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BBEJAEHUE

Jucuuminaa «XuMus» OTHOCHUTCS K MaTEMaTU4YeCKOMY "
€CTECTBEHHOHAYYHOMY MOAYII0 oO0s3arenpHO dactu Omoka 1 OIIOII BO mo
HanpasieHHIo ToAroToBkyu 13.03.02 DnekTposHepreTuka u AIEKTPOTEXHUKA.

[lenbto OCBOEHUSA AUCHUIUIMHBI «XUMUS» SIBAsETCS  (OpMUpPOBAHUE Y
CTYACHTOB TEOPETHUYECKUX WU MPAKTUUYECKHX 3HAHUW IO AUCUUIUIMHE U YMEHHUS HUX
UCIIOJIb30BaTh B CBOEH MpodecCHoHaNbHON NesTEIbHOCTH.

B pe3synbrare 0CBOCHMS TUCHMILIMHBI O0YYaOIUNCS JOJIKEH:

3Harh:

OCHOBHBIE 3aKOHBI OPraHUYECKOM U HEOPTaHMUYECKON XMMUU; KIACCUDUKAIUIO
Y CBOMCTBAa XMMHYECKUX 3JIEMEHTOB, BEIIECTB U COEIMHEHU.

Ymersb:

MCIIOJIb30BaTh OCHOBHBIE 3JIEMEHTAPHBIE METOAbl XMMHUYECKOTO HUCCIIEI0BAHUS
BEIIECTB U COCTUHEHU.

Baaners:

MHCTPYMEHTApUEM JUISl PEIICHHs] XMMHYECKHX 3aJlad B CBOEH MPEIMETHOU
obOnactv; uHpOpMAIMEed O HA3HAYCHUHM U OOJACTAX MPUMEHEHHUS] OCHOBHBIX
XUMHYECKUX BEIIECTB U UX COCTUHEHUN

XuMHUYECKUN 1a00paTOpHbIA MPAKTUKyM SIBISIETCA 00S3aTeNbHOM YacCThIO
y4eOHOM JUCHMIUIMHBI «XHUMHS», KOTOPYIO H3Y4aloT CTYJASHTHl HampaBiIeHUs
13.03.02 DnekTpo3HEPreTUKA U IIEKTPOTEXHUKA.

JlabGopatopHbie 3aHATHS TPU W3YYCHUU XUMHH TPECIEAYIOT JBE OCHOBHBIC
uenu: 1) noaTBepKIeHUE SKCIIEPUMEHTOM TEOPETUUECKUX MOJIOKEHUN U 3aKOHOB; 2)
oOy4yeHHEe HaBbIKaM IMPOBEACHMS JIa0OPATOPHBIX PadOT, MPHU BBINOJIHEHHH KOTOPBIX
CTYIEHTBl OCBaMBalOT TEXHUKY OOpamieHusi € XUMUYECKHMMH pPEaKTUBaMU U
MPUCTIOCOOJNICHUSIMU, TPUEMbl TPOBEJACHUS XUMHUYECKUX OIEpaluid, METOJbI
00pabOTKH ONBITHBIX JTAHHBIX, YYaTCsl COMOCTABISATh U AHATU3UPOBATH PE3YJbTaTh
OMBITOB M JeNaTh BbIBOAKI. Kiaccuueckuit 1ab0OpaTOpHBI MPAKTUKYM MO XUMHUHU
HOCUT B OCHOBHOM WJUTIOCTPAaTUBHBIN XapakTep: B JJAOOPATOPHBIX OMBITAX CTYACHTHI
HaXOJST MOATBEPKIECHUE TE€X 3aKOHOMEPHOCTEH, KOTOPhIE M3y4aloT Ha JIEKIIMOHHBIX
3aHATHUSX.



1. TEMBbI JIABOPATOPHBIX PABOT U METOAUYECKUE YKA3ZAHUSA

1O UX MPOBEJIEHUIO

JlaboparopHble pabOThl MO XWMHUU CIPYHIUPOBAHBI MO COOTBETCTBYIOLIUM
TE€MaM JUCUUIUIMHBI U TPUBEACHBI B Ta0uLe 1.

Tabnuma 1 — O6beM (TpyA0EMKOCTh OCBOEHUS) TEMbI M Ha3BaHUSI COOTBETCTBYIOIINX

en JIP

Homep
TEMBI

Tema MucUUIITUHBI/ Ha3BaHUE JTa0OPATOPHON PabOTHI

Kou-Bo vacos JIP

Ounas
dhopma

3aoyHasa
dhopma

Bsenenue

1.1

OcHoBHBIC 3aKOHBI 1 MOHATUS. [loHsITHE XUMUM

JI/p Nel. Onpenenenre SKBUBAJICHTHON MacChl
MeTajlia

JI/p Ne2. Onpenenenue >HTAIBINKA PACTBOPEHUS

CoJIn

1.2

CrpoeHue BemiecTna

1.3

OCHOBHBIE 32aKOHOMEPHOCTH MPOTEKAHUS
XUMUYECKHUX IIPOLIECCOB

JI/p Ne3. CxopocTh XUMHYECKHX PEAKIIUN U
XUMHUYECKOC PAaBHOBECHE

1.4

KoMmruiekcHbIE coeTMHEHNS

JI/p Ned. KomriiekCHbIE COSTUHEHUS

1.5

JucnepcHbie cucteMbl. PacTBopbI

JI/p NoS. IlpuroroBienue pacTBopa 3aJaHHON
KOHIEHTPaLUH

JI/p Ne6. DnekTponuTruecKas IuCCOIUAIHs

JI/p Ne7. Onpenenenue pH cpems

JI/p Ne8. T'mnponus coneit

1.6

OKHUCIUTEIFHO-BOCCTAHOBUTEIBLHEIC pE€aKnuun

JI/p Ne 9. Bnustnue pH cpenbl Ha Xapakrep
BOCCTAHOBJICHUS IEpPMaHraHaTa Kajaus

JI/p Ne10. OxkucauTeapHO-BOCCTAaHOBUTEILHBIC
peaKunu

1.7

9J'I€KTpOXI/IMI/ILIeCKI/Ie IMpOICCChI




Kon-Bo wacos JIP
Homep .
Tema nucuuriauHbl/ Ha3BaHue JaboparopHoi paboTel | OuHas | 3aouHas
TEMBI
dbopma | popma
JI/p Nell. Kopposust meTamion
JI/p Nel2. DnexkTponn3 BOJHBIX pacTBOPOB COJICH
JI/p Nel3. DnekTpoxuMuyeckoe HaHECEHUE
METaJUTMYECKUX TTOKPBITUH
1.8 OO61ue cBoMcTBa METAJIJIOB 2
JI/p Nel4. OGuue cBolicTBa METAIJIOB
1.9 XHUMUSL HEMETAJUIOB. DJIIEMEHTHI OpraHUYECKON -
XUMUHU
1.10 XUMHUYECKUE METOJIbI aHAIM3a 2
JI/p Nel5. OnpeneneHue *KeCTKOCTH BOJIBI
Hroro 30 8

B ydeOHO-MeTOqMYEeCcKOM  MOCOOMHM  ONMUCAHUIO  KaXIOH TEeMbl U
COOTBETCTBYIOIIMX €H padOoT MpeAlecTByeT TEOPETHUECKOE BBEACHHE, YTO
MO3BOJIIET MPOBOAUTH JIAOOPATOPHBIE 3aHATHUS HE3aBUCUMO OT JPYrMX BHUOB
3aHATHI. BritoueHne B onucaHue padOT TEOPETUYECKUX BBEICHHUM YBETUYMBAET UX
oOyyaroluii TOTEHIIMAJI U MO3BOJISIET MCIIOJIb30BaTh HEKOTOPHIE M3 HUX B KayeCTBE
€IMHCTBEHHOIO BHJA 3aHATHA 1o TeMe. I1lo Takum TemaMm BBEIEHHE B JaHHOM
MOCOOUY MPUBOJUTCS B PAaCUIMPEHHOM BapHaHTE.

[Tocne TeopeTnyeckoro BBEAEHHS B IMOCOOMHU MPENCTABICHO 3aJaHue IO
nabopaTopHoii paboTe W HJTambl €€ BBIMOJHEHUS: MOJITOTOBKA K JIA0OpaTOPHOM
paboTe, MOPs/I0K €€ BBIMOJIHEHNUS, 3alUCh TaHHBIX ONbITa U pacueThl. [locne kaxaon
TEMbI, U COOTBETCTBYIONIUX €U Jab0OpaTopHbIX pabOT, B MOCOOMH MPUBOAUTCS
IIepevYeHb BOIIPOCOB U 3aJaHUM ISl CAMOCTOSTENIBHOW NMPOBEPKU 3HAHUM, YMEHUN U
HaBBIKOB CTYJIEHTOB, NPHOOpETaeMbIX NpPH MOATOTOBKE K 3aHATUSIM U MpU
BBINIOJIHEHUU PA0OT. DTH BOMPOCHI MOKHO TAK)XKE MCIIOJIB30BaTh MPU COOECETOBAHUU
CO CTY/IEHTaMU B II€JIIX KOHTPOJIS U aKTUBU3ALIUU UX PabOTHI.

IMoaroroBka k 1aGopaTopHoii padoTe BKIIOYAET B CeOs:

1. o3HaKoMJIEHHE C TEOPETHUUYECKUM MaTepuaioM JIsl YCBOCHHUS OCHOBHBIX
3aKOHOMEPHOCTEH, JIEKAIUX B OCHOBE PadOThI;

2. BHUMATEJIPHOE 3HAKOMCTBO C XOJOM JKCIEPUMEHTAIBHOW YacCTH pPabOThl U
MOPSIIKOM €€ MPOBEICHHUS;

3. yCTHBIE OTBETHI Ha BOIPOCHI, MPEIJIOKEHHBIE B 3aJlaHUM K paboTe, KOTOphIE
MIOMOTAIOT CTYJIEHTY MOHSATh W OOOCHOBAaTh BBIOOP METOIWKH MPOBEICHUS
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HKCIEPUMEHTa M HEOoOXOJUMOTO Jjisi 3TOro OOOpYIHOBaHHUSA, TMOCYAbl H

PEaKTHUBOB;

4. mpenBapuTeNbHBIE pacueThl (MMCbMEHHO), €CJIM OHU MPEAYCMOTPEHBI B padoTe;
5. MOArOTOBKY MPOEKTa OTYeTa Mo JaboparopHoi padbore.

B mnpoekre ordera mo nabGopaTopHOil paboTe MJOMKHBI OBITh OTPAXKEHBI
CJEIYIONINE MyHKTHI (IPUMEP MPOEKTA OTUETA MO JaOOpaTOpHON pabOTE MPUBENICH B
npuioxennu 2 gaaHoro Y MII):

1. HaszBanue, HoMep pabOThI U JaTa €€ BBIOJIHEHHUS.

2. Ienp pa®oTel U (WIM) KaXJIOTO OTACIBHOTO ONbITa (€CiIM padoTa BKIIIOYAET
HECKOJIBKO OTIBITOB).
CIHCcoK HCTOIB3yeMBbIX TPHOOPOB U PEAKTUBOB.
VYpaBHEHUS XUMUYECKHUX PEAKIINMA, JISKAIUX B OCHOBE OITBITA.
[IpenBaputensHbIe pacyeThl (€CIM OHU MPETYCMOTPEHBI B 33/JaHUN).
Cxema yCTaHOBKH U €€ olrcaHue (€ciii OHa MPeayCMOTpeHa B padoTe).
[TopsiTok BBITTOTHEHHSI paOOTHI.

XN AW

TaOnuia 1s 3aucy SKCIIEPUMEHTAIbHBIX JaHHBIX (€CJIM MPEANnoaaraeTcs ux
MOJIyYEHUE B X0JIe pabOTHI).

9. BbluncieHue MCKOMOM BeNMUYMHBI (10 Hayajda paboThl CleqyeT BIMCATh B
7a00paTOpHYI0 TETPagb MaTEMATUUYECKUE BBIPAKEHUS 3aKOHOB M 3HAUCHUS
MOCTOSTHHBIX BEJIUYMH, UCIIOJIb30BAHUE KOTOPBIX MPE/IoiaraeTcsi B padore).

10. Pacuer ommOKku omnbiTa (€cau B pabOTe MPOU3BOAMTCS PACUET MPAKTUUYECKOU
BEJIMYMHBI).

11. HaGmronenus (ITyHKT 3aMOJIHAETCS B XOJIE BBITIOJTHEHUS paOOTHI).

12. BoiBoabl (ITyHKT 3amOdHSETCS MOCTE BBIMOJHEHUS paOOThl U MPOU3BEICHUS
BCEX PaCyETOB).

Jonyck k 1adopaTopHoi padore

Jig nomycka K paboTe CTYIEHT JODKEH HMMETh JabopaTopHBIA KypHal C
MpaBWIbHO O(OpPMIIEHHON J1abopartopHoit paboToi. Jlomyck CTYIEHTOB K
BBINIOJIHEHUIO JIA0OPAaTOPHO pabOThl MPOBOAMTCS MPENOAABATEIEM IMYTEM YCTHOTO
onpoca u0O0 mnHCbMEHHO. K BBINOMHEHUIO TeKyllell gabopaTopHoOil paboThI
JOITYCKAIOTCS TOIBKO T€ CTYIEHTHI, KOTOPHIE:

1. mpaBwiIbHO OQOPMUIH TaHHYIO PabOTY;

2. 3HAIOT Ha3BaHWE U LEJb PabOThl; MOHUMAIOT CYIIHOCTH SIBICHUA W 3HAIOT
3aKOHBI, KOTOpPbIE JIeKaT B OCHOBE JAaHHOW palOoThl U (usmveckue (HopmMysbl,
OTIHCHIBAIONINE JaHHBIC 3aKOHBI; UMEIOT YE€TKOE MPEACTABICHUE, YTO U KaKUM
crocoOoM OyneT M3MepATbCs, KaK YCTpoeHa U paboTaeT yCTaHOBKA; 3HAIOT
KaKue MpsiMble U KOCBEHHbIE M3MEPEHUs MPOBOAATCS B JaHHOM padoTe M Kak
OyIyT pacCUMTHIBAThCS MOTPEIIHOCTH.

CTyneHThl, He JOMYIICHHbIE K BBITIOJTHEHHUIO JTA00PAaTOPHON PabOTHI, TOKHBI
JUKBUAMPOBATH HA MECTE 3aMeyaHusi W HEAOCTaTKM B TIOATOTOBKE K padoTe,
yKa3aHHbI€ MPENOAaBaTEIeM U MOBTOPHO MOIYUYHUTh JOMYCK K BBHIOJHEHHUIO pa0OTHI.
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CTyneHThl, HE IOTYYHUBIINE AOMYCK K padoTe B J€Hb MPOBEACHUS PaOOThHI WK
HE SIBUBIIMECS HA 3aHATHS, BBINOJIHAIOT IPOMYIIEHHYIO paboTy Ha 3a4eTHON Heene
COMIACHO PACIIHCAHUIO IPOBEICHUS 3a4ETHBIX 3aHITHIA.

IIpoBenenue 1abopaTopHoii padoThI

Brinonnenne maboparopHoi pabOThl HAYMHAETCS C M3Y4YEHHUs MNpUOOPOB H
YCTaHOBKH, OCHOBbI UX pabotel. B maboparopHoMm >KypHane, B 3apaHee
MOArOTOBJIEHHBIM TaOnmuiy «IIpubopbl M peakTUBB», HEOOXOIWMO 3amUCaTh
TEXHUYECKUE XapaKTEPUCTUKU MPUOOPOB: HU3MEpPEHUs, IEHY JEJICHUs IIKAaJbI,
MOTPEIIHOCTh MpUOopa (KIacc ero TOUHOCTH), PEKUM €ro padoThI U T..

N3mepenust AODKHBI MPOBOIUTHCA aKKypaTHO M C COOJIONEHHEM TIpaBuUII
TEXHUKH 0€30MaCHOCTH, KOTOPbIE IPUBECHBI B IPUIIOKEHUH 1.

3anucu OTCYETOB B TAOJMIy BEAYTCA B TaKOM BHUJE, KaK OHHM MOJIYYEHBI I10
M3MEPUTENLHBIM NIPUOOpaM, 6€3 OKPYIJIEHUS U IIEPECUETOB B YME.

Ecnu orcuer nenaercs 1o IIKaje, IEHA JEICHUS KOTOPOM HE paBHA €AVHMIIE,
TO 3aIMCBIBAIOTCS JAECJICHMS IIKaJIbl 0€3 YMHOXKEHHS UX HA LIEHY JIeJICHUS.

[locne mpoBeneHUs M3MEPEHUN SKCIIEPUMEHTANIbHBIE JaHHBIC, MOIYYEHHBIE
CTYZIEHTOM B XOJI€ BBIITOJIHEHHSI pa0OThI, IOJKHBI OBITh MOANMKUCAHBI TPENOJABATEIEM,
BEJYILIUM 3aHATHE.

IIo OKOHYaHWM BCEX M3MEPEHHUU MPOU3BOAATCS PaCUEThl 3HAYCHUN HCKOMBIX
BEJIMYMH, TOTPEIIHOCTEH U3MEPEHUM, UCIONB3Ysl IPU 3TOM IpaBHIIa OKPYIIICHHUS, U
ctpositca rpaduku. IlocTpoeHHble rpaduku BHOCATCA B Ja00OpaTopHbIi kypHai. Bee
IIPOMEKYTOUHBIE PACUEThI JI€TA0TCS B JIaOOpaTOpHOM KypHane. CXeMbl, PUCYHKHU U
rpaduKy BBITIOIHAIOTCS KapaHIalioM.

B xoHue paboTel CTyOEHT [JODKEH HamucaTh BBIBOA U NPEIbSIBUTH
Ja00paTOPHBIA KypHAJl MPENoJaBaresto sl 3alluThl J1A0OpaTOpHON PadOTHI.
CryaeHTsl, MOJY4YUBIIME JAONYCK K paboTe, HO HE YCIEBIIHWE CHATh MOKa3aHUs,
BBITIOJIHSIOT IaHHYIO pa0OTy Ha 3a4E€THOM HeJele COMIaCHO PaCMCaHUI0 MPOBEICHUS
3aYETHBIX 3aHATHH.

3amura J1abopaTopHoii padoThI

K 3amure naboparopHoii paboThl CTYJEHT 00sI3aH:

1. mpenocTaBUTh MOJHOCTHIO  OQOPMIICHHYIO JIabOpaTopHyl0 paboTy C
3aMoJTHEHHBIMU TaONUIIaMH, TpaduKaMu, pacueTaMH U 3aKIIOYCHHUEM;

2. 3HaTh HEOOXOIUMBIM TEOPETUYECKUN MaTepuai; YMETh KpaTKo paccka3aTb O
COJEP)KAHUM TPOBEIEHHOTO MM JKCIIEPUMEHTa M OOOCHOBaTh BBIBOJBI,
C/IeJIaHHbIE B 3aKJIIOUEHUU;

3. 3HATh TUNBI M BUJbBI TIOTPEIIHOCTEH, MPAaBUIA pacdyeTa MPSIMBIX U KOCBEHHBIX
W3MEPEHUN;

4. yMeTb CTpPOUTh I'paUKHU C YUETOM MOTPEIIHOCTEH M 3aImUChIBaTh PE3YJIbTaThl
U3MEPEHU,

5. IPOU3BOIUTH BBIYMCIICHUS IIOTPELIHOCTEN U3MEPEHUM;

6. yMeTb pelaTh NpakTUYECKUE 3a7a4il 10 TeMe JaHHOU paOoThI.
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2. METOIUYECKHE YKA3AHUA 11O BBIITIOJITHEHHUIO
JIABOPATOPHbIX PABOT

Tema 1.1. OcHoBHBIE 3aK0HBI U MOHATHA. [loHATHE XUMUM

Teopemuueckuii mamepuan, Heo0X00uMblil ons 6bINOJIHEHUS
aadoopamopnoil pabomot

Ikeusanenm. 3axKoH 5K8UBANEHNO6. IKBHBAJEHTOM HA3bIBACTCS peajbHas
WU YCJIOBHAs YacTHIA, KOTOpash 3aMellaeT OAWH MPOTOH BOIOPOJA B KHCIOTHO-
OCHOBHBIX WJIM MOHHO-OOMEHHBIX PEaKIMSIX WU OAUH 3JIEKTPOH B OKHUCIUTEIHHO-
BOCCTAHOBUTEJIBHBIX pEaKIUsiX. PeanbHble YaCTUIIBI — ATO aTOMbI WJIM MOJIEKYJIbI, a
YCIIOBHBIC — UX 4acTH, Harpumep 1/2 atoma kucnopona, 1/3 monexynst H;PO4 u T.71.
(B meHCTBUTEIBLHOCTH TAaKWX YacTUIl He ObIBaeT). Macca Takod dYacTuIbl (Macca
HKBUBAJCHTA), BBbIpOKEHHAs B AaTOMHBIX E€IMHHUIAX MAacChl, Ha3bIBACTCA
SKBHBAJICHTHOH Maccolf, a Macca omHoro wmoms (6,02:10%) Ttakux wacru
(?KBHUBAJICHTOB) HA3bIBACTCS MOJISIPHOM Maccoil 3kBuBajieHTa. V3 sToro cruenyer,
YTO DKBHBAJICHTHAsI Macca — OTHOCUTENIbHASI BEIMYWHA, TP 3TOM CPABHEHHE HIET C
BOJOPOJIOM, SKBHUBAJICHT KOTOPOTO — €ro aroM, a SKBHUBAJCHTHAs Macca paBHa
CIMHHUIIC.

Ilpumep 1. OmuH atoM XJIOpa COEIUHSETCS C OJHMM aroOMOM BOJOPOJA,
obpazyst xsopoBogopoa (HCI). CnenoBarenbHO, 3KBUBAJEHTOM XJIOpa SIBISIETCS €ro
aToM.

Ilpumep 2. Kucnopom c¢ BojgopoaoMm oOpasyer naBa coeauHeHus: H,0,
(mepokcua Bomopoma) u H,O (Boma). B mepBoM coeauHEHHHM SKBHBAJICHTOM
KHCJIOpO/a SIBJISIETCSl €r0 aTOM M JKBHUBAJIGHTHAs Macca paBHA IIECTHAJIIATH, a BO
BTOPOM — DKBHBAJICHTOM KHCJIOpoja siBiseTcs 1/2 aroma W SKBUBAJCHTHas Macca
paBHA BOCHMH.

Ilpumep 3. CepHast KucioTa COAEPKHUT JIBa aroma Bojopona. B peakuuun
3aMEIIeHUs] OJHOTO M3 HHUX OJKBHUBAJICHTOM KHCJIOTHI SIBISiETCS €€ MOJeKyla ¢
HKBUBAJICHTHONW Maccoi 98, a B peakuuu 3aMeleHus JByX arOMOB BOIOpoaa —
MOJIOBUHKA MOJIEKYIIbI (YCIIOBHAS YAaCTUIA) C SKBUBAJIEHTHOU Maccoi 49.

Jnst  ompeneneHWS — OKBUBAJCHTHBIX  MAacC  Pa3MYHBIX  COCIWHCHUN
HCIIOJIb3YIOTCSI CIICAYIOIINE BBIPAKCHHUS:

1. Onpenenenne SKBUBAJICHTHOM MacChl ITPOCTOTO BEIIECTRA!

A
m,(mpocToros — Ba) = — e (1)

m, (MPOCTOro B-Ba) — SKBUBAJIEHTHAsI Macca MPOCTOrO BEUIECTBA;
A — aroMHas Macca 3JIeMeHTa, 00pa30BaBIIEro MPOCTOE BEIIECTBRO;

B — BasieHTHOCTH 271eMeHTa, 00Pa30BaBIIETO MPOCTOE BEIIECTBO.
Ipumep. OnpenenuTb 3KBUBAJIIEHTHYIO MAcCy MPOCTOrO BEIlIECTBA BOJOPO/IA.



Mornekyia mpocToro BEMECTBA BOAOPOAA COCTOUT M3 IBYX aTOMOB DJIEMEHTa
Bojopoaa H,, BaleHTHOCTh KOTOPOrO paBHAa €IMHMIIE, a aTOMHAas Macca | I/MOJb.
3anuieM BolpaxkeHue (1) NpUMEHHUTENBHO K HAllel 3a7a4e U NOACTaBUM 3HAYEHUS:

m,(H,) = AW _1_9 r/MoJIb

B(H) 1
DKBUBaJICHTHAS Macca MPOCTOTO BEIIECTBA BOAOPO paBHa 1 I/MOJIb.
2. OnpenenieHre YKBUBAJICHTHOM MacChl CJIOKHBIX BEIIECTB

2.1. oxkcuoB

M (oxcupa) .
NGB ,rme: (2)

m, (OKCHJIa) — HKBUBAJICHTHAs! Macca OKCHUJIA;

M (oxcuna) — MoJIsipHas Macca OKCU/Ia;

N (ar) — 4ucio aTOMOB 3J€MEHTa, 00Pa30BABIIETO OKCHL;

B — BaneHTHOCTB A51eMeHTa, 00pa30BaBILIETO OKCUL.

IIpumep. Omnpenenutb SKBUBAJIEHTHYIO Maccy okcuzaa cepsl (VI).

3anumieM BbIpakeHHE (2) MPUMEHUTEIBLHO K Halled 3aJadye W, paccuuTaB

MOJIIPHYIO MAaCCy SO3, IHoaCTaBMM UMCIOIINCCA 3HAYCHHNA .

_ M(S03) _ 80 _
m,(50;) = NSBS 16 13,3r/MoJib

m,(okcuzpa) =

2.2. KACIOT

M (KUCJI0ThI)
m,(KHCI0ThI) = —— (3)

m, (KUCJIOThI)— DKBUBAJICHTHAS Macca KUCIIOTHI;

M (KucnoTel) — MOJSIpHAs Macca KUCIIOTHI;

OCHOBHOCTB - YHCJIO aTOMOB BOJIOPO/A, CIIOCOOHBIX Y4acTOBaTh B PEaKLUAX
3aMEILECHHUS.

IIpumep. OnpenenuTb SKBUBAJIIEHTHYIO MAacCy CEPHUCTOM KUCIOTHI.

3anuiieM BbIpakeHue (3) MPUMEHUTENBHO K Halled 3ajade M, pPaccuuTaB
MoJsipHyto Maccy H,SOj3, moacTaBuM umeronmecs: 3HaueHUs :

2.3. OCHOBaHUI
M (ocHOB)
KHUCJIOTHOCTb
m, (OCHOB)— SKBHUBaJICHTHAs MacCa OCHOBaHMSI;

M (ocHOB) — MoOJIsIpHAst Macca OCHOBaHHS;

KHCJIIOTHOCTh - YHCIIO THUIPOKCWIBHBIX TPYMI, CIOCOOHBIX Y4YacTOBAaTh B
peaKIusIX 3aMeIeHuUs.

2.4. coneit

m,(OCHOB) =

M (conn)
N(aMe)-B
m, (COJIN) — SKBHUBAJIECHTHAs Macca COJIH;
M (conu) — MoJisspHasi Macca COJIH;
N (ar Me) — uuncno aroMoB MeTalia, 00pa30BaBIIErO COJb;
B — BasieHTHOCTH MeTas1a, 00PA30BABIIIETO COJb.

m,(conn) =
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3aKkoH PKBHMBAJIEHTOB IJIACUT. MACCHI BSaHMOHeﬁCTBYIOMHX 0e3 ocraTka

BCUICCTB OTHOCATCA APYT K JAPYTY, KaK X 9KBUBAJICHTHBIC MACCBI.
m:mlama
my; Mayke

OKBUBAJICHTHBIE MAacChl DJIEMEHTOB U COGIH/IHGHI/II‘/’I HCIIOJIB3YIOTCA IIPpHU
BBIPQKCHUM KOHIIEHTPAIIMH PacTBOPOB (MOJIIpHAs KOHIIEHTpPAIMs 3KBHUBAJIEHTOB),
IIpH OLICHKEC JKCCTKOCTH BOJbI, B PaCUCTaX I10 3JICKTPOJIN3Y U T. H.

qepGS OKBHBAJICHTHYIO MACCYy 3JICMCHTA MOXKCT OBITH OIIpCAcCiiICHAa €ro aroOMHasiA
MacCcCa, TaK KaK OHHU CBA3AHbI MCKOY c00OM COOTHOIIIEHUEM:

Ay=my; - B

Trac B — BajieHTHOCTB 2JIEMEHTA.

Oumanvnus. 3axon lecca. DHTampnud — (QYHKUHUS COCTOSIHUSL CUCTEMBI,
onpenensiemas ypasuenueM H = U + PV (U — BHyTpeHHsII SHEpPrusi CUCTEMBI,
P — naBnenue, V — 00beM). AOCONIOTHYIO BETUYMHY HTAIBIIUN ONPEICTUTh HENb3s,
TaK Kak JJIsl 3TOr0 MOTpPeOyeTCsl ONMpeAeiuTh aOCONIOTHOE 3HAYEHUE BHYTpPEHHEH
SHEPTUH CUCTEMBI, UTO HEBO3MOXKHO. ONPEeIIsoT JIUIb U3MEHCHUE YHTAJIBITNH.

Nuoraga TtemnoBoi 3(PQPEKT XUMHUYECKOW pPEAKUUU BBIPAXKAIOT KOJIUYECTBOM
BBIJICTTUBIIICHCS WM TIOIVIOIICHHOM TEIUIOTHI W o0Oo3HadaroT OykBoit Q. Jlmsa
AK30TepMUUECKUX peakiui Q > 0, a gy sHgoTepMuyeckux — Q < 0.

Ecnu peakuus sxk3orepmuueckas - AH < 0; Q >0,

Ecnu peakuus sanorepmuueckas - AH>0; Q <0

Otcrona BeITeKkaer cBs3b Mexay Q u AH: + Q = —AH.

XUMUYECKUE YpPABHEHHUS, B KOTOPBIX YKa3aHbl W3MEHEHHUSI JHTAJbIINU,
Ha3bIBAIOTCS] TEPMOXUMUYECKUMH YPABHEHUSIMH.

DU3MKO-XUMHYECKHUE TTPOIIECCHI (pacTBOpPEHHUE, TUIABJICHUE, TUApATALUS U Jp.)
COIMPOBOXKAAIOTCS, KAK W XMMHUYECKHE PEAKIHNH, MOITIONICHUEM WM BBIJICICHUEM
tera. llpm  pacTBopeHuM coned B BOJIE€ MPOUCXOASAT JBa  Mpolecca:
OHJIOTEPMUYECKUM, CBA3AHHBIM C pPa3pyLICHUEM KPUCTAIUIMYECKOM PEIIETKU, HU
AK30TEPMHUYECKUN, 0OYCIIOBICHHBIM B3aWMOJCHCTBUEM PACTBOPEHHOTO BEIIECTBA U
BOZIbI C 00Opa30BaHUEM TUIPATOB. B 3aBUCHMOCTH OT TOTO, KaKOM M3 3THUX MPOIECCOB
npeobnagaet, TeraoBoi 3(P(HEKT pacTBOPEHUS MOXKET OBbITh WM MOJOXKUTEIbHBIM
(PHAOTEPMUYECKOE  pPACTBOPEHHUE), WM  OTPULATEIBHBIM  (PK30TEPMHUYECKOE
pacTBOpEHUE).

KonnuecTBo TeminoThl, NOMIOMIAIOMIECHCS (BBIACISIOMIEHCS) MPU PACTBOPEHUN
OJTHOTO MOJISI BEIIIECTBA, HA3BIBAETCS TEINIOTON PACTBOPEHMS JAHHOTO BEIIECTBA.

DKCINEPUMEHTAIbHOE OMNPEACICHUE TEIJIOThl PAacTBOPECHHUS MPOBOAST B
KAJIOPUMETpPAX.
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JlaGoparopunas padora Nel. «OnpenesieHue 3IKBUBAJEHTHOH MAaCChl METAJLIA»

Hean pabGoTbl: QGopMUpOBaHWE YMEHHH W HABBIKOB, OCHOBBIBAasSICh Ha
AKCIIEPUMEHTAIIbHBIX JAHHBIX M UCIOJIb3ysd 3aKOH SKBHUBAJICHTOB U Ta30BbIE 3aKOHHI,
IPOU3BOAUTH PACUET MOJIIPHOM MACChl 3KBUBAJIEHTA METAILIA; ONPEAEIUTh KAKOW 3TO
MeETaJLI.

3aganue u 3Tanbl padoThI

IHoaroroBka k 1abopaTopHoii padore

1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MOPSIIOK BHIMOJIHEHHS paOOTHI.

2. OdopMHUTH MPOEKT OTYETA IO JTAOOpATOPHOU padoTe (CM. MpUIIoKEHHUE 2).

3. OO6patuTh BHUMaHHE Ha pacyeT SKBHUBAJICHTHOW MacChl MPOCTOTO BEIIECTBA U
MaTeMaTHYECKUE BBIPAKEHUS 3aKOHA SKBUBAJIEHTOB.

4. CocTaBuTh M 3allKCaTh YPABHEHUE XUMHYECKOW PEAKIUHM B3aUMOACHCTBUSA
COJIIHOM KHCJIOTBI M METajula, ¢ y4€TOM TOrO, YTO METaul JIByXBAJICHTEH.
Kakoii ra3 OyaeT BbIAENIATHCS B XO/I€ PEAKIUU?

IHopsAaoK BBINOJTHEHUsSI padOThI

OnsIT POBOIUTCS B MpHUOOpE, COCTOSIIEM U3 OIOpPETKHU (3all0JIHEHA BOOH) U
BOPOHKH, KOTOpBIE COEIMHEHbl PE3UHOBOM TPYOKOM, TIa300TBOJHOW TpPYyOKH,
npobupku. [Ipubop 3akpernsieH Ha MITaTUBE.

[Tony4unTh HAaBECKY METaJIa U OTMETUTH B J1A0OPATOPHOM TETPAIH €T0 MACCY.

Ilepen  mpoBeneHweM  OMmbITa HEOOXOAUMO MPOBEPUTH MPUOOp Ha
repMETUYHOCTh. J[JI1 3TOro HEOOXOAMMO OTCOEAMHHTH BOPOHKY OT IITarhBa M,
OlyCKasi M MOJHUMasl €€, CIEIUTh 32 YPOBHEM BOJbl B OIOpETKE; OH HE JOJDKEH
U3MEHSTBCS.

Onpenenuts UeHy aeneHus OropeTku. OTMETUTh ypOBEHb BOJIbI B OIOpETKE.
Bona — OecrBerHasi, mpo3pauHasi >KMJIKOCTb, IIO3TOMY €€ YpPOBEHb OIPEICIISIEM,
OPUEHTHUPYACH 110 HUHKHEHN YacTh MEHHUCKA.

OcTopoxHoO (!) 0TCOEAUHUTH TPOOUPKY OT ra300TBOJHON TPYOKH.

B npobupky HamuTh 3-4 MJ1 pacTBOpa CEpHOM KUCIOTHI U JOOABUTH | Karuito
pacTBOpa METHOTO KyIopoca.

HaBecky MmeTanna akkKypaTHO MOMECTHTh B NMPOOHPKY, HO TaKUM 00pa3om,
9TOOBI OHA HE COMPHUKACANIACh C KMCIOTOU, ¥ 3aKpEMUTh MPOOUPKY Ha Tpudope.

BHoBb npoBepuTh mpuOOp Ha FepMETUYHOCTH U OTMETUTH YPOBEHb BOJBI B
OropeTke (OH MOKET U3MEHUTHCS!), 3aMncaTh B TETPab.

Baumanne! Meramn JO/DKEH HadyaTh pearupoBaTh C KHUCIOTOW TOJIBKO IMOCIIE
TOT0, KaK TprUOOp BHOBB OyAET COOpaH U MPOBEPEH HA FEPMETUYHOCTD.

AKKypaTHO MOCTYKHBAs [0 CTEHKaM MPOOUPKH, TOOUTHCS TOTO, YTOOBI METaJLI
OIYCTHUJICSI B KHCIIOTY.

Habmromare B3amMmomeicTBHE MeTalyila ¢ KHCIOTOHM. YTO MIPOMCXOIUT C
YPOBHEM BOJIbI B OrOpeTKe?

12



[To okoOHYaHUM peaKlu, OTKPENUTh BOPOHKY OT IITaTHBa, MPUBECTU BOAY B
OIOpeTKE M BOPOHKE K OIHOMY YPOBHIO U OTMETUTH €TO.

3anuch JaHHBIX ONBITA U PacyeThl

Macca Merainia, T, m=

HauvanbHblit ypoBeHb BO/IBI B O1OpeTKe, Mil, V=

KoneuHslil ypoBeHb BOJIbI B OtOpeTKEe, M, Vo=

O6bem BeIIeuBIIErOCs Bogopoaa, My, V(Hy)=V,- V=

Temmneparypa, °C, t=

AOGcomoTHas Temneparypa, K, T=

AtMmocdepHoe aBieHue, MM PT. CT., p=

JlaBieHre HACBIIEHHOTO BOASHOTO Mapa, MM pT. cT., p(H,0)=

[TaprmansHOE aBieHre BOIOPOAa, MM PT. CT., p(H,)=

YHuBepcaapHas ra3oBasi IOCTOSHHAS, MJI'MM PT.CT./MoJib- K, R=62400

[IpousBecTH pacueT SKBUBAJICHTHON MacChl METajuIa IByMs CLIOCOOaAMHU.

1 cnocob6. Hicnonvsys ypaseuenue Menoeneesa-Knavinepona

:m(Hz)
pUHy) -V (Hy) ey,

rne m(H,) — Macca BeIAeMBIIIETOCS BOJIOPOJA, T;
M(H,) — monsipHas Macca BOOpo/ia, I/MOJIb.

N3 ypaBHenus Boipakaem m(H,), HaxoquM Maccy BBIICIUBIIETOCS BOIOPOAA U

MOJICTABJISIEM B MATEMATUUYECKOE BBIPAKECHUE 3aKOHA SKBUBAJICHTOB:
mMe) _ m(H,)
Mags(Me)  Myyp(Ha)’
rae m, (H,) — skBUBaJIeHTHast Macc BOJOpoAa, I/MOJIb;
m, (Me) — DKBUBaJICHTHas Macca MeTaJljia, T/MOJIb.

2 cnocob. HCI’ZO]le’yﬂ mamemamudecKoe 8blpasicerue 00bEOUHEHH020 24308020

3aKoua,
p(Hz)-V(Hz)_po-Vo(Hz)
T To
e po — JABJICHHUC HpI/I HOpMaJIBHBIX yCHOBI/IHX, MM pT.CT.;

9

Ty — TeMneparypa npu HOpMaJIbHBIX YCIOBHSIX, K;

Vo(H,) — 06beM Bogopoia, NpUBEIEHHBIN K HOPMAJIbHBIM YCIOBHUSM, MJL.

Beipaxxaem V((H,); mnpuBogum o00beM BBIACIMBILETOCS BOAOpoAa K
HOPMAaJIbHBIM YCJIOBUSIM M TOJCTaBISIEM B MAaT€MaTUYECKOE BBIPAKEHUE 3aKOHA

SKBHBAJICHTOB:
m(Me) _ Vo(H3)
Myp(Me) VI—)KB(HZ),
rme  Vs(H;) — okxBuBanmeHTHBIH 00BEM Bojopoda, MI/Moib, 11200.

3Hasi, 9YTO BAJICHTHOCTh METaJ/lla paBHA 2, paCcCUMTaTh aTOMHYIO MacCy MeTajla U
OIIpCACIIUTD KaKOM 3TO METaJl.
Ap=my; - B
13



Paccuntarh ommOKy oOmbITa; I8 3TOTO ONPEACIUTH TEOPETUUYECKYIO
AKBHUBAJICHTHYIO MAaCCy METaJlIA.

Abconomnasn owubka = |m, (Teop.) — m,(mpakTud)| = [r/MoJb|
abcosoTHasioUM6Ka

OmHuocumenvHas oumuoka = *100
ma(Teop)

[Io pesympraram MNOPOBEACHHOIO ONbITA 3alOJHUTH IYHKTBI  OTYETa

«Haomronennsa» n «BeIiBOIY.

JlaGoparopHas padora Ne2. «Onpeae/ieHue JHTAJIBIUN PACTBOPEHUSA COJIID)

Heas pabGorbl: QopMupoBaHHE YMEHHMH U HABBIKOB, OCHOBBIBASICh Ha
DKCIIEPUMEHTAJIHBIX ~ JAHHBIX W  UCIIOJb3ys 3aKOH KpPAaTHBIX  OTHOIICHUH,
IPOU3BOJUTH PACUET TEIUIOBBIX 3(PPEKTOB XUMHUUECKUX PEAKITUH.

3axanue u 3Tanbl padoTHI

IToaroroBka Kk JadoparopHoi padore

1. TIpodecTh TEOPETHUUECKOE BBEICHHUE U MOPSIIOK BHIMOJIHEHHS paOOTHI.
2. OdopMUTH MPOEKT OTYETA IO JTAOOpATOPHOU padoTe (CM. MpUIIoKeHue 2).
3. O3HaKOMHTBCA C YCTPOMCTBOM KajopumeTpa. JlJg Yero HCHoyib3yercs

Kajopumerp?

4. Kakyro cuctemMy HpelcTaBisieT co00il KamopuMmeTp (OTKPBITas, 3aKpbITas,

M30JIMpOBaHHas)?

ITopsioK BBINOJIHEHUS PadOTHI

Onpenenenue TemwioBoro dddexkra pacTBOPEHUS COIMM  MPOBOJAT B
VOPOILIEHHOM  KaJIOpUMETpe, KOTOpBIM MpeAcTaBiseT coOoW jaBa  cocyna,
MOMEIICHHbBIE ONWH B Jpyrod. BHyTpeHHUN cocyn 3akpbiBaeTcs NPOOKOWH C
TepMoMeTpOoM. Bo3zaymiHas mpocionka MeXAy AByMs COCYyAaMH JIMIIb B HEKOTOPOH
CTeNeHUu OOEeCNeYMBAET TEIUIOM3OJISIIUI0 BHYTPEHHEIO COCylda OT OKpYXarollen
CpENBL.

Bo BHyTpeHHUH cocy/ KalopuMeTpa HaJIuTh 25 MII TUCTUIITMPOBAHHOMN BOJBI.

3aKpbITh cOCy/ MPOOKOH C TEPMOMETPOM U Yepe3 HEKOTOPOE BPEMSI OTMETUTH
TEMIIEpATypy BOJBI t HAY.

[Tonyuuts HaBecky conu NH4Cl maccoii 1 1.

[TogroroBuTh cexynaomep!

AKKypaTHO ¥ OBICTPO BBICBINIATH COJIb B BOAY, OBICTPO 3aKPBITh MPOOKOH U
nepemMeniarh 10 MOJIHOTO PACTBOPEHHUS.

Bxotounts cexyHiomep U Kaxkple 60 cek CHUMaTh OKa3aHUsl TEPMOMETPA.

3anuch IKCNEPUMEHTAJIBHBIX TAHHBIX H PACYETHI

I[To pe3ynbraTamM ombITa 3aMOTHUTH TAOTHUITY 2.
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3aBUCUMOCTb TEMIIEPATYPHI PACTBOPA OT BPEMEHU

Tabnuua 2

Bpewms ot Hauana 0 1 2 3 4 5 6 7
OTIbITA, MUH
Temmneparypa, °C

Ucnionp3ys nmaHHble TaOMMIBI 2, TMOCTPOUTH TpaduK 3aBUCHUMOCTH

TEMIIEPATYPBI OT BPEMEHH.

[Tonb3ysick TpaduKoM, OMpEeNeNTuTh MUHUMAJIBHYIO TEMIEPATYPY OMBITA tyyy

MCTOIOM JKCTPAIIOJISAINH.

OHpe,ZIGJII/ITB N3MCHCHUC TeMHepaTypBII
At: tHa'{' tMI/IH'
HpOI/I3BeCTI/I pacqu OHTAJIBIINN paCTBOPCHI/IH 6C3BOI[HOFO Xnopm[a AMMOHMUSI .

AH _ (mconn +mBoAbI)'At'4:184"Mc0ﬂn
MpaxT. ~ 1000-m
coJin

Mcomu — Macca COJu, T

, TIIe

Mpoyp — Macca BOIBL, T;
Mcony — MOJISIpHAst Macca COJId, T/MOJIb;
4,184 — ynenpHas TEIJIOEMKOCTh PACTBOpa, paBHAs TEIUIOEMKOCTU BOJbI,

Jx/xr-K;

1000 — nepeBogHoi KO3hdunment, x B k[x.
Paccuntarh aOCONIOTHYIO W OTHOCHUTEIBHYKO OIIMOKH OMbITa, €ciau A

Hreop=16,5 KJ[K/MOIB

AbcomorHasg omnoka =A Hieop — AHppar= [KK/MOINB],
OtHocutenpHas ommbka A% = (abcomrorHas ommbka / AHrgop.) - 100.
ITo pesynbraTaM MpOBEIEHHOTO ONBITA 3aIMOJIHUTD IYHKT oT4eTa « BRIBOIY.

3aganus I CaMOCTOSTEILHOM padoThI

. Kakue BemiecTBa HaszpiBaroTcsl Kpuctamioruaparamu? I[lpuBenute mpumepsl
KpUCTAJJIOTUAPATOB.

. PacnonoxuTe 1mo yBENTMYEHHUIO KOJIMYECTBA CEpbl CyIb(aThl HATPHS, JUTHS,
Oapusi, 1e3usl, €CIM UX MACChl OJIMHAKOBBI.

. B okcuae cepbl Ha 2 MaccoBbI€ YacTU CEpbl MPUXOAUTCS 3 MAacCOBBIE YaCTH
KHUCIIOpOoJa. YCTaHOBUTH (hOPMYJTy BEIIECTBa.

. KakoBa ¢opmyna coequHeHHs BOJOpOJa C KHCIOPOIOM, €CIIM MOJIbHOE
cootHoienue H:O = 1:1, a minoTHOCTH ero raza no BoJopoay pasHa 177
Onpenenuts GOpMyITy KPUCTAIITUYECKON COJbI, €CJIM MPU HarpeBaHuu 286 T
JTaHHOM conu oOpazoBasiock 106 r kapOoHaTa HaTpusl.

. XKeneso oOpa3yeT ¢ KUCIOPOAOM TpH okcuaa. OauH U3 HUX comaepxut 77,8%
xenesa, apyroit - 70,0 u tpetuii - 72,4%. Onpenenure GopMysibl OKCHUIOB.
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7. Haiitn gopmyny kpuctauioruapara cyibdara amoMUHHS, coaepkamiero 48,6
Macc % KpUCTAIIM3AlMOHHOMN BOJIBI.

8. IlpuBenute onpeneneHUE NOHATUM DHKBUBAJEHT M OSKBHUBAJICHTHAs Macca
XUMHYECKOTO 3JIEMEHTA U COCTUHEHUSL.

9. DkBHUBaJEHTHas Macca Kakoro 3jeMeHTa paBHa 1?

10. Beruucnure MOJSIPHYXO MAcCy OKBUBAJICHTA DSJIEMEHTA, OKCHJ KOTOPOTO
conepxut 22,2 % kucioponaa.

11. Yemy paBHaA MOJIIpHas Macca dKBUBajIeHTa OpTodochHOPHON KUCIOTHI, eciu 1
moub H3;PO,4 mpoB3anmonerictBoBai ¢ 1 MOIb THAPOKCH A Kanus?

12. MonsipHass Macca 3KBHBajieHTa MeTa/uia paBHa 56,2 r/monb. Berumc- nure
MacCOBYIO JIOJIFO METAJIJIA B €10 OKCHJIE.

13. Kakoit o0beM kuciopona (H.y.) morpelyercst Ajig peakiuuu ¢ 15 1 ane- MeHTa,
MMEIOIIET0 MOJISIPHYIO MacCy 3KBUBAJIEHTA 3 I/MOJIb?

14. Kak Ha3pIBalOTCsS peakuuy, UAYLIME C BBIACICHUEM TEIUIa, C NOMIOIIECHUEM?
Kakoli 3HaK UMEIOT 3HAUCHU NU3MEHEHHUS UX SHTAJIBIIUN?

15. [louemy sHTanpnusg B3aWMMOACUCTBUS THAPOKCUIA HATPUsl C Pa3IMYHBIMHU
CUJIBHBIMM KHCJIOTAMU UMEET OJIMHAKOBOE 3HAYCHHE?

16. ITouemy nporecc HEUTpaIU3alny BCETAA MIPOUCXOIUT € BBIICICHUEM TeEIlIa, a
pacTBOpPEHHE TBEPABIX COJIEH HE Bceraa?

Tema 1.3. OCHOBHBIC 3AKOHOMEPHOCTH NPOTEKAHUA XUMUYECKUX IPOLIECCOB

Teopemuueckuiit mamepuas, He0OXO0UMbLIL 01 6bINOSIHEHUA
a1adopamopnoil padbomol

Ckopocmb peaxkyuu. XUMUYECKHE PEAKIMM OYEHb CHJIBHO OTIMYAIOTCS IO
ckopocTu Tporekanus. Hampumep, B3auMoAeiicTBUE BOIOpOAA C XJOPOM Ha CBETY
MIPOUCXOJAUT MTHOBEHHO (B3PBIB), @ KOPPO3Us METAIOB AIUTCA rogaMu. CKOpOCTh U
MEXaHN3M XUMUYECKUX PEAKIUNA U3ydyaeT XUMUUECKas KWHETHKA.

B xumuyeckoil KUHETUKE peaklMK MOAPa3IesIOTCS Ha MPOCThIE U CIIOXKHBIE.
[IpocThie peakiuu MPOTEKAOT 0e3 00pa30BaHUS MPOMEXKYTOUHBIX COCIUHEHUH (B
OJHy CTaJMI0), a CJIOXKHbIE — C OOpa3oBaHUEM IPOMEKYTOUHBIX NPOAYKTOB (B
HECKOJIbKO cTtanuii). Kaxkas craaus CJ0KHOM peaklud MOXET paccMaTpuBaThCs Kak
npoctasi peakuus. Cpenad MOCIENOBAaTENbHBIX CTAUNA CIOXKHOM peaklHuu BCerna
HMMEETCSl O[JHA CTaJIusl, KOTOpasi OrPAaHUYMBAET CKOPOCTh MPOTEKAHUSI BCEH pEaKUU B
uesnoM. OHa Ha3bIBAETCS TUMUTHPYIOIIECH CTaAUEH CI0KHON XUMMUYECKON PEaKIUU.

CKOpOCTh peaklny 3aBUCUT OT KOHLEHTPALIMKU B3aUMOJICHCTBYIOIIMX BEIIECTB,
3Ta 3aBUCUMOCTh YCTAHABIIMBAETCS 3aKOHOM JEHCTBYIOIIMX MAacC UIsl CKOPOCTH
peakuuii. CorliacHO 3TOMY 3aKOHY, JUJIsl peaKlUy, TPOTEKAIOIICH M0 ypaBHEHHUIO

aA + bB = IIponyKTbl CKOPOCTh PEAKIIUU OMPEIEISIETCS BEIPAKEHUEM

V=k - [A]* - [B]”
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B KOTOPOM K — KOHCTaHTa CKOPOCTH PEAKITUH;

[A] u [B] — MonsipHbIE KOHLIECHTPALIMU PEATEHTOB;

au b - crexuomerpudeckue K03 OUITUEHTHI.

JUIsi IpOCThIX peakiui YacTHbIE MOPSIKA COBMANAOT C Kod(pduimeHTaMu
nepen pearecHTaMd B XMUMHYECKOM ypPaBHCHUHM PEaKIUH, a OOIIUi TOPSIOK paBeH
cyMMe K0d(h(UIIMEHTOB B JICBOM YaCTH YpaBHEHUS PEAKITUU.

JUIst CIOKHOW peakiuu OOIMK KUHETUYECKUH MOPSAOK HE COBMIAJAET C
K03 GUITMEHTaMH TIEPE]] PEareHTaMu, HO COBMAIAET C TOPSAIKOM €€ TUMUTHUPYIOMIEH
ctaguu. MHOTHA TOPSAIOK CIOKHOM peaklMd BbIpa)KaeTcs HE IENbIM, a JAPOOHBIM
YUCJIOM.

Xumuueckoe paenogecue. B XUMHUYECKOW TEPMOJAWHAMUKE COCTOSIHUE
PaBHOBECHUSA ONPEACISIETCS KAK TAKO€ COCTOSIHME, MNPU KOTOPOM pearupyronias
CUCTEMa XapaKTepu3yeTcsl HyJeBbIM 3HadeHueMm sHepruum [ubb6ca: AGT = 0. Ho
MEPEXO0]T CUCTEMBI B COCTOIHUE XUMUYECKOTO PABHOBECHS HE O3HAYAET MPEKPAILICHUS
peaKuuu, a CBHACTEIbCTBYET JIMIIb O TOM, YTO TMEPECTAOT HU3MEHSITHCA
KOHLICHTPALUKU PEArupyroInUX BEMECTB U MPOAYKTOB.

B XuMnyeckol KMHETHKE COCTOSSHUEM XMMHUYECKOTO PABHOBECHSI HA3BIBACTCS
TAKOE COCTOSIHUE, IIPU KOTOPOM CKOPOCTh HPSIMOW PEaKUHUH CTAHOBUTCS PaBHOU
CKOpOCTH 0OpaTHOW. B COCTOSHMM pPaBHOBECHSI CKOJIBKO MOJICKYN (WJIM APYyTHX
YacTHUll) MPOAYKTa pEaKkIuu B EIUHUILY BPEMEHH OOpazyercs, CTOJIbKO HX H
pasznaraercsi, T.€. XHUMHUYECKOE paBHOBECUE SBIACTCA JUHAMUYECKUM, WIIA
noABMXKHBIM. TakumM  oOpa3oM, B COCTOSHMM XHMHYECKOTO PaBHOBECHUS
KOHIICHTPAIIMA BCEX BEIIECTB (PEareHTOB M MPOJIYKTOB) SIBISIIOTCS MOCTOSHHBIMU U
HE HU3MEHSIOTCA OO TEX IOp, MOKAa HE M3MEHSTCS BHEIIHUE YCIIOBUS IPOBEICHUS
peaKuuu.

KoHueHTpanuu peareHToB (MCXOIHBIX BEHIECTB) U MPOAYKTOB B COCTOSIHUU
XMMHYECKOTO PABHOBECHS HA3BIBAIOTCS PABHOBECHBIMU.

[Tpu3HaKK XMMHUYECKOTO paBHOBECHS CIEAYIOIIHE: 1) COCTOSSHUE CUCTEMbI HE
3aBUCUT OT TOTO, C KAaKOM CTOPOHBI OHA MOAXOIUT K PABHOBECHUIO — CO CTOPOHBI
MCXOJIHBIX BEIIECTB HJIA CO CTOPOHBI MPOAYKTOB PEAKIMU; 2) COCTOSHHUE CHCTEMBI
0CTaeTCsi HEM3MEHHBIM MPHU OTCYTCTBUM BHELIHUX BO3JCUCTBUH; 3) OHO U3MEHSETCA
MPU U3MEHEHWHY BHEIIHUX YCIIOBUM, CKOJIb OBl MaJIbl OHU HU OBLITH.

YacTHOE OT AeneHus NMPOU3BEICHUSI PABHOBECHBIX KOHLIEHTPALUN B CTENICHSIX,
PaBHBIX  CTEXHOMETPUYECKUM  Kodh(dUIIMEeHTaM, TMPOAYKTOB  pEakuuu  Ha
MIPOM3BE/ICHUE PaBHOBECHBIX KOHLICHTpauii HCXOJTHBIX BEILIECTB B
COOTBETCTBYIOIIMX CTEINEHAX SBJISCTCA BEJIMYMHOW TIOCTOSIHHOM TMIPpU JaHHOM
TeMrneparype ¢ JaBleHUU (3aKOH JEUCTBYIOIIMX MacC I XHUMHYECKOTO
paBHOBecHsI). JTa BEIMYMHA HA3BIBACTCSI KOHCMAHMOU pasHosecus N 0003HAYAETCS
cumBosioM K.
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Jl5is ypaBHEHUS peaku B 00IIeM BU/IE:
aA + BB = cC + dD koHCcTaHTa paBHOBECHS 3aIUCHIBAETCA TaK:

_ [c]¢[p]¢
K [A]e-[B]?’

rae [A], [B], [C], [D] — paBHOBecHbIe KoHIIeHTpaluu BemiecTs A, B, C, D;

a, B, ¢, d — MoOKa3zaTelu CTENEHU, B KOTOPHIC BO3BOASTCS KOHIICHTPAIUH
BEIIECTB U KOTOPhIC YUCIICHHO paBHbI KoddduimenTam nepen GopmMynamMu BEIIECTB B
YPAaBHEHHUH PEAKLINH.

JlaHHOE€ MareMaTU4eCKOE YpaBHEHHE SBIAETCS  BBIPAXKEHHEM  3aKOHA
JEUCTBYIOIIHUX MAcC I XUMUYECKOTO PABHOBECHS.

KoHcTaHTa paBHOBECHS ONPENEISAET MOJHOTY MPOTEKAHUS PEAKIIMA K MOMEHTY
JOCTIKEHHUS] PAaBHOBECHOTO COCTOSIHMSI: 4YeM OoJibllle 3HAU€HHE KOHCTAHTHI
paBHOBeCHs, TeM B OOJbIICH CTENEHM B PABHOBECHOM pPEaKIMOHHOW cMecHu
peo0IaIatoT MPOIYKThI PEAKIINH, TEM OOJIbIIE UX BBIXOJ.

[Ipu u3MeHEHUU YCIOBHUH, B KOTOPBIX HAXOAMUTCS CHUCTEMa (TeMIepaTyphl,
JaBJICHUs, KOHIIEHTPALlMHN), XUMUUECKOE paBHOBECHE HapyliaeTrca. Yepe3 HEeKOoTopoe
BpeMs B  CHUCTEME YyCTAHABIMBACTCA HOBOE XMMHYECKOE  pPaBHOBECHE,
COOTBETCTBYIOIIEE HOBBIM YCIOBHAM. llepexon u3 OIHOro paBHOBECHOTO COCTOSHHMS
B JIPyro€ Ha3bIBAETCSI CIIBUTOM WMJIM CMEUIEHUEM PABHOBECHSI.

HampaBnenue cMelieHuss paBHOBECUS B pE3YyJIbTaTe HM3MEHEHUS BHELIHUX
yCIOBUH omnpenensiercs npunyunom Jle [llamenve: ecivu HaXOASIIASCA B pAaBHOBECUU
CUCTEMA IOABEPracTcs BHEIIHEMY BO3JIECHCTBUIO, PAaBHOBECUE CMEILAETCS B TOM
HaIpaBJICHUH, KOTOPOE CIIOCOOCTBYET OCIIA0JIEHUIO 3TOrO BO3/IEUCTBHUS.

PaccmoTpum, Kak BIUSET Ha HAlIPABICHUE CMEUIEHUS PABHOBECHS MTOBBILIECHUE
WJIM TIOHWKEHUE JABIICHMS], TEMIIEPATYPhl U KOHIIEHTPALIMK BEIIECTB, YYaCTBYIOIIHNX
B PEAKIIMH.

lasnenue. JlaBneHue BIUSET Ha paBHOBECUE OOPATUMBIX PEAKLIUMA C y4acTHEM
razoo0pa3Hbix BewlecTB. [Ipy MOBBINIEHUH JaBIEHHUS PAaBHOBECHE CMEILAETCs B
HalpaBJICHUH OOpa30BaHMs BEIIECTB C MEHBIIUM OOBEMOM; TMpU TMOHMKCHHUH
JIaBJICHUS] paBHOBECHE CMEILAETCs] B HAIIPaBJICHUHM 00pa30BaHus BEUIECTB C OOJIBIINM
o0semoM. Harpumep, B peakimu CHHTE3a aMMHaKa

N, +3H, <> 2NH;

o0BeM MpOJyKTa B JIBa pa3a MeHblIe o0beMa peareHToB. [loaToMy paBHOBecue
ATOro OOpaTuMOro Mpouecca MpU YBEIWYEHUU [aBJICHUS CMENIAeTCs B CTOPOHY
oOpazoBanus NHj, a mpu yMEHBITICHUU JTABICHUS — B CTOPOHY €T0 Pa3JIOKEHUS.

Temnepamypa. 1lpu TOBBIIIEHUM TEMIEPATYpbl XUMHUYECKOE PABHOBECHUE
CMEILAeTCsl B HAIpaBJICHUM SHJOTEPMUYECKON peakluu, a TMpHU T[OHWKEHHUU
TeMIeparypbl — B HalpaBICHHHM HK30TepMUUYEcKOW peakuuu. Hampumep, Ta xe
peakiys CUHTe3a aMMMaKa SIBISIETCSl 3K30TepMuyeckoil. [1oaToMy mpu MmoBbIIEHUH
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TEMIIEpaTypbl €€ paBHOBECHE CMELIAETCS B JIEBYIO CTOPOHY (aMMUAaK pasziaraercs), a
IpY IOHWKEHUHU — HAIIpaBo (aMMHUak oOpaszyercs).

Konyenmpayus. 1lpu TNOBBILIEHWH KOHLIEHTPAlMM OJHOTO W3 HCXOIHBIX
BEIIECTB PaBHOBECHE CMENIACTCSl B HApaBIECHUU 00pa30BaHUs MPOAYKTOB PEaKIIUU;
IpU TOBBINIEHUH KOHUEHTpAlMd OJHOTO M3 NPOAYKTOB pPEaKUHUH pPaBHOBECHE
CMENIAEeTCs B HAIIPABJICHUH 00pa30BaHUs pEarcHTOB.

B kauectBe mpmmepa pacCMOTPUM KOHTAKTHBIM METOJ IOJIYYEHHs] CEPHOU
KHCJIOTBI:

2802 + 02 <—>2803
SO3 =+ HQO = H2S04,
B KOTOPOM >KEJIaTeIbHO BO3MOXHO O0Jjiee MOJIHOE mpeBpalieHne okcuaa ce-psl (1V) B
okcug ceprl SO; (VI) B mepBoit (0OpaTuMoil) peakiiuu.

JInsa yBemnueHus BbIxoga SO; MOXKHO yBEIWYMTh KOHUEHTpauuiro SO, B
UCXOAHOW peakiMoHHOM cMecu. OJHaKO H5TO HEPEHTA0EIbHO U SKOJIOTHYECKHU
BpeIHO, Tak Kak u30bITOK SO, Oymer BbIOpachiBaThesi B arMocdepy. [loatomy
peakuuio TMPOBOAAT MpH M30BITKE BO3AyXa, OOOraleHHOro KHcIopoaoM. B
pe3ynbTaTe JOCTUTaeTCs CMEILEHUE PaBHOBECHS BIIPaBO, TO €CTh 0ojiee MOJIHOE
npepaienue SO, B SOs.

B HOHOOOMEHHBIX peakIUsaX MEX1y pACTBOPEHHBIMH BEIIECTBAMU PABHOBECHE
CMENIAeTCsl B CTOPOHY 00pa30BaHMsI OCAIKOB, Ta30B WM CIA0BIX 3JEKTPOIUTOB. Eciun
TaKUe BEIIECTBA HAXOIATCS B OOEUX YaCTAX YpPaBHEHUS pPEAKUUH, TO BOIPOC O
CMEUIEHUHU PaBHOBECHS PEILIAETCS PACUETOM KOHCTAHTHI PABHOBECHSI.

JlabGoparopunas padora Ne3. «CKOpPOCTh XUMHYECKHX PeaKIUil U XUMHUYECKOe
pPaBHOBecHE»

Heans paborbl: dhopMHpOBaHWE YMEHHI W HABBIKOB H3Yy4eHHS (HaKTOPOB,
BIUSIOMINX Ha KHHETHKY XHMHUYCCKHUX PpEaKIuid W (DaKTOphl, BIMAIONIMX Ha
CMEIICHNE XHUMHYECKOTO PABHOBECHS; SKCIICPUMEHTAIBLHBIM IyTEM TIOATBEPANUTH
NEUCTBUE 3aKOHA JAeHCTBYOMMX Macc U puHiun Jle [larense.

Onvim Nel. Bhuanue KOHUeHmMpayuu peazupyrowjux 6euiecme Ha cCKOpochib
Peaxyuu ¢ 20M02eHHOI cucmeme

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoii padore

1. TIpodecTh TEOPETHYECKOE BBEICHHE U MTOPSIOK BHIMTOTHCHUS OITBITA.
2. OdopMUTH MPOEKT OTYETA O OMBITY JTA0OPATOPHON PabOTHI (CM. HpUJL. 2)
3. 3amucarh ypaBHEHHE XUMUYECKOM peakiuM, JIeXKalleil B OCHOBE OMbITa H

MaTEeMaTHYECKOe BBIPAKCHHE 3aKOHA JCHCTBYIOMIUX MacC MPUMEHHUTEIHHO K

paccMaTpuBaeMoOu peakiiuu!
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4. TlpenmonoxuTh, KakoW BHU3yaJbHBIA TNpHU3HAK OyleT CBUICTENLCTBOBATH O
HOSIBJIEHUH B CUCTEME IPOIYKTOB peakluu (0CaaoK, ra3, "3MEHEHHE 1IBETA)
IlopsiaoK BBINOJTHEHUs] padOThI
B naHHOM ombITe paccMarpuBaeTCsl peakius B3aUMOAEHCTBUS THOCYIb(aTa
HATPUs C CEPHOM KHUCIIOTOM, POTEKAIOIIAs 10 YPaBHEHHUIO:

N&zSzOg, + HZSO4 = N&zSO4 +S+ 802 + HQO

[IpuroroBuTh TpU NPOOUPKU C PAaCTBOPOM THOCYIb(paTa HATPUS Pa3IUUHOM
KOHIIEHTPALIMH, BOCIIOIb30BABIIUCH JAHHBIMH TAOIHIIBI 3.

TaOmuia 3

Ne po6HpKE Yuciio Karein Yucno kanens  |KoHuieHTpanus pactsopa
pacteopa Na,$,0; H,0 NS0,
5 10 C
2 10 5 C
15 0 3C

[TpoOupky ¢ MPUTOTOBICHHBIMU PACTBOPAMU BCTPSIXHYTh.

[TpuroroButh cCeKyHaomep!

B nepByto npoOupky 100aBUTH 1 Kario pacTBOpa CEPHOU KUCIOTHI, BKIIIOUUTh
CEKYHJIOMEpP U U3MEPUTH BPEMS JI0 MOSIBIICHUS B PACTBOPE 3aMETHOM OMajeCUEHIINH.

OTMeTUTh BpeMs peakiliK B JIA0OPaTOPHOM KypHaJIe.

To >xe camoe mocenoBaTebHO NPOjIesiaTh CO BTOPOM U TPEThel MpOoOUpKaMH.

3anuch IKCIEPUMEHTAJbHBIX JAHHBIX U pacyeThl

[To pe3ynbraTam ombiTa 3aMOTHUTH TAOTUILY 4.

[TocTpouts rpadmk 3aBUCUMOCTUA CKOPOCTH PEAKIIMU OT KOHIIEHTpAIUU
pearupyronmx BeIecTB.

Tabmuma 4
Ne Bpewms nporekanus peakuuu CxopocTh peakuuu
poOUpKU t, cex 1/t¥107, yen. en.
1
2
3
[To pe3ynbraraM IMPOBEICHHOTO OMbITA M pacuyeTaM 3aloOJHUTh MYHKT OTYETa
«BbBIBOIY.

Onwvim Ne2. Bnuanue KonyeHmpayuu euiecme-y4acmnuKo8 peakyuu Ha
cMeujeHue XUMUYECKO20 PAGHO8eECUs.
3ananue u 3Tanbl padoThl
IToaroroBka Kk 1adoparopHoi padore
1. IIpouecth TEOpETUUECKOE BBEJCHUE U MOPSIO0K BHIMOIHEHHUS OIBITA.
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2. OdopMHUTh TPOEKT OTYETA MO OMBITY Ja0OPATOPHOM pabOThI (CM. MPUITOKEHNE
2)
3. Hammcarp MaTeMaTH4eCcKoe BBIDAKEHUE  KOHCTAaHTBl  PaBHOBECHSA
IPUMEHUTENBHO K pACCMaTPUBAEMOM B OIIBITE peaKuu!
4. Bocnonp3oBaBmmchk npuHuunoM Jle Illarense, ykazaTh B KaKOM HalpaBIE€HUU
CMECTHUTCS paBHOBECHE (KapaHIallIoM 3aloJIHATh OCIEAHMM cTober Tab. 5).
IHopsigok BbIMOIHEHHS PadOThI
B ombiTe paccMmarpuBaeTcsi peakius B3auMmoaencTBus xyopuaa xxenesa (I111) u
POaHKM 1A KaIus, IPOTEKAIOIIAS IO YPABHEHUIO:

Fe Cl; + 3KSCN « Fe(SCN); + 3KCl

B uyerslpe npoOupku BHecTH 1o 3-4 KamuM pa30aBJeHHBIX PacTBOPOB
xynopuna xeneza (III) u pomanmpa xamus. ConepkuMoe HPOOMPOK TIIATEIBHO
nepemewmiatb. OnHYy NPOOUPKY OCTaBUTH I CPAaBHEHMsI PE3YJIbTaToB oOmbiTa. B
OCTaJIbHbIE TPU MPOOUPKHU JOOABUTH KOHIEHTPHPOBAHHbIE PEAKTUBBI, YKa3aHHbBIC B

Tabmmiie 5.
Tabmuma 5
. HN3meneHue
JloGaBisieMbIi Hanpagnenue cMmeneHus
WHTCHCHUBHOCTH
pEaKkTUB paBHOBECHS
OKpacKu

1 Hp06I/IpKa KOHTPOJIb
2 npobupka Fe Cl;
3 mpoOupka KSCN
4 npobupka KCl

[To pesynpTaTaM ombITa 3aMOJHUTH BBIIMICTIPUBEACHHYIO TAONUIy W IYHKT
otyeTta «BBIBOIY.

Onwvim 3. Bauanue cpedvl pacmeopa Ha cmeuieHue pasHogecus npu
nepexooe xpomam-uoHa 6 OUXpomMam-uox

3axanue u 3Tanbl padoTHI
IToaroroBka Kk JadoparopHoi padore

1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MTOPSIIOK BHITOJTHEHHS PaOOTHI.

2. OdopMUTH POEKT OTUYETA TIO OMBITY JJAOOPATOPHON PabOTHI (CM. TpUJI. 2)

3. Hcnonw3ys yueOHYIO JIUTEpaATypy, yKa3aTh OKPACKy XpOMaT-uOHA U JUXPOMAT-
HOHA.

4. Hamucarb MOJEKYJISpPHOE YpaBHEHHE pEaKIMHM Iepexoia Xpomar-uoHa B
JTUXPOMaT-UOH, UCIIOJIb3Yys MPUBEACHHBIC HUKE MOHHBIC YPABHEHUS.

5. Hanucate  BbIpaK€HHE  KOHCTAaHThI  PABHOBECHUS  IMPUMEHHUTEIBHO K
paccMaTpuBaeMoil B ONBITE peakiiyu!
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6. Bocnonp3zoBaBmrch npuHuunoM Jle [larense, ykazare npyu Kakux yCIOBUSX U
B KaKOM HalpaBJIEHUN CMECTUTCS] paBHOBECHE.

IHopsinok BeINOIHEHHsI PpadOThI

XpoM B IIECTUBAJEHTHOM COCTOSSHUM OOpa3yeT JBa aHHWOHA: XpOMaT-HOH
CrO42_ U JUXPOMAT-UOH Cr2072_. X cymiecTBoBaHUE OIPEICISETC HAIUYUEM
menouHout (pH > 7) unu xucnoit (pH < 7) cpenpl.

B nBe mpobupku BHectn mo 3 kamiau pactBopa xpomara kamus (K,CrO,) u
100aBUTh HECKOJBKO Kamelbh PacTBOpa CEPHOM KHUCIOTHI JO W3MEHEHHS OKPacKu
pactBopa.

OnHy npoOMpPKY OCTaBUTh [JIsi CPaBHEHMs, a B JAPYryl0 A0OaBHTH PacTBOP
IIEJI0YM 10 U3MEHEHUsI OKPacCKH pacTBopa.

[ToBTOPHUTHL OMBIT, B3IB B JBYX MPOOHMPKAX HCXOAHBIM BEIIECTBOM JMXpPOMAT
kaimsg K,Cr,Os.

Onny mpoOUpPKY OCTaBUTH JIJII CPaBHEHMS, a B JIPYTyl0 100aBUTH PacTBOP
IEJI0YH JJO U3MEHEHHSI OKPACKH pacTBOPA.

Onucare HaOmtoneHus. HamucaTte MONIEKYISIpHBIE YpaBHEHHS MeEpexoja
XpoMara B JAMXpoMar M OOpaTHOTO MpoIEecca, HCMOJb3YS CIEAYIONIUEe HOHHBIE
ypaBHEHHUS:

2Cr04 +2H" =Cr,0;° + H,0;

Cr,0; +20H =2Cr0,” + H,0.

Cnenatb BBIBOJ] O BIUSHUHU CPE/Ibl HA 00pa30BaHUE XPOMATOB U JTUXPOMATOB.

Onvim 4. Cmewenue pasnogecus npu 00pa3o06aHuu HePacme0OPUMBbIX
eeuecme

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. TIpodecTh TEOPETHYECKOE BBEICHHUE U MOPSIIOK BHITOJTHEHHS paOOTHI.

2. OdopMUTh TPOEKT OTYETA MO OMBITY JAOOPATOPHOU PaOOTHI (CM. MPHUIIOKEHUE
2)

3. Hanucarb mOHHBIC U MOJICKYJISIpHBIC YPaBHEHUS pEaKIiii 0Opa3oBaHUs OCaJKa
Mg(OH), u ero pacTBOpeHHUs B PE3yJbTaTe B3aUMOACHUCTBHUS C COJISHOU
KHUCIIOTON Y XJIOPHUIOM aMMOHHSI.

4. Hammcarpb  BBIp@KEHHWE  KOHCTAHTHI ~ PABHOBECHS  NPHUMEHHTEIBHO K
paccMaTpuBaeMOM B OMBITE peakiuu!

5. Bocnonw3oBaBmuch npuanunoM Jle [llarense, ykazarbh npu Kakux yCIOBUSAX U
B KAaKOM HAITPaBIICHUH CMECTHUTCS PaBHOBECHE.

IlopsiTok BbIMOJIHEHHSI PAadOThI
B Tpu npoOupku BHECTH 10 3 KaIlId XJIOpHJIa MarHus M IO KaruisiM MeIJICHHO
100aBIIATH B KAyt mpoOupky mienodb NaOH 10 o6pa3zoBaHust ocajaka.
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XOopo1lIo MepemMenarh MOJyYEHHYIO CyCIIEH3UI0 MTAJIOYKOM.

Opny mpoOUpKYy OCTaBUThH AJii CpPaBHEHHUS, BO BTOPYIO J100aBUTH COJISIHYIO
KHUCIIOTY, & B TpPEThlO MpWINTh HachieHHBIM pactBop NH4Cl no pactBopenus
ocaJKa.

Cnenate BbIBOA 00 YCJIOBUSIX M HANPaBICHUM CMEIICHUS XHUMHUYECKOTO
paBHOBECHsI B OOPaTUMBIX PEAKITUSIX HOHHOTO OOMEHA B PACTBOPAX JICKTPOJIUTOB.

3agaHus 119 CAaMOCTOATEJIbHON PadoThI

1. Hanumwure BbIpakeHUE U1 KOHCTAHTBI paBHOBecus peakuuu H, +1,-2HI.
Kak uM3MeHHTCS KOHCTaHTa PAaBHOBECHUS NPH YBEIMYEHUH KOHUEHTPALUU MPOAYKTa
peakiu (1o10Bo10poia) B 2 pa3a?

2. Jlns peakuuu
Na,CO;(k) + COy(1) + HO(1)«>2 NaHCO;(k)
3aMycarh BBIPAXKEHHE ISl KOHCTAHTHI PABHOBECHSI.

3. Kak noBnuseT Ha paBHOBECHE 0OPAaTUMOI peakuu
Fe,05(k) + 3CO(1), «>Fe(k) + 3CO,(T) yBenuueHue JaBieHUs?

4. Kak nmoBnusieT Ha paBHOBECUE OOpaTUMOM peakuuu
CaCOs;(k)«»CaO(k) + COy(1); AH® =171,4 xIx
IIOBBILICHUE TEMIIEPATYPhI?

5. Kakue ycnoBus (Tremmeparypa, AaBjI€HUE, KOHUEHTPALMU YYAaCTHUKOB
peakiuu, Karajau3aTop) HEOOXOAUMBI sl MOBBILLIEHUS BBIXO/1a XJIopa 1Mo 00paTuMoin
peakiuu

4HCI(r) + O,(r)«=>2Cly(1) + 2H,0(r); AH® =-116,4 k]I

Tema 1.4. KommiiekcHbie coeIMHEHUS

Teopernuyeckuii MaTepuaJi, He0OOXOAMMbIH J1JIS1 BbINIOJIHEHUS
J1a0opaTopHoii padoThI

KoOMIUIEKCHBIMM HA3bIBAalOTCA TAaKUE COCIMHEHHUS, B y3J1aX KPHUCTAILIMYECKHUX
PELIETOK KOTOPBIX HAXOASTCS KOMIUIEKCHBIE HOHBI, YCTOMYHBBIE KAaK B TBEPAOM
COCTOSIHMH, TaK U B pacTBOpax.

KoMIUIEKCHBIMM HMOHAMU Ha3bIBACTCSl CJIOKHBIE HOHBI, B COCTAaB KOTOPBIX
BXOJST KaTMOHBI WJIM aTOMbl METAJJIOB, CBSI3aHHBIE C HECKOJIBKUMHU IOJISPHBIMU
MOJIEKYJIaMU WJIM aHUOHAMM.

PaccmoTpuM TUNMYHBIA COCTAB KOMIUIEKCHBIX COEAMHEHUM Ha MPUMEPE
[Cu(NH;)4]SO,4. YacTtuma [Cu(NH3)4]2+ HA3bIBACTCS KOMIUIEKCHBIM HOHOM (JIpyTHe
Ha3BaHMS: KOMILIEKC, BHYTpeHHss chepa), a SO,~ — BHeuHe# chepoit. Katnon Cu®
B KOMITJIEKCE Ha3bIBACTCSl KOMIUIEKCOOOpa3oBaresem, a Mosiekyinsl NH; — nmurangamu.
YUucnmo yMrasgoB, pPaBHOE B 3TOM  COEAWHEHUM  YETBIPEM, HA3bIBAECTCA
KOOPJAMHAIIMOHHBIM YHCIIOM KOMILJIEKCOOOpa30BaTelIs.
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KommiekcoobpaszoBarensiMu SIBISIOTCS TNIABHBIM 00pa30M KaTHOHBI METAJIJIOB,
a nuranjgaMu — nossipasie Mosiekynbl (NH;, H,O) i aHMOHBI — KMUCIIOTHBIE OCTATKU
(F-, CI-, Br-, I-, CN-, NO,-, SCN-), a Takxe ruapokcua-uon OH-.

KoopaunannonHoe 4uciio yaiie BCero paBHo 6, 4 unu 2.

[To 3apsiay KOMIUIEKCAa 3TH COEAWHEHUS MOAPA3ICNAIOTCS Ha KaTHOHHBIE,
Hanpumep [Zn(H,0)4]Cl,, annonnsie — K3[Co(CN)g], 1BOMHBIE (KAaTHOH-aHUOHHBIE) —
[Ni(NH;)s][Fe(CN)g] n metitpansabie — [Pt(NH;3),Cly].

[To Buay MUTaHA0B KOMIUIEKCHBIE COCTUHEHUS MTOIPA3ACIISAIOTCS TAK:

1) aKBaKOMIUIEKCHBIE, JIMTAHIAMHU SIBJISIOTCS MOJIEKYJbl BOJbI, HaIpUMEP
[Cr(H,0)5]Cls;

2) aMMHHOKOMIUIEKCHbBIC, JHUTaHJaMu SIBISIOTCS MoJekynbl NHj;, Hampumep
[CA(NH3)6](NO3)y;

3) TUIPOKCOKOMIUICKCHBIE, Juranaamu spisioTcas OH-uoHbl, Hampumep
Nas;[Al(OH)¢];

4) an0KOMILJIEKCHBIC, JTUTaHAaMU SIBJISIFOTCSI KMCJIOTHBIE OCTaTKH, HAIPUMED
Ky[FeCle];

5) cMellaHHble, JHWraHJaMU SBISIOTCS pa3IMYHbIE YACTHUIIBI, HampuUMep
[Pt(NH;),(H,0),Br,]SO,.

[Ipu pacTBOpeHHMM KOMIUIEKCHBIE COEAUMHEHUS (KpoMe HEUTpaabHBIX)
JTUCCOLMUPYIOT HA KOMIUJIEKCHBIE MOHBI M MIOHBI BHEIITHEHN Cephl:

K;s[Fe(CN)g] = 3K+ + [Fe(CN)g]*

KomrmiekcHble MOHBI B pacTBOpaX AUCCOIMUPYIOT He3HAUUTEIbHO. KOoHCTaHTHI
ux nucconmanuu (KH) Ha3bpIBalOTCSI KOHCTAHTAMH HECTOMKOCTH:

[Fe(CN)s]© <« Fe'" +6CN-; Ku=1,13*10"°

HomenknaTypa KOMIUIEKCHBIX COEIMHEHUN HW3y4aeTcss Ha JEKIIMOHHBIX
3aHATUAX. HarloMHUM €€ ¢ MOMOIIBIO TPUMEPOB:

[Zn(NH3)4](OH), — runpokcu TeTpaaMMUHITMHKA,

K;[Fe(CN)g] — rekcaumnanodeppar (III) kanus,

[Ni(NHj3)4][PtClg] — rekcaxmopormatunar (IV) rerpaammunnukens (1),
[PdCI,(H,0),] — TeTpaakBaauxaopomnaiaui.

JlaGoparopnasi padora Ned. « KomniiekcHbIe COeTUHEHMSD)
Lear pabGoTbl: QopMUpOBaHWE YMEHHUH U HABBIKOB B HCCJICIOBAaHUU

CIT0CO00B IMOJIYUYCHHA KOMIIJICKCHBIX HOHOB; MUW3YYUTH CBOMCTBA KOMIIJIEKCHBIX
COCHHHGHHﬁ, HX COCTaB, ICPBUYIHYIO U BTOPUYHYIO JUCCOLIUALIHUIO.

Onvim 1. Anuonnsie komnaekcol. Tempaiiooogucmymam Kaaus
3amanue u dTanbl padboThl
IToaroroBka Kk JadoparopHoi padore

1. IIpouecTb TeopeTHUECKOE BBEECHUE U TIOPSAIOK BBIIOJHEHUS PAOOTHI.
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2. OdopMuUTh IPOEKT OTYETA IO OMBITY JJAOOPaTOPHOIl pabOTHI (CM. MPHIL. 2)

3. Hamwmcare ypaBHEHHE MONy4YeHHUS HOAUAA BHUCMyTa B MOJIEKYJISIDHOM U B
MOHHOM BHJIE.

4. Hanucars ypaBHEHHE B3aMMOACHUCTBUS HoAuaa BUCMYTa C HOAUIOM Kajus B
MOJIEKYJSIPHOM U HMOHHOM BHJE. Y4YecTb, 4YTO IpU O3TOM oOpasyercs
KOMIUJIEKCHOE COEIMHEHHE, B KOTOPOM B KayecTBE KOMILIEKCOOOpa3zoBarens
BbICTynaeT noH Bucmyrta (I1I).

5. Hamnucarp ypaBHEHMsI NEPBUYHON M BTOPUYHON IHUCCOLMALNU KOMIUIEKCHOTO
COEIMHEHMSI; BBIPAXKEHUE JIJIS1 KOHCTAHThI HECTOMKOCTH KOMILJIEKCA.

Ilopsinok BbINOJHEHUSI PA0OTHI

B npoOupky k 3-4 kamisiMm pacTBOpa HUTpaTa BUCMYyTa MPUOABISATH MO KaIlJIsIM
pacTBOp MOAM KaJusl 10 BBIMAJACHHUS TEMHO-0ypOro ocajka Moauaa BUCMYTa.
PacTBOpUTH 3TOT 0Cago0K U30BITKOM pacTBOpa HOIUIA KaJlUs.
OTMeTHUTh LBET NOJTYYEHHOTO pacTBOpPA.
[To pe3ynbraTam MPOBEAECHHOTO OIBITA 3aMOJIHUTh MMyHKTHI oTyeTa «Habmonenus» u
«Bp1BOIY.

Onvim 2. Kamuonunsie komniekcol. Komniekcnoe ocnoeanue nukensa
3ananue u 3Tanbl padoThl
IMoaroroBka Kk J1adoparopHoi padore

1. IIpodecTh TeOpETUUECKOE BBEICHUE U TIOPSIIOK BHITOJIHEHUS! PaOOTHI.

2. OdopmMuUTh MPOEKT OTYETA MO OMBITY JaOOPATOPHOU padOTHI (CM. MPUIIOKEHUE
2)

3. Hanucate ypaBHeHue peaknuu oOpa3zoBaHus Tujpokcuaa nHukens (II) B
MOJIEKYJISIPHOM U MIOHHOM BUJIE.

4. Hamucarps ypaBHEHHE pacTBOpeHUs ocajaka ruapokcuaa Hukens (1) B ammuake
¢ 00pa3oBaHHEM KOMILJIEKCHOTO OCHOBAaHHS. YYECTh, YTO KOOPAMHAIIMOHHOE
YUCJIO HUKEJISl PAaBHO IIECTH.

5. Hammcars ypaBHEHUS NEPBUYHOM M BTOPUYHOW JUCCOLMALMN KOMIUIEKCHOTO
COEMHEHUS U BBIPAKEHHE /111 KOHCTAHTBI HECTOMKOCTU KOMILIEKCA.

IHopsinok BeIMOTHEHNSI PadOThI

[Tonmyunts ocamok rumapokcuna Hukens (II), BHecs B mpoOupky 3-4 xarmim
pacTBopa cyib(harTa HUKEIS U TaKOU Ke 00bEeM €IKOTO HaTpa.

K ocaaky no6aButh 5-6 Kanenb pacTBOpa aMMHUaKa.

CpaBHUTb OKpAacKy MOHOB HHUKEJIsI B pacTBOpE Cyib(dara HUKEIS C OKpacKoi
MTOJIyYEHHOTO PacTBOpA.

OTMeTuTh OKpacKy IOIYy4YeHHOTro pactBopa. I[loueMy okpacka pacTBOpPOB
oTauyaeTcs?

[To pesynbraram TPOBEACHHOTO OMbITA 3allOJHUTh IYHKThl OTYETa
«HaoOmronenns» n «BeIiBOIY.
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Onwvim 3. Bzaumooeiicmeue 2excayuanogpeppama (I1) kanusa c cynvghamom

Mmeou
3aganue u 3Tanbl padoThI

IoaroroBka Kk JadoparopHoi padore

1. IIpoyecTs TEOpETUYECKOE BBEACHUE U MOPSAOK BBIIOIHEHUS PAOOTHI.

2.  OdopMHUTh MPOEKT OTYETa IO OMBITY JIabopaTOpHOM paboThl (CM.
MIPUIIOKEHHE 2)

3. Hamucars ypaBHeHHE HOHHO-OOMEHHOTO B3aUMOACHCTBHS Cyab(aTa Meau
u rekcananodeppara (1) kanus B MOHHOM U MOJIEKYJISIPHOM BHJIE.

4. Kakoe CBOMCTBO KOMIUJIEKCHBIX COEIMHEHUW TOJTBEP)KIAET BBIMAJCHUE
ocajika B pe3ysbTrare peakiuuu?

ITopsioK BBINOJIHEHUS PadOTHI

B npobupky k 4-5 xamism pacTtBopa cyiabpara Meau J00aBUTh TaKOH XKe
o0beM pactBopa rekcaraHodeppara (11) kamus.

OTMeTuTh IBET BBIMABIIETO Ocajika rekcanuanodeppara (1) menu.

[To pe3ynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh IYHKTBI OTYETa
«HaOmronenns» u «BeIiBOIY.

Onuvim 4. /[goiinbie conu
3aganue u 3Tansl padoTbl

IMoaroroBka Kk J1adoparopHoi padore

1. IIpoyecTs TeOpETUUYECKOE BBEACHUE U MOPSAOK BBIIOIHEHUS PAOOTHI.

2. Odopmuth NOpPOEKT OTYETA IO OMBITY Ja0OpaTOpHOM paboThl (CM.
MIPUJIOKEHUE 2)

3. Hamwmcars ypaBHEHMS NMPOTEKAIOUIMX B OMNBITE PEAKIMIl; YYECThb, YTO B
MEepBBIX ABYX MpobOupkax obpa3yrorcs ocanku cynbhuna xeneza (II) u cynbdara
Oapusi.

4. Ha npucyrcTBME KakMX HOHOB B pacTBope coim Mopa yKas3bpIBaroT
ITPOBEJEHHBIE PEAKIH?

5. Kak u moueMy U3MEHHUTCS IBET JIAKMYCOBOM Oymaru?

6. Hamucars ypaBHeHuE aucconuanuu coau Mopa.

Iopsinok BeIMOIHEHNSI PadOThI

B Tpex npoOupKax [IPUTOTOBUTH pacTBoOp JBOMHOM COu
(NH4),SO4*FeSO,*6H,0 (comu Mopa), BHECS B Kaxayr Mo 6-8 kamenb BOAbI U 1
MUKPOIINATEIIO COJIH.

B omny mpoOupky k pactBopy coinu Mopa no6aBuTh 5-6 Kamenb pacTBopa
cynb(uIa aMMOHHS, B IPYTYIO — CTOJIBKO K€ pacTBOpa Xjaopuaa oapusi.

OTMmeTHTh LBET 00Pa30BABILUXCS OCAKOB.
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B tpethro mpobupky 106aBUTH 7-8 Kareab pacTBOpa €IKOro HaTpa U MOJOXKHUTh
Ha MPOOMPKY, CMOYCHHYIO JTUCTHUIMPOBAHHOW BOJOW, JIAKMYCOBYIO OyMaXKKy;
IIOCTaBUTH MPOOHUPKY Ha BOJASHYIO OaHIO.

[To pe3ympraTaM TMPOBEICHHOTO OMNBITA 3alOJHWTH IMYHKTBI  OTYETa
«Haomronenns» n «BeIiBOIY.

3agaHus 119 CaMOCTOATEJIbHON PadoThI

1. Ha3zoBHTE€ OCHOBHBIE COCTAaBHBIE YAacCTH JIaHHBIX KOMIUIEKCHBIX COEIH-
HEHUM, NMPUBEIUTE UX Ha3BaHUs, KIAcCUDUIHMPYITE MO TPEM-YETHIPEM MPHU3HAKAM:
[Ag(NH3),]Cl, [Cr(CO)e].

2. Hanumure dopmyny rekcarmanodeppara (II) auxens (I1).

3. Hna xommiekcHoro coeauHeHus K;[Al(OH)g] nHanumute ypaBHEHUs
IIEPBUYHON U BTOPUYHOW THCCOLMAIMN, BBIPAKEHNE KOHCTAHTBI HECTOUKOCTH.

4. KOHCTaHThI HECTOMKOCTU KOMIUJIEKCHBIX MOHOB PABHBI:

[Co(CN),J*  [CA(CN)]"  [Zn(CN),J*

Ku=8-107 Ku=110" Ku=2-10"

B pactBope kakoro BemiecTBa koHLeHTpalus HoHoB CN™ HaubombIas?

5. Hanumure ypaBHeHHE peakuuu noyydeHus xjiopun rexcaamuHHukens (1I)
B3aumojiericteueM xiopuaa Hukens (II) ¢ pactBopom ammuaka.

Tema 1.5. Iucnepcubie cucremsl. PacTBopsbl

Teopemuueckuiit mamepuas, HeOOXOOUMDLIL 01 8bINOJIHEHUA 1AOOPAMOPHOIL
pabomul
B xuMuueckoil mpakTuke, a Takke B ObITY 4acTO BO3HHKAET HEOOXOAUMOCTD B

MIPUTOTOBJICHUW PACTBOPOB pa3zIMuHOM KOHIEeHTpanuu. CrocoO0B MPUTOTOBICHUS
pPacTBOPOB MHOTO, HO KaXIbli M3 HUX 00JagaeT CBOMMH IPEUMYIISCTBAMU H
HeJIOCTaTKaMH.

Hampumep, mnpuroroBieHue pacTBopa IO «IPaBHIIy KpecTa» HE TpeOyeT
CJIOXKHBIX PAacyeToB, HO [JIOBOJBHO BEJIMKA OTHOCHUTEIbHAS MOTPEIIHOCTH
npuroroBieHus (no 10 %).

PacTBOp MOXHO NPUTOTOBUTH C MOMOIIBIO (ukcanana. dukcaHan — 3TO
TEPMETUYHO 3amlasHHasg CTEKIAHHAsg aMmmyja C TOYHO B3SATOM HABECKOW CyXOro
BEI[ECTBA WM TOYHBIM OOBEMOM KHUCJIOTHL. B 3TOM ciiywae mgocturaercs camas
BBICOKAsI TOYHOCTH KOHIIEHTPAIlUM TPUTOTOBJIECHUS, HO H3-32 BBICOKOW CTOMMOCTH
(MKCcaHAJIOB PacTBOPHI HA MX OCHOBE TOTOBSAT B PEIKUX CIydasx — JJIs MPOBEICHUS
0Cc000 TOYHBIX aHAJIM30B.

Hawnbomnee onTuManbHbIM SBISETCS CIIOCO0, Korya 00see KOHIIEHTPUPOBAHHBIN
pacTBOp pazOaBISIIOT BOJAOM 10 3aJaHHOM KOHIEHTpalMH. DTO MPOCTOM CIOCO0,
MO3BOJISIFOIIUI TOTOBUTH PACTBOPHI C IOBOJBHO BBICOKOM TOUHOCTHIO.
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Jlis TpUrOTOBIIEHUS PAcTBOpa HEOOXOAMMO 3HAHHE Pa3IMYHBIX CIOCOOOB
BBIPAKCHUSI KOHIIEHTPALUU U YMEHHE [IEPEXOAUTH OT OJJHOTO CIIOCO0a K APYromy.

Haubonee pacnpocTpaHeHbl IATh CHOCO0OOB BbIPAaKeHUS! KOHLEHTPALMH
PacTBOPOB:

1) maccoeaa o0ona pacmeopennozo eewjecmea — macca pacmeopPeHHO20
gewjecmea, cooepxcawjasics 6 100 maccogvix uacmsax pacmeopa,

2) monapuas KOHUEHMPAUUA — KOIUYECE0 Beujecmeda 6 OOHOM JUmpe
pacmeopa,

3) MONAPHAA KOHUEHMPAUUs IK6UBAIEHMA (IKEUBAIEHMHASL KOHYEHMPAYUsl)
— KOIUYeCmeo 9K8UBALEHMHBIX MACC 6eU4eCmea 8 0OHOM JUMpe pacmeopa,

4) monanenocmv — KOIUYECMBO Gewecmea 8 OOHOM — KULO2pamme
pacmeopumernsi;

5) mump — macca pacmeopenHozo sewecmsa 8 00HOM Mi (cm’) pacmeopa.

[Ipu mepexone OT MaccOBOW JOJM M MOJISJIBHOCTU K OCTaJbHBIM CHOCOOaM
BBIPDAKEHUSI KOHLEHTpPAlMM HEOOXOAMMO 3HaTh IUIOTHOCTh pacTBOpa, KOTOpas
OIPEEISIETCS ONBITHBIM ITyTEM C IOMOLIBIO apPEOMETPA.

Apeomemp — 31O TpUOOp AN U3MEPEHHUs IUIOTHOCTU JKujakocted. OH
IPEICTaBIsSIET COOON 3alasHHYI CTEKISHHYIO TPYyOKy C TIpy30M Ha KOHIIE M CO
mikaoit. I1Ikana rpagylpoBaHa B €IMHALAX TIOTHOCTH (KI/M° MM T/71).

Korma apeoMerp mnorpyxeH B >XHJAKOCTb, TO YPOBEHb €€ IOBEPXHOCTH
COBIAJAET C TEM JEJIEHHEM Ha IIKaje, KOTOPOE YKa3bIBAET IUIOTHOCTh 3TOU
KUJAKOCTU. 3HAas IUIOTHOCTh PAacTBOpPa, MOKHO B CIIPAaBOYHOM JMUTEpAType HAWTH
MacCOBYIO JIOJIFO PACTBOPEHHOTO BEIIECTBA.

Honno-oomennvie peakyuu. B pacTBopax 3JEKTPOIUTOB PEaKIUU MPOTEKAIOT
MEX/1y HMOHAMHM, MOATOMY CYIIHOCTh IMPOTEKAIOLIUX MPOLECCOB Hauboiee MOJIHO
BBIPAXKACTCS MPHU 3alUCH WX YPAaBHEHMH B MOHHO-MOJIEKYJISIPHOM BHjae. B Takux
YPaBHEHUSAX CJA0ble 3JEKTPOJIUTHI, MAJOPACTBOPUMBIE COEIUHEHUS W Ta3bl
3aMKUCHIBAIOTCS B MOJIEKYJSIpHOU (hopMe, a CUIIbHBIE 3JIEKTPOJIUTHI — B BUJE€ MOHOB.
Hanpumep, peaknuy HEUTpaIn3alliy 3alIMChIBAIOTCS TaK:

HCl1 + KOH = KCl + H,O — monekynsipHOE ypaBHEHHE

H'+ OH™ = H,0 — HOHHO-MOJIEKY/IAPHOE YPaBHEHHE,

U3 KOTOPOTO CIIEAYET, YTO CYLUTHOCTh 3TOTO MPOIEcca CBOIUTCS K 00pa30BaHUIO
U3 NOHOB BOJIOPO/Ia U TUPOKCUA-UOHOB CJ1A00T0 3JIEKTPOIUTA — BOABI.

YpaBHEHUS pEaKLUii:

BaCl, + H,SO4, =+ BaS0O,| + 2HCI

Ba(NO;), + Na,SO, = BaSO,] + 2NaNO;

CBOJTCS K OJHOMY M TOMY K€ Mpolieccy 0oOpa3oBaHMsS MaJlOpacTBOPHUMOIO
BeIeCTBA — Cylbdara Oapusi:

Ba®" + SO,” =BaS0,|

28



OTH TOpuUMephl TOKA3bIBAIOT, YTO HWOHOOOMEHHBIE PEaKIUh B PACTBOPAX
AIIEKTPOJIUTOB TMPOTEKAIOT B HAMPABICHUU CBSI3bIBAHWSA HMOHOB, MNPUBOISIIETO K
00pa30BaHUI0 MAaJIOPACTBOPUMBIX BEIIECTB (OCAAKOB WM Ta30B) WA MOJIEKYI
CJ1a0bIX IEKTPOIUTOB:

Na,CO; + 2HCI1 = 2NaCl + H,O + CO,1

CO;* +2H"=H,0+CO,?

B Tex cimydasx, korga MaJopacTBOPUMBIE BEIIECTBA WU CJIA0bIE AIEKTPOIHUTHI
MMEIOTCA KaK CpeOu MWCXOJHBIX BEIIECTB, TaK M CPEAU MPOIYKTOB pPEaKIIUH,
paBHOBECHE CMEIAETCSs B CTOPOHY OOpa3oBaHHS HAWMEHEE PACTBOPUMBIX WIIH
HauMeHee JUCCOLMUPYIONINX BelecTB. Hanmpumep:

IMg(OH), + 2HC1 = MgCl, + 2H,0

IMg(OH), + 2H"= Mg*" + 2H,0

Booopoonwiii noxazamens. BoNbIIMHCTBO peakiuii, MIPUMEHIEMBIX B aHAJIU3E,
MPOTEKAIOT B BOJHBIX pacTBOpax. Boga oTHOCUTCS K Ca0BIM 3JIEKTPOIUTAM U, XOTS B
HE3HAYUTEIHHON CTENEHHU, HO TIOJIBEPraeTCsl HOHU3AIINHU:

H,0 & H" +OH"

[Iponecc woOHM3aLMM BOABI XapaKTEpU3yeTCs] KOHCTAHTOM HOHU3ALUU
(mucconmanun):

[H']-[OH ]/ [H,0] = K(H0) (1)

[IpeoOpazyem 310 ypaBHEHHE:

[H']-[OH ]=K(H,0) - [H,0] (2)

B mnpuBenennom ypaBHeHuun [H,O] (mpu mOCTOSHHOM TeMrieparype) MOKHO
CUMUTATh NMPAKTUYECKU MOCTOSHHOU. CrienoBaTesbHO, paBasi 4acTh ypaBHEeHHS (2), a
3Haunt, U npomsseneHne [H']-[OH ] — BenwumHa mocrosiHHas. EE Ha3bIBaioT
MOHHBIM MMPOU3BEICHUEM BOJIbI U 0003Ha4Ya0T Kw:

Kw:=[H']:-[OH] (3)

Ipu temneparype 25° C B umcroit Boge [H'] = [OH] = 107 momns/m,

CJIeI0BATENIbHO
Kw=107-10"= 10",

[Ipu mnoBbimienun Temneparypbl Kw ObicTpo  yBenmumBaeTcsi. (CMbICT
ypaBHeHUs (3) 3aKirouaeTcs B CISAYIONMIEM: KaK Obl, HE M3MEHSIACh, KOHIICHTPAIIUS
nonoB H' m OH, ux mnpoussenenne [H']-[OH ] B mo6GoM BOTHOM pacTBOpE
COXPAaHSIET MOCTOSTHHOE 3HAYEHUE PABHOE 10" npu 25 oC.

Bmecto kommenTpanmu [H'] ymoOHee TONB30BaThCsl  OTPHIATETHLHBIM
JECSITUYHBIM JIOTapU(PMOM U3 3TON BEITUUUHBI — 8000p0OHbIM nokazameiem (pH).

pH =—(g[H'] (4)

Kpome Bopoponnoro nokazarens (pH) npu pacuerax mmMpoKoO UCHOJIB3YIOT U
TUAPOKCUIIBHBIN okazarenb (pOH) u nponorapudmMupoBaHHbBIN MMOKa3aTe]Ib HOHHOTO
MIPOU3BENCHUS BOJIbI
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pOH =—{g[OH ],
pKw = —lgKw,
pKw =pH + pOH. pH + pOH = 14.

B kucneix pactBopax pH < 7, cmabokucnbeix pH < 7, menodHsix pactBopax
pH >7, cnabomenounsix > 7, HEUTpaIbHBIX pacTBopax pH = 7.

Jlns  w3Mmepenust 3HadeHus pH modab3yloTcs  pa3iauyHBIMU - METOJIAMH.
KauecTBeHHO k€ peakiyio pacTBOpa MOXKHO OMPEACIUTh C MOMOIIBIO CHIEIUATIBHBIX
WHJIUKaTOPOB, MEHSIONIMX CBOK OKpAacKy B 3aBHCUMOCTH OT KOHIEHTpALMU
BOJOPOJIHBIX HMOHOB. TakMMU WHIWKATOpaMU SIBIIIFOTCA KUCJIOTHO-ILEJIOYHBIE
WHJMKATOPbI, KOTOPBIE pearupyroT Ha u3MeHenue pH cpenbl

KucnoTrHo-11en04Hble HHAUKATOPHI B MOAABIISAIONIEM OOJIBIIUHCTBE SIBISIIOTCS
KPACUTEISIMA WJIA JPYTUMH OPTaHUYECKUMHU COCIUHEHHUSIMHU, MOJIEKYJIBl KOTOPBIX
MPETEePIEBaAOT CTPYKTYPHbIC U3MEHEHHUSI B 3aBUCUMOCTH OT peakuuu cpenbl. mu
MOJIB3YIOTCSI B TATPUMETPUUYECKOM aHAJIU3€ MIPU PEaKIUSIX HEUTpaIn3aluu, a TaKxKe
IUTSL KOJIOPUMETPUYECKOTo onpeneneHus pH.

Tuoponus coneii. Ilpu pacTBOpeHHM cOJI€l B BOje, HapsAdy C Ipolieccamu
AIIEKTPOJIUTUUECKON JUCCOIMAIIMM C OOpa30oBaHHEM THAPATUPOBAHHBIX HOHOB,
MPOTEKAIOT PEaKIMU B3aUMOJICUCTBUSI HOHOB COJIM C BOJIOM MX TUJIPATHBIX 00O0JIOUEK.
DTOT MpOIECC HA3BIBACTCS 2UOpOIU30M coneli. B pe3ynapTaTe TUAPOIN3a CMEIAeTCs
PaBHOBECHE JIEKTPOTUTUYECKON TUCCOLMAIIMK BOJIbI, IPUBOsIIEE K u3MeHeHn0 pH
Cpeibl, KOTOPOE MOKHO ONIPENCIUTh C TOMOIILI0O HHANKATOPOB.

Hanpumep, npu pacTBopeHHH aiieTata HaTpusi cpefia CTAHOBUTCS IIEJIOUHON B
pe3ylbrare NPOTEKAHUS CIEIYIOIINX MPOLECCOB:

CH;COONa <> Na' + CH;COO"

CH;COO" + HOH « CH3COOH + OH

N3meHeHne BogopoaHoOro mnokazarenss pH mpu pacTBOpeHUH COJIM SABIISIETCS
OCHOBHBIM MPU3HAKOM, YKA3bIBAIOIIUM Ha MPOTEKAHUE THUIPOJIU3A.

l'unponus sBisieTcs pe3yabTaToM MOJSPU3AIMOHHOTO B3aWMOCHCTBUS HOHOB
C WX TUApaTHOU oOosioukoil. UeM cuiibHee moONsIpU3yrolee JIeUCTBUE HOHOB U
0oJbIlle WX TMOJSPU3YEMOCTb, T€M B OOJBIIEH CTEMEHU TMPOTEKAET THIPOIIHU3.
CunmbHOE  TONSIPU3YIONIEE JICWCTBHE  OKAa3bIBAIOT HEOONBIIME 10  pasMepy
MHOTO3apsIIHbIE HMOHBI; OOBIYHO OSTO KAaTHOHBI Cia0bIXx ocHOBaHWA. CHIBHO
MOJIAPU3YIOTCA OONBIIME TIO pa3MepaM AaHWUOHBI — KHUCJIOTHBIE OCTATKH CIa0BIX
KHCJIOT.

Paznuyaror HECKOJIBKO TUITOB TUAPOJIM3a COJIEN.

1. Conu, 0Opa3oBaHHbIC CUJILHBIMU OCHOBAHUSMHM (ILIEJIOYaMH) U CHIIBHBIMU
KHCJIOTaMU, HE TojaBepratorcs ruaponusy. PactBopsl Takux coneit (NaCl, KNO;,
Ba(NOs), u np.) umerot HelTpanbHyto cpeny (pH = 7).
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2. Comu, 00pa3oBaHHBIC CUIBLHBIMH OCHOBAaHUSMU M CJIA0OBIMH KHCIIOTAMH,
TUAPOJIM3YIOTCS M0 aHUOHY, TaK Kak aHWOH o0pa3yeT ¢ MOHaMU BOAOpoAa cladyro
kucnoty. Cpesia pacTBopa B 3TOM ciydae mienodnas (pH > 7):

KCN + H,0 <> HCN + KOH — MosiekyasapHOE YpaBHEHUE THAPOJIN3A

CN + HOH < HCN + OH — noHHO€ ypaBHEHHE TUAPOJIN3a IO AHUOHY

Conu »Toro THna, 00pa30BaHHbIE MHOTOOCHOBHBIMU KHCJIOTAMH,
TUAPOIU3YIOTCS CTYIIEHYATO, HAIPUMED:

-5 ctynens: K,CO; + HOH «+» KHCO; + KOH
CO;*” +HOH < HCO+OH
2-s ctynens: KHCO; + H,O < H,CO; + KOH
HCO;” + HOH « H,CO; + OH,

MPUYEM TUAPOIIU3 UJIET B OCHOBHOM IO TIEPBOM CTYIICHHU.

3. Conu, oOpa3oBaHHbIE CIAOBIMM OCHOBAaHUSIMU U CHJIBHBIMU KHCJIOTaMH,
TUAPOJU3YIOTCS 10 KaTUOHY, TaK KaK KaTHOH 00pa3yeT ¢ TMAPOKCHU]I-MOHaMU cyiaboe
ocHoBanue. Cpena pactBopa B 3ToM ciryuae kucias (pH < 7).

NH,Cl1 + H,0 <> NH4OH + HCI — MmonekynsipHOe ypaBHEHUE TUIPOITU3A

NH,;" + HOH < NH,OH + H' — nonHoe ypaBHeHHE I'UIpOJIN3a M0 KaTHOHY

Conu aToro THa, 00pa3oBaHHbIE MHOTOKHCIOTHBIMU OCHOBAHUSIMH,
TUAPOIU3YIOTCS CTYTIEHYATO, HAIIPUMED:

1-a crynens: ZnCl, + H,O < Zn(OH)CI + HCI
Zn*" + HOH < Zn(OH)" + H'
2-g crynenb: Zn(OH)Cl + H,O < Zn(OH), + HCI
Zn(OH)" + HOH < Zn(OH), + H,

npuYyeM  TUAPOJIM3  HUJEeT B OCHOBHOM IO  TEPBOM  CTYIEHHU.
4. Comu, o0Opa3oBaHHBIC CIaOBIMM OCHOBaHMSMH M CJIa0BIMH  KHCJIOTaMH,
TUAPOJIU3YIOTCS U 110 KaTHOHY U TI0 aHHOHY, HallpUMED:

NH,CN + H,0-NH,OH + HCN

IIpu stom pH cpeapl 3aBUCUT OT CHJIBI OOpa3yrOIIUXCS ClIaObIX KHUCJIOT U
ocHoBaHMil (00biuHO pH paBen 6-8). Takue coiaM TUIPOIU3YIOTCA B OONbIIEH
CTENIEHU, YeM PACCMOTPEHHbIE B M. M. 2 u 3. ['maponu3 Takux cojell MpOUCXOIUT
MPaKTUYECKU HEOOPATUMO, €CITU BBIACISIETCS Ta3 WIH 0CAI0K JIMOO €CIIU TO U JIPYroe
oOpa3zyeTcsi OHOBPEMEHHO, HAITPUMED:

ALS; +3H,0 = 2AI(OH);| + 3H,S?

JlaGoparopHasi padora NeS. «IIpuroroBieHue pacTBopa 3aJJaHHOM
KOHIUEHTPAMM

eanb padoTsl: popMHUpOBaHKE YMEHUIN U HABBIKOB B MPUTOTOBJICHUH
pacTBOpa C 3aJlaHHOM MACCOBOM JIOJIEM PACTBOPEHHOTO BEIIECTBA; IPOBEPUTH
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MPAaBUJIBHOCTh MIPUTOTOBIICHUSI PACTBOPA, U3MEPUB €TI0 TJIOTHOCTh U CPABHUB €€ C
TEOPETUYECKON BETUYMHOU INIOTHOCTH.
3aganue u 3Tanbl padoThI

IoaroroBka Kk JadoparopHoi padore

1. IIpodecTh TEOpETHUUECKOE BBEICHUE U MOPSAIOK BHIIOJHEHUS PaOOTHI.

2. OQopMHUTH MPOEKT OTUETA IO OMBITY JTA0OPAaTOPHON PaOOTHI (CM.
MIPUIIOKEHHE 2)

3. IlonyuuTs 3a7jaHK€ 1O MIPUTOTOBJICHUIO PACTBOPA y MPEHOJaBaATEIIs.

4. Paccuutarbh 00b€M BOABI U MACCy COJIM, KOTOPbIE TOHAA00STCS AJIs
IPUTOTOBJICHUS 3aIaHHOTO PacTBOPA.

IHopsinok BeIMOTHEHHSI Pa0OTHI

Hcnonb3yst MepHBINA HWIHMHAP, OTMEPUTHh HEOOXOAUMBIM 00BEM BOJIbI U BHLITUTH
€€ B XMMUYECKHUI CTaKaH.

Ha s1exTpoHHBIX Becax B3BECUTH COJIb.

Bcebimare conb B CTakaH € BOJOW, MOCTOSSHHO NEPEMENIMBAs €€ CTEKJISTHHOU
Majoykoil. YOeauTcsi B TOM, 4TO BCS COJIb MOJIHOCTHIO PACTBOPUIIACH.

[IpoBepuTh MpPaBUILHOCTH MPUTOTOBIEHUS pacTBopa. st a3Toro HebosbIIOE
KOJINYECTBO PACTBOpPA HAJIUTh B MEPHBIM LMIMHIAP U aKKypaTHO MOMECTUTh B HETO
apeoMeTp.

OTMETHTH IIJIOTHOCTH IIPUTOTOBIEHHOIO PACTBOPA P ppacr.; CPABHHUTH €€ C
TEOPETUYECKUM 3HAYEHUEM TUIOTHOCTH PACTBOPA YKA3aHHOM KOHIEHTPAIMH P reop.

3anuchb IKCNEPUMEHTAJbHBIX JAHHBIX U pacyeThbl

Paccuutarh aOCONMIOTHYIO U OTHOCUTENBHYIO OIITUOKH OTIBITA:

Abcontomuas owubka = p TEOp — p MPaKT.= [1/Mi],

Omnocumenvrasn owudka A% = (abcomorHas ommodka / p Teop.) - 100.

[To pe3ynpTaTaM NPOBEAECHHOIO OMbITA MPOU3BECTH pPACUYET MOJISIPHOM,
MOJISUIBHOM, HOPMAJIBHOW  KOHILIEHTpAllMd W TUTpPa pPacTBOpa, HCIOJb3Ys
TEOPETUYECKOE 3HAUCHHE €T0 TUIOTHOCTHU (B JJabopaTtopHOU TeTpaan!).

3anoMHUTh MYHKT oTueTa « BhIBOMIY.

JlaGoparopnasi padora Ne6. «JIeKTPOIUTHYECKAS JUCCOLMALU

Onvim 1. Xapaxkmep ouccoyuayuu 2uopoKkcuoos
3aganue u 3Tanbl padoThI
IoaroroBka Kk JJadoparopHoi padore
1. IIpoyecTs TeOpEeTUUYECKOE BBEACHUE U MOPSAOK BHIIOIHEHUS PAOOTHI.
2. OdopmuTh OPOEKT OTUETA IO OMBITY Ja0OpPaTOpHON PabOTHI (CM.
MPUJIOKEHUE 2)
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3. Hanucare ypaBHEHHsSI TOJY4YEHHUsS TUIAPOKCHJIOB MAarHusi, KpEMHUS,
antoMuHus (0pOPMUTH KaK HOHHO-OOMEHHBIE PEAKIIUU — MOJIEKYJISIPHOE YpaBHEHHUE,
MOJIHOE MOHHOE U COKpPAIllEHHOE MOHHOE YPaBHEHU).

4. B Tabnmuue 6 yka3aThb XapakTep CBOMCTB KaXJOro M3 THIPOKCHIOB
(KUCIOTHBIN, aM(pOTEPHBIN, OCHOBHBIN).

5. Hamucarp ypaBHeHHS AMCCOIMAIINH THAPOKCUAOB B TabmuIle 6.

6. Hanucarb ypaBHEHHsSI B3aUMOJEHCTBHS KaXJOTO0 M3 THAPOKCUIOB C
KHCIIOTOM M IIET0YbI0 (OPOPMHUTH KaK MOHHO-OOMEHHBIE PEaKIIMH — MOJEKYISIPHOE
ypaBHEHUE, MOJTHOE HOHHOE M COKPAILIEHHOE HOHHOE YPaBHEHU).

Iopsiaok BbINOJIHEHUS] padOTHI

[Tonyunts rugpokcuasl Marauss (1 uw 2 npobupku), amomuuus (3 u 4
poOUpKK) U KpeMHUs (5 1 6 TPOOUPKH) - 10 ABA KAXA0r0 U3 TUAPOKCUIOB.

Jjist 3TOT0 B34Th 1IECTh MPOOUPOK M BHECTH 110 3-4 karuu 0,5H pacTBOPOB:

B [IEPBYIO U BTOPYIO — XJIOPHUJ MAarHUs;

B TPETHIO U YETBEPTYIO — XJIOPUJ] ATFOMUHUS;

B ISITYIO U IIECTYIO — CUJIMKAT HaTPUS.

[Tpu6aBuTH B MPOOUPKHU:

B IIEPBYIO U BTOPYIO — 3-4 KaruiM €IKOro Harpa;

B TPETHIO M YETBEPTYIO — 1-2 Karim egKoro Harpa;

B ILITYIO M IIECTYIO — 3-4 KaIUIA COJSTHOM KHUCIIOTHI.

OTrMeTuTh 00pa3oBaHME M I1BET OCAJKOB, BHECTHU B NYHKT OTYeTa
«HabOmroneuusy.

HccenenoBare CBOKCTBA IMOIMYYEHHBIX TMIAPOKCHIOB (KHCIIOTHBIE, OCHOBHBIE,
am(oTepHbIe); ISl ITOrO OMNpPENeiIUTh MX OTHOIIEHHWE K KHCIOTaM M IIeJoYaM.
K momyueHHOMy B AByX NpoOMpKax TMIPOKCHUIY MAarHusi, NpuOaBUTb: B MEPBYIO
npoOupKy 3-4 Karium pacTBOpa €IKOrO Harpa, BO BTOpPYIO — 3-4 Kamid pacTtBopa
COJITHOW KHCJIOTBI.

OTMETUTh B KaKOM Clydyae OCaJOK pacTBOPWICS. AHAJOTMYHBIM 00pa3oM
MCCJIeI0BaTh THIPOKCUABI aTFOMUHUS U KPEMHHSL.

[To pe3ynbraTamM ombiTa 3aMOIHUTE 2 U 3 CTONOLBI TAOIHUIIHI 6.

Tabmuma 6
OTHOIIIEHUE TUAPOKCUAA
HaszBanue u
o (pactBopsieTcsi/He Xapaxrep VpaBHEeHHE JUCCOIHAIIH
opMyia .
PMY. pacTBoOpsieTCs) CBOWCTB (Tombko 1 cTyreHs)
TUIPOKCHIA
K IIEJI0YN K KHCJIOTE
1 2 3 4 5
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[To pe3ynpTaram NpOBEACHHOTO ONBITA 3AIIOJIHUTh ITYHKTHI OTYETA
«Habnroneuus» u « BeiBom).

Onwvim 2. Cpasnenue Xxumuueckou akmugHocmu kuciom. Bzaumooeiicmeue

Mpamopa ¢ CONAHOU U YKCYCHOU KUCIOMOU
3amanue u 3Tanbl padoThl

IHoaroroBka k 1abopaTopHoii padore

1. IIpodecTh TEOpETHUUECKOE BBEICHUE U MOPSAIOK BHIIOJHEHUS PaOOTHI.

2. OdopMHUTH TPOEKT OTUETA MO OMBITY JA00PaTOPHOU pabOTHI (CM. TIPHUII. 2)

3. Hamwucarb HOHHO-OOMEHHBIE pEaKIMK B3aUMOJCUCTBUS Mpamopa ¢
YKCYCHOM M COJISTHOM KucinoTamu. Kakast u3 ucciueayeMbIX KUCIOT SBISIETCA CUIIbHBIM
ANEKTPOIUTOM?

4.  OI1eHUTh MO COKPAIIEHHOMY HOHHOMY YPaBHEHUIO, KOHLICHTPAILIUS KAKOTO
MOHA OyIeT OompeAessiTh CKOPOCTh 3ITHUX PpEAKIUA B COOTBETCTBUU C 3aKOHOM
JNEUCTBYIOIINX Macc.

5. Paccuurtarb KOHUEHTpALMIO MOHOB BOAOPOJA B 2H PacTBOPE COJSHOW U
2H pacTBOPE YKCYCHOM KUCIIOTHI U BHECTH PAacUYEThl B IPOCKT OTYETA MO JI/P.

IHopsinok BeIMOTHEHHSI PadOThI

B3sth 1Be mpoOUPKHU M BHECTH B HUX MO MaJIE€HBKOMY KyCOUKY MpaMopa.

Jlo6aBuTh B TepByIO0 MpoOUpKy 5-6 Kamenb pacTBOpa COJITHOM KHUCIIOTHI, BO
BTOPYIO — 5-6 Kanenab YKCYCHOW KUCIIOTBI.

OtMetuTh BbiAceHUE Ta3a. CpaBHUTh WHTEHCUBHOCTH BBIJICJICHHUS Ta3a B
poOUpKax.

I[To pesynbraram TPOBEACHHOTO OMbITA 3allOJHUTh IYHKThl OTYETa
«HaOmronennsa» u «BeIiBOIY.

Onvim 3. Bausanue conu cnadoii Kucaiomul Ha OUCCOUUAUUIO IMOU KUCIOM bl
3aganue u 3Tansl padoThl

IToaroroBka Kk J1adoparopHoi padore

[IpouecTh TeOpeTHUECKOE BBECHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

OdopMuTh MPOEKT OTUYETA IO OMBITY J1a00paTOpHOU PabOThI (CM. TIPHUIL. 2).

O3HAKOMUTHCS C OCHOBHBIMH KHCJIOTHO-OCHOBHBIMU WHIUKATOPAMHU.

Hanucare ypaBHEHHE AUCCONMAIMNA YKCYCHOM KUCIIOTBI.

DN AW N -

Hamucats ypaBHEHHE TUCCOIMAIINY alleTaTa HaTpus.

6. Bocnonb30BaBIIMCH CIIPABOYHBIMU JaHHBIMH MPUJIOKEHUS 3, yKa3aTh 00JacTh
nepexoa ¥ M3MEHEHNE OKPACKH JUTSl KHCTIOIB3yeMOT0 B pad0Te MHIUKATOPA.

7. Kakue noHbI B pacTBOPE BIMSIOT Ha H3MEHECHHE M HHTCHCUBHOCTh OKPACKH
WHAUKaTopa?
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8.  Ilonw3ysace npunuumnom Jle [llarense, ykaxkure, B KAKOM HalpaBJICHUH
CMECTHUTCS] paBHOBECUE B CCTEME IOCIIE J00aBieHus anerara HaTtpus. Kak npu stom
MU3MEHUTCSI HHTCHCUBHOCTh OKPACKU MHAMKATOpa?

IopsaoK BBINOJTHEHUs] padOThI

B nBe npoOupku BHECTH MO 5-6 Kamenab pacTBOpa YKCYCHOM KUCIIOTHI.

B xaxayr npoOupky no06aBuTh mo 1 Kamjie WHOMKATOpa — METHJIOBOTO
OpaHKEBOTO.

OTMETUTh UBET MHAUKATOPA B PACTBOPE KUCIIOTBHI.

OnHy npoOMpPKY OCTaBUTh B KayeCTBE KOHTPOJBHOM, a B JAPYryl0 BHECTHU
anerar HaTpusl.

CpaBHUTB OKpAcKy IOJIYYEHHOI'O pacTBOpa C KOHTPOJIbHOM MPOOUPKOH.

[lo pe3ynbraTaM MPOBENCHHOIO OMbITA 3aMOJIHUTh MYHKTBl  OTYETa
«HaOmonennsa» n «BeiBomy.

Onvim 4. Bausanue conu c1apozo 0CHOBAHUA HA OUCCOUUAUUIO IMO20
OCHO6aHUA
3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore
1. I[IpodecTh TeOpETUUECKOE BBEICHUE U TIOPSIOK BHITOJIHEHUS paOOTHI.
2. OdopMUTH TPOEKT OTYETA MO ONBITY JJAOOPATOPHOU pabOTHI (CM. MpuII. 2)
3. Hanucars ypaBHEHUE OUCCOLMALIMM TUAPATAa aMMHAKa.
4. Hanncath ypaBHEHHE IUCCOLUAIIMU XJIOpHUIa aMMOHMSL.
5. Bocnonp30BaBIIMCH CIIPABOYHBIMU TAHHBIMU TTPUIJIOKEHUS 2, yKa3aTh 001acTh
nepexoia ¥ M3MEHEHHE OKPACKHU ISl HCTIOIh3YeMOTo B pad0Te MHIUKATOPA.
6. Kakne MOHBI BIUAIOT HA U3BMEHEHNE U UHTEHCUBHOCTh OKPACKH
WHJIUKaTopa?
7.11one3ysice nmpunnunom Jle Illarense, ykaxkuTe, B KakOM HalpaBICHUU
CMECTUTCS paBHOBECHE B CHUCTEME Mocie Jo0aBieHus xjopuaa ammoHusa. Kak
M3MEHUTCS OKpacka UHAuKaTopa’?
IHopsinok BeIMOJIHEHHSI PadOThI
B nBe npoOupku BHECTH TI0 5-6 Karenb pacTBOpa aMMHAKa.
B xaxxnyro nmpobupky mo6aButh 1o 1 karsie nHaukaropa — perondraienHa.
OTMeTUTh BET UHIUKATOPA B PACTBOPE KHUCIIOTHI.
Onny mpoOMpPKYy OCTaBUTh B Kauye€CTBE KOHTPOJILHOM, a B JPYryl0 BHECTH
XJIOpUJ, aMMOHHS.
CpaBHUTBH OKPACKY MOJYUYSHHOTO PACTBOPA C KOHTPOJIBHOU MPOOUPKOM.
[To pesynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh IYHKTHl  OTYETa

«HaoOmronenns» n «BeIiBOIY.
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JladoparopHas padora Ne 7. «Onpenenenne pH cpeabn»

Onwvim 1. OKkpacka HeKOmMOpvIX UHOUKAMOPOE 8 PA3TUUHBIX CPeOax

3aganue u 3Tanbl padoThI

IoaroroBka Kk JadoparopHoi padore

1. IIpodecTs TeOpeTHUYECKOE BBEACHUE U MOPSIOK BHITOIHEHUS PAOOTHI.

2. OdopMuTh MPOEKT OTYETAa I10 ONBITY Ja0OpaTOpHOM pabdoThl (CM.
MIPUIIOKEHHE 2)

3. Hcrnonwp3ys TEOpPETHUYECKOE BBEACHUE K JIAHHOM TE€ME, O3HAKOMUTHCS C
MPUHIIUIIOM PAaOOThI KUCIOTHO-OCHOBHBIX HHIUKATOPOB.

4. B mpoekT oTyeTa BHECTH TAONMIy 7 W, UCTHOIB3Ysl CIIPABOYHBIC JaHHBIC
NpWIoXKeHUs 3, yka3arb B Hed 3HaueHusi pH, KOTOpble COOTBETCTBYIOT OO0JACTSIM
IIepEX0/1a UCCIIEYEMBIX UHINKATOPOB.

IHopsinok BeIMOTHEHHSI PadOThI

OrnpenenuTe OKpacKy B KMCIION, HEUTPAJIBHOM U LIENOYHOM Cpenax Juist
CJIEIYIOUIUX UHIUKATOPOB:

1. Metunopanxa;

2. METWJIOBOTO KPacHOTIO;
3. JlaKMyca;

4. ¢enondranenHa.

st aToro B34Th 12 MpOOUPOK pa3sMECTUTh UX B IITATUBE TaKUM OOpa3oM,
YTOOBI TMOJYYUTh 3 CEKIUU (COOTBETCTBYIOT TpPEM XapakTepam cpeanl) 1o 4
npoOupKku (10 OAHOM JJI KaXKJI0TO U3 4-X UHIUKATOPOB).

B nepBeie uderbipe mpoOupku BHecTH 6-7 kanenb 0,1H pacTBopa COJSHOM
KHCJIOTBI;

B JIPyTHE YEThIpe MPOOUPKU — 6-7 Kamnesib TUCTUIUTHPOBAHHOM BOJIBI;

B TIOCJIEIHUE YeThIpe MpoOupKu — 6-7 kanensb 0,1H pacTBOpa €KOro HATpa.

B xaxxnyro 3 4 mpoOUpOK BHECTU MTOOYEPETHO YKa3aHHBIEC HHIUKATOPHI:

1 xaruTro MEeTUIIOpaHXka;

| ka0 METUIIOBOTO KPACHOTO;

3-4 xaniau J1aKMyca;

1 ka0 gpeHongranenHa.

OTMEeTUTH OKpaCcCKy HHAUKATOPOB B KAXKJIOW U3 TPEX CPEI ¥ BHECTH B TaOIUILYy 7.
Tabnuma 7

pH o6nactu Oxkpacka uHIUKaTOpa
nepexoaa B KHCJIOM Cpelie  |B HEUTpaJL. Cpelie |B IICJIIOYHOM cpelie

HaszBanue nnnukaropa

MCTUJIOPAHIK

METHUJIOBBIM KPaCHBIN

JIAKMYC

dbenondranens
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[To pe3ymnbTraTaM MPOBEIEHHOTO OIBITA 3aBEPIITUTH 3aMTOJITHCHUE TAOIHIIBI U
3aII0JIHUTH IYHKT oT4eTa «BpiBOmY.

Onwvim 2. Onpedenenue pH pacmeopa ¢ npumenenuem navopa

UHOUKAMOPO8
3amanue u 3Tanbl padoThl

IHoaroroBka k 1abopaTopHoii padore

1. TIpouecTh TeopeTHUECKOE BBEACHUE U TIOPSIOK BBITIOIHEHUS PaOOTHI.

2. OdopMUTh POEKT OTYETA IO OMBITY J1a00OPaTOpPHON PabOThI (CM. TIPUIL. 2).

3. B mabGoparopnblii xKypHal nepeHecTu Tadbnuity «O01acTi nepexoaa HEKOTOPhIX
uHanKaTtopoBy» (cMm. Ilpunokenue 2) m Tabmuiy 8 st paboOThl ¢ HCCIETyEMbIM
pPacTBOpPOM.

ITopsaoK BbINIOJIHEHUS PadOTHI

[TonyuuTs y npenogaBaTesisi UCCIETYeMbI pacTBOp. B3sATh 4nCcTyI0 MPOOUPKY,
BHECTHU B Hee 3-4 KaIlii pacTBOpa U J100aBUTH pacTBOp Jakmyca. OTMETUTh OKPacKy
pacTBOpa B JIaDOpaTOPHOM >KypHalle W CJeNaTh BBIBOJA O XapakTepe Cpelibl
HCCJIEyEMOTO PacTBOPA, YUUTHIBAs 00JIACTh MIEPEX0/Ia JIAKMYca:

- KpacHbli, pH< 5, cpena kucnas;

- ¢uonetoBsiid, S<pH <8, cpena HelTpanpHasi;

- cunuii, pH > 8, cpena menounasi.

Ecnu makMyc moOKakeT KHCIYH0 PEAKIMI0 pacTBOpa, yTouHUTh pH, monb3ysck
JAHHBIMU CTIpaBOYHOM Tabmuibl «OO0nacTH mepexoaa HEKOTOPBhIX HHIUKATOPOB)
CIICTYIOIINM 00pa3oM.

B3sate B apyryto npobupky 3-4 Kamid HCCIeayeMOTo pacTBopa U J00aBHUTH
KaIUTI0 METUJIOBOTO KpacHoro. [Ipu mosiBIeHUN OpaHKeBOM OKPACKU MOKHO CUHUTATh
pH=S (B obnactu mepexona unaukaropa). KpacHas okpacka pacTBopa MOKa)XeT, YToO
pH<44.

B stom ciywae mpomomkuTh yTOYHEHHE. [ 3TOro B3siTb CHOBAa B YMCTYIO
npoOupky 3-4 KariM HMCCIeNyeMOro pacTBOpa M JI00aBUTh KaIUTK0 METWJIOpaHXka.
Ecnu okpacka pactBopa OyzneT opaH:KeBO-XKeJTOM, 3To 3HAYuT, uto pH > 4,4.

OObenuHss HAOTIONEHUS] C METHWJIOPAH)XEM M METHUJIOBBIM KPacHBIM, CUUTATh,
yto pH pactBopa 4,4. Eciii ¢ METUIIOpaHKEM pacTBOpP OKPACUTCA B KPACHBIN IBET —
caenoBarenbHo ero pH < 3,1.

B sTom cnydae k HOBOM mopluM pacTBOpa J00ABUTH THUMOJIOBBIM CHHUMA.
[TosBneHue KeNTor OKpacKu yKaxert, uto pH > 2.8.

OObenuHssE HAOMIONEGHHUS C METHJIOPAHXKEM M THMOJIOBBIM CHHUM, JIelaeM
BBIBOJ, uTO 3,1> pH > 2,8 u mpunumaem, uro pH= (3,1 + 2,8)/2 =2,95.

Bce nabmtonenust u BoIBOIBI 10 3HaUueHusM pH 3anectu B Tabmuiry 8.
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Tabnuia 8

N npoOupku  |MHAUKATOP OKpacka pH

1 JTAKMYC

[To pe3ynpTaTam NpOBEAECHHOTO OMbBITA 3AMOJHUTH ITYHKT OT4eTa «BBIBOIY.

JlaGopaTopHas pa6ora Ne8. «['uaposus cosein»

Hean padorbl: popMupoBaHKEe YMEHHUI U HABBIKOB B UCCIIEAOBAHUH MPOLECCa
TUJIPOJIN3a JUJISl Pa3HbIX TUIIOB COJIEH; yCTAHOBUTH (haKTOPBI, BIUSAIOIINE HA MIPOLECC
THJIPOJIN3a; HCCIEN0BATh MPOLECC COBMECTHOTO HEOOpPaTHMMOIo THUIPOIH3a JBYX
COJIEH.

Onwvim 1. Peakyus cpeowvl 6 pacmeopax paziudHvix coneil

3aganue 1 3Tansl padoThl
IMoaroroBka Kk J1adoparopHoi padore

1. [IpouecTh TeopeTHuecKoe BBEICHNE U TIOPSIOK BBITIOJHEHUS PAOOTHI.
2. OdopMuUTh TPOEKT OTUETA IO OMBITY Ja0OPATOPHOM PabOThI (CM. TIPHIL. 2)
3. Hamucare ypaBHeHHs THApPOJINM3a pPACCMAaTPUBAEMBIX B  OIBITE  COJICH

(MonekynsipHoe ¥ HOHHBIE). Eciam rugponms3 MOXKeT MpoTeKaTb B  HECKOJIBKO
CTYNEHEN, COCTaBUTh YpPaBHEHHE TOJBKO MO NEPBOMl cTymneHu! YkazaTh XapakTep
Cpellbl B paCTBOPE COJH.
4. Buectu B maboparopuyto TeTpaapb Tadi. 9 v 3anodHuTh cToNOMb 2, 3, 4.
3. B naGoparopnoit Terpaau npousBectu pacuer pH mna 0,5M pactBopoB
CJIEIYIOIIUX COJICH: alleTara HaTpusl, XJIOpU/a aTlOMUHUs, KapOOHAaTa HATPHUs.

IHopsinok BeIMOIHEHHSI PadOThI

B mects npobupok 700aBUTH 1O 6-7 Kareiab pacTBOPOB COJIEH, YKa3aHHBIX B
Tabnuile HIke. B Kaayro u3 mpoOUpoK ¢ pacTBOpaMu cojiei J00aBUTh 2-3 Karuu
pactBopa jJakmyca. Habmonenus BHecTH B Tabnuiry 9.

Tab6auia 9

®dopmyna Oxkpacka Xapaktep |pH pactBopa

HazBanwue conu comnt TaKMyca cpebl (pH<7, pH=7, pH> 7)

Aunerar HaTpus

XJ1opu amtOMUHUSA

Kap6onar Harpus

KapOonar aMmmoHus

Xiopua Kanus

Arnerar aMMOHHSA
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IIo pe3yiibTaraM MMPOBCACHHOIO OIIbITA 3alIOJIHUTD ITYHKT OTUCTA «BBIBOI[)).

Onwvim 2. Oopazoeanue ocnognuix coneil npu cuoponuse. l'uoponus
ayemama aniOMUHUA
3amanue u 3Tanbl padoThl
IHoaroroBka k 1abopaTopHoii padore

1. [TpodecTs TeopeTuuecKoe BBEACHHUE U OPSAIOK BBHITOIHEHUS pabOTHI.

2. O¢opMHUTB MPOEKT OTUYETA IO OMBITY J1a00OPAaTOPHOU PadbOTHI (CM. IPUIL. 2)

3. Hanucare ypaBHeHME peakuuu o0Opa3oBaHMs —aleTara aJIlOMUHHUA B
MOJIEKYJIIPHOM Y HOHHOM BHJIE.

4. Hanucare ypaBHEHUS rUApOIK3a alerara alroMUHNS 10 1-i ¥ 2-# CTyneHsaM B
MOJIEKYJIIPHOM M HOHHOM BUJIE.

5. Ucnonb3ys npunuun Jle lllarense, 00bACHUTD, TOYEMY NPOTEKAHUE THAPOIIN3A
110 BTOPOW U MOCHEIYIOUIUM CTYIEHSIM 3aTPYIHEHO.

6. O3HAaKOMUTBCA C TEeM, Kakhe (akTopbl MO3BOJIAIOT YBEIWYUTh CTENEHb
ruaponmn3a’?

7. Kakoe ycnoBue ombITa MO3BOJSET JOOUTHCS MPOTEKAHUS THAPOIU3a XJIOpHUa

AJFOMUHUSA 110 BTOpou crynenu? [louemy?

Ilopaoox evinonnenusn padomaol

B npobupky BHecTn 4-5 Kamenb pacTBOpa XJOpUAA ATOMUHUS U TAaKOH XKe
00beM pacTBOpa alerara HaTpusl.

[TocTaBUTh MPOOHPKY HA BOASHYIO OAHIO.

OtmeTuTh 00pazoBaHUE OCAJKA.

[Io pesynbrataM MpPOBEIEHHOTO OMbITA 3aMOJIHUTh IYHKTHl  OTYETa
«HaOmronennsa» u «BeIiBOIY.

Onvim 3. Cayuau noanozo (Heoopamumozo) 2uoponusa coei
3aganue u 3Tansl padoThl
IMoaroroBka Kk 1adoparopHoi padorte

1.  TIpodecTh TEOPETHUYECKOE BBEICHUE U MTOPSIIOK BBHITOJIHEHUS paOOTHI.
2. OdopMuTh MPOEKT OTUETA IO OMBITY Ja00paTOpHON pabOThI (CM. TIPHIL. 2)
3.  Hamwmcarp ypaBHEHHE B3aWMOJACHCTBHUS XJIOpHAA ATIOMUHUS U Cyabduma

aMMOHUSI B TIPUCYTCTBUM BOJBI, YUUTBIBAsl, YTO OOpa3yIOUIUHCS MPOMEKYTOUHBIH
MPOJIYKT ATOM peakiuu — Cyab(ua aTFOMUHUS — TOJIBEPraeTCs MOJHOMY THAPOIU3Y C
00pa3oBaHUEM TUIPOKCUIA ATIOMUHUSI.
4. To ’xe camoe BBIMOMHUTH [JIs XJIOpUJA aTIOMUHHUS M KapOoHara Harpus;
MIPOMEKYTOYHBIN MTPOAYKT — KapOOHAT aTFOMUHUS.

Iopsinok BeIMOIHEHNSI PadOThI

B nBe npoOupku BHECTH 1O 5-6 Kareb pacTBOpa XJIOPHIa aTIOMUAHUS.
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B oany npoOupky 1006aBUThH Takoi ke 00beM pacTBOpa Cylb(puaa aMMOHUSA, B
APYTYI0 — pacTBOpa KapOoHaTa HaTpusl.

OTMeTUTh BBIJICJIEHUE CEPOBOOPOJA B MEpBOM MpoOMpke (IO 3amaxy) u
MY3bIPHKOB YIJIEKUCIIOTO Ta3a BO BTOPOH.

B 060oux npoOupkax HabIIONaTh BHINIAJCHUE OCAIKA.

[Io pesynapraTaM MPOBEIEHHOTO OMbITA 3aAMOJHUTh IMYHKTHl  OTYETa
«Haomonennsa» n «BeIiBOIY.

3aganus I CAMOCTOSITEJIbHOM PadoThI

1. TIlpuBeautre QopMysabl IJs BBIYHCICHUS BCEX CIIOCOOOB BbIPAKECHUS
KOHIIEHTpPAllUd  PACTBOPOB:  MACCOBOM  JOJM, MOJSIPHOM, SKBHUBAJIECHTHOM,
MOJISTIBHOCTH, TUTPA U MOJILHOM JTOJIM PACTBOPEHHOTO BEILIECTBA.

2. BeiBegute (opmMysibl IEpexoaa OT MOJIIPHON KOHILIEHTPalUUd K MacCOBOU
JI0JIE PACTBOPEHHOIO BEILIECTBA, MOJISUIBHOCTH M TUTPY pacTBOpA.

3. Paccuuraiite 00beM pacTBOpa TMAPOKCHUJA HATPUS C IUIOTHOCTBIO 1,15
/M1, HeoOxoauMbIi 11t mpurotosieHus 250 M 0,08 M pactBopa.

4. Jlna weitrpanuzanuu 10 mu pacTBopa rufpokcua 6apusi U3pacxogoBaHO
7 mn 0,1 H. a30THOM KUCHOTHI. OnpeneanTe MOJSIPHYI0 KOHIEHTPALIUIO THIPOKCUIA
Oapusi.

5. BeBenuTe = MareMaTUYECKOE  BBIPAXKCHUE  3aKOHA  XMMHYECKHUX
SKBHUBAJICHTOB IPUMEHUTEIIBHO K PACTBOPAM.

6. BeBenuTe MaremMarM4eckoe€  BBIPAXKEHHE  JUISI  pacyera  MaccChl
PACTBOPEHHOTO BEIIECTBA, €CJIM M3BECTHBI €r0 MaccoBas J0Jsl, 00bEM U TIOTHOCTH
pactBopa.

7. DBpBenuTe — MaremMarM4eCcKOe€  BBIPAXKEHHE JUII  pacyera  MaccChl
PaCTBOPEHHOTO BEIECTBa B JIIOOOM 00BEME pacTBOpa MPU HU3BECTHOM MOIISPHOM
KOHLICHTpalNKU pacTBopa.

8. IlpuBeaure npuMepbl PacCTBOPUMBIX B BOAE COJIEH, Cpela pPacTBOPOB
KOTOpPBIX HEWTpasibHas, KUCIas, LIeJIouHas. Hanumure ypaBHEHUS UX THIPOJIN3A B
MOJIEKYJIIPHOM U HOHHO-MOJIEKYJISIPHOM BHJIE.

9. IlpuBenurte npuMepsl CONEH, THAPOIN3 KOTOPHIX HUAET TOIBKO MO KAaTHOHY,
TOJIBKO [0 AaHUOHY, M MO KAaTHOHY M II0 aHWOHY OJHOBpeMeHHO. Hanummwre
YpaBHEHUS UX THIPOJIN3a B MOJIEKYJIIPHOM U HOHHO-MOJIEKYJISIPHOM BHJIE.

10. IIpuBenute mpuMepbl COJIEH, THAPOIU3 KOTOPHIX BO3MOXKEH IO OJHOM,
IBYM U TpeMm cTyneHsM. Hanuimure ypaBHEHMSI UX THIPOJIM3Aa B MOJEKYISIPHOM U
MOHHO-MOJICKYJISIPHOM BUJIE.

11. Hanumwte B MOJEKYISIPHOM M HOHHOM BHJI€ YPAaBHEHUSI COBMECTHOIO
ruaponmza: a) cyiabdara xpoma (III) u kapbonara HaTpust 1 0) HUTpaTa ATFOMUHUS U
cynbduaa Kaaus.
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12. Kak Bmuser nobGammenne pactBopoB KOH, ZnCl,, Na,S, consHoi
kucnotel U TBepaoro NaCl Ha ruzaponu3 kapOoHara kanus (TMAPOJIU3 YCHUIIMBAET,
ocya0sieTcs, BIUSHUS HE HAOI0AaeTcs).

13. Kak Bnuser go6asnenue pactBopoB NaOH, Na,CO;, Al (SOy);, cepHoit
kuciotel u TBepnoro K,SO, Ha ruaponus3 xjopujaa HUHKA (THAPOJINA3 YCUIIUBAET,
oCa0sieTCs1, BIUSIHUS HE HAOMIomaeTcs).

14. Hanumwute B MOJICKYISIPHOM M MOHHOM BHUJIC YPABHEHUS TPEX CTEHEHEH
ruaposmza xiopuaa xkenesa (I1I). O0bsicHuTE, TOUEMy P KOMHATHOMW TeMITepaType
TUAPOJIA3 UAET TOJIBKO MO TIEPBOM CTYINEHU, a IPHU KUIIYEHUU PacTBOpPa — MO BCEM
TpeM.

Tema 1.6. OKMCJIAUTEIbHO-BOCCTAHOBHUTEIbLHbIE PeaKIIMU

Teopemuueckuiit mamepuas, He0OXO0UMbLIL 011 6bINOSIHEHUA
a1adopamophoil padbomol

Oxucnumenvro-6occmanogumensvhuvie peakyuu (OBP) — 5To peakiuu, Mpu
MPOTEKAHUU KOTOPBIX MPOUCXOJUT M3MEHEHUE CTENEHU OKHCICHUS aTOMOB
XUMUYECKHUX AJIEMEHTOB, BXOASAIINX B COCTAB PEArupyroLIUX BEIIECTB.

Cmenenv okucienus — yCIOBHBIN ((hOpMalIbHBIN) 3apsi aTOMa B XUMHUYECKOM
COEIMHEHHUH, KOTOPBI HAXOMST MO CIEIYIOUIUM IIpaBUIaMm:

I. CreneHb OKHCIEHHUSI DJIEMEHTa B MPOCTOM BEIIECTBE CUUTAETCS pPaBHOMN
HYITIO.

2. CyMMa CTEINeHell OKHCICHUSI BCEX aTOMOB, BXOISIIUX B MOJIEKYJY WIIW HOH,
paBHa 3apsly HOHA (JJ11 HEUTPATLHON MOJIEKYJIbl — HYIIIO).

3. CreneHb OKMCIIEHUS KHCIIOPOJA CYUTAETCSI PAaBHOM —2, 32 UCKIIFOUEHHUEM €0
COEIMHEHUI cO (PTOPOM M YaCTUL, B KOTOPBIX JABa WU Oojiee aToMa KHUCIOpOoIa
COEIMHEHBI APYT C APYTOM.

4. CterneHb OKMCIIEHHS BOJAOPOJA MPUHUMAETCS PaBHOW +1, 3a HUCKIIFOUEHUEM
COCIMHEHUN C METaJJIaMHU.

Oxucnenuem Ha3bIBACTCSA MPOLECC TMOBBIIICHHUS, a BOCCTAHOBJIECHUEM —
MOHWKEHUSI CTETIEHU OKUCIICHHUSI.

ATOM, MOJIEKyla WJIA HMOH, B KOTOPOM CTENEHb OKHCIECHUS JJIEMEHTa
MOBBIIIAETCS, HA3bIBACTCS BOCCTAHOBUTEJNEM, a B KOTOPOM TIOHMXXAeTcs —
OKHCJIUTEJIEM.

CornacHo snekrponHoit teopuu (Ilucapxerckuit JI.B., 1914), uzMmenenue
CTETNIEHEH OKHCIICHUS B OKUCIUTEIIBHO- BOCCTAHOBUTENBHBIX PEAKIHSIX 00yCIOBICHO
OTJIa4€il AIEKTPOHOB BOCCTAHOBUTEJIEM U MPUCOECTUHEHUEM UX OKHUCIUTEIIEM.

OxucanrensiMmm SBJISIOTCS MPOCTHIE BEIIECTBA — HEMETaUIbl (TallOreHBb,
KHCJIOPO/, cepa U Jp.), a TaKKe KUCJIOThl U COJIM, B KOTOPBIX LEHTPaJbHBIA aTOM
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uMeeT BeiciIylo creneHb okucierus (HNO;, HCIO4,, KNO;, KClO4, KMnQ,,
K,Cr, 04, 1 1p.).

BoccranoBuTesIMu SBJISIOTCS METAJUIbl, HEKOTOPbIE HEMETaslibl (BOAOPO,
yIIIepoJl, KPEMHHI) M COEAMHEHHs, B KOTOPbIX MMEETCS aTOM B HU3LIEH CTENeHU
okucinenus (H,S, NH3, HCI, KBr, KI, FeSO,, SnCl, u ap.).

Bemiectna, coaepikaiiiie aToMbl B TPOMEXKYTOUHOU CTETIEHU OKUCIICHHS, MOTYT
OBITh KaK OKHCIIUTEISIMU, TaK ¥ BOCCTAHOBUTEIISIMUA B 3aBUCUMOCTH OT «IIapTHEpa» M
yCIOBUM mpoBeneHUs peakiuu. O Takux BEHIECTBaX TOBOPSAT, YTO OHU OOIaAaroT
OKHMCJINTEIbHO-BOCCTAHOBUTEIbHOI JBOMCTBEHHOCTBI); K HHUM OTHOCSTCS
HUTPUTHI, CyIbPuUTH, MnO, 1 1p.

Hampumep, cepa B cynbbuTe HaTpHsi HAXOJUTCS B IPOMEKYTOYHOU CTENIEHU
okucnenus (IV) u moxet okucnatbes a0 cepol (VI):

SO;* + H,0 —2e — SO,> +2H'

WM BOoccTaHaBIUBAThCS 10 S (0) B COOTBETCTBUM C PEaKIIMEH:

SO;* + 6H' + 4e — S + 3H,0

[Ipu u3ydyeHUH OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHOW CIIOCOOHOCTU BEIECTB
HEO0OXOMMO YUYWUTHIBaTh, YTO PEAKIMS BO3MOXKHA TOJILKO TOIJA, KOTJA OJUH U3 €€
YYaCTHUKOB MOXKET MOBBICUTh, & APYTOi MOHU3UTh CBOM CTEIIEHU OKUCJIEHUS, TO €CTh
NPy HAJIWYMKU Tapbl OKUCIUTEIh — BOCCTaHOBUTENb. Ecnu o0a ee ywyacTHHKA
HAaXOIATCA B CBOEM BBICHIEHM WJIM HU3WIEH cTeneHu okucieHus OBP mexny Humu
HEBO3MOJKHA.

Paznuyaror yeThipe TUMa OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUM.

1. MexMoJieKyJsIpHOe OKHCJIEeHHe-BOCCTAHOBJIEHHEe. OJTO peEaklu, B
KOTOPBIX OKHUCIUTEIb W BOCCTAHOBUTENb SIBIAIOTCA PAa3HbBIMU BEUIECTBAMU,
HarpuMep:

N&NOz + KzCI'207 + HQSO4 — NaNO3 + CI'Q(SO4)3 + KQSO4 + HzO

2. BHyTpMMOJIEKYJSIPHOE OKMCJIEHHE-BOCCTAHOBJIEHHE. ODTO PEaKIUH,
KOTOPBIE TPOTEKAIOT C U3MEHEHUEM CTETICHEH OKUCIIEHUSI aTOMOB Pa3HBIX AJIEMEHTOB,
BXOJISIIIMX B COCTAB OJTHOTO U TOTO K€ BEIIECTBA, HAIPUMED:

KClO; — KCI + O,

3. /JAucrnponopuHOHUPOBaHHE. OJTO PpEAKIHUH, B KOTOPHIX MPOUCXOIUT
YBEIIMUYEHHE M YMEHBIIICHHE CTENEeHH OKHUCICHHUS OJHOTO0 M TOr0 K€ JJIEMEHTa
(OKHCTUTENEM U BOCCTAHOBUTEIIEM SIBIISIETCS ATOM OJTHOTO DJIEMEHTA):

KClO; — KCIO, + KC1

4. KoHTpaOMCcnponopuHOHUPOBAHHE. DJTO PEAKUWH, B KOTOPBIX YYacCTBYIOT
JIBa BEIIECTBA C aTOMaMH OJHOTO M TOrO J>K€ DJIIEMEHTAa B pPa3HBIX CTEMEHSIX

OKHUCJICHUA.
st + SOQ—> S + HQO
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Omnpenenenne CTEXHMOMETPUYECKUX KOI(PPHUIIMEHTOB Tmepen BeUleCTBaMHU B
peaKuuAX OKHCICHUS-BOCCTAHOBIICHUS MPOBOAAT ABYMSI METOAAMHU: SJIEKTPOHHOTO
OasiaHca U MoypeaKkiuu.

1. MeToa 3JIeKTPOHHOTO 0aJ1aHCca

B »3TOM MeTose CyIIHOCTh OKHCIWUTEIbHO-BOCCTAHOBUTENIBHBIX IMPOLIECCOB
BBIPAXAIOT JIEKTPOHHBIMU cxemaMmu. Hanpumep, u1s peakuuu:

NaNO, + KMnO, + H,SO, — NaNO; + K,SO, + MnSO, + H,O

ANIEKTPOHHBIE CXEMBI UMEIOT BU/T

N7?-2¢e=N" 5

Mn”+ 5e=Mn" 2

Hudper 5 u 2 — MHOXKUTENIM, KOTOpBIE SIBISIOTCS Kod(hduIMeHTaMu mpu
(dhopmynax BOCCTaHOBUTENS (HUTPUTA HATPUs) U OKUCIUTEN (TIEpMaHTaHaTa Kajus).
[ToacTaBUB UX B JIEBYIO U IIPaBYIO YACTU CXEMbI U YUUTHIBAS, YTO HA CBSI3b C HOHAMHU
K" 1 Mn*" pacxomyercst 3 monb H,SOy, MONydaroT ypaBHEHHUE:

5NaNO,; + 2KMnO, + 3H,SO, — 5NaNO; + K,SO, + 2MnSO, + 3H,0

2. MeToa nostypeakumia

DTOT METOHI HCHOJIb3YETCs I PEaKUHUil B pacTBOpax >3JEKTpoiuToB. OH
OCHOBaH Ha COCTABJICHUU YPABHEHUI JIByX MOJypeakUHil (OTAECIBHO JJISl MIPOIIECCOB
OKHCJICHUSI U BOCCTAHOBJIEHUS ) C UX MOCJEAYIOIINM CyMMUpOBaHUEeM. B ypaBHeHUsIX
MOJTypEaKIUi JTOJKHBI BBITIOHATHCS 3aKOHBI COXPAHEHHUs BEIIecTBa (CymMMa aTOMOB
B JIEBOM M TpaBOM 4YacCTAX JOJKHA OBITh OJMHAKOBOW) M COXPAaHEHUS SHEPruu
(cyMMapHBIid 3apsiji BCEX YAaCTUI[ B JIEBOM W TMpPaBOM dYaCTAX JOJKEH OBITh
OJTUHAKOBBIM).

Hanpumep, ns peakuuu:

NaNO, + KMnO, + H,SO, — NaNO; + K,SO, + MnSO, + H,O

BHavaJie HEOOXOAMMO  3amucaTh MOMYpPEeaklMu OTIAEIBHO IS TPOIECCOB
OKHUCJIEHUS! U BOC- CTAHOBJICHUS:

NO, +H,0 —2e — NO; +2H" 5

MnO; +8H' + 5e— Mn’" +4H,0 2

IIOMHOXXHMB MOJypEaKUHUK OKHUCICHUS Ha YHUCIO 5, a IOJYpEaklUK BOC-
CTAHOBJICHHUSI HA 4YuCI0 2 (OpW 3TOM YPAaBHUBAETCS W COKPAIIAECTCS YHUCIO
AIIEKTPOHOB), MPOU3BOJIUM HX CIIOKECHHE:

SNO, + 5H,0 +2MnO, + 16H = 5NO; + 10H" + 2Mn”" + 8H,0

CokpatuB oI00HbIE, TOJy4aeM HOHHOE YPAaBHEHHE:

5NO, + 2MnO, + 6H" = 5NO; + 2Mn”" + 3H,0

B COOTBETCTBUU C KOTOPHIM MOJICKYJISIPHOE YpPAaBHEHUE PEAKIIUU UMEET BUI:

5NaNO, + 2KMnO; + 3H,SO, — 5NaNO; + K,SO,4 + 2MnSO, + 3H,0

[Tonmypeakuuu WMEIOTCS B CHPAaBOYHUKAX, HO UX OOBIYHO COCTAaBIISIOT
CaMOCTOSITENIbHO, PYKOBOJICTBYSICh CJIEYIOIIUMU MPABUIIAMU:
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1. B kucnoii cpede u3dLimox amomos Kuciopooa nocauiaemcsi npomoHamu

6000poda 6 coomnowenuu 1:2, Ipyu 3ToM o0pasyeTcs Boja.
O + 2H" =H,0

2. B meumpanvnou u wenounot cpedax u30bIMOK amomMos8 KUCiopood
noeawiaemcsi MONEKYIaMU 600bl 8 coomHoutenuu 1:1, Tpu 3TOM 0O0Opa3yroTcs
TUAPOKCUA-UOHBI (Ba MOHA U3 OAHOW MOJICKYIIbI).

O + H,O =20H

B 3aBucumoctn ot pH cpenbl mpoayKThl B3aMMOIEHCTBUS OOHUX M TEX K€
BEIIECTB JIPYT C IPYTOM B OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUSIX MOTYT OBITh
paznuyHbiMi. OCOOCHHO HAIVISIHO ATO WUIIOCTPUPYETCS Ha MpUMEpPE peakiuil ¢
y4acTHeM MepMaHTraHaT-uoHa.

Hanpumep, B xucioil cpeae cynbdut Harpus Boccranasiuaer Mn (VII) mo
noytH GecrBeTHOro nona Mn”":

MnO,; + 8H" +5e— Mn*" + 4H,0

B HeiiTpanbHOM, ci1abo1enoyHol uin c1aboKHUCIION cpefie ocaxaaercs Oyphlid
MnO,:

MnO, + 2H,0 + 3e — MnO, + 40H"

B cunbHOLIENOUHON cpene MalIMHOBOe oOkpammBanue KMnO, mepexomurt B
M3yMpYJ/IHO-3€JIEHOE 3a CueT 00pa3oBaHms HoHa MnO,”:

MnOy + e — MnO,”,

KOTOPBIM HEYCTOMYMB U MOCTENEHHO JUCIPONOPLIMOHUPYET MO PEAKIUU:

3MnO,> +2H,0 — 2MnO, ~ + MnO, + 40H"

Uto KacaeTcsi COCIMHEHUM XpoMa B BBICIICH CTENEHW OKHCICHUS +6, TO B
I000M cpezie Ipy B3aUMOJEHCTBUM C BOCCTAHOBUTEIISIMU €T0 MpPEBpaIleHrue UIIET 10
xpoma (III), omHako cocTaB MPOAYKTOB pazaudaeTcs.

B xucnoit cpene BoccTaHOBIIEHHE MPOTEKAET A0 0Opa30BaHUSI CHHE-3€JIEHOrO
aKBaKOMILIeKca karnoHa Cr' '

Cr,0;> + 14H" + 6e — Cr’" + 7H,0,

a B IIEJIOYHOM - 10 oOpa3zoBaHus 3e1eHoro ruapokcokomiiekca [Cr(OH),]- mo
peaKuuu:

CrO,> + 4H,0 + 3e — [Cr(OH),] + 40OH .

JlaGopaTropHas paGora Ne9.
«Bausinue pH cpeapl Ha XapakTep BOCCTAHOBJIEHHS IEPMAHTAHATA KAJIMS»

Hean padorsl: hopMupoBaHUe YMEHUI W HABBIKOB B UCCJICIOBAHUU BIUSHUS
XapakTtepa cpeipl B pPAacTBOPE HA MOJHOTY BOCCTAHOBJIEHHSI aTOMa Maprasiia B
COCTaBe MEpPMaHTaHaTa KaJus.
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3aganue u 3Tanbl padoThI
IToaroroBka Kk JJadoparopHoi padore

1. IIpoyecTs TeOpeTHUYECKOE BBEACHUE U MOPSIOK BHIIOIHEHUS PAOOTHI.
2. OdopMHUTH TPOEKT OTUETA MO OMBITY JA00PaTOPHOU pabOTHI (CM. TIPHUII. 2)
3. Baectn B naboparopHyro TeTpaab M 3anojHuTh Tabmuiy 10  (3a
HCKJIIOUCHHEM CTOJIOI0B 4 U 5):
Ta6nuua 10
% 0 CrerneHb OKUCIICHUS aTOMa
adpaKTeC KpacCKa 1
PaKIep Oxkpacka P Mn
Cpebl; Xapakrep
IPOOUPKHU PeaktuBbl HWCXOIHBIX B BOCCTa-
3HAYCHUE BELECTE IIPOAYKTOB |B OKHUCJICH- e .
< HOBJICHHOU
pH peakuuu |Hou opme
dbopme
1 2 3 4 5 6 7
1 KMI’IO4+
2 KMI’IO4+
3 KMnOg4+...

4. Hanncarb ypaBHEHUS ITPOTEKAOIINX OKACIUTEIBHO-BOCCTAHOBUTEIIBHBIX
peakuuii (3 peakiuu) ¢ UCIOIb30BAHUEM METOAa HOHHO-3JIEKTPOHHBIX MOJIyPEaKIH,
YUYUTBIBAsI, UYTO B KUCJIOW, HEUTPAJIBHON U LIEJIOYHOU cpefax NpOAyKThI
BOCCTAHOBJICHUS MIepMaHraHaTa KaJus pa3Hble (CM. TEOPETUYECKYIO YaCTh).

5. Paccunrars 3xBuBaneHTHYI0 Maccy KMnQOy B ka0 U3 TpEX peaKLHi.

IHopsigok BbIOTHEHHS PAadOTHI

B Tpu nmpoOupku BHECTH MO 5 Kanesnb pacTBopa nepmanranara kanus KMnOy.

B nepByto npoOupky 1006aBUTH 2 Karid 2H pacTBOpa CEPHOU KUCIIOTHI,

BO BTOPYIO — 2 KaIUIM JUCTUIUIMPOBAHHOM BOJBI,
B TPETHIO — 2 KaIJIM PACTBOPA IIEJIOYH.

Bo Bce Tpu mpoOupku BHeCTH 10 3-4 Karljikl pacTBopa Cyib(puTa HATpUA.

TiaTenbHO epemMenaTh CoIePKUMOe MPOOUPOK.

HaGnronats n3MeHeHne OKpacku pacTBOPOB, 00pa30BaHUE OCAKOB.

ITo pesynbraTtaM HaOIIOACHUHN 3aMOTHUTD CTONIONBI 4 1 5 TabnuIel 9 u
HaIlicarhb BBIBO/I.

JlabGoparopnasi padora Nel(). «OKMCIAUTEIbHO-BOCCTAHOBUTEIbHbIE PeaKIIMU

Heas pa6orhl: QopMupoBaHHE YMEHHWW W HaBBIKOB B HCCIEIOBAHUH

OKHUCJIUTCIBbHBIX, BOCCTAaHOBHTCJIIBHBIX CBOMCTB aTOMOB B pPa3IN4YHbIX CTCIICHAX

OKMCJICHHA, HCCIICA0BATh OKHCIUTCIbHO-BOCCTAHOBUTCIBHYTIO )IBOfICTBCHHOCTB

aTOMOB JJICMCHTOB B HpOMe)ICYTOqHOﬁ CTCIICHU OKHCJICHHUA;, HCCICOAOBATH

OKHCJIMTEIbHO-BOCCTAHOBUTEJILHBIE CBOMCTBA arOMa yYIJIEPOAA B COCTABE MOJICKYJI
OPraHUYECKHUX COCAUHECHUM.
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Onwvim 1. Okucnumenvhvie u 60CCMAHOBUMENbHbBLE CEOUCMEA

MONEKYAPHBIX 2A7102€HO8
3aganue u 3Tanbl padoThI

IoaroroBka Kk JadoparopHoi padore

1. IIpouecTs TEOpETUUECKOE BBEICHUE U MOPSIOK BHIMOIHEHUS PaOOTHI.

2.  OdopMHUTh MPOEKT OTYETa IO OMBITY JIabopaTOpHOM paboThl (CM.
MIPUIOKEHHE 2)

3. Hamucarb ypaBHEHHS MPOTEKAIOUINX OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peaKkiMii ¢ UCIOJIb30BAaHUEM METO[a MOHHO-IEKTPOHHBIX MOJTYpEaKIni, YIUThIBas,
4TO:

- B mepBoil mpobupke oOpaszyrorcs xiopoBopopoaHas (HCI) u iiognosaras (HIO;)
KHCIIOTHI;
- BO BTOpOH IIPOOHpPKE OJHUM U3 MPOTYKTOB PEAKIIUH SBISIETCS KOJIouHas cepa (S).

4. OueHuTh CHOCOOHOCTh MOJIEKYJISIPHBIX TaJOr€HOB K IIPOSBIEHUIO
OKHCIIUTEIbHBIX M BOCCTAHOBUTEIHHBIX CBOMCTB, YUHTHIBASI CTENECHb OKUCICHUS HX
aromoB (0); mocJie BbIIOIHEHUS ONbITa 0TOOPA3UTh 3TO B BHIBOJIE.

Iopsiaok BhINOJTHEHUS] PA0OTHI

B nBe npoOupku BHecTH no 3-4 xarm ioanoi Boasl (I, + H,0).

B onny u3 npoOupok 100aBUTh HECKOJIBKO Karenb xjiopHoi Boasl (Cl, + H,0),
B JIPYTYI0 — cepoBoaopoHoM Boabl (H,S).

HaGmronats n13MeHeHrne OKpacKu pacTBOPOB.

[To pe3yabpraTam MpOBEACHHOTO OMBITA 3aMOJHATH TYHKTHI OTYETa
«HaOmronennsa» u «BeIiBOIY.

Onvim 2. Coedunenus cepul (+4) 6 oxuciumenvbHo-60CCMaAHOBUMETbHBIX
peaxkyusnx
3aganue u 3Tansl padoThl
IoaroroBka Kk JadoparopHoi padore

1. IIpodecTs TeOpEeTUUECKOE BBEICHUE U TIOPSIIOK BHITTOJIHEHUS PaOOTHI.

2. OdopmMuTh MPOEKT OTYETA MO OMBITY JAOOPATOPHOM pabOTHI (CM. MPUITIOKEHUE
2)

3. Hamucate ypaBHEHUSI NPOTEKAIOIIUX OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
peakuuid ¢ HCMOJIb30BAHMEM METOA HMOHHO-3JIEKTPOHHBIX MOJypEaKIIHii,
YUUTBIBAs, 4TO:

4. - B mepBo# MpoOUpKe aHUOH Cr2072' B KUCJIOM CPEE NMEPEXOINUT B KATUOH Cr3+,
a MOH SO32' MEPEXOJIUT B MOH SO42';

5. - BO BTOpO# MpoOMpKe OJHUM W3 MPOMYKTOB PEAKITUHU SIBISICTCS KOJUTOWTHAS
cepa (S).

6. OueHuTh, Kakhe CBOMCTBA (OKUCIUTEIbHBIE WM BOCCTAHOBUTEIBHBIE) MOTYT
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MPOSABIIATh COEAUHEHUS, KOTOPBIE COJAEP/KAT B COCTABE CBOEW MOJIEKYJbl aTOM

Cepbl B CTEMEHU OKUCIEHUs +4; KaKk 3TO 3aBUCHUT OT MapTHEpa MO peaxuuu?

[Tocne BBIMOIHEHUS OMbITA OTOOPA3UTH 3TO B BHIBOJIE.

Iopsaok BhINOJIHEHUS] padOTHI

B3siTh 1B MpoOUpPKHU 1 BHECTH B OJJHY M3 HUX 3-4 KaIlJii pacTBOpa buxpomara
kanmus K,Cr,0,, a B ipyryro — 3-4 Karim pacTBopa Cyibpuaa aMMOHHUS.

B xaxayro u3 npoOMpoK H00aBUTH MO 2 KAl CEPHOM KHUCIOTHI U Mo 3-4
Karuii pacTBopa cyabpura Hatpus Na,SOs.

Habmronars n3MeHeHus B MPOOUpPKax.

[lo pe3ynbrataM MPOBEICHHOTO OMNbITA 3aMOJHUTH IMYHKTHl ~ OTYETa
«HabOnroneuus» u « BeIBom.

Onvim 3. Opzanuueckue coeOuHeHusn 6 OKUCITUMENbHO-
60ccmanosumenbHblX peakyuax. Boccmanosnenue ouxpomama kaiusa cnupmom
3aganue v 3Tansl padoTbl
IToaroroBka Kk JadoparopHoi padore

1. IIpoyecTh TeOpEeTUUYECKOE BBEJACHUE U TIOPSIOK BBITIOTHEHUS PAOOTHI.

2. OdopmMuUTH IPOEKT OTYETA 10 OMBITY JTAO0OPATOPHOUM PaOdOTHI (CM. MIPUIIOKECHHE
2)

3. Hamucarb ypaBHEHHMSI NPOTEKAIOMIUX OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
peakiuid ¢ HCMOJb30BAHMEM METOa HMOHHO-3JIEKTPOHHBIX MOJYpPEaKIHii,
YUYUTBIBAs, YTO:

- ammon Cr,0;° B KHCIOH Cpeme IMepexomuT B KatHoH Cr
- OTUJIOBBIM CHHUPT OKHCISETCS C O0O0pa30BaHHEM YKCYCHOTO allbJerujia
CH;CHO c¢ 3anaxom s16110Ka.
4. V3y4yuTh NpaBuiia ONpPEAECIEHUs CTETICHEN OKUCIICHHS aTOMOB yTIiiepoja B
COCTaBE MOJICKYJI OPraHUYECKUX COCTUHEHUMN (CM. TEOPETUYECKYIO YacTh).
IHopsigok BbIMOIHEHHS PadOTHI
B npobupky BHectu 4-5 kamenab pacTBopa auxpomara kamus K,Cr, O,
100aBUTh 1-2 KariM KOHIEHTPUPOBAHHOW CEPHOM KUCIOTHI M 3-4 Karlju 3THJIOBOTO
cnupra C,HsOH. HabOmogarh wu3MEHEHHWE OKpPAacKHM pacTBOpa W  TOSBIICHUE
CHeM(PUUISCKOTO «I0JIOTHOTOY 3amaxa.

[To pe3ynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh IYHKThl OTYETa
«HabOnroneuus» u « BeiBom.

Onveim 4. Opzanuueckue COCOUHEHUAA 6 OKUCIUMEIbHO-

60CCMaHOBUmMENbHBIX  peakuusax. Boccmanoenenue nepmanzanama kKanus
uiagenesou Kucjiomou
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3aganue u 3Tanbl padoThI
IToaroroBka Kk JJadoparopHoi padore

1. IIpoyecTh TEOpETUUYECKOE BBEACHUE U TIOPSIOK BBIIIOJHEHUS PAOOTHI.

2. OdopmMuUTh IPOEKT OTYETA MO OMBITY JAO0PATOPHOU PaOOTHI (CM. MIPUIIOKEHHE
2)

3. Hanwmcath ypaBHEHUS MPOTEKAIOUIUX OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX
peakIuii ¢ UCTIOIB30BAaHUEM METOa HOHHO-3JIEKTPOHHBIX MOTYpPEaKIIHii,
YUYUTBIBAs, YTO:

- mepMaHraHar-noH MnO, B KHCIIOH cpejie epexomuT B KaTHoH Mn”";
- IIaBeJIeBasi KUCIOTa OKUcseTcs 10 Auokcuaa yriepoaa CO,.
4. V3y4yuTh NpaBuiia ONPEAECIEHUS CTEIIEHEN OKUCIICHUS aTOMOB yIJiepoza B
COCTaBE MOJIEKYJI OPraHUYECKUX COCTMHEHUM (CM. TEOPETUYECKYIO YaCTh).
ITopsaoK BbINIOJIHEHUS PadOTHI
Buectu B npobupky 3-4 kamim pactBopa maseneBoi kucinotel H,C,0O4 1 2-3
KaIlJId pacTBOPa XJIOPOBOIOPOAHON KHCIIOTHI.

[TomorpeTthb pacTBOp Ha BOISHOMN OaHe.

BoiHyTh ipoOUpKY U 100aBUTH 3-4 Karuid pacTBOpa MepMaHTaHaTa Kaus
KMnO,. HabGnronats n3MeHeHne OKpacKH U BBIJICIICHHUE ra3a.

ITo pe3ynbTaTaM NPOBEACHHOIO ONbITA 3aMOIHUTD MMYHKTHI OTYETA
«HaOmonenns» u «BeiBomy.

3aoanus 01a camocmoameibHoul padoomol

1. VYkaxuTe CTCIICHU OKUCIICHHS 3JICMEHTOB B MOJICKYJIaX COCIUHCHHUA:
HNO,, HCI10O, Cr,03, H,SO,, K,Cr,0O,, NaBr, KIO;, Na,SOs.

2. VYkaxuTe, KaKHe IMPOICCChI MPEACTABISIIOT CO00I OKUCIICHHE, a KaKHe
Boccranosnenue: S — SO,%, S — S, 2H —>H,, Br, »2Br,

NH,'— N, ,NO —NO,, Fe*'-Fe’", SO, — S, I, »I10;,

F, »2F , Sn—Sn*", Cl0 —ClO;", MnO, — MnO,

3. VYKaxuTe B BBIIICTICPEUNCICHHBIX MPOIIECCAX OKUCIUTEIN U
BOCCTaHOBHUTEJIU.

4, Vkaxxute B HMIKCIIPHUBCACHHBIX PCAKIUAX OKHUCIIUTCIIb U BOCCTAHOBUTCIIb.

Al + KC1O4 + H,SO, — KC1 + Al (SOy); + H,O

HCI + HNO; — CI, + NO + H,0O

Na,S + Br, — S + NaBr

CrCl; + Br, + KOH — K,CrO, + KBr + H,O

NaNO, + K,Cr,0O; + H,SO4 — NaNO; + Cr,(SO4); + K,SO4 + H,O
MnS + HNOjs(pa36) — Mn(NOs), + NO + S + H,O

MnS + HNO; — MnSO, + NO, + H,O

MnSO, + CaOCl, + NaOH — MnO, + CaCl, + Na,SO, + H,O
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P + HNO; + H,0O — H3PO4 + NO,

Al + KOH + H,O — K[AI(OH),] +H,

H,S + H,SO; — S + H,0

5. MeTooM 3JIeKTPOHHO-UOHHOTO OajiaHca nmogoepure KodpPuIMeHTs B
YpaBHEHUSAX BBIMICTICPEUUCICHHBIX PEAKITHM.

Tema 1.7. DileKTpOXUMHYECKHE MPOLECCHI

Teopemuueckuii mamepuas, HeoOX0OUMBbLIL 015 GbINOIHEHUA J1ADOPAMOPHOTL

pabomul
Konmaxmnas xopposusi — BHII KOPPO3WOHHOIO pa3pylICHHs, KOTOPBII

HaOIIOIaeTCsl MPU KOHTAKTE JIByX Pa3HOPOIHBIX METAJJIOB, T.€. METANIOB KOTOPbHIE
00JIaaloT pa3HbIMU 3JIEKTPOXUMUYECKUMHU CBOMCTBaMHU (oOsafjaroniye pa3HbIMU
3HaYEHUSIMU IEKTPOJHOTO MOTEHIMANA).

IIpy HenpaBWIBHONH KOMIIOHOBKE METAJUIOB M CIUIaBOB JIAHHBIA BHJ
KOPPO3MOHHOTO  Pa3pylI€HUsi BBIBOAUT M3  CTPOS  MHOXECTBO  CIJIOXKHBIX
METAJUIMYECKUX KOHCTPYKIMH. KOHTakTHas Koppo3us HaOJIromaercs, Halpumep, B
CUCTEMaX ATIOMHHHMI-YITIEPOAKCTAs CTAIb WM AIIOMUHUN-IIUHK, MEAb-)KEIe30, U
T.J.

IIpn KOHTaKTE JABYX Pa3sHOPOIHBIX METAJLUIOB B AIIEKTPOIPOBOJHOWU cpene
BBITIOJIHSETCS] YCJIOBUE HEOTHOPOAHOCTH METAJUIMUECKOU (ha3bl — OHO U3 YCIOBHM
BO3HMKHOBEHHUSI IpOLECCa KOPPO3MM IO  DIEKTPOXHUMHUYECKOMY MEXAHHU3MY;
BO3HMKAET rajibBaHOMapa, 3alyCKaeTCsl MEXaHU3M KOPPO3UOHHOIO pa3pyLIEHUSI.

PaccMoTpuM MexaHHW3M KOHTAaKTHOW KOPpPO3MM B CHUCTEME KeJle30-Melb B
MOpcKkoM Boae. s 3TOro, mONb3ysaCh PAIOM CTAaHAAPTHBIX AJIEKTPOIHBIX
MOTEHIMAJIOB METAJIJIOB, OMPEIETIUM CTaHJAPTHHIE TOTEHLIUAJIBI JKEIe3a U MEIU:

(POF62+/Fe =-0,44B

®°cuz+/icu = 0,34 B.

OCHOBBIBasICh Ha 3HAUYEHHUAX MMOTEHIMAIOB 3TUX METAJIJIOB, JIEJIAEM BBIBOJ, YTO
MIPU UX KOHTAKTE B 3JEKTPONPOBOIHOMN Cpelie MOBEPXHOCTh Xkeje3a OyleT aHOAHOU
30HOW, a MEAU — KAaTOAHOW 30HOW. Ecinm MBI paccmarpuBaeM mpornecc KOppO3HH B
MOPCKOHM BOJIE, TO B POJIM JICTIONSPU3ATOPA 31€Ch OYIyT BHICTYNATh MOJIEKYJbI BOJBI U
KHCIIOPO.

MerTan aHOHOM 30HBI — *kele30 — OyAeT TepAThb AIEKTPOHbI U BBIXOAMUTH B
KOPPO3HMOHHYIO Cpeny B BHze KarnoHo Fe’'. DekTpoHsl GyIyT mepeMelarhcs Ha
KaTOAHBIM YYacTOK — MeAb — Ha IOBEPXHOCTH KOTOPOTO HMX OyAyT NpPUHUMATh
YaCcTHI[bI JENOJIIPU3aTOpa, IPU 3TOM BOCCTAHABIUBASICH.

CocraBnseM ypaBHEHHUS KaTOJHOTO U AHOAHOTO MPOLIECCOB.

(-)A: Fe = Fe’* + 2e

(+)K: H,O + O, + 4e = 40H .
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["ambBaHOMIOKPHITHS PUMEHSIOT B KQUE€CTBE 3aIUTHl METa/Ia OT KOPPO3HH, a
TaKKe I MPUAAaHUs JEKOPAaTUBHBIX KadecTB. [lo Ha3HaueHMIO rajbBaHUYECKHE
MOKPBITUS MOTYT OBITh:

3aIIUTHO-/I€KOPATUBHBIMU;

3alIUTHRIMU (001a1aI0T aHTUKOPPO3UUHBIM JEHCTBUEM);

CHEIHAIbHOTO HA3HA4YeHUs (HAIESIOT MOBEPXHOCTh OCOOBIMH CBOMCTBAMH:
MarHUTHBIMH, JJIEKTPOU3OJISAIMOHHBIMUA, U T. M., IPUIAIOT YCTOWYUBOCTh K H3HOCY
WJIM BOCCTaHABJIMBAIOT YK€ TIOTYUUBIIIYIO IOBPEKICHHS TIOBEPXHOCTH ).

Kpome Toro, ranbBaHOMOKPBITUS MOTYT OBITh KaTOJHBIMH U aHOJHBIMH — B
3aBUCUMOCTH OT 3HAUEHUW OHJIEKTPOJHBIX MOTEHIMAJIOB METaJlJla TOKPBITUS H
MeTasuia OCHOBBL. OJIMH U TOT K€ BUJI MOKPBITUS MOXKET CTAHOBUTHCS KaK KaTOIHBIM,
TaK W aHOJHBIM — B 3aBHCHMOCTH OT METajyla, Ha KOTOPHIH 3TO TOKPBITHE
HaHOCHUTCsS. Hampumep, MO OTHOLIEHUIO K JKele3y, HHUKEIEBOE IOKPHITHE OyIeT
KaTOJHBIM. 3HAUYE€HHE NMOTEHIIMAJIa HUKENS OOJbIle, YeM jKeJe3a U Ipu 00pa3oBaHUU
rajJibBaHOMApbl ATUMH METAJJIaMH Kelle30 OyIeT aHOAHBIM YYacTKOM, a HHUKEIb —
katogHbIM. CoCTaBUM cXeMy Ipoiiecca aTMoCc(hepHO KOppOo3uH, IPOTEKAIOIIETO MPU
HapylIeHUU 1EeJIoCTHOCTH MOKphITHs. Kopposuonnas H,O, O, cpema (BiaxHbIit
(memonsipu3zaTop) BO3MyX)

Merann aHogHOW 30HBI (Keyne30) OyaeT OKHUCHATHCA, U BBIXOAWTH B
KOPPO3HOHHYIO CPEIy B BHJE HOHOB; JJIEKTPOHBI MEPEXOAST U3 AHOAHON 30HBI B
KaTOAHYIO (HUKEIb) M OTBOJSTCS C €€ MOBEPXHOCTH YaCTULIAMU JICTIONSIPU3aTOPa.

CocraBisieM ypaBHEHHs KAaTOJHOTO U aHOAHOTO MPOIIECCOB:

(-)A: Fe=Fe* + 2¢

(+)K: H,O + O, + 4e = 40H-.

Takum 00pa3oM, KaroIHOE MOKPBHITUE 3aIIUIIAET METAT OCHOBBI TOJBKO
MEXaHUYECKH, IO TeX IMOp, MOKa COXPAHSIETCS LETOCTHOCTh MOKPHITHs. Kak Toibko
Ha TIOBEPXHOCTH TOKPBITHS MOSBISIOTCS AS(EKThl (TPEIIUHBI, IapanuHbl U T.II.),
HAUMHACT pa3pylIaTbcss MeETaul OCHOBBI, TPH 3TOM METAI  TOKPBITUS
KOPPO3HMOHHOMY pa3pyILICHUIO HE MOIBEPTraeTCs.

HUKEJIb Fe?| HUKEb
+

2
xene3o Fe — 2e = Fe™'

AHOIHOE € TMOKpPBITUE 3aIUIIAET METall OCHOBBI M MEXaHWYECKH (TOKa
MOKPBITHE WEJIOCTHOE) M DIEKTPOXUMHUYECKH (MpHU HAPYUIEHUU LIEIOCTHOCTH),
paboTas KaK aHO/I.

XpOMOBO€ TMOKpPHITUE IO OTHOIIEHUIO K XKeje3y OyleT aHOJHBIM, T.K.
MOTEHIMAJI METAJIJIa HOKPBITUS MEHBIIIE, YEM ITOTEHIMAJl METAJJIA OCHOBBI.
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[leHHBIM CBOWCTBOM METAJUIA B OTHOLIEHHH CTOMKOCTH K KOPPO3MOHHOMY
Pa3pyLIEHUIO SIBISIETCA €r0 CKJIOHHOCTh K MEPEXOY B TaK HAa3bIBAEMOE IMaCCHBHOE
COCTOSIHHE, KOTOpPOE XapaKTepusyeTcss oOpa3oBaHMEM Ha MOBEPXHOCTU MeTailia
NACCUBHOM, KaK MPABUJIO0 OKCUIHOW IJICHKHU.

[Ipy B3auMONEHCTBUM METAUIOB C TEMU WM HWHBIMH KOMIIOHEHTaMU
pacTBOpPOB (pacIjiaBOB) B OMPEICIICHHOM JIMAMAa30HE MOTEHIIUAIOB Ha MTOBEPXHOCTH
MeTajia 00pa3yroTcst aacopOIMOHHbIC WK (pa3oBbie CJIOU (TTACCUBHBIEC TUICHKH ). DTH
ciou o0pa3yroT IUIOTHBIM, TOYTH HEMPOHHUIAEMBIM Oapbep, Omaromaps dYemy
KOppO3HsI CWJIBHO TOPMO3UTCS WM TOJHOCTBIO MIpeKpamaercs. Takum CBOWCTBOM
o0nanaT, HampuMep, XpOM, HHKENIb, MOJUOIeH, Bojbppam. MMeHHO Ha 3TOM
OCHOBAHO ITPUMEHEHUE YKAa3aHHBIX METAJJIOB B KAUE€CTBE JIETUPYIOIINX KOMIIOHEHTOB
MIPU CO3/ITaHUU KOPPO3UOHHO-CTOMKHUX CIIJIaBOB, HAIIPUMEP, HEPKABEIOIUX CTaJCH.

Bcsikoe Bo3neiicTBre, CIIOCOOCTBYIOIIEE CHITHIO C METaJlIa MACCUBHOM TICHKU
WU €€ Pa3phIXJICHUIO, YCUJIMBAeT KOppo3uio. OaHUM U3 HamOoJsiee IHEPTUYHBIX
CTUMYJIITOPOB KOPPO3UHU IO OSTOH MPUYMHE SBISETCS HOH XJopa, JIeUCTBUEM
KOTOPOro 00yCIIOBICHO aKTUBHOE pa3pylICHUE MeTalllla MOPCKOW BOJIOMH.

DONEKTPOIU30M  HA3bIBAETCA  COBOKYIHOCTb  OKHCJIUTEIbHO-BOCCTAHO-
BUTEJIBHBIX  IPOLECCOB, MPOUCXOJAIIMX TMPU  MPONYCKAHUH  MOCTOSHHOTO
ANEKTPUUYECKOTO TOKA YEPE3 PACTBOP MJIU PACIUIaB AIEKTPOJIUTA.

[Iponyckanne TOKa dYepe3 dIEKTPOIUTHI OCYIIECTBISETCS C IOMOIIBIO
ANIEKTPOJIOB: KaTo/ia, Ha KOTOPOM MPOUCXOAUT MPOIIECC BOCCTAHOBIICHHUSI, M aHO/A, Ha
KOTOPOM OCYIIECTBIISIETCS MPOIECC OKUCTICHUS.

[Ipu snexTponn3e pacTBOPOB COJEH 3aKOHOMEPHOCTH BOCCTAHOBIICHHUSI Ha
KaToJIe€ CJIEAYIOLIHE.

1. KatroHbl MeTalioB, pacloIOKEHHBIX B PSAY HAINpPSIKEHUN MpaBee xkKeye3a
(OT KagMUs 710 30710Ta), BOCCTAHABIMBAIOTCS COTVIACHO YPaBHEHHUIO:

Me"" + ne=Me

2. KaTuoHbl aKkTHBHBIX METAJJIOB, PACIIOJIOKEHHBIX B JIEBOM 4YacTH psla
HanpspKeHU (OT JUTHS A0 alllOMHHMS), HE BOCCTaHaBIMBaKTCA. B 3TOM cinydyae Ha
KaToJI€ MPOUCXOAUT BOCCTAHOBIIEHUE BOJIbI:

2H20 +2e= HzT + 20H"

3. KaruoHbl MeTamioB, pacnoyiOKEHHBIX B CPEHEW YacTH pslla HapsKEHUU
(Maprasen, UMHK, XpOM, K€JI€30 W Jp.), BOCCTAHABIMBAIOTCS HA KaTOJE BMECTE C
BOCCTaHOBJICHUEM BOJIbI, T.€. MapaJUIeIbHO UAYT JBa MPoIlecca, YpaBHEHUS KOTOPBIX
MIPUBEJICHBI BHIIIIEC.

3aKOHOMEPHOCTH OKHUCJICHUS Ha aHOE CJIEIYIOIINE.

1. Ilpocteie ammonsl (CI, Br, T, SZ'), Kpome F -HOHOB, OKMCIAIOTCS C

o0pa3oBaHrEM COOTBETCTBYIOIIUX MPOCTHIX BEIIECTB, HATIPUMED:
2CI'=2e =CI?
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2. Cnoxubie annoHsl (NO;', SO.%, PO, m np.) u F-uonsl He okucistorcs. B
9TOM CJIy4ae Ha aHOJE MPOUCXOIUT OKUCICHUE BOJBL:

2H,0 —4e = 0,1 +4H"

OTH  3aKOHOMEpPHOCTM  OTHOCATCA K  DJEKTpOJM3y C  HHEPTHBIM
(HepacCTBOPUMBIM) AIIEKTPOJOM: TUIATHHA, TPA(HUT, FIEKTPOHAS CTAITb.

Ho ecnm anom W3rotoBieH W3 MeTamwia, COldb KOTOPOTO  SIBIIAETCS
AJIEKTPOJIUTOM, TO B 3TOM CIIy4ae caM aHOJ OKHUCISETCs, IEPEXOs B PaCTBOP B BUJIE
KaTUOHOB

Me —ne = Me"",

a Ha KaTo/ie MMPOUCXOAUT BOCCTAHOBIICHHE ITOTO K€ METaslIa

Me"" +ne=Me

Takoll 3MEeKTPOJIU3 HA3BIBAETCS JJIEKTPOJIU30M C aKTUBHBIM (pacTBOPUMBIM)
aHOJZIOM.

PaccmoTrpum anekTponu3 pacTBOpa XJIOpPUAA MEAM HAa WHEPTHBIX JJIEKTponax. B
pactBope HaxomaTcsa Housl Cu”' 1 CI', KOTOpBIE MO ASHCTBHEM IEKTPHUECKOro TOKa
HaIPaBJISIFOTCS K COOTBETCTBYIOIIN M JIEKTPOAAM:

CuCl,
!
(-) Katog < Cu*" + 2Cl' — Anog (+)
Cu*" +2e =Cu’° 2CI' - 2e =Cl,
Ha karone BbifensieTcs MeTainueckas MeAb , Ha aHOJE — Ta3000pa3HbIii

xyiop. Ecnu B paccmoTpeHHOM npumepe anekrponusza pactBopa CuCl, B kauecTBe
aHOJA B3ATh MEIHYIO IIJJACTUHKY, TO Ha KaTOZAE BBIACIISETCS MEIb, a Ha aHOJE, IIe
MPOUCXOJAT MPOLIECCH OKUCIIEHUS, BMECTO pa3psaaku MoHOB Cl u BbinenaeHus xjopa
IIPOTEKAET OKHCIEHUE aHona (MeaM), IMPOUCXOAMT PACTBOPEHHME CAMOIO aHONad, B
e noHoB Cu’" OH IEpEeXOUT B pacTBOp.

Takum 00pa3zoMm, 53JEKTPOJIU3 PACTBOPOB COJIEH € PACTBOPUMBIM aHOJIOM
CBOJIUTCA K OKHMCIICHHIO MaTepuajia aHoAa (ero pacTBOPEHHUIO) U COMPOBOKIAETCS
MEPEHOCOM MeTajlla C aHOAA Ha Karol. JTO CBOMCTBO HIMPOKO MCMOIB3YETCS MpU
padbuHUPOBAHUU (OYMCTKE) METAJIJIOB OT 3arpsi3HCHUN.

JlaGoparopnas padora Nell. «Koppo3usi MeTaLJ10B»

Hean padorbl: hopMUpOoBaHUE YMEHUW M HABBIKOB B M3yUYE€HWW KOHTAKTHOU
KOPPO3UH, NPOTEKAIOIIYI0 MO 3JIEKTPOXMMHUYECKOMY MEXAHU3MY; HCCIIEIOBaTh U
YCTAaHOBUTH THUI TAJIbBAHMYECKOTO MOKPBITUS ISl CTalW; HWCCIENOBATh BIIUSHUE
XJIOPUJ-UOHOB HA KOPPO3HIO CTAJIH.

Onvim 1. Bzaumooeiicmeue yunka ¢ ceprHoil KUCA0MOIL 6 OMCymcmaeue u 6
npucymcmeuu meou
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3aganue u 3Tanbl padoThI
IToaroroBka Kk JJadoparopHoi padore

1. IIpoyecTh TEOpETUUYECKOE BBEACHUE U TIOPSIOK BBIIIOJHEHUS PAOOTHI.

2. OdopMuUTH IPOEKT OTYETA MO OMBITY JJA0OPATOPHOI pabOTHI (CM. MpHUII. 2)

3. O1ueHuTh BOBMOKHOCTH B3aUMOJICHCTBHS IIMHKA C pa30aBIeHHON CepHOU
KHCJIOTOM, BOCITOJIB30BABIIMCH IPH 3TOM PSAOM CTaHJAPTHBIX 3JEKTPOIHBIX
noteHmuanoB metamioB (PCOII).

4. Hanwmcarp ypaBHEHHE B3aUMOJICHCTBUS IIMHKA C pa30aBICHHOMN CEpHOIl
KHUCIIOTON; 0()OPMUTD PEAKIINIO KaK OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO.

5. CoCcTaBUTh CXEMY OJIIEKTPOXMMHYECKOM KOHTAKTHOM KOPpPO3MHM LIMHKA B
CONPUKOCHOBEHUU C MEAbI0 B KHCION (9JIEKTPOMPOBOJHOMN) cpene (cMm
TEOPETUYECKYIO 4acTh); TSt 3TOTO ONPEIEINTD:
- KAKOW M3 METAJJIOB B rajbBaHOMNAPE «MEIb-IIUHK» OYyNEeT SBISATHCS KaTOJHOM
30HOM, a KAKOM — AHOJHOM (BOCIIOJIB30BATHCS PCOII);
- Kakye YacTHIIbl B 3TOM ciy4yae OyAyT BBICTYIaThb B POJM JIEMOJISPU3ATOPA,
€CJIM YUYECTh, YTO Cpella KUCIIasl.

6. C MOBEpXHOCTH Kakoro Merauia OyneT BBIAEIATHCS BOJOPOJ 1O M TOCIE
COTIPUKOCHOBEHUS MENU U IIMHKaA (0Tpa3uTh B 1. «Habmonenus»). [louemy?

7. HammcaTte ypaBHEHHsI IIPOLIECCOB, OINKCHIBAIOIIMX PACCMAaTPUBAEMBINA CIydal
KOppo3uu (Ipouecchl Ha KaTOAHOM U aHOJHOM 30HAX).

8. OLEeHUTh BO3MOXKHOCTb JKCIUTyaTallUM KOHCTPYKUMM, BBIIOJHEHHBIX U3
Pa3HOPOJHBIX METAJIJIOB B KOPPO3UOHHO-AaIPECCUBHBIX CpeAax; OTPa3UTh 3TO B
BBIBOJIE K OIIBITY.

IHopsaoK BBINOJHEHUsSI padOThI

[TomecTuTh B IpoOUPKY KyCOUYEK I'PaHyIMPOBAHHOIO IIUHKA M BHECTH S5 Kareib
pacTBOpPa CEPHOUN KUCIIOTHI.

HaOimronaTte B3anMonelcTBUE IIMHKA ¢ KUCIOTOW. HaOmronaeTcst 11 BBIJIEIICHUE
BOJIOpOA?
B3sTh MeIHYIO IPOBOJIOKY U KOCHYTHCS KyCOYKa IIMHKA B TPOOUPKE.

Habmronate n3MeHeHre HHTEHCUBHOCTH BbIACIICHUS BOJOPO/IA.

Ilo pesynbraTaM MPOBEICHHOIO OMNbITA 3alOJHUTh IMYHKTBI  OTYETa
«HaoOmronenns» n «BeIiBOIY.

Onoim 2. Koppo3usa oyunkoeannozo u ayxscenozo jeenesa
3aganue u 3Tanbl padoThI
IoaroroBka Kk J1adoparopHoi padore
1. IIpoyecTs TeOpEeTHUECKOE BBEACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
2. OdopmMuUTH IPOEKT OTYETA IO OTBITY JTAOOPATOPHOU pabOTHI (CM. MPHII. 2)
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3. CocTaBUTh CXeMy MPOLECCOB MPOTEKAIOIINUX TP IEKTPOXUMUYECKOU
KOPPO3UU OLIMHKOBAHHOT'O U JIY’KEHOTO JKeJie3a B KUCIION (IEKTPOIPOBOAHOM)
cpelie; UIsl 3TOTO ONPENETUTh:

- KaKOW U3 METAJJIOB B TAJIbBAHOMAPAX <GKEIE30-IIUHK» U (GKEIE€30-0JI0BOY»
OyneT ABIATHCS KaTOJHOM 30HOM, a KAKOW — aHOTHOM (BOCIIOIH30BATHCS
PCOI);

- KaKle YacTUIbl OyAyT BBICTYNATh B POJIU JEMOSPU3ATOPa, €CIU YUeCTh, UYTO
cpelia KHcasl.

4. Hamucarp ypaBHEHHUs MPOIECCOB, OMUCHIBAIONIMX pacCMAaTPUBAEMBbIE CIIy4yau
KOppO3uH (MPOIECCHl HA KAaTOIHOM U aHOJHOM 30HAX).

5. WMoHbl Kakux MeTauioB OyAyT MOSBISTHCA B PacTBOpax MNEPBOM M BTOPOM
OpoOMpOK B pe3yabTareé  KOPPO3HOHHOTO  paspymieHus  (aHOAHOTO
PacTBOpPEHHUS).

6. Hanucarb ypaBHeHue B3auMoneicTBus rekcanuanodeppara (III) kamus
K;3[Fe(CN)g] ¢ karnonamu sxene3a Fep., KoTopbsle 00pa3yrOTCs BO BTOPOM
npoOupKe, Y4YUThIBasi, 4YTO MpU ATOM oOpazyercs rekcanuanodeppar (I1I)
xenesa (II).

7. OnpenenuThb, K KAKOMY TUITY OTHOCSITCS IIMHKOBOE M OJOBSIHHOE MOKPBITUS IO
OTHOIIICHUIO K XKeJe3y (KaToHOE WM aHOIHOE): OTPA3HUTh 3TO B BHIBOJE.

8. OueHurs, HICIIOJIb30BaHHE KaKOTO THTIA MTOKPBITUI SABIISIETCS
MPEANOYTUTENBHBIM (OTPa3UTh B BHIBOE).

IHopsigok BbIMOIHEHHS PadOThI

B3sare aBe npobupku. [1010XUTH B TIEpBYIO MPOOUPKY KyCOUEK
IPaHyIMPOBAHHOTO ITMHKA, BO BTOPYIO — KYCOUEK OJIOBA.

B 06e nmpobupku m00aBUTH MO 5 Kameib pacTBOpa CEPHOM KHUCIOTHI U TIO
2 xarua pactBopa rekcarmanodeppara (I1I) xamus K;[Fe(CN)y]. I'ekcanmanodeppar
(III) Kaaus SBISETCS KAYECTBEHHBIM PEAKTUBOM IS OIpeeleHus karhnona Fe'', ¢
KOTOPBHIM OH J1a€T CHHEE OKpallliBaHuE.

JIBe Kene3HbIe MPOBOJIOYKH 3aUMCTUTh HAXJIA4HOW OyMaroil W IMOMECTUTH B
MPOOUPKU TaKMM 00pa3oM, YTOObI OHU HAXOJWJIMCh B KOHTAKTE C IIMHKOM U OJIOBOM.

HaGnronats n3MeHeHne OKpacku pacTBOpa B OHOM U3 MPOOUPOK.

[Io pe3ymbraTaM TPOBENCHHOTO OMbBITA 3aMOJHUTH IMYHKTHl  OTYETa
«HaoOmronenns» u «BeIiBOIY.

Onwvim 3. Bausanue xnop-uona na Koppo3uio airOMuHus
3ajanue u 3Tanbl padoThI
IToaroroBka Kk JadoparopHoi padore
1. TIpoyecTs TEOpEeTUUECKOE BBEACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
2. OdopmMuUTH IPOEKT OTYETA IO OTBITY JTAOOPATOPHOU pabOTHI (CM. MPHII. 2)
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. OHeHI/ITB TCOPCTUICCKYIO BOBMOKHOCTD BSaHMOI[eﬁCTBHH AJIIOMHWHUA C COJIIMU

Menu (Bocmonb3zoBarbest PCOI).

. HO‘ICMY, HCCMOTPsA Ha BBICOKYIHO XHUMHYCCKYIO AKTHUBHOCTb QJIOMHHHA B

nepBoi npodupke (¢ cyabdaroM Meau) MPaKTUYSCKH HE TMTPOUCXOIUT HUKAKUX
U3MEHEHUH.

. Hanucartp YPAaBHCHHC BSaHMOHeﬁCTBHH AJIIOMUHUA €  XJIOpUAOM MCIU,

oQOpPMHTDH peakinio, KaK OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO.

. Kax mnpucyrctBytonme BO BTOpOH mNpoOUpKE XJIOPUA-WOHBI BIHUSIOT Ha

POTEKAIOMIMM Mpo1iecc (OTPa3UTh B BHIBOJIE).

. Uto OyneT BBIACNIIATHCS Ha MOBEPXHOCTH AIFOMUHUS BO BTOPOU MPOOUpKE.

IlopsaoK BBINOJTHEHUsI padOThI
B n1Be mpoOHpKH MOMECTUTH 1O KYCOUKY aTIOMUHUA U JOOABUTh B OJHY U3 HUX

5 kanenb pactBopa cyiabdara menu (II), a B Apyryro — 5 kamenb pacTBopa XJopuaa
menu (I1). HabmromaTe n3aMeHeHuUs .

ITo pe3ynpTaTam NpOBEAECHHOTO OMBITA 3aIIOJIHUTh ITYHKTHI OTYETA

«HaOmronennsa» u «BeiBoIY.

JlaGopaTopHas padora Ne 12. «y1eKTPoJIN3 BOAHBIX PACTBOPOB COJICH»
esanb padoTbl: popMHUpOBaHHE YMEHUIN U HABBIKOB B UCCJICIOBAHUH

MIPOLIECCOB, MPOTEKAIOLIUX HA KaTO/I€ M aHOJIE IIPH JIEKTPOIN3€ BOAHBIX PAaCTBOPOB
Pa3IMYHBIX TUIIOB COJICH.

=

Onvim 1. Inexmpoausz pacmeopa xXa0puoa Hampus ¢ UHEPMHBIM AHOOOM)
3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

[IpouecTh TeOpeTHUECKOE BBECHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

OdopMHUTb MPOEKT OTUETA IO OMBITY Ja00PaTOPHON PadbOTHI (CM. TPUIL. 2)

Hamnucars ypaBHeHUE 3ekTposin3a BoaHoro pactsopa NaCl.

Bolgenenre Kakux Ta3oB € MOBEPXHOCTH JJIEKTPOJOB OyneT HaOmIomarbes B

IPOLIECCE IEKTPOIIU3A.

Kako#t xapakrep cpenbl (pH) mmeer pactBop NaCl? Kax wusmenutcs pH

pacTBopa B MPUKATOAHOM MPOCTPAHCTBE MOCIE AIEKTPOIn3a?

. Kak m3menutcs okpacka (eHondrarenHa B TPUKATOAHOM W MPUAHOTHOM

IPOCTPaHCTBAX?
Iopsaok BbINOJIHEHUS] padOThI
PactBop xsopuaa Harpus HanmuTh B U-00pa3Hyro TpyOKy IEKTpOIU3Epa TAKUM

o0pa3om, uToObI TOMEIIEHHBIE B HEE DJIEKTPO/IbI ObLTH MOTPYKEHBI B pacTBop Ha 1/3.

[Torpy3uTh TpauTOBBIC SIEKTPOABI B PACTBOP U MOJKIIOYUTh UX K CETH

(BHELIHEMY HCTOYHHUKY AJIEKTPUYECKOTO TOKA).
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HaGnronats BeIieTIeHHE Ta3a C TOBEPXHOCTH JEKTPOIOB.

Yepes 1-1,5 MUH OTKITIOYHUTH AIIEKTPOTU3EP OT CETH, U3BIICUb AIIEKTPOIBI.

B xaxxnoe xoneno U-o0pa3Hoit TpyOku 106aBuTh 1o 1 karuie ¢peHomndranerHa.

[Io pesynpraTaM MPOBENCHHOTO OMbBITA 3alOJHUTH IyHKTHI  OTYETa
«Haomonenns» n «BeIiBOIY.

Onwvim 2. Inexmponus pacmeopa cyivhama Hampusa ¢ UHEPMHLIM AHOOOM

ITopsaaoK BBINOJHEHUS PadOTHI

PactBop cynbdara narpusi HamuTh B U-00pasHyro TpyOKy O3JIEKTpoiH3epa
TaKuM 00pa3oM, 4TOObI MOMEIICHHBIE B HEE AIIEKTPO/IbI ObLIN MOTPY>KEHBI B PACTBOP
Ha 1/3. Ilorpy3uth rpauTOBBIE 3JEKTPOJALI B PACTBOP U MOIKIIOUUTH MX K CETU
(BHEIIHEMY MCTOYHHMKY 3JEKTpUYecKoro Ttoka). HabOmromars BblneneHue rasza c
MOBEPXHOCTU AMEKTpoAoB. YUepe3 1-1,5 MHUH OTKIIOYUTH 3IEKTPOIU3EP OT CETH,
U3BJIEYb 3J1EKTPoabl. B kaxnoe koneno U-oOpa3zHoit TpyOKHM 100aBUTh MO 3-4 Karuiu
JaKMyca.

ITo pe3ynbraTaM NPOBEAECHHOIO ONbITA 3aMOIHUTD IYHKTHI OTYETA
«HaOmronenns» u «BeIiBOIY.

Onwvim 3. Inekmpoausz pacmeopa cyibghama meou ¢ UHEPMHBIM U
pacmeopumsvim anodamu
3aganue 1 3Tansl padoThl
IToaroroBka Kk J1adoparopHoi padore
[IpouecTh TeOpeTHUECKOE BBECHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
OdopMHUTh MPOEKT OTUETA IO OMBITY Ja00paTopHON pabOThI (CM. TIPHIL. 2)
Hamnucars ypaBHEHUE AIIEKTPOIIM3a BOAHOTO pacTBopa Na,SOy.

b S

Brinenenne kakux ra3oB ¢ MOBEPXHOCTH JIEKTPOJOB OyAeT HaOIMIONaThCs B
mpolecce MEKTPOIn3a.
5. Kakoii xapakrep cpeasl (pH) umeer pactBop Na,SO,? Kak uzmenurcs pH
pacTBopa B MPUKATOAHOM M MIPHUAHOAHOM MPOCTPAHCTBAX MOCIE AIEKTPOIu3a’?
6. Kak wu3MeHuUTCS OKpacka JlakMyca B TPUKATOAHOM U MPUAHOTHOM
MpOCTpaHCTBax?
Iopsiiok BHINOJTHEHUS] PA0OTHI
PactBop cynwdara menu HamuTh B U-00pa3Hyro TPyOKy 3JIEKTPOIM3Epa TaKUM
o0Opa3om, 4ToOBI TOMEIIEHHBIC B HEE 3JIEKTPOIbI OBLTH MOTPY>KEHBI B pacTBOp Ha 1/3.
[Torpy3uts rpaduTOBBIC AJICKTPOABI B PAcCTBOP M MOJIKIIOYHUTh HX K CCTH
(BHENTHEMY MCTOYHHUKY DJICKTPHUUECKOTO TOKA).
HaGmronate BbIENIEHHWE Ta3a C TOBEPXHOCTH OJHOTO W3 DJIEKTPOIOB,
oOpa3oBaHue HaJeTa MEIH HA IPYTOM DIIEKTPOIC.

56



Yepe3 1-1,5 MUH OTKITIOYUTH SICKTPOIU3EP OT CETH, MOMEHSTH 3JIEKTPOIIBI
MecTaMu (IJIs1 3TOr0 BUIKY HOBEpHYTH Ha 180° M BHOBL BCTaBUThL B PO3€ETKY). Tenepsb
AIICKTPOJI, MTOKPBIBIIMICS MEIbIO, CTAHET aHOJIOM (HAOII0IaeM ciydai SIeKTPOJIn3a C
PacTBOPHMBIM aHOJIOM).

HaGmronats n3MeHEHUS Ha TOBEPXHOCTSX JIEKTPOJIOB.

[To pe3ympraTaM TPOBEICHHOTO OMbBITA 3aMOJHUTH IMYHKTHI  OTYETA
«Haomonennsa» n «BeIiBOIY.

JladboparopHas padora Nel3.
«JIEKTPOXHUMHYECKOE HAHECEHNE MeTANINYeCKUX NOKPbITHID)

Heas pabGorsl: (dopMupoBaHHE yMEHUH UM  HaBBIKOB  HAHECEHHUS
METAJUTNYECKOTO MOKPBITHS Ha CTAIbHYIO OCHOBY TAJIbBAHUYECKUM METOOM
3aganue 1 3Tansl padoThl

IMoaroroBka Kk J1adoparopHoi padore

1. IIpodecTh TEOpPETUUECKOE BBEICHUE U TIOPSIIOK BBITTOJIHEHUS PaOOTHI.
2. OdopMuUTH IPOEKT OTYETA 110 OMBITY JTAO0PATOPHOU pabOTHI (CM. MpuII. 2)
3. Hamwmcatps ypaBHEHUS MPOLIECCOB, IPOTEKAOIIUX TP IEKTPOIU3E HA

AIEKTPOJIAX.

4. PaccuuTaTh CUIIy TOKa JJISl AJIEKTPOJIA3a
S-D
'=To0

rae [ —cuna Toka npu snekrponnse, A;

S — mIomAab MOBEPXHOCTH MIACTUHBI (KaToAa), CM~; D — IIOTHOCTB TOKA HPH

AJIEKTPOJIU3E, A/’

IHopsigok BbIMOTHEHHS PadOThI

O6paboTka MOBEPXHOCTH KaToja

3a4UCTUTh CTABHYIO TUTACTHHKY HaxaadyHoW Oymaroil. [IpoMbITh mpoTOYHOM
BOJIOI M XOPOIIO MPOCYIINTh. M3MEPHTh MIOMAb TOBEPXHOCTU [LUIACTHHBI (S, cM?).
B3BecuTth miacTuHy Ha 3JIEKTPOHHBIX Becax (my, T).

HenocpenctBeHHO TMpen MNOTPYKEHUEM IUIACTUHBI B JJIEKTPOJIUTUYECKYIO
BaHHY O0E3KUPUTH €€ CIUPTOM (TT0ciie 00e3KUPUBAHUS CTApaThCsl HE IPUKACATHCS K
MMOBEPXHOCTH TIJIACTHHBI).

[ToaroToBNeHHYIO TIUIACTUHKY TOTPY3UTh B BaHHY M COCIUHUTH C
OTPULIATEJIbHBIM MOJIOCOM BHEITHETO UCTOUHHKA TOKA.

Bxmtounts TOok Ha 10 mwuH. IlmotHocth TOKa (D, A/I[Mz) U TIpolecca:
MEJHEHHUS — 5; IMHKOBAHUS — 2; HUKETUPOBaHUsA — | (CM. pacyeT IMIIOTHOCTH TOKA).

HaGmronaTe moOSIBIIEHHE TOHKOTO CJIOS METallla Ha TIOBEPXHOCTH KaToja
(ctanpHOM TmacTuHbI). [lo HMCTEUeHMM BPEMEHM JJIEKTPOJIM3a BBIKJIIOUYUTH TOK,
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BBIHYTHh KaTOJ] U3 BaHHBI, MPOMBITH €TO0 M XOPOIIO MPOCYIUTh. B3BeCUTh MIacTHHY
Ha AJIEKTPOHHBIX Becax (my, T).

3anuch JaHHBIX ONBITA U PacyYeThbl

ITo pe3ynbraTaM NpOBEAECHHOIO OMbITA ONPEICIUTh TOJIIIUHY MTOJTYYEHHOTO
MOKPBITUS U BBIXOJ] METAJIJIA IO TOKY.

Pacuer ToNIIUHBI TOKPHITUS

H = (mz—m4)-10

oS

rae H — TonmuHa mokpheITUs, MM;

m; ¥ M, — Macca IJIACTUHBI JI0 ¥ TIOCJIE OCAXKACHUS MTOKPBITHUS, T;

p — INIOTHOCTh OCAXKJICHHOTO METaslia, r/em’ (menn — 8,94; Hukens — 8,9;
uHK — 7,13)

S — mIonaasr MTOBEPXHOCTH MOKPHITHS, eM’.

Pacuer BbIXOAA 110 TOKY:

Mppakr-100
n=—m—
Mereop

TJIE 1] — BBIXO/JI IO TOKY;

Mypair — MACCa MPAKTUYECKASA 0CAXKICHHOTO METAIIA, T; Myeop — MACCA
TEOpEeTUYECKask OCAXKICHHOTO METalIa, T.

TeopeTnyeckas Macca  OC@XKACHHOIO  MeETajljla  PacCUUTHIBACTCS  C

HUCITOJIB30BaHUEM 3aKOHA @apaﬂeﬁ:
m __ 2t
TEOp T R

3anoaHUTh MyHKTHI oT4yeTa «Habmonenus» u « BeiBony.

3amaHus I CaMOCTOSITEIbHOM PadoThI

1. Cxnenanbl JBa MeTalla. YKaXuTe, KaKOM M3 METa/UIOB MOJIBEPracTcs
kopposuu: a)Mn—Al; 6)Sn—Bi.

2. Kakue u3 HIXKENEPEUHCICHHBIX METAaJJIOB BBHIMIOJHSIOT MJi1 CBUHIIA POJIb
aHonHoro nokpeitus: Pt, Al, Cu, Hg ?

3. Kakue ©3 HMIKENEPEUUCIECHHBIX METAJIJIOB BBIMOJHSAIOT JJIsi CBUHIIA POJb
KaTtogHOTOo MOKphITHs: Ti, Mn, Ag, Cr ?

4. VYkaxuTe MpOayKT KOPPO3UHU MPH KOHTAKTe Zn — Ni B HEUTpalbHOM Cperie.

5. Ykaxxute MpoayKT Koppo3uu npu koHTakTe Zn — Ni B kucnoit cpene (HCI).

6. IlpuBeauTe nmpuUMepbl METAJUIOB, KOTOPHIE MOXHO MOJYYUThH 3JIEKTPOIU30M
PAacCTBOPOB UX COJICH.

7. YcraHOBUTE TMOCIEIOBATEILHOCTh BOCCTAHOBJICHMS METAJJIOB W3 pacluiaBa
cmecu: AlCl;, CuCl,, FeCl,, CdClL.
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8. PaccumraiiTe MUHUMaTbHOE HANPSDKEHUE PAa3NIOKEHUs, KOTOPOE HEOOXOAMMO
OPWIOKHUTh K DJEKTpoJaM JiJisi Hadajia »3JEeKTpoJih3a paciuiaBa XJIOpHa
ATIOMUHUS.

9. T'a3000pa3HbIMU MPOIYKTAMU DIIEKTPOJIM3a KAKUX COJEH SIBISIOTCS TOJIBKO
XJIOp U Boaopoa?

10.2nexkTponn3 pacTBopa KakOW COJMM TPUBOAUT K YBEJIUYCHUIO €€ KOH-
nentparuu B pactBope: FeCl;, NaNO;, Cu(NO;),, NaCl?

Tema 1.8. O01IME CBOIICTBA METAJLJIOB

JlaGoparopHasi padora Ne 14. «O0mme cBOMCTBA METAJLJIOB

Heapr paGorbl: (QopMHpOBaHME YMEHHUNW M HABBIKOB B  HCCIIEAOBAaHUU
XUMHUYECKHX CBOWCTB METAJJIOB Pa3jIMYHON aKTHBHOCTH; MCCIIEN0BaTh 0COOEHHOCTH
B3aUMOJICHCTBHS METAJUIOB C OKUCIISIIOLIUMU U HEOKUCIISIOIIUMU KHCIIOTaMHU.

Onvim 1. Cpagnenue 60ccmanosumenbHbix C60UCHE MEMAILN0E6

3aganue 1 3Tansl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IIpodecTs TeOpEeTUUECKOE BBEICHUE U TIOPSIIOK BBITTOJIHEHUS! PaOOTHI.

2. OdopmMuTh IPOEKT OTYETA 1O JTAOOPATOPHOM padoTe (CM. MPHIIOKEHUE 2).

3. OueHuTh BO3MOKHOCTh B3aMMOJICUCTBUS MAarHHUs, JKeJie3a U MEIU C
paz0aBIeHHOM CONSTHOM KUCI0TOU. OOBSICHUTD, TIOYEMY MEJIb HE
B3aUMOJICVCTBYET C COJISTHOM KHUCIIOTOM.

4. CocTaBUTh ypaBHEHHUS MPOTEKAOIINX PEAKINI MEKY METAJUIaMH U COJISTHOM
KHUCJIOTOM.

Iopsinok BeIMOJIHEHNSI PadOThI
B 4yerhlpe npoOWpKM MOMECTUTH MO &8 Kamenab pa30aBICHHON COJISHOU
KHUCJIOTHI.
B nepByto mpoOupKy BHECTH KyCOUYEK MarHusi, BO BTOPYIO — jKeJie3a, B TPEThIO
— MeIH, B YETBEPTYIO — LIUHKA.
B otuére onucars HabmOnCHUS.
B BbIBOZIE yKa3aTh, COOTBETCTBYIOT JM OOHApy>KEHHbIC B OIBITE CBOICTBa
M3YYEHHBIX METAJIJIOB UX MOJIOKEHUIO B PSTYy HANPSIKEHUH.
Onvim 2. B3aumooeiicmeue JHcenesa c  pazbaenenHoll u
KOHUEHMPUPOBAHHOU CONAHOU KUCTIOMOU
3ananue u 3Tanbl padboThl
IoaroroBka Kk JadoparopHoil paborte
1. TIpoyecTs TeOpEeTHUECKOE BBEACHUE U TIOPSIOK BHITIOJTHEHUS PAOOTHI.
2. OdopmuTh IPOEKT OTYETA MO JTAOOPATOPHOI paboTe (CM. IPUIOKEHHE 2).
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3. OueHuTh BO3MOXXHOCTH B3aHMMOACHCTBHS  Jkeje3a ¢ pa30aBIeHHOW U
KOHLIEHTPUPOBAHHOMW COJISTHOW KHUCJIOTOM.
4. CocTaBuTh ypaBHEHMS JIBYX BO3MOXKHBIX PEAKIIMH JKeJe3a ¢ COMITHOM KUCIIOTON

U OOBSACHUTH, Kakasg U3 HUX OoJiee BEpPOSITHA, M KaK BIMSIET YBEIUYCHHE

xonuentpanuu HCl Ha e€ mpoTtekanue.

IHopsigok BbIMOIHEHHSA PadOTHI

B nBe mpobupku BHecTH mo 8—10 karenb pa30aBIeHHON COJSIHOM KUCIOTHI U
M0 OJTHOMY MHUKPOIITIATEII0 TOPOIIKOOOPa3HOTO JKee3a.

JUi yCKOpEeHHUs peakuy IpoOUPKHU ClIeTKa MOJOTPETh.

3areM B IEpBOM MPOOHPKE NPOBECTU KAUECTBEHHYIO PEAKIUIO HA HOHBI JKele3a
(I1):

FeCl, + Kj3[Fe(CN)s] = KFe[Fe(CN)g]| + 2KCl, a Bo BTOpoii — Ha HOHBI
xenesa (I1I):

FeCl; + 3NH4SCN = Fe(SCN); + 3NH,Cl

[lpn Hanuuuu B TepBOi mpoGupke MOHOB Fe’' 06pasyercs TeMHO-CHHUIL
0CaloK TypHOYIeBOH CHHHM, a BO BTOPOil MpOOMpKe MpHM HAIMYHH HOHOB Fe' —
KpOBAaBO-KpacHbIi PAacTBOp poAaHMJA TPEXBAJICHTHOIO Keie3a (Ipu  Malloi
KOHI[EHTpaImK HoHoB Fe’" HaGmonaeTcs cnaboe OKpalIHBaHHE PACTBOPA).

3areM ONBIT MOBTOPUTH OT HaYasa JI0 KOHIA, 3aMEHUB Pa30aBIeHHYIO COJISHYIO
KHCJIOTY Ha KOHLICHTPUPOBAHHYIO.

I[1o pe3ynbraTam onbiTa 3aMoIHUTh MYHKT «Habmronenus» u « BeiBoAbD.

Onwvim 3. [laccusayus cene3a 6 KOHWEHMPUPOBAHHOU CEPHOIL U A30MHOU
Kuciomax
3ananue u 3Tanbl padoThl

IoaroroBka Kk JadoparopHoi padore
1. Ilpouecth TeOpeTHUECKOE BBEICHNE U MOPSA0K BHIIOTHEHHS paOOTHI.
2. OdopMHUTH TPOEKT OTUETA MO JTA0OPATOPHOU paboTe (CM. MPUIIOKEHUE 2).
3. YTO NpOUCXOIUT C KENEZHOW IUTACTUHKON ITOCIIE IIOTPYKEHUS €€ B pACTBOP
KOHUEHTPUPOBAHHOW KUCJIOTHI?
4. Hanucatpe ypaBHEHHE peakiuu kejesa ¢ cyiabdarom meau (11).
IHopsaoK BBINOJTHEHUsI padoThI
Tpu sxene3Hble TIACTUHKA OUYMCTUTh HAXJAAYHOW OyMaroi, mpOTpaBUTh B
KOHLICHTPUPOBAHHOM  COJITHOM  KHCJIOTE€, IPOMBITH  BOAOM W OCYLIUTH
¢unpTpoBanbHO Oymaroi. OnHy IUIACTUHKY MOTPY3UTh B MPOOUPKY C KOH-
LICHTPUPOBAHHOM a30THOM, a APYI'yI0 — C KOHIEHTPUPOBAHHON CEPHOU KUCIIOTOM Ha
1-2 MuH; TPETHIO IUTACTUHKY HE TACCUBUPOBATb.
3areM Bce IUIACTUHKY MOTPY3UTh B pacTBOp cyibdara meau (11).
Onucarb HaOMIOAEHUS.
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OOBSICHUTH Pa3IMYHOE OTHOIICHHE IIACTUHOK K pacTBOpy CuSO,.

B BeBozme chopMynupoBaTh BIMSHHE OOpaOOTKM B KOHIICHTPUPOBAHHBIX
a30THOM W CEpHON KHCIIOTax Ha BOCCTAHOBHUTEIHHBIC CBOMCTBA jkKeje3a M yKasarb
MPAaKTUYECKOE 3HAYCHHUE ITOTO SBICHUS.

3agaHus 119 CaMOCTOATEIbHOH PadoThI
1. Kakue Metayibl, U3 NPEIOKEHHBIX B NEPEYHE, B3aWMOJCHCTBYIOT C BOJOW MpHU
oObryHBIX yenoBusax: Ni, Na, Mg, Fe, Cu, Ca?
2. IlokaxuTe C TIIOMOIIBIO YPaBHEHHH pPEaKIUH MEXAHW3M B3aUMOACHCTBHS
QIIOMUHUSA C PacTBOPOM ILEJIOYHM, YUYUTHIBAsA, YTO €ro IOBEPXHOCTh IOKPHITA
OKCHUJTHOU TIJIEHKOM.
3. Hannmmre HECKOJIBKO ypaBHEHHMM B3aWMMOJCHCTBHUS LIMHKA C a30THOW KHUCJIOTOM.
[Iporekanne kakoil peakuuu HauOoJiee BEPOSTHO NPH CTAHAAPTHBIX YCIOBHSIX?
YpaBHAUTE €€ METOAOM IOTYPEAKIIAMN.
4. Haubosee CUIBHBIM OKUCISIOIIUM BO3JEHCTBUEM 00JaaeT CMECh JIByX KHUCIOT —
a30THON u (ropoBogopoaHON. Hammmimure ypaBHEHHE peakUuu B3auMOJEHCTBUS
BOJIb(ppaMa ¢ 3TOM CMECHIO.
5. TlpuBeaute ¢GopMynbl COEAMHEHWH, HMMEIOIIMX Ha3BaHUs: TypHOyJieBa CHHb,
OepnuHCcKas Ja3ypb, poganu xenesa (I1I).
6. Kakoe siBiIeHHEe Ha3bIBaeTC accuBanueil Metaia’?

Tema 1.10. XuMuueckue MeTOAbLI AaHAJIN3A

Teopemuueckuii Mmamepuann, HeoOXxo0umbwlii onsa 6bINOJIHEHUA
aabopamopnoil pabomol

XKecTkocTh BOIBI OOYCIIOBIIEHA CONIEP)KAaHWMEM B HEH PaCTBOPHUMBIX COJICH
KaJIbIIUsI, MarHusl, )KeJie3a: HUTPATOB, XJIOPUIOB, THAPOKAPOOHATOB U Jp. Pa3znmuaror
KECTKOCTh BpPEMCHHYIO U TIOCTOSHHYIO. BpeMmeHHas >KeCTKOCTh OOYCJIOBIICHA
conepxkanreMm ruapokapoonaros: Ca(HCO;),, Mg(HCOs),, Fe(HCOs),, nmocTosHHas
— COJIEp’)KaHUeM XJIOPHJOB, HUTPATOB, cyibdaroB stux metamioB: CaCl,, MgCl,,
Ca(NOj3), u ap. Cymma MOCTOSSHHOM M BPEMEHHOW KECTKOCTH COCTaBIISAET OOIIYIO
KECTKOCTh:

Kobur. = XKnoct. + Kepem.

YKecTKOCTD BOJIBI OLEHHBACTCS YHCIOM MIJLTHMOIb-9KBHBAICHTOB HOHOB Ca’’
1 Mg, comepialmxcst B OHOM JIUTPE BOAbL EIMHMIE KECTKOCTH — MMOMB/I1. J{is
OTIPEJICTICHUs] YUCJIICHHOTO 3HAUYECHUS OJHOTO MMOJIb WOHOB KaJlblUS W MarHus
HCIIOJIB3YIOTCSI COOTHOIIICHUS

Mbk(Ca®") = Ar(Ca)/B = 40,08/2 = 20,04 r/Mo11b

M>sk(Mg”") = Ar(Mg)/B = 24,31/2 = 12,15 r/Monb,
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rne B — crexuomeTrpuueckas BAJICHTHOCTh KajbIlMs M MarHWs, paBHAs JIByM.
M3 5THX COOTHOLICHHMH CIEIyeT, 4T0 OXMH MIITMOIs Ca’’ mpuOIH3UTEenbHO paBeH
20 MTr HOHOB KaJbIHsA, a OJNH MUJIIAMOJIb Mg2+ — 12 Mr HIOHOB Maruus

XKecTkas Boma HENpUrogHa HJii MHOTUX TEXHUYECKUX IIeJield, MO03TOMY
CHIKEHUE JKECTKOCTH (YMATYEHUE BOJbI) SABISIETCS BaXKHOW 3ajadeid. JTa 3a1ada
permaeTcs B TEXHUKE TpeMs crmocoOamu: (U3MYECKUM, XUMHUYECKUM U (PU3HUKO-
xumMudeckuM. CyIIHOCTh 3THX METOMOB 3aKJII0YaeTCs B yAaJCHUHU W3 BOJBI KATHOHOB
METAJLJIOB.

duznyeckuii cnocod OCHOBaH Ha TEPMUYECKOM Pa3NIOKEHUU COJICH:

Ca(HCO;), = CaCO;| + CO,+ H,O

Mg(HCO3), = MgCOs| + CO,+ H,O

Fe(HCOs), = FeCO3| + CO,+ H,O

TakuM 00pa3oM, Mociie BHIIANCHUS OCaiKoB comepxanue noxos Ca’’, Mg”,
Fe™* B Bozie yMeHbIIaeTcs. JTOT CIOCOO MPHUTOIeH JIUIIb ISl yCTPAHEHHS BPEMEHHOI
KECTKOCTH BOJIbI, TaK KaK CyiIb(haThl, HUTPAThl W XJOPUABI STUX METAJUIOB TIpHU
HarpeBaHUM W KHUIISTYCHUH BOJBI OCTAIOTCA B pacTBope. B  MPOMBIIIIEHHBIX
MacmTabax S3TOT METOJ| MpUMEHSETCS B TeX Cclydasx, Korja Boja JOJhKHA
MOJIOTPEBAThCS, COTJIACHO TEXHOJIOTHH, B IPYTUX armaparax.

XVWMHUYECKUH CITIOCOO OCHOBAH Ha YIAJCHUU U3 BOJIBI HOHOB KAJIBIIHSI, MarHHUSI,
&Kejgeza 3a CYET IMEepeBoJla MX B MaJOpacTBOPUMBIE COCIUHEHMS: KapOOHATHI,
TUAPOKCHUIBI, TETpabopaThl U Jp. [Jis 3TOro K *KeCTKOM BoJie 100aBISIOT peareHThl —
ocagutend.  OObIMHO ~ J00ABIAIOT  TalleHyl  W3BeCTb. B pe3ynbrare
AIIEKTPOIIUTHUECKON JUCCOIMAIINHI U3BECTH:

Ca(OH), = Ca*" + 20H"

Bo3pactaer pH Bombl, 4TO0 B cooTBeTCcTBUM C mnpuHouioM Jle Illarense
MIPUBOJIUT K CMEIIIEHUIO PABHOBECHS PEAKITUU:

OH +HCO; =CO0;* +H,0

B CTOPOHY 00pa3oBaHUsI KapOOHAT-MOHOB, B PE3yJbTaTe YEro JAOCTUTaeTCs
MPOU3BEICHUE PACTBOPUMOCTH KapOOHAaTa KaJbIIMs U OH BBIMAJAET B OCAJIOK:

Ca®> + CO;* = CaCOs|; ITP(CaCO3) = 510"

Kpome Toro, mpu yBenuueHUN KOHIIEHTPAIIMH TUIPOKCHI-UOHOB JOCTUTACTCS
MPOU3BEICHUE PACTBOPUMOCTH TUIPOKCH 1A MAarHUS, M OH TAK)KE BBITIAZACT B OCA/IOK:

Mg + 20H = Mg(OH),|; IIP(Mg(OH),) =2-10""

Peakmuu, mpotekaronue TNpU  BBEICHWM HW3BECTH, MOXXHO 3allHCaTh
YpaBHEHUSMH B MOJICKYISIPHOM BHJIC:

Ca(HCOs), + Ca(OH), = 2CaCOs3] + 2H,0

Mg(HCO;), + 2Ca(OH), = Mg(OH),| +2CaCOs| + 2H,0

MeTon M3BECTKOBAHUS HETMPUTOACH JUIsl CHUXKEHHUS TOCTOSHHOM >KECTKOCTH.
Jlyist aTUX 11eneit HeoOXOAMMO BBOAUTH PACTBOPUMYIO COJIb, COJEPIKAIILYI0 KapOoHaT-
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noHbl. OOBIYHO B BOMY M00ABISAIOT KapOOHAT HATPHUS, KOTOPBIA MPHU JUCCOIUAIIAN
naet noHbl CO;”, CBS3BIBAIOIINE KATHOHBI KAIbIHS (MATHAS):

Na,CO; =2Na” +CO;*; Ca>" +CO;* =CaCO; |

B monexymsipHOM BHUE 3TOT CIIOCOO MOXKHO 3aIlMCcaTh YPaBHEHUEM:

CaSO4 + N32C03 = CaCO3l + Nast4

[Touemy nmst ycTpaHEHHUs TOCTOSHHOW JKECTKOCTH HE TMPOBOISAT OCAXKICHUS
cynbaros? CpaBHEHHE 3HAUCHUH MTPOU3BEICHUSI PACTBOPUMOCTH CyAb(haTa KaabIus
(6-:10°°) 1 xapGonara kanbimst (5-10 °) HOKa3bIBACT, UTO CBSI3BIBAHUE HOHOB KAJIBLIHS
B Bujie CaCQO; siBsieTcst 60j1ee MPOYHBIM.

YuuteiBas, uto opTodocdarsl erie MeHee pacTBOPHUMBI, YeM KapOoHaThI, OoJiee
MOJIHOTO YCTPAHEHUS KECTKOCTH MOXKHO JOCTHYBL C MOMOIIBIO peareHTa-ocaauTens
oprodocdara HATpUS:

3CaSO, + 2Na;PO, — Cay(POy),| + 3Na,SOy4;  IIP[Cay(PO4),] = 1-10%°

XUMHUYECKUE METOJIbI CBS3aHbI C PACXOJIOM PEareHTOB, MO3TOMY B IMOCIEIHUE
rofibl IIUPOKOE PACIPOCTPAHCHUE MONYUYUT (PUIUKO-XUMHUUYECKUM METON — METOM
MOHHOTO OOMEHa.

DOu3NKO-XMMUYECKHIi METO/I YMSTYEHHS BOJIbI OCHOBAH Ha HMCIOJIb30BaHUU
MOHOOOMEHHBIX CMOJI, B KOTOPHIX MOHBI HATPHUS WU BOJIOPO/AA, 3aKPEIICHHBIE Ha
TBEpAOW MOJIMMEPHON MaTpHUlle, CIOCOOHBI 3aMEIaThCs Ha

karronsl Ca’*, Mg®", Fe*", comepskamuecs B Boje:

Na,R + Ca* — CaR| +2Na" RH, + Ca*" — CaR| + 2H",

rne R — pagukan nommMepHO# Lenu.

Uepe3 KOJIOHKY, 3alOJHEHHYIO TpaHyJlaMd HOHOOOMEHHHKA, MPOKAYMBAIOT
KECTKYIO BOJy, KOTOpasi, MPOXO/Asl CJIOW TpaHyl, OOMEHHUBAET KATUOHBI KaJbIUsi U
MarHusi Ha KaTMOHBI BOJIOPOJIa, B PE3y/IbTaTe UYero CHIKAETCS KaK BPEeMEHHasl, TaK U
MTOCTOSTHHASI )KECTKOCTb.

OneHKa J>KECTKOCTHM BOABI M KaTETOPUU JKECTKOCTH MPOU3BOJIUTCS, €CIU
M3BECTHBI 3HAUYCHUS XOTS OBl OJTHOTO M3 DKCIIEPUMEHTATBHBIX TAHHBIX:

1) macca conepxaniuxcsi B BOJI€ COJIeH;

2) 00beM peakTuBa, UCIIOJIb3YEMOT0 Ha TUTPOBAHUE BOJIBI;

3) KOMMYEeCTBO WJIM Macca peareHTa, HEOOXOAUMOTO [JIsi yCTPaHCHHUS
AKECTKOCTH.

JlaGoparopHasi padora Nel5. «OnpenesieHune ;KeCTKOCTH BOJAbD)

e padoTsl: GopMUpPOBaHUE YMEHHUI U HABBIKOB B MCIIOJIB30BAaHUHM METO]Ia
KOMIUIEKCOHOMETPUUYECKOTO TUTPOBAHUS, OIPEIEIIUTh KECTKOCTh BOJAOIPOBOAHOU U
KUIISTYEHOU BOJBI.
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3aganue u 3Tanbl padoThI

IToaroroBka Kk JJadoparopHoi padore

1. IIpoyecTs TeOpeTHUYECKOE BBEACHUE U MOPSIOK BHIIOIHEHUS PAOOTHI.

2. OdopMHUTh TPOEKT OTUETA MO J1AOOPaTOPHOU padboTe (CM. MPUIIOKEHHE 2)

ITopsaaoK BBINOJHEHUS PadOTHI

[IpurotoBUTH TUTPYEMYIO cMecCh. JlJisi 3TOTO B KOJIOY /7Sl TUTPOBAHHS HAJTUTh
100 mu1 BOZOIIPOBOJHOM BOJBI, BOCIIOJIB30BABLIINCH MEPHBIM CTAKAHOM.

K Bome no6aButh 3-4 Mi ammuauHo-OydepHoi cmecu s moxaepkanus pH B
uHtepBaie 9-10 u 2-3 karmm uHIUKATOpa — SPUOXpPOMa YEPHOTO.

TutpyeMyro cMech TIIATEIBHO NTEPEMEIIATh, OTMETUTH LIBET CMECH.

bropetky 3anonuuth TutpantoM — TpwioH b (Q[ATA) — 1o HyneBoil OTMETKH
(YpoBEHB onpeensieM N0 HUKHEH YaCTH MEHHCKA).

[IpucTynuTh K TUTpOBaHUIO. TUTPOBAaTh OO0 MU3MEHEHUS OKPACKH THUTPYEMOU
cmecu. OTMETUTh 00BEM PacTBOpPA TUTPAHTA, U3PACXOJOBAHHOTO HA TUTPOBAHMUE.

TutrpoBaHue MOBTOPUTH TpH pa3a. Pe3ynbraTel 3anucars B Tabauiy 11.

Bce TO ke camMO€ NMOBTOPUTH Ul KUIITYEHOW BOIBI. Pe3ynbrarbl 3aHECTH B
tabuity 11.

Tabmuma 11
OO0BeM TUTpaHTa . KecTrocTh
No turpo- O6neM Bozbl P ’ Cpennuii 00beM
MOIIE/IIIETO HAa TUTPOBAHUE BOJIbI

BaHUS V(H20), mn TUTPAHTA, MJI

V(OITA), mn 2K, Mmmoie/n
1
5 Bononposonnas 100
MJI

3
1
2 Kunisiaenas 100 Mo
3

ITo pe3ynbTaTaM TUTPOBAHUS PACCUUTATH OOLILYIO KECTKOCTh BOJIBI:

__ Nop1aVosTa 1000
>KO6LU, - V.
BOJIbI

riae N (QATA) — HopmanbHOCTH pacTBOpa TpuiioHa b.
Bocnonbs3oBaBmmck Toit ke (opMyItoi, pacCYUTaTh MOCTOSTHHYIO JKECTKOCTh BOIBI
XK ocT*

OnpenenuTs BpEMEHHYIO KECTKOCTh BOJIbI:

}K06maﬂ - )KHOCT = >KBpeM

ITo pe3ynpTatam NpOBEAECHHOTO OMBITA 3aIIOJHUTh MYHKTHI OTYETa
«HabOnroneuus» u « BeiBom).

3amaHud I CAaMOCTOSITEIbHOM PadoThI
1. ConeprxaHueM coyiei Kakux METaIoB 00yCIIOBJIEHA KECTKOCTh BOBI?
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2. Yem ominyaeTcs BpEMEHHAs! )KECTKOCTh OT IMOCTOSIHHOW?

3. B xakux equHMIIAX U3MEPSAETCS JKECTKOCTh BOJBI?

4. IlpennoxuTe HECKOJIBKO CIIOCOOOB YMSTUEHUS BOJIbI, COJIEpKallel rujpokapOoHar
u cynbdar xkenesa (II).

5. PaccuuTaiiTe BpEMEHHYIO JKECTKOCTb BOJbI, COAEPXAIIYI0 TUAPOKapOOHAT
KaJblUsl, eciii Ha TuTpoBanue SO mu1 3Toit Boabl u3pacxogoBano 3 mi 0,1 H. pacTBOpa
COJITHOU KHCIIOTBI.
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IHPUJIOKEHU A
IMPUJIOKEHME 1.
TEXHUKA BBIIIOJIHEHUS JIABOPATOPHbBIX PABOT U TEXHUKA
BE3OITACHOCTH

B naboparopupix paboTax HCIONB3YIOTCS €IKHUE, arpECCHUBHBIC W SIOBUTHIC
BemecTBa. [loaTomy pabora B XmMmu4Yeckod aboparopuu Oe3omacHa JUIIL TMPU
CTPOTOM COOJTIONCHUH OOIIHX TIPABMIT U TPEOOBAHMM TEXHUKHA O€30MTaCHOCTH.

IIpu BeIDONHEHHUHU JIA0OPATOPHBIX pabOT HEOOXOIMMO COOIIONATh CJIEIYIOIIHE

obwue npasuia:
1. Coneprxath pabodyee MECTO B UHCTOTE U MOPSIJIKE.
2. ITpucTynaTh K BBITIOJHEHUIO OIBITA JIUIIL TOTAA, KOTJIa YCHEHBI €ro 1eb U

3a]1auu, Koraa 00 {yMaHbl OT/I€JIbHBIC ITAIbI BHIITOJHEHUS OIbITA.

3. OmnbITl JOKHBI  BBIMONHATHCS aKKypaTHO, ©0€3 TOpPOIUIMBOCTH, C
coOofIeHnEM BCeX TPeOOBaHMM, COAEPKAIIMXCA B METOJIUYECKUX YKA3aHUSX.

4. B naGoparopun HEOOXOAMMO COOJIOAATh TUILIWHY, 3alPEIAETC €CTh, MUTh
Y 3aHUMAaTbhCsl IOCTOPOHHUMU JIeJIaMU.

5. Ilocne ucnonp30BaHUs peakTUBA €ro HEOOXOIUMO Cpa3y CTaBUTh B LLUTATHB,
4yTOOBI HE CO3/1aBaTh Oecropsaka Ha paboueM MecTe.

6. [locne okoH4YaHMs pabOTHI 00A3aTETBLHO BBIMBITH PYKH.

Cpeny XMMHUYECKHX PeareéHTOB MMEIOTCS STOBUTHIE BEIIECTBA, OKA3bIBAIOIINE
TOKCUYECKOE BO3JCHCTBME HA OPraHM3M YeJIOBEKa B LIEJOM (MBIIIBSIK, CypbMa,
CBUHEL, PTYyTh M HMX COEAMHEHMS, rajoreHbl, cepoBoopon, okcupa yriepoaa (II),
OKCHJIBI a30Ta U Jp.), U arpeccHBHbIC BEIIECTBA, OKA3bIBAIOIINE JIOKAJbHBIC
BO3JCHCTBUSI Ha KOXY (KUCIOTHI M 1mienouu). Ilpu pabore ¢ HUMHU HEOOXOIUMO

CO6J'IIOI[aTI> CICAVIOINEC npasujia no mexnuke bezonacrocmu.:

1. Bce OmbITHI C SIAOBUTHIMU M CUJIBHO MAaxXHYIIMMH BEIIECTBAMH, a TAKKE
HarpeBaHHEe U BbITAPUBAHUE PACTBOPOB MTPOU3BOJIUTH TOJBKO B BBITSDKHOM IHIKa(y.

2. He HakJIOHATBCA HaJ COCYIOM C KHIIIIEH XUIKOCThIO. Harperaemyto
MpOOUPKY WM KOJIOY AepKaTh OTBEPCTHEM B CTOPOHY, a HE K ce0e WU K coCcenly, Tak
KaK MOXKET IPOU30MTH BEIOPOC KUKOCTH.

3. Onpenenarh 3anax BELIECTBAa CIEAYET, HE BAbIXas Mapbl MMOJIHOW I'PYAbIO, a
HaMpaBysis UX K ce6e JTErKUM IBUKEHUEM PYKH.

4. PaboTbl ¢ KHCIOTaMU U IIEJIOYaMU MPOBOAUTH TaK, YTOObI PEAKTHBBI HE
Momnajalid Ha OJeXy, JIULo, pyku. HanuBas pacTBop B MpoOUpKY, €€ HAJ0 Aep>KaTh
Ha HEKOTOPOM PACCTOSTHUU OT ceOsl.

5. Ilpu oOpailileHUud ¢ HEU3BECTHBIMHM BEIIECTBAMU HEOOXOIUMO MPOSBISATH
MOBBILICHHYIO OCTOPOXKHOCTb. Hu npu xaxkux obcmosamenbcmeax Henv3s npobosamv
gewyecmeo Ha exkyc!
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6. Heo6xonnmo HemenneHHO yOpaTh Bce MPOJIUTOE, pa30UTOE U MPOCHIIAaHHOE
Ha CTOJIaX WJIM Ha MOy B Jlaboparopuu. Eciu Kucimora mpoiibeTcsl Ha CTOJ WM Ha
1o, e€ ciaeayeT HeUTPaTu30BaTh IIEI0UbI0 WIN COIOM.

7. Henp3s ymoTpeOnaTh Al ONBITOB BEIIECTBA M3 KallelbHUI, KOIO U
YIaKOBOK 0€3 3TUKETOK U C HEPa30OPUYNBHIMH HAITHCIMHU.

8. B xummueckoll ynaboparopum uMmeeTcs antedyka. Hamo ymeTb oka3biBaTh
MEPBYIO MOMOIIIb TOCTPAIABIINM, KOTa 3TO HEOOXOIMMO.

B Tabnwie | npuitoKeHus MPUBEICHBI CBEIACHHUS 00 OKa3aHUH MTEPBOM TTOMOIITH
Py BOSHUKHOBEHHUH TPABM B JIAOOPATOPHH.

Tab6nura 1

IIpoucmecreue IlepBas momoib
OXOoI'

Oorwu or HCM, IIapOM, T'OPAYUMHU IIPCIMCTaMU

. HanoxuTe BaTy, CMOYEHHYIO STHIIOBBIM
[-i1 ctenenu (kpacHoTa)
criupToM. [TIoBTOpUTE CMaunBaHuUE.

To >xe. O6padatsiBaTh 5%-M pacTBOpOM

187
i creneH (IysbIpy) KMnO, unu 5%-M pacTBOpOM TaHUHA.

III-i crennenn ITOKpBITE paHy CTEPUIIBHOM ITOBSI3KOU U
(pa3pyl1ieHue TKaHeil) BBI3BATH Bpaua.

Oxoru Kuciaoramu, [TpOMBITEH 0XOT OOJIBIIUM KOJTHYECTBOM BOJIBI,
XJIOPOM UJT OpOMOM 3areM 5%-m pactBopoM NaHCO;.

Oskoru mienoyaMu [TpoMBITE OOUITEHO BOIOM.

[Ipu o)xore KucIOTaMU MPOMBITH 3%-M
Oxoru a3 pactBopom Na,COs. [Ipu oxore menodamu
npuMeHsTh 2%-1 pacTBOp OOPHOI KUCIOTHI

OTPABJIEHHA

[Ipu nonagaHuM KUCJIOT MUTH KaIIUIly U3 OKCHJIA
ITonaganne eaxux .
Maruus. [Ipu nmonaganuu menoyen N1uTh pacTBOP
BEILIECTB B POT U . .
JUMOHHOM KUCJIOTHI MJIM OYeHb pa30aBICHHOM
MUILEBAPUTEIIBHBIC OPTaHbI .
YKCYCHOM KHCJIOTHI.

OTtpasiienre TBepAbIMH WK | BbI3BaTh pBOTY, BRIMUB 1%-i1 pacTBOp cyib(hara
JKUJIKAMH BEILECTBAMU Menu (IT) CuSO.,.

ITocTpanaBuiero HeMeIJIEHHO BBIBECTH HA CBEKUU
BO3/YX.
9. IIpu npUTrOTOBIEHUN PACTBOPOB CEPHOM KHCIIOTHI HY>KHO JIMTH €€ B BOAY, a

Otpasnenue razamu

HE HaO60pOT, TaK KaK BCJIICACTBHUC CHJIBHOI'O MCCTHOI'O pPa3orpeBaHusA, BO3MOXXHO
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pa3OphI3TUBaHUE KOHIIEHTPUPOBAHHOM KHUCIOTHI. I[lpu 3TOM Hago0 MOJIB30BATHCS
TOHKOCTEHHOMW CKJISTHKOM WK (haphOopoBOii MOCYIOH.

10. Hukakux BeriecTB u3 1a00paTOpun Herwv3si Opams OOMOL.

11. Meramnueckas pryTh M €€ Mapbl — CWIbHBIA siA. [losTomy pTyTh,
MpOJUTasl NpPU TOJOMKE MPUOOPOB M TEPMOMETPOB, JIOJDKHA OBITH TILATEIBHO
coOpana. CoOuparT PTYTh C MOMOIIBI0 aMaJlblAMHPOBAHHBIX IJIACTUHOK W3 MEIU
UM O€JIoN JKECTH.

12. Ilpu mope3ax CTEKJIOM paHy HYXHO MPOAE3HH(PHUIMPOBATH PACTBOPOM
NepMaHraHaTa Kajusi Wik CIIUPTOM, TMEpeBsi3aTh OMHTOM.

13. ITocine okazaHus EPBOM MOMOLIY MTOCTPAJABIIETO HAIPABUTD K Bpayy.

14. B mensx npoTUBOMOXKApHOW OE€30MaCHOCTHM XUMHUYEcCKas Jiaboparopus
CHAaO)X€HAa OTHETYIIUTENSIMU, SUMKAMH C TI€CKOM, acOeCTOBBIMH OESUIAMH.
Heobxonumo 3HaTh, r1e HaXoAATCA NPOTUBONOXKAPHBIE CPEACTBA U OPAIOK CPOYHOM
ABaKyalluu U3 Ja00paTopuu Npu Moxape.

15. OG0 Bcex ciy4asix OTKJIOHEHHS OT HOPMaJbHOTO XOjaa JIabopaTOpHOTO
3aHATHS, YTPOKAIOMIET0 HAPYIICHUEM HACTOAIIMX MPaBWII, COOOIIATh MPEXKIE BCETO
MIPENoaBaTellio, IeKYPHOMY JTa0OPaHTy WITK 3aBEeIyIOLIEMY JIa00opaTOpueH.
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ITPUJIOKEHME 2.
IMPUMEP O®OPMJIEHUSA ITIPOEKTA OTUETA I1O JIABOPATOPHOM
PABOTE

JlaGoparopnas padora Nel
«Omnpenenenue GopMyJsibl KPUCTAJLIOTHAPATA

Ilenb pabomel: 0OCHOBBIBASICH HA YKCIIEPUMEHTAIBHBIX JAHHBIX U UCTIOJIb3YSI
3aKOH KPAaTHBIX OTHOIICHUH, TPOU3BECTH pacyeT MOJIBLHOIO COOTHOIIECHHS MOJIEKYIT
0€3BOJTHOM COJIM U MOJIEKYJI BOABI B COCTAaBE KPUCTAJIIIOTH IpaTa.
Ilpuobopot u peakmuewt: GaphopoBbI TUTEb, HABECKA KPUCTAJIIIOTHIpaTa,
AIICKTPOHHBIE BEChI, MUKPOIITIATEIb, TTIecyaHas OaHs, IIUTIIIHI.
Ypasnenusa xumuueckux peaxuyuii:
COC13*6H20 = COC13 + 6H20

Ilopsaook evinonnenusn pabomot

1. Ilonyunts ¢apdhopoBeIil TUTEIb U OTMETUTH B JIAOOPATOPHOHN TETpaau €ro
HOMED.

2. IlonyunTh my3bIpeK C KPUCTALIOTHIPATOM COJIM W 3alucarb B TETpPaau
dhopmyny conu, OTMETUTH €€ IBET.

3. B3BecuTh TUTEINb HA ANEKTPOHHBIX BECAX U 3AMKCATh €r0 MacCy.

4. C noMOIIbI0 MUKPOIITIATEIS] BHECTH B TUTEJIb TOPOIIOK KPUCTAILIOTHAPATA
COJIM ¥ B3BECUTh TUTEJIb C KPUCTAJIIIOTHAPATOM.

5. TlocTaBUTh THUTENb C KPUCTAIOTHIPATOM Ha TIeCYaHyl OaHIO IS
MpoKaauBaHus Ha 25-30 MUHYT.

6. [To oxoOHYaHUYM TTPOKATMBAHUS OTMETHUTH IIBET OE€3BOIHOM COJIH.

7. Wcnonw3ys IIUIIBI, CHATH THUTENb C TecuaHod OaHM W TIOMECTUTh B
AKCUKATOP A0 MOJHOTO OXJIAXKIACHUS.

8. B3BecuTh THUrEINb HAa JIEKTPOHHBIX BECAX.

3anuce oannvlx onvima u pacuemot
Macca turis, I, m;=
Macca TurIs ¢ KpUCTAIOTHAPATOM JI0 IPOKAIMBAHUS, T, My=
Macca xkpucramoruapara, T, my=m,-m;=
Macca TUIIs ¢ KpUCTAUIOTHAPATOM TTOCIIE MMPOKATUBAHUA, T, My=
Macca BBITIapUBIICHCS BOJIBI, T, Ms=M,-My=
Macca 0e3BOJIHO# COJIH, T, Mg=My-M;=
n (HQO) =
n (6e3BogHOM cON) =
n (H,0) : n (6e3BomHOM cOnM) =
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Abcontomuas owubka = |n (Teop.) — n(IpaxkTuy)| =

a6CcoJI.oIKnOKa
Omuocumenvras ouubka = —————*100 =
m,(Teop)

Haénrooenusa:

Bwi6oo:
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ITPUJIOKEHME 3.

CITPABOYHBIE TABJINIIbBI

Tabmuma 1
Ha3BaHusi BaskHeMIIIMX KHUCJIOT M UX AaHMOHOB (coJIei)
Kucnora dopmyna AHWOH dopmyna
A3oTHas HNO; Hurpar NO;
A3zotucras HNO, Hutpur NO,
A30THUCTOBOAOPOIHAS HN; Asun N5
(a3uzmoBOAOPOIHAS ) (HNN,)
ben3oitnas CcHsCOOH benzoar C¢HsCOO
Bopnas (opto) H;BO; Bopar BO;"~
['mapobopar HBO;>
Huruapobopar H,BO;
Bbopnasi(mera) HBO, Metabopar BO,
bopnas(teTpa) H,B,0, Terpabopar B,O;"
bpomoBonopoaHas HBr bpomun Br
bpomHoBarucras HBrO ['unobpomut BrO
bpomHoBaras HBrO; bpomar BrO;
Bunnas H,C,H4O¢ Taprtpar CH,05"
['maporapTpar HC,H,O4
Bonbsdpamonas H,WO, Bonsdpamar wO,>
Bananuenas(mera) HVO;, Banapgar VO;
I'epmanueBas H,GeO; I'epmanar Gengf
['unporepmanar HGeO;
HNonoBonoponHas HI HNonnn I
HonnoBarucras HIO I'mmionoont 10
HonnoBaras HIO; Honar 105
Honnas HIO, ITepuonar 10,
Kpemuuenas H,S10;, Cunukar Singf
I'mapocunukar HSi05;
Mapranuesas HMnO, [Tepmanranar MnO,
MapranuoBucras H,MnO, Manrasnar MnOy4 :
MomubaeHnoBast H,Mo00, Momubaar MoO, >
MypaBbrHas HCOOH dopmuar HCOO
MBEIIBsIKOBast H;AsO, Apcenar AsO4>”
I'mppoapcenar HAsO,’
Hurunpoapcenar | HyAsO,
MBEIIBSIKOBHUCTAS H;AsO; ApceHur AsO;>~
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I'mapoapcenut HasO;
Huruapoapcenut | HyAsO;
MpenubskoBuctasi(mera) | HAsO, MeraapceHur AsO,
OmnossaucTas H,SnO, CragauTt SnO,”
I'mppocTaHHUT HSnO,
OnoBsiHHAsA H,SnO; Crannar Sn032_
I'uppocrannar HSnO;
TuonmanarHas HSCN Tuonmanatsl SCN
CBuHII0Bas H,PbO; [LmromOar PbO;*
['uapommomOar HPbO;
CauHIIOBUCTASA H,PbO, ITrromOuT PbO,"~
['uapormoMOuT HPbO,
CeneHucras H,SeO; CeneHur SeO32
I'mppocenenur HSeO;
CeneHoBas H,SeO, Cenenar Se0Q,”
I'mppocenenar HSeO,
CeneHnoBogopoHas H,Se Cenenun Se””
['uapocenenun HSe
CepoBonopoaHas H,S Cynbdun S*
T'unpocynsdun HS
Cepnucras H,S0O; Cynbdur SO;*
['mapocynshur HSO;
Cepnas H,SO,4 Cynbdar SO,
['uapocynsdar HSO,
TuocepHas H,S,0, Tuocynsdar S,0;%
Hancepnas H,S,04 [Tepcynbdar S,0¢"
I'maponepcynbdar | HS,Og
[Tupocepnas H,S,0, [Tupocynbdar S,0,°
TemrypoBogopoaHas H,Te Temrypun Te™
I'mpporennypun HTe
VronpHas H,CO; KapOonar CO;*
['mapokapOonar HCO;
VYkcycHas CH;COOH Anerar CH;COO
docdopnas (opTo) H;PO, docdar PO,
I'mapodocdar HPO,>
Huruapodocdar | H,PO,
®docdopHas (meTa) HPO; Mertadocdar PO;
®docdopnast (mupo) H4P,0, [Tupodocdar P,0,"




DTOpPOBOAOPOAHAS HF dropun F
XJ10pOBOAOPOAHAS HCIl Xopua Cl
XJopHOBaTUCTas HCIO ['mnoxnoput CIO
XmopHoBatas HCIO; Xmopar ClO;
XopHast HCIO, [Tepxmopar ClO,
Xpomucras HCrO, Xpomur CrO,
XpomoBast H,CrO,4 Xpomar Cr042_
['mapoxpomar HCrO,
JuxpomMoBas H,Cr,0, Huxpomar Cr,0,"
(buxpomoBas) I'mppopuxpomar | HCr,O;
[lnanoBoxpopoaHas HCN [nanun CN
(cuHMIIBHAS)
[{nanoBas HCNO [uanar CNO
[MunukoBas H,Zn0O, [Munkar Zn0,"
[IlaBeneBas H,C,0,4 Oxkcaiar C,0,"
SHTapHas H,C,H,0, CykiuHar C4H4O42_
BucmytoBas HBi0O; Bucmyrar BiO;

[Ipumedanue: B Tabn.1 nmpuBeaeHbl Ha3BaHMS BaKHEUIIUX KHCIOT U UX aHUOHOB
o HomeHkiarype UIOITAK

Tabnuna 2
PacTBOpHMOCTB TUIPOKCUAOB U COJIEH B BOJIE
Karnon | AHHMOHBI
Bl CH;
OH |F |Cl|Br |I |S®|SO; |SO, |NO;| PO, | CO; |SiO; |-
- — = = |- ]- |2 2- - 3- 2- 2- Cco
o
NH,” |- |P|p |p |p|-|p |p |p |p |p - -
K'Na"|p |P|p |p |pjp|p |p |p [P |p |p [P
Mg M |Hip |p |p|p |H p p H H H P
Ca™" Mm |Hip |p |p|l™m |H M p H H H P
Ba"* p Mip |p |plp |H H p H H H P
Al H Mip |p |p|- |- p p H - H M
Cr' H Hip |p |pl|- |- p p H - H P
Zn*" H Mip |p |p|H |H p p H H H P
Mn** H Mip |p |p|H |H p p H H H P
Co™", H Pip |p |p|lH |H p p H H H P
Ni2+
Fe* H Hip |p |p|H |H p p H H H P
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Fe' H Hip |p |pl|- |- p p H H H P
cd™ H Pip |p |p|lH |H p p H H H P
Hg* - - |p |M |H|H |H p p H H - P
Cu*’ H Hip [p |p|H |H p p H H H P
Ag’ - P|u |H |H|H |H M p H H H P
Sn™ H Pip |p |plH |- p - H - - P
Pb™" H HimMm |[Mm |H|H |H H p H H H P
Tabmuna 3

OTHOCUTEJIbHAS YIEKTPOOTPUIATEILHOCTD 3j1eMeHTOB OO0 (1o [Hoauury)

Ilepuon | I'pynmsr
I II 111 v V VI VIl | VIII

1 H He
2,10 -

2 Li Be B C N 0] F Ne
0,97 (1,47 (2,01 2,50 |3,07 |3,50 |4,01 -

3 Na |Mg |Al Si P S Cl Ar
1,00 | 1.23 (147 |[1.74 |2,10 | 2,60 |2,83 -

4 K Ca Sc Ti A% Cr Mn |Fe Co |Ni
091 |1.04 (1,20 |1,32 |145 |1.56 |1,60 [1,64 |1,70 | 1,75
Cu Zn Ga Ge As Se Br Kr
1,75 | 1,66 |1,82 (2,02 |2,20 |2,48 |2,74 -

5 Rb Sr Y Zr Nb |Mo |Tc Ru Rh |Pd
0,89 {099 (1,11 1,22 1,23 |1,30 |1,36 (1,42 |1,45 |1,35
Ag |Cd |In Sn Sb Te I Xe
1,42 (146 (1,49 |1,72 | 1,82 |2,01 |2,21 -

6 Cs Ba * Hf T W Re Os Ir Pt
0,85 |0,97 1,23 | 1,33 [1,40 |1,46 | 1,52 |1,55 | 1,44
Au |Hg |T Pb Bi Po At Rn
1,42 | 1,44 (1,44 1,55 1,67 |1,67 |1,90 -

7 Fr Ra ok *maaranouasl 1,08 — 1,14
0,89 |0,97 **axrmHonasl 1,00 — 1,20
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Tabnua 4

Oobs1acTH nepexoa HEKOTOPbIX MHANKATOPOB

Ob6nacTh nepexoaa

W HukaTop ol l3MeHeHne OKpacKu

TUMONIOBBI CUHUI (D) 1,2—2,8 KpacHas — xenras

MeTuI0BBIN OpaHKEBBIN 3,1—4.0 KpacHas — opaHkeBo-KenTas

MeTunoBbIi KpacHbIN 4,2—6,2 KpacHas — sxenrtas

Jlakmyc (a30JUTMUH) 5,0—38.,0 KpacHast — cunsis

TUMONIOBBI CUHUI (I7) 8,0—9.,6 JKenrast — cunss

denondranenx 8,2—10,0 becrnBeTHass — MajanHOBas

AJ3apUH KENThINA 10,1—12,1 JKenrtas — nunoBas

Tpomneonun 0 11,0—13,0 Keirrast — oparsieso-

KOpUYHEBAs
NHaurokapmMuH 11,6—14,0 [omyOast — xenrast
TaOmuma 5
Psax akTMBHOCTEH (CTAHXAPTHBIX 3JIEKTPOIHBIX MOTEHIIHAIOB) METAJJIOB
DIEeKTpOa DneKTpon
Oxucnennasa | BoccranosieH- EO,B Oxucnennasa | Boccranosinennas EO, B
dbopma Has hopma dbopma dbopma
Li' Li 3,05 | Cd” Cd -0,40
K’ K 2,93 | Co™’ Co -0,28
Ba™’ Ba 2,91 | Ni”' Ni -0,25
Ca”' Ca 2,87 | Sn” Sn -0,14
Na' Na 2,71 | Pb” Pb -0,13
Mg~ Mg 2,36 [2H" H, 0,00
Be™’ Be -1,85 |Cu”’ Cu +0,34
Al Al 1,66 | Hgy 2Hg +0,79
Mn*" Mn 1,18 | Ag’ Ag +0,80
Zn™ Zn 0,76 |Hg™" Hg +0,84
Cr’ Cr 0,74 | Pt Pt +1,20
Fe’" | Fe 0,44 | Au’ Au +1,50
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Tabnwuima 6
KOHCTAHTBI AUCCOMHALMH HEKOTOPBIX cJIa0bIX 21eKkTpoanToB (20°C)

Haparne dopmyna K, K, K;
(TpaguuMOHHOE)

Kucnotsr
Asorucras HNO, 6,9-10™
BopHas (opTo) H;BO; 7,1-10" [ 1,8-10" | 1,6:10™
bpomHoBaras HB1rO; 2,0-1 0"
bpomHoBarucras HBrO 2,2:10”
BaJiepraHoBas CH,(CH,);COOH | 1,4-10”
Bananuesas (opto) H;VO, 1,8-10% |3.2:10" |4,0-10"
Boasdpamonas H,WO, 6,3-10° [2,0-10*
JuxpomoBas H,Cr,0O, 2,31 0~
WUonxosarast HIO, 1,7-10"
UonHoBarucras HIO 2,3-10"
Kpemnnesas (opro) | HySiOy 1,310 | 1,6:10™ [2,0-10™
MapranunoBucras H,MnO, 107 7,11 0!
Monu6aeHoBast H,Mo0O, 2,9-10° | 1,4-10"
MypaBprHas HCOOH 1,810
MBIIIBAKOBAS H;AsO, 56:10° |1,7.107 |[3,0-10"
TIporroHOBast CH;CH,COOH 1,3:107
Cernenncras H,SeO; 1,8-10° |3,2:10”
Cenermcro - H,Se0; 1,310% | 1,0-10™"
BOZOpOHASA
CerneHoBast H,SeO, 1,2:10°
CepHucrast H,SO; 1,410° |6,2-10®
CepoBonoponnas H,S 1,0.107 |2,5107"
CununpHas HCN 5,010
Tennypucrast H,TeO; 2,7.10° | 1,810°
TemrypoBonoponnas | H,Te 2,3:10° [6,9-10"
TuocepHas H,S,0; 2,510 | 1,9-10°
VrospHas H,CO; 4,5-107 [4,8-10™"
VKcycHas CH;COOH 1,710
docdopucras H;PO; 3,1110° | 1,6:107
®ocdopuas (opro) | H;PO, 7,110 6,2:10° |5,0-107"
dTopoBOIOpPOAHASA HF 6,2:10™
Xiopucras HCI10, 1,1-107
XJopHOBaTUCTAs HCIO, 3,0-10°
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XpoMoBast H,CrO, 1,6:10" |3,2-10”7

[1{aBeneBas H,C,0, 56107 |5,410”

OcHoBaHus (TUIPOKCHIBI)

AJIOMUHUS TUTIP. Al(OH); 1-10”

NH; 1, O 1,8:10°

AMMOHUS THAP. (NH4,OH)

bepuinus ruap. Be(OH), 3,0-10” 3,3-10°

Bucmyra (III) rump. | Bi(OH); 4,0-10" | 4,0-10°

Kenesa (IT) rump. Fe(OH), 6,2:10° |2.810°

Kenesa (I1T) ruzp. Fe(OH); 32:10"° 15,0110 | 1,3-10™"

Kaamus rugp. Cd(OH), 2,410° | 1,5:107

Ko6amsta (IDruap. | Co(OH), 1,6:10°  {4,0-10”

Maruus ruzp. Mg(OH), 2,510

Maprasnra (II) rugp. | Mn(OH), 1,2:10™

Menu (IT) Tup. Cu(OH), 6,6:10% | 1,010°

Huxkens (IT) ruap. Ni(OH), 2,6:10° | 1,1:107

Onosa (IT) ruzp. Sn(OH), 9,810 |1,2:10™"°

Prytu (II) ramp. Hg(OH), 3,910 | 510"

Caunua (IT) Tap. Pb(OH), 9,6:10* |3,0-10°

Cepebpa ruap. AgOH 5,010

Xpoma (IIT) rump. Cr(OH); 2:10%  [7.9-10™"

[{nnaka ruapokcun Zn(OH), 1,3:107 4,9-10”

Tabmauma 7
IIpousBeneHue pacTBOPUMOCTH MAJIO - U TPYIHOPACTBOPUMBIX B BOJe
COeIMHEHU
CoenuHeHUE I1P CoennHeHue I1P

AgiAsO; 1-10" CuCN 3.2:107
Ag3AsO, 1-10* CuCO; 2.5:10"
AgBO, 4-10” CuC,0, 3-10°
AgBr 53-107"° CuCl 1.2:10°
AgBrO; 5.5-10” CuCrO, 3.6:10°
AgCN 1.4-107° Cul 1.1-107"°
Ag,CO; 1.2-107"* Cu(105), 7.4-10°
Ag,C,0, 3.5-10™" CuN; 5.0-107
AgCl 1.78-107" Cu(OH), 2.2:107°
AgClO, 2-10™ CuS 6.3-10°
AgClO; 5.0-107 Cu,S 2.5:10%
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Ag,CrO, 1.1-10" Fe(OH), 8-107°
Ag,Cr,0, 1-10™ Fe(OH); 6.3-10°
Agl 8.3-10" FePO, 1.3-10*
AglO; 3.0-10° FeS 5-107°
AgMnO, 1.6:10~ FeS, 6.3-107"
Ag,MoO, 2.8-107"° MgCOs 2.1-107
AgNO, 6.0-10™ MgC,0, 8.5-107
AgiPO, 1.3-10% MgF, 6.5-10”
Ag>S 2.0-10™° Mg(105), 3-10”
AgSCN 1.1-10" Mg(OH), 6.0-10"
Ag,S0; 1.5-10" Mg;(PO,), 1-107°
Ag,SO, 1.6:10 MgSO; 3-10”
Al(OH); 1-107* Mn;(AsO,), 1.9-10%
AlIPO, 5.75-10" MnCO; 1.8-10™"
AuBr 5.0-10" MnC,0y, 5-10°
AuBr; 4.0-107° Mn(OH), 1.9-10™"
AuCl 2.0-10" Mn(OH); 1-107°
AuCl; 3.2:10% Mn(OH), 1-10™°
AuOH 7.9-107 MnS 2510
Au(OH); 5.5-10° NiCO; 1.3-10”
Aul 1.6:10% NiC,0, 4-107"°
Auls 110 Ni(ClO;), 1-10”
BaCO; 4.0-10"° Ni(OH), 2.0-107"°
BaC,0, 1.1-10” NiS o 3.2-10"
BaCrO, 1.2-10™ Pb;(AsO,), 4.1-107°
BaF, 1.1-10° PbBr, 9.1-10°
Ba(10;), 1.5-10” Pb(BrOs), 8.0-10°
BaMnO, 2.5-10™° PbCO; 7.5-10™"
Ba(OH), 5.0-10” PbC,0, 4.8-10"°
Ba;(PO,), 6-10™° PbCl, 1.6:10
BaSO; 8107 PbCrO, 1.8-10"
BaSO, 1.1-10™" PbF, 2.7-10°
Be(OH), 6.3-10 PbI, 1.1-10”
BiAsOy 2.8:10" Pb(10;), 26107
Bil, 8.1-10" Pb(OH), 5-107"
BiPO, 1.3-10* Pb;(PO.), 7.9-10%
Bi,S; 1-10” PbS 2.5-107
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Cas(AsOy), 6.8:10™" Pb(SCN), 2.0-107
CaCO; 3.8-107 PbSO, 1.6:10°
CaC,0y, 2.3-10” PbS,0; 4.0-10"
CaCrO, 7.1-10" Snl, 8.3-10°
CaF, 4.0-10™" Sn(OH), 6.3-10
Ca(OH), 5.5-10° Sn(OH), 1-10™
Ca3(PO,), 2.0-10% SnS 2.5-107
CaSO0; 3.2:10” SrCO; 1.1-10"°
CaSO, 2.5-107 SrC,0, 1.6:10”
CaSeOs 4.7-10° SrCrOy 3.6:10°
CdCO; 1.0-10™" SrF, 2.5-10”
CdC,0, 1.5-10° Sr(OH), 3.2:10™
Cd(OH), 2.2-10™ Sr3(POy), 1-107"
CdS 1.6:107 SrPO;F 3-107
Co;(AsO,), 7.6:10° SrSO; 4-10°
Co(BO»), 3.2:10” SrSO, 3.2:107
CoCO; 1.05-107" Zn(CN), 2.6-107"
Co(OH); 4-107% ZnCO; 1.45-10™"
Cr(OH), 1.0-107" ZnC,0y, 2.75-10°°
Cr(OH); 6.3-107" Zn(10;), 2.0-10°
CrPO, 1.0-10™" Zn(OH), 1.2:10™"
dbuoneTon
CrPO, zenéubrii | 2.4-107 Zn5(PO,), 9.1-107
CuBr 5.25-10” ZnS 1.6-107*
Tabmwnia 8
KOHCTaHTLl HeCTOﬁKOCTH KOMIIVICKCHBIX HOHOB B BOJAHBIX paCTB()an
KoMniekcHbIH HOH K necroiikoctu PK
[Ag(NH;),] 5.890110° 7,23
[Ag(NO,),] 1,300107 2,89
[Ag(S:05),] 2,5010™" 13,60
[Ag(CN),] 1,40010™ 19,85
[AgL] 5510 11,74
[AL(OH)4(H,0),] 1,0107 33,0
[AlF¢]” 50110 17,30
[AuCL] 5,010 21,30
[Be(OH),]* 1,010 15,0
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[BeF,]” 4,17107" 16,30
[CA(CN),]™ 7,76107"° 17,11
[CA(NH;)e]*" 2,76'10” 4,56
[Co(C,04);]” 5,010 11,30
[Co(NH3)e]*" 4,07'10” 4,39
[Co(NH3)e]”" 6,15107° 3521
[Co(NO,)s]” 1,010 22,0
[Co(SCN),]* 5,50'10” 2,26
[Cr(OH),] 1,2610™ 29,90
[Cu(CN),] 1,010 24,00
[Cu(CN),]” 5,13:10™" 30,29
[Cu(NH;).]* 9,33107" 12,03
[Fe(C,04)6]™ 8,010” 8,10
[Fe(CN)s]” 6,310 10,20
[Fe(CN)s]" 1,401077 36,84
[FeFe]” 7,940107" 16,10
[HgBr,]*~ 1,0010% 21,0
[Hgly]” 1,4010™° 29,85
[Hg(CN),]~ 4,0010™ 41,40
[Hg(SCN),]* 8,001107 21,10
[Ni(NH;),]" 1,12.10° 7,95
[Ni(NH;)e]"" 9,7710” 8,01
[PtBr,]” 3,010 20,52
[PtCl,]* 1,0107° 16,00
[SnClg]" 5,1010™" 10,29
[Zn(CN),]” 6,30110"° 17,20
[Zn(NH;),]* 2,007 8,70
[Zn(OH)4]* 3,610 15,44
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Tabnuua 9

JlaBjieHMe HACHILIEHHOT0 BOASIHOTO NApa NMPH Pa3jIM4YHbIX TeMIlepaTypax

o [P(H,0), [P(H;0), | o [P(HL0), [P(H;0), | o, [P(H;0), [FTRO)
T,C T, C T,C MM pT. CT.
klla MM PT. CT. klla MM PT. CT. xlla
17,5
10 |1,226 (9,2 15 |1,706 [12,8 20 2,333
18,0
11 1,306 [9,8 16 1,813 [13,6 21 2,479
19,8
12 11,399 [10,5 17 1,933 [14,5 22 2,639
21,1
13 11,493 |11,2 18 (2,066 [15,5 23 2,813
14 (1,599 (12,0 19 (2,199 16,5 24 poss [*¥*
Tabmma 10
HopMmasbHble (CTaHOApTHBIE) JIEKTPOAHbIC NMOTEHHHMAJIbI B BOIHBIX PacTBOpax
¢’, B
JJieMeHT Honypeakuus JeKTpOHLIiL
noreHuuas, B
Ag AgyS +2e=2Ag+ S -0,70
Ag(CN)y™+e=Ag+2CN" -0,29
Agl+e=Ag+T -0,152
AgCN +e=Ag+CN- -0,04
Ag(S903)73+ e = Ag + 25,032 0,01
AgBr+e=Ag+ Br’ 0,071
AgCl+e=Ag+CI 0,222
Agy0 +HyO + 2¢ = 2Ag + 20H" 0,344
Ag(NH3), ™+ e = Ag + 2NH;3 0,373
AgyCrO4+ 2e = 2Ag + CrO4 % 0,446
AgyCrO g+ 2e =2Ag + Cr042" 0,472
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AgBrOs+e=Ag+BrOj3” 0,55
2Ag0 + HyO +2e = AgyO + 20H" 0,60
Ag+ +e=Ag 0,799
AgrO +2H" + 2e = 2Ag + H,O 1,173
2Ag0 + 2HT + 2e = Ag>O + H,O 1,398
Al AlO5™ + 2H5O + 3¢ = Al + 40H- 2,35
Al(OH)3 + 3e = Al + 30H" 2,31
AlFg3™ + 3e = Al + 6F" -2,07
ARt +3e=Al -1,663
AI(OH)3 + 3HT + 3e = Al + 3H,0 -1,471
AlOy™+4H" + 3e = Al + 2H50 -1,262
As As+3HT + 3¢ = AsHy -0,60
HAsO, + 3H™ + 3e = As + 2H,0 0,248
H3AsOy4 + 2H" + 2e = HAsO, + 2H,0 0,559
H3AsO4 +2H' +2e = H3AsO3 + HyO 0,58
Au Au(CN), + e = Au + 2CN- -0,61
AuBry™ +2e = AuBry™ + 2Br” 0,802
AuCly” +2e = AuCly™ +2 CI- 0,926
AuBry™ +e=Au +2Br- 0,959
AuCly™ +2e = Au + 2CI° 1,15
Audt +2¢ = Aut 1,401
AudT +3e=Au 1,498
Aut +e=Au 1,692
B BF,4 +3e =B +4F -1,04
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H3BO3 +3H" +3e =B + 3H,0 -0,869
BO33" + 6H' + 3¢ = B + 3H,0 -0,165
Ba Ba2" +2¢=Ba -2,905
Be Be2 ™ +2¢ =Be -1,847
Be(OH), + 2H" + 2¢ = Be + 2H,0 -1,820
BeO,2™ + 4H™ + 2¢ = Be + 2H,0 -0,909
Bi BiyO3 + 3H,0 + 6¢ = 2Bi + 60H" -0,46
BiOCl + 2H" + 3e = Bi + CI" + H,O 0,16
Bi3T + 3¢ = Bi 0,215
BiO" + 2H" + 3e = Bi + H,O 0,32
BiyO3 + 6H" + 6e = 2Bi + 3H,0 0,371
NaBiO3(t) + 6H+ 2¢ = Bi3* + Na© + 3H,0 1,6 - 1,808
Br 2BrO™ + 2H,0 + 2¢ = Bry + 40H 0,45
2BrO3™ + 6H,0 + 10e = Bry + 120H" 0,50
BrO3™ + 2H,0 + 4e = BrO™ + 40H" 0,54
BrO3™ + 3H,0 + 6e = Br™ + 60H- 0,61
BrO™ + H,O + 2e = Br" + 20H" 0,76
Bry™ + 2¢ =3Br” 1,05
Bry(x) + 2e = 2Br” 1,065
BrO3™+ 6H" + 6e = Br™ + 3H,0 1,44
2BrO3™+ 12H" + 10e = Bry + 6H,0 1,52
2HBrO + 2H™ + 2e = Bry + 2H,0 1,59
C HCOO" + 2H»O + 2e = HCHO + 30H" -1,07
2C05 + 2H" + 2e = HyCH Oy -0,49
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CO, +2HT + 2e = HCOOH -0,20
C(rpadur) + 4H" + 4e = CHy -0,132
CO, +2H" +2e = CO + H,O -0,12
HCOOH + 2H™ + 2e = HCHO + H,0 -0,01
HCOOH + 4H™ + 4e = CH30H + H,0 0,145
HCOO" + 3H™ + 2e = HCHO + H,0 0,167
CH3CHO +2H™ + 2¢ = C,HsOH 0,19
CO32"+ 6HT + 4¢ = HCHO + 2H,0 0,197
HCOO™ + SH™ + 4e = CH30H + H,0 0,199
CO32" + 8H' + 6¢ = CH30H + 2H,0 0,209
CO32"+ 3HT + 2¢ = HCOO™ + H,0 0,227
HCHO + 2H™ + 2e = CH30H 0,232
2C032" + 4HT + 2¢ = CH04%" + 2H,0 0,441
CHH5OH + 2H + 2e = CyHg + HyO 0,46
CO32" + 6H + 4¢ = C(rpadur) + 3HHO 0,475
CO + 6H" +6e = CH4 + H,O 0,497
CH30H + 2H" + 2e = CHy + H,O 0,59
Ca CaZt +2¢=Ca -2,866
Cd CdS +2¢ =Cd + $2- 1,175
Cd(CN)42" + 2¢ = Cd + 4CN- -1,09
Cd(OH), + 2e = Cd + 20H" -0,81
[CA(NH3)4]2" + 2¢ = Cd + 4NH; -0,61
Cd?t +2e=Cd -0,403
Cd(OH), + 2H" + 2e = Cd + 2H50 0,005
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CdO +2HT +2e = Cd + H,O 0,063
Cl ClO4™ + HyO + 2¢ = ClO3™ + 20H" 0,36
2C10™ + 2H,0 + 2e = Cl, + 40H- 0,40
ClO4™ + HyO + 8¢ = CI" + 80OH" 0,56
ClO3™ + 3H,0 + 6e = CI” + 60H- 0,63
ClO5 + 2H50 + 5e = CI" + 40H" 0,85
ClO™ + H,O + 2e = CI" + 20H" 0,88
ClO3™ +2H" + e =ClO, + Hy0 1,15
ClO4™ +2H" +2e = ClO3™ +H,0 1,189
ClO, + 4H™ + 4e = 2HCI + H,O 1,351
Cly +2e=2ClI- 1,3595
ClO4™ + 8H™' + 8e = CI" + 4H,0 1,38
2Cl04™ + 16H + 14e = Cly + 8H,0 1,39
ClO, + SH + 5e = HCI + 2H,0 1,436
ClO3™+6H" + 6e = CI" + 3H,0 1,451
2Cl103™ + 12H + 10e = Cl, + 6H,0 1,47
HCIO + H™ + 2e = CI" + H,O 1,494
ClO, + 4H" + 5e = CI" + 2H,0 1,51
2Cl0, + 8HT + 8¢ = Cl, + 4H,0 1,549
HCIO, + 3HT + 4e = CI" + 2H,0 1,57
2HCIO + 2H" + 2e = Cl, + 2H,0 1,63
2HCIO, + 6H™ + 6¢ = Cl, + 4H,0 1,64
[Co(CN)6]3™ + e = [Co(CN)]* -0,84
Co(OH), +2e = Co + 20H" -0,73
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CoCO3 + 2e = Co + CO32" -0,64
[Co(NH3)6]%" + 2e = Co + 6NH;3 -0,42
Co* +2e=Co -0,277
Co(OH), + 2H™ + 2¢ = Co + 2H,0 0,095
[Co(NH3)6]3" + e = [Co(NH3)g]2 ™ 0,1
CoO + 2H™ + 2e = Co + H,O 0,166
Co(OH)3 + ¢ = Co(OH), + OH" 0,17
Co3' +3e = Co 0,33
Co3t +e=Co2t 1,38 - 1,842
Cr Cr(OH), + 2¢ = Cr + 20H" 1,4
Cr(OH)3 + 3e = Cr + 30H" -1,3
CrOy™ + 2H»0 + 3¢ = Cr + 40H" 1,2
Cr2t +2e=Cr -0,913
Cr3t +3e=Cr 0,744
Cr(OH)3 + 3H" + 3e = Cr + 3H,0 -0,654
Cr3t +e=cr2t -0,407
CrO4%" + 4H,0 + 3¢ = Cr(OH)3 + 50H -0,13
CryO72 + 14HT + 12¢ = 2Cr + TH,0 0,294
CrO42" + 8H' + 6¢ = Cr + 4H,0 0,366
CrO42™ + 4H" + 3¢ = CrOy™ + 2H,0 0,945
CrO,” +4H' + e = Cr2t + 2H,0 1,188
CryO72 + 14HT + 6e = 2Cr3T + TH,0 1,333
CrO42" + 8HT + 3e = Cr3t + 4H,0 1,477
Cu CuyS +2¢ =2Cu + $2 -0,89
CuS +2e = Cu + S -0,71
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b

[Cu(CN)y]™ + e =Cu+2CN- -0,43
CuyO + HyO + 2¢ =2Cu + 20H" -0,36
Cu(OH), + 2e = Cu + 20H" -0,22
Cul+te=Cu+TI -0,185
[Cu(NH3),]" + e = Cu + 2NH; 0,12
[Cu(NH3),]*" + 2e = Cu + 4NH; -0,07
[Cu(NH3),*" + 2e = [Cu(NH3),]" + 2NH; -0,01
Cul,”+e=Cu+2I 0,00
CuBr+e=Cu+Br 0,03
CuCl +e=Cu+ CI" 0,137
Cu?t+e=Cu’ 0,153
CuCly™+e = Cu+2CI- 0,177
2Cu?T + HyO + 2e = CuyO + 2HT 0,203
Cu?T +2e¢=Cu 0,337
Cu?t +2CI"+ e = CuCly” 0,463
Cu"+e=Cu 0,520
Cu™ + CI" + e = CuCl 0,538
CuO + 2HT + 2e = Cu + H,O 0,570
Cu(OH), + 2H" + 2¢ = Cu + 2H,0 0,609
Cu?t + Br +e= CuBr 0,640
2Cu0 + 2H" + 2e = CuyO + H,0 0,669
Cu?t +1"+e=Cul 0,86
Cu?t +2CN" + ¢ = Cu(CN), 1,12
Cudt +e=Cult 2,40
F»O +2H" + 4e = 2F + H,0 2,1
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Fy + 2¢ = 2F" 2,87
Fe FeS + 2¢ = Fe + §2- -0,95
Fe(OH), + 2¢ = Fe + 20H" -0,877
FeCO3 + 2¢ = Fe + CO3% -0,756
Fe(OH)3 + e = Fe(OH), + OH- -0,56
Fe2t + 2e = Fe -0,440
Fe30,4 + 8H' + 8¢ = 3Fe + 4H,0 -0,085
Fe»O3 + HyO + 2H™ + 2¢ = 2Fe(OH), -0,057
Fe,O3 + 6H™ + 6¢ = 2Fe + 3H,0 -0,051
Fe(OH), + 2H™ + 2e = Fe + 2H50 -0,047
Fe3™ + 3¢ = Fe -0,037
Fe(OH)3 + 3H™ + 3¢ = Fe + 3H,0 0,059
Fe(OH)3 + H" + e = Fe(OH), + H,O 0,271
[Fe(CN)g]3~ + e = [Fe(CN)g]+ 0,356
Fe3* + e = Fe2™ (IM H,S0y) 0,68
Fe3* +e=Fe?™ (IM HQ) 0,70
[Fe(CN)g]3™ + e = [Fe(CN)g]* (1M HC) 0,71
Fe3™+e=Fe2" 0,771
Fe304 + 8HT + 2¢ = 3Fe2 " + 4H,0 0,980
H 2H50 + 2e = Hy + 20H" -0,828
2H" +2e =H, 0,0000
H505 +2H" + 2e = 2H,0 1,776
Hg HgS + 2e = Hg + S2 -0,69
[Hg(CN)4]" + 2e = Hg + 4CN" -0,37
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Hgyly +2e = 2Hg + 2I -0,041
Hgly%" + 2¢ = Hg + 4I° -0,04
HgO(xpacnas) + HHO + 2e = Hg + 20H" 0,098
HgyBry +2¢ =2Hg + 2Br” 0,140
[HgBry]4™ + 2¢ = Hg + 4Br” 0,21
Hg,Cly + 2K + 2e = 2Hg + 2KCl (1B) 0,2415
Hg,Cly + 2e = 2Hg + 2CI- 0,268
Hg,Cly + 2e = 2Hg + 2CI- (IM KCl) 0,28
Hg,Cl, + 2e = 2Hg + 2CI~ (0,1M KCl) 0,334
[HgCly]%" + 2¢ = Hg + 4CI- 0,48
HgySOy4 + 2¢ = 2Hg + SO4% 0,6151
Hgy2t +2¢ = 2Hg 0,788
ngJr +2e =Hg 0,850
2Hg?t + 2e = Hgy2 " 0,920
HgO + 2H" +2e = Hg + H,O 0,926
103™ + 2H,0 + 4e = 0™ + 40H" 0,14
2103 + 6H,O + 10e = 15 + 120H 0,21
103™+ 3H,0 + 6e = 1" + 60H" 0,25
210" + HyO + 2¢ = I, + 4OH" 0,45
10" + HyO + 2e =" + 20H" 0,49
I, +2¢ = 2I" 0,536
I3"+2e = 31" 0,545
103™ + 2H,0 + 4e = [0~ + 40H- 0,56
HIO + H™ +2e =1+ H,0 0,99
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2ICly” +2e =1, + 4CI° 1,06
103™+6H" + 6e =1 + 3H,0 1,085
103™ + SH + 4e = HIO + 2H,0 1,14
203" + 12HT + 10e =I5 + 6H,0 1,19
2HIO + 2H™ +2e =15 + 2H50 1,45
HslOg + H' +2e =103™ + 3H,0 1,60
K KT+e=K -2,924
Li Lit+e=Li -3,045
Mg Mg(OH), + 2e = Mg + 20H" 2,69
Mg?t +2e = Mg -2,363
Mg(OH), + 2H" + 2e = Mg + 2H50 -1,862
Mn MnCO3 + 2¢ = Mn + CO3%" -1,48
Mn2" +2e=Mn -1,18
Mn(OH), + 2H" + 2e = Mn + 2H,0 -0,727
MnOy4™ + e = MnO 42" 0,564
MnO,4~ + 2H,0 + 3e = MnO, + 40H" 0,60
MnO, + 4HT +2¢ = Mn?T + 2H,0 1,228
MnyO3 + 6H' + 2¢ = 2Mn?" + 3H,0 1,443
MnOy4™ + 8HT + 5¢ = Mn2 " + 4H,0 1,507
Mn3*t + e = Mn2" (8M H,SO0y) 1,509
MnOy4~ + 4H™ + 3e = MnO, + 2H,0 1,692
MnO42" + 4H" + 2¢ = MnO, + 2H,0 2,257

3Ny +2e = 2Ny”
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3N, + 2H" + 2e = 2HN; -3,1
Ny + 4H50 + 2¢ = 2NH,OH + 20H" -3,04
N +4H,0 + 4e = NyHy + 40OH" -1,16
N + 8H,0 + 6e = 2NH4OH + 60H" -0,74
NO5™ + HyO + e =NO + 20H" -0,46
NO,™ + 6H,O + 6e = NH4OH + 70H" -0,15
NO3™ +2H50 + 3e = NO + 40H" -0,14
NO3™ + 7H,O + 8¢ = NH4OH + 9OH" -0,12
NO3™ + Hy0 + 2e = NO,~ + 20H" 0,01
N, + 6H" + 6e = 2NH;3 0,057
N,Hy + 4H,0 + 2e = 2NH4OH + 20H- 0,1
Ny +8H' + 6e = 2NH,4* 0,275
2NO5™ + 4H5O + 6¢ = Ny + 8OH" 0,41
NH,OH + 2H50 + 2e = NH4OH + 20H" 0,42
2NO5 + 4H50 + 8¢ = Ny + 8OH" 0,53
NO3™ +2H" + e =NO, + H,O 0,78
NO3™ +2H" + e = NO, + H,O 0,80
2NO +2H5O + 4e = N, + 40H" 0,85
HNO, + 7H" + 6e =NH, " + 2H,0 0,864
NO3™ + 10H" + 8¢ = NH,4 ™ + 3H,0 0,87
2NO, + 2e = 2NOy- 0,88
N5O + HyO + 2e = N, + 20H" 0,94
NOj3™ + 3H" + 2e = HNO, + H,O 0,94
NO3™ +4H" +3e =NO + 2H,0 0,957
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NO3™ +4H" + 3¢ =NO +2H,0 0,96
HNO, + H + e =NO + H,0 1,00
NO, + 2H" +2e =NO + H,0 1,03
NO, + H" + e = HNO, 1,09
2NO3™ + 10H" + 8¢ = N»O + 5H,0 1,116
2NO3™ + 12H" + 10e = N, + 6H,0 1,246
2HNO, +4H™ + 4e = N,O + 3H,0 1,297
2NO, + 8H" + 8¢ =N + 4H,0 1,36
2HNO, + 6HT + 6e = N, + 4H,0 1,45
2NO + 4H" + 4e =Ny + 2H,0 1,678
N>O +2H" +2e =N, + H,0 1,766
Na Na™ +e=Na 2,714
Ni(OH), + 2e = Ni + 20H" -0,72
[Ni(NH3)g]2t + 2¢ = Ni + 6NHy -0,49
NiCO3 + 2e = Ni + CO3%" -0,45
Ni2t +2¢ = Ni -0,25
Ni(OH), + 2H™ + 2e = Ni + 2H,0 0,110
NiO + 2H" + 2e = Ni + H,0 0,116
NiOy + 4H™ + 2¢ = Ni2T + 2H,0 1,68
O O + 2HHO + 4e = 40H" 0,401
Oy + 2H" +2e = H,0, 0,682
HO,™ + H,0 + 2e = 30H" 0,88
Oy + 4H" + 4e = 2H,0 1,229
O3 + HyO + 3e = 0y + 20H" 1,24
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O3 + 6H + 6e = 3H,0 1,511
H0, + 2H" + 2 = 2H,0 1,776
O3 +2H" +2e =0, + Hy0 2,07

P HoyPO,™ + e =P+ 20H" -2,05
HPO32" + 2H,0 + 2e = HyPO,™ + 30H" -1,57
PO43" + 2H,0+ 2¢ = HPO3 2™ + 30H" 1,12
2H3PO, + 2HT + 2 = HyP»Og + 2H,0 -0,94
P+ 3H,O + 3e = PH3 + 30H" -0,89
H3PO, + H' + e =P +2H,0 -0,51
H3PO3 + 3H™ + 3e = P(6enbiit) + 3H,O -0,502
H3PO3 +3H™ + 2e = H3PO, + H,O -0,50
H3PO3 + 3H™ + 3e = P(xpacHwiit) + 3H,0 -0,454
H3PO,4 + SH + 5e = P(6enetit) + 4H,0 -0,411
H3PO,4 +4H" + 4e = H3PO, + 2H,0 -0,39
H3PO4 + SHT + Se = P(xpacHwiit) + 4H,0 -0,383
H3PO4 + 2H™ + 2¢ = H3PO3 + H,O -0,276
H3PO3 + 2H" + 2e = H3PO, + H,0 -0,50
P+ 3H" + 3¢ = PH;3 0,06
H4P50g + 2H + 2¢ = 2H3PO; 0,38

Pb PbS + 2¢ = Pb + S2- -0,93
PbO + H,0 + 2¢ = Pb + 20H" -0,58
PbCO3 + 2¢ = Pb + CO32" -0,506
Pbl, + 2e = Pb + 2I" -0,365
PbSO,4 + 2¢ = Pb + SO4%° -0,3563
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PbF, + 2¢ = Pb + 2F" -0,350
PbBr, + 2e = Pb + 2Br~ -0,280
PbCl, + 2¢ = Pb + 2CI" -0,268
Pb2" +2e =Pb -0,126
PbO32" + HyO + 2¢ = PbO52™ + 20H" 0,2
PbO + 2H™ + 2e = Pb + H,O 0,248
Pb(OH), + 2H™ +2e = Pb + H,O 0,277
PbO, + H,0 + 2¢ = PbO + 20H" 0,28
Pb3O4 + 2HT + 2 = 3PbO + H,0 0,972
PbO, + 4HT + 2¢ = P2t + 2H,0 122451?
PbO, + SO42™ + 4HT + 2¢ = PbSOy + 2H,0 1,685
Pb4" + 2¢ = Pb2 T 1,694
Pd Pd(OH), + 2¢ = Pd + 20H" 0,07
PdlgZ" + 2¢ = Pdl42" +2I° 0,623
PdCl42" + 2e = Pd + 4CI" 0,623
PdO + 2HT + 2e = Pd + H,O 0,896
PdClg2" + 4e = Pd + 6CI" 0,96
Pd2t +2¢ =Pd 0,987
[PdBrg]?" + 2 = [PdBry]%" + 2Br~ 0,993
PdO, + 2H" + 2e = PdO + H,O 1,283
[PACI]2™ + 2 = [PACl4]%" + 2CI° 1,288
Pt PtS +2e = Pt + S2- -0,95
PtS, + 2¢ = PtS + $2- -0,64
Pt(OH), + 2¢ = Pt + 20H" 0,15
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[PtIg]%" + 2¢ = [Ptl4]%" + 21" 0,393
[PtBry]4~ + 2¢ = Pt + 4Br” 0,58
[PtBrg]2 + 2¢ = [PtBry]4™ + 2Br” 0,59
[PtClg2™ + 2¢ = [PtCl4]2" + 2CI° 0,720
[PtCl4]%" + 2¢ = Pt + 4CI° 0,73
Pt(OH), + 2H™ + 2e = Pt + 2H,0 0,980
PtO, + 2H™ + 2e¢ = Pt(OH), 1,045
P2t + 2e = Pt 1,188
SO42" + HyO + 2¢ = SO32 + 20H" -0,93
25042" +5H,0 + 8¢ = $,032” + 100H" -0,76
SO32"+3H,0 + 4e =S + 60H -0,66
2S032" + 3Hy0 + 4e = $,032" + 60H" -0,58
Sy2" +2e =282 -0,524
S+2e=8% -0,48
28 +2¢ =S, -0,476
S+H"+2e=HS -0,065
$7032" + 6HT + 8¢ = 282" + 3H,0 -0,006
S406% + 2 = 28,032 0,08
SO42" + 8HT + 8e = $2° + 4H,0 0,149
S +2H" +2e = H,S 0,141-0,17
SO4% +4HT + 2¢ = HySO3 + HyO 0,17
SO32" + 6HT + 6e = S + 3H,0 0,231
28042+ 10HT + 8¢ = $H03% + 5H,0 0,29
SO42" + 10HT + 8¢ = H,S + 4H,0 0,311
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SO42"+8HT + 6e = S + 4H,0 0,357
2H,S03 + 2H' + 4e = $7042" +3H,0 0,40
H,SO3 +4H' + 4e = S +3H,0 0,449
$5032" + 6H' + 4¢ = 2S + 3H,0 0,5
2S032" + 6HT + 4e = $H03%" + 3H,0 0,705
S»0g2™ + 2¢ = 250,42 2,01
Sb SbO,™ + 2H,O + 3¢ = Sb + 40H- -0,675
Sb + 3H" + 3e = SbHy -0,51
SbO3™ + HyO + 2¢ = SbO,™ + 20H" -0,43
SbyO3 + 6H™ + 6e = 2Sb + 3H,0 0,152
SbO™ + 2H" + 3e = Sb + H,O 0,212
SbO3™ + 2H + 3e = SbO,™ + H,O 0,353
SbOy™ +4H™ + 3e = Sb + 2H,0 0,446
SbyOs5 + 6H' + 4e = 2SbO™ + 3H,0 0,581
SbyOs5 + 4H" + 4e = SbyO3 + 2H,0 0,671
Se Se +2e = Se?- -0,92
Se +2H" +2e = H,Se -0,40
Se032" + 3H,O + 4e = Se + 60H" -0,366
Se042" + HyO + 2¢ = SeO32 + 20H 0,05
HySeO3 +4H" + 4e = Se + 3H,0 0,741
SeO4%" +4HT + 2¢ = HySeO3 + HyO 1,15
Si Si032- + 3H,0 + 4e = Si + 60H- 1,7
SiFg2™ + 4e = Si + 6F 12
Si032" + 6H™ + 4e = Si + 3H,0 -0,455
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Si+4H" + 4e = SiHy 0,102
Sn SnS + 2¢ = Sn + $%° -0,94
[Sn(OH)]%" + 2¢ = [HSnO,]" + HyO + 30H" -0,93
[HSnO5]™ + HyO + 2¢ = Sn + 30H" -0,91
[SnFg]2" + 4 = Sn + 6F" 0,25
Sn2t + 2e = Sn -0,136
Sn0O, + 2H™ + 2e = SnO + H,0 -0,108
SnO, + 4H™ + 4e = Sn + 2H,0 -0,106
SnO + 2H™ + 2e = Sn + H,O -0,104
Sn(OH), + 2H™ + 2 = Sn + 2H,0 -0,091
[SnClg]2™ + 2e = SnCl42 " + 2CI" ( 1M HC) 0,14
Sn*t + 2e = Sn2* 0,151
St Sr2T +2e = Sr -2,888
Zn ZnS +2e =Zn + S%- -1,405
[Zn(CN)4]2™ + 2¢ = Zn + 4CN- -1,26
Zn(OH), + 2¢ = Zn + 20H" -1,245
[Zn(OH)4]2" + 2¢ = Zn + 40H" 1,22
Zn0,2" + 2HHO + 2¢ = Zn + 40H" -1,216
ZnCO3 + 2¢ = Zn + CO3% -1,06
[Zn(NH3)4]2 " + 2e = Zn + 4NH; -1,04
Zn2t +2e=7n -0,763
Zn0,2" + 4H" + 2¢ = Zn + 2H,0 0,441




JIokanbpHBIN JIEKTPOHHBIM METOAUYECKUN MaTepral

EropoBa Kcenus BukropoBHa
HwxuukoBa Enena BiagumuposHa
Bopo6reB Buktop MiBanoBu4

XUMMUA

Peoaxmop U. I'onybesa

JlokanpHOE AIEKTPOHHOE U3aHUE
Vu.-u31. 1. 6,7. Ileu. 1. 6,3.
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