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1. IEJIb U 3AJAYX OCBOEHUA JUCHUIIJINHBI
Heap aucuumiauHbl: GopMHpOBaHHE U PA3BUTHE Y CTYJAEHTOB HAyYHOTO XUMHYECKOIO
MBIIIJIEHUSI HAa OCHOBE CHCTEMHOIO TIOJXOAd, COBPEMEHHBIX METOAOJOTUN M JOCTHUKEHHUU
TEOPETUUECKON U MPUKIIATHON HAYKH; YMEHUIN 1 HaBBIKOB AKCIIEPUMEHTAIbHON padoThI,
KaK OCHOBBI ISl Pa3BUTHSI TBOPUECKOTO MOTEHIMANa Oy IyIero yUuTess XUMUH.
3agaun:

1. dbopmupoBaTh TeopeTHueCKuil (yHIAMEHT COBPEMEHHOM XUMHMM KaK €IWHOU, JIOTMYECKH
CBSI3aHHOM CHCTEMEL,

2. pacIIUpUTh M 3aKpenuTh O0a30Bble MOHATUS XUMHUH, HEOOXOIMMBbIE JUIs JalbHEHIIero
M3YYEeHMsI pa3IUYHbIX 00JacTel XUMUHN U OHOJIOTUY;

3. ¢dopmupoBaTh mnpeacTaBieHUs 00 OCHOBHBIX 3aKOHOMEPHOCTSIX PAa3BUTHUSA IPHUPOJIBI; O
XMMHYECKON KapTHHE MHpPA; O B3aUMOCBSI3U XUMHUYECKHX, OMOJIOTMYECKUX U (PU3NUECKUX
MIPOLIECCOB; O POJIM XUMHUH B PELLICHUH ITTOOAIBHBIX MPOOJIEM UY€I0BEUYECTBA,;

4. pa3BUBaTh CIOCOOHOCTM K OKCHEPUMEHTAIBHOM, WCCIIECIOBATEIBCKOW padore U
HOTPEOHOCTH K CaMOCTOSTEIbHOMY PHOOPETEHHUIO 3HAHUH.

2. MECTO JUCIUILIVHBI B CTPYKTYPE OBPA30OBATEJIBHOM ITPOT'PAMMBI

JucuuruinHa «O01as, HeopraHndeckas XUMHsl, HEOPraHUUECKUI CUHTE3» SIBJISETCS YaCThIO
y4eOHOro mjiaHa 1o HampasieHuto noarotoBku 44.03.05 Ilegarornyeckoe oOpa3oBaHue (C ABYMs
npopuIssMU MOArOTOBKH), npodunu «buonorus n xumus». Jducnummuaa b1.B.02.01 «OOmas,
HEOpraHWYecKass XHWMHS, HEOPraHWYEeCKWW CUHTe3» BKIOUueHa B biok b.1 «lucuuminase
(Momynu)» M sBiIsSETCS cocTaBHOM yacTeio pasnena bl.B. «Yactb, ¢popmupyemas yuyacTHHKaMU
oOpa3oBaTenbHbIX OTHOUIEHMI», b1.B.02 «Xumus». ducuunnuna peanusyerca B HTT'CIIN nHa
Ka(eape eCTECTBEHHbIX HayK U (PU3HKO-MaTeMaTHUeCKOro 00pa3oBaHusl.

[Ipy m3ydyeHHWH NAHHOW NHUCUUIUIMHBI CTYJEHThl MCIOJNb3YIOT 3HAHUS, YMEHHUS U BUJBI
NeSITeIbHOCTH, C(OPMHUPOBAHHBIE B Mpolecce U3ydeHHs IMpeaMmeTa «XHUMHsS» Ha HpeIblayIieM
ypoBHE 00pa30BaHMsl U AUCUMILIMHBI «CTPOEHUE MOJIEKYJ U OCHOBBI KBAHTOBON XUMUU

JucuuiuinHa «OOmmas ¥ HeopraHuyeckas XMMHUs, HEOPTaHUYECKUH CHUHTE3» M3ydaercs
HapajuleJbHO C AUCUMIIIMHON « CTpOEHHE MOJIEKYJ U OCHOBBI KBAHTOBOM XUMMM» U ONIUPAETCS Ha
9TOT Kypc. JlaHHas JUCHMIUIMHA SBISETCS OCHOBOM MU H3Y4YEHMs] JAPYTMX XHMHUYECKUX
JUCIUILINH.

3. PE3YJIBTATBI OCBOEHUA JUCHUIIJINHBI
JlucuuiuinHa HanpaBieHa Ha JOPMUPOBAHUE U Pa3BUTHE CIIEIYIOIMX KOMIIETECHIIUMI:

VK1. Ciocoben MVYK 1.1. 3HaeT OCHOBHBIE UCTOYHUKH U METOIBI ITOUCKA
OCYIIECTBIISITh MIOUCK, | MH(OpMAIK, HEOOXOAMMOM ISl pEIICHHUS TIOCTABJICHHBIX 3a1a4
kputHyeckui ananmus | UYK 1.2. YMeet ocymiecTBiasTh MOUCK HHGOPMALIUN TS

U CUHTE3 peleHus IIOCTaBIEHHBIX 3a/1a4, IIPUMEHATE METOBI
uH(popMaIum, KPHTHUYECKOr0 aHaJI13a M CUHTE3a HH(popMaruu

MIPUMEHSATH NVYK 1.3. I'paMOTHO, JTOTHYHO, apTyMEHTHPOBAHHO (hOPMUPYET
CUCTEMHBIHN NOAXO0/ COOCTBEHHEIE CY>KICHH: U OLICHKH; OTJIMYacT (baKTLI OT MHEHHH,
AT peIICHUA MHTEPIPETALMMI U OLIEHOK; IPUMEHSET METOJbI CHCTEMHOTO
IIOCTABJICHHBIX 3aJa4 | moAXoAa AJsl peIICHUs NOCTABICHHBIX 3a1a4

OIIK-8. Ciocoben NOIIK 8.1. 3naeT ucroputo, TEOPUIO, 3aKOHOMEPHOCTH U
OCYILECTBIATH MPUHIIUIIBI TIOCTPOEHUS ¥ (PYHKIIMOHUPOBAHUS

IIe1arorn4ecKyro 00pa3zoBaTeIbHOTO MPOIIEcca, POJIb K MECTO 00pa30BaHUs B
JICSITEIbHOCTh Ha JKM3HU YeJI0BEKa U 00IIeCcTBa

ocHose creranbHblX | MOIIK 8.2, YMeeT ucnosnb30BaTh COBPEMEHHBIE HAYUYHbBIE
SHAHUA ICUXOJIOTO-IEAAroru4eCKoro u npeamMmeTHoOro
(mpodunpHOTO) comepKaHus I OPraHU3aIiy yIeOHOH 1
BHey‘-Ie6HOI\/'I JACATCIIbHOCTH B CUCTEMEC OCHOBHOI'O 1




Hay4HbIX 3HaHUU

JIOTTOJTHUTEITLHOTO 00pa30BaHMUs JICTEH

NOIIK 8.3. IloarorosiieH K MIPUMEHEHUIO CIIELUATBHBIX
HAYYHBIX 3HAHUU 7151 OCYILIECTBIICHHS MeJarorHuecKoi
JIeATETbHOCTH (MPOEKTHOM, YUeOHO-UCCIIEI0BATEIBCKOM,
UTPOBOH, XyI0’)KECTBEHHO-ICTETHIECKOM, PU3KYIBTYPHOM,
JIOCYTOBOMH | JIp.) C Y4€TOM BO3MOKHOCTEH 00pa30BaTEIIbHOMN
OpraHH3aIlH, MeCTa KUTEIbCTBA U UCTOPUKO-KYJIBTYPHOTO
CBOEOOpPAa3us pernoHa

I1K-3 — cnocoben
MPUMCHSITh
MPEIMETHBIC 3HAHUS
MIPH peaTH3aIiu
00pa3oBaTebHOTO
mporecca

3.1. 3HaeT 3aKOHOMEPHOCTH, MPUHITUIIBI U YPOBHU
(GhOopMUPOBAHUS U pPeaTU3alluU COJEPIKAHUS 00PA30BAHHS,
CTPYKTYPY, COCTaB U TUAAKTUUYECKHE STUHHUIIBI COJIePIKaHUs
IIKOJIbHBIX IIPEIMETOB: ...

3.2. YMeeT oCymecTBIsATh OTOOp Y4eOHOTO CONEpKAHUS JJIs
peanm3aiyy B pa3IudHbIX (hopMax 00ydeHUs: B COOTBETCTBUH C
JUIAaKTUYECKUMU TIETISIMH U BO3PACTHBIMH OCOOCHHOCTSIMHU
00yJaIOIIUXCS

3.3. Biazgeet npeaMeTHBIM COJIEpKaHUEM; YMEHUSIMH 0TOOpa
BapUATHBHOTO COJICPIKAHUS C YUYETOM B3aMMOCBSI3H YPOUHOU U
BHEYPOYHOH (hopM 00yUCHHS

I1K-6 Cnocoben
OpPUEHTHPOBATHCS B
BOIIPOCaxX OMOJIOTHH U
XUMHH Ha
COBPEMEHHOM ypPOBHE
pa3BUTHUS HAYYHBIX
HaIlpaBJICHUH B
JAHHBIX 00JIACTSIX

UIIK 6.1. 3naer:

o0II1e TOHSTHSI, TCOPHH, TIPABUIIA, 3aKOHBI, 3aKOHOMEPHOCTH
MpEeAMETHBIX 00JacTel OMOJIOTHS U XUMUSL;, 3aKOHOMEPHOCTHU
Pa3BUTHUS OPraHHMYECKOIO MHUPA;

OCHOBHBIC HpI/IHLII/IHI)I TCXHOJIOTHNYCCKUX HpOHeCCOB XUMHUYCCKUX
MPOM3BOJICTB M CIIOCOOEH HMCITOJIb30BATh MOJyUYCHHBIC 3HAHUS B
podheCcCHOHAILHOMN AEATEILHOCTH

HIIK 6.2. YMmeer:

OOBSACHATH XUMHYECKUE OCHOBBI OMOJIOTUIECKUX MTPOIIECCOB H
buznonornyeckre MeXxaHu3Mbl pabOThI Pa3IUYHBIX CUCTEM U
OpraHOB PACTEHHH, )KUBOTHBIX M Y€JIOBEKA; OPUEHTHUPOBATHCS B
BOIIPOCAx OMOXMMHYECKOI'O €HHCTBA OPraHMYECKOTO MHUPA.

HIIK 6.3. Bazeer:

KJIACCUYECKUMH U COBPEMEHHBIMH METO/IaMU U METOJNYECKUMHU
MIPHEMaMH OPTaHU3AIUH U ITPOBEICHUS JTA00PaTOPHBIX,
HKCIIEPUMEHTAJIBLHBIX U MOJIEBBIX UCCIIEIOBAHUN B MPEAMETHBIX
00J1acTIX OMOJIOTHS K XUMHSL.

B pe3ynbrare ocBO€HUS AUCHUIIIMHBI 00yYatOLIUICS JTOJKEH:

3HATh:

31. ocHOBHBIE HOHATHS 1 3aKOHBI XUMUH;

32. COBpPEMEHHYIO TEOPHUIO CTPOCHHSI aTOMa, CBOWCTBA aTOMOB XUMHYECKHX 3JIEMEHTOB,
3aKOHOMEpPHOCTU uX u3MeHeHus B [lepuoguueckoit cucreme .M. Menneneesa;

33. TeOpuH XUMHUYECKOU CBSI3H;
34. KMHETUUYECKHE U TEPMOJAMHAMUYECKUE XapaKTEPUCTUKH XUMHUUECKUX PEaKIIMii;
35. CBOICTBA M XapaKTEPUCTUKHU PACTBOPOB;

36. HOMEHKJIATYpy U KIACCH(PHUKAIUIO HEOPTaHMYECKUX COCIUHEHUH, B T.4. KOMIUIEKCHBIX
COCIUHCHHI,
37. 3aKOHOMEPHOCTH H3MEHEHUS

YMeTh:

V1. npuMeHsATh OCHOBHBIC MOHITUH U 3aKOHOB XUMUHU JJIs PEIICHUS 3a/1a4;

XapaKTEPUCTUK MPOCTHIX BEIIECTB, BOJOPOJIHBIX U
KHUCJIOPOJICOACPIKAITUX COCTMHEHUIN HEMEePEXOIHBIX M MEPEXOIHBIX JIEMEHTOB M UX KOMITJIEKCHBIX
coeMHeHu B nepuoauueckoi cucreme /.M. Menneneena.



V2. npuMeHSTh TEOPUH CTPOEHUS aroma JUisl OOBSACHEHHs CBOMCTB aTOMOB XMMHUYECKHX
3JIEMEHTOB M 3aKOHOMEpPHOCTEW W3MEHEeHusT ux cBOMCTB B Ilepmommueckoit cucreme JI.M.
MeHpeneeBa;

V3. packpbIBaTh CBOMCTBA BEIIECTB B 3aBUCUMOCTH OT THUIIA XMMHUYECKOM CBSI3H;

V4. onuchiBaTh C MOMOLIbI0 KHHETUYECKMX M TEPMOJMHAMUYECKHX XapaKTEPUCTUK
XUMHUYECKHE PEAKIINH;

V¥5. XapakTepu30oBaTh pacTBOPLI;

VY6. knaccupuuupoBaTh HEOPraHUYECKUE COSTUHEHMS], B T.4. KOMIUIEKCHBIE COETUHEHMUS;

¥Y’7. cpaBHHUBaTh NPOCTBIE BELIECTBA, BOJOPOIHBIC U KHCIOPOACOAEPIKAIIUE COCAUHCHUS
HEIEPEXOHBIX U NEPEXOIHBIX MIEMEHTOB M NX KOMILIEKCHBIX COCIMHEHHM.

V8. wucrnonp3oBaTh TEOPETUYECKHE 3HAHUS B OOBSICHEHUH MPAKTHYECKUX METOA0B
MOJyYEHUs XMMHMUYECKHUX COCJUHEHMH, a Takxke mepepaldoTKu M YTWIM3ALUH ONAacHBIX s
OKpY’KaIOIIeH Cpeibl BEIECTB (TsHKEble METANJIbl, KUCIOThI, OCHOBAHHU).

Baagers HaBbIKAMU:

B1. o0cyxneHus HayyHBIX XUMHUYECKHUX MpoOJIeM B JUCKycCUsX, (HOPMUPOBaHHS
COOCTBEHHOM TMO3MIIMKM W OTCTAUBAHMUSI €€ B CIOpE, MCIONb3Yys pa3InyHble CBEACHUS s
apryMeHTalluu;

B2. paGoTbl 110 NOKUCKY U cHCTEMATU3alUU JOMOJHUTEIbHON HH(OPMALIUK MTPH TOJTOTOBKE
K CEMUHAPCKUM 3aHATHSIM U 1a00PaTOpPHBIM paboTaM;

B3. skcnepumeHTalbHOM pabOTHI.

4. CTPYKTYPA U COAEP)KAHUE JUCIIUIIJIMHBbI

4.1. O0beM JUCHUILINHBI U BUbl KOHTAKTHONH H CAMOCTOSATEJIbLHOM padoThI
OO61as Tpy10eMKOCTh JUCIUILTUHBI COCTaBIsAeT 6 3au. en. (216 yacoB), UX pacmpenesneHue
10 BUAaM paboT mpeacTaBieHo B Tadmume Ne 1.
Taoymma Ne 1
Pacnpenesienue TpyA0eMKOCTH TUCHUIUIMHBI 10 BUIaM padoT

dopma 00yueHuUs
Bun pabotsr Ounas
1 cemecTp 2 cemecTp 3 ceMecTp
O01asi TPYA0EMKOCTh JHCHUIIMHBI 110 YUeOHOMY TUIaHy | 72 72 72
KonTakTHasi paboTa, B TOM 4YHCJIC: 24 24 28
Jlexuu 8 8 10
JlaGopatopHble pabOThI 16 16 18
CamocTosiTeJibHAsi padoTa, B TOM YHCIIC: 48 48 17
M3ydeHne TeopeTHuecKoro Kypca 20 20 10
CaMOmnoIroToBKa K TEKYIIEMY KOHTPOJIO 3HAHUH 28 28 7
IloaroToBKa K K3aMEHY 27

4.2. Conep:xaHue ¥ TeMaTHYECKOE NJIAHMPOBAHHE TUCHMUILINHBI
TemaTn4yeckuid IJIAH JUCHUIIHHDI

HaumenoBanue pa3nienoB u TeM Bun xoHTakTHOW paboTHI, dopmbl
JUCHUAIIINHGBI (MOIYJIS) Jac w TEKYIIETO
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Brenenmne. 18 2 - 4 - 12 | camocT.
Tema 1. ATOMHO-MONIEKYIISIpPHOE pabora,
yueHnrne. OCHOBHEBIC OTYET 110
XUMHUYECKHE MOHITHS U 3aKOHBI naboparo
pHOI
pabote
Tema 2. Teopernueckue 18 4 - 4 - 10 | camocros
OCHOBBI o0reit XUMUH. TeIbHas
CtpoeHue u CBOICTBa aTOMOB. pabora
XUMUYECKas CBS3b
Tema 3. Knaccudukanus u 36 2 - 8 - 26 | camocr.
HOMEHKJIaTypa HEOPTaHUUYECKUX pabora,,
coenrHeHU. OCHOBHBIE OTYeT MO
CBOICTBa OCHOBHBIX KJIACCOB naboparo
HEOPraHWYECKUX COCIMHEHUI pHOM
pabore
DK3aMeH
BCEI'O 72 8 16 48
Tema 4. PacTBOpBHI. 14 2 - 2 - 10 | camocr.
DIEKTPOTUTHYECKAS pabora,
JTUCCOLIMAITHS. OTYET TO
nmaboparo
pHOM
paboTe
Tema 5. OxkuciauTenbHO- 14 2 - 2 - 10 | camocr.
BOCCTAHOBUTEJIBHBIC PEAKIIUU pabora,
OTYET TO
naboparo
pHOM
pabore
Tema 6. DieMeHTHI TJIaBHBIX 24 4 - 4 - 16 | camocr.
HOJTPYII MIEPHOANYECKON pabora,
CUCTEMBI U UX COCTUHEHUS OTYET TO
naboparo
pHOM
pabote
Tema 7. Heoprannueckuit 20 - 8 - 12 | camocr.
CUHTE3 pabora,
OTYET TO
nmaboparo
pHO
pabote
DK3aMeH
BCEI'O 72 8 16 48
Tema 8. KommiekcHbie 12 2 - 4 - 6 CaMOCT.




COEIMHEHUS pabora,
OTYET II0
nmaboparo
pHOH
pabote

Tema 9. DieMeHTBHI TOOOYHEIX 3 33 8 - 14 - 11 | camocr.

HOJTPYII MEPHOANYECKON pabora,

CHCTEMBI U UX COECTUHEHHUS OTYET IO
nmaboparo
pHOM
pabore

JK3aMeH 27

BCEI'O 72 10 18 17
HUtoro 216 [ 26 50 113
IIpakTHYeCcKHE 3aHATHSA
No HanmenoBanue 1abopaTopHbIx paboT Kon-Bo
paznena ays.
JacoB
1 Tema 1. Pemienne 3aga4 1o teme « OCHOBHBIC ITOHITHUS M 3aKOHBI XHUMUH)) 2
1 Tema 2. OnpeneneHre MOJSIPHOM MAcChl YIJICKHCIIOro ras3a 2
2 Tema 3. Hanucanue 3IeKTPOHHBIX KOH(UTypanuii s1emenToB. Onucanue 2
CBOMCTB, HCXO0d U3 NoJIoKeHus B Ilepnoanueckoi cucTemMe
2 Tema 4. Cxembl 00pa30BaHUsl CBSI3€H, BHIBOJ CTPYKTYPHOU (DOPMYJIBI 2
3 Tema 5. Oxcuppl, ocHoBaHus. [lonydyeHue, cBoMicTBa 2
3 Tema 6. Kucnotsl, coJiv, IONy4eHNE, CBOMCTBA 2
4 Tema 7. 1IpurotoBjaeHrue pacTBOPOB 2
4 Tema 8. DnexrposuTryueckas aucconuanys. Peakiimm noHHoro oomMeHa 2
5 Tema 9. OxucanUTEIbHO-BOCCTAHOBUTEIIHHEIC PCAKIINUI 2
6 Tema 10. Bonopon. Ilonydenue. M3ydeHne (Pu3MUECKMX M XUMHUYECKHX 2
CBOMCTB

6 Tema 11. T"anoreunsl. IlonyueHue, n3ydyeHue CBOMCTB 4
6 Tema 12. Kucnopoa. Oxcupsl. [Tepokcuas 2
6 Tema 13. Cepa. CoemMHEHHS CEPHI 2
6 Tema 14. Azor. CoenHeHHs a30Ta 2
6 Tema 15. Dochop. Coennnenud dhocdhopa 2
6 Tema 16. Yriepos, KpeMHHUH, COCTUHCHUS 2
6 Tema 17, 1llennounble METaILIBI 2
6 Tema 18. 1llenounozeMeabHbIE METAIIIBI 2
6 Tema 19. AnromuHuii, COGIMHCHHMS, CBOIMCTBA 2
6 Tema 20. OnoBo, cBUHEI, COEAUHEHMS, CBOMCTBA 2
7 Tema 21. Heopraamduecknii cuates. Ilonyuenne MeTakpeMHUEBON KUCIIOTEI 4
7 Tema 22. Heoprannueckuit cuntes. [lonyuenue okcuga xpoma (+3) 4
7 Tema 23. Heopraundeckuii cuate3. IlonydeHne HuTpaTa Meau 4
7 Tema 24. Heopranuueckuii cuares. [lonyuyenue conmn Mopa 4
7 Tema 25. Heopranudeckuii cuaTe3. [lonyueHne MeIH U3 pacTBopa 4
8 Tema 26. KoMmiiekcHble COeIUHEHUS 4
9 Tema 27. Heoprannueckuii cuntes. [lonyyenue okcuna menu (+1) 4
9 Tema 28. Heopranuueckuii cuares. Perenepariyst cepedpa u3 0TX0H00B 4
9 Tema 29. Merannn 8b 4
9 Tema 30. Metannsl 7b 4




Tema 31. Metamisl 6b

Tema 32. Metaminel 2b

Tema 33. Metams! 1b

N} N} Noj No)
EEN B BN PN

Tema 34. CpaBHenne MeTaiuioB A 1 b moarpynm

4.3. Conep:xaHue pa3iesoB (TeM) TUCHHIIMHBI
Jlekuuonnsblii kKypce (26 yacoB)

Jlexnus 1. BBenenne. ATOMHO-MOJIEKYJIsIpHOE YueHHe (2 yaca)

MecTo HeOpraHm4ecko XMMHMHM B cucTeMe HayK. OCHOBHbBIE pa3[enbl HEOpraHM4eCKOn
xumun. Kpatkuilt 0630p pa3BUTHS HEOPraHUYECKOW XMMUU. 3HAYEHHE XMMUU B JKU3HU 4EJIOBEKa,
B3aUMOCBSI3b XMMHYECKOM HAyKM M NPOMBIIUIEHHOCTU. Poiib HEOPraHMYecKOM XWUMHUHU B
[IOAITOTOBKE YUUTENS] XUMUU U OUOJIOTHH.

OCHOBHbIE XMMHYECKUE TOHATUS W 3aKOHbl. BO3HUKHOBEHME M pa3BUTHE ATOMHO
MOJIEKYJISIDHOTO  y4eHusd. Pa3Butue  mpeactaBieHHM O  KOPIYCKYJISPHOM  CTPOCHHH
BemiectBa.Pabotel M.B. JlomoHOCOBa, aTomucTuyeckas runore3a [lanbroHa. OCHOBHBIE MOHSATHUS
ATOMHO-MOJIEKYJIIPHOIO YYEHHS: aTOM, MOJIEKYJa, XUMHYECKHH 3JEMEHT, IMPOCTOE U CIIO0KHOE
BEIIecTBO, xuMuueckass (opmyna. Pasmepsl u maccel atomoB. OTHOCHUTENbHAsE aTOMHas Macca.
AToMHas equHuIa Macchl. OTHOCUTENBHAS MOJIEKYJISIpHAsi Macca. MoJb Kak €IMHUIIa KOJIUYeCTBa
BelecTBa. Yuciao ABoraapo. MosnsipHas Macca. XUMUYeCKas peaklus Kak MpeBpalieHue BEIIeCTB.
YpaBHeHHE XUMUYECKON peakui. 3aKOH COXPAHEHHUSI MAcCChl BEIIECTB IPU XUMUUECKUX PEAKIUAX.
OCHOBHBIE 3aKOHBl CTEXMOMETPUHU. 3aKOH IOCTOSTHCTBA COCTaBa. 3aKOH KPATHBIX OTHOIICHHI.
OObsiCHEHNE 3THUX 3aKOHOB C MO3MULMI aTOMHO-MOJIEKYJIIPHOTO y4€HUs. I'paHuIIbl MPUMEHUMOCTU
3aKkOoHOB. JlanbToHMABI W OepTo/uabl. 3HAYeHHE COCAMHEHMH MEePEMEHHOr0 COCTaBa B
COBPEMEHHOM TeXHUKE. XHMHMYECKHUH OKBUBAJICHT JJIEMEHTa. BaJeHTHOCTH 3JIeMEHTa.
OKBUBAJICHTHAsI Macca. 3aKOH 3KBHBAJICHTOB. XUMHUYECKHE SKBUBAJICHTHI CIIOXKHBIX BEIECTB.
3akoH 00beMHBIX oTHomIeHUH ['eii-Jlroccaka. 3akoH ABoraapo. MombHBII 00beM raza. MeTossl
oTpeieNIeHUs] MOJIEKYJISIPHBIX MAacC BEIIECTB, HAXOISAIIUXCS B Ta3000pa3HOM cOCTOsIHUH. PacueTsl
0 XUMHUYECKUM (OopMyJIaM B YPaBHCHHSIM PEaKITUH.

Jlekuust 2. Teoperudyeckue OCHOBbHI HeopraHuuyeckoil xumuu. CTpoeHue aToma.
I[Mepuoauyeckuii 3akoH (2 yaca)

DKcrepuMeHTallbHbIe 0OOCHOBAaHMS TMPEACTABICHUI 00 aToMe Kak CII0XKHON cHcTeMe.
OTtkpsiTHE 27eKTpoHA. PagroakTuBHOCTE. OCHOBHBIC XapaKTEPUCTUKU O-, B- U y-ydeid. Mopaensb
atoma Tomcona. OnbiTel Pezepdopaa nmo paccesnuto a-yactuil. I[lnanerapnas monens atoma. Ee
JIOCTOMHCTBA U HeAocTaTKu. [Ipeanocsliky pas3perieHns BHYTPEHHUX MPOTUBOPEUNi MJIaHETApHOM
Mozenu. KopnycKyJsapHO-BOJHOBOM ayanu3Mm u3nydeHus. KBautel. VYpaBHenus Ilmanka.
Oo6mwsacuenue porodddexra DitHmreiiHOM. @oTOHBI. CrieKTpbl aTOMOB. Teopus aToMa BOJIOpoOJia 0
Bopy. O6bscHeHune cnekTpa aroma BoJ1opoia. BHyTpeHHHE TpOTUBOpEUHs TEOPUH aToMa BOJOPO/Ia
no bopy. IlonmbiTkn ux ycrpanenus. KopmycKyJIsspHO-BOJHOBOM Ayaiau3M 4YacTUL. BoisiHBI 1€
bpoiina. Ilpunmun HeonpeneneHHocTH ['eizenOepra. [loHsATHe O BOJHOBOM ypaBHCHHH
[[Ipénunrepa I CTallMOHAPHBIX COCTOSHUW. I'paHMYHAs NOBEPXHOCTb. Y3JI0Bas IOBEPXHOCTD.
KBaHTOBO-MeXaHMuecKass MoOJENb aToMa Bojaoponaa. KBaHTOBblE 4HClIa Kak MapaMmeTpsl,
OTIPE/ICIISIONINE COCTOSHUE IEKTpoHA B aTtome. [nmaBHoe (n), opOutansHoe (1), MarHuTHOE (M)
KBaHTOBbIE uncia. Ux ¢pusndeckuii cmbicia. [lonsTHe 00 35eKTpoHHOM 00ake. ATOMHbIE OpOUTAIN
(AO). OcHoBHOE U BO30YKJIEHHOE COCTOSIHHE, BUJI aTOMHBIX S-, p-, d-, f-opburaneir. YrioBoi u
MarHUTHBII MOMEHTHI 3JIEKTpOHA (CIHMH) M CIMHOBOE KBAHTOBOE YHCIIO. EMKOCTH 3JIEKTPOHHBIX
cioeB. [lepBble MOMBITKM KIAaCCU(PUKALMU XUMHUYECKUX 3JIEMEHTOB. OTKPBITHE MEPHOAUYECKOTO
3akoHa J[.MI. MenneneeBbiM. [IpuHIMI MOCTPOEHUSI €CTECTBEHHOM CHUCTEMBI HJIEMEHTOB.
DKCnepuMeHTaIbHOE OATBEPKIAECHUE TeopeTrnueckux npenackaszanuii .M. MenaeneeBa. Bonpock,
IIOCTABJICHHBIE MMEPUOJIUUYECKUM 3aKOHOM M MEPUOJIUYECKON CUCTEMOM, X pa3pelleHne C MO3UINI
MpeaCcTaBleHUH O cTpoeHuH aTtoMoB. CoBpeMeHHas (OPMYIMPOBKAa IMEPHOAMYECKOTO 3aKOHA.
[leproguueckass cucteMa KakK €CTECTBEHHas CHCTeMa »3JEMEHTOB. PaznuuHbie  (GopMbI



nepuoaudecknx Ttabmui. WX gocToMHCTBAa W HEAOCTaTKU. llepwojpl, Tpymnmbl, MOATPYIIIHL.
BHyTpeHHsAsT W BTOpUYHAasg MNEPHOIUYHOCThb. CBS3b TOJIOKEHHS JJIEMEHTa B NEPUOAUYECKOU
CUCTEME C DIIEKTPOHHBIM CTpoeHHeM ero aroMa. OCOOEHHOCTH SJEKTPOHHBIX KOH(HUTypauui
aTOMOB 3JIEMEHTOB TIJIABHBIX M MOOOYHBIX MOJArpyHN. DJIEeMEeHTHl s-, p-, d-, f-cemelicTB.CBs3b
CBOWMCTB DJJIEMEHTOB C HX IIOJIOKEHUEM B IepUOaHYecKor cucreme. llepuonnuecku u
HEMEPUOINYECKA U3MEHSIONIMECS CBOMCTBA 3JIEMEHTOB. M3MeHEeHHe BEIMYMH PaguyCcoB, SHEPTU
WOHU3ALHMH, CPOJACTBA K JJIEKTPOHY M JJIEKTPOOTPHULATEIBHOCTH aTOMOB 3JIEMEHTOB C POCTOM
3apsaoB WX sAAep. B3rmsapl Ha CymIHOCTE XUMHUYECKOM CBs3U. OCHOBHBIE XapaKTEPHUCTHUKH
XUMUYECKOM CBSI3U: JIJIMHA, JHEPrusi, HaNpaBIE€HHOCTb. BaneHTHbI yroyi. OCHOBHbBIE THIIbI
XUMHYECKOMU CBSI3H.

Jleknus 3. Xumuueckas ¢Bsi3b (2 yaca)

Barmsiael Ha cynHOCTh XUMUYECKON CBsA3U. OCHOBHBIC XapaKTEPUCTHKN XUMHYECKOW CBSI3U:
JUIMHA, SHEprusi, HaIlpaBJICHHOCTb. BaneHTHbI yron. OCHOBHbIE THIIBI XUMHUYECKOH CBS3H.
KoBanentHas cBa3b. KBaHTOBO-MEXaHMYECKHE METO/bI €€ TPAaKTOBKH. METOJI BaJ€HTHBIX CBS3EH
(MBC). ®wusuueckas uaes MeToAa: 0Opa3oBaHHE IBYXIEHTPOBBIX IBYXAIEKTPOHHBIX CBSI3EH,
MPUHIIMIT MakcUManbHOro nepekpeiBanust AQO. JIBa MmexaHn3ma oOpa3oBaHusl KOBAJEHTHOM CBS3U:
00001IIeHNsT HECHapeHHBIX JJEKTPOHOB pPAa3HBIX aTOMOB U JIOHOPHO-AKIENTOPHBIM MEXaHU3M.
CgoiicTBa KOBAJIEHTHOM CBSI3H: HACBHIIIAEMOCTb, HaIpaBJIEHHOCTb,
noJisipusyemoctb. HacbimaemocTs KoBaJIeHTHOM cBsi3U. KoBaneHTHOCTh aToMoB 35eMeHToB I, 11, 111
nepuonoB. HampaBlleHHOCTP KOB@JIEHTHOW CBSI3M. T€Opus HAIpPaBICHHBIX BAJEHTHOCTEH.
IuOpuamzanmst AO. VYcnoBus ycTOWYMBOM THOpHAM3AMM  aTOMHBIX opOuTanei. Tumsl
TUOpUIIM3AIIN U TEOMETPUH MOJIEKYJI. [loJsIpHOCTH CBSI3eH M MOJIIPHOCTH MOJIEKYI. JMMOIbHBIN
MOMEHT CBSI3U, G- U T-CBsA3U. KpaTHOCTh cBsizu. DakTopbl, BIUAIOMIME HA MPOYHOCTH CBS3H.
[Nonspuzyemoctp KoBaneHTHOH cBs3u. [Ipumenenne MBC it onucanus 3JI€KTPOHHOTO CTPOECHHUS
KOMILJIEKCHBIX CO€IMHEHUU. [IpocTpaHCTBEHHOE CTpOEHHE KOMIUIEKCOB. THIBI KpUCTAUIMUECKUX
pemieTok, o0pa3yeMbIX BEIIECTBAMU C KOBAJICHTHOM CBSI3bIO0 B MOJIEKYJIaX, CBOMCTBA ATUX BEIIECTB.
Nonnas cBs3b. Ee cBoiicTBa. O61acTh IPUMEHUMOCTH HOHHOM MoJienu. VIOHHBIE KpUCTAITTHYECKHE
pewrerku. [lonspuszanusa U MOJAPU3YIOLIEE JIEMCTBUE MOHOB, MX BJIMSHUE Ha CBOMCTBA BEILECTB.
CBoiicTBa BellecTBAa C HOHHBIM THUIIOM CBSI3U. BaJeHTHOCTH, CTENEHUW OKHUCIEHUS U
KOOPAMHALIMOHHBIE YHCIIA ATOMOB B COEJIMHEHUSX C PA3JIMYHBIM THIIOM CBSI3U. XUMUYECKas CBS3b B
KOMIUIEKCHBIX ~ COCAMHEHUSX — Teopus KpucTaumueckoro noid.BomopoaHas — cBs3b.
MexmouiekynsipHasi 1 BHYTPUMOJIEKYJISIpHAsE BOJAOPOAHBIE CBS3U. BilMsiHuEe BOAOPOJHOM CBSI3M HA
cBoiicTBa BemlecTB. Posib BOIOPOAHOMN CBSI3U B OMOJIOTMYECKUX Tpolieccax. MeTayuinyeckas CBs3b.
OCOOEHHOCTH JIEKTPOHHOTO CTPOEHHUS aTOMOB DJIEMEHTOB, CIIOCOOHBIX K 00pa30BaHUIO
METAJUIMYECKON  CBSI3HM. MEXMOJEKYIsIpHbIE  B3auMOACHCTBUA. [[umonb-Iumonb, AWUINONb-
VHyUUPOBAHHBIN IUMOJIb, TUCIIEPCUOHHBIE B3aUMOICUCTBUA.

Jlekuuss 4. Kiaaccupukanmsi M HOMEHKJIATYpa HEOPraHMYECKHMX COeJIUHEHHIl.
OcHOBHBIE CBOMCTBA OCHOBHBIX KJIACCOB HEOPraHN4YECKHUX coelMHeHU (2 yaca)

Knaccudukanus u HoMeHKIIaTypa Heopranudeckux coennnenuii. Kinaccudukanus
MPOCTHIX U CIOKHBIX BellecTB. bunapusie coequuenus. ['uapuasl. OKCUabl, IEPOKCUIBI,
raJIOTeHUIbl, HUTPUIBI, KapOusl U T.11. HoMeHknatypa OMHapHBIX cCOeqUHEHHH. TpexaieMeHTHbIe
coenuHeHUs, ruaApokcuabl. Kucimotel. Comu. KucnotHbie, OCHOBHBIE U aM()OTEPHBIE OKCHJIBI.
Homenknarypa okcuao. OcHoBanusi. O1HO- 1 MHOTOKHUCIIOTHbIE OcHOBaHus. Ll{emoun.
Howmenknarypa ocHoBanuii. Kucnoter: 6eckuciopoabie 1 Kuciaopoanbie. OnHo- u
MHOT'OOCHOBHBIE KuCI0Thl. HoMeHnknaTypa kucnot. Cosv: cpeHue, KUCIIbIEe; OCHOBHBIE.
Cwmemannble U ABoiHbIE con. HoMeHkmnarypa comneit.

Jlekuus 5. PacTtBopsl (2 yaca)

MexaHnu3M  mporiecca  pacTBopeHus. [wapatamusi Tpu  pacTBOpeHUU.  PaboThI
AN .MenneneeBa 1o Teopur pacTBOpoB. CBsA3b TEIJIOTHI PACTBOPEHHMS BELIECTBA C SHEpPrueu
KPUCTAJUIMYECKOW PEMIETKH W TEIUIOTOM TUApaTalhd MOJIEKYJ BEIIECTBA WJIM IMPOAYKTOB €ro
JUCCOLUALINN.



PactBOopuMOCTh TBepAbIX BemiecTB B Boae. KoaduiumeHT pacTBOPUMOCTH U €ro
3aBUCUMOCTh OT Temneparypel. KpuBble pactBopuMocTH. HachlmieHHBIM pacTBOp — Kak
JUHAMHUYECKas paBHOBECHas cUcTeMa. [lepechllieHHbIE PACTBOPBI U YCIOBUS UX YCTOMYMBOCTH.
Kpucramnoruapatsl.

Konuentpanust pactBopoB. CrnocoObl BbIpaK€HUSI KOHIIEHTPALMU pacTBOpoB. MaccoBas
JI0JI1 paCTBOPEHHOTO BenlecTBa. MoJsipHasi, HOpMaJIbHAsl, MOJISUIbHAS KOHLEHTPALUH.

PacueTs! 111 IpUTOTOBJICHUS PACTBOPOB Pa3IMYHON KOHLEHTPAIMU, TEXHHKA 0€3011aCHOCTH
pH paboTe C pacCTBOPAMU KUCIIOT U LIEI0YEH.

Jleknus 6. Peaknnu B pacTBOpax 3J1eKTPOJIMTOB (2 yaca)

DONEKTPOAUTHl U HEANEKTPOJIUTh.. OCHOBHBIE MOJOXKEHUS TEOPUU DIIEKTPOJUTHUYECKON
quccouuanuy. MexaHns3Mm AMccOoLMaly BELIECTB C PA3IMUHBIM THIIOM XUMHUYECKOW cBs3u. Pousb
MOJIAPHBIX MOJIEKYJ BOJBI B Mpolieccax auccouuanuu. MoH ruapokcoHusi, JHepreTuka mnpoiecca
JUCCOLUALUU.

CreneHp aeKTpoNUTHYECKON nucconnanuu. CuibHble U ciaadble 3JeKTPOIuThl. PakTophl,
BIIMSIOLINE HA CTENEHb TUCCOLMALIAN

[IpumeHeHne 3akoHa JEHCTBUS Macc K MPOLECCY IUCCOLMALUU CIA0BIX AJIEKTPOJIUTOB.
Koncranra aucconmanuu. CmenieHne paBHOBECHS AUCCOIUAIINH CIA0BIX AIEKTPOIUTOB, KHUCIOTHI,
OCHOBaHUS, COJIHM B CBETE€ TEOPUH DJIEKTPOIUTHUECKOHN nucconuanuu. CTyneHyaTas IUCCOLMALINS.
AMdotepubie THapokcuabl. HoHHOe mnpousBereHue Boabl. IIpousBeneHHe pacTBOPUMOCTH.
VYcnoBus 00pa3oBaHusl U paCTBOPEHUS OCAIKOB.

Peakuuu B pacTBOpax 31eKTponuToB. HampaBieHHOCT, OOMEHHBIX peakIMii B pacTBOpax
3JIEKTPOJIUTOB.

Peakuun rupponuza. I'maponu3 conel. Peakiusg cpelbl B BOJHBIX PacTBOpax CoOJIEH,
OOpatuMblii 1 HEOOPAaTHUMBIN THUAPOIU3 COJEH, CTENEeHb M KOHCTAaHTa THIPONIH3a, (HAKTOPHI,
CMEUIAIoLMe paBHOBECHE THApoIM3a. MexaHu3M Impolecca THUIpOJn3a COJIEW C MO3ULUU
IPOTOJIUTUYECKOH Teopuu. Poib ruaponn3a B OMOJOTHUECKUX, XUMUYECKUX MPOIECCaX.

Jlekuusi 7. OKMCJIANTEIBLHO-BOCCTAHOBUTEIbHBbIE peakuuu (2 yaca)

Peakunun wmaymme ¢ u3MeHeHHeM W 0e3 M3MEHEHHUs CTENEeHHM OKHCJICHHS aTOMOB 3JIEMEHTOB.
Krnaccudukanus OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX peakiuil. OKUCIUTENN U BOCCTAHOBUTEIH.
IIpaBuna cocraBieHUs YpaBHEHHU OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakuuid MeTroasl
JNeKTpoHHOro Oananca. Ponb cpeabl B MPOTEKAaHMM  OKUCIHUTEIHHO-BOCCTAHOBUTEIBHBIX
IIPOLIECCOB.

Jlekuus 8. HanmpaBjieHHOCTh OKMCJIUTEIbHO-BOCCTAHOBUTEILHBIX peakuuii (2 yaca)

[IoHsATHE O rambBaHMYECKOM 3JIeMEHTE. BO3HMKHOBEHME CKayka IIOTCHIMAJIA HA T'PAHULIE
METaJUI-BOJAHBIN pacTBOp ero coiau. CTaHaapTHBIE AJIEKTPOJHbIE MOTEHUMANbI. Psa HanpsskeHui
MeTayioB. CTaHJapTHbIE OKHUCIUTEIBbHO-BOCCTAHOBUTEIbHBIE MOTEHUHMANbl. HanpaBieHHOCTH
OKHCJIIUTENbHO-BOCCTAHOBUTEIBHBIX ~ pPEAaKIMil B pacTBOpax. 3HAYEHHE  OKHUCIHUTEIbHO-
BOCCTAHOBUTEIIbHBIX PEAKIIUH B )KUBOM U HEXKUBOW MPUPO/IE.

DNEKTPONIN3 KAK OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MpoLEcC. DJIEKTPOIU3 pacIliaBOB.
DNEKTPOIN3 BOJHBIX PACTBOPOB KHUCIIOT, IEJIOUEH, COJIEHN U €ro NPaKTUUECKOE 3HaUECHHUE.

Jlekuust 9. DueMeHnThl riaaBHbIX moarpynn Ilepuoamuyeckoi cucTeMbl XHMHYECKHX
nemenToB JI.U. MenpaeneeBa. Bogopoa. I'anorensl. (2 yaca)

AToMm BojopoJia, n30Tonsl. Pactipoctpanenue Bogopoza B npupoze. OcodbeHHocTu
TIIOJIOKEHUS B IIEPUOANYECKON cucTeMe. XapaKTEepUCTUKA MOJIEKYJIbI C IIO3ULUI METOI0B
BaJICHTHBIX CBSA3€H U MOJIEKYJISIPHBIX OpOUTAIeli: SHEPrHs, [UIMHA U KPaTHOCTH cBsi3U. [lomyuenue
BOJIOpPO/JIa B TaOOPAaTOPHH U MPOMBIIUIEHHOCTH, €ro (U3NYeCKUe U XUMUYEeCKHe cBoiicTBa. TexHuka
0e30macHOCTH Mpu padoTe ¢ BogopoaoM. Bogopoa — TormBo Oymyrero. MosieKyaspHbIA 1
aTOMapHbIN BOJOPOJ KaK BOCCTaHOBUTEND. COEMHEHNS BOJOPO/Ia C METAJUIAMU U HEMETAJUIAMHU:
CTENEHb OKHUCIICHUS aTOMOB 3JIEMEHTOB B MOJIEKYJIaX U PUPOJIa XUMUYECKOH CBSA3HU B HUX,
KHMCJIOTHO-OCHOBHBIE U OKHCIIUTEIBHO-BOCCTAHOBUTENIbHBIE CBOMCTBA. [[puMeHenune Bogoponia B
MPOMBIIITIEHHOCTH. Bostopoa — ToruumBo Oyaymiero.



Boga. CoctaB M 37I€KTPOHHOE CTPOCHHME MOJIEKYJ BOJBI. XapaKTepUCTHUKA BOJOPOIAHOU
CBS3U. BrmsHue BOJOPOMHOM CBS3M HAa (U3WYECKUE W XMMHYECKHE CBOWMCTBA BOJOPOJIHBIX
coenuHeHUH. Pobh BOIOPOAHBIX CBsI3el B OMOIOTHYECKHX Mporeccax. ACCOUaIis MOJICKYI BOJIBL.
®u3nyecKre CBOMCTBA BOJAbI. B3amMoaencTBUE ¢ MPOCTHIMUA M CIOKHBIMHU BellleCTBaMU. Tskenas
BO/Ia, €€ CBOWCTBA, MOJy4YeHHe W TpuMeHeHue. Boma B mpupome. CrnocoObl OYMCTKH BOJIBI.
[Ipobmema gucToi BOIbI.

OOmas xapakTepUCTHKa aTOMOB 3JIEMEHTOB M MPOCTHIX BEUIECTB. Mephbl MPeaoCTOPOKHOCTH
npu pabore ¢ ranoreHamu.®@Top. PacnpocTpanenue ero B mpupoje, mnoiydeHue, Gpusndeckue u
xummuueckue cBoiictBa. Coequnenus ¢propa. @topoBogopon. [lonydenue u cBolicTBa. Accomuanus
Moutekya. PTopoBoAopoaHas KucioTa, propuabl. [Ipumenenue ¢propa u ero coeguHeHui. Xiop.
Haxoxnaenue B mpupone, u3oronbl. CocoObl MOTYUYEHHUS XJIOpa, ero (PU3NYECKUE U XUMHYECKHE
cBoiicTBa. MexaHu3M B3aUMOJIEHCTBUS XJOpa C BOAOPOJAOM. XJIOPOBOJIOPOJ, COJISIHAsE KUCJIOTA!
CrocoObl Moy4YeHus, PU3NIECKUE U XUMUYECKHE CBOICTBa, MpuMeHeHue. B3anmoeiicTBue xiopa
C BOJIOHM, INEJIOYaMU W JIPYTMMHU CJIOKHBIMHU BemiecTBaMu. KuciaopoaHble COEIMHEHHs XJopa.
XJopHOBaTHUCTasl KUCTIOTA, TUIIOXJIOPUTHI, OeNUIbHAS U3BECTh. XJIOPHOBATAsl U XJIOPHAs! KUCIIOTHI U
ux conu. beproneroBa conb. CpaBHEHHE CHIIbI, IPOYHOCTH M OKUCIMTEIbHBIX CBOMCTB KHCIIOT
xynopa. IIpumenenune xjgopa u ero coenuHeHuil. OxpaHa OKpyXaroled cpenbl OT 3arpsi3HEHHUI
ximopoM. Bpom. Mox. Pacmpoctpanenme B mpupoze, HonydeHue, (BU3HIECKHE U XHMHUECKHE
CBOMCTBAa TPOCTHIX BemlecTB. bpomoBogopon wu  HomoBomopoxa, OpoMoBogopoAHas U
HonoBoopoaHast KHCIOThI, uX conu. [lomydenue, cBoiicTBa, npumeHeHue. CpaBHUTENbHAS
XapaKTEPUCTUKA CHIIbI TAIOT€HOBOJOPOAHBIX KUCIOT U BOCCTAHOBUTEIBHBIX CBOMCTB UX aHUOHOB.
Kucnoponusie coequaenust Opoma u oga. O01as xapakTepUCTHUKA COSTMHEHUN TaJIOTEHOB JIPYT C
npyroM. buonorudeckast posib MPOCTHIX BEUIECTB U COEIUHEHUH, 00pa30BaHHBIX TalOTeHAMHU.

Jlekums 10. dnemenTsI ri1aBHoil noarpynnsl VI rpynnsl (2 yaca)

OO0mmas xapakTepucTHKa aTOMOB 3JIEMEHTOB U MPOCThIX BemiecTB. Kuciaopoa. M3oTomnHsrii
COCTaB MPUPOJAHOTO KHUCIOpOAa. XMMHUUYECKas CBs3b B MoOJIEKyJie kuciopoaa ¢ nosunuiit MBC u
MMO, OO0bsacHenune mnapamarseTusMa kuciopoaa. CrocoObl MOMyYeHUs KHCIOpOAa, €ro
¢u3nveckne u XuMUIecKre cBorcTBa. Kucmopos kak okucnuTens. B3aumozeiicTBue ¢ KUCI0poIoM
IPOCTBIX M CIOXHBIX BEIIECTB, aIoTponus Kuciopona. O30H, €ro CBOMICTBa, NOJIyYEHHE,
oOpazoBanne B mnpupoze. [Ipumenenue xkuciopoma. Ponb kucmopoma B mpupoge. Bozmyx.
[IpoGnema yuctoro Bo3ayxa. Bogoponnsie coeauHenus kuciopoaa. Boga u mepokcua Bogoposa,
COCTaB M 3JIEKTPOHHOE CTPOEHHME UX MoJieKysl. TepmoanHamuyeckass yCTOWYMBOCTb, KHUCIOTHO-
OCHOBHBIE M OKHCJIMTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBAa INepokcuiaa Bojopoxna. llomydenwue,
CBOMCTBA U MPUMEHEHHUE MTEPOKCUIOB METAILIOB.

Cepa. Cepa B mnpupone. AioTponusi cepbl. DU3MYECKUE CBOMCTBA €€ BaKHEWIINX
Monupukanmii. XWMHYECKHE CBOWCTBA M NPAKTHYECKOE MPUMEHEHHE Cepbl. BomopoaHbie
coenuHeHus: cepbl. CepoBojgopon: mMoOdydyeHHe, (U3NYECKUE W XUMHUYECKHE CBOMCTBA.
dusnonornyeckoe aeiictBue  cepoBojgopona. CepoBomopogHas —KUCIOTa H  CyJIb(HIBL
BoccranoButenbHble CBOMCTBa cepoBojopoaa U cylbhuaoB. KucrnopoaHbie COeIUHEHHS CEPBI:
CTpOCHHE MOJIEKYJI, XapakTep BaJeHTHBIX cBsizedl. Okcun cepsl (IV): dusmueckne m XuMuueckue
CBOICTBa, CIOCOOBI MONTy4YeHHs. XMMHUYECKHE CBOMCTBA CEPHUCTOM KUCIOTHI. THOCEepHast KUCIOoTa,
THOCYb(aThl, HX mnpakTudeckoe 3HaueHue. Okcun cepol (VI): ¢dusnueckne M XUMHYECKHE
cBorictBa. CepHas kuciota. CBOWCTBAa KOHIICHTPUPOBAHHOW M pa30aBIEHHON CEPHON KHUCIIOTHI.
B3aumoneiicTBue ¢ MeramuiamMu, HEMETAJUIaMH, CIOXHBIMU BemiecTBamu. [IpaBuna oOparieHus c
KOHIICHTPUPOBAHHOW CEPHOM KHUCIOTOW. XHUMH3M CIIOCOOOB TIOJYYCHHS CEPHOM KHUCIIOTHI.
[IpoGnema oxpaHbl oKpyxaromieit cpeapl. Oneym u nmupocepHasi kuciaora. Colu CepHON KUCTOTHI.
buonornyeckas poJib cepsl.

CeneHn temtyp: Gpu3uvecKkre U XUMHUECKHUE CBOMCTBA, 3HAUCHUE, BOJJOPOIHBIE U KHUCIIOPOIHBIC
COEJIMHEHMS CEJIEHa U TeJUTypa. XapaKkTep U3MEHEHUS! CBOMCTB BOJOPOIHBIX COEAMHEHUI
3JIEMEHTOB B MOATPYIIIE: MPOYHOCTh U MOJISIPHOCTh MOJIEKYJI, BAJICHTHBIE YIJIbl, CHUJIA
COOTBETCTBYIOIIUX KUCJIOT, BOCCTAHOBUTENBHBIE CBOMCTBA AHMOHOB KHUCIIOT. [IpakTudeckoe
MIPUMEHEHHUE CEJIEHA U TeJUTypa U UX COCIMHEHUM.



Jlekuus 11. DieMeHTsI r71aBHOM noaArpynnsl V rpynns (2 yaca)

OO6mmas xapakTepuCTHKa aTOMOB 3JIEMEHTOB M IPOCTHIX BewlecTB. A30T. A30T B IpHUpPOJIE.
Xumuueckasi CBsi3b B MoJiekyJie azora ¢ no3uuuii MBC. ®dusnyeckue U XMMHUYECKHE CBOMCTBA.
OcobeHHOCTH B3aUMOJEHCTBUS a30Ta ¢ KuciaopoaoM. CrocoObl MOTydeHus, MPUMEHEHHE a30Ta.
CoenuHeHusa a3ora ¢ BOAOPOAOM. AMMHAK. OJIEKTPOHHOE CTPOCHHE M TIE€OMETPHUS MOJIEKYIL.
Cnoco6s1 onmyueHusi. OU3NvecKue U XUMUYECKHE CBOMCTBa aMMHaka. CrioCOOHOCTh aMMHaKa K
B3aMMOJCHCTBUIO 10 JIOHOPHO-AaKLIEITOPHOMY MEXaHHU3MY: B3aMMOJCHCTBHE C BOIOH, ¢
KHCIIOTaMH, COJNM aMMOHUA. [IpoIyKThl TEpMUYECKOro pa3lioKEHUs COjJel aMMOHHA. AMMIIBI,
HUTPUJBl METAUIOB. ['MApa3sMH M THAPOKCHUJIAMHMH: CTPOCHUE MOJIEKYJ, XMMHUYECKHE CBOMCTBA.
A3zotuctoBofioposiHas kucinorta. Kucnmoponnele coenuvHeHusi asora. OKCuAbl a30Ta: CTPOECHHE
MOJIEKYJI, YCTOWYMBOCTb, MOJyYeHHE U cBoicTBa. Monekyna okcuaa azota (II) ¢ mozunuit MMO.
A30OTHUCTasi KUCIIOTa, HUTPUTHI. A30THAasl KUCIOTA. DJIEKTPOHHOE CTPOEHHUE, FEOMETPHSI MOJIEKYJIBI.
CriocoObl  MOJMy4eHUS A30THOM  KUCJIOTHL. XHMMHUYECKHME CBOMCTBA  a30THOH  KHMCJOTHI
B3anmopeiicteue ¢ metaimamu M HeMmetaiiamu. Hutpatel. Tepmudeckoe pasiioxkKeHUE HUTPATOB.
buonornueckas ponp aszora. docdop. Baxkueilmme NpUPOIHBIE COEIUHEHMS, IOJIyYEHHE.
AmnoTponHsle BUaou3MeHeHus: gocdopa, nx coiictsa. TokcuuHocTs Oenoro dpocdopa. Dochusl
metauioB. CoenuHenus ¢ocpopa ¢ BogopoaoM, (ocunbl. CpaBHEHHE T'€OMETPUM MOJEKYJ U
cBoiictB (ochuHa w ammmaka. Kucnopomaeie coeamaenus ¢ocdopa. Oxcuasl  docdopa.
®ochopHbIe KUCIOTHI: CTPOSHHE MOJIEKYJ, OCHOBHOCTh. MI3MeHeHHe yCTONYMBOCTH, KUCIOTHBIX U
OKHCITUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB B psily OKCOKHCIOT ¢ocdopa. Meradocdarsr,
nonudocdatsl. Conu opropochopHOi KUCIOTHI, UX IpUMeHeHHue. bronornyeckas ponb pochopa.
®ochopHble ynoOpeHusi. MEBIIBIK, CypbMa, BHCMYT. PacmpocTpaHEeHHOCTh WX B NPUPOAE,
nonyueHue. CpaBHHUTEIbHAS XapaKTepUCTHUKA (UBNYECKUX U XUMHUYECKUX CBOWCTB MBIIIbSKA,
CyppMbl U BHUCMyTa. WX oOkcuapl W TUAPOKCUABI, mnonxydeHue. CpaBHEHHE OKUCIMTEIbHO-
BOCCTAHOBUTEJIbHBIX CBOMCTB COEAUHEHUN MBIIIbSIKA, CYpbMbl, BUCMYTa B CTEIEHU OKHUCIICHUS
(III), (V). ®uznonoruueckoe AEHCTBUE MbIIIbIKa U €ro coenuHeHuil. IlpakTuueckoe 3HaueHue
MBIIIbSIKA, CYypPbMbl, BUCMYTA.

Jlexkuus 12. daeMeHTsI ri1aBHoi noarpynnsl IV rpynnsi (2 yaca)

OOmiast XxapakTepuCTHKa aTOMOB AJIEMEHTOB M HPOCTBIX BEIIECTB. YTJIEepod. YTJepol B
npupose. AJUIOTpomnus yriepoja: anmas, Tpadur, KapOWH, MX CTPYKTypa, (GU3HYECKHUE U
XMMHUYECKHE CBOMCTBA, MPAaKTUYECKOe 3HadeHHe. XapakTep ruOpuausanuu opOuTaneil aToMoB
yrieposia B HUX. AKTUBHPOBAHHBIN yrojb, €ro NpUMEHEHUE. XHMHUYECKHUE CBOWCTBA YTIEPOJA.
XapakTepucTUKa BOJOPOAHBIX coeluHeHHH yriepona. KapOuasl MeTtayuioB, ux —oOmas
xapaktepucTtuka. Kucmoponueie coemunenus yriaepona. Oxcun yriepona (II). Crpoenue ero
MOJIEKYJIbl, XuMHU4eckue cBoiictBa. Okcua yraepona (II) xkak BoccraHoBuTENnb. PU3NOIOrHUECKOE
nericteue okcuna yraepona (I1). Oxcun yranepona (IV), ctpoenre ero MoJeKyJIbl.

dusznueckue U XuMudeckue cpoicTBa. CrnocoObl momydenus. Oxcupn yriepoxaa (IV) B
npupose. YronpHas kuciota. KapOoHaTel W THIPOKapOOHATHI, PAaCTBOPUMOCTH, THAPOJIN3,
TEPMHUUECKAs] yCTONYUBOCTb.

CoenuHeHus yriiepoja ¢ rajoreHaMu: CTpOEHME, MoydeHHue, cBoicTBa. OKcOoraJoreHuabl
yraepoga. Cepoyriepoa: XapakTep XUMHUYECKOM CBs3u U cBoicTBa. THOKapOOHATHI U THOYTOJIbHAS
KHCJIOTa: MOJIy4€HHE, CTPOCHHE, CBOMCTBA.

Kpemuuii n ero coenunenus. Kpemuuii B mpupone. Ilpuponusie cunukatsl. CriocoOb
nostydeHus: kpemHusi. CBolCTBa KpEMHHUSI U €r0 IpUMeHeHre. BoiopoaHble coelMHEeHnsT KpeMHMUSI,
OTJINYME UX CBOMCTB OT AHAJOTMYHBIX COEIMHEHMU yriepoja. Cuauuuasl MeTamioB. J(Mokcua
kpemuus. KBapu. Kpemuuessie kucnorsl. I'epmannid, 01080, cBuHell. Mx coenunenus. [lonmyyenue.
®u3nuecKrue U XMMHUYECKHE CBOMCTBA. AioTponus. 3HaueHue repmanus. OKCUIbl U TUAPOKCHIBI,
UX KHUCJIOTHO-OCHOBHBIE U OKHCJIMTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA. BoccTaHoBUTEIbHBIE
cBoiictBa coenunenuit onosa (II). OxkucnutensHbie cBoicTBa coequHenuit ceunna (IV). Ipunnun
paboThl CBUHLIOBOTO akKyMmyJsitopa. [I[pumeHeHue o0Ba, CBUHIA U UX COEAMHEHUN.

Jleknus 13. daementsl riaaBubix noarpynn L, I rpynm (2 uyaca)



OnemMeHTsl TJaBHOM mnoarpymnmsl [ rpynmel. PacmpocTpaHeHHOCT B 3€MHOM  KOpe,
HU30TOMHBIN COCTaB, BAXKHEHIIINE TPUPOJIHBIE COCTUHEHUS.

OOm1ast XapakTepUCTHKA aTOMOB 3JIEMEHTOB, (PU3MUECKUX M XUMUYECKUX CBOMCTB MPOCTHIX
BemecTB. [IpaBuiia XpaHeHHsI U TeXHHMKA 0€30MacHOCTH IMpH padoTe CO IIETOYHBIMU METaJUIaMH.
CriocoObI MoTy4eHHs! EIOYHBIX METAIIJIOB.

CBoiicTBa, TOJIydCHHE W TPUMEHECHHE BaKHEUIIUX COCAMHEHHH AJIEMEHTOB: OKCHIIOB,
THJIPOKCUIOB, MEPOKCUAOB, coneil. [Tomyuenue compl. Mepbl mpeoCTOPOKHOCTH HpU paboTe co
1iesioyaMy. 3HaueHUe COeAMHEHNN HATpUs U Kalusl sl )KUBBIX OpPraHU3MOB.

OnemenTtsl rnaBHOW noarpynnsl II rpynmel. PacnpocTpaHeHHOCTh B 36MHOM KOpE, M30TOIHBIN
COCTaB, BaXKHEHWIIME NpUpOJHbIe coeAuHeHus. OOmias XapakTepuUCTHKa aTOMOB 3JEMEHTOB,
(U3NYECKUX U XMMUYECKHX CBOMCTB IPOCTHIX BEILIECTB.

[IpaBuiia xpaHeHus 1IE€T0YHO3EMENIBHBIX METAIJIOB, MEPHI ITPEIOCTOPOKHOCTHU IIpU padoTe ¢
Humu. [IpuMenenue MetayuMyeckoro Oepwiuivss M MarHus. llomydeHue NpPOCTBIX BEILECTB,
o0Opa3yeMbIX 3JIEMEHTaMH HOJArPYMHIbl B MPOMBINUIEHHOCTH. COelMHEHUs! 3J€MEHTOB: TUAPUIbI,
OKCH/[Ibl, TUIPOKCHU/IBI, IEPOKCHUIBI, CONTU. VX monmyuyeHue, pusnyeckue cBOWCTBA, 3aKOHOMEPHOCTH
W3MEHEHUsT XUMHUYECKUX CBOMCTB. Heramenas u rameHas wusBecTh. CBOWCTBa, MOJIyYCHHE,
npuMeHeHue. PU3HOJIOTMYECKOE JEUCTBUE COCAMHEHUN JIIEMEHTOB IVIaBHOM noArpymmsl 11
rpymrbl. Mepsl Ipe0CTOPOKHOCTH MIPU PadOTE C COSTUHEHUSIMU OepriuTus 1 Oapusi.

XKecTtkocTh BOIBI M cIOCOOBI ee ycTpaHeHHs.. OUUCTKA BOABI C MOMOIIBI0 HOHOOOMEHHBIX
CMOJL.

Jlexknusn 14. KommniiekcHble coequHeHNs (2 yaca)

[ToHsITHE O KOMIUIEKCHBIX COEIMHEHUSAX, OCHOBHBIE MOJIOKEHUS KOOPAMHALIMOHHONW TEOPUH
A.Bepuepa. BuemHsis u BHyTpeHHsi1 cdepa KOMIUIEKCOB. XapaKTEpHUCTUKA JIMTaHIOB.
KoopaunarmonHoe 4HCIIO KOMIUIEKCOOOpa3oBatTemsi. 3apsi] KOMIUIEKCHOTO HoHAa. (OCHOBHBIE
KJIACChI KOMIUIEKCHBIX coeJuHEeHn. HoMeHKIaTypa KOMIUIEKCHBIX COEIMHEHUI.

3HaYeHHe TMPOIIECCOB KOMIUIEKCOOOPA30BaHHS B XUMUHU U OHOJIOTHH.

Jleknusi 15. CpaBHHMTe/bHAsl XAPAKTEPUCTHKA CBOWCTB 3JJ€MEHTOB TIJABHBIX H

No00YHBIX moArpynn nepuoanyeckoi cucremsl .M. MengeseeBa (2 yaca)
OO0mas xapakTepucTUKa CBOWMCTB 3JIEMEHTOB IUIABHBIX MOATPYII mHepuoanyeckoit cucremsl JI.1.
MenzeneeBa. 3aKOHOMEPHOCTM B H3MEHEHHUU paJUyCOB, SHEPruU HOHHU3ALMHU, CPOJCTBO K
3JIEKTPOHY, 3JEKTPOOTPULATEIBHOCTH aTOMOB 3JEMEHTOB B MEPUOJAaX U B IJIaBHBIX NOATPYIIIAX.
CoenvMHEHNsS METAUIOB M HEMETAJUIOB C BOAOPOAOM. M3MeHeHHMe B Imepuojgax M HOJArpymnmax
NOJIIPHOCTU M TPOYHOCTH CBSI3M B COEOUHEHUSAX 3JIEMEHTOB C BOJOPOJAOM. 3aKOHOMEPHOCTH
M3MEHEHUS UX BOCCTAHOBUTEIbHBIX CBOWCTB.

KucinoTHo-0CHOBHBIE CBOWCTBA OKCHUIOB M THAPOKCHUIOB 3JEMEHTOB TIJIaBHBIX MOJATPYIIIL.
Oxcugpl. CTpoeHue, THN CBA3M MeXAy aromMamu. l3MeHeHue KHCIOTHO-OCHOBHBIX CBOMCTB
OKCHJIOB 3JIEMEHTOB B MEPUOJAX M TJIABHBIX MOATpynnax. I'maApokcuabl. 3aBUCUMOCTb XapakTepa
JUCCOLMAIMU TUAPOKCUIOB Ha MpUMEpax 3JIEMEHTOB TPETHEro IMEepHoja MU TJABHBIX MOArPYMII
MIepBOM, BTOPOH, MATOU, IECTOM, CEIbMOU TPyIIL.

N3MeHeHne yCTOMUYMBOCTH PA3IMYHBIX CTENEHEN OKUCIIEHHS aTOMOB 3JIEMEHTOB B IVIaBHBIX
noarpynmnax. OKUCIUTENIbHbIE CBOWCTBA COCIUHEHMM, COAEPKAINUX aTOMBI 3JIEMEHTOB B BBICHINX
CTENEHSIX OKUCIICHUS.

OOmiass xapakTepUCTHKa AJIEMEHTOB MOOOYHBIX MOArpymi. OCOOEHHOCTH 3IEKTPOHHBIX
CTPYKTYp aTroMoB 3ieMeHTOB d- u f-cemelicTB. MX monokeHue B NEPUOJUUECKON CHUCTEME.
CpaBHeHHUE CBOICTB aTOMOB, IPOCTHIX BEIIECTB M COCAMHEHMH 3JIEMEHTOB IJIaBHBIX M MOOOYHBIX
noarpynm. OTiauMYue B TJIABHBIX M TMOOOYHBIX TMOATPYINAX XapaKTepa H3MEHEHHs CBOMCTB
AJIEMEHTOB M WX COCAMHEHUH MpU BO3paCTaHUU 3apsaoB sjep aTroMoB. MHoroo0pasue cremneHei
OKHUCJICHHUS, NPOSABISEMBIX aTOMaMH »JJIEMEHTOB MOOOYHBIX mnoArpynm. "JlaHTaHOoMOHOE U
aKTHUHOUIHOE coKaTue'.

Jlekuus 16. dnemenTbl nodo4HoM noarpynnsl I rpynnsi (2 yaca)

OO01mas xapakTeprucTUKa aTOMOB 3JIEMEHTOB, (PU3MUECKUX U XUMUYECKUX CBOMCTB MPOCTHIX
BelecTB. Menb, cepedpo, 3010T0. Haxoxxaenue snemeHToB B npupoze. CrocoObl UX MOTyUYEeHHUSI.



[IpuMeHeHre MeTaIoB U UX CIUIaBOB. Baxuelne coeauneHust Meau, cepedpa, 3010ta. OKCHabI,
ruapokcuabl, conu. KommekcHble coenuHeHUs. OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE CBOWCTBA
coenuHeHU Menu, cepebpa, 3omora. Ponp nonoB memu (II) u cepebpa (I) B pusmonornueckux
nporeccax.

Jlekuus 17. dnementsl nodouynoi noarpynnsl Il rpynmsl (2 yaca)

PacnipocTpaHeHHOCTP B 3€MHOM KOp€, HM30TONHBIA COCTAaB, BAKHEHIIME MPUPOIHBIE
COEJIMHEHUS.

OO61as xapakTepuCcTHKa aTOMOB 3J1eMEHTOB. DU3nuUecKre U XMMHUUECKHUE CBOMCTBA MPOCTHIX
BelulecTB. PU3NUECKUE U XUMUYECKUE CBOKMCTBA COEIMHEHUH 2JIEMEHTOB B CTEIIEHU OKUCIEHUS +2.
CoenuHeHUs PTYTHU B CTETIEHU OKUCIEHUA +1. BaxkHelme KOMIJIEKCHbIE CO€IMHEHUS SJIEMEHTOB.
DU3NO0JIOTUYECKOE JENCTBUE COEAMHEHUN [IMHKA, KaAMUS U PTYTH.

Jlexuus 18. dnemenTsl no6ouyHoM moarpynnsl VI rpynnsi (2 yaca)

OOm1ast XxapaKTepUCTHKA aTOMOB 3JIeMEHTOB. DU3NUECKUEe U XMMUYECKHE CBOMCTBA
pOCTHIX BeniecTB. XpoM. [Ipupoansie coequnenns xpoma. [lonmyuenue. Ilpumenenue xpoma u ero
crutaBoB. Coenunenus xpoma (11, I, VI) — okcuapl, ruapokcust, conu. [lonydyenue, puznueckue u
XMMHYECKHE CBOMCTBA. 3aBUCUMOCTb KHCIOTHO-OCHOBHBIX CBOWCTB OKCHOB U THJIPOKCHJIOB XpOMa
OT BEJIMYMHBI YCIOBHBIX 3apsAJ0B U PAINyCOB COOTBETCTBYIOIIMX HOHOB. [ HapoKkco- n
okcoxpomartsl (I1I). Kommnexcusie coenunenus xpoma (I11). OkucnuTtenbHO-BOCCTaHOBUTENbHBIE
cBoiictBa coenunenuit xpoma (I11). XpomoBbIe KUCTOTHI, UX CBOHCTBA. XpOMATHI i TUXPOMATHI.
VYcnosus ux cymecrtsoBanus. Coennnenus xpoma (VI) kak okucnurens. XpoMoBasi CMECh.
Monu6aex u Boabdpam. Mx nomyuenue. CpoiicTBa u npumenenue. OKCUAbl U THIPOKCUIBI
MonubeHa u Boib(pama. MonaubaeHoBas u BOJIb(GpaMoBasi KUCIOTHI U MX COJIH.

Jleknus 19. daementsl no6ouHoi moarpynnsl VII rpynmnel (2 yaca)

OOm1ast XapaKTepUCTHKAa aTOMOB 3JIEMEHTOB, (PU3UUYECKUX U XUMHUECKUX CBOWCTB MPOCTHIX
BenlectB. Mapranen. IIpuponneie coenuHenns Mapranua. IlomyueHue mapraHina w3 IpPUPOIHBIX
coenquHeHuil. Ilpumenenne mapranua. CrutaBsl Mapranua. CoenuHeHust Mapranua. OKcuabl U
TUAPOKCUBI MapraHua. 3aBUCUMOCTb MX CBOWCTB OT CTENIEHUM OKHCJICHMS aTOMOB Maprasia.
CoenMHeHHs Mapraslia BBICIIMX CTENEHEW OKHUCIEHMs. MapraHuoBUcTas KUCIOTAa U MapraHueBas
KHCJIOTA, MaHTaHaThl U NepMaHraHaTtbl. OKUCIUTEIbHBIE CBOMCTBA MAHTAHATOB U NIEPMAHTAHATOB.
3aBUCHUMOCTh OKHUCIUTENBbHBIX CBOWCTB NepMaHraHatoB ot pH cpensl. Mapranen — MUKpO3J1€MEHT
IUTAaHWs PACTCHUM.

Texnenuit u penuil. Coiicta peHusi. Ero okcuasl u rugpokcuasl Conu. PeneBas kucnora u
ee conu. BoccTaHOBUTEIBHBIE CBOMCTBA PEHATOB.

Jlekuus 20. Jnementbl nodouynoi noarpynnsl VIII rpynnsl (2 yaca)

OOw1ast XapakTepUCTUKA aTOMOB 3JIEMEHTOB, (PU3NUYECKUX U XMMUYECKHX CBOMCTB MPOCTHIX
BEIIECTB.

DOneMeHThl ceMelcTBa Jkene3za. PacnpocTpaHeHHOCTH B 3€MHOW KOpe, BaKHEWIIWeE
npupojHble coenuHeHus. [lomyueHue »xenesa NMpsAMBIM BOCCTaHOBJIEHUEM OKcHI0B. CpaBHEHHE
CBOMCTB BaKHEHIIMX COEIWHEHUH jkene3a, koOambra u Hukens (II) m (III), ux momyueHnue wu
npumeHenue. deppatsl. KoMriekcHble coenHeHHs jkene3a, KobanbTa, HUKens. buomornueckas
POJIb COEIMHEHUH JKere3a, KoOaabTa, HUKes.

DOneMeHThl ceMelcTBa IUIaTHUHBL. PacnpocTpaHEHHOCTh B IPHUPOJE, UCTOPUS OTKPBITHS.
OcobeHHOCTH (U3NYECKUX M XMUMHYECKMX CBOWCTB IPOCTBIX BEIIECTB, HX IPAKTHUYECKOE
ncnosyib3oBanre. CBOMCTBA Ba)KHEWIINX COEIMHEHUI 3JIEMEHTOB, UX [TOJIyYEHHUE U IPUMEHEHUE.

Jlekums 21. Heoprannuyecknii CuHTe3 (2 yaca)

MecTo HEOPraHNYeCKOro CUHTE3a B MOJIy4YEHUH MATEpUaloB U BELIECTB JJIs BCEX OTpaciei
MIPOMBIIIJIEHHOCTH, CENbCKOT0 XO3MCTBA, MEIULUHBI, B IIPOU3BOJICTBE CBEPXYHUCTHIX M IPOYHBIX
MaTepHalioB, IPEIMETOB ObITA.

OcHoBHBIE TpeOOBaHUS K 00OPYJIOBAHHIO XUMUYECKOW JIAOOPATOPHH C YUETOM Crenu(uku
7a00paTOpHBIX paboOT MO TOMY HJIM HMHOMY Kypcy. be3omacHoe HaxoXXaeHHE B XUMHYECKOU
nabopaTopuu U npaBuiia paboTel B Hell. OCHOBHOM M TIOTIOJHUTEIBHBIN KOMIUIEKTHI JIJA0OPAaTOPHOTO
000pyI0BaHUSI U TOCYIbl. ['pymnIibl MCIONB30BaHUS XMMUYECKOH mocyabl. Ha3zHaueHue mepHOU



nocybl (OIOpPETOK, MUIIETOK, MEPHBIX KOJIO, IMIMHIPOB, MEH3YPOK) W MpaBuUia pabOThl C HEM.
[IpaBuiia MBIThsI TOCY/TbI, CIOCOOBI CYIIIKH.

Jlekuus 22. Heopranuveckuii cunres. Padora ¢ Bemecrsamu 2 yaca)

MapxkupoBka HCXOIHBIX BemiecTB. HaGop TBepIbIX peakTUBOB M3 CKJISHOK, IpaBuia
B3BEILIMBaHMS TBEPAbIX BenlecTB. [lepBas momours npu oxorax menoyamu. [IpaBumna obparienus ¢
kucinoramMu. be3omacHas paboTra C  3JEKTpOHArpeBaTelbHBIMU  MpUOOpamMH, PTYTHBIMH
TepMoMeTpaMu. B3pemmBaHue U €ro 0COOEHHOCTH B 3aBUCHUMOCTH OT HEOOXOIMMOW TOYHOCTH,
BUJIa U (JOPMBI B3BELIMBAEMOr0 BelllecTBa. TpeboBaHUs K MPUTOTOBJIEHHIO PACTBOPOB Pa3InYHBIMU
crioco0amu, pacueTsl MPU MPUTOTOBIECHUU. MeTobl pa30aBieHHsl pacTBOPOB. 3alllUTa pacTBOPOB
OT BO3MOXKHBIX H3MEHEHUH cocTaBa. TpeOoBaHMS K (QUIBTPYIOLIMM MaTepualiaM, NpaBujia U
crocoObl  punbTpoBaHua. OcoOeHHOCTH GuUIbTpoBaHMs Iuenodeld. Pabora ¢ BakyyMHBIMU
ycraHoBkamMu. OcoOeHHOCTH (QUIbTpOBaHUS MpU HarpeBaHuH. IIpombiBaHME OCagKOB, YCIOBUS U
0coOeHHOCTH. MeToapl OYUCTKM pa3iM4YHBIX THUIIOB BELIECTB B JIAOOPATOPHON MpPAKTUKE.
BricymmBaroniue BemiecTBa U UX 11€J€CO00pa3HOCTh AJs pa3MyHbIX BemiecTB. [IpaBuiia cymiku
BEIIECTB MpH HarpeBaHUM, YCTAaHOBJEHHWE OKOHYaHHUS CymKd. CHocoObl OLEHKH YUCTOTHI
BelecTBa. Pacyer BbIX01a MPOAYKTA.

5. O6pa3oBarejibHbIe TEXHOJIOTUHU

[Mpouecc obydenus mo aucumruimHe «OOmIas, HeopraHWuecKas XUMHUs, HEOPraHWUYECKHNA
CHHTE3» 11e7IeCO00Pa3HO MOCTPOUTH C UCIIOJIB30BAHUEM TPAJUIIMOHHOTO TOAX0/a, TP KOTOPOM B
XO/Ie JICKIUI PacCKPbIBAIOTCS OOIIUE BOIPOCHI, POPMHUPYIOTCS OCHOBBI TEOPETUUECKUX 3HAHHUM I10
JMCIUIUIMHE, a Ha J1a00paTOPHO-NPAKTUUECKUX 3aHATUSAX BEICTCS paboTa IO YCBOCHHIO
NPaKTHYECKUX yYMEHHH M HaBBIKOB, B TOM YHCIE OpPTaHH3allMM W IMPOBENCHHS JIAOOPATOPHOTO
JKCTiepuMeHTa. JICKIIMOHHBIC 3aHITHS JIOJDKHBI CTHMYJIHPOBATh IO3HABATEIBLHYI AaTUBHOCTD
CTY/ICHTOB, TO3TOMY B XOJ€ JIGKLIHMI HCIIOJBb3YeTCS TEXHOJOrHs mpobieMHoro oOydenus. Ha
JICKIIMOHHBIX 3aHSATHAX JlaHHAs TEXHOJIOTHS PEajM3yeTCs C IOMOINBI0 METoJa MPOOIEMHOTO
U3J0KeHHs. Ha ceMuHapcKuxX 3aHATHSX - CHaYyaja ¢ TIOMOIIBIO0 METO/a MPOOJIEMHOTO H3JIOKEHHUS, a
3aTeM C IMOMOIIBIO IBPUCTHYCCKOM OeceIbl.

Jns popMupoBaHuUS MPeryCMOTPEHHBIX MPOrPaMMOM KOMIIETCHIIMI B XOZ€ MPAaKTHUECKUX
3aHSATHH HEOOXOIMMO HCIOIb30BaTh CIICAYIOIIUE TEXHOIOTHH:

— UTPOBOE MOJICTUPOBAHUE,

— o0yueHue B COTpYJHUYECTBE

— MPOEKTHAs IeATETBHOCTH (pa3paboTKa Mearorndeckoro MpoeKTa).

B nporiecce ocBoeHUSI AUCIUILIHMHBI IPETYCMOTPEHO MOCTPOCHUE MPAKTHUSCKUX 3aHSATHIA:

— aHaJIM3 ¥ OLIEHKA MPAKTUYECKOTO OMbITa — O0CYXK/ICHNE, aHATIN3 U OLEHKA BBICTYIUICHUN
CTY/ICHTOB;

— 3aIUTa BBHIIIOJIHEHHBIX padoT;

— 00CcyXIIeHHe, aHaJIN3 U OIICHKA MPECTaBICHHBIX paboTo.

6. YueOHO-MeTOANYECKHE MATEPHAJIbI
6.1. 3aanus U MeTOAUYECKHE YKA3AHUSA 10 OPraHU3AlMU U MPOBEACHUI0
NPAKTHYECKUX 3aHATHI
Tema 1. Pemenne 3amad 1o Teme «OCHOBHBIC HOHATHS U 3aKOHBI XUMUH))
3aodanue: NOATOTOBUTDH, IOBTOPUTH CJIEAYIOLINE BOIIPOCHI:

OCHOBHBIE XUMHUYECKHE MOHATHS U 3aKOHBI. OCHOBHBIC IMOHSATHUS aTOMHO-MOJIEKYJISIPHOTO
YUYEHHS: aTOM, MOJIEKYyJia, XUMUYECKUA 3JIEMEHT, MPOCTOE U CIOXXHOE BEIIECTBO, XMMUYECKAs
dbopmyna. Pazmepsl u macchl aToMoB. OTHOCUTENBHASI aTOMHasi Macca. ATOMHasi €IUMHUIIA MACCHI.
OtHocuTeNnbHas MOJIEKyJIsipHass Macca. Mosib Kak €IuWHWIa KOJUYecTBa BemiecTBa. Yucio
ABoranpo. MonsipHasg macca. XUMHUYECKas peakius Kak MPEBpAIICHUE BEIIECTB. YpaBHEHUE
XUMUYECKOM peaklMH. 3aKOH COXPAaHEHHUS MAacChl BEIIECTB MPHU XUMHUYECKUX PEaAKIUsAX. 3aKOH
MTOCTOSTHCTBA COCTaBa. 3aKOH KpaTHBIX OTHOIICHHH. OOBICHEHHE ITHX 3aKOHOB C MO3UIIUA aTOMHO-
MOJICKYJISIPHOTO Y4eHHsI. | paHuIbl MPUMEHUMOCTH 3aKOHOB. J[ambTOHUIBI M OEPTOITHABI. 3aKOH



9KBHBAJICHTOB. XMMUYECKHE SKBUBAJICHTHI CI0KHBIX BELIECTB. 3aKOH OOBbEMHBIX OTHOIIEHHH [ eii-
Jlroccaka. 3akoH ABoraapo. MoinbHBIM 00beM raza. MeToapl onpeaeneHus MOJEKYJISIPHBIX Macc
BEIIIECTB, HAXOJSLIMXCS B ra3000pa3HOM COCTOSHUH. PacueTsl 1Mo XMMHYeCKUM (opmysiaMm U
YPABHEHUSM PEaKIIHil.
JIntepatypa 1JIsi HIOATOTOBKH K CEMHUHAPY:
1. AxwmeroB H.C. O6mias u Heopranudeckas xumus. M., Beiciras mkona, 1981, 2001,
2003.
2. I'muaka H.JI. O6masa xumus. JI., Xumus, 2000.
3. Koposun H.B. O6mias xumus. M., 2002.
4. Xanexpodt, Katpun E. CoBpeMeHnHbIit Kypc o61eit xumuu B 2-x Tomax. [lep. ¢ anri.
M., 2002.

Tema 2. . Onpenenenne MOJSIPHON MacChl YIJIEKUCIIOTO ra3a

3adanue: BHUMaTeNbHO NPOYUTATh OMMCAHKUE JAOOPATOPHOM paboThI, OOPAaTUTH BHUMAHUE
Ha IPUTOTOBJICHHBIE PEAKTHBBI M OOOPYIOBAHUE, BBIMOJIHUTH SKCIIEPUMEHT IO MpPEI0KEHHON
METOJIUKE C COOIOJICHUEM TEXHUKU O€30MMaCHOCTH U MpaBmil paboThl ¢ XUMUYECKUMU BELIECTBAMH,
HaOJIO/IEHUsT 3aHECTH B JaOOpaTOPHBIM >KypHal, 3aloJHUTh TaOJMIbI, MOCTPOUTH TIpaduKH,
MIPOU3BECTH HEOOXOMMBIE PAacUeThl, BCE XUMUYECKHUE PEAKIINU 3aICcaTh MPH MIOMOIIH YPaBHEHUH,
HpOMU3BECTH 00pabOTKY pe3ysbTaToB, CJeNaTh BbIBOJ, OTBETUTH HAa BOIPOCHI JJISI CAMOCTOSTEIbHON
paboTHI.
PEAKTHUBAI:

1. Okcup yraepona (IV).
OBbOPY][OBAHUE:

1. Konba xonnveckas ¢ mpookoi (250 mi.);
2. Kapanpgam 1o crexiy;
3. Annapar Kuna, 3apsokennsiil Ha CO»;
4. Bechr;
5. MepHbIil HUIMHID;
XO/ PABOTAI:

Cyxyto KoJI0y ¢ BO3IyXOM, 3aKpPBHITYIO MPOOKOH, B3BECUTh Ha Becax. [ myOMHY morpysKeHus
MPOOKH B TOPJIBIIIKO KOJIOBI OTMETUTH KapaHIaIIoOM IO CTEKITY.
3armoHUTh KOJI0y YIIIEKUCIIBIM Ta30M, OMYCTHB T'a300TBOJIHYIO TPYOKy ammapara Kwumma mo
JTHAa KOJIOBI W TYCTHB MEIUICHHBIN TOK Taza. Kak mpoBepUTh HANOIHSIEMOCTHh KOJOBI YTIEKUCIBIM
razom? 3aKpbITh KOJIOY MPOOKOM, TOTPY3UB €€ Ha TOT KE YPOBEHb, U B3BECHUTb.
[ToBTOpPHUTH HamMONHEHHWE KOJOBI YIJICKUCIBIM Ta30M M B3BEIIMBAHUE JO TEX IOp, MOKa
pacxoxaenue B macce Oyaet He 6onee 0,01 rpamma.
C moMoIIp0 MEPHOTO HUIMHIPA U3MEPUTH pabounii 00beM KOJIOBI (JI0 YepThl HAa TopIie
KOJIOBI) — V;
[Tony4eHHbIe TaHHBIC 3aHECTH B TAOIHILY.



Ne JlaHHbIE OombITa Pesynbrar

1. [At™MocdepHoe naBienue, P

Temneparypa Bo3yxa B nadoparopuu, ¢ (°C), I' (K)

Macca kos0bI ¢ BO3AyX0oM (T)

OO0beM Bo3yxa B KOJIOE MPH YCIIOBUSIX OTIBITA (MJT)

2
3
4. [Macca Koi0BbI ¢ yTIEKUCITBIM Ta30M (T)
5
6

OO0beM Bo31tyxa B KOJIOE TPU HOPMAIBHBIX YCIIOBUSX (MJI.)

7. [Macca Bo3ayxa B 00bemMe KOJIOHI (T)

8. |Macca mycToii KonO#bI (T)

9. |Macca yriekucnoro raza 00beMe KoJIObl pH H. Y. (T)

10 (IL1OTHOCTB YTJIEKUCIIOTO rasa 1o BO3ayXy

11 |MonexynsipHasi Macca yIJIEKUCIIOro rasa

12 [OtHOCHTENBHAS OomOKa omnbITa (%)

3aganus 119 CAaMOCTOSITEILHOI padoThI:

1. Cxonbko monelr atoMoB azorta coaepkutcsa B 0,4 T autpara ammonust (NH4NO;3)? Kakosa
Macca 3TOro KoJIn4ecTBa a3ora’?

2. CKOJIbKO rpaMMOB KHUCJIOPOJIa COJAEPKUTCS B 2 MOJIb Q30THOU KUCIIOTHI?

3. Ompenenute KonudectBo (hocdopa, comepxaiierocs B 8,75 r pocdara kanbius?

4. B kaxoMm o0beMe xJiopa (HOpMaJIbHbIE YCIOBHUSA) COJEPKUTCS CTOIBKO K€ MOJIEKYJI, CKOJIBKO
UX cOAepKUTCS B 49 I CEpHOM KUCIIOTHI?

5. CKOJIBKO MOJb Ta30B COJEPKHUTCS B CMECH, cOCTOsIIeH u3 6,72 1 azora u 5,6 1 okcuma
yraepoaa (IV)? O6bembl ra30B U3MepeHbl IPU HOPMAJIbHBIX YCIOBHUSX.

6. OmnpenenuTs, CKOJBKO aTOMOB KUCIOPOJa COAEPKUTCS B 49T CEpHOI KUCIIOTHI.

JlutepaTypa 11l NOATOTOBKH K JIaDopaTopHOii padoTe:

1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicimas mkomna, 1981, 2001,

2003.

ba6uu JI.B. u np. [Ipaktukym o Heopranudeckoit xumuu. M., IIpocBerienue.

I'munka H.JI. O6mas xumus. JI., Xumus, 2000.

Koposun H.B. O6mas xumus. M., 2002.

MeTtoaudeckoe pyKOBOJICTBO K JIAOOPATOPHBIM pabOTaM 1O HEOPraHUIECKOMY CHHTE3Y/

HTT CIIH, nabopatopusi.

6. Jlugun P.A., Augpeesa JI.JI., Monouko B.A. CnpaBoYHUK O HEOPTaHUYECKOW XMUMMH.
Koncrantsl Heoprannyeckux Bemects. M.: Xumus, 1987.

7. IlpaktukyMm no Heopranuueckoi xumuu. M.: [Ipocsemenue, 1978.

8. CemenoB A.C. Oxpana Tpynaa u Texnuka 6ezomacuoct. M.: IIpocsemenue, 1976.

9. Vraii S.A. Ob6masg xumusa. M., Beicias mkomna, 1977.

il

Tema 3. Hanvicanue 37€KTPOHHBIX KOHPUTYpauui 35eMeHToB. OnucaHue CBOMCTB, UCXOMS
u3 nojnoxenus B [lepuoauueckoii cucreme

3a0anue: TOATOTOBUTH TEOPETUYECKUI MarTepuall, COOOILIEHUS: HKCIEPUMEHTAJIbHbIC
000CHOBaHHUs Npe/CTaBIeHUIl 00 aToMe Kak ClIOKHOM cucteme. [lnanerapHas mozenb atroma. Ee
JOCTOMHCTBA M HenoctaTtku. Teopust aroma Bopoposa no bopy. IlpuHnun HeompeaeneHHOCTH



I'eitzenbepra. KBanTtoBble uncia Kak mapaMmeTpsbl, OMPEACIISIONIMe COCTOSTHIE dJIEKTPOHA B aTOME.
['maBHoe (n), opOutamphoe (1), mMarHuTHOE€ (M) KBaHTOBBIE uucia. WX (u3MYecKuil CMBICI.
Atomubie opbutanu (AO). OcHOBHOE U BO30Y>KIEHHOE COCTOSHWE, BHUJ aTOMHBIX s-, p-, d-, f-
opOutaneii. EMKOCTh d1eKTpOHHBIX cJioeB. [IpUHIUN TOCTPOCHUS €CTECTBEHHOW CHCTEMBI
3JEMEHTOB.  ODKCIEPUMEHTAIbHOE  MOATBEPKIEHUE  TeopeThyeckux  npexackazanuit  J[.M.
MenneneeBa. CoBpeMeHHast (OpMYTHUPOBKA MEPHOIUYECKOTO 3akoHa. [lepmommueckas cuctema
Kak €CTEeCTBEHHasi cucTteMa 3JeMeHTOB. Mx pocromHcTBa M HenmoctaTku. llepuopsl, rpyImibl,
noArpynmbl. CBA3b MOJOXKEHUS JIEMEHTa B NMEPUOIUYECKON CUCTEME C DJIEKTPOHHBIM CTPOCHHEM
ero aroma. l3MeHeHHe BEIWYMH PaJAMYCOB, SHEPrHil HMOHU3ALMM, CPOACTBA K JJIEKTPOHY H
3JIEKTPOOTPHUIIATEIFHOCTH aTOMOB 3JIEMEHTOB C POCTOM 3apsifioB UX sifep. Barmsasl Ha CyIHOCTH
XUMUYECKOM CBsI3U. (OCHOBHBIE XAapaKTEPUCTUKM XUMHUYECKOM CBA3M: JUIMHA, SHEPIus,
HaIpaBJIeHHOCTh. BaneHTHBIN yros. OCHOBHBIC THITBI XUMUYECKOMN CBS3H.
Jlutepatypa 1Jisl NOATOTOBKH K CEMUHAPY:

1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkomna, 1981, 2001,
2003.
ba6uu JI.B. u np. [Ipaktukym o Heopranudeckoit xumuu. M., IIpocBerienue.
I'muaka H.JI. O6mas xumust. J1., Xumust, 2000.
Koposun H.B. O6mas xumus. M., 2002.
Xanexpodt, Karpun E. CoBpemeHHBII Kypc 00mield XuMuu B 2-x Tomax. [lep. ¢ aHr.
M., 2002.
6. ABTOMAaTHU3WPOBAHHBIN YUeOHBIN Kypc XUMUS: IEPHOANYECKAs CHCTEMA
J.1. MenneneeBa. Exarepun0ypr, 2003.
7. Actadypos B.U., byceB A.W. Crpoenue BemiectBa. M.: [IpocBenienne, 1983.
8. Kapanerpsanu M.X. JIpakun C.U. Crpoenue BemectBa. M., 1978.
9. Vraii S.A. Ob6masg xumusa. M., Beicias mkouna, 1977.

Al

Tema 4. Cxembl 00pa3oBaHHs CBS3€i B MOJIEKYJe, BBIBOA CTPYKTYpHOU (HOpMYJIbI
BerecTa. OnpeeneHue THIIa XAMUYECKOM CBSI3U

3adanue: NOArOTOBUTH coOOIIeHMs: 1. B3rmsgasl Ha CyIMIHOCT XMMHUYECKOW CBA3M. 2.
OCHOBHBIE XapaKTEPUCTHKH XMMHUYECKOW CBSI3U: JJIMHA, SHEPIUs, HAIlPaBICHHOCTh. BaneHTHBIN
yroj. 3. OCHOBHBIE TUIBI XUMUYECKOMN CBS3H.

JlutepaTypa Uil IOATOTOBKHM K CEMUHAPY:

1. AxwmeroB H.C. O6mas u Heopranudeckas xumus. M., Beiciras mkona, 1981, 2001,
2003.

2. I'muaka H.JI. O6masa xumus. JI., Xumus, 2000.

Koposun H.B. O6mias xumus. M., 2002.

4. Xanekpodr, Katpun E. CoBpeMenHbIi Kypc o011eit xumun B 2-x Tomax. Ilep. ¢ aHrm.
M., 2002.

5. ABTOMaTHU3MPOBAHHBIN YUEOHBIN Kypc XUMHS: IEPHOUICCKAS CUCTEMA
J.U. Menneneea. ExkarepunOypr, 2003.

6. ArperaTHble COCTOSIHMS BemiecTB. PactBopel: YueOHO-Meroa.moc. st cryna. bI'O /

Astop-coct. P.C. Cnexrop. H.Tarumn, 1999.

Acrtadypor B.U., byceB A.U. Crpoenue Bemniectsa. M.: [Ipocsemenne, 1983.

Kapanerssann M. X. Jlpakun C.H. Ctpoenue Bemectsa. M., 1978.

Crnexrop P.C. Xumnueckas cBa3b. H. Tarun, HTT'TIN, 2002

0 VYraii S1.A. O6mas xumust. M., Beicias mkomna, 1977.

(98]

S 0 o

Tema 5. Oxcunpl, ocHoBanus. Ilomyuenue, cBoiicTBa
3aoanue: BHUMATEIbHO MPOYUTATh OMUCAHUE JTA0OPaTOPHOU pabOoThI, 0OpPaTUTh BHUMAaHHUE
Ha TMPHUTOTOBJICHHBIE PEaKTHUBBI M O00OpPYIOBaHUE, BBIOJIHUTH SKCIIEPUMEHT IO MPEII0KEHHON



METOJIMKE ¢ COOTIOIEHNEM TEXHUKU O€30MaCHOCTH U MPaBUII pabOThl ¢ XMMUYECKHMHU BEIIECTBAMH,
MIPOU3BE/ICHHbIE HAOIIOICHNS 3aHECTU B JIAOOPATOPHBIN JKypHAJ, 3alOJHUTH TaOJIUILIbI, TIOCTPOUTD
rpaduku, TPOU3BECTH HEOOXOIUMBIE PACUEThl, BCE XUMUYECKUE PEAKIMH 3alMCaTh MPH MOMOIIH
ypaBHEHUH, OOpabOTKYy pe3yibTaTOB TMPOU3BECTH CIEIYIOMUM 00pa3oM, KOd(DPHUIMEHTH B
YPABHEHUSX OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX PEAKUUNH PAaCCTaBUTh, BOCIOJIb30BABIINCH
METOJIOM HMOHHO-3JIEKTPOHHOro OayiaHca, [ OOMEHHBIX MPOILIECCOB 3alucaTh HOHHO-
MOJIEKYJISIPHBIE YpPAaBHEHHS, MO KaXKJIOMY OIBITY CIENaTh BBIBOJ, OTBETUTh Ha BOIMPOCHI IS
CaMOCTOSITENIbHOM pabOTHI.

LEJIb PABOTBI: npakTuueckoe MoTydeHue OCHOBHBIX KJIACCOB COCTMHEHHM (OKCHIIOB, COJICH,
KHCIIOT, THIPOKCHJIOB) PA3TUYHBIMU CIIOCOOaMHU.

Onvim 1. Tlosry4eHre OKCHI0OB CHHTE30M MPOCTBIX BellleCTB
PEAKTHUBAKI:

1. Maruuii (JieHTa);

2. ®enondraneus,

3. ®ochop KpacHBIi;

4. MeTtunopasx.
OBOPY]JI[OBAHHUE:

1. [IpoOupku;

2. AcOecTrpoBaHHas CETKa;

3. CrexJIsiHHAS TAJIOYKA;

4. ®apdopoBast yaIika;

5. BopoHnka aist uIbTpOBaHHUS;

6. CiupTOBKA, CIIUYKH;

7. HlTaTuB METAJITIMYECKU .
XO/] PAFOTHI:

a) Ilonyuenue ocnonoco okcuoa

Cokeub KycOUYeK JIGHThl MarHus HaJl acOECTOBOM ceTkol U cobpaTh MpoAyKThl ropenus. Kakos
IBET TOJYYEHHOTO coeAWHCHHs? BHECTH TOpPOIIOK OKCUAAa MarHus B TPOOHPKY C
JUCTUJUTMPOBAHHOW BOJIOM, TIATENIBHO pa3MeniaTh CTEKISIHHOM MajJo4ykoil U 100aBUTh K pacTBOPY
HECKOJIbKO Kanenb GeHondranenna. Uro Habmomaercs?

0) Ilonyuenue kuciomuoco oxcuoa.

B dapdopoByro galmiky, MoCTaBICHHYIO Ha acOECTUPOBAHHYIO CETKY, MOJOXHUTh HEMHOTO
nopoika kpacHoro ¢ocdopa. Han gamikoii, ocTaBUB HEOONBIION MPOMEXKYTOK, 3aKPEIUTh CYXYIO
YHCTYI0O BOPOHKY. 3axeub (ocop HakameHHOH CTeKIsHHOW manmoukoil. Kakoe coeannenue
OocaKJaeTcs Ha CTeHKaX BOpPOHKH? CMBITh 0Opa30BaBUIMIACA OKCHJ CO CTEHOK BOPOHKH
TUCTUUTUPOBAHHON BOJIOW B mpoOupky. KucioTHeIi Xapakrep moidydeHHOro okcuaa ¢ocdopa
JI0Ka3aTh MHAUKATOPOM METHIIOPAHK.

Onwvim 2. Ilonydenre HEPACTBOPUMBIX OCHOBAaHHI B3aMMOJICHCTBHUEM COJIM CO IIEI0YBIO

PEAKTHUBAI:

1. Cynedar menu (1 nH);

2. Cynbdar aukens (1 nH);

3. Xmopun xenesa (I11) (1 n);

4. Cynbdat amomunus (1 H);

5. Cynwdar xpoma (III) (1 H);

6. 'mapokcun Hatpus (2 H).

OBOPYV][OBAHUE:
1. IIpoGupkw.



XOI PABOTAHI:

[Honyunts B oTaenpHbIX npoOupkax ruapokcuasl Meau (I1), nukens (II), xeneza (IID),
xpoma (III), amomunus. MccrnenoBaTh OTHOIIEHUE MONYYEHHBIX THUAPOKCHUIOB K JIEHCTBHUIO
KHUCJIOTHI ¥ M30BITKA IIETIOYH.

Pe3ynbpTathl nccnenoBaHui 3anucaTh Mo cieayomei popme

dopmyna dopmyna Oxkpacka OtHomienue k| OTHOLIEHUE K Xapakrep
COJu TUJIPOKCH/IA ocajJKa KHCJIOTE HIeJI04n THJIPOKCUIA

Hanucate ypaBHEeHHUs BCEX MPOBEICHHBIX PEAKIIHIA.
3aganus 11 CaMOCTOSITE/ILHOI padoThI:

1. [lpuBeaute mo TpU mHpuUMEpa OCHOBHBIX, aM(OTEPHBIX, KUCIOTHBIX M Oe3pazIuuHbIX
okcuaoB. Hazosure nx. Hanumure rpadudeckue hpopmyssl ©X MOJEKYI.
2. Kakuie TuApOKCHIBI COOTBETCTBYIOT CIIEAYIONIMM OKCHIaM: OKCHJ Oapusi, OKCHJ KalHs, OKCH]I
yraepona (IV), okcun docdopa (V). Hanumure rpadguueckue dpopmyisl ux monekyn. Hazosure
uX.
3. Kakue snemMeHTsl 00pa3yloT OCHOBHBIE OKCHBI, a Kakue — KUCIOTHbIe? KakuMu XMMHUYeCKUMU
cBoicTBamu oOmamaroT caeayromme okcuasl: KO, Cr,O;, CrOs;? IloarBepamte OTBET
COOTBETCTBYIOIIUMH YPaBHEHHSIMU PEAKLIUH.
4. Kakumu XuMu4eckuMu cBoiicTBaMu oOianarot cienytomue ruapokcuasi: Cu(OH),;Zn(OH); ;
H,SO,4? IloaTBepanuTe OTBET COOTBETCTBYIOIIMMHU YPABHEHUSIMH PEAKIIHHA.
5. Kakumu crocobamu mHOJy4yaroT KHCIOTHI W ocHOBaHMsA? IloaTBepauTe OTBET ypaBHEHUSIMU
peakiuii, B pe3ynbrare KoTopsix nmonydarotcs Ba(OH,); Cu(OH),; HCI, H,SOy.

JIntepatypa 1JIsl HIOATOTOBKH K CEMHUHAPY:

1. AxwmeroB H.C. O6mias u Heopranudeckas xumus. M., Beiciias mikona, 1981, 2001,

2003.

babuu JI.B. u np. [Ipaktukym no Heopranuyeckoit xumuu. M., IIpocBelenue.

I'muaka H.JI. O6mas xumus. JI., Xumus, 2000.

Koposun H.B. O6mas xumus. M., 2002.

Kitounukos H.I'. Heoprannueckuii cunres. M.: IIpocsemenune, pasil. roas! U3z.

Kpumenko B.II. ITpakTukym no texHuke nadopaTopHbix padot. M.: ArponpomMusiar,

1987.

7. JlechoBa E.B., BummsikoB O.A. IIpakTukym IO HEOpPraHUYeCKOMY CHHTE3y. M.:
Bricmas mkoma, 1986.

8. Mertoandyeckoe pyKOBOJICTBO K J1a0OpaTOPHBIM paboTaM MO HEOPTraHWYECKOMY CHHTE3Y/
HTT CIIA, naGopaTopus.
[TpakTukym o obmieit u Heoprannueckoi xumuu. M., 2002.

10. Xauexpodt, Katpun E. CoBpemeHHbIH Kypce 0011eit xumuu B 2-X Tomax. Ilep. ¢ anrm.
M., 2002.

11. ABTOMaTU3UPOBAaHHBIN Y4eOHbII Kypc XUMHS: IEpUOINYEcKasi CHCTeMa
I .. Menneneesa. ExkarepunOypr, 2003.

12. ArperatHble cocTosiHUs BeulecTB. PactBophl: YueOHO-meroa.nmoc. it cryn. BI'O /
Astop-coct. P.C. Cnexrop. H.Tarun, 1999.

13. [Ipaktukym no Heopranuyeckoi xumuu. M.: IIpocsemenue, 1978.

14. Cemenos A.C. Oxpana Tpyaa u TexHuka 0ezonacHoctu. M.: [Ipocsemenue, 1976.

15. CnpaBounuk no xumuu. M.: IIpocsenienue, 1978.

Sk

Tema 6. . KucnoTsl, coiiv, OJTy4YeHUE, CBOMCTBA




3adaHue: BHUMaTENbHO MPOYNUTATh OMKMCAHKE Ja00paTOpHOI paboThl, 0OPaTUTH BHUMaHUE
Ha TMPHUTOTOBJIEHHBIE PEaKTHUBBI M O0OpPYIOBAHUE, BBIIOJIHUTH SKCIIEPUMEHT IO MPEII0KEHHON
METOJIUKE C COOIOJICHNEM TEXHUKU OE€30MacCHOCTH U MpaBmil paboThl ¢ XMMUYECKUMU BELIECTBaAMH,
NIPOU3BEICHHBIE HAOJIONEHUS 3aHECTH B JIA0OpAaTOPHBIM JKypHall, 3aloJIHUTh TaONUIIbI, BCe
XMMHUYECKHE pEeaKIMM 3amucaTh MPU MOMOUIM ypaBHEHUH, 00pabOTKy pe3ysbTaTOB IMPOU3BECTH
cieayoumM o0pa3oM: K03(pPUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIINN
paccTaBuTh, BOCIHOJB30BABIINCh METOJOM HOHHO-3JIEKTPOHHOro OanaHca, Ads1 OOMEHHBIX
IIPOLIECCOB 3alMCaTh HMOHHO-MOJIEKYJIIPHBIE YpPaBHEHUS, 10 KaXXIOMY OIIBITY CHAEIaTh BBIBOJ,
OTBETUTH Ha BOMPOCHI JJIsi CAMOCTOSITENIbHOM pabOTHI.

L EJIb PABOTBI: npakTuueckoe MoiydeHue OCHOBHBIX KJIACCOB COCTMHEHHM (OKCHJIOB, COJICH,
KHCIIOT, THIPOKCHJIOB) PA3TUYHBIMU CIIOCOOaMHU.

Onovim 1. Ilosry4yeHne KHCI0T

PEAKTUBAKI:

1. Auerar HaTpust (KpUCT.);

2. Consaas xkucnora (1:1)

3. Cepnas kucnota (2 H);

4. Cunukar HaTpus (p-p);

5. YHuBepcanbHbIi HHANKATOP (Oymara).
OBOPY][OBAHHUE:

1. ITpobupkw;

2. CtexIIsiHHAS ITaJIOYKA;

3. CnupToOBKa, CIIUYKH;

a) Ilonyyenue yKCycHOU KUCIOMbL.

Haceimate B mpoOupKy HEMHOTO CyXOro arerara HaTpHsi U CMOYHUTH €ro pa30aBlICHHOU
cepHoi KkucioTtod. OmnpeaenuTh MO 3amaxy, Kakoe BemecTBO obOpaszoBasiock? B orBepcrhe
NPOOUPKH, HE KAacasCh CTEHOK, BHECTH BJIIAKHYIO YHHUBEPCAIBHYIO WHIUKATOPHYIO OyMaxky. Uto
HaOmogaeTcsa? Hamucats ypaBHEHUS PEaKIIUU.

0) Ilonyuenue kpemHuesoU KUCIOMbL.

Hanmute B poOupky 2-3 MJI pacTBOpa CHJIMKATa HATPUS U MPHU IMOCTOSHHOM BCTPSXWUBAHUU
npruOaBUTH 10 KaruisiM pa3dasieHHyo (1:1) consHy0 KUCIOTY 10 MOMYTHEHHs pacTBopa. B kakom
COCTOSIHUHU BBIJICNIAJIACH U3 PACTBOpA KPEMHEBasI KHCJIOTa?

Onwvim 2. TlosrydyeHne cpeHuX cojiei
PEAKTHUBAI:

1. HuHk (rpanyJsl);

2. OKCHJ ITMHKA;

3. ®ocdop KpacHBIi;

4. CepHas xuciorta (2 H).
OBOPY][OBAHUE:

1. [Tpobupkw;

2. [IpenmeTHOE CTEKIIO;

3. CrexJIgHHAS ITaJIOYKa;

4. CriupTOBKa, CIIMYKH.

XO/[ PABOTHI:

[Momyunth AByMsi pa3iH4yHBIMU crioco0amu cyiabdaT IUHKA. PeakTHBBI MOm100paTh TaKHM
00pa3oM, 4TOOBI peakius MpoTeKaia HeoOPaTUMO, a B pacTBOpPe 00pa3oBaiach TOIHKO OJHA COJb
— cynb(dar nuaka. Karmio nmojsydeHHOTO pacTBopa NMEPEHECTH YUCTOW CTEKJITHHON MaJIOYKON Ha
OpEAMCTHOC CTCKJIO U OCTOPO’KHO BBINIAPpUTH BOAY (HJIaMSI CIIMPTOBKU HC JOJIKHO KacCaTbCA



MPEeIMETHOTO CTeKIa). PaccMOTpeTh MomydeHHbIE KPUCTAIIIBI IO MUKPOCKOIIOM M 3apUCOBATh.
Hammucats ypaBHeHUS peaknuii. OTMETHTh BHEITHUE PU3HAKH ITPOTEKAHUS PEAKITUH.
Onvim 3. Tlonydenne KMCJI0i cou

PEAKTHUBAKI:

1. 3BecTkoBast Boja.
OBOPY][OBAHUE:

1. I[Tpobupkw;

2. Annapar Kumna.

X0/ PAFOTHI:

Hanute B mpobupky 3-4 mi. M3BecTKOBOH BOJABI M OCTOPOXKHO IPOIMYCKAaTh 4epe3 Hee
okcun yraepoaa (IV) uz anmapara Kunma no Tex mop, nmoka Hojy4yeHHbI B Hayajle OCaJ0K HE
pacTBOPUTHCS.

KakoB cocraB mnepBoHayaibHO BblnaBmiero ocajaka? Ilouemy mnpu MTEIHLHOM
IPOIyCKaHUM YIJIEKUCIIOTO Tra3a »JTOT 0cafoK pactBopserca? CocTaBUTh ypaBHEHHS
MPOBEJICHHBIX PEaKIUM.

3agaHus 1715 CAaMOCTOAITEIbHON PadoThI:

1. Ucnonw3ys cnenyromue Bemectsa CaO, H,O, HCI, Ca(OH),, SO3;, NaOH, Na,COs
OCYILIECTBUTE HUKETIPUBECHHBIE IIPEBPAILICHHUS:

OKCHJI — OCHOBaHHE€ — OCHOBHAs COJIb — CPEAHSISI COJlb;

OKCHJI — KHCJIOTa — KHCJasi COJIb — CPEIHSS COJIb;

TUIPOKCHUJT — OKCHUJ — COJIb

2. Hanmmure ypaBHEHUs PEAKLHiL, C TOMOIIBIO KOTOPBIX MOXKHO OCYIIECTBUTH CIIEAYIOLINE
IpEBpALCHUS:

Cu(OH); — CuO — CuSOq4

NaOH — Na2C03 — NaHCO3 — N32C03 — C02

Zn — ZnO— Zn(NO3),—Zn(OH),— Nay[Zn(OH)4]

CaO— Ca(OH); — CaOHCIl — CaCl, — CaSO4 — Ca(HSO4),

JlutepaTypa il IOATOTOBKM K CEMUHAPY:

1. AxwmeroB H.C. O6miast u Heopranuueckast xumusi. M., Beicmas mikona, 1981, 2001,

2003.

babuy JI.B. u np. [Ipaktukym no Heopranuyeckoit xumuu. M., IIpocBerienue.

I'muaka H.JI. O6mas xumus. JI., Xumus, 2000.

Koposun H.B. O6mas xumus. M., 2002.

KimounnkoB H.I'. Heoprannueckuii cunte3. M.: [IpocBenienne, pasi. rogsl U3.

Kpumenxko B.II. [TpakTukym mno texHuke 1adopaTopHbIx pabot. M.: ArponpomMusar,

1987.

7. JlecuoBa E.B., BummskoB O.A. IlpakTukym MO HEOpPraHWUYECKOMY CHHTE3y. M.:
Bricmas mkoma, 1986.

IRl

8. Meronnyeckoe pyKOBOJACTBO K J1a00OpaTOPHBIM paboTaM MO HEOPraHUYECKOMY CHUHTE3Y/

HTT CIIA, nabopatopus.

9. Ilpaktuky™m 1o obuieit u Heopranuueckon xumun. M., 2002.

10. Xanekpodt, Karpun E. CoBpemenHslit Kypc obuieit xumuu B 2-X Tomax. Ilep. ¢ anri.
M., 2002.

11. ABTOMaTU3MPOBAaHHBIN YUeOHBIN Kypc XUMUS: IEPHOANYECKAs CUCTEMA
J.U. Menneneesa. ExkarepunOypr, 2003.

12. ArperatHbple COCTOSIHMS BemlecTB. PacTBopel: YueOHo-MeToia.moc. it crya. BI'O /

Astop-coct. P.C. Cnexrop. H.Tarun, 1999.
13. IlpakTuky™m o Heopranuueckoi xumun. M.: IIpocsemenue, 1978.
14. Cemenos A.C. Oxpana Tpyaa u TexHuka 0ezonacHoctu. M.: [Ipoceemenue, 1976.
15. CopaBounuk no xumuu. M.: Ilpocsemenne, 1978.



Tema 7. IIpuroroBieHue pacTBOpOB

3adaHue: BHUMAaTENbHO MPOYUTATh OMHMCAHKE Ja00paTOpHOI paboThl, 0OPaTUTH BHUMaHUE
Ha TMPHUTOTOBJIEHHBIE PEaKTHUBBI M O0OpYIOBAHME, BBIIOJIHUTH 3KCIIEPUMEHT IO MPEII0KEHHOU
METOJIUKE C COOIOJICHNEM TEXHUKU O€30MacCHOCTH U MpaBmil paboThl ¢ XMMUYECKUMU BELIECTBAMH,
MIPOU3BEICHHBIE HAOJIONEHUS 3aHECTH B JIAOOpATOPHBIM JKypHall, 3aloJIHUTh TaOJUIbI, BCe
XMMHYECKHE pPEeaKIMM 3amucaTh MPU MOMOUIM ypaBHEHUH, 00pabOTKy pe3ysIbTaTOB IMPOU3BECTH
cieayoummM o0pa3oM: K03(pPUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBuTh, BOCIHOJB30BABIINCh METOJOM HOHHO-3JIEKTPOHHOro OanaHca, Adsi1 OOMEHHBIX
IIPOLIECCOB 3allCaTh HMOHHO-MOJIEKYJIIPHBIE YPaBHEHUS, 10 KaXKIOMY OIIBITY CHAEIaTh BBIBOJ,
OTBETUTH Ha BOIMPOCHI JIsi CAMOCTOSITENIbHOM pabOTHI.

HEJIb PABOTAI: [103HaKOMUTBCS C TEXHUKOW IPUTOTOBIIEHHS PACTBOPOB 3a/1aHHON KOHLIEHTPALH
OIIBIT 1. ITpuroToBieHNE pacTBOpa C 3aJJaHHON MacCOBOM J10JIei U3 HABECKH TBEPIOIO BEIIECTBA
PEAKTHBBI:
l. Cynedar menn (1B.);
2. Xunopuna HaTpus;
3. Kap6onar Hatpus.
ObOPYJIOBAHUE:
1. Becor
2. Hwumuaap mepusrii (100 mir);
3. Konba xonuueckas (250 mi.);
4. Crakan xumudeckuii (200 mi.).
XOJ[ PABOTAHI:
Crioco0 mpuMeHsIeTCs TJIABHBIM 00pa3oM sl PUTOTOBJICHHSI PACTBOPOB COJICH U IIEIOYEH.
[TocnenoBaTenbHOCTH BBHITIONHEHUS Pa0OTHI:
1. [TonyunTs y mpenoaBaresns 3alanue JjIsl IPUTOTOBJICHUS pacTBOpa COJIU
OIpEJICJICHHOW KOHIICHTPALIUH.
2 PaccunraTh HEOOXOAUMYIO MacCy COJU U 00bEM BOJIBL.
3 B3Becuth paccuuTaHHYIO Maccy COJIM Ha YaCOBOM CTeKJIE ¢ TouHOCThIO 10 0,01 .
4, OTMEpUTH C TOMOIIBIO MEPHOTO IIWIMH/IPA HEOOXOIUMBIH 00BEM BOIBI.
5 B mpurorosnennyto nocyny (koydy, cTakaH, HAIHHIP) OCTOPOKHO MIEPEHECTH
HaBECKY COJIM, BIUTh OTMEPEHHYIO BOAY U MEPEMEIIATh PACTBOP YUCTON CTEKITHHOMN
MaJIOYKOU JI0 TTOJTHOTO PACTBOPEHHUSI COJIH.

6. [Toyuuts y npenosaBarens apeoMeTp U U3MEPUTh TUIOTHOCTb IPUTOTOBIEHHOTO
pacrtBopa.

7. [IpoBepuTh 1O CHPaBOYHMKY IMPABUIBHOCTh IIPUTOTOBJIEHUS PACTBOPA CPAaBHEHUEM
HaWJIEHHON IIJIOTHOCTH C TAOJIMYHBIMA TAHHBIMU.

8. [IpuroToBieHHBIN PACTBOP CAATH JAOOPaHTY.

OIIBIT 2. ITpuroToBjeHUE pacTBOpa C 3alaHHOM MacCOBOM JJ0JIEN paCTBOPEHHOI'O BEILIECTBA U3
0oJiee KOHIIEHTPUPOBAHHOTO pacTBOpa
PEAKTHUBABI:

1. A3otHas (KOHIL.);

2. VkcycHas kuciora (KOHIL.).
OBOPY]][OBAHUE:

1. Becsr;

2. Hwumuanp mepusiit (100 mit.);

3. Komnb6a xonnueckas (250 mi.);

4. Crakan xumudeckni (200 mit.);

5. Apeomertp.
XOI PABOTHI:



Crioco6 mpuMeHsieTcsl TIIaBHBIM 00pa3oM ISl PUTOTOBIICHHS KUCIIOT (CEpHOM, a30THOM,
COJISTHOM ) MJTM aMMHaKa.
[TocnenoBaTeNbHOCTD BHITIOJHEHHUST PAOOTHI:
1. Tlomy4uTs y mperoaaBatelis 3aaHue IS IPUTOTOBJICHUS PACTBOPA KUCIOTHI WITH
aMMHaKa onpeaeeHHOW MaCCOBOM JOJH.
2. PaccunTarh 00bEMBI JAHHOTO KOHIICHTPHUPOBAHHOTO PACTBOPA M BOJIBI, HEOOXOIUMEIC
JUTSI TIPUTOTOBJICHUS 3aJaHHOTO 00beMa pacTBOpA.

3. [IpuroToBUTE yKa3aHHBIN MPENOJABATENIEM PACTBOP U PACCUUTATH €r0 MO-JISIPHOCTb.
4. H3meputs apeoMeTpoM ILUIOTHOCTB IIPUTOTOBIIEHHOTO PACTBOPA.
5. [IpoBepuTs 10 CIIpaBOYHUKY MPABUIIBHOCTH ITPUTOTOBJIEHHS PACTBOPA, CPABHUB
HalJIeHHYO IJIOTHOCTH C TAOJIMYHBIMU JaHHBIMHU.
6. [IpuroToBneHHBIN pacTBOP CATh JJAOOPAHTY.

JIuteparypa /sl NOATOTOBKHU K CEMHUHAPY:
1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkomna, 1981, 2001,

2003.

ba6uu JI.B. u np. [Ipaktukym o Heopranudeckoit xumuu. M., IIpocBerienue.

I'muaka H.JI. O6mas xumust. J1., Xumust, 2000.

Koposun H.B. O6mas xumus. M., 2002.

KnrounukoB H.I'. Heopranuueckuit cunre3. M.: [IpocBemienue, pa3i. Tobl U31.

Kpumenko B.I1. [TpakTukym mno TexHuke 1adopaTopHbIX padoT. M.: ArpomnpomMusar,

1987.

7. JlecnoBa E.B., BummnsakoB O.A. IIpakTukym @O HEOpraHMYECKOMY CHHTE3y. M.:
Bricimiag mkona, 1986.

8. Meronuyeckoe pyKOBOJACTBO K J1a00OpaTOPHBIM paboTaM MO HEOPraHUYECKOMY CHUHTE3Y/
HTTI'CITA, nabopaTtopus.

9. Ilpaktuky™m 1o obuieit 1 Heopranuueckon xumun. M., 2002.

10. Xanekpodt, Karpun E. CoBpemenHsIit Kypc o0mieit xumun B 2-X Tomax. Ilep. ¢ anra.
M., 2002.

11. ABTOMaTH3MPOBAaHHBIN YUeOHBIN Kypc XUMUS: IEPHOANYECKAs CUCTEMA
J.1. MenneneeBa. EkarepunOypr, 2003.

12. ArperatHele COCTOSIHMS BemlecTB. PactBopel: YueOHo-meton.moc. mist crya. BI'O /
Astop-coct. P.C. Cnekrop. H.Tarumn, 1999.

13. Ilpaktukym o Heopranuueckoir xumun. M.: IIpocsemenue, 1978.

14. CemenoB A.C. Oxpana Tpyna u TexHuka 6ezonacHoctu. M.: [Ipocsemenue, 1976.

15. CrpaBounuk no xumuu. M.: IIpocsemnienue, 1978.

SARNANE Bl N

Tema 8. DnexTponuTHdecKas Tucconuanys. Peakiimu HOHHOTO oOMeHa

3adaHue: BHUMAaTEIBHO MPOYUTATH OMHUCAHKE Ja00paTOPHOI paboThI, OOpAaTHTh BHUMAHHE
Ha TPHUIrOTOBJICHHBIC PCAKTHUBBI U 060pyIIOBaHI/Ie, BBIIIOJIHUTE 3KCIICPUMCHT 110 HpeIIJIO)I(CHHOfI
METOJHMKE C COOJIIOJICHMEM TEXHUKU 0€30IIaCHOCTH U MPaBUII PA0OTHI C XUMUYECKUMU BEIIECTBAMH,
MIPOU3BE/ICHHBIC HAONIOACHUS 3aHECTH B J1aOOPATOPHBIN JKypHaj, 3alOojJHUTHh TaOJHIBI, BCE
XUMHAYECKHE PEaKIUK 3alucarh MPH TIOMOIIM ypaBHEHHUH, 00pabOTKY pe3yJbTaTOB IMPOHM3BECTH
CIEeIYIOIHMM 00pazoM: KO3(PPUIIMCHTHI B YPaBHEHUSIX OKUCIUTEIFHO-BOCCTAHOBUTEIHHBIX PEAKIIUN
paccTaBuTh, BOCIIOJIB30BABIIMCh METOJOM HOHHO-IJICKTPOHHOrO OanaHca, i OOMEHHBIX
OpoHECCCOB 3alucCaTb HMOHHO-MOJICKYJIAPHBIC YpPaBHCHHA, IO KaXJIOMY OIIBITY CACIAThb BBIBOI,
OTBETUTH Ha BOIIPOCHI JJIsi CAMOCTOSITEIILHON paOOTHI.

HEJIb PABOTABI: n3y4yuThb 3JE€KTPONPOBOIHOCTh PACTBOPOB CUIIBHBIX, CPEIHUX U
CJIaGLIXBOI[HbIX PacTBOPOB IJICKTPOJIHUTOB, UCIIOJIB3YSA TCOPCTUICCKUEC 3HAHU.

OIIBIT 1. DneKTPONPOBOAHOCTH PACTBOPOB



PEAKTHUBAI:
1. Caxapo3a (p-p);
2. Xnopua Hatpus (Kpuc.);
3. Xnopun Hatpus (1 H);
4. T'mppoxcun kanus (1 H);
5. AmMmuaxk (p-p);
6. l'unpokcun Hatpus (1 H).
OBOPY][OBAHUE:
1. TIpoGupku;
2. IlpuGop Yepwnsika;
3. Crakan xumuueckuii (100 mur.).

XO/[ PABOTBHI:

a) Ilomp3ysice mpoOopom UYepHsika, HCIBITATh AIIEKTPONPOBOJHOCTh JUCTHJUIMPOBAHHOW BOJIEI,
pacTBOpa caxapa, CyXOil MOBapeHHOW coiM, pacTBOpa MoBapeHHOH coiu. YUto Habmomaercs?
OOBSACHUTD, TIOUYEMY PACTBOP COJIH SBJISIETCS MPOBOJHUKOM TOKA, XOTS YMCTask BOJA M CyXasl COJIb,
B3SThI€ B OTJICJIbHOCTH, TOKa HE IPOBOJIAT.

6) UccnenoBaTh U 0OBSICHUTH 3IEKTPUUECKYIO IPOBOAMMOCTH |H pacTBOPOB TMIPOKCHUIOB HATPHUS,
KaJusl ¥ pacTBOpa aMMHaKa.

OIIBIT 2. UonHbIE POLIECCHI B PACTBOPAX 3JI€KTPOJIUTOB
PEAKTHUBAKI:
. Cynsdat menu (1 n);
. Xnopun xenesa (I11) (1 v);
. 'mapoxcun natpus (1 H);
. Comstnas kuciota (1 H);
. Cynbdur narpus (1 H);
. KapGonat narpus (1 n);
. Xmopun 6apus (1 H);
. Hutpar cepebpa (1 n);
. Hurpat cBunna (1 H);
10. Cepnas kucnora (2 H);
11. Consnas xucnora (1 H);
12. Momun kamust (1 1).
OBbOPY]JI[OBAHHE:
1. TIpoGupxku.

O 0 1N DN K W —

XOJ[ PABOTHI:

a) OOpa3oBaHHE MAJIOPACTBOPUMBIX OCHOBAHHM.
W3 nmeronmxcs peakTHBOB MOJIYYUTh MajnopacTBopuMsble ruapokcuisl Meau (1), xenesza (III).
OTMETUTh OKPACKY U XapaKkTep Ocajka.

0) OOpa3oBaHuE CIA0BIX KHUCIIOT.
N3 wuMeromuxcsi peakTUBOB BHIOpaTh PAcTBOPHI COJICH, OOpa3oBaHHBIC CIIAOBIMU JICTYYHMH
KUCIIOTaMHM, M MCCJIEA0BAaTh OTHOIICHHUE ATHUX COJIeH K JEUCTBUIO COJSIHOM KHCIOTHL. YTO
HaOromaercs?

B) [lonydyeHue MamopacTBOPUMBIX COJICH.
[TonyunTs MaOpacTBOpUMBIE CONH: CyNb(aT Oapus, XJaopus cepedpa, oaua cBuHia. OTMETUTH
LIBET U XapakTep OcajKa.

OIIBIT 3. Peakuuy HOHHOI'O O0OMEHA
PEAKTHUBADI:



KapO6onar kanbuus (TB.);
Consnas kucnora (1 H);
Anuerat HaTpus (TB.);
IMuapoxceun vHatpus (2 H);
Xnopun 6apust (1 H);
Cepnas kucinota (1 H);
Xnopun maprasmna (1 v);
8. Xnopun xpoma (1 H).
ObOPY]][OBAHHUE:
1. TIpobupxkwu.
XO/[ PABOTHI:
a) 3 nmeromuxcs B 1a00paTopuu peakTUBOB MOJIyYUTE CIIEAYIOIINE BELLECTBA:
CO,
CH;COOH
H,O
. BaSOy4
a) Hanmummre MonekysipHble ¥ HOHHBIE YPaBHEHUS PEaKIUid, YKaXUTe MPU3HAKU
HEe0oOpaTUMOCTH pEaKINi.
6) B nBe nmpobupku Hamneiite 1o 1-2 M1 pacTBOPOB coJiel M JOOABIISISI MO KAIUIsiM pacTBOP
TUJIPOKCHJIA HATPHS TTOJIYYUTE OCATKU TUAPOKCUIOB!
Maprasiia;
XpoMa.
Hccnenyiite xapakrep rHAPOKCUIOB. [l 3TOr0 CoiepKIUMOe Kax 101 MPOOUPKH pa3/ienuTe
Ha ABe npoOupku. B onHy u3 mpoOupok 100aBbTe M3OBITOK pacTBOpa KHUCIOTHI, B JIPYIYIO —
n30BITOK pacTBopa Ienoud. Omnpenenure XapakTep IMOMYYEHHBIX THIpoKcHIoB. Hamummre
ypaBHEHMsI BCEX MTPOU3OIIEAIINX PEAKLIUH B MOJIEKYJIIPHOM U HOHHOM BHJIE
3aganus A1 CaMOCTOSITeIbHO padoThI:
1. Kakue 31eKTpoiauThl Ha3bIBalOTCS CUJIbHBIMHU, a Kakue — ciadbbiMu? Ilepeuncinre KucinoTel u
OCHOBAHUS, SIBJISIOLIMECS CHIIBHBIMU 3JIEKTPOJIUTAMH.
2. Yro TaKkoe MoJIHOe HOHHO-MOJIEKYJISIPHOM ypaBHeHHE peakiuu? UTo oTpakaeT KpaTKOe HOHHO-
MOJIeKyJIsipHOE ypaBHeHHe? Hanummre nonHble U KpaTkue HOHHO-MOJIEKYJISIpHbIE YpaBHEHUS
peaKunii MEXIY:
a) CepHON KUCIOTOM U THAPOKCUAOM HATpUs
0) cepoOBOIOPOTHON KUCIOTON U THAPOKUIOM HATPHS
[Touemy KpaTkue HOHHO-MOJIEKYJISIPHbIE YPaBHEHHsI TUX peakiuil pa3nudHbl? byaer nu
OJTMHAKOBBIM TEIUIOBOU 2PQEKT ITHX peakuuii HeHTpanu3anuu? B kakux cirydasx HOHHO-
oOMeHHas peakIysi UJET 10 KOHIIA, @ B KAKUX — 0 COCTOSTHUS
paBHOBeECHS?
3. Ompenenute, BO3MOXKHO JIM TPOTEKAHUE 0 KOHIIA PEaKIuil MEXTY:
a) TUAPOKCUAOM aMMOHHUS U XJIOPOBOJIOPOAHOM (CONSIHON) KUCIOTON
0) cynb(daTrom Kanus U HUTPATOM HATPHUS
B) XJIOPUAOM MEAU U THJIPOKCHUJIOM KaJlus
OTBeThI MOATBEPAUTE 3aMKCHI0 YPABHEHUN PEAKINIl B MOJICKYJISIPHONU U HOHHO-MOJIEKYJISIPHOMN
(dopme u cpaBHeHUEM K )¢, €CITH 3TO HEOOXOTUMO.
4. Yem onpenensroTcs: aMmpoTepHbIe CBOWCTBA THIPOKCHIOB? UTO morydaTcsi Ipyu pacTBOPEHHUH
amM(OTEpHOT0 THIPOKCHAA B enoun? Hanmummre B MOJIEKYIISIpHONW M HOHHO-MOJIEKYJIIPHON (opme
peaKIuy pacTBOPEHUs THIPOKCH 1A IMHKA B COJITHOM KHCIIOTE U B THJIPOKCH]IE KaJIHsl.
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Jlutepatypa 1Jis HIOATOTOBKU K CEMUHAPY:
AxwmetoB H.C. O6mas u Heoprannyeckas xumus. M., Beicimas mkona, 1981, 2001, 2003.
babwuu JI.B. u np. [IpakTtukym o Heopranudeckoi xumun. M., [IpocBenienue.
I'muuka H.JI. O6mas xumust. J1., Xumust, 2000.



Koposun H.B. O6mas xumus. M., 2002.

KntounukoB H.I'. Heopranuueckuii cunre3. M.: [IpocBemienue, pa3i. Tobl U31.

Kpumenko B.I1. [IpakTukym o TexHuke 1abopatopHbIX padot. M.: Arpornpomuszar, 1987.

JlecuoBa E.B., BummnskoB O.A. IlpakTukyMm nmo Heopranuyeckomy cuHTe3y. M.: Bricmias
mkosna, 1986.

MeTtoauueckoe pPyKOBOACTBO K J1a0OpaTOpHBIM paboTaM MO HEOPraHWYECKOMY CHHTE3Y/
HTT CIIA, nabopaTtopus.

[IpakTukym no oOuieit 1 Heopranuyeckoit xumuu. M., 2002.

Xanekpodt, Karpun E. CoBpemenHbIl Kypc o0mieit xumuu B 2-x Tomax. Ilep. ¢ anri. M.,
2002.

ABTOMAaTU3UPOBAaHHBIN yueOHbIN Kypc Xumus: nepuoanyeckas cuctema .M. Menneneena.
ExarepunOypr, 2003.

ArperatHble COCTOsIHUS BelecTB. PacTBopsl: YueOHo-MeToz.1moc. s crya. bI'O / Astop-
coct. P.C. Cnektop. H.Tarun, 1999.

IIpakTukym no Heoprannyeckoit xumuu. M.: IIpocsemenune, 1978.

CemenoB A.C. Oxpana Tpyna u Texauka 6ezonacHoctu. M.: I[Ipocsemienue, 1976.

CnpaBounuk no xumuu. M.: IIpocsemienue, 1978.

Tema 9. OKUCIUTENBHO-BOCCTAHOBUTENIbHBIE pEAKLIUU

3adaHue: BHUMaTEeTbHO POYHTATh ONMUCAHUE Ta0OPaTOpHO paboThl, OOpAaTUTh BHUMAaHUE
Ha TPHUTOTOBIICHHBIE PEAKTHBBI M OOOPYIOBAHWE, BBIMOJIHUTH SKCIIEPUMEHT IO MPEII0KEHHON
METOJIUKE C COOIIOIEHIEM TEXHUKN 0€30MacHOCTH M MTPaBUII PadOTHI C XUMUYECKHMH BEIIECTBAMH,
NpOM3BEICHHBIE HAONIONEHUS 3aHECTH B J1aOOpAaTOPHBIM JKypHAJ, 3aloJIHUTh TaOJUIIBI, BCE
XMMHUYECKHE PEaKIMU 3amucaTh MPH TOMOIIM ypaBHEHUH, 0OpabOTKy pe3yibTaToB MPOHM3BECTH
ciemyoummM o0pa3oM: K03 PUIIMEHTHI B ypaBHEHUSIX OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIINN
paccTaBUTh, BOCIIOJIB30BABIIMNCH METOJOM HOHHO-DICKTPOHHOrO OamaHca, Uit OOMEHHBIX
IPOIIECCOB 3alMcaTh MOHHO-MOJICKYJISIPHBIE YPaBHEHHUS, MO KaXXJIOMY OMBITY CJAEIaTh BBIBOJ,
OTBETHUTH Ha BOIPOCHI JJIsl CAMOCTOSITEIILHON PadOTHI.

HEJIb PABOTBI: npakTuueckoe 03HaAKOMJICHHE ¢ Han0oJiee paclpoCTPaHEHHBIMU OKUCITUTEIISIMU
Y BOCCTAHOBUTEISIMH, C PA3JIMYHBIMU TUTIAMU OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIUi, C
METO/JAMH COCTaBJICHUs YPAaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTENIbHBIX PEAKIIUI.
OIIBIT 1. Bausinue cpeabl Ha npotekanue OBP
PEAKTHBAI:

1. CepHas xucnora (2 H);

2. [lepmanranar xanus (p-p);

3. l'mapokcun Hatpus (1 H);

4. Cynbdut Hatpus (1 H).
OBOPY][OBAHHUE:

1. IIpoGupxwu;

2. MepHbIil NaTbYUK.

XOH PAFOTHI:

B tpu mpoOupku Haneiite mo 1-2 M pacTBopa nepmaHraHara kaims. B omHy mpoOupky
nobaBbTe 1 MII pacTBOpa CepHOW KHUCIOTHI, B JIpYryio - 1 M BOABI, B TPEThIO - 1 MJI pacTBopa
mienoyr. 3aTeM BO Bce MPOOMPKHU mpuiieite mo 1-2 mur pactBopa cynbdurta HaTpus. OOparurte
BHUMaHHWE Ha I[BET pACTBOPOB M oOcajaka. Hamummre ypaBHEHUS peakiuii, moadepure
KOd((PHUIIMEHTH METOOM 3JIEKTpOHHOTO Oananca. Cremaiite BBIBOABI 00 OKHUCIUTEIHHOU
CIIOCOOHOCTH.

OIIBIT 2. OKucanTeILHO-BOCCTAHOBUTEILHAS 1BOMCTBEHHOCTD
PEAKTHUBDI:



1. Ilepmanranar kanus (p-p);

2. Vomun xammst (1 H);

3. Cepnas xucnota (2 H);

4. Ilepoxcun Bogopona (3 %-Hbli p-p).
OBOPYJ[OBAHUE:

1. ITpoOupxkwu.

X0/ PAFOTHI:

B onny mpobupky Haneite 1 -2 mMi pacTBOopa nepMaHraHara Kajausi, B Ipyryo — 1-2 mi
pactBopa Hoauaa kanus. ComepumMoe MPoOUPOK MOJKUCIUTE PACTBOPOM CEPHOM KHUCIOTHL. B 00e
npoOUpKH Mpujeite pacTBop nepokcuaa Bogopoaa. OObsicHUTE HaOI0JaeMble SBJICHUS.
Hanumure ypaBHeHus peakuuil. Crenaiire BbiBoJA. HamuiuTe ypaBHEHHE peaklUd pasiioKEHUs
IIEPOKCHA BOJIOPO/IA IO ACHCTBUEM CBETA.

3aganus 118 CaMOCTOSITeIbHOM padoThI:
1. Maiite onpeesieHns TOHSITHSIM: CTEIIEHb OKHCIICHUS, OKHCIUTENb U TIPOIECC OKUCIICHHS;
BOCCTAHOBUTEJNb U MIPOIECC BOCCTAHOBIICHUSI.
2. Kak cBsI3aHBI 3JIEKTPOHHOE CTPOCHHE aTOMOB ¥ HOHOB C UX OKHCITUTEIIEHO-BOCCTAHOBUTEILHBIMH
cBoiictBamu. PaccMoTpuTe Ha mpuMepax cepsl , a30Ta, TaIOTeHOB.
3. OnpenenuTe CTENEHh OKUCIICHHS Cephl B cieaytomux coenunennsx: SO,, H,S, Na,SOs, CS,,
HzSO4, ASQS5.
Omnpenenure crenenu okucienus xpoma B coequHeHusax: KoCrOy4, Cry03, KCrO,, Cra(S0Oy)s,
KzCI'zO7, Na3[Cr(OH)6]
Ornpeienute CTENEeHN OKKUCIIeHus 37ieMeHToB B noHax: (NO3), (NO,), (BiO3),, (MnO4)", (MnO4)*,
(NH4)*, (C103)
4. OmnpeenuTe, KaKue MPOIECCHl OTHOCSTCS K MPOIeccaM OKUCIICHUs, a KaKue K Ipoleccam
BoccranoBieHus: S—(S04)>; S—S%; Sn—Sn*"; K—K*; Br,—2Br; 2H"—>H,; H,—2H;
V2+—)(VO3)'; Cl—)(ClO3), (103)'—)12; (MHO4)'—)(MI’IO4)2'
5. Onpenenure, KAKUMHA CBOMCTBAMU B OKHCIUTEIIEHO-BOCCTAHOBUTEIBLHBIX PEAKIHMIX 001a/1at0T
CJIEIYIOIINE MOJIEKYJIbI ( TOJIBKO OKUCIUTEIbHBIMU, TOJBKO BOCCTAHOBUTEILHBIMU UJIH U
OKUCTUTENBHBIMHU U BoccTaHOBUTENBHBIMU): KCrO,, Cry(S04)3, KoCr,0O7, SO,, H,S, NaySOs,
HzSO4, HCI, HC104, Clz, HNO3, NaNOz, Fe.
6. Onpenenure, Kakue peakilii OTHOCITCS K OKHCIUTEIIbHO-BOCCTAHOBUTEILHBIM

a) H,+Br,—2HBr;

6) NH4Cl->NH;3+HCI;

B) NH4NO3—)N20+2H20;

F) 2K,CrO4+H,S04—K,Cr,O7+K,S04+H,0;

JlutepaTypa il NOATOTOBKHM K CEMUHAPY:

1. AxwmeroB H.C. O6miast u Heopranudeckast xumus. M., Beicmas mikona, 1981, 2001,

2003.

babwu JI.B. u np. [Ipaktukym o Heopranudeckoi xumuu. M., [IpocBenienue.

I'muuka H.JI. O6mas xumust. J1., Xumust, 2000.

Koposun H.B. O6mas xumus. M., 2002.

Knrounukos H.I'. Heoprannueckuit cunres. M.: [Ipocseuienue, pasi. TOIbl U31.

Kpumenko B.I1. [IpakTuky™m 1o TexXHUKeE 1a0OpaTOpHBIX paboT. M.: ArponpomMusaar,

1987.

7. JlechoBa E.B., BummnuskoB O.A. IIpakTuKymM 10 HEOpPraHM4Ye€CKOMY CHHTE3y. M.:
Bricmiag mkosna, 1986.

8. Meronnyeckoe pyKOBOJACTBO K J1a00OpaTOPHBIM pabOTaM MO HEOPraHUYECKOMY CHUHTE3Y/
HTI CIIA, nabopartopus.

9. TlpakTukym mo obmieil 1 HeopraHudeckon xumuu. M., 2002.

SARNANE IRl N



10. Xanekpo¢t, Karpun E. CoBpemenHslit kypc obuieit xumuu B 2-x Tomax. Ilep. ¢ anri.
M., 2002.

11. ABTOMaTU3UPOBAaHHBIN YUeOHBIH Kypc XUMUS: IEPHOANYECKAs CUCTEMA
J.U. Menneneea. ExarepunOypr, 2003.

12. Arperatubsie cocTostHHsI BellecTB. PacTBopel: YueOHO-MeTom.moc. st ctya. bI'O /
Astop-coct. P.C. Cnexkrop. H.Tarumn, 1999.

13. IlpakTukym o Heopranudeckoi xumun. M.: IIpocsemenue, 1978.

14. Cemenos A.C. Oxpana Tpyaa u TexHuka 0ezonacHoctu. M.: [Ipoceemienue, 1976.

15. CopaBounuk no xumuu. M.: Ilpocsemenue, 1978.

Tema 10. Bogopoa. Ilonydyenue. 3ydyeHune pu3nuecKux 1 XUMHUYECKUX CBOMCTB

3aoanue: BHuMaTelbHO IPOUYUTATh ONMCAHKUE JTAOOPaTOPHOM padOThl, OOPATUTh BHUMAHUE
Ha TMPUTOTOBJICHHBIE PEaKTHUBBI M O0OpYIOBAHUE, BBIIOJIHUTH SKCIIEPUMEHT IO MPEII0KEHHON
METOJIMKE C COOJIOJICHMEM TEXHUKU OE€30M1acCHOCTH U MpaBuil paboThl ¢ XMMUYECKUMU BELIECTBAMH,
NpOM3BEICHHbIE HAOMIONEHUs 3aHECTH B J1aOOpAaTOPHBIM JKypHaj, 3aloJIHUTh TaOJUIbI, BCe
XMMHUYECKHE pEeaKIMM 3amucaTh MPU MOMOUIM ypaBHEHUH, 00pabOTKy pe3yJIbTaTOB IMPOU3BECTH
cieayoumM o0pa3oM: K03(PUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIINN
paccTaBuTh, BOCIHOJB30BABIINCh METOJOM HOHHO-3JIEKTPOHHOro OamaHca, Ads OOMEHHBIX
IIPOLIECCOB 3alMCaTh HOHHO-MOJIEKYJISIPDHBIE YPAaBHEHMs, IO KaKJOMY OIIBITY CIeJaTh BBIBOI,
OTBETUTH Ha BOMPOCHI JJIsi CAMOCTOSITENIbHOM pabOTHI.

HEJIb: [To3HaAKOMUTBCS € JIAOOPATOPHBIMHU CIIOCOOAMHU TIOTYYESHHUS BOJIOPOJIA, U3YIHUTH €TO
BOCCTaHOBUTEJIbHBIE CBOWCTBA.
OIIBIT 1. Ilonyuenue 6000opooa oeiicmeuem memaniia Ha KUCJ10ny
PEAKTHUBAI:
1. Ilwuak (rpanyms);
2. Cepnas kuciora (p-p).

OBOPY][OBAHHUE:
1. Ilpobupxku;
2. T'azoorBOmHas TpyOKa;
3. CrnuproBKa;
4. Cnuukw.

XOH PABOTBI:

Cobpatb npubop, n300pakEHHBIN Ha PUCYHKE 1. (CM. IPUIIOKCHHE)
[TonoxxuTh B MPOOMPKY HECKOJBKO KyCOYKOB IIMHKA M MPWINTH Ha 1/3 mpoOupku pa3daBieHHON
cepHoii kucnoTel. Habmonate BeieneHue ra3a. Y 0eAuThCs, YTO BBIXOAANIMNA uepe3 TpyOKy ra3 He
COZIEPIKHUT PUMECH Bo3yxa. [ aToro HageTyro Ha TpyOKy MpOOMPKY CHSTH H, HE IEpeBOpAYNBas,
NOJHECTH K IUIAaMEHU cHUpTOBKU (cM. puc. 3). Bomopon 3aropaercs CHOKOHHO, a C IPUMECHIO
BO3JyXa C HEOOJBIIMM B3PHIBOM, CONPOBOXKAAIOIIMMCS PE3KMM 3BYyKOM. B mociemnem ciydae
UCTIBITAHUE HA YacCTOTYy MOBTOPHUTH. Y OEIUBIIMCH B YAaCTOTE BOAOPOJA 3aKeYb €ro y OTBEPCTHUS
TpyOxku. [Toneprkate Hasl MTaMeHeM BOIOPO/IA CYXYIO IPOOUPKY.

Kaxkoe BemiectBo o0pasyercs B pe3yibTare ropeHus Bogopoaa? Hanucars ypaBHeHHS peakiui

HOJIy4eHHS ¥ TOPEHUsI BOIOPOA.
OIIBIT 2. Ilonyuenue 6000pooa oeiicmeuem Memaiia Ha Wénoun
PEAKTHUBAI:

1. AnroMuHHH (CTPYXKKH);

2. T'mppoxcun HaTpus (p-p).
ObOPYJ]OBAHMUE:

1. TIpoGupku;

2. CnuptoBKa;



3. CrInuku.
XOI PABOTAI:

B npo6upky npudopa (cM. mpuiiokeHue prc. 1) BChINaTh HEMHOTO aTFOMUHHEBBIX CTPYKEK U
HamuTh 2- 3 Mi pactBopa mEnoun. Habmionate BeiAenenne ra3a. Ecinu peakiust uaét MeajieHHoO,
OCTOPOXHO MOAOTPETH MPOOUPKY C €€ COAePKUMBIM. Y OSIUTHCS B YHCTOTE BOJIOPO/IA U TIOKEYb €T0
y OTBEpPCTHSI TPYOKH.

Hanucats ypaBHEHUS peakIHu.

OIIBIT 3. Ilepenusanue 600opooa
PEAKTHUBAI:

1. Bomopon u3 anmapara Kura.
OBbOPY/[OBAHUE:

1. Hwmuuaps! (2 wr.).

X0/ PAFOTHI:

MeTo0oM BBITECHEHHSI BO3/IyXa HAMOJIHUTH MWIUHAP BOIOPOJOM M3 ammapata Kumma (cwm.
puc.2). 3aTeM MeJIEHHO TIeperBaTh BOJAOPO B IPYrol HUIUHAP (HECKOIBLKO MEHBIIIEro pa3Mepa),
nepeBEPHYTHIN BBEpX MHOM (cM. puc.4.). [logHocs moodep€aHo K OrHIO 00a MUJIWHIPA, YCTAHOBUTH,
B KaKOM U3 HUX OOJIbIIIE BOJIOPO/A.

OOBSACHUTDH HAOIIOAACMbIC SIBIICHHS.

OIIBIT 4. B3puvie zpemyuezo 2aza
PEAKTHUBAI:
1. Bopopoa u3 annapara Kunmna;
2. Ilepmanranar kauaus (TB.).

OBOPY][OBAHUE:
1. TlonusTuneHoBas cocy;
2. CrexisiHHAS IIACTHHKA;
3. CouproBKa;
4. Crouukwy;
5. TlpuGop nns mosrydeHus: Kuciopoza (CM. MPUIIOKEHNE pHUC.8-a).
6. Kpucrammszarop.
XOI PABOTAI:

[Tonu>TUIIEHOBBIN COCYJ HAIlOJHUTBL JOBEPXY BOJOM W, 3aKPBIB CTEKJIIHHOW IUIACTUHKOM,
OTIPOKMHYTh B KpHUCTa/UIM3aTOp ¢ Bojoi. Hamomuute cocyn Ha 1/3 kucmopomom, W Ha 2/3
HAMOJIHUTh BOAOPOJIOM (M3 ammaparta Kura) MeTonoM BBITECHEHUS BOJIbL. BBIHYTh HWIMHAP U3
KpUCTAJUIM3aTOpa, JepXka €ro BBEPX JHOM M 3aKpbhIB €ro OTBEPCTUE IOJ BOJIOH CTEKISIHHOU
miacTuHKor. OOEpHYTh COCY/ MOJIOTCHIIEM, OTKPBIB OTBEPCTHE, OCTOPOKHO TOJHECTH K IJIAMCHH
CIIUPTOBKH.

OOBSICHUTH HAOIIOTAEMBIC SBIICHUSI.

OIIBIT 5. Boccmanoenenue 6000pooom okcuoa meou (11)
PEAKTHUBAKI:
1. Oxcun menum (II).

OBOPY][OBAHUE:
1. TIpoGupku;
2. TlpubGop mis monydeHus Bogopoaa (cM. puc.4);
3. CnuproBka;



4. Crouyku.

XON PAFOTHI:

Cyxyro mpoOupKy (cM. puc. 5.) ¢ HeOOIbIIMM KonuuecTBOM okcuaa meau (II) ykpenuts B
JIafKe MITaThBA B CJIETKAa HAKJIOHHOM IOJOXEHHUH TaK, YTOOBI JHO €€ OBbLJIO MPUIIOAHSTO (3auem?).
Cobepute iprbOp TSt MOTYYSHHS BOIOPOAa YKa3aHHBIA Ha prcyHke. CHauana yOenuThCs B YUCTOTE
BhIIIENSONIErocs: Bojgopoaa. Ilocme sroro omycTuth TpyOKy B mpoOupky ¢ okcuaom menu (II)
CHavajia Mpu KOMHATHOW TeMIIeparype, a 3aTeM Py HarpeBaHUU.

Hab6monate u3menenus, npoucxopsmue ¢ okcugom meau (II), u Bbimenenue kamenb
JKUJIKOCTH Ha CTeHKax mpoOupku. Korma Bech okcH Meu IpOpearupyeT, MpeKpaTUTh HarpeBaHUE
U JaTh COJEPKUMOMY OCTBITH B TOKE BoJopoja. OObSICHUTH HAONIOaeMble SIBJICHHS U HANHCATh
YPaBHCHMS PEAKIIUH.

OIIBIT 6. Boccmanoenenue nepmancanama Kaaiua AmoMHbiM 6000pP00OM (6 MOMeHm
evloesleHus)
PEAKTHUBAI:

1. Cepnasg xucnora (p-p);

2. IuHk (rpaHyJib);

3. Tlepmanranar kamus (p-p).

OBOPY][OBAHUE:
1. IIpoOupku;
2. Amnmapat Kumnma.

X0/ PAFOTHI:

B pa30aBieHHBIII pacTBOp CEpHOW KHCIOTHI J00aBUTH HECKOJIBKO Kalleidb pacTBOpa
NepMaHraHaTa Kajius U HaJluTh CMeCh B JiB€ MpoOupKu. B oHy M3 HUX OPOCUTH KyCOYEK LIMHKA, B
JIPYTYIO IPOITYCTUTH BOAOpOA U3 annapara Kumma.

CpaBHUTH CKOPOCTh U3MEHEHHUsI pacTBopa B npoOupkax. OOBSCHUTH Pa3HUILY B CKOPOCTH
n3MeHeHus 1BeTa. Hamvcarhs ypaBHEHHE peakiiii BOCCTAHOBJICHHSI TIEpPMaHTaHaTa KaJiius aTOMHBIM
BOJIOPOJIOM:
2KMnO4 +10H + 3H,SO4 — 2MnSO4 + K,SO4 + 8H,0

3amaHus 1J1s1 CAaMOCTOAATEIbHOM PadoThI:

1. BzaumopeiicTBre BOIOPOIa C KUCIOPOAOM MPOTEKAET MO YPABHEHUIO:

2H; + O, = 2H,0O(map) + 483 x/I)x B xakoM HanpaBlI€eHUH CMECTUTCS 9TO paBHOBECHE: a)
TIPH TIOBBIIICHUY JIABJICHUS; 0) TIPY TOHIKEHUU TeMITePaTyphl.

2. [ouemy atomapHsbIil Bogopoa o01aaaet 60biIell BOCCTAHOBUTENIBHOM CIIOCOOHOCTBIO, YeEM
MOJIEKYJISIPHBII?

3. Kak mpoBepuTh YUCTOTY BOJOpoa?

4. Kak noiay4uTtb BOJOPO U3 BOIbI?

5. Kakue MeTaibl, U IpU KaKUX yCIOBUSAX pa3jiaraioT Boay?

6. Kakue s/10BUTBIE Ta3bl MOT'YT BBIJICJISITHCS BMECTE C BOJOPOJOM IPU B3aUMOJIEUCTBUH KUCIIOT C
mertamutamu? Kak ot HuX u30aBUTHCS?

7. llouemy Temneparypa miaMeHH TPEMYUero rasa Bhlllle, YeM TeMIIepaTypa MIaMeHH BOJI0OPO/a,
rOpSIIIIErO Ha BO3ayXe?

8. Kaxoii ra3 u kakasi ero macca He OJIHOCTBIO B PEaKIIUIO P B3pbIBE cMecH, cocTosiien u3 0,36
r Bojopoja u 3,26 r kuciopoaa?

9. Kakast macca rupuia cainbliys JOJKHA TPOPEarupoBaTh ¢ BOJOM, YTOOBI BBIACIUBIIMMCS
BOZI0p01oM BoccTaHOBUTH 20 T okcuaa meau(1l)?

Jlutepatypa aJisi NOATOTOBKH K JIa0OpaTOpPHOi padore:



1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkona, 1981, 2001,

2003.

ba6uu JI.B. u np. [Ipaktukym o Heopranudeckoit xumuu. M., IIpocBerienue.

I'mauxa H.JI. O6mas xumust. JI., Xumus, 2000.

Koposun H.B. O6mas xumus. M., 2002.

KntounukoB H.I'. Heopranuueckuii cunre3. M.: [IpocBemienue, pasi. Tobl U31.

Kpumenko B.I1. [IpakTukym no TexHuke 1abopaTopHbIX paboT. M.: Arponpomusaar,

1987.

7. JlechoBa E.B., BummusikoB O.A. IIpakTukymM MO HEOpPraHUYe€CKOMY CHHTE3y. M.:
Bricmas mixoia, 1986.

8. Meroanyeckoe pyKOBOJICTBO K Ja0OpaTOPHBIM paboTaM IO HEOPraHWYECKOMY CHHTE3Y/
HTT'CITA, nabopatopus.

9. IlpakTtukym mno o6ieit u Heopranuueckoi xumuu. M., 2002.

10. Xauexpo¢t, Katpun E. CoBpemeHnHbIii Kypc o01ieit xumuu B 2-x Tomax. [lep. ¢ anri.
M., 2002.

11. ABTOMaTH3UpOBaHHBIN YUEOHBIN Kypc XUMUS: IEpUOANYECKas CUCTEMA
J.U. MenneneeBa. ExarepunOypr, 2003.

12. ArperatHbpie COCTOSIHHSI BemiecTB. PacTBopel: YdeOHO-MeTom.moc. st ctyna. bI'O /
Astop-coct. P.C. Cnexrop. H.Tarun, 1999.

13. Ilpaktuxkym o Heopranuueckoit xumuu. M.: IIpocsemenue, 1978.

14. CemenoB A.C. Oxpana TpyJa 1 TexHuka 6e3onacHoctu. M.: Ilpocsemienue, 1976.

15. CapaBounuk no xumuu. M.: IIpocsemenue, 1978.

AN

Tema 11. I'anorensl. [lonyuenune, u3yueHue CBONCTB

3adaHue: BHUMaTEIBHO MPOYUTATH ONMHUCAHKE Ja0OpaTOPHOI paboThI, OOpATHUTh BHUMAHHE
Ha TPUTOTOBJICHHBIC PEAKTHBBI M OOOPYAOBAHUE, BBIOJHHUTH SKCIEPHUMEHT 0 IMPEIOKCHHON
METOJIMKE C COOJIIOJICHUEM TEXHUKU 0€30IaCHOCTHU U MPaBUII PA0OTHI C XUMUYECKUMH BEIIECTBAMH,
IPOU3BE/ICHHBIC HAOJIONCHHUS 3aHECTH B JIA0OPATOPHBIN IKypHAN, 3alOJHHUTh TaOJMIBI, BCE
XUMHAYECKHE PEaKIUK 3alucarh MPH TIOMOIIM ypaBHEHHH, 00pabOTKY pe3yJIbTaTOB MPOHM3BECTH
CIEeIYIOIIMM 00pa3oM: KO3 PUIIMCHTHI B YPaBHEHUSIX OKHUCIUTEIFHO-BOCCTAHOBUTEIHHBIX PEAKIIUN
paccTaBUTh, BOCIOJIB30BABIIUCH METOJOM HWOHHO-3JIGKTPOHHOTO OaynaHca, sl OOMEHHBIX
IPOLIECCOB 3aMMCaTh HMOHHO-MOJICKYJSIPHBIC YpPaBHEHHS, MO KaXXJOMY OIBITY CAEJIaTh BBIBOJ,
OTBETHUTh HA BOIIPOCHI JJIsi CAMOCTOSITEIILHON paOOTHI.

HEJIb: [TosHakoMuThCS ¢ 1a00paTOPHBIMHU CIIOCOOAMU TTOJTYUYSHUS XJIOpa U €T0 COSTUHEHUH,
U3YYUTh OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE CBOMCTBA TAJIOTEHOB U UX coeMHEeHn. N3yunTh
KayeCTBEHHbBIE PEAaKIIMK Ha OpOMUJI- U MO~ HOHBI
OIIBIT 1. Ilonyuenue xnopa
PEAKTHUBAI:

1. Hduxpomat xanus (TB);

2. Oxkcua mapranna (IV) (tB.);

3. Ilepmanranat xanus (TB.);

4. ConsHas kucioTa (KOHIIL.).

OFOPY][OBAHHE:
1. TIpoGupku;
2. CrnupToBKa;
3. Cnouuku.

XOH PABOTBI:



B tpu mpoOupku HackIIaTh TOHEMHOTY:
e mnpobupka Ne 1 - okcuaa mapranma (IV),
e npoOupka Ne 2 - quxpomara Kanus, mpooupka
e No 3 - mepmaHraHaTta Kajiusl.

B kaxxayro U3 HUX OpUIUTH 0 1 MJI KOHLIEHTPUPOBAHHOW COJISIHOM KUCoThl. Conepikanne
NEepBON U BTOPOI MPOOUPKH clierka moJorpeTs (cMm. puc. 6.).

Ha6monats npoucxopasiue nporecchl. OnpeaennuTh BhIISISIONIHICS ra3 1o nBery (Ha GoHe
Oeroit Oymaru) u 3amnaxy (coOaroaaTh OCTOPOIKHOCTB!).

Hamnucars ypaBHeHUsI peakIuil OJy4YEeHHs XJI0pa, COCTAaBUTh CXEMBI IEPEX0/1a AIEKTPOHOB B
ITUX peakiusax. YeM sBISAIOTCA B MpoBeAEHHBIX peakuuax Okcua mapranna (IV), auxpomart xanus,
nepMaHraHaT Kajaus?

OIIBIT 2. Xnopnas eo0a u eé ceoiicmea
PEAKTHUBAI:

1. Xnopnas Boja;

2. Jlakmyc (p-p);

3. Hurpat cepebpa (p-p);

4. ®uoneToBbIC YEPHUIIA;

5. T'mapoxcun Hatpus (p-p);

6. CepoBoaopojHas BOJa;

7. Cynbdar xpoma (p-p);

8. T'mppoxcun kanus (p-p);

9. HWumuro (p-p).
OBbOPY]/I[OBAHUE:

1. TIpobupku;

2. CnupToBKa;
3. Chnuukw.

XO[ PABOTBI:

a) K HeGonpb1Iol NOpUMK NOTYYEHHON XJIOPHON BOJBI IPUIUTh HEUTPATIBHBIN
pactBop nakmyca. Uro Habmomaere? K napyroit mopiimum m00aBhT€ HECKOJIBKO Kamelb HHUTpaTa
cepedpa.

OOBsicCHUTE Pe3yIIbTATHI ONBITOB U HAITUIIINTE YPABHEHUS PEAKITHA.

0) B Tpu npoOupku HATUTH TOHEMHOTY:

e npobupka Ne 1- pacTBOp HHAUTO;
e mpobupka Ne2 - pykcuna
e npobupka Ne3 - BoAbI MOAKpaIIeHHas! PHOIETOBBIMHU YSPHUIAMHU
[TpuuTh B KaXKAyr0 MPOOUPKY XJIOPHOM BOJIBI U B30ONTATE.
Uro npoucxoaut? OObSICHUTH HAOII0JaeMbIE SBIICHHS.
B) Hanuth B 1BE MpOoOUPKH HEOOJBIION 00BEM XJTOpHOU BOBI. B 01HY M3 HUX
N00aBUTH HECKOJIBKO Kallellb PacTBOPa TMAPOKCHIA HATPUs, a B IPYTYIO - CEPOBOIOPOTHON BOIBI.

OtmeTtbTe mpoucxoasiue spneHusi. Coxpansiercs Ju 3anax cepoBOJAOPOIHON U
XJIopHOH BoJbl? HamucaTh ypaBHeHMs peakuuid. K KakuM TUIIaM OKUCIIUTENBHO -
BOCCTAHOBUTEJIbHBIX PEAKIUN OHU OTHOCSTCS?

r) B mpobupky c pactBopom cyinbdara XpomMa IPHUINTh U30BITOK THAPOKCHIA KaJIUsl U I0OaBUTh
XJIOpHOU Bo/bl. OTMETUTH U3MEHEHNE OKpacKu pacTBopa. Hamucath ypaBHeHUs peakuuii, UMes B
Bu1y, uto (" — CrO2-

OIIBIT 3. Ilonyuenue xnopoeooopooa u uzyuenue e20 ce0lcme
PEAKTHUBAI:
1. Xnopun Hatpus (TB);



YHuBepcalbHbIH HHAUKATOP (Oymara);
[unk (Tpanyibl);

Oxcu KalbIys;

KapOonat xansius;

Cepnas kucnota (KOHIIL.).

AR

OBOPY][OBAHHUE:
1. Tlpobupku;
[Tpubop st moy4eHus xJIopoBoaoposaa (CM. puc.7.);
CTCKJISTHHASI IJTAaCTHHKA,;
Kpucrannuzarop;
Bara;
CnuproBka;
Crouuku.

Nk v

X0/ PAFOTHI:

Cobpatp mpubop mo pucyHky. B konOy Bropma momectuts 15-20 r xmopuma Hatpus. B
KarneJabHYH0 BOPOHKY BJIMTH KOHIIEHTPHUPOBAHHOM CepHOIT KUCIOTHI. KoHel ra300TBOIHOM TPyOKU BBECTH
B CyXOM COCYyJl JyIsi COOMpaHUs XJIOPOBOJIOpo/ia Tak, YToObI TpyOKa OXOMHiIa 0 JHA. 3aKPhITh OTBEPCTHE
cocy/ia PhIXJIBIM KOMOUYKOM BaThl. PsiioM ¢ mpruOOpoM MOCTaBUThH KPUCTAILTA3ATOP € BooW. W3 KanenbHOM
BOPOHKH BIIMBATh CEPHYIO KUCIOTY. HabmomaTs 3a MpOMCXOSIIMME SIBJICHUSIMA PEArupyIONIX BEIIECTB.
Jnst yckopeHus peakipu Konly crerka moforpetb. Korna Haj BaToid, KOTOPOi 3aKphITO OTBEPCTHE COCY/Ia,
MOSIBUTCS. TyMaH (IpUYKMHA 00pa30BaHuMs?), HArPEBAHME KOJIObI MPEKPATUTh, & KOHEI] TPYOKH OMyCTUTh B
KOJIOy C BOJOM, HO JepkaTh TPyOKy ONMM3KO HaJ BOMOH, HE omyckas e€ B BOMy. BbIHYB Bary, 3aKpbITh
OTBEPCTUE IWIMHAPA CTEKIITHHOW IJIACTHHKOM. 1lepeBepHyTh IMIMHAP OTBEPCTUEM BHU3, IIOIPY3UTH €10 B
KPUCTAUIM3aTOp C BOJOM W BBIHYTh IUIACTUHKY. OObscHuTe Habmomaemble siBieHus. Kakopa
PacTBOPUMOCTh  XJIOPOBOJOpOZa B BoAe? 3areM BBIHYTh COCY[ W3 KPUCTAJUTH3aTOpa, 3aKpbIB
NpEeIBApUTENILHO TIO/ BOJOW CTEKJISIHHOM IJIACTUHKOW. Pa3nuTh MOMy4YeHHBIH pacTBOp B YEThIpE
npobupku. OfHY YacTh PacTBOpa HCIIBITATh JIAKMYCOBOM Oymakkoi. J[0Ka3aTh OMBITHBIM ITyTEM, YTO
MOJTYYEHHBI PacTBOP SBISETCS CONSHOW KHUCIOTOW. BO BTOpYIO MOpLIMIO pacTBOpa BHECTH TPaHYIy
IIMHKA, B TPETHIO - KYCOUYKH OKCHJIA KAJIBLIHS, B YETBEPTYIO HEMHOTO KapOOHAaTa KAJTBIIFS.

Habmonate mpoucxosime mnporecchl. Hamucats ypaBHEHHS peaklUdd TMOTYyYEHUS COJSTHOU
KHACJIOTBI ¥ B3aUMOJICHCTBHSI €€ CO B3SITHIMH BEIIECTBAMHU.

OIIBIT 4. Ceonicmea opoma
PEAKTHUBAI:

1. bpomnas Bona;

2. CepoBogopoaHas BOJa;

3. As3orHas kuciora (KOHIL.);

4. Cepnas kucaoTta (KOHII).

OBOPY][OBAHHUE:
1. IIpoGupku.

XO/[ PABOTHI:

a) Hanmute B mpoOupky 2 - 3 Ma 6poMHOM Boabl. OTMETUTH €€ IIBET U ClIerKa HarpeTb. YTo
HaOrronaercs?

0) K HeGombI10# mopuun cepoBOAOPOTHOM BOABI (OTMETUTH €€ IIBET U 3arax) MPUIUBATH I10
KarisiM OpOMHYIO BOJly, TIIATeNbHO B30anThiBash pacTBOp. 3amucarth HaOmrogeHus. CocTaBUTH
YPaBHEHHUS PEaKLUH.

OIIBIT 5. Csoiicmea 110ooa
PEAKTUBAI:



1. Von (xpucr.);
2. DOTHUIIOBBIN CIIHPT.

OFOPYJIOBAHUE:
1. TIpobupku;
2. CouproBKa;
3. Counuku.

XOI PABOTAHI:

a) [TomecTuTh B CyXyro MpoOMPKY KpUCTAILIUK Hoxaa. [[HO mpoOMpKH ciierka HarpeTh B
IUITAMEHH FOPEJIKU. 3aTeM OXJIaJuTh Ha Bo3ayxe. HabmogaTe 3a M3MEHEHHEM 1IBETa U arperaTHoro
COCTOSIHUS BO3TOHSIIOMIETOCS Mo,

0) [TonoxuTh B MpOOMPKY HEMHOTO KPHUCTAUIOB Ho/1a, MPUIHTH 5-10 MIT BOJIBI U CHIIBHO
B300sTaTh. OTMETUTH LBET KUKOCTH. XOPOIIO JIU pacTBOpsieTcs oA B Boae? K BogHoMy
pacTBOPY C HE PACTBOPUBLIMMICS KpUCTAIIIaMU JOOABUTH PACTBOP HOAMIa Kajusl. 3anucarh
HaOJI0ICHUS.

B) HMcmeiTaTh pacTBOPUMOCTH i0Jja B JITUJIOBOM CIUPTE, AJI1 Yero KPHUCTAJUIUK Hoda
OITyCTUTH B MPOOHPKY ¢ 1-2 M1 criupta. OTMETHTH IIBET pacTBOpa.

OIIBIT 6. Peaxyus na uonvt Br ul
PEAKTHUBAKI:

1. Hwurpar cepedpa (p-p);

2. bpomun xamus (p-p);

3. Hoauz xamus (p-p).

OFOPYJI[OBAHUE:
1. TIpoGupkm.

XOI PABOTAI:
HcnpiTath B OTAETBHBIX MpOOMpPKaxX JAeiicTBUE HMOHOB cepebpa Ha pacTBopa OpoMuna u
noanaa. OTMETUTD LIBET U XapakTep ocaakoB. Hamucars ypaBHEeHUS peakilnu.

3agaHus 1715 CaMOCTOSITeIbHON padoThI:
1. Hanucats ypaBHEHMs peakiuii B3aUMOJICMCTBUS TAJIOTEHOB C BOJAOW M pacTBOpaMHU IIejI0oYei
(XOJIOAHBIMU U TOPSUUMH).
2. Kak mzaer pasznoxeHHe XJIOPHOBATUCTOW KHCIOTHI MOJ ACMCTBHEM CBETa, NPU HArpeBaHUU, B
IPUCYTCTBUHM BOJOOTHUMAIOLIETO BelecTBa?
3. Kakue peakuiuy UCHOIB3YIOTCS OOBIUHO ISl TOTYYESHHSI XJI0PaTOB U MEePXJIOpaToB?
4. JleificTBHeM, KaKMX TaJOT€HOB MOKHO BBIJICTUTH CBOOOJTHBIN OpOM M3 pacTBOpPOB: a) OpomMuaa
kanusi; 0) 6pomata kanusi? OOOCHOBATH NaHHBIMH O CTaHAAPTHBIX AJIEKTPOJIHBIX MOTEHIUAIAX U
IPOMJUTIOCTPUPOBATH PEAKLIUSAMHU.
5. Kak u3MeHsI0TCS chila KUCIOT U OKUCIHTENbHbBIE cBoicTBa B psagax: HCIO — HCIO, — HCIOs —
HCI10O4 1 HCIO — HBrO — HIO? [Touemy?
6. Uto Takoe XJIopHasi U3BECTb, kaBelsieBas BoAa? [IponuirocTpupoBaTh peakusiMu UX CBOICTBA.
7. CpaBauTh ruaposmzyeMocts coieid B pspax: a) KCIO — KCIO; — KCIO; — KClO4; 6) KCIO —
KBrO — KIO.
8. ObocHOBaTh HEBO3MOXKHOCTh MOJMYYCHHS OKCHIOB TaJIOTE€HOB UX IMPSIMBIM B3aUMOJICHCTBUEM C
KHCIIOPOJIOM.
9. Cxonpko MumuuTpoB 30 %-HOro pacTBopa COJISIHOM KHUCJIOThI HYKHO JJIs IOJIy4E€HHUS U3 HEe
nericrBueM MnQO; 11,2 1 Cl, (npu H.y.).
10. Cxonbko nutpoB Cl, (ipu H.y.) oOpasyercs npu B3aumojeiicteuu 100 M 36 %-noit (. 1,18)
cosstHoM KucioTeI ¢ 50 T KMnOg4?
11. 3aKOHYUTH YpaBHEHUS U 10100paTh K03 pUneHTsI:



KBr + KCIO + HCl —

KBrO3 + KBr + H,SO4 —

Brz + KOH —

12 + HNO3(KOHH) —

KC103 + F6C12 + HCI —
12. Cxonpko rpammoB KCIO3; MOXHO TOJIy9uTh TIpH TIpoIryckaHuu xyopa yepe3 150 ma 40 %-Horo
pactBopa KOH?

JIntepatypa 1Jisl NOATOTOBKH K JIa00paTOpHOM padore:

1. AxwmeroB H.C. O6miast u Heopranuueckast xumusi. M., Beicmas mikona, 1981, 2001,

2003.

babuu JI.B. u np. [Ipaktukym no Heopranuyeckoit xumuu. M., IIpocselenue.

I'muaka H.JI. O6mas xumus. JI., Xumus, 2000.

Koposun H.B. O6mas xumus. M., 2002.

Kirounukos H.I'. Heoprannueckuit cunres. M.: IIpocsemenune, pasil. roas! U3z.

Kpumenko B.II. ITpakTikywm 1o texHuke 1adopaTopHbIX pabot. M.: ArponpomMusiar,

1987.

7. JlecnoBa E.B., BummsikoB O.A. IIpakTukym IO HEOpPraHUYeCKOMY CHHTE3y. M.:
Bricmas mkoma, 1986.

8. Mertoandyeckoe pyKOBOJICTBO K Ja0OpaTOPHBIM paboTaM MO HEOPraHWYECKOMY CHHTE3Y/
HTT CIIA, nabopatopus.

9. Tlpaktukym 1o o0meit u Heopranudeckoi xumuu. M., 2002.

10. Xauexpodt, Katpun E. CoBpemeHHbIN Kypce 0011eit xumuu B 2-X Tomax. Ilep. ¢ anrm.
M., 2002.

11. ABTOMaTU3MpOBaHHbIN yueOHbIN Kypc XUMUS: IEpHOANYECKas CUCTEMA
J .. Menneneesa. ExkarepunOypr, 2003.

12. ArperatHble cocTosiHUs BeulecTB. PactBophl: YueOHO-meroa.nmoc. it cryn. BI'O /
Astop-coct. P.C. Cnexrop. H.Tarun, 1999.

13. IIpakTukym no Heopranuueckon xumuu. M.: [Ipocsenienue, 1978.

14. Cemenos A.C. Oxpana Tpyaa u TexHuka 0ezonacHoctu. M.: [Ipocsemenue, 1976.

15. CopaBounuk no xumuu. M.: [IpocBemenue, 1978.

AN

Tema 12. Kucnopoa. Oxcunpl. [lepoxkcuas

3adaHue: BHUMaTEIbHO MPOYUTATH ONMHKCAHKE JabOpaTOpHOIl paboThl, 0OpaTHUTh BHUMaHHE
Ha IPUIOTOBJIEHHBIE PEAKTHBBI M OOOpPYIOBAHUE, BBIMNOJIHUTH SKCIEPUMEHT IO MPEI0KEHHON
METOAMKE C COOJIIOICHIEM TEXHUKU 0€30IaCHOCTH U MPaBMII PA0OTHI ¢ XUMUYECKUMU BEIIECTBAMH,
NpOM3BEICHHbIE HAOMIONEHUs 3aHECTH B JaOOpaTOPHBIM JKypHaj, 3aloJIHUTh TaOJUIbI, BCe
XMMHAYECKHE PEeaKkIH 3amucarh MPH TMOMOIIM ypaBHEHUH, 00pabOTKY pe3yJibTaTOB MPOHM3BECTU
cieayoumM o0pa3oM: K03(pPUINEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBuTh, BOCIIOJIB30BABIIMCH METOJOM HOHHO-3JEKTPOHHOrO ©OanaHca, i OOMEHHBIX
IPOLIECCOB 3alucaTh HMOHHO-MOJIEKYJSIPHbIE YPaBHEHHUS, IO KaXJIOMY OIBITY CJE€JaTh BBIBOJ,
OTBETUTH Ha BOIIPOCHI JJISi CAMOCTOSTEILHON paOOTHI.

IEJIb: [To3HakoMUThCs ¢ 1a00OpaTOPHBIMU CIIOCOOAMU MOJIYYSHUS! KUCIIOPOa, U3yUYUTh €T0
OKHCJIUTEJIbHBIE CBOMCTBA U CBOMCTBA HEKOTOPBIX €r0 COSITMHEHUHN U COeTMHEHUH cepbl. M3yuuTh
CBOMCTBA CEPHOU U CEPHUCTOMN KUCIIOT.
OIIBIT 1. Ilonyuenue kucaopooa

1. Ilepmanranat xanus (TB.).

OBOPYJOBAHUE:



1. TIpoOupku;

2. JlyuuHka;

3. CnouproBka;

4. Crouyku.
XOH PAFOTHI:

YKpenuth BepTHKAIBHO B 3aXHME IITaTUBa Cyxyl mnpodupky c¢ 0,5 rpammamu
KPUCTAJUTMYECKOTO TIEPMaHTaHaTa KaJlus U HarpeTh (CM. puc. 8.).
HcneiTaTe BBIIETAIOIMIACS Ta3 TICKOLIEH JTyYnHKOM. HanmucaTe ypaBHEHUs peakunu. Y Ka3aThb
OKHCJIUTENIh 1 BOCCTAHOBUTEb.
OIIBIT 2. OxkucnumenvHble CGOUCMEA KUCIOPOOd
PEAKTHBAI:
1. Cepa;
2. Hurtpar xanus (TB.);
3. JlpeBecHblii yros.

OFOPYJIOBAHUE:
1. Ilpobupku;
2. Jloxka sl CKUTaHMS BEIIECTB;
3. TwurenbHbBIC UG,
4. CnmMpToBKa;
5. Crouukw.
XOI PABOTAI:

a) B kene3Hyro J0XEUKy MOJOKUTH HEOONBIION KyCOUeK cepbl, 3aKeub €ro B IJIaMEHH
TOpEeNKM W BHECTH B COCYJ C KHUCJIOPOJOM, TOCTEIEHHO OIycKas Joxeuky. CpaBHUTH
MHTCHCUBHOCTh TOPEHHsI Cephl Ha BO3JyXe W B Kuciopone. Ilocrme ckuranusi BIUTH B COCY[
HEMHOT'O BOJIBI, 3aKPBITh U XOPOIIIO B300ATATh, 9YTOOBI PAaCTBOPHUTH MTPOAYKT TOPSHHSI CEPBI B BOJIC.

0) Bzarb cyxyro nmpoOupKy U 3amofHUTH €€ Ha 1/5 HUTpaToM Kajius. YKPEenuTb B IITaTHUBE
BEePTHKAIIBHO W HArpeBaTh JO PACIUIABICHUS COJIM (HUTPATHI MICTOYHBIX M IIEITOYHO3EMEIbHBIX
METAJIJIOB pa3fiaraloTcss Ha HUTPUTHI U kuciopon). Korma w3 paciiaBa HAYyHYT BBLACTSATHCS
My3bIpbKH Ta3a, HAKaJUTh B IUIAMEHU TOPEIKH KYCOYeK YIJIss, U OpOCUTH €ro INUIIaMH B
npobupky. HarpeBanue npekpaTurb.

HabGmronaTe, kak mpouCXOIUT ropeHue yrisi B kuciopoje. Korga yronas croput, OpocuTh B
MpoOUpPKy Kycouek cepbl. OTMETUTh OTJIMYHE TOPEHUS CEpPhl B MOJEKYJISPHOM M aTOMapHOM
KHCIIOPO/JIE.

OIIBIT 3. Oonapysicenue nepokcuoa 6000pooa
PEAKTHUBAI:

Juxpomat xanus (p-p);
JusTrnoslit a¢up;

[Tepoxcun Bogoponaa (3%-Hslii p-p);
Wonun xamus (p-p);

KpaxmanbHblii kieicTep;

Cepnas kucnora (p-p).

S e

OBOPY][OBAHHUE:
1. TIpoGupxku.

XO[ PABOTBI:

a) HaJIUTh B TpoOMpKY Ha 1/3 Bombl, 100aBUTH 2-3 KalulM pacTBOpa IUXpOMAaTa Kajaus |
CTOJIBKO JK€ Kamenb paz0aBlieHHOH cepHOil kucioThl. [lpwmuts 0,5 mn austHinoBoro sgupa u



HEMHOTO 3%-0ro pacTBOopa MepoKcHia BoAopoaa. BeTpsxHyTh npobupky. B pesynerare peakuun
noJrydaercs: He mpouHsbli nepokcun xpoma CrO:s.

HabGmronate okpamvBanue TuUITHIOBOTO 3¢dupa mepokcuaoMm xpoma. HamucaTh ypaBHEHUE
peakmuu. OOpaTUTh BHUMaHUE HAa OKPACKy HIDKHETro ciiosi. OHa MpUHAAJICKUT 00pa30BaBIIEMYCs
cyabdary xpoma.

6) Hanute B mpoOupky 1 mi 3%-oro pactBopa mepokcuaa BOAOpoaa, 100aBUTh 1-2 Karum
pacTBopa Hoauaa Kalusi U HECKONBKO Kamelb CcepHOoW KUCIOThl. JloOaButh k cMecu 1-2 wmn
KpaxMaJbHOI'O KJIeHCTepa.

Hab6mronate u3aMenenus okpacku. HamucaTs ypaBHEHHE peakilnu.

OIIBIT 4. OxkucnumenvHble C6OUCMEA NEPOKCUOA 6000DO0A
PEAKTHUBAKI:

HuTtpar cBunna (p-p);

[lepokcun Bonopoza (3%-Hblit p-p);

HuTtpat xpoma (p-p);

IMaapoxcun Hatpus (p-p);

Cynbdun Hatpus (p-p).

NhAWD =

OFOPYJIOBAHUE:
1. Ilpobupxku;
2. CrnupToBKa;
3. Crouukw.

X0/ PAFOTHI:

K 2 M pactBopa HUTpaTa CBHHIIA TMPWINTH PAaBHBIA 00BEM pacTBOpa Cyibpuaa HATPUS,
HarpeTh 10 kuneHus. OOpaTUTh BHUMaHUE Ha I[BET BBIMABIIET0 ocajaka. CIUTh pacTBOp C OCaJKa.
[Ipunutk k ocaaky 3 mi. 3% pacTBopa nmepokcHia BOJOPOAa U CIErKa HArPeTh.

Kak u3mensiercst okpacka ocanka? YpaBHeHue peakuuu. Kakyro poiib BBIMIONHSET B ATOU
peaKkIu NepoKCcH 1 Bogopoaa?

K 2mn pactBopa HuUTpaTta Xpoma J100aBISTH PACTBOP TMAPOKCHAA HATPUS O PACTBOPEHUS
NepBOHAYAILHOTO ocajka. K momyuyeHHOMY pacTBOpY J00aBUTH PacTBOP MEPOKCHA BOAOPO/IA.

HabmroiaTe 13MeHEHNE OKpacKU pacTBOpa 3a CUET nepexoaa terparuapokcoxpomara (VI).
OIIBIT 5. BoccmanogumenpHble C8OUCMEA NEPOKCUOA 8000P00a
PEAKTHUBAI:

1. Tlepmanranar kanaus (KOHII. p-p);
2. Tlepoxcun Bogopona (3%-Hslii p-p);
3. Cepnas kucnora (p-p).

OBbOPY]/I[OBAHUE:
1. TIpobupku;
2. Jlyuunka;
3. CnuproBka;
4. Chounuku.

XO/] PABOTHI:

Hamute B mpoOupky 1 MJI KOHIIEHTPUPOBAHHOTO pacTBOpa IMEpMaHraHaTa Kaius, 2 M
pacTBOopa CcepHOMl KuCIOTBI M 1-2 Mu mepokcuaa Bojopona. McmwiTaTh Tieroled JIy4HMHKON
BBIICIISTIOIIMIACS ra3.



HaGmronate u3MeHeHue 1BeTa pacTBopa. HamucaTh ypaBHeHue peakiuu. KakoBa poib
MEePOKCHUA BOJIOPO/Ia B IPOBEACHUH PEAKITUH?

JlutepaTypa Uil NOATOTOBKHM K CEMUHAPY:
1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkona, 1981, 2001,
2003.

2. babuu JI.B. u np. [Ipaktukym no Heopranndeckoi xumun. M., Ilpocsemienue.

3. TI'muaka H.JI. O0masa xumus. JI., Xumus, 2000.

4. Koposun H.B. O6mas xumus. M., 2002.

5. Meroanueckoe pyKOBOACTBO K JaOOpAaTOpHBIM paboTaM MO0 HEOPraHUYECKOMY CHHTE3Y/
HTT'CIIA, nabopaTtopus.

6. Ilpaktuxky™m no obueit u Heopranuueckon xumun. M., 2002.

7. Xanekpodt, Karpun E. CoBpeMeHHbIH Kypc o0mieit xumuu B 2-X Tomax. Ilep. ¢ anri.

M., 2002.
8. Ilpaktukym no Heopranuueckoi xumuu. M.: IIpocsemenue, 1978.
9. CemenoB A.C. Oxpana Tpyna u Texauka 6ezonacHoctu. M.: I[Ipocsemienue, 1976.
10. CnpaBounuk no xumuu. M.: Ilpocsemenne, 1978.

Tema 13. Cepa. CoequHeHHs cepbl

3adaHue: BHUMATENIbHO MPOYUTATh ONMMCAHKE Ja0OPaTOPHOI paboThl, OOpAaTUTh BHUMAaHUE
Ha IPUIOTOBJIEHHBIE PEAKTHBBI M OOOPYIOBAHUE, BBIMOJIHUTH SKCIEPUMEHT IO MPEI0KEHHON
METOAMKE C COOJIIOICHIEM TEXHUKN 0€30IaCHOCTH U TPaBUII PAa0OTHI ¢ XUMUYECKUMU BEIIECTBAMH,
NpOM3BEICHHbIE HAOMIONEHUsT 3aHECTH B JaOOpAaTOPHBIM JKypHaj, 3aloJIHUTh TaOJUIbI, BCe
XUMHAYECKHE PEeaKIy 3amicarh MPH TOMOIIM ypaBHEHHUH, 00pabOTKY pe3yJibTaTOB IMPOHM3BECTU
cieayouuM 00pa3oM: K03(pPUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBuTh, BOCIHOJB30BABIINCh METOJOM HOHHO-3JIEKTPOHHOro OamaHca, A OOMEHHBIX
IPOLIECCOB 3alucaTb HMOHHO-MOJIEKYJISIPHBIE YPaBHEHHUS, 0 KaX/JIOMY OIBITY CJE€JaTh BBIBOJ,
OTBETUTDH Ha BOMPOCHI JJIsl CAMOCTOSITENIbHOM paObOTHI.

IEJIb: N3yunTh CBOMCTBA OCHOBHBIX COEIMHEHHMU cepbl. V3yduTh CBOMCTBA CEPHOMN U
CEPHUCTOM KHCIIOT.

OIIBIT 1. Ilonyuenue naacmuueckoii cepol

PEAKTHUBAI:
1. Cepa.
OBOPYV][OBAHHUE:
1. TIpoGupku;
2. Kpucranauzarop;
3. AcbecT;
4. CnmproBKa;
5. Crouuku.
XOI PABOTAHI:

[TpoOupKy HATIOTHUTB JI0 TOJIOBHHBI €€ 00bEMa KyCOUKaMHU Cepbl, YKPENUTh B JepiKaTene U
OUYEHb OCTOPO’KHO HarpeBaThb, Bce BpeMs BeTpsixuas. Cepa HAUMHAET IIIAaBUTHCS, 00pa3ys JKEITyI0
JIETKOTIOABIDKHYIO KHUIKOCTb. [Ipoomxars HarpeBathb, Ha0II01asi U3MEHEHUS €€ 1[BETa U BI3KOCTH.

OOBsicHUTh HaOIrOaeMble sIBIEHUS. [I0BECTH cepy 10 KMIIEHUS U BBUINTH B
KpHUCTaJIIM3aTop ¢ Booi. Ecnu cepa mpu 3TOM 3aropuTcst, 3aKpbITh OTBEPCTHE TPOOHPKU KyCKOM



acOecra. BeIHYTh OTYyYEHHYIO MacCy U3 BOJIbI U yOeuThes B €€ amacTuayHoCTH. COXpPaHUTh
IJIACTHYECKYIO CepPY JIO KOHIIA 3aHIATHI U TIPOCIICTUTH €€ MPEeBpallleHUE B KPUCTATUIMICCKYFO.
Kakas mogudukanus cepbl ycToiunBa mpu KOMHaTHOM Temneparype? OObSICHUTH CBOICTBA
MTOJIYYECHHOTO BEIIECTBA U TIPOUCXOSIINE C HUIM N3MECHCHUS.
OIIBIT 2. B3aumooeiicmeue cepvl ¢ MeMaI1amu
PEAKTHUBAKI:
1. AmoMuHHH (TTOPOIIOK);
2. Cepa.

OBOPY][OBAHUE:
1. IIpoOupku;
2. AcOecTtupoBaHHas CETKa,
3. CnouproBka;
4. Cnuukw.

XOI PAFOTAI:

B34Tb SKBUBaJIEHTHBIE KOJIMUECTBA CEPhI U aIFOMUHUS. [ [pUrOTOBUTE OTHOPOJIHYIO CMECH,
BBICHITIATh €€ KyUKOM Ha acOECTUPOBAHHYIO CETKY M TTOMECTHUTH Mo Tsiroi. KocHyThCs cMecu
CTEKJISTHHON MaJIOUKOM, HAarpeTol MpeIBapUTENbHO B IIIaMEHH ropenku. (IIpu npogedenuu onvima
He HAKIOHAMbCA HAO peakyuoHHol cmecwvio!) OTMeTuTh poucxoasimue spienus. Kakue
HaAOI0JAI0TCS IPU3HAKK XUMUYECKOM peakinn? Kakue XxuMudeckue CBOMCTBA MPOSIBISIET cepa Mpu
B3aMMO/JICHCTBUH C METAJUIAMHU.

OIIBIT 3. BoccmanosumenvHble C6OUCHMEA CEPOBOOOPOIA
PEAKTHUBAI:

CepoBoaopoaHas BoJa;

[Tepmanranara kanus (p-p);

Jluxpomara kanus (p-p);

Cepnas kucnora (p-p);

bpomuas Bona.

bk W=

OFOPYJIOBAHUE:
1. IIpoOupku;
2. MeTtammyeckuii JINCT;
3. CnuproBka;
4. CHouuku.

XO/] PAFOTHI:

[ToxeiicTBOBATH CEPOBOIOPOIHOM BOION HA MOJKUCICHHBIC PACTBOPHI IEpMaHTaHaTa Kajus,
nuxpomara Kanusi, OpoMHyto Boay. Kakue BHenIHue MpU3HaKy MPOTEKaHUs XUMUYECKUX pPeaKIui
BbI HaOmro1aere? Hanucarh ypaBHEHUS peakiuil. YKa3aTh Mepexoabl JJIEKTPOHOB.

OIIBIT 4. I'uopoaus cyavgpuoos
PEAKTHUBAI:
1. Xnopup amomunuii (p-p);
2. Cynbdpun ammonus (p-p).

OBOPYJ[OBAHUE:
1. TIpoGupku;
2. Boponka;
3. ®uibtp;
4. CnupToBkKa;
5. Cnnuku.



XO/[ PABOTBHI:

K pactBopy cosu antoMuHUS IPUIIUTH pacTBoOp cyibpuaa aMMoHus. [IpoOupky Harpers,
OT(UIBTPOBATH OCA/IOK, IPOMBITH TOpsAYeil Boaoil. Jloka3aTh 3KCIEPUMEHTAIBHO, YTO OCAIKOM
SIBIISIETCS THAPOKCHU/T amfoMuHUs. Harucatp ypaBHEHHS peakinii.
OIIBIT 5. Ilonyuenue okcuoa cepwt (IV) uz cynvgpuma nampusn
PEAKTHUBAKI:

1. Cynbdur natpus (TB.);

2. CepHas kucioTa (KOHIL.);

OBbOPY]JOBAHHUE:
1. ITpubop mus momyuenus okcuaa cepsl (IV) (eMm. puc 7.);
2. IlpoOupkwu;
3. IlpoOxka;
4. CnupToBKa;
5. Crouyku.
XOJ] PAFOTHI:

Cobpats mpubop (puc.7) B koyOy mosiokuTh 2-3 JI0KEUKH Ccylib(uTa HaTpus. B kanensHyto
BOPOHKY HAJIUTh KOHIICHTPHUPOBAHHYIO CEPHYIO KUCIIOTY.

[Touemy mmnst ombiTa OepyT TBEPAYIO COJIb M KOHIIGHTPUPOBAHHYIO cepHYIO kucioty? Kaknm
METOJIOM CIIeTyeT COOMPATh BBIIENSIOUIHIACS ra3?

[TpunuBaTh MO KaruIsiM CEPHYIO KUCIOTY B KOsiOy. CoOpaTh BRIIEISIONINICS Ta3 B CTAaKaH U
B JIBE IIMPOKHE MPOOUPKHU, KOTOPBIE MOCIIE HAMTOIHEHUS Ta30M XOPOIIO 3aKphITh MPOOKaMH, a
CTaKaH — CTEKJISTHHOW IUIACTUHKOM. 3aTeM HachITUTh okcuaoM cepsbl (IV) 50-100 mut Bogsl. st aToro
OTBOJIHYIO TPYOKY OT mpuOopa OMmyCTUTh B KOJIOY C BOJIOM.

B koHue ombita cMech s moiydeHusi okcuaa cepol (IV) moxHo cinabo momorperts.
[Ipobupku u crakan ¢ oxcugom cepol (IV), a Taxke pactBop okcuaa cepbl (IV) coxpanuth s
cieayronux onbiToB. Hamucarh ypaBHeHWe peakuuu mnonydeHus okcuga cepsl (IV). MoxHo mu
BOCIIONIL30BATHCS AJIsl ToydeHus: okcuaa cepbl (IV) u3 cynbdura HaTpusl CONSHON WM a30THOM
KUCIOTOU. JlaTh 00BsICHEHUS.

OIIBIT 6. Ceoiicmea oxcuoa cepwt (IV)
PEAKTHUBAI:

1. Cynwdwur Hatpus (TB.);

2. CepHas kuciora (KOHIL.);

3. MarunmueBas JICHTa;

4. YHuBepcaabHbII HHAKKATOP (Oymara).

OFOPYJ]OBAHMUE:
1. TIpoGupku;
2. Kpucramiuszatop.

XON PAFOTHI:
11.1. 3aryxanue ropsimei Jy4ynHKH B okcujae cepol (IV)
B npoOupky, HanomHEeHHYO okcuoM cepbl (IV), BHECTH ropsnyto TyduHKy. Uto
HaOmomaercs? JlaTe 0ObsCHEHUE.
11.2.PacTBopumocTh okcuaa cepnol (IV) B Boae
[Tpobupky ¢ oxcuaom cepsol (IV) onpoKHHYTH B KPUCTAITU3ATOP C BOJIOH, OTKPHITH
npooOky. HabmonaTh nogHsATHE BOABI B IPOOHPKE, YCKOPSIOUIeecs IpY MOKaYMBAHUN TPOOUPKH.
OO0BsicHUTH HaOIO1aeMble SIBJICHUS. 3aKPBITh MPOOUPKY TOT BOJOH MPOOKOH U BBIHYTH U3 BOJBI.
Paznuth mony4yeHHBIM pacTBOp B JBe HpoOupku. B omHy mpoOupky A00aBUTH HEUTpadbHBIN
pacTBOp JIakMyca, B APYTyl0 OpOCUTh KyCOUYKHU JIEHThI Maruus. Yto Habmonaere? Ha ocHoBanuu
9TUX OMNBITOB CHENaTh BHIBOJ O XMMHYECKOM XapaKTepe MOJIyYeHHOro coeAwHeHus. HamucaTth



YpaBHCHUA peaK].[HfI. HOHB3y${CL CIIpaBOYHBIMU NOAHHBIMHU, YCTAHOBHUTH, K KaKUM IIO0 CHIJIC
QJICKTPOJIUTAM OTHOCHUTCA CCpHHUCTAA KHcioTa?

OIIBIT 7. Obecuseuusanue hykcuna ceprucmoil KUCiomoi
PEAKTHUBAI:

1. Cynsbur HaTpus (TB.);

2. CepHas kuciaoTa (KOHIL.);

3. ®yxkcuH (p-p).

OBOPY][OBAHUE:
1. ITpoOupku.

X0 PAFOTHI:

K pazbaBinenHoMy pactBopy PpykcrHA B TPOOUPKE MPUOABUTH PACTBOP CEPHUCTOMN KUCIOTHI.
Uro nabmogaete? Harpers momyueHHsbIi pacTBop. OOBSICHUTH MPOUCXOISIINE SIBICHUS.

B kakux ciyqasx s MpoIeccoB OTOCTUBAHUS MPEAMOYTHTEIIbHEE IIPUMEHITh OKCHJI CePBI
(IV), uem cunbHBIE OKHCTUTENH, HartpumMep xiop? [Touemy?
OIIBIT 8. Kauecmeennvie peakyuu Ha cynb@um uon
PEAKTHUBAI:

1. Cynbdur Hatpus (TB.);

3. CepHas kuciora (KOHIIL.);

4. Xmnopun Oapus;

5. ConsHas xkucnota (2H).

OBOPY]J[OBAHHUE:
1. Ilpubop g noinydenus okcumaa cepsl (IV) (cMm. puc 7.);
2. IlpoOupku;
3. IIpoOka;
4. CnumpToBKa;
5. Crouukw.
XON PAFOTHI:

K cBexenpuroToBIeHHOMY pacTBOPY CEPHUCTON KUCIOTHI HPHIUTH PACTBOP XJIopHUaa Oapusl.
Uro npeacrapiseT co00H Bhimagarommii ocaok? Kakos ero mset? McnbITaTth pacCTBOPUMOCTD OCaIKa
B COJISTHOM KHCIIOTE.
Hanucate ypaBHenue peakinu. OObSICHUTH MPUYUHY PACTBOPEHHS OCAKa B COJISTHON KHUCIIOTE.

Yacrto B pacTBOpE NPUCYTCTBYET CyJb(haT HOHBI 00pa30BaBIINIICS MPU OKUCICHUU
CEPHUCTOM KUCIIOTHI, U OCAJ0K MOJHOCTBIO HE pacTBOpsieTcs. [l03TOMy OMBIT JTydilie TPOBOIUTH
CIICAYIOIIMM 00pa3oM: B IB€ MPOOUPKHU IOMECTHUTD 110 HEOOBIIONW, HO OIMHAKOBOM MOPIIMH OCaIKa.
B oany 100aBUTh pa30aBICHHON COMITHOW KUCIIOTHI, B APYTyI0 — okcuioM cepsl (IV), Takoi xe
00BeM Bojibl, B30onTaTh. HabmoaaTe, 4To MOMyTHEHHE pacTBOpa B MEPBOIT MPOOUPKE 3HAYUTEIHLHO
MEHBIIIE, Y4EM BO BTOPOM.

Onwvim 9. Ceoiicmea cepHoii Kuciomol

PEAKTHUBAI:
1. Cepa;
2. Cepnas kuciora (KOHIL.),
3. Cepnas kucnora (1:1);
4. VYrois;
5. Caxapo3a.

OBOPYJOBAHUE:



1. ®dapdopoBblie yalku;

2. IlpoOupkmu;

3. XHUMUYECKHI CTaKa,

4. CrexknsHHas ITaI0YKa.
XOJ PABOTHI:

14.1. BzaumopaeiicTBe KOHIEHTPUPOBAHHOM CePHOI KHCJIOTHI ¢ HeMeTa/LIaMu
B dapdopoBsix yamkax mpu 0CTOpO>KHOM HArpeBaHUH MTPOBECTH PEAKIIUN MEXKTY
KOHILIEHTPUPOBAHHOM CEPHOM KUCIOTOW U HEMETAJUIAMU: B OJTHOU — C CEPOM, B IPYTrOM — C yTIIEM.
YcranoBuTs (10 3amaxy), Kakoi ra3 BblaesieTcs: (ocmopooicHo!). Hanucatb ypaBHEHUS peakiuil.
14.2. leruapaTupyoniue CBOiicTBAa CEPHOIl KHCJIOTHI
e Jlelicmeue cepHoll KUCIOMbL HA KNEMYAMKY
CTeKkJIIHHOM Mano4yKoi, CMOYEHHOH pacTBOPOM cepHOi kucioThl (1 : 1), HanmucaTh yTo-1100 Ha
nucte GUIBTPOBATBLHON OyMaru, a 3aTeM MoJICYIIUTh Oymary Haj ramMeHeM ropenku. OObsSCHUTD
Ha0rogaeMbIe SIBIICHUS, UMesl BBUY, uTO ooOmas popmyia memttonossl (krerdatk) — (CeHioOs)x.
e Jleiicmsue cepHOl KUCTOMbL HA caxap
B xumuyeckuii ctakan momecTuTh 10 T UCTOYEHHOTO caxapa, 100aBUTh | M. BOJIBI 10
00pa3oBaHMs KaIlIHIIbl, T00aBUTh U 4-5 MJI KOHIIEHTPUPOBAHHOM CEPHOM KUCIOTHI. Pasmeriars
CTEKJITHHOM MAJI0YKOM J10 IMOITYYEHUS] OJHOPOIHOM
Macchl U, OCTaBUB CTEKJITHHYIO MaJ0UKy B cTakaHe, HaOo1aTh 3a mpoucxoasumm. Hamucarp
ypaBHEHHUE peaKklii, UMes B BUY, uTo hopmyiia caxapa CioH»01.

OIIBIT 10. Kauecmeennas peakyus na cyivpam uon
PEAKTHUBAI:
1. Xnopun 6apus (1H).

OFOPY]JOBAHMUE:
1. TIpobupxkwu.

XO[ PABOTHI:

[Tonw3ysck Tabnuuei pactBopuMoctu conelt (ctp. 107), ycTaHOBUTh, KaKHe KaTUOHBI MOTYT
SIBJISTHCS PEAKTUBAMH Ha MOH Cyib(haT HoH. [IpoBecTH COOTBETCTBYIOIINE PEAKIIMU, OTMETUTH LIBET U
BH/JT OCAJIKOB.

Harnucatb ypaBHeHuUs peakiuii B MOJIEKYJIIPHON U MOHHOU (opme. MIcrbITaTh OTHOIIEHHE
MOJTY4YEHHBIX OCAJIKOB K COJISTHOM KucioTte. CpaBHUTH JEUCTBUE COJITHON KUCIIOTHI Ha CYIbQUT U
cyabdar 6apus. [late oObsICHEHHE.

3agaHus 1719 CaMOCTOSITeIbHON padoThI:
1. Ha3oBuTe aymnoTpornHbie MOJUGUKALIMK cepbl. YeM OTiInYaeTcst auloTponus cepbl?
2. UeM OOBACHSIIOTCS TUAJICKTPUUECKUE CBOMCTBA CEphI?
3. Ha3oBute BakHeine 06JacTi NPUMEHEHHUS CEepBl.
4. Kakue coeJuHEHHsI Ha3bIBAIOTCS TUOCOEAMHEHUSIMU?
5. JlaiiTe XapakTepUCTUKY CBOMCTB THOCEPHOU, MUPOCEPHOU U HAZACEPHOU KUCIIOT.
6. IIpu nmevicteum Ha 0,1 M pactBop THOCynbdaTa HaTpus (NayS;03) H30BITKOM CEpHOW KUCIIOTHI
6bu10 nostyueHo 4,8 1 cepsl. Kakoii 00beM pacTBopa THOCYIb(aTa HATpUs OBLT B3SAT Ui PeaKkLuu?
7. Jlonncate ypaBHEHMs PEaKIUH, MPOTEKAIOIIMNX MEXKy KOHLIIEHTPUPOBAHHOM CEPHOU KUCIOTON H
CJIEIYIOIIMMHU BEIECTBAMMU:

HQSO4 + Fe —

H,SO4+ Mg —

H,SO4+ Ag —

H,SO4+P —

H,SO4 + HI —



8. Kakyro Maccy cepsl Ha/lo CKeub M OKUCIUTH NMPOAYKT A0 okcuaa cepbl (VI), uToObl pacTBOPHB
Bech noiyuyeHHbId okcun B 400 mu 20 %-Horo pactBopa cepHOM KHCIOTHI (1. 1,14), momydurts
60 %-Hblii pacTBOp?

JlutepaTypa Uil NOATOTOBKHM K CEMUHAPY:
1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkona, 1981, 2001,
2003.

2. babuu JI.B. u np. [Ipaktukym no Heopranndeckoi xumun. M., Ilpocsemienue.

3. TI'muaka H.JI. O0masa xumus. JI., Xumus, 2000.

4. Koposun H.B. O6mas xumus. M., 2002.

5. Meroanueckoe pyKOBOACTBO K JaOOpAaTOpHBIM paboTaM MO0 HEOPraHUYECKOMY CHHTE3Y/
HTT'CIIA, nabopaTtopus.

6. Ilpaktuxky™m no obueit u Heopranuueckon xumun. M., 2002.

7. Xanekpodt, Karpun E. CoBpeMeHHbIH Kypc o0mieit xumuu B 2-X Tomax. Ilep. ¢ anri.

M., 2002.
8. Ilpaktukym no Heopranuueckoi xumuu. M.: IIpocsemenue, 1978.
9. CemenoB A.C. Oxpana Tpyna u Texauka 6ezonacHoctu. M.: I[Ipocsemienue, 1976.
10. CnpaBounuk no xumuu. M.: Ilpocsemenne, 1978.

Tema 14. Azor. CoenuHeHHUd a30Ta

3adaHue: BHUMATENIbHO MPOYUTATh ONMKMCAHKE Ja0OPaTOPHOI paboThl, OOPaTUTh BHUMAHUE
Ha IPUTOTOBJICHHBIE PEAKTHBBI M OOOPYIOBAHUE, BBIMNOJIHUTH SKCIEPUMEHT IO MPEI0KEHHON
METOAMKE C COOIIOICHIEM TEXHUKU 0€30IIaCHOCTH U MPAaBMII PA0OTHI ¢ XUMUYECKUMH BEIIECTBAMH,
IpOM3BEICHHbIE HAOMIONEHUsT 3aHECTH B JaOOpaTOPHBIM JKypHaj, 3aloJIHUTh TaOJUIbI, BCe
XUMHAYECKHE PEeaKIy 3amucarh MPH TOMOIIM ypaBHEHHUH, 00pabOTKY pe3yibTaTOB IMPOHM3BECTH
cieayoumM 00pa3oM: K03(pPUIHMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBUTh, BOCHOJIb30BAaBUIMCh METOJIOM HOHHO-3JIEKTPOHHOTO OanaHca, [ OOMEHHBIX
IPOILIECCOB 3alucaTh HMOHHO-MOJIEKYJISIPHBIE YPaBHEHHUS, O KaX/JIOMY OIBITY CJE€JaTh BBIBOJ,
OTBETUTDH Ha BOMPOCHI JJIsl CAMOCTOSITENIbHOM paOOTHI.

HEJIb: [To3HaKOMUTBCS € JTaOOPaTOPHBIMU CIIOCOOAMH MOTYYSHHSI aMMHaKa U M3YYHTh €T0
OCHOBHBIE CBOMCTBA M CBOMCTBA HEKOTOPBIX €T0 COEANHEHUH. M3yUUTh KHUCIOPOIHBIE COSTHEHHSI
a30Ta, CBOMCTBA €T0 OKCUJIOB U KUCJIOT.
OIIBIT 1. Ilonyuenue ammuaxa
PEAKTHUBAI:

1. Xnopua ammoHwus (TB.);

2. TI'mppoxcun kanpuus (TB.);

OBOPY][OBAHHUE:

[Tpubop s moayuenus ammuaka (cMm. puc.9.);
[Tpobupku;

[TpoOka;

CnupToBKa;

Cnuuku.

M

XO[ PABOTBI:

Cobpatb mpudop (cM. puc. 9.). Xjaopua aMMOHUS U THIPOKCH] Kbl B PAaBHBIX 00BEMaX
nepememniath B papdopoBoii anike. [Ipoucxoaut nu o6pazoBaHrne aMMHUaKa B 3TUX YCIOBHSIX?



CwMech BebInaTh B IPOOUPKY, U YCTAHOBUTH NPOOUPKY B IITATHBE, YTOOBI THO €€ OBLIIO MPUIIOHITO
(mouemy?). Crnerka HarpeTh CMech U coOOMpaTh aMMHUaK B MPOOUPKY. Yepes HECKOIBKO MUHYT,
KOTrJ1a MpoOHpKa HAIIOJIHUTCSI aMMHUAKOM (KakK B 3TOM YOEIUThCsA?) OCTOPOXKHO CHATH €€ C TPYOKH H,
HE IIepeBOpaunBas, 3aKpbITh CyX0l MPOOKOW U COXpaHUTh AJIs clelytomiero onsita. Hanucarp
ypaBHEHHE PEaKIIUU.
OIIBIT 2. Ceoiicmea ammuaxa
PEAKTHUBAI:

1. YuuBepcanabHbIil HUHAUKATOP (Oymara);

2. IlpoGupka c aMMHaKoM;

3. IlpoOupku AeMOHCTpalMOHHbIE (2 MIT.);

4. IlIpoOkwu (2 mrt.);

OLOPYJ][OBAHUE:
1. Kpucrammmsarop;
2. CnuproBKa;
3. Cnouuku

X0/ PABOTBHI:
2.1. Pacmeopenue ammuaxa 8 ooe

[IpoGupky ¢ aMMuaKkoM, MOJIy4EHHBIM B MPEABIAYIIEM OIBITE, OITYCTUTh OTBEPCTUEM BHU3 B
BaHHY C BOJIOMH, ITOJ1 BOJIOW OTKPBITH MPOOKY U CJIErKa IMoKadaTk npoOupky. Uro Habmogaercs?
Korna Bosa nepectaner NoJHUMATHCS, 3aKPbITh IPOOUPKY MO BOJOU U BBIHYTh €€ U3 BaHHHBI.
HcnblTath pacTBOp JIakMycOBOM OyMaxkoi. OOBsICHUTH HaOII0JaeMble SIBIICHUS. Y paBHEHHE
peakuuu. YacTb Moy4eHHOTr0 pacTBOPA HAarpeTh A0 KUIMEHUs. MI3MeHUTCs JIn UHTEHCUBHOCTh
3anaxa? [IpokunsaTuTe pacTBOp 2-3 MUHYTBHI, @ 3aTEM UCIBITATh €r0 JIJAKMYCOBOM OyMa)kKOH.

Otmetuts €€ nBetr. Hanucate ypaBHeHue peakuuu. Kakue paBHOBeCHs yCTaHABIMBAIOTCS B
BOJIHOM pacTBope ammMmuaka? Kak cMmemarorcs 3TH paBHOBECHs ITpU HarpeBaHuu pactBopa? Jlateb
OOBsICHEHMUS.

2.2. Bzaumooeticmsue ammuara c xaopo8ooopooom

OnunHy TpoOHpKY HAOJHUTH AMMHUAKOM, BTOPYIO - XJIOPOBOJOPOIOM U 3aKPHITh
npooupkamu. COeAMHUTH WX OTBEPCTHS TaK, YTOOBI MPOOMPKA C aMMUAKOM ObLT CBEpXY. BBIHYTH
POOKH M HECKOJIBKO pa3 MepeBepHYTh MPOOUPKH (3aueM?).

Uro nabmonaercs? Hamrcats ypaBHEHUE peaKInu.

OIIBIT 3. Peakuuu Ha UOH AMMOHUA
PEAKTHUBAI:

1. Jlakmyc (Oymara-kpac., CHH.);

2. Xnopun ammoHus (p-p);

3. T'mppoxcun HaTpwus (p-p)

OBbOPY]/I[OBAHUE:
1. TIpobupku;
2. CrnupToBKa;
3. Couukuy;

X0/ PAFOTBI:

B npo6upKy HanuTh HEMHOTO PacTBOPA COJIM AMMOHHUS, HAIIPUMEP XIJIOPHIa aMMOHHS,
npubaBUTh 1-2 M pacTBOpa I'MAPOKCUIA HATPHS U HarpeThb. [logHecTH K OTBEpCTHIO TPOOUPKH, HE
Kacasich €€ CTCHOK, CMOUEHHBIE BOJIOM KPAaCHYIO U CHHIOIO JJakKMyCcoBBIe Oymaxkku. Kakas monocka
n3MeHUT 1BeT? Tak Kak U3 BCeX ra30B TOJIBKO aMMMaK 00pa3yeT 1ENoub, TO TOCUHEHUE
JaKMYCOBOM OyMaXKK B Iapax yKa3bIBaeT, UYTO B PACTBOPE MPUCYTCTBYIOT HOHBI aMMOHHUSI.



HanucaTth ypaBHEHUE peaKkiuil.
OIIBIT 4. Tepmuueckoe paznodxcenue coieilt AMMOHUSA
PEAKTHUBAI:

1. Cynbdar ammonus (TB.);

2. Hurpat ammoHus (TB.).

OLOPYJ][OBAHUE:
1. ®apdoposas yaiika;
2. CnupTtoBKa;
3. Chounukw.

XOH PAFOTHI:

a) [To10XUTh HECKOIBKO KPUCTAIIIOB Cyib(aTa aMMOHUS B (GapPOpOBYIO YAIIKY U HATPETh.
[Ipu 357° C cynbdaTr aMmMOHuS pasyiaraercs, OTIIEIUISsl aMMHUaK U TUIaBACh; pacIljlaBlIeHHas Macca
COCTOWT U3 CMECH THpocybdara u cynbdara aMMOHHSL.

OOnapyxuTh aMMHuaKk. HanucaTs ypaBHEHHE PEaKIHM.

0) Ha kpbIlIKy THUTIIS IOMECTHTHh HECKOJIBKO KPHUCTANIMKOB HUTpPaTa aMMOHHUS M OCTOPOKHO
HArpeTh Ha CETKE MPH CITYIIIEHHOM CTEKJIC BBITSDKHOTO mIKada.
OcTtaétest M Ha KPBIILIKE TUTIIA KaKoe - THO0 BEIIeCTBO MOCIe Pa3ioKeHUs BCEX KPUCTAIIIOB?
HamucaTh ypaBHEHHE peakiy U CXeMY Iepexoaa AIEKTPOHOB.
CpaBHUTH pe3ybTaThI OMBITOB a) U 0) U O0BACHUTH, KaK BIMET MPUPOIa AaHUOHA HA XapaKTep
Paz3IoKEHHS COJIe aMMOHHUSI.
OIIBIT 5. Bo3eonka xnopuoa ammonus
PEAKTHUBAI:
1. Xnopua ammoHwus (TB.);
2. IIpob6upka ¢ okcupmoMm azora (IV).

OBOPY][OBAHUE:
1. TIpoGupkwu;
2. CnupToBKa;
3. Cnouukw.

XO[] PABOTBI:

[TomecTuTh Ha THO MPOOMPKH HEMHOTO KPHUCTAILUTMYECKOTO XJIOPHIa aMMOHHUS, U HarpeTh B
IUIAMEHN CIHUPTOBKH, Jepka MpOoOMpKYy HakiIoHHO. HaOmomath, 4To 00pa3syercs Ha XOJIOIHBIX
4acTAX MPOOUPKH.

OnpenenuTs ONBITHBIM TYTEM, OTIUYAETCS JIM BO3OTHAHHOE BEIECTBO IO COCTAaBY OT
ucxonHoro. Hamucate ypaBHEHUE pEeaKIny.

OIIBIT 6. Ilonyuenue oxkcuoa azoma (1)
PEAKTHUBAI:

1. Mennsie cTpyxKu;

2. Asornas kucinora (p-p).
OBOPY][OBAHHUE:

1. ITpu6Gop mns momyuenus: okcuma azota (I1) (cMm. puc. 10);

2. CnupToBKa;

3. Conukuy;

4. TIpo6upkwu (3 mT.);

5. [Mpo6xwu (3 mrt.);

6. Kpucranauzartop.

XO/] PABOTHI:



Cobparp mpudop (cm. puc. 10.) . B xonOy momectuts 10-15 rpaMm MeTHBIM CTPYKEK, B
KalnenpbHyI0 BOPOHKY HAJIUTh Pa30aBIEHHYIO a30THYIO KHUCIOTY. [IpUIUTH HEMHOTO KHUCIOTHI K
MEIHBIM CTpYXKaM. Ecimu peakmms He HAYMHAETCS, MOJOTPETh KOJOY B IUTAMEHH CITUPTOBKH.
OO0bsicHUTH U3MEHEeHHe Tra3a B kobe. Korma Beaenstonmiicss u3 KouObl Ta3 HAYHET OKPAIIUBATHCS
B Oypsblil 1Ber (mouemy?), coOparb ero B Tpu npobupku. Ilocie HamonHeHHs NPOOUPOK Tra3oM
3aKpBITh UX TOJ BOJIOH mpoOkamu. BEIHYTH U3 KpUCTAILTN3aTOpa U COXPAHUTH JJIS OTIBITA.

3anucaTh ypaBHEHUE PEAKITUU.

OIIBIT 7. Ceoiicmea oxcuoa azoma (1)
PEAKTHUBAKI:

1. IIpoGupku ¢ okcugom azora (II);

2. ®ochop KpacHbIH.
OBOPY][OBAHHUE:

1. [Tpubop st monyuenust okcuna azora (II) (cm. puc. 10);
. CiupToBKa;

. Crinukuy;

. [IpoGupkwu (2 mT.);

. [Tpo6xkw (2 mr.);

. Kpucrannuzarop;

. JIyunnka;

. Jloxxeuka 7Sl CKUTAHMSI BEIIECTB.
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X0 PABOTBI:

B nBe npobupku cobpats okcunom azora (II). B mepByro npobupky ¢ okcugom azota (II)
BHECTH TOPAIIYIO JIyduHKY. UTo HaOmogaere? Jlath 0OBbICHEHNE.

[TonoXuTh B XKeNe3HYI0 JOKEUKY KpacHOro gochopa, moKedb ero B INIAMEHU CITUPTOBKH,
KOT'/Ia OH XOPOIIIO Pa3rOPUTCS, BHECTH €TI0 BO BTOPYIO MMPOOUPKY C OKCHIOM a30Ta UTo
HaOmoaaetcs? Uto npoucxoaut ¢ pochopom B atMmochepe okcuaa azota (11)?

3anucath ypaBHeHue peakuuu. Kakoe cBoiicTBo nmposiisieT okeu azota (1) B aToi
peakmuun’?
OIIBIT 8. Ilonyuenue oxcuoa azoma (I1V)
PEAKTHUBAI:

1. MenHsble CTPYXKKU;

2. A3otHas kuciora (KOHIL.).
OBOPY][OBAHHUE:

1. [TpuGop st monyuenust okcuna azora (II) (cm. puc. 10);

2. CnupTOBKa;

3. Crimukuy;

4. ITpo6bupxwu (3 mr.);

5. IIpoOkwu (3 mr.);

6. Kpucrannuszarop.

X0/ PAFOTBI:

Cobpats npubop asns monydeHus ra3os (cM. puc.10). B kon0y MmoI0KUTh HEMHOTO MEIHBIX
CTPY>X€K, B BOPOHKY HaJIUTh 5-10 MJT KOHIIEHTPUPOBAHHOM a30THOM KUCIOTHL. KMCIOTY BIMBaTh B
koj0y HeOompmmmu mopuusmMu. CoOpaTh BBIISHSIONIUNCS Ta3 B TPU MPOOUPKU M, 3aKPHIB HX
CTEKJISTHHBIMU TUTACTUHAMU, COXPAHUTb VISl OTBITA.

Kaxkoit et BoiAenstonierocs raza? 3anucath ypaBHEHUE PEAKIUU.

OIIBIT 9. Ceoiicmea okcuoa azoma (IV)
PEAKTUBAI:



1. YHuBepcanabHbIN HHAUKATOP (Oymara);
2. Tlpobupka c okcumom azota (IV).

OBbOPY]/IOBAHUE:
1. Kpucrannuszarop.

XO[ PABOTHI:

Onyctuth nuauHAp ¢ okcuaoM azota (IV) B kpucTtammmzaTop ¢ BOJOH U CHATH CTEKISTHHYIO
macTuHKyY. Yto nmpoucxoaut? Korga ypoBeHb BOJIBI B IIJIMHAPE NIEPECTAHET H3MEHATHCS, 3aKPhITh
UWINHID CTEKJISHHOW TUIACTUHKOM W BBIHYTh W3 BaHHBL VICHBITaTh pPacTBOpP JIAKMYCOBOM
OyMaXXKOH.

OO0bsicHUTH HAOIIOIaeMBbIC SIBIICHUS. 3anucaTh ypaBHEHHE PEaKIUu.

OIIBIT 10. Obpazoeanue u pacnad azomucmoii KUciomul
PEAKTHUBAI:

1. Hwutput Hatpus (11);

2. CepHas kucnota (2H);

3. Jlen.

OBFOPY][OBAHUE:
1. ITpoOupkwu.

X0 PABOTBI:

Oxnaauth B mpoOupke 2-3 M1 pacTBOpa HUTPUTA HATPUS CHETOM U 3aTEM MPUOABUTH K HEMY
pa30aBJICHHBIM PacTBOP CEPHOI KUCIOTEL. OTMETHTH LIBET PACTBOPA M IIBET I'a3a HAJ| HHUM.

OOBACHUTD, TOYEMY OXJIAXKIAETCS PacTBOP, KaKoe BEIIECTBO MPUIAET €My OKPAcKy, KaKoB
cocTaB raza. Hanucarte ypaBHEeHUE peakiuil.
OIIBIT 11. OKkucaumenvHnsvie U 60CCMAHOBUMEIbHBLE CEOUCMEA A30MUCH O KUCIOMbl
PEAKTHBAI:

1. Womun xanus (1n);

2. Cepnas kucnora (2H);

3. Hurput nHatpus (110);

4. Ilepmanranat xanus (1H)

OBOPY][OBAHHUE:
1. [TpoOupkwm.

XOI PABOTAHI:
a) Hamute B mpoOupky 2-3 M pacTBOpa Hoauaa Kaius, IOJKUCITUTh €ro pa30aBICHHON
CEpHOI KUCJIOTOMN U 3aTeM NpUOaBUTH K HEMY HEMHOTO pacTBOpa HUTPUTA HATPUSI.
OOBsACHUTH U3MEHEHUE IBETa pacTBopa. Kak qoka3aTh, Kakoe BBIICIUIOCH
BelecTBo? Hanuncare ypaBHEHUE peakLUu.
6) K noaxucieHHOMy pa30aBIeHHON CEpHOI KHCIOTOM pacTBOPY MEpMaHTraHaTa Kalus
IPWIUTh PACTBOP HUTPUTA HATPUSI.
Urto npoucxoaut? HanucaTte ypaBHEHUE peaKkIuu, UMesl B BUJLY, YTO 4YTO
OJIHMM W3 TIPOYKTOB siBisieTcs coib Mapranma (II). Kakue cBoiicTBa nposiBiseT
a30THCTast KUCJIOTA B ONBITAaX a) U 0)?
OIIBIT 12. Ceoitcmea azomnoii Kuciomut
PEAKTHUBAI:
1. XKeneso (CTpyKKH);
2. OnoBo (rpaHyJbl);



3. [uHk (rpaHyJisl);
4. A3otHas KucaoTa (KOHIL. );
5. A3otHas kucnota (2H).

OFOPYJIOBAHHUE:
1. Kpucrannuzartop.

X0/ PAFOTHI:

a) Ilonoxute B mNpoOMPKY HEMHOIO JKEJIE3HBIX CTPYXKEK U MPWINBATh YMEPEHHO
pa30aBiIeHHOM a30THOM KucnoThl. Kakoii ra3 Beigensercs? YpaBHEeHUE PeakIMH.

6) B onHy npoOupKy MoioKHUTh KyCOUEK 0JI0Ba, B APYTYIO — KyCOUEK LIMHKA U
MPUIUTH B 00€ MPOOUPKU CHIIBHO pa30aBIeHHOM a30THOM KHCIOTHL. B TeueHue
HECKOJIbKUX MUHYT KUAKOCTb B30ANThIBATh, 3aTE€M CIIUTh PACTBOP C HE MPOPEArupoBaBLIETO
MeTajula U JOKa3aTh HAJIMYUE B PACTBOPE HOHA aMMOHUS.

Hanmcars ypaBHeHHE peakuyu.

B) B o1Hy poOHpKy MOJIOKUTH KyCOUEK IIMHKA, B APYTYIO - OJI0BA U 3aTe€M
MprOaBUTh KOHLEHTPUPOBAHHOMN a30THOM KucnoThl. Kakoil Beinensiercs raz?

Hanwucare ypaBHeHus peakuuu. Bo BTopoit npo6upke o0pasyeTcs 0JI0BIHHAs KUCIOTa
(H28n03).

3agaHus 119 caMOCTOSITeIbHOI padoThI:
1. Yem oObsicHseTCS HEOOBIIAs XUMUYECKas aKTUBHOCTh a30Ta B CBOOOIHOM COCTOSIHUN?
2. YKakuTe CXOTHBIC M OTIUYUTENbHBIC YePTHl B XUMHHU a30Ta U (pocdopa.
3. Yrto Takoe HUTpuabI? Kakue TUMbI HUTpUIOB BaM H3BecTHbI? KakoBO 3HaueHHe HUTPUAOB B
TEXHUKE?
4. Jlaiite XapakTepUCTHKY a30THOH, (ochOpHON, a30THCTOW KHCIOT MO CHUJIE M OKHUCIMTEIbHO-
BOCCTAaHOBUTEJIbHON CIIOCOOHOCTH.
5. CocraBbTe (hopMyJibl coequHEHUH Qocopa ¢ aNtOMUHUEM, C CEPOH.
6. Kakue BemecTBa MOXXHO HCIHOJB30BATh JJISi OCYIIKM Ta3000pa3HOTO aMMuaka: (ochopHbIN
aHTUAPHUJI, KOHLIEHTPUPOBAHHYIO CEPHYIO KHCIOTYy, KaycThdeckyro cony, TBepasiii KOH? Otser
MOTHUBUPYMUTE.
7. CocTaBbTe ypaBHEHMsI peakLUil TEepMHUUECKOTo pasjoXKeHHs HUTpara, HUTpHUTa, (ocdara,
XJIopuJa U auxpomara amMMoHMs. Kak [10kazaTh, 4TO NEpPEUUCICHHBIE COJH SIBJISIOTCS COJISIMH
aMMOHUs?
8. N300pasuTe CTpyKTYpYy OKCHIOB a30Ta M HANMIINTE YPAaBHEHUS PEaKIUil X B3aUMOJIEHCTBUSA C
BOJIOM U pacTBOPOM ILETOYH.
9. OTHOCATCA M peaKkUUM B3aUMOJCHCTBHUS TUOKCUAA a30Ta C BOJOM M C pacTBOPOM WIENIOUU K
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIM? OTBET MOATBEPIUTE YPABHEHUSIMU PEAKLIU.
10. CocTaBbTe ypaBHEHUS pEaKIIMii, B KOTOPBIX a30TUCTasi KUCJIOTA SIBJISIETCA: a) BOCCTAHOBUTEIIEM;
0) OKHCIIUTETIEM.
11. lonucate ypaBHEHUS PEAKIMM, COCTABUTDH AIEKTPOHHO-UOHHBIE YPABHEHMUS:

KNOj + Ky,Cr,O7 + HNO3 —

Al +KNO; + KOH —
12. Ckonpko MuWWIHTPOB 96%-Horo pactBopa H>SOs4 (1,84 r/mm) mnorpeOyercs ans
B3aumozeiicTeus ¢ 10 r NaNOs nipu HecuinbHOM HarpeBaHMHU? CKOJIBKO TPAMMOB a30THOM KHCIIOTBI
IIPU 3TOM MOIY4YUTCs, €cu 4 % ee pa3naraercst BO BpeMs peakiuuu’?

JlutepaTypa il IOATOTOBKHM K CEMUHAPY:
1. AxwmeroB H.C. O6mias u Heopranudeckas xumus. M., Beicimas mkona, 1981, 2001,
2003.



2. babwuu JI.B. u np. [Ipaktukym no Heopranndeckoi xumun. M., IIpocsemnienue.

3. I'muaxa H.JI. O6mas xumus. JI., Xumus, 2000.

4. Koposun H.B. O6mas xumus. M., 2002.

5. Meroanyeckoe pyKOBOACTBO K JaOOpAaTOpHBIM paboTaM Mo HEOPraHUYECKOMY CHHTE3Y/
HTT CIIA, nabopaTtopusi.

6. Ilpaktuxky™m no obuieit 1 Heopranuueckon xumun. M., 2002.

7. Xanekpodt, Karpun E. CoBpemeHHbIH Kypc 00mieit xumuu B 2-X Tomax. Ilep. ¢ anri.

M., 2002.
8. Ilpaxtukym no Heopranuueckoi xumuu. M.: IIpocsewmenue, 1978.
9. Cemenos A.C. OxpaHna Tpyaa u Texnuka 6ezonacHoctu. M.: Ilpocsemenue, 1976.
10. CripaBounuk no xumuu. M.: IIpocsenienue, 1978.

Tema 15. ®ocdop. Coequnenus pocdopa

3adaHue: BHUMAaTENIbHO MPOYUTATh ONMKMCAHKE Ja00paTOpHOI paboThl, OOPaTUTh BHUMaHUE
Ha IPUTOTOBJICHHBIE PEAKTHBBI M OOOPYIOBAHUE, BBIMOJIHUTH SKCIIEPUMEHT IO MpPEI0KEHHON
METOJIMKE C COOTIOIEHNEM TEXHUKH O€30MaCHOCTH U TIPaBUII PabOTHI ¢ XUMUYECKIMHU BEIIECTBAMH,
NpOM3BEICHHbIE HAOMIONEHUsT 3aHECTH B J1aOOpaTOPHBIM JKypHaj, 3aloJIHUTh TaOJUIbI, BCe
XUMHAYECKHE PEeaKIy 3amicarh MPH TIOMOIIM ypaBHEHHH, 00pabOTKY pe3yJbTaTOB MPOHM3BECTH
cieayoumM o0pa3oM: K03(pPUIUEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBUTh, BOCIIOJIB30BABIINCH METOAOM MOHHO-IJIEKTPOHHOTO OanaHca, Uil OOMEHHBIX
IPOILIECCOB 3alucaTb HMOHHO-MOJIEKYJISIPHBIE YPaBHEHHUS, MO KaXJIOMY OIBITY CJE€laTh BBIBOJ,
OTBETHUTH HA BOIIPOCHI JJISi CAMOCTOSITEILHON paOOTHI.

HEJIb: [To3HaKOMUTBCS € TaOOPaTOPHBIMU CIIOCOOAMH TIOTYYSHHUS M U3YyYUTh OCHOBHBIC
CBOWCTBA HEKOTOPBIX coeauHeHui pocopa.
OIIBIT 1. Annomponusn pocghopa
PEAKTHUBAI:
1. ®ocdop kpacHsIA.

OBOPY]J[OBAHUE:
1. IIpoGupxu;
2. Bara;
3. CnuproBKa;
4. Cnuukw.
XOI PABOTAI:

[Ton0XKTh B MPOOHPKY HEMHOTO KpacHOro (ocdopa, 3aKpbITh BATOH, YKPEIHUTh B CIIETKa
HAKJIOHHOM TIOJIOKEHUM WM HArpeTh Ha HEOOJBIIOM IUTaMEeHHU Topenkd. ClemuTh, YTOOBI TMaphl
docdopa mpu BBIXOAEC W3 MPOOMPKH HE 3aropaivch. HaOmromath mosiBieHue Hainéra Oesoro
dochopa Ha XONMOAHBIX YACTAX NpoOUpPKU. OTHECTH MPOOUPKY B TEMHOE MECTO W HaOJIONATh
cBeueHue ¢ocdopa. Bzsate HemHOro Qocdopa CTEKIIHHOW MamouKol U3 MpoOUpkH. UTO
Habmonaercsa? Hanucare ypaBHeHue peaknmu. CaenaTh BbIBOJ, Kakas Mmonudpukamus dochopa
0oJsee akTUBHA?

OIIBIT 2. Ilonyuenue oxcuoa ghocgpopa (1V)
PEAKTUBAI:
1. ®dochop KpacHHIH.

OLOPYJ][OBAHMUE:
1. TIpoGupku;
2. ®apdoposas yaiika;
3. AcOecToBas ceTka;
4. Boponka;



5. CnupToBKa;
6. Crouuku.

XO/[ PABOTHI:

B ¢dapdopoByro wuamiky, mocraBieHHyr0 Ha acOecToByro cerky, monoxuts 0,4 -0,5 r
kpacHoro ¢ocdopa. Hag gamkoit Ha HeO0IbIIOM paccTostHUH (0K0JIO 0,5 CM) OT CETKU 3aKpPENUTh
CYXyl0 BOpOHKY. 3axkeub (ocdop Hakan€HHOW CTEKISHHOM mnanoukod. Kakoe coeannenue
ocaxkaaercs Ha cTeHKax BopoHku? Hamucate ypaBHeHue peakuuu. Okeun ¢pocdopa (IV) ocraButh
JUISL CJIEAYIOLIETO OIIbITA.

OIIBIT 3. Kauecmeennwle peakyuu na opmodgpocgham uon
PEAKTHUBAI:

1. Hwutpat cepedpa (11);

2. A3zotHas kucnota (2H).

OFOPYJ[OBAHUE:
1. TIpoGupkm.

X0/ PABOTBHI:

K mnomydyenHomMy BO 2-OM OMBITE pacTBOpPY MNPUIUTH pacTBOp HHUTpara cepedpa. Uro
npenacraBiseT co0oil BeimaBmuid ocanok? KakoB ero nser? McnbiTath OTHOLIEHHE MOTYYEHHOTO
ocaJika K pacTBOPY a30THOM KHUCIOTHL. Hamrcars ypaBHEHUE peakluu.

OIIBIT 4. Conu opmogpocgopnoii Kuciomut
PEAKTHUBAI:

1. Tunpodocdar narpus (1n);

2. HMuruapodocdat Hatpus (1H);

3. VYHuBepcalbHBIA HHAUKATOP (Oymara).

OBOPY][OBAHHUE:
1. IIpoGupku.

XOI PABOTHI:

[lo BemuuMHE KOHCTAHTBHI JUCCOIMALUU OPTO(HOCPOPHON KHUCIOTHI TPEATIONOKHUTD,
MOJBEPraloTcss JU TUAPoIu3y ¢docdarbl menouHbix MeTamioB? Ha kakoil cTymeHM JOKeH
NPAaKTUYECKU OCTAHOBUTHCA Tuapoiu3? IlpoBepurh CBOM NpEANOIOKEHUS, UCHBITAB PACTBOPHI
TUApO-, TUruapo- u (ocdaTta HATpUsS yHHBEpCaIbHOW MHAMKATOpPHON Oymaroii, ompeaenuts pH
cpensl. Hammcate ypaBHeHHMe peakuumu rHaposnu3a (ocdara HATpus MO TMEPBOM CTYINECHH.
Hakomnnenue, kKakux HOHOB NPEMATCTBYET AajJbHEUIIEMY THIPOJIU3Y ITOU cOau?

3amaHus 1J1s1 CaMOCTOATEIbHOI PadoThI:
1. Ocy1uiecTBUTH NMpEBpaIICHUE:
Ca3(PO4)2 — CaHPO4 — Ca(H2P04)2 — Ca3(PO4)2.
2. Hamucats ypaBHeHus ruaponmsa 6pomuaa gochopa (V), ioguna dpocdopa (I11).

Jlutepatypa 1Jisl NOATOTOBKH K CEMUHAPY:

1. AxmeroB H.C. O6mias u Heopranuueckas xumus. M., Beicmas mkona, 1981, 2001,
2003.

ba6uu JI.B. u np. [Ipaktukym o Heopranudeckoit xumuu. M., IIpocBerienue.

I'muuxa H.JI. O6mas xumus. JI., Xumus, 2000.

Koposun H.B. O6mas xumus. M., 2002.

Mertoandeckoe PyKOBOJICTBO K JIaOOpaTOPHBIM paboTaM IO HEOPTaHUYECKOMY CHUHTE3Y/
HTT' CIIA, nabopaTtopusi.
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[IpakTukym™m o obuieit u Heopranuueckoit xumuu. M., 2002.

7. Xanekpodt, Karpun E. CoBpemenHsbIit Kypc 001mieit xumun B 2-X Tomax. [lep. ¢ anri.
M., 2002.

8. IlpakTuky™m no Heopranmdeckoit xumun. M.: [Ipocsemenue, 1978.

9. CemenoB A.C. Oxpana TpyJa u TexHuka 6ezonacnoctu. M.: IIpocsemienue, 1976.

10. CopaBounuk no xumuu. M.: IIpocsemienue, 1978.

Tema 16. Yraepon, KpeMHUH, COCTUHEHUS

3adaHue: BHUMATENBHO MPOYMUTATH OMHCAaHUE Jab0paTOpHOI paboThI, 0OPaTUTh BHUMAHUE
Ha TIPUTOTOBJICHHBIC PEAKTHUBBI M OOOPYIOBAHHE, BBIMOJIHHTH JKCIICPHUMEHT IO IMPEII0KESHHOM
METOJIMKE C COOMIOICHNEM TeXHUKU O€30MaCHOCTH U MPaBWII pabOThl ¢ XMMUYECKUMU BEIIECTBAMH,
MIPOM3BE/ICHHBIC HAONIOJACHHUS 3aHECTH B J1aO0OPATOPHBIN JKypHAaJ, 3arlOjJHUTH TaOJHIBI, BCE
XMMHYECKHE pPeaKIMH 3alucaTh MPH MOMOIIM ypaBHEHUH, 00pabOTKY pe3ylbTaTOB MPOU3BECTH
CeayomuM 00pa3om: K03 OUIIMEHTHI B YPABHEHUAX OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIX PEAKIIUMA
paccTaBUTh, BOCIOJH30BABIIMNCH METOJOM HOHHO-DJIEKTPOHHOTO OamaHca, I OOMEHHBIX
MIPOIIECCOB 3aMKcaTh HWOHHO-MOJICKYJIIPHBIC YpPaBHEHUS, M0 KaXKJIOMY OIBITY CJAeJaTh BBIBOJ,
OTBETUTH Ha BOMPOCHI JJISi CAMOCTOSTENIbHOM paObOTHI.

IEJIb: 13y4uTs oay4eHre U CBOMCTBAa HEKOTOPBIX BAXKHEUILIMX COSIMHEHNI YIVIEPOAA U KPEMHUS,
CIIOCOOBI TIOTYUESHHUS 0JIOBA M UCCIIEOBATh XUMHIECKUE CBOMCTBA OCHOBHBIX COCIMHEHUH 0JIOBA U
CBUHIIA
OIIBIT 1. AocopouuonHnas cnocoOHOCMb OPeBecHO20 yais
PEAKTHUBAI:

1. ®yxkcuH (p-p);

2. JlpeBecHblii yroyib (OPOIIOK).

OBOPYJ[OBAHUE:
1. Kon6st konnueckue (100 mi.) (2 mit.);
2. Boponka;
3. OuibTp.

X0/ PAFOTHI:

Boay B koibe miM cTakaHe cierka OKpacHTh (PMOJETOBBIMU UYEPHUIAMHU HMIH (HYKCHHOM.
Buectu B He€ Menko W3MENbUEHHBIM JIPEeBECHBIH yroib M CHJIBHO B30onTaTh. 3aTeMm
OT(UIBTPOBATH.

Kaxk n3menuncs nset pactBopa? JlaTe 00bsICHEHHE.

OIIBIT 2. BoccmanoeumenvHble C8OUCMEA Y2
PEAKTHUBAI:

1. Oxkcua menu (I);

2. JpeBecHslil yroab (IOPOIIOK);

3. MU3BectkoBas Bojaa (p-p).

OBOPY][OBAHHUE:
1. TIpoGupka (cyxas);
2. lllrarwus;
3. T'azoorBOomHas TpyOKa;
4. CnupToBKa;
5. Crounuku.

XO[ PABOTBI:



Ha nmucte Oymaru nepeMemniath HeOOIbIINE, IPUMEPHO paBHbIC mopiuu okcuaa menu (I1) u
MEJIKO M3MENBbYEHHOTO JIpeBecHOro yrisi. CMech MEpechlaTh B CYXyH MPOOUPKY, YKPETUIEHHYIO
TOPU30HTAILHO B INTaTHBE. 3aKPhITh MPOOHPKY MPOOKOH C HM30THYTOH Ta300TBOJHON TPYyOKOM,
KOHEIl KOTOpPOM ONMyCTHTh B COCYJ C H3BECTKOBOW BOMOHN. [IpoOMpKYy CHIIBHO Harperb [0
MpEeKpalIeHus BbIJCICHUS Ta3a.

HaGmonaTe 3a mpoucxoasimuMu u3MEeHEHUsIMHU. J{aTh mpoOUpKe OCTBITh, PACCMOTPETh €&
COJIEpKUMOE, OTMETUTD €€ 1IBeT. Hanmncarh ypaBHEHUE peaKiiH.
OIIBIT 3. Ilonyuenue u ceoiicmea okcuoa yznepooa (IV)
PEAKTHUBAI:

1. Annapat Kunna (3apsokeHHBIN Ha YIJIEKHCIIBIN ra3);

2. YHuBepcalbHBIN HHAUKATOD (Oymara);

3. JlenTa maraueBas;

4. Consnas kucnora (2H);

5. DTuUnoBBIN COUPT.
OBOPY/[OBAHUE:

1. Ilpobupku;
Jlyunnka;
Crakans! (2 mr.);
ITunner;
Bara;
Anmapat Kumna.

ISARRANE Sl A

X0 PABOTBI:

a) B anmapar Kunna unu B npoOupky (cM. puc. 11) monoxxute KyCO4kd MpaMopa v MPUIHTh
pacTBOP COJAHOM KucaoTHI (1:4).

Habmronate Beigenenue raza. MoHO JIM MCIIOJIB30BATh AJIS 3TOH 1eH pa30aBIeHHYIO CEPHYIO
KHUCIIOTY?

0) Beimenstoumiics u3 anmapata Kumma ra3 mnpomycTHTh 4depe3 MNpPOOUPKY C BOJOH,
MOJIKPAIIEHHYIO HEUTPaJIbHBIM PACTBOPOM JIaKMYycCa.

UYro nHabmrogaerca? HanmucaTth ypaBHeHHs peaklnii, MPOUCXOAAIIUX MIPH MOTYYSHUH OKCUIA
yraepoaa (IV) u pactBopennu ero B Boze. [lomyueHHbIN pacTBOp yIJIEKUCIIOTO ra3a B BOJE,
MOJIKPAIICHHBIHN TAKMYCOM, TPOKUIISTUTb.

N3mensiercs nu uBet? BolpasuTh ypaBHEHUSIMH paBHOBECHS], CYIIECTBYIOLIEE B BOJHOM
pacTtBope okcuna yriaepona (IV). Kak cmectuts 310 paBHOBecHe. Kakum cioco6omM MOXKHO
cobupats okcup yriepoda (IV).

B) B3saTh 111 onbiTa 2 crakana win 6aHkd. OUH U3 HUX HAIlOJHUTH YTJIEKUCIIBIM Ta30M U3
annapara Kunna. [IpoBepuTh NoJHOTY 3alI0JHEHUS COCY/1a Fa30M TP MIOMOILH TOPSIILEH JIyYHHKH,
NoJTHECEHHOW K OTBEPCTHUIO CTakaHa. B apyroii crakan 6pocuTh MaleHbKUN KyCOUYEK BaThl,
CMOYEHHBIN CIUPTOM U MOKEUYb €0 TOpsALIEH JTyUnHKON. 3aTEM OCTOPOKHO MEPENTUTH OKCU
yriepoaa (IV) u3 mepBoro crakana Bo BTopoid. Uto npoucxoaut? [IpoBepuTh mpu MOMOIIH
ropsiieu Jy4YuHKH, ocTancs a1 okcun yriepona (IV) B nepBom crakane? Kaxoii BbIBOJ MOXKHO
cAenaTh O IIOTHOCTU okcua yraepoaa (IV).

r) B crakan HanonHeHHBIN okcuaoM yrieposa (IV), BHECTH O0XKEHHYIO Ha BO3/lyXe
JICHTY MarHus, aepxa e€ munuamu. Habmonate 3a TopeHreM MarHusl. K nony4yennbm
OpOAYKTaM JO0OaBUTh HEMHOT'O COJISTHOM KHCIIOTHI U B30OITATH. O6a nu BemecTBa
pactBopsitorcst? Uto npeacTaBistoT coboit yacTuuky 4€pHoro npeta? HanmucaTs ypaBHEHHE
peaxkuuu.

OIIBIT 4. Oopa3zosanue coneil y20,1bHOU KUC/I0MbL
PEAKTHUBAI:
1. Ammapat Kunma (3apspkKeHHBIN Ha YTIJIEKHUCIIBIN Ta3);
2. W3BectkoBas Boja.



OBbOPY]/I[OBAHUE:

1. TIpobupku;
2. CnupToBKa;
3. Counukuy;

4. Anmapar Kuna.
XOJ] PABOTHI:

a) B mpoOupKky ¢ n3BECTKOBOI BOJIOM MPOIMyCKaTh B TeUEHUHU 2-3 MUH. BBICTpBIN TOK
yraekucioro rasa. Kakue npoucxoast nsmenenus?

Hamucarp ypaBuenue peakunn. Ha3zsate oOpasyromuecs: conu. Hamucarte rpadgudeckue
(dhopmynbl. CaenaTh BBIBOJ 00 X pacTBOpUMOCTH. [lomydeHHbII pacTBOp OCTaBUTh IS
CJIETYIOIIETO OIBITA.

0) [lomy4enHslii pacTBOp B ombiTe (a) pa3nuTh B 2 mpoOupku. OIHYy W3 HUX Harperh, B
JIPYTYIO - T00aBUTH U3BECTKOBOM BOJIBI.

HanucaTh ypaBHEHHS MPOUCXOIAIIUX PEAKITUH.

OIIBIT 5. I'uoponus coneit y201bHO KUC/I0NbL
PEAKTHUBAI:

1. KapOonar Hatpus (p-p);

2. T'mppoxapOonat Hatpus (p-p);

3. KapOonat xamus (p-p);

4. VYuuBepcaabHbIA HHANKATOP (Oymara).

OBOPY][OBAHUE:
1. IIpoOupku.

XO[ PABOTBI:

UcnpiTath nelcTBUS pacTBOpPOB KapOoHaTa HaTpus, THApokapOoHaTa HATpHs, KapOoHaTa
KaJIisd Ha HEWTpaJbHBIM pacTBOp Jlakmyca. Hammcars ypaBHEHHs peakuMu B MOJIEKYJSIDHOW H
HOHHOU (opme.

Kakas comp B Oombllell CTENEeHH TOABEpPraeTcss THUAPONU3Y: KapOOHAT HATPHUs WU
ruapokapOoHart HaTpus. Jlath 0ObsACHEHUE.
OIIBIT 6. Ilonyuenue KpemHuesoll KUCi0mol
PEAKTHUBAI:

1. Cunuxat Hatpus (p-p);

2. Amnmapat Kunma (3apsokeHHBIN Ha YTICKUCIBIN ra3).

OBbOPY]JOBAHHE:
1. TIpobupkw.

X0/ PAFOTBI:

Uepes pacTBOp CHIIMKATA HATPUS MPOITYCTUTh TOK YTJIEKUCIOTo ra3a u3 anmnaparta Kumnmna.
Hab6monaTe oOpazoBanrne KpeMHHEBOUM KuCa0Thl. HanucaTe ypaBHeHHe peakiuu. Kakas u3
KHCIIOT - KDEMHHEBAsI WITM YTOJIbHAS SBISETCS 00Jiee CIa0bIM AIEKTPOIUTOM?
OIIBIT 7. I'udponus3 coneii KpemMHueaoi Kucionvt
PEAKTHUBAI:
1. Cumukat HaTpus (p-p);
2. YHuBepcanbHbIM nHAUKATOp (Oy™mara).



OBOPYJ[OBAHUE:
1. TIpoOupku.

XOJ[ PABOTHI:
HcnbiTath yHUBEpCaTbHONW MHAMKATOPHON OyMaroi pacTBop cujinkaTta Hatpus. Hamucats
ypaBHEHHUE PEaKIIUU B MOJICKYIJISIPHOW M HOHHOU (hopMme.

3agaHus 1719 CaMOCTOSITeIbHON padoThI:
1. ConocraBbTe CXOAHBIE U OTJIIMUUTEIBHBIE YEPThI yriiepoaa U KpemHus. JlaiiTe XapakTepucTuky
npounoctu cBsizeit C-C, C-H, Si-H. Kakoro Buma XxumMudeckue CBSI3M XapakTEPHBI I yTiepoaa u
KpeMHus?
2. OxapakTepusyiTe KpaTKO XMMHUYECKHE CBOMCTBA I€épMaHHs, OJIOBAa, CBUHIIA M YKAXKUTE HUX
CXOJIHBIE Y OTJIUYMUTEIIbHBIC YEPTHI.
3. Onumure cBOMCTBA yrojabHON KUCIIOTHI U €€ CoJieil — KapOOHATOB.
4. Kakue KpeMHUEBbIE KUCIOTHI BAM U3BECTHBI?
5. Yto Takoe cunuuuabl? JlaliTe MX XapaKTepUCTUKY.

JlutepaTypa Uil NOATOTOBKHM K CEMUHAPY:

1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkomna, 1981, 2001,
2003.

2. babuu JI.B. u ap. [IpakTukym no Heopranndeckoit xumun. M., [IpocBemnienue.

2. TI'mmuka H.JI. O6mas xumus. JI., Xumus, 2000.

3. Koposun H.B. O6mias xumus. M., 2002.

4. Mertoandeckoe pyKOBOJCTBO K JJAOOPATOPHBIM paboTaM 10 HEOPTraHMYECKOMY CUHTE3Y/
HTI CIIA, naboparopus.

5. CemenoB A.C. Oxpana Tpyna u Texauka 6ezonacuoctu. M.: I[Ipocsemienue, 1976.

6. CnpaBounuk 1o xumuu. M.: I[Ipocsenienue, 1978.

Tema 17. l1lenodnbie METAILIBI

3adaHue: BHUMAaTEIBHO MPOYUTATH ONHKCAHKE Ja0OpaTOPHOI paboThI, OOpATHTh BHUMAHHE
Ha TPUTOTOBJICHHBIC PEAKTUBBI U OOOPYJOBaHWE, BBIOJHUTH IKCIEPUMEHT 1O TPEIIOKEHHON
METOJIMKE C COOJTIOJICHHEM TEXHUKU 0€30MaCHOCTHU U MPABUII PA0OTHI ¢ XUMUYECKUMU BEIIECTBAMH,
MPOU3BEICHHBIC HAOJIOJICHUS 3aHECTH B JIA0OPATOPHBIA IKYpHAJ, 3alOJHHUTH TaONUIBI, BCE
XMUMHAYECKHE PEaKIMK 3alucarh MPH TIOMOIIM ypaBHEHHUH, 00pabOTKY pe3yJIbTaTOB MPOHM3BECTH
CIEeIYIOIIMM 00pazoM: KO3(PPUITMSHTHI B YPaBHEHUSIX OKUCIUTEIFHO-BOCCTAHOBUTEIHHBIX PEaKIIUN
paccTaBuTh, BOCIOJIB30BABIIMCH METOJOM HOHHO-3JICKTPOHHOTO OanaHca, s OOMEHHBIX
MPOIECCOB 3aMHcaTh MOHHO-MOJICKYJISIPHBIE YPaBHEHHS, MO KaXKJIOMY OIIBITY CIEelaTh BBIBOI,
OTBETHUTh HA BOIIPOCHI JJIsi CAMOCTOSITEIILHON paOOTHI.

I EJIb: N3yunth HEKOTOPhIE BAyKHEHIIINE CBOMCTRA IIEIIOYHBIX METAIIIOB U KX COSTMHEHHUI

OIIBIT 1. B3aumooeiicmeue wie104HbIX MEMANN06 C 8000U
PEAKTHUBAI:

1. Jlutuii;

2. Kanwni;

3. Harpwuii;

4. ®enondraneu (p-p).
OBOPYV][OBAHHUE:

1. Yamxku dpappopossie (3 mrT.);

2. CKajpIenb;

3. ®uibTpoBasibHas Oymara.



XO/] PABOTHI:

(Pabomy nposooumu 3a cmexiom 6blmsdicHo20 wkagpa!)

B3sate Tpu papdopossie yaniku ¢ Bogoil. OTpesars 1Mo MaJleHbKOMY KYCOYKY JINTHUS, HATPUS
U Kanus W, oOCyImHMB UX (HIBTPOBAIBHOW Oymaroi, OpOCHTh KaKIblii B OTHEIBHYIO YaIIKy C
BOJIOH.

Habmionate 3a X0/I0M peakLuu 4epe3 CTEKIO BBITSHKHOro mkada. 3ammra HeoOXoauMa B
BUJY pa3OpbI3rUBaHUs pacTBOpPA, MPOUCXOASAIIEro B KOHIE peakunud. OTMETUTh, Kakod U3
MeTaJUIOB Haubosiee aKTUBHO B3auMoJeicTByeT ¢ Bojod. Kakoil ras Beinensercs? McmbiTath
WHIMKAaTOPOM IOJIy4eHHbIE pacTBOpHI; (henondranenn). Hanucars ypaBHeHUs peakiuil.

OIIBIT 2. B3aumooeiicmeue nepokcuoa HAampus c 60001
PEAKTHUBAI:

1. Ilepokcun Hatpus.
OFOPYJ[OBAHUE:

1. TIpoGupkm.

XON PAFOTHI:

B npobupky ¢ HEOONBIIMM KOJMYECTBOM BOJABI BHECTH HEMHOIO IMOPOIIKA MEPOKCHUIA
Hatpusi. Jloka3aTh OMBITHBIM MYTEM, KaKOM ra3 BBIIEISETCS B XOJ€ PEAKIMU M KAKOe BEIIECTBO
oOpasyercs B pacTBope. HamucaTth ypaBHEHHE peaKIlvu.

OIIBIT 3. I'udponus3 coneii wie104HbIX MEMATLI08
PEAKTHUBAI:

1. Hurpat xanus (TB.);

2. Cynbdun vatpus (TB.);

3. KapOonar kanug (TB.);

4. Xmnopun xamus (TB.).

ObOPYJ]IOBAHUE:
1. IIpobupku.

X0/ PAFOTHI:

B uyeTblpe mpoOUpPKH MOJOXKHUTH MOPO3Hb MO HECKOJIBbKY KPHUCTAJNIMKOB HUTpAaTa Kajwus,
cynpduaa HaTpus, XJopuaa Kamus, kapoonata kanus. [lpunuts mo 2-3 M JUCTUIUTMPOBAHHON
BOJIBI.

Kakue conu nomkHsl moaseprarbes ruaponusy? Jlokasars 3To onbITHBEIM myTéM. Hamucartsb
YpaBHEHHS PEaKIUi THAPOIN3a B MOJIEKYJISIPHON M HOHHOM (hopme.

OIIBIT 4. Okpawueanue naamenu coaAMU WEI0YHBIX MEMAN108
PEAKTHUBAI:

1. Consnas kucaota (p-p);

2. Xnopun kanus (p-p);

3. Xnopun Hatpus (p-p);

4. Xnopun nurtus (p-p).

OBOPY][OBAHHUE:
1. TIpoGupku;
2. CnupTtoBKa;
3. Crmukuy;

4. HuxpomoBas IIpOBOJIOKA.

XOH PABOTBI:



OunieHHY0 TyTEM MMPOMBIBAHUS B COJISTHOW KUCIIOTE M MTPOKAJIMBaHUA IUNIATHHOBYIO WJIH
HUXPOMOBYIO MTPOBOJIOKY BHECTH B PACTBOP, KaKOH JINOO CONM Kajus, a 3aTeM BHECTH B TIaMs
CIIUPTOBKH.

HabmoaTe okpammBaHue miaMeHH. 3anucarh IBeT IaMeHu. Toxe camoe mpojaenaTh ¢
COJISIMU JIUTHS U HATPHA.
1Iposonoxy nocie Kaxcoou coau npomvieams 6 CONAHOU KUCIOme U NPOKAIU8AMb 00 NOJHO20
UCUe3sHOBeHUsl OKpAUBAHUs naameHu!

3agaHus AJ19 caMOCTOSITeIbHOI padoThI:

1. Ucxons u3 mnonoxenuss Be u Mg B 3JlEKTPOXMMHUYECKOM psily HANpPsHKEHUM METasuioB,
OXapaKTepU3yHTe UX CHOCOOHOCTh K B3aUMOJECHCTBUIO C BOAOH.

2. O6ocHyiTe BO3MOKHOCTh MOJNYUYEHHUS IIEIOYHBIX METAIJIOB XMMHUYECKMM TyTeM. Hamummre
COOTBETCTBYIOIIINE YPABHEHUS PEAKIIHA.

3. PaccMoTpuTe XMMHYECKHE CBOWCTBA THAPHUIOB S-31€MEHTOB. KakoBbl 0COOEHHOCTH CTPOEHHUS
ruapuaa o6epwusa? Hanummre ypaBHeHus peakuuid B3aumoneinictsus LiH um BaH, ¢ Bogoit u
pa3basnennoit HCI.

4. Kakue mporiecchl MPOTEKalT MpH dJekTponmse paciiaBa NaCl; mpu snexTposmse pacTBopa
NaCl?

5. Kakue coemmHeHusi oOpa3yloTcsl MpH B3aUMOJICHCTBUU S- AJIEMEHTOB ¢ Kuciopogom? Kakwue
MOHBI HAaxOJsTCS B y3/ax Kpuctammudeckux pemerok LiO, NayO,, KO,, KOs, BaO, BaO,?
Onpenenure cTeneHb OKHUCIEHUS JJIEMEHTOB B O3TUX coeAuHeHusax. Oxapakrepusyire
OKHUCJIUTEIHHO-BOCCTAHOBUTENBHBIE CBOWCTBA COCTUHEHH S-3JIEMEHTOB C KUCIOPOIOM.

6. Kakue BeriecTBa nosy4aroTcsi B 0CaJKe P 100aBIEHUHU COJIbI K PACTBOPY, COAEPIKAILEMY COJIU:
XJIOpUJT MarHus, XJIOPU KalblUsi, HUTPAT Oapusi, XJIOPUA aMMOHUS?

7. Ckonbko moTpedyercs cMmemarh 1mo o0beMy 40 %-HOro pacTBOpa TMAPOKCHIA HATPHS M BOJBI
quist mpurotoBiienust 100 i 12 %-noro pactBopa NaOH?

8. Ilpu B3aumopeiictBuu 1 r amanprambl HaTpusi C BOAOW ObUT TMOJYYEH PACTBOP IIECIOYH, IJIA
HeWTpanu3aluu Kotoporo uspacxogoBainock 50 miu 0,1H. pactBopa HCI. Onpenenuts coaepxaHue
HaTpUs B aMajbraMe.

9. UeM OOBSICHUTD, YTO PACTBOPHI TUAPOKCUIOB HATPUS U KallUsl pa3belaloT CTEeKII0, 0OCOOEHHO MpHU
JUINTEIbHOM KunssueHun? HanucaTe ypaBHEHUs peakiuii, 00yClIOBIMBAIOIIMX Pa3beJaHUE CTEKIIA.
10. Kako#i oobem (mpm H.y.) okcuma yriepoaa (IV) teopeTtudyeckn HEOOXOIUM ISl TTOTYYSHUS
ruapokapOanaTa Hatpus u3 10 i1 2H. pactBopa NaOH?

JlutepaTtypa 11 IOATOTOBKM K JIadopaTopHOii padoTe:

AxmeroB H.C. OGmias u Heopranuveckas xumus. M., Beiciras mikona, 1981, 2001,
2003.

2. babwu JI.B. u ap. [Ipaktukym mo Heopranndeckoi xumuu. M., [Ipocsenienue.

2. TI'mmuka H.JI. O6masa xumus. J1., Xumusa, 2000.
3
4

—

Koposun H.B. O6mas xumus. M., 2002.
MeTtoanyeckoe pyKOBOJICTBO K Ja00OpaTOpPHBIM paboTaM MO HEOPraHUYECKOMY CHHTE3Y/
HTT'CITA, nabopartopwus.

5. CemenoB A.C. Oxpana Tpyna u TexHuka 6ezonacHoctu. M.: I[Ipocsemienue, 1976.

6. CnpaBounuk 1o xumuu. M.: I[Ipocsemienue, 1978.

Tema 18. lllenouno3eMenbHBIC METAILIEBI
3adaHue: BHUMaTenpsHO IPOYUTATH OMHUCAHUE JabopaTOpHOM PabOThI, OOPATUTh BHUMAHHE
Ha TIPUTOTOBJICHHBIE PEAKTUBHI M OOOPYIOBAHHE, BBIMOTHHUTH JKCIEPUMEHT MO MPEAT0KESHHOM



METOJIMKE C COOIOJICHHEM TeXHUKH O€30MacCHOCTH U MPaBWII pabOThl ¢ XMMUUYECKUMU BEIIECTBAMH,
MPOM3BE/ICHHBIC HAONIOJCHHUS 3aHECTH B J1a0OPATOPHBIN JKypHAJ, 3alojHUTH TaOJHIBI, BCE
XUMHYECKHE pPeaKIMH 3alucaTh MPH MOMOIIM ypaBHEHUH, 00pabOTKy pe3yNbTaTOB MPOU3BECTH
ceayomuM 00pa3om: K03 OUIIMEHTHI B YPABHEHUAX OKHUCIUTEIIBHO-BOCCTAHOBUTEIBHBIX PEAKIIUMA
paccTaBUTh, BOCIOJIB30BABIINCH METOIOM HOHHO-IJIEKTPOHHOTO OanaHca, A OOMEHHBIX
MPOIIECCOB 3alKcaTh HOHHO-MOJICKYJIIPHBIC YpaBHEHUS, IO KaKIOMY OIBITY CHAeNaTh BBIBOJ,
OTBETUTH HA BOMPOCHI ISl CAMOCTOSTENIbHOM paOOTHI.

IEJIb: M3y4nTs HEKOTOPBIE BAXKHEHUIIIE CBOMCTBA LIEIIOYHO3EMEIIBHBIX METAILIOB U UX COCMHEHUI

OIIBIT 1. B3aumooeiicmeue Kaabuus ¢ 6000Ii
PEAKTHBAI:

1. Kanpuwuii;

2. ®enondraneud (p-p).

OBOPY][OBAHHUE:
1. TIpoOupxwu.

XO[] PABOTBI:

B npoOupky Ha 1/3 oObemMa HalIWTh NUCTHUIMPOBAHHYIO BOJY W ONMYCTHUTh MaJICHbKUH
KyCOYEK KaJIbITHS.

Kakoii ra3 Beigensercs? [Touemy nporcxoauT MOMyTHEHUE pacTBopa’?

Buectu B pactBop 1-2 kamm ¢eHondranenna. Uro nabmomaercs? Hamucats ypaBHEHHE
peaknuu. Byner jau aHaoruvHas peakius MpoTeKaTh CO CTPOHIIUEM U OapreM?
OIIBIT 2. Oxpawiusanue niamenu COnAMU KAabUUA, CMPOHUUA U Oapus)
PEAKTHUBAI:

1. Consinas kucnora (p-p);

2. Xnopun kanwius (p-p);

3. Xnopun ctpoHuus (p-p);

4. Xnopun 6apus (p-p).

OBOPY]JI[OBAHHUE:
1. TIpoGupku;
2. HuxpomoBas mpoBoJIOKa;
3. ChouproBka;
4. Cpounuku.

XO/N PABOTBI:

OuHIIEeHHYIO MTyTEM MPOMBIBAHHUS B COJSHOM KHCIIOTE W MPOKAJIMBAHHUS B IUIAMEHU T'a30BOM
I‘OpeJIKI/I HHaTI/IHOBYIO NIJIIN HI/IXpOMOByIO HpOBOJIOKy OHYCTI/ITL B paCTBOp COJIM KaJIbIIUA U BBECCTHU B
OecrBeTHOE TUTaMs Topesiku. HabmonaTtk okpanmBanue miIaMeHH.

[Ipoxenatb aHAIOTUYHBIN OTIBIT C COJISIMUA CTPOHLIUS U Oapusi. 3anmucaTh LBET, B KOTOPBIHA
OKpAIIIMBAIOT TUIAMSI COJTH IIET0YHO3EMETBHBIX METAIIJIOB.
OIIBIT 3. BoccmanosumeinvHble CB0UICIMEA MEMATIIUUECKO20 MAZHUA
PEAKTHBAI:
1. Marnutii (Jienrta);
2. YuuBepcaiabHBIM HHAUKATOp (OyMmara).

OFOPYJ]OBAHUE:
1. TIpoGupku;



2. CnuMpToBKa;
3. Counukw.

XO/] PABOTHI:

Kycodek neHThI MarHus OIMyCTHTh B IPOOUPKY C AUCTHIUTUPOBAHHON BOJIOM.

MosxHO M1 OOHApY>XUTh BHEIIHWE MPHU3HAKU MPOTEKAHHE XUMHUYECKOW peakluu Ha xomoje?
3akpenuTh NpoOUpPKYy B LITATUBE M HArpeTh HEOOJIBIIMM IIaMeHeM ropenku. Uto nabmronaercs?
[Tocne ocThIBaHUS TPOOUPKU UCTIBITATH TIOMYYEHHBINH PACTBOP HHIUKATOPOM.

Hammcars ypaBHEHHE peakii U OTMETUTD, TPH KAKUX YCJIOBHUIX OHA MPOTEKAET.

OIIBIT 4. Ilonyuenue zuopoxcuoa mazHus
PEAKTUBAKI:

1. Xmopun maruus (p-p);

2. T'mapoxcun Hatpus (p-p);

3. Ammuak (p-p).

ObOPY]/I[OBAHHE:
1. Ilpobupku.

X0/ PAFOTBHI:

Hamuth B 1Be MpoOMpPKH MOHEMHOTY pacTBOpa KaKOW-HHOY/b CONM MarHus. 3aTeM B OIHY
npoOHpKy J00aBUTH PACTBOP TUAPOKCHIA HATPUS, B APYTYIO - pacTBOp amMmuaka. OTMETUTH LBET U
XapakTep o0pasyrommxcs ocagkoB. OOpaTUTh BHUMaHHE Ha 00BEM OCaJIKOB.

Hamucath ypaBHeHHs peakuuid B MOJICKYJISIpHON W HOHHOU Qopmax. [[aTh 00bscHeHus,
noyeMy o0beM OCaJKOB HEOJUHAKOB B 00eux mpodupkax. OTMETUTb, KOHLIEHTpAaLUsl KaKoro HOHa
yBeJIMYMBAeTCs B pacTBope. Kak HakoIuieHHe 5TOro MOHa BIMSET HA KOHIeHTparmio nona OH B
pactBope ammuaka? [IpoOupKy ¢ 0caKoM COXPaHUTH VIS CICAYIOMIETO OIbITA.

OIIBIT 5. Ceoiicmea 2udpokcuoa mazHus
PEAKTUBAI:

1. T'mapoxcuma maraus (p-p);

2. Ammmax (p-p);

3. Consnas kuciorta (p-p);

4. T'mopoxcun Hatpus (p-p).

OFOPY]][OBAHUE:
1. TIpoGupku;
2. Anmnapar Kurna.

X0 PAFOTHI:

B npoOupky ¢ ocaakoM THAPOKCHIA MarHus IOJYYEHHOTO B OMBITE€ 2, MPHIUTH PAcTBOP
aMMHaKa.

Uro nabmronaercs? Hamucarh ypaBHEHUs peakluii B MOJICKYJISIPHOH M MOHHOW (opmax u
OOBSICHUTh NPUYMHY PACTBOPEHHUs Ocajgka. MOXKHO JIM PACTBOPUTH OCAJ0K I'MIPOKCHAA MarHus
no0aBlIeHUEM pacTBOpa XJIOpUIa HATpUs?

[Tomyunts ocagok ruapokcuaa MarHus. Pasgenuts ero Ha 1Be mnpoOupku. Mcmbitath
OTHOIIIEHHE 0CAJIKa K PaCTBOPY COJISHOM KMCIIOTBI U K M30BITKY pacTBOpa r’MAPOKCUAA HATPHSL.

Crenars BBIBOX O XMMHMUYECKOM XapakTepe I'MIpoKcuaa marHusa. Hammcars ypaBHeHUs
peaxkuuu.

3aganus 1J19 CAaMOCTOSITEILHOI padoThI:



1. TTouemy dYeThIpe S-IIE€MEHTABTOPON TPYMIBI MEPUOAUYECKON CHCTEMBI (KaJIbLUN, CTPOHIIHM,
Oapwii, paauii) UMEIOT O0IIee HA3BaHUE IIEIIOYHO3EMETBHBIC JIEMEHTHI», a OCpUIUIHIA 1 MarHUH K
HUM HE OTHOCSTCA?
2. OOBsICcHUTE, KaK U3MEHSIOTCS XUMHUECKHE CBOWCTBAa OKCUIOB B psixy BeO — MgO — CaO — SrO
— BaO. HanumuTe ypaBHEHHS] COOTBETCTBYIOIIUX PEAKITUH.
3. O0bsicHUTE, KaK U3MEHSIIOTCSI XUMUYECKHE CBOWCTBA OCHOBAHUH B Py
Be(OH), — Mg(OH), — Ca(OH), — Sr(OH), — Ba(OH),. Hanumure ypaBHEHHS COOTBETCTBYIOIINX
pEeaKuuid.
4. Ecnu depe3 MyTHYIO B3BeCh KapOOHATa KallblMs WM MarHus MPOIMYCKaTh YIIEKUCIBINA ra3, TO
B3BECH IIOCTENIEHHO MCYE3a€T U PAaCTBOP CTAHOBUTCS MPOo3payHbIM. OOBACHUTE.
5. Kakas comp — Be(NO3), wnmu Mg(NO3), — npu OAMHAKOBBIX YCIOBUSAX B OOJBIICH CTENEHU
nojasepraerca ruaponnsy? HamucaTh MOHHBIE ypaBHEHMs peakUuil ruaposinsa 3Tux cojeil. Kak
CMECTHUTCS PaBHOBECHE TMAPOIIN3a MPH J00ABIECHUH KUCIOTHI U MPU JOOABICHUU COBI?
6. Kak oTiMunTh M3BECTKOBYIO BOJIy OT OapUTOBOM?
7. OCylecTBUTD CIEAYIOINE XUMUYECKUE TIPEBPAILICHHUS:

CaCO3; — CaO — Ca(OH), — CaCl, — Ca

BaSO4 — BaS — BaCO; — BaCl,
8. 3aKOHUYUTH YpaBHEHMSI peaKLIU:

Ba(OH), + H,O, —

BaOz + HZSO4 —

BaO; + Cry(SO4); + KOH —

BaOz + HgC12 —

JlutepaTypa Uil IOATOTOBKHM K CEMUHAPY:

1. AxmeroB H.C. O6mas u Heopranuueckas xumus. M., Beicmas mkona, 1981, 2001,
2003.

2. babwuu JI.B. u ap. IIpaktukym o Heopranndeckoi xumuu. M., [IpocsenicHue.

2. I'mmuka H.JI. O6masa xumus. JI., Xumusa, 2000.

3. Koposun H.B. O6mas xumus. M., 2002.

4. Mertoandeckoe pyKOBOJICTBO K JIAOOPAaTOPHBIM paboTaM 10 HEOPTraHMYECKOMY CHUHTE3Y/
HTT'CITA, nabopartopus.

5. CemenoB A.C. OxpaHa Tpyaa u TexHuka 6ezonacaoctu. M.: Ilpocsemenne, 1976.

6. CnpaBounuk 1o xumuu. M.: [Ipocsemienue, 1978.

Tema 19. Amomunnii, cCOeTMHESHUS, CBOIICTBA

3adaHue: BHUMATEIIEHO MPOYHMTATh OMKMCAHKUE Ja00PATOPHOM pabOThI, OOPATUThH BHUMAHHUE
Ha MPUTOTOBJICHHBIC PEAKTUBHI U OOOpPYJOBAaHWE, BBIMNOJHUTH IKCIEPUMEHT 1O TPEIIOKCHHON
METOJIUKE C COOTIOCHHEM TEXHUKH 0€30MaCHOCTH U TPaBHJI PA0OTHI ¢ XUMUYCCKUMH BEIICCTBAMH,
MIPOU3BE/ICHHBIC HAONIOACHUS 3aHECTH B J1aOOPATOPHBIN JKypHaj, 3alOojJHUTHh TaOJHIBI, BCE
XUMHYECKHE pPEaKIMH 3alucaTh MPH MOMOIIM ypaBHEHUH, 00pabOTKy pe3yJIbTaTOB IMPOU3BECTH
CIEeIYIOIHMM 00pazoM: KO3(PPUIIMCHTHI B YPaBHEHUSIX OKUCIUTEIFHO-BOCCTAHOBUTEIHHBIX PEAKIIUN
paccTaBuTh, BOCIOJIB30BABIIMNCH METOJOM HOHHO-3JICKTPOHHOTO OanaHca, JjIsi OOMEHHBIX
MPOLIECCOB 3amlKcaTh HMOHHO-MOJEKYJISIPHBbIC YpPaBHEHUS, MO KaXKIOMY OIBITY CAENaTh BBIBOJ,
OTBETHTbH Ha BOMPOCHI JIJII CAMOCTOSTEIIEHOM paOOTHI.

HEJb: V3yunTh nogy4eHUus U CBONCTBA HEKOTOPHIX BAXKHEUIIINX COCTUHECHUN AITFOMUHUSI.
OIIBIT 1. B3zauMopaeiicTBHE aTIOMHHHA CO IIeJI0YaAMHU
PEAKTHUBBI:

1. AmoMuHHH (CTPYKKA);



2. T'mppoxcun Hatpus (30%-HbIi p-p);
3. Cepnas kucjaoTa (KOHII).

OFOPY][OBAHMUE:
1. TIpobupxwu.

XO[ PABOTHI:

B npoOupky HacklmaTh HEMHOTO CTPYKEK aTFOMUHUS U IPUIUTH 30%-HbIH pacTBOp
THIPOKCHIa HAaTpus. Jl0Ka3aTh OMBITHBIM ITyTEM, YTO BBLICIISIONIUICS a3 - Bojopo. (Ilepeo
noodcucanuem 2aza nposecmiu NPOBepPKy 6000POOd HA YUCMOMY).

HamucaTs ypaBHEHHE peaklli, YIUTHIBAs, YTO B PEAKIIMH MPUHUMACT yIaCcTUE BOJIA.
KakoB MexaHu3M pacTBOpeHHs aniOMHUHHS B mienodax? [laTe HasBaHue oOpasyroiiemycs
THIPOKCOKOMITIICKCY.
OIIBIT 2. B3aumooeiicmeue antoMunus ¢ 6000
PEAKTUBAI:

1. AmtoMuHu# (CTpyKKa);

2. T'mapoxcun Hatpus (p-p).

OBFOPY][OBAHUE:
1. IIpoGupkm.

X0 PABOTBI:

[Tonoxuth B MpOOUPKY HEMHOTO OMUJIOK ATFOMUHUS U B300OATATh € 3-5 MII BOJBIL.
[Mpoucxomut mu peakuwsi? [lath 00bsicHeHHS. [IpOKHITSITUTE OMIIIKH, JOOABUB B IPOOUPKY 2-
3 M1 pa30aBIEHHOTO PACTBOPA IMIEIOYH. 3aTeM CIUTh KHUIKOCTh, HECKOJIBKO pa3 MPOMBITh
OITMJIKH BOJIOH JIJISl yTAJICHHS IISJIOYH U OCTABHUTh UX MOCTOSATH C BOJIOW. Uepe3 HeKoTopoe
BpeMsl HaOJII01aTh BBIJIENIEHUE My3bIPHKOB Ta3a.

JlokazaTh OIBITHBIM ITyTEM KaKO# ra3 Beiiessiercs. Hanrcars ypaBHEHHE PeaKIim
ATFOMUHUSA ¢ BOIoH. [Ipn kKakoM yCI0BHHM BO3MOYKHA 3Ta PEaKIIHS.

OIIBIT 3. B3aumooeiicmeue anomMunus ¢ KUCJ10mamu
PEAKTHUBAI:

1. AmromuHui (CTpy’XKa, TPaHyJIbl);

2. ConsHas kucioTa (KOHIIL.);

3. AB3otHasg xkucnoTa (KOHIL.);

4. CepHas kucaoTa (KOHII).

OBOPYV][OBAHHUE:
1. TIpoGupku;
2. CouproBKa;
3. Crouukw.

X0 PAFOTHI:
(onvimul (0) u (8) NPOBOOUMb 8 BLIMANCHOM WKAPDY)

a) O3HaKOMHUTHCS C TIOJIOKEHUEM ATFOMHUHUS B AIICKTPOXUMUYECKOM PsITy HAMPSKSHUN
METaJUIOB ¥ C BEJIMYMHOM CTAaHIAPTHOTO AJIEKTPOIHOTO MOTeHIIMAIa amtoMUHUS. ClienaTh BBIBOJI O
BO3MOXKHOCTH B3aUMOJICHCTBUS AFOMHUHHSI ¢ Pa30aBICHHBIME PACTBOPAMU COJISTHOW U CEPHBIX
KHCJIOT.

Kakue npomyKThl TOJDKHBI TOTYYUTHCS B PE3YJIbTATe PEaKIii? [TpoBepuTh MPaBUILHOCTH
C/ICJIAaHHOTO BBIBOJIA Ha OTBITaX, JIJIst 4ero B 1Be MPOOMPKH MOJOKHUTH HEMHOTO CTPYKEK
QTIOMUHHYS ¥ TIPWINTH B OJTHY MMPOOUPKY PACTBOP COJITHOM KHCJIOTHI, B IPYTYIO — PACTBOP CEPHOU



KUCHO0ThL. CpaBHUTH AKTUBHOCTH B3aMMO/ICUCTBUS aJTFOMUHMSI C COJISTHOM M CEpHOM KHCIIOTaMU Ha
xonoge. [Iporpers mpoOupku ¢ pa30aBICHHBIMI KUCIOTAMHU.

UYro nabmonaetcs? Kakoii ra3 BeiaenseTcst B 000X clydasix Ha XOJO€ U MPU HarpeBaHUH?
Hammcars ypaBHEeHHE peakiyii B MOJISKYJISIPHOW ¥ HOHHOM opme. YKa3zaTh OKUCIUTETh U
BOCCTAHOBUTENb B ATUX PEAKIIMSIX.

0) B mpoOupKy OImycTUTh HEMHOTO CTPY’KEK ATFOMUHUS Y IPWINTHh KOHIICHTPUPOBAHHOMN
cepHO KUCIOTHI. OCTOPOKHO HArpeTh MPOOUPKY.

Habmronate noMmyTHEHHE pacTBopa U 00bsiCHUCH ero. Hanucats ypaBHEHHE peakiyu.

B) Kycouek antomunus (IpeIBapuUTEIbHO OYUIIIEHHBIN HaXX1a4HOM OyMaroii) OmycCTHUThH B
poOupky. IIpuiuTh HEMHOTO KOHIEHTPUPOBAHHOM a30THOM KUCIOTHL. [Iponcxonut inu pacTBopeHue
QJIFOMUHMS B KOHLIEHTPUPOBAaHHOW a30THOM KHUCJIOTE Ha X0JI0/ie. Yepe3 HECKOJIBKO MUHYT KUCIIOTY
BBUIUTH M3 TPOOUPKU OCTOPOKHO, HE BCTPSAXUBASA MeTallIa (moyemy?), IpOMBITh €ro 2-3 pasa
BOJOW. 3aT€M NPWINTh KOHLIEHTPUPOBAHHOM COJISTHOM KUCIIOTBHI.

CpaBHHTH ¢ omnibITOM (a). J[aTh 0OBsICHEHUE, YTO TPOUCXOIUT C TIOBEPXHOCTHIO ATFOMUHUS
IpH IUCTBUU HA HEE KOHIIEHTPUPOBAHHON a30THOM KUCIOTHI. 3aTE€M CIIUTh COJISIHYIO KUCTIOTY
MIPOMBITH METAJUI BOAON U MPUJINTHh CHOBA KOHIIEHTPUPOBAHHYIO a30THYIO KUCIOTY. OCTOPOKHO
HarpeTh MPoOUPKY.

Kaxoii ra3 Beinensiercs? HanucaTe ypaBHEHUE peakliuy aTIOMUHUS C KOHLEHTPUPOBAHHOM

A30THOM KUCJIOTOW MPU HArPEBAHUH.
OIIBIT 4. Ilonyuenue 2udpokcuoa anOMuHUA U UCC1E006AHUE €20 C6OIICIME
PEAKTHUBAI:

1. Xnopun anromunus (p-p);

2. T'mapoxcun Hatpus (p-p);

3. Consnas xuciota (p-p).
ObOPY/][OBAHHE:

1. TIpoGupkm.

XO/H PAFOTHI:

a) K pactBopy conu amomMuHus B TpOOUpPKE MPHIIMBATH IO KAIUISIM PacTBOP THAPOKCHIA
HaTpus 10 oOpazoBaHMs ocajka. KakoB 1iBet u xapaxrep ocajaka?

UYro oH coboii npencrasisier? Hamucars ypaBHeHHS peakuii B MOJIEKYJIIPHON ¥ HOHHOM
dhopwme.

0) Pa3nenuts ocaok Ha 1Be IPOOHPKH M KCCIIEZIOBATh; €r0 OTHOIICHHE K PACTBOPY COJISTHOM
KHCIIOTBI M K pacTBOPY TMAPOKCHA HATPUSI.

Cnenatp BBIBOJ O XMMHYECKOM XapakTepe TI'MApoKcuaa antoMuHus. Hamucars ypaBHeHus
peakiuu B MOJIGKYJApHOM W HOHHOM  ¢opme. M300pa3uth cxemMy paBHOBECHS,
YCTAaHABIMBAIOLIErOCS B  HACHIIIEHHOM  PAacTBOpPE  TUAPOKCHIA  QJIOMHMHMS,  COIJIACHO
OpOTONUTHYECKOM Teopun. Kak cmemaercst 3To paBHOBeCHE  IPU 100aBIEHUN U30BITKA ILEI0YH,
U30BITKA KUCIIOTHI?

3agaHus 17151 CaMOCTOSITeIbHON padoThI:

1. YeM MOKHO OOBSICHUTD, YTO AIFOMUHUI B OOBIYHBIX YCIIOBUSAX COBEPILIEHHO HE
B3aMMOJIEMCTBYET C YUUCTON BOAOM, XOTSI €r0 AMEKTPOAHBIN MOTEHIMANl 3HaYUTENbHO MeHble 0, HO
OypHO BBITECHSIET BOAOPO/ U3 BOJIHBIX PACTBOPOB LIesIoueii?

2. Kak u moyemy U3MEHSIOTCS BOCCTAaHOBUTEIbHBIC CBOMCTBA MeTaToB B psany Al — T1? CpaBHute
XapakTep X B3aUMOJICHCTBHS C BOJOM, paCTBOpaMH KUCIIOT, IIET04Yeil U cosieil. YeM MOKHO
OOBSICHUTB CTIIOCOOHOCTD TAJIJIHSI pearupoBaTh ¢ BOJOW MpU KOMHATHON TeMIieparype?

3. Kak MOXHO OOBSICHUTH, YTO TIPH KOMHATHOW TeMIepaType alFOMUHUN TTPAKTUIECKU HE
pearupyert B pactBope ¢ CuSOj4, HO OypHO B3aumoaeiictByeT ¢ CuCl,?



4. OxapakTepu3yiTe KUCIOTHO-OCHOBHBIE CBOMCTBA OKCHIOB M ruApokcuaoB Al, Ga, Inu T1.
CpaBHUTE HX OTHOILIEHHE K pacTBOpaM KHUCJIOT U ienouei. [lpucyma nu amdorepHocTsh
COEIMHEHUSIM Tajus?

5. Kakue nporiecchl MpOTEKAIOT MPU MOCTENEHHOM A00aBlIeHUH N30bITKa pacTBOpPA €IKOT0 HaTpa K
pacTBOpy HUTpaTa anoMuHuA? Hanuiure ypaBHEHUsI COOTBETCTBYIOUIUX PEAKIIHMI, HA30BUTE
MPOAYKTHI. B BHIe KaKWX YaCTHIl ATFOMUHHUI COJIEPKUTCS B MICIIOYHBIX, HEHTPATBHBIX U KUCIIBIX
pactBopax?

6. Kak u mouemy u3mensiercs crenenp ruapoinusa coieit B paay A1(NOs); —Ga(NOs); —In(NOs);
—T1(NOs)3 B pacTBOpax ¢ ux oauHakoBoi koHueHTpauuen? Kakas uz coneit TINOs wnu T1(NO3)3
ruaponusyercs cunbHee? [louemy?

7. Kakue mpoiiecchl MpOTEKAIOT MPHU OMMYCKaHUU aIFOMHUHHSI, B3SITOTO B U30BITKE, B BOJHBINA PacTBOP
xjopuaa amomuHusa? Harmumumre ypaBHEHUS! peakiiiid, HA30BUTE MPOTYKTHI.

8. MOHO 71 MOTYYHUTh CyJIb(HI ATFIOMUHIS CMEIINBAHUEM BOJIHBIX PACTBOPOB Cylb(dara
amroMunus 1 cyibhuaa kanusa? [louemy? Kakue comm aroMuHus MPUHIIMIIAATEHO HEBO3MOXKHO
CHUHTE3MPOBATh B BOJIHBIX pacTBopax? Hanumunre ypaBHEHUSI COOTBETCTBYIOLIUX PEAKIIUI.

9. HanucaTh ypaBHEHMsI peaklui, C TOMOIIBI0 KOTOPBIX MOYKHO OCYIIIECTBUTH CIEAYIOLINE
NpEeBpAILCHHUS:

a) Al — AICI3 —>AI(NO3)3 —>AI(OH)3—>A1203—>N3AIOQ,

6) Al— A1203—>K[AI(OH)4]—> AI(OH)3—>A12(SO4)3;

B) AI—>AI4C3—> AICI3—> AIz(SO4)3—> AI(NO3)3

10. HexoTopyto Maccy aTrOMUHUS IOMECTHIIM B KOHIIEHTPUPOBAHHYIO a30THYIO KUCIIOTY U Harpemnu
no kunenus. [Ipu aTom 6110 coOpano 8,96 1 raza ¢ pe3kuM 3anaxom. Kakast Mmacca aTroMUHMS
BcTynuia B peakuuio? Kakoit 06bem 80 %-Horo pacTBopa a30THOM KUCIOTHI (p = 1,46 /M) mipu
3TOM U3PacXo0BajCs?

11. CMmech ONMIIOK ATIOMHUHHS ¢ MarHueM 00paboTany pacTBOPOM IIEN0UH U onyuniu 1,12 1 raza
(n.y.). IIpu 06paboTKe TaKOro K€ KOJIUYECTBA UCXOTHON CMECH OMUIIOK COJITHOU KHCJIOTOM ObLIO
coOpano 5,6 1 raza (H.y.). KakoBa MmaccoBas 107151 Maruusi B cMecu?

Jlutepatypa 1Jisl HIOATOTOBKU K CEMUHAPY:

1. AxmeroB H.C. O6mias u Heopranwueckas xumus. M., Beicmas mkomna, 1981, 2001,
2003.

2. babuu JI.B. u ap. [IpakTukym no Heopranndeckoit xumun. M., [Ipocsemienue.

Koposun H.B. O6mas xumus. M., 2002.

Metoanyeckoe pyKOBOACTBO K JaOOpaTOpHBIM paboTaM IO HEOPraHWYECKOMY CHHTE3Y/
HTT'CITA, naGopartopwus.

CemenoB A.C. Oxpana Tpyaa u Texauka 6e3onacHoct. M.: [Ipocemenue, 1976.

CnpaBounuk no xumuu. M.: [Ipocsemenue, 1978.

Tema 20. On0B0O, CBUHEL, COEAUHEHHS, CBOMCTBA

3adaHue: BHUMATEIIEHO MPOYHMTATh ONMKMCAHKE Ja00PAaTOPHON pabOThI, OOPATUThH BHUMAHHUE
Ha HpI/II‘OTOBJ'IeHHBIC peaKTI/IBBI nu 060pyIIOBaHI/Ie, BBIIIOJIHUTH 3KCHepI/IMCHT 110 HpeIIHO)I(eHHOfI
METOJIUKE C COOTIOCHHEM TEXHHKH 0€301IaCHOCTH W IPaBHJI PA0OTHI ¢ XUMUYECKUMH BEIIECTBAMH,
MIPOU3BEJCHHBIC HAOJIONCHUS 3aHECTH B JIAOOPATOPHBIN JKypHall, 3aloJIHUTh TaONUIBI, BCe
XUMHYECKHE pPEaKIMH 3alucaTh MPH MOMOIIM ypaBHEHUH, 00pabOTKy pe3yJIbTaTOB IMPOU3BECTH
CIEeIYIOIHMM 00pazoM: KO3 PUIIMESHTH B YPaBHEHUSIX OKUCIUTEIFHO-BOCCTAHOBUTEIHHBIX PEAKIIUN
paccTaBUTh, BOCIOJB30BABIIMNCH METOJIOM HOHHO-3JICKTPOHHOTO OanaHca, JjIsi OOMEHHBIX
HpOHeCCOB 3armcaThb I/IOHHO-MOHGKYHHPHBIC ypaBHeHI/I}I, 10 Ka)KILOMy OHBITy caciaaThb BBIBO/,
OTBETHTbH Ha BOMPOCHI JIJII CAMOCTOSTEIIEHOM paOOTHI.

I EJIb: M3yunTts HEKOTOpPhIC BayKHEHITIFIE CBOMCTRA OJIOBA , CBUHITA M MX COCIMHEHHIA
OIIBIT 1. Ilonyuenue onosa



PEAKTHUBAI:
1. Xnopwun onosa (p-p);

2. luHK (TpaHybl);
3. AmoMmuHui (TpaHyJbl).

OBOPY][OBAHHUE:
1. TIpobupku;
2. CnupToBKa;
3. Cnouuku.

XO[ PABOTBI:

[Tonp3ysch AaHHBIMU TaOJNUIBl CTAHAAPTHBIX HICKTPOJIHBIX IOTEHIMAJIOB, MOA00PaTh
METaILT CIOCOOHBIM BOCCTAHOBUTH MOHBI Sn’" U3 pactBopa ero coiu. [Ipojenars cOOTBETCTBYONIHIA
OIIBIT, WCIIOJIB3YySl OJMH M3 HMEIOIIMXCS METAUIOB V PacTBOPUMYIO cojib osioBa. Hammcats

YPaBHEHUE PEAKITUH.
OIIBIT 9. B3aumooeiicmeue o1106a co wieiouamu

PEAKTUBAI:
1. Onogo (rpaHynbl);
2. TI'mapoxcun Hapus (KOHIL.).

ObOPY]JI[OBAHUE:
1. TIpoGupkwu;
2. CnupToBKa;
3. Jlyuunka

X0/ PAFOTHI:
[lomectuth B mpoOupKy 2-3 Kycodyka OJI0Ba M INPWIUTh KOHLUEHTPHUPOBAHHBIE PACTBOP
menoun. HaGmogate mnpoucxozsume u3MmeHeHus. Kak 1oka3are, 4TO BBLACIAIOUIMHCS Ta3 -

BOIOpOA?
Hammucats ypaBHEHUE peakiuu, UMes B BUAY, 4To oOpasyercs ruapokcoctanar (11).

OIIBIT 10. ITonyuenue u ceoiicmea 2udpoKkcuoa 0,106a
PEAKTHUBAI:

1. Xnopun omnosa (p-p);

2. T'mppoxcun HaTpus (p-p).
OBOPY][OBAHHUE:

1. TIpoGupku;

2. CnupToBKa;

3. Cnouuku.

XO[ PABOTBI:

W3 umeromuxcs B 1abopaTopuM PEakTHBOB MONy4uTh Tuapokcupa onoBa (II) MzGerats
n30bITKa 1enoun. [louemy? OtTmeTuTh 1HBET W XapakTep ocaika. lMcoeitate aeiicTBue Ha

ruapokcu osioBa (II) kucinoTe u meénoun.
Hamnmcarh ypaBHEHHE peakIMK B MOJICKYJISIPHOM U HOHHOM (opMme. /laTh 00BsICHEHHE.

OIIBIT 11. I'uopoau3z xnopuoa onoea (11)

PEAKTUBAI:
1. Xnopun onosa (TB);
2. VHuBepcalbHBIN HHIUKATOP (OyMmara).



OBOPYJ[OBAHUE:
1. TIpoOupkmu;

XO/[ PABOTHI:

Heckonbko KpUCTaIOB XJIOPH/IA 0JIOBA B BO3MOXKHO MaJIoM 00BEM BOJBI, IPUOABIISS €ro
o KarisaM. OTNpeienuTh ¢ TOMOIIBI0 YHUBEPCATHLHO WHIMKATOPHOW OyMaru, mojBepraeTcs JIu
conb Tuaponn3y? [omydeHHbII KOHIIEHTPUPOBAHHBIM PACTBOP Pa30aBUTh BOMOM.

Uto mpoucxomuts? Kak Biausier pazbaBiieHHe Ha CTeneHb Tuiapoimsa conu? Hammcath
ypaBHEHHE peakluu rufponusa. J[oka3arh ONMBITHBIM IMYyTEM, YTO PEAKIUS TUAPOJIU3A SBISETCS
oOpatumMoil. OOBACHUTH MEXAHU3M MPOUCXOALINX TPOIIECCOB.

OIIBIT 12. OKucnenue c6uHUa KUC10POOOM 6030yXd
PEAKTHUBAKI:
1. Csunen (rpaHybl).

OBOPY]J[OBAHHUE:
1. Jlokka st COKATaHWSI BEIIECTB;
2. CnouproBka;
3. Cnouuku.

X0/ PAFOTBHI:

a) KyCOUeK CBHHIIA pa3pe3aTh HOKOM. UTO MPOUCXOIUT Ha MECTE pa3pe3a MOBEPXHOCTHIO
metanna? HamucaTe ypaBHEHUE peaKIIUu.

0) PacriaBuTh Kycouek CBUHIA B XKEJIE3HOM JIOKKE Ha IUIaMeHU cnupToBku. Habmonath
3a U3MEHEHHEM IIBeTa TMOBEPXHOCTH CBHHIA. HamucaTh ypaBHEHHME peakIMM, YYUTHIBas, UTO
obpaszyercs okcuy ceunia (I1).

OIIBIT 13. Ilonyuenue u ceoiicmea cuopokcuoa ceunua (11)
PEAKTUBAI:

1. Hutpat cBunna (p-p);

2. A3sotHas kucnota (p-p);

3. T'mappoxcun Hatpus (p-p).

OFOPYJ]OBAHUE:
1. Ilpobupku;

X0/ PAFOTHI:

N3 pactBopumoil conmu cBuHua (II) momyuuts ero rugpokcun. Hammcats ypaBHEHue
peakuuu. Pa3znenuts ocamok Ha aBe mpoOupku. B oaHy u3 HUX mpuOaBUTH PAcTBOP a30THOM
KHCJIOTHI, @ B APYTYIO — U30BITOK IIENOYH.

Hammcarp ypaBHEHHWE peakilid B HWOHHOW M MOJEKyJsipHOW ¢opmax. Kakumm
cBoiicTBaMH oOjanaet ruapokcu ceunna (I1I)?

OIIBIT 14. O6napyscenue uonoe Pb>* ¢ pacmeope
PEAKTUBAKI:

1. Hwutpat cBunna (p-p);

2. Xmopun HaTpus (p-p);

3. Cynbdar Hatpus (p-p);

4. Wonun xamus (p-p);

5. Xpomar kanus.
OBbOPY]/I[OBAHUE:

1. TIpoGupku;



2. CnuMpToBKa;
3. Counukw.

XOH PABOTHI:

C moMoI1pIo peakiuyu 0OMeHa MOIy4UTh XJIOPU, Cylb(haT, HOAHI, CyTbGUI XpoMaT
ceuHma (II). OTMeTuTts UBET U XapakTep ocankoB. HamucaTs ypaBHeHHE peakiiy B
MOJIEKYJISIPHON ¥ HOHHOM (hopmax.

3anaHus 17151 CAaMOCTOSITEJIbLHOM PadoThI:
1. Ha kakux cBOWCTBaX OCHOBAHO MPUMEHEHUE CBUHIIA U OJIOBA B TEXHUKE?
2. HazoBuTe pacnpocTpaHEHHBIE CIJIaBbl CBUHIIA U 0J0BA M YKAKUTE UX IPUMEHEHHE.
3. Ha30BUTE aHAIMTUYECKUE PEAKIIUHA HA CBUHEII.
4. Kakoe BemectBo Oyner Oosiee cuipHO ruaponuszoBatbest — SnCl, wmum SnCly? MotuBupyiite
OTBET.
5. Kak u3MeHstoTcs CBOMCTBA OKCUIOB U THAPOKCHUIIOB B TPYIINE F'epMaHuii, 0JI0BO, CBUHEI]?

JIntepatypa 1JIsi IOATOTOBKH K CEMHUHAPY:

AxwmetoB H.C. O0mas u Heopranndeckas xumus. M., Beictras mikosta, 1981, 2001, 2003.

2. babuu JI.B. u ap. [IpakTukym no Heopranudeckoit xumun. M., [Ipocsemienue.

Koposun H.B. O6mias xumus. M., 2002.

MeTtoauueckoe PyKOBOACTBO K J1a0OpaTOpHBIM paboTaM MO HEOPTaHUYECKOMY CHHTE3y/
HTTI'CITA, nabGopaTtopus.

CemenoB A.C. Oxpana Tpyaa u Texauka 6e3onacHoctu. M.: [IpocBemenue, 1976.

CrnpaBounuk 1o xumuu. M.: [Ipocsenienue, 1978.

Tema 21. Heoprannueckuii cuntes. [loayueHne MeTakpeMHUEBON KUCTOTHI

3adaHue: O3HAKOMUTHCSA C METOJIMKOW CHHTE3a JAHHOTO BEIIECTBA, OOPATUTh BHUMAaHUE HA
IPUTOTOBJICHHBIE PEAKTUBBI U 000pYyIOBAaHUE, TPU HEOOXOIUMOCTH MPUTOTOBUTH CAMOCTOSTEIHHO
pactBOphl, MOAO00paTh TMOCYAY, BBINOIHUTH OKCHCPUMEHT MO0 TPEIJIOKEHHOW METOJIUKE C
cOOIOICHUEM TEXHHUKHU 0€30MacCHOCTH U MPaBMII pabOThl ¢ XUMHUUECKUMHU BEIIECTBAMU, PACCUUTATH
BBIXO/I TPOJIYKTa CENIATh BHIBO/I.

Jlutepatypa 1Jisl NOATOTOBKU K CEMUHAPY:

1. KimtounukoB H.I'. Heopraunueckuii cunres. — M.: [Ipocsemenue, 1988.

2. babuu JI.B. IlpakTtukym o Heopranndeckoi xumuu. — M.: [Ipocsemenne, 1991.

3. Jlecnona E.B. [IpakTukym 1o HeopraHudeckoMy cuHTe3y. — Bricimas mkona,1977.

4. Kpumenko B.I1., Areea B.C. [IpakTrkym 1o TeXHUKE JJaOOpaTOPHBIX padoT. — M.:
Arponpomusznat, 1987.

Tema 22. Heopranuwdeckuii cuntes. [lomydenue okcuma xpoma (+3)

3adaHue: O3HAKOMHUTHCS C METOJIMKOW CHHTE3a JAHHOTO BEIIEeCTBa, OOpAaTUTh BHUMAHHUE HA
IPUTOTOBJICHHBIE PEAKTUBBI U 000pYyIOBaHUE, TPU HEOOXOIUMOCTH MPUTOTOBUTH CAMOCTOSATEIHHO
pactBOphl, MOA00paTh TMOCYAY, BBINOIHUTH OSKCHEPUMEHT MO NPEAJIOKEHHOW METOJIMKE C
coOI0ICHHEM TEXHHUKHU O€30MacCHOCTH U MPaBMJI pabOThl ¢ XUMHUUECKUMHU BEIIECTBAMU, PACCUUTATH
BBIXO/I TPOJIYKTa CAENIATh BHIBO/I.

Jlutepatypa 1Jisl NOATOTOBKU K CEMUHAPY:



1. KiitounukoB H.I'. Heopraunueckuii cunres. — M.: [Ipoceemenue, 1988.

2. babuu JI.B. Ilpaktukym no Heopranndeckoit xumuu. — M.: [Ipocsemenue, 1991.

3. Jlecnosa E.B. IIpakTukyM 110 HEOpraHM4eCcKoOMy CUHTE3y. — Bricmas mkomna,1977.

4. Kpumenxko B.II., Areesa B.C. [IpakTukyM 1o TexHuKe J1abOpaTopHbIX padboT. — M.:
Arponpomusznat, 1987.

Tema 23. Heopranndeckuii cunres. [lonydyenue nutpara meau (+2)

3adaHue: O3HaKOMUTBCSA C METOAMKON CHHTE3a JAaHHOT'O BEIIeCTBA, OOPaTUTh BHUMAaHHUE Ha
MIPUTOTOBJICHHBIE PEAKTUBBI U 000pYAOBaHUE, IPU HEOOXOIUMOCTH IPUTOTOBUTH CAMOCTOSTEIBHO
pacTBOphl, MOAOOPaTh MOCYNYy, BBIIOJIHUTh O3KCIEPUMEHT IO MPEUIOKEHHOW METOAMKE C
coOII0ICHUEM TEXHUKHU O€30MaCHOCTU U MpaBMJl pabOThl ¢ XMMHUUECKUMHU BELLIECTBAMU, PACCUUTATh
BBIXOJI TPOJYKTA CHENATh BBIBOL.

Jlutepatypa 1Jisl HOATOTOBKH K CEMUHAPY:

1. Kimrounukos H.I'. Heoprannueckuii cunres. — M.: IIpocsemenue, 1988.

2. babuy JI.B. IlpakTtkym no Heopranuueckoin xumun. — M.: [Ipocsemenue, 1991.

3. Jlecnosa E.B. IIpakTukyM 1o HeOpraHmueckomMy CUHTe3y. — Beicmas mkona,1977.

4. Kpumenxko B.II., Areesa B.C. [IpakTukyM 1o TeXHHUKe JaOOpaTOpHBIX padboT. — M.:
Arponpomuzgar, 1987.

Tema 24. Heoprannueckuii cunres. [lomydenue Meau u3 pactBopa

3aoanue: O3HaKOMUTHCS C METOJIMKON CUHTE3a JAHHOI'O BEILECTBA, OOpAaTUTh BHUMAaHUE Ha
IPUTOTOBJICHHBIE PEAKTUBBI M 000pYyI0BaHUE, IPH HEOOXOAUMOCTH IPUTOTOBUTH CAMOCTOSATEIEHO
pacTBOpbl, MOxO0paTh MOCYAY, BBIIOJIHUTH OJKCIEPUMEHT IO MPEIOKEHHOW METOAHNKE C
COOJII0/ICHNEM TEXHUKN 0€30ITacCHOCTH U MPaBHI pabOThl C XUMUYECKUMH BEIIECTBAMH, PACCUUTATH
BBIXO/] IIPOYKTA C/IETAaTh BBIBOJ.

Jlutepatypa 1Jisl NOATOTOBKU K HEOPTaHUYECKOMY CHHTeE3Y:

1. KiitounukoB H.I'. Heopraunueckuii cunres. — M.: [Ipocseenue, 1988.

2. babwu JI.B. IIpakTtukym o Heopranndeckoi xumuu. — M.: [Ipocsemenne, 1991.

3. Jlecnona E.B. [IpakTukym 1o HeopraHn4eckoMy cUHTe3y. — Bricmas mikona,1977.

4. Kpumenko B.I1., Areea B.C. [IpakTrkym 1o TeXHUKE J1TaOOpaTOPHBIX padoT. — M.:
Arponpomusznat, 1987.

Tema 25. Heoprannueckuii cuntes. [lonmyuenne conmu Mopa

3adaHue: O3HAKOMHUTHCS C METOJIMKOW CHHTE3a JAHHOTO BEIIEeCTBA, OOpAaTUTh BHUMAHHUE HA
IPUTOTOBJICHHBIE PEAKTUBBI U 000pYyIOBaHUE, TPU HEOOXOJUMOCTH MPUTOTOBUTH CAMOCTOSTEIHHO
pacTBOpBI, MOAOOpPATH TMOCYIY, BBIMOIHUTH OKCIEPHUMEHT [0 MPEIJIOKEHHOW METOJHUKE C
coOI0ICHHEM TEXHUKHU 0€30MacCHOCTH U MPaBMJl pabOThl ¢ XUMHUUECKUMHU BEIIECTBAMU, PACCUUTATH
BBIXO/I TPOJIYKTa CAEIATh BHIBO/I.

JluTeparypa /151 HOATOTOBKH K CHHTE3Y:

1. KiitounukoB H.I'. Heoprannueckuii cunres. — M.: [Ipocsemenue, 1988.

2. babwu JI.B. IIpakTtukym mo Heopranudeckoi xumuu. — M.: [Ipocsemenne, 1991.
3. Jlecnosa E.B. IIpakTukyM 110 HEOpraHM4eCKOMy CUHTE3y. — Bricmas mkomna,1977.



4. Kpumenko B.I1., Areesa B.C. IIpakTukyMm 1o TeXHUKE JIaOOPaTOPHBIX paboT. — M.:
Arponpomusaar, 1987.

Tema 26. KoMIIeKCHBIE COEMHEHUS

3adaHue: BHUMAaTENbHO MPOYUTATH OMKMCAHKE Ja00paTOpHOI paboThl, 0OpaTUTH BHUMAaHUE
Ha TMPHUTOTOBJIEHHBIE PEaKTHUBBI M 00OpYIOBAHUE, BBIIOJIHUTH SKCIIEPUMEHT IO MPEII0KEHHOU
METOJIUKE C COOIOJICHMEM TEXHUKU OE€30MacHOCTH U MpaBmil paboThl ¢ XMMUYECKUMU BELIECTBAMH,
MIPOU3BEICHHBIE HAOJIOJEHUS 3aHECTH B JIA0OpAaTOPHBIM JKypHall, 3aloJIHUTh TaOJUIbI, BCe
XMMHUYECKHE pPEeaKIMM 3amucaTh MPU MOMOUIM ypaBHEHUH, 00pabOTKy pe3ysbTaTOB IMPOU3BECTH
cieayoumM o0pa3oM: K03(pPUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBUTh, BOCHOJIb30BABUINCh METOJIOM HOHHO-3JIEKTPOHHOTO OanaHca, 1 OOMEHHBIX
IIPOLIECCOB 3allMCaTh HMOHHO-MOJIEKYJIIPHBIE YPaBHEHUS, 10 KaXKIOMY OIIBITY CHAEIaTh BBIBOJ,
OTBETUTbH Ha BOMPOCHI JJIsi CAMOCTOSITENIbHOM pabOTHI.

JIHTepaTypa AJIA MOATOTOBKH K CEMHUHApPY:

1 AxmeroB H.C. O6mas n Heopranuyeckas xumus. M.: "Boiciias mkosna", 2003.

2.I'muuxa H.JI. O6mas xumus. JI : Xumus, 2005.

3.Crenun B./1., lIBetkoB A.A. Heopranuueckas xumusi. M.: "Bricmas mkomna", 1994.

4. MakamoB 0.A., 3ampiTknaa B.M. Coenunenusi B KkBaapaTHbiX ckoOkax. JI.: "Xumus",
1976.

5. CrenuH b.[l. Koopaunauronnas xumus. 1987r., 1.13, c1p.859.

6. Kykymkun FO.H. Xumus koopauHanMoHHbIX coequHenuii. M.: "Beicinas mkomna", 1985,

ctp.134.
7. Kyxymkun FO.H. PeakunonHas crnocoOHOCTh KOOPAMHALMOHHBIX coequHeHui. JI.:
"Xumus", 1987.

8 XKypnain "Koopaunanumonnas xumus" Poccuiickoit Akanemun Hayk. OcHoBan B 1975 .

Tema 27. Heopranmveckuii cuntes. [lomydenue okcuna meau (+1)

3adaHue: O3HAKOMUTHCSA C METOJIMKOW CHHTE3a JAHHOTO BEIIECTBA, OOpPATUTh BHUMAaHUE HA
NPUTOTOBJICHHBIE PEAKTUBHI U 000pYyIOBAaHUE, TPU HEOOXOTUMOCTH MPUTOTOBUTH CAMOCTOSTEIHHO
pacTBOphl, MOAO00paTh TMOCYAY, BBINOIHUTH OKCHEPUMEHT MO NPEAJIOKEHHOW METOJIMKE C
cOOI0OICHHEM TEXHHKHU O€30MacCHOCTH U MPaBMJI PabOThl ¢ XUMHUECKUMHU BEIIECTBAMU, PACCUUTATH
BBIXOJ] IPOJYKTA CAENIATh BBIBO/I.

Jlutepatypa 1Jisl NOATOTOBKU K CEMUHAPY:

1. KiitounukoB H.I'. Heopraunueckuii cunres. — M.: [Ipocsemenue, 1988.

2. babuu JI.B. IIpaktukym o Heopranndeckoi xumuu. — M.: [Ipocsemenne, 1991.

3. Jlecnona E.B. [IpakTukym 1o HeopraHn4eckoMy cuHTe3y. — Bricias mikona,1977.

4. Kpumenko B.I1., Areea B.C. [IpakTrkym 1o TeXHUKE J1aOOpaTOPHBIX padoT. — M.:
Arponpomusznat, 1987.

Tema 28. Heoprannueckuil cuHre3. PereHepanus cepedpa U3 OTXOA0B XMMHUYECKOMN
nabopaTopuu

3adaHue: O3HAKOMUTHCSA C METOAMKON CHHTE3a JAaHHOTO BEIIeCTBA, OOPaTUTh BHUMAaHHUE Ha
MIPUTOTOBJICHHBIE PEAKTHBEI M 000PYAOBaHUE, TIPH HEOOXOANMOCTH PUTOTOBHTH CaMOCTOSITEIBHO
pacTBOpbl, MONOOpaTh MOCYAY, BBIIOJIHUTH OHKCIEPUMEHT IO MPEIOKEHHOW METOAMKE C



CO6JHOJICHI/ICM TEXHHKHU 0€30MacHOCTU U IpaBHJI pa6OTLI C XUMHUYCCKHUMU BCUICCTBAMU, PACCUUTATDH
BBIXOJ MPOAYKTaA CACIAaTh BBIBO.

Jlutepatypa 1Jisl HIOATOTOBKH K CEMUHAPY:

1. Kimrounukos H.I'. Heoprannueckuii cunres. — M.: IIpocsemenue, 1988.

2. babuy JI.B. IlpakTtukym no Heopranuueckoin xumun. — M.: [IpocBemenue, 1991.

3. Jlecnosa E.B. IIpakTukyM 110 HEOpraHmueckoMy CUHTe3y. — Beicmas mkomna,1977.

4. Kpumenxko B.II., Areesa B.C. [IpakTukyM 1o TexHuke J1ab0paTopHbIX padboT. — M.:
Arponpomusznat, 1987.

Tema 29. Metannnl 8b

3adaHue: BHUMATENBHO MPOYUTATH OMHCAaHUE Ja0OpaTOpHOI paboThl, 0OpaTUThH BHUMAHUE
Ha TIPUTOTOBJICHHBIC PEAKTHUBBI M OOOPYJOBAHHE, BBIMOJIHHUTH JKCIICPUMEHT IO IMPEII0KESHHOM
METOJIUKE C COOMIOACHUEM TEXHUKHU 0€30MacCHOCTU U MPaBUII PabOTHl C XUMUYECKUMU BEIIECTBAMU,
MPOM3BE/ICHHBIC HAONIOJCHHUS 3aHECTH B JaO0OPATOPHBIN JKypHAJ, 3arlOjdHUTH TaOJHIBI, BCE
XMMHYECKHE pPeaKIMH 3amucaTh MPH MOMOIIM ypaBHEHUH, 00pabOTKy pe3ylbTaTOB IMPOU3BECTH
CIIeTYFOIIMM 00pa3zoM: KO3 PUIIMCHTHI B YPaBHEHUSIX OKHACIUTEIFHO-BOCCTAHOBUTEIHHBIX PEaKIIUN
paccTaBUTh, BOCIOJB30BABIIUCH METOJAOM HOHHO-IJIGKTPOHHOTO OanaHca, sl OOMEHHBIX
MPOIIECCOB 3aMKcaTh HOHHO-MOJICKYJIIPHBIC YpPaBHEHUS, IO KaXKIOMY OIBITY CJAeNaTh BBIBOJ,
OTBETHUTH HA BOIIPOCHI JJIsi CAMOCTOSITEIILHON paOOTHI.

IEJIb: VcciienoBaTh CBOMCTBAa METAJIJIOB CEMEIMCTBA *Kene3a (okene3a, Ko0aabTa, HUKEIs).
OIIBIT 1 Koppo3us >ceneza npu e2o KOHmMaKme ¢ YUHKOM U 0J1060M
PEAKTHUBAI:

1. CranpHOe nepo (CKpenka);

2. Cepnas kucnota (2H);

3. [uHk (rpaHyJis);

4. OmnoBo (rpaHybl);

5. Tekcammmanodeppar (I11) kanus (11).
OBOPY]J[OBAHUE:

[TpoGupkwu.
XOI PABOTHI:

B MecTo pacieruieHus CTalbHOTO Mepa WK B CKPETIKY JUIst OyMaru BCTaBUTh TOHEHbKUH
KyCOYEK METaJJIMYECKOTO IIMHKA, a B Ipyroe nepo (UM CKpenkKy) — Takoi jke Kycodek osioBa. B
JIBE IPOOMPKU HAJTUTH BOJABI M J0OABUTH2-3 KAty pa30aBIeHHON CEPHOI KUCIOTHI U pacTBOpa
KPacHOW KPOBSIHOM COJIM — BEIIECTBA, KOTOPOE ABISIETCS PEaKTHBOM Ha HOHbI Fe?*, 00pasys ¢ HuM
coeanHeHue cuHero npera. O6a nepa (MM CKPEnKu) OMMyCTHTh B IPUTOTOBJICHHBIE PACTBOPBHI.
Kakyro okpacky yepe3 HECKOJIbKO MUHYT MPUOOPETAET KHUJIKOCTh, B KOTOPYIO OIYILIEHO MEPO C
osoBoM? Kakue noHsl nosiBuinch B pactope? Ha uTo 310 yKka3biBaet?

B npyroii npobupke okpamuBaHie MOKHO HaOIH0AaTh TOJIBKO IOCJIE PACTBOPEHHSI BCETO
nuHKa. Pa3obpaTh Bce MpoTeKaonue peakiiuy, IpUHIMas BO BHUMaHUE BEJTMYUHBI CTaHIAPTHBIX
JIEKTPOHHBIX MTOTEHIIAJIOB XeJle3a, IIMHKA, 0JI0Ba. 3alKucaTh CXeMbl KOPPO3UU OLIUHKOBAHHOTO U
JTy’KEHOTO0 JKeJe3a.

OITBIT 2 Peaxyusa na uon Fe’*
PEAKTHUBAI:
1. Cynwdar xenesa (II) (1n);
2. Tekcammanodeppat (II1) xkamus (11).

OBOPYJOBAHUE:



1. IIpoOupku.

XOJ] PAFOTAHI:

K pactBopy cymnndara xenesa (I1) mpunmuts pactBop rekcarmanodeppara (I11) kamus —
KpacHO kpoBsiHOM conu. Uto Habmonaete? [loayyeHHOE BEIIeCTBO HOCUT Ha3BaHUE
TypOynenosoit cunan KFe™?[(Fe3(CN)¢]. HanmcaTs ypaBHEHUE PEAKIH.

OIIBIT 3 Ilonyuenue cuopoxcuoa s»cenesa (Il) u ezo ceoitcmea
PEAKTHUBAI:

1. XKene3zo (mopoox);

2. Cepnas kucnota (2H);

3. T'mppoxcun HaTpus (2H);

4. bpomHas Boja;

5. Tlepokcua Bomopona (3%).

OFOPYJIOBAHUE:
1. Ilpobupku;
2. Ta3zootBomHas TpyOKa.

XOI PABOTAI:

[TpuroroButk pactBoOp cynbdara sxemnesa (I1) u3 onmiok xenesa, B3ATHIX B U30BITKE U
pa30aBICHHOTO PacTBOPA CEPHOM KUCIOTHL. B mpoOupky oTauTh 3-4 MJ1 MOTYyYEHHOTO pacTBopa u
IPWIUTH K HEMY PacTBOP TUAPOKCUAA HaTpusl. HaOmronats oOpa3oBaHue ocajka TUAPOKCHIA
xene3a (II) 6enoro uera. Hanmucats ypaBHenue peakiuu. OOBSICHUTD, TOYEMY Ha BO3IyXe 0CA0K
MEHSET LBeT (KakK)?

Hcneitath oTHOIIEHKE THApOKcua xxenese (I1) k pazdbaBneHHOMY pacTBOpPY COISTHOU
KHUCJIOTHI B U30BITKY pacTBOpa ruApoKcuaa Hatpus. HamucaTts ypaBHeHUS peakiuid. Kakumu
cBOMcTBaMHM o0anaet ruapokcun xenesa (I11)?

OIIBIT 4 Okucnenue coeounenuii rncenesa (1)
PEAKTHUBAI:

1. Cynedar xenesa (II) (1n);

2. CepHas kuciota (2H);

3. A3soTHas KucoTa (KOHIL. );

4. bpomHas Boja;

5. Tonyomn;

6. Ilepmanranat kamus (1H);
7. llepokcun Bogopoaa (3%).

OBOPYV][OBAHHUE:
1. TIpoGupku;
2. ChoupToBKa.

XO/] PAFOTHI:

Hanuts B Tpu ipobupku 1o 2-3 mut pactBopa cynbdara xenesa (1), B kaxayro u3 Hux
OPUIUTH pa30aBICHHBINA PACTBOP CEPHON KUCIIOTHI, 3aTeM J00aBUTH B IIEPBYIO MPOOUPKY HEMHOTO
KOHIICHTPUPOBAHHOW a30THOM KHUCJIOTHI M HATPETh IO KUTICHHSI, BO BTOPYIO — OPOMHYIO BOZY, B
TPETHIO — pacTBOp NepMaHTaHata kanus. Yto Habmogaere? Hanmucare ypaBHeHus peakunid. Kakoe
CBOWCTBO B ATHX peakIusx NposiBisieT cynbdar sxenesa (I1)? lokaszars, 4To B pe3yibTaTe BCeX Tpex
onbIToB MOH Fe?' okucnsercs B mon Fe’',

OIIBIT 5 Ilonyuenue 2udpokcuoa xcenesza (I11) u ezo ceoiicmea
PEAKTHUBBI:
1. Xnopun xenesa (I1I) (1n);



2. CepHas kuciora (2H);

3. T'wnpoxcun HaTpus (2H).
OBOPYJ[OBAHUE:

1. Tlpobupku;

2. Boponka s GuabTpoBaHUs:

3. OunbTpsI;

4. ®aphopoBblii TUTEI.

XO[ PABOTHI:

[Tomyunts runpokcun xenesa (I1I). Ormeruts ero Bua u 1set. McnpiTath OTHOLIEHHE
runpokcuaa xenesa (I1I) k pazdaBneHHbIM pacTBOpaM KUCIOT. HanucaTs ypaBHEHUs peakiuil.
CaexeocaxxeHHbIN Tuapokcu xxenesa (11I) yactuuno pacTBopsieTcs: B ropsuux

KOHLIEHTPUPOBAHHBIX pacTBopax uienoudeid. Hanucars ypaBHEHUE peakyy.

[Tosryunts runpokcun xenesa (I11), orgpuibTpoBarh €ro u NPOMBITH €ro Ha PUILTPE BOJOM.
[lepenectu ero B papdpopoBblif TUTENb U TpoKaIuTh. YTo mpoucxonut? Hanucare ypaBHeHuE
peakiun. Kaknmu cBoiicTBamu oOnagaet ruapokcuy xkenesa (111)?

OITBIT 6. Peaxuus na uon Fe’*
PEAKTHUBBI:

1. Xmopun xenesa (III) (1n);

2. Popanup xanusg (1n);

3. T'ekcamumanodeppar (1) xamus (1H).

OBbOPY]/I[OBAHHE:
4. Ilpobupku.

XOH PAFOTHI:

K pactBopy xnopuna xenesa (I1I) npunuts pactBop rekcanuanodeppara (1) xanus —
XKeJToM KpoBAHOH conu. Yto npoucxonut? IloayueHHOE BEHIECTBO HA3bIBAIOT OEPIMHCKON
nazypsio. Ero popmyna KFe"[(Fe™?(CN)g]. Hamucats ypaBHEHHE peakIyu.

OIIBIT 7. Ionyuenue cuopoxcuoa kovanoma (I1) u ezo oxucnenue
PEAKTHUBAI:

1. Xnopun ko6ansta (II) (1n);

2. Tlepoxcun Bogopona (3%);

3. T'mapoxcun Hatpus (2H).

ObOPYJIOBAHUE:
1. TIpoGupku;
2. CTEeKJIsSHHas MMajgoyKa.

XON PAFOTHI:

B nBe npobupku momecTuTh mo 2-3 Karjiu pacTBOpa Coiu KoOanbTa U J00aBUTH MO KaIlIsiM
pacTBOp THAPOKCH/IA HATPUS; CHaYaja MOSBUTCS CUHUI 0CaJI0K OCHOBHOM COJIHM, KOTOPBIH 3aTeM
CTaHOBUTCS PO30BBIM, YTO YKa3bIBaeT Ha oOpazoBaHue ruapokcua kodansta (II). Ocanok B onHOI
MpOoOUpKE TIATENLHO pa3MelIaTh CTEKIITHHOM MMaJouKoH, a B Ipyryto npubdaButh 2-3 karmm 3%-
HOT'0 pacTBOpa MepoKcuaa Bojopoa. B kakoi u3 npodbupok HabI0aeTCsl OKUCICHUE THAPOKCHIA
kobanbra? Hamcars ypaBHeHus peakiuii. CpaBHUTH MOJyYEHHBIC PE3YJIbTATHI C Pe3yIbTaTaMH
OTIBITA TI0 OKHUCIeHUIO THaApokcua xene3a (I1). Kakoii non siBnsercs 6ojiee SHEPTHUHBIM
BoccranoBureneM: Co?" wiu Fe?™?
OIIBIT 8. Ilonyuenue cuopoxcuoa nukens (Il) u eco okucaenue
PEAKTHUBAI:

1. Xumopun aukens (II) (11);

2. Ilepoxcun Bogopona (3%);



3. bpowmHnas Boja;
4. T'mapoxcun Hatpus (2H).

OFOPYJIOBAHUE:
1. TIpoGupku;
2. CTEKJITHHAS IaJ0YKa.

X0/ PAFOTHI:

B Tpu npoOupku moMecTuTh Mo 2-3 Kariyd pacTBOpa COJIM HUKENS U JOOABUTH MO KaIUIIM
pacTBOp ILIEJI0YH /10 BhIMaaeHus ocaaka ruapokcuna Hukens (1I). B nepsoii npobupke ocanok B
TIIATEJIBHO pa3MellaTh CTEKISIHHOM MaloyvKoM, a B APYryro 100aBuTh 2-3 Kariu 3%-HOro pacTeopa
nepokcuia Bogopoaa. Habmronaercs u u3Menenue 1nseta ocaaka? [IporucxonuT i1 okucienue
runpokcuaa Hukens (I1I) kucaopogom Bo3zyxa v nepokcuaoM Bogopoaa? B Tpetbio nmpoOdupky
npubaBuTh 1 Karmo 6poMHO BObl. UTo Habmogaercs? HamucaTs ypaBHEHUS peakIui.
CpaBHMTH BOCCTAaHOBUTENIbHBIE CBOMCTBA THIPOKCHIOB XKeje3a, KoOalbTa U HUKEIs B CTENICHH
OKHCJIEHHUS 12 10 HaOII0AEHUSAM U NIPU CPAaBHEHUU CTAHJIAPTHBIX OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIX MOTEHLIUAIOB (IIPHU NEPEX0AE B THIPOKCUIBI 3TUX 3JIEMEHTOB B CTEIIEHU
OKHcCJIeHus +3.

3aganus 119 CaMOCTOSITEILHON padoThI:

1. C no3unmit merona BC oxapakrepusyiiTe BO3MOKHBIE BAIGHTHOCTH XKeJe3a, KOOaIbTa, HUKEIS.
[IpaBomepHo 1 HaxoxaeHUe cpean nemMenToB VIII rpymnmel mobounoi noarpynmsl? [lpusenure
IPUMEpPBI COEIMHEHUH, B KOTOPBIX PEaIn3yeTCsl BAJICHTHOCTh 3JIEMEHTOB, OIIpe/IeJICHHAs BaMH,
HA30BUTE 3TU coequHeHMs. Kak MOXKHO MONIy4YUTh 3TH COeAMHEHUA?
2. HamucaTp ypaBHEHUS peaklMid MeX1y JKeJIe30M U pa30aBiIeHHON U KOHLIEHTPUPOBAHHON CEpPHOI
KHCJIOTOM.
3. Harucats ypaBuenue runponmsa FeCls B monekynsipHoi 1 norHO# popme. [Touemy rumponms
coueit Fe3™ uner riyGoke, uem ruaponus coneit Fe?™?
4. Borauciuts MO (Fex(SO4)3) mitst peakiuid, npu KoTopeix Fe3*— Fe?'
5. KakoBa cTeneHb OKUCIEHUS U KOOPAUHAIIMOHHOE YuciIo Ni B coJsx

[Ni(NH3)4(H20)2]SO4; K5[Ni(CN)4].
6. Kakosa crenenp okuciienust Co B comsix K4[Co(CN)g] u K3[Co(NO;)s]?
7. CocTaBUTh ypaBHEHHUE peaklun

Co + HNOjs(pa36.) —»Co(NO3), + NO + ...
8. K pactBopy NiCl, no6aBnen n36sITok ammuaka. Kakoe coennnenne odpasyercs?
9. [Nouemy npu HarpeBanuu pactBopa FeCls okpacka TeMHeeT, a mpu 100aBIEHUN KUCIOTHI
cBetieer?

Jlutepatypa 1Jisl NOATOTOBKU K CEMUHAPY:

AxwmetoB H.C. O6mas u Heoprannyeckas xumus. M., Beicias mkona, 1981, 2001, 2003.

babwuu JI.B. u np. IIpaktukym 1o Heopranudeckoi xumun. M., [IpocBemnienue.
I'muuka H.JI. O6mas xumust. J1., Xumust, 2000.
Koposun H.B. O6mas xumus. M., 2002.
Metoanyeckoe pyKOBOACTBO K JaOOpaTOpHBIM padoTaM IO HEOPraHWYECKOMY CHHTE3Y/
HTT'CITA, nabopartopus.

[TpakTukym o obmieit u Heopranuueckoit xumuu. M., 2002.

Xanekpodr, Karpun E. CoBpeMenHbIi Kypc o0mieit xumun B 2-x ToMax. [lep. ¢ anrin. M.,
2002.

[IpakTukym o Heoprannueckor xumun. M.: [Ipocsenienune, 1978.

CemenoB A.C. Oxpana Tpyaa 1 TexHuka 0e3onacHoctu. M.: [Ipocsemenue, 1976.

CnpaBounuk no xumuu. M.: [Ipocsemenue, 1978.



Tema 30. Metannsl 7b

3aoanue: BHUMaTenbHO MPOYUTATh ONUCAHKE J1a00paTOpHOM paboThI, 0OpaTUTh BHUMAaHUE
Ha TMPHUTOTOBJIEHHBIE PEaKTHUBBI M O0OpPYIOBAHUE, BBIIOJIHUTH SKCIIEPUMEHT IO MPEII0KEHHON
METOJIUKE C COOIOJICHNEM TEXHUKU OE€30MacCHOCTH U MpaBmil paboThl ¢ XMMUYECKUMU BELIECTBaAMH,
NIPOU3BEICHHBIE HAOJIONEHUS 3aHECTH B JIA0OpAaTOPHBIM JKypHall, 3aloJIHUTh TaONUIIbI, BCe
XMMHUYECKHE pEeaKIMM 3amucaTh MPU MOMOUIM ypaBHEHUH, 00pabOTKy pe3ysbTaTOB IMPOU3BECTH
cieayoumM o0pa3oM: K03(pPUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIINN
paccTaBUTh, BOCHOJIb30BABUINCh METOJIOM HOHHO-3JIEKTPOHHOTO OanaHca, ns OOMEHHBIX
IIPOLIECCOB 3alMCaTh HMOHHO-MOJIEKYJIIPHBIE YpPaBHEHUS, 10 KaXXIOMY OIIBITY CHAEIaTh BBIBOJ,
OTBETUTH Ha BOMPOCHI JJIsi CAMOCTOSITENIbHOM pabOTHI.

IEJIb: M3yunTth CBOMCTBA MapraHiia U ero HaudoJIee pacpoCTPAHEHHBIX COSTUHEHUH.
OIIBIT 1. Ilonyuenue cuopoxcuoa mapzanya (I11)
PEAKTUBAKI:

1. Xmopun mapranma (II) (1n);

2. Consnas kucnota (2H);

3. T'mppoxcun HaTpus (2H);

4. bpomuas Boja.

OBFOPY][OBAHUE:
1. IIpoGupkw.

XOI PABOTHI:

[Momyuuts ruapokcun mapranna (I1I) u3 comu mapranuna (II). Ormeruts ero uet. Hanucats
ypaBHEHHUE peakiuu. YacTp KUAKOCTU C OCAAKOM CIUTh B IPYTYIO MPOOUPKY U OCTaBUTH CTOSITh HA
Bo3ayxe. OOBSCHUTH U3MEHEHHE LIBETa ocajika. Hanucars ypaBHeHue peakuuu. Mcnbitath
MOJyYEHHOT0 B HayaJle OIMbITa O0CajKa K pa30aBlIeHHOM KMCIOTE U U30BITKY pacTBOpa Menoqn. YTo
npoucxoaut? Kakoiil BbIBOJ MOXKHO clieaTh 0 cBolcTBax ruapokcuaa mapradua (I11)? Hanucate
ypaBHEHHUE PEAKIIHH.

K nebonpmomy KonndecTBy ocanka ruapokcuaa mapranaua (1) npunuts 6poMHOI BOJIBI.
Yro obpasyercs? Kakue cBoiicTBa nposiBisiet ruapokcua Mapranua (II) B stoit peakiuu? Hamucats
YPaBHEHUE PEAKIIUH.
OIIBIT 2. B3aumooeiicmeue oxcuoa mapzanya (IV) ¢ cepnoii kucaomoii
PEAKTHUBAI:

1. Oxcua mapranma (IV);

2. Cepnag xucnora (KOHIIL.).

OBOPY][OBAHUE:
1. TIpoGupku;
2. CnupToBKa;
3. T'azooTBOomHas TpyOKa.

XO/[ PABOTBI:

K HeckonbkuM KpynuHkaMm okcuja Mapradua (IV) npuinTe HEMHOTO KOHIEHTPUPOBAHHOMN
cepHo# kucnoTsl. CofepkUMoe MPOOUPKU OCTOPOAKHO HATPETH 10 UHTEHCUBHOTO BbI/IETICHNUS Ta3a.
Jloka3ars kakou ra3s Beiaensercs. Hanucare ypaBHeHUs peakiuu. Kakue CBOMCTBA B 3TOM peakuu
nposiBisieT okcu mMapranmna (I1V)?

OIIBIT 3. Ceoiicmea nepmanzanama Kaaus
PEAKTHBBI:

1. Ilepmanranat xanus (TB.);

2. Tlepmanranar kamus (1H);

3. Cepnas kucnota (KOHIL.);



4. Cynbpar xkenesa (II) (1n);

5. Cynsdwurt vatpus (1H);

6. T'mapoxcupa HaTpus (KOHIIL.);

7. Cynbdar mapranna (II);

8. bpomua kanus (1n);

9. IllaBeneBas kucaoTa (1H).
OBOPY][OBAHHUE:

1. TIpoGupku;

2. CnouproBKa.

X0/ PAFOTHI:

1. Pa3yio:keHHe MepMAHIaHATA KAJIUs IPH HATPEBAHNHU

Harpetp B npoOupke HECKOJIBKO KpUCTAIIJIOB ITepMaHranarta kanus. Jloka3zaTh Kakoi ras
BbIenseTcs. [IpoomkaTs HarpeBaHue 0 MpeKpalleHus ero Beiaenenus. [locne oxnaxnenns
PacTBOPHUTH COJIEPKUMOE MMPOOUPKH B HEOOBIIIOM 00BheMe BOIbI. Kakoil IIBET MMEET MOTy4YeHHBIN
pacTBop u ocajiok. Hanmcath ypaBHeHHE peakIii B MOJIEKYJISIPHON U HOHHOM popme.

2. OkucauTeIbHbIE CBOWCTBA MEPMAHIaHATA

2.1. B Tpu npobupku HaMHUTh 10 1-2 MJI pacTBOpa MepMaHraHaTa Kajausi 1 HEMHOTO
pa30aBIeHHON CepHOI KUCIOTHL. B mepByro mpoOupKy 100aBUTH pacTBOp CyIb(pUTa HATPHUS, BO
BTOPYIO pacTBOp cynb(dara xenesa (I1), a B TpeThio - pacTBOP MIaBETIEBOM KUCIOTHI (TPETHIO
npoOupKy Harpets). Uro Habmogaercs? Hammcars ypaBHEHHE PeakU B MOJICKYJIIPHON ¥ HOHHOM
dhopwme.

2.2. K 1-2 Mz pacTBOpa nepMaHraHaTa Kajvs J00aBUTh BOy, a 3aT€M pacTBOpa Cysibdura
HaTpus. Yto npoucxoaut? Hamucate ypaBHEHUE peaKklIMK B MOJICKYJISIPHON 1 HOHHOHU (opMme.

2.3. Hanuth B mpoOMpKYy HEMHOTO pacTBOpa MepMaHraHaTa Kajius, 100aBUTh K HEMY
KOHIICHTPUPOBAHHBIN PaCTBOP IIEJI0YH, 3aTEM PaCTBOp CyJbduTa HATPHUS U B300ATaTh. OTMETHUTD,
KaK U3MEHWICS LIBET pacTBOpa. Yepes HeKoTopoe BpeMsl Ha0uro1aTh nosiBieHre ocaaka. Hanucars
ypaBHEHHUE PEAKIMH B MOJIEKYJISIPHON U HOHHOM popme.

2.4. K pactBopy cyibdara mapranmna (I1) mo xamism 106aBUTh pacTBOp IIEpMaHTaHATA
kamus. Uto npoucxoaut? McnpITaTh peakifio pacTBOpa YHUBEPCATbHBIM HHAUKATOPOM.
OO0BsCHUTS sIBIICHUS, HAOII0JaeMble B ombiTax. Kak BIMsieT peakiius cpe/ibl Ha BOCCTAHOBJICHHE
nepMaHraHara Kanus’?

3. Biusinne KHCJIOTHOCTH CpeJbl HA CKOPOCTh OKHUCJICHUS

B nBe npoOupku HaMHUTH 10 2 MII pacTBopa OpoMua Kainusi U J00aBUTH IOPOBHY B NIEPBYIO
npoOupKy pa30aBICHHON CEPHOM KUCIOTHI, BO BTOPYIO - pa30aBIeHHON YKCYCHOM KHCIIOTHI.
Jlo6aBuTh B Kaxayto mpooupky no 10-15 kamens pactBopa nepmanranara kaiaus. OTMETHUTD,
OJTHOBPEMEHHO JIM HAa0JI0]aeTCsl HICUE3HOBEHUE OKpacky B 0benx mpodupkax. Kak Biauser
KHUCJIOTHOCTh CPE/Ibl Ha CKOPOCTh OKUCIICHHUS IepMaHraHata kanus? Hanucarb ypaBHeHHE peakuu
B MOJICKYJISIPHOM M HOHHOH (opme.

OIIBIT 4 Ceoiicmea coeounenuit mapzanua (VI)
PEAKTHUBAI:
1. VYkcycHas kuciota (2H).

OBOPY][OBAHUE:
1. IIpoOupku.

X0 PAFOTHI:

K neGonpmioMmy o0beMy pacTBopa MaHTaHaTa Kajaus (CM. OmbIT 3.1), IpUIUTh
pa30aBIeHHYIO YKCYCHYIO KucnoTy. HaOmonaTe n3aMeHeHre IiBeTa pacTBOpa U 00pa3oBaHue
ocanka. OObSICHUTH IpoucXosiee siBaeHue. HamucaTs ypaBHeHHE peakiuu.

3anaHus 1J151 CAMOCTOSITE/IbHOM PadoThI:



1. BepimuimmTe BCE 3JIEMEHTHI, BXOAAIIME B MOATPYIITY MapraHia. YKa)kKUT€ XapaKTep U3MEHEHUs
CBOMCTB 3THX JIEMEHTOB.
2. CpaBHHUTE 3JIEKTPOHHOE CTPOEHHE aTOMOB MapraHua M xjopa. Ha ocHoBe 3Toro oObsicHHUTE
paznuuve B HUX XMMHUYECKHX CBOMCTBaX M HAJIMYUE HECKOJIBbKUX CTENEeHEeW OKHCIEHHUS 000uX
JJIEMEHTOB.
3. Kakumu cBoiictBamu obOnagaer oxcua wmapranma (II)? Hanummre Heckonabko ypaBHEHUMN
peaxkuuii, IOATBEPKAAIOIINE ET0 CBOWCTBA.
4. IlpuBenuTe NMpUMepbl COETMHEHUI MapraHia, o0JalaloluX TOJIbKO OKUCIUTEIbHBIMU, TOJIBKO
BOCCTAHOBUTEJILHBIMU CBOMCTBAMHU U OKHCIUTENBHO-BOCCTAHOBUTEIBHBIMY CBONCTBAMM.
5. Hammmumre ypaBHEHUs peakUHid, ¢ MOMOINBIO KOTOPBIX MOYKHO OCYLIECTBUTBH CIEAYIOIIHE
IIPEBPALLCHUS:

KCIO; +KOH Ch NaOH
MHOZ KzMnO4 X1 — Ml’lC12 X2 — Mn(OH)4
6. Paccuuraiite 00beM Kuciaopoaa (H.y.), KOTOPBIA MOKHO MOMyduTh nipu aercteum 500 mi 0,5 M
pacTBOpa IepMaHIaHaTa Kajius Ha IEPOKCH]I BOJOPOAA B KHCIIOHN cpene.

JlutepaTypa Uil NOATOTOBKHM K CEMUHAPY:
1. AxmeroB H.C. OGmias u Heopranuueckas xumus. M., Beicmas mkomna, 1981, 2001,
2003.

2. babuu JI.B. u ap. Ilpaktukym o Heopranudeckoi xumun. M., [IpocBemienue.

3. TI'muaka H.JI. O6mas xumus. J1., Xumus, 2000.

4. Koposun H.B. O6mas xumus. M., 2002.

5. Meroanueckoe pyKOBOJCTBO K Ja0OpaTOPHBIM padOTaM MO HEOPTraHWIECKOMY CHHTE3Y/
HTI CIIA, naboparopus.

6. IlpakTukym mo o0meit u Heopranuueckoi xumuu. M., 2002.

7. Xauexpodt, Katpun E. CoBpemenHbIl Kypc 0011eit xumuu B 2-X Tomax. Ilep. ¢ anrm.

M., 2002.
8. IlpakTukym no Heopranuueckoit xumuu. M.: [Ipocsemienue, 1978.
9. CemenoB A.C. Oxpana Tpyna u Texauka 6ezonacuHoctu. M.: I[Ipocsemienue, 1976.
10. CopaBounuk no xumuu. M.: [IpocBemenue, 1978.

Tema 31. Metamnsl 6b

3aoanue: BHUMaTeNbHO IPOYUTATH ONMHMCAHUE Ja00pAaTOPHOI pabOThI, 0OpaTUTH BHUMAaHHE
Ha IPUIOTOBJIEHHBIE PEAKTHBBI M OOOpPYIOBAHUE, BBIMNOJIHUTH SKCIEPUMEHT IO MPEI0KEHHON
METOAMKE C COOJIIOICHIEM TEXHUKU 0€30IaCHOCTH U MPaBMII PA0OTHI ¢ XUMUYECKUMU BEIIECTBAMH,
NpOM3BEICHHbIE HAOMIONEHUs 3aHECTH B JaOOpaTOPHBIM JKypHaj, 3aloJIHUTh TaOJUIbI, BCe
XMMHAYECKHE PEeaKkIH 3amucarh MPH TMOMOIIM ypaBHEHUH, 00pabOTKY pe3yJibTaTOB MPOHM3BECTU
cieayoumM o0pa3oM: K03(pPUINEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBuTh, BOCIIOJIB30BABIIMCH METOJOM HOHHO-3JEKTPOHHOrO ©OanaHca, i OOMEHHBIX
IPOLIECCOB 3alucaTh HMOHHO-MOJIEKYJSIPHbIE YPaBHEHHUS, IO KaXJIOMY OIBITY CJE€JaTh BBIBOJ,
OTBETUTH Ha BOIIPOCHI JJISi CAMOCTOSTEILHON paOOTHI.

IEJIb: N3y4nTh CBOMCTBA XpOMa M €ro HanboJiee pacrpoCTPaHEHHBIX COSTUHCHHI.
OIIBIT 1. Ilonyuenue u ceoiicmea oxkcuoa xpoma (111)
PEAKTHUBAI:

1. Huxpomat ammonwus (1H);

2. AB3otHas kucinora (2H);

3. Cepnas kucioTa (2H).



OFOPYJIOBAHUE:
1. TIpoOupkmu;
2. lllTaTnB MeTaTIHYSCKHUH;
3. CnuproBkKa.

XOI PABOTAI:

Haceimate B mpoOMpKy HEMHOTO U3MENBYEHHOTO JUXPOMATa aMMOHHUS U 3aKPEIUTh €€
HaKJIOHHO B mTatuBe. OTBEPCTHE MPOOUPKH HATIPABUTh B CTOPOHY OT €05 U APYTUX padOTAIOIIHX.
[Tox mpoGupKy MoNOKUTH TUCT OyMaru. HarpeTh BepXHuUl CIIOH COM 10 HaYaia peakium, 3aTeM
HarpeBaHue npekpatutb. OOBACHUTH NMpoucxoadiee siBieHue. Hanucars ypaBHeHHE peakiui,
COCTaBUTH AJEKTPOHHBIN OaNaHC, yKa3aTh OKUCIUTENIh U BOCCTAHOBUTEIb B PEAKIIHH.

Ha nonyuennsiii nopomok okcuaa xpoma (I11) noaeiictBoBath Bofoi 1 pa30aBIeHHbIMU
CEpHOI 1 a30THOM kucnoTamu. PactBopsiercs nmu okcup xpoma (I1I) B Boge u kucnorax?

OIIBIT 2. Ilonyuenue u ceoiicmea zuopoxcuoa xpoma (I111)
PEAKTHUBAI:

1. Xumopun xpoma (I1I) (11);

2. T'mapokcun Hatpusi (2H);

3. Consnas kucnora (2H).

OBFOPY][OBAHUE:
1. IIpoGupkw.

X0/ PAFOTHI:

B npoGupky ¢ pactBopom conu xpoma (III) mpubaBnaTe mo kamisM pacTBOp TUAPOKCUAA
HaTpus 10 oOpa3zoBaHus ocaaka rugpokcuja xpoma (I1I). OrmeTuTs 1BET ocaika, HanUcaTh
ypaBHEHUE PEAKIIHH.

PaznenuTs ocanok Ha aBe mpobupku. B ogHy U3 HUX 700aBUTH pa30aBICHHYIO KHCIIOTY, a B
JIpyryio U30BITOK iesioun. OTMETHTh OKPAacKy MOJYYeHHBIX pacTBOpoB. HamucaTths ypaBHEeHHE
peakuuu. Kakumu cBoiictBamu oOnanaet ruapokcua xpoma (111)?

OIIBIT 3. I'uoponu3s coneit xpoma
PEAKTHUBAI:
1. Xnopung xpoma (III) (11);
2. VYHuBepcanbHbIN HHANKATOp (Oymara).

OBOPY][OBAHHUE:
1. TIpoGupxku.

XO/] PAFOTHI:
WcnbiTaTh yHUBEpCAIBHBIM HHIMKATOPOM PEAKIUIO Cpebl pacTBopa xiopuaa xpoma (III).
Hanucatp ypaBHeHHe peakuuii THIPOIN3a.
OIIBIT 4. Okucnenue u soccmanogienue coeounenuil xpoma (I11)
PEAKTHUBAI:
1. Xuopun xpoma (IIT) (1n);
Consnas kuciora (2H);
[unk (rpanynbl);
Tonyoun;
IM'uapoxcun Hatpus (2n);
bpomMHuas Boja;
[Tepoxcun Bogopoaa (3%)

Nk wDd

OBOPYJOBAHUE:



1. TIpoOupku;

2. Ta3zootBomHas TpyOKa.
XO[ PABOTBI:

PactBop xsopuna xpoma (I1I) moaxuciute consiHOM KUCIOTON U pa3/ienTh Ha JABE
npobupku. O Hy OCTaBUTH U1 KOHTPOJIS, a B IPYTYI0 IOMECTUTH 2-3 KyCOYKa IMHKA, IPHINTh
HEMHOTO TOJIYOJIa U 3aKPBITh MPOOUPKY MPOOKOM ¢ Ta300TBOAHON TPYOKOM, KOHEIl KOTOPOU
MIOMECTHUTH B BOZly. Uepe3 HeKOTopoe BpeMs Ha0JtoJaTh H3MEHEHHe [[BeTa pacTBopa. Hamucarts
ypaBHeHHe peakuuu. OOBSICHUTH PoJib Tosryosa. [louemy razo0TBoIHYI0 TPyOKY HEOOXOIUMO
onycTuTh B Boay. Kakyro posns urpaet xsnopuza xpoma (III) B aToit peaxiuu.

K pactBopy conu xpoma (I11) 106aBuThH 10 KaruisiM pacTBOp THAPOKCHUIA HATPHUS 10
pacTBOpEHUs IepBOHAYAIBHOTO Ocaika. [loidydeHHbli pacTBOp pa3aenuTh Ha JABe mpooupku. B
OJIHy 100aBUTH 2-3 KaIulM pacTBOpa ruApoKcua HaTpus U 2-3 mu1 6poMHOI Bobl. B apyryto
npoOUpKy 100aBUTH 2-3 MJI pacTBOpa TMAPOKCUAa HATpus U 2-3 M 3%-HOro pacTBOpa NepoKCcHIa
Bozopoza. [Ipocnennts 3a n3MEHEHHEM OKpAacKH B JIByX npobupkax. Hanucars ypaBHeHUs
pEeaKLui.

Ha ocHOBaHUM NpPOBEAECHHBIX OMBITOB ClIE€NaTh BHIBOJ, KaKYIO POJIb MOTYT UIPaTh
coeaunenus xpoma (III) B OKMCITUTENFHO-BOCCTAHOBUTENBHBIX PEAKIMAX U KAKOBA IPU 3TOM POJIb
cpenbi?

OIIBIT 5. Ycnogus cywecmeosanus 6 600€ XpomMamos u OUXpomMamog
PEAKTHUBBI:

1. Xpomar kanus (1H);

2. Cepnas kucnora (2H);

3. T'mnpoxcun HaTpus (2H);

OFOPYJI[OBAHUE:
1. TIpoGupkm.

XON PAFOTHI:

K 3-4 mu pacTBOpa XpoMara KaJiusi PUIUTh PACTBOP CEPHOM KUCIIOTHI, HAOII01aTh
n3MeHeHue okpacku. OObsICHUTH Tpoucxosiiee spieHue. Hamucars ypaBHeHHE peaKilnu.

K monydeHHOMY pacTBOpY MPUIUTH PAcTBOP Ienoun. Habmonate n3MeHeHne 1BeTa
pactBopa. O0bacHUTH 3TO U3MeHeHue. Hanucats ypaBHenue peakiuu. HanmnuueMm, kakux HOHOB
00yCJIOBJICHBI TIEPEXOIbI OKpaCKH pacTBOpoB? Kakoe paBHOBeCcHE yCTaHABINBAETCS B BOJIHBIX
pacTBOpOB XpoMmaToB u nuxpoMaroB? Kak Biuser cpefa Ha CIIBUT 3TOTO paBHOBECHS?

OIIBIT 6. Oxkucaumensvhule ceoiicmea coeounenuit xpoma (VI)
PEAKTHUBAI:

1. Jmxpomat kanus (1H);

2. Cepnas kucnora (2H);

3. Cynabdur Hatpus (1H);

OBbOPY]JOBAHHE:
1. TIpobupku.

XOI PABOTAHI:

K pactBopy nuxpomara Kanusi IpUIUTh PAaCTBOP CEPHOI KUCIOTHI U CyIbGuUTa HATPUSI.
HaGmronats u3aMeHneHnue okpacku pactBopa. [late o0bsicHeHre. Hamvicats ypaBHEHHE PEaKIiy B
HWOHHOM ¥ MOJIEKYJISIpHOU hopme.

3amaHus 1J1s1 CAaMOCTOAITEJIbHOM PadoThI:
1. Hanummte NOJTHYIO 3JEKTPOHHYIO (GOPMYITy aToMa XpoMa. YKaKUTe €ro BaJICHTHBIE 3JIEKTPOHBI.
KakoBbI BO3MOKHbBIE CTEIEHU OKUCIICHUSI Xpoma?



2. Ykaxure Hanbosee XapakTepHble CTENICHH OKHCICHHUS XpoMa, MpUBeauTe (HopMyIibl OKCHIIOB U
THIPOKCHUIOB XpOMa B YKa3aHHBIX CTENEHSIX OKUCICHHUS.
3. Kakue KuCIIOTBI Ha3bIBalOT XpPOMOBOM M IByXpoMoBoi? Kak n3MeHsieTcsa cuia U yCTOMYMBOCTh
9TuX KUcaot? OOBACHHUTE, B KaKUX PEAKIMIX U ModemMy OyAeT HaOItoIaThCcsi M3MEHEHHE OKPAaCKH
pacTBOpa C JKEITOM Ha 3€JIEHYI0, U C )KEJITOW Ha OPaH)KEBYIO.
4. Kak uW3MEHSIOTCS KHCJIOTHO-OCHOBHBIE CBOMCTBA THAPOKCUIOB TOBBIIIEHUEM CTEIEHU
okucienus xpoma B psany: Cr(OH), — Cr(OH); — H,CrO4?
5. Hammmumre ypaBHEHUs peakUHid, ¢ MOMOINBIO KOTOPBIX MOYKHO OCYLIECTBUTBH CIEAYIOIIHE
MIPEBPALLCHUS:
(NH4)2Cr207 — Cr203 — KCrO2 — Cr(OH)3 — Cr(NO3)3 — Cr203
6.M3BecTHO, 4TO OKpacka pacTBopoB coenuHeHuit xpoma (III) mpm cTosHUM Ha BoO3ayXe
m3mensiercsa. Yem ato oOwscHsaeTcs? Kakoe mpaktuueckoe 3HaueHne HaxoasaT coiu xpoma(lll).
7. B xakoii cpenie Oosiee yCTOHUMBBI XpOMAaThl METAJIJIOB, a B Kakoi nuxpomatsl? Kak u3 auxpomara
KaJIusl OJyYUTh XpOMaT Kajus?

JIntepatypa 1JIsi HIOATOTOBKH K CEMHUHAPY:

1. AxwmeroB H.C. O6mias u Heopranudeckas xumus. M., Beiciias mikona, 1981, 2001,
2003.

2. babwu JI.B. u np. [Ipaktukym mo Heopranndeckoi xumun. M., IIpocsenienne.

3. I'muaka H.JI. O6mas xumus. JI., Xumus, 2000.

4. Koposun H.B. O6mas xumus. M., 2002.

5. Meroaunueckoe pyKOBOACTBO K J1aOOpaTOpHBIM paboTaM Mo HEOPTraHUYECKOMY CHHTE3Y/
HTTI'CITA, nabGopaTtopus.

6. Ilpaktukym no obuieit u Heopranuueckon xumun. M., 2002.

7. Xamekpodt, Katpun E. CoBpemeHHBIN Kypc 00miei xumMuu B 2-X Tomax. Ilep. ¢ aHrm.

M., 2002.
8. Ilpaktukym no Heopranuueckoi xumuu. M.: [Ipocsewenue, 1978.
9. CemenoB A.C. OxpaHna Tpyaa u Texuuka 6ezonacuoctu. M.: IIpocsemenue, 1976.
10. CnpaBounuk no xumuu. M.: Ilpocsemenue, 1978.

Tema 32. Metamnsl 2b

3aoanue: BHUMaTENIbHO TIPOYUTATH OMHCAHUE J1a0OPATOPHOI pabOThI, 0OPATUTh BHUMAHHE
Ha TMPHUTOTOBJICHHBIC PEAKTHBBI M O0OPYIOBAHUE, BBIMOIHUTH SKCIIEPHUMEHT IO MPEI0KEHHOU
METOJIMKE C COOJTIOJICHHEM TEXHUKU 0€30MaCHOCTHU U MPABUII PA0OTHI ¢ XUMUYECKUMU BEIIECTBAMH,
MPOU3BEICHHBIC HAOJIOJICHUS 3aHECTH B JIA0OPATOPHBIA IKYpHAJ, 3alOJHHUTH TaONUIBI, BCE
XMUMHAYECKHE PEaKIMK 3alucarh MPH TIOMOIIM ypaBHEHHUH, 00pabOTKY pe3yJIbTaTOB MPOHM3BECTH
CIEeIYIOIIMM 00pazoM: KO3(PPUITMSHTHI B YPaBHEHUSIX OKUCIUTEIFHO-BOCCTAHOBUTEIHHBIX PEaKIIUN
paccTaBuTh, BOCIOJIB30BABIIMCH METOJOM HOHHO-3JICKTPOHHOTO OanaHca, s OOMEHHBIX
NPOIIECCOB 3arucaTh HMOHHO-MOJICKYJISIPHBIC YPAaBHEHHUS, MO KaXJIOMY OIBITY CJeIaTh BBIBOJ,
OTBETHUTh HA BOIIPOCHI JJIsi CAMOCTOSITEIILHON paOOTHI.

I EJIb: U3yunTh XuMHYeCKHE CBOMCTBA IMHKA, KaJAMUS, PTYTH U UX XapaKTEPHBIX COCIMHCHUH.
OIIBIT 1. B3aumooeiicmeue YuHKA CO Wea0uamu
PEAKTHUBAI:
HuHk (cTpyxKa);
2. T'mapoxcun Hatpus (35 %).

OBbOPY]/][OBAHHE:

1. TIpoGupku;
2. CnouproBKa.

XO[ PABOTBI:



[TomecTuTh B IPOOUPKY HEMHOTO IMHKOBBIX CTPYKEK U MPUIUTH KOHIIEHTPUPOBAHHBIN
pacTBop menoun. Harpets. HaGmonaTh BeIieieHre Ta3a. J{oka3aTs ONMBITHBIM ITyTEM, YTO
BBIICTISIOIHICS ra3 — BoJopoa. OOBSICHUTH MEXaHU3M MPOUCXOISAINX PEAKIIUI 1 HAITMCATh UX
YpaBHCHHS.

OIIBIT 2. Ilonyuenue u ceolicmea 2udpoKcuoa YUHKa
PEAKTHUBAKI:

1. Xnopun muaka (1H);

2. T'mapokcun Hatpus (2H);

3. Consnas kucnora (2H).

OBOPY/[OBAHUE:
1. IIpoOupku.

XO/ PABOTAI:

U3 nmeromuxcst B 1ab0paTopuy peakTUBOB MOTYYUTh THAPOKCU IMHKA. OTMETHUTH LIBET U
xapakTep ocajaka. J[okazaTh ONBITHBIM ITyTEM, YTO THAPOKCH]I IMHKA 00Ja1aeT aM(pOTEPHBIMU
cBoiictBamu. HamucaTh ypaBHEHHs peakluii B MOJIEKYJISIPHON 1 HOHHOHU (opMe.
OIIBIT 3. Komnnexkcuole coeOunenus UuHKa
PEAKTHUBAI:

1. Xunopun nuska (1n);

2. Ammmak (2H).

OBbOPY]/I[OBAHHE:
1. Ilpobupku.

X0/ PABOTHI:

K pactBopy conu nuHKa 100aBIATH 110 KalJIsiM pacTBOp aMMHaka 10 00pa30BaHUs OCallKa, a
3aTeM JI0 IIOJIHOTO €ro pacTBopeHus. HanucaTe ypaBHEHUS peakUui, yYUThHIBas, 4YTO
KOOPAMHALIMOHHOE YKCIIO [IUHKA B II0JY4YEHHOM KOMIIJIEKCHOM COEIMHEHUU PABHO YETHIPEM.

OIIBIT 4. I'uoponu3 coneit yunka
PEAKTHUBAI:
1. Xnopun nunaka (1H);
2. Cynbdar nuaka (1n0);
3. [uHk (rpaHyJibl).

OBOPY][OBAHHUE:
1. TIpoGupku;
2. Haxnaunas Oymara;
3. YHuBepcanbHbIii HHAUKATOp (Oy™mara);
4. ChoupToBKa.

XOI PABOTHI:

HcnpiTaTh yHUBEPCATHHBIM HHAUKATOPOM PEAKIUIO CPEIbI PACTBOPOB CyJib(ara u XJopuaa
uuHka. Hanucats ypaBHeHHE peakiuil TuIposun3a.

B ropstumii pacTBOp XJI0puaa IUHKA OMYCTUTh KyCOUEK IIMHKA, TPEABAPUTEIILHO OUHUCTUB
€ro MOBEPXHOCTh HaXKIauHOM Oymaroi. HabmrogaTs Beiienenne Bogopoaa. OOBICHUTh MEXaHU3M
MPOUCXOISIINX MpoLeccoB. HamucaTh ypaBHEHHS peakiuidi B MOJIEKYJISIpHONW M MIOHHOH (opme.
OIIBIT 5. Ilonyuenue KkaOmusa 60CcCmMan081eHUEM €20 UOHO8 U3 PACHIBOPO8
PEAKTHUBAI:

1. Ilwuak (rpanyms);

2. AmomuHuil (TpaHyJbl);



3. Maruuii (IOpoIIoK);
4. Keneso (rBOo311b);
5. Cynpdar xagmus (1n).

OFOPYJIOBAHHUE:
1. TIpoGupkm.

XOH PAFOTHI:

[Tonb3ysch JaHHBIMU TAOIHUIIBI CTAHIAPTHBIX AIEKTPOHHBIX MOTEHINAIOB, MTOA00PATh
MeTaJlIbl, CHIOCOOHBIE BOCCTAHABIMBATh HOHBI KaJIMUS U3 pacTBOPOB ero cosei. [Ipoaenats
COOTBETCTBYIOIIIUI OTIBIT, UCIIONIBb3YS OJIMH U3 UMEIoIUXCcs B Taboparopun MetaioB. Hamucath
ypaBHECHUE PEAKITHH.

OIIBIT 6. Ilonyuenue u ceoiicmea 2udpoKkcuoa KaoMus
PEAKTU

1. Cynbdar kagmus (1H);

2. T'mnpoxcua Hatpus (2H);

3. Consnas kuciota (2H).

OBbOPY/I[OBAHHE:
1. Ilpobupku.

X0/ PAFOTBHI:

W3 umeromuxcs B 1a00paToOpuu peakTUBOB MOIYYUTh THAPOKCUA KaaMus. OTMETUTb
XapakTep ¥ uBeT ocajaka. Hanucars ypaBHeHHe peakuyu. McnbiTaTh OTHOIIEHNE THAPOKCHIA
KaJMMs K pa30aBIeHHOMY pacTBOPY COJISIHOM KMCIOTHI U U30BITKY Iienoun. Kakue cBoiicTBa
HPOSIBIISET 3TOT rUAPOoKcuA? OTMETUTh pa3nyMsl B CBOMCTBAX TUAPOKCUIOB LIMHKA U KaJMHUSI.

3agaHus A1 caMOCTOSITeIbHON padoThbI:

1. Kak cka3biBaeTcs Ha CBOMCTBaxX LIMHKA, KaJMMsI, PTYTH U UX COCAUHEHUN HAJUYUE MOJHOCTHIO
3aM0JIHEHHBIX S- U P-IIOLypOBHEM?

2. Hamummure ypaBHeHHs peaklUid B3aUMOJIEHCTBHS IIMHKA C Pa30aBIeHHON U KOHIIEHTPUPOBAHHON
cepHoii kucioToi. OnpenenuTe OKUCIUTENN U BOCCTAHOBUTEN B PEAKIIUAX.

3.C moMouIpl0 Kakux peakiuil MOXKHO 0Ka3aTh aM(OTEpPHOCTh OKCHIA W THUAPOKCHUAA ITMHKA?
Hanmmure ypaBHEHUs 9TUX peakIuil.

4. CpaBHure cBoiicTBa (aM(pOTEepHOCTb, yCTONYUBOCTh) TUAPOKCUAOB IMHKA, KAIMUS U PTYTH.

5. Kakoil u3 cynbuaoB LMHKA, KaJAMUS U PTYTH B3aUMOJECHCTBYET C COJSHOW KHCIOTOW?
Hanmumnre ypaBHeHuE peakuuu.

6. Kak B3anMoJeiCTBYeT PTyTh C KOHIICHTPUPOBAHHOW a30THON KUCJIOTOW B cllydae e U30bITKa U
HegocTarka? [Ipy HOMOIIM, KaKMX peakuil MOKHO pas3induth HoHbl Hg?™ u Hg!™.

7.Hanumure hopMyIbl KaloMelu U cylieMbl. [ 1e oHn TpuMeHsroTcs?

JlutepaTypa Uil IOATOTOBKHM K CEMUHAPY:
1. AxwmeroB H.C. O6mias u Heopranudeckas xumus. M., Beiciras mkona, 1981, 2001,
2003.

2. babwuu JI.B. u np. [Ipaktukym o Heopranudeckoin xumun. M., [IpocBemnienue.

3. TI'muaka H.JI. O6mas xumus. JI., Xumus, 2000.

4. Koporun H.B. O6mas xumus. M., 2002.

5. Meroanueckoe pyKOBOACTBO K JTa0OpaTOpPHBIM paboTaM Mo HEOPTaHUYECKOMY CHHTE3Y/
HTT'CITA, nabopartopwus.

6. IlpaxTukym mo o6meit u Heopranuuecko xumuu. M., 2002.

7. Xanekpodt, Karpun E. CoBpemenHsbIit Kypc 001ieit xumun B 2-X Tomax. [lep. ¢ anriI.

M., 2002.



8. Ilpaktukym no Heopranuueckoi xumuu. M.: IIpocsemenue, 1978.
9. Cemenos A.C. OxpaHna Tpyaa u TexHuka 6ezonacHoctu. M.: Ilpocsemenue, 1976.
10. CnpaBounuk no xumuu. M.: Ilpocsemenue, 1978.

Tema 33. Mertamnsl 1b

3aoanue: BHuMaTenbHO MPOYUTATh OMHCAHUE JIAOOPATOPHOU paboThl, 0OPaTUTh BHUMAaHUE
Ha TMPHUTOTOBJICHHBIE PEaKTHUBBI M 00OpYIOBAHME, BBIIOJIHUTH 3KCIIEPUMEHT IO MPEII0KEHHON
METOJIUKE C COOIOICHMEM TEXHUKU OE€30MacCHOCTH U MpaBmil paboThl ¢ XMMUYECKUMU BELIECTBAMH,
MIPOU3BEICHHBIE HAOJIOJEHUS 3aHECTH B JIAOOpATOPHBIM JKypHall, 3aloJIHUTh TaOJUIbI, BCe
XMMHUYECKHE pEeaKIMM 3amucaTh MPU MOMOUIM ypaBHEHUH, 00pabOTKy pe3ysIbTaTOB IPOU3BECTH
cieayoumM o0pa3oM: K03(pPUIMEHTHI B ypaBHEHUSIX OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUN
paccTaBUTh, BOCHOJIb30BABUINCh METOJIOM HOHHO-3JIEKTPOHHOTO OanaHca, 1 OOMEHHBIX
IIPOLIECCOB 3alMCaTh HOHHO-MOJIEKYJISIPDHBIE YPAaBHEHMs, IO KaKJOMY OIIBITY CI€JaTh BBIBOI,
OTBETUTH Ha BOMPOCHI JIsi CAMOCTOSITENIbHOM pabOTHI.

IEJIb: N3yuuTs CBOICTBAa METAIIMYECKON MEM M HAnOOIIee PacCpOCTPAHEHHBIX COSTMHEHNI METH 1
cepeOpa.
OIIBIT 1. Ilonyuenue medu (6occmanosierue UOHO8 MeOU U3 PACEOPO8 ee colell bolee
AKMUBHBIM MEMAIOM)
PEAKTHUBAKI:

1. Cynsdar meau (p-p);

2. JKene3Hble rBO3IM.

OBOPY][OBAHUE:
1. TIpoGupku;
2. Haxnaunas 6ymara.

X0/ PAFOTHI:

Hanuts B npobupky pactBop conu meau (II), omycTuTs B HEro HECKOIBKO KYyCOYKOB
MeTallia, ClIocCOOHOTO0 BOCCTAaHOBUTH MOHBI Meau. HabmoaaTh 3a M13MEHEHHEM OKpacKu pacTBOpa U
noBepxHoCTH MeTaia. OOBSICHATH MIPOUCXOISIINE SBICHUS, UCIIONB3YsI TAHHBIC TAOIUIIBI
HOPMAaJIbHBIX JIEKTPOHHBIX MOTEHIUAIIOB.

HamucaTh ypaBHEHUS peakIlvy.
OIIBIT 2. B3aumooeiicmeue meou ¢ kucromamu (Pabomy nposooums 6 evimsiicrom wkaghy!)
PEAKTHUBAI:

1. MenHble CTPYXKKH;

2. Cepnas kucnora (KOoHII., 2H);

3. ConsHas kuciaoTa (KOHII., 2H);

4. AB3otHas KucjaoTa (KOHII., 2H).

OBbOPY]/I[OBAHUE:
1. TIpoOupku;
2. ChnuproBkKa.

XO[ PABOTBI:

K HeOosbIoMy KOJIMYECTBY MEJHBIX CTPYKEK IPUIUTh B OTAEIBHBIX IPOOUPKaAX
pa30aBieHHbIC U KOHIIEHTPUPOBAHHBIE PACTBOPHI KUCIIOT COJISTHOM, CEPHOM U a30THO.



HaGmonate npoucxoasimue siBiaeHus. Te mpoOupku, B KOTOPBIX peakiius He Hadasach,
HarpeTh (ocTopoxHO!) Co BceMu Jii KHUCIOTaMHU B3auMOICUCTBYeT Meib? OOpaTUTh BHUMAaHHE HA
OKpacky pactBopa. OnpenenauTh Mo XapakKTEPHOMY 3alaxy U OKpPacKe BBIACISIONINECS B Pe3yIbTaTe
peaKkIuy Ta3bl.

Hanucats ypaBHeHHsI peakuuii, 00bsICHUTH 10A00p K03 duimeHToB. Caenarh BHIBOJ O
BOCCTAaHOBHTEIHHBIX CBOMCTBAX MEITH.

OIIBIT 3. Ilonyuenue u ceoiicmea cuopokcuoa meou (1)
PEAKTHUBAKI:

1. Cynsdar menu (1n);

2. T'maopoxcun Hatpus (2H);

3. ConsnHas kuciota (2H);

4. AB3otHas KucjoTa (KOHII., 2H).

OKOPY][OBAHMUE:
1. TIpobupku;
2. ChouproBka.

X0/ PABOTBHI:

1. ITomyuuts ocagok rugpokcuaa meau (II). OrmeruTs LBeT U xapakTep ocazaka. Jloka3ats
9KCIIEPUMEHTAIbHO, UTo Tuapokcua menu (I1) mposisisier amdoTepuble cBoiicTBa. Hanucatp
YPaBHEHMs PEAKIIUU B MOJIEKYJISIPHONH M HOHHOH (popmax.

2. Nonyuuts ocanok rugpokcuna meau (I11). XKugkocts ¢ ocaakom B300ATaTh U HATPETH 110
kunenus. [louemy usmenuscs uset ocanka? Hanucats ypaBHeHus peakiuu. Kakoil BbIBOJI MOXKHO

CIeNaTh 0 TEPMUYECKOU cTorkocTu ruapokcuaa meau(Il)?
OIIBIT 4. I'uoponus3 coneii meou (1)

PEAKTHUBAI:
1. VYHauBepcanbHbI HHAUKATOP (OyMara);
2. Cynbdar menu (11);
3. KapOGonar narpus (1n);
4. ConsHas kucnora (KOHII., 2H);
5. A3otHas kuciaoTta (KOHII., 2H).
OFOPY][OBAHHE:
1. TIpoGupku.
XON PAFOTHI:

HcnbiTaTh yHUBEpCAIBHBIM HHIUKATOPOM pacTBop cotield Meau (I1). KakoBa peakius
cpenbl? Hamrcats ypaBHEHHE peakluy TUAPOIU3a.

K pactBopy cynbdara meau (II) npunuts pactBop kapboHaTa Hatpus. Kakue npusHaku
NPOTEKaHUsI XUMHUYECKOH peaknuu Habmonarores? Hanucars ypaBHEHHE peakiuu cyibdaTa MeIu
(IT) ¢ kapOoOHATOM HATPHS IIPU yIACTUE BOJIBI.
OIIBIT 5. Ilonyuenue u ceoiicmea komniaexcroiut coau meou (1)
PEAKTHUBAI:

1. Ammmuax (2n);

2. Cynabdar meau (1H).

OFOPYJIOBAHUE:
1. TIpobupku.

XON PAFOTHI:
K pactBopy cynbdara meau (I1) 1o6aBasATh 1O KarisiM pacTBOp aMMHAKa J0 PACTBOPECHHS
BBITIAIAIOIIETO BHAYAJIE OCaIKa OCHOBHOM conn. Hammcath ypaBHeHHe peakiuu. B cocTas, kakoro



noHa Bxoaat atombl Mmenu? KakoB 1iBet oOpa3oBasierocst nona? CpaBHUTh ypaBHEHHE
ANEKTPOIATHICCKOM TUCCOIUAITIN 00pa30BaBIIeHCss KOMIUIEKCHOW ME/IM U HalMCaTh BRIpAKEHUE
KOHCTaHTBI HECTOWKOCTH KOMILJIEKCHOTO HOHA. J[0Ka3aTh KOMIUIEKCHBIM ITyTE€M, YTO B PaCTBOpE
9TON COJIM UMEIOTCS CYIb(aT-HOHBI.

[Tonb3ysck TabmuIeit MpoOU3BECHHS PACTBOPUMOCTH, TO100paTh PEAKTUB, C TIOMOIIBIO
KOTOPOT'0 MOKHO 00HapykuTh HOHBI Meau (II) B pacTBOpe KOMIUIEKCHON COJIH.
OIIBIT 6. Ilonyuenue cuopoxcuoa u oxcuoa meou (I)
PEAKTHUBAI:

1. T'mapokcun Hatpu (2H);

2. Cynbdar meau (1n);

3. I'moko3a (p-p).

ObOPY]/I[OBAHHE:
1. Tlpobupku;
2. Cnuproska.

X0 PABOTBI:

W3 nmeronuxcst B 1ab0paTopuy peakTUBOB MOIYYUTh ocafok ruapokcuaa meau (II). K
o0pa3oBaBIIeMYCsl 0CaIKy 100aBUTh U30BITOK PACTBOpPA ILIEJIOYH B PACTBOP TIOKO3bl. CMech
XOpoLIo nepemenaTs 1 Harpetb. O6pasyeTcs cHavana ocaiok rujpokcuia meau (I), kotopsliit mpu
0ojee cuabHOM HarpeBaHuu nepexoauT okcua Meau (I). OTMeTuTh oKpacky THAPOKCHAA U OKCHIA
menu (I). Hamucate ypaBHeHus peakuuu. KakoBa poib TIIFOK0O3bI B 3TOM peakiuun? Kakue BHIBOIbI
MO>KHO CJIelaTh 0 TePMUYECKO cTolikocTu ruapokcuaa meau (I).

3amaHus 1J1s1 CAaMOCTOAITEIbHOM PadoThI:
1. OxapaktepusyiTe OTHOIIICHHE MEH, cepedpa 1 30J10Ta K pa30aBICHHBIM M KOHIICHTPHPOBAHHBIM
pacTBOpam KHUCJIOT, K pacTBOpaM Iienoueit u coneil. Hanumure ypaBHEHUS! COOTBETCTBYIOIINX
peaKuui, YKaKUTE YCIOBHS UX OCYIIECTBICHHS.
2. [Touemy BnaxkusIi okcuz cepedpa (1) okpammBaer peHondranent B po30BbIN 1[BET?
3. KakoBa cpena Boanbix pactBopoB AgNO3 Cu(NOs), u K[Au(OH)4]? Hanumure ypaBHeHus
COOTBETCTBYIOIIUX PEAKIIUH.
4. CpaBHHTE KOHCTAHTHI HECTOMKOCTH KOMITIEKCHBIX HOHOB [Ag(NH3),] * 1 [Cu(NH3)4] + 1
OIIEHUTE KOMILJIEKCOOOPA3yIOIIy0 CIIocOOHOCTh KaTHOHOB Ag™ 1 Cu 2. OGOCHY#TE BaIlli BBIBOJIBI.
5. PaccMoTpuTe TEpMHUECKYIO YCTOMYUBOCTH OKCHIIOB, TUPOKCUAOB U KUCIOPOICOACPKALITUX
coneit Mmenu, cepedpa u 30510Ta. Hanmummre ypaBHeHUs peakifii TepMudeckoro pasnoxenus Ag,0,
AgNO3, Agst4, CuO, CUSO4, Cu(NO3)2, AU(OH)3, AuC13.
6. Kakue peakuuu npoTeKaroT IpU paCTBOPEHUH 30J10Ta B «IIAPCKOM BOJIKEY.
7. UeM 00OBsicHSIETCS 00Opa30BaHKE 3€JICHOTO HAJETa HA MEIHBIX U3IEHSIX U TIOYSPHEHUE
cepeOpsIHBIX MPEAMETOB NPHU JUIUTEIHHOM IpeObIBaHUM WX Ha Bo3ayxe? Hanumure ypaBHEHUS
COOTBETCTBYIOLIUX PEAKIIUM.
8. Kakoii u3 peakTHBOB MMO3BOJIUT MEPEBECTH METAUTNYECKYIO MEJIb B PACTBOPUMOE COCTOSIHHE:
HCI; H,SOy4 (xonm.); HNO; (konir.); HySO4 (pa3z6.); ZnSOq4; HI; NaOH; Pb(NOs),? Hanummre
YpaBHEHHUS PEaKIuil.
9. Hanmummre ypaBHEHUs PEAKIIHii, C TOMOIIBIO KOTOPBIX MOXHO OCYIIIECTBHUTD CIICIYIOIIHE
peBpalICHHUS:

Cu — CuCl,; — Cu(OH); — CuO — [Cu(NH3)4](OH),

Jlutepatypa 1Jisl HOATOTOBKU K CEMUHAPY:

1. AxmeroB H.C. O6mias u Heopranudeckas xumus. M., Beicmas mkona, 1981, 2001,

2003.

2. babwuu JI.B. u np. [Ipaktukym no Heopranndeckoi xumun. M., Ilpocsemnienue.

3. I'muaka H.JI. O6mas xumus. JI., Xumus, 2000.

4. Koposun H.B. O6mas xumus. M., 2002.



5. Meroanueckoe pyKOBOJCTBO K Ja0OpaTOPHBIM paboTaM MO HEOPraHWYECKOMY CHHTE3Y/

HTT'CITA, nabopatopws.
[IpakTukym o obuieit u Heopranuueckoit xumuu. M., 2002.

o

7. Xanekpodt, Karpun E. CoBpemenHsbIit Kypc 001mieit xumuu B 2-X Tomax. [lep. ¢ anri.

M., 2002.

8. IlpakTukym o Heopranudeckoit xumun. M.: [Ipocsenmienue, 1978.
9. CemenoB A.C. OxpaHna Tpyaa u Texnuka 6ezonacaoctu. M.: Ilpocsemenune, 1976.

10. CinpaBouynuk no xumun. M.: Ilpocsemenue, 1978.

Tema 34 . CpaBHenue MetaisioB A u b moarpynn

3adanue: TOATOTOBUTH COO6IJ_ICHI/IG 110 OJHOMY U3 CIICAYIOIINX BOIIPOCOB:

1. CpaBHEHUE 3JIEMEHTOB INIaBHBIX U MOOOYHBIX MOATPYIIIT
2. Mertamsl - npocThie BemecTBa. CpaBHEHUE (PU3MUECKUX CBOMCTB METANIOB A U

B noarpynn

3. Xumuueckue cBoicTBa MeTauioB. CpaBHEHUE BOCCTAHOBUTEIBHOM
crocobHocTH MeTauioB A u B moarpymnn
4. TlonyuyeHue METaIIOB
5. IlpuMeHeHre MeTallI0B U UX COESAUHEHUH (Ha IpUMepe paHee N3yUeHHBIX )
JlutepaTypa Uil IOATOTOBKHM K CEMUHAPY:
1. AxwmeroB H.C. O6miast u Heopranuueckas xumus. M., Beicmas mkona, 1981, 2001,

2003.
2.
3.
4. Koposun H.B. O6mas xumus. M., 2002.
5.
HTT'CITA, nabopartopwus.
6.
7.

M., 2002.

[TpakTukym 1o obmieit u Heoprannueckoi xumuu. M., 2002.
Xanekpodr, Katpun E. CoBpeMeHHbIH Kypc o011eit xumuu B 2-x ToMax. [lep. ¢ aHrm.

8. IlpakTukym no Heopranuueckon xumuu. M.: [Ipocsenienue, 1978.
9. CemenoB A.C. OxpaHna Tpyaa u Texauka 6ezonacaoctu. M.: IIpocsemienne, 1976.
10. CrpaBounuk no xumuu. M.: IIpocsenienue, 1978.

babuy JI.B. u np. [Ipaktukym no Heopranuyeckoit xumuu. M., [IpocBerienue.
I'muaxa H.JI. O6mas xumust. J1., Xumus, 2000.

Meroanueckoe pyKOBOJACTBO K JIAOOPaTOPHBIM paboTaM 10 HEOPraHMUECKOMY CHUHTE3Y/

6.2. 33)13HI/IH H METOAUYECCKUE YKa3aHUS 110 OpraHusanuu CaMOCTOSITEIbLHOM pQGOTLI

CTY/ICHTA
Tembl 3aHATHH KoJsimyecTBo yacos Copep:xanue DopmbI
Bcero Aymutop- | CamocTosiT. | €CaMOCTOATENLHOI koHTpoasa CPC
HBIX padoThI padoThI

Beenenue. 18 6 12 IIpopaboTka camocT. pabora,,

Tema 1. AToOMHO- MaTepHaJIoB JICKIIUHU. | OTYET 1O

MOJIEKYJISIPHOE y4EeHHe. nabopaTopHOi

OcCHOBHEIE XUMHYECKHE pabore

MOHSATUS U 3aKOHBI

Tema 2. TeopeTnueckue 18 8 10 [IpopaboTka camocrt. pabora,,

OCHOBBI o0mmei XUMUH. MaTepHaJIOB JIEKIUH. | OTYET 1o

CrpoeHne U CBOWCTBAa aTOMOB. a00paTOpHOH

XuMHUYECKas CBS3b pabote

Tewma 3. Knaccudukarms u 36 10 26 [IpopaboTka camocrt. pabora,,

HOMEHKJIaTypa MaTepHaJIOB JIEKIUH. | OTYET 1o

HEOPTraHMYECKUX COCTUHEHUMN. nabopaTopHOH

OCHOBHBIE CBOMCTBA OCHOBHBIX pabore

KJIaCCOB HEOPTaHUYECKHUX

COCJIMHEHUI

Dx3aMeH IToxroroBka k OtBeT Ha




9K3aMEHY 9K3aMeHe

Tema 4. PacTBOpBI. 14 4 10 IIpopaboTka camocT. pabora,,

DIEKTPOTUTHYCCKAS MaTEPHAJIOB JICKIIUH. | OTYET IO

JICCOLIMALIUSL. nabopaTopHOi
paboTte

Tema 5. OxucauTeabHO- 14 4 10 IIpopaboTka camocrt. pabora,,

BOCCTAHOBUTEIILHBIC PEaKITUH MaTEepHUAJIOB JICKIIUH. | OTYET IO
nmabopaTopHOit
pabore

Tema 6. DJIeMEHTHI TJIABHBIX 34 8 16 IIpopaboTka camocrt. pabora,,

MOJATPYIII MEPUOHUECKOM MaTepHAJIOB JICKIIUH. | OTYET 1Mo

CHCTEMBI U UX COCANHEHUS n1ab0paTopHOi
paborte

Tema 7. Heopranuueckuii 20 8 12 IIpopaboTka OTHET 110

CUHTE3 MaTepuasoB JICKIHH. | JlabopaTopHOi
pabote

Tema 8. KomruiekcHbie 18 8 10 IIpopaboTka camocrT. pabora,,

COCJTMHEHUS MaTEpPHUAJIOB JICKITUH. | OTYET MO
nabopaTopHOi
pabote

Tema 9. DieMeHTHI TOOOYHBIX 33 22 11 camocrt. pabora,,

MOITPYIII TEPHUOANICCKON OTYET ITO0

CHCTEMBI U X COCANHECHUS n1abopaTopHOi
pabote

DK3aMeH 27 36 IToaroroBka k OrtBeT Ha

JK3aMEHY JK3aMeHe
Hroro 216 76 113
7. YueOHO-MeTOANYECKOe U HH(POPpMALIHOHHOE o0ecnievyeHue
PexoMennyemas autepatypa
OcHosnas:

Axwmeros H. C. JlabopaTopHbIE U CEMUHAPCKUE 3aHATHUS 110 00IIECH 1 HEOpPraHWYECKOH XUMHH [ DIeKTPOHHBIHN pecypce] : yaeOH
banpirnna. — Dnexrpon. gan. — CII6. : Jlans, 2014. — 368 c.

Axwmeros H. C. O0mas u HeopraHmdeckasi XUMus [ DIeKTpOHHBIH pecypce] : yaeOHuK. — DnekTpoH. gan. — CII6. : Jlans, 2014

O6mas xumus. Teopus u 3anaun: YueOHOe nocodue [DnekTpoHHBIH pecypc] : yueb. mocodue / H.B. KoposuH [u ap.]. — Duer
c.

[MTaBnoB H. H. O6wmas n neopranudeckast xumusi. CI16: U3x-Bo: "Jlans", 2011. 496 c.

Hononnumenvuasn:
Bop3zosa JI. [I. OcHOBEI 00111e# XUMUHU [ DICKTPOHHBIH pecypc] : yuedHoe nocobue / JI.JI. bop3osa, H.}O. Uepnukosa, B.B. Sk
C.

I'munka H. JI. O6mas xumus [Tekcr] : [yue0. mocobue s By3os] / H. JI. I'munka ; mox pen. A. U. Epmakosa. - 31.30-¢, ucry

I'nmunka H. JI. 3agaun u ynpaxuaenus mo oomieit xumuu [Tekct] : yaebHoe mocobue a1 By3oB / H. JI. I'nunka ; mox pen. B. A.
WnTtepran-Ilpecc, 2005. - 240 c.

T'ongapos E. I'. Kpatkuit Kypc TeopeTndeckoii HeOpraHu4IecKOH XiuMuH [ DIeKTpOHHBIH pecypc] : yueb. mocobue / E.I'. 'oHuay
AdunorenoB. — DnekTpoH. naH. — Cankr-IlerepOypr : Jlanp, 2017. — 464 c.

Capraes I1. M. Heopraamuaeckas xumus. [ DIeKTpOHHEIH pecypc| — DnekrpoH. naH. — CI16.: Jlans, 2013. — 384 c.

Ceepanosa H. JI. O0miast 1 HeopraHudeckasi XUMUS: IKCIIEPUMEHTAIBHBIC 33/1a49H U YIIPAXKXHEHUS [ DIEKTPOHHEIA pecypc] @ yuc
Jlanp, 2013. — 352 c.

CrpoeHne U CBOWCTBA aTOMOB. XUMHUecKas CBs3b [TekcT] : yueOHoe mocobue a1t By30B 1o Hanpasieruto 050100 Ecrectsen
obpasoBanus U Hayku Poc. @enepamnu, HrkHeTarua. roc. coi.-nea. akaju. . - Hwkauii Tarun : HTT'CIIA, 2010. - 127 c.

Ilpozpammnoe ovecneuenue u Humepnem-pecypcot



8. MarepuaibHO-TeXHUYECKOe o0ecnedeHne I CHUIIUHbI
. JlexunonHas aygutopus — 412A.
. Kommerorep (HOyTOYK).
. TeeBu3zop.
. MynpTUMEIManpoeKkTop.
. JIaGoparopusi A mpoBeaeHUs J1abopaTOpHOro mpakTukyma —411A
. Meronnueckue pa3pabOTKH JUIsl TPOBEACHUS 1aOOPaTOPHBIX paboT.

6. Pasznmarounslii marepuain: Ilepuoanueckue CHCTEMBI XUMHUYECKMX dieMeHTOB [[.M.
MenneneeBa, TaOIMIBI PACTBOPUMOCTH  COJIEH, KHCIOT, OCHOBAaHHWH, paja CTaHAApTHBIX
JEKTPOAHBIX TOTEHIIUAJIOB.

7. XuUMHUYECKHE PEaKTUBbI U IOCYyHa, J1abopaTopHOEe OOOpYyAOBaHHE Jsl HPOBEACHUS
71a00paTOPHOTO MPAKTUKyMa

9. TeKymuil KOHTPOJIb KA4eCTBA YCBOCHUS 3HAHUI

[IpoBepka ycBOeHUs 3HaHUN BEIETCS B TEUEHHE CEMECTpa B MUChbMEHHOU (opme (TecT) Ha
JEKIIMOHHBIX 3aHATHUAX U YCTHOU (opMe B XO€ CEMUHAPCKUX 3aHATHM, 10 Kax10# J1abopaTopHOH
paboTe npeoCTaBIsSeTCs] OTUYET, BBIMOIHIIOTCS 3aJaHUsl ISl CAMOCTOATEIbHON PaOOTHI.

10. ITpomexyTOUHAA ATTECTALUA

[TpomesxyTodHas aTTecTanus Mo JaHHOW AUCIUIUINHE TPOBOAUTCS B (hopMe dK3aMeHa.
Ok3amMeH no aucuuiuinHe «OOmas W HeopraHudeckas XHMMs, HEOPraHHYeCKUH CHUHTE3»
MIPOBOJMTCS B IIEPBOM U TPETHEM CEMECTpax. DK3aMEeH MPOBOAUTCS 10 Ouneram.  TeopeTHueckue
BOMPOCHl OMJIETOB OTpa)katoT BeChb OO0BEM H3YyYEHHOI0 MarepHuaja MO JaHHOM IUCIMIUIMHE U
HaNpaBJICHbl HA BBISIBJICHUE 3HAHUN CTYJICHTOB.

DK3aM€H M0 JaHHOW JUCLMIUIMHE NPESyCMaTpUBAacT BBICTABICHUE OLEHKHU, XapaKTEePU3YIOIEen
3HAaHUS, YMEHHSI M HaBBIKH CTYJCHTOB B OOJIACTH COBPEMEHHBIX TEOPHH CTPOSHHS aToOMOB WU
XMMHYECKOH CBSI3H, OCHOBHBIX KJIACCOB HEOPraHMYECKUX COCIUHEHUM.
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