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1 HEJIb 1 3AJAYN OCBOEHUSA JUCTIAITJIMHBI

Heabo ocBoeHHS] AUCHUILUIMHBI - SBISETCS (OPMHUPOBAHHE CHCTEMHBIX 3HAHHMA, KOTOPHIE
HEOOXOJUMBI CTYJACHTaM IpPHU PAaCCMOTPEHUH (PU3MKO-XUMHUYECKOW CYHUIHOCTH U MEXaHHU3MOB
MPOLIECCOB, MPOUCXOASIINX B MPUPOAE U KMBOM OpPraHM3ME Ha MOJIEKYJISIPHOM U KJIETOUYHOM
ypoBHsX. B pe3ynbpTaTe ocBOEHUS NaHHOW AUCHMILIUHBI IOJKHBI OBITH CPOPMHUPOBAHBI YMEHUS
BBITIOJIHSTH B HEOOXOJIMMBIX CIydasX pacueTbl MapamMeTpoOB ATUX IPOIECCOB, YTO IMO3BOJIUT
OoJee riry0OKO MOHATh (PYHKIIMU OTAEIBHBIX CUCTEM OpraHM3Ma, a TAK)Ke €ro B3auMOIEUCTBUE C
OKPYXKAaKoIE CPEeIOu.

3aga4yu ocBOEHHS IMCUUIJIMHBI
- OCBETUTh KJIIOYEBBIE BOMPOCHI MPOrPaMMBbl, CTUMYJIHMPOBATH CTYACHTOB K IOCIEIYIOUIEH
CaMOCTOSITEeNILHOM paboTe.
- chopMHUpOBaTh YMEHUS M HABBIKU IS PEIICHUS IPOOIIEMHBIX M CUTYAI[HOHHBIX 33]1a4;
- copMupoBaTh MPAKTHUYECKHE HABBHIKA MOCTAHOBKH M BBINOJHEHUS SKCIEPUMEHTAIBHOM
paboThI.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

JlMcLUIUIMHA OTHOCUTCSI K MaTeMaTHYeCKOMY M €CTECTBEHHOHAyUYHOMY LMKy, Oa3zoBast
gacth (51.0.21). [lns wu3y4eHUs  JAMCUMIUIMHBI ~ HEOOXOJMMBI  3HAHHS  BOIIPOCOB
IIPEIUIECTBYIOIUX M3Y4YaeMbIX JUCLMIUIMH — LIKOJBHOTO Kypca XuUMuUM. /laHHas IucuuIuiMHa
u3ydaercs Ha 1 kypce B 1 cemectpe.

JlucuMIuimHa U3y4aeTcsl MapajljIesIbHO CO CIELYIOIUMU JUCIMILUIMHAMMU:

e MaremaTuka;

e  Odusuka.

JucuumuimHa sSBiseTcs NpeAECTBYOMEN A CIEIYOMMX AUCIUIIINH U IPAKTHK:
e Uudopmaruka;

e  (dusnueckas U KOJUIOMIHAS XUMHS;

e  Opranuueckas XMUMHS;

e  AHanmuTH4ecKas XUMUS;

e [lurosorus v rUCTOJIOTHS;

e  (OsHakomHTeNbHas MpaKkTHKa (0OTaHUKA);

e  (O3HaKoOMHTENbHAs MPAKTUKA (300JI0THS);

e [IpenaumniomHas mpakTHKa, B TOM YKCIIe HAYYHO-HCCIIE0BATENIbCKas paboTa;
e [loaroroBka K mporueaype 3aluThl ¥ 3allUTa BBITYCKHONW KBaTHM(PUKAIIMOHHOMN paboThI.

3 HEPEYEHbD IIJTAHUPYEMBIX PE3YJIbTATOB OBYUEHMUS IO JIUCHUIIJINHE
MOAYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIIbTATAMHM

OCBOEHMA OIIOII
Kon 1 HauMeHoBaHHNE [lepedenHs TUTAHUPYEMBIX PE3YIIHTATOB OOYUYECHHS 110
peanu3yeMoii KOMIIEeTEHIIHH JTUCIUILINHE (MOAYJIIO), COOTHECEHHBIX C MHIUKATOPAMHU
JOCTHIKEHHUS KOMITETCHITUI

Dopma A Crpanuna 2 n3 59



MHHHCTEPCTBO HAYKH U BhICIIEro oopasoBanus PO
Y IbSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

dopma

@ - PaGouast nporpamMma JUCIUIUIAHBL

OIIK-6
CriocobeH  HCIOBb30BaTh B
npodecCHOHATBLHOM

JeATEIIFHOCTH OCHOBHBIC 3aKOHBI
¢u3uKy, XUMUH, HayK O 3emie H
OMONOTHH, TPUMEHATH METObI
MaTeMaTUYeCKOro  aHajau3a U
MOJIETTMPOBAHHS, TEOPETUUECKUX
u HKCIIEPUMEHTAIBHBIX
UCCIIEJOBAaHH, npuoopeTaTh
HOBBIE  MaTeMaTH4YecKHue |
€CTECTBEHHOHAYYHBIE  3HAHWUS,
UCTIOJIB3Y S COBpPEMEHHBIE
o0pazoBaTesbHbIC u
MH(OPMALMOHHBIE TEXHOJIOTHH

3HaTh: TEOPETUYECKHE OCHOBBI OOIICH, HEOPTaHMUYECKOM,
AQHAJTUTUYCCKON XUMHUU; COCTaB, CTPOCHUE U XUMHUUYECKHE
CBOICTBA OCHOBHBIX IPOCTHIX BEIIECTB W XUMHUYECKUX
COECIUHCHMI;

YMeTh: BEIOUpaTh METOUKH MOCTAHOBKH U ITPOBEICHUS
71a00paTOPHOTO UCCIIEAOBAHMS,

OTPECNATh BO3MOXHOCTh U IYyTh CAMOIPOU3BOJIBHOTO
MPOTEKAHUS XMUMHYECKHUX IPOIECCOB, B OCHOBE KOTOPBIX
JIeKAT PA3IMYHBIC XUMHUYECKHUE PEAKITUY;
noadupaTh ONTUMAJIbHBIC yCIIOBHS
XUMHUYECKUX PEAKLIUIL;

Bnagets: npuemMaMu UCIIONb30BaTh HEOOXOAMMOE
nabopaTopHoe 000py/I0BaHUE U TPUOOPHI B XO/1€
MIPOBEICHUS JTa0OPATOPHOTO MCCIICIOBAHMUS.

IIPOBEACHHUA

OIIK-8
Cnoco0eH UCnoab30BaTh METOIbI

3HaTh: IOHUMATh IIPUHOUIIBI CTPOCHHUS BCIICCTBA H
MNPOTCKAHUA XHMHUUCCKHUX IIPOLCCCOB; OCHOBHBLIC OJTallbl

coopa, 00paboTKH, | TPOBEACHUS JIAOOPATOPHOTO MCCIICIOBAHNS,
CUCTEMAaTH3AINH U | YMeTh: paboTaTh C pa3IUIHBIMU BUIaMHU J1a00paTOPHOTO
NpPEJCTAaBICHUS  TOJEBOW W | 000pyAOBaHMUS;

nabopaTopHOi uHpopMaruy, | Bianers: HaBbIKaMU pabOTHI ¢ COBPEMEHHBIM XUMUYECKUM
NPUMEHATh HaBBIKA PabOTHI C | JAOOPAaTOPHBIM 00OPYAOBAHHEM, a TAKIKE HAaBBIKAMH
COBPEMEHHBIM  00OpYIOBaHHEM, | aHATN3a MOJYUYCHHBIX PE3yIbTATOB.

aHAJTM3UPOBATh HIOJTyYCHHBIC

pe3yIBTaThI

4. OBIIAA TPYIOEMKOCTDb JUCIIUAITJIMHBI

4.1. O6beM TUCUMILIMHBI B 3a4eTHBIX efuHULax (Bcero) S 3ET
4.2. 1o Buxam y4eOHoi1 padothl ( B yacax): 180

KonuuectBo uacos
(bopma oOyueHuHs - OUHAS)
Bun yue6HOM paboTh Beero 1o B 1.4. o
- ceMecTpam
1
KonrtakTHas paboTta o0yqaronmxcs ¢ 72 72
npenojiaBareseM B cooTBeTcTBuu ¢ YII
AyIUTOpHBIE 3aHSITHSL: 72 72
JIEKIIUU 36 36
CEeMMHApPhl U NPAKTUYECKHUE 3aHSATHSI 0 0
nabopaTopHble pabOoThI, MPAKTHKYMBI 36 36
CamocrosiTenbpHas padora 72 72
@dopma TeKylero KOHTpouist 3HaHui 1 KoHTposss | KommokBuyM, | KoymmokBryM, KOHTpOJIbHAS
CaMOCTOSITENIbHOW pabOThI: TECTUPOBAHUE, KOHTPOJIbHAS pabota
KOHTpPOJIbHAsI paboTa, KOJUIOKBUYM, pedepar u pabora
Ip. (He MeHee 2 BUJIOB)
KypcoBas padota - -
Buibl poMeKyTOUHOM aTTecTamy (3K3aMeH) 9K3aMeH /36 9K3aMeH /36
Bceero yacos o JUCLUIIINHE 180 180

*ronuuecmeo Hacos, npoeoduszx C UCNOIb306AHUEM UHMEPAKMUBHBIX MexHoN02U
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**Konuuecmeo wacos, pabomsi ¢ 00YUAIOWUMUCA 0TI NPOBEOEHUS 3AHAMUL 8 OUCTIAHYUOHHOM hopmame ¢
npUMeHeHueM dNeKMPOHHO20 0OYUeHUs

4.3 CopepxaHue TUCHUILTUHBI (MoayJis.) PacnpeneneHue 4acoB Mo TeMaM W BHAaM y4eOHOM

padoThI:
dopma 00yueHHs: OUHas
Buipl yaeOHBIX 3aHATHI dopma
AyIHUTOpPHBIC 3aHSATHS 3a CamocT | TEKyIIEero
HSTHS
[Tpaktuue | Jlaboparo OSITENIbH | KOHTPOJIS
Hassanwue pasnenos | Beer B N
CKHue pHBIE ast 3HAHUU
U TEM 0 HMHTEpaK
JEKIMK | 3aHATHA, | pabOThI . paborta
TUBHOM
CeMUHap
dbopme
Bl
Pazjnen 1. O6mas xumus
1. Hemu wm 3amaum | 9 3 - - 1 6
xumuu.  CrtpoeHue
aToma
[Tepuoanueckuit
PHOA Konnokeu
3aKOH u
yMmNel,
MepuoInIecKas
KOHTPOJIb
cucrema H.N.
MeHnpeneeBa B cBeTe Has
pabortaNel
TEOPUH  CTPOCHUS
atoma. XHMHYECKas
CBSI3b M CTpPOEHUE
MOJICKY!L.
2. OcuoBel | 13 3 - 4 2 6
. Konnoksu
XUMHYECKON
yMNe2,
TEPMOJIMHAMUKH.
KOHTPOJIb
XumMmunyeckas
KHHCTHKA u Hai
paGotaNe2
paBHOBECHE.
3. Teopus | 15 3 - 6 2 6
pacTBOPOB u
pacTBOpUTEINEH.
Konnurarupasie
CBOMCTRA Konnokeu
yMNe3,
pacTBOPOB.
KOHTPOJIb
PactBops!
Has
AJIEKTPOJIUTOB.
Bonopoansrit pabora
A0pox Ne3
MoKa3arTelib.
I'mppomus  coseid.
Bydepusie
PacTBOPHI
4.OKuCIUTENbHO- 11 3 - 2 2 6
Konnokeu
BOCCTaHOBHUTEIIbHBIC
yMNe4,
MPOLIECCHI.
. KOHTPOJIb
CrangapTHbIi u
CTbHBIN Has
P . pabotalNed
AJIEKTPOTHBIN
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norennuan. QOOmue
CBOIiCTBA METAJIIOB.
5. Teopus | 11 3 - 2 1 6
KOMIIIEKCHBIX Kosnoxsm
N yMNe5
COCUHEHUIA.
BCEI'O 59 15 - 14 8 30
Pa3nes 2. Heoprannueckasi XuMust
1. Xumus | 15 3 - 6 2 6 Komnnoxsu
HEMETAJIOB: yMNeS5,
anemeHtoB  VIIA, KOHTPOJIb
VIA, VA [IVA Hast
(yrmepox) TpyImiibl paboTtaNe4
[Tepuoanueckoit
CHCTEMBI WM  HX
COCUHEHMUSI.
2. Xumus metaiuios: | 15 3 - 6 2 6 Komnnoxsu
I u A, 1A, IVA yMNe6,
(0JTOBO ¥ CBHUHEI) KOHTPOJIb
TPYIIIBI Hast
ITepuoanueckoit paboTtaNe5
CHCTEMBI M  HX
COEIMHEHUI.
3. O6mas | 13 3 - 6 2 4 Kommoksu
XapaKTEPUCTUKA H yMNe7,
TOKCUKOJIOTHS d- KOHTPOJTb
3JIEMEHTOB M  HUX Hast
COEIMHEHUH. pabotalNe6
4.broreHHrle 7 3 - - 1 4 Kommoxsu
JJIEMEHTBL. yMNe7
5.Heopranunueckue 7 3 - - 1 4 Komnoksu
MUHEpaJIbHbIE yMNe§
yao0peHusl.
BCEI'O 57 15 - 18 8 24
Pa3nen 3. AnaauTudeckasi XuMus
1. Buabsl u MeTOOBI 8 2 - - - 6 Komnokxsu
XUMHUYECKOTO yMNe9
aHaJIn3a.
2.PacueTsl B 8 2 - - - 6 Kommoksu
KOJINYECTBEHHOM yMNel0
aHaJu3e.
3.Anamu3 o0ObekToB | 12 2 - 4 2 6 Kommoxsu
OKpYXaroIei yMNel 1,
Cpepbl. KOHTPOJIb
Hast
pabotaNe7
BCET'O 28 6 - 4 2 18
IToaroroska k 36 - - - - -
HK3aMEHY

Dopma A
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| UTOT'O

| 180 | 36 | -

36

Dopma A
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5 COIEPXAHMUE JUCHUIIVIMHBI (MOAYJIS)

Paznen 1. Ooass xumust

Tema 1. e n 3anaun xumuu. Crpoenune aroma. [leprognyiecknii 3aK0H U IEPHOAMYECKASE
cucrema /.. MenneneeBa B cBere TeOpUMM CTPOEHHSI aToMa. XHMHMYECKAsi CBSI3b U CTPOEHHE
MOJIEKYJI

Xumus kak Hayka. [Ipenmer, 3amaum m meroasl xumuu. CtpoeHue aroma. OCHOBBI
KBaHTOBOM MexaHUMKHM. KBaHTOBBIE 4YHMClIa U CTPOEHHE 3JIEKTPOHHBIX OOO0JIOUEK aToMa.
[TpuHIMIIBI 3aTIOTHEHHS] ATOMHBIX OpOUTANICH.

HcTtopust co3gaHusi NEpUOAMYECKOTO 3akoHa. CTpyKTypa NEpUOAMYECKON CHCTEMBI.
BeprukanbHas, ropu30HTaNIbHAS U AWMAroHaldbHas NEPUOJUYHOCTh. BTOpHYHAS IEpUOANYHOCTD.
ITapameTpsl aTOMa ¥ IEPUOJUYHOCTD UX U3MEHEHUS B cucteMe ieMeHToB J[. M. Menneneesa.

[TonsTe xuMuyeckass CBA3b W MEXaHU3Mbl ee OO0pa3oBaHMs. MeToAbl OMHCAHUS
XUMHUYECKOW CBSI3M: METOJ BAJICHTHBIX CBS3€H M MOJEKYJSPHBIX opOutaneir. OCHOBHBIC
XapaKTEPUCTUKU XHMHYECKOW CBA3U. Pa3HOBUIHOCTM XUMHYECKOW CBSI3M: KOBAJICHTHAS,
MOHHAasl, MeTaJIIM4ecKast. MexXMOJIeKyIIpHOE B3aUMO/ICICTBHE.

Tema 2. OCHOBBI XMMI4€CKOIl TEPMOAMHAMMKHA. XMMHYECKasi KHHETHKA U paBHOBeCHe.

OCHOBHBIE TIOHSATHS XHWMHUYECKOW TepMOoAWHAMUKHU. [lepBeiii W BTOpPOW 3aKOH
TepMoauHamMuku. 3akoH ['ecca u ero cnenctBus. CBoOonHas sHeprusi ['m66ca kak Kputepuit
CaMOIIPOU3BOJIBHOIO MPOTEKAHNS XUMUYECKUX PEAKIUM.

[lonsiTHe CKOpOCTH XUMHUYECKOH peakiuu. DakTopkl, BIUSIIOLME HA CKOPOCTh PEAKIUU:
IIPUPOJAa pPEArupyroLIMX BEIIECTB, KOHIICHTPALUs pEarcHTOB, TEMIlIEpaTypa M JaBJICHHE.
[loHsiTHE XMMHUYECKOTO pAaBHOBECUS M NpUHIMN ero cmemeHus. Karamus. ['oMoreHHslii u
reTEepPOreHHbIN KaTalus3.

Tema 3. Teopusi pacTBOpoB M pacTBoputelieil. Ko/ummratuBHele cBoiicTBa pacTBOpPOB.
PacrBopbl 2j1eKTpoIMTOB. Bogopoansiii nokasareis. I'maposms coseil. bygepHbie pacTBopsbl

OO01ure noHsATUS O pacTBOpax M pacTBopuTeNsiX. CocoObl BBIPAKEHUSI KOHIIEHTPAIUH
pactBOpoB. TepMomHaMKKa 00pa30BaHUs PaCTBOPOB.

KomnuraruBable CBOMCTBA PaCTBOPOB: OCMOC M OCMOTHYECKOE JABJIICHHE, TEMIEpaTypa
KUIICHUSA U 3aMep3anus. [IepBbiil 1 BTOpou 3aK0H Payiis.

Teopust snekTponuTHdecko auccouuanmu  Appenuyca. CuiibHble U ciaOble
anekTponuThl. KoHCcTaHTa M cTeneHb Auccouuanuu. 3akoH pa3dasineHus OctBasibia. Teopus
CUJIbHBIX 3JIEKTPOJIUTOB, IOHATUE aKTUBHOCTh. [Ipon3Benenne pacTBOPUMOCTH.

I'ereporenHoe paBHOBecue B pacTBopax. [IpousBeneHue pacTBOPUMOCTH. Y CIOBHS
oOpa3oBaHus ocaakoB. Boropoanslil nokaszarens. ['uaponus coneit. bydepusie pacTBOpsI.

Tema 4. OKHCIANTEJBHO-BOCCTAHOBHMTE/IbHbIe Tmpoueccbl. CTaHIapTHBIA W
peanbHbIN JJIEKTPOAHBIH NoTeHnHal. O01ue CBOICTBAa METAJIOB.

OKHUCIUTENbHO-BOCCTAHOBUTENbHBIE  Tporiecchl. CtemeHb  okucieHus. CrnocoObl
YpaBHUBAHMS OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakuuid. Kiaccudukanus OKHCAUTENbHO-
BOCCTAaHOBUTENbHBIX PEAKIUH.

CraHpapTHBIN U peanbHBIN JIEKTPOJIHBIM NMoTeHuuan. YpaBHeHue Hepucra-Ilerepca u
HAlpaBJIEHUE  OKHUCIUTENIbHO-BOCCTAHOBUTENbHOTO  mpouecca.  CpaBHMTENbHas  cuja
OKHCJIUTENEH M  BOCCTaHOBUTENEH. OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIE  MPOLECCHl U
KHU3HEICSITENbHOCTD.

ONEKTPOXUMHUECKUI  PsII  HampsDKEHUsT  METauIoB.  JiekTpoiu3. OcoOeHHOCTH
MeTauimuecko  cBsizu. OOIIMe CBOWMCTBA METAUIOB: KOBKOCTh, TEIJIOMPOBOAHOCTh U
AIIEKTPONPOBOIHOCTE. Koppo3ust MeTasia, BUAbI KOPPO3UH, CLIOCOOBI 3aIUTHI OT KOPPO3HH.

Tema 5. Teopusi KOMILIEKCHBIX COeIMHEHM.
OcHoBHBIe TIOHATHA Teopuu BepHepa. Jluranapl ©w uX  KjaccuuKaus.
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BuyTpuopOutanbHeie 1 BHEUTHEOPOUTAIbHBIE KOMIUICKCH. Kiaccupukanuss 1 HOMEHKIATypa
KOMIUIEKCHBIX cOelMHEeHNN. [IoHATHE KOHCTaHTa HECTOMKOCTH.

Paznen 2. Heopranuueckasi Xxummusi

Tema 1. Xumusi HemeTas10B: 1emenToB VIIA, VIA, VA IVA (yraepoa, kpemHuii)
rpynnbl [lepuoanyeckoil cucTeMbl M UX COeIUHEHUS.

DJEeKTPOHHBIE CTPYKTYpbl aTOMOB rajoreHoB. lamorensl B mpupoxae. PDusnyeckue
CBOICTBA M XHMHUYECKHE CBOMCTBa rajoreHoB. [lomyueHue W MpUMEHEHHE TaJOrCHOB.
CoeauHeHue ranoreHoB ¢ BogopooM. Kuciopoacoaepxaiiue cOeJUHEHHS TalOr€HOB.

DNEKTPOHHOE CTPOCHUE U MapaMeTpbl aTOMOB 3JIEMEHTOB TJIABHOM MOJTrPYMIIbI MIECTOM
rpymmsl.  Ilepuoguunocts ux wu3MeHeHus. Kucinopon, pacmnpocTpaHeHHE B MPHPOJE U
XxuMHu4eckue cpoictBa. Cepa, pacpocTpaHeHue B MPUPOJE U XUMUYeckue cBoiicTBa. OCHOBHbBIE
COGIMHEHUS CePhl: OKCUIBI M KHCIOTHL. VX XUMUUecKkue cBOiCTBA.

DNEKTPOHHBIE CTPYKTYpPHl aTOMOB. A30T: a30T B MPUPOE, €ro MOJyUYeHUsI U CBONCTBA.
Ammuak, comu amMmmoHUs. @ukcanus atMoc(epHOTO a30Ta, MoJlyueHHe ammuaka. [ uupasuH,
TUAPOKCUIIAMUH, a3uaoBoaopoA. Oxcuabl a3ora. A30TuCTas W a30THas KUCIOThL. Docdop:
docdop B mpupose, nomyuenue u cporictBa gochopa. Coenunenus Gochopa ¢ BOIOPOIOM H
rasioreHaMu. OKCUbI U KUCIOTHI pocdopa.

DJEeKTPOHHBIE CTPYKTYphl aTOMOB YTIIEPOA: YIJIEPOA B MPHPOJE €ro IMONyueHHE H
cBoiicTBa. AyutoTponus yrieposa. Juokcus yriepoaa. YronsHas kuciora. Oxcun yriaepoza (II).
Coenunenus yriaeponaa ¢ cepoil u azoroM. KpemHuii: kpeMHHIl B NpHpoOJE, €ro MOJIy4eHHUE U
cBoiicTBa, CoeMHEHHs] KPEMHHUSI ¢ BOAOPOJIOM U ranoreHamu. J(uokcun kpemuus. Kpemuesbie
KUCJIIOTHI B BX coJii. CTEKIIO, IIEMEHT.

Tema 2. Xumusa wmeramion: |A, IIA, IlIA, IVA (o10B0 u cBUHel) Ipyninbl
Iepuoauveckoii cucTeMbl M UX COeTMHEHMI.

[[lenouyHble METANIIBL: PACIPOCTPAHEHUE B IPUPOJIE, TIOTYyUEHUE, CBOMCTBA, IPUMEHEHUE.
Hatpuii. Kanmii.

[IlenoyHO3eMeNbHbIE METAJUIBI: PaclpOCTpAaHEHHE B MPHUPOJE, IMOJIyYeHHE, CBOICTBa,
npuMeHeHne. Maraui, Kaneuii, 6apuii.

OnekTpoHHble CTPYKTypbl atoMoB |IIA rpynmbel. AntoMuHMIA: pacnpocTpaHEHUE B
IIPUPOJIE, TIOJTYyUEHHUE, CBONCTBA, IPUMEHEHHE.

OnekTpoHHbIe CTpyKTyphl atoMoB IVA rpynmnsl. OJ0BO U CBUHEL: paclpoCTpaHEHHE B
IIPUPOJIE, TIOJTYUYEHHUE, CBOMCTBA, TPUMEHEHHE. TOKCUKOJIOTHS CBUHIA U €TO COEINHEHUS.

Tema 3. O011asi XapaKTePUCTHKA U TOKCUKOJIOTHs d-3JIeMEHTOB U HX COeITMHEHHId.
d-snementbl. OOmiasi xXapakTepHCTHKa. PacmpocTpaHeHHOCTh B mpupojae. Dusuko-
XAMUUYECKHE cBoycTBa d-3meMeHTOB. TOKCHKOIOTHS 0-3JIEMEHTOB M UX COEIUHECHUM.

Tema 4. Buorennbie 371eMeHTHI.

[TonsiTie OMOTEHHOCTH XMMHYECKUX JJIEMEHTOB. buocdepa, KpyroBopoT OMOTEHHBIX
sneMeHToB. KoHIIeHTpHpoBaHUE OMOT€HHBIX 3JE€MEHTOB XUBbIMU cucTeMamu. Knaccudukanus
OMOTeHHBIX DJIEMEHTOB MO MX (PYHKIIMOHAILHOM POJIH: OPTaHOTEHBI, YIEMEHTHI SJIEKTPOIUTHOTO
¢ona, MUKPO3JIEMEHTHI. [IpumecHsie AIIEMEHTHI (aKKYyMYTHPYIOIIHECS T
HeakKkymynupytoumecsi). OCHOBHbIE HMCTOYHUKHM TMOCTYIUIEHUS MPUMECHBIX D3JIEMEHTOB B
OpraHu3M 4YejoBeka. XMMUYECKUE acTIeKThl OXPAHbI OKPYKAIOIIEN CPEeIbl.

Komruiekchl KaTHOHOB S-METaIOB (MOHO(OPHI, KpayH-3(UPBI, KpUNTAHIBL. XIOPOPUILI.
buonornueckass poysib HaTpus, Kalus, KaJblMs, MarHus. XHMHYECKOE CXOJICTBO U
OMOJOTUYECKHI aHTarOHU3M (HATpU-KaIuii, MAaTHHIA- KaIbIUil).

HawuGonee BaxkHble OMOTEHHBIC dJIeMEHTHI O-Oioka: XpoM, Menab, MoiubaeH. CHCTeMBI
MeTalI-0e10K (METaIIIONMPOTEHHBI U O€JIKHU, aKTHBUPYEMbIE METAIIIIAMH).
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Tema 5. Heoprannueckne MUHepajibHbIe yA100peHUs.

Ilpocmule yoobpenus:

ABOTHBIC: HUTPATHBIC (HATPUEBAsI M KaJbIMEBAasl CEIIUTPHI); AMMOHHUIHBIC 1 aMMHUAYHBIE
yaoOpenust (cynbdaT aMMOHHUS, aMMOHUWHO-HUTPATHBIC YAOOpPEHUS, aMMHayHas CeIuTpa);
MOYEBHHA.

®docdopusie: cynepdocdar, nBoiiHol cynepdocdar, npernunurar.

Mukpoynobpenusi. MukposnemeHTsl. bopHbie ynoopenusi. MenHbie ynoopeHust.

Komnnexcnvie yooopenus:

Ammodocsl, HUTpOPOCBl M HUTPO(POCKH, HUTPOAMMO(OCHI M HHUTPOAMMO(DOCKH,
kap6oammodochl, mouduchaTbl aMMOHHS.

Pa3gen 3. AHaIuTHYECKAS XUMHUS

Tema 1. Buabl 1 MeTOIBI XMMHYECKOI0 aHAIN3A.

KayecTBeHHbIN 1 KonuuecTBeHHbIN aHanu3. Knaccudukauus sugos anamuza. OOBEKTHI
aHannza. OCHOBHbIE CTaguu NpoBeleHHS aHanu3a. (OCHOBHBIE CTaJAUM IOCTPOCHUS
AHATUTUYECKOM METOIAMKU U OCHOBHBIE METOJIbI aHanln3a. MeToabl mpoOooTOOpa, pa3ioKeHUI
npoOBbl, pa3/eNeHus U KOHIICHTPUPOBAHUS, OOHAPYKECHUS U ONPEICTICHHS.

Tema 2. PacyeTnbl B KOJIMYECTBEHHOM aHAJIN3e.

Enununbsl xonmyectBa BemiecTBa. CrocoObl BbIpaXEHHUs] KOHLIEHTpalMi: MOJsipHas
KOHIIEHTpAlUsl, MOJSpHAas KOHLEHTPAllUs SKBHUBAJIEHTa, MaccoBas KOHIICHTpaus (TUTP
paboyero pacTBOpa, TUTP MO OINpPEAEIIEMOMY BELIECTBY), OObEMHas KOHUEHTpalus, A0S
KOMITOHEHTa (MaccoBasi, 00beMHast, MOJISIPHAS ).

3akoH KpaTHbIX OTHowEeHWH JlanbToHa. Bbruncienue Qakropa SKBUBAJEHTHOCTU U
SKBUBAJICHTA.

Pacuerbl B TUTPUMETPUYECKOM aHaJIM3€: CYIIHOCTb TUTPUMETPUU; CTaHIApTHBIE
pacTBOPHI U CIOCOOBI UX MPUTOTOBIIEHHS; BUbl TUTPOBAHUSA: TpsAMOe, oOpaTHOE (110 OCTATKY),
TUTpOBaHue 3amecTuTeNss. KpuBble TuTpoBanus. I'paBumerpudeckuii (BeCOBOI) aHAIN3.

Tema 3. AHaM3 00bEKTOB OKPY KAIOLIEeH Cpelbl.

CrniocoObl B34THS M MOATOTOBKU MPOOBI (pa3iokKeHHs], OTAEIECHUS MEIIalolUX KOMIOHEHTOB U
KOHLEHTPUPOBAHUS MHUKpOINpPUMECEH) i1 aHaiu3a OOBEKTOB OKpY)KAIOIIEH CpeIbl: IMOYBbI
JIOHHBIX OTJIOKEHWMH, BOABI, Bo3Ayxa. Mcnoiab3oBaHHE XUMHUYECKUX, (PU3MUECKUX M (UUKO-
XMMHUYECKHX METOJIOB JUIsl aHAJIN3a 00BEKTOB OKPYIKAIOIIEeH Cpebl.

6 TEMBI MIPAKTUUYECKNX U CEMUHAPCKHNX 3AHSITHAN
Jannslii Buj paboTsl He peaycmoTpeH YII.

7 JIABOPATOPHBIE PABOTHBI, IPAKTUKYMBbI
Paszpen 1. O0mas xumus.
TEMA 1. SQHEPTETUKA XUMHNYECKHUX ITPOLHECCOB.
OIPEJEJIEHUE TEILIOBOI'O ITPOILIECCA PEAKIIUY HEUTPAJIU3ALIVN.
Hean padoThi:
HayuuTbcs BBINONTHATH KaIOPUMETPUUECKHUE U3MEPEHUSI.
2. OcCBOUTH HaBBIKM TEPMOJUHAMHUYECKHX pPACUYETOB, CBA3aHHBIX C HJHEPreTUKOM XHUMHUYECKHX
peaKkui.
Copepxanue padoThbI:
1. DxcnepuMEHTATBHO OMPEAETUTh TEIIOBOHM d(PPEKT peakinu HeUTpaTu3aini.
2. IIpoBepuThb BHINOIHEHHUE 3aKoHa [ecca.
3. OnpenenuTh OTHOCUTEIEHYO U a0COIOTHYIO TMOTPEITHOCTHA U3MEPEHUSI.
IIpubopsl W peakTHBBI: KaJOPUMETP, MEPHBIE LMIUHAPBHL, BOPOHKA, TEPMOMETD,
CEKyH/IOMEp HWJIM MECOYHbIE Yachl, paCTBOPHI THIpoKcHIa HaTpus ¢ kKoHleHTpanueil C(NaOH) =
2 monw/n u cepHoit kucnotsl C(H2SO4) = 1 moms/m.
KpaTkue Teopernueckue cBegeHHUs.

=
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JIroOble XMMHUYECKHE pEaKkIMH BCEeTAa COMPOBOXKAAIOTCA TEMH WM  HWHBIMH
SHEepreTu4eckuMu 3(deKkraMu: BbIICIEHUEM WIN MOIJIOUIEHUEM TEIUIOThI, CBETA, COBEPILIEHUEM
AIIEKTPUYECKONW WIIM MEXaHHYECKOW paboThl. VM3yueHMeM >HEpPreTHUeCKUX HW3MEHEHHH Npu
XMMHUYECKHX pEakUusAX 3aHUMAEeTCsl HayKa, Ha3blBacMas XHMHYECKOHM TEPMOAMHAMUKOM.
Oco0eHHOCThIO XUMUYECKON TEPMOJAMHAMUKH KaK HAyKU SIBJISIETCSI pACCMOTPEHUE XUMHUYECKHX
peakuuii B COCTOSIHUU PaBHOBECHS, KOT/Ia peaklus JIMO0 He Hadyajach, JTM0O yKe 3aKOHUMIIACh, U
WU3MEHEHUS BO BHEIIIHEH Cpelle OTCYTCTBYIOT.

Xumuueckas TepMOAMHaMUKa 0a3upyeTcsl Ha IBYX OCHOBHBIX 3aKoHax. Ilepeviil 3aKkon
mepmoOuHamuKy N3BECTEH KaK 3aKOH COXPAaHEHHUs SJHEpruu. MI3MeHeHne BHYTpEHHEN SHEPTUH
3aKpBITOM CUCTEMBI ONPENENSIETCS] KOJIMYECTBOM BbIJICIIEHHON TEMJIOThI M COBEPILIEHHON pabOTHI.

AU=Q-A
KonuuecTBO TEmIOTHl BbIACTUBIICICS WM TOMVIONMIEHHONM B pe3yjibTaTe XUMHUYECKOM
peakuuy Ha3bIBAECTCS MeEna08vim IPghekmom. DK30TepMHUECKas peakuus — TeIioTa

BBIJICTISIETCS, SHIOTEPMHUUECKAst — MOTJIOLIACTCH.

Yamie Bcero B OMOJOIMYECKHX CHCTEMaX XHMHYECKUE TPEBPAICHHUS IMPOTEKAIOT MpPU
HOCTOSTHHOM JiaBiieHHH ( M300apHBbIE TPOLECCHI) B 3TOM Cilydae TEIUIOBOH A(PQeKT peakuuu
Oy/leT paBeH H3MCHCHUIO BHYTPEHHEW OSHEPrMU CUCTEMbl IUIIOC pabdOTa HaJ BHEIIHUM
nasienueMm pAV: Q=AU + pAV

CymMma U + pV HazbiBaeTCs IHmanvnueil v sBISETCS QYHKIHEH COCTOSHHS CHCTEMBI HIIH
MEpOM €€ TeIII0COAEPKAHUS.

JIns XMMUYECKOH peakuuy NPOTEKaloIleil NMpU MOCTOSHHOM JaBJICHUM SHTAJIBIHS PaBHA
TerioBomMy 3G deKTy.

3a cmanoapmuyro nmansnuio 00Opa30BaHM NPHHUMAIOT SHTAIBIUIO TOW PEAaKLUH, B
KOTOpO# 1 MoJb BemecTBa 00pa3yeTcst U3 MPOCTHIX BEIIECTB, KaXI0€ U3 KOTOPBIX HAXOAUTCSA B
TEPMOAMHAMHYECKOM COCTOSHHH.

3akon 'ecca u ciieAcTBUSA U3 HEro.

TeruoBo#t 3((ekT peakuuu 3aBUCUT TOJNBKO OT HAYAIBHOTO M KOHEYHOTO COCTOSHHS

CHUCTEMBI HO HE 3aBUCUT HU OT IIyTH NPOTEKAHUS PEaKIIUH, HU OT €€ MEXaHu3Ma.
CnenctBus 3akoHa ['ecca.

1) u3MeHeHue SHTAIBIMU XUMHUYECKOH peaknuu He 3aBUCUT OT YHCIIAa MPOMEKYTOYHBIX
cTagui

2) SHTaAJNBIUS PEAKLIHUU paBHA CyMMeE SHTAlbNUN 00pa3oBaHUS TMPOJIYKTOB 3a BBIUETOM
CYMMBI SHTaJIbIIUI 00pa30BaHUs UCXOIHBIX BEILIECTB.

Tennoma neiimpanuzayuu — 310 TEIUI0BOM 3P dekT peakiuu odpazoBanus 1 Mo H20 u3
vonoB H" u OH-
H* p-p) + OH™ (p-p) = H20;  AHag8 = -55,9 k/Ix/MoIb
[Ipu HeWTpanu3alMM CHUIBHBIX KHUCIOT CHUJIBHBIMH OCHOBAHHUSMM TEIJIOBOM 3(p(dEKT 3Toro
Ipolecca Io4YTH OJIMHAKOB B pacueTe Ha | MOJIb SKBUBAJIEHTA KMCIOTHI I IIEJI0UH.
OKcrepuMeHTanbHoe omnpeaenenne AH HeHTpain3anuu OCJIOXKHEHO TEM, YTO IpH

CJIMBaHUM PaCTBOPOB MMEET MECTO Mpoliecc pa30aBiIeHuUs:
o(pa3daBn) = AHueiip + AHpass. HeliTpanuzamust cnaboit KMCIOTHI WM CIa0OTO OCHOBAHHS
COMPOBOXKAAETCA TUAPOJIU30M O0Opasyroleiicss coiu, B pe3yibTare 4Yero MW3MeHseTcs
koHientpanust noroB H u OH™ B pactBope, ciiefoBareibHO U TEIUIOBOM 3G QeKT mporecca
OyzleT UHBIM.

Memoouueckue pexomenoayuu u Onucanue 1a00pamopHoll yCmaHo8Ku

C nenbio MpoBEpPKU CIpPaBEIMBOCTU 3akoHa ['ecca, B 1aHHOH paboTe MPOBOAUM PEAKIUIO
Heirpanuzanun H2SO4 menousto NaOH B 11Be cTagum.
Pe3ynbTatom peakuuu nepoi ctaauu (mpu HepoctaTouyHOM KosruectBe NaOH)

H>SO4 + NaOH = NaHSO4 + H20; AH:

ABIsieTCs pacTBop ruapocyibdara Hatpus NaHSO4 B Boze.
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PesynpTaToM peakiuu 1o BTOpou cTaauu
NaHSO4 + NaOH = Na2SO4 + H20¢0);  AH2
sBIIsieTCs 00pa3oBaHue Cyab(haTa HATPUSI.

B kax10ii cranuu Temneparypa yBEIMYUBACTCS M0 CPABHEHUIO C TEMIIEPATypoOil HCXOJHOTO
BemecTBa (pactBopa H2SO4). IloaToMy NpOMCXOAWT H3MEHEHHE OSHTAJBIIMKM B MpoIecce
peakiuu. Ero Mbl MokeM onpeenuTh Uit KaKI0W cTaauu 1o GpopmyIe:

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

rae K= 0,96 x/[x/Monbp — mocTosiHHAsE KaJopuMeTpa (KOJUYECTBO TEIUIOTHI, HEOOXOAUMOE IS
HarpeBaHus KAJIOPUMETPaA C TEPMOMETPOM, Merayikoi, pactBopoMm H2SO4 Ha 1 K);
n = C-V — KOJIU4ecTBO BEIIECTBA;
C — MouisipHas KOHLIEHTpAIUs BEIECTBA;
V — o0Bem pacTBOpa.

OO11ee KOIMYECTBO TEIUIOTHI, BHIACTUBIICIICS B pe3yibTaTe peakiiuu, OyJeT paBHO CyMMe
W3MEHEHUM IHTATBNHHN Kaxa0u cTaguu: AHswen = AH1 + AHo.

Jns  ompeneneHus MOTPEIIHOCTH HM3MEPEHUS TEIUIOBOTO 3(deKkTa BOCHOIb3YyeMCS
dopmyioii: 6 = (AHsken — AHuer./ AHuer.) - 100%.

3a AHucr mpuHumaem TtabnuuHoe 3HadeHne AH ans peakuuu, OpoTEKaroumel B OAHY

CTaUIO:
H2S04 + 2NaOH = NaxSO4 + 2H2O0) + 137,43 x/[x/ Mo,

Ilopsinok BbINOJIHEHUS PadOTHI.

Hanuts B ogun umnunap 100 mu ongHomonsipaoro pactsopa H2SOa.
Hanute B 1Ba nunuuapa no 50 mi apymossipHoro pacrsopa NaOH.
3anuth B Kanopumetp 100 M ogHoMounsipHOro pactBopa H2SOs.
BxiirounThs Memanky.

5. B Tteuenune 5 muHyT uepe3 kaxzaple 60 CeKyHJ CHHMMAaTh IOKa3aHUs TepMOMeETpa M
3aHOCUTh 3HAUEHUSI TEMIIEPATYPHI B IEPBYIO CTPOKY TaOuIbl Nel

6. Bmuts B kanopumetp 50 M 1BymossipHoro pactBopa NaOH u3 nepBoro muimsapa.

7. B TeueHune 5 MUHYT CHHMMaTh IOKa3aHHUS TEPMOMETpa udepe3 Kaxiable 60 cexkyHa U
3aHOCHUTB BO BTOPYIO CTPOKY Tabmuiisl Nel.

8. Bmute B kamopumerp 50 mu aBymoisipHoro pactBopa NaOH. B Tedenme 5 MuHyT
CHUMAaTh IOKa3aHMUsI TEPMOMETpa depe3 Kaxkzable 60 CEKyHI M 3aHOCHUTb MX B TPETBIO CTPOKY
tabsmubl Nel.

9. Paccumtars 3HaueHuss AH 11 Kax10i cTaiuu peakiyy 1 3aHecTH B Tabnuiy Ne2.

10. BeutuTh oTpaboTaHHBIE PACTBOPHI, OCYAY BBIMBITE. CoaTh paboduee MeCTO JIaOOPaHTYy.

Cxema j1a00paTOPHOIl YCTAHOBKH

NS
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Puc. 1. Cxema xanopumerpa:

1 — BkIIIOUYATENh MEIIATIKY; 2 — TEPMOU3OJIUPYIOLIIE CTAKAHBI;

3 — peakIMOHHBIN CTakaH; 4 — TEPMOMETP; 5 — NEKTPOABUTaTENb MEIIANIKH;
6 — mraruB; 7 — BOPOHKA; 8 — MeIanka; 9 — OCHOBaHUE MITaTUBA.

OcCHOBHOM YacThIO TaAOOPATOPHON YCTAHOBKU SIBIISIETCS KAJIOPUMETP, MPEACTABIISIOINI
c000M M30JUPOBAHHBIN OT OKpYXKarollel cpebl BHyTpeHHUM cocyn (3). st usmepenust
TEMIEPATyphl pearupyromnX BEIIeCTB UCIOIb3YyeTCsl pTyTHBIN TepMmomeTp (4). [lepemeninBanue
pacTBOpa OCYIIECTBIIIETCS MEIIANIKOU (8) ¢ momoIibio AtekTpoasuratess (5). Bopounka (7)
CILYKHT ISl 3AJIUBKH PACTBOPOB.

Tabnauya 1
t, MUH 1 2 3 4 5
t° C, H2SOq4
T°C, 1 ctaguu
T°C, 2 ctaguu
Tabnuya 2
1 cragus 2 cragus
TOHa‘{ = tOKOH = tOHa‘{ = tOKOH =
At° = At° =
AH; = AHp =

Coaep:xanue oTyera:
Tema u enb paboTHI.
XHWMHUYECKUE YPABHEHUS PEAKIU.
Ta6mumst Nel u Ne2.
Pacuerst AH n norpemnoctu & %.
BriBo1bI IO TipO/IETaHHOM paboTe.

KoHTpoJibHBIE BONIPOCHI:
OcCHOBHBIE TOHATUS TEPMOJMHAMUKH (TEpMOJMHAMHUYECKas CHUCTEMA, IapaMeTpPhl CUCTEMBI,
(aza, KOMIIOHEHTHI cUCTEMBI, Tiporiecc). Knaccudukaius TepMOANHAMUYECKUX CUCTEM.
BHyTpeHHss sHeprus BeniectBa. OyHKIUEH KaKUX MapaMETPOB SIBISAETCS BHYTPEHHSS YHEPrUs
BenlectBa? [lepBoe Hauano tepmoauHaMHKH. [IprMeHeHue nmepBoro Havajga TEPMOJAMHAMUKH K
OMOJIOTUYECKUM CHCTEMAM.
OHTanbnus Kak QyHKIMs coctostHus. CTaHIapTHBIE YCJIOBHS B TepMoAuHamuke. V3meHeHue
SHTAJIBIINU B PA3IMUHBIX XUMUYECKHX M (PU3MKO-XUMHUYECKUX MPOLIECCaX.
TermoBoit »¢dekr xumuyeckoil peaknuu. OCOOEHHOCTH TEPMOXMMHUYECKHUX YpaBHEHUH U
pacueToB 1o HUM. 3aKOH ['ecca u ciencTBus U3 HEro.
Bropoii 3akoH TepmonrHamMuku. [lonaTre sHTpONHH.
CoboaHas sHeprus ' mb0ca kak KpuTepuit caMONpOU3BOIBHOTO MPOTEKAHHSI PEAKIIHH.
TEMA 2. TEOPUS PACTBOPOB.

Yactb A. [IpurorosiieHue pacTBOPOB 3aJaHHON KOHICHTPaLMH.

esanb padoThi:
Hayuntcs roToBUTH pacTBOPBI 3aJaHHOW KOHLIEHTPALUH.
[TproGpereHne HaBBIKOB pacueTa U rnepepacyeTa KOHIEHTPAIUi pacTBOPOB.

Copepxanue padoThI:
IIpuroroBneHus: pacTBOPOB Pa3INYHON KOHIIEHTPALUH U3 CYXOM COJIN.
[TpuroroBneHust pacTBOPOB U3 0oJiee KOHIIEHTPUPOBAHHOTO PACTBOpA.
[IpuroroBneHus: pacCTBOPOB CMELIEHUEM JIBYX PACTBOPOB Pa3HbIX KOHLIEHTPALUH.
Ilepepacuer MaccoBOM JONIM pPAacTBOPOB B  MOJSPHYKO  KOHILICHTPALMIO, MOJIAPHYIO
KOHIICHTPALNIO SKBUBAJIEHTA, B MOJISUIBHOCTb.

IIpuGopsl M peakTUBBI: MEPHBIE KOJIOBI (KOHWYecKHe Ha 250 Mi1); MepHbIe LIUIHHIPHI
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Ha 50, 100 u 250 w1, CTEKISHHBIC MAJOYKH, BECHl TEXHOXMMHYECKHE, Pa3HOBECHI, HaOOp
apeoMETPOB, XJIOPHU HATPHUSL.
MeToanyeckue peKOMeHIAlUU U ONMcaHKe J1a00PaATOPHOIi padoThI
a) IlpuroroBienue pacreopa NaCl 3axanHoii KOHIEHTPAIMHU U3 HABECKH
CyXOro BellecTBa
IMopsinoxk padoThI:

. [HonyuuTts 3amanue oT mpenogaBaTess: IPUTOTOBUTH onpezaeneHHoe koiardecTBo (100500 mur)

pacTBopa XJIOpHIa HATpUs ¢ KOHIeHTpanueh 5—15%.

. Paccuurath HCO6XO,Z[I/IMYIO AJI1 IPUTOTOBJICHHA 3aJaHHOI'O o0beMa pacTBOpa HABECKY CYXOﬁ

COJIA ¥ 00BEM BOJEL.

. OTBecuTh HaABECKY XJIOpHUAa HAaTPpUsA HAa TCXHOXUMHUYCCKUX BECaX U IICPEHECTU €€ B KOJ'I6y.
. OTMepI/ITL HGO6XOHI/IMOG KOJIMYCCTBO BOJAbI MCPHBIM HHWJIHMHAPOM MW BBUIMTH BOAY B COCYH C

CYXOﬁ coJipl0. Pa3zmemaTrh cMech IaIOuKoM A0 ITOJIHOT'O paCTBOPCHUA COJIH.

. Jl1s KOHTPOJI MPaBUJILHOCTU IIPUTOTOBJIEHUSI PACTBOPA U3MEPUTH €r0 IUIOTHOCTh apEOMETPOM:

B HUIMHAp eMKocThio 50/100 Myl HaIMBAIOT MOJYYEHHBIN pacTBOp (2/3 06beMa) U OCTOPOKHO
OIMYCKAIOT TyJla apeoMeTp (B MpUCYTCTBUU mpenogaBatens). CpaBHUBAIOT PEAIbHYIO TJIOTHOCTh
¢ HeoOXoanMOoH (TabuIa) U 1ear0T 3aKII0YSHHE O MPABUILHOCTHU BBINOIHEHUS PaOOTHI.

. OdopmuTh MPOTOKON PabOTHI U BBIPA3UTH COACPIKAHUE XJIOpUIA HATPUSA BO BCEX EIMHHUIIAX

KOHIeHTpauuu (%, MOJIsIpHas J0J1s1, MacCoBasi KOHIIEHTPALUs, TUTP, MOJIAPHOCTb, MOJISTIBHOCTD,
HOPMAaJIbHOCTB).

. PaCTBOp XJIOprJa HaTpus OCTaBUTD JJIA ,Z[aJ'ILHeI‘/‘II_Heﬁ pa6OTLI, HCIIOJIb30BAHHYTO ITIOCY1Y BbIMBITD.

6) ITpurorosiienue pacreopa NaCl pa36asiieHuem 6oJiee KOHHEHTPUPOBAHHOTO PACTBOPA
Ilopsinok paGoTbI:

. [llomyunts OT penoaBaress 3aaHue — IPUTOTOBUTH omnpenenaeHHoe KoauyecTBo (100-500 mn)

pacTBopa XJIopuJa HaTpus HHU3KOM KoHueHTpauuu (2—8%) u3 Ooyiee KOHIEHTPUPOBAHHOTO
pacTBopa.

Paccuntath 00BEM KOHIIEHTPUPOBAHHOTO pacTBOpa, HEOOXOAUMOTO i MPHUTOTOBICHHS
3a/IaHHOTO 00BEMA M KOJIMUECTBO J0OABOYHOM BOJIBI.

Otmeputh HE0OXOIUMOE KOJMYECTBO KOHIIEHTPHUPOBAHHOTO pacTBOpa M J100ABOYHOW BOJBI,
CIIUTh UX B KOJIOY ¥ TIIATEIHHO MEPEeMEIIaTh PacTBOP.

. I[J'IH KOHTPOJIA MPAaBUIIBHOCTU ITPUT'OTOBJICHUS PACTBOPA UBMCPUTH €TO INIOTHOCTbL ap€OMCTPOM B

MPUCYTCTBUH MPEINOIaBATENS.

. O(i)OpMI/ITB MMPOTOKOJI pa60TBI N BBIPA3UTHL COACPIKAHHC XJIOpUAA HATpUus BO BCCX CIAHHHUIAX

KOHIICHTPAI1H.
PactBOp XjopHuza HaTpusi OCTaBUTH JJs JAajbHEWIIed paOoThl, HMCIOJIB30BAaHHYIO MOCYIY
BBIMBITD.
B) HpanOBne}me pacTrBopa NaCl ememenuem ABYX PacTBOPOB 3aJaHHbIX KO]—[IIeHTpaIII/[ﬁ
ITopsinok padoTbI:

1. [ToxyuuTs OT mpenoaaBaTens 3aJaHue.

Paccunrtate TpeOyemble 00BEMBI O0OMX pacTBOPOB, HEOOXOAMMBIX Uil TNPUTOTOBJIECHUS
3aJJaHHOTO PacTBOpA.

. OTMepI/ITB paCcCUNTaHHBIC KOJIMYCCTBA CMCIHIMBACMBIX PACTBOPOB U CMCLIATh UX B KoJ10e.
. HJ'ISI KOHTPOJIA MPaBUJIBHOCTHU PACUCTOB U MPUTOTOBJICHUSA PACTBOpa U3MEPUTH €0 IJIOTHOCTH

apCoOMETPOM B MIPUCYTCTBHUU ITPCTIOAABATECIIA.

. OdopmMuTh MPOTOKOJ PabOTHl U BBIPA3UTH COJEP)KAHME XJIOPHUJIA HATPUS BO BCEX EIUHHIIAX

KOHIICHTPAIUH.
6. BBUTHTE pacTBOPHI XJIOPHUIa HATPHSI, IOCY Ty BEIMBITE. CllaTh pabodee MecTo JTabOpaHTy.
Conep:xanue oTyera:
1. Tema u 11e71h paboOTHI.
2. Pacuets! o Kax10# yacTu pabOTHI.
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3. 3HaueHUs TUIOTHOCTEN: TeopeTndeckoe (U3 TaOIUIIbI) U IKCIIEPUMEHTAIBHOE.
4, Pacuer IIOrp€IIHOCTHU 0 % IIPUT'OTOBJICHUA PACTBOPOB.
5. BriBojbI O nposieniaHHoM padoTe.

KoHTpoJibHbIE BOIPOCHI:

Kakwue crmocoObl BEIpaKEHUSI KOHIICHTPAIIMH PACTBOPOB BaM M3BECTHBI?
Kak nepeiiTi OT 0JJHOT0 BHUJ1a KOHIIEHTPAIMH K IPYyroMy (Ha KOHKPETHOM Ipumepe)?
Kakwue cymecTByOT cCriocoObl IPUTOTOBICHUS PACTBOPOB?
Onummre X0 paboTHI 10 JII00OMY CIOCO0Y MPUTOTOBJICHUS PACTBOPOB.

Yactes b. UoHHBbIe peakiuy B pacTBOpPax, rereporeHHble PABHOBECHSI B PacTBOpax
3JIeKTPOJIUTOB (PKCIIEPUMEHTAIbHOE ONpEIeTICHIE HAIIPABICHU XUMHUUYECKUX PEaKIIHii).

Hean padoThi:
O3zHakoMJIeHHE ¢ OOLIUMH CBOWCTBAMU MaJIOPACTBOPUMBIX JIEKTPOIHUTOB.
[IpuoOpeTenrne HaBBHIKOB pacdeTa MPOM3BEICHHUS PACTBOPUMOCTH M PACTBOPUMOCTH OCAIKOB
CUJIBHBIX 3JIEKTPOJIUTOB.
Copepxxanue padboThbI:
Ornpenenenne peakiu Cpepl IPU TUAPOIU3E COJIEH.
N3yuenune BIusiHUS TEMIIEpATyphl HA TUIPOJIU3.
W3ydenue ycnoBuil oOpa3oBaHHs OCAJKOB MalIOPACTBOPUMBIX CHIIBHBIX SJEKTPOIUTOB U HX
pPacTBOPUMOCTH.
Pacuer pH conel noasepraronmxcs rugpoiinsy.

IIpuGopsbl U peakTUBDI:

1) mrraTuBbI 171 TPoOUPOK, TPOOUPKHU Ha 10 MJI, MUMIETKH.
2) 2 H pacTBOPBI: XJIOpU/A KaIbLUs, XJIOPUIA HATPHS, XJIOpUIa Oapusi, OKcasata aMMOHHSI,

COJISTHOM KHCIIOTBI, HUTpaTa 6apusi, Xpomara Kajius, yKCyCHOM KHCIIOThI, HUTpaTa cepedpa,
cyiabdua HaTpus.
DKCIIepUMEHTANIbHAS 4aCTh:
MeTtoauyeckue peKOMEeHAAlMH M ONMCaHue JJA00paTOPHOH padoThl
OnbiT 1. O0pa3zoBaHue 0CcaIKa U YCJI0BHE €r0 PACTBOPEHHU
B npoOupky Haneiite 4—5 kanenb pacTBOpa XJI0pHAa KalblUsa U NpUOaBbTe MO KAMIAM

pacTBOp OKcajaTa aMMOHUs 10 oOpa3oBaHus Oenoro ocanka. M30eraiite pacTBOpUMOCTH
ocaZka B 2 H pacTBOpPE COJSHON KUCI0Thl. Hanummure MosleKyIsipHbIe U MOHHBIE YPaBHEHUS
peaxkuuii. Beimumure u3 Tabaull KOHCTAHThI IUCCOLMAIMU U PACTBOPUMOCTH CJIa0bIX
ANEKTPOJIMTOB. BBIYMCINTE KOHCTAHTY PaBHOBECHUS PEAKLIUN PACTBOPEHHUS OCaNKa U
00BSICHUTE, TI0YEMY ITO MPOUCXOAUT.
OmnsIT 2. OnpenesieHne HaNpaBJIeHHs XHMUYECKHX peaknuii (PacTBOpeHHE 0CAIKOB)

Haneiite B npoOupky 6—8 kamenb pacTBopa XJOopuia WM HUTpaTa Oapus W npuOaBbTe 1O
KaIlJIIM pacTBOp Xpomara Kaius A0 o0pa3oBaHUs kenToro ocajaka. Ocagok pa3fenuTe Ha JIBe
yacti. K onHON yacTu mpubaBbTe 2 H pacTBOpP COJITHOM KHMCJIOTHI, @ K JAPYroil — 2 H pacTBOp
YKCYCHOM KHCIOThl. B ofHON M3 MpoOMpOK HaOII0[aeTcsi pacTBOPEHHE OCaaKa. 3aluIInTe
HaOmroieHus, crenaiite BbIBOA. COCTaBbTE€ MOJIEKYJISIDHbIE M WOHHBIE YPaBHEHMS DPEaKIHil.
Bbruncnnre KOHCTaHTBI paBHOBECHS IPOIIECCOB PAcCTBOPEHMsI Xpomara Oapusi B COJSIHOM U
YKCYCHOHM KHCJIOTE U OOBSICHUTE HAOII0JaeMoe.
Oneir 3. HampaBieHue XHMHYECKOH peakIUuM B CTOPOHY 00pa3oBaHusi MeHee
PACTBOPMMOIO COeIUHEHUS

Hanelite B mpoOupky 2—3 karum pacTBopa HUTpaTa cepedpa u npudaBbTe K HeMy 2—3 Karuiu
pacTBOopa Xpomara Kayius. 3aluIIMTe [BET IOJIYy4YeHHOrO OCajKa, Mociie 4Yero 1o0aBbTe B
npoOupky 2-3 Kamim pacTBopa xjiopuaa Harpua. Kak wu3MeHsercs uBer ocanka (s
HAOMIOJIEHHUsT I[BE€Ta OCajJKa pacTBOP MOYKHO OCTOPOKHO CIHTH)? A Tenepb npudaBbTe K
COJIEP’KUMOMY NMPOOHPKHU 2—3 Karlid pacTBoOpa Cyjb(puaa HATPUS U ONATH 3aMUILIUTE IIBET OCAJIKA.
CocTtaBbTe MOJIEKYJISIPHBIE M HOHHBIE YPaBHEHHS BCEX MPEBPAILICHHH.
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Hcronb3yst 3Ha4e€HHsS KOHCTAHT PACTBOPHUMOCTH, BBIYMCIMTE PACTBOPUMOCTH IOTYYEHHBIX
COEIMHEHUII M KOHCTaHThl paBHOBECHs Uil HaOMoAaeMbIX mporeccoB. Crenaite BbIBOA O
HAaIIPaBJICHUN XMMHYECKUX PEAKLIUI.
IMopsinoxk padoThI:

ITomyuuTs OT NpenoaaBaTes 3aJaHue.

BrInonHuTh paboTy corfiacHO METOUYECKIX PEKOMEHTAIUH.

OdopMUTE TTPOTOKOIT PAOOTEHI.

Boutnth oTpaboTaHHbIe pacTBOPHI, MOCYAY BBIMBITE. CHaTh pabouee MecTo.
Conep:xanue oTyera:

Tema u 11e51h paboOTHI.
HaGmronenust, ypaBHEHUS peakIHid 10 KaXk10i 4acTH pabOTHL..
BBIBOIBI 110 TIpOJIETIaHHOM padoTe.

> w

no

™

KoHTpoJibHbIE BOPOCHI
HonHbIe ypaBHEHHU peakuil. Y CJIOBUS NIPOTEKAHUs PEaKIMi B PACTBOPaXx.
['eTeporeHHoe paBHOBECHE: OCAJOK — HAChILEHHbIN pacTBop. KoHcTaHTa pacTBOpUMOCTH (MK
MIPOU3BEICHNE PACTBOPUMOCTH)
YcnoBust 00pa3oBaHus U paCTBOPEHHsSI OCAIKOB.
Brnusaue o0miero noHa Ha paCTBOPUMOCTH MaIOpacTBOPUMOTro BermecTBa. CoseBoit A3 hexT.

TEMA 3. SKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIUAHUSA PH CPE/IbI HA

MPOAYKTbI OKUCJIUTEJIBHO-BOCCTAHOBUTEJBLHBIX PEAKIIUI
e padoThI:
M3yuuTh OKHMCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOWCTBA METALIOB, HEMETAUIOB U HUX
COEIMHEHUI.
OCBOUTBH METOJIUKY COCTABJICHUS YPAaBHEHUN OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX ITPOLIECCOB.
3aKpenuTh 3HaHUS O BIMSHUU CPEbl HA OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE ITPOLIECCHI

Copepxanue padoThbI:
OkucnuTenbHbIe U BOCCTAHOBUTEIHHBIE CBOMCTBA TEPOKCHIA BOJAOPOIA.
OKHCIUTETbHBIE U BOCCTAHOBUTEIbHBIC CBOMCTBA HOHOB P- U 0-3JIEMEHTOB.
OxucnuTeNnbHble CBOMCTBA IEPMaHIaHATa Kajausl B pa3IMYHBIX CPEIax.
IIpudops! U peakTUBBI:

[TpoGupkwu, mTaTuB /715l MPOOUPOK, AepKaTelb Ui IPOOUPOK, MUIETKHU, BOJsSHAs OaHsl,
ropenka.
2 M pactBopsl HUTpata xpoma (l11), runpokcuna HaTpus, HoauAa Kanus, IepMaHraHaTa Kajius,
cyabpura HaTpus, cyibdara mapranua (ll), xmopuma omosa (Il), 3% pactBop mnepekucu
Bosopoaa, 2H pactBop cepHoit kucioTel, 2H pacTBop a30THOW KHCIOTHI, YETHIPEXXJIOPHUCTHIN
YTIEPOA, PacTBOP MOJa, MOPOLIOK JUOKCHIA CBUHIIA.

KpaTtkue Teopernueckue cBegeHus.

Bce xuMundeckue peakimy MOKHO pa3fieuTh Ha B OOJIbIINE IPYMIbL: IpoTeKaome 0e3
U3MEHEHHUS CTENEeHU OKHUCIEHUS U C U3MEHEHHEM CTENEHU OKUCICHHS — OKHUCIUTENbHO-
BOCCTAaHOBUTEIIbHBIE.

K oxucnuTenbHO - BOCCTAHOBUTEIBHBIM OTHOCSATCSI BCE PEAKLUM 3aMELIEHUS] U Te pPeaKu
COEJIMHEHHS U Pa3JIOKEeHUSI B KOTOPBIX YYacTBYeT XOTsI Obl OJTHO MpOCTOe BelecTBO. Bee peakuuu
oOMeHa MPOTEKArOT 0€3 M3MEHEHUSI CTETICHH OKUCIICHUSL.

[lon crTemeHbI0 OKHC/JAEHHSI TIOHUMAIOT (aKTHUECKUI 3aps)l aToMa B MOJEKyJe
oOpa3zyromuiics B pe3yJibTaTe nepepacrpeaeaeHus 3JeKTPOHHOM MITOTHOCTH.

OxuciieHneM Ha3bIBalOT IPOLECC MOTEPU AIEKTPOHOB, NMPHUBOIALIMM K IMOBBILIEHUIO
CTENeHH OKHUCIIeHHs. BeriecTBa, aTOMbl WJIM HMOHBI KOTOPBIX OTJAIOT AJIEKTPOHBI, Ha3bIBAIOT
BOCCTaHOBHUTENAMH. BOCCTaHOBHTENb, OTIaBas JNEKTPOHEI, OKHUcseTcs. Zn° -2e — Zn*?

BoccTraHoBiienne — mpoliecc IPUCOEAUHEHHUS AJIEKTPOHOB, MPHUBOJIALINN K MOHHUKEHHUIO
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CTCTICHH OKHWCJICHHS. BemecTBa, aTOMBl WU HOHBI KOTOPBIX TMPUCOCAUHSIOT JJICKTPOHBHI,
HA3bIBAIOTCS OKHMCIUTEIAIMH. OKHCINTENb, IPHCOSIMHSAS SEKTPOHBI, BoccTaHaBiuBaercs. Cu'?
+2e — Cu°

OO01ee YHUCIIO AJIEKTPOHOB, OTJAAHHBIX BOCCTAHOBHUTEIIEM, PABHO YHCIY 3JICKTPOHOB,
MPUHSITHIX OKUCITUTEIIEM.

Jlis  mporHo3a  MPOXYKTOB M HANpaBJICHHWs  NPOTEKAHUS  OKHUCIIUTEIBHO-
BOCTAHOBUTEIHHBIX MPOIIECCOB HAJIO 3HATH, YTO THMNHYHBIMHU OKUCIUTEISIMHU SIBIISTFOTCS:
IIPOCTBIC BEIECTBA, aTOMBI KOTOPBIX MMEIOT OOJBIIYIO 3JICKTPOOTPUIATEIBLHOCTD (JIEMEHTHI
VIA u VIIA rpynm). 3 Hux Haunbosee cusibHbie okuciurenu F, O, Cl.

BemectBa, conmepxkaiiue 31eMeHThl B MakcuMaibHOU crernenn okuciaeHus: (KMnOs, KoCr07,
HCIO4, H2SO4 u ap.

KarnoHsl MeTaJIJIOB ¥ BOJAOPOIa

K THIHYHBIM BOCCTAHOBHUTEJISIM OTHOCSTCS:

1) mpocThie BeuiecTBa, aTOMbI KOTOPBIX UMEIOT MAIYIO 3JIEKTPOOTPULIATENBHOCT < 1,5 (3J1eMEHTHI

1)
2)

N

B

IA u llA rpynn 1 HEKOTOpbIE IPYrHe METaLIbI).
2) BemecTBa, coaeprKaiiie 3JeMEeHThI B HU3IINX crenensx okucienus: (H2S, NHz u ap)
BemecTBa, comepikarime aToMbl B IPOMEKYTOUHBIX CTEMEHSX OKHCICHUS, CIIOCOOHBI Kak
MOBBILIATh, TAK U TIOHWXKATh CTENCHb OKUCIICHUS, T.€. MOTYT OBITh KaK BOCCTAHOBUTENIAMHU (TIPU
JIeHCTBUM 0o0Jiee CHIILHOTO, YeM OHH, OKHUCIIMTENS), TaK M OKUCIUTEISIMU (IIPU JIeHCTBUU OoJiee
AKTUBHOTO, 4Ye€M OHH, BOCCTAHOBHUTEINs). Takue BelIeCTBA MPOSBISIOT OKUCIUTEIBHO-
BOCCTAHOBUTEJIHHYIO TBOMCTBEHHOCTD.
[Tpu cocTraBneHnn peakiyii OKUCIUTENBHO - BOCCTAHOBUTEBHBIX MPOLIECCOB UCIIONB3YIOT:
METO/T JIEKTPOHHOTO OaaHca
METO/] IOJypeakui WIM HOHHO - 3JIEKTPOHHBIH CIIOCO0.
I[IpaBuia  HANMUCAHHMA  OKHCJHMTEIbHO-BOCCTAHOBHUTEIBHBIX  peakuuii  MeToa0M
MOJIypeaKkui:
BBIACHSIOT TPHHIMIAATBHYIO BO3MOXKHOCTH Tmporekanus Ox/Red mporecca - Haxomsr
MOTEHIUATbHBIA OKUCIUTENb U BOCCTAHOBUTEb.
OnpenensitoT MPOAYKTHl OKHCICHUS B BOCCTAHOBIICHUS.
[TumryT momypeakiui OKWCICHHS] U BOCCTAHOBIIGHUS, pacCMaTpUBas BCE MMEIOIIMECS MOHBI U
cpeny - H20, H min OH", Ho uu B koeM caydae He HY 1 OH™ - BMecTe OHU COCYILIECTBOBAThL HE
MOTYT.
CBoaT MaTepuaIbHbIN OamaHC MOJypeakiuii - 3akoH JIoMoOHOCOBa B IEHCTBUH.
CBOIsT 2NMEKTPOHHBIN OanaHc, MOJCYMTAB, 3apsAlbl CleBa U COpaBa W J100aBUB WM BbHIUTS
JJIEKTPOHBI.
Haxogsat oOummii MHOXUTENb AN O0EMX TMONypeakiuii, C y4eToM TOro, 4YTO, CKOIBKO
AJIEKTPOHOB OBIJIO OTHSITO Y BOCCTAHOBUTEIISI, CTOJIBKO MPUOABUIIOCH K OKUCITATEIIO.
PaccraBistroT K03 PUIIMEHTHI B ypaBHEHUH U JOMMCHIBAIOT HEIOCTAIOIINE TPOAYKTHI.
KMnO4 + NaxS03 + H2SO4 = MnSO4 + Na;SO4 + K2SO4 + H20
Peaknust mporekaeT B BOAHOM pPAacTBOpPE, COOTBETCTBEHHO KOMIIOHEHTHI pPEaKIMU
JTUCCOIUUPYIOT:
K*+ MnOy4 + 2Na*" + SOz% + 2H" + SO4% = Mn?" + SO4% + 2Na* + SO4* + 2K* + SO4% + H20
JIyist cocTaBiIeHUS MOJTypeaKIMid BEIOMpAaeM HOHBI, KOTOPBIE COJIEPIKAT aTOMBI, H3MEHSIOIIHE
CBOM CTEIEHU OKHCIICHUSI.
2 | MnOg4 + 8H'+ 5e — Mn?" + H,0O  okucuTeNs/ BOCCTAHOBUTEND
5 [ SOs% + H20 - 2e — SO4* + 2H*  BoCCTaHOBHUTENH/OKUCIHTEND

2MnOy4™ + 16H*"+ 5S03% + 5H,0 = 2Mn?" +5504% + 10H* + 8H,0
Cokparmass KOMIIOHEHTbl B TMpaBOd M JIEBOM YacTH, IOJIy4aeM COKpPALIEHHOE HOHHOE
ypaBHEHHE JAaHHOW OKUCIUTEIHFHO-BOCTAHOBUTEIEHOW PEAKIINN:
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2MnO4 + 6H*+ 5SO3% = 2Mn*" +5504% + 3H20
[ToxcraBUB K MOHAM HEOOXOAMMBIE MPOTHUBOUOHBI, TIOJYYUM MOJIEKYJIIPHOE YpaBHEHUE C
TOTOBBIMH KO3 PHUIHEHTAMHU.
2KMnO4 + 5NazS03 + 3H2S04 = 2MnSO4 + 5NaxS04 + K2SO4 + 3H20
Cynbgar xamis He y4JacTBYeT B OKHCIIMTEIIbHO-BOCCTAHOBHUTEIILHOM TMPOLIECCE, MO3TOMY MpU
COCTaBJICHHH TIOJTyPEAKIMI HEe YUUTHIBAJICS, OJTHAKO YUUTHIBACTCS TP 3aITMCH MOJIEKYJISIPHOTO YPaBHEHHSL.
Bausinne cpeabl Ha OKMCIUTEIbHO — BOCCTAHOBHTEJIbHBIE POLECCHI.
pH cpenbl oka3pIBaeT BIMSHHUE HA HAMIPABICHUE OKUCIUTENIbHO-BOCCTAHOBUTEBHBIX PEAKIIHIA
U XapakTep OOpa3yroIIMXCs MPOAYKTOB. UeM MeHbIe KUCIOTHOCTh Cpellbl, TeM, KaK IpaBWIIO,
MeHee riryooko uzaet npouecc. Hampumep, KMnOs mposiBiisieT OKHCIUTENbHBIE CBOMCTBA 32 CYET
Mn*" 1 BoccTanaBnmBaeTcs:
B KHCJIOH cpesie — 10 Mn*? . B HerTpasbHOU — 10 MNO>
B IEJIOYHOM Cpejie 10 MaHraHaT-HoHa - MNO2%
XpoMar W AMXpOMaT Kajus BBICTYMAlOT B KadecTBE OKHUCIUTENed B KHCIOW cperne,
BOCCTaHABJINBAsACH 10 HoHa Cr*s,
B mpupone nambornee pacnpocTpaHeHbl COSIUHEHHs] MapraHila cO CTENEeHbI0 OKHCICHHS
+2. B oprann3me YenoBeKka MapraHel] Tak)Ke HAaXOJWUTCS B CTEIICHW OKHCIICHUS +2, HO, Y4YacTBYS B
OMOXMMHYECKUX TPOIECccaX, OH HE MEHSET CBOEH CTENEeHU OKHUCIIEHHUS. JTO CBSI3aHO C TEM, YTO B
OpraHu3Me HET CHJIbHBIX OKHCIIUTENEH.
N3menenue pH cpenbl MOXKET pa3BEepHYTh peakiuio. Tak IUCIPONOPIHOHUPOBAHUS XJI0pa
B menounoii cpene Clo + KOH = KCI + KCIOs + H20 uaer B 00OpaTHOM HaImpaBICHUH TPH
nozakuciaenuu pactsopa. HCl + HC1O3 = Cl2 + H20
YeM MeHbIIE KHCIOTHOCTH CpEIbl, TeM, KaK NpPaBWIIO, MEHee TITyOOKO HAET MpOIecC:
TlepMaHTaHaT BOCCTaHABJIMBaeTcss 10 Mn?* B kmcmoii cpene, 10 MnO; - B HEWTpanbHOH U 10
MnO4? B meno4HOI cpese.
JKCNepUMEeHTAIbHAA YacCTh.
Onpit 1. Oxucienne nona Cré* 10 BuIcIIeli CTeNeHH OKHCIEHHUS
K 6-8 kamisam pactBopa Cr(NO3)3 npubassre no karmsim pactBop NaOH 1o pactBopenus
obpasyromierocst ocagka Cr(OH)3 u 3atem 3-4 xamu 3% pactBopa H202. Cmech nepememaiite
U, TpH HEOOXOJUMOCTH, Harpeire Ha BOJSHONH OaHe WM TOpelKke B TeyeHue 1-2 MUH.
OKpalmyBaHHE pacTBOpa B JKENTHIA IIBET CBHJIETENLCTBYET 00 oOpasoBaHmu moHa CrOs%*
PaccraBbTe K03()(UIIMEHTH B ypaBHEHUH PEAKLIUU METOJIOM IMOJTypeaKIfii U clieslaifiTe BHIBO/L.
Cr(NOgz)z + NaOH + H202 = Na2CrO4 + NaNOz+ H20
OnpiT 2. OKUEMTEIBHBIE U BOCCTAHOBHTE/ILHBIE CBOVCTBA MEPOKCH/IA BOIOPOIa
a) K 3 xamsam pacteopa Kl nmpubaseste 2 karmmu 2H pactBopa H2SO4 u 3aTem mo karism
3%-p1ii pactBop H202 1m0 mosiBieHus sxentoi okpacku. [[nsg oGHapyxkenus |2 B pacTBOpe
npubaBeTe K HeMy Heckoibko kamenb CCls um  BeTpsixHute mpoOupky. PaccraBere
K03 PUIIMEHTHI B YpaBHEHUH PEaKIIMU METOAOM IOJIypeakuii U caeaiTe BhIBOI.
Kl + H202 + H2S04 = |2 + K2SO4 + H20
6) K 5-6 xamuam pactBopa KMnOs npubasbre 3-4 kammu 2H pactBopa H2SO4 u 3atem
Heckosbko Kamenb 3%-ro pactBopa H202. HaOmromaercsa oOecuiBeunBaHuEe pacTBOpa U
BbIETIEHHE ra3a. lcnbelTaiiTe BBUASHAIOIIMICA Tra3 TICHOUIEH JydyuHKOW. PaccraBbre
K03 (UIIMEHTH B ypaBHEHUU PEaKIIMU METOJIOM TOIYPEaKIUi U ceaifTe BBIBOJ.
KMnO4 + H2SO4 + H202 = MnSO4+ O2+ KoSO4 + H20O
OmnpiT 3. OKHCIUTEIBHBIE CBOICTBA IIEPMAHIAHATA KAJIMS B PA3JIMYHbIX Cpefax
B tpu npobupku Haneiite mo 5-6 kamenb pactBopa KMnOs. 3arem B mepByro HpoOHpPKY
npubaseTe 3-4 karm 2 H pactBopa H2SOs, BO BTOpYIO - HHYEro, a B TpeThlo - 3-4 Karumi 2H
pactBopa NaOH. Ilocne 3Toro B kaxmayro nmpodupky npudasbTe 1o KarisiM pactBop NaxSOsz wmmm
cyxyto conb. HaOmonaiite wn3MeHeHHe OKpacku pacTBopoB. PaccraBbTe K03 @HUIMEHTH B
YpPaBHEHMSAX PEaKIMi METOAOM MOITYypPEaKkLUi U clienaiTe BbIBO/IBI 00 OKUCIMTENBHBIX CBOWCTBAX
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nepMaHraHaTa KaJjus
a) KMnOs + H2SO4 + Na;SO3 = MnSOs + K2SO4+ NaxSO4 + H20
6) KMnOs + H20 + Na;SO3= MnO> + Na>SO4+ KOH
B) KMnO4 + KOH + Na SOz = KoMnO4 + NaxSOs+ H20

OnpIT 4. OKHCIeHNEe KaTHOHA (-3JIeMEHTA 10 BBICIIEH CTeNeHH OKNCIeHUs

Oxucnenne moHa Mn?* muoxcumom cBuHIA. BHecuTe B MpOGMPKY HEMHOTO MOPOIIKA
PbO2, mpubassre 2 mMu 2u pactBopa HNO3z u Harpeiite Ha BOIsSHON OaHe WM TOpEIKE 0
kuneHus. [locme storo mpubaBpTe B mpoOUpKy 1-2 kammm pactBopa MnSOs mepememaiite u
cHoBa Harpeiite. Ha0mronaeTcs mosiBjeHns MAIMHOBOM OKpacku oOpa3oBasmierocss nvona MnOy'.
PaccraBbre K03()(HUIIUEHTHI B ypaBHEHHH PEAKIIUU METOJIOM IOJIyPEaKIUi U CIEIalTe BHIBO/I.

PbO2 + HNO3 + MnSO4 = HoMnO4 + Pb(NO3). + H20

OneIT 5. BoccTaHOBUTE/ILHBIE CBOMCTBA KATHOHA P-3jieMenTa (Sn2*)

Haneiite B npobupky 3-4 karum pactBopa SnCly, mpubaBbTe 1m0 KamisiM 2H pacTBOP
KMnO4 Habmogaercss MCYe3HOBEHHE MAaJMHOBOW OKpacku. PaccraBbTe k03(hDdUIIMEHTH B
YpaBHEHHH PEaKIMU METOIOM MoJypeakiuii u caenaire BoiBoa. SNCly + KMNnOs + H2SO4 =
SnCls + MnSQO4 + H20

OnbIT 6. BoccranoBHUTeILHBIE CBOWCTBA AHHOHA p-djeMenTa (SO3%)

ITomecture B mpobupky 3-4 karum pactBopa NaSOs, mpubassre 2-3 Karm 2H
pactBopa HxSOs m 1-2 xarum pacteopa lp, Berpsxaure mpoOupky M HaOMromaiTe 0OeCIBEUMBAHKC
pactBopa. PaccraBbTe KO3((HUIIMEHTHI B YpaBHEHHH PEAKIMN METOIOM TMOTYPEaKI|id U CCIAaiTe BHIBOJI,
KakoBa posib cepHOI KUCIIOTHI B JAHHOW PEAKIIAHN?

Na>SOs3 +1l2 + H2O = NaxSO4 + HI
Ilopsinok paGoTbI:
[TonyuuTh OT penoaBaTess 3aiaHue.
BrINOIHATE paboOTy COTIIACHO METOANYECKUM PEKOMEHIAIUSIM.
OdopMHUTH TPOTOKOJT PAOOTHI.
Bounth oTpaboTaHHbIE pacTBOPHI, HOCYAY BBIMBITE. CaaTh pabodee MecTo.
Conep:xanue oTyera:
Tema u uenb paboThI.
HaOnronenus, ypaBHEHUs peakivii Mo Kax/10i yacTu paboThl..
BriBosbI IO ITpOJIEIIaHHOM padoTe.
KonTpoJsbHbIe BONPOCHI.
THIBI OKHUCIUTENBHO-BOCCTAHOBUTENBHBIX peaknuid. THUMUYHBIE OKUCIUTENH W THUIHYHBIC
BoccTaHOBUTENU. (DakTOphl, BIMAIONIME HAa NPOTEKAHHWE OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX
peaKunii.
Mertonbl cocTaBlIeHUs] OKHCIUTEIHbHO-BOCCTAHOBUTENBHBIX PeakUuil (MEeToJ Mosypeakuil win
METO/1 MOHHO-DJIEKTPOHHOTO OaJiaHca).
Knaccugukaius oKuCIUTeNbHO-BOCCTAHOBUTEIBHBIX PEAKLIUI

TEMA 4. KOMIIVIEKCHBIE COEJIUHEHMUSA

eab padoThi:
N3yuuTh sIBIEHHUS KOMIUIEKCOOOpa30BaHMU.
N3yunTh CBOMCTBA Pa3IMYHBIX KOMILJIEKCOB.
OcCBOUTH HaBBIKM pacyeTa KOHCTAHT HECTOMKOCTHM M KOHCTAaHT YCTOMYMBOCTH KOMILJIEKCHBIX
COETUHEHUN.

Copepxanue padoThbI:
[TorydyeHne KOMIUIEKCHBIE COEAMHEHUs cepedpa, MeAu U PTYTH, U3YyYUTh MOBEJCHHE TaHHBIX
KOMILJIEKCHBIX COETMHEHUH MpH 100aBICHNU U30bITKA pearexTa.
PaccMmoTpenune nponeccoB, CBA3aHHBIX C Pa3pyLICHHNEM KOMIUIEKCHBIX COEIUHEHUMN.
Paccmotpenue npouecca qucconuanuyi KOMIUIEKCHBIX COCIMHEHUM.
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IIpudopsl U peakTUBDI:
[TpoOupku, MUTIETKH, JTAOOPATOPHBINA HITATHB.
IM pactBOpel HUTpaTa cepebpa, XJIOpuAa HATPUSA, THIPOKCHAA aMMOHHUs, Cyjib(ara Meau,
nutpata pryta (l1), noguna kamus, cynsduna HaTpus, rekcanuano-ll1-dbeppara kanus, xmopuna
xeneza (I11), ponanuna ammonus (unu xanust), 25% pacTBOp MAPOKCUAA aMMOHMS, a30THas
KHCJIOTA (KOHIL.).

Kpartkue Teopernyeckue cBeieHuUsl.

B Hacrosmee BpeMsi HE CYIIECTBYET KaKOro JIMOO OJHO3HAYHOTO OIPEICNEHHS 3THUX
COEIMHEHU I, KOTOPBIE MOIJIO IIOJIHO 0XapaKTepPU30BATh UX CTPYKTYPY U XUMHUUYECKHE CBOMCTBA.

Hekortopsie u3 Hux:

Komnnexkcnoimu  Ha3bpIBalOTCS  ONpPEACIICHHbIE  MOJEKYJSIPHBIE COEIMHEHHMs, IIpU
COYETaHUN KOMITOHEHTOB KOTOPBIX 00pa3yroTCs MOJOKHUTEIHHO HIIM OTPULIATEILHO 3apsKEHHBIC
MOHBI, CIIOCOOHBIE K CYIIECTBOBAHUIO, KaK B KpHUCTaJLIE, TAK U B paCTBOpE.

Komnnexcnovimu Ha3bIBalOTCS MOJIEKYJISIPHBIE COETUHEHMS], HE ITOKa3bIBAIOIIUE B PACTBOPE
BCEX CBOMCTB XapaKTEPHBIBIX ISl KX COEAMHEHUH MEPBOro MOPSAIKA.

Komnnexcnvimu Ha3pIBAIOTCSL COSIUHEHUs, B y3JaX  KPUCTAUIOB KOTOPBIX HAaXOAATCS
KOMILIEKCHBIE HOHBI, CIIOCOOHBIE CAMOCTOSITENILHO CYILIECTBOBATH B PACTBOPAX.

KommiekcHbie coeIMHEHHs — 3TO CaMblii OOIIMPHBINA KIIacC HEOPTaHMYECKUX COCTMHECHUH,
MMEIOLINX OTPOMHOE OHMOJIOTUYECKOE 3HAUCHHUE: XJIOPOPHUILIBI B PACTEHUSIX, TEMOTJIO0NH Y
JKUBOTHBIX, Pa3JIMUHbIE IUTOXPOMBI, BUTAMUHBI.

CornacHo koopauHaionHait Teopun Ansdpena Bepaepa, npemioxennoit B 1893 roay:
1. ATOMBI MOTYT TpOSBIATH HE TONBKO OOBIYHYIO «TJIaBHYIO» BaJCHTHOCTH (YHMCIIO
3JIEKTPOHOB, KOTOpPbIE MPUHUMAIOT y4acTHE B 00pa30BaHHE XMMHUYECKOH CBSI3U 10 OOMEHHOMY
MEXaHU3MY), HO U «ITOOOYHYIO», CBSA3aHHYIO C HAJMYMEM BaKaHTHBIX aTOMHBIX OpOUTaNeH Min
HE IOJEJICHHBIX MIEKTPOHHBIX Nap. ['J1aBHas BaJIEHTHOCTHh y KaTHOHOB METAJNIOB HACBIIAETCS
TOJIbKO IPOTUBOMOHAMHU, TIOOOYHAsI- TPOTUBOMOHAMH MJIM HEUTPATbHBIMU MOJIEKYJIaMH.
2. B KaxaoM KOMIUIEKCHOM HOHE UMEETCs IEeHTPaJbHBIH aToM, BOKPYI KOTOPOIO
pacrnojararTcs KOOpJAUHUPOBAHHBIE UM MOHBI UJIU HEUTPAIbHBIE MOJIEKYJIBI.
3. Uuciao MOHOB MM MOJIEKYJ, KOTOPbIE KOOPJMHHUPOBAaHBI BOKPYI LIEHTPAJIBHOIO aToMa
Ha3bIBACTCS KOOPAMHAMOHHBIM ynciioM. K Y. CBSI3aHO ¢ 3apsA0M LEHTPAJIBLHOIO aToMa.
3apsaa +1 +2 +3 +4
K. Y. 2 2,4 4,6 8
4. KoopauHHUpOBaHHBIE aTOMBbI, MOHBI WJIM MOJIEKYJIbI HAaXOSIIUECS BOKPYT IIEHTPAIbHOIO
aToOMa, Ha3bIBAIOTCS JMraHAaMu wid ajneHgamu. COBOKYIHOCTb IIEHTPAJIbHOIO aromMa u
JMTaH/I0B Ha3blBaeTCsl BHyTpeHHeH cdepoil. Ecau BHyTpeHHss cdepa 3apsikeHa, TO UMeeTcs
eme MW BHewHss cdepa, KoTopas TMpeAcTaBlieHa IPOTHBOMOHOM. B 1menom Monekyna
KOMIUIEKCHOTO COEIMHEHUS DJIEKTPOHEUTPAIIbHA.
KoMmiekcebl MOTyT OBITH:

a) xatnonnsle [Cu(NHs)s]?* , [Co(H20)s]?*

6) anmonnsie [Al(OH)s]*, [Fe(CN)6]* nnum armmokoMmIeKcs.

B) HelTpanbhbie [Fe(CO)s], [Cr(NH3)3Cls].

B 3aBucuMocTH OT TOro, 4eM TMpPEICTaBIE€H JIUTaHJ BBIJICIISIIOT:  AKBAaKOMILIEKCHI,
alMIOKOMITJIEKChI, aMMUAKaThl, aAMMUHATBI, KapOOHHJIBI, THAPOKCOKOMILIIEKCHI H T.[I.
MeToa BaJIeHTHBIX CBsI3eil B ONNUCAHUU KOMILIEKCHBIX COeIMHEHUI.
Cornacno Merony BC kakaplii mUrasj sBisieTcss JOHOPOM 3JIEKTPOHOB, a
KOMILIEKCO0Opa3oBaTesb — aKIENTOPOM 3JIEKTPOHOB. JIuranj pazMeniaer CBOU 3JIEKTPOHbBI Ha
BAaKaHTHBIX aTOMHBIX OPOUTAIISIX KOMILIEKcooOpa3oBarens. [lpocTpaHcTBeHHOE pacHookKeHHE
JIMTaHJI0B 3aBUCHUT OT THUIIa THOPUANU3AIMH LEHTPATIBHOTO aToMa.
sp3d?— oxraszp; spd? —ksajpar; Sp3— TeTpasap
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EcrectBenno, uro npu 3tom Metoa BC paccMmarpuBaeT 00pa3oBaHHe TOIBKO CUTMa —CBS3EH.
N3omepusi KOMILUIEKCHBIX COeIUHEeHU

1) Uonuzarmonnast [Co(NHz3)sBr]SO4 - [Co(NH3)sSO4]Br

2) Koopaunannonnas [Co(NH3)s] [Cr(C204)3] - [Cr (NH3)s] [Co(C204)3]

3) CaszeBas [(NH3)sCo-NO2]Cl2 - [(NH3)sCo-ONO]CI>

4) T'mapatnas [Cr(H20)6]Cls - [Cr(H20)sCI]Cl2-H20

5) IlpocTpaHcTBEHHAs - LIUC- TPAHC- U30MEPUS

B BoHBIX pacTBOpax KOMIUIEKCHBIE COEAMHEHUS MOABEPTalOTCs IUCCOLUALUN

XeJsiaTHbIE KOMILJIEKCBI.

Ocob60oe MecTo cpeii KOMIUIEKCHBIX COEIMHEHUI 3aHUMAlOT TaK Ha3bIBaeMble
BHYTPUKOMIUIEKCHBIE coeuHeHUs. 110 ThIy 3TUX COeMHEHMM TOCTPOEHBI MHOIOUUCIIEHHBIE
METaJUIIPOTEUIbl: TEMOTIIOOMH, XJI0PODUILI U Ap.

XenaTHble WU KJIEIHEBUHbIE KOMIUIEKCHI TOCTPOEHBI 110 TUITY LIUKIMYECKUX
COEJMHEHUH, B KOTOPBIX CYLIECTBYIOT /[Ba TUIIA CBSI3€H: HOHHbIE U KOOpAUHALMOHHBIE. T.e.
JauraHa o0pasyeT ¢ HOHOM-KOMILIEKCO0Opa3oBareieM Kak HOHHYIO, TaK M KOOPAHMHAIIMOHHYIO
CBSI3b.

B ananmmTH4ecKoii MpakTHKe MMPOKO MPUMEHSFOTCS BELIECTBA, CIIOCOOHBIE 00pa30BhIBATH
pa3IuyYHbIe BHYTPUKOMILIEKCHBIE coenHenus. Hanbornee mmpokoe npuMeHeHne oLy i
aAMHUHOIOJIMKAapOOHOBbIE KUCIIOThI, HA3BaHHBIE KOMILJIEKCOHAMMU:

KommiekcoH | — HUTpUIOTpUYKCYCHAs KUCIIOTa

Kommiekcon || —-3TunenanaMuHTETPOYKCYCHAsE KUCIIOTA
Kommnekcon |l — atunenguaMunTeTpoaneTat HaTpus
Kommiekcon IV —1naMUHITUKIIOT€KCAHTETPOYKCYCHAsI KHCIIOTA.

B ananuTtuyeckoil npakTHke 1s1 0ObEMHBIX ONpPEeCHUH pa3IuYHbIX KaTHOHOB HanboJee
HIMPOKO IPUMEHSIOT AUHATPUEBYIO COJIb ATHICHIUAMUHTETPAYKCYCHOM KUCIOThI — KOMNIEKCOH
M.

OT0 coenuMHeHWe (MHOTAAa Has3blBaeMoe mpunionom b) 0003HA4alOT COKpAILIECHHOM
dopmynoit NazH2Y wumun OATA. Kommnekcon Il conepxkut, Hapsany ¢ kapOOKCHIBHBIMU
rpynnamu, enie U TpeTU4HbIE aMUHOTpyNIbl. [[03TOMy OH cuuTaeTcst He TOJIBKO OPraHU4ECKON
KHUCJIOTOM, JAIOLIEl CONM ¢ pa3jMuHbIMM KaTHOHAaMH, HO TaKXXe U KOMIUIEKCOOOpa3yroluM
BELIECTBOM.

Kommnekcon |l momyunn mmpokoe npuMeHeHnEe B XUMUYECKOM aHalln3e, IOTOMY 4TO OH
06pasyeT BHYTPUKOMILIEKCHBIE COJH ¢ KATHOHAMH IIEJI0YHO-3eMeNbHBIX MeTamios (Ca?'. Mg?”,
Ba®"), koTopsle OYeHb TPYIHO TEPEBECTH B KOMIUIEKCHBIE COEIMHEHHS APYTUMH CHOCOOAMH.
TurpoBanue kommiekcoHoM Il ucmonp3yercss A7 KOJUYECTBEHHOIO OIpPENENEHHUs 3TUX
KAaTHOHOB.

IKCNEPHUMEHTAJIBHAA YACTh.

Omnwit 1. [TosryyeHNe KOMIIEKCHBIX COeIMHEHUS

a) Haneiite B mpobupky 2-3 Kamiaum pacTBopa HHUTpaTa cepeOpa, mpuOaBbTe
Takoe K€ KOJMYEeCTBO pacTBopa xyopuna Harpus. [lpuneiite k oOpa3oBaBiiemycs
OCaJKy pacTBOp THMJIPOKCHJAa aMMOHHUS JO TIIOJHOIO pacTBopeHus ocajaka. [lodemy
pactBopuJics ocaiok? CoxpaHUTe pacTBOp IS OmbITa 2 a.

AgNOs3 + NaCl = AgCl| + NaNO3

AgCl + NH3 -H20 — [Ag(NH3)2]Cl + H20

0) Haneiite B mnpoOupky 3-4 kamum pactBopa cyinbpaTa Meau, npudasbre 2-3
KallJId pacTBOpa THJApoKcHaa amMMoHus (25%) - BbIMazaeT CBETJIO-TONYOOH OcaoK
ocHoBHOW comun  Mmexa (CuOH)2S04. IlpubaBbTe 1m0 KamusiM  HM30BITOK — pacTBOpa
rupokcuaa ammonusa.  Yro  HabOmomaere? — Hamumumre — ypaBHeHME — peakuuii B
MOJIEKYJISIPHOM 1 MOHHOHM popmax. CoxpaHUTE PACTBOP VIS CIEAYIOLIETO OMbITA.

CuSO4 + NH3 H20 — (CuOH)2S04 + (NH4)2S04
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(CuOH)2S04+ (NH4)2SOs+ NH3 H20 — [Cu(NH3)4]SO4 + H2O
B) K pactBopy HQ(NOs3), n06aBbTe mo Kamisim pactBop noauaa Kaiaus. OOpatuTe BHUMaHKE
Ha oOpasoBanue ocaaka womuma prytu (1), oTMeTpTe ero mBeT u A00aBbTE M3OBITOK MOAMIA
kanus. Yro nabmogaete? Hanummre ypaBHEHUs peaKIMKM B MOJICKYJIIPHOW M MOHHOM (opmMax.
Hg(NO3)2 + KI — Hgl> + KNO3
Hglz + KI — K2[Hgl4]
OnbiT 2. Pa3pynieHue KOMIJIEKCHBIX COeTUHEHUIt
a) K pacrBopy, OCTaBILIEMYCSl ~ OT OIIbITa I a, npubaBpTe MO  KaIlIsIM
KOHIICHTPUPOBAHHYIO a30THYIO KUCJIOTY. OObscHUTE HaOmo1aeMoe SIBJICHUE.
Hanumure ypaBHeHue peakiuu.
[Ag(NH3)2]Cl + HNO3 — AgC1{ + NH4NO3
6) K  pactBopy ocraBmemycs OT OIbITa 16, npudaBbTe 3-5 Karnesb
CepOBOZIOPOAHOM BOABI WJIM pacTBopa cyinbpuaa Harpus. Hamummre ypaBHeHHE
peakuu U 00bSICHUTE IPUYMHY 00pa3oBaHKE OCajIKa.
[Cu(NHz3)4]SO4 + NaoS -> CuS + Na>SO4 + NH3
OnpIT 3. DJIeKTPOJTUTHYECKAS JUCCONMALMS KOMILJIEKCHBIX COeIMHEeHUI
B npo6upky Haneire mo 3-5 kanenb pactBopa rekcanuano-11-peppara xamus K3[Fe(CN)s], a
BO BTOpYIO mpobupky Hameite 1-2 kamnum pactBopa FeCls, 3aTeM B KaxIyl HpOOHPKY
npubaBpTe 2-3 Kammum pactBopa pomaHuia kKamus wim pomanmga ammoHuss NHsSCN. Yro
Habmonaete? OOBICHUTE OTCYTCTBHE OKpackd B TepBOM mpoOupke. Hamummrte uOHHBIC
YPaBHEHUs PEaKII.
Ks[Fe(CN)s] — 3K* + (Fe(CN)s)*
FeClz — Fe** + 3CI
Ks[Fe(CN)s] + KSCN #
FeCl3 + KSCN ->K3[Fe(SCN)g] +KC1
ITopsinok padoTsI:
1. ITonyuuTh OT TpenoaaBaTens 3aJaHue.
2. BEIMOJTHUTE paboTy COTJIACHO METOUICCKUM PEKOMEHAIIHSIM.
3. OpopMHUTH TPOTOKOJI PAOOTHI.
4. BeumuTh 0TpaboTaHHbIE PacTBOPHI, TOCYAY BBIMBITE. CaTh pabouee MecTo.
Conep:xanue oTyera:
Tema u 1enb paboThI.
Habmroienusi, ypaBHEHUS peakinii Mo Kak0i yacTH paboThlI.
Pacuersl.
BriBosibI o cenanHoi paboTe.
KouTpoJibHbIle BONpOCHI.
Knaccudukanus ¥ HOMEHKIATypa KOMIUIEKCHBIX COEIWHEHUH. XenaThl M KOMIUIEKCOHBI
N30Mepust KOMITJIEKCHBIX COETMHEHU I
OCHOBHbIE TIOJIOKEHUSI TEOPUHM KOMIUIEKCHBIX coenHeHul A. BepHepa. CocTaB KOMIUIEKCHBIX
COCTMHEHUH: IEHTPAIBHBI aTOM - KOMIUIEKCOOOpa30BaTeib, JUTAH/, BHYTPECHHSS W BHEITHSS
cepbl KOMILIEKcA.
3apsi1 KoMIuIeKCHOTo noHa. KaTnoHHbIe, aHMOHHBIC 1 HEHTPATbHBIE KOMIUIEKCHI.
Koopaunanuonnoe umncino komiiekcooOpasoBarens. CBsi3b  KOOPAWHAIIMOHHOTO YHCTA C
3aps0M LEHTPAJIBLHOTO aToMa.
Hucconmanusi KOMIUIEKCHBIX coequHeHui. KoHCTaHTa HECTOMKOCTH KOMILUIEKCHBIX HOHOB.
3aBUCHUMOCTh JMCCOLUAIMN KOMIUIEKCHOTO MOHA OT KOHLEHTPALUKU CBOOOJHBIX MOJIEKYJ (WU
HMOHOB) JINTaH/IA.
HenTtaTtHocTh JIuranaa. Kinaccudukamms KOMIIJIEKCHBIX COSUHEHUHN IO COCTABY JIMTAH]IOB.
[Ipupoga XUMHUYECKOM CBSI3W B KOMILIEKCHBIX cOoeAMHEHUsX. OCHOBHBIE MOJIOKEHUSI TEOpPUU
BAJICHTHBIX CBsI3el. THII CBA3U MEXKITY KOMILIEKCOOOpAa30BaTEIEM H JIMTaHIaMHU.
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MaruuTHble CBOICTBa KOMIUIEKCHBIX COEMHEHUM. BuemneopOuranbHbie 51

BHYTpI/IOp6I/ITaJ'II>HI)Ie KOMIIJICKCHI. OKpaCKa KOMIIJICKCHBIX COCHHHeHHﬁ.
Kakune KOMIIJICKCBI, COIJIACHO TCOpHUHU BaJICHTHBIX CBSI3€I71, SABIIAKOTCA HGyCTOﬁ‘-IHBBIMPI u

AKTHUBHBIMHU, a KaKUe€ - YCTOﬁqHBBIMH u HeaKTI/IBHI)IMI/I?

Pasnen 2. Heopranuyeckasi xumusi
TEMA 1. XUMHUSA HEMETAJLVIOB

Yacts A. I'ajioreHbl 1 MX COeIUHEHMS.

eab padoThI:
M3y4nTh XUMUYECKUE CBOMCTBA I'AJIOTCHOB U UX COCIMHEHUN.
3HaKOMCTBO C JJaOOPaTOPHBIMU CIIOCOOAMMU TIOJTyYEHUsI TAJIOTEHOB M UX COCMHEHUI.

Conepixanne padoThbI:
[TonyyeHnue Xa0pa U UCCIEIOBAHUE €TO XMMUYECKUX CBOMCTB.
[TosrydyeHue XI0poBOOPOIa U UCCIEA0BAHNE €T0 XUMUYECKUX CBOMCTB.
HccnenoBaHnre BOCCTAHOBUTEJIbHOW aKTUBHOCTH TaJIOT€HH]1-MOHOB.
KauecTBeHHbIE peaKIK Ha ralOT€HUA-UOHBI.

IIpudopsbI U peakTUBBI:

[TpoOupku, cMpTOBKA, AEpKaTeNb IS MPOOUPOK, MUIETKH, JIOMATOYKa, KarejabHas BOPOHKA,
ra3o0TBOAHAs TPyOKa, XMMHUYECKUN CTakaH, Koiba, Oymara (TIOJOCKH), JJaKMycoBasi OyMaKka,
¢unbTpoBasIbHAA OyMaXKKa, CTEKJISIHHAS [1aJI0YKa, JIyYHHKA, CIIUYKH.

Juxpomar kanust (Cyxoi), coisiHasi KMciaoTa (KOHI.), CepHas KHUCJIOTa KOHLEHTPUPOBAHHAS U
pa3zbaBieHHas (2H), moauj Kanus (pacTBOp), MOAWMI Kaius (CyXxoil), xyiopuJ HaTtpus (Cyxoi),
XJIOpUA HaTpus (pacTBOp), MEpPMaHraHaT Kajius (pacTBOp), JIAKMYC, METUIIOPAaHXK, KycOYeK
MarHus (WM LUHKA), HUTparT cepedpa (pactBop), Opommu Kamusi (Cyxoif), OpOMHUI Kauus
(pactBop), xmopuaa xenesa (111) (pactsop).

Kpartkue Teopernueckue cBegeHus.

["anorensl: ¢pTop, Xa0p, OpoM, Hoa K acTaT. DIEKTPOHHAsT KOHPUTypalus HEBO30YKAEHHBIX
aToMOB rajgoreHoB — Ns’np® CTemeHb OKHCIEHHS >IEMEHTOB B COEAMHEHMSX OoT -1 10 +7,
TOJIBKO (hTOpP MMEET OJIHY CTeTeHb OKUcIeHus (-1).

HanGonee cHIbHOM OKHCIHTEILHOM CIOCOGHOCTBIO 061aaloT (yrop, X1op i Gpom. HMox moxer
HPOSIBIIAITH KaK OKHCIIUTENbHBIE (HanpuMep, 1o oTHomeHuo kK HzS u SO2), Tak 1 BoccTaHOBUTEbHbBIE
cpotictra (nipu B3anmozerictBur ¢ HNOs u H20»).

bonee aneKTpoOTpULIaTENBHBIN TJIOT€H BCET/IA BBITECHSIET JJIEKTPOIOJIOKUTEIbHBINA U3 €ro

COEIUHEHUI C METAJIJIAMU. 2KBr + Cl; = 2KCI + Br;
Bce ramorensl, kpome GTOpa, MOABEPTatOTCS B BOJHBIX PACTBOPAX MPH OOBIYHBIX YCIOBHUSX
JTUCTIPOTIOPIIMOHUPOBAHMIO: Br, + H20 <> HBrO + HBr

Haxo:xaenue B npuposje:
Haubonee pacnpocTpaHeHsl ciaeayone MUHEPaIbL:

CaF, — ¢pmroopuT (TIIaBUKOBBI HITIAT); Naz[AlFs] — kpuomnur;
3Ca3(P0s)2 - Ca(F, Cl)2 — dpropamarwur; NaCl — ramur;
KCI — cunbBun; KCI - NaCl — cunbBunuT;

KCI - MgClz - 6H20 — xapHasurT.
JKCNEPUMEHTAJIbHAS YACTh .

Omnpit 1. ITosryyenue xJjiopa

ITo 3aanuio mpemnoaBarels B IpoOUpPKY BHECUTE HECKOJIBKO KPUCTAJUIMKOB JUXpOMaTa
KaJusl (TMOKCHIA MapraHila WK JUOKCH/Ia CBUHIIA) U J00aBbTe 2-3 Karii KOHIICHTPUPOBAHHOM
COJIIHOM KUCNOThL. Eciu peakuus npoTekaeT HeA0CTaTOYHO aKTUBHO, COAEPIKUMOE ITPOOUPKH
OCTOpOKHO Harpeire. OTMEThTE IIBET 00pa3yIOLIErocs ra3a u UCIbITalTe ero AeWCTBUE Ha
OyMaXXKy, CMOYEHHYIO PacTBOPOM oA Kanust. HamummTe ypaBHEHHsI COOTBETCTBYIOIINX
peaKIHii.
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OmnpiT 2. IlosyyeHue u cBOiicTBa XJI0POBOIOPOAA

B xon0y, cHaOGXeHHYIO KamelbHOW BOPOHKOHW W Ta300TBOJHOW TPYOKOM, TMOMECTHUTE
HEeOOJIbIIOE KOJIMYECTBO CyXOro xyopujaa. Yepes KalenbHYIO BOPOHKY K COJM IPHIJIEHTE IO
KaIlJIiM KOHIICHTPUPOBAaHHYIO CcepHYyI0 KucioTy. Copepkumoe KOJIObI CJerka Harpeiure.
Brenstromuiicss XJ0poBOIOPOT MPOMYCTUTE Yepe3 BOJY, HAXOAAILIYIOCS B CTaKaHEe MIIM KOJOe
(TpyOKYy, IO KOTOPOH UIET TOK XJIOPOBOJIOPOA IEP>KUTE HaJ MOBEPXHOCTHIO BOJbI). [IpoBephTe
JIEICTBUE BBIAEIIAIOIIErOCS ra3a Ha BIaKHYIO CHHIOIO JJAKMYCOBYIO OyMary, a TakKe Ha I0JIO0CKY
¢bunbTpoBaNIbHOM Oymaru, CMOYEHHOH PO30BBIM pPAcCTBOPOM IepMaHraHaTa Kanus. bynmer mu
BBIJICJIATHCS XJIOPOBOJOPOJ] MPH B3aWMOJICHCTBUU XJIOpHUJa HATpUsi ¢ pa30aBIEHHOW CEepHOM
KHCJIOTOM?

B Tpu npobupku HaneiTe mo 5-6 karmeib MOJIy4eHHOTO pacTBoOpa XJIOpoBoaopoaa. B ogny
npoOupKy 100aBbTe 1-2 KA JlakMyca Wil METHIIOpaHka, BO BTOPYIO — KyCOYeK MarHus (Wiu
IIMHKA), B TPETHIO — paCTBOP HUTpaTa cepedpa.

OO0bsacHuTe HaOIIOJaeMble SIBJICHHSI U COCTaBbTE€ COOTBETCTBYIOIINE YPABHEHUS PEAKIUIL.

OnbiT 3. BoccTaHOBHTE/IbHASI AKTHBHOCTD FAJ10TeHU/I-HOHOB

a) Ilomectute B 0IHY MPOOMPKY HECKOJIBKO KPUCTAIOB OpoMuaa Kajius, a B APYTyIO —
noauaa kanus. B kaxmyro mpoOupky n00aBbTe MO 2-3 Karuid KOHIEHTPHPOBAHHOW CEpHOU
kucnoTel. OOpaTuTe BHMMaHHE Ha I[BET U 3alax MPOAYKTOB obOeux peakuuidl. Ha ocHoBaHuu
3TOr0 W MPEIBIAYLIEr0 OINBITOB CPaBHUTE BOCCTAHOBUTEIBHYIO AKTHUBHOCTH XJIOPOBOJIOPOAA,
OpomoBogoposia u HomoBoaopoaa. CocTaBbTe YpaBHEHHS COOTBETCTBYIOLIUX OKHCIUTEIHHO-
BOCCTAaHOBUTEJIbHBIX PEAKIUH.

6) B Tpu npoOupku BHecTH 1O 2-4 Kariu quxpomara Kaius, HOJKUCIEHHOTo 2 H. CEpHOI
KUCJIOTHI (1-2 xarm). Jlo6aBuTh 1o 2-3 Karim B MEpBYI0 NPOOUPKY pacTBOpa UOAUAA Kausi, BO
BTOPYIO — CTOJIBKO JK€ Kakoro-nub6o OpomuIa U B TPETbIO — XJIOpuaa HaTpus. PacTBopsl
MEepEeMEIIATh YACTOW CTEKISTHHOW MajJo4yKOM. B KakoM cilydyae BOCCTAaHOBJIEHHE AUXpoMara He
npousonuto. HamucaTe ypaBHEHMS NPOTEKAIONIMX PEAKLUM, YUUTHIBAsA, YTO IUXpOMAT Kallusd,
BOCCTaHaBIUBasACh, nepexoauT B cyinbdar xpoma (lll). Kak m3mensanace mpu 3ToM crerneHb
OKHCIICHHsI COOTBETCTBYIOIIUX raoreHoB? YTo npu 3ToM Habmoaanocs?

B) Ilponenarb ombIT, aHAJIOTMYHBIM OMNBITY O), 3aMEHHUB pPACTBOP AMXpOMaTa Kayus
pactBopom xuopuna kene3a (llI). Yro wabmromanu? B kakom cioyyae MpOH3OILIO
BOCCTAHOBJIEHHE XJIOpUJA JKejle3a U COOTBETCTBEHHO OKHCIIeHHE rajoreHa. Kak msmensercs
BOCCTAHOBUTEJIbHAS CIIOCOOHOCTh OTPHUIIATEIBHBIX HOHOB IajIOTeHOB?

OnbiT 4. KayecTBeHHbIE peaKIIMU HA TAJ10TeHUA-HOHbI

B 1pu npoOupku momectute mo 3-5 Kamenb pacTBOPOB COJIeH: B MEPBYIO NPOOUPKY —
XJIOpUJIa HaTpusl, BO BTOPYIO — OpoMHIa Kajusi, B TPEThIO — HOJKAa Kanusl. B kaxayro mpoOupky
nobaBbTe 1-2 KamiM pacTBOpa HHUTpara cepedpa 10 BBIMAJCHHUS XapaKTEPHBIX TBOPOKUCTHIX
0CaJIKOB rajioreHu10B cepedpa. OTMETHTE IIBET OCA/IKOB M COCTaBbTE MOJIEKYJISIPHBIE M HOHHbIE
YPaBHEHHUs peaKLuil.

IMopsinok paGoTbI:
[TosryunTs OT IpenogaBaTelis 3aJaHue.
BoeimonHuTh paboTy coriacHO METOJMYECKUM PEKOMEHAAIIHSIM.
OdopMHUTH TPOTOKOJT PAOOTHI.
Boumnth oTpaboTaHHBIE PacTBOPHI, TOCY1Y BBIMBITE. C1aTh pabouee MecTo.
Conep:xanue oTyera:
Tema u 11e716 paboOTHI.
Habmionenus, ypaBHeHUS peakiuil Mo Kakaoi 4acTu paboThI.
Br1BosibI 1o ipozenanHoi padoTe.
KoHTpoJsbHbBIE BONIPOCHI:
OO61as xapakTeprCcTUKa 3JIEMEHTOB TJ1aBHOM noArpynmnsl VII rpynmsr.
Pacnpoctpanenue rajioreHoB B IpUpo/e, ClocOoO0bl MOTYUECHHUS.
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®Pu3nyecKue CBOMCTBA ITAJIOTCHOB.
XuMHUecKue cBOWCTBa rajgoreHoB. HanucaTs ypaBHeHMsI peakiuii B3aMMO/ICHCTBUS T'aJIOT€HOB C
BOJIOM U pacTBOpaMH LIEN0YEN (XOIOHBIMU U TOPIUYUMHU).
[TprMeHeHHe rajJoreHoB.
CoennHeHus rajloreHoB ¢ BOJOPO/IOM, UX XUMUYECKUE cBoWcTBa. HanucaTh ypaBHEHUS peaklui
HOJIy4YEeHHUs BCEX IajJoreHoBoJ0poJ0B. KakoBbl 0COOEHHOCTH 3TUX IPOLIECCOB?
Kucnoponcoaep:xaiiue coeJMHEHNSI TalOr€HOB.
Yacte b. Daementsl VIA-rpynnbl nepHoguvecKod CHCTEMbI JJI€MEHTOB H HX
COeJUHEeHHSI.
eab padoThI:

1. ByuuTh XMMHUYECKHE CBOMCTBA KUCIOPO/IA U €r0 COCTUHEHUI

2. I3yueHne XuMHUYECKUX CBOMCTB CEPhI U €ro COSAMHEHUH.

3. 3HaKOMCTBO ¢ J1a0OPATOPHBIMU CIIOCOOAMH MOTyYEHHsI KHCIOPOa U COSAUHEHHH CephI
Coaep:xanue padoTbI:
ITomyyenue u CBOMCTBA KHCIOPOAA.
OKUCIUTEIbHO-BOCCTAHOBUTEINIbHBIE CBOWCTBA MEPOKCUA BOIOPOA.
BoccranoBuTtenbHbIE CBOICTBA CEPBI U CEPOBOIOPOAA.
BoccranoButenbHbIe CBOMCTBA pacTBOPA AMOKCUAA CEPBI U Cylb(UTa HATPHS.
CpaBHHTENBbHAS OLIEHKA PAaCTBOPUMOCTH CyIb(pUTa U cynbdara Oapus B kuciore. OOHapykeHue
cynb(dar-uoHa.

IIpudopsl U peakTUBBI:

1.JIaGopaTopHblii IITaTUB, NPOOUPKH, TMHIETKH, CIUPTOBKA, JAepxkarelb [Uisi MPOOHPOK,

JionaTo4dka, Jy4YruHKa, CIIMYKH.

2. [Tepmanranat kanus (TB.), pacTBop nepmanranara kamus, 3% u 30% pactBop H202, auokcuy

Maprasua, JuXpomar Kajus (HachIlll. PacTBOpP), MO KalIus, CepHast Kuciora (pa3d. pacTBop),
KpaxMaJIbHBIA KjeWcTep, HUTpAT cepedpa, pacTBOp aMMMaKa, a30THas KHcioTa (KOHIL.), cepa,
xjopup 6apus, cynbua HaTpus (pacTBop).

Teopernyeckue cBeIeHMs.

B VIA rpymnmy mepuomudeckoil CUCTeMBbl BXOIAT Imsith dnementoB: O, S, Se, Te, Po.
DyeKTpoHHas KOH(UIypalus HeBO30YKIEHHBIX aToMOB djeMenToB VIA rpymmer ns’np?.
HaunbGonee crabmibHas cTeneHb OKUCICHUS 3JIEMEHTOB B MX COEJUHEHMSX (-2) XapakTepHa A
kuciopoga. Cepa MOXKET HaXOAUThCA B creneHW okucienus 0, +2, +4, +6, -2. V temnypa,
MIOJIOHUSI U CeJieHa, 00JIaJaloMX MEHbIIEH 3JeKTPOOTPULATEIbHOCTbIO, CTAOMIIBHOM SIBISETCS
creneHb okucieHus (+4). Kucnopona, cepa u ceneH — TUIIMYHBIE HEMETAJUIBI.

Kucaopoa (O2) — ra3 6e3 1Bera, 3amaxa U BKyca. AJUTOTPOITHAS MOTU(PHUKAIHAS KHCIOPOIa
— O3 — o30H. Kucnopon manopactsopuM B Boae. Ha Bo3ayxe mojaep)kuBaeT ropeHHe MHOTHX
BemiecTB. CHIIBHBIA OKUCIUTENh — IMPH BBICOKUX TEMIEpaTypax pearupyer ¢ OOJBIIMHCTBOM
METaJUIOB U HEMETAIIJIOB.

[Ipocreiimas kauecTBEHHasA peaklus — IPKOE 3arOpaHue TICKOLIEN IPEBECHON JTYUYMHKHU B
aTMocdepe KUCIopo/a.

[TpumensieTcs Kak peareHT B XUMHUYECKOW TEXHOJOTHH (00XKHT CyIb()UIHBIX Py, CHHTE3
OKCHJIOB), METAJLTYpPIuu (MIPOU3BOACTBO YyTYHA, CTAJIN), CBAPKE U PE3KE METAIIJIOB U T.1.

IHony4enmne:

OcHOBHOM (IPOMBIIIIEHHBIH). 3 BO3/1yXa METO10M HU3KOTEMIIEpaTypHOI peKTHU(UKAIIIH
(KUIKUM BO3IYX pasliensieTcs Ha KUCIOPO U a30T).

Cepa — XMMMYECKM aKTHBHOE BelIecTBO. V3BECTHBI €€ COENMHEHMs IMOYTH CO BCEMHU
aJIeMEHTaMu, KpoMe OJIaropoIHBIX Ta3oB, a Takke AU, Pt, I, At.

I'oput Ha Bo3ayxe: S + O2 = SO

IHony4enmne:

B mabopatopusix ycnosusix: FeS + 2HCI = H2S1 + FeCl2
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Bonee uucTelii Ta3 o0pasyercs mpu pa3ioKEeHUU CylIbPuaa KaIbIUs: CaS + 2HCI =

H.S1 + CaCl,

JKCIEePUMEHTAJIbHASA YaCTh

Kucaopoa. Ilepoxcua Boxopoaa

Omnbit 1. ITosryyeHne u cBOMCTBA KHCJI0POAA

B cyxyro npoOupky mnomectuTe NpUOIU3UTENBHO 2 I' MEPMAHraHaTa Kalaus. YKpemnure
npoOMpKY B JIAlIKEe IITaTHBa M Harpeire ee. Boiaensromuiics ra3 UCHbITaliTeE C MOMOILIBIO
TiCroIIeH Ty4YuHKU. COCTaBbTE ypaBHEHUE PEAKIIMH.

OmnbiT 2. KaTannuTnyeckoe pasJjioxkeHHe MePOKCHAA BOI0OPOIa

a) Haneiite B npobupky 8-10 kamens 3%-noro pacrsopa H2O2 u BHecuTe B mpoOHpKY
HECKOJIbKO KPHUCTAJUIOB JMOKCHJA MapraHila B KauecTBE KaTajau3aropa. Belnenstomuiics ras
UCIBITAlTE ¢ MOMOIUBIO TiIeroIel JTydnHkd. CocraBbTe ypaBHeHue peakuuu. K kakomy Ty
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUI OHA OTHOCUTCS?

6) Haneiite B npoOupky 6-7 Karenb HachIIIEHHOI'O PacTBOpa JAUXpOMAaTa Kajlus U clierka
nonorpeiite. Jlo6aBbre 2 kammm 30%-HOro pacrtBopa mepokcujaa Bojopona. I[Ipoucxonut
IOYEPHEHUE pacTBOpa 3a cyeT 00pa3oBaHMs MPOMEKYTOUHBIX coeamHenuit tuma Kz[Cr.07
‘H202]. Yepe3 1-2 MUHYTBI NPOUCXOAUT OypHOE PA3JIOKEHUE MPOMEKYTOUHBIX COETUHEHUI C
BBIJICJICHUEM Kucioposa. BHecure B mnpoOUpKy TICHOIIYH JIy4MHKY. YTO mnpoucxoaut?
CocraBbpTe ypaBHEHHE peakluuu. K KakoMy THUIy OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX pEaKIIUH
OHa OTHOCUTCA?

OnbiT 3. OkHCIUTEIbHBbIE CBOICTBA MEPOKCH/IA BOIOPOAA

B npoGupky k 3 kamiasiM pacTBopa MOAMJA Kainus NpuOaBbTe 2 Karuld pa30aBIEHHOrO
pacTBOopa CEpHOM KHUCIOTHI M 3aTeM M0 KamuiaM npubasisiite pactBop H202 no mosiBneHus
xenTol okpacku. OOpa3zoBaHMe Hofa CTaHOBUTbCA Ooyiee 3aMETHBIM, €CIM K pacTBOpY B
poOupke N00aBUTh HECKOJIBKO Kareilb OPraHU4YEeCKOrO0 PAacTBOPUTENS WM HECKOJIBKO Kalleib
KpaxMajpHOro kiercrepa. CocTaBbTe ypaBHEHHE PEAKIIMU.

OnbiT 4. BoccTaHOBHTE/IbHBIE CBOWCTBA MEPOKCHAA BOAOPOAA

a) B npoOupky BHecuTe 2-3 KamuM pacTBOpa IE€pMaHTraHaTa Kaimus MU 2-3  Karu
pa30aBIEHHOIO PACTBOpAa CEPHOM KHUCIOTHL. 3aTeM K IOJIYYEHHOMY B HpPOOMpPKE pacTBOPY
n00aBbTEe HECKOJIBKO Kalleslb PacTBOpa MEPOKCHAA BOJIOPOJIA 10 U3MEHEHHsI OKPACKU pacTBOpa.
Breinensitomuiicss ra3 MCHbITalTe C TOMOIIBI0 Tieromeld aydyuHkd. CocTaBbTe YpaBHEHHE
peaxkuuu.

6) K 4-5 xamuiam pactBopa HHUTpaTa cepedpa 100aBbTe MO KaIlIsIM pacTBOpP aMMHUaka Jio
pacTBOpeHHs oOpazoBasiueiicss MyTH. K noixydeHHOMy pacTBopy npubaBbTe 10 KarisaM 3%-Hbli
pacTBOp IepoKcua BOJOpO/ia. 3alUIINTe HAOII0I€HUS U COCTaBbTE YPaBHEHUS PEAKIIUM.

KonTpoJsbHbIe BONPOCHI

1. DnexkTpoHHOE CTpOEHHE M MapaMeTphl ATOMOB 3JIEMEHTOB IJIaBHOW MOATPYIIIbI IECTON
rpynnsl. [leppoanuHOCTh NX U3MEHEHHUS.

2. Kwucnopox: kuciopoa B mpupoje, Bo3ayX. [lomydenne kuciopona.

3. CaoiicTBa ¥ IpUMEHEHHE KUCIIOPOJIA.

4. Tlepoxcun Bomopoma. Omucate ctpoeHue Mosekyinbl HoOz. Tlouemy 3Ta Mosexyna
noJisipHa?

5. VYkazarb crocoObl MOJy4YeHUs MEPOKCHAA BOJOPOJA, MPUBECTH YPaBHEHUS pPEaKLIUM.
Moxno m nonyunts H202 HermocpeacTBEHHBIM B3aMMOZAEHCTBUEM BOJOpoa U kuciopoaa? Oteer
000CHOBATb.

6. Hanmucare ypaBHeHHME peakIMU pPa3JIOKEHHUs IMepokcuaa Boaopoaa. K kakomy Ttumy
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUi OHAa OTHOCUTCS?

7. TlpuBectu mpuMepbl OKUCIUTEIBLHOTO M BOCcTaHOBUTENbHOTO AeiicTBust H202. Ha uem
ocHoBaHO npuMeHenne HoO2 B Meauimne.

8. Hammcare ypaBHEHUsI peakuuii B3aMMOJAEHCTBUS TEPOKCHAA BOAOPOJA C IEPMaHraHATOM
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KaJIUsi B KMCJION Cpelie; MOIUIOM Kajlisl B KUCIION CPEie; XpOMaToM Kajlvis B IIIETIOUHOM cperie.
9. O3on.

Cepa u ee coeqMHEeHUs

OmnpIT 1. BoccTaHOBHTEIbHBIE CBOMCTBA CePbI

Tsra! B npobupky Haneite 1-2 My KOHIEHTPUPOBAHHOTO PAaCTBOpA a30THOW KHUCIOTHI H
BHECHTE B IIPOOUPKY HeOoublIoN Kycouek cepbl. Comepkumoe npoOUpku HarpeiTe. A30THas
KHCJIOTa TIPU 3TOM BOCCTaHaBiIMBaeTcs 10 okcuna azora (II), a cepa oxucnsercs 10 cynbdar-
MOHA, KOTOPBIH MOXHO JIErKO OOHAapyKUThb, JOOABHB K IIOJIy4YEHHOMY PAacTBOPY HECKOJBKO
Karenab pacTBopa xjopuzaa Oapus. CocTaBbTe€ YpaBHEHHMS peakUUi OKHUCIEHUS CEepbl U
0oOHapyXeHUs CyJb(aT-uoHA.

OnpbiT 2. BoccTaHOBHTEIbHBIE CBOHCTBA CEPOBOA0OPOIA.

B npobupky BHecuTe mo 2-3 Kamjau pacTBOpa: a) NepMaHraHaTa Kajaus, O) Iuxpomara
Kanus. B mpoOupky mobGaBeTe mo 2-3 Karu pa30aBlieHHONW CEPHOM KHCIOTHI M HECKOJBKO
Kareslb pacTBopa CyJb(puaa HaTpus 1O U3MEHEHUs OKpacku pactBopa. CocraBbTe ypaBHEHHE
peakuuu.

OnsiT 3. BoccTaHoBHTe/IbHBIE CBOWCTBA PACTBOPA THOKCH/IA cePbI M CY/Ib(HUTA HATPUS

a) B mpoOupky HaneiiTe mo 2-3 Karmim pacTBopa quxpomara Kainus U pa30aBICHHON CEpHOI
kucinoTsl. K cMecu 10o6aBbTe HECKOJIBKO Kallelb PacTBOpa CEPHUCTOM KHUCIOThI WM HECKOJIBKO
KpUcTaioB cynbdura Harpus. OTMeTbTe H3MEHEHHE IBeTa pacTtBopa. Kakme cBoiicTBa
IOPOSIBIISIET CEpPHUCTast KUCIOTa WM ee coib B 3ToM peakuuu? CocTaBbTe YpaBHEHUE
OKHCIIMTETbHO-BOCCTAHOBUTENbHOM peakiuy. ([JaHHOl peakiueii MOKHO OTKPHITh HOH SO3% B
OTCYTCTBUH JIPYT'MX BOCCTAHOBUTEIEH)

6) B mpoOupky ¢ 3-5 KamisiMu pacTBOpa CEPHUCTON KHCIIOTHI J0OaBbTE HECKOJIBKO KaIlesb
3 %-Horo pacTBopa nepokcuaa Boxopoja. OTMeTbTe Kakue U3MEHEHUS MPU 3TOM HMPOHCXOJAT.
KaxkuM 06pa3oM MOXHO [0Ka3aTh mpucyTctBue noHa SOs> B mpoxykrax peakiuu? CocTaBbTe
yYpaBHEHHE PEAKIIHH.

OmnbiT 4. CpaBHHMTE/IbHAS OlIeHKA PACTBOPUMOCTH cyJibuTa u cyibdata Oapus B KucJjore.
OOHnapyxeHue cyab(paT-uHOHA

B onny npoGupky BHecuTe 2-3 Karu pactBopa cynbdara HaTpus, B IPYyTryro — 2-3 Karuu
pactBopa cynb¢puTa Hatpus. B 06e npoOupku no6aBbTe 1-2 Kamau pacTBopa xjopuaa Oapus. B
o0eunx u npodupkax Beinagaer ocanok? JlobaBpTe B 00€ npoOupku no 2-3 kariau pa30aBIeHHON
a30THOM (consaHOM) kucnoTel. OObsicHMTe HaOmogaeMble siBiaeHUsA. CocCTaBbTE€ YpaBHEHUS
peakiuii mojrydeHus cyiabdara u cynbpurta 6apus U pacCTBOPEHHS TOCIETHETO B KUCIIOTE.

KonTpoJsbHbIe BONPOCHI

1. Cepa: cepa B npupoe, MOJIyIECHUE CEPHI.

2. CBoiicTBa U IPUMEHEHUE CEPBHI.

3. CepoBomopoa, cynbhuapl. Hamummure ypaBHEHHS peakIWW B3aMMOJCHCTBHS CYIb(HI
xkenes3a (IT) ¢ consHoM KUCI0TON U a30THOM KHUCIOTOM.

4. Jlnokcuj cepbl, CEpHUCTAs KUCIIOTA.

5. Tpuoxcun cepsl, cepHas KMCIOTa, €€ MOoJy4eHUe, CBOWCTBA U TPUMEHEHHE.

6. IlepoxconBycepHas U THOCEPHAst KHCIOTHI.

7. CoenuHeHHE Cephl C TaIOT€HAMH.

IHopsinok padorsi:

1. TloayuuTs OT mpenojaBareis 3aJaHue.

2. BpImonHATE paboTy COTIIACHO METOINYECKUM PEKOMEH/IAITUSIM.

3. OdopMuTh NpoTOKOT pabOTHI.

4. BpuuTh oTpaboTaHHBIE PACTBOPHI, TOCYAY BHIMBITH. CnaTh paboyee MecTo.

Conep:xanue oryera:

1. Tewma u uenp pabOTHI.

2. HaOmtoneHusi, ypaBHEHUs peakifii Mo KaXK10i yacTu paboTHI.
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3. BrIBobI IO IpOAETaHHOM paboTe.

Yacrep B. Duaementsl VA-rpynnbl NepHOAUYECKOH CHCTEMBbI 3J1eMEHTOB M HX
coe/IMHEeHM.

ey padoThI:

1. W3yuuTh XuMUUECKHE CBOMCTBA COEAMHEHU a30Ta.

2. M3yuuth XuMu4ecKue cBoicTBa hochopa v ero COeTMHECHUM.

Copepxxanue padoThbI:

1. TlonydeHue a30Ta u COJICH aMMOHUS, HCCIICIOBAHUE HX XUMHUECKUX CBOMCTB.

2. Tlonmyuenwue okcuma azota (I1).

3. MHccrienoBanue OKUCIUTEIBHBIX CBOHCTB a30THOM KHCIIOTHI.

4. Xwumndeckue cBoiicTBa GpochopHOi KUCIOTHI, morydeHue pocdaroB u ruapodochaTos..

IIpudopsbI U peakTUBBI:

1. TIpoOupku, COUPTOBKA, AepKaTeib Ui MPOOMPOK, MUIETKH, JIOMATOYKA, KarelbHas
BOpPOHKA, T'a300TBOJ/IHAsI TPyOKa, XUMHUECKUI cTakaH, Koyiba, Oymara (IOJIOCKH), JIAKMYCOBast
OyMaxxka, GUIBTPOBAIbHAS OyMaXKKa, CTEKJISTHHAS TMaJIOYKa, TyYUHKA, CITUYKH, YHUBEPCAIbHAS
WHMKAaTOpHAas Oymara, IITaTHB.

2. Jluxpomar kamus (Cyxoi), coJstHast KUCIIOTa (KOHIL.), CepHast KHCI0Ta
KOHIIEHTPUPOBaHHas U pa30aBieHHas (2H), HOAU Kanus (PacTBOP), HOIUI Kaus (CyXoil),
XJIOpUJl HaTpus (Cyxoi), XJI0pua HaTpus (pacTBOp), IEPMaHraHat Kajaus (pacTBop), JaKMycC,
METHJIOPAHIK, KyCOYeK MarHus (MM IIMHKA), HUTpAT cepedpa (pacTBop), OpoMua Kanus (Cyxoi),
Oopomu kanus (pactBop), xstopuza xeinesa (111) (pactsop).

Boanbeie pactBopel ¢ocdara Harpus, ruapodocdara Harpus, guruapodocdara HaTpHs,
cyabdara sxeneza (Il), pomanuna xamus KSCN, xmopuga 6apusi, COASHONW KHCIOTHI, a30THOU
KHCJIOTBI, YKCYCHOM KHCJIOTBI, THAPOKCH 1A aMMOHHSI.

Teopernyeckue cBeieHMsI.

B VA rpynny BxomsT a3oT, ¢ochop, MBIIBIK, cypbMa U BUCMYT. A30T u docdop -
TUMIMYHBIE HEMeTautbl. Bucmyr — wmeraur.  OOmas dleKTpOHHAsS  KOHQPHUTYparus
HEBO30YXKIEHHOTO aToMa — NS?NP°, ¢ TpeMs HecITapeHHBIMH SIEKTPOHAMH Ha p-opOuTamu. JTo
JTIOBOJIGHO yCTOWYMBAsSI dNIEKTPOHHAsA KoH(purypanus. [IpucoennHenne nim yganeHue dJIeKTpoHa
C P-OTOMHO#1 OpOUTANN YPHEPTETUUECKU HE BBHITOIHO, TO3TOMY CcTeneHb okucienus (-1) umum (+1)
BCTPEYAETCS PEIKO M IMOJOOHOTO TUTIA COCTUHEHUSI HEYCTONYNBEI.

Crenenb okucnenus (+3) peanu3yercs B COEIUHEHUAX ¢ 0oliee dIEKTPOOTPUIIATEIHLHBIMU
srieMeHTaMu — GTopoMm, kuciaopoaoM u xsopom (NFs, HNO2, PCly).

CreneHb OkHcieHUS (-3) UMEIOT 3JeMEHThl B BOAOpOaHBIX coenuHeHusix (NHs, PH3),
aurpuaax (LisN, MgsN2), dbochunax (CasP2).

Crenens okucnenus (+5) Berpedaercst B okcuax (N20s, P2Os, As;Os), kuciorax (HNOs, HsPOq,
HsAsOx).

A30T (N2) — mpocrtoe BemiecTBO. beClBETHBIH Ta3, KOHICHCHPYETCS B OCCIBETHYIO
KHUJIKOCTh. MOJIEKyJIa COIEPKHUT KOBAICHTHYIO G-, Tt-, Tt- CBsi3b (N = N).

A30T — I1aBHAsI COCTABIISIOIIAS YaCTh BO3/TyXa. MajiopacTBOpUM B BOJIE (M MEHBIIIE YeM KHCIIOPOT).
Bxomit B cocTaB HEOOMBIIIOTO YKCIIa MUHEPATIOB(CETUTPBI | . ), HEKOTOPBIX TPUPOAHBIX YTICH.

IHony4enmne:

B mpoMbIieHHOCTH a30T MONYyYaroT (PPakIMOHHOW MUCTHIUISAIMEH >KUAKOTO BO3AyXa.
A30T BBIKMTIAET JI0 KHCIOPOa.

B naboparopuu mpruMeHSIOT peaKkiuu:

2NH3 + 3Br. — N21 + 6HBr

NH4Cl + NaNO2 — N2t + NaCl + 2H,0O

NHsNO3 (pp) — N2T + 2H.0

IIpumensiercsi A7 CHHTE3a aMMHaKa, a30THOW KHCIOTHI M APYTHX a30TCOAEPIKAIIMX
MIPOJYKTOB, KaK WHEPTHAS Cpelia MPOBEICHUS XUMHUYCCKHX W METALUTyPrHYeCKHX MPOIECCOB U
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XpaHEHUs1 OTHEOIACHBIX BEIIECTB.

P — dochop. — Dnement 3 -to nepuoma u VA rpynmbl [lepnoandeckoid CHUCTEMBI.
[opsnkoBsiii HOoMep 15. Dnekrponnas ¢opmyna artoma ...3s23p%, ycroitumpas cremensb
OKHUCJICHUA 15, pexe BCTpedaeTcsi CTeNeHb OKUCIeHUS -3 1 +3.

B nmpupone BerpeuaeTcsi TOJIBKO B XMMHUYECKM CBA3aHHOM Bujie. BxomuT B cocras
MHOTOYHCIIEHHBIX MUHEPAJIOB, Py 1 TOPHBIX 1opoJ ((pocdatsl, anatutel u ap.).

Beablii dpocdop (P@en) — MATKUNA Kak BOCK (pexercss HOxoM). IlnaButcst u xunut 6e3
paznoxenuss. OKHCIIEeTCS Ha BO3JyXe (3€JIeHOe CBEYEHHE B TEMHOTE) IpU OOJbIIONH Macce
BO3MO)XHO CaMOBOCIZIaMEHEHHE. B 0COOBIX YCIOBMSIX NEPEBOAMUTCA B KpPAaCHbIM M YEpHBIN
docdop.

Xoporto pacTBopuM B OeH3011e, ddupax, cepoyrieposae. He pearupyer ¢ BoIoi, XpaHUTCS
MOJI CJI0EM BOJIbl. Upe3BbIYaiHO XUMUYECKU aKTUBEH.

IMosyuyenne Oemoro docdopa NPOBOAAT BOCCTaHOBICHWEM Qocdara Kambus
pacKaJeHHBIM KOKCOM (B IPOMBIIIIIEHHOCTH )

Caz(PO4)2 + 3SiO2 + 5C — 2P1 + 5CO1 + 3CaSiO3

[Iporiecc cOCTOUT U3 CAEAYIOUINX CTaHIA:

2Ca3(P0O4)2 — 6Ca0 + 2P20s5

P,Os + 10C — 4P1 + 10CO

CaO + SiO2 = CaSiOs

IIpumensiercsi: B mpousBoacTee hochopHOit KUCAOTH U KpacHOro gocdopa, Kak peareHT
B OpraHMYeCKUX CHHTE3aX, PACKUCIMTENb CIUIaBOB, 3a)KUraTelbHOE cpeactBo. [opsmumii
docdop cnexyer racuth neckom (HO He Boo#!). Upe3BbIUaliHO STOBUT.

Yepublii_pochop (Puepm) - UMEET CIOHCTYIO CTPYKTYpPY, IO BHEIIHEMY BHIy IOXOK Ha
rpadur. [lpun HarpeBaHuM mepexoAuT B KpacHbli (ocdop. Xumudeckas aKTMBHOCTh 3HAYUTEIHLHO
HIDKE, 4eM y Oenoro docdopa. Ycroituns Ha Bo3ayxe. He smosut. [lomydaror ipu HarpeBaHuu Genoro
docdopa.

IIpumensiercs kak peareHT (Oosee Ge30macHbIi, YeM Oerblid (hocdop) B HEOPraHUIECKOM CHHTES,
HaIlOJIHUTEIh JIAMIT HAKTMBAHML, KOMITOHEHT HaMa3K1 KOpoOKa MY M3roTOBJIeHHH crinuek. He soBuT.

JKCNEePUMEHTAIbHAS YACTh .

A30T M ero COeAMHEeHHUsI.

OmnpiT 1. IloaryyeHue aMmmuaka

K 4-5 xammsm pactBopa xjopuaa wiu cyibdara aMMOHHS TpuIeiTe paBHBI 00BEM
pa3baBiieHHOTO pacTBOpa THApokcuaa HaTpus. PactBop crnerka momorpeite. K orBepcturo
MPOOUPKH TOJHECUTE BIAKHYIO JIAKMYCOBYIO (YHHBEpPCAIbHYIO) OyMa)KKy WU TOJOCKY
¢unbTpoBaIbHOM Oymaru, cMoOuYeHHYy QeHondTanienHoM. bymaroil He kacaiiTechb CTEHOK
npobupku. Kak uzmensiercs usetr 6ymaru u nouemy? (KauectBeHHas peakiis Ha MIOH aMMOHUS).

OnbiT 2. BoccTaHoBUTE/IbHBIE CBOHCTBA aMMHUaKa

Buecure B mpobupky 2-3 karum pacTBopa epMaHraHaTta Kanus u 3-5 xamnenb
KOHIICHTPUPOBAHHOI'O pacTBopa ammuaka. [lomydeHHyro cMmech cierka noaorpeiire. Kak
M3MEHSETCsl OKpacka pacTBopa? Hanumure ypaBHEHUE peakliMK, YUYUTHIBASI, YTO aMMHAK
OKHCJISIETCS IO CBOOOAHOIO a30Ta, a IEpMaHraHaT KaJlis BOCCTAHABIMBAETCS /10 IUOKCHUIA
Maprasiia.

OnpIT 3. OTHOLIEHHE COJIell AMMOHUS K HATPEBAHUIO.

A) Ilomectute B CyXyl HpPOOMPKY HEMHOI'O KPHCTANIMYECKOTO XJIOpUIa aMMOHHUS U
Harpeiite mpoOupky. OOpaTuTe BHHUMaHHWE Ha OOpa3oBaHHE OEJIOr0 HajleTa Ha XOJIOAHBIX
CTEHKax BepxHel yacTu npobupku. CocTaBbTe ypaBHEHUE PEaKIUH.

b) Bo3pMuTe Ha KOHYMKE MINAaTeNss HEMHOIro cyjibdaTa aMMOHHS, MpeIBAPUTEIHHO
pacTepToro B CTYNKE, M BBICHINBTE COJIb B CyXylo npooupky. [Ipobupky Harpeiite. OGpatute
BHUMaHUE Ha 3amax, MOSBUBILUNCS BO BpeMs HarpeBaHus. [logHecuTe K OTBEpPCTHIO MPOOUPKHU
BIQXKHYIO JIaKMycOBYI0 Oymaxkky. Uto mpoucxomut? OcraBiieecs BeLIECTBO B MpPoOHpKe
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pacTBOPUTE B BOJE U OINPEICIUTE XapaKTep cpelabl B pacTBope. Hamuiure ypaBHeHUS peakiuil
pa3ioxeHus cyibdara aMMOHMSI M JMCCOIMAIMM B PAacTBOPE BelleCcTBa, 00pa3oBaBIIETOCS B
pe3yibTaTe pa3ioKEHUS COJIH.

B) B cyxyto npobupKy HachllibT€ HEMHOT'O AUXpPOMaTa aMMOHHUsA. 3aKpernuTe IpoOUpKy B
HITaTUBE BEPTHKAJIbHO, WU HEMHOTO mnojorpeite. Kak TOJBKO HAuHETCS Pa3fiOKEHHE COJIH,
HarpeBaHue npekparure. Uro Habmoaaercsa? MIMeroT M 3amax MpoAyKThl PEakuu pa3ioKeHUs
conu? CocTaBbTe ypaBHEHHE peakiuu. B ueM oTiiMuue MOBeNeHUs 3TOM COJMU OT cojleil B
OMbITax, MPOJENIaHHBIX A0 3Toro. Kakue conu aMMOHMS pasiiaraiorcs MojgoO0HO IUXpoMary
aMMoOHus?

OnbiT 4. T'uaposus cosieit aMMOHUA

C nomotesio pH-MHINKATOPHOUN OyMaru onpeneuTe XapakTep Cpeabl B pacTBOPE XJIOpUIa
wiu cynb(ara aMMoHMs. Hamummre ypaBHeHHE peakuuu ruaponusa coiu. EcTe nu paznuna B
TUAPOIU3E ITUX COJIEH.

OmnbiT 5. Iloayuyenue oxkcuaa azora (II)

B mpoOupky ¢ ra300TBOJHOW TPYOKOW MMOMECTHTE HEMHOTO MEJKHUX CTPYXKEK MEIH W
npubaBbTe HECKOJBKO Karenb pa30aBiIeHHOW a30THOM kucnotel (p = 1,2 1/mim). 3akpoiite
npoOUpKy NpoOKoM U cierka ee Harpeiite. OOpaTuTe BHUMaHUE Ha 1BET BBLAEISIOLIETOCs rasa.
Yactp raza cobepute B MpOOMPKY HaJ BOJAOH, a APYTyI0 4acTh MPOIYCTUTE B MPOOUPKY ¢ 5-6
KaIIsiMU pactBopa cyibhara sxenesa (11).

OmneIT 6. CBolicTBa 230THOH KHCJI0THI. B3anmMoneiicTBue ¢ MeTasiaMu

[TomectrTe B IpOOMPKY HEMHOTO IMHKOBOM IMBUTH WUJIM CTPYXKEK MarHusi U IpruOaBbTe
HECKOJIBKO Kareb OYeHb pa30aBiIeHHON a30THON KUcIoThl. B36onTaiite cmecs. [1o 3amaxy
ompeieNuTe, Kako ra3 Boiensercs. CocTaBbTe ypaBHEHUE PEAKIUU.

OmneIT 7. B3anuMoaelicTBHe a30THOH KHCJIOTHI ¢ HEeMeTaLlIaMH

B dapdoposyro gamky HaneiiTe HEMHOTO KOHIICHTPUPOBAHHOM a30THOM KHCIIOTHI.
[Tonoxxute B KUCIOTY HEOOMBIIION Kycouek cepbl. [locTaBUB Hallky Ha acOECTOBYIO CETKY,
OCTOPOKHO ee HarpeiTe. Uto Habmompaercs? OXnaauTe peakiMoHHYI0 cMech. Heckonbpko
KareJb CMECH NTOMECTUTE B IPOOHUPKY U 100aBbTe 2-3 KaIlJll pacTBOpa XJopuaa Oapwsl.
CocraBbTe ypaBHEHUS PEaAKIIHi.

OnpiT 8. OKHCIUTEIBHBIE CBOMCTBA A30THOM KM CJIOTHI

K 3-4 karmisim cBeXempUTrOTOBIICHHOTO pacTBopa cyibdata xenesa (II), moakucierHoro
Karuiel pa30aBIeHHON CepHON KMCIOTHI, IpubaBbTe 5-6 Kamenb KOHLUEHTPUPOBAHHOM a30THOM
KucioThl. CMech HarpenTe 10 Havana kuneHus. Heckolbko Kamenb MOJIyYeHHOTO pacTBOpa
pa3baBpTe BOJOM W J00aBbTE OJHY KaIUTI0 pacTBOpa poAaHuga aMMoHus (kamus). Yto
npoucxoaut? [IpeaBapurenbHO yOequTech B TOM, UTO UCXOJIHBIN pacTBOp cyib(ara xenesa (1),
HE JaeT WX MOYTH HE JIaeT OKpAIIMBaHUs ¢ POJAHUIOM aMMOHHS.

KouTtpoJbHble BONpochI:

1. Obmas xapakrepuctruka V MOATPYIIBI [IABHOMN TPYIIIEL.
2. PactipocTpaHeHune a30Ta B MPUPOJIE, MOTyICHHUE.

3. CBolicTBa U MPUMEHEHUE a30Ta.

4. AMvmak.

5. Okcupsl a3ora.

6. A30THCTast KHCJIOTA U €€ COJIH.

7. A30THas KUCIIOTa, CBOMCTBA, COJIH.

dDochop u ero coefUHEHUs

OmnbIt 1. I'uaposus coJieit GpocopHOi KHCIOTHI.

Comu dhochopHO KHCITOTHI, pACTBOPUMBIE B BOJIE, THIPOJIU3YIOTCS. [ HAPOIN3 MpOTeKaeT
HEOJMHAKOBO Y CPEAHUX U KUCIbIX cojell. [Ipu ruaponmnse KUCIbIX CONel MEeT0UYHbIX METAJIJIOB
OJTHOBPEMEHHO C THJIPOJIN30M aHHOHOB MPOTEKAET UX TUCCOIUAITUS:

H,PO4 + H,O—H3PO4 + OH; HPO4? + H,0— H2PO4+ OH
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H,PO4s— HPO4* + H*; HPO4> —»POs* + H*

C mnomompio yHUBEpCaIbHOW HHIMKATOPHONM OyMmaru MpoBepbTE XapakTep cpeabl B
pactBopax coneit NasPO4, NazHPO4, NaH2PO4. Ilony4yeHnble OKpacku MHIAMKATOPHOW Oymaru
CpaBHUTE ¢ BETHOM mmKanoi pH- naaukaTopHoi Oymaru. Pe3ynbpTaTsl onbitTa oopMuTe B BUIE
TaOJIHIIBL.

PacTtBop cosu pH cpenbl BriBog

NasPO4

Na:HPO4

NaH>PO4

Peakumst o6pa3oBanus pacTBOPUMBIX (oc(aToB MIMPOKO HCIOIB3YETCS B AaHATUTHICCKON
XUMHH KaK KadyeCTBeHHasl peakuus Ha ¢pocdar-uoH.

OmnbiT 2. O6pa3zoBanue gocdara :xenesa (I11).

K 3-4 xamsam pactBopa cyibdara xkenesa (1) Fea(SOs)s npuneiire 2-3 kamim poaaHuia
kamuss KSCN m Heckosibko Karenb pacTBopa, conepxkaiiero ¢ocdar-uon Na;HPOs. Kpachas
OKpacka pacTBOpa Hcue3aeT B pe3ylbTaTe Iepexoja poJaHuAa >keje3a B MalopacTBOPUMBIN
docdar, umeronuii cnadbo->KeNnThIN I[BET.

Omnsit 3. O0pa3oBanue ruapodocdara 6apus

K 2-3 kamsim NaoHPO4 npubaBbTe Heckobko Karenb xiaopuaa 6apus BaClo. Oopasyercs
oenbiit ocamok BaHPOa, pactBopumbiii B cosstHoit HCl u asornoii kucimore HNOz u
HEpacTBOpUMBIN B yKcycHoOW. IIpoBepbTe pacTBOpuMOCTh oOcaaka B kucinorax. CocraBbTe
YpaBHEHHUS PEaKIU.

OmnbiT 4. O0pa3zoBanue ¢gocdara cepedpa.

K 3-4 xamsam pactBopa NaHPO4 nob6asbte 1-2 kammu pactBopa Hutpata cepedpa AgNOa.
Oo6pasyercs xenthiid ocanok AgsPOs, pacTBopuMblii B pazbaBineHHol azoTHoU kuciore HNO3z n
pactBope ammuaka NHsOH.

KonTpoabHbie BONpPOCHI.
docdop. PacnpocTpaHeHHOCTh B IPUPO/IE, MTOTYUYEHHE.
dusnueckue cBoiicTBa hochopa, MPUMEHEHHE.
Coenunenus ¢ocdopa c BOJOPOIOM U TaloTeHaAMHU.
Oxkcunsl pocdopa.
Kucnotsr pochopa.

. Munepanbnbie ynoopenus, coaepxaiiue hochop u a3or.

Yacre I'. Duaementsl |V A-rpynnbl nepuoanyecKoil CHCTeMbl 3JIeMEHTOB H HX
coeIMHEeHM.

Hean paboThI:

1. H3yueHwWe XMMUYECKHX CBOMCTB yIJIepo/ia, KPEMHHsI, 0JIOBA, CBHHIIA U UX COCITMHEHHUN

2. OszHakomiieHHE ¢ Ja0OpaTOPHBIMM CIIOCOOAMHU TOJY4YEeHHs KapOOHATOB M KPEMHHUEBON
KHCJIOTHI.

Copepxanue padoThbI:

1. [lonydenue u pasznokeHue KapOOHATOB.

2. IlomyuyeHue KpeMHUEBOM KUCIOTHI.

IIpubGopsI U peakTUBBI:

1. TIlpoOupku, NMUIIETKH, IITAaTUB, ra300TBOAHAs TpyOka, Kojba, CTEKJIHHAs Najoyka,
CIIMPTOBKA, JAePKaTeINb ISl IPOOUPOK,

2. Boganble pacTBOpHI xsopuaa Oapus, cynbdara muHKa, xnopuaa xenesa (l11), kapbonara
HATpHs, CUJIMKaTa HaTpusl, Xjaopuaa oiosa (1), mepmanranara Kamusi, CepHON KHCIOTHI, COJSTHOM
KUCIOTH! (pa30.), a30THOM KHUCIOTHI (pa30.), THAPOKCHIA HATpHs, Ccylbduia HATpUsi, HOIUAA
KaJIMsi, M3BECTKOBas BOJa, KapOOHAT aMMOHHS (TB), KOHIICHTPHPOBAHHAS COJITHAsT KUCIIOTA,
METaJUTMYeCKU ITUHK, okcua cBuHIa (11).

R
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Teopernyeckue cBeieHMsI.

B IVA rpynny BXomsT yriepol, KpeMHHUH, repMaHui, OJOBO W CBHUHEI. DJICKTPOHHAS
KOH(HIypalys aTOMOB B CTAallHOHAPHOM COCTOSHHMM: NS’NP?, MpudeM Ha pP-aTOMHOI OpOUTaIH
HaXOJATCS JIBa HECTIAPEHHBIX JIEKTPOHA.

B cBoux coenunenusix snemeHTsl IVA rpynmbsl MMEIOT Kak IpaBWIO, JABE CTENEHU
okucnenus: (+2+ wmu (+4). YCTOWYMBOCTh COCIMHEHHH CO CTENEHbIO OKuciaeHus (+2)
YBEJIUYMUBACTCS OT YIIIEpOoJia K CBUHILY.

IIpu nepexone OT coeMHEHUH YITIEpOoAa K COSAMHEHUSIM CBHHIIA BO3PACTAET MOJIAPHOCTD
cBsaseit, u B kpuctainax coneit Tuna PH(NO3)2, PClz u apyrux yxe mpucyTcTBYyIOT HOHBI Ph*2,
OpHako moutu Bce Beriectsa, coaepxkaiue Sn (1V) u Pb (1V), sBistoTcss KOBaJICHTHBIMH.

OcHoBHBIE 3amachl yriepoja cocpeoroueHsl B kapoonatax: kanpuute (CaCOs), nomomure
(MgCOs3 -CaCO03), marnesute (MgCO3). Pa3HOBHIHOCTH KalbI[MTa: MEII, MPAMOP, H3BECTHSIK.

KpemHuii  BXOIUT B  COCTaB  MHOTOYHUCIEHHBIX TOPHBIX TOPOJ  (CHIIMKATBHI,
AIFOMOCHJIUKATHI), B OOJIBIINX KOJHUYECTBAX HAaXOAMTCA B 3eMHOU Kope B Buae SiO2 (rOpHBIi
XpycTaib, OIall, araT, AiMa, XaleJ0H U JIp.).

3amnachl 0JI0Ba U CBUHIIA B 36MHOM KOpe orpaHuyeHbl. BakHel1el 1 no4tu eInHCTBEHHOM
pyooi AN TIONyYeHHWsI OJIoOBa  SIBJSIETCS  «OJIOBSIHHBIM — KameHb» SNOz.  Hambonee
pacrnpocTpaHEHHBIM MHHEPAIOM CBHUHIIA siBisieTcs raneHut (PhS).

I'epmanuii — paccessHHBIH JJIEMEHT, CBOMX MHUHEpAJOB OH HE o00pasyer, Bcerna
COIIPOBO’KIAET KPEMHUH B €0 COCAMHEHUSAX U KOHLEHTPUPYETCS B KAMEHHBIX YIJISAX.

B cBOGOIHOM BHJIE BCTpeyaeTcsi B MPUPOJIE TOIBKO yriiepoa (ammassl, rpaduT, KapOuH)
0JIOBO B BHUJE CEpEOPHCTO-KENTHIX KPUCTAUIOB, BKIIOYAIOUIMX 30JI0TO, IUIATHHY, UPUIMM,
OCMHUI, Me/Ib. YTJIEPOJI ABJSETCSI COCTAaBHOW YacThIO MCKOMAEMbIX yIJIeH (aHTpalUThl, KAMCHHbIE
u Oypble yriu, Topd, HePTh).

YcroitunBas amuioTponHas popMa CyImeCTBOBAaHHUS AJIEMEHTA yriiepo — Tpadur.

I'padutr — cepo-uepHbId, ¢ METAUIMYECKUM OJECKOM, >KUPHBI Ha OIIyNb, MSTKUH,
o0aaeT EeKTPOIPOBOTUMOCTHIO.

Kpucrannuueckass pemerka COCTOMT M3 CJIOEB MNPAaBUJIBHBIX IIECTUYTOJBHBIX KOJIEL,
KOH/ICHCHPOBAHHBIX 110 BCEM CTOPOHAM (SP>- THOpUM3AINs).

AnMa3z  CONEpXKHUT B y3/l1ax KPUCTAJUIMYECKOM peIHIeTKH aToMbl  yIrjlepoja ¢
TETepadApPUYECKUM OKpYy)KeHHeM (SP?- TuOpuamsanums). biaropogHsii KaMeHb, HMeeT
HauOOJIBIIYI0 TBEPAOCTh CPEAM MPUPOJHBIX BELIECTB, UIIM(YETCS TOJBKO COOCTBEHHBIM
MOPOIIKOM. XUMHUYECKas aKTUBHOCTh HUKe 4eM y rpadurta. Beime 1200° C nepexoauT B
rpagur.

B npomsbiiennoctu u3 rpagura npu 2000° C nox o4eHb BBICOKUM JIaBJICHUEM MOJyYatoT
MeJIKHe KPHCTaJIbl UCKYCCTBEHHBIX alMa3oB. [IpUMEHSIOTCS OHM Ul U3TOTOBICHUS PEXYILIUX
WHCTPYMEHTOB ¥ TOUHBIX H3MEPUTEIBHBIX TPHOOPOB.

KapOun coctout u3 nuHEHHBIX MakpoMosiekysn co ctpoeHnem —C=C—- umu =C=C= (Sp-
ruOpuu3anyst). XMMUYeCKH MeHee akTuBeH, yeM rpadurt. [Ipu 2300° C nepexoaut B rpadur.
[Iupokoro mpuMeHEHHs HE UMEET, OUYeHb PEIKO BCTPEUASTCS B IPUPO/IE.

IKCINePUMEHTAIbHAA YaCTh:
Omnpit 1. ITosryyeHue kapOoOHATOB.

B npobupku HanmuBaroT pactBopsl coieii: a) BaClz; 6) Zn SO4; B) FeClz u nmpunusatoT
HuUM pactBop NaxCOs. HaGmromaroT ocakeHHe BEHIECTB W OTMEYAIOT OKPACKY IMOJIYyYEHHBIX
ocazakoB kapoonara BaCO3 (a), rumpokcokapoonata (ZnOH)2CO3z (6), runpokcuna Fe(OH)s (B).
OmnbiT 2. Tepmuueckoe pa3iioxkeHne KapoOOHATOB.

B mTatuB 3akpenuTh HAKJIOHHO OTBEPCTHEM BHHU3 CyXyH HPOOMpPKY C Tra300TBOIHOMN
TpyoOkoi, momemarot B Hee (NH4)2CO3 u HarpeBaroT. 'a300TBOIHYO0 TPYOKY OIMYCKAOT B KOJIOY
¢ u3BecTkoBoit Bosorr Ca(OH)2. HabGmroaror noMmyTHeHHE pacTBopa.

Omnpbit 3. ITosryyeHue KpeMHHEBOM KHCJIOTHI.
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(Pabora mox Tsaroit!) B mpoOupky HanmBatoT 3 ma kouueHtpupoBanuoi HCl um 3 mn
pactBopa cuiaukara Hatpus (pactBopumoro crekiaa) NapSiO3 u mepeMemuBalT pacTBOp
CTEKJITHHOW mnayodkoil. Ilomydaercss KOJUIOMIHBIM pacTBOpP — 30Jb KPEMHHEBOM KHCIIOTHI.
Cogepxumoe NMpoOUPKU HArpeBarOT, MPU TOM MPOUCXOAUT KOATYJISIUS Telisi U BBIICNIAETCS
CTYJICHHUCTBIN OCAJOK I'ejisi KPEMHHUEBOU KUCIIOTHI.

IMopsinoxk padoThI:
1. ITonyuuTs OT penoaaBarens 3aJaHue.
2. BeImomHUTH paboTy COrjlacCHO METOUYECKUM PEKOMEHAAIIHSIM.
3. ObopMHUTB TTPOTOKOIT PAOOTEHI.
4. BeuiuTh 0TpaboTaHHbIE PAaCTBOPHI, TOCYAY BBIMBITE. CHaTh pabouee MecTo.
Conep:xanue oTyera:
Tema u 11e1p paboTHI.
HaGmronenust, ypaBHEHUS peaKIHii 10 KX I0M 4acTH paOOThI.
BrIBOIBI 11O TIpOJIETIaHHOM padoTe.
KoHTpoJibHbIE BONIPOCHI:
OO6mas xapakTepucTrKa r1aBHON noarpynmsl |V rpymnimsl.
VYraepoa. Pacnpocrpanenue B npupo/e.
[Tonydenue yriepojia ¥ €ro aJuloTPOIHBIE MOAU(DUKAITIH.
XHUMHUYECKUE CBOKCTBA yTIIEpOAa.
Juoxcup yraepoaa. YronbHasi KUCIIOTA.
Oxcup yrinepona (11). Ero xumnueckue cBoiictsa.
CoenuHeHus yriepojia ¢ Cepoi U a30TOM.
Kpemnuii. PacipocTpanenue B npupoje U MOJIydeHHUe.
. CBolicTBa KpeMHHUSI.
10. CoenuHeHus KPEMHUS C BOJAOPOIOM U TaJOTeHAMHU.
11. Oxkcun kpemuus (1V), xumudeckre CBONCTBA.
12. KpeMHuEBBIE KUCIOTHI M UX COJIH.

CoNoOA~WNE

TEMA 2. XUMHWSA METAJIJIOB

Mertamibl — XMMUYECKHE 3JIEMEHTBI, aTOMbl KOTOPBIX OTAAIOT JIEKTPOHBI BHEIIHETO (a
HHorga u Hpe)IBHeHIHeFO) QJICKTPOHHOI'O CJIOA, ONpPEBpallasaACh B ITOJOXUTCIILHO 3apsKCHHBIC
MOHBI. MeTamibl — BOCCTaHOBHUTENIH. JTO OOYCIOBICHO HEOOJBIIMM, KakK MPaBWIO, YHCIOM
AJIEKTPOHOB Ha BHEIIHEM CJIO€, OOJIBIIMMU 110 CPAaBHEHUIO ¢ HEMETaNIaMH PaJinycaMH aTOMOB,
BCJIEJICTBHE YET0 BAIEHTHBIE 3JIEKTPOHBI ¢1a00 yIAEp>KUBAIOTCS APOM.

HpOLIHOCTB CBA3H BAJICHTHBIX 3JICKTPOHOB C AAPOM 3aBUCUT OT ABYX OCHOBHBIX (paKTOpOBI
BEJIMYMHBI 3apsja spa 1 pajuyca aToma.

Pagmyc aTOMa 3HAYUTCIIbHO YBCINYNUBACTCA C MMOABJICHUEM KaKAOT'O HOBOI'O 3JICKTPOHHOT'O
CJIOSL JUIsl 3JIEMEHTOB IEPBBIX TpeX MEepUOJOB, U MMEHHO 3TOT (akTop B OOjbIlell CTeneHu
BJIMACT HA MNPOYHOCTH CBA3M BaJICHTHBIX JJICKTPOHOB C AJPOM JId 3JIEMCHTOB TJIaBHBIX
HOATPYI (CBEPXY BHU3 PAIUYyC aTOMOB YBEITHYMBACTCS, IPOYHOCTh CBSI3U JIEKTPOHA C SAPOM
0c1abeBaeT, BOCCTAHOBUTEIIFHBIC CBOWCTBA YBETHUMBAIOTCS).

VY 31eMeHTOB MOOOYHBIX MOATPYHI — 3TO 3JIEMEHThl 4-7 MEepUOJOB — C YBEIUYECHUEM
HOPSIKOBOTO HOMEpA JIEMEHTa PaJiyC aTOMOB HM3MEHSETCS Majo, a BEJIMYMHA 3apsjaa sapa
YBEJIMYMBACTCSI 3HAYUTENBHO, TMOATOMY IMPOYHOCTh CBSI3U BAJEHTHBIX AJIEKTPOHOB C SAPOM
YBEITMYMBACTCS, BOCCTAHOBUTEIILHBIE CBOWCTBA OCITa0EBAIOT.

Memannuueckas c6a3b u MemanIU4ecKas KPUCMANIUYECKAA PeuiemKd.

Mertaiiel — MpoCThIe BemecTBA. ATOMBI METAJUIOB 00Pa3yIOT METAJUTHYECKYIO CBSI3b.
OCOOEHHOCTH METaNTINYECKOH CBSA3H:

CpaBHUTENBHO HEOOJBIIOE KOJIUYECTBO 3JIEKTPOHOB (3TO S-2JIEKTPOHBI) OJJHOBPEMEHHO CBSI3bIBAET
MHOECTBO aTOMHBIX S/1€p, CBA3b JeOKATN30BaHa.
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BanentHsie 37eKTpOHBI CBOOOTHO MEPEMENIAIOTCS 0 BCEMY KYCKYy MeTaia (MM METATHYECKOMY
U3JICINIO0), KOTOPBI B LIEJIOM 3JEKTPOHEHTpaeH, MOTOMY 3TH 3JIEKTPOHBI YacTO HA3bIBAIOT

CBOOOHBIMH.

MeTammyeckast CBI3b HE 06J1az[aeT HAITPpaBJICHHOCTBHIO X HACBIIITIAECMOCTBIO.

B cooTBeTrcTBMM ¢ TaKMM CTPOSGHHUEM METAUIBI XAPAKTEPHU3YIOTCS  CIETYOIIMMH
(bU3NYECKUMHU CBOHCTBAMHU:
CBolicTBO,  IOJIOXKEHHOE Knaccudukanuonnsie rpymnmsl | [Tpumepst
OCHOBY KJIacCH(DHUKAIMH
DIIEKTPONPOBOTHOCTh C BBICOKOH | Ag
AJIEKTPOIPOBOJTHOCTHIO
C HM3KO0H | Mn
ANEKTPOIPOBOTHOCTHIO
Temnepatypa miaBIeHUs JIECKOIUIABKUE Hg, Ga, Cs, In, Bi
TYTOILJIABKUE W, Mo, V, Cr
[InorHOCTH Jlerkue Li, K, Na, Mg
Tsoxensle Os, Ir, Pb
TBepnocThb Msrkue In, Na, K, Rb (pexyrtcs
HOKOM)
Teepubie Mo. Cr (1lapamaroT CTeKJI0)

[Tpu4KHbI, TPUBOASIIHUE K PA3IUYHIO (PU3MUECKUX CBOWCTB METAIJIOB:

aTOMBI METAJJIOB 00pa3yrOT pa3HbIe TUITBI KPUCTAUTUIECKUX PEIIETOK

aTOMbl METAJUIOB HMMEIOT pa3HOE YHCIO BAJIEHTHBIX S-3JIEKTpOHOB (+1 wmmm +2),
YYaCTBYIOIIMX B 00pPa30BaHUN METAJUIMUECKOU CBSI3HU.

aTOMbI (MOHBI) METAJUIOB UMEIOT Pa3HbIE PainyChl

aTOMBl METAJJIOB TOOOYHBIX MOATPYII MOMHMO METAJUIMYECKOH MOTYT 0O0pa3OBBIBATH M
KOBAJICHTHYIO CBSI3b C TIOMOIIBIO HECHIAPEHHBIX (-3JIEKTPOHOB BAaJCHTHBIX opOuTtaneil. IMeHHO
takue Metayutel W, Mo, Cr, Os — u TyromnaBkue, U TsOKeIbIe , H TBepble. (CaMblii TBEpABIH U3
METAaJUIOB — XPOM; CaMblil TyronjaaBKuil — BoJIb(pam.

B coBpemeHHOH TeXHHKE OOBIYHO HCMOJIb3YIOT HE YHCThIE METAJUIbl,  CIUIaBbl, KOTOPHIE
MIO3BOJIAIOT COYETATh B OJHOM MaTEpHaje IOJIE3HBIE CBOMCTBA Cpa3y HECKOJIBKHUX METAJJIOB U
Jpyrux BemiecTB. Hampumep, mopanromubuii — cras, conepxkammii Al, Cu, Mg, Ni, Mn. Oun
codeTaeT B cebe Manyr IUIOTHOCTh aJFOMHHHUS M MarHusi, KOppo3uoHHyr croiikocts Ni u Al,
TBep0oCTH MN.

JUid XyZOXECTBEHHBIX LIEJEE HCIOJB3YIOT MEJIBXHOp — CIUIaB Meau ¢ HukeneM. [lo
BHEIIHEMY BUJY OH IOXO0X Ha cepedpo, HO 3HAYUTENIBHO JICHIEBIIE TOCIEAHETO.

IIupoKO HCHONB3YIOTCA PA3IMYHOTO COpPTa CTalM M YYTyHbl — CIUIABBI JKEJIe3a C
YTIEPOAOM U JIp.

XuMH4ecKue CBOMCTBA MeTAJJIOB

AKTHBHOCTh METAJJIOB B BOJHBIX pAacTBOpax OMpEeNseTcss MOJIOKEHHEM MeTaiia B
AIIEKTPOXUMHUYECKOM DSy HANpsDKEHMs METalioB. TeMm akTHBHee aTOMbl MeTaiia Me°, Tem
HIKe akTUBHOCTE Me". Bce peakuuu ¢ y4acTHEM METAJLIOB SIBJISIOTCA OKUCIHTEIHHO-
BOCCTAaHOBUTEJIbHBIMU, MPUYEM METAJIJIbl BCEr/la BHICTYNAIOT B KAU€CTBE BOCCTAHOBUTENEH, TaK
KaK IPUHUMATh 3JIEKTPOHBI U IIPOSBIIATH OTPULIATEIBHYIO CTEIIEHb OKUCIIEHUSI OHU HE MOTYT.

OTtHoueHne Kk BOAE.

1) lenoynble M MIENIOYHO3EMETbHBIE METAJIBl B3aUMOJIEHCTBYIOT C BOJON HpPU OOBIYHBIX
ycnoBusix. O6pasyercs 1Ien0ub U BbIIEISIETCS BOJOPO/I.

2K + 2H20 = 2KOH + H21 Ca + 2H20 = Ca(OH)2 |+ H21

2) Maruwii U aqrOMUAHMA (OYMIIEHHBIH OT OKCHIHOW TUICHKH) PEarupyroT ¢ ropsdell BOOH.

Mg + 2H20 = Mg(OH)2| + H21 2Al + 6H20 = 2AI(OH)3| + 3H21

3) Meraibl cpeiHeil aKTHBHOCTH, PACIIOIOKECHHBIC B psijly HampsbkeHud mexxay Mg u Pb
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(Al, Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 00ObiuHO HE BBITCCHSIOT BOJOPOJa U3 Bojbl. Ha
MOBEPXHOCTH JTHX METAUIOB O0O0pa3yloTCs OKCHJIHBIC IUICHKH, OOJaJalolue 3aluTHBIM
JeHCTBHEM.

[ToaTOMYy OHM pearupyroT ¢ BOJOW JIMIIb B )KECTKHX YCIOBHSX (pacKajJCHHBIA METaJI, aphl
BOJIBI, T.€. C IEPErPETHIM BOSHBIM MTAPOM) ¢ 00pPa30BaHUEM OKCHJIOB M BBIICICHUEM BOJOPO/A..
3Fe +4H; O = Fe304 + 4H27 2Cr + 3H20 = Cr203 + 3H21 Zn + HO =2Zn0 + Hy

4) MaJloaKTHBHbBIC METaJIbl, CTOSIIHNEC B DJICKTPOXUMHUYECKOM pSIy HAINPSDKCHUH TOCie
BOJIOPO/Ia, C BOJIOH HE B3aUMOJICHCTBYIOT JIaXKe MPH BBICOKOH Temrieparype: Cu + H,O —

2. OTHOLIEHHE K KHCJI0TAM.

1) Kucotsl, obnanaronue ciadbbiMi OKUCIUTENLHEIMU CBOMcTBaMu (3a cuer H) pearupyror
C METaJUTaMH, CTOSIIIUMH B MJIEKTPOXUMHUYICCKOM Py HAPSDKEHUH 10 BOjIopoaa (OOIBIIMHCTBO
kucinort). [Ipu 3ToM 00pa3yroTcst cosib U BOAOPO:

a) CWIbHBIE KUCIIOTBI M KHCIIOTHI CPEAHCH CHUIIBI PEarUPYIOT CO BCEMHU METAJUTAMH, CTOSIIIAMU
JieBee BOJOpoa:

Fe + 2HBr = FeBrz + Hz1; Zn+ HCI=2ZnCl; + H21;  2Al + 6HI = 2All3 + 3H21

3Mg + 2H2PO4 = M@3(POs)21 + 3H21

Kene3o x110poBOAOPOTHOM (COJSTHOM ) KUCIOTON OKUCIISETCS 0 ABYXBAIEHTHOTO cocTosiHus. [Ipu
9TOM Ha MOBEPXHOCTH 00pa3yeTcs 3alUTHAs [UIeHKa, TOPMO3SIIas JaIbHEHIIIee OKHUCIICHHE.

C cosHOM KHCIIOTOW pearupyer U macCUBUPYeETCs cBUHEI. [laccuBarysi CBHHIIA BO3HUKACT W3-
3a TOro, 4TO 00pasyrolIuiics B Havyase peakiuu xjaopun ceunia (1) Tpyano pactBopum B BoJE, U,
0CTaBasiCh Ha TIOBEPXHOCTH METAJIJIa 3aIUINACT €ro OT JOCTYIa HOBBIX MOPIIUN KUCIIOTHI:

Pb + 2HCI = PbCl; + Hz. B pe3ynbTarte peakiius OCTaHABINBACTCS.

0) Cinabble KUCIOTHI — TOJIBKO CO IIETOUYHBIMHU U MICTIOYHO3EMETBHBIMH METAIIJIAMHU:

Ca + H2CO3 = CaCOs3| + H21

B) pa30aBieHHas cepHas KHUCIOTa o0najaeT ciabbIMU OKHCIMTENBHBIMU CBOWMCTBAMU,
MO3TOMY JCHCTBYET TOJIBKO HA METAJUIbI, CTOSIIHE B JECKTPOXUMHYCCKOM PsTy HAMpPsHKCHUN
neBee Bojopoaa. [Ipu aTom obpazyeTcs conb ¥ BOAOPOI.

Mg + H2SO4(pass) = MgSOs + Ha1; Fe + H2SO4(pass) = FESO4 + H21

Cu + H2SO4pass) —

2) Kwucnortel, oOnamaromue CHIBHBIMH  OKHUCIWTEIBHBIMH  CBOWMCTBAMH  a30THAs
(KOHIIEHTPUPOBAHHAs U pa3bapieHHas 3a cueT N*°), cepHas (KOHIEHTpHpOBaHHas 3a cueT S*°),
B3aMMOJICHCTBYIOT KaK ¢ METaJUIaMH, CTOSIIUMH B AJICKTPOXUMHUYECKOM PSIy HAMPSIKCHUH 10
BOJIOPOJIa, TaK U C METAJUIaMU, CTOSIIMMH TOCJIE BOJOPOAA, OJHAKO BOJOPOJ MpPHU 3TOM HE
BoIesieTcs. He meficTByroT 311 KMCIOTHI TONIbKO Ha AU, Pt, Ir, Rh, Ta.

B mpoaykrax peakuuu — coiib, BOAA U KaKOH JTMOO MPOAYKT BOCCTAHOBIEHUS KUCIOTHI, HO HE
BOJIOPOA. Bux TpoaykTa BOCCTAHOBJICHHS KHCIOTHI ONpPENEISICTCS €€ KOHIICHTPAIHeH,
AKTUBHOCTBIO METallJla U TEMIEPaTypoil.

H2SO4(xonn) (OKHcIHTENB — S*6)

1) IllenouHble U MIETOYHO3EMETBHBIC METAIBI BOCCTAHABIIMBAIOT KUCIIOTY B OCHOBHOM J10 H>S.

4Ca + 5H2SO04(xonn) = 4CaS0O4 +H2ST + 4H20

2) Mg u Zn B 3aBUCUMOCTH OT yCJIOBUN MOTYT BoccTaHaBIUBaTh H2SO4(komy) HE TOJNBKO 10
SOz, HO 1 710 S WK HoS: Zn + 2H2SO4(korny = ZNSO4 + SO21+ 2H20

47Zn + SH2SO4oum)= 4ZnS0O4 + H2ST + 4H20; 3Zn + 4H2SO4onn= 3ZnS0O4 + S|+ 4H20

3) Meramibl cpeaHei aKTHBHOCTH.

AJIIOMMHHMI W Kejle30 TACCHUBUPYIOTCS HU3-3a 00pa30oBaHUS IUIOTHBIX IUJICHOK OKCHIOB.
OJ10BO OKHCIIAETCS JIO YeTHIPEXBAIEHTHOTO COCTOSIHUS ¢ 00pa30BaHKUEM CyJIb(aToB oJioBa:

Sn + 4H2SO4(xoun) = SN(SO4)2 + 25021 + 2H20

CBuHHeIl HE PacTBOPSIETCS B CEpHOM KHUCIOTe Mpu e€ KoHIeHTpamuu Huxe 80%, Tak Kak
oOpasyroliasics pu B3aMMOJICHCTBHH CBHHIIA C CEPHOM KuciaoToi cob PbSO4 HepacTBopuMa B
BOJIC M COXKJIA€T HAa TOBEPXHOCTH MeTajlla 3alMTHYIO TUICHKY. B 0ojiee KOHIIEHTPpUPOBAHHOMN
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CePHOW KHCJIOTE€ CBUHEI] OKHCIAETCA JO JABYXBAaJCHTHOIO COCTOSHHSA C 0OOpa3oBaHUEM
PacTBOPHMOrO rUIpOCyb(aTa CBUHIIA:

Pb + 8H2SO4(kony) = 3Pb(HSO4)2 + S + 8H20

[Ipy HarpeBaHWM KOHIIGHTPHPOBAHHAs CEPHAsl KUCIOTa B3aMMOJCHCTBYET C 0Opa3oBaHHEM
couu, Boabl 1 okeus cepsl (1V):

AJIIOMUHHEM: 2Al + 6H2SO4(kom) = Al2(SO4)3 + 350271 + 6H20
PryThi0: Hg + 6H2SO4(omyy = HgSO4 + SO21 + 2H20
Menpio: Cu + 2H2SO4kory) = CuSO4 + SO21 + 2H20

B xunsmield KOHIEHTPUPOBAHHOM CEPHOM KHCIIOTE PACTBOPSIETCS cepedpo:
2Ag + 2H2SO4(xorn) = Ag2SO4 + SO21 + 2H20
C H3SO4(kony HE pearupyroTr Au, Ru, Os, Rh, Ir, Pt.

HNO3(koun) (0xkmcanTEeHL N*°)

1) Co wIenOYHBIMH M HICTOYHO3EMEIILHBIME METaUlaMH 00pa3yeT cojib (HUTpAaT) , BOLY U
N20O:

4Ba + 10HNO3kouy) = 4Ba(NO3)2 + N2O7T + SH20

2) C apyruMu MeTaiUlaMH: CPEAHEH aKTUBHOCTH M MaJOaKTUBHBIMU 00pa3ylOTCs HUTPATHI,
Bona u NOz:

Zn + 4HNO3(kou= ZN(NO3)2 + 2NO21+ 2H20

Cu + 4HNO3(om)= CU(NO3)2 + 2NO21+ 2H20

Ag + 2HNO3(omr) = Ag(NO3)2 + NO21 + H20

3) Ha xonoay u npu oObruHOM Temmeparype He aeiictByer Ha Fe, Co, Ni, Cr u Al, a Taxke
Ha HEp)KaBEIOIME CTaJIM BCIEICTBHE MaccuBaiuu. Ho mpu HarpeBaHuM oOpa3zyroTCs TE XKe
MPOAYKTHI, UTO U C JPYTUMHU METAJJIAMH:

Fe + 6HNO3(komn)= FE(NO3)3 + 3NO21+ 3H20

4) C HNOs(konn) He pearupyroT Au, Ru, Os, Rh, Ir, Pt.

5) KoHueHTprpoBaHHAs a30THAs KUCIOTA TPHU CMEIIMBAHUK C KOHIICHTPHPOBAHHOW COJISTHOM
KUCJIOTOM B cooTHOmeHuH 1:3 mo o6bveMy, oOpasyeT pacTBOp, Ha3bIBaeMbIi «IIapCKOM BOJKOID, B
KOTOPOM PacTBOPSIFOTCS 30JI0TO, TUIATHHA ¥ ApyTrue Metayutbl HepacTBopuMbie B HNO3z n H2SOg.

HNO3z + 4HCI + Au = H[AuCls] + NO?T + 2H20

4HNOs3 + 18HCI + 3Pt = 3H2[PtCls] + 4NO1 + 8H20

B «1apckoii Boake» He pactBopsitorest Ru, Os, Rh, Ir.

HNO3pass) (oxucauTenn N*°)

1) Co 11en0YHBIMH U IIETOYHO3EMENbHBIMUA METaIIaMK 00pa3yeT coib (HuTpar), Bogy u NHs nmm
NH4sNO3:

4Ca + 10HNO3 (pass)= 4Ca(NO3)2 + NH4sNO3 + 3H20

2) C merajutlaMu CpeHEH aKTHBHOCTH, DPACIIOJIOKEHHBIMH B JJICKTPOXMMHYECKOM pSIy
HanpsDKeHUH 70 BOAOpoja, pa30aBieHHas a30THas KucioTa o0OpasyeT coilb, BOAY U , B
ocHoBHOM, NO (Moryt obpasoBatbcst u N20, N2, NHs (NH4OH). Yem Gombiie pa3dasieHa
KHCJIOTa, TEM HUXKE CTENeHb OKHCICHHMS a30Ta B BBIICNAIONIEMCS ra3000pa3HOM MPOAYKTE.
JlocraTouHo pa3zbaBieHHAs KHCI0Ta 00bI9HO BoccTaHaBmuBaeTcs 10 NHsNOs:

Fe + 4HNO3(pass) = Fe(NO3)z + NO1+ 2H.0

3Zn + 8HNO3z(pass) = 3ZnN(NO3z)3 + 2NO1T+ 4H20

4Zn + 10HNO3(pass) = 4Zn(NO3z)3 + N2O1+ 5H20

5Zn + 12HNO3(pass) = 5Zn(NO3)3 + N21+ 6H20

4Zn + 10HNO3(ou. pass) = 4Zn(NO3)3 + NH4sNOs1+ 3H20

OnoBo okucnsercs 1o HuTpara onosa (Il). Tutan maccuBupyertcs.

3) C ManoakTHBHBIMHA METAJUIAMH, CTOSIIIMMHU B AJIEKTPOXUMHYECKOM DSy HaNpsOHKCHUH
ocJie BOJIOPO/Ia, 00pa3yroT coib (HUTpar), Boay u NO:

3Cu + 8HNO3(pass) = 3CU(NO3)3 + 2NO1+ 4H20
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3Ag + 4H NO3(pa36) = 3AgN03 + NOT+ 2H20
3Hg + 8HNO3(pass) = 3Hg(NOs)3 + 2NO1T+ 4H,0
4) C HNO3(pass) HE pearupyrot Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxomsich B psily HalpsoKEHHUS MOCIE BOAOPOA, MEIb HE BBITECHSET €r0 U3 KHCIIOT.
[Tostomy comnsiHasi W pa30aBlicHHAs CEepHas KUCIOTHI HA Meab He AeHCTBYIOT. OMHAKO B
IPUCYTCTBUH KHCIOPOJa BO3IyXa MeIb PACTBOPSETCS B OTHX KHCIOTax € 0Opa3oBaHHEM
cootBercTByOMUX coieit: 2Cu + 4HCI + Oz = 2CuCl» + 2H,0

B oOuYeHb KOHIIEHTPUPOBAHHON COJISIHOM KHCIIOTE MEOb MOXET OBITh pacTBOpEHa C
00pa3oBaHUEM KOMILICKCHOTO COCNHCHHUSL:

2Cu + 4HCI = 2H[CuCl;] + H2 (muxmopokympar (1) Bogopoaa

3. OTHoO1IEHNE K OCHOBAHUAM

Tonbpko MeTauibl, 00Opasyromme aMpOTEPHBIC OKCUIBI M THIPOKCHUIbI, B3aUMOJICHCTBYIOT CO
mienoyamu. [Ipu stom Beutensitoress Ho o oOpasyercs conb (B pacTBOpax — KOMIUICKCHAs, B
pacrutaBax — cpenusis). Uckmodenne coctaBisitoT Fe u Cr, KoTopeie B OTIIMYME OT UX aM(pOTEPHBIX
okcunoB Fe203 u Cro03 u ruapokcuao Fe(OH)z u Cr(OH)3, co mmienovyamu He B3aUMOICHCTBYIOT.

Fe + NaOH — Cr+ NaOH —

B pactBOpax:

Zn +2NaOH + 2H,0= Naz[Zn(OH)a]+ H: 2Al+ 2NaOH + 6H20= 2Na[Al(OH)4]+ 3H>

Be + 2NaOH + 2H;0 = Nay[Be(OH)4] + H2  Pb + 2NaOH + 2H20 = Naz[Pb(OH).] + H2

B pacnnagax:

Zn + NaOH;) = Na2ZnO; + H» Be + NaOHs) = Na:BeO2 + H;

Pb + KOH(w) = K2PbO2 + H> 2Al + 2NaOH) + 2H20 = 2NaAlO; + 3H>
4, OTHoOIIEHHE K OKCHIAM.

1) Ilpu BeICOKOI Temmeparype 0ojiee aKTUBHbIE METaIbl BBITECHSIOT (BOCCTAHABIMBAIOT)
MeHee aKTHUBHbBIE U3 MX OKCHIO0B. Ha 3TOM OCHOBaH OAMH U3 CIOCOOOB IMOJIyYE€HUS METaJUIOB,
Ha3bIBaeMbIl MeTaliorepMueil. B kadecTBe MeTalsIOB-BOCCTAaHOBUTENEH OOBIYHO HCHOJIB3YIOT
ATIOMMHUM (QTFOMOTEpMUST), MarHuil (MarHUATEpMUs), PEIKO KaJbLUM, KaJluil, HATpUil U Jpyrue
METaJUIBL.

Zn + CuO =ZnO + Cu 3Fe 04 + 8Al = 4A1,03 + 9Fe

WO3 + 2Al =W + Al,O3 4Ba0 + 2Al =BaO + Al,O3 + 3Ba

4) MarauiTepMHUIO UCTIONB3YIOT TAKKE JIISI BOCCTAHOBIICHHUSI HEMETAJLIOB M3 X OKCHJIOB:
CO2 +2Mg =2MgO + C SiOz + 2Mg = 2MgO + Si

5. OTHollIeHHe K COJIAM.

1) BONBHIMHCTBO aKTUBHBIX METAJUIOB BBITECHSIOT MEHEEe aKTHBHBIE M3 PAacTBOPOB HX
coJei:

Fe + CuSO4 = FeS0O4 + Cu; Zn + FeSO4=2ZnS04 + Fe

Cu + Hg(NO3)2 = Cu(NOs3). + Hg Fe + AgNOz = Fe(NOs)2 + 2Ag

2) MeTtannbsl MOTYT BBITECHSATH APYT Apyra U U3 pacIuiaBoB colied (peakmus 6e3 JocTyma
BO3/lyXa — BaKyyMHO-TEpMUYECKHUI c0c00):

Na+ KClpacuny= NaCl + K; 3K+ AlCl3pacnn)=3KCI + Al; Mg + BeFzpacun= MgF2 + Be

OnHaKko cieayeT MOMHUTh, YTO

a) MpH MJIABJIEHUH MHOTHE COJIM Pa3yiaratoTcst

0) DJIGKTPOXMMHUYECKHH DS HANPSOHKEHUS METAJIOB, CIYXXAIlUd IS OTpeeieHUs
OTHOCHUTEJIbHOM aKTMBHOCTH METAJIOB, CIIPaBEUIMB TOJIBKO JJIsi BOJHBIX pacTBOpoB. Hampumep,
ATIOMUHMA MEHEE aKTHUBHBIN, YeM IeJIOYHO3EMEIbHBIE METAJUIbl, a B paciuiaBax HaoOOPOT.
[ToaTOMY aTtOMUHMI MOXKET BBITECHSTH IIEJIOYHO3EMENbHBIE METAJIJIBI U3 PACILIIABOB UX COJICH:

2Al + 3CaClypacnnas) = 2AICI3 + 2Ca

3) U3 TBepAbIX CyXUX, a TaK)KE HEPACTBOPHUMBIX COJIEH MPHU OOBIYHBIX YCIOBHSX METAJUIbI
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Ipyr npyra He BeiTecHstoT: Fe + AgCl —

4. B pactBopax coiiu, 00J1aAa011e OKUCIUTEIbHBIMU CBOWCTBAMHM, BCTYIAIOT C METAJIJIaMU B
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHbBIE PEAKIIUN:

2FeCls + Fe = 3FeCly; Hg(NO3)2 + Hg = Hg2(NOs)2

HgCl> + Hg = Hg2Cl> 2CrCl3 + Zn = 2CrCl; + ZnCl>

6. OTHOLIEHHE K HEMeTaJJIaM (CM. XMM. CBOMCTBA HEMETAILJIOB)

7. OTHOLIeHHUeE APYT K APYTY.

Metamiasl Opyr C JApYyroM He B3aUMOJAEWCTBYIOT, HO B pAcCIIaBICHHOM COCTOSHUU
CMEIINBAIOTCS JIPYT, 00pa3ysi pacTBOPHI, MpPHU OXJIAKICHUM KOTOPBIX IOJYYalOTCs TBEpPIIbIC
BEIIECTBA, HA3bIBAEMbIE CILIABAMH.

8. Ilpu HarpeBaHMM XMMHUYECKAsi aKTUBHOCTh METAJIOB IIOBBIIIAETCA.

Koppo3us merasion:

Koppo3sus — nposiBiieHne BOCCTAHOBUTEIFHBIX CBOWCTB METAJIOB, O0YCIOBICHHOE BIUSHHEM
OKPYXKAroIIel Cpeibl.

| rpynma nepuoguueckoir cuctembl. lllenouHple MeTamabl  MMEIOT HAMMEHbIIYIO
KOPPO3UOHHYIO CTOMKOCTB; OJIECTSIIasi MOBEPXHOCTh CpPe3a ITHX METAJUIOB Ha BO3AYyXe OBICTPO
IIOKPBIBAETCS TOJICTOM PBIXJION IUICHKOM OKCUIOB, IEPOKCHIOB, a TaKK€ MX COCIUHEHUH C
YTIEKUCIBIM Ta30M U BoJ10H. [ToaTOMY 1Ie10YHbIE METAUIBI XPAHATCS O] CI0EM KEPOCHHA.

B mnoOouHOl moarpymnme HaxoIsATCsl JOCTATOYHO CTOWKHE K KOPPO3WM METAIIBl: MEIb,
cepedpo, 30110T0. C yBeNIUYEHHEM MOPSIKOBOTO HOMEpa KOPPO3HUOHHAS! CTOMKOCTH IMOBBIIIIAETCSI.

Il rpynna. Mertamibl TJ1aBHOM MOATPYMNIbI BeCbMa MaJlOyCTOMUYUBBI, U C YBEIMUYEHUEM
MOPSIKOBOTO HOMEPa YCTOWYMBOCTh K KOPPO3UU CHIKAETCSL.

bonee ycroituuBel Metayuibl mobounoi moarpymmsl: Zn, Cd, Hg. Ha ux moBepxHOCTH B
NPUCYTCTBUM KHCIOpOAa OOpa3yrTCsl TOHKHE, JOBOJBHO MPOYHBIE IIJICHKH OKCHJIOB,
MPEIOXPaHSIONINE UX OT JAaJbHEHIIero pa3pyeHus.

Il rpynmna. ATIOMHHHUE JIETKO COEAMHSETCS C KHCIOPOJOM, BCIEIACTBHUE YETr0o 00pa3yercs
TOHKasi, oOjajaromias BbICOKUMHU 3aIUTHBIMH CBOWCTBAMM OKCHAHAas IuleHka. Ho oHa
paspymiaeTcsi B pacTBOpax KHCIOT H IIelo4Yed. AJIIOMUHUNA TakKe TMacCUBUPYETCS C
MOBEPXHOCTH KOHLIEHTPUPOBAHHON a30THOM M cepHOil kucimoramu. IlaccuBanus oOycioBieHa
00pa3oBaHNEM Ha TOBEPXHOCTU TPYAHO PACTBOPUMBIX COEIMHEHUH.

IV rpynna. OnoBo M cBUHEI] — CTOWKHE K KOPpPO3MM MeTajllbl, Onarojaps HpPOYHBIM
OKCHU/IHBIM TJIEHKAM.

V, VI, VII, VIII rpynmsr. Metamist mobounsix noarpymm V, Cr, Co, Mo, Ru, Pd, W, Os, Ir, Pt
00J1a/1a10T BBICOKOM CIIOCOOHOCTHIO K IMAaCCUBAllUH, a CJIEA0BATEIbHO, OOJIBIION KOPPO3UOHHOMN
cToiikocThio. Hanbosee ycroiunssl k koppo3uu Metaiuisl VI rpynmel, npuyem, yem Gosbiie
MOPSITKOBBI HOMEp, TeM OoJibllie WX ycroiumBocTh. 3HauuT, OS, Ir, Pt —cambie croiikue k
KOPpPO3UHU METAJUIBI.

Keneso — Haubosee U3BECTHBIW M PACIPOCTPAHEHHBIM MeETaJl, [ACCUBUPYETCS
KOHIIEHTPUPOBAHHOMN a30THOM U XOJIOJHOW KOHLEHTPUPOBAHHON CEPHBIMH KHCIOTAMH.

Cnoco0bl moJIyuyeHHsi MeTAJJIOB:

BonpmMHCTBO METaIoB B NMPHUPOAE BCTPEUAETCS B BHUJE COEAMHEHUMH, TaK KaK METaJuIbl
HaxoJIAIIMECS B OKUCICHHOU (popme Oojiee yCTOWYMBBHIE BEIIECTBA, Y€M METAJIBI — MPOCTHIC
BellecTBa. B caMOpOJHOM COCTOSIHUM B IIPUPOJE HAXOIATCS TOJBKO METallIbl, KOTOpPBHIE B
IIEKTPOXUMUYCCKOM PsTy HampsDKEHUH CTOST B caMoM KoHie: Au, Pt, pexxe Ag, nnorna Cu n
Hg.

Bakneiiimme npupoaHble COeTMHEHNS METAJIOB, CTOSIIINX B PALY HaIlPSHKEHUS 10 aTFOMUHUS
— 9710 conu: ranmorenusl, dame xjopuasl NaCl, MgCly, KCI; kap6onarer: CaCO3z, MgCOsg;
cyabdarsl NazSOs, MgSOa; autpatsr NaNOsz; dochatsr Caz(POa4)2/

[IpuponHble COeAMHEHHS APYTUX METANIOB — 3TO B OCHOBHOM OKCHJBI U cynbduasr: Al2Os,
Cu0, Sn0Oy, Fe;03, Cr203, ZnS, PhS, MoS,, CuS..
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MuHepanbl ¥ TOpPHBIE TIOPOJbI, KOTOPBIC HCIONB3YIOTCS JUIS TIONYyYEHUS METaIoB
HA3bIBAIOTCSA pyJamMu. Mertaml u©3 pyAbl IOJIy4YalOT BOCCTAHOBIEHHEM — 3TO 3ajaua
METAJLTYPTHH.

PasznuyaroT cneayroiue cnocoObl MOIyYeHHs] METAJIOB:

[TupomeTanmyprudeckuii (0T rped NUpoc — OroHb)

I'mapomeTamtypruyeckuii

DIIEKTPOMETATUTY PrUUECKUH (3JIEKTPOIIH3)

CyIIHOCTh TUPOMETAITYPIUYECKOTO cnocoba - BOCCTAHOBJIEHHE METAUIOB U3  HX
COCIMHEHUH MPH BBICOKHX TeMIleparypax. B kauecTBe BOCCTAaHOBHTENEH MCIOIB3YIOT BOJIOPOI,
aktuBHble MeTaiuisl (Mg, Al), yriaepon, okcun yrieposa (I1).

MeTol UCTIONB3YETCS ISl MOJyYCHUST METAJUIOB, CTOSIIMX B PSAY HAMpPsDKCHUS METaJIOB
MoCJie alFOMUHHUS.

['uapoMeTaTyprsi —MCIoNb3yeTcs IS TOMyYeHUsT MaJOaKTHBHBIX MeTayuioB. Hampumep,
METO/]I M3BJICYEHHS 30JI0Ta OT IyCTOW MOPObI (IIECKa) MyTeM pacTBOPEHUS 30J0Ta B IIMAHUIE
HATPUS WIM KAl B MPHCYTCTBUHU KHCJIOPOJA, C TMOCIEAYIOIIUM BOCCTAHOBIICHHEM MeETaylia
NyTeM BBITECHEHHUS ero Ooyiee aKTHBHBIM METAJUIOM M3 COJMU. TakuM CIOcoOOM MOKHO
noayuuts Cu, Cd, Au, Ag, Mo, V u np.

DJekTpoMeTaIIyprus (3JIEKTPoJn3) — BoccTaHoBIcHHE akTHBHBIX MeTtauioB (Na, K, Ca, Al,
Li, Mg u ap.) ¢ MOMOIIbIO 3JIEKTPUUYECKOTO TOKA W3 PACIUIABOB COJICH, OKCHIOB WU
TUAPOKCHJIOB.

Yactp A. U3yueHue CBOICTB HIEJIOYHBIX U IIEJ0YHO3eMeJbHBIX METAJJIOB U UX
coeIHHEeHU I

Hean pa6oThi:

1. M3yuuTh XMMHUYECKHE CBOMCTBA ILEIOYHBIX METAIJIOB U UX COCAMHEHU.

2. M3yunTh XUMHUYECKHE CBOICTBA II€JI0YHO3EMENIbHBIX METAIIJIOB U MX CBOWCTBA.

3. O3HakomyleHHE C J1a0OpPaTOPHBIMH CIMOCOOAMHU TONYYEHHS THAPOKCHIOB H COJIeH
metauioB |A u llA rpynsl.

Coaep:xanue padoThbi:

1. HccnenoBaHue XMMHYECKHX CBOMCTB HAaTpusi M €ro COEAMHEHHH (B3aumojeicTBue c
BOJIOM, TOPEHUE).

2. ITlomyuyeHue rHpOKCHIa MarHUs U €r0 paCTBOPEHHUE B KMCIIOTE U B COJISIX aMMOHHUS.

3. Tomyuenwe kapOOHATOB, CyJIb()ATOB M XPOMATOB IIEIOYHO3EMEIHHBIX METAIUIOB W
U3yYeHHe UX XMMUYECKHX CBOMCTB.

IIpuGopbl U peaKkTUBBI:

1. 3ammTHBIE OYKM, KPUCTAJUIM3ATOp, MUHILET, QMWIBTpPOBAIbHAs OyMara, MeTajulnyecKas
Joxedka, paphopoBelil TUTENb, CHUPTOBKA, TUMETKH, TPOOUPKH, IPOBOJIOKA C METEIBKOM.

2. @enondranenH, Boja, HATpUil (MET.), COJIb MarHus, Kpaxmaj, 2 H pacTBOp COJSHOMN
KHACIOTH, 2 H pacTBOp XJOpHJAa aMMOHHS, PAcTBOPHI HOAWIA KaiHs, CEPHOH KHCIOTHI,
THJIPOKCUA HATpHs, KapOoHaTa HATPHs, XJIOPHUAA KaJbIHs, XJIopuaa 6apust (BO3MOXKHBI JTH00bIe
pacTBOpUMBIE COJH KaJbIHs U Oapusi), Cyibdara HATPHs, XpoMara KaJlus, YKCYCHON KHCIIOTHI,
HUTpaTa KaJus; COJsTHast KMCIO0Ta (KOHIL. ).

JKCIepUMEHTAJIbHAA YaCTh

OnsiT 1. BzaumoaeiictBue HaTpus ¢ Boaoi. (Paborats moj taroi B 3alUTHBIX oukax!) B
KPHUCTANTU3ATOP C BOJOM 00aBISIOT HECKOJBbKO Kamenb (eHoidTanenHa. [TuHierom nocrath
KyCOUeK IIEJ0YHOr0 MeTajula M BBICYHIUTh (UIBTPOBAIBbHON Oymaroil. OTnenuTh Kycodek
HaTpUs pa3MEpOM CO CIUYEUHYK TOJOBKY M MHMHIIETOM IIEPEHECTH B KPUCTAJLIU3ATOP.
HabmroaroT mpoTekanue peakliMyi W OKpalimBaHue BoJbl. Hamucarh ypaBHeHHE MpoTeKaromen
peaxkuu.

OnbiT 2. T'openue Hatpus. (PaGorate mox Tsaroit!) B Meramnuyeckyro JOXKEUKY WU
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baphopoBBIil THreNb MOMENIAIOT HEOOIBIION KYCOYEK HATPHs, MPEABAPUTEIBHO BHICYIICHHBIN
¢bunbTpoBasibHOM Oymaroil. Jlojkeuky WM THUTellb HarpeBaloT CHU3Y HEOOJBUINM IIaMEHEM
CIUPTOBKM, 3aT€M IIOJDKUIAIOT IUIAMEHEM pacIUIaBIE€HHBIM MeTaul cBepxy. HaOmonaror
ropenue Hatpus. [IpoayKThl OKHUCIEHHS OCTaBISIOT MJIs Cleayrollero omnbita. Hamwmcats
YpaBHEHHE PEAKIUU T'OPEHUs HATPUS.

OmnbiT 3. B3aumoneiicTBie KUCJIOPOAHBIX COeUHEHUI HATPUA ¢ BOAOM. [lonyyeHHble B
OpPEIbIAYIIEM OIBITe MPOAYKTHI OKWCIEHUS HATPHUS PACTBOPAIOT B HEOOJBLIIOM KOJIMYECTBE
BoAbl. K monmyueHHOMY pacTBOpY HPWIUTH PAcTBOP HMOAMIA Kajdusl MOJKUCICHHOIO CEpPHOMN
KHCJIOTON M HECKOJIBKO Kamellb pacTBopa Kpaxmaina. HabmoaroT n3MeHeHne OKpacku pacTBOpa.
Hanucatb ypaBHeHHE MTPOTEKAIOIIEH peaKIIUH.

OnsbiT 4. [lonyyeHne rmApPOKCHAAa MArHUsI M €r0 pPacTBOPeHHe B KHCJIOTEe M B COJIAX
amMoHusl. BHecTu B Be mMpoOupKH MO 3 Kamiu pacTBOpa COJIM MAarHusl U B KaXIYI0 U3 HUX
n00aBUTh 1O 4 Karuld pacTBOpa €IKOro HaTpa. B oaHy U3 mpoOUpOK, MOMEIINBas COAEPKUMOE
CTCKJISTHHOW TMalouyKoM, MpuOaBUTH MO KarjisiM 2 H. PacTBOP COJSHOM KUCJIOTHI O IMOJIHOTO
pacTBOpeHUsi OcajKa, TMOACYUTHIBAS KOJIMYECTBO Kamelnb. B Apyroil mpoOMpKe TakuM xKe
CrocoO0OM pacTBOPHUTH OCAZOK TUAPOKCHUIA MarHus B 2 H. pacTBOpE XJiopua aMMoHus. B kakom
cilydae JUIsl paCTBOPEHHsI Ocajka MOTpedyeTcs Oojblee KOIU4ecTBO peakTtuBa? Hammmmre
YpaBHEHHUS MTPOTEKAIOIINX PEaKIUH.

OnbiT 5. KapOoHaTsl 1Ie104HO3eMeIbHbIX MeTaJLIoB. [lomyunts ocanku kapOOHATOB
Kanplusl U 0apusi B3aUMOJICHCTBUEM PACTBOPOB COOTBETCTBYIOIIMX COJIEH C PacTBOPOM COJIBI.
HcnpITath OTHOIIEHHE MOTYYSHHBIX KapOOHATOB K COJITHOM KHCIIOTE, T0OABISAS €€ OCTOPOKHO
0 KaIuIsIM. 3anucaTh ypaBHEHUs IPOTEKAIOIUX PEaKLUH.

OnbiT 6. Cyasdarsl meJI0YHO3eMeJIbHBIX MeTANI0B. B 1Be mpoOupku BHectd 1mo 2-3
KaIlJId pacTBOPOB cojeil kanblms U Oapusa. B kaxayro npoOupky nobaButh mo 3-4 karum
pactBopa cynbdara HaTpus. Uto Habmomaercss? OTMETUTh Pa3IMUHYI0 CKOPOCTh 00pa30BaHUS
ocaakoB. HMcmplTaTh JeWCTBUE COJSHOM KHUCIOTHI Ha IMOJNyYyeHHbIE CyJb(aTbl. 3amucarb
YpaBHEHHUS MTPOTEKAIOIINX PEaKIUK.

OmnpIT 7. XpomaThl eJ09HO3eMeIbHbIX MeTAMI0B. B 1Be mpoOupku BHECTH 10 3-4 Karuu
pacTBOpoB coiieil kKanmblus U Oapus. B xaxayro mpoOupky n06aBuTh mo 4-5 kamenab pacTBoOpa
xpomara kanus. Habmogaror BbinajieHle 0caIkoB, OTMEYAIOT WX IIBET U UCHBITHIBAIOT ACHCTBUE
Ha HUX YKCYCHOM U COJITHOW KHCJIOT. 3alucaTh YpaBHEHUS MPOTEKAIOIINUX PEAKITUH.

OneiTr 8. OxpammBaHMe IUIAMEHHM  PAacTBOPAaMM  COJIel  INEJOYHBIX H
1IeJI0YHO3eMeIbHBIX MeTa/LuloB. [IpoBojouky ¢ TmeTenbkol Ha KOHIIE BHECTH B
KOHIIEHTPUPOBAHHYIO COJIIHYIO KHCJIOTY M 3aTéM HpPOKAIWTh B IUIAaMEHHM CIUPTOBKU. Yucras
IIPOBOJIOKA HE JOJDKHA OKpaIIuBaTh miamsi. OUMIIEHHYIO POBOJIOKY OIYCTHTh B PacTBOP COJIU
HATpUs M CHOBA BHECTH B IUIaMsl CHMPTOBKH. OTMETUTH IIBET IJIAMEHHU U 3alKcaTh B TETPa/lb.
OnpIT MOBTOPUTH C pacTBOpaMu cojiell Kanusi, Oapus U Kanpuus. llepen KaXabIM ONBITOM
IPOBOJIOYKY MTPOMBITH KOHLIEHTPUPOBAHHOM COJITHON KUCIOTOM U 3aT€M NMPOKAIHTb.

IHopsinok padorsi:

1. TloayuuTs OT mpenojaBareis 3aJaHue.

2. BpImMonHATE paboTy COTIIACHO METOIMIECKUM PEKOMEH IAITHSIM.

3. OdopMuUTH NPOTOKOI PabOTHI.

4. BpuuTh oTpaboTaHHBIE PACTBOPHI, OCYAY BHIMBITh. CnaTh pabouee MecTo.

Conep:xxanue oTyera:

1. Tewma u uenp pabOTHI.

2. HaGnroneHusi, ypaBHEHUs peakIfii Mo KaXK10i yacTu paboTHI.

3.  BBIBOJBI ITO MpoIeTIaHHON paboTe.

KonTpoJibHBIE BOIPOCHI.

1. OOmias xapakTepucTHKa IJIaBHOM MoArpymniibl | rpynms! (Ie10YHbIE METAILIbI ).

2. PactipocTpaHeHue B IpUpoOJIe U MOTyYEHHE.
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. @u3nyecKkre U XUMUYECKHE CBOMCTBA IIEJIOYHBIX METAIIIIOB.
. IIpuMeHenune, TOKCUKOJIOT S,
. O0mias xapakTepuCcTUKa TIaBHON NOATrpyb || Tpymie! men04H03eMeNnbHbIE METAIIIBI).
. PacipocTpanenue B npupoze U MoJIy4eHue.
. ®usnueckre U XMMUUYECKHUE CBOMCTBA LIEI0YHO3EMEIbHBIX METAJIIOB.
. IIpuMeHenune, TOKCUKOJIOT S,
Yacts b. Juiementsl |11 A-rpynnsl nepuoguyeckoil cucreMbl M X COeIMHEHMUS.
Iean padoThi:
1. U3yuuTh XuMUUECKHE CBONCTBA AIFOMUHHUS U €I0 COEUHEHU.
Conep:kanue padoThbI:
1. H3yuenue am(OTEpHBIX CBOWCTB ATIOMHUHHS: B3aUMOJCHCTBUE C KUCIOTaMHU U BOJHBIMH
pacTBOpamH IIENOYEH.
2. MHccnenoBanue BIMSHUS XJIOPUA-HOHOB Ha KOPPO3UIO AITFOMUHUSL.

cO~NO Ok~ Ww

IIpubopsbl U peakTUBBI:

1. lrarus, npoOupKH, AEpKaTEINb IS MPOOUPOK, BOASHAS OaHs,

2. Hutpata cepebpa, cyiabdara Menu, cyiabpaTa aJlOMUHUS, XJIOpHIA MEIH; cepHas
Kkucnota (KOHII.), Boaa, ¢eHondTanenH, 2 H. PaCTBOPHI COJISTHOM, CEPHOW W a30THOW KHCIIOT,
TUAPOKCUA HATPUS; KOHUEHTPUPOBAHHBIE KUCIIOTHI: COJIIHAS, CEpPHAs U a30THAs;, AIIOMUHHUEBAsS
doibra,

JKCNePUMEHTAIbHAA YaCTh

OnbiT Ne 1. B3anmoaeiicTBue aTlOMUHUS ¢ KHCJIOTaMU.

A) B3aumoodeiicmeue anomunua ¢ pazdasnennvimu Kuciomamu. B Tpu npoOUpKu BHECTH
no 5-8 kamenb 2 H. PacTBOPOB KHCIOT: COJSIHOM, CEpPHOH, a30THOH. B kaxmyro mpoOupky
OIyCTUTh MO MAaJEHbKOMY KYCOUKY aJIOMHUHHEBOW (onbru. Bo Bcex nm ciaydasx mpoTekaer
peakuus Ha xosony? Harpers mpoOupku Ha BonsHOW Oane. Uto HaOmromaercs? Hamucats
ypaBHeHUs peakuuid. Kakoil ra3 BeieasieTcs Ipy B3aUMOJEHCTBUM aTIOMUHUS C pa30aBIIeHHON
a30THOM kucaoToi? C pa3baBieHHBIMU CEPHOM U COJISTHON?

b) B3aumooeiicmeue antomunus ¢ KOHUEHMpPUPOSAHHLIMU Kuciomamu. B tpu npoOupku
BHECTH 10 5-8 Kalenb KOHLEHTPUPOBAHHBIX KHUCJIOT: COJIIHOM, CEpHOM, a30THOW. B kaxmyro
POOUPKY OIYCTUTH MO MAJICHHKOMY KYCOUKY aJIFOMUHHEBOU (oibru. Kak nmporekaroT peakiuuu
Ha xonony? C kakoi KucioTtoil amoMuHuil He pearupyer? [louemy? Harpers mpoOupku Ha
BoasiHOM Oane. Kak Bimsier HarpeBanue? HammcaTh ypaBHEHUS peaklMid, YYUTBIBas, 4TO NPHU
HarpeBaHUM a30THas KUCIOTa BOCCTAHABIMBAETCS B OCHOBHOM JI0 JUOKCHJA a30Ta, a CEpHas 10
CEpHUCTOr0 Tra3a Ha XOJOJIy M YacTHYHO CBOOOJHOM cephl IMpH HarpeBaHuu. Buuser num
M3MEHEHNE KOHIICHTPALMK COJISIHOM KUCIIOTHI HAa XapaKTeP €€ B3aUMOACUCTBHSI C aTFOMUHUEM?

OnbiT Ne 2. PacTBOpeHue aqlOMUHUS B BOJHOM pacTBope IIea04u. BHecTn B mpoOupKy
MOJIOCKY aJIFOMUHHEBOHN (oJbru U 100aBUTh 3-4 kaminu Boasl. Harpers mpoOupKy Ha BOJSHON
6ane. HaGmromaercs niu Beiaenienue Bogopoaa? Jlo0aButh B mpoOUpKy 5-8 kamenb 2H. pacTBOpa
eakoro Hatpa. OTMETUTh UHTEHCUBHOE BbIENIEHNE BOJOpoa. OTCYyTCTBHE PEAKIIMU ATIOMUHUS
C BOJOW OOBSICHSETCS HATMYMEM Ha €ro MOBEPXHOCTU IUIOTHOM OKCHIHOM IJIEHKH, KOTOpas
3aTpyAHSIET JIOCTYNl BOJOPOJHBIX HOHOB K IOBEPXHOCTH Metaiia. JloOaBieHHas IIesloyub
pacTBOPSIET OKCHJIHYIO IUIEHKY ¢ 00pa30BaHUEM THIPOKCOAIIOMHHATA U CO3JAa€T BO3ZMOKHOCTh
HENOCPEACTBEHHOT O B3aUMOACUCTBHS allOMUHUS ¢ Bofol. Hamucars ypaBHeHUs peakuuil.

OnpiT Ne 3. Biusinme XJ0puI-HOHA HAa KOPpPO3uI0 ajMuuHusa. B 1Be mnpoOupku
MOMECTHUTb 0 KyCOUKY aJIOMHUHMS U J0OaBUTh B OJHY M3 HUX 5-8 Kamenb cynbdarta Meau, a B
JIPYTyl0 - CTOJIBKO e pacTBopa xyopujaa menu. OTMETUTh Pa3IM4HBIA pe3yibTaT B 000X
cllydasix: B TO BpeMsl KaK B IEpBOH MPOOMpKE alFOMUHHUI OcTaeTcss moyTH 0e3 M3MEHEHHs, BO
BTOPOI1 OH OBICTPO MOKpBIBae€TCA HajeToM Menu. Hanucarh ypaBHeHHE peakiuu.

ITopsinok padoTbI:

1. [onyuuts OT mpenojaBaTesis 3a/laHuE.
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2. BpmonHUT paboTy COTNIACHO METOIMYECKUM PEKOMEH IAIUSIM.

3. OdopmMuTh MPOTOKOJ pabOTHI.

4. BpumThk 0TpabOTaHHBIE PACTBOPHI, TOCY Ty BEIMBITE. CliaTh pabodee MecTo.

Conep:kanue oTyera:

1. Tewma u uenb paboOTHI.

2. HaOnroneHus, ypaBHEHUs peakiil 0 KaXK10i yacTu paboTHl.

3. BoIBoBI O IpOAETaHHOM paboTe.

KoHTposibHbIE BOIPOCHI:

1. OOmas xapakrepuctuka rinaBHoil noarpymnmnsl |l rpynmer. Pactipoctpanenue B npupose.
[Tonyuenue.

2. Amomunuii. CBolicTBa U coeuHeHus. [Ipumenenue.

TEMA 3. OBIIASAA XAPAKTEPUCTUKA U TOKCUKOJIOI'UA D-2JIEMEHTOB
U UX COEJJUHEHUN

Yactb A. DaemenTs! |b u |1b rpynnsl nepuoanyeckoii cucteMbl U HX COeIUHEHHUS.

ean padoThi:

1. U3ydeHue CBOMCTB MeAH U cepedpa U UX COCTUHECHHII.

2. M3yueHue CBOMCTB IIMHKA U €r0 COCTUHEHUH.

Copepxxanue padoThbI:

1. HccnenoBanue B3auMoJeiCTBUS MeU C KMcIoTaMu. B3anMoeiicTBre coeJMHEHU Meau
C KHCIOTaMU LIEJI0YaMH, KOHLEHTPUPOBAHHBIMU PACTBOPAMHM AaMMMAKa, KOMIUIEKCHBIMU
COCIMHEHUSIMU.

2. BzaumMmopeiictBue  HUTpaTta cepebpa ¢ [IENIOYaMH,  KHCJIOTaMH,  COJISIMH
raJloreHBOJJOPOJHBIX KUCIIOT, THOCYIb(ATOM HATPHSL.

H3yuyenne cBOWCTB Meiu U cepedpa U UX COeJUHEHHIA.

IIpudops! U peakTHUBBI:

1. XuMmunueckue crakaHbl, IPOOUPKU, TUIETKH, IITATHUB.

2. PactBopnl cynbdara Menu, THAPOKCHIA HATpUs, HOAUAA Kanus, OpoMuaa Kajus,
THOCyJb(aTa HaTpus, kapOoHaTa HaTpus, rexcanuaHodeppara (Il) xamus, constHOW KHUCIOTHI,
CepHOW KHCIIOTHI, aMMHaKa, HUTpaTa cepebpa; 2 H pacTBOp XJIOPOBOAOPOAHOHN KHCIOTHI,
KOHIICHTPUPOBAHHBIM BOJHBIN pacTBOP aMMHUAKa.

JKCNepUMEHTAIbLHAS YaCTh

OmnsIT 1. U3ydyeHue cBOICTB MeIH U €€ COeIMHCHHU .

a) B xumuueckoM cTakaHe CIMBAIOT MpH NEPEMEUIMBAHUU NPUOIM3UTENbHO 1O 10 M
pactBopoB CuSO4 u NaOH.

Ocanok aensat Ha 4 mpoOupku. [lepByto mpoOUpKy OCTOPOKHO HATPEBAIOT.

Bo BTOpyto npminBaroT 2H. pacTBOP XJIOPOBOAOPOAHOM KHCIOTHI,

B TPETHIO — KOHIICHTPUPOBAHHBINA BOAHBIN pacTBOp ammuaka. Uro Habmoaete?

6) B npobupky namuBator pactBop CuSOs um nobGammsror pactBop moauna kamus Kil.
Hab6mromaror ocakaenne noauaa meau (1) Cul, okpacky KOTOPOro MacKHPYET BBIACITHBIIHIACS
uon l2. JIna ycraHoBIEeHMS OKpackM ocajka J00aBISIOT HECKOJbKO Kallelb pacTBOpa
trocyibdara HaTpus NaxS203. K ocanky Cul mobaBnsior B M30BITKE pacTBOp THOCYJb(ara
Hatpus NaxS;03. Habmroarot pactBopeHue ocajka.

B) B poOupky HammBatot pactBop CuSOs n nobasisitor pactBop kapoonata Hatpust NaxCOs.
Habmogaror oOpa3oBaHue ocajka, KOTOPBIH COCTOMT M3 OCHOBHBIX COJIEHl INepeMEHHOIro
COCTaBa.

r) B npo6upky npunuatot pactBop CuSOs 1 mo kamisim 100aBISIOT KOHLEHTPUPOBAHHBIH
BO/HBIN pacTBOop ammuaka NHas. Uro Habmtonaere?

1) kauectBeHHas peakius Ha Cu?*. K pactBopy CuSOs 106aBISIOT HEGOMIBIIOE KOTHIECTBO
pactBopa rekcarmanodeppara (1) kamus Ko[Fe(CN)g]. Beimensiercs ocanok rekcannanodeppara
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(1) meau (1) Cu[Fe(CN)e] . Hensar ocamok Ha 4 MPOOMPKH U MCIIBITHIBAIOT JICHCTBHE HA 0CAI0K
HCI, H2SO4, pactBopa NaOH u BogHoro pactsopa ammuaka NHs. Uro Habmromaere?

OmnbIT 2. U3ydeHue cBoiicTB cepedpa U ero coeANHEHUI.

a) B npobupky BHOcsAT 2-3 kammu pactBopa AGNOsz u mpubaBistoT B M30BITKE pacTBOP
NaOH. Habmonarot o6pasoBanue Ag20.

06) B nBe mpoOupku HamuBaroT 1o 3-4 xaru pactBopa AGNO3 u 100aBISIFOT TT0 HECKOJIBKO
kanesb HCIl. HaGmonarot Beienienue 6esoro ocaaka AgCl.

B onmHy mpoOupKy NpuiavBarOT BOAHBIA pacTBop ammuaka NHs, B nmpyryio - pactBop
tuocynbpara Hatpus NazS203. Habromarot pacTBopeHne ocaaka.

B) B nBe npobupku HammBaroT pactBop AgNOs. B ogny mo6asmnstor pacteop Kl, B mpyryro —
KBr. Kaxxaplii ocaok IensT Ha 2 mTpoOUpKH.

Hob6asnsroT BoaubIl pacTBop ammuaka NHz B 1 mpobupky ¢ Agl u B 1npodupky ¢ AgBr. B
o0enx i1 MpoOHUPKaxX MPOUCXOIUT PACTBOPEHUE OcaIKa?

B ocraBmunecs mpoOupku NpMIUTh pacTBop THocyibdaTta HaTpus NaS203. Uto Habmonaete?

KoHTpo/bHbIE BONPOCHI.

OO61mas xapakTeprcTika mo6oyHON noArpynis! | rpymnsl (moArpymnmna Meau).
Pacnipoctpanenue B mpupojie U NOJTydICHHUE.

®dusnuecKkue U XUMUYECKAE CBOWCTBA.

[Tpumenenne, HanboJEe BaXKHBIE COSTUHEHUS MeIH, cepedpa U 30J10Ta.

5. OxapakTepusyiiTe OTHOIICHHE Meau, cepeOpa W 305I0Ta K pPa30aBICHHBIM U
KOHIICHTPHPOBAHHBIM DPAacTBOpaM KHCIIOT, K pacTBOpaM Imenoudei u cousieil. Hanummwure
YPaBHEHUS COOTBETCTBYIOIIUX PEAKIHH, YKAKHUTE YCIOBUS UX OCYIECTBICHHUS.

6. Kakme peaknum mUpOTEKAIOT NPU PACTBOPEHHHM 30JI0Ta B «IApPCKOW BOJKE», B
KOHIICHTPUPOBAHHOMW COJISTHOM KHMCJIOTE, HACBIIIICHHOM XJIOPOM, B CEJICHOBOW KUCIOTE?

7. UYem oObsicHsieTCS 0OOpa3oBaHKME 3EJICHOTO HaleTa Ha MEIHBIX W3JICNHAX WM IOYCPHEHHUE
cepeOpsSHBIX MPEIMETOB TPH JUTHTEIILHOM MPeObIBaHUM WX Ha Bo3ayxe? Harmummmre ypaBHEHHS
COOTBETCTBYIOLIUX PEAKLMIA.

NS

LuHK ¥ ero coeguHeHNs

IIpudopsl U peakTHUBBI:

1. [raruB, npoOUpKH, MTUNETKH, MUKPOIINATEb, CIIUPTOBKA, JEPKaTeNb sl MPOOUPOK.

2. llunkoBas mbuUIb, 2 H PacTBOPHI CEPHOM M COJSIHOM KHUCIIOTHI, 2 H pacTBOP THAPOKCHIA
HaTpus, | H pacTBOp COJISIHOM KUCJIOTHI, 2 H pacTBOpP aMMHaKa, KOHLEHTPUPOBAHHAs CEpHast
KHCJIOTa, PACTBOpP COJNM IMHKA (1100as pacTBOpUMAs), HACBIIIEHHBIM pacTBOp Cyibpuaa
aMMOHHUS, COJIb IIMHKA (Kp.), BOJA, JIAKMYC.

IKCNEePHUMEHTAJBHASA YaCTh

OmnwIT 1. PacTBOpeHne HMHKA B KHCJIOTAX M LIeJ109aX.

Hanuth B npobupky 4-5 kanenp 2 H. pacTBOpa CEpHON KHCIOTHI, 100aBUTh 1 MUKpOLINATeNb
IMHKOBOM MBUIM W CJErka Mojorpetb. To ke mpojenarb ¢ KOHLUEHTPUPOBAHHOM CEpHOU
KHCJIOTOH M T10 3araxy ONpe/eUTh BbIJICIIEHUE CEPHUCTOrO Tra3a. Takum xe 06pa3oM MpOBEPUTH
pPacTBOPUMOCTh LIMHKA B 2 H. PACTBOPE COJSHOM KUCJIOTHI M B 2 H. paCTBOPE €IKOMW IEJIOYH.
Onwucare Habmogaemoe. [louemy pazbaBrneHHass M KoHueHTpupoBaHHas H2SOs mo-pasHoMy
pearupytot ¢ nuHKOM? Kakoil aToM U B KaKOW CTENIEHU OKUCJIEHUS SIBISETCS OKUCITUTENIEM B TOM
U B IpyroMm ciryuyae?

OmnpiT 2. 'HAPOKCHA HMHKA U €r0 CBOMCTBA.

Hanmute B nBe mpoOupku mo 3-4 Kamd pacTBOpa CONMM IIMHKA. B Kaxkayro mpoOHpKy
n00aBIATH 2 H. pacTBOpP €IKOM WIeJIoud [0 MOSBJICHHUsS Oenoro CTYJEHUCTOro Ocajka
TUAPOKCUAA LMHKA. McnbITarh OTHOIIEHUE TOJYYEHHOIO THIPOKCUIA K KMCIIOTaM U IIEeJI0YaM.
Kakoii BBIBOJ MOXKHO cJieaTh O CBOMCTBAxX rupokcuia nuHka? HamucaTe ypaBHEHUS peakiuit
B MOJIEKYJISIPHOW M MIOHHOHM (popmMax.
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Onsit 3. Cyasdua nuHKa.

B mnpobupky mnomectuth 3-4 Kamumd pacTBOpa COJM IMHKA W J100aBUTh 2-3 Karum
HACBIIICHHOTO pacTBopa cyibduma ammonus. OTMETHTH I[BET OOpPa30BaBIIErOCsS OCaTKa U
no06aBuTh 1 kamis 1 H. pacTBOpa COJITHOW KHUCIOTHL. YTo mpomcxoaut? Hammcarh ypaBHEHUs
peaKuui.

OnpIT 4. I'uaposus coJieid MUHKA.

[TomecTuTh B MPOOUPKY HECKOIBKO KPHUCTAUIMKOB COJIM IIMHKA W PACTBOPHUTH MX B 1-2
Karsix Bozbl. J{o06aBUTH B mpoOHMpKy 2-3 Karuid pacTBOpa JakMyca W Cierka moaorpers. Bo
BTOPYIO MPOOUPKY HAIUTH 2-3 Kaluld pacTBOpa JlakMyca W 1-2 Karuid BOJBI U CPaBHUTH I[BET
COJIEP’)KMMOT0 3TO MPOOUPKUM € OKpacKOM MOJIY4YeHHOro pacTtBopa. Ha kakyro peakuuio
YKa3bIBaeT I[BET JIaKMyca B pacTBope coiM IuHKa? HamucaTe B MOJIEKYJISIPHOM M MOHHOMU
dbopMax ypaBHEHHUS MIPOLIECCOB, BHI3BIBAIOIINX U3MEHEHHE OKPACKH JIAKMYCa.

OnbIT 5. AMMHAYHBIH KOMILIEKC IIMHKA.

B mpoOupky momectuth 1 Kamito pacTBopa COJNM LIMHKA U A00aBUTH 2 KalUlk 2 H. pacTBopa
ammuaka. OcaJiok Kakoro BemiectBa oOpasoBaics? K moydeHHOMY pacTBOpY NPWIMBATH I10
KarisiM U30BITOK PacTBOpa aMMHaka J0 pacTBOPEHHUs ocaaka. HamucaTh ypaBHeHUs peaklui,
CUMTas, YTO KOOPJMHAIIMOHHOE YUCIO MOHa ImHKa 4. Hamucarth ypaBHEHHS IMCCOIMAIIAN
KOMILJIEKCHOTO CO€JMHEHUSI U KOMILIEKCHOTO MOHA.

KouTpoJibHbIe ONPOCHI:

1. Xumusa osnemeHToB moO04HOM moarpymmbsl Il rpynmbel HepUOAMYECKON CHUCTEMBI
(moarpyrmna nuHKa).

PacnpoctpanenHocts B npupoae. OCHOBHbIE MUHEPAJIBI.
DU3UKO-XMMHYECKHE CBOMCTBA MPOCTHIX BEIIECTB. [loydeHre npoCThiX BEIIECTB.
XUMHS BOJHBIX pacTBOPOB.

OKcHIbl ¥ THAPOKCHUIBI.

. Conu. KommuiekcHble COEIUHEHUS.

IHopsinoxk padorsI:

1. Tlonmyuuts OT mpemnoaBaTes 3a/laHue.

2. BrimmonHATE pabOTy COTTACHO METOAMYSCKUM PEKOMCH IAITHSIM.

3. OdopMuTh NpoTOKOI PpabOTHI.

4. BpumuTh 0TpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITE. CliaTh pabouee MecTo.
Conep:xanue oTyera:

1. Tewma u uenp paboOTHI.

2. Halnronenus, ypaBHEHUS peaKIIfil MO KaxaI0i 4acTH pabOTHI.

3. BrIBogBI IO TIpOAETAaHHOM paboTe.

SRR

Yacrtb b. JiiemeHnThl 10004HOI noarpynns! VI rpynnsl nepuognyeckoii cucTeMsl.
«H3yyeHune CBOMCTB XpOMa U €ro COeJHHEHHUI»

Hean paGoTbi:

1. M3yuuTh XMMHUYECKHE CBOMCTBA XpOMa U €r0 COSAMHEHHI.

2. OszHakomIleHHE C JIaOOPAaTOPHBIMH CHOCOOAMH TOJMYYSHHS OKCHIOB, THIPOKCHIOB W
COJIEH XpOoMa.

Copaepxxanue padboThbI:

1. Tlonmydyenume oxcuaa xpoma. [losyueHume u HccleIOBaHHE XUMHUYECKUX CBOMCTB
rugpokcuaa xpoma (I11).

2. TlomyuyeHue MamopacTBOPHMBIX XpOMAaTOB OapHsi, CBUHIIA U cepedpa.

3. MHccrenoBanue OKMCIUTENEHBIX CBOMCTB XpOMATOB M JHXPOMATOB.

IIpudopsl U peakTHUBBI:
1. [raruB, npoOUpKH, MTUNETKH, IepKaTeNb sl MPOOHUPOK, CIUPTOBKA.
2. buxpomar ammoHus (Kp.), pacTBOpbl Xpomara M OuXpoMmaTa Kajus, XJopuaa Oapwus,
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HUTpaTa CBHHIA, HUTpaTa cepedpa, HOAuIa Kajus, ; Kpaxmal, 2 H pacTBOp THMAPOKCUIA HATPHUS,
2 H pacTBOP COJISIHOM KHUCJIOTHI, 2 H PACTBOP CEPHOM KUCIIOTHI, COJISTHAS KUCJIOTA (KOHIL.).
JKCNEePUMEHTAJIbHAS YaCTh

Omnpit 1. ITosryyenue oxkcuaa xpoma.

B npo6upky nomecTuTh HEOOIBIIOE KOJINIECTBO OMXpPOMATa aMMOHUS M OCTOPOKHO HArpeTh.
Hab6aromaercst OypHoe pasnoskenue conn. Kakoil mBer uMeer mosydennsiii okcua xpoma (I111)?
Hanwucars ypaBHEeHHE peakuy pa3lIoKEHHs], YIUTHIBAs, YTO OJHOBPEMEHHO 00pa3yroTcs a3oT U
BOJIA.

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

[TomyuuTs B AByX mpobOupkax ruapokcus xpoma (l1l) BzammomelictBemM pacTBopa XJjopua
xpoma (I11) (3-4 xamau) ¢ 2 H. pactBopom Iienoun (1-2 karum). McnbiTaTh OTHOIICHHE
TUAPOKCUAA XpOMa K KUCIOTE U K U30BITKY IIEJI0YH, JI1 4ero A00aBISITh B OJHY IPOOUPKY MO
KarjisiM 2 H. pacTBOpP COJISHOM WJIM CEpPHON KHUCIOTHI, B JAPYIyI0 — 2 H. pacTBOp WIEJIOYU IO
pacTBopeHHs ocajka. Hamumcarh ypaBHEHHs peaklUid, yYWUThIBas, YTO IMPH B3aUMOJAEHCTBUU
THPOKCH/IA XPOMa C KHCIOTOH U CO IIeI0UbI0 TTOydaeTcss KoMIueKcHbIi anuoH [Cr(OH)]*.

OmnbiT 3. XpoMaTsl 1 OMXPOMATHI.

a) nepexod xpomama kanus 6 ouxpomam. K pactBopy xpomara kamus (3-4 karuiu)
npuOaBisATh MO KarmuisiM 2 H. pacTBOpP CEpHOM KHUCTOTHL. OTMETHTh OKpacKy B3SITOTO U
IIOJIy4€HHOT'0 PacTBOPOB U yKa3aTh, KAKUMU MOHAMM 3TH OKpacku oOyciasinuBarorcsa. HamucaTth
YpaBHEHUE PEAKIHH.

0) nepexoo ouxpomama kanua é xpomam. K pactBopy Ouxpomara kamus (3-4 xaruin)
npubaBisATh MO KalIsM pacTBOp IMIENOYM JI0 M3MEHEHHUs OKpacku. HamucaTh ypaBHeHue
peakuuu.

OmnbiT 4. IlosryyeHHe Ma10pacTBOPUMMBIX XPOMATOB 0apusi, CBUHIIA U cepedpa.

B Tpu mnpobupku c pactBopoM xpomara kamus (2-3 kamiu) npubaBuTh mo 2-3 Karu
pacTBOpOB: B NEPBYIO — XJIopuaa Oapus, BO BTOPYIO — HUTpaTa CBUHIA, B TPETbIO — HHUTpaTa
cepebpa. OTMeTUTH 11BeTa 0caiKoB. HanucaTh ypaBHEHHs peakivi.

OmnpIT 5. OKHMCANTEIbHBIEC CBOMCTBA XPOMATOB.

a) oxucnenue uoouoa xanusa. K moaxkucieHHOMY cepHoil kucioroit (1 xarist) pactBopy
ouxpomarta kamus (4-5 kamens) no6aBuTh 3-4 KamM pactBopa moaunaa kKanmus. OTMETHThb
U3MEHEeHHEe OKpacku. Jloka3aTh C MOMOIIBIO pacTBOpa Kpaxmaja BblIEJIeHHE CBOOOJHOrO ioza,
JUISL 4ero B MpOOHMpKY ¢ 5-6 KaruisiMM Kpaxmaljla BHECTH OJHY KaIlJl0 MOJYyYEHHOTO B OIBITE
pacTBopa. Hanncars ypaBHEHUs peakiiuii.

0) oxucnenue conanou kucaiomol. K pactBopy 6uxpomara kanus (1-2 xaraum) npubdasuts 10-
12 xamenb KOHLIEHTPUPOBAHHOW COJIIHOM KHUCIOTBHI. CMech Harperh 10 Mepexofa OpaHKEeBON
OKpackH B 3eyieHyr0. OTMeTuTh BblJeneHue ra3a. Kakoii ra3 Beigensercs. Hanucars ypaBHeHue
peaKkiuu.

IHopsinoxk padorsI:

1. TlomyuuTs OT mpemnogaBaTes 3a/laHue.

2. BpImonHATE paboTy COTIIACHO METOIMIECKUM PEKOMEH IAITHSIM.

3. OdopMuTh NpoTOKOT PpabOTHI.

4. BpuuTh oTpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITh. CnaTh pabouee MecTo.

Conep:xanue oTyera:

1. Tewma u uenp pabOTHI.

2. HalOnronenus, ypaBHEHUs PEaKIINi 10 KaXI0H 4acTH pabOTHI.

3.  BBIBOJBI ITO MpoIeTIaHHON paboTe.

KonTpoJbHbBIE BOPOCHI.

1. Xumusa nsnemeHToB 1n000OYHON mnoarpymnmnsl VI Trpynmbel MepUOIUYECKON CHCTEMBI
(moarpymma Xxpoma).

2. PacnpocrpanenHoCTh B iprpojie. OCHOBHBIE MUHEPAIIBL.
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Du3MKO-XUMHUYECKUE CBOMCTBAa MeTaIIoB. [lomyduenne xpoma, MonnOaeHa 1 Bosib(ppama.
XuMUA BOJHBIX PACTBOPOB.
Okcuabl ¥ THAPOKCHU/IBI.
Comn. KoMmIniekcHbIe COeTMHEHUS.

7. Tlouemy mpu B3aMMOJICUCTBUU COJIeH Oapusi ¢ paCTBOpaMH XpomaTa U JUXpomara Kajius
BBINIAJAI0T OCAJKU OJUHAKOBOTO cocTtaBa? Paccmorpure okuciutenbHble cBoiicTBa KoCroO7 pu
pasimmuHbIX pH pacTBOpOB.

©o ok w

Yacrs B. Ilo6ounasi moarpynna ceibMoM Ipyninbl NepUOANYECKON CHCTEMBbI.
Maprasen u ero coefuHeHus’’

Hean pa6oThi:

1. H3yueHune XMMHYECKHMX CBOMCTB COCIUHEHUI MapraHua.

2. OszHakomiieHHE C J1a0OpaTOPHBIMU CIIOCOOAMHU TOJYYEHHUS MAaJIOPAaCTBOPHUMBIX COJIEH
mapranna (1) 1 u3yueHue X XUMUIECKUX CBOHCTB.

Copepxxanue padboThbI:

1. HccrnenoBaHue OKUCIUTENBHBIX CBOMCTB couieid Mapranua (11) ¢ amomuHiem.

2. MHccnemnoBaHue OKUCIUTEIBHBIX CBOMCTB coeaunennii mapraunia (VII).

3. Tlomyuenue ruapokcuaa mapranua (1) u uccinenoBanue ero XMMUIECKHX CBOMCTB.

4. TlomyueHwe XpomMaTa Mapranna, kapOoHarta MapraHia, cyibpuma Mapraima W
UCCIIIOBAaHUE XUMUYECKUX CBOMCTB 3THUX COEAMHEHUI.

IIpuGopsl U peakTUBBI:

1. HlraruB, npoOUpKH, NHUIETKHU, CTEKJISHHas Mal04yKa, MHUKpOIINATENb, CIUPTOBKA,
poOUPKOJEPIKATENb,

2. PactBop comu mapranna (1), anmtomunueBas ¢ospra, 2 H pacTBOp MHAPOKCHIA HATPHSL, 2
H PacTBOp CEpHON KHCJIOTHI, PACTBOPHI XpoMaTa Kaius, KapOoHaTa HaTpus, CyIb(uIa aMMOHUS,
cynbdara mapranma (l), pactBop mepmanranara kaius, cynbput Hatpus (kp.), 10%-Horo
pacTBOp MEPOKCHIAa BOJOPOIA, ITHUIIOBBIN CITUPT.

JKCIepUMEHTAJIbHAS YaCTh

OmnbiT 1. Boccranoiienue cojn mapranua (1) amomunnem

Hanute B npoOupky 5-8 kamens pactBopa conu maprania (1) u omyctuTs B HEro Kycodek
amomuHueBol  ¢goaeru  (5x30 mmMm). Yepe3 HekoTopoe Bpems HaOMIOJATh BbIAEIECHUE
METaJUINYECKOT0 MapraHiia Ha IOBEPXHOCTH aTloMUHHUA. Hanucarh ypaBHEHHE peakLuu.

OnbiT 2. I'napoxkeua mapranua (I11) u ero coiictBa

B nBe npoOupku BHecTH 1o 3-4 karun pactBopa coiu maprania (1) u mo 2-3 xarum 2 H.
pactBopa mienoyu. KakoB 11BeT momyuuBiierocs: ocagka runpokcuaa mapranua (11)? Pazmermars
0CaJI0K CTEKJISTHHOM MaJ0uKOl U OTMETHTh €ro moOypeHue BeieacTBre okuciaeHus mapranna (1)
10 Mn (IV). Bo Bropyto nmpoOHpKY ¢ OCaJKOM THAPOKCHIa MapraHiia 100aBuTh 2-3 Kariu 2 H.
pacTtBopa cepHol kucinoTel. Yto Habmonaere? Kakue cBoiicTBa XapakTepHBI JJIs THAPOKCHIA
Mn (I1)? HamwucaTh ypaBHeHHs peakiuii: a) monyudeHus ruapokcuga mapranina (Il) u ero
OKHCIICHUHS KUCJIOPOJOM Bo3ayxa B mpucyrctBuu Bojasl B MNO(OH)2; 6) B3aumoneiicTBus
TUAPOKCHUIA MAPraHa C CEPHOM KHCIIOTOM.

Omnpit 3. [losyueHHe HEKOTOPBIX MAJIOPACTBOPUMBIX coJieit mapranna (11)

B Tpex mpoOupkax moiyyuTh: a) XpoMaT Maprasua; 0) kapOoHaT Maprasia; B) cyabpua
Mapratiia B3aUMOJEWCTBUEM Xpomara Kaius, KapOoHaTa HATpus M CyJbpHuaa aMMOHHS C
cynbdarom Maprarmna (Il). PactBopsr 6pats mo 3-4 karmmu. OTMETHTH 1IBETa 0cankoB. PacTtBop ¢
0CaZIKOM CyNb(HUAa MapraHiia pasMelaTb CTEKISHHON Manoukoi. OTMETUTh U3MEHEHUE IIBeTa
ocanka. JIo0aBUTh K KaXIoMy ocanaky 2-4 karmm 2 H. pacTBOpa KUCIOTHI. Craenatb BBIBOJ O
pPacTBOPUMOCTH MOJYYEHHBIX COJIEH MapraHia B KUCIO# cpeae. Hamucarh ypaBHEHUsT peaKIHii:
a) MOJy4YeHHsl Xpomara, kapOoHaTa U cyiabpuia Maprasia; 0) oKUCIeHus cysib(uaa MapraHua
KHCJIOPO/IOM BO3J]lyXa B NMPHUCYTCTBUU BOJIbI, YUUTHIBAS, YTO IPH 3TOM MOIY4aeTCsl TUAPOKCHUT

Dopma A Crpanuna 45 u3 59



MHHHCTEPCTBO HAYKH U BhICIIEro oopasoBanus PO

. N Dopma
Y IbSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

@ - PaGouast nporpamMma JUCIUIUIAHBL

Mn (IV); B) pacTBopeHus Xpomara, kapOoHaTa u cyibduaa maprauia (1) B kucnore.

OnbIT 4. OKHCIUTEIbHBIE CBOMicTBA coequHeHuit mapranna (VII).

a) Bauanue pH cpeovt na xapakxmep 60CCmMan061eHUA NEPMAH2AHAMA.

B 3aBucHMOCTH OT Ccpeapl — KHCIIOH, HedTpanbHOM win imenodnoi — mapraden (V)
BOCCTaHABIIMBACTCA JI0 PA3IMYHBIX CTemeHel okucienus. B kucnoit cpenme mon MnOg
nepexoquT B MOH Mn?* | B HeliTpanbHOI, cnaGomenounoil n ciabokuciaoii — B MnOz , B
CHJILHOIIETIOUHOH TIPH HEJOCTATKE BOCCTAHOBHTENS — B HOoH MNO42",

B Tpu npobupku BHecTH mo 3-4 Karuid pacTBOpa MepMaHraHara kanusg. B ogHy npoOupky
00aBHUTh 2 Karii 2 H. pacTBOpa CEPHON KUCIOTHI, B IPYTYIO — CTOJIBKO )K€ BOJIbI, B TPETHIO — 3-
4 xarum 2 H. pacTBopa Iueiaoyd. Bo Bce Tpu mpoOupku nmpubaBuUTh 1Mo 1 MHKpOLINATENIO
KPUCTANTMYECKOTO Cyib(puTra HaTpus Wik Kanusa. OTMETUTh pa3iuyHOe HW3MEHEHHE
NEepBOHAYAILHOM OKpacku pacTBopa IepMaHraHaTa B KaXXIoM ciydae. UYem 3TO BbI3BaHO?
Hanmcars ypaBHEHHs peakuuil.

0) OKucnenue nepmanazanmom Kaiusa nepoKcuoa 6000pooa.

B npobupky BHEcTH 3-5 Karenb pacTBOpa MepMaHraHaTa Kajius U 2-3 Karui 2 H. pacTBopa CEpHOM
kucnothl. Jlo6aButh 3-4 karum 10%-Horo pactBopa nepokcuaa Bogopoaa. Kakoil ras Beiensercs?
Kaxk n3menunnach crenenb okuciieHns: Mapraiua? Hamucarbs ypaBHeHUe peakuyu.

6) OKucnenue nepmanazanmom Kanusa CRupma 6 KUc/10il u uje104Hoil cpeoe.

B aBe nmpoOupku BHecTH MO 2-3 Karuid pacTBOpa MepMaHraHata Kaiws. B omgHy mpoOupky
n00aBUTh 2 Kalid 2 H. pacTBOpa CEpHOM KHUCIOTHI, B JAPYTyIO - CTOJBKO e 2 H. pacTBOpa
menoyn. B mpoOHUpKy ¢ MOJKMCIEHHBIM PAacTBOPOM NEpMaHraHata Kajus 100aBUTHh 3 Karuiud
STUJIOBOTO cHupTa. PacTBop mOMOTrpeTh MalleHBKUM IJIaMEHEM CIHUPTOBKU. OTMETHUTH
U3MeHeHne okpacku. Kak m3MeHunach cTeneHb okucieHus MapraHua? B apyryro mpoOupky k
HIEIOYHOMY PAacTBOpPY MEepMaHTraHaTa Takke J00aBUTh 3 KaIlIu STHIIOBOTO cnupta. Habmonate
IIOCTEIIEHHOE BOCCTAHOBJIEHME II€pMaHraHaTa cHadaja 1O MaHraHaTta, a 3aTeM J0 JAMOKCHJIA
Maprasia. OTMETUTh OCIEA0BATEIbHOCTh U3MEHEHHUSI OKPAacKH pacTBopa. Hanucate ypaBHeHUs
peakuuii: BOCCTAaHOBJIEHUS IE€PMaHraHaTa Kaius CIMPTOM B KHCJIOW cpele cHavaia Jo
MaHraHaTa, a 3aTéM MaHraHaTa — J0 JMOKCHJAa MapraHlia, yYUThIBas, YTO B KaXJIOM Cilyyae
CIIUPT OKUCIISIETCS B aIbJAETUL.

ITopsinok padoTbI:

1. [onyuuts OT mpenojaBaTesis 3a/laHuE.

2. BrpimonHUTh paboTy COTTACHO METOAMYECKUM PEKOMEH IAIUSIM.

3. OdopMuUTH IPOTOKOT PabOTHI.

4. BpuuTh 0TpaboTaHHBIE PACTBOPHI, MOCYY BHIMBITE. CaTh pabouee MecTo.

Copaepixanue oTyera:

1. Tema u uenb paGoThI.

2. HaOnroneHusi, ypaBHEHUS pEaKIMi MO KaXKI0H 4acTh pabOTHI.

3. BbIBoaBI 0 MpoaenaHHON padoTe.

KoHnTpoJibHBIE BOIPOCHI.

1. Xwumusa snementoB no6ouHoil moarpynmel VIl rpynmel mepuoguueckol  CHCTEMBbI
(moarpyrmnma MapraHia).

PacnipoctpanenHocts B npupoe. OCHOBHbIE MUHEPAJIBI.

DU3UKO-XMMHYECKHE CBOMCTBA MeTauioB. [loyyenne meTtamios.

XuMusi BOAHBIX PACTBOPOB.

OKCHIBI ¥ THAPOKCHU/IBI.

Comu. KoMIiekcHbIE COETUHEHMSL.

Hamummre ypaBHeHUs peakiinii, B KOTOPBIX COCTMHEHUS MapraHIla IPOSBIISTIOT

8. a) okuciauTenbHblE, ©O) BOCCTAHOBUTENBHBIE CBOWCTBA, B) OKHUCIUTEIbHBIE U
BOCCTaHOBMTENIbHBIE OJHOBpeMEHHO. Kakue coequHeHuss MapraHiia MOTYT MpOSIBIAThH
OKHUCIUTEIbHO-BOCCTAHOBUTEIbHYIO IBOMCTBEHHOCTH?

Nogakown
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9. Paccmorpure  okuciaurenpHble  cBodMctBa  KMNnOs B pa3snmuuHBIX  cpenax.
Uto mpeactaBisroT coOoit mpoayKThl BoccTaHOBIeHHST KMNOs B KUCIBIX, HEHUTpalbHBIX W
HmiesouHbIX cpepax? Kak wH3MeHsieTcs OKpacka pacTBOPOB B IIPOLIECCE BOCCTAHOBIIEHUS
KMnO4?

10. OxapaxTepusyiiTe B3aMMOJECHCTBUE COJSHOW KHUCIOTHI C OKcHIaMH Maprania MnO,
MnOz, Mn20y. Kak u3 nmupomrozuta nomyunts KMNnQO4?

Yacts I'. duements! VIIIB rpynnel nepuoanyeckoii cucTeMbl 3JIeMEHTOB M MX
coenuHenus. ’Kene30, K00aJabT, HUKEJIb U HX COeTUHEHHSI.

Hean pa6oThi:

1. U3yuyeHune XMMHUYECKHX CBOMCTB COEAMHEHUI Kee3a, KoOalbTa U HUKEJS.

2. OszHakomiieHHE C J1a0OpaTOpHBIMH CHOCOOAMHM TONYYEHHUS COEAMHEHHH JKenesa,
KOOasIbTa U HUKEJIA.

Copepxxanue padboThbI:
IIpoBeneHye KaueCTBEHHBIX PEaKIyii 1o onpeneIeHnto nonos Fe2* u Fed*,
[MTonyuenue ruapokcuaa sxenesa (1) u uccienoBaHme ero XAMHYECKUX CBOWCTB.
[Monyuenue ruapokcunaa xenesa (1) u uccnenoBanue ero XMMHUYECKUX CBOWCTB.
HccnenoBanre OKHCIUTENBHBIX CBOMCTB coennHenuit xenesa (111).
[Mosnyuenue komiutekcHoro (ocdara xemnesa (I11).
[Monyuenne ruapokcuaoB kobansta (1) u Hukens (l1), u3ydeHne XMMHUYECKUX CBOWCTB
JAHHBIX COEAMHEHUU.

7. KommekcHbie coelMHEHHs KOOAIbTa U HUKENS, N3YYeHNE XUMHUECKUX CBOWCTB.

ok wdE

IIpuGopsl U peaKkTUBBHI.

1. IlraruB, npoOMpPKH, THUIETKH, CTEKISHHAs WaJl0OYKa, CIHUPTOBKA, JCPXKATENb JUIs
poOpOK,

2. Comp Mopa, pactBopbl rekcauuanodeppara (lll) kamms, xmopuma xemesa (1),
rexcannanodeppara (ll) xamus, HuTpata cepeOpa, vMoauaa Kaiaus, CyidbpuTa HATpUSA, COJIEH
koOanpra M Hukens; 0,01H. pacTBOp pojaHuMa aMMOHHUS (WIM Kaius), BOAa, 2 H. PacTBOp
THJIPOKCHA HATPUS, 2 H. paCTBOP COJITHOW KMCIIOTHI, KOHIICHTPHPOBAHHAS a30THAs KHUCJIOTA, 2
H. pacTBOpa CEpHOM KHUCIOThI, 3%-HOro pacTBopa IMEpOKCUIa BOAOPOAA, 2 H. pacTBoOpa
oprodochopHOi KUCIOTHI, 25% pacTBOp aMMHaKa, pacTBOp CyIb(pHIa AMMOHUS,

JKCIepUMEHTAJIbHAS YaCTh

OnbiT 1. XapakTepHble peakuuu Ha MoHbI Fe?* u Fe3*

a) JleiictBue Ha coyim skesie3a (I1) rekcanmanodgeppara (111) kanus

Hanute B mpoOupky 5-8 kamens pactBopa conmu Mopa u 100aBuTh 1 Kamiro pacTBopa
rekcanmanodeppara (I11) xamust (kpacHoit kpostHoi comu K3[Fe(CN)g]). Otmeruts 1BET
oOpa3oBaBuierocss ocaaka (TypHOyJeBa CHHB), yKa3aTb XHMHYECKOE Ha3BaHue U (GopMyiy
TIOJNy4eHHOTO BelecTBa. JlaHHas peakius SBISETCS XapakTepHoil Ha moH Fe?*. Hammcats
MOJIEKYJISIPHOE U HOHHOE YPABHEHUS PEaKIUH.

0) JleiictBue Ha coJiu :kejie3a (111) rekcanmanodgeppara (1) kaaus

[Tomectuth B mpobupKy 2-3 kamum pactBopa xjopuna skene3a (I1l) u nobaBute 1 kamio
pactBopa rekcanmanodeppara (I1) xamms (xentoii kposstHOM comu  Ka[Fe(CN)s]). Uro
HaOmromaercst? OTMeTHTh LBET oOpa3oBaBlIerocs ocajaka (OepiaMHCKas Ja3yph), yKaszaTh
XUMHYECKOe Ha3BaHWE W (HOPMYIy TOJTYYEHHOTO BemecTBa. HamwcaTe ypaBHEHHE peakinu B
MOJIEKYJISIPHOM U HOHHOM (opme.

B) [eiicTBue Ha couu xeine3a (111) ponranuaa aMmmMoHust (MJIH KaJIust)

[Tomectuth B mpobupKy 5-6 karum pactBopa xjopuna skene3a (I1l) u nobaBute 1 kamo
0,01H. pacTBOpa poaHuga aMMOHUS (MU Kanusi). Takoii e ONbIT MPOJENaTh C PACTBOPOM COJIU
Mopa. IlepeHecT Karuio MOJTYYEHHOTO B MEpPBOM MpoOupKe pacTBOpa B APYryr0 HNpoOUpPKY U
no6aButh 8-10 kamenb Boabl. Hamucate ypaBHeHue peakuun c¢ moinydeHuem Fe(SCN)s,
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COOOILAIOIIEr0 PACTBOPY APKO-KpPacHY OKpacKy. OTMETUTh, YTO OKpacKa XapaKTepHa TOJBKO
nu1s conu xenesa (111). Uem oObsicHsaeTcs ocnabiieHne OKpacku mpu paz0aBieHUN?

Onbit 2. l'uapoxcnn xemneza (11)

B mpobupky ¢ 3-4 kamismu pacTBopa coiii Mopa mpwimBaTh 2 H. PacTBOP IICIOYH [0
BBITIAZICHUSI 3€JIeHOro ocajka rujapokcuaa sxenesa (ll). IlepememaTs monydeHHBINM OcCaIoK
CTEKJISTHHOW mMaloukod M HabmomaTh uepe3 1-2 MuHYThI NOOypeHHE oOcajika BCJEICTBUE
okucieHus ruapokcua xenesa (1) B rumpokeny xeneza (111) Fe(OH)s. [TpoBepuTh ONBITHBIM
MyTeM, KaK B3aWMOJEWUCTBYET CBeXEOoCaXAeHHbIN ruapokcup xeneza (1) ¢ 2 H. pacTBOpoM
cosiHOM KHCIoThl. Kakue CBOMCTBa MHpOsBIISET B 3TOW peakiuu ruapokcun xenesa (11)?
Hamucate ypaBHeHMs peakiuii: a) oOpa3oBanus rtumpokcun xene3a (Il); 0) oxucnenus
MOJIy4YEHHOTO OCHOBaHMs B Tuipokcu/ xxenesa (111) mon geiictBueM kuciopoa BO3ayxa U BOJIBL.

OnbiT 3. BoccTaHoBHTE/IbHBIE CBOIiCTBA coeuHeH Ui Kkese3a (11)

a) Boccmanoenenue azomuoii Kuciomol

B nBe npobupku Hanuth 1o 1 mu pactBopa conu Mopa. B onny U3 HuX 106aBUTH 1 Karuio
KOHIICHTPUPOBAHHOW a30THOW KUCIIOTHI, MIOJAOTPETH PACTBOP /O MPEKPALICHUS BBIICICHUS Ta3a
U JaTb €My OCTBITh. 3aTeM B 00e mpoOupku no6aButh no 1 xaruie 0,01 H. pacTBopa pomaHuaa
amMMmoHus. B kakoil mpoOupke HaOIrOmaeTcss KpacHOE OKpallMBaHHE pacTBOpa W Iouemy?
Hanucatp ypaBHeHHWE peakluu, CYHUTas, YTO a30THAs KHUCIOTa BOCCTAHABIMBAETCS
npeumytiectBeHHO 10 NO.

0) Boccmanosnenue nepokcuoa 6000pooa

B nBe mpoOupku HamuTh 10 1 M1 pacTBopa coiut Mopa. B ogry npooupky 100aBuTh 2-3
KaIlId 2 H. pacTBOPa CEpHOM KUCIOTHI U 2-3 Kariu 3%-HOT0 pacTBOpa NEPOKCUIa BOJAOPOIA.
3arem B 00e ipoOupku 1o6aBuTh 1o 1 kamie 0,01 H. pacTBOpa poganuga aMMoHus. B kakoi
npoOupKe HaOII0IaeTCsl KpacCHOE OKpaluBaHue u noueMy? [IpoBepuTh ONBITHBIM ITyTEM, KaK
MIPOTEKAET BOCCTAHOBJICHHE MEPOKCHIa BOJopoaa coibio xkenes3a (1) B menounoii cpene.
OtmeTHuTh BhINIaZIeHHE ocaika ruapokcuaa xkenesa (111). Hanucats ypaBHEeHUS peakiiuii.

B) Boccmanoenenue numpama cepeopa

[TomectuTs B ABE mpobupku mo 1 mi pactBopa conu Mopa. B ogny u3 Hux 106aButh 6-7
KareJab pacTBOpa HUTpaTa cepedpa U clierka HarpeBaTh HEOOJIBIINM IJIAMEHEM TOpPEJIKH, He
JIOBOJIS )KUJIKOCTH J10 KunieHus. Ha kakoii mpoliecc yka3pIBaeT MOSIBICHNE HAa BHYTPEHHHUX
CTeHKaX MpoOupku cepedpsiHoro 3epkana? OxnaauB npoOUpKy, 100aBUTH B HEE U B
KOHTpOJIbHYO TTpobupky 1o 1 xarute 0,01 H. pacTBopa poganuaa aMmmMoHus. B kakoii mpoOupke
Ha0JII0/1aeTCs OKpallMBaHue U oueMy? 3anucaTh ypaBHEHHUE PEAKIIMN BOCCTAHOBJIEHUS! HUTpaTa
cepebpa coubio xenesa (11).

Onpit 4. F'uapoxcun xemnesa (111)

B nBe npoGupku BHecTH o 5-6 xamnens pactBopa xsuopuzaa xenesa (1) u nodasuts no 3-4
Kar 2 H. pacTBopa menoun. Uto nHabmonaerca? B onHy npoOupky n06aBuTh paz0aBlieHHON
KHUCTIOTHI IO PACTBOPEHMsI OCalika, BO BTOPOH MPOOHUPKE MPOBEPHUTHh PACTBOPHUMOCTH OCAAKa B
nienoun. Hanmcars ypaBHeHUs peakiiuii: a) B3aumoeiicTsus xiaopuaa xxenesa (111) ¢ pacrBopom
nienoun ¢ oopazoBanueM ruapokcuna xenesa (l11); 6) pactBopenus runpokcuna xenesa (I11) B
KHCTIOTE.

OnbIT 5. OKUCIUTEIbHBIE CBOWCTBA coequHeHuil :kese3a (111)

a) OKucienue uoouoa Kanus

B mpo6upky ¢ 3-4 kamsimu pactBopa FeCls no6asute 1-2 karum pactBopa moauaa kanus. B
KaKoW LIBET U MTOYEMY OKpaimuBaeTcsi pactBop? Hamucarh ypaBHEHUE pEaKIUU.

0) Okucnenue cynogpuma nampus

B npobupky ¢ 3-4 kamismu pactBopa FeCls 106aBuTh HECKOIBKO KPHCTAJUIMKOB CYNIb(GHUTA
HaTpus. [Ipu >ToM BHavane mosBiseTcss Oypo-KpacHOe OKpalllMBaHUE BCIEACTBHE 00pa3oBaHUs
MajoycroitunBoro cyibpura xene3a (l11), koropoe ucyesaer npu HarpeBaHuU. Y OETUTHCSA B
BOCCTAHOBJICHHH ene3a 1o creneHu okucienus +ll. Kakoit peaktuB criemyer ans 3TOro
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npuMeHnTh? HammcaTh ypaBHEHUS peaKUWU OKUCICHUS CyJIb(pHTAa HATPUS XJIOPHUIOM XKele3a
(1), yauTsIBast, YTO B peakiii MPHHUMACT y4acTHE BOJA.

OnbIT 6. Kommiiexkcubie coenuHenns :xeqae3a (111). llonydyenne kommiexkcuoro gocdara
skeaesa (111).

B npo6upky ¢ 3-4 karusimu pactBopa FeCls no6asuts 1 kammo 0,01 H. pacTBopa pojaHuaa
aMMOHHUS W 3aTeM 2 Kamik 2 H. pactBopa (ocdopHoit oprokuciorel. Uto Habmomaercs?
VuuTHIBasg, uTO YCTOHYMBBEIA KommiekcHblii uoH [Fe(POa)2]* GecuBereH, O0OBACHHUTSH
Ha0JI0/1TaeMOe SIBJICHUE U HaIlMCaTh YpPaBHEHUE COOTBETCTBYIOIICH peaKkiuu.

Onpit 7. F'uapoxcuant kodanabTa (11) u nukens (11).

a) ITonyuenue zuopoxcuoa xooanvma (11) u ezo oxucnenue.

B 1Be npoOupku momecTuTh Mo 2-3 Karii pacTBOpa COJM KoOaiabTa U 100ABIATh 10 KaIlIsIM
pacTBOp €IKOIl LIeNIouM; CHayala MOSBIAETCS CUHHMHA OCaJOK OCHOBHOI COJIM, KOTOPBIM 3aTeM
CTaHOBHUTCS PO30BBIM, UTO yKasbIBaeT Ha oOpazoBanue ruapokcuaa kobampra (ll). Ocamox B
OJIHOI mpoOUpKe TIIATEIbHO pa3MellaTh CTEKJISHHOW Majio4ykoil, a B Apyryro mnpubaButh 2-3
karu 3%-HOTro pacTBOpa MepoKcHaa BOAOpoaa. B kakoii u3 mpoOHpoK HAOII0JAaeTCsl OKHCIICHHE
rupokcuaa kobansta? Hamucate ypaBHeHus peakiuil. CpaBHUTH MOJYYEHHBIE PE3yIbTAThI C
pesynbTaToM onbita 2. Kakoii noH sBisercs 6onee IHepruuHbIM BoccTaHoBUTeneM: Co?* i Fe?*?

0) Ionyuenue zuopoxcuda nuxensn (11) u ezo oxucnenue.

B Tpu npoGupku moMecTHTh 1o 2-3 Kaluld pacTBOpa COJHM HUKEJS M JOOABIATH MO KaIljIsM
pacTBOp €IKOHM Menouu 10 BhIMageHus ocaaok rujppokcuna nukens (I1). Ocagok B mepBoit
npoOUpKe TIATETBHO pa3MelaTh CTEKISIHHOM MaT04YKor, BO BTOPYIO IpuOaBuTh 2-3 Karum 3%-
HOT'O pacTBOpa Mepokcuaa Bogopoaa. Habmomaercs au usmenenue usera ocaaka? [Ipoucxonut
o okucneHnue ruapokcuaa Hukens (1) xuciaopomom Bo3myxa um mepokcuoMm Bojopona? B
TpeTbio TpoOHpKYy mpubaButh 1 kammo OpomHO#l Boabl. Urto nHabOmomaerca? Hamwmcats
YPaBHEHUS PEaKIIU.

OmnsbIT 8. KoMIiekcHbIe COeiNHEHUsI KOOAJIbTa U HUKEJIS.

a) Ilonyuenue komniekcnozo pooanuoa Kobanvma.

[TomecTuTh B mpoOUPKY 2 Karid HACBIIIEHHOTO pacTBopa conu kobanbsTa (1) 1 nodaButh 5-6
KareJb HaChIIIEHHOTO PAcTBOPA POJAaHUAA aMMOHHUS; YU€CTh, UTO MPU ATOM 00pa3yeTcs pacTBOp
kommekcHoit comn (NH4)2[Co(SCN)4]. Kommexcrbre norbl [CO(SCN)4]? okparmens! B cunmii
useT, a ruapatuposanasie HoHbl [CO(H20)6]?" — B po30BEIi. OTMETUTH IBET MOTYYEHHOTO
pactBopa. Pa30aBuTh ero BOJOH 10 M3MEHEHMs OKpAcKH, J00aBUTh 2 KaIlld CMECH CIIUpTa C
3¢upoM, pa3MeliaTh pacTBOpP CTEKISHHOW MalO4YKOM M BHOBb HAOIIOJaTh U3MEHEHHE OKPAaCKHU.
3areM B Ty € MNPOOMPKY NPHINBATh IUCTUUIMPOBAHHYIO BOJYy, HAOIIOAas MOCTENEHHOE
u3MeHeHne okpacku. OmnucaTh HabOmogaemble siBleHUs. HamucaTh ypaBHEHHS IUCCOLMALUU
KOMILJIEKCHON COJIM KOOaibTa U KOMIUIEKCHOTO HOHA.

6) HeGonbmioe komumuectBo conu Hukens (ll) pactBoputs B 5 kamnsax Boxbl. JoOaButh 5
Kanenb 25%-Horo pactBopa ammuaka. Kak namensiercs uset pacrsopa? J[06aBuTh K pacTBopy 2-
3 xammu pactBopa cyibduaa ammMoHus. Uto BeIMamaer B ocaaok? Hammcate ypaBHEHHS
peakuuii: a) o0pa30BaHUS KOMIUIEKCHOTO aMMHaKaTa HUKeNs (KOOPAUHALMOHHOE YMCIIO HUKEIs
paBHO 6); ©) aUCCOIMAIIMM KOMIUIEKCHOTO COCOMWHEHHUST M KOMIUIEKCHOTO HOHA; B)
B3aUMO/ICHCTBHS MOTYYEHHOTO KOMIUIEKCHOTO COCTMHEHUS HUKEIIS C CYNIb(UI0M aMMOHHMSL.

IHopsinok padorsi:

1. TloayuuTs OT mpenojaBareis 3aJaHue.

2. BpImonHATE paboTy COTIIACHO METOIMIECKUM PEKOMEH IAITHSIM.

3. OdopMuTh NpoTOKOT pabOTHI.

4. BpuuTh oTpaboTaHHBIE PACTBOPHI, MOCYAY BHIMBITH. CnaTh paboyee MecTo.

Conep:xanue oryera:

1. Tewma u uenp pabOTHI.

2. HaOmtoneHusi, ypaBHEHUs peakifii Mo KaXK10i yacTu paboTHI.
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3. BrIBobI IO IpOAETaHHOM paboTe.

KoHTposibHBbIE BONIPOCHI.

1. Xwumusa snemeHToB mno604HOH mnoxarpymmsl VIII rpynmbel NepuoIUYecKOll CHUCTEMBI
(moarpyrmra xenesa).

2. PacnpocrpaneHHoCTh B ipupojie. OCHOBHbIE MUHEPAJIBI.

3. Duszuko-xuMUYECKHE CBOMCTBa »ene3a, kKobanbTa u Hukens. [lomydeHue merasuios.
XHUMHS BOAHBIX PACTBOPOB.

4. Oxcuabl ¥ TUIPOKCUIBI XKele3a, KoOanbTa U HUKES.

5. Comnu xene3a, kodanbpTa 1 HUKeNI. KOMINIEKCHBIE COETUHEHNUS.

6. Kak B3auMOJEHCTBYIOT JKeIe30, KOOAJIbT M HHKEIh C a30THOW, CEPHOM M COJISTHOM
kuciotamu? Kak 3T MeTaJlibl B3aUMOJICHCTBYIOT C BOJIOM, C BOJHBIMHU PacTBOpPaMU COJICH?

Pazjien 3. AHajiuTHYECKAas] XUMMUSA
TEMA 1. AHAJIU3 OFBEKTOB OKPYKAIOIIEN CPEIbI
Onpenenenue KapOOHATHON KeCTKOCTH BOJAbI METOOM AMINMETPUYECKOT0
TUTPOBAHUI
Hean pa6oThi:
1. Hayuutscs onpenensTs KapOOHATHYIO KECTKOCTh BOJbI, TUTP paboUyero pacTBopa.
2. 3aKpenuTh HABBIKM TUTPOBAHUS M pacueTa KOHIICHTPALIWHU OMPEIeIIIEMOr0 BEIIEeCTBa

JlabopaTopHoe o0opy10oBaHue, MOCYAa U peaKTUBbI: WIKHAPHI Ha 50 1 100 M1, nuneTku,
OIOpPETKH, KOJIOBI ISl TATPOBAHUS.
BoxonpoBoaHas BoJa, METWIIOBBIN OPaHKEBbIN, KOHLI. COJISTHAsA KMCJIOTA.

KpaTkue TeopeTnyeckue cBeeHHUS.

MeTo KHCIOTHO-OCHOBHOTO THUTPOBAaHMS OCHOBAaH Ha B3aUMOJEHCTBUU KHCJIOT C
OCHOBaHUSAMU. MeTo/1 O3BOJISIET ONPENENATh B paCTBOPaX HE TOJBKO KOHIIEHTPAIMIO KUCIOT U
OCHOBaHUM, HO TaKX€ KOHLIEHTPALAIO COJIEN MTOJIBEPTAIOIINXCS TUAPOIINZY.

Jlns ompeneneHuss B pacTBOpax KOHIIEHTpPAlMM OCHOBAaHMM WM COJEM Jalolux Ipu
TUAPOJIN3E IIEJIOYHYI0 PEAKLUIO, HCIHOJIb3YIOT THUTPOBAaHHBIE pPAacTBOPBl KHUCIOT. OTH
OIIpEJICTICHUS Ha3bIBAIOT ayuoumempuei (ot nat. acidum — kuciora).

Touky DKBHBAJIEHTHOCTM IIpU HEUTpAIM3aLMM ONPEIEISIIOT 10 HW3MEHEHUI0 OKpacKu
WHIUKAaTOpa (METUJIOBOTO OPaH>KEBOT0, METUIIOBOTO KPAaCHOTO, (heHON(pTAICHHA).

C nomoup0 CTaHAAPTU3NPOBAHHOTO PACTBOPA XJIOPOBOAOPOJHONW KHMCIOTHI ONPENEISAIOT HE
TOJIBKO COJEpKaHUE IIEJI0Yed, HO M HEKOTOPBIX COJed. bonblloe NpakTU4ecKoe 3HAaYeHUe
UMeEET OllpeJiesIeHue KapOOHATHOM KECTKOCTH BOJIBI.

KecTkocTh MPUPOIHBIX BOJ M3y4daeTcsi, YTOObI BBIICHUTh UX MPUTOJAHOCTb ISl CEIBCKOTO
X03s1HcTBa (B paCTEHUEBOCTBE, )KUBOTHOBO/ICTBE), a TAKXKE JJISl TEXHUUECKUX LeJIeH.

M3BecTHO, YTO KECTKOCTh 00YCIIOBJIEHA MPUCYTCTBUEM B BOJIE PACTBOPUMBIX COJIEH KaabIus
Y MarHusl.

KapbonaTHas ®HUAKOCTh BOJBI 00YCJIOBIIEHA HAIMYUEM B HEM TMIPOKapOOHATOB KalbIMs U
marausi Ca(HCO3)2 u Mg(HCO3)2). OHa MOJIHOCTBIO YCTPAHICTCS KHUIISTYCHUEM, TIPU KOTOPOM
rUApoKapOOHATHI pa3yiaratoTcs:

Ca(HCOs), = CaCOszl +CO,T + H.0

MO3TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAKXKe YCTPAHUMOM MM BPEMEHHOM.

HekapOoHaTHasi ECTKOCTb BBI3bIBA€TCA NPUCYTCTBHEM B BoJe CyibpaToB (a TaKxke
XJIOPUAOB) KalubliMg WM MarHus. KumnsyeHuem oHa He yCTpaHSETCS M MOXTOMY HAa3bIBAaeTCs
noctostHHOM. CyMMa KapOOHATHON U HEKapOOHATHON KECTKOCTH JAeT OOIIYIO )KECTKOCTh BOJIBI.

[To MexayHapoIHBIM CTaHJAPTaM JKECTKOCTh BOJBI TPUHATO BBIPAXKATh MOJSIPHOMN
KOHIICHTpAIMeH YKBUBAJICHTOB Kanbius u Maraus (f = 1/2 ) B moins/1 11 Bonbl. [IpakTudecku npu
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3TOM YKa3bIBalOT HOPMAJIbHYIO KOHIIEHTPALIMIO pacTBOpa cosiee yMHOkeHHY0 Ha 1000.

KapboHaTHy10 KECTKOCTh ONpPEIEISIIOT TUTPOBAHUEM OIPEACIEHHOr0 0O0beMa BOJBI
pacTBOPOM  XJIOPOBOJOPOJHOM KHUCIOTBl € METUJIOBBIM OpaHXKEBBIM. XHMHU3M Ipoliecca
BBIPAXKACTCsl YPAaBHEHUSIMHU:

Mg(HCOg)2 + 2HCI = MgCl> + 2CO> + 2H20

Ca(HCOs3)2 + 2HCI = CaCl, + 2CO2 + 2H20

IKCNEePUMEHTAJIBbHAS YACTh:

B xonuueckyro kosly juisi TATpOBaHHS OTMepbTe muneTkord 100 mir aHaMM3UpyeMoil BOIBI.
[TpubaBpTe 2-3 KarmiM pacTBOpa METHIIOBOTO OPAHXKEBOTO U TUTPYHTE pabOdMM pPacTBOPOM
XJIOPOBOJOPOJHONW KHUCIOTHI 10 MEpexoja KeATOW OKpacKu HHAMKATopa B OJeIHO-PO30BYIO.
[ToBropuTe THUTpOBaHHE 2-3 pa3a W U3 CXOAAILIMXCS OTCUYETOB BO3BMHUTE CpeaHee. Y00HO
BBITNOJIHATH TUTPOBAHUE CO «CBUAETEIEM.

Urto0b! BEIYHCIUTH KapOoHaTHYIO jkecTKOCTh (110 OCTy) B MMonb Ha 1 TUTp BOABI, HAXOIAT
MOJIIPHYIO KOHIIEHTPAIIMIO SKBUBAJICHTA pacTBOpa coyield 1 ymMHOxkaroT ee Ha 1000:

K = ((VHci - Coks Her) /VH20) - 1000, roe

K -xapOoHaTHAsI JKECTKOCTh BOJBI, MI-3KB/II;

Coke HCl -MOJIIpHAst KOHIIGHTPALUS SKBUBAJICHTA KUCIOTHI, MOJIb-IKB/ I,

VHcl -cpenHuii 00beM KUCIOTHI, MOMIEIIINI Ha TATPOBaHUE, MJT;

VH20 - 00bEM BO/JIbI, B3SThII HA aHAJIN3.

(Obpasey onsn pacuema: JJonycmum na mumposanue 100 ma 60061 noutnos cpeonem 12,25 mn

0,01016 n pacmeopa xuciomsi. Tocoa XX =((12,25 - 0,1016) /100) - 1000 = 12,45)

KoHTpoJibHbIE BONIPOCHI:

1. Auuaumerpuueckoe TUTPOBAHUE, CYIIHOCTh METO/A.
2. Mupukatopsl KUCIOTHO-OCHOBHOTO TUTPOBAHHMS.

3. Kpussie TurpoBanus. Bei6op nnaukaropa.

4. Tlopsaok TUTPOBaHUS

8 TEMATHUKA KYPCOBbBIX, KOHTPOJIbHBIX PABOT, PE@EPATOB
Jlanublit Bug paboThl He peaycMoTpeH Y11

9 MNEPEYEHbD BOITPOCOB K 9K3AMEHY

1. OcHoBHBIE KJacchl HeOpraHW4eckux coequHeHui. OKcuapl U OCHOBaHUA. [IpUHIIUIIBI
KJaccu(puKanuu, XUMHYECKHE CBOWCTBA W CIIOCOOBI TMONydeHHs. B3auMOCBS3b CTPYKTYpBI
OKCHJIOB OT BJICHTHOCTH 3JIEMEHTOB U UX PACIOJIO0KEHHE B IEPUOJUUECKOI CUCTEME.

2. OCHOBHBIC 3aKOHBI M TOHSATHS XUMHUHU (3aKOH COXPAHCHHSI MAacChl M JHEPrUH, 3aKOH
MOCTOSTHCTBA COCTaBa M KPATHBIX OTHOIICHHWH, 3aKOH SKBHUBAJICHTOB). MOJb — KOJIMYECTBa
BEIllECTBA. 3aKOH ABOTaJIPO U €ro CICICTBUA.

3. Kucnoter u comu. Ilpunnunel knaccupukanuu. XUMUYECKHE CBOWCTBA M CIOCOOBI
MTOJIyYEHUS COJIEH.

4. AtomHo-MonekymnsipHoe yuenue. Teopus Pesepdopna, e€ MOCTOMHCTBA M HEJOCTATKU.
KBanroBas Teopust aroma H. bopa, 0CHOBHBIE MOJIOKEHHMS, JOCTOUHCTBA U HEOCTATKH.

5. TlpuHIUIBI 3aMI0JHEHUSI aTOMHBIX OpOUTAaNEeH.

6. Ilepmommvecknii 3akoH W Tepuomuveckas cucrema siaementoB J[.J. Menneneesa.
Hcropus u 3Tansl co3gaHusl.

7. TlapameTpbl aTOMa M IEPUOJUIHOCTh UX U3MEHECHHS B TIPE/IeTIaX CUCTEMBI DJIEMEHTOB.

8. 3akoH COXpaHEHHsS MAacChl M DHEPrHH, €r0 3HAYCHHE B XUMHUYECKUX pacyeTax. 3aKoH
MOCTOSTHCTBA COCTaBa M KPAaTHBIX OTHOIIIEHUH.

9. 3akoH ABOraipo M ero CIeJICTBUSA. 3aKOH YKBUBAJICHTOB.
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10. Xumuueckast CBsI3b U CTPOCHHE MOJIEKYJI. MeTO/1 BaJICHTHBIX CBS3EH, €ro JOCTOMHCTBA H
HEJOCTATKHU.

11. Meron MonekysipHbIX opOuTaneii. Ero 1ocTtoMHcTBa M HEAOCTATKU.

12. KoBaneHTHast cBsi3b. MeXxaHU3MbI 00pa30BaHUs XUMHUECKOH CBSI3U.

13. Tubpuamzanmst atoMHbIX opburtaneir. Tumbl tHOpuAM3amuu. IIpocTpaHcTBeHHOE
pacrnosoX)eHue rTuOpUIHBIX aTOMHBIX OpOUTaNICH.

14. Vounas cBs3b.

15. Merannuueckasi CBSI3b.

16. MexmonekynsapHoe B3aumoeiictsue. [Ipupoma Ban-nep-BaanscoBsix cui.

17. IlepBwiii 3akoH TepmoauHamMuku [lonstue osHTanbnus. IlpuHUunBl pacyera 3TOrO
TEPMOJMHAMHYECKOI0 TapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMaM.

18. Bropoii 3akon TtepmomuHamuku. Ilonsrtue »sHTponus. IlpuHuunel pacuera 3TOro
TEPMOJMHAMHYECKOI 0 ITapaMeTpa MPUMEHUTEIBHO K XUMUYECKIM CUCTEMAaM.

19. CBobGonnas sneprust [ m60ca, Kak KpUTEPHIl OLIEHKH BO3MOYKHOCTH CaMOIIPOU3BOJIBLHOTO
IPOTEKAaHUsI XMMUUYECKUX IPOLIECCOB.

20. 3akoH [EHCTBYIOIIMX MAacC. 3aBUCUMOCTb CKOPOCTH XUMHYECKOW pEaKIHH OT
KOHUEHTPALUU U IPUPObl pEarupyroINX BEIIECTB.

21. Dueprus axktuBauuu. lloHATHE aKTUBUpPOBAHHBIM KoMIUIeKCc. 3akoH Baut-I'odda.
Karanus.

22. Xumunueckoe paBHoBecue. [Tpuniun Jle-IllaTtense. KoncTanTa paBHOBECHS KaK KPUTEPHA
OLICHKH OJJHOCTOPOHHETO MPOTEKaHHUsI XUMUYECKOTO MTpoLiecca.

23. OOmas Teopust pacTBOpoB U pactBoputeneil. CrnocoObl BBIpaKEHUS KOHIECHTPAIIUU
pactBopoB. IloHsTHE pacTBOPUMOCTh. PacTBOpHMMOCTh Ta30B B KHUAKOCTAX, 3aKOH ['eHpH.
B3anMHast pacTBOPUMOCTb KMJIKOCTEM, MOHATHE KOHCTAHTHI PACIIPECIICHMUS.

24. uddyszus u ocmoc. 3akon Bant-T'odda.

25. Temmeparypsl KUIEHUS U 3aMep3aHUs pacTBOPOB U pacTBopuTeineil. [lepsblil u BTOpOI
3aKoH Payus.

26. OCHOBHBIE NPUHIMIBI KJIACCU(PHUKAIMKA PACTBOPUTENCH (HMOJIIPHOCTh, MOHU3MPYIOIIAs
CIOCOOHOCTh, KUCIIOTHOCTH U T.J1.).

27. Teopus 3JIEKTPOIUTUYECKOM TUCCOIMALINY.

28. KuClOTBI M OCHOBaHMS C TOYKM 3PEHUS TEOPUH AIIEKTPOIMTUYECKOH TUCCOIMAIINU
Appennyca, teopuu bpencrena u Jloypu, anekrponsoi reopun JIsrounca.

29. CunbHbIC B ca0bIe 3JICKTPOIUTHL. J[MHaMUYecKkoe paBHOBECHE B PACTBOPAX.

30. Kaxymascs u a¢pdexruBHas koHueHTpanus. [IoHsaTHEe aKTHBHOCTH.

31. HMoHHBIE peakIuy B PacTBOPAX.

32. IlpousBeneHne pacCTBOPUMOCTH.

33. HMoHHOe npow3BeACHHIE BOBI, BOJIOPOIHBIN TTOKA3aTEelb.

34. Tunponus coneil.

35. Bydepnoe neticteue. BydepHbie pacTBOpHL.

36. KommuiekcHble coeaunenus. O6mas xapakrepuctuka. [loHsTHe KOOpIMHAIIMOHHAS CBS3b.

37. Teopwust KOMILIEKCHBIX coequHeHU A. BepHepa.

38. IIpocTpaHCTBEHHOE CTPOCHUE M U30MEPHUS KOMIIJIEKCHBIX COEAMHEHU.

39. Merox BaneHTHEBIX cBsA3€H B OIMMCAHNH KOMIUIEKCHBIX COEIMHEHUIA.

40. OkMCAUTETHHO-BOCCTAHOBUTENbHBIE Mpolecchl. CTENeHb OKUCIEHHUS U CTPOEHHE aToMa
AJIEMEHTA.

41. Knaccudukanus OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUH.

42. CriocoObl  paccTaHOBKH  KO3(pQHUIIMEHTOB B  OKHCIHTEIHHO-BOCCTAHOBUTEIHHBIX
peakuusax. MeTobl 3JeKTPOHHOTO OaaHca U HMOHHO-3JIEKTPOHHBIH.

43. DneKTpOJHBIA MOTESHINAT U PSJT HANIPSDKEHUS] METAIIIOB.

44, CrangapTHBIN U peanbHbI AIeKTPOHbIN moTeHuan. Y pasaenue Heprera.
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45, ®axTophl BIUAIONINE HA POTEKAHUE OKUCIUTEIEHO-BOCCTAHOBUTEIIBHBIX PEaKIUil.

46. XumHueckue UCTOYHUKHU ToKa. ['albBaHMYECKHE JIEMEHTHI.

47. Tlpouecchl, MPOUCXOIAIINE TIPU 3apsIKe U pa3psiike CBUHIIOBOTO aKKyMYJISITOPA.

48. DnekTponu3. 3aKOHBI DIIEKTPOIIH3A.

49. OO6mue cBoiicTBa MeTalIoB. Mertaumueckasi CBsi3b. Koppo3usi METalioB M CIOCOOBI
OOpBLOBI C HEM.

50. Bomopoa. Mecto B TEpUOAMYECKON CHCTEME XUMHUYECKHX JJIEMEHTOB. XUMHUYECKHE
cBoiicTBa. [lonydenue.

51. Coenunenus BogopoAa: BOJA U MEPOKCU] BOAOPOIA.

52. T'aymorensl. O01Ias xapakTepucTuka. XUMHIecKue cBoicTBa. [lomydeHue.

53. CoemuHeHMSI TaJOTEHOB:  TAJOT€HOBOJOPOJBI;  KHCIOPOIOCOACP)KAIME  COCUMHEHHS
raJoreHoB.

54. TMoarpynmna kuciopoga. OOmas xapakrepuctuka. Ouzndyeckue U XUMUYECKHUE CBOICTBA.
[Tonyuenue.

55. O30H. ®u3nyeckue U XuMHueckue cBoiicraa. [lonyuenue.

56. Cepa. @usnyeckue cpoiictBa. Aimorponus. [Tomydenue.

57. Cepa. Haxoxnaenue B mpupoje. Xumudeckue cBorctpa. [I[pumenenue.

58. Cepoogpopon. [Tonyyenne. @uzndeckue u xumudeckue cBoicTBa. Cynbhusl.

59. Oxcuapl cepsl. Pusznyeckne U XuMHUIeCKue cBoiicTBa. [lomydenue.

60. Cepnas kucnora. [lonyuenue u cBoiCTBa.

61. IMoarpymma a3ora. O0mas xapakrepucTuka. A30T. U3NUecKrue 1 XUMUYECKHE CBOMCTBA.

62. Ammuak. Conu aMMOHUS.

63. Hecoseobpasyromue OKCHIIBI a30Ta.

64. A30TUCTHIN U a30THBIN aHTUAPUIBL. A3OTUCTAs KUCIIOTA.

65. Azotnas kucnota. [lomydyenue. ColicTBa. Pa3znoxenne HUTPaToB.

66. ®ocdop. Amtorponus. [Tonydenue. Xumuueckue cBoiicTaa.

67. Coenunenus pocdopa: hochun, okcus pocdopa (1), okcua dpochopa (V).

68. docdopHbIE KUCTOTHI.

69. Iloarpymma yriaepona. O0mas XxapakTepucTUKa. AJUTOTPOTIHS.

70. Xumuueckue cBoicTBa yriepoja. YTojibHas KUCIOTa U €€ COJIH.

71. Oxcunbl yriaepoja.

72. Kpemuuii. Pactipoctpanenue B npupoje. Amnorponus. [lonydenue. CoiicTaa.

73. CoenuHeHHsI KDEMHHS: CHIIaH, OKCUJ KPEMHHUS, KPEMHUEBBIE KUCIIOTHI.

74. T'epmanuii, 0JI0BO, CBUHEII.

75. Amomunuii. [Tonyuenue. CBolicTBa.

76. CoenuHeHMs aTIOMUHUSA: OKCUJ, THIPOKCUA, THIPULL.

77. Hlenounsie metaiuibl. OOmas xapakrepuctuka. [lomydenue. CBoiicTsa.

78. CoenuHeHUs MIEIOYHBIX METAILIOB.

79. Illemouno — 3eMenbHBIC MeTaiUTBL. OOMIas xapaktepuctuka. [Tomydenne. CBoiicTBa.

80. CoenuHeHMs HIETOYHO — 3€MENIbHBIX METAJIOB.

81. Monrpymma memu. O6mas xapakrepuctuka. [lomydenue. CBoiicTaa.

82. CoenuHeHMs OJIHO- U IByXBaJIEHTHOU MeJH.

83. Cepebpo u ero coeMHEHUS. 30JI0TO U €r0 COSIMHCHHS.

84. Tlonrpynmna nunka. OOmias xapakrepuctuka. Llunk. [Tomyuenue, cBolcTBa, COeMHEHUS
nuaka. Kagmuii.

85. Pryth. CoeqMHEHUs OJJHO- U ABYXBAJIECHTHOMN PTYTH.

86. IMonrpymma xpoma. O6mas xapakrepuctuka. [loydeHne u cCBOWCTBa Xpoma.

87. CoenuHeHMsl JBYX- M TPEXBAJIEHTHOTO XpoOMa.

88. CoennHeHHs YeThIpEX- M NIECTUBAICHTHOTO XpOMa.
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89. Ionrpynma wmapranma. OOmme cBoiicTBa 31eMeHTOB. llodmydyeHune MeTaylIoB.
XHUMHYECKUE CBOMCTBA.

90. CoenuHeHHs NBYX- U TPEXBAJICHTHOTO MapraHIia.

91. CoenuHeHus Maprasiia, TEXHEIUS U PEHUS ¢ BaJeHTHOCTHIO IV.

92. Coenunenus cemuBasieHTHOro Maprania. Coiu MapraHia.

93. Bocbmas rpynna noOounas moarpynmna. O6mas xapakrepuctuka. Iloarpynna sxenesa.
ITonmyyeHnue u XMMUYECKUE CBOMCTBA, AJUIOTPOIINS JKEJIE3a.

94, CoenuHeHus IBYXBAJICHTHOTO XKeje3a.

95. CoenuHeHHs TPEXBAJICHTHOTO JKeJe3a.

96. IloHsTHe OMOTEHHOCTH XMMHYECKHX 3JEMEHTOB. buocdepa, KpyroBopoT OHOTEHHBIX
sneMeHTOB. KoHIIeHTprpoBaHue OMOTEHHBIX JIEMEHTOB KUBBIMUA CHCTEMaMH.

97. Knaccudukanuss OMOTEHHBIX 3JIEMEHTOB MO WX (DYHKIIMOHAJIBHOW POJIM: OPraHOTEHBI,
AIIEMEHTBHI AIEKTPOIUTHOTO (POHA, MUKPOIIIEMEHTHI.

98. IlpumecHble 371eMEHTHI (aKKyMyJIMpymoluecs T Heakkymysupyrouecs). OCHOBHbIE
MCTOYHUKH MOCTYIJICHUS IIPUMECHBIX DJIEMEHTOB B OPTaHHU3M YeJIOBEKa.

99. XumHueckue aceKThl OXpaHbl OKPY’KalOIIel cpebl.

100. Komruiekchl KaTHOHOB — S-MeTauiOB  (MOHO(OPBI, KpayH-3(UPBI, KPUMTAHIBL
Xopodu.

101. Buonoruueckas pojb HaTPUs, KU, KAIbLUSI, MAaTHHUS.

102. Xumuyeckoe CXOJACTBO W OHMOJOTMYECKMM aHTAaroHW3M (HATpUK-KaJIWA, MarHui-
KaJIbITUH).

103. Haubosee BaxxHbIE OMOreHHBIE dIIEMEHTHI 0-010Ka: XpoM, Meab, MOIHOacH. CHCTEMBI
MeTaJlI-0€e10K (METaJIONPOTEUHBI U O€JIKH, aKTUBUPYEMbIE METAJLIIAMH).

104. Heopranuueckue MUHEPAIbHBIE yI00pEHUSI.

105. A3orHbIe y10OpeHUs: HUTpaTHbIC (HATpUEBast U KaJIbIIMEBAasl CEIIUTPbI); aMMOHUHBIE U
aMMMayHble yJqo0peHus (cynbdar aMMOHUS, aMMOHMMHO-HUTpATHbIE yJIOOpEHUs, aMMHUadyHas
CEeUTpa); MOYCBHHA.

106. docdopusie ynodpenus: cynepdocdar, aBoitHo#i cynepdocdar, npenunurar.

107. Mukpoynobpenus. MukpoanemeHTsl. bopable ynoopenus. MemHbie yao0peHus.

108. KomruiekcHble yaoOpeHus:: aMMoQochl, HUTPO(YOCH U HUTPO(POCKH, HUTPOAMMOGOCHI
u HUTpoammodocku, kapdoammodocsl, nonudochaTsl aAMMOHHS.

109. Bwuabl 1 METOABI XUMHUUYECKOTO aHAITH3A.

110. PacueTbl B XUMHUYECKOM aHAITU3E.

111. TuTtpumeTpudeckre METOAbI aHAIN3A.

112. T'paBuUMeTpUYECKHI aHATU3.

113. AHanu3 00bEKTOB OKPYXKAIOLIECH Cpe/Ibl.

10. CAMOCTOSATEJIBHAS PABOTA OBYYAIOIIIUXCSA
Conepxanue, TpeOOBaHMs, YCIOBHS U TOPSAOK OPTaHU3AIMU CAMOCTOSTEITHHON
paboTel OOydJarOMUXCs ¢ ydeToM (HopMbl OOyUEHHUs OMPENENIeTCs B COOTBETCTBUU C
«Ilonoxxennem 00 OpraHM3allMd  CaMOCTOATEIBHOM  pabOThl  OOYYAIOMIMXCS,
yTBEPKIEHHBIM YueHbIM coBeToM YI'Y (mportokon Ne 8/268 ot 26.03.19 1.).
dopma 00yUeHHsI: OYHAs.

Ha3panmue paszgenoB u Tem Bun camocTosiTeIbHOM paGoThI Oo0beMm B ®opma
yacax KOHTPOJIsI
Paznen 1. ITpopaboTka y4eGHOTO MaTepwaga C 6 BKJTFOUCHHE
1. HCJ'II/I U 3aJa4d XMMHUH. | MCIIOJIb30BAHUCM peCypcoB y‘l66HO- BOIIPOCOB Ha
CrpoeHue aTtoma METOANYECKOTO ¥ MH()OPMAIMOHHOTO KOIUIOKBHYME 1
HepI/IOI[I/ILIeCKHﬁ 3aKOH H oOecrieyeHust JUCHUITIINHBI. KOHTPOJIbHON
IlonroroBka K YCTHOMY OIpOCYy W pabore, Ha
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NEpUOIMYeCcKas CHCTeMa | KOHTPOJbHOM pabore. JK3aMeHe
I[I/I MenneneeBa B cBeTe IToaroroBka k cmaue s3K3aMeHa.
TEOPUU CTPOCHUS aTOMa.
Xumudeckass CBsI3b U
CTPOEHHUE MOJIEKYIL.
2.0cHoBel  xumuueckol | [IpopaboTka yueOHOro wmarepuana ¢ 6 BIITIOUCHYE
TepMOI[I/IHaMI/IKI/I. HUCIIOJIB30BAaHUEM peCypcoB yqe6H0— BOTIPOCOB Ha
METOANYECKOTO W HH(DOPMAIMOHHOTO
XuMmudeckas KHHETHKA U KOITOKBHYME U
paBHOBECHE obecreYeHus JUCLIUIIIMHEL
IlogroToBka K YCTHOMY OIpoOCy U KOHTPOJIBHOU
KOHTPOJILHOH padoTe. pabore, Ha
[ToaroToBka k caade SK3aMeHa. SK3aMEHe
3.Teopust pactBopoB u | IIpopabGorka yueOHOoro marepuana ¢ 6 BKITIOYCHUE
pacTBOPHUTEIIEH. HCIIOIB30BAaHHEM  PECYPCOB  y4eOHO- BOIPOCOB  Ha
KoJLIHraTiBHbIC CBOiicTBa | METOMMYECKOr0 M MH(OPMAIMOHHOTO KOJUIOKBHYME H
PacTBOpOB. PactBoppi | ©OCCTICUCHNS HCUATTHHBL KOHTPOJIBHOI
IEKTPOIHTOR ITogroTroBka K YCTHOMY ONpOCY W pabore Ha
. vl b
o KOHTPOJIBHOM padoTe.
Bogoponnsiii mokazarens. JK3aMeHe
.| IlogroToBKa K caaue 3K3aMcHa.
I'upponns coJiei.
bydepHbie pacTBOpHI
4.OKHACIUTEILHO- [IpopaboTka y4eOHOro Marepuajia c 6 BKJIIOUEHHE
BOCCTaHOBUTEIILHBIE HCIIONB30BAHACM ~ PECYpCoB  yd4eOHO- BOIIPOCOB  Ha
nporiecchl. CTaHmapTHBIT | METOMMYECKOro M MH(QOPMAIMOHHOTO KOJUIOKBHYME H
W peanbHblit SeKTpoHbiii | ©OCCTICUCHIA IHCIHILIHHBL. KOHTPOJIBHOI
HOTeHIHal O6 e ITogroroBka K YCTHOMY ONPOCYy U pabore A
. vl b
N KOHTPOJIBHOM padoTe.
CBOMCTBa METAJLJIOB. JK3aMeHe
IToaroroBka K c/aue sK3aMeHa.
5.Teopus komruiekcHbIX | [IpopaGotka y4yeOHOro Marepuana ¢ 6 BKJIIOUEHHE
COEIMHEHHIA. WCTIONIb30BAaHUEM  PECYpPCOB  y4eOHO- BOIIPOCOB ~ HA
METOANYECKOTO U WH()OPMAIIMOHHOTO KOJUIOKBAYME U
%GGCHC‘ICHI/ISI JUCLUIIIMHEL. KOHTPOIBHOI
OJIFOTOBKA K YCTHOMY OIIPOCY.
A y y orpocy pabore, Ha
IloaroroBka K ciaye SK3aMeHa.
JK3aMeHe
Paznen 2. IIpopaGoTka y4eOHOro Marepuajia ¢ 6 BKJIFOUEHHE
1. Xumus HEMETAJLIOB: | HCIOIb30BAHUEM  PECYpCOB  y4eOHO- BOIIPOCOB  Ha
snementoB VIIA, VIA, | METOIHYECKOrO M HH(OPMALHOHHOTO KOJUIOKBHYME H
VA IVA (er'IGpOI[) OHGGCHGHCHI/ISI JUCHUITIINHBI. KOHTpOJIBHOfI
o TOTOBK K THOM 1T u
rpynnsl  [lepuoanueckoit OATOTOBKA YCTHOMY  onpocy pabore, Ha
KOHTPOJIBHOM padoTe.
CHCTEMEI u ux JK3aMeHe
IToaroroBka K c/aue 3K3aMeHa.
COCIIMHECHMUS.
2 Xumusg wetauioB: | wu | [IpopabGotka yueOHOro Marepuana 6 BKJIFOUYEHHE
1A, 1A, IVA (0on0Bo u | MCIIONB30BaHHEM  pECYpcoB  y4eOHO- BOMPOCOB  Ha
CBHIHEII) TPyIIE! | METOMMYECKOTO U WHPOPMAITHOHHOTO KOJUIOKBUYME U
[eproauyecKoll CUCTEMBI obecrieueHus IUCIUTLTHHEL. KOHTPOJILHOM
Y UX COCIUHEHHII. Honrotoska Kk yctHOMy —ompocy W pabote Ha
KOHTPOJIBHOM pabore. 3K33M6,He
IloaroroBka K c/ade dK3aMeHa.
3.00mas xapaktepuctuka | [lpopabotka y4eOHOro marepuana ¢ 4 BKJIIOUEHHE
u TOKCHUKOJIOTHUA d- | ucmonb3oBaHUEM  PECYpcoB  y4eOHO- BOIIPOCOB  HA
3JIEMEHTOB u ux METOANUYCCKOTO u I/IH(i)OpMaHI/IOHHOFO KOJUIOKBUYME H
COCTHHEHHIL. o0ecIeYeHns JUCLUUIIIMHEL KOHTPOJTBHOI
IToaroTroBka K YCTHOMY ONPOCY H
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KOHTPOJIBHOM padoTe. pabore, Ha
IToaroroBka k cmaue s3K3aMeHa. 3K3aMeHe
4.buoreHHbIE PIIEMEHTHI. IMpopaboTka y4yeOHOro MaTepuana C 4 BKJIIOUEHHE
WCIIOJb30BAaHUEM  PECypcoB  y4ueOHO- BOIIPOCOB Ha
METOAMYECKOT0 W  HWH()OPMAITMOHHOTO KOIUIOKBHYME U
0H6ecnequI/m JUCIATUTHEL. KOHTPONBHOGH
OJITOTOBKA K YCTHOMY OIPOCY.

A y y onpocy pabore, Ha
[ToaroroBka k caue s3K3aMeHa.

JK3aMEHE
5.Heoprannueckue [IpopaboTka y4eOHOrO Marepuaga ¢ 4 BKJIIOYEHHE
MUHEpPAIbHBIE MCIIONb30BAHAEM  PECYpCOB  y4eOHO- BOIIPOCOB Ha
yI00peHus. METOJIMYECKOTO0 ¥  HMHGOPMAIHOHHOTO KOIUIOKBHYME U

0H6ecnequI/m JUCIUATUTNHEL. KOHTPONBHOIH
OJITOTOBKA K YCTHOMY OITPOC
A y y onpocy pabore, Ha
IToaroroBka K caue 3K3aMeHa.

JK3aMEHEe
Paspen 3. [IpopaboTka ydeOHOTO Marepuana c 6 BKJIIOYEHHE
1.Bugsr u METO/IbI | CTIONIb30BAHHEM  PECYpPCOB  y4eOHO- BOIIPOCOB Ha
XMMHYECKOIO aHaIu3a METOJIMHECKOro M H(OPMAIMOHHOTO KOJUIOKBUYME U

o0ecIieueHNs TUCITUILINHEI. KOHTPOJBHOI
[ToaroToBKa K yCTHOMY OIPOCY.

pabore, Ha
IToaroroBka Kk cayde 3K3aMeHa.

JK3aMEHEe
2.PacueTtsl B | IIpopabotka yueOHOTO Martepuama C 6 BKJIIOYEHHE
KOJIUYECTBEHHOM HCIOJIB30BAHAEM  PECYpCOB  yduebHO- BOIIPOCOB Ha
aHaIM3e. METOANYECKOTO W WH()OPMAIIMOHHOTO KOJIIOKBHYME U

o0ecIIeUeHUs TUCITUILINHEI. KOHTPOJIBHOI
[ToaroToBKa K yCTHOMY OIPOCY.

pabore, Ha
IToaroroBka K caue 3K3aMeHa.

JK3aMEHE
3. AHamu3 00bekToB | [IpopaboTrka yueOHOrOo Marepmana ¢ 6 BKITFOUCHHE
OKPYXaIoIIEeH Cpeabl. MCIIOJIb30BAHUEM  PECYPCOB  y4eOHO- BOIIPOCOB Ha

METOANYECKOTO W WH()OPMAIIMOHHOTO KOJIIOKBHYME U
1(3[6ecnequm JUCIUTLINHEL KOHTDOJBHOIH
OIrOTOBKa K CTHO oImpoc u
& . M My pocy pabore, Ha
KOHTPOJIBHOM padoTe.
JK3aMEHE
IToaroroBka K ¢/iaue sK3aMeHa.

11. YYEBHO-METOAUYECKOE 1 TH®OPMALIMOHHOE OBECIIEYEHUE
JUCHOUIIJIMHBI

a) Cnincox pexoMeH/yeMoii JINTepaTypsbl
OCHOBHasl
1. I'nunka H.JI. O6mas xumus B 2 1. Tom 1: yueOnuk s By3os / H.JL. I'munka, B.A. Ilonkos,
A.B. ba6kos; H. JI. 'munka ; nmon penakuueii B. A. [TonkoBa, A. B. babkosa. - 20-e u3n.; niep. u
morn. - MockBa : IOpaiir, 2023. - 353 c¢. - (Boiciee o6paszoBanue). - URL:
https://urait.ru/bcode/512502 . - Pexxum noctyna: DnekTpoHHO-OMOIMoTedHas cucrema FOpaiir,
JUIS aBTOPH3. MOJb30BaTeneil. - DaekTpoH. maH. - ISBN 978-5-9916-9353-0 : 1399.00. / .—
ISBN 0_491075
2. I'nunka H.JI. O6mas xumus B 2 1. Tom 2: yuebnuk st By3oB / H.JL. I'munka, B.A. Tlonkos,
A.B. babkos ; H. JI. 'nmunka ; mon pemakiueit B. A. [TonkoBa, A. B. babkoga. - 20-e u3n. ; mep.
u gon. - MockBa : [Opaiit, 2023. - 379 c. - (Beiciiee o60pa3zoBanue). - URL:
https://urait.ru/bcode/512503 . - Pexxum noctyna: DnekTpoHHO-OMOIMoTedHas cucrema FOpaiir,
JUIS aBTOPH3. TOJIb30BaTeneil. - DaekTpoH. gaH. - ISBN 978-5-9916-9355-4 : 1489.00. / .—
ISBN 0_491705
3. 3aiineB O.C. Xumus: yueOnux st By30B / O.C. 3aiines; O. C. 3aiinieB. - Mocksa: IOpaiir,
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2023. - 470 c. - (Beicuiee oOpasoBanue). - URL: https://urait.ru/bcode/511183 . - Pexum
noctyna: OJeKTpoHHO-OMOnuoreyHass cucrema HOpailiT, ans aBTOpW3. IMOJIb30BaTeei. -
OnekrpoH. aaH. - ISBN 978-5-9916-8073-8 : 1429.00. / .— ISBN 0_500306

4. Pocun U.B. Xumus. YueOHuk u 3amauynuk: ydeOnuk s By3oB / U.B. Pocun, JI.J[. Tomuna,
C.H. Comnosses ; U. B. Pocun, JI. JI. Tomuna, C. H. Conosbes. - Mocksa : FOpaiit, 2023. - 375 c.
- (Beicmee o6paszoBanue). - URL: https://urait.ru/bcode/510395 . - Pexum pocryma:
DNeKTpOHHO-O0ubIMoTeuHas cucreMa FOpaidt, Ajis aBTOpHU3. MOJIb30BaTeNIeH. - DJIEKTPOH. JaH. -
ISBN 978-5-534-15973-8 : 1459.00. / — ISBN 0_498955

JAOMOJTHUTEIbHAS

1. I'muaka H.JIL. 3agaun u yrpakHeHUs 110 O0IIeH XuMuH: yueOHo-pakTraeckoe mocoowue / H.JI.
I'munka, B.A. Tlonkos, A.B. baokos ; H. JI. I'munka ; mox pemakuueii B. A. ITomkoa, A. B.
babkoBa. - 14-e u3a. - Mocksa : [Opaiit, 2023. - 236 c. - (Bwiciee o6pa3oBanue). - URL:
https://urait.ru/bcode/510622 . - Pexxum noctyna: DnekTpoHHO-OMOIMoTedHas cucrema FOpaiir,
JUIS. aBTOPH3. I0JIb30BaTeei. - DiekTpoH. aa. - ISBN 978-5-9916-8914-4 : 789.00. / .— ISBN
0_500181

2. IIpakTtuky™m mo obmel xumuu : yuyebHoe nocodue ans By3oB / H.JL I'munka, B.A. [lonkos,
A.B. Babkos, O.B. Hecrepona ; H. JI. 'nmunka ; mon penakuueii B. A. [TonkoBa, A. B. babkoga,
O. B. Hecreponoii. - MockBa : FOpaiit, 2023. - 248 c. - (Bsiciiee oOpazoBanue). - URL:
https://urait.ru/bcode/530502 . - Pexxum joctymna: DaeKTpoHHO-OnOIMoTeuHas cuctema FOpaidr,
JUIS. aBTOPH3. T0JIb30BarTeeil. - DiekTpoH. aa. - ISBN 978-5-9916-3480-9 : 819.00. / .— ISBN
0_500307

3. Huxonbckuii Anekceit bopucoBuu. Xumus : y4yeOHMK W MpakTUKyM nais By3oB / A.b.
Hukonsckuii, A.B. CyBopos ; A. b. Hukonsckuii, A. B. CyBopoB. - 2-¢ u3a. ; mep. u JOIl. -
Mockga : FOpaiit, 2023. - 507 c. - (Bsicmiee oopaszosanue). - URL: https://urait.ru/bcode/511226
. - Pexxum nocryna: DnekrpoHHOOMOMMOoTEeYHas cucteMa FOpailt, 1uist aBTopu3. nojab30BaTeel. -
OnektpoH. aaH. - ISBN 978-5-534-03930-6 : 1909.00. / .— ISBN 0_498182

4. ZaitieB O.C. Xumus. JIabopaTopHbIii MpakTUKyM U COOpPHUK 3a7ad : ydeOHOe rmocoOue st
By30B / O.C. 3aitueB ; O. C. 3aiiueB. - MockBa : IOpaiit, 2023. - 202 c. - (Bricuiee
obpazoBanmue). - URL: https://urait.ru/bcode/511477 . - Pexum mgoctyma: IJIEKTPOHHO-
6ubnuoreuynas cucrema FOpaiit, 1y aBTopu3. nosb3oBaTeneil. - JaekTpoH. naH. - ISBN 978-5-
9916-4106-7 : 699.00. / .— ISBN 0_496407

yueOHO-MeTOoAn4YecKas

1. Xumus: ydeOHO-METOIUYECKOEe TOCOOMe /ISl BBHIMOJHEHHS J1a0OpaTOpHBIX pPabdoOT u
CaMOCTOSITENIbHON paboThI CTYJIEHTOB 1 Kypca HarpaBiieHHs ToAroToBky 6akanaspuara 06.03.01
buomnorus / JI. A. BanoBa, A. A. SImckux, O. YO. Hlpons [u ap.] ; Yal'Y, Okon. dak. - 2024. -

60 c. - Heomy0OnukoBaHHBII pecypc. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/16283. - Pexxum moctyna: 9bC Yul'VY. - Tekcer :
AIEKTPOHHBIN. / — ISBN 0_557528.
CornacoBaHo:
JlupekTop HayuHoU OMOIMOTEKH  / bypxanopa M.M.  / éﬂ / 2024
Hoaocroeme compyoniika Hayuroil Groauomexu GHO 00ncy cama

0) [IporpamMmMHoOe o0ecnieueHne
1. OC MicrosoftWindows
2. MicrosoftOffice 2016

3. «MoiiO¢duc CtaHTapTHBIIDY
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B) HpO(l)eCCHOHa.]'ILHBIe 0a3bl JaHHbIX, m{(])opMaunonﬂo-cnpanoqﬂme CHCTEMBI

1. IMeKTPOHHO-OMOTHOTEUHBIE CUCTEMBI:

1.1. Hudposoit obpasosarensusiit pecype [PRsmart : snexTporno-6ubmmoTeyHas cucrema :
caitt / 000 Komnanus «Ait [Tu Ap Meauay. - Capatos, [2024]. — URL: http://www.iprbookshop.ru.
— PesxuM focTyna: Ans 3aperucTpup. nonb3osartenell. - TeKCT : 3NeKTPOHHBIH.

1.2. O6pasoratenshas miathopma IOPAWT : ofpasoBatenshbiii pecype, HMeKTpOHHAS
Gubiuotexa : caiit / OO0 DnexTpoHHOE M3natenseTBo «IOPAWTY. — Mockea, [2024]. - URL:
https://urait.ru . — Pexum nocTyna: 1714 3aperHCTpHp. 0Jb30BaTeNeH. - TEKCT : 37IeKTPOHHBIN.

1.3. Baza mamnbix «2nextpoHHas Oubmuoteka Texnuueckoro BY3a (3BC «Koncynerant
CTYIEHTa») : MEKTpoHHO-OuOMHOTe Has cucTema : caltt / Q00 «llomarexpecype». — Mocksa,
[2024]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexwum focTyna: ans 3aperucTpup.
ONIb30BATENEH. — TEKCT : JNEKTPOHHEBIH.

1.4. Koucynprant Bpaua. JIeKTpOHHAS MeIUIMHCKas 6ubnuoTeka : 6a3a JaHHBIX : caift /
000 «Bpiciuas wKona OpraHW3AMM M YOPABIEHHA 3IPaBOOXPaHEHHEM-KOMIUIEKCHBIH
MeTUIMHCKUA KoHcanTHHI». — Mocksa, [2024]. — URL: https://www.rosmedlib.ru. — Pexum
NOCTYIA: IS 3apETHCTPHD. TONb30BaTeNel. — TeKCT : 3NeKTPOHHBI.

1.5. bonpinag MenuuuHCcKas 6ubuoTeka ; 3MeKTpoHHO-0ubNHOTEUHast cucTeMa : calit/ 000
«bykam». — Tomck, [2024]. — URL: https://www.books-up.ru/rwlibrary/ . — Pexum noctyma: ang
3aperkcTpuUp. NONb30BaTeneH. — TeKCT : 3eKTPOHHEIH.

1.6. 3BC Jlanb : anexrporno-6ubnuoreynas cucrema : caift / 000 3BC «Jlanb». — CaHkT-
[letepbypr, [2024]. — URL: https://e.lanbook.com. — Pexum noctynma: and 3apeructpHp.
nmosp30Barenel. — TeKCT : ANEKTPOHHBIH.

1.7. OBC Znanium.com : 31eKTpoHHO-OMOMHOTeYHAs cucTema ; calit / OO0 «3raHMyMY, -
Mockga, [2024]. - URL: http://znanium.com . — PexuM JocTyna : g 3aperucTpyp. NONb30BaTeNneH.
- TekerT : 3MeKTPOHHBIH.

2. KoncyabtautIlaoc [DnekTpoHHBIR pecype]: crpaBouHas mpasoBas cucrema. / 00O
«Koncynstant [Lmoc» - OnexrpoH. nan. - Mockea : Koncynsrantlnoc, [2024).

3. eLIBRARY.RU: wnayunas snextponnas Oubmuotexa : cait / Q0O «Hayunas
Onextpornas bubmorexa». — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexxum poctyna : ang
ABTOPH3. TIONB30BaTeNe. — TeKcT : aIeKTPOHHBIA

4. (emepajbHasi ToCyIapcTBeHHass HHQopmaumoHHas cucrema «HauuonanbHas
YJIEKTPOHHAS OubHoTeKay © INeKTpoHHas OubmuoTeka : caiit / OI'BY PI'b. — Mockea, [2024]. -
URL: https://n36.pd. — Pexum moctyna : ang monb3oparenei HayuHod OuOmuotexu. — Texcr :
3MEKTPOHHBIH.

5. Poccuiickoe obpasoBanue : denepanssiil mopran / yupemureas GIAY «OULTO». -
URL: http://www.edu.ru. — TekcT : 3neKTpOHHBIA.

6. JnexTpoHHas OuOMHOTeuHAst cucteMa Yal'y : Moayib «OMneKTpoHHas OubIHOTEKa»
ABHMC Mera-ITPO / 000 «Jlara Dxcnpece». — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexum
JOCTYIIA ; U TOJIb30BaTeNneH HayqHoH 6ubnnorexu. — TEKCT : aNeKTPOHHBIH.

VrxeHep Beayuit Iypenxo F0.B. 2024
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12. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE HAYYHO-
NCCIEJOBATEJBCKOU PABOTBI

Yuebnas ayautopus 216 mis npoBeneHus J1ab0paTOPHBIX 3aHATHN J1aOOPATOPHOTO THIIA,
TPYIIOBBIX W WHAUBUAYAIbHBIX KOHCYJbTALUMA, TEKYIIEr0 KOHTPOJII M MPOMEXYTOUHOU
aTTectauuu (¢ HaOOpPOM JEMOHCTPAILMIOHHOTO O0OpPYAOBaHHUS AJsl OOECIeYeHHUs] TeMaTHYEeCKUX
WUTIOCTPAIlMiA B COOTBETCTBUM ¢ paboueil mporpamMmoil auctuiuiuHbl). [lomemenue
YKOMIUIEKTOBAHO CHEIHATU3UPOBAaHHON MeOenbio Ha 18 mocagouyHBIX MECT U TEXHUYECKUMU
CpeICTBAMU: 3KpaH HACTCHHBIN, MOocKa ayauTopHas. PabGouee mecto mpemomaBartens, WI-FI,
uHtepHeT. [Inomanp 42,93 kB.M.

VYyebnas ayautopust UIsi cCaMOCTOSITENbHOM paboThl ctyaeHToB 230 ¢ goctynom k OBC.
JUISL caMOoCTOATENbHON padoTel ctyaeHToB, Wi-Fi ¢ noctynom k DUOC, ObC. KommbroTepHsIii
KJIACC YKOMIUICKTOBAHHBIM CHEIUAIM3UPOBAHHOW MeOenbi0o Ha 32 MOCANOYHBIX MECT U
TEXHUYECKUMHU CpecTBaMu 00yueHUs (16 mepcoHaNbHBIX KOMIIBIOTEPOB) C JIOCTYIIOM K CETH
«nTtepuer», DUOC, IBC. [Tnomans 93,51 kB.M.

UwuranpHblld 3a1 HaydyHOUM OuOmmoreku (aymuropust 237) ¢ 30HOM JUIsl CaMOCTOSTEIbLHOMN
pabotsl, Wi-Fi ¢ nocrynom k DUOC, 3bC. Ayautopusi yKOMIUIEKTOBaHA CHEIIHATN3UPOBAHHOM
Mebenpio Ha 80 MOCaZOYHBIX MECT M OCHAIIEHAa KOMITBIOTEPHOM TEXHUKOM C JOCTYIIOM K CEeTH
«nTepuer», JUOC, IBC, skpanom u npoektopom. [lnomans 220,39 kB.M.

13 CHEHUAJIBHBIE YCJIOBUS AJI51 OBYYAIOIIUXCSA C OTPAHUYEHHBIMUA
BO3MOKHOCTAMMH 310POBbA

B cnydae wneoOxoaumocTu, oOydYaromuMcs U3 4YHCIA JHUI] C OrPaHUYECHHBIMHU
BO3MOXXHOCTSIMU 37I0pOBbsSI (II0 3asBJICHHUIO OOYYaIOLIErocsi) MOTYT TpeiaraTbCsi OJHU W3
CICIYIOIIMX BAPUAHTOB BOCHPHUATHS WHQPOPMAIMU C YYETOM WX HHIWBHIYAITbHBIX
NCUXO(PU3UUECKUX 0COOEHHOCTEH:

— 7S JUI ¢ HapyUIEHWSIMH 3pEHHS: B TedaTHOW ¢GopMe yBeIHUEHHBIM IIPUPTOM; B
dbopme SIEeKTPOHHOTO JOKYMeHTa; B ¢dopme ayauodaina (mepeBoj yueOHbIX MaTepuaioB B
aynuodopmart); B medatHoll (opme Ha s3bike bpaiins; MHOAUBHUIyanbHbIE KOHCYJIBTAIIMH C
NpUBJICUYCHUEM TH(IIOCYPIOTIEPEBOAUNKA; MHINBUAYIbHBIC 3aaHUSI M KOHCYJIbTAIINY;

— JUIsl JIMIl C HapylIeHUSIMU CiIyXa: B Te4aTHOM ¢opme; B ¢GopMe DIEKTPOHHOTO
JOKYMEHTa; BUIEOMAaTEePHaIIbl C CYOTUTPaMH; MHINBUAYAIbHBIE KOHCYJIBTAIIMH C TIPUBIICUCHIEM
CypAOIEepeBOIUHNKA; MHAUBHUIyalIbHbIE 3a/1aHUSI U KOHCYJIbTAIIUN;

— JUIsL JIAIl ¢ HapyLIEHUSIMU OMOPHO-ABUTATENBHOTO ammapara: B IMedaTHOW ¢opme; B
dopMe DIEKTPOHHOTO HOKyMeHTa; B (opMme aynuodaiina; WHIUBUAyaTbHBIC 3alaHUs U
KOHCYJIbTAITHH.

B ciry4ae HEO0OXOIUMOCTH HCITOJTh30BaHUS B y4eOHOM mporiecce
YaCTUYHO/MCKIIIOUUTENBHO TUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOIOTUN, OpraHu3aIus
pabotsl IITIC ¢ obyuarommmucs ¢ OB3 u umHBanuaaMu npeaycMaTpUBAaeTCs B AJIEKTPOHHOU
nH(OPMAIIMOHHO-00pa30BaTENFHON Cpe/ie ¢ YYETOM HMX HHJWBUIYAITbHBIX MCUXO(DH3UIECKIX
0coOeHHOCTeH

Pazpabotuunku: , /( noueut JI.A.MBanosa
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