 1
Torma mpu =iy TOJDKEH TOYHO BBIICIATHCS BOJOPOA; IIpH I OyaeT BBIACIATHCS H
BOJIOPOJI ¥ IUHK, 3HAYUT, MPH I, — TOJIHKO IIHHK.
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PaccMOTpPHM KaToHBIE POLECCHI MPH YJIEKTPOJIH3€e BOTHBIX PAaCTBOPOB:
1) Me™+ne=Me° — BoccranoBierne Me

2) BoccTaHoBierHue Bogopoaa pH<7 2H +2e=H,0 Ej./,=-0,059pH

3 BOCCTaHOBJICHUE APYTUX OKUCIUTEIICH:

[Ox]+e=[Red]

Bce okucienHnbie GOpMBI TOAPA3ACISIIOTCS Ha 3 TPYIIIIBL:

Licoooo, Ca...Al.)..Zn...... Fe..H............. Cu.....Ag
2H"+2e=H,° Me™+ne=Me°|  paspsizka
2H +2e=H,’ <
Eme>Enm2

Me"™ +ne=Mg°
N3 BOAHBIX PACTBOPOB HeJIb351 MOJIYYUTh AKTHBHbIE METAJLIbI.
AHonHbIE TTporiecchl. [Ipu 351ekTpo3e BOAHBIX PACTBOPOB:
1.) HepacTBOPUMBIH aHOJ — HA aHO/E UAET OKHCICHUE THPOKCHIT HOHOB. pPH>7 40H —

48202+2H20

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

Oxkucnenue Jpyrux MOHOB:

b) [Red]-e=[Ox]

DJIEKTPOJIN3 PACTBOPOB COJIeH C PACTBOPUMbBIM AHOIOM:

a) Me®-ne=Me"™" - pacTBopeHre MaTepHana aHoaa

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

pH<7 2H,0-4e=0,+4H"

B)[Red]-e=[Ox]

Bce BoccTaHOBUTENM IENATCS HA ABE TPYIIIIHL:

1. moreHuMan MeTATOB<E KHUCIOPOIHOrO 3eKTpoa npu aanHoMm pH. B atux
CJIy4asix aHOJl, U3TOTOBJICHHBIN U3 TOr0 MeTajljla pacTBopseTcs, eciu EaHo-
na=Eqy0n-, TO HApsly C paCTBOPEHUEM aHO/IA, UAET BBICICHUE KUCIOPOa Ha
aHoJie.

2. TIOTEHITMaJ OKHCIL./BOCCTaHOB.>1,229........... Wnet nporecc ¢ HEpacTBOpHU-
MBIM aHOJIOM, TIPH CJICIYIOIIEH OUYEepPEAHOCTH: CHaYaIa pa3psyKarTcsl IPOCThIE
FOHBI, HO 110 Mepe pocTa 3HaueHmst E° He npesbimaromux 1,53. Jlerde Bcero S
, 1", Br ,CI. C seienennem npoctsix semects: S° I, Br, Cly.

Ha aHozie He OKHCIISIOTCS KUCIIOPOI0COAepIKAIINE aHHOHBI: CO5> SO, NOj
PO, F. [Ipu paccMOTpEeHNH peanbHBIX ITPOLECCOB HA aHOJIE, HAIIPUMED, IIPHU DJIEKTPO-
muse BopHoro pactBopa NaCl mpu pH= 7 umeem: NaCl=Na'+CI
(-)K: YactumpiNa"™, H,O (H"); motermmanst: Engynao =-2,714B; E” (41412=-0,403B  Wner
nporiecc ¢ 6oypmuM noteHnuaiom, 1.6 2H,0+2e=H,+20H"

(+)A: Yactuusr Cl"* H,O(OH"); moreHnmansr: E%pc.=1,36B: EP=1,2270—0,059pH

=1,227-0,059*7=0,814B
KpuBble nonsipuzaniioHHble AJ1s1 aHOJHBIX POLIECCOB:
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Emin
E(Cl,
E(O,) i
I I2 i3

BbiesieHne KHCJI0Poaa MPOTEKAaeT ¢ 00Jiee BLICOKOM MOJIsipu3anueii, U moTeH-
MAJI BBIJCJICHUS CTAHOBHUTCH 00J1€€e MOJI0KUTETbHBIM.

Ha aHoje B mepByro o4epeb ST IPOIEeCcC ¢ MUHUMAIbHBIM noTeHuanom. C ca-
Moro Hadana O, npu MaibIxX i=i; omHoBpeMeHHO BoiaeneHre Cl u O,,pu 3HAaYHTETLHBIX
I=i; Emin y xyiopa, To OyJeT BBLACTATHCS XJI0P.
Cpasuenue ['D u anekTponusepa.

OBP I DJIeKTPOJIU3Eep
IIporexanue nmpouecca | CaMmonpon3BoJIbHOE IpunyaureabHoe
IIpeoGpa3zoBanue 3Hep- | U3 xummnveckoi B N3 31ekTprYeckoil B
THHU 3JIEKTPUYECKYI0 XHUMHUYECKYI0
Hanpsizxkenue PaBHoBecHOe Hanps- Teopernuecku Hanps-
’JKeHHe = AIIOTEeHI[HAJIOB | JKeHHEe PA3JI0KEeHHe KaK
3JIEKTPO/10B Pa3HOCTh MEXKAY AaHO/A U
KATOJHbIM MOTEHI[HA-
JIAMHU

Bo3saeiicTBue mossipu-
3aluu

—
S~

Hanpsizxenue nmagaer Hanpsizkenue pacrer
U=E»3-Ir-Enoasp. U=Es>+Ir+AEmoJ.

S~ 3
=

»
»

[
>

KonuuecTBeHHas xapakTepUCTHKA MPOIECCOB AJEKTPOIN3a OTpakKeHa 3aKOHAMHU
®dapazes. KonuyecTBo mpopearupoBaBIIeTo MPHU AJIEKTPOJIN3E BEIIECTBA TPOIIOPIIUO-
HaJIbHO KOJIMYECTBY AJICKTPUUYECTBA MPOIIEIIETO Yepe3 AICKTPOIIUT.

BTopoii 3aKoH: 1pu onpeneIeHHOM KOJIMYECTBE AIEKTPUUYECTBA, MPOLIEIIETO Ye-
pe3 pacTBOP AJIEKTPOIUTA OTHOIICHHE MACC MTPOPEArUPOBABIINX BEIIECTB = OTHOILICHUIO
UX MOJISIPHBIX MacC MX 3KBHUBAJICHTOB Wi My/M31=m,/M>»2

O6a 3akoHa MOXHO OOBEIMHHUTH B 0MH. KonmdecTBo anekTpuyecTBa, paBHoe 1F
i (96500Ko) unmu 26,8 A*q Bcerma BeienseT 1Mos S5KBUBAJICHTA BemecTBa. Macca
pactBopuBIIerocs Bemiectsa M = M/n*1*1/F — 3akon ®apanest.
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Kpome Toro, npu pemeHnu 3aa4 UCHOIb3yeTCs BEIMYUHA, KOTOpasi 0003HaYaeTcs
1 — BBIXOJI 10 TOKY.

T]:Qi-KOJ'II/I‘-ICCTBO 3ana‘{eHHOF0 3H6KTpI/I‘-IeCTBa Ha uaHHy}o peaKL[I/IK)/Q-06LLI66 KOJIMYECTBO SHGKTpI/I‘{eCTBa
N=Myp/Myeop./*100%
n Bceraa menbie 100%, T.K. Ha 31eKTpoIaX OOBIUHO MPOTEKAET HECKOIBKO MPO-
IECCOB.

TEMA 10. KOPPO3USA METAJIVIOB. MEPOIIPUATHUA 110 SAIHUTE METAUJI-
JIOB OT KOPPO3UH

DTOT MPOLECC CaMOIPOU3BOJIBHOTO Pa3pyLICHU METAIUIA B PE3YyJIbTATE CIOKHOTO
(hU3UKO-XMMHUUYECKOTO B3aUMOJCHCTBUS C OKpY Karolen cpenoi. MeTamimieckoe cocTos-
HHUE CUMTAETCS TEPMOJUHAMUYECKH HEYCTOMYMBO. M1 mo3TOMY METamn caMONpPOU3BOJIBHO
MEPEXO/IUT B OKUCIECHHYIO (JOpPMY, COCTAB MPOYKTOB 3aBUCHUT OT YCIOBUN KOPPO3UHU.

XuMHUYecKasi JHePrusi pa3pylieHUs1 MeTa/LJ1a BblAeJAeTCHd B BU/Ie TeIJIo-
Thl U 0€CII0JIE3HO PACCEUBACTCS B OKPYIKAIIIYIO Cpeay.

AG(Al — Al,O3)=-1674x Ik

30JI0TO — €AMHCTBEHHBIM YCTONYUBBIM MeTaill. B 11€710M KOppO3UHHOE pa3pylIeHUE
— 9TO T€TEPOTrCHHBIN MPOIECC, MPOTEKAIOINKA Ha rpaHulle ¢a3, B OCHOBE KOTOPOTO JICKUT
OBP.

Kunaccudukauusas KOpPpPO3HMOHHBIX MPOLECCOB.

Kputepuii koppo3un Buael kKopposum

1.Mexann3m B3anMoO- | XHMHYECKasi W JJIEKTPOXHMHYECKasi
ACeHCTBUA MeTa/Lia ¢
OKPpY:KalolIeH cpeaou

2.Buag  xoppos3uonHoii | 1.I'az06an (arpeccuBHas cpeaa — ras);

cpeabl (YKa3aH B cK00- | 2. Ammocgepnasn (Bo3nyx);

Kax), yciaoBusi mpote- | 3. Iloo3zemuasn (M04YBa,rPyHT);

KaHusd 4. Buokoppo3usa (MMKPOOPTraHU3MBbI);

5. Konmaxmmnasn (31eKTpPoOJINT);

6. Paouayuonnas (pa3nauvHblie BUIbI 00J1yUeHHs);

7. Koppo3us eneuwtnum moxkom, 6aymncoaouium moxKom;

8. Koppo3usa noo nanpsaycenuem (01HOBpeMeHHOe BO3/elicTBHe
MEXaHMYECKOI0 HANPSKEHUS U CPebl);

9. Koppo3uonnas kaeumayusa (0lHOBpeMEHHO KOPPO3MOHHOE H
yAapHoe BO3/1eiCTBUE BHEIIHEN cpebl);
10.@®pemmumnez-xoppo3us (0OAHOBPEMEHHO KOPPO3HOHHOE U
BHOPALIMOHHOE BO3/1eiiCTBHE BHEIIHEH cpe/bl);

3. Xapaktep wu3mene- | 1. CiuiomHasi paBHOMepHasi- pa3pylIeHUe 10 BCei MOBEPXHOCTH
HHUS TIOBEPXHOCTM Me- | METAJUIA;

TaJJa W CIJIaBa 2. CniomiHasi HepaBHOMepHasi;

3. CTPYKTYpPHO-U30UpaTe/bHast;

4. IIaTHAaMU KOPPO3UPYET OTAEIBHBIE YUaCTKH TOBEPXHOCTH;

5. sIzBamu;

6. TouyeyHnass (MUTTHHIOBasi) IPOLIECC MTOXO0X Ha MATHAMH, HO
paspyiieHus 601ee MEJIKHUe;

7. IlloanoBepxHaCTHAA,

80



Hanpasnenue noocomosxu 13.03.01 « Tennosnepeemuxa u meniomexnuxa  DURGAN
IIpoghunv «nepeoobecneuenue npeonpusmuily S 4 ¥
Memoouueckoe obecneuenue PII[] B1.0.07 «Xumusy» mMan_

‘ 8. Me)KKpI/ICTa.]'[.]'[I/ITHaH 110 I'paHAM KPpUCTAJIJIOB MCTAJLJIA. ‘

I'azoBasi KOpPpPO3UsA — BO3HUKAET NIPU KOHTAKTE METAJIa C Ta3aMu B OTCYTCTBUM
AIEKTPONPOBOASIINX PACTBOPOB. B MPUPOIHBIX YCIOBUSX BCTPEUYAETCA PEIKO, YacTO B
METALTYPTUYECKUX U XMMUYECKUX MPOU3BOJICTBAX, a TAKKE MPHU BBICOKOTEMIIEPATypHOU
00paboTKe METAJIOB, B JABUTATENIIX BHYTPEHHETO CrOpaHUs, B Ta30BBIX TypOWHAX, T.€.
npu B3aumoekicTBuu ¢ SO, Cly,0,, TOTIMBHBIMYU Ta3aMH.

Mertasn BeICTyHaeT B POJIM BOCCTAHOBUTEJIS, arPECCUBHBIN Ia3 B PO OKUCIUTEIIS.

Kunetnka razoBoi KOppOo3uH.

Hanowmnto, Bxone peakiuui Cyex | 5 Cupon. Ts

Ji1s1 0Bp Egienn | Egocer-an TTI0OKA HE HACTYIIUT PABHOBECHE

IIpaxTueckum kpurepueM sapisgercs: AGy < 50 k/lx, 1.e E5>0,5B

J11st 60pbOBI C ATUM BUIOM KOPPO3UU MIPUMEHSIOT JIETMPOBAHKE METaJlIa- 3TO
CIUTaBJICHHE C HUKEJIEM, XpOMOM, BaHaJueM, BOJIb(PpaMoM, a TeMiepaTypHyto o0paboTKy
MeTaJljia IPOU3BOJIAT B CPEJIE€ MHEPTHBIX T'a30B.

KuakocTHasi XuMu4YecKasi KOPPO3usi — MPOUCXOIUT B CPee KUIKOCTESH HEAIEKTPOIIH-
TOB (pacruiaBieHHasi cepa, OpoM, HedTh, OeH3UH, KepocuH). OTIMYaeT MeHbIIas CKO-
pPOCTh, YEM B PACTBOPAX SJICKTPOJMTOB U MPEUMYIIECTBEHHO MO XUMUYECKOMY MEXaHH3-
My. 3alUIIaT C TOMOIILI0 HAHECCHHSI TIOKPBITHH.

QJIIEKTPOXUMHNUYEKASA KOPPO3US (atmochepHasi, MOPpCKas, MOJA3eMHAa,
BHEIIHUM M OJIYKIAI0IIAM TOKOM)

IIpyu 37EeKTPOXMMUUYECKONM KOPPO3UM HaA MOBEPXHOCTH METasla BO3ZHUKAKOT aHOJ-
HbIE ¥ KaTOAHBIC 30HBI, & MPU HAJTUYHUH DJIEKTPOJIUTA O0PA3YIOTCS MHUKPOTaTbBAHUYECKUN
anemMeHT -MI'D-, npoayuHpyromuii KOppo3uOHHbIA TOK. Ha aHOAEe MpOUCXOIUT OKHUCIIe-
HHE METAJIA, a Ha KaTOJEe UMEET MECTO BOCCTAHOBJIIEHUE OKHUCIUTENEH. OKHCIUTENEM ITpU
37EeKTPOXUMHUUECKOH KOPpO3uH, Takue yacTHipl, kak H™ O, KoTopble Ha3bIBAIOT JAenoJis-
pu3aTopamu.

bnaronpustcrByromue ycioBus:
1. HeoaHOpPOIHOCTH CIIJIABOB 110 COCTaBY.
2. HeolHOpOAHOCTH cOCTaBa JIEKTPOJIUTA.

VYcenosue oopazoBarus MI'D: Eye < Eogas
Paccmorpum nponeccst B MI™D

AHox(-) Karon(+)

YpaBHEHUE OKUCIICHUS BoccranosiieHue okucianuTeen

0 _
Me"-ne=Me"™ - sto0 nep- | O,:  wiam  morJonieHue H': Bsigenenue BOZIOpOa
BUYHBIA TIPOIECC, BO3- | KUCIOPOJa WM KHCIIO- | KIIM KOPPO3HUS C BOJOPO/I-
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MOYXHO BTOPWUYHBIC TIPO-
1ecchl (B3anMMOICHCTBHUE
MIPOTYKTOB KOPpO3HUH
WIA WOHOB MeTajia ¢
AICKTPOITUTOM).
A)obOpazoBaHue
KCHUA:

Me"" +nOH=Me(OH),
Me?*+20H=Me(OH),
b) o6pazoBanue maro-
pacTBOpUMBIX pocda-
TOB:

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

TUAPO-

poaHas AENOJISIpU3aLIUs:
A)pH<7
4H"+0,+4e=2H,0

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

DTO peakiusi KUCJIOPOI-
HOT'O 3JICKTPO/IA:

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

B cinydae xopposun
napiyaibHOe JaBJICHUE
KHUCJI0poaa pPaBHO
0,2larm., T.K. OPOLIEHT-
HOE€ COJICp’)KaHHE €ro B
BO3ayxe 21%.
0,0147Igp(0,)=
0,01471g0,21=0,0147-(-
0,68)=-0,01
EOZ/OH-:11217'0-059pH
[Torsomenno KUCIOpo-
Jla CII0COOCTBYET

1) yBenmuenue nuddy-
3UM, 2)yBEIMYEHUE KOH-
HEHTpalUK  KHUCIIOPOJa,
3)yMeHbIIIEHUE TOJIIIHU-
HbI OKCUJTHOM TJICHKH.

HOE JICTIOJIAPU3ALUEN.

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

pHZ7 2H20+e:H2+20H_
E=-0,059pH-0,0295Igp(H.)
P(H,)=5*10"
0,02951gp(H)=0,02951g5-10
"=0,0295-(-6,3)= - 0,186
En+/n2=0,186-0,059pH
CnocoOCTBYIOT — MOTJIONIe-
HUIO BOJOpOAA:
l)yBenuueHnue Ttemiepary-
PEIL,

2)yBenUYEeHHE KOHLEHTpa-
mun H,

3)npupoaa 3IeKTpoja

4) usmenenue pH.

Bo3mokHOCTE KOppOo3uu omnpesensercs sueprueit [ mb0ca, koppo3us — caMmornpous-
BOJIbHBIN Mpoliecc. Tak Kak Koppo3us CBsi3HA ¢ ['D, TO BO3MOXKHOCTh €€ MPOTEKaHUs BO3-

T/l 3JIeKTPOXMMHUYECKOU KOPPO3UH

MOxHO onpenenuts no DJIC. Peakuusa Bo3moxHa, ecau IC>0
E»=Eokucn. — EBoccr.(MeTaia)

1,2

0,2

\

-0,64
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IlepBas ob6saacTb xapakTepusyercst Eyentiveo™Eo2on-- DTO XapakTepHO IS 30J10Ta
1 OJIM3KUX €My METAJUIOB. [[71s1 3THX MeTa/ioB KOPPO3Hs KUCIOPOJTHOW U TeM OoJjiee BO-
JIOPOJIHOM AENOJISIpU3alMi HEBO3MOKHA.

Bropasa o0aactb: Eneniveo<Eozon- Eoxuen02”Eme Iloriomenne kuciiopoga
UM KOPPO3US ¢ KUCJIOPOAHOH AeNO0JIAPU3aIuei.

Tperbs 00J1acTh. BOIBIIMHCTBO METAIIOB.

Enmen+meo<Eozon-

Enmen+/mMeo<En+/H2. BO3MOKHO MOIJIONIeHHE KUCJI0POa U BblJejJeHHe BOAOPOIA,
TO €CTh KOPPO3Usl C KUCJIOPOJIHON ¥ BOAOPOIHOM AemOJIsIpUu3anuen.

Otnuuns MI'D ot I'O:

1)MI'D KOpOTKO 3aMKHYT, HET BHEIIHEH LIENH, SHEPTHSI PEAKIUU YXOJUT B TEILIO;

2) MI'D He uMeeT NopUcCTO MEePEeropoKH.

HNOJSPU3ALIUS U CKOPOCTD QJIEKTPOOXUMUYECKOM KOPPO-
3UN
Kunernka sneKTpUyYecKUX MHPOLIECCOB AHAJOTMYHO IPOLECCaM, MPOTEKAIOIINUX B
I'3. To ecTh npu padboTe KOPPO3UOHHBIX MUKPOTAIbBAHUYECKUX 3JIEMEHTOB HA0JI01aeTCst
SABJICHUE KOHILICHTPALMOHHON U XUMUYECKOM MOJIAPU3ALIUH.
X0l MOJIApU3aALMOHHBIX KpUBBIX B MI™3.

E A
Ex
o
>

EAd

|

Koppo3uoHHsIii nporiecc mpoTeKaeT A0 TeX MOp , MOKa BECh METAJJI HAa aHOJE HE
pa3zpywmurcs. [lonaspuszanus B TaHHOM CiIy4yae OKa3bIBaeT MOJOKUTEIbHOE 3HAYEHUE, T.K.
YMEHBIIAET CHIIYy KOPPO3HUOHHOTO TOKA M CHHYKAET CKOPOCTh KOPPO3HUHU.

KoHueHTpanmoHHass noJisipu3anys NPH BbIAEJEHUM BOAOPOJAa HE3HAYMTEJbHA,
[TpuurHbL: Masible pa3Mepsl IPOTOHA — BBICOKAs MOJABHKHOCTD €T0, a 3HAYUT, HE BO3HHMKA-
€T HEI0CTaTKa PEareHTOB IPHU JIEKTPOJHOM 30HE.

OpHako, Ha ATOT MPOIIECC OKa3bIBAET BIUSHUE MPUPOA KATOJHOTO yyacTKa. UToOb
CHU3HUTH CKOPOCTh BOJOPOIHOM IETOISPU3ALNN MOXKHO CHENATh:

1. yMeHBIINTH KOHIEHTPALIMIO HOHOB BOJIOPOA B CpEIE.

2. W30JMPOBaTh METANTUYECKYIO TUIACTHHY

3. OYMCTHUTH METaJLJI OT pUMecen

4. MOHU3UTH TEMIEPATYPY — CKOPOCTb MOJIEKYJI CHU3UTHCS U IPOLIECC 3aMEIJTUTCA.
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KUCJHOPOAHASA JAEITOJAPUSALINA HA KATOJE

Mornekynbl KucIopoaa OoJblie Mo pa3Mepy — MEHbIIask CKOPOCTh JIBIKEHUS, MO-
3TOMY KOHUEHTPALMOHHAA NMOJSIPU3aLUs UMeeT 00JIblIoe 3HAYeHue, HO MPUpo/Ia Ka-
TOAHBIX YYACTKOB HE BIUSAET HA CKOPOCTb JENOJIAPU3ALIIH.

CHM3UTBH CKOPOCTh JEMOJIIPU3AIIMN KUCIOPOIa:

1. yMEHBIIUTH KOHIIEHTPAIIMIO KACIOPOAa Y TOBEPXHOCTH MeTallia

2. CHU3WUTH NaplMaJIbHOE JABJICHUE KUCIOPO/Ia HaJl paCTBOPOM

3. M30JIUPOBATH METAJI OT OKUCIIUTEIIS.

CreneHb YMCTOTHI METaJNIa HE BIUSAET HA CKOPOCTh KUCIOPOTHOM JETOspU3aIUu.

POJIb IEITOJIAPU3ATOPOB B KOPPO3MOHHOM ITPOLNECCE
Jleronsipu3aTophl yCKOpstoT Koppo3uouHkIi ponece (H,0,): npu 6sedenuu nepexucu 6o-
00p0o0a, 8bINOIHAIOUEU POTb OENOAAPUIAMOPA, YCKOPAIOWE20 KOPPO3UIO NymeM yeeauye-
HUsL KOHYEHMpayuu Yacmuy oKucaumeins Ha kamooe, Hanpsxcernue 1D ysenuyunocy.

H,0,=1/20,+H,0 — 1.e. yBemuunBaeTCs KOJIMIESCTBO KUCIOPO/A.
02+H20+4e=4OH'

YpaBHEHHE peakMy pas3oKeHus nepokcuaa Bogopoaa: H,O, — % 0, + H,O

2.5. 'paduk moisipu3aiMOHHBIX KPUBBIX MPH MOJSIPU3ANNH U TeNOJISIPU3ANNHT
A 1. AHOOHOE OKUCIeHue Memalna
2. Boccmanoenenue oxuciumens na kamooe
3.Beeodenue oenonsapuzamopa
4 4. Yckopenue kamooHo2o 60ccmano8ienus.

I » i
noaAapuszayusl ()enompwauuﬂ

Poab mossipu3anvu 4 JeNOJAPU3ALUM NPH 3JIEKTPOXHUMHYECKOH KOPPO3MU:
noaapuzayus, 603HUKAIOWAA 6 KOPPOZUOHHBIX 2ANbEAHUYECKUX DJIeMEHMAx, CHUdicaem
CKOPOCHIb KOPPO3UU, 8 MO 8peMsl, KaK 668e0eHUe 0enoisipu3amopa CImumyaiupyem Kamoo-
HbIU npoYecc U yCKopsiem KOPpO3UOHHOE pa3pyuleHue.

[Ipumep penieHus 3aga4 Mo TeME KOPPO3Hsi METAIIIOB.
3amaua 1. Bo3aMoxkHa i KOppo3ust JIyKeHoro xene3a, npu pH=11 Ha Bo3ay-
X€, €CJIM BO3MOYKHO COCTaBUTh cxemy ['3:
Ere2+/re0=-0,44
Esno+/sn0=-0,136
Eoz201.=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

Earemz=0,059/2*1g(10™1)%/(5%10)=-0,463 B
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WM TI0 YPAaBHEHUIO Epgpi/re0=-0,44

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

ComnoctaBuM: Epgpire0=-0,44 B < Egp/204-=0,568B ,uMeeM KUCIOPOJHYIO IEMOJISI-
pHU3AIHIO

ComnoctaBuM:  Efrepi/re0=-0,44B > Eopm2=0,463B BomopoaHas jaenoisipus3aiiys He-
BO3MO’KHA KOPPO3M11 BOSMOJXXHA

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

3anmava 2. Onpeaenure THIT KOppo3uu s ciuiaBa Be-Sn (pH=6)
Pemenue. E’pe-/p. =-1,847B

E' 42 =0,186-0,059pH= - 0,522
EPOZ/OH_ =1,217-0,059pH=0,509 }— EOCu2+/Cu < EPOZ/OH_ T.€ KOPP. ¢ KHUCJIOPOIHOM Je-

MOJIAPU3aLUen.
Cxema: | 2A(-) ! K(+)
Be/Be™” l—[Sn ]_l

H'/H, 0,/OH
IIpoueccel Ha 3neKTpOAAX:
A: Be-2e — Be*
K: O, +4e +4H" —2H,0 —nor1omenne Kucjiopoaa
2H"+2e — H, — BbIJIeJICHHE BOJOPO/A.

AJITOPUTM pelleHUus 3a/1a4:
1)Boimucars E° KOHTAKTHPYIOLIUX METAJIIOB, ONpeJeJIMTh aHO/;
2)Paccuurarhp E' okucanrenei;
3)YcranoBuTh BUA KOpPo3uH, cpaBHUB Enona ¥ Eokucimrensii;
4)CocraButb cxemy MI'J;

S)YpaBHeHus1 HA 3JIeKTPOAAX.

Koppo3usi B ecTeCTBEHHBIX YCJIOBHAX
I. ATMOC®EPHASA

Camas pacripoctpanenHas. [Ipumepno 80% Bcex KOHCTpyKLMA paboTaet B aTMOC(hEpHBIX
ycioBusIX. ATMOc(hepHasi KOppo3usi- pa3pylleHHe OBEPXHOCTU METAJIOB B YCIOBUSIX pe-
aNbHOU 3eMHOM aTMocdephl pu BIaxHOCTH Bo3ayxa 0oiee 70%.CkopocTh aTM. KOp. 3a-
BHCHT OT:

1) xapaktepa arMocdepsl (MPOMBIIICHHAs, CENbCKasi, KOHTUHEHTAJIbHA );

2) BpeMEeHHU BO3/ICUCTBUS;

3) cocTaBa MaTepuasia COCTOSHHS €r0 IOBEPXHOCTH.
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Hamnp., 61u30cTh MOpPsT yCKOpPsIET aTMOC(EPHYIO KOPPO3HH., IPOMBIIIIICHHAS aTMO-
cdepa, comepxkamias CO2, SO2,NO2,NH3,HCI ciocobcTByeT MpOoTEKaHHIO KOPPO3HH C
BOJIOPOJTHOM JEMOJISIPU3ALUEN.

[lo cTrenenu yBiIaX)XHEHHOCTH MOBEPXHOCTH PA3JIMYAIOT CIAEAYIOIINE BUIBI aTM. KOp-
pO3uH:

a) CYXyI0 aTM. KOPP., 1715 KOTOPOH XapaKTepHO MOJHOE OTCYTCTBHE BJIArM Ha
MOBEPXHOCTH MeTaiia. MeXaHu3M NpOTEKaHMs aHAJIOTMYEH ra30Boil koppo3uu. O6pa-
3YIOIIHUECS OKCUIHbIE TUICHKU 00J1aatoT 3alIUTHEIMU CBOMCTBAMU;

0) BJIAKHYI0 aTM. KOPP. (BaaxHocTh>70 %)Ha noBepxHoctu merasmia oopasyer-
sl U3-3a KallWJUIIPHOMU, aIcCOPOLIMOHHOMN WM XUMUYECKOIN KOHJIEHCAIIMN TOHKasl IJIEHKa
BJIaru, B KOTopou pactBopsiercs O2,CO2 1 oHa CTAHOBUTCS 3JEKTPONPOBOAHOM, BO3ZHHU-
KaroT MI'D, T.k uMeeTcsa HEOAHOPOIHOCTh METAILIOB;

B) MOKPYI0 (BiaxkH mpumepHo 100%). Ha noBepxHOCTH BUAMMAS TUICHKA BIIATH.
Bosnukaer MI'D. Ona o0yciioBiieHa HEOJTHOPOIHOCTHIO KOOPO3UOHHOM CPeibl, @ HUMEHHO
HEPAaBHOMEPHOMU €€ a 3 P a Il ¥ €Ml — HEOJTMHAKOBBIM JTOCTYIIOM BO3yXa K Pa3JIMYHbIM CJIO-
aM Kari. Co BpeMEHEM B LIEHTPE KaIluld COIepKaHUE PACTBOPEHHOI'O KHCIIOPOJa CTaHO-
BUTCSI HIJKE , 4YEM B nepudepruyeckux (Hapy K HbIX) CIOSX, HEIOCPEACTBEHHO COMPUKA-
CAIOILMXCS C BO3AYXOM. JTa 1eHTp yacTh ctaHoBUTCI AHO/IOM u noxasepraercs paspy-
IIEHUIO, a nepudepuiinas B (BUIE KOJIbLIA)-KaTOJAHBIM Y4aCTKOM,Ha KOTOPOM IIPOTEKAET
IIPOLIECC BOCCTAHOBIJIEHUS Kucaopo/a. [locie BrIchIXaHus Kalllk B €€ HEHTpe OOHApYXKu-
BaeTCs yriryOJieHue UHOT/Ia OTBEPCTHE.

I1. [lon3eMHas — pa3pyuieHue MeT KOHCTPYKIMI B MOYBaX U rpyHTax. (TpyOO-
IIPOBO/IBI, ONOPHI, cBau U T.1.) OcoOeHHA 3HaYUTENIbHA Ha O0JOTUCTHIX MoyBax ¢ pH<7
npuMepHo paBHoH 3 . [IpoTekaeT ¢ BogopoaHOi aenossapusanueid. bopb0y ocyiecTBisoT
HaHECEHHWEM aHOAHOTO MOKPBITHS.

I11. KOPPO3UA NOJ AEMCTBUEM BJYXKJAIOIIUX TOKOB

[Iponcxoaut noa AEWCTBUEM BHEIIHETO UCTOYHUKA TOKA. [IpoBOIMpyO0T KOppo3uto
TOKH, OTBETBIISIOIIMECS OT /I PeJibC, TPAMBAaWHBIX JIMHUW OT 3a3eMieHUs. Eciii KOHTAaKT
MEXYy pelbcamMH MIOXOW WM PEbChl MJI0XO M30JHUPOBAHBI OT 3€MJIM MPOUCXOJIUT OT-
BETBJICHUE TOKA U AJIEKTPOH UIET Ha TPyOOIPOBO/I.

Jlyst 60pBOBI C ITUM BUIOM HAPYIIECHUN:

1. m30aMpPOBATH PENBLCHI OT MOYBHI.
2. COCNMHATh YYAaCTKM KOHTaKTa MEXAY pelbCaMH C MOMOUIbIO MPOBOJI-
HUKOB C KyCKOM YyT'yHa, KOTOPBIA OYJIET BHICTYNAaTh NPUHYAUTEIbHBIM aHOJIOM.

IV. Koppo3usi B Mmopckoii Boae. Eii moasepxeHbl cyaa, THAPOCAMOJETHI, U Me-
TaJUIMYECKUE COOPYXKEHHUs MOpTOoB. Mopckas Boja SBISETCS XOPOIIUM 3JIEKTPOJIUTOM
(pH=7,8-8,6), comep UT 3HAYUTEIbHYIO KOHIICHTPALIUIO PAaCTBOPEHHOrO Kucioponaa. B
Helt Benuko copepikanue Cl, uyTo mpensTcTByeT 00pa30BaHUIO OKCUIHBIX IJICHOK M CIIO-
cOOCTBYET MHTEHCUBHOM KOPPO3UH BBILIE BATTEP-JIMHUU, T/I€ IPOUCXOAUT MEPUOIUUECKOE
cmauuBaHue. It OopbObl C HEMl MCHOJB3YIOT KaK TOAHYIO 3alIUTYy MPOTEKTOPOM WM
BHEIIHUM MOTEHIMAJIOM, a TaK K€ pa3jIMYHbIe BUbI HOKPHITHH (KaJIMHUEBbIE, JIAKOKPACOY-
HbIE CO CIIel 100aBKaMU TOKCUYHBIMHU ISl MUKPOOPTaHHU3MOB)
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Cnoco0bI 3alIUTHI OT KOPPO3MH.
Br160p u crioco0 3anmuTsl onpezaensercsa 3Q(QeKTUBHOCTHIO U SKOHOMHUYECKOH I1erie-
COO0pa3HOCThIO:
1. W3MEHEHHE CBOWCTB KOPPO3MOHHOM cpenpbl. [Ipu yaanenun
VMHUIMATOPOB KOPPO3UH. Y JaJeHUE KUCIOpOa U3 BOJbL, IyTEM IIpeBa-
PHUTETBHOTO HarpeBaHus WU 100aBJsieM BOCCTAHOBUTENH (TUIPA3HH).

2. [TonuienaunBaHue cpeibl
3. [IpumeHeHrne WHTUOMTOPOB, 3aMEJISIONIUX KOPPO3HIO.
YpoTpomnuH.

MexaHu3M J1eicTBUSI MHTHOUTOPOB 3aKII0YAETCsl B 00pa30BaHUM 3AIUTHBIX TJICHOK
Ha TTOBEPXHOCTH METaJIa, TOPMO3SIINX KOPPO3NOHHBINA MPOTIECC.
1. 3amuUTHBIN NOKPBLITUSA
OHU U30IUPYIOT METAJUI OT arPECCUBHOM CPEBI:
Pa3inuaT: oprannyeckue, HeopraHudeckue, Merajuindeckue. [locmenaue me-
JISITCS HA KATOJAHbIE U AHOJTHbIE.
1. Opranuveckue — HaHeceHH e JAKOKPACOYHBIX MOKPBITHIA.
-Kpacku- cycnensuu (T-K)- CMeCh YacTHUL[ IMHTMEHTOB:OOBIYHO OKCHIBI
Zn0,Ti02,Fe203Cr203 B opraHn4ecKuX CBI3YIOIINX.
Jlaku- KOIOugHBIE PACTBOPHI- CMECH CMOJI MJIM BBICHIXAIOIIMX Macell B Op-
raHu4eckux pactBoputessix. [lokpeiTe 00pasyercst u3-3a UCHapEeHUs] paCTBOPUTE-
JIS1 WIM TIOJTUMEPHU3allY Maca.
IMAaJIU- PACTBOPHI JIaKa, K KOTOPHIM J100aBJICH MUTMEHT
- Iomumepsni ( BMC)
- Kayuyku u pe3una.
2. HeOpraHm4vecKue XMMUYECKHUE TOKPBITHS:
Heopranuyeckue smanu CUsiMKaTHBIE TOKPBITHS)
— OKCHIMpPOBaHHE — TOJIYYCHHE OKCHUIOB kene3a, Hamp., Fe203,(Boponenue). 3a-
IITUTHBIC CBOKCTBA IJICHOK YCHJIMBAIOTCS TIPH IMPOTTUTKE MACIIOM.
. AHONIMpOBaHWEe — TpoIlecC 00pa30BaHUs aHOJIA Ha MOBEPXHOCTH AITFOMHUHHUEBOTO
W3JIeTTUS TIPY TIOMOIIIH JICKTPOJIN3a,
dbochaTtupoBaHre — TOJYYCHHE HEPACTBOPUMBIX IUICHOK W3 MaJIOPACTBOPHUMBIX
docdaros xesesa, nunka, maraust FePO, ,ZNHPO,4 ,Mg3(PO,),, DTH mieHKH 00pa3yroTcs
pu 06padboTke Metamuia ¢pochoproit kuciopoit. docharHpie MICHKN 00J1aaAI0T XOPOIIIEH
aare3ueit (CUerIieMOCTRIO) U SIBIISIIOTCS XOPOIIUM TPYHTOM JUIsl HAHECEHHSI JTAKOKPacoy-
HBIX TTOKPBITHM.
3. MeTa/LUTHYeCKHE 3aIUTHbIE MOKPBITHUSI:
-aHOJIHO€ TOKPBITHE — KOTJIa 3alIUIIAEMbIi METAJII MIOKPHIBAIOT METAJIIOM
¢ 60j1ee OTpHUIIATEIHHBIM ITOTEHITHATIOM

EMe NOKPbITUS < Esamnmaemoro Me

B uroro Bosnukaer MI'D, rae Ewe noxprrus —AHO/L Takoe nokpeITHe sBIIg€TCS Ha-
JIEKHBIM, OKHCIICHHE 3alTUIIEHHOI0 METalsla He MPOU30MAET 10 TeX MOop, MOoKa HE OKHUC-
JINTCS BECh IIMHK Ha OIIMHKOBAHHOM >K€JIE3€e
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-KaTOHbI€ MOKPBITUS — BBIOUPAIOT METAJUT ¢ OOJIee TOJIOKUTEIBHBIM MTOTCHITHA-
JIOM, YEM Y 3alIUIIAEMOTO.

Eme nokpormns > Esampmaemoro Me ~ KaTOHOE MOKpBITHE siBIsieTCS MeHee d(QMEKTUB-
HBIM U 3alIMIIAET TOJBKO MPHU YCIOBUM LEIOCTHOCTH MOKpPbITUSA. [Ipn moBpexeHnn Ka-
TOAHOTO TIOKPBITUSL 00pa3yeTcsi MUKpOTaJibBaHMYECKasi Mapa U MPOUCXOIUT OKUCIICHUE
3aIMUIIAEMOTO METAJLIA.

DJIEKTPOXUMHMYECKAS 3alllUTA OCHOBAHA HA WCKYCCTBEHHOM TOPMOXXEHUU aHO[I-
HOTO WJIM KaTOJIHOTO IpolLecca.

KATOJHAA 3ALIUTA — 3aKJIFOYAETCS B MOJKIIFOUEHUH 3aIIUIIAEMOTO METAJIJIA K OT-
pHUIIATEIHLHOMY TOJIFOCY UCTOYHHKA TOKA, MO eCmb uzoeiue CMmaHo8Umcs Kamooom, a Ka-
moo He pazpyuiaemcs Ha ero moBepxXHOCTH MPOUCXOJAT MPOIECCHl BOCCTAHOBIICHHUS
OKHCIUTENEH U3 cpebl. K MOJI0KUTENBHOMY UCTOUYHHUKY TOKA MOJAKIIOYAETCS] HEHYKHBIN
JIOM, CTaHOBSAILIMICS aHOJOM U paspyuiaroiuiics. Bee 10mKHO ObITh B TOKOIIPOBOISIIEH
cpene Mcnonb3yerces s 3alIUThI MOJI3EMHBIX TPYOOIIPOBOJIOB U KaOele, TakkKe IUTH030-
BBIX BOPOT, OypOBBIX MIaTHOPM, OJABOIHBIX JOJIOK U T.IT

| —

(+) (-) U37eTHe

Jlom (BcriomorarenbHbIi 351eKTpo) B kopposrnonHom MI™D sesiercst A(-)

NMPOTEKTOPHAS 3ALIUTA — 3aKIIFOYAETCS B IMOJICOCAUHEHNH K 3aIIHUIIAEMOMY METAITy KYy-
couka Oojiee aktuBHOrO Mertama(Zn,Mg,Al)-ocepmeennviii anod, Torna BO3HHUKAET pas-
HOCTh MOTEHITMAIOB U Oy/ET pa3pyliaThCsi MPOTEKTOP, T.K. OH CTAHOBUTCS aHOJHBIM ydYa-
cTkoM. JKepTB. aHOJT pacTBOPSIETCS M €0 3aMEHSIOT HOBBIM. JJOCTOMHCTBO: HET HaI00HO-
CTH BO BHEIIHEM HCTOYHUKE TOKa, crel. CoopyXeHue KOTOpOro M.0. SKOHOMUYECKH
HEBBITOJIHO.

Zn

[IporekTop wu3nenue
A() K(+)
aHOJHAS 3alUTA — 3aKJII0YAETCA B MOAKIIOUYCHUN U3ACTHUS K MOJIOKUTEIHFHOMY TMOJIIOCY
HMCTOYHUKA TOKA, CJIEJI0BATEIbHO, CTAHOBUTCA aHOIOM (aHoOHas noaspuzayus). Taxas
3alUTa BO3MOXKHO TOJIBKO JIJISI T€X METAJJIOB, KOTOPBIE CIIOCOOHBI K MAcCHBAIIUH, TOJ
JICHCTBMEM BHEIIHETO0 WCTOYHMKA TOKa, oOpasylolias TMacCHBHAs IUICHKA TOJTydaeTcs
OYeHb XOpoIero kayectsa u 3 dexkruBro npensrcteyet kopposuu (Ni,Cr,Ti, Zr).

(+) () |

N3 nenne BcnomorarenbsHbIN 3JIEKTPO
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HN3meHeHue cocTaBa M CBOMCTB KOPPO3UOHHOM Cpeabl

ITU MeponpusiTUS CBA3aHbl C BBeAeHHEM crenuaibHbix BemecTB- MHIMBUTO-
POB koppo3zuu.

O06paboTKa KOPPO3MOHHOMN CPEIIBI:

1) ynanenue ununmatopoB koppo3un HAI'PEBAHUWEM wumu JJOBABJIEHUEM
BOCCTAHOBHEJIA, nanpumep, KACIOPOI YAAISIOT U3 BOJIBI TAPOBBIX KOTJIOB HarpeBas
Boay 1 o0aBisast Na,SO3z nnu-ruapasun- NoHy

N2H4 +OZ=N2 +2H20

Vcnonp3yloT noAmeaaulBanme, 9rto ymenpiaer [H]

BBegenue MHrHOMTOPOB, KOTOPHIE aCOPOUPYIOTCS MOBEPXHOCTHIO MeTauia u 00-
Pa3yloT 3alUTHBIC TUICHKU. HTUOUTOPBI MCHOJIB3YIOT B CUCTEMAaX C MOCTOSIHHBIM WJIN
MaJIOOOHOBJISIEMBIM 00BEMOM KOPPO3UOHHOM Cpeibl (KOTIIbI, IMCTEPHBI, XMM. alllapathl)

NHrnbuTopsl pasznnyaror:1)no cocraBy (OpraHM4eCKME M HEOPraHWYECKHe; 2) 1o
YCJIOBUSIM TPUMEHEHUS-IUISI PACTBOPOB WJIM JIeTy4yue.3)lo MeXaHu3My JIeHCTBUSI-
KaTOJIHbIC, aHOJAHBIC, SKPAaHUPYIOIIHE.

PaunoHajibHOe KOHCTPYKTHPOBAHHE — €I1I€ OUH CIIOCOO OOPHOBI:
n30eraTh KOHTAKTOB JIBYX Pa3IMYHBIX METAJLJIOB
u30eraTh 1esel, TPEUrH, TJIe MOXKET ObITh JIEKTPOJIUT
UCIIOJIb30BAaHUE MATEPHUATIOB, YCTOMYMBBIX K KOPPO3UH .
UCIOJIb30BAHUE CBEPXUNCTHIX METAJIJIOB U CIIJIABOB
. TIOBEPXHOCTHas 00paboTKa MeTasuia (OJIMPOBKA U TaK Jajee).
HaCCHBpr}omI/Ie meTaisl: Al Ti  Va Mn Cr Kd xobarsr, Ni (Fe
u Pb — B 0c0o0BIX ycioBHSAX).

abrwnE

3apaual. Kakoil MeTayim MOKeET ObITh UCIIOJIB30BAaH B KAYECTBE MPOTEKTOPA JIJISl 3alIUThI

m3aenus u3 meau npu pH=12? B yem omiinune npoTEKTOPHOM 3aIIUTHI OT KATOJHOM?
Pemenue

EoBe2+ Be=-1,847 B - anox

E Sn2+/Sn 0 136 B

E’44m2 =0,186-0,059pH= - 0,168 B

E”ozion- =1,217-0,059pH=0,863  }— E’sersime < E iz <E'o/0n- T.€ KOpP. ¢ KHCI0-

POHOI M BOAOPOAHOM aenmojisipu3anmeil. B kxadecTBe nmpoTekTopa moaoiaeT ao0oi Me-

TaJll C MOTEHI[MAIOM MEHBIINM, YeM ITOTEHIIAI Meau, Hanmpumep,Fe, Zn, Al.

KHCJIOPOAHOM AenoJIsApu3aluen.
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®Ouianana enepajbHOro rocyIapcTBEHHOr0 0I01KETHOT0 00Pa30BaTEJIbLHOI0 YUpPeKIeHUs
BbICIIEr0 00Pa30BaAHUSA
«HanuonaabHbIN HccIen0BaTEeIbCKIH YHUBepcuTeT « MIU»
B Ir. CMoJIeHCKe

JlabopaTopHbIil IPAKTUKYM
10 IMCHUILTHHE

XUMUA

(HAUMEHOBAHME JHUCIUTLIAHBI)

CMmoJeHcK
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JlaGopaTOpHBI MPAKTUKYM T10 TUCIHUILIMHE CIYKUT JJIsl IPAKTHYECKOTO TOJKPETIIICHUS JIEKIIMOHHOTO
MaTepuasa 1 MPUBUTHUS HABBIKOB MTPAKTUUECKON pabOThI C 000PYJOBAHUEM.
JlabopaTopnasi paGora Nel. KoHueHTpanus pacTBOpoB
[TpuroToBUTH PacTBOP COJH 3aJaHHON KOHIEHTpaluu U3 KoHueHTpupoBaHHoro (10%-ro) pactso-
pa Toii ke conu, pruoOpPECTH HABBIK ONPEIEICHUS IUIOTHOCTH PACTBOPOB C IMTOMOIIIBIO apeoMeTpa,
W3YYUTh PA3IMUHBIE CIIOCOOBI BBIPAKEHHS KOHIIEHTPAIIMH PACTBOPOB.
JlaGopaTopnas pa6ora Ne 2 DneKTpoHHAs CTPYKTYpa aTOMOB U OJJHOATOMHBIX HOHOB
[TproOpecTu HaBBIKK COCTABIICHUS ANEKTPOHHBIX (POPMYIT aTOMOB;
Jla6opaTopnasi pa6ora Ne 3 Bupl XHMHUECKOH CBSI3U B KOMIUICKCHBIX COCTMHCHUSIX
W3y4unuTh BUIBI CBSI3U, IPUCYTCTBYIONINE B KOMITJIEKCHBIX COEIMHEHUSX.
JlabopaTopnasi pabora Ne 4 Xumunueckasi TepMOJUHAMUKA
HayuuTbcsi SKCIIEpUMEHTAIbHO C MOMOIIBI0 KAJTOPUMETpa ONpPEAesaTh TEIIoBbie 3P eKThl pac-
TBOPEHHUS PA3JIMYHBIX BEILIECTB B BOJIE.
JlabopaTopnasi pabora Ne 5 KuHeTuka XMMUUYECKUX peaklnuit
OKCHEPUMEHTAIIBHO U3YYUTh 3aBUCUMOCTHU CKOPOCTU FOMOI€HHBIX M I€TEPOTr€HHBIX peakuuil OT
pa3INYHbIX (AaKTOPOB — KOHLIEHTPALUU PEAarupyroIIUX BEIIECTB, IJIOIaAN MOBEPXHOCTH pa3zena
dbas.
JlabopaTopnasi pabora Ne 6 Xumuueckoe paBHOBECUE
W3yunuTh BIMSHUE M3MEHEHUS KOHUEHTPALUN pearupyrolIiX BELIECTB U MPOJYKTOB pEakluu Ha
CMEIIIeHNEe XMMHYECKOT0 PAaBHOBECHSI; ONIBITHBIM MTyTeM J0Ka3aTh 3 (HEeKTUBHOCTD MpuHIHMIA Jle-
[ITarense.
JlabopaTopnasi paGora Ne 7 PacTBOpBI 2JIEKTPOJIUTOB
W3ydeHue 351eKTpONpOBOIHOCTH PACTBOPOB PA3JIUYHBIX BELECTB M0 CTEHEHH JIEKTPOIUTUYECKOM
JVCCOLMAIINY; BBIICHEHHE YCIIOBUM IPOTEKAaHUs XMMHYECKHX PEAKIHUI B PacTBOPAxX 3JIEKTPOJIH-
TOB.
JlaGopaTopnas pa6ora Ne 8 OkuCAUTEIBHO-BOCCTAHOBUTEIBHBIE MPOLIECCHI
O3HAaKOMUTBHCS C OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU CBOMCTBAMHU HEKOTOPBIX BEIIECTB, OCBO-
UTb METOJUKY COCTABJICHUS YPAaBHEHUH OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMNA C TIOMOIIBIO
METO/1a 3JIEKTPOHHOT0 OajaHca.
JlabopaTopnasi pa6ora Ne 9 D5JIC u HanpshKeHHE METHO-IIMHKOBOTO TaJlbBAHUYECKOTO AJIEMEHTA
OBnaners METOAMKON COCTaBJICHUS ralbBaHUYECKHX LIETIEH U U3MEpPEHUs HallpsDKEHUS rajlbBaHU-
YECKUX 3JIEMEHTOB.
Jla6opaTopuasi pa6ora Ne 10 Diekrponu3 pactBopa cyibdara HaTpHUs Ha HUKEICBBIX JIEKTPO-
nax.
N3y4unTh KOJIMYECTBEHHBIE 3aKOHOMEPHOCTH IPOLIecca dIEKTPOIN3a.
JlaGopaTopHnas pa6ora Ne 11 Koppo3ust MeTaioB 1 3aIuTa OT KOPPO3UH
N3yunTh yclioBUSI BOZHUKHOBEHHUS KOPPO3HOHHBIX MHKPOTaJIbBAHWUYECKUX 3JIEMEHTOB, SIBJICHUS
NOJIIPU3ALUU U ACTIOSIPU3ALNAN TP KOPPO3UH, O3HAKOMUTHCS ¢ HEKOTOPBIMUA METOJAMM 3aIUThI
METAJIJIOB OT KOPPO3HH.
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duianan QenepabHOr0 rocyIapcTBEHHOr0 OI0IKETHOT0 00Pa30BaTEJIbLHOI0 YUPeKIeHUs
BbICIIEr0 00Pa30BaAHUSA
«HanuonaabHbIN HccIen0BaTEeIbCKIH YHUBepcuTeT « MIU»
B Ir. CMoJIeHCKe

MeTounqecmle PEKOMECHIAINUNA K NIPAKTHYCCKHUM 3aHATUAM
o IMCIOMIIJIMHE

XUMUA

CMoJ1eHCK
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[{enp npakTUYECKUX 3aHATUM 110 JUCLHUIUIMHE — 3aKPEIUICHUE JICKIIMOHHOIO MaTepuasa AUCLUIUIMHBL,
oOyueHue CTYACHTOB IIPAKTUUECKON CTOPOHE KOMIETEHIINA, 3aKPEIICHHBIX 38 TUCIIUILINHOM.

IIpakTrueckue 3aHATHS 110 JUCLHUIUIMHE IPOBOIATCS 10 CIEAYIOIIUM TeMaM:

IpakTuyeckoe 3ansitue Nel OCHOBHBIE KJIaCChl HEOPraHUYECKUX coequHeHui. KoHuenTpamms
pacTBOpPOB.

I'enernueckas cBA3b Mexay Kiaccamu BemiecTB. CrocoObl BhIPAKEHUSI KOHIEHTPALMU PacTBO-
poB. CBs3b MEXAY KOHIIEHTPALIUSIMHU.

IpakTuyeckoe 3ansitue Ne2. CTpoeHHE aTOMa U NEPUOJUYECKasi CUCTEMA. XUMHUYECKAas CBS3b.
KomnnekcHple coenMHEHU.

CocraBiieHre 3JIEKTPOHHBIX M AJIEKTPOHHO-Tpadudeckux ¢opmyin 3aeMeHToB. CBsI3b CTPOCHUS
co cBoiictBamu. [lepuonnueckuii 3aKoH U nepuoguyeckas cucrema .M. Menaeneesa. Buabl xumuye-
CKOM CBSI3H, OIPEIEIICHUE XapaKTepa CBA3M B MOJIEKYJIE Yepe3 pacyeT pa3HOCTH 3JIEKTPOOTPULIATEI b-
HOCTH KaXJOW CBsI3M. MeTO/ BaJIEHTHBIX CBsI3ed. ATOMHO-OpOUTAIBHBIE CXEMbI MOJIEKYJ B CBSI3H C
TUIIOM THOPUIN3AIUU [IEHTPAIBHOTO aTOMa.

IIpakTnyeckoe 3ansaTne Ne3 Xumuueckas TEpMOJIMHAMUKA.

Pacuetsl TepMmonHaMudeckux (PyHKIHUNA COCTOSTHUS 1O CIEICTBUIO U3 3akoHa ['ecca.

IIpakTnueckoe 3ansaTHe Ned Xumuueckass KUHETHKA. XMMHUECKOE PAaBHOBECHE.

PacyeTbl ckOpOCTH XMMHYECKON peaklMK C y4eTOM BIUSHUS pa3inyHbIX (axTopos. [IpakTuue-
ckoe npumeHenue npuHuuna Jle-Illarense s cMenieHus paBHOBECUs B 3aJaHHOM HAIPABJICHUH.

IIpakTHyeckoe 3ansaTHe Ne 5. PacTBopbl HEANIEKTPOIUTOB. PacTBOPHI 3J1IEKTPOIUTOB.

Pacuets! o 3akonam Payns u npaBmity Bant-I'odda, pacuetst pH pacTBOPOB CHIIBHBIX H CITa0BIX
3JIEKTPOJIUTOB; PACUEThl B PACTBOPAX MAJIOPACTBOPUMBIX 3JIEKTPOJIUTOB.

IIpakTnueckoe 3ansaTHe Ne 6. OKUCIUTEILHO-BOCCTAHOBUTENIBHbBIE PEAKLINH.

CocraBieHue ypaBHEHUH 3JeKTPOHHOT0 OanaHca i noaoopa koadduuuentos B OBP.

IIpakTHyeckoe 3ansaTHe Ne 7. ['aIbBaHNYECKHI DJIEMEHT.

Cocrasinenue cxem '3, pacuerst D/IC pa3HbiMu crioco0amH, pacdeThl paBHOBECHBIX MOTEHIIHA-
JIOB 110 ypaBHEHUIO HepHcTa Ipy M3MEHEHUH yCIOBUM.

IIpakTnyeckoe 3ansaTue Ne 8. DnexTponus.

Pacuetrsr mo 3axkonam @apanes. OrnpenesieHHil 0YEPEeTHOCTH PA3PSIAKUA YACTHI[ Ha DJIEKTPOaax
4yepe3 pacueTbl paBHOBECHBIX ITOTEHIIMAIOB. PacueTsl MOTEHINAIOB Ta30BbIX JJIEKTPOIOB.

IMpakTuyeckoe 3ansaTue Ne 9. Kopposusi.

Omnpenenenne Buaa aenospusanuu. PacueTs! s onpeneneHus BO3MOKHOCTH KOPPO3UHU 4epe3
BEJINYMHBI IOTEHIUAJIOB OKUCIIUTEINSI U BOCCTAHOBUTENS B 3a/IaHHBIX YCIOBUSX.

MeTtoauueckue yka3aHusl K MPaKTUYECKUM 3aHSATUSM MPUBEIEHBI B METOIUYECKOM ITOCOOMH

1. TneboBa H. b., Ocranenko JI.®. COOpHMK 33a7au U YHOpaXHEHUH Mo Kypcy «Xumus». Cmo-
nernck PUO ¢unumana I'OY BIIO «MDU (TY)» 2012. - 124 c.

ANTOpUTM IIPOBEAEHUS NPAKTUUECKUX 3aHATHH 110 TUCLUIUIMHE IPEIIO0JIAraeTCs CIE Y OIINN:

- TIOCJIE BBIJIAYM 3a/1a4¥ B T€YEHUH 5-10 MUH. 3aHATHS CTYJEHThI aHAIM3UPYIOT UCXOIHBIE JTaHHBIE,
3aMMCBIBAIOT MAaTEMAaTUYECKHE BBIPAXKEHU (TMIPH HEOOXOIUMOCTH) U pellas 3a/1a4yM, JJal0T OTBETHI HA BO-
MPOCHI TECTOBBIX 33JaHUN U3 BHIIIETIPUBEACHHOTO TOCOOUS;

- OJIVH U3 CTYJEHTOB I'PYIIIBI BBI3BIBACTCS «K JOCKE» U JIEMOHCTPUPYET IPYIIIE BAPUAHT PELICHUS
3a1ad4;

- OpraHM3yeTcs MHTEPaKTHUBHOE OOCYXIEHHE PE3yJlbTAaTOB C pa3rpaHUYCHHEM (YHKIMOHAIBHBIX
00s13aHHOCTEH CcTy/eHTOB. B uTOore, COBMECTHBIMH YCHIIUSIMH (POPMHUpYETCS U KOPPEKTUPYETCS] OKOHYa-
TEJILHOE PELICHUE.
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«HauuoHaJbHbINA Hccen0BaTEeIbCKUN YHUBepcuTeT « MW
B I. CMoJ1eHCcKe

MeToauvecKkue peKOMEHAANNH K CAMOCTOSITEeJIbHOI padoTe CTyIeHTOB
Mo AUCHHUIINHE

XUMUsA

CMmoJeHcK
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1. O6wue cBeaeHNA 0 CaMOCTOSITENIbHOWN paboTe CTYAEHTOB NO AUCLUNIIUHE

Llens caMOCTOSATEIBHOM PabOTHI CTYJEHTA — OCMBICICHHO U CAMOCTOATENHFHO paboTaTh CHayaa ¢
y4eOHBIM MaTepHajIoM, OJTy4aeMbIM NPH KOHTAKTHOM paboTe ¢ MpernoaaBaTesieM, 3aI0KUTh OCHOBBI ca-
MOOpraHM3alU U CAMOBOCIIUTAHUS C TEM, YTOOBI IPUBUTH YMEHHE B JalbHEHIIEM HENPEPHIBHO MOBBI-
IaTh CBOIO MPO(PECCUOHATBHYIO KBATH(PHUKAIIHIO.

CopepxxaHue camocTosTenbHOM paboTbl CTYAEHTOB NO AUCLUNSINHE

[Iporiecc ocBoeHUsI CTyAEHTAMU AUCIHUTUIMHBI « XUMHUS BKJIIOYAET 12 OCHOBHBIX TEM.
Ilo Teme 1 «Tema 1.0cHOBbI HOMEHKJIATYPbI HEOPIAHNYECKUX BelIeCTB. ATOMHO-MOJICKYJISPHOE
yueHHe U cTeXHoMeTpuuecKkue 3akoHbl. Kiiaccbl HeopraHnyeckux BellecTB:

Pekomenoauuu cmyoenmam no camocmoamenvhoi pabome kK meme Nel.

a) MOJAroTOBKA K JIEKIHSIM.

[Ipu moAroTOBKE K JICKIIUU 10 JAaHHOW TeME CTYJEHTY HEOOXOIUMO MOBTOPHUTH IIKOJIbHBIA MaTepHU-
aJl IO aTOMHO-MOJICKYJISIPHOMY YYEHHIO, OCHOBHBIM XUMHUYECKUM MOHSATUSM: aTOMBI, SJIEMEHTHI, UX Ha-
MMEHOBAHWS U CUMBOJIBI, aOCOJIFOTHAsi aTOMHAsl Macca BElIeCTBa, OTHOCHTEIbHAS aTOMHAs Macca, KOJIH-
YeCTBO BEIIECTBA U €r0 PACyYeT, CTEXHOMETPUUYECKUE 3aKOHBI U PACUEThI IO HUM.

[To yka3aHHBIM Ha JICKIIMH aJTOPHTMAaM PEIICHUsS PACYETHBIX 3a7ad MPH pacueTax 1mo Gopmyiie u
10 YPaBHEHUIO 3aKPEMUTh MaTepHUall pacieToM MHAUBHUIYaTLHOTO 33aHHUS.

a) MOATr0TOBKA K BBINMOJHEHHUIO M 3a1IUTe JJadopaTopHbIX pador Ne 1.

[Ipu moAroTOBKE K BBHIMOTHEHUIO U 3antuTe JadbopaTopHbix padboT Ne 1 «IIpurotosnenue pac-
TBOPOB 3aJJaHHOW KOHILIEHTpALMW» CIEAYeT O3HAKOMMTHCS C METOAUYECKHMH yKa3aHUSMHU K BbI-
TTOJTHEHUTO J1a00paTOPHBIX PadoT.

Konumponsnwie éonpocwi 014 camonpogepku no meme Ne 1:

1. 1. laiiTe onpeneneHns NOHATUAM U 3aKOHAM: MOJIb, MOJIIpHAsl Macca, 3aKOH COXPAHEHUs MaccChl,
3aKOH MTOCTOSIHCTBA COCTaBa, 3aKOH KPATHBIX OTHOIICHUM, 3aKOH ABOrapo, 3aKOH SKBUBAJIEHTOB.

1.2. OnpenenuTe MOJSUTBHYIO KOHIIGHTPAIUIO @) pacTBOpa IIIFOK03bI ¢ MaccoBoi foneit 10%; 6) 0,2
M pacTBOpa XJIOPH/A IIHHKA (IIOTHOCTH 1,05 r/cm’).

1.3. Kaxoit o6bem 0,1 H pacTBOpa yKCYCHOW KHUCIOTBHI MOXKHO NPUTroToBUTH U3 0,5 11 ee 96%-ro
pactBopa (1oTHOCTS 1,059 r/em’)?

1.4. KakoBa HopMmaibHas KoHIeHTparms a) 0,6 M p-pa xiopuaa xenesa (111);

Ilo Teme 2 «CTpoenue atoMa. KBaHTOBLIE YHCJIa» B KAYECTBE CAMOCTOATEILHOH Pa00ThLI Ipeay-
CMATPHUBAIOTCH

Pekomenoayuu cmyoenmam no camocmoamenvHoi paoome Kk meme Ne2.

a) MOJAroTOBKAa K JIEKIMSIM.

[Ipu moAroTOBKE K JIEKIMSAM IO JaHHOW TeMe CTYAEHTY HEO0OXOAWMO M3YUUTh MOBTOPUTH IIKOJIb-
HBIM MaTepual o TeMe, 03HaKOMUTHCSI C HA0OPOM OCHOBHBIX MOHSATUI U OMIOPHBIX KOHCIIEKTOB.

OcHOBHOE BHUMaHUE clielyeT OOpaTUTh Ha TJIaBHBIC IPUHIIMITBI 3aII0JTHEHUS aTOMHBIX OpOUTAaJIe:

MIPaBUJIO HAMMEHBLIEHN 3Hepruy, 3anpet [laynu, npasuno ['ynna, npasuia KineukoBckoro. Dnek-

TPOHHBIE U ANIEKTPOHHO-Tpaduueckre (HopMysIbl aTOMOB JIEMEHTOB.
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0) NOAroTOBKA K BBHINOJHEHHIO M 3alMTe Ja0opaTopHOil padoTsl Ne 2. «DJIEKTpOHHAs CTPYK-

Typa aTOMOB U OJHOATOMHBIX MOHOB. V3yueHne akTUBHOCTH METAJUIOB B PEAKLUAX U OObICHEHHE

€€ DJIEKTPOHHOM CTPYKTYPOU»

IIp1 mOArOTOBKE K BBINOJIHEHUIO U 3alIUTE J1abopaTopHOi paboTel Ne 2 cienyeTr 03HAaKOMUTHCS ¢
METOAMYECKUMH YKa3aHUSIMH K BBITIOJIHEHUIO JIAOOPAaTOPHBIX paboT.

Heo6xoauMo mnpoaHanu3upoBaTh BO3MOKHBIE BapUaHThl HAMMCAHMS AJIEKTPOHHO-TpadUuecKux

dbopMyI, ymeHHsI 000CHOBATH BEPHBIN. [ 3TOr0 ¢ MOMOIIBIO JEKIIMOHHOTO MaTepuaia Heo0xo-

JMMO HalTH OTBETHI AJIi OOBACHEHMSI PE3YJIbTaTOB IPOEIAHHBIX OIBITOB, ONUPASACH HA MEPUOIU-

YECKHUH 3aKOH U nepuoanyeckyro cucremy .M. Menneneesa.

B) OATOTOBKA K NPAKTHYECKUM 3aHATHSAM;

[Tpu moATOTOBKE K MPAKTUYECKUM 3aHATHAM CTYICHTY HEOOXOIMMO MOJIb3YsACh HAOOPOM OCHOBHBIX
MOHATHUH, OBJIA/IETh AITOPUTMOM HAaIMCAHUS SJIEKTPOHHBIX U 3JIEKTPOHHO-Tpaduyeckux Gpopmys aToMOB
AJIEMEHTOB, KBAaHTOBBIX YHMCEJ BHEIIHUX U (DOPMUPYIOLIErO 3JIEKTPOHOB. IIpoBepuTh ycBOoeHUE U 3aKpe-
IUTh U3y4aeMblii MaTepua M03BOJISET BHIIIOJIHEHNE PACUETHOIO 3aJaHUs U OTBETHI Ha BOIIPOCHI TECTOB.

Konmponwvusie eonpocwt 0na camonpogepku no meme Ne 2:

2.1. ChopmynupyiiTe OCHOBHBIC IPHUHLIUIIBI KBAHTOBOH TEOPHH CTPOCHHUS BEIIECTBA (KOPITYCKY-
JISIPHO-BOJIHOBOM J1yajiu3M, IPUHLIUI HEONPEAEICHHOCTH, BOJHOBAs (PYHKIUS, aTOMHasi OpOUTallb, KBaH-
TOBBIC UHCIIA).

2.2. Ykaxure aToM ¢ GOPMUPYIOLIUM DIIEKTPOHOM a) 3s?, 6) 4p°, B) 3d, r) 42, OnuiuTe ero mo-
JIO’)KEHHE B IIEPUOJUYECKON CUCTEME.

2.3. HanuiuTe moiHyto 35eKTpoHHYI0 (hopMyty atoMa a) T¢, 6) Mn, B) Se, r) Ag, n) Ga, e) Pa, x)
V, 3) Sh, n) Rb, ) Kr. K kakomy ceMelicTBY OH OTHOCHTCS? YKaKUTE €r0 BHCUITHHMA, TIPEABHEITHUN CIIOMH,
(bopMHPYIOLIHIT 3IEKTPOH, KBAHTOBBIE YHCIIA ISl SJIEKTPOHOB BHEIIIHETO €105 U (POPMUPYIOIIETO HJIeK-
TpOHa.

2.4. Yto Takoe BasleHTHOCTH? [lokakuTe pacnpenienenue BaJICHTHBIX 3JIEKTPOHOB a) Se, 0) Mn, B)
Fe, r) Sn, n) As, ) Br, 3) Ti 1o KBaHTOBBIM siueiikaM B BO30Y»IE€HHOM U HEBO30YKICHHOM COCTOSHUH U
OIpeJIeNINTE COOTBETCTBYIOIINE 3HAUEHUS BAJICHTHOCTH.

2.5. Kak ocymiecTisieTcsl IpeBpalleHne aToMa B HOHbI? HanuiumTe nonHyo U COKpaIieHHYIo
3JIEKTPOHHBIE (POPMYJIBI HOHOB Q) Al*¥*, 6) Ca®*, B) F, 1) S%.

2.6. [laiiTe onpeeneHus MOHIATUAM «IHEPTUs HOHU3ALUNY, «CPOJICTBO K AIEKTPOHY», «IJIEKTPOOT-
pHIIaTeNbHOCTEY. Kak MEHSIOTCS 9TH XapaKTEPUCTHKH, a TAKXKE PaINyC aTOMa M METAIUTMYECKHE CBOMCT-
Ba y aTOMOB 1eMeHTOB a) VII-A rpynmsl cBepxy BHHU3, 0) |1l mepuona cnesa Hanpaso, B) I1-A rpynmns
CBEpXY BHU3?

ITo Teme 3 « XuMnueckas cBsizb. KOMILIEKCHBIE COeIMHEHHUS)» B Ka4eCTBEe CAMOCTOATEILHOM
padoThLI IPEIYCMATPUBACTC:

Pexomenoayuu cmyoenmam no camocmosamenvHoil pabome Kk meme No3.

a) NOAroTOBKA K JIEKLHsSIM.

HpI/I IIOATrOTOBKE K JIEKIIUAM IIO JIaHHOﬁ TEME CTYACHTY O3HAKOMHUTLECA C Ha60p0M OCHOBHBIX IIO-
HSTHH 1 ONTOPHBIX KOHCIIEKTOB HACTOALIEH JUCIUIUINHBL

OcHOBHOE BHUMAaHHE CICayeT O6paTI/ITB Ha BUbI XUMHUYECKOH CBsI31, OCHOBHBIC XapaKTCPUCTUKHU

CBSI3U: JAJIMHA, SHEPTUs, BJICHTHBIN yroi. CraenaTh akIeHT Ha MeToJ] BaJieHTHBIX cBs3eil (BC), He

YIIYCTUTD CBOMCTBAa KOBAJICHTHBIX CBS3EH: HACBIICHHOCTD, HAITPABJIICHHOCTh- G U T-CBA3HU, IOJIA-

POCTh, a TaK)ke OOMEHHBIN U TOHOPHO-AKIETITOPHBIN MEXaHU3MbI 00pa30BaHUs KOBAJIEHTHOM CBsI-

3, TEOPHUIO THOPUIN3AIMHI aTOMHBIX OpOHTAJICH.

0) MOAr0TOBKA K BBHINOJHEHUIO M 3alIUTe Ja0opaTopHOoii padoTsl Ne 3. «XuMudeckas CBS3b.

[Tonyyenne aMMuakaToB 0-32J1eMEHTOB, OOBSICHEHHE CTPOCHHUSI KOMITJICKCHOTO COCTMHEHHS. »
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[Tpu mOArOTOBKE K BBIMOJIHEHUIO M 3aLIUTE JIAOOpaTopHOU paboThl Ne 3 cienyer 03HAaKOMUTHCS C
METOJIMYECKUMH YKa3aHHUSIMH K BBIIOJIHEHUIO Ta00paTOPHBIX padoT.

[Tpu caMoCTOSATENBHON MOATOTOBKE K JIabopaTopHOU padore Ne3 ciemyer mpoaHAIM3UPOBATH BO3-

MOKHBIE€ TPOAYKTHI peaKIfii ¢ U30BITKOM U HEJIOCTAaTKOM peareHTa THApoKcHaa aMMoHus. J{is

3TOTO C MOMOIIBIO JIKIIMOHHOTO MaTeprajia He0OOXOIMMO HAaWTH OTBETHI JJIsi OOBSICHEHHS PE3Yib-

TaTOB IMPOJICJIAHHBIX OMBITOB, OMHUPAsACh Ha CTPOCHHE, 3HAHHE XapaKTepa CBsi3eld B KOMIUIEKCHOM

COCAMHCHHUHU U €I'0 MEXaHHU3Ma AUCCOUAIIUH.

B) IOJAr0TOBKA K NPAKTHYECKOMY 3aHSATHIO;

[Tpu mOATOTOBKE K MPAKTUYECKUM 3aHATHAM CTYICHTY HEOOXOIMMO MOJIb3YsACh HA0OPOM OCHOBHBIX
MOHATHI, OBJIAJIETh AITOPUTMOM PEILIEHHS 3aa4 10 TeME.

Ot0 3amauu Ha 1) ompeneneHus Xxapakrepa cBsa3el B MoJieKkyJe, 2)00bsICHEeHnEe MexaHu3Ma oopa-

30BaHUs KOBAJICHTHBIX CBS3€H, 3)yMEHUS ONPEEIsITh, OOBSICHITh Uepe3 MepeKphIBAHUE AIIEKTPOH-

HBIX 00JIAKOB BHJI CBSI3H, BOBMOXHYIO THOPHIM3AINIO U COOTBETCTBEHHO (popmy monekyibl. [Ipo-

BEPUTHh YCBOCHHE M 3aKpPEMUTh U3ydaeMbli MaTepHall MO3BOJSET BHINOTHEHHE WHAMBHUIYAIbHOTO

3aaHuA U OTBETHI Ha BOIIPOCHI TCCTOB.

A) NOAT0TOBKA K KOHTPOJILHOM padoTe

[Ipu moAroToBKE K KOHTPOJIBHON paboTe HEOOXOAWMO M3YYUTh METOAMYECKHE yKa3aHUs, (TECTHI).
[lonroroBka kK HEl COCTOMT B M3YYEHUU TEOPUHU, 3aKPEIJICHUM YCBOEHHOTO MaTepHualia, HOBTOPEHHUU
AITOPUTMOB PELICHUSI OCHOBHBIX TUIIOB 33]1a4 10 TEME.

Konmponwvusie eonpocwt 0na camonpogepku no meme Ne 3:

3.1. laiiTe onpeaeneHus MOHATUSIM: XUMHUECKas CBsI3b, HIOHHAS CBSI3b, KOBAJICHTHAS CBSI3b (€€ BU-
Ibl), KPaTHOCTb CBSI3U, MOJIAPHOCTH CBSI3H, BAJIGHTHOCTh, BOJIOPO/IHAS CBsI3b, BaH-J€p-BaabCOBBI B3aH-
MOJCHCTBUSA (MX BUIBI).

3.2. Omnpenenure TUII CBS3U, 00pa3yoLIEics MeXly aTOMaMH 3JIEMEHTOB € (POPMHUPYIOLIUMHU HJIEK-
Tponamu a) 45" u 2p°, 6) 25° u 3p”, B) 5d° u 2p°.

3.3. Yro Takoe rubpuau3zanus aToMHbIx opoutanei? [louemy ona npoucxoaut? Omnpenenute TUI
rubpuan3anmu B Moliekyiax: a) Mgly, 0) AlFs, B) SiHy4, r) AsHs, n) H0, e) FeBrs, k) CCla, 3) BHs. U30-
Opa3uTe UX MPOCTPAHCTBEHHOE CTPOCHUE, YKAKUTE TUMOJIbHBIE MOMEHTHI CBSA3H U MOJIEKYIbI. [TonspHbI
JI1 MOJIEKYJIbI?

3.4. Yro Takoe KoMIUIeKCHbIe coeuHeHna? CocTaBbTe (POPMYITy KOMIUIEKCHOTO COETUHEHHUS, B KO-
TOpOM KoMILIekcooOpa3oBaresneM sBisiercs uoH prytu (1), nurannamu — oAU 1-MOHBI, HIOHAMH BHEILIHEH
cdepst — K*. HazoBuTe coeuneHmue.

3.5. N3o6pa3zute aroMHO-0pOUTANTEHBIE cXeMbl MoJiekylt a) O, 6) Np, B) CO, 1) CO,, 1) MgS, e)
CoHa, x) CoHy. Ykaxkute, MeXXAy KaKUMU OpOUTANIIMU 00pa3yloTCsi XUMUYECKUE CBSI3U, U THIT IEPEKPHI-
BaHUS AJIEKTPOHHBIX 00JIAKOB.

3.6. Kakue yacTuiipl, Kak MpaBuiio, SBJISIOTCS KOMIUIEKcooOpazoBaTensmu? [lepeunciure Bce BUBI
cessu B Mmosekyne a) [Ag(NHz)2]Cl, 6) K3[Zn(OH)4], B) [CO(NH3)s](NO3)s, 1) Na[Cu(CN)4], n)
Naz[Hgls], e) H{Ag(NO)2]. Ykaxute HOHBI BHEUIHEW W BHYTPEHHEH Cdephl, KOMILIEKCOOOpa3oBaTeb,
JIMTaH/Ibl, KOOPAWHAIIMOHHOE YMCIIO, IOHOP ¥ akienTop. HazoBuTe maHHBIC COSTMHEHMS.

IIo Teme 4 «JHepreTukKka XMMHYECKHX HPOIECCOB.» B KaYeCTBE CAMOCTOATEJLHON PA0OThI
NpeaAYCMaATPUBACTCA

Pekomenoayuu cmyoenmam no camocmoamenvHoi paoome Kk meme Ned.

a) MOATrOTOBKA K JIEKI[UM:

[Ipu moAroToBKe K JEKIUSAM IO JAHHON TeMe CTYACHTY O3HAKOMHUTHLCS ¢ HAOOPOM OCHOBHBIX TO-
HSATUN ¥ ONOPHBIX KOHCIIEKTOB.
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OcHOBHOE BHUMaHHE ClieAyeT OOpaTuTh Ha dHepreTudeckue dPQPEKThl XUMUYECKUX PEaKIH.
HampaBnenne u mpeaen NMpOTeKaHUS XUMHYECKUX PEAKLUi B M30JIMPOBAHHBIX CUCTEMax, (pyHK-
UM COCTOSIHUSI CUCTEM, BBIYMCICHHE UX U3MEHEHHUS B X0JI¢ XMMUYECKOH Peaklnu ¢ UCTOIb30Ba-
HHUEM CIIeICTBHA U3 3aKoHa ['ecca. BaxHO moHMMAaTh, 4TO TEMJIOTa U paboTa HE SBISAIOTCS CBOMCT-
BaMH CHUCTEMBI, a XapaKTepU3yIOT ABE (HOPMBI IIEepeauu SHEPTHH.

a) MOAr0TOBKA K BBINOJHEHHIO W 3alUTe JA00paTOpHOii padoThl « DHEPreTUKa XUMUYECKHUX
IIPOLIECCOB.»
[Ipy mOAroTOBKE K BBHIMOJHEHUIO U 3allIUTE JIaOOpaTOPHOU paboThl CleAyeT 03HAKOMHUTHCS C METO-
JTUYEeCKHUMH YKa3aHUSMHU K BBITIOJHEHUIO JTA00PAaTOPHBIX padoT, (TECTHI)).
[Tpu moaroToBke K 1abOpaTopHOi paboTe cleayeT MpH 3aMuCH 3HAYCHUH (PYHKIMA COCTOSHUS
peareHTOB M MPOAYKTOB pEaKIuil 00s3aTEIbHO YUUTHIBATh UX arperaTHbIe COCTOSIHUS WU aJlio-
TPOIHbIE MOIU(UKAIIMK BEIIECTB M yCIOBUS mpoiecca. [Ipy mpoBeneHNN TEpPMOAMHAMUYECKUX
pacdeToB HE CIEAyeT 3a0bIBaTh O CTEXMOMETPUICCKUX KOAPPHUIIMEHTAX ¥ MIOMHUTH, YTO B CIIpa-
BOYHBIX Ta0JIMIIaX PHTAJIBIINKU O00Pa30BaHUsS BBHIPAKEHBI B KUIOMKOYISAX HA Moyb (K [x/Moib), a
SHTPOIHH — B JDKOYJIAX Ha MoJb-KenbBUH( [k/ K-Moub). [ToHuMaTh, 9TO B H30JUPOBAHHOMN CHC-
TeMe, T/ie TPAHHIIbl HETIPOHUIIAEMBI I DHEPTHH M BELIECTBA YHTPOIUS BO3pACTAET B JIIOOOM ca-
MOIIPOM3BOJIBHOM IIPOIECCe, TaK KaK CHCTEMa CTPEMHUTCS MEPEeUTH B Haubojee BEpOSITHOE CO-
CTOSIHUE.
B) NOJATOTOBKA K MPAKTHYECKUM 3aHATHSIM;
[Ipu mOATroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYIACHTY HEOOXOIMMO MOJIb3YsCh HAOOPOM OCHOBHBIX
TIOHSATUHN, OBJIAJIETh AJITOPUTMOM PEILIEHUS 3a/1a4 110 TEME.
PacyeramMu SHTpOIWU, SHTANBNUU U JHEpruu ['mbOca s XMMHYECKUX pPEeakIuil MpoBepsieTcs
YCBOEHHE H3y4aeMOro MaTepHaa.

Konumponsnwie éonpocwi 014 camonpogepku no meme Ne 4:

4.1 Chopmynupyiite a) |, 6) I, B) 1l 3akoHBI TepMOaHHAMUKH. [[aliTe onpeneneHrs MOHITHSIM:
TepMOJUHAMHUUECKasl cucTeMa (UX Kiaccuukanuu), GyHKIUS COCTOSIHUS, TapaMeTphl CUCTEMBI, (ha3a,
TEPMOJUHAMHYECKHUN ITPOLIECC.

4.2. Tlo xako# TepMOAMHAMUYECKON (DYHKIIMU ONpeaeNnsieTcs] BO3MOKHOCTh CaMOIPOU3BOJIBLHOTIO
NPOTEKaHMUs XUMUYECKHUX peakIiii B n300apHO-U30TEPMUUECKUX YcIoBUAX? OnpenenuTte, BO3MOKHO JIH
caMoIpou3BojbHOE npoTekanue peakiuu a) HoOpy = 2Hor + O, 06) CaCOs¢ry = CaO(yy + COy(ry B H.Y.

4.3. PaccumnTaiite TeMneparypy paBHoBecus cucremsl A + B = 2AB, eciau u3sMeHeHNe SHTPONIUU B
xoje 370l peakuuu pasHo 10 J[x/K, a usmenenue suransnuu pasHo 25 k/[x. [Ipu kakux temneparypax
OTHOCHUTEJILHO TEMIIEPATyphl PABHOBECHUS BO3MOKHO CAMOIIPOM3BOJIbHOE TEUEHNE ITON pEeaKIMK?

4.4. Ykaxure HanpaslieHHe poTekanus npouecca A = B npu 200°C, ecmn - AH®, = 20 xJIxk,
AS®p. = —100 JIx/K (2 cnocoba perienus).

4.5. Ipouecc COy + Clyry = COClyry siBnseTCa sKk30TepMudecknM. Kak MeHsieTcst SHTponus B XO-
ne npsaMoit peakiuu? Ilpyu kakux TeMneparypax OTHOCHTENBHO T, BOZMOKHO CaMONPOU3BOJIBHOE IPO-
TEKaHHE 3TOW peaKuu?

IHo Teme 5 «XuMHuYecKasgds KHHETHKA. XMMHYECKOe PABHOBECHE» B KAaUeCTBE CAMOCTOATEb-
HOW PA0OTHI MPEAYCMATPUBAETCH

Pexomenoayuu cmyoenmam no camocmoamenvHoil pabome Kk meme Ne5.

a) MOAr0OTOBKA K JICKIIUAM.
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[Tpu moAroTOBKE K JEKIUSAM IO JAHHON TeMe CTYACHTY O3HAKOMHUTHLCS ¢ HAOOPOM OCHOBHBIX TO-
HSITHUH.

OcHOBHOE BHUMAaHHE ClEAyeT 00paTUTh Ha MapaMeTPhl , OT KOTOPBIX 3aBUCUT CKOPOCTh XUMUYE-

CKOI1 peakliiu, 3aKOHBI XapaKTePU3YIOIIHNE ITH 3aBUCUMOCTU. Pa300paThCs U ySICHUTH 3HAUCHUE

MOHSATHSI «YHEPTHSI AKTHBAINIY, PEACTABISATH TpadUKH X0/1a IK30- M SHIOTEPMHUECKUX PEAKIIHH.

[ToHnmarp, YTO XUMUYECKOE YPaBHEHHUE OTPAXKAEeT BECOBbIE OTHOLICHUS MEXKIY PearupyroummMu

BEILIECTBAMH, HO HE MEXaHU3M.

0) NOArOTOBKA K BBINOJHEHHUIO W 3alIUTe JIadopaTopHoil padoTsl Ne 6. «Kuneruka. M3ydyenue
3aBHCHMOCTH CKOPOCTH TOMOTEHHBIX M TETEPOTCHHBIX PEAKIUi OT pa3iuuHbIX (akTopoB. M3ydeHwue
BIIUSTHUSL U3MEHEHUS! KOHIICHTPAIMK Ha CMEIIEHNE PABHOBECHUS»

[Tpu moATrOTOBKE K BBHIMOTHEHHIO U 3alIUTE JabopaTopHOi paboTsl No 6 clieayeT 03HaAKOMUTHCS C
METOJIMYECKUMH YKa3aHHUSIMH K BBIMOJTHEHUIO Ta00PaTOpHBIX paboT, (TEeCThl)).

[Tpu camMocTOsATEIHLHON MTOATOTOBKE K JTAOOpaTopHO# padote Ne 6 ciemyer mpoaHaIn3upoBaTh
BO3MOXKHbBIE 3aKOHOMEPHOCTH MPOTEKAHUS PEAKIUH Pa3NI0KEHUsI THOCEPHON KUCIOTHI OT KOHIICH-
Tpalyu, ONUPAsICh HAa 3aKOH JICUCTBYIOIIMX MAaccC, a 3aT€M B X0JI€ IKCIIEPUMEHTA TO MOJIy4aeT WIH
He ToJy4aeT noArsepxaeHue. O posid MOBEPXHOCTU COMPUKOCHOBEHUS B T€TEPOTCHHBIX MTpolieccax
HarJISIIHO CBUJIETEIILCTBYET OIBIT MO B3aUMOJICHCTBUIO MpPaMoOpa C KUCIOTOM.

[Ipu camocToSITENHEHOM MOATOTOBKE K J1abopaTopHOi pabore Ne7 crnemyeT mpoaHAIU3UPOBATh
BO3MOJKHBIE 3aKOHOMEPHOCTH MPOTEKAHMUsI OOpaTUMOM peakiu MPU W3MEHEHUU KOHIICHTPAIUU
peareHToB M MpoayKToB. KuHeTHdeckue MOHATHS M 3aKOHOMEPHOCTH, OOBICHSIEMbIE C MO3HIIHMA
3JIEKTPOHHOU TEOPUHU, TEOPUH AKTHUBHBIX CTOJKHOBEHHI C MPUBIICYCHUEM DHEPIEeTUUYECKUX IPe.I-
CTaBJICHUH JeNlaeT BO3MOXKHBIM 00BbSCHEHHUE U MPEACKa3aHue Pe3yIbTaTOB OIBITOB.

B) NOJATOTOBKA K MPAKTHYECKUM 3aHATHSIM;

[Tpu mOATrOTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJIEHTY HEOOXOUMO MOJIb3YsCh HAOOPOM OCHOBHBIX
TIOHSTUHN, OBJIAJIETh aJITOPUTMOM PEIIEHUS 3a/1a4 TI0 TEME.

DTO 3324l Ha OCHOBHBbIE KHHETUYECKUE 3aKOHBI, HA pacyeThl HAYaIbHBIX U KOHEYHBIX KOHICH-
Tpanuii KOMIIOHEHTOB PEaKIIMK, Ha BIMSHUE PA3JIMYHBIX CIIOCOOOB BO3/IEHCTBUS HAa PAaBHOBECHYIO
CUCTEMY U PEAKIIUIO 3TON CUCTEMBI.

1) NOATOTOBKA K KOHTPOJILHOM padoTte

[Ipu moAroTOBKE K KOHTPOIBHON paboTe HEOOXOAWMO M3YYUTh METOAMYECKHE yKa3aHUs, (TECTHI).
[ToaroroBka K HEM COCTOMT B U3YYCHHH TEOPHH, 3aKPEIUICHUH YCBOEHHOTO Marepuasa, TOBTOPEHUHU
QITOPUTMOB PEUIEHUsI OCHOBHBIX TUIIOB 33]1a4 MO TEME.

Konmponwvnsie eonpocwt ona camonpogepku no meme Ne 5:

5.1. laiiTe onpeaeneHus MOHATUSIM: CKOPOCTh PEAKIIH, KOHCTAaHTa CKOPOCTH, MOPSIOK PEAKIINH,
TeMIepaTypHbIi KOXPPHUIIUEHT, SHEPIUs aKTUBAIMY, KHHETUYECKOE YpaBHEHHE, MEXaHU3M PEaKIUH.

5.2. ChopmynupyiTe 3aKOH ACUCTBUS Macc. 3anuimuTe BeipakeHue 3/IM (0OCHOBHOE KHHETHYE-
CKOE€ YpaBHEHUE) IS CIEeIYIOIMX peakiuii: a) Ay + 2By = 2C(y; 6) COx¢y) + Cpy = 2CO(ry; B) 2HClp-p)
+ N3.2CO3(p_p) = 2NaCI(p_p) + Hzo(,K),‘i‘COz(r), T) 3H2(r) + 2B(T) = 2BH3(r).

5.3. Kak usmenurcs ckopocts peakinu 2NO + Oy = 2NOyy (k = 0,2, y = 2), ecnu: a) yenu-
YUTh 00BEM CHUCTEMBI B 2 pa3a; 0) yBenuunuth KoHLeHTparuo NO B 2 pa3a; B) yMEHBIIUTh TEMIIEPATYPY
Ha 30°, T) TOBBICUTH J1aBJICHHE B 3 pa3a’?

5.4. Bo ckoipKo pa3 Hafo yBenuuuTh AaBieHue B cucteMe 2CO ) = COxy) + Cr), 4TOOBI CKOPOCTH
peakuuu yBennumiach B 4 paza?

5.5. HauanbpHble KOHIIEHTpanuu BeuecTs A u B B peakiuu 2A ) + By = C(r) paBHBI COOTBETCT-
BeHHO 0,9 u 0,6 Monp/n1. Onipeaenute CKOpoCTh peaKkIui B MOMEHT BpeMeHH, Koraa KoHreHTpanus C
craina pasna 0,2 monb/a (k = 0,3).
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Ilo Teme 6 «PacTBOpLI. PACTBOPBI DJIEKTPOJUTOB.» B KAYeCTBE CAMOCTOATEILHOI pad0ThI Npeay-
CMATPHUBAIOTCH:

Pekomenoauuu cmyoenmam no camocmoamenvhol padome Kk meme Ne6.

a) MOJAroTOBKA K JIEKIIMHU;

[Tpu moAroToBKE K JEKIUSAM 10 JAHHON TeMe CTYACHTY O3HAKOMHUTHLCS ¢ HAOOPOM OCHOBHBIX TO-
HSITHUH.

[Tornmanne MexaHu3Ma 00pa30BaHUS PACTBOPOB OOBSICHSET IICKTPOIUTHUECKYIO TUCCOIUAIIHIO,
COOTBETCTBEHHO TEOPUHU CHIIBHBIX U CIA0BIX AIEKTPOJMUTOB, HOHHOE MPOU3BEIACHHUE BOJbI, BOJIO-
POJHBIN TIOKA3aTelNb, THITHI THAPOIIM3A COJieH, BbIYKMCIeHUuE pH pacTBOpa ruapoM3yIOMIEics co-
mu. Knaccudukanus qucnepcHbIX CHUCTEM MOABOAMT K MOHUMAHHIO CTPOCHUS KOJUIOMAOB. J{is
UJICATLHBIX PACTBOPOB OOBSICHSIOTCS KOJUTMTATHBHBIC CBOMCTBA : MOHWKCHHUE MMAPIIUAITBHOTO JaB-
JIeHWs] Tlapa PacTBOPHUTENS HaJ PacTBOPOM, MOBBIIIEHHE TEMIIEPATypbl KUIICHHUS, MOHMKEHUE
T(3am) —3akoHbI Payiiss, 0CMOTHYECKOE J1aBIICHHE.

0) MOATOTOBKA K BBINOJHEHUIO U 3aIIUTE JJA00PATOPHOH padoThI ;

[Tpu MOATrOTOBKE K BBIMIOJHEHUIO M 3aIIUTE JIA0OpATOPHOU paboThl MO Teme Ne6 «PacTBOpHI AJiek-
TpoauTOB. O3HAKOMJICHHE C AJIEKTPOXUMUYECKUM METOAOM OIpeeICHHs CTEeIIEHU AUCCOIMAINH IJIEK-
TPOJUTOBY CIIEYEeT 03HAKOMHUTHLCS C METOAMYSCKUMHU YKA3aHUSMH K BBIITOJIHEHUIO Ta00PaTOPHBIX padoT,
(Tecthl)).

[Tpu caMOCTOSITEIBHOM MOATOTOBKE K J1abopaTopHOU padoTe mo Teme Ne6 ciieyeT mpoaHaTu3upo-

BaTh BO3MOKHBIE 3aKOHOMEPHOCTH MPOTEKAHUS PEAKIUil TUCCOLMALMU MpEeAsiaraéMbIX B MPaKTH-

KyMe pacTBOPOB BELIECTB.

B) OJAr0TOBKA K MPAKTHYECKHUM 3aHATHUSIM;

[Tpyu MOATOTOBKE K MPAKTHYECKUM 3aHATHSM CTYIECHTY HEOOXOUMO IMOJIb3YsACh HAOOPOM OCHOBHBIX
MOHATH, OBIAJETh AITOPUTMOM PEILIEHUS 3a7a4 10 TEME.

Ot1o 3amauu Ha: 1)oOpazoBaHue ocaaka, 2)Ha pacdyer pH CHIBHBIX W CIA0BIX 3JIEKTPOJIUTOB,

3)pacueT WMOHHOW CUIBI pacTBopa, 4)3akoHbl Payns ¥ BENTUYMHY OCMOTHYECKOTO MaBIICHUS,

S)cTpoeHne KOJIJIOUIHBIX YaCTHII.

A) NOAT0TOBKA K KOHTPOJILHOM padoTe

ITpu moAroToBKe K KOHTPOJIbHOM paboTe HEOO0XOAMMO M3YyYMTh METOJMYECKUE yKa3aHUs, (TECThI).
[TonrotoBka kK HEl COCTOMT B U3YUYEHUU TEOPUH, 3aKPEIVIEHUU YCBOEHHOIO MaTepuaa, OBTOPEHUH
QJITOPUTMOB PEIICHNS OCHOBHBIX TUIIOB 33/1a4 110 TEME.

Konmponwvusie éonpocwt 0na camonpogepku no meme Ne 6:

6.1. Kak kimaccuuIupyroT JIEKTPOIUTHI IO CTeTeHU auccoruanun’? K kakum 3JeKTpoTuTaM OT-
Hocstes cnenyromue Bemectsa: KOH, NaCl, CH;COOH, HNO3, HNO,, K,CO3, H,0O, NH,OH, HCIO?

6.2. Uto mpencrasisieT coO0H BBIPAKEHHE 71T KOHCTAHTHI TUCCOIMAn? 3aUIINTE BBIPAXKEHUE
JUTSE KOHCTAHTBI AMCCOIMAIINH a) YKCYCHOM KHCIOTHI, 0) TUAPOKCHIA aMMOHHUS, B) YTOIBHON KUCIOTHI (TI0
CTYIIEHSIM).

6.3. Paccuwnraiite pH a) 0,05 M pactBopa cosstHo#i Kuciotsl, 6) 0,05 M pactBopa rugpoxcuia
ammonwus, B) 0,01 M pactBopa ruapokcua kaiwus, ) 0,02 M pacTBopa a30THCTOMH KHCIIOTHI.

6.4. Beimaziet 11 ocaJiok Mpu cMemuBaHuK paBHbIX 00beMoB 0,01 M pacTBopa HuUTpara cepedpa u
0,005 M pacTtBopa oanaa Kaaus?
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IIo Teme 7 «DJeKTPOXHUMHYECKHE CUCTeMbl. OKHCINTEIbHO-BOCCTAHOBUTEIbHLIE CBOICTBA Be-
IIEeCTB» B KaUeCcTBE CAMOCTOATEIbLHOM PA00ThI MPEIYCMATPUBAIOTCS

Pekomenoayuu cmyoenmam no camocmoamenvHou paoome K meme Ne7,

a) NOAroTOBKA K JiekuusaMm (1gac);

[Ipu moAroToBke K JEKUUSAM MO JAHHON TeMe CTYACHTY O3HAKOMHUTHLCS C HAOOPOM OCHOBHBIX IO-
HSTHM.

3HAaKOMCTBO € TEMOM HAuyMHAeTCs C MOHATHS CTeNeHb OKuciaeHus. OKHUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIE CBOMCTBA BelleCcTB. OKUCIUTENIbHO-BOCCTAHOBUTEIbHBIE PEAKIIMU UX BUABL. THUIIBI
AIEKTPOJOB. PAl HanmpspKeHHUs: METaJUIOB.

0) MOATr0TOBKA K BBHINOJHEHUIO U 3alIMTe JJa0opaTopHOi padoThl 1o Teme Ne 7;

[Tpu moArOTOBKE K BBHIMOJIHEHUIO M 3aIIUTE J1a00paTOpHOM paboThl mo Teme No7 «OKHCIUTEeNbHO-
BOCCTAHOBUTCIIBHBIC PCAKIIN. HpI/I 3HAaKOMCTBO C BJIMAHHEM XapaKTEpa CpE€Abl HA X004 PCAKIIMU Ha IIpH-
Mepe TepMaHraHata Kajius CIeIyeT 03HAKOMHTBCS C METOAMYECKHMHU YKa3aHUSIMHU K BBIIIOJIHCHUIO Jia-
060paTopHBIX paboT (TECTHI)).

[Tpu caMocTOATENBHOI MOATOTOBKE K JIabopaTopHO padboTe mo teme Neb ciexyeT npoaHaiu-
3UPOBATHL BO3MOXXHBIC 3aKOHOMCPHOCTH IMPOTCKAHUA OKHUCIIUTCIIBHO-BOCCTAHOBUTCIIBHBIX peaKHHﬁ

Ha [pUMEpe pacTBOpa MEepMaHraHaTa Kaius Cylb()UTOM HATpUsi B pasHbIX cpeiax. Pe3ynbraThl

MMPOBCACHHBIX OIBITOB HAITIAAHO IMOKA3bIBAKOT, YTO MPOAYKT pC€aKIMU 3aBUCUT OT YCJ'IOBI/If/'I IMpOBC-

nenus. PaccraHoBKa KO (UIIMEHTOB B YpaBHEHHH METOAOM JJICKTPOHHOTO OajaHca CBHICTENBCT-

BYCT O IOHMMAaHUHU CYIITHOCTHU 3TOT'O B3aHMOI[efICTBPI?L

B) MOATOTOBKA K MPAKTHYECKHM 3aHITHIM;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJEHTY HEOOXOUMO I0JIb3YsICh HAOOPOM OCHOBHBIX
MOHSITHH , OBJIQIETh AITOPUTMOM pEIISHHS 3a/1a4 110 TeMe, PACCTaHOBKOH KO((UIMEHTOB B YpaBHEHH-
sx. [IpoBepUTh YCBOCHUE U 3aKPENUTh W3y4aeMblii MaTepHasl MO3BOJISCT BBIOJHEHHE PACUETHOTO 3a/1a-
HUSI M OTBETHI Ha BOIIPOCHI TECTOB.

Kak npaBuio, BOIpoCkl HallMCaHWsI YPaBHEHUN OKHUCIUTEIBbHO-BOCCTAHOBUTEIBHBIX pPEaKLIUN
HE BBI3BIBAIOT 3aTPyJHEHHUM. AKIEHTUPYETCS BHUMAHHUE HA Pa3JINUUU NOHATUN «CTEIEHb OKUCIIE-
HUS» U «BaJICHTHOCTb»,  pa3dMparoTcs  KpUTEpUHM  KJIAcCU(PUKAMU  OKUCIUTENBHO-
BOCCTAaHOBUTENBHBIX PEAKIIMH, CIIOCOObI pacyeTa 3HaYeHMH MOJSPHBIX MacC 3KBHUBAJEHTOB OKHC-
auTenel u BoccraHoButenel. Ilpu paccmorpennn konumdecTBeHHOHM oueHkn OBP: cranpapTHbIif
JJIEKTPOJHBIN ITOTEHIMAJ, PABHOBECHBIN ITOTEHLHAN IIPH YCIOBUAX OTIMYHBIX OT CTAHJIAPTHBIX,
ypaBHeHue HepHcera, 21eKTpoABIKYIIAas CHIIA PEaKIMU- BCEX DTUX IMOHATUM MOABIISIOTCS OIpee-
JIEHHBIE TPYJIHOCTU B YCBOCHUU MaTepHasia. O3HaAKOMIICHHE ¢ MEXaHU3MOM BO3HUKHOBEHHSI JIBOM-
HOTI'O DJIEKTPUYECKOIO CJIOS, U3MEPEHUEM IMOTEHLHAIA METAIIMYECKOT0 JIEKTPOA 10 OTHOLIEHUIO
K BOJIOPOJHOMY 3JIEKTPOAY JAEJIAeT MOHATHBIM PsIJi HANPSIYKEHUHA METAUIOB U COOTBETCTBEHHO BbI-
YHUCJICHUE DJIC PEAKLIUH.

Konmponwvusie éonpocwt 0na camonpogepku no meme Ne7 :

7.1. JlaWiTe onpeneneHus MOHATUAM: OKUCIUTEINb, BOCCTAHOBUTEIIb, OKUCIIEHHUE, BOCCTAHOBJIEHHUE,
JUCTIPOTIOPITMOHUPOBAHNE, CTETIEHb OKUCIICHUS, PABHOBECHBIN noTeHIuan. ChopMynupynTe ycaoBus
nporekanus OBP.

7.2. BO3MOXHO JT1 IPOTEKAHUE OKUCIUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIUN MEXKTY CIEeIYIOIH-
mu BemectBamu: a) HoS u HI, 6) HyS u HoSO3, B) HoSO3 1 HCIO4? Eciti BO3MOXKHO, YKaKUTE OKUCITH-
T€Jb ¥ BOCCTAHOBUTEIIb.

7.3. Kakoii npouecc (OKUCIEHHE WU BOCCTAaHOBIIEHUE) IPOUCXOAUT IIPU CIIEYIOIINX IIPEBpallie-
Husix: a) P*°— P™:6) Ca — Ca™; B) N > N*2
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7.4. 3anumuTe ypaBHEHUS TOTYPEaKIUii: a) BOCCTAHOBIICHUS NOHA AFOMUHWS; 0) OKHCIICHUS Mar-
HUS;, B) OKHCIICHUS HOHA S™2 10 BBICIIEH CTETNEHN OKUCIIEHHUSL.

7.5. Tlonbepute K03 UIIUESHTH METOIOM IJIEKTPOHHOTO OajaHca, YKaKUTE OKUCIUTEIb U BOC-
craHoBuTelnb: a) Cu + HNO; —» CU(NOg)z + NO + H,0; 6) HI + H,SO4 — |, + H,S + H,0,
B) P + HNO3; + H,O — H3PO, + NO,
r) KMnQO4 + NaNO; + H,SO4 — MnSO,4 + NaNO3 + H,0 + K;SO,4, K kakoMy THITY OTHOCSTCSI yKa3aH-
Heie OBP?

7.6. JlokaxuTe ¢ MO3UIMH CTPOCHHsI aTOMa, KaKhe CBOMCTBA (OKHUCIUTEIbHBIC, BOCCTAHOBHUTEIIb-

HbIC WIH JBOWCTBEHHBIC) MOXET MPOSBIIATH YIIIEPO B cocTaBe AaHHBIX coenuHeHuit: a) CO, 6) CO,, B)
CH4, F) K2C03, ,Z[) CS,, e) HCN

IIo Teme 8 «YcCTpOHCTBO M YVCJI0BHSA PA0OTHI rAJLBAHUYECKHX DJIEMEHTOB. XMMHUYECKHE HC-
TOYHHMKH TOKA. TONJIHUBHBIE 3JEMEHTHD) B KAYECTBE CAMOCTOATEALHON PA00ThHI HPEAyCMAT-

PUBAIOTCH:

Pekomenoayuu cmyoenmam no camocmoamenvnoii paoome K meme Nes.

IIpu nOArOTOBKE K JIEKLIHUSAM 10 JaHHOM Te€Me CTYAEHTY O3HAKOMHUTbCS C HAOOPOM OCHOBHBIX I10-
HSTHUH.

[Tonnmanue MexaHM3Ma BO3HMKHOBEHHsI TOKOOOpasyrollell peakuuu pa3Oupaercs Ha MpUMepe
MEIAHO-IIUHKOBOT'O T'aJIbBAaHUYECKOTr0 3jieMeHTa. Cxema 3jieMeHTa, IPOLECChl Ha 3JIEKTPOJIax, pac-
4eT BEJIMYMHBI 3JIC IOKA3bIBalOT BO3MOXKHOE JAJIbHEHIIEE MCIOJIb30BAaHUE I'AJIbBAHUYECKUX DJIE-
MEHTOB B KaU€CTBE NEPBUYHBIX UCTOYHUKOB TOKA.

0) MOAroTOBKAa K BBHINOJHEHHMIO U 3aIIUTE JIA00PATOPHOH PadoThl «l albBAHUUECKUN DIIEMEHT.
OBnazneHne METOJUKOIN COCTaBICHUSI TalbBAHUUECKUX LeNed U n3MepeHus HalpsyKeHUS TaJIbBaHUYECKUX
JJIEMEHTOBY;

[Ipy moAroTOBKE K BBHINOJHEHUIO U 3aIIUTe JabopaTopHOi paboThl o Teme Ne8 «I anbBaHMUECKUI
aneMeHT. OBllailcHuEe METOJUKON COCTABJIECHUS TaJIbBAHUYECKUX LENEH U N3MEPEHUS HAIPSDKEHUS Tallb-
BaHWYECKHUX 3JIEMEHTOB) CJIEyeT 03HAKOMUTHCS C METOAMYECKUMHU YKa3aHUSIMHU K BBIIOJHEHHIO Jlabopa-
TOPHBIX padoT.

[Ipu camocTOSITENbHON MOATOTOBKE K JabopaTopHOil padore mo Teme Ne8 cremyer nmpoaHaIn3u-
pOBaTh HEBO3MOYKHOCTb IPOTEKAHMSI OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX pPeakiuil, ecin 31c< 0.
Cas3p Mexy 3¢ (Es) u sHeprueit ['m60ca Takke Mo3BOJSET yKa3blBaTh CaMOIIPOU3BOJIBHO MPO-
TEKaIoIIMe MPOLECCH], 0TCI0Ja HE0OXO0AUMOCTh pacueTa 3JIC TaJIbBAaHUYECKOTO JIEMEHTa JIByMs
cnocobamu. [lonspuzanys KOHIIEHTPALIMOHHAS U 3JIEKTPOXUMUYECKAsl BbI3bIBAET U3MEHEHUE I10-
TEHIIMAJIOB 3JEKTPOo0B. TpeboBaHUE pacueTOB HOBBIX PABHOBECHBIX NMOTEHIIUAIOB MPEIYCMOTpE-
HO MPOTPaMMOM JHUCUUIUIMHBI, U BBIIOJHEHHE TaKUX PAacyeTOB MPUCYTCTBYET MpH 3auiuTe j1ado-
paTopHOii paboThl U MHIUBUAYAIBLHOTO 3aJaHHUS.

B) IOArOTOBKA K NPAKTHYECKHUM 3aHATHUSIM;

[Tpu moArOTOBKE K MPAKTUYECKUM 3aHATHAM CTYICHTY HEOOXOIMMO MOJIb3YSICh HAOOPOM OCHOBHBIX
MOHATUH , KoTopbie ipuBeaeHBI B [Ipunoxxennu [1.PTI/] b1.5.8 (7K, cc, A3, TeCTHI ) kK pabodeli mporpamme
HACTOSIIEH AMCLUUIUIMHBI OBJAJETh aJrOPUTMOM pELIeHHs 3a/ad Mo Teme: 1) CONOCTaBUB BEIMYMHBI
CTaHJIAPTHBIX MOTEHIIUAJIOB, ONPEAENUTh aHOJ, 2)puBecTH cxemy ['D, 3) mpuBecTH ypaBHEHHUsS 3JIEK-
TPOAHBIX MPOIECCOB U TOKOOOPA3yIOIIYyI0 peakiuio, 4) BINOIHUTE pacdeT D/IC ans yka3aHHOTO rajibBa-
Hudeckoro anneMenTa (I'9). IlpoBeputh ycBoeHHE U 3aKpENUTh M3ydaeMblil MaTepual MMO3BOJISIET BhIMNOJI-
HEHUE VHJMBUYaJbHOTO 3a/1aHUsl U OTBETHI Ha BOIIPOCHI TECTOB.

1) NOATOTOBKA K KOHTPOJIbHOM padoTte
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[Ipu moAroToBKe K KOHTPOJIBHOW paboTe HE0O0XOAWMO M3Y4YHTh METOAUYEcKue ykasanus. K Hei
COCTOMT B U3YYEHHH TEOPHHM, 3aKPEIUICHUN YCBOCHHOIO MaTepuaia, IOBTOPEHUHN aITOPUTMOB PEILIECHUS
OCHOBHBIX THIIOB 3324 I10 TEME.

Konmponwvusie 6onpocwt 0na camonpoeepku no meme Ne§ :

8.1. [aiite omnpenesieHUs] MOHATUAM: CTAHAAPTHBIA AJIEKTPOAHBIN MOTEHIIMAN, TPOBOI-
Hukd | u |l pona, anexTpoas! (MX BUAbI), TajgbBaHU4YECKUil steMeHT, D/1C, nondpuzanus 3JI€KTpo-
70B (€€ BHU[BI), DIEKTPOXUMUYECKUN Psifl HANPSKEHUH METAIJIOB, KOHIICHTPAIIMOHHBIIN TajJbBaHU-
YECKUU JIEMEHT.

8.2. CocraBbTe cxemy a) Cu-Ag, 6) Li-Mn, B) Mg-Al, r) Al-Ag, n) Fe-K, e¢) O-Hy, n)
Pb-Zn, e) Zn-Hg, ) Cu-Ha, 3) Na-Cly, u) O,-Cu ranpBann4eckoro sjieMeHTa (yCcjaoBUs CTaHIapT-
HbI€). 3alUIINTE YPaBHEHUS AIEKTPOAHBIX Mpoueccos u TOP.

8.3. Paccumraiite DOJIC a) cepeOpsiHO-KENE3HOro, 0) JMTHEBO-ATFOMHUHHEBOTO,

B) HATPHUEBO-IIMHKOBOTO, T') MAarHUEBO-CBUHI[OBOTO TAIbBAHUYECKOTO 3JIEMEHTA ABYMS CLIOCOOaMU
— yepe3 pa3HOCTh MOTEeHIHUaIoB U yepe3 AG rop.

8.4. CocTaBbTe cxeMy pabOThI a) HATPHUEBO-ATIOMUHUEBOTO, 0) KaJIbLINEBO-CEPEOPSHOTO, B) JTH-
THEBO-IIMHKOBOI'O, T) 0JIOBIHHO-Maruuesoro ['3, paccuuraiite ero 9JC npu cTaHIapTHBIX YCIOBUSAX U
npu u3mMeHennu aktuBHocTer [IOU B pesynpraTe padboTsl B 10 pa3 mo cpaBHEHHUIO CO CTaHAAPTHBIM 3HA-
YEHUEM.

8.5. CocrtaBbTe cxemy pabOTHI a) cepeOpsiHOro, 6) MEIHOT0, B) CBUHIIOBOTO KOHIICHTPAIMOHHO-
IO TaTbBAHUYECKOT0 3JIEMEHTA IPH aKTUBHOCTSX HOHOB cepebdpa 0,1 u 0,001 MoIb/7, yKakuTe akTHB-
HOCTh HOHOB B aHOJIHOM M KaTOJHOW 30HaX. 3alUIINTE YPaBHEHHUSI SJICKTPOIHBIX MPOIIECCOB, PACCUUTAM-
te Benmuuuny DJIC.

ITo Teme 9 «D1eKTPOJIN3 PACIJIABOB U BOIHBIX PACTBOPOB JJIEKTPOJIMTOB» B KaYeCTBe Ca-
MOCTOSITe/1bHOIi PA0OThI NPeAYCMATPUBAIOTCH:

Pekomenoayuu cmyoenmam no camocmoamenvhoii paoome xk meme Ne9.
a) MOATrOTOBKA K BHINOJHEHHIO U 3alMTe JJa00paTopHOi padoThl
[Ipy moOATroTOBKE K BBIMOJHEHHUIO W 3allUTe J1abopaTOopHOU padboThl mo Teme No9 «IIeKTponus.
W3yueHne KOJMYECTBEHHBIX 3aKOHOMEPHOCTEH TpoIriecca JIeKTPOoJin3a Ha MpUMepe pacTBopa cyibdara
HATpUS HA HUKEJIEBBIX DIIEKTPOAX» CIEAyeT 03HAKOMHUTHCS ¢ METOJAMYECKUMHU YKa3aHUSIMHU K BBITIONHE-
HUIO JIA0OPATOPHBIX PabOT.
Tonpko Tocne YCBOCHHSI MOHATUI TEMbI MOKET POU30MTH MOHUMaHHEe MEXaHH3Ma dJIEKTPOITU3a
pacIiaBoB U BOJHBIX PACTBOPOB AJIEKTPOIUTOB. | MAPOIIN3 BEIIECTBA B pACTBOPE BEJET K M3MEHE-
HUIO XapaKTepa Cpelibl, UYTO BIUSET HAa BEIWYMHY MOTCHIIMAIOB ISl TIPOIIECCOB Pa3psIIKK BOJIBI HA
AIIEKTPOAAX U 3TO HEOOXOTUMO YUUTHIBATH ISl OTIPENIEIICHUS B [IEJIOM TIOCIIEI0BATEIEHOCTH TIPO-
IIECCOB Ha AIIEKTPOAAX.

[Ipu camocToATEeNbHON TOATOTOBKE K JlabopaTopHOW pabore mo teme Ne9 ciemyeT YeTKo
MPEJICTaBIATh AJITOPUTM PACCMOTPEHHsI Tpoliecca dMeKTponnsa:l)cxema; 2)mocneaoBaTeIbHOCTh
MPOIIECCOB Ha JIEKTPOJax: a)Ha aHoje; 0) Ha Karoje; 3)pacueTsl Mo 3akoHam Dapanes; OTinuane
pEeabHBIX MPOIECCOB OCIOXHEHHBIX MAacCHUBAllMEN aHOMAA W BIHMSHHEM XapakTepa Cpelbl Ha Mpo-
L[ECC MOJYEPKHUBAI0 3HAUEHUE HKCIIEPUMEHTa MpU M3Y4eHUH XuMuu. ['paduku xoaa mosisipusaiu-
OHHBIX KPUBBIX YUUTBHIBAIOT H3MEHEHHE MOTSHIIMATIOB HA AJIEKTPOIaxX M3-3a MOJISIPU3AIUH.

B) NOJATOTOBKA K MPAKTHYECKUM 3aHATHSIM;
[Ipu moATOTOBKE K MPAKTHUYECKUM 3aHITHSIM CTYJIEHTY HEOOXO0UMO TOJIb3YsICh HAOOPOM OCHOBHBIX
MOHSTHH.
Co>XHOCTh BBI3BIBACT OMPEACICHUE OYEPETHOCTH Pa3pPsIKH YaCTUIl HA AJIEKTPOJaX W HEO0O-
XOAUMOCTb YYUTBHIBATH BBICOKYIO MOJSPU3ALUIO ITPOLECCOB BbI AEIEHUS KHCIOPOAAa HAa aHOJIE U BO-
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J0poja Ha Katole. TpyAHOCTH KOJMYECTBEHHBIX PAcyeTOB IIPOLIECCA DJIEKTPOIM3a 10 3aKOHAM
dapaznies cBs3aHbl INIABHBIM 00pa3oM ¢ HEYMEHUEM ONpPEAEsTh 3HAUEHUsI MOJIIPHON Macchl SKBU-
BAJICHTOB BewlecTB. [IpoBepUTh YCBOEHHE M 3aKPENUTh U3y4aeMbI MaTEPHUAIl IIO3BOJISET BBINOJI-
HEHUE MHIUBUIYAJIBHOI'O 3aJaHUS U OTBETHI HA BOIIPOCHI TECTOB.

Konmponwvnsie 6onpocwt 01s camonposepku no meme Ne9 :

9.1. Haiite onpeaesieHus: NOHITUIM: 3JIEKTPOJIN3 (€ro BUbl), BBIXO/ 10 TOKY, ITaCCUBALIMSL.
Chopmynupyiite 3akonsl Dapajnes.

9.2. CocraBbTe CXeMy 3JIEKTPOJIN3a, 3alHUILINTE YPABHEHUSI JIEKTPOIHBIX POIIECCOB, IPUBEIUTE
rpaduK MOISPU3ALMOHHBIX KPUBBIX JUUIS 3JIEKTPOIK3a cieayromux pactBopos: a) NiSOq (pH = 3, snek-
Tposl xkene3nbie), 6) KNO;z (pH = 7, anektpoast yronsabie), B) CuCl, (pH = 5, aHox yroyibHbIH, KaToT
CBUHIIOBBIN). YKaxkuTe, Kak MeHsieTcsi pH B aHOIHOM 1 KaTOAHOM 30HaX MPHU AJIEKTPOIIU3E.

9.3. Kakoe BelecTBO U B KAKOM KOJIMYECTBE BBIJICIUTCS HA YTOJIbHOM aHO/IE IIPH JIEKTPOIU3E
BoaHOrO pactBopa Na,SO4 (pH = 7), ecnu Ha KaTojie IpU 3TOM BBIIEIUIOCH 3 T BeliecTBa?

9.4. PaccumTaiite BBIXOJ [0 TOKY METaJlIa MPH IEKTpoiu3e BoaHoro pacteopa NiSOy4 (pH = 3),
ecnu nociue npoxoxaeHus 96500 K macca ene3noro katoja u3MeHwiach Ha 14,68 r. AHOA yroJbHBIN.

9.5. Paccunraiite Bpemsi, HEOOX0AUMOE JIJIsl IOJTYUYEHHS Ha KEJIE3HOM M31eIMHU IUHKOBOT'O MOKPbI-
THS Maccoi 65 T Mpu MPOX0KIEHUU TOKa cujiol 4 A depes pacTBop cyibdaTa IIMHKA, €CIIH BBIXO/I 10 TO-
Ky nuHka pased 50% (pH = 3).

1o Teme 10 «Koppo3uss MeraaaoB. MeponpusATHS 0 3AIUTE METAJJIOB OT KOPPO3HHU.» B KAYECTBE
CAMOCTOSITEJILHON PA00THLI NPEAYCMATPHBAIOTCS :

Pexomenoayuu cmyoenmam no camocmoamenvnoi pabome k meme Ne10.

a) NOAr0TOBKA K JIEKIIMH.

[Ipu nmoAroToBKe K JEKUUSAM MO JAHHON T€ME CTYAEHTY O3HAaKOMHUTHLCS C HAOOPOM OCHOBHBIX I1O-
HATHHN.

Tonbko mociie yCBOEHHSI OCHOBHBIX MOHSITUN TEMbl MOKET IPOU30MTH MOHUMAHUE MEXaHU3-

Ma Kopposuu. Obuiane KpuTepreB 00yCIaBIMBaeT MHOrooOpasue BUA0B KOppo3uu. BiusiHue okuc-

JUTeNel MPUCYTCTBYIOMIMX B OKPY)KAlOIIEH Cpeie YYUTHIBAECTCSA MPU pacdyere UX MOTEHIMAJIOB C

UCIoJIb30BaHneM ypaBHeHMsI HepHcra. OCHOBHBIE NMOJIOKEHUSI TEOPUU DJIEKTPOXHUMHUYECKHUX IPO-

LIECCOB BOCTPEOOBAHBI TAKXKE JIsI KOPPO3HH.

0) MOAroTOBKA K BHINOJHEHHIO U 3allMTe JJA00paTOPHOH PadoThI;

[Ipu moAroToBKe K BHIMOIHEHUIO U 3amuTe jJadoparopHoil padbotel o teme NelO «Kopposust wme-
TajuioB. M3ydeHne ycinoBuil BOSHUKHOBEHUS! KOPPO3UOHHBIX MUKPOTaJIbBAaHUYECKHUX JIEMEHTOB, SIBJICHHUS
MOJIAPU3aLMU U JICTIOJISIPU3ALUN TTPU KOPPO3UU. 3HAKOMCTBO C HEKOTOPHIMH METOJAMHM 3alllUThl MeTall-
JIOB OT KOPPO3UH.» CIEAYEeT 03HAKOMHUTHCS C METOJAWYECKHMMHU yKa3aHUsIMU K BBIIIOJHEHHUIO JabopaTop-
HBIX padoT.

I'maBHOE B ompeneseHnn Buaa AENOISpU3aUN COCTOUT B ONPENEICHUH COOTHOLLEHUS MEXIY IO-

TEHIMAJIOM OKHCIUTENS M MOTEHLMAJIOM aHOJa. Y CTAHOBUB MEPBOHAYAIIbHO, KAKOW U3 KOHTAKTH-

PYIOIMX METAJIJIOB SBJISETCS aHOJOM M PACCUUTAB MOTEHIIMAIBI BO3MOKHBIX OKUCIUTENEH, MOKHO

OTIpEeICTUTh BO3MOKHOCTh (HEBO3MOXHOCTB) IIpoLiecca KOppo3uu. V3yueHue poiau MeTajuInuecKux

MTOKPBITUI paccCMaTpUBAETCS HA PUMEPE OLIMHKOBAHHOIO U JIY>)KEHOTO JKEJIEe3a.

B) IOArOTOBKA K NPAKTHYECKHM 3aHATUSIM;

[Tpu mOATOTOBKE K MPAKTUYECKUM 3aHATHIM CTYICHTY HEOOXOAMMO MOJIb3YsICh HAOOPOM OCHOBHBIX
MOHATHM , KOTOpBIE MPUBEICHBI B paboyeil mporpaMMe HacTOSIIEH TUCHUIUIMHBI, OBJIaJIeTh aJrOPUTMOM
pelIeHns 3a1a4 10 TEME.

TpynHOCTH BBI3BIBAET YyUYET COJEP/KAHUU OCHOBHBIX OKHCIIUTENIEH B OKpYXKAIOLIEH cpene: co-

JiepKaHUe KUCIOPOJa U BOJOPOAA B BO3yX€ YUYUTHIBACTCS ypaBHEHHEM HepHcTa M COOTBETCTBEH-
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HO BIUSET H pacyeTsl. [IpoBEpUTh yCBOCHUE U 3aKPENUTh U3y4aeMbIi MaTepHall MO3BOJISIET BBINOJI-
HEHHE MHIMBUIYAJIBHOI'O 3aaHUs U OTBETHI Ha BOIIPOCHI TECTOB.

1) MOATOTOBKA K KOHTPOJILHOI padore

[Ipy moAroToBKE K KOHTPOJIBHOW pabore HEOOXOIMMO W3YYHTh METOJIUWYECKUE YKa3a-
Hus.IloaroroBka K HE COCTOWUT B M3YyYEHUH TEOPHUH, 3aKPEINICHUH YCBOCHHOT'O MaTepuaia, MoBTOpe-
HHUHA aJIFOPI/ITMOB pemeHI/m OCHOBHBIX THUIIOB 3a/1a4 110 TEMC.

Konmponwvusie éonpocwt ona camonpoeepku no meme Ne 10:

10.1. [laiiTe onpeneneHus: MOHATUAM: KOPPO3UsI METAIJIOB (€€ BUJIbl), IPOTEKTOP, aHOAHAs
Y KaTOJHAas 3alluTa, aHOJHOE M KaTOAHOE MOKPHITUE, JIETUPOBAHUE, aHOAUPOBAHUE, MUKPO-
raibBaHu4YecKuil saemMeHT. ChopMynupyldTe YCIOBUS MNPOTEKAHHUS AIEKTPOXUMUYECKOM
KOPpO3HUH.

10.2. IIpn KakOM COOTHOIIEHUHU MOTEHIIMAJIOB OKUCIUTENEH U MOTEHIMAla pa3pyliaeMoro
MeTaljia BO3MOXKEH KOPpPO3UOHHBIHN mporecc? Paccunralite mOTEHIMANBI OKUCIUTENEH MPH
KOppo3uu Bo BiaxkHoU atmocdepe nipu a) pH = 8, 0) pH = 13, B) pH =0, r) pH = 7. 3anu-
IIUTE YpaBHEHUS KUCIOPOIHOM U BOAOPOTHON NEMOISPU3ALINHY ISl TAHHOU CPeJIbl.

10.3. OnummuTe nporecc KOppo3uu xKeje3a ¢ BKIIIOUCHUSIMU yriiepoja Ha Bo3ayxe rpu pH = 4.
10.4. YTo MOXKET CIIYKHTb MPOTEKTOPOM IS 3aLIUTHI OT KOPpo3uu u3zaenus u3 meau? CocraBbre
cxemy MI'D (pH = 10), 3anumure ypaBHEHUS IPOLIECCOB.

10. 5. OnuuuTe CYImHOCTh CIEAYIOEro METO/Ia 3aIUThl OT KOPPO3UH: a) U3MEHEHHE CBOICTB
KOPPO3UOHHOM CpeJibl, 0) aHOIHAS 3alIUTa, B) KATOIHAS 3alIUTa, T') TPOTEKTOPHAS 3aIUTa, 1)
aHOJTHOE MOKPBITHUE, €) KaTOJIHOE MOKPBITHE, K) JierupoBanue. [IpuBeante npuMepsl.
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