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BBEJAEHUE

YuebHoe nocobue «XuMus» MpeaHasHaueHo i CTYJIEHTOB 3a049HOU (op-
Mbl 00yUY€HHUS BCEX HAIpPaBJIECHUN MOJATOTOBKM OaKaaaBpoOB.

VYyebHoe mocobue, COCTaBIEHHOE B COOTBETCTBUU C (heJepalibHbIM ToCy-
JApCTBEHHBIM 00pa30BaTEIbHBIM CTAaHAAPTOM BBICIIETO MPOGECCUOHATBHOTO 00-
Pa30BaHMS MO JUCIUTUIMHE «XHUMHUS», BKIFOYACT OCHOBHBIC pa3/Ieiibl XUMHH.

XuMudeckas oAroTOBKa O0akaiaBpa 3aKJII04aeTcs B Pa3BUTHH JJOTHIECKOTO
XUMHUYECKOTO MBIIUICHUS, MTO3BOJISIONIECTO PEMIaTh BOMPOCHI KauecTBa, HAJIEKHO-
CTU H JOJTOBEYHOCTH CTPOUTEIIBHBIX, KOHCTPYKIIMOHHBIX, NHCTPYMECHTAIBHBIX U
JIPYTUX TEXHUYECKUX MATEPHANIOB. 3HAHWE XUMHUU HEOOXOIMMO TaKXKe I yC-
MIENTHOTO OCBOCHUS OONMIETEXHUYECKUX U CIICITUATBHBIX JUCIUILIAH.

[Ipun ocBoeHMU Kypca XMMHU CTYJICHTHI JTOJDKHBI U3YYHUTh OOIHME 3aKOHO-
MEPHOCTH XHMHMUYECKHX IMPOIECCOB, AIEKTPOXUMHUUYECKUE CHUCTEMbl U MPOTEKAIO-
M€ B HUX MPOLIECCHI, OBJIAJIETh TEXHUKON XUMHUYECKUX PACUYETOB, U3YUUTh pac-
TBOPBI U T€TEPOTECHHBIE JUCIEPCHBIE CUCTEMBI, MOJIUMEPHI, TO3HAKOMUTBCS C OC-
HOBaMHU XMMHUYECKON HICHTU(PUKALIMU BEIIECTB.

3amaya mocodusi COCTOUT B TOM, YTOOBI IOMOYb CTYAEHTaM BbIpabOTaTh Ha-
BBIKM CAaMOCTOSITEIHLHOM pabOThl C yueOHOM IUTepaTypo, HAYYUTh HCIOIb30BaATh
MOJIyYeHHbIE TEOPETUYECKUE 3HAHUS JUIsl pEelICHUsI KOHKPETHBIX 3aj/lay, CBSI3aH-
HBIX C HAIIPABJICHUEM HX MTOATOTOBKHU.

KoHTposibHBIE 3a/1aHUSI BBITOJHAKOTCS B MEXKCECCHOHHBIM mnepuon. Ilepen
BBITIOJITHEHUEM KOHTPOJIBHBIX 33JJaHUN PEKOMEHYETCSI H3yUYUTh PEIICHUE TUITOBBIX
3aJ]a4 COOTBETCTBYIOILETO paszniena. Bapuanm KOHMPOIbHO2O 3a0aHUsl ONpeoelis-
emcst 08yMsi NOCIeOHUMU yugdpamu Homepa cmyoeHuecko2o ounema (3auemHou
knudcku). Hanpumep, HoMmep cryneHdeckoro omera 13-51-213,1Be nocneanue
nudpser 13, uM cooTBeTcTBYEeT 13 BapuaHT KOHTPOJIBHOTO 3anaHus. Kaowcowili ea-
puanm cooepaicum 0ge KOHmMpOJibHble pabonuvl, KOMopbvle 8bINOIHAIOMCS 8 0OHOL
mempaou ¢ 00:43ameNbHOlU 3aNUChbio YCI08US 3a0a4u U omeema ¢ noopoOHbIMU
00bACHEHUAMU.

B MexceccHOHHBIN nepuoa NIl TOMOLIM CTYJE€HTaM B MPEOJIOJICHUH TPY/I-
HOCTEH MpH BHINOJIHEHUH KOHTPOJBHBIX 3aJaHui Ha Kadeape QPU3UKU U XUMUU
MPOBOJATCA KOHCYJbTAalMU. K 9K3aMeHy 0onycKaromcs cmyoenmsl, 8bINOJHUSUIUE
YueOHblll NIaH. umerwue 3aumeHHbvle KOHMPOTbHble pabombsl, NPOCIyUlasuile
Kypc JeKyull U 8bIN0IHUUIUE 1aO0pamopHble pabombi.

JL.T'. BapcykoBoit Harucansl Tinasel 1.1, 2.1, 2.2, 2.3, 6.1,.10. BoctpukoBoii
—-1.2,21,2.2,45.I. Kpusuepori — 3.1, 3.2, 5.2, 5.3D.b. Kykuno#i — 4.3, 4.4,
7.1;0.B. Crenuosoii — 4.1, 4.2, 5.1.



Paszgen 1. OCHOBHBIE XUMHNYECKUE NTOHATHUA
N CTEXUOMETPHYECKHUE 3AKOHBI

1.1.OCHOBHBIE CTEXHOMETPUYECKHUE 3AKOHbBI
N PACYETHBI 110 YPABHEHUAM PEAKIIUN

Conepmanne mMarepuaJja 1jd CaMOCTOATEC/IbLHOI0O U3YyUCHUSA

XHUMHYECKOE BCUICCTBO, aTOM, MOJICKYJI4, aTOMHAs U MOJICKYJIsIpHAs Macca,
MOJIb, MOJIIpHAA MacCa, SKBHUBAJICHT. 3aKOHBI ITOCTOSTHCTBA COoCTaBa, COXpPaHCHUA
MacCChI BCIICCTBA, 3aKOH 3KBHUBAJICHTOB, 3aKOH ABOF&I[pO.

JIuteparypa: [1 - 881 - 3]; [2 . |, 88 4 — 16].

OcHoBHbBIE TCOPETUHIECCKHUEC MMOJOKCHUA

Bewecmso — 3TO BHI MaTepUH, XapaKTEPHU3YIOUIUICS ONpeeICHHBIMU
CBOMCTBAaMH, COCTOSIINI U3 MEIbUANIINX YaCTHUI], UMCIOIINUX Maccy MOKOs, Ha3bl-
BaEMbIX MOJieKyaamu. MOJIEKYIIbl COCTOSIT U3 aTOMOB.

Amom — 3TO HauMEHbIIIAs YaCTUIIA XUMHUECKOTO 3JICMEHTa, KOTOpasi Coxpa-
HSIET €r0 CBOWCTBA, OMPEACISCMbIC CTPOCHHUEM.

BemecTBa, MOJIeKyJIbI KOTOPBIX COCTOSIT M3 aTOMOB OJIHOTO JJICMEHTA, Ha-
3piBatoTcs pocteiMu (Oy, Ny, Clp, Zn, Snu np.). BemectBa, MOJIEKYIbI KOTOPBIX
COCTOSIT M3 aTOMOB pPa3HBIX AJIEMEHTOB, Ha3biBaroTCs ciioxkHbiMu (H,O, NaCl,
H,SQ, u np.).

CrienyeTr OTMETHTb, UTO HE BO BCEX CIIyYasX 4acTHIIbI, 00pa3yroIire Belle-
CTBO, MPEACTABIIAIOT COOON MOJICKYJIbl. MHOTHE BEIIeCTBA B TBEPJAOM U YKHJIKOM
COCTOSIHUM UMEIOT HE MOJICKYJIIPHYIO, @ HIOHHYI0, aTOMHYIO CTPYKTYDPY.

ATOMBI M MOJICKYJIbI XapaKTEPU3YIOTCS OINPEACICHHON Maccoi, KOTopas
oueHb Maya. OTHocHuTeabHas aToMHas (A;) U MosiekyisipHas Macca (M;) —3To ywc-
J10, KOTOPOE TIOKa3bIBAET BO CKOJBKO pa3 Macca JAHHOTO aTOMa WM MOJICKYJIbI
Gombine 1/12 maccsl atoma yriaepoxa (2C). DTa eIMHHIA HA3BIBACTCS ATOMHOM
enuHuIeH Macchl (a.e.m.). A, JIIOOOTO BJIEMEHTA YKa3bIBACTCSA B MEPHOIMUSCKOM
cucteme /.. MenneneeBa. Hanpumep, A/(Fe) = 56. Monekynspaas macca pac-
CUMTBHIBACTCS KaK CyMMa aTOMHBIX MacC 3JIEMEHTOB, BXOJISIIUX B MOJICKYJIY:

M, (H,SQ) =2-4,(H) + 1 4,(9 +4-A4,(0,) = 221 + 132 + 416 = 98.

B Xxumum 3a eMHHWIly KOJIMYECTBA BEIIECTBA MPUHUMAIOT MO/b. 1 MOIL —
9TO KOJHMYECTBO BEIECTBA, KOTOPOE COJEPIKHUT CTOJBKO CTPYKTYPHBIX €IHHHIL
(MOJIEKYII, aTOMOB, HOHOB, JJIGKTPOHOB) CKOJIBKO HX COmepiKuTCs B 12 T °C —
6,0210°° momb ™ (uucno Asoeadpo Np).

Mounspuas macca (M) (macca 1 mounst) BeIpaxkaeTcss B I/MOJIb M YHCIIEHHO
paBHAa OTHOCHUTEIBHONW aTOMHOM WJIM MOJICKYJIsIpHOM Macce. OTcCroia Jerko omnpe-

JICITUTh a0COJFOTHYIO MacCy aToMa WA MOJICKY bl (M, M,,):

M M
m=—2  m,=—" (1.1)
NA NA

Macca 1 KOJIu4eCcTBO BEIICCTBA CBsA3aHbl COOTHOILLICHUECM

4



_m
Ve (1.2)

IJIe V — KOJIMYECTBO BEIIECTBA, MOJIb; M — Macca BemecTsa, I; M —MossipHas mac-
ca BeleCTBa, I/MOJIb.

3axkon nocmosincmea cocmasa. Kaxaoe XUMHUECKH YUCTOE COEIUHEHHE
BCETJ]a UMEET OJMH M TOT K€ KAYECTBEHHBIM M KOJMYECTBEHHBIM COCTAB HE3aBH-
CHUMO OT criocoba ero nonydenus. Hanpumep, H,O — Boga, H,O, — nepekuch Bo-
nopona. Momekyna BOABI BCErya COCTOMT M3 JBYX aTOMOB BOJOPOJAa M OJHOTO
aToMa kucaopoja. [1oayduTs Boy MOKHO TIPOBEIS pa3IuIHbIE PEaKIIUH.

HCI + NaOH— NaCl + H,0, H,SQ, I - H,O + SQ.

3axon coxpanenus maccol. Macca BeIIECTB, BCTYNIHBIIMX B PEAKLUIO, paBHA
Macce BEIIeCTB, 00pa30BaBIIMXCS B pe3ybTaTe peakuuu. [lo s3ToMy 3akoHy mpo-
BOJISITCSI BCE KOJIMYECTBEHHBIE PACUETHl B XUMHUECKUX PEAKIIHIX.

l'az06vle 3akonvl xumuu. COCTOSIHUE Ta3a XapaKTEPU3YETCs TeMIEpaTypoin
(7), naBnenuem (P) u oobemoM (V). IlepBbie KOMMUYECTBEHHBIC UCCIICIOBAHUS pe-
aKIUM MEeXy razaMu npuHamiexar I'er-JIroccaky, KOTOpbIM IIPUILET B pE3YJIbTa-
T€ K OTKPBITHIO 3dKOHA 00beMHbIX OmMHOUleHUl: 00BEMbI BCTYNAIOLIUX B PEAKIUIO
ra3oB OTHOCHUTCSl K JIpYT APYTY U K 00beMaMm 00pa3yrolmxcs ra3oo0pa3HbIX Be-
HIECTB KaK HEOOJIbIIIKE 1IeJIbIE YHCTIA.

Har[pHMep: 2H2 + 0, — 2H20, N2 + 3H2 — 2NH3

d0bema loObeM 2o00beMa loobeM 300beMa 200beMa

[To3:xe uTanbsHCKU (HU3UK ABOTaPO OOBSICHWII 3Ty 3aKOHOMEPHOCTH TEM,
YTO MOJIEKYJIbI IPOCTBIX ra3oo0pas3ueix BemiecTB (Hp, Cly, O, u mp.) cocrosT us
JIByX aTOMOB W YCT@HOBWJI, YTO B PAaBHBIX O0BEMax JIIOOBIX Ta30B, B3ATHIX IpHU
0JIMHAKOBBIX YCJIOBUSX (P ¥ T), COAEPIKUTCS OJTHO M TO KE YUCIIO MOJICKYJ (3aKOoH
Asocadpo). CnenoBatenibHO, 1MOJIb JIFOOOTO ra3a, COACPIKAIIHMA OHO U TO KE YUC-
JI0 MOJIEKYJT — 6,021023, 3aHUMAET OJIMH U TOT K€ 00BbEM. DTOT 0OHEM HA3bIBAETCS
MOJIIpHBIM 00beMoM Ta3za (Vy), ¥ mpu HOpMalIbHBIX yciaoBusX (P = 1atm wim
101 kITa, wiu 760mmMm pt. c1.; T = 0°C) on paBen 22,451/M0J1b.

UtoObsl BeCcTHM pacyeTsl MPU JPYTUX YCIOBUSX, HYKHO BOCIOJIB30BATHCS
00BETMHEHHBIM Ta30BbIM YPaBHEHUEM W MPUBECTH MMapaMeTphl ra3a K HOPMallb-
HBIM yCJIOBUSM (H.Y.):

v V [T,
=PY =P 0 (1.3)
To T polT
rae P, V, T—ycnoBus onbita; Po, Vo, To — HOpMaJIbHBIE YCIOBHUS.
B3anMocCBsI3p MEXIy KOJMYECTBOM Ta3000pa3HOrO BEIIECTBA M €ro Iapa-

MeTpaMHM BhIpaKaeTcs ypaguenuem Menoeneesa-Knanetipoua.
pW/=VEREI'=%EREI’, (1.4)

. 3. .
rje p —nasienue, [1a; V —o6bem, M~; V — KOJIMUECTBO BEIIECTBA, MOJIb;, M —Macca,

r; M — monspHast macca, r/mMonb; R — yHHBepcaibHas Ta30Basi MIOCTOSIHHAS, PaBHAs
8,314 Ix/monb-K.



MogsipHast Macca BEIIECTBa MOXKET OBITh OIpPE/e/IeHa SKCIIEPUMEHTAIBHO C
UCIIOJIb30BAHNEM TPHUBEJACHHBIX (GOpMya u 3akoHOMepHOcTel. Hampumep, 1o
ypaBHeHH0 MenzeneeBa — Kianetipona (1.4):

_mIRIT
M=TR
pV
rae m, T,p, V 3aganHble mapaMeTpbl cucteMbl. MoHO HallTH M 1o aOCOTIOTHON
(p) nmu otHOocHuTenbHOM (D) TIoTHOCTH Ta3a. A6coomuas nIoMHOCMb — 3TO Mac-
ca 111 ra3a npu HOPMAIBHBIX YCIOBHSX, OTKY1a

Mp - Viu=p - 22,4, (1.6)

Ommuocumenvhas niomuocmo 2aza (D) mokas3piBaeT, BO CKOJBKO pa3 Macca
OJIHOTO Ta3a 0OoJIbllIe WJIM MEHbIIE MAacChl JAPYTOro rasa, B3SIThIX B OJMHAKOBBIX
o0beMax U Npu 0JTMHAKOBBIX ycioBusx (p u 7),

(1.5)

_m_M
D=—-=—+=. 1.7
- M, (1.7)
Ecnu monspHas Macca 0JIHOTO M3 Ia30B U3BecTHA (Hanpumep, M,), Toraa
M]_ =D ’M2 . (18)

Haubomee gacto HCIIOJB3YIOT INIOTHOCTh ra3a IO BO3AYXY, CPpECAHIOO MO-

JSIPHYEO Maccy KOTOPOro cuuTaroT 29 r/Mob:

M, . _ 0 _ 0
X M =D&y, =D 29,

D 6030 =
X
M 6030

3axon skeueanenmos. Maccopl B3aMMOIECHCTBYIOIUX BEIIECTB MPOIOPLHO-
HaJbHbI MOJISIPHBIM MaccaM UX 3KBUBaleHTOB: 4 + B— C+ F

ma _ Mo 0.9
Mg My(p)

Okeusanenmom eujecmea Ha3bIBAIOT TAKOE €ro KOJUYECTBO, KOTOPOE CO-
enuHsAeTCs ¢ 1 MoJieM aTOMOB BOJIOPO/Ia MJTM 3aMEIIaeT TO YKe KOJINYECTBO aTOMOB
BOJIOPOJIa B XUMUYECKHUX PEAKLUAK. IKGUBALEHM CNIONCHO20 8eujecmea — 3TO Ta-
KO€ €ro KOJIMYEeCTBO, KOTOPOE B3aWMOJICHCTBYET 0€3 OcTaTKa C OJJHAM SKBUBAJICH-
TOM BOJIOPO/JIa WJIH BOOOIIE ¢ OJTHUM SKBHBAJICHTOM JIFOOOTO JPYTroOro BEIIeCTBa.

DKBUBAJICHTHOW MacCON WJIM MOJIAPHOW Maccoil skBuBayieHTa (M) Ha3bI-
BAlOT MAcCy OJTHOTO MOJISI SKBUBAJICHTOB M BBIPAXKAIOT B I/MOIIb. Moaspuas macca
9Keusaienma nemernma M oripenensieTcsi OTHOIICHHEM MOJISIPHOW MacChl aToma
K €ro BaJICHTHOCTH (B), KOTOPYIO OH IIPOSBIISIET B TAHHOM COSIMHCHUN

|\/|3: Ba (110

DKeUBaNeHm CI0NHCHO2O Beuecmed — dTO TaKOE €ro KOJHMYECTBO, KOTOPOE
B3aMMOJICHCTBYET C OJHUM SKBHUBAJICHTOM JIFOOOTO JIPYTOro BEIIECTRA.

Monspuas macca sxeuganeHma oxcuoa:

M
M 5 (oxcuoa) = M,

Bln (1.11)




rac B —BajieHTHOCTD aromMma, N —4Yucjao0 aTOMOB B MOJICKYJIC.
MO]lﬂpHCl}Z macca 3K6UBAIeHRma KUuciomaol.

M
M , (kuciomv) = KUCAOMbl - KUCAOMbl
2 OcHosnocmo kuciomol  Yucno uonoeH™ (1 12)
MOJZ}ZpHaﬂ macca 3KkeusaleHma OCHOBAHUA.
M > (ocnosanusl) = Mocnoeanwz - Mocnoeanwz
Kucnomnocnw ocnosanusa  Yucno epynn OH ™ (1.13)
Monapnas macca sxeueanenma conu’
M
M 5(conu) = con ..
BueHucno amomos memanna (1 1 4)

Mpumep 1.B coemmuenmsaix N0 % H,''S™? H™ ™! monsiprbie Macchr k-
BUBAJICHTOB 3JIEMEHTOB PaBHBI:
32
Ma(N):1—24:7I“/MOHB; M (S) :7 =16r/mois, M3(|)21T2721271“/M0JIB.

IIpumep 2. MonsipHble Macchl SKBHUBaJeHTOB coeanHennit H,SQ,, Fe(OH)
u Al,(SQy); paBHBL:

MHpsq, _ 98

M5 (H2SG ) = = 49r/mous;

M
Fe(OH)3 _ 107 =357 F/MOHB;
3 3
Maly(sQy)3 _ 342
213 6

Ipumep 3. Paccuwmraiite MosispHbie Macchl 3kBuBaneHTa Mg(OH), B cre-
JYIOIIUX PEaKINsX:

M 5 (Fe(OH) ) =

M (Al2(SQ k) = =57r/monb.

Mg(OH), + 2HCI — MgCl, + 2H,O (a),
Mg(OH), + HCI — Mg(OH)CI + H,O (6).

M5(HCI) = M(HCI) = 36,5 r/moinb, Tak kak HCI - 0qHOOCHOBHAs KHCIIOTA.
Bce BermnecTBa B3aWMOJIEUCTBYIOT JPYr C JPYrOM B KOJHYECTBaX, MPOIOPIIHO-
HAJIBHBIX WX dKBHBaJeHTaM. OTCIONA CIeayeT, YTO B peakiuu (a) Ha 2 SKBUBAJICH-

ta HCI npuxonurcs 2 sxpuBasienta Mg(OH),, moatomy
MMmg(oH), 58 _

M5 (Mg(OH).) :T =" 291 /MoJb.

B peakiuu (6) va 1 sxBuBanent HCl npuxoautcs 1 sxksuBanentr Mg(OH),,
orcrona cieayet 4ro M (Mg(OH)) = M (Mg(OH)) = 58 r/mob.

Penienue TMIOBLIX 3a/1a4

3auaqa 1. BSaHMOHCﬁCTBHG AJIIOMHUHUA C paCTBOPOM COJIIHOM KHCJIOTBI
IMPOTCKACT I10 CJIGI[YIOHIGﬁ peaknuu:

2Al + 6HCI — 2AICI; + 3H;1



B peakumu ygactBytor 2,7 kr amromMuHus. Paccunraiite 00beM BOAOPOJA,
BBIJICTIMBIIIETOCS] B XOJI€ PEaKIMH, MPOTEKAIOIICH MPH HOPMAaJIbHBIX YCIOBHUAX, a
Tak xe npu Temneparype 28 °C u pasnennu 102 kIla; aGCOMOTHYIO MIOTHOCTh
BOJIOPOJIa M MJIOTHOCTH BOJOPOJIa TI0 BO3IYXY; MacCcy 00pa30BaBIIETOCsS XJIOPHIA
ATFOMHHHSI © MACCOBYIO JIOJIFO ATFOMUHUS B HEM.

Pemenune. Peakmus mporekaer o ypaBHEHHIO

2Al + 6HCI — 2AICI;+ 3H; 1.

B BHUAC Ta6J'II/II_[I>I npeacraBuM MOJIAPHBIC MACChI, KOJIMYCCTBO MOJIb U COOT-
BCTCTBYIOIIUEC UM MACChl YHYACTBYIOIINUX B PCAKIINU BCHICCTB.

Al AICl; H,

M, v/mons | 27 | 27 +3- 35,5=133,6 2

v, MOJIb 2 2 3

m=M-w,r | 54 267 6

YroObl HAliTH 00BEM BOJIOPO/IA, BBIICIUBIICTOCS B PEAKIIMU ITPH HOPMAJIbHBIX YC-
JIOBUSX, COCTABUM IMPOIIOPITHUIO:

541 Al BeiensiroT u3 KucinoTsl (22,4 3)1 Bogopoa (1o ypaBHEHUIO PEAKITHH)
2700r Al BeimenstoT u3 KUciaoTsl V, J1 Bogopoja (o YCIOBHIO 3a1a4u);

v, =270 é 32,4 3 _ 3360,

JIJIs  yCIIOBWH, OTJIMYHBIX OT HOPMAJbHBIX, 00BEM Ta3a paccuMUTacM II0
ypaBHeHuo (1.4):

Vy =

VIRIT _336([831[(273

+28) _
D 2241102 = 36784,

v 1o popmysie (1.3):
Po V[T _1010336( [(275+28)

V, = =36784 1.
X D 2730102 g
AOCOIOTHYIO INIOTHOCTH BOIOPOAa paccuntaeM 1o ¢popmyite (1.6):
Moo _ 2 g0,
PH "7V, 224 T

OTHOCHUTENIBHYIO TUIOTHOCTH BOAOPO/Ia IO BO3AYXY paccuutaeM mo dpopmyiie (1.8):
6030 _ M(HZ) :i
(HZ) M(6030) 29

Maccy 00pa3oBaBIIerocsi B peakiiiy XJIOpH/Ia jKeie3a pacCuuTaeM 1o ypaB-
HEHUIO PEaKIIMK, COCTABUB MPOMOPIHUIO:

D = 007.



2700r Al obpa3syror mA|C|3

54r Al o6pasyror 267t AlCI3;

27001267
m = ——— —— =13350r.
AlCI, 5/ r

Maccosyio momo kene3a B AlCl; paccuntaem, UCX0/s8 COOTBETCTBEHHO U3
ATOMHBIX ¥ MOJIIPHBIX MacC aTOMOB M MOJICKY!I:

133,5r AICl; coctasnsaror 100 %

27r Al cocraBusror x %;
= 270100
1335

3anaua 2. Kakoii o0beM BO3ayxa HEOOXOMUM i cropanus 1 Mo BOJISTHOTO
rasza cienyroriero cocrtaBa: CO — 40 %,H, — 50 %,CO, —5 %, N, — 5 % (10 00b-
emy)? Haiinure maccy skBuBaienta yriepoaa (I1) u (IV) u sxBuBaneHTOB cOOT-
BETCTBYIOIIUX OKCHUJIOB.

Pemenne. I'azer CO, u Ny HE TOPSAT, TO3TOMY pacdeT HEOOXOIUMOTO 00he-
Ma BO3JIyXa OyJieM MPOBOJMTH 0 peakiusM ropenus H, u CO.

[Tpunsas 1 M BoasiHOro rasa 3a 100 %,naiineM 00BEMBI BXOISIIINX B HETO
ra3oB:

1M Bo3nyxa — 100 %

=2022%.

_ 1050 _ 3_
VHz — 50 %: VHz—K—O,SM =50011.
1M Bo3nyxa —100 %
1[40
Voo — 40 %: Vco= Toc - 0,4 m°=4005.

Hanumem ypaBHeHHs peakiiuii TopeHus Boaopoa u okcuaa yrirepoaa (11):
2H, + O, — 2H,0; 2CO + O, — 2C0..

W3 ypaBHeHMI peakluii BUJIHO, YTO Ha CropaHue 2-X MoJied Boaopona
(22,4 - 2 = 44,81) pacxoayercs 1 moab kuciopoaa (22,41), u Ha cropanue 2-X
moueii okcuaa yriaepoaa (1) pacxoayercs Taxxke 1 monb kuciaoponaa. CocraBuM
MPOIIOPIIUH:

4481 H, — 22,41 O,

5000224
5001 H, — \, 1 Oy Vi (02) ==———""=2501=0,25Mm".
’ 448
448nH, — 22,410,
400[22,4
4001H, — \j1 Oy Vy (02) =————-=200x1=0,20m°,

V02:Vx+vy: @5+ = UL



YuuteiBas, uto B Bo3ayxe comepxkurcs 20,9 %mno o0bemy Kucioposa, Haii-
JIeM HeoOXOXMMbIil 0GbeM BO3IyXa Ul cropanus 1 M> BOISHOTO rasa JaHHOTO CO-
cTaBa:
0,45M° — 20,9 %

045100 . .
Vo030 M3 — 100 %,; V6036_W_2’2M .

MogsipHbIe MacChl 3KBHBAJIEHTA yrJIepoja ¥ €ro OKCHIOB HaX0IuM 1o ¢op-
myaam (1.10)m (1.11):

M (C+2) ZTC =1—22 =6 r1/MOb,

M 3(C+4) =% =Z =3r/mob;

M ,(CO) = MZCO = (12;16) =14r/momb;
M5(CO,) = Mioz = (12;32) =11r/mob.

3apaua 3. Kakoe naBieHue OyjaeT B ammaparte, Ie OCYMIECTBIACTCS O0XKUT
5 T u3BectHsIKa, comepxkamero 80% kapbonara kaneiua? O0beM anmapara paBeH
100Mm°, a Temmeparypa o6xura — 900°C.

Pemenne. [Iponiecc TepMUUECKOTO Pa3siokKEHUsI KapOOHATa KaJIbIUSI BbIpa-
XKAETCS ypaBHECHUEM

cacq m. CcaO + CO,

Maccy conepskamierocsi B U3BECTHIKE KapOOHATa KaJbIMsl PACCUUTAEM II0
TIPOTIOPIIVIH

5000xr u3BectHsika — 100 %

500080
— /- = =
mCaCQ% KT 80 %: Mcaco, 10 4000xr.

W3 ypaBHeHHS peaknuu cienyet, uro u3 1 momst CaCQ; obpasyercs 1 momb

CO, (1 mop CaCQ; = 100T, 1 moas CO, = 44 1), Maccy 00pa30BaBIICTOCS MPH

Pa3lloKCHUH M3BECTHSKA T'a3a paCCYNTAEM IO MPOIOPIINH:
100kr CaCQ;—44xr CO,
4000044

4000kr CaCQO;— mkr CO;; Nt 100

[TpumenuB ypaBHeHue MenneneeBa — Kianetipona (1.4), paccunraem JaB-
nenue COy:

=1760xkr.

Oco, = m [RIT

COR Y

rie Mco, B 1, Temneparypa (7) B K, monspnas macca M co, B r/mMoib, 00beM (V)
JIx

MoibK

B M°, Ta30Bas noctosuHas R= 8,31 , pC02 B Ila:
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Peo. = 1760000 [ 831 [ 117% _ 38990518 Ila = 3899 «lla.

2 44 [J 100

3anaua 4. Beraucaute MOJSIPHYIO H MOJIIPHYIO MacCy SKBHBAJICHTA TPEXBa-
JICHTHOI'O METajlia, eciid 5,4 ero BBITCCHSAIOT U3 KuciaoTel 7,061 Bogopoaa, us-
mepeHnHbIx npu 25 °C u napnenuu 105kI1a.

Pemenne. 3anumem ypaBHeHHe peakiuu B3aumoaericteus Me (lll) ¢ ku-
CJIOTOM:

2Me + 6HCI| — 2MeCk + 3H..

W3 ypaBHEHUS peakIuu CIEAyeT, YTO 2 MOJS MeTalllla BBITECHSIOT M3 KU-
CJ0THI 3 MOJISl BoJiopoa, T.e. 3 - 22,4 = 67,2, U3MEepeHHBIX IIPU HOPMAJIbHBIX YC-
joBusx. [IpuBeneM 3TOT 00bEM K 3aJIaHHBIM YCIIOBHUSM, BOCITOJIB30BaBIINCH (HOp-
myioit (1.3):

_TlpolVo _ 2981101067.2 _ 5 ¢
py 105[273

[To ycnoButo 3aauu BoAopoaa BeiaenmiIock B 10 pa3 MeHbIIe, 9TO COOTBETCTBYET
He 3,a 0,3mous, 3HaunT, 1 MeTawia osut0 He 2, a 0,2Mmoms. [To mpomopiuu Haxo-

Vv

M Mye:
0,2moms —5,4r
1 mome — My, M \e= % = 27 r/moib.
DKBUBAJICHTHYIO MacCcy MeTalia onpeaessem mo ¢popmyie (1.11):
M
M, 2% 2%7 = 9 r/moJ1b.

Orot Metasut — amromuauii (Al).

3amayvu 1JI CAaMOCTOATEIBHOT0 pPellieHUus

1. PaccuuTaiiTe M3MEpEHHBIN MPH HOPMAIBHBIX YCIOBUSX O0BEM YTIJICKH-

CJIOT0 raza, HeoOXOJIMMOTro JIJIs pacTBOpeHus 4 T kapOoHaTa KabIUs 10 PEAKIIUH;
CaCQO; + H,O + CO, —» Ca(HCQ),.

Omnpenenute maccy obpasosasiierocss Ca(HCGQO;),, maccy 1 Moast U ofHOM
moekyibl CO,.

2. Kakoii 00beM KUCIopo1a, H3MEPEHHOTO MIPU HOPMAIBHBIX YCIOBHSIX, Oy-
JeT HM3pacxoJioBaH IpU cropanum 1 M> BOJISHOrO rasa CJIEITYIONIETO COCTaBa:
H, —29 %,CO -44 %,N, —4 %,CO, —3 %,H,0 —20 %?

Hamumuite ypaBHEHUST peakuii TOPEHUS U YKAKHUTE MOJISIPHBIE MACChI K-
BUBAJICHTOB MTPOIYKTOB PEAKIIUH.

3. Onpenenure Maccy OJHOTO MOJIS M OJHOW MOJICKYJIbI Tra3a, €CJIM U3BECT-
HO, uTo 19,02r ero 3anumaroT o0beM MpH HOPMAIBHBIX yCIOBUAX 6 . Halinure
IJIOTHOCTB 3TOTO ra3a Mo BO3AYyXY.

4. B cyXOM KOJIOITHMKOBOM Ta3e COJEpX UTci 1o oowremy mo 32 % CO,
10 — 18% CO,, 1o 0,5 % CH,, 2 % H,, 55 — 59 %N,. Kakoit o6beM kuciaopoaa
TpeOyeTcs i cxuranus 1 M 3TOrO raza? Ykaxute MOJISIPHBIC MacChl SKBHBa-
nenta yriaepona B ero okcugax CO, CO,u metane CH,.
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5. Kakoit 00beM Bo3ayxa pacxogyercs mpu noiaHoM cropanuu 10 i1 meTana
(CH,)? Kakoii 00beM yrieKucioro rasa mpu 3ToM odpasyercsa? Pacdyer mpousse-
aure npu 25 °C u gaBnenuu 1 atM, cumras, uTo B Bo3ayxe coaepxurcsa 20,9 % (1o
00BeMy) KHCIIOpO/Ia.

6. CKOJTbKO KyOMUYECKUX METPOB KHCIIOPOJIa PACXOyeTCs TP CKUTAHHUH Ta-
30BOi1 cMmecH, coaepxkaiieir 75 Y%merana (CHy), 15 %osrana (CoHg) u 5 % Bomo-
pozaa (H,) (mo o6bemy)?

7. Ilpu moaHOM B3auMOAEHCTBUH 5,5r okcuaa Kanblus ¢ okcuaom cepbl (V)
obpasyercs cynbdaT Kanbplius. HamummTe ypaBHeHHE pEaKIu U PACCUUTANTE:

a) U3MEPEHHBIA MPU HOPMAIBHBIX YCIOBHSIX 00beM SO, BCTYNHUBIIETO B
peaKIuio;

0) Maccy oOpa3oBaBIIerocs Cyib(aTa KaJIbIUs,

B) MOJISIPHBIE MacChl SKBUBAJICHTOB BCEX YYAaCTHHKOB MPOIECCa, MACCOBYIO
JIOJTIO KAJIBITUST B OKCHJIC KaJIbITHS.

8. HanmmnTte ypaBHEHHE peakIMu pacTBOpeHUs: 13 T MMHKA B COJITHOHN KH-
ciote u onpeaenure maccy HCI, kotopas motpebyercs mist pactBopenus Zn; 00b-
€M BOJIOpO/ia, U3MEPEHHBIN MPU HOPMAJIBHBIX YCIIOBHUSAX, KOTOPHIH TP 3TOM BBI-
JICITUTCSI; MACCy OJTHOTO MOJISl M OJTHOM MoJieKyJibl ZNCh.

9. Oguna u3 coptoB cTekiaa mmeer cocraB. SIO, — 75 %, CaO — 9 %,
NaO — 16 %.CkoabKko MOJIeH OKCHJIa HAaTpUsl U OKCHJIa KPEMHHS B dTOM COPTE
cTeksia mpuxoAauTcs Ha oauH Mok CaO? Hanmumute dhopMmyiny cTeksia U ompese-
JIUTE TIPOIEHTHOE COJIEP’)KAHNE B HEM HATPHSI.

10. INpu npokanuBanuu 30 r m3BectHska (CaCQy) monydeno 16 r okcuua
Kanpius. Hanummure ypaBHeHUE peaknuu TepMudeckoro pasnoxkenus CaCQ;, om-
penenuTe MacCOBYIO JOJIO KabIUs B U3BECTHsKE. PaccunTaiite 00beM BBIICIIHB-
IIeTO YIJIEKUCIIOTO Ta3a MpH HOPMAIBHBIX YCJIOBHSX, a TakKe MPH TEMIIepaType
25°C u nasnenun 1,410 Ia.

11. BaxxHeHIIMMHA COSIMHEHUSMHU TMOPTIAHJCKOTO IEMEHTA SIBIISIOTCS CH-
aukarel kaneius coctasa: CaO — 73,7 %,SQ — 26,3 % u CaO- 65,1 %, SiO, —
34,9 %.PaccuuTaiiTe, CKOJIBKO MOJICH OKCH/Ia KBNS TPUXOAUTCS HA OJTMH MOJTh
OKCHJIa KPEMHHUS B KKJIOM U3 3THX COCAMHEHUH, MOJIIPHBIC MacChl SKBUBAJICHTOB
KaJIbIUsl, KDEMHHUS U UX OKCHIOB.

12. T'maBHBIM BENIECTBOM TJIMHO3EMHUCTOTO IIEMEHTA SBISETCS MOHO-
kanbiueBsiid amromMuHaT — CaO/AlLO3, mosrydaeMblii 110 ypaBHEHHIO:

CaO + ALO; — CaOAlLOs.

PaccuunraiiTe, CKOJBKO TOHH MOHOKAJIBIIMEBOTO ATIOMHHATA MOYKHO TIOJY-
quth U3 112 T u3Bectu (CaO) u 110 T rmuHo3ema (Al,O3). Ykaxkute, kakoi u3
NPOAYKTOB B ATOW pEaKIMU OKaKETCs B M30bITKe. OmpenennTe MacCoBYHO JOJIO
ATFOMHHHSI B MOHOKQJIBIIHEBOM aJTFOMHUHATE.

13. PaccunraiiTe, CKOJBKO KHUJIOTPAMMOB JIOJDKHO TMOJIYYHUTHCS HETAIICHON
usBect (CaO), KyOHUECKHX METPOB YIIIEKKCIIOTO ras3a, u3Mepennoro mpu 50°C u
nasinennn 1atM, npu pasnoxkennn 1001 uzBectrsaka (CaCO3)?

14. JIna monydeHus: U3BECTKOBOTO TecTa OOBIYHO Oepercs 2,5 1 Boabl Ha
Ka)/Iblii Kustorpamm HeranieHo# ussect (CaO). Bo ckoibko pa3 3TO MpeEBbINIACT
Maccy BOJIbI, KOTOpasi COOTBeTCTBYeT ypaBHeHHI0 peakiun (CaO + HO— Ca(OH))?
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PaccunTaiiTe MPOICHTHBIN COCTAaB IMOJIy9aeMOT'0 M3BECTKOBOrO TecTa (MacCOBYIO
nomo Ca(OH), u H,0O) u monsipabie Maccsl skBuBaienToB rameHoi (Ca(OH),) u
HETaIleHOW W3BECTH.

15. [Ipu o4mCTKE CTOYHBIX BOJA OT OPTaHUYECKUX MPUMECE METOI0M Opo-
KEHUS BBIICIISETCS TOPIOYUH Tra3, UMEIOIINH OTHOCHUTEIBHYIO TUIOTHOCTh IO KH-
ciopoxay 0,5.Uro 3o 3a raz? Onpeaenure ero MOJSIpPHYIO Maccy, MOJISIPHYIO Mac-
Cy €ro KBHBAJICHTa H MacCOBYIO JIOJII0 B HEM YyTJIepo/ia.

16. Ipu 17 °C u pasrennu 1,04010° ITa macca rasa pasxa 1,56107 kr, a
3aHEMaeMsIil nM 06seM — 0,62410°° M. Onpeenure MoseKy spHYIO Maccy rasa,
ero abCOJIFOTHYIO M OTHOCHTEIBHYIO IIJIOTHOCTH 11O BO3AYXY.

17. Kakyto mMaccy mpupoaHOTO AojiomuTa, coaepxaiero /0 % ocHOBHOTO
BeniectBa (CaCQO;MgCQO;), Hy)KHO B35Th, 4TOOBI TIOJIYYUTh MPU €r0 MPOKAINBA-
aun 291073 M3 yriekucioro raza npu 20°C u naBieHun 1,04010° [1a?

18.TIpu nerictum Ha 5,11 u3BectHsKa (CaCO3) H30BITKA COJTHOM KHCIIOTHI
BeIieochk 1,121 CO,, mpuBeIeHHOTO K HOPMAIBHBIM YCIOBHUSAM. CKOIBKO TPO-
IIEHTOB KapOOHATa KAIBIHSI COJEPIKUTCS B TAHHOM HU3BECTHSKE?

19. Beruncnure MOJSIPHYIO M SKBHUBAJECHTHYIO MAacCy JBYXBaJIEHTHOTO Me-
Taja, ecid 2,2 T ero BeITecHSIOT M3 kucioTthkl 0,81 1 Bogopoxa mpu 22 °C u
102,9«I1a. HazoBute MeTam.

20. [Ipy cxuraHuy 3 KT KAMEHHOTO YIS TTONyYHiI 5,3 M° YIUIeKHCIOro ra-
3a, MPUBEJICHHOTO K HOPMaJbHBIM ycIoBUSAM. KakoBa MaccoBasi oJis yriepojaa B
JTaHHOM oOpas3ile KaMeHHOTo yTrisi? PaccunTaiiTe MOJSIPHYIO MacCy 3KBHUBAJICHTOB
yrIepo/a U yIIeKUCIIOTo Tasa.

1.2.0CHOBHBIE KJACCHI HEOPTAHUYECKUX COEJJUHEHU

Conepmanne mMarepuaJja 1jda CaMOCTOATEC/IbHOI0 U3YyUCHUSA

OCHOBHBIE KJIaCChl HEOPraHMYECKUX coelauHeHHi. OKcHUabl cosieodpasyro-
1€ U HecoJeoOpa3yrollre; OCHOBHbIE, KUCIOTHbBIE, aM(pOTEPHBIE; UX MOJyYEHUE
U CBOMCTBa. I'mapokcuabl, ciocoObl WX MoJydyeHHus U cBoictBa. Conu cpenHue,
KHCJIbIE U OCHOBHBIE; CIIOCOOBI MTOTYYEHUS U CBOMCTBA.

JInteparypa: [2 —ru. |, § 15].

OcHoBHbBIE TCOPETUHIECCKHUEC MMOJOKCHUA

Heopranuyeckue BeliecTBa MO COCTaBYy JENAT Ha IMPOCThIE M CIOKHBIE.
[IpocTeie BemiecTBa COCTOSAT U3 AaTOMOB OJJHOTO XUMHUUYECKOTO 3JIEMEHTa U MoJIpa3-
JEJISI0TCS Ha METaJUlbl, HEMeTaJlIbl, OJlaropojiabie ra3bl. ClIoKHBIE BEIIECTBa CO-
CTOSIT U3 AaTOMOB Pa3HBIX JIEMEHTOB, XUMUYECKH CBSA3AHHBIX JIPYT C IPYTOM.

CnoxHble KHCIOPOACOepKAIIUE HEOPraHUYECKHE BEIlleCTBA MO COCTaBY U
CBOMCTBaM 00pa3yloT TPH KJiacca COCAMHEHUMN: OKCUIbI, TUIAPOKCUIbI, COTIH.

Okcudbl — 3TO COEAUHEHHUSI, COCTOSIIME U3 JIBYX JIEMEHTOB, OJJUH U3 KOTO-
PBIX KHCIOPOJ, UMCIOIIUI B OKCHJAX BaJCHTHOCTH |l M cTeneHb OKHCIICHHS —2.
O6mas popmyna okcunos: 3,0,, Tie y —YHCIO aTOMOB dJIEMEHTa J, a X — YUCIIO
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aToMoB Kkuciopoaa. OKcHabl, B CBOIO OYepellb, KIacCUPUIMPYIOT Ha cojeodpa-
sytomue u Hecoseoopasyiomue (SiO, CO, N,O, NO). Coneobpasyroinye OKCH/IbI
JIEJISITCS. HA OCHOBHBIE, KUCIIOTHBIE M aM(pOTEpHBIE.

OcHosHble oxcuObl 00pa3ylOT MeETaulbl B HHU3KOM CTENEeHH OKUCIEHUS
(+1, +2),xpome ZnO, SNOu BeO, KoTOphIEC ABIAIOTCS aM(POTESPHBIMH OKCHIAMHU.
OCHOBHBIE OKCHJBI B3aMMOJICUCTBYIOT C KHUCJIOTAaMU M KHUCJIOTHBIMH OKCHJIAMHU.
WM COOTBETCTBYIOT OCHOBAHHS.

Kucnomusie oxcuovt 00pa3yloT HEMETAIIbl, a TaK)Ke METAUTBI B BBICIICH
crenieHn okucienus (+5, +6, +7).Ilpucoeaunss mpsMo WM KOCBEHHO BOAY, OHU
00pa3zyroT kuciaoTy. C BOJIOM B3aMMOJIEUCTBYIOT BOJAOPACTBOPUMBIE OKCUbI. Ku-
CJIIOTHBIE OKCHJBI MOTYT B3aMMOJICMCTBOBATh C OCHOBHBIMH OKCHJAMU M OCHOBA-
HUSIMH, TO €CTh B PEAKITUIO BCTYIAIOT 8euyecmad npomusonoi0H*CHOU NPUpoobL.

Amghomepnvie oxcudbr 0Opa3ylOT METaUTBl B MPOMEKYTOYHOU CTEIICHH
okucienus (+3, +4)— sto Al,Os, F&0s, Cr,Os u ap., B CTeNeHH OKHCIECHUs +2
— 910 ZNO, SNOu BeO. AMboTepHbIE OKCHJIBI MPOSBIISIOT CBOMCTBAa KaK OCHOB-
HBbIC, TaK U KACIOTHBIC. COOTBETCTBYIOIINE MM THAPOKCHUIBI MOXKHO 3aIllicaTh B
dbopMe U KUCIIOT, U OCHOBAHHA.

T'uopoxcuodvl — IPOTYKTHI IPSIMOTO WITM KOCBEHHOTO B3aMMOJICUCTBUS OKCH-
JIOB C BOJOW. B 3aBUCHMOCTH OT CBOWCTB OKCHJIOB THIPOKCHABI MOTYT OBITH OC-
HOBHbIMU — OCHOBAHUS, KUCTOMHbIMU — KUCIOTHI, ampomepHvimu. OcHoganus —
ATO CIIO’KHBIE BEIECTBA, MOJIEKYJIBI KOTOPBIX COCTOSIT U3 aTOMOB METaJlIa U OJTHOU
WM HeCKOoNbKuX rpynn OH ; obmas ¢opmyna — Me(OH),. Kuciomsi — CI0XKHBIE
BEIIECTBA, COAEPIKAIINE aTOMbI BOJOPOAA, KOTOPhIE MOTYT 3aMelIaThCsd aTOMaMu
MeTajlia, U KUCIOTHBIN OCTAaTOK; o01as popMyiia KUCIOPOI0COAECPKAIINX KUCTOT
— H,20,. Amgpomepnvie eudpoxcudsbi MOTYT IPOSIBIIATh CBOMCTBA KHUCIIOT WM OC-
HoBaHuii. Hanpumep, dopmyiny ruapokcuaa HMUHKa MOxHO 3amucath ZN(OH),
MoIYepKUBasi OCHOBHOM €ro xapaktep, uin H>ZnO, — KUCIOTHBIMN.

Conu — 3TO CIIOKHBIE BEIIECTBA, KOTOPBIE SIBISIOTCS MPOAYKTaAMHU 3aMellie-
HUS aTOMOB BOJIOPOJIa B KUCJIOTAaX aTOMaMH METaJlJIa WJIH MPOAYKTaMH 3aMeIIEeHUS
TUAPOKCHIIBHBIX TPYII B MOJIEKYJIaX OCHOBAaHWHA KHUCIOTHBIMH ocTtatkamu. Conm
OBIBAIOT CpeHNE, KUCITBIE U OCHOBHBIE.

Cpeonss cov — MPOAYKT TOJTHOTO 3aMENIEHUsT aTOMOB BOJIOPOa B MOJIEKY-
ae kucioTel atomamu Metawia (H,SQ, — NaSQ,) ninu mpoaykT mojHOro 3ame-
MICHUS THAPOKCUIBLHBIX TPYIIT B MOJIEKYJIaX OCHOBAHWMA KUCIOTHBIMU OCTaTKaMU
(Fe(OH) — Fe(NQ)y).

Kucnvie conu (ruapocosin) — 3TO MPOTYKThl HEMTOJHOTO 3aMEIICHUSI aTOMOB
BOZIOPOJIa B MOJIEKYJIaX MHOTOOCHOBHBIX KHCJIOT aToMamu MeTaia. Hampuwmep,
H3PO, — NaH,PO; — NaHPO,.

Ocnosnvie coau (TMAPOKCOCONHM) — 3TO MPOAYKTHI HEMOJHOTO 3aMEIICHHUS
TUAPOKCOTPYNIT B MHOTOKHCIOTHBIX OCHOBAaHUSX KHCJIOTHBIMH OCTaTKaMH.
Hanpumep, Mg(OH), — MgOHCI, Fe(OH) — Fe(OHLNO; —» FeOH(NQ)..

CornacHo npuHyuny KuclomHO-OCHOBHO2O 63AUMOOCUCMBUsT XUMUYECKas
peakius BO3MOKHA B TOM CIIy4ae, €CIU OJIHO BEUIECTBO MPOSBIISAET KUCIOTHBIC
CBOMCTBA, a Ipyroe — OCHOBHbIE. B pe3ynbTare peakiiuu Bceraa 0opasyemcs cob.
dopMyIibl cojiell 3aUCHIBAIOTCS B COOTBETCTBHM C BaJEHTHOCTBIO KUCJIOTHBIX U
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OCHOBHBIX OCTAaTKOB. HpI/I 9TOM HCO6XOI[I/IMO IIOMHHUTBH, 4YTO HX CYMMAapHLBIC
BaJICHTHOCTH HOJIKHBI OBITH PaBHBI.

Hanpumep: CaCh, NaSQ, Al, (SQ)s.

HasBanue cpenneit comu dhopmMupyercs OT Ha3BaHHUS KUCIOTHOTO OCTaTKa U
MeTallja, CTOSIIEro Ha mepBoM Mecte B coenunenun. Hanpumep: CaCl, — xiopun
kanbiust, NaoSQ, — cynbdar Hatpus.

Ha3Banusi kuciolt 1 OCHOBHOU coiiel opMupyeTcs aHaJIOTMYHO, OJHAKO
HAYMHAIOT 3aMHCh C MPUCTABKU 2UOpO- WIHA 2UOPOKCO- COOTBETCTBEHHO, KOTOPHIC
YKa3bIBAIOT Ha HEMOJHOE 3aMEIICHWE aTOMOB BOJOpOJa B MOJIEKyJaX MHOTO-
OCHOBHBIX KHCJIOT aTOMaMH{ MeTaJljla WM HEMOJHOE 3aMENICHUE THIPOKCOTPYII B
MHOT'OKHCIIOTHBIX OCHOBAaHMSIX KHUCIOTHBIMH octatkamu. Hampumep: NaoHPO, —
euopoocdar marpus, NaH,PO, — nueuopodocdar narpus, CUOHNQ — cuodpo-
kcountpat meau (I1).

XapakTep B3aUMOJICHCTBUS U TEHETHYECKas CBSI3b MEXIY OCHOBHBIMH KJIac-
CaMHM KHCJIOPOJACOJEpPIKAIUX HEOPTraHUYECKUX COCIUHEHHUIN MpeICcTaBICHBl Ha
puc. 1.1.

QJICMCHT

KHCJIOPOJ

HeCcoJIeoOpa3yIoNIe OKCUIBI
A

OKCH/IbI

A 4

C0JIEOOpa3yIONIEe OKCUIBI

//V 7 ;

OCHOBHBIC OKCHUABI |7 aMd)OTe‘pHBIG OKCHUABI[ ] KHCJIOTHBIC OKCHJbI

7 N
4 N
p N
/ . v . x

s

OCHOBAHHUI [“<7| aM(OTEPHBIEC TUIAPOKCUIBI [ ->*-| KUCIOTHI
= COJIH -
<_/ " }
OCHOBHBIC CpEeaAHNC KHCJIIBIC

Puc.1.1.I'eneTnueckas CBs3b MEX1Y OCHOBHBIMU
KJIACCAMHU KHCJIOPOJCOAECPKAIINX HEOPTraHUYECKUX COETUHEHUM

PemmeHue TUNOBBLIX 32424

3agaua 1.Kakue n3 nmepeuncacHHBIX HIDKE BEIIECTB SIBIIIOTCS OKCHIAMHU:
H>COs, BeQ K0, 0,, Mg(NG;),? Vkaxure ux cBoiicTBa (OCHOBHBIE, KHUCIIOT-
Hble, amboTrepHble). Hanumure ypaBHEHHs peakiyii, JOKa3bIBAIOLINX XapaKTep
OKCHJIOB.
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Pemenue. B Hamem npuMepe KHCIOTHBIM OKCHIIOM SIBIsieTCst okcup SO,.
[Ipu B3auMOJEHCTBHM C BOJIOM OH 00pa3yeT cepHUCTYIO Kuciaoty H,S03, ¢ ocHO-
BaHUSIMU U OCHOBHBIMH OKCUIAMHU — €€ COJIH !

wz + HzO — szg;
wz + 2LIOH — Li2803 + H,0,
wz + |\kl20 — Na2803.

Oxcun KO mposiBiIsieT OCHOBHBIE CBOMCTBA, pacTBOPSiETCs B BoJie C o0Opa-
30BaHHEM OCHOBaHHUA. B3anMOJENCTBYET C KUCIOTAMHU U KUCIOTHBIMU OKCHJAMU C
00pa3oBaHMEM COJIEN B COOTBETCTBHUHU CO CIEAYIOIIUMHU PEAKIHSIMU:

KO + H,O0 — 2KOH;
KO + 2HCl — 2KCl + H,0;
KzO + COZ — K2C03.

BeO — amdorepHbIii OKCHII, HEPACTBOPHMBIH B Bojae. EMy COOTBETCTByET
TUPOKCHUI, IPOSIBIISIFOIIUEN KUCIIOTHBIE cBolicTBa (H,Be0, —kucmora) u 0OCHOBHBIC
coiictBa (Be(OH), — ocHoBanue). AMMOTEpHbIC OKCHIBI B3aUMOJACHCTBYIOT C KH-
CJIOTAMH U IIEJI0YaMH, a TaKkKe ¢ KUCIOTHBIMUA U OCHOBHBIMH OKCHJIaMH C 00pa3o-
BAHUEM COJIEH:

BeO + 2HCl — ijlz + H50,
BeO + CO, — BeCOxs;

BeO + 2NaOH — Na-,BeO, + H-,0,;
BeO + KO — K;BeQ.

3apaua 2. CocTaBbTe YpaBHEHHS PEAKIIUN MMOTYyUEHHUS BCEX BO3ZMOXKHBIX CO-
Jed mpu B3aUMOJICUCTBUU THAPOKCUAA Oapus U CepHHUCTON KuciaoThl. HazoBure
MOJTyYEHHBIE COJIU.

Pemenne.

Ba(OH), + H,SO; — 2H,0 + BaS0; — cyabdut dapus.

HpI/I HCOOCTAaTOYHOM JJIA O6p&30BaHI/IH CpGI[HGﬁ COJIM KOJIMYCCTBC OCHOBA-
HUSI IIOJTYy4YaCTCA KHCIas COJIb.

Ba(OH), + 2 H,SO;— 2H,0 + Ba(HS03), — ruapocynbpur dapus.

Jlns mpeBpalieHnsl KUCIIOH COM B CPEIHIO HEOOXOAMMO J00aBUThH OCHO-
BaHUC.

Ba.(HCO3)2 + Ba(OH)2 — 2BaC0O5; + 2H-0.

HpH HECOAOCTATOYHOM JIs1 O6pa30BaHI/ISI CpeI[Hef/'I COJIN KOJIMYECTBE KHUCJIOTHI
IMOJIy4acTCsa OCHOBHAA COJIb.

2Ba(OH), + H,SO3;—2H,0 + (BaOH),SO3;— runpokcocyibdut dapus.

Heo0xonumMo MOMHUTE, YTO MPABUIBHOCTh COCTABICHHUS XUMUYECKOU (op-
MYJIBI IPOBEPSICTCS MO0 PABEHCTBY BAJICHTHOCTH (CTEIICHW OKHUCJICHHS) OCHOBHOTO
Y KHCIIOTHOTO OCTaTKOB. BaJ€HTHOCTh OCHOBHOTO OCTAaTKa OMPEAENSETCS YUCIOM
3aMeWeHHbIX 2UOPOKCOSPYNN B MOJIEKYJIE OCHOBAHUSI HAa KUCJIOTHBIA OCTaTOK; Ba-
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JICHTHOCTh (CTEIICHb OKHCIIEHHS) KHUCJIOTHOTO OCTAaTKA — YUCAOM 3AMEUJeHHBIX
amomos BOAOPO/ia B MOJIEKYJI€ KUCIOThI HA OCHOBHOM OCTaTOK.

3apaua 3. [IpuBeauTe ypaBHEHHE PEaKIMU MOTYUYEHUS TUAPOKCHIA AJIFOMU-
Husi. Onpenenure ero cBoiicTa (mpupoay). Hamummte ypaBHeHUs peakiuid, T0Ka-
3BIBAIOIINE HX.

Pemenne. ['mapokcua adtOMUHUST HEJb3S MOJYYUTH HEMOCPEICTBEHHBIM
B3aMMOJICUCTBHEM OKCHUJA JIOMUHUS C BOJOM, T.K. OKCHUJl HE PACTBOPUM B BOJIE,
MOATOMY €0 MOKHO MOJYYUTh CIACAYIOIIUM MTyTEM:

AI(NO); + 3NaOH— Al(OH)s+ 3NaNO,.

IM'uapokcua amoMuHusA 001agaeT aM(pOTEPHBIMU CBOMCTBAMHU, T.€. JBOMCT-
BEHHOUW MPUPOJOH, CIEIOBATEIBLHO, MOKET B3aUMOJCUCTBOBATh KaK C KUCIOTHBI-
MH, TaK U C OCHOBHBIMM OKCHJIAMU, THAPOKCUIAMM.

Peaknuu, moarBepkaaronye KUCIOTHBIE CBOMCTBA THAPOKCHIA!

Al(OH)3 (HAIO,) + KOH — KAIO, + 2H,0:
2A|(0H)3 (HAIOz) + BaO — Ba(A|02)2 + 3H20
PeaKHI/II/I, IMOATBCPKAAOIINEC OCHOBHBIC CBOMCTBA TIAPOKCHIA.

2A|(0H)3 + 3H2C03 - Alz(C03)3+ 6H20,
2A|(0H)3 + 3503—) Alz(SQ)3+ 6H20

3agayvu 1JI CAMOCTOATENBHOT0 pellieHUus

21. Hamummre ypaBHeHus peakmnmii oOpasoBanus LisPO, B pesynbraTe
B3aMMO/ICHCTBUS:

a) OCHOBHOI'O U KHCJIOTHOT'O OKCHJIOB;

0) OCHOBaHUS ¥ KUCJIIOTHOTO OKCH/IA;

B) OCHOBHOT'O OKCH/Ia U KHCJIOTHI,

I') OCHOBAHUS U KHCIIOTHI.

JlaiiTe Ha3BaHKME UCXOHBIM BEIIECTBAM M MPOJIYKTaM PEaKIIHH.

22.C KakuMH W3 MEPEYUCIICHHBIX HIDKE BEIISCTB OYJET pearupoBaTh COJIS-
Has kuciora: MgO, Be(OH),, H,SO;, K,CO3? CocTtaBbTe ypaBHEHHUS pPEaKIIH.
JlaliTe Ha3BaHKME UCXOHBIM BEIIECTBAM U MPOYKTAM PEaKIIHH.

23. Kakue u3 yka3aHHBIX BEIICCTB OYJIyT pearupoBaTh ¢ THAPOKCHIOM Ka-
ust: H,COs, CaO, SI0,, CuSQy, Fe(OH)3? Hanuiute ypaBHEHHS PeakIyii.

24. Hamwmmure ypaBHEHUs peaKIUil, CBHUICTEIBCTBYIOIIMX 00 OCHOBHBIX
ceoiictBax NiO, kucnoTHbIX cBoiicTBax SQ, amdorepHbIX cBokicTBax ZNO.

25. CocTtaBbTe ypaBHEHHS PEAKIUN TONYUYCHHS CPEIHEH U KUCIOW COM W3
TUAPOKCUIA Oapus M KPEeMHUEBOW KHCIIOTHI, IPEBPAICHUS KHUCIOH COJU B Cpe-
HI0K0. HazoBure comnu.

26.KakuM u3 clieyronmx OKCHI0B COOTBETCTBYIOT kucinotel: MgO, Mn,Oy,
CO, P,Os, N;,O, SQ, Na,0O? Hanumimute ¢hopMysl ¥ Ha3BaHUE ITHX KHUCIIOT.

27.CocTaBbTe ypaBHEHUS PEAKIMK MOJYyUYCHHUS CpeIHEH U KUCIION COJIA MPH
B3aMMOJICCTBUH THIPOKCHUIA KAIBIUSA U YTOJIbHON KHCIOTHI. HazoBuTE com.

28. HanumuTe ypaBHEHUST peaKIMii, C MTOMOIIBIO KOTOPBIX MOYKHO OCYIIIe-
CTBUTH CJICAYIOIINE MPEBPAICHUS:
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Li - LIOH — LIHSO, — Li,SO, — LisPO,— LiCl.
JlaliTe Ha3BaHUS COJISIM.

29. IMoxrBepanute amdoTrepHbIi Xxapaktep ruapokcuaa skenesa (1) peak-
IIUSIMH XUMHUYECKOTO B3aMMOJICUCTBUS C PACTBOPAMH COJISHON KHUCIOTHI M THIPO-
KCHa KaJlus.

30. CoctaBbTe ypaBHCHHUS PEaKIMi TOJYUYCHHS OKCHIA MAarHus JBYMS I1y-
TSAMHU.

a) peakIieil pas3ioKeHus KapOOHaTa MarHus;

0) peakiueil OKHCIICHUs MeTalia.

31. Hammmmure ypaBHeHus peakunwii oOpasoBanus PbCO; B pesymbraTe
B3aUMOJICHCTBHUS:

a) OCHOBHOI'O U KHCJIOTHOTO OKCHJIOB;

0) OCHOBaHUS U KUCIOTHOIO OKCHIA;

B) OCHOBHOTO OKCHJIa M KHCIIOTHI;

') OCHOBAHHUS U KHUCJIOTHI.

32. HanumuTe ypaBHEHHS pEaKIHMi MEXIy KHUCIOTaMH M OCHOBaHUSIMH,
NpUBOIAIIMX K oOpaszoBanuto cieayromux coneit: CaSQ, NaHCG, CaCQ,
FeCk. HazoBure comnu.

33. Kakwue u3 nepeuncienusix okcuaoB — CaO, SIiO,, SQ;, CuO, N,Os —
pearupyror ¢ Bojoi? Hanuimmre ypaBHEHUS peakiiiii 1 HA30BUTE BCE COCIUHCHUS.

34. CocTaBbTe ypaBHEHHS PEAKITUI TOTYICHUS XJIOPUIA MATHHUS:

a) IEeWCTBHEM KUCJIOTHI Ha METAILT,

0) neificTBHEM KHCIIOTHI HA OCHOBaHUE,

B) JICHCTBUEM KHMCIIOThI Ha OKCH/I.

35. CocraBbTe ypaBHECHHSI PEAKIUH MTOYICHHUS BCEX BO3MOXKHBIX COJICH TIpH
B3aMMO/ICCTBUH TUAPOKCHIA aMMOHUSI C CEPHOM KUCIIOTOM U HA30BUTE UX.

36. HanumuTe ypaBHEHHS pEaKIMi MEXIYy KHUCIOTaMH M OCHOBaHUSIMH,
OPHUBOAIIMX K oOpasoBanuio cieayrommx cojeit: Caz(POy), Mg(HCG;),, NaS

37. Hanmmure ypaBHEHUs peakKIMii, C MOMOIIBI KOTOPBIX MOYKHO OCYIIIE-
CTBUTD CJICAYIOIINE MPEBPAICHUS:

Ca — CaO — Ca(OH);— CaCO3z— Ca(HCO3), — CaCO3z — CaCl.,.

JlaliTe Ha3BaHUS COJISIM.

38. Kakue u3 yKka3aHHBIX BEIIECTB PEArHPYIOT C THAPOKCHUIIOM Kalus:
HNO;3;, Al(OH)3, CuO, CO,, CuSQ,? Hanummute ypaBHEHUST peakuid B3auMOIeH-
CTBHS.

39. Hammmure ypaBHEHUs peakIlfii, C MOMOIIBI KOTOPHIX MOKHO OCYIIIE-
CTBUTH CIEAYIONINE MPEBPAIICHUS:

N, — NH; — (NH,),SQ, — NH,Cl — NH; — NH,NO;.

JlaliTe Ha3BaHUS COJISIM.
40. Ykaxunre, K Kakomy THIy (OCHOBHOMY, KHCJIOTHOMY HIIH aM(pOTEpHO-
my) otHOcsaTcs okcuabl MgQO u SO;. OTBeT moATBEpANTE YPABHEHUSIMHU PEAKIIHIA.
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Pa3znen 2. CTPOEHUE BEHIECTBA

2.1.CTPOEHHME ATOMA. IEPUOJINUYECKAS CUCTEMA
QJIEMEHTOB .M. MEHJIEJIEEBA

Coaep:xaHue MaTepuaJia 1Jisl CAMOCTOATEILHOTO U3Y4YeHUsI

OcHOBHBIE CBEJIEHUS O CTPOCHUH aTOMa, JJIEKTPOHHOE 00JIaK0o, aTOMHAas Op-
outanb. KBaHTOBBIC UHCIIa: TJIABHOE, OpOUTAIBHOE, MAarHUTHOE, CIIMHOBOE, UX (hH-
3UYECKUNA CMBICT U CBS3b MEXAY HUMHU, THUIBI opOutaneid. [lopsinok 3anonHeHus
AIIEKTPOHHBIX YPOBHEW M OpOUTaiEH: MPUHIMIBI HEPTreTUYECKON BBITOJIHOCTH
(HaumenbIer sHepruu) u [laynm, npaBmwia XyHna u KiieukoBCKoro. DIeKTpOH-
HbIe (P OPMYJIBI U SHEPTETUUECKUE STUCHKHU.

[lepponnyeckuii  3aKOH W MEPUOJHMYECKAs  CHCTEMA  BJIEMEHTOB
JA.N. MenaeneeBa. CTpyKTypa NEPUOJIUYECKON CUCTEMBI U €€ CBSA3b C DJIEKTPOH-
HBIM CTPOEHHEM aToMOB. llepuoanyeckoe M3MEHEHUE CBOMCTB XMMUYECKHUX AJie-
MEHTOB. DHEpPrusi MOHU3ALNH, CPOJICTBO K DJIEKTPOHY, AJIEKTPOOTPULATEIBHOCTD.
3aBUCHUMOCTh OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOWCTB 3JIEMEHTOB OT HX IIO-
JI0’KEHUS B IEPUOINYECKON CUCTEME.

Jlureparypa: [1 —rn. 1, 88 1.1 —1.5]; [2 1. II, 88 17-19rm. llI, 88 20 — 35];
[3—rm.|,881.1-14].

OcHoBHbBIE TCOPETUHIECCKHUEC MMOJOKCHUA

ATOMBI SIBIISIFOTCSI METBYAMIINMHU YaCTUIIAMH AJIEMEHTOB, M3 KOTOPBIX IIO-
CTPOEHBI Bce XUMUYECKUE WHAUBH L OTCI0/Ia ISl XUMUU TTEPBOCTEIIEHHOE 3HAYE-
HUE UMEET BHYTPEHHEE CTPOCHHUE aTOMa, CTPYKTYypa €Tro 3JIEKTPOHHON 000JI0UKH.

Amom — cucTema, COCTOSIIAs U3 TIOJOKUTENBHO 3apsHKEHHOTO sIIpa U OTPH-
IATEHHO 3aPSHKEHHBIX JJIEKTPOHOB, MBIKYIIUXCS BOKPYT SApa. 3apsij sjapa U co-
OTBETCTBEHHO KOJIMYECTBO DJIEKTPOHOB aTOMa PAaBHO MOPSIKOBOMY HOMEpPY dJie-
MeHTa B nepuoanudeckoir cucreme /.M. MenneneeBa. CocTOosSIHME DJIEKTpOHA B
aTOMe ONMCHIBACTCS HAOOPOM YETHIPEX KBAaHTOBBIX umcen: riaaBHoro (N), opOu-
tanbHOTO (1), MarauTHOTO (M) M CIHOBOTO (IMY).

HaGop Tpex xBaHTOBBIX umcen (N, |, M) omuchIBaeT COCTOSTHUE 3JIEKTPOHA,
Ha3bIBaeMOe aTOMHOM opouTansio (AO).

I'nasnoe keanmogoe uucno N onpenenser sHepruto AO U HOMEp dHEpreTH-
4ECKOTO YPOBHS, HA KOTOPOM HaXOJUTCS AJIEKTPOH, OHO MOXET IPUHUMATH I1EJ10-
YHCIICHHBIC 3HAYSHUS OT CUHUIIBI O OECKOHEYHOCTH.

Opbumanvhoe ksanmosoe yucio | onpenensier Gopmy aTOMHON OpOUTAIN U
DHEPreTHYECKUN TIOypPOBEHB, OHO MPUHUMACT IeI0YHCIIeHHbIe 3HaueHus oT O 10
(n—1),Bcero n 3uauenuii. AO co 3naueHueM | = 0 0603HauaeTcs OYKBOM S U UMEET
dopmy chepsl. AO co 3HauenueM | = 1, 2, 30003HAYAFOTCS COOTBETCTBEHHO OYK-
Bamu P, d, fu umeror Gopmbel 00BEMHONH BOCBMEPKH, JIBYX CKPEUTUBAIONIUXCS
BOCBMEPOK M 00JIe€ CIOKHBIE.
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Maenumnoe keanmosoe wucao My ONPEAeAeT MPOCTPAHCTBEHHYIO OPHEHTA-
10 AO OTHOCHTENILHO BHEITHETO MArHUTHOTO I0JIsI, OHO MOXET MPUHUMATh 3Ha-
yenns ot - yepe3 0 go + |, Bcero (2| + 1) 3Hauenuii u onpenenser unciao AO or-
PEIETICHHOM SHEPTHH U POPMBI.

Cnunogoe keéanmosoe uucio Mg XapaKTepu3yeT COOCTBEHHBIA MeXaHHUYe-
CKUH MOMEHT JIBUKCHHUS JJIEKTPOHA BOKDPYr CBOCH OCH M NMPUHUMACT 3HAYCHHUS
+14 u Y2 nas xaxnoro 3HaueHus m.

[TocnenoBaTeIbHOCTh paclpe/iejCHUs DJIEKTPOHOB B aTOME BBIPAXKACTCSI
3JIEKTPOHHBIMU M 3JCKTPOHHO-TpaduIecKMMU (C TOMOIIbIO KBAHTOBBIX SYCEK)
dbopmynamu.

[Tpu 3anonaenun AO seKTpoHaMu JeicTByeT npunyun Ilaynu. B aToMe He
MOJKET OBITh JJaXKe JBYX JJIEKTPOHOB C OJJMHAKOBBIM HA0OPOM 3HAUCHHH YEThIpEX
KBaHTOBBIX uucen. Orcroma cienyer, yTto Kaxaas AO MOKET COOTBETCTBOBATH
MaKCHUMaJbHO JBYM 3JIEKTPOHAM, OTIUYAOIIMMCS 3HAYEHHEM CITHHOBOTO KBAHTO-

BOIO 4HMCIa, 3T0 Ms = +Y2 u My = —2. B snekrponHo-rpaduueckux (Gopmynax
5JIEKTPOH 00603Havaercs cTpenkoi 1 mmm |, AO Oymer BBIIANETH Kak

1] | nm T |, T.e.3aHATa MOJHOCTHIO UM YaCTUYHO.

3anoJIHEHNE SHEPreTUYECKUX MOAYPOBHEN MPOUCXOIUT MO npasuay XyHoa,
COTJIACHO KOTOPOMY AJIEKTPOHBI B OCHOBHOM COCTOSIHUM B aTOME PacroJiararoTcs
TaK, 4TOObl MOJYJIb CYMMbI CIIMHOBBIX YHCEN BCEX AJIEKTPOHOB MOAYPOBHS ObLI
MakcuMalibHbIM. Hanpumep:

p Y
NN Wit |7
HeBepHo (Y.Ms = 0) BepHo (O ms=1)

[TocmenoBaTeIbHOCTD 3aNOJHEHHUS BCEX SHEPreTHYECKHX YPOBHEH M TOY-
pOBHEH B aToMax BbIpaxaercsi npasuiom Kineukosckoeo, o KOTOPOMY MOPSIOK
3aroytHeHuss AO TIPOMCXOAMT 1O Bo3pacTaHuio cymmbl (N + 1), a ecim oHa oguHa-
KOBa, TO MEPBBIM 3aMOIHIETCS MOAYPOBEHb C MEHBIIIUM 3HAUYCHUEM N

1s— 2s— 2p— 3s— 3p — 4s— 3d — 4p — 55— 4d — 5p — 65— 5d'(La) —
— 4f (manTanonmsl) — 5d — 6p— 7s— 6d'(4c) — 5f (axtrHONMIBY) — 6d— Tp....

B 3aBucumocTu ot Toro, kakas AQO 3amnojHseTCs IocaeaHel, Bce DJIIEMEHTHI
JCNIATCS Ha YeThIpe DJIEKTPOHHBIX ceMercTBa: S, p, d, f.

Bce npuBenennbie npuHIUIG 3anoigHeHuss AO MOTYUHSIOTCS OAHOMY 00-
MIEMY APUHYURY SHepeemudeckol 6vleoOHocmu (MPUHINANY HAaWUMEHBIICH SHep-
TUN).

HUucno 3JIEeKTPOHOB, PACIIONOKEHHBIX HA TOCIEAHEM SHEPTETUYECKOM YPOB-
HE JUISI 3JIEMEHTOB TJIaBHBIX MOATPYIN W HA MOCIECIHEM SHEPIETUYECKOM YPOBHE
IJTFOC YUCIIO AJIEKTPOHOB HA HE3ABEPIICHHOM IMOAYPOBHE MPEABIAYIIETO YPOBHSA
JUISL DJIEMEHTOB MOOOYHBIX MOJTPYIIN, COBMAAAET C HOMEPOM TPYIIIbl IEPUOANYE-
CKOM CHCTE€MBI, B KOTOPOW HAXOAWUTCS JAHHBIA JIEMEHT. DTH 3JCKTPOHBI Ha3bIBa-
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I0TCS 8AIEHMHbLIMU, T.K. YYaCTBYIOT B 00pa30BaHMM XMMHYECKUX CBS3E€H U Ompe-
NS0T BaJEHTHOCTh aTOMA.

[Tpu mostydyeHUr aTOMOM TOPIHH dHEpTUH (BO30YXICHHUE aTOMa) BO3MOYKHO
pa3beAMHEHNE CIAPEHHBIX 3JEKTPOHOB IOCJIEIHETO 3HEPreTHUYECKOIO YpPOBHS B
mpeesiax Toro ke ypoBHs, €Clid B HeM ecTh He3anoiaHeHHbie AO. Takum oOpazom,
BO30Y)KJIEHHE MEHSET DJIEKTPOHHOE COCTOSIHUE aTOMa, T.€. YBEJIMYUBAET YUCIIO HE-
CITAPEHHBIX JJIEKTPOHOB B HEM, @ BMECTE C ’TUM MEHSETCA U BAJIEHTHOCTh aTOMA.

[TockonbKYy CBOWMCTBA 3JEMEHTOB OMNPEAENSIOTCS CTPOEHUEM BJIEKTPOHHOMU
000JI0UYKH X aTOMOB, Y KOTOPBIX BHEITHUN YPOBEHb MOBTOPSETCS MEPUOIUUECKH,
TO ¥ CBOWMCTBA 3JIEMEHTOB JOJKHBI MOBTOPATHCS MEPUOJUYECKU MPU MEPEXOJIE OT
OJIHOTO NEPHOJa 3JEMEHTOB K JApyromy. HabmrogaeTcs mocrteneHHOE U3MEHEHUe
CBOWCTB 3JIEMEHTOB B Ipelenax NepuoAa OT TUIMHUYHOTO METauia K TUIIHYHOMY
HEMETAJITYy U CXOJCTBO CBOMCTB 3JIEMEHTOB, PACIIOJI0KEHHBIX B OJTHOW MOATPYIIIE.

BaxHelmuMy cBOMCTBaMU XUMHYECKHUX 3JIEMEHTOB, HETIOCPEACTBEHHO CBSI-
3aHHBIMU CO CTPYKTYPOU AJIEKTPOHHON OOOJIOUKH, SBJISIOTCS SHEPIHsl HOHU3AIINH,
CPOJICTBO K 3JEeKTpony. Dnepeus uonuzayuu (E,,,) — 3TO dHEprus, HEOOXOaMMAst
JUISL OTPBIBA 3JIEKTPOHA OT aTOMa C MPEBPALEHUEM €r0 B MOJOKUTEIBHO 3apKECH-
HBIM MOH. DHEprusi MOHU3AIMN XapaKTePU3yeT BOCCTAHOBUTENIBbHYIO CIIOCOOHOCTD
AJIEMEHTA, YeM OHA HUKE, TEM METAJUIMYHEE AJIEMEHT. DHEPTHs, BbIACIAIOMIANICS
pU MPUCOEAUHEHUH 3JIEKTPOHA K aTOMY, HAa3bIBACTCA CPOOCMBOM K INEKMPOHY
(E.,). CpoacTBO aTOMOB MeTajIa K 3JI€KTpOHY 0113K0 K Hymo. CpoJcTBO K dJIeK-
TPOHY aTOMOB HEMETAUIOB TeM Oojblle, 4yeM OJIMKEe OHHU pacrojararorcs K
WHEPTHOMY Ta3y.

JInst xapakTepuCTUKU CIIOCOOHOCTH aTOMOB B COEAUHEHUSIX MPUTITUBATH K
ceOe IJICKTPOHBI BBEJICHO IMOHATHE 3JIEKTPOOTPUIATEIBHOCTH (D0). DIEKTPOOT-
PULIATEIBHOCTD 3JIEMEHTOB OINPEAEISIETCS KaK MOJIYyCyMMa 3HEPTUU MOHU3AIUUA U
CPOJZICTBA K DJIEKTPOHY:

EMOH + ECp
— 5

DIEKTPOOTPULATEIBHOCTh 3JIEMEHTOB BO3PACTAET B MEPUOLAE C YBEIUUYEHU-
€M TOPSAJIKOBOIO HOMEpa AJIEMEHTOB U YOBIBACT Y AJIEMEHTOB TJIaBHBIX MOJATPYIII C
YBEIIMYEHUEM HOMEpA MEPUOIA.
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PemmeHue TUNOBBLIX 32424

3amaua 1. CocraBbTe A7EKTPOHHBIE (OPMYJIIBI ATOMOB 3JIEMEHTOB C MOPSIA-
koBbIM HOMepoMm 20 u 35, n300pa3ute pacupeneicHue IEKTPOHOB B KBAHTOBBIX
suerkax. Onpenenure NoJ0KEHUE 3JIEMEHTOB B MEPUOIUYECKON CUCTEME, CBI3aB
€ro CO 3HaY€HHWEM COOTBETCTBYIOUIUX KBAHTOBBIX YHCENl U KOJIWYECTBOM BaJICHT-
HBIX 3JIEKTPOHOB. OmpeieNuTe BaJCHTHOCTh 3JIEMEHTOB B HOPMAJIbHOM U BO30YK-
JIEHHOM COCTOSTHUSIX.

Kakue cBOHCTBa MPOSIBJIIOT aTOMBI 3THX 3JIEMEHTOB (BOCCTaHOBHUTEJIbHBIC
WIN OKHCIUTEIbHBIE), JJIs1 KAKOTO U3 HUX BBIIIE 3JICKTPOOTPUILIATEILHOCTh?
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Pemenune. Ilo Ttabmume JI.JM1. MennaeneeBa HaxoquM CHMBOJIBI 3JIEMEHTOB,
3aMMUChIBA€M WX, BHU3Y CJ€Ba OT CHUMBOJIA CTABUM MOPSIKOBBIM HOMEP, KOTOPBIU
YKa3bIBAET 3aps/l siApa aToMa U KOJIMYECTBO JIEKTPOHOB B aTOME.

Jlanee 3anuchIBaeM 3JIEKTPOHHYIO (GOPMYITy aToMa, pacipeaesisis JJICKTPOHBI
110 YPOBHSIM U MOAYPOBHSIM, PYKOBOACTBYSICh MPUHIUINAMHU YHEPIreTUYECKON BbI-
rogHoctu u [laynu. DHepreTudeckuii ypoBeHb 0003HadaeTcs udpoit U coBIazaeT
CO 3HAYEHHEM TJIAaBHOT'O KBAaHTOBOTO YHCJA N; MOAYPOBEHL 0003HAYaeTCss OyKBaMu
S, p, d, f,koTopbie COOTBETCTBYIOT OpOUTAIILHBIM KBAaHTOBBIM 4uCiIaM |, cBepXy
CcIpaBa HaJl KOTOPBIMU 3aIIMCHIBAETCS YHUCIIO 3JIEKTPOHOB, PACTIOJIOKEHHBIX HA HUX
(Ha S-opOuTaIM —MaKCUMAaJIbHO JIBa, HA TPEX SKBHBAJICHTHBIX P-OPOUTAIAX — MaK-
CHUMAJIbHO IIECTh, HA ISATH SKBUBAJICHTHBIX (-OpOUTAIAX —MaKCHMAJbHO JCCATh).

20Ca 15°25°2p°35°3p%4 <.

MaxkcuManbHOE 3HaUYeHHE INIaBHOIO KBAHTOBOT'O YHMCA, T.€. KOJIHMYECTBO 3a-
MOJTHSIEMBIX YHEPTETHUECKUX YPOBHEH, COBITaIaeT C HOMEPOM IEPHO/Ia, B KOTOPOM
HaXOJUTCS JaHHBIN JIEMEHT: Nmax= 4, iepuon 4.

Homep rpynmsl qanHoro snementa ll, T.e. OH coBmamaer ¢ KOJIMYECTBOM Ba-
JICHTHBIX 3JIEKTPOHOB. KajbIluii OTHOCUTCS K 2JIEMEHTaM S-CEMEHCTBa M COOTBET-
CTBEHHO HaXOJUTCS B TJIABHOW MOATPYIITIE.

Pacnpenenenne 2JIeKTPOHOB 10 siueiikaMm OyaeT UMETh BUJI:

S p d f
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B HOpMaJIbHOM COCTOSIHMU Y aTOMa KaJblMsl HET HECTIAPEHHBIX JICKTPOHOB,
MOATOMY €r0 BaJIEHTHOCTh OyneT paBHa HyJto. [Ipu Bo30ykIeHHH aTtoma, T.e. CO-
OOIIEHNU €My HEKOTOPOM DSHEPruu, JJIEKTPOHBI TOCIEIHET0 IHEPTeTHYECKOTO
YPOBHSI PacnapuBarOTCA, U y KajblUs TMOSBISETCA JBa CBOOOJHBIX AJEKTPOHA!
OJIMH B cOoCTOsiHUM 4S, npyroil — 4p,a BMecTe ¢ 3TUM BaJEHTHbIE BO3MO>KHOCTHU
KaJIbIUSI YBEJIUYUBAIOTCSA C HYJS 10 JIBYX.

Kanpumit — munuunviii memann, KOTOPbIA IPU OTAAYE ABYX DJIEKTPOHOB C
MOCJIEAHEr0 IHEPTETUUECKOTO YPOBHS MPEBPAIIAETCS B UOH — Ca®*, obmagaromnmii
YCTOMYUBBIM 3JIEKTPOHHBIM CTPOCHHEM MPEIIESCTBYIONIEI0 €My MHEPTHOIO rasa
aproHa C BOCbMHUDJICKTPOHHOW BHEIIIHEH 000JI0UKOM.

PaccMoTpuM B TakoM K€ TIOPSIIKE DJIEMEHT, CTOAIIUM B TaOJIMIIE 11O]] HOME-
poMm 35.9T0 OGpom:

3sBr 1525°2p°35°3p°453d %4p°.

[To dpopmysie MOKXHO BHJETh, YTO 3TO 3IeMeHT 4-ro nepuona (Nmax = 4),
VIl rpynnel (Ha TmOCIEIHEM DSHEPreTHYECKOM YPOBHE CEMb 3JICKTPOHOB),
p-ceMeincTBa rIIaBHOW NMOATPYIIIIHI.

DneKkTpoHHO-TpaduuecKkoe n300paxkeHue aroma 6poma OyJeT UMETh BUJL:
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B HOpManbHOM coCTOSIHUM y OpoMa OJMH HECMapEHHBIN AJIEKTPOH, MO3TOMY €ro
BaJICHTHOCTH Oynet paBHa 1. [lpu mornomenun sHEPTUM CHavalla paciapuBaroTCs
P-3JIEKTPOHBI, a 3aTeM S-3JICKTPOHBI Ha CBOOOHBIC d-OpOMTAIM ITOTO XKe dHepre-
TUYECKOTO YPOBHSA U y Opoma o0pa3yroTcs TpH, NATh, CEMb OJWHOYHBIX, pacrma-
PEHHBIX 3JIEKTPOHOB, M COOTBETCTBEHHO OH MOJKET MPOSBIATH BAJICHTHOCTH B BO3-
oyxxnennom cocrosaud |, V, VII.

bpoM — munuunvii nememann, €ro aToM ropaszio Jierde NPUHUMAET OJHMH
AJIEKTPOH, MPEBPAIAETCS B OTPHUIATEIBHO 3apsKeHHBI NOH Br~ ¢ xoHpurypamm-
eil DJIEKTPOHOB OJIMKANIIEro MHEPTHOTO Ta3za Kr, 4yeM OTHaeT ceMb AJIEKTPOHOB,
npespamasice B Br'’ ¢ xondurypamumeit Ar. Bpom o6namaer 3HauMTENIBHO Goee
BBICOKOM 3JIEKTPOOTPUIIATEIHHOCTHIO, UEM KaJIbIIHM.

3apava 2. Hanummre 31eKTpOHHBIE (POPMYIIBI AaTOMOB aTIOMUHUSA, CKaHMS,
dropa u xmopa. [loyemy amoOMUHUN U CKaHIWN, HAXOMSACh B OJHOM TpyIIle, HE
SIBJIAIOTCS DJIEMEHTAMH-aHAJIOTaMH B OTJIMYKE OT GTOpa U XJiopa?

B dem 3akirouaeTcsi paznuyue 3JIEKTPOHHOIO CTPOEHHUs aTOMOB ¢Topa H
XJIOpa, KaKOM M3 3TUX JIEMEHTOB UMEET OOJIBIIIEE CPOJCTBO K IEKTPOHY U 0O0Ih-
TIYI0 3JIEKTPOOTPHUIIATEITHHOCTH ?

Pemenne. DnekTpoHHbIE POPMYJIIBI ATOMOB!

1Al 1s°25°2p°3s°3pt: oF 15°25°2p°;
21S¢ 1525°2p°35°3p°4<3d"; 17Cl 1252p°353p".

BasleHTHbIC IIEKTPOHBI amfoMuHus — 3$3p', ckaumus — 4$3d'. Dtu ame-
MEHTBHI UMEIOT OJJMHAKOBOE YMCJIO BAJCHTHBIX AJEKTPOHOB — 3 U PACIIONIaraloTcs B
[l rpymine mepuoaMyecKoi CUCTEMbI, HO alIOMHHHI — 3JIEMEHT P-CeMeicTBa, a
CKaHJHUH — 3JIeMeHT d-ceMelcTBa, T.¢. OHU HE aHAJIOTH U PACIOJAraloTCsl B Pa3HbIX
MOJATPYIINAX, TITABHON U TOOOYHON COOTBETCTBEHHO.

dTOp M XJOP — ITO BJIEMEHTHI-AHAJIOTH, OHH HMMEIOT OJMHAKOBOE YHCIIO
SIIEKTPOHOB Ha BHEIIHEM YPOBHE H B OIHOM COCTOSHHH — NSNp°. OfHaKo mpu
BO30YXJIeHHH aToMa (TOpa HE MOXKET U3MEHUTHCS €ro JIEKTPOHHAsT KOHdUrypa-
1S, TAK KaK Ha BTOPOM IHEPTETHYECKOM YPOBHE HET CBOOOIHBIX opOuTanei. [Ipu
BO3GYK/ICHHH XJIOPa €r0 BAJICHTHBIC HICKTPOHBI 3S3P° MOTYT MOCIEIOBATEIBHO
pacmapuBathCs, epexois Ha ¢cBoOogHbIe 3d-0pOuTaiy, U XJI0p B OTIIMYHE OT (PTO-
pa MOXET UMETh HE OJIMH, a TPH, MATh U CEMb HECHAPEHHBIX 3JIEKTPOHOB, T.€.
MMETh 3HAYUTENbHO 00JIbIlI€ BAJICHTHBIX COCTOSIHUM.

VY ¢Topa BbIIIE CPOACTBO K IEKTPOHY U AIEKTPOOTPUIIATEIBLHOCTh, YEM Y
XJIOpa, TaK KaK y ()Topa BaJICHTHBIE AJIEKTPOHBI HaXOSATCS HAa BTOPOM DHEPIreTH-
YEeCKOM ypOBHE, a y XJIOpa Ha TPEThEM, T.€. Y IEPBOTO OHU MPUTITUBAIOTCS K SIAPY
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cuibHee, 4yeM y Broporo. drop npossiser 0onee BhIpaKeHHbIE HEMETANIMUECKUE
CBOMCTBA, 4e€M XJIOP.

3agavu 1JI CAMOCTOATENBHOTO pellieHUus

41. KakuMH1 KBaHTOBBIMU YHCJIAMH OIHMCHIBAETCS COCTOSIHUE AJIEKTPOHA B
atome? UTo xapakTepu3yeT Ka)K0€ KBaHTOBOE YHCIIO, KaKHe 3HAYEHUs OHO MO-
KET NMPUHUMATh U Kakasi CBsI3b Mexay HUMU? Kakue 3HaueHUs MPUHUMAIOT KBaH-
TOBBIC yKcyia N, |, M, My aIg BaJCHTHBIX AJICKTPOHOB aTOMa MarHus?

42 . Kak u3MEHSIOTCS CBOMCTBA 3JIEMEHTOB B MEPUOaX W TIABHBIX TOATPYII-
nax MepUOIUYECKON CHCTEMBI C YBEIHMYCHHEM IMOPSAKOBOro Homepa? Pasbepute
Ha npuMepe 3-ro nepuoaa |l u VI rpynn rimaBabIx moarpynm. Kak MoxHO 00bsIC-
HUTBH AT U3MEHEHHUS HA OCHOBAHUU JIEKTPOHHOTO CTPOEHHUs aTroma?

43. Onpenenure MaKCUMaJIbHO BO3MOXKHO€ YHUCIIO JJIEKTPOHOB Ha 4YeTBEp-
TOM 3HepreTudeckoM ypoBHe. OTBeT nosicnute. Hanumure anekTpoHHbie Gopmy-
JIbl aTOMOB 3JIEMEHTOB C MOpAIKOoBbIMU HOMepamu 23 u 30, ykakuTe BaJeHTHbIC
AJIIEKTPOHBI U OOBSACHUTE, KaK MOBIMUSET BO30YKIEHHUE aTOMOB Ha BaJEHTHOCTH
AJIEMEHTOB.

44. HanumuTte 3IEKTPOHHYIO (OpPMYIy BJIEMEHTa, Y aroMa KOTOpOro Io-
CIIETHUI DJIEKTPOH HaxoIuTcsa Ha 6S-opoutanu. [lokaxkute pacmpeneneHne dJeK-
TPOHOB 0 KBAaHTOBBIM siueiikaMm. B kakom mepuoje, rpynne, noarpyrnne HaxoauT-
Csl OTOT DJIEMEHT, W KakK OH HasbiBaeTcsa? K mMeTaimam wim HeMmeTajiaM OH OTHO-
cuTcs?

45. [1o xakoMy TPHU3HAKY AJIEMEHTHI TPYIIIbI MOIPa3AEIIIOTCA Ha TJIABHYIO
U 1oOouHyto noArpynmel? Kakue 3meMeHThl Ha3bIBAIOTCS 3JIEKTPOHHBIMHM aHAJIO-
ramu? [lpuBenure nmpumMep W HAMUIIUTE JIEKTPOHHBIE (POPMYINIBI  BBIOPAHHBIX
a5eMeHTOB. Kak MeHstoTcs cBoWcTBa (CPOACTBO K 3JICKTPOHY, 3JICKTPOOTpPHUILA-
TEJILHOCTD) 3JICMEHTOB-aHAJIOTOB C YBEJIUUYEHUEM HUX MOPSIKOBOIO HOMEpa?

46. Ha OCHOBAHHM PACIIONIOXKEHHS BAICHTHBIX SIEKTPOHOB — ...38,
...353p°, ...3d4¢", ...4d55 — ompenennTe MECTO COOTBETCTBYIOIIHNX HIEMEHTOB
B TIEpUOJIMYECKOI cucTeMe (ceMelcTBO, IPYIIy, MOArPYIIY, IEPUO.T), HAITUIITUTE
WX TIOJIHBIE JIEKTPOHHBIE (DOPMYJIBI U HA30BUTE SJIEMEHTHI.

47.VY Kakoro »JieMEHTa — KaJbI[Usl WM MarHus — CHJIbHEE BBIPAXKEHBI Me-
TajuImdeckue cBoicTBa? OOBsICHEHNE JAalTe B COOTBETCTBUU C IOJIOKEHUEM dJIe-
MEHTOB B nepuoandeckoi cucrteme /[.M. MeHaeneeBa u 3JIeKTPOHHBIM CTPOCHUEM
ux aToMoB. Hanummre 35ekTpoHHbIe (OpMYIIbl KalbIUs U [IMHKA U PaCIIPEACIIUTe
AJIIEKTPOHBI IO KBAHTOBBIM STYEHKAM.

48. Kakoe MakcUMalIbHOE YUCIIO 3JEKTPOHOB MOXET HAaXOJIUThCSA Ha S-, pP-,
d-opOutanax? B yem 3akmouaercs npuHnmn [laynmn? Ykaxure, K KaKoOMy ceMeii-
CTBY OTHOCATCS 3neMeHThl Ar, Se Cd, HanummTe UX 3JIEKTPOHHBIC (OPMYIIBI H,
UCXOAsl W3  DOJEKTPOHHOTO  CTPOEHUA, ONPENEIUTE UX  OKHUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE CBOWCTBA.

49. Kakue opOUTaIM U IMOYEeMY 3aroaHSIIOTCS mepBbiMu: 4Sumu 3d; 5Swim
4p; 6summ Sp? CocTtaBbTe ANEKTPOHHBIE (DOPMYJIIBI AaTOMOB AJIEMEHTOB C TTOPSIKO-
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BeIMH HOMepamu 21 um 39, yKakuTe WX MOJOKEHHE B MEPHOAMYECKON CHCTEME,
CBS3aB C DJIEKTPOHHBIM CTPOEHUEM.

50. YUem oTimuaercs MmocieoBaTeIbHOCTh B 3aM0JHEHUN aTOMHBIX OpOuTa-
Jel y 35eMeHTOB d-ceMeiCcTBa OT MOCIIeI0BATEIbHOCTH 3alOJHEHHS UX Y aTOMOB
S- u p-cemeicTB? [IpuBenure npuMepsl U MOKAKUTE pacHpeelIeHUE IEKTPOHOB
110 KBAaHTOBBIM siY€MKaM B aTOMaX BBIOPAHHBIX AJIEMEHTOB M YKAKUTE UX BAJICHT-
HBIE 3JIEKTPOHBHI.

51. Hanumute 31neKTpoHHbBIE POPMYJIIBI aTOMOB KUCIopoa U cepbl. [louemy
BaJICHTHOCTh CEPhI COBIA/IaeT C HOMEPOM TPYMIbI, a Kuciopoaa Her? KakoBa Ba-
JICHTHOCTH CE€PhI H KUCJIOPO/Ia B HOPMAIBHOM U BO30YKJICHHOM COCTOSTHHSIX ?

52. Hanumute snekTpoHHBIE (opMyasl aToMOB (ocdopa, BaHaTus, XJI0pa,
Maprania. Ha kakoM ocHoBaHuM XJiop U Maprauen, ¢hocdop u BaHaauil pacmnoso-
KEHBI B OJJHOU TPYTMIE MEPUOANIECCKON CUCTEMBI, HO B pa3HBIX moarpymnmnax? Kak
OTJIMYAIOTCS UX CBOMCTBA (FHEPTHSl MOHM3AIMH, CPOJACTBO K JICKTPOHY, dJIEKTPO-
OTPHIIATEIBHOCTh, METAUNIMYHOCTh)? OTBET MOTUBUPYHTE IMOJOKECHHUEM 3JIEMCH-
TOB B MIEPUOJINYECKON CUCTEME.

53. CocTaBbTe AMEKTPOHHBIE U JIEKTPOHHO-Tpadudeckue HOpMyIbl 3amoi-
HEHHS JIEKTPOHAMH BAJCHTHBIX opOuTaneii moHoB S€ u Sé*. DiexrpoHHbIe
CTPYKTYPBI aTOMOB KaKUX MHEPTHBIX ra30B IIPU 3TOM BOCIIPOU3BOASTCS ?

54. CocTtaBbTe 3JEKTpOHHBIE (POPMYIIBI MOHOB M TrpadUyecKUe CXEMbI 3a-
IOJTHEHHUs HIEKTPOHAMH BAICHTHBIX opbuTaneit Ba®, |7, DiekTpoHHbIe CTPYKTY-
pPBI AaTOMOB KaKMX WHEPTHBIX Ta30B TIPH 3TOM BOCTIPOU3BOISTCS ?

55. CocTaBbTe 2NIEKTPOHHBIE (OPMYIIBI HOHOB M TpaUuecKue CXembl 3a-
IOJTHEHHUs HIEeKTPOHAMH BaleHTHbIX opburaneii Ti*", Mn®*. DnexrpoHHsIe CTPYK-
Typbl aTOMOB KaKUX MHEPTHBIX Ta30B IMPU dTOM BOCTIPOU3BOJSATCS ?

56. Ucxons u3 COCTOSIHUS BaJICHTHBIX 3JIEKTPOHOB, COCTABHTE TOJHBIC DJICK-
TpoHHBIE (HOPMYIBI deMeHTOoB: ...554d; ...655d"4f". Onpenenure monoxenue
aJEMEHTOB B nepuoanueckon cucreme .M. Menneneesa. HazoBure aimeMeHTHI-
aHaJIOTH KaXXJ0To U3 HUX.

57.Hcxons U3 COCTOSAHMS BaJICHTHBIX 3JIEKTPOHOB, COCTABbTE MOJIHBIC DJIEK-
TpoHHbIe (hOpMYIIBI d1eMerToB: ...43d%; ...584d"°5p. Onpenennre monoxenue
9JIEMEHTOB B mepuoandeckoit cucreme J[.M. Menneneesa, Kk KakoMy 3JI€KTPOHHO-
My CEMENCTBY OHU OTHOCATCSI M KaKyl BaJIEHTHOCTh UMEIOT B HEBO30YKJICHHOM
COCTOSIHUU.

58. B kakom psiy 37€MEHTHI PacTONOKEHBI B MOPSIKE YMEHBIICHUS BEJIH-
guHbl uX 3ektpooTpunarensaoct: Cl, I, Br; S Se O; B, C, N? OtBet nosic-
HUTE, ONMUPASICh HA DJIEKTPOHHBIE CTPYKTYpPhl aTOMOB U TOJIOKEHUE JIEMEHTOB B
MIEPUOINYECKON CUCTEME.

59. Hanummre 31eKTpoHHYIO (HOpMyILy OEpHUTHS M YKAXKHUTE €0 AJIEMEH-
ThI-aHaJIOTH. Kak M3MEHSI0TCS CBOMCTBA 3JIEMEHTOB aHAJIOTOB C YBEJIMYEHUEM HO-
Mepa rnepuoja 3JeMEHTa U TouyeMy?

60. YkaxxuTe OCHOBHBIE pa3judusi B CBOMCTBax azora U (ocdopa, xpoma u
ceneHa. OTBeT OOOCHYHTE C MO3UIMN MOJIOKEHUSI IJIEMEHTOB B MEPUOINYECKON
CHUCTEME U DJIEKTPOHHOTO CTPOEHHUS UX aTOMOB.
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2.2. XUMHNYECKASJ CBA3b U CTPOEHHUE NPOCTBIX MOJIEKYJI

Conepmanne mMarepuaJja 1js CaMOCTOATEC/IbHOI0 U3YyICHUSA

Xumuyeckasi CBsI3b M BaJIGHTHOCTh 3JIeMEHTOB. OCHOBHBIE THUIIbI XUMHUYE-
CKOH CBs3M: KOBaJieHTHas (IMOJISIpHAs, HENOJSAPHAs), HOHHAS, MEeTa/UTNIeCcKasi, BO-
JopojiHas. MexaHU3Mbl B CIIOCOOBI 00pa30BaHMs KOBAJICHTHOW CBs3HM (OOMEHHBIN
¥ JIOHOPHO-aKIIENTOPHBIA MEXaHU3MbI, O- U TECBSI3b). XapaKTEePUCTUKU CBSA3U. SHEP-
v, JIMHA, HAIIPABJIEHHOCTh, HACHIIIIAEMOCTb, OJISIPHOCTD U MOJIIPU3yEMOCTb.

Jlutepatypa: [1 — 1. 2, 88 2.1 — 2.3]; [2 +n. IV, 88 38 — 42, 46, 47];
[3—rm. 2,882.1-23].

OcHoBHBIE TCOPECTHICCKUC MMOJTOKCHUA

Xumuueckoul ce5A3v10 HA3BIBAIOTCS PA3JIMUHbIC BUIBI B3aUMOJEHCTBUS, 00Y-
CJIaBIMBAIOIME YCTOMYMBOE CYIIECTBOBAHUE JABYX- U MHOTOATOMHBIX COEJIUHE-
HUH. MOJICKYJI, HIOHOB, KPUCTAJUTMYECKUX U UHBIX COCAMHEHUM.

XuMHuecKas CBs3b 00pa3yeTcs 3a CYeT BAJCHTHBIX 3JICKTPOHOB (pacmoJo-
KCHHBIX Ha MOCJCIHUX SHEPreTHYECKUX YPOBHSIX) aTOMOB, HaXOJAIIMXCS B pas-
HBIX YHEPTeTUYECKUX COCTOSHHUSIX.

Paznuuaror cienyromniye TUIbI XUMHUECKUX CBSI3€H: KOBaJEHTHYIO, HOHHYIO,
METaJUIMYECKYI0, BOJOPOIHYIO.

Kosanenmmnas cés3e ¢ no3unuii Metoaa BajaeHTHBIX cBsizeld (MBC) Bo3HuKa-
€T 3a cueT 00pa3oBaHUs OOIIEH PJIEKTPOHHOM Maphl, TO €CTh MEPEKPHIBAHUS IJICK-
TPOHHBIX OOJIAKOB HECIAPEHHBIX JJICKTPOHOB C aHTUIIAPAJUICIHHBIMHU CIIMHAMH,
MPUHAICKAINX aTOMaM, MEXIy KOTOPBIMH O0Opa3yeTcsi XUMU4ecKas cBsi3b. He-
IPEMEHHBIM YCJIOBHEM BO3HUKHOBCHUS XUMHUYECKON CBSI3U SIBIISICTCS BBIJCIICHUC
sHeprun. Uem OoJibIlie BRIIEISETCS SHEPTHs, TEM MPOYHEE CBSI3b, TEM yCTOWYNBEE
oOpa3zoBaBiasics cucrema. Ecnu anekTpoHHas mapa wid, TOYHee, 00JacTh mepe-
KPBIBAHUS JJICKTPOHHBIX OOJAKOB PACIOJIOKEHA CHUMMETPHUYHO OTHOCHUTEIHHO
SJIep CBS3BIBAIOIIMXCS aTOMOB W MPUHAJICKUT UM B PaBHOM CTEMEHHU, TO Takas
CBS3b HA3BIBACTCS KOBANEHMHOU HENOoJApHOU. JTOT BUJl CBSI3M XapaKTepeH s
aTOMOB C OJIMHAKOBOM 3JICKTPOOTPHUIIATEILHOCTRIO, Hampumep, Hy, Cly, Fy, Ny, O
u n1p. Ecnu cBsi3b 00pasyercss Mexay aTOMaMH ¢ pa3HbIMH CBOWCTBaMH, TO JJIEK-
TPOHHOE 00JIaKO CMEIIaeTcs K aToMy C OOJbIIeH 3JIeKTPOOTPULIATETLHOCTHIO U
BO3HMKAIOIIIAS [IPU 3TOM CBSI3b HA3bIBACTCS KOBANEHMHOU NOJIAPHOLL.

PaccMmoTpeHHBIiI MexaHW3M O0Opa30BaHMs CBSI3M HA3bIBACTCS OOMEHHBIM.
Bo3MoxHO 00pa3oBaHNe KOBAJIEHTHOU CBA3U U HO OOHOPHO-AKYENMOPYHOMY Me-
XaHu3my, KOTrjia OJJMH U3 aTOMOB B BO30Y>KJICHHOM COCTOSIHUM UMEET HEMOJIeJICH-
HYIO 3JICKTPOHHYIO MMapy (IOHOp),a apyroi —CBOOOHYI0 OpOUTAIIh (AKIIEHTOP).

Honnas cea3b — pe3yabTaT 3IAEKTPOCTATUUECKOTO B3aUMOJIEUCTBUS MPOTHU-
BOIOJIOKHO 3apsDKEHHBIX MOHOB. OHa BO3HHMKAET 3a CYET IMepexoja BaJIEHTHOTO
9JIEKTPOHA ¢ aTOMHOW opOuTanu tunuaHoro metamia (I, Il rpynmel rmaBHO#M moj-
IpYIIbBI) Ha aTOMHYIO0 opOuTans tunuuanoro Hemetamia (VI, VIl rpymnmsl riaaBHOM
noArpymisi). [Ipu 3TOM aTOM THIMYHOTO METaJljIa MPEBPAIIACTCS B IMOJIOKUTEIBHO
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3apsLKEHHBIN MOH, @ aTOM HeMeTalljla MpUoOpeTaeT OTPULIATENIbHBIN 3apsia. Mexay
IPOTUBOIIOJIOXKHO 3apSXKEHHBIMU MOHAMU BO3HUKAET CHJa 3JIEKTPOCTATUYECKOTO
NPUTSHKCHUsT (MOHHAsI CBsi3b). [lepelieAmuii 3MeKTpoH MeTalla CHapuBaeTCs ¢
OJIMHOYHBIM 3JIEKTPOHOM HEMeTasuia, U 00a aroMa 00pa3yroT MpH ATOM YCTOWYH-
BYIO BOCBMHDJIEKTPOHHYIO 000JI0UKY OJrbKaiiiiero nHepTHOro raza. MoHHyto cBs3b
MO>XHO paccMaTpuBaTh KaK YaCTHBIA Ciy4yaill MpeaeibHO MOJISIPHON KOBAJIEHTHOU
cBsa3u. Yem Oosiee moJisipHasi CBsI3b, TeM OOJIbIIEH J10Jeil HOHHOCTU OHA XapaKTepH-
3yeTcsl.

Memannuueckas c643b6 — MHOTOLIEHTPOBAsi XUMUYECKAasl CBSA3b, OCHOBAaHHAs
Ha 0000IIECTBICHUN BHEIIHUX AJIEKTPOHOB aTOMOB MeTaia. B kpucramwie uiu
pacIujiaBe MeTajljla BaJ€HTHBIE 3JIEKTPOHBI JAEJIOKATN30BaHbl U 00CITYXKMUBAIOT BECh
MeTaJTMYeCKuil oOpa3zell, obecrieunBasi €ro TEIIo-, ANEKTPOINPOBOAHOCTh U TjIa-
CTUYHOCT.

Booopoonas cesnzv (BHyTPU- WIM MEXMOJICKYJISIpHAs) BO3HHKAET 3a CYET
MOJIOKHUTENIBHO TOJIIPU30BAHHOTO aTOMa BOJOPOJA, CBSI3aHHOTO C CHUJIBHO DJIEK-
TPOOTPUIIATEIILHBIM aTOMOM, Hampumep, (GTOpoM, KHUCIOPOIOM, Cepoi, a30ToM. B
NEepPBOM MPUOIMKEHUH 00pa30BaHUE ATOW CBA3U MOMXKHO OOBSICHHUTH 3JIEKTPOCTA-
TUYECKUM B3aWMOJICHCTBHEM, a B OKOHYATEIILHOM BapHUaHTE 3Ta CBS3b OJIMIKE BCe-
r'0 K JIOHOPHO-AaKIENITOPHOMY B3auMo/ieiicTBuio. Hanmpumep:

H-F+H-FoH-FH-F,

H-O-H+ H-O-H> H-0O--H-0O wur.n.,
| |
H H
rae (--+) —BogopoaHas CBS3b.

BonoponHas cBsi3b 3HAUUTENBHO cliadee KOBAJICHTHOM CBsI3H, HO €€ 00pa3o-
BaHUE OOBSICHAET 0COOBIE CBOMCTBA BEIIECTB, MMEIOIIUX TaKyIO CBsI3b, HAIIPHUMED,
aHOMAaJIbHO BBICOKHE TEMIIEPATYPhl KUTICHUS, IJIABJICHUS U JP.

XuMuYecKasi CBSI3b UMEET DHEPIeTHUECKUE U TEOMETPUUYECKUE XapaKTepH-
CTHKH. dHepauio, OIUHY, OUNOIbHBIL MOMEHM, NOJAPHOCb, HANPABLEHHOCMb, HA-
CHIUAEMOCMb, NOTAPUIYEMOCTb. XAPAKTEPUCTUKN CBS3H aTOMOB B MOJIEKYJIE OII-
PENENSIOT CTPOCHHUE W CBOMCTBA BEIIECTB, IIOATOMY 3HAHHE MEXaHHU3MOB H CIIOCO-
00B 00pa30oBaHUS XUMUYECKOU CBSI3U SIBIISICTCS BaKHEHIIICH 3aaueil XMMHUH.

Penienune THIOBBIX 3aJa4

3amava 1.YkaxuTe TUIl XUMUUYECKOU CBA3U B MoJiekynax ko, HF, KF.
Pemenne. B xaxayio U3 mpeiCTaBICHHBIX MOJIEKYJ BXOJIUT aToM (Topa,
AJIEKTPOHHAs PopMysia KOTOPOTO UMEET CIASAYIONIUN BUI:

oF 1525°2p°.

B monekyne F, Takux aTOMOB J1Ba 1 00pa30BaHUE CBSI3U MEXITY HUMHU MOJXK-
HO TI0Ka3aTh rpaduyeckoit popmyoii:
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Ha nocnenneM ypoBHe y KaXkJI0ro aroma (ropa UMEeTcsi OJIMH HecIlapeH-
HBII 3J1eKTpoH. HecnapeHHsie AIeKTpOHbl 00pa3yroT O0IIYI0 3JIEKTPOHHYIO Mapy,
T.e. MEXAYy aTomMaMu (TOpa BO3HHMKAET OJIHA KOBAJEHTHAs CBSI3b MO OOMEHHOMY
MEXAHU3MY.

[Ipouecc Takke MOXKHO MPEICTaBUTh cxeMoi JIbronca:

:_F”' +'E':' - :F'_(':)F:”_,

[Ipu oOpa3zoBaHMM CBSI3U MPOUCXOIUT MEPEKPHIBAHHE DJIEKTPOHHBIX 00JIa-

KOB pP-THUIIA

Px Px
HpI/I 9TOM BO3HHUKACT O6HaCTB HOBLII.HGHHOf/’I BHGKTpOHHOﬁ IIJIOTHOCTHU HaA JIMHHUN

CBsI3H, T.€. 00pa3zyeTcst 0-c6:3b. I1ockobKy aToMBbl ()TOpa OJUHAKOBBI, TO 00IIas
3JIEKTPOHHAsI Mapa WiIK 00JacTh MEPEKPBhIBAHUS 3JIEKTPOHHBIX 00JIAKOB pacIojio-
’KEHa CHMMETPUYHO OTHOCUTEJIBHO SIIEp B3aUMOJEHCTBYIOIIMX aTOMOB. TakuM
oOpa3zoMm, B MoJekysle F, BO3HUKaeT OJMHapHAas HENOJspHas KOBaJEeHTHas
0-C6513b.

OOpaszoBaHue cBA3M B MoJieKyJie HF MoeT ObITh PECTABIEHO Kak:

S
H 1)1
oF 201 [tL [tL [ ]
p‘ py pz S . s
WJIH H +-F - H(:)F:
S R

B aToM cnyuae o01mas a5eKTpoHHas mapa Wik 00JacTh EPEKPhIBAHUS AJICK-
TPOHHBIX O0JIAKOB CHJIBHO CMEIIEHA K aTOMYy C OOJIbIIEH 3JIEKTPOOTPULIATEIHHO-
CThI0 — (QTOPY, T.€. MEXIY BOAOPOAOM U (pTOpOM 0Opa3yeTcs: OMHApHAs MOJISIP-
Has KOBaJIEHTHAs O-c643b. lIpu 3TOM ciielyeT 3aMeTuTh, YTO Ha aTOME BOJIOPO/a
BO3HUKAET YaCTUYHO TMOJIOKUTEIbHBIN, a HA aToMe (PTOpa YACTUYHO OTPUIIATENb-
HBIN 3apsij], K TOMY K€ AJIEKTpOHHass opOUTalb BOJAOPOa MOUYTH cBOOOIHA. B cBs-
34 C TOCJICIHUM BO3HUKAET BO3MOKHOCTh 00pa30BaHUs MEXMOJIEKYJISIPHOU BOJIO-
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POIHOM CBSI3U H-F - H—-F --H— F - uT.1 3a cueT CBOOOIHBIX dJIEK-
TPOHHBIX MMap (PpTopa Ha MOCIEAHEM IECKTPOHHOM YPOBHE.

Ces3p B MoJiekysie KF TUNMHYHO MOHHAsA, TaKk KaK KaJluid — MIEJTOYHOU Me-
Ta1, a GTOp HEMETAII CEIbMOM IPYIIBI IEPUOAUIECKON CHCTEMBI, YTO 00YCIaB-
JIUBAET MPeeIbHO OOJBIIYIO PA3HUILY B AJIEKTPOOTPULIATEIIFHOCTIX ITUX JIEMEH-
ToB. OOpa3yromascsi JICKTpPOHHAsT Tapa M3 HECMapeHHBIX 3JIEKTPOHOB KM W
dbTopa dhakTUIECKH MOJHOCThIO TPUHAISKUT (hTopy. Ha atome kanmus mosBiseTcs
MOJIOKUTENIbHBIA 3apsii, Ha aTroMe (pTopa OTpUIlATENbHBIN, MPOTUBOIMOJIOXKHO 3a-
PSKEHHbBIE HOHBI PUTATUBAIOTCS APYT K APYTyY, 00pa3ys NpOYHYI0 HOHHYIO CBS3b.
Kaxaplii U3 B3aMMOJEHCTBYIOIKMX aTOMOB MPUOOPETAET YCTONYUBYIO BOCHMH-
AIEKTPOHHYIO 000J0UKY OIMKalIIero MHEPTHOTO Ta3a: Kaluid — aprona, a grop —

HCOHA. —1e™
10K 1825 2p° 3s%3p° 48 — 1K+ 15 25 2p° 3s%3p°;

+1

-
oF 1€282p — F~ 1§25 2p"
K'+ F~ > K-F.

3agaua 2. Onpenenure BaJCHTHOCTh M CTENEHb OKUCIICHHUS XJIOpAa B MOJIE-
kynax Cl,, HCl, HOCI.

Pemenne. BaneHTHOCTE onpenenseTcs YuciioM XMMHYECKUX CBSI3€H, KOTO-
PBIMHU aTOM OJIHOTO 3JIEMEHTA yIEPKUBAET aTOMBI IPYTUX 2JIEMEHTOB B MOJIEKYJIE.

[lox cTeneHbro0 OKUCIEHUS IOHUMAIOT BOOOpakaeMblid 3apsii aTOMa 3JIeMEH-
Ta B COCAMHEHNH, KOTOPBIA ONPEAEISIETCS U3 NMPEAIOIOKEHUS] HOHHOTO CTPOEHHUS
BEILIECTBA.

ATOM XJIOpa Ha MOCJEAHEM 3JIEKTPOHHOM YpPOBHE UMEET OJUH HECIapEH-
HBIW 3JIEKTPOH:

Cl 1 28 2p° 3s%3p°

S p d
<IINEEERE ]
IR EY

1014

B HCB036y)KI[eHHOM COCTOAHHMHN OH HMCCT BO3MOXKHOCTH 06p330BBIBaTI> (011:4%
CBA3b, T.C. OBITH OJHOBAJICHTHBIM.

a.+ .Ct - <CI(C: wm Cl-Cl
H + Cl - HQCE um H—Cl

H+ -0- +-Cl. - H(O(:)Cl: wm H-0-Cl

B mouekyne Cl, o0rias 3iekTpoHHas mapa pacojiokeHa CHUMMETPUYHO,
MOATOMY CTeleHb OKHCIeHHs Xxjopa paBHa Hyo (0); B monekyne HCl oGras
AJIEKTPOHHAS Mapa CMEIIEHa K XJIOPY Kak 0o0Jiee 3JIeKTPOOTPULIATEIbBHOMY JIEMEH-
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Ty, TIO3TOMY CTEIICHb OKHUCJICHHUs XJjiopa paBHa (—1). B monekyine HOC| nanbonee
3JIEKTPOOTPHUIIATEIBHBIM JJIEMEHTOM sIBJIseTCs Kuciopon (mo mikane [lonuHra
D0p = 35) u obmias s1eKTpoHHas mapa ot Bogopoaa (F0y = 2,1)u or xyopa
(D0¢) =3,0) cMmemieHa K KHUCIOPOIY, HA KOTOPOM BO3HHMKACT CTEIICHb OKUCIICHUS
(—2),a Ha Bomopo/ie U XJIOpe COOTBETCTBEHHO (+1).

3agaya 3. Onmnpenenure I aTOMOB KHCJIOPOJa U CEPhl BAJICHTHOCTH B
HOPMaJbHOM M B BO30YKJIEHHOM COCTOSIHHUSIX. OOBSICHHUTE, MOYEMY aTOM KHCIIO-
poJaa, HaxXOJAIIUICS B OJHOM TPYIIIE C CEPOM, HE MOXKET MPOSBUTH BAJIECHTHOCT,
paBHYIO HOMEPY TPYIIIBI, a cepa MOKET?

Pemenne. DnekTpoHHBIE POPMYIIBI ATOMOB KHUCIOPO/Ia U CEPHI:

0 15252p* 16 S15°25°2p°35°3p".

O u S sneMeHTHI-aHAJIOTH, T.€. OHH MMEIOT OJUHAKOBYIO KOHQUTYpPAIIHIO
BHEIIIHETO 3JIEKTPOHHOTO YPOBHS

@) S
S p S p d
ARV VR I - R T TR R ]
1 (1 2 (10 [t 01l 1y
1 (14

B HOpManbHOM COCTOSIHUM M KUCIIOPOJ, U CEPAa UMEIOT Ha MOCIETHEM DJIEK-
TPOHHOM YPOBHE JIBA HECHAPEHHBIX JJIEKTPOHA, KOTOPbIE NPUHUMAIOT YYaCTHE B
00pa3oBaHMUM JIBYX KOBAJEHTHBIX CBA3EH MO 0OMEHHOMY MEXaHU3MY:

H-O0-H (H,0), H-S-H (H,9.

[Ipu BO30YyXaeHMH aToMa 3JIEKTPOHHAs KOH(UTrypalus KUCIOpojaa coxpa-
HSIETCA, TaK KaK y HEro HEeT Ha MOCJeHEM YpPOBHE CBOOOTHBIX opOuTaiiei. Y aTo-
Ma Cepbl Ha TPEThEM DJICKTPOHHOM YPOBHE €CTh CBOOOAHBIC 0-0pOUTaNn, Ha KOTO-
pble MOTYT TIEPEUTH paclapeHHbIE ANEKTPOHBI IPU BO30YKJIEHUHU, U Y CEPhI pas-
HOM cTemneHu BO30YXKJEHUSI MOTYT MOSBUTHCS YEThIPE U IIECTh HECTapEeHHBIX
AJIIEKTPOHOB, KOTOPBIE OYIyT CIIOCOOHBI y4acTBOBATh B 00pa30BaHUM YETHIPEX WUIIU
IIECTH KOBAJIEHTHBIX CBSI3€ IO OOMEHHOMY MEXaHU3MY:

. S p d
S 3yt [0 I 1]
0=S=0(S0),

_ S p d
s 3t It [0 [0 1 ]
0O=S=0 (SO).
[

O
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3amauya 4. Ykaxure COeIUHEHUE, KOTOPOE HE MOXKET y4acTBOBaTh B 00pa-
30BaHUHU JJOHOPHO-akIientopHoi cesazu: CHy, MgH,, NHs, BHs.

Pemenne. J[oHOpHO-aKIENTOPHBIE CBSI3U 00pPa3ylOTCS B COCIUHEHUSX, MO-
JIEKYJIbl KOTOPBIX B BO30YKJICHHOM COCTOSSHUM MMEIOT B CBOEM COCTaBE aTOMBI C
HETIOICJICHHBIMK 3JICKTPOHHBIMH TMapaMu (JOHOPBI) ¥ HE3aHSATBIMU OpPOMTAISIMU
(akmenTopsr).

Monexyna CH,; COAEpKUT YIiIepo, Y KOTOPOTO B BO30YKJIEHHOM COCTOSI-
HUU HET HU CBOOOIHBIX OpOUTaseli, HU HEMOACIICHHBIX JJICKTPOHHBIX Iap; YEThIPE
HECMapEHHBIX AJIEKTPOHA OH MCTOJB3YET I 00pa30BaHUs YETHIPEX KOBAJIEHTHBIX
CBA3EH 10 OOMEHHOMY MEXaHU3MY.

S P S P

*

c 2111 1 - C [T /vt rn

Monekyna MgH, Conep>xuT Marauii, KOTOpbIii B BO30Y>KJIE€HHOM COCTOSIHUU
Ha MOCTIEAHEM YPOBHE UMEET 2 HEeCIapEHHBIX AJICKTPOHA M / CBOOOJHBIX OopOHTa-
Jel. 3a cYeT HeCMapeHHbIX AIEKTPOHOB OH 00pa3yeT JIB€ KOBAJICHTHBIX CBSI3H MO
00OMEHHOMY MEXaHH3MY, a 3a CUET CBOOOJHBIX OpOHUTaneil MOKeT 00pa30BBIBATH
JIOHOPHO-AKIIEMITOPHBIE CBSI3M, BBICTYIAS B POJIU aKIENTOPA, T.€. IPUHUMAS dJIEK-
TPOHHBIE TAPBI APYTUX aTOMOB!

S p d s p d

Mg 3| 1! — Mg 31|17

Monekyna NHz coepuT a30T, KOTOPBIN U B HOPMAJIBHOM, U B BO30YK/I€H-
HOM COCTOSTHMH UMEET OJMHAKOBOE DJICKTPOHHOE CTPOEHHE, KOTOPOE MO3BOJISIET
eMy 00pa30BbIBATh TPH KOBAJICHTHBIC CBS3M M0 OOMEHHOMY MEXaHHU3MY, a OCTaB-
IMIyIOCS  DJICKTPOHHYIO MMapy HCIOJb30BaTh Ui  OOpa30BaHUS  JIOHOPHO-
aKIENTOPHOU CBS3H (HOHOD):

S p ) p

*

N 210t |11 - N 21T |1 |7

Monekyna BHz cogepxut atom 60pa, KOTOPBIH MOXKET 3a CUET CBOETO JJICK-
TPOHHOTO CTPOCHUS B BO30YKICHHOM COCTOSIHUM 00pa30BBIBATH TPU KOBAJICHTHBIC
CBSI3U 110 OOMEHHOMY MEXaHU3MY, a HE3aHATYH OpOUTallb MPEAOCTaBUTh AJIs 00-
pa3oBaHMs JTOHOPHO-AKIICTITOPHOM CBSI3U (aKIEHTOP):

S p S P

*

B 21 1 — B 21 [T 7

Tak kak BaJIGHTHOCTH dJIEMEHTA OMPEACNIACTCS OOIMM YHCIIOM CBSI3EH, TO
CBOOOTHBIC OPOUTAIH WIIM HEPACTIAPCHHBIE IEKTPOHBI MTOCIEIHETO MICKTPOHHOTO
YPOBHSI B BO30Y)KJIICHHOM COCTOSTHUHM CIIOCOOCTBYIOT YBEJIHYCHHIO BaJCHTHOCTH,
Harpumep, y C, N u B 1o geTpIpéx.
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61. Omnpenenure BaJICHTHOCTh M CTENEHb OKHCJICHUS YIJIEpOJa B COSTUHE-
Husix CH,, CO,, CO, onupasich Ha 3JEKTPOHHOE CTPOCHHE aTOMOB M UX IOJIOXe-
HUE B MIEPUOJIMUECKON CUCTEME.

62. Omnpenenure BaJICHTHOCTh U CTEIICHb OKUCIICHHUS DJIEMEHTOB B MOJIEKY-
n1ax NaSi0G;, CaSQ, MgCG;, onmpasich Ha 3JIEKTPOHHOE CTPOSHHUE aTOMOB M MX
MOJIOKEHUE B TIEPUOIUYECKON CUCTEME.

63. Ykaxkute tun xumudeckor cBs3u B Mojiekyiax NaCl, Ny, Cly, H,S Or-
BET MOSCHUTE, UCXO/IS U3 AJIEKTPOHHOM CTPYKTYpPhl aTOMOB U UX CBOMCTB.

64. OxapakTepu3yTe CBONCTBA KOBAJICHTHON CBSI3M. HACBHIIAEMOCTh, JJIH-
HY, MOJIAPHOCTb.

65. Kakas xuMmueckas CBs3b Ha3bIBaeTCs KOBaJeHTHON? Kakme THUIIBI KO-
BaJICHTHOU CBsI3M BhI 3HaeTe? Kak OyaeT M3MEHSThCS XapaKTep XUMUYECKON CBSI3U

66. Kakas cBs3p Ha3bIBaeTCsl HOHHOW? KakoBbl €e 0COOCHHOCTH IO CpaBHE-
HUIO ¢ KOoBajieHTHO#? [Ipu B3amMOIEHCTBUHM aTOMOB KaKHUX 3JIEMEHTOB MOXKET 00-
pa3oBaTbcs MOHHOE coenuHeHne? Kak OyaeT M3MEHSThCS XapaKTep XUMHUYECKOU
ces3u B pany: KCl - CaCl, - FeCl, - GeCl|, - CI,?

67. Ykaxwure, B kakoit monekyie — HCl, HBr, Hl — cBs3b 00jee ToaspHas u
noyemy. OTBET WLUTFOCTPUPYHUTE JIEKTPOHHBIMH (POPMYJIAaMH U TOJOKEHUEM dJIe-
MEHTOB B IEPUOJUYECKON CUCTEME.

68.Uto sABIsETCA KOJIUUYECTBEHHON MEpPOH MOISIPHOCTH KOBAJICHTHOU CBSI3U?
Kaxkast u3z monexyn — H,0, H,S, H,Se—u nouemy umeeT 0oJiee MoJIIpHbIe CBSI3U?

69. Kakyro BaneHTHOCTh, OOYCIIOBIEHHYIO HECIIAPEHHBIMHU JJICKTPOHAMH,
MOET MPOSIBUTEH (Hochop B HOPMATHLHOM U B BO30YKJICHHOM COCTOSTHUSX ? OTBET
MOTUBHUPYHTE pacrpeieieHueM BaJICHTHBIX 3JIEKTPOHOB atoMa (ocdopa mo kBaH-
TOBBIM siuelikaM. [louemy atom a3zora, cTosiuuii B oiHOM Tpytie ¢ pochopom, He
MO>KET MPOSIBUTH BAJICHTHOCTh, PABHYIO HOMEPY TPYIIITHI ?

70. Kakyro BaneHTHOCTh, OOYCIIOBIICHHYIO HECIIAPEHHBIMHU JJICKTPOHAMH,
MOXET MPOSBUTH XJIOP B HOPMAJILHOM U B BO30OYXJEHHOM COCTOSHHAX? OTBET MO-
TUBUPYHUTE paclpeieICHUEM BaJCHTHBIX AJIEKTPOHOB aTOMa XJIOpa MO KBAHTOBBIM
sueiikaM. [louemy arom ¢Topa, cTofmMii B OJHON Tpymrme ¢ XJIOPOM, HE MOXKET
MPOSIBUTH BAJICHTHOCTh, PAaBHYIO HOMEPY T'PYIIITHI?

71.Kakyro KOBAJEHTHYIO CBSI3b Ha3bIBAIOT O-CBS3bIO0 U KaKyHO TECBA3BIO?
VYkaxute, CKOJIbKO U KaKUX CBSI3€M OCYILECTBIISIETCA B MOJieKyJie a3oTa. Kak mox-
HO OOBSICHUTH BBICOKYIO YCTOWYUBOCTH MOJIEKYJITBI Ny?

72.Kakas CBSI3b Ha3bIBACTCS METALNTHYECKOHN, B KaKUX CIIy4dasX OHA BO3HHU-
kaeT? UeM oTiiMYaeTcsi CTPyKTypa KPUCTALJIOB HATPHUS OT CTPYKTYPhI KPUCTAIOB
xJjiopuaa HaTpus? Kakol BU CBSI3U OCYIIECTBISIETCS B 3TUX KpHUCTAILIAX ?

73. Kakas xumudeckas CBsi3b Ha3bIBaeTCs BOJIOPOaHOM? KakoBbl 0COOEHHO-
CTH COeNMHEHUM ¢ BOJOpoiHOM CcBs3pl0? [louemy H,0O n HF, umest MeHbIITyIO MO-
JSIPHYIO MAcCy, TJIABITCS M KUIST MpU O0oJiee BLICOKOW TeMmIepaType, 4YeM UX aHa-
aoru H,Su HCI?
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74. B yeM COCTOUT JHOHOPHO-aKIENTOPHBIA MEXaHU3M O0Opa30BaHUS KOBa-
JeHTHOH cBs13u? PasOepute Ha nmpumMepe oopasoBanus coemunenus NH,Cl.

75. Ionw3yscy 3HaUEHUAMHU 3jeKTpooTpuiaTenbHocteir aromoB K (0,91);
Ca (1,04); Al (1,6); Cl (3,0), Berurciaute ux pasHocts 1 cBsazeit K —Cl, Ca — Cl,
Al — Cl. Kakast u3 cBsi3eil xapakTepu3yeTcss HauOOJbIICH CTENCHbIO MOHHOCTU?
OOBSICHUTE OTBET C TMO3HIIMIA AJIEKTPOHHOTO CTPOCHUS aTOMOB M UX TIOJIOKEHUS B
NEPUOANYECKON CHCTEME.

76. Uto Ha3pIBaeTCA AMMOJILHBIM MOMEHTOM MOJIEKYJbI? Kak ¢ moMomibio
BEJTUYMHBI 3JIEKTPOOTPHUIATETHHOCTH aTOMOB OOBSICHUTH IMOCIICIOBATEIHLHOCTh B
WU3MEHEHUH DJIEKTPUYECKOTO0 MOMEHTA JUIIOJNIS CBSI3U B coenuHeHusx: H,, HCI,
HBr, HI? O gem roBOpAT AWNOJIBHBIE MOMEHTHI Mojekyn. u(H,O) = 1,86 D,
w(COy) =0,29D

7'7.CKOJIbKO U KaKUX CBA3€H MOTYT 0Opa3oBBIBAaTh aTOMBI (pTOpA, KUCIOPO-
na, a3ota? OTBET OOBICHUTE C MMOMOIIBIO IIEKTPOHHBIX (HOPMYI H MEXaHU3Ma 00-
pa3oBaHUs KOBAJICHTHOU CBSI3H.

78. B KakuxX COSAMHEHHSX CBSI3b XapaKTepU3yeTcs HaHOOJBIICH CTETICHBIO
nosspaoctu (nounoctr): KCl, CaCh, FeCh, ZnCL? ITouemy? OTBET MOTUBHPYIA-
TE 3JIEKTPOHHBIM CTPOCHHUEM U CBOMCTBAMH B3aMMOICHCTBYIOIINX aTOMOB.

79. B yeM cymHOCTP OOMEHHOTO MeXaHu3Ma oOpa3oBaHHUs KOBAJCHTHOM
cBs3u? Pazbepure Ha MpuUMepe MOJIEKYJIbI KUCIOPoaa. YKaXKHUTe, CKOJIBKO U KaKUX
CBsi3el (O miu TT) OCYIIECTBIISCTCS B MOJIEKYJIC KHCIIOPOIa.

80. VkaxuTe cOoeIMHEHHE, B KOTOPOM pEaM3yeTcsl CBS3b 10 JOHOPHO-
aKIENTOPHOMY MEXaHU3MY. aMMHAK, XJIOPUJ] aMMOHHUSI, XJIOPOBOAOPO/I, a30T. OT-
BET JEMOHCTPHPYHUTE IEKTPOHHO-TpaQUIECKUMHU CXeMaMH 00pa30BaHUs CBsI3ei B
MOJIEKYJIax

2.3.OKUCJIUTEJBbHO-BOCCTAHOBUTEJBbHBIE PEAKIIUA

Conepmanne mMarepuaJja 1jd CaMOCTOATEC/IbHOI0 U3YyICHUSA

[loHsITHE O CTEIIEHU OKHCIICHUS 3JIEMEHTOB B COCIUHCHHUU. OxucnauTenbpHO-
BOCCTAHOBHUTCIIBHBIC PCAKIIUHU. OxucnuTebHbIE U BOCCTAaHOBHUTEILHBIE CBOMCTBA
IMPOCTHIX BCIHICCTB U XUMHNYCCKHUX COGHHHGHHﬁ, X 3aBUCUMOCTBb OT pPCaKIMHU Cpe-
ABbI. CocraBieHue ypaBHeHI/Iﬁ OKHUCIIUTCIIbHO-BOCCTAHOBUTCIILHBIX peaKHI/If/'I MCTO-
AO0M 3JICKTPOHHOI'O OanaHca.

Jluteparypa: [1-rn.10, 8 9.1]; [2 +x. IX, 88 93 — 97].

OcHoBHbBIE TCOPETUHIECCKHUEC MMOJOKCHUA

OKUCITUTENBHO-BOCCTAHOBUTEIBHBIMA HA3bIBAIOTCS XUMHUYECKUE PEAKIIUHU,
COIPOBOXK/IAIOIINAECS U3MEHEHUEM CTEIIEHU OKUCIIEHUSI aTOMOB 3JIEMEHTOB.

Crenenn okucienus (C.0.) —3To ycjaoBHAsI BEJIUYHMHA, O] KOTOPOW TOHU-
MaroT 3apsijl aTOMa B COEAUHEHUHU TPHU JOMYIIEHUH, YTO BCE CBSI3U MOHHBIE, 00pa-
3yeMbI€ MPU MOJHON OTAAYE WM MPUCOCIUHEHUH JIEKTPOHOB. CTENEHb OKUCIIE-
HUS 3JIEMEHTa B MPOCTOM BEUIECTBE, IIE CBA3M HEMOJSPHBIEC, paBHA HYI0. Mak-
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CUMaJbHas MOJOKUTEIbHAS CTETICHh OKUCIICHHUSI aTOMa B COCWHEHUU COBIT/IaeT
C HOMEPOM TPYIIIIbI DJIEMEHTA B IEPUOAHUYECKON crcTeMe (MCKiIodas GpTop U KH-
ciopoj). MuHUMaIbHas OTPUIATEIIbHAS CTEIEHb OKHCACHHUS HEMETAIIJIOB OIpejie-
JSIeTCsl KaK Pa3HOCTh MEXKTY HOMEPOM TPYIMIbI, B KOTOPOM HAXOJUTCS dJIEMEHT, U 8.
MuHuManpHas CTENEeHb OKUCIICHUS METAJUIOB paBHA HYJIIO, TaK KaK OHU CITOCOOHBI
TOJIBKO OTJAAaBaTh JIEKTPOHBI, TPHUOOpETast MOJOKUTEIBHYIO CTETICHb OKUCIICHHUS.

MHorue 3J1eMEeHThI TTPOSIBIISIOT NMEPEMEHHYIO CTEIIeHb OKUCIICHHUS U PacCUH-
TaTh €€ MOXKHO, MCXOJSl U3 TOTO, UYTO CyMMa CTEIICHEH OKMCIICHUS BCEX aTOMOB B
COEIMHEHUHU paBHa HyIr0. Hampumep:

H>,SQ,. Crenenp okuciieHHs BOAOpoJa paBHa +1, Kuciaopoaa paBHa — 2,ce-
pBI paBHa X.

C.O. mosekynel = (+1) [P +x + (—2)[(A=0; 2% —-8=0; x=+6

Fex(SQy)s. Crenens okucnenus rpymimsl (SQy) pasna —2, Fepasna X.
C.O. mosekynsl = X [ + (= 2)(B=0; x =+3.

OxucneHue — TPOIIECC OTNIAYU AJICKTPOHOB, KOTOPBIA COMPOBOXKIACTCS TIO-
BEIIIICHUEM CTETICHU OKHCIICHHS dJIEMEHTAa. BemecTBo, aToMbl KOTOPOTO OTAAIOT
AJIEKTPOHBI, B TIPOLIECCE PEAKIIUH OKUCIISETCS U SIBISETCS BOCCTAHOBUTEIIEM.

Boccmanoesnenue — nporecc IpuCcoeaMHEHUS dJIEKTPOHOB, KOTOPBIM COMpO-
BOXKJIA€TCS IMOHIKEHUEM CTEIICHH OKHUCJICHUS dJieMeHTa. BeriecTBo, aToMbl KOTO-
pOTO MPUHUMAIOT JICKTPOHBI B TIPOIIECCE PEAKIIUU, BOCCTAHABIMBACTCS U SBIISET-
Csl OKHCITUTEJIEM.

OxkwucieHne U BOCCTAaHOBJIEHNE HEPa3pPhIBHO CBS3aHbI MEXY COOON U mpe-
CTaBJIIIOT JIBE€ CTOPOHBI OJIHOTO OKHCIWTEIbHO-BOCCTAHOBUTEIBLHOTO IpoIecca.
Yucio 3MeKTPOHOB, OTAAHHBIX BOCCTAHOBUTEIEM, IOJKHO OBITH PAaBHO YHUCITY
DJIEKTPOHOB, MPUHATHIX OKUCIUTEIEM, HAa 3TOM W OCHOBAaH METOJ[ COCTaBIICHUS
ypaBHEHUH OKHUCIHTEIHHO-BOCCTAHOBUTEIBHBIX PEAKITUN — METOJ DJIECKTPOHHOTO
Oananca.

DJIEMEHTHI B CBOEH BBICIICH CTEIEHU OKHCIICHUS MPOSBISIOT TOJIBKO OKHUC-
JUTEbHBIC CBOMCTBA, M COJEPIKAIINE WX BEIICCTBA SBISIOTCS OKUCIUTEIISIMU:

+6 +5 +7 +6
H,SQ,, HNGO;, KMnGO,, KyCr,O;. Kucnopon u ranoressl (IpocThie BEIIECTBA)
Yarie BCETO TaKXKe OKA3bIBAOTCS OKUCITHTEIISIMH.
DneMEeHTHI B HUBIICH CTEMEHU OKHUCICHUS MPOSBISIOT TOJIHKO BOCCTAHOBH-

TCIBHLBIC CBOﬁCTBa, n COI[ep)KaHII/Ie X BCHICCTBA ABJISKOTCS BOCCTAaHOBUTECIISIMU.
-2 =3 0 0
st, HN3, Me, H2.

QHCMCHTBI, HMCIOIUC ITPOMCIKYTOUYHYIO CTCIICHb OKUCJICHUS, MOTYT IIPpOAB-
JATH KaK OKHUCIIUTCIIBHBIC, TAK W BOCCTAHOBHUTCIILHBLIC CBOﬁCTBa, n COICpIKAIIUC

WX BEIIECTBA MPOSBJISAIOT IBOMCTBEHHbBIE CBOMCTBA!
0 +4 42 +3
S H,SG;, NO, HNO..

OCHOBHBIMHM KOMIIOHEHTAMHU OKHCIIMTEILHO-BOCCTAHOBUTEIBHBIX pCaKHI/Iﬁ
ABJIAOTCA OKHCIIHUTCIIb, BOCCTAHOBUTCIIb U CpCa. Cpez[a HC Y4aCTBYCT B IICpCpac-

34



TIPEICJICHUH 3JICKTPOHOB, HO BIIMSET HA CHUITY OKHUCIHUTENS U BOCCTAHOBHUTENS U CBSI-
3bIBaCT ()parMeHThl YUaCTHUKOB OKUCIIUTEIPHO-BOCCTAHOBUTEIBHOTO TIpoIiecca.
Bce OKUCIHMTEIIBHO-BOCCTAaHOBUTEIIBHBIC PEAKIMKM KIACCU(DUIIMPYIOTCS Clie-
TYIOITAM 00pa3oM:
- MeNCMOJIeKYIAPHblEe peaKyuu, B KOTOPBIX OKHUCIIMTENIb U BOCCTAHOBHTEIb
SIBJISFOTCS Pa3JIMYHBIMU BEIIECTBAMM:

+4 -2 +1-1 +2 -1 0
Mn©+ 4HCI| — MnC|2 + C|2 + 2H,0;
OKHUCJIHNTEIIb BOCCTAHOBUTCIIb
U cpena

- peakyuu 6HYmMpumoaeKyJIApPpHO2cO0 OKUCIEHUA-60CCMAHOBTEeHUsA, KOTOPLIC
MMPOTCKAOT C UBMCHCHUCM CTCIICHU OKHCJICHUA aTOMOB 3JICMCHTOB, BXO/IAIINX B
COCTaB OAHOI'0O U TOTO K€ BCIICCTBA.

+1+7 -2 +1 +6-2 +4 -2 0
2KMnO,; — KoMNnO4 + MNO, + O,
BOCCTAHOBHUTCIIb
1 OKUCIIUTCIIb

-3 +5 +1-2
NH;NO; — N,O + 2H,0;
BOCCTAHOBHTEIh

U OKHCIIUTCIIb

- peakyuu OUCHPONOPYUOHUPOBAHUSL, B KOTOPBLY U OKHCIUTENIEM U BOCCTa-
HOBUTEJIEM SIBIISIETCS SJIEMEHT, HAXOIAIIUICS B TPOMEKYTOUHON CTETIEHU OKHCIIe-
HUS U B COCTaB€ OJHOTO U TOTO K€ BEIleCTBa!

0 -1 +1
Cl; + 2KOH — KCI + KCIO + H,0.
OKHCJIHNTEIIb cpcaa
1 BOCCTAaHOBUTCIIb

Penienue TMIOBLIX 33124

3apaua 1. CocTaBbTe 2JEKTPOHHBIE YPaBHEHUS, PACCTaBbTE KOI(PDUIIUEHTHI
B CXEM€ IMPUBEJIECHHON HIKE PEaKIUH, YKAKUTE OKUCIUTENb U BOCCTAHOBUTEIID,
MPOIIECCHI OKUCTIEHUS U BOCCTAHOBJICHUS

PH3 + KMnO4 + stq - H3PO4 + KzSQ; + MnSQ + Hzo

Pemenue. OHpGI{GJ’IﬂeM CTCIICHb OKHCJICHHUSA BCEX J3JICMCHTOB HMCXOJIHBIX
BCIICCTB M IPOAYKTOB PCAKIIHU.

3+1 +1 +72 +1+6-2 +1+52  +1+62 +2+6 2 +1-2
PH3 + KMnO4+ stq - H3PO4 + KzSQ + MnSQ + Hzo

B H,SQ, siiemeHTH HE MEHSAIOT CBOIO CTENEHb OKHCIIEHHUS, U 3TO COEIHHE-
HUE SBIIIETCA CPENON TaHHOW PEAKIIHH.
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HaxomguMm s1eMeHTBI, KOTOPBIE MEHSIOT CBOIO CTEIICHh OKHUCIICHHS B IIPOIIEC-
Ce peakIluy, W 3alMChIBAEM JJICKTPOHHBIC YPAaBHEHUS PEAKIMA OKHCIICHUS U BOC-
CTaHOBIIEHHS.
P2- 8¢ — P"® okuciieuue, PH; — BOCCTaHOBUTEID,

7 - 2
Mn™" + 56 — Mn" Bocctanosiaenne, KMNO, — okucianTens.

HOK = 8- 5 =40

Tak kaK 4MCI0 OTHAAHHBIX BOCCTAHOBUTENIEM DJIEKTPOHOB JIOJXKHO PaBHATHCS
YUCITYy TMPHUHSATHIX AJIEKTPOHOB OKHUCIUTEIEM, TO OOIee KOJTMYECTBO AJICKTPOHOB
nepexomsmux or P~k Mn*’ paBro 8- 5 = 40.Mcxonst U3 9TOTO pacdera, ompe-
nenseM ko3 duimenTts! y okuciautens u BocctanoButens (40 : 8 =51 40 : 5 = 8).
BricTaBnisem nosryaeHHbIe KOAPGUIUESHTHI B UICXOHBIX W KOHEYHBIX BEIIECTBAX Y
BOCCTAHOBUTEJSI M OKHCIIUTEIIS U TIPOYKTOB UX OKUCIICHUS U BOCCTAHOBJICHHUS.

Koadduruentsr mepen ocTambHBIMA yYaCTHHUKAMHU PEAKIIUU PACCUUTHIBA-
I0TCS, UCXOJS W3 MaTepualbHOro OanaHca mpoliecca B CIENYIOLEH MocienoBa-
TEJIBLHOCTH: aTOMbI METAJIJIOB — CJIEBa HAMPaBO, KUCIOTHBIE OCTATKU — CIIpaBa Ha-
JIeBO, 3aTEM BOAOPO/. B naHHOM peakiuyu aTOMOB Kajus B JIEBOM YacTU ypaBHEHUS
8, B mpagoii 2, 3Haunt nepen K,SQ, ctaBum xospduiment 4. KucioTHeIx ocrat-
koB SO B mpaBoii yacty ypasHeHus 12, a B neBoi 1, sHaunt nepexy H,SQ, cra-
BUM Kod(pdunmeHT 12; aroMmoB Bogopoa B JIEBOM 4acTu ypaBHeHus 53 + 12 = 39,
a B mpaBoii 53+2 = 17.YpaBHHBaHUE BOJOPOJA MPOU3ZBOJNM 3a CUET MOJICKYJ
BOJIBI U CTABUM Tiepes Hell kodddurment 12.

SPH; + 8KMnO, + 12H,SQ, — 5H3P0O, + 4K,SQ, + 8MnSQ, + 12H,0

[IpaBunbHOCTE pacdera KOA(PGUIMEHTOB OMPELIsieM M0 KUCIOPOIY: €CIH
€ro KOJIMYECTBO B JICBOM YACTH YPaBHEHUS COBMAJACT C KOJWYECTBOM B IMPaBOM
YaCTH YPaBHEHHUsI, TO YPAaBHEHHE COCTABJIECHO MPABUIBHO.

84 + 124 = 80 ¢nepa), 54 + 44 + 84 + 12 = 80 {npaa).

3agaya 2. MoryT I MPOUCXOUTh OKHUCIUTEIIBHO-BOCCTAHOBUTEIBHBIC pe-
akuu Mexay BeriectBamu: KMnO, u HNO;; H,Su Ho,SG;?

Pemenune. OnpenenseM CTEIEHW OKWUCICHHUS 3JIEMEHTOB IEPBOM IMaphbl Be-

IIIECTB:
+1 +7 2 +1+5-2
KMnO, u HNOs;.

Mexmy STUMHU BeIlleCTBAaMHU HEBO3MOXKHA OKHCIIUTEIIHHO-
BOCCTAHOBUTEIbHAS PEAKIMsI, TAK KaK U MapraHel], ¥ a30T UMEIOT BBICIIYIO CTe-
NeHb OKUCIIeHHUs, a, cinenoBarenbHo, 1 KMNO,, 1 HNO; moryT Tobko BoccTaHas-
JUBATHCS, T.€. IPUHUMATD JICKTPOHBHI.

+1-2  +1+4-2

B mape H,Su H,SO; peakmnus Bo3moxkHa, Tak kak H,S comepxut cepy B
MUHUMAJILHON CTEMEHNU OKWCJICHUS M MOXKET BBICTYIIATh TOJBKO B KauyeCTBE BOC-
cranoButens, a H,SO; comepkut cepy B MPOMEXKYTOUHON CTETICHH OKUCIICHUS U
MOKET BBICTYNAaTh KaK B POJIM OKUCIIHTENS, TaK M BoccTaHoBUTENsA. B mape H,Su
H,SO; cepoBoI0pot GyIeT BHITONHATE GYHKIHIO BoccTaHoBUTEms (S2—2€ — ),
a CepHUCTAs KUCIOTa OY/IeT BBIIOMHAT GyHKIuo okucaurens (S + 4 € — ).
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3anmava 3. Kakyto ¢ynkiuio moryt BeimosHATs Pb, PbOwu PbO, B okucnu-
TEJIbHO-BOCCTAHOBHUTEIIBHBIX PEAKIIUSX ?

Pemienne. Haxoaum ctenens okucienus PD B Ha3BaHHBIX BelecTBaX:

Pk’. 0— 310 MUHMMANbHAs CTeNeHb OKUcIeHus u Pb (MeTamn) MoxeT 6bITh
TOJIbKO BOCCTAHOBHUTEJICM.

Pb"?0 . +2 — 5T0 IPOMEXYTOYHAs CTENEeHb OKUCICHHs CBHHIEA 1 PO Mo-
et ObITh okucimreneM (Pb ™ +2¢ — PB’) u Boccranosutenem (Ph™? —2¢~— Pb™).

Pb™0, 2 +4 —510 MakcuManbHas cTeneHs okucienus ceunna u PbO, mo-
KeT ObITh ToNbKO okucauteneM (Pb™ + 2¢~— Pb?mwm Pb™ + 4e™ — Pb).

331121‘11’[ AJIA CAMOCTOATEIBHOI'O PCIICHUA

81. CocrtaBbTe SIEKTPOHHBIC YpaBHEHUS, pacCTaBbTe KOI(PPUIMEHTH B
CXEME PEaKINH, YKAKUTE OKUCIUTENb U BOCCTAHOBUTEIb, MPOLIECCHl OKUCIICHUS U
BOCCTAHOBJICHUS:

CuCh + SO, + H,O — CuCl + H,SQ, + HCI .

82. CocraBbTe SJEKTPOHHBIE YpaBHEHHUS, pacCTaBbTe KOI(PPUIUMEHTHI B
CXEME PEaKLNH, YKAKUTE OKUCINUTENb U BOCCTAHOBUTEIb, IPOLIECCHl OKUCIIEHUS U
BOCCTAHOBJICHUS:

FeSQ + KCIO; + H,SQ, — KCI + Fey(SQ); + H0.

83. CocraBbTe SJEKTPOHHBIE YpaBHEHHUS, paccTaBbTe KOI(PPHUIUMEHTHI B
CXEMe€ PEaKINH, YKAKUTE OKUCIUTENb U BOCCTAHOBUTEIb, MPOLIECCHl OKUCIICHUS U
BOCCTAHOBJICHUSL:

K>Cr,0O7 + H,S + SO, — K,SO, + Crz(SQ)g + S + H,0.

84. CocrtaBbTe SJEKTPOHHBIC YpaBHEHUS, pacCTaBbTe KOI(PPUIMEHTH B
CXEMe PEaKINH, YKAKUTE OKUCIUTENb U BOCCTAHOBUTEIb, POLIECCHl OKUCIICHUS U
BOCCTAHOBJICHUSL:

MnGO, + KCIO; + KOH — K,;MnQ, +KCI + H,0.

85. CocraBbTe SNEKTPOHHBIE YpaBHEHHUS, paccTaBbTe KOI(PPHUIUMEHTHI B
CXEeME peakliu, YKOKUTEe OKUCIUTENb U BOCCTAHOBUTEIb, MPOIIECChl OKUCIICHUS U
BOCCTaHOBJICHHUS:

SnC}h + HCl + HNO3; — H,SnC} +NO + H,0.

86. CocraBbTe SJEKTPOHHBIE YpaBHEHHUS, PacCTaBbTe KOI(PPHUIUMEHTHI B
CXEeME peakliM, YKOKUTEe OKUCIUTENb U BOCCTAHOBUTENb, MPOIIECChl OKUCICHUS U
BOCCTAHOBJICHUSL:

H202 + KMnO4 + H28Q1 - 02 + MnSQ + KzSQ + Hzo

87. Moryt v TpOUCXOIUTHh OKUCIUTEIHbHO-BOCCTAHOBUTEBHBIC PEAKITUU
mexay BemectBamu: KClOzu NapSG;; H,Su NaCl, O, u Hy,S? Oteet mosicaHuTe.

88. MoryT M IpOUCXOIUTHh OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIC PEAKITUU
mexnay BemectBamu. KyCr,O; um  H3PO,; Na&Cr,O; u Bry S u H,SQO?
OTBeT NOsICHUTE.

89. Moryr M IpOUCXOJUTh OKHUCIUTEIIBHO-BOCCTAHOBUTEIIBHBIC PEaKITUU
mexay BemectBaMu: H,O, 1 KMNOy; Kl u Cly; NH; 1 HI? OtBet mosicaute.
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90. MoryT M TPOUCXOIUTH OKUCIUTEIHHO-BOCCTAHOBUTEIIbHBIC PEAKITUU
mexay BemectBamMu: HNOsu H,S, NHz u HyO,; Ho,SQu i KCIO,? OtBet nosicHuTe.

91. YkaxuTe, KaKyro (PYHKITUIO MOXKET BBIMOJHATH KaXKJ0€ U3 TIEPCUHCIICH-
ueix BemectB. FeSQ, Fe FeCk, Ko;FeO, B oxucauTensHO-BOCCTAHOBUTEIBHBIX
peaknusax. OTBET OOBSICHHTE.

92. YkaxuTe, KaKyro (PYHKITUIO MOXKET BBIMOJHATh KaXKJ0€ U3 TIEPCUHCIICH-
HbIX BemecTB: S K,SG;, H,SQ,, N&S B 0KHCIIUTENIBHO-BOCCTAaHOBUTEIBHBIX PeaK-
musix. OTBeT OOBICHHUTE.

93. YkaxuTe, Kakyro (PYHKITUIO MOKET BBITIOJNHATH KaXKJ0€ U3 TIEPCUNCIICH-
ueix BemiectB. NaClO, NaCl Cl,, HCIO, B oxuciureasHO-BOCCTaHOBUTEIBHBIX
peakiusax. OTBeT 0ObSICHUTE.

94. YkaxuTe, KaKyro (YHKITUIO MOXKET BBITIOJNHATH KaXKJ0€ U3 TIEPCUUCIICH-
HbiXx BemecTB: NO, NH;, HNO,, HNO; B okucanTeIpHO-BOCCTAaHOBUTEIBHBIX Pe-
akiusax. OTBeT 0OBSICHUTE.

95. CocraBbTe SJEKTPOHHBIC YpaBHEHHUsS, paccTaBbTe KOI(PPHUIMEHTHI B
CXEME PCaKIMH, YKOKHTEC OKUCIUTEIIP U BOCCTAHOBUTEb, MPOIIECC OKUCICHUS U
BOCCTAHOBJICHUS. YKaXXUTE THII OKHCIIUTEIbHO-BOCCTAHOBUTEIILHON PEaKIIUU:

Fe,03 + KNO; + KOH — KyFeO, + KNO, + H0.

96. CocraBbTe SJEKTPOHHBIE YpaBHEHUS, PacCTaBbTe KOI(PPHUIUMEHTHI B
CXeME peakliM, YKOKHUTE OKHUCIUTENb U BOCCTAHOBUTENb, MPOILIECC OKUCICHUS U
BOCCTAHOBJICHUS. Y KQXKUTE TUI OKUCIUTENbHO-BOCCTAHOBUTEIBLHON PEaKIINU:

S + KOH— K;SG; + K,S + HO.

97. CocrtaBbTe SIEKTPOHHBIC YPaBHEHUS, PacCTaBbTe KOI(PPUIMEHTH B
CXEME PEaKIUH, YKAXKUTE OKUCIUTENIb U BOCCTAHOBUTENb, MPOILECC OKUCICHUS U
BOCCTAHOBJICHUS. Y KQXKUTE TUI OKUCIUTENbHO-BOCCTAHOBUTEILHON PEaKIINU:

Mn(OH), + Cl, + KOH — MnO, + KCI + H,0.

98. CocraBbTe SNEKTPOHHBIE YpaBHEHUS, pacCTaBbTe KOI(PPHUIUMEHTHI B
CXEeME peaklliM, YKOKHUTE OKUCIUTENb U BOCCTAHOBUTENb, MPOILIECC OKUCICHUS U
BOCCTAHOBJICHUS. Y KaXUTE TUI OKUCIUTEIbHO-BOCCTAHOBUTEIILHON PEaKIUu:

Pb(NQ;), — PbO + NG + O, .

99. CocraBbTe YpPpaBHCHUA OKUCIUTCIbHO-BOCCTAHOBUTCIIbHBIX peaKuHﬁ,
YKaXXKUTC (bYHKLII/IIO Ka>X0ro U3 HCXOAHBIX BCIICCTB U IIOACHUTE POJIb CPCABI.

KMnQO, + K,SG; + H,SO, — MnSQ + K,SO, + HL0,
KMnO4 + KzSQ_:, + Hzo - KzSQ; + Mn02 + KOH.

100. CocraBbTe ypaBHEHHSI OKHCIHTEIHbHO-BOCCTAHOBHUTEIBLHBIX PEaKIIHiA,
YKOKUTE QYHKIIMIO KaXA0TO U3 UCXOAHBIX BEIIECTB U MOSICHUTE POJIb CPEIbI:

H202 + CfCIg + KOH — KszO4 + Hzo + KCI,
H202 + chr207 + HCl — CfCIg + 02 + KCI + Hzo
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Pa3nea 3. OBIIIME 3AKOHOMEPHOCTU XUMHWYECKHUX ITPOLECCOB
3.1.9HEPTETUKA XUMHNYECKUX ITPOLHECCOB

Coaep:xaHue MaTepuaJia 1Jisi CAMOCTOATEILHOT0 U3Y4YeHUsI

XUMHYECKAs] TEPMOJIMHAMUKA — OCHOBHBIE MOHATHA. Te€pMOIUHAMUYECKUE
MapaMeTpbl COCTOSIHUSI CUCTEMBI U mpolecca. BHYTpEHHsISE HEPrus, SHTAIBIIHS.
Tepmoxumus. 3akon .M. I'ecca u ero cimenctBus. DHTpomnwus, s3Heprus ['nbdoca,
M3MEHEHHE TIPU XUMHYECKHUX Ipolieccax. DHTponus u sHeprus [ mboca kak kpurte-
pHUl CaMOIIPOX3BOJILHOTO IMTPOTEKAHUS MPOIIECCOB. XUMHUUYECKOE CPOJICTBO.

Jlureparypa: [1 —rn. 5, 88 5.1 — 5.4]; [2 +1.VI, 88 54 — 56, 65 — 68];
[3-mn.5,885.1-5.3].

OcHoBHbBIE TCOPETUHIECCKUEC MMOJOKCHUA

TepMoanHaMuKa u3ydaeT 3HepreTudecKre d3PPEeKThl XUMUISCKUX PEaKIni,
HalpaBlIeHUE UX CAMOIPOU3BOJIHHOTO MpoTeKaHus. OOBEKTHI, C KOTOPHIMU UMEIOT
JIeJI0 B XUMHUYECKOH TEPMOJIMHAMUKE, OOBIYHO HA3BIBAIOT MEPMOOUHAMUYLECKUMU
cucmemamuy — 3TO COBOKYIMHOCTh TeJ, HAXOMASIIUXCS BO B3aMMOJCHCTBHUH, MBIC-
JICHHO WJIM peajbHO OTHEJICHHBIX OT OKPYXAIOIIeH cpeabl. M3onuposanuvimu Ha-
3BIBAFOTCS] CHCTEMBI, KOTOPBIE C OKPYIKAIOIIIEH CpeIoil He 0OMEHUBAIOTCS HU DHEP-
ruei, Hu BemecTBoM. CucTteMbl, 0OMEHUBAIOIINECS C OKPYKAIOIIEH Cpeion TOJb-
KO BEIIECTBOM, HA3bIBAIOTCS 3aKkpuimbimu. Ecin cuctema 0OMEHHBAETCS CO Cpe-
JIOM SHEPTHeH M BEMIECTBOM, TO €€ HA3bIBAIOT OMKpbimol. TepMoIuHAMUYIECKUC
CBOMCTBA CHCTEMBI BEIPKAIOTCS (YYHKIIUSIMHU COCTOSIHUS: GHYmMpeHHss dHepaus U,
sumanvnus H, sumponus Swu sunepeus 'uo6ca G. Kax mpaBuio, mpu XUMHYECKHX
peaKIusAX PHEPrHsl BBIICISETCS WIHM TOIIONIAETCS B BUIC TETUIOTHI. TEIUIOBBIM
apdextom xumuueckoil peaxiuu (Q) Ha3pIBaeTCS M3MEHEHUE SHEPTHH CHUCTEMBI
IIpU MMPOTEKAHUH B HEW XUMHUYECKOW PEakIUH TMpPU YCIOBUH, YTO CHCTEMa HE CO-
BepIlaeT HUKAKOU Ipyroi paboTsl, KpoMe paboThl pacmupenus. [Ipu moctosHHOM
JIABJICHUH TEIUIOBOW 3 (EeKT peakiuu paBeH u3MeHeHuto sHTanbiuu (AH). Peak-
Usl, B XOJ€ KOTOPOH menioma noenowjaemcsi, Ha3bIBaCTCI IHOOMEPMUUECKOU
(AH > 0). Ecnu B pe3ynbTaTe peakiuu menioma evloeisiemcsi, TO peakiys Ha3bl-
Baetcst okzomepmuueckor (AH < 0). OCHOBHOH 3aKOH TEPMOXUMHUHU — 3AKOH
I'A. I'ecca: TennoBoil >(pPexT peakuu He 3aBUCUT OT MYTH PEaKIMH, a 3aBUCUT
OT MPUPOJIBI U COCTOSIHHSI ICXOHBIX BEIIECTB M MPOAYKTOB peakiuu. 3akoH ['ecca
CTPOTO COOIOACTCS IS MPOTIECCOB, MPOTEKAIOIINX B H300apHO-N30TEPMUYECKIX
ycnoBusix (P = const,T = const),oH MoO3BOJISIET MPOBOJUTH TEPMOXHUMHUCCKHE
pacyeThl XUMUYECKUX mporeccoB. Credcmeue 3axona [l'ecca. tennoBot rdext
(M3MeHeHHe PHTAJIBIINN) PEAKIIMKA PaBEH CyMME SHTAIBIUN 00pa30BaHMs MPOIYK-
TOB PEAKIMH 32 BEIYETOM CYMMBI PHTAJIBIUN 00pa30BaHUS UCXOIHBIX BEIIECTB C
YUETOM CTEXHOMETPHUECKUX KOIPPHUITUSHTOB.

Temmosoit apdekr peakiun  ad + 6B — ¢C + dD, npoTtekarorieit B ctan-
naptHeIX yeaousax (P = 101kIla, 7 = 298K), paccuuThiBaeTCs M0 ypaBHEHUIO:
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AH® =(c¢-AH°C +d-A{H°D) —(a-AsH’4 + 6-A¢H"B),

rae AH® — TemnoBoii 5 QeKT peakiuu Py CTAHAAPTHBIX YCIOBHSX;
A¢H® — craHzmapTHBIC SHTANBIIHE 06PA30BAHHS BEIIECTB, YIACTBYIOMUX B pe-

aKIIH,

a, 8, ¢, d —crexuoMerpuyeckue KO3PPHUIIMCHTHI.
Cmandapmuoti sumanvnueti o6pazosanusn (A:H®) Ha3bpIBAIOT TEMIOBOH 3¢)-

dext oOpazoBanmsi 1 MOJISI CIIOKHOTO BEHIECTBA M3 COOTBETCTBYIOIIUX MPOCTHIX,
ycroiunBbix Tipu Temrepatype 298 K u paBnenun 101 xIla. CranmapTHbIe H-

TaJabIUU 00pa30BaHMs MPUBENCHBI B Ta0I. 3.1.

npu temneparype 298K u naBnennn 101klla

(3.1)

Taomuma 3.1
TepmoamHaMHUUYeCKHE XapaKTEPUCTHKN HEKOTOPBIX BEIICCTB

AH®, S, AG’,
BemecTso xJx/Monb Jx/moib-K xJ>x/Monb
AlLO3 () -1675,0 50,9 -1582,6
BaSQyy) -1195,0 90.0 -1358,3
COpn -110,5 197,4 -137,8
CO -393,5 213,6 -394,4
CaOyy,) -635,1 39,7 -604,2
Ca(OH () -986,2 83,4 -896,8
CaCb ) -785,8 113,8 -753,1
CaSQ () -1432,7 106,7 -1320,3
CaSiQ () -1584,1 82,0 -1501,1
CaCQ ) -1206,0 92,9 -1128,8
CaSQ-0,5H,0 () -1575,2 130,1 -1435,2
CaSQ-2H,0 () -2021,1 183,5 -1795,7
CaCQMgCO; () -2326,3 — -2152,7
2Ca0Ssio, (kp) -2312,6 - -
3Ca0Al 03 () -3592,9 — —
Feé (o) 0,0 27,2 0,0
FeO ) -264,7 58,8 -245,3
F&03 () -821,3 89,9 -743,8
F&04 () -1117,7 151,6 -1016,4
Ho 0 130,6 0
H.Op0 -285,8 69,9 -237,4
H,0( -241,8 188,7 -228,8
MgO () -601,2 26,9 -569,5
Mg(OH), () -924.7 63,1 -837,1
MgCl3 () -641,8 89,5 -594,7
MgSOy () -1273,9 91,3 —
SO -296,9 248,1 -301,6
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OxoHuaunwue Ta0i. 3.1

AH®, S, AG,
Bemiectso xJ>x/Monb Jx/moib-K xJ>x/Monb
SiO; ) -859.3 42 1 -856,7
Oz 0,0 205.0 0,0

[Iporecchl, KOTOpbIe MPOTEKAIOT 0€3 3aTpaThl pabOThl W3BHE, HA3BIBAIOTCS
CaMOIIPOU3BOJIbHBIMU. DHmMponus — 3TO IHEPreTHIecKas Mepa Oecropsiika B CHC-
TEeMe, KOTOopasi CO3a€TCs 3a CUET XaOTUUYECKOTO JIBUKEHUS YACTHII.

B u301MpoBaHHBIX CHCTEMAaxX CaMOMPOU3BOJIBLHO UAYT MPOIECCHI, KOTOPHIE
CoNpoBOXAarOTCS yBenudeHueM suTponuu (AS> 0). [Ipu npoBeneHuu mporecca B
CTaHIAPTHBIX YCIOBHSX H3MEHEHHE SHTPOIHH (AS’) BBIYHCISIETCS 10 YPABHEHHIO!

AS): Xv- §npod.pem<' IRYE S)ucx.e-e (32)
WA OJIs1 pCaKIuu, O6HII/Iﬁ BUO KOTOpOﬁ MMpCaACTABJICH PAHECC,
AS® = (¢-S°c +d-S°D) — (a-S°4 + 6-S°B), (3.3)

rie S0 — CTaHJIapTHBIE PHTPOIHMH BEIIECTB, YIYACTBYIOIINX B PEAKIIUH;
a, 6,c, d —crexuomerpuyeckue K03HGHUIIMEHTHI.
Kputepruem camonmpou3BOJLHOCTH MPOTEKAHMS Tpoliecca B 3aKphITON CHC-
TeMe B M300apHO-U30TCPMUIYCCKUX YCIOBUSX sBIsieTcs sHeprus ['mooca (G). Us-
MeHeHne sHeprun ['m66ca (AG®) B xoze mporiecca B CTAaHAAPTHBIX YCJIOBUSIX pac-
CUUTHIBaETCs Mo Gopmyie:

AG?’= AH°-TAS. (3.4)

Ecnmu AG < 0, To mporecc nmpoTekaeT caMonpou3BosbHO; ecau AG > 0, To
CaMOIIPOM3BOJILHO MpOIlecC MpoTekaTth He MoxeT; eciu AG = 0, To cucrema Ha-
XOJUTCS B COCTOSTHM TEPMOIMHAMHYECKOT'O PABHOBECHH.

Penienue TMIOBLIX 32124

3apanue 1. Paccuuraiite TersioBod 3phekT XUMHUUECKON peakIuu, MpoTe-
KaroIIei B CTAHAAPTHBIX H300apHO-U30TEPMHUUECKUX YCIOBHSX, 10 YPABHEHHIO!

CH4(2) + COZ(e) — ZCO(Z) + 2H2(2), eciu

AfHOCH4 = —74,8x]Ix/Mo0b, AfH0C02 = —394,0xI>x/M011b;
AH°CO = -110,5kx/mons;  AfHPH, = 0 xJ[x/MoIb.
YkaxkuTe, Kakas 3TO peakius 5K30- WIH SHAOTepMHUeckas. Kakoe KoauvuecTBO
TEIJIOTHI OyIeT 3aTpadeHo Ha noaydenne 30 kr Bogopoaa?
Pemenne. TemmoBoii ekt XuMmaeckoil peakunn AH°, IpoTeKaroLel B
CTaHIAPTHBIX HM300apPHO-U30TEPMUUYCCKUX YCIOBHUAX, PACCUUTAEM, IOJb3YsICh
ciencTBueM 3akoHa [ecca (3.1):

AHOZ 2 V'AfHOnpoc).pemc -2 V'AfHOucx.e-es
AH°= (2HPCO.y + 20iH Hy () = (OHPCHaoy + DHCO3y).
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AH= 2. (-110,5) + 20 - (- 74,8 - 394,0) = 247:81x.

Tax kax AH°> 0, To porecc sHdomepMuUecKul.
13 ypaBHEHUs peakiiy CJICAYET, YTO IS MmoydeHus: 2 moseit (vq) wim 4 r
(m =v - M) Bomopoaa tpebyercs 3atpatuth 247,8x/x Temaorel. Eciau B pe3yis-
TaTe Tpoliecca 00pa3yercss HHOEe KOJIMYEeCTBO BemiecTBa (1), TO TEIIIOTY paccuu-
ThIBaeM 1o ¢opmyne AH = v AH° v,
v, = m/M, v, = 30-10%2 = 1510’ moei,

AH = 1510°- 247,8/2 = 1,8583.0° x Jx.
3amaya 2. Bo3MOXHO M caMOIPOHM3BOJLHOE B3aUMOJCHCTBHE KapOOHaTa
KaJIbIIAS ¥ OKCHJIa KPEMHUS, TPOTEKAIOIIEe TT0 YPaBHECHUIO

CaC03(Kp)+ SiOz(Kp) — CaSiQ:,(Kp) + COz(e)

B CTaHJAPTHBIX N300apHO-U30TEPMHUUECKIX yCIOBUSIX ?

Pemenue. Kpurepuem camonmpou3BOIBHOrO MPOTEKaHHS IMpolecca B 3a-
KPBITOH CHCTeMe B M300apHO-M30TEPMHUYECKHUX YCIOBHSIX SBIISICTCS yOBUIb YHEP-
ruu ['ub6ca. Paccunraem wusmenenue >Heprun ['m66ca AG® B X0J1€ TaHHOU pe-
aKIMH, BOCIIONB30BaBIINCh ypaBHeHneM (3.4): AG® = AH — TAS’.Bennuuny
U3MEHCHHUS YHTAJIBIIMU PEAKIIUU paccuuTaeM o ypaBHenuto (3.1):

AH®=(AH® COyy + AH CaSiOs(y)) — (AtH SiOa(ip) + AtH® CaCOsy)).
DHTaNBIIUN 00pa30BaHUs BCEX YUaCTHUKOB peakiuu oepeM u3 Tadi. 3.1 .
AtH®CO5(y = —393,5kIx/Moib; AtH®CaCOsy) = —1206,0cIk/Moib;
AtH°SiOyp) = —859,3k/lk/Momb; AtH CaSiQy, )= —1584, kJIx/Moib.
[TogcTaBuB 3HAUCHUS B YpaBHEHHUE, TIOTYIHM
AH® = -363,5-1584,1 — (—859,3 — 1206,0) = 87J%.

Bbruncianm m3Merenne suTpormn A S peakiyn, mpoTeKaromeil B CTaH-
JAPTHBIX YCIOBHSX, UCIIOJB3Ys Ta0IMuHbIe qaHHbe (Ta0:1.3.1).

S’ caCQy,)= 92,9/Ix/Moms K; S S0y = 42,1]1x IMoms-K;
80y, = 231,5x/monbK; SCaSiQy) = 82,0/lx/MonbK.
AS = 2v- S =2V S e
AS’ = SCOy, + S CaSiQyy) — S SiOy ) — S CaClyy),
AS’=82,0 + 231,6 — 92,9 — 42,1 = 178]Bx/K wi AS’ = 0,179k x/K.
Paccuntaem AGO, BOCIOJIL30BAaBIINCH HAWIEHHBIMH 3HAYECHUSIMU AHO U ASO :
AG®=87,7—298-0,179 = +34,36 .

[TockonbKy AG® > 0, To nanubIi IPOIIECC B CTAHJIAPTHBIX YCIOBUSX CaMOIIPOU3-
BOJIBHO MPOTEKATh HE MOXKET.

3amaya 3. Ompenenure SHTAIBIHIO 00pa30BaHUS MOHOKAJIBIUEBOTO CH-
mukata (CaO-Si0,), ey TeIIOBOM 3P PEKT peaKIuu

CaO(Kp) + SlOZ(Kp) — CaO'SiOZ(Kp)s
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paBen —89,1k/x. YcioBus craHmapTHHIC.
Pemenne. CoracHo creacTBuio 3akoHa ['ecca,

AHO = AfHOCGO'Si02(Kp) — AfHOCCZO(Kp) — AfHO Sioz(Kp).

[To ycioButo 3agaun AH® = — 89,1k/x; B Tabnuie 3.1 Hax0oAWM CTaHJIApTHHIC
SHTAJBITMHN 00Pa30BaHUs OKCHUIOB KaJbIIUS U KPEMHHSI

AtH®Ca0ypy= —635, 1k Ix/Moib 1 AjHSiOy,)= —859,3KIk/MoIb.

[ToncTraBuB M3BECTHBIC BEJIMYUHBI B YPABHECHHUE CIIEICTBHS 3aKOHa l'ecca, Haxo-
UM CTaHJIAPTHYIO SHTAIBIINIO 00pa30BaHUs CUITUKATa KaJlbIIHs AfHO CaO-SiO3(p).

—89,1 =A{H°Ca0-Si03q) — (-635,) — £859,3);
AH® CaO-SiO3(p) = —1583,5k /Mo11b.

331121‘11’[ AJIA CAMOCTOATECIBHOI'O PCIICHUSA

101. CocraBHas 9acTh OapHEeBOTO OTHEYIIOPHOTO IIEMEHTAa — aTFOMHUHAT Oa-
pust (BaO-Al,03) nonydyaeTcst Mo ypaBHEHHUIO

ZBaSQ(Kp) + 2A|203(Kp) — ZBaO’Alzo;g(Kp) +28Q(2) + 02(2).

Paccunraiite cTaHmapTHYIO SHTaIbIKI0 oOpa3oBanus Ba(O-Al,0s, eciu TEmIOBOM
apdekr peakuun npu 298K paBen 566,1k/[x. YkakuTe K KaKOMY THITy OTHOCHUT-
Csl JaHHAs PEAKIUS: SHIO0- UIIH K30TEPMHUUECKOMY.

102. Omnpenenure CTaHAAPTHYIO DJHTAJIBIHIO O0O0pa30BaHHUS JIOJOMHUTA
(CaCO3"MQCOs), ecnu TemnoBoi 3¢hGEeKT peakiuu ero pasIoKeHUs, MPOTeKaro-
1IEW 10 YPABHEHHUIO

CaCOg-MgCOg(Kp) — CaO(Kp) +MgO(Kp) + 2C02(2),

paBen 303 x/[x. Kakoe KOIMYECTBO TETUIOTHI OYIET 3aTpaydyeHO IS Pa3IOKEHUS
1 TonHBI HOTTOMUTA?

103 ITonp3ysich TaOMMYHBIMU JAHHBIMH, BBIYUCIUTE TEILIOBOHN 3P (dEeKT pe-
aKIIMU TallleHUS] U3BECTH, UCXO/IS U3 CIEAYIOIIEr0 TEPMOXUMHYECKOTO YPaBHEHUS

CaO(Kp) + HgO(g,c) — Ca(OH)z(Kp), AHO

YcnoBus ctaHmapTHbIE. YKKHATE K KaKOMY THITY OTHOCHTCS JaHHas peakius —
9HJIO- WITH 3K30TEPMUICCKOMY.

104. TermoBoit 3¢ dexT peakuuu 00pa30BaHUS TPEXKAIBIIMEBOTO aIFOMHUHA-
ta (3Ca0-4,03) , IpOoTEKAIOIICH 10 YpaBHEHUIO

3CaO(Kp) + A|203(Kp) — 3CCZO’A|203(;<p)1

paBen —12,55 k/[x. Onpenenure >HTAIBIUIO 00pa30BaHHUS TPEXKAIBIMEBOTO
ATFOMUHATA, €CJIH MPOIIECC MPOTEKAST B CTAHAAPTHBIX YCIOBHSIX.
1051Tonb3ysach TaONMMYHBIMU TAHHBIMH, PACCUMTANTE TETUIOBON 3(PdeKT pe-
aKIuu o0pa3oBaHUs AByXKaibiueBoro cwimkara (2Ca0-Si0,), npotekaromniei B
CTaHJAPTHBIX YCIOBUIX 110 YPABHEHHIO
ZCQO(KP) + SiOz(Kp) — ZCQO'SiOZ(Kp).

Hanwumure TCPMOXHUMHYCCKOC YPABHCHUC JJAHHOTO IIpoHeccca.
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106.Peaknuss oOpazoBaHus AByXKaiblueBoro cwimmkara (2Ca0-SiO;) BbI-
paKkaeTcsl TEPMOXUMHUYECKUM ypaBHCHUEM

2CaCO0sy) + SiOsp) — 2Ca0-SiOsp) +2C0o), AHC.

BrerarcnuTe cTaHIapTHYIO SHTAIBIHIO 00pa30BaHUS JBYXKAIBIMEBOTO CHIIMKATA,
€CJIM TEeIIoBOM 3 (eKT aaHHOTO Mporiecca paBeH 229,3k/x.

107. [Tonb3ysich TaOMMYHBIME JTaHHBIMH, BBIYUCIUTE WU3MEHEHHUE SHTPOIUH
(AS) Tpu CTAaHZAPTHBIX YCIOBHSIX IS MPOLECCa, TEPMOXUMHUECKOE yPABHEHHE
KOTOpPOTO UMEET BH/I:

2C0(2) + 02(2)—> ZCOZ(Z), AH.

Pemute Bompoc O BO3MOXKHOCTH CaMOIIPOM3BOJIBLHOIO MPOTEKAHHUS MpoIlecca B
M30JMPOBAHHOMN CUCTEME.

108. Paccunraiite, Moib3ysaCh TAOTMYHBIMU JAHHBIMH, H3MEHCHUE SHEPTHH
I'n66ca (AG®) s mpouecca

CaSO4-O,5H20(Kp) + 1,5H20(‘,,C)—> CaSO 4‘2H20(Kp),

MPOMCXOJIAIIET0 B CTAHIAPTHBIX H300apHO-U30TEPMUUECKUX YCIOBUAX. Permte
BOIIPOC O BO3MOKHOCTH CaAMOTIPOM3BOJILHOTO TPOTEKAHMSI STON PEaki[ii B HEU30-
JIMPOBAHHOM CHUCTEME.

109. TTonb3ysich TaOIMYHBIMKM JAHHBIMU, PACCUNUTANTE M3MEHEHHE DHEPTUH
I'u66ca (AGP) peaxiuu

CaCO3(Kp) — CaO(Kp) + COZ(Kp)l

MPOUCXOJIAIIECH B CTaHAAPTHBIX H300apHO-U30TEPMUYECKUX YCIOBUSIX. Pemure
BOIIPOC O BO3MOXHOCTHU CaMOIIPOU3BOJIBHOTO €€ MPOTEKAHUS B 3aKPHITOUN CUCTEME.

110Bsruncinre n3menenue sutpormn (ASY), MOJIb3YSICh TAOTUYHBIMU JIaH-
HBIMU, UCXOJIS U3 CIEAYIOIIEr0 TEPMOXUMHUUECKOTO YPaBHEHUS

Ca(OH) 4y + COz) — CaCOsyy + HyOpeyy AHP.

[Ipouecc NPOUCXOAUT B CTAHAAPTHBIX YCIOBUSAX. PeNIMTE BOIPOC O BO3MOMKHO-
CTH CaMOITPON3BOJIBHOT'O IMMPOTCKAHUA €TI0 B I/I3OHHPOBaHHOﬁ CHUCTCMC.
111 Bo3MoxHO 1H CaMOITPONU3BOJBHOC BOCCTAHOBJICHHUC JKCJIC3a IO ypaB-
HCHHUIO
Fezo;g(KP) + 3H2(2) — 2Fe(,<p) + 3H20(9,c)

B M300apHO-U30TEPMHUYECKUX YCIOBUsIX mpu Temreparype 298 K? Oreer noa-

TBEpAUTE pacueToM. Hanmummre TepMOXUMHUYECKOE YPaBHEHHE JaHHOTO TIpoIecca.
112. Bo3MOXHO JI CaMOITPOU3BOJILHOE OKHUCIICHHE JKelie3a B CTaHIapTHBIX

M300apHO-U30TEPMUIECKUX YCIOBUSAX, MPOTEKAIOINIEEe TI0 YPABHEHUIO

4F€(Kp) + 302(2) — 2F9203(Kp)?

OTBeT MOJATBEPIUTE PACUETOM.
113.0mnpenenure TemaoBoit YHPexT peakuu

2C&SQ(Kp) + ZSiOZ(Kp) — 2C3.SiQ(Kp) + 2802(2) + 02(2) ,
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MPOTEKAIONIEH B CTAaHAAPTHBIX HM300apHO-M30TEPMHUUECKUX YCIOBHSIX. YKAKHUTE
TEPMOXUMHYECKHUNA THII IpOIIecca.
114.Paccuntaiite sHTanbnu0 oopazoBanus COy(), €CIU TENIOBOU dPPEKT
peakiuu
ZCO(Z) + 02(2) — 2C02(2)

paBen —283k/[x. YcioBus cTaHmapTHbie H300apHO-U30TepMHUUEcKe. Bo3MOxKHO
JIM B IAaHHBIX YCIIOBUSX CaMOIPOU3BOJIbHOE okucienue CO?

115. Paccuwnraiite cranaaptHyo sHTponuio qojomuta (CaCO3:MgCOs3), ec-
JI¥ I3MEHEHHE DHTPOIIUH B XOJI€ PEAKINH

CaCOg-MgCOg(Kp) — CaO(Kp) + MgO(Kp) + ZCOZ(Z)

paBHo 378 JIx/K. Omnpenenure BO3MOXHOCTH CaMOIPOU3BOJILHOTO MPOTEKAHUS
JAHHOT'O TIPOIecca B CTAHJAPTHBIX YCIOBUSAX (CHCTEMa 3aKphITasi).

116. TermoBoit 3pdexT peakuu TUAPATAIIIN TPEXKATBIIMEBOTO aFOMHUHA-
ta (3Ca0-Al,03), npoTekaromieii 110 ypaBHEHUIO

3Ca0-A|203(Kp) + 6H20(‘,,C) — 3Ca0-A|203-6H20(,<p),

B CTaHJAPTHBIX ycioBUsAX paBeH —238,9 x/[kx. Hamummre Tepmoxumuyeckoe
ypaBHEHHE peaknuu. PaccumraiiTe SHTANBIHIO 00pa30BaHUs KPHCTAJUIOTHIIpaTa
3C610‘A203‘ 6H20

117.B0o3MOXHO JIH CaMOIPOW3BOJIBHOE MPOTEKAHWE PEAKIUU AeTHApa-
taruu crpouteabHoro rurnca (CaS042H,0)

CaSO4'2H20(,<p) — CaSO4'O,5H20(,<p) + 1,51‘[20(2)

B CTaHJAPTHBIX U300apHO-U30TEPMHUICCKUX YCIOBHUAX? OTBET MOATBEPIAUTE pac-
YETOM.
118. Bo3MOXKHO JI CaMOTIPOU3BOJIBHOE MPOTEKAHUE PEAKITUU

MgSO4(;<p)+ Ca(OH)Z(Kp)+ 2H20(()f(‘)_) Mg(OH)Z(Kp)+ CaSQ'ZHZO(Kp)

B CTaHAAPTHBIX M300apHO-U30TEPMUYECCKUX YCIOBHSIX? OTBET MOATBEPIUTE pac-
4ETOM.

119. Tepmoxumudeckoe ypaBHEHHE KapOOHM3AIUM TaIleHON W3BECTH
(Ca(OH),) umeer BuA

Ca(OH) 4y + COz— CaCOsyy + Hy,Opy, AHC.

I[OK&)KI/ITG BO3MOKHOCTb CaMOIIPOMU3BOJIBHOT'O IIPOTCKAHUA HAHHOI'O IIPOLCCCa B
CTaHIAapPTHBIX YCJIIOBUAX. Cucrema 3aKpbITad. YcnoBus CTaHIAapPTHBIC.

120. Bo3MOYHO JIM CaMOITPOHU3BOJIBHOE TPOTEKAHNUE TIPOIIECCa
MgCIz(Kp) + Ca(OH)Z(Kp — CaCb(Kp) + Mg(OH)z(Kp)

B CTaHJAPTHBIX M300apHO-U30TEPMHUICCKUX YCIOBHUAX? OTBET MOATBEPIUTE pac-
YETOM.
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3.2. XUMHNYECKAS KHHETUKA U PABHOBECHE

Coaep:xaHue MaTepuaJia 1Jisi CAMOCTOATEILHOT0 U3Y4YeHUsI

CKOpOCTh XMMHUUYECKUX PEAKIUN B TOMOIE€HHBIX U T€TEPOrE€HHBIX CHCTEMAX.
3akoH neiictBus Macc. KOHCTaHTa CKOPOCTH peaklnu. 3aBUCUMOCTh CKOPOCTH pe-
aKIMM OT TEeMIEpaTypbl. DHEPTUsl aKTUBALMM XUMHUUYECKUX peakiui. KuHernka
reTEpOreHHBIX IIpoleccoB. KaTanus u katanu3aTopsl.

O6paTtumble 1 HeoOpaTuMble peakiiuv. KoHCTaHTa XUMUYECKOrOo paBHOBE-
cus. Cmenienne xuMmuueckoro papHosecus. [lpunnun Jle Ilarense m ero mpak-
TUYECKOE 3HAUYECHUE.

Jluteparypa: [1 —rn. 5, 8§ 5.5yrn. 6,86.1;rn. 7, 887.1 — 7.3]; [2 .V,
88 57 -61,63],[3+#1.6,886.1-6J

OcHoBHbBIE TCOPETHYECCKHUE IMMOJTOKCHUSA

Xumuueckas KuHemuxka N3y4aeT CKOPOCTh PEaKIUii U MEXaHU3M MX IpoTe-
KaHus. Peakiiuu AensTCs Ha TOMOTEHHBIE U T€TEPOTCHHBIE. [ OMO2eHHbIMU HA3bI-
BAIOTCS PEakilii, KOTOPbIE MPOTEKAIOT B OJHOPOAHON cpene (B oaHoM (dase), ce-
mepozeHHbiMy — TaKHE PEeaKlH, KOTOphIe MPOTEKAIT Ha TpaHuIle pasjaena ¢as,
HaIrpuMep, TBEPJIOH U KUIKOU, TBEPIOH U Tra3000pa3HOiA.

Cpenssis CKOPOCTb TOMOTE€HHBIX peaKIui (I)i) OmnpeaensaeTcss U3MEHEHUEM
KOHIIEHTPALIMX OJHOTO U3 PEareHTOB (ACi), YYaCTBYIOIINX B PEAKLINH, 32 CAUHUILY
Bpemenu (A7):

vi = * Ac/Ar. (3.5)

CKOpOCTh peakiMy BeJIMYUHA MOJIOKUTEIIbHAS, TIO3TOMY €CIIH O CKOPOCTH
CYJIMIM 10 U3MEHCHHIO KOHIIEHTPAI[MH UCXOHBIX BEIIECTB, TO Mepe. ApoObio cTa-
BUTCSI MUHYC.

CpenHsisi CKOPOCTh T€TEPOTESHHBIX PEAKIMN ONPENEIeTCss H3MECHEHUEM KO-
naudectBa peareHta (Av;), 3a equHUIYY BpeMeHH (A7) Ha eUHUIIC PEaKIIMOHHOU ITO0-

BepxHocTH (S):

Avi
D =+

T Ar B b

B xumudeckoe B3amMOIeHCTBHE BCTYMAIOT TOJBKO AKMUBHbBLE MOJIEKYIbL, TO
€CTh MOJIEKYJIbI, O0Jafaroume sHepeuel akmugayuu. IHepeuel akmusayuu E,
JAHHOM peaklHK Ha3hbIBA€TCS MUHUMAJIbHAS U30BITOYHAS dHEPIHs (110 CPaBHEHUIO
CO CpeIHeH BEIMYMHOMN), KOTOPOH JOKHBI 00J1aJaTh MOJICKYJIBI JIJIST TOTO, YTOOBI
WX CTOJKHOBEHHE OBUIO PE3yNbTATHBHBIM, T.C. NMPUBEIO K 0OpPa30BAHUIO HOBBIX
BemecTB. CKOPOCTh peaklMi TeM OOJIbINE, YeM MEHBIIIC SHEPIUs aKTHBAIIUH IIPO-
ecca.

BaxuelmMu BHENTHUMHU (haKTOpaMH, BIHUSIIOIIUMH Ha CKOPOCTh PEaKITUH,
SBIISIIOTCSL KOHYEHmMpayus, memnepamypa, oaeienue, niouadb peakyuoHHou no-
sepxnocmu (U1 TETEPOTEHHBIX PEAKIINH), Kamaiuzamop.

46



3aBUCUMOCTh CKOPOCTH PEAKIMU OT KOHLEHTPALUH BBIPAKACTCS 3aKOHOM
Oeticmsusi macc, oTKpbITeIM K. I'ynpa6eprom u I1. Baare: npu mocTostHHO#M TemIe-
paTtype CKOpPOCTh XMMHMYECKON pEaklUHMH MPONOPIUOHATIbHA MPOU3BEICHHUIO KOH-
LHEHTPalUHUi PearupyrolnuxX BEIIECTB B CTENEHSIX, PABHBIX X CTEXMOMETPUYECKUM
Kod(dpuieHTaM B ypaBHEHUH PEAKIIUH.

s comoeennon peakuun  aA + bB — dD, nportekarorieii B 0JHy CTaHIo,
MaTeMaTHYECKOE BBIPAKEHHUE 3aKOHA JEUCTBYIOIIUX MAcC — KUHemuueckoe ypaes-
HeHue — AMEET BUJL!

v =KIGAIGE (3.7)

rae K — KOHCTaHTa CKOPOCTH PEAKIMU; C4 U Cp; — KOHLEHTPAIMU Pearupyromux
BEIECTB; @ U b — cTexuomerpudeckne k03PpOUIUEHTSI.

KoHCTaHTa CKOPOCTM PpEaKIMU YUCIEHHO PaBHA CKOPOCTH PEAaKUWH MU
KOHLIEHTPAILMN PEearupyromuX BeIecTs, paBHbIX 1 Monb/n. E€ BennunHa 3aBUCHT
OT IIPHUPOJIBI PEATUPYIOINX BEIECTB M TEMIIEPATYPBHI.

B ciyuae cemepozennoti peakuuu B ypaBHEHHE 3aKOHA JIEHCTBUS MACC BXO-
JAT KOHLUEHTPAMU BEHIECTB, HAXOMAIIMXCA B ra3000pasHOM MM XKuUAKOM (dase.
KoHneHTpanus BemECTB B TBEPAOH (a3e Ha €IMHHUIE NOBEPXHOCTH SBIIAETCS IO~
CTOSTHHOW BEIMYMHON ¥ BXOJMT B KOHCTaHTY CKOPOCTH.

Hanpumep, muis peakiyun ropenust yriast  Cigy + Oo) — COs;) KHHETHYE-
CKO€ YPaBHEHHE JOJDKHO OBITh 3alIMCaHO TaK:

v=KI8,,, (3.8)

TO €CTb CKOPOCTH PCAKIHUU ITPOIIOPIHXOHAJIbBHA TOJIBKO KOHIICHTPpAIUH KUCJIOPOJa.

ﬂaeﬂeﬂue OKa3bIBACT BIIMAHHUC HA CKOPOCTH TOJBKO TCX peaKuHﬁ, B KOTO-
PBIX Y4aCTBYIOT BCIICCTBA, HAXOAANIHUECCA B F33006p33HOM coctossHuu. Kuneruue-
CKOC YpPAaBHCHHC AJIA TAKHUX peaKuHﬁ HMECT BUJ.

v=K P33 39

rae K'— KOHCTaHTa CKOPOCTH PEaKIMu; Py U pp — MaplUaIbHbIC TaBICHUS peart-
PYIOIIHMX BEIIeCTB; a U b — cTexuomerpudeckre KodQpPHUIUEHTHI.

CKOpOCTh peakiuu 3aBUCUT OT memnepamypwvl. COTIACHO Npasuy
Baum-TI'ogp¢ha nipn uzmenennn TemiepaTypbl Ha Kaxasie 10 °C ckopocTh peakium
u3MeHsiercs B 2 — 4pasa (3Ty BEIIMYMHY HA3BIBAIOT MeMnepamypuvim Kodgpuyu-
EHMOM PEAKIIHH).

MareMaTryecku 3Ta 3aBUCUMOCTh BBIPAXKACTCSl YpaBHCHHUEM

b, b
_2 =y 10

" (3)10

1
rae t; u t, — HavasbHast U KOHEYHAasl TeEMIEeparypa COOTBETCTBEHHO; v, — CKOpOCTh
1

peakuuu npu ty, Oy, — mpu tp; y—TemMIeparypHbiii KO3G(HUIUEHT CKOPOCTH PEAKIIHH.

XUMUYECKHE PEaKIuu JeNarcs Ha HeoOpatumbie U oOpatumbie. OcoOeH-
HOCTh OOpPAaTUMBIX PEAKIM COCTOUT B TOM, YTO OHU B 3aBHCHMOCTU OT yCIIOBUU

47



MOTYT IIPOTEKaTh KaK B MPSIMOM, TaK U B 0OpaTHOM HampaiieHud. Eciu B cucreme
CKOPOCTh IIPSIMOM pPeaklMy paBHA CKOPOCTH OOpaTHOM peakIUH, TO TAKOE COCTOS-
HUE CUCTEMBbI Ha3bIBAIOT XUMUUECKUM PABHOBECUEM.

CocTosiHME paBHOBECHsI CHCTEMBI MPU MOCTOSHHOW TeMIIepaType Xapakre-
pusyercs koncmanmot pasnosecusi K, koTopas paBHa OTHOIICHHIO IMPOU3BEICHUS
PaBHOBECHBIX KOHIICHTPAIIUH MMPOJAYKTOB PEAKIMU K MPOU3BEICHUIO PABHOBECHBIX
KOHIICHTPAIIMi MCXOJHBIX BEIIECTB, B3STHIX B CTEMEHSAX, PABHBIX UX CTEXHOMET-
pudeckuM KodpduimeHTam (3axon Oelicmsusi macc Oisi 0OPAMUMBIX PeaKyuil).
JI1s1 TOMOTeHHOM peakiuu o011ero Bua

ad + bB S dD

BBIPAXXCHUE JI1 KOHCTAHTHI paBHOBECHUS UMECT BU.

_ D)
(A8 (841

rae [A], [B], [D] — paBHOBeCHBIE KOHIICHTPAIIMH PEAarHPYyIOIIMX BEIICCTB M MPO-
JyKTa peaKiiuu.

Bennunna xkoHcTaHTHl paBHOBecHs K, Kak M KOHCTAHTa CKOPOCTH, 3aBHUCHT
OT TMPHUPOJIBI PEAreHTOB M TEMITEPATYPHI.

B cinydae reTeporeHHBIX peakifii B BbIpa)KEHHE KOHCTAHTHI PAaBHOBECHS
BXOJIAT KOHIIEHTPAIMU TOJBKO TE€X BEIECTB, KOTOPhIC HAXOISTCSA B ra3000pa3HOM
WITH JKAIKOM arperaTHOM COCTOSIHUH.

Ecnu mapameTpsl cucTeMmbl (TeMIieparypa, JaBicHHE, KOHIICHTpalus pea-
TEHTOB) HE U3MEHSIOTCS, TO CHCTEMa MOXKET HAXOAUTHCS B COCTOSIHUN PABHOBECHSI
HEOMpPEeaeIIEHHO A0r0. M3MeHeHne X0Tst ObI OJHOTO U3 3THUX MapaMeTpOB IpHUBeE-
IET K TOMY, 9TO MPEKHEE COCTOSHUE PABHOBECHS HAPYIIUTCS M YCTAHOBHUTCS HO-
BOE COCTOSTHHE PaBHOBECHSI.

HampaBieHre  CMEIIEHUS ~ PAaBHOBECHS  BBIPAXKAETCS  NMPUHYUNOM
Jle Illamenve: eciv Ha CUCTEMY, HaXOJISIYIOCS B PAaBHOBECHH, OKa3aTh BHEIIHEE
BO3JICHCTBHE, TO PABHOBECHE CMECTUTCS B CTOPOHY YMEHBIICHHUS 3TOTO BO3/IEHCT-
BUSL.

OcHoOBHBIE (DaKTOPBI, BIHSIONINE HA COCTOSHUE XMMUYIECKOTO PABHOBECHS, —
KOHYEeHMpayusi 6ewecms, memnepamypd, 0asjieHue.

1. Brusinue KonyeHmpayuu peazupyroumux eeuecms Ha XMiMHIECKOe paBHO-
BECHE.

Kak BumHO u3 Taba. 3.2, M3MEeHEHHE KOHIIEHTPAIIUH JIF000T0 M3 yYaCTHUKOB
peaKIuy MPUBOIUT K CMEMICHHIO PABHOBECHS B CTOPOHY TEYEHHS TOW peakKIuu,
KOTOPast IPOTHBOCHCTBYET 3TOMY U3MEHCHHMIO.
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Taomuma 3.2
HampaBieHue cMEeHUs] XHMHUYECKOTO PaBHOBECHS TIPH H3MEHEHUHN
KOHIICHTPAIIUU PEarupyroIInX BEIIeCTB

N3MeHeHne KOHLIEHTpauuu Hanpasnenue cmenienus
ABHOBECUS
MCXOJHBIX BELIECTB | IPOJYKTOB PEAKIIUU p
YBEIIMUYECHUE YMEHBIICHUE B CTOPOHY T€UCHUS PSIMOUN PEaKIUU
YMEHBIICHUE YBEIIMYEHUE B CTOPOHY T€UEHHSI OOPATHON peakinu

2. Brusinue memnepamypbl Ha XAMUYECKOE paBHOBECHE.

[Tpu Hnaepesanuu CUCTEMBbI PaBHOBECHE CMECTUTCS B CTOPOHY IMPOTEKaHHS
SHOOMEPMUYeCcKo20 Tpolecca, T.e. MPoIecca, UAYIIEero ¢ MOTJIOMEHUEM TEIUIOTHI,
IPU oXJaxdCcOeHuu — B CTOPOHY IPOTEKAHHUS IK30MepMuiecko2o Tpoiecca, T.e.
mporiecca, UAYIEero ¢ BEIJCICHHEM TEeTUIOTHI.

3. Bausnue oasnenus Ha XAMAYECKOE paBHOBECHE.

BuemnmHnee maBieHUE BIMSAET TOJBKO HAa T€ PaBHOBECHBIC CHCTEMBI, B KOTO-
PBIX YJaCTBYET XOTS OBI OJTHO Ta3000pa3HOE BEIMIECTBO W YHUCIO MOJIEH MCXOTHBIX
ra3000pa3HbIX BEMIECTB M Ta3000pa3HBIX IPOAYKTOB PEAKIMA HEOIUHAKOBO
(tabu. 3.3).

Taomuma 3.3
HampaBieHue cCMEeHUs] XHMHUYECKOTO PaBHOBECHS TIPH H3MEHEHUHN
BHEIIHETO JIABIIEHUS

N3menenune naBieHus Hampasnenue cmenienust paBHOBECUs
v B cTopony meHbI1Er0 UKicia MoJIen
BEIMICHHC ra3o000pa3HbIX BEIIECTB
B cropoHny 0ombliero ynciia Moseu
YMmenbleHue

ra3000pa3HbIX BEIIECTB

Penienue TMIOBLIX 32124

3amaya 1. PaccuuTaiiTe, BO CKOJIBKO pa3 U3MEHUTCS CKOPOCTh PEaKIMu 00-
pasoBanus okcuaa cepol (VI), mporekaroineii Mo ypaBHEHHUIO

2SGy,) + Oy — 2S0y),

a) TIpY YBEJIMUYCHUHU KOHIICHTpaIu okcua cepsl (IV) B 2 pasa;

0) npu yBeJIMYSHUM BHEIIIHETO JaBJICHUS B 3 pasa.

Pemienue. KuHeTrnueckoe ypaBHEHHE PEAKIMH, COTJIACHO 3aKOHY AEHCT-
BYIOIIMX MAaCC, UMEET BU/L:
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2
v = kld 0oc
so, 02
a) 3amMilleM KHHETHYECKOe ypaBHEHHE Ipu KoHieHTpanun SO B aBa pasa
OOJIBIIIE UCXOTHOI:

=kl(2Cs0,)?lco, =4lk{(Cso0,)?[Co, .

3areM HaXO0AUM OTHOHIICHHC CKOpOCTeﬁ nmpouneccas.

v _4lkl(csq)’lco, _ 4
v kmCSQ)ZEOz

Takum oOpazom, Tipu yBenu4eHUN KoHmeHTpanmun SO B 2 pa3a CKOPOCThH
peakium Bo3pocia B 4 pasa;

0) B IaHHOW peaKIMK BCE BEIIECTBAa HAXOMATCS B ra3000pa3HOM COCTOSHUH,
MO3TOMY TIPU YBEJIMYCHHUH JABJICHUS HAJl CHCTEMOH B 3 pa3a 00beM YMECHBIIUTCS B
TPU pas3a, a KOHIICHTPAIUS Ka)XJI0T0 M3 PEarnpyroNuX BEIIECTB, CIeI0BATEILHO,
yBenuuuTcs B 3 pa3a. Torna KWHETHYECKOe ypaBHEHHUE 3aITUIIIEM:

=k[(3¢cs0,)?3¢C0o, = 27 [k[(Cso,)?%[Co, .

v_’ 27[]]([]Csoz) [¢o, —7
) k[]CsQ) [Co,

Takum 00pa3zoM, MpH yBENIWYEHUH AABICHUS B 3 pa3a CKOPOCTh pPEakluu
yBEJIUYUTCS B 27 pas.
3agauya 2. OkucieHue ceprl MPOTEKAET MO YPABHEHUIO

S+ O20) = SGy.

Kak M3MEHHTCS CKOPOCTh 3TOM PEaKIUH MPH YBEIUYCHUH PEAKIIHOHHOTO
o0béMma B 3 paza?
Pemenue. B ciydae reTeporeHHbIX peakiliil B ypaBHCHHE 3aKOHA JCHCTBUS
Macc BXOJST KOHIIEHTPAIIUK BEIIECTB, HAXOISIIUXCS B ra30Boi (hase miim pacTBo-
pe. Kunernueckoe ypaBHEHHE JUIi TETEPOTCHHOM peakiiu 00pa30BaHUS OKCHIA
Cepbl 10 U3MCHCHHUS JIaBJICHUS UMEET BH/I

CnenoBaTeibHO,

v=klco,,

IMOCJIC YBCIIMUCHUU 00Béma B 3 pa3a KOHOCHTpAIOKWA KUCIOpOAda YMCHBIIUTCA TaK-

, 1
xe B 3paza: U :kD§Eb02 :

o' 1 _klco 1
=2 =
CnenoBaTeibHO, ) 3 kito 2 3

Takum o0Opa3om, mpu yBenudeHHH 00bEMA PEAKIMOHHOTO cocya B 3 pasa
CKOPOCTh PEaKIMK YMEHBIIUTCS B 3 pasa.

3agaua 3. Bo ckoabKo pa3 BO3pacTeT CKOPOCTh PEaKInd, eCIi TeMIepaTypa
yBeanuntces Ha 40°C? TemneparypHblii Ko3pQUIMEHT peaKIMy paBeH 2.
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Pemenne. CortacHo ypaBHenuto Baut-I'opda (3.10)
t,—t,
22_:},10

l)t1

P acCuuTacM, BO CKOJBKO pa3 YBCIHNYUTCA CKOPOCTH XUMHUYECKOM p€aKkuuu, 1moa-
CTaBUB B YPABHCHHUC NaHHBIC U3 YCIOBHUJ 3a1a4M.

40
P~ 210=24=16,
oy
Takum o6pas3om, pu noBeiennn Temieparypsl Ha 40 °C cKOpoCTh JTaHHON
peakIMy YBETUYUTCS B MIECTHAALIATH Pa3.
3amaua 4. Peakuus npu temneparype 20°C npotekaer 3a 45 ¢. Temnepa-
TypHBIN KO3 PUIIMEHT CKOPOCTH peakiuu paBeH 3. Kakoe Bpems moTpedyeTcs as
3aBepiieHus 9Toi peakiuu npu  40°C?
Pemenue. PaccuntaeM BO CKOJBKO pa3 BO3PACTAET CKOPOCTh PEAKIIUU TIPHU
YBEIIMYCHUH TeMITepaTyphl, BOCIIOIB30BaBIINCh ypaBHeHHeM Bant—Iodda (3.10):

t,~t
2"
Bﬁ—zy 10'
Dtl
40-20
Va0 _5 10 D40 _g2_g
Uoq Uag

YeM BbIIIIE CKOPOCTh PEAKIIMH, TEM 3a 00JIee KOPOTKUI IPOMEXYTOK BpeMe-
HM OHA IPOTEKAET, TO €CTh BpeMs MPOTEKaHMs peakuuu (r) 0OpaTHO MPOIOPIHO-
HabHO ¢€ ckopoctu (v) (3TO OTpaskeHo B ypaBHEHHH 3.5).

D T
bo — “Ho
D
0 7
Von [T 1
— 720 — 20 —_ _
Orcroma T »q ~ T Tgo =—M45=5,
40 9

ITpu 40°C peakuus 3axoH4ynTCs 3a 5 .
3amava 5. Hanummure BhIpakeHHs 11 KOHCTAaHT PABHOBECHUS CIIEAYIO-
IIAX PEaKIUN:
ZCO(Z) + 02(2) s ZCOZ(e),
Ca(OH)z(Kp) + COZ(z) A CCICOg(Kp) + HzO(‘,,C).

Ot KakuX (akTOpOB 3aBUCUT KOHCTAHTA PaBHOBECHS ?
Pemenne. Peaxuus 2CO) + O, S 2C0O,,) romorenHas. BeipaxeHue
7151 KOHCTAHTBl PABHOBECHS UMEET BUL!
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K = [C02]2

. :
[cofo]

Peakiua Ca(OH)yyy) + COzp) S CaCOsyy + HyOp,) TeTeporeHHas, mo-
3TOMY B BBIPQ)KCHHE JUISl KOHCTAHTHI PABHOBECHS BXOJAT KOHIIGHTPALlX BEIIECTB,
HaXOJAIIMXCS B KUAKOM HJIM Ta3000pa3HOM arperaTHOM COCTOSIHHHU. BeipaskeHue
KOHCTAHTHI PAaBHOBECHS UMEET BHI:

_|H20]
- [co.]

KoHcranta paBHOBecHs 3aBUCHUT OT NPUPOJABI PEArupyroNIMX BEIIECTB U
TEeMIIepaTyphl, HO HE 3aBUCHUT OT KOHIIEHTPAIIMH BEIIECTB U IaBJICHHUS.
3anaua 6. B cucreme ycTaHOBUIIOCH pABHOBECHE:

2HI ;) S Hapy+ 15, AH®>0.

Kak Hamo M3MEHHTHh TeMIepaTypy, JaBICHNE U KOHIICHTPAIUIO PEarcHTOB,
9TOOBI CMECTUThH PAaBHOBECHE B CTOPOHY TEUCHUS MIPSIMOU peaKInm?
Pemenue.
1. Tpsimast peaxumst sugorepmuaeckas (AH® > 0). CormacHo mpuHLIETY
Jle [laTtenbe mpu yBEIMYCHUH BHEITHEH TeMITepaTyphl paBHOBECUE CMEIIAETCS B
CTOPOHY PHJIOTEPMHUYECKOTO Tpoliecca (MAyIIero ¢ MorIoneHrneM TerioThl). Ciie-
JIOBATEJIBHO, JUISI CMEIIICHHUS PABHOBECHSI BIIPABO TEMIIEPATypy HaJ0 YBEIUYHTD.
2. B peakmuu u3 n1Byx Moseit HI monmydaercs nmo ognomy Moo Hou |, T.€,
BCEro JIBa MOJISI, IOATOMY M3MCHECHHE JIaBJICHUS He OYyJIeT OKa3hbIBaTh BIUSHHUE Ha
CMEIICHUE PAaBHOBECHUS CUCTEMBI.
3. CmMmeleHne paBHOBECHS BIIPABO MOXKHO JIOCTUYb YBEJIMYECHUEM KOHIICH-
tpauuu HI wim ynanenuem wu3 cuctemsl Hy u |, 4TO mpuUBEAET K YBEIHYCHHUIO
CKOPOCTH IPSMOK pEaKInHu.

33113‘11’[ AJIA CAMOCTOATECJIBHOI'O PCIICHUSA

121.Peakuus uner no ypasaeHuo 2C0O,) + O,y — 2CO; ). Kak usmenur-
Cs1 CKOPOCTh TOU peaKInuu, eCIIu:
a) YBEJIMUHUTH JIaBJIcHUE B 3 pa3a,
0) yBEIMYUTH KOHIICHTPAIIMIO KUCJIOPOa B /IBa pa3a?
122.B cucreme MQCO;,) + H2Op, + CO,) S Mg(HCG;),(,) ycTanoBu-
JOCh paBHOBecHe. HamuimuTe KHHETHYECKUE YpaBHEHUS IS TPSIMON M 0O0paTHOU
peakiuii. Kak I3MEHHTCS CKOPOCTh PSIMON PEAKITHH MPU YBEITUYCHUN JABJICHUS B
2 pa3a? MI3MeHUTCS I CKOPOCTh 3TOM peakiuy Ipu
a) YBEeJIMUYCHUHN MacChl KapOOHATa MarHMs;
0) yMEHbBIIIEHUHN KOHIICHTPAIIMX YIJIEKUCIIOTO Ta3a?
123.B cucreme Ca(HCO3)zp0) S CaCOzyy) + COq + HyOy,) ycTaHOBH-
J0Ch paBHOBecHe. Kak M3MEHUTCSI CKOPOCTh 0OpaTHOM peakiuy MpU YMEHbBIICHUN
naBieHus B 2 pa3a? B cTOpOHY Kako# peaknuu — MpsSMON WM oOpaTHOW — cMme-
CTUTCSI PaBHOBECHE!
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a) IPH yJaJIeHUU U3 CUCTEMBI YIIIEKHUCIIOTO ra3a;
0) 1pu MOBBILICHUHU TeMITepaTyphl (IpsMast peakius dHI0TePMUIECKas)?
124. Ckopocte peakuuu 2NQp,) + Oy — 2NO,,) npun KoHLIEHTpanusax
Ccno = 0,3 Mouts/, Coz= 0,15 monbe/n paBHa 1,3-10° Monb/-c. Beruuciure KoH-

CTaHTy CKOpOCTH peakiuu. [losicHuTe, B 4eM ee (U3NYECKUU CMBICT. YKaKHUTE
(dakTOphI, OT KOTOPHIX OHA 3aBUCHT.
125. Kak u3MeHHUTCSl CKOPOCTh peakIiuu 00pa30BaHUsI aMMHaKa

Nag + 3Hop S 2NHsgy, AH? <0

P YBEJIMYCHUU JABJICHHS B JIBa pa3a?

Kakoe BiustHuE Ha BBIXOJI aMMHaKa OKaXeT:
a) yBEJIMUCHUE BHEIIIHETO JaBJICHUS,
0) yBenn4eHHEe KOHIICHTPAIUN BOJIOPO/IA;
B) MIOHMKCHHUE TEMITEPATYPhI?
OTBET NOSICHUTE.

126.Bo CKOJIBKO pa3 cTaHET OOJIBIINE CKOPOCTh MPSIMOM PEaKIMH IO CpaB-

HEHHIO CO CKOPOCTBIO 00pPaTHOM PEaKIIMH B CHCTEME

2CO(2) + O, © 5 2CO, ©

IpU YMEHBIIEHUU 00beMa ra3oBoil cMecu B 2 paza? B kakyio CTOpOHY CMECTUTCS
PaBHOBECHE CUCTEMBI IIPHU YBEITUUECHUHN BHEIITHETO AaBICHUS ?
127.HanumuTe BhIpakeHue st KOHCTAHTBl PABHOBECHUSI CUCTEMBI

CO(Z) + Hzo(z) s COZ(e) + Hz(e).

Kak cregyeTr M3MeHHTh KOHIICHTPAIIUIO MCXOJHBIX BEIIECTB U IMPOTYKTOB
peakiuu, yToObl PaBHOBECHE CMECTHJIACh B CTOPOHY MPOTEKAHMS MPSIMOW peak-
1uu? OT KakuX (paKToOpoB 3aBUCUT KOHCTAHTA PABHOBECHS ?

128.B kakyio CTOPOHY CMECTHTCS PAaBHOBECHE CHCTEMBI

4NOZ(2) + 2H20(2) + 02(2) s 4HNO3(2)

P TIOHIDKCHUH TEMIIEPATYPhI, NaBICHUS ? Peakiust OIyIeHNs a30THON KHCIIOTHI
sK30TepMuUeckas. Hamummre BeIpakeHWe Jisi KOHCTAHTHI PAaBHOBECHUS JTaHHOU
peaKIuu.

129. HanumwuTe KUHETUYECKOE YpaBHEHHUE JUIS PEaKIMu oOpa3oBaHUs Me-
taHa C,)+ 2Hy,) — CHa). Kak nsmMenurcs ckopocTs 3T0i peakuuu:

a) IpY YBEJTMYCHUH KOHIICHTPAIIMK BOJIOPOIa B 2 pasa;

B) MIPH YBEJIIMYCHUU JIaBJICHUS B 2 pa3a?

130. Onpenenure TemnepaTypHblid KO3GOHUITUEHT CKOPOCTH PEaKIUH Y, ec-
nmu npu oxnaxaernu ot 80°C qo 40°C ckopocTh peakuuu yMeHbmmiIach B 16 pas.
YTo moka3bIBaeT TeMIEPaTypHBI KO3PPHUIIEHT ckopocTh peakuuu? [laiite ompe-
JIeTICHHUE TIOHSATHIO <OHEPTHS aKTHBAIIHI.

131.B cucreme CaCQ; ) S CaQy,) + CO,(,) ycTaHoBHIOCH paBHOBECHE. B
CTOPOHY KaKOW peakiuu — MpsIMON MM OOpaTHOW — OHO CMECTHUTCS IMpHU yjaaje-
Hun w3 cuctembl CO, U Tpu yBeTWYEHUU TeMIlepaTyphl? Peakmmsi pa3noxeHus
CaCO; saoTepmuyeckas.
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132. HanumuTe KHHETHIECKUE YPABHEHUS IS PEAKITHIA:
ZNO(Z) +02(2) — 2N 02(2); CaO(Kp) + COZ(e) — CaCQ;(Kp).

Ot uero 3aBUCHT KOHCTaHTa cKOpocTU? [losicHnTe €€ PU3NMUecKuii CMBICIL.
133.Kak Hy>KHO M3MEHHUTH KOHIIEHTPALIMIO, TEMIIEPATYPY, JAaBICHHUE, YTOOBI
paBHoBecue cucrteMbl COp,) + H,O,) S COy,) + Hy() cMecTuiioch B CTOpOHY Hpsi-
MOJ peakuuy, KOoTopas sBJSAETCSA dK30TepMUYecKoN? Hanumure BeIpakeHue s
KOHCTAHThI PABHOBECHE JTaHHOM cHCTeMBI. OT KakuX (akTOpPOB 3aBUCUT KOHCTAHTa
pPaBHOBECHS ?
134.1Iponsoiinet 11 CMEIICHNE PABHOBECHS B CUCTEMAX

F6203(Kp) + 3H2(2) s ZFG(Kp) + 3H,0 @)
CaCQ «p) s Caqu) + CO, €

npu u3MeHeHnn aaBieHus? OtBer noscaute. CHopMyTupylnTe MPUHIIUAT CMEIIIe-
Hue pasHoBecus Jle [llarenbe.

135. Kak HY>XHO U3MEHUTh KOHIEHTPAIMN PEearupyromux BelecTs, daBje-
HUE U TeMIEPATYpPY, YTOObI pABHOBECHE B CHCTEME

4NH; et 50, ) S 4N O(e) + 6H20(2)

CMECTHJIOCH B CTOPOHY 00Opa3oBaHus aMMuaka?lIpsMas peakuus s5K30TepMUUecKas.

136.B cucreme SiOyy,) + 2C () S Siyy) + 2CO,() ycTaHOBUIOCH paBHOBE-
cue. B kaKkylo CTOpOHY CMECTUTCSI PaBHOBECHE CUCTEMBI ITPU yJIaJ€HUU U3 CUCTE-
Mbl okcuzaa yriepoza (IV) u nossimenun temnepatypsl? IIpsmas peakuus 3H10-
TePMHUUECKasl.

137.B cucreme 2SQy,) + Oy S 2SO0, ycranoBuioch paBHoBecue. Kak
Hy’KHO M3MEHUTH JaBlieHHe, KoHIeHTpauio SOQ u TeMneparypy, 4ToObl yBEIH-
YUTh PaBHOBECHYIO KOHICHTparuio okcuaa cepol (VI)? Peakius odpaszoBanus SO;
3K30TEpPMHYECKAS.

138.B cucreme MgCO;(,) S MgQy,) + CO,(,) ycTaHOBHIOCH PaBHOBECHE.
Kaxoe Biusnue Ha BbIxoJ MgO okakyT yBenuyeHHe JaBIeHHs, OBBIIIEHUE TEM-
nepaTypsl, yAaleHue U3 CUCTEMBI yriekucioro rasza? Peakuus obpasosanus MgO
3HI0TEpMHUYECKAs.

139.Peaknus uaeT no ypaBHEHUIO!

Ca(OH)Z(Kp) + 803(2) — CaSQ(Kp) + HZO(Z).

Kak u3MeHUTCS CKOPOCTh MPSMOW peakluy MpH yBeInueHUU KoHIeHTparu SO; B
2 pasa, Ipu YMEHBIIICHUH J1aBJICHUS B 2 pa3a?

140.B cucteme 4HCl(,y + Oy S 2H,0,) + 2Cly), AH® <0, ycranosmmocs
paBHOBecue. Kak Hy»HO M3MEHHUTb KOHIIEHTPALIMIO PEarupyromux BEIIeCTB, AaB-
JICHHE U TEeMIEepaTypy, 4ToObl paBHOBECHE B CHCTEME CMECTHIIOCh B CTOPOHY 00-
pa3oBaHus Xjopa?
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Pasznen 4. PACTBOPDBI. JUCITEPCHBIE CUCTEMBbI

4.1.CI1IOCOBBbI BBIPA’KEHU A KOJIMYECTBEHHOI'O
COCTABA PACTBOPOB

Coaep:xaHue MaTepuaJia 1Jisi CAMOCTOATEILHOTO U3Y4YeHUsI

KOHHGHTpaHI/IH KOMIIOHCHTOB B PAaCTBOpPEC. MacCoOBasl KOHILICHTpALsl, MOJISIP-
Has, MacCoBas U oO0BeMHas A0JI1, MOJIAIpHAasa U MOJIsJIbHAsA KOHLICHTpAluK, MOJIAP-
Hasd KOHLOCHTpAaIMA SKBUBAJICHTA.

Jlureparypa: [1 —rn. 4, 8 4.1]; [2 +n. VII, 88 73, 74], [3 1. 7, 87.2].

OcHoBHBIE TCOPECTHICCKUC MMOJTOKCHUSA

Pacmeopbt — 370 TepMOAMHAMUYECKH yCTOMUYMBBIE OMHO(A3HBIE CHCTEMBI
IIEPEMEHHOT'0 COCTaBa, COCTOSIIHME U3 ABYX MK 00Jice KOMIIOHEHTOB.

PacTBOpBI MOTYT OBITH KHJIKHMH, TBEPIbIMUA M Ta3000pa3HbIMU. B cTpou-
TEJILHOM MPOU3BOJICTBE MPUXOAUTCS UMETh JEJIO0 C JKUIKAMH PacTBOPAMHU U JTUC-
HEPCHBIMU CHUCTEMaMH C JHUCIIEPCHOHHOM Cpe/ioil B BUAE pacTBOpa, HapuUMep, B
CTPOUTENBHBIX PAacTBOpax». MHOTHE BSDKYIIME MaTepHaibl M METaUTMYEeCKUE
CIUIABBI SIBJISIOTCS TBEPABIMH PACTBOPAMHU.

VY CII0BHO KOMIIOHEHTBI PacTBOpa JCNAT Ha pacmeopumens (0003HaYarOT Oy-
kBoii A) u pacmeopennoe sewecmso (0003HayaroT OykBO#l B). PacTBOpuTEIeM
CYMTAIOT TOT KOMITOHEHT, KOTOPBIA CYIIIECTBYET B TOM K€ arperaTHOM COCTOSHUH,
YTO M PacTBOP, MJIM KOTOPOTO B pacTBOpe Ooubiie. IIpu pacTBOPEHUH B KUAKOCTH
ra30B WJIM TBEP/BIX BEHICCTB PACTBOPUTEIIEM BCETIA SIBIAETCS KUIKOCTb.

OnHOM M3 BaXXHEHUIITNX XapaKTEPUCTUK PacTBOpA SIBISIETCS ero coctaB (KOH-
IICHTpAIUs] KOMIIOHEHTOB). KoHyenmpayueii geujecmea 6 pacmeope Ha3bIBaIOT KO-
JIMYECTBO, MAcCy WM OOBEM PACTBOPEHHOTO BEIIECTBA B OMPEACICHHOW Macce
WM 00bEeMe PacTBOPA WU PACTBOPHUTEJIS.

B mpou3BoACTBE s BBIPAKCHUS KOHIICHTPAIIMU Yallle BCErO HCIOJb3YIOT
Maccy BEIECTBa, B XUMHUHM — KOJMUYECTBO BelecTBa. Maccy BelecTBa, pacTBOPH-
TeNst WM PAcTBOPA BBIPAKAIOT B T MM KT, 06bEM — B 11 (IM°) HIIM B M°, KOJIHYECT-
BO BEIIECTBA — B MOJISAX.

Maccosas konyenmpayus pacmeopennozo éewjecmea ¢g [rln mwm kr/m’] —
Macca pacTBOPEHHOTO BEIECTBA B SUHHIIC 00heMa pacTBOpa!

Cp =, 1

rje Mz —Macca paCTBOPEHHOI'O BELIECTBA, I;
Vs —00BEM pacTBopa, 1.
Maccosass  Oons  unu  npoyeHmHas — KOHYEHMpAayus  pacmeopeHHO20
gewjecmea g [NONN eIUHAIBI WK Macc. %] —OTHOIIIEHNE MacChl PACTBOPEHHOTO
BEILlECTBA K 001l Macce pacTBopa:
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Wy =—"B_[100=— %
M, m, +mg
rae Mg U M, — Macca paCTBOPEHHOTO BEIIECTBA U PACTBOPUTENISI COOTBETCTBEHHO, T
Mm_,, —Macca pacTBopa, T.

MaccoBasi 10711 TIOKa3bIBAaeT, CKOJBKO I'PaMMOB BEIIECTBA COJICPKHUTCS B
100t pactBopa. Hammpumep, 10 %+#niii pactBop NaCl sto takoii pacteop, 8 100T
kotoporo coaepxutcs 10r NaClu 90r BosbI.

Obvemnasn oons éewecmsea Pz [Aomum eguHUIBl wid 00. %] — oTHOIIEHME

0o0beMa pacTBOPEHHOI'O BEILIECTBA K 00IIEMY 00bEMY pacTBOpa:

V
pn =~
Vp-pa

1100, (4.2)

1100, (4.3)

rae V,.,, —00beM pacTBopa, .

Monsapnas dons pacmeopennozo eewecmsa Xz (unu pacmeopumens X,) [no-
MM eIUHMIBLI WK MOJ. %] — OTHOIIEHHE KOJIMYECTBA PACTBOPEHHOIO BELIECTBA
(41 pacTBOPUTENS) B MOJSAX K OOLIEMY KOJMYECTBY BEIECTBA U PACTBOPUTENS B
pacTBope:

)(Bzv—B WIH )(sz—A, (4.4)
VaitVp VatVp
re Vz U VU, — KOJUYECTBO PACTBOPCHHOIO BEIIECTBA U PACTBOPHUTENS COOTBETCT-
BEHHO, MOJIb.
Monsapnas konyenmpayus sewecmsa ¢y (monssprocmo M) [monn/n] — koau-
4eCTBO pPaCTBOPEHHOTO BemiecTBa B 1 11 pacTBopa:
Vg Mg
Vo-pa Mgy p
IJie Vg — KOJMYECTBO PACTBOPEHHOTO BEIIECTBA, MOJIb,
Mg — Macca pacCTBOPEHHOTO BEIIECTBA, T;
Mg — MoJsipHasi Macca paCTBOPEHHOTO BEIIeCTBa, I/MOJIb;
V,pa —00BEM pacTBoOpA, J.
Bripaxxenne 0,5M pactBop NaOH o3nauvaeT, 4to B 1 71 pacTBOpa COACPIKHUT-
cs 0,5momeit NaOH, 1o ecth ¢ (NaOH) = 0,5moub/1.
1M — ognomossipasiid, 0,1 M — neuumonspusiii, 0,01M — caHTUMOISAPHBII
PacTBOPBI.
Monspuas konyenmpayus 3K8u8aieHmMa seujecmsd ¢, (HopmarbHocmy H.)
[MoJIB/1T] — Yrco Moseli 3KBHUBaJIeHTa BelecTBa B 1 J1 pacTBopa:

Va,B _ mg

Vp—pa MS,B m/p—pa

rae V, g —4UcIo MOJIel SKBHBAJIICHTOB BEIIECTBA, MOJb,
M, 5 —MomApHas Macca S5KBUBAJIECHTA BEIIECTBA, MOJIb/II;
Mg —Macca pacTBOPEHHOTO BEIIECTBA, T;
V,pa —00BEM pacTBoOpa, J.

Cy = (4.5)

Cy —

(4.6)
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Bripaxenue 2 H. pactBop H,SQ, o3nagaer, uto B 1 11 pacTBOpa COAEPIKUTCS
2 mouts skBuBasienta H,SQy, To ectsh ¢,(HoSQy) = 2 moun/.

Jns ogunokucnoTHeix ocHoBanuii (NaOH, KOH ..), 0AHOOCHOBHBIX KHCJIOT
(HCI, HNO:; ...) u nonyuennsix u3 Hux conerr (NaCl, KNGO;...) MmonsipHas KOHIIEH-
Tpalys SKBUBAJICHTA paBHA MOJIIPHON KOHLIEHTPAIUH C, = Cys. JIJ151 IBYXOCHOBHBIX
kucaot (Hampumep, HoSQy) v ABYXKHCIOTHBIX ocHOBaHui (Hampumep, Ba(OH))
c, = 2CM)

Monsnvnas xonyenmpayusi ¢y (MonsibHocms M) [MOJB/KT] — 9uCiIO MOJei
pactBopenHoro BemectBa B 1 kr unum 1000r pacTBopuTens:

em=-"B-11000=—"8 11000, (4.7)

My M g [y
r7e Vg — KOJIMYECTBO PACTBOPESHHOTO BEIIECTBA, MOJIb;
M ¥ M, — Macca paCTBOPEHHOTr0 BEIIESCTBA U PACTBOPUTEIISI COOTBETCTBEHHO, T
Mg — MoJsIpHAst Macca paCTBOPEHHOTrO BEIeCTBA, I/MOJIb;
1000 —«o>3ddurmeHt nepeBoaa T B K.

Penienue TMOBLIX 3a/1a4

3amaua 1. Onpenenure MaccoByio 1050 (%) CONSHON KHUCIOTHI B paCTBOPE,
conepxkariem 27,2r HCI B 0,2501 pactBopa (rutotHocts © = 1050r/1).

Pemenne. [TonctaBum B dopmyny (4.2) maccy pactBopa M, pPaBHYIO
IPOHU3BEICHUIO 00BbeMa pacTBopa V., Ha €ro IIOTHOCTH 0.

Mypa =P+ Vopas
Wyc = Muci 100 = Mol 100.
My—pa P Y- pa
Torna maccoas nonst HCI B pactBope paBHa:
cl = __212 [100=1034%.
105000,250

3apaua 2. Onpenemuth mMaccoByto momro HNO; B pacTBope, moimydeHHOM
npu cmemmBanun 100 mi pacTBopa ¢ mMaccoBoi moisield a3oTHOM KucioThl 10%
(mnotHOCTH p = 1,051/™Mi1) 1 150 M1 pacTBOpa ¢ MaccoBOil T0JIel a30THOM KUCIIO-
el 20% (utoTHOCTB p = 1,121/™M11).

Pemenune. IIpeoOpaszyem dpopmyny (4.2):

m ml + mll
oy = — 3 [100=— 3% g,
M- pa mp—pa+m p—pa
Paccuutaem MacCy I€pBOTo pacTBOpa U MaCCy KHUCJIOTHI B HEM.
m =100- 1,05 = 104,
. _GHNog IMp—py . _100105_
m HNOg — 10C , M HNO3 _—10C —10,5 T.
Paccuutaem MacCCy BTOpPOIro pacTBopa U MacCy KUCJIOTHI B HEM.

m", .=V, .0, m', =150 1,12 = 168,

p-pa =V p—pap ’ mp—pa
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" _ a‘”HNO3 [m“p—pa " _ 20|j.68_
m HNOz ~ 1OC , M HNO3 — 1OC — 33,6 TI.
Paccuntaem maccoByio moiro HNO; B pacTBOpe, MONTydeHHOM MPU CMETITH-

BaHUMU.

_ Mynos M o,
oy = 1100,
p-pa p-pa

NO; :M D_OO:16’2%
105+ 16€

3anaua 3. Beranciure maccy cynbdara kammsi, cogepxkarmerocs B 0,21 pac-
TBOPA, €CJIM MOJIIpHas KOHIIEeHTparus pactBopa 0,73moin/m.
Pemenne. Bripazum u3 ¢popmyiet (4.5)
-V _ Mg
Cy = =
Vo-pa MelVpop
maccy K,SQ,, conmeprkarierocst B pactBope:

Mk,s0, = tMi,s0, V- pas
mKZSO4 = 0,73 174' 0,2: 25,4F.
3amaua 4. Onpenenure MOJISIPHYIO KOHIICHTPAIMIO SKBUBAJIEHTA CyJib(ara

xenesa (ll), ecmu B 0,21 pactBopa coaepxkutrcs 6,67t Fey)(SQy)s.
Pemenune. MoinsipHas macca sxkBuBasienta Fe,(SQy); paBHa:

MomnsipHas koHIeHTpalus skBuBasieHTa FE(SQy)3 B pacTBOpe B COOTBETCT-
BuU ¢ Gpopmyioii (4.6)paBHa
c. = Meey (S0 )
2 1
My pa
_ 667

Cy, =
66,7 0,2
3agava 5. Beryucnure MOJSPHYIO KOHIIEHTPAIMIO M MOJISIPHYIO KOHIIEHTpA-
o skBuBasieHTa HoSQy B pacTBOpe, B KOTOPOM MaccoBasi JOJIsl KMCIOThI paBHA

15 %.ITnotHocTh pacTBopa 1105r/m.
Pemenne. 13 dopmysisl (4.2) Beipa3uM Maccy BEIIECTBa B pacTBOPE:

=0,5 monn/1n.

m, = 7 [p[Vp_pa |
10C
Macca H,SQ, B 11 pacTtBopa COCTaBHT:
_15[1105I11 —165751.

m =
H250Q, 10C

[To popmynam (4.5)u (4.6) BEIYKCINM MOJIIPHYIO KOHIICHTPAIIUIO H MOJISP-
HYIO KOHIICHTPAIMIO KBHBAJICHTA, YIUTHIBAs, YTO MOJSIPHAs Macca W MOJISIpHAs
macca skBuBaienta H,SQ, pasust M = 98 r/monb, M5 = 98/2= 49 r/moub:
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16575

Cy = =169 mons/n;
98 1

c, = 16575 _ 338 moub/.
4911

3agaya 6. Onpenennre MOJISILHOCTD pacTBOpa, cojepxkaiiero 18 rioko-
36l CeH120s B 100T BOABI.
Pemenne. Bocmnonbsyemcs popmyiioii (4.7)

em=—"T8__ 11000,

Mg Ly
¥ YYHUTBIBAs, YTO MOJISIpHast Macca rioko3bl M = 180r/mons!
m
em = %M12% 1000,
M cot11205 B0
_ 18
¢m=-—=—-—1000= 1monb/kr.
18caoc

MoJSIBHOCTD PacTBOPA MIFOKO3bI — 1 MOJIB/KT pacTBOPHUTEIIS.

3apaya /. Kakoii oO0beM pacTBOpa a30THOM KHCJIOTHI C MacCOBOW jaoJiei
HNO; 30 % p = 1180r/n) tpebyeTrcs ajst MIPUTOTOBICHHUS 5 1 a30THON KHCIIOTHI,
MOJIIpHOCTBH KoTopoi 0,5moss/.

Pemenmne. IIpeoOpazoBas dopmyny (4.5), onmpeaenum maccy a30THOW KH-
CJIOTBI B 5 J1 pacTBOpa ¢ MOJISIpHOM KOHIICHTpanue# ¢, = 0,5momnb/i:

Munos = Cv M pinog Vp-pa

Mino, = 0,5 - 63 - 5=15756
3areM, ucrnonb3ys dopmyny (4.2), onpenenumM, B KakoM 00beMe pacTBOpa
HNO; ¢ w = 30 %u p = 1180r/i conepkurcs 157,5r HNOs:

MyNo, _ Myng,

w=—"N% (00 w v, _, = 1100,
P pa plew
1575
=P 100=0,441
Pra = 118( (30 s

JInst IpUroTOBJICHUs 5 J1 pacTBOpa a30THOM KHUCIOTHI ¢y = 0,5Moub/ Tpe-
oyercst 0,441 pacTtBopa a30THOU KUCIOTHI ¢ MaccoBoi noseit HNO; 30 %.

331121‘11’[ AJIA CAMOCTOATEIBHOI'O PCIICHUA

141. Ckompko rpammoB NaNQ; wyxHOo pactBoputh B 400 rpammax BObI,
4yT100BI TpUroToBUTH 20 %+I1i pactBop comu? (Oteer: 100T.)

142. Cmemamu 247 rpammoB 62 %710 u 145 rpammor 18 %10 pactBOpoB
H,SQ,. KakoBa MaccoBast 10JisI CEpHOM KUCIIOTHI B ITOJIy4eHHOM pactBope? (OTBeT:
45,7 %)

143.B kakoM oObeMe BOabsI HeoOxoanumMo pactBoputh 30 r OpomMuaa Kaaus
JUTSE IPUTOTOBIICHHUS pacTBOPpa ¢ MaccoBoit noseit KBr 6 %7? Otser: 470mn)
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144.11pu BemapuBanuu 1 xr 16 %10 pactBopa NaOHynanerno 100t Boapr.
Omnpeaennte MaCCOBYIO JOJIIO IIEIOUX B ojydeHHOM pactBope. (Otset: 17,8 %)

145. Onpenenure maccoByro oo Ca(NQy), B pacTtBope, MOJy4CHHOM CMe-
mmBanueM 300r 10 %+o u 500r 2 %o pactBopa Hutpara Kanbius. (OteeT: 5 %)

146.K 31 10 %10 pacrBopa HNO; (p = 1,054kr/n) npubasumu 51 2 %o
pactBopa Toii xe KucaoThl (p = 1,009kr/n). Beuncinte MaccoByIO 00 KUCIOTHI
B nosydyeHHoM pactBope. (OtBet: 5,08 %)

147.13 10 kr 20 %70 pacTBOpa mpu oxJakaeHuH Bbmano B ocamok 400r
comu. Yemy paBHa wMaccoBas OISl COJIM B  OXJAKICHHOM pacTBOpe?
(OtBer: 16,7 %)

148. Beruuciaute MOJSIPHYIO KOHIICHTPAIIUIO U MOJSIPHYIO KOHIIEHTPAIIHIO
skBuBasieHTa B 25 %#H0M pactBope NH,Cl (p = 1,02r/mn). (OtBet: 4,77 monb/i)

149. Ompenenute maccy BemiecTBa, comepkamerocss B 200 ma pactBopa
HUTpAaTa HaTPHUs C MOJISIpHO# KoHIeHTpanuei ¢, = 0,3momas/in. (OtBet: 5,11)

150. Kakoit 0o6bem 40 %10 pactBopa HzPO4 (p = 1,25r/Mn) Tpebyercs aist
npurotosiacauss 100mi 1 M pactBopa HzPO,? (OtBet: 19,6M1)

151 K 1 kr 10 %710 pactBopa KOH npubasunu 0,5 kr 5 %10 pactBopa
KOH. Beruucnure maccoByio a0 KOH B monydennom pacteope. (Otser: 8,3 %)

152. Beaucnure MOJNSPHYIO KOHIICHTPAIMIO ¥ MOJISIPHYIO KOHIIEHTPAIUIO
SKBUBAJICHTAa Cylibdara HaTpus B pactBope, B 200 Ms1 koToporo comepxkurcs 1,42r
Na,SQ,. (OtBer: 0,1moman/1; 0,05M0516/1)

153. Ckoyibko MHUTPOB AenuMoisipHoro pactBopa H,SQ, MoxHO TpHTOTO-
BuTh U3 70Mi 50 %10 pactBopa ¢ iotHOCTEIO p = 1,045r/™Mi1. (OtBeT: 3,731)

154. Beluyucnure MOJSIBHYIO KOHIIEHTPAIIMIO U MOJISIPHYIO KOHIIEHTPAIUIO
skBuBasieHTa B 10 %+#om pactBope HCI (p = 1,08r/mi). (OtBer: 2,74 momw/kr;
2,96Mmoutb/1)

155. BerancnuTe MOJSUTBHYIO KOHIIEHTPAIWIO W MOJISIPHYIO KOHIIEHTPAIUIO
skBuBasieHTa B 40 %#om pactBope NaOH (p = 1,43r/mn). (OtBer: 10 momw/kr;
14,3moib/n)

156.Berauciute Maccy coabl NapCOs, KOTOpYIO HY)KHO B3STh, YTOOBI  TIPH-
rotoButh 500 M pacTBOopa C MOJSPHOW KOHIIGHTpAalHMeld SKBUBAJICHTOB
0,01moun/n. (OtBert: 0,256r)

157.PaccuuTaTh MOJIIPHYIO KOHIICHTPAIIMIO SKBUBAJICHTA B PACTBOPE COJIS-
HOM Kuca0ThI ¢ MaccoBoit goneir HCl 25 % p = 1,15r/mn). (OTBet: 7,91)

158. Brruuciaute MOISUTPHYIO KOHIICHTPAIIUIO U MOJIIPHYIO KOHIIEHTPAIIHIO
skBuBasieHTa B 20 %+#oMm pactBope HNO; (0= 1,12r/mi). (OtBer:  3,17momb/kr;
3,56 Mmo11b/1)

159. Beuucnure MOJNSPHYIO KOHIICHTPAIMIO U MOJISIPHYIO KOHIIEHTPAIUIO
skBuBasieHTa B 20 %+#om pactBope CaCl, (p = 1,178r/mn). (OtBeT: 2,12M0ub/11;
4,25monb/1)

160.Paccunraiite 00beM UCXOAHOTO PACTBOPA CEPHOM KHUCIOTHI C MAaCCOBOM
noneit H,SQ, 28 % c mnotHocThIO p = 1,2 r/Mi1, KOTOPBIA HEOOXOIUMO B3SITh,
9TOOBI MPUTOTOBUTH 1 11 pacTBopa H,SQ, ¢ MomnspHOW KOHIIEHTpaIueid SKBUBa-
nenrta 0,2momw/n. (OTBeT: 29,2M1)
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4.2.OBIIIUE CBOMCTBA PACTBOPOB

Coaep:xaHue MaTepuaJia 1Jisi CAMOCTOATEILHOT0 U3Y4YeHUsI

OO61mast xapakTepuCTHKa pacTBOPOB. JlaBieHHe HACBHIIIEHHOTO Mapa. 3aKoH
Payns. [lonmxenue teMmrepaTypbl 3aMep3anusi pacTBOpoB. [loBbllieHHEe Temmepa-
TypbI KuteHus pactBopoB. OcMoc, ocMoTHueckoe naBieHue. 3akon Bant-T'oddda.

Jlutepartypa: [1 —rn. 8, 88 8.1];[2 1. VI, 88 78-80], [3—1.7,887.1,7.3,74].

OcHoBHBIE TCOPECTHICCKUC MMOJTOKCHUSHA

Obwumu NN KOAMUSAMUBHBIMU CBOMCTBAMHU PAaCTBOPOB SIBJISIOTCS CBOUCT-
Ba, KOTOPBIE 3aBUCAT OT KOHLEHTPALIMM PACTBOPECHHBIX BELIECTB U IPAKTUYECKU
HE 3aBUCAT OT UX NpHUPOAbL. B MoiaHON Mepe Takue CBOMCTBA MPOSBISIOTCS B Uoe-
anvHbIX pacmeopax. B TakuX pacTBOpax OTCYTCTBYET XMMHUYECKOE B3aUMOJEUCT-
BHE€ MEXy KOMIIOHEHTAMH U CHJIbl B3aUMOJEHCTBHS MEXKIy OJMHAKOBBIMH U pa3-
HBIMH MOJIEKyJIaMH paBHbl. K uaealbHBIM pacTBOpam IO CBOMM CBOMCTBAM IIPH-
ONMMKAIOTCST TOJBKO OECKOHEUHO pPa30aBJIEHHBIE PacTBOPHI HeANEeKTpoauToB. K
oOLIMM CBOMCTBaM pa30aBiIE€HHBIX PACTBOPOB C HEJIETYYMM PAacTBOPEHHBIM Bellle-
CTBOM OTHOCSITCSI IIOHM)KCHHME JABJICHHMS HACBIIIEHHOIO Iapa pacTBOPUTEINS HAJ
pacTBOpPOM, NOBBIIICHUE TEMIIEpaTypbl KUIEHUS, NMOHMKEHHE TeMIlepaTyphl 3a-
MEp3aHus U OCMOTUYECKOE JTaBIICHUE.

[Ipu ncnapeHuun XKUIKOCTU B 3aKPBITOM COCYJI€ YCTaHABIMBAETCs (pazoBoe
PaBHOBECHE MEKIY JKMIKOCTBIO M €€ HACBIIIEHHBIM napoM. [lap, Haxoxsmmics B
PaBHOBECUHU C KUAKOCTBIO, HA3bIBACTCA HACLIUEHHbIM, A JABICHUE, KOTOPOE OH
OKa3bIBaeT Ha CTEHKHU COCYZA, HA3BIBACTCA OagleHuem Hacvlujenno2o napa. Ecnn
BHECTH B JIETYYUM pPacTBOPUTENb A HEJETy4yee BEIECTBO B, TO HaJ pacTBOPOM
OyAyT MPUCYTCTBOBAaTh TOJBKO Mapbl pACTBOPUTEIS], TAK KAK HEJIETydee BEIECTBO
COJZIEPKUTCS TOJIBKO B KUIAKOCTH. MOJIEKYJIbI HEJIETY4ETr0 PAaCTBOPEHHOI'O BEILIECT-
Ba OyJyT MPENsTCTBOBATh UCIIAPEHUIO U3 PACTBOPA MOJIEKYJ pacTBopurens. B pe-

3yNbTaTe JaBJIeHUE HACBINIEHHOTO Tapa PACTBOPHUTENS HaJl PACTBOPOM P, BCEr/a
Gy/leT MeHbIIIe, YeM HaJl YUCTBIM PACTBOPUTENEM Pa:
0
Pa < Pa - (4.8)

CornacHo 3axony Payns 17sl TAKMX pacTBOPOB JIaBJIEHUE Mapa pacTBOPHUTE-
JIs1 HaJ, paCTBOPOM PABHO MPOU3BEJECHUIO €r0 MOJIIPHON J0JW Ha J1aBJICHUE HACHI-
IIEHHOTO Mapa HaJl YUCTHIM PACTBOPUTEIIEM:

Pa=Dy N4 (4.9)

WJIU, COTJIaCHO JApyroi GopMyJIHUpOBKE: OTHOCUTEIHHOE MOHMKEHHUE JTaBJIICHUS Ha-
CBHIIIIEHHOTO TIapa pacTBOPHUTEIS HaJ PacTBOPOM PaBHO MOJIIPHOM J0JI€ PacTBO-
PEHHOT'O BEIIECTBA:
o
Pyg— Py _

0

P4
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rae p A — HHapOouaJIbHOC JaBJICHUC HACBIIICHHOTO I1apa paCTBOPUTCIISL HaZl paCTBOPOM,

pg\ — JIABJICHHE HACBIILICHHOTO I1apa YUCTOTO paCTBOPUTEIIA,

X4» X3 — MOIISIPHBIC JIOJM PACTBOPUTEIISI U PACTBOPEHHOT'O BEIIECTBA, COOTBET-
CTBEHHO, orlpeaessiemMbie o Gopmynam (4.4).
BenenctBre moOHMKEHUS TaBJICHHS Tapa HaJ pacTBOPAMH TOBBIIIACTCS MX
memnepamypa xuneuus T,,, 1 TOHWKACTCS UX memnepamypa 3amep3anusi (kpu-
cmannuzayuu) T, IO CPABHEHUIO C YUCTHIM pacTtBoputenem (T2, , T2 ). Jlrobas

Kui !

KUIKOCTh 3aKUIAET TOTa, KOTJa JaBJICHHE €€ MapoB PaBHO BHEIIHEMY JABIEHUIO,
U 3aMep3aeT Mpu TOW TeMIeparype, Ipu KOTOPOM JlaBlieHHWE Mapa HaJ KUIAKOCTHIO
CTaHOBHUTCS PaBHBIM JIaBJICHUIO HaJ TBEPI0H (a30i (KprcTasilaMi PacTBOPUTEIIS).

CornacHo credcmeusim s3axona Payns, TOBBIIEHUE TEMIEPATypbl KUIICHUS

AToww = T -Tp, WIA TOHWKEHHE TEMIICPATYpbl 3aMep3aHusl pacTBOpa
—_ [}
AT3CIM - Tga_M - T3a

5 TPOIIOPIHOHAIIBHO MOJISILHOM KOHICHTPpAlIH paCTBOPCHHOI'O

BEIIECTBA U HE 3aBUCHUT OT €TI0 MPUPO/IHL:
AT =K, Gn 1 AT,y = Ki: G, (4.11)

rae K, —a0ymmockonuyeckas mocTostHaast, Kr-K/Moub;
K — Kprockommuueckas moctosiHHast, Kr-K/moin,
Cm — MOJISJIbHAs KOHIICHTpAIMsI PAaCTBOPEHHOTO BEIIECTBA, PacCUUThIBacMast
o popmyse (4.7),Monb/Kr.
3naueHus K, u K, 3aBUCAT OT IPUPOIbI PACTBOPUTEIIS U HE 3aBHUCAT OT MPH-
POJIBI ¥ KOHIIEHTpAIMK pacTBopeHHoro Bemecta. s Boasr K, = 0,52kr-K/monb
n K,.=1,86kr-K/Moib.
Hcnonb3ys ypaBHenus (4.11)MoxHO ompeneanTh MOJIIPHYIO Maccy Bellle-
cTBa. st 3TOT0 AKCMEPUMEHTATIBHO OMPEACISIOT MOBBIIICHUE TEMIIEPaTyphbl K-
neuus AT, (90yimuockonus) i IOHWKEHNE TEMIICPATYPhl 3aMepP3aHusl PacTBO-
pa AT,,, (kpuockonus). MonspHyro Maccy My pacTBOPEHHOTO BEIISCTBA PaCcCUH-
TBIBAIOT ¢ yaeToM Gopmyi (4.11)u (4.7) 1m0 ypaBHEHHSIM:

1. 1000Kx ms - 10000K> me (4.12)
B-""" B="" ) .
AT:%ZM mA ATKun mA

r7ie Mg, My —MacChl PACTBOPEHHOTO BEIIECTBA U PACTBOPUTEIS, COOTBETCTBEHHO.
Ocmoc — 3TO0 CaMOIIPOU3BOJIBHOE MIPOHUKHOBEHHE PACTBOPUTENIS B PACTBOD,
OTJICJICHHBIM OT HETO TMOJIYIPOHUIIAEMOW MEPETOPOJKON, Yepe3 KOTOPYH MOXKET
MIOCTYIIaTh PACTBOPUTEIh, HO HE MOXKET MPOXOAUTh PACTBOPEHHOE BemecTBO. Ko-
JUYCCTBEHHOM XapaKTEPUCTUKOM OCMOCA SIBISETCS OCMOTHYECKOE JTIaBJICHUE.
Ocmomuueckoe OagneHue — HTO U30BITOUHOE JIaBJICHUE, KOTOPOE HYXKHO
PWIOKUTH K PACTBOPY, YTOOBI MPEKPATHUIICS OCMOC, U B CUCTEME YCTAaHOBHJIOCH
paBHOBecue. [IposSBISETCS OCMOTHYECKOE MABJIICHHE TOJIHKO HA TPAHUIE MEXTY
pPacTBOPOM W PACTBOPUTEIEM WM ABYMSI pacTBOPAMHU C Pa3HOW KOHIICHTPAIHEH,
KOT/Ia 9Ta TPAHUIIA TTPEACTABISIET COOOM MOTYTIPOHUIIAEMYIO TIEPETOPOIKY .
OcMOTHYECKOE JTaBJICHHE PAacTBOpa IMPOIMOPIIMOHAIIEHO KOHIIGHTpAIlUU Be-
IIeCTBA W TEMIIepaType W HE 3aBUCHUT HH OT MPHUPOJLI PACTBOPECHHOTO BEIIECTBA,
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HU OT TIPHUPOABI PacTBOPUTENS. BenmnmunHa 0CMOTHYECKOTO JaBICHUS OMPEACIISIeT-
cs 1o ypaegrenuro Baum-I'opga:

z=Cy-R-T (4.13)

r7ie T —OCMOTHYECKOE JaBjieHue pacTBopa, klla;
Cys — MOJISIpHAsl KOHIICHTpAIIHUs PacTBOPa, MOJIB/ I,
R — yauBepcanpHas razoBas nmocrosunas, R = 8,3 1m-kIla/moinp: K;
T — Temnieparypa pactBopa, K.
PacTBOpBI ¢ OIMHAKOBBIM OCMOTHYECKUM JaBJICHUEM HA3bIBAIOTCS U30MO-
HUYeCKUMU.
3akonbl Payns u Bant-T'odda BeIIOTHSAIOTCS NI MPENENbHO pazdasieH-
HbIX PACTBOPOB HedneKkmpoaumos. Ecam pacTBOPEHHOE BEIIECTBO AIEKTPOJIUT, TO
B MaTEMaTHYECKUE BBIPAXEHUS BBOJST MOMPABOYHBIN U30MOHUYECKUL KOIPPDU-
yuenum 1.

ATKun = I Ka'cm1
ATs’aM: I KK * Gn,
r=1-¢cy R-T.

N3otonnyeckuii Ko3(PUIIMEHT 3aBUCUT OT MPHUPOJbI BJIEKTPOJIUTA U €ro
KOHIIEHTpAI1H.

Penienue TMOBLIX 3a/1a4

3agauya 1. [Ipm 25 T pgaBimeHMe HACHIIEHHOIO I1apa BOJABI COCTaBJISCT
3,166 «kI1a. Onpenenute mpu TOH Ke TeMIepaType MaBlICHWE HACHIIIEHHOTO Mmapa
Haax 5 %#biM BogHBIM pacTBopoM kapOoamuia CO(NH,),.

Pemenne. Ilo popmyne (4.9)

P4 =p2 X 4

BBIYHCIIMM MOJISIPHYIO JTOJTFO PACTBOPUTEIIS X4
B 100r pactBopa comepxutcs 5r kapbamuga (MosspHas macca 60 r/mMoJib)
u 951 Boabl (MossipHast macca 18 r/monp). KonndyecTBa kapOamwuaa vz ¥ BOABL V
COOTBETCTBECHHO PaBHBI.
vz = 5/60 = 0,0831015b; v, = 95/18 = 5,2781015.
Haiinem MossipHyro 10110 BoIbI 110 opmyie (4.4):
V4

X4 =" >
vy tvg

X4 = ﬂ = 0’985
5278+0,083

CrnenoBaTenbHO, 1aBJI€HUE HACBHIIIEHHOTO M1apa HaJl pacCTBOPOM OYJIET paBHO
p4 =316600,985=3119 kIIa.

3apaua 2. Texaudeckas ykcycHas kuciota 3amep3aet npu 16,4 T. Temme-
paTypa 3aMep3aHus YHCTOU yKcycHou kuciotel 16,7 T, ee kpuockonuyeckas mo-
crosiHHas paBHa 3,9 kr-K/mMosb. OnpenenuTe MOSUTBHYIO KOHIICHTPAITUIO TTPHME-
CEU B TEXHUYECKON YKCYCHOM KHUCIIOTE.

63



Pemrenue. Onpenenum MOHMKEHUE TEMIIEPATYPHI 3aMEP3aHHS TEXHUUECKOU
—_ [}
YKCYCHOMW KHCJIOTBI II0 CPaBHEHHIO ¢ yucTou 1o popmyne AT, =T, -T,..,

AT;.,= 16,7 -16,4 = 0,3C = 0,3K.

OnpenenuM MOJSITbHYIO KOHIIEHTPALIUIO TpUMecei, mpeoopa3zoBas hopmy-
ay (4.11):

Cm = A[-I;?“M » Cm =%’ =0,08mob/kr.

K

3agaua 3. [Ipu pactBopernn 0,6 T HEKOTOPOTO BEIIECTBA-HEIIEKTPOIUTA B
251 BoJBI TemmepaTypa KureHus pactBopa mnossimaetcs Ha 0,204 C. Ilpu pac-
tBopeHun 0,31 3Toro ke BemiecTBa B 20 T 6eH3071a TeMIieparypa KUIIEHUs pac-
TBOpa nosbimaercs Ha 0,668 T. Paccuunraiite 30y/UIMOCKOMTUYECKYIO TTOCTOSTHHYIO
OeH30J1a, ecii 30Y/UTHOCKOIMYecKas MocTostHHast BoAbl paBHa 0,52kr-K/moib.

Pemenue. Onpenenum MOJSPHYIO MacCy pacTBOPEHHOTO BEIIECTBa B BO/I-
HOM pacTBope 1o dpopmyie (4.12):
1000[K, e ’

ATKun Ma

_ 1000l 052 DO 6
B~
0,204

My =

= 60r/MOJIb.

PaccuntaeM »0yJUIMOCKONMMYECKYIO IMOCTOSHHYIO O€H301a, MpeoOpa3oBas
ypaBHeHue (4.12)m yduThIBas, 4TO MOJISIpHAs Macca pacTBOPEHHOrO B OeH30JIe
BemiectBa 60 r/mMob:

_ AT (Mg d”nA
1000 mg
= M Bzf 2,67xr-K/mons.

’ 1000

3agaua 4. Onpenemure ocmoTuueckoe aapiaenue mpu 17 °C pacrtsopa, B
500ma koToporo comepxkurcs 17,1r caxapa CioH7,011.
Pemenne. MonsipHast Macca caxapa paBHa 342 r/moib, TeMiieparypa pac-

tBopa 273 + 17 = 29(K. OcmoTHYeCcKOe JaBJIEHUE OMPEACIUM IO YPaBHEHHUIO
Bant-T'odda (4.13):

7=Cy R -T= " _[RIT,
MV
171

[831[290 = 241kI]1a.
34205

T =
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331121‘11’[ AJIA CAMOCTOATECJIBHOI'O PCIICHUSA

161 M3BectHo, uTo npu 42 °C napjeHue HACBIIIEHHOTO Mapa BOJbl PABHO
8199,325I1a. Kak u3smeHuTcs qaBiieHHe, eciid TIpu 3Tol Temmeparype B 5401 Bo-
161 pacTBOpHUTH 36T ri1rok03bI (CgH1,0g)?

162. laBnenue napa soas! npu 80 °C pasno 47375I1a, a naBieHue napa Haj
BOJIHBIM PacTBOPOM HEIJIEKTPOJUTa NMpHU 3ToH ke Temneparype — 33310I1a. On-
penenuTe MOJISIPHBIC TOJIA HEANIEKTPOIIUTA U BOABI B 3TOM PacTBODE.

163. Uemy paBHO OCMOTHYECKOE JABJICHHE PACTBOpA HEIJIEKTPOJUTA TMPHU
27 °C, ectu B 500¢m® pactBopa comepxutes 0,6 Moib BemecTsa?

164. Kakum Oynet naBieHue mapa Haja pacTBopoM mpu 65 C, ecnu oH co-
nepxxut 13,68r caxapossl (C12H20011) B 90,00r Boasl, a JaBiacHUE BOASHOTO Hapa
pu TOH ke Temneparype paBao 25,0x[1a?

165. Ilpu 293K naneHue HACHIMIEHHOTO Tapa Haa Boaou paBHo 2,34 kl]a.
Omnpenenute maccy runepuna (CazHg(Os), KoTopbiii Hago pactBoputh B 180T BO-
JIbI, UTOOBI MOJYYHTh JaBjieHue napa Ha 133,3[1a menbIIIe.

166. K 0,5M pactBopy caxapo3bsl CioH7,01; o6seMom 100 cM® M0GaBHIH
300 cm® Bobl. OIpenenuTe 0CMOTHYECKOE AaBICHHUE [OMYYSHHOTO PACTBOPA TP
25°C.

167. PactBop, conepxantuii 0,512 r HeanekTponura B 1001 Genzona, 3a-
Mmep3aeT npu 5,296 T. Temneparypa kpucramausanuu OeHzona paBHa 5,5 T.
Brrauciante MOISpHYIO Maccy pacCTBOPEHHOTO BEIIIECTBA.

168.IIpu pactBopenuun 1,6 T HednekTpoauTa B 250 M1 BOJbI OBLT MOTYYEH
pacTBOp, KOTOPKIH 3amep3aeT rpu Temmneparype - 0,2°C. Onpenenute MOISPHYIO
Maccy pactBopeHHoro Bemniecta. s Boasl K,.=1,86kr-K/mMob.

169. Berunciure Temmeparypy 3aMep3aHds BOJHOTO pacTBOpa Mode-
BuHbl (CO(NH,),), comepxamero 5 r wmoueBunsl B 150 r Bome. [l BOjBI
K.=1,86xkr-K/mob.

170. PactBop, coaepxarmii 3,041 kamdapsr (C10H160) 8 100,00r 6enzoina,
kunut ipu 80,714 €. Temneparypa kunenus 6enzona papaa 80,2 T. Beraucnu-
Te 30YyJUTMOCKONUYECKYIO0 KOHCTAaHTY OCH30171a.

171.B ogHoM nuTpe BOABI paCTBOPEHO 27 T HEedJIEKTpouTa. PacTBop 3aku-
naer npu 100,78°C. Onpenenure MONSPHYIO MacCy PacTBOPEHHOIO BEIIECTBA.
s sBoger K,= 0,52kr-K/mons.

172. Beraucante MOJSPHYIO MacCy HEdJIEKTPOJIMTA, 3Hasl, 9YTO PacTBOp, CO-
JIEpIKAIIUN ATOT HEIEKTPOJIUT Maccou 2,251 B 2501 BoabI, KpUCTATUTU3YETCS TIPU
temneparype - 0,279 €. Ilnsg Boast K,=1,86kr-K/Mo1b.

173. Ckoapko rpammoB moueBHHBI (CO(NH,),) cinemyeT pacTBOpUTH B
2501 BOgmBI, 4TOOBI Temmeparypa kuneHus moBbicwiach Ha 0,26 T? Jlna Boxbl
K,=0,52kr-K/Moib.

174. BerunciuTe TeMepaTrypy KpUCTaUTU3alliid pacTBOPa STUIIOBOTO CIIHP-
ta (CoHsOH) ¢ maccoBoii goneit 25 %. /s Boast K,=1,86kr-K/mob.

175. Temneparypa KHUIIEHHS pacTBOpa, CoJEp amiero 5,7 T CaIUIUIOBOM
kuciotel (C7HegO3) B 125,01 cniupra, paBua 78,4 T. Temneparypa KUIICHUS YHUC-
toro cnupta paBHa /8,0 T. Berunucnure 30yIMOCKONTMYECKYIO KOHCTaHTY CITUPTA.
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176. Onpenenure M30TOHUYECKUH KOA(DPHUIIMEHT pacTBOpa, COACPIKAIICTO
2,1t KOH B 250,0r BonbI U 3amep3aroriero npu temmneparype - 0,519 €. Jlns
Boxbl K,=1,86xr-K/mo:b.

177. Ans npurotosnenus: antudpuza cmermanu 301 Boasl U 9 11 TiuniepuHa
(C3Hs(OH)s). IlnotHocTs rimmepuna 1261 kr/m®. Uemy paBHa Temmeparypa 3a-
Mep3aHus MPUroToBieHnoro antudpusa? s soasl K,.=1,86kr-K/mob.

178 Beruncinute maccy stuieHriaukons (C,H4(OH),), koTopslit HeoOxoau-
MO TIpHOABUTH HA KAXKABINA JIUTP BOABI IJIsl IPUTOTOBIICHUS aHTH(PH3a ¢ TEMIIepa-
typoii 3amep3anust -15 T. Jlna Boabr K,=1,86kr-K/Mouib.

179 Beluucnure KpHOCKOMMYECKYI0 KOHCTAHTY YKCYCHOW KHUCIIOTHI, 3Haf,
9TO0 pacTtBop, coAepxamuid 4,25t antpanena (Ci4Hig) B 100,00r ykcycHo# Ku-
cnoThl, kpuctamum3yetrcs npu 15,718 €. TemmepaTypa KpucCTaTU3aIMN YKCYC-
Hoit kuciorel 16,650 €.

180 Omnpenenure Temeparypy, Ipu KOTOPOH OCMOTHYECKOE JaBJICHHUE pac-

TBOpa, coaepxamero 45 r rmoko3sl (CgH12Og) B OHOM JHTpe BOIBI, PaBHO
6079501 1a.

4.3.MOHHBIE PEAKIIMH B BO/IHBIX PACTBOPAX
IJIEKTPOJIUTOB

Conepmanne mMarepuaJja 1jd CaMOCTOATEC/IbLHOI0 U3YyUCHUSA

Teopus IEKTPOJIUTHYECCKON Aucconranuu. ucconnanusi KUcjioT, OCHOBA-
Hui, coneil. CtyneHudaras nuccoruanus. KoHCTaHTa M CTENEeHb JUCCOLMALIHM.
CunbHble U cabble AIEKTPONUTHI. Peakimyu B pacTBOpax 3JEKTPOJUTOB KaK peak-
UM UX UOHOB. Y CJIOBUS MPOTEKAHUS MPAKTUYECKH HEOOPATUMBIX PEaKIIUi JTBOM-
HOTO OOMeEHa.

Jluteparypa: [1 — . 8, 88 8.3 — 8.4]; [2 +1. VII, 88 81— 88], [3 —. 7,
§§ 7.5, 7.6].

OcHoBHbBIE TCOPETHYECCKHUE IMMOJTOKCHUSA

Onexmponumsl — BEUIECTBA, PACTBOPHI WM PaCIUIaBbl KOTOPBIX JTUCCOIUU-
PYIOT Ha MOHBI U MPOBOJASAT IEKTPUUECKUN TOK. DIeKMpOIUmMuieckon ouccoyua-
Yueti HA3BIBAIOT pacIajl MOJIEKYJI 3JEKTPOJIUTA B PACTBOPE Ha MOJOKUTEIHHO 3a-
PSOKEHHbIE KaTHOHBI M OTPHULIATENIBHO 3apsiKEHHbIE aHMOHBI MMOJ JACHCTBUEM IIO-
JSIPHBIX MOJIEKYJT pacTBOpuTeis. B pe3ynbrare auccouuaniu oOpasyroTcs ruapa-
TUPOBAHHBIE MOHBI, €CIIM PACTBOPUTENH BOJA, B 00IIEM Cllyyae — COJIbBaTUPOBAH-
HBIC HOHBI.

[Ipouecc aucconuanuu KOJIMYECTBEHHO XapaKTepU3yeTCs CTENEHbIO IUCCO-
nuanu. CTeneHb MEKTPOJUTHIECKON TUCCOIMAIMU ¢ — 3TO OTHOLIEHHUE KOHIIEH-
TpaLKU MOJIEKYJ, PaCTaBIIMXCS HA MOHBI, K OOIIEMY YUCITy PACTBOPEHHBIX MOJIEKYI:

o= C()ucc/ Coobuys (414)

IJI€ Cyyec — KOHIIEHTPALIHS TPOIUCCONMUPOBABIINX MOJICKYJT, MOJIB/IT;
Co6y; — KOHIIEHTPAIMSI PACTBOPEHHBIX MOJIEKYJI, MOJIB/ .
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CoryacHO meopuu 31eKmpoIumu4eckol ouccoyuayuu, TIPUMEHUMON K BOJI-
HBIM PAacTBOpaM, KUCIOMOU SABISETCS JIEKTPOJIUT, KOTOPBIA TUCCOIMUPYET C 00-
pasosanueM nona H' (HNO;, HCI, HBr, HI, H,SQ,, HCIO,;, HMNO,, ...). Diek-
TPOJIUT, TUCCOIMUPYIOIIHK ¢ oOpa3oBaHreM HMOHOB OH , Ha3BIBAIOT OCHOBAHUEM
(LiOH, KOH, NH;OH, Cu(OHy), ...).

CyIIeCTBYIOT AJIEKTPOJUTHI, KOTOPHIE MOTYT JIUCCOIMUPOBATH KaK KUCIIOTHI,
M Kak ocHoBanusi. H + RO™S ROHS R + OH™

Takue SJICKTPONHMTHI  HA3BIBAOTCS  AMOPOMEPHbIMU  IEKMPOIUMAMU.
(Zn(OH),, Be(OH), Pb(OH), Sn(OH), Fe(OH), Al(OH),, ...).

DICKTPOIUTHI IEIATCS Ha cuibhvle u ciadvie (tadn. 4.1). CHIbHBIC dJIeK-
TPOJMTHl B BOJHBIX PACTBOpPAX JUCCOIMHPYIOT MPAKTHYECKU Hareno (CTEereHb
JUCCOIUAIMU o =1) U CYIIECTBYIOT B PACTBOPax B BHJIC TMAPATUPOBAHHBIX HO-
HOB. CJta0ble 3JIEKTPOJUTH B BOJAHBIX PACTBOPaX JUCCOIMHUPYIOT YaCTHYHO, HME-
10T CTETICHBb JTUCCOIMAIIMU 3HAYMTEIIBHO MCHBIIIEC SAMHHUIIBI U B PACTBOpPAX HAXO-
JATCS, B OCHOBHOM, B BUJIC MOJIEKYJ. MHOTOOCHOBHBIC KHCJIOTBI U MHOTOKHCIIOT-
HBIC OCHOBAHUS JUCCOIMUPYIOT CTYIICHYATO.

Taomuma 4.1
CuIibHBIC U CJTa0bIe DJIEKTPOJIUTHI

DIIEKTPOIUTHI CunbHble Cnalble

Kucnotsl HNGO;, HCI, H,SQ,, HBr, HNO,, H,S, H,SG;, H,CO;,
HCIO, H,SiG;, HsPO,4, HF
U IpyTHE U IpyTHE
OcHoOBaHUs KOH, NaOH Ba(OH), NH,OH, a taxxe
U JIpyrue HEPaCTBOPHUMBIC OCHOBAHHMS
Conn IPaKTHYECKU BCE COJIU —

Jucconuanus caadbiX 3JIEKTPOIUTOB — MPOIECC 0OpaTUMBIM, TPUBOIAIIUN
K COCTOSIHUIO PaBHOBECHS, XapaKTEPU3YETCs KOHCMAHMOU pasHosecusi (koncman-
moti ouccoyuayuu K,). Koncmanma ouccoyuayuu — 3T0 OTHOIICHUE MPOU3BEE-
HUSI KOHIEHTpalUid 00pa30BaBIIMXCS MOHOB K KOHIIEHTPAIUU HEPACTABIIUXCS HE
MOHBI MOJIEKYJI B COCTOSIHUM PABHOBECHSI, 3aBUCHUT OT MPHUPOJbI BEIIECTBA U TEM-
nepaTyphl.

Jlist mporiecca ANEKTPOIUTHUECKON JUCCOLMAIIMM CIab0ro 3JIEKTPOJIUTA,
MIPOTEKAIONIETO M0 ypaBHenuto A, By S xA”" + yB*", BbIpakeHue JUis KOHCTaH-
ThI IUCCOIMAIIN UMEET BU/I;

_ (A0 )Y
[ AxBy] ’
rae [4, B, [4”"], [B*] — paBHOBeCHbIE KOHIIEHTPAIHH.

(4.15)

Peakuuu B pacTBOpax 3JEKTPOJIUTOB, MPU KOTOPBHIX HE MPOUCXOAUT U3MeE-
HEHUsI 3apsA0B MOHOB, BXOJSIIMX B COCIUHEHUS, HA3bIBAIOTCS MOHOOOMEHHBIMU
WJIU PeakIusIMU JBOMHOTO OOMEHa.
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VYcnoBusiMu npoTeKaHUST MPAKTUYECKH HEOOPATUMBIX XMUMHUYECKHUX DPEAKIUil
JIBOMHOTO OOMEHa B pacTBOPax AJIEKTPOJIUTOB SIBIISIETCS] 00pa30BaHUE MEXITy HOHAMU
OJIHOTO 3JIEKTPOJIUTA C MIOHAMH JPYTOro:

- MaJIOPACTBOPUMBIX COCMHEHUH (OCaIIKH);

- MaJIOIUCCOIIMUPYIOIIHX BEIIECTB (CI1a0ble AJICKTPOIIUTHI);

- Ta30B.

Honno-monexynsapuvle, WA TMPOCTO UOHHblE, YPABHEHUS PEAKLMN JTBOMHOTO
oOMEHa OTpa)kalOT COCTOSIHUSL DJEKTPOJIUTOB B pacTBOpax. B 3THX ypaBHEHMSIX
CUJIbHBIE PACTBOPUMBIE HJICKTPOJIUTHI, TOCKOJIBKY OHH MOTHOCTHEO JUCCOLIMUPOBAHBI,
3allKMChIBAIOT B BUJIC MOHOB, & CJIA0bI€ 3JIEKTPOIUTHI, MAJIOPACTBOPUMBIE UITH TPYIHO-
pacTBOpUMBIE U ra3000pa3HbIe BELIECTBA 3alMCHIBAIOT B MOJIEKYIsIpHON (opme. B
COKPAILIEHHOM HOHHO-MOJIEKYJISIPHOM YPaBHEHUM OJMHAKOBBIE MOHBI U3 00EUX €ro
yacTel UCKIovaroTes. [Ipu cocTaBaeHMM MOHHO-MOJIEKYJIIPHBIX YPABHEHUN CyMMa
3apsi10B MOHOB B JIEBOM U MTPABOM YaCTH ypaBHEHUS JIOJHKHA OBITH paBHA.

Penienue THOBBIX 3a1a4

3agaya 1. CocTaBbTe ypaBHEHHE DJICKTPOJUTHYCCKOW ITHCCOIMALMU Be-
mectB:. KOH, HCI, H,CGO;, Zn(OH), CuOHCI Mg(HCQG;),. lns cimabeix siiek-
TPOJIUTOB HAIHUIIMTE BBIPAKCHUE KOHCTAHT JMCCOLMAIMN M YKOKUTE OoJiee clia-
OBIiA PJIEKTPOJIUT.

Pemenne. B mannom psagy KOH (menous), HCI (kucmora), CUOHCI (oc-
HoBHas coib), MQ(HCQ;), (kucias cosb) SBISIOTCS CHIBLHBIMH 3JICKTPOTHTAMHU.
JIJis HUX ypaBHEHUS SJICKTPOJIMTUYCCKOW JTUCCOIMAIIMH BBITJIAIAT COOTBETCTBEH-
HO CJIEAYIOIHNM 00pa3oMm:

KOH — K" + OH™, HCl — H" + CI,
CuOHCI— CuOH + CI~,
Mg(HCO), — Mg* + 2HCO5~.

KonuuecTBeHHOM Mepoii ci1aboro 3JeKTPOIUTa SIBISIETCS KOHCTAHTa JIUCCO-
[[MAIlM{, 1 Y€M OHA MEHbIIIE, TEM clilabee IEKTPOIUT. YTOIbHAs KUCIOTa U THIIPO-
KCHUJlT MarHusi — cja0ble 3JeKTPOJUTHI, AUCCOUMUPYIOT B ABe cryneHu. Kaxnas
CTYICHb JTUCCOIMAIINN XapaKTepU3yeTcsl CBOSH KOHCTaHTO# (Tab. 4.2).

Taomnuma 4.2
KOHCTaHTBI AUCCOLUAIME HEKOTOPEIX CIIa0BIX IEKTPOIUTOB 1pu 25°C
| [ i
BemmecTtBo dopmyia Ko K% K™
Boxa H,0 1,82 - 10° - -
Kuciaoter
Asotucras HNO, 51 - 10° — —
BopHast HsBO; 5,8 - 10" 1,8 - 10° 1,6 - 10
Kpemuuenas H,SiO; 2.2 . 10" 1,6 - 10" —
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Oxkonuauue Ta0I. 4.2

BemecTBo dopmyna K's K", K",
[1naBukoBast HF 6,8 - 10° - -
CepHucras H,SO; 1,7 - 10° 6,2 - 10° —
CepoBogopoauas | H,S 1,0 - 10 1,0 - 10" —
CuHmibHas HCN 6,2 - 10 — —
YrombHast H,CO; 45 - 10’ 4,8 - 10" —
YKcycHast CH;COOH | 1,8 - 10 — —
dochopras HsPO, 7,6 10° 6,2 - 10° 1,3 - 10“
OcHoBaHus
l'uopoxcuo
aMMOHISL NH,OH 1,79 - 10 - -
AJFOMUHUS Al(OH); — - 1,4 - 10°
xemnesa (11) Fe(OH) — 1,8 - 10° —
KaJIbLIAA Ca(OH) — 43 10° —
MArHHS Mg(OH), — 2,6 10° —
Maprasiia Mn(OH), — 5,0 - 10° —
menu (1) Cu(OH), — 3,410 —
HUKEIIS Ni(OH), — 25 10° —
caumra (1) Pb(OH), 9,6 - 10° 3,0 10° —
xpoma (111) Cr(OH); — — 1,1 - 10°
LMHKA Zn(OHY), 4.4. 10° 1,5 - 10° —

YPaBHCHHH BJICKTpOJIPITPI‘{CCKOﬁ JUuCCcomuannmn c1a0BIX 3JICKTPOJIUTOB.

| [HT1[HCOg ]

| crymens: H,CO; S HY + HCO;5, [H,CO3] =45 .10;
+ 2-
i _[H ][CO;7 ]
I : HCO;™ 5 H' + COs~, Ky = =——=4,8- 10",
CTYyTICHb G 3 0 [HCO3]
| _[ZnOH™]-[OH ]
) S + - Ki= - _ :
| crymens: ZN(OH) S Zn OH + OH™, [Zn(OH), | 4.4 .10 ;
2+ -
_ e 72 - kI =Zn7J]-OH ] _ .~ .
Il ctynens: ZnOH Zn“ + OH7, 0 [ZnOH '] 1,5-10°.

Tak kak BeJIMYMHA KOHCTAHTHI JUCComrannmn YFOHBHOﬁ KHUCJIOTBI MCHBIIC,

yeM runapokcuaa nuHka, To HyCO; sBisieTcss 6osiee cinabbiM AIEKTPOIUTOM, YeM
Zn(OH),.
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3agaua 2. CocTaBbTe MOJICKYJISIPHBIE W MOHHO-MOJICKYJISIPHBIE YPaBHCHHUS
peakiuii B3aumoercTBus Mexay pactsopamu BaCh u NaSQ,, NaoCO; u H,SQ,,
CH3;COONau HCI, Fe(OH)% u HNO:..
Pemienne. B pacTBopax 3JIEKTPOJIMUTOB PEAKIMH IMPOUCXOMAT MEXIY MOHA-
MU TOJBKO B TOM ClIydae, €ClId B pe3yJibTaTe B3aUMOJCUCTBUS 00pa3yroTCs Clia-
ObIe a5eKkTpoauThl (Tabdm. 4.2), pyaHopactBopumbie (Tadi. 4.3)mim razoo0pasHbie
COCTMHEHUS.
Tabmuna 4.3

PacTBOpHMOCTB HEKOTOPBIX COJIEN U OCHOBAHUU B BOJIE
(p — pacTBOpUMOE BEUIECTBO, M — MAJIOPACTBOPUMOE, H — MPAKTUYECKH HEPACTBO-
pHMOE; IPOYEPK O3HAYAET, YTO BEHIECTBO HE CYMIECTBYET WM Pa3jiaracTcs BOJIOH)

AHNOHDBI

3_
2—
2—
2—
2—

KATHUOHBI

Li

o) OH_

NH,"

Na' K"

M92+

ca’

Ba’t

=z |z |z o o o | SO;
oz z e s ke | COs

Zn**

crt

ez 2o e s ke | CrOy

Fet

Fe'*

cu?

==l J==R §=-l §==l == s I Q== g

aoill Je= i es i fan
T |E R
T | =

Ag”

ool it i ks s | NO

Srft

zoinlcoicticticic ks | Cl
zo ool o o | Br
ozl lz|zio s s | SO

==lisollj: Mol (ol so il ol oo Ml so Jl so li fo I go J) go

PO

oo lc ittt io s o oo o s | CHCOO

T T
T T
T T

Bi®*

AI 3+

=)
=)
=)
1
=)
1

slhmlzlmizlzimlgl el O S

.2_
Zlm | m s ElElrE e e | SIOs

3_
mlnlzizlzlzlzlzlzizlz|s e oz | POy

1

1

1
o oo
anfi Jaoi ol ol faui

A

H

Mn?* p p p H p H

[Ipu cocTaBieHUU MOHHO-MOJICKYJISIPHBIX YPaBHEHHH 3TH COEJUHECHUSA 3a-
MHACHIBAIOT B MOJICKYJIIPHOU (hopMe, CHIIBHBIE PACTBOPUMBIE JIEKTPOJIUTHI — B BH-
Jie HOHOB.

Jlna peakuuu:

BaCh+ Na,SQ,—BaSQ|+ 2NaCl (monekynspHoe ypaBHEHHE),

p p H p
CUNIbH.D]L. CUTIbH.IIL. CUTIbH.IIL. CUTIbH.IIL.
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Ba®" + 2CI~+ 2Na" + SO~ — BaSQ| + 2Na" + 2Cl~ (moaHoe HOHHO-
MOJIEKYJISIPHOE YPaBHEHHE),

Ba®" + SO’ — BaSQ| (cokpaleHHOe HOHHO-MOJIEKYISIPHOE YPABHEHHE).

Peakmust BO3MOKHA, TaK Kak OHa COIMPOBOXIAETCS 0Opa30BaHUEM TPYIHO-
pactBopumoro coenuHenus BaSQ.

N&CO; + HSQ — N&SQ, + HO + CO1
p p p cnab.on.  eas
CUNBH.IN.  CUTbH.IN.  CUTbH.IIL.

2Na" + CO%™+ 2H" + SO — 2Na + SO”+ H,0 + CO,t
2H" + COs>™— H,0 + COP.

Peakiust mpoTekaeT, Tak Kak COMPOBOXAAETCS 00pa30BaHUEM 2d3000pA3HO-
2o coeounenuss CO, u cnabozo snexkmporuma H,0 .

CH;COONa + HCl— CH;COOH + NacCl,
p p p p
CUIbH.OJL. CUJIbH.9]1. cnab.on. CUJIbH.I]L.
CH;COO + Na" + H" + CI”— CHyCOOH + Nd + CI,
CH;COO + H" — CH;COOH.
B pesynbTate 310 peaknuu odbpaszyercs cnabdwiii anexrpoaut CH;COOH

Fe(OH); + 3HNO; 5 Fe(NQ)s + 3H,0
H p p cnao.on.
cnab.on. CUNBH.IL. CUNBH.IIL.

Fe(OH)+ 3H" + 3NO;~ 5 Fe** + 3NOy+ 3H,0
Fe(OH)+ 3H" S Fe** + 3H,0.

Peakuust oOpaTtuMa, Tak Kak Cpey UCXOJHBIX BEIIECTB U CPEA MPOIYKTOB
pPeaKIuu eCTh CJIa0bIe JICKTPOJIUTHI.

331121‘11’[ AJIA CAMOCTOATECIBHOI'O PCIICHUSA

181.Kakwue BemiecTBa OTHOCST K DJIEKTPOJIUTAM U B YEM CYTh DJICKTPOIUTH-
Yeckor aumcconuanuu? Mexay pacTBOpaMH KaKHWX BEIIECTB BO3MOXKHO XUMUYE-
CKO€ B3auMoJielicTBUE?

1)HCI + KOH—; 2)FeSQ + KOH—; 3)Na&SQ, + KOH— .

OTBeT TOATBEpAWUTE, HAMKCAB YPaBHEHUS B MOJEKYISIPHOW W HOHHO-
MOJIEKYISIpHOI hopme.

182. ChopmynupyiiTe npapuiia HallMCaHUST HOHHO-MOJIEKYJIIPHBIX ypaBHE-
HUll peaknmii. KakoMmy B3amMOJEHCTBHIO COOTBETCTBYET COKpAIEHHOE HOHHO-
MOJIeKyIIsipHOe ypaBHeHne CU + ™ Cu3?

1) mexxay CuSQ u H,S Nexay CuNQ), u FeS

3) mexxay CU(NGy), u KsS dyexay CuO u K,S.

OTBeT MOATBEpPANTE, HAMMCAB YPABHEHUSI B MOJEKYJISIPHOW U MOJIHON HOH-
HO-MOJIEKYJISIpHOU opme.
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183. OxapakTepu3yiTe MOHATHS «CTEMEHb JJICKTPOIUTHICCKON TUCCOITHA-
LANU» U «KOHCTAHTA JJIEKTPOJIUTHUECKON qucconuannmn». Kak uamMeHsiercs creneHpb
JUCCOIMAIIMU C U3MEHEHHUEM KOHIIEHTpAIlMKM pacTBOpa M TeMIepaTrypbl? Mexmay
pacTBOpaMM KaKMX BEIECTB BO3MOKHO XUMHUECKOE B3aUMOIeHCTBUE?

1)CH;COONa + HCl—: 2)FeCh + K,SQ,—; 3)FeCh+ KOH — .

OTBeT moOATBEpIWTE, HANUCAB ypPaBHEHUS B MOJICKYJISIPHOH W HOHHO-
MOJIEKYISIpHOI hopme.

184.Yem oTiamyaroTcsi CUJIbHBIC U clIaOble 3JIeKTPoJuTh? Kakue 35ekTpo-
JUTHI XapaKTePU3YIOTCSI KOHCTAHTOMN AIEKTPOIUTUUECKON aucconuanun? Mexmay
pacTBOpaMM KaKHX BEIECTB BO3MOKHO XUMHUECKOE B3aUMOIeHCTBUE?

1) AlCl; + N&PO,—; 2)AICI; + KOH—; 3)N&PO, + KOH —.

OTBeT mOATBEpIWTE, HANUCAaB ypaBHEHUS B MOJIEKYJISIPHOH M HOHHO-
MOJIEKYJISIPHOH (opMme.

185. Chopmynupyiite ycmoBUsS TPOTEKAHUS MPAKTHUYECKH HEOOPATHMBIX
peakiuii aBoitHOrO oOMeHa. Kakomy B3aMMOJIEHCTBUIO COOTBETCTBYET COKpAIIICH-
HOE MOHHO-MOJIEKYJIIPHOE YpaBHEHUE PO + FE€* — FePQ|?

1) mexny NagPO, u FeCk; 2)mexny NagPO, u Fe(OH);

3) mexny HsPO, u Fe(NQ)s.

OTBeT MONTBEPAUTE, HAMUCAB YPABHEHUS B MOJICKYJSIPHOM M HOHHO-
MOJIEKYISIpHOI hopme.

186. Mexay pacTBOpaMu KaKuX BEIIECTB BO3MOXXHO XHMHUYECKOE B3aWMO-
nencreue?

1) NaS + KOH-—; 2)NaS + HNQ —; 3)NaS + SnC] —.

OTBeT MONTBEPAUTE, HANKCAB YPAaBHEHUS B MOJICKYJSIPHOM M HOHHO-
MOJIEKYJISIpHOH (hopMe, YKaKUTEe Ha3BaHMS BceX coenuHeHui. [laiite onpeneneHue
MOHSATUSIM KUCJIOTBI, OCHOBaHUS M aM(pOTEPHOTO TUIPOKCU/IA C TOUKH 3PEHUS TEO-
PHHU JICKTPOTUTHUYECKON JTHUCCOIHAIINH.

187. CoctaBbTe ypaBHEHHS DJICKTPOIUTHYCCKOW ITHCCOIUAIMN BEIIECTB
H3PO,, Ca(NOs), u NH,OH. JInst cnaObIx 3JEKTPOJIMTOB HAIUIIUTE BBIPAKCHHE
KOHCTAHT aAucconuaiuu. Kakoi 31eKTpoiuT SBiseTcs Hanboliee ciiadbiM?

188. Hammummte MONEKyJISIpHBIE YPaBHEHUS PEaKIUid, KOTOPHIM COOTBETCT-
BYIOT CIIEIYIOIIHUE COKpAIlIEeHHbIE HOHHO-MOJEKYJSPHBIM YpaBHEHHUS:

1) Zrt* + H,.SS ZnS+ H';  2)NH," + OH™— NH,OH;

3)3C&" + 2P0, — Cay(POy),?

OTBeT moATBEpAUTE, HAITMCAB YPAaBHCHUS B MOHHO-MOJIC-KYJISpHOU popme.

189. CocraBbre ypaBHeHus aucconmaiuu Bemiects. HoSIO;, AlL(SQ)s u
Cu(OH). Jlns caa0dbIx 3JEKTPOIMTOB HAMUIIUTE BhIPAKCHHE KOHCTAHT JUCCOIIHA-
1uu. Kakoi 27eKkTponuT sSBiseTcs Hanbosiee ciadbiM?

190. CocTaBbTe ypaBHEHHE JJICKTPOJMTHYECCKOW IWCCOIMAIIMHA BEIIECTB.
H,S Ca(HCQ), u Fe(OH). /i cinaObix 3JIEKTPOJUTOB HAIUIINTE BBIPAYKECHHUE
KOHCTaHT Aucconuanuy. Kakoi 371eKTpoIHT SBIsICTCS Hanbojee ciabbiM?

191. CocraBbTe MOJICKYJISIPHBIC YpAaBHEHUS PEaKIUi, KOTOPBIM COOTBETCT-
BYIOT CIICAYIONIHE COKPANCHHBIC HOHHO-MOJICKYJISIPHBIC YPaBHEHUS:
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1) Cr(OH);+ 3H" S Cr** + H,0; 2)CU* + 20H™— Cu(OH);

3) H+ + NOZ_—> HN02

[lepeuncnure ycioBus NPOTEKAHUS PEAKIIMM TBOWHOTO 0OMEHa.

192. Kaxkoe u3 ocuoBanuii Ni(OH),, Mg(OH),, Fe(OH), sBnsercst Hanboiee
cinabbiM 37eKTpouToM? OTBET MOSICHUTE, HAMKUCAB YPABHEHUS MX DJIEKTPOJIMTH-
YEeCKOM IMCCOLMALIUU U BBIPAKEHHUS 1J11 KOHCTAHT JUCCOIMAIIHH.

193. CocraBbTe MOJEKYJISAPHBIE 1 HOHHO-MOJICKYJISIPHBIE YpaBHEHUSI peak-
ITUH B3aMMOJICHCTBUS MEXTY PACTBOPAMH CJIEAYIOIINUX BEIIECTB!

1) K;Su HCI; 2) FeSQu NH,OH; 3) Cr(OH); u KOH.

OTBer moOATBEpaWTE, HANUCAB ypaBHEHUS B MOJICKYJISIPHOH W HOHHO-
MOJIEKYISIpHOI hopme.

194.Hanumute ¢hopMyIsl BEMECTB, JUCCOIMUPYIONIUX B BOJIC HA HOHBI:

1) K" u SiO®™; 2) AP uSQ*; 3)Fe” u NO;~ 4) Mn** u CH;COO".

Mexy KakuMu U3 MPEICTaBICHHBIX HOHOB BO3MOXKHBI PEAKIIUU JIBOUHOTO
obmena? [IpuBenure ypaBHEHUS peaKUil.

195. CoctaBpTe 1O JABa MOJIEKYJIAPHBIX YPaBHEHHUS PEAKIUU, KOTOPHIM CO-
OTBETCTBYIOT CJIEIYIOIME HOHHO-MOJIEKYJISIPHbIE YpaBHEHUS !

1) Mg** + CO?3 — MgCQ;; 2)H*+ OH™— H,0.

OTBerT mMoATBEpIUTE, HAMKCAB YPABHEHUS B MOJIEKYJISAPHON M HOHHO-
MOJIEKYJISIpHOM (opMme.

196. CocTaBbTe MOJEKYISIPHBIC ¥ MOHHO-MOJICKYJISIPHBIC YpaBHEHUS peak-
IIUH B3aMMOJICUCTBUS MEXKYy pacTBOPAMU CIIEIYIONIUX BEIIECTB!

1) Zn(OH) u HCI;  2) Zn(OH) u NaOH 3) CaCkL u AgNG.

OTBer moOATBEpAWTE, HANUCAB ypaBHEHUS B MOJICKYJISIPHOH W HOHHO-
MOJIEKYISIpHOI hopme.

197. CocTaBbTe MOJEKYISIPHBIC ¥ MOHHO-MOJICKYJISIPHBIC YpaBHEHUS peak-
U B3aMMOJICUCTBUS MEXIY PacTBOPaAMHU:

1) CuSQu H,S 2) BaCQ u HNO;; 3) FeCk u NaOH.

[TpaBUIBLHOCTH OTBETA MOATBEPAUTE, HAITUCAB YPABHEHUSI B MOJICKYJIAPHOMN
¥ MOHHO-MOJIEKYJIApHOH opme.

198. Kakue BemectBa — AI(OH)3, H,SQy, NaoSQ, — 6yayT B3aumoaeicTBO-
BaTh C THJIPOKCUIOM Kanus? Beipasute 3TH peakuuud MOJEKYISIPHBIMU U MOHHO-
MOJIEKYJIIPHBIMU YPABHEHUSIMHU.

199. CoctaBpTe 1O JABa MOJICKYJIIPHBIX YPaBHEHUS PEAKIUH, KOTOPHIM CO-
OTBETCTBYIOT CJICTYIONTNE HOHHO-MOJICKYJISIPHBIE YPABHCHUS .

1)CP '+ S~ — CuS  2)SiO* + 2H" — H,SIiO;.

OTBer moOATBEpaWTE, HANUCAB ypaBHEHUS B MOJICKYJISIPHOH W HOHHO-
MOJIEKYISIpHOI hopme.

200.IIpuBenuTe ypaBHEHHUS PEAKIIUN B MOJICKYJISIPHOM BHUIE, KOTOPBIM CO-
OTBETCTBYIOT CJIEIYIOIIME COKPAIIEHHbIE HOHHO-MOJIEKYJIIPHbIE YPaBHEHUS

1) CaCOs3 + 2H' S Ca®™ + Hy,O + COy;
2) Al(OH+ OH™S AIO, ™+ 2H,0;  3)Pb** + 21— Pbl,?

Kakue 37eKTposuThl B peakiuusX JTBOMHOTO OOMEHa 3alHChIBAIOTCS B BUJE
mouiekyn? [losicaute mouemy.
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4.4.BOJOPOJTHBIN MOKA3ATEJD pH. THAPOJIN3 COJIEN

Coaep:xaHue MaTepuaJia 1Jisi CAMOCTOATEILHOT0 U3Y4YeHUsI

Honnoe IMPOU3BCIACHUC BOHLI. BO,HOpO,HHBIﬁ IMOKa3aTCJIb KaK XapaKTCPUCTU-
Ka aKTUBHOCTH pCaKIINH CPCIbI. FI/I,ZIpOJII/IS coJIeH Mo AHUOHY, KaTUOHY, KaTHOHY H
AHUOHY. BinusHue BHEIIHUX (baKTOpOB Ha CTCIICHBb IIOJHOTHI THAPOJIN3aA. YcnoBus
CMCIICHN MOHHBIX paBHOBCCHﬁ.

Jluteparypa: [1 — . 8, 88 8.5, 8.6]; [2 ¥n.VII, 88 90 — 92], [3 —n.7,
887.6, 7.7].

OcHoBHBIE TCOPECTHICCKUC MMOJTOKCHUSA

Bona sBisieTcst cmaObIM 2JIEKTPOMTOM, MOJIEKYJIBI BOJIBI B HE3HAUNTEIILHOM
CTENEHU AUCCONMHUPYIOT Ha HoHBI: H,0 S H" + OH".

[Tpou3sBeicHUE KOHIIEHTPAIMI HOHOB BOJBI (UOHHOE npoussedenue 800bl —
Kw) sIBIISI€TCS BEIMYMHOM MOCTOSHHOM 1 1ipu TeMiieparype 29K paBHO

We [H] - [OH] = 10™. (4.16)

C pocTom TeMIiepaTypsl 3Ta BEJINUNHA YBEIMUYUBACTCS.
Booopoounwvim noxkazamenem pH Ha3pIBaeTCs OTPHUIIATEIbHBIA JECATUYHBIN
jorapudM KOHIEHTpAI[Md HOHOB BOJOPOA:

pH = —Ig[H"] orcroma [H] = 10", (4.17)

Booopoonuvuii noxkazsamens pH (tadn. 4.4) xapakTepusyeT Cpeay BOIHOTO
pacTBopa (HeHTpasbHasl, KUCjas, MEI0uHas).
Tabnuma 4.4

3HaYeHHs PABHOBECHOM KOHIIeHTpannu nouoB H' 1 pH B pa3nmuuHbIx cpeaax
p

CooTHoLIEHNE 3Ha4YeHU
Peakums cpenpr KOHLICHTpAaLU/ KOHLIEHTpAaLUU H*, pH
H" u OH MOJIB/71
HetitpansHas [H] = [OHT] [H']=10"" 7
Kucias [H']> [OH] [H]> 1077 <7
Illenounas [H'] < [OHT] [H']< 1077 >7

Conu npu pacTBOPEHHUH B BOJI€ MOTYT MOABEPraThCs cUOpoauU3y, B pe3ylibTa-
T€, KaK MpaBWJIO, MPOUCXOIUT u3MeHenue pH. ['udpoaus coau — 3TO mpolecc
B3aMMO/ICHCTBUSI HIOHOB COJIM C MOHAMH BOJIbI, B PE3yJIbTaTe KOTOPOTO MPOUCXO-
JIUT CBSA3bIBAHKE HOHOB BoAbI (' 1 OH ) MOHAMH CONM B MAJOIUCCOLUMPYIONITE
coenuHeHus. B pe3ynbrare npoTekaHus mpoliecca ruapoJin3a Cojid B pacTBOPE MO-
ABJIAETCA HEKOTOPOE M30BITOYHOE KOIMUEeCTBO HOHOB H' unu OH, coobmiaromiee
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pacTBOPY KUCJIOTHBIE WJIM III€JIOYHBIE cBOMcTBa. Takum oOpa3oM, mpoliecc rupo-
JIN3a COJIN 06paT€H IMponeccy B3aHMOHCﬁCTBHH KHUCJIOT C OCHOBAHUAMMU.

HpI/I PaCcTBOPCHUHN COJIHU B BOJC IMPOUCXOIUT €€ JICKTPOJIUTUYICCKAA OUCCO-
nuanusa Ha aHUOHBI U KATHUOHBI, HO C BOI[Oﬁ MOTYT B3aPIMO,IIeI>'ICTBOBaTB TOJIBKO
HNOHBEI CJIa6I>IX QJICKTPOJIUTOB. HOBTOMy CcOJik, O6paSOBaHHI>IC CUWJILHOU KHUCIIOTOU
U CUJIBHBIM OCHOBAHUCM, THAPOJIN3Y HE IIOABCPTaArOTCA, U pH Cpcabl HC MCHACTCA,
HamnpuMmep.

NaCl + HOH < NaOH + HCI;

cl1a0bIi
AJIEKTPOJIHT

Na" +Cl~ +HOH « Na +OH +H" + CI7
HOH «H" + OH".

Ecnu kaTHOH conu SBISETCS OCTATKOM CI1ab0T0 OCHOBAHUS, TO B pe3yJIbTaTe
B3aUMOJICHCTBHSI € BOJIOW 00pa3yercs ciaboe ocHOBaHUE (COJIb TUAPOIIU3YETCS 10
KaTHOHY). EClTi aHWOH COJIM — OCTAaTOK CJIa00W KUCIIOTHI, TO B PE3yJIbTATe THAPO-
au3a oOpaszyercs ciadas KUCIoTa (COJb THAPONIM3YETCS 1Mo aHHOHY). Ecim ke Ka-
THOH ¥ aHUOH SIBJISIOTCSl OCTaTKaMH c1a00ro OCHOBAaHUS M CIIA00W KHUCIOTHI COOT-
BETCTBEHHO, TO THIPOJIU3 MPOTEKAET 10 KATUOHY U aHHOHY .

T'uoponusz no kamuony. Xnopun ammonns NH4Cl oOpa3oBan ciabbiM 0CHO-
BanueM NH;OH u cunbnoit kucnoroir HCI. Ilpu pacTtBopeHnu coyib BCTYIAET B
oOMeHHOE B3aWMOJICiCTBHE C BOJOW. Hamumem MOJeKyIsIpHOe W HOHHO-
MOJICKYJISIPHBIC YPaBHEHHSI THAPOIIN3A JTAaHHOU COJIN

NH,Cl + HOH S HCI + NH,OH,;

cJ1a0bIi cl1a0blit
AJIEKTPOJTHT AJIEKTPOJTHT

NH," + CI+ HOH & NHOH + H" + CI™
NH," + HOH & NHOH + H".

B nanHOM ciydae ycTaHaBIMBAETCS MOHHO-MOJIEKYJISIPHOE PaBHOBECHUE, TaK
Kak cialbiil 5ekTponutT H,O sBAsSieTCs OMHUM M3 MCXOJHBIX BEIIECTB, a ciaboe
ocHoBaane NH;OH — oguH 13 mpoyKTOB peakiumu.

B pesynbTaTe B3auMoAeCTBHS ¢ BOAOW XJIOpUAa aMMOHUSI B pacTBOpE Ha-
KaIJIMBAlOTCA CBOOOJHBIE MOHBI [’ U peakiys cpeibl CTAHOBUTCA Kucioif. Pac-
TBOP JIaHHOM COJIM OKPACHUT JIAKMYC U YHUBEPCAIbHBIA MHIUKATOP B KPACHBIN 1IBET.

['unponus coneil OTHOCUTCS K OOpaTUMBIM PEaKIUsiM W MPOTEKAET TEM
noJiHee, yeM OoJiee CiiadbIM 3JIEKTPOJIUTOM OyNIeT KUCI0Ta WM OCHOBaHUE, 00pa-
3yromue coib. [lpuunHoit ruaposnsa, TO eCcTh BEleCTBAMH, CMEIIAOIIMMHI PaB-
HOBECHE THJIPOJIM3a B CTOPOHY 00Opa30BaHUs MPOAYKTOB PEAKIIMH, SBIISIOTCS Clia-
Oble KUCTIOTHI 1 OCHOBAHHSI.

T'uoponuz no anuony. Hutput Hatpus NaNQ, oOpa3zoBaH ci1aboil KHCIOTOM
HNO, u cumpabiM ocHOBanueM NaOH YpaBHeHusi ruaponn3a HUTPUTA HATPUS
BBITJISAIAT TaK:
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NaNG + HOH S NaOH + HNQ;
cl1a0bIid cJ1a0BIit
ANEKTPOJIUT AIIEKTPOIIUT

Na" + NO,”+ HOH 5 Na + OH™+ HNOy;
NO,”+ HOH 5 OH + HNO.,.

Peaxuust cpeqpl B pacTBOpEe HUTPUTA HATPUS IIETIOYHAS] BCIEACTBUE HAKOII-
neHus cBoOoAHBIX HOHOB OH "u BeinoaHeHus ycinoBus Cpye < Cop-. Ilpuunnoi
ruApoausa sBisercs oopaszoBanue ciabort kucinorel — HNO,. Takum oGpazom,
NaNQ, ruaponusyercs 1Mo aHUOHY, paCTBOP HUTPUTA HATPHUsS OKpacuT (peHondra-
JIEMH B MAJIMHOBBIN IBET, JIAKMYC, METUJIOPAHK U YHUBEPCATHHBIA MHANKATOD — B
KpPacCHBI IIBET.

T'uoponusz no kamuowny u anuony. HuTpuT aMMoHUsI 00pa3oBaH ClaObIM OC-
HoBanreM NH;OH u cna6oit kuciaoroir HNO,. Ilpu B3anmoaeiicTBUN ¢ BOAOKH 00-
pa3yloTCs JaHHBIE CIIa0bIe SJICKTPOJIUTHI:

NH; NO, + HOH 5§ NH,OH + HNG,;

cJ1a0BIit cl1a0bIid cJ1a0BIit
ANEKTPOJIUT DJCKTPOIHUT DIICKTPOIUT

NH," + NO,” + HOH S NH,OH + HNO.,.

NH;NO, ruagponmsyercs Kak 1Mo KaTHOHY, TaK M MO aHUOHY. B mgaHHOM
ciaydae pH cpenbl MeHsieTCsl He3HAYUTENbHO, T.K. C = Coy

KoHcTaHnTa aucconmany KUCIOThl M OCHOBaHUsSA, 00pa3yIoluX COJlb, OINpe-
JEJSIET CTeNeHb CMEUIEHUS MOHHO-MOJIEKYJISIPHOIO PAaBHOBECHS B CTOPOHY IpO-
JTYKTOB THJIPOJIN3A.

B pacTtBOpe ycTraHaBIMBaeTCs paBHOBECHE MEXAY COJIBIO U 00pa3yrOIIMMU
€€ KHCJIOTOM M OCHOBaHHMEM. J[aHHOE paBHOBECHE XAPAKTEPHU3YETCA KOHCTAHTOMU
paBHOBecHUs — koHcmaumoti euopoauza Kr.

K =fw (4.18)

rre Kw — HOHHOe mpom3BeneHue Boxsl, pasHoe 10~ 1
Ky — KOHCTaHTa JUCCOMMAIINH CJIA00TO JIEKTPOINTA, 00Pa30BABIIIETO COJIb.
Yem MeHBIIIE KOHCTaHTA TUCCOITUAIIAN KUCIIOTHI U OCHOBAHUS, TEM OOJIbIIE
KOHCTaHTa THIPOJIN3a, T.€. COJb THAPOJIU3YETCS MOTHEE.
Cmenenwv eudpoausa [ T1penacraBisieT coO0H OTHOIICHUE KOHIICHTPAIUU

THAPOJU3YIOMIUXCS  MOJIEKYT (Cpr) K MCXOMHOW KOHIIEHTPAIIMH PAaCTBOPEHHBIX
MOJIEKYIT cotr (cyy):

M
B= E (4.19)
CreneHb ruapoJin3a 3aBUCUT OT KOHCTAHTBI AUCCOIUAIUH, TCMIICPATYPbI U KOH-
HCHTpAIH COJIM.
[Tpormecc rumposn3a coau 00paTeH FIK30TEPMUIECKOMY MPOIlecCy HeUTpaiu-
341, a4 MMO3TOMY COIIPOBOXKAACTCA IMOITIOIICHUCM TCIIJIOTHI. B cootBeTcTBHHE C

IIpaBUJIaMH CMEIICHUS XUMUYecKoro paBHoBecus (ctp. 48, 49)narpeBanue pac-
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TBOpPA COJIM JOJDKHO CMEIATh PAaBHOBECUE B CTOPOHY IIpoliecca, KOTOPBIA HIET ¢
HOTJIOUIEHUEM TEIUIOTHI, TO €CTh YCHUJIMBAaTh TMAPOJIN3 coyu. PazbaBieHue pac-
TBOpPA BOJOM TaKKe CIIOCOOCTBYET NMPOTEKAHUIO THPOJIN3a, TaK KaK yBEJINYUBACT-
cs1 uncio nonoB H u OH™, BzaumoseiicTByromux ¢ nonamu conu. Ecnu peakius
Cpelbl pacTBOpa KHUCIas, TO YMEHBUIUTb THAPOIN3 MOKHO J00aBICHUEM CUIIbHON
KUCIIOTHI (YBEIIMYMBACTCS KOHIICHTPALUS MTPOIYKTOB PEAKIIMU U PAaBHOBECHE CMe-
IIaeTCs B CTOPOHY MCXOJHBIX BEUIECTB), @ YCHIMTh — J00aBJICHUEM LIENOYH (HOHBI
H' caspiBatorcst nonamu OH B cna0slif anekTpoaut HyO, 4TO BBI3BIBAET YMEHD-
[IEHUE KOHIIEHTPAaLUA MPOJYKTOB PEAKLUUU M CMEIIEHWE PABHOBECUS B CTOPOHY
ux oOpasoBanwms). B ciyuae menoyHou cpenbl H00aBICHHEM KHUCIOTHI THIPOJIU3
YCHJIMBAETCH, a JOOABIEHUEM ILEI0YU — YMEHbBIIAETCH.

Pemenue THNOBBLIX 32424

3apaua 1. Beruucnure pH pacTBopa rUAPOKCHIA KaJIbIUS C MOJIIPHON KOH-
nentpaiueii 0,005momb/i1, cunrtas auccormanuio Ca(OH), moIHOMA.

Pemenue. pH = — |g [H']. Tuapokcua KanpIys Mpu JUCCOIMALIIN 00pasy-
€T WOHBI Kanbliusa u Tuapokcua-uonsl. Ca(OH) S ca’ + 20H~ KonnenTtparus
roHoB OH cBsi3aHa ¢ KOHLEHTpalueii noHoB H' MOHHBIM Tpon3BeeHNEM BOJIBI
[H*] - [OHT = 10™. Orcroma [H'] = 107/ [OH1.

W3 ypaBHEHHUS TUCCOITHAIIUN  CIIEAYET, YTO

[OHT] =2 [Ca(OH)] =2 - 0,005 = 0,0%10mp/11.

[H] = 10™70,01 = 10" moms/n; pH =—1g 107 =12,

3apaua 2. BomoponmHbIi  mMOKa3zaTenh  pacTBOpa a30THUCTON KHUCIIOTHI
pH = 3, crenienp nuccormaruu o = 0,01. Berauciaure MOIIpHYIO KOHIIEHTPAITUIO
KHCJIOTHI B pacTBOpe (Cym).

Pemenne. Tak Kak BOZOPOAHKI mokasatens pH = - Ig [H'], To
[H*] = 10™" = 10 ® moxns/nn. I3 ypaBHEHHS IUCCOLMALIH a30THCTON KHCIOTHI

HNO, 5 H" + NO,~, cienyer, uto  [H'] = [HNO] puccoy = 107 U3 BBIPKCHHSI
a = [HNO,]vucco, | [HNO,] 6, ciemyer:
_[HNG]puce — [H']

CMZ[HNOZ]OGW = a a

-3
Cm =[HNO2] 51y - [ANGpJouce _ 10 =10" Mounb/m.

a 107

3amauva 3. Kakwue u3 npusenennbix coieii —FeSQ, NaSQ;, KCl — noasep-
ratorcs Tuapoin3y? CocTaBbTe MOJEKYISIPHBIC W MOJICKYJISIPHO-HOHHBIE ypaBHE-
HUS THAposH3a coliei. Kakyro peakiuio cpeapl UMEIOT 3TH PaCTBOPHI?

Pemenne. Comp FeSQ oGpasoBana AByx3apsiHBIM HOHOM F€”* cmaboro
IBYXKHCIOTHOTrO ocHoBausi Fe(OH) u monom SQ?~ cuibrol kuciorsl HpSQ.
THAPOITH3 TaKOi COMM HPOTEKAET B ABE CTyIeHH. 110 mepBoii cTymenn uoHsl Fet*
CBSI3BIBAIOT THAPOKCcHA-uoHBI OH™ BOJBI B MaJIOAMCCONMUPYIONMIUNA WOH FeOH',
TIPU 5TOM HMOHBI ' HaKalIMBAIOTCA, U PaCTBOP HPUOOPETAET KUCIYIO PEAKIHIO,
T.e. pH < 7.
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2FeSQ + 2HOH & (FeOH)SQ, + H,SQ,
2Fe?* + 2SQ* + 2HOH S 2FeOH' + SO, 7 +2H" + SO,
Fe’* + HOH S FeOH + H™.

['unponu3 B OOBIYHBIX YCIOBHSX MPOTEKAET, IJIaBHBIM 00pa3oM, 1Mo MepBoil
ctynenu. Pa30aBiieHne pacTBOpa U TMOBBIIIEHUE TEMIIEpaTyphl YCUIMBAET THIIPO-
713 U 00YCJIOBIIMBAET €r0 BTOPYIO CTYIIEHbD!

(FeOHLSQ, + 2HOH S 2Fe(OH), + H,SQ,
2FeOH" + SO,?~+ 2HOH S 2Fe(OH), + 2H" + SO,
FeOH + HOH & Fe(OHy+ H™.

Na,SO; obpazoBana cunbHbIM ocHOBaHHeM NaOH u citaboii 1ByX0CHOBHOM
o 2—
kucnotoir H,SG;. IM'maponu3 obycnosmuBaroT AByx3apsaabie noHbl SO . 'mapo-
JIN3 TIPAaKTUYECKH OTPAaHUIUBACTCS IEPBOM CTYTCHBIO:

Na,SO; + HOH S NaOH + Na{SQ;,
2Na" + SO> + HOH S Na' + OH™+ Na* + HSO,™,
SO* + HOH S OH + HSO; ™.

[Ipu pazbaBieHUM M MOBBIIIEHUU TEMIIEPATYPhl BO3MOXKEH THUIAPOJIU3 IO
Il crynenu, koTopast BeIpaxkaeTcsi ypaBHEHUSIMU:

NaHSO;+ HOH S NaOH + H,SG;,
Na" + HSO,"+ HOH S Na' + OH™ + H,SO,
HSOy ™+ HOH S OH™ + H,SGO..

Woner SO~ ces3biBatoT HOHBL H' B MAIONCCONMUPYIOLINE HOHBI, IPH
ATOM THIPOKCUA-HOHBI HAKAIUTUBAIOTCS B paCTBOPE, M €r0 cpela CTABUTCS IIEII0Y-
HOM, T.e. pH >7.

Coap KCI obpa3oBana cunbHbiM ocHOBaHMeM KOH u cuabHO#M KHCIIOTOM
HCI. Wonsl K™ He MOTYT cBA3aTh THAPOKCHA-NOHKI, a noHBI Cl™He MOTyT cBA3aTh
nousl H' Bopl. DTa comp THAPONM3y He MoaBepraercsa. Peakuus pacTBopa Heii-
TpajbHas, T.e. pH = 7.

3agayvu 1JI CAMOCTOATEIBHOTO pPellieHUus

201 Yto xapakTepu3yeT BOJOPOJHBIN MOKa3arelb, U KaKue 3HAYEHUS OH
MokeT npuHuMath? [IpuBenure mkany pH. PacTBop ruapokcuaa KajabIusi UMeeT
pH = 12,4emy paBHa ero koHmeHTparus B pactBope pu 100 %ot auccorma-
uu (o = 1)? OTBeTa MOATBEPAUTE PACUCTOM.

202 Kaxkuve 3HaueHUs MPUHUMAET BOJOPOIHBIN MOKa3aTelh B KUCIOW, HEH-
TpaJbHOM U HIeNOUHOM cpene? PacTBop consiHO# KUCIOTH uMeeT pH = 2. Yemy
paBHa KOHIICHTpAIUs KUCI0ThI B pactBope mpu 100 % #Hoit nucconmanuu (o = 1)7?
OTBeTa MOATBEPIUTE PACUECTOM.

203 HazoBwuTe U3BECTHBIC BaM CIIOCOOBI omnpeaesieHus pH cpenbl, OTMEThTE
caMblii TOYHBIA. PaccuurtaliTe CTENEeHb JIHUCCOLMALIMM pAacTBOpa a30TUCTOMU
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kuciaotel (HNO,) B pactBope ¢ MossspHoi konneHnTpanuei 0,01 mons/n 1 3HaYe-
Huem pH = 3.

204 Kakue coimu TMOABEPTarOTCA THAPOIN3Y, a KaKhe HE IOJABEPraroTcs?
Kakasi cosib 13 NpUBEIEHHBIX HIKE HE MOABEPraoIasicsi TUAPOIU3Y:

1) CrCls; 2) (NH,),S0; 3N&SQ;; ANaPO,?

OObsicHUTE, HaNMCaB ypaBHEHHUS pEaKIHMil B MOJIEKYJISPHOM W HOHHO-
MOJIEKYJISIPHOM (opMe.

205 Kak u3mensiercs 3HadeHue pH (YBEeIMUUBACTCS WM YMEHBIIIACTCS) TIPH
pa30aBJICHHH pacTBOpa: a) KUCJIOTHI, 0) menouu? Paccumrtaiite CTENCHb JHCCO-
mmaruu ruapokcuaa ammonus (NH4,OH) B pacTBope ¢ MoJIsspHOM KOHIIEHTpaIuen
0,01 moub/n u 3HaueHuem pH = 11.

206. Kakue conmm W3 MEPEUUCICHHBIX HWKE MOABEPTAIOTCS THUIPOJIHU3Y, a
KaKue He TOJIBEPTraroTCs ?

1) FeCk; 2) KoCO;; 3KzSQ; AN, S?

OObsicHUTE, HaAlKCaB ypaBHEHHUS peaKIMii B MOJIEKYJISPHOM W HOHHO-
MOJIEKYJISIPHOM (opMme.

207. Yto moHUMAIOT TIOJ1 SIBIEHUEM, KOTOPOE HA3bIBAETCS «THUIAPOJIU3O0M CO-
neii»? Kakyto hopMyity UMeeT colb, THAPOIU3YIONIASICS 110 KATHOHY:

1) K,SQ; 2) NaCO;; 3FeCk; AN2,SQ;?

OTBeTa MOJATBEPAUTE, HAMKMCAB YPABHEHUE PEAKIMHU THAPOIN3a B MOJEKY-
JSIPHON M MOHHO-MOJEKYJSIpHOM Qopme. YKaKUTE peaklMio Cpellbl B pacTBOpE
JTAHHOM COJIH.

208 Uto moHMMAIOT MO/ CTEMEHbI0 M KOHCTAHTOU Tuaposm3a? Kakas comb
U3 MEPEUYNCIICHHBIX HIDKE TUAPOIU3YETCS TI0 aHHOHY

1) NaSG;; 2) NaSIiO;; 3FeClk; 4KNGO;?

[TpaBUABLHOCTH OTBETA MOATBEPANTE, HAMMKMCAB YPABHEHHS TUIPOJIU3a B MO-
JIEKYJISIPHOW M MOHHO-MOJIEKYJISIpHON (opMe. YKaKuTe dJIEKTPOJIUTHI, 00pa3oBa-
HUE KOTOPBIX SBJSETCS MPUUYMHOMN MpoTeKaHus ruaposusa. Kakas M3 JaHHBIX CO-
Jieil TUPONU3yeTcs B OOJIbIlIel CTENeHn ?

209 O0BscHUTE, KaK BIMIET Ha MPOIECC THAPOIK3a cosieil (YyCHIUBAeT WK
YMEHBIIIAeT) HarpeBaHUE U pa30aBJICHUE PACTBOPOB?

Kakas conb U3 nepeunciaeHHbIX HUKE TUIPOIU3YETCS M0 KaTUOHY:

1) Na&SQ;; 2) NaSG; 3NaNG;; 4y nChL?

[TpaBUABLHOCTH OTBETA MOATBEPANTE, HAMMMCAB YPABHEHHUE TUIPOJIU3A B MO-
JEKYJISIPHON ¥ MOHHO-MOJIEKYJISIpHOU opMme. YKaKuTe peakiuio cpebl B pacTBO-
p€ TaHHOW COJIH.

210.Kak MOXHO yBEJIMYUTH CTEIIEHb THAPOIH3A!

1) yBeIMYHTH KOHIICHTPAIIUIO COJIH, 2)yBEeITUYHTH TEMIIEPATYPY;
3) yMEHBIIUTH TEMIIEPATYPY; AN00aBUTH KUCITOTHI?

[Mosicuute oTBET Ha puMepe Tuapon3a coar NapSiO;.

211. YkaxuTe TUIBI Cpell BOAHBIX PACTBOPOB, KOHIIEHTPAIIMK UOHOB BOJO-
pona u pH B Hux. Haiinure konuenTparmio novos H' u OH U yKaXkuTe peak-
IIUIO Cpelibl B pacTBOpax npu 3HaueHusx pH. 4; 7; 10.

212.Yto Ha3bIBAaETCS HOHHBIM MPOU3BEACHUEM BOJIbI, Y€MY OHO PABHO IMpPH
295 K? Yrto xapakTepu3yeT BOJOPOAHBIN MOKa3aTelb, 0 Kakoi ¢hopmylie OH pac-
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cunteiBaetcsa? HaitnuTe xonnentparmio noHoB H' u OH , U yKaXKuTe PEaKIHIO
cpensl B pacTBOpax npu 3HaueHusx pH: 3; 7; 12.

213. Bonopoanslii mokazarens pH oaHOro pactBopa paseH 8, a apyroro 10.
B kakoMm pacTBOpe KOHIICHTpAIUsl THIPOKCHI-UOHOB OOJBIIE U BO CKOJIBKO paz?
[TpuBenute pacyer.

214.Bonoponnsiii mokasarenb pH pactBopa NH;OH pasen 10.Kakosa mo-
nsipras konmnentpanus NH,OH B pactBope, ecnu cTeneHs ero AUCCOIUAINH PaB-
ma 0,017

215. BeunuciuTe CTENEeHb AUCCOIMAIMK a30TUCTOW KHUCIOTHI B PAacTBOPE,
koH1eHTparus kotoporo 0,001mouns/n, pH = 4.

216. Kakue u3 nepeuncinennsix coiecit — CaCh, FeCk, NaSQ, K,S— noa-
BepraroTcst Tuapoin3y? CocTaBbTe MOJICKYJISIPHBIE U HOHHO-MOJIEKYJISIPHBIC YpaB-
HEHUS THAPOJIM3a COOTBETCTBYIOMUX cojiel. Kakyro peakmuio cpeibl IMEIOT pac-
TBOPBI YKa3aHHBIX COJICH?

217. Kakoe 3naueHue pH (0oiblie, MEHbBIIIE WX PaBHO 7) UMEET PacTBOP
HUTpara MHKa? CoCTaBbT€ MOJICKYJISIPHBIE W MOHHO-MOJICKYJISIPHBIC YpaBHEHUS
THIPOJIHN3a.

218. Kakyro peakiuro cpeabl UMEIOT pacTBOPHI COJIEH OpomMuaa alFlOMUHMS,
cynbhuaa Harpus, HuTpara Kamus? CocTraBbTe MOJEKYJISAPHBIE W HOHHO-
MOJICKYJISIPHBIC YPaBHEHHS THAPOJIN3a ITHX COJICH.

219. Kakyro peaknuio cpenbl UMEET pacTBOp crimkaTta HaTpus? CocTaBbTe
MOJICKYJISIPHBIE 1 HOHHO-MOJIEKYJISIPHBIC YPaBHEHUS THIPOJIA3a 3TON COJIH.

220. Kakoe 3HaueHue pH (0oibllie, MCHBIIIE WU PAaBHO /) UMEET PacTBOP
docdara ammonnsi? CocTaBbTe MOJEKYISIPHBIE 1 MOJIEKYJISIPHO-MOHHBIE ypaBHE-
HUS THAPOJIA3A.

4. 5. TETEPOI'EHHBIE TUCHHEPCHBIE CUCTEMBbI

Coaep:xaHue MaTepuaJia IJisi CAMOCTOATEILHOTO U3Y4YeHUsI

[ToHaTHE O reTepOTeHHBIX IUCIIEPCHBIX CHUCTEMaxX, WX Kiaccudukaus u
crocoOb! mostydeHus. [IpuHunuanpHas HEYCTOMUUBOCTh T€TEPOTEHHBIX JTUCTIEPC-
HBIX CUCTEM.

Komnounnsie pactBopbl. ONTHUYECKHE, KHHETUYECKHUE, DIICKTPUUECKHUE CBOM-
cTtBa. Kunernueckas m arperaTuBHas yCTOMYMBOCTh KOJUIOMAHBIX cucteMm. Koary-
JISLMSA, TTIOPOT KOAryJISIIUY, CEAUMEHTALIHS.

[ToBepXHOCTHO-aKTUBHBIE BEIIECTBA, UX CTPOCHUE W CBOMCTBA.

KonnouaHasie 1 MUKpO3€pHUCTBIE CUCTEMBI B CTPOUTEIBHOM MPAKTHUKE.

Jluteparypa: [1 —rn. 8, 8§ 8.5]; [2 +n. X, §8105-114], [3 +n. 7, § 7.8].

OcHoBHbBIE TCOPETHYECCKHUE MMOJTOKCHHUSA

Hucnepcnas cucmema (JIC) — 310 cuctema, cocrosimiasi U3 IByX WK Ooee
BEIIECTB, OJIHO U3 KOTOPHIX PABHOMEPHO PACIPEIEIICHO B JPYTOM.
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CrnennpuaecKkuMu 0COOCHHOCTSIMU TUCIIEPCHBIX CUCTEM SIBIISIFOTCS 2emepo-
2eHHOCMb U OucnepcHocms. I emepocennocms O3HAYaeT, YTO CHUCTEMa COCTOMT,
KaKk MUHUMYM, U3 IBYX ¢a3. CrutonHas ¢asa, B KOTOpO paBHOMEPHO pacrpejie-
JICHO Pa3poOJICHHOE BEIIECTBO, HA3bIBACTCS OUCHEPCUOHHOLU Cpeldoll, a Pa3apoo-
JICHHOE BelIeCTBO (OJTHO MJIM HECKOJIBKO) — OUCNePCHOU pa3zoil.

[Mon ducnepchocmubio MOHUMAIOT BEIWYMHY, OOpaTHYIO CpeTHEMY pa3Mepy

YaCTHI] IUCTIEPCHOM (pazbl:
D=1, w*, (4.20)
a
I a — CpeaHUuil pa3Mep YacTHll, M.

Knaccuguyupyrom JIC o creneHn AUCHEPCHOCTH, 10 arperaTHOMY COCTO-
SIHUIO UCTEPCHOM (ha3bl U JTUCTIEPCUOHHOM Cpe/ibl, MO XapakTepy B3auMOIEHCT-
BUS YacTull Ga3bl MeXIy co0oil, Mo XapakTepy B3auMOJEHCTBUS YacThll ¢asbl U
Cpenbl.

XapakTepHbIM CBOMCTBOM rereporeHHoi aucrnepcHoi cuctembl (I'JIC) sB-
JSieTCs HaIu4uue OOJIbIION Medrcghaznou noeepxnocmu. B CBsI3u ¢ 3TUM ompee-
JSOIIMMU SIBJISIFOTCSI CBOMCTBA MOBEPXHOCTH, & HE YACTHUIIL B LIEJIOM.

B oTiuuue OT TepMOAMHAMHYECKH YCTOWYMBBIX MCTHHHBIX PacTBOPOB (MO-
JCKYJSPHBIX W HOHHBIX), TETEPOrCHHBIC TUCIEPCHBIC CUCTeMBbl (IBYX- M Oolee
(basHbIe) NPUHYUNUATLHO HEYCTOUYUEbI, OTHAKO HEKOTOPhIE U3 HUX JJIUTEILHOE
BpEMsI MOTYT COXPaHSTh YCTOMUMBOCTh U HE Pa3pyIIaThCA.

Ha rpanmme paszmena ¢a3 4acTUIlbl OONAaNarOT U30bIMOUYHOU CB0O0OHOU
anepeueu. CBoOOIHAs MOBEepXHOCTHAsA dHeprusi Gg onpeaenseTcss CyMMapHOW To-
BEPXHOCTHIO YACTHUIl AUCTIEPCHON (a3l S U BEIMUMHONW MOBEPXHOCTHOTO HATSIKE-
HUS 0.

&o-S. (4.21)

Ilosepxnocmuoe nHamscenue — pabota, 3aTpadyeHHass Ha 00pa30BaHKE €/IH-
HUIIBI TIOBEPXHOCTH paszjena (a3 uiau u30bITOK CBOOOTHON MOBEPXHOCTHOM IHEP-
T'UH, IPUXOJIAIICHCS Ha IUHUIY TTOBEPXHOCTH. [I0BEepXHOCTHOE HATSIHKEHUE 3aBU-
CUT OT IPHUPOJIbI B3aUMOACHCTBYIOMMX (a3, TEMIEPaTypPHI.

CBoOOsHAasT TIOBEPXHOCTHAs JHEPrusi CaMOIPOU3BOJIBHO CTPEMHUTCA K
yMEHbIIIEHUI0. ECiii 3TO MPOUCXOIUT 3a CUET YMEHBIIECHUS IUIOMIAAN TTOBEPXHO-
CTH dYacTHIl JucrepcHoi (as3wl (cimmanume yactuiy), To ['JIC paspymraercs, T.K.
YACTHUILIbl YKPYIHSAIOTCS U BBIJICTSIOTCS U3 TUCIIEPCUOHHOMN CPEIbl.

YMmenbmenne Gg 3a c4eT YMEHBIICHUS TTOBEPXHOCTHOTO HATSKCHHSI TIPUBO-
autT k crabunuzanuu ['JIC. D10 HabmomaeTcss B pe3yiabTaTe caMONpPOU3BOJIBLHOIO
npoiiecca aacopOLKKy HOHOB HJIM MOJIEKYJI Ha TpaHulie pasnaena (das.

Aocopbyuss — IPpEUMYIIECTBEHHOE KOHIIGHTPUPOBAHKE BEIIECTB B IMOBEPX-
HOCTHOM CJIO€ 110 CPAaBHEHUIO C 00BEMOM.

BemecTBa, cHmkaromye CBOOOJHYIO TOBEPXHOCTHYIO SHEPrHUI0 3a CUeT
asicopOIH, HA3BIBAIOTCA nogepxHocmuo-akmusHoimu (IIAB). Dto vaie Bcero op-

raHMYeCKre BelnecTBa AU(UILHOIO CTPOCHHS, MMEIOIINE MONSIpHbIe (2uopoghub-
note) Tpynnsl — OH, — NH,, — COOH, — COONa — SO;Nau ap. 1 HemoysspHbIe
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(euopogobHvIe) TPYIIIBI — YIICBOJOPOJHBIE PATUKAJIbI, COACPIKAIIUE HE MEHEe
8...10aromoB yriepoa).
Monekynsl [IAB 0603Ha4arOT CAeAYIOIIMM CHMBOJIOM:

I[MoJsipHasa 4aCThb

— O

N

HCIIOJIApHAA 9aCTb

IIAB pacnonaratorcs Ha Mex(a3HON MOBEPXHOCTU CIEIYIOIIUM 00pa3oMm:
noJisipHasi 4acTh MoJieKylbl [7TAB nipu agcopOuuu obOpailleHa K mojsipHo# (ase, a
HENOJISIpHAsE — K HEMOJISPHOM

BOJA YTIEBOIOPOIBI BO3IIYX
/] @ﬁ%@%@ Wﬁﬁr&j
YFOJIB T JIMHA BOJa

Ocobyro pons B I'JIC OTBOAST KOJUIOMAHBIM pacTBOpaMm (pa3mMep YacTHIL
JUCIIepCcHOM (asbl 10°<a< 10" M), KOTOpbIE Ha3bIBAOTCs 30smu. KommonaHbie
CHUCTEMBbI MOYKHO TIOJIYYHTh JBYMsSI TPOTHUBOIOJIOKHBIMA METOAAMHU — TUCIIEPTHUPO-
BaHueM (IpoOJIcHHEM BEIeCTBa J0 pa3Mepa KOJJIOUIHBIX YaCTHII) U KOHICHCAIIH-
et (mepexoaoM MOJIEKYJISIPHBIX W MOHHBIX PACTBOPOB B KOJUIOHMJIHBIE), HAIIPUMEP
MPOBEJCHUEM peakinii oOMeHa, COMPOBOXKAAIOLIUXCS TMOJy4eHUEM TpyAHOpAC-
TBOPHUMBIX BEIIECTB.

Paznuuaror kunemuueckyro u azpecamusHy0 yCTOMUMBOCTb KOJUIOMIHBIX CHUC-
TeM. Kunemuueckas ycmouuugocns 00yCIOBICHA MalbiM Pa3MEPOM KOJUIOUTHBIX
YaCTUII, HAXOASAIIUXCS B OPOYHOBCKOM JIBUKECHUMU.

[lon aepecamuenou ycmotiuueocmovio TMOHUMAIOT COXPaHEHUWE CUCTEMOM
npucylieil creneHu aucrnepcHocT. OCHOBHBIMHU (DaKTOpaMu arperaTuBHOM yc-
TOWYUBOCTHU SIBJISIFOTCSI OJJHOMMEHHBIN AJIEKTPUUYECKUHN 3apsi]i KOJUIOUIHBIX YaCTHII
U CTPYKTYpPHO-MEXaHMYECKUU Oapbhep, 00yCIIOBICHHBIM 3alIUTHBIMU CBOWCTBaAMU
a7ICOpPOIIMOHHBIX CJIOEB, MX THApaTaIliCH.

[Ipu cHsaTHU cTabuu3yromero 6apbepa MPOUCXOIUT MOTEPs arperaTuBHOU
YCTOMYMBOCTH, KOTOpasi MPUBOJIUT K YKPYITHEHHUIO YACTHI], UX CIUIMAHUIO. DTOT
npoIiecc Ha3bIBaeTCs xkoazynayueti. Koaryasius BeI3bIBaeT HApyIICHUE KUHETHYE-
CKOM yCTOMYMBOCTU M PACCIIOEHUE CUCTEMbI Ha JBe CIUIONIHbIE (a3bl. SIBHAS Koa-
TYJALUST HA3bIBACTCS cedumMenmayueli — OCEJaHne YacTHUIll TOJA JEeUCTBUEM CHUJIBI
TSDKECTH.

Koarynsuust Moxet ObITh BbI3BaHA pazIMUHbBIMU (pakTopamu, HamOoiee
BOXHBIM M3 HUX SBJISCTCS JCHCTBHE DJICKTPOIMTA. MUHUMAaIbHAS KOHIICHTPAIUS
9JIEKTPOJINTA, BHI3BIBAIOIIAS KOATYIISALNIO, Ha3bIBaeTCs nopocom koayayuu (I1K).
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PemmeHue TUNOBBLIX 32424

3agaua 1. 3o Agl moydeH B pe3ysbTaTe peakiuy B3aUMOJCHCTBUS HUT-
pata cepebpa ¢ m30bITKOM Homuma kanus. OnpenennuTte 3apsj] 9acTUI] 00pa3oBaB-
IIETOCS 307151, ¥ HAITUIIUTE (POPMYITY €T0 MUIICILIBI.

Pemenne. [1pu cmemmuBanuu pactBopoB AGNQ; 1 Kl mpoucxoauTt peaxius:

AgNG;, + KI — Agl+ KNG,

M30BITOK HEPACTBOPUMOC
COCONHCHHUC

Ad +NO; + K'+1  — Agl+ K +NO;

Ha nmoBepxHoctu arperara nuogpoOHON MHUIIEIIBI aICOPOUPYIOTCS MPEUMY-
IIECTBEHHO T€ MOHBI, KOTOPHIC HMEIOT C HUM OOIIHe XUMHYSCKUE dJICMEHTHI (npa-
suno Dasnca), nau 00pa3yrOT TPYITHOPACTBOPHMOE COSAMHEHUE ¢ HOHAaMU. B pac-
TBOpe mMeercs m30biTok Kl, ciienoBarensHo, oOpazoBaBmmecs arperatel M(Agl)

a7cOpOUPYIOT Ha CBOEH IOBEPXHOCTH MOTEHIMATIONPE/ENSIONMe HOHbI |, KOTO-
pBIC ONPENEIIAIOT OTPUIATEIBHBIN 3apsi KOJUIOWIHBIX YacTHII 30J1s. [IpoTuBomno-
HaMU ABIA0TCS MOHBI K. ®opMysa MUIIENIsI 30714 HOAUAA cepedpa MpH ycio-
BUH n30bITKa Kl:

|-arperar —|
{{ m@Ag) nl~ (-xK] xK?I°

| A0pO | ancopOumonHblii nupGy3HBIIT
cion cion

| KOJUTOWIHASI YaCTHIIA |

{ MUTIEIIIA }

rzie N — KOJUYECTBO MOTEHIIUATIONPEALIISIIONIUX HOHOB,;
(N-X) — KOJIMYECTBO MPOTHBOMOHOB aJCOPOIIMOHHON YacTH JIBOWHOTO 3JICKTpUYe-
CKOIO CJI0S;
X — KOJMYECTBO MPOTUBOUOHOB AUG(PY3HON YacTU ABONHOTO 3IEKTPUUYECKOTO
CJOs1.

Ecmu B pactBope Oymer m30bitok AGNG;, TO mOTEHITMATONPEAETSIIONIIMHE
OymyT nousl AJ', KOTOpbIe OMPeAeNaT TON0KUTENbHBIH 3aps/] KOIIOHIHOH Jac-

THIEI Hoauaa cepebpa; nporusonoHamu — HoHEI NOz . ®opMyna MULIEIIIBL 3015
noauaa cepedpa npu ycinouu uzoeimka AGNG MoxkeT ObITh Ipe/ICTaBICHA KaK:

{Im (Agl) 4g" (n-x) NQ ] " x NOy }°.

3apaua 2. Onpenenure 3apsia KOJUTOMIHBIX YaCTHI] KPEMHUEBOUW KHUCIIOTHI,
€clIM OH OOYCJIOBJIEH IUCCOIMAIIMEl MOBEPXHOCTHOIO ciosl yactull. Hamuiure
dbopmMylly MHUILIEIUIBI  KPEMHHEBOM KHUCIOTHI W H300pa3uTe CXEMy CTPOCHUS
MULIECILIBI.

Pemienne. Ilon nelicTBUEM MNOJISIPHBIX MOJIEKYJI BOAbI IMPOUCXOIUT JIHCCO-
LUALMS MOJIEKYJI KDEMHUEBON KHCIIOTHI IOBEPXHOCTHOTO CIIOS arperara, i YaCTHIIbI
301151 IPUOOPETAIOT OTPHIATENNbHBI 3aps. IIpOTHBOMOHAMY SIBJISAIOTCS HOHBI H .

H,SiO; & H'+ HSIO; -
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dopMyTa MULEIITB KpeMHEHNEBO# kKucaoThl — {[M(H,Si0;) NHSIQ (n-xX)H'] G

3agaua 3. [TomoxxutenbHo 3apsukeHHbIN 30016 Fe(OH) moryuen B pesynbra-
Te moJiHOTO TuAponu3a xiopuaa xenesa (I11). Kakoit u3 npeayioxkeHHbIX dIIEKTPO-
autoB-koaryiastHtoB — NaCl, NapSQ,, NagPO, — 6osiee addexTruBeH nmpu Koarysis-
K 307517 Hanumue popmyy MUTIEIUTBI, YKaXKHUTE €€ COCTaBHBIE YacTH.

Pemenne. Tlonnaeiii ruaponus xiopuna xkene3a (lll) mMoxHO mpencTaBUTh
MOJICKYJIIPHBIM ¥ HOHHO-MOJIEKYJISIPHBIM YPaBHEHUSIMU:

FeCk+3H,0 — Fe(OH)+3HCI
Fe' + 3Cl~ + 3H,0 — Fe(OH)+3H* + 3CI .

Snpo munemnsl Fe(OH) cocrasnser arperatr m(Fe(OH)) ¢ ancopouposan-

3+ -
HeIMH UM HoHamu Fe™" . TIpoTuBoronamu sieistiroTcst nousl Cl .
®opmysia MULIEIUIBL:

|-arperar —|
{[m(Fe(OH)) nFe€"* 3(n - x) CI']** 3x CI'}°
| IO | ancopOumonnbii  auddy3HbIH
CJI01 CJI01
| KOJUIOWIHAS YaCTUIIA |
{ MUILIEIIIA 1

Koarynupyromuii HOH UMEET 3HaK 3apsijia, IPOTHBOIOJIOXKHBIN 3HAKY 3apsi-
J1a KOJUTOMTHOW YaCTHIlbl, W YeM OH OOJIbIlle, TEM CHJIbHEE €ro KOoaryJupyroliee
neiicreue (npasuno [lyneye—apou), a, caeaoBaTeabHO, MEHBIIE NOPO2 KOA2Y IS~
yuu (I1K). Ilockoabsky 3016 Fe(OH) 3apsokeH MOJI0XKHUTEIBHO, TO KOAryaupyo-

- 2— 3—
mumu nonamu asisroresa Cl , SQ , PO,
[1K o6paTtHO mpoMOpIMOHaeH MIeCTOW CTENEHU 3apsaa KoaryJIupyroIlero
HOHA.

¢t =L (1/2) : (1/%) = 1: 0,016 : 0,0014,

rIe C'K, c”K, c”'K— MOPOT KOAaryJIsiiiuy OJHO-, ABYX-, TPEX3aPSIHBIX HOHOB.

Haubonee srddextrBeH npu koarymiasiuu, TakuM oodpaszoM, pocdart Hatpus,
Y €ro MOpOT KOAryJsiLMK CaMbIi HU3KHU.

331121‘11’[ AJIA CAMOCTOATECIBHOI'O PCIICHUSA

221.Kakue aucnepcHbIe CUCTEMBI HAa3bIBAIOTCSI TETEPOTCHHBIMU? B dem mx
OTJIMYHME OT TOMOTCHHBIX CHCTeM (MCTHHHBIX pacTBOpoB). IlpuBemuTe mpuMeps
TOMOTEHHBIX U TE€TEPOTCHHBIX CHCTEM.

222.Kakue qucrepcHbIe CUCTEMBI HA3BIBAIOTCS a’3pPO30JIIMH, IMYIbCUIMH,
CYCIICH3HsIMH, TIeHaMH? YKaxuTe (ha30BOe COCTOSHUE TUCIEPCHOM (ha3pl U aHc-
TIEPCUOHHOMN CPEJIbI B ATUX CHCTEMaX.

223. PaccmotpuTe Kiaccu(UKAIMIO TETEPOTCHHBIX TUCTIEPCHBIX CHUCTEM B
3aBHCHMOCTH OT CTEICHH JcTepcHOCTH. Kakumu 0cOOBIMH CBOMCTBaMU 00Jaja-
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10T KOJUIOWJHBIC PAaCTBOPBHI B CBSI3M C TMPUCYIICH WM YIBTPAMHKPOIUCIICPCHO-
CTBIO?

224. B yeM mpUYMHA TPUHIUIHUATBLHOM HEYCTOWYMBOCTU Te€TEPOTEHHBIX
JUCIIEPCHBIX CHUCTEM, M MOYEMY HEKOTOphIE M3 HUX MOTYT JIOJITO€ BpeMs coxpa-
HSTh YCTOWYUBOCTH?

225.3011b TUAPOKCHIA ATTIOMUHHUS TIOJYYEH B pe3yJIbTaTe MOJHOTO THAPOJIN-
3a cyib(ara amoMuHHS. Hanummre ypaBHEHUsS peakIMU THIPOJM3a B MOJIEKY-
JSIpHON W MOHHO-MOJEKYJsipHON (popme. CocTaBbTe (HOpMyTy MHUIEIIBI THIPO-
KCHJIa aJTIOMUHUS, YKOKUATE €€ COCTaBHbIe yacTu. OmpenenuTe 3HaK 3apsiga KOJI-
JIOUJHON 4YacTHilbl U BhIOepUTE HanbOoee F3(HPEKTUBHBIN AIEKTPOIUT-KOATYIISHT
cpenu npuBeneHubix coieii: KCl, K;SQ,, K3PO, Pacmonoxure 371€KTpOIUTH B
TOPSIIKE BO3PACTaHUS TTOPOTA KOATYJISIIHH.

226. Kakue cBOWCTBAa KOJUIOUIHBIX PACTBOPOB OTHOCATCS K MOJIEKYJISIPHO-
KMHETHYECKUM? B 4ueM COCTOUT CyIIHOCTh OPOYHOBCKOTO JIBIKEHMS, 1u(dy3uHu,
ocmoca? Yem oHHM 00YCIIOBIICHBI?

227. 301p kpeMmHHeBON Kuciaotel H,SiO; monydeH mpu B3aMMOICHCTBHM
pactBopoB K,SIiO; u HCI. [IpuBeaure ypaBHEHHUS pPEakiid B MOJCKYJISIPHOH H
MOHHO-MOJIEKYJIApHO# hopme. Hanummmre GpopMyity MULIEIIIBI 30715 U OTNIPEACIIUTE,
KaKoW M3 AJIEKTPOJIUTOB ObLI B M30OBITKE, €CIM MPOTUBOMOHBI B 3JIEKTPUUYECKOM
M0JI€ IBUXKYTCS K OTPULIATENHLHO 3aPSKEHHOMY AJIEKTPOTY .

228.301b cynbdaTa 6apus MOTYUYEH B Pe3yIbTaTe PEaKIMK B3aUMOIACHCTBUS
xjopuaa Oapust U u30ObITKa cynbpara Hartpus. Onpenenurte 3aps] KOJIOUIHBIX
gactull. Hanummre Gopmyny mutiemibl. M3MeHUTCS i 3apsii 9acTHIl, €CJIA BMe-
CTO M30bITKA Ccyib(daTa HATPUs B3SITh U30BITOK xjopuaa O0apus. OTBET NOATBEPAU-
Te, HamucaB (GopMyJTy MUILICIUIBI 307151 cyib(daTa Oapus MpU yCIOBUU U3OBITKA XJIO0-
puaa oapusi.

229. 3omp ruapokcuga xkenesa (lI) momydeH mpu rIyOOKOM THAPOJIH3E
cynandara xenesa (Il). [IpuBeaure ypaBHeHHe ruaponsa cyiabdara xeneza (1) B
MOJIEKYJIIPHOM M MOHHO-MoJIeKyJsipHO gopme. CocTaBbTe (OpMYIy MHULIEIUIHI,
U300pa3uTe CXeMY CTPOCHUSI MUIICILIBI.

230.Kaxkoii u3 anexkrpoauto Kl wim PB(NQ), Hamo B3Th B H30BITKE, YTO-
OBl MOJIYYUTh 30J1b MOJIMJA CBUHIIA, IPOTUBOMOHBI KOTOPOTO MpPH 3JIeKTpodopese
JBUTAIKCH OBl K OTPUIIATENILHO 3apspDKEHHOMY aJekTpoay? Hamummure dhopmymiy
MUIIEIUTBI 307151, YKOKHUTE €€ COCTAaBHBIE YaCTH.

231. N300pa3ute TrpaduvecKd CTAOWIM3ANUI0 AMYJIbCHA THIA <«MacCyo-
BOJIa» IMOBEPXHOCTHO-aKTHBHBIM BemecTBoM Ci17H3sCOONa (monekynsr [1AB
0003HAYbTE CUMBOJIOM — ).,

232. OxapakTepu3yiTe KHHETUYECKYI0 YCTOWYMBOCTD KOJJIOUTHBIX CHCTEM.
Ha3oBute ocCHOBHBIE (DAKTOpPBI arperaTMBHONM YCTOMYMBOCTH U YCIIOBUS, BBI3bI-
BAIOIIIHME KOATYJIAIHNIO KOJUIOUIHBIX CUCTEM.

233.PaccMmoTpuTe Kiaccu(UKanuio JUCIEPCHBIX CUCTEM B 3aBUCUMOCTH OT
XapaKkTepa B3aUMOJIEUCTBHS YaCTHUI] JUCTIEPCHOM (a3bl Mexay coboii. UTo mpouc-
XOJUT B JIUCIIEPCHBIX CHCTEMax IMpHU CTPYKTypooOpa3zoBaHuu? YUem renu oTiavya-
1otcs oT ctyauei? [Ipusenure npumepsl I'JIC, mpuMeHsieMbIX B CTPOUTENbCTBE.

85



234.Kakue BeliecTBa Ha3bIBAIOTCSA MOBEpXHOCTHO-akTUBHBIMU ([TAB)? Ka-
KoBa 0coOeHHOCTh cTpoeHus moiiekys [IAB? Kakoe Biusinue okaswiBatot [IAB Ha
CMa4yuBaHUE TBEPJbIX TOBEPXHOCTEHN MOJISIPHOM JKUIKOCTHIO?

235. Kakoe siBjeHue Ha3bIBaeTcs anacopOuueii? Ykaxure ee pojib B cTaOu-
mu3anuu ['JIC? PaccmoTpuTe cTaOMIM3alinio CYCIIEH3UU «BOJIa-Ca)ka» MOBEPXHO-
CTHO-aKTUBHBIM BemecTBOM osiearoM Hatpust (CisH3COONg. Monekynsl [1AB
0003HaYbTE OOMIETPUHATHIM CHMBOJIOM — .

236. PaccmoTpuTe Kmaccu(UKAIUIO TETEPOTCHHBIX AUCTIEPCHBIX CHCTEM TI0
arperaTHOMY COCTOSIHUIO YaCTHI[ TUCTIEPCHOUW (a3bl U TUCIIEPCUOHHON cpefbl. B
YeM IPUYHUHA IPUHIUIHATBHON HeycToiunBocTr ['JIC?

237.3006 cynbdpuaa nuHka ZNSMOIy4YeH Mpu B3aUMOACHCTBHH PaCTBOPOB
NaS u ZnClL ogunakoBo# KoHIIEHTpaluu. [IpuBequTe ypaBHEHUS PEaKIIUK B MO-
JICKYJISIPHON W MOHHO-MOJICKYJISIpHO# (hopme. Hamummure hopmyry MUTIETUTBI 30715
U OTIpeJIeNTe, KAKOH U3 3JIEKTPOJIUTOB ObLIT B U30BITKE, €CIIM KOJUIOUIHAS YaCTHUIIA
3apsKEeHa OTPUIIATEIBHO.

238. Pacnionoxute smektpoiauthi-koaryisatel — FeCh, Ca(NQ),, K,SQ, —
110 MEpe YMEHBIICHHS UX TOPOTa KOATYJISIUU JUIsl 307151 KPEMHUEBOW KUCIIOTHI, 3a-
PSYKEHHOTO OTPUIIATEIHHO?

239. 3omp rumpokcuna meau monydeH npu cimBanum 0,1 1 pactBOpa
Cu(NGy), u 0,251 pactBopa NaOH, mossipHbIC KOHIIEHTpAI[MK SKBHUBAJIEHTA KO-
TOopbIX cooTBeTcTBeHHO paBHbl 0,05Momns/nm u 0,05moune/n. Hanumure hopmyiy
oOpa3oBagiieiics Muneuibl. Kakoii w3 mpudOaBiieHHbIX 3ekTpoiautoB — NaCl,
Ba(NG),, CaSQ, N&PO, —umeeT HaMMEHBIIHIT TOPOT KOATYJISAIINN ?

240.30mpb cynbhara 6apusi MOTyYEH CMEUICHHEM PaBHBIX 00BEMOB PAacTBO-
pPOB HUTpaTa Oapus U CEpPHON KUCIOTH. Hamummre ¢popMyity MUIIEIUTEI U OTIpee-
JIUTE, OIMHAKOBBI JIN UCXO/IHBIE KOHIICHTPAIIUN B3ATHIX 3JIEKTPOJMTOB, €CIN 3apsi]l
KOJUIOMTHOM YaCTHUIIbI MOJIOKUTEIIEH.

Tema 5. SJIEKTPOXUMHNYECKHUE CUCTEMBbI

5.1.9JJEKTPOJHBIE IOTEHIIUAJIBI U
IJIEKTPOABUXYHINE CUJIbI

Conepmanne mMarepuaJja 1jda CaMOoCTOATEC/IbLHOI0 U3YyICHUSA

[TonsTre 00 ANEKTPOAHBIX MOTEHIIMATAX, MEXaHU3M UX BO3HUKHOBEHHUS. 3a-
BHCUMOCTB JJIEKTPOJHBIX MOTEHIIMAJIOB OT MPUPOJABI 3JIEKTPOJOB M KOHLEHTpa-
UKW pacTBOPOB. OmpenenaeHne 3JIEKTPOAHBIX NOTEHINANIOB. P HanpsokeHuid me-
TaJIJIOB, BBIBOJbI U3 HETO, IPAKTHYECKOE 3HAUCHUE.

[ManpbBaHMUYECKHE PTIEMEHTHI — MEXaHU3M PaOOThI, pacueT IEKTPOBIKYIIEH
CHUJIBI TaJIbBAHUYECKUX 3JIEMEHTOB.

JIureparypa: [1 —rn. 9, 88 9.1 — 9.3]; [2 #1. IX, 88 98 —100], [3 #1. 9,
§ 3.1].
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OcHoBHBIE TCOPECTHICCKUC MMOJTOKCHUSA

Ecnu Metaminueckyro MiIacTUHY OMYCTUTh B BOAY, TO KaTUOHBI METajljia Ha
ee MOBEPXHOCTU TUIAPATUPYIOTCA MOJIAPHBIMU MOJEKYJIaMH BOJIbI U MEPEXOJAT B
KUAKOCTh. [Ipr 3TOM 3JIEKTPOHBI, OCTalOIIMECs HAa MeTallle, 3apsDKaroT €ro Io-
BEPXHOCTHBIN CJIOW OTpHUIaTENbHO. BO3HUKAET 31EeKTpOCTaTHUECKOE MPUTSKEHUE
MEXIy TMepelieIIMMU B JKUJIKOCTh KaTHOHAMHM W TOBEPXHOCTHIO MeTayuia. Ha
TPaHUIE METAJIJI — PACTBOP BO3HHUKACT OBOUHOU dJIeKMPUYecKull cioll, 1 yCTaHaB-
JIMBAETCSl paBHOBECHE!

Me S5 Me™ + ne”.

[Ipu morpykeHur METaIOB B PaCTBOPHI COOCTBEHHBIX COJIel HaOJIOgaeTCs
JIBa Clly4asi: aKTUBHbIE METaJUIbl, HOHBl KOTOPBIX 007aJal0T 3HAYUTEIBHOM CIO-
COOHOCTBIO K TIEPEXOJY B PAaCTBOP, OYyAYT 3apsKaThbCsl OTPUIIATEIBHO; MAJTOAKTUB-
HbIE METaJUIbl OYAYT 3apsiKaThCs MOJOXKUTEIBHO BCIEACTBUE MEPEexXoaa KaTUOHOB
MeTaJljla U3 pacTBOpPA HA IUIACTHHY.

JIBOMHOW 3JIEKTPUUYECKUM CIIOW XApaKTEPU3YETCs] CKAYKOM IOTEHIMaa —

EMen+ /Me®
QﬂeKmpoaHblM nomeHyuajilom .

0

CmaHoapmuuiM 31eKmMpOOHbIM NOMEHYUAIOM Memaia E'V'en+/ Me® Haspisa-
€TCsl DJIEKTPOJHBIA MOTEHIMAJ, BO3HUKAIOIINUNA NIPU MOrPYKEHUU METaJlla B pac-
TBOp COOCTBEHHOW COJIM C KOHIIEHTpaIKel (TOYHee AKTUBHOCTHIO) HOHOB
1 MoJb/7, U3MEPEHHBIH 10 OTHOIICHUIO K CTAHJIAPTHOMY BOJOPOJHOMY 3JICKTPO-
ny, moTeHnman kotoporo mpu 25 °C yCIOBHO HpHHHMAeTCS PaBHBIM HYIIIO

E2. o
( H / H2" = OB)
Pacnomaras merasiel B paa 110 MEPEC BO3paCTaHUA UX CTAHAAPTHBIX ITOTCH-
EO n+ 0
muanop  Me™/Me HOJIYYAIOT PA0 NEKMPOXUMUYECKOU AKMUGHOCMU WIH Psio
Hanp}wfceHuﬁ mMemaiiioes.

Ilomoxenue TOoro MM MHOTO METaLIa B pany Hal'IpSDKCHI/Iﬁ XApaKTCPU3yCT
€0 BOCCTAHOBUTCIBbHYIO CIIOCOOHOCTH B BOJHBIX pPaCTBOpax. Yem Ootee oTpHuIa-
TCIBbHOC 3HAYCHHUC JJICKTPOJHOT'O IMMOTCHIIMAJIA, TCM 0O0JIBIIIEHl BOCCTAHOBUTEIHHOM
CIIOCOOHOCTBIO 06J—IaﬂaeT ,HaHHBIﬁ MCTAJJI, U TCM MCHBIIYIO OKHCIIUTCIIbHYIO CIIO-
COOHOCTBH IMPOABIIAIOT €TI0 KATHOHBI. 3HaueHus CTaHIApPTHBIX 3JICKTPOAHBIX IIO-

TEHIINAJIOB MpUBEJeHBI B Ta01. 5.1.

E n+ 0
Bemnunna QJICKTPOAHOI'O IOTCHIIHAJIA Me /Me 3dBUCHUT OT IMPHUPOALI MC-

Tajuia, KOHIICHTPAIMM WOHOB JJAHHOTO METaJIa B PACTBOPE M TeMIIEpaTyphl. DTa
3aBUCUMOCTbH BBIpaXaeTcs ypasrneHuem Heprncema, xotopoe npu 298K nmeer Bu:

0,059

— =0 ]

0 EMe'”+/Me0 B EMenJr/Me0 * n IgC:MenJr, (5.1)
E

Me"* /Me©

rIe — CTaHJIapTHBIN AJIEKTPOAHBIN MOTEHITMAT MeTasia, B;

N — KOJIMYECTBO JJICKTPOHOB, IIPHHUMAIOIUX Y4aCTHUE B PCAKIIMH,
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C
Me"" — KOHIIEHTpAIHs HOHOB MeTalIa B PACTBOPE, MOJIK/II,

Taomuma 5.1
CraHgapTHBIC JIEKTPOIHBIE MOTEHIIUABI B BOJIHBIX pacTBopax mpu 298K
IJI\/&;I ansgzggggaﬂ EO, B rjﬁx DJIEKTPOaHAS PEAKIIUS EO, B
1 | Lif+e > L° -3,05| 15| SiHf+2e —SiP -0,14
2 | KK+e >K° -293 | 16 | P +2 — PH - 0,13
3 | Ca¥+22 —>cCca’ | -2,87 | 17| 2H+2e > H 0
4 | Na'+e — N& -2,71 | 18 Bf* + 3¢ — Bi’ +0,22
5 | Mg@'+2e -Mg°| -236 | 19| Ca+2 —CU + 0,34
6 | AF+3e >AI° | -166| 20| Aj+e — Ad + 0,80
7 | TF+2e > Ti° -163| 21 | F+ 26 5 F - 0,45
8 | Mn"+e >Mn® | -1,18 | 22* | O,%+ 2H,0 + 46— 40H | + 0,40
9 | Zmr*+2e »zn° | -0,76 | 23| J+2 —2J + 0,54
10 | cf*+3e—>cCrP | -0,74 | 24 BY, + 2e— 2Br + 1,06
11 | Fé' +2e > F¢& -0,44 | 25| @ +4H +4e - 2H,0| +1,23
12 | cd*+26e >cd | -040| 26| Cf+2e—-2Cr +1,36
13 | Cd*+26 >Cd | -0,28 | 27| 90 +2e—2SQ~ |+2,01
14 | N*+2¢ >Ni° | -0,25 | 28 B, + 26 - 2F + 2,87

*, ** B gelirpansHoii cpene (pH 7) EH FIHO 0,41B, EOZ/H 20=+0,82B.

T'anveanuueckuii 3nemenm —3TO YCTPOMUCTBO, B KOTOPOM SHEPTHS CaMOITPO-
M3BOJIHBIX OKHCIUTEIHHO-BOCCTAHOBUTEILHBIX MPOIIECCOB MPEBPAIIACTCS B dJICK-
TpUuecKyro. B mpocTteiiliieM ciydae rajibBaHUYECKHUU 3JIEMEHT COCTOMT U3 ABYX
MJIACTUH, U3TOTOBJICHHBIX U3 PA3HbIX METAIIOB, KOTOPBIE MOTPYKEHBI B PACTBOPHI
COOCTBEHHBIX COJIEH — DJICKTPOIMTHI. MeTamn (3JEKTPOHHBIN MPOBOJHUK), HAXO-
JSIIAICS B pacTBOpPE COJIM (MOHHBIN MPOBOIHHUK), HA3bIBACTCS 21eKMPOOOM. DJEK-
TPOJBI COETUHEHBI MEXIy COOON METAUNTMUYECKUM MPOBOJHUKOM, a PACTBOPHI CO-
Jel — 2IeKTpoauTHYEeCKHM (COoeBbIM) MOCTHKOM. IIpomecc oxucienus (otTmaua
9JIEKTPOHOB) MPOTEKACT Ha aHoOe W Ha3bIBaeTCs aroonwim. Ilponiecc soccmanos-
senust (IPUCOEAUHEHUE 3JIEKTPOHOB) — Ha Kamoode, Ha3bIBACTCS KAMOOHbIM. AHO-
JIOM BCETJIa SIBJISIETCS MeTaul ¢ 0ojiee OTPHUIATEIbHBIM 3JIEKTPOAHBIM MOTEHIINA-
JIOM, TO €CTbh 00Jiee aKTUBHBIN. AHOJI — 3TO OTPUIATEIbHBIN MOIIOC AJIEMEHTA, Ka-
TOJI — IIOJIOKHUTEJILHBIN.

[Ipu paboTe raabBaHMYECKOTO AJIEMEHTA JIEKTPOHBI IBUKYTCS 110 BHELTHEN
HEenu OT aHOJa K KaToAy, & MOHbl — BHYTPHU JJIEMEHTA MO SJEKTPOJIUTUUYECKOMY
MOCTHKY. B pe3ynbTare BO3HUKAET JIEKTPUUECKUH TOK, MTOATOMY MPOTEKAIOIIAs
CyMMapHasi XUMHUYeCKasi peakilusi Ha3bIBACTCS MOK00Opasyoulel.
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MakcumainbHasi pasHOCTh MOTEHIIMAIOB 3JIEKTPOIOB, KOTOpPask MOKET OBITH
HoJIydeHa Tpu paboTe raJbBaHUYECKOTO DJIEMEHTA, Ha3bIBAETCS 2JEKMPOOSUINCY-
wett cunou (3/]C) & snemenra:

E= Emmoda - EaHoda- (}52

Penienue TMIOBLIX 3a/1a4

3apauya 1. KoGanbToBbIE TIACTHHBI IOTPYKEHBI: OJIHA B PacTBOp CylibdaTa
IMHKa, apyras — cyibdaTta Meau. B kakom ciydae OyAeT MpOUCXOAUTH peakiius?
OTBeT 000CHYHTE, HANUIIUTE MOJIEKYJSPHBIE M DJIEKTPOHHBIE YPAaBHEHHS COOT-
BETCTBYIOIIUX PEAKIUH.

Pemenne. 3anuiieM cTaHAapPTHBIC AJIEKTPOIHBIC MOTCHIUANbI (Tada. 5.1)

ot /cx0 = _ 0, 28m, Feu?*/eu® = 1 0 3am, Eor /2 = _ 0,768
, , ; , , ,
U PaCCMOTPHUM ITOOYEPETHO KaKIBIN 13 MPEIJI0KECHHBIX BAPUAHTOB:

a) peakuus Co + ZNnSD, He WIET, TaK KaK CTAaHIAPTHBIN AIEKTPOIHBIN T10-
tennuall Co 0ojiee MOJOKUTEIBHBIN, YeM ZN, cienoBaTenbHo, Co MeHee aKTHBEH
¥ HE CIIOCOOEH BOCCTAHOBHUTE ZNF

0) peakmus Co + CuSQ wuzer, Tak Kak KoOalbT AaKTUBHEH MeaH

2+ /~n0 2+ /ey
( Co /e Goree oTpHLATENeH, yeM U /cu ) ¥ MOKET BBITECHUTH €€ HOHBI U3
pacTBOpa COJH:

Co + CuSQ — CoSQ, + Cu.

DJIeKTPOHHbIE YPABHEHHUS:

Co® —2¢” — Co?* (mpouecc okuciIeHMs),

CU* + 2¢” — CU (porece BoccTaHOBIICHMS).

3anava 2. ['anpBaHUYECKUI AIEMEHT COCTOUT U3 XPOMOBOTO M OJIOBSTHHOTO
AJEKTPOJIOB B PACTBOpax MX HUTPATOB. COCTaBbTE CXEMY TJIbBAHUYECKOTO 3Jie-
MEHTA, HAMUIIIUTE YPABHEHUS SJEKTPOIHBIX MPOIIECCOB U TOKOOOPA3yIollei peak-

c

Cc
uu. Beraucinre 3/1C: a) npu cTaHIapTHBIX YCIOBHSIX ( cr¥t = Tsn* = g MOJB/);

c Co o4
6) IPH KOHIEHTpAUMsIX Cro = ~S*" = 01Mois/m,

Pemenne. [Ipu cxemaTuyeckoi 3amycH rajJbBaHUYECKOrO 3JIEMEHTA I'PaHU-
1a paszesia MeXJy METaJlJIOM U PacTBOPOM O0O3HAYAETCSl BEPTUKAIBLHOU YEPTOH,
rpaHUIla MEXJYy PacTBOPAMHU 3JEKTPOJUTOB — JIBOMHOM BEPTUKAIBHOW YEPTOM.
AHOJI 3aNIMCHIBAETCS CIICBA.

CpaBHMM  CTaHAApTHBIE  BJIEKTPOJAHBIE  IMOTEHIMAIbl  METAJUIOB!

0 0
ECr 3"L/Cro ESn2+/Sn0 >
=—0,74B, = — 0,14B. Xpowm, kak 6oyiee aKTUBHBIA METaJll,
SIBJISIETCSI aHOJIOM, a 0JI0BO — KaTOJIOM.
3anuineM cxeMy TaJIbBaHUUECKOTO AJIEMEHTA!

©r | Cr(NGs)s " Sn(NQ), | Sn(+)
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HITH (-Cr | Cr¥ || si™ | Sn(+);
QJICKTPOIAHEIC HpOHeCCBIZ

anomueli. Cr°— 3¢ — Cr* (mportecc OKHUCIIEHN), x 2
KaTOTHBIN St +2¢ — s (mpo1recc BOCCTaHOBIICHH); X 3

ypaBHEHHE TOKOOOPa3YIOIIeH peaKIuu:
2Cr°%+ 3Srt" — 2¢r® + 3.

Beraucium anextpoasmkymyto cury (9C):

a) ctaggaptHyto DJIC €% 10 ectb DJIC HIeMEHTa IPH CTAHIAPTHEIX ycIo-
BUSIX, KOTJa KOHIEHTpAIlMM WOHOB MeTauia paBHbl 1 moib/n, paccuurtaem Imo
ypaBHenuio (5.2):

EC EO°
EO = Eokamo()a _EOaHoda — Sn2+/sn0 _ Cr3+/Cr0 ’
£°=-0,14 - (- 0,74) = 0,68,

0) B YCIIOBUSAX OTIIMYHBIX OT CTAHJIAPTHBIX CHAyYala pacCUUTaeM IO ypaBHe-
uuto Heprera (5.1) oTenbHbIe 37€KTPOIHBIC TIOTESHIIMAIBI METAJIOB!

. 0,059I c
sn2* /s — ESn2+/Sn0 + 2 J Snz+,
sn?*/si’ = _ 0 14+ O’gsglglo‘ =-0,14 +—— 0059 - (-2) =-0,2@B;
0,059 c
Ecr3+/Cr0= ECr3+/Cro + 3 9 Cr3+1
er¥ /e = _ 0,74 glglo_ -_0,74 00359 (-2) = — 0,78B;

a 3areM 1o popmyie (5.2) Beraucianm DJIC, yIUTBIBasI, YTO OJIOBO OCTAIOCH KATO-
JIOM, a ITUHK — aHOJIOM.
E E
£ = sn?*/sn® _ —crd*/cr0

£=-0,20-(-0,78) = 0,38.

33113‘11’[ AJIA CAMOCTOATECIBHOI'O PCIICHUSA

241.CocTaBbTe CXeMy TaIbBAHMYECKOTO DJIEMEHTa, B KOTOPOM MEJIb UTpaJia
Obl posib aHoJa. HamummTe ypaBHEHHUS 3JEKTPOJHBIX IMPOIIECCOB, TOKOOOpPa3yro-
e peakiuu u Berauciute DJC, uMes B BUAY, YTO BJIEKTPOJIbI ONMYIIECHBI B pac-
TBOPBI COOCTBEHHBIX COJIEH ¢ KOHIICHTpaIuen 102 mosn/1.

242.CocTaBbTe CXEeMY, HAITUIIUTE YPABHCHHS AJICKTPOIHBIX IPOIECCOB, TO-
KooOpasyromel peakiuy ¥ BerauciauTe DJ[C raapBaHHUECKOTO AJIEMEHTa, COCTOS-
IIETO M3 JKEJIC3HON M HUKEJICBOM IUIACTHH, OMYIICHHBIX B PACTBOPHI COOCTBEHHBIX

v c 2 C .2
coueii ¢ koHnenTparmsamu  Fe> = 107 mons/n, Ni** = 107 mons/i.
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243. 1luHKOBBIE TJIACTUHBI TIOTPYXKEHBI OJTHA B PacTBOp Cyib(hara MarHus,
npyrasi —cyibdara kaamus. B kakom ciayyae OyaeT mpoucxXoauTh peakius? OTBer
000CHYITE, HAMUIIUTE MOJEKYJSIPHBIE M JJIEKTPOHHBIE YPaBHEHUS COOTBETCT-
BYIOILINX PEAKIIHM.

244, CocTaBbTe CXE€My, HAIUMIIUTE YpPaBHEHUS DJEKTPOJHBIX pEaKiui, To-
KooOpasyrolei peakuuu, Beiyuciante crannaptHyo 3JC xene3H0-KooalbTOBOTO
raJbBaHM4ECKOTO 31eMeHTa. M3Menutcs nu 3/]C naHHOro rajibBaHUYECKOTO 3Jie-
MEHTa, €CITU KOHIICHTpanuio coyied yMeHpmuth B 10 pa3z? OtBeT moaTBepaute
pacueTom.

245. CocTaBbhTe CXE€MY TraJbBaHHYECKOTO 3JIEMEHTA, COCTOSIIETO U3 ITUHKO-
BOM M HUKEJEBOW IUIACTUH, OMYIIEHHBIX B PacTBOPbl COOCTBEHHBIX COJIEH, U Ha-
MUIIATE YPAaBHEHUS AJIEKTPOJHBIX MPOIECCOB U TOKOOOpPA3yIoIIeH peakiuu, eciu

Czn2e = 10? monn/, Cnizr = 10 mons/m.

246.CocraBbpTe CX€MY TallbBAHUYECKOTO JIEMEHTa, B KOTOPOM KaJMHH UT-
pay 061 posib KaTtoaa. HamumuTe ypaBHEHHS AJIEKTPOIHBIX MPOIECCOB, TOKOOOpa-
3ytomneit peakuu ¥ Berauciaute DJ]C, uMmest B BUY, YTO SJICKTPOABI OMYIICHBI B
PAacTBOPBI COOCTBEHHBIX coJieil ¢ KoHneHTpauueii 1072 Moub/L.

247.CocraBbTe CXeMy, HAMTUIIIATE YPABHEHHsI JIEKTPOTHBIX MPOIIECCOB, TO-
KooOpa3yromel peaknuu U BeraucanTe DJC rabBaHHYECKOTO JIEMEHTa, COCTOS-
eTo u3 K0OaThTOBOW M MEIHOM IUIACTHH, OMYIICHHBIX B PACTBOPHI COOCTBEHHBIX

coell ¢ KOHIIEHTpanuen Coo2t = 102 MOJIB/TI, Couz = 1072 moms/n.

248. MaraueBble TJIaCTUHBI TOTPY>KEHBI OJJHA B PACTBOP XJIOPHIA KaJIbIIUS,
napyrasi — xjopuaa kobansTa. B kakom ciydae OymeT mpoucxoauTh peakmusa? OT-
BET 00OCHYWTE, HAMUIIUTE MOJEKYISIPHBIE U AJIEKTPOHHBIE YPAaBHEHHSI COOTBETCT-
BYIOILINX PEAKIIHM.

249. CocTaBbTe CXeMy, HAIUIIUTE YPaBHEHUS AJICKTPOJHBIX PEAKIIUM, TO-
KOOOpa3yrolel peakiuu U BeIYuciauTe cranaaptayo IC XpoMoBO-KaJIMHEBOTO
rajibBaHu4eckoro aneMenTa. M3menurcs nu 3/1C gaHHOr0O rajbBaHHMYECKOTO JJIie-
MEHTa, €CJIM KOHIIEHTpaIui cojiell yMeHbpiuTh B 10 paz? OrBeT moarBepauTe
pacyeToMm.

250. CocTaBbTe CXeMy TaIbBaHUYECKOTO AJIEMEHTA, COCTOSIIETO U3 JKeJe3-
HOM M KaJMHUEBOU IJIACTHH, OMYIIEHHBIX B PACTBOPHI COOCTBEHHBIX COJIEH, U Ha-
MUIIATE YPAaBHEHUS AJIEKTPOJHBIX MPOIECCOB U TOKOOOpPA3yIoIIew peakiuu, eciu

Cre2 = 102 mons/n, Ceaz = 10 mons/m.

251. CocTaBbTe CXeMy TaIbBAHUYECKOTO DJIEMEHTA, B KOTOPOM aJTIOMHHHMA
urpai Obl posib aHOoJa. Hamummre ypaBHEHUS DJIEKTPOIHBIX MPOIECCOB U BBIUKC-
aute DJIC, uMest B BUY, YTO 3JEKTPOJIBI OMYIICHBI B pACTBOPBI COOCTBEHHBIX CO-
JIel ¢ KOHIIEHTparuei 10! momns/m.

252. CoctaBbTe CXEMy, HAIMIINATE YPABHCHHS SJCKTPOJHBIX IPOIICCCOB,
ToKooOpa3yromeld peakuuu ¥ Berauciaute D/[C raapBaHMYECKOro 3JIEMEHTa, CO-
CTOSIIIIET0 M3 CBHHIIOBOW M IIMHKOBOW IIJIACTHH, OMYIIEHHBIX B PAacTBOPBI COOCT-

. . Co 2 C, > -1
BEHHBIX COJIel ¢ KoHIeHTpanueir Pb™ = 1 moms/n, 2n“" = 10" monb/m.
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253. XKene3nbie MIaCTHHBI TOTPYXKEHBI OJHA B PacTBOP HUTpaTa BHCMYTA,
npyrasi — HUTpaTa IuHKa. B kakom cinydae OyaeT mpoucxoluTh peakiusi? OTBer
000CHYITE, HAMUIIUTE MOJEKYJSIPHBIE M JJIEKTPOHHBIE YPaBHEHUS COOTBETCT-
BYIOILINX PEAKIIHM.

254. CocTaBbTe CXeMy, HAIUIIUTE YPABHEHUS JIEKTPOAHBIX PEAKIUH, BbI-
yuciure crangaptayio DJ[C jkene30-BUCMYTOBOTO TallbBAHHMYECKOTO 3JIEMEHTA.
Hzmenutcs mu DJIC maHHOro rajabBaHUYECKOTO AJIEMEHTa, €CIU KOHIEHTPAIUIO
couted ymeHbUTh B 10pa3? OTBET MOATBEPAUTE PACUETOM.

255. CocTaBpTe cXeMy TraJlbBAaHUYECKOTO AJIEMEHTA, COCTOAIIETO U3 METHOU H
XpOMOBOH IIJIACTHH, OMYIICHHBIX B PAaCTBOPHI COOCTBEHHBIX COJICH, W HAIMUIIUTE

YPaBHEHHS DIIEKTPOTHEIX IIPOLIECCOB, ECIIH Ceu?r = 102 Mo/, Corse = 10" moys/i.

256. CocTaBpTe CXeMy TAIBBAHUYECKOTO DJIEMEHTAa, B KOTOPOM OJIOBO WT-
payio ObI posb aHoNa. Hamummmre ypaBHEHUS 3JICKTPOIHBIX MPOIECCOB, TOKOOOpa-
3ytomneit peakuu U Berauciaute DJ]C, umest B BUILY, YTO 3JICKTPOABI OMYIICHBI B
PAacTBOPBI COOCTBEHHBIX coJteil ¢ KoHneHTpauueii 102 Mo/,

257. CocTaBbTe CXeMy, HAIUIIUTE yYPaBHEHHUS JIIEKTPOJHBIX IPOIIECCOB,
TOKoOOpasytomel peakiuu u Beraucaute DJC raqpBaHUYECKOTO 3JIEMEHTa, CO-
CTOSIIETO W3 MarHMEBOW M XPOMOBOH IJIACTHH, OMYIIEHHBIX B PACTBOPHI COOCT-

C (o)
o o 3+ _ 2
BEHHBIX COJICH C KOHIICHTpaIHei Cr*" =10 “ MmoJb/.

258. BucMyTOBBIC MIACTUHBI IOTPYKEHBI OJTHA B PACTBOP HUTpaTa cepedpa,
Ipyrasi — HATpaTa ojioBa. B kakoM cirydae OyneT mpoucxoauTh peakmus? OTBer
000CHYWTE, HAMUIIUTE MOJEKYJSIPHBIE W JJICKTPOHHBIE YPaBHEHUS COOTBETCT-
BYIOIIMX PEAKIIHM.

259. CocTaBbTe cXeMy, HAIMUIIUTE YPABHEHHSI DJIEKTPOAHBIX PEAKIUH, BbI-
gucaute crannaptayo 3J[C cepeOpsiHO-HUKENEeBOro TaIbBAHUUECKOTO JJIEMEHTA.
Moxuo nu yBenuuuTh 3/]|C naHHOTO rajJbBaHUYECKOTO AJIEMEHTa, U3MEHsISI KOH-
IIEHTPAIUIO PACTBOPOB coJieit? OTBET MOATBEPIUTE PACUETOM.

260. CocTaBbTe CXeMy raJbBaHHYECKOT'O AJIEMEHTAa, COCTOSIIETO U3 HHUKE-
JIEBOW M CBUHIIOBOM IIJIACTHH, OIMYIIEHHBIX B PacTBOPHI COOCTBEHHBIX COJIeH, Ha-
MUIIATE YPaBHEHHUE JICKTPOJIHBIX MPOIIECCOB U TOKOOOPA3YIOIIEH peakIuu, eciu

C.. c -
Ni%* = 1072 MOJIB/TI, Pb** = 10! momnb/n.

M92+ =

5.2.9JIEKTPOJIN3

Conepmanne mMarepuaJja 1jd CaMOCTOATEC/IbHOI0 U3YyUCHUSA

CYH_IHOCTI) QJICKTPOJIHU3A. HOCHCHOB&TGHBHOCTB paspsaaa MOHOB IIPHU IJICK-
TPOJHU3C. AHO,ZIHOG OKHCJICHHUC U KaTOJHOC BOCCTAaHOBJICHHC. 9JI€KTpOJIPI3 C pacCTBO-
PUMBIM U HCPACTBOPHUMbBIM aHOIOM. 3aKOHBI CDapazLe;I. HpI/IMeHCHI/IC QJICKTPOJIN3A.

Juteparypa: [1—rm. 9, 88 9.5-9.7]; [2 #1. IX, 88 101 — 103].

OcHoBHbBIE TCOPETHIECCKHUEC MMOJOKCHUA
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Onexmpoauzom HA3BIBAIOT COBOKYIMHOCTH IPOIIECCOB, TPOUCXOANIUX Ha
JIEKTPOJIaX MPHU MPOXO0XKJICHHH MMOCTOSHHOTO AJICKTPHUUECKOr0 TOKa Yepe3 paciiiaB
WM PacTBOP 3JICKTPOJIHTA.

Kamoo — snexTpoji, Ha KOTOPOM HJIET MPOIIECC BOCCTAHOBJICHHMS, TIOJIKITIO-
4EH K OTPHUIATSIIBHOMY ITOJIFOCY BHEITHEr0 HCTOYHUKA MOCTOSHHOTO TOKa. AHOO -
DJIEKTPOJI, HA KOTOPOM HJIET MPOIECC OKUCICHUS, MMOAKIIOUEH K TTOJOKUTEITBHOMY
TIOJIFOCY BHEIITHETO HCTOYHUKA ITOCTOSIHHOTO TOKA.

[Tpu IPOXOXKIEHUN AICKTPUIECKOTO TOKA YePe3 AIEKTPOXUMHUUYECKYIO CHC-
TEMy MOTEHITUAIBI JIEKTPOJOB U3MEHSIOTCA. VI3MEeHEeHne MOTeHIHAlIa 3JIEKTPO/Ia
IPY TIPOXOKICHUN DJICKTPUIESCKOTO TOKA HA3BIBACTCS noJsApuzayueli WU nepe-
Hanpsdicenuem. B pe3ynprare moysipu3aiii MoTEHITMAI KaTo/la CTAHOBHUTCS OoJiee
OTpPHIATEIBHBIM, TOTCHITAAJ aHOAa — 00JIee MOJIOKUTEIbLHBIM.

Ecnu B pacrmiaBe uiim pacTBOpE MPUCYTCTBYIOT HECKOJIBKO OKUCIUTENEH, TO
nepevimM Ha Kamoode 6yoem 80CCMAHABIUBAMbCS Haubolee CUlbHbILL, T.€. TOT, T0-
TEHI[HAI KOTOPOro OyaeTr HaubOojiee IMOJOKUTEIbHBIM (MEHEe OTPHIATEIbHBIN).
BcnenctBre 3aMeIJICHHOCTH KaTOMHOW peaklUu BhleeHus Hy, BOAOPOIHOTO Tie-
pEHAIPSHKCHUS, Ha KaTOJE YAAaeTCs OCAaJIUTh HEKOTOPBIC METAILIbI, MMOTEHIIUAJIBI
KOTOPBIX 00JIee OTPHUIIATEIbHBI, YEM TTOTCHIIMAI BOCCTAHOBJICHUS HOHOB BOJIOPO/IA.

PaccmarpuBasi 37€KTpOJIM3 BOJHBIX PAacTBOPOB, HEOOXOIUMO YYHMTHIBATH,
YTO MOJIEKYJIbI BOJBI TAKXKE MOTYT Y4acCTBOBATh B MPOIIECCE IIEKTPOXUMUYECKOTO

BOCCTAHOBJIEHUSA Y OKUCJICHUS.
Tadmuma 5.2

DIIEKTPOJHBIE MPOLIECCHI HA KATOAE MIPU AIEKTPOIINA3E
BOJIHBIX PACTBOPOB COJIEH METAJLJIOB

I'pynma | 1 [l
-+ + + + + 3+ + + -3+ + +
Kamomsy | LI KL C&T, Na', | znf*, Cr", Fe", Cd™, | Bi cldi Ad',
pacTBopa Mg2+, Al* Cd*, Ni?*, Sif*, PR A
[Iporecc 2H,0 +2¢—H>+20H™ . 0
Ha 2H,O0+2e—H>+20H™ " Me"" + ne—Me
KaToj1e Mer* + ne ——Me°

B 3aBucuMoOCTH OT BETWYMHBI JIEKTPOIHOTO MOTEHIMAIA BCE OKHCIUTEIH
MOXHO Pa3JeIuTh Ha TPU TPyHmbl: | — HOHBI METAIOB, MOTEHIIMAT KOTOPHIX CY-
IIECTBEHHO OoJiee OTpUIlaTeNIeH MOTeHIMana BOJOPOAHOTO 3ekTpoaa; || — okwuc-
JUTENN, MOTEHIMAI KOTOPHIX MaJl0 OTJIMYAeTCs OT IMOTEHI[Hala BOJOPOIHOIO
anektpoaa; |l — noHbI, MOTEeHIIMAT KOTOPHIX MOJIOKUTEIbHEE MOTEHIMaaa BOJO-
POAHOTO 3JEKTpoaa. B CBS3M ¢ 3TUM M MPOIIECCHI, MPOTEKAOIINE HA KaTOJE MPH
3JIEKTPOJIN3€ BOAHBIX PACTBOPOB JICKTPOIUTOB pa3inuHbl (Tadi. 5.2).

Ha anoode oxucnsemcs nepsvim naubonee cuibhwlii 60cCmMaHo8umend - Be-
IIECTBO, HMMEIolee Hambojee OTpUIATENbHBIH (MEHEe MOJOKUTEIBHBIN) 3JIeK-
TPOJHBIN MOTEHIIHAI.
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IIporiecchl, MPOUCXOASIIME HA aHO/IE, 3AaBUCAT HE TOJBKO OT MPHUPOIBI K-
TPOJIUTA, HO M OT MaTepuaia, U3 KOTOPOTO CHeNaH aHoA. Pa3nuuaroT uxepmubie
(uepactBopumbie — AU, Pt, rpadur, ...) u akmususie (pactBopumsie — Cu, Ni, ...)
aHOObl. AKTUBHBIC aHOJBI OKHCIISIOTCS TPH 3JIeKTposn3e. VIHEpTHBIE aHOIbI HE
OKHCJISIFOTCS, HA MX MIOBEPXHOCTH UAYT MPOIIECCHI OKMCIEHUS BOCCTAHOBUTEIICH.

Ta0muma 5.3
[TociienoBaTeILHOCTH MPOIIECCOB HAa aHOIE

MIPU SJIEKTPOJIN3€ BOAHBIX PACTBOPOB COJIEH

Anon Bupg annona YpaBHEHUE TIpo1iecca
"= 3%+ ne”
[TocnenoBaTenbHOCTH pa3psiaa:

WNHepTHBIH S, Br;1-, CI s, 15, Br , CI-.
(HepacTBOpHMBIi) IIpOayKTHI SIEKTPOIIH3A;
oA S I, Br, Ch,
qu_ PO43_ kucnas cpena: 2H,0 — O,+4H +4e~
NO;~ F~ | menounas cpena: 40H™ — 2H,0 +0, +4e”
AKTHBHbeIV ) Me® — Ment +ne-
(pacTBOPHMBIIA) Tr000H -
. 0 DIIEKTPOJIN3A:
Fe, Cu, Ni, Zn, ... POIYKTBI SJICKTPOJIH

Fe**, CU*, Ni**, Zre”, ...

KonuuectBeHHO QJICKTPOJIN3 OIMUCBIBACTCA 3AKOHAMU @apadeﬂ:

1. Macca BBIACIIMBHICTOCA Ha JJICKTPOJaX BCHICCTBA IIPAMO IIPOIIOPIIHO-
HaJIbHA KOJIMYCCTBY JJICKTPHUYUCCTBA, ITPOTCKIICTO YCPEC3 DJICKTPOJIUICP.

2. ,HJUI BBIACJIICHUA Ha J3JICKTPOAC 1 Momg ’KBUBAJIEHTa JHOOOTO BCHICCTBA

HEOOXOMMO 3aTPaTHTh OJHO M TO K€ KOJUYECTBO DJIEKTPHUYECTBA, PABHOE YHCIY
dapanes: F = 96500Kn/moib.

O06061mas o06a 3akona Mapajes, MOXKHO 3aIucaTh.
m=M,-1 -7/ 96500, 3b.

rJe M— macca BENIeCTBA, BBIJICIMBIIETOCS Ha AIEKTPOE, T;
| —cuna Toka, A; T — NPOAOHKUTEIBHOCTD JIEKTPOJIN3a, C;

M, — MoJsipHas Macca SKBUBaJICHTa BEIICCTBA, BBIACIMBIIETOCS Ha AJIEKTPO/E,
MOJIB/ 1.

Penienue TMIOBLIX 33,124
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3agauya 1. B kakoii mocnenoBaTebHOCTH BOCCTAHABIMBAIOTCS KATHOHBI
IPU AJIEKTPOJU3E€ CMECH BOJHBIX PACTBOPOB CYyJIb()ATOB JHUTHS, MarHusi, Meau?
OTtBet o0ocHYyHTE.

Pemenne. B pactBope mmerorcst katnonst Li*, Mg?, CUY*, oGpasosas-
HIMecs: B pe3yJibTare JUCCOIMAIMK cojiel, u MojeKkynbl HoO .

Ha xaroze, mpexie Bcero, pa3pspkaroTcsi KATHOHBI, MPOIECC BOCCTAHOBIICHUS

KOTOPBIX XapakTepHu3yeTcs Hanbosee MOIOKUTEIbHBIM 3JIEKTPOJIHBIM MOTEHIIUA-
joM. CTaHAapTHBIC SJIEKTPOJIHBIC MOTCHIMAIBI (Tabd. 5.1)

0 = — 0 = —
EC, 0= —3.045, Ep 2¢pq0= ~ 2:36B,
0 - 0 —

TaxuMm oGpa3om, nepBsIM BoccTanasmBaercss CUP', satem H. Woner Li* u Mg®*
U3 BOJHBIX PACTBOPOB HE BOCCTAHABIHMBAIOTCS, T.K. UX MOTECHIIMAJBI 3HAYUTEITHHO
OTpHUIaTENIbHEE AJIEKTPOJHOTO MOTEHIIMATa BOJOPOJIHOTO AJIEKTPO/Ia B HEUTpAIb-
Hoii cpene (Taba. 5.1).

3agaua 2. CocraBpTe ypaBHEHUS peaklvid, MPOTEKAIINX Ha AJICKTPOAAX,
IIPY 3JIEKTPOJIM3E BOJHOTO PacTBOpa CysibdaTa JIMTUS B CIydae MHEPTHOTO aHOJa
¥ aHOJIa U3 MEJIH.

Pemrenue. AHOJ UHEPTHBIN:
Li,SQ, — 2Li" + SO~
P

Karon (=) Anon (+)

-+ =0 - 0 —
Li (ELi+/|_i0 = —3,04B) ¥ ( EOZ/HZO + 0,82B)
H,0O (E° = —0,41B EO =+2,01B

20( H ZO/Hg ) Sﬁ( 52042—/502— )

Ha katone: 2H,0 + 2 — H,+ 20H™, Tak kak 3TOT IpoOIIECC XapaKTepU3yeTcs
HaMeHee OTPUIIATEIHHBIM TTOTEHITHAIIOM,

Ha anozne: 2H,O — O,+ 4H" + 46, Tak Kak MOTEHIMAJ JAHHOTO mpoiiecca
UMeeT HauMEHEee TOJIOKHUTEIIbHOE
3HAYCHHE.

AHOJ aKTUBHBIN (MEIHBIN aHO):
Ha kaTone mpoucxoauT TOT K€ MPOIECC, YTO U B IEPBOM CIIyyae:
2H20 +2e” — H2+ 20H".
Ha anonme Bo3MoxxHO oxucienne H,0, SQZ' u CW’. Ho Tak Kak moTeHIHMan

OKUCIICHHUSI MEIH (Eg 2000 T 0,34 B)6onaece otpuiarencH (MeHee MOIOKUTE-
u u

J'IGH), YEM OCTAJIBHBIC, TO peanLHo NICT OKHUCJIICHHUEC MCIHOI'O aHOI[a:
CWl®— CU¥ + 2e~.
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3apaua 3. CKOJIBKO TPaMMOB MEJM BBICIAIOCH HA KaTOE TIPH DIICKTPOJIH-
3e pactBopa CuSQ B Teuenue 1 4 nipu cuiie Toxka 4 A?
Pemenne. CornacHo o0beanHeHHoMy 3akony Dapanes (5.3)

M, [z

— 9

~ 9650(

r7Ie M —Macca BellecTBa, BBIICIUBIIETOCS MPH JISKTPOJIHU3E Ha DIICKTPOJIE;

| —cmna Toka, A,

T — IPOJAOJDKUTEILHOCTD JJIEKTPOJIN3a, C;

M, — MoJIsIpHast Macca KBHBaJICHTa BEIICCTBA, MOJIB/ L.
MonspHasi Macca SKBHBaJICHTa MEIM paBHA MOJISIPHOM Macce Medu, ASJIEHHOW Ha
YUCJIO 3JIEKTPOHOB, YYACTBYIOIIUX B IIPOIIECCE BOCCTAHOBIICHHUS:

_M(Cu) _63,F
Ma(Cu)—T, Ma(Cu)—

=31,75r/momb ,

| =4 A,7=1 60- 60 = 360C. [ToxcraBuB 3HaueHUE B (hOpMyITy, MOTydaeM
m= 3175141360(
9650(

Macca BeiienuBIIeics Meau paBHa 4,74r.

= 474r.

331121‘11’[ AJIA CAMOCTOATEJIBHOI'O PCIICHUA

261. YxkaxuTe, B KaKOW MMOCJIEI0BATEILHOCTH BOCCTAHABIMBAIOTCS KATHOHBI
Ha KaToJe MPH 3JIEKTPOJIM3E CMECH PACTBOPOB HUTPATOB MEIH, HUKEI, cepebpa?
OTtBer obOocHyiiTe. Hanmumute ypaBHEHHsI SJIEKTPOIHBIX MPOIIECCOB MPHU AIIEKTPO-
mu3e pactBopa AgGNQ; (aHO MHEPTHBIH).

262. YKaXuTe IMOCIEA0BATEILHOCTh AHOIHBIX IMPOIECCOB, MPOTEKAIOIINX
[P IEKTPOIIM3E BOJHOTO PacTBopa, cojepxkaiiero nous &, SO, Oteer 060c-
HyWTEe W HANWIIUTE YPaBHEHHS DJICKTPOJHBIX IMPOILECCOB, MPOTEKAOIIUX TPU
anexTposuse BoaHoro pacteopa K, SO, (aHom nHEpTHBIN).

263.0nekTponnu3 pactBopa HuTpara cepedpa AGNG; nmpoBoguam mpu cu-
ne Toka 2 A B Teuenne 4 qacoB. CKOJIBLKO TpaMMOB cepedpa BBIACINIIOCH Ha KaTo-
ne? HanumuTe ypaBHEHUS AJIEKTPOIHBIX MPOIECCOB, MPOTEKAIONINX Ha AJIEKTPO-
nax (aHOJ WHEPTHBIN).

264.CocTtaBbpTe ypaBHEHHS DJIEKTPOJIHBIX IPOIECCOB, MPOTEKAOINX Ha
AIIEKTPOJIaX TIPH JIEKTPOJIM3E BOJHOTO pacTBopa xjopuaa omoBa SNC) B cimydae
WHEPTHOTO aHOJa ¥ aHOJIa U3 0JIOBA.

265B kakoii mocien0BaTeILHOCTH BOCCTAHABIMBAIOTCS KAaTHOHBI HA KAaTO/C
IIPY DJIEKTPOJIM3E pacIiaBa CMECH XJIOPUIOB MarHwusi, 0joBa u Kanusi? OTBET 1O-
sscanTe. Hamumure ypaBHEHMS aHOTHOTO TIPoIiecca B ciiydae HHEPTHOTO aHOIa.

266.B kakoil mocneaoBaTeIbHOCTH OYAYT OKUCIATHCS HA aHOAE WOHBI
¢dTopa, Opoma, fioa TpU IEKTPOJIHM3E paciiiaBa cMecH colieii? OTBET 00bICHUTE
¥ HAIAIIUTE YpPaBHEHUS 3JEKTPOIHBIX MPOIECCOB, MPOUCXOISAIINX TIPH AIIEKTPO-
nM3e pacTBopa #oauaa muHKa ZNnly (aHOJ MHEPTHBIN).
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267. PaccunraiiTe, CKOJIBKO BPpEMEHU HEOOXOAMMO MPOBOJUTH DIEKTPOIIN3
pacmiaBa xyopuaa Hatpus NaCl npu cune Toka 3A, 4TOOBI Ha KaTO/E BBIICIIH-
aock 4,6 T HaTpua? Hanummre ypaBHEHUS 3JIEKTPOIHBIX MPOIECCOB, TPOUCXOIS-
IIUX TIPH JIEKTPOJIN3e paciliaBa JaHHON cou (aHO MHEPTHBIN).

268. Ilpu smektponuze O6pomuma meau CuBr, wmacca MemHoro aHona
yMeHbIInIach Ha 6,35r. Paccuuraiite, kakoe KOJIMYECTBO JJICKTPUUYECTBA 3aTpa-
YeHO Ha ATOT mpouecc? Hanmummre ypaBHEHHS 3JEKTPOTHBIX MPOIECCOB, MPOUC-
XOIIAIINX Ha DJICKTPOJIaX.

269. VYkaxuTe Mociaea0BaTeIbHOCTh KaTOMHBIX MPOIECCOB, MPOTEKAIOIUX
IIPY JIEKTPOJIM3E BOJHOTO PACTBOPA, COACPIKAIIETO MOHBI aTIOMUHHUSI, BUCMYTa U
ceuHia. OtBer oOocHyiWTe. Hamumure ypaBHEHHS SJICKTPOIHBIX MPOIECCOB,
MPOUCXOMSIINAX Ha JJICKTPOJAX MPU DIEKTPOJM3E pacTBOpa HHUTpPAaTa BUCMYTa
Bi(NGs); (aHOm MHEPTHBIN).

270.PaccunTaiiTe cuily TOKa, €CITM M3BECTHO, YTO TPU IJIEKTPOJIU3E pac-
TBOpa cyinb(dara meau B TeueHue lgaca 40 MuHyT Ha KaTojAE BBIACIIIOCH 6,35T
mMean. HarmummTe ypaBHEHUS AJIEKTPOIHBIX MPOIECCOB, MPOUCXOMSIINX Ha DJIEK-
Tpoaax (aHOJ MHEPTHBIN).

271. BplunciuTe MOISPHYIO MacCcy SKBHBAJIEHTA METallla, 3Has, 4TO MpHU
AIIEKTPOJIN3€E pacTBOpa HHUTpATa 3TOTO MeTallla Ha KaToje ero Beiaenuiaoch 1,12r,
¥ Ha 3TOT mporecc 3arpaueHo 3880 K snexrpuuecta. Hanmummre ypaBHEHHE
aHOJTHOTO MPOIECCa, €CJIM aHOJl UHEPTHBIM.

272. X70p B MPOMBINIJIEHHOCTH TOJIYYAOT AIEKTPOXUMUYECKHM METOJIOM.
Hammmmre ypaBHEHHsI 3JI€KTPOIHBIX MPOIIECCOB, TPOUCXOMSIINX TTPU DIICKTPOITH-
3e pacmiaBa xyopuaa Hatpuss NaCl (anom mHepTHBINH).

273.HukeneBbie TOKPBHITAS B OCHOBHOM TOJIYIafOT METOJIOM SJIEKTPOOCAXK-
neHus. Hanmummre ypaBHEHHSI DIEKTPOTHBIX MPOIECCOB TPHU IIEKTPOIH3E BOTHO-
ro pactBopa cyibdara Hukens NiSQy, ecnu aHOI HUKEJIEBBIH, KaTO — CTATLHOM.

274. TlokppiTHE CTalled ITUHKOM TPOBOIST METOJOM DIIEKTPOOCAKICHUS.
Hanummre ypaBHEHHUS SIEKTPOIHBIX MPOIECCOB, MPOUCXOASIIUX TIPH ICKTPOITH-
3e pacruiaBa xjopuna iuaka ZNCh, eciiu aHOX HHEPTHBIHN, KATO/I — CTAJILHOM.

275. Meramumdeckuii MarHuii TOMy4aroT 3JIEKTPOIU30M paciuiaBa KapHal-
auta KCI-MgCl,. Hanummre ypaBHEHHS MPOMCXOIAIIMX MPH 3TOM 3JIEKTPOIHBIX
IIPOIIECCOB.

276.XUMHYECKH YUCTOE cepedpo MOIyqaroT papuHUPOBAHUEM: TPOBOIST
AJIEKTPOJN3  BOJHOTO PacTBOpa HUTpaTa cepedpa, I/Ie aHOJOM SIBIISICTCS] TEXHHU-
yeckoe cepebpo, KaTogoM — TOHKas TUTACTMHA XWMHYECKH YHCTOro cepebpa. Ha-
MUIITUTE YPAaBHEHUS YJIEKTPOTHBIX MPOIECCOB.

27°7.]Ins momydeHuss M€y BBICOKON YHCTOTHI YEPHOBYIO MEIb IIOMEIIAOT B
AIIEKTPOIUTHIECKYIO BAaHHY C pacTBopoM cyibdara mean CuSQ. IIpoBoasr smek-
TPOJM3, JeNas YePHOBYIO MEIlb aHOJIOM, TOHKYIO JIHCTOBYIO XHMHUYECKH YUCTYIO
Meab — KaTtoaoM. Hanuimute ypaBHEHUS 3JIEKTPOIHBIX MPOIIECCOB, MPOUCXOISIITIX
IIPH STOM.

278. B mpakTuKe OYMCTKHA CTOYHBIX BOJ HCIIOJIB3YETCS AIIEKTPOQIIOTAIIHS,
I7lec TOHKOAMCIICPTUPOBAHHBIM Ta3 (KHCIOPOJ) MOydaeTcsl JICKTPOIM30M 00pa-
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OaTpiBaeMOM BOJbl. Hamwuiure ypaBHEHHUS 3JIEKTPOJHBIX MPOIIECCOB, MPOUCXO-
JSIIIUX TIPU DJIEKTPOJIN3€ BOABI. AHOJ UHEPTHBIH.

279. KanMmueBbie MOKPHITHS, 3aIUINAIONINE KEJIe30 OT KOPPO3HH, MoTyda-
10T dJIEKTpOOCcakaeHueM. Hanuiure ypaBHEHUs 3JIEKTPOIHBIX MPOIECCOB, TPOUC-
XOMSIIIUX TPH 3JIEKTPOJIM3e BOIHOTO pacTBopa cynbdara kaamus CASQ ¢ kan-
MHUEBBIM aHOJIOM U KaTOJIOM M3 jKeJie3a.

280. CoctaBbTe ypaBHEHHUS SJIEKTPOJHBIX IMPOIIECCOB, MPOUCXOASAIIMX Ha
AJIEKTPOAaX MPHU DIIEKTPOJIU3E BOJHOTO pacTBopa (propuna kanus KF u pacniasa

ATOM CONU. AHOJI UHEPTHBIMN.
5.3.KOPPO3UA U SAIIIUTA METAJIVIOB OT KOPPO3UH

Conepmanne marepuaja AJad CaMOCTOATECJIbHOI0 U3y4YCHHUA

Knaccuduxanuys KOppo3MOHHBIX MPOLECCOB. XUMHUUECKAs U AJIEKTPOXUMHU-
yeckas Kopposusi. CKOpOCTh KOPPO3UOHHBIX MPOIIECCOB U (PAKTOPHI, BIUSIIONINE HA
He€. MeTopl 3alUThl OT KOPPO3UH: JIETUPOBAHUE, DIEKTPOXUMUUYECKHE METOMbI,
3alUTHBIE MOKPBITHS, U3MEHEHHE CBOMCTB KOPPO3MOHHOU cpenbl. NHruOUTOPHI
KOPPO3UH.

JIureparypa: [1 —ra. 10, 88 10.1 — 10.4]; [2 r1. XVI, § 196], [3 —u. 9,
§§ 9.2 — 9.4].

OcHoBHBIE TCOPETHICCKUEC MMOJTOKCHUSA

Kopposusa — 310 caMonmpou3BOJIBHOE pa3pylICHUE MeETajla B Pe3yJIbTaTe
(U3UKO-XUMHUUYECKOTO B3aUMOJICUCTBUS €0 C OKPYKAIOIIEH Cpeaoi.

Kopposust npeacTaiser coO0M OKUCIUTENHLHO-BOCCTAHOBUTEINIbHBIN T€TEPO-
TeHHBIM TPOIEeCC, MPOUCXOAANINN HA MOBEpXHOCTH pasaena da3. Kopposus co-
IIPOBOKIAETCS OKHCICHHEM (paspyllIeHHeM) MeTalia, B X0J¢ KOTOpOro oopasy-
IOTCSI €r0 OKCH/IbI, TUIPOKCHUIBI, cosid. [To MexaHu3my npoTekaHus mpoiecca pas-
JUYAIOT XUMUYECKYIO U INEKMPOXUMUUECKYIO KOPPO3UIO.

Xumuueckas xKoppo3usi XapakTepHa ISl CPell, HE MPOBOMSIIMX AIICKTpUUE-
CKHI TOK: aTMoc(epa CyXHUX Ta30oB, paCTBOPHI HEIIEKTPOIUTOB. CyIIHOCTh XUMH-
YECKOM KOPPO3MHM CBOJUTCS K HEMOCPEACTBEHHOMY B3aMMOJICUCTBUIO MeETasuia C
OKHCIIUTENIEM OKPY>KaIoIIeH cpejibl 0€3 BOSHUKHOBEHHUS B CUCTEME AJIEKTPUUYECKO-
ro Toka. [Iponecc OKuCIeHUs U BOCCTAHOBIICHHS MPU 3TOM MPOUCXOAUT HA OJHUX
U TeX K€ y4acTKax MOBEPXHOCTH METaIaA.

Kopposus no snekmpoxumuueckomy mexanuszmy TPOUCXOIUT B BIEKTPOIPO-
BOJSIIIMX CpefaxX: BO BIaXHOUM atMoc(epe u mouBe, B pacTBOPAX AJIEKTPOIUTOB.

[ToBepxHOCTH JIFOOOTO peaIbHOTO METalla WK CIJIaBa SHEPTreTUYECKHU reTe-
pPOTEHHA, TO €CTh UMEET YYACTKH, pa3Inyaloinecs Mo XMuMUYeCKOW akTUBHOCTHU. B
AJIIEKTPOIIPOBOISIICH cpefie ’TO TPUBOJIUT K BOSHUKHOBEHUIO M pabOTE KOPOTKO-
3aMKHYTBIX TaJbBaHUYECKUX 3JIEMEHTOB (KopposuonHnwvlx s1emenmos). Takum 00-
pa3oM, CYWHOCMb INEKMPOXUMULECKOU KOPPO3UU 3AKTI0UAEMC 8 603HUKHOBEHUU
u pabome KOPPO3UOHHBIX IJIeMEHMO8.
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Ha 6onee akTMBHBIX y4acCTKax MOBCPXHOCTU MCTaJllIa —anooax —HACT OKHC-
JICHUE MeTallia.

Me® — Me"" + Ne’,

Ha MEHEe aKTUBHBIX yYacTKaX MOBEPXHOCTU METaIa — KaToJaxX HIET BOCCTAaHOB-
JICHUE OKUCIIUTE.
Haunbonee yacto npu 3JIEKTPOXUMHUYECKONW KOPPO3UH HA KaTOJE MPOUCXO-
JUT BOCCTAaHOBJIEHHE MOHOB BOJIOPOJia WJIM KHCIIOPOJa, PAaCTBOPEHHOTO B BOJE.
VYpaBHEeHHS 3JEKTPOIHBIX MPOIECCOB HA KaTOJAE B Pa3IMYHBIX Cpelax MPHUBEIACHBI
B Ta01. 5.4.
Tabanma 5.4

YPaBHeHI/IH QJICKTPOAHBIX ITPOICCCOB HAa KAaTOAC B PAa3JIMYHBIX CpCaax

Peakums cpensl YpaBHEHUS peakuui

HefirpanpHas O, + 2H,0 + 4e™— 40H

WIn M ECa049Han

2H + 2¢™— H, 1581051

Kucmaasa -
02+ 4H+ + 4e”— 2H20

XapaxmepHvie 0cobeHHOCMU KOPPO3UU NO INEKMPOXUMULECKOM)Y MEXAHUMY:

1) koppo3uss MPOTEKAET Yepe3 COMPSHKEHHBIC MPOIECCHl aHOHOTO OKHUCIIE-
HUS METaJllIa U KaTOJAHOTO BOCCTAHOBIICHHS OKUCIIUTEIS OKPYKAIOIIEH Cpeibl;

2) TPOIECChl OKUCJICHHS W BOCCTAHOBJICHHUS IMPOUCXOASAT HA Pa3IUYHBIX
y4acTKaX MOBEPXHOCTU METAJLNA,;

3) mporiecc KOPPO3UU COMPOBOXKIACTCS HANPABICHHBIM JBHKCHHEM JJICK-
TPOHOB BHYTPHU METaJlJIa, TO €CTh BO3HUKHOBEHUEM 3JIEKTPUUECKOTO TOKA.

Ha ckopocTh KOppo3uM BIUSIOT KaK BHYTpeHHHE (akTopbl (HEOITHOPO-
HOCTh METajlsla [0 XMMUYEeCKOMYy U (a30BOMYy cocTaBaM, JAedeKThl KpUCTAIIHIe-
CKOM pelIeTKy, HaTM4YKue MpUMecei U JIp.), TaK U BHeIIHue (peakius cpebl, Hallu-
4Yie MOHOB-aKTHBATOPOB KOPPO3HHU, arPECCUBHBIX Ta30B H JP.).

MHOro4MCI€HHbIE METO/IBI 3AIIUTHl METAIIOB OT KOPPO3UU B 3aBUCUMOCTH
OT MEXaHU3Ma UX JIEUCTBUA YCIOBHO AEJSATCS Ha CIEAYIOUIUE IPYIIIbL:

a) JIETUPOBAHHUE METAJIIOB,; 0) U3MEHEHUE CBOWCTB OKPYIXKArOIIel Cpe/Ibl
B) 3aIIMTHBIC TOKPBITHS; T') DJIEKTPOXHUMHYECKAs 3alUTa.

Jlecuposanue memannog. 110BbIIEHNE KOPPOZUOHHOM CTOMKOCTH METAJIIOB
32 CUET BBEJICHHS HEKOTOPBIX JT00ABOK — Jecupyrowux KOMIIOHEHTOB, KOTOpbIE
NacCUBUPYIOT MeETasul, Jejasi ero 0oJjiee KOPpPO3MOHHOCTOMKUM. Jlermpyrommmu
KOMIIOHEHTaMU MOTYT OBITh XpPOM, BOJIb()paM, HUKENb U JIp.

H3menenue ceoticms koppo3uoHuou cpeodvl. CyIIHOCTh METOJa CBOJUTCS K
YMEHBIIICHUIO KOHIIEHTPAIIMM KOMIIOHEHTOB, OMACHBIX B KOPPO3MOHHOM OTHOIIIE-
HUM (HampuMep, KUIssYeHreM, 0apOOTHPOBAaHUEM WHEPTHOIO Ta3a, BBEJICHUE BOC-
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cTaHoBHTEJCH). JlaHHBIM MeTOa NMPUMEHSETCs, TJIABHBIM 00pa3oM, B CHCTEMaXx,
paboTaMMX C MOCTOSHHBIM HIJIM Malo OOHOBJISIEMBIM OOBEMOM pacTBOpa WM
BO3lyXa.

Kpowme Toro, aJisg 3aiUThl OT KOPPO3UH HMIHUPOKO MPUMEHSIOT UHUOUMOPbL —
BEIIIECTBA, BBEJCHUE KOTOPBHIX B HEOOJIBIIOM KOJUYECTBE B CpeAy MPHUBOJIUT K
3HAYUTEIFHOMY YMEHBIIEHUIO CKOPOCTU KOPPO3UH METaUIOB. MexaHu3M ux jAeil-
CTBHUS BeChMa pazHOOOpa3eH.

3awyumnuvie nokpvimus. CyTb METOJIa 3aKJIFOYAETCS B U30JSLUNA METaia OT
BO3JICMCTBUSI arpecCUBHON OKpyxkarouied cpenpl. Kiaccudukanus moKpeITUN
npejcTaBiieHa Ha puc. 5.1.

ITokprITHA

OprammieckHe HeopraaHdeckHe
JTAEH. MACIIAHEIC KDACKH,

ONOTHMCDEL EHPDOBEIC CMAZKH

HesmeTanaHueckHe

CHIMEATHEIE 3MAIH; OKCHIHELE, hocdaT- MeTtaniHuecrkHe
HEIE, XPOMATHEIE, IOPTIaHJIIeMEHTHEIE

e

~

M

Katondrie AHOIHBIE
IIOEPEITHE MEHEE AKTHEHEIM IIOEPEITHE GD:IEE AKTHEHEBIM
MeETALIOM, el 3 aeMEIH METALTOM, JeM 3 a oML

Puc. 5.1.Knaccudukanusi 3aliUTHBIX MOKPBITUA

Dnekmpoxumuyeckas 3awuma. JlaHHBIA CIMOCOO 3alUTBI OT KOPPO3UU
NPUMEHUM B Cpelax C XOpolled MOHHOHW mpoBoguMocThio. Kitaccubpukamms u
CYITHOCTh Ka)JOTo croco0a 3alluThl MPEICTaBIeHa B BUJIE CXEMbI, H300pakeH-
HOU Ha puc. 5.2.
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o1 CETPOXHMHYCCKAA 3allTHTA

4 N [ N ™

Katonnas IIpoTekTOpHas AHOJIHas
JamHmaeMoe H3ge- JamMmaeMye KOHCT- [IpEMeHHME 1719 METALIOR
He, IOJKI0Y9aT K DPVKLHK JETar0T KaTo- H CIITABOE, JETKO NACCEH-
OTPHITATETEHOMY JoM TOPHCOSTHHAT ee K PVHOITHXECA TIPH  IT0JKITHY-
MIOMEOCY HCTOIHHEA DoMee AKTHEHOMY Me- 9eHHH HX K II0J0KHTENb-
MOCTOAHHOTO 371eK- TATIy HIH CIIABY - HOMY IIOFOCY HCTOMHHEA
TPHIECKOr D TOKA HpOMERMOpY \imcmmmnm TOKa _/

- N\ /

Puc. 5.2. DnexTpoxuMudeckue crmocoObl 3alUThl METAJIJIOB U CIIJIABOB

Penienue TMOBLIX 3a/1a4

3apaua 1. Konctpykuus u3 xene3a HaXOAUTCS B CyXOM BO3AyXe, CoAepKa-
muM Kuciaopon. [1o kakoMy MexaHu3My MPOTEKAET KOPPO3UOHHBIN mpoiecc? Ha-
MUIINTE YPaBHEHUS PEAKIUU U YKAKUTE XapaKTepHbIE OCOOCHHOCTH JAaHHOTO Me-
XaHW3Ma.

Pemenue. Koppo3sus xene3a B atMmocepe KucIopoaa Mpu BEICOKOH TeMIIe-
paType OyleT mpoTeKaTh 0 XUMHUYECKOMY MEXaHHU3MY, MOCKOJIbKY cpefia, ¢ KOTo-
pOM KOHTAKTUPYET METAIJI, HE MPOBOJUT JJICKTPUUECKUM TOK. CXxema ypaBHEHHUS
JTAHHOTO TpoLecca:

(0} —
Fe+ 00— Fed02 .
2
DOTO OKHUCIUTEILHO-BOCCTAHOBHUTENIbHAS PEAKIMs, TaK Kak €€ YYaCTHHKHU
U3MEHSIOT CTENeHb OKUCIEHHUS. DJICKTPOHHBIC YPaBHEHUS
. .0 3 - .
xene30 okucisgercs. Fe' — Fe + 3¢, Fe — BOCCTAaHOBUTEID,
. A0 - 2= ~0
kuciopon BocctaHaBnmuBaercs. O, + de™— 207, O, — OKUCIUTENb.
MouekynsspHOe ypaBHEHUE PEaKIIuu
4Fe+ 302 - 2FQ03

XapaxmepHvie 0cobeHHOCMU XUMUYECKOU KOPPO3UU:

1) a51eKTPOHBI OT BOCCTAHOBHTENS MEPEXOIAT HEMOCPEACTBEHHO K OKHCIIH-
TEJNIO;

2) mpoliecc OKHMCICHHUS METaJllla U BOCCTAHOBIICHHUSI OKHUCIIMTENS TPOUCXO-
JTUT Ha OJTHOM M TOM € YYacTKe MOBEPXHOCTU METaJIA;

3) mporecc KOppo3uH HAeT 0e3 BO3SHUKHOBEHHS JJICKTPHUECKOTO TOKa B
CUCTEME.
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3anaua 2. Mznenue u3 xene3a ¢ MPUMEChIO HUKEIS HaXOIUTCS BO BIIAKHOMN
cpeze, coeprKalleld yriIeKUCIbIi ra3. YKaxuTe, 0 KAKOMYy MEXaHU3MYy IIPOTEKAET
KOPPO3MOHHBIN IIPOLIECC, U HATUIIUTE €r0 YpaBHEHUS.

Pemienne. YTIeKuCbIi ra3 B3aUMOACHCTBYET ¢ BOJOM M o0pasyeT ciadyro
yronbHyt kucioty CO, + H,O S H,COs, KoTOpas TUCCOIMUPYET IO ypaBHE-
auto H.,CO3; S H' + HCO;3 . TakuM 06pa3oM, pacTBOp, B KOTOPOM HAXOJUTCS
uznenue, OyeT MPOBOJUTH INEKTPUUYECKUN TOK, U OKUCIUTEIEM B HEM SIBIISIIOTCS
katnoHsl H' . Kopposus, cienoBaTenbHo, TPOTEKAET 10 AIEKTPOXHMMHUUECKOMY Me-
XaHU3MY.

3anuiieM cXeMy BO3HUKIIIETO KOPPO3UOHHOTO 3JIEMEHTA!

Fe|H ™ ,HCO; |Ni.

Kenezo Fe Gonee axtuprblii MeTamt (E° — 0,44 B)ueM HHKeNb,

Fe2* /Fed
NiZH /N0 —0,25B).

Cxema 3JIeKTPOXUMHUUYECKON KOPPO3HUH Kelie3a C MPUMEChI0 HUKEIS B BOJIE,
CoJIeprKaIllel YIIIeKUCIIbIN Ta3, pejcTaBlieHa Ha puc. 5.1.

ono sBisercs anogoM, aNi —xatomom (E°

"H HCOs

AN

Fé* Fé* Fé*

Puc. 5.3. Cxema 3J1eKTpOXUMUYECKON KOPPO3UH *Keje3a B KUCIIOH cpefe

Ha noBepxHocTH kene3a (aHozAa) MPOMCXOIUT MPOIECC OKUCICHHUS.
VpasHenue anogroro nporecca (anox FeY): Fe® — Fe* + 2¢~,

+
YKerneso B Bune noHOB FE€” mepexouT B pacTBOP, @ HIEKTPOHBI IEPETEKAIOT
Ha HUKeNb. [[OBEpXHOCTh HUKEINS 3apsbKaeTcsi OTPUIATENIbHO, K HEel U3 pacTBopa
MOAXOJAT KaTUOHBI BOJOPO/Ia, MPUHUMAIOT 3JIEKTPOHBI U BOCCTAHABIUBAIOTCS.

YpareHue katogHoro mponecca (katox NiY):  2H" + 2e™— H.

3ananme 3. BO3MOXHO JIK 3alIUTUTh U3JENIHNE U3 Kejle3a OT KOPPO3UHU, eCiiu
K HEMY MPUBApUTh MarHUEBBIN CIUIaB (MarHueByo miactuny)? M3nenne Haxoaur-
cs B ciabokucioit cpene. OtBetr obocHyiTe. Kak Ha3bIBaeTcsl JaHHBIA METOJ 3a-
IIUTHl METAJUIOB OT KOPPO3UU?

Pemenne. B manHoM citydae Koppo3usi OyneT IpoTeKaTh MO AIEKTPOXUMU-
yeckoMy MexaHu3My. CxeMy BO3HHUKIIETO KOPPO3MOHHOTO BJIEMEHTa MOXKHO
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npenctauth B Buge Mg | H'| Fe. CrammapTeble 2MeKTpOgHBIE TOTEHINATBI
meTaiioB (tadm. 5.1):
E2 =-0,44B; E? =-2,36 B.
Fe+ /Fel Mg2+/MgO
B nanHol mape jxene3o sIBISETCS KaTOAOM, MarHuii — anogom. Ha snekTponax B
pacTBOpe KUCIOTHI OyAYT MPOTEKATh CIEIYIOUIUE IEKTPOIHBIE MPOIIECCHI:

anon (Mg): Mg® — Mg® + 2e~ (mporiecc oKuCIeHHs);
karox (Fe): 2H + 2¢” — H°, (mporecc BOCCTAHOBICHHUS).

Kak BunHO, xkene3o He paspymiaercs. CiieqoBaTenbHO, U3EIHE U3 KeIe3a MOXK-
HO 3alllUTUTh, IPUBAPUB K HEMY TUIACTUHY U3 MAarHusi. JTO IPUMEP MPOTEKTOPHO-
ro METO/a 3aIIUTHI.

3amaua 4. JKene3o, NOKPHITOE OJOBOM, HAXOAUTCS BO BIAXKHOM BO3JYXE.
Kakoit n3 1Byx MeTamuioB OyJeT KOppOIUPOBaTh MPU HAPYIICHUH MOKPHITH? Ha-
MUIINATE YPABHEHUS AJIEKTPOJAHBIX MPOIECCOB. Y KQXKUTE TUIT JAHHOTO MOKPBITHUS.

Pemenne. Ilpu HapylieHUH MOKPHITUS OYyAET MPOUCXOAUTH KOPPO3US MO
AIEKTPOXUMUYECKOMY MEXaHU3MY, OKUCITUTEIEM B JaHHOM CiIy4ae SIBJISIETCSl pac-
TBOPEHHBIA B BOJIe KHUCIOPOA. CXemMy BO3HHUKIIErO0 KOPPO3MOHHOTO 3JIEMEHTa
MoxHO 3anucath. Fe | O, O, Sn.

Hcxons w3 BeIMYMH  CTAaHAAPTHBIX  AJIEKTPOJHBIX  MOTEHIIMAJIOB

EO = - 0,44 B:E° = — 0,14B) 3axmro4aeM, 4YTO JKEJIE30 — aHOJ,
Fe2t /Fe0 sr2t/sr0 ) A

0JIOBO — KaTOJ. DJICKTPOIHBIC MPOIECChI, MPOTEKAOIIME Ha MeTalIax, Cleqyro-
Iue:;

anoy (Fe): F&® — F& ™+ 2¢ [@poriiecc OKUCIIEHNU);

karon (SnN: O, + 2H,0 + 4¢- — 40H  (nporecc BOCCTaHOBIICHH).

XKerne3o B manHOM citydae paspymiaetcs. B o0pa3oBaBiieMcsi KOPpO3UOHHOM
3JIEMEHTE MOBPEKIACHHOE MOKPBITHE SABJSICTCSA KaToaoM. IIoKpeITHE MO3ITOMY Ha-
3bIBAETCS KAMOOHBIM.

3anganme 5. Koncrpykuus u3 cramu (keie3a) HaXOAUTCS BO BIAXKHOM MOY-
BE, TOJIIHMHA KOTOPOH HEOJWHAKOBA MO UIMHE HM3aenus. [1o KaKoMy MeXaHH3MY
pOTeKaeT KOPPO3MOHHBIN mporecc? Hamuimre ypaBHEHHS MPOUCXOASIINX IPO-
IIECCOB.

Pemenune. B qanHOM mpuMepe OKHCIUTEIEM OyIeT paCTBOPEHHBINH BO Bja-
re MOYBBI KMCI0PO . KOHIIEHTpaIKs KUCIOPOaa Y MOBEPXHOCTH KOHCTPYKIIUH OY-
net pasnuunoit (puc. 5.4). Tam, rae ciioi MOYBBI TOJIIE, KOHIIEHTPAIHS KUCIOPO-
na meHblIie (c1), rae ToHblne — 6oblie (c). B pe3ynbraTe TOT y4acTOK MOBEPXHO-
CTH, KOHIIEHTPAIUS KHCIOPOJa y KOTOPOro OoJibllie, MMEeT 00Jiee MOJOKUTEIh-
HBIN 3JICKTPOIHBINA moTeHnuan (E), 4yeM Ta 4acTh MOBEPXHOCTH, KOTOpask KOHTAK-
TUPYET C MOYBOM C MEHBIIIEH KOHIIEHTPAIMEH KUCIOPO/Ia.

O,
O

1< Cp;
E, wuMeer 6oJiee IOJIOKUTEIb-
1U3 HOE 3HAauyEHHUeE, 4eM F;

Imo4yBa



Puc. 5.4.Cxema KOoppo3uu CTaiu IpH HEOAMHAKOBON KOHIIEHTPAIUH
OKHUCIIUTEIIS Y TOBEPXHOCTH MeTasia

Ha y4acTke moBepXHOCTH C MOTEHIHANIOM FE; 00pa3yeTcs aHOIHAs 30HA, C
noteHnuaioM FE, — KaToaHas 30Ha. TakuM 00pa3oM, KOppo3us OyaeT MpoTeKaTh
10 DJICKTPOXUMHUYECKOMY MEXaHHU3MY. Y paBHEHHS SJICKTPOIHBIX IMPOIIECCOB:

anomueli (Ey): FE€ — Fe& + 2¢° (mpomecc OKHCICHNs);

xkaroaubii (Ey): O, + 2H,0 + 4 — 40OH  (mpoliecc BOCCTAHOBJICHHS).
CremoBatesbHO, pa3pymaThcs OyAyT T€ YYaCTKH MOBEPXHOCTH MeETalia, TJ¢ KOH-
IICHTpAIHs KUCIOPOaAa MEHbIIIE.

3aayu AJIA CaMOCTOSITEILHOTO pellleHUus

281. Kene3nas macTHHA HAIMOJIOBUHY MOTPYKEHA B BOJIHBIA pacTBOp, Ha-
TIOJIOBUHY HaXOAWTCS Ha Bo3ayxe. Kakas 4acTh TuracTUHBI OyIEeT pa3pymiaThCs U
nodemy? Harmummre ypaBHEHUS 3JIEKTPOTHBIX TPOIECCOB.

282. B ueM 3akitoyaeTcs CYIIHOCTh JJICKTPOXUMHUYECKON Kopposuu? Ha-
MUIIUTE yPaBHEHUS AJICKTPOIHBIX MPOIECCOB, MPOUCXOMSINNUX MIPU Pa3pylIeHUN
TEXHUYECKOTO JKeJie3a, HaXOISIIEeT0Cs BO BIIAYKXHOM BO3TyXe.

283.I1o kakoMy MeXaHU3MY MPOTEKAET KOPPO3US METATUICCKUX JETaTCH
CTPOUTETHHBIX COOPYXKEHUH, HAXOMSIMUXCS BO BIakHOM TpyHTE? [Touemy? OTBer
TIOSICHUTE.

284. Bcerna mm XMMHYECKH YHCTOE HKEJIE30 SBIISIETCS KOPPO3HOHHO Oolee
CTOWKHM, 4eM TexHudeckoe? [IpuBeanTe mpuMepsl U MOSICHUTE, HAIMCAB YpaBHE-
HUS DJIEKTPOJHBIX IMPOILECCOB MPH KOPPO3UM TEXHHUYECKOTO Kelie3a B PacTBOpE
COJISTHOM KHMCIIOTHI.

285.MO0XHO JI1 POBOJIUTH KJIEMKY CTAJIBHBIX JTJUCTOB Me/IbI0? JlaliTe OTBET,
NIpUBES YPABHEHUS 3JIEKTPOIHBIX MPOIECCOB, POUCXOISIINX MMPU HAXOXKICHUN
JAHHOTO 00paslia BO BJIAXXHOM BO3ayXe (JICKTPOIHBINA MOTCHIMAI CTaJd CUH-
TalTe paBHBIM CTaHIAPTHOMY 3JIEKTPOJIHOMY OTCHIIMATY JKele3a).

286. XKene3o, MOKPHITOE CBUHIIOM, HAXOIUTCS B BIAXKHOM TPYHTE, COJEP-
XKaIreM KUCJIOopoa. byaer nu cBUHEI 3alIuIiaTh Kejae30 OT KOPPO3WUH, €CIH T0-
KpbITHE HapylieHo? OTBET MOATBEPAUTE yYPABHEHUSMHU AJIEKTPOTHBIX MPOIIECCOB.

287. Uznenune u3 kene300eToHa HAXOAWTCS BO BIAKHOM Bo3myxe. Kakas
9acTh CTaJIbHOU apMaTyphl OyIeT pa3pyliaThCsl — HAXOAAIMIAsACs B OETOHE WM He-
TIOCPEACTBEHHO KOHTAKTHpyomas co cpenoir? [lo xakomy MexaHu3My Oyner
IPOTEKaTh KOPPO3UOHHEIH mporiecc?
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288.B pacTBOp KHCJIOTHI IOMECTHIIN JIY)KEHOE Kelie30 (3Kerne30, MOKPBITOe
oJioBoM). Kakoii u3 AByX METa/UIOB OyJeT pa3pymiaThCs, €CM MOKPBITUE HapyIIie-
HO? Hanummre ypaBHEHUS JIEKTPOIHBIX ITPOIECCOB, MPOUCXOSIINX TIPH ITOM.

289. Bo BiaXHOM BO37yXe HAaXOTUTCS Jy)KeHOe (MOKPBITOEC OJIOBOM) M
OLIMHKOBaHHOE (MIOKPBITOE IIUHKOM) XKeJie30. Kakoe 13 IByX MOKPBITHH JOJIbINE TTPU
OJIMHAKOBBIX YCJIOBUSAX (MMOKPBITHS HE HAPYIICHBI, OTMHAKOBBIC TOJIIIMHA ITOKPHI-
THS ¥ BHEIIIHSIS cpefia) OyJIeT 3aluInaTh jKene30 oT Koppo3un? OObsICHUTE MOYEMY .

290. JTyxenoe xesne30 (3kene30, MOKPHITOE OJJOBOM) HAXOAHMTCS BO BIIAXKHOM
Bo3myxe. Kakoil m3 meTaiioB OyAeT pa3pymiaTbes, €CIM MOKPHITHE HAPYIICHO?
[Nogemy?HanummmTe ypaBHEHUS JIEKTPOIHBIX MTPOIIECCOB, MPOUCXOISIINX TIPH TOM.

291. /IBe *xkene3Hble MIACTUHBI, YaCTUYHO MOKPHITHIC OJHA OJOBOM, ApyTras
XPOMOM, HaXOJSITCS B PAaCTBOPE KUCIOTHL. B kakom cirydae oOpa3yeTcs p>kaBunHa?
[Nogemy? Hammummite ypaBHEHUS TIPOUCXOIAIIUX TIPH 3TOM 3JIEKTPOIHBIX MTPOIIECCOB.

292. B ueM 3aKIt04aeTCs CYIIHOCTh IMPOTEKTOPHOTO METOJa 3aIIUTHI Me-
TaJUIOB OT Koppo3uu? IlpuBenure mpumep MpOTEKTOpa IS 3allUTHI XKejie3a OT
Koppo3uu. Hanumure ypaBHEHHS JIEKTPOTHBIX MPOIECCOB, €ClIM 00pasell Haxo-
TUTCSI B BOJJHOM PacTBOPE IIEKTPOIIUTA, COJIEPIKAIIEM PaCTBOPEHHBIN KUCIOPOI.

293.[louemy MenHas MJIACTHHA HE MOXKET OBITH HCITOJIb30BaHA B KAYECTBE
IIPOTEKTOpa JUIS 3aIUTHI JKeJie3a OT IEKTPOXUMHUECKOH Koppo3uu? OTBET Mo-
TUBUPYHTE, MPUBEIS YPAaBHEHUS JIEKTPOTHBIX TPOIIECCOB.

294 Xene30, MOKPHITOE XPOMOM, HAXOJUTCSI B BOJJHOM pPAaCTBOPE JIEKTPO-
JUTa, COAEpIKAIIEM KHUCIOPOA. ByaeT Ju XpoM 3amuIiaTh JKele30 OT KOPPO3HH,
€CJIM TOKpBITHE HapymieHO? OTBET MOATBEPAWTE YPABHEHUSIMH JIICKTPOIHBIX
IIPOIIECCOB.

295B 4eM 3akimodaeTcs CylmHOCTh KATOHOM 3alIUTHl METaJUIOB OT KOPPO-
sun? Kakue mporieccsl mpoTeKaroT Ha KaTo/Ie, YTO UCIIOIh3YEeTCsl B KaueCTBE aHO-
na? [IpuBenuTe ypaBHEHHS PEaKIIUil ITHX MPOIIECCOB.

296. [IpucyrcTBue npumeceil 60jee aKTUBHOTO WJIM MEHEE aKTHBHOTO Me-
TaJyla B XKeJe3e YCHIMBAET ero KOppo3nuoHHOe paspyuieHune? IlpuBenure npume-
pb1. CocTaBbTe CXeMy BO3HUKIIUX KOPPO3HOHHBIX JJIEMEHTOB M HAIMUIIUTE YpaB-
HCHHS TPOTEKAOIIUX JICKTPOIHBIX MPoleccoB (00pa3isl HAXOAATCS BO BIKHOM
BO3/yXE).

297. XUMUYECKH YHUCTYIO MeIb M MeJb, YACTUYHO IOKPBITYIO CepedOpoM,
MIOMECTHJIM B PAcCTBOP COJSTHOM KHCIOTHI. B kakom ciaydae Menp OyaeT paspy-
mathcs? OTBET MOATBEPINTE YPABHECHUSIMHU PEAKITUN.

298.Tlouemy Koppo3usi KoOambTa ¢ MPUMECKHIO 0JI0Ba B aTMOCHEpe BIAKHO-
ro BO3ayXa HaeT 0oJiee MHTEHCHBHO, YeM XMMHUUYECKH YUCTOTO KoOampTa? OTBET
obocHhyiire.

299.M3aenue u3 xene3a MOKPHITO KaamueMm. Kakoil W3 meramioB OyaeT
paspymaThCsl MPH HAPYIICHUH IEIOCTHOCTH MOKPHITUA? Hamwmure ypaBHEHHS
MIPOUCXOISIINX DIIEKTPOIHBIX MPOIECCOB, €CIU HM3JCNINe HAaXOIUTCS B PacTBOpE
KHCTIOTHI.

300.1U3nenue u3 xene3a MOKPHITO BUCMYyTOM. Kakoif u3 mMeramioB Oyner
paspymiaThCs MPU HAPYIIEHUHW IEIOCTHOCTH MOKPBITHA? Hanumure ypaBHEHHS
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MMPOUCXOAAINX BJICKTPOJHBIX HPOHCCCOB, CCIIN HU3JCIINC KOHTAKTHPYCT C BJIAXK-
HBIM BO3JIyXOM.

Pa3nea 6. IOJIMMEPBI

6.1. METOJbI ITOJIYYEHUS, CTPOEHUE
N CBOUCTBA IOJIMMEPOB

Conepmanne mMarepuaja AJad CaMOCTOATECJIbHOI0 U3Y1YCHUA

[Tonatne o mommmepax U oJguromepax. MakpoMoJieKysa, 3JIEMEHTapHOE
3BEHO, CTeNeHb noauMepusanuu. Monomepsl. Knaccudukarnus nonumepos. Opra-
HAYECKHE W HEOPTraHUYeCKue Mnoaumepbl. CHHTETUYECKHE MOIUMEpPbI. MeToabl
MOJYYEHHUs TTOJIMMEPOB: MOJIUMEpHU3aIus, nojaukonaencamus. Ctpoenue, ¢puzunde-
CKHE U XMMHUUYECKHE CBOMCTBA MOJUMEPOB. JlecTpykuus nmosumepos. [Ipupoanabie
IIOJIUMEPBI.

JIureparypa: [1 —rn. 14, 88 14.4 — 14.4]; [2 e1. XV, 8§ 177], [3 —ru. 11,
§§ 11.1, 9.2].
OCHOBHBIE TEOPeTHYECKHE T0JI0KEHHS

Tonumepwr unn evicokomonexyuapHole coeourenus (BMC) — 310 Xxumuye-
CKHE BeIIeCTBa C OOJBIION MOJIEKYJIAPHOH Maccoi (OT HECKOJBKHUX ThICSY [0
MUJUTHOHOB a.€.M.). MaKpOMOJIEKYJIbl MOJUMEPOB COCTOSAT M3 OTPOMHOIO YHCIIa
AJIEMEHTAPHBIX TOBTOPSIIOUIUXCS 3BEHbEB, COEAMHEHHBIX MEXIY CO00 0OBIYHBIMU
KOBQJICHTHBIMU CBSI3SIMU. UHCIIO AJIEMEHTAPHBIX 3BEHHEB B MAKPOMOJIEKYJIE SIBJISI-
€TCS OJHOM M3 IJIaBHBIX XapaKTEPUCTUK MOJIMMEPA U HA3BIBACTCS CMEneHvio no-
numepuzayuu (N).

i
n=—,
m

rie M — cpenHss MoeKy IspHas Macca IoIuMepa,

M — MOJIEKYJIIpHAsl Macca AJIE€MEHTApHOI0 3BEHA.

bonbiioe pazHooOpasue MmoJuMepoB MPUBENIO K HEOOXOAMMOCTH UX KJlac-
cu(uKanuy, B OCHOBY KOTOPOH MOJIOXKEHBI MPOUCXOXKIEHUE, COCTaB, CTPOEHUE,
cBoicTBa nmonuMepoB. OgHAKO YHUBEPCATbHON KilacCU(DUKAIIMU TTOKA HET.

Ilo npoucxosicoeHuro MOMUMEPHI OAPA3IETAIOTCS HA HEOpraHUYECKue, op-
TraHUYEeCKHE PUPOHBIE (OMOMOIMMEpPHI), UCKYCCTBEHHBIC U CHHTETHUYECKUE.

Ilo snemenmnomy cocmagy OCHOBHOU yenu MAKpPOMOJEKYJI MOJUMEPHI Je-
JATCS HA KapOolenHbie (COCTOSIIUE M3 aTOMOB YIIIepoja), reTepolenHbie (co-
CTOSIIUE U3 Pa3HbIX aTOMOB — yIJIepo/ia, KHCIOpO/a, a30Ta U T.1.), SJIEMEHTOOpra-
HUYeckue (e MoJMMepa CojepkaT KpoMe aTOMOB yIJiepoja aTOMBI KpEeMHU,
KHCJIOPOJIa, AIFOMUHUA).

Ilo cmpoenuto noaumepHou yenu BBICOKOMOJIEKYJIIPHBIE COCIUHEHUS He-
JSTCSI HAa JIMHEWHBIE, pa3BeTBIEHHbBIC, MPOCTpaHCTBEHHBIC (ceTuaThie). [Tommmepsl
CO CTPOTO YHOPSAOYEHHON MPOCTPAHCTBEHHON CTPYKTYPOM MOJIEKYJ HA3bIBAKOTCA
CTEpPEOPETYISIPHBIMU.
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Ilo xumuyeckomy cocmagy 31eMeHmapHuIX 36eHbe8 TN Pa3InialoT TOMO-
HOJMMEPHI (COCTOSIT M3 OJJUHAKOBBIX 3JICMEHTAPHBIX 3BEHBEB) U COMOIUMEPHI (10-
CTPOCHBI U3 Pa3HBIX AJIEMEHTAPHBIX 3BEHBCB).

Ilo omnoweHnuto Kk memnepamype TOTUMEPHI NIENATCS HA TEPMOILIACTHI U
peakToracTsl. TepMOIIaCTUYHBIMUA HA3BIBAIOTCS TTOJMMEPHI, KOTOPhIE 00paTUMO
MEHSAIOT CBOM CBOWCTBAa NpU HarpeBaHuM. Peakroruiactel HEOOpaTUMO MEHSIOT
CBOM CBOWCTBA INPU HarpeBaHUM, T.€. IPU HATPEBAHUU TOJMMEpA BBILIE OMpeJie-
JIEHHOM TEMIIepaTyphl OH MEPEXOJAUT B HEIJIABKOE U HEPACTBOPUMOE COCTOSIHUE.

Ilo omHowenuto Kk MexaHuueckol Hazpyske TOJUMEPBI JENSTCS Ha 3J1acTO-
Mephl U mactoMepsl. [lepBbie 1moj BAUsiHUEM HEOOJBIINX HATPY30K MOJBEPraroT-
cs OoubIIoN U oOpatuMoint eopmaliuu, BTOpble OOHAPYKUBAIOT HEBBICOKHUE JiE-
dbopmanuu noJi BMIUSHUEM OOJIBIIUX HATrPY30K.

Ilo memooam nonyyenusi IOTUMEPHI MOIPA3EIAIOTCA HA MOJMMEPU3ALIUOH-
HBIE U MMOJUKOHACHCAIIHOHHBIE.

UcxonubiMu BemectBamMu i1 cuHTesa BMC  sBisitoTcss HU3KOMOJIE-
KyJISIPHBIC BEIIECTBA (MOHOMepbL), AMEIOIINE KaK MUHUMYM JIBe (DYHKITHOHAIbHBIC
IpyNIbI, CIOCOOHBIE B3aMMOJEHCTBOBATH C APYTMMHU MOJIEKYJaMU MOHOMeEpa.
Monekyinbl moauMepa, CUHTE3UPOBAHHbIE U3 OM(YHKIMOHAJIBHBIX COEIMHEHMH,
UMEIOT JIMHEHHOE CTPOCHHE, eCiH Ke QYyHKIMOHAILHOCTh MOHOMEpPa OoJiee ABYX,
TO TIOJIYHAIOTCS MOJUMEPHI C Pa3BETBICHHON LIETbIO UJIM CETYATOro cTpoeHus. Pe-
aKIMs COEAUHEHUs OOJBIIOTO YUCia MOJEKYJ, TP KOTOPOM HE MPOUCXOIUT BbI-
JIeJIEHNe HU3KOMOJICKYJISIPHBIX BEIECTB, T.€. €CIIU MPOILECC HE COMPOBOKIACTCS
M3MEHEHHUEM JIEMEHTAPHOTO COCTaBa MOHOMEPA, HA3bIBACTCS NOIUMEPUIAYUEH.

MOHOMED HOJMEp
nA - (-A-h

!
A-)m M, N — CTeNeHpb MoauMepu3aIuy, M <<n.
OJIUTOMEP

Lennas norumepuszayus SBIAETCS HauOOJEe PACIPOCTPAHEHHBIM METOI0M
cunte3a BMC. B peakuuio noiumepusanud BCTYHNAOT COCIUHEHHSI C KPaTHBIMU
yraepoa-yraepoaabiva - (C=C), yraepoa-kuciopoguasivu  (C=0), yriaepoa-
azotHbiMU (C=N), yrmepoa-cepusiMu (C=S) cBs3siMH, a Tak)e BEIIECTBA IUKIIU-
Y4EeCKOT0 CTPOCHUS, COJEpIKAllue B HEYCTOWYMBOM IUKJIE reTepoaroM (OKCHUIbI,
aMHJIBI M JIP.)

NnCH=CH—>(—CH,—CH—), . NnCH—CH,——>(—CH,—CH,—0—)p,
X X YA

[TonmuMepu3aius MPOUCXOIUT B TPH CTAJHMH. 3aPOKICHHE AKTHBHOTO IICH-
Tpa, POCT IemH, OOpBIB IeNMU. B 3aBUCHMOCTH OT XapaKTepa aKTUBHOTO IIEHTpPA
pa3nyualT paauKalbHyI0 (aKTUBHBIA IEHTP — aTOM HJIM TPYIIa aTOMOB C HecIa-
PCHHBIM 3JIEKTPOHOM — pajuKall R') 1 HOHHYIO TOJIMMEpHU3aIuio (AKTUBHBIA IEHTP
— 3apsKeHHas YacTHIIA — HOH, KaTHoH A uim aunoH B). PagukansHas moamMepu-
3alMsl OCYIICCTBIIACTCS IOJI BO3JECHCTBUEM TeMIIepaTyphl, OOJydYeHUs, BEIIECTB,

107



pacmajaromuxcs ¢ 00pa3oBaHHeM CBOOOIHEIX paaukanoB R . MoHHas momumepu-
3aIys MPOUCXOINUT, KaK MPaBUJIO, MO JIEUCTBUEM KHCIOTHO-OCHOBHBIX KaTaju3a-
TOPOB.

Tonuxonoencayueil Ha3bIBACTCS PEAKIUS COSTUHEHUS OOIBIIIOTO YUCIa MO-
JIEKYJ 32 CYET aKTUBHBIX (DYHKIIMOHAIBHBIX PYIIN, CONMPOBOXKAAIONIASICS BbIAEe-
HUEM MaJIbIX MOJieKyJ (Hu3KoMosieKysipHbIX Bemniects): H,O, NH;, HCI, H,, ROH
u 1p. Hanmpumep:

n HO— R— OH + n HOOC—- R~ COOH——> H—(—0—R—0O— 0OC—- R— CO-)7—OH + n H,0
AN 08YXOCHOBHAS KUCIOMA noausgup
osyxamommuwiti cnupm ( 21UKOJIb)

[TonmukoHAEHCANMSI TaK K€, KaK U MOJUMEPHU3aIUs MPOTEKACT B TPU CTATUU: 3aPO-
XKICHUE TIENMU — 3TO aKTHBAIUS (DYHKIIMOHAIBHBIX TPYII; POCT IIENMU — 3TO B3aW-
MOACHCTBUE (YHKIMOHAIBHBIX TPYII M BBIICICHUE MAJBIX MOJEKYN, TMPU 3TOM
00pasyroTcsi CaMOCTOSATEIbHBIE TIPOMEKYTOUHBIE COCTUHEHHUS, KOTOPHIE COXPaHS-
10T CBOIO aKTUBHOCTh IIPH MOJJIEPKAaHUM YCIIOBUH Tporiecca. [lonmukonaencanus —
oOpaTtuMslii nporiecc. s momydenus nonumepa ¢ O0NBIIONH MOJIEKYISIPHON Mac-
COil mporecc BeIyT IpH MOBBIIIEHHON TeMmIeparype M MOHMKEHHOM JIaBJICHUHU.
[ToBbIlIeHNE TeMMepaTypbl HEOOXOAUMO JIJIsl aKTUBAIUU (HYHKIIMOHAJIBHBIX TPYIII,
JUTSL TIOHWPKEHUST BSI3KOCTH CPEJibl, & MOHMYKEHUE JIaBJIICHUSI CIIOCOOCTBYET YCTOM-
YUBOCTH MOJUMEpa MpHU MOBBIIIIEHHOU Temrepatype. [Ipoiecc momukoHaeHcaum
MOXKET MPEKPATUTHCSI B PE3YNIHTATE YCTAHOBIICHUS PABHOBECHSI, YBEIUUCHUS BSI3-
KOCTH CpEeIbl U CHIDKCHHS MPU 3TOM TOJIBIIKHOCTH MOJIEKYJ W TIPW HapyIIeHUU
HKBUBAJICHTHOCTH (DYHKITMOHAIBHBIX TPYIIIL.

B 3aBucumMocT oT TpebOBaHMI K MOTyd4aeMOMY TIOJIUMEPY U YCIOBUH TPO-
1[ecca UCIIOB3YIOT Pa3HbIE CIIOCOOBI TPOBEACHIS TTOJIMMEPHU3AINH U TTOJTMKOH/ICH-
caruu. IS TTOJIMMEpU3aIiii — OJIOYHBIN, B pacTBOPE, M AMYJIbCHOHHBIHN; TSI TI0-
JMKOHCHCAIIMU — B pacIjlaBe U Ha rpaHulle paszziena das.

Quzuueckue ceolicmaa MOJIUMEPOB CUIBHO OTJIMYAIOTCS OT CBOMCTB HU3KO-
MOJIEKYJISIPHBIX BEIIECTB, U 3aBUCIT OT CTPOCHUS U MOJEKYJISPHOM MaccChl MOJIH-
Mepa.

[Tonmumepsl MOTYT CYIIECTBOBATH TOJBKO B JABYX arperaTHbIX COCTOSHHSIX —
XKHUIKOM (BSI3KOTeKydeM) i TBEpaoM (cTexoo0pasHoM). Kpome Toro y monume-
POB €CTh BBICOKO?JIACTUYECKOE COCTOSIHHUE, XapaKTepHOE TOJIBKO ISl HUX. JTO CO-
CTOSTHUE XapaKTEepPHO I KaydyKOB, PE3UHBI U JUIsl MHOTUX IPYTUX MOJIMMEPOB B
ONPEICIEHHOM TEMIIEpAaTypHOM HHTEpBalie, YTO MPUIAET UM OCOOYIO IIEHHOCTH
IIPY MPAKTHYIECKOM HCTIOTH30BAHNH.

[Tommmepbl CIOCOOHBI PAaCTBOPSATHCS B HHU3KOMOJICKYJISIPHBIX BEIIECTBAX.
[TockoMbKy TTOABUKHOCTD MOJIEKYJT PACTBOPUTEIISI 3HAUUTEIIHHO BBIIIE TTOABUKHO-
CTH MaKpOMOJIEKYJI, TO Ha TIEPBOM CTaIMH PACTBOPECHUS HAOIIOAACTCS YBEIIMUCHUE
o0BbeMa MoIMMepHOro odpasna 0e3 u3meHeHus: Gpopmbl (Habyxanue), a 3aTeM yKe
coOCTBEHHO pacTBOpeHHUE. PacTBOpHI MOJMMEPOB HA3BIBAIOTCS JIAKAMU, OHU HMMeE-
10T OOJIBIIYIO BSI3KOCTh, TO3TOMY PACTBOPHUTENN YaCTO MCIOJIB3YIOT KaK MSATYHUTE-
7, TacTuuKaTopel. PacTBOPSTHCS MOTYT TOJIBKO JTMHEHHBIE MOJUMEpPHI, ceTya-
ThI€ MIOJUMEPHI JHUIIb HA0YXaOT.
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OO0 OTHOILIIEHUH TTOIUMEPOB K TEMIIEpAType U MEXaHUUECKON HAarpy3Ke cka-
3aHO BbIIIE. biaromaps 1e1oMy KOMILIEKCY OCOOBIX (PU3HYECKUX CBOMCTB IOJIH-
Mephl HAIIUTA OO0JIBIIIOE MPAKTUYECKOE MPUMEHEHHUE.

Xumuueckue ceourcmea TIOITMMEPOB ONMPEICTAIOTCS HAIUYUEM B UX COCTABE
OTIPE/ICJICHHBIX (DYHKITMOHAIBHBIX TPYIN, HO OOJIbIIasi BEJIMYMHA M CJIIOXKHOCTH
CTPOCHHUSI MaKpOMOJIEKYJI 00YCIOBIUBAIOT CBOM OCOOEHHOCTH. Bo-TepBhIx, peak-
UM TPOTEKAIT MEJIEHHO M3-32 Majiod MOABMXKHOCTH MAaKpOMOJIEKYJ, BO-
BTOPBIX, HE TMOAYHUHSIOTCS CTEXHUOMETPUUECKUM COOTHOUIECHUSIM; B-TPETHUX,
BIIMSAIOT HE TOJBKO Ha XMMHUYECKHUI COCTaB, HO U HA MOJIEKYJISIPHYIO Maccy, U Ha
CTpPOCHUE MOJIUMEPA.

Peakuuu nonuMepoB ENsATCs Ha ABE TPYIIIIbL:

1. Peaxyuu 3eenves yenu (NMOJMMEpPaHATIOTHUYHBIC MPEBpAIICHUSA), B pe-
3yJbTaTe KOTOPHIX MEHSETCSI XUMUUYECKUN COCTaB, HO HE MEHSIETCS CTENEHb MOJIH-
MEpU3AIMU U CTPOCHUE TTOJIMMEDA.

+ n NaOH
-n H,0O

(CgH7O, (OH), ONa),

+ 3n CH,COOH

[CH70( OH)s] > (CeH70, (OCOCH; )3 )n +3nH,0
Yennon03a

NPUPOOHBLU NOAUMED

e (CoH0AONO, )3,

UCKYCCMmBEHHble NOJUMEDPbl

[IpousBoaHBIE IEJUTFOIO03bI, TMOJIYYECHHBIC €€ XUMHYECKOW mepepadoTKOMH,
IHAPOKO HCIIOJB3YIOTCA IJIsI IIOJYYCHHS BOJIOKOH, J