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BBEJAEHUE

Jucuuminaa «XuMus» OTHOCHUTCS K MaTEMaTU4YeCKOMY "
€CTECTBEHHOHAYYHOMY MOAYII0 oO0s3arenpHO dactu Omoka 1 OIIOII BO mo
HarpasiieHnI0 noarotoBku 13.03.01 TertosHepreTuka v TEIIOTEXHUKA.

[lenbto OCBOEHUSA AUCHUILIMHBI «XUMUS» SBIsSETCS (POpMUpPOBAHHUE Y
CTYICHTOB TEOPETHYECKUX WU MPAKTUUYECKUX 3HAHWUW IO JUCHUIUIMHE U YMEHHS HUX
UCIIOJIb30BaTh B CBOEH MpodecCHoHaNbHON NesTEIbHOCTH.

B pe3ynbrare 0CBOCHMS TUCUMILIMHBI O0YYaOIUNCS JOJIKEH:

3Harh:

OCHOBHBIE 3aKOHBI XUMHH

Ymerb

POBOJIUTh XUMHYECKHUIN SKCIEPUMEHT

Baaners:

OCHOBHBIMH METOJIAMU TE€OPETUYECKOTO U IKCIIEPUMEHTAIIBHOTO UCCIICIOBAHUS
XUMUYECKHUX SBJICHUM

XuMHUUecKu J1a00paTOpHBIA MPAKTUKYM SIBISIETCS 0053aTeNbHOM YacCThIO
y4eOHOW JUCHMIUIMHBI «XUMHS», KOTOPYIO HW3Y4aloT CTYJASHTHl HamlpaBieHUs
13.03.01 TennosHepreTuka u TEILIOTEXHUKA.

JlaGoparopHbie 3aHATUS NPU U3YUYCHUM XUMHUU TPECICAYIOT JBE OCHOBHBIC
uenu: 1) noaTBepKIeHUE SKCIIEPUMEHTOM TEOPETUUECKUX MOJIOKEHUN W 3aKOHOB; 2)
oOyueHHe HaBbIKaM IMPOBEACHMS JIA0OPATOPHBIX PabOT, MPU BBHIMOJIHEHUH KOTOPBIX
CTYICHThl OCBaMBAIOT TEXHUKY OOpalleHuss C XUMUYECKUMH pPEaKTUBAMU W
MPUCIIOCOOJICHUSIMUA, TIPUEMbl TMPOBEJACHUS XUMHYECKUX OINepaluil, METObI
00pabOTKH ONBITHBIX JTAHHBIX, yYaTCsl COMOCTABIATh U aHAIW3UPOBATH PE3YNIBTATHI
OMBITOB M JeNaTh BbIBOAKL. Kiaccuueckuit 1ab0OpaTOpHBI MPAKTUKYM MO XUMHUHU
HOCUT B OCHOBHOM WJLTIOCTPATUBHBIN XapakTep: B JTaOOPATOPHBIX OIBITAX CTYACHTHI
HaxO/sT MOATBEPXKACHUE TE€X 3aKOHOMEPHOCTEN, KOTOPhIE M3Y4aloT Ha JICKIIMOHHBIX
3aHSTHUSX.



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

O0beM (TpyIOEMKOCTh OCBOEHUSI) TEMBI U Ha3BaHUS COOTBETCTBYIOIIUX ei JIP

Homep
TEMBI

Tema nmucUUIITUHBI Ha3BaHUE Ta0OPATOPHON PabOTHI

Koin-Bo vacos JIP

Ouynag | 3aouyHas
dbopma | hopma

Bsenenue

1.1

OcHoBHBIC 3aKOHBI ¥ MOHATUS. [ToHsITHE XUMUM

JI/p Nel. Onpenenenvie S5KBUBaJICHTHON MacChl
MeTajia

JI/p Ne2. OnpeneneHue SHTAIBIMKA PACTBOPEHUS
coJu

1.2

Crpoenue BemiecTna

1.3

OCHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUS
XUMHUYECKHX IIPOLIECCOB

JI/p Ne3. CxopocTh XUMHYECKHX PEAKIIUN U
XHMHYECKOE PaBHOBECHE

1.4

KoMIuiekcHbBIE coeqUHEHUS

JI/p Ned. KomIiekCHbIE COSTUHEHUS

1.5

HucnepcHble cuctembl. PacTBOpbI

JI/p NoS. IlpuroroBienue pacTBopa 3aJaHHON
KOHIEHTPaLUH

JI/p Neb6. DnexTpoauTuueckas IucCouaus

JI/p Ne7. Onpenenenuie pH cpenbl

JI/p Ne8. I'upponus cosneit

1.6

OKHCIINTEIIFHO-BOCCTAHOBUTEIILHEIC pCaKnunuun

JI/p Ne 9. Bnustnue pH cpenpl Ha Xapakrep
BOCCTaHOBJICHUS [IEPMAHTaHATa KaJIAs

JI/p Ne10. OxkucauTeapHO-BOCCTAaHOBUTEILHBIC
peaxiuu

1.7

QHGKTpOXI/IMI/I‘-IeCKI/Ie IIpOoHecCChI

JI/p Nell. Koppo3us MeTaioB




Kosn-Bo vacos JIP
Homep .
Tema nucuuriauHbl/ Ha3BaHue JaboparopHoi paboTel | OuHas | 3aouHas
TEMBbI
dbopma | popma
JI/p Nel2. DnekTponn3 BOJHBIX pacTBOPOB COJICH
JI/p Nel3. DnekTpoxuMuyeckoe HaHECEHUE
METAJLUINYECKUX TOKPBITUI
1.8 OO01ume cBoKicTBa METAIIJIOB 2
JI/p Nel4. OGuue cBolicTBa METAIJIOB
1.9 XHUMUSL HEMETAJUIOB. DJIIEMEHTHI OpraHUYECKON -
XUMUHU
1.10 XUMHYECKUE METO/IbI aHAIIN3A 2
JI/p Nel5. OnpeneneHue KeCTKOCTH BOJIBI
Hroro 30 8

B ydyeOHO-MeTOquMYecKkOM  MOCOOMHM  ONMUCAHUIO  KaXIOH TEeMbl U
COOTBETCTBYIOUIMX €l paboT, MpealecTBYeT TEOPETUUYECKOE BBEACHHE, YTO
MO3BOJIIET MPOBOAUTH JIAOOPATOPHBIE 3aHATHUS HE3aBUCUMO OT JPYrMX BHUJOB
3aHATUN. BKItoueHue B onucaHue paboT TEOPETUUECKUX BBEACHHUI YBEIMUMBAET UX
oOy4aromuii TOTEHIIMAJ U MO3BOJISIET MCIIOJIB30BaTh HEKOTOPHIE M3 HUX B KayeCTBE
€IMHCTBEHHOr0 BHJA 3aHATHA 1o Teme. Ilo Takum TemaMm BBeIE€HHE B JaHHOM
MOCOOHMH MPUBOIUTCS B pACIIMPEHHOM BapUaHTE.

[Tocne TeopeTnyeckoro BBEAEHHS B IMOCOOMHU MPENCTABICHO 3aJaHuE IO
nabopaTopHoii paboTe W HJTambl €€ BBINOJHEHUS: MOJITOTOBKA K JIA0OpaTOPHOM
paboTe, MOPSIOK €€ BBIMOJIHEHHMS], 3alIUCh JAHHBIX ONBbITa U pacueThl. [locie kaxaoit
TEMbI, U COOTBETCTBYIOLIUMX €W Ja0OpaTopHbIX pabOT, B MOCOOMH MPUBOAUTCS
IIepevYeHb BOIIPOCOB U 3aJaHUM ISl CAMOCTOSATENIBHOW MPOBEPKU 3HAHUM, YMEHUN U
HABBIKOB CTYJIEHTOB, MpPHOOpETaeMbIX NpHU TMOArOTOBKE K 3aHATUAM U TpU
BBITIOJITHEHUH PAa0OT. DTU BOMPOCHI MOXKHO TaK)K€ MCIIOJIb30BaTh MPU COOECETOBAHUU
CO CTY/IEHTaMU B II€JIIX KOHTPOJIS U aKTUBU3ALIUU UX PaOOTBHI.

IMoaroroBka k JiabopaTopHoii padoTe BKIIIOUACT B ceOs:

1. o3HaKOMJIEHHME C TEOPETHUYECKUM MAaTrepuaioM JJisl YCBOCHHUSI OCHOBHBIX
3aKOHOMEPHOCTEH, JIEKAIUX B OCHOBE PadOThI;

2. BHUMATEJIbHOE 3HAKOMCTBO C XOJIOM JKCIIEPUMEHTAJbHOW YacTh paboOThl U
MOPSIAKOM €€ MPOBEICHHUS;

3. yCTHBIE OTBETHI Ha BOIPOCHI, MPEMIOKECHHBIE B 33aJlaHUU K paboTe, KOTOpPhIE
MIOMOTAIOT CTYJIEHTY MOHSATh W OOOCHOBAaTh BBIOOP METOIWMKH MPOBEICHUS



HKCIEPUMEHTa M HEOoOXOJUMOTO Jjisi 3TOro OOOpYIHOBaHHUSA, TMOCYAbl H

PEaKTHUBOB;

4. mpenBapuTeNbHBIE pacueThl (MMCbMEHHO), €CJIM OHU MPEAYCMOTPEHBI B padoTe;
5. MOATOTOBKY 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) KaXJOTO OTACIBHOTO ONbITa (€CiIM padoTa BKIIOYACT
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 €€ OlrMcaHue (€ciii OHa MPEeayCMOTpeHa B padoTe).
[TopsiTok BBITTOTHEHHSI paOOTHI.

XN AW

Tabnuua ams 3aMUCH SKCIIEPUMEHTANBHBIX JAHHBIX (€CIH MpeanoiaraeTcs 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 ommbOku ombiTa (€ciu B paboTe MPOU3BOJUTCS pacyeT MPaKTUUYECKOM
BEJIMYMHBI).

11.HaGnronenust (IMMyHKT 3aMOIHSIETCS B XOJ1€ BBITIOJIHEHUS PAaOOTHI).

12.BbiBonbI (IIYHKT 3amOiHSIETCS] MOCJE BBITOJHEHUS pabOThl U MPOU3BEIACHMUS
BCEX PaCyETOB).

Jonyck k 1adopaTopHoi padore

Jig nomycka K paboTe CTYIEHT JODKEH HMMETh JabopaTopHBIA KypHal C
MpaBWIbHO O(OpPMIIEHHON J1abopartopHoit paboToi. Jlomyck CTYIEHTOB K
BBITIOJTHEHHUIO JTAOOPaTOpHO pabOThl MPOBOIUTCS MpENoaaBaTesieM MyTeM YCTHOTO
onpoca u0O0 mnHCbMEHHO. K BBINOMHEHUIO TeKyllell gabopaTopHoOil paboThI
JOITYCKAIOTCS TOJIBKO T€ CTY/IEHTHI, KOTOPHIE:

1. mpaBwiIbHO OQOPMUIH TaHHYIO PabOTY;

2. 3HAIOT Ha3BaHWE U LEdb PaOOThI; MOHUMAIOT CYIIHOCTh SIBICHUNH U 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 MpsMble U KOCBEHHbIE M3MEPEHHUs MPOBOAATCS B JaHHOW paboTe M Kak
OyIyT pacCUMTHIBAThCS MOTPEIIHOCTH.

CTyneHThl, He JOMYIICHHbIE K BBITIOJTHEHHUIO JTA00PAaTOPHON PabOTHI, TOKHBI
JUKBUIUPOBATh Ha MeECTE 3aMEYaHHs W HEJOCTaTKh B IOATOTOBKE K pabore,
yKa3aHHbIE MPENOAAaBaTEIEM U MOBTOPHO MOIYUYHUTh JOMYCK K BBHIIOJHEHHUIO paOOTHI.
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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
COIVIACHO PACIIMCAHUIO MPOBEICHUS 3aYETHBIX 3aHATHM.

IIpoBenenue 1abopaTopHoii padoThI

Brimonaenne maboparopHOi pabOThl HAYMHAETCS C HM3Y4YEHUS TPHUOOPOB H
YCTaHOBKH, OCHOBbI UuX paboTel. B maboparopHoMm >KypHane, B 3apaHee
NOJATrOTOBNEHHBIN Tabmuily «[lpubopbl W peakTHBB», HEOOXOJUMO 3amucarb
TEXHUYECKUE XapaKTEePUCTUKU NPUOOPOB: HU3MEpPEHUs, IEHY JEJICHUs IIKAaJbI,
MOTPEIIHOCTh Mpubopa (KJIacc ero TOUHOCTH), PEKUM €ro padoThl U T. 1.

N3mepenus AOMKHBI MPOBOAUTHCS AKKYPAaTHO W C COOJIOJEHUEM IpaBUII
TEXHUKHA 0€30MaCHOCTH, KOTOPBIC MPUBEICHBI B IPUIIOKEHUH 1.

3anucu OTCYETOB B TAOJMIly BEAYTCS B TaKOM BHUJE, KaK OHHM MOJIYYEHBI IO
U3MEpUTEIBHBIM MPpUOopamM, 0€3 OKPYIIICHUS U MTEPECUETOB B YME.

Ecnu orcuer nenaercs Mo mikaie, LEHA JEIeHUs KOTOPOM HE paBHA €AMHMIIE,
TO 3alUCHIBAIOTCSA JICTICHUS IIKAIbl 0€3 YMHOXKEHHUS UX HA LIEHY JEJICHUS.

[Tocne mpoBeneHUs WU3MEPEHUM, IKCIIEPUMEHTAIbHbBIC JaHHBIC, MOTYYEHHbIC
CTYJICHTOM B XOJI€ BBITIOJIHEHUSI pabOThI, IOJKHBI OBITH MOAMUCAHBI ITPENOaBaTeNIeM,
BEIIYIINM 3aHSTHUE.

[Io oxOHYaHMM BCEX M3MEPEHUN NPOU3BOMATCSA PACUEThI 3HAYCHUN MCKOMBIX
BEJIMYMH, MOTPENTHOCTEN MU3MEPEHUM, UCIIONIb3ys MPU 3TOM NpaBUjia OKPYITICHUS, U
ctpositcsa rpaduku. [locTpoeHHbie rpaduku BHOCATCS B TaOOpaTOPHBI >kypHal. Bee
MIPOMEKYTOUYHBIC PACUETHI JIETAI0TCA B JIA0OpaTOpHOM KypHase. CXxeMmbl, pUCYHKH U
rpaduKy BBITIOJIHAIOTCS KapaHIalioM.

B koHie paboThl CTYAEHT JOJKEH HamucaThb BBIBOJ M MPEIbIBUTH
Ja00OpaTOPHBIA KypHaJl MPENOJaBaTeI0 IS 3allUThl JIa0OpPaTOpHON PadOTHI.
CryneHTsl, TOJYYUBIINE JOMYCK K padoTe, HO HE YCIEBIIUE CHSTh TMOKa3aHWS,
BBITIOJIHAIOT JIaHHYIO paOOTy Ha 3a4€THOM HeJleJie COTIACHO PACIIUCAHUIO TIPOBEICHNUS
3a4ETHBIX 3aHSITHH.

3amura J1abopaTopHoii padoThI

K 3amure nabopatopHoii paboThl CTYJEHT 00sI3aH:

1. mpenocTaBUTh IMOJHOCTHIO  O(GOPMIICHHYIO JlabopaTopHyl  paboTy ¢
3aMoJTHEHHBIMU Ta0NHUIIaMH, TpaduKaMu, pacueTaMH U 3aKITIOYCHHUEM;

2. 3HaTh HEOOXOAMUMBIN TEOPETUUYECKUN Marepuall; YMETh KpaTKO paccKa3aTb O
COJICpKAaHUMU TPOBEAEHHOIO UM OHKCIIEpUMEHTa M OOOCHOBaTh BBIBOJBI,
CIENaHHbIE B 3aKIIOYEHUU;

3. 3HaTh TUNBI U BUABI NOTPEUIHOCTEN, MpPaBUia pacyeTa MPsSMbIX U KOCBEHHBIX
W3MEPEHUN;

4. yMeTh CTPOUTH T'paUKHU C YYETOM MOTPEUIHOCTEH W 3amUChIBaTh PE3yIbTaThl
U3MEPEHU,

S. TPOU3BOJUTH BBIYMCIICHUS MMOTPEIIHOCTEN U3MEPEHUM;
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6. yMETh pemaTh MPAKTUIECKUE 3a/1a49H 110 TEME JAaHHOU PaOOTHI.

2. METOANYECKHUE YKA3AHUA 11O BBIIIOJIHEHHUIO
JIABOPATOPHbIX PABOT

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

Teopemuueckuii Mmamepuai, Heo0X00uMmblil ons 6bINOJIHEHUA
aadoopamopnoil pabomol

Ikeusanenm. 3aKoH 5K8UBANEHNO6. IKBHBAJEHTOM HA3bIBACTCS peajbHas
WIM YCIIOBHAsl 4YacTHUIA, KOTOpas 3aMellaeT OJWH MPOTOH BOIOPOAA B KHCIIOTHO-
OCHOBHBIX WJIM MOHHO-OOMEHHBIX PEaKIMSIX WM OAUH 3JIEKTPOH B OKHUCIUTEIHHO-
BOCCTAHOBHUTEIBHBIX PEAKIUAX. PearbHbIe YaCTUIIBI — 3TO aTOMBI WJIM MOJIEKYJIBI, a
YCJIOBHBIE — UX 4YacTu, HarpuMep 1/2 atoma kucinopona, 1/3 monexynst H;PO4 1 T.51.
(B HEMCTBUTENBHOCTH TAaKWX 4YacTUll He ObiBaeT). Macca Takod yacTuilbl (Macca
DKBUBAJCHTA), BBIpAKEHHAs B AaTOMHBIX E€IUMHUIAX MAacChl, Ha3bIBACTCA
SKBHBAJIGHTHOH Maccolf, a Macca ommoro wmoms (6,02:10%) Ttakux wacrui
(?KBUBAJICHTOB) HA3bIBACTCS MOJIIPHOM Maccoii IJkBuBaJieHTa. 113 sToro cienyer,
YTO SKBHUBAJICHTHAs! MacCa — OTHOCUTEJIbHASI BEJIMYMHA, TIPU STOM CPaBHEHHUE UJET C
BOJIOPOJZIOM, SKBHUBAJICHT KOTOPOTO — €ro aroM, a SKBUBAJCHTHAs Macca paBHA
EANHULIE.

Ilpumep 1. OmuH arom XJoOpa COEOUHAETCS C OJHUM aTOMOM BOJOPOAA,
obpazyst xsopoBogopoa (HCI). CnenoBarenbHO, 3KBUBAJEHTOM XJIOpa SIBIISIETCS €ro
aToM.

Ilpumep 2. Kucnopom ¢ BomopoaoMm oOpasyer aBa coeauHeHus: H,0,
(mepokcua Bomopoma) u H,O (Boma). B mepBoM coeauHEHHHM SKBHBAJICHTOM
KHUCJIOpOJia SIBJISIETCS €r0 aToM M SKBUBAJICHTHAs Macca paBHa IIECTHAAIATH, a BO
BTOPOM — JKBHUBAJICHTOM KHUCJOpojAa sBIsSIETCS 1/2 atomMa M SKBUBAJICHTHash macca
paBHA BOCHMH.

Ilpumep 3. CepHast KuCIOTa COAEPKHUT JBa aromMa Bojopona. B peakiuu
3aMEIIeHUs] OIHOTO M3 HHUX OJKBUBAJICHTOM KHCJIOTHI SIBISIETCS €€ MOJeKyla ¢
SKBHUBAJIEHTHOM Maccou 98, a B peakuuu 3aMelIeHUs] JByX arOMOB BOAOpOJa —
MOJIOBUHKA MOJIEKYIIbI (YCIIOBHAs YAaCTUIA) C SKBUBAJIEHTHOUN Maccoi 49.

Jlnst  ompeneneHWs  OKBUBAJCHTHBIX  MacC  PAa3jUYHBIX  COCIMHCHHM
HCITIOJIB3YIOTCSI CIICAYIOIINE BBIPAKCHUS:

1. Onpenenenrie 5KBUBAJICHTHOM MAacChl MTPOCTOTO BEIIECTRA!

A
m,(mpocToros — Ba) = — e (1)

m, (IPOCTOTO B-Ba)— 3KBHBAJEHTHAsE Macca IPOCTOTO BEIIECTBA,;

A — aroMHast Macca 3JeMeHTa, 00pa30BaBIIIEro MPOCTOE BEMIECTBO;

B — BaneHTHOCTH ArieMeHTa, 00pa30BaBIIETO MPOCTOE BEIIECTRO.
Ipumep. OnpenenuTs SKBUBAJICHTHYIO MAcCy MTPOCTOTO BEUIECTBA BOAOPOA.



Mornekyia mpocToro BEMECTBA BOAOPOAA COCTOUT M3 IBYX aTOMOB DJIEMEHTa
Bojopoaa H,, BaleHTHOCTh KOTOpPOro paBHa €IMHHULE, a aTOMHas Macca 1 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 YKBUBAJIEHTHON MacChl CJIOKHBIX BEIIECTB

2.1. oxkcuoB

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

m, (OKCHJIa)— SKBUBAJICHTHAsI Macca OKCUA,;

M (okcupa)— MoJsipHasi Macca OKCHJIA;

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

B — BaneHTHOCTB A51eMeHTa, 00pa30BaBILIETO OKCUL.

IIpumep. Omnpenenutb SKBUBAJIECHTHYIO Maccy okcuzaa cepbl (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)— HKBUBAJICHTHASI Macca KUCJIOTHI;

M (KucnoThl) — MOJISIpHAs Macca KUCIIOTHI;

OCHOBHOCTH - YHCJIO aTOMOB BOJIOpPOJIa, CIIOCOOHBIX Y4acTOBAaTh B PEAKIIHIX
3aMEILECHHUS.

IIpumep. OnpenenuTb SKBUBAJIIEHTHYIO MAacCy CEPHUCTOM KUCIOTHI.

3anumieM BbIpakeHue (3) MPUMEHUTETBLHO K Halled 3agadye W, paccuuTaB
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, (COJIM)— 3KBHBAJIEHTHAs Macca COJIH;
M (conu)— moJisipHasi Macca COJH;
N (ar Me) — uuncno aroMoB MeTalia, 00pa30BaBIIErO COJb;
B — BasieHTHOCTH MeTas1a, 00PA30BABIIIETO COJb.

m,(conn) =
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3aKkoH PKBHMBAJIEHTOB IJIACUT. MACCHI BBaHMOﬂeﬁCTBYIOIHHX 0e3 ocrarka

BCHICCTB OTHOCATCA JAPYT K JAPYTY, KaK UX 9KBUBAJICHTHBIC MaCCBI.
m:mlama
my; Mayke

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

qepGS OKBHBAJICHTHYIO MACCYy 3JICMCHTA MOXKCT OBITH OIIpCAcCiiICHAa €ro aroOMHasiA
MacCcCa, TaK KaK OHHU CBA3AHbI MCKOY c000i1 COOTHOILIEHHUEM:

Ay=my; - B

Trac B — BajieHTHOCTB 2JIEMEHTA.

Oumanvnus. 3axon lecca. DHTanbnuss — (QYHKUUS COCTOSHUSI CHUCTEMBI,
onpenensiemass ypauenueM H = U + PV (U— BHyTpeHHSSI SHEPrusi CUCTEMBI,
P— naBnenne, V— o00BbEM). AOCOIOTHYIO BEIUYMHY OJHTAIBIIUU OMPEICIHUTD
HEJb3s, TaK KakK [UIsi 9TOr0 MOTpeldyeTcs ONpeNeiauTh aOCONIIOTHOE 3HAYCHHE
BHYTPEHHEH SHEPrUU CUCTEMBbI, UTO HEBO3MOXKHO. OMNpeAensioT JIHIIb U3MEHECHHE
SHTAJIBITUH.

Nuorga TerioBoit 3p¢deKT XUMHUYECKOW pPEaKIMU BBIPAXKAIOT KOJIMYECTBOM
BBIJICTTUBIIICHCS WM TIOIVIOMICHHOW TEIUIOTHI W o0o3HavaroT OykBod Q. Jlmsa
AK30TepMUUeCcKUX peakiui Q > 0, a gy sagoTepMuueckux — Q < 0.

Ecnun peakuus sx3orepmuueckas - AH <0; Q >0,

Ecnu peakuus sanorepmuueckas - AH>0; Q <0

Otcrona BbITeKaeT cBsi3b Mexay Q u AH: + Q = —AH.

XUMUYECKUE YPABHEHHUS, B KOTOPBIX YKa3aHbl HW3MEHEHHUSI DJHTAJbIINU,
Ha3bIBAIOTCS] TEPMOXUMUUECKUMH YPABHEHUSIMMU.

DU3NKO-XUMHYECKHUE TTPOIIECCHI (pacTBOpPEHNUE, TUIABJICHUE, THAPATALUS U Jp.)
CONPOBOXKIAIOTCS, KaK M XUMHYECKHE PEaKIMH, TMOTJIOIICHUEM WU BbIJCICHUEM
tera. llpm  pactBopeHMM coined B BOAE  MPOUCXONIAT JBa  IpoLEcca:
OHJIOTEPMHUYECKUM, CBA3aHHBIM C pPa3pyLICHUEM KPUCTAJUIMYECKOM PEIIETKH, WU
AK30TEPMHUYECKUN, OOYCIIOBIEHHBIM B3aUMOJCHCTBUEM PACTBOPEHHOI'O BEUIECTBA U
BOZIbI C 00Opa30BaHUEM TUIPATOB. B 3aBUCHMOCTH OT TOTO, KAKOW M3 3TUX MPOLIECCOB
npeoOnanaet, TEIIoBOM 3(PGHEKT pacTBOPEHUS MOXKET OBITh WJIH TOJOXKUTEITHHBIM
(PHAOTEPMUYECKOE  pPACTBOPEHHUE), WM  OTPUUATEIBHBIM  (3K30TEPMHUYECKOE
pacTBOpEHUE).

KonnuecTBo TemioThl, morioniaronieiicss (BhIISISIOMENHCS) TP PACTBOPEHUH
OJTHOTO MOJISI BEIIECTBA, HA3bIBACTCS TEIJIOTOM PACTBOPEHUS TAaHHOTO BEIIECTBA.

OKCIEpUMEHTAIBHOE  ONPEJENICHUE TEIIOThl PACTBOPEHUSI MPOBOIST 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 Ia30BbIE 3aKOHBI,
IPOU3BOAUTH PACUET MOJIIPHOM MACChl SKBUBAJIEHTA METAJLJIA; OMPEACIUTh KAKOM 3TO
MeETaJLI.

3aganue u 3Tanbl padoThI

IHoaroroBka k 1abopaTopHoii padore

1. TIpoudecTb TeOpETHUECKOE BBEICHUE U MOPSIOK BBHIMOIHEHHS paOOTHI.

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

3. O06patuTh BHUMaHHE HA PACcYeT SKBUBAJIEHTHOW MAacCChl MMPOCTOTO BEIECTBA U
MaTeMaTHYECKUE BBIPAKEHUS 3aKOHA SKBUBAJIEHTOB.

4. CocraBuTh M 3alKcaTh YPABHCHUE XUMHYECKOM PEAKIUHM B3aUMOJCHUCTBHUS
COJIIHOM KHCJIOTBI M METajula, ¢ y4€TOM TOrO, YTO METaul JIByXBAJICHTEH.
Kakoii ra3 OyaeT BbIAENATHCS B XOJI€ pEaKIUu?

IHopsAaoK BBINOJTHEHUsSI padOThI

OnsIT IPOBOAUTCS B MPUOOpPE, COCTOSIIEM U3 OIOpETKU (3amojHEHa BOJOW) 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. JJI1 3TOro HEOOXOAMMO OTCOEAMHHTH BOPOHKY OT IITaruBa M,
OlyCKasi M MOJHUMasl €€, CIEAUTh 32 YPOBHEM BOJbl B OIOpETKE; OH HE JOJKEH
U3MEHSTBCS.

Onpenenuts UeHy aeneHus OropeTku. OTMETUTh ypOBEHb BOJIbI B OIOpETKE.
Bona — OecnBerHasi, mpo3pauHasi >KMJKOCTb, IO3TOMY €€ YpPOBEHb OIpelessieMm,
OPUEHTHUPYACH 110 HUHKHEHN YacTh MEHHUCKA.

OctopoxHO (!) OTCOEAUHUTH TPOOUPKY OT ra300TBOIHOM TPYOKH.

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

HaBecky Mmetanna akkKypaTHO NMOMECTHUTb B MPOOHUPKY, HO TaKUM OOpas3oM,
9TOOBI OHA HE COMPHUKACANIACh C KMCIOTOU, ¥ 3aKpEMUTh MPOOUPKY Ha Tpudope.

BHoBb npoBepuTh mpuOOp Ha FEepMETUYHOCTH U OTMETUTH YPOBEHb BOJBI B
OropeTke (OH MOKET U3MEHHUTCs!), 3aMnucaTh B TETPaib.

Baumanne! Meramn JODKEH HavyaTh pearupoBaTh C KHUCIOTOW TOJIBKO IOCIIE
TOTO KaK MpUOOp BHOBB OyJeT cOOpaH M MPOBEPEH HAa TEPMETUUHOCTb.

AKKypaTHO MOCTYKHBasl MO CTEHKaM MPOOUPKHU TOOUTHCS TOTO, YTOOBI METaI
OIYCTHUJICSI B KHCIIOTY.

Habmromare B3amMomeicTBHE MeTalila ¢ KHCIOTOHM. UYTO NIPOMCXOIUT C
YPOBHEM BOJIbI B OrOpeTKe?
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[To okoOHYaHUM peaKlu, OTKPENUTh BOPOHKY OT IITaTHBa, MPUBECTU BOAY B
OIOpeTKE M BOPOHKE K OJTHOMY YPOBHIO M OTMETHUTH €TO0.

3anuch JaHHBIX ONBITA U PacyeThl

Macca Merainia, T, m=

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

KoneuHsli1 ypoBeHb BOJIbI B O10peTKE, M, V,=

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 SKBUBAJICHTHOM MacChl METaJlIa IByMsl CIIOCOOaMHU.

1 cnocob6. Hicnonvsys ypaseuenue Menoeneesa-Knavinepona

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

rne m(H,) —Macca BeaenuBIIErocs BOI0poa, T;
M(H,) — monsipHas Macca BOOpo/ia, I/MOJIb.
N3 ypaBuenus BeipaxkaeM m(H,), HaxoquM Maccy BBIICIMBIIETOCS BOIOPO/IA U

MOJICTABJISIEM B MATEMATUUYECKOE BBIPAKECHUE 3aKOHA SKBUBAJICHTOB:
mMe) _ m(H,)
Mags(Me)  Myyp(Ha)’
rae m, (H,) — skBUBaJIeHTHast Macc BOJOpoAa, I/MOJIb;
m, (Me) - sKBUBaJICHTHAas Macca MeTaJljia, I/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, IpUBEICHHBIA K HOPMAJIBHBIM YCIOBUSAM, MJL.

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

SKBHBAJICHTOB:
m(Me) _ Vo(H3)
My (Me) VI—)KB(HZ),
rme  Vs(Hp;) — oskBuBalieHTHBIM 00beM  Bojopoda, wi/monb, 11200

3Hast, 9YTO BAJICHTHOCTh METAJ/Ula paBHa 2, paCcCUMTaTh aTOMHYI0 MacCy MeTajlia H
OIIpCACIIUTD KaKOM 3TO METaJl.
Ap=my; - B
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Paccuntarh ommOKy oOmbITa; [JIsI 3TOTO ONPEACIUTH TEOPETUYECKYIO
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 JHTAJIBIIUU 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 JTAOOpaTOPHOM padoTe (CM. MpUIIoKEHUE 2).
3. O3HaKOMHTBCA C YCTPOMCTBOM KajopumeTpa. JlJg Yero HCHoyib3yercs

Kajopumerp?

4. Kakyo cucteMy HpelcTaBisieT co00Ml KalopuMeTp (OTKpBITas, 3aKpbITasd,

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

Mpop— Macca BOABL, 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 U OTHOCHUTEIBHYIO OIIMOKH ONbITa, €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 CaMOCTOATEIbLHOM 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€ YacTH CEpPbl MPUXOAUTCS 3 MAcCOBBIE 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 KPUCTAIITUYECKONW 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. Haiit Qopmyny kpucTamuioruapara cyib@ara aTroMUHE, conepkamuiero 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.Bpryncnure MOJSAPHYIO MAcCy 5SKBHMBAJEHTA DJIEMEHTAa, OKCHUJ KOTOPOIO
conepxut 22,2 % kucnopoza.

11.Yemy paBHa MoJsipHas Macca 3KBHBaJIEHTa OpTOHOCHOPHONU KUCIOTHI, ecin |
moub H3;PO,4 mpoB3anmonerictBoBai ¢ 1 MOIb THAPOKCH A Kanus?

12.MonsipHass mMacca SKBHBaJeHTa MeTajula paBHa 56,2 r/Monb. Bberumc- nure
MacCOBYIO JIOJIFO METAJIJIA B €10 OKCHJIE.

13.Kakoit 00beM kuciopoaa (H.y.) moTpedyeTcst sl peakiuu ¢ 15 r ane- MeHTa,
MMEIOIIET0 MOJISIPHYIO MacCy 3KBUBAJIEHTA 3 I/MOJIb?

14.Kak Ha3bpIBaIOTCS pEaKUWH, UAYIIAE C BBIACICHUEM TEIUIA, ¢ MOMIONIEHHEM?
Kakoli 3HaK UMEIOT 3HAUCHU NU3MEHEHHUS UX SHTAJIBIIUN?

15.1Touemy »HTanbIHS B3aUMOJCUCTBUSA THAPOKCHAA HATPUA C PA3TUYHBIMU
CUJIbHBIMU KUCJIOTAMHU UMEET OIMHAKOBOE 3HAYEHUE?

16.1Touemy mpoliecc HEUTpaIU3ALMKU BCErla IPOUCXOIUT C BBIICIICHUEM TEIIA, a
pacTBOpPEHHE TBEPABIX COJIEH HE Bceraa?

Tema 1.3. OcHOBHBIC 32aKOHOMEPHOCTH NPOTEKAHUA XUMHUYECKUX IMPOLIECCOB

Teopemuueckuiit mamepuas, He0OXO0UMbLIL 01 6bINOSIHEHUA
a1adopamopnoil padbomol

Ckopocmb peaxkyuu. XUMUYECKHE PEAKIMM OYEHb CHJIBHO OTIMYAIOTCS IO
ckopocTu Tporekanus. Hampumep, B3auMoAeiicTBUE BOIOpOAA C XJOPOM Ha CBETY
MIPOUCXOAUT MTHOBEHHO (B3PBIB), @ KOPPO3USI METAILIOB JTUTCS 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 CTaJihI0), a CIOXHbIE — C OOpa3oBaHUEM IPOMEKYTOUHBIX NPOAYKTOB (B
HECKOJIbKO cTtanuii). Kaxknas craausi CI0KHOM peakiui MOKET pacCMaTpUBaThCs Kak
npoctasi peakuus. Cpenad MOCIENOBAaTENbHBIX CTAUNA CIOXKHOM peaklHuu BCerna
MMEETCSl OJJHA CTaJIusl, KOTOpasi OrPAHUYMBAET CKOPOCTh MPOTEKAHUS BCEl PEaKIUU B
uesnoM. OHa Ha3bIBAETCS TUMUTHPYIOIIECH CTaAUEH CI0KHON XUMMUYECKON PEaKIUU.

CKOpOCTh peaklny 3aBUCUT OT KOHUEHTPALIMY B3aUMOJICHCTBYIOIIMX BEIIECTB,
3Ta 3aBUCUMOCTh YCTAHABIIMBAETCS 3aKOHOM JEHCTBYIOIIMX MAacC UIsl CKOPOCTH
peakuuii. CoriacHO 3TOMY 3aKOHY, JIJISl peaKliy, TPOTEKAIOIIEH 0 YPaBHEHHIO

aA + bB = IIponyKThl CKOPOCTh PEAKIIUU ONPEAEISIETCS BEIPAKEHUEM

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

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

au b - crexuomerpudeckue Ko3hOUITUEHTHI.

JUIsi IpOCThIX peakiui YacTHbIE MOPSIKA COBMANAOT C Kod(pduimeHTaMu
nepen pearecHTaMd B XUMHUYECKOM ypaBHEHUW PEaKIHH, a OOIIUi TOPSIOK paBEeH
cyMMe K0d(h(UIIMEHTOB B JICBOM YaCTH YpaBHEHUS PEAKITUU.

JUIst CIOKHOW peakiuu OOIMK KUHETUYECKUH MOPSAJOK HE COBIAJAET C
K03 GUITMEHTaMH TIEPE]] PEareHTaMu, HO COBMAIAET C TOPSAIKOM €€ TUMUTHUPYIOMIEH
ctaauu. MHorma mopsiioK CIOKHOM peaklMM BhIpa)KaeTcs HE IENbIM, a JAPOOHBIM
YUCJIOM.

Xumuueckoe paenogecue. B XUMHUYECKOW TEPMOJAWHAMUKE COCTOSIHUE
pPaBHOBECUS ONPEACISIETCSI KaK TAaKO€ COCTOSIHME, MPU KOTOPOM pearupyronias
CHUCTEMa XapaKTepHU3yeT- Csi HyJIeBbIM 3HaueHueMm sHeprum ['mb6ca: AGT = 0. Ho
MEPEXO0]T CUCTEMBI B COCTOIHUE XUMUYECKOTO PABHOBECHS HE O3HAYAET MPEKPAILICHUS
peaKuuu, a CBHACTEIbCTBYET JIMIIb O TOM, YTO TMEPECTAOT HU3MEHSITHCA
KOHLICHTPAaLWU PEarupyrolux BEMECTB U IPOAYKTOB.

B XuMHYecKol KMHETHKE COCTOSSHUEM XMMHUYECKOTO PaBHOBECHUsS HA3bIBACTCS
TAKOE COCTOSIHUE, IIPU KOTOPOM CKOPOCTh HPSIMOW PEaKUHUH CTAHOBUTCS PaBHOU
CKOpOCTH 0OpaTHOW. B COCTOSHMM pPaBHOBECHSI CKOJIBKO MOJICKYN (WJIM APYyTHX
YacTHUIl) MPOAYKTa pEaKIuh B EIUHUILY BPEMEHHM OOpazyeTcs, CTOJbKO HX H
paznaraercs, T.€. XHUMHUYECKOE pAaBHOBECHUE SBISIETCS JUHAMHUYECKUM, WU
noABMXKHBIM. TakumM  oOpa3oM, B COCTOSHMM XHMHYECKOTO PaBHOBECHUS
KOHIICHTPAIIMK BCEX BEUIECTB (PEarcHTOB U MPOIYKTOB) SIBJISIOTCS MOCTOSHHBIMU U
HE HU3MEHSIOTCA OO TEX IOp, MOKAa HE M3MEHSTCS BHEIIHUE YCIIOBUS IPOBEICHUS
peaKuuu.

KonnenTpanuu peareHTOB (MCXOMHBIX BEIIECTB) M MPOIYKTOB B COCTOSHUH
XMMHYECKOTO PABHOBECHS HA3BIBAIOTCS PABHOBECHBIMU.

[Ipu3HaKK XMMHUYECKOTO pPaBHOBECHS CIEAYIOIIUE: 1) COCTOSTHUE CUCTEMBI HE
3aBUCUT OT TOTO, C KAaKOM CTOPOHBI OHA MOAXOIUT K PABHOBECHUIO — CO CTOPOHBI
MCXOJIHBIX BEIIECTB WJIM CO CTOPOHBI MPOAYKTOB PEAKIIUU; 2) COCTOSHUE CHUCTEMBI
0CTaeTCsi HEM3MEHHBIM MPHU OTCYTCTBUM BHELIHUX BO3JCUCTBUH; 3) OHO U3MEHSETCA
MPU U3MEHEHWHY BHEITHUX YCIIOBUH, CKOJIb OBl MaJibl OHU HU OBLTH.

YacTHOE OT JHeneHus MPOU3BEICHUS PAaBHOBECHBIX KOHLICHTPALUN B CTEIICHSX,
PaBHBIX  CTEXHOMETPUYECKUM  Kodh(dUIIMEeHTaM, TMPOAYKTOB  pEakuuu  Ha
MIPOM3BE/ICHUE PaBHOBECHBIX KOHLICHTpauii HCXOJTHBIX BEILIECTB B
COOTBETCTBYIOIIMUX CTEIMEHAX SBISIETCA BEJIWYMHOW IIOCTOSHHOW TIPU JAHHOM
TeMmreparype ¢ JaBlI€HUU (3aKOH JIEUCTBYIOIIMX Macc ISl XHUMHUYECKOTO
paBHOBecHsI). DTa BETUYNHA HA3BIBACTCS KOHCMAHMOU pagHo8ecus U 0003HA-9aeTCs
cumBosioM K.
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Jl5is ypaBHEHUS peaku B 00IIeM BU/IE:
aA + BB = cC + dD koHCcTaHTa paBHOBECHS 3alUCHIBAETCS TaK:

_ [c]¢[p]¢
K [A]e-[B]?’

rae [A], [B], [C], [D] — paBHOBecHbIe kKoHIIeHTpauuu Bemiects A, B, C, D;

a, B, ¢, d — MoOKa3zaTelu CTENEHU, B KOTOPHIC BO3BOASTCS KOHIICHTPAIUH
BEIIECTB U KOTOPBIC YUCICHHO paBHbI KoddduimeHTam nepen GopmynaMu BEIIECTB B
YPAaBHEHHUH PEAKLINH.

JlaHHOE€ MareMaTU4eCKOE YpaBHEHHE SBIAETCS  BBIPAXKEHHEM  3aKOHA
JEUCTBYIOIIHNX MAcCC 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 PEAKIIMH, 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 yCJIOBHAM. [lepexon u3 0HOTro paBHOBECHO- IO COCTOSIHUS
B JIPyro€ Ha3bIBAETCSI CIIBUTOM WMJIM CMEUIEHUEM PABHOBECHSI.

HampaBnenue cmemieHus paBHOBECUS B PE3yJAbTaTe€ W3MEHEHUS BHEII- HUX
yCIOBUH omnpenensiercs npunyunom Jle [llamenve: ecivu HaXOASIIASCA B pAaBHOBECUU
CUCTEMA MOABEPracTcs BHEIIHEMY BO3JICHCTBUIO, PAaBHOBECHE CMEILAETCS B TOM
HaIpaBJICHUH, KOTOPOE CIIOCOOCTBYET OCIIA0JIEHUIO 3TOrO BO3/IEUCTBHUS.

PaccmoTpum, Kak BIUSET Ha HAlIPABICHUE CMEUIEHUS PABHOBECHS MTOBBILIECHUE
WJIM TIOHWKEHUE JABICHUS, TEMIEPAaTyphl U KOHUEHTPAIMU BEIIECTB, Y4aCTBYIOIINX
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; MPHU TMOHUKCHHUH
JIaBJICHUSI paBHOBECHE CMEILAETCsl B HAIIPaBJICHUHN 00pa30BaHus BEUIECTB C OOIBIINM
o0semoM. Harpumep, B peakimu CHHTE3a aMMHaKa

N, +3H, <> 2NH;

o0BeM MpOJyKTa B JIBa pa3a MeHblIe o0beMa peareHToB. [loaToMy paBHOBecue
ATOro OOpaTuMOro Mpouecca MpU YBEJIMYEHUU JAABICHUS CMEUIAETCSl B CTOPOHY
oOpazoBanus NH3, a mpu yMEHBITICHUU JAABICHUSI — B CTOPOHY €T0 Pa3JIOKEHUS.

Temnepamypa. 1lpu TOBBIIIEHUM TEMIEPATYpbl XUMHUYECKOE PABHOBECHUE
CMEILAeTCsl B HAIpaBJICHUM SHJOTEPMUYECKON peakluu, a TMpHU T[OHWKEHHUU
TeMIeparypbl — B HalpaBICHHH HK30TepMUUYECKOM peakuuu. Hampumep, Ta xe
peakiys CUHTe3a aMMHaKa sIBISIeTCSl dK30TepMuyeckoil. [1oaToMy mpu MmoBbIIEHUH
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TEMIIEpaTypbl €€ paBHOBECHE CMELIAETCS B JIEBYIO CTOPOHY (aMMUAaK pasziaraercs), a
IpY IOHWKEHUHU — HAIIpaBo (aMMHUak oOpaszyercs).

Konyenmpayus. 1lpu TNOBBILIEHWH KOHILIEHTPAlMM OJIHOTO W3 HCXOIHBIX
BEIIECTB PaBHOBECHE CMENIACTCSl B HANPABICHUU 00pa30BaHUs MPOIYKTOB pEaKIUu;
IpU TOBBINIEHUH KOHUEHTpAlMd OJHOTO M3 NPOAYKTOB pPEaKUHUH pPaBHOBECHE
CMENIAEeTCs B HAIIPABJICHUH 00pa30BaHUs pEarcHTOB.

B kauectBe mpmmepa pacCMOTPUM KOHTAKTHBIM METOJ IIOJIYYEHHsS 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 yBenmnueHus BbIxoga SO; MOXKHO yBEIWYUTh KOHUEHTpauuiro SO, B
HCXOAHOW peakMoHHOM cMecu. OJHaKO 3TO HEPEHTA0ENbHO M JKOJOTHYECKU
BpeIHO, Tak Kak u30bITOK SO, Oymer BbIOpachiBaThesi B arMocdepy. [loatomy
peakuuio TMPOBOAAT MpH M30BITKE BO3AyXa, OOOraleHHOro KHcIopoaoM. B
pe3ynbTaTe JOCTUTraeTCsl CMEIICHHWE PaBHOBECHUS BIPAaBO, TO €CTh OoJiee IMOJHOE
npepaienue SO, B SOs.

B HOHOOOMEHHBIX peaKIUsiX MEXy pACTBOPEHHBIMH BEIIECTBAMU PABHOBECHE
CMENIAeTCsl B CTOPOHY 00pa30BaHMsI OCAIKOB, Ta30B WM CIA0BIX 3JEKTPOIUTOB. Eciun
TaKUe BEIIECTBA HAXONATCS B OOEUX YacTSIX YpPAaBHEHMS PEaKlMH, TO BOIPOC O
CMEUIEHUHU PAaBHOBECHS PEILIAECTCS PACYETOM KOHCTAHTHI PABHOBECHSI.

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

Heans paborbl: dhopMHpOBaHWE YMEHHI W HABBIKOB H3Yy4eHHS (HaKTOPOB,
BIIUSIONINX HA KUHETHKY XUMHYECKUX PEaKIUi U (PaKTOPhI, BIHSIONIUXHA CMEIICHHEC
XUMUYECKOTO PABHOBECHS; OKCIIEPUMEHTAJIBHBIM TIyTeM TOATBEPANUTH JEHCTBHE
3aKOHa JeCcTBYyromKX Mace u npuHuun Jle [larense.

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

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoii padore

1. IIpoyecTs TeopeTHIECKOE BBEACHHUE U TTOPSIOK BBITOJIHEHUS OIBITA.
2. OdopMUTH MPOEKT OTYETA O OMBITY JTA0OPATOPHON PabOTHI (CM. HpUJL. 2)
3. 3amucarh ypaBHEHHE XUMUYECKOM peakiuM, JIeXKalleil B OCHOBE OMbITa H

MaTEMaTHYECKOe BBIPAKCHHE 3aKOHA JCHCTBYIOIMIUX MAacC MPUMEHHUTEIHLHO K

paccMaTpuBaeMoOu peakium!
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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 110 YPaBHEHUIO:

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 mocenoBaTeIbHO MPOJIeNIaTh CO BTOPOM U TPEThEH MpOOUpPKaMH.

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
IoaroroBka Kk J1adoparopHoi padore
1. IIpouecth TEOpETUUECKOE BBEJCHUE U MOPSIOK BHIMOJTHEHUS OTBITA.
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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. Bocnonp3oBaBmuchk npuHnumnoM Jle [larense, ykaszaTb B KaKOM HalpaBiIE€HUU
CMECTHUTCS paBHOBECHE (KapaHIallIoM 3aloJIHATh OCIEAHMM cTober Tab. 5).
IHopsigok BbIMOIHEHHS PadOThI
B ombiTe paccMmarpuBaeTcsi peakius B3auMmoaencTBus xyopuaa xxenesa (I111) u
pPOaHKMIA Kaaus, 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
nepememiatb. OnHYy NPOOUPKY OCTAaBUTH U CPABHEHMsI PE3Y/IbTAaToOB oOIlbiTa. 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 TEOpPETHUECKOE BBEICHHUE U TTOPSIIOK BBHITOJHEHHS 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, UCIIOJIb3Ys MPUBEACHHBIC HUKE MOHHBIC YPABHEHUS.

5. Hanucate  BbIpaK€HHE  KOHCTAaHThI  PABHOBECHUS  IMPUMEHHUTEIBHO K
paccMaTpuBaeMoil B ONBITE peakiiyu!
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6. Bocnons3oBasmuck npunuunom Jle Illarense, yka3ate, pu Kakux yCIOBUSX U

B KAaKOM HAIPaBJICHUH CMECTUTCSI paBHOBECHE.

IHopsinok BeINOIHEHHsI padOThI

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 kamim pactBopa xpomata kamus (K,CrO,) m
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 MPOOMPKAX HCXOMHBIM BEIIECTBOM AUXPOMAT
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 JAMXpoOMar M OOpaTHOTO MpoIlecca, HCIOJb3YS CIEAYIOIMe HOHHBIC
ypaBHEHHUS:

2Cr0,* +2H" =Cr,0;° + H,0;

Cr,0; +20H =2CrO,” + 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 pacTBOpeHUs B pE3yJibTaTe B3aUMOICHUCTBUS C COJISTHOU
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.

OnHy mpoOUpKY OCTaBUThH JIi CpPaBHEHHUS, BO BTOPYIO J100aBUTH COJISHYIO
KHUCIIOTY, & B TpPEThlO MpWINTh HachieHHBIM pactBop NH4Cl no pactBopenus
ocaJKa.

Cnenate BbIBOA 00 YCJIOBUSIX M HANPaBICHUM CMEIICHUS XHUMHUYECKOTO
paBHOBECHs B OOPaTUMBIX PEAKITUIX HOHHOTO OOMEHA B PACTBOPAX AIIEKTPOJIUTOB.

3aganus 119 caMOCTOATEIbHOM 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 HMOHAaMU 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 (ZIpyTHe
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 KOMITJIEKCOOOPa30BaTelIs.
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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-.

KoopaunanronHoe yucio yamie BCcero 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 COCTMHEHUS MOAPA3ACISIIOTCS 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, JMranaamu spisioTcas OH-uoHbI, 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(NHj;)4][PtClg] — rekcaxmoporatunat (IV) rerpaammunnukens (I1),
[PdCI,(H,0),] — TeTpaakBaauxaopomnaiaui.

JlaGoparopnasi padora Ned. « KoMmniiekcHbIe COeTUHEHMSD)

Lear paboTbl: QopMUpOBaHWE YMEHHUH U HABBHIKOB B HCCJICIOBAaHUU
Croco0OB TMONYYEHUS] KOMIUICKCHBIX HWOHOB;, H3yYHUTh CBOWCTBA KOMIIJIEKCHBIX
COEMHEHUM, UX COCTaB, MEPBUYHYIO U BTOPUYHYIO JUCCOIUAIIHIO.

Onvim 1. Anuonnsie komnaekcol. Tempaitooosucmymam Kanus

3axanue u dTanbl padoThl
IToaroroBka Kk JadoparopHoi padore
1. IIpouecth TeopeTHuecKoe BBECHNE U TIOPSIOK BBHITIOIHEHUS PAOOTHI.
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2. OdopMuUTh IPOEKT OTYETA IO OMBITY JTAOOPATOPHOI pabOTHI (CM. MPHUIL. 2)

3. Hamucare ypaBHeHME MNOJY4YEHUs HOIMJIA BUCMYyTa B MOJIEKYJSIDHOM W B
WOHHOM BH/IE.

4. Hammcarbs ypaBHEHHME B3aMMOJCHCTBHs HOAMIA BUCMYTa C MOIWUIOM Kaius B
MOJIEKYJSIPHOM U HMOHHOM BHJE. Y4YecTb, 4YTO IpU O3TOM oOpasyercs
KOMIUIEKCHOE COEJIMHEHHE, B KOTOPOM B Kaue€CTBE KOMILIEKCOOOpa30oBaTENs
BbICTynaeT noH Bucmyrta (I1I).

5. Hanucare ypaBHEHHs NEPBUYHOM M BTOPHUYHOM IHCCOLMALMU KOMIIJIEKCHOTO
COCIIMHEHHS; BBIPAKCHUE JIJI1 KOHCTAHTBI HECTOMKOCTH KOMILIEKCA.

ITopsoK BBINOJIHEHUS] pa0OTHI

B npoOupky k 3-4 KamisiM pacTBOpa HUTpaTa BUCMYTa NPHUOABIIATH MO KarlisiM
pacTBOp MOAM KaJusl 10 BBIMAJACHHUS TEMHO-0ypOro ocajka Moauaa BUCMYTa.
PacTBOpUTH 3TOT 0Ca oK U30BITKOM pacTBOpa HOAUAA KaJIusl.
OTMeTUTH LBET MOJIyYEHHOTO PacTBOpA.
[lo pe3ynpTaram MpOBEAEHHOTO ONBITA 3AMOJIHUTH MMyHKTHI oTyeTa «Habmonenus» u
«Bp1BOIY.

Onvim 2. Kamuonnwie komnaexcol. Komnnexcrnoe ocHoeanue Hukens
3ananue u 3Tanbl padoThl
IMoaroroBka Kk J1adoparopHoi padore
1. IIpodecTh TeOpETUUECKOE BBEICHUE U TIOPSIIOK BHITOJIHEHUS! PaOOTHI.
2. OdopmMuUTh MPOEKT OTYETA MO OMBITY JaOOPATOPHOU pabOTHI (CM. MPUIIOKEHUE
2)
3. Hanucate ypaBHeHue peaknuu oOpa3zoBaHus Tujpokcuaa nHukens (II) B
MOJIEKYJISIPHOM U MIOHHOM BUJIE.
4. Hamucarps ypaBHEeHHE pacTBOpeHuUs ocajaka runpokcuaa Hukens (1) B ammuake
Cc 00pa30BaHUEM KOMIUIEKCHOTO OCHOBAaHUS. YUYECTh, YTO KOOPIAMHAIIMOHHOE
YHUCJIO HUKENS PABHO LIECTH.
5. Hanucars ypaBHEHUSI IEPBUYHOM M BTOPUYHOW JTHUCCOLMALIMM KOMIIJIEKCHOTO
COEMHEHNUS U BBIPAKEHHE J1J11 KOHCTAHTBI HECTOMKOCTH 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) kanus 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(daTa MeIu
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.

ITo pe3ynbraTaM NPOBEAECHHOIO ONbITA 3aMOIHUTD IYHKTHI 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 1 moueMy U3MEHHUTCS 1BET JJAKMYCOBOM Oymaru?

6. Hamucars ypaBHeHuE aucconuanuu coau Mopa.

IHopsaoK BBINOJTHEHUsI padoThI

B Tpex npoOupKax [IPUTOTOBUTH pacTBop JIIBOWHOU conu
(NH4),SO4*FeSO,*6H,0 (comu Mopa), BHecs B Kaxkaylo 1o 6-8 kameiab BOABI U
| MukpommaTento Cou.

B omny mpoOupky k pactBopy conmu Mopa mo6aBuTh 5-6 Kamenb pacTBopa
cylb(uia aMMOHUS, B APYTYIO — CTOJIBKO K€ pacTBopa Xjopuaa dapusi.

OTMmeTHTh LBET 00Pa30BABILUXCS OCAKOB.
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B tpethro mpobupky 106aBUTH 7-8 Kareab pacTBOpa €IKOro HaTpa U MOJOXKHUTh
Ha MPOOHMPKY, CMOYCHHYIO JTUCTUUIMPOBAHHOW BOJOH, JIAKMYCOBYIO OyMaKKYy;
IIOCTaBUTH MPOOHUPKY Ha BOJASHYIO OaHIO.

I[To pe3ympraTaM MPOBEACHHOTO OMBITA 3alOJHUTH IYHKTHI ~ 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 TUCCOLMAIINY, BEIPAKECHUE KOHCTAHTHI HECTOMKOCTH.

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
pPacTBOpPOB MHOTO, HO KaXIbIii W3 HHUX O0JIaJlaéT CBOMMH MPEUMYIIECTBAMU U
HEJOCTaTKAMMU.

Hampumep, mpurotoBjieHue pacTBopa IO «IPaBWIYy KpecTa» HE TpeoyeT
CIIOXHBIX  pacyeToB, HO JOBOJIbHO BEJIWKA OTHOCHUTEIbHAs IMOTPEIIHOCTD
npuroroBieHus (no 10 %).

PacTBOp MOXHO NPUTOTOBUTH C MOMOIIBIO (ukcanana. dukcaHan — 3TO
TePMETUYHO 3alasiHHas CTEKJISHHAs aMIlyjla ¢ TOYHO B3ATOH HABECKOM CyXOro
BEI[ECTBA WM TOYHBIM OOBEMOM KHUCJIOTHL. B 3TOM ciiywae mgocturaercs camas
BBICOKAs] TOYHOCTh KOHIIEHTpAIlMd MPUTOTOBICHUS, HO H3-3a BBICOKOW CTOMMOCTH
(MKCcaHAJIOB PacTBOPHI HA MX OCHOBE TOTOBSAT B PEIKUX CIydasx — JJIs MPOBEICHUS
0c000 TOYHBIX aHAJTU30B.

Hawnbomnee onTuManbHbIM SBISETCS CIIOCO0, Korya 00see KOHIIEHTPUPOBAHHBIN
pacTBOp pazOaBISIIOT BOJAOM 10 3aJaHHOM KOHIEHTpalMH. DTO MPOCTOM CIOCO0,
MTO3BOJISIOITUN TOTOBUTH PACTBOPHI C IOBOJIBHO BHICOKOM TOYHOCTBIO.
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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
sewecmaa, cooepacawasics 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
pacmeopumerns,

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 TpuUOOp NS HM3MEPEHUs 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
MEX1y HMOHAMHM, MOATOMY CYIIHOCTh IMPOTEKAIOLIUX MPOLECCOB Haubojiee MOJIHO
BBIPAXKACTCS MPHU 3alUCH WX YPAaBHEHMH B MOHHO-MOJIEKYJISIPHOM BHjae. B Takux
YPaBHEHUSAX CJA0ble 3JEKTPOJIUTHI, MAJOPACTBOPUMBIE COEIUHEHUS W Ta3bl
3aMKUCHIBAIOTCS B MOJIEKYJSIPHOM (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 TUIPOKCUA-UOHOB CJI1A00T0 3JIEKTPOIUTA — BOABI.

YpaBHEHUS pEaKLUii:

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

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

CBOJATCS K OJHOMY M TOMY K€ IpoLeccy 00pa3oBaHHsS MajlOpacTBOPHUMOTO

BeIeCTBA — Cylbdara Oapusi:
Ba®" + SO,” =BaS0,|
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OTH TOpuUMephl TOKA3bIBAIOT, YTO HWOHOOOMEHHBIE PEaKIUh B PACTBOPAX
AIIEKTPOJIUTOB TMPOTEKAIOT B HAMPABICHUU CBSI3bIBAHWSA HMOHOB, MNPUBOISIIETO K
00pa30BaHUI0 MAaJIOPACTBOPUMBIX BEIIECTB (OCATKOB WA Ta30B) WM MOJIEKYI
CJ1a0bIX IEKTPOIUTOB:

Na,CO; + 2HCl1 = 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 CMEIAETCs B CTOPOHY OOpa30BaHUs HAaMMEHEE 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
HE3HAYUTEJIHLHON CTENEHHU, HO TIOJIBEPraeTCsl HOHU3AIUY:

H,0 & H" +OH"

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

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

[Ipeobpazyem 310 ypaBHEHHUE:

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

B mpuBenennom ypaBHeHuun [H,O] (mpu mOCTOSHHOM Temmeparype) MOKHO
CUMUTATh NMPAKTUYECKU MOCTOSHHOU. CrienoBaTesbHO, paBasi 4acTh ypaBHEeHHS (2), a
3Haunt, U npomsseneHne [H']-[OH ] — BenwumHa mocrosiHHas. EE Ha3bIBaoT
MOHHBIM MMPOU3BEICHUEM BOJIbI U 0003Ha4Ya0T Kw:

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

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

CJIEIOBATENILHO
Kw=107-10"= 10",

[Ipu mnoBbimienun Temneparypbl Kw ObicTpo  yBenmumBaeTcsi. (CMbICT
ypaBHeHUs (3) 3aKIO4aeTCs B CIEAYIONEM: Kak Obl HE M3MEHSUIACh KOHIICHTPAIIHS
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) mpu pacuerax mmpoko UCHOJIB3YIOT U
TUAPOKCUIIBHBIN okazarenb (pOH) u nponorapudmMupoBaHHbIN MMOKa3aTelh HOHHOTO
MIPOU3BENCHUS BOJIbI
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pOH =—{g[OH ],
pKw = —lgKw,
pKw =pH + pOH. pH + pOH = 14.

B xucnbeix pactBopax pH < 7, cmabokucnbix pH < 7, menoyHbsIx pacTBopax
pH >7, cnabomenounsix > 7, HEUTpaIbHBIX pacTBopax pH = 7.

Jlns  w3Mmepenust 3HadeHus pH monb3yroTcs  pa3iM4HBIMU - METOJAMH.
KauecTBeHHO k€ peakiyio pacTBOpa MOXKHO OMPEACIUTh C MOMOIIBIO CHIEIUATIBHBIX
WHJIUKaTOPOB, MEHSIONIMX CBOK OKpAacKy B 3aBHCUMOCTH OT KOHIEHTpALMU
BOJOPOJIHBIX HMOHOB. TakMMU WHIWKATOpaMU SIBIISIIOTCA KUCJIOTHO-ILEJIOYHbIE
WHJWKATOPBI, KOTOPBIE pearupyroT Ha usmeHenune pH cpenpl.

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 TATPUMETPUUECKOM aHANIM3E MPU PEAKIUSIX HEUTpaIU3alliu, a TAaKXKe
IUTSL KOJIOPUMETPUYECKOTo onpeneneHus pH.

Tuoponus coneii. Ilpu pacTBOpeHHM cOJI€l B BOje, HapsAdy C Ipolieccamu
AIIEKTPOJIUTHUECKON JUCCOIMAIIMU C OO0pa3oBaHUEM THAPATUPOBAHHBIX HOHOB,
MIPOTEKAIOT PEaKIMU B3aUMOICUCTBUSI MOHOB COJIM C BOJOM MX THAPATHBIX 000JI0YEK.
DTOT MpOIECC HA3BIBACTCS 2UOpOIU30M coneli. B pe3ynapTaTe TUAPOIN3a CMEIAeTCs
PABHOBECHE IIEKTPOTUTUYECKON TUCCOIMAIIMU BObI, MPUBOJIAIIEE K M3MeHeHuto pH
Cpeibl, KOTOPOE MOKHO ONIPENCIUTh C TOMOIILI0O HHANKATOPOB.

Hanpumep, npu pacTBopeHHH aiieTara HaTpus cpefa CTAHOBUTCS ILEJIOUHON 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 JeWCTBUE HOHOB U
0oJbIIe WX TOJSPU3YEeMOCTh, TEM B OOJBIIEH CTENEHU 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.

Pa3nunuaroT HECKOIBKO THUITOB THAPOJIN3a COJEH.

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, oOpa30BaHHBIE CHJIBHBIMA OCHOBAaHUSMU U CIA0BIMU KHCJIOTa- MH,
TUAPOJIM3YIOTCS M0 aHUOHY, TaK Kak aHWOH o0pa3yeT ¢ MOHaMU BOAOpoAa cladyro
kucnoty. Cpesia pacTBopa B 3TOM ciydae mienodnas (pH > 7):

KCN + H,0 < HCN + KOH — MosnekynsipHO€ YpaBHEHHUE THAPOJIN3a

CN + HOH < HCN + OH — noHHO€ ypaBHEHHE TUAPOJIH3a 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,
TUAPOIU3YIOTCS TI0 KATUOHY, TaK KaK KaTMOH 00pa3yeT ¢ TUAPOKCU]I- HOHAMU cllaboe
ocHoBanue. Cpea pacTBopa B 3ToM ciayuae kucias (pH < 7).

NH,Cl1 + H,0O <> 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 + HCl
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 conum TUAPOIM3YIOTCS B OOJbILIEH
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, U3MEPHUB €r0 MJIOTHOCTh 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€ MO 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, UTO BCS COJIb MOJIHOCTBIO paCTBOPUIIACH.

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

OTMETHTB IIOTHOCTH IPUTOTOBIEHHOTO PACTBOPA P pparr-; CPABHHUTB €€ C
TEOPETUYECKUM 3HAYEHHEM TUIOTHOCTH PACTBOPA YKA3aHHON KOHIIEHTPAIMH 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 pe3ynpraTaM NPOBEAECHHOIO OMbITA IPOU3BECTH pPACUET MOJISIPHOM,
MOJISUIBHOM, HOPMAJIBHOW  KOHILIEHTpAllMd W TUTpPa pPacTBOpa, HCIOJb3Ys
TEOPETUYECKOE 3HAUCHHE €T0 TUIOTHOCTHU (B JJabopaTtopHOU TeTpaan!).

3anoMHUTh MYHKT oTueTa « BhIBOMIY.

JlaGoparopnasi padora Ne6. «JIeKTPOIUTHYECKAS JUCCOLUALUT

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 rtabnuiie 6 yka3zaTh XapaKkTep CBOMCTB KaxJA0ro U3 TUAPOKCUIOB
(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 YPaBHEHUS).

Iopsiaok BbINOJIHEHUS] padOTHI

[Tonyunuts rugpokcuasl Marauss (1 w 2 npoOupku), 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,
amoTepHbIe); ISl TOr0 ONPENENIUTh MX OTHOLIEHHWE K KHCIOTaM M UIeJIouaM.
K momyueHHOMy B AByX NpoOMpKax TMIPOKCHUIY MAarHusi, NpuOaBUTb: B MEPBYIO
npoOupKy 3-4 Kariu pacTBOpa €IKOro Harpa, BO BTOpPYH — 3-4 Kamid pactBopa
COJITHOW KHCJIOTBI.

OTMETUTh B KaKOM Clydyae OCaJOK pacTBOPWICS. AHAJOTMYHBIM 00pa3oM
MCCJIeI0BaTh THIPOKCHUIbI ATFOMUHUS U KPEMHHUS.

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

Tabnwuia 6
OTHOIIIEHUE TUAPOKCUAA
Haspanue u ¢opmyna |(pacTBopsiercsi/He Xapaxrep VpaBHEHHE AUCCONUALUH
TUIPOKCUIA pacTBopsieTcst) CBOWCTB (Tonpko 1 cTyTeHb)
K HIEJTI0YH 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 U COJISTHOM KucinoTaMmu. Kakas u3 ucciaeayeMbIX KUCIOT SABISIETCA CUIIBHBIM
ANEKTPOIUTOM?

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

5. Paccuurtarb KOHLIEHTPAIMIO HOHOB BOJOPO/AA B 2H paCTBOPE COJSTHOM U 2H
PacTBOPE YKCYCHOM KHUCIIOTHI U BHECTH PACUYEThI 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 BbiAcieHUE Ta3za. CpaBHUTh WHTEHCUBHOCTH BBIICJICHHUS 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

IoaroroBka Kk J1adoparopHoi padore

[IpouecTh TeOpeTHUECKOE BBECHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

OdopMuTh MPOEKT OTUYETA IO OMBITY Ja00paToOpHON paboThI (CM. TIPHIL. 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 HU3MEHECHHE M HHTCHCHUBHOCTh OKPACKHU
WHAUKaTopa?
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8.  Ilonw3ysace npunuumnom Jle [llarense, ykaxkure, B KAKOM HalpaBJIE€HUN
CMECTUTCS paBHOBECHE B CHCTEMeE Mociie Jo0aBIeHus anerara Harpus. Kak npu stom
U3MEHUTCS MHTEHCUBHOCTh OKPACKU MHAUKATOPA?

IHopsinok BeIMOIHEHUsI padoThI

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

B xaxayr npoOupky no0aBuTh mo 1 Kamjge WHAMKATOpa — METHJIOBOTO
OPaHKEBOTO.

OTMETUTh UBET MHAUKATOPA B PACTBOPE KUCIIOTBHI.

OnHy nmpoOMpPKY OCTaBUTh B KaueCTBE KOHTPOJBHOHM, a B JAPYryl0 BHECTHU
aleTar HaTpusl.

CpaBHUTH OKpPACKY MOJYYEHHOTO PacTBOpPa C KOHTPOJIILHON TPOOUPKOH.

[lo pe3ynbraTaM MPOBEICHHOIO OMNbITA 3AMOJHUTH MYHKTBl  OTYETa
«HaOmonennsa» n «BeiBomy.

Onvim 4. Bausanue conu c1apozo 0CHOGAHUA HA OUCCOUUAUUIO IMO20
OCHO6aHUA
3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore
1. I[IpodecTh TeOpeTHUYECKOE BBEICHUE U TIOPSIIOK BBITOJIHEHUS 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 U3BMEHEHUE U UHTEHCUBHOCTh OKPACKH
WHJIUKaTopa?
7.11one3ysice npuHnunom Jle Illarense, ykaxkuTe, B KAaKOM HamlpaBICHUHU
CMECTUTCS paBHOBECHE B CHUCTEME Mocie Jo0aBieHus xjopuaa ammoHusa. Kak
M3MEHUTCS OKpacka UHAuKaTopa’?
IHopsinok BeIMOJIHEHHSI PadOThI
B nBe npoOupku BHECTH TI0 5-6 Kareib 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.
CpaBHUTH OKPACKY MOJYUYCHHOTO PacTBOPA C KOHTPOJIHHOM MPOOUPKOA.
[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 TPOEKT OTYETAa I10 ONBITY JabopaTopHOW paboOThl (CM.
MIPUIIOKEHHE 2)

3. Hcrnonwp3ys TEOpPETHUYECKOE BBEACHUE K JIAHHOM TE€ME, O3HAKOMUTHCS C
MIPUHITUTIOM PA0O0THI KUCJIOTHO-OCHOBHBIX MHIHKATOPOB.

4. B mpoekT oTyeTa BHECTH TAONMIy 7 W, UCTHOIB3Ysl CIIPABOYHBIC JaHHBIC
NpuwiokeHus 3, ykazaTb B Hed 3HaueHusi pH, KOTOpble COOTBETCTBYIOT O0JIACTIM
Mepexo/1a UCCIEIYEMbIX HHANKATOPOB.

IHopsinok BeIMOTHEHHSI PadOThI

Onpenennuts OKpACKy B KUCIIOW, HEUTPAJIbHOW U IIEJIOYHOU cpeax JJis
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
poOupKH (10 OAHOM JJIsI KaXKI0TO U3 4-X UHIMKATOPOB).

B nepBeie 4derbipe mpoOupku BHecTH 6-7 kanenb 0,1H pacTBOpa COJISHOM
KHUCJIOTHI;

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;

| xaruTro METUIIOBOTO KPACHOTO;

3-4 xaniau J1aKMyca;

1 ka0 gpeHongranenHa.

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

Oxkpacka UHJIMKaTOpa

Hassanue pH obGmnactu - - - -
B KHCJION B HEUTPAJIbHOU |B IIEJIOYHON

cpene cpene cpeae

HHIWKATOpa nepexoaa

METWJIOPaHXK

METHJIOBBINA
KPaCHBIN

JAKMYC

benondranenn

ITo pe3ynbraTaM NPOBEIECHHOIO OMNBITA 3aABEPIIUTH 3aIIOTHEHUE TAOIUIIBI U
3aMOJHUTH MMYHKT oTueTa « BeiBOIY.

Onwvim 2. Onpeodenenue pH pacmeopa c npumenenuem naoopa

UHOUKAMOPO8
3aganue v 3Tansl padoTbl

IMoaroroBka Kk J1adoparopHoi padore

1. IIpoyecTh TEOpETUYECKOE BBEACHUE U MOPSAIOK BBIIIOJHEHUS PAOOTHI.

2. OdopMHUTH MPOEKT OTUETA O OMBITY J1a00OPaTOPHON PabOTHI (CM. TIPUIL. 2).

3. B mabGoparopHblii xKypHal nepeHectu Tadbnuity «O01acT nepexoaa HEKOTOPBIX
uHauKaTopoB» (cMm. Ilpunoxenue 2) u tabmuiy 8 st paboOThl € HCCIETyeMbIM
pPacTBOpPOM.

IHopsigok BeIMOTHEHUsI padOThI

[TonyuuTs y nmpenogaBaTesis UCCIEAyEMbIN pacTBOp. B3sTh unctyro mpoOupKy,
BHECTH B Hee 3-4 Kariu pacTBoOpa U 100aBUTh pacTBOP Jlakmyca. OTMETUTH OKPAacKy
pacTBOpa B JAOOPATOPHOM KypHAJIE U CAENIaTh BBIBOJ O XapaKTepe cpebl
HCCJIEYyEMOTO PaCcTBOPA, YUUTHIBAs 00JIACTh MIEPEX0/Ia JJAKMYcCa:

- KpacHbli, pH< 5, cpena kucnas;

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

- cunuii, pH > 8, cpena menodnasl.

Ecnu nakmyc mokakeT KHCIyIO0 PEaKIMIo pacTBOpa, YTOUHUTH pH, monb3ysch
JAaHHBIMM CHPaBOYHOW TalOnuipbl «OO0NacTu mepexoia HEKOTOPBIX HHIUKATOPOBY
CIEAYIOIIUM 00pa3oM.

B3sate B apyryto npobupky 3-4 Kamid HCCIeAyeMOTO pacTBopa W J00aBHUTH
KaIUTI0 METUJIOBOTO KpacHoro. [Ipu nmosiBI€HUN OpaHKeBOW OKPACKU MOKHO CUUTATh
pH=S (B obnactu mepexona uHaukaropa). KpacHas okpacka pacTBopa MOKaXeT, YToO
pH<44.
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B »TOM ciiyyae nmpomomkuTh yTouHeHue. [ 3TOro B34Th CHOBAa B YHUCTYIO
npoOupky 3-4 Karjau HMCCIEeIyeMOro pacTBopa M J100aBUTH KaIUII0 METHJIOpaHXa.
Ecnu okpacka pactBopa OyzeT opaH:KeBO-KeJTOM, 3To 3Ha4uT, uto pH > 4.,4.

OObenuHsia HAOIIONEHUS] C METHWJIOPAH)XEM M METHUJIOBBIM KPacHbIM, CUUTATh,
yto pH pactBopa 4,4. Eciiu ¢ MeTHIIOpaHkeM pacTBOpP OKPACHUTCS B KPACHBIM LIBET —
cnegoBarenbHO ero pH < 3,1.

B »>TOM cimydae kK HOBOW MOPIMHM pacTBOpa TO0OABUTHL TUMOJIOBBIA CHHHA.
[TosiBneHMeE KENTOM OKpPACKH yKaxet, uto pH > 2.8.

OObenuHsis HAOMIOACHUS C METWIOPAH)XEM W THUMOJIOBBIM CHHHUM, JIeJlaeM
BBIBOJI, uTO 3,1> pH > 2,8 u npuaumaem, uto pH= (3,1 + 2,8)/2 = 2,95.

Bce nabmtonenust v BbIBO/IBI 10 3HaUeHUsAM pH 3anectu B Tabmuiy 8.

Tabnuua 8

No npoOUpKu |[UHAUKATOP OKpacka pH

1 JTAKMYC

IIo pe3yibTraraM IIPOBCACHHOI'O OIIbITA 3allIOJIHUTDL ITYHKT OTUCTA «BI)IBOII».

JlabGoparopHasi padora Ne8. «I'maposu3 coJiein»

Hean padoTbi: popMUpOBaHHE YMEHUI M HABBIKOB B MCCIIEIOBAHUM MPOIECCca
TUAPOJIN3A JIJIsl pa3HbIX TUIIOB COJIEH; YCTAaHOBUTH (PAKTOPHI, BIUSIOIIME HA MPOIECC
TUAPOJIN3a; HUCCIEIoBaTh MPOIECC COBMECTHOTO HEOOpaTMMOIro TUIPOJIU3a JIBYX
COJIEH.

Onwvim 1. Peaxkyus cpeodwl 6 pacmeopax pa3iudHvix coneil

3ananue u 3Tanbl padoThl
IoaroroBka Kk JadoparopHoi padore

1.  TIpouecTs TEOpeTHUECKOE BBEJICHUE U MOPSIOK BBIIOIHEHUS PaOOTHI.
2. OdopMUTH NPOEKT OTUETA IO OMBITY Ja0OPATOPHOU PadbOThI (CM. IPHIL. 2)
3.  Hamucare ypaBHEHHs THOPONM3a pPACCMaTpPUBAEMBIX B OIBITE COJEH

(MonekynsipHO€ W UWOHHBIE). Eciu ruapoin3 MOXET MNpOTeKaTb B HECKOJILKO
CTYII€HEH, COCTaBUTh ypaBHEHWE TOJBKO IO MEPBOM CTyrneHu! VYkazarb xapakrep
Cpelbl B paCTBOPE COJIU.

4. Buectu B maboparopuyto TeTpaap Tabi. 9 u 3amoHUTH CTONOIEI 2, 3, 4.

3. B naGopatopHoii Terpaam mpomsBectu pacuer pH s 0,5M pactBopoB
CJIEIYIOLIUX COJIeH: alleTara HaTpusl, XJIOpUa allOMUHUs, KapOOHAaTa HaTpHUsl.
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Iopsinok BeIMOTHEHNSI Pa0OThI

B mects npobupok 100aBUTH 1O 6-7 Kareiab pacTBOPOB COJIEH, YKa3aHHBIX B
Tabnuile HIke. B Kaxayro u3 mpoOUpoK ¢ pacTBOpaMu cojiel 100aBUTh 2-3 Karuiu
pacTBopa nakmyca. Habmogenus: BHectu B Tabnuiry 9.

Ta6nuua 9
H pactBopa
Hamasme cone | PP | Ospaeka | Xapuwrep | 0o Ty
yca cpeabl pH> 7)
Aunerar HaTpus
Xiopuna
ATIOMUHUSA

KapOonar Harpus

KapOonar
aMMOHUS

XJopu Kanus

ArteTatr aMMOHUS

ITo pe3ynpTaTam NpOBEAECHHOTO OMbBITA 3AMOJHUTH ITYHKT OTYeTa «BBIBOIY.

Onwvim 2. Qopa3osanue ocHosHbix conell npu cuopoause. I'uoponus
ayemama anlOMuUHUA
3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore

1. [TpouecTs TeopeTuuecKoe BBEACHHUE U OPAIOK BBIOJIHEHUS pabOThI.

2. OdopMHUTh MPOEKT OTUETA IO OMBITY Ja00PaTOPHOU PadOTHI (CM. TPUIL. 2)

3. Hamucarer ypaBHeHue peakiuu oOpa3oBaHusl alerara allOMUHUS B
MOJIEKYJISIPHOM U MOHHOM BUJIE.

4. Hamncars ypaBHEHHs THAPOIM3A alleTaTa AMFOMUAHMS 110 1-M U 2-1 CTYIIEHSAM B
MOJIEKYJIIPHOM M HOHHOM BUJIE.

3. Ucnonb3ys npuniun Jle lllarense, 00bACHUTD, TOUYEMY MPOTEKAHNE THAPOIIH3A
10 BTOPOM Y MOCIEAYIOLIUM CTYIIEHSAM 3aTPYAHEHO.

6. O3HAaKOMUTBCA C TeM, Kakhe (akTopbl MO3BOJSAIOT YBEIUYUTh CTENEHb
ruaponmnsa’?

7. Kakoe ycioBue omnbiTa MO3BOJIAET HOOUTHCS MPOTEKAHUSI THAPOIM3A XJIOpUaa

aTOMHUHUA 110 BTOpoM ctynenu? [louemy?

Ilopsaook evinonnenusn pabomot

B mpobupky BHecTn 4-5 Kamenb pacTBOpa XJOpHUIa ATIOMUHUS U TaKOH XKe
o0BEM pacTBOpa arierara HaTpusl.

[TocTaBuTh MPOOHUPKY HA BOISHYIO OAHIO.
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OtmeTuTh 00pa3oBaHUE OCATKA.
[To pesynbraram MNPOBEACHHOIO OMNbITA 3alOJHUTh IYHKTHI  OTYETa
«HabOnroneuus» u « BeIBom).

Onwvim 3. Cnyuau nonnozo (heodopamumozo) 2uoponusa coei
3amanue u 3Tanbl padoThl
IHoaroroBka k 1abopaTopHoii padore

1.  TIpodecTh TEOPETHYECKOE BBEICHHUE U MTOPSIOK BHITOJHEHHS PaOOTHI.
2. OdopMHUTH MPOEKT OTUETA IO OMBITY Ja00paTOpHON pabOThI (CM. TIPUIL. 2)
3.  Hamwmcare ypaBHEHHE B3aMMOJICWCTBHS XJIOpHAa allOMUHUS U Cyiabduma

aMMOHHS B TIPUCYTCTBHM BOJIbl, YUUTHIBasA, 4YTO OOpa3yrOIIMUKCA MPOMEKYTOUHBIN
MPOAYKT ITON PEAKINH — CYTb(PHI aTFOMUHUS — TIOABEPraeTCsl MOJTHOMY THAPOIHU3Y C
00pa3oBaHUEM TUIPOKCUA ATIOMUHUSI.
4. To »xe camoe BBINOJIHUTH JUISI XJOpUAAa ATIOMHHHS M KapOoHaTra HaTpus;
IPOMEKYTOYHBIN TPOTYKT — KapOOHAT aTFOMUHHUSL.

Ilopsiaok BhINOJIHEHHA PadOTHI

B nBe npobupku BHecTH 10 5-6 Kamnesnb pacTBOpa XJI0pH/ia aTFOMUHMSL.

B oany npoOupky 1006aBUTh Takoi k€ 00bEM pacTBOpa Cylb(pHuaa aMMOHUS, B
IpYTyI0 — pacTBOopa KapOOHaTa HaTpHUs.

OTMETUTh BBIJEIEHHE CEPOBOIOPOAA B MEPBOM MNpoOMpke (MO 3amaxy) u
ITy3BIPBKOB YITIEKHCIIOTO ra3a BO BTOPOM.

B o0oux npoOupkax HaOMOAaTh BIMAJACHUE OCAIKA.

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

3amaHus I CaMOCTOSITEJIbHOM PadoThI

1. TIlpuBeautre QopMysabl s BBIYHCIECHHUS BCEX CIOCOOOB BBIPAKEHUS
KOHILICHTpAallMM  pAacTBOPOB:  MACCOBOM  JOJA, MOJSPHOM, OKBHUBAJIECHTHOM,
MOJISJIBHOCTH, TUTPA U MOJILHOM JTOJIM PAaCTBOPEHHOTO BEILIECTBA.

2. BeiBegute (opmMysibl Iepexoaa OT MOJIIPHON KOHILIEHTpAlMKd K MacCOBOU
710JI€ PACTBOPEHHOTO BEIIECTBA, MOJISIIBHOCTH U TUTPY PacTBOPA.

3. Paccuwmraiite 00beM pacTBOpa THAPOKCHUIA HATPUS C TUIOTHOCTHIO 1,15
/M1, HeoOxoauMbIi 11t mpurotosieHus 250 M 0,08 M pactBopa.

4.  Hns verrpanuzanuu 10 M pacTBopa THAPOKCHUIAa Oapus U3PacXOI0BaHO
7 mn 0,1 H. a3oTHON KuCHOTHL. OnpenenanuTe MOISPHYI0 KOHUEHTPALHUIO THAPOKCUAA
Oapwusi.

5. BeiBeauTe = MareMaTHYE€CKOE€  BBIDRKEHHME  3aKOHA  XMMHUYECKHX
SKBUBAJICHTOB MPUMEHUTEIBHO K PACTBOPaM.
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6. BeBeguTe MaremMaTHMUecKoe  BBIpOKEHHWE UL pacueTa  MaccChl
PACTBOPEHHOIO BEILIECTBA, €CJIM M3BECTHBI €r0 MaccoBasi J0Jis, 00bEM U TUIOTHOCTh
pacTBopa.

7. BbiBeguTe  MareMaTHYE€CKOE€  BBIpAKEHHWE UL  pacyeTa  Macchl
PAacTBOPEHHOIO BELIECTBAa B JIIOOOM O0BEME pacTBOpa MPU M3BECTHOM MOJSPHOU
KOHIICHTPAIIMHA PACTBOPA.

8. IlpuBemure npuMepbl PacTBOPUMBIX B BOAE COJIEH, Cpela PacTBOPOB
KOTOPBIX HEWTpajbHas, KUCJas, menodHas. Hamumure ypaBHEHUS WX THAPOJIW3a B
MOJIEKYJIIPHOM M HOHHO-MOJIEKYJISIPHOM BHJIE.

9. IlpuBenute npuMepsl COJICH, TUAPOINU3 KOTOPHIX UJIET TOJIBKO 1O KaTHOHY,
TOJIbKO TI0 aHHMOHY, M IO KAaTHUOHY M 1O aHUOHY OJAHOBpeMeHHo. Hamummre
YpaBHEHUS WX TUIPOIN3a B MOJICKYSIPHOM M HOHHO-MOJICKYJISIPHOM BHJIE.

10. IlpuBenute mpuMepbl COJIEH, THAPOIU3 KOTOPHIX BO3MOXKEH IO OJHOU,
JIBYM W TpeM CTymneHsM. HamummTe ypaBHEHHS MX THAPOJIH3a B MOJEKYISIPHOM U
MOHHO-MOJICKYJISIPHOM BHUJIE.

11. Hanumwre B MOJEKYISIPHOM W HOHHOM BHJI€ yYpaBHEHUSI COBMECTHOTO
rujaponnsa: a) cyiabdara xpoma (III) u kapbonara HaTpust U 0) HUTpaTa ATIOMUHUS U
cynbduaa Kaaus.

12. Kak Bnuser po6asnenue pactBopoB KOH, ZnCl,, Na,S, consHoit
kucioTel 1 TBepaoro NaCl Ha ruapomm3 kapOoHara Kaiaus (THAPOJIHA3 YCHIHBACT,
ocyalnsieTcs, BIUSHUS HE HAOI0AaeTcs).

13. Kak Bnuser no6asienue pactBopoB NaOH, Na,CO;, Aly(SOy);, cepHoit
kucioTel U TBepaoro K,SO, Ha ruaponus xjopuaa IUHKA (THAPOJIU3 yCHIUBACT,
ocnabisercs, BIUSHAS HE HAOIIOMaeTCs ).

14. Hanumwte B MOJEKYISIPHOM M MOHHOM BHJI€ YPAaBHEHUS TPEX CTEICHEU
ruaponnza xiaopuaa xenesa (I11I). O6bscHuTe, MOUeMy Mpyu KOMHATHOM TeMIiepaType
TUAPOJIA3 UJIET TOJIBKO IO TIEPBOM CTYNEHU, a TIPHU KUIITYEHUU PacTBOpPa — MO BCEM
TpEM.

Tema 1.6. OKHCIIMTEIbHO-BOCCTAHOBHUTE/IbHBIC PEaAKIIUN
Teopemuueckuit mamepuas, He00X00UMDbLI 0J13 6bINOTHEHUSA

aabopamophoil pabomol

OxucaumenvHo-eoccmanosumenvuvle peakyuu (OBP) — 3T0 peakuuu, Ipu
MIPOTEKAaHUH KOTOPBIX IPOUCXOJWT M3MCHCHHE CTCNCHH OKHCIICHHS aTOMOB
XUMUYECKUX DJIEMEHTOB, BXOMSIINUX B COCTaB PEarupyroInxX BEIIeCTB.

Cmenenv oxucnenusi — yCIOBHBIA ((hOpMaJTbHBIN) 3apsi aToMa B XUMHYECKOM
COCTMHCHHUH, KOTOPBIH HAXO/SIT IO CIICTYIONTUM TIPaBUIaM:

1. CrenieHb OKHCJICHHMS DJIECMEHTAa B IPOCTOM BEIIECTBE CUYMTACTCS pPaBHOU
HYJTIO.
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2. CyMMa CTerneHel OKUCICHUSI BCEX aTOMOB, BXOSIIIIUX B MOJIEKYJY WM HOH,
paBHa 3apsiy MOoHA (I HEUTPAIbHOM MOJIEKYJIBI — HYITIO).

3. CreneHb OKUCIICHUS KUCIOPOAA CYUTACTCA paBHOU —2, 32 UCKIIIOYEHUEM €0
coeMHEHU cOo (TOPOM M YACTHI], B KOTOPHIX JIBa WJIM OoJiee aToMa KHCJIOpojaa
COEIMHEHBI IPYT C IPYTOM.

4. CreneHb OKHMCJICHUSI BOAOPOAA MPUHUMAETCS paBHOM +1, 3a MCKIIOUEHUEM
COCJIMHEHMH C MeTaJJIaMU.

Oxucnenuem HaA3bIBACTCS MPOIECC TMOBBIIICHUS, a BOCCTAHOBJIEHUEM —
TTIOHM>KCHUS CTCIICHU OKHUCIICHUS.

ATOM, MOJIEKyJa WJIM HMOH, B KOTOPOM CTENEHb OKHUCJICHHUS DJIEMEHTa
MOBBIIIACTCSA, HA3bIBACTCS BOCCTAHOBUTEJEM, a B KOTOPOM IIOHMXAETCS —
OKHCJIUTEJIEM.

CornacHo snekrponHodt teopuu (Ilucapxerckuit JI.B., 1914), uzmenenue
CTEIEHEW OKHMCJICHUSI B OKUCIUTEIbHO- BOCCTAHOBUTEIBHBIX PEAKIUSAX 00YCIOBICHO
OTJIa4€il JIEKTPOHOB BOCCTAHOBUTEJIEM U MPUCOCTUHEHUEM UX OKUCIUTEIIEM.

OxMcauTeIsIMM  SBJISIOTCS MPOCTHIC BEIIECTBA — HEMETasUlbl (TajloreHBI,
KHCJIOpPOJI, cepa U JIp.), a TaKKe€ KHUCJIOThI M COJIU, B KOTOPBIX IIEHTPAJbHBIA aTOM
uMeeT BeIcHIyo creneHb okucienus (HNO;, HCIO,, KNO;, KCIO;, KMnOy,
K,Cr,07, u ap.).

BoccranoBuTesiMu SIBJISIIOTCS METaJUIbl, HEKOTOPbIE HEMETaUIbl (BOJIOPO,
yIIEpOJ, KPEMHUN) U COCIUHEHHMs, B KOTOPHIX MMEETCS aTOM B HUBIIEH CTENEeHU
okucnenus (H,S, NH;, HCI, KBr, KI, FeSO,4, SnCl, u ap.).

BemecTsa, coaepxaliye arToMbl B TPOMEKYTOUYHOM CTEIIEHU OKUCJICHHUS, MOTYT
OBITh KaK OKHCJIMTEIISIMU, TaK 1 BOCCTAHOBUTEIISIMU B 3aBUCUMOCTH OT «IapTHEpa» U
yCcloBUM mpoBeneHUs peakiuu. O TakWxX BEIISCTBaX TOBOPSAT, YTO OHU OO0IaJaroT
OKHCJIHUTEIbHO-BOCCTAHOBUTEIbHOI JBOMCTBEHHOCTHLIO, K HHUM OTHOCSTCS
HUTPUTHL, CynbPuThl, MnO, u np.

Hamnpumep, cepa B cylbpuTe HaTpUsi HAXOIUTCS B TPOMEXKYTOUHOU CTETICHU
okucnenus (IV) u moxet okucnatbes a0 cepol (VI):

SO;* + H,0 —2e — SO,* + 2H"

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

SO;* + 6H + 4e — S+ 3H,0

[Ipu wu3ydyeHHH OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHONW CIIOCOOHOCTH BEIIECTB
HEOOXOJMMO YUMTHIBaTh, YTO PEAKIMS BO3MOXHA TOJIBKO TOTJA, KOTJa OJAWH U3 €€
YYaCTHHUKOB MOXKET MOBBICUTD, & IPYTrOil MOHU3UTH CBOU CTETICHU OKUCJICHUS, TO €CTh
MpU HAJIMYMKU Tapbl OKUCIUTEIh — BOCCTaHOBUTENb. Eciu o0a ee ywyacTHHKA
HaxoIsTCS B CBOEW BbICHIEH WM HU3LIEH cTeneHu okucieHus OBP Mmexny Humu
HEBO3MOJXKHA.

PaznuuaroT yeThipe THIa OKUCIUTEIbHO-BOCCTAHOBUTEIILHBIX PEAKITUH.
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1. MexMoJieKyJIsIpHOe OKHCJIEHHe-BOCCTAHOBJIEHHE. OJTO PEaKIUuu, B
KOTOPBIX OKHUCJIMTENb W BOCCTAHOBHUTENIb SBISIOTCS Pa3HbIMU  BEIIECTBAMH,
HaIrpuMep:

NaNO,; + K,Cr,07 + H;SO4 — NaNOj; + Crp(SO4); + K,S0,4 + H,O

2. BHYTpMMOJIEKY/JSIDHOE OKHMCJIECHHE-BOCCTAHOBJIECHUE. OTO pEaKIuH,
KOTOpPbIE MTPOTEKAOT C U3MEHEHUEM CTEIIEHEW OKHUCIIEHUS aTOMOB Pa3HbIX 3JIEMEHTOB,
BXOZSIIMX B COCTAB OJIHOTO U TOTO K€ BEIIECTBA, HAIPUMED:

KCIO; — KCI + O,

3. AucnponmopuHOHUPOBaHHE. OTO pEAKUHUH, B KOTOPBIX IPOHUCXOIUT
YBEJIMYEHUE W YMEHBIICHHE CTEINEHH OKHUCIEHHS OJIHOIO M TOrO K€ JJIEMEHTa
(OKHCIHUTENIEM U BOCCTAHOBUTEJIEM SIBJISIETCSL aTOM OJTHOTO 3JI€MEHTA):

KClO; — KCIO4 + KC1

4. KoHTpaOMCcpoONOpUHOHUPOBAHME. DTO PEAKLIHH, B KOTOPBIX YYaCTBYIOT
JIBA BEIIECTBA C aTOMaMH OJHOIO M TOTO JK€ JJIEMEHTa B Pa3HbIX CTEMEHSX
OKHUCJICHUS:

H,S + SO, — S + H,O

OmnpeneneHne CTEXHMOMETPUUYECKUX KO3(DPUIMEHTOB mepe] BeUIeCTBaMHU B
pEaKIMAX OKUCIEHUSA-BOCCTAHOBJIECHUS MPOBOIAT ABYMS METOJAMHU: JIEKTPOHHOIO
OaslaHca U MoJypeakuuu.

1. MeToa 3/IeKTPOHHOI0 0aJIaHCca

B »3TOM MeTose CyHIIHOCTh OKHCIWUTEIbHO-BOCCTAHOBUTENIBHBIX IPOLIECCOB
BBIPAXKAIOT 3JIEKTPOHHBIMU cxemamu. Hampumep, 115 peakuuu:

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

AJIEKTPOHHBIE CXEMBI UMEIOT BUJL

N?-2e=N" 5

Mn”+ 5e=Mn" 2

Hudper 5 m 2 — MHOXKUTENM, KOTOpBIE SBISAIOTCS KO3(hdUIMEeHTaMu TpH
(dbopmMysiax BOCCTAaHOBUTEIISA (HUTPUTA HATPUsI) M OKUCTUTENS (IEpMaHraHaTa Kajwus).
[loncTaBuB UX B JIEBYIO M IIPaBYIO YaCTH CXEMbI U YUUTBIBASI, UTO HA CBSI3b C MOHAMHU
K" u Mn*" pacxomyercst 3 Monb H,SO4, ONy4atoT ypaBHEHHE:

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

2. Meroa nosypeaxkuui

OTOT METOA HCNONb3yeTCs I PEeakuuid B pacTBOpax 3MEKTpOoiauToB. OH
OCHOBAaH Ha COCTaBJICHUH YPABHEHUH JABYX MOIYpeaKUHi (OTIEIBHO JJIS TPOLIECCOB
OKHUCJIEHHUS] 1 BOCCTAHOBJIEHUS) C UX MOCIEAYIOIINM CYMMHUpPOBaHUEM. B ypaBHEeHHsIX
MOJIypEaKIUKA JOJKHBI BBITOJIHATHCS 3aKOHBI COXpaHEHUs! BellecTBa (CyMMa aTOMOB
B JICBOM M TPaBOM 4YaCTAX JOJKHA OBITh OJMHAKOBOW) M COXPAHEHHS] SHEPTUH
(cymMMapHBIi 3apsii BCEX YAaCTUIl B JIEBOM M TMPaBOM YACTAX JIOJDKEH OBITh
OJIMHAKOBBIM).
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Hanpumep, nis peakuyu:

NaNO, + KMnO, + H,SO, — NaNO; + K,SO4 + MnSO, + H,O

BHavajle HEOOXOAMMO  3amucaTh MOJypeaklMd OTIAEIBHO I MPOIECCOB
OKHCIICHHS U BOC- CTAHOBJICHUS:

NO, +H,0 —2e — NO; +2H" 5

MnO; +8H" + 5e— Mn’" +4H,0 2

[ToMHOXXMB TMOJTYpEeaKIHUIO0 OKHUCICHUS Ha YHUCIO S5, a MOJypeakiuio BOC-
CTAHOBJICHUSI HA 4YUCIO0 2 (OpW 3TOM YPAaBHUBAETCS W COKPAIIAECTCS YHUCIO
AIIEKTPOHOB), MPOU3BOANM HX CIIOKEHUE!

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

CokpatuB 1oI00HbIE, TOTy4YaeM HOHHOE YPaBHEHHUE:

5NO, + 2MnO4 + 6H = 5NO; +2Mn”" + 3H,0

B COOTBETCTBUU C KOTOPHIM MOJICKYJISIPHOE YpPaBHEHUE PEAKIIUUA UMEET BU/I;

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

[Tonypeakiiuu UMEIOTCS B CHPABOYHUKAX, HO HMX OOBIYHO COCTABJISIIOT
CaMOCTOSITENIbHO, PYKOBOJICTBYSCh CIIEYIOIIUMU MPABUIIAMU:

1. B xucnoti cpede uzovimox amomog Kuciopooa nozawiaemcsi NpomoHamu
8000pooa 6 coomHoutenuy 1:2, Ipu 3TOM o0pa3yeTcs Boja.

O + 2H" =H,0

2. B meumpanvnou u wenounou cpedax u3OLIMOK amomo8 KUCIopood
nozawiaemcsi MONEKYIAMU 600bl 6 coomHowieHuu 1:1, Tpu 3TOM 00pa3yroTCs
TUAPOKCUA-UOHBI (Ba MOHA U3 OJHOW MOJICKYIIbI).

O + H,O =20H

B 3aBucumoctu ot pH cpenbl mpoayKThl B3aUMOJEWCTBHUS OJHUX U TEX K€
BEIIECTB JIPYT C APYTOM B OKUCIHUTEIILHO-BOCCTAHOBUTEIBHBIX PEAKIIUIX MOTYT OBITh
paznuyHbiMA. OCOOCHHO HAIVISIHO ATO WUTIOCTPUPYETCS Ha TMpUMEpPE PEeakiuil ¢
y4acTUEM MepMaHTaHaT-UOHA.

Hanpumep, B kucioil cpeae cynbhut Harpus BocctanaBimuBaer Mn (VII) no
noytH GecrBeTHOro nona Mn”":

MnO, ~+ 8H' +5¢— Mn’" + 4H,0

B neiTpansHO#, c1abomenoqHol Win c1aboKHUCIION cpefie ocaxkaaeTcst Oyphlid
MnO;:

MnO, + 2H,0 + 3e —» MnO, + 40H"

B cunpHOLIENnoyHOM cpeae manmHOBOE okpammBaHue KMnO, mepexoaurt B
M3yMpY/IHO-3€JIEHOE 3a CueT 00pa3zoBaHus HoHa MnO,”:

MnO, +e — Mn042* ,

KOTOPBII HEYCTOMYUB U MOCTENEHHO AUCITPONOPLIHUOHUPYET MO PEAKIUU:

3MnO,> +2H,0 — 2MnO, ~ + MnO, + 40H
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Uto KkacaeTcsi COEIMHEHUN Xpoma B BBICIIECH CTENEHH OKHUCIECHHS +6, TO B
mo00i1 cpesie IpH B3aMMOJIEHCTBUM C BOCCTAHOBUTEISIMU €T0 MPEBpAIICeHUE UAET 10
xpoMma (III), omHako cocTaB MPOIYKTOB pa3audaeTcs.

B xucnoii cperne BocCTaHOBIEHHE MPOTEKAET 10 00pa30BaHUS CHUHE-3EJIEHOTO
aKBaKOMILIeKca karnoHa Cr' '

Cr,0;” + 14H" + 6e — Cr’" + 7H,0,

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

CrO,> + 4H,0 + 3e — [Cr(OH),] + 40H .

JlaGoparopHnas padora Ne9.
«Buusinue pH cpeabl Ha XapaKkTep BOCCTAHOBJIEHHUS] IEPMAHTAHATA KAJMS»

Hean padoTsl: popMupoBaHHEe YMEHUN M HABBIKOB B MCCIICAOBAHUH BIUSHUS
XapakTepa cpelbl B pacTBOpPE Ha IMOJHOTY BOCCTAHOBJICHHMS aToMa Maprafiia B
COCTaBe MepMaHraHaTa Kalusl.

3amanue u 3Tanbl padoThl

IToaroroBka Kk J1adoparopHoii padore

1. TIpodecTs TeOpeTHUYECKOE BBEACHHUE U MOPSIOK BHITIOJHEHUS PaOOTHI.

2. OdopmuTh IPOEKT OTUETA IO OMBITY JaOOPATOPHOM PabOTHI (CM. TIPHIL. 2)

3. Buectu B naGoparopHyro TeTpaap M 3anodHuTh Tabmumy 10  (3a
HCKJIIOUCHHEM CTOJIOI0B 4 U 5):

Tabmuna 10
X o CreneHpb OKHCICHUS
apakrep Oxpacka Kpacka u aroma Mn
Cpeasl; XapakTe
ITpoOupku PeakTuBbI ped HCXOHBIX P P B BOCCTa-
3HAYCHHE NPOAYKTOB (B OKUCJICH- .
BEUICCTB . HOBJICHHOU
pH peakmuu  |goit popme
dbopme
1 2 3 4 5 6 7
KMI’IO4+
2 KMI’IO4+
KMI’IO4+

4. Hanucarb YpaBHCHHA IIPOTCKAIOIINX OKHCIUTCIbHO-BOCCTAHOBUTCIBbHBIX

peakiuii (3 peakiuu) ¢ UCIOJIb30BAaHUEM METOJIa HOHHO-AJICKTPOHHBIX MOTYpPEaKInid,

YUYUTBHIBAsl, YTO B KHUCJIOW, HEUTPAIBHOM M IIEJIOYHOM Ccpenax IPOAYKTHI
BOCCTAHOBJIEHUS IIEPMAHTaHATa Kajiusl pa3Hble (CM. TEOPETHYECKYIO YaCTh).
5. PaccunTarh 3kBUBaNIEHTHYI0 Maccy KMnO, B Ka10i1 U3 TpeX peakLui.
IHopsoK BBINOJTHEHUsSI padoThI

B tpu mpoOupku BHECTH MO 5 Kamenb pacTBopa nepmanranara kamus KMnO,.
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B mepByto mpobupky mobGaButh 2 Kamiu 2H pacTBOpa CEPHOW KHUCIIOTHI,
BO BTOPYIO — 2 Kalllld JUCTHJUTUPOBAHHOW BOJBI, B TPEThIO — 2 KallIM PacTBOpa
IIETIOYH.

Bo Bce Tpu npoOupku BHECTH 10 3-4 KaIlIk pacTBOpa Cyab(puTa HATPHSI.

TurarenbHO MEepeMenaTh CoaepKUMOoe MPOOUPOK.

Habmionats n3MeHeHne OKpacku pacTBOPOB, 00pa30BaHUE OCAIKOB.

[To pe3ynpraram HaOMIOAEHUN 3aMOJHUTH CTONONBI 4 W 5 Tabmunbl 9 u
HaIMCaTh BBIBO/I.

JlaGoparopnasi padora Ne 10. «OKHCJIUTEIbHO-BOCCTAHOBUTEIbHbIEC PeaKIIMM)

Heas pa6orel: QopMupoBaHHEe YMEHUW W HABBIKOB B HCCIEIOBAHUU
OKHCIIUTENIbHBIX, BOCCTAHOBUTEIBHBIX CBONCTB aTOMOB B PAa3JUYHBIX CTENEHSIX
OKHCIICHUS; HCCIIEIOBAaTh  OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO  JIBOMCTBEHHOCTh
aTOMOB  DJJIEMEHTOB B MPOMEKYTOYHOM CTENEHU OKHUCICHHS; UCCIEAO0BaTh
OKHUCJIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA aTOMa YIIEpOJa B COCTAaBE MOJIEKYII
OpraHUYECKUX COCAUHEHUM.

Onwvim 1. OkucnumenvHvie U 60CCMAHOBUMENbHbBLE CEOUICMEA

MONEKYAPHBIX 2AT102€H08
3aganue v 3Tansl padoThl

IMoaroroBka Kk J1adoparopHoi padore

1. IIpodecTh TEOpETHUUECKOE BBEICHUE U MOPSIOK BBITIOJHEHUS PaOOTHI.

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

3. Hamwmcars ypaBHEHUSI MPOTEKAIOIIMNX OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKkuuii ¢ UCIOJIb30BAHUEM METO/Ia MOHHO-3JIEKTPOHHBIX MOIyPEaKIUui, YUUThIBas,
YTO:

- B mepBoi npobupke oOpazyrorcsa xjopoBogopoanas (HCl) u hognosaras (HIO3)
KHUCJIOTHI;
- BO BTOPOI MpOOUpPKe OHUM U3 MPOAYKTOB PEAKIIUH SIBISETCS KOJUIOUIHAs cepa (S).

4. OueHuTh CHOCOOHOCTh MOJICKYJISIPHBIX TaJOTE€HOB K TIPOSIBICHUIO
OKHUCJIUTENIbHBIX U BOCCTAHOBHUTEIIBHBIX CBOMCTB, YUUTHIBAS CTETICHH OKUCIEHUS HX
aromoB (0); TTocIie BBIITOJHEHHSI OIbITa 0TOOPA3UTh 3TO B BHIBOJIE.

IHopsinok BeIMOIHEHHsI PAa0OTHI

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

B ogny u3 npobupok 106aBUTh HECKOIBKO Kamneib XxJiopHoit Boabl (Cl, + H,0),
B JIPYTYyI0 — cepoBoaopoHoi Bojabl (H,S).

HaGnronats n3MeHeHne oKpacku pacTBOPOB.
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[To pe3ynpTaTam NpOBEACHHOTO OMBITA 3aIIOJIHUTh ITYHKTHI OTYETA
«Habnroneuus» u « BeiBom.

Onwvim 2. Coedunenus cepwt (+4) 6 oKucIumenbHO-60CCHMAHOBUMEIbHBIX
peaxkuyuax
3amanue u 3Tanbl padoThl
IHoaroroBka k 1abopaTopHoii padore

1. IIpoyecTs TeOpETHYECKOE BBEACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

2. OdopmMuTh MPOEKT OTYETA MO OMBITY JaOOPATOPHOU pabOTHI (CM. MPUIIOKEHUE
2)

3. Hamncarb ypaBHEHHMS NIPOTEKAIOUIUX OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peakiuid ¢ HCMOJb30BAHUEM METOa HMOHHO-3JIEKTPOHHBIX MOJypPEaKIHii,
YUYUTBIBAs, YTO:

4. - B mepBoii npobupke annon Cr,0,” B KMCIIOH cpesie nepexoauT B karnon Cr ',
a MOH SO32' MEPEXOJIUT B MOH SO42';

5. - BO BTOpO# MpoOUpKE OJHUM M3 MPOIYKTOB PEAKIIUU SIBISETCS KOJUTOWIHAS
cepa (S).

6. OneHuTh, Kakue CBOMCTBA (OKUCIUTENIbHBIC WJIM BOCCTAHOBUTEIHHBIE) MOTYT
MPOSIBIISITh COCIMHEHMUS], KOTOPBIE COAEPKAT B COCTABE CBOEH MOJICKYJIbI aTOM
Cephbl B CTENEHU OKHUCJIEHHUA +4; KaK 3TO 3aBUCUT OT MapTHEpa MO peakiuu’?
[Tocrne BBINMOTHEHHUS OMBITA OTOOPA3UTH 3TO B BHIBOJIEC.

IHopsigok BbIMOIHEHHS PadOThI

B3st1b 1Be MpoOMpKY M BHECTH B OIHY U3 HUX 3-4 KaIlJlu pacTBopa OuxpomMara
kanusa K,Cr,05, a B ipyryro — 3-4 kariu pactBopa Cyib(puaa aMMOHHUS.

B xaxmyro u3 mpoOuUpok 100aBUTh MO 2 KallJld CEPHOW KHUCIOTHI M TIO
3-4 xarum pactBopa cyabdura Hatpusi Na,SOs.

HaGmronats n3mMeHeHus B mpoOUpKax.

ITo pe3ynbTaTaM NPOBEEHHOIO OMbITA 3aMOIHUTh MMYHKTHI OTYETA
«HaOmonenns» u «BeiBOI».

Onwvim 3. Opzanuueckue coeOuHeHus 6 OKUCAUMENbHO-
6occmanosumenvHblx peakyuax. Boccmanoesnenue ouxpomama kanusa cnupmom
3ananue u 3Tanbl padboThl

IoaroroBka Kk J1adoparopHoi padore

1. IIpodecTs TeOpeTHUECKOE BBEICHUE U TIOPSIIOK BHITTOJIHEHUS PaOOTHI.

2. OdopmMuUTh IPOEKT OTYETA MO OMBITY JAO0OPATOPHOU pabOTHI (CM. MPUIIOKEHHE
2)

3. Hamwmcarp ypaBHEHUS MPOTEKAIOIIUX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKkuii ¢ UCTOIb30BAHUEM METO/Ia HOHHO-3JIEKTPOHHBIX MOTYpPEaKIIHii,
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YUYUTHIBAs, YTO:
- QaHUOH Cr2072' B KHCJION CpeJie MePEeXOIUT B KATUOH Cr3+;
- STWJIOBBIN CIIUPT OKUCIISIETCS ¢ 00pa30BaHUEM YKCYCHOTO ajibJIeTHIa
CH;CHO c 3anaxom s6110Ka.
4. V3yunTh npaBuiia ONPEAEIICHHS CTETIEHEN OKHCIIEHNS aTOMOB yIJIepo/ia B
COCTaBE MOJIEKYJI OPraHUYECKUX COCTMHEHUMN (CM. TEOPETUUECKYIO YaCTh).
ITopsaaoK BBINOJHEHUS PadOTHI
B mnpoOupky BHectnm 4-5 kamenb pactBopa auxpomara kamus K,Cr,O,
100aBUTh 1-2 Karjiu KOHIEHTPUPOBAHHOW CEPHOW KUCIOTHI M 3-4 KaIrlid 3TUIIOBOTO
ciupra C,HsOH. HabGmionate wu3MeHEHHWE OKpacKd pacTBOpa U IOSBIICHHE
CIIeU(PUYECKOTO «SI0JI0YHOTOY 3amaxa.

ITo pe3ynbraTaM NPOBEACHHOIO ONbITA 3aMOIHUTD MMYHKTHI OTYETA
«HaObmonennsa» n «BeiBomy.

Onwvim 4. Opzanuueckue COeOUHeHUA 8 OKUCUmenbHo-
60ccmanosumenvHblX  peakuyusax. Boccmanoenenue nepmancamama  Kanus
uiagenesou Kucjiomou

3ananue u 3Tanbl padoThl

IMoaroroBka Kk J1adoparopHoi padore

1. IIpodecTs TeOpEeTUUECKOE BBEICHUE U TIOPSIIOK BHITTOJIHEHUS PaOOTHI.

2. OpopMHUTH TPOEKT OTUETA MO OMBITY JA00PATOPHOU pabOThI (CM. MPUIIOKEHHE
2)

3. Hamwmcarhs ypaBHEHUs MPOTEKAOIUX OKUCIUTEIbHO-BOCCTAHOBUTEIBbHBIX
peaKkuii ¢ UCIOJIb30BAHUEM METO/IAa HOHHO-3JIEKTPOHHBIX MOTYpPEaKIIHii,
YUHUTBIBAS, YTO:

- nepMmaHraar-uoH MnQ, B KUCIION cpeie IEPEXOJIUT B KATUOH Mn*";

- IaBeJieBast KUCIIOTa OKUCIsAETCs 10 Auokcuaa yriepoaa CO,.

4. V3y4uuTh NpaBuiia ONPENEIEHUs CTEIEHEN OKUCIICHHS aTOMOB yIJIEpoza B
COCTaBE MOJICKYJI OPraHUYECKUX COCTMHEHUHN (CM. TEOPETUUECKYIO YaCTh).
IHopsinok BeIMOJIHEHHSI PadOThI
Brectu B mpobupky 3-4 karm pactBopa maseneBoit kuciotel H,C,O4 1 2-3

KaIlId pacTBOpa XJIOPOBOJIOPOJHOMN KUCIIOTHI.

[TomorpeTts pacTBOp Ha BOISHOMN OaHe.

BrinyTh npoOupky u 100aBUTh 3-4 Karuiv pacTBOpa MepMaHraHara Kajius
KMnQO,. Habmtonars n3MeHEHHE OKPACKH U BBIICJICHHE Ta3a.

ITo pesynbTaTaM NPOBEEHHOTO ONbITA 3aMOTHUTD IMMYHKTHI OTYETA
«HaoOmronenns» u «BeIiBOIY.

3aoanus 011 camocmoameabHou padoomol

I. VYkaxuTe CTENEHU OKUCIECHUS FIEMEHTOB B MOJIEKYJIaX COCAMHEHUN:
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HNO,, HCIO, Cr,03, H,SO,, K,Cr,0,, NaBr, KIO;, Na,SOs.

2. YkaxwuTe, Kakue MPOIECChl MPEACTABISAIOT COO0H OKUCIICHHE, a KaKHe
BOCCTa- HOBJICHHE: S — SO42*, S — Szf, 2H"—H,, Br, —»2Br,

NH,'— N, ,NO —NO,, Fe*’ -Fe’’, SO, — S, I, -»105 ,

F, —»2F, Sn—Sn*", CI0 —Cl0; ", MnO, — MnO,

3.  VYkaxuTe B BBIIEMEPEUUCICHHBIX MPOIECCaX OKUCIUTENH U
BOCCTAaHOBHUTCIIH.

4. VYKaXuTe B HUKCTPUBEICHHBIX PEAKIIUIX OKHCIUTEIh U BOCCTAHOBUTED.

Al + KC104 + H,SO, — KC1 + Al (SOy); + H,O

HCI + HNO; — CI, + NO + H,0O

Na,S + Br, — S + NaBr

CrClL; + Br, + KOH — K,CrO,4 + KBr + H,O

NaNO, + K,Cr,O; + H,SO4 — NaNO; + Cr,(SO4); + K,SO4 + H,O

MnS + HNOj(pa30) — Mn(NOs), + NO + S + H,O

MnS + HNO3; — MnSO, + NO, + H,O

MnSO, + CaOCl, + NaOH — MnO, + CaCl, + Na,SO, + H,O

P + HNO; + H,O — H3PO4 + NO,

Al + KOH + H,0 — K[AI(OH)4] +H,

H,S + H,SO; — S + H,O

5. Meronom 3MeKTpOHHO-HOHHOTO OajaHca noadepure Ko3PpUUUEHTHI B
YpaBHEHUSAX BBIMICTICPEIUCICHHBIX PEAKITHM.

Tema 1.7. DiiekTpOXUMHYECKHE ITPOLECCHI

Teopemuueckuit mamepuas, He0OXOOUMDLIL 0715 8bINOJIHEHUA 1AOOPAMOPHOTL
pabomul

Konmaxmmnas koppo3usi — BHUA KOPPO3MOHHOTO pa3pylICHUs, KOTOPBII
HaOIIOMaeTCsl IPU KOHTAKTE JABYX PA3HOPOIHBIX METAJUIOB, T.€. METAJJIOB KOTOPBIC
007a1al0T Pa3HBIMU DJICKTPOXUMHUYECCKUMH CBOMCTBaMH (00Ja7ar0mme pa3HBIMH
3HAQUEHUSIMU AJIEKTPOJIHOTO MOTEHIIUAIA).

[Ipy HenpaBWIBHONW KOMIIOHOBKE METAJIOB M CIUIAaBOB JIAHHBIM BH]
KOPPO3UOHHOTO  pa3pylI€HUsS  BBIBOJUT W3  CTPOS  MHOXKECTBO  CJIOXKHBIX
METAUTMYECKUX KOHCTpYKIMWA. KoHTakTHasi koppo3us HaOronaeTcs, Hampumep, B
CUCTEMaX ATFOMHUHHUU-YIJICPOANCTAS CTAIb WM AIIOMUHUN-IIUHK, MEIb-)KelIe30, H
T.1I.

[Ipy KOHTaKTe ABYX pPa3HOPOAHBIX METALUIOB B JJIEKTPONPOBOAHOUN cpelie
BBITIOJTHSETCSI YCIIOBUE HEOJHOPOJHOCTH METATUYECKOr (a3bl — OJHO W3 YCIOBUU
BO3HUKHOBEHHUS TIpoIlecca KOPPO3UM IO  DICKTPOXUMHUYECKOMY MEXaHHU3MY;
BO3HUKAET rajibBaHoMapa, 3ayCcKaeTcsi MEXaHUu3M KOPPO3UOHHOTO Pa3pyIICHHUS.
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PaccMoTpuM MexaHHW3M KOHTAaKTHOW KOPpPO3WM B CHUCTEME IKEJIe30-MENb B
Mopcko Boxae. g 3TOro, MOJB3YACh PSAAOM CTAHAAPTHBIX  AJIEKTPOJHBIX
NOTEHIMAJIOB METAJUIOB, ONIPENEIIUM CTaHAAPTHBIEC MOTEHIINAIIBI HKEJIE€3a U MEJIN:

(POF62+/Fe =-0,44B

(POCu2+/Cu = 0,34 B.

OCHOBBIBasICh HAa 3HAUEHHUAX MMOTEHIMATIOB 3TUX METAJIJIOB, I€JIA€M BBIBOJ, YTO
IpU UX KOHTAKTE B AJIEKTPONPOBOAHON Cpelie MOBEPXHOCTH kejae3a OyaeT aHOJHOU
30HOW, a MEAU — KAaTOAHOW 30HOW. Ecinm MBI paccmarpuBaeM mpouecc KOppO3HH B
MOPCKOH BOJIe, TO B POJIU JIEMOJIAPU3aTOpa 3/1eCh OYyT BHICTYNaTh MOJIEKYJIbI BOBI U
KHCJIOPO/I.

MeTtann aHOIHOM 30HBI — Kejne30 — OyAeT TepsATh JIEKTPOHBI U BBIXOIAUTH B
KOPPO3HMOHHYIO Cpeny B BHze karnoHoB Fe’'. DekTponsl GyayT mepeMelnarhcs Ha
KAaTOJHBIM y4acTOK — MeIb — Ha IOBEPXHOCTH KOTOPOro ux OyayT HpHHUMAThH
YacTHI[bI JENOJIIPU3aTOpa, IPH 3TOM BOCCTAHABIUBASCh.

CocraBinsieM ypaBHEHHUS KaTOJTHOTO U AHOAHOTO MPOLIECCOB.

(-)A: Fe = Fe’" + 2e

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

["ayIbBaHONIOKPBITHS IPUMEHSIOT B KaUECTBE 3aIUThI METaJUIa OT KOPPO3HH, a
TaKKe Ui MPUAAHMS JE€KOPAaTUBHBIX KadyecTB. [lo Ha3HaueHHMIO rajgbBaHUYECKHE
MOKPBITHSI MOTYT OBITh:

3aIUTHO-/1€KOPaTUBHBIMY;

3alIUTHRIMU (00J1a1aI0T aHTUKOPPO3UNUHBIM JEHCTBUEM);

CHELMAJIbHOTO Ha3HaueHUs (HaIEJsI0T MOBEPXHOCTh OCOOBIMHM CBOMCTBAMH:
MarHUTHBIMM, IEKTPOU3O0ISUUOHHBIMUA, U T. 1., IPUJAIOT YCTOWYUBOCTh K H3HOCY
WJIM BOCCTaHABJIMBAIOT YK€ MOJYYHBILYIO IIOBPEXKICHHS IOBEPXHOCTH).

Kpome TOro, rajbBaHONOKPBITHS MOTYT OBITh KaTOAHBIMM M aHOJHBIMU — B
3aBUCUMOCTH OT 3HAQUEHUW DJIEKTPOJHBIX MOTEHUMAJIOB METajlla MOKPBITHS U
MeTajia OCHOBBL. OJIUH U TOT K€ BUJI MOKPBITUS MOXKET CTAHOBUTHCS KaK KaTOAHBIM,
TaKk U aHOJHBIM — B 3aBHUCHMOCTH OT METala, Ha KOTOPBIM 3TO MOKPBITHE
HaHocuTcs. Hampumep, 1O OTHOIIEHUIO JKeJe3y, HHUKEJIEBO€ IOKphITHE Oyner
KaTOAHBIM. 3JHaUEHHUE MOTEHIIMala HUKeNsl OOJble, YeM jKenne3a U mpu o0pa3oBaHUU
rajibBaHOMapbl ATUMH METaJlJIaMH Kejle30 OyIeT aHOAHBIM YYacTKOM, a HUKENIb —
kaToaHbIM. CocTaBUM cxeMy mpolecca atMochepHON KOPPO3UHU, MPOTEKAOILIETO pU
HapylUIeHUU UEeJI0CTHOCTH MOKpbITHs. Kopposuonnas H,O, O, cpema (BiaxxHbIit
(menomnspuzaTop) BO3AyX)

Merann aHogHOW 30HBI (Keyne30) OyaeT OKHUCIATHCS, M BBIXOAWTH B
KOPpPO3MOHHYIO CpEely B BHJE MOHOB; 3JIEKTPOHBI NEPEXOIAT W3 AHOIHON 30HBI B
KaTOJHYIO (HUKENb) U OTBOJATCS C €€ IOBEPXHOCTH YACTUIIAMM JIETIOJISIPA3ATOPA.

CocraBiisieM ypaBHEHUsI KATOJHOTO M aHOJHOIO IIPOLIECCOB:
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(-)A: Fe=Fe*" + 2¢

(+)K: H,O + O, + 4¢ = 40H-.

Takum 06p8,30M, KaTOAHOC IIOKPBITHUC 3alIHUINACT MCTAJLJI OCHOBBI TOJIBKO
MCXaHHUYCCKH, 10 TCX IIOP, IIOKa COXPAHACTCA HCIOCTHOCTDL ITIOKPBITHA. Kak Tonbko
HA TOBEPXHOCTH TOKPBHITUSA TOABISAIOTCA ACPEKTHl (TPEUIMHBI, APANUHBl U T.II.),
HAa4YMHACT paspymarbCAa METaJIJl OCHOBBHI, Ipr 3TOM METaJJl IMOKPBITHUA
KOPPO3HOHHOMY Pa3pylLICHUIO HE OABEPracTcs.

HUKCJIb HHKCJIb

2+
Fe

2
xkene3o Fe — 2e = Fe™'

AHOIHOE XK€ TOKPBITHE, 3aIlUINAeT METAJJT OCHOBBI M MEXaHWYecKd (IoKa
MOKPBITHE UEJIOCTHOE) M ANEKTPOXUMHUYECKH (MpHU HAPYUIEHUU LIEIOCTHOCTH),
paboTas KaK aHO/I.

XpoMOBO€ TOKPBITHE [0 OTHOIICHUIO K >Keje3y OydeT aHOAHBIM, T.K.
MOTEHIIMAJI METAJLJIa MOKPBITHUS MEHBIIIE, YEM TOTEHIIMAI METAJIJIa OCHOBBI.

[{eHHBIM CBOWCTBOM METAJJIa B OTHOIIEHHWU CTOMKOCTH K KOPPO3UOHHOMY
Pa3pyLIECHUIO SIBISIETCA €r0 CKIOHHOCTh K MEPEXOy B TaK Ha3bIBAEMOE MAaCCUBHOE
COCTOSIHUE, KOTOPOE€ XapaKTepu3yeTcsi oOpa3oBaHMEM Ha MOBEPXHOCTH MeTajia
MMACCUBHOM, KaK MPAaBUJIO, OKCUTHOW TJICHKH.

[Ipy B3auMONEHCTBUM METAUIOB C TEMU WM WHBIMH KOMIIOHEHTaMU
pPacTBOpPOB (PaCIUIABOB) B OMPEICICHHOM JUaNa3oHe MOTCHIIMAIOB HAa MOBEPXHOCTH
MeTalia o0pa3yroTcst aacopOIMOHHbIE WK (Pa30BbIie CIOM (ITACCUBHBIE TUICHKU). DTH
ciou 0o0pa3yroT IUIOTHBIM, TOYTH HENPOHUIIAEMBIM Oapbep, Onarogaps dYemy
KOPpO3Usl CHJIBHO TOPMO3HUTCS WJIM IMOJHOCTBIO MpeKpaiiaercs. TakuMm CBOMCTBOM
o0nagaroT, HampuMep, XpoM, HHUKeNb, MOJHOIeH, BoibhpamM. MMeHHO Ha 3TOM
OCHOBAHO MMPUMEHEHUE YKa3aHHBIX METAJIJIOB B KQUE€CTBE JIETUPYIOIINX KOMIIOHEHTOB
MIPU CO3/ITaHUU KOPPO3MOHHO-CTOMKHUX CIIJIaBOB, HAIIPUMEP, HEPKABEIOIIUX CTaJCH.

Bcsikoe Bo3neiicTBre, CIIOCOOCTBYIOIIEE CHITHIO C METajlia MaCCUBHOM TUICHKU
WM €€ Pa3phIXJICHUI0, YCUIUBaeT Kopposuro. OgHUM U3 HamboJiee SHEPTHYHBIX
CTUMYJIITOPOB KOpPPO3WU, MO HSTOM MPUYMHE, SIBISAETCS HOH XJIOpa, JEHCTBUEM
KOTOPOTO 00YCIIOBJICHO aKTHBHOE Pa3pyIICHUE METaljla MOPCKOW BOJIOM.

ONEKTPOIN30M  HA3bIBACTCA  COBOKYIHOCTh  OKHCJIUTEIbHO-BOCCTAHO-
BUTCJIBHBIX  MPOIECCOB, MPOUCXOIAIIMX TPU  MPONYCKAHUM  TOCTOSHHOTO
ANEKTPUUYECKOTO TOKA YEPE3 PACTBOP MJIU PACILIaB AIEKTPOJIUTA.

[Iponyckanue TOKa dYepe3 dIEKTPOIUTHI OCYIIECTBISIETCA C IOMOIIBIO
AIIEKTPOJIOB: KaTO/1a, Ha KOTOPOM MPOUCXOAUT MPOIIECC BOCCTAHOBIECHHUS, M aHO/IA, Ha
KOTOPOM OCYIIECTBIISIETCA MPOLECC OKUCTIECHUS.
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[Ipu snexTponu3e pacTBOPOB COJEH 3aKOHOMEPHOCTH BOCCTAHOBJICHHUSI Ha
KaToJIe CIEAYIOIIHE.

1. KatnoHbl MeTaIoB, pacloIOKEHHBIX B DAY HAINPSIKCHHN ITpaBee XKeye3a
(OT KagMus 710 30J10Ta), BOCCTAHABIMBAIOTCS COMIACHO YPaBHEHHUIO:

Me"" + ne=Me

2. KaTnoHbl aKkTHBHBIX METAJUIOB, PACIIOJOKECHHBIX B JIEBOM 4YacTH psla
HaIpsbKEHU (OT JUTUS 0 aJIFOMUHUS), HE BOCCTaHABIMBaIOTCA. B 3ToM ciyuae Ha
KaToJ1€ MPOUCXOAUT BOCCTAHOBIICHUE BOJIbI:

2H,0 + 2e = H,7 + 20H

3. KarnoHbl MeTamIoOB, paCHOJIOKEHHBIX B CPEJHEH YACTH PAla HANPSKEHUN
(Mapranen, IMHK, XpOM, >K€JI€30 U Jp.), BOCCTAHABIMBAIOTCS Ha KaTro/le BMECTE C
BOCCTaHOBJICHUEM BOJbI, T.€. MapaJUIeIbHO UAYT JBa MPOIIECCa, YPABHEHUS KOTOPHIX
MIPUBEJICHBI BHIIIIE.

3aKOHOMEPHOCTH OKHUCJICHUS Ha aHOE CJICIYIOIIHE.

1. IIpocteie anmonnl (CI, Br, T, Sz'), KpoMe F -HOHOB, OKHUCIAIOTCS C
o0pa3oBaHKEM COOTBETCTBYIOIIUX MPOCTHIX BEIIECTB, HAIIPUMED:

2CI' = 2e =CI?

2. Cnoxusie aunonsl (NOy, SO,%, PO,” u n1p.) 1 F-noms! He okucisiorcs. B
ATOM CJIy4ae Ha aHOJI€ MPOUCXOAUT OKUCIICHUE BOJBI:

2H,0 —4e = 0,1 +4H"

DT  3aKOHOMEPHOCTH  OTHOCSTCA K  DJEKTPOJIM3y C  HUHEPTHBIM
(HEpacCTBOPUMBIM) JIEKTPOJOM: TUIaTUHA, TPadUT, SIEKTPOAHAS CTAlIb.

Ho ecnu aHom W3roToBiieH W3 MeETauia, COJb KOTOPOTO  SIBIISETCS
AIIEKTPOJIUTOM, TO B 3TOM CIIy4ae caM aHOJ OKUCISETCS, IepeXo/sl B pacTBOP B BUJIE
KaTHUOHOB

Me —ne = Me",

a Ha KaToJie MPOUCXOIUT BOCCTAHOBJIEHUE ITOTO K€ MeTasia

Me"" +ne=Me

Takoll 37EeKTPOJIU3 HA3BIBAETCS JJIEKTPOJIM30M C AKTUBHBIM (pacTBOPUMBIM)
aHOJIOM.

PaccmoTpum 31eKTpoin3 pacTBOpa XJIOpUIA MEAM HAa WHEPTHBIX AIEKTponax. B
pactBope HaxoxaTcs nonsl Cu®’ 1 CI', KoTopble Moj ASHCTBHEM SEKTPHYECKOTO TOKa
HaIIPaBIISIOTCS. K COOTBETCTBYIOIIUM AIIEKTPOIAM:

CuCl,
!

(-) Karog « Cu®" + 2Cl' — Anog (+)
Cu™" +2e =Cu’ 2CI' - 2e =Cl,
Ha xarone BpIgenseTcs MeTaUIMdeckas Meab, HAa aHOAE — ra3006pa3HLH71

xyiop. Ecnu B paccmorpenHoM mpumepe anekrponmsa pactBopa CuCl, B xauecTBe
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aHO/a B35Thb MEJHYIO IJIACTUHKY, TO Ha KaTOJE BBIIEIACTCS MElb, & Ha aHOJE, I
IIPOUCXOMST MPOLIECChl OKUCIEHUS, BMECTO pa3psiaku HoHOB Cl U BblieNeHUs XJI0pa
NpOTEKaeT OKUCIEHUE aHona (Meau), MPOUCXOAMT PACTBOPEHHME CAMOTO aHONa, B
e noHoB Cu’’ OH IIEPEXOIHT B PaCTBOP.

Takum 00pazom, 3JIEKTPOIU3 PACTBOPOB COJEH C PacTBOPUMBIM aHOIIOM
CBOJIUTCA K OKHCIICHHIO MaTepHajia aHoAa (ero pacTBOPEHHUIO) U COMPOBOKIAETCS
MEPEHOCOM MeTajlla C aHOAA Ha Karol. JTO CBOWMCTBO HIMPOKO HCIOIB3YETCS MpHU
padbUHUPOBAHUH (OYMCTKE) METAJIJIOB OT 3arPsI3HCHUM.

JlabGoparopHnasi padora Ne 11. «Koppo3usi MeTa/LL10B»

Hean padorsl: hopMUpOBaHUE YMEHUN M HABBIKOB B M3yYEHUU KOHTAKTHOU
KOPpO3UH, NPOTEKAIIYI0 I0 NIEKTPOXUMHUYECKOMY MEXaHHU3MY; HCCIEAOBATH U
YCTAHOBUTH THUIl TAJIbBAHMYECKOTO MOKPBITHUS ISl CTalW; HMCCIENOBAaTh BIIUSHHE
XJIOPUJI-MOHOB Ha KOPPO3HIO CTAJIH.

Onvim 1. Bzaumooeiicmeue yuHKa ¢ CepHOll KUCA0MOIL 6 OMCymcmaeue u 6
npucymcmeuu meou

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IlpouecTh TeOpeTHUECKOE BBEICHNE U MOPSA0K BBHIIOJHEHHS paOOTHI.

2. OdopmMuUTh IPOEKT OTYETA MO OMNBITY JJAOOPATOPHOM pabOTHI (CM. MpuII. 2)

3. OueHuTh BO3MOXKHOCTHb B3aUMOJICUCTBHS IIMHKA C pa30aBICHHOW CEpHOU
KHCJIOTOM, BOCIOJb30BABIIUCH MPU 3TOM PSIIOM CTAHJIAPTHBIX AIIEKTPOIHBIX
noteHianoB MetauioB (PCOII).

4. Hamucatey ypaBHEHHE B3aUMOJCHCTBUS IIMHKA C pa30aBICHHOW CEepHOM
KHCJIOTOW; 0(OPMUTH PEAKIINIO KaK OKHCIUTEIbHO-BOCCTAHOBUTEIBHYIO.

5. CocraBUTh CXE€MY 3JIEKTPOXMMHYECKOW KOHTAKTHOW KOPPO3MHM IIMHKA B
CONPUKOCHOBEHHMH C MEAbI0 B KHCION (AIEKTPONPOBOJHON) cpene (cMm
TEOPETUYECKYIO 4acTh); TSt 3TOTO ONPEIEIUTD:
- KAKOM M3 METAJJIOB B rajbBaHOMNAPe «MEIb-IIUHK» OyNeT SBISATHCS KaTOIHOM
30HOM, a Kakou — aHOIHOU (BOCTIONIB30BATHCS PCOII);
- KaKue YacTHIbl B 3TOM Cily4ae OyayT BbICTyNaTh B POJIM ACMOJSpU3ATOpA,
€CJIM YUYECTb, YTO Cpesla KUCIIas.

6. C MOBEpXHOCTH Kakoro Merajuia OyneT BBIACNATHCS BOAOPOA A0 U MOCHe
CONPUKOCHOBEHUS MeU U IIMHKA (0Tpa3uth B 1. «HabmogeHus»). [louemy?

7. Hanucarp ypaBHEHHs IIPOLECCOB, ONKCBHIBAIOIIMX PAacCCMaTpPUBAEMbIN Cily4yau
KOppO3uH (MPOIECChl Ha KAaTOAHOW U aHOJHOM 30HaX).

8. OLeHUTh BO3MOXXHOCTb JKCIUTyaTallUd KOHCTPYKLIMM, BBIMOJIHEHHBIX U3
Pa3HOPOJHBIX METAJIJIOB B KOPPO3UOHHO-AaIPECCUBHBIX CpEAax; OTPa3UTh 3TO B
BBIBOJIE K OIIBITY.
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Iopsinok BeIMOTHEHNSI Pa0OThI

[ToMecTuTh B MPpOOUPKY KyCOUEK I'PaHYTMPOBAHHOTO ITMHKA M BHECTH 5 Karlelb
pacTBOpa CEpHOM KHUCIIOTHI.

HaOmronaTh B3auMoAeHCTBUE IIUHKA ¢ KHCa0oToM. HaOronaeTcs 1M BBIIEICHUE
BOiOpona’?
B34Th MeAHYIO TPOBOJIOKY U KOCHYTBHCSI KyCOUYKa IIMHKA B MPOOUPKE.

HaGmronats n3MeHeHne MHTEHCUBHOCTH BBIJICIICHHS BOJIOPO/IA.

[Io pesympraram NOpPOBEAEHHOIO ONBITA 3alOJHUTH IYHKTBl  OTYETA
«HabOnroneuus» u «BeIBom.

Onwvim 2. Koppo3us oyuHKOGAHHO20 U IYHCEHO20 Hcele3a
3aganue v 3Tansl padoTbl
IoaroroBka Kk J1adoparopHoi padore

1. IIpoyecTh TeOpETUYECKOE BBEACHUE U MOPSAIOK BBIIOJHEHUS PAOOTHI.

2. OdopmMuUTh IPOEKT OTYETA IO ONBITY JJAOOPATOPHOI pabOTHI (CM. MpuUII. 2)

3. CocraBuTh CX€My MPOLECCOB MPOTEKAUIUMX IPU  BIEKTPOXUMHUYECKON
KOPPO3UH OLIMHKOBAHHOTO U JYXKEHOT'O KeJjie3a B KUCJIOHN (3JIEKTPOIIPOBOIHON)
cpelie; IUIsl 3TOTO OIPENEIIUTh:

- KaKOM M3 METaJIOB B rajbBaHONApax <OKENE30-IUHK» U «KEJI€30-0JI0BO»
OyzeT SBISATHCS KAaTOAHOW 30HOM, a KakoW — aHOJHOM (BOCHOJIb30BaThCS
PCOII);

- KaKue 4acTUlbl OyIyT BBICTYIATh B POJIU JIETIONSIPU3ATOPA, €CIH YUECTh, YTO
cpela Kucasl.

4. Hamncarp ypaBHEHHUs NMPOLECCOB, ONUCBHIBAIOIIMX PAacCMATPUBAEMBIE CIIy4Yau
KOppO3uH (MPOIECCHl HA KATOIHON U aHOJTHOM 30HAX).

5. WMoHbl Kakux MeETauIoB OyAyT MOSBISTHCS B PAcTBOpAx MEPBOM M BTOPOM
NpoOMpPOK B pe3ylbTare  KOPPO3HMOHHOTO  pa3pylieHus  (aHOZHOTO
pPacTBOpPEHHUS).

6. Hanucars ypaBHeHue B3aumozeiicTBusi rekcaunanopeppara (III) xamms
K;3[Fe(CN)g] ¢ karmonamm skene3a Fep., koTopsle 00pa3yrOTCsS BO BTOPOM
nmpoOupKe, y4YWTHIBas, YTO MpU SToM obOpasyercs rekcamuanodeppar (I11)
xenesa (IT).

7. OnpenenuTh, K KAKOMY THUITY OTHOCSITCS LIMHKOBOE U OJIOBSIHHOE MOKPBITHS IO
OTHOUIEHUIO K KeJe3y (KaToIHOE WIIM aHOHOE): OTPA3UTh 3TO B BBIBOJIE.

8. OueHurs, UCITOJIb30BAaHUE KAaKOTO THIA MTOKPBITUI ABJISIETCS
NPEINOYTUTEIBHBIM (OTPAa3UTh B BBIBOJIE).

IHopsaoK BBINOJTHEHUsI padoThI
B3sate nBe mpoOupku. [1om0xuth B mepByr0 MPOOUPKY KyCOUEK
I'PaHyJIMPOBAHHOTO LIMHKA, BO BTOPYIO — KYCOUYEK OJIOBA.
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B 006e npobupku 106aBUTH MO 5 Kamenb pacTBOpa CEpHOM KHUCIOTHI U 1O 2
karm pactBopa rekcanuanHodeppara (II1) xamus K;[Fe(CN)g]. I'ekcanmanodeppar
(I1I) kamust SIBISETCS KaueCTBEHHBIM PEaKTHBOM JUIS OIpeNeseHus kKaThoHa Fe™', ¢
KOTOPBIM OH JIA€T CUHEE OKpAIlIBAHKE.

JIBe >kee3HbIe MPOBOJIOUKH 3a4UCTUTh HAXAa4HON OymMaroil M MOMECTHTH B
MPOOUPKH TaKHUM 00pa3oM, YTOOBI OHH HAXOJIUJIMCh B KOHTAKTE C IMHKOM U OJIOBOM.

Habmionate n3MeHeHne OKpacKu pacTBOpa B OJHOM U3 MPOOUPOK.

[Io pesynapraTaM MPOBEIEHHOTO OMbITA 3aMOJHUTh IMYHKTHl  OTYETa
«HabOnroneuus» u «BeIBom.

Onwvim 3. Bausanue xnop-uona na Koppo3uio ailOMuHus
3aganue v 3Tansl padoTbl
IoaroroBka Kk J1adoparopHoi padore
1. IIpodecTh TeOpEeTHUECKOE BBEICHUE U TIOPSIIOK BHITTOJIHEHUS PaOOTHI.
2. OdopmMuUTh IPOEKT OTYETA IO ONBITY JAOOPATOPHOU pabOTHI (CM. MpuII. 2)
3. OLEeHUTh TEOPETUYECKYIO BOBMOXKHOCTh B3AUMOJICUCTBHUS AIIFOMUHUS C COJISIMU
Menu (Bocmonb3oBarbest PCOI).
4. TloueMy, HECMOTpSi Ha BBICOKYI0O XUMHUYECKYI0 AKTUBHOCTh QIIOMUHHS B
nepBoi mpodupke (¢ cyabpaTroM Meau) MPaKTUYECKU HE MMPOMCXOIUT HUKAKUX
W3MCHEHUU.
5. Hamucarh ypaBHEHHE B3aUMOJACUCTBUS aJIIOMHUHHUSI C XJOPUJIOM MEJH;
0(OPMUTH PEAKIINIO, KAK OKUCIUTEIBHO-BOCCTAHOBUTEIIHHYIO.
6. Kak mnpucyrcTByromue BO BTOPOM MNPOOHMPKE XJIOPUA-HOHBI BIMSIOT Ha
IPOTEKAIOIIHIA MpoIiecc (OTPa3uTh B BHIBOJIE).
7. Uto OyneT BBIACIITHCS Ha TOBEPXHOCTH AJIFOMUHUSI BO BTOPOU MPOOUpKE.
IHopsinok BeIMOJIHEHHSI PadOThI
B nBe mpoOupku MOMECTUTH MO KYCOUYKY aTFOMUHUS U JOOABUTH B OHY U3 HUX
5 kanenb pactBopa cynabdara menu (II), a B apyryro — 5 kamenb pacTBopa XJopuaa
menu (I). HaGnromate u3meHeHus.

ITo pe3ynbTaTaM NpOBEAECHHOIO ONbITA 3aMOJHUTH ITYHKTHI OTYETA
«HaoOmronenns» n «BeIiBOIY.

JlaGoparopHas pa6ora Ne 12. «y1eKTP0JIN3 BOAHBIX PACTBOPOB COJICH»
Hean padorsl: popMupoBaHre YMEHUN U HABBIKOB B UCCIIEIOBAHUU
MPOLIECCOB, MPOTEKAIOUIMX HA KaToJ/Ie M aHOJIE TIPH 3JIEKTPOJIU3€ BOAHBIX PAaCTBOPOB
PAa3INYHBIX TUIIOB COJICH.
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Onvim 1. Inekmpoausz pacmeopa Xa0puoa Hampus ¢ UHEPMHBIM AHOOOM)
3aganue u 3Tanbl padoThI

IToaroroBka Kk JadoparopHoi padore

[IpouecTh TeOpeTUUYECKOE BBECHUE U TIOPSIOK BBITIOJHEHUS PAOOTHI.

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

Hanwucars ypaBHeHuUe 3neKTponn3a BogHoro pactsopa NaCl.

b=

Brinenenrne kakux Ta30B € MOBEPXHOCTH DJIEKTPOMOB OymeT HaOIIOmaThCs B
MPOLIECCE EKTPOJIN3A.
5. Kakoit xapakrep cpensl (pH) mmeer pactBop NaCl? Kak wusmenutcs pH
pacTBOpa B MPUKATOAHOM MPOCTPAHCTBE MOCIE AIEKTPOIn3a?
6. Kak u3menutcs okpacka (eHondTarenHa B TPUKATOAHOM W MPUAHOTHOM
IIPOCTpPaHCTBaxX?
ITopsaoK BbINIOJIHEHUS PadOTHI
PactBop xnopuna Harpus HauTh B U-00pa3Hyto TpyOKy JIEKTPOIU3Epa TAKUM
00pa3oM, 4TOOBI TOMEIIEHHBIE B HEE JIEKTPOAbI ObUIH MOTPYKEHBI B pacTBOp Ha 1/3.
[Torpy3uTh TrpauTOBBIC SIEKTPOABI B PACTBOP U MOJKIIOYUTH UX K CETH
(BHEIITHEMY UCTOYHUKY AIIEKTPUUECKOTO TOKA).
HaGnronath BeizieTIeHHE Ta3a C MOBEPXHOCTH 3JIEKTPOIOB.
Yepes 1-1,5 MUH OTKITFOUNTH SJIEKTPOIU3EP OT CETH, U3BIIEYD AIEKTPOIBI.
B xaxnoe xoneno U-00pa3noit TpyOku n06aBuTh no 1 kamie gpenondranenna.
[To pe3ynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh MYHKTBI  OTYETa
«HaOmonenns» u «BeiBOI».

Onwvim 2. Inexmponus pacmeopa cyivhpama Hampus ¢ UHEPMHBIM AHOOOM

IHopsinok BeIMOIHEHHSI PadOThI

PactBop cynbdara narpuss Hamuth B U-00pasHyro TpyOKy OdIIEKTpoiH3epa
TaKuM 00pa3oM, 4TOObI MOMENIEHHBIE B HEE AJIEKTPO/IbI ObLINA MOTPY>KEHBI B PACTBOP
Ha 1/3. Tlorpy3uTh TpaduTOBBIE AIEKTPOJBI B PACTBOP U MOJKIIOUUTH UX K CETH
(BHEIIHEMY MCTOYHMKY DdJEKTpUYecKoro Toka). HabOmromars BblneneHue rasza c
MMOBEPXHOCTU 3JIeKTpoAoB. Uepe3 1-1,5 MUH OTKIIOUHUTH SIEKTPOJIU3EP OT CETH,
U3BJICYb JEKTPObl. B kaxkmoe koneno U-oOpasHoit TpyOku 1006aBUTH MO 3-4 Karuiu
JaKmyca.

ITo pe3ynbraTaM NPOBEAECHHOIO ONbITA 3aMOTHUTD MYHKTHI OTYETA
«HabOnroneuus» u « BeiBom.

Onwvim 3. Inekmponu3s pacmeopa cyivghama meou ¢ UHEPMHBLIM U
pacmeopumvim anooamu

3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore
1. TIpoyecTs TEOpETUUECKOE BBEJACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
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2. OdopMuUTH IPOEKT OTYETA MO OMBITY JAOOPATOPHOM padbOTHI (CM. MPHIL. 2)

(%)

. Hanmcatb ypaBHEHUE 3JI€KTpOian3a BOIHOTO pactBopa Na,SO,.
4. BbigeneHue Kakux Ta30B € MOBEPXHOCTH JJIEKTPONOB OyneT HaOIomaThes B
poliecce IEKTPOIU3A.
5. Kakoii xapakrep cpeast (pH) umeer pactBop Na,SO,? Kak uzmenurcs pH
pacTBopa B MPUKATOAHOM M MPHUAHOAHOM MPOCTPAHCTBAX MOCIE AIEKTPOIu3a’?
6. Kak w3MeHUTCS OKpacka JlakMyca B TPUKATOAHOM W MPUAHOTHOM

MIPOCTpPaHCTBAX ?

Iopsaok BbINOJTHEHUS] padOThI

PactBop cynbdara menu HamuTh B U-00pa3Hyto TpyOKy 3JEKTpOIM3epa TaKUM
o0pa3om, 4ToObI TOMEIIEHHBIE B HEE AIIEKTPO/IbI ObUIH MOTPY>KEHBI B pacTBop Ha 1/3.

[Torpy3uTs rpaduTOBBIC AIICKTPOABI B PACTBOP M MOIKIIOYHUTh HX K CETH
(BHEITHEMY MCTOYHHUKY DIICKTPUUECKOTO TOKA).

HaGmionate BbIAENIEHHE Ta3a C TOBEPXHOCTH OJHOTO M3 BJIEKTPOIOB,
oOpa3oBaHu€ HajeTa MEIH Ha IPYTOM IIEKTPOJIE.

Yepe3 1-1,5 MUH OTKIIIOYUTH SJEKTPOIU3EP OT CETH, MOMEHSTH DJIEKTPOIbI
MecTamH (JUIs 3TOro BIIKY MOBEPHYTH Ha 180° M BHOBB BCTaBHUTH B PO3€TKY). Terepsb
AIIEKTPOJI, MOKPBIBIINICS MEIbIO, CTAHET aHOJIOM (HaOIIoIaeM ciydai IeKTPOoJn3a C
PacTBOPUMBIM aHOJIOM).

Habmronats n3MeHeHHs Ha MOBEPXHOCTAX JICKTPOIOB.

[To pe3ympraTaM TIPOBEICHHOTO OMbBITA 3aMOJHUTH IMYHKTHI ~ OTYETA
«HaOmonenns» u «BeiBOI».

Jlaboparopnas paGora Nel3.
«JIEKTPOXUMHYECKOE HAHECEHH e MeTAJINYECKUX MOKPBLITHI)

LHeas pabGorsl: (dopMupoBaHWE yMEHUH ¥  HaBBIKOB  HAHECECHHUS
METAJUTMYECKOTO MOKPBITHS HA CTAJIbHYIO0 OCHOBY TaJIbBAHUYECKUM METOI0M
3aganue u 3Tansl padoThl
IoaroroBka Kk J1adoparopHoi padore
1. IIpoyecTh TEOpETUUYECKOE BBEACHUE U MOPSAIOK BBIOJHEHUS PAOOTHI.
2. OdopmMuUTH IPOEKT OTYETA IO OTBITY JTAO0OPATOPHOU pabOTHI (CM. MPHII. 2)
3. Hanucatpe ypaBHEHHMs IPOLECCOB, TPOTEKAOIIMX ITPHU JIEKTPOJIU3E HA
AIIEKTPOAAX.
4. PaccuuTaTh CHIIy TOKA JJIsl DJIEKTPOJIN3a
S-D
'=Too
rae [ — cuna Toka nmpu aneKTpoause, A;
S — mIomAak MOBEPXHOCTH MIACTUHBI (KaToaa), cM*; D — IIOTHOCTh TOKaA MPH
ANEKTPOJIU3E, NG
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Iopsinok BeIMOTHEHNSI Pa0OThI

O6paboTka MOBEPXHOCTH KaToja

3a4MCTUTh CTAIBHYIO TUIACTUHKY HakaauyHoW Oymaroi. IIpoMbITe mpoTouHOM
BOJIOM M XOPOIIIO MPOCYIIUTh. I3MepuTh IUI01aih TOBEPXHOCTH IIACTUHBI (S, cM2).
B3BecuTh mi1acTrHy Ha 3JE€KTPOHHBIX Becax (my, T).

HenocpenctBeHHO Tmpes MNOTPYKEHUEM IUIACTUHBI B JJIEKTPOJIUTUUYECKYIO
BaHHY 00€3KUPUTH €€ CTUPTOM (TI0CIIe 00E3KUPUBAHUS CTAPATHCSI HE MPUKACATHCS K
MMOBEPXHOCTH TIJIACTUHBI).

[ToaroToBNeHHYIO IUIACTMHKY TMOTPY3UTh B BaHHY HM  COCIUHUTH C
OTPHUIIATEJILHBIM MOJI0COM BHEITHETO MCTOUHHMKA TOKA.

Brmounts Tok Ha 10 muH. IDtorHocts Toka (D, A/am’) s mporecca:
MEJHEHUS — 5; IMHKOBAHUS — 2; HUKETUPOBaHUs — | (CM. pacyeT MJIOTHOCTH TOKa).

HaOntonare mosiBIEHHE TOHKOTO CJIOS MeETajla Ha TMOBEPXHOCTH Karojaa
(ctanpHOM macTuHbI). [lo HMCTEUeHMM BPEMEHM SJIEKTPOJIM3a BBIKJIIOUUTH TOK,
BBIHYTh KaTOJl W3 BaHHBI, MPOMBITh €TI0 M XOPOIIO MPOCYIINTh. B3BeCcUTh MIacTUHY
Ha JJICKTPOHHBIX Becax (my, T).

3anuch JaHHBIX ONBITA U PacyeThbl

ITo pe3ynpTaTam NpPOBEACHHOTO OMBITA ONPEACTUTD TOIIIUHY ITOTyY€HHOIO
MTOKPBITHS U BBIXOJ] METAJIJIA IO TOKY.

Pacuet ToNIIUHBI TOKPHITHUS

H = (mz—m,)-10

oS

rne H — TonmuHa nokpeITus, MM;

m; ¥ M, — Macca MIaCTHUHBI JI0 U MOCJIE OCAXKICHUS MTOKPBITUS, T;

p — IJIOTHOCTh OCAXJICHHOIO MeTasa, r/em’ (menp — 8,94; Hukenb — 8,9; IUHK
-17,13)

S — IUIOLIA (b TOBEPXHOCTH TOKPBITHS, CM".

Pacuer BbIXOAA 110 TOKY:

Mppakr- 100
n=—m—m—
Mereop

IJIe 1] — BBIXOJI IO TOKY;

Mppair — MACCa MPAKTUYECKAS OCAXKIECHHOTO METAILIA, T; Myeop — MACCA
TeOpeTHYeCcKasi OCaXKJIEHHOIO MeTalIa, T.

TeopeTuyeckas Macca OCaKJICHHOTO MeTajllla paCCUMTHIBACTCS C

HUCITOJB30BaHUEM 3daKOHA <Dapaz[e>1:
m __ 2t
TEOp T R

3anoHUTh MyHKTHI oT4yeTa «Habmonenus» u « BeiBony.
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3aganus 119 CaMOCTOATEIbHON PadoThI

1. Cknenanbl JBa MeTaia. YKaKWTE, KAakOW M3 METAJJIOB TOJBEpraeTcs
kopposuu: a)Mn—Al; 6)Sn—Bi.

2. Kakue u3 HIDKENEPEUMCIECHHBIX METAJJIOB BBIMOJNHSAIOT MJIi CBUHIIA POJb
anogHoro mokpeitust: Pt, Al, Cu, Hg ?

3. Kakue u3 HUKENEepeyuCICHHBIX METAJUIOB BBINOJHSAIOT [Jii CBUHIA POJb
KaTtogHOTO MOKphITHs: Ti, Mn, Ag, Cr ?

4. YKaxxuTe MpOayKT KOPPO3UH MpHU KOHTaKTe Zn — Ni B HEUTpaJIbHOI cperie.

5. Ykaxute npoayKT Koppo3uu npu koHTakTe Zn — Ni B kucinoit cpene (HCI).

6. [lpuBenuTe mpUMeEpbl METAUIOB, KOTOPHIE MOXKHO TMOJIYYUTH AIIEKTPOIHU3OM
PacTBOPOB UX COJIEH.

7. Y cTaHOBUTE MOCIEAOBATEILHOCTh BOCCTAaHOBIIEHHS METAJUIOB W3 paciuiaBa
cmecu: AlCls, CuCl,, FeCl,, CdCL,.

8. PaccumTaiiTe MUHMMaJIbHOE HANPSHKEHUE PA3IOKEHUs, KOTOPOE HEOOXOAMMO
NPWIOKHUTh K DJJIEKTpOJaM [Jisi Hayaja 3JIeKTpOJIh3a paciulaBa XJIOpHa
ATIOMUHUA.

9. T'a3000pa3HbIMU TMPOIYKTAMHU DIIEKTPOJIM3A KAKUX COJEH SBISIOTCS TOJBKO
XJIOp U BOJIOPOA?

10.2OmekTponn3 pacTBOpa KakOW COJMM MPUBOAUT K YBEIMYECHUIO €€ KOH-
uentpanuu B pactope: FeCls, NaNOs, Cu(NO;),, NaCl?

Tema 1.8. O01IHeE cBONICTBA METAJLJIOB

JlaGoparopHasi padora Ne 14. «O0mue cBOMCTBA METAJLJIOB

Heas pab6orbl: dopMHUpOBAaHHME YMEHUW W HABBIKOB B HCCIICJOBAHHUU
XUMHUYECKHX CBOWCTB METAJJIOB Pa3jIMYHON aKTHBHOCTH; MCCIIEN0BaTh 0COOEHHOCTH
B3aMMOJENCTBHS METAIJIOB C OKUCIAIOIIMMA U HEOKUCISIOIMMU KHCIIOTAMH.

Onvim 1. Cpasnenue 60ccmanogumenbHulX C60IUCHE MEMANI06

3aganue u 3Tansl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IIpodecTs TeOpeTHUECKOE BBEICHUE U TIOPSIIOK BHITTOJIHEHUS PaOOTHI.

2. OdopmMuTh IPOEKT OTYETA 1O JTA0OPATOPHOM padOTe (CM. MPUIIOKEHUE 2).

3. O1eHUTh BO3MOKHOCTh B3aMMOJICUCTBUSI MAarHHUsl, JKeJie3a U MEIu C
pa30aBIeHHOM CONSTHOM KUCIOTOW. OOBSICHUTH, TIOYEMY MEh HE
B3aUMOJCMCTBYET C COJSAHOM KUCIIOTOM.

4. CocTaBUTh ypaBHEHHUS MPOTEKAIOIINX PEAKIINI MEXy METaUIaMHU U COJISTHOM
KUCIIOTOM.
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Iopsinok BeIMOTHEHNSI Pa0OThI
B detbipe mpoOupku MOMECTUTh MO &8 Kameib pa30aBICHHOW COJSIHON
KHCJIOTBI.
B nepByto npoOupKy BHECTH KyCOUYEK MarHusi, BO BTOPYIO — jKelie3a, B TPEThIO
— M€Y, B YETBEPTYIO — IIUHKA.
B oTuére onucars HAOIIOIEHUS.
B BbIBONIE yKa3aTh, COOTBETCTBYIOT JM OOHApy>KEHHBIE B OIBITE CBOWCTBA
M3YUYEHHBIX METAJIJIOB UX MOJIOKEHUIO B PSATY HAITPSAKEHUM.
Onwvim 2. Bzaumooeiicmeue  cenesa c  pazbaenenHoll u
KOHUEHMPUPOBAHHOU CONAHOU KUCTIOMOU
3aganue u 3Tanbl padoThI
IHoaroroBka Kk JadoparopHoii paborte
1. IlpouecTh TeOpETHUECKOE BBEICHNE U MOPSAO0K BHIIOJHEHHS paOOTHI.
2. OdopmMuTh IPOEKT OTYETA 10 J1A0OPATOPHOI padOTe (CM. IPHIIOKEHUE 2).
3. OueHuTh BO3MOKHOCTHb B3aUMOJICMCTBHSI  Xkeje3a ¢ pa30aBICHHON H
KOHLEHTPUPOBAHHOW COJISTHOM KHACIIOTOM.
4. CocTaBUTh YpaBHEHHUS ABYX BO3MOXHBIX PEAKIIUM 5KEJI€3a C COJISTHOM KUCIOTOU
U OOBSICHUTH, Kakasi M3 HUX OoJiee BEpOsiTHA, U KaK BIUACT YBEIMYCHHE
xonneHTpauuu HCl Ha e€ npoTtekanue.
IHopsinok BeIMOTHEHHSI PadOThI
B nBe npo6upku BHecTH no 8—10 kamenb paz0aBiIeHHONW COMSIHOM KUCIOTHI U
10 OZJTHOMY MHUKPOILIATEII0 TOPOIIKOOOPA3HOTO HKeJle3a.
JIJ1st yCKOpeHHUsl peaKiui NpOOUPKH CIIETKa MOIOTPETh.
3areM B nepBOM MPOOMPKE MPOBECTH KAUECTBEHHYIO PEAKIIMIO HA HOHBI JKeJe3a
(I0):
FeCl, + Kj3[Fe(CN)s] = KFe[Fe(CN)g]l + 2KCl, a Bo BTOpoii — Ha HOHBI
xenesa (11I):
FeCl; + 3NH4SCN = Fe(SCN); + 3NH,Cl
[lpn Hanuuuu B TepBOi mpobGupke MOHOB Fe’' 06pasyercs TeMHO-CHHUIL
0CagioK TypHOY/IEBOH CHHM, a BO BTOpOH MPOGHMpPKE NpH HANMMYMM HOHOB Fe'' —
KpOBaBO-KpacHBbIi pacTBOp pojaHuJa TpPEXBAJEHTHOTO kene3a (Mpu  Majou
KOHIEHTpanuy noHoB Fe’ " HaGmrogaeTcs ciaboe OKpaIIiBaHue pacTBOpPA).
3areM OmNBIT MOBTOPUTH OT HAaYaIa JI0 KOHIIA, 3aMEHUB Pa30aBICHHYIO COJISTHYIO
KHUCJIOTY Ha KOHIIEHTPUPOBAHHYIO.
[To pe3ynbraTam ombiTa 3aMOTHUTE MYHKT «HaOmronenus» u « BeiBogb».
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Onwvim 3. Ilaccueauus sxceneza 6 KOHUEHMPUPOBAHHOU CEPHOIU U A30MHOT
Kucaiomax
3aganue u 3Tanbl padoThI

IHoaroroBka k 1abopaTopHoii padore
1. IlpouecTh TeOpETHUECKOE BBEICHNE U MOPSA0K BHIIOJHEHHS paOOTHI.
2. OdopmMuTh IPOEKT OTYETA IO JTAOOPATOPHOM padOTe (CM. IPIIIOKECHHE 2).
3. YTO NpOUCXOIHUT C KEIE3HOU IUIACTUHKOM MOCIIE MOTPYKEHHUSI €€ B PACTBOP
KOHIIEHTPUPOBAHHOMN KUCIOTHI?
4. Hamucats ypaBHEHHE peakiuu jxemnesa ¢ cyiabharom meau (11).
IlopsaoK BBINOJTHEHUs] padOThI
Tpu >xenesHble IUIACTUHKM OYHMCTUTh HaXXKJAuHOM Oymaroil, mpoTpaBUTh B
KOHIICHTPUPOBAaHHOM  COJSHOM  KHCIOTE, IPOMBITH BOJOM W OCYILINTH
¢unbrpoBanbHOi Oymaroi. OJHY IUIACTUHKY HOTPY3UTh B MPOOUPKY C KOH-
LEHTPUPOBAHHOW a30THOMU, a APYTIYI0 — C KOHLIECHTPUPOBAHHOW CEPHOW KUCIOTOM Ha
1-2 MuH; TPETHIO INTACTUHKY HE TACCUBUPOBATb.
3areM Bce IUIACTUHKH MOTPY3UTh B pacTBOp cyibdara meau (11).
Onucarb HaOMIONEHUS.
OOBACHUTD PA3TMYHOE OTHOIIICHUE IJIACTUHOK K pacTBopy CuSO,.
B BbIBoze cdopMynupoBaTh BIMSHHE OOpaOOTKM B KOHIIEHTPUPOBAHHBIX
a30THOM M CEpPHOM KHCJIOTAaX Ha BOCCTAHOBHUTEJIbHBIE CBOWMCTBA jKeJi€3a M yKa3arb
MPAKTUYECKOE 3HAUEHHUE ITOTO SIBICHHUS.

3aganus I CaMOCTOSTEIbHON padoThI
1. Kakue Mertaiibl, U3 NPEIJIOKEHHBIX B MEPEYHE, B3AUMOJECHUCTBYIOT C BOJIOM MpH
o6p1uHbIX yeaoBusax: Ni, Na, Mg, Fe, Cu, Ca?
2. TlokaxuTe ¢ TIOMOIIBID YPAaBHEHHM pEAKIMH MEXaHU3M B3aUMOJCHCTBUS
AJIOMUHHS C PACTBOPOM WIEJIOYH, YUWUTHIBAsA, YTO €ro IOBEPXHOCTb MOKpPHITA
OKCHUJIHOW TUIEHKOM.
3. Hanummre HECKOJIBKO ypaBHEHHMM B3aMMOJCHCTBHUS LMHKA C a30THOM KHMCJIOTOM.
[IpoTekanne kakoW peakiuu HaumOoJiee BEPOSITHO MPH CTAHIAPTHBIX YCIOBUSX?
VYpaBHsNTE €€ METOAOM ITOITYPEAKIIUH.
4. Haubosnee CUIBHBIM OKUCTSIONIUM BO3JEHCTBUEM 00Jaa€T CMECh JIByX KUCIOT —
a3oTHOM u (ropoBomoponaHOi. HamummTe ypaBHEHHE peakIuu B3aWMOCHCTBUS
BOJIb(ppama ¢ dTOM CMECHIO.
5. IlpuBenutre QopMysabl COeNMHEHUN, UMEIONIMX Ha3BaHUS: TypHOyJIEBa CHHb,
OepauHCcKas Ja3ypb, poganu xenesa (I1I).
6. Kakoe siBiIeHHEe Ha3bIBaeTCd accuBanue Mmetamia’?
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Tema 1.10. XuMunuecKkne MeTOAbLI AaHAJIN3A

Teopemuueckuii Mmamepuann, HeoOXo0umblii ons 6bINOJIHEHUSA
aadoopamopnoil pabomol

XKecTkocTh BOIBI OOYCIIOBIICHA CONIEPKAHMEM B HEH PACTBOPHUMBIX COJICH
KaJblMs, MarHus, >keJie3a: HUTPaToB, XJIOPUIOB, THApOKapOoOHaTOB U Jp. Pasnuyaior
KECTKOCTh BpPEMEHHYIO U TOCTOSHHYIO. BpemeHHass »KecTKOCTbh OOyCJIOBIICHA
conepxkanreMm ruapokapoonartos: Ca(HCO;),, Mg(HCOs;),, Fe(HCOs),, nocTosHHas
— COZIEp’)KaHUeM XJIOPHUIOB, HUTPATOB, cyiabdaroB 3tux metawioB: CaCly, MgCl,,
Ca(NO;), u ap. CyMMa NOCTOSHHOM M BPEMEHHOM KECTKOCTU COCTABIISIET OOIIYIO
KECTKOCTD:

Kobur. = XKnoct. + XKspewm.

YKeCcTKOCT BOZIBI OLCHMBACTCS YHCIIOM MHJLTAMOJIb-9KBHBATCHTOB HOHOB Ca’"
1 Mg”", comepalmxcst B OQHOM JINTPE BOABI. EAMHHIA KECTKOCTH — MMOJIB/I. [l
ONPENICNICHUS] YUCIECHHOTO 3HAYEHUS OJHOIO MMOJIb HWOHOB KajlbliMsl M MarHus
HCTIOJIB3YIOTCSI COOTHOILLICHUS:

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

Mbdr(Mg*) = Ar(Mg)/B = 24,31/2 = 12,15 r/mouns,

rme B — crexuomerpuyeckas BaJCHTHOCTh KaJIbIIUSI U MarHusi, paBHasi JABYM.
13 5THX COOTHOLICHHMI CIEIyeT, 4T0 OXHH MIITEMOIs Ca’’ mpuOITH3UTENnbHO paBeH
20 MTr HOHOB KaJbIHsA, a OJUH MHUJIIUMOJIb Mg2+ — 12 Mr ©OHOB MarHust

XKectkas Boma HENpPUroJHA JUIsi MHOTUX TEXHUYECKUX LIEJIed, IMO3TOMY
CHUKCHHE >KECTKOCTH (YMSATYeHHE BOJIbI) SIBISICTCA Ba)KHOM 3ajauedl. JTa 3aada
pemaercss B TEXHUKE Tpemsi crocodamu: (DU3NUYECKUM, XUMHYECKHUM M (PU3UKO-
xuMuuecKkuM. CyIIHOCTb 3THX METOJIOB 3aKJIFOUAETCS B YaJE€HUU U3 BOJIbI KATUOHOB
METaJLJIOB.

duznueckuii cnocod OCHOBaH Ha TEPMUYECKOM Pa3NIOKEHUHU COJICH:

Ca(HCO3)2 = CaCO3L + C02+ HQO

Mg(HCO3)2 = MgCO:;l + C02+ HQO

FG(HCO3)2 = FGCO:;l, + C02+ HQO

TakuM 00pa3oM, Mociie BHIANCHUS OCaiKoB comepxanue noxos Ca’’, Mg”,
Fe*" B BoZie yMeHBIIACTCS. DTOT CII0COO PUTOCH JIHIIb TS YCTPAHCHHS BPEMEHHOM
KECTKOCTH BOJIbI, TaK KaK Cyab(arbl, HUTPATBl U XJOPUJBI ITUX METAJUIOB TMPU
HarpeBaHUM W KUIISYCHUM BOABI OCTAlOTCS B pacTBope. B MpOMBIIUICHHBIX
MacmTabax S3TOT METOJ TPHUMEHSETCS B TeX ClydasX, KOrjJa BOAa JIOJDKHA
MOI0TPEBATHCSA, COITIACHO TEXHOJOTHH, B IPYTHX allaparax.

XUMHUECKUH CIIOCOO OCHOBAH Ha YJIaJICHUU U3 BOJBI MOHOB KaJIbIIMSI, MarHHUsI,
Kejleza 3a CYET IMEepeBoJla MX B MaJopacTBOPUMBIEC COCIWHEHMS: KapOOHATHI,
TUAPOKCHUBI, TETpabopaThl U Jp. s 3TOro K ’KEeCTKOM BOJie 100aBISIOT peareHThl —
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ocaautenr. OOblYHO  JOOABISAIOT  TallleHyl0  W3BeCTh. B pesynbrare
AIIEKTPOJIUTHUECKON JUCCOLIMAIIMI U3BECTH:

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

Bo3pactaeT pH Bompl, uto B coorBercTBUU c mpuHiunoMm Jle Illarense
MIPUBOJIUT K CMEIIIEHUIO PABHOBECHS PEAKITUU:

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

B CTOpOHY 00pa3oBaHUsl KapOOHAT-MOHOB, B PE3YJIbTaTe€ Yero IJOCTUTACTCs
MIPOU3BEAEHUE PACTBOPUMOCTH KapOOHaTa KalbIUs U OH BBIITAJAET B OCAJ0K:

Ca®> + CO;* = CaCOs|; ITP(CaCO;3) = 510"

Kpome Toro, mpu yBennueHUN KOHIIEHTPALMKU TUIPOKCHI-UOHOB JOCTUTAETCS
IPOU3BEACHUE PACTBOPUMOCTH TMIPOKCH]IA MATHUS, U OH TAaK)KE BBINIAJAET B OCA/I0K:

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

Peakmuu, mpoTekaronue TpW  BBEICHWHM W3BECTH, MOXHO 3arucarh
YpaBHEHUSMH B MOJICKYISIPHOM BHJIC:

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

Mg(HCO3), + 2Ca(OH), = Mg(OH),| +2CaCOs] + 2H,0

MeTo W3BECTKOBAHUSI HEMPUTOACH JUIsl CHUKEHUSI TMOCTOSHHOM >KECTKOCTH.
Jiist 5TUX 1eneit HeoOXOAMMO BBOAUTH PACTBOPUMYIO COJIb, COJIEPKAIIYIO0 KapOOoHaT-
noHbL. OOBIYHO B BONY 00ABISIOT KapOOHAT HATpUs, KOTOPBIA MPH AHCCOLUMALNN
naet HoHbl CO;”, CBA3BIBAIOIINE KATHOHBI KAIBIHS (MATHAS):

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

B MonexyiasipHOM BHJIE ATOT CIOCO0 MOXKHO 3aIlMCaTh YPaBHEHUEM:

CaSO, + Na,CO5 = CaCOs| + Na,SOy4

[Touemy nnst ycTpaHeHHs TMOCTOSHHOM JKECTKOCTU HE TMPOBOISAT OCAXKICHUS
cynbdaroB? CpaBHEHHE 3HAYCHHUI TTPOU3BEACHHS PACTBOPUMOCTHU CyJb(ara KaabIus
(6:10°°) u kapGonara kabuust (5-10 ") HOKa3bIBACT, YTO CBS3BIBAHUE MOHOB KAJIBLIHS
B Bujie CaCOj; siBnseTcst 60Jiee MPOUYHBIM.

VYuuTtsiBasi, uTo oprodocdarsl eie MeHee pacTBOPUMBI, YeM KapOOHaThl, Oosee
MOJIHOTO YCTPAHEHHMSI )KECTKOCTH MOYKHO JAOCTHYb C TIOMOUIBIO peareHTa-oCcaauTels
oprodocdara HATpuUS:

3CaS0y + 2Na3PO, — Cay(POy4),| + 3Na,SOy;  IIP[Cay(POy4),] = 1:107%°

XVUMHUYECKUE METOJBI CBSI3aHBI C PACXOJIOM PEAareHTOB, MIOPTOMY B TOCJIECIHUE
rO/bl MIUPOKOE PACHPOCTPAHEHUE MOy (PUBHKO-XUMHUYECKUN METOA — METOJ
MOHHOTO OOMEHa.

DOu3NKO-XUMHUYECKHi METO YMSATYCHHS BOJBI OCHOBAaH Ha WMCIOJIb30BaHUU
MOHOOOMEHHBIX CMOJI, B KOTOPBIX HMOHBI HATpHsS WU BOAOPOJA, 3aKPEIUICHHBIC Ha
TBEPJIOH TOJIMMEPHOM MaTpHIle, CIIOCOOHBI 3aMeNIaThCs Ha KaTHOHBI Ca2+, Mg2+,
Fe*", conepsxariuecs B BOJIe:

Na,R + Ca®" — CaR| +2Na" RH, + Ca*" — CaR| + 2H',
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rne R — pagukan nonmuMmepHO# uenu.

Uepe3 KOJIOHKY, 3alOJHEHHYIO TpaHyJlaMd HOHOOOMEHHHKA, MPOKAYMBAIOT
KECTKYIO BOJY, KOTOpasi, MPOXO/sl CJIOW IpaHyll, OOMEHUBAET KATUOHBI KaJbIUs U
MarHus Ha KaTHOHBI BOJIOPOJA, B PE3y/IbTaTe YEro CHUYKAETCS KaK BPEMEHHAsl, TaK U
MTOCTOSTHHASI )KECTKOCTb.

OneHKa >KECTKOCTHM BOJABI M KaTErOPUU JKECTKOCTU MPOU3BOJIUTCS, €CIU
M3BECTHBI 3HAUCHUS XOTS OBl OTHOTO M3 IKCIIEPUMEHTATBHBIX JTAHHBIX:

1) macca conepxanuxcsi B BOJ€ COJEH;

2) 00beM peakTHBa, UCIIOJIb3YEMOT'0 Ha TUTPOBAHUE BOJIBI;

3) KOIMYEeCTBO WJIM Macca peareHTa, HEOOXOAMMOTro [JIsl YCTpaHEHUs
AKECTKOCTH.

JlaboparopHas padora NelS. «OnpenesieHue sKeCTKOCTH BOAbD)

Hean padorsl: popMupoBaHKE YMEHUI U HABBIKOB B MCIOJB30BAaHUH METO/IA
KOMITIJIEKCOHOMETPUYECKOTO TUTPOBAHMUS, OMPEACIIUTh KECTKOCTh BOJIOIPOBOIHON U
KUIISTYEHOUN BOJIBI.

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. TIpodecTs TeOpeTUUYECKOE BBEACHHUE U MOPSIOK BHITIOJHEHUS PAaOOTHI.

2. OdopMuUTh TPOEKT OTUETA MO JAOOpPaTOPHOU padboTe (CM. MPUIIOKEHUE 2)

ITopsioK BBINOJIHEHUS PadOTHI

[TpuroroBuUTh TUTPYEMYIO CMECh. JJist 3TOr0 B KOJOY AJIs1 TUTPOBAHUSI HAJUTh
100 M1 BOZIOTIPOBOHOM BOJIbI, BOCIIOJIb30BABIINCH MEPHBIM CTAaKaHOM.

K Boge mo6aButh 3-4 M1 ammuadHo-0OydepHol cMecH I nojaepxkanus pH B
uHrepBaie 9-10 u 2-3 karm MHAMKATOPA — SPUOXPOMA YEPHOTO.

TutpyeMyro cMech TIIATENBbHO MEpEMEIIATh, OTMETUTD LIBET CMECH.

bropetky 3anonuuth TuTpantoM — TpuiioH b (OTA) — no HyneBoil OTMETKU
(YpoBeHbB omnpefensieM Mo HUKHEH YaCTH MEHHCKA).

[IpuctynuTh K TUTpOBaHUIO. TUTPOBaTh OO0 MU3MEHEHUS OKPACKH THUTPYEMOU
cMmecu. OTMeTUTh 00BEM pacTBOpa TUTPAHTA, U3PACXOJOBAHHOTO HA TUTPOBAHHUE.

TutrpoBanue MOBTOPUTH Tpu pasa. Pe3ynbrarel 3anucars B Tabmuiry 11.

Bce 10 ke camoe mMOBTOPUTH I KUIITYEHOW BOAbI. Pesynbrarsl 3aHecTu B
Tabmuiy 11.
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Ta6numa 11

OO0beM TUTpaHTa, . KectkocTh
Cpennuit 00beM
MOTIIE/AIIEr0 Ha TUTPOBAHUE BOJIBI
TUTPAHTA, MIT

No tutpo O6wem BofbI
BaHUSA V(H20), mn

V(OATA), M 2K, MMoutb/t
1
> Bononposoanas 100
MJT

3
1
2 Kunsiuenas 100 mn
3

ITo pe3ynbpraTaM TUTPOBAHUS PACCUUTATH OOIIYIO )KECTKOCTh BOJIBI:

_ N3jta-Vanra-1000
>K06Lu - Vv
BOJbI

rine N (O/ITA) — HopManbHOCTh pacTBOpa TpuisioHa b.
Bocnonb3oBaBmuck Toi e (popMysoil, paccuuTarh MOCTOSHHYIO )KECTKOCTb BOJIBI
XK IoCT*

OnpenenuTs BPEMEHHYIO KECTKOCTh BOJIbI:

>Ko61ua.ﬂ - >K1'IOCT = >I<BpeM

ITo pe3ynbraTaM MPOBEAECHHOIO ONbITA 3aMOTHUTh IYHKTHI OTYETA
«HaObmonennsa» n «BeiBom».

3aganus I CaMOCTOSTEIbHON PadoThI
1. ConeprxaHueMm cojiel Kakux METaJIJIOB 00YCJIOBJICHA )KECTKOCTh BOJbI?
2. Yem oTIMYAETCA BPEMEHHAs >KECTKOCTh OT MOCTOSTHHOW? 3. B Kakux eauHuiax
M3MEPSETCA JKECTKOCTh BOJIbI?
4. TlpennoxuTe HECKOJIBKO CIIOCOO0B YMSTUECHHSI BOJIBI, COIEpIKAIIECH THIpoKapOOHAaT
u cynbdar xenesa (II).
5. PaccuuTaiiTe BpPEMEHHYIO JKECTKOCTb BOJbI, COAEpX AIIyl0 TuIpoKapOOHaT
KaJbLHUs, €ciii Ha TuTpoBanue SO mu1 3Toil Boabl u3pacxogoBano 3 mi 0,1 H. pacTBOpa
COJISTHOW KUCJIOTHI.
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INPUJIOKEHHUE 1
TEXHUKA BBIIIOJTHEHUS JIABOPATOPHbBIX PABOT
N TEXHUKA BE3OITACHOCTH

B naboparopupix paboTax HCIONB3YIOTCS €IKHUE, arpECCHUBHBIC M SIOBUTHIC
BemiectBa. [loaromMy pabora B XMMHUYECKOH jaboparopuu Oe3oIacHa JIHAIIb TPH
CTPOTOM COOJTIOICHUH OOIIMX MPaBHII U TPEOOBAHUN TEXHUKH OC30MMaCHOCTH.

[Tpu BhIMOJIIHEHNH JTa00PATOPHBIX PAOOT HEOOXOAMMO COOIIOIATH CIEAYIOIINE

obwue npasuia:
1. ConeprxaTh pabodyee MECTO B UHCTOTE U TOPSIJIKE.

2. IlpuctynaTh K BBIIOJIHEHHUIO OIBITA JIUIIb TOT/A, KOT/IA YSICHEHBI €r0 Leib U
3a]1auu, Koraa 00 JyMaHbl OT/I€JIbHBIC ATAIbI BHIITOJIHEHUS OIbITA.

3. OmnbITl JODKHBI  BBIMOMHATHCS aKKypaTHO, ©0€3 TOpPOIUIMBOCTH, C
cOOJIIOZICHUEM BCEX TPEOOBAaHUM, COAEPKALIUXCA B METOAUUECKUX yKa3aHUSX.

4. B naboparopun HEOOXOAMMO COONIONATh TUIIMHY, 3allpeliaeTcs €CTh, MUTh
Y 3aHUMAaThCsl IOCTOPOHHUMU JIeJIaMU.

5. Ilocne ucnonp30BaHMUs peakTUBa €ro He0OXOUMO Cpa3y CTaBUTh B LITATUB,
yTOOBI HE CO3/1aBaTh OecropsiiKa Ha padodyeM MecTe.

6. [locne okoH4YaHHs pabOTHI 00S3aTETBLHO BBIMBITH PYKH.

Cpenu XMMHUYECKHX PeareéHTOB MMEIOTCS STOBUTHIE BEIIECTBA, OKA3bIBAIOIINE
TOKCHUYECKOE BO3/IECHCTBUE HA OpPraHM3M YeJOBEKa B IEJIOM (MBIIIbSK, CypbMa,
CBUHEL], PTYTh M HX COEAMHEHHUS, TaJIOTeHBl, CepoBOAOpOo, okcui yriepona (II),
OKCHJIBI a30Ta W Jp.), U arpecCHUBHbIE BEIIECTBA, OKa3bIBAIOIINE JIOKAJbHbIC
BO3ACHCTBU Ha KOXY (KHUCIOTHI M 1ienouu). llpu pabore ¢ HUMHU HEoOXOTMMO

CO6J'IIOI[aTB CIICAVIOIIIUEC npasuid no mexnHuxke bezonacrocmu.:
1. Bce ombITHI € AAOBUTBIMHU MW CHUJIBHO IMaXHYIIHMMH BCIICCTBAMH, d TAKIKC

HarpeBaHKE W BHITAPUBAHNC PACTBOPOB MTPOU3BOIUTH TOJIBKO B BHITSDKHOM ITKa()y.

2. He HakJIOHATBCA HaJ COCYIOM C KUIIIIEH XUIKOCThIO. Harperaemyto
MPOOHPKY WIIH KOJIOY JIepKaTh OTBEPCTHEM B CTOPOHY, a HE K ce0e MM K COCey, TaKk
KaK MOKET MPOU30HTH BEIOPOC KHUIAKOCTH.

3. OmnpenensaTh 3amax BEIIECTBAa CJIEAYET, HE BIbIXas Mapbl MOJHOW TPYIbIO, a
HaIpaBJisis UX K ceOe JIETKUM JBUKEHUEM PYKH.

4. PaboThl C KUCJIOTaMHU U I€JIOYaMHU MPOBOAUTH TaK, YTOObI PEAKTUBHI HE
Monajaad Ha ONIeXKIy, JUIo, pyku. HanuBas pacTBop B mpoOUpKy, €€ Halo JAep>KaTh
Ha HEKOTOPOM PACCTOSTHUU OT ceOsl.

5. Ilpu oOpaimieHnn ¢ HEWU3BECTHBIMHM BEIIECTBAMU HEOOXOIUMO TMPOSBISTH
MOBBIIICHHYIO OCTOPOKHOCTh. Hu npu xaxux obcmosmenbcmeax Heiv3si npooosamo
gewyecmeo Ha exkyc!
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6. Heo6xonnmo HemenneHHO yOpaTh Bce MPOJIUTOE, pa30UTOE U MPOCHIIAaHHOE
Ha CTOJIaX WJIM Ha MONy B jaboparopuu. Ecnm kucinora mpoibeTrcs Ha CTON WK Ha
oI, €€ ClieyeT HeHTPaIU30BaTh MIEIOYbI0 WU COIION.

7. Henp3s yrIOTpe6J'I5{TI> JJIA  OIIBITOB BCIICCTBA H3 KaIICIIbHHII, KOO U

YIaKOBOK 0€3 3TUKETOK U C HEPa30OPUYNBHIMH HAITHCIMHU.

8. B xumuueckoil mabopatopuu umeercs anteuka. Hago ymerh oka3bIBaTh
MEPBYIO MOMOIIb NOCTPAJABIINM, KOTZIa 3TO HEOOXOIUMO.

B tabnuue 1 npunoxkeHus: mpuBeIeHbI CBEACHHS 00 OKa3aHUH MEPBOM MOMOIIU

ITPpY BOBHUKHOBCHUU TPABM B Ha60paTOpI/II/I.

Tab6nura 1

IIpoucmecreue

IlepBas momoib

OXOI't

Oorwu or HCM, IIapOM, T'OPAYUMHU IIPCIMCTaMU

[-i1 ctenenu (kpacHoTa)

Hanoxuth BaTy, CMO4YCHHYIO 3TUJIOBBIM CIITMPTOM.
HOBTOpI/ITI) CMa4YHMBaHUC.

[I-ii crenenu (my3bIpy)

To >xe. O6pabatsiBath 5%-M pacTBopoM KMnOy,
uin 5%-M pacTBOpPOM TaHUHA.

III-i crennenn
(pa3pyl1ieHue TKaHei)

[ToKpBITh paHy CTEPUIIBHOM MOBSA3KOW U BBI3BATh
Bpaya.

OXoru KUcnoTamy,
XJIOPOM UJT OpOMOM

[TpOMBITH 0KOT OOJIBIIMM KOJIUYECTBOM BOJIBI,
3areM 5%-m pactBopoM NaHCO;.

Oxoru menouyaMu

[TpoMBbITH OOUITEHO BOJOM.

Oxoru a3

[Ipu o)xore KucIOTaMU MPOMBITH 3%-M
pactBopoM Na,COs. ITpu oxore mienoyamu
npuMeHsTh 2%-1 pacTBOp OOPHOI KUCIOTHI

OTPABJIEHUA

ITommamanne enxkux
BEILIECTB B POT U
MUILEBAPUTEIIBHBIC OPTaHbI

IIpu nonagaHuy KUCIIOT MUTh KAWLy U3 OKCUJA
Maraus. [Ipu nonaganuu mieao4er NuTh pacTBOP
JMMOHHOW KUCJIOTBI UM OYEHBb Pa30aBICHHON
YKCYCHOM KHCJIOTBL.

OtpaBieHue TBEpAbIMU
WIN KUJIKUMH BEIECTBAMHU

Br13Bath pBOTY, BHIUB 1%-i1 pacTBOp cynbdara
menu (IT) CuSO,.

Otpasnenue razamu

HOCTpaI[aBHIeFO HEMCAJICHHO BBIBCCTH HaA

CBEKUU BO3IYX.

9. IIpu npUTrOTOBIEHUN PACTBOPOB CEPHOM KHCIIOTHI HY>KHO JIMTH €€ B BOAY, a

HE HaO60pOT, TaK KaK, BCICACTBUC CHIIbBHOI'O MECTHOI'O Pa3orp€BaHMsA, BO3MOXKHO
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pa3OphI3TUBaHUE KOHIIEHTPUPOBAHHOM KHUCIOTHI. I[lpu 3TOM Hago0 MOJIB30BATHCS
TOHKOCTEHHOMU CKJISTHKOM miH ¢haphopoBoil mOCyn0M.

10. Hukakux BeriecTB u3 1a00paTOpun Herwv3si Opams OOMOL.

11. Meramnueckasds pTyTh M €€ mapbl — CUIbHBIA siA. [lostomy pryTh,
MpOJUTasl NpPU TOJOMKE MPUOOPOB M TEPMOMETPOB, JIOJDKHA OBITH TILATEIBHO
coOpana. CoOuparT PTYTh C MOMOIIBIO aMalblaMHUPOBAHHBIX IJIACTUHOK W3 MEIH
UM O€JIoN JKECTH.

12. Ilpu mope3ax CTEKJIOM paHy HYXHO MPOAE3HH(PHUIMPOBATH PACTBOPOM
NepMaHraHaTa Kajusl Wik CIIUPTOM, TEepeBsi3aTh OMHTOM.

13. ITocine okazaHus EPBOM MOMOLIY MTOCTPAJABIIETO HAIPABUTD K Bpayy.

14. B mensx npoTUBOMOXKApHOM OE€30MacHOCTH XUMHUYECKas Jaboparopus
CHAaO)X€HAa OTHETYIIUTENSIMU, SUMKAMH C TI€CKOM, acOeCTOBBIMH OESUIAMH.
Heobxoaumo 3HaTh, e HaXoAATCs MPOTHBONOKAPHBIE CPEICTBA U MOPSAJOK CPOUHOM
ABaKyalluu U3 Ja00paTopuu Npu Moxape.

15. OG0 Bcex ciyyasix OTKJIOHEHHS OT HOPMAJIbHOTO XOjAa JabOpaTOpHOTO
3aHATHS, YTPOKAIOMIET0 HAPYIICHUEM HACTOAIIMX MPaBWII, COOOIIATh MPEXKIE BCETO
MpEnoaBaTelio, IeKypHOMY JaOOpaHTy WU 3aBEAyIOIIeMY JabopaTopuei.
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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 OTHOIIECHHH, TPOU3BECTH PaCU€T MOJIBHOTO COOTHOIIEHHS MOJIEKYIT
0€3BOJTHOM COJIM U MOJICKYJI BOJBI B COCTaBE KPUCTAUIOTHIpara.
Ilpuobopot u peakmuewt: GaphopoBbI TUTEb, HABECKA KPUCTAJIIIOTHIpaTa,
AIICKTPOHHBIE BEChI, MUKPOIITIATEIb, TTIecyaHas OaHs, IIUTIIIHI.
Ypasnenusn xumuueckux peaxyuii:
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 MUKPOIITIATENsl BHECTH B TUTeJb MOPOIIOK KpUCTAIOTHIpaTa
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. Wcnonb3ys IIUIILbBI, CHATH THUTEIb C TecuyaHOM OaHM W TMOMECTUTh 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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IHPUJIOKEHUE 3

CIIPABOYHBLIE TABJINIIbI
Tabmuma 1
Ha3BaHusi BaskHeMIIIMX KHUCJIOT M UX AaHMOHOB (C0JIei)

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;
Mapranneas HMnO, ITepmanranar MnO,
MapranmnoBucras H,MnO, Manranar MnO,*~
MomubaeHnoBast H,Mo00, Momubaar MoO, >
MypaBbrHas HCOOH dopmuar HCOO
MBEIIBsIKOBast H;AsO, Apcenar AsO4>”

['mapoapcenar HAsO,*
Hurunpoapcenar | H,AsO,

37
MBEIIBSIKOBHUCTAS H;AsO; ApceHur AsO;s
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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,"
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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;

[Ipumeuanue: B Tabn.1 nmpuBeaeHsl HA3BaHUS BaXKHEMIINX KUCIOT U UX AHHOHOB
o HomeHkiarype UIOITAK
Tabnuma 2
PacTBOpUMOCTB THAPOKCUAOB U COJIEH B BOIE

Karnonsr AHHOHBI

OH™ S | SOs> | SO7 | NO;y™ | PO | CO;™ | Si0 | COO™

=
S
e
=

NH,"

K', Na"
M g2+

C aZ+

B a2+

A13+

crt

7 n2+

M n2+

C 02+’ Ni2+
F e2+

F e3+

C d2+

H g2+ _
Cu™ H
Ag’ -
Sn* H

Pb2+

sz oo
oz |s |
oz |z|s o

T E (R =
T E (R =

ol |zl m ooz |2|o
<z z| =zl |zl | |
=olill li==l <l [« o [« o < o < o < s ) [« o B [« o ol ]

el ke leReRhecl el clcNiecl ke lecle ol ielelle]
== =R == I =T Y« ) [ == R« =T (<= o}

T E|(E|=
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k=l l-"Hhelhelhelhclclclclcl kel el ol ol el el o]
2o lnicigIcIc I (T T
rllscll--HclN--HielclicBclclcl e lc N ol ol el el o]
el dhelelhelcleBcleNiel e lise N N--N K kel el o]
==l <~ =~ I« > (<) == I« >} (==l == (<=0 R == ==Y (== [l == [ <~} I ==} la=  n )
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Tabnwuma 3
OTHOCHTeIbHASA YIEKTPOOTPHULATEILHOCTH 3JIeMeHTOB 00 (mo IlosauHry)

ITepuon | I'pynmsl
I II 111 IV A% VI VII | 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 V Cr Mn |Fe Co |Ni
091 [1.04 (1,20 1,32 |1.45 |1.56 |1,60 [1,64 |1,70 | 1,75
Cu /n 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 | 1,46 (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 (144 |1,55 | 1,67 | 1,67 |1,90 -

7 Fr Ra ok *mantaHouasl 1,08 — 1,14
0,89 (0,97 **axrrmHonasl 1,00 — 1,20
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Tabnua 4

Oobs1acTH nepexoaa HEKOTOPbIX HHANKATOPOB

Ob6nacth nepexoaa

N aukaTop ol 3MeHeHrE OKpacKu

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

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

MeTunoBbINM KpaCHBIN 4,2—6,2 KpacHas — xenras

Jlakmyc (a30JUTMUH) 5,0—8.,0 KpacnHast — cunsis

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

denondranent 8,2—10,0 becrnBeTHass — MalanHOBas

AJIM3apUH KENTHIN 10,1—12,1 Kenras — nunoBas

Tpomneonun 0 11,0—13,0 Kesrras — oparbkeso-

KOpUYHEBAs
NHaurokapmMuH 11,6—14,0 [omyOast — xenrast
TaOmuma 5
Psax akTuMBHOCTEH (CTAHXAPTHBIX 3JIEKTPOIHBIX MOTEHIIHAIOB) METAJJIOB
DIEeKTpOa DneKTpon
Oxuciennas | Boccranosnen- | E'.B Oxkuciennas | Boccranosnennas | E, B
dbopma Hast 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 | Hg,™ 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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Tabnuua 6

KOHCTAHTBI AMCCOMHALMH 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,]” 4,17 107" 16,30
[CA(CN),]” 7,76107 17.11
[CA(NH;)s]™" 2,76107 4,56
[Co(C204)s]” 5,010 11,30
[CO(NH3)6]2+ 4,07:10” 4,39
[Co(NH;)s]™" 6,1510™° 3521
[Co(NOL)s]™ 1,010 22.0
[Co(SCN),]” 55010 2.26
[Cr(OH)4] 1,26107" 29.90
[Cu(CN).T 1,010 24,00
[Cu(CN),J" 513107 30,29
[Cu(NH5),]"" 9,3310™"° 12,03
[Fe(C204)s]" 8,0107 8.10
[Fe(CN)]™ 6,3107" 1020
[Fe(CN)e]" 1,401077 36,84
[FeFe]” 79401107 16,10
[HgBr,]" 1,00107 21,0
[Hgl,]" 1,40010™° 29.85
[Hg(CN),]” 400107 41,40
[Hg(SCN),]” 8,001102 21.10
[Ni(NH;)4]"" 1,1210° 7.95
[Ni(NH;)e]"* 9,7710° 8.01
[PtBr,]* 3,0107" 20,52
[PtCl,]*~ 1,010 16.00
[SnCl]" 5,1010™ 10.29
[Zn(CN),]” 6,30110"° 17.20
[Zn(NH;),]" 2,010 8,70
[Zn(OH),]” 3,6107° 15,44
Tabana 9
JlaBjieHHE HACHIIIEHHOTO BOASIHOTO Mapa MpH Pa3IndHbIX TEMIIEPaTypax
P(H,0), [P(H,0), o [P(H,0), [P(H,0), o.. IP(H,0), P(H,0),
klla MM PT. CT. TL.°C klla MM PT. CT. TL°C xIla MM PT. CT.
1226 (9.2 15 |1,706  |12.8 20 333 |17
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11 (1,306 9.8 16 [1.813 13,6 21 paro 180
121,399 [10,5 17 (1,933 |14,5 22 639|198
13 [1493 |12 [I18 2,066 |155 23 pgiz P
141,599 [12,0 19 2,199 165 24 Pose P24
Tabmwuma 10
HOpMa.JILHLIe (CTaHIlapTHbIe) JICEKTPOAHLIC IIOTCHIMAJIBI B BOAHBLIX pacTBOpax
¢, B
Ag AgyS +2e=2Ag+ S -0,70
Ag(CN)y™+ e = Ag + 2CN- 0,29
Aglt+te=Ag+T" -0,152
AgCN+e=Ag+ CN- -0,04
Ag(S703))>+ e = Ag +28,05%" 0,01
AgBr+e=Ag+ Br’ 0,071
AgCl+e=Ag+CI 0,222
AgrO + HyO + 2¢ = 2Ag + 20H- 0,344
Ag(NH3), ™+ e = Ag + 2NH; 0,373
AgyCrO4+ 2e = 2Ag + CrO 42" 0,446
AgyCrO g+ 2e =2Ag + Cr042" 0,472
AgBrOs+e=Ag+ BrOj3~ 0,55
2Ag0 + Hy0 + 2¢ = AgyO + 20H- 0,60
Agt+e=Ag 0,799
AgrO +2H" +2e = 2Ag + H,O 1173
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2Ag0 + 2HT + 2e = Ag>O + H,O 1,398
Al AlOy™ +2H,0 + 3¢ = Al + 40OH" 2,35
Al(OH)3 + 3¢ = Al + 30H" 2,31
AIFg3™ + 3¢ = Al + 6F" -2,07
ABT +3e=Al -1,663
Al(OH)3 + 3H" + 3e = Al + 3H,0 -1,471
AlOy™+4H" + 3e = Al + 2H,0 -1,262
As As+3HT + 3¢ = AsHj -0,60
HAsO, + 3H" + 3e = As + 2H,0 0,248
H3AsO4 + 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
Au3T +2e = Au™ 1,401
Au3T +3e = Au 1,498
Aut+e=Au 1,692
B BF4~ +3e =B +4F -1,04
H3BO3 + 3H' +3e =B + 3H,0 -0,869
BO33" + 6HT + 3¢ = B + 3H,0 0,165
Ba BaZt +2e=Ba -2,905
Be Be2t + 2¢ = Be -1,847
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Be(OH), + 2H" + 2e = Be + 2H,0 -1,820
BeOy2™ + 4HT + 2¢ = Be + 2H,0 -0,909
Bi BiyO3 + 3H,0 + 6¢ = 2Bi + 60H" 20,46
BiOCl + 2H™ + 3¢ = Bi + CI" + H,O 0,16
Bi3T + 3¢ = Bi 0,215
BiO" + 2H" + 3¢ = Bi + H,O 0,32
BiyO3 + 6H" + 6e = 2Bi + 3H,0 0,371
NaBiOs(1) + 6H+ 2e = 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™ + 4OH" 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) + 2¢ = 2Br” 1,065
BrO3™ + 6H" + 6e = Br™ + 3H,0 1,44
2BrO3™+ 12H" + 10e = Bry + 6H,0 1,52
2HBrO + 2H" + 2e = Bry + 2H50 1,59
C HCOO" + 2H»0 + 2¢ = HCHO + 30H" -1,07
2C05 + 2H" + 2e = HyCHOy -0,49
CO5 +2H" + 2e = HCOOH -0,20
C(rpadur) + 4H" + 4e = CHy -0,132
CO, +2HT +2e = CO + H,O -0,12
HCOOH + 2H™ + 2e = HCHO + H,0O -0,01
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HCOOH + 4H" + 4e = CH3OH + H,0 0,145
HCOO" + 3H™ + 2e = HCHO + H,0 0,167
CH3CHO + 2H™ + 2e = C,HsOH 0,19
CO32" + 6HT + 4¢ = HCHO + 2H,0 0,197
HCOO™ + SH™ + 4e = CH30H + H,O 0,199
CO32" + 8HT + 6¢ = CH30H + 2H,0 0,209
CO32" + 3HT + 2¢ = HCOO™ + H,0 0,227
HCHO +2H™ + 2¢ = CH;0H 0,232
2C032" + 4HT + 2¢ = CH04%" + 2H,0 0,441
CHHsOH + 2H™ + 2e = CyHg + Hy,O 0,46
CO32" + 6HT + 4¢ = C(rpadur) + 3HHO 0,475
CO + 6H" +6e = CH4 + H,O 0,497
CH30H + 2H" + 2e = CHy + H,0 0,59
Ca CaZt +2¢=Ca -2,866
Cd CdS +2e = Cd + S -1,175
Cd(CN)42" + 2e = Cd + 4CN" -1,09
Cd(OH), + 2e = Cd + 20H" -0,81
[CA(NH3)4]2" + 2¢ = Cd + 4NH; -0,61
Cd?* +2e=Cd -0,403
Cd(OH), + 2H" + 2e = Cd + 2H,0 0,005
CdO +2HT +2e = Cd + H,O 0,063
Cl ClO4™ + HyO + 2¢ = ClO3™ + 20H" 0,36
2CIO™ + 2HH0 + 2¢ = Cl, + 40H" 0,40
ClO4” + H,yO + 8¢ = CI” + 8OH" 0,56
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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, + HyO 1,15
ClO4™ +2H" +2e = ClO3™ +H,0 1,189
ClO, + 4H" + 4e = 2HC1 + H,O 1,351
Cly +2e =2CI° 1,3595
ClO4™ + 8H™ + 8¢ = CI" + 4H,0 1,38
2Cl04™ + 16H' + 14e = Cly + 8H,0 1,39
ClO, + SH + 5e = HCI + 2H,0 1,436
ClO3™ + 6H + 6¢ = CI" + 3H,0 1,451
2Cl03™ + 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¢ = Cly + 4H,0 1,64
[Co(CN)g]3" + e = [Co(CN)g]* -0,84
Co(OH), +2e = Co + 20H" -0,73
CoCO3 +2¢ = Co + CO32" -0,64
[Co(NH3)6]%T + 2¢ = Co + 6NH;3 -0,42
Co2* +2e=Co -0,277
Co(OH), + 2H" + 2e = Co + 2H,0 0,095
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[Co(NH3)6]3 T + e = [Co(NH3)g]2 T 0,1
CoO + 2HT + 2e = Co + H,O 0,166
Co(OH)3 + e = Co(OH), + OH" 0,17
Co3t+3e=Co 0,33
Co3t +e=Co?" 1,38 - 1,842
Cr Cr(OH), + 2¢ = Cr + 20H" 1,4
Cr(OH)3 +3e=Cr + 30H" -1,3
CrO,™ + 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
CrO42" + 4H,0 + 3¢ = Cr(OH)3 + 50H" -0,13
CryO7%" + 14H" + 12¢ = 2Cr + 7TH,0 0,294
CrO42™ + 8H™ + 6e = Cr + 4H,0 0,366
CrO42" + 4H' + 3¢ = CrO,™ + 2H,0 0,945
CrO,™ +4H"' + e = Cr2™ + 2H,0 1,188
CryO-%" + 14H" + 6e = 2Cr31 + 7TH,0 1,333
CrO4% + 8H' + 3e = Cr3t + 4H,0 1,477
Cu CuyS +2e =2Cu + S -0,89
CuS +2e = Cu + $2 -0,71
[Cu(CN)y]" + e = Cu+ 2CN" -0,43
Cuy0 +HyO + 2¢ =2Cu + 20H" -0,36
Cu(OH), + 2e = Cu + 20H" -0,22
Cul+te=Cu+TI -0,185
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[Cu(NH3),]" + e = Cu + 2NH; -0,12
[Cu(NH3),*" + 2e = Cu + 4NH; 20,07
[Cu(NH3),*" + 2e = [Cu(NH3),]" + 2NH; -0,01
Culy"te=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?" + HyO + 2¢ = CuyO + 2HT 0,203
Cu?t+2e=Cu 0,337
Cu?t +2CI" + e = CuCly” 0,463
Cu"+e=Cu 0,520
Cut + CI" + e = CuCl 0,538
CuO +2HT + 2e = Cu + H,O 0,570
Cu(OH), + 2H" + 2¢ = Cu + 2H,0 0,609
Cu™ +Br +e=CuBr 0,640
2Cu0 + 2H™ + 2e = CuyO + H,0 0,669
Cu?t+ 1 +e=Cul 0,86
Cut +2CN" + e = Cu(CN), 1,12
Cudt +e=Cu" 2,40
F F»O +2H" + 4e = 2F" + H,0 2,1
Fy +2¢ = 2F 2,87
Fe FeS + 2e = Fe + §2- -0,95
Fe(OH), + 2e = Fe + 20H" -0,877
FeCO3 + 2¢ = Fe + CO3%" -0,756
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Fe(OH)3 + e = Fe(OH), + OH" -0,56
Fe2t + 2¢ = Fe -0,440
Fe304 + 8H + 8¢ = 3Fe + 4H,0 -0,085
Fe,O3 + HyO + 2H™ + 2¢ = 2Fe(OH), -0,057
Fe5O3 + 6H™ + 6e = 2Fe + 3H,0 -0,051
Fe(OH), + 2H" + 2e = Fe + 2H,0 -0,047
Fe3T + 3¢ =Fe 20,037
Fe(OH)3 + 3H" + 3¢ = Fe + 3H,0 0,059
Fe(OH)3 + H' + e = Fe(OH), + H,0 0,271
[Fe(CN)g]3™ + e = [Fe(CN)g]*+ 0,356
Fe3t + e =Fe2" (IM H,SO) 0,68
Fe3t +e=Fe2 (IM HQ)) 0,70
[Fe(CN)g]3" + ¢ = [Fe(CN)g]* (1M HCI) 0,71
Fe3T+e=Fe2™ 0,771
Fe30,4 + 8H' + 2¢ = 3Fe?™ + 4H,0 0,980
H 2H50 + 2e = Hy + 20H" -0,828
2HT +2e=H, 0,0000
H,0, + 2H" + 2e = 2H,0 1,776
Hg HgS + 2e = Hg + S2- -0,69
[Hg(CN)4]%" + 2¢ = Hg + 4CN" -0,37
Hgyly +2¢ =2Hg + 2I° -0,041
Hgly%" + 2¢ = Hg + 4I° -0,04
HgO(xpacnas) + HO + 2e = Hg + 20H" 0,098
Hg,Bry +2¢ = 2Hg + 2Br” 0,140
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[HgBry]%™ + 2¢ = Hg + 4Br” 0,21
Hg,Cly + 2K + 2e = 2Hg + 2KCl (18) 0,2415
Hg,Cly + 2e = 2Hg + 2CI- 0,268
Hg,Cl, + 2e = 2Hg + 2C1~ (1M KCl) 0,28
Hg,Cl, + 2e = 2Hg + 2C1- (0,1M KCI) 0,334
[HgCly]%" + 2e = Hg + 4CI° 0,48
HgySOy4 + 2¢ = 2Hg + S04 0,6151
Hgy2" + 2¢ = 2Hg 0,788
Hg2t +2e = Hg 0,850
2Hg?" + 2¢ = Hgy? ™ 0,920
HgO + 2H" +2e = Hg + H,O 0,926
103+ 2H5O + 4e = [0™ + 40H" 0,14
203" + 6H50 + 10e = 15 + 120H" 0,21
103”+ 3Hy0 + 6e = I + 60H" 0,25
210"+ HyO + 2e =I5 + 4OH" 0,45
10"+ HyO + 2¢ = I + 20H" 0,49
I +2e =2I" 0,536
I3~ +2e =3I 0,545
103™ + 2H50 + 4e = [0™ + 40H" 0,56
HIO + H" +2e =1~ + H,0 0,99
2ICly™ +2e =1, + 4CI° 1,06
1037+ 6H" + 6e = I" + 3H,0 1,085
103™+ SHT + 4e = HIO + 2H,0 1,14
21053 + 12H" + 10e =I5 + 6H,0 1,19
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2HIO + 2H™ +2e =1, + 2H,0 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), + 2¢ = Mg + 20H" 2,69
Mg2+ +2e=Mg -2,363
Mg(OH), + 2H" + 2e = Mg + 2H50 -1,862
Mn MnCO3 + 2e = Mn + CO3%" -1,48
Mn2++Ze=Mn -1,18
Mn(OH), + 2H" + 2e = Mn + 2H50 -0,727
MnO,” + e = MnO 42" 0,564
MnOy4~ + 2H50 + 3e = MnO, + 40H" 0,60
MnO, + 4H' +2¢ = Mn?" + 2H,0 1,228
MnyO3 + 6H' + 2¢ = 2Mn?" + 3H,0 1,443
MnOy4™ + 8HT + 5¢ = Mn2 " + 4H,0 1,507
Mn3 " + e =Mn?" (8M H,S0y) 1,509
MnOy4~ + 4H™ + 3¢ = MnO, + 2H,0 1,692
MnO42~ + 4HT + 2¢ = MnO, + 2H,0 2,257

3N, +2e = 2N3" 3.4
3Ny +2HT + 2e = 2HN; 3,1
Ny +4H,0 + 2e = 2NH,OH + 20H- -3,04
Ny +4H,0 + 4e = NyHy + 40H" -1,16
N, + 8H,O + 6e = 2NH4OH + 60H- -0,74
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NO,™ + H,0 + & = NO + 20H" -0,46
NO,™ + 6H,O + 6e = NH4OH + 70H" -0,15
NO3™ + 2H,0 + 3e = NO + 40H" -0,14
NO3™ + 7H,0 + 8e = NH4OH + 9OH" -0,12
NO3™ + HyO + 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
2NO,™ + 4H,0 + 6¢ = Ny + 8OH" 0,41
NH,OH + 2H,O + 2e = NH4OH + 20H" 0,42
2NO, + 4H»O + 8¢ = Ny + 8OH" 0,53
NO3™ +2H" + e =NO, + H,O 0,78
NOj3™ +2H" + e =NO, + H,O 0,80
2NO + 2H,0 + 4e = Ny + 40H" 0,85
HNO, + 7H" + 6e =NH, " + 2H,0 0,864
NO3™ + 10H" + 8¢ = NH4 " + 3H,0 0,87
2NO, +2e = 2NOy" 0,38
N5O + H,0 + 2¢ = Ny + 20H" 0,94
NOj3™ + 3H" +2e = HNO, + H,O 0,94
NO3™ +4H" + 3¢ =NO + 2H,0 0,957
NO3™ +4H" + 3¢ =NO +2H,0 0,96
HNO, + H" + e =NO + H,0 1,00
NO, + 2H" +2¢ =NO + H,0 1,03
NO, + H' + ¢ = HNO, 1,09
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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, + 6H" + 6e = N, + 4H,0 1,45
2NO +4H" + 4e =Ny + 2H50 1,678
N0 +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 + 6NH; -0,49
NiCO3 + 2e = Ni + CO3%" -0,45
Ni2" + 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
0 O + 2HHO + 4e = 40H" 0,401
O, +2H" +2e = H,0, 0,682
HO,™ + H,0 + 2e = 30H" 0,88
O, +4H™ + 4e = 2H,0 1,229
O3 +HyO +3e = 0y + 20H" 1,24
O3 + 6H + 6e = 3H,0 1,511
H,0, + 2H" + 2e = 2H,0 1,776
O3 +2H" +2e = 05 + HyO 2,07
P H,PO,™ +e =P+ 20H" -2,05
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HPO32" + 2H,0 + 2¢ = HyPO,™ + 30H" -1,57
PO43" + 2H,0+ 2¢ = HPO3 2" + 30H" 1,12
2H3PO4 + 2H + 2¢ = H4P»Og + 2H,0 -0,94
P+ 3H,0 + 3¢ = PH3 + 30H" -0,89
H3PO, + H' +e=P+2H,0 -0,51
H3PO3 + 3H" + 3e = P(6enptif) + 3H,0 -0,502
H3PO3 + 3H" +2¢ = H3PO, + H,0 -0,50
H3PO3 + 3H™ + 3e = P(kpacHsiit) + 3H,0 -0,454
H3PO,4 + SHT + 5 = P(6enetit) + 4H,0 -0,411
H3POy4 +4H™ + 4e = H3PO, + 2H,0 -0,39
H3POy + 5H' + 5e = P(xpacHbiit) + 4H,O -0,383
H3PO,4 + 2H" + 2e = H3PO3 + H,0 -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 + HyO + 2e = Pb + 20H" -0,58
PbCO3 + 2¢ = Pb + CO32" -0,506
Pbl, + 2e = Pb + 2I° -0,365
PbSO,4 + 2¢ = Pb + SO42- -0,3563
PbF, + 2¢ = Pb + 2F" -0,350
PbBry + 2¢ = Pb + 2Br~ -0,280
PbCl, + 2e = Pb + 2CI- -0,268
Pb2" +2¢ =Pb 0,126
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PbO32" + HyO + 2¢ = PbO52™ + 20H" 0,2
PbO + 2H™ + 2¢ = Pb + H,O 0,248
Pb(OH), + 2H" + 2¢ = Pb + H,0 0,277
PbO, + H,0 + 2¢ = PbO + 20H" 0,28
Pb30y4 +2H™ + 2 = 3PbO + H,O 0,972
PbO, + 4HT + 2¢ = P2t + 2H,0 iféz'
PbO + SO42™ + 4HT + 2¢ = PbSO,4 + 2H,0 1,685
Pb*" + 2¢ = Pb2 T 1,694
Pd Pd(OH), + 2¢ = Pd + 20H" 0,07
Pdlg2" + 2e = PdI4 2" +2I° 0,623
PACl42" + 2¢ = Pd + 4CI" 0,623
PdO + 2H™ + 2e = Pd + H,O 0,896
PdClg2™ + 4e = Pd + 6CI" 0,96
Pd2* +2¢ =Pd 0,987
[PdBr]%" + 2¢ = [PdBr4]%" + 2Br" 0,993
PdO, + 2H™ + 2e = PdO + H,O 1,283
[PAClg]%" + 2¢ = [PACl4]%" + 2CI° 1,288
Pt PtS + 2¢ = Pt + S2° -0,95
PtSy + 2¢ = PtS + S%° -0,64
Pt(OH), + 2¢ = Pt + 20H" 0,15
[PtIg]%" + 2¢ = [Ptl4]2" + 217 0,393
[PtBry]% + 2¢ = Pt + 4Br~ 0,58
[PtBrg]%" + 2¢ = [PtBry]2" + 2Br" 0,59
[PtClg2™ + 2¢ = [PtCl4]2" + 2CI° 0,720

95




[PtCl4]%" + 2¢ = Pt + 4CI- 0,73
Pt(OH), + 2H™ + 2e = Pt + 2H,0 0,980
PtO, + 2H" + 2e = Pt(OH), 1,045
Pt2" + 2e = Pt 1,188
SO42" + HyO + 2¢ = SO3%" + 20H" -0,93
28042 +5H,0 + 8¢ = S,032" + 100H" -0,76
SO32" + 3H,O + 4e = S + 60H" -0,66
2S032" + 3Hy0 + 4e = $,032" + 60H" -0,58
Sy2" +2e =282 -0,524
S+2e =82 -0,48
2S +2e = Sy2" -0,476
S+H"+2e=HS -0,065
$7032" + 6HT + 8¢ = 282" + 3H,0 -0,006
S406% + 2 = 28,032 0,08
SO42" + 8H' + 8¢ = S2° + 4H,0 0,149
S +2H" + 2e = H,S 0,141-0,17
SO42" + 4H' + 2¢ = H»SO3 + Hy0 0,17
SO3%" + 6H' + 6e = S + 3H,0 0,231
25042+ 10HT + 8¢ = $H03% + 5H,0 0,29
SO42"+ 10HT + 8¢ = H,S + 4H,0 0,311
SO42"+ 8H' + 6e = S + 4H,0 0,357
2H,S03 + 2H' + 4e = $7042" +3H,0 0,40
HySO3 +4H™ + 4e = S +3H,0 0,449
S$y032" + 6HT + 4e = 2S + 3H,0 0,5
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2S032" + 6HT + 4e = SH032 + 3H,0 0,705
Sy0g?™ + 2¢ = 250,42 2,01
Sb SbO,™ + 2H,O + 3¢ = Sb + 40H- -0,675
Sb + 3H" + 3e = SbHy -0,51
SbO3™ + HyO + 2e = 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,0 0,353
SbO,™ +4H™ + 3e = Sb + 2H,0 0,446
SbyOs5 + 6H' + 4e = 2SbO™ + 3H,0 0,581
SbyOs + 4H™" + 4e = SbyO3 + 2H,0 0,671
Se Se +2e = Se?- 20,92
Se +2H™ + 2e = HpSe -0,40
Se032" + 3H,O + 4e = Se + 60H" -0,366
Se04%" + HyO + 2¢ = Se032" + 20H" 0,05
HySeO3 +4H" + 4e = Se + 3H,0 0,741
Se042" + 4HT + 2¢ = HySeO3 + HyO 1,15
Si Si032- + 3H,O + 4e = Si + 60H- 1,7
SiF2™ + 4e = Si + 6F 1,2
Si032" + 6HT + 4e = Si + 3H,0 -0,455
Si+4HT + 4e = SiHy 0,102
Sn SnS + 2e = Sn + $2° -0,94
[Sn(OH)]%" + 2e = [HSnO,]" + HyO + 30H" -0,93
[HSnO,]" + HO + 2e = Sn + 30H" -0,91
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[SnFg]2" + 4e = Sn + 6F" -0,25
Sn2t + 2¢ =Sn -0,136
Sn0O, + 2H" +2e = SnO + H,0 -0,108
SnO, +4H™ + 4e = Sn + 2H,0 -0,106
SnO + 2H™ + 2e = Sn + H,0 -0,104
Sn(OH), + 2H™ + 2e = Sn + 2H,0 -0,091
[SnCl¢]2™ + 2e = SnCl42 " + 2CI" ( 1M HC) 0,14
Sn*t + 2 = Sn2* 0,151
St Sr2t +2e=Sr -2,888
Zn ZnS + 2e = Zn + S%- -1,405
[Zn(CN)4]%" + 2¢ = Zn + 4CN" -1,26
Zn(OH), + 2¢ = Zn + 20H" -1,245
[Zn(OH)4]%" + 2e = Zn + 40H" 1,22
Zn052" + 2H,0 + 2e = Zn + 40H" 1,216
ZnCO3 + 2¢ = Zn + CO3% -1,06
[Zn(NH3)4]2t + 2¢ = Zn + 4NH; -1,04
Znt +2e=7n -0,763
Zn0,2" + 4HT + 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.-n34. 1. 6,7. Iled. 1. 6,3.

N3narenscTBO (PenepaabHOTO TOCYTaPCTBEHHOTO OIOMKETHOTO
00pa30BaTEIbHOTO YUPEKACHHUSI BHICIIETO 00pa30BaHUs
«KanuHUHIpaICKUi rOCyIapCTBEHHBIN TEXHUYECKUNA YHUBEPCUTET».
236022, Kanununrpan, CoBETCKUHN NPOCHEKT, 1



