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BBEAEHUE

Llenpt0 OCBOGHMS JTUCHUIUIMHBI «XUMHS» SBISETCS (POPMUPOBAHHE Y
CTYICHTOB TECOPETHUUYECKUX U MPAKTUUYECKUX 3HAHUU MO AUCUUIUIMHE U YMEHHUS UX
WCIIOJIB30BATh B CBOEH MPOeCCHOHATBLHOUN NEeITeTHHOCTH.

B pe3ynbrare ocBOEHUS TUCIUILUIMHBI O0YUYarOIIUICS JTOJKEH:

3HaTh:

NEPUOJIUYECKA 3aKOH M €ro HCHOJb30BaHUE B TMPEICKA3aHUU CBOWCTB
3JIEMEHTOB U COCIUHCHU;

XUMUYECKHE CBOMCTBA 3JIEMEHTOB psiia TPYIII;

BU/JIbl XUMUYECKOW CBSI3U B PA3JIMYHBIX THUIIAX COCAUHEHUIA;

CBOMCTBA BaXKHEUIINX KIIACCOB OPTraHUYECKUX COCTUHEHUN;

OCHOBHBIE ITPOIIECCHI, TPOTEKAIOIINE B IIEKTPOXUMUYECKUX CUCTEMAX;

MPOIIECCH KOPPO3UH U METOJIbI OOPHOBI C KOPPO3UEH;

CBOMCTBA JIUCIIEPCHBIX CUCTEM;

XUMHYECKHE CBOMCTBA METAJIJIOB.

Ymern:

MIPUMEHSATh METOJbI AKCIEPUMEHTAIBLHOTO HMCCIIEIOBAHUS B MPAKTUYECKON U
Hay4YHO-UCCIIEN0BATEIbCKON IEATEIBHOCTH.

Baaners:

KJIFOUEBBIMHU TEOPETUUECKUMU U TPUKIIATHBIMU BOITPOCAMH XUMUHU.

XuMHUuecKu 1ab0paTOpHBIA TMPAKTUKYM SIBIISIETCA O0S3aTENbHOM YaCThIO
y4eOHOM JUCHUIUIMHBI «XHUMHS», KOTOPYH) M3y4aloT CTYACHTHI HalpaBlICHUS
15.03.04 ABromaTu3anus TEXHOJIOTMYECKUX IPOLECCOB U MPOU3BOJICTB.

JlabGoparopHbie 3aHATHS MPU W3YYCHUH XWMUU TPECIEAYIOT IBE OCHOBHBIC
uenu: 1) NoaTBepKIAECHUE IKCIIEPUMEHTOM TEOPETUUECKUX MOJOKEHUH U 3aKOHOB; 2)
oOyueHre HaBbIKaM IMPOBEACHHS JIA0OPATOPHBIX PabOT, MPU BBIMOJIHEHUH KOTOPBIX
CTYACHThl OCBaMBAIOT TEXHUKY OOpalleHus C XUMUYECKUMH pPEaKkTUBaMU U
MPUCTIOCOOICHUSIMU, TPUEMBI MPOBEJACHUSI XMUMHUYECKUX OINepaluid, METO/Abl
00pabOTKHM ONBITHBIX JIAHHBIX, YUaTCs COMOCTABISATh U AHAJTU3UPOBATH PE3YJbTAThI
OTBITOB W JieNaTh BbIBOABI. Kiaccumueckuii mabopaTOpHBIA MPAKTUKYM IO XUMHH
HOCHUT B OCHOBHOM WJUTFOCTPATHUBHBIN XapakTep: B JaOOPATOPHBIX OIMbBITAX CTYACHTHI
HaXOAAT MOATBEPKICHUE TEX 3aKOHOMEPHOCTEN, KOTOPhIE M3Y4aloT Ha JICKIIMOHHBIX
3aHSTHUSX.

1. TEMBI IABOPATOPHBIX PABOT U METOANYECKHUE YKA3ZAHUSA
O UX NPOBEAEHHUIO

Jlaboparopabie pabOThl MO XWMHUHU CTPYIIUPOBAHBI TIO COOTBETCTBYIOIIUM
TeMaM JUCIUILIMHBI U IpUBEACHBI B Ta0auIie 1.



Tabnuma 1 — O6beM (TPYyT0EMKOCTh OCBOSHHS) TEMbI M Ha3BAaHUSI COOTBETCTBYIOIIHNX
en JIP

Kos-Bo wacos JIP

Howmep

TOMEI Tema muctunnHB Ha3BaHUE T1a00PATOPHON PaOOTHI | OYHAs | 3a04yHAas

dopma | ¢opma

Bsenenue

11 OcHoBHBIC 3aKOHBI ¥ MOHATUS. [ToHITHE XUMUM

JI/p Ne 1. Onpenenennie S5KBUBaJIEHTHON MaccChl
MeTajuia 4 2
JI/p Ne 2. Onpenenenue 3HTaIbINN PACTBOPEHUS
COJIU

1.2 Crpoenue BemiecTBa
(VIabopamopnvie pabomul no dannoii meme He - -
npeoyCMompenvl NIAHOM NPOEeOeHUst padbom)

1.3 OCHOBHBIE 3aKOHOMEPHOCTH IIPOTEKaHUS 2
XUMHUYECKUX MPOIECCOB
JI/p Ne3. CxopocTh XUMHUYECKHX PEAKIUN U
XUMHUYECKOE PABHOBECHE

1.4 KoMIuiekcHBIE cOeTUHEHUS
JI/p Ned. KomriekCHbIEC COCTUMHEHUS

1.5 JucnepcHsle cuctemel. PacTBOpEI
JI/p NeS. TlpuroroBienue pacTBOpa 3aIaHHON
KOHILICHTPALIMH

JI/p Ne6. DnekTpoauTruecKas JuCCOIUaIHs 8

JI/p Ne7. Onpenenenue pH cpennl

JI/p Ne8. T'maponus coneit

1.6

OKHCIUTEIIHFHO-BOCCTAHOBUTEIBLHEIC pe€aKuunun

JI/p Ne 9. Bnustnue pH cpeasl Ha xapakrep
BOCCTaHOBJICHUSI IEpMaHTaHaTa KaJus

JI/p Nel10. OxucauteabHO-BOCCTAaHOBUTEIbHBIC
peaxkiuu

1.7 DNEKTPOXUMUYECKUE TTPOLIECCHI 6

JI/p Nel1. Kopposust meTamioB

JI/p Nel2. DnekTpoisin3 BOJHBIX PACTBOPOB COJEH

JI/p Nel3. DnexkTpoxuMuyueckoe HaHECCHHE
METAJTMYECKUX TOKPBITUI

18 OO01Me cBOMCTBA METAJLIOB

JI/p Nel4. OGmue cBOMCTBA METAILIOB




Kon-Bo gyacos JIP
Homep .
TeMEL Tema nUCIUTIIMHBY HAa3BaHUE JTAOOPATOPHOM pabOThl | OYHAS | 3a04HAs
dbopma | dopma
1.9 XUMHS HEMETAIIIOB. DJIEMEHTBI OpraHUYeCKOM -
XUMHHA
1.10 XHUMHYECKHE METOBI aHAJIN3a 2
JI/p Nel5. OnpeneneHue xKeCTKOCTH BOIBI
Hroro 30 8

B yueOHO-MeTONMYECKOM  MOCOOMHM  OMHCAHUIO  KaXIOW TEeMbl H
COOTBETCTBYIOUIMX €H paboT, MpeAlIecTBYeT TEOPETUYECKOE BBEIEHHUE, YTO
MO3BOJISIET MPOBOAUTH JIA0OPATOPHBIE 3aHATHS HE3aBUCHUMO OT JPYTMX BHJIOB
3aHATHI. BriltoueHue B onucaHue padOT TEOPETHUECKUX BBEACHUMN YBEIMYMBAET UX
oOy4aroluii TOTEHIHAJI U MO3BOJISIET MCIOIb30BaTh HEKOTOPbIE M3 HUX B KayeCTBE
€AMHCTBEHHOIO BHJAA 3aHATHUM 1no TeMe. Ilo TakuM TeMaM BBEIECHUE B JaHHOM
OCOOMH MPUBOJUTCS B PACHIMPEHHOM BapHaHTE.

[locne TeopeTHYEeCcKOro BBEACHHS B MOCOOMHM NPENICTABICHO 3aJaHHUE 10
naboparopHoil paboTe M H3Tambl €€ BHIIOJHEHMs: MOJArOTOBKAa K JabopaTopHOU
paboTe, MOPs/I0K €€ BBIMOJIHEHNUS, 3allUCh TaHHBIX ONbITa U pacueThl. [locne kaxaoit
TEMbI, U COOTBETCTBYIOIIMX €H JIabopaTopHbIX PabOT, B MOCOOMHM TPUBOIUTCSA
IIEPEYEHb BOIIPOCOB U 33aJIaHUU I CAMOCTOSITEJIbHOW MPOBEPKU 3HAHWUN, YMEHUU U
HaBBIKOB CTYJIEHTOB, NPHOOpETaeMbIX NpH TMOATOTOBKE K 3aHATUSIM U MpHU
BBINIOJTHEHUHU pabOT. DTH BOIMPOCHl MOYXKHO TAK)K€ MCIOJIb30BATh MPHU cOOECEeI0BaHNUN
CO CTY[EHTaMU B LEJSAX KOHTPOJIS U aKTUBU3ALUU UX PAOOTHI.

IHoaroroBka k 1abopaTopHoii padoTe BKIIOYAET B CEOs:

1) o3HaKOMJICHME C TEOPETHUYSCKUM MAaTepPHAIOM JUIsl YCBOCHHSI OCHOBHBIX
3aKOHOMEPHOCTEH, JIeXKAalllUX B OCHOBE pPadOThI;

2) BHUMATEJIbHOE 3HAKOMCTBO C XOJOM JKCIICPHUMEHTAIbHON YacTh paboThl U
TIOPSIZIKOM €€ MTPOBEICHUS;

3) ycTHBIE OTBETHI Ha BOMPOCHI, MPEIVIOKECHHBIC B 3aJlaHUK K paboTe, KOTOphIC
MIOMOTAIOT CTYACHTY TMOHSATh MU OOOCHOBAaTh BBHIOOP METOMUKH TPOBEACHUS
HKCHEPUMEHTa M HEOoOXOJUMOTO JJisi 3TOro OoOOpYHOBaHHUS, MOCYAbl H
PEaKTUBOB;

4) mpenBapuTENbHBIC pacueThl (MMCbMEHHO), €CIIM OHH MPEAYCMOTPEHBI B padoTe;

5) moAroTOBKY MPOEKTa OTYETA O J1a00OpaTOpHOU padoTe.

B mnpoekre orduera mo maGopaTopHOl paboTe MOKHBI OBITH OTPAKEHBI
CJIEIYIOIIME MyHKTHI (MIPUMEP MPOEKTa OTYETa O JIabopaTopHOi paboTe MpUBEICH B
npuiokeHnu 2 naaoro Y MII):

1. HaszBanue, Homep paOOTHI U J1aTa €€ BbINOJIHEHNUS.
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2. lens paboThl 1 (WIM) KaXAOTO OTIASIHHOTO OMbITa (€CiM pabdoTa BKIIIOYACT
HECKOJIBKO OTIBITOB).

CrHucok UCoiab3yeMbIX TPUOOPOB U PEAKTUBOB.

VYpaBHEHUS XUMUYECKHUX PEAKIIMiA, JIeKaIIUX B OCHOBE OIbITA.
[IpenBaputenbHble pacyeTsl (€CIM OHU MPETYCMOTPEHBI B 33/JaHUN).

Cxema yCTaHOBKH U €€ onucaHue (eclid OHa MpelyCMOTpeHa B paboTe).
[Topsimok BBITTOTHEHHSI paOOTHI.

Tabnuia ns 3amucu SKCIIEPUMEHTATIBHBIX JaHHBIX (€CJIH MpEeArnoaraeTcs ux
MOJIyYEHHUE B X0JIe paObOTHI).

9. Brluucienue HMCKOMOM BeTWYHMHBI (10 Havyayia pabOThl ClieAyeT BIUCATh B
1ab0paTopHyI0 TETpagh MaTeMAaTUYECKHE BBIPAKEHUS 3aKOHOB M 3HAUCHUS
MOCTOSTHHBIX BEJIUYMH, UCIIOJIb30BAHUE KOTOPBIX MPE/IoiaraeTcsi B padore).

10.Pacyer ommOku ombiTa (eciau B paboOTe MPOU3BOAUTCS PacCUeT MPAKTHUYECKOU

BEJIMYMHBI).

11.HaGnrofaenus (IMMyHKT 3aMOJIHSIETCS B XOJIC BBITIOJIHEHUS PAOOTHI).

12.BeiBofIbI (ITYHKT 3aIOJIHSETCS TOCJE BBITOJHEHHS PaOOThI W MPOU3BEICHUS
BCEX PACYETOB).

Jomyck K 1adopaTopHoii padore

st pomycka K paboTe CTYAEHT JODKEH HMMETh JabOopaTOpHbBIA >KypHal C
MpaBWIbHO O(opMieHHONW JaboparopHo pabotoil. Jlomyck CTYIEHTOB K
BBITIOJTHEHUIO JTa00paToOpHOM pabOThl MPOBOIUTCS MpENoaBaTesieM IMyTeM YCTHOTO
ompoca JmbO0 mnHChbMEHHO. K BBHIMIONHEHWIO TEKyIIeH JabopaTopHOl pPadoThI
JOITYCKAIOTCS TOJIBKO T€ CTYJIEHThI, KOTOPHIE:

1) mpaBWIbHO OPOPMUIIH JAaHHYIO pabOTYy;

2) 3HAIOT Ha3BaHWE M I1EJIb PA0OTHI, MOHUMAIOT CYIIHOCTh SIBJICHUW W 3HAIOT
3aKOHBI, KOTOpPbIE JIe)KaT B OCHOBE JAaHHOU paOoThl U (usmyeckue (HopmMysbl,
OTHCBHIBAIOIINE JIAHHBIE 3aKOHBI; UMEIOT YETKOE MPEACTABICHHUE, YTO U KaKUM
crocoOoM Oyner M3MepATbCs, KaK YCTpOo€Ha U paboTaeT yCTaHOBKA; 3HAIOT
KaKue MpsMbIE M KOCBEHHBIC U3MEPEHUS MPOBOATCS B JAHHOW paboTe M Kak
OyIyT pacCUUTHIBATHLCS TTOTPEITHOCTH;

3) chanu mpeabIIyIyo padoTy.

CryneHTbl, He OMYIIEHHBIE K BBHIMOJIHEHUIO JTAOOPATOPHOI PabOThI, TOJKHBI
JTUKBUAMPOBATH HA MECTE 3aMEuUaHUsi W HEAOCTaTKM B TIOATOTOBKE K paboTe,
yKa3aHHBIC MTPETOIaBaTeNIeM U TOBTOPHO MOIYYHUTh JOMYCK K BHITTOTHEHUIO paOOTHI.

CTyneHThl, He TIOJTYYHUBIIHE JAOMYCK K padoTe B JCHb MPOBEACHUS paOOThI WK
HE SBUBIIIMECS HA 3aHSATHUS, BHIMOIHSIIOT MPOIMYIICHHYIO pad0Ty Ha 3a4eTHOU HeJene
COTJIACHO PACTIMCAHUIO TTPOBEICHUS 3aU4€THBIX 3aHITHH.

IIpoBenenne J1adbopaTopHoii padoTHI

Boinonnenne maboparopHOi pabOThl HAYMHAETCS C M3Y4YeHUs MNpUOOpPOB U
YCTAaHOBKH, OCHOBBI HMX paboThl. B mabopatopHoMm KypHane, B 3apaHee
MONTOTOBNICHHBIH Tabmuiy «[Ipubopbl W peakTUBB», HEOOXOAUMO 3ammcaTh
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TEXHUYECKHUE XapPaKTEPUCTUKU TMPUOOPOB: H3MEPEHHs, ILIEHY JEJICHHUS IIKAaJbI,
MOTPENTHOCTH MpUOopa (KJIacC €ro TOYHOCTH), PEKHUM €T0 PaOOThI U T..

N3mepeHnst AOMKHBI MPOBOIUTHCA AaKKypaTHO M C COOJIONEHHEM NPaBUII
TEXHUKU 0€30MaCHOCTH, KOTOPbIEC MIPUBEACHBI B MPUIOKEHUH 1.

3anucu OTCYETOB B TAOJMIly BEAYTCA B TaKOM BHUJE, KaK OHHM MOJIYYEHBI IO
U3MEPUTETBHBIM NpUOOpaM, 0€3 OKPYIIIEHUS U MIEPECUETOB B YME.

Ecnu orcuer nenaercs mo Iikaie, EHA JEIEHUs KOTOPOW HE paBHA €IUHUIIE,
TO 3aMCHIBAIOTCS JCJICHUS IIKAJIbI 0€3 YMHOXKEHHUS UX Ha IIEHY JeICHHUS.

[Tocne mpoBeneHUsT M3MEPEHUMN, DKCIIEPUMEHTAJbHBIE JAHHBIE, MOTYYECHHBIC
CTYJICHTOM B XOJI€ BBITIOJIHEHUS pa0OThI, IOJKHBI OBITH MOJMKUCAHBI TPENoAaBaTelieM,
BEIYILLIMM 3aHsTHE.

[Io oxOHUYaHMM BCEX MU3MEPEHUU IMPOU3BOIATCS PACUETHl 3HAYEHUU HCKOMBIX
BEJIMYUH, MOTPEMIHOCTEN U3MEPEHUM, UCIIONIb3Yys MPU 3TOM IpaBUJia OKPYITIEHUS, U
ctpositcs rpaduku. [loctpoenHsle rpaduku BHOCITCS B 1a00paTOpHBIM kypHail. Bee
MIPOMEKYTOUHBIE PACUETHI IENAIOTCA B JIA0OPAaTOPHOM KypHaje. CXxeMmbl, pUCYHKH U
rpa(uKy BBIOJIHAIOTCS KapaHAallioM.

B koHue paboTbl CTYOEHT JOJDKEH Hamucarb BbIBOA U IPEIbSBHUTH
mabopaToOpHBIA JKypHaJI MPENOAaBaTeNto sl 3alluThl JabOpaTopHOl paboTHI.
CryneHThl, NOJIYYMBIIME AOMYCK K padoTe, HO HE YCIEBLIME CHATh IOKa3aHMUA,
BBINIOJIHAIOT JIaHHYIO paObOTy Ha 3a4€THOM HE/ele CONIACHO PACIMCAHUIO TPOBEIECHUS
3a4ETHBIX 3aHSITHH.

3ammra 1a00paTopHoOii padoThI

K 3ammre mabopatopHoil paboThI CTy/IEHT 00s13aH:

1) mpemocTaBUTh MOJHOCTBIO  O(OPMIICHHYIO  JTa0OpaTtopHylo paboTry ¢
3aMoJHEHHBIMH TaONHUIIAMU, TPaUKaMU, pacu€TaMH U 3aKIOYECHHUEM;

2) 3HaTh HEOOXOAMMBIH TECOPETUUYCCKHUH MaTepHhal, YMETh KPaTkKo paccKas3arb O
COZIepKaHUM TPOBEAEHHOIO KM 3KCIIEpUMEHTa U O00OCHOBATh BBIBOJBI,
CIENaHHbIE B 3aKIIOYEHUU;

3) 3HaTh TUIBI U BHJBI MOTPEITHOCTEH, MpaBUIa pacdeTa MPSIMbIX U KOCBEHHBIX
U3MEPEHNH,

4) yMeTh CTPOUTh rpaUKH ¢ Y4eTOM IMOTPEHTHOCTEH W 3alUChIBATh PE3yJIBTAThI
U3MEPEHUH,

5) pOM3BOAMTH BBIUMCIICHUS MOTPEITHOCTEH U3MEPEHUIA;

6) yMmeTh pemarh MPaKTUYCCKUE 3a/1auH 110 TeME JTaHHOU PalOTHI.

2. METOANYECKHUE YKA3AHMUA 110 BBIIIOJIHEHUIO
JJABOPATOPHBIX PABOT
Tema 1.1. OcHoBHBIE 3aKOHBI U NIOHATHA. [loHATHE XUMUH

Teopemuueckuii Mmamepuann, Heo0xX00uMblil ons 6bINOJIHEHUSA
aabopamophoii padomul



Ikeusanenm. 3aKoH 5K8UBANEHNMO6. IKBHBAJEHTOM HA3bIBAETCS peajbHas
WM YCJIOBHAs 4acTHIA, KOTOpasi 3aMellaeT OAWH MPOTOH BOIOPOJA B KHCJIOTHO-
OCHOBHBIX WJIM MOHHO-OOMEHHBIX PEaKIMsIX WM OAWH 3JICKTPOH B OKHCIUTEIHLHO-
BOCCTAHOBUTEJIBHBIX pEaKIUsAX. PeanbHble YaCTUIIBI — 3TO aTOMbl WJIM MOJIEKYJIbI, a
YCIIOBHBIE — UX YacTH, Hanpumep 1/2 atoma kuciopona, 1/3 monexkynst H3POs 1 T.51.
(B I€MCTBUTEILHOCTH TAaKUX YacTHUI[ HE ObIBaeT). Macca TakoM dYacTuibl (Macca
SKBUBAJICHTA), BBIPAXEHHAasT B AaTOMHBIX E€AWHUIIAX MAacChl, Ha3bIBACTCS
SKBUBAJICHTHOM MaccoM, a Macca OJHOro MOJsI (6,02-1023) TakKuX YacCTHIl
(?KBHUBAJICHTOB) HA3bIBACTCS MOJISIPHOM Maccoil 3kBuBajieHTa. U3 sToro cruenyer,
YTO KBUBAJICHTHAsI Macca — OTHOCUTEJIbHASI BEJIMYMHA, IPU 3TOM CPABHEHHE UJET C
BOJIOPOJIOM, SKBHUBAJICHT KOTOPOTO — €ro aroM, a SKBUBAJCHTHAs Macca paBHa
eANHUIIC.

Ilpumep 1. OOuH aromM XJOpa COEOUHAETCS C OJHUM aTOMOM BOJOPOAA,
obpasys xsoposogopoa (HCIl). CrnenoBarensHo, SKBUBAJICHTOM XJIOpa SIBISIETCSI €T0
aToM.

Ilpumep 2. Kucnopom c¢ BojgopoaoMm oOpasyer naBa coeauHeHus: HyO;
(mepokcua Bomopoma) u HyO (Boma). B mepBoM cCOEOMHEHUM HSKBUBAJICHTOM
KHCJIOpOJIa SABJISIETCA €r0 aTOM M SKBUBAJICHTHAs Macca paBHA LIECTHAMALATH, a BO
BTOPOM — DKBHMBAJICHTOM KHCJIOpoAa siBisieTca 1/2 aroma M SKBUBaJCHTHas Macca
paBHa BOCHMH.

Ilpumep 3. CepHasi KUCIOTa COIEPKHUT JBa aroma Boaopoaa. B peakuum
3aMEUIEHUs] OJHOTO0 W3 HHUX SKBUBAJICHTOM KHCIOTHI SIBISIETCA €€ MOJeKysa C
HKBUBAJICHTHOM Maccoil 98, a B peakumu 3aMellleHUs JByX aTOMOB BOAOpoOJa —
MOJIOBMHKA MOJICKYJTHI (YCTIOBHASI YaCTHIIA) C SKBUBAJICHTHOM Maccoi 49.

Jlns  omnpeneneHus  DKBUBAJICHTHBIX  MAacC  Pa3jMYHBIX  COCAMHEHUU
HCTIOB3YIOTCS CIICIYIONINE BBIPAKCHHUS:

1. Onpenenenne 3KBUBAJICHTHON MacChl TPOCTOTO BEIIECTBA:

A
m,(mpocToros — Ba) = - (1)
rae M, (mpocToro B-Ba) — OHKBUBAJIEHTHAsT Macca MPOCTOrO BEIECTBA;

A — aromMHas Macca D3JeMeHTa, OoOpa30oBaBIIErO MPOCTOE  BEIIECTBO;

B — BaneHTHOCTH 3N1eMeHTa, 00pa30BaBIIEro MPOCTOE BEIIECTRO.
IIpumep. OnpenenuTh SJKBUBAJIICHTHYIO0 MAcCy IIPOCTOTO BEIIECTBA BOJOPOAA.
Monekyiia mpocToro BEIIECTBA BOJOPOAA COCTOUT U3 JIBYX aTOMOB 3JIEMEHTA
Bojioposia Hy, BaJIGHTHOCTH KOTOPOTO paBHA €IWHMIIE, a aTOMHas Macca | r/MoOJb.
3anuimiem BoipaxeHue (1) NpUMEHUTEIBHO K Halllel 3a7a4ue 1 MOJACTaBUM 3HAYCHUS:

m,(H,) = Al _1-1 r/MoJIb.

B(H) 1

DKBHBaJICHTHAsI Macca MPOCTOTO BEIIECTBAa BOAOPOI paBHa 1 I/MOJIb.
2. OnpepeneHre SKBUBAJICHTHON MacChl CII0XHBIX BEIICCTB

2.1. okcumoB




M (okcuga
ST 2)
rme M, (okcuaa) — KBUBAJEHTHAsE Macca okcuaa, M (Okcuja) — MoJisspHast
Macca okcuja; N(ar) — 4YmMciIO aroMOB dJeMeHTa, oOpa3oBaBilero okcua, B —
BaJICHTHOCTh 3JIEMEHTa, 00pa30BaBIIETO OKCHUI.
IIpumep. Onpenennutb SKBUBAJIEHTHYIO Maccy okcuzaa cepsl (VI).
3anuiieM BbIpakeHUE (2) NMPUMEHUTENBHO K Halled 3ajade M, pacCuuTaB

MOJISIpHYIO Maccy SOz, OACTaBUM UMEIOIIUECS 3HAYECHUS:
M(S03) _ 80

m,(okcuaa) =

m3(503) = m = R = 13,3 F/MOJIb.
2.2. KUCIIOT
M (KUCJI0ThI)
m,(KHCI0Thbl) = ——— (3)

OCHOBHOCTbD ’
M, (KUCIIOThI) — SKBUBAJICHTHAsI Macca KHUCJIOTb; M (KUCJIOTBI) — MOJISIpHAs

Macca KHCIOTBI; OCHOBHOCTh — YHCJIO aTOMOB BOJOPOJIA, CIIOCOOHBIX Y4acTOBaTh B
peaKIUsAX 3aMeIICHHUS.

Ipumep. OnpenaenuTh S3KBUBAJICHTHYIO MAaCCy CEPHUCTOUW KHMCIIOTHI.

3anuiieM BbIpaxkeHue (3) NMPUMEHHWTENHHO K Halled 3ajade M, PacCUnTaB
MossipHyto Maccy HoSOs, moicTaBuM MMErouecs 3Ha9YCHUS:

2.3. OCHOBaHUH
M (ocHOB)

m,\OCHOB) = ——
3 ( ) KHCJIOTHOCTD

M, (OCHOB) — SKBUBAJICHTHAs1 Macca OCHOBaHUs; M (OCHOB) — MOJIsIpHasi Macca
OCHOBAHMS; KUCJIOTHOCTh — YHCIIO THAPOKCHUIIBLHBIX TPYIII, CIIOCOOHBIX y4acTOBaTh B
PEeaKIMIX 3aMEIICHHUS.

2.4. coneit
M (conn)
N(atMe)-B’
M, (conu) — PKBUBaJIEHTHAasE mMacca coiid; M (conu) — MoJisipHasi Macca COJIu;
N(ar Me) — ymcino aroMoB MeTaia, OOpa30BaBIIEr0 COJb; B — BaJIeHTHOCTH

m,(conmn) =

MeTaliia, 00pa30BaBIIEro COJb.
3aK0H JIKBHUBAJIEHTOB TIJIACUT: MAacChl B3aMMOJCHCTBYIOIIUX O€3 oOCTaTka
BEIIIECTB OTHOCSTCS JIPYT K IPYTY, KaK UX SKBUBAJICHTHBIEC MACChI:

M1 _Misks

mz_mzaxa.

OKBUBAJEHTHBIE MACChl DJJIEMEHTOB W COCIH/IHGHI/Iﬁ HCIIOJB3YIOTCSA IIPH
BBIPQKCHUM KOHIICHTPAIIMK PACTBOPOB (MOJIIpHAsT KOHIICHTPAIMS SKBHBAJICHTOB),
IIPpH OLCHKEC JKCCTKOCTH BOJbI, B paCUCTAX 10 3JICKTPOJIN3Y U T. H.

qepeB 9KBUBAJICHTHYIO MACCYy 3JICMCHTA MOXKCT OBITH o1pcaciyicHa €ro aroMHasia
MacCa, TaK KaK OHH CBA3aHbl MCIKIY Cc000i1 COOTHOILIEHUEM:

Ar= Myyp B,

e B — BaneHTHOCTE DJIEMEHTA.
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Oumanvnus. 3axon [lecca. DHTanbnus — QYHKIHUS COCTOSHUS CHUCTEMBI,
onpenensiemast ypaBueHueM H = U + PV (U — BHyTpeHHsIsl HEeprus cUcTeMmbl, P —
naBieHue, V — 00beM). AOCONIOTHYIO BETMYMHY SHTAJIBIINH ONPEACTUTh HENb3s, TaK
KaK JIJIs 3TOro MOTpeOyeTcs ONpeAesuTh a0COIIOTHOE 3HAU€HUE BHYTPEHHEH SHEPTUU
CUCTEMBI, YTO HEBO3MOKHO. OMpeAessatoT JUIlh U3MEHEHNE SHTAIbITUY.

Wuorna rtemnoBod 3(Q(eKT XMMHUYECKOW pPEaKIH BhIPAXKAIOT KOJIUYECTBOM
BBIJICIMBIICHCS] WJIM TIOTJIONIEHHON TEIIOThl W 00o3HadatoT OykBour Q. Jlms
ak3oTepMuueckux peakiui Q > 0, a qs spgorepmuueckux — Q < 0.

Ecnu peakuus sk3otepmuueckas — AH < 0; Q> 0,

Ecnu peakuus sunorepmuueckas — AH >0; Q <0

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

XUMUYECKUE YpaBHEHUs, B KOTOPBHIX YKa3aHbl HW3MEHEHUSI JHTAJbIINU,
Ha3bIBAIOTCS TEPMOXUMUYECKUMH YPABHECHUSIMH.

OU3NKO-XUMHUECKHUE MPOIIECChI (PaCTBOPEHUE, TUTABIICHHUE, TUpATALIUS U JIP.)
CONPOBOXKJAIOTCS, KaK U XMMHUYECKHE PEAKUMHU, MOMIOUIEHUEM WM BbIICICHUEM
teria. [lpm  pacTBopeHMM cojeid B BOAE MPOMCXOASAT JBa IMpolecca:
SHIOTEPMHUYECKHUM, CBSI3aHHBIM C pa3pylICHHEM KPHUCTAJUIMYECKOM pPEIIETKH, WU
AK30TEpPMUYECKUM, OOYCIOBICHHBIN B3aMMOJAECUCTBUEM PACTBOPEHHOIO BEIIECTBA U
BOJIbI C 00pa30BaHUEM TUAPATOB. B 3aBUCMMOCTH OT TOrO, Kakoi M3 3TUX MPOLIECCOB
npeodnagaet, TeraoBod >h(PEeKT pacTBOPEHUS MOXKET ObITh WM TMOJOXKUTEIbHBIM
(3HIOTEpMHUYECKOE  PACTBOPEHHUE), WM  OTPUUATENIbHBIM  (IK30TEPMHUUYECKOE
pacTBOpPEHUE).

KonuuecTBo TEmIOTHI, TMOTIOMIAIOIICHCS (BBIIETSIOMIECHCS) TIPH PACTBOPEHHUH
OJTHOTO MOJISI BELIECTBA, HA3bIBAETCS TEIJIOTOM PACTBOPEHUS TAHHOTO BEIIECTBA.

OKCHEepUMEHTAIbHOE ONPEJEICHUE TEIUIOThl PACTBOPEHUSI MPOBOISAT B
KaJIOpUMETpaXx.

JlaGoparopnasi padora Ne 1. OnpenesieHne JKBUBAJEHTHOM MacChl MeTAJLJIA

Hear padorbl: (dopmMupoBaHME YMEHUW U HABHIKOB, OCHOBBIBAsICh Ha
AKCIIEPUMEHTAJIbHBIX JAaHHBIX M MCIOJIb3Ys 3aKOH PKBHBAJICHTOB U Ta30BbIC 3aKOHHI,
IIPOU3BOAUTH PacyeT MOJIIPHON MAacChl SKBUBAJICHTA METAJLJIA; ONIPEACIUTh KaKO! 3TO
MeTaJll.

3amanue u 3Tanbl padboThl
IToaroroBka Kk JadoparopHoi padore
1. TIpouecTs TeOpEeTUYECKOE BBEJACHUE U TIOPSOK BHITIOTHEHUS PAOOTHI.

N

OdopmuTh MPOEKT OTUETA 110 JTAOOPATOPHOI padOTE (CM. IPHIIOKECHHE 2).
3. OOpaTtuTh BHUMaHUE Ha pPacyeT YKBHBAJICHTHOW MAacChl MPOCTOTO BEIIECTBA U
MaTeMaTHYeCKHe BHIPAKEHHUS 3aKOHA SKBHBAJICHTOB.
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4. CocTaBUTh M 3amucaTh YPABHEHUE XWMHUYECKOM pEaKIUU B3aUMOJEHUCTBUS
COJITHOM KMCIIOTBI M METajula, C Y4eTOM TOIO, YTO METall JBYXBaJICHTEH.
Kakoii ra3 OyaeT BbIAEIATHCS B XOJI€ pEaKIMU?

ITopsinok BhINOJIHEHHST PA0OTHI

OmBIT MPOBOAUTCS B IPUOOpPE, COCTOSIIIEM U3 OFOPETKH (3aIl0THEHA BOAOMN) U
BOPOHKH, KOTOpPbIE COEIUHEHBbl PE3UMHOBOM TPYOKOM, Tra300TBOJHOW TpPyOKH,
npooupku. [Tpubop 3akperieH Ha mTaTuBe.

[TomyunTs HaBECKy MeTaJlJla U OTMETUTH B JIAOOPATOPHON TETPAIU €r0 Maccy.

Ilepen  mpoBeneHweM  OMbITa HEOOXOAUMO MPOBEPUTH MNPUOOp Ha
repMEeTUYHOCTh. J[JI1 3TOro HEOOXOAMMO OTCOEAMHHTH BOPOHKY OT LITaruBa M,
OIyCKasi M MOJHUMAsl €€, CIENUTh 32 YPOBHEM BOJbl B OIOpETKE; OH HE JOJKEH
U3MEHSIThCS.

Onpenenuts UeHy JeneHus OropeTku. OTMETUTh YpOBEHb BOJIbI B OIOpETKE.
Bona — OGecnBerHas, mpo3pauHasi >KMJIKOCTb, IO3TOMY €€ YpPOBEHb OIPEICIISIEM,
OPUEHTHUPYSACH 110 HIKHEN YacTh MEHHUCKA.

OcTopoxHO (!) 0TCOEAMHUTH TPOOUPKY OT ra300TBOJHOMN TPYOKH.

B mpoOupky HamuTh 3—4 M pacTBOpa CEpHOM KHUCIOTHI U J100ABUTH OJHY
KaIUIK pacTBOpPa MEAHOTO Kyllopoca.

HaBecky Mmetanna akkKypaTHO MOMECTHTbh B NMPOOHPKY, HO TaKUM 00pa3oM,
yTOOBI OHA HE COMPHKACAJIACh C KUCIOTOM, U 3aKPEIUTh IPOOUPKY Ha Mpruoope.

BHOBb npoBepuTh mpuOOp Ha TepMETUYHOCTh U OTMETUTh YPOBEHb BOJbI B
OropeTke (OH MOKET U3MEHHUTCS!), 3aMnucaTh B TETPaib.

Baumanne! Meramn qoJDKEeH HadyaTh pearupoBaTh C KHUCIOTOM TOJBKO MOCIHE
TOT0, KaK IprOOp BHOBB OyAE€T COOpaH U MPOBEPEH HA FEPMETUYHOCTD.

AKKypaTHO OCTYKHBAs [0 CTEHKaM MPOOUPKH, TOOUTHCS TOr0, YTOOBI METaJlI
OITYCTHUJICS B KHCJIOTY.

Habmromare B3ammoneicTBHE MeTayla ¢ KUCIOTOHM. YTO MPOUCXOIUT C
ypOBHEM BOjIbI B OropeTke?

[lo okoHUaHUU peakluHu, OTKPENUTh BOPOHKY OT IITaThBa, MPUBECTU BOIY B
OrOpeTKEe M BOPOHKE K OTHOMY YPOBHIO M OTMETHUTH €TO.

3anuch JaHHBIX ONBITA U PacyeThl

Macca meraiia, I, m=

HauanbHblil ypoBeHb BO/IBI B OrOpeTKe, Mil, V1=

KoneuHbIi1 ypoBeHb BOJIbI B OtOpeTKe, M1, Vo=

O0Bem BoIIEMBIIETOCS Bomopoaa, M, V(Hz)= V- V1=

Temmneparypa, °C, t=

Ab6comroTHas Temnieparypa, K, T=

AtMocdepHoe 1aBiIeHHE, MM PT. CT., p=

JlaBlieHHeE HACBIIIEHHOTO BOASHOIO napa, MM pT. cT., p(H20)=
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[TaprumansHOE TaBJICHHE BOIOPOIA, MM PT. CT., p(H2)=

YHuBepcanbHas razoBasi IOCTOSIHHAs, MJI*MM PT.cT./Moib* K, R=62400
[IpousBecTH pacyeT SKBUBAJICHTHON MacCchl MeTallla IByMsi CIOCOOaMH.
1-it cnocoé. Hcnonvsys ypasuenue Menoeneesa-Knatinepona

_m(H,)
() - V () =ngT

rae m(Hz) — macca BegenuBiierocs Bogoponaa, T; M(H,) — monspras macca

BOJIOPO/Ia, T/MOJIb.
N3 ypaBHenus BeipakaeM m(Hz), Haxoqum Maccy BBIICIMBIIECTOCS BOIOPOAA H
MOJICTABIIIEM B MAaTEMaTUIECKOE BBIPAKCHIE 3aKOHA SKBUBAJICHTOB:
m(Me) _ m(Hy)
Moz (Me)  Moyep (Hz)'
rae m,(H;) — osKkBHBameHTHas Macc Bomopona, r/Moilb; My(Me) -—

SKBUBAJIEHTHAs Macca MeTasuia, I/MOJlb.
2-11 cnocob. Vcnonwv3zys mamemamuyeckoe Gvipaxcenue 00beOUHEeHHO20
2a308020 3AKOHA,

p(Hz)‘V(Hz):po'Vo(Hz)
T T,

TJI€ Po — JAABJICHUE IPU HOPMAJIbHBIX YCIOBUSIX, MM PT. CT.; To — TeMmeparypa

npu HopMmanbHBIX ycnoBusx, K; Vo(Hz) — oOvem Bomopona, mpHUBEICHHBIH K
HOPMAJIbHBIM YCIIOBUSIM, MJI.

Beipaskaem  Vo(H2); npuBommM 00beM  BBIACIMBIIEIOCA BOAOPOAAa K
HOPMAJIbHBIM YCJIOBUSIM M TIOJCTaBIsiEM B MaTeMaTUYECKOE BBIPAKEHUE 3aKOHA

DKBHUBAJIEHTOB:
m(Me) — Vo(Hz)
Myp(Me) Vi (Hz)'
riec  Vs(H,) — okBuBajneHTHBIH 00BbeM Bomopoma, Mia/moab, 11200.

3Has, YTO BAJEHTHOCTh MeTajljla PaBHA 2, PACCYMTATh ATOMHYIO MAaccy MeTaja u
OIIPCACIIUTD, KaKOHM ATO MEeTaJll.

Arzmsch - B.

Paccuurtarh OmMMOKY ONBITA; [ OTOTO ONPENEIMTh TEOPETHUECKYIO
SKBMBAJIEHTHYIO MacCy METaJla.

Abconomnas owudbka = |m, (Teop.) — M,(pakTud)| = [r/MoJb].
abcoJioTHasoM6OKa

OmHuocumenvHasa oumuoka = *100.
ma(Teop)

IIo pe3yiibTaraM  IIPOBCACHHOIO  OIIbITA 3allOJIHUTh  IIYHKTBI  OTUCTA

«HaoOmronenns» u «BeIBOIY.
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JladopaTopHas padora Ne 2. OnpenesieHHe SJHTAJIBIHN PACTBOPEHUS COJTH

Hean pa6oTbl: ¢GopMUpOBaHWE YMEHHUH H HABBIKOB, OCHOBBIBAaSICh Ha
AKCIIEPUMEHTAJIBHBIX ~JAHHBIX W  UCIOJNb3ys 3aKOH KpPATHBIX  OTHOIIECHUH,
IPOU3BOJUTH PACUET TEIUIOBBIX 3(PPEKTOB XUMHUUECKUX PEaKIUil.

3aganue u 3Tanbl padoThHI

IoaroroBka Kk JadoparopHoi padore

1. TIpouecTh TeOpeTUUECKOE BBEACHNE U TIOPSIOK BBITIOIHEHUS PAaOOTHI.

no

OdopMUTh MPOEKT OTUETA T10 JIA0OPATOPHOU paboTe (CM. IPHUIIOKEHUE 2).
3. O3HAaKOMHUTBCS C YCTPOMCTBOM Kajopumerpa. [ias dero wucmoiab3yercs
KaJiopumeTp?
4. Kakyio cucTeMy NpelCTaBisieT co0oil Kamopumerp (OTKPBITas, 3aKpbITas,

M30JIMpOBaHHas)?

ITopsaoK BbINOJIHEHUS PadOTHI

Onpenenenue TemwioBoro dddexkra pacTBOpPEHUS COMM  MPOBOJAT B
YIOPOIIEHHOM  KaJlOpUMETpEe, KOTOPBIM MpeAcTaBiseT coOoW JBa  cocyna,
MOMEIIIEHHbIE OJIMH B JApyroil. BHyTpeHHUI cocCyn 3akpbiBaeTcs MPOOKOH ¢
TepMoMeTpoM. BoznyiiHas mpociiodika MEXIy IBYMsI COCYIaMH JIUIIb B HEKOTOPOU
CTeNeHU OOEeCIEeYNBAET TEIUIOM3OJISIIUI0 BHYTPEHHEIO COCyda OT OKpYXarolleu
CpEIBbI.

Bo BHyTpeHHU# cocya KalopuMeTpa HaJUTh 25 MJI JUCTHUILUIMPOBAHHOU BOJIBI.

3aKpbITH COCYN MPOOKOHN C TEPMOMETPOM U Yepe3 HEKOTOPOE BPEMSI OTMETUTH
TEMIIepaTypy BOJbI t HaY.

[Monyunts HaBecky comut NH4Cl maccoii 1 1.

[TogroroButh cexynaomep!

AKKypaTHO 1 OBICTPO BBICHINIATH COJIb B BOAY, OBICTPO 3aKPbITh MPOOKOH U
nepemMeniarh 0 MOJIHOTO PACTBOPEHHUS.
Bxurounts cexyHaomMep u kaxapie 60 cek CHUMATh OKAa3aHUSI TEPMOMETPA.
3anuch IKCNEPUMEHTAJIBLHBIX JAHHBIX U PACYETHI
[To pe3ynbraTamM ombITa 3aMOTHUTH TAOTUITY 2.

Tabnuia 2 — 3aBUCUMOCTh TEMIEPaTyphbl pacTBOPa OT BPEMEHHU

Bpewms ot Hauana 0 1 2 3 4 5 6 7
OTIbITa, MUH

Temmneparypa, °C

Ucnonb3ys npaHHble TaOnuibl 2, TMOCTPOUTH TpapuK  3aBUCHUMOCTH
TEMIIEPATYPBI OT BPEMEHH.

[Tonp3ysich rpadukoM, ONpeNeanuTh MUHUMAJIBHYIO TEMIIEPATypy OMbBITA tyun
METOOM JKCTPAMOIALHUN.
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OHpeI(eJ'II/ITb N3MCHCHUC TeMHepaTprI:
At: tHaq' tMI/IH-
HpOI/ISBCCTI/I pacqu OHTAJIBIINN paCTBOpCHI/IH 6G3BOI[HOI‘O XHOpHI[a dAMMOHMN:

AH — _ (mconu +mBo,ab1)'At'4"184'Mc0Jm
fpae. 1000-m
COJIH

rae Mcon — Macca CoiH, T; Mpoyp — Macca BoIbL, T; Mcomm — MomnsipHast macca

conu, r/monb; 4,184 — ynenpHas TEMJIOEMKOCTh PAacTBOpA, paBHAs TEIIOEMKOCTHU
Bozibl, JDx/kr-K; 1000 — nepeBonHoit koadpdurment, Ix B kJx.

Paccuntate aOCONMIOTHYIO W OTHOCHTEIBHYIO OIIMOKH OMbITa, eciau A

Hieop=16,5 k/Ix/MOB.

4.

o1

\l

oo

9

AobcomotHas omnoka =A Hyeop — AHppar= [KK/MOIB].
OtHocutenbHas ommubka A% = (abcomotHas ommoka / AHrgop.) - 100.
I[To pe3ymbraTaM IPOBEICHHOTO OIBITA 3aIIOJIHATH IYHKT OTYeTa « BRIBOMY.

3aganus I CaMOCTOATEIbHON PadoThI

Kakue BemecTtBa HaszbpIBatoTCs Kpuctaimoruaparamu? llpuBenure mnpumepsl
KpUCTAJJIOTUAPATOB.

Pacnionoxure 1mo yBETMYEHHUIO KOJIMYECTBA CEpbl CylIb(aTbl HATPHs, JHUTHS,
Oapus, 1e3usl, €CIM UX MACChl OIMHAKOBBI.

B okcuae cepbl Ha JABE MACCOBBIE YaCTU CEPbI MPUXOAUTCS TPU MACCOBBIE
YacTU KUCI0pOJa. YCTaHOBUTH (POPMYITy BElllECTBa.

KakoBa ¢opMmyna coequHeHHs BOJOpPOJA C KHCIOPOIOM, €CIIM MOJIbHOE
cootHomenne H:O = 1:1, a nmnoTHOCTH ero rasa no Bogopony pasHa 17?
Onpenenuts GOpMyITy KPUCTATUYECKOU COJbI, €CJIM MPU HarpeBaHuu 286 r
JaHHOM conu oOpazoBasiock 106 T kapOoHaTa HaTpusl.

XKenezo oOpasyeT ¢ kuciaopoaoM Tpu okcuaa. OnuH u3z HUX coaepkut 77,8 %
xenesa, npyroit — 70,0 u tpetuit — 72,4 %. Onpenenure GOpMyIIbl OKCHIIOB.
Haiitu ¢dopmyny xpucrtamnoruapara cynbdara allOMHHHS, COAEpPXKAIIero
48,6 Mmacc % KpUCTATM3AMOHHOMN BOJIBI.

[IpuBeauTe omnpeneraeHUEe TMOHATUNA HKBUBAJIEHT M SKBUBAJEHTHas Macca
XUMHUYECKOTO JI€MEHTa U COCUHEHUSI.

DKBHMBAJIEHTHAs Macca Kakoro 3JeMeHTa paBHa 1?

10.Bbluncnute MOJSPHYIO MacCy OSKBUBAJIEHTAa »3JIEMEHTa, OKCHJ KOTOPOTro

conepxut 22,2 % xucnopona.

11.Yemy paBHa MOJISIpHas Macca dKBHUBaJIEHTa OpTOGOC(HOpPHOI KUCIOTHI, €CIH

1 mons H3PO4 mpoB3anMoeiicTBOBa ¢ 1 MOJIb THPOKCH A KaJIus?

12.MonsipHasi macca SKBUBajJieHTa MeTauia paBHa 56,2 1/Monb. Bwrauciure

MAaCCOBYIO JOJIO METaJliIa B €0 OKCH/IC.
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13.Kako#i o0bemM kuciopona (H.y.) moTpedyeTcst ajig peakuuu ¢ 15 T srmeMeHrTa,
UMEIOIIIETO MOJISIPHYIO MacCy 3KBUBAJIEHTa 3 T/MOJIb?

14 Kak Ha3bIBaIOTCS peakluu, UAYLIUE C BBIJCICHUEM TeIia, C MOIJIomeHueM?
Kakoit 3HaK UMEIOT 3HaYEHUSI UBMEHEHUSI UX SHTATbITUU?

15.1ToueMy sHTanbIUg B3aUMOACHUCTBUS THUJAPOKCHJA HATPUSl C Pa3TUUYHBIMU
CUJIbHBIMU KUCJIOTAaMHU UMEET OJIMHAKOBOE 3HAYEHHE?

16.ITouemy mporiecc HEUTpaIU3AIMU BCETAA TPOUCXOANT C BBIICTICHUEM TEILIa, a
pacTBOpEHME TBEPBIX COJIEH HE Bcerna?

Tema 1.3. OcHOBHBIE 32aKOHOMEPHOCTH NMPOTEKAHUA XUMHUYECKHUX MPOLIECCOB

Teopemuueckuii Mmamepuann, HeoOXxo0umblii ons 6bINOJIHEHUA
aadoopamopHnoil pabomol

Ckopocmb peaxyuu. XUMUYECKUE PEAKIUU OYEHb CHIIBHO OTIMYAIOTCS IO
CKOpOCTH TpoTekaHus. Hampumep, B3anMoIeiCcTBHE BOAOpPOAA C XJIOPOM Ha CBETY
MIPOUCXOAUT MIHOBEHHO (B3pBbIB), @ KOPPO3USI METAILIOB JIIUTCS rogamu. CKOpOCTh U
MEXaHU3M XUMUYECKUX PEAKIUN N3ydaeT XUMUYeCKasi KHHETHKA.

B XxumMu4eckol KMHETHUKE peakIMM MOAPA3ICISIOTCA HA MPOCTHIE U CIIOXKHBIE.
[IpocThie peakiuu mpoTeKaroT 0e3 00pa30BaHUS MPOMEKYTOUHBIX COCAUHEHUU (B
OJIHYy CTaJMI0), a CIOXHbIE — C OOpa3oBaHUEM IPOMEKYTOUHBIX MPOAYKTOB (B
HECKOJIbKO cTaauit). Kaxxas ctaaus CIOXKHON PeakIMi MOXKET PaCCMaTPUBATHCS Kak
npoctas peakuusa. Cpeau NOCIEAOBATENIbHBIX CTaIWui CIOXKHOM peakluuh BCeraa
HMMEETCS OfJHA CTaJIusl, KOTOpasi OrPaHUYUBAET CKOPOCTh MPOTEKAHUS BCEH peaKIuu B
resioM. OHa Ha3bIBAECTCS TUMUTUPYIOIIECH CTaINEN CIIOXKHON XMMHUYECKOW PEAKIIH.

CKOpOCTbh peakiiy 3aBUCUT OT KOHIIEHTPALIMKM B3aUMOJICHCTBYIOIINX BEIIECTB,
3Ta 3aBUCHUMOCTHh YCTAHABJIMBACTCA 3aKOHOM JICMCTBYIOIIMX MAacCC ISl CKOPOCTH
peakuuid. COrIacHO 3TOMY 3aKOHY, /ISl PEAaKIMU, TPOTEKAIOIIEH M0 YPaBHEHUIO

aA + bB = IIpoayKThl CKOPOCTh PEAKIIUU OMPECIIACTCS BBIPAKCHUEM

V=k - [A]* - [B]®

B KOTOpOoM Kk — KoHcTaHTa ckopoctu peaknuu; [A] u [B] — momspHbie
KOHIICHTPAIIMH PEAareHTOB; a U b — cTexuoMeTpudeckue KodhHUIUECHTHI.

JIns mpOCThIX peakiuil 4YacTHBIC TMOPSJIKH COBIAMAIOT ¢ KodpduuueHTamu
nepea peareHTaMd B XMMUUYECKOM YPaBHEHUHU PEaKIUM, a OOIIUN MOPSI0K paBeH
cymMme K03 (HUIIMEHTOB B JIEBOM YaCTH YPaBHEHUS PEAKIIUH.

JIns CIOXXHOM peakmuu OOIMMI KUHETHYSCKHUHM TOpSJIOK HE COBHAZaeT ¢
K03 dUIIMEHTaMH TIEpEe]] pEareHTaMu, HO COBMAIAET C TIOPSAIKOM €& TUMUTHUPYIOIICH
ctaauu. MlHOTIA TOPSAIOK CIOKHOW PEaKIMK BBIPAXKAETCS HE IENbIM, a JAPOOHBIM
YUCJIOM.

Xumuueckoe paenogecue. B XUMHYECKOM TEPMOAUHAMUKE COCTOSIHUE
PABHOBECHS OMNpPEIEHAETCS KaK TaKO€ COCTOSHUME, MpPU KOTOPOM pearupyromas
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CUCTEMa XapaKTepU3yeTCs HyJeBbIM 3HaueHueMm sHeprum [md6ca: AGT = 0. Ho
NIEPEXOJT CUCTEMBI B COCTOSIHUE XUMUYECKOTO PABHOBECHUS HE O3HAYAET IPEKPALLCHHUS
peakuuy, a CBUACTEIbCTBYET JIMIIb O TOM, UTO MEPECTAIOT HW3MEHATHCS
KOHIEHTPALUH PEArupyrONMX BEMIECTB U IPOLYKTOB.

B XuMuyeckol KMHETHKE COCTOSHHUEM XUMHUYECKOTO PABHOBECHS HA3bIBAECTCA
TAKOE COCTOSIHME, MPU KOTOPOM CKOPOCTh NPSMOM PEAKIMH CTAHOBUTCA PAaBHOM
CKOpoCcTH 0OpaTHOW. B coCTOSHMU paBHOBECHS CKOJIBKO MOJICKYH (WM APYrux
YacTHUI]) TPOAYKTa PEAKIMH B CIUHUIYy BPEMEHH 00pa3yeTcs, CTOJBKO WX U
pasziaraercsi, T.€. XUMHYECKOE€ pPABHOBECHE SBIIACTCS JUHAMUYECKUM, WIIU
NOJBWKHBIM. TakuM  o0pa3oM, B COCTOSSHUM XUMHUYECKOTO  PaBHOBECHUS
KOHIICHTPAIIUU BCEX BEIIECTB (PEareHTOB M MPOIYKTOB) SIBISIFOTCS MOCTOSHHBIMHU U
HE HU3MEHSIOTCA 1O TE€X IOp, MOKAa HE W3MEHSTCS BHEIIHUE YCIIOBUS IMPOBEICHUS
peaKuum.

Konnentpanuu peareHTOB (MCXOIHBIX BEIIECTB) U MPOAYKTOB B COCTOSIHUM
XMMHYECKOTO PABHOBECHS HA3BIBAIOTCS PABHOBECHBIMU.

[Ipu3Haku XMMUYECKOTO pPaBHOBECHS Cienyronue: 1) COCTOSHUE CUCTEMbl HE
3aBUCUT OT TOIO, C KAaKOM CTOPOHBI OHA ITOAXOAMUT K PABHOBECHUID — CO CTOPOHBI
UCXO/IHBIX BEILIECTB WJIM CO CTOPOHBI MPOAYKTOB PEAKLHH; 2) COCTOSHHE CHUCTEMBI
OCTaeTCsl HEM3MEHHBIM MPU OTCYTCTBUM BHEUIHUX BO3JECUCTBUMN; 3) OHO M3MEHSETCS
MIPU U3MEHEHUU BHEITHUX YCIIOBU, CKOJIb ObI MaJibl OHU HU OBLIH.

YacTHOE OT JAeNeHUs MPOU3BEICHUSI PABHOBECHBIX KOHIIEHTPALWI B CTEICHSX,
PaBHBIX  CTEXHOMETpPUYECKUM  KodhuIimeHTam, NPOAYKTOB  pEaKIUud  Ha
IIPOU3BEICHHUE PaBHOBECHBIX KOHLICHTpaLU VCXOJHBIX BEILECTB B
COOTBETCTBYIOIIMX CTEIEHAX SBJISIETCS BEIMYMHOW MOCTOSIHHOW TPU JAHHOU
TEMIlepaType U JaBICHUM (3aKOH JCHUCTBYIOIIMX MacC I XUMHYECKOTO
paBHOBecHsI). JTa BEJIMYMHA HA3BIBACTCS KOHCMAHMOU pasHosecus N 0003HAYACTCS
cumBosioM K.

Jlnst ypaBHEHUSI peakiiuy B O0IIEM BUJE:

aA + BB = cC + dD koHCcTaHTa paBHOBECHS 3alMUCHIBAECTCS TAK:

[c1°[D]?
[A]e-[B]Y’
rne [A], [B], [C], [D] — paBHOBecHbIE KOHLeHTpauuu Bemects A, B, C, D;

a, B, ¢, d — mokazarenu CTENEeHH, B KOTOPbIE BO3BOAATCS KOHIIEHTPALIUU BEIIECTB U
KOTOpbIE YHUCJIEHHO paBHbl KodhduiMeHTaM nepen QopMylnamMu BeElIECTB B
YPAaBHEHUU PEAKLUU.

JlaHHOE MaTreMaTu4ecKoe YpPAaBHEHHME SIBISIETCS  BBIPA)KCHHEM  3aKOHA
JEUCTBYIOIIMX MAcC JJIsI XUMUYECKOTO PAaBHOBECHSI.

KoHcTaHTa paBHOBECHS ONPENEISAET MOJHOTY MPOTEKAaHUS PEAKLIIMA K MOMEHTY
JOCTUKEHUS] PABHOBECHOIO COCTOSIHMSI: 4YeM OoJibllle 3HAuU€HUE KOHCTaHThI
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paBHOBecHsi, TeM B OONbBIIEH CTEIEHH B PAaBHOBECHOW PEAKIIMOHHOW CMECH
npeo0I1alatoT MPOAYKThI PEAKIIMH, TEM OOJIbIIE UX BBIXO/I.

[Ipu u3MeHEHUU YCJIOBHH, B KOTOPBIX HAXOAMTCS CHUCTEMa (TeMIepaTyphl,
JaBJICHUS, KOHIEHTpAIUN), XUMUYECKOEe paBHOBEcHUE HapyliaeTcs. Yepes HeKoTopoe
BpeMs B  CHUCTEME YyCTAHABIMBAETCS HOBOE XHMMHYECKOE  paBHOBECHE,
COOTBETCTBYIOLIEE HOBBIM YCIOBHUSAM. Ilepexon u3 0IHOro paBHOBECHOI'O COCTOSTHUS
B JIPYrO€ Ha3bIBAETCS CIIBUTOM HMJIM CMELIEHUEM PABHOBECHSI.

HampaBnenue cMelleHuss paBHOBECUS B pE3YyJIbTaTe HM3MEHEHUs BHELIHUX
yCIOBUH onpenensiercs npunyunom Jle [llamenve: ecivu HaXOAIIAsCA B PABHOBECUU
CUCTEMa TMOABEPracTCs BHEIIHEMY BO3ACHCTBHUIO, PABHOBECHE CMENIAETCA B TOM
HalpaBJIeHUH, KOTOPOE CIIOCOOCTBYET OCIA0IEHUIO ATOTO BO3/1EHCTBHUS.

PaccMmoTpum, Kak BIMSET HA HAPABJICHUE CMEILIEHNUS PAaBHOBECHS MOBBIILICHHUE
WJIM TIOHWKEHUE JAaBICHMS], TEMIIEPATYpPhl U KOHLIEHTPALMKU BEIIECTB, YYACTBYIOIINX
B PEAKIIMH.

/lasnenue. JlaBneHue BIMSET Ha paBHOBECUE OOPATUMBIX PEAKLIUI ¢ yHaCTUEM
razoo0pas3Hbix BewlecTB. [Ipy MOBBINIEHWH [JaBIEHHUS PABHOBECHE CMEILAETCS B
HampaBlIeHUH OOpa3oBaHMs BEIIECTB C MEHBIIUM OOBEMOM; MPU TOHMKEHUU
JIABJICHUS] PAaBHOBECHE CMEIIAETCS B HAPABJICHUU 00pa30BaHUs BEIIECTB C OOIBIIUM
o0beMoM. Harpumep, B peakiuu CUHTE3a aMMHaKa

N, +3H, <> 2NH3
o0BEM MPOJYKTa B JIBa pa3a MeHbIlle 00beMa peareHToB. [lo3TOMYy paBHOBECHE 3TOTO
oOpaTMMOro nmpoiecca Mpu YBEIWYEHUU JaBJICHHUS CMEIIAETCS B CTOPOHY
oOpazoBanus NHs, a mpu yMEHBIIICHUU AABICHUS — B CTOPOHY €T0 Pa3JIOKEHUS.

Temnepamypa. 1Ipu TOBBIIIEHUM TEMIEPATYPbl XUMHUYECKOE PABHOBECUE
CMEIAeTCsl B HAaIMpaBJICHUHU SHIOTEPMUYECKONM pEaKkUu, a MpH T[OHWKEHHUH
TEMIIEpATypbl — B HAMpPaBICHUU 53K30TEPMUYECKOW peakuuu. Hampumep, Ta xe
peakiys CUHTe3a aMMHaka SIBISIeTCsl dK30TepMuyeckoil. [1oaToMy mpu MmoBbIIIEHUH
TEMIIepaTypbl €€ paBHOBECHE CMEIIAETCS B JIEBYIO CTOPOHY (AMMHAK pasziaraercs), a
IpU TOHWKEHUU — HAIpaBo (aMMHUak oOpazyercsi).

Konyenmpayus. 1lpy TNOBBIIEHUA KOHUEHTPAMM OJHOTO M3 MCXOJHBIX
BEIIECTB PAaBHOBECHE CMEMIACTCsl B HAMPABICHUU 00pa30BaHUs MPOIYKTOB PEAKIUH;
IIpU TOBBIIIEHUM KOHIEHTPALUU OJHOTO W3 TNPOAYKTOB PEAKIHH pPaBHOBECHE
CMEIAETCs B HAITPABJICHUH 00Pa30BaHUS pEareHTOB.

B kadectBe npumepa pacCMOTPUM KOHTAKTHBIM METOH ITOIYyYEHHUs CEPHOU
KHUCIIOTHI:

250, + O, «—2503
SOz + H,O = H,SOq,
B KOTOPOM JKEJIaTeIbHO BO3MOXKHO OoJiee moJiHOe mpeBpaiieHne okcuaa cepsl (IV) B
okcun cepbl SO3 (V1) B mepBoii (00paTUMOii) peaKIIuH.
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JUtis yBenuueHus Bbixoga SOz MOXKHO YBEJIMYWTh KOHLEHTpauuto SO, B
UCXOAHOM peakuuoHHOM cMmecu. OnIHako 3TO HEPEHTA0EIbHO U 3SKOJOTMYECKHU
BpeIHO, Tak Kak u30bITOK SO, Oyner BblOpaceiBaTbes B armocdepy. [loatomy
peakuui0 TMPOBOAAT MpU M30BITKE BO3AYyXa, OOOraleHHOro KHcIopoaoM. B
pe3ynbTaTe JOCTUTAeTCs CMEIIEHHWE PaBHOBECHS BIIPaBO, TO €CTh OoJyiee MOJIHOE
npespaienne SO, B SO:s.

B 1M0HOOOMEHHBIX peakiusx MKy paCTBOPCHHBIMU BEIIECTBAMH PAaBHOBECHUE
CMENIAEeTCsl B CTOPOHY 00pa30BaHMS OCAIKOB, Ta30B WM CIA0BIX 3JIEKTPOIUTOB. Eciun
TaKH€ BEIECTBA HAxXOAATCAd B OOEMX YaCTAX YpPaBHEHUS pEakUuu, TO BOIPOC O
CMEIIIEHNU PABHOBECHS PEIIAETCSl PACYETOM KOHCTAHTHI paBHOBECHS.

JlaGopaTopHas padora Ne3. CkopocTh XMMHUYECKHUX PeaKIUil 1 XUMHYEeCKOe
pPaBHOBecHe

Heas padorbl: (GopMHpOBAaHME YMEHUI W HABBIKOB H3Yy4eHHsS (DaKTOPOB,
BIUAIONIMX Ha KHHETUKY XUMHUYECKUX peakiuil U (aKTophbl, BIUAIONIMX Ha
CMEILIEHHE XHUMHUYECKOTO PAaBHOBECHUS; AKCIIEPUMEHTAJIbHBIM IIyTEM IOJITBEPIUTH
JNEUCTBHE 3aKOHA JAeHCTBYOIMX Macc U npuHuun Jle [larense.

Onvim Ne 1. Bnusanue konuenmpauuu peazupyrouwiux 6euyecme Ha CKopocmo
Deaxkuyuu 6 20M0O2eHHOI cucmeme

3axanue u 3Tanbl padoTHI

IToaroroBka Kk JadoparopHoi padore

1. TIpouecTs TeOpeTUYECKOE BBEJACHUE U TIOPSOK BHITIOTHEHUS OTIBITA.

no

OdopMHTB TPOESKT OTYETA 110 OMBITY JJAOOPATOPHOM paOOTHI (CM. TIPUITOKEHHE 2).
3. 3anMcarh ypaBHEHHE XUMHUYECKOM peakiuu, JIeKalled B OCHOBE OIbITa U
MAaTE€MaTUYECKOE BBIPA)KECHUE 3aKOHA JEHCTBYIOIIMX MAacC NMPUMEHUTEIBHO K
paccMaTpuBaeMOM peaxkiuu!
4. Tlpennonoxutb, Kakoll BU3yaJlbHBbIA MNpU3HAK OyleT CBUAETEIbCTBOBATH O
MOSIBJICHUH B CUCTEME MPOAYKTOB peakuuu (0CaaoK, ras3, u3MeHEeHHUE 1BETA)
IHopsaok BeINOJTHEHUsI padoThI
B nanHOM ombITe paccMaTpUBaeTCs peaklus B3aUMOACHCTBUSA THOCYNbdara
HATpHUsl C CEPHOU KUCIIOTOM, ITPOTEKAIOIIAS IO YPABHEHUIO:

Na,S,03 + H,SO4 = Na,SO,4 + S + SO, + H,O

[IpuroToBUTH TpPU MPOOUPKUA C PACTBOPOM THOCYIb(ara HATPHs PA3TUIHON
KOHIIEHTpAIMH, BOCIOIb30BABIINCH JAaHHBIMUA TAOIUIIBI 3.

Tabmwna 3

Ne rpoGHpKH Hueno Kanest Huciio kanens | KonueHTpaiys pacTsopa
pactBopa NayS;03 H,O Na,S,05

1 5 10 C
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10 3) 2C
15 0 3C

[IpoOupKkH ¢ IPUTOTOBIEHHBIMHU PaCTBOPaMU BCTPSIXHYTb.

[TpuroroBuTh cexyHaomep!

B nepByro mpoOupky A00aBUTh OIHY KaIUII0 pacTBOpa CEPHOM KHUCIOTHI,
BKJIIOUUTHh CEKYHIOMEpP M HM3MEPUTh BpEMs A0 MOSBIEHUS B PacTBOpPE 3aMETHOMU
ONAJIECLIEHIIUH.

OTMeTuTh BpeMs peakliy B JIA0OPaTOPHOM KypHAJIE.

To xe camoe nocIen0BaTeNIbHO MPOJENATh CO BTOPOU U TPEThel IPOOUPKAMH.

3anuch 3KCNIEePUMEHTAJIbHBIX JAHHBIX H PacyeThl

Ilo pe3ynbraTaM onbITa 3aMOIHUTH TAOIULY 4.

[TocTpouTts rpadmk 3aBUCUMOCTH CKOPOCTU PEAKLIMH OT KOHLIEHTPAUU
pearupyromux BeIeCTB.

TabOmumna 4

BpeMH IMPOTCKAaHUA pCAKITNH CKOpOCTL pCaKIuu

Ne §
MpODHPKH t, cex 1/t*102, yeo. en.

ITo pe3ynbraraM NMPOBEICHHOTO OMbITA M pacueTaM 3aloJHUTh MYHKT OTYETa
«BwiBOOY.
Onvim Ne 2. Bausanue KOHUeHmMpayuu 6euiecme-yuacmHuko8 peakyuu Ha
cCMeuieHue XUMU4eCcKo20 PagHosecust
3amanue u 3Tanbl padboThl
IoaroroBka Kk JadoparopHoil padorte
1. TIpodecTs TeOpeTUUYECKOE BBEICHUE U TIOPSIOK BHITIOJHEHUS OTBITA.

N

OdopMUTh IPOEKT OTYETA 110 ONBITY JTA0OPATOPHOU PAOOTHI (CM. PUIIOKEHHE 2).

3. Hamucarp MaTeMaTU4YeCKoe BBIDA)KEHWE  KOHCTAaHThl  pPaBHOBECHS
IIPUMEHUTENBHO K paCCMaTPUBAEMOM B ONBITE PEAKLIUH !

4. Bocnonb3oBaBirch npuniunom Jle Illarense, ykazaTte B KakoM HamnpaBICHUU
CMECHUTCS paBHOBeCHE (KapaHJaIloM 3aloIHUTh MOCIeTHUIN cTonoel] Tadm. 5).
IMopsaok BeINOJIHEHUS] padOTHI
B ombiTe paccmarpuBaetcs peakius B3auMoaeicTBus xyopuaa xenesa (I1) u

POIaHKIA Kaausl, TPOTEKAOIIAS IO YPABHEHUIO:
Fe Cl; + 3KSCN « Fe(SCN); + 3KCI.
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B uyersipe mpoOupku BHecTH 1o 3-4 Karum pa30aBjJeHHBIX PacTBOPOB
xynopuna xeneza (III) u pomanmpa xanus. ConepkumMoe HPOOHPOK TIIATEIBHO
nepeMemiatb. OHY NPOOUPKY OCTaBUTh AJIi CPAaBHEHUs pE3YNIbTaToB oOmbiTa. B
OCTaJIbHbIE TPU MPOOUPKHU JOOABUTH KOHIEHTPHPOBAHHbIE PEAKTUBBI, YKa3aHHbBIE B
Tabmuue S.

Tabmuma 5
. HN3meneHue
Jo6aBnsiemMblit Hanpasnenue cMmeneHus
Howmep UHTEHCUBHOCTH
peaKTuB paBHOBECHS
OKpacku
1-1 npobupka KoHTpoh
2-51 mpoOupKa Fe Cls
3-s mpobupka KSCN
4-51 mpoOupKa KCI

[To pesynpTaTaM ombITa 3aMOJHUTH BBIIICTIPUBEACHHYIO TAOIMUIy W ITYHKT
otueta «BBIBOIY.

Onvim Ne 3. Bauanue cpedvl pacmeopa Ha cmeujeHue pasHoeecus npu
nepexooe Xxpomam-uona ¢ OUXpomam-uoH
3axanue v dTanbl padoThl
IHoaroroBka Kk J1adoparopHoil padore
1. TIpouecTs TeOpeTUUYECKOE BBEIACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

N

OdopMHTE TPOESKT OTYETA TI0 OIBITY JIAOOPATOPHOM pabOTHI (CM. TIPUIIOKEHHE 2).

3. Ucnonwsys yueOHyI0 IUTEpaTypy, YKa3aTh OKPacKy XpOMaT-MOHA U AUXPOMAT-
MOHA.

4. Hanucarb MOJIEKYJIIDHOE YpaBHEHHE pEaKIuu I[epexoja XpoMar-uoHa B
IUXpOMAaT-uOH, UCIIONb3Ys IPUBEIECHHBIE HI)KE NOHHBIE YPABHEHUS.

5. Hammcarp  BbIpa)k€HME  KOHCTAaHThl  PABHOBECUS  NPHUMEHHUTEIBHO K
paccMaTpUBaeMOM B OIBITE peakuu!

6. Bocnonw3oBaBmuch npunuunoM Jle Ilarense, ykazarb npu Kakux yCjIOBHUSIX U

B KaKOM HampaBJIEHUU CMECHUTCS] paBHOBECHE.

IHopsinok BbINOTHEHUS PA0OTHI

XpoM B IIECTUBAJEHTHOM COCTOSSHUM OOpa3yeT JBa aHHWOHA: XpOMar-uoH
CrO4” m muxpomar-uon Cr,O7*". HX CyIIECTBOBAHME OIPEAEISIETCS HAIMIUEM
menounoit (pH > 7) unu kucnoit (pH < 7) cpensbi.
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B nBe mpobupku BHecTH mo 3 kammu pactBopa xpomara kamusi (KCrOs) u
N00aBUTh HECKOJBKO Kalellb pacTBOpa CEPHOM KHMCIOTHI 10 M3MEHEHHsS] OKpPacCKU
pacTBopa.

OnHy npoOUpKY OCTaBUTh Ul CPaBHEHMSA, a B APYryl0 J00aBUTb PAaCTBOP
LIEJIOYH IO U3MEHEHUSI OKPACKH PacTBOpA.

[ToBTOpUTH OMBIT, B3SB B JBYX MPOOMPKAX HMCXOJHBIM BEUIECTBOM IUXPOMAT
kamust KoCro0y.

OnHy mpoOMpPKY OCTaBUTH [JIsl CPaBHEHMs, a B JAPYryl0 A0OaBHTH PacTBOP
IIEJI0YM 10 U3MEHEHHUS OKPACKH pacTBOpa.

Onucarp HaOmoneHus. Hammcate MoseKyasipHbIE ypaBHEHHs Iepexoja
XpoMmara B JHMXpoMar U OOpaTHOTO Ipoliecca, MCIONb3YS CIEAYIOIIUEe HOHHBIE
YpaBHEHHUS:

2Cf042_ +2H" = Cr2072‘ + H,0;

Cr2072‘ + 20H = 2Cf042_ + H,0.

Craenatp BBIBOJ O BIMSHUW CPEbl HA 00pa30BaHNE XPOMATOB U AUXPOMATOB.

Onvim Ne 4. Cmeuwienue pasnogecus npu 00pa3oeaHuu HepacmeopPUMbIX
eeujecme

3axanue v dTanbl padoThl

IHoaroroBka Kk J1adoparopHoil padore

1. IlpouecTh TeOpeTHUECKOE BBEACHNUE U TOPSAOK BBIIIOJTHEHHS paOOTHI.
7. OhopMuUTh MPOEKT OTYETA MO OMBITY JA00PATOPHOU pabOThI (CM. PUIIOKEHHUE 2).
2. Hanmmcarb MOHHBIC U MOJICKYJISIPHBIC YPABHEHUS PEaKlnii 00pa3oBaHuUs OCaaKa

Mg(OH), u ero pacTBOopeHHss B pe3yJbTare B3aWMOJCHUCTBUS C COJISTHOU

KHCJIOTON U XJIOPUJIOM AMMOHHSI.

3. Hammcarp  BbIpakeHME  KOHCTAaHThI ~ PABHOBECHUS  NPUMEHHUTEIBHO K
paccMaTpUBaeMOM B OIBITE peakuu!
4. Bocnonb3oBaBmuck npuHiunom Jle [llatenbe, yka3arh mpu Kakux yCIOBUAX U

B KaKOM HalpaBJIEHUH CMECHUTCS] paBHOBECHE.

Iopsaok BbINOJTHEHUS] padOThI

B Tpu npoOupku BHECTH MO 3 Karuid XJOpUJa MarHusl U 1O KaruisiM MeJIJIEHHO
N00aBIIATH B KXy pooupky mienoub NaOH 1o o6pa3zoBanus ocajka.

XOpo1o nepeMenars NOJyYeHHYIO CyCIEH3HI0 NaT04YKOM.

OnHy npoOWpKy OCTaBUThH AJisi CPABHEHHUS, BO BTOPYIO JOOABUTH COJSHYIO
KUCJIOTY, a B TpeThto mpwinTh HachimeHHbI pactBop NHiCl mo pactBopenwus
ocajxa.

Cnenarb BbIBOI OO0 YCJIOBHSIX W HANpaBICHUM CMEIICHUS XUMHUYECKOTO
paBHOBeCHs B OOpaTUMbIX PEAKIUSAX HOHHOTO OOMEHa B PaCTBOPAX AJIEKTPOJIUTOB.
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3agaHus 11 CAMOCTOATEJIbHON PadoThI

1. Harmumure BeIpaXkeHUE I KOHCTAHTHI paBHOBecHs peakinmu Hy +l—2HI.
Kak m3MeHHTCS KOHCTaHTa PAaBHOBECHUS NPH YBEIUYCHUH KOHIICHTPAIIUU TPOIYKTA
peakiuu (1o10BoI0poIa) B 2 paza?

2. JIna peakmuu NapCOs(k) + COo(r) + HoO(r)«»2 NaHCOs3(k) 3anucarsb
BBIPAKEHHUE ISl KOHCTAHTHI PABHOBECHSI.

3. Kak HOBJIUSIET Ha paBHOBECHE oOparumoit peakuuu
Fe,03(k) + 3CO(1)2 «»Fe(k) + 3CO2(r) yBenmnueHue TaBICHUAS?
4. Kax IIOBJIUSET Ha paBHOBECHE oOparumon peakuuu

CaCOs(k)«—>CaO(k) + CO2(r); AH® = 171,4 x/I>x noBblllIEHUE TEMIIEPATyPhI?
5. Kakume ycnoBus (Temrieparypa, JaBJICHHE, KOHIIEHTPAIIMM YYaCTHUKOB

peaKIfK, KaTajJu3aTtop) HEOOXOUMBI ISl TIOBBIIIIEHUST BBIXOJA XJIopa Mo o0paTuMoit
peaxin 4HCI(r) + O2(r)«>2Cly(r) + 2H20(r); AH® =-116,4 /.

Tema 1.4. KommiekcHbIe cOeTNHEHUS

Teopernueckuit Marepuaul, HEO0X0AMMBbIH Jif) b BBIIIOJTHEHUSA
J1abopaTtopHoii padoThI

KommiekcHbIMU Ha3bIBAIOTCSl TAKWE COCIUWHEHMS, B y3JlaX KPUCTAUIMUECKUX
PELIETOK KOTOPBIX HAXOASATCA KOMIUIEKCHBIE HOHBI, YCTOMYMBBIE KaK B TBEPAOM
COCTOSIHUH, TaK U B PaCTBOpax.

KomminekcHbIMM MOHaMU Ha3bIBA€TCSl CJIOKHBIE HMOHBI, B COCTaB KOTOPBIX
BXOJSIT KaTUOHBI WJIM aTOMbl METAJIJIOB, CBSI3aHHBIE C HECKOJBKHMH TOJISIPHBIMU
MOJIEKYJIaMH WJIM aHUOHAMHU.

PaccMOTprM TUIIMYHBIA COCTAaB KOMIUIEKCHBIX COEAWHEHUM Ha IIPUMEPE
[Cu(NH3)4]SO,4. Yactuna [Cu(NH;3)s]?* HasbiBaeTCs KOMILIEKCHBIM HOHOM (ApyrHe
Ha3BaHMS: KOMILIEKC, BHyTpeHHss cdepa), a SO,* — BHemnel cdepoit. Karmon Cu?
B KOMILJIEKCE Ha3bIBAETCS KOMILIEKCooOpazoBaresieM, a Mosiekyabl NHs — nuranmgamu.
Uucno JuraHjioB, paBHOE B OTOM COCJUHEHHM YEThIPEM, Ha3bIBACTCS
KOOPJAMHAIIMOHHBIM YHCIIOM KOMITJIEKCOOOPa30BaTelIs.

KommiekcoobpaszoBarensiMu SIBISIOTCS TNIABHBIM 00pa30M KaTHOHBI METAJIJIOB,
a qurangamMu — nojsipueie Mosnekyabl (NHs, H2O) win aHuOHBI — KHCIOTHBIE OCTAaTKU
(F-, Cl-, Br-, I-, CN-, NO2-, SCN-), a Taxxe ruapokcua-uod OH-.

Koopaunannonnoe uucio yamie BCcero paBHo 6, 4 unu 2.

[To 3apsiay KOMIUIEKCa 3TH COEAWHEHHUS TOAPA3JICIAIOTCS Ha KaTHOHHBIC,
Hanpumep [Zn(H20)4]Cl,, annonnsie — K3[Co(CN)g], aBoitHbIe (KaTHOH-aHHOHHBIC) —
[Ni(NH3)s]2[Fe(CN)e] u meiirpansusie — [Pt(NH3)2Cly].

[To BUy TUTaHI0B KOMIUIEKCHBIE COCIMHEHUS MTOAPA3ACIISIOTCA TAK:

1) axBakOMIUIEKCHbIC, JIMTAHJAMU SIBJISIOTCS. MOJIEKYJbl BOJbI, HalpuMep

[Cf(HzO)e]Cl;g;
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2) aMMHHOKOMILICKCHBIC, JMTaHIaMHu SBISIOTCS MosieKyiabl NHjz, Hampumep
[Cd(NH5)e](NOs)2;

3) TUAPOKCOKOMIUIEKCHBIC, juraHaamMu spistorcss OH-uoHbl, Hampumep
Nas[AI(OH)¢];

4) anuaI0KOMIUIEKCHBIC, IMTaHIaMH SIBIISTIOTCS KUCIIOTHBIE OCTATKH, HAIIPUMED
K4[FeC|6],

5) cMmelaHHbIe, JHMTaHIAMHU SIBISIOTCS pAa3IUYHbIE YaCTHIbI, HaIPUMEP
[Pt(NH3)2(H20)zBr2]SO4.

[Ipy pacTBOpEeHUM KOMILUICKCHBIC COCIUHCHHS (KPOME HEHTPaJIbHBIX)
JMCCOIMUPYIOT Ha KOMIUICKCHBIC HOHBI U HOHBI BHEITHEH Ceph:

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

KomrutekcHbIe HOHBI B paCTBOPax AUCCOILMHUPYIOT HE3HAUYUTEIbHO. KOHCTAaHTHI

ux aucconuanuu (KH) Ha3pIBalOTCS KOHCTAHTAMH HECTOMKOCTH:
[Fe(CN)e]* <« Fe*" +6CN-; Ku =1,13*101

HoMmenkiarypa KOMIUIEKCHBIX COEOMHEHHH M3ydaeTcsi Ha JIEKI[HOHHBIX
3aHATUSAX. HarmoMHUM €€ ¢ TIOMOIIbIO PUMEPOB:
[Zn(NH3)4](OH); — ruapokcuni TeTpaaMMUHIIMHKA,
Ks[Fe(CN)s] — rexcarmanodeppar (I11) kanus,
[Ni(NH3)4][PtCls] — rekcaxmopormnarunar (IV) rerpaammunnamkens (11),
[PACI2(H20).] — TeTpaakBaauxopomnaiaani.

JlaGoparopuasi padora Ne 4. KomniekcHbIe COeIMHEHMSI

Hear padorbl: (dopMupoBaHWE YMEHUW U HABBIKOB B UCCIEIOBaHUU
CIIOCOOOB TMOJYYEHUsS] KOMIUIEKCHBIX HWOHOB; W3yYUTh CBOMCTBA KOMIUIEKCHBIX
COEAMHEHUM, UX COCTaB, IEPBUYHYIO U BTOPUYHYIO AUCCOIUALIUIO.

Onvim Ne 1. Anuonnsie komnaexcol. Tempaitoooeucmymam Kanus
3axanue v dTanbl padoThl
IToaroroBka Kk J1adoparopHoi padore
1. TIpodecTs TeOpeTUUYECKOE BBEACHHUE U MOPSIOK BHIMOTHEHUS PaOOTHI.
OdopMHUTh MPOESKT OTYETA 110 OIBITY JTA00PATOPHOM PAOOTHI (CM. MIPUIIOKEHHE 2).
3. Hammcare ypaBHEHHE MOJIy4YeHUs WHOAHMIA BHCMYyTa B MOJICKYJSIPHOM U B

N

WOHHOM BHJIC.

4. Hanucarb ypaBHEHHE B3aUMOJAECHCTBHS MOAUIa BUCMYTa C MOAUAOM KaJlUs B
MOJICKYJIIPHOM ¥ HOHHOM BHJE. Y4YeCTh, UYTO TMpPU ITOM oOpasyercs
KOMIUICKCHOE COCIMHCHHE, B KOTOPOM B KadeCTBE KOMILIEKCOOOpa3oBarels
BbIcTynaeT noH Bucmyta (III).

5. Hanwucare ypaBHEHUS MEPBUYHON U BTOPUYHOU JTUCCOIHMAIIMHM KOMILJIEKCHOTO
COEIMHEHUS;, BBIPAKEHUE 111 KOHCTAHThI HECTOMKOCTH KOMILICKCA.
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ITopsa0K BBINOJIHEHUS] PadOTHI

B npobupky k 3—4 karuisiM pacTBopa HUTpaTa BUCMYTa MPUOABIATH 1O KallIsM
pacTBOp WOAM]T Kallusl O BBIAJEHUS TEMHO-0Oyporo ocajaka Hoauaa BUCMYTA.

PacTBOpUTE 3TOT 0CaoK U30BITKOM PacTBOpA HOaUAA KaJIUs.

OTMeTHUTH LBET OJIYYEHHOTO PacTBOPA.

[lo pe3ynbraTaM MPOBEACHHOIO ONbITA 3alOJHUTH IYHKTHl  OTYeTa
«Haomronenns» n «BeiBOIY.

Onwvim Ne 2. Kamuonnwie komnaexcol. Komnnexkcnoe ocnosanue Hukens
3aganue u 3Tanbl padoThI
IMoaroroBka Kk J1adoparopHoi padore
1. ITpouecTh TEOPETUUECKOE BBEJACHUE U MOPSJOK BBHITOTHEHUS PAOOTHI.
OdopMUTH IPOEKT OTYETA IO OMBITY JJAOOPATOPHOM paOOTHI (CM. MPUIIOKEHHE 2).
3. Hamucare ypaBHeHue peaknuum oOpaszoBaHus Tuiapokcuma Hukens (II) B
MOJIEKYJISIPHOM U MIOHHOM BUJIE.

N

4. Hamucarps ypaBHEHHE pacTBOpeHUs ocaaka runpokcuaa nukens (II) B
5. aMMmHake C 00pa30oBaHMEM KOMIUIEKCHOTO OCHOBaHHS. Y4YecTb, YTO
KOOPJAMHAIIMOHHOE YHCIIO HUKEIA PABHO LIECTH.
6. Hamucats ypaBHeHHS MEPBHYHON M BTOPUYHOHN HCCOIMALNN KOMIUIEKCHOTO
COEMHEHUS U BBIPAXKEHHE JJISI KOHCTAHThI HECTOMKOCTH KOMILIEKCA.
IHopsigok BbIMOIHEHHS PadOThI
[Tonyunts ocamok ruapokcuna nukens (II), BHecs B mpobupky 3—4 kamim
pacTBopa cyiab(dara HUKEJIS U TaKoH e 00beM eKOTO HaTpa.
K ocanky no6aButh 5—6 karmenb pacTBOpa aMMHUaKa.
CpaBHHUTH OKpacKy HMOHOB HUKEJsl B pacTBOpE Cylb(ara HHUKENs ¢ OKPAacKOu
ITOJIyYEHHOIO PacTBOpA.
OTMeTUTh OKpacKy IOIYYEHHOro pactBopa. Ilouemy oOkpacka pacTBOpOB
oTIuyaercs?
[To pesynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh IYHKThl  OTYETa
«Haomronenns» u «BeIBOIY.

Onoim Ne 3. Bzaumooeiicmeue zexcauuanogpeppama (11) kanusa c
cynvhamom meou
3amanue u 3Tanbl padboThl
IToaroroBka Kk JadoparopHoi padore
1. IIpouecth TeOpeTHUECKOE BBEICHNE U TIOPSIOK BBHITTOJIHEHUS PAOOTHI.
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2. OdopMuTh TMNPOEKT OTYETAa IO OMNBITY Ja0OpaTOpHOH  pabOThI
(cMm. mpusioxeHue 2).

3. Hanwucars ypaBHEHHE HOHHO-OOMEHHOTO B3aUMOACHCTBUSA CyIb(haTa Meau
u rekcaranodeppara (1) kanus B MOHHOM U MOJIEKYJISIPHOM BHJIE.

4. Kakoe CBOWMCTBO KOMIUJIEKCHBIX COCIMHEHUIN MOJATBEPKIAET BBHIMNAJCHUE
ocaJlKa B pe3yJbTaTe peakinu?

ITopsaaoK BBINOJHEHUS PadOTHI

B mpobupky k 4-5 kamnsim pactBopa cyinb(dara menu A00aBUTh TaKOM ke
o6beM pactBopa rexcanranodeppara (1) kamus.

OTMeTuTh 1BET BHINABIIETO ocajaka rekcaraHodeppara (I11) menu.

ITo pe3ynpTaTaM MPOBEAECHHOIO ONBITA 3AMOIHUTD IYHKTHI OTYETA
«HaObmonenns» n «BeiBOI».

Onvim Ne 4. /[eoiinvie conu
3aganue v 3Tansl padoTbl

IToaroroBka Kk JadoparopHoi padore

1. IIpouectb TeopeTHUECKOE BBEACHHUE U TOPSAOK BBIIOJTHEHHS paOOTHI.

2.  OdopMUTh MNPOEKT OTYETa IO OMNBITY JaboparopHO paboOThl (CM.
MIPUIOKEHHE 2).

3. Hamucarp ypaBHEHHUS MPOTEKAIONMIMX B OMBITE PEAKIUi; y4eCTh, YTO B
MEpBbIX ABYX MpoOHMpKax oOpa3yroTcs ocanku cyiabpuna xeneza (II) m cynpdara
Oapusi.

4. Ha npucyrctBHe KakMX HOHOB B pacTBope coiu Mopa yKa3bIBaroT
POBECHHBIE PEAKLINU?

5. Kak 1 mouemy U3MEHHTCS IBET JIAKMYCOBOI Oymaru?

6. Hamucars ypaBHeHue aucconunamnuu coinu Mopa.

IHopsigok BbIMOIHEHHS PadOThI

B TpeX  MOpoOMpKax  MPUTOTOBUTH  PACTBOP JBOWHOU conn
(NH.)2SO4*FeSO4*6H,0 (comun Mopa), BHECS B KaXayr MO 6—8 Kareidb BOABI U
| MukpommaTe o CoJH.

B omny npoGupky k pactBopy comm Mopa no0aButh 5—6 Kamelb pacTBopa
cylb(husia aMMOHHS, B APYTYIO — CTOJIBKO K€ pacTBopa Xjopuaa dapusi.

OTMeTHUTh LBET 00Pa30BABILIUXCS OCAKOB.

B Ttperbto mpoOupky mo00aBUTh 7—8 Kamenb pacTBOpa €IKOTO HaTpa H
NOJIOKUTh Ha MPOOUPKY, CMOYEHHYIO JUCTUIUIMPOBAHHON BOJIOH, JIaKMYCOBYIO
OyMaXkKy; MOCTaBUTh NPOOUPKY Ha BOASIHYIO OaHIo.

Ilo pesynbraTaM MPOBEICHHOIO OMNbITA 3alOJHUTh IMYHKTBI  OTYETa
«HaoOmronenns» n «BeIBOIY.
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3aganus 119 CaMOCTOATEIbHON PadoThI

1. Ha3oBuTe OCHOBHBIE COCTAaBHBIE YacTH JaHHBIX KOMIUIEKCHBIX COEIU-
HEHUI, IpUBEIUTE UX HA3BaHUs, KIacCUPUUUPYHUTE MO TPEM-UETHIPEM MPU3HAKAM:
[Ag(NHs3)2]Cl, [Cr(CO)e].

2. Hanmummmre ¢popmyny rekcannanodeppara (I11) aukens (11).

3. Hns xkommutekcHoro coeauHenns Ks[Al(OH)s] mammmuTe ypaBHEHUS
IIEPBUYHON ¥ BTOPUYHOM THCCOLMALMH, BBIPAKEHNUE KOHCTAHTBI HECTOUKOCTH.

4. KoHCTaHThI HECTOMKOCTH KOMIUJIEKCHBIX HOHOB PaBHBI:

[Co(CN)a]*  [CA(CN)aJ*  [Zn(CN)s]*

Ka=810%2 Ku=110" Ku=2-10"

B pacTBOpe kakoro BemiecTa koHLEHTpalust HoHoB CN™ HaubombIas?

5. Hanmmwte ypaBHEHHE peakiuu MoixydeHus: ximopua rexcaamuuaaukens (I1)
B3anMoeiicTBueM xyopuaa aukens (I1) ¢ pactBopoM ammuaka.

Tema 1.5. /Iucnepcubie cucremsl. PacTBopsl

Teopemuueckuit mamepuai, HeoOXO0UMDBLI 014 GbINOAHEHUA J1AOOPAMOPHOU
pabomul

B xumudeckoii mpakTuke, a Takke B ObITY 4acTO BO3HUKAET HEOOXOAUMOCTH B
IIPUTOTOBJICHUU PACTBOPOB pPAa3IMUHON KOHIEHTpamuu. CrocoO0B MPUTOTOBICHUS
pPacTBOPOB MHOTO, HO KaXIbI W3 HUX O0NalaeT CBOMMH MPEUMYIIECCTBAMU H
HEJO0CTaTKAMMU.

Hamnpumep, mnpurotoBieHue pacTBOpa MO «IIpaBUIy KpecTa» He TpedyeT
CIOXKHBIX  pacyeToB, HO JOBOJIbBHO BEJIWKAa OTHOCUTEIbHAs IMOTPEIIHOCTD
npuroroBieHus (o 10 %).

PacTBOp MOXHO MOPUTOTOBUTH C MOMOIIBIO (PukcaHama. dukcaHas — 3TO
TEPMETUYHO 3alasiHHas CTEKJISHHAs aMIlylla ¢ TOYHO B3ATOW HABECKOM CyXOro
BEIIECTBA WJIM TOYHBIM OOBEMOM KHCIOTHL. B 3TOM cnydae mocturaercs camas
BBICOKasi TOYHOCTh KOHIIEHTPAI[MU MPUTOTOBJICHHS, HO W3-32 BBICOKOM CTOMMOCTH
(dbuKcaHaIOB PacTBOPHI HA UX OCHOBE TOTOBSAT B PEJAKHUX CIydasX — JJis MPOBEIACHUS
0c000 TOYHBIX aHAJTU30B.

Hawnbomnee onTuMalibHBIM SIBJIIETCS CIIOCO0, Koria 0osiee KOHIIEHTPUPOBAHHBIM
pacTBOp pazOaBISAIOT BOAOM 10 3aJaHHOM KOHLEHTpPAIMU. DTO MPOCTOM CHoco0,
MO3BOJIAIOIIUN TOTOBUTH PACTBOPHI C IOBOJIBHO BBICOKOW TOYHOCTHIO.

JIJisi pUTOTOBJIEHHSI pacTBOpa HEOOXOIWMO 3HAHHE Pa3IMYHBIX CIIOCOOOB
BBIPKEHUS KOHIICHTPAIIMHN U YMEHUE TIEPEXOAUTH OT OJJHOTO CII0C00a K APYyTroMy.

Hawnbonee pacrnpocTpaHeHbl MATh CHOCOOOB BBIPAXKEHHSI KOHIEHTPAUMHU
PacTBOpPOB:

1) maccosasn 001a pacmeopeHHOZ0 GeWECMBA — MACCA PACMBOPEHHO2O
sewjecmaa, cooepacawasics 6 100 maccogvix uacmsx pacmeopa,
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2) MONApHAA KOHUEHMPAUUA — KOIUYECHEO Geujecmsed 6 OOHOM Jumpe
pacmeopa,

3) Monapunas KoHueHmpauus IKGUBAICHMA (IKSUBATICHMHASL KOHYCHMPAYUSL) —
KOMU4eCcmaeo IKEUBALEHMHbBIX MACC 8euecmsed 8 00OHOM JTUmpe pacmeopa,

4)  MmonanbHOCmMb — KOIUYECMBO 6Geujecméd 8 OOHOM  KULOZSpaAMMe
pacmeopumersi;

5) mump — macca pacmeopenHo20 éewecmea 6 00HOM M (cM°) pacmeopa.

[Ipu mepexome OT MacCOBOM JOJIM U MOJISZIBHOCTH K OCTaJbHBIM CIIOCOOaM
BBIPAKEHUS KOHIEHTpAlMu HEoOXOIMMO 3HaTh IUIOTHOCTh pacTBOpa, KOTopas
OMPEENSIETCS ONBITHBIM MYTEM C MTOMOIIBIO APEOMETPA.

Apeomemp — 31O TpUOOp NN H3MEPEHHUs IUIOTHOCTU JKujkocte. OH
MpECTaBIsIeT COOOW 3amasHHYIO0 CTEKISHHYI0 TpyOKy € Tpy30M Ha KOHIIE U CO
mkanoi. Illkana rpagynpoBana B €MHAIIAX UIOTHOCTH (KI/M° MM T/11).

Korma apeomerp morpykeH B JKUAKOCTh, TO YypPOBEHb €€ TOBEPXHOCTHU
COBMAJNaeT C TEeM JEJCHHEeM Ha IIKaje, KOTOPO€ YKa3bIBaeT IUIOTHOCTh JTOU
KUJAKOCTH. 3HAas IUIOTHOCTh PAacTBOpPA, MOXKHO B CIIPABOYHOW JIUTEpaType HANTH
MAacCOBYIO JIOJII0 paCTBOPEHHOTO BEIIECTBA.

Honno-obmennvie peaxyuu. B pacTBopax 37€KTPOIUTOB PEAKIMH MPOTEKAIOT
MEXIy HMOHAMH, MOATOMY CYIIHOCTH IMPOTEKAIOIIUX MPOIECCOB HamOoee MOIHO
BBIpXXAaeTCsl MPHU 3alMCH WX YPaBHEHWW B MOHHO-MOJEKYISIpPHOM Buje. B Takmx
YpaBHEHUSAX Clla0ble DJIEKTPOIHTHI, MaJOpacCTBOPUMBIC COCOWHEHUS W Ta3bl
3aMMCHIBAIOTCS] B MOJICKYJISIPHOM (pOpME, a CHIIBHBIE DIIEKTPOJIUTHl — B BUJI€ HOHOB.
Hanpumep, peakunn HeWTpanu3auy 3aMCbIBatOTCs TaK:

HCI + KOH = KCI + H,0 — monekyasipHoe ypaBHEHHE,

H*+ OH™ = H,0 — noHHO-MOJIEKY/ISIPHOE YpaBHEHHE,

U3 KOTOPOTO CJIENYET, YTO CYUIHOCTb 3TOTO IMpOLEcca CBOAUTCA K O00pa30BaHUIO M3
HMOHOB BOJIOPOJIa ¥ TUAPOKCUI-UOHOB c1a00TO JIEKTPOIUTA — BOBI.

YpaBHEHUS pEAKIUU:

BaCl, + H,SO, = + B&SO4L + 2HCI

Bﬂ(NOs)z + Na,SO, = BaSO4l + 2NaNO;

CBOJATCS K OJHOMY W TOMY € TMpolleccy OOpa3oBaHHUA MajopacTBOPHUMOIO
BelecTBa — cyib(dara Gapus:

Ba% + 8042_ = BaSO4l

DT TpUMephl TOKAa3bIBAIOT, YTO HMOHOOOMEHHBIE PEAaKIMd B pacTBOpax
AIIEKTPOJUTOB TMPOTEKAIOT B HANpPABICHUHM CBSA3BIBAHUS HOHOB, MPHUBOIAIIETO K
00pa30BaHUI0 MAaJIOPACTBOPUMBIX BEIIECTB (OCATKOB HJIA Ta30B) WM MOJIEKYI
C1a0bIX IEKTPOIUTOB:

Na,COs + 2HCI = 2NaCl + H,0 + CO»?

CO327 +2H+=H20+C02T
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B Tex cmydasx, Korma MaJopacTBOPHMMEBIE BEIIECTBA MM CIA0bIe DIEKTPOIUTHI
UMEIOTCSI KaK Cpelyd MCXOAHBIX BEIIECTB, TaK M CpeId MPOIYKTOB pPEaKIIMH,
paBHOBECHE CMEIAETCSs B CTOPOHY OOpa30BaHUsS HAaWMEHEE PACTBOPUMBIX WIIH
HauMeHee JUCCOLMHUPYIONINX BemecTB. Hanmpumep:

|Mg(OH), + 2HCI = MgCl; + 2H,0

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

Booopoonwiii noxazamens. BoNbIIMHCTBO peakiuii, MPUMEHIEMbIX B aHAJIU3E,
MPOTEKAIOT B BOAHBIX pacTBOpax. Boaa oTHOCUTCS K Ca0BIM 3JIEKTPOIUTAM U, XOTS B
HE3HAYUTEIBHOU CTENEHHU, HO MOABEPraeTCsl MOHU3AINU:

H,O < H" + OH"
[Iponecc wOHM3aLMM BOABI XapaKTEpU3yeTCS] KOHCTAHTOM HOHH3ALUU

(muccoumaIym):
[H]-[OH]/ [H20] = K(H20). (1)
[Ipeobpasyem 310 ypaBHECHHE:
[H]-[OH] = K(H20) - [H20]. (2)

B mpusenennom ypaBHenuu [HoO] (mpu mOCTOSHHOM TemIieparype) MOXKHO
CUMTATh MPAKTUYECKU MOCTOSHHOU. CrlienoBaTebHO, IpaBas 4acTh ypaBHeHUs (2), a
3Haunt, u npomsBeaenne [H']-\[OHT] — Beauunmna moctosHHas. EE Ha3bIBaroT
HMOHHBIM MTPOU3BEACHUEM BOABI U 0003HaYatoT Kw:

Kw: = [H"]-[OH]. (3)

IIpu temmneparype 25° C B umcroit Bome [H'] = [OH] = 107 mons/m,
CJIEIOBATEIILHO

Kw=107-107 =10

[Ipu mnoBwimenun Temmneparypbl Kw ObicTpo  yBenmumBaeTcsi. (CMBICT
ypaBHeHHS (3) 3aKirodaeTcs B CIEIYIOMIEM: Kak Obl, He M3MEHSIACh, KOHIICHTPAIIHS
nonoB H* m OH™, mx mpomssemenue [H']'[OH] B mo0OomM BOmZHOM pacTBOpE
COXpaHsEeT OCTOSHHOE 3HaueHue pasHoe 1074 mpu 25 °C.

Bmecro konmentpamuu [H'] ymoOHee monb30BaThcsi —OTPUIATEIBHBIM
JECSITUYHBIM JIOTapU(PMOM U3 3TON BEIUUUHBI — 6000p0oOHbIM nokazamenem (pH).

pH =—{g[H]. (4)

Kpome Bopoponnoro nokazarens (pH) npu pacuerax mmpoko UCHOJIB3YIOT U
TUAPOKCUIIBHBIN okazarenb (pOH) u nponorapudmMupoBaHHBIN MMOKa3aTelb HOHHOTO
MIPOU3BEICHUS BOJIbI

pOH =—{g[OH],
pKw = —lgKw,
pKw =pH + pOH. pH + pOH = 14.

B xucneix pactBopax pH < 7, cmabokucneix pH < 7, menodHbIX pacTBOpax
pH >7, cnabomenounbix > 7, HelTpaabHBIX pacTBopax pH = 7.
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Jlns  u3Mmepenust 3HadeHus pH mMonb3yloTCs  pa3iUYHBIMU - METOJAMH.
KauecTBeHHO ke peakuuio pacTBOpa MOXKHO OINPEAEIUTh C MOMOIIBIO CHIEIUABHBIX
WHJWKATOPOB, MEHSIOIIMX CBOK OKpPACKy B 3aBUCUMOCTH OT KOHLEHTPALMU
BOJOPOJHBIX HMOHOB. TakuMU WHIWKATOpaMu SIBIISIIOTCA KUCJIOTHO-ILEJIOYHbIE
WHJIUKaTOPbI, KOTOPBIE pearupyroT Ha u3Menenue pH cpenbl

KucnoTHo-1menoyaple MHANKATOPHI B MOAABIISIONIEM OOJIBITUHCTBE SBIISIOTCS
KPACUTESIMA WJIA JIPYTUMHU OPTraHUYECKUMHU COCIUHEHHUSIMU, MOJEKYIbl KOTOPBIX
MPETEPIEBAIOT CTPYKTYPHbICE U3MEHEHHUSI B 3aBUCMMOCTH OT peakuuu cpenbl. mu
NOJIB3YIOTCA B TUTPUMETPUUYECKOM aHAJM3€E MPU PEaKUUAX HEUTpaIu3aluu, a TaKKe
JUIS1 KOJIOPUMETPUYECKOTO onpenesieHus pH.

Tuoponus coneu. Ilpu pacTBOpeHMHM COJiell B BOJE, Hapsiiy C MpolleccaMu
ANEKTPOJIUTUUECKON JuCCOlMalMi ¢ OOpa30BaHUEM TUJIPATUPOBAHHBIX HOHOB,
MPOTEKAIOT PEaKIMU B3aUMOACHCTBHS HOHOB COJIU C BOJIOM UX THIPATHBIX 00O0JIOUEK.
DTOT MPOIECC HA3BIBACTCS 2UOPOIU30M coneli. B pe3yabTaTe TUAPOIN3a CMEIAeTCs
PaBHOBECHUE IIEKTPOTUTUYECKON IMCCOLMAIIMU BOBI, MPUBOJAIIEE K U3MEHEHUIO pH
Cpenbl, KOTOPOE MOKHO ONPENEIUTH C MOMOUIBIO HHANKATOPOB.

Hamnpumep, npu pacTBOpeHHH alieTara HaTpus Cpela CTAHOBUTCS ILEJTOYHOU B
pe3ylbrare NPOTEKAHUS CIEAYIOIIMX MPOLECCOB:

CH3;COONa < Na* + CH;COO"

CH5COO" + HOH « CH3COOH + OH"

N3menenne BomopoaHoro mokazareiss pH mpu pacTBOpEeHUM COJIM SIBIISIETCS
OCHOBHBIM MPU3HAKOM, YKA3bIBAIOIIUM Ha MPOTEKAHUE THUIPOJIH3a.

l'unponus gBisieTcs pe3ynbTaroM MOJISPU3ALMOHHOTO B3aUMOIEHCTBUS HOHOB
C WX THUApATHOW oOoyioukoi. UeM cuilbHEE MONAPU3YIOIee JCHCTBUE HOHOB M
0oJbIIe WX TMOJSPU3YeMOCTb, TEM B OOJBIIEH CTENEHU TMPOTEKAET THIPOIIHU3.
CunbHOE TONSIpU3YIONIEE JIEWCTBHE  OKAa3bIBAIOT HEOONBIIME 10  pasMepy
MHOTO3apsiIHbIE MOHBI; OOBIYHO JTO KaTHOHBI CJIa0bIX OCHOBaHUM. CHIIBHO
MOJISIPU3YIOTCA  OOJbIIIME TIO pa3MepaM aHUOHBI — KHUCJIOTHBIE OCTaTKH CJIa0bIX
KHCJIOT.

Paznmnuaror HECKOIBKO TUITOB TMAPOIU3a COJIEH.

1. Comu, oOpa3oBaHHBIC CUILHBIMH OCHOBAHHSAMU (I€TI0YaMHU) U CHIJIBHBIMU
KHCJIOTaMH, He moaBepratorcst ruapoimsy. PactBopsl Takux coneir (NaCl, KNOs,
Ba(NOs3), u 1p.) umeror HewTpanbhyio cpeny (pH = 7).

2. Conu, oOpa3oBaHHBIC CHJIBHBIMH OCHOBAaHUSIMU W CJIA0BIMH KHUCJIOTa- MH,
TUAPOJIU3YIOTCS [0 aHUOHY, TaK Kak aHWOH o0pa3yeT ¢ MOHaMH BOAOpOAa clladyro
kucioty. Cpena pactBopa B 3ToM citydae mieiaounas (pH > 7):

KCN + H20 <> HCN + KOH — monekynsipHOe ypaBHEHHUE THAPOIIN3A,

CN"+ HOH < HCN + OH — nonHoe ypaBHeHHE THAPOIIN3A IO aHUOHY.
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Comm  ostoro  Tuma, oOOpa3OBaHHbIE  MHOTOOCHOBHBIMH  KHCJIOTAMH,

THJIPOJIM3YIOTCS CTYTIEHYATO, HallpUMeED:
1-s ctynens: K;CO3; + HOH <+~ KHCO3; + KOH
CO3* +HOH < HCO+OH"
2-a ctynenb: KHCO3 + H,O «+» H,CO3 + KOH
HCOsZ- + HOH «< H,COs; + OH",

MIPUYEM TUAPOIHN3 UACT B OCHOBHOM IO TIEPBOM CTYIICHH.

3. Comu, obOpa3oBaHHBIE CIAOBIMA OCHOBAaHWUSMH WM CHJIBHBIMHA KHCJIOTaMH,
THIPOTU3YIOTCS TI0 KaTHOHY, TaK KaK KaTHOH 00pasyeT ¢ THAPOKCHI-HOHAMH C1aboe
ocHoBaHue. Cpena pacTBopa B 3ToM citydae kuciast (pH < 7).

NH4Cl + H,0 < NH,OH + HCI — monekynspHoe ypaBHEHHE THIPOJIN3A,

NH;* + HOH < NH,OH + H* — nonHoe ypaBHeHHE THIPOIIN3a TIO KATHOHY.

Comm »Toro Tuma, oOpa30BaHHBIE MHOTOKHCIOTHBIMH  OCHOBAaHUSMU,
TUAPOJIM3YIOTCS CTYIIEHYATO, HaPUMED:

1-s crynens: ZnCl, + H,0 <« Zn(OH)CI + HCI
Zn* + HOH «> Zn(OH)* + H*
2-s1 crynienb. Zn(OH)CI + H,0 « Zn(OH), + HCI
Zn(OH)" + HOH « Zn(OH); + H',

MpU4YeM  THIPOJIW3 HWJAET B OCHOBHOM IO  TEPBOM  CTyICHH.
4. Conu, o0Opa3oBaHHbIC CJIaOBIMM OCHOBAaHMSIMH M CJIa0BIMM KHUCJIOTaMH,
TUAPOJIU3YIOTCS | 110 KaTHOHY U TI0 aHWOHY, HallpuMep:

NH4CN + H,O0<-~NH4OH + HCN.

[Ipu sToM pH cpensl 3aBUCHUT OT CHIIBI OOpa3yrOMIMXCSA CIAOBIX KUCIOT U
ocHoBanuii (00biyHO pH paBen 6-8). Takue comu TUAPOIM3YIOTCS B OOJBIICH
CTENEHU, YeM pacCMOTpeHHbIe B mm. 2 W 3. [MaAponu3 Takux coJied MPOUCXOAUT
IPAKTUYECKA HEOOPATUMO, €CIIM BBIIEACTCS a3 WK 0CaJI0K JIMOO €CIU TO U JIPYyroe
oOpa3zyeTcsi OMHOBPEMEHHO, HAIIPUMED:

Al,S; + 3H,0 = 2A|(OH)3l + 3H28T

JlaGoparopHnasi padora Ne 5. IlpuroroBjieHue pacTBopa 3aJJaHHOM
KOHIEHTPAUNH

Hean paborbl: GdopMHpoBaHWE YMEHUH W HAaBBIKOB B IMPUTOTOBICHUH
pacTBOpa C 3aJaHHOW MAcCCOBOM JOJIEM PAaCTBOPEHHOIO BEIIECTBA; IPOBEPHUTH
NPaBUWJIBHOCTh IPUTOTOBJICHUSI PACTBOPA, U3MEPUB €r0 IUIOTHOCTh U CPAaBHUB €€ C
TEOPETUYECKON BEJIMYMHOM IIJIOTHOCTH.

3aganue u 3Tanbl padoThI
IoaroroBka Kk J1adoparopHoi padore
1. IIpouecth TeOpeTHUECKOE BBEICHNE U TIOPSIOK BBHITTOJIHEHUS PAOOTHI.
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2.  OdopMuth mTPOEKT OTYETA MO OMBITY JaboparopHoil paboThl (CM.
PUIIOKEHHUE 2).

3. ITlomyuuTs 3aaHKe 1O TPUTOTOBICHUIO PACTBOPA y MPEIoiaBaTess.

4. Paccuutarb 00bEM BOJIBI U MAacCCy COJHM, KOTOpPbIE MOHAAOOSTCS IS
MIPUTOTOBJIEHUS 3aJJaHHOTO PacTBOpA.

ITopsaaoK BBINOJIHEHHUS PadOTHI

Hcnonb3yst MepHBIN HUIHMHAP, OTMEPUTHh HEOOXOAUMBIIT 00bEM BOJIbI U BHUIUTH
€€ B XMMUYECKHUI CTAKaH.

Ha snexTpoHHBIX BECAaX B3BECUTH COJIb.

Bcepimars conib B CTakaH ¢ BOJOM, MOCTOSIHHO IMEPEMEIINBAsi €€ CTEKISTHHOM
najgo4YKon. YOeaUTcst B TOM, 4TO BCS COJIb MOJIHOCTHIO PACTBOPHIIACH.

[IpoBepuTh MPaBUIBHOCTH MPUTOTOBIEHUSI pacTBOpa. s 3TOro HeOoJbIIoe
KOJIMYECTBO PACTBOpA HAJIUTh B MEPHBIN HIIMHAP M aKKypaTHO MOMECTUTh B HETO
apeoMeTp.

OTMETUTH IUIOTHOCTHh IPUTOTOBIEHHOTO PACTBOPA P ppacr.; CPABHUTH €€ C
TEOPETUYECKUM 3HAYEHHEM IUIOTHOCTH PACTBOPA YKa3aHHOM KOHLEHTPALUH P reop-

3anuch IKCNIEPUMEHTAJIBHBIX JAHHBIX H PACYETHI

Paccuutarh aOCONMIOTHYIO U OTHOCUTENBHYIO OITUOKH OTIBITA:

abconromuas owudKa = p TeOp — p MpaKkrT.= [r/mi],

omHocumenvras owuoka A% = (abcontotHas ommodka / p Teop.) - 100.

[To pesynpTaTaM MPOBEJAECHHOIO OMbITA MPOU3BECTH paCUYET MOJISIPHOM,
MOJISUIBHOM, HOPMAJIBHOM  KOHILIEHTpaUMid W THUTPA pacTBOpa, HCIOJIb3YS
TEOPETUUICCKOE 3HAUEHHUE €TI0 TUIOTHOCTH (B JJa00paTopHOU TeTpaam!).

3anoJHUTh MYHKT oTYeTa « BhIBOIY.

JlaGoparopnasi padora Ne 6. DjIeKTPOIMTHYECKAS JUCCONUALUSA

Onvim Ne 1. Xapaxkmep ouccouyuayuu 2uopokcuoos
3ajanue u 3Tanbl padoThI

IToaroroBka Kk JadoparopHoi padore

1. TIIpouectb TeopeTHUECKOE BBEACHHUE U TIOPSAOK BBHITOTHEHHS pAOOTHI.

2.  OdopMuUTh MPOEKT OTYETAa IO OMNBITY JaboparopHOW paboOThI (CM.
MIPUJIOKEHUE 2).

3. Hamucarp ypaBHeHHs] TONy4YeHHS THAPOKCHIOB MarHus, KpEeMHHUS,
antoMuHus (0POPMUTH KAK HOHHO-OOMEHHbIE PEaKLUU — MOJIEKYJISIPHOE

ypaBHEHUE, MOJTHOE HOHHOE M COKPAILEHHOE HOHHOE YPABHEHU).

4. B Tabmuue 6 yka3zaTh XapaKTep CBOMCTB KaXIOTO M3 THUAPOKCHIOB
(KUCIOTHBIN, aM(pOTEPHBIN, OCHOBHBIIA).

5. Hamucars ypaBHeHHs AMCCOLMAIMN THAPOKCUIOB B TabmuIe 6.
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6. Hanucarp ypaBHeHHsSI B3aWMOJEWUCTBUS KaXKJIOTO W3 TUIPOKCUAOB C
KHUCIIOTON U 11eN0Ybl0 (0(POPMUTH KaK MOHHO-OOMEHHBIE PEaKlud — MOJEKYISIPHOE
ypaBHEHUE, MOJTHOE HOHHOE M COKPAILEHHOE HOHHOE YPaBHEHUS).

Iopsaok BhINOJIHEHUS] padOTHI

[Tonmyunts TuapoKcUAbl MarHus (1-1 u 2-1 npoOupkn), antomunusa (3-1 u 4-1
poOUpKHU) U KpeMHHUS (5-51 ¥ 6-5 MPOOUPKHU) — MO JIBA KAXkAO0TO U3 TUAPOKCH]IOB.

J1st 3TOT0 B34Th IIECTh MPOOUPOK M BHECTH 110 3—4 karuu 0,5H pacTBOPOB:

B [IEPBYIO U BTOPYIO — XJIOPHUJ MAarHUs;

B TPETHIO U YETBEPTYIO — XJIOPU/] ATIOMUHUS;

B IIATYIO U IIECTYIO — CUJIIMKAT HATPUSI.

[TpuGaBuTH B MPOOUPKHU:

B TIEPBYIO U BTOPYIO — 3—4 KaIuld €AKOTO HATPa,

BO TPETHIO U YETBEPTYIO — 1—2 KaIljiu €IKOro HaTpa;

B IAITYIO U MIECTYIO — 3—4 KaIlIh COJISTHOM KUCIIOTHI.

OTtMeTuTh 00pa3oBaHME M I1[BET OCAJKOB, BHECTHM B NYHKT OTYeTa
«Habmonenus».

HccnenoBarh CBOMCTBA MOMYYEHHBIX THIAPOKCUAOB (KHCIOTHBIE, OCHOBHBIE,
am(oTepHbI€); ISl ITOrO ONPENEIUTh MX OTHOIIEHHWE K KHCIOTaM M UIeJIouaM.
K nonyueHHoMy B JBYyX MpoOMpKax TUIPOKCHAY MarHusi, NpuOaBUTh: B MEPBYIO
poOupKy 3—4 Kariu pacTBOpa €IKOTO HAaTpa, BO BTOPYK — 3—4 Kaluid pacTBOpa
COJITHOM KHCJIOTBI.

OTMETUTh B KakOM cClydyae OCaJOK pacTBOPWICS. AHAJOTMYHBIM 00pa3oM
UCCIEA0BAaTh THAPOKCHIBI ATFOMUHUS U KPEMHUSL.

ITo pesynbTaTaM OIbITa 3aMOJHUT 2-i U 3-11 CTOJIOIBI TAOIUIIBI 6.

Tabnuia 6

OrtHo1renne
- TUIPOKCH]IA X v
azBaHue u popmyna (pacTBopsieTcs/ie apavKTep paBHEHHE fmccounaunn
TUAPOKCU]IA pacTeopsieTcs) CBOICTB (Tonbko 1 cTymeHs)
K IIEJIOYH | K KUCIIOTE
1 2 3 4 5

[To pesyapraram MNPOBEACHHOIO OMNbITA 3alMOJHUTh IYHKTHI  OTYETa
«HabOnroneuus» u « BeiBom».

Oneem Ne 2. Cpasnenue  XumMuueckoil  AKMUBHOCHMU  KUC/IOM.
B3aumooeiicmeue mpamopa ¢ conanou u yKCyCHoOU KUcjiomou
3aganue u 3Tanbl padoThI
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IHoaroroBka k 1abopaTopHoii padore

1. IlIpouectb TeOpeTHUECKOE BBEJICHHE U TTOPAIOK BBITTOJIHEHUS PAOOTHI.

2.  OdopMUTh MPOEKT OTYETA IO OMBITY JJAOOpaTOPHOH PabOTHI (CM. TIPHIL. 2)

3. Hanmcarb HMOHHO-OOMEHHBIE pEaKIMU B3aUMOJACUCTBUSL Mpamopa C
YKCYCHOM U COJSIHOM KuciaoTamu. Kakasi U3 uccineayeMbiX KUCTIOT SIBISIETCS] CUIbHBIM
ANEKTPOIUTOM?

4.  OILEeHUTH MO COKPAIIEHHOMY HOHHOMY YPaBHEHUIO, KOHLIEHTPAILUSI KAKOTO
noHa OyleT ompenensTh CKOPOCTh JITHX pPEaKIWi B COOTBETCTBUU C 3aKOHOM
JNEUCTBYIOIINX MacC.

5. PaccuuTtarh KOHIEHTpPAIMIO HOHOB BOJIOPO/Ia B 2H PACTBOPE COJITHOM U 2H
PacTBOPE YKCYCHOM KHUCJIOTHI U BHECTH PACUYEThl B IPOEKT OTYETA 11O JI/P.

ITopsioK BBINOJIHEHUS PadOTHI

B3sth 1Be mpoOUPKHU M BHECTH B HUX MO MAJIEHBKOMY KyCOUKY MpaMopa.

Jlo6aBuTh B MEpBYyI0 NpoOUPKY 5—6 Kamellb pacTBOpa COJSTHOM KHUCJIOTHI, BO
BTOPYIO — 5—6 Karejib YKCYCHOU KUCTIOTHI.

OtMetuth BblAENeHUE Ta3za. CpaBHUTh MHTEHCUBHOCTH BBIICJICHHS Ta3a B
poOupKax.

[To pe3ynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh IYHKTHl OTYETa
«HaObmonenns» n «BeiBOI».

Onvim Ne 3. Bnusnue conu cnaboil Kuciomwvl HA OUCCOUUAUUIO IMOTL

Kucinomal
3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore
[IpodecTh TeOpEeTHYECKOE BBEICHUE U MIOPSIOK BHIMOJTHESHUS paOOTHI.
OdopMHTB TPOEKT OTYETA 10 OMBITY JIAOOPATOPHOU pabOTHI (CM. TIPHIIOKEHHE 2).
O3HAKOMUTHCS C OCHOBHBIMH KHCJIOTHO-OCHOBHBIMH WHIUKATOPAMHU.
Hamucats ypaBHEHHE TUCCOIUAITNN YKCYCHON KHCITOTHI.

Ok wWwhE

Harnncars ypaBHEHME qUCCOLMALIMM all€TaTa HATPUSI.

6. Bocmosib30BaBIINCEH CIIPAaBOUYHBIMU JAHHBIMU PUIIOKEHUS 3, yKa3aTh 001acTh
nepexosia u U3MEHEHHE OKPacKu JJIsl UCIIOIb3yeMOT0 B paboTe HHIUKATOPA.

7. Kakve noHbl B pacTBOPE BIUSAIOT HA U3MEHEHUE U MHTEHCUBHOCTH OKPAacKu
WHIUKaTopa?

8. Ilonw3ysice npuniunoM Jle [larenbe, ykaxuTe, B KAKOM HallpaBICHUH
CMECTUTCS paBHOBECHE B CHCTeMeE moclie Jo0aBnenus anerara Hatpus. Kak mpu atom
U3MEHUTCS MHTEHCUBHOCTh OKPACKU MHAMKATOPA?

IHopsaoK BBINOJTHEHUsI padoThI
B n1Be npoOupku BHECTH O 5—06 Karleab pacTBOPa YKCYCHOM KHCIIOTBHI.
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B kaxnayro mpobupky mo6aBuTh mo 1 Karmie HMHIMKAaTOpa — METHIIOBOTO
OPaHKEBOTO.

OTMeTUTh BET NHAMKATOPA B PACTBOPE KUCIIOTBHI.

OnHy npoOMpPKY OCTaBUTh B KauyeCTBE KOHTPOJIBHOM, a B JIPYI'ylO BHECTH
aleTar HaTpusl.

CpaBHHUTH OKpPACKy IOJYYEHHOIO PACTBOPA C KOHTPOJIBbHOU POOUPKOH.

[Io pesynbraraM TPOBENEHHOTO ONbBITA  3alOJIHUTH IIYHKTBI  OTYETa
«Haomronenns» n «BeIiBOIY.

Onvim Ne 4. Bauanue conu ci1abozo OCHOGAHUA HA OUCCOUUAUUIO IMO20
OCHOBAHUA
3aganue v 3Tansl padoTbl
IoaroroBka Kk J1adoparopHoi padore
1. IlpodecTh TEOpETUUECKOE BBEACHHUE U MOPSIAOK BBIMOIHEHUS pAOOTHI.
2. OpopMHTE IPOEKT OTYETA IO OTBITY JIAOOPATOPHOU pabOoTHI (CM. TIPHIIOKEHHE 2).
3. Hanicarp ypaBHEHUE IUCCOIMALIMY THIpaTa aMMHUaKa.
4. Hanmcarb ypaBHEHUE AMCCOLUAIIMY XJIOPHIa aMMOHHS.
5. Bocnonp30BaBUINCH CIIPABOYHBIMU JJAHHBIMU MPUJIOKEHUS 2, YKa3aTh 00JIacTh
nepexoja 1 U3MEHEHNE OKPACKHU ISl HCIIOJb3YEMOTro B pad0Te MHIMKATOPA.
6. Kakue noHbI BNUSIOT HA U3MEHEHUE U MHTEHCUBHOCTh OKPACcKU
WHMKaTopa?
7. Ilonb3ysck npunuunom Jle [larense, ykaxkure, B KAKOM HalpaBiIE€HUN
8. cMecTUTCsl paBHOBECHE B CUCTEME Tociie 100aBiaeHus xyuopuaa ammonus. Kak
U3MEHHTCS OKpacka MHAUKaTopa?
IlopsaoK BBINOJHEHUsI padOThI
B nBe npoOupku BHECTH TI0 5—6 Karenb pacTBOpa aMMHaKa.
B kaxnyro npoOupky 106aBuTh 1o 1 Karsie nHauKaropa — (perondraaenHa.
OTMETUTH UBET MHIUKATOPA B PACTBOPE KUCIIOTHI.
OnHy npoOMpPKY OCTaBUTh B KaueCTBE KOHTPOJBHOM, a B APYTrYl0 BHECTH
XJIOPUJ] AMMOHHSI.
CpaBHUTB OKpacCKy MOJIYYEHHOT'O pacTBOpPa C KOHTPOJIBHON MPOOUPKOI.
Ilo pesynbraTaM MPOBEICHHOIO OMNbITA 3alOJHUTh IMYHKTBI  OTYETa
«HaoOmronenns» u «BeIBOIY.

JlaGoparopuasi padora Ne 7. Onpenesienne pH cpeabl

Onvim Ne 1. OKkpacka HeKOmMoOpvIX UHOUKAMOPOE 6 PAITUUHBIX CPeOax
3ajanue u 3Tanbl padoThI

IHoaroroBka k 1abopaTopHoii padore

1. IIpouecth TeOpeTHUECKOE BBEICHNE U TIOPSIOK BBHITTOJIHEHUS PAOOTHI.
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2.  OdopMuth mTPOEKT OTYETA MO OMBITY JaboparopHoil paboThl (CM.
PUIIOKEHHUE 2).

3. Hcnonb3ys TeopeTHYEeCKOE€ BBEICHHME K JAHHOM TeMe, O3HAKOMHTHCS C
MPUHITUIIOM PabO0ThI KUCIOTHO-OCHOBHBIX MHIUKATOPOB.

4. B mpoekT oryeTa BHECTH TAONMIy 7 WM, UCHOJB3Ysl CIIPABOYHBIE JAaHHBIC
NPWIOKEHUS 3, yka3aTb B HeW 3HaueHus pH, KOoTOpble COOTBETCTBYIOT 0O0JIACTAM
IIEpEX0/1a UCCIENYEMBIX HHINKATOPOB.

ITopsaaoK BBINOJHEHUS PadOTHI

Onpenenuts OKpacKy B KHUCIOW, HEUTpaJIbHOW MW IICJIOYHOM Cperax s
CHENYIOINX HHANKATOPOB:

1) MeTuiopaHxa;

2) METHJIOBOTO KpacHOTO;
3) nmakmyca;

4) denondranenna.

Jist 3Toro B34Th 12 mMpoOMpPOK pa3sMECTUTh UMX B INTATUBE TaKUM 00Opa3om,
YTOOBI OJYYUTh TPU CEKLUHU (COOTBETCTBYIOT TPEM XapaKTepaM CpPe/bl) MO YEThIpE
npoOUpKH (IO OJHOM JUIS KaXKIOTO U3 YETHIPEX UHIUKATOPOB).

B nepBeie uethipe mpoOupku BHectu 6—7 kamenb 0,1H pacTBOpa CONSIHOM
KHCIIOTBI;

B JIpyTHe YeThIpe MPOOUpKH — 6—7 Kareiab TUCTHITUPOBAHHOM BOJIBI,

B MIOCJIETHHUE YeThIpe mpoOupku — 67 kamens 0,1H pacTBOpa enKoro HaTpa.

B kaxayro u©3 4yeTelpex MNpPOOMPOK BHECTH IOOYEPENHO YKa3aHHBIC
WHIUKATOPbI:

| ka0 MEeTHIIOpaHXka;

| ka0 METHIIOBOTO KPAacHOTO;

3—4 xarm JaKMyca;

1 ka0 penondranenHa.

OTMETUTh OKpPacKy MHIUKATOPOB B KaXJAOW U3 TPEX Cped U BHECTU B TAOIUILY 7.

Tabauma 7
Okpacka MHIUKaTOpa
Hassanue pH oGnactu - - .
B KHCJION B HEUTpAJL. B II[EJIOYHOI
WHIUKaTOpa nepexoza
cpene cpene cpene
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Merunnopanx

MeTmioBbeIA
KpPACHBIN

Jlakmyc

denondranenH

[To pe3ynbrataM MNpPOBEIEHHOTO OIbITa 3aBEPUINTH 3AMOJHEHHE TaOJUIbI U
3aMOJHUTH IMYHKT 0T4eTa «BhIBOIY.

Onoem Ne 2. Onpeoenenue pH pacmeopa c¢ npumenenuem Haoopa

UHOUKAMOPO8
3aganue v 3Tansl padoTbl
IMoaroroBka Kk J1adoparopHoi padore

1. IIpouecTh TEOpETHUUECKOE BBEICHUE U MOPSIOK BHIMOJHEHUS pa0OTHI.

2. OdopMHTB TPOEKT OTYETA IO OMBITY JJaAOOpaTOpHON paboThI (CM. MPHIOKEHHUE 2).

3. B mabGoparopublii xkypHan nepeHecTu Tadbnuiy «O01acT nepexoaa HEKOTOPBIX
uHankatopoBy» (cMm. [lpunoxkenue 2) u Tabmuiy 8 st pabOThl C HCCIETyeMbIM
pacTBOpPOM.

IHopsigok BbIMOIHEHHS PadOThI

[TonyunTs y mpemnoaaBaresisi UCCleyeMbIi pacTBOpP. B3sTh ynuCTyI0 IPOOUPKY,
BHECTH B Hee 3—4 Karuli pacTBOpa U 100aBUTH pacTBOP Jakmyca. OTMETUTH OKPacKy
pacTBOpa B 1JAOOPATOPHOM >KypHAJIe U CAENIaTh BBIBOJ O XapaKTepe cpeibl
UCCJIeIyeMOT0 PacTBOPA, YUUTHIBAsI 00JIACTh TIEpexoa JIakMyca:

- KpacHbiit, pH< 5, cpena kucnas;

- (puoneroBsit, S<pH <8, cpena HeWTpanbHasi;

- cunuii, pH > 8, cpena menoynas.

Ecnu nakmyc mokaXeT KHCIIYI0 pEakIMIO0 pacTBOpa, yTOUHUTH pH, mons3ysce
JAHHBIMU CHpaBOYHOU Tabmuubl «OO0nacTU TMepexoaa HEKOTOPBIX HHAMKATOPOB)
CIIEAYIOIIUM 00pa3oM.

B3sate B npyryro npobupky 3—4 Kariu MCCIIEeIyeMOro pacTBOpa U J00aBHUTH
KaIlII0 METUJIOBOTO KpacHOTro. [Ipy mosiBIeHNH OpaHKEeBOIl OKPACKU MOXXHO CUMTATh
pH=S (B obGnactu mepexona naaukaropa). KpacHas okpacka pacTBopa MOKaXeT, YTO
pH<44.

B stom ciyyae mpomomkuTh yTOUHEHHE. s 3TOro B3siTh CHOBa B YMCTYIO
npoOupky 3—4 Karid HMCCIEeIyeMOro pacTBopa U A0OAaBUTh KaILJII0 METHJIOpaHXa.
Ecnu okpacka pactBopa OyeT opaHKeBO-KEJITOU, 3TO 3HAUUT, uTo pH > 4,4,
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OObenuHss HAOTIONEHUS C METHJIOPAH)XKEM M METHJIOBBIM KPAaCHBIM, CUHTATh,
yto pH pactBopa 4,4. Eciii ¢ METUIIOpaHKEM pacTBOpP OKPACUTCA B KPACHBIM LIBET —
cinegoBarenbHo ero pH < 3,1.

B sTom cnydae k HOBOM mOplMM pacTBOpa J00aBUTH THUMOJIOBBIM CHHHM.
[TosBneHneE KENTOM OKPACKH yKaxkeT, uto pH > 2.8.

OObenuHss HAOMIONCHUS C METWIOPAH)XEM W THMOJIOBBIM CHHUM, JeJlaeM
BBIBOI, 4TO 3,1> pH > 2,8 u npuanmaem, uto pH= (3,1 + 2,8)/2 = 2,95.

Bce mabmtonenust v BRIBOBI 10 3HaUeHUsM pH 3anecTu B Tabmuiry 8.

Tabauma 8

Ne [TpoGupku Nupukarop Okpacka Pn

1 JAKMYC

[To pe3ynpTaTam NpOBEAECHHOTO OMBITA 3AMIOJHUTH ITYHKT OT4YeTa «BBIBOIY.

JlaGopaTopHas pa6ora Ne 8. I'maposius comeit

Hean pabdoTbi: popMUpOBaHHE YMEHUM M HABBIKOB B MCCIIEAOBAHUM MPOIECCa
TUAPOJIN3A JIJISl Pa3HBIX THIIOB COJICH; YCTAHOBUTH (PAKTOPHI, BIUSIOIINE HA TIPOIECC
TUAPOJIN3a; HCCIEA0BaTh MPOIECC COBMECTHOTO HEOOpAaTHMOro THUAPOJIHM3A JIBYX
COJIEH.

Onvim Ne 1. Peakyus cpeovl 6 pacmeopax pasiuuHslx cojieil

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. ITpoyecTs TeOpETUYECKOE BBEACHUE U MOPSIOK BHITIOJTHEHUS PAOOTHI.

2. OpopMuUTh TPOEKT OTYETa TIO0 ONBITy JabopaTopHO paboTel (CM.
NPUIIOKEHUE 2).

3. Hantucate ypaBHEHHMS THAPOJIM3a pPACCMAaTPUBAEMBIX B OIBITE COJICH
(MonekynsipHO€ W UWOHHBIE). Ecim ruapoin3 MOXKET NpoTeKaTb B HECKOJIBKO
CTYIICHEH, COCTaBUTh ypaBHEHHE TOJBKO IO MEPBOM CTyneHu! VYkaszarb xapakrep
Cpelbl B pacTBOPE COJIH.

4. Buectu B 1abOpaTopHYIO TeTpajb Tabmuily 9 u 3amoaHUTh CTONOMbI 2, 3, 4.

5. B naboparopnoii terpaau mpousBectu pacuer pH mms 0,5M pactBopos
CJIEIYIOLIUX COJICH: alleTara HaTpusl, XJIOpU/ia aTlOMUHUS, KapOOHATa HATPHUSL.

IHopsigok BeIMOTHEHHSI PadOThI
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B mects npobupok 106aBuTh 1Mo 6—7 Kareiab pacTBOPOB COJEH, yKa3aHHBIX B
TabauIe HIKe. B Kaxayro U3 npoOHpPOK ¢ pacTBOpaMM COJEH 100aBUTh 2—3 KaIlIH
pacTBopa Jakmyca. HaOnronenust BHeCTH B Tabnuity 9.

Ta6nuua 9
H pactBopa
Haomasm cone | PP | Ospaeka | Xapuwrep | oo Ty
yca cpeabl pH> 7)
Anerar HaTpus
Xiopuna
ATIOMUHUSA

KapOonar narpus

KapOGonar
aMMOHUS

XJtopua Kanus

Anerar aMMOHUS

[To pe3ynpTaTam NpOBEAECHHOTO OMBITA 3AMIOJHUTH ITYHKT OT4YeTa «BBIBOIY.

Onoim Ne 2. Oobpazoeanue 0cHO6HbIX coneil npu 2uoponuse. l'uoponus
ayemama anOMUHUA
3ananue u 3Tanbl padboThl
IToaroroBka Kk JadoparopHoi padore

1. [IpouecTh TEOpETHUUECKOE BBEICHUE U MOPSIOK BHIMIOJHEHUS pa0OTHI.

2. OdopMHTE TPOEKT OTYETA IO OTBITY JIAOOPATOPHOU pabOoTHI (CM. TIPHIIOKEHHE 2).
3. Hamucares ypaBHeHuE peakiuu oOpa3oBaHuUsl alerara ajllOMUHUS B
MOJIEKYJISIPHOM U HOHHOM BHJIE.

4, Hanucats ypaBHeHUs TUApOIH3a alerara aTloMUHAS 10 1-i U 2-i CTyneHsIM B
MOJIEKYJIIPHOM U HOHHOM BHJIE.

d. Ucnionb3ys npuniun Jle [llarense, 00bICHUTD, TOUeMy IPOTEKAHUE TUPOTU3A
10 BTOPOM M MOCIIEAYIOIINM CTYIICHSIM 3aTPYAHEHO.

6. O3HaKOMHUTBCA C TEM, Kakue (AKTOPHl TO3BOJSIOT YBEJIUYHUTH CTEICHb
ruaponmn3a’?

1. Kaxkoe yciioBue ormbiTa mo3BOJISIET TOOUTHCS MPOTEKAHUS THAPOIN3a XJIOPHUAA

atoMHUHUS 110 BTOpol ctyneHu? [louemy?

IHopaook evitnonnenus padomot

B mpoGupky BHecTu 4-5 Kamenab pacTBOpa XJOpUAA aJOMUHHUS M TaKOM ke
00BEM pacTBOpa aneTara HaTpusl.
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[TocTaBuTh NPOOUPKY HA BOISHYIO OAHIO.

OtMeTuTh 00pa3oBaHUE OCaJIKA.

I[To pesyabraram MPOBEACHHOIO OMbITA 3alOJHUTh IYHKTHI  OTYETa
«HabOnroneuus» u « BeiBom».

Onwvim Ne 3. Cnyuau noanozo (Heoopamumozo) 2udponu3a conei
3ananue u 3Tanbl padoThl
IHoaroroBka k 1abopaTopHoii padore

1. [TpodecTh TeopeTHIeCcKOe BBEACHHUE 1 TIOPSIOK BBITOJHEHUS paOOTHI.
2. OdopMHTE TPOCKT OTYETA IO OIBITY JIAOOPATOPHOU pabOTHI (CM. MPHIIOKEHHE 2).
3. Hanucares ypaBHeHUE B3aUMOJICHCTBHS XJIOpHJla ATOMHHHS U Cylbpuia

aMMOHHS B TPHUCYTCTBHHM BOJIbI, YYUTHIBAs, YTO OOpA3yIOMIUICS MPOMEKYTOUHBIN
MPOAYKT ATON PEaKIuu — CyTb(PHUI aTFOMUHUS — TIOABEPraeTCsl MOJTHOMY THAPOIU3Y C
o0pa3oBaHUEM THAPOKCUA ATFOMUHUS.
4. To xe camoe BBIIOTHUTH ISl XJIOpHUJA aTOMUHHUS M KapOoHaTa HaTpUS;
IPOMEXYTOUHBIN MPOTYKT — KapOOHAT aTFOMUHHUSL.

ITopsinok BhINOJIHEHHSA PAOOTHI

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

B onny npoOupky 100aBUTh Takol ke 00bEM pacTBOpa Cyjb(uaa aMMOHUS, B
IpYTYI0 — pacTBOpa KapOOHAaTa HaTpHUs.

OTMeTUTh BBIIEIEHHE CEPOBOAOPOAA B IMEpBOM mpoOupke (MO 3amaxy) H
My3BIPHKOB YITIEKUCIIOTO Ta3a BO BTOPOH.

B o0oux npoOupkax HaOIONaTh BBIMAJICHUE OCAIKA.

[Io pesynbrataM MpPOBEIEHHOTO OMbITA 3aMOJIHUTh IYHKTHl  OTYETa
«HaoOmronenns» u «BeIBOIY.

3agaHus 11 CAMOCTOATEIbHON Pa0dOTHI

1. IlpuBenute Gopmynbl i BBIYMCICHUS BCEX CHOCOOOB BbIPAKECHHUS
KOHILICHTpAllUM  PacTBOPOB:  MAacCCOBOM  JIOJIM, MOJISIPHOW, OSKBUBAJIEHTHOM,
MOJISUTIBHOCTH, TUTPA U MOJIBHOM J1OJIM PACTBOPEHHOI'O BELIECTBA.

2. BeiBeaute Gopmysbl mepexona OT MOJSPHON KOHIIEHTPAIMHU K MacCOBOM
J10JI€ PACTBOPEHHOTO BEIIECTBA, MOJISIIBHOCTH M TUTPY PacTBOpA.

3. Paccuwmraiite 00beM pacTBOpa THUAPOKCHJIA HATPHUS C TUIOTHOCTHIO 1,15
/M1, HeoOxoauMbIil it mpurotosieHus 250 v 0,08 M pactBopa.

4.  Jns verpanmzanuu 10 M pacTBopa THAPOKCHUIa O0apus U3PACXOI0BAHO
7 mn 0,1 H. a30THON KMCHOTHL. OnpenenuTe MOISPHYIO KOHLUEHTPALMIO TUAPOKCUAA
Oapus.

5. BeiBeguTe = MareMaTM4YeCKOE€  BBIPAKEHHE  3aKOHA  XMMHUYECKHUX
SKBUBAJIEHTOB IPUMEHUTEIBHO K PACTBOPAM.
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6. BeBeauTe MareMaTHUecKOoe€  BBIpAKEHHWE UL pacueTa  MaccChl
PacTBOPEHHOTO BEIIECTBA, €CJIM M3BECTHBI €0 MAcCoBasi J0JIA, 00BEM U IMJIOTHOCTH
pacTBopa.

7. BrelBeguTe MareMarmueckoe  BBIpRXCHHE NI pacueTa  Macchl
PacTBOPEHHOIO BELIECTBAa B JIIOOOM 00BbEME pacTBOpa NPH H3BECTHOW MOJISIPHOM
KOHIICHTPAIINH PAaCcTBOPA.

8. IlpuBemute mpuMepsl PAacTBOPUMBIX B BOJE COJICH, cpelda pacTBOPOB
KOTOPBIX HEWTpajbHas, KUCias, menoddas. Hamumure ypaBHEHUS MX THAPOJIU3A B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BHJIC.

9. [IlpuBenute mpuUMepsI CONEH, TUAPOIN3 KOTOPBIX HJIET TOJBKO 1O KaTHOHY,
TOJBKO 1O AaHWOHY, U IO KAaTHOHY W [0 aHUOHY OJHOBpeMeHHo. Hamwummre
YpaBHEHUS WX THAPOIN3a B MOJICKYSIPHOM M HMOHHO-MOJICKYJISIPHOM BHJIE.

10. TIlpuBemuTe mMpUMEpHI COJICH, THAPOIN3 KOTOPHIX BO3MOXEH IO OIHOW,
IBYM W TpeM CTyleHsM. Hamummre ypaBHEHHS WX THAPOIH3a B MOJICKYJISIPHOM H
HOHHO-MOJICKYJISIPHOM BHUJIE.

11. Hamwumure B MOJEKYISIPHOM M MOHHOM BHUJIE YPaBHEHHUS COBMECTHOTO
rujponnsa: a) cyiabdara xpoma (II1) u kapbonara Hatpus u 0) HUTpaTa aTOMUHUS U
cynbduaa Kaaus.

12. Kakx Bmuser poGaenmenue pactBopoB KOH, ZnCl,, NayS, comsHON
kucioTel 1 TBepaoro NaCl Ha rmaponu3 kapOoHara Kamws (THAPOJU3 YCHIIMBACT,
ocnabseTcs, BIUSHUS HE HAOIIOIaeTCsl).

13. Kak Bausier go6asienue pactBopoB NaOH, Na,COs, Al2(SOs)s, cep- Hoi
kucnotel 1 TBepaoro K>SO, Ha tuaponus xyopuaa 1UHKA (TUIPOIU3 YCUIIMBAET,
ociabisercs, BIUSHAS HE HAOIIOMaeTCs ).

14. Hanwiure B MOJEKYJISIPHOM M MOHHOM BHJIC YpaBHEHUS TpEX CTere- Hen
ruaponu3a xyopuaa keieza (l1). OObscHuTe, TOYEMy TPH KOMHATHOW TEMIIEpaType
THIPOJTN3 UICT TOJIBKO IO TIEPBOM CTYTICHH, a TPH KUTITICHUH PACTBOPA — IO BCEM TPEM.

Tema 1.6. OKHCIMTEIbHO-BOCCTAHOBHUTEIbHBIE PEAKIIUN

Teopemuueckuii Mmamepuann, HeoOXxo0umblii onsa 6bINOJIHEHUA
aabopamopHoil pabomol

Oxucnumenvho-6occmanogumensvuvie peakyuu (OBP) — 3To peakiuu, Mpu
MPOTEKAHWU KOTOPHIX TMPOUCXOIUT M3MEHEHUE CTENEeHU OKUCJICHHUS aTOMOB
XUMUYECKHUX DJIEMEHTOB, BXOASIINX B COCTAB PEarupyrolux BEIIeCTR.

Cmenens oxucienuss — yCIoBHBIA ((hOpMaNIbHBIN) 3apsi] aTOMa B XUMHYECKOM
COEAMHEHUH, KOTOPBIN HAXOAAT MO CJIEIYIOIINM ITPaBUJIaM:

I. Crenenb OKHCIEHHUSI 3JIEMEHTAa B MPOCTOM BEIIECTBE CUUTAETCS PABHOMU
HYITIO.
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2. Cymma cTerneHel OKUCIICHHS BCEX aTOMOB, BXOJISIIUX B MOJIEKY/y WJIH HOH,
paBHa 3apsiy HOoHA (11 HEUTPaIbHOM MOJIEKYJIBI — HYIIIO).

3. CrerneHb OKUCIICHHS KUCJIOPOJIa CUNTACTCS PaBHOM —2, 3a UCKJIFOUEHUEM €TO
coeMHEHU co (TOpPOM W YaCTHIl, B KOTOPHIX JIBa WJIM 0oJiee aTomMa KHCJIOpojaa
COEMHEHBI IPYT C JIPYTOM.

4. CreneHb OKHMCJICHUSI BOAOPO/AA MPUHUMAETCS paBHOU +1, 32 HCKIIIOYEHUEM
COCIMHCHUH C METaJlJIaMH.

Oxucnenuem Ha3bIBACTCS MPOIECC TMOBBIINICHUS, a4 BOCCTAHOBJIEHUEM —
MOHIDKCHUS CTCTIICHH OKUCIICHHMS.

ATOM, MoOJIeKyJda WM HMOH, B KOTOPOM CTEIEHb OKHCICHUS JJIEMEHTa
MOBBIIIAETCS, HA3bIBACTCS BOCCTAHOBHTEJEM, a B KOTOPOM IIOHHXKAaeTcsd —
OKHCJINTEJIEM.

CormacHo snextponHoit Teopum (ITmcapskeBckuit JI. B., 1914), usMmenenue
CTETEHEW OKUCIICHHUS B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUAX O0YCIOBICHO
OTJIa4€il 2JIEKTPOHOB BOCCTAHOBUTEJIEM U MPUCOCTUHEHUEM UX OKUCIUTEIIEM.

OxMcauTeIsIMH  SBJISIOTCS MPOCTHIC BEIIECTBA — HEMETasUlbl (TajloTeHBbI,
KHCJIOPOJI, cepa U Jp.), a TaKXKe KHCJIOThI M COJIM, B KOTOPBIX IIEHTPAJIbHBIM aTOM
umeeT Bbicinyio creneHb okuciacHus (HNOjz, HCIO;, KNOs;, KClO4 KMNO,,
K2Cr207, u I[p.).

BoccranoBuTesiMu SIBISIIOTCST METaslIbl, HEKOTOPbIE HEMETaJUIbl (BOJIOPO,
yIIIepoJ, KPEMHHI) M COCAMHCHHS, B KOTOPHIX MMEETCS aTOM B HU3IICH CTEICHH
okucienus (H,S, NH3, HCI, KBr, KI, FeSO4, SnCl; u ap.).

BemectBa, coaepikaiine aToMbl B TPOMEKYTOUHOM CTEIIEHU OKMCIICHUS, MOTYT
OBITh KaK OKHCJIMTEIISIMU, TaK 1 BOCCTAHOBUTEIISIMU B 3aBUCUMOCTH OT «IapTHEpa» U
yCJIOBUH mpoBeneHus peakiu. O TakWX BEIIECTBaX TOBOPSAT, YTO OHU 0OO0JIadaroT
OKHCJIHUTEIbHO-BOCCTAHOBUTEIbHOH [IBOWCTBEHHOCTbIO; K HHUM OTHOCSATCS
HUTPUTHL, CynbPuThl, MnO; 1 11p.

Hampumep, cepa B cynbhuTe HATpUS HAXOAUTCS B IPOMEKYTOYHOU CTETICHU
okucnienus (IV) u moxet okucnarbes 10 cepbl (VI):

8032_ + H,O-2e — SO42_ + 2H*

win BocctanaBmuBaThes 70 S (0) B COOTBETCTBUU C PEaKIIHECH:

SOz* + 6H* + 4e — S + 3H;,0.

[Ipu wu3ydyeHHH OKUCIUTEIHLHO-BOCCTAHOBHUTEIBHONW CIMOCOOHOCTH BEIECTB
HEOOXOUMO YUYUTHIBATh, YTO PEAKIMS BO3MOXHA TOJIBKO TOTJA, KOTJa OJAWH U3 €€
YY9aCTHUKOB MOXKET ITOBBICUTD, a IPYTrOi TOHU3UTh CBOU CTEIIEHU OKHCJICHUS, TO €CTh
Ipyu HaJWYUU Tapbl OKHCIHMTEIh — BOCCTaHOBUTENb. Ecim o00a ee ywyacTHHMKA
HaxosTCSI B CBOEH BbICHIEH WM HU3LIEH creneHu okucienuss OBP mexny Humu
HEBO3MOXKHA.

Paznuuarot yeThipe THIIA OKUCTUTEIIEHO-BOCCTAHOBUTEIBLHBIX PEAKITHA.
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1. MexmoseKyJsipHOe OKHCJI€HHEe-BOCCTAHOBJIEHHE. OJTO peaklnH, B
KOTOPBIX OKHUCJIMTENb W BOCCTAHOBHUTENb SBJSIOTCS Pa3HbIMU BEIIECTBAMU,
HaIpuMep:

NaNO; + K,Cr,07 + H,SO4 — NaNO3 + Cr2(804)3 + K»,SO,4 + H,0.

2. BHyTpHMOJIeKY/JSIDHOE OKHMCJIeHHe-BOCCTAHOBJIEHHE. DTO pPEaKIuH,
KOTOpPBIE TPOTEKAOT C H3MEHEHUEM CTEIIEHEW OKHCIIEHHUS aTOMOB Pa3HbBIX 3JIEMEHTOB,
BXOJISAIIIMX B COCTAB OJTHOTO U TOTO K€ BEIIECTBA, HAIPUMED:

KCIO; — KCI + O,.

3. JlucnponopuuoHMpOBaHUe. OTO pEAKIUU, B KOTOPBHIX MPOUCXOAUT
YBEJIMYEHUE W YMEHBIICHHUE CTEINEHU OKHUCJIEHUS OJHOTO M TOTO JK€ DBJIEMEHTa
(OKHCIHTENIeM U BOCCTAHOBUTEJIEM SIBJISIETCSL aTOM OJTHOTO JIEMEHTA):

4. KoHTpaucnponopuuoOHUPOBAHHUE. JTO PEAKIUHU, B KOTOPHIX YYaCTBYIOT
JBA BEIIECTBA C aTOMaMHM OJHOIO M TOTO JK€ JJIEMEHTa B pPa3HbIX CTENEHSX
OKHUCJICHUS:

H,S + SO, — S + H,0.

OnpeneneHue CTEXHOMETPUUECKUX KOIPPUIIMEHTOB Iepe/ BElIeCTBAMH B
peaKuuaX OKHCICHHUS-BOCCTAHOBIICHUS MPOBOAAT ABYMSI METOJAMHU: 3JIEKTPOHHOTO
OaylaHca U Moypeakuui.

1. MeToa 3/1eKTPOHHOTO 0aJ1aHCca

B »3TOM MeTose CyHIIHOCTh OKHMCIWUTEIbHO-BOCCTAHOBUTENIBHBIX MPOLIECCOB
BBIpAXKAIOT ANEKTPOHHBIMU cxeMamu. Hampumep, 11 peakiuu:

NaNO; + KMnO4 + H,SO, — NaNOQO; + K,SO,4 + MnSQO4 + H,0

AIIEKTPOHHBIE CXEMBI UMEIOT BU/T

N*3—2e = N* 5

Mn*’ + 5e = Mn*? 2

Hudper 5 u 2 — MHOXKUTENM, KOTOpBIE SBISAIOTCS KO3(hdUIIMEHTaMU TpH
dbopmynax BOCCTaHOBUTENS (HUTPUTA HATPUSI) U OKUCTUTENS (MIEpMaHTraHaTa KaJiusl).
[ToacTaBUB UX B JIEBYIO U TIPaBYIO YAaCTU CXEMbl M YUUTHIBASI, YTO HA CBSI3b C HOHAMHU
K* 1 Mn?* pacxomyercs 3 mons H,SO4, nonyuaror ypaBHEHHE:

5NaNO; + 2KMnO,4 + 3H,SO, — 5NaNO3 + K,SO4 + 2MnSO4 + 3H,0

2. Meroa nosypeaxkuui

DTOT METOJ HCHOJB3YeTCs A PEeaKUUil B pacTBOpax 3JEKTpoiauToB. OH
OCHOBAH Ha COCTABJICHUM YPaBHEHHI JBYX MOJypeakiuii (OTACIBHO JJIS MPOIECCOB
OKHCJICHUS] U BOCCTAHOBJICHUS) C UX MOCJIEAYIONUM CyMMUpOBaHUEM. B ypaBHEeHMSIX
MOJTypeaKIui JOJDKHBI BBITIOJHATHCS 3aKOHBI COXPAaHEHUs BEIlecTBa (CymMMa aTOMOB
B JICBOW M MPaBOM YacTAX JOJDKHA OBITh OJMHAKOBOM) M COXPAHEHHUS SHEPIHU
(cyMMapHbIii 3apsiT BCEX YaCTUIl B JIEBOM M MPABOM YACTIX JOJDKEH OBITh
OJIMHAKOBBIM).
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Hanpumep, nis peakuyu:

NaNO, + KMnO4 + H,SO4 — NaNO3; + K>SO, + MnSO,4 + H,0O

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

NO, + H,O 2e¢ — NO; + 2H* 5

MnO; + 8H" + 5¢e— Mn?" + 4H,0 2

[ToMHOXXMB TMOJTYpEeaKIUIO0 OKHUCICHHS Ha YHUCIO S5, a MOJypeakiuio BOC-
CTAHOBJICHHUSI Ha 4YuCI0 2 (Opu 3TOM YPAaBHUBAETCS W COKPAIIAECTCS YHUCIO
AIIEKTPOHOB), MPOU3BOAUM HX CIOKECHHE:

5NO;~ + 5H,0 + 2MnO, + 16H*= 5NO; + 10H* + 2Mn?* + 8H,0.

CoxkpatuB 1o100HbIE, TOJy4YaeM HOHHOE YPAaBHEHHUE:

5NO, + 2MnO4 + 6H*=5NO; + 2Mn?* + 3H0.

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

5NaNO, + 2KMnO, + 3H,SO, — 5NaNO; + K,SO4 + 2MnSO, + 3H,0.

[Tonypeakiiuu UMEIOTCS B CHPABOYHUKAX, HO HMX OOBIYHO COCTABJISIIOT
CaMOCTOSITENIbHO, PYKOBOJCTBYSCh CIIEIYIOIIUMH PABUIIAMU:

1. B xucnou cpede uzobimox amomos Kuciopooa no2auiaemcss npomoHamu
6000pooa 6 coomHoutenuy 1.2, Ipu 3ToM 00pazyercs Boja.

O + 2H" = H,0.

2. B meiumpanvnou u wenouHou cpedax u3ObIMOK amomo8 KUCIopood
nozawiaemcsi MOJEKYIamMu 600bl 6 coomHowtenuu 1:1, Tpu 3TOM 00pa3zyroTcs
TUAPOKCUA-UOHBI (J]Ba MOHA W3 OJHON MOJICKYIIbI).

O + H,O =20H.

B 3aBucumoctu ot pH cpenbl mpoayKTbl B3aMMOICUCTBHUS OJHUX U TEX XKE
BEIIECTB JIPYT C IPYTOM B OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUSIX MOTYT OBITh
paznuyHbiMi. OCOOCHHO HAIVISIHO ATO WJUIIOCTPUPYETCS HAa MPUMEpE pPeakiuil C
y4acTHUEM MepMaHTaHaT-UOHA.

Hampumep, B xucnoit cpene cynbhut Hatpus BoccraHaBmuBaer Mn (VII) mo
MOYTH OSCIIBETHOTO HOHA Mn?*:

MnQO, ~+ 8H* +5¢— Mn?" + 4H,0.

B HeiiTpanbHO, cliabo1menouyHo win ca1aboKHUCIION cpeie ocaxaaeTcs: Oypbii
MnO,:

MnO,~ + 2H,0 + 3e — MnO; + 40H".

B cunpHOmenounoi cpeae manuHoBoe okpammBaHue KMnO, mepexonut B
M3yMpPYIHO-3€JI€HOE 3a cUeT 0bpa3oBanus noHa MnO,>;

MnQO, + e — MnO4*,

KOTOPBIN HEYCTOMYUB U MOCTENEHHO JUCITPOTOPLUUOHUPYET MO PEAKIIUHN:
3Mn0O,* +2H,0 — 2MnQ; ~ + MnO, + 40H-.
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Uto KacaeTcsi COEIMHEHUU XpoOMa B BBICIICH CTENEHU OKHUCIEeHUs +6, TO B
0001 cpesie py B3aMMOJIEUCTBUM C BOCCTAHOBUTEIISIMU €T0 MPEBpalICHUE UJET 110
xpoMma (III), omHako cocTaB MPOIYKTOB pa3audaeTCs.

B KuCIIOi cpesle BOCCTaHOBJIEHHE ITPOTEKAET 10 00pPa30BAHUsA CHHE-3€JIEHOTO
akBaxomiuiekca xkarnona Cré':

Cr,0.# + 14H* + 6e — Cr** + 7H,0,

a B IICIIOYHOM — 710 0OpazoBaHus 3eneHoro ruapokcokominiekca [Cr(OH)4]- mo
peakiuu:

CrO4* + 4H,0 + 3¢ — [Cr(OH)4]” + 40H".

JlaGopaTopHas padora Ne 9. Biausinue pH cpeabl Ha xapakTep BOCCTaHOBJICHUS
NMEePMaHraHATA KaJIus

Hean padoTsl: popMupoBaHHEe YMEHUI M HABBIKOB B MCCJICAOBAHUH BIUSHUS
XapakTepa cpelbl B pacTBOpPE Ha IMOJHOTY BOCCTAHOBJICHHMS aToMa Maprafiia B
COCTaBe MepMaHraHara Kajusl.

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IlIpouectb TeOpeTHUECKOE BBEJICHHUE U TTOPAIOK BBITTOJIHEHUS PAOOTHI.

2.  OdopMUTH MPOEKT OTYETAa IO OMBITY JaboparopHOW padbOThI (CM.
NpUIIOKEHUE 2).

3. Baectm B mabopaTtopHylo TeTpaap M 3amonHUTh Tabmuiyy 10 (3a
UCKITFOYCHHEM CTOJIOIOB 4 U 5):

Tabmuma 10
CreneHp OKUCICHUSI
Xapaxkre Oxpacka aroma Mn
cpe :I'p Oxpacka xapaKTeI/I
[Ipo6upku| PeakTusbl PEIRL | exommBIX PaKtep B B BOCCTA-
3Ha4CHUC IIPOAYKTOB | OKUCJICH- | HOBJICH-
BEILECTB 0 N
pH peakuun HOH HOU
dbopme | dopme
1 2 3 4 5 6 7
1 KMnOg,+...
2 KMnOg,+...
3 KMnOg,+...

4. Hanucarb YpaBHCHHA IIPOTCKAIOIINX OKHCIUTCIbHO-BOCCTAHOBUTCIBHBIX

peakiuii  (TpH peakIHMH) C HCIOJb30BAaHHEM METOAA HOHHO-3JICKTPOHHBIX

IIOJIypEaKUMK, Y4YWUTBIBAsA, 4YTO B KHUCJIOM, HEUTPAJIbHOM M IIEJIOYHOM Cpenax
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MPOAYKTHl BOCCTAHOBJIEHWs ME€pMaHraHara Kajausi pa3Hble (CM. TEOPETUYECKYIO
YacTh).

5. Paccunrars 3xBHBaneHTHYI0 Maccy KMnQO, B kaxk10i1 U3 Tpex peakuuii.

IHopsinok BeIMOTHEHHSI PadOTHI

B Tpu nmpoOupku BHECTH MO 5 Karesib pacTBopa nepmanranara kaiisg KMnOa.

B nepByto npoOupky 100aBUTh 2 Karid 2H pacTBOPA CEPHOUM KUCIIOTHI,

BO BTOPYIO — 2 KaIUIA JUCTUIJIMPOBAHHOM BOBI,

B TPETHIO — 2 KaIlJIM PACTBOPA LICIOYH.

Bo Bce Tpu npoOupku BHeCTH 10 3-4 Karuik pacTBopa cyiabdura HaTpus.

TaTenbHO epemMeniaTh CoePKUMOe MPOOUPOK.

Habmnronare n3MeHeHne OKpacku pacTBOPOB, 0Opa30BaHUE OCAIKOB.

[To pesynbraram HaOMIOAECHUM 3aMOJHUTH CTONONBI 4 U S5 Tabmuubl 9 u
HAMKUCATh BBIBOI.

JlabGoparopHas padora Ne 10. OKHCJIUTEIbHO-BOCCTAHOBUTEIbHbIC PEAKIIMHU

Hean pa6orel: QopMuUpoBaHHE YMEHHUW W HaBBIKOB B HCCIEIOBAHUU
OKHCJIMTEIIbHBIX, BOCCTAHOBUTEJIBHBIX CBOWCTB AaTOMOB B Pa3jIMYHBIX CTEIEHSX
OKHCJIEHUSI; HCCIEAOBaTh OKUCIHUTEIBHO-BOCCTAHOBUTEIBHYIO JBOWCTBEHHOCTH
aTOMOB  JJIEMEHTOB B IIPOMEXKYTOYHOM CTENEHU OKHUCICHUS, UCCIEA0BaTh
OKHCIIUTEIIbHO-BOCCTAHOBUTEIIbHBIE CBOMCTBA aTOMa YIIIEPOAA B COCTABE MOJIEKYI
OPTaHUYECKUX COCTMHEHUIM.

Oneim Ne 1. OKkucinumenbHble U 60CCHAHOGUMENbHbIE CEOUCMEA

MONEKYAPHBIX 2AT102€HO8
3ananue u 3Tanbl padboThl

IToaroroBka Kk JadoparopHoi padore

1. IIpouecTh TEOPETUUECKOE BBEIACHUE U MOPSIOK BBIMOIHEHUS PAOOTHI.

2.  OdopMUTH MPOEKT OTYETa IO OMBITY JaboparopHOW pabOThI (CM.
IpUIOKEHUE 2)

3. Hamwmcars ypaBHEHUS MPOTEKAIOIINX OKUCIUTEIHHO-BOCCTAHOBUTEIHHBIX
pPEaKIuii C UCIOJIb30BAHUEM METOJIa MOHHO-3JIEKTPOHHBIX TOMYpPEaKIi, yUuThIBas,
YTO:

- B mepBoil mpobupke obpasytorcst xiopoBogopoanas (HCI) u #iognosaras (HIO3)
KHUCJIOTHI;
- BO BTOPOU IPOOUPKE OJHUM M3 MTPOAYKTOB PEAKIIUU SBJIICTCS KOJIouaHas cepa (S).

4. O1eHuTh CIOCOOHOCTh MOJICKYJISIPHBIX TaJOr€HOB K IPOSBICHUIO
OKHCIIUTEJIbHBIX U BOCCTAHOBUTEIBHBIX CBOMCTB, YUUTHIBASI CTENIEHb OKHUCICHUS WX
aromoB (0); TTocIie BBITOJTHEHHUS OITBITa 0TOOPA3UTh 3TO B BHIBOJIE.

IopsioKk BHINOJTHEHUS] PA0OTHI
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B nBe npoOupku BHecTH 110 3-4 karumwm WomHou Boas! (12 + H20).

B onny 3 mpoOupok 100aBUTh HECKOILKO Kareib xjaopHoi Boasl (Cl, + H,0),
B IPYTyI0 — cepoBopopoanoii Bozsl (H2S).

Habmonats n3MeHEHHE OKPacKu pacTBOPOB.

I[To pe3ymnbraTaM MPOBEICHHOTO OIBITA 3AMOJTHUTH MTYHKTHI OTYETA
«HaoOmronenns» n «BeIBOIY.

Onvim Ne 2, Coeounenusn ceput (+4) 6 okucaumenbHo-60cCmano8UmMeNbHbIX
peaxkyuax
3aganue u 3Tanbl padoThI
IToaroroBka Kk JadoparopHoi padore

1. TIpodecTh TEOPETUIECKOE BBEICHHUE U MTOPSIIOK BBITOJTHEHHS paOOTHI.

2. OpopMHUTh  TPOEKT OTYETa MO  OMBITy  Ja0OpaTopHO  pabOTHI
(cMm. mpusioxeHue 2).

3. Hamucats ypaBHEHHS TPOTEKAOIIMX OKHCIUTEILHO-BOCCTAHOBUTEIBHBIX
peakiii ¢ WCIOJb30BAHUEM METOJa HMOHHO-IJIEKTPOHHBIX TOMypeaKIu,
YUUTHIBAS, YTO:

- B nepBoii npooupke annon Cr,0;% B kucioii cpeze nepexoaut B katuon Cr',

a non SO3% mepexoaut B noH SO4%;

- BO BTOPOM MPOOHPKE OJHHWM W3 MPOIYKTOB PEAKIMH SBISCTCS KOJIJIOWIHAS

cepa (S).

4. OueHnTh, KaKWe CBOMCTBA (OKHCIUTEIbHBIC WM BOCCTAHOBHTEIBHBIC) MOTYT
MPOSIBIISATh COSAMHEHMS, KOTOPHIE COJIEp>KaT B COCTABE CBOEH MOJIEKYJbI aTOM
Cephl B CTEMEHU OKUCIEHUs +4; KaK ATO 3aBUCUT OT MapTHEpa MO Peakiuu?
[Tocne BBIMOTHEHUS OMBITA OTOOPA3UTH TO B BHIBOJIE.

IopsaoKk BbINOJTHEHUS] PA0OTHI

B3sTh 1Be MpoOMpPKU M BHECTH B OAHY M3 HUX 3—4 KaIlJll pacTBopa Ouxpomara
kamus KoCr,07, a B mpyryro — 3—4 karmu pacTBopa Cylib(umaa aMMOHHS.

B xaxxnyro u3 npoOoupok 100aBUTh MO 2 KAl CEPHOM KUCIOTHI U 1o 3—4
Kariu pactBopa cyibdura Harpus NaySOs.

HaGmronats n3meHeHus B mpoOupKax.

[To pe3ynbraTaM MPOBEIEHHOTO OIBITA 3AMOJTHUTH MTYHKTHI OTYETA
«HaoOmronenns» u «BeIBOIY.

Onvim 3. Opzanuueckue coeOUHEeHUs 6 OKUCTUMENbHO-
soccmanosumenbHulX peakyusax. Boccmanoesnenue ouxpomama xanus cnupmom
3aganue u 3Tanbl padoThI
IHoaroroBka k 1abopaTopHoii padore
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1. TIpodecTh TEOPETUIECKOE BBEICHHUE U MTOPSIIOK BBHITOJTHEHHS PaOOTHI.

2. OdopMUTH MPOEKT OTYETA MO OMBITY JTA00OPaTOPHON PabOTHI (CM. IPUIIOKEHHE
2)

3. Hamucath ypaBHEHHSI POTEKAIOIIUX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peakuii ¢ UCTIOIB30BAaHUEM METOAa MOHHO-3JIEKTPOHHBIX MOJypEeaKIIni,
YYHUTHIBAS, YTO:

- annon Cr,0+% B Kucy0#i cpesie nepexoqut B katuon Cri*;
- OTUJIOBBIN CITUPT OKHUCIIIETCS C 00pa30BaHUEM YKCYCHOTO aJIbJIeTHAA
CH3CHO c 3anaxom si610Ka.
4. V3yunTh npaBuiia ONpEACIICHNs CTETIEHEN OKHCIICHHUS aTOMOB YIJIepo/ia B
COCTaBE MOJICKYJ OPTaHUUECKUX COCTUHCHHH (CM. TECOPETUICCKYIO YaCTh).
ITopsioK BBINOJIHEHUS PadOTHI
B npoGupky BHecTu 4-5 xamens pactBopa auxpomara kanusa K,Cr,0O7,
100aBHUTH 1-2 Karm KOHIICHTPUPOBAHHON CEPHON KHCIIOTHI U 3-4 KaIIu 3TUIIOBOTO
cniupta CoHsOH. Habnmronate n3MeHeHHEe OKPACKU pacTBOpa U MOSIBJICHUE
crenuduIecKoro «sI0JI09HOTOY» 3amnaxa.

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

Onvim 4. Opzanuueckue COeOUHEeHUS 6 OKUC/ITUMEIbHO-
60CCMAHOBUMENbHBIX peakuuax. Boccmanoenenue nepmanzanama Kanus
uiaeeesou Kuciomou

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. ITpouecTh TEOPETUUSCKOE BBEJACHHE U MOPSIO0K BHIMOJTHEHUS paOOTHI.

2. OdbopMHUTh TPOEKT OTYETAa IO OMBITYy JIA0OpaTOpHON pabOThI  (CM.
MPUIOKEHHE 2)

3. Hamucate ypaBHEHHS TIPOTEKAOIIMX OKHCIUTEIHbHO-BOCCTAHOBUTEIBHBIX
peakmuii ¢ WCIIONB30BAaHUEM METOAa HMOHHO-IJICKTPOHHBIX TIOJTypEaKIui,
YUHUTHIBAS, YTO:

- nepMmaHraHat-uoH MnQOs B KHCIOH cpele MNEpexoAuT B KaTHOH Mn?*;

- IlIaBeJIeBasi KUCJIO0Ta OKUCsieTes 10 Auokcuaa yriepoaa COx.

4. V3yunTh mpaBWia OMNpENENICHUs CTENeHEH OKHUCICHHs aTOMOB yriiepoja B
COCTaBE MOJICKYJI OPTaHMYECKHUX COCTUHCHHH (CM. TEOPETHUYCCKYIO YacTh).

Iopsiiok BHINMOJTHEHHUSI PAOOTHI

Brectu B mpobupky 3—4 xarm pactBopa maBeneBoi kuciaotbl HoCyO4 1 2-3
KaIlJIi PacTBOPa XJIOPOBOJOPOIHON KUCITOTHI.

[Tomorpets pacTBOp Ha BOAAHOM OaHe.
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BoinyTh mpoOupky u g06aBuTh 3—4 Kamium pacTBOpa IMEpMaHraHata Kaus
KMnO,. HabmronaTs n3MeHEeHHE OKPACKHU U BBIJICIICHUE Ta3a.

[To pe3ynbraraM TIPOBEACHHOTO OMBITA 3allOJHUTh IYHKTBI — OTYETa
«HabOnroneuus» u « BeiBom».

3aoanusa ona camocmoamenvbHou padoomaol

1. Vkaxure CTENEHH OKHUCICHHUSI SIIEMEHTOB B MOJIEKYJaX COCIUHCHUIM:
HNOZ, HClO, CI’203, HzSO4, Ksz207, NaBr, K|O3, N&zSOg.

2. YKaxWTe, KaKhe MPOLECChl MPEACTABISIOT COOOM OKHCIEHHEe, a KaKue
BOccTa- HoBitenue: S — S04%, S — S*, 2H*—H,, Br, —2Br,

NH4+—> N, , NO —>N027, F82+—>F€3+, 80427—> S, I —>IO37,

F, —»2F , Sn—Sn*", CIO"—ClO5;", MnOs — MnO

3. VkaxuTe B  BBIIICMEPEUNUCICHHBIX  IIpolleccaX  OKUCIUTENH U
BOCCTAaHOBHUTEIIH.

4.  VYkaxuTe B HIKETPUBEICHHBIX PEAKIUAX OKUCIUTENIb U BOCCTAHOBUTEIIb.

Al + KCIO4 + H,SO, — KC1 + A12(504)3 + H,0

HCI + HNO3; — Cl; + NO + H,0

Na,S + Br, — S + NaBr

CrCl; + Br, + KOH — K,CrO4 + KBr + H,0

NaNO, + K,Cr,07 + H,SO4 — NaNO; + Crz(SO4)3 + K»,SO,4 + H,0O

MnS + HNOg(pa36) — Ml’l(NOg)z + NO +S +H,0O

MnS + HNO3; — MnSO,4 + NO, + H,0

MnSQO, + CaOCl, + NaOH — MnO, + CaCl, + Na,SO, + H,0O

P + HNO; + H,O — H3PO4 + NO»

Al + KOH + H,0O — K[AI(OH)4] +H;

H,S + H,SO; — S + H,0

5. MertonoM 3eKTpOHHO-HOHHOTO OanaHca noadepure Ko3pUUHUEHTHI B
YPaBHEHUSX BBIIICTIEPEUNCICHHBIX PEAKIIUH.

Tema 1.7. DiiekTpOXUMHYECKHE MPOLECCHI

Teopemuueckuit mamepuan, HeoOX00UMbBLL 0714 6bINOIHEHUA J1A0OPAMOPHO
pabomul

Koumaxmnaa «oppo3usi — BUJ KOPPO3UOHHOTO pAa3pyLICHMs, KOTOPBIN
HaOI0aeTcsl MPU KOHTAKTEe JABYX Pa3HOPOAHBIX METAJUIOB, T. €. METAJNIOB KOTOPHIE
00MagaloT pa3HbIMHU 3JIEKTPOXMMUYECKUMHU CBOWCTBaMHU (0Onajnaroiue pa3HbIMU
3HAYEHUSIMHU JEKTPOAHOTO MOTEHIINANA).

IIpy HenpaBuIBLHOM KOMIIOHOBKE META/UIOB M CIUIABOB JIaHHBIM BUJ
KOPPO3UOHHOIO pa3pyLLIEHHs BBIBOJUT U3 CTPOSI MHOXKECTBO CIIOXKHBIX METAIIMYECKUX
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KoHCTpyKiuil. KoHTakTHass koppo3us HaOmomaeTcs, HampuMmep, B CHCTEMax
TIOMUHUI-YITIEPOUCTAs CTAJIb WM aJIOMUHUN-IIMHK, MEJb-)KEIE30 U T. [I.

[Ipy KOHTaKTe IBYX PpPa3sHOPOJHBIX METAJUIOB B AJIEKTPONPOBOJHON cpeje
BBINOJHSETCS YCIOBHE HEOAHOPOAHOCTU METAJUIMYECKOU (ha3bl — OHO U3 YCJIOBUM
BO3HMKHOBEHHUSI MpOLECCa KOPPO3HMH 1O 3JIEKTPOXMMHUYECKOMY MEXaHU3MY;
BO3ZHMKAET rajibBaHONapa, 3allyCKAETCsl MEXaHU3M KOPPO3HOHHOIO Pa3pyLICHHUS.

PaccMoTpuM MeXxaHHW3M KOHTAaKTHOW KOPPO3UHM B CHCTEME JKEJIEe30-MElIb B
MOpPCKOM Boge. Jlnsg 3Toro, mnomb3ysach pAIOM CTaHAAPTHBIX JJIEKTPOIHBIX
MOTEHIIMAJIOB METAJJIOB, ONIPEJEIUM CTaHAAPTHBIE TOTEHIIUAIIBI JKEJI€3a U MEU:

P%re2+iFe = - 0,44 B,

¢°cuz+/cu = 0,34 B.

OCHOBBIBasICh Ha 3HAUYEHHUAX MMOTEHIMAIOB 3TUX METAJIJIOB, JIEJIA€M BBIBOJ, YTO
[P UX KOHTAKTE B 3JEKTPONPOBOIHOM Cpe/ie MOBEPXHOCTH Kene3a OyneT aHOAHOM
30HOW, a MEIU — KaTroaHOW 30HOW. Ecim MBI paccmarpuBaeM IMPOLECC KOPPO3UH B
MOPCKOH BOJIE€, TO B POJIH IETOISPHU3ATOPA 31ECh OYIyT BBICTYIIATh MOJIEKYJIbI BOJbI U
KHCIIOPOI.

Mertain aHOIHOM 30HBI — Keje30 — OyAeT TepATh AIEKTPOHbI U BBIXOAWTH B
KOPPO3UOHHYIO Cpelly B BHJE KaTHOHOB Fe?*. DyeKTpoHBI OyIyT HepeMeInarhcs Ha
KAaTOJHBIM y4acTOK — Melb — Ha MOBEPXHOCTH KOTOPOTro HUX OyAyT HMPUHUMATh
YaCTHI[bI JENOJIIPU3aTOpa, IPU 3TOM BOCCTAHABIUBASCh.

CocraBnsgeM ypaBHEHHUS KaTOJTHOTO U AHOAHOTO MPOLIECCOB.

(-)A: Fe = Fe** + 2e,

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

["aibBaHONIOKPBITHS IPUMEHSIOT B KQUECTBE 3aAIUTHI METa/UIa OT KOPPO3HH, a
TaK)K€ JUI1 NPHUJAHHAA JEKOPAaTUBHBIX KadyecTB. [l0 Ha3HAaueHHMIO TrajgbBaHUYECKHE
HOKPBITHSI MOTYT OBITh:

3alIUTHO-/1EKOPaTUBHBIMH;

3aIIUTHBIMU (00JIa1at0T aHTUKOPPO3UUHBIM JACHCTBUEM);

CIIeMAIPHOTO Ha3HAYeHUs (HAIESIOT MOBEPXHOCTh OCOOBIMU CBOWCTBAMHU:
MarHUTHBIMH, JIEKTPOU3O0ISUUOHHBIMUA, U T. 1., IPUJAIOT YCTOMYHUBOCTh K H3HOCY
WJIM BOCCTaHABJIMBAIOT YK€ MOJYYHBILYIO IOBPEXKICHHS IOBEPXHOCTH).

Kpome TOro, raibBaHONOKPBITHS MOTYT OBITh KaTOAHBIMM M aHOJHBIMH — B
3aBUCUMOCTH OT 3HAQUEHUW D3JEKTPOJHBIX MOTEHLUHUAJIOB METAJUIa IOKPBITUS H
MeTasuia OCHOBBL. OJIMH U TOT K€ BHJI MOKPBITUS MOXKET CTAHOBUTHCS KaK KaTOAHBIM,
TaK U AaHOAHBIM — B 3aBUCHMOCTHU OT METaJlJIa, HA KOTOPBIN 3TO MOKPHITHE HAHOCHUTCS.
Hampumep, 1mo OTHOILIEHUIO 3KENe3y, HHUKEIEBOE TMOKPHITUE OyIeT KaTOIHBIM.
3HaueHWe TMOTEeHLMaja HUKeds Oonblle, 4YeM Jkeje3a W Ipu  oOpa3oBaHUU
rajibBaHONapbl ATUMH METaJlJIaMH Kelle30 OyIeT aHOJHBIM YYacTKOM, a HUKENIb —
katoaHbIM. CocTaBUM cxeMy mpolecca atMochepHON KOPPO3HUH, MPOTEKAIOIIETO MPH
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HapylleHuu uenocTHocT mnokpeiTusi. Kopposuonnas H,O, O; cpema (BiakHbIN
(menonsapuzaTop) BO3AyX)

Metann aHoAHOW 30HBI (5Kene30) OyIeT OKHUCHAThCS, U BBIXOIUTH B
KOPPO3UOHHYIO CPely B BHJI€ MOHOB; AJIEKTPOHBI MEPEXOISAT U3 aHOAHOW 30HBI B
KAaTOHYIO (HUKEJb) U OTBOJSATCS C €€ MOBEPXHOCTH YACTUIIAMU JICTIOSIPU3ATOPA.

CocTtaBisieM ypaBHEHUS! KATOJHOTO U @aHOAHOTO MPOLIECCOB:

(-)A: Fe =Fe?" + 2e,

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

Takum 00pa3oM, KaTroIHOE MOKPBHITHE 3aIIUINAET METAJT OCHOBBI TOJBKO
MEXaHMYECKH, 0 TE€X IOp, MOKAa COXPAHSETCS LEIOCTHOCTh MOKPhITUA. Kak TonbKo
HA TIOBEPXHOCTH TMOKPBITUSI TOSBISIOTCS Ae(EKThl (TPEIIUHBI, apanuHbl U T.II.),
HaYMHAET pa3pyliaThCd METAUT OCHOBBI; MPU HATOM METAT  MOKPBITHUS
KOPPO3UOHHOMY Pa3pyIICHUIO HE MOJBEPraeTcs.

Huxkenp Fe2* Huxkenn

Kenezo Fe — 2e = Fe?*

AHONIHOE XK€ TOKpPBITHE, 3alUIIAaeT METaUl OCHOBbI U MEXaHMUYeCKHu (TokKa
MOKPBITUE TIEJIOCTHOE) M DJICKTPOXMMHYECKU (MPU HAPYIICHUH LETOCTHOCTH),
paboTas Kak aHOJI.

XpoMOBOE MOKPHITHE MO OTHOILIEHUIO K Kejie3y OyleT aHOAHBIM, Tak Kak
MOTEHIIMAJI METaJlJIa MOKPHITHS MEHBIIIE, YeM MOTCHI[MAJ MeTaJljla OCHOBBI.

[leHHBIM CBOMCTBOM Me€Tajlla B OTHOILICHUU CTOMKOCTH K KOPPO3HUOHHOMY
Pa3pyLICHUIO SIBISIETCS €r0 CKJIOHHOCTh K MEPEXO/ly B TaK HA3bIBAEMOE MAaCCHBHOE
COCTOSIHUE, KOTOpPOE XapakTepu3yeTcs oOpa3oBaHMEM Ha IOBEPXHOCTH MeETaslia
ITACCUBHOM, KaK ITPAaBUJIO OKCUIHOU IUICHKH.

[Ipy B3auMOAEHCTBMM METANIOB C TEMU WA WHBIMU KOMIIOHEHTAMH
pacTBOpPOB (pacIjiaBOB) B OMPENCIICHHOM JHarna3oHe MOTEHIINAJIOB Ha MOBEPXHOCTHU
MeTaliia 00pa3yroTces aacopOIMOHHbIE WK (Pa3oBbIe CJION (ITACCUBHBIE TJICHKU). DTH
ciou 0O0pa3yroT IUIOTHBIM, MMOYTH HENpPOHUIIAEMBIN Oapbep, Onaromaps dYemy
KOPpPO3Usl CHJIBHO TOPMO3HUTCSI WJIM TOJHOCTBIO MpeKpaiaercs. Takum CBONCTBOM
o0namarT, HApUMep, XpOM, HHKEIb, MOJIUOmeH, Boibppam. MMeHHO Ha 3STOM
OCHOBaHO MIPUMEHEHUE YKa3aHHBIX METAJJIOB B KAUE€CTBE JIETUPYIOIINX KOMIIOHEHTOB
MIPU CO3JJaHUU KOPPO3MOHHO-CTOMKHUX CIUIABOB, HAIIPUMEP, HEPKABEIOIIUX CTaJICH.

Bcsikoe Bo3neiicTBre, CIIOCOOCTBYIOIIEE CHATHIO C METajljla MaCCUBHOM TIJICHKU
WM €€ Pa3phIXJICHUIO, yCUIuBaeT kopposuto. OIHMM M3 Haubojee SHEPTUYHBIX
CTUMYJIITOPOB KOPPO3UU, MO HSTOW MNpPUUMUHE, SBISICTCS HOH XJopa, JCHCTBHEM
KOTOPOro 00yCIIOBJIEHO aKTUBHOE pa3pyllieHHe MeTalljla MOPCKOM BOJIOM.

ONEKTPOAN30M  HA3bIBAETCA  COBOKYMHOCTh  OKHCIUTEIbHO-BOCCTaHO-
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BUTEJIbHBIX  TMPOLECCOB, MPOUCXOJAIIMX MPU  MNPONYCKAHUM  MOCTOSHHOTO
AIIEKTPUUYECKOTO TOKA Yepe3 pacTBOP MJIM PACILIaB AIEKTPOJIHTA.

[Ipomyckanre TOKa uYepe3 dJICKTPOJIUTHI OCYIIECTBISIETCS C MOMOIIBIO
AIIEKTPOIOB: KaTO/a, HA KOTOPOM MPOUCXOJIUT MPOIIECC BOCCTAHOBJIEHUS, U aHO/a, Ha
KOTOPOM OCYIIECTBIISIETCA MPOLIECC OKUCIIEHMUS.

[Ipu »nekTposnn3e pacTBOPOB COJIEH 3aKOHOMEPHOCTH BOCCTAaHOBJICHHS Ha
KaToJI€ CJIEIYIOLIHE:

1. KatuoHbl MeTalIoB, pacloIOKEHHBIX B PSy HaIpPsLKEHUM TMpaBee kKeseza
(OT KaaMus 710 30J10Ta), BOCCTAHABIMBAIOTCS COMIACHO YPaBHEHHUIO:

Me"" + ne=Me.

2. KarhoHbl aKTHMBHBIX METAJUIOB, PACIHOJIOKEHHBIX B JIEBOM 4YacTu psaa
HaNpsOKeHUH (OT JIMTUSA 70 aJIOMUHUS), HE BOCCTaHABIMBAIOTCA. B 3TOM ciydae Ha
KaToJ1€ MPOUCXOAUT BOCCTAHOBIICHUE BOJIbI:

2H,0 +2e =Hy7 +20H".

3. KaTtnoHbl MeTaJJIOB, PACHONOKEHHBIX B CPEIHENH YacTH pslla HapsKEHUU
(Mapranern, IMHK, XpOM, >K€JI€30 U Jp.), BOCCTAHABIMBAIOTCS Ha KaTo/le BMECTE C
BOCCTAaHOBJICHUEM BOJIbI, T.€. MAPAILIEIBLHO UAYT ABA MPOLIECCA, YPABHEHUS KOTOPBIX
IIPUBE/ICHBI BBIIIIE.

3aKOHOMEPHOCTH OKUCJIEHUS HA aHOJE CIIETYIOIIHE.

1. IIpocteie anmonwr (CI, Br, I, SZ'), KpoMe F-HOHOB, OKHUCIAIOTCS C
00pa3oBaHUEM COOTBETCTBYIOIIMX MPOCTHIX BEIIECTB, HAIIPUMED:

2CI"—2e =Cl?

2. Cnoxnsle annonsl (NO3', SO4%, PO u mp.) u F-uonsl He okucnsrorcs. B
ATOM CJIy4ae Ha aHOJIE MPOUCXOAUT OKUCIIEHUE BOBI:

2H,0O —4e = OZT + 4H" .

DT  3aKOHOMEPHOCTHM  OTHOCATCA K  DJEKTPOJIM3y C  HUHEPTHBIM
(HEpacCTBOPUMBIM) AJIEKTPOJOM: TUIaTUHA, TpadUT, SIEKTPOAHAS CTaIb.

Ho ecium aHon WM3roTOBIE€H M3 MeETallia, COJdb KOTOPOro  SIBIISIETCA
ANEKTPOJIUTOM, TO B ATOM CIIydae caM aHOJ OKUCIISETCS, TIePeXo/isi B pacCTBOP B BUJIC
KaTHUOHOB

Me — ne = Me™,

a Ha KaToJie MPOUCXOIUT BOCCTAHOBIIEHUE 3TOTO K€ MeTajuia

Me"™ +ne=Me.

Takol »JIEKTPOJIN3 HA3bIBAETCS DJIEKTPOJIM30M C AKTUBHBIM (PacTBOPUMBIM)
aHOJIOM.

PaccmoTpum aeKTposin3 pacTBopa XJIOpHJia MEAU Ha MHEPTHBIX JIEKTPOAaX.
B pactope Haxoxsarcs uonbl Cu?* u Cl, KOTOpbIE 1OA NEHCTBHEM DIEKTPHUECKOTO
TOKa HaIPaBJISIOTCS K COOTBETCTBYIOIIU M AJIEKTPOJIaM:

CuCl,
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(-) Karox < Cu?* + 2CI" — Anog (+)

Cu?* + 2e = CU° 2Cl"-2e =Cl;

Ha karone BeizensieTcss MeTalsinyeckasi Me/ib, Ha aHOJIE — ra3000pa3HbIN XJI0pP.
Ecnu B paccmorpenHoM npumepe snekrponusa pactBopa CuCl, B kadecTBe aHona
B35Th MEIHYIO TUIACTUHKY, TO Ha KaTONIE BBIICISETCS Menb, a Ha aHojae, TIe
MIPOUCXOMASAT MPOIECCHI OKUCIICHUS, BMECTO pa3psaku MoHOB Cl u BBIEICHUS XJI0pa
MPOTEKaeT OKUCICHHE aHona (Meau), MPOUCXOAUT PACTBOPEHHE CamMoOro aHojia, B
Buzic HoHOB Cu?* OH IIEPEXOIUT B PaCTBOP.

Takum 00pa3zoMm, 53JEKTPOJIU3 PACTBOPOB COJIEM C PACTBOPUMBIM aHOJOM
CBOJIUTCS K OKHCJICHHIO MaTepualia aHoja (ero pacTBOPEHHUIO) U COMPOBOXKIACTCS
MEPEeHOCOM MeTajlla C aHOAa Ha Karod. JTO CBOWCTBO IIMPOKO HCHOIB3YETCS MpU
paduHUpOoBaHUY (OYMCTKE) METAJIOB OT 3arps3HEHUM.

JlaGoparopnas padora Ne 11. Koppo3usi MeTa/liioB

Heanb padorsl: hopMUpOBaHUE YMEHUN M HABBIKOB B M3YyYEHWW KOHTAKTHOU
KOPpPO3HH, MNPOTEKAIOLIYI0 IO 3JEKTPOXUMUYECKOMY MEXaHU3MY; HCCIENOBATH U
YCTAaHOBUTh THUI TallbBAHUYECKOTO TOKPBITUS JUIsl CTaJIM; MCCIEAOBATh BIUSHUE
XJIOPUJ-UOHOB HA KOPPO3HIO CTAJIH.

Onvim Ne 1. B3aumooeiicmeue yuHKa ¢ CEPHOI KUCIOMOIL 6 omcymcmeue u
6 npucymcmeuu meou
3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore

1. TIpodecTh TEOPETUUECKOE BBEICHUE U MTOPSIIOK BHITOJIHEHHS paOOTHI.

2. ObopMHuTh  TPOEKT OTYETa MO  OMBITY  JlabopaTtopHOl  pabOTHI
(cM. TIprITOKEHHE 2).

3. OneHnuTh BO3MOXXHOCTH B3aWMOJCHCTBUS IIMHKA C pa30aBICHHOW CEpHOMN
KHCJIOTOM, BOCIOJB30BABIIUCH MPHU ATOM PSIOM CTAaHIAPTHBIX SJEKTPOIHBIX
noteHimanoB MerauioB (PCOII).

4. Hamucare ypaBHEHHE B3aMMOJCHCTBUSA IIMHKA C pPa30aBICHHOW CEpHOU
KHCJIOTON; 0()OPMUTH PEAKIINIO KaK OKHCIUTEIHLHO-BOCCTAHOBUTEIBHYIO.

5. CocTaBUTh CXEMYy OJJIEKTPOXUMHYECKONH KOHTAKTHOM KOPPO3WMM IIMHKA B
CONPUKOCHOBEHUH C MEAbl0 B  KHUCIOW  (JCKTPONPOBOIHON)  cpee
(CM. TEOPETUYECKYIO YaCTh); JIJIsI 3TOTO ONPEISTUTh:

- KaKOW M3 METAJUIOB B TaJbBaHOIAPE «MEIb-IIUHK» OYNeT SBISITHCA KaTOIHOU
30HOM, a Kakoi — aHOIHOM (Bocmosb3oBarhesi PCOII);

- KakWe 4YacTHIIbl B 3TOM Ciy4yae OyayT BBICTyHaTh B POJIM JEMOJISIpU3aTOpa,
€CIIM y4€CTh, YTO Cpefia KuUcasl.
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6. C MOBEpXHOCTH KAaKOTO MeTayyia OymeT BBIACIATHCS BOIOPOA A0 M TOCHE
CONIPUKOCHOBEHUSI MEIM M IIMHKA (0Tpa3uTh B 1. «Habmonenus»). [louemy?

/. Hamucarh ypaBHEHHS MPOILIECCOB, OMHUCHIBAIOIIMX paccMaTpUBAEMBbIN Clydai
KOppOo3uH (MPOIEeCChl Ha KaTOAHOW M aHOJTHOM 30HaX).

8. OneHnTh BO3MOXHOCTH OKCIUTyaTallill KOHCTPYKITMU, BBITIOJIHEHHBIX W3
Pa3HOPOJIHBIX METAJUIOB B KOPPO3MOHHO-ArPECCUBHBIX CPEAAX; OTPA3UTh 3TO B
BBIBOJIE K OTIBITY.

ITopsaaoK BBINOJHEHUS PadOTHI

[ToMecTuTh B MPpOOUPKY KyCOUEK I'PaHYTMPOBAHHOTO ITMHKA M BHECTH 5 Karielb
pacTBOpa CEpHOU KUCIIOTHI.

HaOmronaTh B3auMoAeHCTBUE [IUHKA ¢ KHcaoTol. HaOmronaeTcs 1M BBLOEICHUE
BOJIOpOIA?
B3sTh MeaHYIO TPOBOJIOKY U KOCHYTHCSI KyCOUKa IIMHKA B POOUPKE.

Habmntonars n3MeHeHne MHTEHCUBHOCTH BBIJICJICHUS] BOJIOPO/IA.

[lIo pesympraram MNPOBEACHHOIO OMNbITA 3alOJHUTH IYHKTHI  OTYETa
«HaOmronenns» u «BeIiBOIY.

Onvim Ne 2. Koppo3usa ouunHKo8aAHHO020 U JIYHCEHO20 Jcene3a
3aganue v 3Tansl padoTbl
IoaroroBka Kk J1adoparopHoi padore
1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MOPSIIOK BBIOJIHEHHS paOOTHI.

N

OdopMHTE TPOEKT OTYETA IO OTBITY JIAOOPATOPHOU pabOoTHI (CM. TIPHIIOKEHHE 2).
3. CocTaBuUTh CXeMy TPOLECCOB MPOTEKAIOIIUX MPHU EKTPOXUMHUUECKON
KOPPO3HHU OLIMHKOBAHHOTO U JY>KEHOTO JKeJie3a B KUCIIOH (AIIEKTPOIPOBOIHOM)
cpelie; Uil 3TOTO ONPENEIIUTh:
- Kakoil M3 METAJUIOB B TajbBaHONAPAX <GKEIE30-IIUHK» M <GKEJIE30-0JI0BO»
Oyzer SBISTHCS KAaTOAHOM 30HOM, a KakoW — aHOJHOM (BOCIOJIB30BAThCS
PCOII);
- KaK1e 4acTHUIlbl OyAyT BBICTYNATh B POJIM JAEMOJIAPU3ATOPA, €CIIU YUECTh, UTO
cpela KHcasl.

4. Hammucarp ypaBHEHHUs MPOLECCOB, ONUCBHIBAIOLIMX PAacCMATPUBAEMBIE CIIy4Yau
KOppOo3uH (MPOIIECChl Ha KaTOJHOM M aHOTHOM 30HaX).

5. MoHbl Kkakux MeTaisioB OymyT MOSBISTHCS B pacTBOpax IMEpPBOMl M BTOPOM
OpoOMpOK B pe3ylbrareé  KOPPO3MOHHOTO  paspylieHus  (aHOZHOTO
PacTBOpPEHHUS).

6. Hanucares ypaBHeHue B3aumojeiicTBusi rekcarpanodeppara (I1)  xamms

Ks[Fe(CN)s] ¢ xarmonamu kenme3a Fep:, KOTOpbIe 00pa3yroTCs BO BTOPOif

mpoOWpKe, y4YWTHIBas, 4YTO Mpu dToM obOpasyercs rekcammanodeppar (III)

xenesa (IT).
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7. Onpenenuth, K KAKOMY TUITy OTHOCSATCS [IMHKOBOE U OJIOBSIHHOE MOKPBITHUS T10
OTHOUIEHUIO K >KeJe3y (KaToJIHOE WIIM aHOIHOE): OTPA3UTh 3TO B BHIBOJIE.
8. OuenHurs, MCIIOJIb30BAHUE KaKoTo TUMAa  TOKPBITUM SIBIISICTCS
PENOYTUTEIBHBIM (OTPa3UTh B BBIBOJIE).
ITopsaaoK BBINOJHEHUS PadOTHI
B3sate ngBe mpobupku. Iloigoxkuth B TepByl0O NPOOUPKY  Kycodek
IPaHyJIMPOBAHHOTO IMHKA, BO BTOPYIO — KYCOUYEK OJIOBaA.
B o00e npobupku m00aBUTH MO 5 Kamelb pacTBOpa CEPHOW KUCIOTHI U IO
2 karu pactBopa rexcarpanodeppara (I1I) xkamus Ks[Fe(CN)g]. I'ekcanmanodeppar
(III) kanus ABISETCA Ka4eCTBEHHBIM PEaKTUBOM JUIS OIpeeleHns KaTuoHa Fe?', ¢
KOTOPBIM OH JIa€T CUHEE OKpallliBaHUE.
JIBe >kene3HbIe MPOBOJIOYKH 3a4MCTHTh HAXIAYHOW OymMaroid W MOMECTUTH B
MpOOUPKU TaKMM 00pa3oM, YTOObI OHHU HAXOAMJIMCh B KOHTAKTE C IUHKOM H OJIOBOM.
HabGnronats n13MeHEeHne OKpacku pacTBOpa B OTHOM U3 MPOOUPOK.
[lo pe3ynbraTaM MPOBEICHHOIO OMNbITA 3AMOJHUTH MYHKTBl  OTYETa
«HaOmronenns» u «BeIiBOIY.

Onvim Ne 3. Bhusanue xnop-uona Ha KoOppo3uio aiiOMuHus
3aganue v 3Tansl padoTbl
IMoaroroBka Kk 1adoparopHoi padorte
1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MOPSIIOK BBIOJIHEHHS paOOTHI.

N

OdopMHTE TPOEKT OTYETA IO OTBITY JIAOOPATOPHOU pabOoTHI (CM. TIPHIIOKEHHE 2).
3. OueHuTh TEOPETUUECKYI0 BO3MOKHOCTh B3aUMOJICCTBUS A TIOMUHUS C COISIMU
Menu (Bocronb3oBarbest PCOI).
4. Tlouemy, HECMOTpS Ha BBICOKYIO XUMHUYECKYIO AKTMBHOCTH AQJIIOMUHHUSI B
nepBoi npodupke (¢ cyabdaroM Meau) MPaKTUISCKH HE MMPOUCXOIUT HUKAKUX
W3MEHECHUM.
5. Hammcare ypaBHEHHE B3aUMOACHCTBHS aIOMUHUSA C XJIOPUAOM MEH;
0(OPMUTH PEAKIIHNIO, KAK OKUCIUTEIBHO-BOCCTAHOBUTEIIHHYIO.
6. Kak mnpucyrcTByromue BO BTOPOM NPOOMPKE XJIOPUA-HOHBI BIMSIOT Ha
MPOTEKAIOMINI Tpoliecc (0Tpa3uTh B BHIBOJIE).
7. YUto OyneT BBIACIIATHCS Ha MOBEPXHOCTH AIFOMHHUS BO BTOPOU MpoOUpKe.
Iopsiaok BHINOJTHEHUS] PA0OTHI
B nBe mpoOupku MOMECTHUTH 110 KyCOUYKY aIFOMUHUS U JJOOABUTH B OJTHY M3 HUX
5 kamens pactBopa cyiabdara menu (II), a B npyryro — 5 karenb pacTBopa XJopuaa
meau (II). HaGmonats u3meHeHus.

[To pe3ymnbraTaM MPOBEIEHHOTO OIBITA 3AMOJTHUTH MTYHKTHI OTYETA
«HaoOmronenns» n «BeIBOIY.
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Jlaboparopnasi padora Ne 12. DjieKTp0JIN3 BOAHBIX PACTBOPOB COJICH
Heab padorsl: GopMUpoBaHNE YMEHUN U HABBIKOB B UCCIIEIOBAaHUU
IPOLECCOB, MPOTEKAOIUX HA KAaTO/IE€ U aHOAE IIPH JIEKTPOJIN3€E BOAHBIX PACTBOPOB
Pa3IMYHBIX THUIIOB COJIEH.

Onvim Ne 1. dnekmponu3 pacmeopa Xnopuoa Hampus ¢ UHEPMHBLIM AHOOOM
3agaHue ¥ dTanbl padoThl

IHoaroroBka k 1abopaTopHoii padore

[IpouecTh TeOpeTUYECKOE BBECHUE U TIOPSIOK BHITIOJHEHUS PAaOOTHI.

OdopMHTE TPOCKT OTYETA IO OIBITY JIAOOPATOPHOU pabOTHI (CM. MPHIIOKEHHE 2).

Hanucates ypaBHEeHHE 271€KTpoau3a BogHoro pactopa NaCl.

> wnh e

Brinenenrne kakux Ta30B € MOBEPXHOCTH JJIEKTPOMOB OymeT HaOMomaTbes B
MPOLIECCE HEKTPOJIN3A.
5. Kaxkoii xapakrep cpenbl (pH) mmeer pactBop NaCl? Kak wm3menwmtcs pH
pacTBopa B MPUKATOAHOM MPOCTPAHCTBE MOCTE AIIEKTPOIn3a?
6. Kak u3menutTcs okpacka (eHondTarenHa B TPUKATOAHOM W TMPUAHOTHOM
IPOCTPaHCTBAX?
Iopsiaok BHINOJTHEHUS] PA0OTHI
PacTtBop xnopuna Harpus HauTh B U-00pa3Hyto TpyOKY JIEKTPOIU3Epa TAKUM
o0pa3om, uToOBI TOMEIIEHHBIE B HEE DJIEKTPO/IbI OBLTH MTOTPYKEHBI B pacTBOp Ha 1/3.
[Torpy3uTh TpauTOBBIC SIEKTPOABI B PACTBOP W TOIKIIOYUTH WX K CETH
(BHENTHEMY MCTOYHHUKY DIICKTPUUECKOTO TOKA).
HaGnronath BeIzieTIeHHE Ta3a C TOBEPXHOCTH JIEKTPOIOB.
Uepes 1-1,5 MUH OTKITFOUUTD 3IEKTPOIU3EP OT CETH, U3BIICUYb JIEKTPOIBI.
B xaxxnoe xoneno U-o6pa3noii TpyOku n06aButh 1o 1 karme dpenondranenna.
[lo pe3ynbraTaM TPOBENCHHOTO OMbBITA 3aMOJHUTH IMYHKTHl  OTYETa
«HabOnroneuuss» u « BeiBom».

Onvim Ne 2. dnexkmponu3z pacmeopa cyivhama Hampus ¢ UHEPMHBIM AHOOOM

Iopsiaok BHINOJTHEHUS] PA0OTHI

PactBop cynbdara narpus Hamuth B U-00pasHyro TpyOKy dIIeKTpoim3epa
TaKuM 00pa3oM, 4TOObI IOMEIICHHBIC B HEE AJIEKTPOJIbI ObLIN MOTPY>KEHBI B PACTBOP
Ha 1/3. [lorpy3uth rpaduTOBBIC DIEKTPOJALI B PACTBOP U TMOAKIIOUNTH MX K CETU
(BHEIIHEMY MCTOYHMKY D3JEKTpUYecKoro Toka). HabOmiomarh BblIeNneHue rasza ¢
MOBEPXHOCTH 3JICKTpoAoB. Uepe3 1-1,5 MHH OTKIIFOYUTH IJIEKTPOIM3EP OT CETH,
U3BJICYb JIEKTPOJbl. B kaxxnoe koneno U-oOpas3Hoit TpyOku 106aBUTH Mo 3—4 Kariu
JaKMyca.

I[To pe3ymnbraTaM MPOBEIEHHOTO OIBITA 3AMOJTHUTH MYHKTHI OTYETA
«HaoOmronenns» n «BeIBOIY.
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Onoim Ne 3. Jnekmponu3 pacmeopa cyibpama meou ¢ UHEPMHBIM U
Pacmeopumvim anooamu
3aganue u 3Tanbl padoThI
IHoaroroBka k 1abopaTopHoii padore
[IpouecTs TeOpeTHUECKOE BBEACHUE U TIOPSIOK BBITIOJTHEHUS PaOOTHI.
OdopMHUTh TIPOSKT OTYETA IT0 OMBITY JA0OPATOPHOI PabOTHI (CM. IPHIIOKEHHE 2).
Hamucats ypaBHEHHE 371€KTpOau3a BOAHOTO pacTBopa NaySOa.

HwbheE

Boinenenrie kakux Ta3oB € MOBEPXHOCTH DJIEKTPONIOB OyneT HabiIomarbes B
poliecce IEKTPOIU3A.
5. Kakoit xapakrep cpenst (pH) umeer pactBop NapSO,? Kak umsmenutcs pH
pacTBOpa B MPUKATOJHOM M IMPUAHOIHOM MPOCTPAHCTBAX MOCIIE AMEKTPOIn3a’?
6. Kak w3MeHUTCS OKpacka JlakMyca B TPUKATOAHOM W MPHUAHOTHOM

IIPOCTPAHCTBAxX?

ITopsoK BbINOJIHEHUS PadOTHI

PactBop cynbsdara menu HamuTh B U-00pa3Hyto TpyOKy 3JEKTpOIM3epa TaKUM
00pa3oM, 4TOOBI MOMEIIICHHBIC B HEE IEKTPOIbI ObLIN IMOTPYKEHBI B pacTBOp Ha 1/3.

[Torpy3uTh rpaduTOBBIE SJIEKTPOABI B PACTBOP M TMOJKIIOYUTH UX K CETH
(BHEILIHEMY UCTOYHUKY AJICKTPUUYECKOTO TOKA).

HaGmionate BbIAENIEHHE Ta3a C TOBEPXHOCTH OJHOTO M3 BJIEKTPOIOB,
oOpa3oBaHue HaJeTa MEIM Ha JPYrOM JIEKTPOJIE.

UYepes 1-1,5 MUH OTKIIFOYUTH DIIEKTPOJU3EP OT CETH, NOMEHATH DIIEKTPOJIbI
MecTaMH (7151 TOTO BUWIKY TOBEpHYTh Ha 180° 1 BHOBBH BCTaBUThH B PO3ETKY). Temnephb
AIIEKTPOJI, MOKPBIBIIUIICS MEbIO, CTAHET aHO/IOM (HaOJII0MaeM cirydail dJIeKTposin3a C
PacTBOPUMBIM aHOAOM).

HaGnronats n3MeHeHUs Ha TOBEPXHOCTAX JEKTPOJIOB.

[To pesynbraram TPOBEACHHOTO OMbBITA 3allOJHUTh MYHKThI — OTYETa
«HabOnroneuuss» n « BeiBom».

JlaGoparopHasi padora Ne 13. DiieKTpOXMMHUYECKOE HAHECEHHE METAJNIHYEeCKHX
NOKPBITHH

Hear pabGorsbl: (dopMupoBaHWE yMEHWH ¥  HaBBIKOB  HAHECCHHUS
METAJUIMYECKOTO MOKPBITUS HA CTAJIBHYI0 OCHOBY TaJIbBAHUYECKHUM METOJIOM
3aganue u 3Tanbl padoThI
IoaroroBka Kk JJadoparopHoi padore
1. ITpouecTh TEOPETUUECKOE BBEJCHUE U MOPSAIOK BBHIOTHEHUS PAOOTHI.

N

OdopMuUTB MPOESKT OTYETA TI0 OTIBITY JTA0OPATOPHOM PAOOTHI (CM. IPUIIOKEHHE 2).
3. Hamucarp ypaBHEHHS MPOIECCOB, MPOTEKAIOLIUX MPH IEKTPOIIU3E Ha
AIIEKTPOJAX.
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4. PaccuuTaTh CHITy TOKa JJIsl DJIEKTPOJI3a
S-D
=,

rae | —cuna Toka mpu dnekTpoause, A; S — IIONaabh MOBEPXHOCTH TJIACTHHBI
(xarona), cM?; D — IIIOTHOCTB TOKA IPH SIEKTpoIm3e, A/ M2,

ITopsaaoK BbINOJIHEHUS PadOTHI

O06paboTKa MOBEPXHOCTH KaToaa

3a4MCTUTh CTAIBHYIO IUIACTUHKY HakaadyHoW Oymaroi. IIpoMbITh mpoTOUHOM
BOJIOM M XOPOLIO MPOCYMIUTL. M3MepUTh MIIOIA b MOBEPXHOCTH MmuacTHHbI (S, cM?).
B3BecuTh miacTuHy Ha 3JIEKTPOHHBIX Becax (my, T).

HemocpenctBeHHO Tpe MOTPY)KCHHEM IUIACTHHBI B AJIEKTPOJMTHYECKYIO
BaHHY 00€3KUPUTH €€ CITUPTOM (TIOCIIC 0OC3KUPUBAHUS CTAPATHCS HE MPUKACATHCS K
MMOBEPXHOCTH TIJIACTHHBI).

[ToaroTroBneHHY!0 IUTACTUHKY TIOTPY3UTh B BaHHY U COCIUHUTH C
OTPUIIATEIHHBIM MOJIFOCOM BHEIIIHETO NCTOYHUKA TOKA.

Bxmounts Tok Ha 10 muH. IlnotHocts Toka (D, A/nm?) mis mporecca:
MEIHEHUS — 5; IUHKOBAHUS — 2; HUKETUPOBaHUs — 1 (CM. pacueT TUIOTHOCTH TOKA).

HaGmronate TOSIBIICHWE TOHKOTO CJIOS MeTajyla Ha ITOBEPXHOCTH KaTojaa
(ctrampHOM TIIAacTUHBI). [lo WCTEYCHWMM BPEMEHH DJIEKTPOJN3a BBIKIIOUYUTH TOK,
BBIHYTh KaTOJ M3 BaHHBI, POMBITH €T0 M XOPOIIO MPOCYIIUTh. B3BeCUTh TIaCTHHY
Ha AJICKTPOHHBIX Becax (my, T).

3anuch JaHHBIX ONBITA U PacyYeThl

[To pe3ynbraTaM MPOBEIEHHOTO OIBITA OMPEACTUTH TONIIUHY MOTYYEHHOTO
MOKPBITUS U BBIXOJI METAJIJIa IO TOKY.

PacueT TonmuHBI TOKPHITHS

(m, —my) - 10
= PG

rac H - TOJIIHWHA IIOKPBITHUS, MM; M; MU My — MaccCa IUIACTHUHBI A0 U IIOCIC

)

OCaKJIEHHs TIOKPBITHS, T; p — INIOTHOCTh OCAKIEHHOro MeTasa, r/cm® (Menp — 8,94;
HUKeTb — 8,9; nuHK — 7,13); S — mionaas NOBEPXHOCTH NOKPHITHS, CM2.
Pacuer BbIXOAA 110 TOKY:

Mypakr * 100
n= ,
mTeop

IZI€ N — BBIXOJ MO TOKY; Mppaxr — MACCa MPAKTUUECKAsT OCAXKIECHHOIO METAJIA,

I'; Myeop — MaCCA TCOPCTUUCCKAA OCAKACHHOI'O MCTAJLJIA, I.
TeopeTI/IquKaﬂ Macca OCaXKIACHHOT'O METaJlj1ia PaCCUHUTBIBACTCA C
HCIIOJIB30BAHUEM 3aKOHaA CDapa,ueﬂ:
-1t
Meyeop = T
3arnoJHATh ITYHKTEI OTUCTAa ((Ha6JIIOI[€HI/I}I» n ((BBIBOI[».
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3aganus I CAMOCTOSITEJIbHOM PadoThI

1. Ckrenanbsl JBa MeTajula. YKaXUTe, KAKOW W3 METAUIOB TOABEPracTCs
kopposuu: a) Mn—Al; 6) Sn—Bi.

2. Kakre W3 HWKENEPEUUCIICHHBIX METAJUIOB BBIMOJIHSIOT JUJI CBHHIIA POJIb
aHogHoro mokpeitust: Pt, Al, Cu, Hg ?

3. Kakue u3 HUKEMEePEUNCIICHHBIX METa/UIOB BBITIOJMHSIOT JIS CBHHIIA POJIb
KaTtoaHOTO MOKphITHs: Ti, Mn, Ag, Cr ?

4. YxaxuTe MPOJYKT KOppo3uu mpu koHTakTe Zn — Ni B HEHTpaabHOM cpejie.

5. VkaxuTe npoaykT koppo3uu mpu koutakte Zn — Ni B kucioi cpene (HCI).

6. IlpuBemuTe TpUMEpPHl METAUIOB, KOTOPHIE MOXKHO IOJIYYHUTH DIICKTPOIU3OM
pacTBOPOB UX COJIEH.

7. Y CcTaHOBHUTE IOCIICAOBATEIBPHOCTh BOCCTAHOBIICHHS METAJIOB W3 paciliaBa
cmecu: AlCls, CuCl,, FeCl,, CdCl,.

8. PaccumraiiTe MUHUMAJIbHOE HANPSIKCHHE Pa3jIOKEHHUS, KOTOPOE HEOOXOIHMO
NPUJIOKUTH K OJCKTpoIaM JUIsl Hadaja »3JICKTpoJiM3a paciijiaBa XJIopuia
ATFOMHUHUSL.

9. I'a3000pa3HBIMH TIPOTYKTAMH DIIEKTPOJIN3a KAKWUX COJIEH SIBISIOTCS TOJIBKO
XJIOp U BOIOpOA?

10.OnexkTponu3 pacTBOpa KaKOW CONMM TPUBOAWT K YBEIUMYCHHIO ©¢ KOH-
nentpanuu B pactBope: FeCls, NaNOs, Cu(NOs)2, NaCl?

Tema 1.8. O01Me cBolicTBA METALJIOB

JlabGoparopHasi padora Ne 14, O01ue cBOMCTBAa METAJJIOB

Heas pabGorbl: (opmMupoBaHHE YMEHHI ¥ HAaBBIKOB B HCCIEIOBAHUH
XUMUYECKUX CBOMCTB METAJJIOB PAa3IMYHON aKTUBHOCTH; MCCIIEI0BATH 0COOCHHOCTU
B3aUMO/ICVCTBHS METAJIOB C OKUCIISFOIIUMH U HEOKUCIISFOIUMU KUCJIOTAMMU.

Onvim Ne 1. Cpasnenue 60ccmano8uUmenbHulx C0UCME Memasnog
3amanue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. TlpodecTh TEOPETUUECKOE BBEICHHUE U TTOPSIIOK BBHIIOJTHEHHS paOOTHI.

2. OdopMuTh MPOEKT OTUETA TIO JTAOOpATOPHOU padoTe (CM. MpUIIoKEHUE 2).

3. OneHuTh BOBMOXHOCTh B3aUMOJICUCTBUS MarHusl, JKeJe3a U MEIH C
paz0aBiIeHHOM CONsTHOM KUCI0TOU. OOBSICHUTH, MOYEMY MEIb HE
B3aUMOJICUCTBYET C COJITHOW KUCJIOTOM.
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4. CocTaBuUTh ypaBHEHHS IPOTEKAIOIIUX PEAKIIMI MEKy METAJUIaMU U COJISTHOM
KHUCJIOTOM.

IlopsaoK BBINOJTHEHUs] padOThI

B derblpe npoOupku MOMECTUTH NO &8 Kamelb pa30aBICHHOW COJISTHON
KHCJIOTBI.

B mnepByro mpoOHMpKy BHECTM KYCOYEK MarHus, BO BTOPYK — JKelesa,
B TPETHIO — ME/IM, B UETBEPTYIO — LIMHKA.

B otuére onucars HaOmOACHMS.

B BbIBOIIE yKa3aTb, COOTBETCTBYIOT JIM OOHAapy)KEHHBIE B OIBITE CBOMCTBA
U3YyYECHHBIX METAJUIOB UX MOJIOXKEHUIO B PALY HAIIPSIKCHUU.

Oneiem Ne 2.  Bzaumooeiicmeue ocenesa ¢  pa3daeneHHou u
KOHUEHMPUPOBAHHOU CONAHOU KUCIOMOU
3aganue u 3Tansl padoThl
IHoaroroBka Kk J1adoparopHoii padore
1. ITpouecTh TEOPETUUECKOE BBEJCHUE U MOPSIOK BBHITOITHEHUS PAOOTHI.
OdopMHUTh TPOEKT OTYETA MO JIAOOPATOPHOU paboTe (CM. MpUiIoKeHue 2).
3. OueHuTh BO3MOXHOCTH B3aUMOJICUCTBHS JKelie3a C pa30aBICHHOW U
KOHLIEHTPUPOBAHHOU COJITHOM KUCJIOTOM.

no

4. CocTaBUTh ypaBHEHUS JBYX BO3MOXKHBIX PEAKIIHMH jKeJie3a ¢ CONISTHOM KUCIOTOU
U OOBACHUTH, Kakas M3 HUX Oojee BEpPOATHA, U KAaK BIUSAET YyBEIUUYCHUE
xonmneHnTparuu HCl Ha €€ npoTekanue.

Iopsok BbINOJTHEHUS] PA0OTHI

B nBe npobupku BHecTtr mo 810 kamens pa30aBICHHON COJITHOW KHUCIIOTHI H
[0 OJTHOMY MHKPOUINATEII0 MOPOLIKOOOPA3HOTO Kelle3a.

J17is yCKOpEeHUs peakiinu MpOOUPKHU ClIeTKa MOJOTPETh.

3areM B MepBOi POOUPKE MPOBECTH KAUYSCTBEHHYHO peaKIuio Ha HOHBI xkere3a (I1):

FeCl, + Ks[Fe(CN)s] = KFe[Fe(CN)s]| + 2KCI, a BO BTOpoii — Ha HOHBI
xenesa (III):

FeCl; + 3NH4,SCN = Fe(SCN);3 + 3NH,CI.

[Ipy HanuuuM B NEpBOM NpoOUpKe HOHOB Fe%*

o0Opa3yeTcsi TeMHO-CUHUN
0CaJoK TypHOYICBOM CHHHM, a BO BTOPOI IPOOMpKE NpPH HAIMYMU MOHOB Fe3" —
KpOBaBO-KpacHbId pacTBOp poJaHuJa TPEXBAJIEHTHOTO Keje3a (Mpu  Majou
KOHIIeHTpauuy noHoB Fe®* nabmonaercs cnaboe okpammBaHue pacTBopa).

3areM ONBIT MOBTOPUTH OT HAaYasa JI0 KOHIIA, 3aMEHUB Pa30aBIeHHYIO COJISHYIO
KHCJIOTY Ha KOHLIEHTPUPOBAHHYIO.

ITo pe3ynbraTam ombiTa 3amoOMHUTE MYHKT «HaOmronenus» u « BeiBogb».
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Oneim Ne 3. Ilaccueayus oscene3a 6 KOHUECHMPUPOBAHHOU CEPHOU U
A30MHOI KUC10max
3aganue u 3Tanbl padoThI

IoaroroBka k 1abopaTopHoii padore
1. IIpoyecTh TEOPETUUYECKOE BBEICHUE U MOPSAIOK BHIMOITHEHUS PaOOTHI.
OdopMuTh MPOEKT OTYETA IO JTa0OPaTOPHOU paboTe (CM. MIPHUIIOKEHHE 2).

N

3. UTo mpoUCXOIUT C JKEIE3HON TIIACTHHKON MOCJIE MOTPYKCHHSI €€ B paCTBOP
KOHIEHTPUPOBAHHOW KUCIOTHI?
4. Hanucatps ypaBHEHHE peakiuu xkejesa ¢ cyiabdarom menu (II).
IHopsinok BeIMOTHEHHSI PadOThI
Tpu sxene3Hble TJIACTUHKA OYMCTUTH HaXJAa4yHOM OyMaroid, mpoTpaBUTh B
KOHIEHTPUPOBAHHOM  COJSIHOM  KUCIIOT€, IPOMBITH  BOJOW UM OCYIIHUTh
¢unsTpoBanbHOM Oymarod. OJIHY IJIACTUHKY TMOrPY3UTh B HPOOUPKY C KOH-
LIEHTPUPOBAHHOW a30THOM, a APYIyl0 — C KOHIEHTPUPOBAHHOW CEPHOW KUCIOTOM Ha
1-2 mMuH; TpeThIO TIACTUHKY HE MaCCUBUPOBATH.
3areM Bce IUIACTUHKH MOTPY3UTh B pacTBOp cyibdara meau (11).
Onucarp HaOIOACHUS.
OOBSICHUTPH PA3TMYHOE OTHOIICHUE TJIACTUHOK K pacTBopy CuSQOy.
B BwIBoze cdopmynupoBarh BIHMSHHE OOpaOOTKM B KOHIEHTPUPOBAHHBIX
AQ30THOM M CEPHOM KHUCJIOTaX Ha BOCCTAHOBUTEJIBHBIE CBOMCTBA KEJNE3a M yKas3aTh
MPaAKTUYECKOE 3HAYECHUE ITOTO SIBJICHUSI.

3amaHus I CaMOCTOSITEIbHOM PadoThI
1. Kakue Meraiuibl, U3 MPEIIOKEHHBIX B MEPEUYHE, B3aUMOJCUCTBYIOT C BOAOW MPHU
o0p1uHbIX yeaoBusax: Ni, Na, Mg, Fe, Cu, Ca?
2. TlokaxuTe ¢ TMOMOIIBIO YPAaBHEHUN PEAKIMM MEXAaHU3M B3aUMOACHUCTBUSA
AJTIOMUHHS C PACTBOPOM IWIEJIOYU, YUMTHIBAA, YTO €ro IMOBEPXHOCTh MOKpPHITA
OKCHUJTHOM TJIEHKOMH.
3. Hanummre HECKONBKO YpaBHEHUW B3aWMMOJCHCTBUS LIMHKA C A30THOM KHCJIOTOM.
[Iporekanne kakoil peaknuu HaubOOJee BEPOSTHO TPH CTAHAAPTHBIX YCIOBHIX?
VYpaBHANTE €€ METOAOM ITOITYPEAKIIUH.
4. Haubosnee CUIBHBIM OKUCTSIONIUM BO3JIEHCTBHEM 00JIaZ]aeT CMECh JIByX KHCIIOT —
a30THOM M (ropoBomopoaHOl. Hamuiiure ypaBHEHHE peakIuu B3aUMOJCHCTBUS
BOJIb(Ppama ¢ 3TOM CMECHIO.
5. IlpuBeaute (OpPMYNBI COEIUMHEHU, UMEIOIIMX Ha3BaHUA: TypHOY/IeBa CHHb,
OepnuHCKas Ja3ypb, poaanu sxenesa (I11).
6. Kakoe siBneHre Ha3pIBaeTCs maccuBalvei Meraua’?
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Tema 1.10. XumMnuyeckue MeToAbI AaHAJINU3A

Teopemuueckuii Mmamepuann, HeoOXo0umblii ons 6bINOJIHEHUSA
aadoopamopnoil pabomol

XKecTkocTh BOIBI OOYCIIOBIIEHA CONEPKAaHHUEM B HEH PACTBOPHUMBIX COJICH
KaJblMs, MarHus, >keJie3a: HUTPaToB, XJIOPUIOB, THAPOKapOoOHATOB U Jp. Paznuyator
KECTKOCTh BpPEMEHHYIO U TMOCTOSHHYIO. BpemeHHass 3>KeCTKOCTh OO0yCJIOBIICHA
cogepkanueM  rumgpokapobonatoB:  Ca(HCOs3);,  Mg(HCOs),,  Fe(HCOs),,
MTOCTOSTHHAS — COZIEP KaHUEM XJIOPHUJIOB, HUTPATOB, Cylib(aroB aTux MetaiwioB: CaCly,
MgCl;, Ca(NOs); n ap. CymMMa TOCTOSSHHOW W BPEMEHHOMW YKECTKOCTH COCTaBJISCT
0OII1YIO )KE€CTKOCTb:

Kobur. = XKnoct. + XKspem.

JKeCcTKOCTE BOZIBI OLIEHMBAETCS YUCIOM MUILIMMOJIb-3KBUBAICHTOB HOHOB Ca®*
1 Mg?*, comepKamuxcs B OJHOM JIATPE BOAbL EIMHUIA jKeCTKOCTH — MMOJIB/I. Jljis
OTpEJICICHUs] YUCJICHHOTO 3HAUYEHHUS OJHOTO MMOJIb HMOHOB KaJllbllUd W MarHus
UCIIOJIB3YIOTCSI COOTHOIIEHUS:

Mbk(Ca?*) = Ar(Ca)/B = 40,08/2 = 20,04 1/M015,

Mbsk(Mg?*) = Ar(Mg)/B = 24,31/2 = 12,15 r/mons,

rne B — crexmomeTrpruueckas BaJICHTHOCTh KajbITUS M MarHus, paBHAsl JIBYM.
U3 5TUX COOTHOLIEHHUII CIIEAyeT, YTO OAMH MUIIMMOIE Ca?" IpUOIM3UTENEHO PaBeH
20 MTr HOHOB KaJbIHA, a OJUH MHAJIINMOJIb Mg2+ — 12 Mr MOHOB MarHus

XKectkas Boma HeEmpuUrogHa i MHOTUX TEXHUYECKHUX IIeJIe, MO3TOMY
CHUKCHHE >KECTKOCTH (YMSATYEHHUE BOJIbI) SIBISICTCA BaXKHOW 3ajaueil. JTa 3amava
pemaercss B TEXHUKE Tpemsi crocodamu: (DU3NUYECKUM, XUMUUYECKUM U (PU3UKO-
xumMudeckuM. CyIIHOCTh 3THX METOJOB 3aKJI0YaeTCs B YAAICHUH U3 BOJbI KATHOHOB
METaJLJIOB.

duznueckuii cnocod OCHOBaH Ha TEPMUYECKOM Pa3NIOKEHUHU COJICH:

Ca(HCOg3), = CaCO3] + CO,+ H,0,

Mg(HCO3), = MgCO3| + CO,+ H,0,

Fe(HC03)2 = FeCO3l + CO»+ H,0.

Takum 06pa3oM, Iocie BBINAAEHUS 0CaNKoB coaepxkanue noHos Cat, Mg?,
Fe?" B Bojie yMeHbIIaeTca. JDTOT CHOCO0 IIPUTOIEH JIMIIb /IS yCTPAHEHHs] BDEMEHHOM
KECTKOCTH BOJIbI, TaK KaK CyiIb(haTbl, HUTPAThl M XJOPHUIBI 3TUX METAJUIOB TIPU
HArpEBaHWM W KWIIYCHUH BOJBI OCTAIOTCA B pacTBOpe. B MPOMBINIIEHHBIX
MacmTabax S3TOT METOJ MpPUMEHSETCS B TeX CiydasX, KOrha Boja JOJhKHA
MOJIOTPEBATHCS, COTJIACHO TEXHOJIOTHH, B IPYTUX armaparax.

XUMHUECKUH CIIOCOO OCHOBAH Ha YJIaJICHUU U3 BOJBI MOHOB KaJIbIIMSI, MarHMUSI,
Keje3a 3a CYeT NepeBojla MX B MAaJoOpacTBOPUMBIE COEIWHEHHMs: KapOOHATHI,
TUAPOKCU]IBI, TETpabopaThl U Jp. I 3TOTO K KECTKOM BoJie 1OOABIISIOT peareHThl —
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ocaautenn. OOblMHO  JOOABISAIOT  TalleHYId  W3BeCTb. B pesynbrare
AIIEKTPOTUTHUECKON JUCCOLMAIINN U3BECTH:

Ca(OH), = Ca?* + 20H-

Bo3pactaeT pH Boabl, yTo B coorBeTcTBUU ¢ npunnunom Jle lllarense npuBoaut x
CMEILIEHUIO PABHOBECHS PEAKIIUU:

OH + HCO; =CO0O; -+ H,O
B CTOpPOHY oOpa3oBaHUs KapOOHAT-MOHOB, B pe3yJbTare 4dYero JOCTHTACTCS
MIPOU3BEICHUE PACTBOPUMOCTH KapOOHATa KaJIbIIMS U OH BBINAJAET B OCAJIOK:

Ca?" + CO3;* = CaCOs3|; [TP(CaCO3) = 5-107°

Kpome Toro, mpu yBenuueHUN KOHIIEHTPALMKU TUIPOKCUA-UOHOB JOCTUTAETCS
IPOU3BEICHUE PACTBOPUMOCTH THAPOKCH/IA MATHUS, M OH TaK)K€ BBINIAJAET B 0CAJIOK:

Mg?* + 20H = Mg(OH),|; ITP(Mg(OH),) =2-107

Peakmuu, mpoTtekaronue TpU  BBEICHWM HW3BECTH, MOXKHO 3allHCcaTh
YpaBHEHUSMH B MOJICKYISIPHOM BHJIE:

Ca(HCO3), + Ca(OH), = 2CaC03| + 2H,0,

Mg(HCO3); + 2Ca(OH); = Mg(OH),] + 2CaCO3| + 2H0.

MeTto M3BECTKOBAHUSI HEMPUTOACH JUIsl CHUKEHHUS MOCTOSHHOM KECTKOCTH.
Jliist 5TUX 1eneit HeoOXOAUMO BBOJAUTH PACTBOPUMYIO COJIb, COJEPIKAILYIO0 KapOoHaT-
noHbl. OOBIYHO B BONY 00ABISIOT KapOOHAT HATpHsl, KOTOPBIM MpPU AUCCOLMALIMH
naet noubl CO3%, CBA3BIBAIONINE KATHOHBI KAIbLUs (MArHU):

Na,CO3; =2Na* +C0327; Ca** +C0327 =CaC0O3; !

B MonexyiasipHOM BHJIE ATOT CIOCO0 MOXKHO 3aIlMCaTh YPaBHEHUEM:

CaS0O, + Na,CO3 = C&COgl + Na,SO.,.

[Touemy nnsi ycTpaHeHUs MOCTOSHHOW >KECTKOCTU HE TMPOBOISAT OCAXKICHUS
cynbdaroB? CpaBHEHHE 3HAYCHUI TPOU3BEACHUS PACTBOPUMOCTHU CyJb(ara KaabIus
(6:107°) u xkap6onara kansuus (5-107%) nokaseIBaeT, 4TO CBA3BIBAHME HOHOB KaJbLM
B Bujie CaCQOj3 siBnsieTcst 60J1ee MPOYHBIM.

VYuuteiBas, uto oprodocdarsl elie MeHee paCTBOPUMBI, 4eM KapOOHaThI, OoJiee
MOJIHOTO YCTPAHEHUS KECTKOCTH MOXHO JOCTHYb C TIOMOIIBIO peareHTa-ocaauTes
oprodocdara HATPUS:

3CaS0O, + 2N&3PO4 — Ca3(PO4)2l + 3NaZSO4; HP[C&3(PO4)2] = 1‘10_29 .

XVUMHUYECKUE METOJbI CBSI3aHBI C PACXOJIOM PEareHTOB, TTO3TOMY B IMOCIEIHUE
TO/bl IIUPOKOE PACHPOCTPAHEHUE MOy (PUBHKO-XUMHUYECKUM METOA — METOJ
MOHHOTO OOMEHa.

DOu3NKO-XMMUYECKH METOI YMSTYCHHS BOJBI OCHOBAaH Ha MCIOJIb30BaHUU
MOHOOOMEHHBIX CMOJI, B KOTOPBIX MOHBI HATPHUS WM BOJIOPONA, 3aKPEIUICHHBIC Ha
TBEPI0H OJIMMEPHOU MaTPHIIE, CIIOCOOHBI 3aMEIIaThCs Ha

xatuonsl Ca?*, Mg?*, Fe?*, conepaxaiuecs B BoJe€:

Na;R + Ca?* — CaR| + 2Na* RH, + Ca** — CaR| + 2H*,
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riae R — pagukan nonmmepHo# 1enu.

Uepes KOJIOHKY, 3alOJIHCHHYIO TpaHyJlaMd HOHOOOMEHHHKA, NMPOKAYMBAIOT
KECTKYIO0 BOJy, KOTOpas, MPOXOJs CJIOW TpaHysl, OOMEHMBAET KAaTHOHBI KaJbIIUS U
MarHus Ha KaTHOHBI BOJIOPOJIA, B pe3y/IbTaTe Yero CHUXKAETCS KaK BpEeMEHHasl, TaK U
IIOCTOSIHHAS KE€CTKOCTb.

OneHKa >KECTKOCTHM BOABI M KAaTETOPUU JKECTKOCTHU MPOU3BOJUTCS, €CIU
M3BECTHBI 3HAUCHUS XOTSI ObI OTHOTO U3 HKCIIEPUMEHTAIBHBIX IAHHBIX:

1) macca comepxaiuxcsi B BOJIE€ COJIEH;

2) 00beM peakTHBa, UCIIOJIB3yeMOTO Ha TUTPOBAHUE BOJIBL;

3) KOJIMYECTBO WM Macca peareHra, HEOOXOAMMOTO JUIA YCTpaHCHUs
’KECTKOCTH.

JlabGoparopHas padora NelS. OnpenesieHue sKeCTKOCTH BOAbI

Heanb padorbl: GopMHUpOBaHNE YMEHUN W HABBIKOB B MCIIOJIB30BAaHUHM METOJA
KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHUS, OMPEACIIUTh KECTKOCTh BOJOINPOBOJIHONU U
KHUISTYEHOUN BOJIBI.

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IlIpouectb TeOpeTHUECKOE BBEJICHHUE U TTOPAIOK BBITTOJIHEHUS PAOOTHI.

2. OdopMHTE POCKT OTUYETA IO JTAOOPATOPHOI paboTe (CM. IPUIIOKEHHE 2).

IHopsigok BbIMOIHEHHS PadOThI

[IpuroroBuTh TUTPYEMYIO CMECh. JIJist 2TOTO B KOJIOY IJi1 TUTPOBAHUS HAJIUTH
100 M1 BOZIOTIPOBOIHOM BOJIbI, BOCIOJIB30BABIINCH MEPHBIM CTaKaHOM.

K Bone no6aButh 3—4 M ammuadHo-OydepHON cMecH i noaaep:kanus pH B
uHTepBaiie 9-10 u 2-3 Karmm UHANKATOPA — H3PUOXPOMA YEPHOTO.

TutpyeMyro cMech TIIATENBbHO NEpEMEIIaTh, OTMETUTh LIBET CMECH.

bropetky 3anonuuth TuTpantoM — TpuwioH b (BITA) — no HyneBoil OTMETKH
(YpoBeHbB onpeensieM Mo HUKHENW YaCTH MEHHUCKA).

[Ipuctynuth K TUTpOBaHUIO. TUTPOBATH 10 U3MEHEHHUSI OKPACKU TUTPYEMOWU
cMmecu. OTMeTUTh 00BEM pacTBOpa TUTPAHTA, U3PACXOJOBAHHOIO HA TUTPOBAHHUE.

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

Bce 10 ke camoe mMOBTOPUTH I KUIITYCHOM BOIBI. Pesynbrarsl 3aHecTH B

Tabmuiy 11.
TabOmuma 11
OO0beM TUTpaHTa, .
Cpennuit KecTkocTh
No tutpo O0BeM BoAbI MomIeAIIero Ha OGLEM BOEL
BaHUS V(H20), mn tutpoBanue V(OTA), A
. tuTpanta, mi | XK, Mmonb/n
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BononpoBogHas
100 mn

Kunsguenas 100 Mot

WINPT W DN

[To pe3ynbpraTaM TUTPOBAHHS PACCUYMTATh OOIIYIO KECTKOCTH BOJIBI:

_ N3ﬂTA : VB,[[TA : 1000

>K06114 -

)

VBO,[LLI
rine N (O/ITA) — HopManbHOCTh pacTBOpa TpuiioHa b.
Bocnonb3oBaBmucek Toi ke (PopMynol, paccuuTarh MOCTOSHHYIO KECTKOCTb
BOJIbI K noer
Onpenenuts BPEMEHHYIO KECTKOCTh BOJIBI:
>Ko61ua.ﬂ — Kuoer = >I<BpeM
[To pe3ynbraraMm TPOBEACHHOTO OMbITA 3allOJHUTh IYHKTBl OTYETa
«HaOmronennsa» u «BeIBOIY.
3aganus I CaMOCTOSTEIbHON PadoThI
1. ConeprxaHuem cojiel KakuxX METAJJIOB 00YCJIOBJICHA )KECTKOCTh BOIbI?
2. Yem oTnmyaeTcsi BpeMEHHAS KECTKOCTh OT MOCTOSTHHOM?
3. B xakux enuHUIIAX U3MEPSAETCS KECTKOCTD BOJBI?
4. TlpennoxuTe HECKOJIBKO CIIOCOO0B YMSTUECHUSI BOJIBI, COEpIKaIel THAPOKapOOHAT
u cynbdar xkenesa (I1).
5. PaccuurtaiiTe BpEMEHHYIO J>KECTKOCTh BOJBI, COJAEpXkAIIyl0 THUIAPOKapOOHAT
KaJIbLIUS, €clii Ha TuTpoBanue 50 M 3Toit Boakl u3pacxoaosano 3 mi 0,1 H. pacTBopa
COJITHOM KHCJIOTBI.

BUBUOTI'PAOMYECKHUM CIIUCOK

1. T'munka, H. JI. O0mas xumust: yue0. nocobue amns By3oB / H. JI. I'tunka; nox
pen. A. 1. EpmakoBa. — u3n 29-e.— Mocksa: Unrerpan-Ilpecc, 2001.— 728 c.

2. T'muuka, H. JI. 3agauu u ynpakHeHus Mo oOIeld XuMum: y4ued. mocooue st
By30B / H. JI. I'munka; mox pen. B. A. PabunoBuua, X. M. PyOounoit. —
Mocksa: Unaterpan-Ilpecc, 2001. — 240 c.

3. AxmeroB, H. C. OOmas u Heopranmveckas xumusi / H. C. AxmetoB. —
Mocksa: Beiciias mkona, M3a. uentp «Axagemus», 2001. — 743 c.

4. T'ypos, A. A., Xumus / A. A. I'ypos, @. 3. banaes, JI. II. OBuapenko. —
Mocksa: U3a-so MI'TY um. H.D. baymana, 2004. — 784 c.
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5. HpobGamesa, T. 1. Obmas xumus: yueonuk / T. W. JIpoGamesa. — PocTos-
Ha-/{ony: @enukc, 2004. — 448 c.

6. Kapaneresun, M. X. O6mias u HeopraHuueckass XuMus: y4del. JJisi By30B /
M. X. Kapanetssinu, C. U. pakun. — 4-e usn.,crep. — MockBa: Xumus,
2001. - 592 c.

7. Kuszes, . A. Xumus: yue6. ans By3oB / Jl. A. Kuaszes, C. H. Cmapbirus. —
Mockasa: [Ipoda, 2005. — 591 c.

8. Koposun, H. B. O6mas xumus / H. B. KopoBun. — MockBa: Beiciias mikona,

2002. - 423 c.
9. Hexkpacos, b. B. OcHoBnl o6mieit xumun: B 2 1./ b. B. HekpacoB. — Mockaa,
2003. [DnexTponubIi pecypc]. - URL.:

https://rusneb.ru/catalog/000199 000009 002387696/

10.06mas xumusa. buodmsmdeckas Xumusl. XUMHUS OHMOTECHHBIX 3JEMEHTOB:
yueOHMK 17151 By3oB / nox pen. FO. A. EpmoBa. — Mocksa: Briciias mikona,
2000. — 560 c.

11.PabunoBuy, B. A. Kparkuii xumuueckuii cripaBounuk / B. A. PabunoBuu,
3. 5. XaBuH. — Jlenunrpan: Xumus, 1978. — 392 c.

12.Vraii, 1. A. O6mas u Heopranuveckas xumus: ydeOHuk / S. A. Yraid. —
Mocksa: Breiciias mkona, 2002.

HNPUJIOKEHUE 1. TEXHUKA BBIITIOJIHEHUSA JIABOPATOPHBIX PABOT
N TEXHUKA BE3OITACHOCTHU

B naGoparopHbix paOoTax HCHOJB3YIOTCS €IKUE, arpECCUBHBIC U SJIOBUTHIC
BenlectBa. lloatomy pabora B Xxumuueckod naboparopuu Oe3omacHa JUUIb MpU
CTPOTOM COOJTIONICHUHU OOIIMX MPaBHII U TPEOOBAHUM TEXHUKH OC30MTaCHOCTH.

[Ipy BBIMOTHEHUH JIA0OPATOPHBIX PAOOT HEOOXOJMMO COONIONATh CIASAYIONINE
obuue npasua.

1. Coneprxats pabodee MECTO B YUCTOTE U TIOPSIIKE.

2. ITpucTymnaTh K BBITIOJIHEHUIO OTBITA JIUIIH TOTAA, KOT/Ia YCHEHBI €ro 1eb U
3aJ1a4M, KOTIa 00lyMaHbl OT/ICIbHBIC 3TAITBI BHITIOJTHEHUS OTIBITA.

3. OmneITBl JOKHBI  BBITOJNHITBCS aKKyparHO, 0€3 TOPOIUIMBOCTH, C
coOJrofIeHneM BceX TpeOOBaHUM, COIEPKAITUXCSI B METOIMUECKUX YKa3aHUSX.

4. B maGoparopun HEOOXOAMMO COOJIOAATh TUIITUHY, 3aMPEIIAeTCs €CTh, MUTh
Y 3aHUMAaTbhCS IOCTOPOHHUMU JITTaAMH.

5. Tlocne ucnonb30BaHUs PEakTUBA €r0 HEOOXOAMMO Cpa3y CTaBUThH B IITATHB,
yTOOBI HE CO3/IaBaTh OecropsiiKa Ha padodyeM MecTe.

6. [Tocie okoH4YaHMS pabOTHI 00A3aTEILHO BBIMBITH PYKH.
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Cpean XUMHYECKUX PEareHTOB UMEIOTCA S/I0BUTHIE BEUIECTBA, OKA3bIBAOIINE
TOKCHUYECKOE BO3JICHCTBUE HAa OpPraHM3M YeJOBEKa B LEJNOM (MBIIIbSK, CypbMa,
CBHHEI], PTYTh U HMX COCIMHEHHs, TaJOTeHbl, cepoBomopona, okcun yriepoma (I1),
OKCHJIBI a30Ta U Jp.), U arpecCUBHbIC BEIIECTBA, OKA3bIBAIOIINE JIOKAJbHBIC
BO3JECHCTBHUS Ha KOXY (KHCIOTHI M 1ienoun). Ilpu pabore ¢ HUMH HEOOXOOMMO

CO6JIIOI[3TB CICAYIOMHNEC npasuia no nMexnuKe bezonacrnocmis.

1. Bce OmbITHI C AIOBUTBIMU W CHJIBHO NMAXHYIIMMH BEIIECTBAMH, & TAKXKe
HarpeBaHUE M BBITIAPUBAHHUE PACTBOPOB MIPOU3BOAUTH TOJIBKO B BHITSKHOM HIKaQy.

2. He HaKIOHATBCS HaJ COCYIOM C KHMOSIIEH XUAKOCThbIo. HarpeBaemytro
npoOUpPKy WK KOOy JepKaTh OTBEPCTUEM B CTOPOHY, a HE K ce0e WU K cocey, Tak
KaK MOXKET MPOU30MTU BEIOPOC KUKOCTH.

3. Onpenensath 3amax BELIECTBA CIEAYET, HE BAbIXas Mapbl MOJHOU TPYIbIO, a
HaIpasJsis UX K ce0e JETKUM ABUKEHUEM PYKH.

4. PaboThl C KHCIIOTaMHU U IIEJI0YaMU MPOBOAUTH TaK, YTOOBI PEAKTHBBI HE
Monajalid Ha OJEXAY, JIULO, pyku. HanuBas pacTBop B mpoOUpKyY, €€ HAIO JAepXKaTb
Ha HEKOTOPOM PacCTOSIHUU OT CeOsl.

5. Ilpu oOpaiieHuu ¢ HEU3BECTHBIMHU BEIIECTBAMU HEOOXOAMMO MPOSIBIATH
MOBBIIIEHHYIO OCTOPOXKHOCTh. Hu npu xakux oocmosmenbcmeax Heib3s npooosamo
eeujecmeo Ha exkyc!

6. HeoOxoquMo HemeieHHO yOpaTh BCe MPOJIUTOE, pa30UTOE U MPOCHIITaHHOE
Ha CTOJIaX WJIM Ha Moiy B jaboparopuu. Eciu KuciaoTa mposibeTcsl Ha CTOJI WM Ha
0J1, €€ CIeAyEeT HEUTPATU30BaTh NIEJI0UYbIO WA COJOM.

7. Henb3st ynoTpeOnasiTh Il OMNBITOB BEIIECTBA W3 KaleJdbHUI], KOJIO U
yIMaKOBOK 0€3 3TUKETOK U C HEPa30OPUMBBIMU HAIITACIMH.

8. B xumuueckoit maboparopuu mMeercs antedka. Hajgo ymeTh okasbIiBaTh
HEPBYIO IOMOIIIb TOCTPAJABUINM, KOT/Ia 3TO HEOOXOAUMO.

B tabmuue I1.1.1 mpunoxkeHus mpuBEIEHbI CBEICHHUS 00 OKa3aHUU TNEPBOM
MOMOILM TPY BO3HUKHOBEHUHU TPaBM B J1a0OpaToOpHH.

TabOmuna I1.1.1
IIpoucmecrBue IlepBasi momoib

OXOI'

Oxoru orueM, napom, ropsiaIUMH IpeIMeTaMu

HanoxuTs BaTy, CMOYEHHYIO STUIIOBBIM
I crenenu (kpacHoTa)
criuptoM. [ToBTOpUTE CMaunBaHue

11 crenenu (my3sipH) To sxe. OOpabatbIBaTh 5%-HBIM PaCTBOPOM
Y3HIP KMnO4 nin 5%-HbIM pacTBOPOM TaHUHA

Il crenenun [ToKpBITH paHy CTEPHIHLHOM MOBS3KOU U

67



(pa3pymieHue TKaHe) BBI3BATH Bpada

OXoru KucioTamu, [TpOMBITH 03KOT OOJBIIUM KOJTMYECTBOM BOJIBI,
XJIOPOM HJI OpOMOM 3areM 5%-HbIM pacTBopoM NaHCO3
Oxxoru 1menoyamu [TpoMBITE OOMIIBHO BOMIOM

[Ipu oxore KuciaoTaMu NPOMBITh 3%-HbIM
Oxoru 1ma3 pactBopoM Na,COg3. IIpu oxore mienogamu
NPUMEHSATH 2%-HbI pacTBOP OOPHON KHCIOTHI

OTPABJIEHMA

HpI/I IomajjaHu KUCJIOT IMUTh KalllnuIly U3
Honaz[aHHe CAKHX o
OKCHOa Mar”Husl. HpI/I IIornagaHuu IMCJIOYCH ITUTh
BCHICCTB B POT U o
pacTBOP JUMOHHOMN KHUCJIOTBI HJIN OUYCHb

IMUIICBAPUTCIIbHBIC OPraHbl o o
p336aBJ'I€HHOI/I YKCYCHOHM KHCJIOTHBI

OTtpaBiieHue TBEpIbIMU Br13Bath pBOTY, BHIMUB 1%-HbBII pacTBOP
WK KUJIKUMH BemecTBamMu  |cynbara meau (I1) CuSOq

[TocTpanaBiiero HEMEAJIEHHO BBIBECTH HA
OtpaBnenue razamu

CBEXHUM BO3IYX

9. IIpn NpUrOTOBIIEHUH PACTBOPOB CEPHOM KUCIIOTHI HY)KHO JINTh €€ B BOAY, a
HE HAOOOpOT, TaK KakK, BCIEACTBUE CHJIBLHOI'O MECTHOIO pPa30rpeBaHUs, BO3MOXKHO
pa3OpbI3TUBaHUE KOHUEHTPUPOBAHHOW KHUCIOTHL. llpu 3TOM Hago MOJIB30BATHC
TOHKOCTEHHOM CKJIIHKOUM min (papdopoBoii mocynoi.

10. Hukakux BeImecTB u3 1a00paTOpUH Herb3s1 Opams OOMOLL.

11. Meramnnueckas pryTh M €€ mapbl — CWiIbHBIA siA. [losTomy pTyTh,
OpoJiTas MNpU TMOJOMKE MPUOOPOB M TEPMOMETPOB, JODKHA OBITh TIIATEIBHO
cobpana. CobuparoT pTyTh ¢ MOMOIIbI aMallbraMUPOBAaHHBIX IUIACTUHOK M3 MeEnu
UM OeJoi JKECTH.

12. Tlpu mope3ax CTEKJIOM pPaHY HYXHO MNPOAE3HMH(PHUIMPOBATH PACTBOPOM
NepMaHraHaTa Kajusi Wik CIIUPTOM, TMepeBsA3aTb OMHTOM.

13. ITocne okazaHus MEpBO MOMOIIY MTOCTPAJABIIETO HAIPABUTD K Bpayy.

14. B umensix mpoTUBOMOXKAPHON O€30MacHOCTH XUMHUYecKas 1adopaTopus
cHaOXEeHa OTHETYIIMTENSIMHU, SIIUKaMU C T[eCKOM, acOECTOBBIMH OJESIIaAMHU.
HeoOxoaumo 3HaTh, T HaXOAATCS MPOTUBOIIOKAPHBIE CPECTBA U OPSAOK CPOYHOIM
ABaKyalluu U3 Ja00paTopuu Npu Mmoxape.

15. OG0 Bcex ciydasx OTKJIOHEHHMS OT HOPMAJIBHOTO XO/a JabopaTOpHOTro
3aHATHS, YTPOXKAIOLIEr0 HAPYIICHUEM HACTOAIIMX MPaBWII, COOOLIATh MPEXKIE BCETO
IPEIO/IaBaTeNto, AEKYPHOMY J1a0OpaHTy WM 3aBeylOlIeMy J1abopaTopueil.
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IHPUWIOKEHUE 2. IIPUMEP O®OPMJIEHHSA ITPOEKTA OTYETA
IO JIABOPATOPHOU PABOTE

Jlaboparopnasi padora Ne 1
Omnpenenenue Gpopmyibl KPUCTAIIOTHAPATA

Ilenv padompl: 0CHOBBIBASICH HA DKCIIEPUMEHTAIBHBIX TAHHBIX U UCIIOIb3YS
3aKOH KpaTHBIX OTHOLLICHHH, IPOU3BECTH PACYET MOJIBHOTO COOTHOIIEHUS MOJIEKYJI
0€3BOIHOM COJIM U MOJIEKYJ BOJIbI B COCTaBE KPUCTAJUIOTUIpPATA.

Ilpuébopwr u peakmuewt: GpapPopoBbIil TUTENIb, HABECKA KPUCTAJUIOTUAPATA,
AIIEKTPOHHBIE BECHI, MUKPOIITIATEIb, TTecyaHas OaHs, IIUTIIIHI.

Ypaenenua xumuueckux peaxyuii:

CoCl3*6H,0 = CoCl; + 6H,0.

Ilopaoox evinonnenusn padomaol

1. Iomyunts (apdopoBbIil THUTENb U OTMETUTH B JJAOOPATOPHOU TETPAIH €10 HOMED.

2. TonyyuTh My3bIpEeK C KPUCTAUIOTHMAPATOM COJIM M 3alucaTh B TETPaau
dbopMyIy coil, OTMETUTH €€ IIBET.

3. B3BecUTh TUTEIb HA AJIEKTPOHHBIX BECAX U 3alIMCaTh €r0 Maccy.

4. C nOMOIIbI0 MUKPOLITIATENS BHECTH B TUTEJIb MOPOILIOK KPHUCTAIOTUApaTa
COJIA U B3BECUTbH TUTENb C KPUCTAILIOTHAPATOM.

5. IlocraBuTh THredb C KPUCTAUIOTHIIPATOM Ha TECYaHyl0 OaHIO s
npokanuBaHus Ha 25—-30 MuH.

6. [To okOHYaHUU TPOKATUBAHUSI OTMETUTH IIBET O€3BOIHOM COJIH.

7. Wcnonw3ys IIUMIbBI, CHATH TUTENb C IEeCYaHOW OaHU U TIOMECTUTHh B
AKCHUKATOP J0 MOJTHOTO OXJIaKICHUSI.

8. B3BecuTh THUTrEINb HAa JIEKTPOHHBIX BECAX.

3anuce 0anHBIX ONBIMA U PaACUen bl
Macca turis, I, mp=
Macca Turist ¢ KpuCcTaJUIOTMAPATOM /10 TIPOKAJTUBAHUS, T, My=
Macca kpucraioruapara, I, ms=my-m;=
Macca Turmist ¢ KpUuCTaJUIOTMAPATOM MOCIE MPOKAINBAHUSA, T, My=
Macca BbImapuBIICHCS BOIBI, T, Ms=My-Ms=
Macca 6e3BOgHOM COJIH, T, Mg=My-M;=
n (HzO) =
n (6e3BOIHOM COIHN) =
n (H20) : n (Oe3BomHOM comm) =

Abconromnasn owubka = |n (Teop.) — n(IpakTuy)| =

__abcoJ.omubKa

Omuocumenvrasa oumubka = ————*100 =
m,(Teop)

Haonwoenus:

Buwi6oo:
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HHPUJIOKEHUE 3. CIIPABOYHBIE TABJIUIbI

Taoauna I1.3.1 — HazBanus BaskHeHIIINMX KHCJIOT M X AaHHOHOB (coJ1eit)

Kucnora dopmyna AHNOH dopmyna
A3oTHas HNO; Hurpar NO;3~
Azotucras HNO; Hutpur NO,"
ABOTHCTOBOJOPOIHAS HN3 Asun N3~
(a3um0BOIOPO/IHAS) (HNNy)
bensoitHas CeHsCOOH benzoar CeHsCOO™
Bopuas (opTo) H3BO; Bopar BOs*"

TuapoGopar HBO3*"
Jurunpobopar H,BOs™
Bbopnasi(mera) HBO; Metabopar BO,™
BopHas(terpa) H,B40; TerpaGopar B4O~
bpomoBonoponHas HBr bpomun Br-
bpomHoBarucras HBro ['unobpomut BrO~
BbpoMHoBaras HBrO; Bbpomar BrO;™
Bunnas H,C4H40s Taprpar C4H,0¢*
['maporaptpar HC4H4O6™
Bonbsdpamosas H,WOQO, Bonbdpamar WO,*
Bananuenas(mera) HVO; Bananar VO3
I'epmanueBas H,GeO; I'epmanar GeO3>
['unporepmanar HGeOs™
HNonosonoponnas HI HNomnun I~
Honnosarucras HIO 'unmouoaut 10~
HNonnosaras HIO; Honar 105~
HNonnas HIO, ITepuonar 104~
Kpemuuesas H,SiO; Cuikar SiOz*
uapocunmkar HSiO3™
MapranueBas HMnO4 Ilepmanranar MnO4~
Maprannosucras H,MnO, Masnrasar MnO, 2~
MonubneHosas H,Mo0O, Monu6nar MoQO4 %
MypaBbuHas HCOOH dopmuar HCOO™
MEIBSKOBas H3AsO, Apcenar AsO4*~
I'mapoapcenar HAsO,*
Hurunpoapcenar | HyASO4™
MEIIBAKOBHCTAS H3AsO3 Apcenur AsO3z*"
TuapoapceHur HasO3?>




Kucnora dopmyna AHUOH dopmyna
Huruapoapceaut | HoASO3~
Mpemmbskosuctasi(mera) | HAsO; MeTtaapceHuT AsO;”
OnoBsHucTas H.Sn0O, CraHHuT Sn0O,*
['mapocTaHHUT HSNnO;™
OnoBsiHHas H,SnO3 Crannat SnOz*
I'uppocrannar HSNO3;™
Tuonuanaraas HSCN Tuommanatsl SCN™
CBuHIIOBas H,PbO; [Trombar PbO3*
['maporuiromOar HPbO;™
CBuHIIOBHCTAS H.PbO, [TrromOuT PbO,*"
['aaporTroMOuT HPbO,~
Cenenucras H,SeO; CeneHur SeOz*”
['mapocenenut HSeOs3™
CeneHoBas H,SeO, Cenenar SeO4*”
['mapocenenar HSeO4~
CeneHoBoxopoHAas H,Se Cenenup Se*
I'mapocenenun HSe™
CepoBomopoaHas H,S Cynbhun S
I'mapocynshun HS™
CepHucras H,SO3 Cynbgur SOz>"
['uapocynsdur HSO3™
CepHas H,SO, Cynbgar SO
['uapocynsdar HSO,~
Tuocepnas H,S,03 Tuocynbsgar S,03%"
Hancepnas H,S,0s ITepcynbdar S,0¢%"
I'maponepcynbdar | HS,Og™
[MupocepHas H,S,0; [Tupocynbdar S,0/*
TemrypoBogopoaHas H,Te Temrypun Te*
I'mpporennypun HTe™
VronbHas H,CO; Kap6onar COz*
['mapokapOonar HCO3™
VYkcycHas CH3;COOH Auerar CH3;COO™
docdopuas (0pto) H3PO, docdar PO,
Tuapodocdar HPO4*~
Hurunpodocdar | HoPO4~
docdopHas (meTa) HPO; Meradocdar POs~
dochopuas (upo) H4P,0; [Tupodocdar P,O*




Kucnora dopmyna AHUOH dopmyna
dTopoBOAOpPOIHAS HF dTopun F
XJI0pOBOIOPOTHAS HCI Xnopua ClI
XnopHOBaTucTas HCIO ['unoxmnopur ClO™
XnopHoBaras HCIO; Xmopar ClOs™
XopHast HCIO, [epxsopar ClO4
Xpomucras HCrO, XpoMuUT CrOy”
XpomoBast H,CrO,4 Xpomar CrO4*~

['uapoxpomar HCrO4~
JluxpoMoBas H,Cr,07 Juxpomar Cr,07*
(6buxpomoBas) I'mapoauxpomar HCr,O;~
[HunanoBogopoHas HCN Huanuyg CN~
(cuHUIBHAS)
[manoBas HCNO [{nanar CNO~
[{uHKOBas H,ZnO, [{uHKaT Zn0,>
[[laBeneBas H,C,04 Okcanar C,04*
SAuTapHas H,C4H404 CykuuHat C4H404*
BucmytoBas HBiO3 Bucmytar BiOs~

Ilpumeuanue: B tabnuue I1.3.1 npuBegeHbl Ha3BaHUS BAKHEUIIMX KUCIOT U HUX

aHnOHOB 1o HoMeHKJarype MIOITAK

Taonuna I1.3.2 — PacTBOpUMOCTH THAPOKCUAOB U COJIei B BOJe
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Karuonst AHHOHBI
CHs -
OH |F | CI"|Br |I" | S> | SOs? | SO4* | NO3 | POs* | COs* | SiOs? | COO™
Cd* H |P|p |p |plu |m p p H H H P
Hg?* - |- |p |mMm |H|H |H P P H H - P
Cu?* H |H|p |p |p|u |H P P H H H P
Ag* - P|H |H |H|H |H M p H H H P
Sn2* H |(P|p |[p |plu |- P - H - - P
Pb? H (H{mMm (M |H|H |H H p H H H P

Taoauna I1.3.3 — OTHOCHTEIbLHAA

3JIEKTPOOTPHLATEILHOCTh jeMeHTOB 00

(o ITosmHry)
ITepuon I'pynmbr
I [ 1 AV \Y/ VI Vi VI

1 H He
2,10 -

2 Li Be B C N o) F Ne
0,97 |1,47 2,01 |250 |3,07 |3,50 |4,01 -

3 Na Mg |Al Si P S Cl Ar
1,00 (1.23 |1.47 |1.74 2,10 | 2,60 |2,83 -

4 K Ca Sc Ti Vv Cr Mn | Fe Co | Ni
091 {104 (1,20 |1,32 |1,45 |156 |1,60 |1,64 |1,70 | 1,75
Cu Zn Ga Ge As Se Br Kr
1,75 (166 |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
142 (146 |[1,49 1,72 (182 |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
142 (144 |1,44 |155 |1,67 |1,67 |1,90 -

7 Fr Ra kel *manranounst 1,08 — 1,14
0,89 |0,97 **axtunounas! 1,00 — 1,20
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Taomuna I1.3.4 — O01acTu nepexoaa HEKOTOPHIX MHANKATOPOB

WNunukatop O6ﬂaCTI£)II_TIepeXOHa N3meneHne okpacku
TuMOIOBBIN CHHUN (n1,2—2.8 KpacHas — >xenras
MeTuoBbIN OpaHKEeBbII 3,1—4.0 KpacHas — opaHkeBo-xkenTas
MeTuoBbIN KpacHbBIN 4.2—6,2 Kpacnas — >xenras
Jlakmyc (a30JUTMUH) 5,0—8,0 KpacHass — cunsis
TuMOIOBBIN CHHUN (11) 8,0—9,6 JKenras — cursis
DdenondranenH 8,2—10,0 becrnBeTHass — MaarHOBas
AJIU3apUH JKEJITHINA 10,1—12,1 DKenras — muioBas
Tponeomn 0 11,0—13,0 Kenras — oparkeso-

KOpUYHEBAas
NuaurokapMuH 11,6—14,0 lomybGast — »xenTas
Tabmmma I1.3.5 - Pag AKTUBHOCTEHl (CTAHZAPTHBIX JIEKTPOAHBIX
NMOTEHIHUAJIOB) METAJJIOB
DIEeKTpO. DIEeKTpOa
okucienHas | BoccranoBimennas | E°.B | okucimennas | Boccranosiennas | E°, B
dbopma dbopma dhopma 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" Ho 0,00
Be?* Be - Cu? Cu +0,34
1,85

AP Al -1,66 | Hg,** 2Hg +0,79
Mn?* Mn -1,18 | Ag* Ag +0,80
Zn? Zn -0,76 | Hg* Hg +0,84
Cr3t Cr -0,74 | Pt Pt +1,20

Fe?* | Fe -0,44 | Au®* Au +1,50
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Ta6auna I1.3.6 — KoHCTaHTBI JUCCONMAIIMN HEKOTOPBIX CJIA0bIX 3JIEKTPOJIUTOB

(20°C)
Haspartne dopmyna K4 K> Ks
(TpaguuMOHHOE)
Kucnots
Azotucras HNO, 6,9-10*
BopHas (opTo) HsBOs3 7,1-10%° | 1,810 |1,6:104
BpomHoBaTas HBrO; 2,0-101
BpomHoBaTHcTas HBrO 2,2:107
Banepuanosas CH,(CH,);COOH | 1,4-10°
Bananuesas (opro) | H3VO, 1,8:10* [3,2:101° [4,0-10
Bonbdpamosas H,WO, 6,3-10° |2,0-10"
JluxpomoBas H,Cr,0; 2,3-10%
NoxHoBaTast HIO; 1,7-10*
WoxHoBaTHCTas HIO 2,3-101
Kpemnuesas (opro) | HsSiOy4 1,3:10%° | 1,6:1012 |2,0-104
Mapranosucras H,MnO, 10 7,1-10¢
Monu6neHoBas H>MoO, 2,9-10° |1,4-10*
MypaBbuHas HCOOH 1,810
MBIIbsSKOBast H3AsO4 5,6:10°% | 1,7.107 |3,0-10%?
[TponmoHoBas CH5;CH,COOH 1,3-10°
Cenenucras H,SeOs 1,8-10° |3,2:10°
Cenericto - H2Se0; 13104 | 1,010
BOIOPOHAS
CeneHoBas H,SeO, 1,2:107?
Cepuucras H,S0s 1,4-10% |6,2:108
CepoBomopoaHas H,S 1,0-107 |2,5-10%3
CunnnbHas HCN 5,0-101°
Tennypucras H,TeOs 2,710 | 1,8-108
Tennyposomoponnas | HoTe 2,3:10% | 6,9-1013
TuocepHas H,S,03 2,510 1,910
VronbHas H,COs 45107 |4,8-101
VkcycHas CH3;COOH 1,710
dochopucras H3PO3 3,1-102 | 1,6-107
dochopras (opTo) HsPO4 7,1:10° ]6,2:108 |5,0-1013
dTopoBOIOPOIHASL HF 6,2:10%
Xnopucras HCIO, 1,1:102
XJIOpHOBaTUCTAS HCIO, 3,0-10°8
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Ha3zBanune

(TpaauITMOHHOE) Popmya K K. K
XpomoBast H,CrO, 1,6:101 | 3,2:107
[1laBeneBas H,C,04 5,6:10% | 5,4-10°
OcHoBaHus (TUIPOKCHIBI)

ATIOMUHMS THD. Al(OH); 1-10°
NP 1o O 1,8:10°

AMMOHHUS THP. (NH4,OH)

bepwmus runp. Be(OH); 3,0-107 | 3,3-10°

Bucmyra (III) rugp. | Bi(OH)3 4,0-10% | 4,010

Kenesa (II) ruap. Fe(OH), 6,2:10° 2,810

Kenesa (I11) ruzp. Fe(OH)3 3,2:101° |5,0-10% ] 1,3-10*2

Kammust rump. Cd(OH), 2.4-103 1,5-107

Ko6ansra (I)rump. Co(OH), 1,6:10° |4,0-10°

Maruus rup. Mg(OH); 2,5:10°

Mapranna (II) rugp. | Mn(OH), 1,2:10%

Meau (I1) ruzp. Cu(OH); 6,6:10% | 1,0-10°

Hukens (I1) rump. Ni(OH), 2,6:10% 1,1-10°

Omnosa (IT) ruap. Sn(OH); 9,8-101 | 1,2-1012

Prytu (IT) runp. Hg(OH), 3,9-10% | 5-101

Ceunna (I1) rugp. Pb(OH); 9,6:10% |3,0-10°

Cepebpa ruap. AgOH 5,0-103

Xpoma (IIT) ruap. Cr(OH); 2:108 | 7,9-101

[IMHKa TUAPOKCHULL Zn(OH); 1,3-10° | 4,9-107

Tab6auuna I1.3.7 — [IpousBeneHue pacCTBOPUMOCTH MAJIO- W TPYIHOPACTBOPUMBIX
B BOJIe COeIUHECHUM

Coennuenune I1P Coennuenne I1P
AQgsAsO3 1-107 CuCN 3.2:10%
Ag:AsO, 1-10%2 CuCO; 2.5-1010
AgBO, 4-103 CuC,04 3-108
AgBr 5.3-1013 CuCl 1.2-10°
AgBroO; 5.5:10° CuCrQ, 3.6:10°
AgCN 1.4-10°16 Cul 1.1-1012
Ag,CO3 1.2-1012 Cu(103); 7.4-108
Ag2C,04 3.5-101 CuNj3; 5.0-10°
AgCl 1.78-101° Cu(OH), 2.2-10%
AgCIlO; 2-10% CuS 6.3-10°%
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Coennuenue I1P Coenuuenue I1P
AgCIO; 5.0-107 Cu,S 2.5-10%
Ag.CrO,4 1.1-1012 Fe(OH), 8-10716
Ag.Cr,07 1-1010 Fe(OH); 6.3-10%8
Agl 8.3-107 FePO, 1.3-10%
AgIO; 3.0-108 FeS 5-1018
AgMnO, 1.6-103 FeS; 6.3-103
Ag>Mo0, 2.8-1012 MgCO; 2.1-10°
AgN02 6.0-10* MgC204 8.5-107°
AgsPO, 1.3-10% MgF; 6.5-10°
AQg.S 2.0-10° Mg(103), 3-10°3
AgSCN 1.1-1012 Mg(OH); 6.0-100
Ag2S03 1.5-10% Mgs(PO4), 1-101
Ag,SO, 1.6-10° MgSOs 3-10°3
Al(OH)3 1-10°%2 Mn3(AsOy): 1.9-10%
AlIPO, 5.75-10% MnCO; 1.8-10
AuBr 5.0-10Y MnC,0, 5-10°
AuBr3; 4.0-107% Mn(OH), 1.9-108
AuCl 2.0-108 Mn(OH)3 1-107%
AuCl; 3.2:10% Mn(OH), 1-107°°
AuOH 7.9-10% MnS 2.5-1010
Au(OH); 5.5-10™6 NiCO3 1.3-107
Aul 1.6-10% NiC,0, 4-10710
Aulj 1-1046 Ni(CIO3), 1-10*
BaCO; 4.0-101° Ni(OH), 2.0-101
BaC,0, 1.1-107 NiS a 3.2:10%
BaCrO, 1.2-10°%0 Pb3(AsQy,), 4.1-107%
BaF; 1.1-10® PbBr, 9.1-10°
Ba(103): 1.5-10° Pb(BrOs); 8.0-10°
BaMnO, 2.5-1010 PbCOs 7.5-101
Ba(OH); 5.0-10°3 PbC,0, 4.8-101°
Bas(POy,)2 6-107%° PbCl, 1.6-10°
BaS03 8107 PbCrO, 1.8-10%
BaSO, 1.1-10°%0 PbF, 2.7-108
Be(OH); 6.3-10% Pbl, 1.1-10°
BiAsO, 2.8-1010 Pb(103), 2.6-108
Bils 8.1-10%° Pb(OH), 5-10°16
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Coennuenue I1P Coenuuenue I1P
BIPO4 1.3-10% Pbg(PO4)2 7.9-104
BizSg 1-10°% PbS 2.5:10%
Caz(AsOy); 6.8-101 Pb(SCN), 2.0-10°
CaCOs 3.8:10° PbSO, 1.6-108
CaC,0.4 2.3-10°° PngOg 4.0-107
CaCrOq 7.1-10 Snl, 8.3-10°®
CaF; 4.0-101 Sn(OH), 6.3-10%
Ca(OH), 5.5-10°® Sn(OH), 1-10°7
Caz(POy)2 2.0-10% SnS 2.5-10%
CaS0s3 3.2-107 SrCoO; 1.1-1010
CaSOq, 2.5-10° SrC,0, 1.6-1077
CaSeO; 4.7-10° SrCrQy 3.6:10°
CdCO; 1.0-10%2 SrF; 2.5-10°
CdC204 1.5-10°8 SI‘(OH)z 3.2-10%
Cd(OH); 2.2-10% Sr3(PO4), 1-103
CdS 1.6-10%8 SrPOsF 3-103
Co3(AsOy,), 7.6:10% SrSOs 4-108
Co(BOy), 3.2:10° SrSO, 3.2-107
CoCOs 1.05-1010 Zn(CN); 2.6-108
Co(OH)3 4-10% ZnCO; 1.45-1011
Cr(OH), 1.0-10°Y ZnC,04 2.75-108
Cr(OH); 6.3-103 Zn(103), 2.0-108
CrPQOq4 1.0-10Y Zn(OH), 1.2-10%7
¢duoneron
CrPQOqy 2.4-10% Zn3(POy): 9.1-10%
3eJIEHBIN
CuBr 5.25-10° ZnS 1.6-10%

Taoaunma I1.3.8 — KoHcTaHTBI HECTOMKOCTH KOMILIEKCHBIX MOHOB B BOJHBIX

pacTBopax
KoMnuiekcHbIH HOH K necrolikoctu PK
[Ag(NHs),]* 5,89-108 7,23
[Ag(NO,).] 1,3-10°3 2,89
[Ag(S203).]* 2,5-10 13,60
[AQ(CN).] 1,4-10% 19,85
[Agl] 5,51012 11,74
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KoMiuiekcHbI HOH K necrolikoctu pPK
[AI(OH)4(H20).] 1,010% 33,0
[AIF]* 5011078 17,30
[AuCls] 5,010 21,30
[Be(OH)4]* 1,010 15,0
[BeF4]* 4,17 10" 16,30
[CA(CN)4]* 7,76:1018 17,11
[Cd(NH3)e]** 2,76:10° 456
[Co(C,04)s]* 5,010 11,30
[Co(NH3)e]** 4,07-10° 439
[Co(NH3)e]?* 6,1510°% 35,21
[Co(NO,)e]* 1,010% 22,0
[Co(SCN)4]* 5,50:10°3 2,26
[Cr(OH)4] 1,26:10%° 29,90
[CU(CN),] 1,010 24,00
[Cu(CN).]* 5,13103! 30,29
[Cu(NH3)4]* 9,3310™ 12,03
[Fe(C204)6]* 8,010° 8,10
[Fe(CN)s]* 6,310 10,20
[Fe(CN)e]* 1,4-10°% 36,84
[FeFe]* 7,94-10Y 16,10
[HgBri)* 1,0-10% 21,0
[Hgla]* 1,4-10°% 29,85
[Hg(CN).]* 4,0-10% 41,40
[Hg(SCN)4]* 8,0-10% 21,10
[Ni(NH3)4]** 1,12:10% 7,95
[Ni(NH3)s]?* 9,77:10° 8,01
[PtBrs]* 3,010 20,52
[PtCl]* 1,010 16,00
[SnClg]* 51-10% 10,29
[Zn(CN).4)* 6,3-1018 17,20
[Zn(NH3)4]* 2,010° 8,70
[Zn(OH)4]* 3,610 15,44
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Tabauna I1.3.9 — JlaBieHue HACBHIIIEHHOr0 BOASIHOTO Mapa NPH Pa3iUuYHBIX

TeMIepaTrypax

T oC P(H20),| P(H20), T oC P(H20),| P(H20), T oC P(H20), | P(H20),
klla | MM pT. CT. klla | MM pT. CT. klla | MM pT. CT.

10 1,226 9,2 15 (1,706 |12,8 20 2,333 17,5

11 1,306 |9,8 16 (1,813 |13,6 21 2,479 18,0

12 11,399 |10,5 17 ]1,933 |14)5 22 2,639 19,8

13 1,493 11,2 18 2,066 |15,5 23 2,813 21,1

14 11,599 |12,0 19 2,199 |16,5 24 2,986 22,4

Tabauna I1.3.10 — HopmaabHble (CTAaHAAPTHBIE) 3JIE€KTPOAHbIE MOTEHIMAJBI
B BOAHBIX pacTBopax ¢°, B

DIIEMEHT [Tonypeaknus i;I::I:E;iI;?Ig

Ag AgoS + 26 = 2Ag + S2° -0,70
Ag(CN)o™+e=Ag + 2CN~ -0,29
Agl+e=Ag+1I° -0,152
AgCN +e=Ag + CN- -0,04
AQ(S903)p3+ & = Ag + 25,042" 0,01
AgBr+e=Ag+ Br- 0,071
AgCl+e=Ag +CI’ 0,222
Ago0 + HoO + 2e = 2Ag + 20H" 0,344
Ag(NH3),"+ e = Ag + 2NH3 0,373
AgoCrOg+ 2e = 2Ag + CrO,2" 0,446
AgoCr04+ 26 = 2Ag + Cp0y2" 0,472
AgBrOg+e =Ag + BrO3~ 0,55
2AgO + Ho0 + 2e = Agy0 + 20H" 0,60
Agt +e=Ag 0,799
Ago0 + 2HT + 2e = 2Ag + H,0 1,173
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DJIEMEHT

[Tomypeakius

DNEeKTPOIHBIN
noreHnuan, B

2AgO + 2H™ + 2e = Ag,0 + Hy0

1,398

Al

AlOy™ + 2H50 + 3e = Al + 40H" -2,35
Al(OH)3 + 3e = Al + 30H" -2,31
AlFg3" + 3e = Al + 6F" -2,07
ARt +3e = Al -1,663
Al(OH)3 + 3H* + 3e = Al + 3H,0 -1,471
AlOy™ + 4H™ + 3e = Al + 2H,0 -1,262
As As + 3H" + 3¢ = AsHj -0,60
HAsO, + 3H* + 3e = As + 2H,0 0,248
H3AsO4 + 2H* + 2e = HAsO, + 2H,0 0,559
H3AsO4 + 2H' + 26 = HzAsO3 + H,0 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
AuSt +2¢ = Aut 1,401
AuSt + 3e = Au 1,498
AuT +e=Au 1,692
B BF, +3e=B +4F -1,04
H3BO3 + 3H* + 3e = B + 3H,0 -0,869
BO43" + 6H* +3e = B + 3H,0 -0,165
Ba Ba2* + 2e = Ba -2,905
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DNEeKTPOIHBIN

DneMeHT [Tomypeakius noTermar, B
Be Be2t + 2e = Be -1,847
Be(OH), + 2H* + 2e = Be + 2H,0 -1,820
BeOy2™ + 4H™ + 2e = Be + 2H,0 -0,909
Bi Bi,Og + 3H50 + 6¢ = 2Bi + 60H" -0,46
BiOCI + 2H* + 3e = Bi + CI" + H,0 0,16
BiS* + 3¢ = Bi 0,215
BiO™ + 2H* + 3e = Bi + H,0 0,32
BioO3 + 6H™ + 6e = 2Bi + 3H,0 0,371
NaBiO3(r) + 6H™+ 2e = Bi3* + Na* + 3H,0 1,6 - 1,808
Br 2BrO™ + 2H,0 + 2e = Bry + 40H" 0,45
2BrO3™ + 6H-0 + 10e = Bry + 120H" 0,50
BrO3™ + 2H,0 + 4e = BrO™ + 40H" 0,54
BrO3™ + 3H,0 + 6e = Br™ + 60H" 0,61
BrO™ + H,0 + 2e = Br™ + 20H" 0,76
Brg™ + 2e = 3Br’ 1,05
Bro(x) + 2e = 2Br~ 1,065
BrO3™ + 6H™ + 6e = Br™ + 3H,0 1,44
2BrOg™ + 12H™ + 10e = Bry + 6H,0 1,52
2HBrO + 2H™ + 2e = Bry + 2H,0 1,59
C HCOO" + 2H»0 + 2e = HCHO + 30H" -1,07
2C05 + 2H' + 26 =H,C504 -0,49
CO, + 2H" + 2e = HCOOH -0,20
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DJIEMEHT

[Tomypeakius

DNEeKTPOIHBIN
noreHnuan, B

C(rpadur) + 4H" + 4e = CHy

-0,132

COy +2H* +2e=CO + H,0 -0,12
HCOOH + 2H* + 2e = HCHO + H,0 -0,01
HCOOH + 4H™ + 4e = CH30H + H,0 0,145
HCOO™ + 3H* + 2e = HCHO + H,0 0,167
CH3CHO + 2H* + 2e = C,H5OH 0,19
COg2" + 6H™ + 4e = HCHO + 2H,0 0,197
HCOO™ + 5H* + 4e = CH30H + Hy0 0,199
COg2" + 8H' + 6e = CH30H + 2H,0 0,209
COg2" + 3H* + 2e = HCOO™ + Hy0 0,227
HCHO + 2H™ + 2e = CH30H 0,232
2C032" + 4H' + 2e = C9042™ + 2H,0 0,441
CoH5OH + 2H* + 2e = CoHg + H,0 0,46
COg2" + 6H™ + 4e = C(rpacpur) + 3H,0 0,475
CO +6H™ +6e = CH, + Ho0 0,497
CH30H + 2H™ + 2e = CHy + H,0 0,59
Ca Ca2* +2e = Ca -2,866
Cd CdS + 2e = Cd + $2° -1,175
Cd(CN)42" +2e = Cd + 4CN- -1,09
Cd(OH), + 2e = Cd + 20H" -0,81
[Cd(NH3)4]2" + 2e = Cd + 4NH3 -0,61
Cd2* + 2e = Cd -0,403
Cd(OH)y + 2H* + 2e = Cd + 2H,0 0,005
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DJIEMEHT

[Tomypeakius

DNEeKTPOIHBIN
noreHnuan, B

CdO + 2H* +2e=Cd + H,0

0,063

Cl

ClO4™ + HoO + 2e = ClO3™ + 20H" 0,36
2ClO™ + 2H,0 + 2e = Cl, + 40H" 0,40
ClO4™ + HyO + 8e = CI" + 80H" 0,56
ClO3™ +3H,0 + 6e = CI” + 60H" 0,63
ClOy + 2H,0 + 5¢ = CI” + 40H" 0,85
ClIO™ + HyO + 2e = CI" + 20H" 0,88
ClOg™ +2HT + e =ClO5 + Hy0 1,15
ClO4™ +2H* + 2e = ClO3™ +H,0 1,189
ClOy + 4HT + 4e = 2HCI + H,0 1,351
Cly +2e =2CI- 1,3595
ClO4™ +8H™ +8e = CI" + 4H,0 1,38
2CI0,4™ + 16H™ + 14e = Cl, + 8H,0 1,39
ClOy + 5HT + 5¢ = HCI + 2H,0 1,436
ClO3™ +6H* + 6e = CI" + 3H,0 1,451
2CI03™ + 12HT + 10e = Cly + 6H,0 1,47
HCIO + H* + 2e = CI" + H,0 1,494
ClO, + 4H™' +5e = CI” + 2H,0 1,51
2CIO, + 8H™ + 8e = Cly + 4H,0 1,549
HCIO, + 3HT + 4e = CI" + 2H,0 1,57
2HCIO + 2H* + 2e = Cl, + 2H,0 1,63
2HCIO5 + 6HT + 6e = Cly + 4H,0 1,64
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DJIEMEHT

[Tomypeakius

DNEeKTPOIHBIN
noreHnuan, B

[Co(CN)g]3~ + e = [Co(CN)g]+"

-0,84

Co(OH)y + 2¢ = Co + 20H" -0,73
CoCO3 + 2e = Co + CO52" -0,64
[Co(NH3)g]2* + 2e = Co + 6NH3 -0,42
Co%* +2e=Co -0,277
Co(OH), + 2HT + 2e = Co + 2H,0 0,095
[Co(NH3)g]3* + e = [Co(NH3)g] 2" 0,1
CoO + 2H* +2e = Co + H,0 0,166
Co(OH)3 + e = Co(OH), + OH" 0,17
Co3* +3e=Co 0,33
Co3* +e=Co?t 1,38 -1,842
Cr Cr(OH), + 2e = Cr + 20H" 1,4
Cr(OH)3 + 3e = Cr + 30H" -1,3
CrO,™ + 2H,0 + 3e = Cr + 40H" 1,2
Cre*t +2e=Cr -0,913
Cr3t +3e=Cr -0,744
Cr(OH)3 + 3HT + 3e = Cr + 3H,0 -0,654
cr3t +e=cr2t -0,407
CrO42" + 4H,0 + 3¢ = Cr(OH)3 + 50H -0,13
Cry072" + 14HT + 12e = 2Cr + 7H,0 0,294
CrO42 + 8H* + 6e = Cr + 4H,0 0,366
CrO42" + 4H™ + 3e = CrOy™ + 2H90 0,945
CrO,™ + 4HT + e = Cré* + 2H,0 1,188
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DJIEMEHT

[Tomypeakius

DNEeKTPOIHBIN
noreHnuan, B

Cry072” + 14H* + 6e = 2Cr3* + 7H,0

1,333

CrOs2" + 8HT +3e = Cr3* + 4H,0 1,477
Cu CusS + 2e = 2Cu + $2° -0,89
CuS + 2e = Cu + §%° -0,71
[CU(CN)o]" +e=Cu+2CN- -0,43
Cuy0 + HyO + 2e = 2Cu + 20H" -0,36
Cu(OH), + 2e = Cu + 20H- -0,22
Cul+e=Cu+1I -0,185
[Cu(NH3)5]" + e = Cu + 2NH3 -0,12
[Cu(NH3)4]** + 2e = Cu + 4NH3 -0,07
[Cu(NH3)a]?* + 2 = [Cu(NH3),]* + 2NH4 -0,01
Culy”+e=Cu+2I° 0,00
CuBr+e=Cu+ Br- 0,03
CuCl+e=Cu+CI 0,137
cu?t+e=Cu* 0,153
CuCly™+e = Cu +2CI- 0,177
2Cu2* + Hy0 + 28 = CuyO + 2H* 0,203
Cu?* +2e = Cu 0,337
Cu2t +2CI"+e = CuCly" 0,463
Cut+e=Cu 0,520
Cu2* +CI" +e=CucCl 0,538
CuO + 2H* +2e =Cu + H,0 0,570
Cu(OH), + 2HT + 2e = Cu + 2H,0 0,609
Cu?* + Br +e = CuBr 0,640

86




DJIEMEHT

[Tomypeakius

DNEeKTPOIHBIN
noreHnuan, B

2Cu0 + 2H™ + 2e = Cuy0 + H,0

0,669

Cu2* + 1" +e=cul 0,86
Cu2* + 2CN- + e = Cu(CN), 1,12
cudt +e=cu?t 2,40

F FoO + 2H™ + 4e = 2F + Hy0 2,1
Fo+2e = 2F 2,87

Fe FeS +2e = Fe + 52 -0,95
Fe(OH), + 2e = Fe + 20H" -0,877
FeCOg + 2e = Fe + CO52" -0,756
Fe(OH)3 + e = Fe(OH), + OH" -0,56
Fe2* +2e =Fe -0,440
Fe30, +8HT + 8e = 3Fe + 4H,0 -0,085
FeoOg + HoO + 2H™ + 2¢ = 2Fe(OH), -0,057
Fe,03 + 6HT + 6e = 2Fe + 3H,0 -0,051
Fe(OH), + 2H* + 2e = Fe + 2H,0 -0,047
Fe3* +3e=Fe -0,037
Fe(OH)3 + 3H™ + 3e = Fe + 3H,0 0,059
Fe(OH)3 + HT + e = Fe(OH), + Hy,0 0,271
[Fe(CN)g]3~ + e = [Fe(CN)g]4 0,356
Fe3* +e = Fe2* (IM HyS0y) 0,68
Fe3* + e = Fe2* (1M HCI) 0,70
[Fe(CN)g]3- + e = [Fe(CN)g]*" (LM HClI) 0,71
Fed3* + ¢ = Fe2t 0,771
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FegOy4 + 8H™ + 2e = 3Fe2* + 4H,0

0,980

2H-0 + 2e = Hy + 20H" -0,828
2H* +2e = H, 0,0000
Hy05 + 2HT + 2e = 2H,0 1,776

Hg HgS + 2e = Hg + S$2- -0,69
[Hg(CN)4]2" + 2e = Hg + 4CN- -0,37
Hgolo + 26 = 2Hg + 21 -0,041
Hgl42‘ +2e =Hg +4I° -0,04
HgO(xpacnas) + HoO + 2e = Hg + 20H" 0,098
Hg,Bro + 2e = 2Hg + 2Br~ 0,140
[HgBrg]2™ + 2e = Hg + 4Br- 0,21
Hg,Cly + 2K* + 2¢ = 2Hg + 2KCI (T8B) 0,2415
HgoCly + 28 = 2Hg + 2CI° 0,268
HgoCl, + 2e = 2Hg + 2CI (1M KCl) 0,28
Hg,Cl, + 2e = 2Hg + 2CI~ (0,1M KClI) 0,334
[HgCly]2" + 2e = Hg + 4CI- 0,48
HgySOy + 2e = 2Hg + SO 42" 0.6151
Hgp?* +2e = 2Hg 0,788
Hg2* + 2e = Hg 0,850
2Hg2" + 2e = Hg,2* 0,920
HgO + 2H™ + 2e = Hg + H,0 0,926

! 103™ + 2H,0 + 4 = 10™ + 40H" 0,14
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2103™ + 6H,0 + 10e = I + 120H"

0,21

103 + 3H,0 + 6e = I + 60H" 0,25
210" + HyO + 2e = 15 + 40H" 0,45
0™ + HyO +2e = I” + 20H" 0,49
o +2e =21 0,536
137+ 2e =3I 0,545
103" + 2H70 + 4e = 10" + 40H" 0,56
HIO + H* +2e = I" + H,O 0,99
2ICly™ +2e = 1 + 4CI° 1,06
103™ + 6HT + 6e = I" + 3H,0 1,085
103™ + 5HT + 4e = HIO + 2H,0 1,14
2103 + 12H* + 10e = 1 + 6H,0 1,19
2HIO + 2HT + 2e = I, + 2H,0 1,45
HglOg + HY + 2e =103™ + 3H,0 1,60
K Kt+e=K -2,924
Li Lit +e=Li -3,045
Mg Mg(OH), + 2e = Mg + 20H" -2,69
Mg2* + 2e = Mg -2,363
Mg(OH), + 2H™ + 2e = Mg + 2H,0 -1,862
Mn MnCO3 + 2e = Mn + CO32" -1,48
Mn2* + 2e = Mn -1,18
Mn(OH), + 2H™ + 2e = Mn + 2H,0 -0,727
MnO,4 + e = MnO42" 0,564
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MnO,” + 2H50 + 3e = MnOy + 40H"

0,60

MnO, + 4H* +2e = Mn2* + 2H,0 1,228
Mn,Og + 6HT + 2e = 2Mn2* + 3H,0 1,443
MnO,4~ + 8H™ + 5e = Mn?* + 4H,0 1,507
Mn3* + e = Mn2* (8M H,S0y) 1,509
MnO,” + 4HT + 3e = MnO, + 2H,0 1,692
MnO42" + 4H™ + 2e = MnO5 + 2H50 2,257
DIIEMEHT [Tonypeakius DCKTPOMHbII
noreHuman, B
N 13N, +2e=2Ng" -3,4
3Ny + 2H" + 2e = 2HN3 -3,1
Ny + 4H,0 + 2e = 2NHoOH + 20H" -3,04
Ny + 4H50 + 4e = NoH, + 40H" -1,16
N5 + 8H»0O + 6e = 2NH4OH + 60H" -0,74
NO5™ + HyO + e = NO + 20H" -0,46
NO5™ + 6H,0 + 6 = NH4OH + 70H" -0,15
NO3™ + 2H,0 + 3e = NO + 40H" -0,14
NO3™ + 7H,0 + 8e = NH4OH + 90H" -0,12
NO3™ + HoO +2e = NOy™ + 20H" 0,01
Ny + 6H™ + 6e = 2NH3 0,057
NoHy4 + 4H-0 + 2e = 2NH4OH + 20H" 0,1
No + 8HT + 6e = 2NH, " 0,275
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2NOy™ + 4H90 + 6€ = Ny + 80H"

0,41

NH,OH + 2H50 + 2e = NH4OH + 20H" 0,42
2NO5 + 4H50 + 8¢ = Ny + 80OH" 0,53
NO3™ + 2HT + e = NOy + H,0 0,78
NO3™ + 2HT + e =NO5 + H,0 0,80
2NO + 2H50 + 4e = Ny + 40H" 0,85
HNO, + 7HT + 6e = NH, ™ + 2H,0 0,864
NO3™ + 10H" +8e = NH, " + 3H,0 0,87
2NO, + 2e = 2NOy" 0,88
N>O + HyO + 2 = Ny + 20H" 0,94
NO3™ + 3H* + 2e = HNO, + H,0 0,94
NO3™ + 4H™ + 3e = NO + 2H,0 0,957
NO3™ + 4H* + 3e = NO +2H,0 0,96
HNO, + H™ +e=NO + H,0 1,00
NO, + 2H* + 2e = NO + H,0 1,03
NO, + H + e =HNO, 1,09
2NO3™ + 10HT + 8e = N,O + 5H,0 1,116
2NO3™ + 12H™ + 10e = Ny + 6H,0 1,246
2HNO, + 4H™ + 4e = N5O + 3H,0 1,297
2NO, + 8H™ +8e = Ny + 4H,0 1,36
2HNO, + 6H* + 6 = Ny + 4H,0 1,45
2NO + 4H™ + 4e = Ny + 2H,0 1,678
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NoO + 2H™ + 2e = Ny + Hy0

1,766

Na Na™ + e =Na -2,714
Ni(OH)o + 2e = Ni + 20H" -0,72
[Ni(NH3)g]2™ + 2e = Ni + 6NH3 -0,49
NiCO4 + 2 = Ni + CO32" -0,45
Ni2* + 2e = Ni -0.25
Ni(OH), + 2H* + 2e = Ni + 2H,0 0,110
NiO + 2H* + 2e = Ni + H,0 0,116
NiOy + 4H* + 2e = Ni2*+ + 2H,0 1,68

O 0, + 2H,0 + 4e = 40H" 0,401
Oy + 2HT +2e = H50, 0,682
HO5™ + HyO + 2e = 30H" 0,88
Oy + 4H* + 4e = 2H,0 1,229
O3+ Hy0 +3e =0y + 20H" 1,24
O3 + 6H* + 6e = 3H,0 1,511
Ho05 + 2HT + 2e = 2H,0 1,776
O3 +2H" +2e =05 + Hy0 2,07

P HoPOy™ + e =P+ 20H" -2,05
HPO42" + 2H50 + 2e = HyPOy™ + 30H" -1,57
PO,3" + 2HyO+ 2 = HPO42™ + 30H" -1,12
2H3POy + 2HY + 2e = H4P»0g + 2H-0 -0,94
P+ 3H,0 + 3e = PHg + 30H" -0,89
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H3PO, + H + e =P+ 2H,0

-0,51

H3PO3 + 3H™ + 3e = P(Gensiit) + 3H,0 -0,502
H3PO3 + 3H™ + 2e = H3PO, + H,0 -0,50
HaPOg + 3HT + 3¢ = P(kpacHbrii) + 3H50 -0,454
H3PO,4 + 5HY + Se = P(Genbiit) + 4Hy0 -0,411
H3PO,4 + 4H™ + 4e = H3PO, + 2H,0 -0,39
H3PO4 + 5HT + Se = P(xpacupiif) + 4H,0 -0,383
H3PO4 + 2HT + 2e = H3PO3 + Hy0 -0,276
H3PO3 + 2H™ + 2e = H3PO, + H,0 -0,50
P+3HT +3e =PHy 0,06
HyP20g + 2H™ + 2e = 2H3PO4 0,38
Pb PbS + 2e = Pb + $2- -0,93
PbO + HyO + 2e = Pb + 20H" -0,58
PbCO3 + 2 = Pb + CO52" -0,506
Pbl, +2e =Pb + 2I° -0,365
PbSO, + 28 = Pb + SO 42" -0,3563
PbFo + 2e = Pb + 2F° -0,350
PbBry + 2e = Pb + 2Br~ -0,280
PbCl, + 2e = Pb + 2CI- -0,268
Pb2* + 2e = Pb -0,126
PbOg2" + HyO + 2e = PbO2™ + 20H" 0,2
PbO + 2H* + 2e =Pb + H,0 0,248
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Pb(OH), + 2HT + 2e =Pb + H,0

0,277

PbOy + HyO + 2e = PbO + 20H" 0,28
Pb304 + 2H™ + 2e = 3PhO + H,0 0,972
PbO, + 4H* + 2 = Pb2* + 2H,0 1,449-1,455
PbO, + SO42" + 4HT + 2e = PhSO, + 2H,0 1,685
PbA* + 2e = P2t 1,694
Pd Pd(OH), + 2e = Pd + 20H" 0,07
Pdlg2™ + 2e = Pdl42" + 2I° 0,623
PACI42" + 2e = Pd + 4CI° 0,623
PdO + 2HT + 2e = Pd + H,0 0,896
PACIg2™ + 4e = Pd + 6CI° 0,96
Pd2* + 2e = Pd 0,987
[PdBrg]2” + 2e = [PdBr4]%" + 2Br- 0,993
PdO, + 2H* + 2e = PdO + H,0 1,283
[PACIg]2" + 2e = [PACI4]2" + 2CI- 1,288
Pt PtS + 2¢ = Pt + §2° -0,95
PtSy + 2 = PtS + 52 -0,64
Pt(OH), + 2e = Pt + 20H" 0,15
[Ptlg]2- + 2e = [Pti4]2~ + 2I" 0,393
[PtBr4]2" + 2e = Pt + 4Br- 0,58
[PtBrg]2- + 2e = [PtBr ]2~ + 2Br- 0,59
[PtClg2™ + 2e = [PtCl4]%~ + 2CI" 0,720
[PtCI4]2 + 2e = Pt + 4CI° 0,73
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Pt(OH), + 2H™ + 2e = Pt + 2H,0

0,980

PtO, + 2H™ + 2e = Pt(OH), 1,045
Pt2+ + 2e = Pt 1,188
SO42" + HoO + 28 = SO52" + 20H" -0,93
25042" +5H,0 + 8 = S042" + 100H" -0,76
SO32" +3H,0 + 4e = S + 60H" -0,66
25042 + 3Ho0 + 4e = Sy052" + 60H" -0,58
27 + 2 = 252 -0,524
S+2e=5% -0,48
25 + 28 = 552" -0,476
S+H"+2e=HS" -0,065
S,042" + 6H* + 8e = 252 + 3H,0 -0,006
S4062" + 28 = 25,052 0,08
SO42" +8H* + 8¢ = $27 + 4H,0 0,149
S+2HT +2e =H,S 0,141-0,17
SO42" + 4HT + 2e = HySO3 + Ho0 0,17
SO42" + 6H* + 6e = $27 + 3H,0 0,231
25042 + 10H™ + 8 = Sy032" + 5H,0 0,29
SO42” + 10HT + 8e = HyS + 4H,0 0,311
SO42" +8H' +6e = S + 4H,0 0,357
2H,S03 + 2H + 4¢ = S5052" +3H,0 0,40
HySOg + 4H* + 4e = S +3H50 0,449
S9032" + 6H™ + 4e = 25 + 3H,0 0,5
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250427 + 6H* + 4e = S9042™ + 3H,0

0,705

S,0g2™ + 2e = 25042" 2,01
Sb SbO,™ + 2H50 + 3e = Sb + 40H" -0,675
Sb + 3HT + 3e = ShH3 -0,51
SbO3™ + HyO + 2 = ShOy™ + 20H" -0,43
SbyO3 + 6HT + 6e = 2Sh + 3H,0 0,152
SbO* +2H* +3e=Sh + H,0 0,212
SbO3™ + 2HT + 3e = ShO,™ + H,0 0,353
SbO,™ + 4H™ + 3e = Sb + 2H,0 0,446
Sb,Og + 6H™ + 4e = 25bO™ + 3H,0 0,581
SbyOg + 4H™ + 4e = Sby03 + 2H,0 0,671
Se Se + 2e = Se2- -0,92
Se + 2H™ + 2e = H,Se -0,40
Se042” + 3H,0 + 4e = Se + 60H" -0,366
Se042” + HyO + 2e = Se052" + 20H" 0,05
H,SeO5 + 4H™ + 4e = Se + 3H,0 0,741
Se042" + 4H' + 2e = HySeO3 + HoO 1,15
Si Si032" + 3H,0 + 4e = Si + 60H" -1,7
SiFg2™ +4e = Si + 6F 1,2
SiOg2™ + 6H™ + 4e = Si + 3H,0 -0,455
Si +4H™ + 4e = SiH, 0,102
Sn SnS + 2e = Sn + §2- -0,94
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[SN(OH)g]2~ + 2e = [HSNO,]" + HyO + 30H"

-0,93

[HSNO,]" + HoO + 28 = Sn + 30H" -0,91
[SnFgl2~ + 4e = Sn + 6F" -0,25
Sn2* + 2e = Sn -0,136
SnO, + 2H™ + 2e = SNO + H,0 -0,108
SN0, + 4H™ + 4e = Sn + 2H,0 -0,106
SnO + 2HT +2e =Sn + H,0 -0,104
Sn(OH), + 2H™ + 2e = Sn + 2H,0 -0,091
[SNClg]2™ + 2e = SnCl42* + 2CI7 (1M HCI) 0,14
sn4t + 2e = sn2* 0,151
Sr Sr2t 4+ 2e = Sr -2,888
Zn ZnS + 2e = Zn + S%° -1,405
[ZN(CN)4]2" + 2 = Zn + 4CN- -1,26
Zn(OH)o + 28 = Zn + 20H" -1,245
[Zn(OH) 412" + 2e = Zn + 40H" -1,22
Zn0,2" + 2H,0 + 2 = Zn + 40H" -1,216
ZnCOg + 2e = Zn + COg2" -1,06
[Zn(NH3)4]2* + 2e = Zn + 4NH3 -1,04
Zn?* +2e = Zn -0,763
Zn0,2" + 4H* + 2e = Zn + 2H,0 0,441
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