MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO

o o Dopma
Y IIBSAHOBCKUH roCy1apCTBEHHBII YHUBEPCUTET

@ - PaGouast nporpamMma JTUCLUIIIIMHBI

YTBEPKJAEHO

4eHoro cosera MHCTUTYyTa MEIUIMHBI,
HKOJIOTUH U (PU3UIECKOM

KyJIbTYyphI OT «18» mas 2022 1.,

/// y npotokon Ne 9/239
Vi SR
- / B.. Mumienko /

(nédnuczo, pacuugposxa noonucu)
ot «18 » mas 2022 r.

PABOYASA TPOI'PAMMA JIUCHUIIJIMHBI

Hucuunnmna XUMUA

®dakynbTeT IKOJIOTHYeCKHUIT
Kadenpa OO0ureii U OMOJIOTHYECKOI XUMUM
Kypc 1

Hanpasnenue noarotosku 05.03.06 Ixos10rust 1 npupoI0M0Ib30BaHHE
(ypoBeHb OakanmaBpuaTa)

[Ipoduns IkoJaorus

®opma o0yuenuss Qunast

Jlata BBeneHus B yueOHbIN npouecc Yal'V: «1 » cents6ps 2022r.

[TporpammMa akTyanu3upoBaHa Ha 3aceAaHuu Kadeapsl: IpoToKo Ne oT 20 I.
[TporpammMa axTyanu3MpoBaHa Ha 3aceAaHuu Kadeapsl: IpoToKo Ne oT 20 I.
[TporpammMa akTyanu3upoBaHa Ha 3aceAaHuu Kadeapsl: IpoToKo Ne oT 20 I.

CBeneHus 0 pa3padOTYHKaX:

OJDKHOCTH
0150 Kadenpa A ’
y4eHasi CTENI€Hb, 3BaHUE
Kadenpa obmeit u JlomeHT, KaHIUIAT
WBanosa Jlunusa AnekcanapoBHa OUOJIOTHYECKON OMOJIOTUYECKIX HAYK
XUMUHU
COI''TACOBAHO COI'TACOBAHO
3asenyromui Kapeapoi, 3aBeyIONIHiA BBITTyCKAIOMIeH Kadeapoii
peanu3yomei IMCIHILIHY OMOJIOTHH, SKOJIOTUU W TIPUPOIOTIONH30BAHUS
7

&

/| Ipons O.I0. / 77
Ioghucy OHO e / / Cnecapen C.M. /

[oomice DPHO

« 18 »  Mas 2022 r. «18 » wmas 2022r.

dopma A

Crpanunna 1 u3 62




MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO

o " Dopma
Y IIBSAHOBCKUH roCy1apCTBEHHBII YHUBEPCUTET

@ - PaGouast nporpamMma JTUCLUIIIIMHBI

1 HEJIb 1 3AJAYHN OCBOEHUA JTUCIIAITJIMHbI

Heabio ocBoeHMs] TUCHMILUIMHBI - SBIsAeTCS (HOPMUPOBAHME CHCTEMHBIX 3HAHHUH, KOTOpPHIC
HEOOXOIUMBI CTYIEHTaM TIPH PACCMOTPEHHUH (PU3UKO-XMUMHUUYECKON CYIITHOCTH U MEXaHU3MOB
MIPOIIECCOB, MPOUCXOAIINX B IIPUPOJIC U )KUBOM OpPraHu3Me Ha MOJICKYJISIPHOM U KJIETOYHOM
YpOBHSX. B pe3ynbTaTe OCBOSHUS NAaHHOW TUCIHIUIMHBI JIOJDKHBI OBITH CPOPMHUPOBAHBI
YMEHUS BBITIOJIHATH B HEOOXOJMMBIX CIIy4asX pacdyeThl MapaMeTpPOB ATHUX IPOIECCOB, YTO
MO3BOJIUT OoJiee TIIyOOKO MOHATh (DYHKIIUM OTIENBHBIX CHCTEM OpraHu3Ma, a TakkKe ero
B3aMMO/ICHCTBUE C OKPY KAIOIIEH Cpeoi.

3agayu 0CBOEHHS JUCHHUIIHHDI.

- OCBETUTb KJIIOYEBBIE BOINPOCHI MPOrPAMMBI, CTUMYJIHPOBAaTh CTYAEHTOB K
MOCIIEAYIOLIEH caMOCTOATENbHON paldoTe.

- chopMUpOBaTh YMEHUS M HABBIKU JUIA PEIICHUS TPOOIIEMHBIX U CUTYaI[MOHHBIX 33]1a4;

- chopmMupoBaTh MPaKTUYECKHE HaBBIKU IIOCTAaHOBKH u BBIIIOJITHCHUS
SKCTIIEPUMEHTAIBHON PabOTHI.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

JlucuMiimHa OTHOCUTCSI K MaTEMaTUYECKOMY M €CTECTBEHHOHAYYHOMY LMKy, 0a3oBast
gactb (51.0.23). [l wu3ydeHWs JMCHMIUIMHBI  HEOOXOMMMBI ~ 3HAHHUS  BOIPOCOB
MPEANIECTBYIOMUX U3YYaeMbIX AUCIUIUIMH — IIKOJIBHOTO Kypca XuMuHU. JlaHHAs AMCIUIUIMHA
u3ydaercs Ha 1 kypce B 1 cemectpe.

JuctunnuHa sBISIETCS TpeAmecTByome g aucuuiumd: «Mctopus», «OcHOBBI

MPEIIPUHAMATEIILCKOTO TIpaBay, «TeXHOIOTMM © TPOAYKTH IUPPOBON IKOHOMHUKH,
«BBeneHne B CHEIMAIBHOCTH HAy4yHO-0Opa3oBaTelnbHOro Kiactepa», «OCHOBBI MPOEKTHOTO
ynpaeneHus»,  «MHbopmaruka», «OOmas  skomorus»,  «l'eodskonorusi»,  «OCHOBBI
OnoreoxumMumn», «MeTeoposioTHsl U KIMMATOJIOTH», a TAK)KEe O3HAKOMHUTEIBHBIX MPAKTHUK TIO
0OTaHHKE U 300J0THH.

Komnerenrus OIIK-2 ogHOBpEMEHHO C TUCHUTUIMHON «XHUMHUS» OCBaWBAETCS TaKkKe MpU
u3ydeHuu aucuuiuine «Dusmnkay, «O06mas ouonorusy, «['eongorus u nmouBoBeaeHue», «OxpaHa
OKPYXKAIOIIeH CPeIbl» a TaKKe O3HAKOMHUTEIBHBIMHU IMPAKTUKAMH 1O OOTAaHWKE W 300JIOTHH,
MOJITOTOBKOH K C/Iaye M cJjauell TOCyIapCTBEHHOTO DK3aMEHa.
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3 INEPEYEHD IINIAHUPYEMBIX PE3YJIbTATOB OBYYEHMUS 11O JUCIUIIJIMHE
MOAVYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMMU

OCBOEHMA OIIOII

Kox u HaumenoBanue
peanu3yemMoi KOMIETEHIUU

[TepedeHb TUTAHUPYEMBIX PE3YIIHTATOB OOYUCHHUS 11O
JTUCHUIITUHE (MOJYJII0), COOTHECEHHBIX C MHANUKATOPAMHU
JIOCTHOKCHHST KOMIIETEHITUN

OIIK-2: criocobeH HCII0Ib630BaTh

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

3HaTh: TEOPETUUYECKHE OCHOBBI OOILIEH, HEOPraHWYECKOMH,
AHAIUTUYECKOM XHMMHUU; COCTaB, CTPOCHHUE U XUMHYECKHE
CBOIMCTBAa OCHOBHBIX IPOCTHIX BEIIECTB W XHMHUYECKUX
COCIMHEHUH; MOHUMATh MPHUHIIUIIBI CTPOCHUS BEIIECTBA U
MPOTEKAHUS XHUMHYECKHUX TIPOIECCOB; OCHOBHBIC JTaIlbl
MPOBEJICHUS JIaOOPATOPHOTO UCCIIEIOBAHUS.

YMeTh: BEIOUpaTh METOJAUKH IOCTAHOBKH U ITPOBEICHUS
1a060paTOPHOTO UCCIEIOBAHUS

-OIpeACNSITh BO3MOXKHOCTh M TYTh CaMOMPOU3BOJIBHOTO
MPOTEKaHUS XUMHUYECKUX IPOLIECCOB, B OCHOBE KOTOPBIX
JIeKAT PA3IMYHBIC XUMHUUECKHUE PCAKIUY;

- moaOupaTh  ONTHMAJbHBIE  YCIOBHS
XUMHUYECKUX PEaAKIUM.

Brnanets: - npueMamMu UCOIb30BaTh HEOOXOAUMOE
nabopaTopHoe 00opya0oBaHHE U TIPUOOPHI B XOJI€
MPOBEJICHUS JIa0OPATOPHOTO UCCIIEIOBAHUS.

IIPpOBCACHUA

OBLIAA TPYAOEMKOCTD INCHUTIJINHBI

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

KomnuecTBo vacos
(hopma oOyueHus - ouHas)
Bun yuebHoi paboTbl Beero 1o B 1.4. mo
Hnany ceMecTpam
1

1 2 3
KonraktHas paboTta oOyyarommxcs ¢ 72 72
MIPENOJABATENIEM B COOTBETCTBUU € Y1
AyJIUTOpPHBIE 3aHATHSL: 72 72
JICKITUU 36 36
CEeMMHAphl U NPAKTUYECKHUE 3aHATHSI 0 0
nabopaTopHble pabOThI, IPAKTUKYMBI 36 36
CamocrositenpHas padoTta 72 72
dopma TeKyIero KOHTpos 3HaHui 1 kouTposiss | KomnokBuym, | KomnokBuyM, KOHTpOJIbHAs
CaMOCTOSITENIbHOM pabOThI: TECTUPOBAHUE, KOHTPOJIbHAS pabota
KOHTpOJIbHast paboTa, KOJUIOKBUYM, pedepat u pabota
1p. (He MeHee 2 BUIOB)
KypcoBas pabota - -
Buibl npoMeXyTouHO# aTTecTanuu (9K3aMeH) 9K3aMeH /36 9K3aMeH /36
Bcero yacoB 1o qucuuIuIMHe 180 180
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4.3 Conepxanue TUCUMILIMHBI (MoayJs.) PacmpenesieHde 4acoB Mo TeMaM W BHJaM
y4eOHoii padoThI:

dopma 00yyeHus: OUHast

Bupl yueOHBIX 3aHATHI dopma
AynuTOpHBIE 3aHATHS 3 CamocTosi | TEKYLIEro
Hazpanue pasgenos | Beer [Tpaktuyec | Jlaboparo AATHA B | o ibmas KOHTPOJIA
U TeM 0 Kue pHBIE MHTEpAKTH pabora | 3HaHUIi
JICKIIUMHU IBHON
3aHATHA, paGOTLI
bopme
CEMUHApBI
1 2 3 4 5 6 7 8
Paszgen 1. O6mas xumus
1. Lemn wu 3agaum 9 3 - - 1 6
xuMuu. CTpoeHue aToma
[lepuoanueckuii 3aK0H 1
Komnoksuym
NeproIniecKas cucTeMa Nol
J.M. MeHneneeBa B >
KOHTpOJIbHA
CBETE TEOPHU CTPOCHUS
st paboraNel
aTroMma. XuMuyeckas
CBSI3b WM CTPOCHHE
MOJICKYIL
2. OCHOBBI XUMHUYECKOH 13 3 - 4 2 6 KoiokBuyM
TEPMOIMHAMHUKH. Ne2,
XuMu4eckas KHHETHKa KOHTPOJIbHA
U paBHOBECHC. q pa60TaN92
3. Teopusi pacTBOPOB U 15 3 - 6 2 6
pacTBopuTeneil.
KonnuratusHbie
CBOMCTBa PacTBOpOB. Komnoxsuym
PactBopsl Ne3,
JIEKTPOIIUTOB. KOHTPOJIbHA
Bonopoausrit st pabota Ne3
nokasarenb. [ UIposn3
COJICH. Bydephsie
pacTBOpPbI
4.0xucnuTensHO- 11 3 - 2 2 6
BOCCTaHOBHUTEJIbHBIE
Komnoxsuym
MPOLIECCHI. Nod
CranpapTHBIH U ’
peaNbHbII 3JIEKTPOIHBIN KOHTPOIbHA
s paboTtaNed
MOTEHIHAL. OO6mne
CBOHCTBa METAJJIOB.
5. Teopusi KOMILJIEKCHBIX 11 3 - 2 1 6 KookBryM
COEIMHEHUH. Ne5
BCEI'O 59 15 - 14 8 30
Paznen 2. Heoprannyeckast Xumus
1. Xumus HEMeTaslloB: 15 3 - 6 2 6 Komnoxksuym
anemeHToB VIIA, VIA, No§,
VA IVA (yrnepon) KOHTPOJbHA
rpynnsl [lepruoanyeckoit s paboTaNed
CHCTEMBI u ux
COCIIMHEHUSL.
2. Xumus metamios: | u 15 3 - 6 2 6 KomokBuym
1A, 111A, IVA (osoBo 1 Ne6,
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CBHHEII) TPYIIbI KOHTPOJIbHA

[epuoanueckoii s pabotaNeS

CHCTEMBI " ux

COCIMHEHUN.

3. O6mas 13 3 - 6 4 KostokBuym

XapaKTePUCTHKA " Ne7,

TOKCHKOJIOT U d- KOHTPOJIbHA

3JIEMEHTOB u ux st pabotaNe6

COETMHEHUI.

4 BUOTEeHHBIE 3JIEMEHTHI. 7 3 - - 4 Komnoksuym

Ne7

5.Heopranmueckue 7 3 - - 4 Komnoksuym

MUHEPAJIbHBIE Ne8

ynoOpeHus.

BCEI'O 57 15 - 18 24

Paznen 3. AHanuTHdeckas XUMUs

1. Buasl 1 MeTOBI 8 2 - - 6 Konnoxsuym

XMMHYECKOTO Ne9

AHAJIN3A.

2.Pacuetsl B 8 2 - - 6 Kommoksuym

KOJINYECTBEHHOM Nel0

aHaImn3e.

3.Anmaimm3  oObektoB | 12 2 - 4 6 Komnoksuym

OKPY’KaIOIIEH Cpe/Ibl. Nell,
KOHTPOJIbHA
st paboraNe7

BCET'O 28 6 - 4 18

IMoaroToBKa K IK3aMEHY 36 - - - -

HUTOI'O 180 36 - 36 72
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5 COJEPKAHME JUCHOUATIIIMHBI (MOIYJIST)

Paznen 1. Odmias xuvms

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

Xumus kak Hayka. [Ipenmer, 3amauum u meronsl xumuu. Ctpoenue atroma. OCHOBBI
KBAaHTOBOW MexaHWKH. KBaHTOBBIE YHCIA MU CTPOSHUE OJIEKTPOHHBIX OO0OJIOYEK aroMa.
[IpuHIUIIBI 3aMI0JIHEHHS] ATOMHBIX OpOUTAJICH.

Hcropust co3maHus NEepUOAUYECKOTO 3aKkoHA. CTPyKTypa NEPHOIUYECKONH CHCTEMBI.
BeprtukanbHasi, rOpu30HTAIbHAS U JUATOHATbHAS IEPUOJIUYHOCTh. BTOpHYHAS MEpUOIUIHOCTD.
[TapameTpsl aTOMa ¥ MEPUOUIHOCTD UX U3MEHEHHS B cucTeMe ayieMeHToB J[.M. Mennaeneena.

[lonsiTie XuWMHuUecKass CBsI3b W MEXaHM3MBI €€ 00pa3oBaHUs. MeETOapl oOmHCaHUs
XUMHYECKON CBS3M: METOJ BAJICHTHBIX CBS3€H M MOJEKYISpHBIX opOutaneir. OCHOBHBIC
XapaKTePUCTUKU XMMHYECKOW CBs3U. Pa3HOBUIHOCTH XUMHUYECKOW CBSI3M: KOBAJIGHTHAs,
MOHHAsI, MeTaJITN4ecKast. MexXMOJIeKyIsIpHOe B3aUMO/ICICTBHE.

Tema 2. OCHOBBI XMMIU4€CKOIl TEPMOAMHAMMKHA. XMMHYECKasi KHHETHKA U paBHOBeCHe.

OCHOBHBIE TIOHSATHUS XHUMHUYECKOW TepMOAMHAMUKH. [lepBeiii W BTOpPOW 3aKOH
TepMoauHamMuKku. 3akoH ['ecca u ero cnenctBusa. CBoOonHas sHeprusi [ m66ca kak Kputepuid
CaMOIPOU3BOJIBHOIO MPOTEKAHNS XUMUYECKUX PEAKIUM.

[lonsiTue ckopoctu XUMUUecKoil peakiuu. MakTopkl, BIUSIONIME HA CKOPOCTh PEAKLIUU:
IIPUPOJAa pPEArupyroIIMX BEIIECTB, KOHIICHTPALMs pEareHTOB, TEMIlEpaTypa M JaBJIICHUE.
[loHsiTHE XMMHUYECKOTO pPABHOBECHS W NpUHIMN ero cmemeHus. Karamms. ['oMoreHHslii u
TreTEepPOreHHBIN KaTaJIn3.

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

OO0ure NMoHATUS O pacTBopax M pacTBopHTelsiX. CrocoObl BbIpaXKEHUsI KOHIEHTpaluu
pacTBopoB. TepmoauHamMuKa oOpa3oBaHUs pacTBOPOB.

KonnmuratusHble CBOICTBA pacTBOPOB: OCMOC M OCMOTHYECKOE JIaBJIEHHE, TEMIIEpaTypa
KUIIEHUS U 3aMep3anus. [lepBsiii 1 BTOpoi 3akoH Payirs.

Teopuss »nexTponuTHUecko auccounanuu  Appenuyca. CunbHble U ciaOble
anekTponnThl. KoHcTanTa U creneHp Aucconuanuu. 3akoH pasbasienust OctBanbaa. Teopus
CUJIBHBIX 3JIEKTPOJIUTOB, IOHATUE aKTUBHOCTH. [[pon3Benenne pacTBOpPUMOCTH.

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

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

OKHCTUTENbHO-BOCCTAHOBUTENbHBIE — Tporiecchl. CreneHb  okucieHus. CrocoObl
YpaBHUBAHMS OKHUCIIMTEIbHO-BOCCTAHOBUTEIBHBIX peaknuid. Kiaccudukanus OKHCIUTETHHO-
BOCCTAHOBUTEJIBHBIX PEAKIIUMA.

CraHmapTHBIN U peanbHBIM 3JIEKTPOJHBIM NoTeHnMal. YpaBHeHue HepHcra-Ilerepca u
HalpaBJIE€HUE  OKUCIUTEIbHO-BOCCTAHOBUTENBLHOIO  mporecca.  CpaBHUTENbHas  CHUJIa
OKHCIHMTENEH ¢  BOCCTaHOBHUTENEH. OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIE  IMPOLECCHl U
KU3HEACSITEIbHOCTb.

DNEeKTPOXUMUYCCKUNA P  HAOpPsDKEHHS  METauioB.  OnekTponu3. (OcobeHHOCTH
MeTaITM4eckoi cBsizu. OOmue CBOWCTBA METAIOB: KOBKOCTh, TEIUIOMPOBOJHOCTh U
3EKTPONPOBOAHOCTh. Koppo3us MeTania, BUAbI KOPPO3HH, CIOCOOBI 3alIUTHI OT KOPPO3UH.
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Tema 5. Teopusi KOMIIEKCHBIX COeIMHEHH.

OcHoBHBIE TIOHATHS Teopuu Beprepa. Jluranapl u ux  Kjaccuukams.
BryTpuopOuTanpHbie W BHEIIHEOPOUTANIbHBIC KOMIUIEKCH. Kiaccudukanus 1 HOMEHKJIATypa
KOMIIIEKCHBIX coeTMHEeHUH. IToHsATHEe KOHCTaHTa HECTOMKOCTH.

Pa3nes 2. Heopranmueckasi XuMust

Tema 1. Xumus HemertaJioB: diementoB VIIA, VIA, VA IVA (yriaepoa, kpemumii)
rpynnsl [lepuoanyeckoii cucTeMbl U UX COETUHEHUSI.

DONEeKTPOHHBbIE CTPYKTYpbl aTOMOB TrajoreHoB. ['amoreHsl B mpupojae. dDusmyeckue
CBOWCTBA M XHMMHUYECKHE CBOMCTBA rajoreHoB. [lonydeHMe W TNPUMEHEHHE TaJOrCHOB.
Coeaunnenue rajnoreHoB ¢ BogopoaoM. Kucnopoacoaepxaiiue coeJMHEHHsI TaJIOT€HOB.

DJEKTPOHHOE CTPOCHHE U TapaMeTphl aTOMOB JJIEMEHTOB TJIABHOW MOJATPYIIIBI IIECTON
rpynnsl.  [lepuonuyHocte ux wu3MeHeHusa. Kucnopon, pacmpocTpaHeHHE B MHPUPOAE U
XUMHYecKre cBoiicTBa. Cepa, pacpocTpaHeHHE B IPUPOAE U XUMHUYECKHE cBoiicTBa. OCHOBHEBIE
COEJITMHEHUS Cephbl: OKCUIBI U KUCIOTHI. X XUMHU4ecKkre CBONCTBRA.

DJEKTPOHHBIE CTPYKTYPBI aTOMOB. A30T: a30T B MPHUPOJE, €rO MOJyuYeHHs] M CBOWCTBA.
AMMuak, conu amMMmoHus. Dukcaius arMochepHOro a3oTa, MOoJdydeHHe ammuaka. [ uapasuH,
THJIPOKCHUIIAMUH, a3uaoBogopoa. Oxcuabl azora. A3orucras M a3oTHas KuciaoTel. Pocdop:
docdop B mpuposae, nonyueHue u cporictsa gochopa. Coenunenus pochopa ¢ BOIOPOAOM U
rasioreHaMu. OKCUIBI U KUCIOTHI pocdopa.

DNEKTPOHHBIE CTPYKTYphl aTOMOB YTJIEPOJ: YIJIEpOJ B MPHUPOAE €ro IMONy4YeHHE H
cBoMcTBa. Ayutorponus yriaepozaa. Juokcun yrinepona. YronsHas kucinora. Oxkeun yraeponaa (I1).
CoenuHenus yrieponaa ¢ cepoil U azoroM. KpeMHuii: kpeMHHI B MpHpOJE, €ro MOJy4YeHHue U
cBoiicTBa, CoeIMHECHHSI KPEMHHSI ¢ BOJAOPOJIOM | rayioreHamu. Jlmokcua kpemaus. KpemHeBbie
KHUCTIOTHI ¥ UX coiti. CTEKII0, [IEMEHT.

Tema 2. Xumusa wmeramion: |A, IIA, IIIA, IVA (o10B0 U cBUHeN) Ipyninbl
IHepuoauveckoii cucTeMbl M UX COCAMHEHMI.

[[{eouHble METAJUIBL: PACIPOCTPAHEHUE B IPUPOJIE, TOITYUEHUE, CBOMCTBA, TPUMEHEHUE.
Harpuii. Kannii.

[[{enouHO3eMeNbHBIE METAJUIBI: PACHPOCTPAaHEHUE B MPHUPOJE, MOIYYEHHE, CBOMCTBA,
npUMeHeHue. Maruui, kanpluui, 6apuil.

DOnekTpoHHbIe CTPYKTypbl atoMoB |lIIA rpynmel. AntomMuHMIA: pacmpocTpaHEeHUE B
MpUpPOJE, MOJyYeHUE, CBOWCTBA, TPUMEHEHUE.

DOnekTpoHHbIe CTPYKTYphl atoMoB IVA rpynmel. OIOBO U CBUHEI: paclpoCcTpaHEHHE B
MIPUPO/IE, TIOyUYeHNEe, CBOMCTBA, TPUMEHEHNEe. TOKCUKOJIOTHSI CBUHIIA U €T0 COCTMHEHHS.

Tema 3. O0uast XapaKkTePUCTHKA H TOKCHKOJIOTHs 0-3JIeMEHTOB M MX COeIHHEHMId.
d-anementbl. OOmiasi xapakTepucThKa. PacmpocTpaHeHHOCTh B mpupoje. Duszuko-
XHMHUYECKHe CBOMCTBA d-311eMeHTOB. TOKCHUKONIOTHS d-2JIEMEHTOB M MX COCTUHEHHIA.

Tema 4. BuoreHHble 3J1eMeHTHI.

[TonsiTue OMOreHHOCTH XMMHYECKUX 3JIEMEHTOB. buocdepa, KpyroBopoT OHOreHHBIX
aneMeHTOB. KoHIIEHTpHpoBaHUEe OMOTEHHBIX AJIEMEHTOB KHUBBIMU cucTeMamu. Kiaccuduxarms
OMOTEHHBIX 3JIEMEHTOB 10 WX (YHKIMOHAIHHON POJIM: OPTaHOTEHBI, JIIEMEHTHI HJIEKTPOJIUTHOTO
¢oHa, MHUKPOAJIEMEHTBI. [TpumecHsle DIIEMEHTBI (akkyMynupyrommecs T
Heakkymynupyromuecs). OCHOBHbIE HCTOYHUKM TOCTYIJICHUS TPUMECHBIX 3JEMEHTOB B
OpraHu3M 4ejoBeKa. XUMUYECKHUE acTIeKThl OXPaHbl OKPYKAIOLIEH CpeIbl.

Komrutekchbl KaTHOHOB S-MeTauioB (MOHOGOPHI, KpayH-2UPBI, KPUITAHIBI. XJI0PODUILI.
buonorudeckass ponb HATpUs, Kalus, KaJIblHi, MarHus. XHUMHYECKOE CXOJCTBO U
OMOJIOTMYECKUI aHTAarOHW3M (HaTpUN-KaJINA, MarHUi- KaJablnui).
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HauOonee BaxxHble OMOreHHBbIC Ay1eMeHTHI d-00Ka: Xpom, Meab, MoiuOaeH. CucTemsbl
MeTaJlI-0€e10K (METaIIIONPOTEUHBI U OEJIKH, aKTUBUPYEMbIE METAJUIAMH).

Tema 5. Heopranudeckue MuHepaJjibHble y100peHHsI.

IIpocmyie yoobpenus:

A3OTHBIE: HUTpATHbIE (HATpUEBasl U Kallbl[MEBasl CEIUTPbI); aMMOHHUITHBIC 1 aMMHUAYHbBIE
ynoopenust (cynbpaT aMMOHHUS, aMMOHHMMHO-HUTpATHBbIC yAOOpEHUS, aMMHa4yHas CeIUTpPa);
MOYEBHHA.

®docdopuseie: cynepdocdar, nBoiiHOI cynepdocdar, mperunuTar.

Mukpoyno6penus. MukposnemeHnTsl. bopHbie ynoopenus. Menubie ynoopeHus.

Komnnexcnvie yooopenus:

Ammodocel, HUTPOPOCHI M HUTPOPOCKH, HUTPOAMMO(OCHI U HUTPOAMMO]OCKH,
kapO6oammodochl, mosuduchaTel aMMOHHS.

Pa3pen 3. AHaJuTH4YeCKAs XUMUSA

Tema 1. Buabl 1 MeTOABI XUMHYECKOT0 aHAJIN3A.

KadecTtBeHHBIN M KoJIMYeCTBeHHBIN aHanu3. Knaccudukanus BumoB aHanmza. OOBEKTHI
aHanu3a. OCHOBHBIE cTaauu TpoBeneHUs aHanu3a. OCHOBHBIE CTaJUM TOCTPOECHUS
AHAJTUTUYCCKON METOAMKHA M OCHOBHBIC METOJIbI aHajau3a. MeTo bl Tpo000TOOpa, pas3IoKEHUS
pOoOBI, pa3/IeJCHIS U KOHIICHTPUPOBAHUS, OOHAPYKCHHSI H OTIPEIICIICHUS.

Tema 2. PacueTsl B KOJIMY€CTBEHHOM aHaJIM3e.

Enununer xommuectBa BemectBa. CrocoObl BBIPAKEHHUS KOHILIEHTpAIMW: MOJISIpHAs
KOHIIEHTpAIUsl, MOJSpHAas KOHILEHTpAllUs »SKBHUBAJIEHTa, MaccoBas KOHIICHTpaus (TUTP
pabouero pactBopa, TUTpP MO OIPEACIIIEMOMY BEIIECTBY), OOBEMHAsi KOHIICHTPAIMS, OIS
KOMIIOHEHTa (MaccoBasi, 00beMHast, MOJIIpHAs).

3akoH KpaTHbIX OTHoweHui JlambToHa. BbluncneHue ¢akTopa SKBUBAJIEHTHOCTH H
DKBHMBAJICHTA.

Pacuersl B TUTPUMETPUUECKOM aHAJIM3€: CYIMIHOCTh TUTPUMETPUHU; CTAHJAAPTHBIC
pacTBOPBI U CIIOCOOBI MX MPUTOTOBICHUS; BUIBI TUTPOBAHUS: MIpsiMOe, 00OpaTHOE (IO OCTaTKy),
TUTpOBaHue 3amecTuTens. Kpussle TuTpoBanus. ['paBumeTpruyeckuii (BeCoOBOil) aHaNIM3.

Tema 3. AHa/M3 00bEKTOB OKPY KAIOLICH Cpebl.

CnocoObl B3ATHSA M MOATOTOBKH MPOOBI (Pa3ioKeHUs, OTACICHUS MEIIAOIMIUX KOMIOHEHTOB U
KOHIICHTPUPOBAHUS MUKPOIPUMECEH) sl aHain3a OOBEKTOB OKpY)KAIOMIEH Cpelbl: TOYBbI
JIOHHBIX OTJIOKCHHH, BOJBI, BO3ayXa. VCMONMb30BaHUE XUMUYECKUX, (PU3NUECKHX U (U3HKO-
XUMHUYECKHX METOJIOB JIJIsl aHaTN3a 00BEKTOB OKPYKAIOIIEH CpeIbl.

6 TEMBI IPAKTUYECKHNX 1 CEMUHAPCKHUX 3AHATHI

Jlannslit Bug paboTsl He peaycMoTper YII.

7 JIABOPATOPHBIE PABOTBI, IPAKTUKYMBbI

Pazgea 1. O0mas xumus.
TEMA 1. JHEPTETUKA XUMHWYECKHUX ITPOLHECCOB.
OINPEJIEJIEHUE TEIIJIOBOI'O IMTPOIIECCA PEAKIIMU HEMTPAJIN3AIINN.
Hean padoThi:
1. HayuuTbcs BBINOJIHATH KAJTOPUMETPUUYECKHE U3MEPEHUS.
2. OCBOUTH HABBIKU TCPMOANHAMHUYCCKUX pPaCYCTOB, CBA3AHHLIX C BHGPFGTHKOﬁ XUMHUYECCKUX
peaKIui.
Copnepxanue padoThI:
1. DxcnepuMeHTATBHO ONPEACIUTh TEIIOBOM d(PPEKT peakiny HEUTpaTu3aini.
2. IlpoBepuThb BHINOIHEHUE 3aKoHa [ecca.
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3. OmnpenenuTb OTHOCUTENBHYIO U a0COIIOTHYIO MOTPEIIHOCTH U3MEPEHUSI.

IIpnGopbel M peakTHBBI: KaJIOPUMETP, MEpPHbIE ILMIMHIAPBI, BOPOHKA, TEPMOMETP,
CEKYH/IOMEP WJIM [IECOYHBIE Yachl, paCTBOPHI T'MIpoKcHia HaTpus ¢ kKoHueHTpanueil C(NaOH) =
2 monw/1 u cepHoit kucioTel C(H2SO4) = 1 Monb/i.

Kparkue Teopernueckue cBeIeHHUsI.

JIroOble  XMMHUYECKHE pEakIMH BCEerJa CONPOBOXKIAKTCA TEMH WM  WHBIMH
SHEpPreTHUeCKUMHU dPPEKTaMu: BBIJCICHUEM HIIU MOTJIOMEHUEM TEIUIOThI, CBETA, COBEPIICHUEM
ANIEKTPUUECKOW WIIM MEXaHHUYECKOW paboThl. M3yueHWeM SHEpPreTHYECKUX H3MEHEHHWH Mpu
XUMHUYECKHX pEaKIUsAX 3aHUMaeTCsl HayKa, Ha3blBacMas XHMHUYECKOH TEPMOJIMHAMUKOM.
Oco0eHHOCTBIO XUMUYECKON TePMOJMHAMUKH KaK HAYKHU SIBIISIETCS PACCMOTPEHHE XUMHYECKHX
peakuuii B COCTOSTHUU PaBHOBECHS, KOTJ]a peaKIys JU00 HE HaYaIach, JIMOO yKe 3aKOHYMIIACH, U
U3MEHECHHS BO BHEUITHEH Cpejie OTCYTCTBYIOT.

XuMudeckas TepMOJIMHAMUKa 0a3upyeTcs Ha IBYX OCHOBHBIX 3aKoHax. Ilepeutit 3akon
mepMoOuHaMUKY N3BECTCH KaK 3aKOH COXPAHCHUs dJHEPTruu. MI3MeHeHe BHYTpeHHEH
SHEPTUH 3aKPBITON CHCTEMBI OTIPEICIIICTCSI KOJIMYECTBOM BBIICIICHHOM TEIUIOTHI U
coBepieHHon paboTel. AU =Q - A

KosnyecTBO TEmIOTHl BbIIENIMBIICHCS MM TOIVIOLIEHHONM B pe3ylbTaTe XHUMHYECKOM
peakuuMy Ha3bIBAECTCS MeEna06vim IPghekmom. IDK30TepMHUECKas peakuus — TeIioTa
BBIJICJIAETCS, SHAOTEPMHUUECKas — MOIJIOLIAETCs.

Yame Bcero B OMONOIMYECKHX CHUCTEMaxX XHMUYECKHE IMPEBPALLEHUS IPOTEKAIOT IpU
IOCTOSIHHOM J1aBjeHHU ( M300apHbIe MPOILECChl) B 3TOM Clyyae TEIIOBOM A(PQeKT peakuuu
Oyner paBeH HM3MEHEHHUIO BHYTPEHHEH SHEpPIUuM CUCTEMBbl IUIOC padoTa HaJ BHEIIHUM
nasienueM pAV: Q=AU + pAV

Cymma U + pV HazbiBaeTcs anmanvnueit M SBISETCS QYHKIUEH COCTOSIHUS CUCTEMBI WM
MEPOH €€ TEII0COAEPIKAHHUS.

Jlnist XUMUYECKOH peakuy MPOTEKAIOUIeH MPH MOCTOSIHHOM JIaBJICHWW DHTANBIINS PaBHA

TETIOBOMY 3 DEKTYy.

3a cmanoapmmuyio Inmansvnuto 00pa3OBaHUS NMPUHMMAIOT SHTANBIINIO TOM pEaKlMH, B
KoTopoi 1 Mosb BemiecTBa 00Opa3zyeTcs W3 TPOCTHIX BEIIECTB, KaXJA0€ U3 KOTOPBIX
HaxoJIUTCAd B TEPMOJMHAMHYECKOM COCTOSHUU.

3axon I'ecca n CJICACTBHUA U3 HEIO.
Tennopoit 3(1)(I)GKT pCakiuu 3aBUCUT TOJIBKO OT HAYAJBbHOT'O U KOHCYHOI'O COCTOSAHUSA

CHUCTEMEI HO HE 3aBUCUT HU OT IIYTHU MPOTECKAHUS PEAKIIUH, HU OT €€ MEXaHU3Ma.
CraencrBus 3akoHa ['ecca.

1) u3MeHeHue SHTAIBIMKM XUMHUYECKOH peakuuyu He 3aBUCHT OT YHCIAa MPOMEXYTOUHBIX
cTagui

2) SHTaAJNBNUS PEAKIMU paBHA CyMME DHTAJBIUNA 00pa3oBaHUs TMPOIYKTOB 3a BBIYETOM
CYMMBI SHTAJIBITHIA 00pa30BaHMUs HCXOIHBIX BEIICCTB.

Tennoma neitmpanusayuu — 570 TEII0BOH 3 ekt peakun odpasosanus 1 moxs HoO u3
noroB H' u OH™
H+(p_p) + OH pp) = HoO;  AHgg = -55,9 xJIx/Mo1b

[lpu HelTpasnzanuy CUJIBHBIX KHCIOT CHJIBHBIMH OCHOBAaHHUSIMH TEIUIOBOM 3¢ ekt 3Toro
nporiecca MoYTH OJJMHAKOB B pacyeTe Ha | MOJIb SKBUBAJIEHTA KHCIIOTHI WM IIETOYH.

OKcnepuMeHTalIlbHOE omnpeneineHne AH HelTpanu3alnuu OCIOKHEHO TEM, YTO IpHU
CJIMBaHUM PacTBOPOB MMEET MECTO Ipoliecc pa30aBiICHUS:

o(paz6aBn) = AHeimp + AHpas. HeliTpanusanus cia®oit KMCIOTBI MM CIa00r0 OCHOBaHUS

COMPOBOXKAACTCS THAPOJIM30M OOpa3yroliecss CONMHM, B pe3ylbTare 4Yero HW3MEHSASTCS
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+ — ~
koHIeHTpanus noHoB H™ u OH™ B pactBope, clieZioBaTelbHO M TEIIOBOM 3¢ (eKT mpoiecca
OyJleT UHBIM.

Memoouueckue pekomenoayuu u onucanue 1a60pamopHoil ycCmanoeKu

C nenbio mpoOBEpPKU CHpPaBEIMBOCTU 3akoHa ['ecca, B 1aHHOI paboTe MPOBOAUM PEAKIUIO
HeiTpanm3anun H,SO4 menousto NaOH B aBe craguu.

PesynpTaTom peakiuu nepBoit craauu (pu HepoctarouHoM KojimdecTBe NaOH)
H,SO,4 + NaOH = NaHSO4 + H,O; AH;

SBIISIETCS pacTBOp ruapocynbdpara Hatpuss NaHSO4 B Boze.

Pe3ynbrarom peakuuu 1o BTOPOH CTaauu
NaHSO, + NaOH = Na,SO, + HzO(;K); AH,

ABIIsIETCSl 0Opa3oBaHue Cylb(ara HATPUS.

B xaxmoit ctaauu Temneparypa yBEIMYUBACTCS 110 CPABHEHUIO C TEMIIEPATypOH HCXOIHOTO
BemectBa (pactBopa H»SOs). [loaToMy NpoMCXOAWT H3MEHEHHE OHHTANBIUU B IPOLIECCe
peakiuu. Ero Mbl MOkeM OnpeenuTh Ui KXo cTaauu 1o Gopmyse:

AH =K- AT/n (xx/mMonb),
rae K= 0,96 xJ[>/Moib — MOCTOsIHHAs KallopuMeTpa (KOJIMYECTBO TEIUIOTHI, HEOOXOAUMOE st
HarpeBaHus KaJIOpUMETpa C TEPMOMETPOM, MelIankoi, pactBopom HySO4 Ha 1 K);
n = C-V — KOJINYECTBO BEILECTBA;
C — MounsipHasi KOHIIEHTPAIIKs BEIIeCTBA;
— 00BeM pacTBopa.

OO11ee KOTMYECTBO TEIUIOTHI, BEIICTUBIICICS B pe3ylibTaTe peakiuu, OyAeT paBHO CyMMe
W3MEHEHUH dHTAIBINN Kaxkaon craguu: AHue.n = AH; + AH,.

Jnst  ompeneneHus: MOTPEUTHOCTH W3MEPEHUs] TEIIOBOTO A(d@erra BOCMIOIb3yeMCS
dopmynoit: 6 = (AHaxen— AHyer/ AHyer.) - 100%.

3a AHy.; mpunuMaeMm TtabnuuyHoe 3HaueHne AH st peakuuu, MpOTEKAOIMIE B OIHY

CTaUIO:
H,SO4 + 2NaOH = NaySO, + 2H,0 5 + 137,43 kJIx/ Moib;

ITopsinok BbINOJHEHHUs padoOTHI.

Hanute B ogun umunp 100 M ogHomossipHOTo pactBopa HpSO4.

Hanute B 1Ba nunuuapa no 50 ma apymossipHoro pactsopa NaOH.

3amuts B KanopumeTp 100 mi orHOMOIsipHOTO pactBopa HySO..

BxirounTs Memanky.

B Teuenne 5 muHyT uepe3 kaxaplie 60 CEKyHJI CHUMATh IIOKa3aHUs TEPMOMETpA U 3aHOCHUTH

3HAYEHUS TEMIIEPaTyphbl B IEPBYIO CTPOKY TaOauIbl Nel

Baute B xanopumetp 50 mut gymossipHoro pactsopa NaOH u3 nepBoro nuiusipa.

7. B Teyenue 5 MUHYT CHUMATh [MOKa3aHUS TEPMOMETpa uepe3 Kaxple 60 CeKyH] U 3aHOCHUTD
BO BTOPYIO CTPOKY TaOmuIb! Nel.

8. Bumte B kamopumetp 50 mur qeymossiporo pactsopa NaOH. B teuenue 5 MUHYT CHUMATH
MOKa3aHMs TEPMOMETpa uepe3 Kaxple 60 CeKyH]I M 3aHOCUTh UX B TPETHIO CTPOKY TaOJIMIIBI
Nel.

9. Paccumtars 3HaueHuss AH 11 Kax10i cTauu peakiiuy U 3aHecTy B Ta0muiry No2.

10. Beumuth 0TpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITE. CHaTh pabodyee MeCTO TaOOpaHTYy.

agbrwbnE

S

Cxema J1a00paTOPHOIl YCTAHOBKH
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Puc. 1. Cxema kanopumerpa:

1 — BkJIIOYATENH MEIMIATIKY; 2 — TEPMOU30JUPYIOLINE CTAKAHBI;

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

OCHOBHOM 4acThI0 JaOOPATOPHON YCTAaHOBKU SIBJISIETCS] KAJIOPUMETP, NPEACTABIISIOIUI
co00i1 M30JTUPOBAHHBIN OT OKpYXKaroleil cpeapl BHyTpeHHui cocyn (3). [ns usmepenus
TEMIIEPATYpPbl pearupyroIINX BEIIECTB UCIIOJIb3YyeTCsl pTYTHBIN TepMoMeTp (4). [lepememinBanue
pacTBOpa ocyliecTBIseTCsA Memmankoi (§) ¢ momoursio snekTpoasurarens (5). Boponka (7)
CILY’KMT JUIsl 3AJINBKH PACTBOPOB.

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

Conep:xkanue oryera:
Tema u 111 paboTHI.
XUMHUYECKUE YPABHEHUS PEAKIU.
Taomumet Nel u Ne2.
Pacuerst AH 1 norpemnoctu 6 %.
BriBopI O IIpoi€TaHHOI paboTe.

gk

KoHTpoJibHbIE BOIPOCHI:

1. OcHoBHbIE MOHATHS TEPMOAMHAMHKHU (TEPMOJMHAMUYECKAs CUCTEMA, MAapaMeTpbl CHCTEMBI,
¢aza, KOMIOHEHTBHI CUCTEMBI, Iporecc). Knaccuduxanus TepMoIuHAMUYECKIX CUCTEM.
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2. BHytpenHsas sHeprus BemecTBa. DyHKIMEH KakuxX MapamMeTpoB SBISETCS BHYTPEHHSSA
sHeprusi BeulectBa? IlepBoe Hauano TepMoauHamuKkH. lIpuMeHeHHEe NepBOro Hayaia
TEPMOJIMHAMHUKH K OMOJIOTMYECKUM CUCTEMaM.

3. DHranbnus Kak QyHKIus coctosiHus. CTaHIapTHBIE YCIOBHUS B TEpMOJUHAMUKE. V3MeHeHue
SHTAJBIMU B PA3JIUYHBIX XUMUUECKUX U QU3UKO-XMMHUUYECKHX Mpolieccax.

4. TeruoBor >pdexT xumuueckoi peaknuu. OCOOEHHOCTH TEPMOXMMHYECKHX ypaBHEHUH U

pacueToB 1o HUM. 3akoH ['ecca u cieacTBUsI U3 HEro.

Bropoii 3akoH TepmoanHamMuku. [lonaTre 3HTpONNH.

6. Cob6oaHas sHeprus I'm60ca kak KpUuTepuil CaMONPOU3BOJIBHOIO IPOTEKAHUS PEAKIUH.

TEMA 2. TEOPUS PACTBOPOB.

Yacrs A. [lpuroroB/ieHne pacTBOPOB 32IaHHOI KOHLEHTPAIIUH.

Hean padoThi:
Hayuutcst roTOBUTH pacTBOPHI 3aJaHHOM KOHLIEHTPALIUH.
[IpuoOpeTenne HaBBIKOB pacyeTa u rnepepacuyera KOHIIEHTPAIMil paCTBOPOB.

Coaep:xanue padoThI:
IIpuroroBnenust pacCTBOPOB Pa3INYHON KOHIICHTPALUU U3 CYXOU COJIH.
[TpuroTtoBneHus pacTBOPOB U3 OOJIEe KOHLIEHTPHUPOBAHHOTO PACcTBOPA.
[IpuroroBieHus: pacCTBOPOB CMEIIEHUEM JIBYX PACTBOPOB Pa3HBIX KOHIIEHTPAIUH.
[lepepacuer MaccoBOl [10JIM pPAcTBOPOB B MOJSPHYH) KOHUEHTPAIUIO, MOJIIPHYIO
KOHIICHTPAIMIO SKBUBAJICHTA, B MOJISLIBHOCTb.

IIpudopsl 1 peakTUBBI: MepHbIE KOJIOBI (KOHUYEeCKUE Ha 250 MIT); MEpHBIE IMIIUHIPHI

Ha 50, 100 u 250 w1, CTEKJISIHHBIE TAJIOYKH, BEChl TEXHOXMMHUYECKHE, Pa3HOBECHI, HaOOp
apeoMETPOB, XJIOPUJT HATPHUS.

o

™=

RN

MeTtoauyeckue peKOMeHAAlMH M ONMCaHue J1a00paTOpHOil padoThI
a) [IpuroroBienue pacreopa NaCl 3axanHoii KOHIEHTPAIMHU U3 HABECKH
CyXOro BelecTBa
Ilopsinok paGoTbI:
1. [TomyunTs 3amaHuie OT MPENoJaBaTeNs: MPUTOTOBHUTH ompeseneHHoe koiudecTBo (100-500
MJI) pacTBOpa XJIOpUJIa HATPHs C KOHIeHTparuei 5—15%.

2. Paccunrtarh HEOOXOAMMYIO JIJIsi IPUTOTOBJICHHS 3aJaHHOTO 00BhEMa pacTBOpa HABECKY CyXOi
COJIU ¥ 00BbEM BOJIBI.

3. OTBecUTh HaBECKY XJIOpUJIAa HATPHUS HA TEXHOXMMHUYECKHUX Becax U MEPEHECTH ee B KoJoy.
4. OTMepuTh HEOOXOIUMOE KOJIMYECTBO BOJBI MEPHBIM LIMJIMHIPOM M BBUIUTH BOJY B COCYJ C
CyXxo0# coipro. PazMemars cMech Majgo4Kou 10 MOJHOTO PACTBOPEHUS COJIH.

5. Jlns KOHTpoONs MpPaBUIBHOCTH IPHUTOTOBJIEHUS pacTBOpa H3MEpPUTh €ro IUJIOTHOCTh
apeoMeTpoM: B HMIHHIP eMKocThio 50/100 M1 HanuBarOT MOMyYeHHBINH pacTBop (2/3 oobema)
U OCTOPOKHO OIYCKAIOT TyJda apeoMeTp (B NMPHUCYTCTBUU IpenojaBateins). CpaBHHUBAIOT
peaThbHYIO TUIOTHOCTh ¢ HEOOXOMMMOU (Tabivila) W JenaroT 3aKII0YeHHUE O MPaBUILHOCTH
BBITTOJIHEHUS pabOTHI.

6. OdopMHUTH TTPOTOKOJ pabOTHI M BHIPA3UTh COACPKAHUE XJIOPHAA HATPHs BO BCEX CIUHHUIIAX
KoHIeHTpauun (%, MoJspHas J0Js, MaccoBas KOHIEHTpalus, TUTP, MOJIIPHOCTb,
MOJISTTBHOCTh, HOPMAJIBHOCTH ).

7. PacTBOp XJIOpHIa HATPUS OCTABUTH ISl JATBHEUIIIEH padOThI, HCIIOJIE30BAHHYIO TIOCY/TY BHIMBITh.
6) [Ipurorosienne pacreopa NaCl pazgaBiennem GoJiee KOHIEHTPHPOBAHHOIO PACTBOpa
IMopsinoxk padoThI:
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1. IToayuuTs OT mpemojaBarTess 3alaHue — IPUTOTOBUTH omnpeneiaeHHoe kKonmmdectBo (100-500
MJI) pacTBOpa XJIOpMAAa HATpus HU3KOW  KoHueHTpamuu (2-8%) wu3  Oomee
KOHLEHTPUPOBAHHOI'O pacTBOPA.

2. PaccuurtaTh 00bEM KOHIEHTPUPOBAHHOTO pacTBOpa, HEOOXOAMMOTO JUIsl MPUTOTOBIICHUS
3aJJaHHOTO 00beMa U KOJIMYECTBO JJOOABOYHOM BOJIBI.

3. OT™MepuTh HEOOXOAMMOE KOJMYECTBO KOHIEHTPHUPOBAHHOIO pacTBOpa U J0OABOUHOI BOJBI,
CJIUTH UX B KOJIOY U TIIATEIFHO NEpeMenIaTh pacTBOP.

4. Jlns KOHTpOJS MPaBUIBLHOCTH NPUTOTOBJICHHUS pAcTBOpa HM3MEPHUTh €ro IUIOTHOCTh
apeoMETPOM B IPUCYTCTBUHU IIpENOJaBaTeNs.

5. Oopmuts npoTokon paboThl U BBIPA3UTh COJEP’KAaHUE XJIOpUJA HATPUS BO BCEX €IMHHUIIAX
KOHLEHTpAaLUH.

6. PacTBOop XxJyopuja HaTpusi OCTaBUThH AJIs AalibHEHIIed paboThl, MCMOIB30BAHHYIO MOCYITY
BEIMBITb.

B) IIpurorosienue pacreopa NaCl cmenieHneM ABYX pacTBOPOB 3aIaHHBIX KOHIEHTPAIMii

IMopsinoxk pa6oThI:
1. I[TosryuuTs OT mpenojaBaTesis 3aJaHue.
Paccuutars TpeOyemble 00beMbl 000OMX PAacTBOPOB, HEOOXOIUMBIX JIi HPUTOTOBJIECHHUS
3aJJaHHOT'O pPacTBOPA.
. OTMepuTh paccUMTaHHBIE KOJMYECTBA CMEIINBAEMbIX PACTBOPOB M CMEIIATh UX B KOJIOE.
4. I[JI?I KOHTPOJIA MMPABUJIBHOCTHU PaCyYC€TOB U IIPUT'OTOBJICHUA paCTBOPAa U3MCPUTH €TI0 IJNIOTHOCTH
apeoMeTpOM B NIPUCYTCTBUU IPENoJaBaTessl.
5. OdopMHUTH TPOTOKOJ pabOTHI M BHIPA3UTh COACPNKAHUE XJIOPHUAA HATPHUsI BO BCEX €IUHHUIIAX
KOHIIEHTPAIUH.
6. BeUIHTH pacTBOPHI XJIOPHIA HATPHS, IOCYTy BEIMBITE. CraTh pabouee MecTo JTabOpaHTy.

(O8]

Conep:xanue oT4era:
Tema u enb paboTHI.
Pacuertsl o kaxxaoi yactu pabOTHI.
3Ha4yeHus IUIOTHOCTEHN: TeOpeTHUECcKoe (U3 TaOJIUIbl) U SKCIEPUMEHTAIBHOE.
Pacuer norpemnocT 6 % NpUroTOBIEHHS pACTBOPOB.
BeiBozibI O Tpo/ieaHHOM pabore.
KoHnTpoJsbHbIe BONIpPOCHI:
Kakue ciocoObl BeIpaskeHUs] KOHIIEHTPAIUU PacTBOPOB BaM M3BECTHBI?
Kaxk mepeitTi oT 01HOTO BH/1a KOHIICHTPAIMK K APYyromMy (Ha KOHKPETHOM mpumMepe)?
Kakue cymiecTByt0T criocoObl IPUTOTOBIECHHUS PACTBOPOB?
OmnumuTe X0 paboThI MO JIFDOOMY CIIOCO0Y MPUTOTOBIICHUS PACTBOPOB.

agrwbdE

el N

Yacre b. HonHbIe peakiuy B pacTBOPax, reTeporeHHbie PABHOBECUS B pacTBOpax
3J1eKTPOJIUTOB (PKCIIEPUMEHTAIBHOE OINpPEIeTICHIE HAIIPaBICHNUS XUMHUUECKUX PEaKIIHii).

esanb padoThi:
1. O3znHakomiieHHE ¢ OOIIMMHU CBOMCTBAMU MATOPACTBOPUMBIX IJIEKTPOIUTOB.

2. IlpuoOpereHne HaBBIKOB pacyeTa MPOU3BEICHHUS PACTBOPUMOCTH U PACTBOPUMOCTH OCAIIKOB
CHJIBHBIX 3JIEKTPOJIUTOB.

Copnepxanue padoTbI:
1. OnpeneneHue peakuu cpeabl IpU TUIPOTU3E CONEH.
2. U3yueHue BIMAHUA TEMIEPATypbl Ha THIPOIIU3.

3. H3yuenue ycnoBuil o0Opa3zoBaHHs OCaJKOB MaJOPaCTBOPUMBIX CHJIIBHBIX 3JIEKTPOIUTOB U UX
pacTBOPUMOCTH.
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4. Pacuet pH coneit moaBeprarouuxcst THIPOIIU3Y.

IIpudopsbI U peakTHBBI:
1) wraTuBsl U1t TPOOHPOK, PoOUpKHU Ha 10 M1, MUNETKH.

2) 2 H pacTBOPBI: XJIOPUJA KAJIbLM, XJIOPHIA HATPUS, XJIOpUaa Oapus, OKcajgaTa aMMOHHUS,
COJISTHOM KHCIIOTBI, HUTpaTa Oapusi, Xpomara Kajiusi, yKCyCHOM KHCIOThI, HUTpaTa cepedpa,
cynb(ua HaTpUs.

DKCIepUMEHTaIbHas YacTh:
MeTtoauyeckue peKOMeHAalK M ONMCaHue J1a00paTOpHOil padoThI
OmnsIT 1. O0pa3zoBaHue 0caIKa U YCJI0BHE €ro0 PACTBOPEHUS

B npoOupky Haneiite 4—5 kamenb pacTBOpa XJIOpHUAa KaIbIMs U MPUOaBbTE MO KAIISIM
pacTBOp OKcajaTa aMMOHUs 10 oOpa3oBaHus Oenoro ocanka. M30eraiite pacTBOpUMOCTH
ocajJika B 2 H pacTBOPE COJISTHOM KUCJIOTHI. HamumuTe MoeKyIsipHble 1 HOHHBIC YPABHCHUS
peaKHHﬁ. Brmumure u3 Ta6JII/IH KOHCTAHTBhI AUCCOLNMAIINH U PAaCTBOPHUMOCTH cl1a0bIX
AJICKTPOJUTOB. BhIUMCINTE KOHCTAHTY PAaBHOBECHUS PEAKIIMM PACTBOPCHHSI OCaIKa U
00BSICHUTE, [1I0YEMY 3TO MPOUCXOAUT.

OmnbiT 2. OnpenesieHne HANPABJIEHNs] XUMUYECKUX peaKkluii (pacTBOpeHne 0CajaKoB)

Haneiite B mpoOupky 6—8 Kkarenb pacTBopa XJIOpHIa WM HUTpara Oapus ¥ MpHOaBHTE IO
KaIlJIIM pacTBOp Xpomara Kanus A0 oOpa3oBaHUs >Kentoro ocajaka. Ocagok pa3fenuTe Ha JIBe
yacti. K omHOM yacTu mpubaBbTe 2 H PacTBOP COJSIHOM KHCIIOTHI, a K APYrod — 2 H pacTBOp
YKCYCHOHM KHCIOTh. B ogHON M3 MpOOMpPOK HAOMIOAAETCs PacTBOPEHHE OCAAKa. 3aluIInTe
HaOmoeHusl, ciaenaiite BbiBoJ. CoCTaBbTE MOJIEKYNSPHbIE U HMOHHBIE YPABHEHUS PEAKLIMM.
Bbruncnure KOHCTaHTBI PAaBHOBECHS MPOIIECCOB PACTBOPEHHsI Xpomara Oapusi B COJNSIHON U
YKCYCHOM KHCIIOTE ¥ 00BSICHUTE HAOII01aeMOe.

- OneiT 3. HanpaB/iieHue XMMH4YeCKOil peaklMd B CTOPOHY 00pa3oBaHUsI MeHee
PACTBOPHMOIO0 COCIHHEHUS

Haneiite B npoGupky 2—3 Kamiu pacTBopa HUTpaTa cepeOpa U npubaBbTe K HEMY 2—3 Karuiu
pacTBopa Xpomara Kajius. 3aluIIMTe [BET IOJIYYE€HHOrO OcCajKa, Mocie 4Yero 100aBbTe B
npobupky 2-3 kamim pacTBopa xjopuna Harpus. Kak wusmensiercs 1Ber ocaaka (ans
HaOJIIO/IeHUs IIBeTa OCajJKa pPacTBOP MOXKHO OCTOPOXKHO CIUTh)? A Temepb NpuOaBbTe K
COJIEp’)KUMOMY IPOOUPKHU 2—3 KaIlju pacTBOpa CylIb(puia HATPUS U OIATH 3alUIINTE [IBET OCAIKA.
CocTtaBbTe MOJIEKYJISIPHBIE M HOHHBIE YPAaBHEHHS BCEX MTPEBPAILICHHUH.
Hcrionb3yst 3Ha4€HHs KOHCTAHT PAaCTBOPHMOCTH, BBIYMCIMTE PACTBOPUMOCTH IOJTYYEHHBIX
COEIMHEHUII M KOHCTaHThl paBHOBeCHs Ui HaOMoAaeMbIX mporeccoB. CrenaiTe BbIBOA O
HAaIIPaBJICHUN XUMHUUYECKUX PEaKLIUiL.
ITopsinok padorbI:

1. TTonyuuTs OT MpemnoaaBaTess 3aaHue.

2. BBIOTHUTH paboTy COTIIACHO METOAMYECKUX PEKOMEH IAITHIH.

3. OdopMHUTH TPOTOKOJI PAOOTHI.

4. BpuiuTh oTpabOTaHHBIE PACTBOPSHI, TOCYYy BBIMBITH. CaTh pabouee MecTo.
Conep:xanue oT4era:

Tema u 1enb paboOTHI.

Habmronienusi, ypaBHeHHs peakluid 0 KayKJJ0M 4acTH paboTHlL..

BriBoibI IO TIpO/IETaHHOM padoTe.

KoHnTposabHbIe BONpochI

1. Honnble ypaBHEHUS peaklUil. Y CI0BUS NPOTEKAHUS PEAKIUI B pacTBOpax.
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2. T'ereporeHHoe paBHOBecHE: OCaJlOK — HachIlleHHbIH pacTBop. KoHcTaHTa pacTBOpuMOCTH
(uu Ipou3BEEHUE PACTBOPUMOCTH)

VYcnoBust 00pa3oBaHus U paCTBOPEHHSI OCAIKOB.

Brnusnue o01ero noHa Ha pacCTBOPUMOCTbH MajiopacTBopuMoro BemectBa. CoseBoit 3hdexr.

How

TEMA 3. 9KCHEPUMEHTAJIBHOE HCCJIEJOBAHUE BJIMSTHUSI PH CPE/IbI HA
MMPOAYKTBI OKUCJIIMTEJIBHO-BOCCTAHOBUTEJIbHBIX PEAKIIUN

ey padoThi:

1. U3yuuth OKHMCIUTEIHbHO-BOCCTAHOBHUTEIIbHBIE CBONCTBA METAUIOB, HEMETANIOB M UX
COCTUHEHUN.

2. OcCBOUTH METOJUKY COCTABJICHUS YPAaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTEIHHBIX
IIPOLIECCOB.
3. 3akpenuTh 3HAHUS O BIUSHUH CPEIbl HA OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIC TIPOIIECCHI
Conep:xanue padoThI:
1. OxkwucnuTenbHbIE U BOCCTAHOBUTEIbHBIE CBOICTBA MEPOKCHIA BOJOPOAA.
2. OKHCIHTENbHBIC U BOCCTAHOBUTEIbHBIC CBOMNCTBA HOHOB p- U -3JIEMEHTOB.
3. OkwucnuTeNIbHBIE CBOMCTBA TIEpMAHTaHATa KK B PA3JIMYHBIX CPEAax.
IIpuGopsbl U peakTUBDI:

1. TIpoGupku, mMTaTUB AJIs POOUPOK, ACPKATENb I TPOOUPOK, MUTIETKH, BOJsHAs OaHs,
roperka.

2. 2 M pactBopsl HuTpaTta xpoma (lll), rugpoxcuna Hatpus, monuaa Kaiaus, MepMaHraHara
Kanus, cynbdurta HaTpus, cyibdara mapranua (Il), xmopuma omoma (Il), 3% pactBop
nepekucu Bojopoaa, 2H pactBop cepHoit kucinotel, 2H pacTBOp a30THOW KHCIIOTHI,
YETHIPEXXJIOPUCTHIN YTIEpOI, pacTBOP HO/Ia, MOPOIIOK THOKCH A CBUHIIA.

Kparkue TeopeTrnueckue cBeeHHUsI.

Bce xuMuyeckue peakimy MOKHO pa3fieuTh Ha B€ OOJIbLINE IPYIIbL: MpoTeKatolme 0e3
U3MEHEHHS CTENEHH OKHCICHHUS W C HM3MEHEHHEM CTENeHH OKHCICHHS — OKHCIHTEIbHO-
BOCCTaHOBUTEJIbHBIE.

K OKuCIHTENbHO - BOCCTAHOBHUTENHHBIM OTHOCSITCS BCE PEAKIMH 3aMEICHUs] U T€ PEeaKiuu
COEJIMHEHHS U Pa3JIoKEeHUs] B KOTOPBIX Y4acTBYeT XOTs Obl OJTHO MpocToe BellecTBO. Bee peakuuu
0oOMeHa MPOTEKAIOT 6€3 U3MEHEHUSI CTETIEHU OKHUCIICHUSL.

[lon crTemeHbI0 OKHC/JAECHHSI TIOHUMAIOT (aKTHUECKUI 3aps)l aTroMa B MOJIEKYyJe
00pa3yIomuiicsi B pe3ysbTaTe nepepacnpeieseH s JIeKTPOHHOW TUIOTHOCTH.

OxmuciaeHueM Ha3bIBAIOT NPOLECC MOTEPU HIIEKTPOHOB, MPUBOAALIMKA K IOBBIIICHUIO
CTETIEHU OKHCIIeHHs. BemecTBa, aTOMbl WM MOHBI KOTOPBIX OTAAIOT 3JIEKTPOHBI, HA3bIBAIOT
BOCCTAHOBHTE/ISIMH. BOCCTAHOBHTEIIB, OT/IaBAsI DIIEKTPOHBI, OKHCIsIeTcs. ZNn° -2¢ — Zn*?

BoccranoBjieHHe — TPOIIECC MPUCOSIWHEHHS AJIEKTPOHOB, MPHUBOISIINN K ITOHMKEHHIO
CTETIEHU OKucleHus. BemiecTBa, aTOMBl WJIM HMOHBI KOTOPBIX IPHCOEIUHSIOT 3JIEKTPOHBI,
HA3BIBAIOTCS OKHCIHTEISIMA. OKHCINTE b, IPHCOSUHSS EKTPOHbI, BoccTaHaBuBaercs. Cu'*?
+2e — CU°

OOmiee YUCIIO DIEKTPOHOB, OTJAHHBIX BOCCTAHOBHTENIEM, PAaBHO YHCIY DJIEKTPOHOB,

HPUHATBHIX OKUCIIUTENEM.

Jns  mporHo3a  TPOAYKTOB W HANpaBIEHUS  MPOTEKaHHWS  OKHCIHTEIHHO-

BOCTQHOBHTEJIBHBIX MPOLIECCOB HA/I0 3HATH, YTO THMMYHBIMHU OKHCIUTEISIMHU SBIISIIOTCS:

1) mpocThie BEIIECTBA, ATOMbI KOTOPHIX HMEIOT OOJIBIIYIO 3JIEKTPOOTPUIIATEIEHOCTD (JIEMEHThI
VIA u VIIA rpynm). U3 Hux nHanbonee cuibHbie okuciutenu F, O, Cl.
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2) BemectBa, coaepxkamie 5JIEMEHTHI B MakCHMaiabHOH cremenn okucienus: (KMnOy,
KzCI’zO7, HC|O4, HzSO4 Hu Jp.

3) Karuonsl MeTaJIOB U BOJOPOIA

K THNMYHBIM BOCCTAHOBHUTEISIM OTHOCSATCS:
1) mpocTble BelIECTBA, aTOMbl KOTOPBIX HMEIOT MAaIyl0 3JIEKTpOOTpUlaTenbHOCTh < 1,5
(amemenTh! |A u lIA rpynn u HEKOTOpBIE IPyryue MeTasLIbl ).
2) BemecTBa, coaeprkaiiiie 3JeMEeHThI B HU3IIUX cTenensax okucienus: (HyS, NH3 u ap)
BemectBa, comepkamye aToMbl B MPOMEXKYTOUYHBIX CTETCHSIX OKHCIICHHS, CIIOCOOHBI KaK
MOBBIIIATH, TAK U TIOHWXKATh CTETICHh OKUCIICHHUS, T.€. MOTYT OBITh KaK BOCCTAHOBUTEIISIMU (TIPH
JedcTBUM 00JIee CUIILHOTO, YeM OHH, OKHCIIUTENS), TaK M OKHCIUTEIAMHU (TIpH JeHCTBUM OoJiee
AKTUBHOTO, 4YE€M OHH, BOCCTAHOBHUTEIs). TakuWe BEIIECTBA MPOSIBISIOT OKUCIHTEIHHO-
BOCCTAaHOBUTEJBHYIO JBOMCTBEHHOCTb.
[Tpu cocraBieHUN peaKIHii OKUCIUTEIHHO - BOCCTAHOBHTEIIHHBIX MPOIIECCOB MCIIONIB3YIOT:
1) Meron 3IIeKTPOHHOrO OajgaHca
2) MEeTO/J MOJIypEeaKUil WIK HOHHO - JICKTPOHHBIH CII0CO0.
IIpaBuna HAIIMCAHUSA OKHCJIUTEIbHO-BOCCTAHOBHTEIbLHBIX peakiuii METO0M
MOJIypeaKumii:
1. BbIACHAIOT NPUHIUIHAIBHYIO BO3MOXHOCTH mporekanus Ox/Red mpouecca - Haxonsr
MMOTEHIMAIbHBINA OKUCIIUTENIb M BOCCTAHOBUTEIIb.
2. OmnpenensitoT NPOAYKTHl OKHCIEHUS U BOCCTAHOBIICHUSI.
3. Tlumyt mosrypeakiuy OKUCICHHSI U BOCCTAHOBJICHHSI, PACCMAaTPUBAsi BCE MMEIOIINUECS MOHBI
u cpeny - HyO, H* wm OH, HO HH B KOeM clyyae He H* u OH - BMmecre OHH
COCYIIIECTBOBATh HE MOTYT.
CBoasT MaTepuallbHBIN OanaHc Moypeakiuii - 3akoH JIoMOHOCOBA B IEHCTBUU.
5. CBOIAT 2JIEKTPOHHBIN OanaHC, MOACUYUTAB, 3apsAbI CIEBa M CIpaBa U J00ABUB WJIM BBIUTS
AIIEKTPOHBHI.
6. Haxomar oOmmii MHOXHTENb JUIsl OOCHMX IOITYPEaKIMii, ¢ Yy4eTOM TOrO, 4YTO, CKOJIBKO
AIIEKTPOHOB OBIJIO OTHSITO Y BOCCTAHOBUTESI, CTOBKO MPUOABUIIOCH K OKUCITHUTEIIIO.
PaccraBisiroT K03 UITMECHTHI B YPaBHESHUH U JIOTHCHIBAIOT HETOCTAOIINE TPOIYKTHI.
KMnO; + Na,SO3 + H,SO4 = MnSO,4 + Na,SO4 + KoSO4 + H,O
Peakmust mporekaeT B BOJHOM pPAacTBOPE, COOTBETCTBEHHO KOMITOHEHTHI —pPEaKIIHH
JUCCOLIUUPYIOT:
K*+ MnO4 + 2Na" + SO5” + 2H" + SO, = Mn?* + SO, + 2Na" + SO,% + 2K* + SO,* + H,0
Jlyist cocTaBieHus MOIypeaKIfii BEIOUpaeM HOHBI, KOTOPBIE COJIEPKAT aTOMBI, U3MEHSIOIIHE
CBOHM CTENEHU OKUCIICHUS.
2 | MnO; + 8H"+ 5¢ — Mn?* + H,O oxucianrens/ BOCCTAHOBUTEND
5 | SO3% + H,0 - 2e — SO,% + 2H"  BoccTaHOBUTENB/OKHCIUTETD
2MnO, + 16H*+ 5S05% + 5H,0 = 2Mn?* +580,% + 10H" + 8H,0
Coxkpaiiass KOMIOHEHTHI B TPaBOM W JIEBOM YACTH, IMOJy4aeM COKpPAIIEHHOE HOHHOE
YpaBHEHHE JAHHOW OKHCIUTEIIBHO-BOCTAHOBUTEIBHON PEaKIINH:
2MnO, + 6H"+ 5505* = 2Mn?** +550,% + 3H,0
[TogcTaBUB K HOHAM HEOOXOIMMBIC TIPOTHBOHOHBI, TIOJYYUM MOJIEKYJISIPHOS YPaBHEHHE C
rOTOBBIMH KO3 pULIeHTaMHu.
2KMnO, + 5Na,S0O3 + 3H,S0O,4 = 2MnSO,4 + 5Na, S04 + K,SO,4 + 3H,0
Cynbdar Kammss HE y4acTBYeT B OKHCIWTEILHO-BOCCTAHOBUTEIIFHOM IIPOIIECCE, TOITOMY TIPH
COCTaBJICHIH TIONTYPEAKIIMI HE YIUTBIBAICS, OJTHAKO YIUTHIBACTCS TIPH 3AITHCH MOJICKYIISIPHOTO YPaBHEHHSL.
Bausinue cpebl HA OKMCJIUTEIbHO — BOCCTAHOBUTE/ILHbIE MTPOLECCHI.
pH cpenbl oka3piBaeT BIMSHIE HA HAMIPABICHUE OKUCIUTEILHO-BOCCTAHOBUTEIIBHBIX PEAKITHIA
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U XapakTrep 00pa3yrolMXcs MPOAYKTOB. YeM MeHbIIe KUCIOTHOCTb Cpellbl, TEM, KakK IpPaBUIIO,
MeHee TTyooko uzer nporecc. Hanpumep, KMNO, nposiBisieT OKUCIUTENbHBIE CBOWCTBA 33 CUET
Mn*’ 1 BoccTanaBimBaeTCs:
B KUCJIOH cpefe — 10 Mn*? , B HeTpanpHO#l — 10 MNO;
B ILIEJIOYHOM Cpejie 10 MaHTaHAT-UOHA - MnOzz'
XpomMaT M OUXpOMAT Kajlus BBICTYNAIOT B KAauyeCTBE OKHUCIMTENEH B KHUCIOW Cpene,
BOCCTAHABIIMBAsICH 10 HoHa Cr'>,
B npupozne nHanbosnee pacrnpoCTpaHEHBI COSIMHEHHS MapraHlla CcO CTENEHBIO OKUCICHUS
+2. B opranusMe yenoBeka MapraHel] Tak:Ke HaXOIUTCS B CTEIIEHU OKUCICHHUS +2, HO, Y4acTBYs B
OMOXMMUYECKUX TPOLIECccaX, OH HE MEHSET CBOEH CTENEHHM OKHUCICHHs. JTO CBS3aHO C TEM, YTO B
OpraHu3Me HeT CHIIbHBIX OKHCIIUTENEH.
N3menenne pH cpenbl MOKET pasBepHYTh peakluio. Tak IUCIIPONOPLHHUOHUPOBAHUS XJI0pa
B menounoii cpeae Cl, + KOH = KCI + KCIO3; + H,O uaer B oOparHOM HampaBiIeHHUH IPH
noakucienuu pacrsopa. HC1 + HCIO3 = Cl; + H,0
UeMm MeHblIIe KHUCIOTHOCTh CpeIbl, TeM, KaK MPaBUJIIO, MEHEe TIIYyOOKO HIET MpoIiecc:
IEpMAHraHaT BOCCTAHABJIMBAETCS O Mn?" B kucioit cpene, 10 MnO; - B HEUTpaJIbHON U 10
MnO42' B IIIEJIOYHOM cpeie.
JKCNepUMEeHTAIbHAS YaCTh.
Omnpit 1. Oxnciaenne nona Cr'’ 10 BbIcLIeil CTeeHH OKHCJIEHHST
K 6-8 karmisam pactBopa Cr(NO3)3 npubasste mo karmisim pactBop NaOH 10 pactBopenust
obpasytromerocs ocaaka Cr(OH)3 u 3atem 3-4 xamu 3% pactBopa H2O,. Cmech nepememnaiite
¥, TIpU HEOOXOJMMOCTH, HarpeiTe Ha BOASHOW OaHe WM TOpelke B Te4yeHue 1-2 MHH.
OkpaivMBaHue pacTBOpa B JKEITHIM IIBET CBHUJETENHCTBYET 00 0Opa3oBaHWM HMOHA Cro%.
PaccTtaBpTe K03()PHUIHEHTHI B YpaBHEHHH PEAKIIUU METOJOM MOIYypEaKIUi U CIeTaiTe BHIBOI.
CY(NO3)3 + NaOH + H,0;, = Na,CrO4 + NaNOz+ H,0
OnbIT 2. OKUCIMTETbHBbIE H BOCCTAHOBUTEIHLHBIE CBOHCTBA MEPOKCH/IA BOI0POAA
a) K 3 xamnsam pactBopa Kl mpubasere 2 xamnu 2H pactBopa HpSOs u 3aTeM mo Karism
3%-p1it pactBop H0O, mo mosiBiieHus sxentod okpacku. s oOHapyxkenwst |, B pacTBope
npubaBbTe K HeMmy Heckoiabko Kamenb CCls u  BeTpsxHHTe Tpobupky. PaccraBeTe
KO3 (UITMEHTHI B yPaBHEHUU PEAKIIMA METOJIOM ITOTYPEAKIINA U CACIIalTe BHIBOJI.
Kl + H,0, + HySO4 = I, + KySO4 + HO
6) K 5-6 xammsim pactBopa KMnO4 mipubaBete 3-4 karum 2H pactBopa HpSO4 m 3atem
Heckonbko Kamenb 3%-ro pactBopa Hy0O,. HaGmromaercs oOecliBeunBaHuE pacTBOpa U
BbIJICTIEHHE Ta3a. VchblTaiiTe BBIACISIOMMICS Ta3 TJACKOIIEH JyduHKOW. PaccraBbre
KOd((UIIMEHTHI B ypaBHEHUHU PEeaKIIMA METOJIOM MOYPEaAKINiA U CAeNaiTe BHIBO/.
KMnQO,4 + H,SO4 + HyO, = MNSO4+ O+ K>SO, + HO
OnbIT 3. OKHCIMTEIBHBIE CBOMCTBA MIEPMAHTAHATA KAJIMs1 B Pa3JIMYHbIX cpefax
B tpu npobupkm Haneidte mo 5-6 kamenb pactBopa KMnO,. 3atem B mepByrO HpOOHPKY
npubasbTe 3-4 karmu 2 H pactBopa HoSOs, BO BTOpYIO - HMYEro, a B TPeTblo - 3-4 Kamim 2H
pactBopa NaOH. Ilocie 3Toro B kKaxkayro mpoOUpKy NprOaBbTe 1Mo KarwisiM pactBop NaSOs wim
Cyxyro conb. HaOmonmaiite u3MeHEHHE OKpacKu pacTBOpoB. PaccraBbTe KOI(pPHUIIMEHTH B
YpaBHEHUSIX PEAKIMA METOJIOM TOYPEaKIMi U CAETIaiTe BBHIBOJBI 00 OKHUCIUTENBHBIX CBOMCTBAX
TiepMaHraHaTa Kaius
a) KMnO4 + HSO4 + Nay;SO3 = MnSO4 + KoSO4+ Nap,SO4 + H,O
6) KMnO,; + H,O + Na,SO3= MnO, + Na,SO4+ KOH
B) KMnO,4 + KOH + Na,S0O3 = KoMnO4 + Na,SO4+ H,O
OnpIT 4. OKHCIeHNEe KAaTHOHA (-3JIeMeHTA 10 BBICHIEH CTeNneHH OKNCIeHUs
Oxucienne nona Mn®" auokcumoMm cBuHI@. Brecute B MpoOUPKY HEMHOTO TMOPOIIKa
PbO,, mpubassre 2 Mu 2H pactBopa HNOjz u Harpeiite Ha BOISHON OaHe WM TOpEIKE 0
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kuneHus. [locme satoro mpubaBpTe B mpoOupky 1-2 kammm pactBopa MnSO, mepememaiite u

cHoBa Harpeiite. HaOmronaeTcst mosiBieHUs MAIMHOBOM OKpacku oOpaszoBasmierocss nvona MnNOy'.

PaccTtaBpTe K03()PHUIMEHTHI B ypaBHEHUH PEAKIIUU METOJOM MOJypEaKLUi U clieJaiTe BHIBOI.
PbO, + HNO3; + MnSO,4 = HoMnQO4 + Pb(NOS)z + H,O

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

Haneiite B npobupky 3-4 karum pactBopa SnCl,, mpubaBbTe 1m0 KamisiM 2H pacTBOP
KMnO, HabmrogaeTcss wWCUe3HOBEHHWE MAJMHOBOW OKpacku. PacctaBbTe KOd(h(HUIIMEHTH B
YpaBHEHHH PEaKIMUd METOIOM IOoJIypeakiuii u caenaire BeiBoa. SNCl, + KMnO4 + H,SO4 =
SnCl4 + MnSO,4 + H,0

OmnbiT 6. BoccTaHOBHTEIbHBIE CBOCTBA aHHOHA p-daeMenTa (SO3%)

ITomecture B mpobupky 3-4 karum pactBopa NapySOs, mpubassre 2-3 Karm 2H
pactBopa H;SO, m 1-2 xarum pacteopa lp, Berpsixaure mpoOupky W HaOmrozaiTe oOecIBeurBaHIe
pactBopa. PaccraBbre KO3(PUIMEHTHI B YpaBHEHUH PEAKIIMN METOOM TOTYpPEaKIIUiA U CiefiaiiTe BBIBOI.
KakoBa posib cepHOIi KUCIIOTHI B JAHHOW PEAKIIAN?

Na,SOs3 +1, + HoO = Na,SO4 + HI
Ilopsinok paGoTbI:

ITomyuuTs OT npenoaasBaTes 3aJaHue.

BbeImonHuTh paboTy COriacHO METOIMYECKUM PEKOMEHIAIUSIM.

OdopmuTh MPOTOKOI pabOTHI.

Bruinte oTpaboTaHHBIE PACTBOPHI, IOCYYy BBIMBITH. CliaTh pabouee MecTo.
Copep:xxaHue oT4yeTa:

1. Tema u uenb paboOTHI.

HabGmronenus, ypaBHEHUST peakiiii 10 KaXK0i 4acTh paboTHI..

3. BBIBOJBI 1O poIeIaHHOM paboTe.

RN

N

KOHTpOJIbHI)Ie BOIIPOCHI.

1. Tunbel OKHCIUTENBHO-BOCCTAHOBUTENBHBIX peakiuil. TUMUYHBIE OKUCIUTENH W THUIHYHBIC
BOCCTAaHOBUTENU. DAKTOPHI, BIUSIONIME HA TPOTEKAHUE OKHUCIUTEIBHO-BOCCTAHOBUTEIBHBIX
peaKuuu.

2. Meroabl COCTaBIICHUSI OKHCIUTEIIEHO-BOCCTAHOBUTEIBHBIX peakuii (METOJ MOIypeaKIuit
WJIM METOJI MIOHHO-3JIEKTPOHHOTO OanaHca).

3. Knaccudukamus oKHCIUTEIIEHO-BOCCTAHOBUTEILHBIX PEAKIIHIA

TEMA 4. KOMIVIEKCHBIE COEJIUHEHMUSA

esab padoThi:
1. UBy4uTh sIBIEHUS KOMIUIEKCOOOpa30BaHUSI.
N3yuuTh CBOMCTBA Pa3NIUYHBIX KOMILJIEKCOB.

rno

3. OcBouTH HaBBIKM pacueTa KOHCTAHT HECTOMKOCTH M KOHCTAaHT YCTOMYMBOCTH KOMILIEKCHBIX
COCTUHEHUN.

Copepxanue padboThI:
1. Tlonmy4yeHre KOMITJICKCHBIE COSTMHEHHS cepedpa, METH U PTYTH, U3YUUTh ITOBEICHUE TAHHBIX
KOMILJIEKCHBIX COETMHEHUH MpH 100aBIeHNU U30bITKA peareHTa.
PaccMmoTpenue mporeccoB, CBSI3aHHBIX C pa3pylIeHUEM KOMIUIEKCHBIX COSIMHEHUH.
3. Paccmotpenue npoliiecca JUCCOIMALNN KOMIUIEKCHBIX COSMHEHU.
IIpudopsbI U peakTUBBI:

1. TIpoOupku, MUNETKH, JTaOOPATOPHBIN IITATHB.
2. 1M pactBopbl HUTpaTa cepedpa, XJOopuIa HATPUs, THAPOKCHIA aMMOHHUS, Cyib(dara meu,

Hutpata pryru (Il), mommma xamus, cynepuma Hatpus, rexcanuano-lll-¢peppara xanus,

N
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xnopuna xxenesa (1), ponannna ammonust (wnu kanus), 25% pacTBop FHAPOKCUAA AMMOHUS,
a30THAas KUCI0Ta (KOHIL.).

Kparkue TeopeTnyeckue cBeieHUs.

B Hactosmiee BpeMs He CyLIECTBYeT Kakoro JIMOO OJHO3HAYHOIO ONPEAENICHUS 3THUX
COEIMHEHMH, KOTOPbIE MOIJIO ITOJIHO OXapaKTEpU30BaTh UX CTPYKTYPY U XMMHUECKHUE CBOMCTBA.

Hekoropeie u3 Hux:

Komnnekchvimu  Ha3bIBalOTCSl  OLPENEICHHBIE  MOJIEKYJSIPHBIE  COCAUHEHMS, IpHU
COYETaHUU KOMIIOHEHTOB KOTOPBIX 00pa3ytoTCsl MOJOKHUTEIbHO WIN OTPULIATENBHO 3apsKEHHbIE
MOHBI, CIOCOOHBIE K CYIIECTBOBAHUIO, KaK B KPUCTAILIE, TAK U B PACTBOPE.

Komnnexcnbimu Ha3pIBalOTCS MOJEKYJSIPHBIE COEAMHEHHs, HE II0Ka3blBAIOIIUE B
pacTBOpe BCEX CBOMCTB XapaKTEPHBIBIX JIUISl UX COEUHEHUM MEPBOro Mopsiika.

Komnnexcnvimu Ha3bIBaloTCA COCIMHCHUS, B Y3JIaX KPUCTAIUIOB KOTOPLIX HaXOIATCA
KOMITJICKCHBIC HOHBI, CIIOCOOHBIE CAMOCTOSITEIIEHO CYHICCTBOBAThH B paCTBOpaAX.

KommiekcHble coeinHeHMs — 3TO caMblif OOIIMPHBIN KJIacC HEOPraHMYECKUX COSTUHEHUH,
HMEIOLINX OTPOMHOE OMOJIOTHYECKOE 3HAUEHHE: XJI0PO(QHILIBI B PACTEHHSX, TEMOTTIOONH Y
KUBOTHBIX, PA3JINYHbIE IUTOXPOMBI, BUTAMHHBI.

CornacHo koopauHaIoHHai Teopun Anbhpena Bepaepa, npeanoxxennoi B 1893 roay:

1. ATOMBI MOryT TpOSBIATH HE TOJBKO OOBIYHYI «IJIABHYHO» BaJICHTHOCTh (YHUCIIO
AJICKTPOHOB, KOTOPHIC MPUHUMAIOT y9acTHe B 00pa3oBaHWE XMMHUYECKON CBSI3HM MO0 OOMEHHOMY
MEXaHHU3MY), HO U «IIOOOYHYI0», CBSI3aHHYIO C HaJMYWEM BAaKaHTHBIX aTOMHBIX OpOMTaneil Uin
HE TMOJICTICHHBIX JICKTPOHHBIX Tap. [JIaBHAs BAJIEHTHOCTH Yy KAaTHOHOB METAJIOB HACHIIIACTCS
TOJILKO TPOTUBOMOHAMHU, TOOOYHAS- MPOTUBOMOHAMU WIJIH HEUTPATbHBIMHA MOJIEKYTaAMH.

2. B xaxaoM KOMIUIGKCHOM HWOHE WMEETCS IIEHTPAJIbHBIA aTOM, BOKPYT KOTOPOTO
pacrmoiararTcs KOOpAUHUPOBAHHBIE UM MOHBI MU HEUTPAIbHBIE MOJIECKYJIBI.

3. Uuciio MOHOB WJIM MOJEKYJ, KOTOpbIE KOOPIMHUPOBAHBI BOKPYT IEHTPATLHOTO aroma
HA3BIBAETCSI KOOPAMHAIIMOHHBIM unciaoM. K.Y. CBs3aHO ¢ 3apsa0M LIEHTPATBLHOTO aToMa.

Bapag  +1 +2 +3 +4

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

4. KoopauHHpOBaHHBIE ATOMbI, MOHBI HJIM MOJIEKYJBbl HaXOJSIIMECS BOKPYT LIEHTPaJbHOTO
aToMa, Ha3bIBAIOTCS JMraHaaMu win aneHgamu. COBOKYMHOCTH IEHTPAJIbHOIO aromMa Hu
JUTaHJ0B Ha3blBaeTcs BHYTpeHHeW cdepoil. Ecnu BHyTpeHHssI cdepa 3apsikeHa, TO HMEeTcs
eme W BHEHmHss cdepa, KoTopas IMpelacTaBleHa NPOTUBOMOHOM. B 1enom Morekyna
KOMIIIEKCHOTO COE€IMHEHNUS 3JIEKTPOHENTPAJIbHA.

Kommiexkcbl MOryT OBITH:

a) karuonnsie [CU(NH3)4]%", [Co(H20)s]**

6) aumonnsie [Al(OH)g]*, [Fe(CN)g]* wu arpaokoMIuIeKce.

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

B 3aBucMMOCTM OT TOro, YeM TIPEJCTABICH JIUTAH] BBIZICJISIIOT:  AKBAKOMILICKCHI,
aIMIOKOMILIEKChI, aMMHAKAThI, aAMMHUHATBI, KAPOOHHJIBI, THAPOKCOKOMILICKCHI U T.I.

MeToa BaJIeHTHBIX CBfi3eil B ONMCAHUU KOMILJIEKCHBIX COeIMHEHHH.

CornacHo Metony BC kaxablil IUTaH 1 SIBIASETCS JOHOPOM AJIEKTPOHOB, a
KOMIUIEKCOOOpa30BaTeNb — aKIENTOPOM AJIEKTPOHOB. JIMran pa3Meniaet CBOU 3JIEKTPOHBI Ha
BaKaHTHBIX aTOMHBIX OpOUTAIISIX KOMIUIEKcooOpa3oBarens. [IpoctpancTBeHHOE
pacnonomeHHe JIMTAHAO0B 3aBUCHUT OT THUIIA I‘I/I6pI/I,Z[I/I3aI_II/II/I I_[eHTpaJII:HOFO aToma.
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sp®d®— oxrasap; spd? —ksaapar; Sp°— Terpasap
EcrectBeHHO, uto mpu 3ToM MeTox BC paccMmaTprBaeT 00pa3oBaHUE TOIBKO CHI'Ma —CBSI3CH.

N3omepusi KOMILUIEKCHBIX COeIUHEHU M

1) Nonuzanmonnas [Co(NH3)sBr]SO, - [Co(NH3)sSO4]Br
2) Koopaunannonnas [Co(NH3)s] [Cr(C204)s] - [Cr (NH3)s] [Co(C204)3]
3) Cssa3eBag [(NH3)5CO-N02]C|2 - [(NH3)5CO-ONO]C|2
4) T'mapatnas [Cr(H20)6]Cls - [Cr(H20)sCI]Cl,-H,0
5) IlpocTpaHcTBEHHAs - LIUC- TPAHC- U30MEPUS
B BOJHBIX pacTBOpax KOMIUICKCHBIC COSIMHEHUS MTOIBEPTalOTCS TUCCOLUAIINN

XeJIaTHBIE KOMILIEKCHI.

Oco0oe MecTo cpe/ii KOMIUICKCHBIX COSIMHCHUI 3aHUMAIOT TaK Ha3bIBAGMbIC
BHYTPUKOMIUIEKCHbBIC COeMHEHMS. [10 THITY 3THX COSTUHEHHUIH TOCTPOSHBI MHOTOYHCIICHHBIC
METAJLIIPOTEHIBI: TEMOTIIO0WH, XJI0pOo(GHILT U Ap.

XeJlaTHbIe I KJIEITHEBUAHBIE KOMILIEKCHI IIOCTPOEHBI 110 TUITY HUKINYECKUX
COEMHEHUH, B KOTOPBIX CYLIIECTBYIOT JBA THUIIA CBSI3€i: MOHHBIE U KOOPAUHALMOHHBIE. T.€.
JUranj o0pasyeT ¢ HOHOM-KOMILJIEKCOOOpa3oBaTeaeM Kak HOHHYIO, TaK M KOOPIMHALMOHHYIO
CBSI3b.

B anamutuyeckoi MPAKTUKC HMIMPOKO IIPUMCHAIOTCA BCIICCTBA, CITIOCOOHBIE O6pa3OBBIBaTB
Pa3IMIHbIC BHYTPUKOMIIJICKCHBIC COCTMHCHUA. Hawnbonee MU POKOEC MPUMCHCHUEC IMOTYINIIN
aMI/IHOHOJII/IKap6OHOBLIC KHCJIOThI, HA3BaAaHHBIC KOMITJICKCOHAMM

Kommuiekcon | — HUTpUiIoTpuyKkCcycHast KUCiIoTa

Kommnekcon |l —3TuneninaMMHTETpOyKCYyCHAsE KUCIOTa
Kommekcon Il — sTuiieniuamMmuHTeTpOaieTaT HaTpust
Kommnekcon |V —naMHUHIMKIOT€KCAaHTETPOYKCYCHAsl KUCIIOTA.

B ananuTnueckoi mpakTHKe A1 00bEMHBIX ONPEEIEHUN pa3IMUHbIX KaTHOHOB HanboJee
HIMPOKO IPUMEHSIOT JUHATPUEBYIO COJIb ATHJIEHIUAMUHTETPAYKCYCHOW KUCIIOTBl — KOMNIEKCOH
I1.

D10 coenuMHeHWe (MHOTAAa Has3blBaeMoe mpuionom b) 0003HAYalOT COKPALICHHOM
dopmynoit NaHoY wumun DATA. Kommnexcon Il comepxut, Hapsany ¢ kapOOKCHUIBHBIMU
rpynmnamH, €mie U TPeTUYHbIE aMUHOTpyNIbl. [103TOMy OH cunTaercs HE TOJIBKO OPraHU4YECKON
KHUCJIOTOM, Jarouieil coiM ¢ pa3jiMuHbIMU KaTHOHAMH, HO TaKXe U KOMIUIEKCOOOpa3yHOIIMM
BELIECTBOM.

Kowmmnekcon Il monyunn mmpokoe npuMeHEHHE B XUMUYECKOM aHaJIM3€, IOTOMY 4TO OH
06}2)a3yeT BHYTPUKOMIIJIEKCHBIE COJIM C KATUOHAMU ILIEI0YHO-3€MEIbHBIX METAJIIOB (Ca®*. Mg,
Ba“"), KoTopsle OYeHb TPYAHO TEPEBECTH B KOMIUIEKCHBIE COEIMHEHHS APYTUMH CHOCOOAMH.
TutrpoBanue xomriekcoHoM |l wcmonb3yercst s KOJUYECTBEHHOTO ONPEICNEHHUs STHX
KAaTHOHOB.

IKCNEPUMEHTAJIBHASA YACTh.

Omnpit 1. [TosryyeHne KOMILIEKCHBIX COeIUHEHUSA

a) Haneiite B mpobupky 2-3 Kamaum pacTBopa HHUTpaTta cepeOpa, mpubaBbTe
TaKOE€ JK€ KOJIMYECTBO pacTBopa xJjopuaa Hatpusa. Ilpuneiite k oOpa3zoBaBiiemycs
OCaJKy pacTBOp THJIPOKCHJAa aMMOHMS JO IIOJIHOIO pacTBOpeHust ocajka. [louemy
pactBopuJics ocaiok? CoxpaHuTe pacTBOp sl ONbITa 2 a.

AgNO3 + NaCl = AgCl| + NaNO3
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AgCIl + NH3-H,0 — [Ag(NHj3),]Cl + H,0O
0) Hanefite B mnpoOupky 3-4 kamum pactBopa cyiabpaTa Meau, npubdasbre 2-3
KallJId pacTBOpa THApokcuaa ammoHust (25%) - BblMajaeT CBETJIO-TOIYOOH 0cCaoK
ocuoBHoi comu  Mmeaa (CuOH),S0;. IlpubaBbTe 1O  KamisM H30BITOK  pacTBOpa
TUAPOKCHAa aMMoOHusA. Yrto  HaOmomaete? Hanummure  ypaBHEeHHMEe  peakuuii B
MOJICKYJISIpHOUM 1 HOHHOH (hopMax. COXpaHUTE PaCTBOP AJIS CICIYIOIIETO OMBITA.
CuSO4 + NH3 H,O — (CUOH)st4 + (NH4)2804
(CUOH)2804+ (NH4)2804+ NH3; H,O — [Cu(NH3)4]SO4 + H,O
B) K pactBopy Hg(NO3), n06aBbTe 1m0 Kamism pactBop voauaa kaaus. OOparute BHUMaHHE
Ha oOpa3oBaHme ocaaka moauna prytu (ll), orMerbTe ero 1Betr M A00aBbTE M3OBITOK MOIMIIA
kamusi. Uto Habmogaere? Hanmummure ypaBHEHUS PeaKIuy B MOJICKYJISIPHOW U MOHHOH (opmax.
Hg(NOs3), + KI — Hgl, + KNO;
Hgl, + KI — Kz[Hg|4]
OnbIT 2. Pa3pynieHue KOMIJIEKCHBIX COeIUHEHUIT
a) K pacrBopy, OCTaBLIEMYCSI ~ OT OIbITa I a, npubaBbT€ MO  KalUIsIM
KOHILIEHTPUPOBAHHYIO a30THYIO KUCJIOTY. OObsicHuTE Ha0Mo1aeMoe SIBJICHUE.
Hanmmmwnre ypaBHeHUe peakuuu.
[Ag(NH3)]Cl + HNO3 — AgC1{ + NH4NO3
6) K  pacrBopy ocraBmemycs  OT OIbITa 16, npubaBpTe  3-5 Karneb
CEpOBOJIOPOAHONM  BOABI WM pacTBopa cyinbduna Harpus. Hamnummure ypaBHeHue
peakuuu ¥ OOBSICHUTE IPHUUMHY 00pa30BaHUE 0CaIKA.
[CU(NH3)4]SO4 + Na,S -> CuS + Na,SO4 + NH3
OnpIT 3. DJIEKTPOJIUTHYECKAS TUCCONMAINS KOMILIEKCHBIX COeIMHEHUMH
B npo6upky Haneiite o 3-5 kamnens pactBopa rekcanuano-111-peppara kamus K3[Fe(CN)g], a
BO BTOPYIO NpoOupky Hameite 1-2 kammum pactBopa FeCl3, 3aTteM B Kaxaylo NpOOHPKY
npubaBbTe 2-3 KaliM pacTBopa pomaHuna kxamus win pomanuna ammonuss NHiSCN. Urto
HaOmoaete? OOBSICHUTE OTCYTCTBHE OKpacku B MepBoil mpoOupke. Hamummre wnoHHBIE
YpaBHEHHUS PEaKIUH.
Ks[Fe(CN)s] — 3K* + (Fe(CN)e)*
FeCls — Fe** +3CI°
Ks[Fe(CN)g] + KSCN #
FeCl; + KSCN ->K;[Fe(SCN)g] +KC1
Ilopsinok paGoTbI:
[TomyuuTs OT TIpemoaaBaTens 3aJaHue.
BBIOTHUTE paboTy COTIIACHO METOIMICCKUM PEKOMEHIAIIHSIM.
OdopMHUTH TPOTOKOIT PAOOTHI.
Bbunth oTpaboTaHHBIE PACTBOPSHI, IOCYYy BBIMBITh. CliaTh pabouee MecTo.
Conep:xanue oT4era:
Tema u 1ienb paboTHI.
HabGnronenusi, ypaBHEHHS peakIuii 0 K01 9aCTH pabOTHI.
Pacuersl.
Br1BOIBI 110 cieTaHHOM pabdoTe.

el N

el N

KonTpoJbHbIE BOPOCHI.

1. Knaccudukanus ¥ HOMEHKJIATypa KOMIUIEKCHBIX COCIWHEHUN. XenaThl U KOMILJIEKCOHBI.
N30Mepust KOMIJIEKCHBIX COEAMHEHUN

2. OcHOBHBIC TIOJIOKEHUS TEOPUU KOMIUIEKCHBIX coenuHeHnid A. Beprepa. Cocras
KOMIUIEKCHBIX COCIUHEHHI: IICHTPAIbHBIA aTOM - KOMILIeKCOooOpa3oBaTenb, JHTaH],
BHYTPEHHSIS1 U BHEIIHAS chepbl KOMIUIEKCA.

3. 3apsa KoMITIeKCHOro noHa. KaTnoHHbIe, aHHOHHBIE U HEUTPaIbHBIC KOMITICKCHI.
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4. KoopauHaMOHHOE YHCI0 KOMIUIeKcooOpa3oBatTens. CBs3b KOOPAWHAIMOHHOTO YHCIA C
3apsiIoM LEHTPAIBHOTO aToMa.

5. Jluccoumarnus KOMIUICKCHBIX coequHeHui. KOoHCTaHTa HEeCTOMKOCTH KOMILIEKCHBIX HOHOB.
3aBUCHMOCTh JTUCCOLMAIMN KOMILJIEKCHOTO MOHA OT KOHIIEHTPAIIMA CBOOOJHBIX MOJEKYI
(W11 MOHOB) JIUTAH/IA.

6. [enraraocts suranna. Knaccuduxarms KOMIUIEKCHBIX COSTUHEHUH 110 COCTaBY JIUTAH]IOB.

7. Tlpupona XMMHUYECKON CBSI3M B KOMIUICKCHBIX coeuHEHUIX. OCHOBHBIC TIOJIOKCHHUS TCOPUH
BaJICHTHBIX CBsI3¢i. THII CBS3M MEXKIYy KOMILIEKCOOOpa3oBaTesieM U JIMTaHIaMU.

8. MaruuTtHble CBOMCTBaA KOMILJICKCHBIX COCTUHCHMH. BremneopouTanbHbie n
BHYTPHUOPOHUTAIIbHBIC KOMITIEKCHI. OKpacka KOMIUIEKCHBIX COSTMHECHUN.

9. Kakue KOMIIJIEKCHI, COTJIaCHO TEOPUU BAJCHTHBIX CBS3CH, SBISAIOTCS HEYCTOWYMBBIMU U

AKTUBHBIMH, 4 KaKUC - YCTOﬁqHBBIMH n HeaKTI/IBHI)IMI/I?

Pasznen 2. Heopranuueckasi Xumusi
TEMA 1. XUMUSA HEMETAJIJIOB
Yacte A. I'ajorenn! 1 ux coenHeHU .
Heab padoTsi:
N3y4nTh XUMHYECKUE CBOICTBA I'aJIOT€HOB M UX COCJMHEHUI.
3HaKOMCTBO C JIAOOPaTOPHBIMU CIIOCOOAMH TIOJTyIEHUSI TAJIOTEHOB M UX COCIMHEHUH.
Copepaxanne padoThbI:

[TosryueHue xyiopa 1 UCCIEI0BaHUE €70 XUMUYECKUX CBOMCTB.

[Tony4yeHue XJI0pOBOIOPOJIA U UCCIIEAOBAHUE €r0 XUMHUUECKUX CBOMCTB.

HccnenoBanne BOCCTAHOBUTEIbHOW aKTUBHOCTH TaJIOT€HUI-UOHOB.

KavecTBeHHbIE peakIy Ha raJIOreHU/1-UOHBI.

IIpuGopsb! U peakTHBDI:

1. IlpoOupku, CHUPTOBKA, JAep)KaTenb Uil NPOOUPOK, NMIIETKH, JIONATOYKa, KarelbHas
BOpPOHKAa, Ta300TBOJHAs TpyOKa, XWUMHUYECKHH cTakaH, Kojba, Oymara (IIOJIOCKH),
JakMycoBas OyMakka, (UIbTpoBaibHas OyMa)kka, CTEKJITHHAs MTAJI0YKa, JIyYUHKA, CIIHYKH.

2. Jlmxpomart Kaius (Cyxoi), coyisiHasi KUCJIOTa (KOHIIL.), CEpHAast KHCIOTa KOHIIEHTPUPOBAaHHAS H
pa3baBieHHas (2H), MOAU Kanus (pacTBOp), HOIUA Kanusl (CyXoi), XJIopua HaTpusi (Cyxoii),
XJIOpUJT HaTpus (pacTBOp), MEpMaHraHar Kajaus (pacTBOp), JIAKMYC, METUIIOPAHXK, KyCOUYEK
MarHusi (WM IMHKA), HUTpar cepedpa (pacTBop), Opomuj Kaius (Cyxoii), OpoMH[ Kaius
(pactBop), xsopuma xenesa (111) (pactsop).

Kparkue TeopeTrnueckue cBeeHHUsI.

["anorensl: ¢Top, xy0p, OpoM, o1 1 acTar. DIEKTpOHHAS KOHGUTYpalns HEBO30YKIEHHBIX
aTOMOB TaJOreHoB — NS'NP> CTemneHb OKUCIEHHUS AJIEMEHTOB B COEIMHEHMAX oT -1 g0 +7,
TOJIBKO (PTOpP MMEET OJIHY CTeNeHb OKucieHus (-1).

HanGoree cHIbHOI OKHCIHTENIBHOM CIIOCOGHOCTBIO 001a1ai0T (hrop, X10p 1 6pom. HMom mosxker
TIPOSIBIISITH KaK OKHCIUTENBHBIE (HanpuMep, o oTHOmeHHo K HyS n SO»), Tak 1 BOCCTaHOBHUTEIEHBIE
cBoiictBa (mipu B3aumozeiicteuu ¢ HNO3 u H,0,).

bonee anekTpooTpUIIaTENbHBIN TaJIOr€H BCET/1a BBHITECHSET 3JIEKTPOINOIOKUTEIbHBIN U3 €ro

» =

NS

COEIUHEHUN C METAJIAMU. 2KBr + Cl, = 2KCI + Br,
Bce ranorensl, kpome ¢Topa, MOABEPraroTcsl B BOAHBIX PacTBOpax MpU OOBIYHBIX YCIOBUIX
JUCIIPONIOPLIMOHUPOBAHUIO: Br; + H,O <> HBrO + HBr

Haxo:xnenue B nmpupoje:
Haubonee pacnpocTpaHeHbI CIeAYIONIIEe MUHEPAIIBL:

CaF, — dumroopuT (MIaBUKOBBI IIITTAT); Nas[AlFs] — kpronur;
3Ca3(P0O,); - Ca(F, Cl); — dropanarur; NaCl — ranur;
KCI — cuibBun; KCI - NaCl — cunpBunuT;
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KCI - MgCl; - 6H,0 — xapHasurT.
JKCNePUMEHTAIbHASA YaCTh:

Onpit 1. Ilonyyenue xsiopa

[To 3amanuto npenoiaBaresns B mpoOUPKY BHECUTE HECKOJIBKO KPUCTAILUIMKOB AUXpOMaTa
KaJusl (IMOKCUIA MapraHiia WK JUOKCH/Ia CBUHIIA) U J00aBbTE 2-3 Karii KOHIICHTPUPOBAHHOM
COJISTHOUM KUCIOTHI. ECITi peakius mpoTeKaeT HeIOCTATOUHO aKTUBHO, COACPKUMOE TPOOUPKU
OCTOPOXHO HarpeiTe. OTMEThTE IBET 00PA3YIOMIETOCs Ta3a U UCIBITAUTE €ro ISHCTBUE HA
OyMaxxKy, CMOYEHHYIO PaCTBOPOM Moaua Kanus. Hanummre ypaBHEeHHs COOTBETCTBYIOIIMX
peaKIuii.

OmnpiT 2. IlosyyeHue u cBOiicTBa XJI0POBOIOPOAA

B konly, cHaOGXEeHHYIO KamnelbHONH BOPOHKONM U Ta300TBOAHON TPYOKO#, MOMECTUTE
HEeOOJIbIIOE KOJMYECTBO CYXOro Xjopuzaa. Uepe3 KamelbHYH0 BOPOHKY K COJIM NpUJIEHTE IO
KaljIsiM KOHIEHTPUPOBAaHHYIO cepHylo kucnory. Coxmepkumoe KoIObl clierka Harpemure.
Boiaenstonuiicss XJ10poBOAOPO MPOIYCTUTE YEPE3 BOAY, HAXOAIIYIOCS B CTaKaHE WM KOJIOe
(TpyOKY, IO KOTOPOI UAET TOK XJIOPOBOJIOPOIa IEPKUTE HAJl MOBEPXHOCTHIO BObI). [IpoBepbTe
JIeIICTBUE BBIJIEISIIOIIETOCS Ta3a Ha BIAYKHYIO CHUHIOIO JJAKMYCOBYIO Oymary, a Takke Ha MOJIOCKY
bunbTpoBaNIbHON Oymaru, CMOYEHHOW PO30BBIM PacTBOPOM IE€pMaHraHaTa kaiusa. byner mnm
BBIJICJIATHCS XJIOPOBOJOPOJT TPU B3aUMOJICHCTBUU XJIOpUIA HATpusi C pa30aBICHHON CEepHOM
KHCIJIOTOM?

B tpu npobupku Hanelite mo 5-6 kamenb MOJY4eHHOTO pacTBOpa XJIOpoBogopoda. B ogny
npoOupKy n1o0aBbTe 1-2 Karim JaKMyca UM METUJIOpaHKa, BO BTOPYIO — KyCOUYeK MarHus (Wiu
IIMHKA), B TPEThIO — pacCTBOP HUTpaTa cepedpa.

OOmbsicHUTe HaOII0/1aeMble SIBJIEHUS] U COCTaBbTE COOTBETCTBYIOIIUE YPAaBHEHUS PeaKLIUii.

OnbiT 3. BoccTaHOBHTE/IbHASI AKTHBHOCTD F'AJ10T€HU/I-HOHOB

a) Ilomecture B 0JJHY NMPOOUPKY HECKOJBKO KPUCTAIIOB OpoMHIa Kajus, a B JIPYTyr —
nonuaa kamus. B kaxayro mpoOupky no0aBbTe Mo 2-3 Karjid KOHLIEHTPUPOBAHHOW CEpHOM
kucinoTel. OOpaTuTe BHHUMaHUE Ha IIBET M 3amax NMpOIyKTOB oleux peakuuil. Ha ocHoBaHum
ATOr0 W MPEABbIAYIIEr0 ONBITOB CPAaBHUTE BOCCTAHOBHUTEIbHYIO AKTHUBHOCTH XJIOPOBOAOPOJA,
O6pomoBosiopoa U HonmoBogopoaa. CocTaBbTe YpaBHEHHUS COOTBETCTBYIOLIMX OKHCIUTEIbHO-
BOCCTAHOBUTENIbHBIX PEaKIUH.

6) B Tpu npoOupku BHeCTH Mo 2-4 KalulM AUXpoOMara Kajiusl, HOJKUCIEHHOTo 2 H. CepHOU
KUCIOTHI (1-2 xamun). Jlo6aButh 1o 2-3 Karuii B MEpBYIO TPOOUPKY pacTBOpa MOU]IA KAJIHs, BO
BTOPYIO — CTOJIBKO € Kakoro-imubo OpoMuja U B TPEeTbl0O — XJopHuaa HaTpusi. PacTBopbl
MepeMeIIaTh YUCTOW CTEKITHHOM Majlouykoil. B kakoM ciydae BOCCTaHOBJIEHHE IMXpOMAara HE
npousonuto. HamucaTe ypaBHEHUS NMPOTEKAOIIMX PEAKLIMH, YYUTHIBAs, YTO IUXpOMAT Kajwus,
BOCCTAaHaBIMBasACh, nepexonuT B cyibdpar xpoma (Il1). Kak m3mensnace mpu 3TOM CTeneHb
OKHCIICHHSI COOTBETCTBYIOIUX rajioreHoB? YTo mpu 3ToM HabI0aanoch?

B) IlponenaTh OmNBIT, aHAJOTUYHBIA ONBITY 0), 3aMEHHUB pPACTBOP AUXpomara Kajus
pactBopom xyopuaa kenesa (Ill). UYro wabmomamu? B kakom ciaydae MNpOH30LLIO
BOCCTAHOBJIEHME XJIOpHJA JKeJie3a M COOTBETCTBEHHO OKHCIeHHe ranoreHa. Kak wusmensercs
BOCCTaHOBUTEIIbHAS CIIOCOOHOCTH OTPHUIIATENbHBIX HOHOB I'aJIOTEHOB?

OnbiT 4. KayecTBeHHbIE PeaKIIMU HA TaJI0TeHU/1-HOHbI

B 1pu npoOupku nmomecture mo 3-5 Kameiab pacTBOPOB COJIEH: B MEPBYIO MPOOHPKY —
XJIOpUJIa HAaTpUs, BO BTOPYIO — OpoMuUa Kaiusl, B TPEThIO — HOAUAA Kanud. B kaxyro mpobupky
nobaBbTe 1-2 Kamimm pacTBOpa HUTpaTa cepedpa J0 BBINAJICHHUS XapaKTEPHBIX TBOPOKHCTHIX
0CaJIKOB TaJoreHu10B cepedpa. OTMEThTE IBET OCAKOB M COCTaBbTE MOJIEKYJISIPHbIE U HOHHBIE
YpaBHEHUS PEaKLIUM.

IMopsinok padoThI:
1. Tlomyuuts OT npenoaBaTess 3alaHue.
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2. BpImonHATE paboOTy COTJIACHO METOINYECKUM PEKOMEHIAIUSIM.

3. OdopMuUTH IPOTOKOT paOOTHI.

4. BpumTh 0TpaOOTaHHBIE PACTBOPHI, TOCYY BEIMBITH. CliaTh pabodee MecTo.
Conep:xanue oTyera:

1. Tewma u uenb pabOTHI.

2. HaOmroneHusi, ypaBHEHUS peaKIuii Mo KaKIO0H 4acTH pabOTHI.

3. BrIBoBI IO TIpOAETaHHOI paboTe.

KoHTpoJibHbIE BONIPOCHI:
OO6m1ast XxapakTepucTHKa 3JIEMEHTOB TJIaBHOU noArpynmsl VI rpynmsl.
PacrnipocTpaHeHue rajgoreHoB B IPUPOE, CIIOCOOBI OTYyUEHUS.
du3nyecKue CBOKMCTBA TAJIONEHOB.
XUMUYECKUE CBOMCTBA TaJOreHOB. Hammcars ypaBHEHHS pPEakUMil B3aUMOJCHCTBHS
raJIOr€HOB € BOJIOW M pacTBOpaMH Liesioueil (XOIOAHBIMU U TOPSYUMH).
[IpuMeHeHue ranoreHos.
CoenuHEHNs TaJOr€HOB € BOJOPOJOM, MX XMMHMUYECKHE cBoMcTBa. Hamucars ypaBHEHMs
peaKImii MOTy4YEeHHUsI BCEX TaJOreHOBOI0POI0B. KakoBBI 0COOEHHOCTH 3THX IPOIECCOB?
7. Kucnopozacoaepsxariye COeIMHEHUS TalOr€HOB.

Yacte b. Juementsl VIA-rpynnbl nepuogu4veckoil cuUCTeMbl 3J1€MEHTOB W HX
COCJUHEeHHUSI.

Hean pabdoThi:

1. M3yuuTh XMMHUYECKHE CBOMCTBA KUCIIOPOJIA U €r0 COSANHEHHH

N3yuenne XMuMUYECKUX CBOMCTB CEPBI U €r0 COEAMHEHUM.

3HaKOMCTBO C J1a00paTOPHBIMH CIIOCOOAMU MOJTYUYEHUS KUCIOPOa U COEMHEHUI cepbl
Coaep:xanue padoThbi:

ITony4yenue u CBOMCTBA KUCIOPOAA.

OKHCIUTENbHO-BOCCTAHOBUTEIBHBIE CBOMCTBA MTEPOKCH 1A BOJOPOA.

BoccranoBuTENbHBIE CBOMCTBA CEPBI M CEPOBOJOPO/A.

BoccraHoBuTenpHBIE CBOICTBA pacTBOpa IUOKCHA CEPBI U CyIb(UTa HATPUS.

CpaBHMTENbHAS OLIEHKA PAaCTBOPUMOCTH CYIb(PUTA U cysbdaTa Oapus B KUCIIOTE.

Ob6napysxeHue cyiabpaT-uoHa.

IIpudops! U peakTUBbI:

1.JIaGopaTopHblif IITATUB, NPOOMPKH, MHUIETKH, CHUPTOBKA, JepKaTesb Uil HPOOHPOK,
JIOTIATOYKA, TyYMHKA, CIIMUKH.

2. Ilepmanranar kamus (TB.), pacTBop nepmanranata kamus, 3% u 30% pactBop H20,, nrokcna
Maprasiia, TuXxpomart KaJus (Hachlll. pacTBOP), MO KaJusl, cepHas KucioTa (pa3b. pacTBop),
KpaxMallbHbIM KilelicTep, HUTpaT cepedpa, pacTBOp aMMHUaka, a30THas KUclIoTa (KOHIL.), cepa,
xJiopua 6apusi, cyabpuI HaTpus (pacTBOp).

TeopeTuyeckue cBeieHH .

B VIA rpynny nepuonunyeckoil cuctembl BXoaaT maTh anementoB: O, S, Se, Te, Po.
OnekTpoHHas KoHuUryparuss HeBO30YXKIEHHbIX aToMoB 3JeMeHToB VIA rpymms: nsznp4.
Haubosnee crabuibHas cTeneHb OKMCICHUS 3JIEMEHTOB B UX COEAMHEHUSX (-2) XapaKTepHa JUIs
kuciopona. Cepa MOXKET HaxOAUThCA B cTeneHu okucinenus 0, +2, +4, +6, -2. V Ttemnypa,
MIOJIOHUS U CeJIeHa, 00JIaIalolINX MEHBIIEH 2JIEKTPOOTPULIATEIbHOCTBIO, CTAOMIIBHON SBIISIETCS
cTeneHb okucaeHus (+4). Kucnopon, cepa u ceneH — THIUYHbIE HEMETaJLIbI.

Kucaopon (O) — ra3 6e3 nsera, 3amnaxa u BKyca. AJuIoTponHas MoAu(uKaIys Kuciopoa
— O3 — 030H. Kucnopon manmopactsopuM B Boje. Ha Bo3ayxe moajiepKMBaeT TOPEHUE MHOTHX
BemecTB. CUIIBHBINA OKUCIIUTENb — IMPU BBICOKMX TEMIIEpaTypax pearupyer ¢ OOJBIIMHCTBOM
METAJIJIOB ¥ HEMETAJIIOB.

IIpocreiimias kaueCTBEHHAs peaklus — sIPKOE 3aropaHue TICIOLEN IPEBECHOM JIyYHHKU B

PopnE

oo

wn

agrwdE
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aTMocdepe Kuciopoza.

[IpumensieTcs Kak peareHT B XUMUYECKOW TEXHOJOTUHU (0OXKHUT Cylb(OUIHBIX Py, CHHTE3
OKCHJIOB), METAJUIypruu (MIPOU3BOICTBO UyTyHa, CTAJIM), CBAPKE U PE3KEe METAJIOB U T.1.

IHony4enmue:

OcHoBHOHl  (mpoMmbIlUIeHHBINH). M3  Bo3myxa  METOOOM  HHU3KOTEMIIEpaTypHOU
pekTH(UKanIuN (KUAKUNA BO3AYX pa3lesseTcsl Ha KUCIOPO U a30T).

Cepa — XUMHYECKM aKTHBHOE BellecTBO. M3BECTHBI €€ COelNMHEHHUs MOYTH CO BCEMH
aJIEMEHTaMU, KpoMe OJIaropoHbIX ra3oBs, a Takke Au, Pt, I, At.

I'oput Ha Bozmyxe: S + O, = SO,

IHony4enmue:

B naboparopusix yciosusix: FeS + 2HCI = H,S1 + FeCl,

Bonee gucterit ra3 obpa3yercs Ipu pa3ioKeHUH CyJb(una KaabIlus: CaS + 2HCI =
H,ST + CaCl,

JKCIepUMEHTAJIbHAS YaCTh

Kucaopon. Ilepoxcnn Bogopoaa

Onpit 1. [TosryyeHne u cBOliCTBa KUCJIO0pPOAA

B cyxyio npoOGupky noMecture HpUOIM3UTENBHO 2 I' MEepMaHraHara Kaiaus. YKpenurte
OpoOMpPKY B JallKe IITaTHBA U HarpelTe ee. Bpimenstomuiics ra3 HCHBITaAWTE C MOMOIIbIO
TieroIIeH TyduHKH. COCTaBbTE ypaBHEHUE PEAKIIUH.

OmnbiT 2. KaTrannurnyeckoe pasJioxkeHHe NePOKCHAa BOJAOPOIA

a) Haneiite B npoOupky 8-10 kamenb 3%-noro pactBopa H,O, u BHecuTe B mpoOUpKY
HECKOJIbKO KPHMCTAJUIOB JIMOKCHJA MapraHila B KadecTBE KaTaiuszaTtopa. Beinenstonuiics ras
UCIBITAlTE ¢ MOMOIIBIO TiIEroLed TydyuHKkd. CocTaBbTe ypaBHEHHE peakuuu. K kakoMy Tumy
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUIl OHA OTHOCUTCA?

6) Haneiite B mpoOupky 6-7 Kamneiab HACHILIEHHOTO pacTBOpa AMXpoMara Kalus U cllerka
nonorpeiite. Jlo6aBbre 2 kamm 30%-Horo pactBopa mnepokcuaa Boaopoda. Ilpomcxoaut
MOYEPHEHUE PAacTBOpa 3a CYeT 00pa3oBaHUs MPOMEXKYTOUYHBIX coeauHeHuit tuma Ky[Cr,O7
‘Hz0,]. Yepe3 1-2 MUHYTBI IPOUCXOIUT OYpHOE pa3joKEHUE MPOMEKYTOUHBIX COEAMHEHUH C
BBIJICJIEHUEM KHUCIIOpoJia. BHecure B MNpoOHMpPKY TJCIOMIYIO JIYYMHKY. YUYTO NpPOUCXOAUT?
CocraBbpTe ypaBHeHUe peakiuu. K KakoMy THUIy OKHCIIUTEIbHO-BOCCTAHOBUTENIbHBIX pEaKLIUl
OHa OTHOCHUTCA?

OnbiT 3. OkHCAUTEIbHBbIE CBOICTBA MEPOKCH/IA BOOPOAA

B nmpobupky k 3 kamisM pacTBopa MoJIuAa Kanus npubaBbTe 2 Karu pa30aBIeHHOTO
pacTBopa CEepHOM KHUCJIOTBI M 3aTeM Mo KaruisiM npubasisiite pactBop HoO, no mosiBieHus
xenTo okpacku. OOpa3oBaHue Hoja CTAaHOBHUTHCS OoJiee 3aMETHBIM, €CIIM K pacTBOpy B
npoOupke J00aBUTh HECKOJIBKO Kallelb OPraHMYeCKOT0 PacTBOPHUTENS MJIM HECKOJbKO Karleib
KpaxMajibHOT O Kielicrepa. CocTaBbTe YpaBHEHHME PEAKIIUU.

OnbIT 4. BoccTaHOBHTEIbHBIE CBOMCTBA MEPOKCH/IA BOAOPOAA

a) B mnpoOupky BHecuTe 2-3 Kamiid pacTBOpa IepMaHraHata Kajius M 2-3  KarM
pa30aBIEHHOTO PACTBOpa CEPHOM KHCIOTHL. 3aTéM K IOJy4YeHHOMY B MPOOHPKE PacTBOPY
n00aBbTEe HECKOJBKO Kamellb pacTBOpa MEPOKCHIA BOAOPOAA A0 U3MEHEHHUS! OKPACKU PacTBOpa.
Boeinendronuiicss ra3 UCHbITAWTE C TMOMOIIBI Tieromed JydruHKH. COCTaBbTE ypaBHEHHE
peaxkuu.

6) K 4-5 kannsm pactBopa HUTpata cepeOpa A00aBbTE MO KaIlIsiM pacTBOpP aMMHaka [0
pacTBopeHHs oOpa3oBasiueiicss MmyTH. K nonyueHHOMY pacTBOpy nprbaBbTe M0 KarisaM 3%-HbIi
pacTBOp MEepOKCHIa BOJAOPOA. 3alUIINTE HAOIIOICHHS U COCTaBbTE YPAaBHEHUS PEAKLIUH.

KoHnTposabHbIe BONpochl
1. DnexTpoHHOE CTpOEHHE W MapaMeTpPhl aTOMOB 3JIEMEHTOB TJIaBHOW MOATPYIIBI IIECTOMN

rpynnsl. [leppnoanyHoCTh UX U3MEHEHHUS.
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Kucnopon: kuciopos B mpupoe, Bo3ayx. [lomydenue kuciaopoaa.

CBolicTBa U IPUMEHEHHUE KUCIOPOAA.

ITepokcua Bogopoaa. Onucats ctpoeHue Mosekyibl HoO,. [Touemy 3Ta Mosekyna nosisipHa?

Yka3aTh CcrnocoObl TOJNyYeHHs TEPOKCHIA BOJOPOJAA, MPUBECTH YPABHEHUS PEAKIIHU.

Moxkno i nonyuuTh HpO, HEnmocpenCcTBEHHbIM B3aMMOJICHCTBHEM BOAOPOAA M KHUCIOpoja?

O1BeT 000CHOBATE.

6. Hamwucath ypaBHEHHE peakIMU pa3IOKECHHS Iepokcuaa Bojopona. K kakomy TuIy
OKUCIUTEIHHO-BOCCTAHOBUTENBHBIX PEAKIIMI OHa OTHOCUTCS?

7. IlpuBecTn mnpuUMEpbl OKUCIUTEIBHOIO W BOCCTaHOBHUTENbHOTO aeiicTBus H,O,. Ha dyem
ocHoBaHo npumeHenue H,O; B Meauimue.

8. Hammcars ypaBHEHUs peakiinii B3auMOICICTBHS IEPOKCHIA BOIOPOAA C TIEPMaHTaHATOM Kajus B
KHCJIOM CpeNe; MOAUIOM KaJIUsl B KUCJION CPEZIE; XPOMAaTOM Kalus B IIEJIOYHOM CpeJie.

9. OszoH.

arwnN

Cepa u ee coeMHEeHUs

OmnpiT 1. BoccTaHOBHTEIbHBIE CBOWCTBA CePbl

Tsra! B npobupky Haneiite 1-2 M KOHIEHTPUPOBAHHOTO PAcTBOpa a30THOM KHUCIOTHI U
BHECHTE B IPOOMPKY HEOOJBINON Kycouek cepbl. ComepkuMoe MpoOUpKH HarpenTte. A30THas
KHCIIOTa MPU 3TOM BOCCTaHaBiMBaeTcs 10 okcuaa azora (II), a cepa okucnsercs no cynbgar-
MOHA, KOTOPBI MOXXHO JIETKO OOHApYKUTh, JOOABHB K TOJYYEHHOMY PAaCTBOPY HECKOJIHKO
Kamenb pacTtBopa xsopuna Oapusi. CocTaBbTe YypaBHEHHS pEaKIHM OKHUCIEHUS Cephl U
oOHapyxeHus cyb(aT-HoHa.

OmnpbiT 2. BoccTaHOBHTE/IbHBIE CBOHCTBA CEPOBOAOPOJA.

B npoGupky BHecuTe mo 2-3 KamuM pacTBOpa: a) IepMaHraHara Kainusi, 0) Iuxpomara
Kanus. B mpoOGupky no0GaBeTe mo 2-3 kamiau pa30aBIeHHOM CEpHOW KUCIOTHI U HECKOJIBKO
Karejab pacTBopa Cyilb(puaa HaTpus A0 U3MEHEHHUs OKpacku pacTBopa. CocTaBbTe€ ypaBHEHUE
pEaKINH.

OnsiT 3. BoccTaHoBHTE/IbHBIE CBOWCTBA PACTBOPA THOKCH/IA cepbl U CYIb(uTa HATPUS

a) B mpobupky HaneliTe mo 2-3 kamiu pacTBOpa JUXpoMaTa Kajlusi U pa30aBICHHOM
cepHoil kucnotel. K cMmecn 100aBbTe HECKOJBKO Kareidb pacTBOpa CEPHUCTOM KHUCIOTHI WU
HECKOJIBKO KpPUCTAJUIOB Cyib(ura HaTpus. OTMeThTe HM3MEHeHue IBeTa pacTBopa. Kakwue
CBOICTBa MPOSIBIISIET CEPHUCTAs KUCIIOTa UM €€ collb B 3TOM peakuuu? CocTaBbTe ypaBHEHUE
OKHCITHTEITEHO-BOCCTAHOBUTENBHOM peakii. (JlaHHOM peakiueil MOXKHO OTKpHITh HOH SOz° B
OTCYTCTBHUH JIPYTMX BOCCTAHOBUTENIEH)

6) B nmpobupky ¢ 3-5 karsiMu pacTBOpa CEpHUCTON KUCIOTHI J00aBbTE€ HECKOJIBKO Karesb
3 %-Horo pactBopa mepokcuia Bogopoaa. OTMeTsTe Kakue U3MEHEHHUS TPH STOM TPOUCXOJISIT.
Kakum 00pa3oM MOXHO J0Ka3aTh MPUCYTCTBHE MOHA SO, B npoaykrax peakuuu? CocraBbTe
ypaBHEHUE PEAKIIH.

OnbIT 4. CpaBHUTE/IBLHAS OLIEHKA PACTBOPUMOCTH CyJab(uTa U cyjbdara 6apus B

kucjaore. O0Hapy:xeHue cyJjb(paT-uoHa

B oany mpobupky BHecute 2-3 Kamiu pacTBopa cyjibdara HaTpus, B APYryro — 2-3 Karu
pacTBopa cynbduta Hatpusi. B 06e mpoOupku nqo6aBpTe 1-2 Kammm pactBopa xjopuaa oapus. B
o0enx nu mnpoOupkax BbIManaer ocagok? J[lo6aBpTe B 00e mnpobupku mo 2-3 Kamm
paz0aBieHHON a30THOU (COsTHOM) KHCIOThL. OOBscHUTE HaOmrogaembie siBieHus. CocTaBbTe
yYpaBHEHHsI peakiuii momydeHus cyibdarta u cyinbdura O6apus U pacTBOPEHHs MOCIEIHETO B
KHCIIOTE.

KoHnTposbHbIe BONpochI
1. Cepa: cepa B npuposie, oJIly4eHHE CEPHI.
2. CBoIiCTBa U IPUMEHEHHUE CEPBHI.
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3. CepoBopopon, cyinbbuabl. Hanummure ypaBHEHHS peakUUUd B3aUMOJCHCTBHUS CYyIbhuU

xenesa (I1) ¢ constHoM KUCI0TON M a30THOM KUCIOTOM.

Jlnokcua cepbl, CEpHUCTAs KUCIIOTA.

Tpuokcun cepsul, CEpHast KHCIIOTa, €€ MOTYYCHHEe, CBOMCTBA U TPUMECHECHHE.

[TepokcoaBycepHast U THOCEpHAs! KUCIIOTHI.

CoenuHeHue cepsbl ¢ TaJlOreHaMu.
IMopsinoxk padoThI:

[TomyuuTh OT mpenojaBaTess 3aJaHue.

BrInomHUTE paboTy COTIACHO METOIUYECKUM PEKOMEHIAIUSIM.

OdopmMuTh POTOKOJ pabOTHI.

Boumnth 0TpaboTaHHBIC PACTBOPHI, IOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oT4yera:

1. Tewma u uenb pabOTHI.

Habmroienusi, ypaBHeHHsI peaklUid 0 KaXK0i yacTu paboThl.

3. BoiBosI O IpoAenaHHoOi padore.

No ok

NS

no

Yacts B. Duementbl VA-rpynnbl NepHOANYECKOH CHCTEMbI 3JIEMEHTOB H HX

cOeJUHEeHHSI.
eab paboThI:

N3yunTh XMMUYECKHE CBOMCTBA COEAMHEHUN a30Ta.

N3yunth XuMHueckue cBoiicta ¢pochopa 1 ero CoeAMHEHUI.
Coaep:xanue padoThbI:

[Tony4yenue a3ota u cosieil aMMOHUS, UCCIEIOBAHNE UX XUMHUYECKUX CBOMCTB.

[Monyuenue okcuaa azota (l1).

HccnenoBaHne OKUCIUTEIbHBIX CBOMCTB @30THOM KUCIIOTHI.

Xumudeckue cBoicTBa hochopHoit KUCIOTHI, mofyuenue pocdaros u ruapodocdaros..

IIpudops! U peakTUBbI:

1. IIpoOupxu, crnupToBKa, Jep)KaTelb s NPOOMPOK, MHUIETKH, JIONATOuYKa, KareabHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XUMHMUYECKHH cTakaH, Kosiba, Oymara (IIOJIOCKH),
JaKMycoBas OyMaxkka, GUIbTpoBalbHAs OyMaXkka, CTEKJISIHHAs MMajoyKa, JIydHHKa, CIINYKH,
yYHUBepcajbHas HHAMKATOpHas Oymara, IITaTHB.

2. Juxpomar kaiust (Cyxoil), COIstHast KUCIIOTa (KOHII.), CepHasi KUCIO0Ta KOHIIEHTPUPOBAaHHAS U
pa3baBieHHas (2H), HOAUA Kamus (pacTBOp), MOAM Kanus (CyXoi), XxJopu HaTpus (Cyxoit),
XJIOpUJI HaTpus (pacTBOp), IEpMaHTaHaT Kajius (pacTBoOp), JaKMYyC, METUIIOPAHXK, KyCOUeK
MarHus (M IUHKA), HUTpat cepedpa (pacTBop), Opomu Kaus (Cyxoid), OpoMua Kanus
(pactBop), xsopuma xeine3a (111) (pactBop).

Boanbie pactBopsl docdara Hatpus, ruapodocdara Hatpus, auruapodocdara HaTpus, cyabdara
xkene3a (1), pomannma kamust KSCN, xmopuma Gapusi, CONSHOW KHCIIOTHI, a30THON KHCIIOTHI,
YKCYCHOU KHCIIOTBI, THAPOKCHIA aMMOHHUSI.

Teopernyeckue cBeieHMsI.

B VA rpynmy BxomsaT a3or, ¢ochop, MBIIBIK, cypbMa U BUCMYT. A30T u docdop -
TUNIMYHBIE HEMETaUTbl.  Bucm — wmeta.  OOmast  2JeKTpoHHas  KOHGUIypauus
HEBO3GYIKICHHOTO aToMa — NS2NP°, ¢ TPeMsi HECIIAPEHHBIMU HIEKTPOHAMH Ha P-OpOHTAIA. ITO
JIOBOJIbHO yCTOMUMBas 3JIEKTPOHHAs KOHpUrypauus. [Ipucoenunene nin ynajaeHue JIeKTpoHa
C P-OTOMHO# OpOUTANN PHEPTETUUECKU HE BBHITOJHO, TO3TOMY CTeneHb oKucieHus (-1) wmum (+1)
BCTPEYAETCS PEIKO U NO00HOr0 TUIIA COCTUHEHNS] HEYCTONYHBBI.

Crenenb okucnenus (+3) peanusyercs B COSAMHEHUSIX C 0oJiee JIEKTPOOTPHUIATEIbHBIMU
sneMeHTaMu — propoM, kuciopogom u xiaopom (NFz, HNO,, PCl5).

Crenienb okucieHus (-3) UMEIOT 3JIEMEHTHhI B BOJAOPOAHBIX coeauHeHusix (NHs, PHs),
autpuaax (LisN, MgsNy), bochumax (CagPy).
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Crenienp oxuciienust (+5) Berpedaercst B okcumax (N2Os, PoOs, AOs), kuciorax (HNOs, H3POy
HsASOy).

A30T (N2) — mpocroe BelnecTBO. becuBeTHBIN Tra3, KOHIACHCHUPYETCA B OECIBETHYIO
KHIKOCTh. MoJIeKylia COIEPKUT KOBAIEHTHYIO G-, T-, - cBsi3b (N = N).

A30T — I71aBHas1 COCTABJISIOIIAS YaCTh BO3/TyXa. MajopacTBOpUM B BOJIE (M MEHBIIIE YeM KHUCTIOPOI).
Bxomut B cocTaB HEOONBIIIOTNO YHCIIa MUHEPAIOB(CEIIUTPHI U JIP.), HEKOTOPBIX PUPOAHBIX YITICH.

Moay4yenne:

B npoMbIIIIEHHOCTH a30T MOYYaoT (PAKIMOHHON JUCTHIUIALMEH >XHIKOTO BO3IyXa.
A3OT BBIKMIIAET IO KKCIOPO/Ia.

B naGoparopuu nprUMeHSIOT peakiuu:

2NH;3 + 3Br, — Nt + 6HBr

NH4CI + NaNO, — N1 + NaCl + 2H,0

NHsNO3 ) NoT + 2H,0

IIpumensiercsi Uig CHHTE3a aMMHaKa, a30THOW KHUCJIOTHI M APYTUX a30TCOAEPIKAIIMX
IPOJYKTOB, KAK MHEPTHAsl Cpella MPOBEIECHUS XMMHUUYECKUX U METAJTyprUuecKUX MPOLECCOB U
XPaHEHHUsl OTHEOMACHBIX BEIIECTB.

P — dochop. — Onement 3 -ro nepuona u VA rpynnsl [lepuoanueckoit cUCTEMBI.
[TopsinkoBeiii HOMep 15. DnextpoHHas ¢opMyna aroma ...35%3p%, ycToluMBasi CTENEHb
OKHCJIEHHU 15, pexe BCTpedaeTcsi CTENeHb OKUCIeHUS -3 1 +3.

B mpupone BcTpeuaeTcss TOJNBKO B XMMHYECKH CBSI3aHHOM BHIE. Bxomut B cocTaB
MHOTOYMCIIEHHBIX MUHEPAJIOB, Pyl ¥ TOPHBIX TIOpoz (Pocdarkl, anaTUThI U Ip. ).

Beublii docdop (Peer) — MATKHIA Kak BOCK (pekercs HOXoM). [lmaBurcs u kunut 6e3
paznoxenusi. OKHUCIAETCA Ha BO3JyXe (3€JIeHOE CBEYCHHE B TEMHOTE) MpHU OOJBINONW Macce
BO3MOXKHO CaMOBOCIIaMEHEHHE. B 0COOBIX yCIOBHSAX MNEPEeBOIUTCS B KpPAcHbI U YepHBIH
docdop.

Xopo11o pacTBOpuUM B OeH3oIte, adupax, cepoyriepose. He pearupyer ¢ Boioi, XpaHuTcs
MOJ CJI0€M BOABL. Upe3BbIUaiiHO XUMUYECKH AKTHBEH.

IMosyuenne Oemoro docdopa mpoBOAAT BOccTaHOBIeHHEM (Qocdara Kambius
pacKajeHHbIM KOKCOM (B IPOMBIIIIJIEHHOCTH )

Cag(POy), + 3Si0; + 5C — 2Pt + 5CO1T + 3CaSiO3

[Iporiecc cOCTOUT U3 CAEAYIONINX CTaAUM:

2C&3(PO4)2 — 6Ca0 + 2P,05

P,0s + 10C — 4P71 + 10CO

CaO + SiO; = CaSiO;

IIpumensiercsa: B mpousBojcTBe hochopHOl KUCIOTH M KpacHOro gocdopa, Kak peareHt
B OpraHMYeCKUX CHHTE3aX, PACKUCIMUTEIb CIUIABOB, 3a)KUraTEIbHOE CPEICTBO. ['opsAmui
docdop cneayer racuTh ieckoM (HO He Bojo#!). Upe3BbIuaifHO SIOBUT.

Yepublii pochop (Pyepm)) - MMEET CIOUCTYIO CTPYKTYPY, IO BHEIIHEMY BHIY IMOXOX Ha
rpadur. Ilpun HarpeBanum mepexomuT B KpacHbI (ochop. XuMuueckass akTHBHOCTh 3HAYMTEIIHHO
HIDKE, 4eM y Oeoro docdopa. Ycroituus Ha Bozayxe. He sposut. [lomydaror npu HarpeBaHu# Genoro
docdopa.

IIpumensiercsi kak peareHT (Oosee Oe3omacHsIi, YeM Oenblii (hochop) B HEOPraHMIECKOM CHHTES,
HATOJHUTEITh JIAMIT HaKaTMBaHVs1, KOMITOHEHT HaMa3K1 KOpOoOKa Py M3r0TOBJIEHHNH cridek. He siioBuT.

JKCNEPUMEHTAJIBHASA YACTh!

A30T U ero coeMHEeHUsI.

OnebiT 1. Ilonyyenue ammuaka

K 4-5 kamnsm pactBopa XJiopuaa Wik Cyidb(ara aMMOHHS TMPUIICHTE paBHBI 00beM
pa30aBIeHHOTO pacTBOpa THIApOKcuaa Harpus. PactBop cmerka moporpeiire. K orBepcruio
NpOOUPKH TIOAHECUTE BIAXHYIO JIAKMYCOBYIO (YHUBEPCAIbHYIO) OyMaXXKy WJIIM TIOJOCKY
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¢GwibTpoBaIbHOM Oymaru, CMOYeHHYI ¢eHondrarenHoM. bymaroil He kacaliTecb CTEHOK
npobupku. Kak n3mensiercs user Oymaru u nouemy? (KauectBeHHast peakiyst HA HOH aMMOHHSA).

OnebIT 2. BoccTaHOBHTE/IBHBIE CBOIICTBA aMMHAKA

Buecure B npoOupky 2-3 Kamjim pacTBopa IepMaHraHata Kanus U 3-5 Karelnb
KOHILIEHTPUPOBAHHOI'O pacTBopa ammuaka. [lomyueHHyro cMmech cierka nojgorpeire. Kax
U3MEHAETCs OKpacka pacTBopa? Hanuminre ypaBHEHUE peakluy, YIUTHIBAsA, YTO AMMHAK
OKHCIIsieTCs 0 CBOOOJHOIO a30Ta, a IepMaHraHaT Kajius BOCCTaHABIMBAETCS 10 JUOKCUA
Maprasia.

OnpIT 3. OTHOLIEHHE COJIel AMMOHUS K HATPEeBAHUIO.

A) Ilomecture B Cyxyr HpOOMPKY HEMHOIO KPHUCTAUIMYECKOTO XJOpUAA aMMOHHUS U
Harpeiite mpoOupky. OOparuTe BHHMMaHHE Ha OOpa3oBaHME O€IOro HajleTa Ha XOJIOJHBIX
CTEHKaX BepxHel yacTu npoodupku. CocTaBbTe ypaBHEHUE PEAKLIUU.

b) Bo3bMmuTe Ha KOHYMKE INMATeNss HEMHOro cyib(ara aMMOHUS, IPeIBAPUTENIBHO
pacTepToro B CTYNKE, ¥ BBICHIIBTE COJIb B CyXyio MpoOHpKy. IIpodupky Harpeiite. Obparute
BHUMaHME Ha 3arax, NOsSBUBLIMICA BO BpeMs HarpeBaHus. IlogHecuTe K OTBEpCTHIO MPOOUPKU
BIQOKHYIO JIAKMyCOBYI0 Oymaxkky. YUto mpoumcxomut? OcraBmieecs BEUIECTBO B IPOOHpKE
pacTBOPUTE B BOJIE U ONIPENEIUTE XapaKTep cpelbl B pacTBope. Hanumure ypaBHeHHs peakuuii
pas3iokeHus: cyiabpara aMMOHHUS M AMCCOLMAIMM B PAaCTBOPE BEIIECTBA, 0Opa30BaBIIETOCS B
pe3yJIbTaTe Pa3IOKEHUs COJIU.

B) B cyxyto npoOupKy HachlllbTe HEMHOTO TUXpOMaTa aMMOHUS. 3aKpenuTe MpOOHPKY B
LITATUBE BEPTUKAJIBHO, U HEMHOTO mojorpeiTe. Kak TOJNBKO HA4yHETCS pa3OKEHUE COJIH,
HarpeBaHue npekparure. Uro Habmoaaercsa? VIMeroT M 3amax NpoAyKThl peakuu pa3ioKeHUs
comu? CocTaBbTe ypaBHEHHE pEakIMH. B ueM oTiauunMe NoBENEHUs ATOM COJIM OT COJEH B
OMbITaxX, MpOJENaHHBIX A0 3Toro. Kakue conmu aMMOHMS pasjaraiorcsi moJoOHO AUXpoMmaTy
aMMOHHUs?

OnbiT 4. T'uaposus coseit aMMoHUs

C nomorkto pH-uHAMKAaTOpHOW OymMaru ornpenenuTe XapakTep Cpeibl B pacTBOpE XJIOpuia
NI cynb(baTa amMmonusd. Hamummre YpaBHCHUEC pCaKIWH T'UApPOIn3a COJIN. Ecte m pasHulia B
TUAPOIU3E ITUX COJIEH.

OnpiT 5. Iloaydenue oxkcuaa azora (II)

B mpoOupky ¢ razooTBOJHON TPYOKOW MOMECTHTE HEMHOTO MENKUX CTPYXKEK MeIu U
npuOaBbTEe HECKOIBKO Kareidb pa30aBIeHHOW a30THOM KucioTel (p = 1,2 1/mum). 3akponte
npoOupKy MpoOKoU U cierka ee Harpeiite. OOpaTUTe BHUMaHUE Ha IIBET BBIICISIONIErocs rasa.
Yacte raza cobepute B MPOOUPKY HaJ BOJIOH, a IPYTyIO YacTh MPOIYCTHTE B MPOOHPKY ¢ 5-6
KaIIsiMu pacTBopa cynbhara sxenesa (11).

OnbIT 6. CBoOlicTBa 230THOM KHUCI0THI. B3anMoeiicTBue ¢ MeTaiaMu

[TomecTuTe B IpoOHPKY HEMHOTO ITMHKOBOM MBUTH WM CTPYKEK MarHus U MpubOaBbTe
HECKOJIbKO KarleJb OYeHb pa30aBiIeHHON a30THOM KUCIO0Thl. B3bonraiite cmech. [1o 3amaxy
oTmpesenuTe, Kakoi ras BeiaenseTcs. CocTaBbTe ypaBHEHUE PEaKIIUU.

OmnpiT 7. B3anMogeiicTBHE a30THOM KHCJI0ThI ¢ HEMETAJJIAMH

B ¢dapdoposyro yamiky HajelTe HOMHOTO KOHIIEHTPHUPOBAHHOM a30THOM KHCIIOTHI.
[Tonoxkute B KUCIOTY HEOOBIION Kycouek cepbl. [locTaBuB yalky Ha acOECTOBYIO CETKY,
0CTOpOXKHO ee Harpeite. Uto Habmonaerca? OXaaauTe peakiiMoOHHYI0 cMech. Heckonbko
Karelib CMECH MIOMECTUTE B TPOOUPKY U 100aBbTE 2-3 KaIulk pacTBOpa XJopuaa oapws.
CocraBbpTe ypaBHEHMSI peaKLUM.

OnbIT 8. OKHCANTENLHBIE CBOMCTBA 230THOM KHCJIOTHI
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K 3-4 kamisim CBEXENpUTrOTOBJIICHHOTO pacTBopa cyibdarta sxenesa (II), moakucieHHOro
Kariei pa30aBIIEHHOW CEpHOUW KUCIIOTHI, MPUOaBbTe 5-6 Kareiab KOHIEHTPUPOBAHHON a30THOU
kucioTel. CMmech HarpenTe 10 Hadajna KurneHus. Heckosbko Kamenb IMOJTYyYEeHHOTO pacTBopa
pa3baBbTe BOAOHM M JJ00aBbTE OAHY KAaIII0 pacTBOpa poJaHuaa aMMoHHs (kamus). Yto
npoucxoaut? [IpeaBapurenbHO yOeauTeCh B TOM, UTO UCXOJIHBIN pacTBOp cyibgara xenesa (1),
HE J1aeT WIX [IOYTHU HE JIAeT OKpAIIUBAHUS C POJAHUIOM aMMOHHUSI.

KoHTpoJibHbIE BOIPOCHI:
OO61as xapakTepucTika V MoArpymisl ri1aBHON TPYIIIbL.
PacnipocTpanenue a3ota B Ipupoie, MOIy4eHHE.
CBolicTBa U IPUMEHEHUE a30Ta.
AMMHaK.
Oxkcuppl a3oTa.
A30THCTas KUCIIOTA U €€ COJIN.
A30THas KHCJI0Ta, CBOMCTBA, COJIH.
Docdop u ero coeTUHEHUA
OmnbIt 1. 'uaponus coJiei pocdopHOii KHCTOTHI.
Conu dochopHO KUCTOTHI, pACTBOPUMBIE B BOZIE, THAPOIU3YIOTCS. [ MApOIN3 npoTeKkaer
HEOJIMHAKOBO Y CPEIHUX U KUCIBIX cosel. [Ipu rupponuse KUCIbIX COJIei IEI0YHbIX METAIIIOB
OJIHOBPEMEHHO C THIPOJIN30M AHHUOHOB MPOTEKAET UX JTUCCOLUALUSA:

H,PO4 + H,O—H3PO, + OH; HPO42' + H,O— H,PO4+ OH

H,PO,— HPO4* + H'; HPO,~ -»PO,> + H'

C moMolIbl0 yHUBEPCAJIbHONH WHAMKATOPHOW OyMaru MpOBEpPHTE XapakTep Cpeibl B
pactBopax coneir NasPO4, Na;HPO,4, NaH,PO,. TTorydeHHbIe OKpacku MHIUKATOPHON Oymaru
CpaBHUTE C [IBeTHOU miKkanoi pH- nHauKaTopHO# Oymaru. Pe3ynbratel onbiTa 0OpPMUTE B BHJIE
TaOIUIIBL.

NoakownE

PactBop conn pH cpenbt BriBOI

N83PO4

Na,HPO4

NaH2PO4

Peakiust o6pazoBaHMs pacTBOPUMBIX (oc(haTOB IMIMPOKO UCIONB3YETCS B aHAIUTUYECKON
XUMHUHU KaK KaueCTBEHHasl peakius Ha ¢ocdaT-uoH.

Onbit 2. O6pa3oBanue docdara xeesa (111).

K 3-4 xamsam pactBopa cyibdara xenesa (111) Fea(SO,)3 mpuneiite 2-3 kammu pomanuga
kamuss KSCN u Heckonbko Kamenbs pacTBopa, cozepxkamiero ¢ocdar-uon NaHPO,4. Kpacnas
OKpacKa pacTBOpa MCUYe3aeT B pe3yjbTaTe Mepexoja poJaHHIa Kele3a B MajlopacTBOPUMBIN
docdar, umeronuii cnabo->KenThIl 1[BET.

OmnbiT 3. O0pa3oBanue ruapodocdara dapus

K 2-3 kamnsm NaaHPO, npubaBbTe Heckombko Karenb xjopuna 6apus BaCl,. Oopasyercs
Oeneii ocamok BaHPO,, pactBopumseiii B coissHoiik HCl wm asornoit kumcimore HNO; wu
HEepacTBOpPUMBIM B yKcycHoO#l. IIpoBepbTe pacTBOpHMOCTH oOcagka B kuciorax. CocraBbTe
YPaBHEHUS PEAKIINM.

OnebIiT 4. O0pazoBanue gocdara cepedpa.

K 3-4 xamam pactBopa NaoHPO,4 nobasere 1-2 karumm pactBopa HuTpaTa cepedpa AgNOs.
Ob6pa3yercs xentblit ocanok AgsPO,, pacTBopuMBIii B pa3daBieHHo# a3oTHOH Kucinore HNO3 u
pactBope ammuaka NH,OH.

KoHTpoJibHBIE BOIPOCHI.

1. docdop. PacnpocTpaneHHOCTH B IPUPOJIE, TOTYUEHHE.
2. @usnueckue cBoicTBa dhocdopa, MpuMEHEHHE.
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Coenunenus docdopa ¢ BOJOPOIOM U raIOre€HAMHU.

Oxkcunst hocdopa.

Kucnotsr ¢pocdopa.

MunepanbsHbie ynoopenusi, cogepxaiue hocgop u a3or.

Yacte I'. Daementsl |V A-rpynnbl nepuoanyeckoil CHCTeMbl 3JIEMEHTOB M HMX
coe/IMHEeHM.

esab padoThi:

1. W3yyeHue XuMUYECKHUX CBOICTB yriepoja, KpEMHUs, 0JI0BA, CBUHIIA U UX COEIMHEHUI

2. OsHakomileHHE C J1abopaTOpPHBIMU CIOCOOAMU MOMY4YeHHUS KapOOHATOB M KPEMHHUEBOM
KHCJIOTHI.

Conep:xanue padoTbl:

1. TlonyueHue u pasznoxkeHne KapOOHATOB.

2. TlomydyeHue KpeMHUEBOU KUCIIOTHI.

IIpuGopsl U peakTUBBI:

1. T[IpoOupku, mNUNETKH, IITAaTHB, Ta300TBOAHAs TpyOka, Koiba, CTEKISIHHAs Manodvka,
CIHUPTOBKA, AEP>KATEINb JJIsi MPOOUPOK,

2. Bogambie pacTBOpbI XJopuaa Oapusi, cyibdara 1uHKa, xmopuaa xkenesa (l11), kapbonara
HATpHs, CWJIMKaTa Hatpus, xjopuaa oinosa (ll), mepmaHraHara kanus, CEpHOW KHCIOTHI,
COJISTHOM KUCIOTHI (paz0.), a30THOW KUCTOTHI (pa30.), TUIPOKCH 1A HATpUs, CYIbpuaa HATPHs,
MOJH/Ia Kallnsl; M3BECTKOBasl BOJA, KapOOHAT aMMOHHs (TB), KOHIICHTPUPOBAHHAs COJISTHAs
KHCJIOTa, METAJNTMYEeCKUH IIUHK, okcu 1 cBuHma (11).

Teopernyeckue cBeieHMsI.

B IVA rpynmy BXoAsT yriaepon, KpeMHHUN, T€pMaHH, OJOBO M CBUHEI. DIEKTPOHHAs
KOH(UTYpAIHs aTOMOB B CTAI[HOHAPHOM COCTOSIHHH: NS-NP?, IIPHYEM Ha P-aTOMHOH OpGHTAIH
HaXOJATCS JIBa HECTIAPEHHBIX JIEKTPOHA.

B cBoux coemuHenusix snemeHThl IVA rpynmbel MMEOT Kak MpaBWIIO, JIBE CTENEHU
okucinenus: (+2+ wumu (+4). YCTOWYMBOCTH COEOUHEHUH CO CTENeHbI0 OKuUciaeHus (+2)
YBEIMYHUBACTCSI OT YTIIEPO/Ia K CBHHILY.

ITpu nepexone OT coeMHEHUI Yrieposia K COeIMHEHUSIM CBHHIIA BO3PACTAET MOJIAPHOCTD
cBsi3ei, M B KprcTamiax coneii trma Pb(NO3)z, PbCly n mpyrux yxe mprcyTcTBYIOT HOHBI Ph*,
Onnako mouTH Bce Bemectsa, cogepskaiue Sn (1V) u Pb (1V), sSBasioTcs KoBaJeHTHBIMH.

OcHoBHBIE 3amackl yriepojaa cocpenoroueHsl B kapoonatax: kanpuute (CaCOs), momomure
(MgCO3 -CaCOs3), maruesute (MgCO3). Pa3HOBHIHOCTH KAJIBIIMTA: MEJ, MPaAMOp, U3BECTHSIK.

KpemHnii  BXOIMT B COCTaB MHOTOYHCICHHBIX TOPHBIX TOpPOJ  (CHITUKATHI,
QIIOMOCHITUKATHI), B OOJBIINX KOJMYECTBAX HAXOAMUTCS B 3eMHOHM kope B Buae SiO; (ropHbiit
XpycTalb, OIal, araT, AIMa, XaJIIeIoH U JIp.).

3anacel 0J0Ba ¥ CBUHIIA B 36MHOU KOpE OrpaHUueHbl. BaxxHelel u mouTu eIMHCTBEHHOU
pyAOH UIS TOMYYeHHs OJIOBa SIBISETCS  «OJOBSHHBIA KameHb» SnO,. HawmbGomee
pacrpoCTpaHECHHBIM MUHEPAJIOM CBHHIIA siByisieTcs rayieHuT (PDS).

I'epmanmii — paccesHHBIA DJIEMEHT, CBOMX MHHEpPAJOB OH HE o00pa3yer, Bceraa
COIIPOBO’KJAET KPEMHUH B €0 COEAMHEHUSIX U KOHLIEHTPUPYETCS B KAMEHHBIX YIIISX.

B cB0O0OAHOM BHUE BCTpeUyaeTcsl B MPUPOJIE TOIBKO yriaepos (anmasbl, rpadut, kapOuH) u
OJIOBO B BHUJE CEpEOPHCTO-KENITHIX KPUCTAJUIOB, BKIIOYAIOIIUX 30JI0TO, IUIATHHY, HPUIHM,
OCMMIA, Me/Ib. YTJIEpPO]I SIBJISETCSI COCTAaBHOW YacThIO MCKOMAEMbIX YIiiel (aHTpaluThl, KAMEHHbIE
u Oypsle yriu, Topd, HePTh).

YcroliuuBas annotponHas GopMa CylecTBOBaHUS 3JEMEHTa yriepoa — rpadur.

I'padur — cepo-uepHBI, C METAUIMYECKUM OJIECKOM, J>KUPHBI Ha OINYyNb, MATKUH,
00Ja1aeT 3JIEKTPOIPOBOIUMOCTHIO.

Kpucrannuueckass pemerka COCTOMT M3 CJIOCB NPAaBUIBHBIX IIECTUYTOJBHBIX KOJEIl,

SIS AR S
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KOH/ICHCHPOBAHHBIX I10 BCEM CTOPOHAM (SP°- THOPHIN3ALIHS).

Anma3z  colepKMT B y3JaX KPUCTAUIMYECKOW pEIIeTKH aToOMbl  yrjiepoaa ¢
TETEPAdAPUUCCKUM  OKPYXKEHHeM  (SP°- TuOpuamsauus). BIaropoiHbii KaMeHb, HMeeT
HauOOJIBIIYI0 TBEPAOCTh CPEAM MPUPOIHBIX BEHIECTB, NUIH(YETCS TONBKO COOCTBEHHBIM
HOPOLIKOM. XHMMHYECKass aKTHMBHOCTH Hibke ueM y rpadura. Beime 1200° C nepexoauT B
rpadur.

B npowmbiitennocty u3 rpadura nmpu 2000° C 1o 04eHb BHICOKMM aBIEHHEM I10JYYaroT
MEJIKUE KPHUCTAJUIbl UCKYCCTBEHHBIX aJMa30B. IIpUMEHSAIOTCSI OHU 111 U3TOTOBIICHUS PEXKYIIUX
MHCTPYMEHTOB U TOYHBIX U3MEPUTEIHHBIX TPUOOPOB.

KapOun cocTrout u3 nuHeHBIX MakpoMosiekys co ctpoeHuem —C=C— umu =C=C= (Sp-
rubpuau3anys). XuMAYeCKd MeHee aktuBeH, yeM rpadut. [Ipu 2300° C nepexoaut B rpadur.
[[Iupokoro NpUMEHEHUs HE UMEET, OUEHb PEJIKO BCTPEUAETCS B MPUPOJIE.

IKCIEePUMEHTAIbHAA YaCTh:
Omnsit 1. Ilosryyenne kapooHATOB.

B npoOupku HanmuBarotr pactBopsl cojeid: a) BaCly; 6) Zn SOy4; B) FeCls u nmpunmBaiot
HuM pactBop Nap,COs. HabnromaroT ocakeHHE BEIIeCTB U OTMEYAIOT OKPACKY MOJIYyUEHHBIX
ocazakoB kapoonara BaCOj3 (a), rumpokcokapoonata (ZnOH),CO;3 (6), ruapokcuma Fe(OH); (B).
OmnbiT 2. Tepmuueckoe pa3iioxkenne KapoOHATOB.

B mtaTuB 3aKpenuTh HAaKJIOHHO OTBEPCTUEM BHU3 CYXYIO MHPOOMPKY C Tra300TBOJHOMN
TpyOKoii, momeniaroT B Hee (NH4)2,CO3 1 HarpeBaioT. ['a300TBOIHYIO TPYOKY OMYCKAIOT B KOJIOY
¢ u3BecTkoBoit Bomoit Ca(OH),. HaGmromaroT moMyTHEHHE pacTBOpA.

Onbit 3. IlosrydyeHne KpeMHUEBOH KHCJIOTHI.
(Pabora mox Taroit!) B mpoOupky HamuBaroT 3 Ma kouieHtpupoBanuoi HCl u 3 mn
pacTBopa cuiukata Hatpus (pactBopuMmoro crekna) NapSiO3 u mepemeninBaroT pacTBOp
CTEKJISTHHOW manoukoil. Ilomydaercss KOJJIOMIOHBIA pacTBOp — 30Jb KPEMHHEBOW KHCIIOTHI.
Copnepxxumoe MPOOMPKU HArpeBaroT, MPU 3TOM MPOUCXOIUT KOATYISIIUA Telil U BbLIEISIETCS
CTYJIEHHUCTBIN OCA/IOK I'ejisi KPEMHHUEBOU KUCIIOTHI.
ITopsinok padorbI:

[TonyuuTs OT mpemnoiaBaTens 3a/laHue.

BoinonHuTh paboTy cOriacHO METOIMYECKUM PEKOMEHJAIUSM.

OdopMHUTh TPOTOKOJT PAOOTHI.

Boutnth oTpaboTaHHbIE pacTBOPHI, TOCYAY BBIMBITE. CaaTh pabodee MecTo.
Conep:xanue oT4era:

Tema u 1enb paboTHI.

HabGnronenust, ypaBHEHHS PEaKIIUN TTO KaXI0W 4aCTH pabOTHI.

BriBobI O IIpoieIaHHOM paboTe.

el AN

KoHnTpoJsbHbBIE BONIPOCHI:
OO61mas xapakTepucTHKa riaBHoU noarpynmnst 1V rpymnmel.
VYrnepoa. Pacipoctpanenue B npupoae.
[Tomydyenue yrieposa v €ro aJuTIOTPOITHBIE MOIU(PUKAIINN.
XUMHUYECKUE CBOMCTBA YIIIEPOA.
Jwuoxkcnn yrinepoaa. YronbHas KHCIIOTA.
Oxkcun yrinepona (11). Ero xumuueckue cBoiicTsa.
CoenvHeHus yriiepojia ¢ Cepor U a30TOM.
Kpemuuii. Pactipoctpanenue B Ipupoje U NOJyYEHUE.
. CaoiicTBa KpeMHHUSI.
10. CoenuHeHuss KpEMHHUS C BOAOPOAOM U T'aJIOT€HAMHU.
11. Oxcun xpemuus (1V), xumMuueckre CBOMCTRA.
12. KpeMHUEBbIE KUCIOTHI M UX COJIH.
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TEMA 2. XUMHWSA METAJIJIOB

MeTtaiabpl — XMMHYECKHE 3JIEMEHTBI, aTOMbI KOTOPBIX OT/AlOT 3JEKTPOHBI BHEIIHEro (a
HHorga Hu HpeﬂBHeH_IHCI‘O) QJICKTPOHHOI'O CJIOSA, ONPCBpallasACh B ITOJOXHUTCIILHO 3apsiKCHHBIC
HMOHBl. MeTayuibl — BOCCTAaHOBUTENIH. DTO OOYCIOBJIEHO HEOOJBUINM, KaK MPaBWIJIO, YUCIOM
AJIEKTPOHOB Ha BHEIIHEM cJI0€, OOJIBIIMMU 10 CPAaBHEHHIO C HEMETAJUIAMHU PaInyCaMu aTOMOB,
BCJIE/ICTBHE YETO BaJICHTHBIE AJIEKTPOHBI CJIa00 YAECPKUBAIOTCS SIAPOM.

HpO‘-IHOCTB CBA3H BAJICHTHBIX 3JICKTPOHOB C AAPOM 3aBUCUT OT IBYX OCHOBHBIX (l)aKTOpOBI
BEJIMUMHBI 3apA/ia sipa ¥ paJuyca aroma.

PagHyc aToOMa 3HAYUTCIIbHO YBCIMYUBACTCS C IMOABJIICHUEM KAXKAOT'O HOBOI'O 3JICKTPOHHOI'O
CJIOSL NIl SJEMEHTOB IMEPBbIX TpeX MEPHUOAOB, U UMEHHO 3TOT (hakTop B Ooubliel cTeneHu
BJIMACT Ha MNPOYHOCTH CBA3M BaAJCHTHBIX JJICKTPOHOB C AApPOM JJid 3JIEMCHTOB TIJIaBHBIX
NOArpyNN (CBEPXY BHU3 PaIMyC aTOMOB YBEIMUYMBAETCS, MPOYHOCTh CBSI3U DJIEKTPOHA C SAPOM
ocyabeBaeT, BOCCTAHOBUTENbHbBIE CBOWCTBA YBEJIIMUUBAIOTCS).

VY sneMeHTOB MOOOYHBIX MOJATPYMI — 3TO 3JEMEHTHI 4-7 MEpUOAOB — C YBEITHYECHHUEM
MOPSAIKOBOTO HOMEpa 3JIEMEHTa pajuyCc aTOMOB M3MEHSETCS Majo, a BEIMYMHA 3apsia sjapa
YBEJIMYUBACTCS 3HAUUTENBHO, MOATOMY MPOYHOCTH CBSI3U BAJICHTHBIX AJIEKTPOHOB C SIPOM
YBEJIMYUBAETCS, BOCCTAHOBUTEIBHBIE CBOICTBA OC1a0€BaloT.

Memannuueckasn céa3b U MemMaNIU4ecKas KpUCMAaiiudeckasn peuiemKa.

MeTaJiibl — MPOCTHIC BEIMIECTBA. ATOMBI METAIOB 00Pa3yIOT METALUTHICCKYIO CBSI3b.
OCOOEHHOCTH METANINYECKOM CBA3U:

CpaBHUTENBHO HEOONBIIOE KOJUYECTBO DSJIEKTPOHOB (3TO S-3JIEKTPOHBI) OJAHOBPEMEHHO
CBSI3bIBAET MHOXKECTBO aTOMHBIX S/I€P, CBA3b JEIOKATM30BaHA.

BanenTHble 537€KTpOHBI CBOOOJHO TEpeMelaloTcsl IO BCeMy KycKy Merauia (Wid
METAJUINYECKOMY U3/IENINI0), KOTOPBIN B LIEJIOM 3JIEKTPOHEHTpalIeH, HOTOMY 3TH 3JIEKTPOHBI
4acTO Ha3bIBalOT CBOOOIHBIMH.

Mertannuyeckas CBs3b He 00J1a/1a€T HAIIPaBICHHOCTBIO U HACKHIIIIAEMOCTHIO.

B COOTBEeTCTBMM ¢ TaKUM CTPOSHHEM METAUIBI XAPAKTEPU3YIOTCS  CIICHYIOIIMMHU
(bU3MYECKUMU CBOMCTBAMU:
CaoiictBo, monoxkeHHoe B | Knaccuduxanumonnsie rpynnsl | [Ipumepst
OCHOBY KJIacCHU(UKAIIH
DIEeKTPONPOBOTHOCTh C BBICOKOH | Ag
ANEKTPONPOBOTHOCTHIO
C HM3KOH | Mn
ANEKTPOIPOBOTHOCTHIO
TemmnepaTypa TuTaBICHHS JIETKOIIIIaBKHE Hg, Ga, Cs, In, Bi
TYTOIIJIAaBKHE W, Mo, V, Cr
I[InoTHOCTE Jlerkue Li, K, Na, Mg
Tsoxenble Os, Ir, Pb
TBepaocThb Msrkue In, Na, K, Rb (pexyrcs
HOKOM)
TBepable Mo. Cr (m1apamnarot CTeKs0)

[TpyYKHBL, TPUBOJALINE K PA3TUUHUIO PU3NUECKUX CBOMCTB METAJIOB!
aTOMBbI METAJJIOB 00pa3yloT pa3Hble TUIBI KPUCTATHYECKUX PEIIETOK
aTOMbl METAJUIOB MMEIOT pa3sHO€ YHCIO BAJIEHTHBIX S-JI€KTpoHOB (+1 wmmm +2),
YYacTBYIOUIMX B 00pa30BaHUU METAJUINYECKOM CBS3H.
aTOMbI (MOHBI) METAJUIOB UMEIOT pPa3HbIC PaNYChI
aTOMbl METAJJIOB MOOOYHBIX MOATPYII MOMHUMO METAUIMYECKOH MOTyT 00pa3oBbIBATH M
KOBAJICHTHYIO CBSI3b C TIOMOIBIO HECHAPEHHBIX (-2JIEKTPOHOB BaJICHTHBIX opOuTaneii. iMeHHO
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takue metauiel W, Mo, Cr, OS — u TyromiaBkue, ¥ TsOKEIbIC , U TBEpAbIC. (CaMblii TBEPABIN U3
METAaJUIOB — XPOM; CaMblil TyroIIaBKUil — BOJIb(pam.

B coBpeMeHHON TEXHHMKE OOBIYHO HMCIIOJB3YIOT HE YHCTBIC METAJUIBI, a CIUIaBbI, KOTOPBIC
MO3BOJIIFOT COYETATh B OJIHOM MaTepuaje MOJIE3HBIE CBOWCTBA Cpa3y HECKOJIbKUX METAIJIOB U
Opyrux BemiecTB. Hanpumep, mropamromunnii — crias, cogepxkamuii Al, Cu, Mg, Ni, Mn. Oxn
coderaeT B ceOe Malylo IUIOTHOCTh ATFOMUHHS U MarHusi, KOppo3uoHHyto croikocth Ni u Al,
TBepaoCcTh Mn.

JUis XyHOKECTBEHHBIX II€JIe€ HCIOIB3YIOT MEIbXHOp — CIUIaB Meau ¢ HukeneM. [lo
BHEIITHEMY BHy OH ITOX0X Ha cepeOpo, HO 3HAYUTEIILHO JICHICBIIC TTOCISAHETO.

[[Iupoko HCMONB3YIOTCS Pa3IUYHOTO COpPTa CTadd M YYTyHbl — CIUIaBBl Kelle3a ¢
YIJIEPOJIOM U JIp.

XuMHYeCKHEe CBOMCTBA MeTAJLJI0OB

AKTHBHOCTb METAJZIOB B BOJHBIX PAacTBOpaxX ONpEACIACTCS IOJOKEHHEM MeTallla B
SIEKTPOXUMHUYECKOM PSIy HaNpsuKeHHs MeTauioB. TeM akTHBHeEe aToMbl Meramuia Me®, Tem
HIDKe akTHBHOCTH Me"'. Bce peakimm ¢ ydacTHEM METAIUIOB SBISIOTCS OKHMCIHTEIbHO-
BOCCTAHOBUTEJIBHBIMU, IPUYEM METAILIBI BCET/Ia BHICTYIAIOT B KA4€CTBE BOCCTAHOBUTENICH, TaK
KaK [IPUHUMATh JIEKTPOHBI U MPOSIBIISATH OTPUIATEIBHYIO CTEIICHh OKUCIICHUS OHH HE MOTYT.

OTHolIeHHE K BO€E.

1) Lleno4Hble ¥ IMIEIOYHO3EMEIbHBIC METAJUIBI B3aMMOJCHCTBYIOT C BOJOW IPH OOBIYHBIX
ycioBusix. OOpa3yeTcs 1eNI0o4b U BBIIETSETCS BOJOPO/.

2K + 2H,0 = 2KOH + Hzt Ca + 2H,0 = Ca(OH); |+ H2?1
2) Maruuii ¥ antoMUHHAN (OYHIIICHHBIH OT OKCHIHOW ITUICHKH ) PEarupyroT ¢ ropsyei BOIOM.
Mg + 2H,0 = Mg(OH),| + Hz?1 2Al + 6H,0 = 2AI(OH)3| + 3H,1

3) MeTasibl cpeliHel aKTHBHOCTH, PACIIONIOKEHHBIC B psiy HanpsbkeHuid mexay Mg u Pb (Al,
Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 06b14HO HE BBITECHSIOT BOJOPO/ U3 BOIbI. Ha MOBEpXHOCTH
3THX METAJJIOB 00Pa3yIOTCS OKCHIAHBIC IJICHKH, 00JIaIafolie 3allUTHBIM JICHCTBHEM.
[ToaTOMy OHHM pearupyroT C BOAOH JIHIIb B JKECTKMX YCIOBHSAX (pacKajJeHHBIA METall, Mapbl
BOJIBI, T.€. C IEPErPETHIM BOISHBIM MTAPOM) ¢ 00pa30BaHUEM OKCHJIOB M BBIICIICHHEM BOJAOPO/IA..
3Fe +4H, O = Fe304 + 4H2T 2Cr + 3H,0 = Cr,03 + 3H2T Zn+ H,O =7Zn0 + HzT
4) MajloaKTHBHBIE METAIbl, CTOSIIME B O3JEKTPOXUMHUECKOM pSIy HANPSHKEHUH T10CIE
BOJIOPO/Ia, C BOJIOM HE B3aMMOJICHCTBYIOT JIayke MPH BbICOKO# Temmeparype: Cu + H,O —

2. OTHOLIEHHE K KHCJIOTAM.

1) Kucnotsl, o6nafaromye ciabbMi OKHCIUTENBHBIME cBolicTBamMu (3a cuer H') pearmpyror ¢
METaJlJIaMH, CTOSIIIIUMHU B DJIEKTPOXUMUYECKOM Py HaNpsOKEHUH 10 BoxopoAa (OOJIBIIMHCTBO
kucyoT). [Ipu 3TomM 00pa3yroTcst COJIb U BOJIOPO/;

a) CuipHbIe KHMCIOTBI M KHUCIOTHI CpelHEd CHIIBI pearupyroT CO BCEMU METallIaMH,
CTOSIIIIIMHU JIEBEE BOJIOPO/IA:

Fe + 2HBr = FeBr; + Hy1; Zn + HCl = ZnCl; + Ha1; 2Al + 6HI = 2All; + 3H,1

3Mg + 2H,PO4 = Mg3(PO4)21 + 3H21

XKenezo xm0poBoIOPOAHON (COMSHOM) KUCIOTON OKUCISETCS 10 JBYXBAJIEHTHOTO COCTOSIHUSL.
[Tpu 5TOM Ha TOBEPXHOCTH 00pa3yeTcs 3alUTHAS TIJIEHKA, TOPMO3SIIIAs TATbHEHUITICe OKHUCIICHHE.

C constHO# KHCTIOTOW pearupyeT U macCUBUpyeTcs cBuHell. [laccuBaiiys cBHHIIA BOSHUKAET
M3-3a TOTO, YTO 0Opa3yromuiics B Hadase peakiuu xjaopu ceuria (1) TpyaHo pactBopum B Boje,
M, OCTaBasiCh Ha TOBEPXHOCTU MeTalIa 3allMIIIAeT ero OT JOCTYIA HOBBIX MOPIUI KUCIOTHI:

Pb + 2HCI = PbCl; + H,. B pe3ynbrare peakiius 0CTaHaBIHBACTCS.

0) CraOble KUCIAOTHI — TOJBKO CO IMIETOYHBIMU U IIEJIOYHO3EMEIbHBIMU METaJJIAMU:

Ca + HyCO3 = CaCO3| + H2?

B) pa30aBiCHHAs cepHas KHCIOTa 00JagaeT clIa0bIMH OKHCIUTEIbHBIMH CBOMCTBAMH,
MO3TOMY JIEUCTBYET TOJIbKO Ha METaJIbl, CTOSIIUE B 3JIEKTPOXHUMHUYECKOM PpSAIYy HampsKeHUM

dopma A Crpanuna 34 u3 62



MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO

o " Dopma
Y IIBSAHOBCKUH roCy1apCTBEHHBII YHUBEPCUTET

@ - PaGouast nporpamMma JTUCLUIIIIMHBI

neBee Bojopoaa. [lpu sTom obpazyercs cosib ¥ BOAOPO/.

Mg + HzSO4(pa36) = MgSO4 + Hat; Fe + H2804(pa36) = FeSO, + H>1

Cu + HSO4(pass) —
2)  Kucnotsl, oOiagaromMe  CWIbHBIMA  OKHCIMTEIbHBIMH ~ CBOMCTBAMHM  a30THAas
(KOHIIEHTPUPOBAaHHAS U pa30aBiICHHAs 32 CUCT N+5), cepHas (KOHIICHTPUPOBAHHAS 32 CUET S+6),
B3aMMOJICHCTBYIOT KaK ¢ METAJUIAaMH, CTOSIIUMH B JJICKTPOXUMUUYECKOM PSy HAMPSKCHHUHA 10
BOJIOPOJIa, TaK U C METAJUIaMU, CTOSIIMMH TOCJE€ BOAOPOZIA, OJHAKO BOAOPOJ IMpPH ITOM HE
BoIeIsieTcs. He neficTByroT 311 KUCioThl ToNIbKO Ha AU, Pt, Ir, Rh, Ta.

B mpoaykTax peakiuu — coiib, BoJia M KaKoil JIN0O MPOIyKT BOCCTAHOBIIEHUSI KUCIIOTHI, HO HE
BOJIOpPOA. BuI mpoaykra BOCCTAHOBJICHHS KHCIOTHI ONpEENSIeTCS €€ KOHIICHTPAIUCH,
AKTUBHOCTBIO METaJlIa U TEMIIEPATYPO.

H2SO4conn) (OkmeanTe B — S*°)
1) IllenodHbIe U IIETOYHO3EMEITBHBIC METAILTBI BOCCTAHABIIMBAIOT KUCIIOTY B OCHOBHOM 10 HjS.

4Ca + 5H2SO04(komy) = 4CaS0O4 +H,S1 + 4HL0
2) Mg u Zn B 3aBUCHMOCTH OT yCJIOBUI MOTyT BoccTaHaBIUBATh HaSO4onny HE TONBKO 10 SO,

HO ¥ 10 S unu H,S: Zn + 2H,SO04couny = ZNSO4 + SO21+ 2H,0

47n + 5H2804(K0Hu): 47nS0O4 + HQST + 4H,0; 3Zn + 4H2804(K0Hu): 3ZnS0O, + Sl‘i‘ 4H,0
3) Meramibl cpeiHeii aKTUBHOCTH.

AJIIOMMHMI ¥ Kejle30 TACCUBHPYIOTCS U3-3a OOpa30BaHMs IUIOTHBIX IUIEHOK OKCHIIOB.
OJ10BO OKHCIISIETCS JI0 YETHIPEXBAIICHTHOTO COCTOSIHUS C 00pa30BaHUEM CYIh()aTOB 0JIOBA:

Sn + 4H2804(K0Hu) = Sn(SO4)2 + ZSOZT +2H,0
CBHHeIl HE pacTBOPSETCS B CEpPHOM KHUCIOTe TpH €€ KoHIeHTpauuu Hmwke 80%, Tak Kak
obpasyrolascst Mpyu B3aMMOJICHCTBHM CBHUHIIA C CEPHOM KUCIoToi coiab PbSO,4 HepacTBopuMa B
BOJIC M COXJIA€T HA TIOBEPXHOCTH MeETaJlla 3alMTHYIO IUICHKY. B 0oiee KOHIEHTpUPOBaHHOMN
CEpHON KHCIIOTE€ CBHUHEIl OKHUCISeTCS N0 JABYXBAJICHTHOTO COCTOSHHUS C 0Opa3oBaHHEM
PacTBOPUMOTO THAPOCYITh(aTa CBUHIIA:

Pb + 8H2SOu4(xomy = 3Pb(HSO,), + S + 8H,0
[Tpu HarpeBaHWM KOHIIEHTPUPOBAHHAS CEPHAS KMCIIOTA B3aMMOJICHCTBYET C 00pa30BaHUEM COJIH,

BOJIBI ¥ OKcH cephl (1V):

AIOMUHHUEM 2Al + 6H2SOu4(comy = Al2(SO4)3 + 350,71 + 6H,0
PryTh10: Hg + 6H2504(K0Hu) = HgSO, + SO,1 + 2H,0
Menpio: Cu + 2H3SO4(komyy = CuSO4 + SO,1 + 2H,0

B kumsiiieit KOHIIEHTPUPOBAHHOM CEpHON KHUCIOTE pacTBOPSAETCS cepedpo:
2Ag + 2H2804(K0Hu) = AgZSO4 + SOzT +2H,0
C HySO4(xony HE pearupyrot Au, Ru, Os, Rh, Ir, Pt.

HNO3comn) (OKHCTHTENHL N*°)
1) Co 1mIeIOYHBIMHE U MIET0YHO3EMETbHBIMU METa/IIaMK 00pa3yeT coiib (HuTpar) , Boay u N,O:
4Ba + 10HNO3omy = 4Ba(NOs), + NoOT + 5H,0
2) C apyrumMu MeTajllaMH: CPeIHEW aKTHBHOCTH M MAJIOAKTHMBHBIMH OOpPa3yIOTCS HUTPATHI,
Boga 1 NOy:
Zn + 4H NO3(K0HLI)= Zn(N03)2 + 2N02T+ 2H,0
Cu+ 4HNO3(K0HH): CU(N03)2 + 2NO,1+ 2H,0
Ag + 2HNO3(KOHH) = Ag(N03)2 + NO,1 + H,0
3) Ha xonoxy u npu o0b14HO# Temmeparype He AeiictByer Ha Fe, Co, Ni, Cr u Al, a Taxxke
Ha HEP)KaBEIONIME CTAJIM BCIEICTBHE MaccuBanuu. Ho mpu HarpeBaHuu 0OpaszyroTcs Te Ke
MPOIYKTHI, YTO U C IPYTUMHU METAJTAMH:
Fe + 6HN03(KOHH)= FE(NO3)3 + 3NO, 1+ 3H,0
4) C HNOj3(oun) He pearupytor Au, Ru, Os, Rh, Ir, Pt.
5) KonueHTpupoBaHHas a30THas KHCIOTa MPH CMEIIMBAHHK C KOHIIEHTPHPOBAHHOW COJISTHOU
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KHUCJIOTOM B COOTHOIICHUH 1:3 1o 0ObeMy, oOpa3yeT pacTBOp, Ha3bIBAEMBIA «IIAPCKOW BOAKON», B
KOTOPOM PacTBOPSIOTCS 30JI0TO, TUIaTHHA U Apyrue Metayuibl HepacTBopumMbie B HNO3z 1 HySO,.
HNOj; + 4HCI + Au = H[AuCl4] + NO? + 2H,0
4HNOj3 + 18HCI + 3Pt = 3H,[PtClg] + 4NO1 + 8H,0
B «uapckoii Bogke» He pactBopsirores Ru, Os, Rh, Ir.

HNO3(pass) (OKHCIHTED N+5)
1) Co menouHBIMH ¥ IIEIIOYHO3EMENTBHBIMU METaJIaMU 00pa3yeT conb (HuTpat), Boxy U NH3 wm
NH;NO;:

4Ca + 10HNO;3 (pas6)— 4Ca(N03)2 + NH4NO3 + 3H,0
2) C MeraimaMM cpeaHell aKTHBHOCTH, PACIONIOKEHHBIMH B 3JEKTPOXUMHUYCCKOM PSAy
HANPSDKEHUH 10 BOJOpPOJAA, pa30aBicHHAs a30THAs KHUCIOTa OOpasyeT coJib, BOAY H , B
ocHoBHoM, NO (moryt obpasoBatscst u N2O, Nz, NH; (NH4OH). Yem Gombiie pa3bdasieHa
KHCIIOTA, TEeM HIDKE CTCIICHb OKHCJICHHS a30Ta B BBIJCISIOMIEMCS T'a3000pa3HOM TPOIYKTE.
JHoctrarouno pazb6aBiieHHas KucaoTa 00bdHO BoccTaHaBiuBaeTcs 10 NH4NOs:

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

3Zn + 8H NO3(p336) = 3Zn(N03)3 + 2NO1+ 4H,0

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

5Zn + 12HNO3(p336) = 5Z|"I(N03)3 + N21+ 6H,0

47n + 10HNO3(0u. pass) = 4ZN(NO3)3 + NHsNO31+ 3H,0

OmnoBo okucinsercs a0 Hutpata ojiosa (I1). Turan naccuBupyercs.
3) C MaJIoaKTUBHBIMH METAJJIAMH, CTOSIIIIAMHU B 3JICKTPOXUMHUYCCKOM PSTy HANPSDKEHUH TOCHe
BOJIOpOJa, 00pa3yroT conb (HuTpat), Boay u NO:

3Cu + 8HN03(pa36) = 3CU(N03)3 + 2NO1+ 4H,0

3Ag + 4HNO3(pas5) = 3AgNOs + NO T+ 2H,0

3Hg + 8HNO3(pa36) = 3Hg(NO3)3 + 2NO1T+ 4H,0
4) C HNOspas6) HE pearupyiot Au, Ru, Os, Rh, Ir, Pt.

Meab. Haxonsice B psiy HampspKeHHUS! TIOCIE BOIOPOJIA, MEAb HE BBITECHSET €ro M3 KHCIOT.
[TosToMy consiHas M pa30aBieHHas cepHas KHUCIOThI Ha MelIb He JeicTByroT. OpHako B
NPUCYTCTBUHM KHUCIIOPOJAa BO3AyXa MeEIb PACTBOPSETCS B AITHX KHUCIOTax C 0Opa3oBaHHEM
cootBeTcTBYrOMHMX coneit: 2Cu + 4HCI + O, = 2CuCl, + 2H,0

B oueHb KOHUEHTPHUPOBAHHON COJSIHOW KHCIOTE€ MeAb MOXET OBITh pPACTBOpPEHA C
00pa30BaHNEM KOMIUIEKCHOTO COEMHEHUS:

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

3. OTHoOlIEeHHE K OCHOBAHHAM

Tonbko MeTaiuibl, 00pa3yroIue aM(pOTEPHbIC OKCUIBI U THIPOKCHUJIBI, B3aMMOJICHCTBYIOT
co menoyamu. [Ipu stom BeiensitoTes Hy u oOpasyercst cosb (B pacTBOpax — KOMILIEKCHasI, B
pacmiaBax — cpessisi). ckimouenue cocraBisitor Fe u Cr, koTopble B OTJIHUKME OT UX aM(OTEPHBIX
okcuioB Fe,03 u CryO3 u rumpokcuno Fe(OH)z u Cr(OH)s, co 1ienoyaMu He B3aUMOICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pacrBopax:

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

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

B pacniaBax:

Zn + NaOH ) = NaxZnO; + H» Be + NaOH ) = Na,BeO, + H,

Pb + KOH(TB): K,PbO; + H, 2Al + 2NaOH(TB) + 2H,0 = 2NaAlO, + 3H,

4. OTHoOLIECHHE K OKCHAAM.
1) Ilpu BBICOKO# TeMmiepatype 0ojiee aKTUBHBIE METAJUIbI BHITECHSIOT (BOCCTaHABIMBAIOT) MEHEE
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aKTUBHBIE U3 HX OKCHAOB. Ha 3TOM OCHOBaH OAMH U3 CHOCOOOB IMOJIYYE€HHS METaJlIOB,
Ha3bIBaEMBI MeTaymioTepMueil. B kadecTBe MeTalIOB-BOCCTaHOBHTENEH OOBIYHO HCHOJB3YIOT
TIOMUHHUNA (QTFOMOTEPMUSI), MarHuil (MarHUHUTEPMHUs), PEIKO KAIBIMMA, Kaluid, HATPUHA W JPYyrUe
METaJUIBL.

Zn + CuO =Zn0O + Cu 3Fe 04 + 8AIl = 4Al,03 + 9Fe
WOs3 + 2Al =W + Al,O3 4Ba0 + 2Al = BaO + Al,0O3 + 3Ba
4) MaFHHﬁTepMHIO HCIIOJIB3YIOT TAKXE JI1 BOCCTAHOBJICHUA HEMECTAJIJIOB U3 UX OKCHUOOB!:
CO, + 2Mg = 2MgO + C Si0; + 2Mg = 2MgO + Si

5. OTHOLIEHHE K COJISIM.

1) BoNbUIMHCTBO aKTUBHBIX METAJIJIOB BHITECHSIIOT MCHEE aKTUBHbBIC U3 PACTBOPOB UX COJICH:

Fe + CuSO, = FeSO, + Cu; Zn + FeSO, = ZnS0O, + Fe

Cu + Hg(NO3), = Cu(NO3), + Hg Fe + AgNO3 = Fe(NOs), + 2Ag
2) Metannsl MOTYT BBITECHATH JpYr Jipyra M U3 paciulaBoB cojiel (peakuusi 0e3 jnocryna
BO3/lyXa — BaKYyMHO-TEpMUYECKHUI cI0c00):

Na+ KCl(pacnﬂ): NaCl + K; 3K+ AICIS(pacnn.):3KCI + Al, Mg + Ber(pacnﬂ): MgFZ + Be
Opnako cienyet OMHHUTb, YTO
a) MPH TUTABJICHUH MHOTHE COJIM Pa3JIaratoTcst
0) ONEKTPOXMUMHYECKUH pAJ HANpsHKEHUS METAIOB, CHOYXKAllMi A7 ompeiesieHus
OTHOCHTEJIbHOW aKTHUBHOCTH METAJIOB, CIIPABEUINB TOJIBKO JUIsl BOJHBIX pacTBOpoB. Hanmpumep,
ATIOMUHUI MeHee aKTHBHBINA, YeM MIeIOYHO3EMENbHbIE METallbl, a B pacIuiaBax HaoOOpOT.
[TosTOMY aTFOMHHHN MOXKET BBITECHSTH HIETIOYHO3EMENIbHbBIE METAJUIBI U3 PACIIIIABOB UX COJICH:

2Al + 3CaClypacnnasy = 2AICI; + 2Ca
3) U3 TBepAbIX CyxXuX, a TaKK€ HEPACTBOPHUMEBIX COJICH MPH OOBIYHBIX YCIOBHSIX METAIUIBI JPYT
apyra He BbiTecHs0T: Fe + AgCl —
4. B pactBOpax coiu, 00JIafaronue OKHCIUTEIbHBIMA CBOHCTBAMH, BCTYIAIOT C METalIaMH B
OKHCITUTEIbHO-BOCCTAHOBUTEIbHBIC PEAKIIH:

2FeCl; + Fe = 3FeCl,; Hg(N03)2 + Hg = Hgg(NO3)2

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

6. OTHOLIeHNEe K HEMeTAJLJIaM (CM. XUM. CBOWCTBAa HEMETAJLIIOB)

7. OTHOLIeHHUE APYT K APYTY.
Meransl Ipyr ¢ IpyroM He B3aUMOJIEHCTBYIOT, HO B PACIUIaBIIEHHOM COCTOSIHUM CMEUIMBAIOTCS
Ipyr, oOpa3ys pacTBOpBI, IMpPH OXJIAXJEHUH KOTOPHIX IOJYy4YalOTCsl TBEpIble BEIECTBa,
Ha3bIBaEMbI€ CIUIABAMH.

8. Ilpu HarpeBaHMM XMMHUYECKAsI aKTUBHOCTh METAJJIOB TIOBBIIIAETCS.

Koppo3us merajios:

Koppo3us — mnposiBieHHE BOCCTAaHOBUTENBHBIX CBOHCTB METAUIOB, OOYCIOBICHHOE
BIIMSIHUEM OKPY>KArOIIEH CpeJibl.

| rpymma mnepuoanmdeckoit cuctemsl. lllenouyHble MeTauibl  MMEIOT HAMMEHBIIYIO
KOPPO3HOHHYIO CTOMKOCTB; OecTsIas MOBEPXHOCTh CPe3a ITUX METAUIOB Ha BO3/yXe OBbICTPO
MIOKPBIBAETCSI TOJCTOM PBIXJIOW IUIEHKOW OKCHIOB, MEPOKCUIOB, a TAKXKE HUX COEAMHEHUN C
YIJIEKHUCIIBIM Ta30M U BO10H. [103TOMY IiesiouHbIe METaIbl XpaHATCS O] CII0OEM KEPOCHHA.

B mob6ouHo#l moarpymnmne HaxoAATCs JOCTaTOYHO CTOWKHME K KOPPO3UH METAJUIbl: ME[b,
cepedpo, 30510T0. C yBeIMUYEHUEM NTOPSAIKOBOIO HOMEPA KOPPO3UOHHAS CTOMKOCTD IOBBIIIAETCS.

Il rpynma. Mertamisl TJ1aBHOM MOJATPYIIBl BEChbMa MajlOYCTOHYMBBI, M C YBEJIWYEHUEM
MOPSIKOBOTO HOMEPA YCTOMYMBOCTD K KOPPO3UU CHUKAETCSI.

Bonee ycroituuBbl Metamsl mobouyHoit moarpymmsl: Zn, Cd, Hg. Ha ux moepxHocTH B
IOPUCYTCTBUM KUCIOpOAa 00pa3yloTcs TOHKHE, JOBOJBHO MPOYHBIE IUIEHKH OKCHUIOB,
IIPEIOXPAHSIIONINE UX OT JAJIBHEHNIIEr0 pa3pyLIeHHUsL.
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Il rpynma. ATIOMUHUN JIETKO COEOUHSIETCS C KUCIOPOIOM, BCJEICTBHUE Yero odpasyercs
TOHKasi, oOJamarmas BBICOKMMH 3allUTHBIMU CBOWCTBAMHM OKCHIHAs IUIeHKAa. Ho oHa
paspyliaercs B pacTBOpax KHCIOT M wIelodueld. AJIOMUHUNA TakKe IMacCUBHpPYETCs C
MOBEPXHOCTH KOHIICHTPUPOBAHHOM a30THOM M cepHOW Kkucinoramu. llaccuBarus oOycioBieHa
0o0pa3oBaHNEM Ha MTOBEPXHOCTU TPYAHO PACTBOPUMBIX COEITUHEHUM.

IV rpymnma. OnoBo M CBUHEN — CTOWKHME K KOPPO3WH METAJUIbI, Oyiarofapsi MPOYHBIM
OKCH/IHBIM TJIEHKAM.

V, VI, VII, VIII rpynmsl. Metamiel nobounsix noarpymmn V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt o00nagalOT BBICOKOH CHOCOOHOCTBIO K TMACCHUBAIlMU, a CJEJOBAaTelbHO, OOJbIION
KOPPO3HOHHOH cToikocThio. Hanbosee ycroitunsel k koppo3un metaisl VI rpymnmel, npuyem,
yeMm OOJIbIIe MOPSAIKOBBIM HOMEp, TeM Oolblle MX ycroWuuBocTh. 3Hauut, OS, Ir, Pt —cambie
CTOWKHE K KOPPO3HH METAJLIBI.

Keneso — wHambonee W3BECTHBIH M PACHPOCTPAHEHHBIM MeETalll, MaCCHUBUPYETCS
KOHIICHTPUPOBAHHOM a30THOM U XOJIOJIHON KOHLEHTPUPOBAHHON CEPHBIMU KHUCIOTAMH.

Cnoco0bl oJIy4YeHnsi MeTaJVI0B:

BOJNBIIMHCTBO METAUIOB B MPHPOJE BCTPEYACTCS B BUIC COCOUHCHHM, TaK KaK METAILIBI
HAXOJSIIMecs B OKUCICHHOU (opme Oosiee ycTONYMBBIEC BEIIECTBA, YEM METAJLIbl — MPOCThIC
BellecTBa. B caMOpOIHOM COCTOSIHUM B TIPHPOJE HAXOJATCS TOJBKO METAJIbI, KOTOpPHIC B
ANEKTPOXUMHUUYECKOM PsAIYy HampsOKEHUM CToAT B camoM KoHile: Au, Pt, pexe Ag, unorna Cu u
Hg.

Baxxneilmye npupoaHbIE COEIMHEHUS METAJIOB, CTOAIIUX B pSAAY HANpPHKEHUS J0
QIIOMUHUS — 3TO coju: ranorenuapl, damie xiaopuasl NaCl, MgCl,, KCI; kapoonarsr: CaCOs,
MgCOs; cyabdarsr Na;SO4, MgSOy; autpatet NaNOs; docdartsr Cazg(POs),/

[TpupoHbIe COSAMHEHUS IPYTUX METAIOB — 3TO B OCHOBHOM OKCHJIBI M CyAb(uabl: Al,O3,
Cu0, Sn0O,, FEZOg, Cr203, ZnS, PbS, MoS,, CuS,.

MuHepansl W TOpPHBIC IOPOABI, KOTOPBIC WCIOJNB3YIOTCS JUISl TOJTYYCHHS METaJIOB
HA3bIBAIOTCSA pydamMu. MeTtamn u3 pyabl TOJNYydYaloT BOCCTAaHOBIEHHEM — OTO 3ajaua
METaJLTyPTHH.

PasznuyaroT cnemytolnue cnocoObl MOJIy4eHNUs METAIJIOB:

[TupomeTanmypruyeckuii (0T rped MUpPoc — OroHb)
I'mppomeraryprudeckui
ONEeKTPOMETAILTYPrUueCcKUi (JIEKTPOIIU3)

CyIIHOCTh MHUPOMETAINTYPIrHYECKOr0 crmoco0a - BOCCTAHOBJICHHE METAIOB U3  HX
COCJTMHEHUH MPH BBICOKHX TeMIlepaTrypax. B kauecTBe BOCCTAHOBHUTEICH UCTIOIB3YIOT BOJOPO/I,
aktuBHbIe MeTaiuibl (Mg, Al), yriepon, okcun yriepozaa (I1).

MeTo1 UCTIONTB3YETC S JIJIS TTOJIYICHUS METAJIOB, CTOSIIUX B PSIY HANPSHKEHUS METAJLIOB TIOCTIE
ATIOMUHUSL.

CuapoMeTaTyprusi —MCTOIb3yeTes I TOJydeHUsT MaJIOAKTUBHBIX MeTauioB. Hampumep,
METO/JI M3BJICUEHHS 30JI0Ta OT IYCTOW MOPObI (IECKa) MyTeM PacTBOPEHUS 30J0Ta B IIMAHUIE
HATpUs WM KaJldsd B NPHCYTCTBHM KHCJIOPOJA, C MOCIEAYIONIUM BOCCTAaHOBJICHHEM MeTallia
MyTeM BBITECHEHHUS ero Ooyiee aKTHUBHBIM METAJUIOM M3 CONU. TakuM CIOCOOOM MOKHO
noayuuts Cu, Cd, Au, Ag, Mo, V u np.

DJeKTpoMeTaITyprus (3JEKTposin3) — BoccTaHOBIeHHe akTuBHBIX MeTauioB (Na, K, Ca, Al,
Li, Mg u ap.) ¢ HOMOIIBIO DJICKTPHUUECKOrO TOKAa M3 PACIUIAaBOB COJICH, OKCHIOB WU
TUIPOKCHJIOB.

Yactp A. U3ydeHne cBOICTB 1IEJOYHBIX M 1IEJ0YHO3EMEJIbHbIX METAJIJIOB U UX
coeTUHEeHUI»
Hean padoThI:
1. M3yunTh XUMHUYECKHE CBOMCTBA IIETOYHBIX METAIIOB U UX COSTUHEHUH.
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N3yunTh XMMUYECKHE CBOMCTBA MIEIOYHO3EMEIbHBIX METAJIJIOB M KX CBOMCTBA.
3. OsnakomiieHHE C JTa0OPaTOPHBIMH CIIOCOOAMU TIOTYyYEHUS! THIPOKCHIOB U COJICH METalIOB
IA u 1A rpynmeb.
Copepxanue padoThI:
1. HccrnemoBanue XMMUYECKUX CBOWCTB HATPUS U €TI0 COCIMHECHHH (B3aUMOJCHCTBUE C BOJIOM,
TOpPEHHE).
[Tomy4yeHnue ruIpoKCHIa MarHUs M €r0 PaCTBOPEHHE B KMCJIOTE U B COJIIX aMMOHUS.
3. TMomyuenue kapOoOHATOB, Cy/Ib()ATOB U XPOMATOB IIEIOYHO3EMETBHBIX METAJUIOB U U3yUCHHE
HUX XUMUYECKHUX CBOMCTB.
IIpudopsl U peakTUBHI:
1. 3amuTHBIE OYKH, KPHUCTAJUIM3ATOp, MHHIET, (GUIbTPOBAIbHAasg Oymara, MeTalIMuecKas
noxeka, paphopoBkIil TUTEIb, CTUPTOBKA, MTUIIETKH, TPOOUPKH, IPOBOJIOKA C TIETEILKOM.
2. @ecHondranenH, Boja, HAaTpui (MET.), COJIb MarHus, Kpaxmaj, 2 H pacTBOpP COJISTHOMN
KHCIJIOTBI, 2 H pacTBOp XJIOpUJa aMMOHHUS, PACTBOPbl MOJUIA Kalvs, CEPHOM KHUCIOTHI,
THAPOKCHIA HATpHs, KapOoHaTa HATpHUS, XJOPUAA KalbIUs, XJopuaa Oapus (BO3MOXKHBI
T00BIe PACTBOPUMBIC COJIM KaJbIUs U Oapwsi), cyibdara HATPUs, XpoMara Kaus, yKCYCHOM
KHMCJIOTBI, HUTpaTa KaJIus; COJITHAs KUCa0Ta (KOHIL. ).

no

JKCNepUMEHTATbHAs YaCTh

OnbiT 1. BzaumozaeiictBue HaTpus ¢ Bogoii. (PaboTarh nmox TAroi B 3alllUTHBIX O4Kax!)
B kpucraminzarop ¢ BoJoi 100aBIIsAIOT HECKOIBKO Kamneib GpeHondranenHa. [lunnerom nocrath
KyCOYEK IIEJIOYHOTO MeTalsla M BBICYIIUTh (WIBTPOBANBHOW Oymaroil. OTHenuTh Kycodek
HaTpUs pa3MEpOM CO CIUYEUHYHO TOJOBKY M IHMHIIETOM IIEPEHECTH B KPUCTAJIU3ATOP.
Habumonarot nmporekanue peakMy U OKpaliMBaHue BoJbl. HamucaTh ypaBHeHHE MpoTeKaromen
peaxkuuu.

OnbiT 2. I'openne narpusi. (Pabortats moxa Taroit!) B merammnueckyro JIOKEUKy WU
baphopoBbIil THreNb MOMENIAIOT HEOOIbIIOW KYCOUeK HATpHs, MPEIBAPUTEIBHO BHICYIICHHBIN
¢unbTpoBasIbHON Oymaroil. Jlojkeuky WM TUTellb HarpeBalOT CHU3Y HEOOJBIINM IUIaMEHEM
CIHMPTOBKM, 3aTeM [OJUKUIaloT IUIAMEHEM pacIUlaBIeHHBIH MeTaul cBepXy. Halmronaror
ropeHue Hatpus. [IpoayKThl OKHCIEHMSI OCTaBISIIOT AJs cleayolero onbita. Hammcars
YPaBHEHHE PEAKIIUN T'OPEHUS HATPUS.

OnbIT 3. B3anMopeiicTBMe KUCJIOPOIHBIX cOeJUHEeHHIT HATPUs ¢ BoAoM. [lonyueHHble B
OpPEIbIAYIIEM OIBITE MPOAYKThl OKHCIEHHUS HATpHUs pacTBOPAIOT B HEOOJBIIOM KOJIWYECTBE
Boabl. K monmydyeHHOMY pacTBOpY NPUIIUTH PAacTBOp HMOAMJA Kajusl MOJKHUCIEHHOIO CEpHOM
KHCJIOTON M HECKOJIBKO Karellb pacTBopa Kpaxmaina. HabmogaroT u3sMeHeHne OKpacku pacTBopa.
Hanucatb ypaBHeHHE TPOTEKAIOIIEN PEAKIIUH.

OnbIT 4. IToayyeHne ruApOKCHAA MATHHUA U €r0 PacTBOPeHHE B KHCJIOTE U B COJISAX
amMoHusl. BHecTu B 1Be mMpoOupKHU Mo 3 Kamjy pacTBOpa COJIM MAarHUSl U B KaXIyI0 U3 HUX
n00aBUTh MO 4 Karuld pacTBOpa €IKOro Hatpa. B oJHy U3 MpoOHPOK, MOMEIINBasi COAECPKUMOE
CTEKJITHHOW TAJIOYKOHM, MPUOABUTH MO KaIIsiM 2 H. PacTBOP COJSHOM KHCIOTHI J0 TIOJHOTO
pacTBOpeHMs] OCajKa, IMOJACUMTHIBAs KOJMYECTBO Kameidb. B fapyroil mpobupke TakuMm ke
CIocoO0M pacTBOPUTH OCAZ0K T'MAPOKCHIA MarHus B 2 H. pacTBOpE XJIOpHIa aMMOHHUs. B kakom
cilyyae JUIsl pacTBOPEHHUsI ocajka MoTpedyercs OoJjbllee KoIMuecTBO peaktuBa? Hamummmre
YpaBHEHHUS MTPOTEKAIOIINX PEaKIUH.

OnbiT 5. Kap0oHaThl 1eJ0YHO3eMeJIbHBIX MeTaNI0B. [loayunts ocanku kapOOHATOB
KaJblMg U 0apusl B3aUMOJEHCTBUEM PACTBOPOB COOTBETCTBYIOIIUX COJEH C PacTBOPOM COJBI.
HcnpITaTh OTHOIICHHE MOJYYEHHBIX KapOOHATOB K COJITHOM KHCIIOTE, 100aBIIsAs €€ OCTOPOKHO
0 KaruisiM. 3anucarth YpaBHEHUS MPOTEKAIOIINX PEAKIUMI.

OnbIT 6. CyabdaTsl HeT109H03eMeIbHbIX MeTaI0OB. B 1Be npoOupku BHeCTH 1o 2-3
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KaIlJId pacTBOPOB cojiell Kanblus U Oapusa. B kaxayro npoOupky noGaButh mo 3-4 karum
pactBopa cyibdata Harpus. Uto Habmomgaerca? OTMETUTH PA3IMYHYI0 CKOPOCTH 00pa3oBaHUs
ocankoB. HcmbITath AeiicTBUE COJSHOW KHUCJIOTHI Ha TMOJIyYEHHBIE CyibdaThl. 3amucarb
YPaBHEHHUS [IPOTEKAIOIINX PEAKLINH.
OnpiT 7. XpoMaThl 11eJI0YHO3eMeIbHBIX MeTa/LIOB. B 1Be mpoOupku BHecTu 1o 3-4
KaIlJTi PacTBOPOB coJiel Kamblmst W Oapwsi. B kaxmyro mpobupky no0aButh 1o 4-5 kameinb
pactBopa xpomara kanus. HaGnroaaroT BeilajeHue 0CaKoB, OTMEYAIOT WX I[BET U UCIBITHIBAIOT
JIEMCTBHUE HA HUX YKCYCHOM U COJISTHOM KUCJIOT. 3aMKcaTh YpaBHEHUS MPOTEKAIOIIUX PEAKIIUH.
OnpiT 8. OxkpammBaHue IUIAMEHM  PAacTBOPaAaMHU  CoJied  INEeJOYHBIX |
IIeJIOYHO3eMeJbHBIX MeTa/IoB. IIpoBoslouKy ¢ Tmerenbkoil Ha KOHIIE BHECTH B
KOHIIEHTPUPOBAHHYIO COJIIHYIO KHUCJIOTY M 3aTe€M MPOKAIUTh B IJIAMEHH CHUPTOBKU. Ywucras
IIPOBOJIOKA HE JOJDKHA OKpaIIMBaTh miamsi. OUMIIEHHYIO IPOBOJIOKY OIYCTHTh B PacTBOP COJIU
HATpUS U CHOBA BHECTHU B IJIaMsl COUPTOBKUA. OTMETHUTH LIBET IJIAMEHU U 3alMCaTh B TETPA[b.
OnbIT MOBTOPUTH C pacTBOpaMH cojied Kaiusi, Oapusi W Kaiublus. llepen KakIbIM OTBITOM
MIPOBOJIOYKY IIPOMBITH KOHIIEHTPHUPOBAHHOW COJISTHOM KUCIIOTON U 3aTEM MPOKAIUTb.
Ilopsinok paGoTbI:

ITomyuuTs OT npenoaasBaTes 3aJaHue.

BbImomHuTE paboTy COracHO METOJUYECKUM PEKOMEHAAIIHSIM.

OdopmuTh MPOTOKOI pabOTHI.

Bbuinth oTpaboTaHHBIE PACTBOPHI, MOCYYy BBIMBITE. CHaTh pabodee MecTo.
Coaepixanue oTyera:

1. Tema u uenb paboOTHI.

RN

2. HaOmioneHus, ypaBHEHUS peakiuil Mo KaKI0H 9acTH pabOTHI.
3. BoIBoJBI O MIpOAETaHHOI paboTe.
KonTpoabHbie BONpPOCHI.
1.  OO6umas xapakTepucTUKa IIaBHOM MOArpymIibl | rpynims! (1eI0UYHbIe METAIIIBI).
2.  PacnpoctpaneHue B mpupo/ie U MOTydeHHE.
3.  ®dusnyeckue U XUMHUYECKUE CBOMCTBA IIEJTOYHBIX METAUIOB.
4.  TlpumeHeHUE, TOKCHUKOIOTHSI.
5. OOmas xapakTepuCTHUKa IMIaBHON NOATrpynmsl || rpynmnsl meno4Ho3eMeNbHbIe METAIIBI).
6. PacmpoctpaneHue B IpUPOAE U MOIyIEHHE.
7.  ®usnyeckue U XMMHUYECKHE CBOMCTBA I1IE€T0YHO3EMENbHBIX METAIIJIOB.
8.  IlpumMeHeHHE, TOKCUKOJIOTHSI.

Yacrtp b. Daements! |11 A-rpynnsl nepuoanyeckoii cucTeMbl U HX COeTHHEHUS.
eab padoThi:
1. M3yuuTh XMMHYECKHE CBOMCTBA AIFOMUHUS U €r0 COSTUHEHUH.
Conep:xanue padoTbl:
1. H3zyuenune am(OTEpHBIX CBOMCTB ATIOMHUHMS: B3aUMOJCHCTBHE C KUCIOTAMU M BOJHBIMHU
pacTBOpaMH IIEIOYEH.
2. HccnenoBanue BIUSHUS XJIOPUI-HOHOB Ha KOPPO3UIO AITIOMUHUSI.

IIpudopsl U peakTUBBI:

1. [rarus, npobupku, AepxKaTenasb s IPOOUPOK, BOJIsHAs OaHs,

2. Hurparta cepebpa, cynbdaTta Meau, cynbhara amOMUHUSA, XJIOPUAAa MEIU; CepHas KUCIOTa
(xoHI1.), BOoma, (eHONpTaIeHH, 2 H. PacCTBOPHI COJSHOH, CEPHOM M aA30THON KHCIIOT,
TUAPOKCUAA HATPUsS; KOHIICHTPHUPOBAHHBIC KHUCIIOTBL: COJSHAs, CEpHAas M a30THas;
aTrOMUHKEBAs (OJIbTa,

JKCNePpUMEHTAIbHAS YaCTh
OnbiT Ne 1. B3anmoneiicTBHe a1IOMHHUS ¢ KHCJIOTAMU.
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A) B3zaumooeiicmeue antomuHus ¢ pazoasieHHviMu Kuciomamu. B Tpu npoOUpKU BHECTH
no 5-8 kamenb 2 H. pacTBOPOB KHCIOT: COJISHOM, CEpHOM, a30THOW. B kaxkayro mnpoOupky
OIYCTUTh IO MAaJEHBKOMY KYCOUKY allOMUHHEBOH (oibru. Bo Bcex num ciyyasx mporekaeTr
peakusi Ha Xonony? Harpers mpoOupku Ha BoasHOW Oane. Uto Habmomaetcs? Hamwmcarthb
ypaBHeHUs peakuuid. Kakoil ra3 BeIIEISETCS IPH B3aUMOJCHCTBUM aTIOMUHHS C pa30aBIeHHON
a30THOU KkucaoToi? C pa30aBIECHHBIMU CEPHOM U COJITHOMN?

b) B3zaumooeiicmeue aniomunua ¢ KOHYeHmpuposannvimu Kuciomamu. B tpu npobupku
BHECTH 110 5-8 Kalenb KOHLEHTPUPOBAHHBIX KUCJIOT: COJIIHOM, CEpHOW, a30THOW. B kaxmayro
IpOOUPKY OIYCTUTh IO MAJIEHBKOMY KYCOUKY aJIlOMUHUEBOU (osbru. Kak mporekaroT peakuuu
Ha xonony? C kakoil kucinoToi amomuHuil He pearupyer? [louemy? Harpers mpoOupku Ha
BoJsiHOM Oane. Kak Bnusier HarpeBanue? HamucaTh ypaBHEHHsI peakLMH, y4uThbIBasi, YTO NpHU
HarpeBaHUU a30THas KUCJIOTa BOCCTAHABIMBAECTCSI B OCHOBHOM JI0 JUOKCH/IA a30Ta, a CepHas 110
CEepHUCTOT0 ra3a Ha XOJOAY M YacTUYHO CBOOOAHOI cepbl NpH HarpeBaHud. Bnuser num
M3MEHEHNE KOHIIEHTPAIMK COJISIHOM KUCIIOThI Ha XapaKTep €€ B3aUMOJIEHCTBHS C allOMUHUEM?

OneiT Ne 2. PacTBopeHHMe aJIIOMMHHSI B BOJHOM pacTBOpe MmiejJo4u. Boectu B
NPOOUPKY TOJIOCKY aIFOMUHUEBON (obru u 100aBuTh 3-4 Karum Boasl. Harpets mpoOupky Ha
BoJsiHOM Oane. Habmronaercs mu BoaeneHue Bojgopoaa? Jlo6aBute B npoOupKy 5-8 kamenb 2H.
pacTBopa eakoro Harpa. OTMETUTh MHTEHCHUBHOE BblAeNeHUE Boaopoja. OTCyTCTBUE peakuuu
QIIOMUHUS C BOJIOW OOBSICHSETCS HAJIMYMEM Ha €ro MOBEPXHOCTH IJIOTHOW OKCHJIHOW IUICHKH,
KOTOpasi 3aTpyJIHseT JOCTYyI BOJOPOJHBIX HOHOB K IOBEPXHOCTH Meraia. JloOaBieHHas
IeJ04Yb PACTBOPSIET OKCHAHYIO IUIEHKY C OOpa30BaHMEM THAPOKCOAIIOMUHATA M CO3AeT
BO3MOKHOCTb HEIIOCPEJICTBEHHOI'O B3aMMOJCHCTBUS allOMUHMS ¢ BonoM. Hamucate ypaBHeHUs
peaKuuu.

OneiT Ne 3. BiausiHue XJIOPpUA-MOHA HA KOPPO3WI0 ajdoMuHus. B aBe mpoOupku
IOMECTHUTh 0 KYCOUKY aJIOMHHMS M J00aBUTh B OJHY M3 HUX 5-8 Kamenb cyiabdpaTa Menu, a B
JIpYTYIO - CTOJIBKO e pacTBopa xyopuaa menu. OTMETUTh pa3IWyHBIA pe3ynbTaT B O0OMX
cilydasix: B TO BpeMs KakK B IEpBOM MpoOMpKe allOMUHHUM ocTaeTcss mouTH 0e3 W3MEHEHMs, BO
BTOPOI1 OH OBICTPO MOKpBIBaETCSA HaleToM Menu. Hamucarh ypaBHEHHE peaKiuy.

ITopsinok padorbI:

[TosyuuTs OT IpenojaBaTess 3aJaHue.

BbinonHuTh paboTy COrsacHO METOIMYECKUM PEKOMEHIAIUSIM.

OdopmuTh MPOTOKOI pabOTHI.

BeumuTh oTpaboTaHHbIe PacTBOPHI, MOCYAY BBIMBITh. CaaTh paboyee MecTo.

Conep:xkanue oTyera:

NS

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

N

KoHnTpoJsbHbBIE BONIPOCHI:
1. O6mas xapakrepuctuka rinaBHoil moarpynnsl |l rpynmel. Pacnpoctpanenue B mpupoe.
ITony4enue.
2. Amomunnii. CBolicTBa U coeinHeHus. [IpuMeHeHue.

TEMA 3. OBILIASI XAPAKTEPUCTUKA U TOKCHUKOJIOT'USA D-DJIEMEHTOB
U UX COEJJUHEHUH

Yactpb A. DaemenTsl |b u |1b rpynnbl nepuoaunyeckoii cucTeMbl M UX COeTHHEHHUSI.

Hean padoThI:
1. W3ydeHwue CBOWMCTB MEIH U cepedpa U UX COCTUHEHUM.
2. H3yueHue CBOMCTB IIMHKA U €r0 COCTMHCHHIA.

Conep:xanue padoThbI:
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1. UccnenoBanue B3aMMOIEHCTBUS MEIU C KACIOTaMH. B3auMOIENCTBUE COSIUHEHUNA MEIU C
KHCJIOTaMU I1I€JI0YaMH, KOHLEHTPUPOBAHHBIMU pAcCTBOPAMU AaMMMAKa, KOMILJIEKCHBIMU
COEIMHEHUSIMU.

2. BzaumopeiicTBue HuUTpaTta cepeOpa ¢ mIenoYaMH, KHCIOTAMH, COJIIMU T'aJOT€HBOAOPOIHBIX
KHCJIOT, THOCYJIb(aTOM HATPHSI.

N3yuenue cBoiicTB Mein U cepedpa U UX COeUHEHUIA.
IIpubopsbl U peakTUBBI:

1. Xumunueckue crakaHbl, IPOOUPKHU, TUIETKH, LITATUB.

2. PactBopsl cynbhara Meauw, TUAPOKCUAA HATpHs, HOAUAA Kailus, OpomMuaa Kaius,
THOCYNb(aTa HaTpHs, KapOoHaTa HaTpus, Tekcanranodeppara (1) kamus, ConsTHON KUCIOTHI,
CEpHOI KHCJIOTHI, aMMHUakKa, HUTpara cepedpa; 2 H pacTBop XJI0pOBOIOPOIHON KHUCIOTHI,
KOHILICHTPUPOBAHHBIM BOJHBIN pacTBOP aMMHUAKA.

JKCNepuMeHTAIbHAA YacTh

OmnpiT 1. U3yueHune cBOWCTB MeIH U ee COeIMHEeHHI.

a) B xuMuyeckoM crakaHe CIMBAIOT IpPHU MepeMelMBaHUM NpuOIu3uTensHo nmo 10 mi
pactBopoB CuSO4 u NaOH.

Ocanok nenar Ha 4 npobupku. [lepByro mpoOUPKY OCTOPOKHO HATPEBAFOT.
Bo BTOpYIO NpUIMBaOT 2H. pacTBOP XJIOPOBOJOPOAHON KUCIIOTHI,
B TPETHIO — KOHIIEHTPUPOBAHHBIN BOAHBIN pacTBOp ammuaka. Yro Habmonaete?

6) B mpoOupky HanuBatoT pactBop CuSO, u mobGammsitoT pactBop monuaa kamus Kil.
Habmonarotr ocaxnenune nomuna memu (1) Cul, okpacky KOTOpOro MacKMpyeT BBIICIUBIIANACS
uon lp. JIng ycraHoBIEHMS OKpackM ocajika J00aBISIOT HECKOJbKO Kareidb pacTBOpa
tuocynbgarta Hatpus NaxS;0s. K ocaaky Cul noGaBnsitor B M30BITKE pacTBOp THOCYJIbdara
HaTpus NaS;03. Habmronarot pactBopeHue ocajka.

B) B mpobupky nammBator pactBop CuSO, m 100aBIISIOT pacTBOp KapOoHATa HATpUs
Na,CO;. HaGmonator oOpa3oBaHue oOcajgka, KOTOpPBIH COCTOMT M3 OCHOBHBIX COJIEH
NIEPEMEHHOTO COCTaBA.

r) B npobupky npunusarot pactBop CuSO, 1 1o KarisiM 100aBIsI0T KOHIIEHTPUPOBAHHBIN

BOoAHBIN pacTBOp ammuaka NH3. Uro Habmonaere?

1) KayecTBEHHas peakus Ha cu®. K pactBopy CuSO; nobGaBnsroT HeOoIbLIOE
KosimdectBO pactBopa rekcarmanodeppara (Il) kamus Kj[Fe(CN)g]. Bsimenmsiercst ocamok
rekcaranodeppara (1) meau (11) Cu[Fe(CN)g] . demsit ocanok Ha 4 MPOOUPKHU M HCIIBITBIBAIOT
neiicreue Ha ocagok HCI, H,SO,4, pactBopa NaOH u BogHoro pacrBopa ammuaka NHjz. Urto
HaOmronaete?

OmnwIT 2. U3yyeHue cBoiicTB cepedpa M ero coeAUHEHUI.

a) B nmpoOupky BHOcAT 2-3 karum pactBopa AGNO;3; u mpuGaBisioT B U30bITKE pacTBOP
NaOH. Hab6monarot o6pazoBanue Ag;0.

0) B nBe npoOupku HanmuBaT 1o 3-4 karau pactBopa AGNO; u 106aBISIOT 110 HECKOIBKO
kanenb HCIl. Habmonatot Beiienenue 6enoro ocaaka AgCI.
B oaHy npoOupky npuiauBaioT BOAHBIM pactBop ammuaka NHs, B apyryio - pacTtBop
trocynbdata Hatpus Na,S,03. HabmrogaroT pacTBopeHue ocaika.

B) B n1Be npo6upku nanusatot pactBop AGNO3. B oany nobasnstot pactsop Kl, B npyryro
— KBr. Kaxprit ocaiok aeisT Ha 2 TpoOUpKH.

Jlo6aBnstoT BogHbIN pacTBop ammuaka NH;z B 1 mpobupky ¢ Agl u B 1npobupky ¢ AgBr. B
00enx 1 MpoOUpKaxX MPOUCXOIUT PACTBOPEHHE OcaaKa?

B ocraBmmmecs mnpoOMpkH TNpHIUTH pacTBOp THOcynbdara Hatpus NaS;03. Yro
HaOmrogaere?

KoHnTpoJsbHBIE BOIPOCHI.
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OO0mias xapakTepucTUKa MoOOYHON moArpymnbl | Tpynms! (MoArpyIima Mein).

PacnpocTpanenue B mpupoje U MojayyeHue.

duszndyeckre ¥ XUMUYECKHE CBOMCTRBA.

[Tpumenenue, HanboIee BaXKHBIC COCTUHEHUST MEIU, cepedpa U 30JI0Ta.

OxapakTepusyiiTe OTHOIIEHHE Meau, cepedpa W 305I0Ta K pa30aBICHHBIM U

KOHILICHTPUPOBAHHBIM PacTBOpaM KHUCIOT, K pacTBOpaMm Iieinoyei u conei. Hanummurte

YpPaBHEHHS COOTBETCTBYIOIIUX PEAKIIUM, YKAKUTE YCIOBUSI UX OCYIICCTBICHUSI.

6. Kakume peaknwmum mpoTeKalOT MPH PACTBOPCHUU 30JI0TA B «IIAPCKOW BOJKE», B
KOHIIEHTPUPOBAHHOM COJITHOW KUCJIOTE, HACBIIIICHHOMN XJIOPOM, B CEJIEHOBOM KHUCIOTE?

7. Yem oObsicHsieTcs 00pa3oBaHHME 3€JE€HOT0 HajeTa Ha MEOHBIX M3CNUSIX M IOYepHEHHUE

cepeOpsSHBIX MPEIMETOB MPH JAIUTEIHHOM IpeObIBAaHUU UX Ha Bo3ayxe? Hamuimre ypaBHeHUs

COOTBETCTBYIOLIMX PEAKLMM.

agsrwONE

IluHk 1 ero coemuHEeHUs
IIpuGopsl U peakTUBBI:

1. IlltaTuB, TpOOHPKH, MUIIETKH, MUKPOIIIIATENb, CIUPTOBKA, JAEPKATEb ISl IPOOHPOK.

2. lluHKoBas MbUIb, 2 H PACTBOPHI CEPHOM M COISIHOM KUCIIOTHI, 2 H pacTBOP TUAPOKCHIA HATPpHs, 1 H
PacTBOP COJITHOW KHCIIOTHI, 2 H PacTBOP aMMHaKa, KOHIIEHTPUPOBAHHAs CEPHAsi KMCIIOTa, PacTBOP
COJIM IIMHKA (JIF00ast pacTBOpPHMAst), HACHIIIEHHBIN PacTBOP Cyab(puaa aMMOHHS, COJIb IMHKA (KP.),
BOJIa, JIAKMYC.

JKCNepUMEHTATbHAs YaCTh
OmnbIT 1. PacTBOpeHne HMHKA B KHCJIOTAX M LIeJI1049aX.

Hamute B mpobupky 4-5 kamenb 2 H. pacTBOpa CEpHOM KHCIOTHI, J100aBUTH |
MUKPOILIIATENb [TUHKOBOW MBLIM U CJerkKa noJorpeth. To ke npojenarb ¢ KOHUEHTPUPOBAHHOMN
CepHON KHUCIIOTOM M MO 3amaxy ONpeNeNUTh BbIIEICHHE CEPHUCTOro rasa. TakuMm e oOpazom
IIPOBEPUTH PACTBOPUMOCTH LIMHKA B 2 H. pacTBOPE COJITHOM KHUCIOTHI M B 2 H. pacTBOpE €IKOMU
menoun. Onucats HaOmomaemoe. [louemy paz0aBineHHas W KoHueHTpupoBaHHas H,SO4 mo-
pasHoMy pearupyroT ¢ mnuHKoM? Kakoil aToM W B KakoW CTENEHH OKUCICHUS SIBIACTCA
OKHUCJIUTEJIEM B TOM U B IpyroM cirydae?

OnbIT 2. 'HApOKCH] HMHKA U €ro CBOiicTBA.

Hanute B aBe mpobupku mo 3-4 Kamium pacTBOpa CONM IMHKA. B Kaxayio mpoOupky
M00aBISITH 2 H. PacTBOpP €AKOM IIEJIOYd JO TOSIBICHHUS O€Ioro CTYACHHCTOTO OcCajaKa
TUAPOKCUAA LMHKA. MCObITaTh OTHOIIEHNE NOJYYEHHOTO TMAPOKCUAA K KUCIOTaM M LIEJIOYaM.
Kakoii BBIBOJ MOXKHO cJienaTh O CBOMCTBaxX rujpokcuja nuHka? Hamucarhs ypaBHEHUS peakuuit
B MOJIEKYJISIPHOW U HIOHHOHM (popMax.

Omnpit 3. Cyabdua uMHKA.

B mnpoGupky nomectuth 3-4 Kamiau pacTBOpa CONM LMHKA MU J00aBUTH 2-3 Karuii
HACBIIIEHHOTO pacTBopa cyiabhuaa ammoHus. OTMETUTh I[BET 00pa30BaBLIErocs ocajgka M
no6aButh 1 kamns 1 H. pacTBopa coisiHOM KHcHoThl. Uto mpoucxonut? HamucaTth ypaBHEHUs
peaKkui.

OmnbiT 4. I'uapoan3 cojieil HMHKA.

[TomecTuTh B TIPOOMPKY HECKOJIBKO KPUCTAJUIMKOB COJIM IIMHKA W PACTBOPHUTH WUX B 1-2
Karuisix Bozbl. JloGaBUTh B MpoOUpKY 2-3 Karuld pacTBOpa JaKMyca M Clerka mojaorpers. Bo
BTOPYIO MPOOUPKY HAIUTH 2-3 KAl pacTBOpa JIakMyca W 1-2 Karumi BOJABI M CPAaBHUTH I[BET
COJIEPKMMOTO 3TOH MPOOHPKM C OKPACKOW MOJy4eHHOro pacTBopa. Ha Kakyio peakiuto
YKa3bIBA€T IBET JIaKMyca B pacTBope coyii IMHKa? Hamucarb B MOJIEKYJISIPHOM W HMOHHOH
¢dopmax ypaBHEHUS MPOLIECCOB, BBI3BIBAIOIINX H3MEHEHUE OKPACKH JTAKMYCa.

OneIT 5. AMMHAYHBIA KOMILUIEKC IIHHKA.

B nmpobupky nmomectuTh 1 Karuio pacTBOpa COIM LUHKA M J0OaBUTH 2 KAl 2 H. pacTBOpa

ammuaka. OcaZloKk Kakoro BemecTBa oOpazoBaics? K momydeHHOMY pacTBOpPY NMPUIUBATH TI0
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KaIIsiM U30BITOK PacTBOpa aMMMaka J0 pacTBOpeHHUs ocaaka. Hamucarth ypaBHeHUs peakuui,
cuuTas, YTO KOOPJAMHAIIMOHHOE YUCIO MOHAa IuHKa 4. Hamucarth ypaBHEHHS IUCCOIMAIIUU
KOMIUIEKCHOTO COE/IMHEHUS U KOMILIEKCHOTO MOHA.
KouTtpoJbHbIe ONPOCHI:
1. Xwumus snemeHTOB moO04HON moArpymmbl I rpynmel nepruoanyeckoi CUCTEMBI (ITOATPYIIa
[IUHKA).
Pacnipoctpanennocts B npupoze. OCHOBHbIE MUHEPAJIBL.
DU3UKO-XMMHUYECKHE CBOMCTBA MPOCTHIX BElIECTB. [oydyeHre IPOCThIX BEIIECTB.
XUMHUS BOAHBIX PACTBOPOB.
OKcuabl ¥ TUAPOKCU/IBI.
Comnu. KoMIiekCHbIE COeTUHEHMUS.
Ilopsinok paGoTbI:
ITomyuuTs OT npenoaaBaTes 3aJaHue.
BbImomHuThE paboTy COrIacHO METOJUYECKUM PEKOMEHIAIIHSIM.
OdopmMuTh MPOTOKOI pabOTHI.
Bruinte oTpaboTaHHBIE PACTBOPEI, MIOCYYy BBIMBITh. CaTh pabouee MecTo.
Conep:xaHue oT4yera:
1. Tema u uenb pabOTHI.
HabGmronenus, ypaBHeHUsT peakinii 1Mo KaXK10i yacTu paboThI.
3. BbIBOBI 110 TIpOJICIaHHOM padoTe.

SER A

NN

N

Yacrtp b. DiemenTsl 10004HOM noarpynns! VI rpynmnsl nepuoan4eckoi cucTeMsl.
«HM3yyeHne CBOMCTB XpOMa U €ro CoeAHHEHHU I

ean padoThi:
1. U3yuuth XuMUYECKHE CBOMCTBA XPOMa U €r0 COEAMHEHUI.
2. OzHakomileHHE C J1JaOOpaTOPHBIMU CIOCOOAMHM TOJYYEHHUS] OKCHJIOB, THAPOKCUIIOB U COJIeH

Xpoma.

Coaep:xanue padoThI:
1. Tlonyuenue oxcuaa xpoma. IlonyyeHue u ucciero0BaHUE XUMUYECKUX CBOMCTB THIPOKCH]IA
xpoma (I11).
[ToryueHnue MaopacTBOPUMBIX XpOMaTOB Oapusi, CBUHIIA U cepedpa.
3. HccnenoBaHue OKUCIUTENIBHBIX CBOMCTB XPOMATOB M JUXPOMATOB.

N

IIpuGopsb! U peakTHBDI:

HITaTtuB, npoOUpPKH, TUIETKHU, Aep>KaTeb ISl IPOOUPOK, CIMPTOBKA.

buxpomar ammoHnus (kp.), pacTBOpbl Xpomara W OuXpomara Kajus, XJjopuaa Oapus, HUTparta
CBHUHIIA, HUTpaTa cepeOpa, MOAWAA Kanus, ; Kpaxmai, 2 H pacTBOp TMIPOKCHAA HATpus, 2 H
pPacTBOP COJISIHOM KUCIIOTHI, 2 H paCTBOP CEPHOM KHCIIOTHI, COJISIHASA KACIOTA (KOHIL. ).
JKCIEePUMEHTAJIbHASA YACTh

=

OmnsIt 1. ITosryyenne okcuaa xpoma.

B mpobupky mnomMecTuTh HEOOJBLIOE KOJWYECTBO OMXpoMara aMMOHHUSI U OCTOPOYKHO
Harpetb. HaOmionaercs OypHoe pasnoxkeHue coiu. Kakol 1BeT MMeeT MOJyueHHBIH OKCHI
xpoma (I11)? Hamwmcare ypaBHEHWE peakIMU pa3JIOKEHUS, YIUTBHIBAs, YTO OJHOBPEMEHHO
00pa3yroTcs a30T U BOJA.

Onpit 2. [Tosyyenue u cBoiicrBa ruapokcuaa xpoma (111).

[Monmyuuts B ABYX npobupkax ruapokcus xpoma (I11) B3anmopelicTBieM pactBopa Xjaopuia
xpoma (I1) (3-4 kamam) ¢ 2 H. pactBopom 1ienoun (1-2 karum). McmbiTaTh OTHOIIECHHE
THJIPOKCUIA XPOMa K KHUCJIOTE M K U30BITKY ILEI0YH, U 4ero 100aBiIsATh B OJHY IPOOUPKY 1O
KaruisiM 2 H. pacTBOpP COJSIHOM WJIM CEPHOM KHCIIOTHI, B JIPYTyl0 — 2 H. pacTBOpP WIEJIOYU 10
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pacTBopeHHsl ocajka. Hammcarh ypaBHeHMsI peaklUd, y4UThIBas, YTO MpPH B3aWMOJAEHCTBUU
THAPOKCH/IA XPOMa C KHCIIOTOM M CO MIETOUBIO MOMydaeTcs KoMIUTeKcHbIi annon [Cr(OH)4]>.
OmnpIT 3. XpoMaTbl M1 OMXPOMATHI.

a) nepexod xpomama kKanua 6 ouxpomam. K pactBopy xpomara kanusi (3-4 xarum)
npuOaBisATh MO KauisiM 2 H. pacTBOpP CEpHOM KHUCIOTHL. OTMETHTh OKpacKy B3SITOTO U
MOJIy4EHHOTO PaCTBOPOB U yKa3aTh, KAKUMH MOHAMHU 3TH OKpacku o0yciaBiuBaroTcs. Hanmcars
ypaBHEHUE PEAKIIH.

0) nepexoo ouxpomama kanus ¢ xpomam. K pactBopy Ouxpomara kamus (3-4 xarum)
npuOaBisATh MO KaIllIiM pacTBOp IMIENOYM JI0 W3MEHEHUs OKpacku. HamucaTh ypaBHeHue
peaxkuu.

Omnbit 4. IlosryyeHHe Ma10pacTBOPMMBIX XPOMATOB 0apusi, CBUHIIA U cepedpa.

B Tpu npobupku ¢ pacTBopoM xpomaTa Kanus (2-3 kxamim) npubaBuTh 10 2-3 Karuu
pacTBOPOB: B MEPBYIO — XJIopuaa Oapus, BO BTOPYIO — HUTpaTa CBUHIIA, B TPETbIO — HHUTpaTa
cepebpa. OTmeTuTh 11BeTa ocaakoB. Hamucars ypaBHeHUs peakuuil.

OmnbiT 5. OKHCIUTE/IBHBIE CBOICTBA XPOMATOB.

a) okucienue uoouoa kaausa. K nogkucieHHoMy cepHou kuciaotou (1 karuist) pactBopy
Oouxpomara kamusi (4-5 kamenb) no6aButh 3-4 KamiM pactBopa moauga kamusa. OTMETUTh
U3MEHEHHE OKpacku. Jloka3aTh ¢ MOMOUIbIO pacTBOpa Kpaxmaja BblJEJIEHHE CBOOOAHOrO HoJa,
JUISL 4ero B MPOOHPKY C 5-6 KaruisiMHu Kpaxmalia BHECTH OJHY KaIlll0 MOJYyYE€HHOTO B OIBITE
pactBopa. Hanmcats ypaBHEHMsI peakiuil.

0) oxucnenue conanou kuciromol. K pactBopy Ouxpomara kanus (1-2 xarmim) npuOaBUTh
10-12 xamnenb KOHIICHTPUPOBAHHOM COJISTHOW KUCIOTHI. CMeCh HArpeTh JI0 NEPexo/ia OPaHKEBOM
OKpacku B 3eneHyr. OTMeTuTh BbiJeNneHue raza. Kakoi ras Boigensercs. Hamucats ypaBHeHHE
peakuuu.

ITopsinok padorbI:

[Tony4nTh OT penoaBaTess 3a1aHue.

BbinonHuTh paboTy COrsacHO METOIMYECKUM PEKOMEHIAIUM.

OdopmMuTh MPOTOKOI pabOTHI.

BeumuTh oTpaboTaHHbIe PacTBOPHI, MOCYAY BBIMBITh. CaTh pabouee MecTo.
Copep:xxaHue oT4yeTa:

1. Tema u uenb paboTHI.

HaGnronenusi, ypaBHEHHsI peakifii Mo Kax10i yacTu paboThlI.

3. BrIBoBI IO TTpOAETAHHOI paboTe.

oSS

N

KonTpoJsbHbIe BONpockI.
1. XuMmmus snemMeHTOB MOOOYHON noArpynmnsl VI rpymnmsl nepuoanyeckoi cucreMsl (OArpymnna
XpoMma).
PacnipoctpanenHocTh B mpupoie. OCHOBHBIE MUHEPAJIBI.
OU3NKO-XMMHUYECKHE CBOWCTBA MeTaJlIoB. [lonydyenue xpoma, MoIubIeHa U BoJIb(pama.
XHUMHS BOJAHBIX PaCTBOPOB.
Oxcuapl U THIPOKCHIBL.
Coim. KommnekcHbIe cCOeIMHEHHUS.
[Touemy mpu B3auMmojeiicTBUM cosieil Oapusi ¢ pacTBOpaMHM XpoMaTa M JHXpoMaTra Kajus
BBINIAJAI0T OCAJKNU OJTMHAKOBOTO coctaBa? PaccMorpure okucourenbHble cBoiicTBa KoCr,0O7
npu pazmmuHbIX pH pacTBOpoB.

Noabkown

Yacrs B. Ilo6ounas noarpynmna ceibMoii rpynnbl NepHOANYECKOH CHCTEMBI.
Maprasen u ero coefuHeHus’’
Hean padoThi:
1. H3ydeHne XUMHYECKUX CBOMCTB COCIMHEHUI MapraHiia.
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2. OzHakomiieHHE C Ja0OpaTOPHBIMHM CIIOCOOAMH IOJYYEHMs] MajOpacTBOPUMBIX COJEH
mapranua (I1) 1 n3yueHne ux XMMUIECKUX CBOMCTB.
Conep:xanue padoThbI:

HccnenoBanre OKUCIUTEIbHBIX CBOMCTB cosieit Mapranma (1) ¢ amoMuauem.

HccnenoBanre OKUCIUTEIBHBIX CBOMCTB coeauuenuii mapranma (VII).

[Tonmyuyenue runpokcuaa mapranua (1) u uccaegoBanme ero XUMUYECKUX CBOMCTB.

[Tony4yenue xpomara Mapratua, kapooHaTta Mapraiua, cyiabGuaa Mapraiia 1 uccie10BaHue

XUMUYECKHUX CBOMCTB OTUX COCIIMHECHHM.

IIpudopsbI U peaKTUBDI:

1. OlraruB, npoOUPKH, THUNETKH, CTEKISIHHAs  HaJlOYKa,  MHKpOINIATeNb,  CIUPTOBKA,
npoOupKoiepKaTeb,

2. PactBop conu mapranma (I1), anromunueBas ¢posbra, 2 H pacTBOP THAPOKCHIA HATPHS, 2 H PaCTBOP
CEpHOW KHUCIIOTHI, PAaCTBOPBI XpoMaTa Kaius, kapOoHaTa HATpus, Cyiabpuaa aMMOHMs, cyibdara
mapranmna (ll), pactBop mnepmanranara kamus, cyibur Harpus (kxp.), 10%-Horo pactBOp
HEPOKCH/Ia BOJOPO/a, 3TUIOBBIM CIUPT.

JKCIePpUMEHTAJIbHASA YaCTh

OmnpiT 1. BoccTanosyenue coan mapranua (1) amomMmuaunem

Hanuts B npobupky 5-8 xanens pactBopa conu mapratia (1) u onyctuts B Hero kycouek
amomunueBo  Qoseru  (5x30 mm). UYepe3 HekoTopoe BpeMs HaONOJaTh BbIACICHHUE
METAJIJIMYECKOI0 MapraHia Ha MOBEPXHOCTH antoMuHus. HanucaTs ypaBHEHUE peakLuu.

OmnpiT 2. T'uapoxcua mapranma (I11) u ero cBoiicrBa

B nBe mpoOupku BHecTH 1o 3-4 karmu pactBopa cosm mMapranua (1) u mo 2-3 kammm 2 H.
pactBopa menoun. Kako et nosyuusiierocst ocajgka rujgpokcuaa mapranma (11)? Pasmemars
0CaJIOK CTEKJISHHOHM IMajJOYKOM M OTMETUTh €ro MoOypeHHe BCIEACTBUE OKHCIIEHHS MapraHua
(I1) 1o Mn (IV). Bo Bropyto mpoGHpKy ¢ 0CaaKOM IHIPOKCHIA MapraHia g00aButh 2-3 karim 2
H. pacTBOpa cepHoM kuciaoTel. Uto Habmonaere? Kakue cBoiicTBa XapakTepHbl Uil THAPOKCHIA
Mn (11)? Hamucate ypaBHEHHs peakiuii: a) monydeHus ruapokcuaa Mmapranma (II) u ero
OKHCJICHUHS KUCIOPOJOM BO3ayxa B mpucytctBud Bojasl B MNO(OH),; 6) B3ammoneiicTBus
THJIPOKCHA MapraHiia C CEpHOM KHCIOTOM.

Omnpit 3. [loryuyeHHe HEKOTOPHIX MAJIOPACTBOPUMBIX coJieil mapranna (11)

B 1pex npobupkax moiayduTh: a) XpoMmar Mapraiua; 0) kapOoOHaT MapraHua; B) cyibdus
MapraHia B3auMOJIECTBHEM XpomaTa Kajus, KapOoHaTta HaTpusi M cyib(uaa aMMOHHUSA C
cynbdarom mapranua (I1). PactBopsr Opate no 3-4 xammu. OTMeTUTH 1BeTa 0cagkoB. PacTtBop ¢
0CaJIKOM Cynb(uaa Mapraniia pa3MenaTh CTeKISTHHONW Mmamodkoil. OTMETHTh U3MEHEHHE IIBETa
ocazaka. J[06aBUTh K KaXIOMy ocaiky 2-4 Karum 2 H. pacTBopa KHUCIOTHL. Crenarts BBIBOJ O
PacTBOPMMOCTH IOJIYYEHHBIX COJIEM MapraHia B KUciou cpene. Hanucars ypaBHEHUs peakiuil:
a) MOJy4yeHHs Xpomara, KapOoHaTa U Cyiab(puaa Maprasua; 0) okuciaeHus Cyiabpuaa Mapraiua
KHCJIOPOJIOM BO3/yXa B MPHUCYTCTBUU BOJIbI, YUUTHIBAs, YTO IPU ITOM IMOJIYy4aAETCs TUIPOKCUT
Mn (1V); B) pacTBOpeHus xpomara, kapOoHara u cynbhuaa mapranna (11) B kucnore.

OnbIT 4. OKUCAUTEIbHBIE CBOlicTBA coeqnHenuii mapranna (VI1).

a) Bauanue pH cpedvt na xapakmep 60cCmanoe1eHus nepmanzanama.

B 3aBucMMOCTH OT cpeibl — KUCIIOW, HeWTpaibHOW wiam ImenouHoit — mapranen (VII)
BOCCTaHABIMBACTCA [0 pa3IMYHBIX cTeneHed okucineHus. B kucmoir cpene uoH MnOy
MEePEXOUT B HOH Mn?* , B HEUTpalbHOM, ciabomenoyHod u cimabokucimoin — B MnO; , B
CHJIBHOILEIIOUHO! TIPH HEOCTATKE BOCCTAHOBUTENS — B HOH MNO42.

B Ttpu mpoGupkm BHecTm 1o 3-4 KaruiM pacTBopa IepMaHraHata kKamuws. B omgHy
npoOupKy 100aBUTH 2 Karuid 2 H. paCTBOPa CEPHON KHUCIIOTHI, B APYTYIO — CTOJBKO K€ BOJbI, B
TpeThto — 3-4 kamum 2 H. pacTBopa mienodyd. Bo Bce Tpu mpoOupku mnpubaButh 10 1
MUKpOIIIATEN0 KPUCTAUIMYECKOTO Cyinb(ura HaTpuss Wi Kanmua. OTMETUTh pa3InyHOe

AN s
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M3MEHEHUE TEPBOHAYAIBLHON OKPACKM pPACTBOpa INEpMaHraHara B KaXJoM ciaydae. YeM 3To
BbI3BaHO? HamucaTh ypaBHEHUS peakiuil.
0) OKucnenue nepmanazanmom Kaausa nepoKcuoa 6000pooda.

B npobupky BHecTH 3-5 Karenb pacTBOpa IepMaHraHara Kams U 2-3 Kamwi 2 H. pacTBOpa
cepHoit kucnorel. JlobaBute 3-4 xamm 10%-HOro pacrBopa mepokcuga Bopopoaa. Kakoit ras
BolessieTcs? Kak n3MeHnnach creneHb OKucieHns Maprania? Hamnvcars ypaBHEeHNE peakiyy.

6) OKucnenue nepmanazanmom Kaaus CRUPpma 6 KUC10il U uiejl04Holl cpeoe.

B nBe npoOupku BHeCTH 1O 2-3 KaIlIll pacTBOpa IepMaHraHara kKaiaus. B oqny npodupky
n00aBUTh 2 Kaluld 2 H. pacTBOpa CEPHOM KHCIOTHI, B JAPYIYIO - CTOJBKO e 2 H. pacTBOpa
menoyn. B mpoOupKy ¢ MOAKUCIECHHBIM PAacTBOPOM MEpMaHraHata Kaius A00aBUTh 3 Karuid
STUJIOBOrO cnupta. PacTBop mNOAOrpeTh MaJ€HbKMM IUIAMEHEM CHUPTOBKU. OTMETUTH
U3MeHeHne okpacku. Kak u3MeHwIach creneHb OKuCIeHUs mapranua? B apyryio mpoOupky K
HIEIOYHOMY PacTBOPY IepMaHraHaTa Takke J100aBUTh 3 Karuid 3TUioBoro cnupra. Habmonars
IIOCTEIIEHHOE BOCCTAHOBJICHME II€pMaHraHaTa CHayajla /10 MaHraHara, a 3aTeM J0 JMOKCHIa
Mapradna. OTMETUTh NOCIIEIOBAaTEIbHOCTh M3MEHEHUsS OKpacku pactBopa. Hanucats
YpaBHEHHUS peaKuil: BOCCTAHOBJICHUS IIEpMaHraHaTa Kajusi CIMPTOM B KHCJIOM Cpejie CHayalia
JI0 MaHraHaTa, a 3aT€M MaHraHaTa — O JUOKCHJA MapraHla, y4uThIBas, YTO B KAXKIOM Cllydae
CIUPT OKUCIISIETCS B IbJAETU.

IMopsinoxk pa6oThI:

[ToxyuuTs OT IpenoaaBaTens 3agaHue.

BrImonHNUTE paboTy COrIaCHO METOANYECKUM PEKOMEHIAIUSIM.

OdopMHUTh TPOTOKOJT PAOOTHI.

Boutnth oTpaboTaHHbIE pacTBOPHI, TOCYAY BBIMBITE. CaaTh pabodee MecTo.
Conep:xanue oT4era:

1. Tema u uenb pabOTHI.

HaGnronenusi, ypaBHEHHsI peakifii Mo Kax10i yacTu paboThlI.

3. BrIBobI IO TpOAETAaHHOI paboTe.

el N

N

KonTpoJsbHbIe BONIPOCHI.

1. Xumusa osnemeHToB mnoOouyHoW moxarpynnsl VIl rpynmsl  mepuoaMyeckoil  cucTeMsl

(moarpymma Maprasua).

PacnpocTpanennocts B mpupojae. OCHOBHBIE MUHEPAJIHI.

PU3NKO-XUMHUYECKUE CBOWCTBA MeTaJlIOB. [losydeHne meTaos.

XHUMHS BOJAHBIX PaCTBOPOB.

Oxcuapl ¥ THIPOKCHIBL.

Comm. KommnekcHbIe cCOeIMHEHHUS.

Hanumure ypaBHeHUs peakiinii, B KOTOPBIX COEIMHEHUSI MapraHia IPOSBIISIIOT

a) OKHCIIUTEIbHBIE, ©O) BOCCTAaHOBUTEIBHBIE CBOWCTBA, B) OKHUCIUTEIbHBIE W

BOCCTAHOBHUTEIIbHbIE OJHOBpEeMEHHO. Kakue coequHeHus MapraHia MOTYT MpOSIBISTH

OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHYIO IBOMCTBEHHOCTH?

9. Paccmotpure OKHCIIUTEIbHBIE CBOICTBa KMnO4 B Pa3IUYHbBIX cpenax.
Urto nmpeactaBisiroT co0oit mpoaykThl BoccTaHoBiIeHUsT KMNO, B KUCIBIX, HEUTPAIBHBIX H
HIeJIOYHbIX cpenax? Kak M3MeHseTcss oKpacka pacTBOPOB B IPOIIECCE BOCCTAHOBIIEHUS
KMnO,?

10. OxapakTepu3yiiTe B3aUMOJCIHCTBUE COJNSHON KHUCIOTHI ¢ oOKcuaaMu Maprania MnO,
MnOz, Mn,0O;. Kak u3 nupomrozuta momyunts KMNO,4?

LNk LN

Yacrs I'. Duementsl VIIIB rpynnbsl nepuoanyeckoi cHCTEMbI 31€eMEHTOB H
uX coeqnHeHusn. Kene3o, K00aabT, HUKEIb M UX COeMHEHN .
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e padoThI:

1. M3yueHne XMMHUYECKHX CBOMCTB COCIMHEHMI KeJe3a, KoOaabTa U HUKEJIs.
O3zHakoMJIeHHE ¢ J1abopaTOPHBIMU CIOCOOAMU TOJTYYEHHUS] COEAMHEHUN Kele3a, KoOanbTa U
HUKETIS.

Conep:xanue padoThbI:
IIpoBeieHNE KAUECTBEHHBIX PEAKIIMI 1O ONPEIEIICHUI0 HOHOB Fe?* u Fe*".
[Monyuenue ruapokcuaa sxenesa (1) u ucciaenoBaHme ero XUMUYECKHX CBOMCTB.
[Monyuenue ruapokcunaa sxenesa (1) u uccienoBanme ero XMMUYECKUX CBOWCTB.
HccnenoBanre OKUCIUTEIBHBIX CBOMCTB coeaunenuii sxemesa (11).
[Mony4yenue komiiekcHoro gocdara xenesa (111).
[Monyuenune ruapokcuaoB kobambTa (1) u Hukens (Il), u3yueHHe XUMHYECKHUX CBOWMCTB
JTAaHHBIX COCIMHECHUM.
7. KommnekcHble coelMHEHUs: KOOalbTa U HUKEIsl, U3yYeHUEe XUMUYECKUX CBONCTB.

no

SoukrwnE

IIpudopsI U peakTUBDI.

1. IlIraruB, npoOMPKH, TUTICTKH, CTEKIITHHAS TTAJIOYKA, CIIUPTOBKA, EpIKATEIb I TPOOPOK,

2. Conb Mopa, pactBopsl rekcanmanopeppara (I1I) xamus, xmopuma xenesa (1),
rexcarmanodeppara (I1) xanus, aurpaTa cepedpa, noauaa Kams, CyabhuTa HATPHUsS, CONCH
koOanpTa u Hukens; 0,01H. pacTBOp polaHHIa aMMOHUsS (WM Kaiusi), BOAa, 2 H. PacTBOP
THJIPOKCHUIA HATPHS, 2 H. pACTBOP COJITHOW KUCIIOTHI, KOHIICHTPUPOBAHHAS a30THAsI KUCJIOTA,
2 H. pacTBOpa CEpHON KHCIOThI, 3%-HOTO pacTBOpa MEPOKCHAa BOAOPOAa, 2 H. pacTBopa
oprodochopHOi KUCIOTHI, 25% pacTBOp aMMHaKa, pacTBOp CyIb(pHIa AMMOHUS,
JKCNepuMeHTAIbHAS YacTh

OmnpiT 1. XapakrepHble peaKkiUi HA HOHBI Fe?* u Fe**

a) JeiicrBue Ha cosn xkeiie3a (I1) rekcanmanopeppara (111) kamus

Hanute B mpobupky 5-8 kamenb pactBopa conu Mopa u a06aBuTh | Kamio pacTBopa
rekcannanodeppara (l1l) xamus (xpacHoit kpossiHoit comu Ks[Fe(CN)s]). Ormeruts uBer
oOpasoBaBiierocsi ocaaka (TypHOyJeBa CHHB), yKa3aTb XUMHUYECKOE Ha3BaHUE U (HOPMYIY
TONMy4eHHOro BemlecTBa. JlaHHAs peaKius sBsfeTcs XapakTepHOW Ha mon Fe”’. Hammcatsh
MOJIEKYJISIPHOE U HOHHOE YPaBHEHUS PEaKIUH.

0) HdeiicrBue Ha coJu xkeie3a (111) rexcanuanogpeppara (I1) xanus

[Tomectuts B npoOupky 2-3 kamiu pactBopa xjiopunaa xeneza (1) u nob6asuts 1 kammro
pactBopa rekcauuanodeppara (II) kamms (kenroit kpossiHoit comu  Ks[Fe(CN)g]). Yro
HaOmonaercss? OTmeTuTh I1BET oOpa3oBaBIIerocs ocaika (OepiauHCKas Ja3yph), yKa3aTh
XMMHUYECKOe Ha3BaHUE U (OpPMYIy IOJy4YeHHOro BemlecTBa. Hamucath ypaBHEHHE peakiud B
MOJIEKYJISIPHOM U HOHHOM opMe.

B) [elicrBue Ha coju xkeie3a (111) ponanuga amvoHust (MJIH KaJIusi)

[Tomectuth B npoOupky 5-6 kamnu pactBopa xjiopunaa xeneza (1) u nob6asuts 1 kammio
0,01H. pactBOpa pomaHuga aMMOHHUS (MU Kanus). Takoil ke OmbIT MpojenaTh ¢ PacTBOPOM
comu Mopa. IlepeHecTn Kami0 NOJYYEHHOr0 B NEPBOM MNPOOMpPKE pacTBOpa B JIPYryIO
npobupky u ao6aBute 8-10 kamenp Bojbl. HamucaTe ypaBHEHHME peakUuH C IMOJy4YCHHEM
Fe(SCN);, cooOrmiaromero pactBopy SPKO-KpacHy0 OKpacky. OTMETHTh, YTO OKpacka
xapaktepHa Tonbko ans comu xkene3a (lI1). Uem oObscHsercss ocnabiieHue OKpacku IpH
paz06aBrneHun?

Onpit 2. l'uapoxcun xemneza (11)

B mpobupky ¢ 3-4 kamismu pacTBopa cosim Mopa mpwimMBaTh 2 H. pacTBOP IIEIOYH 0
BBINIAZICHUsI 3eJieHoro ocaaka ruapokcuaa skenesa (ll). IlepememaTe monydeHHBIM OcCalloOK
CTEKJITHHOW TaJIOYKOW M HaOmofaTh 4epe3 1-2 MHHYTHI TMOOypeHHE ocaaka BCIEICTBHE
okucnenus ruapokcua xenesa (1) B ruapoxcun xenesa (111) Fe(OH)s. [IpoBepuTh ONBITHBIM
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yTeM, KaKk B3aUMOJICHCTBYET CBEXeOocakIeHHBIM ruapokcun >xenesa (II) ¢ 2 H. pacTBOpoMm
COJISTHOM KHCIOThI. Kakue cBo¥cTBa MpOSBIsSET B 3TOM peakumu ruapokcun xeneza (11)?
Hamucate ypaBHeHuss peakiuii: a) oOpaszoBanusi ruapokcun xkenesa (Il); 0) oxucimenus
MOJIy4YeHHOTO OCHOBaHMsI B Tuipokcu/ xxenesa (111) mox neiictBuem kucimopoaa Bo3ayxa U BOJBL.

OnbiT 3. BoccTaHOBHTE/IbHBIE CBOiCTBA coeTuHeH Ui Kkeae3a (11)

a) Boccmanoesnenue azomuoii Kuciomol

B nBe npoGupku HanmuTh 110 1 Mut pactBopa coin Mopa. B onny 3 HuX 106aBuTh 1 Karmio
KOHIIEHTPHUPOBAHHON a30THOM KHCIIOTHI, MOJOTPETh PACTBOP 10 MPEKPAICHUS BBIJICICHUS Ta3a
U JaTh €My OCTBHITh. 3aTeM B 00e mpoOupku n106aButh 1o 1 karmie 0,01 H. pacTBopa pomaHuaa
amMmMoHHs. B Kkakoil mpoOMpke HaOIIOMaeTcss KpacHOE OKpallMBaHHE pacTBoOpa W ModeMy?
Hanucarp ypaBHeHHE peakiuy, CUMdTas, 4YTO a30THasg KHUCJIOTa BOCCTAHABIUBAETCS
npeumytiectBeHHO 10 NO.

0) Boccmanosnenue nepokcuoa 6000pooa

B nBe npoOupku HanuTh 110 1 M1 pactBopa com Mopa. B onHy npoOupky 106aButh 2-3
KaIlId 2 H. pacTBOpa CEpHOM KUCIOTHI U 2-3 Kariu 3%-HOT0 pacTBOpa NEPOKCUIA BOJAOPOIA.
3areM B 00e pobupku 100aButh 1o 1 xarute 0,01 H. pacTBopa pogaHuaa aMMoHus. B kakoi
npoOupKe HaOII0AaeTCsl KpacHOE OKpaluBaHue u nouemy? [IpoBepuTh OMBITHBIM MTyTEM, KaKk
MIPOTEKAET BOCCTAHOBJICHHE MEPOKCHIa BOJopoaa conbio xkenes3a (1) B menounoii cpene.
OtmeTuThb BhINaZieHHe ocasika ruapokcuaa xenesa (111). Hanucats ypaBHEeHUS peakiiuii.

B) Boccmanosnenue numpama cepeopa

[Tomectuts B 1Be mpobupku mo 1 mu pactBopa coniu Mopa. B oqny u3 Hux 1o6aButhb 6-7
KarleJab pacTBOpa HUTpaTa cepedpa U clierka HarpeBaTbh HEOOJIBIINM IJIAMEHEM FOpPEJIKH, HE
JIOBOJIS )KMJIKOCTH /10 KumieHus. Ha kakoif mpoliecc yka3pIBaeT MOSIBJICHHE Ha BHYTPEHHUX
CTeHKaX MpoOUupku cepedpstHoro 3epkana? OxiiaauB npoOUpKy, 100aBUTH B HEE U B
KOHTPOJIbHYIO TpoOupKy 1o 1 karute 0,01 H. pacTBopa pomanuaa aMmmMoHus. B kakoii mpoOupke
HaOJIr01aeTCs OKpaIMBaHKue U modeMy? 3anmucarb ypaBHEHHE peaKIIii BOCCTAHOBIICHUS] HUTpaTa
cepebpa coubio xenesa (11).

Onbit 4. F'uapoxcnn xeneza (111)

B nBe npoOupku BHecTH 1o 5-6 Kamnens pactBopa xjopuna xxenesa (I11) u nob6asuts no 3-4
Karm 2 H. pacTBopa menoun. Uto Habmonaerca? B oaHy npobupky 106aBuTH paz0aBieHHON
KHUCTIOTHI IO PAcTBOPEHMs OCajika, BO BTOPOM MpPOOMPKE MPOBEPHUTH PACTBOPHUMOCTH OCaKa B
mienoun. Hanmcars ypaBHeHUs peakuuii: a) B3aumojeiicTsus xiaopuna xxenesa (111) ¢ pacrBopom
nienoun ¢ oopazoBanueM ruapokcuna xenesa (l11); 6) pactBopenus runpokcuna sxenesa (I11) B
KHCTIOTE.

OnpIT 5. OKUCAHTETbHBIE CBOWCTBA coequHeHUil :kee3a (111)

a) OKuclienue uoouoa Kanus

B mpobupky ¢ 3-4 karusmu pactBopa FeCls no6aButh 1-2 xarmmm pacTBopa HOAKMIA KAJUS.
B kakoil iBeT u mouemy okpammBaercs pactBop? Hanmucars ypaBHEHHUE pEaKIIUH.

0) Okucnenue cynvgpuma nampusn

B nipo6upky ¢ 3-4 xamsamu pactBopa FeClz 106aBUTh HECKOIBKO KPUCTAJUTUKOB CYJib(uTa
HaTpus. [Ipu >ToM BHavane mosBiseTcss Oypo-KpacHOe OKpalllMBaHUE BCIEACTBHE 00pa3OBaHUs
MajoycroitunBoro cyibpura xene3a (l11), koropoe ucyesaer npu HarpeBaHuU. Y OETUTHCS B
BOCCTAHOBJICHHH ene3a 1o creneHu okucienus +ll. Kakoit peaktuB crnemyer ams 3TOro
npuMeHHTh? HamucaTh ypaBHEHHUS PEaKIMHM OKHCICHHS CYIb(UTa HATPUS XJIOPHUIOM JKeje3a
(1), yauTsIBasi, 4TO B peakiiu MPUHUMAET yUacTHE BOJA.

OnbiT 6. KommiekcHble coeauHenusi :xeie3a (l11). IloaydyeHue KOMIIEKCHOIO
docdara xenesa (111).

B nipo6upky ¢ 3-4 kamisimu pactBopa FeCls no6asuts 1 kamtio 0,01 H. pacTBopa poaaHuIa
aMMOHHUS M 3areM 2 Kamiu 2 H. pactBopa (ocdopHoit opTokuciaoTsl. Uto Habmomaercs?
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YuuThpiBas, 4YTO YCTOWYMBBIA KOMIUIEKCHBIM HOH [Fe(PO4)2]3' OeciiBeTeH, OOBSICHHUTH
Ha0JII0/1aeMOE SIBJIEHUE U HAIlMCaTh YPABHEHUE COOTBETCTBYIOIIEH pEaKIUH.
Onpit 7. F'uapokcuanl kodaabta (1) m nuxens (11).
a) Ilonyuenue zuopoxcuoa xooanema (11) u ezo oxkucnenue.
B naBe mpoOupku momectuth Mo 2-3 Kamjium pacTBopa cojid KoOaiabTa W J100aBIATH IO
KaruisiM pacTBOp €IKOW LIEIO0YH; CHaYalla MOSIBISAETCS CUHUKA OCaJOK OCHOBHOW COJIM, KOTOPBI
3aTeM CTAaHOBHUTCS PO30BBIM, UTO YKa3bIBaeT Ha oOpa3oBaHue ruapokcuaa kodansta (11). Ocamok
B OJIHOW MPOOMpPKE TIIATEIbHO pa3MeNIaTh CTEKJIIHHOW MaJIOUKOM, a B APYrylo mpubaBuTh 2-3
karu 3%-HOro pacTBopa nepokcuaa Boaopoaa. B kakoii u3 npoOUpok HaOII0AaeTCsl OKUCIICHUE
runpokcuaa kobanera? Hanmcare ypaBHeHHs peakuuid. CpaBHUTH HOJYYEHHBIE PE3YJbTaThl C
pe3ynbraToM ombiTa 2. Kakoil noH sBnsercs 601ee YSHEPrUYHBIM BOCCTAHOBUTEIEM: Co?*" u Fe**?
0) Ilonyuenue zuopoxcuoa nuxensn (11) u ezo oxucnenue.
B tpu npoGupku moMecTuTh 1o 2-3 Karuid pacTBOpa COJIU HUKENS U J0OaBISTH MO KarlisaM
pacTBOp €IKOM Ieno4Yu 10 BbimaaeHus ocafok ruapokcuaa Hukens (l1). Ocagok B nepsoit
MpOOHUpKE TIIATEIBHO pa3MeIlaTh CTEKISHHON MalouKoi, BO BTOPYIO NpubaBuTh 2-3 kamau 3%-
HOTO pacTBOpa Mepokcuaa Bogopoaa. HabGmronaercs m n3menenue mpera ocanka? [Ipoucxoaut
au okucneHue ruapokcuaa nukens () xkuciaopomom Bo3myxa W mepokcuaoMm Bogopona? B
TPEThI0 TPOOMPKY mpubaBuTh 1 Kammo OpomHOM Boabl. Uro Habmomaercs? Hammcarsb
YpaBHEHHUS PEaKIUH.
OnbiT 8. KommiekcHble coeinHeHUs1 KOOAJIbLTA U HUKeJIA.
a) Iloiyuenue KOMNIEKCHO20 pOOaHUda Kobaioma.
[TomecTuTh B npoOUpKY 2 KaIuld HaCBILIEHHOI'O pacTBopa coiu kobanbta (1) u nodaBuTh
5-6 Karenab HAchIIIEHHOTO pacTBOpa poJIaHHIa aMMOHHS; y4ecTb, 4TO NPH 3TOM 0oOpasyercs
pactBop komiuiekcHoi com (NH,)2[Co(SCN)4]. Komrmrexcubie norst [CO(SCN)4]* okpateHs! B
CHHMM LBET, a TUIPaTUPOBAHHBIC WOHBI [CO(H20)6]2+ — B po30BbIi. OTMETUTH LBET
MOJIY4YeHHOTO pacTBopa. Pa306aBuTh ero Bo10# 10 M3BMEHEHUs OKPACKH, T00ABUTH 2 KaIlJld CMECH
cnupta ¢ 3Qupom, pa3MeniaTh pacTBOP CTEKJISIHHOM MalouyKOi M BHOBb HAOIIO/IaTh U3MEHEHUE
OKpacku. 3aTeM B Ty € NpoOMpPKY NpUIMBaTh AUCTWUIMPOBAHHYIO BOAY, HaOIromas
MoCTeNeHHOe M3MeHeHue okpacku. Ommcarh HaOmrogaeMble siBIeHHs. HamucaTh ypaBHeHUs
JUCCOLMAIIMU KOMIUIEKCHOM COJIM KOOanbTa U KOMIUIEKCHOTO MOHA.
6) HeGonpimoe konmuectBo conu Hukens (ll) pactBoputs B 5 kamnsax Boabl. JJo6aBuUTh 5
Karesnb 25%-Horo pactBopa amMmuaka. Kak nzmensiercs uset pactsopa? J[o6aBUTh K pacTBOpY 2-
3 karum pacTtBopa cyinbduma ammonus. Uto Bemazaer B ocaaok? Hammcate ypaBHEHUS
peaxiuii: a) 00pa3oBaHUs KOMIUIEKCHOTO aMMHaKaTa HUKeNsS (KOOpAMHAIIMOHHOE YMCIIO HUKEIIs
paBHO 6); 0) IUCCOIMALIMM KOMIUIEKCHOTO COEOJAMHEHUS M KOMIUIEKCHOTO MOHA; B)
B3aMMOJICHCTBUS MOTYYEHHOT'O KOMIUIEKCHOTO COeIMHEHUSI HUKES ¢ CyIb()UI0M aMMOHHUS.
ITopsinok padoTbl:

[ToryuuTh OT mpenojaBaTess 3aJaHue.

BbInoHUTE paboTy COrIaCHO METOINYECKUM PEKOMEHIAIUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

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

PN E

1. Tema u uenb paboTHI.
Habmronenus, ypaBHEHUS peaKIHii MO KaX 10 4acTH paOOTHI.
3. BbIBOBI 110 TIpOIETIaHHOM padoTe.

N

KoHnTpoJsbHbIe BONpoCHI.
1. Xwumus snemenToB mo6ounor moarpymmbel VIII rpynmbel mepuogumdeckoil cuctembl (MOATPYIITA
Kenesa).
2. PacmpoctpaneHHOCTH B nipupojie. OCHOBHBIE MUHEPAJIBI.
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3. Duszuko-xuMUYECKHEe CBOWMCTBA >Kene3a, KoOambTa M HuUKensd. llomyuenue metamioB. XuUMHUA
BOJIHBIX PacTBOPOB.

4. Oxcubl ¥ TUIPOKCUIBI Kele3a, KoOambTa U HUKeJIs.

Coun xenesa, kobanbpTa U HUKeNs. KoMIUIeKCHBIE COeTMHEHMSL.

6. Kak B3aMOJEHCTBYIOT Xkejne30, KOOAIBT U HHUKEIb C a30THOH, CEPHOW M COJISTHOM KHCJIOTaMu?
Kaxk »3Tu meTauibl B3auMOJIEHCTBYIOT € BOJOM, C BOJHBIMH pacTBOpaMu CoJiei?

o

Paznen 3. AHasimT4ecKkasi XuMus
TEMA 1. AHAJIN3 OB BEKTOB OKPYKAIOIIENA CPEJIBI
Onpenenenue KapOOHATHOM ’KeCTKOCTH BOJAbI METOI0M ALMIMMETPUYECKOr0 TUTPOBAHUM
esan padoThi:
1. Hayuwutbcs onpenensits KapOOHATHYIO )KECTKOCTh BOJIBI, TUTP paboduero pacTBopa.
2. 3aKkpenuTb HaBBIKM TUTPOBAHUSA U pacueTa KOHIIEHTPALUHU ONPEeIieMOr0 BellecTBa

JlaboparopHoe o0opyaoBaHue, MOCyaa W peakTUBbI: HUIUMHAPbHL HA 50 u 100 M,
MIUATIETKH, OIOPETKU, KOJIOBI 11 TUTPOBAHUSI.
BopomnpoBoaHast Bojja, METUIIOBBIN OpaH)KEBBIN, KOHII. COJISHAsI KACIIOTA.

Kpatkue Teopernueckue cBeeHH.

MeTo KHCIOTHO-OCHOBHOI'O THUTPOBAHMSI OCHOBaH Ha B3aMMOJECHCTBUM KHUCIOT C
OCHOBaHMUAMHU. MeTo/ MO3BOJISIET ONPEAEATh B paCTBOPaX HE TOJIbKO KOHIIEHTPALUIO KUCIOT U
OCHOBaHUM, HO TaK€ KOHLIEHTPALIUIO COJIEN MOJIBEPTAIOIINXCS THIPOIU3Y.

JUia ompezneneHuss B pacTBOpax KOHLEHTPALlMM OCHOBAaHUM MM COJIEH JAIOIIKX IIPU
TUAPOJIN3E IIEJIOYHYI0 PEaKUUI0, HCHOJb3YIOT THUTPOBAaHHBIE pPAacTBOPBl KHCIOT. OTHU
OIPE/ICIICHNUs HAa3bIBAIOT ayudumempuei (0T nat. acidum — kuciora).

Touky SKBHBAJIEHTHOCTH NpU HEUTpaIM3allUd OIPEAEISIOT MO0 HM3MEHEHHMIO OKpacKu
UH/MKaTopa (METUIIOBOTO OPAaHKEBOI'0, METHIIOBOI'O KPacHOTo, (heHOI(TaTIenHa).

C noMoIpio CTaHAapTU3UPOBAHHOTO PacTBOpa XJIOPOBOJOPOAHON KHUCIOTHI OMPEEIISIIOT
HE TOJIBKO COJEpKaHUE WLIEJIOUel, HO U HEKOTOPBIX cojeil. bonblloe mpakTuueckoe 3HaueHue
UMEET OIpeJielIeHne KapOOHATHOM KECTKOCTH BOJBI.

JXecTkocTh MPHUPOIHBIX BOJ M3Yy4aeTcsi, YTOObI BBIICHUTH MX IPHUTOJHOCTH JUIS
CEJIbCKOTO XO035ICTBA (B paCTEHUEBOCTBE, ’KUBOTHOBOJCTBE), a TAKXKE I TEXHUUECKUX ILIeJeH.

M3BecTHO, YTO KECTKOCTh OOYCIIOBJIEHa INPHCYTCTBUEM B BOJI€ PACTBOPHMBIX COJICH
KaJIbIUsl U MarHusl.

KapOonartHas kuKocTh BOJbI 00yCIOBICHA HAINYHEM B HEH THIPOKapOOHATOB KAJIbLIUS U
maraus Ca(HCO3), u Mg(HCOs3);). OHa MOJTHOCTBIO YCTPAHSETCS KUISIYCHUEM, MPH KOTOPOM
THJIPOKapOOHATHI pa3yiaratoTcs:

Ca(HCO;); = CaCOsd +CO,T + H,0
M03TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAK)KE YCTPAHUMOMN MJIM BPEMEHHOM.

HekapOoHaTHast >KECTKOCTh BBI3BIBACTCS MPUCYTCTBHEM B BOJAE CyIb(paToB (a Takxke
XJIOPUJIOB) KajiblMsl WM MarHus. KumsueHueM oHa He ycTpaHSETCsl M MO3TOMY Ha3bIBaeTCs
noctosHHOW. CymMMa KapOOHAaTHON M HEKapOOHATHOMN YKECTKOCTH JIaeT OOLIYIO )KECTKOCTb BOJIBI.

[lo MexnyHapoAHBIM CTaHAApTaM >KECTKOCTb BOJABI MPHUHATO BBIPAXAaTh MOJSPHON
KOHIIEHTpaLuel dKBUBaJIeHTOB Kanbls 1 Maraus (f = 1/2 ) B monw/1 11 Bonsl. [IpakTrdecku npu
9TOM YKAa3bIBalOT HOPMAJIbHYIO KOHIIEHTPALIMIO PacTBOpa cojiee yMHOKeHHYH0 Ha 1000.
KapOoHaTHyI0 K€CTKOCTH OINpPENeNIA0OT TUTPOBAHMEM OIPENIEIIEHHOr0 00beMa BOJBI paCTBOPOM
XJIOPOBOJOPOJAHON KHUCIOTBI C METHJIOBBIM OpaH)KEBbIM. XHUMM3M Ipoliecca BbIpaKkaeTcs
YPaBHEHUSAMHU:

Mg(HCO3), + 2HCI = MgCl, + 2CO, + 2H,0
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Ca(HCOs), + 2HCI = CaCl, + 2CO; + 2H,0

JKCNepUMeHTATbHAS YaCTh:

B xoHmveckyro Koa0y M1 THTpOBaHUS OTMEPhTE muneTkor 100 M1 aHAMTM3UpyeMoi BOJIBI.
[TpubaBpTe 2-3 KA pacTBOpa METHIOBOTO OPAHXKEBOTO M TUTPYHTE paboduM pacTBOPOM
XJIOPOBOAOPOJHON KHUCJIOTHI 10 MEPEexXo/a KEITOW OKpacKU HHIMKATOpa B OJIETHO-PO30BYIO.
[ToBTOpUTE TUTpOBaHME 2-3 pa3a U W3 CXOAALIUXCS OTCUYETOB BO3BMUTE CpelHee. Y I00HO
BBIMOJIHATH TUTPOBAHUE CO «CBUACTEIIEM.

UYroObl BBIUUCIUTH KapOoHaTHYIO ecTkocTh (mo I'OCTy) B MMonb Ha 1 JIUTp BOIBI,
HaxOoJsIT MOJISIPHYIO KOHIIEHTPALIMIO SKBUBAJICHTA pacTBOpa coJie u ymHoxkatoT ee Ha 1000:

K = ((Vher* Cows hat) Mr20) - 1000, roe
K -xapOoHaTHASI )KECTKOCTh BOJBI, MI-3KB/II;

Cxs HCI -MOJIIpHAsT KOHIIEHTPAIIHs SKBUBAIEHTA KUCIOTHI, MOJIb-9KB/JI;
Vel -cpennuii 00beM KUCIOTHI, MOMISIIINI Ha TATPOBAaHHUE, MJT;
V20 - 00BEM BOJIBI, B3SITHIN Ha aHAJIH3.

(Obpasey ons pacuema: JJonycmum na mumposanue 100 mn 600vt nouinoe cpeonem 12,25

mn 0,01016 n pacmeopa kucromwt. Toeoa XK = ((12,25 - 0,1016) /100) - 1000 = 12,45)

KoHTpoJibHbIE BOIPOCHI:
ALMIUMETPUYECKOE TUTPOBAHKE, CYIIIHOCTh METOA.
NHaukatopel KHCIOTHO-OCHOBHOTI'O TUTPOBAHUS.
Kpussie TuTpoBanus. Beioop unaukaropa.
[Topsimox TUTpOBaHUSA

N

8 TEMATHUKA KYPCOBbBIX, KOHTPOJIbHBIX PABOT, PE@EPATOB

Jlannblit Bug paboThl He peaycMoTpeH Y11

9 MNEPEYEHb BOITPOCOB K 9K3AMEHY
OCHOBHBIE KJIACCHI HEOPraHUYECKUX coeAuHeHud. Okcuabl W ocHoBaHUs. [IpuHIMIIBI
KJacCU(UKALMK, XUMHUYECKHE CBOMCTBA W CIOCOOBI TMOJTy4YeHHsS. B3anMOCBS3b CTPYKTYpBI
OKCHJIOB OT BaJIEHTHOCTH 3JIEMEHTOB U UX PACIOJIOKEHHUE B IEPUOJUUYECKON CUCTEME.
OcCHOBHBIE 3aKOHBI M TIOHSATUS XUMHUHU (3aKOH COXPAHEHUS MAacChl M SHEPTUH, 3aKOH MTOCTOSHCTBA
COCTaBa M KPAaTHBIX OTHOIIECHUM, 3aKOH SKBHBAJIEHTOB). MoJIb — KOJIMYECTBa BEIIECTBA. 3aKOH
ABOTaJIpo U €ro CJleICTBUSL.
Kucnoter u conu. [lpunuuns! knaccupukanuu. XUMHUYECKHE CBOMCTBA M CHOCOOBI MOJTyYeHUs
colleit.
ATtoMHO-MoJeKysipHoe  yueHue. Teopus Pesepdopnma, €€ O0CTOMHCTBA W HEIOCTATKH.
KBanToBas Teopust aroma H. bopa, 0CHOBHBIE MOJI0KEHMS], TOCTOMHCTBA M HEJAOCTATKH.
[TpuHIMIIBI 3aTIOJTHEHUS] ATOMHBIX OpOUTasIei.
Ilepuoauueckuii 3akOH U nepuoandeckas cucrema snemeHToB [[.M. Menneneesa. Ucropus u
STaIbl CO3/IaHMUS.
[TapameTpsl aTOMa ¥ NEPUOJAUYHOCTh UX U3MEHEHUS B IPEAEIAX CUCTEMBI DJIEMEHTOB.
3aKOH COXpaHEHHsS] MacChl M DHEPrUM, €ro 3HAYCHHME B XUMHUYECKUX pacyeTrax. 3aKOoH
IOCTOSIHCTBA COCTaBa U KPATHBIX OTHOIIEHUN.
3akoH ABOTajipo M €ro CJIEACTBUS. 3aKOH YKBUBAJICHTOB.
XuMHYECcKasi CBSI3b M CTPOCHHUE MOJIEKYJI. MeETon BaJICHTHBIX CBSA3EH, €ro JOCTOMHCTBA W
HEJOCTATKH.
MeTton MoneKyIsIpHbIX opouTaneil. Ero qocTomHCTBa M HETOCTATKH.
KoBanienTHast cBsi3b. MeXaHU3MBI 00pa30BaHUS XUMUYECKON CBS3H.
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['uOpunuzanus aToMHbIX opouTanedt. Tumnbl rudbpuanzanuu. [IpocTpancTBEHHOE PacHOIOKEHUE
THOPHUIHBIX AaTOMHBIX OpOUTANIEH.

HonHas cBs3b.

Merannndeckas CBA3b.

MexmodekyispHoe Bzaumopeictaue. [Ipupona Ban-nep-BaanbcoBbix cuil.

IlepBbiii  3akoH TepmMoauHamuku Ilonstue oHramenud. IIpuHnuner pacuera  3TOro
TEPMOJIMHAMUYECKOTO ITapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CUCTEMAM.

Bropoii 3akoH TepmoauHamuku. Ilonarme osHTpomms. IlpuHnmnel  pacdera  3TOrO
TEPMOJIMHAMUYECKOTO ITapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CUCTEMAM.

CBobGonnast sueprusi ['mb0ca, Kak KpUTEpUH OICHKH BO3MOXXHOCTH CaMOIPOU3BOJIHLHOTO
MPOTEKAHUSI XUMUYECKUX ITPOLIECCOB.

3aKoH JEHCTBYIOIIUX Macc. 3aBUCHUMOCTb CKOPOCTH XMMHUYECKON peaklUy OT KOHLUEHTPALUU U
MPUPO/bI pEArupyIOLIUX BEUIECTB.

Oueprus aktuBanun. [loHsTHe akTHBHPOBaHHBIN KOMIUIEKC. 3akoH Bant-I'odda. Karamms.
Xumnueckoe paBHoBecue. IIpunnun Jle-lllatenbe. KoHcTraHTa paBHOBeCHsi Kak KpUTEpUi
OLICHKHM OJHOCTOPOHHETO MPOTEKAHUS XUMUYECKOr0 IpoLecca.

OO6mmas Teopusi pacTBOpoB U pactBoputeneil. CrocoObl BEIpaKEHUSI KOHIICHTPAIUU PacTBOPOB.
[TonsTne pacTBOPpUMOCTh. PacTBOpHUMOCTH Ta30B B JKHUIKOCTAX, 3aKoH ['eHpu. B3anmuas
PacTBOPUMOCTD KUJKOCTEH, OHATHUE KOHCTAHThI pacCIpeIeICHHUS.

Huddyzus u ocmoc. 3akon Bant-T'odda.

TemnepaTypbl KUIIEHUS U 3aME€p3aHusl PacTBOPOB M pacTBoputeneid. 1lepBrlii 1 BTOpOH 3aKOH
Payns.

OcCHOBHBIE TNPHUHLUIBI  KJIAcCU(PUKAIMK  pacTBOpUTeNed  (MONSIPHOCTb, HOHU3UPYIOIIAS
CIOCOOHOCTH, KUCITIOTHOCTH U T.JI.).

Teopus 2IEKTPOIUTUYECKON JUCCOLMALINY.

KucnoTel 1 OCHOBaHUS C TOUKU 3pEHUSI TEOPUHU IIEKTPOJIUTHUECKON IuccolManuu AppeHuyca,
teopun bpencrena u Jloypu, snekrponHon teopuu JIsrounca.

CuiibHBIE U ci1a0ble SJIEKTPOIUTHL. JIMHAMUYeCKOe paBHOBECHE B paCTBOpax.

Kaxymascs u a¢ppextuBHas koHueHTpanus. [loHsaTHe akTHBHOCTH.

HNoHHbIE peakuu B pacTBOpAX.

IIpousBeneHne pacCTBOPUMOCTH.

HNoHHOe npounsBeeHne BOAbl, BOJOPOIHBIN MOKA3ATENb.

I'upponus comen.

bydepnoe neiictBue. bydepHbie pacTBOpHI.

Kommnekcusle coennnenns. O0mias xapakrepuctuka. [IoHsTHE KOOpAMHAIIMOHHAS CBA3b.
Teopust KOMIUIEKCHBIX coequHeHn A. BepHepa.

IIpocTpaHCTBEHHOE CTPOCHUE U U30MEPHS] KOMIUIEKCHBIX COECAMHEHUN.

Metoa BaneHTHBIX CBsA3€H B OMMCAHUN KOMIUIEKCHEIX COEIUHEHUI.
OKHCIUTENBHO-BOCCTAHOBUTENBHBIE TIpolecchl. (CTENEHb OKUCIEHHS U CTPOEHUE aroMma
AJIEMEHTA.

Knaccugukaius OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIINH.

CnocoOsl  paccTaHOBKH KOA(D(PHUITMEHTOB B OKHCIMTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIHIX.
MeToap! 3JeKTPOHHOTO OajlaHCa U MOHHO-3JIEKTPOHHBIH.

OIIEKTPOAHBIN MOTEHIMAT U PSAJI HAIPSHKEHUST METAJUIOB.

CraHgapTHBIN U peabHBINA ANEKTPOAHBIN noTeHan. Y paBHeHue HepHcera.

@DakTOpHbI BIUAIONIME HA TPOTEKAHUE OKUCINTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIUH.
XUMUYECKUE UCTOYHUKU TOKA. ['albBAHUYECKUE DIIEMEHTHI.

[Ipoueccsl, poUCXOASIINE TP 3apSAAKE U Pa3psIKe CBUHIIOBOIO aKKYMYJISITOPA.

OneKTpoan3. 3aKOHbI DJIEKTPOIIN3a.
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O6mue coiicTBa MeTaiioB. Meramnudeckas cBsizb. Koppo3us metamioB u cnocoObl 00pbObI €
HEH.

Bonopoa. Mecto B nmepuoau4ecKkoil CUCTEME XUMHUUYECKUX JIEMEHTOB. XUMUYECKUE CBOMCTBA.
[Tony4enue.

CoenuHeHns BOJIOpOJa: BOAA U MEPOKCU]T BOJOPOA.

["anorensl. O0mas xapakrepucTuka. XuMudyeckue cpoiictsa. [lonyuenue.

CoenmHeHus rajIoreHoB: TaIOreHOBOOPOAbI; KHUCIOPOI0COIEpKALIE COETMHEHNUS TAJIOTEHOB.
[Toarpynna xuciopona. OOmas xapaktepuctuka. Puznyeckue M XUMHYECKHE CBOWCTBA.
[Tonyuenue.

O30H. ®u3nueckue u xuMudeckue cporcrsa. [lonyuenue.

Cepa. ®uznueckue cpoiictBa. Amtorponusd. [lonyuenue.

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

CepoBogopon. [lonyuenue. @usznueckue u xumuieckue cBorucTBa. Cynb(usl.

Oxkcuapl cepbl. Puznueckue U XUMUIeCKue cBoicTBa. [lomyuenue.

Cepnas kucnora. [lonyyenue u cBoiicTsa.

[Toarpynmna azora. O0mas xapakrepuctuka. A3oT. ®u3nueckue U XUMUYECKUE CBOWCTBA.
Ammuak. Conu aMMOHMUS.

HeconeoOpa3ytomirie okcupl a30Ta.

A3O0THUCTBIN U @30THBIN aHTUIPUABL. A30TUCTask KUCIIOTA.

A3sotHas kucinora. [lonyuenue. CoiictBa. PaznokeHue HUTPATOB.

®ochop. Amnotponus. [Tonyuenne. Xumudeckre CBONCTBA.

Coenunenus dpochopa: pochun, okeua pocdopa (I1), okcun dpocdopa (V).

®dochopHbIE KUCITOTHI.

[Toarpynma yriepoaa. O01mias XapakTepUCTHKA. AJUITOTPOITHS.

XVMHYECKUE CBOWCTBA yIiepoia. YTOJIbHAs KHCI0TA U €€ COJIH.

Oxkcupl yriaeposa.

Kpemuuii. Pactipoctpanenue B npupone. Amnorponus. [Tomyuenue. CoiicTsa.

CoenvHEeHNs KPEMHUS: CUIJIaH, OKCHJT KpEMHUS, KPDEMHHUEBbBIE KUCIIOTHI.

I'epmanuii, 0710BO, CBUHEL.

Amomunuii. [Tonyyenue. ColicTBa.

CoenvHeHNs aTIOMUHUSA: OKCHUJL, THIPOKCH, TUAPULL.

[Henounsie meTasuibl. O0mas xapakrepuctuka. [lomyuenue. CoiicTsa.

CoenvHeHns NIETOYHBIX METAJIIOB.

[[enouyHo — 3emenbHbIe MeTauibl. O0mas xapaktepuctuka. [lomyuenue. CBoiicTsa.
CoenvHeHus HIEI0YHO — 36MEIbHBIX METAJUIOB.

[Monrpynna menu. OOmas xapakrepuctuka. [Tomyuenue. CBoiicTBa.

CoeavHEeHNs OIHO- U IByXBaJICHTHON MEAH.

Cepebpo u ero coeMHEHUS. 30JI0TO ¥ €r0 COCTUHECHHSI.

[Moarpynna nuuka. O6mas xapakrepuctuka. Llunk. [Tomydenue, cBoiicTBa, COeTUHEHUS [IMHKA.
Kanmuii.

Pryts. CoequHenyst OqHO- U IBYyXBaJIEHTHOW PTYTH.

[Toarpynmna xpoma. O0mas xapakrepuctuka. [lomyuyenue u cBoiicTBa Xpoma.

CoenvHeHHs JIBYX- U TPEXBAJIEHTHOT'O XpOMa.

CoennHeHUs YeThIpeX- U LIECTUBAIEHTHOTO XpOMa.

[Toarpynna wmapranna. OOmme cBoiicTBa sieMeHTOB. [lomyueHne MeTaioB. XUMHUECKUE
CBOMCTBA.

CoenuHeHus ByX- U TPEXBAJIEHTHOIO MapraHIa.

CoennHeHus Mapraiia, TEXHEIUs U peHus ¢ BajieHTHoCThIo 1V,

CoenuHeHus ceMuBalIeHTHOro Maprasua. Conu Maprasua.
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93. Bocbmast rTpymma mobOouHas moxarpymma. OOmasi xapaktepuctuka. [loarpymma kenesa.
[TomryueHnne 1 XUMUYECKUE CBOMCTBA, AJUTOTPOITHUS Kele3a.

94. CoenuHenus ABYXBAJEHTHOIO XKee3a.

95. CoenHeHHs TPEXBAIEHTHOTO JKeJe3a.

96. [ToHsTHE OMOTEHHOCTH XUMHYECKHUX 3JIEMEHTOB. bruocdepa, KpyroBopoT OMOTEHHBIX JJIEMEHTOB.
KonnenTprpoBanue OMOTCHHBIX SJIEMEHTOB )KHUBBIMU CHCTEMAaMHU.

97. Knaccudukanust OHOreHHBIX DJIEMEHTOB 10 UX (YHKIIMOHAJIHHON POJIA: OPTraHOTEHBI, SJIEMEHTHI
AIIEKTPOJIUTHOTO (POHA, MHKPOIIIEMEHTHI.

98. [IpumecHbIe AIIEMEHTHI (aKKyMYJIUPYIOIIHECS T HeaKKyMyJupyromuecs). OCHOBHbIE UCTOYHUKH
MOCTYTUICHUSI TPUMECHBIX JICMEHTOB B OPTaHU3M YEJIOBEKA.

99. XuMHUECKUE aCTICKThI OXPaHbI OKPYKAIOIICH CPeIbl.

100. Kommiekcel  KaTHOHOB — S-MeTayioB  (MOHOGOPBI,  KpayH-3(pHUPBI, KPUOTAHIBI.
Xopodu.

101. buonornueckas posib HaTpUs, KaJIKs, KAIbLUSA, MarHusl.

102. XHWMHYECKOE CXOJICTBO M OHOJIOTMYECKUH AaHTaroHuW3M (HaTpHW-Kaaud, MarHui-
KaJIbITUI).

103. Haunbonee Bakuble OMOreHHbIe d1eMeHThl d-0110Ka: XpoM, Meab, MOIHOAeH. CUCTEMBI
MeTaJlI-0€e10K (METaIIONPOTEUHBI U O€JIKH, aKTUBUPYEMbIE METAJIAMH).

104. Heopranunueckue MuHepaabHbIie y10OpEHUS.

105. A30THBIE y10OpEHUs: HUTpaTHbIE (HaTpUEBas U KajlbleBasi CEIUTPbI); aMMOHUKHBIE U

aMMHa4Hble ynoOpeHus: (cynbdaT aMMOHUS, aMMOHHIHO-HUTPATHBIC yJOOPEHUS, aMMUAYHAs
CeJUTpa); MOUYCBHHA.

106. docdopuble ynodbpenus: cynepdocdat, ABoiHON cynepdocdar, npernunurar.

107. Muxkpoynobpenus. MukpoasnemeHnTol. bopHbie ynoopenus. Meanslie ynoopeHus.

108. KommnekcHble ynoOpenus: aMmmodochl, HUTPO(GOChl U HUTPO(POCKH, HUTPOAMMO]OCHI
u HUTpoammodocku, kapdoammodocsl, nonudochaTsl aAMMOHHS.

109. Buabel 1 MeTOABI XUMHUYECKOT'O aHAIN3a.

110. PacueTs! B XUMHUYECKOM aHaIIN3E.

111. Turpumerpuueckrne METObI aHAIN3A.

112. I'paBuMeTpHUuecKuii aHAIN3.

113. AnHanu3 00BbEKTOB OKpYXKArOIEeH Cpe/ibl.

10. CAMOCTOSATEJIBHAS PABOTA OBYYAIOIIUXCHA
Conepxanue, TpeOOBaHMS, YCIOBHS W MOPSAOK OPTaHU3AIMU CaMOCTOSTEITHHON
paboThl OOyYarOMUXCs C y4eTOM (OpPMBI OOyUEHHUsI OMPEAENIeTCS B COOTBETCTBHH C
«Ilonoxkxennem 00 OpraHW3alMd  CaMOCTOATEIBHOM  pabOThl  OOYYAIOIIMXCS,
yTBEepKJIEHHBIM YueHbIM coBeToM Yil'Y (mpotokon Ne 8/268 ot 26.03.19 1.).
dopma 00yueHus: OUHas.

Haspanue pa3ziesioB u TeM Bun camocTosiTeIbHOM paGéoThI Oo0beMm B dopma
Jacax KOHTPOJIsI

Paznen 1. IIpopaboTka y4eOHOro MaTepuaiga C 6 BKJTIOYECHHE

1. HCJ'II/I U 3aJa4d XUMHH. | MCIIOJIB30BaHHCM peECypCcoB yqe6Ho- BOIIPOCOB Ha

CrpoeHne aToMa METOANYECKOTO ¥ UH(DOPMAIMOHHOTO KOJIOKBHYME H

TlepHOAMYECKHii 3aKOH 1 o0ecrieyeHus! TUCIUIUINHBL KOHTPOJIBHOM

MepUOJMEECKas  CHCTEMA HOZ[I‘OTOBKav K YCTHOMY OINpOCYy H pabore, Ha

KOHTPOJIbHOM padote. JK3aMeEHe

JI.. MenneneeBa B CBETE
TEOPUU CTPOCHUS aToMa.
XuMHYecKass CBSI3b U

HOI[FOTOBKEI K ¢cJad€ 3K3aMCHa.
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CTPOEHUE MOJICKYII.
2.0cHoBel  xumuueckoi | [IpopaboTka ydeOHOro Mmatepmana cC 6 BKJTIOUCHHE
TEPMOJUHAMHUKH, HCIIOJIb30BAHNCM peCypcoB y‘ICGHO- BOIIPOCOB Ha
XUMHUECKasi KHHETHKA u | METOAMYECKOro M MH(pOPMAIMOHHOTO
KOJIJIOKBUYME U
paBHOBECHE obecreYeHns TUCIIUTUTHHBL
[logroToBka K YCTHOMY OHpoOCYy U KOHTPOJIbHON
KOHTPOJIBHOH paboTe. pabore, Ha
IToarotoBka K caaue sK3aMeHa. SK3AMCHE
3.Teopuss pactBopoB U | IIpopaGotka yuebHOro Marepuana c 6 BKJTIOUCHUE
pacTBOpUTEIIEH. HCTIONB30BAHMEM  PECYpPCOB  ydeOHO- BOMPOCOB  Ha
KOITHraTHBHBIE CBOMCTBA | METOIMYECKOTO M MH(OPMAIHOHHOTO KOJUIOKBUYME H
pacTBOpOB. PacTBops! | 00CCTICUCHHS IMCIMILTHHEL KOHTPOJILHOM
SEKTPOIHTOB. [ToarotoBka K YCTHOMY ONPOCY H paBore A
N KOHTPOJIBHOM pabore. ’
Bopopoanslii mokasarens. IK3aMeHe
. | IloaroToBKa K cjade 3K3aMeHa.
I'upponuz COJIEN.
bydepnbie pacTBOpbI
4.OKUCIUTEIbHO- [IpopaboTka ydeOHOro Marepuajia ¢ 6 BKJIIOUEHHE
BOCCTAaHOBUTEIILHBIC HCIIONB30BAHAEM ~ PECYpCOB  y4eOHO- BOIIPOCOB  Ha
npoueccsl. CTaHmapTHBIHA | METOIMYECKOTO M MH(OPMAIHOHHOTO KOJUIOKBUYME M
W PeallbHbIil 31eKTpoHbIif | COCCTIEICHIA IMCLUILTHHbL KOHTPOJILHOM
HOTeHITHA. O6wme [ToarotoBka K YCTHOMY ONPOCY H paBore a
N KOHTPOJIBHOM pabore. ’
CBOMCTBA METAJIJIOB. IK3aMeHe
IToaroroBka K ciade 3K3aMeHa.
5.Teopuss  koMIUIeKCHBIX | IIpopaboTka ydeOHOro Mmarepuana ¢ 6 BKJIIOYEHHE
COCTHHEHMI. HCIIOJIb30BAHUEM  PECYpCOB  y4eOHO- BONIPOCOB  HA
METOANUYCCKOT'O u I/IH(i)OpMaHI/IOHHOFO KOJUIOKBHUYME H
obecrie4eHus TUCIUTUTAHBL. KOHTPOTBHOI
[ToAroTOBKA K YCTHOMY OTpPOCY. paBore a
IMoaroroska K caavue SK3aMeHa. ’
JK3aMeHe
Pa3;(ej1 2. Hpopa60TKa yqe6Horo marepuajia C 6 BKJIIOYECHHE
1. Xumus HEMETaJ/UIOB: | HCIIONIb30BaHHEM  PECypcoB  y4eOHo- BOIIPOCOB  Ha
anemeHToB VIIA, VIA, | MCTOMMICCKOTo 1 MH(OPMAITHOHHOTO KOJUIOKBUYME H
VA A Grieon | pmesein
rpynmsl  Ilepuoanueckon . Y y pocy pabore, Ha
KOHTPOJIBHOM padoTe.
CHUCTEMBI u 170:9 9K3aMeHe
[ToaroroBka k ciave 3K3aMeHa.
COCJIMHEHMUSI.
2 Xumusg wmerawioB: | u | [Ipopabotka ydyeOHOro Martepuana 6 BKJIFOUYEHHE
1A, IHIA, IVA (onoBo u | HCIONB30BaHHEM — PECypcoB  y4eOHO- BOIIPOCOB  Ha
CBHHEII) rpymmbl | METOAHYECKOTO MH()OPMALIIOHHOTO KOIUIOKBHYME H
[TepuoanNYECKON CHCTEMBI obecrieueH s IMCIHUIIIHHBL KOHTPOJIBHOM
o —— [ToaroroBka K YCTHOMY ONpOCY | paboTe Ha
KOHTPOJIBHOM paboTe. 3K3aMe;{e
IToaroroBka K caaue 9K3aMeHa.
3.00mas xapaktepuctuka | [Ipopabotka ydeOHOro Mmarepuana c 4 BKITIOYECHHE
u TOKCHUKOJIOTHSI d- | ucmonb30BaHMEM  PECYpcoB  y4eOHO- BOIIPOCOB ~ Ha
3JIEMEHTOB u ux METOAUYCCKOTO u I/IH(i)OpMaHI/IOHHOFO KOJJIOKBUYME U
COCTHHEHHIL. 00eCTIeYCHNS TUCIIUTUTNHBL. KOHTPOTBHOI
IToaroTroBka K YCTHOMY ONpOCYy |
N paborte, Ha
KOHTPOJILHOH paboTe. K3AMEHE
IToaroroBka K caue SK3aMeHa.
4. BUOTCHHBIC 2JICMCHTEI. [Ipopabotka y4eOHOro Marepuanza cC 4 BKJIFOYEHHUE

®opma A
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WCIIOJb30BAaHUEM  PECypcoB  y4eOHO- BOIIPOCOB Ha
METOAHUYECCKOI'O n I/IH(I)OpMaIH/IOHHOFO KOJUIOKBUYME U
o0ecIIeueHNs TUCITUILINHEI. KOHTPOJIbHOI
IToaroroBka K yCTHOMY OIIPOCY. pabore, Ha
IToaroroBka k caue 3K3aMeHa. SK3AMCHE
5.Heoprannueckue IIpopabotka yueOHOro Marepuana ¢ 4 BKJIIOUEHHUE
MUHEpPAIbHBIE HCIIOIB30BAHACM  PECYpPCOB  y4eOHO- BOIIPOCOB  HA
yIOOpEHNs. METOJIUYECKOTO0 ¥ WHGOPMAIMOHHOTO KOJUIOKBUYME N
OH6GCHG‘IGHI/I$I JUCIUTIINHBI. KOHTPOJIBHOI
OITOTOBKA K YCTHOMY OIIPOC
A y y onpocy pabore, Ha
IToaroroBka K cayde 3K3aMeHa. SK3AMEHE
Paspen 3. [IpopaboTka ydeOHOro Mmarepuajia ¢ 6 BKJTIOUCHHE
1.Buasr u MEeTO/ipl | UCIOIB30BaHUEM — PECypcoB  y4eOHo- BOIIPOCOB  Ha
XUMHYECKOr0 aHaJIn3a METOIMYECKOr0 M MH(OPMALMOHHOTO KOJUIOKBUYME H
0H6ecnequm{ OUCHUIIJIAHEL. KOHTPOIBHOI
OJTOTOBKA K YCTHOMY OIIPOCY.
A y y ompocy pabore, Ha
IloaroroBka K cade 3K3aMeHa. K3AMEHE
MCH
2.PacueTtsl B | [Ipopabotka y4yeOHOro MaTepuaiga C 6 BKJTIOUCHHE
KOJINYECTBEHHOM HCIIONIB30BAHACM ~ PECYpPCOB  y4eOHO- BOIIPOCOB  Ha
aHaJIH3e. METOJUYECKOTO0 ¥  WH(GOPMAIMOHHOTO KOJLIOKBHYME H
%6CCHC‘ICHI/I$[ JOUCHUITIINHBI. KOHTpOJH)HOI‘/'I
OJTOTOBKA K YCTHOMY OIIPOCY.
A y y ompocy pabore, Ha
[loaroroBka K cade 3K3aMeHa.

JK3aMEHE
3.Ananu3 00bekTOB | [IpopaboTka yueOHOro Martepuana C 6 BKJIIOYEHHE
OKPYKarOIEe CPeabl. HCIIONIb30BAHAEM  PECYpCOB  y4eOHO- BOIIPOCOB Ha

METOJIUYECKOTO ¥  WHGOPMAIMOHHOTO KOJUIOKBHYME N
%GGCHCHGHI/ISI JOUCHUITIINHBI. KOHTpOHBHOﬁ
OATOTOBKA K YCTHOMY OIIPOC u
A . y y pocy pabore, Ha
KOHTPOJIBHOH paboTe.
3K3aMEHE
IToaroroBka K c/aue 3K3aMeHa.

11. YYHEBHO-METOAUYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE
JAUCHHUIJINHBI

a) Cniucok peKoMeHAyeMoM JInTepaTypbl
OcHoBHas:
1. T'nmunka, H. JI. O6mias xumus B 2 T. Tom 1 : yueOHMK IS akaJeMHUecKoro OakamaBpuata /
H. JI. 'nunka ; mon penakmueit B. A. [lonkoBa, A. B. babkoBa. — 20-e u3., nepepad. u 1om. —
Mockga : M3marensctBo FOpaiir, 2019. — 357 c. — (bakanmaBp. AkaaeMUYecKHil Kypc). —
ISBN 978-5-9916-9353-0. — Tekcr : anekrponHsii // Obpa3zoBarenbHas miardgopma FOpait
[caiiT]. — URL.: https://urait.ru/bcode/434184
2. I'nmunka, H. JI. OOmast xumust B 2 T. Tom 2 : yueOHUK A1 akaJieMU4ecKoro OakanaBpuara /
H. JI. T'nmuaka ; mox penaknueii B. A. Tlonkosa, A. B. badkoBa. — 20-e 3., nepepad. u jgomr. —
Mocksa : M3garensctBo HOpaiit, 2019. — 383 c. — (bakanaBp. AkageMH4YecKUi Kypc). —
ISBN 978-5-9916-9355-4. — Tekcr : anekrponHbid // OOpa3zoBarenbHas miardgopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/434185
3. Hukonbsckuii, A. b. Xumus : y4eOHMK M MPAKTHKYM IS aKaJeMUYecKoro OakaiaBpuara /

A. b. Hukonbsckuii, A. B. CyBopoB. — 2-¢ u3f., nepepalb. u gon. — Mocksa : M3garenscTBo
FOpaiir, 2019. — 507 ¢. — (bakanaBp. Akagemudeckuii kypc). — ISBN 978-5-534-03930-6. —
Tekcr : onextpoHHbli // OOpa3zoBarenbHas minardopma FOpaiit [caiit]. — URL:

https://urait.ru/bcode/432953
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JlonojiHuTEAbHAS

1. TlpakTukym 1o OOWIel XHMHUM : yueOHOe mMmocoOHe Juisi aKaJaeMHUuYecKoro OakanaBpuata /
H. JI. I'munka ; mox pemaknueid B. A. [Tonkosa, A. B. babkoa, O. B. HectepoBoii. — Mockaa :
WznatenbcrBo Opaiit, 2019. — 248 c. — (bakanaBp. Akagemuueckuii kypc). — ISBN 978-5-
9916-3480-9. — TekcT : anmekTpoHHbIH // O6pa3oBaTenpHas miaTdopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/425855

2. Cxuisap, C. . OOmiasi, HeopraHuueckas 1 OMOHeOpraHUYeCKas XUMHUsI : yaeOHoe rmocodue st

akagemudeckoro OakamaBpuata/ C.UW. Cxmsap, B.T. [Iprok, B. ®. lllynerun. — 3-¢ wu3m.,
nepepad. m gom. — MockBa: WM3parensctBo FOpaiit, 2019. — 263 c.— (bakamasp.
Axanemuuecknii  kypc). — ISBN 978-5-534-08661-4. — Tekct : 2IeKTpOHHBIH //

OopazoBarenbHas miardopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/426003

3. Ilpaktukym 1o oOmieil Xxumuu : y4eOHOe MmocoOue sl akaJeMu4eckoro OakanaBpuara /
B. A. TlonkoB, A. B. babkos, JI. 1. Tpodumona, C. A.Ily3akoB; mon  pemakuuein
B. A. TlonikoBa, A. B. babkoBa. — 4-¢ wm3n. — Mocksa : M3marensctBo [Opaiit, 2019. —
242 c. — (bakanaBp. Axagemuueckuii kypc). — ISBN 978-5-534-09071-0. — Tekcr
uiekTpoHHBIH  //  OOpaszoBarenpHass  miatdpopma  FOpaiit  [caiit] —  URL:
https://urait.ru/bcode/427005

4. Tly3akoB, C. A. OOmas xumusi, COOPHUK 3a1ad W YIPKHEHUH : ydueOHOe mocobue s
akagemuueckoro 6akanaspuata / C. A. [Ty3akos, B. A. [Tonkos, A. A. ®ununnosa. — 5-¢ u3f.,
nepepab. u pom. — Mocksa: MWzmarensctBo HOpaiit, 2019. — 251 c.— (bakamasp.
Axkanemuyeckuit  kypc). — ISBN 978-5-534-09473-2. — Tekct : OIEKTPOHHBIA //
O6pasosarenbHas wiathopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/427975

5. Banines, O.C. Xwumus : yueOHHK Uil akajgemuueckoro OakanaBpuarta/ O. C. 3aiineB. —
Mocksa : M3garensctBo HOpaiit, 2019. — 470 c. — (bakamaBp. AkaJgeMHUYeCKUH KypcC). —
ISBN 978-5-9916-8073-8. — Tekcr : anekrponHslil // O6pa3zoBarenbHas miardopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/432905

Y4eOHO-MeTOAMYECKASA

1. UBanoBa JI. A. PykoBoJICTBO K 1a00paTOpHOMY IMPAKTUKYMY MO JUCHUUIUIMHE «XUMUS» IS
cTyneHTOB 1 Kypca HampaBieHuss ToAroToBku OakamaBpoB 05.03.06 «Oxonorus u
npupogonons3oBanue” / JI. A. UBanosa, O. 0. Ulpons, A. O. Auapees; Yal'Y, UMBOu®K,
Oxoin. ¢ak. - YaesHoBck : Ynl'V, 2019. - 3arn. ¢ skpana, HeomyOnmkoBaHHBIH pecypc. -
OnekTpoH. TekcTtoBeie gaH. (1 daitmn : 896 Kb). - Tekecr : 2IE€KTPOHHBIM.
http:/lib.ulsu.ru/MegaPro/Download/MObject/5588

2. VBanosa JI. A. Xumus : METOAMYECKUE YKa3aHUS I CAMOCTOSITENILHOM paboThI OaKaiaBpoB
HarpaBieHus: moarotoBku 05.03.06 Dxonorust npupogononas3oBanue / JI. A. Banosa; Yul'V,
Oxon. dak. - YupsHoBck : Yal'V, 2019. - 3arn. c¢ skpana; HeomyOnmukoBaHHBIN pecypc. -

OnekTpoH. TekcTtoBeie gaH. (1 ¢aitm : 656 KBb). - Teker : 2IEKTPOHHBIM.
http:/lib.ulsu.ru/MegaPro/Download/MObject/8433

CornacoBaHo:

Hauaneuuk otaena HB Yal'V. /Oxyuesa UA/  “#~/— [ 16.052022r.

JIOTKHOCTE COTPY MUK Hayunoi Gnlanortexu DHO Aoanucs aara
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1.

Microsoft Office

2. OC Windows Professional
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B) [IpodeccuonanbHbie 0a3bl JAHHBIX, HHPOPMAIHMOHHO-CIIPABOYHbIE CHCTEMbI

1. D1eKTpoHHO-0HO/ITHOTEYHbIE CHCTEMBbI:

1.1. Lndposoit obpasosarenbublii pecype IPRsmart : 31€KTpoOHHO-OHOIHOTEYHAs CHCTEMA !
cait / 00O Kommauus «A#t Ilm Ap Memma». - Caparos, [2022]. - URL:
http://www.iprbookshop.ru. — PexmM JoCTyma: Ul 3aperdCTpHp. MONB3OBATENEH. - Texer :
3JIEKTPOHHBIH.

1.2. O6pasosarensHas miargopma IOPANT : o6GpasoBaTeNbHBIA pecype, INMEKTPOHHAS
oubmoreka : caiit / OO0 DIeKTpOHHOE H3HATENBCTBO IOPAMT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pesxum J0CTyIa: U 3aperucTpup. mojb3osaresei. - Tekcer : 3JIEKTPOHHBIN.

1.3. KoHcysbTanT Bpaya. DNEKTpOHHAS MEIMIMHCKas Gubruoreka : 6asa JaHHBIX : CAHT /
00O Bsicmas [mKONA OpraHM3alM¥ M  YIPABJIEHHS 3]paBOOXpaHeHHEM-KOMILICKCHBIH
MEIUIMHCKMH KOHcarTHHr. — Mocksa, [2022]. — URL: https:/www.rosmedlib.ru. — PexuM
JOCTYTA: JUIS 3apETHCTPHP. [OJb30BaTeNei. — TeKCT : aeKTPOHHBIH.

1.4. Bonpmas MEIMITHHCKAs GUOTHOTEKA : OJIEKTPOHHO-OMOIHOTEYHAs CHCTEMa @ CalT /
00O Byxkar. — ToMck, [2022]. — URL: https://www.books-up.rw/rw/library/ . — Pexum poctyma: s
3aperuCTpUp. MoJb3oBateNneif. — TeKCT : SJIEKTPOHHEIH.

1.5. DBC Jlaus : 3neKkTpoHHO-6UGMOTeyHas cuctema : caiit / OO0 3BC Jlans. — CaHkT-
Ilerep6ypr, [2022]. — URL: https://e.lanbook.com. — Pexum nocryma: s 3aperuCTpHp.
nonp3oBarelieil. — TeKCT : HEKTPOHHBIH.

1.6. DBC Znanium.com : 3/IeKTpoHHO-6uGmmoTeyHas cucrema : caiit / OO0 3nanuyMm. -
Mocksa, [2022]. - URL: http:/znanium.com . — Pexum pocryma : Ui 3aperucTpHp.
nonb3oBareieit. - TeKeT : 3MeKTPOHHBIH.

1.7. Clinical Collection : Hayuno-uH(bOpMauuoHHas Gasa manabx EBSCO // EBSCOhost :
[mopran]. — URL: http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-
414b-8763-69782819f7e1 %40sessionmgr1 02 . — PesxuM 0CTyIIa : JUIS aBTOPHU3. MOJIB30BATENCH. —
TeKCT : 37IeKTPOHHBIH.

1.8. Basa naHHBIX «PyCCKHH KAk MHOCTPAHHBIA» : 3JIEKTPOHHO-0GpasoBaTebHBIN PECype
JUTSL KHOCTPAHHBIX cTyaenToB : caiit / 000 Kommanus «A# ITu Ap Menua». — Caparos, [2022]. -
URL: https://ros-edu.ru. — Pexum nocrtyma: s 3aperducTpHp. nojb3oBareeii. — Texker
9JIEKTPOHHBIN.

2. KoncyaprantIlmoc [DneKTpoHHBIH pecype]: cnpaBovHas IpaBoBas CHCTEMA. /000
«KoncymsranT [lmocy - DneKkTpoH. gaH. - Mocksa : Koncynsrantlmoc, [2022].

3. Ba3bl JaHHBIX [EPHOAHYECKHX H3AaHMIA:

3.1. Basza jaHHBIX MepHOMYEcKHX W3nanuil EastView : 3eKTPOHHBIC JKypHAbI / 000
UBUC. - Mocksa, [2022]. — URL: https:/dlib.eastview.com/browse/udb/12. — Pexum nocryna :
JUIS aBTOPH3. TOJIb30BaTelei. — TeKCT : 3MeKTPOHHBIH.

3.2. eLIBRARY.RU: HayuHas OSJeKTpoHHas OuOmmoTexa : cadt / OO0 Hayunas
SnexrTponHas Bubmrorexa. — Mocksa, [2022]. — URL: http:/elibrary.ru. — Pexxum noctyna : JUld
aBTOPH3. MONIb30BaTeNeil. — TEKCT : J/IeKTPOHHBIH

3.3. Dnextponnas 6ubmorexka «V3parensckoro aoma «'pebennukoB» (Grebinnikon) :
snekTponHas Gubmmorexka / OO0 WJI I'peGennnkos. — Mocksa, [2022]. — URL: https://id2.action-
media.ru/Personal/Products. — PexuM JocTyna : Ui aBTOpHM3. TNOJb3oBaTencH. — Teker :
3JIEKTPOHHBIH.

4. MenepaibHas rocyJapcTBeHHass HMHGOPMANMOHHAS CHCTEMA «Hanuona/bHast
3JIeKTPOHHAs GuOAHOTEKay : dIEKTPOHHas GHOIHOTEKA ! caiit / ®I'BY PI'B. — Mocksa, [2022]. —
URL: https:/a36.pd. — Pexxum noctyna : I rosp3oBaTeNneit HayuHol Gubnuorexku. — Teker :
3JIEKTPOHHBIN.

5. SMART Imagebase : Hayano-ua(opManuonnas 6asa JaHHBIX EBSCO // EBSCOhost :
[mopran]. - URL: https://ebsco.smartimagebase.com/? TOKEN=EBSCO-
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1a2{f8c552a76d8229047223a7d6dc9c&custid=s6895741. — Pexum nocryma : isd aBTOPHS.
nosnb3oBateseil. — M3o0pakeHue : 3J1eKTPOHHBIE.

6. ®enepanbubie HHGOpMaNHOBHO-00pa3oBaTe/IbHbIE OPTAJIBI:

6.1. ExuHOe OKHO OCTYNa K 06pa3oBaTelIbHBIM pecypeaM : (henepanbubiit mopran . — URL:
http://window.edu.ru/ . — TekerT : 371€KTPOHHBIH.

6.2. Poccuiickoe obpasopanue : $penepanbablii noprain / yupemureas OIAY «OULTO». -
URL: http://www.edu.ru. — Teker : 37I€KTPOHHBIH.

7. O6pazoBaTeabHbIe pecypebl Yal'y:

7.1. DnextponHas 6GuGmmoreynas cuctema Yil'V : Moaymb «DneKTpoHHas OubmHoTeKa»
ABUC Mera-ITPO / 000 «Jlara Dxenpeccy. — URL: http:/lib.ulsu.rw/MegaPro/Web. — Pexum
JIOCTYTIA : JUIs [I0NIb30BaTesel HayuHoi 6u6moTeku. — TeKCT : 2NICKTPOHHBIH.

CorsacoBaso: > 4 % 5 ik
Q pati HEN /Z'.? 57/ / /u/‘/;(/tf‘,a"&/-/'f (%7 /// 7. //’/I\J /gﬂé "Z’Z‘
JIoToxHoCTs cotpyannka YATHT OHO y"/?c\}m:b jara

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE HAYYHO-
HCCJEIOBATEJBCKOMN PABOTHI

VYuebnas ayauropusi 216 ans mpoBeAeHHs JTaOOPAaTOPHBIX 3aHATHH J1a0OPAaTOPHOTO
TUIA, TPYNNOBBIX M HMHIUBUAYAJIbHBIX KOHCYJIbTA[Mi, TEKYIIEro KOHTPOJIA H
POMEXYTOUHOM arrectanuu (¢ HAOOpPOM JAEMOHCTPALlMOHHOTO OOOPYAOBAaHUSA  JUIS
o0ecrieyeHUss TEMaTHYEeCKHX WLIIOCTpaluidi B COOTBETCTBUM C paloueil mnporpammont
JuciUIUInHbl). [loMelieHre yKOMIUIEKTOBAHO —CIEHUAIM3UPOBaHHOM Mebenpto Ha 18
MIOCAJOYHBIX MECT M TEXHUYECKMMM CpPEACTBAMM: DKpaH HACTEHHBIM, JIOCKa ayJuTOpHas.
Pabouee mecto npenonasarens, WI-FI, unrepuer. [nomans 42,93 kB.m.

VY4yebHas ayauTOpus A CaMOCTOATENIBbHOM paboTsl cTyaeHToB 230 ¢ qoctynom k OBbC.
JUIST  cCaMOCTOSITeNIbHOM  pabotel  cryaeHToB, Wi-Fi ¢ moctymom x DHOC, 3BC.
KomnbloTepHbIil KJIacC YKOMIUIEKTOBAHHBIM CHENMAIM3UPOBAHHOM Mebenbto Ha 32
MOCAJOYHBIX MECT U TEXHHUYECKMMM cpeacTBamu oOydyenuss (16 mepcoHaIbHBIX
KOMIIBIOTEPOB) ¢ HocTynoM k cetu «Mutepuery, JUOC, ObC. ITnomans 93,51 kB.M.

UYuranpHelil 321 HayyHOU OMOIMoTeku (ayauropust 237) ¢ 30HOM AJIi CaMOCTOATEIbHON
padote, Wi-Fi ¢ gpmocrymom k OHWOC, DOBC. Ayauropus  yKOMIUIEKTOBaHa
CIeNUaTu3upOBaHHON MeOenbio Ha 80 MOCamOYHBIX MECT M OCHAIEHAa KOMIBIOTEPHOM
TEXHUKOU ¢ goctynoM k cetn «Muteprer», JMOC, 3BC, sxpanom u npoekropoM. [lnomans
220,39 kB.M.

13 CHEHUAJIBHBIE YCJIOBHUS AJIS1 OBYYAIOIIINXCA C OT'PAHUYEHHBIMU
BO3MOXHOCTSAMMH 310POBbA

B cnydae wneoOxoammocTH, OOyYarONIMMCS U3 4YHCIA JHUI C OTPaHUYECHHBIMHU
BO3MOXHOCTSIMHM 3JI0pOBbsI (IO 3asBJICHUIO OOYyYaroIlerocsi) MOTYT NpeAsaraThCsi OIHH U3
CIICAYIONIMX BapHaHTOB BOCHPHUATHS WHQPOPMANMKA C yYETOM WX HWHAWBUAYAIbHBIX
NCUXO(PHU3MUECKUX 0COOEHHOCTEH:

— 7S JMI] ¢ HapyLIeHWsIMH 3pEHHs: B MeudaTHOM ¢GopMe yBeIMUEHHBIM IIPUPTOM; B
dbopme 3IEKTPOHHOTO JOKYMeHTa;, B ¢opme ayauodaina (mepeBo] ydyeOHbIX MaTepuaioB B
aynuodopmar); B medaTHOW ¢opme Ha s3bike bpaiins; WHAMBHIyadbHBbIE KOHCYJIBTAIUH C
IpUBJICYEHHEM TU(DIOCYpIOTIEPEBOUNKA; HHANBUAYAIbHbIE 33JaHUS U KOHCYJIbTAIIUH;
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— JUIs JIMIl C HapymeHUsIMU CiiyXa: B IedaTHoil ¢opme; B (Qopme 3IIEKTPOHHOIO
JOKYMEHTA; BUAECOMATEPHAIIbI C CYOTUTPAMU; UHANBUAYAIbHBIE KOHCYJIBTAIIUH C TPUBIICUCHUEM
CypAOIEpeBOIYNKA; MHAWBUIyabHBIC 3a/IaHUSI U KOHCYJIbTAIlUU;

— JUIA JMII ¢ HapyIIEHHSMH ONOPHO-JBUraTeIbHOTO ammapara: B MedaTHOW ¢opme; B
dbopMe SIEKTPOHHOTO JOKyMeHTa; B Qopme ayauodaiina, WHIUBUAYAIbHBIE 3alaHus U
KOHCYJIbTAIIUH.

B cirydae HE0OX0IMMOCTH MCIIOJIb30BaHUS B yueOHOM nporecce
YaCTUYHO/MCKIIIOUUTEIBHO JIUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJOTUH, OpraHu3anus
pa6oter IIIIC ¢ obywarommmucs ¢ OB3 u MHBanMaamMH NpeayCMaTPUBACTCS B AJIEKTPOHHOU
nH(}OPMaLMOHHO-00pa30BaTENLHON Cpelle ¢ YY4EeTOM HMX HHIWBUIYAJTbHBIX MCUXO(PHU3UUECKUX
0COOEHHOCTEM

Pa3paboTunKu: J% @ nouent JI.A.MBanoBa
18.05.2022 1.

dopma A Crpanuna 62 u3 62



