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

XumMmuyeckasa HOMeEHKNartypa - 00JacTh HayYHOU TEPMHUHOJIOTHH.

HomeHknartypa — cucrema palMoHAIbHBIX Ha3BaHUU BEUIECTB. B OCHOBY KOTOpPO# TO-
JIO’KE€H COCTaB BEILIECTB.

Homenknarypa cknanpiBaercs u3 (popmyl(n3o0pakeHre cocTaBa Bell-Ba C MOMOIIBIO
CUMBOJIOB XUMHUYECKHUX JIEMEHTOB M YHCIIOBBIX MHJIEKCOB) U Ha3BaHUM (M300paxeHue co-
CTaBOB C TIOMOIIBIO CJIOBA WJIM TPYIIIIBI CJIOB).

[Tepexon ot hopmys K Ha3BaHUAM U HA0OOPOT OCYIIECTBIISETCS CUCTEMON HOMEHKIIATYP-
HbIX 1paBuil. CuMBodbl ipuBeeHbl B [IC. O0b1dHO0 370 1-51 i 1-51 u 2-51 OyKBBI JTaTHUH-
CKOT'0 Ha3BaHUs DJIEMEHTA.

Bo3sie cuMBoia aiemMeHTa MOryT ObITh MPEACTaBIICHBI 4 UHACKCA:

M - maccoBoe unciIo 3apﬂz[ HWOHa

9 - CUMBOJI DJIEMEHTA

) Z-nops.IKOBBINA HOMED (3apsi Aapa [oacTpouHslit HHAEKC (YHCIO aTOMOB)

Cu**-uon Meau ¢ 3apsaaom +2
YC - M30TOII yIaepoa C MaCCOBBIM YUCIIOM 12
?**U — M30TOIT ypaHa ¢ MacCOBBIM YHCIIOM 235

HomeHKnaTvpa NMPOCTbLIX BELl-B

Ha3Banue nmpocToro Belr-Ba CTPOUTCSA U3 PYCCKOTO HA3BAHUS 3JIEMEHTA U YKCJIOBOM IPH-
CTaBKH.

YucnaoBbI€ IPUCTABKMU:

1-moHO S-meHTa 9-HOHa
2-1u 6-rexca 10-neka
3-Tpu 7-renta n-
4-tetpa 8-okTa
CucreMaTHyecKue Ha3BaHMsI TpanunroHHbIe Ha3BAHUS
0 Monokucmopos, ATOMapHBIN KUCIIOPOJ
0, Juxuciopon MosneKyJISIpHBINA KUCI0POJT
0, Tpukuciopon O30H
A Tetpadocdop benbiit hochop
5, ITonucepa Amopdnas cepa

I[J'IH pacupeaciICHUs IMPOCTHIX BCI-B HalIC UCITOJIB3YIOT TPAAUIINOHHBIC U CIICIIUAJIBHBIC
Ha3BaHMU:.
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CnoXxHble BelwecTBa

B Heopranuueckoi XUMHUN K HUM OTHOCSITCSI OKCH/IbI, OCHOBAHUS, KUCJIOTBI, COJIH.
OKCHIBI — 3TO CIIOXKHBIE BEII[-Ba COCTOSIINE U3 2-X 3JICMCHTOB, OJJUH M3 KOTOPHIX — KHC-
nopoxn (3, 0,)

OCHOBaHHS — 3TO CIIOKHBIC BEII-Ba, IIPU JUCCOIHAIIMHA KOTOPHIX BO3ZHUKAIOT THIPOKCO-
rpynnsl — OH™ (Me(0OH),,)

Coutit — 3TO CIIOKHBIC BEII-Ba, IPH JUCCOIMAIIMA KOTOPHIX BO3HUKAIOT KATHOHBI METaJIIa
U aMMOHMSI ¥ aHMOHBI KUCJIOTHEIX ocTaTKoB. (Na,50,, KJ, CuB™;)

B HamucaHuM CIIOKHBIX BEII-B Ha IIEPBOE MECTO CTABUTCS JICKTPOITOJIOKHTEIbHAS CO-
CTaBJIAIOIIAs — KATHOH, 33 HEH 3JICKTPOOTPHUIIATEeIIbHAS — AaHHOH. A Ha3bIBAIOTCS HA000-
pOT: CHavajia aHWOH, 3aTeM KaTHOH, MPUYEM Ha3BaHUE aHWOHA B MMCHHUTEILHOM MAJICKe,
KaTHOHA B POJIUTEIHLHOM.

Okcuabl

CucTeMaTHYeCKUE Ha3BaHMSI CTPOST MPHU ITOMOIIM YUCIIOBBIX MPUCTABOK. Takxke cyle-
CTBYET CIIOCO0 Ha3BaHMSI MPEUIOKEHHBIN [1ITOKOM, KOTOPBIM COCTOMT U3 CIIOBA «OKCHI»
U Jajiee yKa3bIBaCTCS SJIEMEHT U €r0 CTEIEHb OKUCICHUS PUMCKHMH IU(PPaMHU B CKOOKaX.

Oxcuna CucremMHOe HAa3BaHHUE HazBanmue no IlToky
Al, 0, Tpuokcun quamomunus | Okcua aTfOMUHMS
FeO MoHooKcHT KeTe3a Oxkcup xenesa (2)
Cl,0, I'enTaokcua nuxiaopa Oxkcup xsopa (7)
OcHoBaHusa

Ha3Banus cocTaBist0TCS COTJIACHO OOIIEMY MPABUITY.

NaOH - rugpokcun HaTpust

Fe(OH),- runpokcuy xenesa(3)

THapOKCHUIBI METAILIOB, cofep kaniue ogHospemenno 02~ u OH ™ naspiBaeTcs npucras-
KOM MeTa-

FeO(OH) - meTarupoKcu xeje3a

A KaTHOHBI METAJUIOB C MPUCOeTUHEHHBIME K HUM O - rpynimaMu Ha3bIBaeTCs MPHCTaB-

KOM T'UJIPOKCO-
Fe*3*0H?*- xatnoH rugpokcoxenesa(3)

Kncnotbl
1.beckucnopoaHbIe K-ThI
HasBanue cocTouTt U3 ABYX CJIOB: MpUIaraTeIbHOE U CIOBO KHCI0Ta. K Ha3BaHUIO KUCIIO-

TOOOPa3yIOILIEro 37eMEHTa 100aBIsSI0T OKOHYaHUE — BOAOpoAHAs . [Iisi Ha3BaHMsI aHMOHA
UCIOJIb3YIOT KOPEHb JJATUHCKOTO Ha3BaHHUs 3JI€MEHTA C JIo0aBieHueM cypdukca -ui-
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DieMeHT ®opmysa k-Tel | Ha3zBaHue K-ThI VYp-¢ aucconuaiyy 1 Ha3s.
aHHOHA
Cl HCI Xnoposomopoanas | HCl < H* + CI~
K-Ta
Br HBr BbpomoBogopoanas | HBr «» H™ + Br~
K-Ta
J HJ Wonosomoponuast | Hf «» HY + ]~
K-Ta
S H,S Ceposogoponnas | H,Se< H* + HS™ o« 2H *
K-Ta +52-
Bcerna Ha3Banue OMHAPHOTO COCIMHCHMS 3aKAHUYNBACTCS HA -HUJI-
B*3*N~3- uutpuz 6opa
Mg3?P;3- dpochun maraus
2.Kucnopoiocoaepxaiine K-Tbl
(HO),,20,, H,S0, (H0),S0, HCl0, (HO)CIO,
H,CO, (HO),CO m=1 |m=2
A H_O\S//O H-0 CI//{?
C=0 V -0 - =
H—0 H—0 o > 0
crmabast K-Ta CHJIbHAS K-Ta camasi CUJIbHAs M3 BCEX
Eciu m=22, To kuciaora Eciu m=2, To kuciaora HCOPraHMYCCKUX KHUCIIOT
ciiabas CUJILHAs Bcerna

Ha3z6anue KUCIOTHI COCTOUT U3 JIBYX CJIOB: MPUJIAraTeIbHOTO U CJIOBa «KucjaoTay. [Ipua-
raTejabHOe 00pazyeTcsl U3 pyCCKOro Ha3BaHUs KUCIOTOOOpA3yIoIIero dJieMeHTa ¢ 100aB-

JIEHUEM OKOHYAHUU:
—HaA

[Ipm max. creneHn OKUCIEHUS - { —6edaA
—esan

Ha3Banue aHnoHa COCTOMT U3 KOPHS JIATUHCKOTO Ha3BaHUS KUCIOTOOOPa3yIOUIETo Jie-

MeHTa u cypdukca -aT-

Ecnu crenenb okuciieHus MpoMexXyToYHasi(mpeaBbIciias), 00blyHo +3, +4, B mpuiiara-

TEJILHOM HUCTOJIb3yeTcsl Cyh(PUKC -UCT- a B Ha3BaHUM aHUOHA — Cy(pduUKc - UT-

DJeMeHT dopmyna Ha3zBanue AHHOH
pt5(max) « H, P*E’% Oprodochopuas | POF~- oprodoc-
H,0 K-Ta dar-non
HPO, | Meradocdopras | PO; - metadoc-
K-Ta dar-uoH
p+3 H, PO, dochopucras k-ta | O3 -bochur-mon
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Conu

HaszBanue cosieii moguuHsIeTCs OOIIMM MPaBUIaM:

Cuf, - wogun menu (2)

NaHCO; - rugpakopboHar Hatpus (KUCIast COJib)
(CuOH), - xkapbonar rugpoxcomenu(2) (OCHOBHAS COJIb)
KAI(50,), — cynbdar Kaaus aToMUAHHS

CTeXMOMeTpMﬂ — OTO pa3Jaci XUMUH, I/ISYT—IEIIOHII/Iﬁ KOJIMYCCTBCHHOC COOTHOILICHUEC MCXK-
Ay pearupyrommMu BCIl-BaMU1, KOTOPBIC OIIPEACIIAIOTCA OCHOBHBIMU CTCXUOMCTPHUYCCKH-
MM 3aKOHaMH.

OCHOBHbI€ 3aKOHbI :

1) 3akoH coxpaHeHHs Macchl BemiecTBa (JlaByasne)

2) 3akoH mocrosincTBa coctasa ([Ipycr)

3) 3akoH PKBHBAJICHTOB

4) 3aK0oH KpaTHBIX OTHOIICHUI

5) 3akoH ABOrajapo u Apyrue
B crexuoMeTpru MCIOJIB3YIOT MIOHIATHE KOJIMYeCTBa Benl-Ba 1¥(N) — 9TO YUCIIO CTPYKTYp-
HBIX 2JIEMEHTOB (aTOMOB, MOJICKYJI, HOHOB, JICKTPOHOB U JIp.)
[¥7] = monb
MoJtb — 3TO KOJI-BO BEII-Ba, KOTOPOE COAEPKUT CTOIBKO CTPYKTYPHBIX JIIEMECHTOB,
CKOJIBKO coJiepKuTcs B 12 1. uzoromna yraepoaa 12.

Popmyrnbl BbipaXeHUsi Kos-Ba Bell-Ba

OcHoBHBIE (POPMYIIBI [TpousBogHbIe POPMYIIBI
/=" m=19 *pu
1?:i
Vm V=39=*V,
9=
Na N=9=*N,

Ywuciao ABOrajipo — 3T0O YMCIIO YaCTHII, COACpKaIuXcs B 1 MoJie 1100010 BEIecTBaBa.
Monspaas macca M - 370 Macca 0HOTO MOJIb BEIIl-Ba
[M] = kr/Monmbs=r/MOIB

M(H,50,) - 98 r/mons M(HNO;) = 63 r/moib

JTro0bIe pacuéThl OCYIIECTBIIOTCS HA OCHOBE CTEXHOMETPHUYECKUX 3aKOHOB.
aA +bB— ¢C + dD | rae a,b,c,d —cTexunomerprueckue kodddurmentsr, a A,B-peareHrsi,
C,D-npoayKThl.
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m(A) _ m(B) _ m( ) _ mi( D)
asp(d)  bsp(B)  c:p(C)  d+p(D)

TEMA 2. CTPOEHUE ATOMA. KBAHTOBBbIE YUCIJIA

Cmpoenue amoma

Yacruia Macca, ycnoBHOM equHU- | 3apsia
1161

[Iporon 1 +1

Hetitpon 1 0

DJIEKTPOH 1 -1

Z;Hn:#

13C1 17*p +18+*n)17e
U30TOIIBI
37C1L 17+=p+20=nj17e
Anpo 311. 000J0YKa

H30T10mBI - aTOMBI, OTINYAIOIIMECS YUCIIOM HEUTPOHOB B SJIPE.
Kakag u yactuil Baxxnee?
Ecau ot HeliTpaibHOrO aToMa OTHATH WK J0OABUTH K HEMY JIEKTPOH, TO TOJYIUM
MOHBI 3TOr0 atoMa: ,Hanpumep, H® — e — H™ - xatuon
H® +e — H™ - rugpun-non
[Ipy n3mMeHeHnn B SApPE YNCIIAa HEUTPOHOB UMEEM M30TOIIBI.
[Ipu u3MeHEeHNH Yncia MPOTOHOB MOJIy4aeM HOBBIMA BHJI ATOMA.
Yucno npoTOHOB PaBHO MOPSAIKOBOMY HOMEPY AJIEMEHTA.

1911r. — nnanerapuast Mmojienb Pesepdopaa: BOKpyT sijipa, Kak MiIaHeThl BOKPYT
ConHua, BpaiarTcs 3IEKTPOHBI. JTa MOJEIb HAXOIWJIACh B TPOTUBOPEUUH C 3aKOHAMU
KJIaCCUYEeCKON (DU3UKH.

1913r. - moctynatel bopa, KoTopbie onpeaeIeHHBIM 00pa30oM 000CHOBAJH TIJIaHe-
TapHYIO MOJIEIb.

[ToBeneHune 4acTUI] B MUKPOMUPE TOTUMHSIETCS CBOUM 3aKOHAM, OTJIWYAOIINXCS OT
3aKOHOB KJIaCCUYECKON (PU3UKHU.

1924r. — JIyn ne bpailsib BRICKa3bIBA€T MPEAIIONOKEHHUE O JBOMCTBEHHON IPUPOJIE
AJICKTPOHA: OH SIBJISIETCS M YACTHULIEH, U BOJTHOW, IPUYEM JJIMHA BOJIHBI PABHSIETCS:

h
A=—,rne A - nuuHA BOJIHBI
muo

h - nocrosunas Inanka (& 6,62 * 10734 Tx)
M - Macca YaCTHIbI
U - CKOPOCTb 9aCTHIIBI
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Heckonbkum rogamu nossxe J[3BUcoH u J[xepMep MOATBEPANIN 3Ty TUIIOTE3Y,
HaOMroas1 TU(PPaKIIUIO JJICKTPOHOB.

B 1927r. I'eitzenOepr BBEN MOHATHE HEOTIPEACIEHHOCTH U CHOPMYIIUPOBAIT TTPHH-
LU HEOMIPEAEIEHHOCTU: HEBO3MOXHO C OJIMHAKOBOM TOYHOCTHEO OJJTHOBPEMEHHO YKa3aTh
MECTO PACIOJ0KEHUS YACTULBI U €€ CKOPOCTb:

h .
Ax = Ap = oo e A-HeonpenenéHHOCTE KOOPAMHATEI,

Ap - HeonpenenéHHOCT UMITYJIbCA.

Takum 00pa3oM, KBaHTOBAsI MEXaHUKA 3aMEHSET NOHITHE TOYHOTO MECTOHAX 0K /Ie-
HUE DJJIEKTPOHA B aTOMeE 00Jiee NI MEHEE BEPOATHBIM B JAHHOM 00bEME aTOMHOTO IPO-
CTPaHCTBA.

BonHOBBIE CBOKCTBA 3JIEKTPOHOB TAKKE CBUAETEIBCTBYET O HEBO3MOXKHOCTHU (PHK-
CUPOBaHMsI, T.€. OH OKA3bIBAETCS Pa3Ma3aHHbIM B TOM WJIM UHOM 00JacTH NPOCTPAHCTBA.

[Ipenunrep cocTaBUil ypaBHEHUE TS BOJIHOBOW (QYHKIIMHU Y(IICH), pacpOCTpaHs-
€TCsl B TPEXMEPHOM MPOCTPAHCTBE U OMUCHIBAOIIEH [TOBEJCHUE 3JIEKTPOHA B AaTOMHOM
MIPOCTPAHCTBE, CBsI3al €€ ¢ 0011Iel MOTEHIUATbHOW SHEPTHEH:

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

Pemenue ypasuenus lpeannrepa naBano BO3MOXHOCTb pacCUUTaTh YPOBHU Ha
KOTOPBIX MOTYT HaXOJUTCS 3JEKTPOHBI B aTOME.

VYpaBHenue npennoxennoe LlpeauHrepom HaMOMUHAET YpaBHEHUE CTOSIYEN BOJI-
HbI, ONTUCHIBAIOLLEH KOJIEOaHUE CTPYHBI:

[HN
~

D5, oOJlaka

N

Pa3smazannoe »i1. oomako 1st

Tam, Tae Y — Max - MecTo HauOOJBIIEH BEPOATHOCTH HAXOXKIEHUS DIEKTPOHA.

E,, = f(n,1,m) — roBoput 00 Onpeen€HHOCTH TOPIUMOHHOCTH SHEPIUH, TIE MO-
KET HAXOJIUTCS JICKTPOH.

Takum obpaszom, pemienne ypaBHeHus llpenrarepa 060CHOBaIO MPUHIIUIT KBAHTO-
BaHUs, NpeAcKa3aHHbIil bopoM.

Keanmoevie uucna
Kaxmoe uncio Oynem XxapakTepu3oBaTh:
1)  DuHepreruyecku
2)  IlpoctpaHcTBEHHO
3)  VYka3pBarh €ro BO3MOKHBIC U3MEHECHUS
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4)  VYka3bpIBaTh 0003HAYCHUS

N - XapaKTePU3yeT SHEPTUIO YPOBHS, Ha KOTOPOM HAXOAUTCS DIICKTPOH, MPHUEM
yeM OJIFKe K SAPY, TEM SHEPTHH MEHBIIIE; N U3MEHSIETCS OT | 10 00, IPUHUMAET IIeJTbIe
3HAYEHHST; N — [NIABHOE KBAHTOBOE YHMCIIO

[TpuHsITO N 0603HAYATH 3aTJIABHBIMH OYKBAMH JaTHHCKOTO aja(aBuTa, HauuHas C
OykBhI K.

ITpy M3y4eHUH CIEKTPOB 0KA3aJ0Ch , UTO KaXkas JUHUSA COCTOMT KaK ObI U3 He-
CKOJIBKHX JIMHHH, OBLIIO BBEICHO OPOUTAIbHOE KBAHTOBOE YHCIIO L.

Yuco | xapakTepu3yeT pacuielyieHne YPOBHs Ha IO ypOBHH. W SHEPIrHio MO/-
YPOBHSI.

[ xapakrepusyer GpopMy 3JIEKTPOHHOTO 00J1aka. bojiee CTporo roBopsT 0 MOMEHTE
KOJIMYECTBA JABMKCHHUS 3JICKTPOHA.

[ — m3mensiercs ot 0 1o (1 — 1). YcraHoBseHo 4To 1 — bl yPOBEHD pachagacTcs Ha
N — 0€ KOJI-BO IOAYPOBHEMN, T.€.

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

=0
= R
/\I:O Q
n=2
=0
n=1

Eciu n=1 =0 — 1-p1ii ypOBEHb COCTOUT M3 OJTHOTO MOJAYPOBHS, HA KOTOPOM PacIio-
jaraertcs S-00JaKo.

[Tpu 601ee rmyO0oKOM M3YYEHUH CIIEKTPOB BO3HUKIIA HEOOXOIUMOCTh BO BBEJICHUU
3-ero KBaHTOBOTO YHCJIa, T.K. B MArHUTHOM T10JI€ CIIEKTp JIMHUN PaCIICTUIAECTCS Ha He-
CKOJIBKO JIMHHM.

Jyst Xap-Ky TOBEZICHUSI aTOMOB B MAarHUTHOM TI0JI€ CYIIECTBYET 3-€ K8AHMOB0E
yucno My

mM; — onpenenéHHOe 3HaYeHUEe MPOCKITUU KOJI-Ba IBMXKCHHS DJIEKTPOHA HA HAMPaB-
JICHUE MAarHUTHOTO TIOJIS WUIM OTIPENIeTIsieT TOJIOKEeHHe opouTanu B mpoctpaHcTse. [1pu-
auMaet 3HaueHus ot 0 go +l.

Takum obpasom Bcero 3HaueHwmii (21+1). Bbuto 00HApYkeHO, YTO CIIEKTPATbHBI-
SJIMHUY MOTYT OBITh PACIIEIVICHHBIC U TTPH OTCYTCTBUU MAarHUTHOTO TIOJIS.

CymiecTBoBaHUE ATUX JUHUN MaJIO OTJIWYAIOCH IO JUTMHE BOJHBI IO JITTUHE BOJIHEI,
00BsCHSIEMOE HEOOJIBIIIUM Pa3TUIMEeM B DJHEPTUH DJICKTPOHA C OJITMHAKOBBIM 3HAYCHHEM
IN; MAarHUTHOTO KBaHTOBOTO urcyia. C BBEACHHEM M1; TIOSIBUIIOCH MECTO HauOoJiee BEpPo-
ATHOT'O HAXOX/ICHUS AJIEKTPOHA — «STUEHUKI.

ITycts n=1 1=0 m=0

10
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Ecmu n=2, to |=0, m=0
=1, m=-1 HEN
m=0 2p
m=1 25

[Mudpa — ypoBens, OykBa — MOAypPOBEHb
Ecmu n=3, =0 m=0

=1 m=-1 T
m=0 []
m=1 L]
=2 m=-2 3s 3p 3d
m=-1 CTPOCHHUE TPETHLETO DHEPIE€TUIECCKOTO YPOBHA
m=0
m=1
m=2

Ecnu noacunrats uncio opburtaneit Ha ypoBHE, UMeeM 1-bIit ypoBeHb -1 opOutars,
2-0i1 - 4, 3-ii — 9, 4-i-16, T.e. unci0 OopOUTAsIEil HA YPOBHE paBHO M7,
[To3z>xe Ob110 BBEACHO 4-0€ K8aHmogoe uucio My Ha3bIBAEMOE CHUHOBLIM.

1, COOTBECTCTBYCT MCXaHNYCCKOMY BpPAILICHUIO 3JICKTPOHA BOKPYI' cBoei ocu. B ot-

1 1
JIMYHUC OT APYIUX YHUCCII OHO UMCCT BCCI'O ABA 3HAYUCHUA, 1a U TC I[pO6HI>ICI 5 u —5

1 .
S ~ BPAIICHHE TI0 YACOBOH CTpEIKe. OGo3zunauaercs: T

1 .
— 3 - BPAIICHUE NPOTHB YACOBOH CTPEITKH. OGo3nauaercs: +

Ceném BCro MH(OpPMAIIMIO O KBAHTOBBIX YKCIaX B TAOJIUILY:

KBan- | Xap-ka N3menenue O6o3HaueHue
TOBOE
YHCIIO0
DHeprus IIpocTpancTBO
n Oueprus ypoB- | Pa3mep ypoBHs Ot 1,2 no= K,L,M,N...
Hs (c1051) (peanpHO 110 7)
I Oueprus moa- | ®opma si.06maka | Ot 0 mo (n-1) | s,p,d,f
YpPOBHSI
m, - Pacnonoxenue op- | Ot I, 0 no +1 | Hudpa ¢ coor-
ouranei B mpo- (Bcero 21+1) | BeTcTBYyIOIIMM
CTpPaHCTBE TIO]] 3HaKOM
JeHCTBUEM Mar-
HUTHOTO MOJIs 3eM-
M
ms - Bpamienue s1ek- | =y — = Tl
TPOHOB BOKPYT : :
CBOE COOCTBEHHOM

11
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CocTosiHME JIEKTPOHA B aTOME XapaKTEepU3yeTCsl HAOOPOM YEThIPEX KBAHTOBBIX YHCEN,
KOTOPBIE TIPEICTABIIIOT COOOM KaK OBl «IACIOPT JICKTPOHAY, TaK KaK KaKIOMY AJIEKTPO-
HY COOTBETCTBYET CTPOI0 ONpPEIEIEHHBIN HA00p YuCen.

OcCHOBHBIE NpaBUJIA 3aMOJHEHUS JIEKTPOHAMHU YPOBHEW U MOAYPOBHEN:

1) mpuHIIMTT HAUMEHBIIEH YHEPTUH;

2) npunnun (3ampet) [laymnu;

3) mpaBusio ['yHna;

4) npaBuiio KiedkoBckoro.

1) HpuHIMO HAUMEHbIIIEH SHEPTUuH (TJIABEHCTBYIOIIHIA): 3aII0JHEHUE UIET C YPOBHS
o0J1aaroIieii HAMMEHBIIICH YHEPTUEH.

2) 3anper [laynu: B aTOME HET ¥ HE MOXET OBITh 3JICKTPOHOB CO BCEMH OJIMHAKO-
BBIMHM KBAaHTOBBIMU YHCJIAMHU.

Nopﬁumzz
N}mam=2 (21+1) mna S—2(2*0+1)=2
p—2(2*1+1)=6
d—2(2*2+1)=10
3) [Ipaswuiio ['yHaa: npu 3amoiHeHH OpOUTANICH C OJMHAKOBOWM YHEPTHEH 3aroTHE-
HUE UAET TaKuM 00pa3oM YTOOBI CYMMAapHBIN CIIMH ObUT MAKCUMAJIBLHBIM.
4) IpaBuino KieuKkoBCKOTO: MPH 3aMOJHEHUH JJICKTPOHHBIX OpOUTAJICH ClieayeT
yuuThIBaTh cyMmy (N+l). DiekTpon uaéT Ha opOUTATb C MEHBIINM 3HAYCHUEM CYMMBI;
ClIy4ae paBeHCTBA CyMM 3JIEKTPOH UAET Ha OpOUTAIh C MEHBIIIMM 3HAYEHUEM TJIaB-
HOTO KBaHTOBOTO YHUCIA «Ny.
Pacnionosxenue 1eKTPOHOB M0 YPOBHSIM U TIOJTYPOBHSIM Ha3bIBAETCS AJIEKTPOHHOMN
(hopMyJIOii, WU AIIEKTPOHHOUN KOH(UTYpaIuei.

JlonmoJHUTEIbHEIE TPABUJIA:

- CyMMa 3JIEKTPOHOB = Z,;

- 4KiCJI0 YpoBHEN = HOoMmepy nepuona [1C;

- YHCJIO DJICKTPOHOB Ha BHEIIIHEM YPOBHE PaBHO HOMEPY TPYMIIbI JJIsI DJIEMEHTOB
[JIABHBIX MOArPYyI. /s 371eMEeHTOB MOOOYHBIX TPYIII = 2;

HcknroueHus:
Cr,Mo, Nb, Ru, Rh,Pt,Cu, Ag, Au (1 anexmpoH Ha exeleHem ypoeHe)u

Pd(0 srexmponoe)

Xumuueckue ceoticmea onpeoensomcs 21eKmpoOHaAMU HA 6HEUHEM YDOBHE

Jlis 271eMeHTOB 4 Tiepuo/ia, yYuThiBas, 4To 3d-€ He MPUHUMAIOT YUaCTHsI B PEaKIIH-
sx, 0-& muIyT cpasy 3a CHMBOJIOM HHEPTHOTO ra3a U TAKUM 00pa3oM, BaJICHTHBIC JICK-
TPOHBI OKA3bIBAIOTCSI HATMCAHHBIMU PSAJIOM.

Haxoxaenue anektpoHa no Gopmyiie MOKHO MPOBECTH 3-Msl CIIOCOOAMMU:

12
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1) mo ob1emMy urciy JICKTPOHOB ONpenesseT Z;
2) KOOpAMHATHEIN croco0: 1o BenuurHe N OTpeeNIIIoT MepHo/I, 0 CyMME BHEIII-
HUX AJICKTPOHOB — TPYIIITY;
3) 1o IPUHAJISKHOCTH K CEMEHCTBY: CEMEUCTBO OIpEIesieTCs 0 YPOBHIO, KOTO-
PBIM HAXOAWTCS B CTAIMH 3aIIOJTHCHUS WM 110 (POPMUPYIOIIEMY JJICKTPOHY.
Yro 3a snemenT 4s5?
1 cioco6: n=4 — [Ar]4s?
15125?2p°%3523p°4st — ¢,=7=19—- K
2 cioco6 [Ar]*%4st —19
4s' = n=4—->4nep. —K
c.=1—=1rpA
3 croco6: B cTamuu 3amoiiHeHUsT HAXOAUTCS S-TTOTYPOBEHb, 3HAYHT 3TO CEMEHCTBO
S-3JIEMEHTOB, IPU4éM 4 mepuon, 1€ — K
4s' apnsgerca popMupyrOIMM 371eKTpoHOM K| TO ecTh onpenenser ero xuMude-
CKHE CBOMCTBA U CEMEMCTBO.
n=4
=0
4s m£=0
S=

2
Yro 3a oi1-1 4513d??

n=4—nepuon 4
2.€ = 4, no onu Ha pa3HEIX ypoBHsax — 4B = Ti
KBaHTOBBIE YKCIIa HOPMHUPYIOILETO SIEKTPOHA:

n=3

It | 1=2
3d  T—— 4 my=-1

S==

2

dopmMynbl MOHOB.
HoH 5T0 yacTuna, BO3HUKAKOIIAS IPU OTaa49e(PUCOeMHEHNH) € U HECYIIHE OIpe-
JEeJIEHHBIN 3apsi.
Vkasars hopmyny uona ,Mg=*
Mg®[Ne]3s®
M g** BosHukaer npu otnade € — Hoe Mg® — 2& — Mg?*
JIOTUYHO TIPEATION0KHTE, YTO 5TO OYIYT SIEKTPOHBI € 3S-TI0yPOBHS,
Mg** umeer ctpykrypy nona [Ne]
VIMEHHO 103TOMY B IPHPOJIE BCTPEYAETCs TOIBKO coenunenne Mg?™.
S%~ posnukaer ipu S° + 2 — §2°
S%[Ne]3s?3p*
$27[Ne]3s%3p°

13
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yCTOWYNBAsE KOHPUTYpaIus
000JI09KH 0J1arOpPOTHOTO Ta3a

Mepuoanyeckum 3akoH v nepuoaundeckasa cucrema .. MeHoeneeBa

Crnenyer OTMETUTH YTO NONBITKH KIACCU(PUUMPOBATH JIEMEHTHI PEANTPUHUMAIHNCH
HEOJHOKPATHO.

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

S SeTe

1862r. lllankypTya «3eMHasi Ciupajiby»: pacnoJiaras 3JEMEHTHI [0 CIIUPAIN BOKPYT
HUIMHAPA, 0OHAPYKUIT CXOJCTBO 3JIEMEHTOB, KOTOPBIE IMONAJaId Ha OJHY BEPTUKAIIb.

1866r. Hpronenae «3aKoH OKTaT»: B MOPSAJIKE BO3pACTAHUN aTOMHBIX Macc OOHapy-
KUJI CXOJICTBO B BOCbBMH 3JIEMEHTAX.

1869r. [leproanyeckuil 3aK0H: CBOMCTBO MPOCTHIX 3JIEMEHTOB, IIPOCTHIX BEILIECTB
HAXOJIUTCS B 3aBUCUMOCTH OT aTOMHOM MaccChl.

JIro0ast 3aBUCUMOCTB MOKET OBITh MPEACTaBICHA rpa)uKOM, ypaBHEHUEM, TaOIu-
ueit. J{ns 113 nanbonee nononna rabnuua. B HacTosmee Bpems nzBectHo okoiio 400 Ba-
puanTtoB I[1C, Ho Haunbosnee nonynsipHo 3(KOPOTKO-, AITUHHO-NIEPUOAHAS U Ap...)

MNocTpoeHue Tabnuubl

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

Ilepuo0 — 3T0 TOPU3OHTAIBHBIN PSIIT AIIEMEHTOB, B aTOMaX KOTOPBIX MPOUCXOIUT
3aII0JIHEHHE OJIMHAKOBOTO uKcia ypoBHeU. [Ioka3pIiBaeT BHEIIHUN YPOBEHb, YUCIIO MOJI-
YPOBHEM, Ha KOTOPOE pacnaaaeTcsi BHEIIHUM YPOBEHb M YMCIIO YpoBHEH. B Tabnune ume-
eTcs 8 BepTUKAIBHBIX CTOJOIOB, Ha3biBaeMbIx [ PYTITTAMMU.

I'pynna — 3T0 BEpTUKATBHBIN PsiJ] 2JIEMEHTOB C 00I1IEH 3J1. 000JI0UKON BHEIIHETO
yposas B HEBO3BYXJIEHHOM cocTosHuN.

PaznuuaroT riaBHbIE U TOOOYHBIE TPYIIIIHI

1A
Li [He]2s?
Na [He]3s?
K [Ar]4s? » ns?
Rb [Kr]5s?
Cs[Xe]6s?
CxeMa 3aroJIHeHNs 21eKTPOHAMU aTOMOB 371eMeHTOB B I1C:
DnekTp. KoHpurypanus | Yucno 37eMeHTOB
1 nepuos 152 2
2 mepuo 2s1-22pth 8
3 nepuon 3st24pte 8
4 iepuon 451231104 pt- 18
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5 mepuon 551241105016 18

6 nepuost 651250141 145d106p -6 32

7 TIepHOJ 7s1-26d15f1-146d2- -

B 2004 roay 6su1 oTKpHIT 118 351€MEHT.

[1C noka3pIBaeT 3aKOHOMEPHOCTh U3MEHEHHUS PSAJa CBOMCTB:
1. paguyc atoma
2. TOTEHUUal NOHU3ALUH
3. DHEpruro Cpo/iCTBA K INEKTPOHY

4. KUCJOTHBIE CBOICTBA (OCHOBHBIE, METAITUYECKUE, HEMETAINIMYECKUE).
CoBpemenHnas popmynuposka [1C:

a) «CBoiicTBa MPOCTBIX JIEMEHTOB, MPOCTHIX BEIIECTB, COCTUHEHUN 3aBUCIT OT
3apsana sapay.

0) «IlepuogMYHOCTP U3MEHEHHSI CBOMCTB OOYCJIOBJIEHA MEPUOJUYECKHA MOBTOPS-
IOLLENCA ATIEKTPOHHON KOH(PUTYpALIHI.
PaccMoTpyum n3mMeHeHue CBOMCTB:

la — paCCTOSAHUE OT sAJpa 10 BHCHIHUX DJICKTPOHOB.

la

Na

Li

Ne
He

»
»

z

[1o nmepuony r, yMEHbBIIAETCS, TAK KaK C POCTOM 3apsA1a s/1pa yBEINYUBACTCS IIPU-
TSHKEHUE BHEIIHUX 3JIEKTPOHOB.

[To rpymmne Iy yBeTUUMBAETCS, TaK KaK YBEJIMUYMUBAETCS KOJIMYECTBO 3JIEKTPOHHBIX
YPOBHEN.

[Morentran noxusarmu (J) — sHEPrusi HEOOXOUMast UTE OTPHIBA BHEIITHETO JJICK-
TPOHA OT HEUTpaIbHOTO aToma. Paznuuaror 1-i1, 2-i, 3-it notenman. J1<J,<J3
PaccmoTpum n3MeHeHre MoTEeHIHAalIa OT MOPSIAKOBOIO HOMEpa

)

Ne

He N

Li 15
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[TunooOpa3Hast 3aBUCUMOCTH IEMOHCTPUPYET MEPUOTUTHOCTH H3MEHEHHS CBOWCTB.

Ecponersa ke — SHEPTHSL, KOTOPAs BBIIEISIETCS PU MPUCOSAUHEHUH MIEKTPOHA K
HelTpaibHOMY atoMy. O0NaaloT raJIoreHsl, CIeI0BaTeIbHO, [0 MEPUOy OHA YBEJIUYH-
BAETCS, a MO TPYIITE YMEHBIIACTCS.

AHaIOTUYHO 3JIEKTPOOTPHUIIATETHFHOCTD — CBOMCTBO aTOMa OTTATHBATh OT ce0s1 00-
IIYI0 AJIEKTPOHHYIO Mapy (CBA3EBYIO).

90 = (J+Ecp.)/2, HO PHEPTHUS CPOJICTBA U3BECTHA HE IS BCEX AIEMEHTOB, IOATOMY
JI.ITonnmuaroM ObLIIa IpEJIOkKEHa OTHOCUTENIbHAS [IKaJa 3JIEKTPOOTPUIIATEIEHOCTH.

XapakTepuCTUKa N3menenue no nepuoay | Mi3mMeHeHue no rpymnmne
la YMEHBILIAETCS YBEIIMUUBAETCS

J YBEJIMYUBAETCS YMEHBILIAECTCS

Ecponersa YBEJIUYUBAETCS YMEHBIIIACTCS

20 YBEJIMYHNBACTCS YMEHBIIAETCS

MeTananyecKkue CBOMCTBA JOTUYHO CBSA3BIBATH C MOTCHIIMAJIOM HOHU3aIMu. MeTai-
JINYECKHUE CBOMCTBA M0 MEPUOTY YMEHBIIAIOTCS, TaK KaK YBEIIMYUBACTCS MOTCHIUAI
WOHU3AllNH, a 110 TPYIIIE PacTyT.

Kpowme Toro Obl1a 3amMedeHa JuaroHajbHas IEPUOJIUIHOCTD.

SO

Il mepuon Na Mg Al Si

| mepuon

Kpome araronanbHOM NEPpUOIUYHOCTH, KOTOpasi OOBSACHAETCS TEM, YTO HApACTaHUE
HEMETAJUIMYECKUX CBOMCTB B IIEPUOJIE CJIEBA HAIIPABO YPABHOBEUIMBAECTCS YBEINYEHUEM
Me cBOICTB B IrpyIine CBepXy BHU3.

3amMeueHa elle 3Be3/1Hasi NEPUOAUYHOCTD.

ii

Ga —>Ge<+-As
Sn
Cpennee apudmeTndeckoe MKy CBOMCTBAMU HAXOISITUXCS PSJIOM BEIIECTB.
Irp. A Ilrp. Irp. IVrp. Vrp. Virp. Vilrp. | Vllirp.
nst ns? ns2np! | ns?np? | ns?np® [ ns?np* | ns?np® | ns?np®
Irp. B Ilrp. Irp. IVrp. Vrp. Virp. Vilrp. | Irp.

16
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nst (n-1)d*® | ns? ns? ns? nst ns? ns?

(n-1)d¥® | ns? (n-1)d* | (n-1)d®> | (n-1)d® | (n-1)d® | (n-1)d® | (n-1)d®*8

TEMA 3. XUMWNYECKAA CBA3b. KOMITJIEKCHBIE COEAUHEHUA

CTBHUC

CymecTByeT 4 BUa XUMHUIECKON CBS3H:
1)  Hounas
2)  KosanenTHas
a) Henonsipuas
0) [Monspuas
B) [1o JOHOPHO-AKIICITOPHOMY MEXaHU3MY
3) MeTamanyeckas
4) BonopoaHas
Kpome Toro uMeet MecTo Ipu 00pa30BaHUH CBSI3H MEXKMOJICKYIIPHOE B3aMMO/ICH-

OCHOBHbIe XapaKTepUCTUKUN CBSA3M:

-JUTHHA

-OHEPIHsl

-BAJICHTHBIN yTOJI

AnuHa cBA3wn (d ) — 510 paccTosTHUE MEXKIY LIEHTPAMU XMMHUUYECKH CBSI3aHHBIX

aTOMOB.

1lam=10""m

1A=10"% cm

Jlnst iByxaToMHOM MoJekynsl A-B d,, & 14 + 15

JInvuHa CBSI3U ONpenesieTcs SKCIEPUMEHTAIBHO.

JHepausi cesa3u

Paznuyaror sHepruto oOpa3oBaHUs CBSI3U U SHEPTHUIO pa3phiBa CBS3H.

E, 4, - 9T0 9HEprus, KOTOpas BHIAENSETCS IPH BOSHUKHOBEHUM MOJIEKYJIbI U3 aTOMa
[Eﬂﬁp] = k/]x/MoTb.
E_;, wE;

06p 151 pas OAWHAKOBBEI 11O BEJIMYMHE U ITPOTHUBOIIOJIOKHEI 11O 3HAKY.

Mex Iy JUTMHOM CBI3U U DHEPTUEN UMEETCA 3aKOHOMEPHOCTD.

Mouekya d,., HM E.., xJl»x/Momb
HF 0,092 536
HCI 0,128 432
HBr 0,142 360
HJ 0,162 299

17
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B rpynmnax paBHOMEPHO T Ty =1 d,., =1 E,,

[To KpaTHOCTBIO CBSI3M MMOHUMAIOT KOJIMYECTBO AJIEKTPOHHBIX Map, KOTOPBIE OCY-
HIECTBIISIIOT XUMHUUYECKYIO CBSI3b

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

0=0 E., =404xDuc/mom d.=0,121uMm

Bl YeM BBILIE KPATHOCTH, TeM | 1yinHa,
-C=C- a sHeprus 1, IpouHOCTS T

-C=C-
-C-C-

> des

HanpaBieHHOCTh CBSI3U BBIPA’KAETCS C HOMOIILBIO BAJICHTHBIX YTJIOB.

BasieHTHBIH yTroJi- 3TO yroji MeXIy BOOOpakaeMbIMU JTUHUSMU TPOXOSIIIUMU Yepe3 IeH-
TPBl XUMUYECKU CBSI3aHHBIX aTOMOB.

JIByxaromHbIe MoJIeKyIibl Buga AB, nanpumep HCI, B mpocTpaHCcTBE HE HAPABJIEHEI
TpéxaToMHbIe MOJICKYIIbI Bufa AB 5, MOT'YT OBITh JUHEHHBIMH, MOTYT OBITH YTJIOBBIMH.

Hanpumep B-A-B Be(l,
£180°- nuneiinas monegyna
A }mo
B B

menbine £180°%-yrnosas monekya

YeTpIpéxaToMHBIE MOJIEKYITBI BHaa AB3, MOTYT OBITH YIJIIOBBIME

Hanpumep
A B CIF,
B £90°- yrnoas mMonekyna
2
F
A \ BCl,
" e
J

£120%3Be3na

18
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1) MoHHasi CBSA3b — 3TO CBSI3b, KOTOPYIO OCYIIECTBIIAIOT JIEKTPOCTATHUSCKUM ITPHTSIKE-
HUEM WOHOB.
Paccmompum obpazosanue monexyavt NaCl

Atombl Na u Cl pe3ko oTJIMYaroTCs 1O JISKTPOHHON KOH(PUTYpAIlUU, SHSPTHH
WOHU3AINH, CPOJICTBY K € 1 D0.

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

Na [Ne]3s? 514 0,74 1,01

Cl [Ne]3s?3p° 13,01 3,78 2,83

B pesynbTare B3auMOAEHCTBIA MEXIy aToMaMu obpasyrorcs nonsl Na* peakuuu
Na — & - Na*, snexrponnas xoupurypauus Na™: [Ne] — ycroiiunpas o6onouka 61a-
TOPOJIHOTO Ta3a, YHEPTreTUYECKU BBITOJTHOE COCTOsIHUE. IMEHHO MOATOMY B IIPUPOJIE HET
metaia Na, a Berpeuarorcs coequnenns Na, rae Bcrpeuaercs Na™,

O6paszosanue Cl unér no peakuuu C1° + & — CI™. DnekTpoHHas KOHQUIypaLUs
Cl™: [Ne]3s%3p®~Ar sHepreTudecku BBITOJHOE COCTOSHHE.

HonHas cBA3b peau3yercs y 3JIEMEHTOB, UMEIOIINUE 3HaUuTeNbHbIe oTiau4us B 0.
OOBIYHO 3TO 3JIEMEHTHI | U 2 TPYIIIBI C 3JIeMEeHTaMu 6 ¥ 7 TPy, T.€. TAJIOT€HUIbI, OKCH-
JIbI U T.11.

Yem T A30, TeM cBsi3b HOCUT O0JIeE HOHHBIH XapakKTep.

cterierb 10 ----ooooo .
wonnocta, % 7T ¢ CsF
50w /|

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, Jaxe y 3TOro COeAMHEHUS cTeneHb HOHHOCTU He pocturaet 100%

Ecnu nmposkcnepeMenTuposath, To A0 = 3,5
430
% nonnoctu = —— * 100%

¥
[Mpunsito cuurats, eciu AI0 = 1,8, cBsi3p npenmyiiecTBeHHO HOHHAsL, a 10 50% - KOBa-
JICHTHAsl.
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d.s B MOHHBIX COCUHCHUAX HECKOIBKO KOPOUE, YEM B KOBAJICHTHBIX.
d..=r, +13 — 0,09 (3(}(8] — BO(A]) — HOHHafA CBA3b

KpucranbHas pemérka HOHHBIX COCIMHEHUN COCTOUT U3 3aKOHOMEPHO YEpPEayIO-
LIHAXCSA B €€ y3J1aX UOHOB.

=
=
i
-
=
]
=

i
[

i o a+ {‘I —
HoHHbIE cOeTMHEHNSA:
1) XOpoIIO pacTBOPSIIOTCS B MOJIIPHBIX PACTBOPUTEISAX (TI0JOOHOE B IIOJOOHOM)

2) TPy THOJICTYYH
3) IMEIOT BBICOKUE TEMIIEPATYPhI TUIABJICHUS U KUTICHUSL.

2) KoBajieHTHas1 CBSI3b — 5TO HanboJIee MIUPOKO PACTIPOCTPAHEHHBIN THII CBSI3H.
1916r. — Tx. JIstonc: XuMuueckas cBsi3b B Mojiekyie 1, win N, o6bsicHseTCs 00-

pa3oBaHUEM OOIIUX JIEKTPOHHBIX Tap. B rpaduueckoit popme cBsA3b 0003HAYALTCS Yep-
TOMU.

H  H-H

cNeeNe N=N

l oO1ue 351, mapsl (MoAeAEHHBIE, JIOKATU30BaHHbBIC, CBSI3EBBIC)
Hemno/IelEHHAs, HEIOKaT30BaHHas dJ1.1Iapa

Ho B 3T0 BpeMst ObIJI0 HEMOHATHO, TOYEMYy € OOBEAMHSIOTCS B MAPHI.
PaccMoTpuM 06pa3zoBaHue MOJIEKYJIBI 5

KpuBast n3MeHEHHs TIOTEHIIMATBLHOM SHEPTHH TIPH 00pa30BaHUU MOJICKYJbl 1.
Ecnu paccMoTpeTh cucteMy, COCTOSIIYIO U3 2-X siiep U 2-X €, TO B Heil BO3MOYKHO

JICUCTBUE CIEAYIONMUX CWI: E OTTaNKMBaHUS «IapO-aapoy», «8 — e», E npuTskenus «
€ — AApOo».
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Kak B aToMe, Tak 1 B MOJIEKYJIE HMEET MECTO IBMXKEHHE €, modToMy E,,... He MeHs-
ercs, a E ., — MeHAeTcH.

Takum obpazom ob1mast E mensiercs, Taxoke Kak U Egreny
Eyoremey = E._ o+ E,._,+ (—E__.), TakuM 06pa3oM cuiibl OTTAIKHBAHUS CO
3HAKOM +, CHJIbI IPUTSHKEHHUS CO 3HAKOM —,
Toraa o Mepe COMMKEHUS JBYX aTOMOB BO3MOXKHBI CIEIYIOIIUE CUTYAIUM:

E a

E n3onMppBaHHBIX aTOMOB BOJOPOa

Ecs (Hy))

1) Ha yuactke AB e | paccrosiaus mexay aromamu 1 E;_. — Ejgp 1

2) B Touke B cuiibl IpUTSHKEHUST YPaBHOBEIIMBAIOTCS CHIIAMH OTTAIKUBAHHHUS.
3) yuactok BC co crpemiennem L rpe3ko T E s Eae sy Ear i

Takum 06pa3oM Ha HEKOTOPOM pacCTOSTHUU (=d . CHIIBI IPUTSIKEHNS YPABHOBEIIIH-
BAIOTCSl CWJIAMH OTTAJIKUBaHM. B cCTeMe MMEET MECTO BBIUTPHIII SHEPTHUH, KOTOPBINA U
SBJISIETCS DHEPIHEH CBs3M B MoJiekyie H.

DTO BO3MOXKHO €CIIM BCTpeTaTcss 2 aroma H € aHTHNappaielbHBIMH CIHHAMH,
Ecnu BcTpeTsTest ¢ OqMHAKOBBIMU CITUHAMU, TO MOJICKYJIBI HE 00pa3yrOTCH.

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

1) HeclapeHHBIN JCKTPOH

2) aHTHIIAPAUICIbHYI0 OPHEHTAIMIO CITHHOB

3) nepekpbIBaHUE IEKTPOHHBIX 00JIAKOB HECTTAPEHHBIX 3JIEKTPOHOB B MPOCTPAH-
CTBE MEXY sJIpaMHu.

[Tpu 3TOM 00pasyercss 30Ha C MOBBIMIEHHOM 3JIEKTPOHHOM MIOTHOCTHIO, TIE YHEP-
I'vsl MUHUMAJIbHA, TAKUM 00pa30M 3JICKTPOHAM BBITOJIHO HAXOIUTCS B 3TOW 0OJIACTH.

OTH TIOJI0KEHUS JIETJIU B OCHOBY Memooa eanenmuwlx ceazeit (BC).
2-01 METOJI (Memo0 MONEKYIAPHBIX OpOumaneil) o0bsICHIECT 00pa30BaHUE MOJICKYJIbI KaK
3aMoJHEHUE BaJCHTHBIMU 3JIEKTPOHAMHU MOJIEKYJISIPHBIX OpOUTaIei.
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PaccmoTpum oOpazoBanue Mosekyl mo metony BC.

Oopazosanue MHO20A0EPHBIX MONEKYIL.

30Ha MOBBIICHHOMN AJIEKTPOHHOMN MIIOTHOCTH

QHGKTpOHBI BpamaroTCs B IIPOCTPAHCTBC MCIKAY AAPaMH, KaK OBl «CIIUBAs» aTOMBI
B MOJICKYJIBI 3a CUET MPUTKCHUA AAPOM OAHOI'O J3JICKTPOHOB APYIOTO.

EAEEE;

0, O n=2 o

O n=2

¢ D
o |

30HAa MOBBILICHHOM AJIEKTPOHHOU MIJIOTHOCTHU

O6D330BaHI/Ie I'CTCPOIrCHHBIX MOJICKYJI

HCI H n=1 m

Cl n=3 X cl
S]]
NN O@

Il. H

30HAa MOBBINNICHHOU
MJIOTHOCTH

JIOHOpHO-aKIeNTOPHBIA MeXaHU3M 00Pa30BAHUA KOBAJIEHTHON CBA3M
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Atom-JIOHOP mpenocrapiisieT napy 371€KTPOHOB (HEMOACIEHHYIO) a IPYTOi aTOM —
AKIIEIITOP kak 6b1 3a0upaet napy Ha BaKaHTHYIO OpOHUTAIb.

HCHOI[GJIéHHaSI Imapa BaKaHTHasi Op6I/ITaJII> I[-A MCXaHHN3M
B none amMmmoHus a3or O6p33y€T 4 cBs3u: 3 o O6M€HHOMy MCXAaHU3MY U 1-mmo J0-
HOPHO-AKOCIITOPHOMY MCXAaHU3MY. Bce »tH 4 cBs3n COBCPIICHHO OJWMHAKOBLI I10 JJIMHC U

SHEPTHUHU.

Oo0OpaszoBanue noHa ammoHus mo BC

H H H
- GO

N n=2 [N

JIOHOD

H* n=1 I:I aKIENTOP

Oo0OpasoBanue cBs3u B Mojiekysie CO

cn=2 [N\ 4 — ZI-A

C =0, 1o ects B (C)=3
B(O)=3
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CBoOiICTBa KOBaJIEHTHOM CBA3U:
1) Hacpimmaemocts
2)  HampaBieHHOCTB
3)  MOJSAPHOCTH
1) HaceilaeMocTh KOBaJICHTHOH CBsI3U 00OBsICHSIETCS 3anpeToM [laynu wiu aHTu-
nappajeiabHas OpUCHTAINS CIIMHOB, CBSI3YIOIIUX JIEKTPOHHBIC MTAPhI, 00YCIaBIMBACT ITO
CBONCTBO.
2) HanpaBiieHHOCTh KOBaJICHTHOH CBSI3U
Xumuyeckas CBSI3b 00pa3yeTcsi B HAIIPaBJICHUHU MEPEKPbIBAHUS SJIEKTPOHHBIX 00J1a-

KOB.
[TpumepsI IepeKphIBaHUS:
1) 30Ha ¢ MOBBIMIEHHON TUIOTHOCTHIO HAXOUTCS B POCTPAHCTBE MEKIY SApaMu
oOpa3syercst 0 — CBA3b

@H e

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

3) [onsipHOCTE CBSI3U 00YCIIABIMBACTCS CMEIIEHHEM OOl DIIEKTPOHHOM Maphl B
ctopony 6oisiee D0 snementa. [Ipu 3TOM IporCXOAUT TOJIsIpU3aIus cBsa3u; 6omaee 30
aTOM MPUHUMAET 3apsij «-», a apyroit «+». Hanpumep HCI.

TTONIAPHOCTH CBSA3U XapPAKTEPU3YETCS AUTIOILHBIM MOMEHTOM
w=208=1 z0e-3apa0, l-paccmosnue mexncoy sapsadamu.
[p]= 1 Jebai.

Bennuuna i 3asucur ot A0

Mounekyna A30 U, [lebaii
HF 2,0 1,82
HCI 0,75 1,07
HBr 0,64 0,79
HJ 0,11 0,38

L aBJIIeTCA BCKTOpHOﬁ BEJIMYMHOM U HaImpaBJiCHa OT W« K «-»
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[IpuHATO CUMUTATH, €CITU

1) A30=0, To cBs3b KOBaJIEHTHAS HEMOIAPHAS

2) 0 < A30 < 1,8 cBa3b xoBaleHTHAS MOISpHAS

3) eciu BO3MOXKHO 00pa30BaHNE HECKOJIBKHMX CBSI3€H, TO B MIEPBYIO OUYEpPEb peallu-
3yercs 0 — CBA3b

Tubpudu3auusi amoMHbIx opbumasneu

B monekyne BeCl, csa3p atoma Be 00yciosiena yuactreM S u P 25ieKTpoHOB Be.
J1.0. cBSI3U pa3HbIMU, OJJHAKO PEHTI€HOCTPYKTYPHBIM aHAIN30M YCTaHOBJIEHA PABHOLICH-
HOCTb CBSI3H.

J51s 00BbsICHEHUS! paBHOLIEHHOCTH CBSI3U UCIIOJIb3YETCS SIBJICHUE THOpUAN3ALIH.

['mbGpuau3anus — 3T0 CMELIEHUE 3JEKTPOHHBIX 00IaKOB, Pa3HbIX IO SHEPTUH U T10
dbopmMme, B pe3yibTaTe 4ero 00pas3yroTcs HOBble THOPHUIHbBIE 00JIaka ¢ HEPaBHOMEPHO pac-
MPEICIIEHHOMN AIEKTPOHHOM TJIOTHOCTHIO.

['uGpunuzanus TpeOyeT 3aTpaT SHEPTUH, TIOFTOMY HE MMPOUCXOIUT Y JIIEMEHTOB B
CBOOOTHOM COCTOSIHUH.

['uOpuaHOe 00J1aKO CUIIbHEE NEPEKPHIBAECTCS C AIEKTPOHHBIM 00JIAKOM JIPYTroro
aToMa M MOATOMY 00pa3yeT 0ojiee MPOYHbIE CBA3H. DHEPTHSI, BELACISIONMIASNCS PU ATOM,
OKVIIAET 3atparsl Ha THOPUAN3ALUIO.

BoaopoaHas cBsA3b

OOycnaBnuBaeTcs MPUTHKEHUEM MEXKIYy aTOMOM BOJIOPOJIa OJTHON MOJIEKYJIbI U
cuIbHO D0 3JIEKTPOIUTOM APYroil. ITO BBI3BIBAET ACCOUMUALINI0 MOJIEKYJI, TO €CTh MOSB-
JieHuE HEOOBIINX MOJIMMEPOB, YTO BIUSAET HA (PU3MUYECKUE CBOMCTBA BEIECTB.

Hampumep, mosekynbl HF 00pa3yroT acconuatsl 3a c4eT BOJOPOAHOM cBsizu. O60-
3HAYaroT €€ TOYKaMHU:

BOJOPOIHAS
H CBSI3by H
\F j Fo' \\F

H

B nacTosiiiee BpeMs npupoay BOJIOPOJIHOM CBSI3M CUUTAIOT JOHOPHO — aKIENTOp-

Hoil. Hanmume BonopoiHOM cBsA3M Mexy Mosiekyiaamu H>O npuBoguT K TOMY, 4YTO time-
wis(H20)=100°C, Torna kax tamems(NH3)=-33°C.
CrnenyeT OTMETHUTb, YTO BTOPUYHASI CTPYKTypa Oelika 00ycCiIaBlIuBaeTCs BHYTPUMO-

JIEKVISIPDHOU BOJIOPOJIHOU CBSI3BIO.

MeTasinyeckasi CBA3hb
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Metannnueckast cBsi3b — 3TO 0COOBIN BUJ CBSI3U, O0YCIIOBIIEH NPUTSIKEHUEM MEKIY
MOJIO’KUTENBHO 3aPSKEHHBIM OCTOBOM METAJUIMYECKON PELIETKU U 00IEeCTBICHHBIMU
BHEIIHUMH JIEKTPOHAMU, KOTOPbIE CBOOOHO MEPEMEILLIAIOTCS B MEXKI0Y3JIUAX KpUCTaI-
JIMYECKOMN PEIIETKH.

[Ipu HaJIOKEHUU Pa3HOCTH MOTEHIMATIOB BO3HUKAET HAMPABICHHOE JIBH)KCHHE
AJIIEKTPOHOB — TOK.

AHaNOrn4HO 0OBICHAETCS TEMIONPOBOIHOCTD.

TakuM BUIOM CBSI3U OOBACHSIETCS MIIACTUYHOCTh, KOBKOCTh, METAIUNTMYECKUAN OJIECK,
BBICOKHE TEMITEPATYpPhI IUIABJICHUS U KUIICHUS.

KoMILIeKCHBIE COeIMHEeHNS

KommnekcHoe coelMHeHne — 3TO coelMHeHus 6osee BbICOKOro nopsaaka. Cyie-
CTBYET HECKOJIBKO OIPEICIICHUM.

KoMmmnekcHoe coelMHEHUE — 3TO COETMHEHHUE, Y KOTOPOro XOTs Obl OJjHa CBsI3b 00-
PATHO 110 TOHOPHO —aKLENTOPHOMY MEXaHU3MY.

Ks[Fe(CN)s] — xomrekcHoOe coeinHeHHe (KPOBaBO-KpacHasi COJIb)

JIto60€ KOMIUIEKCHOE COEMHEHUE COCTOUT U3 BHYTPEHHEHN M BHEIIHEN cephl,
CBA3b MEXAY KOTOPBIMU — HOHHAas!

BuyTpennsis chepa 3akinrovaercs B KBajpaTHble CKOOKH. B Hell BBIIETSAIOT:

KOMIUIEKCOOBPA3OBATEIJIb — aTtoM uiu MOH, BOKPYT KOTOPOTO KOOPANHU-
poBanbl JINI'AH/IbI — oTpunarenbHo 3apsiKEHHBIE HOHBI WIIH MTOJISIPHBIE MOJIEKYJIBI, KO-
TOpPbIE KOOPJIAMHUPYIOTCS BOKPYT KOMILJIEKca 0Opa3oBaTess. Yncio IMrangoB Ha3bIBACTCs
KOOPANHAIMOHHBIM unciom.

BHELI. BHYTP.
A —A

Kg}Fe (C N)\e‘]\A

Komrekco- nuranapl KOOPIMHAIMOHHOE YHCIIO
oOpasoBaTeib

3apsia KoMILIeKcoo0pa3oBaTes:
1o BHemIHEH cdhepe onpeaeisieTcs 3apsii BHyTPEHHEN Cpeibl, KOTOPhIC MPEICTaAB-
JISIFOT COO0M CyMMY 3apsiIOB KOMITJIEKCOOOpa30BaTeisl M BCEX JIMTAH/IOB.
[Fe(CN)e]*, tak kak 3K* ; X +6(-1)=- 3 X=3 = Fe*"
1. KomruiekcHbIE COeAMHEHUS CO/Iep KAIe MOJICKYJIIPHbIE IUTaH b1, Harpumep, H,O -
aKBaKOMIIJICKCHI,
NH; - aMMHaKaThl,
CO - kapOoHWIBI
2. KomruiekcHOE cOeIMHEHUE, COJIEPKAT MOHHBIC JIUTAHJIBI -  AlUJOKOMILIEKCHI
3. Huknruecknue KOMIUIEKCHbIE COSTUHEHUS
4 MHorosiiepHble KOMIUIEKCHBIE COSTUHEHUS
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Homenkaarypa KC

Bo BHyTpeHHeH cdepe cHauana Ha3bIBAIOT 3apsKEHHbBIC JIMTAaH/Ibl, 3aTeM HEUTpasib-
HbIe MOJIEKYJIbI. [lepeuncienue oIMHaKOBBIX JIMTAHIOB UIET B aj()aBUTHOM IMOPSIJIKE.
[Ipu Ha3BaHWM IUTAHAOB OKOHYAHUE -HJI 3aMeHseTcs Ha cyhpukc —o-.

Ha3BaHWE aHUOHA Ha3BaHUE JINTAH/A

OH ruapokc/] ruapokcO

CI xop/J1 xy0pO

Br opomU ] o6pomO

CN- nuanl /] nuanO

NH; - aMMUH HEWUTpaJIbHbIE
H,O - aKBa JIMTaHIBI
CO - KapOOHMII

Hepez[ Ha3BAHHUCM JIMT'aHOAa YKA3bIBACT UX YHCJIO, UCITIOJIB3YS YHUCIICHHBIC IIPUCTABKHU.

COGIII/IHGHHH C KOMIUICKCHBIM KaTHOHOM

Cuauvasia Ha3bIBaIOT: 1) aHUOH;

[Torom: 2) 4UCIIO JIUTAHJIOB;
3aTeM: 3) Ha3BaHUE JIKraHA0B C —O0-;
N nHaxowner; 4) Ha3BaHUE KOMILIEKCOOOpa30BaTesi B pOAUTEIILHOM

HageXe U €ro CTCICHb OKUCIICHHS
[Ni(NH3)s4] Clo- xsiopua Terpaammunaukess (11)
[Cu(NH3)4] SO4 — cynbdart Terpaammunmenn (11)

CoennHeHns ¢ KOMIUIEKCHBIM aHUOHOM
Brauane Ha3pIBaeTCd aHUOH:

A B HeM: 1) uncno nuranios; PN
2) Ha3BaHUeE JUTAHIO0B C cypdurcom « Ox»- ;
3) naTMHCKOE Ha3BaHHE KOMILIEKCO00pazoBaTes ¢ cyhOUKCoOM «
AT» u ero C.Of\
4) Ha3BaHUE KaTHOHA
Ks[Fe(CN)s] — rekcanmmonodeppar (11) kanus
K3[Al Fe] — rexcadropoamromunar kajius

Aucconuanys KOMILUICEKCHBIX COeIUHECHUM
JIro6oe KomIuIeKCoOOpa3oBaHre, COCTOSIINE U3 BHYTPEHHEH 1 BHEITHEH Cephl,
JIETKO JUCCOIMUPYET HAa HUX, TaK KaK CBSA3b MEXKTy HUMH HOHHAS.
BHyTpeHHss chepa TUCCONMUPYET HE3HAYUTEIBHO, IO CTYIICHSIM, YUCIIO KOTOPOe
pPaBHO KOOPIUHAIIMOHHOMY YHCITY.
OOBIYHO TUIITYT CyMMapHOE YpaBHEHHE TUCCOIUAIIMN BHYTPEHHEH cephl:
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[Be(OH).] 2 Be?* + 40H"
4
Kpagnosecnoe =Kane/ =Kuecroiikocrn =%
IHomuu! Yem menbuie K yecroiikoern, TEM IIPOYHEE BHYTPEHHSAA c(epa.
XuMHuyecKas CBsI3b B KOMILJICKCHBIX COCIMHEHUSAX
Bo BHyTpeHHEH cdepe Mex Ty KOMIUIEKCOOOpa3oBaTeIeM U JINTaHaMH HMEET Me-
CTO KOBQJICHTHAsI CBSI3b, 00pa30BaHHAS 110 JOHOPHO-AKIIEITOPHOMY MEXaHU3MY

Nﬂz [BECL}] R _'_‘
Be® [He]2s? I
Be* [He]2s2p! — LTIt

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

Be?* wumeer 4 opOurtanu pasHble 1o GOpMe ¥ SHEPTUH
cl- Ccl, cl- c1~

Be** Bsp?
dopMa KOMILIEKCHOTO HOHA - TETPAdIP

Juxnopoaprenar (1) kamus : K[AgClL,]

N3 dopmyIibl BUIHO KOOPAMHAIIMOHHOE YMCII0 =2, TO €CTh HMOH cepedpa oOpaszoBai
2 paBHOILICHHBIE CBSI3M, UMEET MECTO SP-THOpuaM3alius noHa cepedpa; TuOpuaHbie obaka
00pa3yIoT IBE G- CBA3M O yriioM paBHbIM (£1807)

Xnopun auxnoprerpaaksaxpoma (111):  [Cr3* (H,0),CL ] CL™

3amauya. Onpenenuth xapaktep cBsizu B Mosiekysie KHSO,4 u tun rubpumHoii cpe-

TIBL.
Heobxoanmo n300pa3uTh CTPYKTYpHBIE (POPMYIIbI KUCIOTHI U COJIU:
H-0 \_ o O K-0 @)
/S\\ > S/<
H-O 0 H-0 Ao
M i O M _7£> O M#0 M _;ﬁ @)
1)K 20 2)H-0 3)0-5S(2) 5 SZ0(2)
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PaccuurtaeMm paznocts 0 yKa3aHHBIX CBA3EH:

1) 50 (0)=3,5 | A D0=2,59— uonHas
20 (K)=0,91

2)20 (0)=3,5 AD0=1,4— xoBajieHTHas MOJIApHas
50 (H)=2,1

3)20 (0)=3,5 A20=0,9— koBaneHTHas NOJIApHasI
20 (S)=2,6

4) AD0 = 0,9— koBajieHTHasI MOJIsApHasi({, TT)

IMomuu! Ecmm ADO>1,8 — cBI3b HOHHAS
AD0=0 — koBaJIeHTHas1 HEMOJSIpHAs
AD0<1,8 — koBasIeHTHAas OJISIpHAS
Ecnu B MoJiekysie UMeeTCsi BO3MOKHOCTh MEXK]Ly aTOMaMH 00pa30BaTh HECKOJIBKO
CBS3EH, TO B I1.0 peajn3yeTcsi T-CBsI3b
IEciu B MoJiekysie XOTs Obl OJTHA CBSI3b MOHHAS, TO BCE COSAMHEHUE CUUTACTCA
MOHHBIM!
Taxum o6pazom monekyina KHSO4 — nonHnasi, Xopoiiio pactBopuma B BOJIE.

MeskMoJ1eKyJIsIpHOE B3anMoaeiicTBHe (MMB)

[Ipy NOBBIIEHUY WM MIOHUKEHUU TEMIIEPATYPhl UMEET MECTO MPUTSHKEHHE MEXKTY
MOJIEKYJaMU. BO3HUKAIOT yIIOPSAAOUYEHHBIE CTPYKTYPBI-)KUAKOCTH U JJaXKe TBEPbIE BEIIE-
CTBA.

MMB - 3TOT TEPMUH UCTOJIB3YETCS JJIsl ONIMCAHUS BCEX TUIOB B3aUMOJEHCTBHUS,
MPUBOASIINX K 00pa30BaHUIO aCCOLMATOB C ONPENEIEHHON CTPYKTYypoi. Bee Tuibl MMB
HMMEIOT AJIEKTPOCTATUYECKYIO. IPUPOLY.

1. ODueHmaquHHoe MMB UMCCT MCCTO IIPpH BSaHMOHeﬁCTBHH HOHHOTI'O B€IICCTBA C

MOJISIPHBIM WJIH 2-X MOJIIPHBIX BELIECTB. 3aKJII0YAETCA B TOM, YTO 2-i IUIMOJb OpH-
EHTUPYETCS ONpPeIeNEHHBIM 00pa30M OKOJIO TIEPBOTO.

D D

2. UHOyKkyuoHnoe MMB 3aKJIFOUAETCS B HABEACHHUU U0 B HETIOJISIPHOM MOJIEKYJIe
10/ ACHUCTBUEM NOJISIPHOM. HenosipHbIil + 1 — COBIIAAOT.

A2 2
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HaBeAEHHBIN JUIIOIb
3. Jucnepcroe MMB 0OYCJIOBJICHO B3aMMO/ICHCTBUEM MTHOBEHHBIX JIMIOJICH, KOTOPBIC
TMOSBIIAOTCA 1 Ucue3aroT ¢ gactotoit 10 mukmnos\c. Mcrons3yercs mist 00BsicHe-
HUS CYIIECTBOBAHUS TBEPAOTO U KHUAKOTO BOAOPOAa. MTHOBEHHBINA JUTIOJIb BO3SHU-
KaeT u3-3a QIyKTyaInH.
EMMEI = En:np + EHH,:., + E,qn{n:n

Bkuiag Kax101 COCTaBIISIOIIECH Pa3InyCH

Monexyna | i, Hebait | Egp Eyuz Euen Z t,C
H, 0 0 0 1,7 1,7 251
CH, 0 0 0 17,6 17,6 -161
H,0 1,84 36,3 1,9 8,8 47,0 100

Ot 3 (PEeKTHI creayeT yUuThIBaTh JjIsl OOBSICHEHUS CBSI3€H B MOJIEKYJISIPHBIX KPH-
cTaJuIax.

MMB Takke Ha3bIBarOT criiaMu Bad nep Baasnbca.
E..us ® B 100 pa3 cinabee koBaleHTHOM cBsA3u 1 B 10 pa3 ciaabee BOAOPOIHOIA. .

TEMA 4. DHEPI'ETUKA XUMHYECKUX [TIPOHECCOB

[TonsiTHE cUCTEMBI, KiTacCUPUKaLKs, TapaMeTpbl, (PYHKIIMH COCTOSIHUSL CUCTEMBI.

U — BHYTPEHHsI Sl DHeprus

H —3xTansnus

S —3HTpONUsA

G —3Heprust 'u66ca

“IIpeaMer XUMMH He €CTh OJJHO U3y4YEHHE COCTABa TeJl, a IJIABHBIM 00pa3om
u3yyeHue npeppamieHuil. Camplii COCTaB €CTh TOJIBKO pPe3yJbTAT NPeBpalleHuil.” -
1. 1. MenneJsieeB

Tepmoounamuxa - IT0 HAYKa O NpeBpPalleHUusIX OJJHUX BUA0B SJHEPIUH B Ipyrue.

TepMmoanHaMuKa BO3HUKIIA KaK TEOPHUS MAPOBBIX MAIIWH, € TEIIOTa MPEeBpAILAET-
csi B paboTy. B cBoeM pa3BuTHM NpHIlLIa K HEKOTOPHIM 0000IIEHUSIM — HAYAIaM.

BeiaensatoT 2 — 3 Havana TepMoauHaMuKU. OCTalbHOE — CIEACTBUS U3 ATHUX 3aKO0-
HOB.

OCHOBHBIE IOHATUA TEPMOANHAMUKHN

Cucrema — 3T0 TeJIO WM TPYIINa Tell, 00BEKTOB MPUPOIbI, OTACIBHBIX OT APYTUX
peanbHOM UM BOOOpa)kaeMoi OTpaHUYEHHOM MTOBEPXHOCTHIO.
OObeKThI, He BXoasIue B cuctemy, HazbiBaercs CPEJOM.

30



Memoouueckoe obecneuenue OUCYUNIUHBL

F1.0.07 «Xumus»

Kaaccudurkanus cucrem

|. ITo xapakTepy oOMeHa C OKpYKaroIlei CpeIoHu.
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Bug cuctemsl OTHOLIEHUS ¢ OKPYXaIOIIei cpenon AE, Am
N3onupoBannsie | HeT oOMeHa sHeprueid, HeT 0OMeHa BEIIECTB AE=0
Am=0
3aKphIThIC Ectb 06MeH sHeprueit, HeT 0OMeHa BEIIeCTBOM AE# 0
Am=0
OTKpBITBIE EcTtp 00MeH sHeprueii, ecTb 0OMEH BEIIECTBOM AE#0
Am+#0

Bce xuBbie OpraHu3Mbl — OTKPBITBIC CUCTCMBI.

I1.ITo xonuuecTBy a3.
DA3A — 5T0 9acTh CUCTEMBI, 00J1a1aI0IIast BO BCEX TOYKAX OJWHAKOBBEIMH XHUMHYC-

CKUMH U (PU3NYECKUMH CBOMCTBaMU. Paznuyaror:

1 )romorenHsie (cocTouT U3 0gHOUN Paszbl): 2H .+ Oz—2H20,)

2)rereporeHHsle (coctout u3 2 umu 6onee ¢asz): 4Feq,+ 30;,+2H,04y—4FeOOH
T.pKaBuMHA

CBOMCTBA CUCTEM MOXKHO  pa3/esIUTh 110 XapaKTepy UX 3aBUCUMOCTH OT KOJINYe-

CTBa BCHICCTBA. OTHn XApaKTCPHUCTHUKU HA3BIBAXOT napamenipamu. Paznuuarot:

1) skcTeHCUBHBIC (CYMMUPYIOTCS IPYU COSAMHEHHH: JITTUHA, 00BEM, Macca);
2) UIHTEHCUBHBIE (HE 3aBUCST OT Macchl: T, p, BA3KOCTH).
TepMoanHaMHUUeCKUE NMEPEMEHHbBIE, KOJIMUECTBEHHO XapAKTEPU3YIOIINE COCTOSIHUE

CHCTCMBI. T, V, P, M — napamempsvbl COCMOAHUS CUCTIEMDBL.

[Tepexon cucteMbl U3 0AHOTO cocTosiHUA B Apyroe HazbiBaeTca [IPOLECCOM

Krnaccudukanus npoiieccos

|.ITo TermoBomy 3 dexTy:

1) sx30TepMUUecKue (C BBIICICHUEM TEIUIA);

2) HI0TEpPMHUYECKHE (C MOTTIOMICHUEM TEILNIA).

XUMHYECKOE YpaBHEHUE C YKa3aHUEM TEIIOBOTo 3(deKTa Ha3bIBACTCS mMepMOXU-

MULECKUM.

ZN g+ H2S04p0— ZNSOuioey + Hay + 165,7 ke
mennosas uepeust, svloensiemcs 6 xooe peakyuu (Q)
Taxas 3anuch B oclieIHEE BpeMS UCTIOIb3YETCs MaJIo.
I1. ITo HemeHsrOIIIEMYCSl TApAMETPY:
1) ecniu V — CONSt, TO M30XOPHBIH;
2) ecim p — const, To u300apHbIN;
3) ecau T — const, To U30TepMUYECKUT.
COBOKYITHOCTh BCE€X XUMUUYECKHUX U (PU3MUECKUX CBOMCTB XapaKTepU3YyeT COCTOS-

HHUEC CUCTCMBI.

31



CMONEHCKUA
Memoouueckoe obecneuenue OUCYUNIUHBL (  @unnan
b51.0.07 «Xumus»

|

5" ..‘;‘.:"
NMu_

K ¢ynkumsam cocrosiaus cuctembl otHoeart: U, H, S, G

OOMeH 3Hepruei MoKeT OCyIecTBIsieTcs B Bujae A uiu Q

Ecnu A coBepiiieHHO NMPOTUB BHEUTHUX CHJI, OHA CUYUTAETCS MOJIOKUTEIIHHOM.

Q u A xapakrtepusytot 2 ¢hopmbl niepeaaun sHeprud. OHU He ABJAAIOTCH QyHKIM-
SIMU COCTOSIHUSI.

Q (momHas YHEPTHS CUCTEMBI) paBHA MTOJTHOW SHEPTUU BCEX BUJIOB ABUKCHUS MOJIC-
KYJI ¥ aTOMOB.

Q He MoXxeT ObITh u3MepeHa. MosxHo onpenenuts AQ mpu B3auMoIeHCTBUY C
OKPYXarIIEH CPEION.

Q — Mepa sHepruu, nepegaBaeMasi OT OJJHOT0, O0Jiee HarpeToro, Tejaa K MeHee
Harperomy. [lepenava ocymectpisercs 3a cuet AT.

A — Mepa sHepruu, repeaaBaeMas 3a CueT NepeMeIIeH s Macc.

[Tpu nzoxopHoM mnporiecce TemioBoit agpdekt Qv= -AU (u3MeHeHnI0 BHYyTpEHHEH
sHeprun); pu uzodapuom: Qp =AH (u3menenuto suTambnumn); Q1= A

N3BectHO, uTo Qv > Qp

-AU=4H + A

Q=Q+A

Takum o06pazom H nmeeT pasMepHOCTb SHEPTUN.

KonuuecTBo Temia, nepe1aHHOro cucTeMe npu n300apHOM IMPOoLIEcce, pacXOAyeTcs
Ha COBEpIICHUHU padOThI U yBeanueHuu U, To ecTh cymMMa BHYTPEHHEHN SHEPruu U paboThI
MOJTy4aeillb HA3BAHUE IHMAIbIUSL.

H=4U + 4

Hns sx3otepmudeckoi peakiuu: AH <0

Hns sunorepmuueckoi: AH > 0.

Eciu BeniecTsa u NpoAyKTHl B CTAHAAPTHBIX yeaosusx (T=298 K (25°C) p =
101,3 xIa = 1at™ ), To H HasbiBaetcs cmandapmuoii ( AHYgg), [AH] = xIx/Moub

3naueHue crangapTHbeIx AH npuBeeHsl B TaOIHIIE.

AHsp. — TEII0BOM 3¢ (eKT 1 MOJb BElleCTBa B CTAaHAAPTHBIX YCIOBUAX MPU 00pa-
30BAHHMU €T0 U3 MPOCTHIX BEIIECTB.

B 0cHOBE TEPMOXUMHUYECKHUX PacyETOB JEKUT 3aK0H I'ecca: ”TensioBoit 3ppext
He 3aBMCHUT OT MPOMeKYTOUYHBIX CTaJHii, OT MYTH MpoIecca, a onpeeasieTcs ToJIbKO
HAYAJBHBIMM U KOHEYHBIMHU COCTOSIHUSIMH CHCTEMBbI.”

JI1st TepMOAMHAMUYECKUX PacyeTOB UMEET 3HAUCHHUE CeACTBHE U3 3akoHa ['ecca:
TeIU10BOi 3P PeKT peakunu paBeH Pa3HOCTH MEXKIAY CYMMOI JHTAJbIIMU 00pa30Ba-
HHMH NPOAYKTOB, NPEABAPUTEIBHO YMHOKEHHBIX HA COOTBETCTBYIOIIHE KO3puiu-
€HTbI, 1 CyMMOI SJHTAJIBIHI HCXOJHBIX BeHIECTB C Y4eTOM BKJIAJA KAKAOI0 CTEXHO-
MeTpHYecKuX Ko3(pPpuumenra.

aA +sb> cC+dD
HCXO/HbIE NPOAYKTHI
BellecTBa
(peareHTnI)
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AH)[CI = E U AHFIPD,EIEFKTEI. EU dHHE}{DﬂHDE !

‘aHZBE{npDcTDm EEWECcTEL ] =0

Pemienue 3aga4 ocynecTBIsieTCs, MCNOJIb3YyH AJITOPUTM:

1) BIIUCATh YPABHEHHE;

2) BeimucaTh U = cTexuomMeTpuiaeckuMm KodhpuiimenTam;

3) Bbinucath 3HaueHue AH u3 Tabmuisr;

4) pacuntats AHy

3anaya 1. Onpenenuts AH peakimy KaTamuTHYECKOTO OKUCIIEHUS] aMMUaKa.
Pewenue:

4NH3(F) + 502(17 — 4NO(r) + 6H20(r)
U 4 5 4 6 [monv]
ﬂHz ga -46,9 0 90,37 -241,82 [koic/monn]
» = [4%90,25+6%(-241,82)] — [4*(-46,9)+5*0] = -904 x/[oc

Ecimu AH<O0, To coenuuenue 6oiee yCTOWYUBOE, YEM DJIEKTPOJIUTHI, U3 KOTOPBIX
OHO 00pPa30BaAJIOCH.

C nomowwio 3axona l'ecca Modx#CHO onpedenums 8elUyUHbL MENI08bIX dPPexmos,
KOMOpble HeO3MOICHO ONPEOeUms IKCNEPUMEHMATLHO.

B03MOKHBIM TI0JI0KEHHEM, BBITEKAIOIUM U3 3aKOHA ['ecca, sBIseTcs TO, UTO Tel-
J0BOM 3(PPeKT pa3nokeHUsI TOYHO PaBEH U MIPOTHUBOIIOIOKEH 110 3HAKY TETUIOBOMY 3(-
dexty oOpa3oBanus (3akoH JlaBya3be- Jlamiaca)

Ilepsoe Hauano mepmoouHamMuKy yCTaHABIMBACT YKBUBAJICHTHOCTD IPH MPEBpa-
IICHUSAX PA3IMYHBIX (DOPM DHEPTHi, OJJHAKO HE TIOKA3hIBACT, B KAKOM HAMPABJICHUH H IO
KaKoro Ipejena MpoTeKaeT Mporecc.

Jlonroe BpeMsi CUNTAIOCh, YTO PEAKIIMA CAMOITPOU3BOIBHO MOTYT IIPOTEKATh TOJIb-
KO K30T€PMUYECKUE MPOIIECCHI, OJIHAKO UCIIAPEHUE, pACTBOPEHUE HUTPATOB U TOMY T10-
N00HOE, SIBJISIETCS YHAOTEPMUIYECKUM, TOKE MOTYT ITPOTEKATh CAaMOIIPOU3BOJILHO.

JlomxkHa ObITH (DYHKIIHS COCTOSHUSA, KOTOpast XapakTepru3oBaja Obl BOZBMOKHOCTh
CaMOIPOM3BOJILHOTO POTEKAHUs Tporiecca. ITo yaumponus (S). Beenena B 1865 roay
Kaay3ucom.

PaccmoTpum aBa cocyna, coaepxkamux nuaeptHbie ra3sl: Ne u Ar. Onu He B3auMo-
JNEUCTBYIOT APYT C APYTOM.

“ﬁ? 7] R a=as

_ﬂ@ o0 ==
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Ecnu coequnuth 00a cocy/ia, To ra3bl IepeMeniatoTcs.

[Ipouiecc cMmelieHrs He COMPOBOKAACTCS TEIUIOBLIM 3P dhekToM. CaMonpon3BOIIb-
HOE pa3JieJIeHue Ta30B HEBO3MOXKHO = || cocTosiHME TepMOIMHAMUKY 00Jiee BEPOSITHO.

OnBIT CBUAECTEINBLCTBYET, UYTO CUCTEMBI CTIOCOOHBI U3MEHSTHLCS TIPH OTCYTCTBUU
YHEPTETUYECKUX CTUMYJIOB, €CIIM OHU MOTYT MEPEUTH B COCTOSTHUE C OOJBINEH BEPOSTHO-
CTBIO.

Tepmoodunamuyeckas 6eposmMHOCHIb — 3TO YUCIIO CIIOCOO0B, KOTOPHIMU JJOCTUTAETCSA
JAHHOE COCTOSTHUE WJIM YUCIIO0 MUKPOCOCTOSIHUM, OTBEYAIOIIUX TAHHOMY MaKpOCOCTOSI-
HUIO.

[Tpu BeIOpackiBaHUU KyOHKOB (MTPE B KOCTH) BEPOSITHOCTD BHITIAJICHUS 7 OTIIMYHO
OT BEPOSITHOCTH BbINaJieHus 2 unu 12 B 6 pa3: lu 6; 6 u 1;

2u5;5u2;
3u4;4mu3.

Jlst GONBIIMX MHOYKECTB BEPOSITHOCTD UX TEPMOJMHAMUYICCKUAX COCTOSTHUN BCeTaa
TUTaHTCKOE Yucio. X Hey10OHO U3MEPATh WK BEIYHCIIATH. [103TOMY, BMECTO BETMYUHBI
TEPMOJIMHAMHYECKON BEPOSATHOCTH MCTIONB3YETCS 3HAUCHHUE dHMPONnuY, KOTOPOEe IIPOIIOp-
rmoHasHEI IN BeposTHOCTH (W):

S=RInW

B pacuete Ha 1 Mmoinb yactui S onuceiBaetcst ypaBHenueMm bonbiimana — [1nanka.

BbIB0/1: HTpONNS — Mepa BEPOSITHOCTH COCTOSIHUS: YeM TPy/Hee MOPS/I0K,
TeM TPY/Hee ero peajn3oBaThb.

S yBenMuuBaeTCs C pOCTOM Oecropsiika.

S 3aBUCHUT OT t, P ¥ arperaTHOTrO COCTOSHUS.

[ 'a3pl — HOCUTENU S, TO €CTh YeM OOJIbIIIE YKCIIO MOJIeH Ta30B 00pa3yeTcs, TeM sipue
BBIPXKEHO YBEIMUCHUE S.

Bmopoe nauano mepmoounamuxy. B A30JJMPOBAHHON CHCTEME S CaMOIPOU3BOJIb-
HOTO TIpoIiecca pacTerT.

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

IIporneccrl ¢ UI3BMEHEHUEM DHTPOITUU

VYBenuuenue S YMeHnblieHue S

VY BenuueHHbI 0ecropsiioK; MPOIECCh YMEHBIIEHHBIN 0eCropsI0K; MPOIECCh
pacuMpeHust ra3oB; (a3zoBble MEPEXObl: | CXKATUs ra30B; (PPa30BbIE NEPEXObI:
-T »XK -T' — X (konaeHcarus);

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

PacTBOpEeHunEe KpUCTAILIOB. Cucrema nepexoauT B Oosiee ynopsi-
Cucrema nepexoauT B MEHEE yHOpsI0- JIOYECHHOE COCTOSIHUE

YEHHOE COCTOSIHUE

HauMmeHbmIMMU 3Ha4YeHUsIMU S 00J1212a10T TBep/ble KPUCTAJUINYECKHUE Bellle-
crBa. Cranpaprhas S° mpocteix BemecTs £0, To ecth |11 3aKk0H TepMOIMHAMKKY CBUIE-
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TEIbCTBYET O BO3MOKHOCTH YCTaHaBJIEHUs S MPOCTHIX BenlecTs. [loaTomMy nepen 3HauKoM
CTaHJIApPTHOM S HE CTaBAT 3HAYOK A:

AH35g, HO 51?93

CrannapTHas S 1 MoJb BelIecTBA B €ro CTAHAAPTHOM COCTOSIHHM - S2gg. S
= JIx/(K-Momp)

K S, xak QpyHKIMH COCTOSHUS, MPUMEHUMO CJIeJcTBHe 13 3akoHa [ecca:

ASX-P = Zl)j Sgpcu,ayma - ZUJ Sgl:x

PaccmoTtpum rpaduk uzmMenenust S npu (pa3oBsIxX nepexogax.

S
A /

200 4 |

100 |Kp 1K ras
300 . 2000, T

[Tpu dazoBbix nepexonax Habmonaem peskoe n3menenue T. [Ipu 1T npoucxoaut 1
S u3-3a 1 cui KoyIe0aHusT aTOMOB.

[Tpu noctuxeHUN T = Trpaprenns MPOUCXOTUT yBeMUueHUE S HA ASyyapnenus, TAK KaK
PE3KO YBEJIMYUBAETCS XaOTUYHOCTh CUCTEMBI.

3agauya 2. Paccumtars ctanmapTHoe 3HaueHue S BemecTBa Fe,03 1t peakium:
4F€O(m)+ 02(2) — 2 F8203(m)
Peuienue: [Monb] V 4 1 2
[[x/(x*moms)] S° 57 205 X [Jx/(x Moib)]
‘ﬂsx.p = Eujsr?pumrma - EUjSE}EEFHpDEaHHH =2 SFFQZGE} - [4 * 5? +1= 205]

AS,,=-259 JIuc/K = S, 0,,= 86,5 Jowc/(K-momw)

3agaua 3. Brickaxkurte MpeAnoaoKeHUe 0 XapakTepe U3BMEHEHHS S B CIEAYIOLIUX
peaKLusIX:

@)2H>) + Oz) — 2H20

6)2KC|03(m) — 2KC|(m) + 302(2)

Peenue:

a)S YMEHBIINTCS, TaK KaK YUCJIO MOJIEH B XO/I€ PEaKLIMU YMEHBIIIAETCA
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0)S yBeIMYMBAETCS, TaK KaK B XOJI€ PEaKIIMHU TOSBIISCTCS Ta30BOE BEIIECTBO
U3MEHEHHUE S oIpeensieTcs He TOJIbKO N3MEHEHHEM KOJIMYECTBA BEIIeCTBa, HAIPH-
Mep, B PeakIuy u3oMepu3aiuu Oyrana Het uamenenus (AU=0)

AlO3; t; p
— '

H;C—CH; - CH; — CH3 H;C - CH - CHs
H — Oyman Hs
uzobymau

n300yTaH UMeeT 0oJiee yIOpSAIOUYEHHYIO CTPYKTYPY, TOITOMY S YMEHbBILIAETCS

N300apHo — n3orepmuuecknid norenuuas (MUIL) vwau rueprus 'mooca

BOoIBIIMHCTBO XUMHUYECKHUX PEAKIIUU MPOTEKAET B U30JIMPOBAHHBIX CHCTEMaX, IO-
sTOMy HeoOxoaumo yuuThiBath U AH, u AS. UTOOBI MX COMOCTaBUTH, HYKHO MEPEUTH K
OJINHAKOBBIM €JIMHUIIAM.

[Tpunsito cunrath, AH — sHTaNBNMIHBIN (hakTOP

T AS — sHTpOnMitHbINA PakTop
OyHk1us, cBa3bIBatonas o0a paxropa, HazpiBaeTcs dHepruen ['md0ca nmm nzodap-

HO — U30TEPMHUYECKHNI TIOTEHIINAIL,

AG,, = AH,, 10° - T 4S,, |- 00ObeINHEHHBIH 3aKOH

N3menenue sneprumn 'nb6ca cuctemsl mpu oOpazoBaHuu 1 MoJib BELIECTBA MIPU
CTaHJApTHBIX YCJIOBHSIX Ha3bIBAaCTCS CTAHAAPTHOM dHeprueit [ mooca.

AG25 — >Tn naHHBIE TpUBEEHBI B TabmuIe 11.

AG sBusieTcs pyHkumen coctosiHus. K Heil mpumeHnMo ciieacTBue U3 3akoHa [ec-
ca:

‘ﬂGx.p = Z[{fﬂann,ﬂyma - El{r ﬂGL{ch,qHDm

HOMHHU ! AG — kpuTepuii CaMONPOU3BOJIbHOI0 NPOTEKAHMS MpoLecca.
Eciu 4G<0, To camonpon3BOIBHO MPOTEKAET psiMasi peaKius,
AG=0 — cocTosIH1E XUMUYECKOT'O0 PAaBHOBECH,
AG>0, To Bo3MOkHA OOpaTHas peakius, mpsmas
CaMOITPOU3BOJIbHO HE TIOMJIET.
Bonbiioe orpuniatensHoe 3Hauenne 4G cBUIETENbCTBYET, YTO CUCTEMA 001 aeT
BBICOKOW PEAKIIMOHHOM CITIOCOOHOCTHIO.
PaccmoTpum cootHomenue Mmexny AH u TAS njst mpou3BOILHOTO TPOTEKAHUS

ITPOIIECCOB.
AH AS AG
AH<O0 AS>0 AG<0 — Bcerma s3K30TepMHUUCCKHIA
AH>0 AS<0 AG>0 — Bcerya uner oOpaTHasi peaxius
AH<O0 AS<0 AG<0, ecimu AH >TAS , To ecTb peakius npsmasi;
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BO3MO>KHA ITPH HU3KUX TEMITEpaTypax
AH>0 AS>0 AG<0, ecni BbICOKas TeMIepaTypa

Panee On110 OTMCYCHO, CCJIN AG:O, HAaCTyIIacT COCTOSHHUC PaBHOBCCHA.

OOBeMHEHHBIN 3aKOH 1a€T BO3MOKHOCTb PACCUUTATD T pasuosccns
AGy.p= AHx.p.'IOS - T4 Sx.p.

T . AH-107
pﬂEI[-[DEIEE.H.‘-'—I AS

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

AG., = —RTInK,

Ecmu moacraButh koddduruent nepexoxna ot Ink Ig, ro In =2,3 1g, R =8,31. Toraa mo-
TyqUM:

AG,,=-1915TIg K,

3apaua 4. Onpenenuts K, npu T =400 K mns peaknuu:

N204(r) — ZNOQ(D
Pemenue: U 1 2 [MOJIB |
AH  9.66 33.5 [ 1K/ MOJIB |
A4S 304.3 240.45 [ Ix/(K*momb)]

Paccunraem AH u A4S B X07€ 3TOM peaKIuu:
AH = 2%33,5-9,66 = 57,34 K Jxc
AS = 2*240,45 - 304,3 = 176,6 [c/K
Jna T = 400K umeem:
AG = AH — TAS =57,34 * 103 -400 * 176,6 = - 13,3 x J{xc

lg Kp — 46 13,3« 102 —1,74=K,= 10174 = 54,3

—19,15T 19,15=400

3amaya 5. Bo3M0XHO JiM OCYIIIECTBUTh BOCCTAHOBJIEHUS JKeJie3a M0 PEAKIUU MPU

CTaHAAPTHBIX YCIIOBUAX:
Fe:0smm) + 3Hs) — 2Feq,) + 3H20,,)

Pemenue: o | 3 2 3 [MOIB|
AHY,, -822 0 0 -285.,8 [k x/Moub)
S2sa 87 103,5 2,27 70,1 [JIx/(K*Moib)]

AH,, = 3*(-285,8) + 822 = -35,4 x [orc
AS., = [2%2,27 + 3*70,1] — /87 + 3*130.5] = 213.8 [owc/x
AG,, = -354*10% - 298%213,8 = 28,34 k Joic

AG>0 = npaHHBII IpoLiecC MPU CTAaHAAPTHBIX YCIOBUIX HEBO3MOKEH.
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TEMA 5. XUMHYECKAA KHHETHKA. XUMHYECKOE PABHOBECUHE

KuneTtnka — 310 pazaen XuMum, U3y4aruuid CKOPOCTA XUMUYECKUX PEAKIUH.

TepMoarHaMUKa pEeNIMIIa MPUHIIMITUATBHYIO BO3MOXHOCTb (HEBO3MOKHOCTH) MPO-
TekaHus peakuuil. B uucne paxropos He Ob110 Bpemenu. Hanpumep, mis peakunu — Cey
+0,— CO, <0

OpHako npy 0OBIYHBIX YCIOBUSIX IpadUTOBBIM CTEP)KEHb KapaHjallla He 3aropacT-
cs. DTO 3HAYMUT, YTO HEOOXOMMO YUUTHIBATh U ApYrue (PaKTopsl, YTOOBI XapaKTepru30BaTh
00bEM MPOTEKAHHUS MPOIIECCOB.

CKOpPOCThby p — 3TO U3MEHEHUE KOHLIEHTPALIUHU (C) pearupyroumx BEeeCcTB B €1UHU-
Iy BPEMEHH (JIJ711 TOMOTE€HHBIX ITPOILIECCOB) U HA €AMHUILY TOBEPXHOCTH (111 F€TEPOTeH-
HBIX). be3pasnuuHo, 10 KaKOMY BEIIECTBY U3MEPSITh CKOPOCThy p, TAK KaK H3MEPEHHBIE 110
pPa3HBIM BEIECTBaM OHU OYJyT COOTHOCUTHCS B SKBUBAJICHTHBIX KoJinuecTBa. JI1o0yto pe-
aKIMIO0 MOYKHO MIPEACTAaBUTH B OOIIIEM BUJIE:

aA+bB —cC+dD

HUCXOJTHBIC MPOAYKTHI

BEIIIeCTBA

(peareHThI)

PaccMmoTpum u3Menenue ¢ yucia A uinu B (MCXOTHBIX BEIIECTB)
Cxopoctb n3meneHus: C npoIyKTOB:
CHPQI[.

*Cucx T

CymiecTByeT MOHATHE MTHOBEHHOW CKOPOCTH, TO €CTh CKOPOCTh B TAHHOW MOMEHT:
UML"H = X ’Emﬂ.’tﬁﬂ % = X j_z

@DakTopbl, BAUSIOMNE HA CKOPOCThy p:

1) mpuponaa pearupyromux BeIiecTB;

2) G

3)T;

4) Kat;

5) MOBEPXHOCTH COMPUKOCHOBEHMSI (a3 (TOJIBKO JJIsl TETEPOTEHHBIX MPOIIECCOB).

1) BausiHue Npupoabl BelIeCTBA HA CKOPOCThby.p
H, +F; — 2HF — 63pvi6 6 memnome
H, + Cl, — 2HCI — 63pwbi6 na ceemy
H, + Br,— 2HBr — npu nacpesanuu
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H, + I, — 2HI — knaccuueckas oopamumasn peaxyust
OnHo u TO e BemecTBo Hy pearnpyeT ¢ aHasoramu, a CKOPOCThy p PE3KO OTJINYACT-
Csl, TaK KaK MPUPO/Jia TaIOTeHOB CKa3bIBACTCSA HA CKOPOCTby p
Zn + H,504 — ZnSb, + H, - OypHO 8bloensemcs
Zn + 2CH3;COOH — Zn (CH3COOQ), + H, - meonenno svioensiemcest
[Tpupo1a KUCIOTHI O6y§HaBHHBaeT Pa3HYyIO CKOPOCTb  p:
H,SO,4 — cuipbHas KUCIIOTA;
CH3COOH(ykcycnas) — cnabast Kuciora.

2) Bansinue KOHIIEHTPAIIHH

3akoHn I'yabadepra: “CkopocTb XUMUYECKON PEAKIIMU TIPSIMO IPOMOPLIHUOHATIBHA
npousBeAeHU0 C pearupyrommx BEUIECTB B CTENEHAX, PABHBIX CTEXHOMETPUYECKUM KO-
s dunmenTam (B npoctermmx ciayyasx)” — 31AM

Jns peakuum okuciaenus 2 NO + O, — 2 NO;

Ckopocmu,, = K-C 2 (NO) * Cfiﬂz} — KHHETMYECKOE YpaBHEHUE peakiuu, riae K — const

2,1 — gacTHBIC TOPSAAKK peakiuu, (2+1) — N — oOmwmiA

®@usnuecknii cMbica K. K —3T0 ckopocTb p, €M Cpearupyemix semeers = | MOJIB/JI

K 3aBucut ot T, npuponsl BemecTBa U KaTamn3aropa

PaznnuaroT HeCKOJIbKO KUHETHYECKUX KIaCCHU(UKAIMA PEAKIIHH.

|. beisarot peakiuu O-ro |-ro, ll-ro, lll-ro mopsiaka. beiBaet ApoOHBIN MOPSIIOK.
[Topsimok yCcTaHaBIMBAKOT 3KCIIEPUMEHTAIBHO.

[IpuMepsbl peakivu pa3IunyHOro NOPSIAKa:

-+

— = K — peakuus 0-ro nopsiaka;

H
I

= K-C — peakuus |-ro nopsizika;

-+
|
I

~

Q

e

de peaxius |1-ro mopsia-

= K-C? e

H
I

I1. TTo MosieKyIIpHOCTH.

MonekynapHOCTb ONPEENIAeTCS YHUCIOM MOJIEKYJI, OAHOBPEMEHHBIM CTOJKHOBEHH-
€M KOTOPBIX OCYIIECTBIISACTCS PEAKITHSI.

Paznuyaror:

1) MmoHOMOMNEKYIApHBIEC peakiuu: |, 2 21

2) mamonekyisipabie: Hy + 1, 2 2HI

3) tpumonekymspabie: 2NO + O, — 2 NO,

Jlaske CTOTKHOBEHHUE TPEX MOJIEKYJI MaJIOBEPOSITHO, TIOITOMY MOJIEKYJISIPHOCTh BBI-
1ie Tpex He ObIBaerT.
Ecnu B ypaBHeHnu 60mbire KO3QGUITUEHTHI, 3TO 3HAYUT, YTO PEAKIUs UACT MO CI0KHO-
My IIyTH.
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B npocTeimx citydasx MOJIEKYJISIPHOCTh COBITAIAET C MOPSAIKOM. DTO XapaKTEPHO
JUJT OTHOCTAIMMHBIX PEAKIUN.

Craenyromum o0pa3oM, UTO B KAUECTBE KPUTEPUS CKOPOCTHy , HHOT'/1a UCIOIb3YIOT
nepuo nojypacnazaa (liz), paBHbl BpeMeHH, B TeueHUH KOToporo C peareHTOB YMEHb-
1aeTcs B 2 pasa o CPaBHEHUIO C HAYAJIBHOM.

3anaua 1. Kak usmeHurcs ckopocThy , okucienus NO, eciu p yBenuuurces B 3 pa-
3a?
2NO + O, — 2 NO»
Cropocmb,, = KC*noy*co,
[Ipu yBenuuenuu p B 3 paza Vymenbiaercs = C yBenuuuBaeTcs B 3 pasa
Ckopocmoy, = K(3Cno))? * 3C,, = 27K CENG] * Coo,,

CKOPOCTh,
S — —

xp
OTBeT: CKOPOCTby , YBEJIMUUTCS B 27 pa3

CROpPOCTD

3) Biusinue TeMnepaTypbl

EctecTBeHHO, UTO ¢ yBeIMYeHUEM T CKOPOCTby , YBETUUUTCS, TaK KAaK IBUKCHHUE
MOJIEKYJI CTAaHOBUTCS 00JIe€ MHTEHCUBHBIM, COYIapEHHE Yallle = CKOPOCTby , YBEJIINUNBA-
eTCHl.

OnHako OBIIO 3aMEUEHO U BBIBEICHO MPABUIIO, BhIpaXkaroliee MprOIeKEHHYIO 3a-
BHCHMOCTE ckopocTu oT T (npasuiio Banr T'odda) npu ysenmuenun T na kaxasie 10°
CKOPOCTbyx, YBEIMUMBAETCS B 2-4 pa3a (To ecTh y=2-4)

fz— (=]

Uy, = Uy, Y t° |, TAe Y — TeMIepaTypHbIi KO3QOHUIMCHT PeaKInH,

MOKA3bIBAIOLINI, KAK U3MEHUTCS] CKOPOCTby p
py u3MeHeHuH t Tonbko Ha 10°
OTMeTuM, 4TO J1s1 OMOJIOTHUECKUX 00BEKTOB Y 3HAUUT Ooblie (Y =4-8)

3ajaua 2.
Jlano: Pemenue:

AL
CHOPOCTR &g

t,=240° PR = yie =24=16
. CHOpPOCTR &y

t,=280

Y =2

OTBeT: CKOPOCTbyx, YBEIMYMBAECTCA B 16 pa3

CHOPOCTR £ )
CKOpOCTh £y

VeranoBneHo, uto B 1 cm® raza nmpoucxomur 10?8 cronknosennii. Eciu 661 kakoe
CTOJIKHOBEHHE MPUBOIUIIO K XUMUYECKOMY B3aHMOICHCTBHIO, TO BCE PEAKIIUU ITUTH OBl
MTHOBEHHO (B3pBIB).
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OueBnnno, HE KAX/IOE cTonkHOBEHUE 3aBEpIIACTCS B3aUMOJICUCTBUEM. Appe-
HUYC YCTaHOBUWJI 3aKOH 3aBUCUMOCTHU CKOPOCTbyxp, OT T mpu c=1 mMomb/m.

B

K= Zpg_iﬁ , T1Ie K — const Ux.p

Z — 4YHiCIO CTOJKHOBEHHH; p — CTepuyecKuil (HakTop, YUYUTHIBAIOMIUN OJIarompusTHYIO
opuenTtanuio mMonekyn (p=10"2- 10°); e — ocnosanue In; Ea — sneprus akrupaumu; R — ra-
30Bas NOCTOSIHHASA; T — TemMneparypa.

AppeHunyc BBEI MOHATHE “aKTHUBHBIX MOJIEKYJI ,TO €CTh 00JIa1al0IINX U30BITOYHOM
DHEPrueH M0 CPABHEHUIO CO CPEIHEN YJHEPTUEN OCTAIIBHBIX MOJIEKYII.

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

TonpKO CTONKHOBEHHE aKTUBHBIX MOJIEKYJI, oOnafatonux E,, 3akaHunBaeTcs B3au-
MOJEHUCTBUEM.

Ha BepmnHer6apLepa oOpa3zyercs nepe XOIHbIM KOMIUIEKC: CTapble CBSI3U pacTATH-
BAIOTCS U1 HAYMHAKOT HAMEYaThCsl HOBBIE.

Jlaxxe He3HAUUTENIbHOE CHUKEHUE E, yBeIIMUNBaET CKOPOCTB.

4) Bausinue KaTajanzarTopa

[Tporuecc ¢ yyactueM Kataiau3aTopa Ha3bIBae€TCs KaTaIlu30M

Karanuzarop — 1o BeuiectBo, MeHstomee Uy ,, HO B KOHIIE ITPOLIEcCca OCTaIoLIeecs
HEU3MEHHBIM.

Pa3nuuHbIli TOMOTEHHBIN U T€TEPOTEHHBIN XapaKTep.

250, + O,) (NO)) — > 2SOj3 - rOMOTreHHBIH KaTann3

N>y + 3Ho0y (Fep) > 2NHs3—rereporeHHslit kaTanu3

B HacTosiiee BpeMst CymiecTByeT Te0pHs TOMOT€HHOTO KaTaln3a, COTIacHO KOTO-
poii KaTanu3aTop 00pa3yeT MPOMEKYTOUHBIN MPOAYKT C OJTHUM U3 PEarupyIinx BEIIeCTB,
KOTOPOE 3aT€M pearupyeT ¢ IPYTHuM PEareHTOM.

Hanpumep, 4 + B~ AB (peakuus mpoTeKaeT MeJIEHHO)

[Ipy mpuMeHEHUN KaTain3aropa:

DA+ K —> AK

2JAK+B > AB + K

A+ + AK AB+K

v
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I'eTeporeHHbIN KaTajau3

CylecTBy€eT HECKOJIBKO TEOPHUid, HO IJIaBHBIM BO BCEX TEOPUSX BBIJEIICTCA S5 CTa-
JIAWA, XapaKTEPHBIX ISl ’TOTO KaTaJIn3a:

1) moaBoj BellecTBa K MOBEPXHOCTH KaTaln3aTopa,;

2) copOmus BemecTBa Ha MOBEPXHOCTU KaTaIn3aTopa,;

3) peakius MeX/ly BEIlleCTBAaMU Ha aKTUBHBIX IIEHTPAX KaTajlu3aTopa;

4) necopOuus MPOaYKTa C MOBEPXHOCTH;

5) OTBOJ MPOIYKTa OT KaTaIN3aTopa BIiIyOb.

VYpaBHeHUE AJIsI CKOPOCTH B CIIy4ae F€TEPOTreHHBIX MPOIIECCOB BKIIIOYAET B ce€0s Be-
JUYUHY TTOBEPXHOCTH COMPUKOCHOBEHHS MEXKTY (hazamu.

v=K-C-S |, rae S — noBepXxHOCTh COMPUKOCHOBEHUS pearupyomumx ¢as.

Si + O, —» SiO, v = K'C{Ozj S

BemecTBa, ocnadisronme qeiicTBIE KaTaln3aTopa, Ha3bIBaeTCs KATATNICCKUMU
APaMu,

BemecTBa, ymensiaromue Uy ,, Ha3bIBaeTCsl HHTHOUTOPaMHU.
Kaaccudukauus peakuui
1) ITocenoBaTeILHBIE — 3TO PEAKIIUH C TPOMEKYTOUHBIMHU CTATUSIMHU.
Hanpuwmep, 24 + 3B — A»B3 (peakuus NpOTEKAET Yepe3 psijl CTAIHI)
[pumep: 1) A +B —> AB

2) AB +A —»A>B

3) AsB + 2B —» A,B3
[IpuueM Kaxaas NOCIEnyOIIas CTaausl MPOTEKAET MOCIIE MPEAbLTYIEH.
Kaxxmas cragus uMeeT CBOXO CKOPOCTb.
CkopocTh MEIJIEHHOM CTaJANM OMPENIENIET CKOPOCTh BCErO MpoLecca.
Mennennas craaus HazsiBaercss JUMUTUPYIOIMIEM (npuaiun 6yThII04HOT0

TOPJIBIIIKA).

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

0oJiee HaMpaBICHUSX.
— C

A+B —

—— D
CKOpOCTH , paCCUUTBIBAIOTCS IO KAXKAOMY IIPOLIECCY U CYMMHPYIOTCS.
3) ConpsizKeHHBIE: C OJTHUM H TEM )K€ PEareHTOM OJIHOBPEMEHHO B3aUMOJICHCTBYET

2 v 00Jee BEILECTB.
A—+»B AB
A=*C AC

4) KoJsepaTeJIbHBIE: B HUX UMECT MECTO KOJIeOaHNE KOHIIEHTPAIIMH HEKOTOPBIX
IPOMEKYTOUYHBIX COEIMHEHUN U COOTBETCTBEHHO KOJIEOAHUS CKOPOCTH.
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5) LlenHple: I HUX XapaKTePHBI CICAYIOIINE CTa UM

a) 3apOoXKIACHUE 1IeTH;

0) pa3BUTHE LICTIH;

B) OOpBIB IICTIH.

a) UIMEET MeCTO 00pa30BaHKE PAJAMKAJIOB — YaCTHI] C HECIIAPEHHBIM JIEKTPOHOM,
KOTOPBIE YPE3BBIYAITHO PEAKIIMOHHO-CTIOCOOHBI. OHU N300pa’keHbl CUMBOJIOM 3JIEMEHTA C
TOYKOMU.

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

E, uennoit peakiuu MHOTO MeHble E, OOBIYHONM peakiuu, YTO €CTECTBEHHO CKa-
3BIBAETCS] HA CKOPOCTH.

XUMUNYECKOE PABHOBECUE

Panee Obu10 oT™MeueHo, uto AGy , ipu paBHOBecuu = 0

CocTosiHue paBHOBeCHUs HAOMIOJAeTCsl Y OOpPAaTUMBIX PEAKIUil, TO €CTh TEX, KOTOPhIE
MOTYT UJTH KaK B IIPSIMOM, TaK U B OOpaTHOM.

K HeoOpaTHMbIM peakiusiM OTHOCSATCS:

1) c oOpazoBaHHeM OcCaKa;

2) C BBIJICJICHHEM Ta3a;

3 ) ¢ obpazoBanuem ciaboro snekTpoauta(Hamnpumep, HoO);

4) ¢ 6onbrM Ter1oBbIM 3D HerToM(Qmax)

CocrosiHue paBHOBeCHS Ha0JIIOAAaeTCs KOraa — = &
u v

CBOWCTBA COCTOSHUS DABHOBECHS:

1) - = «;
v v

2) AG =0;

3) PaBHOBecHe qOCTUTACTCS C JIFO00H CTOPOHBI;

4) PaBHOBecue TUHAMHUYHO; C HACTYIUICHHEM PAaBHOBECHUS MPOIIECC HE OCTaHABJIMBACT-
csl.
C BelecTB B COCTOSTHUM PaBHOBECHS HA3bIBACTCSI PAHOBECHBIMU M 0003HaYaeTCs: [

Jiis peakiuu aA + BB —» ¢cC +dD

[A] = Cucxa)— Crpa) } PABHOBECHBIE KOHIIEHTPAIIMU UCXOIHBIX BEILIECTB.

[B] = Cch(B) - Cnp(B)

PaBnHoBecHBIE Crponykros — 3TO TO, UTO 00PA30BATIOCh K MOMEHTY HACTYIUICHHUS PaB-
HOBeECHS.

[C]= Cospee)

[D] = Cospo)

Benuunna Cosp 3aBUCUT OT COOTHOLIEHUS KO3(PPUIIMEHTOB B YpaBHEHUU TIEPEJL CO-
OTBETCTBYIOIIMMU BEIIECTBAMH.
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Yacro 3akoH I'yabadepra u Baare Ha3pIBaloT QCHOBHBIM 3aKOHOM XUMHUYECKOU
KUHETUKYU WJIM 3aKOHOM JeicTByomux macc (3M).
Kpome storo, 3/IM Ha3bIBatOT BhIpaK€HHEM CONSt paBHOBECUS PEAKIIUU.
BriBeeM 3TO BBIpAKEHUE:
aA+B8B 2 cC+dD
U = K- Cf . Cf — KMHeTHYecKoe ypaBHeHHe IPAMOi peaKIuH
— Vosp = K - C¢ - C§ — KHMHeTHYecKoe ypaBHeHHe 06paTHOH peaKIHH
[Ipu paﬁlmagcnn Vip = Voop
K1 [A]* [B]° = Kz [C]° [D]

_ K [g°[p)@
Hpas[—mse.:p{_q = K_:L = ﬁﬁ - const paBHOBCCI/IH

K npouseefeHHe C o .05 B CTEI. = CTEX. KO3QPHUIHeHTaM

B

npousBefeHHe C,, . o semecrs B CTEIL = CTeX. KO3QPHIIHEHTAM

M CCOIMAIINS — 0OpaTUMBIN TIpoLIecC

NH,OH 2 NH; + OH~
NHF]=[0H™ -5 1
H’ﬂ=HP=[ d10H7] _ 495 .
NH,OH 10

Ecnu K, > 1, To mpeobiagaeT npsimasi peakius;
Ecnu K, < 1, To npeobnagaer odpaTHasi peakuus.
Bnusinue K, 3aBUCUT TOJIBKO OT JBYX (DaKTOPOB: OT MPUPOAbI Bemecta u T.
s sx30TepmMudeckon peakiuu: ¢ ysenudenueM T K, ymensiaercs;

Hns sapnorepmudeckon: ¢ ysenuuenueM T K, yBenuuusaercs.

Pemenue 3a1a4 Ha UCXOJAHbIE H PABHOBECHbIE KOHIIEHTPALUH
3agaua 1. B mpouecce oxucnenus SO, B SO, mocine Toro, Kak mpopearupoBaio

20% BemectBa SO, ycTaHOBHIIOCH paBHOBecHe. OnpenenuTh paBHOBECHBIC C, €CIIHA W3-
BecTHO, uTO0 C o ... =6 MOIB/1T, C () .. = 4 MOJIB/II.

Jlano: Pemenue:
C (s0,) uer =6 MOJIB/IL. 250,+0,—2S0,
C (0,) uer. = 4 MOIIB/IL. [50,]=C (s6,) wer.™ Cs0,) mn
W o, = 20% ITo ycnosuto npopearuposaio 20%, 1.e. C g, ,, =
[50,]-? [$0,]-? -C,_- 1"5_():6-0,2:1,2 MOJB/ T
[02]'?

[Oz]: C(oz) ucx. C(soz) np.
C o,) ONPENEIUM II0 YP-F0 PEAKIIMHU, COIIOCTABUB KO3()-ThI MEPE]

O, nuS0O,:
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v(0,) _
v(S0O, )

=> (0, )—— v(S0,)

NIH

|_\

1 ,2=0,6 MOJIB/1

C(Oz) np. 2 C(SO) np.
Torma [0,]=C ) v C(Oz) = 4-0,6=3,4 Mo/
[SO?:]: C(SO3) 06p.

I1Io ananoruy. ¢ BBINICIIPUBCACHHBIM

_2 B
C (SG3) obp. - E C (S0,) np. _1 92 MOHB/H

Takue 3a1aun 0OBIYHO PEMIAIOT TAOJIUYHBIM CIIOCOOOM.
Pemienue uepe3 Tabnuiry:

Kommonenter | C,. 250,+0,=2S0,
C,, 21 2 [ ]
SO, 6 monb/1 | 20%,t.e. C g, ,, =6:0,2=1,2 | [SO,]=C,.,-C, =6-1,2=4,8
SOO23 4 soms/1 | € ©» np-:% C s m :% Eé]i:iz -, =4-06=34
-1,2=0,6 o
C sy o= Cisopy mp =1:2

3amava 2. JIng peakuny CMHTE3a aMMHUAKa U3BECTHO, YTO YCTAHOBUIIOCH PABHOBE-
cue npu cnepyromwx c: [N, ]=4 mons/n, [H,]= 4 mons/1, [NH,|=12 mons/n. Onpenenuts

ucx.CuN,uH,.

KoMITOHEHTEI C.o N,+3H,—2NH,
Cnp.u 1 3 2 [ ]
N. Co=[]+C, =4+6=10 ¢ =~ -1 =1 4
— _ _ (N3) np. 2 (NH3) np. 12
H2 Cucx._[ ]+ Cn _4+18—22
" -12=6
NH, 3 B
C(H )np 06p(NH3) E 4
—12
-12=18
* 12

* -10 B-By NH; ompenemum C,, nma N, uC, nnaH,; INH, = C o, =12
3agauya 3. M3BecTHO, 4TO JIJIs MpoOIlecca BOCCTAHOBIICHUS JKeJie3a M OKCHIA JKeTe3a
(1), ¢ momomkto okcuza yraepoza (1) K, =0,5. C, . 6bian pasusr: g1 CO = 0,1 Mons/1,

CO,=0,01 monw/n. Onpenenuts paBHOBecHBIC C.

Penienue:
Kom-Tb1 C,. FeO+CO—Fe+CO,
o 1 1 [ ]

45




CMONEHCKUA
Memoouueckoe obecneuenue OUCYUNIUHBL (  @unnan
i

F1.0.07 «Xumus» A |
vun_
CO 0,1 Moab/n * X 0,1-x
CO, 0,01 momb/n X 0,01+x
[co,]

Janumem:; K =
" [co

I/I3BCCTHO, qTo Cm BCHICCTB B BBIPAKCHHUC Kp HC BXOJAT, T.K. HX C noutu BCCTAa =

*- H3BECTHO, uTO B Xozie peakuuu C .. |, CopoxT.

ITycts Cop.co= X, Torman C 06p(COy) X

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

[cO,]= 0,0366 monb/n

[cO]=0,0734 mons/n

- pPCHICHUC ITOJIYYCHHOI'O YPABHCHUA ITO3BOJIACT OIIPCACIINTD [ ]

CmMeLleHne XMMUYECKOro paBHoBecust

Omnpenensierca npunuunom Jle llarenbe: eciu na cucmemy, Haxo0auwyOca 6 pagHoge-
cuu, nO0eIcCMmeosamsy u3eHe, mo pagHosecue CMEUW|aemca 6 CIopoHy moil peaKyuu,
Komopas ocnadnsaem okazvleaemoe 603oeiicmaeue.

1) Bausinne C

Jlerko yBUIeTh U3MEHEHHUE B OMBITE B3anuMoiericTBrs Xxaopuaa xxenesa (111) ¢ ponanu-

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

O5-k€nT OecuBeT KpOBaBO-KpacH OecIBETH

a) 1 C (FeCl,), okpacka 1, —
C CMEIACT PABHOBECHE B CTOPOHY MPOAYKTOB PEAKIHH

UCx.6—6

6) 17 C(NH,CNS), okpacka 1,—
B) T C (NH,CI), okpacka |, <

IIpu ysennuenuu C,,,, paBHOBECHE CMEIIACTCS B CTOPOHY HCXOIHBIX BELIECTB.
2) Biausiaue T

A+BZ AB AH<O0, tepmoauHaMuy. 3aMuch AK30TEPMUYECKAS
A+BZ AB + Q — TepMoXUMHY. 3aMHCH peakuus

1 T 61aronpuaTCTBYET YK30TEPMUUECKON peakiiuu
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TEMA 6. PACTBOPbLI. PACTBOPbI SJIEKTPOJIUTOB

HneanbHble paCTBOPLI

HP — 510 pacTBOpEI, B KOTOPBIX HET B3aUMOJAECHUCTBUA MEX 1y KoMrnoHeHTamu. K 1P
npubnuxkaroTcs oueHb pasdasnennsie. s nux AH=0, AV=0, a AG<O0, T.x. ST. CBoiicTBa
UJCATbHBIX JKUJIKUX PACTBOPOB aHAJOTUYHBI CBOMCTBAM Ta30BbIX CMECEH.

[Tpu cmenenuu IByX win 6ojiee KOMIIOHEHTOB MPOUCXOIUT 00pa30BaHNE HOBBIX
COEIMHEHUM, €CIIM UMEET MECTO XMMUYECKOE B3aUMOJICHCTBUE, WIH €ClIi 00pa3yroTcs

CMCCH.

MenzeneeB nepBbIi BBIABUHYJ TEOPHUIO O TOM YTO PaCTBOPOM HA3bIBAETCs YCTOU-
YuBasi TOMOT'€HHAas CUCTEMA, COCTOSIIAs U3 JIBYX MJIU 00Jiee KOMIIOHEHTOB.
B Heit paznuyarot gucnepcHyio dhasy v IUCIEPCHYIO Cpeny .

Kinaccudukanus pactBopoB

1. ITo pa3mepy 4acTHIl WM N0 CTETIEHH JUCIepcHOCTH. Pa3nuuaror: rpydoaucnepc-

Hele (pasmep yactuil => 100 um). U komiouaHsie.

Cpenu HUX: a)3MYJIbCUY;

0) a’po30.1H;
B) CYCIICH3UU;

HucnepcHas | Pacnpenensemoe | YCIOBHBIE [Iprmepsl reTepOreHHbIX
cpena BEILIECTBO 0003HAYEHHUsI | CUCTEM
T T T-T Munepaiibl, 6€TOH, KOMIIO-
K K-T 3ULIMOHHBIE MAT.
I [-T [TouBBI, TPYHTBI, KaInuI-
JISIPHBIE CUCTEMBI
Karanuszaropsl B ra3oBbIX
cucremax
K T T-XK Cycrnien3uu, nmacThl, Myjib-
XK K-2K I1a, UJIbI
OMyIbCUH, TIEHBI, HEPTh,
MOJIOKO
r T T-T adp030JIU, bUIb, IbIM
XK AK-T' a’p030J14, TYMaH

B 0CHOBHOM 3aHMMAaeMCs U3YUYEHUEM PACTBOPOB MOJIEKYJISIPHOM M MIOHHOW CTEIICHU
IUCEPCHOCTU. VX Ha3bIBatOT UCTUHHBIMU PACTBOPAMHM.

2. [1o arperaTHOMy COCTOSIHUIO:

T-crmaser; K- CuS0O, B Boge; I'-Bo3Myx

3. Ilo conepxaHnto pacTBOPEHHOTO BEIIECTBA

1) KoHueHtpupoBaHHble U pa30aBieHHbIE
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2) HacpiieHHble (1aabpHENIIEro pacTBOPEHHS HE IPOUCXOANT), HEHACHIIIEHHBIE U IIEpe-
HaCBILICHHbIE ( HEYCTONYMBBIE CUCTEMBI).
4. I1o pacTBOpUMOCTH
1) Xopo1io pacTBOpuMBIE
2) Mano pacTBOpuUMBIE
3) [IpakTHueckn HEpaCTBOPUMBIE

CliibHbBIE 3J1EKTPOJIHUThI

K HuM oTHOCSATCS
- kucnotel: HCl, HBr,H], HNO,,H,50,,HCIO,
- ocuosanus (ménoun): LIOH, NaOH,KOH, PbOH,CsOH, Ca(OH),,5r(0H),,Ba(0H),

-OOJIBIIIMHCTBO COJIEH
JI71s1 CUIIBHBIX JIEKTPOJUTOB XapaKTepHA MPAKTUYCCKH MOJTHAS IUCCOLMAITHSI.

MexaHu3M paCTBOPEHHUS CHJIbHBIX 3JIEKTPOJIHUTOB

1 sTanm 2 sTarn 3 aTan

®® 0 ooo 0L
Na* @ @ @ 68

e—+Na* Q O,

OO

MMB n-] n-nu
Nmeer mecto MMmB Mexay | MoH-nunonsHOE B3anmo- | B pacTBOpax CHIIBHBIX
MOJIEKYJIaMU PaCTBOPH- JNEUCTBUE : MOJIEKYJIbI AIEKTPOJIUTOB HOHOB
TeJl U UIOHHBIM KPUCTal- | paCTBOPUTENS pa3pylla- | MHOTO, IO3TOMY, HECMOT-
aom — OPUEHTALU- IOT KPUCTAJUIMYECKYIO s Ha TUAPATHBIE «ITY-
OHHGBIE — B3aumoneii- pemérky NaCl «Bpirac- ObD», HOHBI MIOAXOIAT
CTBHUS MEXIY KHBAIOT» UOHBI B PACTBOP | APYT K APYLY U MEXIY
MOJIEKYJIaMU PaCTBOPH- Y HAYMHAIOT OKPYKaTh HUMH UMEET MECTO UOH-
TEJSL U BOJBI. 5TH MOHBI THAPATHOU JIUTIOJILHOE B3aUMO/IEH-
00o00uKoH(TUIpaTHON ctBue. [ToaTromy B meii-
11y0oit) UMeeT MEeCTO CTBUTEJILHOCTH JIUCCOILIU-
MOH-IUIIONbHOE B3auMo- | arus He sBasgercsa 100% u
JIEUCTBUE. JUISL pPaCTBOPOB CUJIBHBIX

3JIEKTPOJIUTOB BBEJECHO
NOHATHUE AaKTUBHOU
KOHILleHTpalHH

a=f, C, rne a— axtupHas C
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[ - K03 pHIIHEHT aKTUBHOCTH
C - KOHIIEHTpAIKsI pacTBOpa
fa BBI3BaH NPOSIBICHHEM HOH-HOHHOTO B3aMMOJIECHCTBUA. B CHIIBHO pa30aBiIeHHBIX
pacTBOpax, IJie MeX/1y HOHAMH MHOT'O MOJIEKYJI pacTBOpHUTEJIs, Tonarator f, = 1 u Toraa
a="C,
B peayibHBIX pacTBOPax f; HAXOMAT MO TAOJMIIE B 3aBUCUMOCTH OT HOHHOM CHITBI
pacTBopa.

I= %Z C,Z% , rnel — nonnas cuna pacteopa
C; - KOHIICHTpAIHS HOHOB
Zf - X 3apsJibl
NoHHas cuia pacTBopa paBHa NOJIyCyMME MPOU3BEAEHUS KOHIIEHTpa-
U BCEX MOHOB, HAXOIAIIUXCS B pacTBOPE, HAa KBaJ[paT UX 3apsa.
| BEIYUCIISIOT J71s1 TOTO, YTOOBI 3aT€M 1O Ta0JuMIle HAUTH KOA()PUIIMEHT aKTUBHOCTH

f(a)=f(1)

[IpuMepsl BEIYUCIEHUS] HOHHOM CHJIBI

C. (HCI)=0,5 HCl & H*+Cl-

Jano: ‘ Pewenue:
‘ 0,5 05 0,5

-7 |=%( (0,5-(+1)2+0,5(-1)2)=0,5
Jano: Pemrenue:
C,(H,S0,)=0,5| H,SO, & 2H"+SO,*
0,5 2:0,5 0,5
[-?
:%(1'(+1)2 +0,5(-2)*)=1,5
Jlano: Pemenue:
C,(Al,(SO,),)=0,05Al,(S0O,),=2Al*+3 S0, =
0,05 2:0,05 0,05
I-?

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

1 Jl514 pa3psiia MOKHO 3HAaKH HE YKa3bIBaTh!

PaccMoTpuM paBHOBecHE MEX]ly paCTBOPOM M OcagkoM, Hanpumep, BaSO, . AGco-
JIIOTHO HEPACTBOPUMBIX BEILIECTB HET, MO3TOMY JUIOIN BOJbI, COPUEHTHUPOBABIIKCH
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ornpeneneHHbIM 00pa3oM, pa3pymaroT peuietky BaSO, u nepeBoasT B pacTBOp MOHBI CO-
.

PactBOpenue:
= K, > peakuus 0-ro nopska, T.K. C BeniecTa Ha HOBEPXHOCTH HE MEHSIETCS.

V pacms

ITo MCPC HAKOIUUICHHA NOHOB B PACTBOPEC MCIKAY HUMU HAYNHACTCA BBaHMOI[Cﬁ-
CTBHC.

Ba®+SO%* — Ba SO, |

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

HpI/I paBHOBeCHH D pacma’_ D ocasx
K,=K, [Ba*][SO;]

[Ba][SO]
Ky _rppe

D ocas

K,

IIK
[IpousBeneHne pacCTBOPUMOCTH = IIPOU3BEICHNE KOHIICHTPAIIHH.
IIP npusezneno B tabauue: 1P 5o, = 1-107°

YcnoBus o6pazoBanus ocaaka: [IK>ITP
YcnoBus pacrBopenus ocaaka: IHHK<IIP

IToka He Oyner nocturnyrta BenuuunHa [1P, BemecTBo OyieT nepexoauTsb B pacTBOP.

Pemrenune 3aa4 Ha 00pa30BaHUE M PACTBOPSHUE OCAaKA

3anuiieM ypaBHCHHE B 00IIEM BHUJIE I BEIYUCICHHS PACTBOPUMOCTH BEIIECTBA.
JUCCOI]
Al,S, 2 2AI*+35%
X o0p. 2X 3x
ocaj
Ycnoeue oOpasoBanus ocaaka: [Al*]?[ S ]°*>T1P
B oOmem Buae s A, B, :

1P
= n+m
S \/ n"mm - (popMyIna 1St BEIYKUCTIEHUSI PACTBOPUMOCTH BEIIECTBA.
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3anaua 1. Beruucnure pacTBOPUMOCTb B MOJIB/JI U B I/11 opTodocdaTa Kanblus, a
tak e C, nonoB Ca*" u gocdar-noHOB B HackleHHOM pacTBope, eciu 1P (Ca, (PO, ),

)=2-10"7.

Pemenue:
Jlano:
TP (Ca,(PO,),)=2-10". 1) 3anumem ypaBHeHHE 00pa30BaHUs OCaIKa:
Ca*+2 PO, * - Ca,(PO,),
3x 2x X

S[monw/n],[r/n]-?
C,[Ca*]-2C,[PO,*]-? 2) 3anuiem yciaoBHe 00pa30BaHUs OCaIKa:

[Ca*][PO,*]> IP (Ca,(PO,),)
[Tycts C(Ca, (PO, ),) B Monb/1=S=x
Torma [ Ca* ]=3x, [ PO, * [=2x
(3x)*(2x)*=I1P

X = 5‘/E “O9  =75.10.. Mob/1
108 §)

3) UToOBbI BEIYUCIUTD S B I/J1, HYKHO 86838 ‘M
M(Ca, (PO, ), ) = 3-40+95-2 = 310 r/moub
S=7,5107"-310=2,3-10"* r/n

[ Ca* ]=3x=3-7,5-107"=2,25-10° mounb/n
[PO, * = 2x=2-7,5-107"=1,5-10"° monn/n

3amaua 2. [TP(AQCl)=1,78-10"°. Kakoii V Bojbl HOTpeOYETCS I PACTBOPCHHSI
Ir. aToro BemecTBa’?

Jano: Pemenue:
IMTP(AgCl=1,78-10*° M(AQCI)=143,5 r/moib
m(AgCl) =1r. 1) YpaBHeHue o0pa3oBaHUs 0CAIKA:

Ag*+ Cl-— AgCI

2) ycnoBue 00pa3oBaHUs OCaIKa:

V (H,0)-? [Ag*][ Cl-]>IIP (AgCl)

3) S=[Ag*]1=[Cl"]1=vmP ~1 3-10~° mons/n

-3
S=1,3-10"°-143,5=1,86:10 /i
4) Paccuuraem V Boabl s pactBopenus 1r. AgCl

V (H,0) = 1-@— 537,6

1,86
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3amaua 3. Beimamaer nu ocagoxk AgCl npu cauanuu 50 mu. 0,1M pactBopa AgNO
, €200 M. 0,2M pactBopa HCI?

JlaHo: Pemenue:
C,(AgNO,)=0,1 M 1) 3anumiem ypaBHeHHEe 00pa30BaHMs OCaIKA MPU
V(AgNO,)=50 mu. B3aNMOJICCTBUU YKA3aHHBIX BEILIECTB.
V(HCI1)=200 mu. AgNO,+ HCl - AgCI{ + HNO,
C,.(HCH=0,2 M 2) 3amureM yciaoBue oOpa30BaHUS OCaIKa:

[Ag*][ CI- > IIP (AgCl) Ocanmox-?
Jlo cnuBaHus: AgNO3Z Ag*+ NO, ", T.x.
0,1 01 01
Iocne cnuBanus: V 1
V., = 50+200=250 mu.

3) CooTHollleHHs TP pa30aBIICHUE:

CyV2=C, V.,
C..=[Ag']= (i/v =22 20=2110" Moms/

06m

PaszmepHocTs V 31eCh HE UMEET 3HaYCHUS

4)C.,=[Cl]= CV”“Vl = 0’22:_)300 =1,6-10" Momup/1

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

061

JHepreTuKa NpoueccoB pacCTBOPEHUS
N3BecTHO, uTO npu pazdbasienuu H, SO IPOUCXOUT CUIIbHOE pa3orpeBaHue,

4 (rom)
nostomy, yuutsiBas p (H,SO,)= 1,867 r/em*>p(H,O)=1r/cm®, H, SO, Bceraa npioT
B BOJLy, a HE HA00OPOT.

[Tpu pacTBOpEeHUH BEIIECTBA PACTBOP CUIBHO OXJIAXKIAETCS, T.€. IMEET MECTO B3au-
MOJCHUCTBUS:

PactBopenue + pactBoputeab— B-BO B + Q

B-Ba pacTBope
rae, Q — rerioBoi 3 deKT mpoiiecca pacTBOPEHHUS.
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[Ipu pacTBOpEHUH UMEET MECTO PA3PYLICHUS KPUCTALNINYECKON PEIIETKU PaCTBOPSI-
emoro BemiectBa. Ha 3to Tpatutcs sneprus u npoucxoaut npouecc CAJIbBBATALINU (3a

CYET UOH-AUMOIBLHOTO B3aUMOJICUCTBHUS).
Ecau pactBoputens - H, O, To npoucxoaut nponecc F'MAPATALNUA. ITpu 3Tom

DHEPIUs BBIACIACTCS.
Ot cooTtHomenus E pa3zpylieHnst KpUCTAIIMY. PEMIETKH pacTBOPEMOro B-a v E

calbBaTalMyU 3aBUCUT (Q peaKIuu:
eciu Q >Q ..e » TO PACTBOPEHUE - MIPOLIECC SHTOTEPMUUECKHI

< Qe » TO PACTBOPEHHUE- MPOIECC IK30TEPMUIECCKHIA

paspyu
ecmm Q ...,
JAucconuanus Boabl. BoaopoaHslii moxka3areib.
H,O - o4eHb cladblif AJAEKTPOIUT. ITO aMPOJIUT (M KUCTIOTA U OCHOBAHUE).

H,0=H"+OH" - ynpollleHHOE YpaBHEHUE AUCCOLAIUU.

H* +H,0 — H,O- (MOH OKCOHUS).

Jlanee MOXeT IPUCOSTUHUTRLCS 10 4H * 10 oOpa3zoBanust H,O; .
MBI BoCTIOJIB3YEMCS YITPOLICHHBIM YPABHEHUEM

S [HTOH T _ oo
[H.O]

MoxHo cuurars, 4to [H,0]1=C, = % =55,5m01/ 1

171. BozmI

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

[HJ[OH ]1=10" =K, , =K, UOHHOE NPou3sedeHe 600bl

DTO0 XapakTepHO s t° =22° —25°. Jlna t° =100° K, , =74*107, T.e.c It K, 1.
UeMm 1 ogna C, TeM | conpsiKEHHAs C HEW pyrasi.
HeiitpanbHbiit pacTBop: [H]=[OH ]=+10" =107[Z] =[22™]; pH=pOH=7.

J J

Kucnslit pactBop: [H*]>10""; pH<7.

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

PaGoTarh ¢ MaIbIMH BETHUUHAME HEYI00HO, U [0 IPEIIOKEHUIO TATCKOTO YIEHO-
ro 3epeHcena ObLIO BBEIEHO ITOHATUE BOJAOPOJHOIO IMOKA3ATENS.

pH =—Ig[H "] pOH =—Ig[OH "] eudpoxcunvusiii noxazamens.
Ecnu nponorapudmupoBath HOHHOE MPOU3BEICHHUE BOJIBI, TO MOTYy4uUM (hopmyiy:

pH + pOH =14

[H*] 107 10 10” 107 107*
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|  mxamapH

° 1 2z 3 4 5 6 T & % W 1 12 13 14

[OH] 10" 107 10”7 10~ 10"

HonHoe npousBeleHUE BOJABI TOBOPUT O TOM, YTO Jajie€é B KOHLIEHTPUPOBAHHBIX
BOJIHBIX PACTBOpaxX NPUCYTCTBYIOT T'MIPOKCO-TPYIIIbI.

Jlns xapaktepucTuky PH pacTBOPOB CYyIIECTBYIOT OCOOBIE BEIIECTBA — MHAMKATO-
pbl. BbIBalOT XHIKUe, Hampumep, (peHon(TalenH, METHWIOPAHXK, Jakmyc. CyllecTBYIOT
OyMakHbIe, HAaIpUMEpP, YHUBEpCAIbHAs UHANKATOPHAsI Oymara, a TAKKe TOYHbIE 3HaYEHUs
pH onpenensitorcst ¢ momoribio npudopa pH-metp.

3naueHue pH pacTBopa BIUsSET Ha MPOLECCHI, MPOUCXOASAIINE B paCTBOPE.

Brruncnenmne pH pacTBOpOB CHITBHBIX U CTA0BIX 3JIEKTPOIUTOB.
3agaua 1. Beruncnuts pH pacteopa HNO, .

Jlano: Pemienue:
0,01 x HNO,. HNO, - c1abblif AIEKTPOITUT.
pH -?

[H*]=+vKo*C =10 *107 =10° = pH =3

3anayva 2. Beruucnuts pH pactopa H,SO, ¢ C,, =0,054
Jlano: Pemrenue:

pH =-lga

(HY)

0,01 x H,SO,

JIns1 pacTBOPOB CHIIBHBIX 3JIEKTPOIUTOB

[Ipexne uem paccuuTaTh, MOCYUTAEM
| = %*(2*0,05*12 +0,05*2%)=0,15

H,S0, = 2H " +SOZ
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0,05 2:0,05 0,05
ITo ta6muue f,=0.8=a=0,8-0,05=0,04=4*10 "
IgfH " ]=1g 4*1072 = lg4+Ig 1072 =0,6021—-2 =-1,3979
pH=1,3979 umu pH~1.4.

OG6paTHas 3aaaya.

Jlano: Pemenue:
[H"]=10 ™ [OH ™ ]=10
pH=12,34 o
pOH =14-12,34 =166 CcM. aHTHWJIOTapU(PMbI
[H*]-?
[OH"]-? [H*]=10"%% =107 *10%% = 4,571*10 " moup/n1
[OH ]1=10"% =107 *10%* = 2,188*107 MoJIb/7

3angaya 4.
JlaHo: Pemienue:
0,05 NH, OH NH,OH - ciaboe ocHOBaHHE

NH,OH =NH,; +OH™~ T.K. c1a0. 31eKTPOJIUT

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

JKo*C JKo*C
Io cripaBouHHKY [OH ] =vK0*C =+/2*10° *5*10% =10

POH=3=pH=11

TEMA 7. JIEKTPOXUMHNYECKHUE CUCTEMBbI. OKUCJIMTEJIBHO-
BOCCTAHOBUTEJIBHBIE CBOMCTBA BEIIECTB

Crenenb OKMCJIeHHsI — 3TO (HOPMAIBHBIA YCIOBHBIM 3aps]l aTOMa B MOJIEKYJIE.
O6o03HauvaeTcs HaJl aTOMOM HUGPaMU C COOTBETCTBYIOIIMM 3HAKOM. JTa BEJIUYMHA MOMKET
OBITh MOJIOKUTENBHON, OTPULIATETBHOM, HYJIEBOU, TPOOHOIA.

O6o03HauaeTtcs 1Udpoit ¢ COOTBETCTBYIOIINM 3HAKOM.

[TonoxxutenbHOE 3HAYEHUE CTENEHW OKHUCIICHHUS XapaKTEepHO sl aTOMOB, OT/AAr0-
IITUX CBOM AJICKTPOHBI (IIETOYHBIC METAJIbI, IPOTOH UMEIOT CTENeHb OKUCaeHus +1).

HyneBas creneHb OKUCICHUST B MOJIEKYJIaX MPOCTHIX BEIIECTB.

@dTOp B CBOUX COCTUHEHUAX MUMEET 3apsAl -1, a uisi KUCIOpo/ia B OOIBIIMHCTBE CO-
eAMHEHUI XapaKTepHa CTeNeHb -2, X0oTs B nepekucu HyO, ona paBHa -1, B coenMHEHUH
OF; paBHa +2, a B Haanepokcuae KO, -1/2.

Pacuer creneHu OKMCJICHUA.

OCHOBHOE MPABUIIO:
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AJiredpanyeckasi CcyMMa cTeneHell OKMCJIeHNsI aTOMOB B MOJIeKYJle PaBHA HY-
JII0, B CJI0KHOM MOHE — 3apsily 3TOI0 HOHA.

PaccuntaeM cTeneHb OKHCIIEHHUS a30Ta U cepbl B Mojekyse azoTHoii HNO;3 u cep-
HOM H2SO4 kucnor. O603HAYMM HEU3BECTHOE YePe3 X, YMHOKHUM CTETICHb OKHUCIICHUS pac-
CMaTPUBAEMOTO aTOMa Ha YUCJIO ITUX aTOMOB U COCTaBUM YPaBHCHHE:

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

HoSO4 (1) -2 + X1 + (-2)-4=0 Xx=+6

UtoObl ompenenuTh CTENEeHbh OKHCICHHUS MapraHia, ¢gocdopa, xjaopa U Xxpoma B
nonax: MnQy, PO4*, ClOsz, Cr,0;* aHalnorm4Ho COCTaBJIsicM YPaBHEHHMs, HO IIPHPABHH-
BacM HUX K 3apsiIy HOHA.

X
MnOs X + (-2)4=-1 X=+7
X
PO x + (-2)4=-3 X=+5
X

ClOy x + (-2):3=-1 X =45
Cro0O7% x2 + (-2)7=-2 x=+6

C TOUYKM 3peHVs U3MEHEHHUS CTEIIEHU OKUCIIEHUS XUMUYECKHE PEAKIIMU MOTYT IpO-
TEKaThb JBOSIKO: JINOO CTENEHb OKHCIEHUS OCTAETCS MOCTOSHHOW, MO0 MEHSIET CBOIO BE-
nnuuny. Hanmpumep:

+1-1 +1 -2 +1 +1 -1 +1-2
HClI + NaOH > NaCl + H:0 - 0e3 usmeHeH:s CTENEeHN OKUCICHUS

0 0 +3 -1
2Al + 3Br2. = 2Al Brz — Al u Br noMensu B pe3yJsibTaTe peakiiu CBOM CTEIIEHH OKHC-
JCHUS

PeaKHI/II/I, MNPOTCKAIMUC ¢ UBMCHCHHUCM CTCIICHHM OKMCJICHHSA aTOMOB, BXOIAIHNX B
COCTaB pearupyromux BEIICCTB, HA3bIBAIOTCA OKHUCJIUTEC/IBbHO-BOCCTAHOBUTC/IbHBIMMU. B
TAKUX PCAKOUAX IMPOHUCXOAAT OJHOBPCMCHHO ABa IpOonecCa — 3TO OKHMCICHUEC U BOCCTA-
HOBJICHHUC. PaCCMOTpI/IM HXx.
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OxuciieHueM Ha3bIBaCTCS IMponeccC OoTaa4u 3JICKTPOHOB. HpI/I 9TOM CTCIICHBb OKHC-
JICHUA ITOBBIIIACTCA. ATOMLI, MOJICKYJIbI UJIM NOHBI, OTAAIOIIUC 3JICKTPOHBI, HA3BIBAKOTCA B
OCCTAHOBHUHTECJIAM HU. TAKUM O6p&30M, IMpoHecCC OKUCIICHUA ITPOUCXOIUT C BOCCTA-
HOBJICHUCM.

BoccraHoBiieHHMeM Ha3bIBACTCS mpouecc NpUCOCIUHCHUA 3JSJICKTPOHOB. CreneHn
OKHCJICHHA IIPU 3TOM ITOHMIKACTCA. ATOMBI, MOJICKYJIbI HJIN WMOHBI, IIPUHUMAIOIIHEC 3JICK-
TPOHBI, HA3BIBAWOTCA O KU CJA U T EC€J A M H. CJ'ICI[OBEITCJ'IBHO, IMponeCC BOCCTAHOBJIICHUA
IMPOUCXOJUT C OKHCIIUTCIICM. CxeMaTu4yHO 3TO BBITJTIAAWUT TaK:

-e

[ [
» »

OKHUCJICHHC

BOCCTAHOBHUTCIb OKHCJINTEIb

A
A

LI 4
BOCCTaHOBJICHUE
TunnyHbIe BOCCTAHOBUTEIN — 3T0 MeTaiutel (ZN, Fe, Al u T.1.)'Bomopoa, anemen-
THI B HU3IIMX CTEIICHIX OKUCIICHHS.

Tunu4HbIe OKUCIUTENN — ATO FaJOTeHbI, OMXpOMAT Kajus, XJIOpHas BOJIa, a30THAs
KHUCJIOTA U €€ COJu, OepTOJIETOBA COJIb, [IapCKas BOJKA, IEPMAHTaHAT KaJIUs U JPYrue Be-
IIECTBA, B COCTaB KOTOPBIX BXOJSIT aTOMBI B BBICIIIUX CTEMIEHSIX OKUCIICHUS.

BemiecTBa, B cocTaB KOTOPBIX BXOJST aTOMBI C POMEKYTOYHOM CTEMEHbIO OKHUCIIE-
HUSI, CTIOCOOHBI OBITh M OKHUCIUTEISIMH U BOCCTAHOBHUTEISIMU B 3aBHCUMOCTH OT JAPYTrOro
KOMIIOHEHTA peakiuu. K HUM OTHOCATCS IEPEKUCh BOAOPOA, CYIb(PHUTHI U T.11..

YacTo oMH U TOT K€ DJIEMEHT MOKET MPOSABJIATh PA3TMYHBIC CTEIICHU OKUCIICHHUS.
HekoTtopsie mpumepbl TPUBEACHBI B CIASAYIONICH TaOJIHIIE:

Bo3MokHBIE CTETIEHN OKUCIICHUS Psiia SJIEMEHTOB

v

OKHCJICHHC
One- CreneHp OKUCICHUS
MEHT
B COeIIN 3| -2 -1 (0 +1 +2 +3 +4 +5 +6 +7
HEHUSIX
Xiop HCI | CI | HCIO ClO, | HCIO HCIO
2 3 4
Mapra- MnClI MnO, HMnO4
Hell 2
Cepa st S SOz HzSO4
A3zot NH3 Ng Ngo NO N203 N02 HNO
3
Kucio- H,0O |H,0,| O,
pon
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Kpaiinue cneBa — Kpaiinue cripaBa —
TOJIBKO
TOJBKO BOCCTAHOBUTEh OKHUCIIUTEI
ROCCTAHOBICHUE

THIbI OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIUM .

Peaknum MekMOJIEKYJISIPHOTO OKMCJICHUA-BOCCTAHOBJICHUSA
(OKHCIHTENb U BOCCTAHOBUTEINb MPUHAIJICKAT PA3HBIM BEIIECTBAM, T.€. HAXOJSATCA
B Pa3HbIX MOJIEKYJax).
-1 +4 +2 0
4 HCl + MnO2 > MnCl; + Cl; + 2H>0

Peaknum BHYTPUMOJIEKYJISIHOTO OKUCJIEHHSI-BOCCTAHOBJIEHHS
(OKHCTUTENh 1 BOCCTAHOBUTEIh HAXOMATCS BHYTPH OJIHOW MOJIEKYJIE, HO 3TO JUOO
aTOMBI Pa3JIUYHBIX AJIEMEHTOB, JUOO aTOMBI OJHOTO JIEMEHTA B Pa3HBIX CTEICHSIX OKHC-
JICHUS).
+5 -1 0
2KCIO3 - 2KCI + 30>

-3 +3 0
NHisNO2 - N2 + 2H20

Peakuuu 1ucnponopuuoHUpPOBaHHUSA.

Oxucnurens ¥ BOCCTAHOBUTEIb — 3TO aTOMBI OAHOTO U TOTO K€ JJIeMeHTa. B xone
pPEaKIMy OJHM MOBBIIIAIOT CBOK CTENEHb OKUCIIEHUS, IPYTUe MMOHMKAOT. JTO XapaKTep-
HO JUISI aTOMOB B ITPOMEXKYTOUYHBIX CTENEHAX OKUCIICHHUS.

-1 +1
C’ + H,O - HCI + HCIO

PaccranoBka k03¢ PUIMEHTOB B YPABHEHHSI OKHCJIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakuui
MeToa 3JEeKTPOHHOI'0 0aJIaHCcA.

AJITOPUTM:
1. Omnpenenutb CTENEHU OKUCIEHUS AJIEMEHTOB M YCTAHOBUTH JJIEMEHTHI,
MTOMEHSBILNE CTENEHU OKUCJIEHMS, BBIMCATH MPOLECCHl OTAAUN AJIEKTPO-
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HOB — OKUCJIEHUA, n npucoenunenus snekrpoHoB — BOCCTAHOB-
JIEHW A,

2. Tlomo6path K03 GUITMEHTH — JAOMOJHUTEIBHBIE MHOXHUTEIH, TTO3BOJISIO-
mue ycrtaHoBuTh BAJIAHC DJIEKTPOHOB. Vuyer uuncima 371€KTpOHOB
HEOOXOJIMMO BECTH Ha BCIO MOJIEKYJY, T.€. YUUTHIBATh YMCJIO aTOMOB IO-
MEHSBILIUX CTEIEHb OKUCIICHNUS,

3. PaccraButh K03 GUITUECHTHI;

4. OcymiecTBUTh MPOBEPKY (Halie Bcero myTeM oOmiero OajgaHca aTOMOB
KHUCJIOpOAQ).

IHpumep 1.

PaccmoTpum peakiuio B3auMOAECHCTBHS KeEJIe3a C XJIOPOM. 3alUIIEM CXEMY pEak-
117078

Fe + Cl, — FeCl; (1)

Hcxonnbie BellecTBa Kene30 U XJI0p dIEKTPOHEUTpanbHbl. B pe3ynbraTe peakiuu
CTEINEeHb OKHUCJIEHUA JKeJie3a cTana +3,a xjopa -1. Beimuiiem aTombl, KOTOpbIE TOMEHSLIN
CBOIO CTENEHb OKHUCJICHUS, TPOCTAaBUB MOCJICIHIO0 CBEPXY HaJl aToMaMH. Tak Kak XJop 110
peaKkIuy HaXOUJICA B MOJICKYJISIpHOU (popM, TO cobitofast MaTepuaabHbIN OallaHc, ocIe
peakiuu (mocie crpenoukn) mnepen Cl° craBum kosddumment 2. PacctaBuM creneHn
OKHCJICHHS U IPOBOJIUM PACCYKICHHUS:

Fed — Fe?*

(2)

Cloz — 2CI

ATOM keJe3a co CTENEHBI0 OKUCIIEHHUS, PABHOM HYIIIO, IIpeBpamaercs B Mo Fe3* co
cTerneHbto okucieHus +3. [Ipu 3ToM OH OTHAET TpU AIEKTPOHA, ABJISIETCS BOCCTAHOBUTE-
JIEM, CaM K€ B pe3yJIbTaTe PEaKlMU OKUCISETCA.

3anoMHUTE: OTAAJ € — OKUCJIWICS, CaM SIBJISIETCS BOCCTAHOBHTEJIEM.

DieKTpoHEHTpaIbHas 10 peakinu MoJjieKysa xyopa npespamiaetes B 2Cl ( B aBa
(hopManbHBIX MOHA XJIOpa C 3apsoM MUHYC OJuH). [Ipu 3TOM Kaxawlii aToM, a UX JBa,
MIPUHUMAET TI0 1€, T.€. BCEro 2 3JeKTpoHA. XJI0p, IPUHUMAS 3JIEKTPOHBI, BOCCTAHABIINBA-
€TCsl, CaM K€ SIBJISIETCS OKUCITUTEIIEM.

3anoMHUTE: B3SLJI € — BOCCTAHOBMJICS, CAM SIBJISIETCH OKHUCJIMTEIeM.

Takum oOpazom, cxemsl (1) u (2) npeBpamaroTcs B ypaBHEHUS 3JIEKTPOHHOrO Oa-
JaHca.

KoaddummenTs
Fe® - 3e  — Fe** - mpomnecc okucnenus (3)
Cl% + 2e — 2ClI" - mpouecc BOcCTaHOBIIEHUS 4)

OtnensieM BEpTHKAIBHOW YEPTOW ClieBa HAMCAHHBIC YPAaBHEHHSI dJIEKTPOHHOTO Oa-
JIaHCa ¥ OCYIIECTBIIsIEM TI0100p KOA(DPHUITEHTOB:
d) YKa3bIBAaIOT YMCIIO MEPEHICANINX JICKTPOHOB, B TAaHHOM CITydae 3T0 3 U 2;
b) maxomsaT mist HUX HauMmenblee oodmee kpatHoe — HOK — B paccmaTpuBaemom
npuMepe 310 6;
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C) noaduparoT K03()OUIUEHTHI; 3TO YaCTHOE OT JICJCHUS HAaUMCHBIIETO OOIIETOo
KpPaTHOT'O Ha YKCJIO MEPEIICANINX 3JIEKTPOHOB. DTO YHCIIA: TIEPEL KEIE30M 2
U TIepe]1 XJI0poMm 3.

KO3 (HUILIUEHTHI HOK YUCIIO € ypaBHEHUs OajlaHca
2 3 Fe? - 3e -  Fe*
T B-JIb j
6
3 2 CIOT + 2e - 2CI

JleficTBUTENbHO, HEOOXOAUMBIE ISl 3% MOJIEKYJ XJjopa 6 3JIEKTPOHOB MOTYT J1aTh
JIBa aTOMa KeJe3a.

3anuiueM CyMMapHO€E ypaBHEHUE:

2Fe + 2Cl. > 2 FeCls

Ipumep 2. C ydyeToM pacxoaa KUCIOTHI Ha cOJIe00pa30BaHuUE.

3anumeM YpaBHEHUE PEAKIUM MEXKIY MEIbI0 M KOHIIEHTPUPOBAHHOM a30THOU
kuciaoTon Cxema peakuuu Cieayromas:

+5 +2 +4
Cu® + HNO3; — Cu(NOs3); + NO;

PaccraBum creneHM OKUCIEHHUS. 3alliIIEM CXEMbl 3JIEKTPOHHBIX IEPEXOJ0B IS

aTOMOB MEJIM U a30Ta, IOMEHSIBLIMX B XOJ/I€ PEAKIIMH CBOU CTEIIEHHU OKHCIICHUS.
Cu® — Cu?* - mpouecc OKUCIICHHUS
N+ — N* - mpomecc BOCCTaHOBJIECHHS

Nmeem 1o peakuun Cu®, N*°, nocne peakuuu Cu?*, N*4. CnenosarensHo, B xoze pe-
aKIMM aTOM MEIMU OTAAJ JIBA 3JIEKTPOHA, & aTOM a30Ta MPUCOEIUHUI ANEKTPOH. Menpb sB-
JSI€TCS BOCCTAHOBUTENEM, B XO/I€ PEAKIIMHM OKHCIIAETCS, CTEIIEHb OKUCIEHUS €€ MOBBIIIA-
eTcsi. A30T CO CTETIEHbIO OKUCIEHUS +5 SBISETCS OKUCIUTENEM U, IOHUXkAasi CBOIO CTEIIEHb
OKHCJIEHUS], BOCCTAHABJIMBAETCS.

Takum 00pa3om, ypaBHEHUS JIEKTPOHHOTO OalaHCca UMEIOT BUJ:
koapuimentst HOK  uwmcio €

1 2 Cu-2e — Cu?" - mpomecc OKUCTIEHHS
2
2 1 N* +1le - N* - mponecc BOCCTaHOBIEHUS
Cu + 2HNO:3 + 2HNO3 — CugNOs), + 2NO:2 + 2H20
BOCCTAHO-  OKHCJHUTE]Ib HA C0J1e00Pa30BaAHH
BHTEJIb T
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[Tomo6paB kKoxhGUITUEHTHI, 3aMUIIEeM CyMMapHOe ypaBHeHHE. OTMETHB TpeBapH-
TEIBHO OJJHY OCOOCHHOCTh TaKMX peakuuid. [Ipy OKHCIeHNN METa/IOB KUCIOTaMH OObIYU-
HO HIYT €IIe MPOIECChl COIe00pa3oBaHus, T.. CBA3BIBAIOT MOJYYHUBIINECS HWOHBI METal-
JIOB aHMOHAMHU KHCJIOT B HEUTpalbHBIC MOJIEKYNbl. [lo3TOMy oOIee KOMMuecTBO MOJIeH
KHCJIOTBI Oy/1eT HECKOJLKO OOJIBIIIE, B HAIIIEM MPUMEPE OHO PaBHO YETHIPEM

Cu + 4HNO3z —» Cu(NO3). + 2NO2 + 2H.0

OOBIYHO CyMMapHOE€ ypaBHEHHUE MOCJIE PACCTAaHOBKUA KOA(PDHUIIMECHTOB TIEPE]] OKHC-
JUTENIEM U BOCCTAHOBUTEJIEM THIIETCS HA OCHOBAaHWU OOIIUX MpaBWII IJIsl ypaBHEHUH pe-
akuui. Jlemaercst 3T0 MOTOMY, UYTO BCAKOE YpaBHEHHE B KOHEUHOM UTOTE €CTh OTOOpake-
HUE 3aKOHAa COXPAaHEHUS MAacChl BEIIECTBA, a JJISi OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MIPOIIECCOB 00513aTELHO COXPAHSIETCs ellle 0anaHC 3apsiioB.

IMpumep 3.

Bi:Sz + HNO3z — Bi2(SO4)z + NO + H.O (cxema)

N3 ypaBHeHUS peakiMU BUIHO, YTO MOMEHSJIU CBOM CTEIICHU OKHUCJICHHS Ccepa U
a3zoT. Cynehun npeBpatuics B cyibdaT, IOMEHSB CTEIIEHb OKUCICHUS C  «- 2» JI0 «+6»,
T.C.

S - 8 —» S
BOCCTAHOBUTEITH

HO KaK OTMEUajJoCh paHee, YUCIIO OTJAAHHBIX JJICKTPOHOB HYKHO YKa3bIBaTh IS

MOJICKYJIBI CYIb(H1a BUCMYTA, YYUTHIBAS, YTO B KOKIYIO BXOJUT TPH CYIb(UI-UOHA, T.C.
352 - 24 —»  3S*

A3OT U3 HUTpPAT-UOHA, B KOTOPOM MMEJ CTETeHb OKUCICHHS «+5», IPEBpATUIICS B

okcuy azoTta (1), co crenenbio oKucIeHus «+2», MPUCOCIUHUB TPHU AJIEKTPOHA
N*° + 3 - N*

Takum 006pazom, ypaBHEHUS JIEKTPOHHOTO OanaHca, Mog00p HAMMEHBIIETo 00IIero

KpaTHOTO U KOA(h(OUIIMEHTOB BBITJISIIAT CISAYIOIIMM 00pa3om

ko3punmentet HOK wwmcnio e

1 24 3S? - 24e — 3S*® —mpouecc okucnenus
B-I1b
24
8 3 N*® + 3¢ — N*2—mponecc
OK-J1b BOCCTAHOBJICHUS

VYpaBHeHUE ¢ paccTaBIeHHBIMU KO3 PUIIIEHTaMU
Bi2Sz + 8HNOs — Bi2(SO4)3 + 8NO + 4H,0
[Tepen monexymamu a30THOM KuCIOTH U okcuaa azora (1) koaddumuent «8». Co-
Omofas 6anmaHc aTOMOB BOJOPOAA, MEpea MOJEKYJION BOABI B MPABOil 4acTH ypaBHEHUS
HEOOXOAUMO NMOCTaBUTh KOAPPUUUEHT «4». [IpoBepKy Bcero ypaBHEHHUs! IIPOBOJIUM, CO-
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XpaHsisi 6alaHCc aTOMOB KUCIopojia: 24 aToma B JIEBOM 4acTH ypaBHEHHS (10 CTPEJIOYKHU) B
8 monekynax HNO3 u (12 + 8 + 4) = 24 B npaBoii: B Tpex CyJbPUT-HOHAX, B 8 MOJIEKYJIax
okcuja azota (1) u 4 Mmonekynax BOJbI.

B kauectBe OPUMEPOB, MPOBOLMPYIOUIUX HMHTEPEC K  OKHUCIUTENIbHO-
BOCCTAHOBUTEIHHBIM PEAKITUAM, WILTIOCTPUPYIOMNUX BO3MOKHOCTH METOJ[a, MOXKHO TIPH-
BECTH CJICAYIONINE YPABHEHUS PEAKIIHH:

IIpumep 4: 1Ba BOCCTAHOBUTENS U OAUH OKUCITUTENb.

N3BecTHas CO MIKOJBI Peakiys 00KUTa TMUPUTA — TIEpBas CTaAUS MPOMBIIIIICHHOTO
cnoco0a NoJIy4eHHs] CEpHOM KUCIIOTHI.

1) cxema

FeS, + O, —» Fe,0O; + SO

2) ypaBHEHHS dJICKTPOHHOTO OajaHca

-le +10e
4 11 Fe'2S1, - 1le N F§3 + 294
B-J1b
44
11 4 0°, + de N 20%
OK-JIb

3) ypaBHEHHE peakiuu ¢ KodhPUIMeHTaMH
4FeS; + 110, = 2Fe0O3 + 8SO:
IIpumep 5: 1Ba BOCCTAaHOBUTEIIS, OJUH OKUCIUTEIb, IPOOHAsT CTCTICHh OKHUCIICHHSL.
+4/3 -4 +5 +3 +4 +2
Fes C + HN Ozpazo. — Fe(NOs3); + CO2 + NO + H:0
1) ypaBHeHUs 3JEKTPOHHOTO OanaHca:

-5e
| . | |
3.(413) ‘ 4 +3 4
3 13 FesC -13e SN 3 Fe + C
39
+5 +2
13 3 N + 3e - N

2) ypaBHEHHE peakiuu ¢ KodQPuireHTaMmu
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3FesC + 40HNOspazs. — 9Fe(NQs)s + 3CO, + 13NQ + 20H,0

OB csoticmesa eewecme 3asucsam om pH cpeowi

Kucnas cpena:

2KMn+7O4 + 5Na28+403 + 3H,SO, — 2Mn+28+604 + K»,SO4 + 5Na,S0O,4 + 3H,0
becysemnas

Kuciasa

Mn?* - 6ecyeemmuiii

T Je :
MnO, neimparonas— NMIn*Q, — Gypeiii ocadok
MATUHOBO - PUOIemosbllL +3e v
wenounas Mn+604 - 3e1eHbIlU
+1e=

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

St _2e—» S*6 2 5 |- okucnenue, goccmanogumens

HeurpanpHas cpena:

2KMn*’0,4 + 3Na,S™0; + H,0 — 2Mn{0, + 3NasS*°0, + 2KOH
Mn*"+3e— Mn*t2 | 6| 3| -goccmanosnenue, okuciumens

St _2e—» S*t 3 2 | - okucnenue, 6occmanogumens

[llenounas cpena:

2KMn+7O4 + Na28+403 + 2KOH —>2KMn+6O4 + Na28+603 + H,O
Mn*"+1le— MnT1l | 2| 2| - 6occmanosnenue, okuciumens

St _2e—» S*° 1 |- okucnenue, goccmanosumens

OpHoil U3 cTanuii MOyYeHUs] CEPHON KUCIIOTHI SBJISAETCS O0XKHUT MUPUTA:
4Fe*?5; = 1102 - 2Fe?0;* + 857 0;°

Fet2_le— Fe*? - OKUC/IeHUe, 60CCMAHOBUMEIb
2S7-10e— 2S™ | 11| 44| 4| - oxucnenue, soccmanosumens
0 +4e — 077 | 4 11| -eoccmanosnenue, okuciumens

Taxum oOpa3om, B 3TON MOJIEKyJ€ 1Ba BOCCTAHOBUTEIIS

be3ycnoBHO, HEIOCTATOYHO OTPAHUYMBATHCA YMEHUEM 3alMCBHIBATH PA3JIUYHBIC
OKHUCJIUTEIbHO-BOCCTAHOBUTENbHBIE peakiuu. Heo0XxoauMo yMeTh pacCUuThIBaTh 3HaYe-
HHE DKBUBAJICHTOB OKHUCIIUTEIS U BOCCTAHOBUTEIIS, YTO TO3BOJISIET B JAJbHEUILIEM, B Kyp-
CE€ aHAJTMTUYECKON XUMUU MPOBOJIUTH PACUEThl, TPEOYIOIIMECS MPU MPUTOTOBICHUU COOT-
BETCTBYIOILIUX PACTBOPOB. « XUMHUECKHUI Oaraxk» CTyJIeHTa MO 3TOM TeMe BKIIOYAET, Kpo-
M€ TOTO, YMEHHME OINpENecsATh HaIlpPaBICHUE TaKUX pEakuuid, YMEHHUE [1aBaTh
KOJIMYECTBEHHYIO OIICHKY TJTyOWHBI MPOTEKAaHUS OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIX pPe-
AKIUM.
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TEMA 8. YCTPOUCTBO U YCII0OBUS PABOTbI TAJIbBAHUYECKNX 3JIE-
MEHTOB. XUMWYECKUNE NCTOYHUKU TOKA.

Ecnu onycTuTh METAITMYECKYIO IJIACTUHY B BONY, TO, T.K. HE CYIIIECTBYET abco-
JIFOTHO HEPACTBOPMMOTO BELIECTBA, IHUIIONH BOIbI BHITACKUBAIOT HOHEI ZN%* 13 kpucTai-
JINYECKOM PELIETKU U OHU NEPEXOAAT B pacTBOp. IlnacTuHa 3apsxaercs OTpUUATENIbHO.
Takum 006pa3om, Ha TpaHUIIE BOSHUKAET JBOMHOM SJIEKTPUUECKUIN CIIOH.

Zn
+|-
+|-
H.O
Ecnu onycTuTh IIMHKOBYIO MIACTUHY B pacTBop ZNSO4, TO 3THU
MPOIIeCChl OYYT MPOTEKATh 3HAUUTEIHLHO OBICTpEE.
Zn
H -
H -
ZnSO4

Ha rpanune Metaiur-pacTBOp BOZHMKAET PABHOBECHBIN OTEHIMAI.

JI714 Majl0aKTUBHOTO METaJUIa BUJ JBOWHOTO CJIOS CIIEAYIOIINN:

Cu
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CuSO4

HenocpenctBeHHO U3MEpUTh MOTEHIIMAT HEBO3MOkKHO. HeoOxoauMm anekTpo cpas-
HeHusA. B kauecTBe HEro BHIOPAaH BOJOPOAHBIA 3JIEKTPOM, HOTEHLHAT KOTOPOIO YCIOBHO
MIPUHAT PaBHBIM HYJIIO.

CxeMa BOJIOPOJHOTO 3JESKTPO/Ia.

B cocyn ¢ cepHOM KMCI0TOM OIyIIEHA -
— H>  maTuHOBas TIacTUHKA, MOKPHITAS

—» .
IJIATUHOBOM YE€PHBIO, KOTOpAs HACHIIIEHA
BOJIOPOJIOM.

HSOs T H> IToTeHan Takoro JEKTPOia YCIOBHO

| IPUHAT paBHBIM (.

CxeMa raJijbBaHM4eCKOI0 dJICKTPOJIMTA JUISI M3MEPESHUS CTAHJIAPTHOI'O YJICKTPOIHOTO I10-
TCHIIHAJIA.
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A) Zn \

[/ [ .

1L AL
/L Zns0; Q,Pwﬁw;\
/ .. \

uuropsni snextpos Inextpommntadeckni o K Clt+arap-arap Megusiii snextpog

N,

Jdpvroe H300paKeHHE:
Z1 Cu—

ZnS0y I CuS0;s
TTonynpoHHIIAeMAas eperopoaKa

PaBHOBeCHBIN MOTEHIIMAN HA TPAHULIE METAUI-PACTBOP ISl METAIMYECKOW ILIa-
CTUHKHM, OIYIICHHOW B PAacTBOP CBOEH COJM C aKTUBHOCTHIO 1MOJIb/JI, U3MEPEHHBINA MpHU
CTAHJAPTHBIX YCJIOBUAX OTHOCUTEIBHO BOJOPOJHOIO 3JIEKTPOJA, IMOTEHIHAI KOTOPOIo
MPUHAT PAaBHBIM HYJIO, HA3bIBAETCA CTAHAAPTHBIM 3JIEKTPOHHBIM NOTEHHUAJIOM (B
nanpHewmem COII). E%2n2+/zno

Ecnu 3nauenusa COII pacnonoXuTh B NOPSAKE BO3paCTaHUs, TO MOJYYUM PsiJl aK-
TUBHOCTH (HANPSHKEHUS METAIIOB, KOTOPBIA HauMHAETCs C JUTUsI). OH COAEPKUT MOTEH-
[HaJIbI IOYTH BCEX METAJUIOB, BOJOPOA U 3aTEM MOTCHIMAIIBI HEAKTUBHBIX METAJIOB.

Yem menbme E°, Tem spye BhIpakeHO BOCCTAHOBUTEINLHBINM CBOWCTBA, TEM DIEMEHT
OJIbKe K Havaly psja.

Kax b1l npeapl iy BBITECHIET OCIEAYIOIINI U3 pacTBOpa.

Ecnu ycioBust OTJIMYHBI OT CTAaHAAPTHBIX, TO 3HAYEHUE PABHOBECHOTO MOTEHIMANA
HaxoIAT 1o ypaBHeHuto HepHera:

E=E°+RT/nF*INas/asoc

DTO ypaBHEHHE HAMKCAHO JUIS Mpolecca BOCCTAHOBJICHUS; Mpu Temieparype 25C
R=8,31, F=96500K In=2,3lg ypaBHeHue npeodpasyercs:
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E=E’+0,059/n*1gaox/asoc Aok=ars.s-sa =1
I[JIH METaJJINYECKOUN IJIACTUHKA, OIIYIICHHAA B paCTBOP YPABHCHHUC IIPUHUMACT BU:

F—p04 0059

Ig aMen+

[Mpeamonaraercs fa=1, o 8™ me=Cme""
E= E0+°°59 Ig Cwe

3HaquHe PABHOBECHBIX MOTEHIIMAJIOB MMO3BOJISIOT paccunTaTh J/C pexunn:
I C=E»=Eok.-EBoc.
Ecnmu E>0—peakuus uner, E=0—paBnoBecue E<0 — uner oOpaTHas peaxiusi.

TEPMOOUWHAMUKA OBP
N3 nonoxenunit T/] ©3BECTHO, YTO CAMOIIPOU3BOJIBHBINA MIPOLECC BO3MOKEH, €CIIU
AC Ix_p <2 (0, Bo-TIepBBIX, BO-BTOPBIX, HOHBI ME, UMEIOIIHE TOJIOKHUT. 3apsl, TPOHUKAIOT B
pacTBOp AJ-JIUTA U COBEPIIL. PabOTy B MOJIE OTPHUIL. MOT-JIa TPAHUIIBI pazjena. ITa padbora
paBua: A=-nFE,.
OHa KOMIIEHCUPYETCS PadOTOM CUCTEMBI:

AGp = —nFE, E = — = 1{}

? nF

T.e., mo6oit camonpounsBoiabHON OB nporiecc M.6. UICTOYHUKOM 3J1. SHEPTHH, T.€.
CITy)KMTh XUMUYECKUM MCTOYHUKOM TOKa (XUT).

ACp = —RTInK;
—RTInK = —nFE,;
E3 _ ETInK

nkF

[Tpu K=8.31 Ix/(K*moms), T=298K, F=96500Ku1, InK=2.3IgK/.

0,059
E,=—

g

mn

DJIeKTPOXUMHUYECKHE MPOLECCHI
OTH npolecchl pacCMaTpUBAIOTCS HA TPUMEPaAX MPOLIECCOB MpOTeKaromux B [,
MIPU AJEKTPOJIN3E U KOPPO3HUH.

FAJIbBAHUYECKWUU JJIEMEHT (I'9)
B OBP »1ekTpoHbl HEMOCPEACTBEHHO MEPEXOJAT OT BOCCTAHOBUTENSI K OKUCIIUTE-
mo. Ecny mporeccsl OKMCIIEHUs U BOCCTAHOBIICHUSI Pa3Je/IUTh, & JJIEKTPOHBI HAIIPABUTh
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0 METAJUTMYECKOMY IPOBOJHUKY, TO Takas CUCTEMa IMpPEACTaBISIET COOOW rajlbBaHUYE-
CKUH DJIEMEHT.

I'D cocTouT U3 ABYX 3JEKTPOJOB, OTPYKEHHBIX B paCTBOPHI CBOUX COJIEH, COEIU-
HEHHBIX AJIEKTPOJUTUYECKAM KIIFOUEM WM PA3IEIEHHBIX NOJYIPOHUIAEMON MEPETropo-
KOM, 4TO MpeAOTBpALIACT NPSIMOE, B3aUMOACHUCTBUE. B raibBaHNYECKON LENHU TPOUCXOIUT
MPOLIECC MPEBPALICHUS XUMUYECKON SHEPTUHU B JIEKTPUUECKYIO.

AHOAOM B JJIEKTPOXMMHUHU HAa3bIBAETCH JJIEKTPOId, 10 KOTOPOMY NPOMCXOAMT
OKHCJIEHHE, TO €CTh 0TAa4a 3J1eKTPOoHA. OObIYHO aHOJ 3apsiKeH OTPUIATEILHO WU SIB-
Jsercs 0oJiee aAKTUBHBIM METAJJIOM, OH ITOCBUIAET JIEKTPOH B aKTUBHYIO LIETIb.

Karogom Ha3biBaeTcsi 3JIEKTPOJ, HA KOTOPOM NPOMCXOAUT MPOLEcC BOCCTA-
HOBJICHHSI, 00BIYHO MEHee AKTHUBHBIN METAJLI.

Buewnss uemns. 3JIEKTPOHBI —
AHOJI A Karton
- DHYTPEHHSA LIE€Tb. An™

BuemHsis nens — MeTauTMuecKuil MPOBOAHUK (JIEKTPOHHAS TPOBOJIUMOCTB ).

BHyTpeHHsis 11enb — HOHHBINA pacTBOp (MOHHASI TPOBOAUMOCTD).

CXEMA CTPOEHUA I'AJIBBAHUYECKOI'O 2JIEMEHTA.

B ckoOkax yKka3bIBalOT 3HAKH AJIEKTPOAOB, TPUUYEM MPUHATO aHOJ 3alUChIBAThH ClIe-
Ba, KaTOJI — CIIPAaBa.

Onna BepTUKaibHAs YepTa 0003HAYAET IPAHUIly METAUT — PACTBOP, ABE — IPAHUILY
MEXIY pacTBOpPaMH.

(-)A Me’|Me™||Mex™|M,° K(+)
N306pazum ['D, cocTosmmii 13 HMHKOBOTO U METHOTO AJIEKTPOJIOB:
BuemH. nemns
[ v
Anon (-) Karon (+)
A |
BHYTD. LIETIb: P-P dJ-JIUTa, 00JadAr0ITHI
VOHHOW MPOBOJAUMOCTBIO
Cxewma 3anucu ['9:
(A Me? | Mel™ || Me3*™ | Me;  K(+)

A\ 4

| - rpanKIIa MKy 3apaMH OJHOTO B-Ba
|| - rpanuIa MeX Ty B-BaMH

Tuner I'D:
1) meano-uunkoBbli I'D i I'D Janmdas-SAkoou:
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Cxema I'D Jlaamans-Sxkobu:

())A: Zn| ZnSO,4||CuS0,| Cu K(+)
(-)A: Zn® |Zn**|| Cu**| Cu K(-)
_ - —
o — 7\ ITporiecchl Ha DIEKTPOIAX:
— o A(-): Zn® — 2e = Zn** - ok-e
. T K(+): Cu? + 2e = Cu® - Boc-e
~ — — | TOP: Zn® + Cu®* — Zn** + Cu® - yp-e
2807 T QuSO; TOKOOOpa3yIoLIei p-u.

HquHHOﬁ BO3HHUKHOBCHHUS U ITPOTCKAHUA
TOoKa B I'D saBnsgercs Pa3HOCTb ITIOTCHIIUAJIOB.
SI[C:Ea = Efca"rn:n,qa - Ea:—tn:-,qa
Jlnist mpakTUKK OoJlee BayKHOM BeTMUYMHOM sBsgercs Hanpskenue U < E,

U=E: =/r=8E 1 pre Ir - omuueckue norepu

AE - noTepu Ha MOJISIPU3ALIHUIO

2) I'D Boabra: 2 pa3Hbix Me, HAXOIAIIMXCS B PACTBOPE OJTHOTO AJICKTPOJIMTA, B KO-
TOPOM JIBE TUTACTUHKH, HAIPUMED, [IMHKOBAsI U MEIHAS MMOTPY>KEHBI B paCTBOP
H,S0,. TIpu ero paboTe MHKOBBIN aHOJI PACTBOPSETCS, a Ha MEH, IIOBEPXHOCTh
KOTOTOPO# HackImaercs: Hy, mporcxoauT ero BeIfeICHHUE.

T.0. B KaU€CTBE KAaTOJ]a BO3HUKAET BOJOPOIHBIN 3JIEKTPO/I, @ HE METHBIM.

Cxema I'D Bosbra:
(-)A: Zn°|Zn**|H,S0,|2H* |H, (Cu) K(+)
B ckoOkax crpasa ykas. mecto Beigen-1 H, — Mefk,

3) koHmeHTpamuoHHbIe [': 2 0MHAKOBBIX JICKTPO/Ia IMOTPY>KEHBI B PACTBOP OJHOTO
SIIEKTPOJIUTA, HO ¢ pasHoii KoHueHrpanueii (C4 u C;)
(-)A: Cu® | CuS0, || CuS0, |Cu® K(+)
AHOJIOM SBJISICTCS IACKTPOAA B OoJiee pa30aBICHHOM PacTBOPE.
Paccunraem nByms criocobamu E, (3]1C) meauo-tmakoBoro I'3.

1. EQ 2+ /z, = —0,76B
E2 2+ e, = —0,34B

TOP: Zn® + Cu** = Zn** + Cu°
E, = EK,&TMQ — Em,:,#jEEl =0,34+0,76=1,1B
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2. E, = —AC 103 /nF

Yro6sI paccuutath AC, ucn-em cneacraue u3 3akona I'ecca.
TOP:  Zn® + Cu** — Zn** + Cu®

ACx.p.=—147,16 — 6556 = —212, 721

__ 212720
296500

=1,1B

3

Buasbl 3j1eKTPO0B.

1) DnexTpoab! mepBoro poaa: Me morpyeHsl B pacTBOPbI cBouXx coJicit. Kpome To-
ro, K TAKMUM 3JIEKTPOJaM, OTHOCSIT aMaIbI'aMHbBIE JIEKTPO/IBI.

2) DNeKTpo bl BTOPOro pojaa: Me MOKPHIT CII0eM MajopacTBOPUMOTO COCTUHECHUS
Y OIYIIEH B PacTBOP, COJIEPKAIIUM aHUOHBI, OJHOMMEHHbBIE C aHUOHAMH TPYIHOPACTBO-
PUMOTO COETUHEHUS.

Hanpumep Ag*|AgCl, CI**

B ¢Bs131 ¢ TOCTOSTHHBIM 1 XOPOIIIO BOCTIP. TTOTSHITUATIOM, TAKHE JICKTPOJIBI UCTIOIb-
3YIOTCSI B IOTCHIIMOMETPHUH KaK 3JIEKTPOIbI CPABHEHUS.

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

HNOTEHIHAJIBI I'A30OBBIX 9JIEKTPO10B.

BoaopoaHbiid, KUCITIOPOAHBIN, XJIOPHBIN 3JIEKTPOJBL.

PaccmoTpum mo nopsiaky. 1'a3oBbie 3IEKTPOABI COCTOST U3 METATIIMYECKOTO MpOo-
BOJIHUKA, KOHTAKTHPYIOIIETO OJTHOBPEMEHHO C I'a30M M PacTBOPOM, COAEPKAIIUM HOHbI
ATOTO 3JeMEeHTa. MeTauIM4ecKd MPOBOJAHUK CIYKUT JJIsl OTBOJIa M MOJABOJA AJIEKTPOHOB,
TO €CTh JJIsl Tepefadyu 31eKTpoHOB. OH HE JIOJHKEH y4acTBOBAaTh B MPOLIECCE, AOJAKEH
ObITh MHAU(DPEPEHTHBIM K 3TOMY TpoI1ieccy, pexie Bcero Pt, rpadwur.

Boxopoauslii 3sekTpoa. [loTeHunansl ra30BbIX JIEKTPOAOB 3aBUCST OT HapUUalIb-
HBIX JIaBJICHUM Ta30B U COOTBETCBTBEHHO ATH BEJIIMUMHBI BXOASAT B ypaBHeHue HepHcTa.

BoaopoaHblid 35€KTpOA: ypaBHEHUE TOKOOTPEAECSIONIEH PEAKIIUN:

2H+2e=H,°

VYpaBaenue HepHera 17151 3TOTO mporiecca:

E=E%+ &:’s’lg ay./Prz

[Tpu pazoasnennu fa=1 u ay+=[H"] u Pu=1(uucTsIii Bogopo), TOrIA

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

[TocTpouM rpaduk 3aBUCUMOCTH 3HAYEHHM TMOTEHIIMAIOB BOJOPOJIHOTO JJIEKTPOIa
OT BEeIMYUHBI PH:

E

0 14pH
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—~0,828B

KHCJIOPOJHBIN DJIEKTPO/I. AHAIOrHYHO BOJZOPOJHOMY MOXHO CO3IaTh
KUCJIOPOAHBIN, TOrAa
020 Pt/OH"

IIpouecc BoccranosieHus onucsisaercs ypasHenneM O2+2H20O+4e=40H"
0,059 —
Eozson- =E° ozi0h- + . lg Pox*arz0/a*on.=

=0,401+0,01471gPo,+0,01471g a?120/a*on-
an2o— cons’t =1
[OH-]=Ks/[H+]

Eoz0n-=0,401+0,01471gPo,+0,01471g[H*]*/(10-14)* =

= 0,401+0,01471gPo, — 0,059pH+0,826=

=1,227 + 0,0147IgPo, — 0,059pH/

Ecin O, — unctsiit, To Poy=1, IgP02=0, Tora:

3aBUCUMOCTh 3HAYCHHUH IMOTEHIHMAIA KHUCIOPOIHOIO 3JICKTPOoJa OT BeauduHbI pH
pacTBOpa ONpeeIsIeTCs] ypaBHEHHUEM:

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

I'paduk 3aBUCHMOCTH BEIMYMHBI 3HAYEHMsI HJIEKTPOJHOrO MOTEHLMala KUCIOPOI-
HOT'O 2JIEKTPOAA OT BeNU4YuHbI pH.

12— |
0,401

0 14

KuHeTHKA 3JIEKTPOHBIX NMPOLECCOB.
Ioasipu3anys: KOHIEHTPAIIMOHHAS M YJIEKTPOXUMHUYECKas
KMHETHUKA DJIEKTPOJHBIX ITPOLIECCOB
KuneTrka 37eKTpOAHBIX MPOILECCOB M3y4YaeT CKOPOCTh U MEXAHHU3MBI AJIEKTPO/I-
HBIX MPOIIECCOB U 0a3UPYETCsl HA OCHOBHBIX TOJIOXKCHUSX OOBIYHON KMHETHKHU.
v=f(mpupona, t, C, karanuzarop, S)
JIJ1s 3IIEKTPOXUMHUYECKUX MPOIECCOB CKOPOCTh 3aBUCHT, L=F(npuposa, t, C, kara-
JM3aTop, S U elle Chjia TOKA).
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OOBIYHO UCTOJB3YIOT 1= J/S — MIOTHOCTH TOKA.

['eTeporeHHBIN 3IEKTPOXUMHUYECKHUI IMPOIECC COCTOWT W3 HECKOIBKUX CTaIH.
DTO psif MOCIEIOBATEIBHBIX PEAKIIHIA:

1. IlomBox peareHTOB K 3JEKTpoAy. [Ipy 3TOM MPOMCXOAUT MACCOMIEPEHOC BEIIIe-
CTBa U3 00BbEMa K IIOBEPXHOCTH 3JIEKTPOIOB.

2. AncopOnust Ha TOBEPXHOCTH AJIEKTPOIA.

3. mepexoi 3apsHKEHHBIX YacTHIl Yepe3 TpaHully paszzena (a3 MeTaui-pacTBOp
ANEKTpoanTa, T.€. noHuzanusa — 310 DJIEKTPOXUMNUYECKAA CTAIM .

4. JlecopOnust ¢ MOBEPXHOCTH.

5. OTBOJ POAYKTOB OT 3JIEKTPOAA B pacTBOpE.

Kpome toro, umerotr mecto u Jipyrue ¢a3oBble MpeBpalieHus1, CBsI3aHHbIE C 00pa-
30BaHHMEM WJIH Pa3pyIICHUEM TBEPbIX Tell, a TAKXKE C BBIJICJICHUEM WM MOTJIONIEHUEM Ta-
3a. [Ipy MrHOBEHHOM OCYIIECTBJICHUH KaXKI0M CTaAUM MOJIsipU3alis Obl OTCYTCTBOBaja U
MOTEHITUAN Ha 3JIEKTPOJIaX HE MEHSIUCH.

E ,

Ex const

E,

»
»

Panee ObUIO OTMEUEHO, YTO PEANIbHBIN JIEKTPOXUMHYECKUN MPOLIECC CBSI3aH C MO-
JApU3ALUENA U TTIOATOMY UMEET MECTO M3MEHEHHUE DJICKTPOAHBIX MOTEHUIHUAIOB HPU MPO-
XO0KJEHUH 10 HUM BJIEKTPUUYECKOTO TOKA, T.€. MOJISPU3aLIUSL.

Ecnu n3BecTHa npyUyMHA NOJISIPU3ALUU, TO UCIIOJIB3YIOT TEPMUH NIEPEHANPSIKECHUE.
Paccmotpum Buapl momnspuszauuu. PazmMyaroT KOHLUEHTPALUMOHHYK) M DJIEKTPOXUMUYE-
CKYIO TOJISIPU3ALIUIO.

KonnenTpanmonHass moJyisipu3aliisl BbI3BaHA 3aMEJICHHOCTBIO MacCOIepeHoca
cranuii (1,2,4,5).

Zn Cu

n* Cu?

[TOH[Zn?*]1-yBen. TIOU[CUY*] |
Ea? Exl

Jonyctum usmenenue C npousonuio B 10 pas, To: Eanoga=E’z+/zn+0,059/21g10;
E>E°
Exatona=E’cy2+c,+0,059/21g107; E<E®
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Ex

1
| AEKart A

/} AEHO12 yU=E,-Ir-AEnonsp.

Ea

SIBieHHe TOJIIpU3auu 110 ypaBHeHUI0 HepcHera:
AEmnomsp.kounien.=RT/nFlgas/ay
[Tpu pa3baBieHnn a=C, Tak kak fa=1
C

nF ~C,

B npu3IeKTpOAHOM Cl10€ BO3HHMKAET Pa3HOCTh KOHIICHTPAIMKA Ha MOBEPXHOCTH —
Cs u B pacTBOpE
i .

Mosno 3amcath AE .= % lg(1- ), T11€ Inpe,=NFDC/d-Tommuna cnos.

n IIPE]] .

BriBoa: uwem Gomnbmie D, Cv u meHslne o, TeM MeHbIle AEKOHII., T.€. IepeMeIn-
BaHME CIIOCOOCTBYeT yMeHbIIeHUI0 AEKOHTI.

DJIEKTPOXUMHYECKAs MOJISIPU3aLHS.

Onextpoxumuueckas ctaaus — cooctBeHHo OB peakmus. Kak u mobas peakius
CKOPOCTb 3TOM peakiuu 3aBucuT ot Ea. Yem menbie Ea, Tem ckopocth x.p. Gonbiie. B
OTJIMYUE OT KOHIEHTPAIIMOHHON MOJSPU3AIMN IJTEeKTPOXUMHUYECKAs MOJIAPU3alus T10-
MHMO TUIOTHOCTH TOKA 3aBHUCHT:

-OT TIPUPOIBI YACTHII;

-0T MaTepHuaa U XapakTepa MOBEPXHOCTH IJICKTPOJIOB;

- OT IOCTOPOHHMUX MOHOB U [1aB B aneKkTponuTe

[TpuumHON 3aMEMICHHOTO MPOTEKAHUS AJICKTPOTHOTO aKT MOXKET CIIYKHTh BO3-
HUKHOBEHHE (pa30BbIX WJIM aJCOPOIIMOHHBIX MJIEHOK Ha MOBEPXHOCTH 3ekTpoxa. I[loato-
My KHHETHYECKHE 3aKOHOMEPHOCTH TepeHoca 3apsaaa depes rpaHuily pasnena a3 Hasbl-
BAIOTCS TEOPUEH 3aMEIJIEHHOTO pa3psia.

AE»n.=a+blgi

OTa 3aBUCUMOCTD MOJy4Ynsa Ha3BaHue ypaBHeHus Tadens. OHO ObUIO OIYYEHO
9KCIIEPUMEHTAJIBHO, TI03IHE TEOPETUUECKU. a U b — koHcTanTsl Tadens, rae a=f(mpupoabt
peakiMu, MPU MaTepuaia 3JeKTpojaa, coctaBa pactBopa u t) b=f(cocraB pactBopa u t).

b(0,03-0,15).
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Koncrants! a u b u3 rpaduxos 3aBucumoctu AE31-x=f(Igi), Toraa tga — xapaxre-
pusyert b. [TocTosiHHBIC a U D HEe OMHAKOBBI JIUIsI PA3JIMYHBIX METAJJIOB. BBIBO/: Ha 3JeK-
TPOXMMUYECKYIO MOJSPU3AIUIO BIUSET t 1 MaTepuani 3JeKTpoa.

O4eBUIHO JUIsl BBIOOpA ONTUMAIBHBIX YCIOBUHM MPOBEICHUS DIIEKPOXUMUYECKOTO
nporecca He0OX0AUMO U3yUUTh JIMMUTYIOIIYIO CTaIHIO.

BrisiBnenne MexaHnu3Ma JUMUTHPYIONIEH CTaJuU MO3BOJISIET MOI00paTh BEIIECTBA,
Ha3bIBaEMbIE JENOJIAPU3ATOPaAMHU.

B nenom npu npoxoxAeHUU TOKAa BO3ZHUKAET 00a BUJA MOJISPU3ALNNA, COOTHOLIE-
HUE MEKTY KOTOPBIMH 3aBUCHUT OT BH/Ia JEKTPOJIUTA U YCIOBUs paboTsl ['D.

PEIIIEHUE 3AJ1AY I1O TEME I'3.

Anroputm: 1.Cxema I'D

2.37€KTpOAHbIE peakUU( IPOIECC Ha aHOJIE U Ha KATO/E)
3. TokooOpa3ytomias peakius (CymmapHasi)

4.pacuer paBH. NoTeHIMAana 1o ypasHeHuto HepHera
S.pacuer DJ1C

3agaua Nel.

Boraucnurs 9JIC u onpenenuTs HarpaBieHUE TOKa BO BHENIHEH nenu 1 [0 u3
KEJIEe3HOM M cepeOpsSHOM IIACTUHKHM, MOTPYXEHHBIX B pPacTBOPbl CBOUX COJIEH, TJIE
C(Fe?")=0,1momp C(Ag")=0,01M

W3 Tabauipl 3HaY€HHE MOTEHIIUAJIOB!

E%reo+/re0=-0,44B E%ag+/aq0=-0,80B

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

e >
(-)A FelFe?'||Ag*|Ag°(+)K
< An

<«

DJIEKTPOHBIE MPOIIECCHI:

(-)A: Fe®-2e=Fe?*

(1)K Ag'+e=Ag’

Cymmapnas peakuusi: Fe®+2Ag*=Fe?*+2Ag°

PacueT paBHOBECHBIX TOTEHIMAIOB TPH 3aJaHHBIX YCJIOBHUSX IO YPAaBHEHHIO
HepHcra:

E=E0+0,05919C(sion0:Me"")

Eanona=ECrey+/re+0,059/2*1g101=-0,44-0,0295=-0,47B

Exarona=E’ag+aq+0,059/1*1g102%=0,68B

Pacuetr DJIC: Eo=Ekarona-Eanomna=0,68+0,47=1,15B.

3Hauurt, kak Jro6as OBP Bo3moxkHa , ecimu DJ1C>0.

3AJTAYANe2. Onpenenute kakas u3 OBP Bo3Mo)kHa, €CJIM B KaU€CTBE OKHUCIIH-
TeJIs MCII0JB30BaTh MoHBI Fe3* . [Ipeanonaraemele OBP:

I,+2e=2I"

Bry+2e=2Br

Fo+2e=2F

Brinumiem 3nauenrie OB notennuanos, npeaiaraeMbix OB map
E%221.-=0,54B E»=0,77-0,54>0- Bo3MOKHAa
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E%208r-=1,07B E»=0,77-1,07<0
E%2pr.-=2,87B E»=0,77-2,87<0
EOFe3+/Fe2+'=O,7

Pemenue: Peakiusg Bo3MoskHa, ecan E>>0.

3amauya 3. CoctaBbTe CXeMy pabOThl KHUCIOPOIHOBOIOPOIHOTO ['D (cTanAapTHBIE

YCJIOBHUS), €CIIU NapluaibHoe AaBieHue razop=1 pH=4

Beraucmmre D1C.
Pemenue. OtmetuM, uto npu Jr00oM pH moTeHIMan KUCIOPOIHOTO AJIEKTPOa

OyneT 60JbIIIe BOJOPOIHOTO.

1,4

23

\0,4

-0,8

CHGI[OB&TCJIBHO, aHoa — BOI[OpOI[HBIﬁ QJICKTpPOA.

(-)A Pt H20|2H*||20H"|O, Pt(+)K
[Iponecchl Ha ANEKTPOAAX:

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

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

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

2H,+0,=2H,0

Pacuet PaBHOBCCHBIX ITIOTCHIHAJIOB!

E=E° + 0,059/2*1ga%./p(H)=0+0,059*2lgan.=0,0591g10=-0,236B

pH=4 Pacuer moTeHIHMaNa aHOAA MO YPABHEHWIO JUIS Ta30BOrO BOIOPOIHOIO

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

PacueTt nmorenimana xkarojaa:
O,+4e+4H*=2H,0
E=E° + 0,059/4*Igp(Og)*aszo/a“OH-: 0,401 + 0,0147Igp(Oy) + 0,0147 * *Igl/a4OH-

= 0,401+0+0,0591g1/101°=0,401+0,59=0,991.

PacueTt 1o YPABHCHHIO I'a30BOTO KHUCJIOPOJHO BJICKTpOda:
E=1,23+0,0147lgp(0,)-0,059pH=1,227

-0,059%4=0,991.

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

TEMA 9. 3JIEKTPOJIN3 PACIIJIABOB U PACTBOPOB 3JIEKTPOJIMTOB

JIEKTPOJIM3 — IPOLIECC HA DIIEKTPOJAX IOJ IECHUCTBUEM DIIEKTPUYECKOIO TOKA,

nmogaBacMoro OT BHCIIHCTO HMCTOYHHKA. HpI/I 9TOM IPOUCXOAUT IMPOUCCC IMPCBPAIICHUA
Z-)JIeKTpI/I‘leCKOﬁ OHCPIruv B XUMHYCCKYI0, KOTOPAs HAKAIIJIMBACTCA B IIPOJAYKTAX PCAKIIHNU.
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["anmbBaHMYECKUM DIIEMEHT
XuMu4ecKas SHEPTHs > DnekTpuyueckasi SHeprus
DNeKTpoau3

Sdeiika nsi 3MEKTPOSIM3a Ha3bIBAeTCs 3JIEKTposin3epoM. COCTOUT U3 JBYX JJIEK-
TPOJOB U JIEKTPOJIUTA.

[Iporecc mpu 37€KTPOIU3E MPOTUBOIO0XEH nporeccy ['9. [TosroMy npu 3mek-
TPOJIM3€ KaTOJ 3apsbKEH OTPUIIATEIbHO, TaK KAaK MPUCOEAUMHEH K MUHYCY HMCTOYHHKA.
AHOJl — 3JIEKTPO/JI, HA KOTOPOM MPOUCXOIUT OKUCIICHUE, OH MOAKIIOUEH K mitocy. Okuc-
JUTEIbHBIE U BOCCTAHOBUTEJILHBIE CBOMCTBA TOKA BO MHOTO pa3 CUJIbHEE JEUCTBUS XUMHU-
YECKOT0 OKHCJICHHMS U BOCCTAaHOBJICHUA. XapakTep MPOIECCOB Ha JJIEKTPOAAaX 3aBHUCHT:
pUPOJIA IEKTPOIUTA (IJIEKTPOJIU3 paciljlaBa UM PACTBOPOB), MPUPOIbI aHOAA( PACTBO-
PUMBII WJIM HEPACTBOPUMBIH ), KOHIICHTPALIMU, TEMIIEPATYPHI, IJIOTHOCTH Toka U pH.

[ToTenmuan u HanpspkeHUe pasioxkeHus — UX.p — MUHUMaJIbHOE 3HaYeHUE BHEIII-
HEW Pa3HOCTH MOTEHIMAJOB, MPUIIOKEHHBIX K 3JIEKTPOJaM, MPU KOTOPOM HAYMHAETCS
ANEKTPOJIN3 JAHHOTO COECTUHEHMUS.

JInst KaXkIoro BEHIECTBA — 3TO KOHCTaHTa, CTAHJAPTHOE 3HAYEHHUE, KOTOPOE JTaHO B
cripaBoyHUKeE. HampsikeHne pas3iioKeHus IPEeBBIIIAET pa3I0KEeHHE:

U X. p = E3+ I (raneKTponHTa+ r3HCKTp0H3)+ A EHOJIﬂpI/ISaL[I/IOHHaﬂ

JInst yBenmMUYeHUsI CKOPOCTH 3JIEKTPOIN3a JIEKTPOIaM MPUKAIBIBAIOT Pa3HOCTh MO-
TEHIUAJIOB, MPEBbIIAONTYI0 Bennunny J/C.

[Ipu 3TOM PHEpPTUS, 3aTpaunBaeMasi Ha KOMIICHCAIIUI0O OMUYECKUX MOTEPh U MOJIsI-
pHU3aIuio, MPEBpaIIAeTCs B TEIUIOTY. DTO MPUBOJIUT K MEPEPACXOAY DJICKTPUUECKON DHEP-
ruu. PaccMoTpuM 351eKTpous.

Bo3MOkHBIE TUIIBI IPOLIECCOB 3JIEKTPOIIU3A:

1. Dnextponu3 paciiaBa (pa3aoKeHUE FIEKTPOIUTA)

2. DIEKTPOJIU3 PacCTBOPOB (Pa3I0KEHUE MIEKTPOIUTA PACTBOPUTEIS)

3. DIEKTpOau3 CoJiel, METAIJIOB, C PACTBOPUMBIM aHOJIOM, KOTOPBIA M3rOTOBJICH

U3 3THX K€ METAJIJIOB.

B kauecTBe HepacTBOPMMOI0 aHOAA PACCMATPUBAIOTCS SJIEKTPOJbl U3 IJIATHHBI,
3010Ta, peaKo upuaus, ocmus, PbO,, rpadura.

3amejyieHue CKOPOCTH aHOJTHOTO PACTBOPEHMS BCJICICTBUE 00pa30BaHUSI 3aIIUTHBIX
CJI0€B Ha3bIBaeTcs naccuparuei. [loaToMy B KauecTBe HEPACTBOPHUMBIX aHOJOB MOTYT HC-
M0JIb30BaTh METaJll, HA KOTOPOM OOpa3yeTcs 3allluTHas IUICHKA: T1, TaHTall, Hep)KaBero-
mas craib, Fe u Ni.

E uneptHoro anona > E kuciopoaHoro anekTpoaa. PaccMoTpum 351eKTposin3 pac-
JIaBa HA MTHEPTHBIX AJIEKTPOaaX:

CaCl,=Ca?*+2CI

(-)K Ca**+2e=Ca’ — BoccTaHOBIEHHE

(+)A 2CI" - 2e=Cl,° — oxucnenue

Cymmapnas: CaCl,=Ca’+Cl,°

Eciu B pacIuiaBe UMeeTcs cMeCh KaTMOHOB, Hanpumep Zn?*, Pb?* ,Cu?*, to mocne-
JIOBAaTEIbHOCTh UX BOCCTAHOBJICHUS ONPEEAETCS 3HAUEHUEM UX CTaHJIaPTHBIX MOTEHIIU-
aJioB.
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Zn% Pb2* Cu?
-0,76 < 0,34

BoccranoBnenue HUACT C JJICKTPOJINTA, Y KOTOPOI'O IIOTCHIINAJI OoubIIIE.
OxwuciieHue Ha dHOAC IIPOTCKACT TCEM JICTYC, YCM MCHBIIC 3HAYCHHUC ITOTCHIIHAJIA
adHHUOHaA.

ITomuu! IlocnenoBaTenbHOCTD Pa3PSIAKU:
(+)AHoa: B epByI0 ouepenp yactua ¢ Emin
(-)Kartox Emax
Eciu AE< 1B, TO HAyT 0AHOBPEMEHHO HECKOJIbKO MPOLIECCOB

B BOIHBIX pacTBOpax 3JEKTPOJIMTOB C UHEPTHBIMU JJICKTPOJAAMHU MOSBIIETCS BTO-
poe BemecTBo, yuacTHUK npornecca — H20. [Ipu orcyrerBun runponusa (conu 1V tuma) —
cpena HeTpanpHas. ['uaponus no anuony (cosb nepsoro tuna). pH>7. OH™ rugponus no
KaTuoHy (coau Broporo tuna) pH<7, H* anekrposur.

N3 351eKTpOoHBIX MPOIIECCOB 00JIee BEPOSTEH TOT, KOTOPBIM TpeOyeT MUHBIIIE YHEP-
ruu. Bech ps NOTEHIIMATIOB METAILIOB OT JIMTHUS A0 30J10Ta U Apyrue MeHsiercs ot -3B 1o
+3B. K anekTponaaM 3JI€eKTPOIU3HON BAaHHBI MOXKHO MPHUIOKUTH PAa3HOCTh MOTEHIIMATIOB
BO MHOTO pa3 6oJblie 6B, m03TOMYy TOK Ha KaToJe cCaMbli CHJILHbI BOCCTAHOBUTE/Ib,
a HA aHOJe — OKMCJIMTEIb.

B peanbHBIX mpolieccax NopsJIOK pa3psiAKU MOXKET ObITh HAPYIIICH NOJisIpr3aluen

B pacTBOpax cojM LUMHKA HAa KaTOA€ KOHKYPHUPYIOT 3a 3IeKTpoHbl Zn?" u HY, Bepuee
MOJIEKYJIbI BOJIbI. BhlIesieHne BOg0opo1a MpoTeKaeT ¢ 0oJiee BLICOKOM MOJIsIpu3anuei,
U NOTEHIUAJI BblJIeJICHUSI CTAHOBUTCHA 00Jiee OTPULATEIbHbIM.

E(H2)

E(Zn)
Emax

v

Io I1 Io

Torma npu i=ip JOHKEH TOYHO BBIACIATHCS BOJOPOJ; NPHU Iy OYICT BBIACIATHCS M
BOJOPOJ ¥ LIMHK, 3HAYUT, IPH I — TOJIBKO IHHK.

PaccMOTPHM KaTOHbIE MPOLECCHI MPH YJIEKTPOJIH3€e BOTHBIX PACTBOPOB:

1) Me™+ne=Me° — Boccranosnenue Me

2) BoccTaHoBiaeHue Bogopoaa pH<7 2H*+2e=H,0 Ey./n,=-0,059pH

3 BOCCTAaHOBJICHHE APYTHUX OKUCIUTEICH:

[Ox]+e=[Red]

Bce okucieHHbIe (GOPMBI TOAPA3ACIIIOTCS Ha 3 TPYIIIIbL:
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Lioooooi. Ca...Al.)]..Zn...... Fe..H............. Cu.....Ag
2H*+2e=H,° Me"+ne=Me°|  paspska
2H"+2e=H,° )
Eme>Enn2

Me™+ne=Mg°
N3 BoAHBIX PAaCTBOPOB HeJIb3sl NMOJYYUTh AKTUBHbIE METAJLIbI.
Anoansie nipoueccsl. [Ipu 35eKkTpoau3e BOJHBIX PACTBOPOB:
1.) HepacTBOPUMBI aHOJ — HA aHO/E UAET OKHCICHHE THPOKCUIT HOHOB. pPH>7 40H —

4e=0,+2H,0

Ecmu cpena xucnas: pH<7 2H,0 - 4e=0,+4H"

Oxucnenue Apyrux HOHOB:

b) [Red]-e=[Ox]

DJIEKTPOJIU3 PACTBOPOB COJIei ¢ pACTBOPHUMBIM aAHOIOM:

a) Me®-ne=Me" - pacTBOpeHHe MaTepuaa aHoAa

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

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

B)[Red]-e=[Ox]

Bce BoccTaHOBHTENN ACIATCS HA IBE TPYIIIIHL:

1. moreHuman MetasuioB<E KHUCIOpOAHOIO 3eKTpoa mpu nanHoM pH. B atux
CIIyJasiX aHOJl, H3TOTOBJICHHBIA U3 3TOTO MeTaJlIa pacTBopsieTcs, eciu Eano-
na=Eozn0n-, TO HApSTy C paCTBOPEHUEM aHOIA, UACT BBIJICICHUE KUCIOPOIa Ha
aHoJie.

2. TIOTEHITMaJ OKHCIL./BOCCTaHOB.>1,229........... Wnet nporiecc ¢ HEpacTBOpHU-
MBIM aHOJIOM, TPH CJEAYIONIEH 0YePETHOCTH: CHaYaja pa3psKatoTCs MPOCThIE
MOHBI, HO TI0 Mepe pocTa 3Hadenus E° ne npeppimaromux 1,53. Jlerue Bcero S2
, 1", Br , Cl'. C Beigenenuem npoctheix Bemects: S° 1, Br, Cls.

Ha anoze He okucagoTCsa Kucnopogocoaepxkamue annonsl: COz? SO,% NO3z
PO,* F. Ilpu pacCMOTPEHUH pealbHBIX IPOLIECCOB HA aHOJE, HAITPUMED, IIPH HJIEKTPO-
mu3e BoaHoro pactBopa NaCl mpu pH= 7 umeem: NaCl=Na*+ClI
(-)K: Yactuus:Na*, H,0 (H*); morenumanst: Enaonao =-2,714B; EF (H412=-0,403B HWner
nporiecc ¢ 6oybuM noteHnuaiom, 1.6 2H,O+2e=H,+20H"

(+)A: Yactuus! Cl-' H,O(OH"); norenumansr: E%;yc.=1,36B; EP=1,2270-0,059pH

=1,227-0,059*7=0,814B
KpuBsie nossipu3aiiioHHbIe ISl aHOAHBIX MTPOIIECCOB:

Emin
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BbiesieHne KUCJI0poaa NPoTeKaeT ¢ 00Jiee BLICOKOH MOJIsIpU3anueil, U MoTeH-
M AJI BbIJIeJIEHUSI CTAHOBUTCA 00J1€e M0JI0KHTEIbHBIM.

Ha anope B nepByto ouepeib UAET MPOLECC C MUHUMAIbHBIM TToTeHIaiom. C ca-
moro Havana O, npu Maibix i1=i; ogaoBpeMenHo Boifeienne Cl u Oz, lpu 3HAUNTETBHBIX
i=i; Emin y xyopa, To OyJeT BBLACTATHCS XJI0P.

Cpasnenue ['D u anextponusepa.

OBP I DJIeKTPOJIU3EP
IIporexanue nmpouecca | CaMonpoun3BoJIbHOE IIpunyaureabHoe
IIpeoGpa3zoBanue 3Hep- | U3 xXumuveckoi B N3 31ekTprYeckoil B
THHU 3JIEKTPUYECKYI0 XHUMHUYECKYI0
Hanpsizxkenue PaBHoBecHOe Hanps- Teopernuecku Hanps-
’JKeHHe = AIIOTEeHI[HAJIOB | JKeHHe Pa3JI0KeHHe KaK
3JIEKTPO/10B Pa3HOCTh MEXKAY aHOA U
KATOJHBIM MOTEHI[HA-
JIAMH

Bo3saeiicTBue moJssipu- y
3aluu

A

-
X

» »
>

S~}
=

Hanpsizxenue nmagaer HanpsizxkeHue pacrer
U=E3-Ir-Enoasp. U=Es+Ir+AEmo..

KonuyecTBeHHas XapaKTepUCTUKA MPOLECCOB AJIEKTPOIN3a OTPAXKEHA 3aKOHAMHU
@apanesa. KonuuecTBo npopearupoBaBIIero Npy 3JIEKTPOIU3€E BEIIECTBA MPONOPIUO-
HaJIbHO KOJIMYECTBY JIEKTPUUYECTBA MPOILUEAIIETO YE€PE3 ANEKTPOIIUT.

BTopoii 3ak0H: IpH ONpeeIEeHHOM KOJIMYECTBE 3JEKTPUUYECTBA, MPOIIEAIIEro ye-
pe3 pacTBOP BJIEKTPOIUTA OTHOIICHHE MACC MTPOPEArUPOBABIINX BEIIECTB = OTHOILLICHUIO
UX MOJIIPHBIX MacC UX SKBUBAJICHTOB Wik M1/Ma31=my/M>32

O6a 3akoHa MOXHO 00beTMHUTD B o0nH. KonnuecTBo anmekTpuyecTBa, paHoe 1F
i (96500Ko) unu 26,8 A*u Bcerma BoiensieT 1Monb SKBUBAJICHTA BelecTBa. Macca
pactBopuBIerocs Bemiectsa M = M/n*1*1/F — 3akon dapanes.

Kpome Toro, npu pemiennn 3a1a4d UCMoIb3yeTcs BEIMUMHA, KOTOpass 0003HaAYaeTCsI
1 — BBIXOJI 10 TOKY.

ani'KOHI/I'{eCTBO 3aTPavY€HHOI0 3JICKTPUIECTBA HA JaHHYIO peaKHI/HO/Q_06HIEC KOJIMYCCTBO DJICKTPUIECTBA
N=Mup./Mreop./*100%
n Bcerna menbie 100%, T.K. Ha 2JIEKTPo1ax 0OBIYHO MPOTEKAET HECKOJIBKO MPO-
IECCOB.
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TEMA 10. KOPPO3UA METAJIVIOB. MEPOIIPUATHUA 110 SAIIUTE METAJI-
JIOB OT KOPPO3UH

DTOT MPOLECC CaMONPOU3BOJIBLHOIO Pa3pYIICHHS] METalJIa B PE3yJIbTaTe CIOKHOTO
(MBUKO-XUMHYECKOTO B3aUMOJICUCTBHS C OKpYXKaloleh cpeo. MeTammndeckoe CoCTosI-
HHUE CUMTAETCS TEPMOJUHAMHUYECKH HEYCTOMYMBO. M1 mo3TOMY METaIuT caMmONpOU3BOIBLHO
MEPEXOUT B OKUCIICHHYIO (JOPMY, COCTAB MPOAYKTOB 3aBUCUT OT YCIIOBHI KOPPO3UH.

Xumuuyeckasi JHeprus pa3pyuieHus MeTajljia BbIAeJseTcsl B BUAe TeIlio-
Thl U 0€CII0JIE3HO PACCEHBACTCS B OKPYKAKILYIO Cpeay.

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

30JI0TO — €IMHCTBEHHBIM YCTONYUBBIN MeTaJ1. B 11€710M KOppO3UHHOE pa3pylICHUE
— 9TO T€TEPOTreHHBIN MPOIECC, MPOTEKAIIIUK Ha rpaHulle (a3, B OCHOBE KOTOPOTO JICKHUT
OBP.

Kunaccupukanuss KOPpO3HMOHHBIX MPOLECCOB.

Kpurepuii koppo3uu Buasl kKoppo3um

1.Mexauu3m B3auMoO- | XUMHUYECKasi M JIEKTPOXUMHYECKAs
AefcTBUA MeTajlla ¢
OKpY:KaloueH cpenou

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

cpensbl (YKka3aH B cko0- | 2. Ammocghepnasn (Bo3ayx);

Kax), yciaoBusi mpote- | 3. Iloo3emuasn (M04YBa,rPyHT);

KaHusd 4. Buokoppo3usa (MMKPOOPTraHU3MBbI);

5. Konmaxmmnasn (31eKTpPOJINT);

6. Paouayuonnas (pa3auvHbie BUIbI 00J1yUeHHs);

7. Koppo3us eénewtnum moxkom, 61yxncoaouium moxKom;

8. Koppo3usa noo nanpayxycenuem (01HOBpeMeHHOe BO3/elicTBHe
MeXaHU4YeCKOr0 HANpsiKeHUs U cpefibl);

9. Kopposuonnasa kasumayus (0IHOBPEMEHHO KOPPO3HMOHHOE U
yAapHoe BO3/1eicCTBUE BHEIIHEel cpelbl);
10.@®pemmunez-xoppo3us (0OAHOBPEMEHHO KOPPO3HOHHOE H
BUOpANMOHHOE BO3/JeiiCTBHE BHEIIHEH cpeabl);

3. Xapakrep wu3meHe- | 1. CrutomHasi paBHOMepHas- pa3pyLIEHUE 110 BCEH OBEPXHOCTU
HHUSl TIOBEPXHOCTM Me- | METaJIa;

TaJJ1a WM CILIaBa 2. CnioniHasi HepaBHOMepHas;

3. CTPYKTYpPHO-U30UpaTe/ibHAast;

4. IIaTHAaMU KOPPO3UPYET OTAEIBHBIE YUaCTKH TOBEPXHOCTH;

5. sIzBamu;

6. ToueuHasi (MMTTHHIOBAasA) MPOLIECC MOXO0X HA MATHAMH, HO
paspyiieHus 60j1ee MEJIKHUE;

7. IlonnoBepxHacTHAS;

8. MeKKpPHCTA/LUIMTHAS 110 TPaHsIM KPHUCTAJUIOB METaJLIA.

I'a3oBasi KOpPpPO3UsA — BO3HUKAET NIPU KOHTAKTE METAJUIA C Ta3aMU B OTCYTCTBUM
AJIEKTPONPOBOASAIIMX PACTBOPOB. B IMPUPOAHBIX YCIOBUAX BCTPEUYAETCS PEIKO, 4acTO B
METAJUIYPru4€CKUX U XUMUYECKHUX MPOU3BOJICTBAX, a TAKXKE IPU BBICOKOTEMIIEPATYPHOMU
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00paboTKe METa/IOB, B JBUTATEISX BHYTPEHHETO CrOpaHus, B Ta30BBIX TypOWHaX, T.e.
npu B3aumozeiicteun ¢ SO, Cly,0,, TOIUIMBHBIMU ra3aMH.
MeTtasa BhICTyHaeT B POJIM BOCCTAHOBUTEJIS, arPECCUBHBIN Ia3 B POJIM OKUCIUTEIIS.
KuneTtunka razoBoit KOppo3uwu.
Hamowmuro, Bxoe peakiiid Cuex | 5 Cupon. Ty
st 0Bp Eox-as | Esocer-an TIIOKA HE HACTYNIUT PABHOBECHUE

[TpakTrueckum kputepueM sBisercs: AGyxp< 50 k/l:k, T.e E5>>0,5B

J51s 60pBOBI C 3TUM BUIOM KOPPO3UU MPUMEHSIIOT JIESTHPOBaHUE METaslIa- 3TO
CIUIaBJIEHUE C HUKEJIEM, XPOMOM, BaHaJUEM, BOIb(PPaMOM, a TEMIIEPATYpHYI0 00paboOTKy
MeETaJula MPOU3BOIAT B CPEJIE NHEPTHBIX I'a30B.

AKuakocTHasi XUMHYECKAsE KOPPO3Usl — IPOUCXOAUT B CPEAC KUIKOCTEH HEANEKTPOIIH-
TOB (pacruiaBjieHHasi cepa, Opom, HepTh, OeH3MH, KepocuH). OTiMYaeT MEHbIIas CKO-
POCTh, 4YEM B PacTBOpaXxX 3JIEKTPOJIUTOB U MPEUMYLIECTBEHHO MO0 XUMHUUYECKOMY MEXaHU3-
My. 3alMIIAI0T ¢ TOMOIIBI0 HAHECEHUS TOKPBITHIA.

QJIEKTPOXUMHNYEKASA KOPPO3USA (armocdepHasi, MOPCKas, MOA3eMHAas,
BHELIHUM H OJIYKIAKOLIAM TOKOM)

[Ipu 37€KTPOXMMUYECKON KOPPO3UM Ha MOBEPXHOCTH METajlla BOZHUKAIOT aHO/I-
HbI€ U KaTOAHBIC 30HBI, a MPU HAJIMYUU JICKTPOJIUTA 00Pa3ylOTCs MHUKPOTAIbBAHUUECKHU M
anemMeHT -MI'3-, npoayuupyromuii KOppo3uOHHbIA TOK. Ha aHOAEe MpOUCXOAUT OKHUCIIEe-
HUE METallIa, a Ha KaTOoJe UMEET MECTO BOCCTAHOBJIEHUE OKUCIUTENeH. OKUCIUTENEM TTPU
IIEKTPOXMMUYECKON KOPPO3HHU, Takue dacTuIlbl, kak H" Oy, KoTopble Ha3bIBAIOT JIEMOJIsi-
pu3aTopamMu.

biaronpusiTcTByIOIME yCIOBUS:
1. HeoaHOPOMHOCTH CIUTABOB MO COCTABY.
2. HeomHOpPOAHOCTH COCTaBa AJIEKTPOIUTA.

Ycaosue obpazoBanus MI'D: Eme < Eok-an
Paccmorpum npoueccst B MI™D

Anon(-) Karoa(+)

YpaBHEHHE OKUCITICHUS BoccraHoBiieHHE OKUCTUTENEN

Me%-ne=Me"™ - sto nep- | O, winm  mornomenue | H: Beimenenue Bogopona
BUYHBIM MPOIIECC, BO3- | KACIIOPOJA WM KHCIIO- | KIIK KOPPO3Us C BOJIOPOI-
MOJKHO BTOPHYHBIE IMPO- | pOIHAS ACHOJSAPU3AIUS: | HOS ICTOIAPU3aLIUCH.

neccel (B3ammogeiicteue | A)pH<7 pH<7 2H"+2e=H,
IPOJIYKTOB koppo3uu | 4H"+0,+4e=2H,0 pH>7 2H,0+e=H,+20H"
WIn HOHOB Mertauia c | b) pH>7 E=-0,059pH-0,0295Igp(H>)
DJIEKTPOJIUTOM). 0O,+4e+2H,0=40H P(H,)=5*10"
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A)oOpa3oBaHHE THAPOK-
cua:
Me"*+nOH=Me(OH),
Me?*+20H=Me(OH);

b) oGpazoBanue mano-
pacTBOpUMBIX (Qocda-
TOB:

3M€2++2PO4:M83(PO4)2

DTO peakuusi KUCIOPO.I-
HOT'O 3JICKTpOaa:

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

B ciaywae kopposuu
napruansbHOE JABJICHHE
KHCIIOpoJa paBHO

0,2larm., T.K. OPOLIEHT-
HOE COJICp’)KaHHE €ro B
Bo3zayxe 21%.
0,01471gp(0O2)=
0,01471g0,21=0,0147-(-
0,68)=-0,01
Eo2/0n-=1,217-0.059pH
[Tornomenuo KUCI0po-
J1a CIOCOOCTBYET

1) yBenuuenue nuddy-
3UM, 2)yBEIUYEHUE KOH-
HEHTpallUK  KUCIIOPOJa,
3)yMeHbIIIEHUE TOJIIIHU-
Hbl OKCUHOM TIJICHKHU.

0,02951gp(H)=0,02951g5-10
7=0,0295-(-6,3)=- 0,186
En+m2=0,186-0,059pH
CnocoOcTBYIOT — moOTJIonie-
HUIO BOJOpOAA:
l)yBenuueHnue Ttemriepary-
pHI,

2)yBeJIIMUYCHUE KOHIICHTpa-
unu HY,

3)pupoja 37eKTpoaa

4) uzmenenue pH.

Bo3moxkHOCTE KOppo3uu omnpenenseTcs sueprueit [ mo60ca, koppo3us — camonpous-
BOJIbHBIN Mpouecc. Tak Kak Koppo3us CBsi3HA ¢ ['D, TO BO3MOKHOCTh €€ MPOTEKaHUs BO3-

T/l 3JIeKTPOXMMHUYECKOU KOPPO3UH

MOxHO onpenenuts no DJIC. Peakuusa Bo3moxHa, ecau I/C>0
Es=Eoxucn. — EBocct.(MeTamna)

1,2

0,2

\

-0,64

ITepBas o01acTh xapakrepusyercs Emen+/meo>Eo20H-. IT0 XapakTepHo U1 30510Ta
U OJIM3KUX €My MeTauIoB. [[Jist 9TUX METa/ioB KOPPO3Hs KUCIOPOJHON U TeM Oosiee BO-
JOPOJHOM AENOJISIPU3aLMA HEBO3MOKHA.

Bropasi o6aactb: Ewmen+meo<Eo2/0H-, Eoxucr(02>Eme .Iloromenne kucsiopoaa
WM KOPPO3US ¢ KUCJIOPOAHOM AeNO0JIAPU3aluen.
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Tperbs 00J1acTh. BOIBIIMHCTBO METAIIOB.

Emen+meo<Eoz/oH-

Emen+/Meo<EH+H2. BO3MOKHO TOIJIONIeHHE KUCJI0POAa U BblJejJeHHe BOAOPOIA,
TO €CTh KOPPO3Usl C KUCJIOPOJIHON M BOAOPOIHOM AeMOJIsIpU3anuen.

Otnuuns MI'D ot I'O:

1)MI'D KOpOTKO 3aMKHYT, HET BHEIIHEH LIENH, SHEPTHS PEAKLUU YXOIUT B TEILIO;

2) MI'D He uMeeT NopUCTOM MEePEropoOKH.

NOJSAAPU3ALIAA U CKOPOCTD FIEKTPOOXUMHUYECKOU KOPPO-
3UN
KuHeTnka s1eKTpUYECKUX IPOIECCOB AHAJIOTUYHO MPOIEccaM, MPOTEKAIOIMUX B
I'D. To ecth nipu paboTe KOPPO3UOHHBIX MUKPOTAIbBAHUICCKHUX JIEMEHTOB HAOIFOACTCS
SIBJICHUE KOHIICHTPAIIMOHHON U XUMHYECKOH MOJISIPU3ALIUH.
X0/l MOJIApU3aLMOHHBIX KpUBBIX B MI™3.

EA
Ex

Er

\

Ea

|

Koppo3uoHHsbIii nporiecc MpoTeKaeT A0 TeX MOop , MOKa BECh METAJI Ha aHOJE HE
paspymutcd. [lonspusanus B JaHHOM Cly4dae OKa3bIBa€T MOJIOKUTEIBHOE 3HAYEHUE, T.K.
YMEHBIIIAET CUITY KOPPO3UOHHOTO TOKA M CHUKAET CKOPOCTh KOPPO3UHU.

KoninenTpanuonnas mnosisipu3aiusi NPH BbIIEJCHUM BOJOPOAA HE3HAYUTEJIbHA,
[TpuuuHbL: Malible pa3Mepbl NPOTOHA — BBICOKAs MOJIBU)KHOCTh €r0, a 3HAUYUT, HE BO3HUKA-
€T HEJJOCTaTKa PEareHTOB MPH 3JIEKTPOIHOMN 30HE.

OpHako, Ha ATOT MPOIIECC OKA3bIBAET BIUSHUE MTPUPOJIA KATOAHOTO ydacTka. UToObI
CHU3UTH CKOPOCTh BOJOPOJIHOM IETOISPU3ALMN MOXKHO CENATh:

1. yMEHBIINTH KOHLIEHTPAIIMIO HOHOB BOJIOPO/Ia B Cpe/Ie.

2. W30JIMPOBATh METAJUTMYECKYIO TIACTUHY

3. OUYHCTHUTH METaJUT OT MpUMeceit

4. TOHU3WUTH TEMIIEPATYPY — CKOPOCTh MOJIEKYJI CHU3UTHLCS U MPOIECC 3aMEeJTUTCSL.

KHUCJIOPOAHASA JENMOJAPUSALIUSA HA KATO/IE
Mosekyibl KuciIopoga OoJbllle IO pa3Mepy — MEHBIAs CKOPOCTh JIBIKCHUS, MO-
ITOMY KOHUEHTPANMOHHAS MOJSIPU3AIUA UMeeT 00JIbIII0e 3HAYEeHHUe, HO IPUPOJIa Ka-
TOAHBIX YYACTKOB HE BIUSAET HA CKOPOCTh JACTOJIIPU3AIIHH.
CHM3UTBH CKOPOCTh JEMOJIIPU3AIIMN KUCIOPOIa:

83



CMONEHCKUA
Memoouueckoe obecneuenue OUCYUNIUHBL (  @unnan

51.0.07 «Xumusy < |
M3n_

1. yMEHBIIUTH KOHIIEHTPAIMIO KACIOPOAa Y TOBEPXHOCTH MeTallia

2. CHU3WUTH NaplMaJIbHOE JABJICHUE KUCIOPO/Ia HaJl paCTBOPOM

3. HM30JIUPOBATH METAJI OT OKUCIIUTEIIS.

CremneHb YMCTOTHI METaJNIa HE BIUSET HA CKOPOCTh KUCIOPOIHOM JIETIONSpU3aIUU.

POJIb JENTOJIAPU3ATOPOB B KOPPO3MOHHOM ITPOLECCE
Jleronsipu3aTophl YCKOPSIIOT Koppo3noHHkIid iponiece (H207): npu 6sedenuu nepexucu 6o-
00p0o0a, 8LINOIHAIOWEU POTb OENONAPUIAMOPA, YCKOPAIOWEe20 KOPPO3UIO NymeM yeeauue-
HUs KOHYEHMpayuyu Yacmuy oKUCIumeins Ha kamooe, nanpsxcenue 1D ygenuyunocy.

H20,=1/20,+H;0 — 1.e. yBemuunBaeTCs KOJIMIESCTBO KUCIOPOA.
O,+H,0+4e=40H"

YpaBHEHHE peakMu pa3oKeHus nepokcuaa Bogoponaa: H.Or, — % 0, + H,O

2.5. 'paduk moisspu3anMOHHBIX KPUBBIX IPH MOJISIPU3ANNH U 1eN0JISIPU3ANNHA
A 1. AnoOHOe oKuUcIeHue memana
2. Boccmanoenenue oxuciumens na kamooe
3.Beeodenue oenonapuzamopa
4 4. Ycxkopenue kamoono2o 60ccmano8netus.

] ol

noaAapuszayusl ()enompwauuﬂ

Posab mossipu3anvu 4 1eNOJAPU3ANUM NPH 3JIEKTPOXHUMHYECKOH KOPPO3MU:
NONApU3AYUS, BO3ZHUKAIOWAS 6 KOPPOZUOHHBIX 2ANb8AHUYECKUX INEeMEHMAx, CHUMICaem
CKOpOCMb KOPPO3UlU, 8 MO 8peMs, KaK 66edenue 0enoisapu3amopa Cmumyaupyem Kamoo-
HbLU NPOYECC U YCKopsem KOPPO3UOHHOE PA3PYULEHUE.

[Ipumep penieHus 3agad Mo TeMe KOPpO3Hsi METAILIOB.
3agaua 1. Bo3MmoxHa 11 KOppO3us JIy’KEHOTO kene3a, npu pH=11 nHa Bo3ay-
X€, €CJIM BO3MOYKHO COCTaBUTh cxemy ['9:
Ere2+/re0=-0,44
Esn2+/sn0=-0,136
Eo2201-=0,401+0,059/4*190,21/10*=0,568 B
WM 10 ypaBHeHU0 Eozon-=1,217-0.059pH=1,217-0,059-11=1,217-0,649=0,568 B

Enm2=0,059/2*1g(1011)%/(5*107)=-0,463 B

WU 110 YPaBHEHUIO Epeoi/re0=-0,44

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

ConoctaBuM: Erepi/re0=-0,44 B < E02/201-=0,568B ,uMeeM KUCIOPOIHYIO JIE€TIONS-
pU3AIHIO
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ComnoctaBuM:  Erep+/re0=-0,44B > Eop+2=0,463B BogopoHas aenoJisipu3aiius He-
BO3MOKHA KOPPO31 BOSMOJXXHA

AQ) ol [Sln] —— 0,/20H"
A: Fe-2e=Fe*
K: O,+2H,0+4e=40H"

3anmaga 2. Onpeaenure THIT KOppo3uu s cruiaBa Be-Sn (pH=6)

Pemenne. E%er /5. =-1,847B
Efu412=0,186-0,059pH= - 0,522
EPozion- =1,217-0,059pH=0,509 }— E°ci2+/cu < EPo2i0H- T.€ KOpp. ¢ KHCJIOPOIHOi fe-
MOJIAPpU3aLUen.
Cxema: | A()

Be/Be?* l—[S% ]_l

H*/H, 0O,/OH
IIponecchl Ha AnEKTpOAAX:
A: Be-2e — Be*
K: O, +4e +4H" —-2H>0 —noromnenne KAcJIopoaa
2H"+2e — H> — BbIJeJIEHHE BOOPO/IA.

K(+)

AJITOPUTM pellIeHus 3a/1a4:
1)Bemucars E° KOHTaKTHPYIOIIHX META/LI0B, ONPede/IMTh AHO/;
2)Paccunrarn Ef okuciaureeii;
3)¥YcraHoBUTH B KOPPo3uM, CPaBHUB Eanona M Eoxucanteaeii;
4)CocraButh cxemy MI'J;
5)YpaBHeHusi Ha JJIEKTPOAAX.

Koppo3usi B ecTeCTBEHHBIX YCJIOBHAX
I. ATMOC®EPHAS
Camas pacripoctpanenHnas. [Ipumepno 80% Bcex KOHCTpyKLMA paboTaeT B aTMOC(hEpHBIX
ycioBusIX. ATMochepHasi KOppo3usi- pa3pylleHHe OBEPXHOCTH METAJUIOB B YCIOBHSIX pe-
aNbHOU 3eMHOM aTMocdepshl npu BiIaxHOCTH Bo3ayxa 0onee 70%.CKopocTh aTM. KOp. 3a-
BHCHT OT:

1) xapaktepa arMocdepsl (MPOMBIIICHHAs, CEIbCKasi, KOHTUHEHTAJIbHAS );

2) BpeMEHU BO3/CHCTBHS;

3) cocTaBa MaTepualia COCTOSIHHSI €T0 MOBEPXHOCTH.

Hanp., 61u30cTh MOpPsI yCKOPSIET aTMOC(EPHYIO KOPPO3HH., TIPOMBILIUICHHAs: aTMO-
chepa, comeprkarias CO2, SO2,NO2,NH3,HCI crioco6¢TByeT mpoTeKaHHIO KOPPO3UH C
BOJIOPOJTHOM JEMOJISIPU3ALMEN.

[To cTrenenu yBIaXXHEHHOCTH OBEPXHOCTH PA3IMYAIOT CIEAYIOIINE BUJIBI aTM. KOP-
pO3uHu:
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a) CYXyI0 aTM. KOPP., 1715 KOTOPOH XapaKTepHO MOJHOE OTCYTCTBHE BJIArM Ha
MOBEPXHOCTH MeTailla. MeXaHu3M NpOTEeKaHMs aHAJIOTMYEH ra30Boil koppo3uu. O6pasy-
IOLMECs OKCUIHBIC TUIEHKHU 00J1a/1al0T 3alIUTHBIMA CBOMCTBAMU;

0) BJIa:XKHYI0 aTM. KOpp. (BaaxkHocTh>70 %)Ha moBepxHOoCTH MeTajia o0Opa3yer-
Csl U3-3a KaUJUISIPHOM, aJICOPOIITMOHHON WM XUMUYECKON KOHJICHCAIIUU TOHKAsI TJICHKA
BJIaru, B Kotopoil pactBopsiercsa O2,CO2 u oHa CTAHOBUTCS JIEKTPONPOBOIHOM, BO3HHU-
katoT MI'D, T.k uMeeTcs HEOTHOPOITHOCTh METAJLIIOB;

B) MOKPYI0 (BiaxxH mpumepHo 100%). Ha moBepXHOCTH BuAMMAs IJIEHKA BIIATH.
Boznukaer MI'3. Ona 00yciioBieHa HEOTHOPOAHOCTHIO KOOPO3UOHHOM Cpefibl, @ UMEHHO
HEPAaBHOMEPHOMU €€ a3 P a Il U €M — HEOJAMHAKOBBIM JIOCTYIIOM BO3]lyXa K Pa3JINYHBIM CJIO-
aM Kar. Co BpeMEHEM B LIEHTPE KAl COJIEpKAHUE PACTBOPEHHOI'O KHCIOPOJA CTAHO-
BUTCSl HUKE , UeM B Iepudeprudeckux (HapyKHbIX) CIOSX, HENOCPEACTBEHHO COIIpHUKaca-
IOLMXCS C BO3AYyXOM. JTa 1eHTp yacTb ctaHoBUTC AHO/IOM u noxsepraercs paspyuie-
HUIO, a nnepudepuiiHas B (BUIE KOJbIA)-KaTOJHBIM yYaCTKOM,Ha KOTOPOM MPOTEKAET
MPOLIECC BOCCTAHOBIJIEHUS Kucaopoa. [locie BrIChIXaHus Kalllk B €€ LEHTpe 0OHapykKH-
BaeTCs yriIyOJieHuEe UHOT/1a OTBEPCTHUE.

I1. [lon3eMHuas — pa3pyuieHne MeT KOHCTPYKIMII B MOYBAX U IPYHTAX. (TpyOO-
IIPOBO/IbI, ONIOPHI, CBau U T.I.) OcoOeHHa 3HaUYUTENbHA HA OOJOTUCTHIX MoYBax ¢ pH<7
npuMepHo paBHoH 3 . [IpoTekaeT ¢ BogopoaHO# aenossgpusaiueid. bopbOy ocyiecTBisoT
HAaHECEHHWEM aHOJHOTO MOKPBITHS.

I11. KOPPO3UA NOJ AEMCTBUEM BJYXKJIAIOIIUX TOKOB

[Ipoucxoaut noa AEWCTBUEM BHEIIHETO UCTOYHUKA TOKA. [IpoBOLMpyIOT KOppO3uto
TOKH, OTBETBIISIOIINUECS OT %/J peNibC, TPAMBaWHbIX JIMHUW OT 3a3eMyIeHUs. Eciii KOHTaKT
MEXYy PENbCaMH IUIOXOW WM PEJIbCHI IJIOXO0 M30JIMPOBAHBI OT 3€MJIM IPOUCXOIUT OT-
BETBJICHUE TOKA U 3JIEKTPOH UAET Ha TPyOOIPOBOI.

Jl71st 60pBOBI C ATUM BUIOM HapYIICHUN:

1. U301MPOBATH PENBCHI OT MOYBHI.
2. COENIMHATh YYAaCTKM KOHTaKTa MEXIY pelbCaMH C MOMOIIBIO0 MPOBOI-
HUKOB C KyCKOM 4YYT'YHa, KOTOPBIN OyJeT BBICTYIIAaTh IPUHYAUTEIbHBIM aHOJIOM.

IV. Koppo3usi B mopckoii Boge. Eil moaBepkeHbl cyna, THAPOCAMOJIETHI, U Me-
TaJUIMYECKUE COOPYKEHHUs MOpPTOB. Mopckas BoJa SABISETCS XOPOLIUM 3JIEKTPOIUTOM
(pH=7,8-8,6), comepKUT 3HAUMTEIHLHYIO KOHIICHTPALMIO PACTBOPCHHOTO KHCJIopoaa. B
Heilt Benuko copepikanue Cl, uyTo mpensTcTByeT 00pa30BaHUIO OKCUIHBIX IJICHOK M CIIO-
COOCTBYET MHTEHCUBHOW KOPPO3WH BBIIIE BATTEP-IMHNUH, T1I€ IPOUCXOAUT MEPHOANIECKOE
cmaunBanue. s 60ppObI C HEH MCHONB3YIOT KaK TOIHYIO 3aIUTy MPOTEKTOPOM HITU
BHEUTHUM MOTEHIHAJIOM, a TaK K€ pa3JIM4HbIC BUAbI MOKPHITHH (KaJMHEBbIE, JIAKOKPACOU-
HBIE CO cIiell J00aBKaMU TOKCUYHBIMHU ISl MUKPOOPTaHU3MOB)

Cnoco0bI 3alIIUTHI 0T KOPPO3UH.

Br16op u crioco0 3ammthl onpenenseTcs 3h(HEKTUBHOCTHIO M IKOHOMHYECKOM 11eJ1e-
CO00Pa3HOCTHIO:
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1. M3MEHEHHUE CBOMCTB KOPPO3MOHHOM cpefibl. [Ipu ynanenun
WHUIIMATOPOB KOPPO3UHU. Y JajJe€HUE KUCIOPOa U3 BOJbI, ITyTEM MpeIBa-
PUTEIBHOTO HArPEBaHUS UK 100aBIIsieM BOCCTAHOBUTEM (TUAPA3UH).

2. [TonmenaynBanue cpeabl
3. [IpumeHeHne HWHrUOMTOPOB, 3aMENJISIOIIUX KOPPO3HIO.
YporponuH.

MexaHu3M JIeiCcTBUSI HHTHOUTOPOB 3aKII0YACTCSl B 00pa30BaHMM 3AITUTHBIX TUICHOK
Ha MMOBEPXHOCTU METaJljIa, TOPMO3SIIUX KOPPO3ZHOHHBIN MPOIECC.
1. 3amuUTHBI NOKPBLITUSA
OHM M30IMPYIOT METAJIJT OT ArpECCUBHOM CPEJIBL:
PaznnuaioT: oprannyeckue, HeopraHudeckue, Mmeraindeckue. [locneanue ne-
JISITCSL HA KATOJAHbIE H AHOJIHbIE.
1. Opranunyeckue — HaHeCeHHUE JJAKOKPACOYHBIX MOKPBITHIA.
-Kpacku- cycnensuu (T-K)- CMECh YacTHUI[ MUTMEHTOB:0OBIYHO OKCH/IBI
Zn0,Ti02,Fe203Cr203 B opraHn4eCKuX CBI3YIOIINX.
Jlaku- KOIOUAHBIE PACTBOPHI- CMECH CMOJI MJIM BBICHIXAIOUIUX MAacell B Op-
raHu4eckux pactBoputessix. [lokpeiTre oOpa3yercs: u3-3a UCapeHus: pacTBOpUTE-
JIS1 WIM OJIMMEPU3alliy Maca.
DIMaJjii- pacTBOPHI J1aKka, K KOTOPBIM JI00aBJIEH MUTMEHT
- ITostumepsnl ( BMC)
- Kayuyku u pe3una.
2. HeOpraHm4vecKue XMMUYECKHUE MTOKPBITHS:
Heopranuyeckue smanu CUiiiKaTHBIE TTOKPBITHS)
— OKCHUJIMPOBaHHE — TOJIyYeHHE OKCHUIOB jkKenesza, Hamp., Fe203,(Boponenue). 3a-
IIUTHBIE CBOMCTBA MJICHOK YCUJIMBAIOTCS MIPH MPOMTUTKE MACIIOM.
. AHONIMpOBaHuE — Tpolecc 00pa3oBaHUs aHOJIa Ha MOBEPXHOCTU ATFOMUHHUEBOTO
W3JIeTUS TIPYU TIOMOIIIH JIEKTPOJIN3a,
dbochaTtupoBaHre — MOJYYCHHE HEPACTBOPUMBIX IUICHOK W3 MaJIOPACTBOPHUMBIX
docdaros xenesa, nunka, maraust FePO, ,ZNHPO4 ,Mg3(PO4)2, DTH miieHKH 00pa3yroTcs
pu 06padboTke Metamuia ¢pochopHoit kuciopoit. docharHbie MISHKH 00J1aaI0T XOPOIIIEH
azre3ven (CUEIIIeMOCThIO) U SBJISIOTCS XOPOIIUM TPYHTOM JIJISI HAHECEHUS JIAKOKpacou-
HBIX ITOKPBITHUM.
3. MeTaJiIHYeCKHe 3alllUTHbIE OKPbITHS:
-AaHO/IHO€ MOKPBbITHE — KOT/Ia 3alUIIaeMbIi METaJIJI MOKPBIBAIOT METAJIJIOM
¢ 0oJiee OTpUIIATENbHBIM TOTEHIIUATIOM

Eme TMOKPBITHSA < EsamnmaeMoro Me

B utoro Bo3uukaer MI'D, rae Eme noxpurns —AHOJL Takoe mokpeITHE SIBIsETCA
HaJIC’)KHBIM, OKHCIICHHE 3alUIIEHHOr0 MeTajllla HE MPOU30UIIET O TeX IMOp, MOKa He
OKHUCJIUTCS BECh IIMHK HA OLIMHKOBAHHOM JKEJIe3€

-KaTO/IHbIe MOKPBITHA — BHIOUPAIOT METAT ¢ 0OJIee MOJOKUTEIHHBIM IMOTEHITHA-
JIOM, YEM Y 3allMIIAEMOTO.
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EMe noxpurrns > Esammmaemoro Mve  KaToHOE TOKpBITHE siBIIIETCST MeHee 3P HEKTUB-
HBIM M 3alIUIIAET TOJBKO MPU YCIOBHUH IEJIOCTHOCTH MOKpbITHS. [Ipu moBpexaeHnn Ka-
TOAHOTO TIOKPBITUSL 00pa3yeTcsi MUKpOTaJibBaHUYECKasi Mapa W MPOUCXOIUT OKHUCICHUE
3aIMIIAEMOT0 MeTaslIa.

DJIEKTPOXMMHMYECKasi 3alllUTa OCHOBAaHA HAa MCKYCCTBEHHOM TOPMOKEHHH aHOJ-
HOTO WJIM KaTOJTHOTO IpoLecca.

KATOAHAS 3aLMTA — 3aKJ[F0YaeTCA B MOJKIIOYEHUH 3aIUAIIAEMOT0 METalIa K OT-
pULATEIBHOMY MOJIFOCY UCTOYHHKA TOKA, M0 eCb Uzoenue CmaHo8umcs Kamooom, a Ka-
moo ne pazpyuiaemcs Ha ero noBepXHOCTH NPOUCXOIAT IPOLECCH BOCCTAHOBIICHHUS
OKHUCHUTENEH U3 cpeibl. K MoI0KUTETbHOMY HCTOUHHUKY TOKA IMOJKII0YAETCS HEHYKHBIN
JIOM, CTAHOBSAIIMICS aHOAOM M paspyluarouiuiics. Bce 1omkHO ObITH B TOKOIIPOBOAIIEH
cpene Mcnonb3yercs uist 3alUThI TOA3EMHBIX TPYOOIIPOBOIOB U KaOemeil, TakKe ILTH030-
BBIX BOPOT, OypOBBIX MIaTHOPM, MOABOIHBIX JIOJOK U T.II

. —

(+) (-) u3eme

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

NPOTEKTOPHAS 3AIMUTA — 3aKJIIOYACTCS B MMOJCOCANHEHUN K 3aIlIUIIaeMOMY METaJlTy Ky-
couka Oosiee aktuBHOTO Metamuia(Zn,Mg,Al)-orcepmeennviii anoo, Torna Bo3HUKAET pas-
HOCTb TOTEHIMAJIOB M OYyJeT pa3pyllaTbCcsi MPOTEKTOP, T.K. OH CTAHOBUTCSA AHOJIHBIM
ydacTkoM. JKepTB. aHOJA pAaCTBOPSIETCS U €ro 3aMEHSIOT HOBBIM. J|OCTOMHCTBO: HET
HaJOOHOCTH BO BHELIHEM HMCTOYHMKE TOKa, crell. CoopykeHue KOTOpOro M.0. 3KOHOMH-
YECKHU HEBBITOJIHO.

Zn

[Iporexrop wu3menue
A() K(+)
AHOAHAS 3aIIMTA — 3aKIF0YAETCS B MOAKIIOUECHUH U3IETUS K MOJI0KUTEIBHOMY IOJIIOCY
UCTOYHHMKA TOKA, CIIEJOBATENILHO, CTAHOBHUTCS aHOAOM (aHOOHas nonspuzayus). Taxas
3alIiTa BO3MOXKHO TOJBKO JUIS TEX METAJUIOB, KOTOpPBIE CHOCOOHBI K MACCHBAILIUU, IOJ
JICHCTBUEM BHEIIHETO HMCTOYHHMKA TOKa, OOpa3yrollas MMAacCUBHAS TUICHKA ITOJy4aeTcCsl
OYeHb XOporiero kayectsa u 3¢ dexruBro npensrcTryet kopposuu (Ni,Cr,Ti, Zr).

(+) ()

N3 penue BcerniomorarenbHbIi 31EKTPOT

HN3meneHue cocTaBa M CBOMCTB KOPPO3UOHHOM Cpeabl
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T MepomnpusiTUS CBS3aHbl C BBeJIeHMEM crenuaibHbix BemectB- MHIMBUTO-
POB koppo3zuu.

O06paboTKa KOPPO3UOHHOM CPEJIbI:

1) ynanenue ununmatopoB koppo3un HAIT'PEBAHUWEM wunu JJOBABJIEHUEM
BOCCTAHOBMUEJIA, nanpumep, KUCIOPO YIAJISIOT U3 BOABI TAPOBBIX KOTJIOB HarpeBas
Boay u no6asisist Na;SO; nnmu-rumpasun- NaoHa

NoH4 +0, =N, +2H,0

Hcnomap3yroT noiieaaduBaHme, 9To ymMmeHbpaet [H']

Brenenne WHrHOMTOPOB, KOTOPHIE aICcOPOUPYIOTCS MOBEPXHOCTHIO MeTauia U 00-
pa3yloT 3alUTHBIC TUICHKUA. VIHTHOUTOPHI MCMONB3YIOT B CUCTEMax C MOCTOSHHBIM WIIH
MaJI000HOBIISIEMBIM 00BEMOM KOPPO3UOHHOM cpeibl (KOTJIbI, IIUCTEPHBI, XUM. alapaThl)

Nurubutopsl paznuyarot:1)no cocraBy (OpraHM4YeCKMe W HEOpraHWYEeCcKue; 2) 1o
YCIOBUSM TPUMEHEHUS-IJII PAaCTBOPOB WM JIeTyuue.3)l0 MEXaHU3My JIeUCTBUS-
KaTOJIHbIE, AaHOJAHBIE, SKPAaHUPYIONIHE.

PanuonajibHOe KOHCTPYKTHPOBaHME — €IIIE OJIUH CIIOCO0 OOPHOBI:
n30eraTh KOHTaKTOB JIBYX Pa3IMYHBIX METAJLJIOB
n30erarth I1iesiel, TPEIrH, T/1€ MOXKET ObITh AJEKTPOIUT
HCITOJTH30BAaHNE MAaTEPHAJIOB, YCTOWYUBEIX K KOPPO3UHU .
HCITOJTb30BAaHNE CBEPXUNCTHIX METAIIJIOB U CIIJIABOB
. TIOBEpXHOCTHasi 00paboTka MeTasiia (oJIMPOBKA U Tak Jlajee).
Hacanpr}oume metaiel: Al Ti  Va Mn Cr Kd xob6arer, Ni (Fe
1 Pb — B 0coOBIX yCITOBUSAX).

N N

3agaual. Kakoit MeTanin MoXeT ObITh UCIIOJIB30BaH B KAYECTBE MPOTEKTOPA JIJISl 3aITUTHI

m3aenus u3 meau npu pH=12? B uem oTiinure NpoOTEKTOPHOM 3aIIUTHI OT KATOJHOM ?
Pemienue

E%c2+/8e=-1,847 B - anon

EOSn2+/Sn =-0,136 B

Efn+12=0,186-0,059pH=- 0,168 B

EPozon- =1,217-0,059pH=0,863  }— E%ser+/ge < EPuemz <EPo2i0m- T.€ KOpP. ¢ KHCJI0-

POAHOI M BOAOPOAHOI aenojisipu3aumeil. B kauecTBe mpoTekTOpa MoaouaeT aro00i Me-

TaJll C MOTEHIIMAIOM MEHBIIINM, YeM MTOTeHIIMaI Meau, Hanpumep,Fe, Zn, Al.

KHCJIOPOAHOM AemoJsipu3anme.
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JlabopatopHblil NPaKTUKYM MO JUCHUILIMHE CIYKUT JJI MPAKTUUYECKOTr0 MOKPEIUICHUS JIEKIIUOHHOTO
MaTepuasa U MPUBUTHUS HABBIKOB MTPAKTUIECKON PabOTHI C 000PYIOBAHHEM.
JlaGoparopunas padora Nel. KoHnieHtpanusi pacTBOpoB
[TpuroToBUTH pacTBOp COJIM 3aJaHHON KOHLEHTpalUU U3 KoHLeHTpupoBaHHOro (10%-ro) pactBo-
pa To# ke coiH, MPUOOPECTH HABBIK OMPE/IENICHHUs IJIOTHOCTH PACTBOPOB C MOMOIIIBIO apEOMETPa,
W3YYUTh PA3THYHBIC CITIOCOOBI BEIPAKEHUS KOHIICHTPAIIUN PACTBOPOB.
Jladoparopnasi padora Ne 2 DyieKTpOHHAs CTPYKTypa aTOMOB M OJTHOATOMHBIX HOHOB
[TproOpecTy HABBIKK COCTABIICHUS MIEKTPOHHBIX (DOPMYIT aTOMOB;
Jladoparopnasi padora Ne 3 Bujpl XUMHUYECKOH CBS3H B KOMILJIEKCHBIX COSTUHEHUSIX
W3y4uTh BUJIBI CBSI3U, PUCYTCTBYIOMINE B KOMITJICKCHBIX COCTUHCHHSIX.
JladopaTropnasi padora Ne 4 Xumudeckasi TS pMOIMHAMHKA
Hayuntbcs skcriepuMeEHTaIbHO C TIOMOIIBIO KaJOPUMETpa ONPENeiTh TEIUIoBbe dPQPEeKThl pac-
TBOPEHHUS PA3IMYHBIX BEIIECTB B BOJIE.
JladopaTopnasi padora Ne 5 Kunernka XuMUYECKHX peakInii
DKCHEePUMEHTAIBHO U3YYUTh 3aBUCUMOCTH CKOPOCTH TOMOTEHHBIX U F€TePOTeHHBIX PEaKIuil OT
pa3nuyHBIX (AKTOPOB — KOHIEHTPAIIMH PEarupyroux BEHIECTB, TUIOMAIN TTOBEPXHOCTH pa3iena
das.
JlaGopaTopnasi pa6ora Ne 6 Xumudeckoe paBHOBECUE
W3yunTh BIMSHUE W3MEHEHUs KOHIEHTPALUN pearupyroniux BEIIeCTB U MPOAYKTOB PEeaKIu Ha
CMEIICHNE XUMHUYECKOTO PAaBHOBECHSI; OIBITHBIM ITyTeM J[0Ka3aTh 3 (HEeKTHBHOCTS NMpuHIHIA Jle-
[TaTtense.
Jladoparopnasi padora Ne 7 PacTBOpbI 2J1€KTPOIUTOB
W3ydeHue 351eKTpOIpOBOIHOCTH PACTBOPOB PA3TUYHBIX BEIIECTB MO CTENEHH SIEKTPOIUTHUECKOM
JUCCOIIMAITNY; BBISICHCHHE YCIIOBUH MPOTEKAHUS XUMHYECKHX PEAKIU B PACTBOPAX AJIEKTPOJIU-
TOB.
Jla6opaTopnasi pa6ora Ne 8 OKuCIUTETEHO-BOCCTAHOBHTEIBHBIC TTPOIIECCHI
O3HAaKOMHUTBHCS C OKUCIUTEIHbHO-BOCCTAHOBUTEIHHBIMU CBOMCTBAMHU HEKOTOPBIX BEIIECTB, OCBO-
UTh METOJIUKY COCTABJICHHUS YPABHCHHUI OKUCITHTEIHFHO-BOCCTAHOBHTEIBHBIX PEAKIIHIA C TTIOMOIIIHIO
METO/a DJIEKTPOHHOTO OanaHca.
Jla6opaTopnasi pa6ora Ne 9 D5JIC u HanpsHKEHHE MEIHO-ITUHKOBOTO TalbBAHMYECKOTO JIEMEHTA
OBnaneTs METOJAMKON COCTaBJICHUS TajbBAHUYECKHX IIeTIeH U U3MEPEHUs HaIPSKeHUsI TaJbBaHU-
YECKHX DJIEMEHTOB.
JlabopaTopnasi padora Ne 10 Dnektponus pactBopa cynbdara HaTpUsi Ha HUKEIEBBIX DIIEKTPO-
Jax.
M3y4uTh KOJMYECTBEHHBIE 3aKOHOMEPHOCTH TMPoIiecca dEKTPOTU3a.
Jladoparopnas padora Ne 11 Koppo3ust MeTaiioB u 3amura OT KOPPO3UU
W3y4uuTh yCliOBUSI BOZHUKHOBEHHUS KOPPO3MOHHBIX MHUKPOTAIbBAHUYECKUX SJIEMEHTOB, SIBICHUS
TIOJIAPU3AIUH U JCTIOSIPU3AIAN TTPU KOPPO3UH, O3HAKOMUTHCS ¢ HEKOTOPBIMHA METOIaMH 3aIHTHI
METAIIJIOB OT KOPPO3HH.
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[enp mpakTUYECKHUX 3aHATUI MO JUCHUIIMHE — 3aKPEIJICHUE JIEKUMOHHOIO MaTepruasa JUCIUILINHBL,
o0ydeHue CTYACHTOB IPAKTUIECKON CTOPOHE KOMIIETCHIIHIA, 3aKPETIIICHHBIX 32 TUCITUTUIMHOM.

[IpakTHueckue 3aHATHS 10 JUCUUIUIMHE IPOBOJATCS MO CIEIYIOLIUM TEMaM:

IpakTuyeckoe 3ansitue Nel OCHOBHBIEC KJIaCChl HEOPraHUUeCKuX coeanHeHuil. Konuenrpanus
pacTBOpOB.

I'eneTnueckas CBSi3b MEXIy Kiaccamu BemiecTB. CrocoObl BBIPaKEHUsI KOHIICHTPALUU PACTBO-
poB. CBsI3b MEX/y KOHIICHTPALMSIMHU.

IIpakTnueckoe 3ansitue Ne2. CTpoeHue aToMa M NEPUOANYECKas CUCTeMa. XUMUYECKas CBSI3b.
KommiekcHbie coequHeHusl.

CocraBieHre 3JIEKTPOHHBIX U 3JEKTPOHHO-Tpadudeckux (HopmMyi 3yeMeHTOB. CBs3b CTPOCHHUS
co cpoiictBamu. [lepuoauueckuii 3aKoH u nepuoauyeckas cucrtema .M. MenaeneeBa. Bunubl xumuye-
CKOH CBSI3U, OIPEJEIICHUE XapaKTepa CBA3M B MOJIEKYJIE YEPE3 pacueT Pa3HOCTHU JIEKTPOOTPULIATEIIb-
HOCTHU Ka)X/IOW CBsI3U. MeETOJl BaJICHTHBIX CBsI3€il. ATOMHO-OpOHUTANbHBIE CXEMBI MOJIEKYN B CBSI3U C
TUTIOM THOPUIM3AINY [ICHTPAIBHOTO aToMa.

IIpakTuyeckoe 3anaTHe Ne3 XuMuueckas TepMOJMHAMUKA.

Pacdets! TepMoaguHaMUYecKuX (PYHKIUH COCTOSHHUS IO CIEICTBHIO U3 3aKoHa [ ecca.

IIpakTuyeckoe 3anaTHEe Ned XumMuyeckas KHUHETUKA. XMMHUYECKOE pABHOBECHE.

Pacuerbl ckOpOCTH XMMHUUYECKON pEaKIMK C y4eTOM BIUSHUS pa3inuyHbIX QaxTopoB. [IpakTuye-
ckoe npumeHeHue npuHiuna Jle-Illatenbe nas cMenieHus paBHOBECHUS B 3aJaHHOM HAlpPaBIICHUH.

IMpakTuyeckoe 3ansiTue Ne 5. PacTBOpbI HEAJIEKTPOJIUTOB. PacCTBOPHI AIEKTPOITUTOB.

Pacuets! o 3akonam Payns u npasuiy Bant-I'odda, pacuerst pH pacTBOpoB CHIBHBIX U cIa0bIX
AJIEKTPOJIUTOB; PACUETHI B PACTBOPAX MAJIOPACTBOPUMBIX JIEKTPOJIUTOB.

IpakTHyeckoe 3anaTHE N2 6. OKHCINTEIBHO-BOCCTAHOBUTEIBHBIE PEAKIINH.

CocraBrieHne ypaBHEHUH 3JE€KTPOHHOT0 OanaHca g noadopa koagouimentos B OBP.

IIpakTnyeckoe 3ansaTne Ne 7. ["anbBaHMYECKUN IEMEHT.

CocraBnenue cxem I'D, pacuersl 9/IC pa3HbIiMH crioco0amu, pacueThl paBHOBECHBIX MOTEHIIMA-
JIOB 110 ypaBHEHUI0 HepHcTa py N3MEHEHNH YCIOBHM.

IIpakTnueckoe 3anaTue Ne 8. DnexTponus.

Pacuersl mo 3akoHam @apazes. OnpeneneHuil 04epeaHOCTH Pa3psAIKHA YacTULl Ha DJIEKTpoJax
yepe3 pacueThl paBHOBECHBIX MOTEHIMANIOB. PacueTsl MOTEHIINAIOB ra30BbIX 3JIEKTPOJIOB.

IpakTuyeckoe 3ansaTue Ne 9. Koppo3susi.

Omnpenenenve Buaa aenosipusanuu. PacueTs! as onpenenaeHus BO3SMOXHOCTH KOPPO3UH Yepe3
BEJIMYMHBI [IOTEHIIUAIOB OKUCIUTENS U BOCCTAHOBUTEIS B 3a/IaHHBIX YCIOBUSX.

MeTtoauyeckue yka3aHus K MPAaKTUYECKUM 3aHATUSM TPUBEIEHBI B METOIMYECKOM MTOCOOUU

1. T'me6oma H. b., Ocranenko JI.®. COopHUK 3a7ad M YOPAKHEHHH MO Kypcy «Xumus». CMmo-
nerck PUO ¢unmana F'OY BITO «MDU (TY)» 2012. - 124 c.

ANTOPHUTM TIPOBEJICHUS MPAKTHYECKUX 3aHATHH 11O TUCITUTUTHHE TIPEJITOJIaraeTCs CIIC Ty O :

- TIOCJIe BBIJIA4M 337a4d B TeueHUU 5-10 MUH. 3aHATHUS CTYJEHTHI aHATU3UPYIOT UCXOIHBIEC TaHHBIE,
3aIMCHIBAIOT MaTEeMaTHYECCKHE BhIpaXeHUS (TIpH HEOOXOMMOCTH) U pellias 3aJauu, JTAal0T OTBETHI Ha BO-
MIPOCHI TECTOBBIX 3aJaHUN U3 BHIIICTIPUBEACHHOTO TTOCOOUS;

- OJIVH W3 CTYJICHTOB T'PYIIIBI BBI3BIBACTCS «K JIOCKE» U JIECMOHCTPUPYET T'PYIIEC BAPHAHT PEIICHUS
3ajady;

- OpPraHu3yeTCss MHTEPAKTUBHOE OOCYKJIEHHE PE3yIbTaTOB C pa3rpaHUYCHUEM ()YHKITMOHATBLHBIX
00s13aHHOCTEH CTY/IeHTOB. B UTOTE, COBMECTHBIMHU YCHIHSIMH (DOPMHUPYETCS U KOPPEKTHPYETCS OKOHYA-
TEJBHOE PEIIeHHE.
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1. O6wue cBeaeHNA 0 CaMOCTOSITENIbHOW paboTe CTYAEHTOB NO AUCLUNIIUHE

Lenb caMOCTOATENBHOM PabOTHI CTYJEHTa — OCMBICIIEHHO UM CAMOCTOSITENIFHO paboTaTh CHayaja ¢
y4eOHBIM MaTEepUaAIOM, OJy4aeMbIM IPU KOHTAKTHON paboTe ¢ mpernoaaBaresieM, 3aj10KUTh OCHOBHI ca-
MOOPTAaHU3AIMHA U CAMOBOCITUTAHUS C T€M, YTOOBI MPUBHUTH YMEHHE B JAIBHEUIIIEM HEMPEPHIBHO MOBHI-
1aTh CBOIO MPOo(ecCHoHaANbHYIO KBaTU(UKALIUIO.

CopepxxaHue camocTosiTeNbHOM paboTbl CTYAEHTOB NO AUCUUNIINHE

Hpouecc OCBOCHHUA CTYACHTaAMU OUCHUILIIMHBL «XHUMMSA» BKITIOYaeT 12 OCHOBHBIX TEM.
IIo Teme 1 «Tema 1.0cHOBBI HOMCHRJIATYPbI HCOPraHUYE€CKHUX BE€UICCTB. ATOMHO-MOJ’IeKy.TIHPHOC
YueHHe U CTEXHOMETPUYECCKHE 3aKOHDI. Kaaccnl HEOPraHUn4eCKMX BeEIEeCTB:

Pekomenoayuu cmyoenmam no camocmoamenwvhou pabome kK meme Nel.

a) NOAT0TOBKA K JIEKIUSIM.

IIpu moAroToBKE K JIEKLUH 110 JaHHOU TeMe CTYJEHTY HE0OOXOJMMO OBTOPUTH ILIKOJIbHBIA MaTepH-
aJl [0 aTOMHO-MOJIEKYJISIPHOMY YYEHHIO, OCHOBHBIM XMMHUYECKUM MOHSTHUSM: aTOMbI, 3JIEMEHTHI, HX
HalMEHOBAaHMS M CUMBOJIbI, a0COJIOTHAs aTOMHAsi Macca BEIeCTBa, OTHOCUTEIbHAsl aTOMHAsl Macca, Ko-
JIMYECTBO BEILIECTBA U €0 PacyeT, CTEXHOMETPUUECKHUE 3aKOHBI U PACUEThI 10 HUM.

[To yxa3zaHHBIM Ha JIEKIIMM AITOPUTMaM PELICHUs PACUETHBIX 3ajad MPH pacyeTax mno ¢popmyne u
10 YPaBHEHHUIO 3aKPENUTh MaTepHall pacieTOM MHAUBUAYAIbHOTO 3aJaHMsL.

a) NOAr0TOBKA K BBINMOJHEHUIO U 3a1UTe JJadopaTopHbIX pador Ne 1.

[Tpy moAroToBKE K BBHINOJHEHHIO U 3a1uTe JabopaTopHbIX padoT Ne 1 «IIpurorosienue pac-
TBOPOB 3aJlaHHOM KOHIIEHTPAIUW» CIEAYET O3HAKOMHUTHCS C METOJAMYECKHMMH YKa3aHUSMHU K BBI-
MIOJTHEHHUIO J1a00PaTOPHBIX padoT.

Konmponvuwvie sonpocwt ons camonposepku no meme Ne 1:

1. 1. daiite onpenenenHns NOHATHIM U 3aKOHAM: MOJIb, MOJISIpHAsi Macca, 3aKOH COXPAHEHUsI MacChl,
3aKOH IOCTOSHCTBA COCTaBa, 3aKOH KPAaTHBIX OTHOIIEHUH, 3aKOH ABOraJipo, 3aKOH SKBUBAJIEHTOB.

1.2. Onpenenute MOJISUTBHYIO KOHIICHTPAIIMIO @) paCTBOPA TITFOKO3BI ¢ MaccoBoi aoneit 10%; 6) 0,2
M pacTBopa XJI0pHAa HUHKA (M10THOCTH 1,05 T/em).

1.3. Kakoii o6bem 0,1 H pacTBOpa YKCYCHOW KHUCIOTHI MOXKHO MPUTOTOBUTH U3 0,5 11 ee 96%-T0
pactBopa (w1oTHOCcTh 1,059 T/cM®)?

1.4. KakoBa HopMasbHas KoHIeHTpalms a) 0,6 M p-pa xiopuza xenesa (111);

Ilo Treme 2 «CTpoenue atoMa. KBaAaHTOBBIE YHCJIa)» B KAYECTBE CAMOCTOATEILHON PadoThHI Ipeay-
CMATPHUBAIOTCH :

Pexomenoayuu cmyoenmam no camocmoamenvnoil pabome Kk meme Ne2.

a) MOAT0TOBKA K JICKIIUSIM.

[Ipu moAroToBKE K JIEKIUSM IO TaHHOW TeMe CTYAEHTY HEOOXOAMMO U3YYHUTh MOBTOPHUTH LIKOJb-
HBIA MaTepHa 1o TeMe, 03HaKOMUTHCS ¢ HAOOPOM OCHOBHBIX IMOHSTUN M OTIOPHBIX KOHCIIEKTOB.

OcHOBHOE BHUMaHUE clieAyeT OOpaTUTh Ha IJIaBHbIE IPUHIIUIIBI 3aTI0JTHEHHUS] aTOMHBIX OpOUTasei:

IIpaBWJIO HAMMEHbIIEN 3Hepruy, 3anpet [laynu, npasuno I'yaaa, npasuiia KneukoBckoro. Diek-

TPOHHBIE U ANEKTPOHHO-TpapuuecKkue (HopMysbl aTOMOB JIEMEHTOB.
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0) MOJArOTOBKA K BBHINMOJHEHHUIO U 3alUTe J1a00paTOPHOii padoThl Ne 2. «DIeKTpoHHAs CTPYK-

Typa aTOMOB U OJJHOATOMHBIX HOHOB. V3ydeHHe aKTUBHOCTH METAJUIOB B PEAKIUSAX U OOBSICHCHHE

€€ AJIIEKTPOHHOU CTPYKTYpPOI»

[Ipu MOATOTOBKE K BBIMOJHEHHUIO M 3aIIUTE JTaOopaTopHOU paboThl No 2 ciieyeT 03HAKOMUTBCS C
METOJIMYECKUMH YKa3aHHUSIMH K BBIIOJHEHUIO Ta00paTOPHBIX padoT.

HeoOxomuMo mpoaHamu3upoBaTh BO3MOXKHBIE BapHAHTHI HAMKUCAHUS AIIEKTPOHHO-TPahUUSCKUX

dbopmyi, ymeHus: 000CHOBaTh BepHbBIN. J{J1l 3TOr0 ¢ MOMOIIBIO JIEKIIMOHHOTO MaTepuaia Heo0Xo-

MO HAUTH OTBETHI JJIsi OOBSICHEHHSI PE3yJIbTAaTOB MPOJIEIIAHHBIX OIBITOB, OMMHUPASCh HA TEPUO -

YeCKHUH 3aKOH U nepuoauyeckyto cucremy JI.M. Menneneena.

B) NOJATOTOBKA K MPAKTHYECKUM 3aHATHIM;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYJEHTY HEOOXOIUMO IMOJIb3YsCh HAOOPOM OCHOBHBIX
MIOHSTHA, OBJIQJCTh AJITOPUTMOM HAIMCAHUS AJICKTPOHHBIX M AJIEKTPOHHO-TpaduIecKux GopMysl aTOMOB
AJIEMEHTOB, KBAHTOBBIX YHCENl BHEIIHUX U (HOPMUPYIOIIETO AIEKTPOHOB. [IpoBepuTh ycBOCHHE U 3aKpe-
MATh U3y4YaeMbIil MaTepHall TO3BOJISIET BHITIOJIHEHUE PACYETHOTO 3aJaHusl U OTBETHI Ha BOIIPOCHI TECTOB.

Konmponsnuie éonpocwl 011 camonpogepku no meme Ne 2:

2.1. Chopmynupyiite OCHOBHBIEC IPUHIIMITBI KBAHTOBOW TEOPUU CTPOCHUS BELIECTBA (KOPIYCKY-
JSIPHO-BOJIHOBOH JTyaJIi3M, IPUHIIAI HEOTPEACICHHOCTH, BOJTHOBAs (DYHKIIUS, aTOMHAsi OpOUTAaIb, KBaH-
TOBBIE YHCIIA).

2.2. VKaxuTe aToM ¢ GOPMHUPYIOIINM IeKTpoHOM a) 382, 6) 4p°, B) 3d°, ) 4f2, OmummTe ero mo-
JIO’KEHUE B TIEPUOIUYECKON cHUCTEME.

2.3. HanmmuTe moHyIo 2IeKTpoHHYIO (hopmyiry atoMa a) T¢, 6) Mn, B) Se, r) Ag, n) Ga, e) Pa, x)
V, 3) Sb, n) Rb, k) Kr. K kakomMy cemeiicTBY OH OTHOCHUTCSI? YKaKUTE €ro BHEITHUMN, TPEBHEIIIHUH CIIOM,
(bOpMUPYIOIHiT STEKTPOH, KBAHTOBBIE YHCIIA JUIS DJIEKTPOHOB BHEITHETO CIIOSI ¥ (POPMHUPYIOIIETO dJIEK-
TpOHA.

2.4. Yto Takoe BaeHTHOCTH? [lokakuTe pactpenenenne BaICHTHBIX dJIEKTPOHOB a) Se, 6) Mn, B)
Fe, r) Sn, n) As, ) Br, 3) Ti 10 KBaHTOBBIM sU€iikaM B BO30Y»K/ICHHOM U HEBO30YKIEHHOM COCTOSIHUH 1
OTIPEJIENITE COOTBETCTBYIOIINE 3HAYCHHUS BAJICHTHOCTH.

2.5. Kak ocymiecTBisieTcsi mpeBpalieHne aToMa B MOHbI? HamuiuTe moimHyo U COKpPaIIeHHYIO
aneKTpoHHbIe GopMyIsl noHoB a) AIFY, 6) Ca®*, B) F~, 1) S%.

2.6. aiiTe onpeeneHust MOHITHAM «QHEPTUS HOHU3AIUI, «CPOJICTBO K DIIEKTPOHY», «3JEKTPOOT-
pUIaTeNbHOCTBY. Kak MEHSI0TCS 3TH XapaKTepUCTHKH, a TAKXKE paliyc aTOMa U METAIJTNYEeCKHE CBOM-
cTBa y aTOMOB 35ieMeHToB a) VII-A rpynmsl cBepxy BHU3, 0) |l nepuozaa cnesa Hanpaso, B) I1-A rpynmst
CBEPXY BHH3?

Ilo Teme 3 « Xummnueckas ¢cBsizb. KOMILIEKCHBIE COeTMHEHU» B KAYEeCTBE CAMOCTOATEILHOM
padoThLI NPEeAYCMATPUBACTCH

Pekomenoayuu cmyoenmam no camocmoamenvHoi paoome Kk meme Ne3.

a) MOJAroTOBKA K JIEKIHSIM.

[Ipu moAroToBKe K JEKIUSAM MO JAaHHOW TeMe CTYIASHTY O3HAaKOMHUTHCS C HA0OPOM OCHOBHBIX TO-
HATHA U OMOPHBIX KOHCTICKTOB HACTOSIICH MUCIUILIAHEI.

OcHOBHOE BHUMAaHHE CIEAYET OOpaTUTh HAa BUIBI XUMUYECKOU CBSI3U, OCHOBHBIE XaPaKTEPUCTUKH

CBSI3U: JUTMHA, SHEPTHs, BAICHTHBIN yroi. CrenaTh akIeHT Ha MeToJl BaJieHTHBIX cBs3eit (BC), He

YIYCTUTh CBOMCTBA KOBAJEHTHBIX CBSI3€1: HACHIIIIEHHOCTb, HAMPABIEHHOCTh- G U T-CBSI3H, MOJIS-

pPOCTB, a TaK)kKe OOMEHHBIN M JIOHOPHO-AKIIENTOPHBIM MEXaHU3MbI 00Pa30BaHNs KOBAJICHTHON CBS-

34, TEOPUIO THOPUIN3AIMY ATOMHBIX OpOHUTAJICH.

0) MOAroTOBKA K BBLINOJHEHUIO U 3a1HUTe Ja00paTopHoii padoTbl Ne 3. « XuMHUUYECKasl CBS3b.

[Tonyyenne ammuakatoB 0-3716MEHTOB, OOBSICHEHUE CTPOCHHS KOMIUIEKCHOT'O COCAMHEHUSI. »
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[Ipu moAroToBKe K BBINOJIHEHUIO U 3alIuTe JabopatopHoi paboThl Ne 3 ciieyeT 03HAaKOMUTHCS C
METOAMYECKUMH YKa3aHUSIMH K BBITIOJIHEHUIO JIAOOPAaTOPHBIX padoT.

[Ipu camocTosTeNbHON MOArOTOBKE K JiabopaTopHoii pabote Ne3 cienyer nmpoaHalu3upoBaTh BO3-

MOJKHBIE TPOAYKTHI PEaKIMK ¢ M30BITKOM M HEJIOCTaTKOM peareHTa THAPOKCcHIa aMMOHUS. J[ns

3TOrO C MOMOIIBIO JIEKIIMOHHOTO MaTepuana HeoOX0IMMO HAaWTH OTBETHI 1Ji OOBSCHEHUS Pe3ylib-

TaTOB IPOJEJIAHHBIX OIBITOB, OMMPASCh HAa CTPOCHUE, 3HAHUE XapaKTepa CBsI3€d B KOMIUIEKCHOM

COEIMHEHUH U €r0 MEXaHU3Ma JUCCOLMALINH.

B) NOJATOTOBKA K NPAKTHYECKOMY 3aHATHIO;

[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATUSAM CTYIACHTY HEOOXOIMMO MOJIb3YysCh HAOOPOM OCHOBHBIX
MOHATHUM, OBJIAJIETh AJITOPUTMOM PELLEHUS 3aa4 110 TEME.

Oto 3aiauu Ha 1) onpeneneHus xapakTepa cBsizel B MoyieKylie, 2)00bsICHEHHE MeXaHu3Ma 00pa-

30BaHUs KOBAJIEHTHBIX CBS3€H, 3)yMEHUS ONPEEIISITh, OOBSICHITh Uepe3 IEepEeKPbIBAHUE AIEKTPOH-

HBIX 00JIAKOB BHJI CBS3H, BOZMOXKHYIO THOPHAMU3AIMIO U COOTBETCTBEHHO (hopmy Mojekyinsl. [Ipo-

BEPUTh YCBOEHUE M 3aKpENUTh U3ydaeMblil MaTepHall MO3BOJSET BHIIOJHEHUE WHAMBUAYAJIbHOIO

3a/1aHMs U OTBETHI HA BOIIPOCHI TECTOB.

1) MOATOTOBKA K KOHTPOJILHO padore

[Ipu noAroToBKE K KOHTPOJIBHON paboTe HEOOXOAMMO M3YYUTh METOAMYECKHUE YKa3aHHs, (TECTbI).
ITonroToBka Kk He COCTOMT B M3YYEHUU TEOPUH, 3aKPEIJICHUH YCBOSGHHOI'O MaTepHaja, OBTOPEHUHU
QJITOPUTMOB PEIICHNs OCHOBHBIX TUIIOB 33/a4 10 TEME.

Koumponvnwie éonpocwi 014 camonpogepku no meme Ne 3:

3.1. aiiTe onpeneneHus MOHATUAM: XUMUYECKasi CBsI3b, HIOHHAS CBS3b, KOBAJICHTHAs CBS3b (€€ BU-
IIb1), KPATHOCTD CBSI3H, TIOJIIPHOCTH CBSI3H, BAJICHTHOCTH, BOJIOPOJIHAS CBSI3b, BaH-IEP-BaaIbCOBBI B3aH-
MoJieiicTBUA (MX BUJIBI).

3.2. OmpenenuTte TUII CBA3U, 00pa3yroIIencs MexXay aToMaMu 3JIEMEHTOB ¢ (POPMUPYIOIIUMU 3JIEK-
Tponamu a) 4s! u 2p°, 6) 282 u 3p*, B) 5d° u 2p°.

3.3. Uro Takoe rubpuau3aius arToMHbIx opouraneit? [louemy ona npoucxoaur? Onpenenure TUI
rubpuan3anuu B Mosiekyiax: a) Mglo, 6) AlFz, B) SiH4, r) AsHs, n) H20, e) FeBra, k) CCls, 3) BHa.
N300pa3ute X MpoCTpaHCTBEHHOE CTPOCHUE, YKAKUTE TUMOIbHBIE MOMEHTHI CBSI3U U MOJIEKYIbl. [1o-
JISIPHBI JIM MOJIEKYJIbI?

3.4. Yro Takoe koMIuiekcHble coequHeHus? CocTtaBbTe (HOPMYITy KOMIUIEKCHOTO COEIUHEHUS, B KO-
TOPOM KOMILIeKcooOpa3oBarteneM siBisiercst HoH pTyTtH (1), nurangamu — HouA-NOHBI, MOHAMU BHELTHEH
cepnl — K*. HazoBute coenuHenue.

3.5. N3o6paszute aroMmHO-opOUTaNBHBEIE cxeMbl MoJiekyl a) Oz, 6) N2, B) CO, 1) CO2, 1) MgS, e)
C2Ha, x) C2Ha. Ykaxute, Mex1y KaKUMUA OpOUTANIIMUA 00pa3yroTCsl XUMUYECKUE CBSI3U, U TUIT IEPEKPHI-
BaHU 2JIEKTPOHHBIX 00JIAKOB.

3.6. Kakue yactuiipl, Kak IpaBUiio, ABIISIOTCA KOMILIEKcooOpa3oBarensimu? Ilepeunciure Bce BUABI
cesi3u B Mmosekyne a) [Ag(NHz)2]Cl, 6) K2[Zn(OH)s], B) [CO(NH3)s](NOz3)3, r) Nax[Cu(CN)s], m)
Naz[Hgls], e) H[Ag(NO2)2]. YkakuTe HOHBI BHEIIHEH M BHYTPEHHEH cdepbl, KOMILIEKCOOOpa30BaTeb,
JIMTaH/1bl, KOOPAWHAIIMOHHOE YUCIIO, JOHOP U akuenTop. HazoBure naHHbIe COAUHEHMS.

IIo Teme 4 «JHepreTuka XMMHYECKHX NPOIECCOB.» B KAYeCTBE CAMOCTOATEILHOU PA0OTHI
npeaycMaTpuBaeTcs

Pexomenoayuu cmyoenmam no camocmosamenvHoil pabome Kk meme Ned.

a) MOJAroTOBKa K JIEKLNH:

HpI/I IOoArOTOBKE K JICKIIHUAM IIO I[aHHOfI TEMC CTYACHTY O3HAKOMUTHLCA C HaGOpOM OCHOBHBIX IIO-
HSATHH U ONTOPHBIX KOHCIIEKTOB.
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OcHOBHOE BHHUMAaHHE CIIEIyeT OOpaTHTh Ha dHEpreTudeckue dPGEeKTbl XUMUUYECKUX PEAKIIHM.
Hampasiienue u mpenen MpOTCKaHUS XMUMHUYECKUX PEAKIMA B M30JIMPOBAHHBIX CUCTEMaX, (DyHK-
LIMM COCTOSIHUSI CUCTEM, BBIUUCIICHUE UX U3MEHEHHUS B X0J1€ XMMUYECKOW PEaKIuu C UCIOJIb30Ba-
HUEM clieACcTBHs U3 3aKkoHa ['ecca. BaxHO MOHMMATh, 94TO TEIIOTA M paboTa HE SBJISIOTCS CBOM-
CTBaMHU CHCTEMBI, @ XapaKTepU3yIOT JIBe GOPMBI Mepe1adil SHEPTUH.

a) MOAroTOBKA K BBHINOJHEHHIO W 3aluTe Ja0opaToOpHOil padoThl «DHEPreTHKa XUMHYECKUX
IPOIIECCOB.»
[Tpu MOATOTOBKE K BBIMOJHEHUIO U 3aLIUTE JTA00PATOPHOM paboThl CleayeT 03HAKOMUTBCS C METO-
JTUYECKUMH YKa3aHUSMHU K BBITIOJHEHHUIO JJA0OPATOPHBIX paboOT, (TECTHI)).
[Tpu moxroToBke K J1abopatopHOi paboTe cieayeT Npy 3aluch 3HAYCHUH (YHKIUH COCTOSHUS
pPEareHTOB M MPOAYKTOB PEaKIUi 005S3aTEIbHO YYUTHIBATh UX arperaTHbIC COCTOSIHHS WM aJljIo-
TpPOIHBIE MOIU(UKAIIMH BEIIECTB M yCIOBHUs mpouecca. [Ipu mpoBeneH: TepMOIMHAMUYECKUX
pacyeToB He ClieAyeT 3a0bIBaTh O CTEXHOMETPUYECKUX KOA(PPUIIMEHTAX ¥ MOMHUTh, YTO B CIIpa-
BOUYHBIX TAaOJIMIAX SHTAJBIIMN 00Pa30BaHMs BBIPAKEHBI B KMJIOKOYISAX HA MOJb (kK [X/Monb), a
SHTPOIUU — B JDKOYJISX Ha MOJib-KeabBUH( [Ix/ K-Moib). [ToHMMaTh, YTO B U30JIMPOBAHHOMN CH-
CTeMe, I/Ie TPAHUIBI HETPOHHUIIAEMBI JJISi SHEPTHH W BEIIECTBAa SHTPOIMS BO3PACTaeT B JHOOOM
CaMOIPOM3BOJILHOM TPOIIECCE, TaK KaK CUCTEMa CTPEMHTCS MEPEHTH B Hauboyiee BEPOSITHOE CO-
CTOSTHUE.
B) MOJATOTOBKA K MPAKTHYECKUM 3aHATHSAM;
[Tpu mOATOTOBKE K MPAKTUYECKUM 3aHATHAM CTYICHTY HEOOXOIMMO MOJIB3YsACh HAOOPOM OCHOBHBIX
MOHATHUH, OBJIAZICTh AJITOPUTMOM PELICHHUS 33]1a4 110 TeMe.
Pacueramu sHTpOnMH, SHTANBNUN M dHEpPruu ['MOOca I XMMHUYECKUX PEaKIHid  TpOBepseTCS
YCBOCHHME HM3y4aeMOoro Marepuana.

Konmponwvusie eonpocwt ona camonpogepku no meme Ne 4:

4.1 Chopmynupyiite a) I, 6) 11, B) 11l 3akons! Tepmonuuamuku. Jlaiite onpeneneHus MOHITHIM:
TepMOJUHAMHUYECKas cucTema (Ux Kiaccuduxaimu), GyHKIUS COCTOSIHUS, TapaMeTpbl CUCTEMBI, (a3a,
TEpMOJAMHAMHUYECKUH ITPOIIECC.

4.2. Tlo kakoil TepMOAMHAMUYECKON (DYHKIIMM ONIpeNeNsIeTcsl BO3MOKHOCTh CaMOIIPOU3BOJIEHOTO
MPOTEKaHUS XUMUYECKHUX PEaKIHii B N300apHO-M30TEPMUIECKUX yCIoBHsX? Onpenennure, BO3MOKHO JIH
caMonpou3BoJIbHOE npoTekanue peakuu a) H2Ow = 2Har) + Oz, 6) CaCOs(r)y = CaO) + CO2(r) B H.Y.

4.3. PaccuuTaiiTe TemnepaTypy paBHOBecHs cucTeMbl A + B = 2AB, ecnu uaMeHeHue YHTPONUU B
xoze 1ol peakiuu paBHo 10 Dx/K, a usmenenue sutansnuu paBHo 25 kJx. [Ipu kakux remnepaTtypax
OTHOCHTEIIEHO TEMIIEpPaTyphl PAaBHOBECHS BOBMOKHO CaMOIIPOU3BOJIBHOE TEUEHUE dTON PeaKIuu?

4.4. VYxkaxunre HanpasiaeHue nporekanus npouecca A = B ipu 200°C, ecmn AHxp. = —20 Ik,
AS°xp. = —100 Ix/K (2 ciocoba pemeHws).

4.5. TIpouecc COq) + Clar = COClyr) siBRsieTCA 9K30TepMUYecKUM. Kak MEeHseTCsl SHTPONHs B XO-
ne npsmout peakuuu? Ilpm kakux Temmeparypax OTHOCHTENIBHO Tp BO3MOXKHO CaMOIIPOM3BOJIBHOE IPO-
TEKaHUe STOU peakuun?

IIo Teme 5 «XuMHYecKasgd KHHETHKA. XMMHYECKOE PABHOBECHE» B KaUeCTBE CAMOCTOATEIhL-
HOﬁ DaﬁoTbl NPEAYCMATPUBACTCIH

Pekomenoayuu cmyoenmam no camocmoamenvHoi paoome Kk meme Ne§.

a) MOJAroTOBKa K JIEKIMIM.
[Ipu mMoAroTOBKE K JEKIUSAM IO JAHHON TeMe CTYACHTY O3HAKOMHUTHLCS C HA0OPOM OCHOBHBIX TO-
HATHUH.
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OcHOBHOE BHUMaHHE clieAyeT OOpaTUTh Ha MapaMeTphl , OT KOTOPBIX 3aBUCUT CKOPOCTh XUMUYE-

CKOM peaKIlny, 3aKOHBI XapaKTePU3YIOIIUE 3TH 3aBUCUMOCTU. Pa300parbes U ySICHUT 3HAUCHHUE

MIOHSTHSI «IHEPIUsl aKTUBALIMKY, PEACTABIATH T'padUKH X0/1a IK30- U SHIOTEPMHUUECKUX PEaKIIUM.

[TonuMatp, YTO XUMHUYECKOE YPABHEHHUE OTPAKACT BECOBBIC OTHOIICHUS MEX]y PEarupyromumMu

BEIIECTBAMH, HO HE MEXaHHU3M.

0) MOATrOTOBKA K BBINOJHEHHIO U 3a11uTe jJadopaTopHoil padorsl Ne 6. «Kunertuka. M3ydyenue
3aBHUCHUMOCTH CKOPOCTH TOMOT€HHBIX U TeTEePOT€HHBIX PeakIuil OT pa3inyHbIX (akTopoB. M3ydyeHnue Biu-
STHUSI U3BMEHEHUS] KOHIIEHTPAIIMU Ha CMEILIEHUE PABHOBECHSI

[Ipu moAroToBKe K BBHIMOJIHEHUIO U 3aIIUTE J1a00opaTOpHOM paboThl No 6 cienyeT 03HaKOMUTHCS C
METOJIMYCCKUMH YKA3aHHUSIMH K BBIMIOJTHCHUIO Ta00OPAaTOPHBIX paboT, (TECTHI)).

[Ipu camocTosATENEHON TOATOTOBKE K JIabopaTopHoi padore Ne 6 ciieqyeT nmpoaHaIM3upoBaTh
BO3MOKHbIE€ 3aKOHOMEPHOCTHU MPOTEKAHUS PEAKLUU PA3JI0KEHUS TUOCEPHOU KHUCIIOTHI OT KOHIIEH-
Tpalyy, ONUPasiCh Ha 3aKOH JEHCTBYIOIIUX Macc, a 3aTEM B X0JIe SKCIIEPUMEHTA 3TO MOJTy4aeT WK
HE ToJy4aeT noArsepxaeHue. O posiy MOBEPXHOCTHU CONMPUKOCHOBEHMSI B T€TEPOT€HHBIX ITpoLieccax
HarJIsTHO CBUJIETENILCTBYET OMBIT MO B3aUMOJICHCTBUIO MpPaMopa ¢ KUCIOTOM.

[Tpu camMOCTOSITETLHOM TIOTOTOBKE K JIabopaTopHOU padore Ne7 creayeT mpoaHaIn3upoBaTh
BO3MOXXHBIE 3aKOHOMEPHOCTH MPOTEKaHUs OOpaTUMOW peakluy NMPU W3MEHEHUU KOHIIEHTPAIUU
peareHToB M MpoayKToB. KuHeTHueckue MOHATHS M 3aKOHOMEPHOCTH, OOBSICHSEMbIE C IMO3UIMM
ANEKTPOHHON TEOPUHU, TEOPUU AKTHBHBIX CTOJKHOBEHUH C MPUBJICUCHUEM HHEPrEeTHUECKUX IMPE-
CTaBJICHUH J€JIaeT BO3MOYKHBIM O0OBSCHEHUE U NPEeCKa3aHue Pe3yIbTaTOB OIBITOB.

B) IOJAr0OTOBKA K MPAKTHYECKHUM 3aHATHUSIM;

[Ipu noAroTOBKE K NPAKTUYECKUM 3aHATUSAM CTYAEHTY HEOOXOIMMO I0JIb3YsICh HAOOPOM OCHOBHBIX
MOHATH, OBJIAJIETh AITOPUTMOM PEILIEHUS 3a7a4 10 TeME.

DTO 3a7a4i HA OCHOBHBIE KUHETUYECKUE 3aKOHBI, HA pACUEThl HAYAIBHBIX U KOHEYHBIX KOHIICH-
Tpaluii KOMIIOHEHTOB PEaKIMH, Ha BIUSHUE PA3IMYHBIX CIIOCOOOB BO3JEHCTBHS HA PAaBHOBECHYIO
CHUCTEMY M PEAKLIHIO 3TON CUCTEMBI.

A) MOATOTOBKA K KOHTPOJIbHOM padoTte

[Ipu moaroToBKe K KOHTPOJIBHON paboTe HEOOXOAMMO U3YYHTh METOAMYECKUE YKa3aHUs, (TECTHI).
[ToaroroBka Kk HEM COCTOMT B U3YYEHMH TEOPHH, 3aKPEIJIECHUHM YCBOEHHOTO Marepuaia, HOBTOPEHUHU
QJIITOPUTMOB PEIICHNS OCHOBHBIX THUIIOB 33/a4 I10 TEME.

Konmponawvnusie 6onpocwt 01: camonposepku no meme Ne 5:

5.1. TaiiTe onpeaeneHus MOHATUSAM: CKOPOCTh pEaKIH, KOHCTAaHTa CKOPOCTH, MOPSIOK PEaKIUH,
TEMIIEPATypPHbII K03 PUIMEHT, SJHEPTHsl aKTUBALIMHM, KHHETUYECKOE YPAaBHEHUE, MEXaHU3M PEAKIIUH.

5.2. Chopmynupyiite 3aKoH neicTBUS Macc. 3anumuTe Beipakenue 3/IM (ocHOBHOE KMHETHYe-
CKOE YpaBHEHHUE) ISl CICAYIOMNX peakiuii: a) Ar) + 2Br) =2C); 6) CO2(r) + Cry =2COq); B) 2HCl(pp)
+ Na2CO3p-p) = 2NaClp-p) + H200x),+CO2r), T) 3H2(r) + 2B(r) = 2BH3(p).

5.3. Kak uzmenntcst ckopoctb peakuun 2NOy + Oz = 2NOzry (kK = 0,2, y = 2), ecnu: a) yBenu-
9UTh 00BbEM CHUCTEMBI B 2 pa3a; 0) yBermuuTh KoHIeHTparuio NO B 2 pa3a; B) yMEHBIIUTD TEMIIEPATYPY
Ha 30°, T) TOBBICUTH J1aBlieHUE B 3 paza?

5.4. Bo ckonbko pa3 HaJ0 yBenuuuTh AasieHue B cucreMe 2CO ) = COxr) + C(r), 4TOOBI CKOPOCTH
peaxkuuu yBeauuuiacs B 4 pasza?

5.5. HauanwHuble kOHIIEHTpanyu BemecTB A u B B peakunn 2A ) + B = Cr) paBHBI COOTBET-
crBeHHo 0,9 u 0,6 monb/n. OnpenenuTe CKOPOCTh PeakIiMi B MOMEHT BPEMEHH, Kor/ia KoHueHTparus C
crana pasHa 0,2 moss/n (k = 0,3).
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Ilo Teme 6 «PacTBOpLI. PacTBOPHI DJIEKTPOJIUTOB.» B KAYeCTBE CAMOCTOATEILHON Pa00ThLI Npeny-
CMATPHUBAIOTCH:

Pekomenoauuu cmyoenmam no camocmoamenvhol pabome Kk meme Ne6.

a) MOJAroTOBKA K JIEKIIMH;

[Tpu moAroToBKe K JNEKIUSAM 1O JAHHOW TeMe CTYACHTY O3HAaKOMHUTHCS C HA0OPOM OCHOBHBIX IIO-
HSITHUH.

[Tornmanne MexaHn3Ma 00pa30BaHUs PACTBOPOB OOBICHSET FJICKTPOITHUTHYECKYIO TUCCOIHAIIHIO,
COOTBETCTBEHHO TEOPUHU CHIIBHBIX U CIA0BIX AJNEKTPOJIUTOB, HOHHOE MPOU3BEACHHUE BObI, BOJIO-
POJIHBIN TTOKA3aTeNb, THITH TUAPOJIM3A COJIeH, BBIYMCIIeHHE pH pacTBOpa TUAPOTU3YIOMICHCS CO-
mu. Knaccudukanus qucnepcHbIX CHUCTEM MOABOAUT K MOHUMAHHWIO CTPOCHUS KOJUIOMAOB. J{is
UJICAITLHBIX PACTBOPOB OOBSICHSIOTCS KOJUIMTATHBHBIC CBOMCTBA : MOHM)KCHUE MAPIHATLHOTO JaB-
JIeHWs] Tlapa PacTBOPHUTENs HaJ PacTBOPOM, MOBBIIICHHE TEMIIEPATypbl KHUIICHUS, MOHMKEHUE
T(3am) —3akoHbI Payiist, 0CMOTHYECKOE J1aBIICHHE.

0) MOATrOTOBKA K BBLINOJHEHUIO U 3a1IUTE JJAa00paTOpHOM padoThI ;

[Tpu moAroTOBKE K BHIMIOJHEHUIO M 3aIIUTE JIA0OpATOPHOU paboThl O TemMe Ne6 «PacTBOpHI AJiek-
TpoauTOB. O3HAKOMJICHHE C AJIEKTPOXUMUYECKUM METOAOM OIpEeICHHs CTeIIEHH JUCCOLUAIUU DIIEK-
TPOIUTOBY CJIEYEeT 03HAKOMHUTHLCS C METOAMYCCKUMH YKA3aHUSMH K BBIITOJIHCHUIO TaOOPAaTOPHBIX padoT,
(Tecthl)).

[Tpu caMOCTOSITEIBHON MOATOTOBKE K 1abopaTopHOi padoTe mo Teme Ne6 ciienyer mpoaHaTu3Hpo-

BaTh BO3MOXKHBIE 3aKOHOMEPHOCTH MPOTEKAHMs PEaKuil AUCCOIMAIMH MPEJIaraéMbIX B MPAKTH-

KyMe pacTBOPOB BELIECTB.

B) OJAr0TOBKA K MPAKTHYECKHUM 3aHATUSIM;

[Tpu MOATOTOBKE K MPAKTHYECKUM 3aHATHSM CTYJIECHTY HEOOXOUMO IMOJIb3YsACh HAOOPOM OCHOBHBIX
MOHATHI, OBIAJETh AITOPUTMOM PELIEHHS 3a7a4 10 TeME.

OT1o 3amauu Ha: 1)oOpazoBaHue ocaaka, 2)Ha pacyeT pH CHIBHBIX U CIIa0BIX AJIEKTPOJUTOB,

3)pacueT WMOHHOW CHUIIBI pacTBopa, 4)3aKkoHBl Payns ¥ BENTWYMHY OCMOTHYECKOTO IaBJICHUSA,

S)cTpoeHne KOJIJIOUIHBIX YaCTHII.

A) NOAT0TOBKA K KOHTPOJILHOM padoTte

ITpu moAroToBKe K KOHTPOJIbHOM paboTe HEO0OXOAMMO M3YyYUTh METOJMYECKHE YKa3aHUs, (TECThI).
[TonroroBka kK HEl COCTOMT B M3YYEHHUU TEOPUH, 3aKPEIJICHUM YCBOEHHOTO MaTepHuala, MOBTOPEHHUH
QJITOPUTMOB PEIICHNS OCHOBHBIX TUIIOB 33/1a4 110 TEME.

Konmponwvuwvie sonpocwt onsa camonposepku no meme Ne 6:

6.1. Kak kimaccuuImpyroT IIEKTPOIUTHI TIO CTETIeHHU auccoruanui? K kakum 31eKTpoIuTaM oT-
Hocstes cnenyromue Bemectsa: KOH, NaCl, CH3COOH, HNO3z, HNO., K.COs, H.O, NH4sOH, HCIO?

6.2. Uto mpencrasisieT cOO0H BBEIPAKEHHE 71T KOHCTAHTHI TUCCOIMANNN? 3aNUIITNTE BRIPAXKEHNE
U1 KOHCTAHTBI TMCCOIMAIINY @) YKCYCHOM KUCIIOTHI, 0) THIPOKCHAa aMMOHHUS, B) YTOJIBHOM KHCIOTHI (110
CTYIIEHSIM).

6.3. Paccuuraiite pH a) 0,05 M pactBopa cosstHo# kKuciotsl, 6) 0,05 M pactBopa ruapoxcuia
ammonwus, B) 0,01 M pactBopa ruapokcua kaiwus, ) 0,02 M pacTBopa a30THCTOM KHCIIOTHI.

6.4. Beimaziet 11 ocajiok Mpu cMeIuBaHuK paBHbIX 00beMoB 0,01 M pacTBopa HuTpaTa cepebpa u
0,005 M pacTtBopa oanaa Kaaus?
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IIo Teme 7 «aeKTpoXuMHYEcKUEe cUCTeEMbI. OKHCJINTEILHO-BOCCTAHOBUTEJIbLHbBIE CBOHCTBA Be-
IIECTB» B KAYECTBE CAMOCTOATEILHON PAa00OThLI IPEIyCMATPUBAIOTC:

Pekomenoauuu cmyoenmam no camocmoamenvhol paboome Kk meme Ne7.

a) NOAroToBKa K Jekuusm (1uac);

HpI/I IIOATOTOBKE K JICKIIHUAM IIO0 I[aHHOfI TEMC CTYACHTY O3HAKOMHUTHCS C Ha60p0M OCHOBHBIX II10-
HSITHUH.

3HAaKOMCTBO C TEeMO HAYNHACTCA C IIOHATUA CTCIICHb OKHCJICHUA. OKUCIUTEIHHO-
BOCCTaHOBHUTEJIbHBIE CBOMCTBA BelecTB. OKUCIUTEIbHO-BOCCTAHOBUTENbHBIE PEAKIIUU UX BHUIBL. THIIBI
3JIEKTPOJOB. Psii HanpsKEHUsI METAIIOB.

0) MOATOTOBKA K BHINMOJHEHHIO U 3a1UTE JJA0opaTOpHOi padoThl 1o Teme Ne 7;

[Ipu moAroToBKe K BBINOJIHEHUIO U 3alIUTe JabopatopHoi paboThl no Teme Ne7 «OKUCIUTENBHO-
BOCCTAaHOBUTENIbHBIC peakluu. [Ipu 3HAKOMCTBO C BIUSHUEM XapaKTepa CPebl Ha X0/ PEaKIMK Ha MpH-
Mepe TMepMaHraHata Kalus» CIeIyeT O3HAKOMHUTHCS ¢ METOJMYECKUMHU YKAa3aHUSAMHU K BBITOJHEHHUIO Ja-
OOpaTOpPHBIX pabOT (TECTHI)).

[Ipu camocTosTEeNbHON MOATOTOBKE K JabopaTopHO# padbote 1o teme Neb ciieyeT nmpoaHaiu-
3UpOBaTh BO3MOKHBIE 3aKOHOMEPHOCTH MPOTEKAHUSI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHA

Ha TpUMepe pacTBOpa IEepMaHraHata Kajius CyJIb(UTOM HaTpus B pasHBIX cpenax. Pe3ymbraTbl

MIPOBEJICHHBIX OMBITOB HAIJISIIHO MOKA3bIBAIOT, YTO MPOAYKT PEaKIMU 3aBUCUT OT YCJIOBHI MPOBE-

nenus. PacctanoBka KO3((UIIMEHTOB B YpaBHEHUH METOAOM JJIEKTPOHHOTO OajlaHca CBHUICTEIIb-

CTBYET O MOHUMAaHHUH CYIIHOCTH 3TOT0 B3aUMO/ICHCTBUS.

B) MOJATOTOBKA K NPAKTHYECKUM 3aHATHSAM;

ITpu mOArOTOBKE K MPAKTUYECKUM 3aHATHAM CTYIEHTY HEOOXOAMMO MOJIb3YsICh HAOOPOM OCHOBHBIX
MIOHATHUH , OBJIAZICTh aJITOPUTMOM pEIIEHHs 3aj1ad 10 TEME, paCCTaHOBKOM K0d(PHIIMEHTOB B ypaBHEHH-
ax. [IpoBepuTh ycBOEGHHUE U 3aKpENUTh U3y4aeMblii MaTepuai MO3BOJISET BHINOJHEHHE PACUETHOTO 3a7a-
HUS ¥ OTBETHI HA BOITPOCHI TECTOB.

Kak mpaBuiio, BOonpochl HalMCaHUs YpaBHEHUN OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX peaklnit
HE BBI3BIBAIOT 3aTPYAHEHUU. AKIIEHTUPYETCS] BHUMAHUE HA Pa3jIMYMU NOHATUH «CTENEHb OKHUCIIE-
HUS» U «BAJEHTHOCTb»,  pa30HpaloTcs  KpUTEpUH  KIAaCCU(PUKAUU  OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIMH, CIOCOOBI pacueTa 3HAYE€HUIl MOJSPHBIX MacCc SKBHBAJIEHTOB OKHC-
nutenel U BoccraHoBuTened. Ilpu paccmoTpenun konumdecTBeHHOH oneHkn OBP: cranpapTHBIf
NEKTPOAHBIN MOTEHIMAJI, PABHOBECHBIM MOTEHUMAJ MPH YCIOBUAX OTIUYHBIX OT CTaHIAPTHBIX,
ypaBHeHHe HepHcTa, 31eKTpoABrKyIIas cujla peakliui- BCEX dTUX MOHITHH MOSBISIOTCS Ompeie-
JIEHHBIE TPYIHOCTH B YCBOEHUHU MaTepuana. O3HaKOMJIEHHE ¢ MEXAaHU3MOM BO3HMKHOBEHUS JIBOM-
HOTO 3JIEKTPUYECKOTO CJIOS, U3MEPEHHEM MOTEHIIMAIa METAJUIMYECKOTI0 3JIEKTPOJIa O OTHOLIEHUIO
K BOJIOPOJITHOMY 3JIEKTPOJly J€JIAET MOHSITHBIM PsAJl HANPSKEHUI METAJUIOB U COOTBETCTBEHHO BBI-
YHUCIIEHUE 3JIC PEeaKIUH.

Koumponwvnsie 6onpocwt 011 camonposepku no meme Ne7 :

7.1. JlaiiTe onpeneneHus NOHATHIM: OKUCIUTENb, BOCCTAHOBHUTENb, OKHCICHHE, BOCCTAHOBJICHUE,
JMCTIPOTTOPITMOHMPOBAHNE, CTETICHb OKUCIICHHSI, PABHOBECHBIH moTeHIan. CHopMynupyiTe yCIoBHS
nporexkanus OBP.

7.2. BO3MOXHO JIM IPOTEKaHUE OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIX PEAKIIMM MEXKY CIIEIYOIIH-
mu BemectBamu: a) HoS u HI, 6) H2S u H2SO3, B) H2SO3 1 HCIO4? Eciiu BO3MOXHO, YKaKHUTE OKHUCITH-
T€Jb U BOCCTAHOBUTEJIb.

7.3. Kakoii mpouecc (OKUCIEHHE NI BOCCTAHOBIIEHUE) IPOUCXOIUT MPH CIEAYIONUX MpeBparie-
musax: a) P*°— P*3:6) Ca — Ca'?; B) N - N*2
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7.4. 3anuiure ypaBHEHUS MOJypeaKkIuii: a) BOCCTAHOBJICHUS HOHA AJIFOMUHHUS; 0) OKHCIICHHS Mar-
HUSA; B) OKMCJIEHHS HOHA S™2 10 BBICIIEH CTETIeHN OKHCIICHHS.

7.5. TloxGepure kKO3 HUITMEHTHI METOIOM SJICKTPOHHOTO OalaHca, YKAKUTE OKUCIUTENh U BOC-
cranoButeib: a) Cu+ HNOsz — Cu(NO3)2 + NO + H20; 6) HI + H2SO4 — 12 + Ha2S + H20,
B) P + HNO3 + H.0 — H3PO4 + NO,
r) KMnO4 + NaNO; + H2SO4 — MnSQO4 + NaNO3 + H20 + KSO4, K kakomMy THITY OTHOCSTCST yKa3aH-
Hbie OBP?

7.6. Jlokaxute ¢ MO3UIMIA CTPOCHHUS aTOMa, KaKue CBOWCTBA (OKUCIUTEIbHBIE, BOCCTAHOBUTEIIb-

HbIC WJIW JBOMCTBEHHBIC) MOXKET MPOSIBJIATH YIIIEPOa B cOCTaBe MaHHBIX coeauHeHuid: a) CO, 6) CO2, B)
CHas, r) KoCOs, 1) CSy, €) HCN

IIo TeMe 8 «YCTpPOIiCTBO M YCJIOBUSA PA00THI TAJbBAHHYECKHX 3JIEMEHTOB. XHMHYECKHE HC-
TOYHHKH TOKA. ToIIMBHBIE JIEMEHThI» B KaUeCcTBE CAMOCTONATEJIbLHOM pPadoThl MpeaycMar-

PpUBAIOTCH:

Pekomenoauuu cmyoenmam no camocmoamenvHoii paoome K meme Nes.

[Ipu nmoAroToBke K JEKUUSAM IO JAHHOM TEME€ CTYAEHTY O3HAKOMUTHCA ¢ HAOOPOM OCHOBHBIX IIO-
HATHH.

[Tonnmanne MexaHM3Ma BO3HHKHOBEHHS TOKOOOpa3yrmoIled peakuuu pa3Oupaercs Ha MpUMeEpe
MEAHO-IIUHKOBOI'0 T'aJIbBAHUYECKOTO 3y1eMeHTa. Cxema 3jIeMeHTa, IPOLECChl Ha 3JIEKTPoJax, pac-
YeT BEJIMYUHBI H/IC IIOKA3bIBAIOT BO3MOKHOE JAJIbHEHIIEE MCIIOJIb30BAHUE T'AJIbBAHMYECKUX DJIe-
MEHTOB B Ka4€CTBE NIEPBUYHBIX HCTOYHUKOB TOKA.

0) MOAroTOBKAa K BBHINOJHEHHMIO U 3alUTe JIadopaTopHOi padoTsl «[ albBaHUUECKUN 3JIEMEHT.
OBrnazeHne METOJUKON COCTaBJICHUsI FaIbBAHMYECKHX LETEW U N3MEPEHUS HaPSIYKEHUS TaJbBaHUYECKUX
JJIEMEHTOBY;

IIpu moAroToBKe K BBHIOIHEHUIO U 3aIlUTe J1abopaTopHOU paboTsl mo TeMe Ne§ «I anpBaHMUYECKHA
sneMeHT. OBlajieHue METOJUKON COCTABJIEHUS raJlbBAHUYECKUX LENell U U3MepeHus HallpsHDKEHUS rajb-
BAaHUYECKUX 3JIEMEHTOB) ClIeyeT 03HAKOMUTHCS C METOJIMUECKUMH YKa3aHUSAMU K BBIMOJIHEHUIO J1abopa-
TOPHBIX paloT.

[Tpu camocTOsATENBHONM MOJArOTOBKE K JJabopaTOpHOM pabote mo Teme Ne§ cienyer mpoaHaau3u-
pOBaTh HEBO3MOXKHOCTh MPOTEKAHUSI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX peakuui, eciu 3ac< 0.
Ces3b Mexy 31¢ (Es) u sHeprueit ['m66ca Takke 1Mo3BoJsieT yKa3blBaTh CaMOIPOU3BOIBHO MPO-
TEKaIoIllMe MPOIECChl, OTCI0Ia HEOOXOAMMOCTh pacdera 3/IC TajJbBaHUYECKOIO AJIEMEHTAa JBYMs
cnocobamu. ITonspusanus KOHIEHTPALMOHHAS M JIEKTPOXUMHUECKas BbI3bIBACT MU3MEHEHHE I10-
TEHIMAJIOB 3JIEKTPoAOB. TpeOoBaHNE PacYETOB HOBBIX PAaBHOBECHBIX MOTEHIIMAJIOB IIPEyCMOTpE-
HO IPOTPaMMOIl JTUCHHUIUIMHBL, ¥ BHIIOJIHEHUE TAaKUX PacyeTOB NMPUCYTCTBYET MpPH 3alIUTe J1abo-
paTopHOi pabOThl M UHIUBUIYaIbHOTO 3a/1aHUS.

B) IOJATOTOBKA K NPAKTHYECKHM 3aHATHUSIM;

[Ipu moAroToBKE K MPAaKTUYECKUM 3aHATUSAM CTYIAEHTY HEOOXOIMMO MOJIb3YsICh HAOOPOM OCHOBHBIX
MOHSATHI , KoTophIe NpuBeneHsl B [Ipunoxenun [1.PTIJ] b1.5.8 (5, cc, A3, TecTsl ) k pabodeii mporpamMmme
HACTOALIEH AUCHMILIMHBI OBJAJETh aJTOPUTMOM pEIIeHUs 3a/Jad Mo Teme: 1) COMOCTaBUB BEIUYUHBI
CTaHJAPTHBIX MOTEHLIMAJIOB, ONPEAEIUTh aHO, 2)IpUBeCTH cxemy 1'D, 3) mpuBeCTH ypaBHEHHs DIIEK-
TPOJHBIX MPOLECCOB U TOKOOOPA3YIOIIYIO PeakIuio, 4) BEINOTHUTH pacyeT DJ[C ans ykazaHHOrO rajbBa-
Hudeckoro aieMeHTa (I'9). IIpoBepuTh ycBOEHHE U 3aKpENUTh N3Y4aeMblil MaTEpHUall MO3BOJISIET BBINOJ-
HEHHE WHMBHUIYAJIbHOTO 33JJaHUSI U OTBETHI HA BOIIPOCHI TECTOB.

1) MOATOTOBKA K KOHTPOJILHOI padore
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[Ipu moaroTroBke K KOHTPOJILHOM paboTe HEOOXOAMMO HU3Y4YHTh MeToAauueckue ykazanus. K Heit
COCTOUT B MU3YYEHUU TEOPHUH, 3aKPEIUICHUH YCBOCHHOTO MaTepHuaia, MOBTOPEHUHU aJITOPUTMOB PEIICHUS
OCHOBHBIX THIIOB 3a/1a4 110 TEME.

Konmponwvnsie 6onpocwt 01s camonposepku no meme Ne§ :

8.1. [aiiTe omnpenencHusl NOHIATUSIM: CTAaHIAPTHBIN 3JIEKTPOJIHBIN MOTEHIMAJ, IPOBOA-
Huku | u |l pona, anexktpoas! (MX BUAbL), raibBaHU4ecKuil anmemenT, J/1C, nonspusanus 31eKTpo-
10B (ee BUIBI), ANMEKTPOXUMHUUECKUN Pl HAMIPSHKEHUM METaJJIOB, KOHIICHTPAI[MOHHBIHN rajlbBaHU-
YECKUH DJIIEMEHT.

8.2. CocraBbTe cxemy a) Cu-Ag, 6) Li-Mn, B) Mg-Al, r) Al-Ag, n) Fe-K, e¢) O2>-Hz, n)
Pb-Zn, e) Zn-Hg, ) Cu-Ha, 3) Na-Clz, n) O2-Cu rampBann4eckoro sjnemMenTa (ycaoBus CTaHaapT-

HbIE). 3aNUIIUTE YpaBHEHUSI dJIEKTPOAHBIX mporieccoB U TOP.

8.3. Paccumraiite DJIC a) cepeOpsiHO-KENE3HOrO, 0) JMTHEBO-ATIOMHUHHEBOTO,
B) HATPUEBO-IIMHKOBOI'O, T') MAarHUEBO-CBUHIIOBOTO TaJIbBAHUYECKOTO 3JIEMEHTA JIBYMS CIIOCOOaMHU
— Yepe3 pa3HOCTh MOTeHIUANoB 1 yepe3 AG top.

8.4. CoctaBbTe cxemy pabOThI a) HATPUEBO-ATIOMUHHUEBOTO0, 0) KaJbIMEBO-CEPEOPSHOTO, B) JIH-
THEBO-IIMHKOBOTO, T) 0JIOBIHHO-MaruueBoro '3, paccuuraiite ero J{C npu cTaHIaPTHBIX YCIOBUAX U
npu usmeHeHnu aktuBHoctet [IOU B pesynbraTe padoTsl B 10 pa3 o cpaBHEHHUIO CO CTaHIapTHBIM 3Ha-
YCHHEM.

8.5. CocrtaBbTe cxemy paboThI a) cepeOpsHOro, 0) MEHOT0, B) CBUHIIOBOTO KOHIIEHTPAIIMOHHO-
ro TaJlbBAHUYECKOTO 3JIEMEHTA MPH aKTUBHOCTAX MOHOB cepebpa 0,1 u 0,001 Monw/i, yKaxuTe akTUB-
HOCTb HOHOB B aHO/IHOM M KaTOAHON 30HaX. 3alUIINTE YPAaBHEHUS IEKTPOIHBIX IIPOLIECCOB, pacCunuTai-
Te Benuuuny JJ1C.

IIo Teme 9 «DJeKTPOJIU3 PACIIABOB M BOJAHbIX PACTBOPOB 3JIEKTPOJUTOB» B KauecTBe Ca-
MOCTOAITEJIbHOH PAa00Thl NPEIYCMATPUBAKTCH:

Pekomenoauuu cmyoenmam no camocmoamenvhoii paoome kK meme Ne9.
a) MOATr0TOBKA K BBHINOJHEHHIO U 3alMTe JJA00paTOPHOH PadoThl
[Ipyn moAroToBKE K BHIMIOJIHEHHUIO W 3alIUTE JIA0OpaTOpHOU paboThl Mo TemMe No9 «DnmeKTponus.
M3yueHne KOJIMUECTBEHHBIX 3aKOHOMEPHOCTEH Mpoliecca 3JIeKTpoJin3a Ha MpUMepe pacTBopa cyibdara
HATpUS HA HUKEJIEBBIX AJIEKTPOJax» CIEAyeT 03HAKOMHUTBCS C METOJUYECKUMH YKa3aHUSIMHU K BBITIOJTHE-
HUIO JJaOOPaTOPHBIX padoT.
TonpKo mocie yCBOSHUS MOHATHI TEMBI MOKET TPOM30UTH TIOHMMAaHNE MEXaHU3Ma AIIEKTPOIIH3a
pacIIaBoOB U BOJHBIX PACTBOPOB AJIEKTPOIUTOB. ['MIpoIn3 BelecTBa B pacTBOpE BEAET K U3MEHE-
HUIO XapaKTepa Cpellbl, YTO BIUSET Ha BEJTHMYNHY OTEHIMAJIOB JUIS TPOIIECCOB Pa3psIKH BOABI HA
AIIEKTPOAAX U ATO HEOOXOIUMO YUUTHIBATh JJISl ONPENIEICHNUS B 1IE€JI0OM MOCIIEI0BATEIbHOCTH MPO-
LIECCOB Ha JIEKTPOJIax.

[Tpu camocTosTenbHON MOATOTOBKE K JlabopaTopHOM paboTte mo Teme Ne9 ciemyer ueTko
MIPE/ICTaBIATh AITOPUTM PACCMOTPEHHMsI IMpolecca MeKTponnsa:l)cxema; 2)mocieoBaTeIbHOCTh
MIPOIIECCOB Ha 3JIEKTPOJax: a)Ha aHoje; 0) Ha KaToje; 3)pacueTsl mo 3akoHam Papazes; OTiuuue
peabHBIX TPOIIECCOB OCIIOKHEHHBIX IMACCHBAIMEH aHOJA M BIMSHUEM XapakTepa Cpelbl Ha Tpo-
[[eCC MOAYEPKHUBAI0 3HAUEHHE SKCIIEPUMEHTa MpU U3yuyeHHH XUMHH. ['paduku Xoia monspu3aim-
OHHBIX KPUBBIX YYUTHIBAIOT N3MEHEHHE MOTEHIINAJIOB Ha JIEKTPOIaX U3-3a TOJISPU3AIIUH.

B) NOJATOTOBKA K MPAKTHYECKUM 3aHATHSIM;
[Ipu mOATOTOBKE K MPAKTUYECKUM 3aHATUSM CTYIEHTY HEOOXOIUMO TMOJIb3YysICh HAOOPOM OCHOBHBIX
MOHSATHH.
CHOXHOCTh BBI3BIBAET OIMPENEICHUE OYEPEIHOCTH Pa3psSAKU YaCTHUI] HA AJIEKTPOIaX W HE0O-
XOJIMMOCTh YYUTBIBATh BBICOKYIO MOJISPHU3AIIAIO TIPOILIECCOB BBI JICTICHUS KUCIOpOaa Ha aHOJE U BO-
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nopoaa Ha kKarojae. TpyaHOCTH KOJMYECTBEHHBIX PACUETOB MPOLECCa 3JIEKTPOIM3a MO 3aKOHAM
dapagest cBs3aHBI TTIABHBIM 00pa30M ¢ HEYMEHUEM OMPEIeNsITh 3HAUCHUSI MOJISIPHON MacChl SKBH-
BAJICHTOB BewlecTB. [IpoBepUTh yCBOEHHE M 3aKpENUTh W3y4aeMblil MaTepuall O3BOJISIET BBINOJ-
HEHUE UHMBUAYAJIBHOTO 3a/IaHUSI U OTBETHI HA BOIIPOCHI TECTOB.

Konmponwvusie éonpocwt 0na camonpoeepku no meme Ne9 :

9.1. MHaiite onpesenieHus: MOHITUAM: AJIEKTPOJIN3 (€ro BUAbI), BHIXOJ 110 TOKY, TACCUBALIUS.
Cdhopmynupyiite 3akonsr Dapanes.

9.2. CocraBbTe cXeMy 3JEKTPOIH3a, 3aAMHUIINTE YPABHEHHS 3JIEKTPOJHBIX POLIECCOB, IPUBEIUTE
rpad UK NOISPU3AMMOHHBIX KPUBBIX JUISI AJIEKTPOIH3a cieayonux pactBopos: a) NiSO4 (pH = 3, anek-
Tpoabl xene3nnie), 06) KNOs (pH = 7, anexrpoasl yronbasie), B) CuCly (pH = 5, anoa yroiabHbIH, KaToa
CBUHIIOBBIN). YKaxuTe, Kak MeHseTcst pH B aHOIHOM M KaTOAHOW 30HAX MPH JEKTPOJIU3E.

9.3. Kakoe BelecTBO U B KAKOM KOJMYECTBE BBIICTUTCS HA YTOJILHOM aHOJE MPU dIIEKTPOIU3E
BozHOTO pactBopa NaxSO4 (pH = 7), eciu Ha KaToAe MPH ATOM BBIACTIIOCH 3 T BemecTBa?

9.4. PaccunTaiite BBIXOJ 110 TOKY METaJljIa MPH dIEKTpoau3e BoaHoro pactsopa NiSO4 (pH = 3),
eciu nocie npoxoxaeHus 96500 Kit macca xene3noro katoja u3MeHunach Ha 14,68 r. AHOJ yroiabHBIH.

9.5. Paccumraiite Bpemsi, HEOOXOAUMOE JIJIsl TIOTYYCHHS HA KEJIE3HOM U3JEIUU IUHKOBOTO MOKPHI-
THS MAacCOU 65 T MPH MPOXOKICHUU TOKa CHIION 4 A depe3 pacTBop cyibdara MUHKA, €CIIA BBIXOJ 10 TO-
Ky 1iuHKa paseHn 50% (pH = 3).

I1o Teme 10 «Koppo3uss MeTasioB. MeponpusATHS 110 3AIATE METAJJIOB OT KOPPO3HHU.» B KAYECTBE
CaMOCTOATEILHOI PAa00ThI NPEAYCMATPHUBAIOTCH:

Pekomenoauuu cmyoenmam no camocmoamenvhoii paoome k meme Nel.

a) MOAroTOBKA K JIEKIIMH.

ITpu mOATrOTOBKE K JIEKLHUAM 10 JJAHHOM TeMe CTYAEHTY O3HAaKOMHUTbCS C HAOOPOM OCHOBHBIX IO-
HSTHM.

Tonbko mocie yCBOEHUS! OCHOBHBIX MOHATUI TEMbI MOKET MPOM30UTH MOHUMaHUE MEXaHU3-

Ma koppo3uu. O0unue KputeprueB o0yclaBIUBaeT MHOTO0Opas3ue BUI0B KOppo3uu. BriusHue oxuc-

JUTENed MPUCYTCTBYIOIIMX B OKPYXKAlOIEH Cpele yYUTHIBAeTCs MPH pacdyere UX MOTEHIMAIOB C

UCTIOJb30BaHNEM ypaBHeHHs HepHcTa. OCHOBHBIC TOJIOKEHUSI TEOPHH DIIEKTPOXUMHUYECKUX TIPO-

LIECCOB BOCTPEOOBaHBI TAKXKe JJIsi KOPPO3UH.

0) MOATrOTOBKA K BHINOJHEHHIO U 3alMTe JJa00opaTopHOi padoThl;

ITpu moAroToBKEe K BBHINOJIHEHUIO U 3aluTe JJabopatopHoi paboTs! o Teme NelO «Koppo3ust me-
TayioB. VM3yueHune ycloBHil BOSHUKHOBEHHS KOPPO3HOHHBIX MUKPOTATbBAHMUECKUX JIEMEHTOB, SIBICHUS
MOJISIPU3ALMHU U JENOSPU3ALMU IPU KOPPO3UU. 3HAKOMCTBO C HEKOTOPHIMHU METOAAMHU 3aIlUThl MeTall-
JIOB OT KOPPO3HUH.» CIEAYyEeT 03HAKOMHTHCS C METOJWYECKHMHU yKa3aHHUSIMHU K BBITIOJTHEHHUIO J1aboparop-
HBIX paboT.

['maBHOE B Oompe/eseHny BUIA JIEMOJSPU3AINN COCTOUT B OMPEICIICHNH COOTHOIICHUS MEXKITY T0-

TEHIIMAJIOM OKUCIUTENS W MOTEHLMAIOM aHOoJa. Y CTAaHOBUB IEPBOHAYAILHO, KAKOW M3 KOHTaKTH-

PYIOIIMX METAJUIOB SIBIISIETCS aHOJIOM M PAaCCUUTAB MOTEHIMAIBI BOZMOKHBIX OKHCIIHTEIEH, MOKHO

OIpeJIeNIUTh BO3MOXKHOCTh (HEBO3MOXKHOCTH) Mpoliecca Koppo3un. M3ydeHue posin MeTauIn4ecKux

MOKPBITHH pacCMaTPHUBAETCS HA IPUMEPE OIIMHKOBAHHOTO M JIY’)KEHOTO KeJe3a.

B) OJAr0TOBKA K MPAKTHYECKUM 3aHATHAM;

[Tpu mOATOTOBKE K MPAKTUIECKUM 3aHSATHSIM CTYJICHTY HEOOXOMMO TIOJIB3YsICh HA0OPOM OCHOBHBIX
MOHATHUH , KOTOpbIE PUBEACHBI B pabouell MporpaMMe HaCTOAIICH AUCIUIUIMHBI, OBIAJETh alrTOPUTMOM
pelIeHus 3a1a4 [0 TEME.

TpyIHOCTH BBI3BIBAET yUYET COACPKAHUU OCHOBHBIX OKHCIUTENEH B OKpYKalollel cpene: co-

JiepKaHue KUCIopoia U BOJIOPOAa B BO3/IyXe YUUTHIBAETCSl ypaBHeHHEeM HepHcTa U COOTBETCTBEH-
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HO BJIMACT H PaCUCTHI. HpOBepI/ITB YCBOCHHUEC U 3aKPCIINTH HsyqaeMHﬁ MaTcpurall Io3BOJISICT BBIIIOJI-
HCHUC MHAUBUAYAJIbHOI'O 3a/laHUA U OTBCTHI HA BOIIPOCHI TCCTOB.

1) NOATOTOBKA K KOHTPOJIbHOM padoTte

[Ipy moAroToBKE K KOHTPOJIBHOM paboTe  HEOOXOIUMO HU3YYHTh METOJUYECKHE YKaza-
Hus.IToaroroBka Kk HEll COCTOUT B MU3YyYEHUU TEOPHUH, 3aKPEIJICHUM YCBOCHHOI'O Marepuania, MoBTOpe-
HUU QJITOPUTMOB PEIIEHUs] OCHOBHBIX THIIOB 33/1a4 110 TEME.

Konmponwvnusie 6onpocwt 01sa camonposepku no meme Ne 10:

10.1. JlaiiTe onpeneneHus MOHATUSAM: KOPPO3HS METAJIOB (€€ BUIbI), IPOTEKTOP, aHOHAS
Y KaTOJHAas 3alluTa, aHOJHOE M KaTOJHOE MOKPBITUE, JIETUPOBAHUE, aHOIUPOBAHHUE, MUKPO-
ragpBaHnueckuii amemMenT. ChopMmynupyiiTe YCIOBUS TPOTEKaHHS SJIEKTPOXUMHUYECKOU
KOPPO3HUH.

10.2. IIpy KakOM COOTHOIIEHUHU MOTEHIIMAJIOB OKUCIUTENEeH W MOTEHIMAla pa3pyliaemMoro
MeTaJula BO3MOXKEH KOPPO3UOHHBIN mporecc? PaccunTaiiTe mOTEHIIMAIBI OKUCTUTENCH MpU
KOppO3uH BO BiaxkHOU atMocepe mipu a) pH = 8, 6) pH = 13, B) pH =0, r) pH = 7. 3anu-
IIUTE YpaBHEHUS KUCIOPOIHOM U BOAOPOIHON NEHOISPU3AINH ISl TAHHOU CPeJibl.

10.3. Onuiure nporecc KOppo3uu xKeje3a ¢ BKIIOUESHUSIMU yriiepoaa Ha Bo3ayxe npu pH = 4.
10.4. YTo MOXKET CIyKUTh MPOTEKTOPOM JUIsl 3aILUTHI OT KOppo3uu uzaenus uz mean? CocraBbTe
cxemy MI'D (pH = 10), 3anumure ypaBHEHUS IPOIIECCOB.

10. 5. OnumuTe CymHOCTh CAEAYIOMIET0 METO/IA 3allIUTHl OT KOPPO3UU: a) U3BMEHEHHUE CBOMCTB
KOPPO3WOHHOM Cpefibl, 0) aHO/IHAS 3alUTa, B) KaTO/IHAs 3alUTa, I') IPOTEKTOPHAs 3alluTa, [)
aHOJTHOE MOKPBITHUE, €) KaTOJIHOE MOKPBITUE, ) JierupoBaHue. [IpuBeaure npumepsl.
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