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1. HACITIOPT ®OHJA OLIEHOYHBIX CPEACTB

1.1. O6a1acTh NPUMEHEHUSA

®onn oneHouHbix cpeactB (DOC) — HeoTbeMieMmas dYacThb paboueit
MPOrpaMMbl TUCHMIUIMHEI (Momynsi) «Xumus (00mas ¥ HeopraHWdecKas)» u
NpeHa3HaueH Jii KOHTPOJST U OIEHKH 00pa30BaTENbHBIX JOCTHKEHUMN
CTYJICHTOB, OCBOMBIIUX MPOTrpaMMy JUCHUIUIAHBI (MOIYJIs).

1.2. Henu u 32124 (pOHAA OLIEHOYHBIX CPE/ICTB

Henp @OC — yCTaHOBUTh COOTBETCTBUE YPOBHS  MOJATOTOBKH
oOyuatomerocsi TpeboBanusim @OI'OC BO O6GakanaBpuar 1O HalpaBICHUIO
noarotoBku  44.03.04  IlpodeccuonanbHoe  00ydeHue (MO  OTpaCIsiM),
YTBEPKACHHOIO IMpuKa3oM MuHucrtepcTBa oOpa3oBaHusi U Hayku Poccuiickoi
®enepanuu oT 22 depanst 2018 r. Ne124 (¢ u3sMEHEHUSAMH U TOTIOTHEHUSIMU).

1.3. [lepevyens koMmmeTeHuil, GopMUpYeMbIX B Ipolecce OCBOEHHS
OCHOBHOI1 00pa30BaTeIbHOI MPOrpaMMBbI

[Ipoiecc  ocBOEHMS IHUCLUMIUIMHBI ~ HampaBieH Ha (opMuUpoBaHHE
CJIEIYIOIUX KOMIETEHIIUN U HHAUKATOPOB UX JTOCTHXKCHHUSI:

Koa no ®I'OC BO ‘ NuaukaTop A0CTHKEHHSA
Ob6menpodeccroHanbHbIe
OIIK-8. Cnioco0eH ocyIiecTBIsATh OIIK-8.1. Ilpumenser MeTonabl aHaIM3a
IIeJTarOTHYECKYIO JISITETbHOCTh Ha OCHOBE Me1aroruuecKoi CHUTYaIUH,
CIIEMAJIbHBIX HAY4YHBIX 3HAHUU npodeccnoHabHOM pedIeKCUM Ha OCHOBE

CIICIIUAJIBHBIX HAYUYHBIX 3HAHWH.

OIIK-8.2. IlpoexTtupyeT U OCYIIECTBISAET
y4eOHO-BOCITUTATENIBHBIA MPOIECC C OMOPOM
Ha 3HaHUuA OCHOBHBIX SaKOHOMepHOCTeﬁ
BO3PacCTHOTO  pa3BUTHUsI KOTHUTUBHOM U
JUYHOCTHOM cdep oO0ydarouuxcsi, Hay4HO-
000CHOBaHHBIX 3aKOHOMEPHOCTEN
OpraHu3aly 00pa3zoBaTENIbHOTO MPOIECCa.

1.4. dtanbl ¢opMUpPOBaHMSA KOMIIETEHUHI W CPeACTBa OlEHHMBAHMSA
YPOBHS UX ¢)OPMHPOBAHHOCTH

Jrtansl GopmupoBanusa komnereHunii | Kommerennun KoHTpoabHO-01IeHOYHBIE
cpeacTBa / cnocod
OLICHUBAHMS

OIIK -8 VYCTHBI  ompoc,  BBINTOJHEHUE
Pasnen 1. OOmue 3aK0HBI XUMUA MPAaKTUYECKUX 3aJaHui,
KOHTpOJIbHAs paboTa

OIIK -8 YCTHBII  OIPOC,  BBHINOJIHEHHE

Pasznen 2. Ctpoenue BemecTsa .
MIPAKTUYECKUX 3a/1aHMH,




KOHTpOJIbHAs paboTa
OIIK -8 VYCTHBIL  OIPOC,  BBIIOJIHEHHE
Pa3nen 3. OKHUCIIUTENRHO- o
MPAKTUYECKUX 3aJlaHuil,
BOCCTAHOBUTEIJIbHBIE MPOIIECCHI.
KOHTpOJIbHast paboTa
[IpomMesxyTouHast arTecTanus OIIK —8 3a4eT (MUCHhMEHHBIN)

1.5. Onucanue nokasaresneil GopMUpPOBaAHUSA KOMIIETEHIUH

Koa komMnerenuun IInanupyemble pe3yabTaThbl 00y4eHHs (MOKA3ATEJIN)

OIIK -8 3Haer

— Ba)KHEWIINE XUMUYECKHUE MOHATHUS: BELIECTBO, XUMUYECKUI 3JIEMEHT,
aTOM, MOJIEKYJIa, OTHOCUTEJIbHBIE aTOMHAsI U MOJIEKYJISIpHAsI MacChl, HOH,
QJJIOTPOIIHSL, U30TOIbI, XUMUYECKAsI CBSI3b, JIEKTPOOTPULIATEIBHOCTD,
BAJICHTHOCTh, CTENIEHb OKUCJIEHUS, MOJIb, MOJISIPHASI Macca, MOJISIPHBIN
00bEM, BELLIECTBA MOJIEKYJIIPHOTO U HEMOJIEKYJISIPHOTO CTPOEHMSI,
PacTBOPBL, JIEKTPOIUT U HEIIEKTPOIUT, SJIEKTPOIUTHUECKAS
JUCCOLUAIMsl, OKMCIUTENb U BOCCTAHOBUTEIb, OKHCIIEHUE U
BOCCTAHOBJICHHE, TEIUIOBOM 3(PPEKT peakinu, CKOPOCTh XUMUIECKON
peakiuu, KaTajlin3, XUMHUUECKOE paBHOBECHE;

— OCHOBHBI€ 3aKOHBI XUMHUHU: COXPAHEHHS MacChl BEILIECTB, IOCTOSTHCTBA
coctana, [lepruonnueckuii 3aKoH;

— OCHOBHBIE TEOPUH XUMHUU: XUMUUYECKON CBSI3U, JIEKTPOIUTHUECKOM
JMCCOLIMAIUY;

— Ba)KHEHIIME BEUIECTBA U MaTe€pUaibl: OCHOBHBIE METAJIJIbI U CILJIABBI;
CepHasi, COJIsiHasl, a30THAs U YKCYCHAsl KUCJIOTHI; IEI0YH, aMMHUAK,
MUHepaJIbHbIe yOOPEHUs, METaH.

YMEeT:

— Ha3bIBaTh HEOPraHMYECKHUE BEUIECTBA 110 «TPUBUAIBHON WIIH
MEXIyHAPOAHOW HOMEHKIIATYPE;

— OIPENENATH: BAJICHTHOCTD U CTENIEHb OKUCICHHSI XUMUYECKHX
3JIEMEHTOB, TUIl XUMUUYECKOH CBSI3U B COEIMHEHUSX, 3apsij HOHA,
XapakTep cpefbl B BOJAHBIX PaCTBOpax HEOPraHUMUECKUX COEAVNHEHUH,
OKHCJIUTEIb U BOCCTAHOBUTED;

— XapaKTepHU30BaTh: JIEMEHTHI MAJIbIX IIEPUOJIOB IO UX MOJIOKEHHIO B
[lepuoanueckoii cucreme .M. Menneneena; o01iyie XuMHU4ECKHE
CBOMCTBa METAJNIOB, HEMETAJJIOB, OCHOBHBIX KJIACCOB HEOPTAHUYECKUX
COCIUHCHHI,

— O0BSACHATH: 3aBUCUMOCTb CBOWCTB BEILIECTB OT UX COCTABA M CTPOCHHUS;
MIPUPOTYy XUMHUUECKOU CBsI3U (MOHHOM, KOBAJICHTHOM, METAJTUYECKOM),
3aBUCHUMOCTb CKOPOCTH XMMHYECKON PEAKIINH U MOJIOKEHUS
XUMHUYECKOTI0 PABHOBECHS OT Pa3INUHbIX (PaKTOPOB:

— BBINOJIHATh XUMUYECKHH SKCIIEPUMEHT 110 PACIIO3HABAHUIO BAKHEHIIINX
HEOpPraHMYECKUX BEIIECTB;

—TPOBOJUTH CAMOCTOSTENIbHBIA OUCK XUMUYECKOI HH(pOpMAIHH C
WCIIOJIb30BAHUEM PA3INYHBIX HICTOYHHUKOB (HAyYHO-TIOMYJISPHBIX
W3JIaHUH, KOMITBIOTEPHBIX 0a3 JaHHBIX, pecypcoB Internet);
WCIOJIb30BaTh KOMIIBIOTEPHBIE TEXHOJIOTUH JJIsl 00pa0OTKHU U Mepeaavu
XUMHAYECKON HH(OpMAINK U ee MPEICTABICHNS B PA3TUYHbIX (POpMax;
MIPOBOJIUTH KPUTHUYECKUH aHAIN3 JOCTOBEPHOCTH XUMHUYECKOU
uH(pOpMaINH, TOCTYNAIONIEH U3 pa3HBIX HCTOYHHUKOB.

BJIJICET:

— MOAXO0JaMH K OOBSICHEHNIO XUMUYECKUX SIBIICHUH, TPOMCXOISIINX B




npupo/ie, OBITY U Ha IPOU3BOJICTBE;
— METO/IaMH OTIPEJICNICHHS] BO3MOXKHOCTH MPOTEKAHHUS XUMHUECKHX
NpEeBpALICHUH B Pa3IMYHBIX YCIOBHSX U OLICHKH MX MOCIIE/ICTBHUI;
— criocob6aMu 6e30macHOTo 0OpaIeHus ¢ TOPIOYUMH U TOKCUYHBIMH
BEI[ECTBAMHU, JIAOOPATOPHBIM 000PYIOBaHHEM;
— MCTOAaMHU IMPUT'OTOBJICHUS PACTBOPOB 3aI[aHHOﬁ KOHICHTPpAIHH.

1.6. Kputepun ouneHnBaHMsl KOMIIETEHIMH HA Ppa3HBIX IJTamax Hx

¢popmupoBanus
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YerpipexOanibHas
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IKAJIA

BykBeHHasl IKAJIa, COOTBETCTBYIOIIAS
100-6anabHOM MIKAJIE

Cucrema
OLIEHUBAHMS
3ayera

OTIN4YHO

90-100

A — OTIIMYHO — TEOPETHIECKOE CONEPKAHUE
Kypca OCBOEHO IIOJIHOCTBIO, 6€3 Ipo6eros;
HE0OXO0JMMbIE MPAKTHIECKHUE HABBIKH Pa0OTHI
C OCBOCHHBIM MaTEpHaioM ChOPMUPOBAHEL;
BCE TIPEYCMOTPEHHBIC TIPOrPAMMOiA
o0yueHust yaeOHbIC 3a1aHUs BBITOJIHCHBI,
KA4eCTBO UX BBITOIHEHHUS OIIEHEHO YHCIIOM
0aJ10B, OJIM3KUM K MAaKCHMAJIbHOMY

Xopowo

83-89

B — oueHb X0po1110 — TEOpETHUECKOE
CoJIepKaHue Kypca OCBOCHO MOJIHOCThIO, 0e3
npo0OenoB; HeOOXOAUMBIE TPAKTHYCCKHE
HaBBIKH Pa0OTHI C OCBOGHHBIM MaTepHajioM B
OCHOBHOM c(hOpMHPOBAHBI; BCE
IpeyCMOTPEHHBIE IPOrpaMMoi 00ydeHuUs
yueOHBbIE 3aJaHNUsl BBINOJIHEHBI, KAYECTBO
BBITIOJTHEHHS OOJIBIIMHCTBA U3 HUX OLIEHEHO
qrcIoM 0aioB, OJIM3KUM K MAKCHMAJIbBHOMY

Xopo1io

75-82

C — XOpOIII0 — TEOPETUIECKOE COACPIKAHKE
Kypca OCBOCHO IMOJHOCTHIO; HEKOTOPBIC
MPAaKTUYECKHUE HABBIKK PaOOTHI C OCBOCHHBIM
MaTepHaaoM COPMHUPOBAHBI HEIOCTATOYHO,
BCE MPEIYyCMOTPEHHBIE ITPOrPaMMOit
00yueHHs yueOHbIC 3aaHUs BBITOIHEHBI,
Ka4yeCTBO BBHIMOJIHEHNS HU OJHOTO U3 HUX HE
OLIEHEHO MUHHMMAaJILHBIM YHCIIOM 0aJlIOB,
HEKOTOPBIC BUJIBI 3aJJAHUH BBITTOTHCHEI C
omnoKaMu

YHOBHCTBOPI/ITGHLHO

63-74

D — ynoBneTBOPUTENBHO — TEOPETHUECKOE
CoJIepakKaHUe Kypca OCBOCHO YaCTUYHO, HO
po0ebl He HOCAT CYIIECTBEHHOTO
XapakTepa; He0OXOIMMbIC MTPAKTHICCKHE

3aureHo




HaBBIKH Pa0OTHI C OCBOCHHBIM MATEPUAIOM B
OCHOBHOM C()OPMHUPOBAHBI; OOJIBIITTHCTBO
MPEyCMOTPEHHBIX MPOrPaMMOii 00yUeHHUs
yueOHBIX 33/IaHUI BBITIOJIHEHO, HEKOTOPBIC 13
BBITIOJTHEHHBIX 33JaHUH COJIepIKaT OMIHOKU

Y 10BIETBOPUTEIBHO 50-62 E— nmocpeacTBeHHO —TeOpeTHIECKOE
COJICpKaHNE Kypca OCBOCHO YaCTHIHO;
HEKOTOPBIE IIPAKTUIECKHE HABBIKK PAOOTHI HE
c(hOpMHUPOBaHBI, MHOTHE MPEIYCMOTPECHHBIE
yueOHOH mporpammoii 00y4denust yueOHbIe
3aJlaHusI HE BBIITOJIHEHBI JIM0O KauecTBO
BBINOJIHEHHBIX HEKOTOPBIX U3 HUX OLIEHEHO
YHCIIOM 0aJJIOB, OJIM3KUM K MUHUMAJIBHOMY

HeynosnerBopurenbHo 21-49 FX — Hey1oBIETBOPUTENHHO — TEOPETHUUECKOE
COZIEpP>KaHUE Kypca OCBOCHO YaCTUYHO;
HEOOXOTUMBIC TPAKTHYECKIE HABBIKH PAOOTHI
C OCBOEHHBIM MaTEpHUajIOM He
c(hOpMHUPOBAHEL, OOIBIIITHCTBO
MPEIyCMOTPEHHBIX YIeOHOH MporpaMMoit
00ydeHns yueOHBIX 3aIlaHUI HE BHITIOJTHEHO
7100 Ka4yecTBO WX BHITIOTHEHUS OIICHEHO
YHCIIOM 0aNJIoB, OJIM3KUM K MUHUMAJIBHOMY)
IIPY JONOJHUTEIBHO CaMOCTOSATENILHOMN
paboTe HaJl MaTepHaIoM Kypca BO3MOXKHO

He 3auteno
IIOBBIIICHUE KaU€CTBA BBINIOJTHCHUA yqe6H1,1x
3aJaHui
HeynosnerBopurenbHo 0-20 F — Hey1OBIETBOPUTENHHO — TEOPETHUECKOE

coZiepKaHUe Kypca HE OCBOCHO;
HEeoOXOAMMBIC IPAKTHYESCKIE HaBBIKH PaOOTHI
He chopMUPOBaHEL; BCE BBINOJIHCHHBIC
y4eOHbIE 3aJaHus COJepKAT TPYOBIe OMINOKHY;
JOTIOJTHATENBHAs CaMOCTOsTENbHAs paboTa
HaJl MaTepHaIoM Kypca He IPUBEIET K
KaKOMY-JI100 3HaYMMOMY TIOBBILICHHIO
KauyecTBa BBIIIOJIHEHHUS YUEOHBIX 33JaHU

2. KOHTPOJIBHO-OIIEHOYHBIE CPEJICTBA

2.1. OneHOYHBIE CPECTBA TEKYHIEr0 KOHTPOJIS
IIpakTnyeckue 3agaHus AJs1 321U THI J1a00PaATOPHOIl padOTHI:
Kiaccbl HeOpraHuyecKux coeuHeHumn

Ionyuenue oxcuoos 63aumoodeiicmsuem npocmvix gewecms. KOHMUECKYIO WIN
IUIOCKOJIOHHYIO KOJIOY 3aIllOJIHUTE AMCTUIUIMPOBAHHON BOJOM NMPUMEPHO OIMH
CaHTHUMETp M J00aBbT€ 5 Kamenb JakMyca. B MeTauMyeckyro JOXKeuKy
OMeCTUTE HeOOIbIII0e KoIuaecTBO pocdopa u HarpenTe B MIaMeHU CTUPTOBKHU
10 BocruiameHeHus. JIoxkeuky ¢ ropgmuM Gochopom (Bbraensercs Oeblil AbIM)
BHECHUTE B KOJIOY, ACp>KUTE HaJl BOojJOU (He morpykas B Boay!). Ilocne Toro, kak
TOPEHUE 3aKOHUUTCA, ONpPENENTUTE PEaKIUI0 Cpeabl pacTBOpa. 3aluIIuTe
ypaBHEHUS peakuuil 1 00bICHUTE U3MEHEHHUE 1[BETa MHIUKATOPA.

TouHO TakuM ke o0pa3oM MpojienaiTe onbIT ¢ cepoil. Hackonbko oTinyaercs
pH pactBopa, nomydeHHoro B ombiTe ¢ ropeHuem ¢ocdopa, or pH pactsopa,
MOJIYYEHHOTO0 B XOJI¢ CxuraHus cepbl? Kakol BBIBOJ MOXHO CHENATh O CHIIE
KHCTIOT, 00pa3yIoIIKXCs B TaHHOM OIbITE?




0) l[lonyuenue oxcudoe pasznodicenuem cogei. B Ccyxyro mTpoOUpPKYy TOMECTHTE
HEOOJIbIIIOE KOJIMYECTBO (HA KOHYMKE IIaressi) KapOoHaTa THAPOKCOMETU
(manaxuta). OT™MeThTe 1BET coiu. Harpeiite conmp B mpoOupke (He mporpesas
npoOupKy!) 10 MOJTHOTO €€ pa3znoxeHus. Hanmummre peakiuio pa3ioKeHus COJu,
OTMEThTE arperarHoe COCTOSTHUE MPOIYKTOB pPEaKIMH, LIBET TBEPJOTO OCTaTKa.
OOpatute BHUMaHUE, MOSABUICS JIM KOHJEHCAT HAa CTEHKax npooupku? byner nu B
X0JIe TEPMUYECKOTO PA3IOKEHUsI MalaxuTa BbIIesAThCs ra3? Kakum obpazom
MO’KHO OOHapyKUTh 00pa3zoBaHHe raza?

8) [lonyuenue oxcuoos paznodxcenuem 2udpokcuoos. B mpoOWpKy HamenTe
HEMHOTO pacTBOpa cyibdaTa MeAH, N00aBbTE HECKOJIbKO Kamenb 2M pacTBopa
ruapokcua Hatpuss. OTmeTpTe 1LBET o0Opa3oBaBLIerocs ocaika. Hanumure
ypaBHEHUS peakuuii U 00bsicHUTe 0Opa3zoBaHue ocanka. [IpoOupky HarpeiTe no
U3MEHEeHMs LBeTa ocaaka. Hamumure ypaBHeHue peakuuu. OOBICHUTE NPUYHUHY
M3MEHEHHUS 1[BETA OCaJKa B PE3yJIbTATE HArPEBAHMSI.

2) Omuouenue okcudog K ode. B mpoOUpPKy MOMECTUTE HEOOBIIIOE KOJIUYECTBO
OKCHJa Kajblus, J00aBbT€ HEMHOTO JUCTWIMPOBAHHOW BOJBI M 2 KaIUIH
dbenondranenna. OOBICHUTE U3MEHEHHWE OKpAacKW WHAMKATOpA. 3aluIInTe
YpaBHEHUE XUMUYECKOW PEAKIUU.

0) Bzaumooeiicmeue okcuoog c xuciomamu u 2uOPOKCUOAMU.

B nBe mpoOupku BHECHTE HECKOJBKO KPYMMHOK OKCHAA IIMHKA M OKCHJAa ME[H,
no6aBbTe 1-2 M1 2M pacTBOpa CEepHOMl KHUCJIOTHI, TP HEOOXOJUMOCTU HarpenTe
coepkumoe mpobupok. Uto Habmrogaercs B KaxaoM ciaydae? Kak oObSCHUTH
HaOJro1aeMbl€ SABJICHUS?

[TpuroroBkTe eue aBe Npodupku ¢ okcuaamu meau (I1) u uuHKa, mpuienTe K HUM
nmo 2wma 30%-HOro pactBOopa THAPOKCHUIA HATPUs, HArpeuTe COAECPKUMOE
npobupok. IIponsonuio nu pactBopeHne okcuaos? M3MeHuics 1 UBET pacTBOPOB
MOCJIE HAarpeBaHus?

2. I'uopoxcuovl, ux nonyueHue u ceoucmea

a) Ilonyuenue pacmseopumolx ocnosanuti. B MpoKuii cTakaHYMK ¢ BOJAOUW HajeHTe
JI0 TIOJIOBUHBI 00beMa TUCTUIIUPOBAHHON BOJbI. M3 GaHKM M3BIEKUTE MUHIIETOM
KyCOYEK WIEJIOYHOTO WJIM IIEJOYHO3EMEIBHOIO METaJlla, Pa3MepoOM MEHbLIE
TOPOIIUHBI (TIPU HEOOXOAMMOCTH OTPEKHTE HYKHOE KOJIUYECTBO MeETaia OT
OOJBIIOr0 KyCKa), OUUCTUTE €T0 (GUIBTPOBATBLHON OyMarou oT Macjia U OMyCTUTE
B Boaly. Onummre HaOmonaeMble siBiieHus. [locie okoHUaHus B3aMMOJCHCTBUS B
MOJIyYeHHBIA PacTBOpP 100aBbTE HECKOJIBKO Karelnb (heHon(TanernHa Wid Ipyroro
WHAUKaTopa. Hanmummre ypaBHEHUE peakiuu, OOBSICHUTE W3MEHEHUE OKPACKU
pacTBOpa U €ro pa3orpeBaHue.

0) llonyuenue HepacmeopumbiX OCHOBAHUU B3AUMOOEUCMBUEM CONIU CO WeN0YbIO.
B npoOupku momectuTe Mo HECKOJBKO Kamelb pacTBOpoB cyibdara meau (II),
xnopuaa sxeneza (III), cymedara marams. K xaxmomy pactBopy mnpumieite
HECKOJIbKO Kamenb 2M pacTtBopa ruapokcuaa HaTpus. OTMETbTe LBET
00pa30BaBIIMXCS OCAJAKOB, HAMHILIWTE YPAaBHEHHUS COOTBETCTBYIOIIUX PEaKIUH.
Conepxumoe MpoOUPOK UCTIOIB3YHTE B CIEIYIOIIEM OIBITE.



8) Omnowenue Hepacmeopumvix ocHoeanuil K Kuciomam. K TOITy4EeHHBIM B
MpEeAbIAYIEM OIbITE OCaaKaM MPUJIEHTE MO HECKOJbKO Karellb COJITHOW WU
cepHoi KucioThl. PactBopuiucsk i ocaaku? [losiBuiace im okpacka y pacTBOpoB?
2) Ilonyuenue amghomeprvix 2u0poxcuoos e3aumooeticmauem conu co ujenousro. B
npoOHPKY ¢ pacTBOpOM cyibdaTa amroMuHus (2/3 mpoOUpKH) 100aBbTE HECKOJIBKO
Kamenp Ienoud. Hamummwre ypaBHeHHE peakuud M OOBICHUTE OOpa3OBaHUE
ocasika. CozepkuMoe MPOOUPKHU HE BHUTUBANWTE, OCTABUB €0 JIsl OMbITa 2.5.
0) Bzaumooeticmseue ampomeprvix 2uOpoOKCuU008 ¢ KUCIOMAMU U WeT0UaAMU.
Hcnonp3yiiTe ocagok, mnojdydeHHbld B onbite 2.4. Coaepkumoe MpoOupKU
B300JITaliTe ¥ BMECTE C OCAIKOM paslieiTe B ABe Mpobupku. B mepByto Haneiite Ha
TpeTh 00bEMa COJISTHOM KHCIIOTBI, BO BTOPYIO — KOHIICHTPUPOBAHHOM IIEIIOYH
(w =30%). 3anuimure ypaBHEHHS peakinii 1 O0BICHUTE PAaCTBOPEHHUE OCAJIKOB B
o0enx npoOupKax.
Conu, ux nonyuernue u ceotcmea
a) llonyuenue coneti 83aumoodeticmeuem ocHoganus ¢ Kuciomoti. (CHayana
nosyunte rumapokcua skeneza (III), mpubamisisi pacTBOp MIENOYM K PacTBOPY
xyopuaa xkenesa (I11) (1-2 mur) 1o o6pazoBanus ocagka. OTMeTbTe 1IBET ocaika. K
MOJIYYeHHOMY OCaJIKy J0OABhTE MO KaruisiM pacTBOP COJSIHOM KuciaoThl. Hanummre
ypaBHEHUS peakluii 1 0OBSICHUTE PACTBOPEHHUE OCATKA.
0) [lonyuenue coneu 83aumooeticmsuem 08yx coieu. B nBe npoObupku HamenuTe mo
1-2 muT pacTBOpa HUTpaTa CBHHIIA, T00ABHTE MO KaIlJIIM PAaCcTBOP XJIOPHIAa HATPHUS
(B mepByl0) U pacTBopa cyib(aTa MarHus (Bo BTOpyr). Hanummre ypaBHeHuUs
peaxiuii 1 00bACHUTE 00pa30BaHMUE OCAIKA.
8) Ilonyuenue coneti 63aumooeiicmsuem conei ¢ memariamu. B mpoOupku c
pactBopamu cyibdara Meau U cyiabdara Hatpus (1 M) noMectuTe Mo
HEOOJBIIIOMY KyCOUYKy IHMHKA. Yepe3 HEKOTOpOe BpeMs BHHUMATEIHHO
paccMOTpuUTe, MPOU3OILIN JIU KaKue-Tu00 M3MEHEHHUs B OKpacke pacTBOpPOB, Ha
MOBEPXHOCTH MeTaJIoB. Hamuiure ypaBHEeHUs peakiuii U O0BSICHUTE Pa3InNuyHOE
OTHOIIIEHUE PACTBOPOB B3SITHIX COJIEH K IIUHKY.
2) [lonyuenue ocnogmwix coneti g3aumoodelcmseuem coau co ujeroyvro. Haneiire B
npoOupky Ha 1/3 oO6bemMa pacTBop xsopuaa kodansta (I1), ocTtopoxHO nMpubdaBbTE K
pacTBOpy HECKOJbkO Kameinb 1M pactBopa menoun. OTMeTbTe IBET
oOpa3zoBaBierocs ocagaka. Kakoe BemniecTBo o0pa3yercst mpu HEJOCTATKE MIeT0qn?
0) llpespawenue ocHoBHOU conu 6 2UOpokcud, 8 cpeourwr coiab. (callok,
MOJIYYCHHBIA B TIPEABIAYIIEM OIBITE, pas3lIeiauTe Ha aBe dacTu. K ogHON dacTw
npubaBbTe M30BITOK 1M pacTBOpa ImIenoud A0 W3MEHEHUs Ookpacku. OTMmeThTe
W3MCHCHHUE IIBETA, M HAMWIINTE ypaBHEHUE peakiuu. K apyroil gacTtu ocajka
no0aBbTe 1M pacTBOp COJSHOM KHUCIOTHI J0 pacTBOpeHus ocanka. Hamwuimumre
ypaBHCHUE PEaKITUH.

«KuHeTHKAa XMMHYECKUX peakuni. XuMHYeCKoe paBHOBECH e
1. 3asucumocms cxkopocmu peakyuu Om KOHYEHMPAYUU peazupyroujux
seujecms.
1. B omny mpoOupky HeoOxomumo Hamuth 20 M BOABI M OCTaBUTH €€ IS
KOHTPOJIS.



2. B Tpu mnponymepoBaHHble mpobupku Hamuth: 5 Ma 0,IM pactBopa
tuocynbdara HaTpus U 10 mut Boasr; 10 M 0,1M pactBopa THOCyIb(haTa HATPUSI U
Smn Bombl; 15Mim 0,1M pactBopa THOCyNb(haTa HATPUS COOTBETCTBEHHO
(cMm. dbopmy MpoTOKOIA).

3. MepubiM nmwmHApoM oTMepbTe 5 mi 0,1 M pacTBopa CEepHOIl KHUCIIOTHI;
NpuielTe ee K pacTBOpy THocyilbdara HaTpus B mpobupke Ne 1, OwicTpo
nepeMeniaiTe u cpasy ke BKIOUMTe cekyHaomep. Hauanom peaknuu Oyaem
CUMTATh MOMEHT CMEIIMBAHUSI PACTBOPOB. B X0je mpoTeKaHusl peakiuu pacTBOp
CTAaHOBUTCSI MYTHBIM BCIIEACTBHE 00pa3oBaHus cepbl. [loaToMy 1S onpeenenus
CKOPOCTH pEaKLHH HEOOXOJUMO OTMETHTh BPEMS, COOTBETCTBYIOILEE HAYAITY
MOSIBJICHUSI MYTH B MpoOupKax. UTOOBl ObUIO Jierde 3aMETUTh MOSBJICHUE MYTH,
pPEKOMEHIyeTCsl paccMaTpuBaTh MNPOOUMPKA Ha YEpHOM (OHE U CpPaBHUBATH
POOUPKY C KOHTPOJIBHOW, B KOTOPOM HAXOIUTCS BOAA.

4. Te e onepanuu mpojieJaiiTe co BTOPOU U TPEThEeil mMpoOupKamu.

5. Pe3ynbTatrhl ONBITOB BHECUTE B TAOJHILY, BEIYUCIUTE OTHOCUTEIBbHYIO CKOPOCTh
peakuuu g Kaxaoro ciaydas. OTHOCUTENbHYIO CKOPOCTh PEAKIIMU BBIUUCIISIOT
KaK BEJMYMHY, OOpaTHO MPOMOPIMOHAJILHYIO HalJeHHOMY BpeMeHU (B
cekyHaax): v = 1/t.

6. [IpencraBbTe pe3ynbTarhl TpaUuecKd, OTIOXKUB MO OCH X OTHOCUTEIBHYIO
KOHLEeHTpauuio Na,S,0;, a 10 OCH y — OTHOCHUTEIIbHYIO CKOPOCTb PEaKIIH.

7. Cpemaiite BBIBOJ O 3aBUCHUMOCTH CKOPOCTHM pEAKIMHA OT KOHLEHTPALUH
pearupyroumx BeIecTB.

2. 3asucumocms CKOpocmu peaxyuy om memnepamypbi.

1. B Tpu npo6upku, nponymepoBannbie mudpamu 1, 2, 3 ormepste mo 5 mia 0,1M
pacTBOopa THOCY/IbaTa HATpUsA, B JPYrue TpU MpoOUpku (0003HAYCHHBIMU
nudpamu 1', 2, 3") — o 5 M1 pacTBOpa CEpHOM KUCTIOTHI.

2. Opny mpoOUpKYy ¢ THOCYNIb()ATOM U OHY IMPOOUPKY C KUCIOTON BBIICPIKUTE
pU KOMHATHOW TEMIEpAaType B CTaKaHE, HAMOJHEHHOM BOJIOM MNPUMEPHO 10
MOJIOBUHBI 00BbEMa, B TeUYeHHWE S5—7 MHH., 3aTeéM OBICTPO TNPHIICUTE PaCTBOP
KHCIIOTBI K pacTBOpy THOCYdb(ara, OBICTPO TMEpeMelaiTe © BKIIOYHUTE
CEeKyHAOMEp. 3aceKkuTe BpeMsl Hauyajga IOMYTHEHMs, pPE3yJIbTaTbl BHECUTE B
MPOTOKOI.

3.CrakaH C BOJOW, MCIIOJb30BABLIMICS B MPEIBIAYIIEM OIBITE, HAarpeuTe Ha
IJIUTKE 110 TemmepaTypbl, Ha 10°C Bblllle KOMHATHOM (11 HW3MEpEeHUs
TeMIepaTypbl UCTIONB3yHTe TepMoMeTp). CHUMUTE CTakaH C IJIUTKH, B HarpeTyro
BOJY MOMECTUTE MPOOUPKY C THOCYIh(ATOM U IPOOUPKY C KUCIOTOH, BBIACPKUTE
ux 1-2 MuH., 3aTeM TPWICHTEe KUCJIOTYy K PacTBOPY THUOCYyJb(aTa U OTMETHTE
BpEMsI IOSIBJICHUSI MYTH.

4. C Tpetbeil mapoi mpoOUPOK CAENIaiTe TO K€ camoe, HO TIPHU TeMIIepaType, BHIIIE
koMHaTHO Ha 20°C.

5. Pe3ynbTaThl OMBITOB BHECUTE B TAOJIUITY, BRHIYMCIIUTE OTHOCUTEIHLHYIO CKOPOCTh
peakiuu sl Kaxaoro ciaydas. OTHOCUTENbHYIO CKOPOCTh PEAKIIMHM BBIYUCIISIIOT
KaK BEJIMYMHY, OOpaTHO MPONOPLUHUOHANIBHYIO HAaWJIEHHOMY BpeMEHH (B CEKYHJIax):
v=1/1.



5. Tloctpoiite rpaduk 3aBUCHMOCTH CKOPOCTH PEaKIMH OT TEeMIIepaTypbl B
KOOpAMHATaX: TEMIIEpAaTypa — OTHOCUTEIIbHASI CKOPOCTh PEAKLIHH.

6. Caoenaiite BBIBOJ O 3aBUCUMOCTH CKOPOCTH PEAKIIMU OT TEMIIEPATYpPHI.

3. Bauanue uzmeHeHus KOHYeHmpayuu HA cMeweHue Xumuiecko20 pasHOBeCuUs.
[IpuroroBbTe pacTBOp THOLMAHATA Kalus (WM aMMOHuUs). JlJig 3TOro pacTBOpUTE
HEOOJIbIIIOE KOJMYECTBO COJIM (Ha KOHYMKE IIMNaTelsi) B JUCTUIIMPOBAHHON BOJIE,
3aMoJHUB MPOOUPKY BOJOM Ha ¥4 oObema. J[0O6aBbTE K MOJYUYEHHOMY pPAaCTBOPY
HECKOJIBKO Kareib paz0aBiieHHOro pactBopa conu xenes3a (III). OtmersTe okpacky
MOJIy4EHHOTO pPACTBOpA. 3alUIIMTE YpaBHEHHE pPEAKUMH B padO4YMil KypHAL
[TomyuenHslii pacTBOp paszieiiTe B dyeTbipe npoOupku. OpHy OCTaBbTE s
cpaBHEHUs. Bo BTOpyl0, TpEeTbIO M YETBEPTYIO COOTBETCTBEHHO J00aBbTE
HECKOJIbKO KPHUCTAJUIMKOB THOLMAHAaTa Kajiug (aMMOHUS), HECKOJIBKO Kameib
HACBIILIEHHOTO pacTBopa coiu xesne3a (I11I) u HeckoJIbKO KpUCTAJIIIMKOB 1IABEJIEBOM
KkucaoTel. OukcupyiiTe Bce HaOlrofaeMble M3MEHEHHUs okpacku. Ha ocHoBanHuM
npunuuna Jle-Illatrense 00BACHUTE U3MEHEHUE OKPACKH B KAXKIOW U3 MPOOHUPOK.
VYKaxkuTe CTpesKo HampaBjeHHE clIBUra paBHOBecus mpouecca (1) B kaxaoi u3
pOOHPOK.

4. Brusnue u3MmeHeHusi KOHYEHMpAyuu YeleKucloco 2asa Ha  cmeujeHue
paenogecus. 1'eTeporeHHoe paBHOBECHE MEXAY KapOOHAaTOM M TUApOKapOOHATOM
KaJIbIUSI MOXET OBITh [IEPEIaHO CXEMOM:

CaCO}(TBep/:[.) + CO2(ra3) + HZO(xc.) = Ca2+ (pactBOp) + 2HCO37 (pactBop)-

[IpurotoBbTE pacTBOp, COACpIKAIIUN THAPOKApOOHAT W KapOoHAT Kaiubuus. [is
ATOTO B MPOOUPKY HaelTe 2 — 3 MJI pacTBOpa TUAPOKCHIA KaIbIUs (M3BECTKOBOM
BOJIbl) U MPOIYCTUTE YIJIEKUCIIbIM ra3 A0 YaCTUYHOTO PACTBOPEHMSI BBINIABLIETO B
Havane ocagka CaCO;, u pa3ienure MONyYEHHYIO CYyCIIEH3UIO Ha TPU MPOOUPKH.
OpnHy OCTaBbTE B Ka4€CTBE KOHTPOJIBHOM, B IPYTYIO — MPOITYCKAaNUTE YIJIEKUCIIBIN
ra3 u3 anmnapata Kuma, Tperbto Harpeiite. Kakue m3meHeHUs HaOIHOJAIOTCS BO
BTOPOM M B TPEThEHl MPOOUPKAX MO CPAaBHEHUIO C KOHTPOJIbHOM? Ilpu HarpeBanuu
pPacTBOPUMOCTb TMOKCHA yTieposia ymeHblaercs. Kyga cMecTuTes paBHOBECHE B
KaXJa0M ciryqae?

5. Bauanue xapakxmepa cpeobl Ha CO8U2 XUMUUECKO20 PABHOBECUS.

B npoOupky HaneiiTe HECKOJbKO Kalledb pacTBopa Xpomara kamusg. OTMeThTe
nBet. Jlo6aBbTe 2—3 karmmu 1M pacTBOpa cepHO KUCIOTh. OTMEThTE U3MEHEHUE
nBera. Yem oHo oOycnosneno? K momydeHHomMy pactBopy n06aBsTe 2M pacTBOp
mienoun 0 u3MeHeHus 1Beta. OObsicHUTE M3MeHeHue okpacku. Kakumu erie
croco0aMy MOKHO CMECTUTh UCCIIEyeMOe paBHOBECHUE?

6. Bausinue memnepamypol Ha cCMeUeHUE XUMULECKO20 PABHOBECUSI.

B npoOupky BHECHMTE HECKOJbKO KPHUCTAJIOB (HAa KOHYMKE IIIATENs)
Kpuctauioruapara  xjopuga  koodamera  (II), nmobaBeTe 4-5  Kamenb
muctwunpoBaHHor Bogawl. [lpu pactBopenun CoCl,x6H,O oOpa3yroTcst MOHbI
[Co(H,0)4] **_OrMerbTe UBET pacTBopa. JJ06aBbTE K IPHUIOTOBICHHOMY PACTBOPY
5-6 xanenb 20%-Horo pactBopa coisiHol KuciaoThl (MoHbl [CoCl,] > 06pasyroTes
Ipy HaJU4YMKM M30bITKAa XJIOPUI-MOHOB). M3MeHusiach 1M OKpacku pactBopa?
Harpeiite npoOupky Ha CHUPTOBKE JO SIBHOTO WM3MEHEHUSI OKpPACKH pPacTBOpa.



[Tpobupky ¢ pacTBOpOM OXJAAUTE A0 KOMHATHOM TeMmmeparypbl (MOXHO MO
CTpyel BOJOMPOBOAHON BOJbI). [loueMy mMpPOUCXOOUT H3MEHEHHE OKpacKu
pacTBOpa MpU HarpeBaHuM U oxjaxjaeHuu? B cropony oOpa3oBaHUsl KaKOTro MOHA
— [CoCl,] > wm [Co(H,0)] > _ CMECTHJIOCH PABHOBECHE IPH IMOBBILICHUN
TeMIiepaTyphl; npu moHmwkeHnu? Kakoi mporecc (mpsMod wWiId OOpaTHBIN)
SABJISIETCSA SK30TEPMUUYECKUM; SHIOTEPMUUYECKUM ?
Crenaiite BBIBOJ O BJIMSIHUU JIaBJICHUS, KOHIIEHTPAIUHU, CPE/Ibl, TEMIIEPATyphl Ha
CMENIEHUE XUMHYECKOTO PABHOBECHS.

«PacrBopsl. I'mapoans»
1. pH 600vbi. B oiHy npoOUpKYy HaJlelTe HEMHOrO JUCTUJIMPOBAHHOM BOJIBI, B
Jpyryto — BogonpoBoaHon. M3mepsTe pH BOBI B KaXk101 MpoOMpPKE MpU MOMOIIH
YHUBEPCAIbHOW MHIMKATOPHOW Oymaru. UeM BbI3BaHO OTKJIIOHEHHE 3HaueHus pH
BOJIbI OT HEUTPAJIBHOTO B KAXKJIOM ClTydae?
2. Peakyus cpeowvl 6 pacmeopax paznuuneix conei. B yeTbipe mpoOUpKU HanenTe
npuMepHO Ha 1/3 IUCTUIIMPOBAHHOM BOJIbI, J00aBbTE HEMHOTO (HAa KOHYHUKE
mmaTesnsi) CIEAYIONIUX COJICH: XJIOPHUA aJTIOMUHHUA, XJIOpUJ Kaius, KapOoHaT
HaTpus, aleTaT HaTpusa. PacTBOphI pa3MelIaTe 10 pacTBOPEHUSI COJIEH, OLICHUTE
pH mnpu nomomu MHIMKaTOpHON Oymaru, cpaBHuUTe ¢ pH nucTUIIMpPOBaHHON
BOJIbI B KOHTPOJIbHOM IpoOupke. CrenaiiTe BBIBOJ O PEAKIIUU CPEIbl B pacTBOPE
KaXKJIOU COJIH.
Kakue u3 uccinemoBaHHBIX COJIEM MOABEpPraroTca ruaponusy? Hanummre moHHO-
MOJIEKYJISIDHBIE W MOJICKYJIIPHbIC YpPaBHEHUS THUIPOJIM3a U YKAXKUTE BUJ
ruaposin3a (MpOCTOM MM CTYNEHYaThlid) Kakaou conu. B ciydae crymeH4yaToro
rUApOJU3a HANUIIMTE YPAaBHEHUWE PEAKIUU THUAPOJIN3a TOJBKO ISl TMEePBOM
CTYNE€HU, TaK KaK TMPAKTUYECKH TMOCIEAYIOUME CTYNEHU TUIPOJIN3a MpH
KOMHATHON Temreparype MpoTekaloT oudeHb cinabo. Cpaenaiite oOmUNA BBIBOJI O
peakiuy Cpebl B pacTBOPaxX COJICH: a) CUIIbHBIX OCHOBAHHMM U CJIa0bIX KHUCIIOT; 0)
c1aObIX OCHOBAHUM M CHJIBHBIX KHCJIOT; B) CJIaObIX OCHOBaHUMN W CIAOBIX KHUCIIOT;
T') CUJIbHBIX OCHOBaHHWH M CHJIBHBIX KUCIIOT.
3. @axkmopewi, erusAOUWUE HA CIMENeHb UOPOIU3A
a) BrusiHue cunvl Kuciomul Uiy OCHO8AaHUs, 00pasyowux cov. B ogHy npoOupky
BHECUTE HECKOJBKO KPHUCTAUIOB CyJb(UTa HATpHs, B JPYIYI0 — CTOJIBKO e
KapOoHaTa HaTpus, K KaKIOW COJM J00aBbTE IO HECKOJBKO Kameiab BOAbI (HE
oonee yeM Ha 1/3 ux oOvema). Mcnonw3ys uHaMkaTopHyto Oymary, ouenutre pH
MOJIYYEHHBIX PacTBOPOB cosieil. OObICHUTE, UeM 00YyCIIOBJIEHA pa3IMYHas OKpacka
WHJIUKATOpHOW Oymaru. HamuiuTe ypaBHEHUsI MNPOTEKAIOMIUX IIPOILIECCOB B
MOJIEKYJISIPHOM U MOHHOM BHJIE.
0) Bauanue memnepamypwvi. B npoOupky HaneiTe NUCTUILTUPOBAHHON BOJIBI 110
MOJIOBUHBI €€ 00beMa, BHECHTE HEOOJBIIOE KOJUYECTBO KPUCTAIUTMYECKOTO
arerata Hatpus W jJ00aBbTe Kammo (eHondranenHa. Pasneiite pacTBop B JBe
npoOupku. Harpeiite pacTtBop B OfHON mpoOMpke A0 kumneHus. Hamummre
ypaBHEHUE TMpoTeKaromero mpoiecca. OOBbSICHUTE H3MEHEHUE WHTECHCHUBHOCTHU
OKpacKM pacTBOpa TMpH HArpeBaHWU. YKaXUTE HAIpPABICHUE CMELICHUS
paBHOBECHs THAPOJM3a B pe3ynbTaTe HarpeBaHus. ChenaiTe BBIBOJ O BIHMSHUU
TEMIIEPATYPhI HA CTENEHb TMIPOJIN3a U YKAKUTE PUYMHBI STOTO BIUSHHUS.



8) Bausanue ygenuuenus konyeHmpayuu 0OHOUMEHHBIX UOHOS.
B npoGupky BHecUTEe HECKOJIbKO KpucTaioB HuTpaTa BucmyTa (III) u mobaBbte 5—
7 xamenb JUCTUUIMPOBAHHOM Bojbl. IIpu pacTBOpeHHHM IOJIKHO HAOJIOAATHCS
oOpa3oBaHHE OcCaJlka MajJopacTBOPUMOro HHUTpaTa BUCMYyTHIA. OTMEThTE LBET
ocajka. Hanmuiure ypaBHEeHUE mpoliecca TUapoiu3a B MoJeKkysspHoil popme. K
pacTBopy mnpubaBbTe MO KamisM 2M pacTBOp a30THOM KHUCIOTHL. OOBsCHUTE
MPOUCXOSIINE U3MEHEHUS U YKAXKUTE HAIMpaBJICHUE CMEILIECHUS PAaBHOBECHS TIPU
BBEJICHUU KUCIOTHL. Kak U3MEHHUTCS CTENeHb THAPOIN3a CONn?
4. Obpaszosanue Kucavix conei npu 2uopoause. B oqHy npobupky Hanewre 3—4 mi
pacTBopa kapOoHaTa HaTpHsl, B IPYTYI0 — PacTBOP THApPOKapOOHATa HATPUS TaKOH
K€ KOHIICHTpAIlMM W OIICHWTE 3HaueHne pH 3TUX pacTBOPOB MpH TOMOITH
UHAUKAaTOpHOW Oymaru. Hanummre ypaBHEHUS MNPOTEKAIOIIMUX pEAKUUd MU
OO0BSICHUTE, IOYEMY OKpacka HHIMKATOPHON Oymaru B 3TUX pacTBOpax pasjinyHa.
Boruncnure 3HaueHHs] KOHCTAHT TUAPOIIN3a ATUX coneit nmpu 25°C.
5. CoemecmHulil 2uopou3 08yx co.etl
a) C obpazosanuem manopacmeopumozo cudpoxcuoa. B npobupky Haneite 2—3
MJI pacTBopa cyib(aTa allOMUHUS M TNPUOaBbTE K HEMY pacTBOp KapOoHaTa
Hatpusi. Kako#t ra3 npu stom Boiaenutcs? Kakoit coctaB ocanka? HcmnbiTaiite ero
OTHOIIEHUE K pacTBopy mienoun (2M), K pacTBOpY COJISIHOM KuCTOTHI (2M).
3anummre MPOIECcC TUAPOIN3a COJMM AJTIOMUHHUS B HOHHO-MOJICKYJISIPHOU U
MOJIEKYJISIpHOM  (opMe. 3amuimiuTe TMpolecc TUApoin3a KapOoHaTa HaTpUs.
Cnenaiite BbIBOA, Kak BimsgeT ruapoau3 Na,CO,; Ha CMEIIEeHHE pPaBHOBECHS
TUIPOJIN3A COJIM AIFOMUHUSA. 3alMIIUTE B MOJICKYJISIPHOM, MOHHO-MOJIEKYJISIPHOU
dbopme mpoliecc COBMECTHOTO THApPOIH3a cyibhara allOMUHUS U KapOoHaTa
HaTpus. [Ipu Kakux yCIOBHSIX NMPU CMEITUBAHUU PACTBOPOB JIBYX COJIEH BO3MOYKHO
MPOTEKaHUE PEAKIIMM COBMECTHOTO THUAPOJIN3a, W TPU COOIIOICHUM KaKUX
YCIIOBUM BO3MOYKHA TOJBKO PEAKIMs HMOHHOTO OOMEHa C 00pa30BaHUEM JIBYX
HOBBIX COJIEH?
0) C obpazosanuem manopacmeopumoi ocnognou coau. K pactBopy cynbdata
MeAW TpuiIehTe pacTBop kKapOoHara HaTtpusi. OTMeThTe IBET 00pa30BaBIIETOCS
ocanka. Co3maroTcsi JU YCIOBHS JUIsl COBMECTHOro ruaponusa? Kak okparieH
ocanok? HabGmiomaeTcss U BbIIEIEHUE Ta3000pa3HBIX MNPOAYKTOB? 3amuIIUTe
OTJENBHO PEaKIUu TUApodHu3a Ccyibhara Meau, kapOboHaTa HATpus. 3alMUIIUTE
pEeaKlMI0 COBMECTHOIO THIPOJM3a JBYX coyie ¢ oOpa3oBaHMeM KapOoHarta
THJIPOKCOMEN B HOHHO-MOJICKYJISIPHON M MOJIEKYJISIPHOH (hopMe.
CnenaiiTe BBIBOJ O 3aKOHOMEPHOCTH TMPOTEKAHMS DPEAKIMA TUIPOIHM3a COJIeH B
BOJHBIX PacTBOpax.

«OKHCIUTETBHO-BOCCTAHOBUTEIbHbIE PEAKIINID)
1. OkucnumenvHvle ceoucmea nepmMaHecaHama Kaius 6 pAasIUUHbIX CPeoax.
[IpuroToBbTe B TPOOUpPKE PACTBOpP Cyiab(duUTa HATPUSA, NJIS YEro MOMECTUTE B
poOUpPKY HEOOJBIIOE KOJUYECTBO KPUCTAIUIOB COJIM, 0 TOJIOBUHBI 00BEeMa
npoOUpKH 1006aBbTE BOMY, XOPOIIO MEpEMEIIaiiTe pacTBOP, KOTOPBIN UCIOIB3YHTE
B MOCJIETYIOUIUX OMbITaX.
a) B xucnoii cpeoe. B nBe npobupku Haneite 1-2 mi 1M cepHOI KUCTIOTHI, B OJTHY
npobupky mpobasbTe 0,5—-1 M1 pactBopa cyibduta HaTpus, B Apyryro — 0,5—-1 mi



pactBopa cynb(dara xkenesa (I); 3arem mocTeneHHO MO00aBISAUTE K KaXKIOH
npoOupKe pacTBOp nepmaHranara kanus. OObsICHUTE HAOIIOaeMbI€ SIBJICHHUSL.

0) B wenounoii cpede. B nmpoOupky HaneiTe 1-2 M pactBopa cyiabduTa HaTpus U
paBHOE KOJMYECTBO KOHIIGHTpUpOBaHHOro pactBopa mienoun (30%), a 3atem
MOCTENEHHO J00aBIsAiTe pacTBOp NepMmaHranara kKainusi. OObACHHUTE MOSBICHUE
3eneHoil  okpacku. OcTaBbTe€ pacTBOp Ui JaJbHEWIIUX  HaOMIOJCHUM.
OGpasyromuecs B pactBope HMOHBI MnO4> 0OBIYHO HEYCTOMYMBBI U 3€JICHAS
okpacka MOHOB MnO4?> wucueszaer. OTMeTbTE LBET OOPA30BABIIETOCS OCAJIKA.
3anuimre ypaBHEHUE AUCIPONOPIUOHUPOBAHUS TIEpMaHTraHaTa KaJus.

8) B neiimpanvhoil cpede. B nipobupky HajenTe pacTBop cynbbuta HaTpus (1-2
MJI) W MpUIMBaiiTe MO KalluiAM pacTBOp NepMmaHraHarta kaiausi. OObsCHUTE
oOpa3oBaHue OypOTO OcaJika M HAMMIIKUTE YPaBHEHUE MPOTEKAIOIIECH PEaKIIUH.

2. Bzaumooeiicmeue memannog ¢ kuciomamu u weaiouamu

a) Bzaumooeiicmeue memannos c conanou xuciromou. B yeTelpe NpoOUpKU
MIOMECTUTE TI0 HEOONBIIOMY KyCOYKY MarHus, IIMHKA, kKele3a U Mean. B kaxmyro
npoOupky n06aBbTe mpumepHo 10 1/3 oO6bemMa 20%-HOro pacTBOpa COISTHOM
KACITOTBI. OOBSICHUTE HAOIIOJAaEMbIC SBJICHHUSI W HAIUIINTE YPABHEHUS PEAKITUH.
ComocTaBbTe WHTEHCHBHOCTH BBIJICICHHUS Ta3a B MPOOWpPKaX C BEIHMYMHAMH
CTaHJAAPTHBIX JIEKTPOIHBIX MMOTEHITMAIOB E° 3THX MeTasioB.

0) Bzaumooeticmeue memannos ¢ ceprou kuciomot. [lomectute B IB€ MPOOUPKHU
M0 KyCOYKY >kelie3a U mMeau. B kaxmyro mpoOupKy /100aBbTE€ HECKOJIBKO Kameib
KOHIEHTPUPOBAHHOW CEPHOM KHUCJIOTHL. Eciaum peakuuss HE NPOTEKaeT IIpU
KOMHATHOW TeMIiepaType, CoAepKMMoe MpoOupok Harpeiite. OObsICHUTE
HaOJII01aeMbI€ SBJICHUS U HAMUIIUTE YPABHEHUS MPOTEKAIOIINX PEAKIIUM.

8) Bzaumooeiicmeue meou ¢ azomuou kucromou. B aBe mpoOUpKU MOMECTUTE TIO
HEOOJIBIIIOMY KYyCOUKY METaJTH4ecKkoil Meau. B mepByro npobupky nodassTe 1 M
pa30aBIE€HHON a30THOW KHUCJIOTHI, 2 BO BTOPYIO | Ml KOHLEHTpupoBaHHOU. [Ipu
HEOOXOAMMOCTU HarpeiTe cojepxxumoe Mnpooupok. OObAcHUTE HAOIIOaEMbIe
SIBJICHHSI M HAIUIIIUTE YPABHEHHMS TIPOTEKAIOIINX PEAKITUH.

2) Bzaumooeiicmeue anomunus ¢ wenouvio. B TpoOUpPKY TMOMECTUTE TpaHyITy
aMrOMHUHUS, J00aBbTe 1| MJI KOHIIEHTpUpOBaHHOTO pacTBopa Mmenoun (30%).
OObsicHuTe HabJII0TaeMble SIBJICHUS W HAIMIIUTE YPAaBHCHHE PEAKIUH, YUUTHIBAS,
YTO QAJIIOMUHMH TIpU  OKHUCJICHWM B IIEJIOYHOM Cpele IEPEXOAUT B
THIPOKCOKOMILICKC.

3. OxuciumenvbHo-60CcCmMAaHOBUMENbHBLE CBOUCMBA COCOUHEHU XPOMA

a) B mpobupky Haneiite 1 mn pactBopa cynbdura Hatpus, maobasbre 1 M 1M
H,SO, u npunuaiite mo kamiasiM pacTBOp aAuxpoMara kanud. OObscHUTE
W3MCHEHHUE OKPACKHU pacTBOpa M HAMMIIIATE YPABHEHUS MIPOTEKAIOIITUX PEAKIIHMA.

0) B mpoOupky Hanelite 1 ma pactBopa cyibdara xenesza (I1), no6assre 2 M 1M
H,SO, u npunuBaiiTe mo KamisiM pacTBOp Auxpomara kamus. Kak Mensercs
OKpacka Auxpomarta? 3aluinuTe YpaBHEHHE PEAKIIUH.

B) B nmpobupky ¢ 1 ma pactBopa xmopuaa xpoma (III) mo xarisim gobasnsiite 1M
pactBop NaOH 10 pacTBOpeHHsI IEpBOHAYAIBHO OOpa30BaBIIETOCS OCAIKA.
N3menuiicss nu mpu 3TOM LBET pacTBopa? J[lamee K MOIYYEHHOMY pacTBOpY



npubaBbTE HECKONIbKO Kamenb pactBopa H,O,. OtmersTe Habm0gaemblit 3G (deKT.
3anuimTe ypaBHEHUSI BCEX PEaKIUH.

4. OKrucnumenbHO-80CCMAHOBUMEIbHBIE CBOUCMEA NEPOKCUA 8000P0OOA

a) Haneiite B mpoOupky nmpumepHo 1 mi pactBopa coiu mMaprania (II), no6aBsTe k
HEMy Takoi jke oObeM pacTBopa Iejaoud, a 3areM 2 Mi 3%-ro pactBopa
nepokcuaa Bopopona. Uro nabmomaercs? O6 oOpa3oBaHMU KAKOTO COEIUHEHHUS
Maprasiia CBHJIETENbCTBYET Okpacka? Hamummre ypaBHeHUE. YKaxuTe, Kakylo
(GyHKIUIO BRIMOJHSET B 3ToM peakiuu H,O,.

0) K HebosblIoOMy KOJMYECTBY pacTBOpa HOJAUJA Kaiusi J0OaBbTE HECKOJBKO
Kanellb Kpaxmaia, 3aTeM — Mo KamisiM 3%-il pacTBOp MepoKcHIa BOAOPOJA.
OTMmeThTe U3BMEHEHHE OKPACKH, paccunTaiite AE®.

B) K pactBopy xmopuma koOanpra (II) mobGaBbTe Mo KamisiM pacTBOpP ILIEIOYH.
OTtmMmeThTe 1BET Ocajika. 3aTeM Mo KamsM npudasbTe pactBop H,O, (coennnenus
kobanbTa (III) xkaTtamuzupyror paznoxenue H,0,). Kak m3menwics user ocaaka?
HabGnrogaeTcs u BoljiesieHre ra3a? 3anuiiuTe ypaBHEHUS PEaKIIHid.

r) K pactBopy H,0, no6aBbTe HEeMHOT0o 1M pacTBOpa cepHOM KUCIOTHI, pa3IeanTe
Ha JBe MpoOMpKHU. 3aTeM K OJHOW MpoOupke 100aBbTE HECKOJBKO Kameib
pacTBOpa IepMaHraHaTa Kaiusi, K Jpyro — pguxpomarta kanus. Kakoil ras
BbIICNISIETCS B X0Je peakiuu? Kakyio pojb — OKUCIUTENS UM BOCCTAHOBUTEIS —
BbInoJiHsgeT H,O, B g7aHHOM cityyae?

5. OxkucnumenvbHo-860CCMaHOBUMENbHBIE CBOUCMBA COCOUHEHULL 2AN02EHO8.

a) B xon0Oy Bropua nomectute nepmaHraHaT kanaus uiud okcuj mapranua (IV), B
JIEUTENIbHYI0O BOPOHKY HaJIEUTEe KOHIIEHTPUPOBAHHYIO COJISIHYIO KHUCIOTY. UTO
HaOJIIoAaeTCsl NPy NPUIMBAHUM KHUCIOTHI K OKUCIHUTEN0? 1'a300TBOIHYIO TPYOKY
NOTPY3UTE MOCIIEOBATENBHO B MPOOUPKH, COAEPKAIIME 5 MJI pacTBOPOB HOIUIA
Kanusa, Opomuaa kamus. Uto HaOmomaercs B mnpoOupkax? Ilocie okxoHuaHus
MPOIYCKAaHMs XJIOpa dYepe3 pacTBOphl OpomMuza W HoAUAa 100aBbTE K HUM
HECKOJIBKO Kaneiab kpaxmana. O yeM CBUIETENbCTBYET MOSIBIIEHUE CUHEN OKPAacKH
B OJTHOM M3 MPOOUPOK?

Hcrnonb3yst 3Ha4Ye€HUS] CTAaHAAPTHBIX JJIEKTPOAHBIX MOTEHIIMAIOB IS TMpolecca
Hal, + 2¢e — 2Hal, o0bscHMTE, KaKk MEHSIOTCS OKHCJIMTEIbHbIE CBONCTBA
raJIOTEHOB M BOCCTAaHOBHUTEJIbHbIE CBOMCTBA TaJOT€HUJ-MOHOB C YBEIMYEHHUEM
MOPSIIKOBOTO HOMEpPA JIEMEHTA.

0) K pactBopy monuna kamusi mpuiiedTe HECKOJBKO Kamejdb pacTBopa XJopuia
xenesa (1II). Uro nabmrogaercs? 3arem nmpubaBbTe 2 Karjiu pacTBopa kpaxmaina. O
4YeM CBHUETENbCTBYET MOSBICHUE CUHEN OKpacKu? 3anuIIUTe YpaBHEHUE PEAKIIUH,
WCIIOJIb3YsI 3HAYCHUS CTAHAAPTHBIX SJICKTPOIHBIX MOTEHIIUAJIOB.

B) Haneiite B mpoOupky mpuMepHO 3 MII pacTBOpa MOAMAA Kalius, paCTBOPHUTE B
HeM 3 kpuctamumka ona. K moiaydyeHHOMY pacTBopy MpuieiTe 3 Ml pacTBopa
thocynb(ara Hatpusa. OTMEThTE H3MEHEHHE IIBE€TAa pPACTBOpa. J3amUININUTE
ypaBHEHHE pEaKIud C Y4YeTOM TOro, 4YTO THOCYJIb(aTr mpeBpaliaercs B
terparuoHar Hatpus Na,S,O,. Kakyro poib B JaHHON peaklUy BBIIOIHACT HOA?
Cnenaiite  BBIBOJL O  3aKOHOMEPHOCTAX  IPOTEKAHUS  OKUCIUTENIbHO-
BOCCTAHOBUTEIBHBIX PEAKIIUN



IIpakTnueckue 3agaHus JJs TNPOBEJeHUA KOHTPOJS CAMOCTOSTEIbLHOM
padoThI:
PaccuuTaiiTe MaccoByto f0Jit0 cepbl (B %) B THOCylb(aTe HaTpusi. XUMHUECKas
dbopmyna Tnocyibdara HaTpus — Na,S,0; (40,5%).
Coenunenue a3ora ¢ BogopoaoM coaepxut 87,50 mac.% azora. [InotHoCTh IApOB
ATOTO BEMIECTBA MO BOAOpoAy paBHa 16. Onpenennts UCTUHHYIO MOJIEKYJISIPHYIO
dbopmyiny nanHoro Beriectsa (N,H,)
Paccuutaiite maccy 812 mu cepoBogopoaa npu temreparype 20°C u naBieHuun
150 kIIa (1,7 2).
B npupone kpeMHHN HAaXOIUTCS B BUJE CMECH JBYX M30TOIIOB, MAaCCOBBIEC YHCIIA
KoTophix 28 u 29. OTHOcUTeNbHas aToMHas Macca kpeMuus 28,1. Onpenenute
MAacCOBYIO 00 (%) H30TOma **Si B IPUPOLHOM KPEMHHH.
Kanuii umeer Tpu m3zorona: 4119K, 4019K u 3919}{. Conepxxanue B MpUPOJE NMEPBOTO
n3otona cocrasisier 6,88%, Broporo — 0,02%, tpetbero — 93,10%. Breruucnure
OTHOCHUTEJIbHYIO aTOMHYIO MaccCy Kajlus.
[Ipoctoe BemiecTBO, 00pa30BaHHOE XWMHUYECKHM DJJIEMEHTOM X, pearupyer ¢
KHUCIIOPOJIOM ¢ oOpazoBanuem okcuaa XO. Onpenenute, Kakoi 3TO JIEMEHT, €CITU
ero uoH B okcuae XO coaepxKuT 36 3JIEKTPOHOB.
3aKOHYUTE YPaBHEHHS PEaKIIMil:

Ca(OH), + Re,O; —

SO2(H36LIT0K) + Ca(OH)Z -

Sr(OH)2us6prror) + P20s5 —

BaO + MoO, —

Sr(OH), + As,03; —

A1203 + SOg —

HZSO4 + KOH(He)IOCTaTOK) -

NaOH + TeO; —

Al(OH); + NaOH —

HZS(HezLOCTaTOK) + RbOH -

Al(OH); + NaOH (t) —
3anummMTe ypaBHEHUsI PEaKIUid, MPU TMOMOIIU KOTOPHIX MOXHO OCYIIECTBHUTh
MpeBpalleHus: a) MarHud —  XJIOpUJ MarHusi — TUIPOKCUJT MarHus —
nuruapooprodocdar maraust — optodocdar Maruus:
0) CaCO; — CO, — Na,CO; — NaHCO,; — Na,CO; — CaCO, — CaC(l,
B) cepa — cepoBojgopon — okcun cepol (IV) — okcun cepol (VI) — cepHas
KHUCJIOTa
CrangapTHas sHTanbnus oopazoBanuss CO paBHa AH®,, = —110,5 xJ/Mob.
[Ipu cropanuun 1 mons CO Bbergenserca 283,0 x/[x TernoTel. Beraucnure
CTaHJAPTHYIO SHTaNbNUI0 oOpazoBanus CO, (— 393,0 k/{c/mony).
Bbluncnure KOJWYECTBO TEIUIOThI, KOTOPOE BBIAEISECTCS MPH TMPOU3BOACTBE
1000 ToHH NH; B CYTKH, C€CIIH N2(r) + 3H2(r) = 2NH3(F); AH°= — 92,38 KI[)K
Brraucnure mo 3TUM JTaHHBIM CTAHIAPTHYIO SHTAIBIUIO 00pa30BaHUs aMMHUAKa U3
MPOCTHIX BemiecTB (2,717 -1 0° K/, — 46,19 xl[owc/mons).



HaliguTe 3HauyeHnEe KOHCTAHThl CKOPOCTH OJHOCTaAMIHON peakunu A + B = AB,
€CIIM IpHU KOHIEHTpaluax BemecTB A u B, paBHbix coorBeTcTBeHHO 0,05 m 0,01
MOJIB/J1, CKOPOCTB peaKimu paBHa 5x 107 moms/(mxmun.) (0,1 1/(mons X mun.).

B cucreme CO + Cl, = COCl, xonnentpanuo CO yBemuuunau ¢ 0,03 mo 0,12
MOJIB/J, a KoHueHTpamuio xjopa — oT 0,02 mgo 0,06 monws/n. Bo ckonbpko pas
BO3pOCJIa CKOPOCTh PEAKIINH, €CIIM CUUTATh €€ oJHoCcTaauiHon? (B 12 pas3).

Uepes HEkoTOpOoe BpeMs nocie Hadana peakuuu 3A + B = 2C + D koHUeHTpauuu
BemecTB coctaBsuin: [A] = 0,03 mons/m; [B] = 0,01 mons/n; [C] = 0,008 mMoib/11.
KakoBel ucxomnbie KoHIeHTparuu BemectB A u B? ([A]0=0,042 monv/n,
[B]0=0,014 monv/n).

Kakas macca rmayGeposoit comu Na,SO,x10H,0 u kaxoii o06BeM Bombl (cM’)
noTpeOyrOTCsL JJIA MPUTOTOBJIEHUST pactBopa maccor 200 T ¢ MaccoBoi moseit
Na,SO,, pasnoii 12%? (54,4 2 Na,SO,, 145,6 cm’ 600b1).

Ckospko rpammoB MenHoro kymnopoca CuSO,x5H,O cunenyer pacTBOpUTH B
300 cM’ BOABI IS TIOTYUEHHS 5%-HOTO pacTBOpa CuS0O,? (25,4 1).

B 100 mn Boxbel mpu Temmneparype 25°C u naBinenuu | atm pactBopuiu 24 1
xyiopoBojopoaa. [lomyuunu pactBop oO6semom 105 mu. KakoBa wmosnspHas
KOHIIEHTpAIUs TTOJIyYeHHOTO pacTBOPa COJISTHOM KUCHOTHI? (9,3 MOb/ ).
3aKOHYMTE YpaBHEHUS peEaKIMii, paccTaBbTe KOIPPUIMEHTHI B pPEaKIHUAX,
MPOTEKAIONUX B BOJHOW Cpejlie, METOJOM HOHHO-3JIEKTPOHHOIO OajaHca, a B
MPOYMX CIydasiX — METOJIOM AJIEKTPOHHOTO OanaHca. Ykaxute tun OBP.

a) Cu+ HNO3(pa36.) — ...

B) Na2503 + KMIlO4 + H2S04 —...

)1) KI + K2Cr207 + H2S04 —...

xK) O, + Fe(OH), + H,O —...

J'I) S + H2SO4(K0HH.) — ...

H) Cu,S + HNO; —...

6) FC304 +CO — ...

r) Fe(OH), + KMnO, + KOH —...

e) Mg + HNO3 (koHIL) ~>+ - -

3) HZSO4(K0Hu,) + Mg —>...

I() As + HNO3 (koHIL) ~ - -

M) Ca+ HNO3(pa36,) —...

0) Cl, +KOH —...

Beruuciure OJIC rambBaHMYECKOTO JJIEMEHTA, COCTAaBJICHHOTO U3 MEJIHOTO
anekTpoaa, norpyxeHHoro B 0,1M pacTtBop HuTpaTa ME€AWM U BOJOPOIHOTO
anekTpoaa, mnorpyxkeHHoro B 0,01 M pactBop OpOMOBOJOPOJHON KHCIIOTHI.
CocraBbTe cxemy rajabBaHuyeckoro snementa (0,43 B).

2.1. OueHoyHble  cpeacTBa A1 NPOMEKYTOYHOM

aTTecTanuu (3a4eT)
OcHOBHbIEC TOHATHS U 3aKOHbI XuUMuUHU. [Ipeamer xumun. Martepust U JBHKEHUE.
BemecTBo, cBoiicTBa BeniecTB. PuU3nUecKkrue U XUMUYECKHE SIBJICHUSI. XMMHYECCKHE
npeBpalleHus. 3aauyu XUMUHU, €€ 3HaUYCHUE B MPOU3BOJACTBEHHOW JEATEIbHOCTU



YeJIOBEKa, COBPEMEHHBIX TEXHUYECKUX TOCTKEHHUSX, MEAMIMHE, (apMaluu,
CEIIBCKOM XO3SIICTBE, CTPOUTEIBCTBE.

OCHOBHBIE TIOJOKEHHUSI ATOMHO-MOJIEKYJISIPHOTO Y4Y€HHsS. ATOMBL. MOJEKYIBI.
Xumuyeckue anemMeHTbl. OTHocuTenpHas artoMmHas Macca. OTHOCUTEIbHAs
MOJEKyIsipHas Macca. Monb. MoisipHas Macca. 3aKOH COXPaHEHUsS MacChl
BCILIECTBA. YPAaBHEHUA XUMUYECKMX peaklMil. 3aKOH TIOCTOSIHCTBA COCTaBa
BelecTBa. ['a3oBbie 3aK0HBI. 3aKOH ABoraapo. MossipHbiii 00beM raza. OobemHas
noiyig. OTHOCHUTENBHAS IUIOTHOCTh T'a30B. PacyeT OTHOCHUTENBHON MOJI-KYJSPHOU
MaccChl BemecTa. Xumuieckue Gpopmyiel. MaccoBas 1071 BemecTBa. PacyeTs mo
XUMHYecKUM (popmyrnam. PacueTsl Mo XMMHUECKUM YPaBHEHUSM.

CrpoeHne aToMa M NEPUOJUYECKAS] CUCTEMA AIEMEHTOB. DJIEKTPOHHOE CTPOCHHUE
aToMOB. KBaHTOBO-mMexaHHuYeckass MOJielib aToMa. KBaHTOBbIE uMcia. ATOMHas
opoutanb. Tumnbl aroMubix opoOutanei. [lpunumn Ilaymu. IlpaBuna XyHpa.
[TocnenoBaTenbHOCTh 3alOIHEHMSI 3JIEKTPOHAMU aTOMHBIX opOuTaned. CtpoeHue
opOuTaneil MHOTOAJIEKTPOHHBIX AaTOMOB. OJEK-TPOHHBIE CTPYKTYphl aTOMOB U
NepUOANYECKas CUCTEMA IJIEMEHTOB; S-, P-, d - 1 f-371eMeHTHI.

[Tepunonnueckunt 3axoH 1. 1. Menaeneesa u nepuoinveckasl CUCTemMa 3JIEMEHTOB.
OHepruss wmoHu3auuud. CpOACTBO K 3JIEKTPOHY. OJIEKTPOOTPHULATEIBHOCTH.
3aBUCUMOCTh XMMHMYECKUX CBOWCTB 3JIEMEHTOB OT 3JEKTPOHHOIO CTPOCHMS MX
aTOMOB. 3Ha4ueHMe nepuoandeckoro 3akoHa J[.11.Meneneesa.

3aKOHOMEPHOCTH  NPOTEKaHWs  XUMHUYeckuX  peakuuil.  Krnaccudukarms
XUMUYECKUX PEaKIUil MO NPHU3HAKY M3MEHEHMS 4YMCia MCXOJHBIX U KOHEYHBIX
BEILECTB; BbIJCICHUS WIH MOTJIOMICHHS TeJIa; U3MEHEHUS CTEIIEHU OKHUCIICHUS.
OHEPreTuKka XWUMHUYECKHX IIPOLIECCOB. JK30- M DOHAOTEPMHUYECKHE PEAKLIHH.
TennoBoir >ddekr peakuuu. Tepmoxumuueckue ypaBHeHUs. 3akoH [ecca.
PacueTsl 10 TEpMOXUMUYECKUM YPABHEHUSIM.

XuMHuecKass KHHETHMKAa U paBHoBecHe. CKOpPOCTh XUMHUYECKHX PEaKLHM.
3aBUCUMOCTb CKOPOCTH PEAKLMK OT IMPUPOAbI BEIIECTBA U KOHIIEHTPALUH. 3aKOH
JNEUCTBYIOIMX Macc. BimsHue Temieparypbl Ha CKOpPOCTh peakuuu. Karamus.
OOpatumble U HeoOpaTHUMble peakuuu. XuMuueckoe paBHoBecue. KoHcraHTa
paBHOBecus. BiusiHue BHemHUX (hakTOPOB HA XUMUYECKOE paBHOBecHe. [Ipunimmn
Jle llarenbe.

OcHOBHBIE KJacchl HEOpraHuyeckux coeauHeHuil. Kiaccugukanus OCHOBHBIX
HEOpTraHWYeCKUX  coenMHeHuid.  OKcuabl, UX  XUMHYECKHH  Xapakrep.
ConeoOpa3ytouiue (OCHOBHbBIE, KHUCIOTHBIE, aM(OTepHBIE); HecoaeoOpa3yrouue.
HoMenknaTypa OKCHAOB, HMX COCTaB, rpaduueckoe u300paxeHue G(opmyil.
MeTonbl TOJIydeHHs] M OCHOBHbIE XMMHUYECKHE CBOMCTBa OKcHaoB. CBoiicTBa
coenunennid (OH)X B 3aBUCHMOCTH OT XUMUYECKON IPUPOABI AIeMEeHTa (OCHOBA-
HUS, KHUCJIOTHI, amdoTepHble Tuapokcuanl). OcHoBanus. Homenknartypa
OCHOBaHW, rpaduyeckoe uzoOpaxkenne ¢Gopmyn. KuCIOTHOCTH OCHOBaHUHU.
[Ileoun 1 HepacTBOPUMBIE B BOAE OCHOBaHUSA. Metoasl nosryueHus. OCHOBHBIE
XUMUYECKHE CBOMCTBA OCHOBaHWMU. KuWCIOTH, WX KiacCUpUKANMS IO COCTaBY
(Oeckucnoponueie, Kuciaopopocoiepxamue). Homenknatypa, rpaduueckoe
nzoopaxkenne ¢dopmya. OcHOBHOCTH KucioT. KucmotHeie octaTku. Metoms
nosydyeHus: KUcIOT. OCHOBHbIE XMMHYECKHWE CBOMCTBA KHCIOT. AM{QOTEpHbIE



rugpokcuapl. Homenknatypa. Metonbl mnonydeHusi. OCHOBHBIE XUMHYECKHUE
cBoiicTBa ampoTepHbix ruapokcuaoB. Co-mu. Kinaccudukanus mo XMMHUYECKUM
CBOICTBaM M coOcCTaBy (cCpeaHue, Kucible, OCHOBHbIC). HomeHkiatypa comei.
['padpuueckoe wuzobpaxenue Qopmyn. Meroasl mnonydeHusi. OCHOBHBIE
XUMUYECKUE CBOWCTBA COJIEH. ['eHeTHUecKas CBsA3b MEXKy OCHOBHBIMHU KJlacCaMu
HEOPTaHUYECKUX COEIUHEHHUI.

PactBopsl. Teopus anekTpoiauTudeckoil aucconuanuu. OOmIas xapakTepucTHKa
pactBopoB. [IpeacraBnenue o pactBopax. PactBopurens, paCTBOPUMOE BELIECTBO.
PactBOpuMOCTh. 3aBUCUMOCTH PACTBOPUMOCTH BEIIECTB OT PA3IMIHBIX (DAKTOPOB.
Croco0Obl  KOTMYECTBEHHOTO BBIPAKEHHsI COCTaBa pPacTBOPOB. MaccoBast IO
PaCTBOPEHHOIO BEIIECTBA; MOJISIPHAS] KOHIIEHTPALIUSL.

PacTtBops! anexktponutoB. Teopus 3neKTpoauTUYecKor auccounanuu. CuiabHbIE U
cinabbie 2JIEKTPOJUThl. CTEneHb JJIEKTPOJUTHUECKON aucconuanuu. KoHcTanTa
ANEKTPOJIUTUYECKON JTUCCOLUMALMHU. DIEKTPOJIUTUYECKAsT TUCCOLMALNS KHCIIOT,
OCHOBaHMM, aM(OTEpPHBIX THAPOKCUIOB, cojeil. CTymneHdaras IuCCOIMAIlus.
DNeKTpoauThyecKass Jauccounanusi Bojabl. MOHHOE MNPOU3BENEHUE  BOJBI.
Bonoponueii mokaszarens pH. HWMupumkaropel. HMoHHbIE mpouneccel. Peakuuu
MOHHOTO OOMEHa B PacTBOpax JIEKTPOIUTOB. [ uaposn3 comneit.
OKHUCANTENBHO-BOCCTAHOBUTEIIBHBIC 151 3JIEKTPOXUMUYECKUE IIPOLIECCHI.
OKucIUTENB-HO-BOCCTAHOBUTEIBbHBIE TTpoliecchl. CTeneHb okuciienus. [Ipoueccsl
OKHCJICHUS U BOCCTAaHOBJICHUA. OKHUCIUTENN U BOCCTAHOBUTENH. OKHUCIUTEIBHO-
BOCCTAHOBUTEJbHBIE peakiuu. MeToJ| 3JEKTPOHHOro OajlaHca W AJIEKTPOHHO-
MOHHBIM MeTOA. OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE MOTECHIMANbI. HanpasieHue
OKHUCJIMTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIINM.

DJIEKTPOXUMHUYECKUE Tpouecchl. [loHSATHE O SIEKTPOAHBIX MOTEHIMAIaX.
CrangapTHbIC 3JIEKTPOAHBIE MOTECHIUANIBI. JIEKTPOXUMUYECKUN Psii CTAHIAPTHBIX
ANEKTPOAHBIX MOTEHIHAIOB. 3aBUCUMOCTb BEJIMUUHBI 3JEKTPOJAHBIX MTOTEHIIUAJIOB
OT KOHIIEHTpalluM HOHOB B  pactBope. l'anpBaHMYECKHE  DJIEMEHTBHI.
DNEKTPOJBIXKYIAsA CHJIA TaJbBAHUYECKOIO 3JIEMEHTAa. JJEKTPOIU3. AHOJIHOE
OKHCJIEHME M KaToJHO€ BoccTaHoBieHHE. [locienoBaTebHOCTh 3JIEKTPOIHBIX
npoiieccoB. 3akoHbl Dapanes.



