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1 HEJIb U 3AJJAYU OCBOEHU A JUCHUITJIMHBI

Heabo ocBoeHMs] TUCHMILUIMHBI - SBIAECTCS (HOPMUPOBAHHE CHCTEMHBIX 3HAHHUH, KOTOpPHIC
HEOOXOUMBI CTYIEHTaM TIPH PACCMOTPCHUH (PU3UKO-XUMHUUYECKON CYIIIHOCTH U MEXaHU3MOB
MIPOIIECCOB, MPOUCXOAIINX B MPUPOJIC U )KUBOM OpraHU3Me Ha MOJICKYJIIPHOM U KJIETOYHOM
YpOBHSX. B pe3ynbTaTe OCBOEHUS NAaHHOW TUCIHIUIMHBI JIOJDKHBI OBITH CPOPMHUPOBAHBI
YMEHHS BBITIOJIHATH B HEOOXOJMMBIX CIIy4asX pacdyeThl MapaMeTpPOB ATHUX IPOILECCOB, YTO
MO3BOJIUT OoJiee TIIyOOKO MOHSTH (DYHKIIMHM OTICIBHBIX CHCTEM OpraHW3Ma, a TaKkKe ero
B3aMMO/ICHCTBUE C OKPY KAIOIIEH Cpeaoi.

3agauyn 0CBOEHHS JUCHUILIHHDI.

- OCBETUTb KJIIOYEBBIE BOIPOCHI MPOrPAMMBI, CTUMYJIHPOBAaTh CTYAEHTOB K
MOCIIEAYIOLIEH caMOCTOATENbHON paboTe.

- chopMUpOBaTh YMEHHS M HaBBIKU I PEIICHUS TPOOIEMHBIX M CUTYallHOHHBIX 3a71a4;

- chopmMupoBaTh MPAKTUYECKHE HaBEBIKH IIOCTaHOBKHU i BBIIIOJTHCHHS
SKCTIIEPUMEHTAIBHON PabOTHI.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

JlucuMmimHa OTHOCUTCSI K MaTEMaTUYECKOMY M €CTECTBEHHOHAYYHOMY LMKy, 0a3oBast
gacte (51.0.25). [lns wu3ydeHWs  OUCUMIUIMHBI  HEOOXOJMMBI  3HAHUS  BOIPOCOB
IPEIIECTBYIOIUX HM3Y4aeMbIX JUCLHMIUIMH — LIKOJBHOTO Kypca XUMUU. /laHHas IucUUIUIMHA
n3yvaercs Ha 1 kypce B 1 cemectpe.

JlucumniuHa sSBJsSeTCs NPeAlIeCTBYIOMEN sl TUCUUIUIMH: ['e0sIorust U Mo4YBOBECHHE,

OxpaHa OKpy’Karolen cpesbl, a TAaK)Ke 03HAKOMUTENIbHBIX NMPAKTHK 110 OOTaHUKE U 300JI0THH.
Komnerenmus OIIK-2 onHOBpeMEHHO ¢ JUCHUIUTMHON «XHUMUS» OCBAUBAETCS TaKXKe MPU
M3Y4YEeHUU JUCIMIUINH «Pusnkay, «O0mmas 6uoaorus».

dopma A Crpanuna 2 u3 59



MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO
VY I1bSHOBCKHI rOCY1apCTBEHHbIH YHUBEPCUTET

dopma

@ - PaGouast nporpamMma JIUCLHUITIIMHbI

3 IIEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHMUS 11O JUCIHUIIJIMHE
MOAVYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMMU

OCBOEHMA OIIOII

Ko n HaumeHnoBanue
peanu3yemMoil KOMIETEHIIUU

[lepeueHs TIaHUPYEMBIX PE3YyIbTATOB O0YyUEHHUS IO
JTUCHUIIIUHE (MOJTYJII0), COOTHECEHHBIX C MHANKATOPAMHU
JIOCTHKEHUS] KOMITIETEHIIUHN

OIIK-2: crmocobeH HCII0JIBL30BaTh

TEOPETUYCCKHE OCHOBBI
9KOJIOTHH, T'€09KOJIOTHH,
HPUPOIOINOIB30BAHUS,  OXPaHBI
PUPOIBI " HayK 00
OKpY’Karomien cpene B
npodeCCHOHAIBHON
JeATeIbHOCTH

3HaTh: TEOPETUYECKHE OCHOBBI OOIIEH, HEOPraHWYECKOM,
AHAIUTUYECKOM XHMMHUU; COCTaB, CTPOCHHUE U XUMHYECKHE
CBOMCTBA OCHOBHBIX IMPOCTBHIX BEHIECTB M XMMHYECKUX
COCIMHEHUH; MOHUMATh MPHUHIIMIIBI CTPOSHUS BEIECTBA U
MPOTEKAHUS XUMHUYECKHX IPOIIECCOB; OCHOBHBIC 3Tallbl
MPOBEJICHUS JIaOOPATOPHOTO UCCIIEIOBAHUSI.

YMeThb: BEIOUpaTh METOAUKY MTOCTAHOBKU U MTPOBEICHUS
1a060paTOPHOTO UCCIEIOBAHUS

-OIpeACNSITh BO3MOXKHOCTh M MYTh CaMOMPOU3BOJIBHOTO
MPOTEKaHUS XUMUYECKUX IPOLIECCOB, B OCHOBE KOTOPBIX
JIeKaT pa3INuyHbIe XUMHUECKUE PEaAKIUH;

- moaOupaTh  ONTHMAJbHBIE  YCIOBHS
XUMHYECKUX PEAKIUM.

Brnanets: - npueMamMu UCOIB30BaTh HEOOXOAUMOE
nabopaTopHoe 000opya0oBaHKE U TTPUOOPHI B XOJI€
MPOBEJICHUS JIa0OPATOPHOTO UCCIIETOBAHUS.

IIPpOBCACHUA

OBLIAA TPYAOEMKOCTD INCHUTIJINHBI

4.1. O6beM TUCUMILUIMHBI B 3a4eTHbIX equHuIAaxX (Bcero) S 3ET
4.2. 1o Buxam y4eOHoi1 padothl ( B yacax): 180

KomnuecTBo 4acos
(bopma oOyueHus - OuHasA)
Bun yuebnoit paboThl Beero 1o B 1.4. mo
nany ceMecTpam
1

1 2 3
KonraktHas paboTa oOyuarommxcs ¢ 72 72
MIPENOJABATENIEM B COOTBETCTBUU € Y1
AyJIUTOpPHBIE 3aHATHSL: 72 72
JICKITUU 36 36
CEeMHMHApPHl M TPAKTUYECKHUE 3aHSATHSI 0 0
nabopaTopHble pabOThI, IPAKTUKYMBI 36 36
CamocrositenpHas padoTta 72 72
dopma TeKyIero KOHTpos 3HaHui U koutposss | KomnokBuym, | KomnokBuyM, KOHTpOJIbHAs
CaMOCTOSITENIbHOM pabOThI: TECTUPOBAHUE, KOHTPOJIbHAS pabota
KOHTpOJIbHast paboTa, KOJUIOKBUYM, pedepaT u pabota
1p. (He MeHee 2 BUIOB)
KypcoBas pabota - -
Bu bl npoMeXyTouHO# aTTecTanuu (9K3aMeH) 9K3aMeH /36 9K3aMeH /36
Bcero uacoB o qucuuIuiiHe 180 180

®opma A
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4.3 Coneprxanue TUCUMILUIMHBI (MoayJisi.) Pacnpenenenue yacoB mo teMaM W BHJIaM
y4eOHoii padoThI:
dopma 00yUyeHHs: OUHasi
Bupl yueOHBIX 3aHATHI dopma
AyYIUTOPHBIE 3aHATHUS 3 CamocCTOs1 | TEKYILIETO
Hassanue pasnenos | Beer IIpaktuuec | JlaGopaTto AT B | e tbmasn KOHTPOJIS
U TeM 0 KHe pHBIE MHTEpAKTH pabora | 3HaHUH
JICKOIUN IBHON
3aHATHUSA, | pabOTHI
bopme
CCMHHAPhbI
1 2 3 4 5 6 7 8
Paszgen 1. O6mas xumus
1. Lemn wu 3agaum 9 3 - - 1 6
xumun. CTpoeHHe aToMa
[lepuoanueckuii 3aK0H U
Komnoksuym
NepHoInIecKas cucTeMa Nol
J.M. MeHneneera B >
KOHTpOJIbHA
CBETE TEOPHU CTPOCHUS
st paboraNel
aTroMma. XuMuyeckas
CBSI3b U CTPOCHHUE
MOJICKYIL.
2. OCHOBBI XUMHUYECKOH 13 3 - 4 2 6 Konioxksuym
TEPMOIMHAMUKH. Ne2,
Xumudeckas: KHHETHKA KOHTPOJIbHA
U paBHOBECHC. q pa60TaN92
3. Teopusi pacTBOPOB U 15 3 - 6 2 6
pacTBopuTeneil.
KonnuratusHbie
CBOMCTBa pacTBOpOB. KomnmokBuym
PactBopsl Ne3,
JJIEKTPOJIUTOB. KOHTPOJIbHA
Bonopoansrit st pabota Ne3
nokasatenb. [ uaposus
COJICH. Bydephsie
pacTBOPbI
4.OKHCIUTEIBHO- 11 3 - 2 2 6
BOCCTaHOBUTEJIbHBIE
Komnoxsuym
MPOLIECCHI. Nod
CranpapTHBIN U ’
peaNbHbII 3JIEKTPOIHBIN KOHTPOIbHA
s paboTaNed
IMOTEHIIHAIL. O6mne
CBOJICTBa METAIJIOB.
5. Teopusi KOMILJIEKCHBIX 11 3 - 2 1 6 KookBryM
COE/IMHEHUH. Ne5
BCET'O 59 15 - 14 8 30
Paznen 2. Heoprannyeckast Xumus
1. Xumus HEMeTaslloB: 15 3 - 6 2 6 Komnoxksuym
anemeHToB VIIA, VIA, No§,
VA IVA (yrnepon) KOHTPOJbHA
rpynnsl [lepruoanyeckoit s pabotaNe4d
CHCTEMBI u ux
COC/IMHEHHUSL.
2. Xumus metamios: | u 15 3 - 6 2 6 KomokBuym
A, 111A, IVA (onoBo u Ne6,
CBHHEI) rpynmnbl KOHTDOJIbHA

®opma A
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[epuoanueckoii s pabotaNeS

CHCTEMBI " ux

COCIMHEHUN.

3. O6mas 13 3 - 6 2 4 KostokBuym

XapaKTePUCTHKA " Ne7,

TOKCHKOJIOTHSI d- KOHTPOJIbHA

JJIEMEHTOB u ux 1 pabotalNe6

COEIMHEHUI.

4 BUOTEeHHBIE 3JIEMEHTHI. 7 3 - - 1 4 Komnoksuym

Ne7

5.Heopranmueckue 7 3 - - 1 4 Komnoxksuym

MUHEpaIbHBIE Ne8

ymoOpeHusl.

BCET'O 57 15 - 18 8 24

Paspen 3. Ananutuueckast XuMust

1. Buapl 1 MeTOOBI 8 2 - - - 6 Kosmoksuym

XUMHYECKOTO Ne9

aHaim3a.

2.PacueTsl B 8 2 - - - 6 KonmokBuym

KOJINYECTBEHHOM Nel0

aHaIunse.

3.Anamu3  o0bekroB | 12 2 - 4 2 6 Komnoksuym

OKPYKaIOIIEH CpeJIbl. Nell,
KOHTPOJIbHA
st paboraNe7

BCET'O 28 6 - 4 2 18

IMoaroToBKa K SK3aMEHY 36 - - - - -

HUTOI'O 180 36 - 36 72

dopma A
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5 COJEPKAHME JUCHOUATIIIMHBI (MOIYJIST)

Paznen 1. Odmias xuvms

Tema 1. Hesm u 3apaun xumuun. Ctpoenue aroma. Ileprommyeckuii 3aKoH ¥ nepuoMIecKast
cucrema /L. MenneneeBa B cBeTe TeOpHH CTPOEHHsI aToMa. XHMHYECKasi CBSI3b M CTPOEHHE
MOJIEKYJT

Xumus kak Hayka. [Ipenmer, 3amauum u meronsl xumuu. Ctpoenue atoma. OCHOBBI
KBAaHTOBOW MexaHWKH. KBaHTOBBIE YHCIa M CTPOSHUE DOJIEKTPOHHBIX OO0OJIOYEK aTroMa.
[IpuHIUIIBI 3aMI0JIHEHHS] ATOMHBIX OpOUTAJICH.

Hcropust co3manus mnepuogudeckoro 3akoHa. CTpyKTypa NEPHOIWYECKOW CHCTEMBI.
BeprtukanbHasi, ropu30HTaJIbHAS U JUArOHaJIbHAs MEPUOJIUYHOCTh. BTOpHYHAsS MepUOIUYHOCTD.
[TapameTpsl aTOMa ¥ MIEPUOUIHOCTD UX U3MEHEHHS B cucTeMe dyieMeHToB J[.M. Mennaeneena.

[lonsiTie XuWMHUYecKass CBsI3b W MEXaHM3MBI €€ o00pa3oBaHuUs. MeETOapl oOmHCaHUs
XUMHYECKON CBS3M: METOJ| BAJCHTHBIX CBA3€H M MOJEKYISpHbIX opOutaneil. OCHOBHBIC
XapaKTePUCTUKU XMMHYECKOW CBs3U. Pa3HOBUIHOCTH XUMHUYECKOW CBSI3M: KOBAJICGHTHAS,
MOHHAsl, MeTaJITN4ecKast. MexXMOJIeKyIsIpHOe B3aUMO/ICICTBHE.

Tema 2. OCHOBBI XUMIUY€CKOIl TEPMOMHAMMKHA. XMMHYeCKasi KHHETHKA U paBHOBeCHe.

OCHOBHBIE TOHATUS XHMHUYECKOM TepMoAuHaMHKU. IlepBbldi W BTOpOM 3aKOH
TepMoauHamMuKu. 3akoH ['ecca u ero cnencrBus. CBoGonHas sHeprusi ['mb6ca kak Kpurepuid
CaMOIIPOM3BOJIBLHOIO MPOTEKAHNS XUMUYECKUX PEaKIU.

[ToHsiTHE CKOPOCTH XUMUYECKON peakunu. DakTopshl, BIUSAIOMIME HA CKOPOCTh PEAKIIUU:
NpUPOJA pPEArupyroIINX BEIIECTB, KOHILIEHTPALUsS pEeareHTOB, TEMIleparypa U JaBJICHUE.
[ToHsiTHE XMMHYECKOTO pPaBHOBECUS WM MPUHIMUIT ero cMmenieHus. Karammu3. ['oMoreHHslii u
TreTepOTeHHBIN KaTaJIu3.

Tema 3. Teopusi pacTBopoB M pacrBopuTelieil. Ko/umrarnehble cBoiicTBa pacTBopoB.
PactBopbl 2s1eKTpoInTOB. Bogopoansiii nokasarens. I'maposms coseil. BydgepHbie pacrBopsbl

OO0ure NMoHATUS O pacTBopax M pacTBopuTeisix. CrocoObl BbIpaXKEHUSI KOHIEHTpaluu
pactBopoB. TepmoaguHamMuKa oOpa3oBaHUs pacTBOPOB.

Konnurarusable CBOICTBA PacTBOPOB: OCMOC U OCMOTHMYECKOE NIAaBIEHHUE, TEMIIEpaTypa
KUIIEHUs U 3aMep3anus. [lepBsiii 1 BTOpoi 3akoH Payirs.

Teopuss »snexTponuTHUecKo auccounanuu  AppeHuyca. CunbHble U ciaOble
anekTponnThl. KoHcTanTa U creneHp Aucconuanuu. 3akoH pasbasienus OctBanbaa. Teopus
CHJIBHBIX 3JIEKTPOJIUTOB, IOHATUE aKTUBHOCTB. [ [pon3BeneHne pacTBOPUMOCTH.

I'eteporenHoe paBHOBecHe B pacTtBopax. [IpousBeneHne pacTBOPUMOCTH. Y CIIOBHS
oOpa3oBaHus ocakoB. Bogopoauslit mokazarens. ['uaponus coneit. BydepHbie pacTBOpHI.

Tema 4. OKHCIANTEJBHO-BOCCTAHOBHUTE/IbHbIE Tpouecchbl. CTaHIAPTHBIA ©
peasibHbIN 3JIEKTPOAHBIN noTeHnuaa. O0uue cBoiicTBa MeTAJJIOB.

OKHCTUTENbHO-BOCCTAHOBUTENbHBIE — Tporiecchl. CreneHb  okucieHus. CrmocoObl
YpaBHUBAHMS OKHUCIIMTEIbHO-BOCCTAHOBUTENBHBIX peaknuid. Kiaccudukanus OKHCIUTETHHO-
BOCCTAHOBUTEIBHBIX PEAKIIUA.

CraHmapTHBIN U peanbHbIM 3IEKTPOIHBIN NOTeHnHan. YpaBHeHue Hepucera-llerepca u
HalpaBJIE€HUE  OKUCIUTEIbHO-BOCCTAHOBUTENBLHOIO  mporecca.  CpaBHUTENbHas  CcHJia
OKHCIIMTENEH ¢  BOCCTaHOBHUTENEH. OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIE  IPOLECCHl U
KU3HEACSITENbHOCTb.

DNEeKTPOXUMUYECKUN Pl HANpsDKEHHS  MeTawioB.  Onekrposm3.  OcoOeHHOCTH
MeTaITM4eckoi cBsizu. OOmue CBOWCTBA METAIOB: KOBKOCTh, TEIUIOMPOBOJHOCTh U
3EKTPONpOBOAHOCTh. Koppo3us MeTana, BUAbI KOPPO3HH, CIOCOOBI 3alUTHI OT KOPPO3UH.

Tema 5. Teopusi KOMILIEKCHBIX COeIMHEHMIA.
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OcHoBHble TOHATUA Teopuu BepHepa. Jluranaplr u uxX  KjaccuUKanus.
BuytpuopOuTanbHueie 1 BHEIIHEOPOUTAIbHBIE KOMIUIEKCH. Knaccudukanus U HOMEHKIATypa
KOMILJIEKCHBIX coelnHEeHU. [IoHATHE KOHCTaHTa HECTOMKOCTH.

Pasznen 2. Heopranuueckasi xummusi

Tema 1. Xumus HemetasiioB: jiementoB VIIA, VIA, VA IVA (yraepoa, kpemHuuii)
rpynnbl [lepuoanyeckoil cucTeMbl M X COeTUHEHUS.

ONEKTPOHHbIE CTPYKTYpbl aTOMOB TrajoreHoB. ['amoreHel B mpupoae. Pusnmdeckue
CBOMCTBA M XUMHYECKHE CBOMCTBa rajoreHoB. [loaydyeHne W NpUMEHEHUE TaJOreHOB.
CoeauHeHue ragoreHoB ¢ Bogopo oM. Kucinopoacoaepxaiiue cOeJUHEHHS TalOr€HOB.

DJIEKTPOHHOE CTPOEHUE U MAapaMeTpbl ATOMOB 3JEMEHTOB INIABHOW MOJArPYIIBI IECTON
rpynnsl. IlepuonnuHocts ux wu3MeHeHusa. Kucnopon, pacnpocTpaHeHHWE B INPUPOAE U
XuMuueckue cpoiicrBa. Cepa, pacipocTpaHEHUE B IPUPOAE U XUMUYECKUE CBOMCTBA. OCHOBHBIE
COEJIMHEHUS Cepbl: OKCUJIBI U KUCIOTHI. VIX XUMUYecKue CBONCTBA.

ODJIEKTPOHHBIE CTPYKTYPhl aTOMOB. A30T: a30T B MPUPOJIE, €r0 MOJIYYEHUsI U CBOMCTBA.
Ammuak, conu amMmMmoHus. @ukcanus arMoc(epHOTO a3oTa, MoyueHHe amMMmuaka. [uupasuH,
TUAPOKCUIIAMUH, a3uaoBoaopoA. Oxcuabl a3ora. A30TuUCTas W a30THas KUCIOThL. Docdop:
docdop B mpupose, nomyuenue u cporictea pochopa. Coenunenus pochopa ¢ BOIOPOAOM H
rasioreHaMu. OKCUbI U KUCIOTHI pocdopa.

ONEKTPOHHBbIE CTPYKTYpbl aTOMOB YTJIEPOJ: YIJIEPOJ B IPUPOAE €ro IMOIYyYeHHE U
cBoiicTBa. AyuioTponus yrieposa. Juokcus yrnepoaa. YronsHas kuciora. Oxcun yraepoaa (II).
Coenunenus yriepona ¢ cepoil u azoroM. KpemHuii: kpeMHHIl B IpHUpojie, €ro MOJy4eHUE U
cBoiicTBa, COETMHEHHs] KPEMHUS C BOJOPOAOM M rajoreHamu. /Inokcun kpemuusi. KpeMHeBbie
KUCJIIOTHI B BX coJi. CTEKJIO, IIEMEHT.

Tema 2. Xumusa wmeramion: |A, IIA, IIIA, IVA (o10B0 u cBUHeN) Tpynnbl
IlepuoanyecKkoi cucTEeMbI H HX COCIUHEHHH.

[[lenouyHble METAJIIBI: PACIPOCTPAHEHUE B IPUPO/JIE, TOTYyUEHHE, CBONCTBA, IPUMEHEHUE.
Hatpuii. Kanmii.

[[lenoyHO3eMeNbHbIE METAJUIbl: PACHpPOCTPAHEHUE B IMPHUPOAE, IMOIY4YEHHE, CBOMICTBA,
npuMeHeHne. Maraui, Kanbuii, 6apuii.

OnekTpoHHble CTPYKTypbl atoMoB |IIA rpynmbel. AntoMuHMIA: pacnpocTpaHEHUE B
IPUPOJIE, TIOJTYYEHHE, CBOICTBA, IPUMEHEHHUE.

OnekTpoHHble CTpyKTyphl atoMoB IVA rpynmnsl. OJ0BO U CBUHEI: paclpoCTpaHEHHE B
IIPUPOJIE, TIOJTYUYEHHE, CBOICTBA, IPUMEHEHHE. TOKCUKOJIOTHS CBUHIIA U €TO COEINHEHUS.

Tema 3. O01Iast XapaKTePUCTUKA U TOKCHKOJIOTHsI d-3JIeMEHTOB M UX COeIMHEHHId.
d-anementbl. OOImias xapakTepUCTHKA. PacmpocTpaHeHHOCTh B mpupoze. Pusmko-
XAUMHUYECKHE cBOMcTBa d-3meMeHTOB. TOKCHKOIOTHS 0-3JIEMEHTOB M UX COEIMHECHUM.

Tema 4. BuoreHHble 3JIEMEHTBI.

[TonsiTHe OMOTEHHOCTH XMMHYECKUX JJIEMEHTOB. buocdepa, KpyroBopoT OMOTEHHBIX
anemMeHToB. KOHIIEHTpHpOBaHHEe OMOTEHHBIX AJIEMEHTOB KUBBIMU crucTeMamu. Kiaccudukarus
OMOTeHHBIX DJIEMEHTOB MO UX (DYHKIIMOHAIBLHOM POJIM: OPTaHOTEHBI, YIEMEHTHI AJIEKTPOIUTHOTO
¢doHa, MHUKPOIJIEMEHTHI. [TpumecHbIe 3JICMEHTHI (akKyMyTHpyIOIHecs T
HeakKymynupywoomuecs). OCHOBHbIE HMCTOYHUKHM TMOCTYIUIEHUS TPUMECHBIX 3JJIEMEHTOB B
OpraHW3M YeJIOBEKa. XUMHUECKHE aCTICKThI OXPaHbl OKPY>KAIOIIEH CPEIbI.

Kommiiekcpl KaTHOHOB S-MeTaioB (MOHO(OPHI, KpayH-3(QUPbI, KPUMITAHIBL. XJIOPODHUILI.
buonornueckass posb HaTpus, Kalus, KaJblHMs, MarHus. XHWMHYECKOE€ CXOJICTBO U
OMOJIOTUYECKHI aHTarOHU3M (HATPU-KaIuii, MATHH- KaIbIUil).

Hawnbonee BakHble OMOreHHBIC 3jeMeHThl d-0oKa: Xpom, Meab, MoaubaeH. CHCTEMBI
MeTaII-0e10K (METAIIIONMPOTEHHBI U O€JIKU, aKTHBUPYEMbIEC METAJIAMH).
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Tema 5. Heopranudeckue MuHepaJibHble y100peHusI.

IIpocmyie yoobpenus:

A3OTHBIE: HUTPATHbIE (HATpUEBAsl U KaJlbL[MEBasl CEIUTPbI); aMMOHHUITHBIC 1 aMMHUAYHbBIE
ynoOpenust (cynbdaT aMMOHHS, aMMOHUHHO-HUTpAaTHBIE yJOOpEHUS, aMMHauyHas CEJIUTPa);
MOYEBHHA.

docdopusie: cynepdocdar, 1BoiHOI cynepdocdaT, mpenunuTar.

Mukpoynoopenusi. MukposnemeHThl. bopHbie ynoopenus. Mennbie ynoOpeHus.

Komnnexcnvie yoobpenus:

Ammodochkl, HUTpodOoCchl u HHUTPOPOCKH, HUTPOAMMO(POCH U HUTPOAMMO(DOCKH,
kapOoamMModocsl, monuduchaTsl aMMOHHUSL.

Pa3nes 3. AnHanuTnyeckasi XuMus

Tema 1. Buanl 1 MeToabl XMMHYECKOI0 AHAJIN3A.

KauecTBennsiii 1 xonuuecTBeHHbIN aHanu3. Kiaccudpukauus Buaos ananuza. OOBEKTHI
aHain3a. OCHOBHBIE CTaguu NpoBelcHHUS aHanu3a. (OCHOBHBIE CTaJMM IOCTPOCHUS
AQHAINTUYECKON METOJUKU U OCHOBHBIE METOJbl aHaiu3a. Meronabl mpobooTOOpa, pa3ioKeHU
poObl, pa3/ieNeHns U KOHLIEHTPUPOBAHUS, OOHAPYKEHUS U OIPEIeICHHS.

Tema 2. PacyeThl B KOJIMUECTBEHHOM aHaJIU3e.

Enununsl xomuuectBa BemiecTBa. CrocoObl BBIPaXKEHUS KOHLEHTpALMiA: MOJSIpHas
KOHLEHTpalusi, MOJSIpHAas KOHLEHTpalMs SKBHUBAJIEHTa, MaccoBas KOHIEHTpauus (TUTP
pabouero pacTtBopa, TUTp IO OIpPENENIIEMOMY BELIECTBY), OObEMHAsi KOHLEHTpALMs, IO
KOMITOHEHTa (MaccoBasi, 00bEMHas1, MOJISIPHAS).

3akoH KpaTHbIX oOTHoWeHMH JlambTOHa. BbruncieHue ¢akTopa SKBUBAJIEHTHOCTH U
SKBUBAJICHTA.

Pacyersl B TUTPUMETPHUYECKOM aHalW3€: CYIHOCTb TUTPUMETPHUM; CTaHIApPTHHIE
pacTBOPHI U CIOCOOBI UX MPUTOTOBIIEHHS; BUbI TUTPOBAHUSA: IpsAMOE, 0OpaTHOE (110 OCTATKY),
TUTpOBaHueE 3amecTuTens. Kpusble THTpoBaHus. [ paBUMeTpruUecKuii (BeCOBOI) aHAIIN3.

Tema 3. AHaM3 00bEKTOB OKPY KAIOLICH CpPebl.

CriocoOb! B34TUS U TOJATOTOBKU MPOOBI (pa3iokKeHus, OTACICHHUsI MEUIaoIUX KOMIIOHEHTOB U
KOHLEHTPUPOBAHUS MHUKpOIpUMECEH) g aHaiu3a OOBEKTOB OKPYKAIOIIEH Cpebl: MOUBbI
JIOHHBIX OTJIOKEHUH, BOABI, BO3ayXa. Mcronb3oBaHMe XMMHMUYECKUX, (PU3MUECKUX U (U3BHUKO-
XMMHUYECKHX METOJIOB JUISl aHAJIN3a 00BEKTOB OKPYXKAIOILEH Cpe/ibl.

6 TEMBI IPAKTUYECKHNX 1 CEMUHAPCKHUX 3AHATHI

Jlannslit Bug paboTsl He ipeaycMoTper YII.

7 JJABOPATOPHBIE PABOTbBI, IPAKTUKYMBbI

Paszngen 1. O0mas xumus.
TEMA 1. JHEPTETUKA XUMHNYECKHUX ITPOLECCOB.
OMNPEJIEJJEHUE TEILJIOBOI'O IMPOIIECCA PEAKIIMY HEMTPAJIN3AIINN.
esanb padoThi:
1. HayuuTbcs BBIOTHATH KAJIOPUMETPUIECKHE U3MEPEHUSI.
2. OCBOUTH HABBIKH TEPMOJIMHAMHYCCKHX PACUYCTOB, CBSI3AaHHBIX C DHEPTCTHKOW XMMHUYECKUX
pEeaKuui.
Copepxanue padoThbI:
1. DKcrepUMEHTATFHO ONPEICIUTh TETUIOBOH (D (PEKT peakiuu HeUTpaTu3aIim.
2. [IpoBepuTh BhIMOHEHKE 3aK0HA [ ecca.
3. OnpenenuTh OTHOCUTEIBHYIO U a0CONIOTHYIO TOTPEIIHOCTH U3MEPEHUSL.

IIpubopsl W peakTHBBI: KaJOPUMETP, MEPHBIE LMIUHAPBHL, BOPOHKA, TEPMOMETD,
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CEeKYHJIOMEp WJIM TIECOYHBIE Yachl, paCTBOPBI THIPOKCHIA HaTpus ¢ KoHIeHTpamnueit C(NaOH) =
2 mounb/1 u ceproit kucnotel C(H2SO4) = 1 Monb/mm.

Kp AaTKHUE TCOPETHYECCKUE CBCACHUS.

JlroOble XMMHUYECKHE pEaKkIMH BCEeTJAa COMPOBOXKAAIOTCA TEMH WM  HHBIMH
SHEepPreTu4ecKuMu 3¢ (eKTamMu: BbIICICHUEM WIN MOIJIOIMIEHUEM TEIJIOThl, CBETAa, COBEPIICHUEM
AIIEKTPUYECKONW WIIM MEXaHWYeCKOW paboThl. VM3ydeHHeM H3HEpreTHYecKUX H3MEHEHHUH Npu
XUMHYECKMX peakUUsAX 3aHUMAeTCsl HayKa, Ha3blBacMas XMMHUYECKOHM TEPMOAMHAMUKOM.
Oco0eHHOCThIO XUMUYECKON TEPMOJAMHAMUKH KAaK HAYKHU SIBJISIETCS PACCMOTPEHHE XMMHMUYECKUX
peakuuii B COCTOSIHUU PaBHOBECHS, KOT/Ia peaklus JIN00 He Hadajiach, JIMOO yxKe 3aKOHYWIIACh, U
WU3MEHEHUS BO BHEIIIHEH Cpelie OTCYTCTBYIOT.

Xumuueckas TepMOAMHaMUKa 0a3upyeTcs Ha IByX OCHOBHBIX 3akoHax. Ilepeviil 3aKkon
mepMoOuHamuKuy N3BECTEH KAaK 3aKOH COXPAaHEHHUs JHEpIruM. MI3MeHeHne BHYTpEeHHEN
SHEPrUU 3aKPBITON CUCTEMBI ONPEIEINIAETCS KOJIMUECTBOM BbIACIEHHON TEIUIOTHI U
coBepiieHHON padoTel. AU =Q - A

KosimuecTBO TEMJIOTHl BBIACIMBLIICHCS WA IOTJIOIIEHHOW B PE3YyJbTATe XUMHYECKOU
peaklUMy Ha3bIBACTCS MENna06blm Ihekmom. DK30TEpMUUECKass peakuus — TeIoTa
BBIJIETISIETCSL, SHAOTEPMHUUECKask — ITOTJIOIAETCS.

Yame Bcero B OWOJIOTMYECKUX CHUCTEMAaX XUMHUYECKHE MPEBpAIEHUS TMPOTEKAIOT MpH
MOCTOSTHHOM JiaBjieHWU ( M300apHBIE MPOIECCHI) B 3TOM CIydae TEIUIOBOH A(PQEeKT peakuuu
Oyner paBeH HM3MEHEHHIO BHYTPEHHEM SHEpPruu CHCTEMbl IUIIOC paboTa HajJ BHEUTHUM
nasienueMm pAV: Q=AU + pAV

Cymma U + pV HasbIiBaeTcsl Hmanvnueil u sBisieTcss QyHKIUEH COCTOSIHUS CUCTEMbI MU
MEpPOM €€ TeII0COAEPKAHUS.

JUIg XMMU4eCcKOH peakly NPOTEKAIOLIEH MpU MOCTOSSHHOM JIaBJIEHUM SHTAJIbIMS paBHA

TeroBomMy 3 PexTy.

3a cmanoapmuylo Inmanvnulo 00pa3o0BaHUs MPUHUMAIOT SHTAIBIHUIO TOM peakiuu, B
KoTopoil 1 Monp BemecTBa 00pa3yeTcsi W3 MPOCTBIX BELIECTB, KaXJ0€ U3 KOTOPBIX
HaXOJUTCS B TEPMOAMHAMHUYECKOM COCTOSHUH.

3akon I'ecca u cieacTBUA U3 Hero.

TernnoBoit 3pdexT peakuuu 3aBUCUT TONBKO OT HAYaJIbHOTO U KOHEYHOTO COCTOSHUS
CUCTEMBI HO HE 3aBUCHUT HU OT ITYyTH MPOTCKAHUS PEAKIINH, HU OT €€ MEXaHU3Ma.
Crnenctsus 3akoHa ['ecca.

1) m3MeHeHUe SHTAIBIIMH XUMHYCCKOH pEakIMd HE 3aBUCHUT OT YHCIIA MPOMEKYTOUHBIX
craaui

2) SHTAJIBIHUSA PEaKIMU paBHA CYMME JHTAJIBINANA OOpa30BaHUS IPOIYKTOB 32 BBIYETOM
CYMMBI DHTAJIBIINI 00pa30BaHUs UCXOIHBIX BEIIECTB.

Tennoma neiimpanuzayuu — 3T0 TEIUIOBOM 3P dekT peakiuu odpazoBanus 1 Mo HoO u3
noHoB H' nu OH™
H+(p.p) + OH p) = H2O;  AHogg = -55,9 xJx/Monb

[Tpr HeWTpanW3alWKM CHIBHBIX KHCIOT CHJIBHBIMH OCHOBAaHHUSMH TEIDIOBOH 3(p(dEKT 3TOoro
mpoliecca Mo4TH OJIMHAKOB B pacueTe Ha | MOJIb 9KBUBAJICHTA KUCIOTHI MM MIETOYH.

OKcrepuMeHTanbHOe omnpeaenenne AH HeUTpann3anuu OCIOXKHEHO TEM, YTO IIpH
CJIMBaHUM PacTBOPOB UMEET MECTO Ipoliecc pa30aBIeHUs:

o(pa36aBn) = AHuciip + AHpass. HeliTpanuszanus cnaGoil KMCIOTBI MM CI1a00ro OCHOBaHHSA
COTPOBOXKAAETCS THAPOJIU30M OOpasyromieiicss CONMH, B pe3ylbTare dYero W3MEHSETCs
KoHIeHTparus noHoB H® u OH™ B pacTBope, cliefoBaTeNbHO M TEIUIOBOH 3ddekT mporecca
OyzieT UHBIM.
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Memoouueckue pekomenoayuu u onucanue 1a60pamopHoil ycmanoeKu

C nenbio MpoOBEpPKU CHpaBeIMBOCTU 3akoHa ['ecca, B JaHHOH paboTe MPOBOAMM PEAKIUIO
ueiTpanmsanun H,SO4 menousto NaOH B aBe craguu.

PesynpTaTom peakiuu nepBoi craauu (pu HepocTaTouHoM KoiaudectBe NaOH)
H,SO,4 + NaOH = NaHSO4 + H,O; AH;

SBJISICTCS] pacTBOp Tuapocyiabdara Hatpuss NaHSO,4 B Boze.

Pe3ynbraroM peakuuu 1o BTOpOH CTaauu
NaHSO4 + NaOH = Na;SO4 + H2O;  AH2

ABIIsIeTCSl 0Opa3oBaHue Cylb(ara HATPUS.

B xaxmoii ctaguu Temneparypa yBEIUUUBACTCS 110 CPABHEHUIO C TEMIIEPATypO UCXOIHOTO
BemiectBa (pactBopa H»SO4). [loaTOMy NpoHCXOAWT H3MEHEHHWE SHTAIBIIUKM B Ipoliecce
peakuuu. Ero MBI MOXEM OIPEeIeTUTh IS KaXKIOW CTaIuu 1Mo GopMmyiie:

AH =K- AT/n (xx/mMo1b),

rae K= 0,96 x/[x/Monp — mocTosiHHast KajJopuMeTpa (KOJTUYECTBO TEIUIOTHI, HEOOXOAUMOE IS
HarpeBaHus KaJIOpUMETpa C TEPMOMETPOM, MelIankoit, pactBopom HySO4 Ha 1 K);
n = C-V — KOITU4ecTBO BEIIECTBA;
C — MonsipHasi KOHIEHTpAIIUs BEIIECTBA;
V — 00BeM pacTBOpa.

OO11ee KOIMYECTBO TEIUIOTHI, BBIACIUBIICICS B pe3ysbTaTe peakiuu, OyAeT paBHO CyMMe
W3MEHEHUH dHTAIBINN Kakaon craguu: AHue.n = AH; + AH..

Jns  ompeneneHus TMOTPEIIHOCTH HM3MEPEHUs TeIioBOro 3¢¢ekra BOCHOIb3YyeMCS
dopmynoit: 6 = (AHoken— AHyer/ AHyer.) - 100%.

3a AHy.; mpunuMaeM TtabnuyHoe 3HaueHue AH s peakiuu, MpoTeKaromed B OIHY

CTaJINIO:
H,SO4 + 2NaOH = NaySO, + 2H,0 ) + 137,43 kJIx/ Mob;

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI.

Hamute B o npmuaap 100 Mot ogaOMoIsspHOTO pactBopa HoSOq.

Hamuts B nBa muiinHapa no 50 M neymonspaoro pactsopa NaOH.

3amute B kKanopumetp 100 mur omHOMOIISIpHOTO pactBopa HySO.4.

BxurounTts Memanky.

B Teuenue 5 MuHyT uepe3 kaxaple 60 CEKyHJI CHUMATh [MOKa3aHUs TEPMOMETPA U 3aHOCHUTD

3Ha4YeHUs TeMIIepaTyphl B IEPBYIO CTPOKY TaOuIbl Nel

Bnute B kanopumerp 50 mur asymossipaoro pactsopa NaOH u3 nepBoro nuinmsapa.

7. B TeueHuwe 5 MMHYT CHUMAaTh IOKa3aHHUs TEPMOMETpa uepe3 Kaxable 60 CeKyHIl U 3aHOCUTh
BO BTOPYIO CTPOKY Tabmuiel Nel.

8. Bmuts B kanopumerp 50 ma nBymossgpHoro pactBopa NaOH. B Teuenne 5 MuHyT CHUMaTh
MOKa3aHusl TepMOMETpa uepe3 Kaxkable 60 CeKyH]I U 3aHOCUTh UX B TPETHIO CTPOKY TAOIHIIBI
Nel.

9. Paccuutarh 3HaueHuss AH s Kax 10 CTa iy peakIluy U 3aHECTH B Ta0miry No2.

10. Beumuth oTpaboTaHHBIE PACTBOPHI, MTOCYAY BBIMBITE. CIaTh pabodyee MeCTo JJaOOPaHTYy.

arONE

o

Cxema J1a00paTOPHOIi YCTAHOBKHU
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Puc. 1. Cxema kanopumerpa:

1 — BkIIIOYATENH MEMIATIKY; 2 — TEPMOU30JUPYIOIINE CTAKAHBI;

3 — peaKUMOHHBIN CTaKaH; 4 — TEPMOMETP; 5 — ANEKTPOABUTATENb MEIIAIIKH;
6 — wTaTuB; 7 — BOpOHKa; § — MeIIajika; 9 — OCHOBaHHUE IITATUBA.

OCHOBHOM 4acThI0 JaOOPATOPHON YCTAaHOBKU SIBJISIETCS] KAJIOPUMETP, NPEACTABIISIOIUI
co00i1 U30JTMPOBAHHBIN OT OKpYXKAIOUIeH cpeabl BHyTpeHHU cocyn (3). s usmepenus
TEMIIEPATYPbI pearupyroIIuX BELUIECTB UCIIOJIb3YETCsl pTYTHBIN TepMoMeTp (4). [lepemeninBanue
pacTBOpa ocyuiecTBIseTcsa Memmankoi (§) ¢ momoursio snekTpoasurarens (5). Boponka (7)
CILY’KMT JUIsl 3AJINBKH PACTBOPOB.

Tabnuya 1
t, MuH 1 2 3 4 5
t° C, H,SO,
T°C, 1 ctanuu
T°C, 2 cragnu
Tabnuya 2
1 cTtamus 2 cragus
TOHa‘{ = tOKOH = tOHa‘I = toKOH =
At° = At° =
AHl = AHZ =

Conep:xkanue oryera:
Tema u 11e1h paboOTHI.
XUMHUYECKUE YPABHEHUS PEAKIU.
Taomumet Nel u Ne2.
Pacuerst AH u norpemnoctu 6 %.
BriBobI O IIpoI€TaHHOI paboTe.

gk

KoHTpoJbHBIE BONIPOCHI:

1. OcHOBHBIC MOHATHS TEPMOIMHAMUKH (TEPMOAMHAMHUYECKAs CHCTEMa, IMapaMeTPhl CHCTEMBI,
(aza, KOMIOHEHTHI CUCTEMBI, Tiporiecc). Kinaccudukaius TepMOIMHAMUYECKUX CUCTEM.

2. BHytpennssi sHeprusi BemiecTBa. DyHKIHMEH KakuX MapaMeTpOB SIBISETCS BHYTPCHHSIS
sHeprus BemiectBa? IlepBoe Hauano TtepmoauHamuku. I[IpumMeHeHHe nepBOro Havaia
TEPMOANHAMHKHU K OHMOJIOTHYECKUM CHCTEMAM.
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3. Onranbnuga kak QyHKus coctossHus. CTaHAapTHBIE YCIOBUS B TepMoauHamuke. Vi3menenue
SHTAJIBIINU B PA3IMYHBIX XUMUYECKUX U (PU3UKO-XMMUYECKHUX MPOLIECCAX.

4. Tennopoi 3ddekr xumudecko peakuu. OCOOCHHOCTH TEPMOXUMHUYECKUX YpaBHEHUN WU

pacueToB 110 HUM. 3aKoH ['ecca u ciecTBUS U3 HETO.

Bropoii 3akoH TepMmouHaMuky. [loHsTHE SHTpONUU.

6. Coboanas sueprust I mb0ca kak KpUTEpUil CaMOTIPOU3BOIBHOTO MPOTEKAHMS PEAKIIHH.

TEMA 2. TEOPUSA PACTBOPOB.

Yacrs A. IIpurorosiieHre pacTBOPOB 32IaHHOI KOHLIEHTPALUH.

ey padoThi:
Hayuurcss roToBUTBH pacTBOPHI 3aJaHHON KOHLICHTPALIMH.
[IpnoOpeTeHne HaBBIKOB pacyeTa | rnepepacyera KOHIIEHTPAIMi pacTBOPOB.

Copepxxanue padoThI:
[IpuroroBieHusi pacTBOPOB Pa3aIMYHON KOHIIEHTPALUU U3 CYXOU COJIH.
[IpuroroBneHust pacTBOPOB M3 00JI€€ KOHIIEHTPUPOBAHHOTO PACTBOPA.
[IpuroroBieHus: pacCTBOPOB CMELIEHUEM JBYX PACTBOPOB Pa3HbIX KOHLEHTPALUH.
Ilepepacuer MaccoBOM J0IM pacTBOPOB B MOJSPHYIO KOHLEHTPALMIO, MOJIIPHYIO
KOHIIEHTPAIIUIO SKBUBAJICHTA, B MOJISIIILHOCTb.

IIpudopsl 1 peakTUBbI: MEpHbIE KOJIOBI (KOHHYeCKUE Ha 250 Mi1); MEpHBIE LIMIIMHIPbI

Ha 50, 100 m 250 M, CTEKJISIHHBIC NAJIOYKH, BEChl TEXHOXHMHYECKHE, Pa3HOBECHI, HaOOp
apeoMETPOB, XJIOPUJT HATPHUS.

o

.

P

MeTtonuyeckne peKoMeH/ 1Al U ONHCAHKE J1a00paTOPHOi padoThI

a) [IpuroroBienue pacreopa NaCl 3a1anHoii KOHIEHTPAUU U3 HABECKU
CYXOro BellecTBa
ITopsinok padorbI:
1. IonyuuTs 3a7aHue OT IMperojaBaTelis: MPUTOTOBUTH ompezeneHHoe koiuyectBo (100-500
MJT) pacTBOpa XJIOpUAA HATPHsl ¢ KOHIEHTparueit 5—15%.

2. Paccunrtarh HEOOXOAMMYIO NJIsi IPUTOTOBJICHUS 33JJaHHOTO 00BEMa pacTBOpa HABECKY CyXOu
COJIU ¥ 00BbEM BOJIBI.

(O8]

. OTBecutn HaBECKY XJIOpHUAa HAaTpUs HA TCXHOXUMHUYCCKUX BECaxX U MCPCHECTU €C B KOJ'I6y.
4. OT™MepuTh HEOOXOJUMOE KOJHUYECTBO BOJBI MEPHBIM IIMJIMHIPOM U BBUIUTH BOJY B COCYI C
CyXO# coJpo. Pa3Memars cMech MAIOYKOM 10 TTOJTHOTO PACTBOPEHHUSI COJIU.

5. JIng KOHTpons MpPaBUIBHOCTH IPHUTOTOBJIEHUS pacTBOpa H3MEpPUTh €ro IUJIOTHOCTh
apeoMeTpoM: B HWIHHJIP eMKocThio 50/100 M1 HanuBarOT MOMyYeHHBINH pacTBop (2/3 oobema)
U OCTOPOKHO ONYCKalOT TyJda apeoMeTp (B MPHUCYTCTBUM mpenoaasarens). CpaBHUBAIOT
peaTbHYI0 TUIOTHOCTh ¢ HEOOXOMMMOU (Tabivila) W JenaroT 3aKII0YeHHUe O MPaBUILHOCTH
BBITTOJIHEHUS pabOTHI.

6. OdopMHUTH TPOTOKOJ pabOTHI M BHIPA3UTh COACPKAHUE XJIOPHAA HATPHs BO BCEX CIUHHUIIAX
KoHIeHTpauun (%, MoJspHas [0Js, MaccoBas KOHIEHTpauus, TUTP, MOJSIPHOCTb,
MOJISUTBHOCTh, HOPMaJTBHOCTB ).

7.P ACTBOP XJIOpHJa HATPUA OCTaBUTD JJIA ,Z[aJ'ILHefIH.IefI pa60TLI, HCIIOJIb30BAHHYTO ITIOCYY BbIMBITD.
6) [Ipurorosienne pacreopa NaCl pazoaBiennem 6oJiee KOHIEHTPHPOBAHHOIO PACTBOPA

Ilopsinok paGoTbI:

1. IMoayuuTts OT mpemnojaBaTess 3alaHue — MPUTOTOBUTH omnpeaeneHHoe koiaudectBo (100-500
MJI) pacTBOpa XJiopuAa HaTpusi HU3KOW  KoHueHTpauuu (2-8%) wu3  Ooiee
KOHIEHTPHUPOBAHHOTO PacTBOPA.

2. Paccuntath 00BEM KOHIICHTPUPOBAHHOI'O PACTBOPA, HEOOXOAMMOTO Ui MPUTOTOBJICHUS
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3aJJaHHOT0 00beMa 1 KOJIMYECTBO J0OABOYHOM BOBI.

3. OTMepuTh HEOOXOIMMOE KOJIMYECTBO KOHLEHTPUPOBAHHOTO PACTBOpa M J00aBOYHON BOJIBI,
CJINTh UX B KOJIOY U TIIATEIbHO NepeMelaTh pacTBOP.

4. JIns KOHTpOJs MNPaBUIBHOCTH NPUTOTOBIEHMSI pacTBOpa M3MEPUTHh €ro IUIOTHOCTh
apeoMETPOM B IPUCYTCTBUHU ITPETIOJABATEIA.

5. OdopmuTh TPOTOKOJI pabOTHI M BBIPA3UTH COJACPKAHUE XJIOPUAA HATPUS BO BCEX CIUHHIIAX
KOHLEHTPALUH.

6. PacTBOop XJylopuja HaTpusi OCTaBUTh AJIs JajbHEHIIEH paOOThl, MCHOIb30BAaHHYIO IOCYIY
BBIMBITb.

B) Ilpurorosienue pacreopa NaCl cmenieHneM ABYX pacTBOPOB 3aaHHBIX KOHIIEHTPAIMiA

Ilopsinok paGoTbI:

1. I[TosyuuTs OT mpenojaBaTesis 3aJaHue.
Paccuutats TpeOyemble 00beMbl 000OMX PacTBOPOB, HEOOXOIUMBIX JIi HPUTOTOBJIECHHUS
3aJJaHHOTO PacTBOpA.
. OTMepuTh paccUMTaHHBIE KOJMYECTBA CMEIINBAEMbIX PACTBOPOB M CMEIIATh UX B KOJIOE.
4. I[JI?I KOHTPOJIA MMPABUJIBHOCTHU PaCyYC€TOB U IIPUT'OTOBJICHUA paCTBOPAa U3SMCPUTH €TI0 IJIOTHOCTDH
apeoMeTpOM B NIPUCYTCTBUHU IPENoJaBaTesl.
5. OdopMuUTH TPOTOKOJ pabOTHl U BBIPA3UTh COACPKAHUE XJIOPUAA HATPUsl BO BCEX €IUHHUIIAX
KOHILIEHTPALUH.
6. BeUIHTH pacTBOPHI XJIOPHUIA HATPHSL, IOCYTy BEIMBITE. ClaTh pabouee MecTo JTabOpaHTy.

(O8]

Conep:xkanue oT4yera:
Tema u uenb paboThI.
PacueTsl o Kax/10i yacTu paboTHI.
3HaveHHs TUIOTHOCTEH: TeOpeTudecKoe (13 TabJIUIIbI) U SKCIIEPUMEHTATBHOE.
PacueT norpemrHoct 8 % MPUTrOTOBJIEHUS! PACTBOPOB.
BoiBosBI O IIpOJIENIaHHOM padoTe.
KoHnTpoJsbHbBIE BONIPOCHI:
Kakwue criocoObl BbIpak€HUSI KOHIIEHTPAIMM PaCTBOPOB BaM U3BECTHBI?
Kak nepeiiTi oT 01HOr0 BHJja KOHIIEHTPALUHU K APYroMy (Ha KOHKPETHOM IpumMepe)?
Kakwue cymiecTBytoT criocoOs! TPUTOTOBIECHUSI PACTBOPOB?
Onuiure xoa padoThI 1O JH0OOMY CIOCO0Y IPUTOTOBICHHS PACTBOPOB.

s wdE

oSS

Yacts b. UoHHble P€akKuu B pacTBOpax, rereporcHHbIC paBHOBECHUA B pacrBopax
3JEKTPOJIUTOB (BKCHCpI/IMCHTaHBHOe OIMPECACIICHUC HAIIPABJIICHUA XUMUYICCKUX peaKuHﬁ).

Hean padoThi:
O3HakoMJIeHUE C OOIIIUMHU CBONCTBAMH MaJIOPACTBOPHUMBIX JIEKTPOIUTOB.

A

[TproOpereHne HaBBIKOB pacueTa IPOU3BEIEHUSI PACTBOPUMOCTH U PACTBOPUMOCTH OCAIKOB
CHJIBHBIX 3JIEKTPOJIUTOB.

Copaepxxanue padoThbI:
1. OmnpeneneHue peakiuu Cpeabl IPHU THIPOTU3E CONEH.

N

N3ydenune BIUAHUS TEeMIEPATYPhl HA TUAPOIIU3.

3. H3yuenue ycnoBuii 00pa3oBaHUs OCAJKOB MaJOPACTBOPUMBIX CHIBHBIX DJEKTPOJIUTOB U UX
pPacTBOPUMOCTH.

4. Pacuet pH comneit monBepraronuxcst THIPOIIN3Y.

IIpudopsbI U peakTUBBI:
1) mraTuBkI 1J1s1 TpoOUPOK, TPoOUpKH Ha 10 MJI, MUMETKY.

2) 2 H pacTBOPBI: XJIOpUIA KaJIbIH, XJIOPHIA HATPHSL, XJIOpHaa 6apHs, oKcajgaTa aMMOHHUS,

COJISHOM KHMCJIOTBI, HUTpaTa O6apus, XpoMarta KaJiis, YKCYCHOM KHUCIOThI, HUTpaTa cepedpa,
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cynb(ua HaTpus.
OKCepUMEHTaJIbHAS YacTh:
MeToanyeckne peKOMEHIAIUN U ONUCAHME JIA00PATOPHOH padoThI
OmnsIT 1. O0pa3zoBaHue 0caIKa U YCJI0BHE €r0 PACTBOPEHUS

B npobupky Haneiite 4—5 kanenb pacTBOpa XJOpuaa Kaidblus U IpuOaBbTe MO KarisaM
pacTBOp OKcajlaTa aMMOHHS 10 00pazoBaHus O6enoro ocanaka. M3oeraiite pacTBOPUMOCTH
ocajika B 2 H pacTBOpE COJISTHOM KUCnoThl. Hanumure MonekynsipHble U HOHHbIE YPABHEHUS
peakuuii. BeimumuTe 3 TabJIMIl KOHCTAHTHI IUCCOLMAIIMN U PACTBOPUMOCTH CJIa0bIX
3JIEKTPOJUTOB. BhIUMCINTE KOHCTAHTY PaBHOBECUS PEaKLIMU PACTBOPEHUSI OCaKa U
00BSACHUTE, TOYEMY ATO MPOUCXOMIMT.

OmnbiT 2. OnpenesieHne HANPABJICHUSI XUMUYECKUX peaKIuid (pacTBOPeHne 0CaJAK0B)

Hanelite B mpobupky 6—8 Kamenb pacTBOpa XJIOpUJa WIM HUTpaTa Oapus U MpudaBbTE IO
KaIlJIIM pacTBOp Xpomara Kanus A0 oOpazoBaHUs >kentoro ocaaka. Ocagok pa3fenuTe Ha JIBe
yactu. K omHON yacTu mpubaBbTe 2 H PacTBOP COJSIHOM KHCIIOTHI, a K APYrod — 2 H pacTBOp
YKCYCHOHM KHCTOThl. B ofHON M3 MpoOMpOK HAONIOMaeTcs pacTBOPEHHE OCaAKa. 3aluIInTe
HaOmoeHusl, caenaiite BbiBoJ. COCTaBbTE MOJIEKYNSIPHBIE UM HMOHHBIE YPABHEHUS PEAKLIMM.
Bbruncnnre KOHCTaHTBI PAaBHOBECHSI IPOIIECCOB PACTBOPEHHsI Xpomara Oapusi B COJNSIHON U
YKCYCHOM KHCIIOTE U 00bSCHUTE HAOII01aeMOE.

- OnbiTt 3. HanpaBiieHue XMMHYecKOll peakuuu B CTOPOHY o0pa3oBaHUsl MeHee
PacTBOPMMOIO COeTUHEHUS

Haneiite B mpoOupky 2—3 karum pacTBopa HUTparta cepedpa u npubaBbTe K HeMy 2—3 Karum
pacTBopa XpoMaTra Kaius. 3alWIIMTEe [BET MOJIYYEHHOIO OCajKa, MOCie uero A00aBbTe B
npoOupky 2-3 kamim pacTBopa xjopuaa Harpusa. Kak wn3Mensiercs nBer ocajaka (s
HaOJIIOIeHHUs IIBeTa OCajJKa pacTBOP MOXKHO OCTOPOXKHO CIUTh)? A Temepb NpuOaBbTe K
COJIEp’)KUMOMY IPOOUPKHU 2—3 KaIlIu pacTBOpa CylIb(puia HATPUS U OIATH 3aMUIINTE [IBET OCAJKA.
CocTtaBbTe MOJIEKYIISIPHBIE U HOHHBIE YPAaBHEHHS BCEX ITPEBPAILICHHUM.
Hcrionb3yst 3HaueHHs KOHCTAHT PACTBOPHUMOCTH, BBIYMCIMTE PACTBOPUMOCTH IOITYYEHHBIX
COCIMHEHWII M KOHCTaHThl paBHOBECHs JUIl HabmrolaeMbIx mporeccoB. Caenmaiite BBIBOA O
HAaIlpaBJICHUU XMMHUUYECKUX PEaKIIil.
Ilopsinok padoTbI:

1. IlonyuuTs OT HpernoaaBarens 3aJaHue.

2. BbIMomHUTH paboTy COTIACHO METOAMUYECKUX PEKOMEH AL,

3. OdopMHTH TPOTOKOIT PAOOTEHI.

4. BpuTh 0TpabOTaHHBIE PACTBOPBHI, MOCYAY BBIMBITE. C1aTh pabouee MecTo.
Conep:xkanue oruyera:

Tema u 1enb paboTHI.

Habmronenusi, ypaBHeHHsI peakluii o Kak0i yacTu paboThl..

BrIBoIBI IO TIpO/IETaHHOM padoTe.

KoHnTpoJsbHbIe BONPOCHI

HoHHble ypaBHEHUs peakui. Y CIOBUS MPOTEKAaHUs pEakifii B pacTBOpax.

2. T'ereporenHOe paBHOBeCHE: OCAJIOK — HACHIMIEHHBIH pacTBop. KoHcTaHTa pacTBOpMMOCTH
(uu Ipou3BEEHUE PACTBOPUMOCTH)

3. YcnoBus oOpa3oBaHMs M PACTBOPEHUS OCAJIKOB.

4. BnusHue 00I1ero HOHA Ha PACTBOPUMOCTH MajopacTBOpuMoro BemecTBa. ConeBoil 3¢ dexr.

=

TEMA 3. SKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUME BJIMAHUSA PH CPE/IbI HA
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MPOAYKTbI OKUCJIUTEJBbHO-BOCCTAHOBUTEJIbHBIX PEAKIIIA
ey padoThi:
1. U3yuyuth OKHUCIHUTEIHHO-BOCCTAHOBUTEIIbHBIE CBONCTBA METAJJIOB, HEMETAUIOB M UX
COCIMHEHU.
2. OcCBOUTH METOJUKY COCTaBJICHUS YPAaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
IIPOLIECCOB.
3. 3aerHI/ITb 3HAHUWA O BIIMAHUU CPCIAbl HA OKUCIUTCIbHO-BOCCTAHOBUTCIIbHBIC ITPOUCCCHI
Copnepxanue padoThI:
1. OxkwucnuTenbHbIE U BOCCTAHOBUTEIbHBIE CBOMCTBA MEPOKCHIA BOJIOPOA.
2. OKHCIUTENbHBIC U BOCCTAHOBUTEIBHBIC CBOMCTBA HOHOB P- M 0-3JIEMEHTOB.
3. OkwucnuTeNIbHBIE CBOMCTBA TIEpMAHTaHATa KK B PA3JIMYHBIX CPEAax.
IIpuGopsl U peakTUBBI:

1. TIpoGupku, mTaTUB A1 MPOOUPOK, ACpIKATENb I MPOOUPOK, MTUTICTKH, BOJISTHAs OaHs,
roperka.

2. 2 M pactBopsl HUTpara xpoma (lll), ruapokcuma HaTpus, MoaMma Kajaus, IMepMaHraHaTa
Kamusi, cynbpura Harpus, cynbdara mapranua (ll), xmopmma omosa (l1), 3% pacrBop
nepekucu Bojopoaa, 2H pactBop cepHoit kucinotbl, 2H pacTBOp a30THO KHCJIOTHI,
YEeTBIPEXXJIOPUCTHIA YTIIEPO, PACTBOP MO, MOPOIIOK JUOKCH 1A CBUHIIA.

KpaTRue TCOPETHYECCKUEC CBCACHUS.

Bce xuMuyeckue peakiuu MOKHO pa3zieliuTh Ha JIBE OOJIBIIKE TPYIIbI: MpoTeKatome 0e3
U3MCHCHHS CTCIICHU OKUCIICHUA U C HN3MCHCHUEM CTCIICHU OKUCIICHUSA — OKUCIHUTCIBHO-
BOCCTaHOBUTENbHBIE.

K OKHCIMTETBHO - BOCCTAHOBUTEIBHBIM OTHOCSITCSI BCE PEAKIUM 3aMEIICHUS M T€ PEaKIIUH
COEIMHEHHS U PA3JIO’KEHUSI B KOTOPBIX Y4acTBYeT XOTs Obl OTHO MPOCTOE BellecTBO. Bee peakimn
0oOMeHa MPOTEKAIOT 6€3 N3MEHEHUSI CTETIEHN OKHUCIICHUSL.

[lon cTemeHbI0 OKHCJAEHMS] TOHUMAIOT (AKTUYECKH 3apsig aToMa B MOJIEKYJE
00pa3yromuiicsi B pe3ysibTaTe nepepacnpeiesieH s JIeKTPOHHO TUIOTHOCTH.

Okuc/ieHHeM Ha3bIBAIOT MPOLIECC MOTEPU DIIEKTPOHOB, MPHUBOIAIINN K MOBBIIICHUIO
CTCIICHNU OKHCJICHUA. BCHIGCTB&, ATOMbI WJIM HMOHBI KOTOPBIX OTAAIOT 3JICKTPOHBLI, HA3BIBAIOT
BOCCTAHOBUTEISIMU. BOCCTaHOBUTEIIb, OTHABAS IEKTPOHBL, OKHCIsercs. Zn° -2e — Zn*2

BoccranoBiienue — nponecc nMpuCOCANHCHUS JSJICKTPOHOB, HpI/IBOIISIIHI/Iﬁ K INOHMNXKXCHUIO
CTETNIEHH OKHWCJIeHHs. BemiecTBa, aTOMbl WM HOHBI KOTOPBIX MPUCOEIUHSIOT AIIEKTPOHBI,
HA3BIBAKOTCS OKHUCIUTESIME. OKHUCIINTENb, IPUCOSIHUHSIS IEKTPOHbI, BOCCTaHaBIMBaeTcs. Cu*?
+2e — Cu°

OOmiee YUCIIO DIEKTPOHOB, OTJAHHBIX BOCCTAHOBHTEIEM, PABHO YHCITY DJIEKTPOHOB,
MPUHSITHIX OKUCITUTEIIEM.

21.]'[5[ IIPOrHoO3a IMPOAYKTOB u HaITpaBJICHUA IMPOTCKAHUA OKHUCJIIUTCIBHO-
BOCTAaHOBUTEBHBIX MPOIIECCOB HAIO 3HATH, YTO THMHYHBIMU OKUCIUTEISIMHU SBIISIOTCS:

1) mpocThie BeecTBa, aTOMBI KOTOPBIX UMEIOT OOJIBIIYIO 3JIEKTPOOTPUIIATEILHOCTD (3JIEMEHTHI
VIA u VIIA rpynmn). 3 Hux Hanbosnee cuibHbie okuciutenu F, O, Cl.

2) BemiectBa, coaepxkamie 3JIEMEHTHI B MakCHMaiabHOW cremenn okucieHus: (KMnOy,
K,Cr,05, HC|O4, H,SO4 n ap.

3) Karuonbl MeTaJIOB U BOJOPOIA

K THIIMYHBIM BOCCTAHOBUTEISAM OTHOCSTCS:

1) mpocTele BemiecTBa, aTOMbI KOTOPBIX HMEIOT MAyl 3JIEKTPOOTpHULAaTeNbHOCTh < 1,5
(amemenTh! |A u lIA Tpynn u HEKOTOpBIE IPyryue METasIbl ).

2) BemecTBa, coaeprkaiine 3JeMEHThI B HU3IIUX cTeneHsax okucienus: (HyS, NH3 u ap)
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BemectBa, comepkamye aToMbl B IPOMEKYTOUHBIX CTEICHSIX OKHCJICHHS, CITIOCOOHBI Kak
MOBBIIIATH, TAK U TIOHWXKATh CTETICHh OKUCIICHHUS, T.€. MOTYT OBITh KaK BOCCTAHOBUTEIISIMU (TIPH
JeHcTBUM 00JIee CUIILHOTO, YeM OHH, OKHCIIUTENS), TaK U OKUCIUTEIAMHU (TIpU JEHCTBUU OoJiee
AKTUBHOTO, 4YE€M OHH, BOCCTAHOBUTEIs). TakWe BEIIECTBA MPOSIBISIIOT OKUCIUTEIHHO-
BOCCTAHOBUTEJIBHYIO JBONCTBEHHOCTD.

[pu cocTaBieHUH peakiyii OKUCIUTENHHO - BOCCTAHOBHUTEIBHBIX MPOIIECCOB MCIIONIB3YIOT:

1) Merox 3IIeKTPOHHOrO OaxaHca

2) METOJ MMOJIypEaKI|ii UK HOHHO - DJICKTPOHHBIH CI10CO0.
IIpaBuaa HAIIMCAHUSA OKHCJINTEJIbHO-BOCCTAHOBHUTEILHBIX peakiuii METOI0M
MOJIypeaKkumi:
1. BBIACHSAIOT TPUHIMIHAIBHYIO BO3MOXKHOCTh mpoTekanuss Ox/Red mporecca - HaxomsT

MMOTEHIMAIbHBINA OKUCIUTEIb U BOCCTAHOBHUTEb.

2. OmnpenensitoT NPOAYKThl OKHCIEHUS U BOCCTAHOBIICHUSI.

3. Tlumryr mosrypeakiuy OKUCICHHSI U BOCCTAHOBIICHUS, pACCMATPUBasi BCE UMEIOIINECS NOHBI

u cpeny - HyO, H* wm OH, HO HH B KOeM clyyae He H* u OH - BMmecre OHH

COCYIIIECTBOBATh HE MOTYT.

CBoasT MaTepuallbHBIN OanaHc Mmoyypeakiuii - 3akoH JIoMOHOCOBaA B JIEHCTBUU.

5. CBOAAT 3JIEKTPOHHBIM OallaHC, MOJACUYUTAB, 3apsiabl ClieBa U CIpaBa M JOOABUB WM BBIUTS
3JICKTPOHBI.

6. Haxomar oOmmii MHOXHWTENb JUIsI OOCHMX IOITYPEaKIMii, ¢ Yy4eTOM TOrO, YTO, CKOJIBKO
3JIEKTPOHOB OBLIO OTHATO Y BOCCTAHOBUTEJS, CTOJIKO MPUOABUIIOCH K OKUCIHUTEIIIO.

PaccraBistiroT K03 PUITMEHTHI B YPaBHCHUH U JONMCHIBAIOT HETOCTAIOIINE MTPOTYKTHI.

KMnO; + Na,SO3 + H,SO4 = MnSO,4 + Nap,SO4 + KoSO4 + H,O

Peakmust mpoTrekaeT B BOJHOM pPAacTBOPE, COOTBETCTBEHHO KOMITOHEHTHI pPEaKIIHH
JUCCOLIUUPYIOT:

K*+ MnO, + 2Na" + SO5% + 2H" + SO, = Mn?* + SO, + 2Na" + SO,% + 2K* + SO,* + H,0

Jlnst cocTaBieHus MOJypeakIfii BEIOUpaeM HOHBI, KOTOPBIE COJIEPKAT aTOMBI, U3MEHSIOIIIE
CBOHM CTENEHU OKHCJICHUS.

2 | MnO, + 8H™+ 5¢ — Mn?* + H,O oxucianrens/ BOCCTAaHOBUTEND
5 | SO3% + H,0 - 2e — SO,% + 2H"  BoccTaHOBUTENB/OKHCIUTETD
2MnO, + 16H*+ 5S05% + 5H,0 = 2Mn?* +580,% + 10H" + 8H,0
Coxkpaiass KOMIOHEHTHI B IpaBOW M JIEBOM YacTH, IOJy4aeM COKpPAIEHHOE HOHHOE
ypaBHEHHE JAHHOW OKHCIUTEIbHO-BOCTAHOBUTEIBHON PEaKIINU:

2MnO, + 6H + 5505 = 2Mn*" +550,” + 3H,0

[ToxcraBrUB K MOHAM HEOOXOAMMBIE TMPOTHBOUOHBI, TIONYYUM MOJEKYISIPHOE YpaBHEHHE C
rOTOBBIMH KO3 pULIeHTaMHu.

2KMnO, + 5Na,S0O3 + 3H,S0,4 = 2MnSO,4 + 5Na, S04 + K,SO,4 + 3H,0

Cymbar Kamis He yJ4acTByeT B OKHCIIHTEIHLHO-BOCCTAHOBUTEIILHOM IIPOIECCE, TI0ITOMY TIPH
COCTaBJICHHH TIONTYPEAKIIMI HEe YIUTBIBAICS, OJTHAKO YIUTHIBASTCS TIPH 3aITMCH MOJIEKYIISIPHOTO YPaBHEHHSL.

Bausinue cpeabl HA OKHCIUTETbHO — BOCCTAHOBHUTEJIbLHBIE MPOIECCHI.

pH cpenpl oka3piBaeT BIMSHHUE HA HAMIPABICHUE OKUCIUTENLHO-BOCCTAHOBUTEBHBIX PEAKITHIA
U XapakTep o0pa3yrommxcsl MPOMYyKTOB. UeM MEHBIEe KHCIOTHOCTH CPENbl, TeM, KaK IPaBHIIO,
MeHee Tiryboko uzaeT mporecc. Hampumep, KMnO, mposiBisSieT OKHCIUTENBHBIE CBOIMCTBA 32 CYET
Mn*" u BoccTanaBMBaeTcs:

B KUCJIOHN cpefe — 10 Mn*?2 , B HelTpanpHOIl — 10 MNnO;

B ILIETTIOYHOM Cpesie 10 MaHTaHAT-UOHA - MnOzz'

XpoMaT M OUXpOMAT Kajlds BBICTYNAIOT B KAaueCTBE OKHUCIMTENIEH B KHUCIOW Cpene,
BOCCTAHABJIHMBAsACH 10 HoHa Cr'e,
B mpupone mambonee pacnpocTpaHeHbl COSIUHEHHSI MapraHila CO CTEICHBbI0 OKHCIICHUS

&
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+2. B opranusMe yenoBeka MapraHel] Tak:Ke HaXOIUTCS B CTEIIEHHW OKUCICHHUS +2, HO, Y4acTBYs B
OMOXMMHYECKHX IIPOLIECCAX, OH HE MEHSET CBOEH CTENEHU OKUCIIEHUS. JTO CBSI3aHO C TEM, YTO B
OpraHu3Me HeT CHJIbHBIX OKHCIIUTENEH.

N3menenue pH cpenpl MOKeET pa3BepHYTh peakLuio. Tak AUCIpONOpLHUOHUPOBAHUS XJIOpa
B menounoii cpeae Cl, + KOH = KCI + KCIO3; + H,O uaer B oOparHOM HampaBiIeHHH IPH
noakucienuu pacrsopa. HC1 + HCIO3 = Cl; + H,0

UeMm MeHbLIE KUCIOTHOCTh CPEIbl, TEM, KaK IpPaBHJIO, MEHEee TIyOOKO HJEeT MpoIliecc:
TIEpMAHTaHAT BOCCTaHABIMBaeTcss 10 Mn“' B kucioif cpeze, 10 MnO; - B HEWTpanIbHOM U 10
I\/InO42' B IIEJIOYHOM cpejie.

JKCNepUMeHTATbHAs YaCTh.

Omnbit 1. Oxnciaenne nona Cr'’ 10 BbIcLIeii CTeIeHH OKHCJIEHHST

K 6-8 karmisam pacteopa Cr(NO3)3 npubasste mo karmisim pactBop NaOH 10 pactBopenust
obpasytromerocs ocaaka Cr(OH)3 u 3atem 3-4 xamu 3% pactBopa H2O,. Cmech nepememnaiite
¥, TIpU HEOOXOJMMOCTH, HarpeiTe Ha BOASHOW OaHe WM TOpelke B Te4eHue 1-2 MHH.
OkpaiMBaHie pacTBOpa B JKENTHIM ILBET CBHUACTEIBCTBYET 00 00pa3oBaHUU HOHA Cro,*.
PaccTtaBpTe K03()PUIHEHTHI B ypaBHEHHH PEAKIIUU METOJOM MOJIYPEaKIUi U CIeTaiTe BHIBOI.

CI’(NOg)g + NaOH + H,0, = Na,CrO4 + NaNOs+ H,0

OnpIT 2. OKMCTIUTETBLHbIE H BOCCTAHOBUTE/ILHbIE CBOICTBA MIEPOKCH/IA BOAOPOIA

a) K 3 xamsm pacteopa Kl nmpubasete 2 karmmu 2H pactBopa H,SO4 m 3aTeM mo karism
3%-b1i1 pactBop H0, nmo mosiBnenus sxentod okpacku. [ns oOnapyxenus l, B pacTBope
npubaBbTe K HeMy Heckoibko kamenb CCly u  Berpsixuute mpoOupky. PaccraBere
KO3 (UIMEHTHI B ypaBHEHUHU PEAKIIMH METOI0M MOIYPeaKIuil v cJienaiTe BBIBO/.

Kl + H,0, + H,SO,4 = I, + K,SO4 + HO

6) K 5-6 xamuam pactBopa KMnO, npubassre 3-4 kammu 2H pactBopa HpSO4 u 3atem
HecKkoJbko Kanenb 3%-ro pactBopa HpO,. HabGmomaercss oOecuiBeunBaHuE pacTBOpa U
BbIJICTIEHHE Tra3a. lchelTaiiTe BBUACISIOIIMICA Ta3 TICOIIEH JYy4ynHKOM. PaccraBere
KO3 PUITMEHTHI B YpPaBHEHUH PEAKIIMH METOIOM MOJypPEaKINil U cIeNIaifTe BHIBOI.

KMnO4 + H,SO4 + HO, = MnSO4+ O+ K,SO4 + HyO

OnbiT 3. OKHCIUTEIBLHBbIE CBOICTBA IEPMAHIAHATA KAJIMSI B PA3JIMYHbIX Cpeax

B tpu mpobupku Haneite mo 5-6 kamenb pactBopa KMnO,. 3atem B mepByro MpoOHPKY
npubaseTe 3-4 Karm 2 H pactBopa HySOs, BO BTOpYIO - HHYEro, a B TPEThlo - 3-4 Karumm 2H
pactBopa NaOH. Ilocne sToro B kaxmayro nmpodupky npudasbTe mo KarmisiM pactBop NapSOsz wmmm
cyxyto conb. HaOmonaiite u3MeHeHHME OKpacku pacTBOpoB. PaccraBbTe KO3 QHUIIMEHTHI B
YPaBHEHUSX PEaKIUil METOJOM TONypEeaKkiMid U CHeNaiiTe BBIBOABI 00 OKUCIUTEIBHBIX CBOMCTBAX
TiepMaHTaHaTa KaJus

a) KMnO4 + H,SO4 + Na;SO3 = MnSO,4 + KoSO4+ NapSO4 + H,O
6) KMnO4 + H,0 + Na,SO3;= MnO», + Na,SO4+ KOH
B) KMnO,4 + KOH + Nay;SO3; = KoMnO4 + Na,SO4+ H,O

OnbiT 4. OKkuceHne KaTHOHA d-3JIeMEHTA /10 BbICIIeii CTeNeHn OKHCIeHHSsT

Oxucienne nosa Mn?* guokcnzom cuHua. Buecute B MPOOUPKY HEMHOTO TMOPOIIKa
PbO,, npubasre 2 mMa 2H pactBopa HNO; u HarpeiiTe Ha BOJSHOW OaHe WJIM TOPEJKE JIO
kunenus. Ilocne storo npubaseTe B mpobupky 1-2 kamnu pactBopa MnSO, mepemeraiite u
cHoBa Harpeiite. HaOmronaeTcst mosiBjieHus MaIMHOBOM OKpacku oOpas3oBasuierocss nona MnNOy'.
PaccTtaBpTe KO3 PUIIMEHTHI B ypaBHEHHH PEAKLIUU METOJIOM TOIYPEAKIIUI U cAeNaiTe BBIBOJ.

PbO, + HNO3; + MnSO,4 = HoMnOg4 + Pb(NO3)2 + H>,O

OnbIT 5. BoccTaHOBHTEIbHBIE CBOMCTBA KATHOHA P-3JIeMEHTAa (Sn2+)

Haneiite B npoOupky 3-4 karum pactBopa SnCl,, mpubaBbTe Mo KamisiM 2H pacTBOP
KMnO, Hab6mrogaeTcss WcUe3HOBEHHWE MAJIMHOBOWM OKpacku. PacctaBbre KOA(hHUIIMEHTH B
YpaBHEHHH pPEaKIMU METOIOM IoJypeakiuii u caenaire BoiBoa. SnCl, + KMnO4 + H,SO4 =
SnCl4 + MnSO,4 + H,0
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OnbIT 6. BoccTaHOBHTEIbHBIE CBOWCTBA AaHHOHA P-3JIeMEHTA (8032')
IMomecture B mpodupky 3-4 karum pactBopa Nap,SOs, mpubassre 2-3 Karum 2H
pactBopa HySO4 m 1-2 xarum pactBopa |, Berpsixaure mpoOupky u HaOmromainTe 00eCIiBEUMBAHKE
pactBopa. PaccraBbre KO3(PUIMEHTHI B YpaBHEHUH PEAKIIN METOIOM TIOYPEAKIIUIA M CIICTIaiTe BBIBOI.
KakoBa posib cepHOM KUCIIOTHI B IAaHHOW PEAKIK?
Na,SO3 +1, + H,O = Na,SO4 + HI
Hopsaok padoTsl:
[TomyuuTh OT mpenojaBaTess 3aJaHue.
BrInomHUTE paboTy COrIaCHO METOIUYECKUM PEKOMEHIAIUSIM.
OdopmMuTh IPOTOKOJ pabOTHI.
Boeumnth 0TpaboTaHHBIE PacCTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oTyera:

1. Tewma u uenb pabOTHI.
HaGumtonenusi, ypaBHEHUsI peakluii Mo KaXJ0H yacTu paboTHL..
3. BrIBobI O IpOAETaHHOI paboTe.

NS

no

KoHTpoJibHBbIE BOIPOCHI.

1. Tunsl OKHCIUTETHHO-BOCCTAHOBHUTENBHBIX peakuuil. TUIMHMYHBIE OKUCIUTENN W THIIUYHBIC
BOoCCTaHOBUTENU. DaKTOPBI, BIUSAIONIAE HA IPOTEKAHNE OKHCIUTEILHO-BOCCTAHOBUTEIBHBIX
peaKIuu.

2. MeTo/pl COCTABICHUSI OKHCIMTEILHO-BOCCTAHOBUTEIBHBIX PEAKIUi (METOM IMOJypeaKIuii
WJIM METOJ HOHHO-3JICKTPOHHOTO OalaHca).

3. Kiaccudukanus oKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIINN

TEMA 4. KOMIIVIEKCHBIE COEJUHEHUA

ean padoThi:
1. H3yuuTth sABIEHHS KOMIUIEKCOOOpPA30BaHMU.
N3yunTh CBOMCTBA Pa3IMYHBIX KOMILJIEKCOB.

no

3. OCBOI/ITB HaBBIKHU pvaeTa KOHCTAHT HGCTOﬁKOCTH U KOHCTAHT yCTOfI‘IPIBOCTPI KOMIIJIICKCHBIX
COEeIMHEHUI.

Copepxanue padboTsI:

1. Tlonmy4yeHne KOMITJICKCHBIE COeTMHEHHS cepedpa, MEH U PTYTH, U3YUUTh ITOBEICHUE TAaHHBIX

KOMILJIEKCHBIX COETMHEHUH MpH 100aBIEHUU U30bITKA peareHTa.

PaccMmoTpenme mporeccoB, CBSI3aHHBIX C pa3pylIeHueM KOMIUIEKCHBIX COSTMHEHH.

3. Paccmorpenue nporecca JUCCOMAUU KOMIUIEKCHBIX COIMHEHUH.

IIpuGopsb! U peakTHBBI:

[TpoOupku, MUNETKH, TaOOPaTOPHBIN IITATHB.

2. 1M pactBOpbI HUTpaTa cepedpa, XJIOpuaa HATPHs, THAPOKCHIA aMMOHWUSI, CylbdaTa Menu,
Hutpata prytu (1), monuna xamus, cynbduna Hatpus, rexcanuasno-lll-¢peppara xanus,
xsopuaa xenesa (1), poganuaa ammonus (vau Kamus), 25% pacTBOp THAPOKCHIAa aMMOHUS,
a30THAas KUCJIOTA (KOHIL.).

N

=

Kparkue Teopernyeckue cBeieHUs.
B Hactosmee BpeMsi He CYLIECTBYET KakOro JIMOO OJHO3HAYHOTO OMNpEAENCHHS 3TUX
COEIMHEHUH, KOTOPBIE MOIJIO IIOJIHO 0XapaKTepU30BATh UX CTPYKTYPY U XUMHUYECKHE CBOMCTBA.
Hekortopslie u3 Hux:
Komnnexcnbimu  Ha3pIBalOTCA  ONPEIECICHHBIE  MOJEKYJISIPHBIE  COEAMHEHHSA, IIPH
COYETaHUN KOMITOHEHTOB KOTOPBIX 00pa3yroTCs MOJI0KHUTEIBHO HIIM OTPULIATETIBHO 3apsKEHHBIE
HOHBI, CLIOCOOHBIE K CYIIECTBOBAHUIO, KaK B KPUCTAJLIE, TAK U B PACTBOPE.
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Komnnexkcnoimu Ha3bIBalOTCA MOJIEKYJISIPHBIE COCIMHEHHUs, HE IOKa3bIBAKOIIUE B
pacTBOpE BCEX CBOMCTB XAPAKTEPHBIBIX JJIS1 UX COEAMHEHHI MIEPBOTO MOPSAIKA.

Komnnexcnvimu HaspIBaoTCA COCIMHCHUA, B Y3J1aX KPUCTAJIOB KOTOPBIX HAXOIATCA
KOMITJICKCHBIC HOHBI, CIOCOOHBIE CAMOCTOSITEIIEHO CYHICCTBOBATH B paCTBOpaAX.

KommiekcHble coeinHeH s — 3TO caMblii OOIIMPHBIN KJIacC HEOPraHMYECKUX COEJUHEHUH,
UMEIOLIUX OTPOMHOE OMOJIOTMUYECKOE 3HAaYE€HHE: XJIOPOPHIUIBI B PACTEHUSIX, TEMOIVIOOUH Y
KUBOTHBIX, PA3JINYHbIE IUTOXPOMBI, BUTAMHHBI.

CornacHo koopauHalonHai Teopun Anbshpena Bepaepa, npeanoxkennoit B 1893 roay:

1. ATOMBI MOryT TpOSBIATH HE TOJBKO OOBIYHYIO «IJIABHYHO» BaJICHTHOCTh (YHCIIO
AJIEKTPOHOB, KOTOPHIC MPUHUMAIOT y9acTHE B 00pa30BaHNWE XMMHUYECKON CBSI3H IO OOMEHHOMY
MEXaHU3MYy), HO U «II0OOYHYIO», CBSI3aHHYIO C HAJIMYMEM BAKaHTHBIX aTOMHBIX OpOHMTANCH WU
HE TMOJICTICHHBIX ICKTPOHHBIX Tap. [J1aBHAsl BaJICHTHOCTh y KATHOHOB METAJVIOB HACKIIIACTCS
TOJILKO IPOTUBOMOHAMH, TIOOOYHAsS- IPOTUBOUOHAMH HIIM HEUTPATIHHBIMH MOJICKYJIaMH.

2. B kaxaoM KOMIUIGKCHOM HWOHE WMEETCS IEHTPAJIbHBIA aTOM, BOKPYr KOTOPOTO
pacIoiaratoTcsi KOOPIUHUPOBAHHBIC UM HOHBI HIT HEHTPAIbHBIC MOJICKYJIBI.

3. Uuciio MOHOB WM MOJEKYJ, KOTOPbIE KOOPAMHUPOBAHBI BOKPYT IIEHTPAJILHOTO aroma
Ha3bIBACTCS KOOPAMHAIMOHHBIM nciioM. K.U. cBsi3aHO ¢ 3apsi0M IEHTPaJIbHOTO aTOMA.

Bapaxg  +1 +2 +3 +4

K. Y. 2 2,4 4,6 8

4. KoopaMHHMpOBaHHbIE ATOMbI, MOHBI WJIM MOJIEKYJbl HAXOJSIIMECS BOKPYT LIEHTPaJbHOTO
aToMa, Ha3bIBAIOTCS JMraHaaMu win ajneHfgamu. COBOKYIHOCTb LIEHTPAJBbHOTO aTroMa H
JUTaHJ0B Ha3blBaeTcsd BHYTpeHHEW cdepoil. Ecnu BHyTpeHHssI cdepa 3apsikeHa, TO HUMEeTcs
eme M BHEWHss cdepa, KOTopas IMpeJcTaBleHa NPOTUBOMOHOM. B 1menoM Moinekyna
KOMIIIEKCHOTO COE€IMHEHUS JIEKTPOHEUTPAJIbHA.

Kommuiexkcbl MOryT OBITH:

a) katuonnsie [Cu(NHs)s]?", [Co(H20)e]**

6) annonnbie [Al(OH)s]*, [Fe(CN)g]* miu amumokoMIuIeKcsr.

B) Heirpasibhbie [Fe(CO)s], [Cr(NH3)sCls).

B 3aBucHMMOCTH OT TOro, 4YeM TPEICTAaBICH JIMTaH]I BBIJICIISIIOT:  AKBAKOMILIEKCHI,
AU IOKOMILIEKCHI, aMMHAKAThl, aMMHHATBI, KAPOOHHJIBI, THAPOKCOKOMILIEKCHI U T.]I.

MeToa BaJICHTHBIX CBfi3eil B ONUCAHUU KOMILJIEKCHBIX COeIMHEHH.

CornacHo Metoay BC kaxaplii IUraH 1 ABASETCA JIOHOPOM JJIEKTPOHOB, a
KOMIUIEKCO0Opa30BaTeNb — aKIENTOPOM AJIEKTPOHOB. JIMran pazMeniaeT CBOM dJIEKTPOHBI Ha
BaKaHTHBIX aTOMHBIX OpOUTAJISIX KOMIUIEKcooOpa3oBarens. [IpocTpancTBeHHOE
pacmoIoKeHUe TUTaHI0B 3aBUCUT OT THIA THOPUIAN3AINH [IEHTPAILHOTO aToMa.

2 2
sp®d®— oxrasap; spd? —kBaapar; Sp°— TeTpasap
EcrectBenno, uro mpu 3toMm Metoq BC paccmarpuBaeT 06pa3oBaHHe TOJIBKO CHTMa —CBSI3€i.

HN3omMepusi KOMILJIEKCHBIX COeIMHEHU I

1) Nonuzanmonnas [Co(NH3)sBr]SO, - [Co(NH3)sSO4]Br
2) Koopaunanmonnas [CO(NH3)s] [Cr(C204)s] - [Cr (NH3)s] [Co(C204)3]
3) Ceszesas [(NH3)sCo-NO,]Cl; - [(NH3)sCo-ONO]Cl,
4) I'mpopaTtHas [Cf(HzO)G]C|3 - [Cl‘(HzO)sC']ClezO
5) IIpocTtpancTBeHHAS - IMC- TPAHC- H30MEPHS
B BoniHBIX pacTBOpax KOMILIEKCHBIE COEIMHEHUS TOJIBEPraloTCs JUCCOIUAUN
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Xej1aTHBIE KOMILIEKCEHI.

Oco60e MecTo cpe/ii KOMIUIEKCHBIX COSJIMHEHHI 3aHUMAIOT TaK Ha3bIBaCMbIC
BHYTPUKOMIUIEKCHbBIE COeMHEHHS. [10 THITY 3THX COSTUHEHHUI TOCTPOCHBI MHOTOYHCIICHHBIC
METAJIIPOTEHUIBI: TEMOTIIO0WH, XJI0POGHILT U Ap.

XenaTHble WK KJICITHEBUAHBIE KOMIUIEKCHI TOCTPOEHBI 110 TUITY IIUKINYECKUX
COEMHEHUH, B KOTOPBIX CYLIECTBYIOT J1BA TUIIA CBSI3€1: HOHHBIE U KOOPAUHALHUOHHBIE. T.¢e.
JUTa”a 00pa3yeT ¢ HOHOM-KOMIUIEKCOOOpa3oBaresieM Kak HOHHYIO, TaK ¥ KOOPIMHAIIMOHH YO
CBSI3b.

B anamuTigeckoit IIPaKTUKE IIKMPOKO IPUMCHAIOTCA BEIICCTBA, CITOCOOHBIE 06p330BBIBaTB
PasIMIHbIC BHYTPUKOMITUJICKCHBIC COCAMHCHMS. HauGonee MU POKOC MPUMCHCHUC IMOTYINIIN
aMI/IHOHOJII/IKap6OHOBLIC KHCJIOThI, Ha3BaHHBIC KOMIIJICKCOHAMM

KomnuiekcoH | — HUTpuiIoTpuyKCcycHast KUCI0Ta

Kommnekcon |l —3TuiienAnaMuHTETpOyKCYCHAs KUCIO0Ta
Kommuiekcon Il — sTmiienuamunTeTpoanieTaT HaTpus
Kommnekcon |V —1naMHUHIMKIOTeKCAaHTETPOYKCYCHAsl KUCIIOTA.

B ananuTuyeckoil nmpakTHKe 15l 00bEMHBIX ONpPEIeNICHHA pa3IMyHbIX KATHOHOB HanboJee
LIMPOKO IPUMEHSIOT JUHATPUEBYIO COJIb ATHJICHIUAMUHTETPAYKCYCHOW KUCIIOTBI — KOMNIEKCOH
I1.

D10 coenuMHeHue (MHOrAAa Has3blBaeMoe mpunionom b) 0003HA4alOT COKPALIEHHOM
dopmynoit NaH,Y wmun DATA. Kommnekcon Il conepxkut, Hapsany ¢ kapOOKCUIBHBIMU
rpynmnamu, eme U TpeTU4Hble aMUHOTpynnbl. [Io3TOMy OH cunTaeTcs HE TOIBKO OPraHU4YECKON
KHUCJIOTOM, JAroUiel colM ¢ pa3iMyHbIMU KaTHOHaMH, HO TaKXe€ U KOMIUIEKCOOOpa3yroIIUM
BELIECTBOM.

Kommnekcon Il monyunn mmpokoe npuMeHEHHE B XUMUYECKOM aHAJIM3€, IOTOMY 4TO OH
06]§a3yeT BHYTPUKOMIIJIEKCHBIE COJIM C KATUOHAMU ILIEJI0YHO-3€MENBbHBIX METAJIIOB (Ca®*. Mg,
Ba“"), KoTopsle OYeHb TPYAHO TEPEBECTH B KOMIUIEKCHBIE COEIMHEHHS APYTUMH CHOCOOAMH.
TurpoBanue kommaekcoHoM Il ucmonb3yercss s KOJUYECTBEHHOTO ONPEIENeHHUsI 3THX
KAaTHOHOB.

IKCNEPHMEHTAJIBHAA YACTh.

Omnpit 1. ITosry4eHHe KOMILIEKCHBIX COCIHMHECHUS

a) Haneiite B mpobupky 2-3 Kamiau pacTBopa HHUTpaTta cepeOpa, mpubaBbTe
Takoe K€ KOJMYEeCTBO pacTBopa xjopuzaa Harpus. [Ipuielite k oOpa3zoBaBuiemycs
OCaJKy pacTBOp THJIPOKCHJAa aMMOHHMS JO IIOJIHOIO pacTBOpeHMs ocajaka. [louemy
pactBopmiics ocasiok? CoxpaHUTe pacTBOp JJIs OMbITa 2 a.

AgNO;3; + NaCl = AgCl| + NaNO3

AgC' + NH3-H,O — [Ag(NHg)z]Cl + H,0

0) Haneiite B mnpobOupky 3-4 kamm pactBopa cyiabdara memu, npubaBbre 2-3
KalUIM pacTBOpa THAPOKcHIa aMMoOHus (25%) - BbINaJaeT CBETJIO-TONYyOOH OcCamoK
ocuoBHoi comu  Mmema (CuOH),S04. IlpubaBbTe 1O  KamissM HM30BITOK  pacTBOpa
ruapokcuaa aMMoHusa.  Yto  HaOmromaere?  Hamummumre — ypaBHeHMe — peakuuii B
MOJIEKYJISIpHOM 1 nOHHOHM (opMax. CoXpaHUTE pacTBOP AJIs CIEYIOIIETO OMBITA.

CuSO4 + NH3 ' H,0 — (CUOH)ZSO4 + (NH4)2804

(CUOH)2504+ (NH4)2804+ NHs H,O — [Cu(NH3)4]SO4 + H,0O

B) K pacrtBopy Hg(NOs), n06aBbTe M0 KaruisiM pactBop moauaa kanus. O0patute BHUMaHHUE
Ha oOpa3oBanue ocaaka moauna prytu (ll), orMerbTe ero 1BeT W A00aBbTE M3OBITOK MOAMIIA
kanus. Yro HaOmronaere? HanummTe ypaBHeHUS peakliiy B MOJIEKYJISIPHON M HOHHOM (hopMmax.

Hg(NO3), + KI — Hgl, + KNO3
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Hgl, + KI — Ky[Hgls]
OneIT 2. Pa3pyme1me KOMILJIEKCHBIX COeMHEeHU I
a) K pacTBOpY, OCTaBHIEMYCs OT OIIbITa | a, HpI/I6aBbTe 110 KallisiM
KOHICHTPUPOBAHHYTO A30THYIO KHUCJIOTY. OObBsACHATE Ha6JIIOI[aCMOG SIBJICHUC.

Hanumure ypaBHeHUE peakluu.
[Ag(NH;),]Cl + HNO3 — AgC1{ + NH;NO;

6) K  pactBopy ocraBmemycs OT OIbITa 16, npudaBbTE 3-5 Karnesb
CepOBOZIOPOAHOM BOABI WJIM pacTBopa cyinbpuaa Harpus. Hanumwure ypaBHeHue
peakuu U 00bSICHUTE IPUYMHY 00pa30BaHKE OCaJIKa.

[CU(NH3)4]SO4 + NayS -> CuS + Na,SO4 + NH3

OnpIT 3. DJIeKTPOTUTHYECKAS JUCCOIMALMS KOMILIEKCHBIX COeIMHEeHUI

B npo6upky Haseiite o 3-5 kanenb pactBopa rekcanuano-11-peppara xamus K3[Fe(CN)g], a
BO BTOpYyIO mnpoOupky Hameite 1-2 kamnm pactBopa FeCl3, 3aTeM B Kaxayl HpOOHPKY
npubaBpTe 2-3 Kamwim pactBopa pomaHuia kKamus wim pomanmga ammonuss NHsSCN. Yro
Habmonaete? OOBICHUTE OTCYTCTBHE OKpacku B MepBoil mpoOupke. Hamummre wnoHHBIE
YPaBHEHUS PEAKIIUM.
Ks[Fe(CN)s] — 3K" + (Fe(CN)e)”
FeCls — Fe>* +3CI°
Ks[Fe(CN)g] + KSCN #
FeCl; + KSCN ->K;[Fe(SCN)g] +KC1

IMopsinoxk pa6oThI:
ITomyuuTs OT npenoaaBaTes 3aJaHue.
BBIMOTHUTE paboTy COTTIaCHO METOUYECKUM PEKOMEHAAIIHSIM.
OdopmMuTh MPOTOKOI pabOTHI.
Brutnth oTpaboTaHHBIE PACTBOPEI, MOCYYy BBIMBITH. ClaTh pabouee MecTo.
Coaepixanue oTyera:

Tema u uenb paboThI.
Habmroienusi, ypaBHeHHs peakliuid 0 KaKI0i yacTH paboThlI.
Pacuersl.
BriBozibI 110 cienanHo paboTe.

NS

NS

KonTpoJsbHBIE BOIPOCHI.

1. Knaccudukamus ¥ HOMEHKJIATypa KOMIUIEKCHBIX COCIUHEHUN. XenaThl U KOMILJIEKCOHBI.
N30Mepust KOMIIEKCHBIX COETMHEHUI

2. OCHOBHBIC TIOJIOKEHUS TEOPUU KOMIUICKCHBIX coemuHeHnd A. Beprepa. CocraB

KOMIUIEKCHBIX COCIUHEHHI: IIeHTPAIbHBIH aTOM - KOMILIeKcooOpa3oBaTenb, JHTaH,

BHYTPEHHSISI U BHEITHSS c(Pepbl KOMIUIEKCA.

3apsi KOMIUIEKCHOro noHa. KaTnoHHbIe, aHHOHHBIE Y HEUTPaJIbHbIE KOMIUIEKCHI.

Koopaunanponnoe 4ducino KomruiekcooOpazoBaTens. CBs3b KOOPAWMHAIMOHHOTO YHCIA C

3apsiIoM LEHTPAIBHOTO aTOMa.

5. Jlucconmamus KOMIUICKCHBIX coeanHeHui. KOoHCTaHTa HEeCTOMKOCTH KOMIUIEKCHBIX HOHOB.
3aBUCHMOCTh JTUCCOLMAIMY KOMILJIEKCHOTO MOHA OT KOHIIGHTPAaIMH CBOOOJHBIX MOJIEKYI
(VI MOHOB) JIUTAH/IA.

6. [enTtarHocts nuranna. Knaccuduxaims KOMIIIEKCHBIX COSTUHEHUI 110 COCTaBY JTUTAH/IOB.

7. Tlpupoma XMMHUYECKON CBSI3M B KOMIUIEKCHBIX coequHEHUX. OCHOBHBIC TIOJIOKESHUST TEOPUH
BaJICHTHBIX CBsI3eil. THUII CBS3U MEXIy KOMILTIEKCOOOpa3oBaTesieM U JIUTaHIaMu.

8. MaruurHsle CBOMCTBA KOMILJIEKCHBIX COCTMHEHUH. BremneopouTanbHbIC u
BHYTPHOPOUTAIIbHBIE KOMITIEKCHI. OKpacka KOMIUIEKCHBIX COSTMHECHUN.

9. Kakue KOMIUIEKCHI, COTJIACHO TEOPHH BAJICHTHBIX CBS3CH, SIBISIOTCS HEYCTOMYMBBIMU M

AKTUBHBIMH, 4 KaKUC - YCTOﬁqHBBIMH n HeaKTI/IBHBIMI/I?

~w
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Pa3nes 2. Heoprannueckasi XuMust
TEMA 1. XUMHUSA HEMETAJIJIOB
Yactp A. 'asioreHbl 1 UX coeIMHEHMS.
ean padoThI:
M3y4nTh XMMUYECKHE CBOMCTBA FAJIOTEHOB U UX COCIMHEHHM.
3HaKOMCTBO C J1a0OPATOPHBIMU CIIOCOOAMU MOTYUYEHUS FAJIOTEHOB U UX COCAMHEHHIA.
Conep:xanne padoTbI:

[Tomyuenue xiopa 1 HccIeI0BaHUE €r0 XUMUYECKUX CBOMCTB.

[Tony4yeHnue XJI0pOBOIOPOJIA U UCCIICAOBAHIE €TI0 XUMHUUECKUX CBOMCTB.

HccnenoBanre BOCCTAHOBUTEIbHONW aKTUBHOCTH TaJION€HUI-UOHOB.

KauecTBeHHBIC peaKIiK Ha TaJIOTSHUI-HOHBI.

IIpudopsbI U peakTHBBI:

1. TlpoOupku, CHHPTOBKA, JAepKaTelb sl MPOOUPOK, THIIETKH, JIONMATOYKa, KarelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWUMHUYECKHl cTakaH, Kojba, Oymara (IIOJIOCKH),
JaKMycoBasi OyMaXkka, GUIbTPOBAIBHAS OyMaXkKka, CTCKJISTHHAS MaJ04Ka, JIyduHKa, CITUYKH.

2. Jluxpomart kanus (Cyxoii), consiHasi KucioTa (KOHII.), cepHasi KUCI0Ta KOHIEHTPUPOBAaHHAS U
pazbaBieHHas (2H), MOAUA Kanus (pacTBOp), HOAUA Kanus (Cyxoi), XJopua HaTpus (Cyxoi),
XJIOpUJl HATpHUs (pacTBOp), MEpMaHTraHaT Kajus (pacTBOp), JTAKMYC, METUJIIOPAHXK, KyCOUYeK
MarHusi (WM [UHKa), HUTpaT cepebpa (pactBop), Opomua Kamus (Cyxoi), OpoMHI Kayus
(pactBop), xmopuma xene3a (1) (pactsop).

Kparkue TeopeTrnueckue cBeeHHUs].

["anorenst: ¢Top, xyn0p, OpoM, o1 1 actaT. DIEKTpOHHAS KOHPUTYpals HEBO30YKICHHBIX
aTOMOB TaJOTeHOB — NSNP~ CTemeHb OKUCIIEHHUS DIIEMEHTOB B COCIMHEHHSX OT -1 g0 +7,
TOJIBKO (hTOp MMEET OJIHY CTeNeHb OKucaeHus (-1).

HanGonee cHTbHOM OKUCIHTEILHOMN CIOCOGHOCTBIO 061aaloT (yrop, X1op i Gpom. HMox moxer
MPOSIBIIATH KaK OKUCIHUTENBHBIE (HanpuMep, 1o oTHoIeHu o K HyS u SO»), Tak 1 BoccTaHOBHUTEBHBIE
cBoiictsa (mipu B3anmozeiicteun ¢ HNO3 u H,0,).

Bonee anekTpooTpUIIaTENbHBIN TAIOT€H BCET/Ia BBHITECHSET 3JIEKTPOMOIOKUTENbHBIN U3 €ro

N =

PO

COENMHEHNH ¢ METaJJIaMHU. 2KBr + Cl, = 2KCI + Br;
Bce ramorensl, kpome GTOpa, MOABEPTatOTCS B BOJHBIX PACTBOPAX MPH OOBIYHBIX YCIOBHUSIX
JTUCTIPOTIOPIIMOHUPOBAHMIO: Br; + H,O <> HBrO + HBr

Haxo:xnenue B nmpupoje:
Haubonee pacnpocTpaHeHsl ciaeayronie MUHEPaIbL:

CaF; — ¢mroopuT (TIaBUKOBBII HITIAT); Nas[AlFs] — kpuosur;
3Ca3(P0Oy); - Ca(F, Cl); — dpropanatwur; NaCl — ramur;
KCI — cunbBun; KCI - NaCl — cunbBunuT;

KCI - MgCl; - 6H,0 — xapHasurT.
JKCNePUMEHTAIbHAS YaCTh:

Omnpit 1. IHosryyenue xJjiopa

ITo 3amanuto npenoaaBatens B IpOOUPKY BHECHTE HECKOIBKO KPUCTATMKOB TUXpoMaTa
KaJusl (TMOKCUIa MapraHila Wi JUOKCH/Ia CBUHIIA) U J00aBbTE 2-3 Karii KOHIICHTPUPOBAHHOM
COJISTHOM KUCIOTHI. Eciu peakius mpoTeKaeT HeIOCTATOUYHO aKTUBHO, COACPKUMOE MTPOOUPKU
OCTOPOXKHO HarpeiTe. OTMETHTE IBET 00PA3YIOMIETOCS Ta3a U UCTIBITAUTE €T0 IEHCTBUE HA
OyMa)kKy, CMOUYEHHYIO PAaCTBOPOM MOuIa Kanus. Hamuimre ypaBHEHHs COOTBETCTBYIOIIUX
peaKIuii.

Omnpit 2. IlosyyeHue u cBOIiCcTBa XJI0POBOIOPOAA

B kon0y, cHaOeHHyIO KalelbHOW BOPOHKOHW M Ta300TBOJHON TPYOKOW, TOMECTHTE
HEOOJIBIIOE KOMUYECTBO CYXOro Xjopuaa. Uepe3 KamelnbHYI0 BOPOHKY K COJIM TpPUIIEHTE IO
KaljIiM KOHIEHTPUPOBaHHYIO cepHylo kuciory. Coxaepkumoe KolObl clierka Harpeure.
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Brienstomuiicss XJIOpoBOJAOPO MPOMYCTUTE Yepe3 BOAY, HAXOISIIYIOCS B CTakaHEe WM KOJioe
(TpyOKy, IO KOTOPOU MAET TOK XJOPOBOAOPO/Ia JACPKHUTE HAJl MOBEPXHOCTHIO BObI). [IpoBepbTe
JEICTBUE BBIJICISIIOIIETOCS ra3a Ha BIAXXHYIO CHHIOIO JJAKMYCOBYIO OymMary, a Tak:ke Ha MOJIOCKY
¢GmIbTpOBANBHON Oymaru, CMOUYEHHOM PO30BBIM PAcTBOPOM IE€pMaHTaHaTa Kaius. bynmer mum
BBIJICTISITHCSL XJIOPOBOJIOPOJT MPH B3aUMOJICHCTBUU XJIOPUAA HATpusi ¢ pa30aBIIEHHOIN cepHOi
KHUCIIOTOM?
B Tpu npobupku Hanelte mo 5-6 karenb MOJy4eHHOTO pacTBOpa XJIOpoBogopoaa. B ogny
npoOupKy m106aBpTe 1-2 Karm JaKMyca WM METUJIOpaHXa, BO BTOPYIO — KyCOUeK MarHus (UiIu
IIUHKA), B TPETHIO — PaCTBOP HUTpaTa cepedpa.
OOmbsicHuTe HAOIIO1aeMbIE SIBJICHUS U COCTABbTE COOTBETCTBYIOIME YPABHEHUS PEAKIIUi.
OnbiT 3. BoccTaHOBHTE/IbHASE AKTHBHOCTD I'AJ10T€HU/I-HOHOB
a) Ilomecture B 0HY MPOOUPKY HECKOJIBKO KPUCTAIIOB OpOMHIA Kalusi, a B JPYIYIO —
nonuaa kamus. B kaxayro mpoOupky no0aBbTe MO 2-3 Kallld KOHILIEHTPUPOBAHHOW CEpHOI
kucinoTel. OOpaTuTe BHUMaHWE Ha IBET W 3alax NMPOAYKTOB oOewx peakumid. Ha ocHoBaHMM
3TOTO0 W MPEABIAYIIETO OIBITOB CPaBHUTE BOCCTAHOBHUTEIBHYI) AKTUBHOCTH XJIOPOBOJOPOJA,
OpomoBogoposia U HonoBonopoaa. CocTaBbTE ypaBHEHHUS COOTBETCTBYIOIIMX OKHCIUTEIbHO-
BOCCTaHOBUTEJIbHBIX PEAKIUH.
0) B Tpu npoOupku BHECTH 1O 2-4 Karuli AUXpOMAaTa Kajiusl, HOJKHUCICHHOTO 2 H. CepHOU
kucnothl (1-2 xarum). Jlo6aBuTh 1o 2-3 Kariu B MEepBYIO IPOOUPKY pacTBOpa MOAUA Kalusl, BO
BTOPYIO — CTONBKO € Kakoro-mubo OpoMuja M B TPETbIO — XJOpHIa HaTpusi. PacTBOpbI
nepeMeniaTh YUCTOM CTEKJISIHHOM Majnouykoil. B kakoM ciiydae BOCCTaHOBJICHHE AUXpOMara He
npousonuto. HamucaTe ypaBHEHUS NMPOTEKAMOIIMX PEAKLUMH, YUUTHIBas, YTO AMXPOMAT Kajus,
BOCCTaHaBIIMBAsACh, nepexoqutr B cyibdar xpoma (ll). Kak u3MeHnsuiace mpu 3ToM CTeneHb
OKHCJIEHHS COOTBETCTBYIOIIMX TajgoreHoB? UTo npu 3ToM HabI01aJ10Ch?
B) IIpoxenarb oOmbIT, aHANOTWYHBI ONBITY 0), 3aMEHHMB pAcTBOpP AMXpoMara Kajlus
pactBopom xjopuna okeneza (llI). UYro wHabGmomanu? B  kakoM cioydae MpOU3OILUIO
BOCCTAaHOBJICHME XJIOPHMJA JKEJI€3a M COOTBETCTBEHHO OKHCIEHHE rajoreHa. Kak nsmensercs
BOCCTAHOBUTENIbHASI CIOCOOHOCTh OTPHUIATENbHBIX HOHOB T'aJIOTEHOB?
OnbiT 4. KayecTBeHHBbIC pEaKIMU HA TAJI0TeHU/I-HOHBI
B Tpu nmpoOupku momectute mo 3-5 Kameiab pacTBOPOB COJIEH: B MEPBYIO MPOOUPKY —
XJIOpU/a HaTpusl, BO BTOPYIO0 — OpoMua Kaiusi, B TPEThI0 — HOu1a Kanus. B kaxayro mpoOupky
no0aBbTe 1-2 KamM pacTBOpa HUTpara cepeOpa 10 BbIMAJEHUS XapaKTEPHBIX TBOPOKUCTBIX
0CaJIKOB TaJIOTeHUI0B cepedpa. OTMEThTE LBET OCAKOB U COCTABHTE MOJIEKYJISPHBIE U HOHHBIE
YpaBHEHUS PEaKIIU.
ITopsinok paGoTbI:

[TosmyunTs OT penoaaBaTesns 3aJaHue.

BbImonHuTE paboTy cOrjacHO METOUYECKUM PEKOMEHAAIIHSIM.

OdopMHUTH TPOTOKOJT PAOOTHI.

Bbunte oTpaboTaHHBIE PACTBOPHI, IOCYYy BBIMBITh. C1aTh pabodee MecTo.
Conep:xanue oT4era:

1. Tewma u uenb pabOTHI.
Habmronenus, ypaBHEHUS peakIIHii MO KaX 10 4acTH paOOTHI.
3. BBIBOJIBI 110 MpOJICTIaHHOM padoTe.

el N

N

KoHnTpoJibHbIE BONIPOCHI:
O61mas xapakTepuCcTHUKa 3JI€MEHTOB TNaBHOM noarpynmnsl VI rpymnmsl.
PacrmipocTpaneHue raoreHoB B MPUPOJIE, CIIOCOOBI MOTYUEHUS.
dusndyeckne CBOMCTBA rajIoreHOB.
XUMHYECKME CBOMCTBA TajJoOreHoB. HammcaTe ypaBHEHHS pEakUUil B3aMMOJCHCTBUS
TaJIOTEHOB C BOJOW M PAaCTBOPaMU IIEIOYEH (XOJIOTHBIMH U TOPSTIUMH ).

5. IlpumeHeHue ranoreHos.
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6. CoenuHeHMs TaJlOr€HOB C BOAOPOAOM, MX XMMHYeCKHe cBoWcTBa. HammcaTh ypaBHEHUs
peaKIuii HOJTyYEeHHUsI BCEX TaJoreHOBOI0po10B. KakoBbl 0COOEHHOCTH 3THX IPOLECCOB?
7. Kucnopozacoaeprxariye COeAMHEHUS FaJlOr€HOB.

Yacre b. Juementsl VIA-rpynnbl nepumogu4eckoil cHUCTeMbl 3J1€MEHTOB H HX
coe/IMHEeHMS.

Heas padoThi:

1. M3yuuTh XMMHUYECKHE CBOMCTBA KUCIIOPOJIA U €r0 COEANHEHHH

W3yueHne XMMUYECKHUX CBOMCTB CEPBI U €r0 COCAMHEHUMN.

3HaKOMCTBO C Ja00paTOPHBIMH CIIOCOOAMU MOJIyYEHUS KUCIOPOJa U COEMHEHUI cepbl
Coaepsxanue padoThbI:

[Tonydenue u cBOMCTBA KMCIOPOA.

OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE CBOICTBA ITEPOKCH 1A BOJOPOAA.

BoccranoBuTenbHbIE CBOWCTBA CEPBI M CEPOBOIOPOJIA.

BoccranoButenbpHbIE CBOMCTBA pacTBOpa JUOKCHA CEPHI U CYIb(PHUTA HATPUSI.

CpaBHMTENIbHAS OLIEHKA PAaCTBOPUMOCTH CYIb(pUTA U cysibdaTa Oapus B KUCIIOTE.

OO6Hapyxenue cynbhaT-HoHa.

IIpudopsbI U peakTHBBI:

1.JIaGopaTopHblif IITATUB, NPOOMPKM, IHUIETKH, CHUPTOBKA, JEp)KaTeslb Uil IPOOHPOK,
JIONIATOYKA, TYYMHKA, CIIMUKU.

2. Ilepmanranar kanus (TB.), pacTBop nepmanranara kamms, 3% u 30% pactBop H20,, nrokcna
Maprasua, 1uxpomar Kajus (Hachlll. pacTBOP), HOJUA KaJHsl, cepHasi Kuciora (pa3b. pacTBop),
KpaxMaJlbHbIM KilelicTep, HUTpaAT cepedpa, pacTBOp aMMHUaka, a30THasi KMCJIOoTa (KOHIL.), cepa,
xJiopua 6apusi, cyabQua HaTpust (pacTBOp).

Teoperuveckue cBeIeHHs.

B VIA rpynny nepuonnyeckoil cuctembl BXoaaT maTh anementoB: O, S, Se, Te, Po.
OnekTpoHHas KoHpuUrypamuss HeBO30YXKIEHHbIX aToMoB 3JeMeHToB VIA rpymms: nsznp4.
HanOonee crabmiibHas CTENEHb OKUCIEHUS JIEMEHTOB B UX COCIMHEHMSIX (-2) XapakTepHa JUis
kuciopoga. Cepa MOXXKET HaXOOUThCSA B cTeneHu okucinenus 0, +2, +4, +6, -2. YV temnypa,
MIOJIOHUS U CeJIeHa, 00JIaIalolIMX MEHBIIEH 3JIEKTPOOTPULIATEIbHOCThIO, CTAOMIIBHON SBIISIETCS
cTeneHb okucaeHus (+4). Kucnopon, cepa u ceneH — THIUYHbIE HEMETaJLIbI.

Kucuopon (O) — ra3 6e3 1gera, 3amaxa 1 BKyca. AJUIOTpOIHas MOAM(UKALIUS KHCIOPOIa
— O3 — o30H. Kucnopon manopactsopum B Boje. Ha Bo3ayxe mojaep:kuBaeT ropeHue MHOTHX
BemecTB. CUIIBHBIA OKUCIIUTENb — IMPU BBICOKMX TEeMIIEpaTypax pearupyer ¢ OOJbIIMHCTBOM
METaJIJIOB U HEMETAJIJIOB.

IIpocreiias kadecTBEHHAsI PEaKIUs — IPKOE 3aropaHue TICIOIIEH IPEBECHON JIyUNHKH B
atMocdepe Kucaopoa.

[TpumensieTcs Kak peareHT B XUMUYECKOH TEXHONOTHH (00XKHUT CyIb(QHUIHBIX Py, CHHTE3
OKCHJIOB), METAJUTypTuH (MIPOU3BOJICTBO UyTyHa, CTAJIN), CBAPKE U PE3KE METAIJIOB U T.J.

IHony4enne:

OcHoBHOM  (mpombliuieHHBIH). W3 Bo3gyxa  METOAOM — HHU3KOTEMIIepaTypHOU
pekTH(UKaIUN (KUAKUNA BO3AYX pa3leNsaeTcsl Ha KUCIOPO/ U a30T).

Cepa — XUMHYECKM aKTHBHOE BellecTBO. V3BECTHBI €€ COelIMHEHHUs MOYTH CO BCEMH
aIIeMEHTaMU, KpoMe OIaropoHbIX ra3oB, a Takxke Au, Pt, I, At.

T'oput Ha Bo3ayxe: S + O, = SO,

wn

agrwdE

IHony4enmne:

B nma6oparopusix ycnosusix: FeS + 2HCI = H,S1 + FeCl,

Bosiee uucTelil ra3 ob6pa3yercs MpH pa3iokeHUH Cyabpuaa KalbLus: CaS + 2HCI =
H,ST + CaCl,

JKCcNepUMeHTATbHAs YaCTh
Kucaopona. Ilepoxcna Bonopoaa
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Onpit 1. IosryyeHue ¥ CBOMCTBA KHCJIOPOAA

B cyxyro npoOupky momecTute MpHOIM3UTENBHO 2 T' NMEpMaHraHaTa Kaius. YKpemuTe
npoOUpKy B JIalKe ILITaTUBAa M HarpeiiTe ee. Bulaenstomuiics ra3 ucHbITaiiTe ¢ MOMOIIbIO
Tietomel TyduHKU. CocTaBbTE€ ypaBHEHUE PEAKIIUH.

OnpIT 2. KaTaauTuyeckoe pa3jiokeHue NepoKcHaIa Bo0poaa

a) Hauneiite B mpobupky 8-10 kamens 3%-noro pactBopa H,O; u BHecuTe B MpoOHpKY
HECKOJIbKO KPHUCTAJUIOB JUOKCHJA MapraHila B KauecTBe KaTajau3aTopa. Beiaenstommiics ras
UCIBITAlTE C MOMOIIBIO0 Tieolel ayuynHKd. CocTaBbTe ypaBHEHHE peakuuu. K kakomy tumy
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUNA OHA OTHOCUTCS?

0) Haneiite B mpoOupky 6-7 Kamenb HACHIIEHHOTO PacTBOpa AMXpoMara Kajaus U CllerkKa
nonorpeiite. Jlo6aBbre 2 kamm 30%-HOro pactBopa mnepokcuaa Boaopoda. IIpomcxoaut
NOYEePHEHHE pacTBOpa 3a cyeT 00pa3oBaHMs MPOMEXKYTOUHBIX coenuHeHuit tuna Kp[Cr,Oy
‘Hy03]. Yepes 1-2 MUHYTBI IPOMCXOIUT OypHOE Pa3sIoKEHUE MPOMEXYTOUHBIX COEIMHEHHH ¢
BBIIEJICHMEM KHcCIopoJa. BHecure B mIpoOMpPKY TICHIOMIYIO JIYYHHKY. UTO mnpoucxonut?
CocraBbTe ypaBHeHME peaklnu. K KakoMy THIYy OKHCIHUTEIbHO-BOCCTAHOBHUTEIbHBIX PEAKIMN
OHa OTHOCUTCS?

OnpIT 3. OkucauTeIbHbIE CBOMCTBA MEPOKCHIA BOOPOIA

B mpobupky k 3 kamisiM pacTBopa MOIuAa Kaimus npubaBbTe 2 Karum pa30aBICHHOTO
pacTBOpa CEpHOIl KUCIOTBHI M 3aTeM IO KamsiM npubasisiite pactBop HoO2 no mosiBieHus
xenroil okpacku. OOpa3oBaHHe 1HO/a CTaHOBUTHCA OOJ€€ 3aMETHBIM, €CIIM K PacTBOpY B
npoOupke 100aBUTh HECKOJIBKO Kallellb OPraHMYeCKOro pacTBOPUTEIIS MJIM HECKOJBbKO Karelb
KpaxMmajibHOro Kielicrepa. CocTaBbTe YpaBHEHHE PEAKLUU.

OmnbiT 4. BoccTaHOBHTE/IbHBIE CBOHCTBA MEPOKCHAA BOAOPOAA

a) B mpoOupky BHecuTe 2-3 KamM pacTBOpa INEpMaHTaHata Kaius W 2-3  Kariu
pa30aBIEHHOTO pPAacTBOpa CEPHOM KHUCIOTHI. 3aTeM K MOJIYyYeHHOMY B MpPOOUpPKE pPacTBOPY
n00aBbTE HECKOJIBKO Kaleslb pacTBOpa MEepPOKCHJIa BOJIOPOAA 10 U3MEHEHUSI OKPAacKU pacTBOpaA.
Breipensromuiics ra3 UCHBITAaUTE € TMOMOINBIO TIEHOIIEH JIydnHKH. COCTaBbT€ ypaBHEHHE
peakuuu.

6) K 4-5 kamnsam pactBopa HHUTpara cepedpa Jo0aBbTe MO KaIlUISIM pacTBOpP aMMHUaka J10
pacTBopeHus oOpa3oBasiieiica MyTH. K nomyueHHOMY pacTBOpy npubaBbTe Mo KaruisiM 3%-Hblil
pacTBOp MepoKCcHIa BOJAOPOa. 3alUIINTe HAOIIOICHHUS U COCTaBbTE YPAaBHEHUS PEeaKLUi.

KoHnTpoJsbHbIe Bonpockl
1. DrexkTpoHHOE CTpPOEHHME W MapaMeTphl aTOMOB 3JIEMEHTOB IJIABHOM MOATPYMIBI IIECTOM
rpynnsl. [lepnoanyHoCTh UX U3MEHEHHUS.

Kucnopon: kucnopon B npupojie, Bo3ayx. Ilonmyuenune kucinopona.

CBolicTBa M1 TPUMEHEHHUE KUCIOPOa.

ITepokcnn Bonopoaa. Onucats crpoenne mosaekyisl HoO,. I[Touemy sTa Mosnekyina noaspHa?

VYka3arh crnocoObl TMOJyYeHUs] MEepOKCHIa BOJOpPOJAA, MPUBECTH YpPaBHEHHUS pPEaAKIMM.

Moxno mu nomyuuts HyO; HemocpencTBEHHBIM B3aMMOAEHCTBHEM BOAOpoJa M Kuciopona?

OtBeT 000CHOBATH.

6. Hanucatp ypaBHeHHME peakIMU pa3JIOKEHUs Mepokcuaa Bojaopoaa. K kakomy Tumy
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUl OHA OTHOCHUTCS?

7. TlpuBectn mpuMepsl OKUCIMTEIBHOTO M BOCCTaHOBHUTeNbHOTO aeicTBus HpOp. Ha uem
ocHOBaHO npuMeHenue H,O, B Meauimne.

8. Hammcats ypaBHEHUS peakiMii B3aUMOJICUCTBHS IEPOKCH/IA BOIOPO/Ia ¢ IEPMAHTaHATOM KaJIusl B
KHCJIOM Cpeie; MOAMIOM KaJIusl B KUCJION CPEIe; XPOMAaTOM Kalus B IIEJIOYHOM Cpefie.

9. OszoH.

arwN

Cepa u ee coequHeHUs
OmnpIT 1. BoccTaHOBHTEIbHBIE CBOMCTBA CePbI
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Tara! B npoOupky Hayeite 1-2 MJI KOHIICHTPUPOBAHHOTO PAcTBOPA a30THOW KHUCIOTHI H
BHECHTE B IPOOMPKY HEOOMbIIOH Kycouek cepbl. ComepkuMoe MpoOUpKH Harpeirte. A30THas
KHCJIOTa MPU 3TOM BOCCTaHaBiMBaercs 10 okcuaa azora (II), a cepa okucnsercsa 1o cynbgar-
MOHA, KOTOPBIH MOXHO JIETKO OOHApYXHTbh, 100aBUB K TOJIYYEHHOMY PacTBOPY HECKOJBKO
Karenab pactBopa xuopuna Oapus. CocTaBbTe YypaBHEHHs peaKlMidl OKHCIEHUS Cephl U
oOHapyxeHHs Cynb(aT-HoHa.

OnpIT 2. BoccTaHOBHTEIbHBIE CBOMCTBA CEPOBOIOPO/A.

B npobupky BHecuTe mo 2-3 KaluiM pacTBOpa: a) IMepMaHraHara Kamusi, 0) Auxpomara
kanusg. B mpoOupky nob6aBpTe mo 2-3 karum pa30aBiIeHHOHW CEpPHOW KHCIOTHI U HECKOJBKO
Karesib pacTBOpa CyJib(uaa HaTpUs J0 W3MEHEHHs OKpacku pactBopa. CocTaBbTe ypaBHEHUE
peaxIuu.

OnbIT 3. BoccTaHoBHTe/IbHBIE CBOWCTBA PACTBOPA THOKCH/IA cepbl U CY/Ib(puTa HATPUS

a) B mpobupky HaneliTe mo 2-3 KamiM pacTBopa AMXpoMaTa Kaiuus M pa30aBlIeHHOU
cepHoii kucnoTel. K cMecu 100aBbTe HECKOJBKO Kamelb PacTBOpa CEPHUCTON KHCIIOTHI WU
HECKOJIbKO KpHUCTauioB cynbdura Hatpus. OTMeTbTe H3MEHEHHE IBeTa pacTBopa. Kakue
CBOICTBaA MpPOSIBIISIET CEPHUCTAsE KUCIIOTa UM €€ coslb B 3TOM peakuun? CocTaBbTe ypaBHEHUE
OKHCIIHTENbHO-BOCCTAHOBUTEIBHOM peakimu. (JlaHHOMN peakieii MOXHO OTKPHITh HOH SOz” B
OTCYTCTBHUHM JIPYTMX BOCCTAHOBUTENIEH)

6) B npobupky c 3-5 KarisiMu pacTBOpa CEpHUCTON KUCIOTHI J00aBbTE HECKOIBKO Kareib
3 %-Horo pactBopa mepokcuaa Bogopoaa. OTMeTsTe Kakue U3MEHEHHUS TIPH STOM IPOUCXOJIIT.
Kakum 06pa3oM MOXKHO JOKa3aTh MPUCYTCTBHE MOHA SO42‘ B npoaykrax peakuuun? CocTtaBbTe
YpaBHEHUE PEAKIUH.

OnbIT 4. CpaBHUTE/IBLHAS OLIEHKA PACTBOPUMOCTH Cy/ab(uTa U cyjbpara 6apus B

kuciaore. OoHapy:keHue cyjabdaT-uoHa

B onny npobupky BHecute 2-3 Kariu pacTBopa cyiab(dara HaTpHs, B APYryro — 2-3 Karuu
pactBopa cynbduta Hatpusa. B 06e npobupku n1o6aBpTe 1-2 Kamm pactBopa xjopuaa Oapus. B
o0enx nu mnpoOupkax BbIMazaer ocagok? Jlo6aBpre B 00€e mnpobupku mo 2-3 Karu
pa3baBiieHHON a30THOM (CoJsiHOM) KHUCHOThI. OO0bsicHuTe HalmogaeMble siBieHus. CocTaBbTe
yYpaBHEHMsI peakiuil momyueHus cyibdarta U cyibdura O0apus U pacTBOPEHHs MOCIEIHETO B
KHCIIOTE.

KoHnTpoJsbHbIe BONPOCHI
Cepa: cepa B pupo/ie, MOIyUEHHE CEPBI.
CBolicTBa U IPUMEHEHUE CEPBI.
CepoBonopon, cynbhuael. Hamummre ypaBHEHHS peakIMM B3aUMOJAEUCTBUS CyNb(u
xene3a (I1) ¢ consHo# KUCIOTOM U a30THON KHUCITOTOM.
Jlnokcun cepbl, cepHUCTAs KUCIIOTA.
Tpuokcun cepel, cepHas KMCIIOTA, €€ MOJIy4eHHE, CBOICTBA U IPUMEHEHHE.
[TepokcoaBycepHast U THOCEpHAs! KUCIOTHI.
CoenuHeHHE cephl ¢ FaJIOT€HAMHU.
Ilopsinok paGoTbI:

=

wn

No ok

[Tony4nTh OT penoaBaTes 3a1aHue.

BbInoHUTE paboTy COrTaCHO METOINYECKUM PEKOMEHIAIUSIM.

OdopMHUTH TPOTOKOJT PAOOTHI.

Bbunth oTpaboTaHHBIE PACTBOPSHI, IOCYYy BBIMBITh. CiaTh pabouee MecTo.
Conep:xanue oT4era:

1. Tema u uenb paboOTHI.

HabGnronenust, ypaBHEHHS PEaKIIUN 10 KaXI0W YaCTH pabOTHI.

3. BrIBoBI IO IpOAETaHHOI paboTe.

PwbdE

o

Yacte B. DaemenThl VA-rpynnbl NepHOAUYECKOH CHCTEMbI 3J1€MEHTOB M HX
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coeJUHEeHHUS.
Heas pabdoThi:

N3yunTh XMMUYECKHE CBOMCTBA COEAMHEHUH a30Ta.

N3yuuth XuMHUYECKHE CBOMCTBA (hochopa 1 ero COeAMHEHU.
Conep:xanue padoThbI:

[Tonydenue a3ota v CoJield aMMOHUS, UCCIIEIOBAHUE UX XUMUYECKUX CBOMCTB.

[Tonyuyenune okcuma azota (I1).

HccenenoBanue OKUCIUTENBHBIX CBOMCTB a30THOM KUCIIOTHI.

Xumuaeckue cBoicTBa hochopHOM KUCIOTHI, mofyuyenue pocdaros u ruapodocdaros..

IIpudopsl U peakTUBbI:

1. IIpoOupku, cnupTOBKa, Jep)KaTellb Uid NPOOMPOK, MHIIETKH, JIONATO4YKa, KarleabHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWUMHUYECKHH cTakaH, Kojba, Oymara (IIOJIOCKH),
JaKMycoBas OyMaxkka, GUIbTpOBabHAS OyMa)kka, CTEKJISIHHAS MMajoyKa, JIYYUHKA, CIIUYKH,
YHUBEpCaJbHas HHAUKATOpHAs Oymara, IITaTHB.

2. Jluxpomar kanus (Cyxoi), coysiHast KUCIIOTa (KOHIIL.), CepHasi KUCI0Ta KOHIICHTPUPOBAaHHAS U
pazbaBienHas (2H), noaua Kanus (pacTBop), HOAUA Kaius (Cyxoi), XJI0pua HaTpus (Cyxoii),
XJIOpUJI HaTpus (pacTBOp), IEpMaHTaHaT Kajius (pacTBoOp), JaKMYC, METUIIOPAHK, KyCOUEeK
MarHus (M [UHKA), HUTpat cepedpa (pacTBop), Opomu Kamus (Cyxoii), OpoMuI Kaus
(pactBop), xsopuma xene3a (1) (pactsop).

Boanbie pactBopsl docdara Hatpus, ruapodocdara Hatpus, auruapodocdara Hatpus, cyiabdara
xenesa (1), pogannma kamus KSCN, xjopupa Gapus, CONSHOM KHCIOTHI, a30THON KHCIIOTBI,
YKCYCHOU KHCJIOTBI, THAPOKCHA aMMOHHUSI.

Teopernyeckue cBeieHMsI.

B VA rpynny Bxoast a3zot, ¢ocdop, MbIIIBbIK, CypbMa U BUCMYT. A30T u ¢ochop -
TUTIMYHBIE HEMeTaulbl. Bucm — wetamn.  OOmast  SJeKTpoHHas  KOHUTypanus
HEBO30YKJICHHOTO aToMa — nsznp , C TpeMsl HECTIApEHHBIMU AJIEKTPOHAMH Ha p-opOuTamu. I1o
JIOBOJIBHO yCTOWYMBAs 3JEKTpOoHHAsA KoHpurypauus. [IpucoenuHenne nin yaaaeHue 3JIeKTpoHa
C P-OTOMHOI OpOUTANIN PHEPTETUUYECKU HE BBITOJHO, TO3TOMY cTeneHb okucienus (-1) wm (+1)
BCTPEYAETCs PEIKO U MO0I00HOr0 THUIIA COETUHEHUS] HEYCTONYHBEI.

Crenenn okucienus (+3) peain3yercsi B COCIMHEHHIX ¢ 0oJiee IEKTPOOTPUIIATETbHBIMHU
sneMeHTaMu — GropoM, kuciopoaoM u xiopom (NFs, HNO,, PCl3).

Crenienb okucieHus (-3) UMEIOT 2JIEMEHThI B BOAOpOnHBbIX coenumHenusx (NHs, PH3),
autpuaax (LisN, MgsNy), bocounax (CasPs).

Creniers okucniennst (+5) Berpedaercst B okcriax (N2Os, PoOs, As,Os), xuciorax (HNOs, HsPO,
H3ASOy).

A30T (N;) — mpocrtoe BemiecTBO. becuBeTHbIN ra3, KOHICHCHUPYETCS B OECIBETHYIO
KHIKOCTh. MoJeKyna coIep)KUT KOBAIEHTHYIO G-, -, - cBsi3b (N = N).

A30T — I1aBHas1 COCTABIISONIAs YacTh BO3IyXa. MasopacTBOpHUM B BOJIE (M MEHBIIIE YeM KUCIIOPO.T).
Bxomut B cocTaB HEOOIIBITIOTO YKCIIa MUHEPAJIOB(CEATPHI U JIP. ), HEKOTOPBIX MIPUPOTHBIX YIJICH.

IHony4enmne:

B mpompIIeHHOCTH a30T MOMYYaroT (PAKIHOHHOW MUCTHIUIALMEH JKHIKOTO BO3IyXa.
A3OT BBIKUIIAET J0 KUCIOPOJIA.

B nabGoparopun mpUMEHSIFOT PEaKInu:

2NH3 + 3Br, — Nt + 6HBr

NH4CI + NaNO, — NzT + NaCl + 2H,0

NHsNO3 (-p) — NoT + 2H,0

IIpumensieTcsi Uig CHHTE3a aMMHaKa, a30THOW KHUCIOTHI M APYTUX a30TCOAEPIKAIIMX
MPOJYKTOB, KAK MHEPTHAsI Cpelia MPOBEICHUS XUMHUYECKHX U METALTYPTHUECKUX MPOIECCOB H
XPaHEHUsl OTHEOMACHBIX BEIIECTB.

P — ¢ochop. — Onement 3 -ro nepuoga u VA rpynnsl [lepruoanueckoil CHUCTEMBI.

™=
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[TopsinkoBeiii HOMep 15. DnektponHas ¢opMyiia aroma ...3523p3, yCTONYMBAs CTEIEHb
OKHCJIEHHU 15, pexe BCTpedaeTcsi CTENEeHb OKUCIEHUS -3 1 +3.

B mpupone Berpeuaercss TOJABKO B XMMHYECKH CBS3aHHOM Bujae. Bxoautr B cocraB
MHOTOYHCIIEHHBIX MUHEPAJIOB, Py ¥ TOPHBIX OO ((hocdaThl, aaTUThI U Ip. ).

Beublii docdop (Peer) — MATKHIA Kak BOcK (peskercs HOXoM). I[lmaBurcs m kunut 6e3
paznoxenus. OKHUCIIETCS HAa BO3MyXe (3€JIEHOE CBEYCHHE B TEMHOTE) MpU OONBIION Macce
BO3MOXXHO caMoOBoOcCIIaMeHeHHe. B 0coObIX YCIOBHSIX NEPEeBOAMTCA B KpPAaCHBIM U YEpHBII
docdop.

Xopo1o pacTBopuM B OeH3011€e, apupax, cepoyriepojae. He pearupyer ¢ Bogoi, XpaHurcs
MO/ CJI0E€M BOABL. Upe3BbIUaiiHO XUMUYECKH AKTHBEH.

IMonyyenne OGenoro ¢ochopa TPOBOAAT BOcCTaHOBIEHHWEM (Qocdara  KaIbIHSA
pacKajeHHbIM KOKCOM (B IMIPOMBIIIJIEHHOCTH )

Cag(POy), + 3Si0; + 5C — 2Pt + 5COT + 3CaSiO3

[Ipouiecc cocTOUT U3 CAEAYIOUINX CTaAUM:

2C&3(PO4)2 — 6Ca0 + 2P,05

P,Os + 10C — 4P1 + 10CO

Ca0 + SiO, = CaSiO3

IIpumensiercsi: B mpoussozactee pochopHOit KUCIOTH U KpacHOTO (ocdopa, Kak peareHT
B OpraHMYecKUX CHHTE3aX, PACKUCIHUTEIh CIUIABOB, 3a)KUraTelIbHOE CPENCTBO. [ opsmuit
docdop crnemayer racuth ieckoM (HO He BoI0#!). Upe3BbIUaliHO STOBUT.

Yepublii Gocdop (Puyepn)) - MMEET CIOUCTYIO CTPYKTYPY, IO BHEIIHEMY BHy IIOXOXK Ha
rpadur. [lpu HarpeBaHWM TMEPEXOAUT B KpacHbIA (ocdop. XuMHUUecKas aKTUBHOCTh 3HAYUTEIIHLHO
HIDKE, 4eM y 6eroro ocdopa. Ycroituus Ha Bo3ayxe. He snosurt. [lomydaror npu HarpeBaHuu 6e510ro
docdopa.

IIpumensiercsi kak peareHT (Oosee Ge3omacHsIi, yeM Oenblii (hochop) B HEOPraHMIECKOM CHHTES,
HATOJHUTEITH JIAMIT HAKaTMBaHVs1, KOMIIOHEHT HaMa3K1 KOPOOKa Iy M3r0TOBJIEHNH criyek. He siioBuT.

IKCNEPUMEHTAJIBHAA YACTh!

A30T U ero coeJMHEeHUsI.

OnebiT 1. Ilonyyenue ammuaka

K 4-5 xamism pactBopa xjopuaa wiu cyibdara aMMOHMS HpuJIeiTe paBHbII 00bEM
pa30aBIeHHOTO pacTBOpa TMIpOKcuaa HaTpus. PactBop cierka moporpeiire. K orBepctuio
NpOoOUPKH TIOJAHECUTE BIAXHYIO JIAKMYCOBYIO (YHUBEpPCAIbHYIO) OYMaXKy WIH TIOJIOCKY
¢uibTpoBaNIbHOM Oymaru, cModeHHyro ¢eHondrasenHoM. bymaroil He kacaliTecb CTEHOK
npobupku. Kak uzmensiercs user 6ymaru u nouemy? (KauectBeHHas peakuyst HA MOH aMMOHHS).

OnbIT 2. BoccTaHOBHTE/IBHBIEC CBOIICTBA aMMHAKA

Buecure B mpobupky 2-3 karui pacTBopa rnepMaHraHaTta kanus u 3-5 xamnenb
KOHLIEHTPUPOBAHHOTO pacTBOpa ammuaka. [lomyuennyro cMmech cierka noporpeire. Kax
M3MEHsETCs OKpacka pacTBopa? HanuiuTte ypaBHeHHE peakuy, YIUThIBasI, YTO aMMHUaK
OKHCIISIeTCS 10 CBOOOHOTO a30Ta, a IEpMaHraHaT KaJiisl BOCCTAHABIMBAETCS 10 JTUOKCHA
Maprasiia.

OnbiT 3. OTHOLIEHHE COJIel aMMOHMSA K HATPEBaHUIO.

A) IlomectuTe B CyxXyr HpOOMPKY HEMHOTO KPHUCTAUIMYECKOTO XJIOpUAA aMMOHHUS U
Harpeiite mpoOupky. OOpaTtuTe BHHMMaHHE Ha OOpazoBaHHE OeNoro HajeTa Ha XOJOAHBIX
CTEHKaX BepxHei yactu nmpodupku. CoctaBbTe ypaBHEHUE pPEaKLIUU.

b) Bo3pMuTe Ha KOHYMKE MIMaTeNss HEMHOTO CcyibdaTa aMMOHHS, MPEABAPUTEIHHO
pacTepToro B CTYMKE, M BBICHIIBTE COJb B Cyxylo mpoOupky. [Ipobupky Harpeiite. OOparure
BHUMaHME Ha 3arax, NOSBUBIIMICA BO BpeMs HarpeBaHus. [lomHecuTe K OTBEPCTHIO MPOOUPKH
BIQXHYIO JIAKMyCOBYIO OyMmakky. Urto mpoucxomut? OcTaBIiieecss BEIIECTBO B TMPOOUPKE
pacTBOpPUTE B BOJIC U OINPEACTUTE XapaKTep Cpelbl B pacTBope. Hamuimmre ypaBHEHUST peakuuit
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pasiokeHus cysibdaTa aMMOHHUS M JUCCOIMAIIMM B PacTBOPE BeIIecTBa, 0Opa30BaBIIETOCS B
pe3ynbTaTe pa3ioKEHUs COJIH.

B) B cyxyro npoOupKy HachIlbTe HEMHOTO JAMXpOMaTa aMMOHHMS. 3aKpENHTe MPOOUPKY B
HITaTUBE BEPTHKAJIBLHO, WU HEMHOro mnojorpeite. Kak TOJIBKO HayHETCS pa3JIOkKEHUE COJIH,
HarpeBaHue npekparure. Yto Habmogaercsa? MIMeroT i 3amax npoayKThl PEaKIIuU Pa3I0KEHUs
conu? CocTaBpT€ ypaBHEHHME peakiuu. B yem oTiiMuue MoBeAeHUs 3TOM COJIU OT cojleil B
OTBITAaX, MPOJETAHHBIX A0 3Toro. Kakue conm aMMOHHMS pa3iararoTcs MOJ00HO JUXPOMATY
aMMOHUS?

OnbiT 4. T'uaposus cosieit aMMOHUSA

C nomompto pH-uHAMKAaTOPHON OymMaru onpenenuTe XapakTep Cpebl B pacTBOPE XJIOpUaa
win cynbdara ammonus. HanumuTe ypaBHeHHe peakuuu ruaponusa conu. EcTe nu pa3Huua B
TUAPOIN3E ITUX COJIEH.

OmnbiT 5. Ilosyuyenue oxkcuaa azora (1)

B npoOupky c ra3ooTBOJHON TPYOKOW MOMECTHTE HEMHOTO MEIKHUX CTPYKEK MeIu |
npubaBbTe HECKOJBKO Karmelb pa30aBIeHHOW a30THOM kucinotel (p = 1,2 r/mi). 3akpoiite
poOUpKy NMpoOKoi U cierka ee Harpeiite. OOpaTUTe BHUMaHUE Ha LIBET BbIAEISAIOLIETOCs rasa.
Yacte raza cobepute B MpoOUPKY HaJ BOJOH, a APYryl0 YacTh MPOIYCTUTE B MPOOHPKY ¢ 5-6
KaIIsiMU pacTBopa cyibdara sxenesa (11).

OmneIT 6. CBolicTBa a30THOH KHCJIOTHI. B3anmMoneiicTBue ¢ MeTasiaMu

[TomecTrTe B IpoOMPKY HEMHOTO IMHKOBOH IMBUTH WJIM CTPYXKEK MarHus U mpuOaBbTe
HECKOJIbKO Karelb OYeHb pa30aBiIeHHON a30THOM KUCIOThL. B3bonraiite cmech. [1o 3amaxy
oTpeneNnuTe, Kakou ra3 Beiensercs. CocTaBpTe ypaBHEHUE PEaKIiH.

OmnbiT 7. B3anMoaeiicTBHe a30THOM KHCJI0THI ¢ HEMETAJLJIAMH

B dgapdopoByto yamiky HanelTe HEMHOTO KOHIICHTPUPOBAHHOM a30THOM KUCIIOTHI.
[TonoxwuTte B KUCIOTY HEOOMBION Kycodek cepbl. [locTaBuB Yalky Ha acOECTOBYIO CETKY,
0CTOpPOXKHO ee Harpeite. Yto Habmonaercsa? OxaaanuTe peakiiMoHHY0 cMech. Heckonbko
Kareslb CMeCH IIOMECTUTE B MPOOUPKY U J00aBbTe 2-3 Karjiu pacTBOpa XJopHa Oapus.
CocraBbTe ypaBHEHHS peaKIIUi.

OnbiT 8. OKHCANTEIBHBIC CBOMCTBA 230THOM KHCJIOTHI
K 3-4 karmisim cBeXempUTrOTOBJIICHHOTO pacTBopa cyibdarta sxenesa (II), moakucieHHoro

Karuiel pa30aBIeHHON CepHOM KMCIOTHI, IpubaBbTe 5-6 Kamenb KOHLUEHTPUPOBAHHOM a30THOU
kuciaoTel. CMmech HarpeiiTe 10 Haudana KumneHus. Heckosibko Kamenb IOJIy4deHHOTO pacTBopa
pa3baBbTe BOAOHM M J00aBbTE OAHY KaIIIO pacTBOpa poJaHuaa aMMoHMs (kamus). Yto
npoucxoaut? [IpeaBapurenbHO yOeauTech B TOM, UTO UCXO/IHBIN pacTBOp cyibgara xenesa (1),
HE J1aeT WIX [IOYTHU HE JAeT OKPAIIUBAHUS C POAAHHUIOM aMMOHUS.

KoHTpoJbHBIE BONIPOCHI:
OO6m1ast xapakTepucTiKa V MOArpyIbl ITaBHON TPYIIIBL.
PacnipocTpanenue a3oTa B IpUpoe, MOJTydeHUeE.
CBolicTBa 1 IPUMEHEHUE a30Ta.
AMMHaK.
Okcuapl a3ora.
A3oTuCTas KUCJIOTa U €€ COJIH.
A30THas KUCI0Ta, CBOMCTBA, COMH.

Dochop u ero coeUHEHUS

OmneIt 1. I'ugponus coieit pocopHOi KHCIOTHI.

Comu dhochopHO KHCITIOTHI, pACTBOPUMBIE B BOJIE, THIIPOJIU3YIOTCS. [ HApOIN3 MpoTeKaeT
HEOJIMHAKOBO Y CPEIHUX U KUCIBIX cosel. [Tpu rupponnze KUCIbIX COIE MENT0YHBIX METAIIIOB
OIHOBPEMEHHO C THAPOJIN30M aHMOHOB IPOTEKAET UX AUCCOLMALIMS:

NoabkowhE
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H,PO4 + H O—H3PO,4 + OH; HPO,* + H,0— HyPO,+ OH

H,PO;— HPO,* + H'; HPO,” »>PO,> + H'

C mnoMompI YHHBEPCATbHOW WHIMKATOPHONH OyMaru MpOBEphTE XapakTep CPEabl B
pactBopax cosneit NagPO4, NaoHPO,4, NaH,PO4. [TonyuenHbie oOKpacKu MHAMKATOPHON Oymaru
CpaBHUTE C LIBeTHOU miKkanoil pH- naaukaTopHoit Oymaru. Pe3ynbrars! onbiTa 0oOpMHUTE B BHIIE
TaOJINLIBIL.

PactBop cosn pH cpensl BriBo1

N8.3PO4

Na,HPO,

NaH2P04

Peaknust o6pazoBanust pacTBOPUMBIX (0Oc(hHaTOB MIMPOKO UCTIONB3YETCS B aHATUTHYCCKOM
XUMHH KaK Ka4yeCTBeHHasl peakius Ha Gpocdar-uoH.

OmnpIT 2. O6pa3oBanue gocdara xenesa (I11).

K 3-4 xamsam pactBopa cynbdata xesesa (I11) Fey(SOy4); npuneiire 2-3 kamim pogaHuia
kamuss KSCN m Heckosibko Karemnb pacTBopa, conepxkaiiero ¢ocdar-uon Na,HPO,. Kpachas
OKpacka pacTBOpa Hcue3aeT B pe3yJbTaTe Mepexojia poJaHuAa jkKeje3a B MalopacTBOPUMBIN
docdar, umeronuii cnadbo->KeNnThIN I[BET.

OmnsiT 3. O0pa3oBanue ruapodocdara 6apus

K 2-3 kamsim NaaHPO,4 mpubaBbTe HeckosbKko Karenb xjaopuaa 6apus BaCl,. Oopasyercs
Oeneiii ocamok BaHPO,, pacrBopumbiii B consHoii HCl u asornoii kumciaore HNO; wu
HEpacTBOpUMBIN B YyKcycHoOW. [IpoBeppTe pacTBOpUMOCTh Ocaaka B kucioTax. CocTaBbTe
YPaBHEHMsI PEaKIHH.

OmnbiT 4. O0pa3zoBanue ¢gocdara cepedpa.

K 3-4 xannsam pactBopa NapgHPO,4 no6asbte 1-2 karmum pactBopa HuTpara cepedpa AgNOs.
Oo6pasyercs xentsiii ocagok AgsPO,, pacTBopuMbIii B pazbaBieHHol a3oTHoU kuciore HNO; n
pactBope ammuaka NH;OH.

KonTpoabHbie BONpoCHkI.

®docdop. PacnpocTpaHeHHOCT B IPUPOJIE, MTOTYUEHHE.

®dusnydeckue cBoiicTBa hochopa, MpUMEHEHHE.

Coenunenus ocdopa ¢ BOJOPOIOM H TaIOreHAMH.

Oxkcuasl pocdopa.

Kucnotsr dpochopa.

MunepanbsHble yaoOpenus, coaepxariue ¢pocdop u a3or.

Yacre I'. Daementsl |V A-rpynnbl nepuoaM4ecKOil CHCTeMbI 3JIeMEHTOB M HX
coeIMHEeHM.

Lean paboTh:

1. U3yyeHune XMMUYECKHUX CBOICTB yriepoja, KpeMHHUs, OJIOBA, CBUHIIA U MX COETUHEHUI

2. OzHakoMmJIeHHE C J1a0OpaTOpHBIMU CIOCOOAMHU MONy4YeHUs KapOOHATOB M KPEMHHEBOM
KHCJIOTHI.

Coaep:xanue padoThI:

1. TlonydeHue u pasznokeHne KapOOHATOB.

2. TlomyuyeHune KpeMHUEBOM KUCIOTHI.

IIpuGopsbl U peakTHBBI:

1. TlpoOupku, NHIETKH, IITATHB, Ta300TBOJAHAS TpyOka, Koj0a, CTEKISHHAs Majoyka,
CIIUPTOBKA, JAepKaTelb AJsl IPOOUPOK,

2. Bopanble pacTBOpBHI XJopuna Oapusi, cynbgara 1uHKa, xymopuna xenesa (l11), kapOonara
HATpHs, CHIIMKata HaTpus, xymopuaa ojosa (ll), mepmanraHara Kaius, CEPHON KHCIOTBI,
COJISTHOM KUCIIOTHI (pa30.), a30THOM KUCHOTHI (pa3b.), rTuApOKCcHIa HATPUs, Cylibduaa HaTpus,
MOJMJa Kallis; U3BECTKOBas BOJAA, KapOoHAT aMMOHHS (TB), KOHLIEHTPUPOBAHHASI COJIHAS

ok wdE
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KHCJIOTa, METAJUTMYEeCKUi IIUHK, okcu 1 cBuHma (11).

Teopernyeckue cBeieHMsI.

B IVA rpynny BXomsT yriaepoj, KpeMHHUH, reépMaHUi, OJOBO W CBHUHEI. DJICKTPOHHAS
KOH(UIYpALHs aTOMOB B CTAIIMOHAPHOM COCTOSIHHH: NS°NP?, IIpHYEM Ha p-aTOMHOH OpGHTAIH
HAXOJATCS JIBa HECIIAPEHHBIX AJIEKTPOHA.

B cBoux coenuHenusix snemeHThl IVA rpynmbsl MMEOT Kak IpaBWIO, JABE CTENEHU
okucnenus: (+2+ wmu (+4). YCTOWYMBOCTh COCIMHEHHH CO CTENEHbIO OKuciaeHus (+2)
YBEIUYMBACTCS OT YIJIEpOJia K CBUHILY.

[Ipu nepexone oT coeqUHEHUH yriepoaa K COeIMHEHUSIM CBHHIIA BO3PACTAaeT MOJISPHOCTh
cBsi3eid, U B KprcTamax coneii tuma Pb(NO3)z, PbCly 1 apyrux yxke mprcyTCTBYIOT HOHBI Ph*2,
OpHako moutu Bce Bemiectsa, coaepxkaiue Sn (1V) u Pb (1V), sBistoTcst KOBaJICHTHBIMH.

OcHOBHBIE 3a1achl yriepoaa cocpeaoToueHsl B kapoonarax: kaisiure (CaCOs3), nomomure
(MgCOj3; -CaCO0s3), maruesute (MgCO3). Pa3HOBHIHOCTH KalbI[KTa: MEI, MPAMOp, H3BECTHSIK.

KpemHnii  BXOOUT B  COCTaB  MHOTOYHUCIEHHBIX TOPHBIX TOpOZA  (CHIJIMKATEHI,
AIFOMOCHJIUKATHI), B OOJIBIINX KOJHUYECTBAX HAXOAMTCSA B 3eMHOU Kope B Buae SiO; (ropHBbIi
XpycTalb, Olall, araT, AIMa, XaJIlIeJ0H U JIp.).

3amachkl 0J10Ba U CBHMHIIA B 3¢MHOW KOpE OrpaHuYeHbl. BaxkHeilel u mouTu e AMHCTBEHHOM
pymoil Ui TOJYYCHHS OJIOBa  SIBIISIETCS  «OJIOBSHHBIM  KameHb» SnNO,. HawmbGonee
pacnpocTpaHeHHBIM MUHEPAIOM CBHHIIA sBJsieTcs raneHut (PbS).

I'epmanuii — paccessHHBIH JJIEMEHT, CBOMX MHUHEPAJOB OH HE o0pasyer, Bcerna
COTMPOBOXKAAET KPEMHUH B €r0 COSAMHEHUAX M KOHLIEHTPUPYETCA B KAMEHHBIX YIJISX.

B cBoGOHOM BHIIE BCTpedyaeTcsi B PUPOJIE TOIBKO yriepoa (aimmassl, rpaduT, KapOuH) u
OJIOBO B BHUJE CEpEOPHCTO-KENTHIX KPUCTAJUIOB, BKIIOYAIOIIUX 30JI0TO, IUIATHHY, HUPUIUH,
OCMMUI, Me/Ib. YTJIEpPO]I SIBISETCSI COCTAaBHOW YacThIO0 MCKOMAEMbIX YIJieH (aHTpalUThl, KAMEHHbBIE
u Oypsle yriu, Topd, HePTh).

YcroitunBas alutoTponHas popMa CyIeCTBOBAHUS AIIEMEHTA yriIepo — Tpadur.

I'pagutr — cepo-uepHBI, ¢ METAUIMYECKUM OJIECKOM, JKUPHBIM Ha OIIYyNb, MATKUH,
o01aaeT EKTPOPOBOTUMOCTHIO.

Kpucrannuueckass pemerka COCTOMT M3 CIIOEB NPaBUIBHBIX IIECTUYTOJBHBIX KOJIEl,
KOHJICHCUPOBAHHBIX IO BCEM CTOPOHAM (sz- rudpuIA3aIms).

AnMa3z  CONIEpXHUT B y3JlaX KPUCTAJUIMYECKOM peIIeTKH aToMbl  yriaepojaa c
TETEPAdIPUUECKUM  OKPYKEHHEM (sz- rubpuausamnusi). braropoaHslii  KamMeHb, HUMEET
HauOOJIBIIYI0 TBEPAOCTh CPEAM MPUPOIHBIX BEIIECTB, HUIM(YETCs TOJIBKO COOCTBEHHBIM
HOpOIIKOM. XHUMHYECKasi aKTUBHOCTh HiKe 4yeM y rpadura. Beimre 1200° C nepexoaut B
rpadur.

B npomsinierrocty u3 rpadura mpu 2000° C o 04eHb BHICOKUM JaBICHUEM TIOIYYarOT
MEJIKHE KPUCTAJIbl UCKYCCTBEHHBIX aiMa3oB. [IpUMEHSIOTCS OHM Ui U3TOTOBJICHUS PEXKYIIUX
UHCTPYMEHTOB M TOUYHBIX H3MEPHUTEIHHBIX IPUOOPOB.

KapOuH cocTouT M3 JUHEHHBIX MakpoMmoisiekyl co cTpoeHneM —C=C— nmmu =C=C= (sp-
rubpuau3anys). XMMHYECKH MeHee akTuBeH, yeM rpadut. [Ipu 2300° C nepexoaur B rpadur.
[Iupokoro mpruMeHEHHs HE UMEET, OUYeHb PEIKO BCTPEUAETCS B IPUPOJIE.

IKCNEePUMEHTAIbHAS YaCTh:
Omnpit 1. ITosryyeHue kapOoOHaATOB.

B npoOupku HanmuBaroT pactBopsl coneii: a) BaCly; 6) Zn SO4; B) FeCls u npunusatoT k
HuUM pactBop NapCOsz. HaGmromaroT ocakeHHe BEHmIECTB W OTMEYAIOT OKPACKy MOJYyYeHHBIX
ocazakoB kapoonara BaCOj3 (a), rumpokcokapoonata (ZnOH),CO3 (6), runpokcuna Fe(OH); (B).
OmnpbIT 2. TepMuyeckoe pasiio:keHne KapOOHATOB.

B mratuB 3akpenuTh HAKJIOHHO OTBEPCTHEM BHHU3 CYXYIO MPOOHPKY C Ta300TBOJIHON
TpyOkoii, momemaiot B Hee (NH;),CO3 u HarpeBaioT. 'a300TBOIHYIO TPYOKY OIYCKAIOT B KOJIOY
¢ uzBecTkoBoit Bosorr Ca(OH),. Habmrogaror noMmyTHEHHE pacTBOpa.
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OmnpIt 3. [losryyeHne KpeMHUEBOW KHUCJIOTHI.
(Pabora mox Tsaroit!) B mpoOupky HamuaroT 3 ma kouueHtpupoBanuoi HCl um 3 mn
pactBopa cuiukara Hatpus (pactBopumoro crekiaa) NapSiO; u mepeMemuBalT pacTBOp
CTEKJIITHHOW mnayodkoil. [lomydaercs KOJUIOMAHBIMA pacTBOp — 301b KPEMHHEBOM KHCIIOTHI.
Cogepxumoe NMpoOUPKU HArpeBaroT, MPU ITOM IMPOUCXOIUT KOATYJALMS Tels U BbLACIACTCS
CTYJIEHUCTBIN OCA/IOK I'ejisi KPEMHHUEBOU KUCIIOTHI.
Hopsaok padoTsl:

[TomyuuTh OT mpenojaBaTess 3aJaHue.

BbInonHUTE paboTy COrIaCHO METOANYECKUM PEKOMEHIAIUSIM.

OdopmMuTh IPOTOKOJ pabOTHI.

Bbutnth oTpaboTaHHbIe PacTBOPHL, IOCYy BBIMBITh. CnaTh pabouee MecTo.
Conep:xanue oT4era:

Tema 1 nenb paboTHI.

Habmroienusi, ypaBHeHHsI peaklUid 0 KaXK0i yacTu paboThlI.

BoiBosbI O IIpOJIENIaHHOM padoTe.

NS

KoHTpoJibHbIE BOPOCHI:
OO61as xapakTepucTKa riaBHoi noarpynmnst 1V rpymnmsl.
VYraepon. Pacripoctpanenue B nmpupoe.
[Tony4yenue yrieposaa u ero ayIoTpONHbIE MOAU(UKALINY.
XUMHUYECKUE CBOICTBA yriepoja.
Juokcnn yrinepona. YronbHas KHCIOTA.
Oxkcup yrinepona (11). Ero xumuueckue cBoiicTsa.
CoenuHeHHs yriiepoa ¢ Cepor U a30TOM.
KpemHuuii. Pactipoctpanenue B npupo/ie ¥ moaydeHue.
. CBoiicTBa KpeMHUS.
10. CoenuHenus KpeMHHUS C BOAOPOAOM U raJIOTeHAMHU.
11. Okcun kpemuus (1V), xumudeckue cBONCTBA.
12. KpeMHUeBbIE€ KUCIOTHI M UX COJIH.

©CoNoak~wWNE

TEMA 2. XUMUSA METAJIJIOB

Metamipl — XUMHYECKUE OJICMCHTBI, ATOMbI KOTOPLIX OTAAIOT JJICKTPOHBI BHCIIHETO (a
WHOTJ]Aa W TPEABHEIIHEr0) SJEKTPOHHOTO CJOS, MPEBPAIasCh B IMOJOKHUTEIBHO 3apsSKEHHbBIC
MOHBI. MeTayuibl — BOCCTAHOBUTENH. JTO OOYCIOBIECHO HEOOIBIINM, KaK MPABHIIO, YHCIOM
AIIEKTPOHOB Ha BHEIIHEM CJIO€, OOJBIIMMH [0 CPAaBHEHUIO C HEMETaNIaMU paguycaMy aTOMOB,
BCJICJICTBHE YE€TO BAJICHTHBIC JICKTPOHBI CJIA00 YACPKHUBAOTCS STIPOM.

[TpoyHOCTH CBSI3U BaJICHTHBIX DJIEKTPOHOB C SAPOM 3aBUCHUT OT JIBYX OCHOBHBIX (DaKTOPOB:
BEJIMYMHEI 3aps/ia sSjapa ¥ pajryca aroma.

Panuyc aTomMa 3HAUMTENHHO YBETUYUBACTCS C MOSBICHUEM KaKJIOTO HOBOTO 3JIEKTPOHHOTO
CJIOS JUTsI DJIEMEHTOB TEPBBIX TPEX IMEPHUOJOB, U MMEHHO ATOT (HakTOp B OOJBIICH CTENEHU
BIUSET HA MPOYHOCTH CBSI3M BAJICHTHBIX DJJEKTPOHOB C SAPOM I DJIEMEHTOB TJaBHBIX
NOArpyNI (CBEPXY BHU3 pPallyC aTOMOB YBEIMUYMBAETCS, IPOUYHOCTH CBSI3U AJIEKTPOHA C SAPOM
ocnabeBaeT, BOCCTAHOBUTEIbHBIE CBOWCTBA YBEIIMYUBAIOTCS).

VY sneMeHTOB MOOOYHBIX MOJATPYNI — 3TO 3JEMEHTHI 4-7 NMEpUOAOB — C YBEITMYEHHUEM
MOPSIKOBOTO HOMEpa dJIEMEHTa paguyc aTOMOB M3MEHSETCS Mayo, a BeIMYMHA 3apsia sjapa
YBCIUYMUBACTCA 3HAYUTCIIBHO, IMO3TOMY IMNPOYHOCTH CBA3M BAJCHTHBLIX JJICKTPOHOB C AApPpOM
YBCIUMYNBACTCA, BOCCTAHOBUTCIILHBIC CBOICTBa OCHaGGBaIOT.

Memannuueckasn céa3b U MeMANIUYECKAA KPUCMATLIUYECKAA PeulenKd.

MeTasuibl — MPOCTHIE BEIIECTBA. ATOMBI METAINIOB 00pa3yl0T METAJUIMYECKYIO CBSI3b.
Oco0eHHOCTH METAIITNYECKON CBA3H:
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CpaBHUTENBHO HEOONIBIIOE KOJUYECTBO DIEKTPOHOB (3TO S-3JIEKTPOHBI) OJAHOBPEMEHHO
CBSI3bIBAET MHOKECTBO aTOMHBIX SIJIEP, CBA3h JCIOKAIM30BaHa.

BanenTHbie SJICKTPOHEIL

CBO60,Z[HO NnepeMearoTCa 1o

BCEMYy KYCKy MeTaijia

(mm

METAJIIMYECKOMY U3EIINI0), KOTOPBIN B LIEJIOM 3JIEKTPOHENTPAJIEH, I0ATOMY 3TH JIEKTPOHbI
YacTO HA3bIBAIOT CBOOOIHBIMU.
Mertannuueckas CBsI3b He 00J1aJaeT HAIIPABIEHHOCTHIO U HACHIIIAEMOCTHIO.

B cooTBeTcTBHM € TakUM CTPOCHHMEM METAJJIbl XapaKTEepHU3YIOTCA  CIEAYIOIIUMU
(U3UUEeCKUMHU CBONCTBAMHU:
CBOHCTBO, MOJIOKEHHOE Knaccudukanronnsie rpynmsl | [Tpumepst
OCHOBY KJIaCCHU(HUKAIIH
DJIEKTPONPOBOJAHOCTH C BBICOKOH | Ag
AJIEKTPOTIPOBOTHOCTHIO
C HU3KoU | Mn
ANEKTPONPOBOTHOCTHIO
Temnepatypa 1uIaBIeHUS JIETKOILIIaBKHUE Hg, Ga, Cs, In, Bi
TYTOIJIABKHE W, Mo, V, Cr
II1oTHOCTE Jlerxue Li, K, Na, Mg
Tsoxensie Os, Ir, Pb
TBepaocThb Msirkue In, Na, K, Rb (pexyrcs
HOYKOM)
Teepabie Mo. Cr (mlapamaroT CTEKJI0)

[TpyYKHBI, TPUBOJALINE K PA3IUUUI0O PU3NYECKUX CBOICTB METAJIIOB:

aTOMBI METaJJIOB 00Pa3yrOT pa3HbIe TUIIBI KPUCTATLUTUYECKUX PEIIETOK

aTOMBl METAJJIOB HMEIOT pa3HO€ YHUCIO BAJICHTHBIX S-3JIEKTpOHOB (+1 wmmm +2),
Y4acCTBYIOIIMX B 00pa30BaHUM METaJNIMYECKOU CBSI3U.

aTOMbI (MOHBI) METAJUIOB UMEIOT Pa3HbIE PATUYChI

aTOMbI METAJJIOB MOOOYHBIX MOATPYII MOMHUMO METAIITMYECKOW MOTYT 0Opa3oBBIBATH U
KOBAJICHTHYIO CBSI3b C IMOMOIIBI0 HECHIAPCHHBIX (-3JIEKTPOHOB BaJICHTHBIX opOuTasel. IMeHHO
takue metaiuiel W, Mo, Cr, OS — u TyromaBkue, U TsDKETbIe , U TBepAbIe. (CaMblil TBEPbIA U3
METAJIJIOB — XPOM; CaMblil TYTOIUIaBKUI — BOJIb(paM.

B coBpemeHHON TeXHHKE OOBIYHO HCIOIB3YIOT HE YHUCThIE METAJUIbI, a CIUIaBbl, KOTOPHIE
MO3BOJIAIOT COYETAaTh B OJIHOM MaTepuaje IOJIE3HbIE CBOMCTBA Cpa3y HECKOJIbKHUX METAJIJIOB U
apyrux BeiectB. Hampumep, nropamomunuii — cras, copepxamuit Al, Cu, Mg, Ni, Mn. On
coderaer B ceOe Malyro ITUIOTHOCTh ATFOMUHHS U MarHus, Koppo3uoHHywo croiikocts Ni u Al,
TBepAOCTH Mn.

JUis XyAOXKECTBEHHBIX LleJee HCIHOJB3YIOT MENIbXHOp — CIUlaB Meau ¢ HukeneM. [lo
BHEIIIHEMY BUY OH IOXO0X Ha cepedpo, HO 3HAYUTEIHHO JELIEBIIE TOCIEIHETO.

Iupoko HCHONB3YIOTCS pPAa3IMYHOTO COpPTa CTalM M YYTyHbl — CIUIaBbl JKele3a C
YIJIEPOAOM U JIp.

XuMHYecKHe CBOHCTBA METAJJIOB

AKTHUBHOCTh METAJUIOB B BOJHBIX pacTBOpax OIpeAeNseTcsl MOJIOKEHUEM MeTauia B
SJIEKTPOXUMUYECKOM DSy HANpsDKEHHs MeTauioB. TeM akTHBHee aToMbl MeTaia Me°, Tem
HIDke akTHBHOCTh Me"'. Bce peaknmm ¢ ydacTHEM MeETAIIOB SBISIOTCS OKHCITHTETHHO-
BOCCTAHOBUTEIbHBIMH, IPUYEM METAILIBI BCET/Ia BBHICTYMAIOT B KaUYE€CTBE BOCCTAHOBUTENEH, TaK
KaK TPUHUMATh AJIEKTPOHBI M MIPOSIBIIATH OTPUIIATEIIbHYIO CTETIEHb OKHCIICHUSI OHU HE MOTYT.

OTtHoweHue K BoJe.

1) lemounble W MIEIOYHO3EMEIBHBIE METaUIBl B3aMMOJICHCTBYIOT C BOJOW MpU OOBIYHBIX
ycnoBuax. O0pasyercs MeI04b U BBIACISETCS BOAOPOI.

2K + 2H,0 = 2KOH + Hz1 Ca + 2H,0 = Ca(OH); |+ H2?1
2) Maruuii u antoMUHHAN (OYUIIICHHBIH OT OKCHIHOW TUICHKH ) PEarupyroT ¢ Topsuei BOIOM.

dopma A Crpanuna 33 u3 59



MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO Dopma
VY I1bSHOBCKHI rOCY1apCTBEHHbIH YHUBEPCUTET P
@ - PaGouast nporpamMma JIUCLHUITIIMHbI
Mg + 2H,0 = Mg(OH),| + Hy? 2Al + 6H,0 = 2AI(OH)3] + 3H,1

3) Merasibl cpeliHeil akTHBHOCTH, PACIIONIOKEHHBIC B psily HanpsbkeHuid mexay Mg u Pb (Al,
Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 00bI4HO He BBITECHSAIOT BOAOPO U3 BOAbL. Ha moBepxHocTH
3THX METAJJIOB 00Pa3ylOTCst OKCHIHBIC TUIEHKH, 00JIaIaf0IINe 3alMTHBIM JCHCTBHEM.
[TosTOMY OHM pearupyrOT C BOJOW JIMIIL B JKECTKMX YCIIOBHSX (pacKaJeHHBIH METajll, Imaphbl
BOJIBI, T.€. C IIEPErPETHIM BOSHBIM IIAPOM) C 00pa30BaHHEM OKCHJIOB U BBIJICIEHHEM BOJOPO/IA:.
3Fe +4H, O =Fe304 + 4H2T 2Cr + 3H,0 = Cr,03 + 3H2T Zn+ H,O =7Zn0 + HzT
4) MaJl0oaKTHBHBIC METAJIbl, CTOSIIME B OSJIEKTPOXUMHUYCCKOM PSIy HANPSOKCHUH ITOCTIe
BOJIOPO/JIa, C BOJOM HE B3aMMOIEHCTBYIOT JaXKe MPH BBHICOKO# Temmneparype: Cu + H,O —

2. OTHOLIEHUE K KHCJIOTAM.

1) KucnoTsl, obnafaronue c1abbIMi OKHCINTENBHBIME cBOicTBaME (3a cueT H') pearupyror ¢
METaJIJIAMH, CTOSIIIIUMHU B AJICKTPOXUMUYCCKOM Py HANpPsOKEHUH 10 Bomopoaa (OOJIBIIMHCTBO
kucinort). [Ipu 3ToM 00paszyroTcs colib U BOAOPO:

a) CwibHBIC KHCIOTBI M KHCJIOTHI CPEHEH CHWIIBLI PEarupyroT CO BCEMH METaJUIaMH,
CTOSIIUMHU JIeBee BOJOPOIA:

Fe + 2HBr = FeBr; + H,1; Zn + HCl = ZnCl; + Ha1; 2Al + 6HI = 2All3 + 3H,1

3Mg + 2H,P04 = Mg3(PO4),1 + 3H51

XKerne3o XJI0poBOJOPOAHON (COISIHOM) KUCIOTOM OKHCISIETCS 10 JBYXBAJICHTHOTO COCTOSHMUSL
[Tpu 5TOM Ha MOBEPXHOCTH 00pa3yeTcs 3alMTHAS TUICHKA, TOPMO3SIIas TabHEHIIee OKUCTICHUE.

C CoMsIHOM KHCTIOTOW pearupyeT W ImacCUBUpYyeTcs cBuHeI. [laccuBanys CBHHIIA BOSHUKAET
u3-3a TOro, YTo oOpasyroluiics B Havasne peakiuu xjaopun csunna (1) TpyaHo pactBopum B Boe,
1, OCTaBasICh Ha IOBEPXHOCTH METAJLIa 3AIIUIIACT €ro OT JOCTYIA HOBBIX IMOPIIUI KUCIOTHI:

Pb + 2HCI = PbCl; + H;. B pe3ynbrare peakiusi OCTaHABIHBACTCS.

0) Cra0ble KUCIOTHI — TOJIBKO CO IIETOYHBIMHI U IIEI0YHO3EMEIBHLIMU METAJLIAMU:

Ca + HyCO3 = CaCO3] + H?

B) pasz0aBieHHas cepHas KHCIOTa oO0JajaeT Cla0bIMU OKHCIUTEIbHBIMU CBOMCTBAMH,
MO3TOMY JICWCTBYET TOJIbKO Ha METaJUIbI, CTOSIIUE B JJCKTPOXHUMHUYSCKOM PsIy HampsHKEHUH
neBee Bojgopoaa. [Ipu sTom obpazyercs cosib ¥ BOAOPO/I.

Mg + HzSO4(pa36) = I\/IgSO4 + Hat; Fe + H2804(pa36) = FeSO, + H>1

Cu + H2SO04(pass) —

2) Kucnotbl, oOnagaromye  CUIbHBIMU  OKHCIMTENbHBIMH  CBOMCTBAMHM  a30THAas
(KOHIICHTPUPOBAHHAs U pa3basieHHas 3a cuer N'°), cepHast (KOHIIGHTPHPOBAHHAs 32 CUET s*9),
B3aMMOJICHCTBYIOT KaK ¢ METAJUIaMH, CTOSIIUMH B JJICKTPOXUMHUYECKOM DSy HAMPSKCHHUHA JI0
BOJIOPOJIa, TAK U C METaJUIaMU, CTOSIIMMH TOCJTE BOJOPOAA, OJHAKO BOJOPOA MpPHU 3TOM HE
BoIensieTcs. He meficTByroT 311 KMCIIOTHI TONIbKO Ha AU, Pt, Ir, Rh, Ta.

B mponykTax peakiuu — coiib, BOJIa M KaKO# JINOO MPOTYKT BOCCTAHOBIIEHUSI KUCTIOTHI, HO HE
BOJOPOA. BuJ TpoayKkTa BOCCTAHOBJIICHHS KHCJIOTHI ONPENCIIIeTCS €€ KOHICHTpPAIneH,
AKTUBHOCTBIO METAJlIa U TEMIIEPATYPOA.

H2SO4conn (OKkmeanTe H — S*°)
1) [lesnouHbIe U MIETOYHO3EMETBHBIC METAIBI BOCCTAHABIIMBAIOT KUCIOTY B OCHOBHOM 10 HjS.

4Ca + 5H2804(K0Hu) = 4CaS0O, +H,ST + 4H,0
2) Mg u Zn B 3aBHCUMOCTH OT YCIOBHUH MOTYT BoccTaHaBIUBaTh HaSO4xomy HE TONBKO 10 SO,

HO ¥ 10 S unn H,S: Zn + 2H,SO04comny = ZNSO4 + SO21+ 2H,0

47n + 5HSO4xonmy= 4ZnSO4 + H,ST + 4H,0; 3Zn + 4H;SO04(komm= 3ZnS0O4 + S|+ 4H,0
3) Meramibl cpeHeii aKTHBHOCTH.

AJIIOMUHHIT ¥ 3Kejie30 TAaCCUBHPYIOTCS U3-3a OOpa30BaHMs IUIOTHBIX IUICHOK OKCHIIOB.
OJ10B0 OKHCIISIETCS 10 YETHIPEXBAIEHTHOTO COCTOSIHUSA C 00pa30BaHUEM CYyIb(}aToB 0JI0Ba:

Sn + 4HQSO4(K0HH) = Sn(SOy), + 250,71 +2H,0
CBHHell HE pacTBOPSETCA B CEPHOM KHCIOTE IpU €€ KOoHUeHTpauuu Huxke 80%, Tak Kak
oOpa3yromiascst py B3aMMOJICHCTBIH CBHHIIA C CEpHOI KucinoToi coib PhSO,4 HepacTBopuMa B
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BOJIC M COXKJIACT Ha IOBEPXHOCTH METaJlla 3allMTHYIO IUICHKY. B 0ojiee KOHIEHTpHPOBaHHOMN
CCpHOW KHCJIOTE CBHMHEI[ OKHCISCTCS [0 JBYXBAJCHTHOTO COCTOSHHUS C 0Opa3oBaHHEM
PacTBOPUMOIO THAPOCYIIb(aTa CBUHIIA:
Pb + 8HZSO4(K0HH) = 3Pb(HSO4)2 + S + 8H,0
[Tpu HarpeBaHWM KOHIICHTPUPOBAHHAS CEPHAS KMCIIOTa B3aUMOJICHCTBYET C 00pa30BaHUEM COJIH,
BOJibI U okcuj cepbl (1V):

AJIIOMUHUEM 2Al + 6H2SOus(comy = Al2(SO4)3 + 350,71 + 6H,0
PrytbI10: Hg + 6H2SO4(omn = HYSO4 + SO, + 2H,0
Menpto: Cu + 2H2SO04(kouy) = CuSO4 + SO,1T + 2H,0

B kumnsmield KOHIEHTPUPOBAHHOMN CEPHOM KHCIIOTE PacTBOPSIETCS cepedpo:
2Ag + 2H2804(K0Hu) = Ag,SO,4 + SO,7 + 2H,0
C H»SO4(xony HE pearupyrot Au, Ru, Os, Rh, Ir, Pt.

HNO3comn) (OKHCTHTENHL N*°)
1) Co 1IeIOYHBIMHE U IIET0YHO3EMEIBHBIMU METaJIaMH 00pa3yeT coiib (HuTpar) , Boay u N,O:
4Ba + 10HNOg3(omy) = 4Ba(NO3), + N,OT + SH,0
2) C gpyruMy MeTajllaMH: CpPEeIHEH aKTUBHOCTH M MAaJOaKTHBHBIMH OOpPa3yrOTCSi HUTPATHI,
Boxa u NOs:
Zn + 4H NO3(K0HH): Zn(N03)2 + 2NO,1+ 2H,0
Cu+ 4HNO3(K0HH): CU(N03)2 + 2NO,1+ 2H,0
Ag + 2HN03(1«>Hu) = Ag(NO3); + NO,T + H20
3) Ha xonony u npu o0br4HO# Temmeparype He neiictyet Ha Fe, Co, Ni, Cr u Al, a takxe
Ha HEpP)KaBEIOIME CTAIM BCIEACTBHE MaccuBanuu. Ho mpu HarpeBaHwHM OOpa3yroTCs T Ke
MPOIYKTHI, YTO U C APYTUMHU METAIlJIaMH:
Fe + 6HNO3(KOHH): FE(N03)3 + 3NO,1+ 3H,0
4) C HNOj (ko He pearupytot Au, Ru, Os, Rh, Ir, Pt.
5) KoHIileHTprpOBaHHasE a30THAs KUCJIOTAa MPH CMEIIMBAHUH C KOHIIEHTPUPOBAHHOW COJISTHOM
KHUCJIOTOM B COOTHOIIEHUH 1:3 1o 06beMy, 00pa3yeT pacTBOp, Ha3bIBAEMBINM «IIAPCKOM BOAKON», B
KOTOPOM PacTBOPSIOTCS 30JI0TO, IUIaTHHA U Apyrue Metauisl HepactBopumMbie B HNO3z 1 HySO,.
HNO; + 4HCI + Au = H[AuCl,] + NO?T + 2H,0
4HNOj3 + 18HCI + 3Pt = 3H,[PtCls] + 4NO1 + 8H,0
B «mapckotii Bojke» He pactBopsitoTes Ru, Os, Rh, Ir.

HNO3pass) (okmeanTens N*°)
1) Co mienoyHbIMU ¥ IIEIOYHO3EMENBHBIMU MeTajulaMu o0pa3yeT coib (HuTpar), Bogy U NHz nwm
NH4NO3:

4Ca + 10HNO;3 (pas6)— 4C3(N03)2 + NH4NO3 + 3H,0
2) C wMerayulaMu cpelHEdl aKTUBHOCTH, PACIIOJIOKEHHBIMH B JJIEKTPOXUMHUYECKOM PSITy
HaNpsDKEHUH 10 BOJIOpOJaa, pa30aBicHHAs a30THAs KHCJIOTa oOpa3yeT coJib, BOAY H , B
ocaoBHoM, NO (moryt obpaszoBatbest u N2O, Nz, NH3 (NH4OH). Uem Oomnbiie pa3bdaBieHa
KHCJIOTa, TEM HIDKE CTCIICHb OKHCICHHUS a30Ta B BBIACIAIOMIEMCS Ta3000pa3HOM IPOIYKTE.
JocraTouno pa3zbaBieHHas KucioTa 00br9HO BoccTaHaBnuBaeTcs 10 NHiNO;:

Fe + 4HN03(pa36) = Fe(N03)3 + NOT"‘ 2H-,0

3Zn + 8HNO3(pass) = 3Zn(NO3)3 + 2NO 1+ 4H,0

47n + 10HNO3(pass) = 4Zn(NO3)3 + N,O1+ SH,0

5Zn + 12HN03(pa36) = SZn(N03)3 + N21+ 6H,0

47n + 10HN03(0({, pas6) = 4Zﬂ(NO3)3 + NH4NO3T+ 3H,0

Onoso okucnsercs no Hurpata oinosa (I1). Turan naccuBupyercs.
3) C Mayl0aKTUBHBIMHM METAJlJIaMH, CTOSIIIUMHU B 3JIEKTPOXUMHYECKOM PsATy HANpPsDKEHUHN Mmocie
BOJIOpOJa, 00pa3yroT conb (HuTpat), Boay u NO:

3Cu + 8HN03(p336) = 3CU(NO3)3 + 2NO1+ 4H,0
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3Ag + 4HNOg3(pass) = 3AgNO; + NOT+ 2H,0
3Hg + 8HN03(pa36) = 3Hg(N03)3 + 2NOT+ 4H,0
4) C HNOj3pas6) He pearupyiot Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxonsch B psay HampspKeHUs IOCIE BOAOPOAA, MEIb HE BBITECHSET €ro M3 KHUCIOT.
[TosToMy consiHass M pa30aBieHHas cepHas KHUCIOTbI Ha MelIb He JeicTByroT. OpHako B
IOPUCYTCTBUHM KHCIOpPOJa BO3AyXa MeEIb PACTBOPSETCS B ATHX KHUCIOTax C 0Opa3oBaHUEM
cootBercTBYromux cojei: 2Cu + 4HCI + O, = 2CuCl; + 2H,0

B oueHb KOHIICHTPHUPOBAHHOW COJSIHOM KHCIOTE MEIb MOXET OBITh PacTBOpPEHA C
00pa30BaHNEM KOMIUIEKCHOTO COCMHEHUS:

2Cu + 4HCI = 2H[CuCl;] + H; (auxsmopokympar (1) Bogopoaa

3. OTHolIeHHE K OCHOBAHUAM

Tonbko MeTaiuibl, 00pasyroIiue aM(pOTEPHbIC OKCUIBI U THIPOKCHUJIBI, B3aHMOJICHCTBYIOT
co menoyamu. [Ipu stom Beirensitoress Hy u oOpasyercst cosib (B pacTBOpax — KOMILICKCHasI, B
paciuiaBax — cpennsis). Uckmouenue coctaBisitor Fe u Cr, koTopble B OTJIMYHE OT UX aM(pOTEPHBIX
okcuioB Fe;03 u CryO3 u rumpokcuoB Fe(OH); u Cr(OH)s, co 1ienoyamu He B3aUMOICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pacrBopax:

Zn +2NaOH + 2H,0= Na,[Zn(OH)4]+ H, 2Al+ 2NaOH + 6H,0= 2Na[Al(OH),4]+ 3H,

Be + 2NaOH + 2H,0 = Na;[Be(OH)4] + H,  Pb + 2NaOH + 2H,0 = Na,[Pb(OH),] + H,

B pacmiaBax:

Zn + NaOH(TB) = Na,ZnO, + H, Be + NaOH(TB) = Na,BeO, + H,

Pb + KOH ) = KoPbO; + Hy 2Al + 2NaOH) + 2H,0 = 2NaAlO; + 3H,

4. OTHoOLIEHME K OKCHAAM.
1) Ilpu BBICOKO# TeMmepaType 0ojiee aKTUBHBIE METAJUIbI BHITECHAIOT (BOCCTaHABIMBAIOT) MEHEE
aKTUBHBbIE U3 UX OKCHA0B. Ha 3TOM OCHOBaH OJMH M3 CIIOCOOOB IMOJyYEHHsS METAIJIOB,
Ha3bIBaEMbIll MeTaJuloTepMHeld. B kadecTBe MeTanoB-BOCCTaHOBUTENEH OOBIYHO MCHOJB3YIOT
ATIOMHUHUNA (QTIOMOTEpPMUST), MarHUi (MarHUHATEpPMUS), PEKO KaJbLIU, Kaluil, HATPUI U JpyrHe
METAJLIBL.

Zn + CuO =Zn0O + Cu 3Fe 04 + 8AIl = 4Al,03 + 9Fe
WO; + 2Al =W + Al,O3 4Ba0 + 2Al = BaO + Al,0O3 + 3Ba
4) MarHI/H‘/JITepMI/II‘O HCIOJIB3YIOT TAKXKE IJI1 BOCCTAHOBJICHUA HEMCTAJIJIOB U3 UX OKCHUIOB!:
CO, + 2Mg = 2MgO + C Si0, + 2Mg = 2MgO + Si

5. OTHolIeHHE K COJISIM.

1) BoJBIIMHCTBO aKTUBHBIX METAJLIOB BBITCCHSIOT MEHEE aKTHBHBIE M3 PACTBOPOB UX COJICH:

Fe + CuSQO,4 = FeSO,4 + Cu; Zn + FeSO, = 2ZnS0O, + Fe

Cu + Hg(NO3), = Cu(NO3), + Hg Fe + AgNO;3 = Fe(NO3), + 2Ag
2) Metannsl MOTYT BBITECHATH JPYT JIpyra M W3 paciiiaBoB coliel (peakuust 6e3 mocTymna
BO3/lyXa — BaKyyMHO-TEpMUYECKHUI cI0c00):

Na+ KClpacnn= NaCl + K; 3K+ AlCl3pacnn)=3KCl + Al; Mg + BeFypacnn= MgF, + Be
OnHaKko cieAayeT MOMHUTh, YTO
a) MPU TUIaBICHUU MHOTHE COJI Pa3JIararoTcs
0) DJIGKTPOXUMHUYECKMA PsII  HAOPsDKCHHWS METaUIOB, CIYXKAIIWMK  JUIsl  OTpeaesICHUs
OTHOCUTEIILHOM aKTUBHOCTH METAJLIOB, CIIPaBEAJIUB TOJIBKO ISl BOJHBIX pacTBOpoB. Hampumep,
ATIOMUHMA MEHEE aKTHUBHBIN, YeM IeJIOYHO3EMEIbHbIE METAJUIbl, a B paciyiaBax HaoOOpOT.
HOBTOMy aJIIOMPIHI/IFI MOXET BBITCCHATH MICJTIOYHO3EMCIIBHBIC MCTAJIJIbI U3 paCHHaBOB nx COJIGI>'II

2Al + 3C8.C|2(pacma3) = 2AICl; + 2Ca
3) U3 tBepAbIX CyXuX, a TaK)K€ HEPACTBOPHUMBIX COJIEH MPHU OOBIYHBIX YCIOBHSIX METAJUIbI APYT
npyra He BeiTecHsi0T: Fe + AgCl —
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4. B pactBopax cosm, 00JaJaroniiue OKUCIUTEIbHBIMI CBOMCTBAMH, BCTYNAIOT C METaUIaMH B
OKHUCIIUTEIbHO-BOCCTAHOBUTEIILHBIE PEAKIINU:

2FeCl; + Fe = 3FeCl,; Hg(NO3)2 + Hg = ng(NO3)2

HgCl, + Hg = Hg,Cl, 2CrCl3 + Zn = 2CrCl;, + ZnCl,

6. OTHOLIEHHE K HeMeTa/1aM (CM. XMM. CBOWCTBA HEMETAJLJIOB)

7. OTHOLIEeHHNeE APYT K APYTY.

Mertaiisl pyr ¢ IpyroM He B3aUMOJEHCTBYIOT, HO B PACILIABJICHHOM COCTOSIHUU CMEIIMBAIOTCS
Ipyr, oOpa3ys pacTBOpbl, IpPHU OXJAKICHUM KOTOPBIX IOJIY4YarOTCsl TBEP/bIE BEIIECTBA,
Ha3bIBACMbIE CIUIABAMH.

8. Ilpu HarpeBaHMM XMMHUYECKasi aKTUBHOCTh METAJJIOB TIOBBIIIAETCS.

Koppo3us merasion:

Koppo3uss — mnposiBiieHHE BOCCTAaHOBHUTEIBHBIX CBONCTB METaUIOB, OOYCIOBJICHHOE
BIIMSTHUEM OKPYIKAIOLIEN CPEebl.

| rpynna mnepuogudeckoid cucrtembl. lllenouHple MeTauibl MMEIOT HAaWMEHBIIYIO
KOPPO3HOHHYIO CTOMKOCTB; OjecTsIas NOBEPXHOCTh Cpe3a 3TUX METAJUIOB Ha BO3IyXe OBICTPO
IIOKPBIBAETCS TOJICTOM PBIXJION IUICHKOM OKCHUIOB, IEPOKCHIIOB, a TaKK€ UX COCIUHEHUH C
YIIIEKUCIIBIM Ta30M U BoioH. [1oaTOMYy 1ies104HbIE METAUIBI XPAHATCS 110 CJI0EM KEPOCHHA.

B mo6ouHo#l moarpymnme HaxoATCS JOCTaTOYHO CTOWKHE K KOPPO3UM METAUIbl: MeEb,
cepedpo, 30510T0. C yBeTMUYEHUEM MTOPSAIKOBOIO HOMEpPA KOPPO3UOHHAS! CTOMKOCTh IOBBILIAETCS.

Il rpynma. Meramibl riaBHOW HOArPYNIBI BECbMa MalOyCTOMYMBBI, MU C YBEIMYEHHEM
IIOPSIIKOBOTO HOMEPA YCTOMYMBOCTD K KOPPO3UU CHUKAETCSI.

bonee ycroitunBbl Metaiibl nobounoi moxarpynmnsi: Zn, Cd, Hg. Ha ux moBepxHOCTH B
IOPUCYTCTBUM KUCIOpoAa o00pa3yloTcs TOHKHE, JOBOJBHO MPOYHBIE IUIEHKH OKCHUIOB,
MPEeIOXPaHSIONINE UX OT AAJbHEHIIEero pa3pyLieHus..

Il rpynna. ATIOMHHMN JIETKO COEIUHSETCS C KUCIOPOJIOM, BCIEJACTBHE 4ero obOpasyercs
TOHKasi, oOjajaromias BBICOKUMHU 3aIIUTHBIMH CBOMCTBAMM OKCHJHas IuleHka. Ho oHa
paspymiaercsi B pacTBOpax KHCIOT M MIeNo4Yed. AJIIOMHHUN TakXe IacCUBUPYETCS C
MOBEPXHOCTH KOHLIEHTPUPOBAHHOM a30THOM M cepHOMl kucioramu. IlaccuBanust oOycroBieHa
00pa3oBaHNEM Ha TOBEPXHOCTU TPYAHO PAaCTBOPUMBIX COEAMHEHUH.

IV rpynma. OnoBo M CBUHENl — CTOWKHME K KOPPO3UMH MeETalUIbl, Oylarofapsi NMPOYHBIM
OKCHU/IHBIM TJIEHKAM.

V, VI, VI, VI rpynmer. Mertamtel mobounsix noarpymnn V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt oOmamaroT BBICOKOM CIIOCOOHOCTRIO K TIIACCHBAIlMU, a CJIEJOBATelIbHO, OOJIBIION
KOPPO3MOHHOM cToikocThio. Hanbosee ycroitunsel k koppo3un metaiisl VI rpymnmel, npuyem,
4yeM OOoJbIe MOPSAKOBEI HOMEp, TeM Oouble WX ycroWdnBocTh. 3Hauwt, OS, Ir, Pt —camble
CTOWKHE K KOPPO3UH METAILIBL.

Keneso — mHambonee W3BECTHBIH M PAaCHPOCTPAHEHHBIM MeTasl, MacCUBUPYETCS
KOHLIEHTPUPOBAHHOM a30THOM U XOJIOJHOW KOHLIEHTPUPOBAHHON CEPHBIMU KHCIOTAMHU.

Cnoco0bl moJryuyeHnsi MeTaJLJ10B:

BonbpmIMHCTBO METAIJIOB B NMPHUPOAE BCTpEYAeTCs B BUJE COCIMHEHUM, TaK KaK METaJlIbl
HaxoJSIIMeCcs B OKHCICHHOW (popme Oojiee yCTOWYMBBIE BEIIECTBA, YEM METAJUIBI — MPOCTHIC
BellecTBa. B caMOpOJHOM COCTOSIHUM B IIPUPOJE HAXOIATCSA TOJBKO METaJlIbl, KOTOpPbHIE B
IIEKTPOXUMUYCCKOM DSy HAMPSKSHHUH CTOSAT B caMoM KoHie: Au, Pt, pexxe Ag, nnorna Cu n
Hg.

Baxneiliye npupoiHbIE COENMHEHUS METAVIOB, CTOAIIUMX B pAAY HANpsOKEHUs J0
QIIOMUHUS — 3TO coju: ranorenuabl, damie xiaopuasl NaCl, MgCl,, KCI; kapoonarsr: CaCOs,
MgCOg3; cyasdarst Na;SO4, MgSO,; aurpatet NaNOs; dhocharsr Caz(POq),/

[IpupoaHbIe COEMHEHUS IPYTHX METAIIOB — 9TO B OCHOBHOM OKcubl U cyabduasr: Al,Os,
Cu0, Sn0y, Fe,03, Cr03, ZnS, PbS, MoS,, CuS,.

MuHepanel U TOpHBIE MOPOABI, KOTOPBIE HCIOJB3YIOTCA [UIsl TOJIYYEHHS METAJIOB
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HAa3bIBAOTCA pyaaMH. Mertann wu3 pyAabl IIOJdy4YarOT BOCCTaHOBJICHHUEM — OJTO 3aJaayda

METAJLTypPTUH.

PasznuyaroT cneaytomiye cnocoObl MOIy4eHNUs METaIJIOB:

[TupomeTamypruueckuii (0T rped Nupoc — OroHb)
I'mapomeTamnyprudeckuit
DIIEKTPOMETAIUTYPrUUECKUH (3JEKTPOIIN3)

CyIIHOCTh MHUPOMETAUTYPrUYecKOro crmocoba - BOCCTAHOBJICHHE METAIOB U3  UX
COCIMHEHUH MPH BBICOKHX TeMIlepaTrypax. B kauecTBe BOCCTAHOBUTENIEH UCTIOIB3YIOT BOJOPO/I,
aktuBHble MeTaiuisl (Mg, Al), yrnepon, okcun yriepoza ().

MeTto1 UCTONIb3yeTCs AJIS MOTYYCHHSI METAJUIOB, CTOSIIIUX B PSAY HANPSDKCHUS METAJUIOB MOCIIe
AITIOMUHUSL.

[uapoMeTaTyprusi —MCTOIb3yeTCs I TOTydeHUsT MAJIOAKTUBHBIX MeTauioB. Hampumep,
METO/]I W3BJICYEHHS 30JI0Ta OT IYCTOW MOPOJbI (IECKa) MyTeM PacTBOPEHHUS 30JI0Ta B I[UAHHJIC
HATpUS WM Kalldsg B TMPHUCYTCTBHHM KHCJIOPOJA, C MOCIEAYIONUM BOCCTAaHOBICHHUEM MeTalia
MyTeM BBITECHEHHUS ero Ooyiee aKTHBHBIM METAUIOM W3 COJMU. TakuM CIOcOOOM MOKHO
noayuyuts Cu, Cd, Au, Ag, Mo, V u np.

DrekTpoMeTaIyprus (3JIeKTposin3) — BocctaHoBaeHne akTuBHBIX MeTauioB (Na, K, Ca, Al
Li, Mg u ap.) ¢ MOMOIIbIO 3JIEKTPUYECKOTO TOKA W3 PACIUIAaBOB COJICH, OKCHIOB WU
TUIPOKCHUJIOB.

Yacrs A. U3y4eHue cBOMCTB IIEJOYHBIX U 1IeJI0YHO3eMeJbHbBIX METAJIOB U HX
coeINHEeHU I
Lean padoTbi:

1. M3yuuTh XMMHUYECKHE CBOICTBA IIETOYHBIX METAUIOB U UX COCIMHEHUH.

N3y4unTh XMMHYECKHE CBOICTBA 1EJI0YHO3EMEIbHBIX METAJUIOB U UX CBOMCTBA.

3. O3HakomileHHE ¢ J1a00paTOPHBIMH CIIOCOOAMU MOIYYEHUS TUAPOKCHJIIOB U COJIEH MeTaylioB
IA u 1A rpynms.

Copepxxanue padoThI:

1. HccnenoBaHue XMMHUYECKUX CBOWCTB HATPHS U €r0 COEIMHEHMH (B3aMMOAEUCTBHUE C BOJOA,

TOpEHHE).

[TosryueHnne rugpoKcHIa MarHus ¥ €ro paCTBOPEHUE B KUCIIOTE U B COJIAX aMMOHUS.

3. Tlomyuenue kapOOHATOB, Cy/Ib(})ATOB U XPOMATOB MIEIOYHO3EMETHHBIX METAJUIOB U U3yUCHHE
UX XMMHUYECKHX CBOMCTB.

IIpudopsl U peakTUBBI:

1. 3ammTHBIE OYKHM, KpHUCTAIM3ATOp, MHUHIET, (QUIbTpoBaibHas Oymara, MeTaJuIM4yecKas
noxeuka, papopoBsIif TUTETh, CHUPTOBKA, MUMETKH, TPOOUPKHU, TTPOBOJIOKA C TIETEIIHKO.

2. QeHongranenH, Boja, HaTpui (MET.), COJIb MarHus, Kpaxmaiu, 2 H pPacTBOpP COJSTHOM
KHUCIIOTBI, 2 H PacTBOp XJOpPHAAa aMMOHHS, pacTBOPbl MOJWAA Kallus, CEPHOM KHCIOTHI,
THJIPOKCUA HATpusi, KapOoHaTa HATpHs, XJOpHAA KaylbLus, Xjopuaa Oapust (BO3MOMKHBI
JIt00bIe paCTBOPUMBIE COJIM Kalblusl U Oapusi), cyibdara HATpuUsl, Xpomara Kajiaus, yKCYCHOM
KHCJIOTBI, HUTPAaTa KaJlusi; COJIIHAs KUCIOTa (KOHIL.).

N

N

JKCNEepUMEHTAIbHASA YaCTh

OnbiT 1. B3aumoaeiictBue HaTpus ¢ Boaoii. (PaboTats mox TAroi B 3alllUTHBIX O4Kax!)
B kpucrannmzarop ¢ BoJ1oi 100aBIAIOT HECKOJIBKO Kanenb ¢peHondranenHa. [Iunnerom gocrate
KyCOYEK IIEJI0OYHOr0 MEeTajula M BBICYHIHTHh (GUIBTPOBAIbHON Oymaroi. OTIOENUTh KycOdek
HaTpUs pa3MEpoOM CO CHUYEUHYIO TOJIOBKY M IHMHILETOM IEPEHECTH B KPUCTAJLIU3ATOP.
Hab6nronaroT nmpoTrekanue peakiiuu U OKpalirBaHue BoAbl. Hamucath ypaBHEHHE pOTEKaromen
peaxkuu.

OnbiT 2. I'openune Harpusi. (Paborate mox Tsaroii!) B meTaimuyeckyro JOXKEUKY WIH
baphopoBbIil THreNb MOMENIAIOT HEOOIBIIOW KYCOYeK HATpHs, MPEIBAPUTEIBHO BBICYILICHHBIN
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¢bunbTpoBasibHON Oymaroil. Jloxkeuky WM TUTellb HarpeBaloT CHU3Y HEOOJBIIMM IJIaMEHEM
CIHMPTOBKH, 3aT€M I[OJUKHTalOT IUIAMEHEM pacIUIaBIeHHBIH MeTaul cBepxXy. Halmronmaior
ropenue Hatpus. [IpoayKThl OKHCJIEHHsS OCTaBISIIOT MAJsl ClEQyloIlero omnbita. Hammcarts
YpaBHEHHUE PEAKIMY T'OPEHUS HATPUS.
OnbIT 3. B3aumMogeiicTBUe KMCJIOPOAHBIX COeIMHEHN HATPUS ¢ BOAOM. [loyueHHbie B
OPEIbIAYIIEM OIBITe MPOAYKTHl OKHCICHHS HATPUS PACTBOPSAIOT B HEOOJIBIIOM KOJMYECTBE
Boabl. K monmydyeHHOMY pacTBOpY HPUIUTH PAacTBOP HMOAMIA Kajusl MOJKHUCICHHOTO CEPHOM
KHCJIOTON M HECKOJIBKO Karellb pacTBopa Kpaxmaina. HabmogaroT n3sMeHeHne OKpack pacTBopa.
Hanucatb ypaBHeHHE TPOTEKAOIIEH PEaKIIHH.
OnbiT 4. IlosryyeHHe THAPOKCHAA MATHUSL U €r0 PAcTBOPEHHE B KHCJI0TE M B COJIAIX
amMoHusl. BHecTu B Be mpoOupKu 1Mo 3 Kariu pacTBOpa COJIM MarHus M B KKAYI0 U3 HHUX
n00aBUTh 1O 4 Karuld pacTBOpa €IKOro HaTpa. B omHy M3 mpoOUpOK, MOMEIINBas CONEPKUMOe
CTEKJISTHHOW TMal0OYyKOM, MpUOaBUTH MO KamjsM 2 H. PacTBOP COJSHOM KHUCIOTHI 0 IMOJIHOTO
pacTBOpEHHUsl Ocajika, IOJCUMTHIBasi KOJIMYECTBO Kamenb. B Jpyroil mpoOupke TakuM ke
CIocoO0M pacTBOPHUTH OCAZOK TMAPOKCHA MarHus B 2 H. pacTBOpE XJIOpUIa aMMOHUA. B kakom
cillydae JUIsl pacTBOPEHHUsl ocajika morpelyercs Oosbliee KojaumdyecTBo peakTuBa? Hanwummnre
YpaBHEHHUS MPOTEKAIOIINX PEAKIUH.
OmnpbiT 5. Kap6onaTtsl men04Ho3eMelbHbIX MeTaLI0B. [lonyunts ocagku kapOOHATOB
Kanbplusi U O0apusi B3aUMOJICHCTBUEM PACTBOPOB COOTBETCTBYIOIIUX COJIEH C PACTBOPOM COJBI.
HcnpiTaTh OTHOIIEHHE MOJYYEHHBIX KapOOHATOB K COJISTHOW KHCIIOTE, J0OaBIISIsl €€ OCTOPOKHO
0 KaruisaM. 3arucaTh ypaBHEHUS MPOTEKAIOIINX PEeaKIIHA.
OnbIT 6. CyabdaTsl meT109H03eMeIbHbIX MeTaLUIOB. B 1Be npoOupku BHeCTH 1O 2-3
KaIllJTd pacTBOPOB cojeil kamplmsi U Oapusa. B kaxmayro mpoOupky no6aButh mo 3-4 karum
pactBopa cynbdara Hatpus. Uto Habmomaercs? OTMETUTh Pa3IUYHYI0 CKOPOCTh 00pa3oBaHUS
ocankoB. HMcmbITath AeicTBHE COJSHOW KHCIOTHI Ha TMOJYYEeHHbIE Cynb(darhel. 3amucaTh
YpaBHEHHUS MTPOTEKAIOIINX PEaKIUH.
OnbiT 7. XpomMaTsl 1IeJ109HO3eMeIbHBIX MeTANI0B. B nBe mpoOupku BHectu no 3-4
Karid PacTBOPOB Cojiel Kaibliugd W Oapusa. B kaxmayro mpobupky no0aBuTh mo 4-5 kamenb
pacTtBopa xpomara kanus. HaGmromarT BellageHue 0CaIKoB, OTMEUAIOT UX LBET U MCIIBITHIBAIOT
JIENCTBUE Ha HUX YKCYCHOW U COJISTHOM KHMCJIOT. 3aMucaTh ypaBHEHHUS MPOTEKAIOIINX PEAKITUH.
Onpir 8. OkpammBaHue NJIAMEHH  PacTBOpPaMH  COJIeH  INEJOYHBIX H
1IeJI0YHO3eMeIbHBIX MeTaJLuIoB. [IpoBojOYKy C TmeTenbKoW Ha KOHIIE BHECTH B
KOHIICHTPUPOBAHHYIO COJISIHYIO KHMCJIOTY M 3aT€M MNPOKAJIUTh B IJIAMEHU CIHUPTOBKH. Hucras
IIPOBOJIOKA HE JOJDKHA OKpalIMBaTh miamsi. OUHIIEHHYIO POBOJIOKY OIYCTHTh B PacTBOP COJIU
HaTpHUsl U CHOBA BHECTH B IJIaMsi COUPTOBKU. OTMETUTH LIBET IUIAMEHHU U 3amucaTh B TETPAlb.
OnpIT MOBTOPUTH C pacTBOpaMu cojiell Kanusi, 6apus U Kanpuus. llepen KaabIM OINBITOM
MPOBOJIOUKY IMPOMBITh KOHIIEHTPUPOBAHHOM COJIIHOM KUCJIOTOW U 3aT€M MPOKAIUTh.
Ilopsinok paGoTbI:

[ToryuuTs OT mpenojaBaTess 3aJaHue.

BrInomHUTE paboTy COriacHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

Boeutnth oTpaboTaHHBIE pacTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xanue oTyera:

1. Tema u uenb paboOTHI.

HabGnronenust, ypaBHEHHS pEaKIIUN 1O KaXI0W YaCTH pabOTHI.

3. BrIBoBI IO IpOAETaHHOI paboTe.

PN E

N

KoHTpoJibHBIE BOIPOCHI.
1.  OOmas xapakTepucTUKa IIIaBHOM MOArpyMNIibl | rpynmsl (IeI0UHbIE METAILIIBI).
2.  PacnpocTpaneHue B mpupoe U MOJIydeHHUE.
3.  Ousnyeckue M XUMUYECKHE CBONCTBA IIET0YHBIX METAJUIOB.
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IIpumeHneHne, TOKCUKOJIOTUS.
OOm1ast xapakTepUCTHKA IIIaBHOM moarpymnisl || rpymnmsl menoyHo3eMenbHbIe METaIbI).
PacripoctpaneHue B npupoJie U MOITYy4YCHHUE.
Du3nYecKrue U XMMUYECKHUE CBOICTBA LIEI0YHO3EMEIbHBIX METAIIIIOB.
IIpumeHeHne, TOKCUKOJIOT U
Yacrs b. Jaementsl |11 A-rpynnsl nepuoauveckoii cucreMbl M HX COeIMHEHMS.
esab padoThi:
1. U3yuutb XuMH4ECKHE CBOMCTBA AIFOMUHHUS U €I0 COCTUHEHUIA.
Conep:xanue padoThbI:
1. H3yuenue am]OTEpHBIX CBOWMCTB ATIOMHUHHS: B3aUMOJCHCTBHE C KUCIOTaMH U BOJHBIMH
pacTBOpamMH LIENOYEH.
2. HccnenoBanue BIUSHHS XJIOPUI-HOHOB Ha KOPPO3UIO AITFOMHUHUSI.

N gk

IIpubopbl U peakTUBBI:

1. [rarus, npobupku, AepKaTeab A IPOOUPOK, BOJIsHAs OaHsl,

2. Hutpata cepebpa, cynbdara mMeau, cynbdara adroMUHUSA, XJIOPUAA MEIU; CEepHas KHCIOoTa
(koHII.), Boma, (eHondTamenH, 2 H. PacTBOPHI COJITHOM, CEPHOHM W a30THOH KHCIIOT,
TUAPOKCUAA HATpus; KOHLIEHTPUPOBAaHHBIE KHUCIIOTBL: COJIsiHAas, CEpHas M a30THas;
anmoMuHueBas Qosbra,

JKCNepUMEHTATbHAs YaCTh

OnbiT Ne 1. B3anmopeiicTBHe aTIOMHHUS ¢ KHCJIOTaMU.

A) Bzaumooeiicmeue anromunusa ¢ pazoagieHnvimu Kuciomamu. B Tpu npoOUpKU BHECTH
no 5-8 kamenb 2 H. PacTBOPOB KHCIOT: COJISIHOM, CEpHOM, a30THOH. B kaxiayro mpoOupky
ONYCTUTh MO MAaJEHbKOMY KYCOUKY allOMUHHEBOH (onbru. Bo Bcex nu cilyyasix mpoTekaeT
peakmusi Ha xosony? Harpers mpoOupku Ha BoasHON Oane. Uto naOmromaetcs? Hamwmcartpb
ypaBHeHMs peakuuid. Kakoil ra3 BelgenseTcst npu B3auMOJCHCTBUN allOMUHUS ¢ pa30aBiIeHHOM
a30THOM kucaoToi? C paz6aBieHHBIMU CEPHOM U COJISTHOM?

b) Bzaumoodeiicmeue antomunusn ¢ KOHYUeHMpUpoBanHvIMu Kuciomamu. B Tpu npodbupku
BHECTH 10 5-8 Kalelnb KOHLEHTPUPOBAHHBIX KHUCJIOT: COJISHOM, CEpHOW, a30THOW. B kaxmyro
MPOOUPKY OMYCTUTH 1O MaJIEHHbKOMY KYCOUKY altoMUHUEBOU (onbru. Kak mpoTekaroT peakuuu
Ha xosony? C kakoil kucnotoil amoMuHuii He pearupyer? Ilouemy? Harperb mpoOupku Ha
BoAsiHOM Oane. Kak Bimsier HarpeBaHue? HammcaTh ypaBHEHHMS peaklui, YUUTHIBas, 4TO MPH
HarpeBaHUM a30THas KUCJIOTa BOCCTAHABIMBAETCS B OCHOBHOM JI0 IMOKCUJA a30Ta, a CEpHas J10
CEpHUCTOr0 Tra3a Ha XOJOQy M YacTUYHO CBOOOJHOW cepbl NpHM HarpeBaHuu. Brusier nu
M3MEHEHNE KOHIICHTPALMK COJISTHOM KUCIIOTHI HA XapaKTep €€ B3aUMOAECUCTBUS C aIFOMUHUEM?

OneiT Ne 2. PacrBopeHHe aJIlOMHHUSI B BOJHOM pacTBOpe miejo4ud. Buectn B
IpOOUPKY MOJIOCKY alFOMUHUEBON (onbru u 1006aBuTh 3-4 karum Boasl. Harpets npoOupky Ha
BosiHOM Oane. HaGmromaetcst nmu Beifenenne Bogopoaa? Jlo6aBuTk B mpoOUpKy 5-8 kamens 2H.
pacTtBopa eaxoro Harpa. OTMETUTh MHTEHCUBHOE BbIAEIEHHE BoAopoaa. OTCYTCTBUE peaklMH
AITIOMHUHHS C BOJON OOBSCHSETCS HAJIMYMEM Ha €ro MOBEPXHOCTH IUIOTHOW OKCHUIHOMW IJICHKH,
KOTOpasi 3aTpy[HseT JOCTYN BOJOPOAHBIX HMOHOB K IOBEPXHOCTH Mertamia. JloGaBneHnHas
[IeJIOYb PAcCTBOPSET OKCHUIHYIO IUIEHKY C OOpa30oBaHMEM THIPOKCOAIIOMHHATa M CO3/aeT
BO3MO>KHOCTb HETOCPEICTBEHHOTO B3aUMOJIEHCTBUS allOMUHHUA ¢ Boloi. HamucaTte ypaBHEHMS
peaKkui.

OnbiT Ne 3. BuausiHue XJIOPpUA-MOHA HAa KOPPO3MI0 ajqoMHMHus. B aBe mpoOupku
MIOMECTUTH N0 KYCOUKY aJFOMUHHUS U 100aBUTH B OJIHY M3 HUX 5-8 Kamenb cyinbdaTta Meau, a B
JPYryI0 - CTONBKO e pacTBopa xjopuia Mead. OTMETHTh pazIHuYHBIA pe3yabTaT B 00OOMX
cllydasix: B TO BpeMsl KakK B IE€pBOM IMPOOMpPKE aTIOMUHHMM OCTaeTcss mouTH 0e3 M3MEHEHMs, BO
BTOPOH OH OBICTPO MOKPBIBAETCS HaleToM Meau. HammcaTh ypaBHEHHE peaKIvH.

IMopsinok padoThI:

1. TlomyuuTb OT mpemoaBaTess 3a1aHue.
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2. BpIMONMHATE pabOTy COTJIACHO METOJNYECKUM PEKOMEHIAIUSIM.

3. OdopMuUTH IPOTOKOT paOOTHI.

4. BpumTh 0TpaOOTaHHBIE PACTBOPHI, TOCYY BEIMBITE. CliaTh pabodee MecTo.
Conep:xaHue oT4yera:

1. Tema u uenb pabOTHI.

2. HaOmroneHusi, ypaBHEHUS peakIuii Mo KaKI0H 4acTH pabOTHI.

3. BrIBoBI IO IpOAETaHHOI paboTe.

KoHTpoJibHbIE BOIPOCHI:
1. Obmas xapakrtepuctuka riaaBHod moxarpynmsl |l rpynmel. PacnpocTpanenue B mpupoje.
[Tonyuenue.
2. Anromunmii. CBoiicTBa u coenuuenus. [IpumMeHenue.

TEMA 3. OBIIASA XAPAKTEPUCTUKA U TOKCHUKOJIOI'US D-9JIEMEHTOB
U UX COEJJUHEHWUN
Yacts A. DiemenTsl |b u |1b rpynnbl nepuoanyeckoii cucTeMbl U UX COeTUHEHUS.
Lean padoTbi:
1. W3yyenwue cBOMCTB Menu U cepedpa U MX COeTUHEHUH.
2. HzydeHue CBOWMCTB IIMHKA U €TI0 COCTUHEHHN.
Conep:xanue padoTbl:

1. HccnenoBanue B3aMMOCHCTBUSA MEIU C KUCJIOTaMU. B3aumMopeicTBue coequHEeHUN Meau ¢
KHCIIOTaMU I1I€JI0YaMH, KOHIEHTPUPOBAHHBIMU PACTBOPAMU aMMHAKa, KOMILJICKCHBIMU
COEIMHEHUSIMU.

2. BzaumopeiicTBue HuUTpaTta cepeOpa ¢ LIeT0YaMM, KMCIOTaMH, COJSIMH TalOTr€HBOJIOPOIHBIX
KHCJIOT, THOCYJIb(ATOM HATPHUS.

N3yuenne cBOMCTB Men U cepedpa U UX COCJUHEHMI.
IIpudopsl U peakTUBBI:

1. Xumuueckue cTakaHbl, IPOOUPKHU, UIIETKH, ITATUB.

2. PactBOpnl cymbdara Mmemu, THAPOKCHIA HATpUs, HOAMIA Kaius, OpoMHaa Kaiwus,
THOCYNb(aTa HAaTpus, KapOoHaTa HaTpus, rexkcarranodeppara (11) kanus, CoasTHON KUCTOTHI,
CEpHOI KHCJIOThI, aMMHakKa, HUTpara cepeOpa; 2 H pacTBop XJI0pOBOJOPOIHOIN KHUCIIOTHI,
KOHLEHTPUPOBAHHBII BOJHBINA PACTBOP aMMHAKa.

JKCNepuMeHTAIbHAA YacTh

Omnbit 1. U3yyenue CBOMCTB MeIM U €€ COCIMHECHHU.

a) B xuMuyeckoM cTakaHe CIMBAIOT MpHU MepeMelIMBaHUM NpuOIu3uTensHo mo 10 mi
pactBopoB CuSO4 u NaOH.

Ocanox aensar Ha 4 mpooupku. [lepByro mpoOHUpPKY OCTOPOKHO HATPEBAIOT.
Bo BTOpYIO npuinBaioT 2H. pacTBOP XJIOPOBOJOPOIHOMN KHCIOTHI,
B TPETHIO — KOHIIEHTPUPOBAHHBIN BOAHBIN pacTBOp amMuaka. Yro Habmonaere?

6) B npoOupky nHamuBatoT pactBop CuSO, m mobapnstoT pactBop momuaa kamus Ki.
Ha6monaror ocaxnenue noauna meau (1) Cul, okpacky KOTOpOro MackMpyeT BBIICIUBIIANCS
uon lp. JIng ycraHoBIEHMS OKpackH ocajka J00aBISIOT HECKOJIBKO Kallelb pacTBOpa
tuocynbgarta Hatpus NaxS;0s. K ocaaky Cul noGaBisitor B M30BITKE pacTBOp THOCYJIb(ara
Hatpus Na,S;03. HabmonatoT pacTBopeHue ocajka.

B) B mpobupky nHamuBaror pactBop CuSO,; w J100aBISIOT pacTBOp KapOOHATa HATpPHUS
Na,COs;. Habmiomaror o0Opa3oBaHue oOcajka, KOTOPBIH COCTOMT €3 OCHOBHBIX COJICH
IIEpPEeMEHHOTO COCTAaBA.

r) B nmpobupky npunusarot pactBop CuSO, 1 1o KarisiM 100aBIAI0T KOHIIEHTPUPOBAHHBIN

BOJHBIN pacTBOp ammuaka NHs. Uro nHabmrogaere?
n) KadectBeHHas peakums Ha CU’'. K pacrBopy CuSO, [06GaBIsioT HeGOIBIIOE
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KonmyectBO pacrtBopa rekcammanodeppara (Il) kamus Kjy[Fe(CN)g]. Bsimemsercst ocamok
rekcanmanodepparta (1) meau (1) Cu[Fe(CN)g] . densat ocanok Ha 4 MPOOMPKU U UCIIBITHIBAIOT
neiicrBue Ha ocagok HCI, H,SO,4, pacrBopa NaOH u Bognoro pacrsopa ammmaka NHjz. Urto
HaOmonaere?

OmnpIT 2. U3yuyeHune cBOMCTB cepedpa M ero coeMHeHuI.
a) B nmpoOupky BHOCAT 2-3 karum pactBopa AGNO;3; u mpubaBisioT B M30BITKE pacTBOP
NaOH. Ha6mtonaroT o6pazoBanue Ag;0.
6) B nBe npoOupku Hanuatot 1o 3-4 xarum pactBopa AGNO; 1 106aBIISIOT IO HECKOIBKO
karnenb HCI. Habmonaror Beiaencuue 6eaoro ocaaka AgCl.
B omny mnpoOupky mnpunuBaioT BOAHBIA pactBop ammuaka NHs, B 1pyryoo - pactBop
tuocynbdata Hatpus Na S,03. HabnrogaroT pacTBopeHue ocajika.
B) B naBe npo6upku nanmusatot pactBop AGNO3. B ogny nobasnstot pacteop Kl, B npyryro
— KBr. Kaxxnprit ocaiok neisT Ha 2 TpoOUpKH.
Jo6assitoT BoHbIN pacTtBop ammuaka NH3 B 1 mpobupky ¢ Agl u B Inpobupky ¢ AgBr. B
o0eunx Ju MpoOUpKax MPOUCXOAUT PACTBOPEHUE OcaKa?
B ocraBmmecs mnpoOupku mnpuiauTh pactBop THOCcynbdara Hatpus NaS;03. Yro
HaOrogaere?
KoHTpoJibHBIE BOMPOCHI.
OO01mas xapakTepucTHKa MoO0YHOM moArpynms! | rpymsl (moArpynmna Meau).
Pacnpoctpanenue B mpupojie U NoaydeHue.
Ou3nyecKkue 1 XUMUIECKHE CBONCTBA.
[Tpumenenue, HanboIee BaXKHBIE COCMHEHNUS MEIU, cepedpa 1 30J10Ta.
OxapakTepu3yiiTe OTHOILIEHHE Menu, cepedpa u 3070Ta K paz0aBICHHBIM W
KOHIICHTPHPOBAHHBIM PAacTBOpPAaM KHCIIOT, K pacTBOpaM Iienouyeld u coseil. Hamumure
ypaBHEHUS COOTBETCTBYIOIIUX PEAKIINH, YKAKHUTE YCIOBUS UX OCYIIECTBICHUSI.
6. Kakue peakuwum mpoTekalOT TMpPH PACTBOPEHUU 30JI0Ta B «IIAPCKOW BOJKE», B
KOHIICHTPUPOBAHHOMN COJISTHOM KHCIIOTE, HACBHIIIIEHHOW XJIOPOM, B CEJICHOBOW KUCIIOTE?
7. Uem oObsicHAeTcs 00pa3oBaHME 3€lICHOTO HajeTa Ha MEIHBIX H3ACNUSX W TOYepHEHHE
cepeOpSHBIX MPEIMETOB IPH JUTUTEIHPHOM TPpeObIBAaHUN UX Ha Bo3ayxe? Hammmmmre ypaBHEHUS
COOTBETCTBYIOIINX PEAKITHIA.

agrwbdE

luHK u ero coeMHeHUA
IIpudops! U peakTUBbI:

1. [rarus, npoOUpKU, TUNETKH, MUKPOIINATENb, CIUPTOBKA, J€PKATEINb Ul TPOOUPOK.

2. llunKoBas MbUIb, 2 H PACTBOPHI CEPHOM M COJISIHOM KUCIIOTHI, 2 H pacTBOP TMAPOKCHIA HATpHs, 1 H
pacTBOpP COJITHOM KHCIIOTHI, 2 H pacTBOpP aMMHUaKa, KOHIIEHTPUPOBAaHHAs CepHasi KUCI0Ta, pacTBOP
COJIM IIMHKa (J1100ast pacTBOpHUMAs), HACHIILIEHHBIN pacTBOp CyIb(puaa aMMOHHMS, COJIb LIMHKA (Kp.),
BOJ1a, JJAKMYC.

JKCIEePUMEHTAJIbHASA YACTh
OmnpiT 1. PacTBOpeHre IMHKA B KHCJIO0TAX H LIEJ10YAX.

Hamute B mpobupky 4-5 kamenb 2 H. pacTBOpa CEpHOM KHCIOTHI, [100aBUTH |
MUKPOILTIATENb [TMHKOBOW MBUIM U CJerkKa MoJorpeTh. To ke nmponenarb ¢ KOHUEHTPUPOBAHHOMN
CepHON KHUCIIOTOM M 1O 3amaxy ONpeNeNUuTh BBIIEICHHUE CEPHUCTOro rasa. TakuMm e o0pazom
IIPOBEPUTH PACTBOPUMOCTH IIMHKA B 2 H. paCTBOPE COJSHOM KUCIOTHI U B 2 H. PaCTBOPE €IKOH
menouyn. Onucath Habmomaemoe. [louemy paszOaBineHHas W KoHueHTpupoBaHHas H,SO4 mo-
pasHOMYy pearupyroT ¢ IuHKOM? Kakoii aToM M B KakOW CTENEHU OKHUCICHHUS SIBISETCS
OKHUCJIUTEJIEM B TOM U B IpyroM cirydae?

OmnpIT 2. 'uapoKcHa HIMHKA U €ro CBOiCTBA.

Hamute B aBe mpoOupku mo 3-4 Kamim pacTBOpa CONM IIMHKA. B KaxkIyio mpoOupky

N00aBJIATE 2 H. pPacTBOpP €AKOM WIEJIOYM A0 HOSABICHHsS O€l0ro CTYIAEHHUCTOrO OcajKa
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TUAPOKCHIA LMHKA. McnpITaTh OTHOIIEHUE MOJYYEHHOIO THAPOKCUAA K KUCJIOTaM M 1IeJIodaM.
Kakoli BBIBOJ MOXKHO CJIeNaTh O CBOMCTBAX ruapokcuaa nuHka? Hanucate ypaBHEHMs peakuil
B MOJICKYJIIPHOM ¥ MOHHOU (popmax.

Onsit 3. Cynb¢pua nuHKa.

B mpoOupky momectutrh 3-4 Kamid pacTBOpa COJMM LIMHKA M J00aBUTh 2-3 Karuiu
HACBHIIIIEHHOTO pacTBopa cyibduna amMMoHHs. OTMETHTH IBET 0Opa30BaBIIErOCs OCaAKa M
no6aBuTh 1 kamis 1 H. pacTBOpa COJITHOW KHUCIOTHL. YTo mpomcxoaut? Hammcath ypaBHEHUS
peaKuui.

OnpIT 4. I'uaposu3 coJieil MUHKA.

[TomecTuTh B IPOOMPKY HECKOJBKO KPUCTALUTMKOB COJM IIMHKA W PACTBOPUTH MX B 1-2
Karsix Bozbl. J{oO6aBuTH B mpoOHMpKy 2-3 Karuid pacTBOpa JakKMyca W cierka mojaorperb. Bo
BTOPYIO MPOOUPKY HAMUTH 2-3 KAl pacTBOpa Jiakmyca W 1-2 Karui BOJABI M CPAaBHUTH I[BET
COJIEP’)KUMOT0 3TOM MPOOUPKHM € OKpacKOW MOJYYeHHOro pacTBopa. Ha kakyro peakuuio
YKa3bIBaeT I[BET JIaKMyca B pacTBope cond IuHka? HamucaTe B MOJIEKYJISIPHOM M HMOHHOU
dbopMax ypaBHEHHUS MIPOLIECCOB, BHI3BIBAIOLINX U3MEHEHNE OKPACKH JITAKMYcCa.

OneIT 5. AMMHAYHBIH KOMILIEKC IIMHKA.

B npoOupky nomecTuTh 1 Kario pacTBopa CoJid IMHKA U JJOOABUTH 2 Kariv 2 H. pacTBOpa
ammuaka. Ocasok Kakoro BemiectBa oOpazoBaics? K moiiyueHHOMY pacTBOpY IMpPHIMBATH I10
KaryisiM U30BITOK pacTBOpa aMMHaka J0 pacTBOpEHHUs ocaika. HamucaTth ypaBHEHUs peaklui,
cyMTasi, 4YTO KOOPJIMHAIIMOHHOE YUCIO MOHAa ImHKa 4. Hamucath ypaBHEHHS IUCCOIMAIIUU
KOMILJIEKCHOTO CO€JUHEHUSI U KOMIUIEKCHOTO HOHA.

KouTtpoJibHbIe ONPOCHI:
1. Xummus sneMeHTOB moOo4YHOU moarpynmsl I rpynmsl mepuoanyecKoil cuctemsl (OArpyIna
[IMHKA).
PacnipoctpanenHocTs B npupojie. OCHOBHBIE MUHEPAJIBI.
DU3UKO-XMMUYECKHE CBOMCTBA MPOCTHIX BelIEeCTB. [onydeHre mpoCThIX BEIIECTB.
XuUMHS BOAHBIX PaCTBOPOB.
OKcuabl ¥ THAPOKCUIBI.
Conu. KoMIIeKCHBIE COETMHEHUS.
Ilopsinok paGoTbI:
[TosyuuTs OT mpenojaBaTess 3aJaHue.
BBIMOTHUTE paboTy COTTIaCHO METOUYECKUM PEKOMEHIAIIHSIM.
OdopmMuTh MPOTOKOI pabOTHI.
Beutnth oTpaboTaHHBIE PACTBOPHI, MOCYYy BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oTuyera:
1. Tema u uenb paboTHI.
HabGnronenust, ypaBHEHHS pEaKIIUN 1O KaXI0W YaCTH PabOTHI.
3. BBIBOJBI 1O poIeIaHHOMN paboTe.

ook wn

oSS

N

Yacrtp b. DiemenTsl no604yHoi noarpynns VI rpyninsl nepuoau4eckoi cucTeMsl.
«H/3yyeHune cBOMCTB XpOMA U €ro COeAUHEHU I
Lean paboThi:

1. U3yuuth XuMUYECKHE CBOMCTBA XpPOMA U €r0 COSIUHEHHH.
2. OzHakomileHHE C JTJaOOPaTOPHBIMU CIOCOOAMHM TOJYYEHHUSI OKCHJIOB, THAPOKCUIIOB U COJIeiH

Xpoma.

Coaep:xanue padoThI:

1. Tlonmyuenme okcuma xpoma. [lonyueHne u ucciaeOBaHUE XUMHUYECKUX CBOMCTB THIPOKCHIA

xpoma (11).
2. TlomydeHune MaiopacTBOPUMBIX XpOMATOB Oapus, CBUHIIA K cepedpa.
3. MHccrnenoBanue OKUCIUTEIBHBIX CBOMCTB XPOMATOB M JUXPOMATOB.
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IIpudopsbI U peakTUBBI:

1. Hlrarus, npoOUpPKH, TUIETKHU, AEP>KATEIb ISl IPOOUPOK, CIUPTOBKA.

2. buxpomar ammoHus (Kp.), pacTBOpbl XpomaTa W Ouxpomara Kaius, XJopuzaa Oapus, HUTpara
CBUHIIA, HUTpaTa cepeOpa, MOAMJA Kajus, ; Kpaxmal, 2 H pacTBOp T'MJIpOKCHJIa HaTpus, 2 H
pPacTBOP COJISIHOM KUCIIOTHI, 2 H paCTBOP CEPHOM KHCIIOTHI, COJISIHAsA KUCIOTA (KOHIL. ).
JKCNepuMeHTAIbHAA YaCTh

Omnpit 1. ITosryyenue oxkcuaa xpoma.

B npoOupky momecTuTh HEOONBIIOE KOJIMYECTBO OMXpOMaTa aMMOHHS M OCTOPOXKHO
Harpeth. HaOmiomaercsa OypHoe pasnokeHue coiid. Kakod LBeT MMeeT MOTy4YeHHBIH OKCHJT
xpoma (lll)? Hanucars ypaBHEHME peakluu pa3ioXKEHHUs, YYUThIBAas, 4YTO OJHOBPEMEHHO
00pa3yroTcs a30T U BOJA.

Omnpit 2. [oayuenue u cBoiictBa ruapoxcuaa xpoma (I11).

[Tonyuuts B ABYX mpobupkax runpokcu xpoma (111) B3aumonelictBueM pacTBopa Xjiopuaa
xpoma (II) (3-4 xammm) ¢ 2 H. pactBopoMm mienoun (1-2 karum). Mcnbitath OTHOLICHHE
TUIPOKCUA XpOMa K KUCIOTE U K U30BITKY IIEJIOYH, Ui Yero J00aBIsATh B OJHY MPOOUPKY MO
KaIjIsiM 2 H. pacTBOpP COJISHOM WJIM CEPHOM KHUCIOTHI, B JAPYTyl0 — 2 H. pacTBOp WIEJIOYU JO
pacTBopeHHs ocajka. Hammcarh ypaBHEHMsI peaklUid, y4UTHIBas, YTO MpPH B3aWMOJACHCTBUU
THPOKCHA XPOMa C KHCIIOTOM U CO MIEI0YbI0 [TOTydaeTcsi KoMIUIeKcHbI annon [Cr(OH)4]*.
OmnbiT 3. XpoMaTbl 1 OMXPOMATHI.

a) nepexod xpomama kKanua 6 ouxpomam. K pactBopy xpomara kamusi (3-4 xarum)
npuOaBisATh MO KamuisiM 2 H. pacTBOpP CEpHOM KHUCIOTHL. OTMETHTh OKpacKy B3SITOTO M
IIOJIyUEHHOT'0 pacTBOPOB U YKa3aTh, KAKUMU MOHAMH 3TH OKpacku oOycnasiuBaroTcs. Hanucars
YpaBHEHUE PEAKLIUH.

0) nepexoo ouxpomama kanusa ¢ xpomam. K pactBopy Ouxpomara kamus (3-4 Karuim)
npubaBisATh MO KaIlasM pacTBOp IIENOYM JI0 W3MEHEHHUs OKpacku. HamucaTh ypaBHeHHE
peaKkIuu.

OnbiT 4. IlosydyeHue MaJI0pacTBOPUMBIX XPOMATOB Oapusi, CBUHIIA U cepedpa.

B Tpu mpobupku ¢ pacTBopoMm Xpomara Kamus (2-3 Karim) mpuOaBuTh M0 2-3 Karuu
pacTBOpOB: B MEPBYIO — XJIopuaa Oapus, BO BTOPYIO — HUTpaTa CBUHIA, B TPETbIO — HHUTpaTa
cepebpa. OTMeTUTH 11BeTa 0caiKoB. HamucaTh ypaBHEHUS peaKiiid.

OmnpIT 5. OkHMCANTEIbHBIE CBOMCTBA XPOMATOB.
a) oxucinenue uoouoa kanusa. K noakucieHHoMy cepHoii kucnotoi (1 kammsi) pacTBopy
ouxpomarta kamusi (4-5 kamenb) n00aBuTh 3-4 Kamiu pactBopa uoauaa kKamus. OTMETUTh
U3MEHEeHHe OKpacku. JlokazaTk C MOMOIIBIO PacTBOpa Kpaxmala BbleJIeHHe CBOOOJHOrO iofa,
JUISL 4ero B MpOOHpKY C 5-6 KaruisiMM Kpaxmajia BHECTH OJHY KaIlIl0 MOJYyYEHHOTO B OIBITE
pacTBopa. Hanucars ypaBHeHUs peakiuil.
0) okucnenue conanou kucnomsl. K pactBopy Ouxpomara kanms (1-2 xamim) npuOaBuUThH
10-12 kamenb KOHLIEHTPUPOBAHHOM CONAHOM KUCIOTh. CMech HarpeTh /10 Iepexoia OpaHKeBOi
OKpackH B 3esieHyr0. OTMeTHuTh BblIeneHUE ra3a. Kakoi ras Beienserca. Hanucare ypaBHEHHE
peaxkuu.
Ilopsinok paGoTbI:

[TosryuuTh OT mpenojaBaTess 3aJaHue.

BbInoHUTE paboTy COrIaCHO METOANYECKUM PEKOMEHIALIUSM.

OdopmMuTh MPOTOKOI pabOTHI.

Bbututh oTpaboTaHHbIe pacTBOPHL, MOCYy BEIMBIT. CaTh pabouee MecTo.
Conep:xkanue oruyera:

1. Tewma u uenb pabOTHI.

Habmionenus, ypaBHEHUS peakiuil o Kakaoi 4acTu padoThI.

3. BbIBOBI 110 TIpOIETIaHHOM padoTe.
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KoHTpoJibHBIE BOIPOCHI.
XUMUS 3JIEMEHTOB TOOOYHOM noArpynnsl VI rpymimel nepuognyeckon CUCTeMBI (ITOArpyIa
XpoMma).
Pacnpoctpanennocts B mpupoje. OCHOBHbIE MUHEPAJIBI.
Ou3MKO-XUMHUYECKUE CBOoMcTBa MeTailioB. [lonyuenue xpoma, MonubeHa u Bosibppama.
XHUMHS BOAHBIX PaCTBOPOB.
OKcuabl ¥ THAPOKCHIBI.
Conu. KoMIiekcHble COeTMHEHUS.
[Touemy mpu B3aMMOJEHCTBUM coyiell Oapusi ¢ pacTBOpaMU Xpomara M JUXpomaTa Kallus
BBINAJIAI0OT OCAJKH OJMHAKOBOTO cocTaBa? Paccmorpure okuciutenbhble cBoiictBa KoCrO7
npu pa3muHbIX pH pacTBOpoB.

=
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Yacrte B. [lo0o4yHasi moArpynmna ceabmMoii rpynisbl NepuoAN4ecKOl CHCTEMbI.
Mapranen u ero coefuHenus’’
eab padoThI:

N3yuenne XMMUYECKUX CBOMCTB COCIMHEHUM MapraHia.

O3HakomiieHHEe ¢ Ja0OpaTOPHBIMM CIIOCOOAMHU IOJYYEHHMsS MaJOpacTBOPUMBIX —COJel

mapranua (I1) 1 u3yueHune ux XMMUIECKUX CBOMCTB.

Conep:xanue padoTbl:

HccnenoBanue OKUCIUTEIbHBIX CBOICTB coseit Mmapranua (1) ¢ amomunneM.

HccnenoBanre OKHCIUTEIBHBIX CBOMCTB coeauuenuii mapranma (VII).

[Tomyyenue runpokcuaa mapranua (1) u uccnenoBanue ero XUMUYECKUX CBOMCTB.

[Tony4yenue xpomara Maprasia, kapboHaTta MapraHiua, cyiabpuaa Mapraiia 1 uccie10BaHne

XUMHYECKHX CBOMCTB 3TUX COCIMHEHHM.

IIpudops! U peakTUBbI:

1. [lratuB, mnpoOUpKH, THUNETKH, CTEKISIHHAs  Majlouka, MHKpOLINareilb, CHUPTOBKA,
npoOupKoiepKaTeb,

2. PactBop conu mapranma (I1), anromunueBas ¢posbra, 2 H pacTBOP THAPOKCHIA HATPHS, 2 H PaCTBOP
CepHOW KHUCIIOTBI, PaCTBOPBI XpoMaTa Kanus, kapOoHaTa HaTpus, Ccyabpuaa aMMOHHMs, cyibdara
mapranmna (lI), pactBop mnepmanranata kamus, cyibut Harpus (kp.), 10%-HOro pactBOp
NEPOKCHJIA BOJIOPOAA, 3THUIIOBBIN CIIUPT.

JKCNepUMEHTAJIbHAS YaCTh
OmnbiT 1. Boccranosienue coiu mapranua (11) amomunnem
Hanuts B mpobupky 5-8 xanenb pactBopa conu maprasia (1) u omyctuts B Hero Kycouek
amomunueBoi  ¢oneru  (5x30 mm). Yepe3 HekoTopoe BpeMs HaONOJaTh BBIACICHHUE

METAJIJIMYECKOT0 MapraHiia Ha MOBEPXHOCTH antoMuHMs. HanrcaTs ypaBHEHUE peakluu.

OnsiT 2. T'uapoxcug mapranua (I1) u ero cBoiicTBa

B nBe mpoOupku BHecTH o 3-4 kamnu pactBopa conu mapradua (1) u mo 2-3 xarum 2 H.
pactBopa mienoun. KakoB et nosyuusIierocst ocajaka rujgpokcua mapranua (11)? Pazmemars
0CaJIOK CTEKJISHHOHM IMajJOYKOM M OTMETHUTh €ro MoOypeHHe BCIEACTBUE OKHCIIEHHS MapraHia
(I mo Mn (IV). Bo BTOpy!0 MpOoOUpPKY C OCaTKOM I'HIPOKCHA MapraHia 100aBuTh 2-3 Karum 2
H. pacTBOpa cepHoil kuciaoTel. Uto Habmonaere? Kakue cBoicTBa XapakTepHBbI ISl THAPOKCHIA
Mn (Il)? Hammcare ypaBHEHWs peakimid: a) moinydeHus ruapokcuaa mapranma (I1) m ero
OKHCJICHUHS KUCIOPOJOM BO3ayXa B mpucyTcTBuu Boiasl B MNO(OH),; 6) B3ammoneiicTBus
TUAPOKCUAA MapraHiia C CEpHOW KMCIOTOM.

Onpit 3. [ToJiyyeHre HEKOTOPHIX MAJIOPACTBOPUMBIX coJiei Mmapranua (11)

B 1pex npobupkax moiay4duTh: a) XpoMmar Mapraiua; 0) kapOoHaT MapraHia; B) cyibhus
MapraHia B3aUMOACHCTBUEM Xpomara Kajus, KapOoHaTa HaTpus U CyiabQuaa aMMOHMS C
cynbdarom mapranua (I1). PactBopsr Opate no 3-4 xammu. OTMETUTH 1BeTa 0cagkoB. PacTtBop ¢
0CaZIKOM Cyib(puaa MapraHiia pa3MellaTh CTEKJISHHONW Nanoukoil. OTMETUTh U3MEHEHHUE 1IBETa
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ocaznka. J[06aBuUTh K KaxI0oMy ocaaky 2-4 Kamiau 2 H. pacTBopa KUCIOThl. Caenatb BBIBOJ O
PacTBOPMMOCTH IIOJIYYCHHBIX COJIEM MapraHia B KUCJIOU cpene. HanucaTe ypaBHEHUs peaKLni:
a) TIOJIy4EeHHS XpoMmaTa, KapOoHata u cyib(huaa Maprania; 0) OKHCICHUs Cyabduaa Maprasia
KHCJIOPOJIOM BO3/1yXa B IIPUCYTCTBUH BOJIbl, YUUTHIBAS, YTO HPU ATOM IOJIYYAETCs] TUAPOKCU]]
Mn (IV); B) pactBopeHus xpomara, kapoonata u cynbduaa mapranua (1) B kucmore.
OnbIT 4. OKUCIUTEIbHBIE CBOWiCTBA coequHeHuit mapranua (V11).
a) Bauanue pH cpedwt na xapakmep 6occmanogieHus nepmanzanama.
B 3aBucuMocTH OT cpeibl — KHCIOW, HeWTpanbHOW win imenounoi — mapraner; (VII)
BOCCTAHABIIMBAETCS [0 pa3MYHBIX CTerneHed okuciaeHus. B kucmoit cpene mon MnOy
MEPEXOAUT B HOH Mn®* | B HEUTpanbHOM, ciadomenoyHod u crnabokucnoir — B8 MnO; , B
CHIIBHOILEIOYHOI IPU HEIOCTAaTKE BOCCTAHOBHTEIS — B HOH MNO4%.
B 1pu mpobGupku BHecT mno 3-4 KamiM pacTBopa IepMaHranara kaausd. B ogny
npoOUpPKyY 100aBUTH 2 KaIlIk 2 H. pacTBOpa CEPHON KUCIOTHI, B IPYT'YIO — CTOJIBKO K€ BOJIBI, B
TpeTblo — 3-4 Kamm 2 H. pacTBopa Imenouyd. Bo Bce Tpu mpoOupku mnpubaButh 1mo 1
MUKPOILTATEN0 KPUCTAUIMYECKOTO CyiabhuTa HaTpus uiu Kamuss. OTMETUTh pa3IuvHOe
M3MEHEHUE IEepPBOHAYAJIbHOM OKpAacKu pacTBOpa IEpMaHraHara B KaXIOM ciydae. Yem 310
BbI3BaHO? Hamucars ypaBHEHUS peaKIIHiA.
0) OKucnenue nepmManazanmom Kaiusa nepoKcuod 6000pooa.
B npoGupky BHecTu 3-5 Karens pacTBOpa IepMaHraHaTa Kauus U 2-3 Karu 2 H. pacTBopa
cepHoil kucnotel. JlobaBute 3-4 karmm 10%-Horo pacrBopa mepokcuia Bopopozaa. Kakoil ras
BoiensieTcs? Kak n3mMeHnach creneHnb OKucieHus Maprania? Hamucars ypaBHEHHE peakivu.
6) OKucnenue nepmanazanmom Kaausa CRupma ¢ KUcaoil U wiea04uHoll cpeoe.
B nBe npoOupku BHECTH 10 2-3 KaIlIll pacTBOpa MepMaHTraHara Kanus. B oqny npoOupky
n00aBUTh 2 Kaluld 2 H. pacTBOpa CEPHOM KHUCIOTHI, B JPYIyI0 - CTOJBKO K€ 2 H. pacTBopa
nienoud. B mpoOupKy ¢ MOAKHUCICHHBIM PAcTBOPOM TEpMaHTaHaTa Kailus J00aBUTh 3 Kariu
ATWJIOBOrO crnupTa. PacTBop momorperh MajleHbKMM IIJIJaMEHeM CHUPTOBKH. OTMETUTh
u3MeHeHne okpacku. Kak m3MeHWnach creneHb OKMCIeHHUs mapranna? B apyryro mpoOupky k
IIEJIOYHOMY pacTBOPY I€pMaHraHaTa Takke 100aBUTh 3 Karjiu 3TuiIoBoro cnupta. Habmonats
MOCTENIEHHOE BOCCTAHOBJICHUE MEPMAaHraHaTa CHayaja /10 MaHTaHara, a 3aTeM JI0 JHUOKCH]a
Maprania. OTMETHTHh TIOCIEI0BaTENIbHOCTh HW3MEHEHMsI OKpacku pacTBopa. Hamucats
YpaBHEHUsI PEaKIIMii: BOCCTAHOBJICHUS IE€pMaHraHaTa Kajus CIIUPTOM B KUCJIOW cpelie cHadala
JI0 MaHTaHaTa, a 3aTeM MaHraHaTta — J0 JMOKCHa MapraHiia, yuuTbIBas, 4TO B KaXKIOM Cllydae
CIIUPT OKHUCIISIETCS B abACTHU/L.
Ilopsinok paGoTbI:

[TomyuuTs OT npenoaaBaTes 3aJaHue.

BrImomHUTE paboTy COrlacHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

Boeumnth 0TpaboTaHHBIE pacTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oryera:

1. Tema u uenb paboOTHI.

HabGnronenusi, ypaBHEHHS pEaKIIUi MO KaXI0W 4aCTH PabOTHI.

3. BBIBOJBI 1O poIeTaHHOM paboTe.

PN E

N

KoHTpoJibHbIE BONIPOCHI.
1. Xumus osnemeHToB mnobOouHoi mnoarpynnsl VIl rpynmbl  epHOAMYECKON  CHCTEMBbI
(moarpyrma Maprasiia).
PacnipoctpanenHocTs B mpupoze. OCHOBHbIE MUHEPAJIBI.
DU3UKO-XMMHUYECKHE CBOMCTBA MeTauIoB. [lomyyeHne meTamios.
XuMHS BOAHBIX PaCTBOPOB.
Oxcuapl ¥ THIPOKCHIIBL.
. Conu. KommiekcHble cOeTMHEHUS.
dopma A Crpanuna 46 u3 59
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Hanummre ypaBHeHUs peakiiyii, B KOTOPHIX COCIUHEHHS MapraHila MPOsBISIOT

8. a) okuciauTenpHBIE, O) BOCCTAHOBUTEIBHBIC CBOWMCTBA, B) OKHCIUTCIBHBIE U
BOCCTaHOBHUTENbHBIE OJHOBpeMEeHHO. Kakue coeaMHEHHs MapraHila MOTYT MPOSIBISATH
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHYIO IBOUCTBEHHOCTH?

9. Paccmorpute OKHCJIUTEIbHBIC CBOMCTBA KMnOg4 B Pa3JIMYHBIX cpenax.
Uro mpencTaBistoT coboi mpoayKThl BoccTaHoBleHHSI KMNOy B KUCHBIX, HEUTPaIbHBIX U
niesiouHbIX cpenax? Kak m3MeHseTcss oKpacka pacTBOPOB B IPOIECCE BOCCTAHOBIICHUS
KMnO,?

10. OxapakTepu3yiTe B3aMMOJICHCTBHUE COJSSTHOM KHCIOTBHI C OKcuaaMu Mapranma MnO,

MnO,, Mn;0y. Kak u3 muponro3uta nomyauts KMNnQO4?

Yactsb I'. Daementsl V1B rpynnel nepuoanyeckoii cucTeMbl 3JIEMEHTOB H
ux coeaunenus. Keine3zo, k00aabT, HUKeJIb U UX COETMHEHUSI.

Lean padoTbi:
W3ydyeHrne XMMHUYECKUX CBOMCTB COEIMHEHUH kKele3a, KoOanbTa U HUKES.
O3HakoMJIeHUE C TaOOPATOPHBIMU CIIOCOOAMU TIOJIYYCHHS COCIMHEHUN kKeJe3a, KoOanbTa U
HUKETIS.
Coaep:xanue padoThbI:
IIpoBe/ieHNe KAUeCTBEHHBIX PEaKIHii [0 OmpeeleH o HoHoB Fe?* u Fe**,
[Monyuyenue ruapokcuaa sxenesa (1) u uccnenoBanue ero XAMHYECKUX CBOUCTB.
[Monyuenue ruapokcuaa sxenesa (1) u uccnenoBanue ero XAMUYECKUX CBOUCTB.
HccnenoBanue OKUCIUTEIbHBIX CBOICTB coenuuenuit xemnesa (111).
[Monyuenue komiutekcHoro (ocdara xemesa (I11).
[Monyuenune ruapokcunoB kobambta (1) w Hukens (ll), u3ydyeHMe XUMHUYECKUX CBOWCTB
JTAHHBIX COEAMHEHU.
7. KommuiekcHbie coeIMHEHMS KOOAbTa U HUKEIls, H3yYeHNEe XUMUIECKUX CBOMCTB.
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IIpu6GopsI U peakTUBBI.

1. Hlrarus, npoOUpPKH, TUMETKU, CTEKITHHAS NAJIOUKa, CIIUPTOBKA, JIepKaTelb JUIs IPOOpOK,

2. Comp Mopa, pactBopbl rekcarmanodeppara (Ill) xamms, xmopuma sxenesa  (I11),
rekcaunanodeppata (I1) xanus, HuTpara cepebpa, Moanuaa Kanus, cylbpuTa HaTpuUs, colen
kobanbTa U Hukens; 0,01H. pacTBOp poaaHuga aMMOHMS (WM Kaius), BoJa, 2 H. pacTBOP
THJIPOKCUA HATpUs, 2 H. paCTBOP COJITHOW KUCIIOTHI, KOHIIEHTPUPOBAaHHAsI a30THAsl KMCIIOTA,
2 H. pacTBOpa CEpHOHN KHCIOTHI, 3%-HOTO pacTBOpa MEPOKCHIA BOJAOPOAa, 2 H. pacTBopa
optodocdopHoii kucaoThl, 25% pacTBOp aMMHaKa, pacTBOp Cyib(puaa aMMOHHUS,
JKCNEepUMEHTAIbHAS YaCTh

OmnbiT 1. XapakrepHble peakliui HA HOHBI Fe?* u Fe*

a) leiictBue Ha cosm kesie3a (I1) rekcanuanogeppara (111) kanus

Hanuts B mpobupky 5-8 kamenb pactBopa conu Mopa u a06aBuTh 1 Kamio pacTBopa
rekcanmanodeppara (lll) xamus (kpacHoit kpomsiHou comu Ks[Fe(CN)g]). Otmeruts 1BeT
oOpasoBagiierocsi ocaaka (TypHOyJeBa CHHB), yKa3aTb XHMHUYECKOE Ha3BaHUE W (POPMYIY
TONYYeHHOTO BeliecTBa. JIaHHas peaKiys sBISETCS XapakTepHoil Ha woH Fe?'. Hammcats
MOJIEKYJISIPHOE U HOHHOE YPABHEHUS PEaKIUH.

0) JeiictBue Ha coJn keje3a (111) rekcanuanodeppara (I1) kamus

[Tomectuth B npoOupky 2-3 kamiu pactBopa xjiopunaa xeneza (1) u nob6asuts 1 kammio
pactBopa rekcanmaHogpeppara (1) kamms (kenrorr kposstHOM comm  Ka[Fe(CN)s]). Uro
HaOmogaeTcs? OTMeTHTh 1IBET oOpa3oBaBIIerocs ocaaka (OepMHCKas Jia3yph), YKas3aTh
XMMHUYECKOe Ha3BaHHE U (OPMYIy IMOJyY€HHOTO BellecTBa. Hamucarh ypaBHEHHE peakiiu B
MOJICKYJIIPHON U MOHHOU (hopme.

B) JlelicrBue Ha cojiu keie3a (111) ponanuga ammoHust (MM KaJIusi)
dopma A Crpanuna 47 u3 59
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[TomecTuTh B mpoOUpKy 5-6 karm pactBopa xjopuaa sxeneza (I11) m no6aBute 1 kariro
0,01H. pactBOopa pojaHuga aMMOHUS (WM Kanusi). Takoil ke OMBIT MpojenaTh ¢ PacTBOPOM
comu Mopa. IlepenecTn Kami0 NOJYYEHHOrO B MEPBOH MNPOOHMPKE pacTBOpa B JIPYryIO
npobupky u ao6aButh 8-10 kamenp Bojbl. HammcaTe ypaBHEHHE peakUuH C IMOJy4YCHHEM
Fe(SCN)3, cooOmiammero pacrBopy sSpKO-KpacHyl0 OKpacky. OTMETHTh, YTO OKpacka
xapaktepHa Toibko ans comu skenesza (Il11). Uem oObsicHseTcss ocinableHHEe OKpacKd MpH
pazb6aBieHun?

Onpit 2. l'uapoxcnn xenesza (11)

B mpobupky ¢ 3-4 kamismu pactBopa cosim Mopa ImpriMBaTh 2 H. pacTBOP IIEIOYHU JI0
BBINIQZICHUSI 3elieHoro ocaaka ruapokcuaa skenesa (ll). IlepememaTe monydeHHBINM 0OcCa0K
CTEKJISIHHOW TManoykod W HaOmoAarh 4depe3 1-2 MHHYTHI MOOypeHHE OcajKka BCIEICTBUE
okucienus ruapokcuna xenesa (1) B rumpoxcun sxenesa (111) Fe(OH)s. I[IpoBeputh ONMbITHBIM
MyTeM, KaKk B3aUMOJICHCTBYET CBEXeOoCakIeHHBIM ruapokcun >kenesa (II) ¢ 2 H. pacTBOpoMm
COJISIHOM KHCIOThl. Kakue CBOMCTBa MposBIISICT B 3TOM peakuuu ruapokcuna skenesa (11)?
Hanucare ypaBHeHusi peakuuid: a) oOpasoBanus ruapokcupa kenesa (ll); 0) oxucinenus
MOJIy4YeHHOTO OCHOBaHMs B Tupokcu/ xxenesa (111) mox neiictBuem kucimoposa Bo3ayxa U BOJBIL.

OnpIT 3. BoccTaHOBHTE/ILHBIE CBOCTBA coennHeHuii sxesie3a (11)

a) Boccmanoenenue azomuoii Kuciomol

B nBe mpoOupku HanuTh o 1 M1 pactBopa conu Mopa. B onHy u3 Hux 100aButh 1 Karuio
KOHIICHTPUPOBAHHON a30THOW KHUCIIOTHI, MOJIOTPETh PACTBOP IO MPEKPAIICHUS BBIICICHUS ra3a
U JaTb €My OCTBITh. 3aTeM B 00e mpoOupku nodaButh mo 1 kamie 0,01 H. pacTBopa poaanuaa
amMMmoHus. B kakoil mpoOumpke HaOmomaeTcs KpacHOE OKpAaIIMBaHWE pacTBOpa M IMouemy?
Hanucatp ypaBHEHHE peakiuu, CUMTas, 4YTO a30THasg KHUCJIOTa BOCCTAHABIUBAETCS
npeumyniectseHHO 10 NO.

0) Boccmanosnienue nepokcuda 6000pooa

B nBe npoOupku HamuTh 110 1 Mi1 pactBopa cott Mopa. B oHy mpobupky 106aBuTh 2-3
KaIlId 2 H. pacTBOpa CEpHOM KUCIOTHI U 2-3 Karuu 3%-HOT0 pacTBOpa NEPOKCUIA BOJAOPOIaA.
3areM B 00e pobupku 10o0aButh 1o 1 xarute 0,01 H. pacTBopa pogaHuaa aMMoHus. B kakoit
poOupKe HaOII01aeTcsl KpacHOE OKpaltuBaHue u nmoueMy? [IpoBepuTh OMBITHBIM MyTEM, KaK
MPOTEKAET BOCCTAHOBJICHHE MEPOKCHIa BOJopoaa conbio xkene3a (1) B menounoii cpene.
OtmeTHuTh BhINIaZIcHHE ocanika ruapokcuaa xkenesa (111). Hanucats ypaBHEeHUS peakiuii.

B) Boccmanosnenue numpama cepeopa

[Tomectuts B 1BE mpobupku 1o 1 mut pactBopa conu Mopa. B onny U3 HUX 106aBUTH 6-7
Karesib pacTBOpa HUTpaTa cepedpa U cierka HarpeBaTh HeOOJIBIINM TUIAMEHEM TOPEIKH, He
JIOBOJIS )KUJIKOCTH J10 KumieHus. Ha kakoii mpoliecc ykas3pIBaeT MOSIBICHNE HAa BHYTPEHHHUX
CTeHKaX MpoOupku cepedpstHOro 3epKana? OxiaauB npoOUpKy, 100aBUTH B HEE U B
KOHTPOJIbHYIO TpoOupKy 1o 1 karute 0,01 H. pacTBopa pomanuaa ammonus. B kakoii mpoOupke
HaOJIF01aeTCs OKpaIIMBaHKUe U modemMy? 3anmucarh ypaBHEHNE PeaKilui BOCCTaHOBIICHHSI HUTpaTa
cepedpa coubto xenesa (11).

Onbit 4. F'uapoxcnn xeneza (111)

B nBe npoOupku BHecTH 1o 5-6 kamnens pacTtBopa xjopuna xxernesa (I11) u nod6asuts no 3-4
Karum 2 H. pacTBopa menoun. Uto Habmomaerca? B oaHy nmpobupky m106aBuTH paz0aBiIeHHON
KHCJIOTHI JI0 PAaCTBOPEHMs OCajKa, BO BTOPOW MpOOMpPKE MPOBEPUTH PAaCTBOPUMOCTH OCa/Ka B
nienoun. Hanmcars ypaBHeHUs peakiiuii: a) B3aumoeiicTBus xyuopuaa xxenesa (111) ¢ pacrsopom
nienour ¢ oopazoBanueM ruapokcuna xenesa (l11); 6) pactBopenus runpokcuna xenesa (I11) B
KHCTIOTE.

OnbIT 5. OKUCAUTETbHBIE CBOWCTBA coequHeHuil keme3a (111)

a) OKuclienue uoouoda Kanus

B npobupky ¢ 3-4 karusimu pactBopa FeCls mobaButh 1-2 karm pacTBopa HOAWAA Kausl.
B kakoii iBeT u nmouemy okpaimBaeTcs pactBop? Hanmucars ypaBHEHHUE pEaKIIUH.
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0) OKkucnenue cynvpuma nampus

B npo6upky ¢ 3-4 xamsmu pactBopa FeCl; 106aBUTh HECKOIBKO KPUCTAJUIUKOB CyJib(uTa
HaTpud. [Ipu sTOM BHavane mnosBisercss Oypo-KpacHOE OKpallMBaHUE BCIEACTBHE 00pa3oBaHUs
MasioyctoiunBoro cynsguta xenesa (l1), koropoe mcueszaer npu HarpeBaHuu. YOeauTbCA B
BOCCTAHOBJICHMM Xkese3a 1o crteneHu okucienus +ll. Kakoil peaktuB crnemgyer ans 3Toro
npuMeHnTh? HammcaTh ypaBHEHUS peakUUU OKUCICHUS CYlIb(HUTa HATPHUS XJIOPHUIOM XKele3a
(1), yauTsIBast, YTO B peakilii MPUHUMAET yUacTHE BOJA.

OnbiT 6. KommiekcHble coeaunenuss axene3a (l11). IlosydyeHue KOMIIEKCHOTO
docdara xeaesa (111).

B npo6upky c 3-4 kamsimu pactBopa FeCls no6asuts 1 kammo 0,01 H. pacTBOpa ponaHuga
aMMOHHUS M 3aTeM 2 Kamim 2 H. pactBopa (ochopHoit oprokucioTsl. UTo HaOmromaeTcs?
VuuTBIBas, 9TO YCTOWYHMBBIN KOMIUIGKCHBIH moH [Fe(PO4)2]® GecuBereH, OGBACHUTH
Ha0II0/1aeMOe SIBICHUE U HAIlMCaTh YPaBHEHHE COOTBETCTBYIOIICH PeaKIuu.

Onpit 7. F'uapokcuanl kodaabTa (1) m nukens (11).

a) Ilonyuenue zuopoxcuoa kovanvma (11) u ezo oxucnenue.

B nBe mpoOupkum momecTuTh 1Mo 2-3 Kaluld pacTBOpa CONM KOOalbTa W JOOABIATH I10
KaIlJIiM pacTBOP €IKOM IIENOYHr; CHauaia MOsBISIETCS CHHUN OCaJ0K OCHOBHOM COJIM, KOTOPBIN
3aTeM CTAaHOBUTCS PO30BBIM, UTO yKa3bIBa€T Ha oOpa3zoBaHue ruapokcuaa kodansra (11). Ocamok
B OJIHOM IpOOHpKE THIATETHHO pa3MelaTh CTEKJISIHHON Malloukod, a B APYryro NpubaBuTh 2-3
karu 3%-HOTo pacTBOpa MepoKcHaa BOAOpoAa. B kakoil u3 mpoOHpoK HAOII0JaeTCsl OKHCIICHHE
ruapokcuaa kobansTa? Hamucath ypaBHeHus peakiuii. CpaBHUTH MOJTYYEHHbBIE PE3YJIBTATHI C
pe3yabTaTom ornbiTa 2. Kakoit HoH sBisieTcst 60J1ee SHEPTUYHBIM BOCCTAHOBUTEIIEM: Co** u Fe?*?

0) IMonyuenue cuopokcuda nuxenn (11) u ezo oxucnenue.

B Tpu npoOGupku moMecTuTh 1o 2-3 Karuld pacTBOpa COJIU HUKENS U J00ABNISTH MO KarlisiM
pacTBOp €IKOM Iieno4yu A0 BbajgeHus ocajok ruapokcuaa Hukens (I1). Ocanok B mepBoii
pOOHMpKe TIIATEIBHO pa3MellaTh CTEKISTHHON MajJ0o4yKoil, BO BTOPYIO NMpubaBuTh 2-3 Kamau 3%-
HOT'O pacTBOpa nepokcuaa Bojgopoaa. HaGmonaetcs i u3mMenenue 1pera ocajaka? [Ipoucxoaut
nu okucieHue ruapokcuna Hukens (ll) xucimopomom Bo3ayxa W mepokcHaoM Bogopoaa? B
TpeTbl0 MpoOMpKy mnpubaBuTh 1 Kammo OpoMHON Boabl. YUto HaOmonaerca? Hamucats
YpaBHEHUS PEAKIIUM.

OmnbiT 8. KommekcHblie coeinHeHUs1 KOOAJIBTAa U HUKEJIS.

a) Ilonyuenue Komniekchozo pooanuda Kooaivma.

ITomecTuTh B MpOOMPKY 2 KalIu HACBIIIEHHOTO pacTBopa coiu kobanbTa (I1) n 1obaBUTH
5-6 Kamenb HACBHIIIEHHOTO PAacTBOpa poJaHuIa aMMOHUS; Y4eCTb, YTO NPU STOM 00paszyeTcs
pactBop komruiekcHOU comu (NH4)2[CO(SCN)4]. KomruiekcHbie HOHBI [CO(SCN).,]* OKpAIlIEHBI B
CHHUW IBET, a THUJIPaTUPOBAHHBIC HWOHBI [CO(HZO)(;]2+ — B po30BbI. OTMETUTH LBET
MOJIy4eHHOT0 pacTBopa. Pa30aBuTh ero BoJON 10 M3MEHEHUSI OKPACKH, T00aBUTh 2 KarlJld CMECH
cnupta ¢ 3pupom, pa3MeniaTb pacTBOP CTEKJIIHHOM MajlOYKOM M BHOBb Ha0JI0/1aTh U3MEHEHUE
OKpacku. 3aTeM B Ty e MpoOMpPKY MpUIMBAaTh JUCTWUIMPOBAHHYIO BOXy, HaOmromas
MOCTENIEHHOEe HM3MeHeHue okpacku. Omucarh HaOmogaeMble siBiaeHus. Hamucatbs ypaBHEHHS
JMCCOIIMALIMU KOMIUIEKCHOM CONTM KOOalbTa U KOMITJIEKCHOTO HOHA.

6) Hebonpioe konmuectBo conu Hukens (ll) pactBoputs B 5 kamnsax Boabl. JJo6aButh 5
Kanenb 25%-Horo pactBopa ammuaka. Kak namensiercs uset pacrsopa? J[06aBuTh K pacTBopy 2-
3 xammm pactBopa cyiabduma ammoHus. Uto BeImamaer B ocamok? Hamucate ypaBHEHHs
peakuuii: a) o0pa30BaHUS KOMIUIEKCHOTO aMMHaKaTa HUKeN (KOOpIUHAIIMOHHOE YUCIIO HUKEIs
paBHO 6); ©) aUCCOIMAIIMM KOMIUIEKCHOTO COCOMWHEHHUST M KOMIUIEKCHOTO HOHA; B)
B3aUMO/ICHCTBHS MOTYYEHHOTO KOMIUIEKCHOTO COSTMHEHUSI HUKEIS C CyIb(UI0M aMMOHHS.

IMopsinok padoThI:

1. Tlomyuuts OT mpenoaBaTess 3alaHue.
2. BrimonHUTh paboTy COTNIACHO METOAMYECKUM PEKOMEHAIUSIM.
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OdopmMuTh IPOTOKOJ pabOTHI.
4. BputuTh 0TpabOTaHHBIC PACTBOPHI, TOCYAY BEIMBITE. CaaTh pabodyee MecTo.
Conep:xkanue oT4yera:

1. Tema u uenb pabOTHI.
2. HaOmonenus, ypaBHEHUS peakiuil Mo KaKaoi 4acTH paboTHI.
3. BbIBOBI 110 TIpOJIETIaHHOM padoTe.

KoHnTpoJibHbIe BONPOCHI.
1. Xwumus snemenToB mobGounor moarpymmbl VIII rpynmbel mepuoguveckoil cuctemsbl (MOATPYIITA
Kesesa).
Pacnpoctpanennocts B mpupoje. OCHOBHbIE MUHEPAJIBI.
3. DuzuKo-xMMHUYECKHE CBOWMCTBA >Kene3a, KoOambTa M Hukensd. llomydeHue meTtamnoB. XuUMHUA
BOJHBIX PAacCTBOPOB.
OKcupl ¥ THIPOKCHIBI JKene3a, KoOaIbTa U HUKEIS.
Conu xejne3a, koOanbTa U HUKeId. KoMIuiekcHble COeTMHEH NS
6. Kak B3auMOJeHCTBYIOT kene30, KOOANbT U HUKEIb C a30THOM, CEpHOM M COJISTHOW KUCIOTamMu?
Kaxk »Tu MeTauisl B3auMOJIEHCTBYIOT € BOJIOM, C BOJHBIMH PacTBOpPaMu COJIeh?

N

oA~

Paznen 3. Ananurnyeckasi XumMms
TEMA 1. AHAJIN3 OB BEKTOB OKPYKAIOIIEN CPEJIBI
Onpenenenue KapOOHATHOM KeCTKOCTH BOJAbI METOI0M AUMIMMETPHYECKOTr0 THTPOBAHUM
esan padoThi:
1. Hayuwutbcs onpenensiTs KapOOHATHYIO )KECTKOCTh BOJIBI, THTP paboduero pacTBopa.
2. 3aKkpenuTb HAaBBIKM TUTPOBAHHUS U pacueTa KOHIEHTPALUU ONPEIeIieMOro BelecTBa

JlaboparopHoe oGopyaoBaHue, MOCyaa W peakTHBbI: HUIUHApbHI HA 50 u 100 M,
MIUATIETKH, OIOPETKH, KOJIOBI JIJIST THTPOBAHHS.
BononpoBoaHas Boga, METHIIOBBIN OPaHKEBbIM, KOHII. COJISTHAsA KUCIIOTA.

KpaTkue TeopeTudyeckue cBeIeHHUs.

MCTOI[ KHCJIIOTHO-OCHOBHOI'O THUTPOBAHUSA OCHOBAaH Ha BSaHMOHeﬁCTBHH KHUCIIOT C
OCHOBaHUSMHU. MeTo/1 MO3BOJISET ONPEENATh B pAaCTBOPAX HE TOJBKO KOHIIEHTPAIMIO KHCIOT U
OCHOBaHUH, HO TaK)e KOHIICHTPAIIUIO COJICH MOIBEPTAOIINXCS THIPOITH3Y.

Jlns ompeneneHuss B pacTBOpax KOHIEHTPALMM OCHOBAaHUM WM COJNIeH JAIOIIUX TPU
THAPONIN3E MISIIOYHYIO PEAaKIUI0, WCIHOJIB3YIOT THTPOBAaHHBIC pPACTBOPBHI KHCIOT. OTH
OTIpeICIICHUs Ha3bIBAIOT ayuoumempuei (0T nat. acidum — xuciora).

Touky SKBHBAJICHTHOCTH TIPYW HEUTpAIM3AMHA OIPEACIIIOT 10 H3MEHEHHUIO OKPAacKH
UHAUKATOpa (METUIIOBOTO OPaHKEBOT0, METUIIOBOTO KpacHOTO, (heHondranenHa).

C moMomipl0 CTaHIAPTHU3UPOBAHHOTO PACTBOpA XJIOPOBOAOPOIHON KHCIIOTHI OTPENENISIOT
HE TOJIbKO COJIEpKaHUe Ieoueld, HO U HEKOTOPhIX colieil. bonbiioe mpakThueckoe 3HauUeHUE
UMEET OIpeIeIICHHe KapOOHATHOM KECTKOCTH BOJIBI.

KecTkocTh MPUPOAHBIX BOJA H3y4aeTcs, 4YTOOBl BBISICHUTH WX MPUTOAHOCTH IS
CEBCKOT0 X0351CTBA (B pAaCTEHHUEBOJICTBE, )KUBOTHOBOJICTBE), & TAKXKE ISl TEXHUUYECKHX TETIeH.

N3BecTHO, YTO KECTKOCTh OOYCIIOBJIIEHA MPHUCYTCTBHEM B BOJAE PACTBOPUMBIX COJEH
KaJIbIIUs 1 MarHus.

KapOonaTHas )KHIKOCTh BOJIbI 00YCIOBIIEHA HATMYUEM B HE THAPOKApOOHATOB KaNbIIUs U
maraust Ca(HCO3), u Mg(HCO3),). OHa MOIHOCTBIO YCTPAHSETCS KUIITYEHHUEM, TIPH KOTOPOM
TUAPOKApPOOHATHI pa3NararoTcs:

Ca(HCOs;); = CaCOsd +CO,T + H,0
MO03TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAKXKE YCTPAHUMOMN WIJIM BPEMEHHOM.

HexapOoHnaTHasi »K€CTKOCTb BBI3BIBACTCS MPHUCYTCTBHEM B BoOJE CyiIbh(haToB (a Takke
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XJIOPUJIOB) KajiblMsl WM MmarHus. KumsueHuem oHa He yCTpaHsieTcs M IOSTOMY Ha3bIBaeTCs
noctosiHHOM. Cymma KapOOHATHON M HEKapOOHATHOM JKECTKOCTH JTAET OOIIYIO )KECTKOCTh BOJIBI.

[Io MexnyHapoAHBIM CTaHAApTaM >KECTKOCTb BOJABI MPHUHATO BBIPAXKATh MOJSPHON
KOHILICHTpALIMeH YKBUBAJICHTOB Kanblys 1 MarHus (f = 1/2 ) B monb/1 11 Bonbl. [IpakTudecku npu
3TOM YKa3bIBAIOT HOPMAIbHYIO KOHILIEHTPALIUIO pacTBopa cojiee yMHOkeHHY0 Ha 1000.
KapOoHaTHyI0 )K€CTKOCTb OINPENENIAI0T TUTPOBAHMEM OIPENIEIEHHOTO0 00beMa BOJBI paCTBOPOM
XJIOPOBOAOPOJHONW KHCIOTHI C METHUJIOBBIM OpaHXeBbIM. XHMH3M IIpoIecca BbIpaXKaeTcs
YpaBHECHUSIMH:

Mg(HCOg3), + 2HCI = MgCl, + 2CO, + 2H,0
Ca(HCOs), + 2HCI = CaCl, + 2CO; + 2H,0

JKCNepPUMEHTATbHAS YACTh:

B xoHnueckyro kosly st TATpOBaHUS OTMepbTe nunetkor 100 M aHanu3upyeMon BOAbI.
[TpubaBbTe 2-3 KamiM pacTBOpa METHIIOBOTO OPAHXKEBOTO W TUTPYWTE PabOUYUM pPacTBOPOM
XJIOPOBOAOPOJHONW KHUCIJIOTHI /10 MEPEX0/a JKEITOW OKpacKW HHIMKATOpa B OJIEHO-pO30BYIO.
[ToBTOpUTE THUTpOBaHME 2-3 pa3a U U3 CXOAALIUXCS OTCUYETOB BO3BMHUTE CpelnHee. Y JI0OHO
BBITTOJIHATH TUTPOBAHHUE CO «CBUIECTEIEM).

Uro0Obl BeMUCIUTH KapOoHaTHYI0 kecTkocTh (mo 'OCTy) B MMonb Ha 1 nuTp BOJBL,
HaXOJAT MOJISIPHYIO KOHIIEHTPAIUIO SKBUBAJICHTa pacTBopa cosieil 1 ymHoxkatoT ee Ha 1000:

K = ((Vher* Coxs hat) Mr20) - 1000, roe
K -xapOoHaTHast )KECTKOCTh BOJAbBI, MI-3KB/II;

Coxs HCl -MOJISIpHASE KOHIICHTPALIUS SKBUBAJICHTA KUCIIOTHI, MOJIb-IKB/ I,
Vel -CpenHuii 00beM KHCIIOTHI, ITOIIC NI Ha TATPOBAHUE, MJT;
VH20 - 00bEM BOJIBI, B3STHIH HA aHAIIN3.

(Obpasey ons pacuema: JJonycmum na mumposarnue 100 mn 6006l noutnoe cpeonem 12,25

mn 0,01016 1 pacmsopa kuciomsi. Toeoa X = ((12,25 - 0,1016) /100) - 1000 = 12,45)

KoHnTpoJsibHbBIE BONIPOCHI:
ALUIUMETPUYECKOE TUTPOBAHUE, CYIIIHOCTh METO/IA.
NHauKaTopel KUCIOTHO-OCHOBHOTO TUTPOBAHUS.
Kpusbie TutpoBanus. Beibop nnaukaropa.
[Topsinox TUTpOBaHMS

NS

8 TEMATHUKA KYPCOBbBIX, KOHTPOJIbHBIX PABOT, PE®@EPATOB

Jlanublit Bug padboThl He npeaycMoTpeH Y11

9 IIEPEYEHD BOIIPOCOB K DK3AMEHY
OcCHOBHBIE KJIACCBI HEOpPraHUYeckux coeauHeHud. OKcuapl W OcCHOBaHUA. [IpuHIMMBI
KJaccu(puKauu, XUMHYECKHE CBOWCTBA W CIOCOOBI TOJydeHHs. B3auMOCBS3b CTPYKTYpHI
OKCHJIOB OT BJICHTHOCTH 3JIEMEHTOB U UX PACIOJIO0KEHHUE B MEPUOJUUECKOM CUCTEME.
OCHOBHBIE 3aKOHBI U TOHSATHS XUMHH (3aKOH COXPAHEHHUS MAacChl M DHEPTHH, 3aKOH IMOCTOSHCTBA
COCTaBa U KPaTHBIX OTHOILIEHUM, 3aKOH SKBHUBAJIEHTOB). MoJib — KOJIMYECTBa BELIECTBA. 3aKOH
ABOTaJIpo U €ro CIEeICTBUSI.
Kucnoter u conu. [lpunnumns! knaccudukanui. XUMHUYECKHE CBOWCTBA U CIIOCOOBI MOTYYCHHUS
coJIeit.
AToMHO-MONIeKysipHoe  yueHue. Teopusi Pesepdopna, e€ HOCTOMHCTBA W HEJOCTATKH.
KBanroBas Teopust aroma H. bopa, 0CHOBHBIE MOJIOXKEHMS], JOCTOUHCTBA U HEIOCTATKH.
[TpuHIMITBI 3aTIOTHEHUS ATOMHBIX OpOHTATICH.
[lepuoanueckuii 3akoH U mepuoanueckas cucreMa sneMmeHToB .M. MenneneeBa. Mcropus u
STanbl CO3/IaHuUs.
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[TapameTpsl aTOMa ¥ IEPUOAUYHOCTD UX U3MEHEHHUS B IIPE/IEIaX CUCTEMBI DJIEMEHTOB.

3aKOH COXPAaHEHHUsT MacChl W DBHEPIUM, €ro 3HAYEHUE B XHMHUYECKUX pacueTax. 3aKOH
IIOCTOSIHCTBA COCTaBa M KPATHBIX OTHOILICHUN.

3aKoH ABOTaJipo U €ro ciaeACTBUs. 3aKOH SKBUBAJIECHTOB.

XUMHYECKasi CBSI3b M CTPOCHHE MOJEKyJI. MeTon BaJeHTHBIX CBSA3E€H, €ro JOCTOMHCTBA U
HEJIOCTATKHU.

Meton MonekyspHbIX opOuTaneil. Ero 10cToMHCTBa U HEIOCTATKH.

KoBanenTnas cBsi3b. MexaHU3Mbl 00pa30BaHUs XUMUYECKOM CBS3H.

I'mbpuausanus atoMHbIX opoutaneil. Tunsl rubpuanzanuu. [IpocTpaHCTBEHHOE PACHOIOKEHHE
THOPHUIHBIX aTOMHBIX OpOUTANIEH.

HonHas cBs3b.

Merannuueckas CBA3b.

MexmonekynsapHoe Bzaumojeincteue. [Ipupona Ban-nep-BaanbcoBbix cuil.

IlepBbiii  3akoH TepmMoauHamuku Ilonstume oHranenud. IlpuHnmMnel pacuyera  3TOrO
TEPMOJUHAMHUYECKOI 0 ITapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMaM.

Bropoii 3akoH TepmoauHamuku. [lonarme oSHTpomms. IlpuHmmMnmel  pacdera  3TOrO
TEPMOJMHAMHMYECKOI 0 IIapaMeTpa MPUMEHUTEIBHO K XUMUYECKMM CHUCTEMaM.

CBoOomnast »Heprus [nbOOca, Kak KpUTEpUl OIIEHKA BO3MOXKHOCTH CAaMOIPOU3BOJIBHOTO
IIPOTEKAaHUsI XMMUUYECKUX IPOLIECCOB.

3aKoH JEHCTBYIOIUX Macc. 3aBUCHUMOCTb CKOPOCTH XMMHUYECKON peaklUy OT KOHLUEHTPALUU U
IIPUPOJIBI PEarupYOIIUX BEIIECTB.

Oueprus aktuBanun. [lonsTHe akTHBUpOBaHHBIN KOMIUIeKe. 3akoH Bant-I'odda. Karamms.
Xnmnueckoe paHoBecue. [Ipumnnun Jle-Illatense. KoHcTaHnTa paBHOBecHsS Kak KpUTEpUi
OLICHKH OJHOCTOPOHHETO MPOTEKAHUS XUMHYECKOT0 MpOoLecca.

OO0mrast Teopusi pacTBOpPOB U pacTBopuTene. CriocoObl BhIpaXKeHNs KOHIIEHTPALUU PAacTBOPOB.
[TonsiTue pacTBOPpUMOCTBb. PacTBOpUMOCTH Ta30B B JKUIKOCTAX, 3aKoH ['eHpu. B3anmuas
pPacTBOPUMOCTD KHUJIKOCTEH, TIOHATHE KOHCTAHTBI PACTIPEACTICHUS.

Huddysus u ocmoc. 3akon Baut-I'odda.

TemnepaTypsl KAIIEHUs W 3aMEp3aHUsl pacTBOPOB M pacTBoputenel. IlepBblil 1 BTOpOW 3aKOH
Payns.

OcCHOBHBIE TNPHUHLUIBI  KJIAcCU(PUKAIMK  pacTBOpuUTeNed  (MONSIPHOCTb, HOHU3UPYIOIIAS
CIOCOOHOCTH, KUCIIOTHOCTD U T.J1.).

Teopus 2IEKTPOIUTUYECKON JUCCOLMALINY.

KucnoTel 1 OCHOBaHUS C TOUKU 3pEHUSI TEOPUHU IIEKTPOJIUTHUECKON IuccolManuu AppeHuyca,
teopun bpencrena u Jloypu, snekrponHo# Teopuu JIsrouca.

CwibHBIC U Ci1a0bIe 2JIEKTPOIUTHL. JIHHAMUYeCKOe paBHOBECHE B PACTBOPAX.

Kaxymascs u a¢ppextuBHas koHueHTpanus. [loHsTHE aKTUBHOCTH.

HNoHHbIE peakuu B pacTBOpaX.

IIpousBeneHne paCTBOPUMOCTH.

HNonHoe npounsBeieHre BOIbI, BOJIOPOIHBIN TOKA3aTENb.

I'upponus comen.

bydepnoe neiictBue. bydepHbie pacTBOpHI.

KommnekcHble coennnenus. Obmias xapakrepuctika. [{oHATHE KOOpMHALIMOHHAS CBSI3b.
Teopust KOMIUIEKCHBIX coequHeHn A. BepHepa.

IIpocTpaHCTBEHHOE CTPOCHUE U U30MEPHSI KOMIUIEKCHBIX COECIMHEHUN.

Metoa BaneHTHBIX CBsA3EH B ONMMCAHUN KOMIUIEKCHEIX COEIUHEHUI.
OKHCIUTENBHO-BOCCTAHOBUTENbHBIE TIpoliecchl. (CTENEeHb OKUCIEHHS U CTPOEHUE aTroMma
JJIEMEHTA.

Knaccugukaiust OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIINH.
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CnocoObl  pacCTaHOBKM KO3(P(PUIIMEHTOB B OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHIX.
MeToap! 37eKTPOHHOTO OajlaHCa U MOHHO-3JIEKTPOHHBIH.

DJIEKTPOAHBIN MOTEHIUAT U PSAJl HAIIPSKEHUST METaJIIOB.

CraHapTHBIN U peasbHBINA ANEKTPOAHBIN noTeHuan. Y paBHeHue HepHera.

@DakTOpHI BIUAIONINE HA IPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIUH.
XUMHUYECKUE UCTOYHUKHU TOKA. ['albBAHUYECKUE DIIEMEHTHI.

[Ipoueccsl, IPOUCXOASIINE TP 3aPSAAKE U Pa3psAIKe CBUHIIOBOTO aKKyMYJISATOPA.

DNeKTpon3. 3aKOHBI DIIEKTPOIIH3a.

O6mue coiicTBa MeTaiioB. Meramnudeckas cBsizb. Koppo3us meramioB u cnocoObl 00pbObI €
HEH.

Bonopoa. Mecto B nepuoau4ecKoil CUCTEME XUMUYECKHUX AJIEMEHTOB. XUMHUYECKUE CBOMCTBA.
ITonmy4enue.

CoenuHeHus BOAOPOJA: BOJA U MEPOKCU BOJOPOA.

["anorensl. O01as xapakrepucTuka. XuMudyeckue cpoiictsa. [lonyuenue.

CoenuHeHus rajoreHoB: rajlor€HOBOJOPOIbL; KMUCIOPOAOCOAEP KAIUE COETUHEHNS TaJIOT€HOB.
[Toarpynna xuciopona. OOmas xapakTepuctuka. PuU3nyecKkue M XUMHYECKHE CBOWCTBA.
[Tonyuenue.

O30H. ®usnueckue u xuMudeckue cporctsa. [lomyuenue.

Cepa. ®uznueckue cpoiictBa. Amtorponus. [lonyuenue.

Cepa. Haxoxnenue B mpupojie. Xumudeckue cBoiicta. [I[pumenenue.

CepoBonopon. [Tonyuenue. @usnueckue u xumuueckue cBoicta. Cynbhuibl.

Oxkcuapl cepbl. Puznueckue U XUuMHIecKkne cBoicTna. [lomyuenue.

Cepnas xucnora. [lonydyenue u cBoiicTaa.

[Tonrpynmna azora. O0mas xapakrepuctuka. A3oT. @u3nueckue U XUMUYECKUE CBOWCTBA.
Ammuak. Conu aMMOHMUS.

HeconeoOpa3ytomirie okcuapl a30Ta.

A30THUCTBIN U a30THBIN aHTUAPUBL. A30THCTast KUCIIOTA.

A3zotHas kuciora. [Tonyuenue. CoiictBa. PaznoskeHue HUTPaTOB.

®ochop. Annotponus. [Tonyuenne. Xumudeckre CBONCTBA.

Coenunenns dpochopa: hochun, okena pocdopa (I11), okcua dpocdopa (V).

®dochopHbIe KUCITOTHI.

[Toarpynma yriepoaa. OOmias XapakTepUCTHKA. AJUTOTPOIIHSL.

XVMHYECKHE CBOWCTBA yIiepoaa. YTOJIbHAs KMCI0TA U €€ COJIH.

Oxkcupl yriaeposa.

Kpewmuuii. Pactipoctpanenue B npupone. Amnorponus. [Tonmyuenue. CoiicTsa.

CoenvHeHUs KpEMHUS: CHIJIaH, OKCHUJT KpEMHUS, KPEMHUEBbIE KUCIIOTHI.

I'epmanuii, 0110BO, CBUHEIL.

Amomunuit. [Tonyyenne. CBolicTsa.

CoenvHEeHNs aTIOMUHUSA: OKCHUJL, THIPOKCH, TUAPULL.

[enounsie meTasibl. O0mas xapakrepuctuka. [lomyuenue. CoiicTsa.

CoenvHeHNs HIETOYHBIX METAIIIOB.

[[enouyHo — 3emenbHbIe MeTauibl. O6mas xapakrepuctuka. [lonyyenue. ColicTBa.
CoennHeHus HIEI0YHO — 36MEIbHBIX METAIUIOB.

[Toarpynna menu. OOmias xapakrepuctuka. [Tomyuenue. CBoiicTBa.

CoeavHEeHNs OIHO- U IByXBaJIECHTHON MEAH.

Cepebpo u ero coeMHEHUS. 30J0TO U €T0 COCTUHCHHUS.

[Moarpynna nuaka. O6mas xapakrepuctuka. Llunk. [lonydenue, cBolicTBa, COSAMHEHUS LIMHKA.
Kanmuii.

Pryts. CoequHenyst oqHO- U IBYyXBaJIEHTHOW PTYTH.

[Toarpynma xpoma. OOmias xapakrepuctrka. [lorydenne u cBoiicTBa Xpoma.
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87. CoennHeHMsl JIByX- M TPEXBAJIEHTHOI'O XpoMa.

88. CoennHeHHs YeThIpex- M MIECTUBAIEHTHOT'O XpOMa.

89. Iloarpynma wmapranma. OOmme cBoiicTBa 3yeMeHTOB. [lonmydenune meTtamioB. XHMHYECKHE
CBOMCTBA.

90. CoennHeHus IBYX- U TPEXBAJIEHTHOIO MapraHua.

91. CoenvHeHHs Maprania, TEXHEUs: ¥ PeHUs C BaJICHTHOCThIO 1V.

92. CoennHenus ceMuBalIeHTHOro Mapranua. Coau Mapratua.

93. Bocbmass rpymnma mnobounas mnoxarpymnma. OOmasi xapakrepuctuka. [loarpymma skenesa.
[Tony4yeHne u XMMHUYECKUE CBOMCTBA, aJUIOTPONHUS JKeJe3a.

94. CoenvHeHnst ABYXBAJICHTHOTO JKeJle3a.

95. CoenuHeHus TPEXBAJICHTHOTO JKeje3a.

96. [NonaTne OMOTEHHOCTH XUMUYECKHX 3JIeMEeHTOB. bruocdepa, KpyroBopor OMOT€HHBIX 3JIEMEHTOB.
KoHueHnTprupoBanue GMOreHHBIX 3JIEMEHTOB KHUBBIMU CHCTEMaMHU.

97. Knaccuukanust OMOreHHBIX AJIEMEHTOB 10 UX (YHKIMOHAJIHHON POJIM: OPTraHOTEHBI, SJIEMEHTHI
JIEKTPOIUTHOTO (POHA, MUKPOIJIEMEHTHI.

98. [IpumecHbIe AIIEMEHTHI (aKKyMYJIHUPYIOMIHECS T HeaKKyMyJupyomuecs). OCHOBHbIE HCTOUHUKHU
HOCTYIUIEHUS] IPUMECHBIX 3JIEMEHTOB B OPraHU3M YellOBeKa.

99. XumMHuecKre aCTIeKThI OXPaHbl OKPYKAFOIIEH CPEIIbI.

100. Komruiekcpl  KaTHOHOB — S-MeTaIoB  (MOHOGOpPBI,  KpayH-2(UPBI, KPUITAHIBL.
Xnopodu.

101. buonoruueckas poib HaTpusl, Kaiusl, Kalblus, MAarHUS.

102. XUMUYECKOE CXOJACTBO U OHOJIOTMYECKUH AaHTaroHW3M (HAaTpuil-Kaiauil, MarHui-
KaJIbIUH).

103. Haubonee Bakubie OMoreHHbIe 3eMeHThl d-0510Ka: Xpom, Meab, MOrOaeH. CHCTEMBI
MeTalI-0e10K (METaIIONMPOTEUHBI U OEJIKH, aKTUBUPYEMbIE METAJIIAMH).

104. Heopranuueckrue MuHepaabHble y100pEHUS.

105. A3OTHBIEC yIOOpEHUs: HUTPATHBIE (HaTpHeBas U KalbIHeBas CEUTPbI); aMMOHUWHbBIE U

aMMuauHble ynoOpeHus (cyiabpaT aMMOHMS, aMMOHUHHO-HUTpaTHbIE yIOOpEHHs, aMMHauHas
CeNIuTpa); MOUEBUHA.

106. dochopubie ynoopenus: cynepdocdar, 1BoitHOM cyrepdocdar, MpeuImmrar.

107. Muxkpoyno6penus. MukposnemeHnTsl. bopHble ynoOpenus. Meanslie ynoOpeHus.

108. KommexkcHble ynobpenus: amMmmopocsl, HUTpo(hochl U HUTPO(HOCKH, HUTPOAaMMO(DOCHI
U HUTpoaMMO(pOCkH, KapOoaMMoQockl, ToaudochaTsl aMMOHHS.

109. Buanl 1 MeTOIBI XUMHUYECKOTO aHaJIM3a.

110. PacyeTsl B XUMHYECKOM aHAIM3E.

111. TuTpumeTpUUecKre METO/IbI AHATIN3A.

112. I'paBuMeTpHUECKn aHAIN3.

113. AHanmm3 00BEKTOB OKPYKAIOIICH CPEIBI.

10. CAMOCTOSTEJBHAS PABOTA OBYYAIOLIIUXCS
Conepsxanue, TpeOOBaHMS, YCIOBHS U MOPSAOK OPraHU3AIMU CaMOCTOATEIHHON
paboTbl oOyuaromuxcs ¢ ydyeToM (opMbl 0OydeHHUs ONpenenseTcss B COOTBETCTBUU C
«[lomocxxennemM 00 oOpraHM3anUyd  CaMOCTOSTENBHON  pabOThl  OOyYAIOMIMXCS,
yTBEPKACHHBIM YUeHbIM coBeToM Y'Y (mpotokon Ne 8/268 ot 26.03.19 1.).
dopma 00yueHus: O4Has.

Ha3panmue paszgenoB u Tem Bun camocTosiTeIbHOM paGoThI Oo0beMm B ®opma
yacax KOHTPOJIsI

Paznen 1. IIpopaboTka ydeOHOrOo Marepuana c 6 BKITIOUCHHUE

1. HCJ'II/I M 3324l XUMHH. | MCIIOJIb30BaHHUCM peCypcoB yqe6Ho- BOIIPOCOB Ha
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CtpoeHue aToMa METOANYECKOTO W WH(DOPMAIMOHHOTO KOJIJIOKBUYME U
[leproaMUecKuii 3aKOH U obecrieueHus JUCIUIUIMHEIL. KOHTPOJIbHOM
JLU. Menzeneesa B cBeTe KOHTPOJIbHO# padoTe. JK3aMeHe
TEODHH CTPOGHHS aTOMa [ToaroroBka K caade dK3aMeHa.
XuMHuueckass CBS3b U
CTPOCHHUE MOJIEKYII.
2.0OCHOBEI xumuyeckoi | [IpopabGotka ydyeOHOro Martepuana cC 6 BKITIOUEHIE
HCIIOJIb30BaHUEM eCypCcoB eOHOo-
TEPMOAUHAMUKH. pecyp yq BOTPOCOB Ha
XUMHUECKasi KHHETHKA u | METOAMYECKOro M HMH(pOPMAIMOHHOTO
paBHOBECHE o0ecre eHus! AUCIUIITAHBL. KOJIOKBUYME M
[MogroroBka K YCTHOMY ONpOCYy W KOHTPOJIbHO
KOHTPOJIBHOH paboTe. pabote, Ha
IToaroroBka k caaue 3K3aMeHa. SK3aMEHE
3.Teopuss pactBopoB U | IIpopaGotka yuebHOro Marepuana c 6 BKJTIOUCHUE
PacTBOPUTEIICH. HCIIONB30BAHMEM  PECYpPCOB  y4eOHO- BOIIPOCOB  Ha
KoJTHraTHBHBIE CBOMCTBA | METOIMYECKOTO M MH(OPMAIHOHHOTO KOJUIOKBUYME H
pacTBOpOB. PacTBops! | 00CCTICUCHIA IMCLUILTHHBL KOHTPOJILHOM
TEKTPOJHTOB. ITogroToBka K YCTHOMY OIpOCY H paBore A
N KOHTPOJIBHOM pabore. ’
Bopopoanslii mokasarens. JK3aMeHe
. | IloaroToBKa K cjade ’K3aMeHa.
I'upponuz COJIEN.
Bydepuble pacTBOpbI
4.OKHUCIUTEILHO- [IpopaboTka yd4eOHOro Marepuajia C 6 BKJIFOUEHHE
BOCCTAaHOBUTEJIbHBIE HCIIONb30BAHAEM  PECYpPCOB  y4eOHO- BOIIPOCOB  Ha
nporiecchl. CTaHAaPTHBIH | METOMMYECKOro M MH(OPMAIMOHHOTO KOJUIOKBUYME H
Y PeaIbHbIN DIIEKTPOAHBIHA ?fecnequH“HHCHHHHHHH' KOHTPOJIbHOM
OJITOTOBKA K YCTHOMY OIIPOCY H
MOTEHIMAI. Oo6mue A . Y y pocy pabore, Ha
N KOHTPOJIBHOM padoTe.
CBOMCTBA METAJIJIOB. JK3aMeHe
IToaroroBka k caaue K3aMeHa.
5.Teopuss  koMIUIeKCHBIX | IIpopaboTka ydeOHOro Mmatepuana ¢ 6 BKJIFOUEHUE
COCIMHCHUIA. WCTIONIb30BAaHUEM  PECYpPCOB  y4eOHO- BOIIPOCOB  HA
METOANYECKOTO W UH()OPMAIIMOHHOTO KOJUIOKBHYME U
%GGCHC‘ICHI/ISI JTUCLUIIIMHEL. KOHTPOJIBHOI
OJITOTOBKA K YCTHOMY OIIPOCY.
A y y onpocy pabore, Ha
IToaroroBka K cjaye dK3aMeHa.
JK3aMeHe
Paszmen 2. [Ipopabotka y4yebHOTO Marepuaya C 6 BKJTFOUCHHE
1. Xumus HEMETaJUIOB: | HCIIOIb30BaHHEM — PeCypcoB  y4eOHo- BOIIPOCOB  Ha
snementoB VIIA, VIA, | MCTOAUYECKOIo M MH(POPMALIHOHHOTO KOJJIOKBUYME U
VA IVA (yrnepo 21) OHGGCHCHCHHSI JUCHUITIINHBI. KOHTP OJILHOR
M OJITOTOBKA K YCTHOMY OIPOCY U
rpynnsl  [lepuoanueckoi a . Y y pocy pabore, Ha
KOHTPOJIBHOM padoTe.
CUCTEMEI nu ux JK3aMeHe
IToaroroBka k caade K3aMeHa.
COCIUHEHMUSI.
2 Xumusg wmerawioB: | u | [Ipopabotka ydeOHOro Martepuana 6 BKJIIOYEHHE
A, A, IVA (onoBo u | MCIIOJb30BAHMEM  PECYPCOB y4ebHo- BOIIPOCOB  Ha
CBHIHEII) TpymIsl | METOAMMECKOTO U UHPOPMAITHOHHOTO KOJUIOKBUYME H
[TepruoaNYECKON CHCTEMBI ?fecnequHﬂHHcHHnHHHH' KOHTPOJIBHOM
o OJITOTOBKA K YCTHOMY OIPOCY H
U UX COCIUHEHUM. A . M y pocy paborte, Ha
KOHTPOJILHOH paboTe.
JK3aMeHE
IloaroroBka K cade K3aMeHa.
3.00mas xapaktepuctuka | IIpopaGotka yuebHOro Mmarepuana c 4 BKJIIOUEHHE

u TOKCUKOJIOTUSA d- | KCIOIB30BaHUEM peCypcCoB yqe6H0-

BOIIPOCOB  Ha
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DJIEMEHTOB u HX | MCTOAUYCCKOIO M HH(I)OpMaIH/IOHHOF o KOJUIOKBUYMC H
COEIMHEHHI. o0ecreuenus TUCUUILIMHBL. KOHTPOJIBHOM
HOZ[FOTOBKa“ K YCTHOMY OIpPOCY W paGore, Ha
KOHTPOJILHOH paboTe. HK3AMEHE
IMonroroBka Kk ciadye SK3aMeHa.
4. brOreHHbIE AJIEMEHTHI. [TpopaboTka yueOHOro Marepuaga c 4 BKJTFOYCHHE
HUCITIOJIB30BAHHUEM peCypcoB y‘ICGHO- BOIIPOCOB Ha
METOJIUYECKOTO0 ¥  WHGOPMAIHOHHOTO KOJUIOKBHYME H
1(3[6ecneqeﬂn;1 JUCITUTLTAHBIL. KOHTPOTBHOIH
OJITOTOBKA K yCTHOMY OITPOCY.
A y y onpocy pabore, Ha
[ToaroToBka K caade sK3aMeHa.

JK3aMEHe
5.Heopranuueckue [IpopaboTka yueOHOro Marepuaga ¢ 4 BKJTIOUYCHHE
MUHEpalbHbIE HCIIONB30BAHAEM ~ PECYpCOB  y4eOHO- BOIIPOCOB  Ha
YIOOPEHHSL. METOJUYECKOTO ¥  WH(OPMAIMOHHOTO KOJUIOKBAYME U

0H6ecnequm{ JOUCLUILIMHBI. KOHTPOIBHOI
OJITOTOBKA K YCTHOMY OITPOC
A y y ompocy pabore, Ha
[ToaroToBka K caaye sK3aMeHa.

JK3aMEHE
Paspen 3. [IpopaboTka ydeOHOro Mmarepuajia ¢ 6 BKJTIOUCHHE
1.Bunpr u METO/bI | HCIOIB30BAHUEM  PECYpPCOB  y4eOHO- BOIIPOCOB  Ha
XUMHYECKOT0 aHAJI3a METOJIMYECKOTO M HH(pOPMAIHOHHOTO KOJUIOKBUYME H

0H6ecnequ1/m JOUCUUILIVHBI. KOHTPOIBHOI
OJICOTOBKA K YCTHOMY OITPOCY.
A y y ompocy pabore, Ha
[ToaroToBka K caaye sK3aMeHa.

JK3aMEHE
2.Pacuyetsl B Hpopa60TKa yqe6Horo Mmarepuajia C 6 BKJIIOYECHHE
KOJINYECTBEHHOM HCIIONB30BAHAEM  PECYpCOB  y4eOHO- BOIIPOCOB Ha
aHaIH3e. METOJIUYECKOTO0 ¥  WHGOPMAIIMOHHOTO KOJUIOKBAYME U

OHGGCHC‘ICHI/ISI JOUCIUILIMHBI. KOHTPOIBHOI
OJICOTOBKA K YCTHOMY OITPOCY.
A y y onpocy pabore, Ha
[loxroroBka k cnaye SK3aMeHa.

JK3aMEHe
3.Ananu3 00bekToB | [IpopaboTka yueOHOro Martepuana C 6 BKJIIOYEHHE
0pr>1<a}0mel71 Ccpenbl. HCIIOJIb30BAHUEM peCypcoB yqe6Ho- BOIIPOCOB Ha

METOANYECKOTO ¥ HH(DOPMAIMOHHOTO
o0ecrieyeHus TUCIUIUINHBL.

IlogroToBka K YCTHOMY OIpoCcy U
KOHTPOJIBHOM padoTe.

IlonroroBka K caye d9K3aMeHa.

KOJUIOKBUYME U
KOHTPOJIBHOI
pabore, Ha
9K3aMEeHe
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11. YYEBHO-METOJUYECKOE U UH®OPMALMOHHOE OBECIIEYEHUE
JUCLMUIINHBI

a) CniMcok peKoMeH1yeMoii JIuTepaTypbl
OcHoBHAaA :
1. I'muuka, H.JI. OOmas xumus B 2 T. Tom 1 : yueOHuk s By3oB/ H.JI. I'muuka ; mon

penakuueir B. A. IlonkoBa, A. B. baokoBa. — 20-¢ wu3a., mepepab. um jgom — Mocksa .
NznarensctBo Opaiit, 2021. — 353 c. — (Bsicmee obpazoanue). — ISBN 978-5-9916-9353-
0. — Texkcr : anekrponnsli // OOpa3oBarenbHas minatdgopma FOpaiit [caiit]. — URL:

https://urait.ru/bcode/470483 .
2. I'munaka, H.JI. OOmas xumus B 2 1. Tom 2 : yueOHuk mius By3oB/ H. JI. I'munka ; mon

penakuueir B. A. IlonkoBa, A. B. babkoBa. — 20-¢ wu3a., mepepab. um pgom — Mocksa .
MznarenscrBo HOpaiit, 2021. — 379 ¢. — (Bsicmee oOpazoBanue). — ISBN 978-5-9916-9355-
4. — Tekcr : osnextpoHHbli // OOpa3zoBarenbHas miaargopma IOpait [caiit]. — URL:

https://urait.ru/bcode/470484 .

3. Hukonbckuit, A. b. Xumus : yueOHuk ans By3oB / Hukonsckuit A. b. , CyBopoB A. B. -
Cankrt-ierepOypr : XUMU3JAT, 2017. - 512 c. - ISBN 978-5-93808-311-0. - Tekcr :

snektponusdi  //  OBC  "Koncynmpbrant — cTyneHrta" : [caiiT]. - URL
https://www.studentlibrary.ru/book/ISBN9785938083110.html
JlonojiHUTENBLHAR

1. Ily3akoB, C. A. OOmas xumusa, cCOOPHHMK 3aJad U YNPaKHEHUU : yuyeOHOoe mocoOue it
By30B/ C. A.Ily3akoB, B. A.IlonkoB, A.A. ®wmnmnoBa. — 5-¢ u3a., mepepad. w J0m. —
Mocksa : M3garensctBo HOpaiit, 2021. — 251 c. — (Bsicmee obpazoBanue). — ISBN 978-5-
534-09473-2. — Tekct : anexTpoHHbIi / OOpa3oBarensHas iardgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/468600 .

2. TlpakTuKyM 1O OOIIEH XUMHH : y4eOHOE MocoOue Ui aKaJeMU4eckoro OakanaBpuara /

H.JI. 'nunka, B. A.IlomkoB, A.B.ba6kos, O.B. HecrtepoBa. — Mocksa: W3marenbcTBo
FOpaiir, 2021. — 248 c¢. — (bakanaBp u maructp. Axkagemudeckuit kypc). — ISBN 978-5-9916-
4058-9. — Tekcr : anexkTpoHHblii / OOpa3oBarenpHas 1iatdopma FOpaiit [caiit]. — URL:

https://urait.ru/bcode/487283

3. Ocunosa, E. A. Heopranudeckas xumus : yaebHoe nmocooue : B 3 yactsax / E. A. OcumnoBa. —
Openo6ypr : OI'Y, 2018 — Yactp 1 : Texnuka BbinosHeHUs JabopaTopHbIx pador — 2018, —
116 c. — ISBN 978-5-7410-2119-4. — Texkct : 5nekTpoHHBIA // JlaHb : DIEKTPOHHO-
oubnuoreynas cucrema. — URL: https://e.lanbook.com/book/159693

Y4edHO-MeTOAMYECKAS

1. MBanoBa JI. A. PykoBOACTBO K JIaDOpaTOPHOMY MPAKTHKYMY O TUCIUIUIMHE «XUMHUS IS
CTyneHToB | Kypca HampaBieHHs moArotoBku OakamaBpoB 05.03.06 «Okomorus wu
npupogonoas3oBanue” / JI. A. Banosa, O. 10. lpons, A. O. Auapees; Yal'yY, UMDBOudK,
Oxoin. dak. - YaesaoBck : Ynl'Y, 2019. - 3arn. ¢ skpana; HeomyOGnukoBaHHBIH pecypc. -
OnekTpoH. TekctoBele ngaH. (1 ¢aitm : 896 KBb). - TekcT : SIEKTPOHHBIMN.
http://lib.ulsu.ru/MegaPro/Download/MObject/5588

2. UBanoa JI. A. XumMus : METOIUYECKUE YKa3aHUS TSl CAMOCTOSITENILHOM paboThl OakaiaBpoB
HarpasieHus noarotoBku 05.03.06 Dkonorus npupogonons3oanue / JI. A. Banosa; Yal'V,
Okon. dak. - YubstHoBcK @ Yal'VY, 2019. - 3arin. ¢ skpana; HeomyOnukoBaHHBIH pecypc. -

OnekTpoH. TekcToBbie naH. (1 daitn : 656 KB). - TekcT : 3neKTpOHHBIH.
http://lib.ulsu.ru/MegaPro/Download/MObject/8433
CornacosaHo:

| nasusiit Oubanorekaps Hb Val'V /Cragonsuukosa J1L.P./ /;/ 1""/“;'_ 16.04.2024 1.

. "~
JIO/KHOCTS COTPYMMKA HiayunOi OnOanoTeKK DOHO NOAINKCS
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0) nporpaMMHOe odecmedeHHe

1. OC MicrosoftWindows

2. MicrosoftOffice 2016

3. Mo#Oduc CTtaHIapTHEIH

B) npodeccHOHA.ThHBIE §a3b] JaHHBIX, HHYOPMANHOHHO-CIPABOYHbIE CHCTEMBI

1. Daexrponno-Gubanoreunnie cHeTeMn:

L.1. Undponoit obpasosarcavumit pecype IPRsmart : anexrponno-Gubanoreynas cucrema :
caitr / Q00 Komnanus «A#l [n Ap Meaman, - Caparos, [2024]. - URL: http//www.iprbookshop.ru.
~ Pexum a0CcTyna: Aas 3apericTpup. noas3opareaci, « Texer : anextponnnii,

1.2. Obpasosarcasmas naaropma IOPANT : ofpasosareanmudi pecype, MexTponmas
Gubanorexa : caftr / 000 aextponnoe waareasctso «lOPAHT», — Mocksa, [2024). - URL:
hitps://urait.ru . — Pexus 20CTYNa: VI8 3aperncTpup. noawosareacd, - Texer : amexTponnsifi.,

1.3. basa aamnnx «Daexrponnas Gubanorexa rexunvecxoro BY3a (DObC «Koncyanrany
CTYACHTA®) | MEKTpoHHO-OuGanoreunas cucrema @ caftr / 000 «lloanrexpecypen. ~ Mockna,
[2024). ~ URL: hups://www.studentlibrary.rw/cgi-bin/mbdx. ~ Peaum zocTyna: aas saperucrpup.
noassosareach. — Texer @ mexTponHnit,

1.4. Koncyasranr spava. Dnexrponnas meunumncexas Gubanorexa @ Gaza nannmx : cafr /
000 «Baicwias wKOAR OPraMMIaAlMiM M YNpamicHus  aapasooxpanenmes-Komnaexennit
MCAHUMHCKHA  KoHcarTHH», — Mocksa, [2024]). - URL: hups//www rosmedlibru. ~ Pexum
AOCTYIA: VIR JAPETHCTPUP. noansosarene, — Texer @ MexTpornmA,

1.5. boaswas Meanumnckas 6Gubanorexa : aexrpouno-Gubanoreunas cucrema : catr / 000
abyxan», - Tomex, [2024]. -~ URL: https://www.books-up.ru/ru/library/ . — Peaum goctyna: aam
saperncTpup. noassosarencht. « Texer : aexTponnsi.

1.6. DBC Jlans : aaexrpouno-GuGanoreunas cucresma : caftr / 000 DBC «Jlanww., ~ Canxr-
Merepbypr, [2024]). — URL: htpsi/e.lanbook.com. — Pexum 20CTyna: Aas 3aperucrpup.
noas3osareach, ~ TEker : aexTponnnit,

1.7. DBC Znanium.com : MeKTponHo-Gubanoreunas cuerema : caftr / 000 «3uanmnymn, «
Mocxsa, [2024]). - URL: hip:/znanium.com . ~ PeKuM 20CTYNA : U1 3aperncTpup. noaszosarenci,
= Texer @ anexrponnniit.

2. Koucyavranrilnoe [Dackrponnmfi pecype): cnpasounas npasosas cucrema. / 000
«Koncyawrant [moc» « Daexrpon. aan, - Mocksa : Koneyawranrihnog, [2024).

3. cLIBRARY.RU: nayunas »exrponnas OuGamorexa : cafir  / 000 «Hayunas
Dnexrponnas bubamorexan, - Mocksa, [2024). - URL: hitp:/elibrary.ru, — Pexum aocryna : s
asTopus, noaszosareacht, — Teker : amexTponnsii

4. Qcacpaanuas rocyaapcrsennas  unopvaunonnan cucrema «Haumonaannan
aexTpounas Gubanorexar : viexrpounas Gubanorexa : caftr / ®I'BY PI'b. ~ Mockea, [2024], -
URL: https://u36.pd. ~ Pexum aocryna : aas noassosareacht wayunont 6Gubanorexm, ~ Texer :
MICKTPOHHKIA,

. Poceniickoe obpasosanme : deacparnunit nopran / yupeamrean OIAY «OHITO», -
URL: http://www.edu.ru, - Texer : anexTponnniil.

6. Jaexrpounan Gubanoreunan cucrema Yal'y @ moayan «Daexrponnas Gubamorexan
ABHC Mera-11PO / 000 «Jlara Ixenpecen. ~ URL: http:/libulsu.rw/MegaPro/Web, ~ Peaum
A0CTYNA : Ak noabosareach nayunoit Gubanorexu. — Texer @ anexTponnniii.
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE HAYYHO-
HCCJEJOBATEJbCKOM PABOTHI

VYuebnas ayauropusi 216 ans mpoBeaeHUs TaOOpaTOPHBIX 3aHATHH J1A0OPATOPHOTO
TUMA, TPYNNOBBIX W UHAMBUAYAJIbHBIX KOHCYJbTAllMM, TEKYIIEro KOHTPOJS U
IPOMEXYTOYHOW aTTrecTalu (C  Ha0OpPOM JIEMOHCTPALMOHHOTO O0OpYIOBaHUSA IS
o0OecrieueHHs TEeMaTUYEeCKUX WUTIOCTpAalMii B COOTBETCTBUM € pabodeil mporpammont
TUCIUIUIMHEI). [loMeleHre yKOMIUIEKTOBAHO —CIICUAIN3UPOBaHHON MeOenpro Ha 18
MOCAJOYHBIX MECT M TEXHHYECKHUMH CpEACTBAMM: 3KpaH HACTEHHbIH, JIOCKa ayIuTOpHAs.
Pabouee mecto npenoaasarens, WI-FI, unrepuer. [nomans 42,93 kB.m.

VYyeOHas ayaAuTOpHs IJIs1 CaMOCTOSATEIbHON padboThl cTyaeHToB 230 ¢ qoctynom k OBC.
JUIL  CaMOCTOSATENIbHOW paboTel  crymeHTtoB, Wi-Fi ¢ gocrymom k DUOC, DBC.
KoMmnploTepHblii  KJIacC  YKOMILJICKTOBAaHHBIA — CIEMUANIM3UPOBAHHONW MeOenbto Ha 32
[IOCAJOYHBIX MECT M TEXHUYECKMMM CpeacTBaMu o0yueHus (16 mepcoHalbHBIX
KOMIIBIOTEPOB) ¢ HocTynoM k cetu «Murepuery, JUOC, ObC. Ilnomans 93,51 kB.M.

YuranpHelil 3a1 HayyHOU OMOIMoTeKH (ayauropus 237) ¢ 30HON Al cCaMOCTOSATENbHON
pabote, Wi-Fi ¢ gpmocrymom k OHWOC, DOBC. Ayauropus  yKOMIUIEKTOBaHa
crenuain3upoBaHHod MeOenpto Ha 80 MOCaJOuHBIX MECT M OCHAIEHAa KOMIIbIOTEPHOMN
TeXHUKOU ¢ goctynoMm Kk cetu «Muteprer», JUOC, ObC, sxpanom u npoekropom. Ilnomans
220,39 kB.M.

13 CHEHUAJIBHBIE YCJIOBHUS AJI51 OBYYAIOIIUXCA C OT'PAHUYEHHBIMU
BO3MOXKHOCTSAMMH 310POBbSA

B cnyuae wneoOxoammocTH, OOyYarOIIUMCS U3 4YHCIA JHUI] C OTPAaHUYCHHBIMHU
BO3MOXXHOCTSIMU 37I0pOBbsSI (II0 3asBJICHHIO OOYYalOLIErocsi) MOTYT TpeiaraTbCsi OJHH W3
CIICYIOIIUX BAapUAHTOB BOCHPHUATHS WHPOPMAIMHM C YYETOM WX HHIUBUIYaTHHBIX
NCUXO0(PU3UUECKUX 0COOEHHOCTEH:

— IS JUI] ¢ HapYIICHWSIMH 3pEHUS: B TeYaTHON (hopMe YBETUYCHHBIM MIpU(TOM; B
dbopme SIEeKTPOHHOTO JOKyMeHTa; B ¢opme ayauodaiina (mepeBoj] yuyeOHbIX MaTepuaioB B
aynmuodopmar); B medatHoM (opme Ha s3bike bpaiins; MHAUBHIYyandbHbIE KOHCYIBTAIIMU C
NpUBJICUYCHUEM TH(IIOCYPIOTIEPEBOTUNKA; HHIMBUIYaJbHBIE 3aIaHUSI H KOHCYJIbTAIINH;

— JUIs JIMIl C HapylmIeHUsIMU CiyXa: B TedaTtHoil ¢opme; B QopMme 3IIEKTPOHHOTO
JOKYMEHTa; BUAEOMATEPHAIIbl C CYOTUTPaMU; HHIUBUIYyabHBIE KOHCYIBTAIMH C TIPUBJICUYCHHEM
CypAOTEPEeBOUNKA; MHAUBHUIyaIbHBIC 3a/IaHUSI U KOHCYIIbTAIlUH;

— JUIS JIMII ¢ HapyIIEHHSIMH OTIOPHO-JIBUTATEIBHOTO ammapara: B MedaTHOH (opme; B
dopMme DIEKTPOHHOTO TOKyMeHTa; B (opMme aymuodaiina; WHIWBUAyaTbHBIE 3alaHUs |
KOHCYJIbTAIIHH.

B ciy4ae HEOOXOIUMOCTH HCITOJTH30BaHUS B yaeOHOM mporiecce
YaCTUYHO/MCKIIIOUUTENBHO JTUCTAHIIMOHHBIX 00pa3oBaTeNbHBIX TEXHOJOTHH, OpraHu3aus
pabotsl IITIC ¢ obywarommmucs ¢ OB3 u mHBanuaaMu npeaycMaTpUBAeTCs B AJIEKTPOHHOU
nH(HOPMAIIMOHHO-00pa30BaTENFHON Cpelie ¢ Y4EeTOM HMX HHIWBUIYaTbHBIX MCUXO(PHU3UIECKUX
0coOeHHOCTEH

nouedt JI.A.llBaHosa

16.04.2024 r.
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