MuHHCTEpCTBO HAYKU M BBICIIEro oOpa3zoBaHus PO Dopma
VY bSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET P

® - PaGouast nporpaMma JTUCHUILIIHHBI

YTBEPXJIEHO
W ueHOTro coBeTa HCTUTYTa METUITHHBI,
9KOJIOTHH U (PU3UUECKON KYJIbTYpHI
Mast_ 2021 r., mpotokon Ne 9/229

PABOYASA ITPOI'PAMMA JTUCHHUIIJIMHBI

JucuuniamHaa XUMUA

®DaKyJIbTET JKoJIOrn4ecKnit
Kadenpa OO01meli 1 0MOJJOrHYeCKOii XUMHH
Kypc 1

Hamnpasnenue (cneruansHocTh) 06.03.01 Buosorust
Hampasnennocts (nmpodumns/criennanu3amnys) buosorus kieTkn

®dopma 00yueHuss Ounasn

Jlata BBenneHust B yueOHBIH mporecc Yul'V: «1 » cenrsiopss 2021 1.

[IporpamMma akTyanu3upoBaHa Ha 3aceaHuu Kadeapbl: TpoToko No oT 20 T.
[IporpamMma akTyanu3upoBaHa Ha 3aceaHuu Kadeapbl: mpoToko No oT 20 T.
[IporpamMma akTyanu3upoBaHa Ha 3aceaHuu Kadeapbl: mpoTokoa No oT 20 T.

Caenenus o0 pa3paboTUHKaX:

OJIKHOCTD
0)4(0) Kadenpa A ’
y4deHasi CTeTICHb, 3BaHHE
Kadenpa obmeit u JloneHT, KaHIUIAT
WBanosa JIugus AnekcannpoBHa OuoIOrnYecKoi OMOJIOTUYECKUX HAYK
XUMHUHI
COI''TACOBAHO COT'JTACOBAHO
3asenyrounuii kadenpoi, 3aBemyromuii BeiTycKaromeil kadeapoit
peaym3yionieil JUCLHIUIHHY OMOJIOTHH, SKOJIOTHH U IPUPOIONIOIb30BaAHUS
ﬁ /! Ipons O.1O. / / /
Moghucy ewo | = K______ ___/Cnecapes C.M. /
[Hooncs PHO
« 22 » ampens 2021r. « 22 » ampens  2021r.

dopma A Crpanuma 1 u3 59




MuHHCTEpCTBO HAYKU M BBICIIEro oOpa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILIIHHBI

1 OEJIb U 3AJAYH OCBOEHUA JUCIHUITJIMHDbI

Ieab0 ocBOeHMS] TUCHUILUIMHBI - SBISeTCS (OPMHUPOBAHHME CHCTEMHBIX 3HAHHWH, KOTOpBIC
HEOOXOIUMBI CTYJICHTaM IPU PACCMOTPEHUHU (PU3UKO-XUMHUYECKON CYITHOCTH U MEXaHU3MOB
IPOLIECCOB, MPOUCXOAAIINX B IIPUPO/IE M KMBOM OpraHU3Me Ha MOJICKYJISIPHOM M KJIETOYHOM
ypoBHsX. B pe3ynbprare OCBOCHHS NaHHON AMCIMILIMHBI JOJDKHBI OBITH C(HOPMUPOBAHBI
YMEHHSI BBIITOJHATH B HEOOXOJMMBIX CIIydasX pacueThl MapaMeTpoB 3THX IMPOIECCOB, YTO
MO3BOJHUT OoJiee IITyOOKO MOHATh (DYHKIMU OTIENIBHBIX CHCTEM OpPraHM3Ma, a TAaKKe ero
B3aMMO/ICHCTBUE C OKPY KAIOIIEH CPEOil.

3agaum ocBOEHHS AU CUUIINHBI:

- OCBETHUTHh KIIOYEBBIE BONPOCH IMPOTPAMMBI, CTHMYJIUPOBAaTh CTYIEHTOB K
NOCJIEAYIONIEH caMOCTOATENbHOI padoTe.

- copMupOBaTH YMEHUS U HABBIKH JUIS PEIICHHS TIPOOJIEMHBIX M CUTYyallMOHHBIX 33/1a4;

- chopMupoBaTh  NPAKTHUYECKHE  HABBIKM  IIOCTAHOBKM W BBIIOJHEHUS
SKCTICPUMEHTAIBHON PabOTHI.

2 MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIIOII:

JlucummimHa OTHOCUTCS K MaTeMaTHYeCKOMY M €CTECTBEHHOHAYYHOMY ILIMKITY, 06a3oBas
gacth (b1.0.02). [ns wu3ydeHus AWCHUIUIMHBI  HEOOXOJWMBI  3HAHHUS  BOIIPOCOB
MPEAIIECTBYIOMNX U3YYaEMbIX AUCIUIUIMH — LIKOJIBHOTO Kypca XuMuHU. JlaHHas AMCLUILUIMHA
n3ydaercs Ha 1 kypce B 1-2 cemectpe.

JucumnimHa — ABISIETCA  OPEAIIECTBYIOIIEH  id  aucuuiuimH:  «l'eomoruss  m
nouBoBegeHue», «lluTomorus m ructomorus», «buoduszmka», «IKOJIOTHUS U PalMOHAIHHOE
npupoaononas3oBanuey, «Mupopmarnka u UHGOPMALMOHHBIE TEXHONOTUNY, «Du3uKay,
«30paHHBIe T1aBbl KJIETOUYHON OMOIOTHIY, «METOoIbI OMOJIOTUYECKUX UCCIICIOBAHMI, a TAKKE
03HAKOMUTEILHBIX MPAKTUK MO OOTAaHWUKE U 300JIOTHH, TMPEIUILIIOMHON MPAKTUKH, TIOJTOTOBKH
K TPOIIEAype 3aIIHUTHI U 3aIIUTHI BHITYCKHON KBAIU(DUKAIIMOHHOW pabOThI, TOJTOTOBKU K CAAYU
Y CJlay¥ TOCYIapCTBEHHOIO 3K3aMEHa.

Komnerenmus OIIK-6 oq1HOBpEMEHHO ¢ TUCHUIIMHON «XUMHUSD) OCBaUBAETCS TAK)KE IIPU
n3ydeHun auciuiuinH «['eorpadus», «MareMaTuka 1 MaTEMaTHIECKUE METOIbI B OMOIOTHI.
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3NNIEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHMUS 10 JUCHUITVIMHE
MOAYJI1IO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMHU

OCBOEHM s OITOII

Kon u HaumeHnoBaHue
peanu3yemMoil KOMIETEHIINT

[TepeueHs MIaHUPYEMBIX PE3YIBTATOB O0YUEHUS 110
JTUCITUTIINHE (MOJTYJIIO), COOTHECEHHBIX C MHIANKATOPAMH
NOCTHXKEHHUSI KOMIIETCHITUI

OIIK-6: CriocobeH HCmonb30BaTh
B npogeccuoHaTbHON
JeSITETHbHOCTH OCHOBHBIC 3aKOHBI
bu3MKM, XUMUH, HAYyK O 3emiie U
OHMOJIOTUH, TPUMEHSITh METOJIBI
MaTEeMAaTHYECKOTO  aHajuu3a H
MOJICITUPOBAHUS, TEOPETUICCKUX
U IKCIIEPUMEHTATHHBIX
HCCJICIOBAaHHM, npuoOpeTaTh
HOBBIC MaTeMaTHYeCKHe "
€CTeCTBEHHOHAYYHBIE  3HAHWS,
UCTIONB3YS COBpEMEHHBIC
o0OpasoBarenbHbIC "
UH(OPMAIIMOHHBIE TEXHOJIOTUU

3HaTh: TEOPETUYECKHE OCHOBBI OOIIEH, HEOPraHUYECKOMH,
aHaJINTHUYECKON XUMHH; COCTaB, CTPOCHUC U XHUMHUUCCKHC
CBOMCTBAa OCHOBHBIX IPOCTHIX BEIIECTB U XHMHUYECKUX
COGHHHGHHﬁ; MMOHUMATh MPUHIUIBI CTPOCHUA BCUICCTBA U
MPOTEKaHUsS XUMHYECKHX IIPOIECCOB; OCHOBHBIE ATallbl
MPOBEICHUS JIA0OPATOPHOTO UCCIICIOBAHUS.

YMeTh: BEIOMpaTh METOAUKH MOCTAHOBKH U MTPOBEICHUS
1a060paTOPHOTO UCCIEAOBAHUS

-OIpeNesTh BO3MOXHOCTh U IyTh CaMOIPOU3BOJILHOTO
MPOTEKAHUSI XUMHUYECKUX IPOIECCOB, B OCHOBE KOTOPBIX
JIeKaT pa3InyHble XUMHUUECKHUE PEaKIUu;

- HOILGI/IpaTB OIITUMAJIbHBIC yCJI0BUMA
XUMHYECKUX PEAKIUM.

Bnanets: - mpremMaMu MCIONB30BaTh HEOOXOIUMOE
nabopaTopHoe 000pyI0BaHHE U TIPHOOPHI B XOJ1€
MPOBEJICHUS JIA0OPATOPHOTO UCCIICIOBAHUS.

MIPOBEICHUS

ObLIAA TPYAOEMKOCTD JUCHUIIJIMHBI

4.1. O0beM TUCUMILIMHBI B 3a4eTHBIX efuHUIax (Bcero) 5 3ET
4.2. 1o BuxaM y4eOHoi1 padothl ( B yacax): 180

KonnuecTBo yacos
(popma oOyueHUS - OUHASA)
Bun yueGHOM paboThI Beero 1o B 1.4. o
nany ceMecTpam
1 2
1 2 3 4

KonTakTHas pabora 00y4aronmxcs ¢ 84 36 48
MIPENoJaBaTesieM B COOTBETCTBUU € Y1
AyIUTOpHBIE 3aHATHSL: 84 36 48
JIEKITNU 50 18 32
CEMHMHApPhl U MPAKTUYECKUE 3aHATUS 0 0 0
nabopaTopHble paboThl, MPAKTUKYMBI 34 18 16
CamocrosiTenpHas pabora 60 18 42
®opma TeKyLIero KOHTpoJisd 3HaHui U KoHTposss | Kommoksuywm, | KomnokBuym, | KomnoksBuywm,
CaMOCTOSITENIbHONW pabOThl: TECTUPOBAHUE, KOHTPOJIbHAsl | KOHTPOJbHAs | KOHTPOJbHAs
KOHTpOJIbHAs padoTa, KOJUIOKBUYM, pedepaT u pabota pabota pabora
1p. (He MeHee 2 BUJIOB)
Kypcosast pabota - - -
Buipl mpoMeXyTOUHOM aTTecTaluu (3K3aMeH) 9K3aMeH /36 - 9K3aMeH /36
Bcero yacoB no jucuurimHe 180 54 126
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4.3 Conepxxanue qucuuIJIMHbI (MoayJasi.) PacnpenesieHue 4acoB mo teMamM M BHIaM
y4eOHOil padoThI:
dopma 00yuyeHHs: oOuHas
Buipl yueOHBIX 3aHATHI ®dopma
AyYJIUTOPHBIE 3aHSATHS 3 CamocTos | TEKYIIETO
Hassanue pasnenos | Beer ITpaxTnyec| JlJabopato AT B | e tbmas KOHTPOJIS
U TeM 0 KHe pHBIC MHTEpAKTH pabora | 3HaHUH
JEeKUU BHOU
3aHATHUS, | pabOTHI
hopme
CEMHUHAapHI
1 2 3 4 5 6 7 8
Pazmen 1. OOmmas xuMus
1. Hemn wu 3agaum 6 2 - - 2 4
xumud. CTpOeHUE aToMa
Ilepuonuueckuii 3aKoH 1
Komnnoxsuym
MIEPUOINYECKAsT CUCTEMa Nol
AWM. Menneneera B ’
CBETEC TCOPHU CTPOCHUS KOHTPOJIbHA
s pabotaNel
aToMma. Xumuueckas
CBSI3b U CTPOCHHUE
MOJICKYJL.
2. OCHOBBI XUMHUYECKOU 12 4 - 4 4 4 KommokBuyM
TEPMOJIMHAMUKH. Ne2,
XuMudeckass KHHETHKA KOHTPOJIbHA
1 paBHOBECHC. q paﬁoTa_N'gz
3. Teopust pacTBOpoB U 14 4 - 6 4 4
pacTBopuTeNnei.
Komnuratusasie
CBOMCTBa pacTBOpPOB. Konnoksuym
PactBopsI Ne3,
INEKTPOJIUTOB. KOHTPOITbHA
Bomopoansrit st paboTa Ne3
nokazarens. ['maponus
coJeit. Bydepnsie
PacTBOPEI
4.OKUCIUTETHHO- 10 4 - 2 4 4
BOCCTAaHOBHUTECIILHBIC
Komnnoxsuym
TIPOIIECCHI.
CraHgapTHbIii u Ned,
peaNIbHBIN ANIEKTPOAHBINA KOHTPOIIbHA
g pabotaNe4
TMOTEHITHAIL. O6mme
CBOMCTBAa METAJIIOB.
5. Teopust KOMIUTEKCHBIX 12 4 - 2 4 6 Komnoksuym
COCTMHEHHUH. No5
BCEI'O 54 18 - 14 18 22
Pazpmen 2. Heopranndeckas XHMHsI
1. XuMus HEMeTaJlIoB: 14 4 - 6 4 4 KommoxkBuym
snmementoB VIIA, VIA, Ne5,
VA IVA (yrmepon) KOHTPOJIbHA
rpymmsl [leprnonuyaeckoit s paboTaNe4
CUCTEMBI " ux
COCIMHCHHSL.
2. Xumus MeTamioB: 1 u 14 4 - 6 4 4 Komnoxsuym
ITA, IIIA, IVA (onoBo u Nob,
CBUHEII) TPYTIITEL KOHTPOJIbHA
[epuoanueckoi s padoraNe5
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CHUCTEMBI u nux

COEIMHEHUH.

3. O6mas 14 4 - 6 4 4 KommoxkBuym

XapaKTepUCTHUKa u No7,

TOKCHUKOJIOTHSI d- KOHTPOJIbHA

3JIEMEHTOB " nux s paboTaNe6

COeIMHEHUH.

4 .BUOTreHHBIE 3JIEMEHTHI. 8 4 - - 4 4 Komnnoxsuym

Ne7

5.Heopranuueckue 8 4 - - 4 4 Komnnoxsuym

MUHEpaJIbHbIE Ne8

yaoOpeHus.

BCET'O 58 20 - 18 20 20

Paznen 3. Ananutuieckass XUMHsI

1. Buasl 1 METOBI 10 4 - - 4 6 KostokBuym

XHMHYECKOTO Ne9

aHaJm3a.

2.Pacuetst B 9 3 - - 3 6 KosutokBuym

KOJIMYECTBEHHOM Nel0

aHaJIn3¢€.

3.Amaimm3  obwektoB | 11 3 - 2 3 6 KommokBuym

OKPYKaIOILEH CPeJIbl. Nell,
KOHTPOJIbHA
s paboraNe7

BCET'O 30 10 - 2 10 18

IToaroToBKa K 2K3aMeHy 36 - - - - -

HUTOI'O 180 50 - 34 60

®opma A
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5 COJEPXAHME JUCLUILIAHBI (MOIY.JIS)

Paznen 1. Oo1mas xuvmst

Tema 1. e n 3anaun xumun. Crpoenne aroma. [leproanaecknii 3aK0H U IepHOAMYECKASI
cucrema /.. MenneneeBa B cBere TeOpHMM CTPOEHHsI aTOMa. XHMMYECKasl CBSI3b U CTPOeHHe
MOJIEKYJI

Xumusa kak Hayka. [Ipenmer, 3amaun u metonbl xumuu. CtpoeHue aroma. OCHOBBI
KBAaHTOBOM MeXaHMKH. KBaHTOBbIE dYHcIa M CTPOCHHE JJICKTPOHHBIX OO0OJOYEK aroma.
[TpuHIIMTIBI 3aITOTHEHHUST aTOMHBIX OPOUTAICH.

Hcropust co3zmanus nepuoauueckoro 3akoHa. CTpyKTypa NEpUOJUYECKON CUCTEMBI.
BeprukanbHas, rOpU30HTANIbHAS. U JUArOHaJIbHAs NEPUOJINYHOCTh. BTOpHYHAsS NEpUOIUYHOCTD.
[TapameTprl aToMa U NEPUOAUYHOCTh UX U3MEHEHUS B cucTeMe AieMeHToB J[. 1. Menneneesa.

[TonsiTe XuMuyeckass CBS3b U MEXaHU3Mbl ee oOpa3oBaHHs. MeToabl oOmucaHUs
XMUMHUYECKON CBSI3U: METOJ BaJCHTHBIX CBSI3€M M MOJEKYJSpHBIX opOutaneil. OCHOBHbIE
XapaKTEPUCTUKH XHMHYECKOW CBA3U. Pa3HOBHJIHOCTM XUMHYECKOW CBSI3M: KOBAJICHTHAs,
WOHHAas, MeTaJuInYecKas. MeKMOJIEKYJISIPHOE B3aUMOICUCTBHE.

Tema 2. OCHOBBI XMMMY€CKOW TEPMOAMHAMUKH. XUMHYECKAsi KWHETHKA U PABHOBECHE.

OcHOBHBIE TIOHATHSI XUMHUYECKOW TepMoauHamMMKHu. llepBblii M BTOpOHM 3aKOH
TepmoanHamMuKkH. 3akoH ['ecca m ero cimenctBus. CBoOomHas 3Heprus ['mbOOca kak KpuTepuit
CaMONPOU3BOJILHOTO MPOTEKAHUS XUMUUECKUX PEAKIIHi.

[ToHsiTHE CKOPOCTH XUMHUUYECKON peakiuu. DakTophl, BIUSIONIME HA CKOPOCTh PEAKIUU:
NpUPOJAa pPEArupyroNIMX BEIIECTB, KOHIICHTPALMS peareHTOB, TeMIeparypa M JIaBlICHUE.
[loHsiTHE XMMUYECKOTO pPABHOBECUS M NpUHUMI ero cmeunieHus. Karamus. ['omoreHHbll u
TeTEPOreHHBIN KaTalus3.

Tema 3. Teopusi pacTBopoB u pacrBopuTeseil. KosumratueBublie cBOWCTBa pacTBOpOB.
PacrBopbI 2s1ekTposmmToB. Bogopoanblii nokasaresib. ['uaposms coseil. bBydepHbie pacTBopbI

OO0mmue moHATUS O pacTBOpax U pacTBoputesix. CrocoObl BRIPAXKEHUS KOHIICHTPAIIUU
pactBopoB. TepmoauHamMuka oOpa3oBaHUs pacTBOPOB.

KomnuratuBHble CBOMCTBA pacTBOPOB: OCMOC U OCMOTHUYECKOE JIaBJIEHUE, TEMIIEpaTypa
KUIIEHUS U 3aMmep3anus. [lepBoiii 1 BTOpol 3akoH Payis.

Teopuss >IEKTPONUTHUECKOW aucconmauuu  AppeHuyca. CuibHble u  ciadble
anekTponuThl. KoHCcTaHTa M cTeneHb aucconuanuu. 3akoH paszbaBieHus OctBaibpaa. Teopus
CUJIbHBIX 3JIEKTPOJIMTOB, IOHATUE aKTUBHOCTH. [Ipon3Benenne pacTBOpUMOCTH.

I'eteporenHoe paBHOBecHe B pacTBopax. [IpousBeneHwe pacTBOPUMOCTU. Y CIOBHS
oOpa3oBaHus ocakoB. Bonopoauslit mokasarens. ['uaponus coneit. BydepHbie pacTBOpHI.

Tema 4. OKHCIANTEJBHO-BOCCTAHOBHTEJIBbHBIC Tmpouneccbl. CTaHIapTHBIA H
peasibHbIN 3JIeKTPOAHBbIN MoTeHuag. O0uue CBOCTBA METAJLJIOB.

OKHCITUTENIbHO-BOCCTAHOBUTENbHBIE — Tpoliecchl. CreneHb  okucieHus. CrocoObl
YpaBHHUBaHMSI OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIX peakuuid. Kiaccuduxaius OKHCIUTENbHO-
BOCCTAaHOBUTCIIbHBIX peaKuHﬁ.

CrangapTHBIM U peaibHbIN ANEKTPOAHBIN noTeHuuan. YpaBHenue Hepucra-Ilerepca u
HaIlpaBJICHUC OKHNCIUTCIBbHO-BOCCTAHOBUTCIIBHOI'O rnmpomnecca. CpaBHI/ITeHbHaH cujia
OKuCIHTENe W  BoccTaHoBUTeNned. OKHUCIUTENbHO-BOCCTAHOBUTENbHBIE  MPOIECCHl U
KU3HCACATCIIbHOCTD.

DNEeKTPOXUMUYCCKUNA  PSAJ  HANPsDKEHHS  METauioB.  OJiekTponu3. (OcobeHHOoCTH
MeTaITM4eckor cBsizu. OOmue CBOWCTBa METAIOB: KOBKOCTh, TEIUIOMPOBOJHOCTh U
3EKTPONpOBOAHOCTh. Koppo3us MeTtana, BUABI KOPPO3HUH, CIIOCOOBI 3aLIUTHI OT KOPPO3UHU.

Tema S. Teopusi KOMILIEKCHBIX COeIUHEHM.
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OcHoBHBIe TIOHATHS Teopuu BepHepa. Jluranapl ©w uX  KjaccuuKaius.
BrayTpuopOuTtansHble W BHENTHEOpOUTATbHBIE KOMIUIEKCH. Kiaccudukaius ¥ HOMEHKIJIATypa
KOMILUIEKCHBIX coenmnueHnii. [lousiTie KoHCTaHTa HECTOUKOCTH.

Pa3nea 2. Heoprannyeckasi Xumust

Tema 1. Xumus HeMeTa 10B: j1eMeHTOB VIIA, VIA, VA IVA (yraepoa, kpemHuii)
rpynns! Ilepuoguyeckoii cucreMbl 4 X COCAUHEHHS.

DJIEKTPOHHBIE CTPYKTYphl aTOMOB rajoreHoB. [‘ajorensl B mpupone. dusnueckue
CBOWCTBA M XHMHUYECKHE CBOMCTBA TrajoreHoB. [lonydyeHue W TNPUMEHEHHE TaJOTrCHOB.
CoenuHeHune rajnoreHoB ¢ Bogopoaom. Kucinopoaconepsxamuye coeAMHEHUS TAIOT€HOB.

DJIEKTPOHHOE CTPOCHUE U MapaMeTphl ATOMOB 3JIEMEHTOB IVIABHOW MOJATPYIIIBI IECTOU
rpynmnsl.  Ileppognynocts uX wu3MeHeHus. Kucimopon, pacnpocTpaHeHWe B NOPUPOAE H
XuMuueckue cBoiictBa. Cepa, pacnpocTpaHEeHUE B IPUPOAE U XUMUUECKUEe cBoMcTBa. OCHOBHBIE
COEIMHEHUS CEPbl: OKCHUJIBI M KUCIOTHI. MIX XuMHnyeckne cBOKCTBA.

DIEKTPOHHBIE CTPYKTYpPhl aTOMOB. A30T: a30T B MPUPOJE, €ro MOJYyUYEHUS] U CBOWCTBA.
Ammuak, comu ammoHus. Dukcanus atMochepHOro a3oTa, MONydeHHUE amMMHuaka. [ mapaswH,
TUAPOKCWIIAMUH, a3uaoBomopoa. Oxcuapl a3ora. A30THUCTas W a30THas KUCIOTHL. Docdop:
dbocdop B nmpupoze, moiydeHue u cBoiictBa docdopa. Coequnenus docdopa ¢ BOIOPOIOM U
rasioreHaMu. OKcuIBI U KUCIOTHI pocdopa.

OJIEKTPOHHBIE CTPYKTYpbl aTOMOB YTJIEPOJ: YIJepoJd B MNPUPOJAE €ro IOJIyYeHUE H
cBoicTBa. Ayutorponus yriaepoaa. Juokcua yrieponaa. Yronbnas kuciora. Okeup yriepoaa (II).
CoenuHenus yriaepoja ¢ cepoil u a3oroM. KpemMHuil: KpeMHUI B MPUPOJE, €r0 MOJIYyYECHHE U
cBoicTBa, COoeIMHEHHS] KPEMHHUS C BOJIOPOJOM M TanmoreHamu. Juokcun kpemuusi. KpeMueBbie
KHMCJIOTBI U UX cosid. CTEKI0, IEMEHT.

Tema 2. Xumusa meramion: IA, IIA, IIIA, IVA (00BO M CBHHeN) TpPYHIIbI
Iepuoauveckoi cucTeMbl M MX COeIMHEHHH.

[[{erouHbIE METAJUIBL: PACIPOCTPAHEHNE B PUPOJIE, ITOIYyUEHUE, CBOMCTBA, IPUMEHEHHE.
Harpuii. Kanuii.

[[{eroyHO3EMENBHBIE METAJUIBI: PACOPOCTPAHEHUE B IPHUPOJE, MOIYYEHUE, CBOMCTBA,
npuMeHeHne. Maruui, Kanpuuii, 6apuil.

DNIeKTpOHHBIE CTPYKTYphl aTtomMoB [IIA rpynmbel. ATOMUHMI: pacnpoCTpaHEHHUE B
NpUpPO/JIE, MOJyYeHHE, CBOMCTBA, IPUMEHEHHUE.

DJIEKTPOHHBIE CTPYKTYpbl atToMOB IVA rpynnbl. On0BO U CBHHEI: pacCIpOCTpPAHEHUE B
pUpPO/JIE, MOJyYeHHE, CBOMCTBA, TPUMEHEHHE. TOKCUKOIOTHS CBUHIA U €TI0 COCIMHEHHUSI.

Tema 3. O01mass XapaKTePUCTHUKA M TOKCHKOJIOTHS d-3J71eMEeHTOB M UX COeUHEHUI.
d-snementel. OOmast xapakTepuctuka. PacmpocrpaneHHOCT, B mpupone. Dusmko-
XxuMu4deckue cBoiictsa d-3iemMeHToB. Tokcukomorusa d-371€eMEeHTOB U UX COSANHEHNI.

Tema 4. BuoreHHbie 3J1eMeHTHI.

[lonaTtne OMOreHHOCTHM XMMHYECKHX 3JIEMEHTOB. buocdepa, KpyroBopoT OHOTEHHBIX
aneMeHToB. KoHIleHTpupoBaHue OMOTeHHBIX 3JIEMEHTOB >KUBbIMHU cucTeMaMmu. Knaccudukanus
OMOTEHHBIX HJIEMEHTOB O UX (PYHKIMOHATIBHON POJIA: OPTraHOT'€HBI, SJIEMEHTHI AJIEKTPOIUTHOTO
dona, MUKPO3JIEMEHTBHI. [TpumecHbIe AJIEMEHTBI (axkKyMyJupyroumecs T
HeakKkymynupytonecs). OCHOBHbIE HWCTOYHHMKM TIOCTYIUICHHSI TPUMECHBIX JIIEMEHTOB B
OpraHMu3M 4YejoBeKka. XUMHUYECKUE acTIeKThl OXpaHbl OKPYKAIOIIEH Cpeibl.

Kommuiekchl KaTHOHOB S-METaLI0B (MOHO(DOPBI, KpayH-3(PHUPBI, KPUITAHABL. XJI0PO(UILI.
buonoruueckas ponb HaTpus, Kajuus, KalblUsg, MarHusg. XHUMHUYECKOE CXOJCTBO U
OMOJIOTUYECKHI aHTarOHU3M (HATpUH-KaIHid, MATHUIA- KaIbIHH ).

HaunGonee BaxkHble OMOTEeHHBIE AMeMEHTHI d-Oyoka: xpom, Menb, MomuOaeH. CucTeMbl
MeTaJuI-0e10K (MEeTaNIONPOTEUHBI U OCNIKH, aKTUBUPYEMBbIE METAJIAMH ).
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Tema 5. Heoprannueckne MUHepaabHbIe yA100peHHs.

IIpocmoie yoobpenus:

A3OTHBIC: HUTpATHBIE (HATPHEBAsl M KaJbIMEBasl CEIUTPHI); aAMMOHUNHHBIC U aMMHUAYHbIE
yaoOpenust (cynbdaT aMMOHHUS, aMMOHHUWHO-HUTPATHBIC YAOOpPEHUS, aMMHayHas CeIuTpa);
MOYEBHHA.

®docdopuseie: cynepdocdar, nBoiiHoM cynepdocdar, mperunurar.

MuxkpoynoOpenusi. MukpoanemeHTsl. bopHblie ynoOpenus. Meausie yao0peHus..

Komnnexcnuvie yooopenus:

Ammodocsl, HUTPOPOCBI M  HUTPOPOCKH, HUTPOAMMO(OCHI M HUTPOAMMO]OCKH,
kap6oammodocsl, monuduchaTbl aMMOHHS.

Pa3gen 3. AHaauTHYeCKAss XUMHUS

Tema 1. Buabl 1 MeTOIbI XUMHYECKOT0 aHAJIU3A.

KadectBennslii u konmuecTBeHHbIM aHanm3. Kiaccudukanus BumoB aHanmmu3a. OOBEKTHI
aHanu3a. OCHOBHBIE CTaauM TpoBeAcHHs aHanu3a. OCHOBHBIE CTAJUM TOCTPOEHUS
AQHAIUTUYECKOM METOJMKH U OCHOBHBIE METOJIbI aHayn3a. MeToabl MpoOooTOOpa, pa3noKeHus
poOBI, pa3ieTIeHNs U KOHIIEHTPUPOBAHMSI, OOHAPYKEHUS U OIPEICTICHHMSI.

Tema 2. PacyeTbl B KOJIHYEeCTBEHHOM aHAJIU3e.

Enuanner konmunyectBa BemiecTBa. CrocoOBbl BBIpKEHUS KOHICHTPAIUH: MOJSpHAS
KOHIIEHTpallUs, MOJISIpHAas KOHILIEHTpalMsl SKBUBAJIEHTA, MaccoBas KOHLEHTpauus (TUTP
pabodero pacTBOpa, TUTP IO ONPEACIIEMOMY BEIIECTBY), OObEMHAas KOHIIEHTpPALUs, MO
KOMITOHEHTa (MaccoBasi, 00beMHast, MOJISIpHAST ).

3akoH KpaTHbIX oOTHOWeHWH J[lanpToHa. Bbrumcienune ¢akropa >KBUBAJICHTHOCTH U
SKBUBAJICHTA.

PacueTrsl B THUTpUMETpHYECKOM aHalIM3€: CYIIHOCTb THUTPUMETPUH; CTAHAAPTHHIE
PacTBOPBI U CIIOCOOBI UX MPUTOTOBJICHUS; BUIBI TUTPOBAHUS: MPsiMOe, 0OpaTHOE (IO OCTaTKYy),
TUTpOBaHUE 3amecTtutelsa. Kpussie TuTpoBaHus. [’ paBuMeTprueckuii (BECOBOW) aHAIM3.

Tema 3. AHa/IN3 00bEKTOB OKPY:KAKOIIEH CPeIbl.

CrniocoObl B34THS M MOATOTOBKH MPOOBI (Pa3iokKeHUs], OTACIECHUS MENIAoIUX KOMIOHEHTOB U
KOHIIEHTPUPOBAHUS MUKPOMPUMECEH) Ui aHanmn3a OOBEKTOB OKPYXKAIOIIEH Cpelbl: MOYBBI
JIOHHBIX OTJIOKEHUH, BOABI, BO3ayxa. Vcmonp3oBaHMEe XUMHYECKHX, (PH3UYecKuX U (pu3mKo-
XUMHUYECKHX METOJIOB JIJIsl aHaTM3a 00BEKTOB OKPYKAIOILEH CPEeIbl.

6 TEMBbI MIPAKTUYECKHNX U CEMUHAPCKHX 3AHATHIA

Jannbliii Bug paboThl He ipeaycMoTper YII.

7 JJABOPATOPHBIE PABOTDI, IPAKTUKYMBbI

Pasznea 1. O0mas xumus.
TEMA 1. JHEPTETUKA XUMHNYECKHUX ITPOIECCOB.
ONPEJEJIEHUE TEIIJIOBOI'O IMTPOIIECCA PEAKIIMA HEUTPAJIN3AIINMN.
Leab padoThi:
HayunTbcs BBINOTHATE KQAJIOPUMETPUUECKHE U3MEPEHUS.
OcCBOUTh HaBBIKM TEPMOJAMHAMUYECKHUX PACUETOB, CBS3AHHBIX C SHEPIETHKON XMMHUYECKHX
peaKuui.
Conep:xxanue padoThbI:
1. DKCIEepUMEHTAIBHO ONPEAESIIUTh TEIUIOBOM APPEKT peakuy HeHTpaIn3aum.
2. [IpoBepuTh BbINOTHEHHE 3aK0Ha ['ecca.
3. OnpenenuTh OTHOCUTENBHYIO U a0COMIOTHYIO MOTPEIIHOCTH U3MEPEHUSI.

N —

IIpubopsl M peakTHBBI: KaJOPUMETP, MEPHbIE LUIMHAPBL, BOPOHKA, TEPMOMETD,
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CEKyH/IOMED WJIN NIECOYHBIE Yachl, paCTBOPBI THIpOKcHIa HaTpus ¢ KoHleHTpanueil C(NaOH) =
2 monw/n u ceprot kucinoTel C(H2SO4) = 1 Mons/m.

Kparkue TeopeTuueckue cBeeHH.

JltoOble XMMHYECKHME peaKklMH BCerja COMPOBOXKAAIOTCS TEMHU WJIH HHBIMU
SHEPTCTUUICCKUMU Bq)(beKTaMI/IZ BBIACIICHUCM WJIN MOTJIOIICHUEM TCIJIOTHI, CBETA, COBCPILICHHUEM
AJICKTPUYECKON WM MEXaHWUYECKOW paboThl. M3ydeHHeM HSHEPreTHYECKUX H3MEHEHUH MpH
XUMHUYCCKUX PCAKIUAX 3aHUMACTCA HAYyKa, Ha3bIBaCMasi XUMHYECKOU TepMOI[I/IHaMI/IKOI\/'I.
Oco0eHHOCThIO XUMUYECKOW TEPMOJAMHAMUKH KaK HAYKH SIBJISIETCSI pACCMOTPEHHE XMMHYECKHUX
peakuuii B COCTOSSHUM PaBHOBECHS, KOT/Ia peaKIysl THOO He Hadaaach, TMOO y)Ke 3aKOHYMIACh, U
M3MEHEHHUS BO BHEIIHEHN Cpefie OTCYTCTBYIOT.

XuMHUecKasi TepMOJAMHAMUKa 0a3UpyeTcsl Ha ABYX OCHOBHBIX 3aKoHax. Ilepavlil 3aKkon
mepmoouHamMuKu U3BECTEH KaK 3aKOH COXpaHeHus YHepruu. Vi3MeHeHne BHyTpeHHeH
SHECPTrUun 3aKpBITOI>'I CHUCTCMBI OIMPCACIIACTCA KOJIMUCCTBOM BBIHGHGHHOﬁ TCIIJIOTHI N
coBepieHHon paboTel. AU=Q - A

KonuyecTBO TEMIOTHl BBIJEIMBLICHCS WJIM IOTJIOIIEHHOW B pe3yJbTaTe€ XHWMHUYECKOU
peaKIMu Ha3bIBACTCS MENnaoblm IPghekmom. DK30TepMUUYECKas peakuuss — TemioTa
BBIJICIIAETCS, SHAOTEPMHUYECKAs — IMOTJIONIAETCS.

Yame Bcero B OHMONOTHMYECKHX CHCTEMaxX XHMHUYECKHE TPEBpAICHUsS MPOTEKAIOT IMpPHU
MOCTOSTHHOM JaBjieHUW ( M300apHBIC MPOIECChI) B 3TOM CiIydyae TEIUIOBOH 3(deKT peakuuu
OyIneT paBeH WM3MEHEHWIO BHYTPEHHEH OSHEpPruuM CHUCTEMBl IUTIOC padoTa HaJ BHEIIHUM
nasienueM pAV: Q=AU + pAV

Cymma U + pV HasbIBaeTcs sHmanvnuell u sBisiercs QyHKIUEH COCTOSHHUS CUCTEMbI WIN
MEpOH €€ TEIIOCOACPIKAHUA.

JUIst XUMUYECKOM peakUUU MPOTEKAIOIIECH MPU ITIOCTOSTHHOM JaBJICHUU JHTAJIBIINSA PaBHA

TermoBoMy 3 dexry.

3a cmanoapmuylo Inmanvnulo 00pa30BaHUA NPUHUMAIOT SHTAJBIHMIO TOM peakiuu, B
KoTopoli 1 Mosp BemecTBa o0Opa3yeTrcs W3 MPOCTHIX BEIIECTB, KaXI0€ W3 KOTOPBIX
HaxoauTCda B TCPMOJMHAMUYCCKOM COCTOSHHU.

3axoH I'ecca u ciaeacTBusa U3 Hero.
TemmoBoit 3pQexT peakmuu 3aBUCUT TOIHKO OT HAYAIBLHOTO M KOHEYHOTO COCTOSHUS

CHUCTEMBI HO HC 3aBUCUT HU OT ITYTHU IPOTCKAHUA PEAKIIUU, HU OT €€ MCXaHU3MaA.
CaenctBus 3akoHa ['ecca.

1) U3MEHEHUE SHTAIBINHM XUMHUYECKOH pEaKkIMd HE 3aBUCUT OT YHCIAa MPOMEKYTOUHBIX
cTaguit

2) SHTANBIUS PEAKIMU paBHA CyMME DHTAJBIIHKA OOpa30BaHMS MPOJYKTOB 32 BBIYETOM
CYMMBI SHTAJbIIUH 00pa30BaHUS UCXOTHBIX BEIIECTB.

Tennoma neiimpanu3zauuu — 3To TEIUIOBOM 3¢ dekT peakiuu odpazoBanus 1 moss HoO u3
vonoB H™ u OH~
H" (pp) + OH™ (p-p) = H20;  AHaos = -55,9 kJI/MOJb

[lpn He#lTpanu3aluu CHIBHBIX KHCIOT CHJIBHBIMH OCHOBAHHSMH TEIUIOBOH 3(deKT 3Toro
mpoliecca Mo4YTH OJMHAKOB B pacueTe Ha | MOJIb 9KBUBAJICHTA KUCIIOTHI WX MICIIOYH.

OkcnepuMeHTabHOE omnpeneneHue AH HelTpanuzalnuu OCIOKHEHO TEM, 4YTO IIpU
CJIMBaHUM PacTBOPOB UMEET MECTO Ipolecc pa30aBiIeHNUS:

o(pa36aBi) = AHyeiirp + AHpass. HeliTpanuzanus cinaboif KUCIOTHI WM ¢1ab0ro OCHOBaHUS
COIIPOBOKIAETCS TUAPOJIM30M O00pasyrolleicss coilu, B pe3yidbTare 4Yero Hu3MeHseTcs
KoHLeHTpanus nonoB H™ u OH™ B pacTBOpe, Cliea0BarenbHo M TEIoBOM 3d¢ekT mpoiecca
OyzleT UHBIM.
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Memoouueckue pekomenoauyuu u onucanue 1a00pPamopHoll yCmaHo6Ku

C nenbio MpOBEPKH CIPaBEINIMBOCTU 3akoHa ['ecca, B JaHHOIN paboTe MPOBOIUM pEaKIUIo
Herrpanmuzanun HoSO4 menousto NaOH B nBe cTaguu.

PesynbraToM peakuuu nepBoi craguu (mpu HepoctaTogHoM koirmdecTBe NaOH)
H>SO4 + NaOH = NaHSO4 + H2O; AH;

sABIsieTCs pacTBOp ruapocynbdara Harpust NaHSO4 B Bozte.

Pe3ynpTaToM peakiuu 1no BTOPOi cTaauu
NaHSO4 + NaOH = NaxSO4 + H2Op);  AH2

saBisieTcs oOpa3oBaHue cynbdara HaTPUSL.

B kaxmoii ctaguu TemnepaTypa yBEIUYUBAECTCS 10 CPABHEHUIO C TEMIIEPATYPOH UCXOTHOTO
BemecTBa (pactBopa H2SO4). TloaToMy NpOMCXOOUT H3MEHEHHE SHTAJIBIHMM B IpoIEcce
peakuuu. Ero Mbl MOXeM OIpeaenuTs s Kax a0l craguu no hopmye:

AH =K- AT/n (x/I>x/Mo1b),
rae K= 0,96 x/[>x/Moiib — MOCTOSIHHASL KaJlopuMeTpa (KOJIMYECTBO TEIUIOTHI, HEOOXOAUMOE st
HarpeBaHus KAIOPUMETPa C TEPMOMETPOM, Meraikou, pactBopom H>SO4 Ha 1 K);
n = C-V — KOJINYECTBO BEILECTBA;
C — MonsipHasi KOHLEHTpAIsl BEILECTBA;
V — 00bem pacTBopa.

OO11ee KOTMYECTBO TEIUIOTHI, BBIACIUBIICHCS B pE3yJIbTaTe peakiiu, OyIeT paBHO CyMMe
U3MEHEeHUH PHTaNbIUN Kaxnoi ctagud: AHsken= AH; + AH».
Jlns  ompeneneHusl TMOTPEIIHOCTH M3MEpPeHHs TerioBoro 3ddexra Bocmoib3yemcs
dopmynoit: 8 = (AHswen— AHucr./ AHuer.) - 100%.
3a AHyucr mpuauMaeM tabnuuHoe 3HaueHne AH s peakiuu, MpoTEKalomed B OIHY
CTaUIO:
H>SO4 + 2NaOH = NaxSO4 + 2H2Ox) + 137,43 xIx/ Moub;

IHopsinok BbINOJHEHUSI PadOThI.

1. Hamuts B ogun nunuaap 100 M ogaoMossipHOTO pactBopa HaSOs.

2. Hanute B aBa nunuHapa no 50 mu qeymossipHoro pactsopa NaOH.

3. 3anuTtk B kamopumetrp 100 ma ogHOoMossipHOTro pactBopa H2SO4.

4. BKJIIOYNTH MEIIAJKY.

5. B tedenue 5 MuHyT uepe3 kaxapie 60 CeKyHII CHUMaTh MOKAa3aHUSI TEPMOMETPA U 3aHOCUTH
3HAYeHUS TEMIIEPaTyphl B IEPBYIO CTPOKY TaOmuiel Nel

6. Buwuth B kanopumetp 50 ma asymonsipHoro pactsopa NaOH u3 nepBoro nuianuHapa.

7. B TeueHue 5 MUHYT CHUMAaTh [TOKa3aHUS TEPMOMETpA uepe3 Kaxaple 60 CEKyH U 3aHOCUTh

BO BTOPYIO CTPOKY Tabmuirel Nel.

8. Buute B kamopumerp 50 mn aBymonsipHoro pacrsopa NaOH. B Teuenune 5 MUHYT CHUMaTh
IIOKa3aHUs TePMOMeETpa depe3 Kaxple 60 CeKyH U 3aHOCUTb UX B TPEThIO CTPOKY TaOJIHUIIbI
Nel.

9. Paccuurarh 3HaueHus AH Ui Kax10il cTainy peakuy U 3aHeCTH B Tabmuiry Ne2.

10. BeutnTh oTpaboTaHHBIE PACTBOPHI, TOCYAY BEIMBITH. CaaTh pabodee MecTo JabopaHTy.

Cxema J1a00paTOPHOIi yCTAHOBKHU
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Puc. 1. Cxema kanopumerpa:

| — BKJIIOYATEh MEIIAJIKH; 2 — TEPMOU30JIUPYIOIINE CTAKaHbI;

3 — peakIIMOHHBIN CTakaH; 4 — TEPMOMETP; 5 — ANEKTPOJBUTATENH MEIIATIKH;
6 — mTaTuB; 7 — BOPOHKA; 8 — MeIIanka; 9 — oOCHOBaHUE IITATHUBA.

OCHOBHOM 9acThIO TAOOPATOPHON YCTAHOBKH SIBISIETCS] KAJIOPUMETP, MPEACTABISIONIUI
c000# N30JUPOBAHHBIA OT OKpYIKarolen cpeapl BHyTpeHHuM cocyn (3). s namepenns
TEMIEPATypPhl pearupyrOIINX BEIIECTB UCIONIb3YyeTCsl pTyTHBINA TepMomeTp (4). [lepememnBanue
pacTBoOpa OCYIIECTBISIETCS MEMAIKOH (8) ¢ momMoIbio nekTpoasurarens (5). Boponka (7)
CITYKHT JJIsl 3AJIUBKU PACTBOPOB.

Tabnuya 1
t, MHH 1 2 3 4 5
t° C, H2SOq4
T°C, 1 ctamuu
T°C, 2 ctanuu
Tabnuya 2
1 cramus 2 cragust
TCau = t%xon = {nay = t%xon =
At® = At® =
AH; = AH, =

Conep:xkanue oTuyera:

Tema u 11e71h paboOTHI.
XUMHUYECKUE YPABHEHUS PEAKLUN.
Taomumer Nel 1 Ne2.

Pacuerst AH u norpemnoctu & %.
BrIBOIBI 110 TIpOIETIAaHHOM padoTe.

Nk =

KoHTpoJsbHbIe BONIPOCHI:
1. OcHOBHbIE MOHATUS TEPMOJAMHAMUKH (TEPMOJUHAMHMYECKAs CHUCTEMa, IMapaMeTpbl CHUCTEMBI,
¢aza, KOMOOHEHTBI CUCTEMBI, Iporiecc). Kiaccuduxaryst TepMOIMHAMHYECKUX CHCTEM.
2. BuyTpenHsisi sHeprusi BeniecTBa. DYHKIMEW KakUX MapaMeTPOB SBISETCS BHYTPEHHSS
sHeprust BemiectBa? IlepBoe Hauano tepmonuHamuiku. llpumeHeHue mnepBoro Havala
TEPMOJMHAMUKHU K OMOJOTMYECKUM CHCTEMaM.
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3. Ouranbnus Kak QyHKuUs cocrosHus. CTaHIapTHBIE YCIOBUS B TepMOaUHaMuKe. M3MeHeHne
SHTAJIBIIUU B PA3IMYHBIX XUMUYECKUX U (PU3UKO-XUMHUECKHUX MPOIECCaX.

4. TennoBoi 3¢pdexT xuMuueckoil peakiuu. OCOOCHHOCTH TEPMOXMMHUYECKUX YPaBHEHUH H

pacyeToB o HUM. 3aKoH ['ecca u ciaeACTBUs U3 HETO.

Bropoi1 3akoH TepmoauHaMuKu. [loHsATHE SHTpOIIUN.

6. CBoOomnas sHeprust [ m60ca Kak KpUTEPHl CAaMOIPOU3BOJIBHOTO MTPOTEKAHUS PEAKIIUH.

TEMA 2. TEOPUSA PACTBOPOB.
Yacrs A. [IpuroroB/jieHre pacTBOPOB 32IaHHOI KOHIIEHTPAIlUH.
Hean padoThI:
Hayuutcsi roTOBUTH pacTBOPHI 3aJaHHOW KOHIIEHTPAIUH.

e

—

2. IIpuobOpeTeHne HaBBHIKOB pacueTa U Iepepacuyera KOHLEHTPAIM pacTBOPOB.
Conep:xxanue padoThbI:
1. IlpuroroBieHus pacTBOPOB pa3IN4HON KOHIIEHTPALMK U3 CYXOH COJIH.
2. TlpuroroBieHust pacTBOPOB U3 Oojiee KOHIEHTPUPOBAHHOTO PACTBOPA.
3. IlpuroroBiieHus pacCTBOPOB CMEIIEHUEM JBYX PACTBOPOB Pa3HbIX KOHIIEHTPALUH.
4. IlepepacueT MaccoBOWM 10U PAcTBOPOB B MOJIAPHYIO KOHIICHTPAIMIO, MOJISIPHYIO

KOHIICHTPAIMIO 3KBUBAJIEHTA, B MOJISUIBHOCTb.

IIpuGopsl 1 peakTUBBI: MEpPHBIC KOJIOBI (KOHUYecKre Ha 250 MIT); MEpHBIE IHJIUH]IPBI
Ha 50, 100 u 250 i, CTEKISHHBIC MAIOYKH, BEChl TEXHOXUMHUYECKHE, Pa3HOBECHI, HAOOp
apeoMETPOB, XJIOPH HATPHUSL.

MeTtoauyeckne peKOMeHAalMK M ONMCaHue J1a00opaTopHOil padoThI

a) IlpuroroBienne pacreopa NaCl 3ajaHHON KOHIIEHTPALMH U3 HABECKH
CYXOro BellecTBa
ITopsinok paGoTbI:

1. IMomyuuTh 3amaHre OT MPETOJaBaTelis: MPUTOTOBUTH ompeaeneHHoe koiaudectBo (100—-500
MJI) pacTBOpa XJIOpHJa HATpUs ¢ KOHIEHTpanueit 5—15%.

2. PaccunTtarh HEOOXOAMMYIO JIJIsi IPUTOTOBJICHHS 33JaHHOTO 00BheMa pacTBOpa HABECKY CyXOH
COJIX ¥ 00BEM BOJIBL.

3. OTBecUTh HaBECKY XJIOpHJIa HATPUS HA TEXHOXUMHUYECKUX Becax U MEPEHECTHU €€ B KOJIOY.
4. OT™MepuTh HEOOXOUMOE KOJTUYECTBO BOJBI MEPHBIM IIWJIMHIPOM U BBUIUTH BOJY B COCY] C
CyXo# coJipto. PazMeniath cMech MaJIOYKOM J10 TTOJTHOTO PACTBOPEHHUSI COJIH.

5. Jlns KOHTpOJST MPaBWIBHOCTH MPUTOTOBJIICHUS pPAcTBOpa H3MEPUTh €ro IUIOTHOCTh
apeoMeTpoM: B MIIMHIP eMKocThio 50/100 M1 HaTMBaKOT MOTyYeHHBIN pacTBOp (2/3 oObema)
U OCTOPOXKHO OITyCKaloT TyAa apeoMmeTp (B MPUCYTCTBHH TperoaaBarens). CpaBHUBAIOT
peaabHyI0 IUIOTHOCTh C HEOOXOoOMMOW (TabnHIa) W AENAloT 3aKIIOYCHHE O MPaBHUIBHOCTH
BBITTOJIHEHUS pabOTHI.

6. OdopMHUTH MPOTOKOI pabOTHl M BBIPA3UTh CONEPIKAHHME XJIOPUAA HATPUs BO BCEX €AMHUIIAX
koHIeHTpauu (%, MoIsApHas [OJig, MaccoBas KOHIEHTpPALUs, THTP, MOJSIPHOCTD,
MOJISUTBHOCTh, HOPMaJIbHOCTB ).

7. PacTBOp XJ10pHIa HATPUS OCTABUTH IS IANTbHEHIIEH paboThI, HCIIOIB30BAHHYO ITOCY/TY BBIMBITh.
6) Ilpurorosnenue pacreopa NaCl pazdaBiiennem 0o/1ee KOHIEHTPHPOBAHHOI0 PACTBOPa
ITopsinok paGoTbIl:

1. IlonyunTth OT mpenojaBaTelisd 3alaHue — IPUTOTOBUTH omnpezeseHHoe koaudectso (100-500
MJI) pacTBOpa  XJIOpMAAa HATpusl HHU3KOW  KoHueHTparmun (2-8%) w3  Ooiee
KOHIIEHTPUPOBAHHOTO PACTBODA.

2. Paccuutath 00BEM KOHIICHTPHUPOBAHHOTO PACTBOPA, HEOOXOJMMOIO JUIsl IPUTOTOBICHHS

dopma A Crpannma 12 u3 59




MuHHCTEpCTBO HAYKU M BBICIIEro oOpa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILIIHHBI

3aIaHHOT0 00bEeMa U KOJIMYECTBO JOOABOUYHOM BOJIEL.

3. OTMepuTh HEOOXOAMMOE KOJTMYECTBO KOHIIEHTPUPOBAHHOTO PACcCTBOpPa M J00ABOYHOW BOIBI,
CJIUThH UX B KOJIOY U TIIATEIBHO TIEpeMeIaTh pacTBop.

4. Jlns KOHTPOJS TMPaBUIBHOCTH MPUTOTOBICHHS pacTBOpa H3MEPUTh €ro IUIOTHOCTD
apeoMEeTpPOM B IPUCYTCTBUU IIPEMOIaBATEIIS.

5. Oopmuth nmpoTOKOI pabOTHl M BBIPA3UTh COAEPIKAHUE XJIOPHJIA HATPUS BO BCEX €IMHHIIAX
KOHILIEHTpAIUH.

6. PactBop Xxyopwaa HaTpus OCTaBUTh IS JaJbHEHIIEH paOOThl, MCIOJB30BAHHYIO IOCYIY
BBIMBITb.

B) [Ipuroronyienne pacreopa NaCl cMmemenneM AByX pacTBOPOB 32JaHHBIX KOHIEHTPAIUH

IMopsinoxk padoThI:

. IlomyuuTs OT npenoaaBaTes 3aaHue.
Paccuutats TpeOyemble 00beMBl 00OHMX PacTBOPOB, HEOOXOTUMBIX Ui HPUTOTOBICHHS
3a1aHHOTO PacTBOpA.
. OT™MepHTbh paccUMTaHHBIC KOJUYECTBA CMEIINBAEMBIX PACTBOPOB M CMEIIATh MX B KOJIOE.
4. Jlnst KOHTPOJIS IPaBUIBHOCTH PAacueTOB M MPUTOTOBJICHUS PaCTBOPA U3MEPHUTH €T0 MIIOTHOCTh
apeoMeTpOM B MPUCYTCTBUU IPENoaBaTelIsl.
5. Odopmuth MpOTOKOT pabOTHI U BBIPA3UTH COJIEPXKAHUE XJIOPUAA HATPUS BO BCEX €AMHHIIAX
KOHIICHTPAIUH.
6. BeumnTh pacTBOpPHI XJIOpHIAa HATPHSL, TIOCYAY BBIMBITE. CnaTh pabodee MecTo JIabOpaHTy.

N —

(98]

Conep:xanue oTyera:
Tema u 11e71h pabOTHI.
Pacuetsl o ka0l 9acTu paboTHI.
3Ha4YeHHS TUIOTHOCTEH: TeOpeTHUYECKOe (M3 TaOJIHIIBI) U DKCIIEPUMEHTATIBLHOE.
Pacuer norpemrHocT & % MPUTOTOBJICHHS PACTBOPOB.
BrIBOIBI 11O TIpOIETIaHHOM padoTe.
KoHTpoJsbHbIe BONIPOCHI:
Kakwue crocoObl BbIpa)KeHUSI KOHIIEHTPAI[UM PAaCTBOPOB BaM M3BECTHBI?
Kak nepeliTu OT 0HOTO BHJIa KOHLEHTPAIMU K APyroMy (Ha KOHKPETHOM mpumepe)?
Kakue cymecTByrOT criocoObl TPUTOTOBJICHUSI PACTBOPOB?
Onwummre X0 paboThI MO TI0O0MY CIIOCO0Y MPUTOTOBJICHUS PACTBOPOB.

Al

bl e

Yacrs b. HoHHbIe peakuuu B pacTBOpPax, rereporeHHbie paBHOBECHSI B PaCcTBOpPax
IJIEKTPOJIUTOB (IKCIIEPUMEHTAIBHOE ONPEICTICHUE HAMIPABICHHUS XUMUYECKIX PEAKITH).

Hean padoThI:
O3zHakoMJIeHHE ¢ OOLUMH CBOWCTBAMHU MalOPACTBOPUMBIX 3JIEKTPOIUTOB.

[TproOpereHne HaBBIKOB pacyeTa MPOU3BEICHUS PACTBOPUMOCTH U PACTBOPUMOCTH OCAJIKOB
CUJIbHBIX 3JICKTPOJIMTOB.

Conep:xxanue padoThbI:
1. Onpenenenune peakiyu Cpeabl MPU THIPOIU3E COJIEH.
2. HW3yyeHue BIMSHUS TEMIIEPATYPbl HA TUIPOJIU3.

3. H3zydenue ycnoBuii 00pa3oBaHMs OCAJKOB MaJIOPACTBOPHUMBIX CHIIBHBIX JIEKTPOIUTOB U MX
pPacTBOPUMOCTH.

N =

4. Pacuer pH coneit mogBeprarommxcs THAPOIn3Yy.

IIpudops! U peakTUBBI:
1) mraTuBkI AJ1s1 IPpoOUPOK, TpoOUpKu HA 10 M1, TUTIETKH.

2) 2 H pacTBOPBI: XJIOpUJa KaJIbIH, XJIOPUIa HATPHSL, XJIOpHaa 6apus, oKcajgaTa aMMOHHUS,
COJISTHOM KHUCIIOTBI, HUTpaTa Oapusi, XpoMara Kajlusi, yKCyCHOM KMCIIOThl, HUTpaTa cepelpa,
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cyab(uia HaTPHsL.
DKCIepuMeHTaIbHas YacTh:
MeTtoauyeckue peKOMeHAAIMH M ONMCaHue JJa0opaTopHOi padoThl
OmnbiT 1. O0pa3oBaHue 0cajKa M yCJI0BHE €ro paCTBOPEHUs

B npobupky Haneiite 4-5 kanenb pacTBOpa XJ0opuJa Kaablus U NPHUOaBbTE MO KAIUISIM
pacTBOp OKcajaTa aMMOHHS 0 00pa3oBaHus Oenoro ocaaka. M3oeraite pacCTBOpUMOCTH
ocaJka B 2 H pacTBOpPE COJIIHOW KUCIOTHl. Hanummure MoieKyaspHbIE 1 HOHHBIE YPaBHEHHUS
peakuuii. BeimummuTe U3 TabauIl KOHCTAHTHI JUCCOLUALIMKN U PACTBOPUMOCTH CIa0BIX
AIEKTPOIUTOB. BhIunCINTE KOHCTAHTY PAaBHOBECHS PEAKLIMM PACTBOPEHUS OcagKa U
00BsSICHUTE, TIOYEMY ITO MPOUCXOIUT.

OmnpIT 2. Onpenesienne HANPABJICHUS] XMMHYECKUX pPeaKuii (PacTBOPeHHe 0CAIKOB)

Haneiite B mpoOupky 6—8 Karmenb pacTBopa XJIOpHa WIM HUTpaTta Oapus U mpuOaBbTe IO
KaIuIsIM pacTBOp Xpomara Kajusi 70 0Opa3oBaHUs XKenToro ocaaka. Ocagok pas3lenuTe Ha JBe
yacti. K omHON YacTty mpubaBbTe 2 H PacTBOP COJISTHOM KHCJIOTHI, @ K JPYroi — 2 H pacTBOP
YKCYCHOM KHCIOTHL. B omHOM M3 mpoOMpok HaOIogaeTcss pacTBOPEHHE OCajKa. 3aruIlInTe
HaOmoeHusl, caenaiite BbiBoJ. CocTaBbTE MOJIEKYJSIPHBIE M HOHHBIE YPaBHEHMSI PEaKIIMiA.
BbruncnuTe KOHCTaHTHI PAaBHOBECHS MPOLIECCOB PACTBOPEHHs] XpoMmaTra Oapusi B COJNSIHOW H
YKCYCHOM KHCIIOTE ¥ OOBSICHUTE HAOII0JaeMOe.

- OnbiT 3. HanpaBieHne XMMHYeCKOH peaknMud B CTOPOHY 00pa3oBaHHMs MeHee
PACTBOPHUMOIO COCIMHEHUS

Haneiite B npoOupky 2—-3 karum pacTBopa HUTpara cepedpa u npubaBbTe K HeMy 2—3 Karuiu
pacTBopa XpoMaTa Kanus. 3alulINTe LBET MOJYyYEeHHOro Ocajka, Iocjie uero ao0aBbTe B
npoOupKy 2-3 Kamum pacTBopa xJjopuaa HaTtpus. Kak wu3MeHsiercs mBeT ocaaka (s
HaOMIOEHNs IIBETa OCaJKa pPAacTBOP MOXHO OCTOPOXHO CiIUTh)? A Temepb NpuOaBbTE K
COJIep’)KUMOMY TIPOOUpKHU 2—3 KarlIu pacTBOpa CyJIb(uia HATPUS U OISATH 3aMUIINTE [IBET OCAIKA.
CocTtaBbTe MOJIEKYJISIPHBIE M HOHHBIE YPAaBHEHUS BCEX NIPEBPALLICHUH.
Hcronb3yst 3HauYeHHs KOHCTAHT PACTBOPHUMOCTH, BBIYMCIMTE PACTBOPUMOCTH TOITYyUEHHBIX
COCIMHEHWI M KOHCTaHTHl paBHOBECHs JUId HabmronaeMbIx mporieccoB. Crenmaiite BBIBOJ O
HAIIpaBICHUU XUMUYECKUX PEaKIInii.
IMopsinoxk padoThI:

1. TTonyuuTk OT mpenoaaBaresis 3aJlaHue.

2. BpInonHUTH paboTy COrIacCHO METOIUYECKUX PEKOMEHIALINH.

3. OdopMuUTh MPOTOKOJ PAOOTHI.

4. BpUUTH 0TpabOTaHHBIE PACTBOPHI, MOCYAY BBIMBITH. CoaTh pabouee MecTo.
Conep:kanue oTuera:

Tema u 1enb padboTHI.

Hab6nronenust, ypaBHEHHS peaKIuid 1O KaX A0l 4aCTH PaOOTHL..

BriBobI IO TIpO/IETaHHOM paboTe.

KoHnTposabHbIe Bonpockl

1. VoHHBIE ypaBHEHUS peakluil. Y cJIOBUs IPOTEKaHUs pEaKLUii B paCTBOPAX.

I'eTeporenHoe paBHOBECHE: OCaJOK — HACBHIIIEHHBIA pacTBOp. KoHcTaHTa pacTBOpUMOCTH
(MM IPOM3BEZICHUE PACTBOPHUMOCTH)

VYcnoBus 06pazoBaHus U paCTBOPEHUS OCAIKOB.

4. BuusHue o011ero HOHA Ha PaCTBOPUMOCTH MajlopacTBOPUMOro BemiectBa. ConeBor AP QexT.

(O8]

TEMA 3. 3KCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIMAHUSA PH CPEJIbI HA
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MPOJYKTBI OKUCJUTEJBHO-BOCCTAHOBUTEJIBHBIX PEAKITUIA
Hean padoThI:
1. HSy‘-II/ITB OKHCIIUTEIBHO-BOCCTAHOBUTEIILHEIE CBOMCTBA MCTAJLJIOB, HCMCTAJZIOB H HX
COETUHEHUH.
2. OcBoUTH MCTOAUKY COCTABJICHUA ypaBHeHI/Iﬁ OKHCJIINTCIBbHO-BOCCTAHOBHUTCIIBHBIX
MPOLIECCOB.

3. 3akpenuTh 3HAHUS O BIMSHUH CPEbl HA OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE TIPOLIECCHI
Conep:xxanue padoThbI:
1. OxucnutenbHblE 1 BOCCTAHOBUTENIbHBIE CBOMCTBA MEPOKCHA BOJOPO/IA.
2. OxucauTenbHbIE U BOCCTAHOBUTEILHEBIE CBOMCTBA HOHOB p-u d-BJIeMeHTOB.
3. OkucnuTenbHbIE CBOMCTBA MEPMAHTaHATA KaJIus B pa3JIUYHbIX CpeIax.
IIpudopsbI U peakTUBBI:

1. TIpobupku, mTaTuB A MPOOUPOK, epiKaTeb Ui IPOOUPOK, MUIETKU, BOJsIHAs OaHs,
ropernka.

2. 2 M pactBopsl Hutpara xpoma (III), rugpokcuna HaTpus, MOoaUAA Kaiusl, IEepMaHraHarta
Kanus, cyibduTta Hatpus, cyibdarta mapranua (II), xmopunma omoma (II), 3% pactBOp
nepekucu Bojopona, 2H pactBop cepHoil kucnortel, 2H pacTBOp a30THONH KHCIOTHI,
YETBIPEXXJIOPUCTBIA YTIIEPO, PACTBOP MOJa, MOPOIIOK JUOKCHIA CBUHIIA.

Kparkue TeopeTuueckue cBeeHH.

Bce xumudeckue peakiiu MOXXHO pa3/IeIUTh Ha JIB€ OOJIBIINE TPYMIBL: MPOTEKaImue 0e3
W3MCHCHHUS CTCIICHM OKHCICHHUS M C H3MEHEHHEM CTCICHH OKHCJICHHS — OKHCIUTEIBHO-
BOCCTAaHOBUTECIIbHEIC,

K okucnuTenbHO - BOCCTaHOBHUTEIBHBIM OTHOCSITCS BCE PEAKIMM 3aMEIICHUS U T€ PEaKIUU
COCTMHEHMS U PA3JIO’KEHUSI B KOTOPBIX YYacCTBYET XOTsl ObI OHO MPOCTOE BEIIEeCTBO. Bee peakim
oOMeHa MPOTEKAr0T 06€3 N3MEHEHHS CTETICHU OKHCIICHHSI.

[Ton cTeneHbI0 OKHCJIEHHS TOHUMAIOT (AKTUYECKHA 3apsii aToMa B MOJCKYJe
00pasyromuiics B pe3yJIbTaTe repepacipeieieHus IeKTPOHHON TIIIOTHOCTH.

OxuciieHneM Ha3bIBAIOT MPOLECC MOTEPH HIIEKTPOHOB, MPUBOISAIIMI K TMOBBILICHUIO
CTENEHU OKHWCIIeHMs. BelecTBa, aTOMbl WJIM HOHBI KOTOPBIX OTHAIOT 3JEKTPOHBI, HA3bIBAIOT
BOCCTaHOBUTEISIMU. BoccTaHOBUTENB, OT/IaBast 3JEKTPOHBI, OKUcTseTcs. Zn° -2e — Zn"?

BoccTranoBjieHHe — mponecc MPUCOCIUHEHUS SJIEKTPOHOB, MPUBOIAIIMN K MOHUKEHUIO
CTENEHU OKHUcCIeHus. BellecTtBa, aToMbl WM HOHBI KOTOPBIX HPHUCOCIUHSIOT SJIEKTPOHBI,
HA3BIBAIOTCS OKHCIAUTENIMU. OKHCIUTENb, IPHCOEANHSS JIEKTPOHBI, BoccTaHapauBaercsa. Cu'?
+2¢ — Cu°

OO01iee 9MCIIO SJEKTPOHOB, OTJAAHHBIX BOCCTAHOBHTEIIEM, PAaBHO YHUCIY 3JICKTPOHOB,
MPUHATHIX OKUCIUTEIIEM.

Jns  mporHo3a  NpPOAYKTOB W HANpaBICHHUS  MPOTEKAHUS  OKHUCIUTEIBHO-
BOCTAHOBUTEJIBHBIX MPOLIECCOB HAJIO 3HATH, YTO THMHYHBIMHU OKHMCJAUTEISAMM SIBIISIOTCS:

1) mpocThie BemecTBa, aTOMBI KOTOPBIX UMEIOT OOJIBIITYIO AIEKTPOOTPUIIATEIEHOCTD (3JIEMEHTHI
VIA wu VIIA rpynn). 3 Hux Haubosnee cunbable okucnurenu F, O, Cl.

2) BemectBa, comepxariye 3JEMEHTHI B MakcUMaiabHOW crerneHn okuciaeHus: (KMnOs,
K2Cr207, HC1O4, H2SO4 1 ap.

3) KaruoHsl MeTaJIJIOB ¥ BOJIOPO/Ia

K THIMYHBIM BOCCTAHOBUTEIAM OTHOCSATCS:

1) mpocTele BemiecTBa, aTOMbl KOTOPBIX HMMEIOT Malyl0 3JIEKTPOOTpHLATeNbHOCTh < 1,5
(omemenTh! [A u [IA rpynmn u HEKOTOpBIE AIPYyTHE METAJLTHI).

2) BemectBa, conepikaiiiue 3j1eMeHThl B HU3ux crenensx okucienus: (HaS, NH3z u np)
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BemecTBa, comepskarire aToMbl B IPOMEXKYTOUHBIX CTENEHSX OKHCIEHUS, CIIOCOOHBI Kak
MOBBILIATh, TAK U TOHWKATh CTENEHb OKUCJIEHHUSI, T.€. MOTYT ObITh KaK BOCCTAHOBUTEISIMH (TIpU
NeicTBUM OoJiee CHILHOTO, YeM OHH, OKUCIIHTENS), TaK U OKUCIUTENSIMU (TIpU JIeHCTBUU Ooee
aKTUBHOTO, YE€M OHM, BOCCTAHOBHUTENA). Takue BEIIeCTBa MPOSBISIOT OKUCIUTENIBHO-
BOCCTAHOBUTEJIBHYIO TBONCTBEHHOCTb.

[Tpu cocraBneHny peakiyii OKUCIUTENBHO - BOCCTAHOBUTEIBHBIX MPOLIECCOB UCIONB3YIOT:
1) MeTon 37eKTPOHHOTrO OanaHca
2) MeTOoJ MOJypeaKIuii WM HOHHO - SJIEKTPOHHBIN CITOCO0.

I[IpaBuina  HANMHCAHHMSA  OKHCJIMTEIbHO-BOCCTAHOBHUTEIBHBIX  peakuuii  MeToa0M

MOJIypeaKumii:

1. BBISCHSIOT TPHUHIMIUATRHYIO BO3MOXKHOCTH mporekaHus Ox/Red mporecca - Haxonsr
MOTEHUUATbHBIA OKUCIUTENb U BOCCTAHOBUTENb.

2. OnpeaenstoT TPOIYyKThl OKUCICHHS 1 BOCCTAHOBIICHUS.

3. TIumyTt monypeakuuu OKUCICHHSI U BOCCTAHOBJICHHS, pacCCMAaTpPUBasi BCE UMEIOIINECS HOHbI
u cpeny - HoO, H" wmu OH', Ho Hu B koem ciyuyae He H™ u OH - BMecTe oHM
COCYIIIECTBOBATH HE MOT'YT.

4. CBonsaT MaTepuabHbIA OaaHC MoMypeakiyii - 3aKoH JIoMoHOCOBa B IeCTBUU.

CBOIAT 2J7€KTPOHHBINA OanaHc, MOJCUYMTAB, 3aps/ibl CI€Ba U CIpaBa U J00ABUB WU BBIUTH

AJIEKTPOHBI.

6. Haxomsar oOmuii MHOXHUTENb s O00€MX TMOJIYPEaKIUi, C Y4E€TOM TOro, YTO, CKOJBKO
DJIEKTPOHOB OBLJIO OTHSITO Y BOCCTAHOBUTEISI, CTOJILKO MPUOABUIIOCH K OKUCITHTEIIIO.

PaccraBistioT K03 PUIIMEHTHI B ypaBHEHUH U JOTHCHIBAIOT HEJTOCTAIOIINE MTPOYKTHI.

KMnO4 + Na;SO3 + HoSO4 = MnSO4 + NaySO4 + K2SO4 + H2O

Peakuust mnporekaeT B BOJAHOM pPAacTBOpE, COOTBETCTBEHHO KOMIIOHEHTHI pEaKIUU
JUCCOIUUPYIOT:

K"+ MnOj4 + 2Na®+ SO3* + 2H" + SO4* = Mn*" + SO4* + 2Na* + SO4* + 2K* + SO4* + H20
Jlyist cocTaBieHUs MOIyPEaKIMii BEIOMPAEM HOHBI, KOTOPHIE COJIEPKAT aTOMBI, H3MEHSIOLTUE

CBOM CTETMEHU OKHUCIICHUSI.

2 [ MnOs + 8H'™+ 5¢ — Mn?*" + H,O oxuciutens/ BOCCTAHOBUTE

5| SO3* + H20 - 2e — SO4*> +2H"  BOCCTaHOBUTENL/OKHCIUTED

e

2MnOy4 + 16H™+ 5805* + SH,0 = 2Mn?* +5S04* + 10H" + 8H,0
Cokpamass KOMIOOHEHTHl B MPAaBOM M JIEBOM 4YacTH, MOJYy4aeM COKPAIEHHOE HOHHOE
ypaBHEHUE JaHHOW OKUCIUTENbHO-BOCTAHOBUTEIBHOM PEAKIINH:
2MnOy4 + 6H"+ 5S05% = 2Mn*" +5S04* + 3H,0
[ToxcraBuB K MOHAM HEOOXOAMMBIEC TIPOTUBOMOHBI, TIOYYUM MOJIEKYJISIPHOE YpaBHEHHE C
rOTOBBIMHU KO3 (hpuItmeHTamu.
2KMnO4 + 5Na2S03 + 3H2SO04 = 2MnSO4 + 5NaxSO4 + KoSO4 + 3H0
Cymbar xamis He y4yacTByeT B OKHCIIMTEIBHO-BOCCTAHOBUTEIHLHOM IIPOLECCE, TOITOMY MpH
COCTABJICHHH TOJTYPEAKIIMI HE YUUTHIBAICS, OTHAKO YUUTHIBACTCS MPHU 3aITMCH MOJIEKYIISIPHOTO YPABHEHHS.
Bausinue cpeabl HA OKMCJIUTEIBHO — BOCCTAHOBUTEIbHBIE IIPOLECCHI.
pH cpenpl oka3bIBaeT BIMSHUE HA HAMPABICHUE OKUCIUTEbHO-BOCCTAHOBUTENILHBIX PEAKIIMIA
U XapakTep 00pa3yolmMXcsi MpOAyKTOB. YeM MeHbIIe KUCIOTHOCTb Cpelbl, T€M, KakK IPaBUIIO,
MeHee riryooko uzaeT nporecc. Hampumep, KMnOs niposiBIIsSieT OKHCIUTENLHBIE CBOMCTBA 32 CUET
Mn"7 u BoccTaHaBIMBaeTCS:
B KUCJIOH cpefe — 10 Mn*? , B HeUTpanbHOil — 10 MnO>
B ILIETTOYHOM Cpe/ie 10 MaHTaHAT-UOHA - MnO»*
XpomaT ¥ OUXpOMAaT Kallds BBICTYIIAIOT B KAaueCTBE OKHUCIMUTENIEH B KHUCIOH Cpene,
BOCCTaHABJIMBAsICh 10 noHa Cr'.
B mpupone nambomnee pacmpocTpaHEHBI COCTUHEHHUS MapraHiia CO CTENEHBIO OKUCIICHUS
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+2. B opranusme yenoBeka MapraHell TAK:K€ HaXOAWUTCS B CTENIEHW OKHUCIEHUsS +2, HO, y4acTBYS B
OMOXMMHYECKUX TPOILIEccax, OH He MEHSET CBOE CTENEeHU OKUCIIEHHUS. JTO CBSI3aHO C TEM, YTO B
OpraHu3Me HET CUJIbHBIX OKUCITUTENEH.

Nsmenenue pH cpeapl MOKET pa3BepHYTh peakiuio. Tak AUCIPONOPIIMOHUPOBAHHUS XJI0pa
B menounoi cpeae Clz + KOH = KCI + KClO3; + H20 uger B oOpaTHOM HampaBiI€HUH IPH
noakuciaenuu pacreopa. HCI + HCIO; = Cl, + H2O

UeMm MeHBIIE KUCIOTHOCTh CPEIbl, TEM, KaK MpPaBHIO, MEHEE TIIyOOKO HJET MpOoIlecc:
MepMaHTraHaT BOCCTAHABJIMBAETCS 10 Mn?" B kucIO#M cpene, 1o MnO; - B HEUTpaIbHOU U 0
MnO4* B menouHoi cpefe.

JKCNePUMEHTATbHASA YaCTh.

OnbiT 1. Oxkuciaenue uona Cr3* 1o BoIcei cTeneHn OKUCIEHUs

K 6-8 xamisam pactBopa Cr(NO3)3 npubasbre 1o kamisiM pactBop NaOH g0 pactBopenus
oOpa3ytomierocst ocanka Cr(OH)3 u 3atem 3-4 xamum 3% pactBopa H202. CMmech nepemernaiite
U, TIpU HEOOXONMMOCTH, Harpelre Ha BOASHOW OaHe WJIM TOpeNKe B TeYeHHe 1-2 MUH.
OkpalMBaHUe pacTBOpa B JKENTHI I[BET CBUJETENLCTBYET 006 o6pazoBanuu moHa CrO4>".
PaccraBbTe KO3 GUITUEHTHI B YpaBHEHUH PEAKIIMUA METOJIOM MOYPEAKIINI U CACIANTE BBIBOJ,.

Cr(NO3)3 + NaOH + H2O2 = NaxCrO4 + NaNOs+ H,O

OnpiT 2. OKUCIHMTETBHBbIE U BOCCTAHOBUTEILHBIE CBOMCTBA MEPOKCH/IA BOIOPOIa

a) K 3 xamnsam pactBopa KI mpubaBete 2 xammu 2H pactBopa H2SO4 u 3arem mo karisim
3%-b1it pactBOop H20: m0 mosiBnenust xentoil okpacku. /s obHapyxkenus I B pactBope
npubaBeTe K HeMy Heckonbko Kameiab CCls um  BeTpsixHuTe TpoOMpKy. PaccraBbTe
KOd((UIIMEHTHI B yPaBHEHUU PEAKIIMHA METOIOM MOTYPEaKIUi U ClIeNaliTe BBIBO/.

KI+ H>02 + H2SO4 = I + K2SO4 + H20

6) K 5-6 xamuam pactBopa KMnO4 npubasbre 3-4 kammu 2H pactBopa HoSO4 u 3atem
Heckosbko Kamenb 3%-ro pactBopa H>O;. HaOmiogaercs oOecuBeunBaHue pacTBopa U
BbICTIEHUE ra3a. lcnelTaiTe BBLACHSIOIIMICA Tra3 TICHOUIEH JydyuHKoW. PaccraBbre
K03 (UIIMEHTH B ypaBHEHUU PEAKIIMKU METO/I0OM MOJIypeakuil U caienaite BIBO/.

KMnOs + H2SO4 + H202 = MnSO4+ O+ K2SO4 + H2O

OnpIT 3. OKUCIHMTE/IBLHbIE CBOMCTBA MEPMAHTAHATA KAJIMS B PA3JIMYHbIX Cpenax

B tpu npobupku Haneiite mo 5-6 kamenb pactBopa KMnOs. 3arem B mepByro HpoOHpPKY
npubaBbTe 3-4 karum 2 H pactBopa H>SOs, Bo BTOpYIO - HUYero, a B Tperbto - 3-4 karmmm 2H
pactBopa NaOH. Ilocne 3Toro B kaxayro mpoOupky npubaBbTe 1Mo KarmisiM pactBop NaxSOs uimu
Cyxylo conb. HaOmomaiitTe u3MeHeHHe OKpacKd pacTBOpoB. PaccraBbTe KOA(PQHUIMEHTH B
YPaBHEHUSIX PEaKIUii METOJOM TONypPEaKIMid U CHENaiTe BBIBOABI 00 OKUCIUTEIBHBIX CBOMCTBAX
nepMaHraHaTa Kauus

a) KMnO4 + H2SO4 + NaxSO3 = MnSO4 + K»SOs+ NaSO4 + H2O
6) KMnO4 + H20 + NaxSO3 = MnO> + NaxSO4+ KOH
B) KMnO4 + KOH + NaxSO; = KoMnO4 + NaxSOs+ H,0

OnbIT 4. OxkHucjaenne KaTuoHa d-3JieMeHTA 0 BbICIIEH CTeNeHH OKHUCJIEHU S

Oxucienne uoHa Mn?' nuokcuaom cBuHIa. BHecuTe B IPOOMPKY HEMHOTO MOPOLIKA
PbO,, mpubaBere 2 Ma 2H pactBopa HNO; u Harpelite Ha BOISHOW OaHE WM TOpPEIKE 0
kuneHus. [locme storo mpubapTe B mpobupky 1-2 kammm pactBopa MnSOs mepememiaiite u
cHoBa Harpeiite. Ha0mronaeTcst mosiBJIeHUs MAIMHOBON OKpacku oOpa3oBasiierocs nona MnOq'.
PaccTtaBpTe KO3 PUIIMEHTHI B ypaBHEHUH peaKLUyd METOIOM IMOIYPEAKIUi U cAeaiTe BBIBOJ.

PbO; + HNO3 + MnSO4 = H:MnO4 + Pb(NO3)> + H,O

OneIT 5. BoccTanOBUTE/ILHBIE CBOMCTBA KATHOHA p-3JeMenTa (Sn*)

Haneiite B npobupky 3-4 kammm pactBopa SnCly, npubaBpTe MO KamisiM 2H pacTBOP
KMnO4 HabGmrogaeTcsi WCue3HOBEHHWE MAIIMHOBOW OKpacku. PacctaBbre KO3 PUIIMEHTH B
YPaBHEHHUH DPEAKIMH METOJOM Moiypeakmuii U caenaite BoiBoa. SnCl, + KMnOs + H2SO4 =
SnCls + MnSO4 + H,0
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OneIT 6. BoccTanoBUTE/ILHBIE CBOCTBA aHHOHA p-dJeMenTa (SO3%)
ITomectute B mpobupky 3-4 karum pactBopa NaSOs, mprbaBbTe 2-3 Karm 2H
pactBopa HoSO4 m 1-2 xarmm pactBopa b, Berpsixaure npoOupky ¥ HaOmomaiite oOeclBeUMBaHHE
pactBopa. PaccraBbre KOA(D(HUIMEHTHI B yPaBHEHHUH PEAKIMH METOIOM TIOTYPEAKITHA M CCIANTE BBIBO/I,
KaxoBa posb cepHO KUCIIOTI B JAHHOW peaKLyn?
NaSO3 +Ix + HoO = NaSO4 + HI
ITopsinok padoTbI:
[omyuuTs OT mpernoaaBaTens 3aAaHue.
BrInonHuTh paboTy COrilacHO METOIMYECKUM PEKOMEHIAIUSIM.
OdopMHUTH TPOTOKOIT PAOOTHI.
Boumnth oTpaboTaHHBIE PAaCTBOPHI, TOCYAY BBIMBITE. C1aTh pabouee MecTo.
Conep:xanue oTyera:
1. Tema u nienp paboOTHI.
2. Habmionenus, ypaBHEHUS peakuil M0 KaKJ0H 4acTH padoThI..
3. BeIBOABI 11O MpOJICTaHHON padoTe.

el e

KoHnTposabHbIe BONpockI.

1. Tunbel OKUCIUTENHHO-BOCCTAHOBUTEIBHBIX pEAKIUW. TUNHUYHBIE OKUCIWUTEIN U TUIUYHBIC
BOCCTAaHOBUTENU. DAKTOPHI, BIUAIONIME HA MTPOTEKAHUE OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peaKuHnii.

2. Metoapl COCTaBlICHUS] OKHUCIUTEILHO-BOCCTAHOBHUTEIBHBIX PEAKIHMi (METOM TMOJIypeaKInui
WA METOJI MOHHO-3JIEKTPOHHOTO OajaHca).

3. Krnaccudukanus OKHCIUTETFHO-BOCCTAHOBUTEIBHBIX PEAKITUI

TEMA 4. KOMIIVIEKCHBIE COE/IMHEHUA

Hean padoThI:
1. W3y4uTh SIBIEHUS KOMILJIEKCOOOPA30BaHMUSL.
2. HW3y4yuTh CBOMCTBA Pa3IMYHBIX KOMIIJIEKCOB.

3. OcBOWTH HaBBIKK pacyeTa KOHCTAHT HECTOMKOCTH U KOHCTAHT YCTOMYUBOCTH KOMIUIEKCHBIX
COEIMHEHUI.

Coaep:xanue padoThbI:

1. TlomyuyeHue KOMILJIEKCHbIE COEIMHEHUS cepedpa, MeIU U PTYTH, U3YUUTh MOBEACHUE JaHHBIX
KOMILIEKCHBIX COCTUHEHUH TpU 100aBICHNN H30bITKA peareHTa.

2. PaccMoTpeHue npoueccoB, CBA3aHHBIX C Pa3pylIEHUEM KOMIUIEKCHBIX COEAMHEHUM.

3. PaccMoTtpeHune npouecca JucCOUMalui KOMIUIEKCHBIX COETMHEHNH.

IIpudopsbI U peakTUBBI:

1. Tpobupku, mumneTKku, 1a00paTOPHBII ITATUB.
IM pactBOpbl HUTpaTa cepedpa, XJopuaa HaTpHsl, TUAPOKCUIA aMMOHUS, Cyib(daTa Meu,
Hutpata prytu (1), mommma xamus, cynepuaa Hatpus, rekcanumano-III-¢peppara kanus,
xsopuna xenesa (I1I), ponannna ammonust (niau kanus), 25% pacTBop rUAPOKCUIA AMMOHHUS,
a30THAas KUCI0Ta (KOHIL.).

KpaTkue Teopernyeckue cBeeHHA.
B Hacrosmee BpeMsi HE CYIIECTBYET KakKOro JHMOO OJHO3HAYHOTO OIpPENENEHHS 3THUX
COEIMHEHUH, KOTOPBIE MOTJIO IOJIHO OXapaKTEPU30BaTh UX CTPYKTYPY U XUMHUYECKHE CBOMCTBA.
Hekortopsle u3 Hux:
Komnnexcnvimu  Ha3bpIBalOTCA  ONPEIEICHHBIE  MOJIEKYJISIPHBIE  COCAVHECHMS, IIPH
COYETaHUU KOMITOHEHTOB KOTOPBIX 00pa3yroTcs MOJOKUTEIBHO WM OTPHUILIATENIEHO 3apsKEHHBIE
HOHBI, CIOCOOHBIE K CYIIECTBOBAHUIO, KaK B KPHCTAJLJIE, TaK U B PacCTBOpE.
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Komnnexcnvimu Ha3bIBalOTCA MOJIEKYJISIPHBIE COEIMHEHMS, HE TOKa3bIBAIOIINE B
pacTBOpe BCEX CBOMCTB XapaKTEPHBIBIX JIsl UX COSIUHEHHM epBOro MopsiiKa.

Komnnexkcnvimu Ha3bIBAIOTCS COEGIUMHEHMS, B Y3/1aX  KPUCTAUIOB KOTOPBIX HAXOAATCS
KOMIIIEKCHBIE HOHBI, CIIOCOOHBIE CAMOCTOSITEIIBHO CYILIECTBOBATH B PACTBOPAX.

KommiekcHble coeIMHEHHs — 3TO CaMblii OOIIMPHBINA KJIaCC HEOPTaHUYECKUX COCTUHEHUH,
UMEIOIUX OTPOMHOE OMOJIOTHYECKOE 3HAYEHHE: XJIOPO(UILIIBI B PACTEHUSAX, FEMOTTIO0NH Y
JKUBOTHBIX, Pa3JIMYHbIE HUTOXPOMBI, BATAMUHBI.

CormacHo KoopaAMHAIIMOHHAKM Teopun Anbdpena Bepraepa, npennoxxkenroii B 1893 roay:

1. ATOMBI MOTYT TMpPOSABIATH HE TOJBKO OOBIYHYIO «IJIABHYIO» BAJEHTHOCTh (YHCIIO
3JIEKTPOHOB, KOTOpPbIE MPUHUMAIOT y4yacTHe B 00pa30oBaHHE XUMHUYECKOW CBSA3M MO OOMEHHOMY
MEXaHU3MY), HO U «IT0O0YHYI0», CBA3aHHYIO C HAJIMYMEM BAKAHTHBIX aTOMHBIX OpOuTaneil nim
HE MOJEJICHHBIX AJIEKTPOHHBIX Nap. [ J1aBHasi BaJ€HTHOCTh y KaTHOHOB METAJUIOB HACHIIIAETCS
TOJILKO ITPOTHUBOUMOHAMU, HOGO‘-IHa}I- MMPOTUBOUOHAMU UJIN HeﬁTpaHBHBIMI/I MOJICKYJIaMHU.

2. B KaxaoM KOMIUIGKCHOM MOHE HWMEETCA UEHTPaJbHBIA aTOM, BOKPYT KOTOPOTO
pacnojararoTCsa KOOpAMHUPOBAHHBIC UM MOHBI UJIN HeflTpaJIbHBIG MOJICKYIJIBI.

3. Uucno HOHOB WJIM MOJIEKYJ, KOTOpbIe KOOPJMHHPOBAHBI BOKPYT LEHTPAJBLHOTO aroma
HAa3bIBACTCA KOOPAWMHAITVMOHHBIM YUCJIOM. K.Y. cBsas3ano ¢ 3apsAA0M LHCHTPAJIBHOI'0 aToOMa.

3apsn +1 +2 +3 +4

K.U. 2 2,4 4,6 8

4. KoopauHupoBaHHBIE aTOMbI, MOHBI WJIM MOJEKYJbl HAXOMAILIUECS BOKPYT LEHTPaIbHOTO
aToMa, Ha3bIBAIOTCA JHraHjaMud Wik ajaeHgamMu. COBOKYNMHOCTh IEHTPAJIbHOIO aTroMa H
JUTAH/IOB Ha3bIBaeTCs BHYTpeHHEW cdepoil. Ecnu BHyTpeHHss cdepa 3apspkeHa, TO MMEeTCs
eme W BHEWHs cdepa, KOTOpas IMpelcTaBieHa NPOTHUBOMOHOM. B 1enmoM Moiekyna
KOMIUIEKCHOTO COEeIMHEHUS AJIEKTPOHEUTpaIbHA.

Kommiexkcbl MOTyT OBITH:

a) karnonnsle [Cu(NH3)4]*" , [Co(H20)6]*

6) annonnsie [Al(OH)s]>", [Fe(CN)s]* unu armmoKOMILIEKCHI.

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

B 3aBucuMocTM OT TOro, 4YeM MNPEACTABICH JIMTAH] BBIJICIISIIOT;  aKBAKOMILICKCHI,
aIMIOKOMITJICKChI, aMMHAKaThl, AMMUHATBI, KAPOOHWIIBI, THUPOKCOKOMIUIEKCHI U T.I.

MeToa BaJIEHTHBIX CBsI3€il B OMCAHNH KOMILIEKCHBIX COeINHEeHMIA.

CornacHo Metoay BC kaxaplii IUraH 1 SIBIASETCS TOHOPOM AJIEKTPOHOB, a
KOMIUIEKCO0Opa30BaTeNb — aKI[ENTOPOM IJIEKTPOHOB. JIMraH ] pa3MeniaeT CBOM dJIEKTPOHBI Ha
BaKaHTHBIX aTOMHBIX OpOUTAJISIX KOMIUIEKcooOpa3oBarens. [IpocTpancTBeHHOE
pacnonomeHHe JINTAHAO0B 3aBUCHUT OT TUIIA FI/I6pI/II[I/I3aI_II/II/I I_[eHTpaJIBHOFO aToma.

sp>d? — okTasap; spd” —kBagpar; sp> — TeTpadAp
EcrectBenno, uro npu 3tom metoa BC paccMmarpuBaer 00pa3oBaHHEe TOJIBKO CUTMa —CBSI3EH.
N3omepusi KOMILIEKCHBIX COeIUHEHU M

1) Nonuzanmonnas [Co(NH3)sBr]SO4 - [Co(NH3)sSO4]Br
2) Koopaunarmmonnas [Co(NH3)s] [Cr(C204)3] - [Cr (NH3)s] [Co(C204)3]
3) Casazesas [(NH3)sCo-NO2]Cl: - [(NH3)sCo-ONO]Cl,
4) 'mppatnas [Cr(H20)6]Cls - [Cr(H20)5CI1]Cl2-H20
5) [IpocTtpancTBEHHAS - IIHC- TPAHC- H30MEPHS
B BogHBIX pacTBOpax KOMIUIEKCHBIC COCTUHEHUS TIOBEPTalOTCs JUCCOIIUAIITN

XeJJaTHBIE KOMILJIEKCEHI.
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Oco0oe MecTo cpeii KOMITIEKCHBIX COSAMHEHH 3aHUMAIOT TaK Ha3bIBa€MbIC
BHYTPUKOMIUICKCHBIE COeTUHEHUS. [10 THITY STHX COeMHEHU MOCTPOSHBI MHOTOYHCIICHHBIC
METAITIPOTEUIBI: TEMOTTIO0WH, XJIOPO(HILT U Jp.

XeaTHbIe WM KJIEITHEBUAHBIE KOMIUIEKCHI TOCTPOEHBI IO TUITY LIMKINYECKUX
COEIMHEHUH, B KOTOPBIX CYIIECTBYIOT JIBa THUIA CBS3€i: HOHHBIE U KOOpAWHALMOHHEIE. T.e.
JUTaHa 00pa3yeT ¢ HOHOM-KOMIUIEKCOOOpa3oBaTesieM Kak HOHHYIO, TaK U KOOPIUHAIIMOHHYIO
CBSI3b.

B ananutrdeckoil npakTHKe MMPOKO MPUMEHSIOTCSI BELLIECTBa, CIOCOOHBIE 00pa30BbIBATh
pa3NYHbIe BHYTPUKOMIUIEKCHEIEC coerHeHns. Hanbomnee mmpokoe mpruMeHeHHe MOy IrIi
aAMHUHOMNOIMKapOOHOBbIE KUCIIOTHI, HA3BaHHBIE KOMITJIEKCOHAMMU:

Kommiekcon | — HUTpUIOTpUyKCyCHast KUCIOTA

Kommnekcon I1 —-3TunenamaMiuHTETPOYKCYCHASI KUCIIOTa
Kommnekcon III — aTuneninaMuHTETpOAETAT HATPUS
Kommekcon [V —muaMUHIUKIOr€KCAaHTETPOYKCYCHAS! KUCIIOTA.

B ananutuyeckoil mpakTHKe A1 00bEMHBIX ONPEISIICHUH pa3IMyHbIX KATHOHOB Hanboiee
HIMPOKO MPUMEHSIOT JUHATPUEBYIO COJIb STUJICHIUAMUHTETPAYKCYCHON KUCTIOTHI — KOMNIEKCOH
111

OT0 coemuHeHHWe (WMHOTIA HasbplBaeMoe mpuionom bH) 0003HAYAIOT COKpaIIeHHOMN
dopmynoit NacH>Y wmm DJITA. Kowmmuekcon III comeput, Hapsay ¢ KapOOKCHIBHBIMU
rpynmnamu, enie U TpeTUYHble aMUHOTpyHIbl. [[03TOMY OH cuMTaeTCsl He TOJIBKO OPTaHUYEeCKOM
KHCJIOTOH, NAIOMIed COJIM C Pa3IMYHBIMU KaTHOHAMM, HO TaKXe M KOMIUIEKCOOOPa3yIOUIM
BEIIECTBOM.

Kommnekcon I monyuywn mmpokoe NpUMEHEHHE B XUMUYECKOM aHAJIN3€E, IOTOMY YTO OH
00pasyeT BHYTPUKOMILIEKCHBIE CONM ¢ KATHOHAMH IIeJI04HO-3eMebHbIX MeTamios (Ca’'. Mg?',
Ba"), KOTOpbIe OYeHb TPYAHO MEPEBECTH B KOMIUIEKCHBIE COGIMHEHHS JPYTUMH CHOCOOAMM.
TutpoBanne komimiekcoHoMm III wmcmonmp3yercs mjisi KOJMYECTBEHHOTO OMPEACICHUS ITUX
KaTHOHOB.

JKCHepUMEHTAJbHASA YaCThb.

Omnpbit 1. [TosryyeHne KOMIVIEKCHBIX COeIMHEHUS

a) Haneiite B mpoOupky 2-3 Kamimu pacTBopa HHUTpara cepebpa, mnpubaBbTe
TaKOe JK€ KOJIMYeCTBO pacTBopa xijopuaa Harpus. [lpuneiite k oOpa3oBaBieMycs
OCaJKy pacTBOp THJIPOKCHIAa aMMOHHUS O TIOJHOTO pacTBopeHus ocajaka. [louemy
pacTtBopuiics ocaniok? CoxpaHUTE pacTBOp AJis ONbITA 2 a.

AgNO3 + NaCl = AgCl| + NaNOs

AgCl + NH; -H2O — [Ag(NH3)2]Cl + H,O

0) Hanefite B mnpoOupky 3-4 kamum pactBopa cynbpata wmenu, npubdasbre 2-3
KallJTd pacTBOpa THApokcHaa aMMoHus (25%) - BbIMagaeT CBETJIO-TONIyOOH 0CagoK
ocHoBHoi comu  Mexa (CuOH):S04. IIpubGaBpTe 1O KamisM M30BITOK  pacTBOpa
ruapokcuaa amMMoHusa.  Yrto  HaOmromaete? — Hammmmre — ypaBHeHHE — peakuwii B
MOJICKYJISIPHOM 1 MOHHOHN Popmax. CoXpaHUTE PaCTBOP VIS CIEAYIOLIETO OMbITA.

CuSO4 + NH3 H2O — (CuOH)2SO4 + (NH4)2SO04

(CuOH)2SO4+ (NH4)2SO4+ NH3  H2O — [Cu(NH3)4]SO4 + H2O

B) K pactBopy Hg(NO3)2 mo6aBsTe Mo KarmisiM pacTBOp moauaa kanus. O0parute BHUMaHUE
Ha oOpaszoBaHue ocaaka womuaa pryta (II), oTMeThTe ero 1BeT u A00aBbTE M3OBITOK MOAMIIA
kanus. Yro nHabmogaere? Hanummre ypaBHEHUs peakIMKM B MOJICKYJIIPHOW U MOHHOM (opmax.

Hg(NO3)2 + KI — Hgl, + KNO3

Hgl, + KI — K>[Hgl4]
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OmnbIT 2. Pazpymenne KOMIUIEKCHBIX COeIMHEHU I
a) K pactBopy, OCTaBUIEMYCSl ~ OT OIbITa l a, npubaBpTe MO  KallsiM
KOHIIEHTPUPOBAHHYIO a30THYIO KHCIIOTY. OObsicHuTe HalJroaemMoe SIBIICHUE.

Hanummure ypaBHeHue peakinu.

[Ag(NH3)2]Cl + HNO3 — AgC14 + NH4NO;

6) K  pactBopy ocraBmiemycs  OT OIbITa 16, npubaBpTe  3-5 Kareb
CEpOBOJIOPOAHONM  BOIBI WM pacTBopa cyinbduaa HaTpus. Hamummre ypaBHEHHe
peakIu 1 00BSCHUTE IPUYMHY 00pa30BaHHUE OCaIKA.

[Cu(NH3)4]SO4 + NayS -> CuS + NaxSO4 + NH3

OnpIT 3. DIEKTPOIUTHYECKAS TUCCONMANNUSA KOMILIEKCHBIX COeIUHeHU

B npobupky Hanelite o 3-5 kanens pactBopa rexcarmano-11-deppara kamus K3[Fe(CN)g], a
BO BTOPYIO TpoOupky HamewWte 1-2 kammm pactBopa FeCls, 3aTtemM B Kaxayro NpoOOHPKY
npubaBbTe 2-3 Kamiiyd pacTBopa pojaHuia Kaimus winm pomanuga ammonHuss NHiaSCN. Yto
HaOmogaete? OOBICHUTE OTCYTCTBHE OKpackKu B TIepBod mpoOupke. Hamummre wnoHHBIC
YPaBHEHUs PEaKLIUiA.

K;3[Fe(CN)s] — 3K* + (Fe(CN)s)*-

FeCl; — Fe** + 3CI

K;3[Fe(CN)s] + KSCN #

FeCl3 + KSCN ->K;[Fe(SCN)s] +KCl1

IMopsinoxk padoThI:

[omyuuTs OT mpernoaaBaTens 3aAaHue.

BeimmonHuTE paboTy COrIaCHO METOAMYECKUM PEKOMEHIALIUSIM.

OdopMHUTH TPOTOKOIT PAOOTHI.

BeimnTe oTpaboTaHHBIE PaCTBOPEI, HOCYAY BBIMBITE. CaaTh pabouee MecTo.
Conep:xanue oT4yera:

el e

Tema u 1ienb paboTHI.

Hab6nronenust, ypaBHEHHUS peaKIui MO K0l YaCTH PaOOTHI.
Pacuersl.

BrIBo1BI 110 cemanHOM paboTe.

PO

KoHTposibHBbIE BONIPOCHI.

1. Knaccuduxarmss u HOMEHKJIATypa KOMIUICKCHBIX COeNMHEHUH. XenaThl U KOMIUIEKCOHBI.
N3omepust KOMITJIEKCHBIX COETUHEHUI

2. OCHOBHBIE TIOJIO)KEHUSI TEOpPUM KOMIUIEKCHBIX coenuHeHudl A. Bepnepa. Cocras

KOMIUIEKCHBIX COEIMHEHUMN: IICHTPAJbHBI aToM - KOMIUIEKCOOoOpa3oBarenb, JWTaH/,

BHYTPEHHSIS U BHEIIHSSI c(hephbl KOMIUIEKCA.

3aps KOMIUIEKCHOTO HOHA. KaTHOHHBIE, aHHOHHBIE U HEUTPATbHBIE KOMIUIEKCHI.

4. KoopamHalMOHHOE YHCIO KOMIUIeKcooOpazoBarens. CBs3b KOOPAMHALMOHHOTO YHCIA C
3apsiIOM IIEHTPAJIBLHOrO aToMa.

5. Jlucconmanus KOMIUICKCHBIX coeauHeHui. KoHCTaHTa HECTOMKOCTH KOMILICKCHBIX HMOHOB.
3aBUCHMOCTh JTUCCOITMAIMA KOMILJIEKCHOTO HMOHA OT KOHIICHTPAIIMM CBOOOJHBIX MOJICKYJI
(MM MIOHOB) JTUTAH/IA.

6. JlenrarHoctb nuranma. Knaccudukamnmsi KOMIUIEKCHBIX COSAMHEHUH IO COCTaBY JIMTAHIOB.

7. llpupona XMMHUYECKON CBSI3M B KOMIUIEKCHBIX COeUHEHUsIX. OCHOBHBIC MOJIOKEHUSI TEOPUU
BaJICHTHBIX CBsI3el. THIT CBA3M MEXITy KOMILIEKCOOOPAa30BaTEIeM M JIMTaHIaMHU.

8. MarHuTHbple  CBOWCTBA  KOMIUIEKCHBIX  COEAMHEHHUH.  BHemHeopOuTanmpHblE U
BHYTPHOPOUTATBHBIE KOMIUIEKCHI. OKpacKka KOMITJIEKCHBIX COSTUHEHUM.

9. Kakue KOMIUIEKCHI, COTJIaCHO TEOPUU BAJICHTHBIX CBSI3€U, SABISIIOTCS HEYCTOMYUBBIMU U

AaKTUBHBIMHU, a KaKUE€ - YCTOﬁqHBBIMH n HeaKTI/IBHI)IMI/I?

(98]
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Pa3nea 2. Heopranunyeckasi Xumust
TEMA 1. XUMUA HEMETAJIJIOB
Yactb A. I'ajioreHbl M MX COEUHEHMS.
ean padoThI:
1. M3y4nTh XMMHUYECKUE CBOWCTBA IaJIOT€HOB U UX COEIMHEHUI.

2. 3HaKOMCTBO C Ja0OpaTOPHBIMH CITOCOOAMHU TIOTYUYCHUS TaJIOT€HOB U UX COCTUHECHUH.
Conep:xanne padoThbI:

1. TlomydeHue xJ0pa U UCCIEIOBAHUE €r0 XUMHUYECKUX CBOMCTB.

2. ITlomyyeHue XJI0pOBOJOPOAA U UCCIEIOBAHUE €T0 XUMUYECKUX CBOMCTB.

3. HccrnenoBanue BOCCTAHOBUTEILHON aKTUBHOCTH TaJIOTCHUI-UOHOB.

4. KauecTBeHHBIEC pEAKIIMHU HA raJOT€HU I-UOHBI.

IIpudopsbI U peakTUBBI:

1. TlpoOupku, cHUpPTOBKA, AepKaTeldb s MPOOUPOK, MHUIETKH, JIONATOYKA, KarelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWMHYECKHH cTakaH, Koiba, Oymara (ITOJIOCKH),
JaKMycoBas OyMaxkka, (UIbTpOBabHASA OyMaXkKa, CTEKJIIHHAS Majl0vKa, TyYUHKA, CIIMYKH.

2. Jluxpomat Kanus (CyXoi), CoJIsTHasi KUCIIOTa (KOHIL.), CepHast KUCI0Ta KOHIIEHTPUPOBAHHAS 1
pazbaBienHast (2H), HOaUA Kanusl (pacTBOp), HOIUA Kanus (CyXoi), XJIopua HaTpus (CyXoi),
XJIOpUJ HAaTpus (pacTBOp), MepMaHTaHAT Kaiaus (pacTBOP), JIAKMYC, METHJIOPAHXK, KyCOYeK
MarHusi (MM LMHKAa), HUTpaT cepeOpa (pacTBop), Opomua kamus (Cyxoif), OpoMuj Kaius
(pactBop), xsopuza xxenesa (III) (pactop).

Kparkue TeopeTuueckue cBeeHH.

["amorensl: ¢rop, XiI0p, OpoM, WO U acTaT. DIEKTPOHHAS KOH(PHUTYpaIus HEBO30Y KIEHHBIX
aTOMOB rajoreHoB — ns’np> CTeleHb OKHCIEHHS 3JIEMEHTOB B COEIMHEHMAX OT -1 10 +7,
TOJIBKO ()TOp UMEET OHY CTENeHb OKucieHus (-1).

HanGoree cHIbHOI OKHCIHTEIBHOM CIIOCOGHOCTBIO 001a1ai0T dhrop, X10p u 6pom. Mo mosxker
MIPOSIBIISITh KaK OKUCIIMTENbHBIC (Harpumep, 1o otHoteHuto K HoS 1 SO»), Tak 1 BOCCTaHOBUTETHHBIE
cBoiictBa (1ipu B3aumoneiictsuu ¢ HNO;s u H2O»).

bonee anekTpooTpuaTeNbHBIN rajoreH BCETAa BBITECHSET 3JIEKTPOIONIOKUTEIbHBIA U3 €ro

COEIMHEHUH C MeTaJlJIaMHU. 2KBr + Cl; = 2KCI + Br
Bce ranorensl, kpome ¢Topa, MOABEPraroTCs B BOJHBIX paCTBOpaxX MPH OOBIYHBIX YCIOBUIX
JHUCTIPOIIOPLIMOHUPOBAHUIO: Br; + H2O < HBrO + HBr

Haxo:xnenune B mpupoje:
Haubonee pacnpocTpaHeHbI ClIeIyIONIIe MUHEPAIIbI:

CaF; — ¢bmroopuT (T1aBUKOBBIH 1MITIAT); Naz[AlFs] — kpuonur;
3Ca3(PO4)2 - Ca(F, Cl)2 — pTopanarur; NaCl — ranur;
KCI - cunsBuH; KC1 - NaCl — cuibBUHUT;

KCl1 - MgCl; - 6H20 — xapHa/uIuT.
JKCNEePUMEHTAIbHAS YaCTh:

Omnbrt 1. ITosryyenne xjiopa

Ilo 3apanuio npenojaaBatesns B pOOUPKY BHECUTE HECKOIBKO KPUCTAIIIMKOB JUXpoMaTa
Kanus (IMOKCHIa MapraHia UM JUOKCHIA CBUHIIA) U T0OaBbTe 2-3 KAy KOHIIEHTPUPOBAHHOMN
COJISTHOM KUCIOThI. Eciiu peakius mpoTeKaeT HeI0OCTaTOYHO aKTUBHO, COAECPKUMOE MTPOOUPKU
OCTOPOXKHO HarpeiTe. OTMEThTe IIBET 00pa3yIOLIErocs ra3a U HCIbITaiTe ero JAeiicTBUe Ha
OyMa)kKy, CMOUEHHYIO PaCTBOPOM MouAa Kainus. Hanummre ypaBHEHHs COOTBETCTBYIOIINX
peaKiui.

OnpIT 2. IlosydeHue 1 cBOMCTBA XJIOPOBOAOPOAA

B kon0y, cHaOxeHHYIO KareJlbHOH BOPOHKOM M Ta300TBOAHON TpyOKoO#l, momectute
HeOOJBIIOE KOIMYECTBO CyXOro xJyopunaa. Yepes KamelbHYI0 BOPOHKY K CONH TPHIICHTE MO
KalUISIM  KOHIIGHTPUPOBAaHHYIO cepHylo Kucnotry. Coaepkumoe KoOJObI cJerka Harpeure.
Beigensromuiics XJI0poBOIOPOA MPOIMYCTHTE Yepe3 BOAY, HAXOISIIYIOCS B CTaKaHE WM KOJIOe
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(TpyOKy, 10 KOTOPOH MAET TOK XJIOPOBOAOPOAA JEPKUTE HaJl MOBEPXHOCTHIO BOJIbI). [IpoBeprTe
JeiCTBHE BBIJIEISIIONIETOCS ra3a Ha BIAXXHYIO CHHIOIO JJAKMYCOBYIO Oymary, a Tak)ke Ha IOJIOCKY
¢GmIbTpOBANBbHOM OyMaru, CMOUYEHHON PO30BBIM PacTBOPOM IepMaHraHaTa Kaiuus. byxaer mum
BBIICIIATHCS XJIOPOBOJOPOJ TPH B3aMMOJEHCTBUM XJIOpWJA HATPHUsS C pa30aBICHHOW CEpHOU
KHCJIOTOM?
B tpu npobupku Hanelite mo 5-6 kamenb MOJy4eHHOTO pacTBOpa XJIOPoBoJopoaa. B ogny
npoOupKy no6aBeTe 1-2 Karum JaKkMyca Wik METUIOPaHXka, BO BTOPYIO — KycO4eK MarHus (Miu
IIMHKA), B TPETHIO — PACTBOp HUTpaTa cepedpa.
OObscHUTe HAOIIOJaeMbIe SIBJICHHSI K COCTaBbTE COOTBETCTBYIOIINE YPABHEHUS PEAKITUH.
OmnbiT 3. BoccTaHOBHTEIbHAS AKTHBHOCTD raJ10T¢HU/I-HOHOB
a) [lomecture B OoAHY MPOOUPKY HECKOIBKO KPUCTAILJIOB OpoMHUAA Kanmus, a B IPYIyIO —
nonauaa kanmums. B kaxmyro mpoOupky mo00aBbTe 1Mo 2-3 Karuid KOHIICHTPUPOBAHHON CEpHOMU
kucnoTel. OOpaTuTe BHUMaHHE Ha IBET M 3amax NPOAYKTOB obeux peakiuil. Ha ocHoBaHUU
3TOr0 W TPEABIAYLIET0 OIBITOB CPaBHUTE BOCCTAHOBUTENbHYIO aKTUBHOCTH XJIOPOBOJOPOJA,
OpomoBogopoa u HomoBozopoaa. CocTaBbTe YpaBHEHHSI COOTBETCTBYIOIIMX OKHCIUTEIBHO-
BOCCTAHOBUTENBHBIX PEAKIUH.
6) B Tpu npoOupku BHeCTH 1O 2-4 Karuld AUXpOMaTa Kajusl, HOJKUCIEHHOTO 2 H. CepHOU
KUCIOTHI (1-2 xarun). Jlo6aBuTh 10 2-3 Karuiv B MEPBYIO MPOOUPKY pacTBOpa MOAMA Kajus, BO
BTOPYIO — CTOJIBKO K€ Kakoro-aubo OpoMuaa W B TPEThI0 — XJOpHIa HaTpus. PacTBOpbI
MepeMeIIaTh YUCTOW CTEKJISIHHOM majoukoil. B kakoM ciydae BOCCTaHOBJICHHE IMXpOMara HE
npousonuto. HamucaTs ypaBHEHUS MPOTEKAONIMX PEAKIMi, YYUTHIBAs, YTO AMXPOMAT Kalus,
BOCCTaHABIIMBAasICh, nepexoauT B cyinbdar xpoma (III). Kak wm3MeHsutach mpu 3TOM CTEneHb
OKHCIICHHSI COOTBETCTBYIOIINX rasoreHoB? YTo npu 3ToM HabI0aanock?
B) IlponmenaTe OmBIT, aHAJIOTHYHBIA OMBITY ©), 3aMEHHMB pACTBOP JIUXpOMaTa KaJus
pactBopom xiopuaa okene3a (III). Yro HaGmromanu? B kakoM ciydae MPOH3OIILIO
BOCCTAHOBJICHHE XJIOpHUJIA KeJie3a U COOTBETCTBEHHO OKHcIlieHue rajoreHa. Kak usmensercs
BOCCTaHOBUTEJIbHAS CTIOCOOHOCTH OTPUIATEIBHBIX HOHOB raJIOreHOB?
OnbiT 4. KayecTBeHHBbIE peaKIMU HA TaJI0TeHU/I-HOHbI
B tpu npobupku nmomecture mo 3-5 Kameilb pacTBOPOB COJIEH: B MEPBYIO MPOOHPKY —
XJIOpUJIa HAaTpUs, BO BTOPYIO — OpOoMHUJa Kalusl, B TPEThIO — HOJMAa Kalus. B kaxayro mpobupky
nobaBbTe 1-2 Karm pacTBOopa HUTpara cepebpa 0 BBHIMAICHUS XapaKTEPHBIX TBOPOKUCTHIX
0CaJIKOB TajoreHu10B cepedpa. OTMEThTE IIBET OCAIKOB U COCTaBbTE MOJIEKYJISIPHbIC U MOHHbBIE
YPaBHEHUs PEaKLIUiA.
IMopsinok padoThI:

[TomyuuTh OT mpenoaBaTeis 3alaHue.

BrImonHUTE paboTy COTNIACHO METOIMYECKUM PEKOMEHIAITUSIM.

OdopmuTh MPOTOKOI pabOTHI.

BeumuTh oTpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oTuyera:

1. Tema u nenb paboTHI.

2. HalOnroneHusi, ypaBHEHHS PEAKIIUN MO KaXI0W YaCTH PaOOTHI.

3. BrIBoabI IO IPO/IETaHHOM paboTe.

el

KoHTposbHbIE BOIPOCHI:
OOm1ast xapaKTepUCTHKA 3JIEMEHTOB TMaBHON noArpynms! VII rpynms.
PacnipocTpaHeHue rajgoreHoB B IPUPOJE, CIIOCOOBI MOTYyUEHHUS.
DuU3NYECKUE CBOKCTBA IAJIOTEHOB.
XWMHUYECKUE CBOMCTBA TaJOreHoB. Hamucarh ypaBHEHHsS peakuuil B3auMOICHCTBUS
raJIOr€HOB C BOAOW U PacTBOpPaMU HIEIOYEH (XOJIOJHBIMHU U TOPSIYUMH).
[IpumeHeHne rajJoreHoB.
6. CoenuHeHus rajJoreHOB C BOJOPOAOM, UX XMMHYECKHE cBoiicTBa. Hammcare ypaBHEHHSA

e

9]
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peaKIuii MOJy4YeHHs BCEX TajJoreHoBoJ0po10B. KakoBbl 0COOEHHOCTH 3THX MPOLECcCOB?
7. Kucnopoaconepxamiye COeJMHEHHS TaJIOT€HOB.

Yacrs b. Duementsl VIA-rpynnbl nepuMogu4ecKoil CHCTEMbl 3JI€eMEHTOB M HX
coeJUHEeHH.

Hean padoThI:

N3y4nTh XMMHUYECKHE CBOMCTBA KUCIOPO/Ia U €r0 COCAMHEHUI

N3ydeHne XuMHUYECKUX CBOMCTB CEPBI U €r0 COCIUHEHUMN.

3HAKOMCTBO C JJaOOPaTOPHBIMU CIIOCOOAMHU TMOJIYUEHHUS KHCIOPOa U COETUHEHHH cepbl
Coaepsxanue padoThI:

[Tonydenue u cBOMCTBA KUCIOPOA.

OKHUCIUTENBHO-BOCCTAHOBUTEIIbHBIE CBOWCTBA MEPOKCHIA BOJOPO/IA.

BoccranoButenbHbIe CBOMCTBA CEPBI U CEPOBOJOPOIA.

BoccranoButenbHbIE CBOMCTBA pacTBOpa TUOKCHA CEPHI U CYIb(PUTA HATPUSL.

CpaBHHUTENIBHAS OLIEHKA PACTBOPUMOCTH CyJb(puTa 1 cyiabhara 6apus B KUCIOTE.

OO6Hapy:xeHue cynbdar-noHa.

IIpudopsbI U peakTUBBI:

1.JIaGopaTopHblii MTAaTUB, NPOOMPKH, MUIETKH, CHUPTOBKA, JepXkareib JUIsl TNPOOHPOK,
JIOTIaTOYKA, TYYUHKA, CIIMUKH.

2. Ilepmanranar kanus (TB.), pacTBOp nepManranara kamus, 3% u 30% pactBop H202, nuokcun
Maprasiia, TMXpoMat KaJiusi (HachIIl. pacTBOP), HOAMI KaJIHsl, cCepHas KMCIOoTa (pa30. pacTBop),
KpaxMaJIbHBIH KJeiicTep, HUTpaT cepedpa, pacTBOp aMMMaKa, a30THas KUCIIOTa (KOHLI.), cepa,
xyopun Oapus, cynbdua HaTpus (pacTBop).

Teopernyeckue cBeieHUsI.

B VIA rpynny nepuoandeckoid CHUCTEMBbI BXOIAT NATh 3iemeHToB: O, S, Se, Te, Po.
DJIeKTpOHHAs KOH(UIyparus HeBO30YKIEHHBIX aTOMOB d1eMeHToB VIA rpynmbel: ns’np?.
HaunGoinee ctabuiibHasi CTETICHh OKUCIICHUS JJICMEHTOB B UX COCIMHEHUSX (-2) XapakTepHa JJs
kuciopoga. Cepa MOXKET HaXOQUThCA B creneHu okucienus 0, +2, +4, +6, -2. ¥V rtemnypa,
MOJIOHMSI U CeJieHa, 00JIaaloIIUX MEHbIIEH 3JeKTPOOTPULIATENIbHOCThIO, CTAOUIILHON SIBIISIETCS
creneHb okucienus (+4). Kuciopon, cepa u cesieH — THIIMYHBIE HEMETAJUIbI.

Kucaopona (O2) — ra3 6e3 neta, 3amaxa u BKyca. AJuIoTporHas MOAU(UKAIIS KUCIOpoa
— O3 — o30H. Kucnopon manopactsopum B Bozie. Ha Bozayxe nmoaaepKuBaeT ropeHue MHOTHX
BeniecTB. CUIIBHBIM OKUCIMTENh — IPU BBICOKHX TeMIlepaTypax pearupyer ¢ OOJbIIMHCTBOM
METaJUIOB U HEMETAJIIIOB.

[Ipocreiimiast kayeCTBEHHAs peakius — APKOE 3arOpaHue TICIONICH IPEBECHOMN JIYYUHKHU B
aTMocdepe KUCIopoa.

[IpumensieTcs Kak peareHT B XUMUYECKOM TEXHOJIOTHH (0O0XKHUT CyIb(UIAHBIX Py, CUHTE3
OKCHJIOB), METAJUIypruu (IIpOU3BOACTBO YyT'yHa, CTaIM), CBAPKE U PE3KE METAJIOB U T.1.

Hoay4yenne:

OcHoBHON  (mpoMmbllUIeHHBIH). M3  BO3ayXa  METOOOM  HU3KOTEMIIEpaTypHOMH
pekTuduKauu (KUIKUN BO3AYX pa3aeisieTcss Ha KUCIOPO B a30T).

Cepa — XUMHYECKH aKTHBHOE BEIIECTBO. V3BECTHBI €€ COEAMHEHHs IMOYTH CO BCEMH
3JIEMEHTaMH, KpoMme OJ1aropoAHBIX Ta30B, a Takke Au, Pt, I, At.

Tloput Ha Bozayxe: S + O2 = SO

—

el N

Al

Moay4yenne:

B naGoparopusbix ycnosusix: FeS + 2HCI = H2S1 + FeClz

Bonee unctelit Ta3z oOpasyeTcst IpHu pas3sIoKEHUU CyTb(uaa KaJbIus: CaS + 2HCI =
H>S1 + CaCl

JKCNepUMEHTAIbHASA YaCTh
Kucaopoa. Ilepoxcua Bogopoaa
Onpit 1. IlostyyeHue u CBOMCTBA KUCJIOPOAA
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B cyxyro mpobupky momecTute MPUOTU3UTENHHO 2 T MEepMaHTaHaTa Kalus. YKpEmuTe
npoOUpKY B JIallKe INTaTHBAa W HarpeiTe ee. Bpiaensroniuiics ras HWCHBITAWTE C TOMOIIBIO
Taeroen 1yuyuHku. CocTaBbTe YPaBHEHHE PEAKIIUU.

OnpIT 2. KaTagauTuyeckoe pa3jioxkeHue MepoKcuaa Boaopoaa

a) Haneiite B mpobupky 8-10 kamens 3%-noro pactBopa H>O» u BHecuTe B mpoOHpKY
HECKOJIBKO KPHUCTAJVIOB JHMOKCHAA MapraHiia B KauecTBe Karaiau3aTopa. Beimensrommiics ras
UCIIBITaliTe ¢ MOMOLIBI0 Tiaetoel myunHku. CoctaBbTe ypaBHEHUE peakuuu. K kakomy Ty
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMI OHA OTHOCUTCS?

0) Haneiite B mpobupky 6-7 Kamenb HACHIILIEHHOTO pPacTBOpa AUXpoMaTa Kajus U Clerka
nonorpeiite. Jlo6aBbre 2 kamm 30%-HOro pactBopa mepokcuaa Boaopozaa. Ilpoucxoaut
NOYEpHEHHE pacTBOpa 3a CueT OO0pa30BaHUS NPOMEXKYTOUHBIX coeauHeHuil tuma Ka[Cr.O7
‘H20:]. Yepe3 1-2 MUHYTBI IPOUCXOAUT OYpPHOE Pa3IOKEHUE MPOMEKYTOUHBIX COSCTUHEHUN C
BBIJICTICHHEM KHCJIopoJa. BHecure B TPOOMPKY TICIOMIYIO JIy4uHKY. YTO mpoucxoaut?
CocraBbTe ypaBHeHUE peakiuu. K kakoMy THUITy OKHCIUTEIbHO-BOCCTAHOBHUTENIBHBIX PEAKIIMN
OHa OTHOCUTCA?

OnpIT 3. OkKMcIANTEIbHbIE CBOMCTBA MEPOKCHIA BOOPOIA

B nmpoGupky k 3 kamsiM pacTBopa MoauAa Kaiuus nmpubaBbTe 2 Karuid pa30aBICHHOTO
pacTBopa CEepHOM KHUCJIOTHI M 3aTeéM IO KarisiM npubasistiite pactBop H>O» mo mosiBieHus
xkentoil okpacku. OOpa3zoBaHME HOAa CTAHOBHUTHCS OoJiee 3aMETHBIM, €CIM K pacTBOpPY B
npoOupke J00aBUTh HECKOJIBKO Kalleidb OPraHMYeCKOro pacTBOPUTENS HJIM HECKOJBKO Karelb
KpaxMaibHOTo Kiekcrepa. CocTaBbTe ypaBHEHUE PEAKIUU.

OnbIT 4. BoccTaHOBHTEILHBIE CBOMCTBA MEPOKCH/IA BOAOPOAA

a) B mpoOupky BHecuTe 2-3 Kamiid pacTBOpa IlepMaHraHata Kamus M 2-3 Karud
pa30aBIEHHOIO PAaCcTBOpa CEPHOM KHUCIOTHI. 3aTeM K IOJy4YeHHOMY B INPOOHpKE pacTBOPY
n00aBbTE HECKOJBLKO Karellb pacTBOpa MEepPOKCHIa BOIOPOAA IO U3MEHEHHUsSI OKPACKH PacTBOpA.
Brimengronuiicss ra3 UCHBITAWTE C MOMOIIBIO Tieromed JyduHkUu. CocTaBbTE€ ypaBHEHHE
peakiuu.

0) K 4-5 xamiam pactBopa HUTpara cepedpa n00aBbTE MO KaIulsiM pacTBOP aMMHaKa J0
pacTtBopeHus oopaszoBasieiics MyTu. K moixyueHHoMy pacTBopy npubaBbTe 1o Karism 3%-Hbli
pacTBOp MepoKCcUIa BOJOPOIa. 3alUIINTe HaOMIOACHUS U COCTaBbTE YPAaBHEHUS PEAKIIUA.

KoHTposabHbIe BONpochI
l. DnexTpoHHOE CTpPOCHHE W TapaMeTpbl aTOMOB 3JIEMEHTOB TJIABHOM MOJArPYMNIbI IIECTON
rpynsbl. [leproanyHoCTh NX U3MEHEHUSI.

Kucnopon: kucinopon B npupoae, Bo3ayx. [lomyuenne kuciopona.

CBoiicTBa U IPUMEHEHUE KUCIOPOJIA.

ITepokcua Bogopona. Onucats ctpoeHue Mosekysbl H>O». [ToueMy 3Ta Monekyna noisipHa?

VYka3arh crmocoObl TOJNYYeHHS TEPOKCHAA BOIOPOJA, MPHUBECTH YPAaBHEHUS PEAKIIHIA.

Moxkno i nomyuuTh H2O» HENmocpenCcTBEHHBIM B3aUMOJICHCTBUEM BOAOPOAA W KHCIOpoja?

OtBer 000CHOBATB.

6. Hanmucate ypaBHEHME peaKIMHM pa3loXKEeHUs Mepokcuaa Boaoponaa. K kakomy Tumy
OKUCITUTEIbHO-BOCCTAHOBUTENbHBIX PEAKIIMII OHA OTHOCUTCS?

7. IlpuBecTu mpuUMEpPbl OKUCIUTEIBHOIO U BOCCTaHOBUTENbHOrO neiicteus HO.. Ha yem
ocHoBaHo npumeHenue H>O; B Meauimue.

8. Hammcarps ypaBHEHMs peakliii B3aMMOICHUCTBHSI IEPOKCHIA BOJIOPO/Ia C IEPMAHTAHATOM Kallvs B
KHUCJION CpeJie; NOIUIOM Kalus B KUCIION Cpezie; XpOMAaTOM Kallus B LIIEJIOYHOU Cpefie.

9. O30H.

Nk W

Cepa u ee coeMHEHUA

OmnbIT 1. BoccTaHOBUTE/IBHBIE CBOCTBA CePhI
Tara! B npoGupky HazneiTe 1-2 MJI KOHIICHTPUPOBAHHOTO PACTBOPA a30THOM KHUCIIOTHI U
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BHECHTE B IpOOUpPKY HeOOMbIOoi Kycouek ceprl. ComepkuMoe MpoOUpKH Harpeire. A30THas
KHCJIOTA TPU 3TOM BOCCTaHaBIMBaeTcs 10 okcuaa azora (II), a cepa okucisercs g0 cynbdar-
MOHA, KOTOPBIH MOXHO JIETKO OOHApYyXHUTb, JOOABUB K MOJYYECHHOMY PacCTBOPY HECKOJIBKO
Kamenb pactBopa xjopuaa Oapusi. CocTaBbTe ypaBHEHHMSI PEaKIHMH OKHCICHHUS CEpbl M
oOHapy>keHHs cylib(haT-uoHa.

OnbIT 2. BoccTaHOBHTEIbHBIE CBOMCTBA CEPOBOOPOAA.

B npobupky BHecuTe mo 2-3 Karud pacTBopa: a) IMepMaHraHarta Kamus, ©) Auxpomara
kanus. B mpoOupky mo6aBpTe mo 2-3 Karum pa30aBlIeHHOW CEPHOW KHCJIOTHI M HECKOJIBKO
Kareb pacTBopa Ccyibpuaa HATpus A0 U3MEHEHUs OKpacku pactBopa. CocTaBbTe ypaBHEHUE
peakuuu.

OnbIT 3. BoccTaHOBUTE/IbHBIE CBOMCTBA PACTBOPA AMOKCH/A cepbl U Cy/Ib(uTa HATPUsI

a) B mpoOupky Haseite mo 2-3 Kaljikd pacTBOpa IUXpoMara Kaiuus U pa30aBiIeHHOMN
cepHoii kucnoTel. K cMmecu 100aBbT€ HECKOJIBKO Kamellb pacTBOpa CEPHUCTOM KHUCIOTHI WU
HECKOJIbKO KpHUCTaUIOB cynbdura Harpuss. OTMETbTe H3MEHEHHE I[BeTa pacTtBopa. Kakue
CBOWCTBA MPOSBISET CEPHHUCTAsT KUCIIOTA WM €€ coJib B 3TOH peakiuu? CocTaBbTe ypaBHEHHE
OKHCIMTEIbHO-BOCCTAHOBUTENBHON peakimy. (JlaHHO# peakuueil MOXHO OTKpBITh HOH SO3% B
OTCYTCTBHUH JIPYTHX BOCCTAHOBHUTEJEH)

0) B mpobupky ¢ 3-5 kamassMu pacTBOpa CEPHUCTOM KHUCIOTHI I0OaBhTE HECKOJIBKO Kareilb
3 %-Horo pactBopa nepokcuaa Boaopoaa. OTMETbTE KaKue U3MEHEHUS MPU 3TOM IPOUCXOIAT.
Kakum 06pa3oM MOKHO J0Ka3aTh NpucyTcTBre noHa SO4% B mpoaykrax peaknunu? CocTaBbTe
YpaBHEHHE PEAKITUH.

OnbIT 4. CpaBHHUTE/IbHAA OLEHKA PACTBOPUMOCTH CYJIb(UTA U cyJb(aTa 6apus B

kuciaore. O6HapykeHune cyjab(par-noHa

B oany npoGupky BHecuTe 2-3 Kamiu pacTBopa cyibdara HaTpusl, B APYTyI0 — 2-3 Kariu
pactBopa cynbputa Hatpus. B 00e mpobupku nobasbre 1-2 kamam pactBopa xjiopuaa Oapus. B
obenx M mpoOWpKax BbmMagaer ocanok? JlobaBeTe B 00e mTpoOuMpkH 1Mo 2-3 Karum
pa3z0aBieHHON a30THOU (coystHON) KucnoThl. OObscHUTE HaOmomaeMbie siBiacHHs. CoCTaBbTe
YpaBHEHHUS peaklUUi MOJIydeHUs cyibdaTra U cyibpura O0apus U pacTBOPEHHs MOCIEIHETO B
KHCJIOTE.

KoHnTpoJibHbIE BONIPOCHI
Cepa: cepa B ipupoie, NOIYyUEHHUE CEPBI.
CBolicTBa U1 IPUMEHEHUE CEPBI.
CepoBonopon, cynbduuel. Hammmmre ypaBHEHHs peakIUu B3aUMOICUCTBUS CyIb(HI
xenesa (IT) ¢ constHOM KUCI0TON M a30THOM KHUCTIOTOM.
Jlnokcun cepbl, CEpHUCTAsI KUCIIOTA.
Tpuokcun cepsl, cepHas KHCIIOTa, €€ MOTy4YeHHe, CBOICTBA U TPUMEHEHHUE.
[lepokcoaBycepHas U THOCEpHAsi KUCIIOTHI.
CoenrHEHUE Cephl C TAIOTEHAMM.
ITopsinok paGoTbI:

W=

Nowe

[Tony4uTh OT mpemnogaBaTels 3a/1aHue.

BbInonHuTh paboTy COrilacHO METOIMYECKUM PEKOMEHAIUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

BeumnTh 0TpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oTuyera:

1. Tema u nienp paboOTHI.

2. HabmioneHnus, ypaBHEHUS peakiuil 0 KakKJ0i 4acTH padoThI.

3. BrIBOABI 11O MpOJICTaHHON padoTe.

el

Yacrs B. DuemeHnTtsl VA-rpynnbl NepHOAUYECKOH CHCTEMBbI 3JIEMEHTOB M HX
COCJUHEeHHH.
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Hean padoThI:
N3y4nTh XMMHUYECKHE CBOMCTBA COETMHEHUM a30Ta.

—

2. W3yuuth XuMuueckue cBoMcTBa hocdopa u ero COeTMHEHUH.
Conep:xxanue padoThbI:
1. Tlomyuenue a3oTa U coei aMMOHMSI, UCCIIEI0OBAHUE UX XUMUUYECKUX CBOMCTB.
2. Tlomyuenue okcupaa azota (II).
3. HccnenoBaHue OKHCIUTEIbHBIX CBOWCTB a30THOU KUCIIOTHI.
4. Xwumudeckue cBoicTBa hochopHOM KUCIOTHI, moiyuenue pocharos u ruapodocdaros..

IIpudops! U peakTUBBI:

1. TlpoOupku, cHUpTOBKA, JAepKaTeiab s NPOOUPOK, MHUIETKH, JIONATO4Ka, KarelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWMHUYECKUH CTakaH, Koiba, Oymara (IOJIOCKH),
JaKMycoBas OyMaxkka, GUIbTpoBaibHAs OyMaXkka, CTEKJISHHAs MajloykKa, JTyYHHKA, CIIMYKH,
yHUBEpcaabHas HHAWKATOpHAs Oymara, TaTHB.

2. Jluxpomat Kamus (Cyxoil), constHasi KHCIIOTa (KOHII. ), CEpHAs KUCIOTa KOHIICHTPUPOBAHHAS U
pa3basieHHas (2H), HOaU Kanus (pacTBOp), MOAM Kalusl (CyXoi), XJIOpu1 HaTpus (CyXoii),
XJIOpU HaTpus (pacTBOp), IEPMAHTAHAT KaKs (pPacTBOP), JaKMYC, METUIIOPAHXK, KyCOUEK
Marsus (WM HUHKa), HUTpat cepedpa (pacTtBop), Opomu Kanus (Cyxoit), poMu Kamus
(pactBop), xsopuza xxenesa (III) (pactBop).

Boanbie pactBopsl ¢ochara Hatpus, ruapodocdara Hatpus, guruapodocdara Hatpus, cyiabdara
xkenesa (II1), pomanmaa xamuss KSCN, xmopuma Oapwusi, COJISHON KHUCIOTHI, a30THOW KHCJIOTHI,
YKCYCHOW KHCIIOTBI, THAPOKCUIA AaMMOHHUSI.

TeopeTnyeckue cBeeHusl.

B VA rpymny BxomsT a3zor, ¢dochop, MBIIBIK, cypbMa M BUCMYT. A30T u (ocdop -
TUNIUYHBIE HeMeTaulbl. Bucmyr — wmeramu. OOmas 3leKTpoHHas  KOHPUTypauus
HEBO30YKIEHHOTO aTOMa — NS>Np°, ¢ TpeMs HeCHapeHHLIMH JIEKTPOHAMH Ha P-OpOUTamu. DTo
JIOBOJIBHO YCTOMUMBas 3NIEKTpOHHAs KOHpurypauus. [Ipucoennuenue umm yaaaeHue JIeKTpoOHa
C P-OTOMHO# OpOHTANIN PHEPTETHUUECKU HE BBITOJHO, TIOATOMY CTENeHb okucieHus (-1) mwiu (+1)
BCTPEYAETCs PEAKO U MOJA0OHOr0 TUIIA COSAMHEHUS HEYCTONYHBHI.

Crenenp okucneHus (+3) peannsyeTcs B COSIUHEHUAX ¢ OoJiee 3JIEKTPOOTpULIATETbHBIMU
anemMeHTaMu — Gpropom, kuciaopoaoM u xiopom (NF3, HNO», PCl3).

Crenenb okxucieHus (-3) MUMEIOT AIEMEHTHI B BOJIOpPOAHBIX coenuHeHusx (NHs, PH3),
autpuaax (LisN, MgzN»), pochunax (CazP»).

Creniens okucnenus (+5) Berpedaercst B okcunmax (N20s, P2Os, AsOs), kucnorax (HNOs, H3POg,
H3AsOy).

A30T (N2) — mpocroe BemiecTBO. becuBeTHBIN ra3, KOHICHCUPYETCS B OECIIBETHYIO
KUAKOCTb. MoJiekyna colepKUT KOBaJIEHTHYIO G-, Tt-, T- CBsI3b (N = N).

A30T — I71aBHAsI COCTaBJISIONIAs YacTh BO3/Tyxa. MajiopacTBOpHM B BOJIE (M MEHBILIE YeM KHUCIIOPON).
Bxomut B cocTaB HEOONBIIIOTO YHCIIa MUHEPAIOB(CEIIUTPBI U JIP.), HEKOTOPBIX PUPOAHBIX YIIICH.

Moay4yenne:

B mpoMBIIIIIEHHOCTH a30T MOY4aroT (DPaKIMOHHOW AMCTHIUISILIMEH >KUAKOTO BO3AyXa.
A3OT BBIKMIIAET IO KHCIOPO/a.

B naGoparopun npuMeHSIOT peaKImu:

2NH3 + 3Br; — N2T + 6HBr

NH4CIl + NaNO; — Nzt + NaCl + 2H>O

NH4NO;3 (p-p) — N2t + 2H20

IIpumensieTcst JUIsi CHMHTE3a aMMHaKa, a30THOW KHUCIOTHI M JAPYTHX a30TCOAEPIKAIINX
MPOJYKTOB, KaK MHEPTHAas cpe/a MPOBEACHUS XUMUYECKUX U METAJUIyprU4ecKuX MpOIECCOB U
XpaHEHHs OTHEOMACHBIX BEILECTB.

P — dochop. — Dnement 3 —ro mepuoaa u VA rpynnsl [lepruoanyeckoil CHCTEMBI.
[opsnkoseiii Homep 15. DnekTponHas ¢opmyna atoma ...3s*3p°, ycroifumpas cTemeHb
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OKHCIICHHS 5, peke BCTpeuaeTcs CTeNeHb OKUCICHUS -3 U +3.

B nmpupone Berpeuaercsi TOJABKO B XMMHUYECKH CBS3aHHOM BHze. BxomuT B cocraB
MHOTOUYHCIICHHBIX MUHEPAJIOB, Py ¥ TOPHBIX TOpOJ ((hocdaThl, anmaTuThl U Ap. ).

Bbeablii_docdop (P@Gen) — MArkuil kak Bock (pexercss HOxoM). [lmaButcs um kunut 6e3
pasnoxenusi. OKHCIsIeTCs Ha BO3/AyXe (3€JIeHOe CBEUYCHHE B TEMHOTE) Hpu OOJBIION Macce
BO3MOYKHO CaMOBOCIZIaMEHEHHE. B 0COOBIX YCIOBHSX TEPEBOIUTCS B KPACHBIM M YEPHBIN
dochop.

Xopo1o pacTBopuM B O6eH30I1€e, adupax, cepoyriepoae. He pearupyer ¢ Bomou, XpaHUTCS
MO/ CJI0EM BOABL. Upe3BbIUaiiHO XUMUYECKH AKTHBEH.

Ilonyyenne OGenoro ¢ochopa TPOBOAAT BOccTaHOBIEHHWEM ¢ocdara  KaibIUs
pacKkajJeHHBIM KOKCOM (B MIPOMBIILICHHOCTH )

Ca3(POs4)2 + 3Si02 + 5C — 2P1 + 5CO1 + 3CaSiO3

[Ipouecc cocToUT U3 CAEAYIOMIUX CTATUN:

2Ca3(P0O4)2 — 6Ca0 + 2P,0s5

P,0s5 +10C — 4P1 + 10CO

CaO + Si0; = CaSiOs3

IIpumensiercsi: B npousBozcTee pocopHOit KUCIOTH U KpacHOTO (hocdopa, Kak peareHT
B OpraHMYecKUX CHHTE3aX, PACKUCIMTENIh CIUIaBOB, 3aKUraTelbHOE CpencTBo. [opsimuit
docdop cnemyeT racuth eckoM (HO He BojIo#!). Upe3BbIUaliHO SITOBUT.

Yepublii pochop (Puepn)) - UMEET CIOUCTYIO CTPYKTYPY, IO BHEIIHEMY BHAY IOXOK Ha
rpadur. [lpn HarpeBaHuM mNepexouT B KpacHbI ¢ochop. Xumuueckas aKTUBHOCTh 3HAYUTEIHHO
HIDKE, 4eM y Oeroro docdopa. Ycroituns Ha Bozayxe. He simoBut. [omydaroT nmpu HarpeBaHu# O€oro
docdopa.

IIpumensieTcs kak peareHT (Ooree Ge3omacHbIi, YeM Oerblid (pocdop) B HEOPraHUIECKOM CHUHTES,
HaITOJIHUTEIh JIaMIT HAKTMBAHKST, KOMITOHEHT HaMa3KH KOpOOKa IPY M3rOTOBJICHHH crimyek. He symoBuT.

IKCNEePUMEHTAIbHAS YaCTh:

A30T ¥ ero coeJUHEHMUS.

OnpiT 1. IlosryyeHue ammuaka

K 4-5 xkammsim pactBopa xyopuia WM Cyib(ara aMMOHHUS TNpUJICHTE paBHBIA 00BEM
pa3baBIICHHOTO pacTBOpa THApPOKCcHAAa HaTpus. PacTBop crnerka momorpeite. K oTBepcturo
NPOOUPKH TOJHECUTE BIAXKHYIO JIAKMYCOBYIO (YHHBEpPCAIbHYIO) OyMaKKy WM TOJOCKY
bunpTpoBaIbHOW Oymaru, cMmoueHHy (eHondranennom. bymaroii He KkacaliTeCh CTEHOK
npooupku. Kak n3mensiercs usetr Oymaru u modemy? (KauectBeHHas peakiusi Ha HIOH aMMOHUS).

OmnbiT 2. BoccTaHOBHTE/IBbHBIE CBOHICTBA aMMHaKa

Buecute B mpoOupky 2-3 Kamiu pacTBopa IepMaHraHara Kanus u 3-5 Kamnelsb
KOHIIEHTPUPOBAHHOTO pacTBOpa amMuaka. [lomydeHHyro cmech cierka nogorpeiite. Kak
U3MEHSETCs OKpacka pacTBopa? Hamuimnre ypaBHEHUE peakllUy, yYUTHIBAS, YTO aMMHAK
OKHCJISIETCS IO CBOOOAHOIO a30Ta, a IEPMaHraHaT KaJlus BOCCTAHABIIMBAETCS A0 JUOKCHIA
Maprasiia.

OnpIT 3. OTHOLIEHHE COJIell AMMOHHUSA K HATPEBAHUIO.

A) TlomectuTe B CyXyl NpOOMPKY HEMHOIO KPHCTATMYECKOTO XJIOpHUAa aMMOHHS U
Harpeiite mpoOupky. OOpaTuTe BHMMaHWE Ha oOOpa3oBaHWE O€IOro HajlleTa Ha XOJOIHBIX
CTCHKaX BepXHel yacTu nmpoOupku. CocTaBbTE ypaBHEHUE PEAKIIHH.

b) Bo3pmuTe Ha KOHYMKE IIMIaTeNsi HEMHOTO Cyinb(haTa aMMOHUS, NPEIBapUTEIHHO
pacTepToro B CTYNKE, M BBICHIIBTE COJIb B CyXyro mpobupky. IIpoOupky nHarpeiite. OGparute
BHUMaHHE Ha 3amax, MMOSBUBIINICS BO BpeMsl HarpeBaHus. [logHecuTe K OTBEPCTHIO MPOOUPKU
BIQXKHYIO JIAKMyCOBYI0 Oymakky. Uto mnpoucxoaut? OcTaBiieecs BEIIECTBO B NPOOUpKe
pacTBOpHTE B BOJIC M ONPENEINTE XapakTep Cpeabl B pacTBope. Hanmummre ypaBHEHUS peakiuii
pasyioKeHus cyib(ara aMMOHHUS U JMCCOLMAIMM B PAacCTBOPE BELIECTBA, 0Opa30BaBLIETOCS B
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pe3yabTaTe pa3inoKEHUs CONH.

B) B cyxyto mpoOupky HachllibT€ HEMHOTO JUXpOMaTa aMMOHUs. 3aKpenuTe MpoOHupKy B
HITaTUBE BEPTHKAJIbHO, U HEMHOro mnojorpeite. Kak TONbKO HAuyHETCS pPa3joKEHHE COJIH,
HarpeBaHue npekparure. Uro Habmoaaerca? VIMeroT a1 3amax MpoayKThl peakluu paziosKeHus
conmu? CocTaBbT€ ypaBHEHHE peakiuu. B ueM oTivuuMe MOBENEHUS 3TON COJMU OT cojed B
OMbITax, MPOJENaHHBIX A0 3Toro. Kakue conmu aMMOHHS pasiaratoTcsi MoJo0HO AUXpoMaTy
aMMOHUs?

OnbiT 4. T'uaposus cosieit aMMOHUA

C nomorpto pH-nHAMKAaTOpHON OyMaru omnpeieinuTe XapakTep Cpeibl B pacTBOpE XJI0puaa
WK cyib(ara aMMoHus. HanumuTe ypaBHeHHe peaknuu ruaponnsa coiau. EcTe nu pazHuna B
TUAPOJIN3E ITUX COJIEH.

OnbIT 5. Tlosydenue oxkcuna azora (II)

B mpoOupky ¢ ra300TBOIHOI TpPyOKON MOMECTHUTE HEMHOTO MEIKHX CTPYKEK METu H
npuOaBbTEe HECKOIBKO Kareiab pa30aBICHHOW a30THOM KuciaoTel (p = 1,2 r/mui). 3akpoiite
npoOupKy npoOKoil u cierka ee Harpeiite. OOpaTuTe BHUMAaHUE Ha LBET BBLICISIOIEIOCs rasa.
Yactp raza cobepure B MpoOMPKY HAJI BOJOH, a APYTyHO 4acTh MPOMYCTUTE B MPOOUPKY C 5-6
KaIuIsIMU pacTBopa cyibgarta xenesa (1I).

OmnbIT 6. CBolicTBa 2a30THOH KHCJOTEI. B3auMoaeiicTBie ¢ MeTANJIaMU

[TomecTrTe B IpoOHPKY HEMHOTO IMHKOBOM MBUTH WUJIM CTPYXKEK MarHusi U mpruOaBbTe
HECKOJILKO Karellb 0YeHb pa30aBIeHHON a30THON KUCIIOTHI. B30onraiite cmeck. [1o 3amaxy
oTmpeenuTe, Kakoi ras BeiensieTcs. CocTaBbTe ypaBHEHUE PEaKIIHH.

OnbIT 7. B3anMoaelcTBHe a30THOH KHCJIOTHI ¢ HEMETAJLJIAMHU

B dapdoposyro yamiky Hajedre HOMHOTO KOHIICHTPHPOBAHHOM a30THOM KHCIIOTHI.
[TomoxuTe B KHCIOTY HEOONIBIIION Kyco4eK cepbl. [locTaBuB yamiky Ha acOECTOBYIO CETKY,
0CTOpOXKHO ee Harpeiire. Uto HabmonaeTcs? OxnanuTe peakMoHHYI0 cMech. Heckonbko
KareJib CMECH IIOMECTUTE B MPOOHUPKY U 100aBbTe 2-3 KaIIu pacTBOpa XJIopuaa oapus.
CocraBbpTe ypaBHEHUS pEaKLIUM.

OmnpiT 8. OKHCIUTEIBHBIE CBOMCTBA A30THON KHCJIOTHI
K 3-4 xamisiM CBEXENpPUTOTOBIEHHOTO pacTBopa cynbdara sxenesa (II), moakucieHHOrO

Karuie pa30aBICHHOW CEPHOW KUCIOTHI, MPUOaBbTE 5-6 Kareilb KOHIEHTPUPOBAHHOW a30THOM
KucIoThl. CMmech HarpeiTe A0 Havaia kKumneHus. Heckoybko Kameiab MOJy4YeHHOrOo pacTBOpa
pa3baBpTe BOJOM W J00aBbTE OJHY KaIlIl0O pacTBOpa poJaHuaa aMMoHus (kaius). YTto
npoucxoaut? [IpeaBapurenbHO yOequTeCh B TOM, UTO HCXOIHBIN pacTBOp cynbdara xenesa (1),
HE J1aeT WX MOYTH HE JTaeT OKpAIIUBAHUS C POJAHUIOM aMMOHHUS.

KoHnTposbHbIe BONIPOCHI:
OO6mas xapakTepucTruka V MOArPYIIbI TJIABHOW TPYIITIBL.
PacnpocTpanenue azora B mpupoje, MoaydeHue.
CBolicTBa M1 TPUMEHEHHUE A30TA.
AMMUax.
OKkcugrl a3oTa.
A3OTHCTas KUCIIOTA U €€ COJIU.
A30THas KHCJI0Ta, CBOMCTBA, COJIH.

Dochop u ero coeAUHEHUS

OnpIT 1. I'uaposaus cosiei pocGopHOl KHCIOTHI.

Comnu hochopHOI KUCIOTHI, pACTBOPUMEIE B BOJIE, TUAPOIU3YIOTCS. [ MAPONIH3 MpOTeKaeT
HEOJIMHAKOBO Y CPETHUX U KUCTBIX cosell. [Ipu ruaponnse KUCIbIX Coeil MeT0YHbIX METAIIOB
OJIHOBPEMEHHO C THJIPOJIN30M AaHHOHOB MTPOTEKAET UX TUCCOIUAIUS:

H,PO4 + HO—H3PO4 + OH; HPO4* + H,O0— HyPO4~+ OH-

NNk Wb =
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H,PO4s— HPO4> + H'; HPO4> PO + H'

C momoOImpI0 YHHUBEPCATLHOW WHAMKATOPHOW OyMaru NpOBEphTE XapakKTep Cpelbl B
pactBopax coneir NazPO4, NaaHPO4, NaH2PO4. [TonyyenHble OKpacku MHIUKATOPHOM Oymaru
CpaBHHUTE ¢ IBETHOM mmKanoi pH- naaukaTopHoit 6ymaru. Pe3ynbTaThl onbiTa opopMUTE B BUJIE
TaOJIHIIBL.

PacTtBop conu pH cpenbl BriBog

NazPO4

NaHPOq4

NaH2POq4

Peaxiust o6pazoBaHusi pacTBOPUMBIX (oc(haTOB HIMPOKO UCIONB3YETCS B aHATUTUYECKOM
XUMHUHU KaK KaueCTBEHHas peakius Ha pochar-uoH.

OmnbIiT 2. O0pazoBanue pocdara xeneza (I1I).

K 3-4 xamnsm pactBopa cynbgara xkenesa (II1) Fex(SO4); npuneiite 2-3 kammm pomanuia
kamuss KSCN u Heckonbko Kamenb pacTBopa, conepxkamiero ¢ocdar-uon NaaHPOs. Kpacnas
OKpacKka pacTBOpa Hcue3aeT B pe3yJibTaTe Nepexojia poJaHuAa jKejae3a B MalopacTBOPUMBIN
docdar, umeronuii cnabo->KenThIN I[BET.

OnpiT 3. O0pa3oBanue ruapodocdara dapus

K 2-3 xamnsm Na;HPO4 npubaBsTe Heckonbko kamnenb xiaopuaa 6apus BaCly. O6pasyercs
oenpiii ocamok BaHPOs, pactBopumbiii B comsHoir HCl wm azortHoit kmciore HNO; u
HEpacTBOpPUMBIN B yKcycHOW. IIpoBepbTe pacTBOpuMOCTh ocaaka B kucinorax. CocraBbTe
YpaBHEHUS PEaKIUM.

OmnbiT 4. O0pa3zoBanue gocdara cepedpa.

K 3-4 xamsam pactBopa NaoHPO4 no6aBbTe 1-2 kammu pactBopa Hutpata cepedbpa AgNOs.
Ob6pasyercs xentblit ocanok AgzPOs, pacTtBopuMbIil B pa3daBieHHoi a3oTHON kucinote HNO; u
pactBope ammuaka NH4OH.

KoHTposabHbIe BONPOCHI.

®docdop. PactipocTpaHeHHOCTD B MPUPOIC, TTOJIYUCHHE.

duznyeckue cBoiicta pocdopa, MPUMEHEHHE.

Coenunenus Gocdopa c BOIOPOIOM U TaIOTCHAMH.

Oxcunst hocdopa.

Kucnotsr ¢pocdopa.

MunepanbsHble yaoOpeHus, coaepxkaiiue Gocdop u a3or.

Yacrs I'. Duementsl IV A-rpynnbl nepuoauvyeckoil CHCTEMbI J3JI€MEHTOB M MX

COeJUHEeHHSI.

esab padoThi:

1. M3yueHue XMMHUYECKUX CBOMCTB YIJIEpOJia, KDEMHMSI, 0JIOBA, CBUHIIA U UX COEAMHEHUN

O3HakomieHHE C Ja0OpaTOPHBIMHU CIOCOOAMHU TOJyYeHHs] KapOOHATOB M KPEMHHEBOU

KHCJIOTHI.

Conep:xxkanue padoThbI:
[onmyuenue u paznoxeHue KapOOHATOB.
[TonydyeHne KpeMHUEBOM KHUCIOTHI.
IIpudops! U peakTUBDI:

1. IlpoOupkm, TUIMETKH, INTAaTUB, Ta300TBOJAHAs TPyOKa, Koj0a, CTEKISIHHAS TaJI0vKa,
CIHUPTOBKA, JAeprKaTellb A1l MPOOUPOK,

2. Bognbie pactBopwl xjopuma Oapwusi, cyiabdara nmHka, xmopunaa kenesa (III), xkapOGonara
HaTpus, CWIMKata HaTpus, xyuopuaa onosa (II), mepmanranara kamusi, CEpHOM KHCIOTHI,
COJITHOU KUCIOTHI (paz0.), a30THOU KUCIOTHI (pa30.), TMAPOKCHAA HATPHUs, CyIb(puaa HATPUs,
MOJMJa Kallis, U3BECTKOBas BOJAA, KapOOHAT aMMOHUS (TB), KOHIIGHTPHPOBAHHAS COJISTHAS
KHCJIOTA, METANTHYECKUMA IMHK, okcu ceuHna (11).

S e

N —
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Teopernyeckue cBeeHMsI.

B IVA rpynmny BXoAsT yriaepol, KpeMHUH, T€pMaHUM, OJIOBO M CBHHEI. DJJIEKTPOHHAS
KOH(HIypalus aTOMOB B CTallHOHAPHOM COCTOSIHMM: Ns’np?, IpUYeM Ha p-aTOMHOH opOuTaiu
HAXOSATCs JIBa HECIIAPEHHBIX AJIEKTPOHA.

B cBoux coenuHeHusx snemeHTHl [VA rpynmsl MMEOT Kak IpaBWiIO, ABE CTENEHU
okucnenus: (+2+ wmm (+4). YCTOMYMBOCTh COCIMHEHUH CO CTEMEHbIO OKucieHus (+2)
YBEIUYMBACTCS OT yIIIepoJia K CBUHILY.

[Ipu nepexone OoT coeIMHEHUI yriepoja K COeIMHEHUSIM CBUHIIA BO3PACTAaeT MOJIIPHOCTD
cBsI3el, u B KpucTamiax coneif Tunma Pb(NOs),, PbCly u apyrux ye npuCyTCTBYIOT HOHBI Pb™2,
Onmnako mouTH Bce BemecTBa, coaepxkamue Sn (IV) u Pb (IV), sBisroTCS KOBaJICHTHBIMU.

OcHoBHBIE 3aMackl yTIaepoaa cocpeoToueHbl B kapOoHarax: kanbiure (CaCOs), noaoMure
(MgCO3 -CaCO0:s3), marnesute (MgCO3). Pa3HOBHIHOCTH KaJIbIIUTA: MEJI, MPamMop, U3BECTHSIK.

KpemHuii  BXOIUT B  COCTaB  MHOTOYHMCIEHHBIX TOPHBIX MOpPOJ  (CHJIMKATHI,
AITFOMOCHJIMKATHI), B OOJBITUX KOJUYECTBAX HAXOMUTCS B 3eMHOM Kope B Buiae SiO» (TOpHBIH
XpycTaib, Olal, araT, AliMa, XajileJ0H U JIp.).

3amachl 0J10Ba U CBUHIIA B 3€MHOM KOpE OrpaHUYeHbl. BaskHeien 1 oyt eIMHCTBEHHOM
pyooi AN TONydeHHWsl OJoBa  SIBJISIETCS  «OJIOBSIHHBIM — kKameHb» SnO;. Haumboinee
pacrpocTpaHeHHBIM MUHEPAJIOM CBHHIIA siBJsieTcs TasieHuT (PbS).

I'epmanuii — paccestHHBIM 5SJEMEHT, CBOMX MHHEpAJOB OH He o0pa3yer, Bcerja
COTIPOBOXKAAET KPEMHUH B €r0 COEAMHEHUAX M KOHLIEHTPUPYETCSI B KAMEHHBIX YTIISX.

B cBoGogHOM BHJIE BCTpeyaeTcsi B PUPOJE TOIBKO yriepon (ammassl, rpaduT, KapOuH) U
OJIOBO B BHUJE CEpPeOPUCTO-KENTHIX KPUCTAIIOB, BKIIOYAIOMIKUX 30JI0TO, IJIATHHY, HPUAMIA,
OCMUH, Me/lb. YTIEPO/ ABJISIETCS COCTABHOM YaCThIO HCKOMAEMbIX yIilel (aHTpaluThl, KAMEHHBIE
u Oypsbie yrim, Topd, HEPTH).

YcroitunBas aluioTponHas opMa CyIeCTBOBAaHUS 3JIEMEHTa yriiepos — rpadur.

I'padur — cepo-uepHBId, C MeTAUTMYECKUM OJIECKOM, J>KUPHBIH Ha OIIyIb, MSITKHUH,
00J1a1aeT MEKTPOIPOBOIUMOCTBIO.

Kpucrannuueckast pemieTka COCTOMT U3 CIIOEB MPaBWIBHBIX IIECTUYTONBHBIX KOJIEIL,
KOHIEHCHPOBAHHBIX 110 BCEM CTOPOHAM (Sp>- THOpUM3AINS).

AnMa3  COIEpXXHUT B y3JaX KpPUCTANIMYECKOW pelIeTKH aToMbl  yriaepoja ¢
TeTepadApPUYECKUM OKpY)KeHHeM (sp>- TuOpuau3anus). biaropoiHslii KaMeHb, HMeeT
HauOOJBIIYI0 TBEPAOCTh CPEOU MPHUPOAHBIX BELIECTB, NIIU(PYETCd TOIBKO COOCTBEHHBIM
HOPOLIKOM. XHMMHYECKasi aKTMBHOCTh HMke 4yeM y rpadura. Beimme 1200° C mepexoaut B
rpadur.

B npowmbinuiennoctu u3 rpaguta npu 2000° C moa oueHb BBICOKUM JIaBICHUEM IOJTyYaroT
MEJIKUE KPHUCTAJUIbl HCKYCCTBEHHBIX alMa3oB. [IpUMEHSIOTCS OHU AJI M3TOTOBJICHMS PEXKYIINX
MHCTPYMEHTOB ¥ TOUHBIX U3MEPUTEIbHBIX TPUOOPOB.

KapOun cocTouT M3 NTUHEHHBIX Makpomosekyn co crpoeHneM —C=C— mmm =C=C= (sp-
rubpuan3aims). XuMU4eckn MeHee akTuBeH, ueM rpadurt. [Ipu 2300° C nepexoaut B rpadur.
[IInpokoro NpuMEHEHHsI HE UMEET, OUEHb PEJIKO BCTPEUYAETCSI B IPUPOJIE.

JKCIEePUMEHTAJIbHAA YaCTh:
Omnbit 1. Iosryyenne kapooHATOB.

B npoGupku HanmuBaroT pactBophl coieid: a) BaCly; 6) Zn SOs; B) FeCls u npunuBarot
HUM pactBop NaxCO;. HaGmonatoT ocakJeHHE BELIECTB MU OTMEYAIOT OKPACKy IOJIyYeHHBIX
ocankoB kapoonara BaCOs (a), ruapokcokapbonara (ZnOH)>COs (6), ruapokcuna Fe(OH);3 (B).
OmnbiT 2. Tepmudeckoe pa3iokeHne KapOOHATOB.

B mtatuB 3akpenuTh HAaKIOHHO OTBEPCTHEM BHM3 CYXYyH MPOOMPKY € ra300TBOAHOMN
TpyOKoii, momeraroT B Hee (NH4)2CO3 u HarpeBatot. ['a300TBOIHYIO TPYOKY OIYCKAIOT B KOJIOY
¢ uzBectkoBo# Boaon Ca(OH),. HabmrogaroT moMmyTHEHHE pacTBOpa.

Omnbit 3. [osryyeHne KpeMHHEBOH KHCJIOTBI.
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(Pabora mox Taroit!) B mpobupky namuBator 3 mn koHueHtpupoBanHoii HCl m 3 mn
pacTtBopa cwiMkKata HaTpus (pactBopuMoro ctekia) NaxSiO3 W mepemMermmBaioT pacTBOP
CTEKJIITHHOW mnayo4ykoil. llosydaercss KOJ/UIOMIHBIM pPAcTBOP — 307b KPEMHHEBOM KHCIIOTHI.
Cogepxumoe MpoOUpPKU HArpeBaroT, MPU ATOM MPOUCXOIUT KOAryJSLUs Tels U BbIIENAETCS
CTYAEHHUCTBIA 0CAJIOK Ielisi KPEMHUEBOM KUCIIOTBHI.

IMopsinoxk padoThI:

[Tomry4uTh OT mpenoaBaTelis 3alaHue.

BrImonHUTE paboTy COTNIACHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmuTh MPOTOKOI pabOTHI.

BeumuTh oTpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:kanue oTuyera:

Tema u enb paboTHI.

HabGnronenust, ypaBHEHUS pEeaKIIUi 1O K0 4aCTH PaOOTHI.

BriBo1BI IO TIpOAETIAHHOM paboTe.

el

KoHTpoJibHbIE BOPOCHI:
OOm1ast xapakTepUCTHKA II1aBHOM moarpynmsl [V rpynmsl.
Yraepoa. PacnpocTpanenue B mpupoe.
[Tomy4enue yriaeposaa u ero alIOTPOITHBIE MOAU(PUKAIIUH.
XUMHUYECKUE CBOMCTBA yIJIEpOa.
Juokeun yriuepoaa. YronbHast KUCIIOTA.
Oxkcup yriepoaa (II). Ero xumuueckue cBoicTBa.
CoenuHeHus yriieposia ¢ Cepou U a30TOM.
Kpewmuuii. PactipocTpanenue B Ipupo/ie U MoJyYeHue.
. CpoiicTBa KpeMHHSL.
10. CoennHeHust KpEMHUS C BOJOPOJIOM U rajJOTeHaMU.
11. Oxcun kpemuus (IV), xuMuyeckue CBOMCTBA.
12. KpemMHuEeBbIE KUCIOTHI U UX COJIU.

R R N S

TEMA 2. XUMHWS METAJIJIOB

Metaniapl — XUMHUYECKUE 9JICMCHTBI, aTOMbI KOTOPBIX OTAAIOT 3JICKTPOHBI BHCIIHCTO (a
WHOT/Ia W TIPEJBHENIHETO0) AJIEKTPOHHOTO CIIOS, MPEBPAIIasCh B MOJOKUTEIHHO 3apsHKCHHBIC
MOHBI. MeTayulbl — BOCCTAHOBUTENH. DTO OOYCIOBIIEHO HEOOJNBIIUM, KaK MPAaBHIIO, YUCIOM
AJIEKTPOHOB HA BHEUIHEM CJIO€, OOJIBIIMMH MO CPaBHEHHIO C HEMETAIUIAMH PaJiyCcaMH aTOMOB,
BCJICACTBHUC YCT'O BAJICHTHBIC 3JICKTPOHBI CJI3_60 YACPKHUBAKOTCA AOPOM.

[Tpo4HOCTH CBS3H BaJICHTHBIX AJIEKTPOHOB C SIIPOM 3aBUCHUT OT ABYX OCHOBHBIX (DaKTOpOB:
BEJIMYMHBI 3apsA/a sA1pa U paguyca aTroma.

Paanyc aroma 3HaYMTENBHO YBEITHUUBACTCS C TMOSBICHUEM KaXKIOTO HOBOTO 3JIEKTPOHHOTO
CJIOSL Il 3JIEMEHTOB TEPBBIX TPEX MEPUOJIOB, 1 UMEHHO A3TOT (hakTop B OOJNBIIEH CTENEHH
BIMSET Ha MPOYHOCTh CBSI3M BAJICHTHBIX DJIEKTPOHOB C SIIPOM JUIS SJIEMEHTOB TJIaBHBIX
NOArpynn (CBEpXY BHU3 PajinyC aTOMOB YBEIMYMBAETCS, IPOYHOCTh CBSI3U AJIEKTPOHA C SIPOM
ociabeBaeT, BOCCTAHOBUTEIIEHBIC CBOWCTBA YBEIIMUMBAIOTCS).

VY 31eMeHTOB MOOOYHBIX MOATPYHI — 3TO 3JEMEHThl 4-7 TEepUOJOB — C YBEIUYECHUEM
MOPSZIKOBOTO HOMEpa dJIEMEHTa PAJyC aTOMOB M3MEHSETCS Mallo, a BEJIWYMHA 3apsaa sapa
YBCIUMYUBACTCA 3HAYUTCIIBHO, MO3TOMY IMPOYHOCTHL CBA3U BAJICHTHBIX 3JICKTPOHOB C AJpOM
YBEIMYUBACTCSI, BOCCTAHOBHUTEIIBHBIC CBOMCTBA OCIIa0EBAOT.

Memannuueckan c6a3b U MemManIU4ecKas KPUCMAIIUYeCKasn peuiemKd.

MeTasuibl — MPOCTHIE BEIIECTBA. ATOMBI METAJIOB 00Pa3yIOT METAIUTHYECKYIO CBSI3b.
Oco0eHHOCTH METAIITUYECKOW CBS3H:

CpaBHHUTEIBHO HEOONBIIOE KOJUYECTBO DJIEKTPOHOB (3TO S-3JEKTPOHBI) OJHOBPEMEHHO
CBA3BIBACT MHOXKXCCTBO aTOMHBIX SAJICP, CBA3L JCITIOKAJIIN30BaHa.
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BasieHTHBIE  DJIEKTPOHBI

CBOOOMHO TEpeMENaTcs o

BCEMY KyCKy Meramia (Win

METAJIIMYECKOMY U3IeNINI0), KOTOPBIN B IIEJIOM JIEKTPOHEHTpPAJIEH, ITOATOMY 3TH 3JIEKTPOHBI
4acTO HA3bIBAIOT CBOOOIHBIMHU.
Mertannuueckas cBS3b He 00J1aJjaeT HAIIPABJICHHOCTHIO M HACHIILIAEMOCTHIO.

B coorBercTBUU C

(bU3UYECKUMHU CBOWCTBAMM:

TaKHUM

CTPOCHUCM  MCTAJIJIbI

XapaKTepU3yOTCs

CJIeIYIOIUMHU

CBolicTBO, IOJIOXKEHHOE Knaccugukanuonnsie rpymnms! | [Ipumepsr

OCHOBY KJIacCH(UKAITIH

DIEKTPONPOBOTHOCTh C BBICOKOH | Ag
ANEKTPOIPOBOTHOCTHIO
C HU3K0HN | Mn
ANEKTPOIPOBOTHOCTHIO

Temneparypa miaBieHUs JIETKOTLJIABKHE Hg, Ga, Cs, In, Bi
TYTOILJIABKUE W, Mo, V, Cr

IInoTHOCTE Jlerkue Li, K, Na, Mg
Tsoxensie Os, Ir, Pb

TBepnocthb Msrkue In, Na, K, Rb (pexyrcsa

HOXKOM)

TBepapie Mo. Cr (11apamnarot CTeKJ0)

[TpyYKHBI, TPUBOJALINE K PA3TUUYHIO PU3NYECKUX CBOICTB METAJIIOB:

aTOMBI METaJNIOB O0Pa3yrOT pPa3HbIE THUIIBI KPUCTATTHIECKUX PEIIETOK

aTOMbl METAJUIOB MMEIOT pa3HO€ YHCIO BAJICHTHBIX S-31€KTpPOHOB (+1 wmimm +2),
Y4acTBYIONINX B 00pa30BaHUM METAJUTMUECKOM CBSI3U.

aTOMbI (HOHBI) METAJNIOB UMEIOT Pa3HbIC PaIUyChl

aTOMbI METAJUIOB MOOOYHBIX MOATPYII MOMHUMO METAITUYECKOW MOTYT 00Opa3oBBIBATH U
KOBAJIEHTHYIO CBSI3b C IMOMOIIBIO HECTIAPEHHBIX d-3JIEKTPOHOB BaJeHTHBIX opOuTaneid. MimeHHO
takue metauiel W, Mo, Cr, Os — u TyromiaBkue, U TSXKETbIE , U TBEpAbIC. (CamMblil TBEPABIA U3
METaJJIOB — XPOM; CaMBbIil TYTOIIABKUI — BOJIb(hpam.

B coBpemMeHHON TeXHHKE OOBIYHO MCTOIB3YIOT HE YHCTHIE METAJUIbI, a CIUIaBBI, KOTOPBIC
MO3BOJIAIOT COYETaTh B OJHOM MaTepHajie MOJIe3HbIe CBOMCTBA Cpa3y HECKOJbKHX METaNIOB U
npyrux BemiecTB. Hanmpumep, aropamroMuHuil — criias, cogepxkanmii Al, Cu, Mg, Ni, Mn. On
coderaeT B ceOe Malyl IJIOTHOCTh aJIIOMHUHUS U MarHus, KOPpO3UOHHYIO CTOHKOCTh Ni u Al,
TBEPAOCTH Mn.

Jlis XyHAOXKECTBEHHBIX IlIeJiee HCIOJB3YIOT MENbXHOp — CIUIaB Meau ¢ HukeneM. [lo
BHEITHEMY BHUY OH IMOX0X Ha cepeOpo, HO 3HAYUTEILHO JICHICBIIC TTOCIEIHETO.

Iupoko HCHONB3YIOTCA pPAa3IMYHOTO COpTa CTadd M YYTyHbl — CIUIaBbl JKeje3a C
YTIEPOAOM U JIp.

XuMHYeCKHe CBOMCTBA METAJIJIOB

AKTHBHOCTh METAJUIOB B BOJHBIX PACTBOpAX OMpPENEseTcs IMOJI0KEHUEM MeTauia B
INEKTPOXUMHUUYECKOM DsIly HAmpsbKeHUs MeTaiioB. TeMm akTUBHee aToMbl MeTaiia Me®, Tem
HIDKE aKTUBHOCTH Me"™. Bce peakuum ¢ y4acTHEM METAUIOB SBJISIOTCS OKUCIHMTEIHHO-
BOCCTaHOBUTEJIHHBIMU, MPUYEM METAIIIBI BCET/1a BHICTYNAIOT B KAY€CTBE BOCCTAHOBUTENCH, TaK
KaK MPUHUMATh 3JIEKTPOHBI U MPOSBIIATH OTPUIATENLHYIO CTETIEHb OKUCIICHUS OHU HE MOTYT.

OTtHoweHne K Boje.

1) lemouHple W MIEIOYHO3EMETbHBIE METAJIBI B3aMMOJCUCTBYIOT C BOJOW IPH OOBIYHBIX
ycnoBusix. O0pas3yercs MIeN0oYb U BBIIEISIETCS BOJOPO/I.

2K +2H,0 =2KOH + H»1 Ca+ 2H>O = Ca(OH). |+ H21
2) Marxuii 1 aTfOMUHHN (OYUIIEHHBIN OT OKCHIHOM IJICHKN) PEarupyroT ¢ FOpsSYei BOAOK.

Mg + 2H,0 = Mg(OH)2| + H2? 2A1+ 6H,0 =2AI(OH)3| +3H2?

3) Merauibl cpeiHeii aKTUBHOCTH, PAcIONIOKEHHBIE B psAy HampspbkeHuil mexny Mg u Pb (Al
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Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 00b14HO HE BBITECHSIOT BOJAOPO. U3 BOAbL. Ha moBepxHOCTH

3TUX METAJIOB 00pa3yloTcs OKCUIAHbBIE TUIEHKH, 00J1a1ai01I1e 3alIUTHBIM JI€HCTBUEM.

[ToaToMy OHU pearupyroT C BOJOW JHUIIb B JKECTKUX YCIOBHSIX (pacKal€eHHBIM METaJUI, Mapsbl

BOJIBI, T.€. C IEPETPETHIM BOJSHBIM MapoM) ¢ 00pa30BaHHEM OKCHOB U BbIIEICHHUEM BOJOPOIA:.
3Fe +4H> O =Fes;04 + 4H2? 2Cr + 3H20 = Cr203 + 3H21 Zn+H>O =Zn0O + H2?

4) ManoakTUBHbIE METAJIbl, CTOSIIME B JJIEKTPOXUMHUYECKOM pALY HANpsSOHKEHUH Iocie

BOJIOPOJia, C BOJIOM HE B3aUMOJICHCTBYIOT JlaXe IpHU BbICOKOH Temmneparype: Cu + H2O —

2. OTHOILIEHHE K KHCJI0TaM.

1) Kucnotsl, obnagaromye ciaaObMi OKUCIMTENLHBIMA CBOMcTBamMu (3a cuer H') pearmpyror ¢
MeTaJlJIaMH, CTOSIIIUMHU B AJIEKTPOXUMHUYECKOM PSIY HaIpsHKEHUH 10 BoAopoa (00JbUIMHCTBO
kuciot). Ilpu aTom 06pasyrorcst coiab U BOJIOPOI:

a) CuibHble KHMCIOTBI M KHCIOTHI CpeIHEH CHWIIBI pearupyioT €O BCEMU MeTalllaMH,
CTOSALLMMU JIEBEE BOJOPOA:

Fe + 2HBr = FeBr; + Ha1; Zn + HCl =ZnCl> + Ha1; 2A1+ 6HI =2All; + 3H>1

3Mg + 2HoPO4 = Mg3(PO4)2T + 3Hat

Kene3zo XI0poBOAOPOIHON (COISHOM) KUCIOTOM OKHCIISIETCS 0 JBYXBAJICHTHOTO COCTOSTHHSL
[Tpu 5TOM Ha IOBEPXHOCTH 00pa3yeTcs 3alIUTHAS IJICHKA, TOPMO3SIIast JaTbHEHIIIee OKHUCIICHHE.

C coJIsiHOM KHMCJIOTOM pearupyer u naccuBupyercs: cBuHel. [laccuBanysi CBUHIIA BO3HUKAET
U3-3a TOTO, YTO 0Opa3yIoLHiics B Hayas1e peakuuu xyuopun ceunna (II) Tpyano pactBopuM B Boje,
1, OCTaBasiCh Ha MOBEPXHOCTH METAJLIA 3alUILIAET €r0 OT JOCTYIAa HOBBIX MOPLIMI KUCIIOTHI:

Pb + 2HCI1 = PbCl> + H». B pe3ynbrare peakius OCTaHABIMBACTCSI.

0) Crabble KUCAOTHI — TOJBKO CO IIETOYHBIMU U IIETIOYHO3EMEIbHBIMU METAJUIAMU:

Ca+ HxCO3 = CaCO3| + Hat

B) pa30aBjcHHAs cepHas KHCJIOTa 001agaeT cjJa0bIMH OKUCIHTEILHBIMHA CBOMCTBAMU,
MO3TOMY JACMCTBYET TOJIBKO Ha METAJUIbI, CTOSIIHME B JJIEKTPOXUMHYECKOM psy HANPSKEHUN
aesee Booposa. [Ipu 3ToM o6pasyeTcs coib U BOJAOPOI.

Mg + H2SOupase) = MgSO4 + Ha1; Fe + H2SOu4pass) = FeSO4 + H2

Cu + HaSO4(pass) —

2)  Kucnotel, oOmagaromuye  CHJIBHBIMH  OKHCIMTEIBHBIMH ~ CBOMCTBAMHM  a30THAas
(KOHLIEHTPUPOBaHHAs U pa3bapieHHas 3a cueT N'°), cepHas (KOHIEHTpHpoBaHHas 3a cueT S'°),
B3aUMOJICUCTBYIOT KaK C METAJJIAMH, CTOSIIIMMU B JIEKTPOXUMHUYECKOM POy HANPSHKEHUM 10
BOZOpPO/Ia, TaK M C METaJUIaMH, CTOSILIMMHU TMOCIE€ BOJOPOJA, OJAHAKO BOJOPOA IMPHU 3TOM HE
BhIIeNsgeTCs. He melicTBYIOT 3TH KUCIIOTHI TOIBKO Ha Au, Pt, Ir, Rh, Ta.

B nponykrax peakiuu — coiib, BOJIa U KaKOH JIMOO MPOITYyKT BOCCTAHOBJICHUS KHCIOTHI, HO HE
BOZOpoA. Bua mnpoaykra BOCCTAaHOBIIEHHSI KHUCIOTBI OIpPEAENSIeTCsl €€ KOHLEHTpaluei,
AKTUBHOCTBIO METAJUIa U TEMIIEPATypOH.

H2SO4(conny (OKHCTHTENDL — ST6)
1) Ilenounble U MIEIOYHO3EMENTLHBIE METAIUIBI BOCCTAHABIMBAIOT KUCIOTY B OCHOBHOM /10 H>S.

4Ca + SH2SOu4(xormy = 4CaSO4 +H2S1T + 4H20
2) Mg u Zn B 3aBUCUMOCTH OT ycJI0BUH MOTyT BoccTaHaBIMBaTh H2SO4ony HE TOMBKO 70 SO2,

HO U 710 S wim H,S: Zn + 2H2SO4comm) = ZnSO4 + SO2T+ 2H20

47Zn + SH2SOuomny= 4ZnS04 + HaST + 4H20;  3Zn + 4H2SO4ou= 3ZnS04 + S|+ 4H,0
3) Metamwisl cpeHel aKTHBHOCTH.

AJIOMMHMI ¥ 3KeJie30 TACCUBHPYIOTCS W3-32 OOpa30BaHMs IUIOTHBIX IUICHOK OKCHIIOB.
O10B0 OKHCIIAETCS A0 YETHIPEXBAICHTHOTO COCTOSIHUS ¢ 00pa30BaHUEM CyIb(HaTOB 0JIOBA:

Sn + 4H>SO4(xomy) = Sn(SO4)2 +2SO21 + 2H20
CBuHel HE pacTBOpsETCS B CEPHOM KHUCIOTE Npu €€ KOoHUeHTpauuu Hixke 80%, Tak Kak
oOpasyromiascs Mpu B3aMMOJICHCTBUM CBHHIIA C CEpHON KHcIoToi conb PbSO4 HepacTBOpuMa B
BOJIE M COXJIa€T Ha MOBEPXHOCTH MeTajla 3allMTHYIO TUIEHKY. B Goiee KOHLIEHTpUpPOBaHHOMN
CEpHON KHCIIOT€ CBHHEIl OKHCISETCS JO JBYXBaJCHTHOTO COCTOSHUS C OOpa3oBaHUEM
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PacTBOPUMOTO TUAPOCYIh(haTa CBUHIIA:
Pb + 8H2SO4xoumy = 3Pb(HSO4)2 + S + 8H,0

[Ipu HarpeBaHWy KOHIIEHTPUPOBAHHAS CepHAs KUCIIOTa B3aUMOJICUCTBYET ¢ 00pa30BaHUEM COJIH,
BobI 1 okcu cepsl (IV):

AIIOMHUHHEM: 2Al + 6H2SOs(xormy = Al2(SO4)3 + 35021 + 6H20
PryTbiO: Hg + 6H2SO4xony = HgSO4 + SO21 + 2H20
Menpro: Cu + 2H2SO4xomr) = CuSO4 + SO21 + 2H20

B kxunsmeit KOHIEHTPUPOBAHHOM CEPHOM KHUCIIOTE PACTBOPSIETCS cepedpo:
2Ag + 2H2SOu4ommny = Ag2S0O4 + SO21 + 2H20
C H>SO4xony HE pearupyioT Au, Ru, Os, Rh, Ir, Pt.

HNO3(xonn) (OkHCTHTENL N*5)
1) Co menoYHsIMH U MEI0YHO3EMEbHBIMU METaJUIaMH 00pa3yeT coiib (HUTpar) , Boay u N2O:
4Ba + 10HNO3xomy =4Ba(NOs3)2 + N2O1 + SH20
2) C pmpyrumu MeTajulaMU: CpeqHEl aKTMBHOCTM M MAaJOAaKTUBHBIMU O0pa3yloTCs HUTPATHI,
Boga 1 NO»:
Zn + 4HNO3 ko= Zn(NO3)2 + 2NO21+ 2H20
Cu + 4HNO3 ko= Cu(NO3)2 + 2NO21+ 2H20
Ag + 2HNO3womy = Ag(NO3)2 + NO21 + H20
3) Ha xonoxny u npu o6sr4HO# Temneparype He aeiictyer Ha Fe, Co, Ni, Cr u Al, a Taxoke
Ha HEp)KaBEIOIIMe CTalM BCJEACTBHE NaccuBanuu. Ho mpu HarpeBaHuu oO0pa3yroTcs Te ke
MPOIYKTHI, UTO U C APYTUMHU METAIJIaMH:
Fe + 6HNO3xouny= Fe(NO3)3 + 3NO21+ 3H,0
4) C HNO3(xomm) HE pearupyioT Au, Ru, Os, Rh, Ir, Pt.
5) KonnentpupoBaHHasi a30THasi KHCIOTa TPU CMEIIMBAHUHM C KOHIICHTPUPOBAHHOW COJISTHOM
KHUCJIOTON B COOTHOIIEHUH 1:3 1Mo 00beMy, 0Opa3yeT pacTBOp, Ha3bIBAEMBIM «IIAPCKOM BOAKOW», B
KOTOPOM PacTBOPSIIOTCS 30JI0TO, IJIaTHHA U pyrue Metauisl HepactBopuMble B HNO3; n H2SOs.
HNO; + 4HCI + Au = H[AuCl4] + NOT + 2H20
4HNO; + 18HCI + 3Pt = 3H,[PtCls] + 4NOT + 8H20
B «uapckoit Bogke» He pactBopsitorcst Ru, Os, Rh, Ir.

HNO3(pas6) (OkucauTe s N*5)
1) Co mienoyHbIMH ¥ IIEIIOYHO3EMENTBHBIMI METAJIaMU 00pa3yeT coib (HUTpaT), Boay U NH3 nmm
NH4NOs:

4Ca + 10HNO;3 (pass)= 4Ca(NO3)2 + NH4NO3 + 3H20
2) C MeraylaMu CpEIHEW AaKTUBHOCTH, PACIOJOKEHHBIMH B 3JIEKTPOXMMHUYECKOM DAy
HaIpsDKEHUH 10 BOAOpoAa, pazOaBieHHas a30THas KHCIOTa Oo0pa3yeT cojib, BOLYy U , B
ocHoBHOM, NO (MoryT oOpazoBatbcst u N2O, Nz, NH3 (NH4OH). YUem Gounbmie pasbdaBieHa
KHCJIOTa, TEM HIKE CTEeNEeHb OKHUCICHHUS a30Ta B BBLACISAIONIEMCS Ta3000pa3HOM HPOAYKTE.
JocraTouHo pa3zbaBieHHas KHCIOTa 00BIYHO BoccTaHaBnuBaeTcs 10 NHaNOs:

Fe + 4HNO3(pass) = Fe(NO3); + NO1T+ 2H20

3Zn + 8HNO3(pass) = 3Zn(NO3)3 + 2NO1+ 4H.0

4Zn + 10HNO3(pass) = 4Zn(NO3)3 + N2OT+ 5H20

5Zn + 12HNO3(pass) = 5Zn(NO3)3; + N2+ 6H20

4Zn + 10HNO3(ou. pass) = 4Zn(NO3)3 + NHsNO3 1+ 3H20

Omnogo oxucnsiercs 1o HuTpara onosa (II). Turan naccuBupyercs.
3) C Masi0aKTUBHBIMHM METaJJIaMH, CTOSIIIIUMHU B 3JIEKTPOXUMHUYECKOM PsIIy HAMPSKEHUH Mocie
BOJIOpOa, 00pa3yroT conb (HUTpar), Boay u NO:

3Cu + 8HNO3(pass) = 3Cu(NO3)3 + 2NO1+ 4H20

3Ag + 4HNO3pas) = 3AgNO3 + NO1T+ 2H20

3Hg + 8HNO3(pass) = 3Hg(NO3)3 + 2NOT+ 4H20
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4) C HNOg3(pass) He pearupyiot Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxonsach B psiay HampspKeHHs IOCIIE BOAOPOJA, MEIb HE BBITECHSET €ro M3 KHCIOT.
[TosTomy consHass ¥ pa3z0aBiieHHass CepHasi KUCIOTHI Ha Meab He JAelcTByroT. OnHako B
IPUCYTCTBUHM KHCJIOpPOJa BO3AyXa MeIb pacTBOPSAETCS B OTUX KHUCIOTaX ¢ 00pa3oBaHUEM
cootBeTcTBYyROImUX coieit: 2Cu + 4HCl + O = 2CuCl + 2H>O

B oueHb KOHIIEHTPUPOBAHHOW COJSTHOM KHCIOT€ MEIb MOXKET OBITh pacTBOpPEHa C
00pa3oBaHNEM KOMILIEKCHOTO COSIMHECHHUS:

2Cu + 4HCI = 2H[CuCl;] + H2 (muxmnopokymnpar (I) Bogopona

3. OTHOlIEHHE K OCHOBAHUSM

Tonpko MeTamsl, oOpasyrone aM(pOTepHbIE OKCHIIBI M THIPOKCHIIBI, B3aUMOICHCTBYIOT
co menouyamu. [Ipu stom Beigenstores Hz u oOpasyercs comb (B pacTBOpax — KOMIUIEKCHasl, B
pacruiaBax — cpennsisi). Uckmouerne coctaBisiioT Fe u Cr, KOTOpble B OTIIMYKE OT WX aM(OTEPHBIX
okcunioB Fe;O3 u Cr203 u ruaporceunoB Fe(OH)s u Cr(OH)s, co mienodyamu He B3aUMOJICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pacrtBOpax:

Zn +2NaOH + 2H>0= Naz[Zn(OH)4]+ H2 2Al+ 2NaOH + 6H>0= 2Na[Al(OH)4]+ 3H>

Be + 2NaOH + 2H;0 = Naz[Be(OH)s] + H>  Pb + 2NaOH + 2H,0 = Nax[Pb(OH)4] + H2

B pacnnasax:

Zn + NaOHs)= NaZn0O; + H» Be + NaOHs)= Na;BeO; + H»

Pb + KOHs) = K2PbO:2 + Hz 2Al1 + 2NaOHs) + 2H20 = 2NaAlO; + 3H»

4. OTHOIIEHHE K OKCHIAM.
1) Ilpu BBICOKO# TeMmieparype 0oJiee aKTUBHbBIE METAJUIbI BHITECHAIOT (BOCCTAHABIMBAIOT) MEHEE
aKTUBHBIE U3 MX OKcuAOB. Ha 3TOM OCHOBaH OAMH M3 CHOCOOOB MOJY4YEHHS] METAlIOB,
Ha3bIBaCMbId MeTayuIoTepMHuel. B kauecTBe MeTalJIOB-BOCCTAHOBHUTENICH OOBIYHO HCIIOIB3YIOT
ATIOMUHUH (JTFOMOTEpMUsl), MarHuii (MarHUATEPMUs), PEAKO KalbIUH, KaJlMid, HATpUil U Jpyrue
METaJUIBL.

Zn + CuO =ZnO + Cu 3Fe;04 + 8Al = 4A10;5 + 9Fe
WO;s +2A1=W + ALO; 4Ba0O + 2Al =BaO + ALO; + 3Ba
4)  MarauiTepMuIO UCIIOIb3YIOT TAKXKE JUIsl BOCCTAHOBJIEHUSI HEMETAJUIOB U3 UX OKCHUJIOB!
CO2 +2Mg =2MgO + C Si02 + 2Mg = 2MgO + Si

5. OTHoueHne K COJISIM.

1) BoNBIIMHCTBO aKTHBHBIX METAJIOB BBITECHSIOT MCHEE aKTHBHBIE U3 PACTBOPOB MX COJICH:

Fe + CuSO4 = FeSO4 + Cu; Zn + FeSO4=ZnS0O4 + Fe

Cu + Hg(NO3)2 = Cu(NOs3)> + Hg Fe + AgNO3 = Fe(NOs3), + 2Ag
2) Metainsl MOTYT BBITECHATH JIPYr JApyra W U3 pacIuiaBoB coiiei (peakmus 6e3 JocTyma
BO3J/lyXa — BaKyyMHO-TEPMHUYECKHI CTI0CO0):

Na+ KClpacnny= NaCl + K; 3K+ AlChpacnn)=3KCl + Al; Mg + BeFapacun= MgF2 + Be
OpHaKo cieyeT MOMHUTh, YTO
a) MPU TUIABJICHUH MHOTHE COJIU Pa3JIararoTCs
0) DIIEKTPOXMMUYECCKHHA PSI HANpSODKCHUS METaUIOB, CIYXAmUil UL ONpeAcTICHHS
OTHOCUTEIIEHON aKTUBHOCTH METAJINIOB, CIIPABEIUB TOJIBKO JJIsi BOJAHBIX pacTBopoB. Hampumep,
QTIOMAHUN MEHee aKTUBHBIMA, YeM MICJIOYHO3EMENIbHBICE METaUbl, a B paciuiaBaX HaoOOpOT.
[ToaToMy amrOMUHUI MOXKET BBITECHSTH IIEJI0YHO3EMENIbHBIE METAIIbI U3 PACIUIABOB UX COJICH:

2Al + 3CaClypacnmas) = 2AICI3 + 2Ca
3) U3 TBepAbIX CyXUX, a TAK)KE HEPACTBOPUMBIX COJIEH MPH OOBIYHBIX YCIOBUSX METAJUIBI APYT
npyra He BeiTecHst0T: Fe + AgCl —
4. B pacTBOpax cojiu, 00JaNaoNue OKUCIUTEIbHBIMA CBOWCTBAMH, BCTYHAIOT C METAIAMHU B
OKHCITUTEITFHO-BOCCTAHOBUTEILHBIC PEAKIUH:
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2FeCls + Fe = 3FeCly; Hg(NOs)2 + Hg = Hga(NO3)2
HgClr + Hg = HgCh 2CrCl; + Zn = 2CrCl; + ZnCl,

6. OTHOLIEHHE K HEeMeTaJJ1aM (CM. XUM. CBOWCTBA HEMETAILJIOB)

7. OTHOLIEHHE APYT K APYTY.

Mertamisl Ipyr ¢ IpyromM HE B3aUMOJEUCTBYIOT, HO B PacIUIaBJI€HHOM COCTOSIHUM CMEIIMBAIOTCS
Ipyr, oOpa3ysi pacTBOpBL, IpPHU OXJAKICHUM KOTOPHIX IOJy4YalOTCS TBEpIble BEIIECTBA,
Ha3bIBAEMbIE CIIJIABAMH.

8. Ilpu HarpeBaHuM XUMHYECKasi aKTUBHOCTh METAJIJIOB MTOBBIILIAETCS.

Koppo3ust meTasnioB:

Koppo3uss — mposiBlieHHe BOCCTAaHOBUTENIBHBIX CBOMCTB METalIOB, OOYCIOBIIEHHOE
BIIUSIHUEM OKPYKaIOLEH CPebl.

I rpynma nepuoandeckoir cucteMbl. IllenoyHble MeTamabl MMEIOT HAUMEHBIIYIO
KOPPO3HUOHHYIO CTOMKOCTB; OJIECTSIIasi MOBEPXHOCTh CPe3a ITHX METAJUIOB Ha BO3AYyXe OBICTPO
MOKPBIBAETCSI TOJICTOM PBIXJION TIJIEHKOM OKCHUJIOB, MEPOKCUIOB, & TAKKE HUX COCAUHECHHH C
YIJIEKUCIIBIM Ta30M U BOIOM. [103TOMY 11e104HbIE METaUIbl XPAHATCS O] CJIOEM KEPOCHHA.

B moGouHO# moarpymmne HaxomaTcs JOCTAaTOYHO CTOMKHME K KOPPO3MH METAJUIbl: MEb,
cepebpo, 3010T0. C yBeNTUYCHHEM MOPSIKOBOTO HOMEpa KOPPO3HOHHAS! CTOMKOCTH IMOBBIIIASTCSI.

Il rpynma. Mertannbl rjiaBHOM NOATPYIIBI BeChbMa MalOyCTOMYMBBI, U C YBEIUYECHUEM
MOPSIIKOBOTO HOMEPA YCTOMUMUBOCTh K KOPPO3UU CHUKAETCSI.

bonee ycroiuuBel MeTtamibel modounor moarpymmel: Zn, Cd, Hg. Ha ux moBepxHocTH B
MPUCYTCTBUM KHUCIOpoAa oOOpa3yroTcs TOHKWE, JOBOJBHO TMPOYHBIE TIUICHKH OKCHJOB,
MPEAOXPAHSIOIINE UX OT JAIBHEHMIIEr0 pa3pyLIeHUsI.

III rpynma. ATIOMUHUN JETKO COEIUHSETCS C KUCIOPOJOM, BCIEACTBHE 4Yero obOpasyercs
TOHKasi, oOJjajaromas BBHICOKUMH 3alIUTHBIMU CBOICTBaMHM OKcHAHas 1uieHka. Ho ona
pa3pyliaercss B pacTBOpax KHCJIOT W IIEI0Ye. AJIIOMHUHUNA TakXe MacCUBUPYETCS C
MIOBEPXHOCTH KOHLIEHTPUPOBAHHON a30THOW M cepHOil kucimoramu. [laccuBanus oOycioBieHa
o0pa3oBaHNEM Ha MMOBEPXHOCTU TPYIAHO PACTBOPUMBIX COETUHEHUH.

IV rpynma. OnoBo M CBUHENl — CTOWKHME K KOPPO3WM METAIIbl, Onarofapsi MpOYHBIM
OKCH/THBIM TUICHKaM.

V, VI, VII, VIII rpynnsl. Metamnsr no6ounsix noarpymnm V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt oOmagaroT BBICOKOH CIOCOOHOCTBIO K ITaCCHBAIlMM, a CJISAO0BATEIbHO, OOJBIION
KOPPO3HOHHOM cToiKocThI0. Hanbomnee ycroitunBel k koppo3uu Metamisl VI rpymnmel, npuyem,
yeM OOJIbIIe MOPSIKOBBIA HOMEpP, TeM OOJbIle MX yCToWuMBOCTh. 3Hauut, Os, Ir, Pt —cambie
CTOMKHE K KOPPO3UU METAJIBI.

Kenezo — Haumbosiee W3BECTHBIW W  PACIPOCTPAHCHHBIH METalI, TACCHBUPYETCS
KOHLICHTPUPOBAHHOM a30THOU U XOJIOAHOW KOHLICHTPUPOBAHHOM CEPHBIMU KUCIOTaMHU.

Cnoco0bl moJ1y4eHusi MeTAJJIOB:

BonbmIMHCTBO METANJIOB B MPHUPOAE BCTPEUAETCS B BUJE COCAMHEHUMN, TaK KaK METaJlIbl
HaXOJsIIMecs B OKUCICHHON ¢opMme Oosiee yCTONYMBBIE BEIIECTBA, YEM METaIbl — IPOCThIE
BEIIECTBA. B caMOpPOJHOM COCTOSIHUM B IPHUPOAE HAXOIATCS TOJIBKO METAJIbl, KOTOpbIE B
3JIEKTPOXMMHUYECKOM PAly HaNpsHKEHUH CTOSAT B camMoM KoHie: Au, Pt, pexe Ag, unoraa Cu u
Hg.

BaxHeiiline NpuUpOIHBIE COECIWHEHHS METAJUIOB, CTOSIIMX B psALy HAOpsDKEHHUS [0
ATIOMHUHHS — 3TO conu: TamoreHuabl, dame xiopuabl NaCl, MgCl, KCl; kap6onarsr: CaCOs,
MgCOs3; cynbdarel NaxSOs, MgSOs; autpatel NaNOs; docdater Caz(PO4)/

[Ipupoanbie COEUHEHUS APYTUX METAJIOB — 3TO B OCHOBHOM OKCHJIBI U cyAbduab: AlbOs,
CuO, SnO3, Fe203, Cr203, ZnS, PbS, MoS,, CuSa.

Munepansl ¥ TOpPHBIE MOPOABI, KOTOPbIE HCIOIB3YIOTCS JUIsI TOJYYEHHUS METaJlIoB
Ha3bIBAIOTCA pyAaMu. MeTtamn u3 pyabl IOMy4YarOT BOCCTAHOBIEHHEM — 3TO 3ajada
METaJLUTypIrUH.
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Paznuuarot crnemyromme criocoObl MOTyYeHHs] METaJIOB:
[TupomeTaimyprudeckuii (OT rped MUPOC — OTOHB)
I'mppomeramryprudeckuit
DIIEKTPOMETAIUTYPTUUECKHUH (IJIEKTPOIIN3)

CyIIHOCTh NMHUPOMETAITYPTrUYEeCKOr0 crmocoba - BOCCTAHOBJICHHE METAUIOB U3  HX
COEIMHEHUH MPH BBICOKUX TeMIlepaTrypax. B kauecTBe BOCCTaHOBUTENEH MCHOJB3YIOT BOJIOPO,
akTuBHBIE MeTaiuisl (Mg, Al), yriepon, okcun yriepoza (I1).

Meton ucnonb3yercs Jis MOTyYeHHs] METAJUIOB, CTOSIIIUX B PSAAY HaIPsHKEHUSI METAJUIOB 11OCIIe
ATFOMUHUSL.

['uapoMeTannyprusi —MCoIb3yeTcsl Ul MOJydYeHUsl MaJIOaKTUBHBIX MeTayuioB. Hampumep,
METO/I U3BJICUEHHUS 30JI0Ta OT MYCTOM MOpPOAbl (IecKa) MyTeM PacTBOPEHHS 30J0Ta B LIMAHU]IE
HATpUs WK Kallig B MPHUCYTCTBUHU KHUCIOPOJA, C MOCIEAYIOIIMM BOCCTAHOBJIEHHEM MeTaijia
MyTeM BBITECHEHHUS ero 0Oojiee aKTUBHBIM METAUIOM M3 COJIM. TakuM CrIocoOOM MOXKHO
noyuuth Cu, Cd, Au, Ag, Mo, V u ap.

DIEKTPOMETAILTYPrus (3MEKTPOIU3) — BOCCTAHOBJICHHE aKTUBHBIX MeTauioB (Na, K, Ca, Al,
Li, Mg u 1p.) ¢ TOMOIIBIO D3JIEKTPUUECKOTO TOKA M3 PACIUIaBOB COJICH, OKCHIOB WJIU
TUAPOKCHUJIOB.

Yacts A. U3ydyeHue CBOCTB HIEJOYHbIX H IIEJ0YHO3eMeJIbHbIX METAJIJIOB U UX
coeTHUHEHUIN»
esab padoThi:

N3yunTh XuMHUYECKHE CBOMCTBA IIEIOYHBIX METAIIOB U UX COCITUHEHUN.

N3y4nTh XMMHUYECKHE CBOMCTBA MIETOYHO3EMENIBHBIX METANIOB U UX CBOMCTBA.

3. O3HakomiieHHE C JIA0OPATOPHBIMH CITOCOOAMU TOTYUYEHHUS THUIPOKCHIIOB M COJICH METaIOB
IA u ITA rpynmsi.

Conep:xxanue padoThbI:

1. HccnenoBaHne XMMUYECKUX CBOMCTB HATPHUS M €r0 COSAMHEHH (B3aUMOJCHCTBHE C BOJIOM,
TOPEHHE).

2. IlomyyeHue ruApOKCHIa MATHUS U €r0 PACTBOPEHUE B KUCJIOTE U B COJISIX aMMOHHUS.

3. Tlomy4enue kapOOHATOB, CyIb(HATOB U XPOMATOB MIEITOYHO3EMEIbHBIX METAIOB U N3yUEHUE
HX XUMHYECKHX CBOMCTB.

IIpubopsbl U peakTUBBI:

1. 3ammTHBIE OYKH, KPUCTAIIU3ATOp, NUHIET, (QuibTpoBambHas Oymara, MeTaindecKas
noxeuka, papdopoBsIif TUTETh, CHUPTOBKA, MTUIIETKH, TPOOUPKHU, TTPOBOJIOKA C TIETEIIBKOM.

2. ®eHondranenH, Boma, HaTpuil (MET.), CONb MAarHWs, Kpaxmai, 2 H pacTBOpP COJISTHON
KUCJIOTBI, 2 H PacTBOp XJIOpUJA AaMMOHUS, PAacTBOPhI MOAWAA KaJHsl, CEPHOM KHCIIOTHI,
THJIPOKCUA HATpHsi, KapOoHaTa HATpHs, XJIOpHAa KalbLus, Xjopuaa Oapus (BO3MOXKHBI
T00bIe PACTBOPUMBIC COJIM KaJbIus B Oapus), Cyiab(dara HATpHs, XpoMaTa Kaius, YKCYCHOM
KHUCIIOTHI, HUTpATa KaJlusi; COMsTHAs KUCIO0Ta (KOHIL.).

N —

JKCNepUMEHTAIbHASA YaCTh

OnpiT 1. B3anmopeiictBue HaTpusi ¢ Boaoii. (Paborars moa TAroil B 3alIMTHBIX OYKax!)
B xpucrammsaTop ¢ BoJI0¥ 100aBISIOT HECKOIBKO Kamneb ¢peHondranenna. [Tuaierom nocrats
KyCOYeK IEJOYHOr0 MeTajula M BBICYHIIUTh (UIBTPOBANbHON Oymaroil. OTHenuTh Kycodek
HATpUS pa3MEpPOM CO CIUYCUHYI0 TOJOBKY M THHIIETOM TIEPEHECTH B KPUCTALTU3ATOP.
Hab6nrogaroT mpoTtekanue peakiiuu U OKpaliuBaHue BOjbl. Hamucath ypaBHEHHE MPOTEKAIOIICH
peaxuuu.

OnpbiT 2. I'openune nHarpusi. (Pabortates mox Taroii!) B meTammnyueckyro JOXKEUKY WITH
dapdopoBbIil TUTENH MOMEMIAIOT HEOONBIION KYCOUeK HATpHsl, MPEIBAPUTEILHO BHICYIICHHBIN
¢bunbTpoBabHON Oymaroil. Jlojkeuky WM TUTeNb HarpeBalOT CHU3Y HEOONBIINM IUIaMEHEM
CIUPTOBKH, 3aTeM TOJDKUTAIOT IUTAMEHEM pacIUIaBlIEHHBIM MeTaul cBepxy. Habmomgaror
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ropeHue Hatpus. IIpomyKTbl OKHMCIEHMS OCTaBISIIOT A Cleayromero onbita. Hammcarts
ypaBHEHHUE PEAKIIMHU TOPEHUs] HATPUS.
OnbIT 3. B3anMopeiicTBHe KHCJIOPOAHBIX COeIMHEHHMI HATPHS ¢ BOAOi. [lonydyeHHbIe B
IPEIbIIYIIEM ONBITe MPOIYKThl OKUCICHHS HATPUS PACTBOPSIOT B HEOOJBIIOM KOJHMYECTBE
Boabl. K mosyuyeHHOMY pacTBOpY HPWJIUTH PACTBOP HMOAMJAA Kajdusl NOJKHCIEHHOTO CEpPHOMU
KHCJIOTOM M HECKOJIBKO KaIllelb pacTBopa Kpaxmaina. HabmonaloT n3aMeHeHne oKpacku pacTBopa.
Hanucars ypaBHEHME IPOTEKAOIIEH pEaKIIUU.
OnbIT 4. IlosryyeHne rHAPOKCUIA MATHUS U €r0 PACTBOPEeHHE B KHUCJI0TE U B COJIAX
aMMoHusl. BHecTn B 1Be mpoOMpKHU MO 3 Karuid pacTBOpa COJM MAarHus M B KKAYIO M3 HHUX
n00aBUTh 1O 4 Kariu pacTBOpa €IKOro HaTpa. B ogHy u3 mpoOUpoK, MOMEIINBas COACPKUMOE
CTEKJIIHHOW MaJo4YKod, NpUOaBUTh MO KaIuliM 2 H. PacTBOP COJSIHOM KHCIOTHI JO IOJHOTO
pacTBOpEeHHUsI Ocalika, MOJCUYUTHIBAS KOJIMYECTBO Kameiab. B npyroil mpoOupke TakuMm ke
CIoco0OM PacTBOPUTH OCAAOK I'MJIPOKCUIA MAarHus B 2 H. pacTBOpE XJIOpHIa aMMOHUs. B kakom
clly4ae JUisl pacTBOpEHHUs ocaaka morpelOyercs Oosbliee KoinyecTBO peakTuBa? Hammmwure
YPaBHEHHUS TPOTEKAIOIINX PEAKLIUM.
OmnpbiT 5. Kap6oHaThl 1mie104H03eMedbHBIX MeTaI0B. [lonyunts ocaaku kapOOHATOB
KaJblUg ¥ Oapusi B3aUMOJICHCTBUEM PAacTBOPOB COOTBETCTBYIOIIUX COJIEH C PACTBOPOM COJBI.
HcnpiTaTh OTHOIIEHHE MOJYYEHHBIX KapOOHATOB K COJISIHOM KHUCIOTE, 100aBisis €€ OCTOPOKHO
10 KaruIsM. 3alyucaTh ypaBHEHUS MPOTEKAIOLINX PEAKIIHI.
OnpbIT 6. Cyab(aTsl 1IeJ0YHO3eMeJbHBIX MeTaNI0B. B 1Be npobupku BHecTH 1o 2-3
KalUlu PacTBOPOB coiiel Kambiust u Oapus. B kaxayio mpoOupky n06aButh mo 3-4 Karm
pactBopa cynbdara HaTpus. Uto HaOmomaercss? OTMETUTh Pa3IMYHYI0 CKOPOCTh 00Opa30BaHMs
ocankoB. HMcmelTaTh JeiicTBUE COJSHONW KHCIOTHI Ha TIIOJydeHHBbIE CyJb(aTbl. 3amucarb
YpaBHEHHUS MIPOTEKAIOIINX PEaKLUH.
OnbiT 7. XpoMaThl 1IeI0YHO3eMeIbHBIX MeTANI0B. B 1Be mpoOupku BHecTH 1o 3-4
Kaluid PacTBOPOB cojiel Kaimblius W Oapus. B kaxmyio mpoOupky mobaBuTh 1o 4-5 karenb
pacTBopa xpomata Kanusa. HabmogaroT BelaieHue 0CaIkoB, OTMEYAIOT UX I[BET M HCIIBITHIBAIOT
JICWCTBME HA HUX YKCYCHOM U COJITHOM KHCJIOT. 3allucaTh YPaBHEHUS TPOTEKAOIIUX PEAKIIHiA.
Onpir 8. OxpammBaHue IUIAMEHH  PacTBOpaMH  COJIeH  INEJOYHBIX H
1IeJIOYHO3eMeJbHBIX MeTaoB. [IpoBoouKy ¢ TmeTenbkoil Ha KOHIE BHECTH B
KOHLEHTPUPOBAHHYIO COJIIHYIO KHMCIOTY M 3aT€M IPOKAJINUTh B INIAMEHM CHUPTOBKU. Ywucras
IIPOBOJIOKA HE JOJHKHA OKpaluBaTh miams. OUUIIEHHYIO POBOJIOKY OMYCTUTh B PacTBOP COJIU
HATpUs U CHOBA BHECTHU B IIJIaMs COUPTOBKU. OTMETUTH LIBET IUIAMEHU U 3allUCaTh B TETPAlb.
OnpIT MOBTOPUTH C pacTBOpaMu cojieil kamus, Oapus u Kanmpuus. llepen KaIbIM ONBITOM
IIPOBOJIOYKY IIPOMBITh KOHLIEHTPUPOBAHHOM COJITHOM KMCJIOTOM U 3aTEM IIPOKAJIUT.
IMopsinoxk padoThI:

[Tomry4uTh OT mpenoaBaTenis 3alaHue.

BoImoaHUTE paboTy COrIaCHO METOANYECKHM PEKOMEHIALIUSM.

OdopmuTh MPOTOKOI pabOTHI.

BoutnTh oTpaboTaHHbIE pacTBOPHL, IOCYTy BEIMBITE. CriaTh pabouee MecTo.
Conep:xkanue oTyera:

1. Tema u nenb paboThI.

2. HalOnroneHusi, ypaBHEHHS PEAKIIUN MO KaXI0W YaCTH PaOOTHI.

BriBo1BI IO TIpOAETIAHHOM paboTe.

bl e

(98]

KoHTpoJibHBIE BOIPOCHI.

OO01mas xapakTeprcTUKa rIIaBHOW MOATPYIIbI | rpymiibl (IeT0YHbIE METAILIIBI).
Pacnipoctpanenue B npupojie U MoaydyeHHeE.

du3nyeckre 1 XUMHUUECKHE CBOMCTBA IIEIOUYHBIX METAJIJIOB.

[Ipumenenne, TOKCUKOJIOTHSI.

OO01mas xapakTeprcTUKa ri1aBHOW moArpynmsl I rpynmsl mienoYHo3eMenbHbIE METAIUTH ).

SNk WD -
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6. PacnpocTtpanenue B mpupoje U MOJTyUEHUE.
Ouznyeckue 1 XMMUYECKHE CBOMCTBA IIET0YHO3EMENbHBIX METAIIJIOB.
8.  IlpumeHeHUE, TOKCUKOIOTHUS.
Yactb b. Duaements! 11 A-rpynnbl nepuoandeckoii cucTeMbl M MX COeITMHEHMSI.
Hean padoThI:
1. M3y4nTh XMUMHUYECKHE CBOMCTBA AIFOMUHUS U €r0 COCTMHEHUM.
Coaepsxanue padoThI:
1. W3yuenue ampOTEpHBIX CBOWCTB AJIOMUHUS: B3aUMOJCHCTBHE C KUCIOTaMU W BOJHBIMU
pacTBOpamH ILEI0YEH.
2. WccnenoBaHue BIUSHUS XJIOPUA-UOHOB HA KOPPO3UIO AITIOMHUHHSL.

=

IIpudopsl U peakTHUBBI:

[lITatuB, mpoOUpKH, KepKATENb 711 TPOOUPOK, BOIsTHAS OaHsI,

HuTtpata cepebpa, cynbdara menu, cynbdara amoMUHHS, XJIOpUIa MEIU; CEpHAs KUCIIOTA
(koHI1.), BOoda, (eHONpTaIEHH, 2 H. PacCTBOPHI COJSHOH, CEpPHONM M A30THOW KHCIIOT,
TUAPOKCHUIA HATpHsl; KOHIEHTPUPOBAHHBIE KHUCJIOTHI: COJIsSiHAas, CEpHass M a30THasd;
aTrOMUHKEBAas (ONbTa,

JKCNepUMeHTATbHAsA YaCTh

OnbIT Ne 1. BzaumoneiicTBre aJIOMUHUSA ¢ KHCJIOTAMH.

A) B3aumooeiicmeue antomunus ¢ pazoasieHnvimu Kuciomamu. B Tpu npoOUpPKH BHECTH
mo 5-8 kamenb 2 H. PacTBOPOB KHCIIOT: COJISTHOM, CEpHOHM, a30THOH. B kaxmyro mpoOHpKy
OIYCTUTh MO MAaJICHbKOMY KYCOUKY aTIOMHUHUEBOW (onbru. Bo Bcex nm ciiydasx MpoTeKaeT
peakmus Ha xosony? Harpers mpoOupku Ha BomsHou Oane. YUto nHaOmomaercs? Hamumcath
ypaBHeHHs peakuuid. Kakoi ra3 BeIIenseTcs MpH B3aMMOJCHCTBUM JIFOMUHUS C Pa30aBICHHOM
azoTHo# kucinoToi? C pa30aBICHHBIMHA CEPHOM U COJISTHOM ?

b) Bzaumooeiicmeue antomunun ¢ KOHyenmpupoganuvimu Kuciomamu. B tpu npobupku
BHECTH 10 5-8 Kalenb KOHUEHTPUPOBAHHBIX KHCIIOT: COJISIHOM, CEpHOH, a30THOH. B kaxmyro
MPOOUPKY OMYyCTUTH MO MaJECHHKOMY KYyCOUKY altoMUHUEBOM ¢onbru. Kak mpoTekaroT peakuuu
Ha xonony? C kakoil kuciotoil amoMuHuili He pearupyer? [louemy? Harpers mpoOupku Ha
BoasiHOM Oane. Kak Bimsier HarpeBanme? HammcaTh ypaBHEHHs peakiluii, YIUTBIBas, 4TO MPHU
HarpeBaHUM a30THAs KUCIIOTa BOCCTAHABIMBAETCS B OCHOBHOM J0 JIMOKCUJA a30Ta, a CEpPHas 10
CEpHUCTOr0 ra3a Ha XOJOAy M YacTMYHO CBOOOJIHOM cepbl MpH HarpeBaHuu. Bruser num
M3MEHEHNE KOHIIEHTPAIMH COJISTHON KHUCIIOThI Ha XapaKTep €€ B3aUMOJCHCTBUS C aJlOMUHUEM ?

OnpiT Ne 2. PacTtBopeHHMe ajlOMUHHS B BOJAHOM pacTBOpe Inejouyd. BHectn B
pOOUPKY MOJOCKY aIIOMUHUEBON (Poibru u 100aBuTh 3-4 Karum Boasl. Harpets mpoOupky Ha
BojsiHOM Oane. HaGmromaetcs i Beifenenne Bogopoaa? Jlo6aBute B mpoOupky 5-8 karmens 2H.
pacTtBopa eakoro Harpa. OTMETUTh MHTEHCHUBHOE BblAENEHUE BoAopoaa. OTCYTCTBUE peaKkLMU
AITIOMHUHUS C BOJOM OOBSCHSETCS HAIMYUEM Ha €ro MOBEPXHOCTU IJIOTHOM OKCHIHON IUICHKH,
KOTOpasi 3aTpyIHSET JIOCTYN BOJOPOJHBIX HMOHOB K MOBEpXHOCTH Merayuia. JloOaBieHHas
HIeJIOYb PACTBOPSAET OKCHUIHYIO IUIEHKY C OOpa30oBaHMEM THUIPOKCOAIIOMHHATA M CO3/aeT
BO3MOHOCTb HEMOCPEICTBEHHOIO B3aUMOJEHCTBUS altOMUHUS ¢ BoAou. Hanucars ypaBHeHUs
peaxuuii.

OnbiT Ne 3. BuusiHue XJIOPUA-MOHA HAa KOPPO3UI0 ajqioMuHuA. B 1Be mpobupku
MOMECTUTH IO KyCOUKY aJlOMUHHUS U 100aBUTH B OJIHY M3 HUX 5-8 Kamenb cyibdaTa Meau, a B
JpPYTyI0 - CTOJBKO e pacTBopa xyopuaa menud. OTMETHTh pasziIHyHBIA pe3ylbTaT B 000UX
ClIy4asix: B TO BpeMs Kak B IEpBON MpoOMpKe alrOMUHHMI OCTaeTcs Moutu 0e3 U3MEHEHHs], BO
BTOPOH OH OBICTPO MOKPBIBAETCS HaleToM Meau. HamucaTh ypaBHEHUE peaKivH.

IMopsinoxk padoThI:

1. TlomyuuTs OT mpenoaaBaTens 3aJaHue.
2. BbImoaHHUTh paboOTy COTIACHO METOAMYECKHM PEKOMEHIALIUSM.
3. OdopMuTh TPOTOKOI pabOTHI.

N —
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4. Bpumith oTpaboTaHHBIC PACTBOPEI, MOCYTy BBIMBITH. ClaTh pabouee MecTo.
Conep:kanue oTuyera:

Tema u 11e71h paboOTHI.

Habmionenus, ypaBHeHUS peakiuil o Kakaoi 4acTu paboThI.

3. BbIBOABI 11O MpOJICTaHHON padoTe.

N —

KoHTpoJsbHbBIE BONIPOCHI:
1. OO6mrast xapaktepucTuka riaBHou moarpymnmbl III rpymmer. PacnpocTpanenue B mpupoe.
[Tonyuenue.
2. Amomunuii. CBolcTBa U coenuHenus. [lpumenenue.

TEMA 3. OBIIIAA XAPAKTEPUCTUKA U TOKCHUKOJIOT'UA D-OJIEMEHTOB
U UX COEJJVUHEHUM
Yacts A. DaemenTs! 1B u IIb rpynnsl nepuoanyeckoi cHCTeMbI U HX COeJUHEHHS.
esab padoThi:
W3ydenue cBOICTB Meu U cepedpa U MX COSAUHEHUI.
N3ydeHue CBOWCTB IMHKA U €r0 COCTMHEHUN.
Coaepsxanue padoThI:

1. HccrnenoBanue B3aUMOIEHUCTBUS MEIU C KUCIOTaMHU. B3auMoaelicTBUE COEIUHEHUNA MEIU C
KHCJIOTaMU I1I€JI0YaMH, KOHLIEHTPUPOBAHHBIMU pAacTBOpPAaMU aMMMAaKa, KOMILJIEKCHBIMU
COCIMHEHUSIMU.

2. BsaumopgeiicTBue HUTpara cepedpa C IeI0YaMu, KUCIOTAMH, COJSIMUA TajlOT€HBOJOPOIHBIX
KHCIIOT, THOCYJIb(ATOM HATPHUSL.

N3yuenne cBoiicTB MeH U cepedpa U UX COeJUHEHHUIA.
IIpubopsbl U peakTUBBI:

1. Xumuueckue crakaHbl, IPOOUPKH, TUMETKHU, IITATUB.

PactBopsl cynbdara meau, ruapokcHia HaTpus, HOAMIA Kainus, OpomMIa Kauus,
THOCYNb(aTa HAaTpus, KapOoHaTa HaTpus, rekcanranodeppara (I1I) kanus, consIHON KUCIOTHI,
CEepHOM KHCIOTHI, aMMHaKa, HUTpata cepedpa; 2 H pacTBop XJI0pOBOJOPOIHON KHCIIOTHI,
KOHLICHTPUPOBAHHBIM BOJHBIN PacTBOP aMMHUAKa.

N —

JKCNepUMEHTAIbHASA YaCTh

OnbIT 1. U3ydyeHne cBOMCTB MeIM U ee COeIMHEHHUH.

a) B xumMuyeckoM cTakaHe CIMBAIOT MPU MEPEMEIIMBAHUHN MPUONIH3UTENBHO 10 10 M
pactBopoB CuSO4 u NaOH.

Ocanok aensar Ha 4 mpooupku. [IepByro mpoObupKy OCTOPOKHO HArpPEBaloT.
Bo BTOpyto npunuBaroT 2H. pacTBOP XJIOPOBOAOPOIHOM KUCIOTHI,
B TPETHIO — KOHIIEHTPUPOBAHHBIA BOJHBIN pacTBOp amMmmHuaka. UYto HabmogaeTe?

6) B npobupky namuBaioT pactBop CuSOs u nmobaBistoT pactBop monuaa kamust Kl.
Hab6mronaror ocaxxnenue noauna menu (I) Cul, okpacky KOTOpPOro MacKHpPYeT BBIICITUBIITUNCS
won . JInmg ycraHOBIEHMS OKpackM oOcajka J00aBIISIOT HECKOJBKO Kareidb pacTBOpa
trocynbdara Hatpus NaxS>03;. K ocanky Cul moGaBmsitor B M30BITKE pacTBOp THOCYIb(dara
HaTpus NazS>0s3. Habmonarot pactBopeHne ocajka.

B) B mpoOupky HamuBaoT pactBop CuSOs m n00aBisOT pacTBOp KapOoHATa HaTpHs
Na;COs;. HaOmomator o0pa3oBaHHe OcCajlka, KOTOPBIH COCTOMT U3 OCHOBHBIX COJIEH
MEPEMEHHOT0 COCTaBa.

r) B mpobupky npunusaroT pactBop CuSOs 1 10 KaruisiM J00aBIIsIIOT KOHLIEHTPUPOBAHHBII

BOJHBIN pacTBOp ammuaka NH3. Uro nHabmrogaere?

1) kadecTBeHHas peaknus Ha Cu’’. K pactBopy CuSOs 106aBIsioT HeGOJIBIIOE
KonudyecTBO pactBopa rekcarumanodeppara (II) kamms Ko[Fe(CN)s]. Brwimensiercss ocamox
rexcarmanodeppara (II) menu (II) Cu[Fe(CN)s] . Henar ocagok Ha 4 TpOOUPKHU U UCTIBITHIBAIOT
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neiicreue Ha ocanok HCI, H2SO4, pactBopa NaOH u BogHoro pactBopa ammmuaka NHi. Yro
HaOJronaere?

OmnpbIT 2. U3yueHue cBOWCTB cepedpa U ero coeJMHEeHUI.
a) B mpoGupky BHOcAT 2-3 kammu pactBopa AgNO3 u npuOaBiISiOT B U30BITKE PACTBOP
NaOH. Ha6monatot obpazoBanue Ag0.
0) B nBe npobupku HanmBaroT 1o 3-4 karum pactBopa AgNO3 1 700aBISAIOT IO HECKOJIBKO
karens HCL. Habmonatot Beigenenue 6emoro ocaaka AgCl.
B omHy mnpoOuwpky npuiIMBarOT BOJHBIM pacTBOp ammuaka NHiz, B apyryw - pacTBop
tuocynbata Hatpus NaxS>03. Habronaior pacTBopeHne ocaika.
B) B naBe mpobupku HammBatoT pactBop AgNOs. B ogny nobasmstor pactsop Kl, B apyryro
— KBr. Kaxnsiif ocafok aensar Ha 2 TpoOUpKH.
JloOaBnsroT BoaHBIN pacTBop ammuaka NH3z B 1 nmpobupky ¢ Agl u B 1mpobupky ¢ AgBr. B
o0eux J11 mpoOupKax MPOUCXOIUT PACTBOPEHHE OcaaKa?
B ocraBmmecs mnpoOUpKHM NPUIUTH pacTBOp THOCydbdata Hatpus NaxS»03. UYro
Habmonaete?
KoHTposibHBbIEe BONIPOCHI.
OOm1ast xapakTeprucTHKa MOO0YHOM moarpymisl | rpynimsl (moArpymmna Mean).
PacnpocTpanenue B mpupojie 1 MoidyyeHue.
Du3nyecKue 1 XMUMHYECKHUE CBOMCTBA.
[Ipumenenue, HanboJiee BayKHBIE COCTMHEHHS ME/IH, cepedpa 1 30J10Ta.
Oxapaktepu3yiiTe OTHOLIEHHE Meau, cepedpa W 30J0Ta K pa30aBIeHHBIM U
KOHIIEHTPUPOBAHHBIM pacTBOpaM KHUCJIOT, K pacTBopam Ienodeid u coisieid. Hamummre
YpPaBHEHUS COOTBETCTBYIOIIUX PEAKIUN, YKAKHUTE YCIOBUS UX OCYIICCTBIICHUS.
6. Kakume peaknmum NOpOTEKAOT TMPU PACTBOPEHUHM 30JI0TA B «IAPCKOW BOIKE», B
KOHIIEHTPUPOBAHHOW COJITHOW KUCJIOTE, HACBIIIICHHON XJIOPOM, B CEJIEHOBOM KHCIOTE?
7. Yem oObsicHseTCS 00pa30oBaHHME 3€JEHOr0 HajeTa Ha MEOHBIX H3ICNUSIX M TOYEepHEHHE
cepeOpsSHBIX MPEIMETOB MPH ATUTEIBHOM NpeObIBaHUU UX Ha Bo3ayxe? Hamummre ypaBHeHuUs
COOTBETCTBYIOLIMX PEAKLVH.

SNk W=

IlMHK U ero coeqUHEHHUA
IIpudops! U peakTUBBI:
ITatuB, npoOUpPKH, MUMETKH, MUKPOILUIATENb, CIIUPTOBKA, JepXKaTelb Ul IPOOUPOK.
[{nHKOBas NbLIb, 2 H PaCTBOPBI CEPHON U COJISIHOM KHMCIIOTHI, 2 H pacTBOp I'MAPOKCUAA HATpHs, | H
pacTBOp COJISIHOM KUCIOTHI, 2 H PACTBOP aMMHaKa, KOHIIEHTPUPOBAaHHAsl CepHasi KUCIIOTa, pacTBOP
COJIM IIMHKa (J1100ast pacTBOpHMAsi), HACHIIIEHHBIH PacTBOp CyIb(hHUaAa aMMOHHMS, COJIb LIMHKA (KP.),
BOJ1a, JJAKMYC.

N —

JKCNepUMeHTATbHAsA YaCTh
OnpiT 1. PacTBOpeHre MUHKA B KUCJO0TAX U 1IEJI0YAaX.

Hamute B mpoOupky 4-5 kamenb 2 H. pacTBOpa CEpHOM KHCIOTHI, 100aBUTH |
MUKpPOLINATENb IUHKOBOW MBUIM U cllerka noaorperb. To ke mpojienaTs ¢ KOHIEHTPUPOBAHHOU
CepHOW KHUCIIOTOM M MO 3amaxy ONpeAeTUTh BBIACICHHE CEPHHUCTOro rasza. Takum ke oOpa3zom
MPOBEPUTHh PACTBOPUMOCTD IIMHKA B 2 H. PACTBOPE COJSTHOM KUCJIOTHI U B 2 H. pacTBOpPE €IKOM
menoun. Onucath Habmomaemoe. [louemy paszOaBieHHas u KoHueHTpupoBaHHas H>SO4 mo-
pa3HOMy pearupyroT ¢ UOMHKOM? Kakoidi aroM W B KakOdW CTENEHH OKHCIICHUS SBIISETCA
OKHUCJIUTEJIEM B TOM U B IpyrOM citydae?

OnpIT 2. F'MaAPOKCHI IMHKA U €r0 CBOMCTBA.

Hanute B nBe mpoOupku mo 3-4 Kamim pacTBopa COJNIM IUHKA. B KaXayro MpOOHpPKY
n00aBIATH 2 H. pacTBOpP €OKOM IIENOYM J0 TMOSBICHHUS O€oro CTYAEHHUCTOro OcajKa
TUAPOKCHAA LIMHKA. McnbITaTh OTHOIIEHUE MOJIYYEeHHOTO TMAPOKCUIA K KHCIOTaM U IIeJiodaM.
Kaxkoii BbIBOJT MOKHO cJlieJlaTh O CBOMCTBaxX TMAPOKCHIA IMHKA? HamucaTh ypaBHEHHS peakiuii
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B MOJICKYJISIPHOW M HOHHOHM (popMax.
Onpit 3. Cyasdua umHKA.

B mnpoGupky mnomectuth 3-4 Kamiau pacTBOpa COMM LMHKA M J00aBUTH 2-3 Karuiu
HACBIIIEHHOTO0 pacTBOpa cyibduna ammoHus. OTMETHTH LBET oOpa3oBaBIIErocs oOcajaka Hu
no6auth 1 kams 1 H. pacTBopa coisiHOM KHCHOTHL. YUto mpoucxonut? HammcaTh ypaBHEHHS
peaKuuii.

OmnbIT 4. 'uaposus coJieii HUHKA.

[TomecTuTh B MpOOMPKY HECKOJBKO KPUCTAIUIMKOB COJM ITMHKA W PACTBOPUTH UX B 1-2
Karsix Bozbl. JloGaBuTh B mMpoOMpPKY 2-3 Karuid pacTBOpa JakMyca M Clerka mojaorperb. Bo
BTOPYIO MPOOUPKY HAIUTH 2-3 KaIulkd pacTBOpa JIaKMyca W 1-2 Karuii BOABI M CPAaBHUTH I[BET
COJCPKMMOTO 3TOH MPOOUPKH C OKPAaCKOW MOJy4eHHOro pacTBopa. Ha kakyio peakuuio
yKa3bIBae€T IIBET JaKMyca B pacTBOpe coyiM IMHKA? HamucaTh B MOJEKYJISIPHOW M HMOHHOH
¢dopmax ypaBHEHUS MPOLIECCOB, BHI3BIBAIOIINX U3MEHEHHE OKPACKU JIAKMYCa.

OnbIT 5. AMMHAaYHBII KOMILIEKC IMHKA.

B nmpo6upky nomectuTh 1 Karuio pacTBopa CoiIM LHUHKA U 100aBUTh 2 Karuiy 2 H. pacTBOpa
amMuaka. OcaZloKk Kakoro BemiecTBa oOpazoBaicsa’? K mosydeHHOMY pacTBOpY MPUIIUBATH IO
KaruisiM M30BITOK pacTBOpa aMMHaka J0 pacTBOpeHHus: ocajaka. HammcaTh ypaBHEHMs peakiuii,
CcUyMTas, YTO KOOPAMHALIMOHHOE YMCIO MOHA LMHKa 4. Hammcare ypaBHEHUs auccoluanvy
KOMIUIEKCHOT'O COEIMHEHUS U KOMIJIEKCHOTO MOHA.

KonTposbHbIe onpochI:
1. Xumus sneMeHToB MoOOoYHON moArpynnsl Il rpynmnsl mepuoguyeckoi CHCTeMBbI (MTOArpyIIIa
[IMHKA).

2. PacnpoctpaneHHOCTb B ITpupoae. OCHOBHbIE MUHEPAIIBI.
3. ®DU3UKO-XUMHUYECKHE CBOMCTBA MPOCTHIX BellecTB. [lomydeHne mpocThiX BEIIECTB.
4. Xumus BOJAHBIX PAaCTBOPOB.
5. Okcunpl ¥ TUAPOKCHUIBI.
6. Conu. KommiekcHble COeTUHEHUS.
IMopsinoxk padoThI:
1. TlomyuuTs OT mpenoaaBaTens 3aJaHue.
2. BbImoaHUTH pabOTy COTTACHO METOJUYECKIM PEKOMEHIAIIHSIM.
3. OdopmMuTh TPOTOKOI pabOTHI.
4. Bpumth 0TpaboTaHHBIC PACTBOPEI, MOCYTy BBIMBITH. ClaTh pabouee MecTo.

Conep:kanue oTuyera:

1. Tema u nenb paboTHI.
2. HalOnroneHus, ypaBHEHHS PEAKIIUN MO KaXI0W YaCTH PaOOTHI.
3. BrIBoabI IO IPO/IETAHHOM paboTe.

Yacrs b. DuemenTsl 10004HOM noarpynns! VI rpynnsl nepuoAn4ecKoi CHCTEMBI.
«H/3y4eHnne cBOMCTB XpOMa M €ro coeMHeHuin»

Hean padoThI:
N3y4nTh XMMHUYECKHE CBOMCTBA XpOMa U €ro COCTMHEHUN.
O3HakomiieHHE ¢ TaOOPaTOPHBIMU CIOCOOAMHM TOYYEHUSI OKCHIIOB, TUAPOKCHIOB M COJIEH
XpoMa.

Coaepsxanue padoThI:
1. Tlonmyuenue oxcuaa xpoma. [losydeHrne u ucciaegoBaHUE XUMUYECKUX CBOMCTB TMAPOKCUIA
xpoma (III).

2. TlomyyeHue ManopacTBOPUMBIX XpOMAaTOB Oapusi, CBHHIIA U cepedpa.
3. HccnenoBaHue OKUCIUTENBHBIX CBOMCTB XPOMATOB U TUXPOMATOB.

N —

IIpudopsbI U peakTUBBI:
1. LraTuB, mpoOUPKH, MUNETKH, AepP>KaTENb sl TPOOUPOK, CIIUPTOBKA.
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2. buxpomar ammoHHus (Kp.), pacTBOpPBHl XpoMaTa M OMXpomara Kaius, XJopujaa Oapus, HHUTpara
CBHUHIIA, HUTpaTa cepeOpa, MOAUAA Kalus, ; KpaxMaa, 2 H pacTBOp T'MAPOKCHIAa HaTpusi, 2 H
pPacTBOp COJISTHOM KHUCIIOTHI, 2 H paCTBOP CEPHOM KUCIIOTHI, COJIIHAsA KUCIO0Ta (KOHIL. ).
JKCNepUMEHTAIbHASA YaCTh

Omnbit 1. Iosryyenne oxkcuaa xpoma.

B mpoOupky momMecTuTh HEOOJBIIOE KOJWYECTBO OWXpOMara aMMOHHUS W OCTOPOKHO
Harpetb. HaOmiomaercst OypHoe pasnoskeHue cosd. Kakoil 1BeT MMeeT MOJY4YEHHBIH OKCH
xpoma (III)? Hammcate ypaBHEHWE peaKkIUU Pa3JIOKEHHUS, YUYUTHIBAsA, UYTO OJHOBPEMEHHO
00pa3yroTcs a30T U BOJA.

OnbiT 2. ITonnyyenue u cBoiicTBa ruapokcuaa xpoma (I1I).

[Tomyuuts B ABYX npoOupkax ruapokcun xpoma (I1) B3anmoaelicTBieM pactBopa Xjaopuia
xpoma (III) (3-4 xammm) ¢ 2 H. pactBopoMm menoun (1-2 kamm). HcneiTath OTHOIICHHE
THAPOKCUIA XpOMa K KUCIOTE W K U30OBITKY IEJIO0YH, I Yero JOOABISITh B OJHY MPOOUPKY TIO
KaruisiM 2 H. pacTBOpP COJSIHOW WJIM CEPHOM KHCJIOTHI, B IPYTYI0 — 2 H. pacTBOpP IIEJIOYU 10
pactBopeHusi ocaaka. Hamucarh ypaBHEHHMsSI peaklUi, YUYUTHIBAs, UYTO NPH B3aHUMOJECUCTBUH
TUIPOKCHIA XPOMa ¢ KUCJIOTOH M CO IMIET0UbI0 odyJaeTcsl KoMIuiekcHbIi annon [Cr(OH)4]>.
OmnbiT 3. XpoMaTsl H OMXPOMATHL

a) nepexod xpomama kanua 6 ouxpomam. K pactBopy xpomara kamusi (3-4 Karm)
npuOaBIsATh MO KaruisiM 2 H. PacTBOpP CEPHOW KHCIOTHL. OTMETUTh OKpacKy B3SITOTO U
MOJIy4EHHOT0 PACTBOPOB U YKa3aTh, KAKUMU MOHAMH 3TH OKpacku oOyciaBnuBaroTcs. Hamucatpb
ypaBHEHUE PEAKLIUHU.

0) nepexoo ouxpomama kanus ¢ xpomam. K pactBopy Ouxpomara kamus (3-4 Karuim)
npubaBIsATh MO KaIlIsM pacTBOp IMIENOYM JI0 W3MEHEHHUs OKpacku. HamucaTh ypaBHEHHe
peakuuu.

OnbIT 4. IosryyeHHe MAJIOPACTBOPUMBIX XPOMATOB 0apusi, CBUHIIA U cepedpa.

B Tpu mpobupku ¢ pactBopoM xpomara kamus (2-3 kamim) npuOaBUTh MO 2-3 Karuiu
pacTBOpOB: B MEPBYI0 — XJiopuaa Oapus, BO BTOPYIO — HUTpaTa CBUHIA, B TPEThIO — HUTpaTa
cepebpa. OTMeTUTH 11BeTa 0caAKOB. HanncaTh ypaBHEHUS peaKIiHid.

OnbIT 5. OkUcIUTEIbHbIE CBOICTBA XPOMATOB.
a) okucienue uoouoa kanua. K nogkucieHHoMy cepHod kucinotod (1 kamist) pactBopy
ouxpomarta Kamus (4-5 kamensb) m00aBuTh 3-4 Kamu pactBopa moauaa Kamus. OTMETUTh
U3MEHEeHHEe OKpacku. J/loka3aTh ¢ MOMOIIBIO pacTBOpa Kpaxmaja BblIEJICHHE CBOOOJHOrO iofa,
JUISL 4ero B MpOOHpKY ¢ 5-6 KaruisiMHM Kpaxmaja BHECTH OJHY KAl MOJyYEHHOTO B OIIbITE
pactBopa. Hanncars ypaBHEHHUsI peakiuil.
0) okucnenue conanou kucromsl. K pactBopy Ouxpomara kaynms (1-2 xamm) npuOaBuUTh
10-12 xamnenb KOHLIEHTPUPOBAHHOM COJITHOM KUCIOTHI. CMECh HarpeTh 0 Nepexoaa OpaHKeBon
OKpacku B 3eneHyro. OTMeTuTh BblIeNeHe ra3a. Kakoi ra3 Beiaensercs. HanucaTts ypaBHeHHE
peaKkiuu.
IMopsinoxk padoThI:

[ToryduTh OT mpenoaBaTelis 3a/laHue.

BrImonHUTE paboTy COrNIACHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmuTh IPOTOKOI pabOTHI.

BrumiTh 0TpaboTaHHBIE PaCTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oTyera:

1. Tewma u nienp paboTHI.

2. Habmionenus, ypaBHEHUS peakuil 0 KaK0i 4acTH padoThI.

3. BrIBOABI 11O MpOJICTaHHON padoTe.

el

KoHTpoJibHBIE BOIPOCHI.
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1. Xumus 35eMeHTOB NOOOYHOM moArpymmsl VI rpynibl NepuognIecKol CUCTEMBI (TOArpYIIa
XpoMma).

2. PacnpocTtpaHeHHOCTb B ITpupojae. OCHOBHbIE MUHEPAIIBI.

3. ®u3MKO-XMMHUYECKHE CBOMCTBA MeTaJIOB. [lomydenue xpoma, Morb1eHa U BoJb(dpama.

4. Xumus BOJAHBIX PAaCTBOPOB.

5. OkKcunpl ¥ TUAPOKCHUIBI.

6. Conu. KommniekcHble COeTUHEHUS.

7. Tlouemy mpu B3aUMOJCHCTBUHU COJIe Oapwsi ¢ pacTBOpaMU XpoMaTa M JTHUXpoMaTa Kajaus
BBINAJIal0OT OCAJAKM OJUHAKOBOTO cocTtaBa? Paccmorpure okuciutenbhble cBoiictBa KoCr07
pu paznuHbIx pH pacTBOpoB.

Yacrtb B. [lo0ouynas moarpynmna ceabMoii rpyninbl NepuognIeCKOi cucTeMbl.
Mapranen u ero coefuHenus’”
esab padoThi:

1. M3yuyeHue XMMUYECKUX CBOMCTB COEIMHEHUIN MapraHua.

2. O3HakomyIeHHE C JIAOOPAaTOPHBIMH CIOCOOAMH TIONYYECHHS MaJlOpPaCTBOPUMBIX —COJIeH
mapranna (II) u uzyyeHne ux XuMU4YECKUX CBOMCTB.

Conep:xxanue padoThbI:

1. HccnemoBaHue OKUCIUTENBHBIX CBOMCTB coneit mapranmna (I1) ¢ amoMuHuem.

2. HccnenoBaHue OKUCIUTEIBHBIX CBOMCTB coennuennit mapranma (VII).

3. Tlonyuenne ruapokcuaa mapranua (II) u uccienoBanue ero XUMHYECKUX CBOMCTB.

4. TlomyueHue xpomara mMaprasiia, kKapOoHaTa Maprasiia, cyJib(Quaa Mapraiia 1 uccieZJoBaHue

XUMHYECKUX CBOMCTB 3TUX COEAUHEHUI.
IIpudopsbI U peakTUBBI:

1. IlraruB, mnpoOUpPKH, THUIMETKHA, CTEKISHHAS  MaJl04YKa, MHUKPOIINATENb,  CIUPTOBKA,
pOOUPKOJIEPIKATENb,

2. PactBop conu mapranua (1), amromunueBas ¢oinbra, 2 H pacTBOp TUAPOKCHIA HATPHS, 2 H pacTBOP
CEpHOI KHUCIJIOTBI, pacTBOPbI XpoMmaTa Kaius, kapOoHaTa HaTpus, Cyiabduaa aMMOHUS, cylbdara
mapranua (II), pactBop mnepmanranara kamus, cyiabGuT Hatpus (kp.), 10%-HOro pacTBOp
NEePOKCH/Ia BOJIOPOA, STUIIOBBIN CIUPT.

JKCNEePUMEHTAIbHAA YaCTh
OmnbiT 1. Boccranosienue cosim mapranua (II) anroMmuauem
Hanute B npobupky 5-8 xanens pactBopa cosn Mapranua (II) u omyctuts B Hero kycouek
amomuaneBot  oaerm  (5x30 wmmMm). Yepe3 HekoTopoe BpeMs HaOMIOAaTh BBIIACICHHE

METaJUIMYECKOr0 MapraHila Ha MOBEPXHOCTU antoMuHus. Hanucars ypaBHEeHHE peakinu.

OnbiT 2. T'uapokcna mapranua (II) u ero cBoiicTea

B nBe npoOupku BHecTH no 3-4 kamu pactBopa conu Mapranua (II) u mo 2-3 karm 2 H.
pactBopa mienoyr. KakoB mBeT mosyduBierocs ocanaka ruapokcuna mapranna (I11)? Pasmemrars
0CaJIOK CTEKJITHHOW MallOYKOH M OTMETHTh €ro MOOypeHUe BCIEACTBHE OKUCICHHS MapraHiia
(IT) mo Mn (IV). Bo BTOpyo mpoOHUpKyY ¢ 0CaaKOM THAPOKCHIA MapraHiia 100aBuTh 2-3 Karim 2
H. pacTBOpa cepHOM kuciaotel. Uto Habmrogaere? Kakue cBoiiCcTBa XapaKTepHBI ISl THIPOKCH 1A
Mn (II)? Hanmumcate ypaBHEHHs peakiuid: a) mosydeHus rumapokcupa Mmapranma (II) m ero
OKHUCJICHUUS KHUCJIOPOJIOM BO3fayxa B mpucytctBud Boabl B MnO(OH); 6) B3aumoneicTBus
TUJPOKCHIA MapraHiia ¢ CEpHOM KUCIOTOM.

Omnbit 3. ITosryuyeHne HEKOTOPBIX MAJIOPACTBOPUMBIX coJeil mapranua (II)

B Tpex mpoOupkax moiayuuTh: a) XpoMaT MapraHia; 0) kapOoHAT MapraHiia; B) Cyiabhu
MapraHila B3auMOJICHCTBHEM Xpomara Kajus, KapOoHaTra HAaTpus U Cylbpuaa aMMOHHS C
cynbdarom mapranmna (I1). PacrBopsr 6pats o 3-4 karum. OTMETUTH 1BETa ocaakoB. PactBop ¢
0CaJKoM Cynb(huIa MapraHia pa3MeniaTh CTEKISSHHON nanodkoid. OTMETHTh U3MEHEHHE IIBETa
ocanka. J[06aBuUTh K KaXIOMy Ocanky 2-4 Kamiau 2 H. pacTBopa KucioTbl. Caemarh BBIBOJ O
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PacTBOPUMOCTH ITOJIYYEHHBIX COJIEH MapraHia B KMCIION cpeze. Hanucars ypaBHEHUS peakiuii:
a) TIOJyYeHHs XpomaTa, kKapOoHata u cyiab(duma Maprania; 0) OKHCICHHS CyJab(uaa MapraHia
KHCJIOPOJIOM BO31yXa B MPUCYTCTBUU BOJbI, YUUTHIBAS, YTO IPU 3TOM MOJTYyYAETCA TUIAPOKCHU]
Mn (IV); B) pactBopeHust xpomara, kapOoHata u cynbduaa mapranua (I1) B kucnore.
OmnbIT 4. OxucauTeIbHBbIE CBOIiCTBA coenHennii mapranna (VII).
a) Bauanue pH cpedwt na xapakmep 60ccCmanosieHus nepmanzanama.
B 3aBucumocTu OT cpeapl — KHUCIOW, HEWTpanbHOW wiu ImenouyHoir — mapraner (VII)
BOCCTAHABJIMBACTCA 1O PAa3JIMYHBIX CTENEHeW okucieHus. B kucioi cpege noH MnOg
nepexoauT B MoH Mn®" | B HeifTpanbHOM, crmabomienoyHol u crmabokucioil — B MnQO, , B
CUJIBHOILIETIOYHOM MPU HEAOCTATKE BOCCTAHOBUTEISI — B MOH MnO4>.
B tpu mpoGupkm BHecTH mTo 3-4 KamiM pacTBOpa IepMaHTaHata Kaius. B onHy
npoOUpPKY 100aBUTH 2 KaIlJId 2 H. pacCTBOpPA CEPHOU KUCIOTHI, B IPYTYIO — CTOJBKO K€ BOJIBI, B
Tperbio — 3-4 kamam 2 H. pacTBopa Imenoyd. Bo Bce Tpu mnpoOupku mnpubaButh 1o |1
MUKPOILTATENI0 KPUCTAJUIMYECKOTO CyibduTa HaTpus wid Kanua. OTMETUTh pa3InyHOe
M3MEHEHUE NEPBOHAYAIBLHOM OKpacKd pacTBOpa IMEepMaHraHaTa B KaxJIoMm ciydae. Uem 310
BbI3BaHO? Hamucarh ypaBHEHHUS peakiiuil.
0) OKucnenue nepmanazcanmom Kaausa nepoKcuoa 6000pooa.
B mpobupky BHecTn 3-5 kamenb pacTBOpa MepMaHTraHaTa Kajms ¥ 2-3 Karii 2 H. pacTBopa
cepHoil kucinotel. Jlo6aButh 3-4 karum 10%-Horo pactBopa mepokcuaa Bojopona. Kakoif ras
BbIIEnsieTcs? Kak n3sMeHW1ach CTeneHb OKUCIeHHs Mapratia? Hamicats ypaBHEHUE PEAKIIHU.
6) OKucnenue nepmanazanmom Kaaus CRUpma 6 KUcaou u uie104Holl cpeoe.
B nBe mpobupku BHECTH 110 2-3 KaIljiu pacTBopa NepMaHTraHara kanus. B onHy nmpoOupky
Nn00aBUTh 2 Kaluid 2 H. pacTBOpa CEPHOM KHUCIOTHI, B APYTYIO - CTOJBKO K€ 2 H. pacTBOpa
niesnoun. B mpoOGUpKy ¢ MOJIKHUCIECHHBIM PacTBOPOM MEpMaHraHaTa Kaius 1o0aBUTh 3 Karuiu
TUJIOBOro cnupta. PactBop moAorperb MaleHbKUM IUIAMEHEM CHUPTOBKU. OTMETUTH
u3MeHeHre okpacku. Kak m3MeHunach creneHb OKuciaeHHs mapraHina? B npyryio npoOupky k
HIEIOYHOMY PacTBOPY MEepMaHTaHaTa Takke J00aBUTH 3 Karlid 3TUIoBOro cnupra. Habmronars
MOCTENIEHHOE BOCCTAHOBJICHHE II€pMaHraHaTa CHayajla /0 MaHraHara, a 3aTeM JI0 JUOKCHJa
Mapranma. OTMETUTHh TMOCJIENOBAaTEIbHOCTh HM3MEHEHHMS OKpacku pacTBopa. Hamucartb
YpaBHEHHUS peakIuil: BOCCTAHOBJIEHUS MEpPMaHraHaTa Kajlis CIUPTOM B KUCIJION cpefie cHayala
JI0 MaHTaHaTa, a 3aT€M MaHraHaTa — J0 JUOKCHJA MapraHlla, YYUTHIBas, YTO B KAKIOM Cllydae
CIUPT OKUCIISIETCS B IbJACTHL.
ITopsinok paGoTbI:

[TonyuuTs OT npenogaBaTens 3aJaHue.

BbInmonHuTh paboTy COrilacCHO METOIMYECKUM PEKOMEHJAIUSIM.

OdopMHUTH TPOTOKOIT PAOOTHI.

Boumnth oTpaboTaHHBIE PACTBOPHI, IOCYAY BBIMBITH. C1aTh pabouee MeCTo.
Conep:xanue oTyera:

1. Tema u nienp paboOTHI.

2. Habmionenus, ypaBHEHUS peakuil 0 KakK0i 4acTH padoThI.

3. BbIBOABI 11O MpOJICTaHHON padoTe.

PO

KoHnTposabHbIe BONpoCHI.
1. Xumus »draeMeHTOB 1o0ouHOM moarpymmbl VII rpynmel  mepuoanyeckold  CHCTEMBI
(moarpymma Maprasua).
PacnpoctpanenHocTs B ipupojie. OCHOBHBIE MUHEPAIBI.
DU3UKO-XUMHUYECKHE CBOMCTBA MeTaUIOB. [lomyuenne meramios.
XHMHS BOAHBIX PACTBOPOB.
OKcuabl ¥ TUAPOKCUIBI.
Comnun. KoMmiiekcHble cOe JUHEHMS.
Hanumure ypaBHeHUs peakiinii, B KOTOPBIX COCIMHEHHS] MapraHila MPOsIBIISIOT

Nk LD
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8. a) OKHCIOUTCIbHBIE, ©O) BOCCTAHOBHUTEIBHBIC CBOWCTBA, B) OKHCIUTCIBbHBIC U
BOCCTAHOBHTEIIbHBIE OJHOBpEMEHHO. Kakue coelnHeHHs MapraHia MOTYT MpOSIBISTH
OKHUCJIHUTENIbHO-BOCCTAHOBUTEIbHYIO IBOMCTBEHHOCTH?

9. Paccmorpute OKHCITUTEbHBIC CBOMCTBA KMnO4 B Ppa3IMYHbIX cpenax.
Uro mpeacTaBisioT co00i MpoayKThl BoccTaHoBIeHHS KMnO4 B KHCIBIX, HEUTPATbHBIX U
nieao4YHbIX cpenax? Kak HM3MeHseTcs oKpacka pacTBOPOB B IPOILECCE BOCCTAHOBJICHMS
KMnOg4?

10. OxapakTepu3zyiTe B3aMMOJEUCTBUE COJSAHOW KHUCIOTHI € OKcHAamMu Mapranua MnO,
MnO2, Mn2O7. Kak n3 nupomosura nomyunts KMnO4?

Yacrts I'. daementsl VIIID rpynnbl nepuoanyeckoi cucTeMbl 3J1eEMEHTOB U
uXx coequHenud. Kene3o, K00aabT, HUKeJIb M HX COeTUHEHHSI.

Hean padoThI:
N3yuenrne XMMHUYECKUX CBOMCTB COCTMHEHUH Kelle3a, KoOambTa U HUKEIIA.
O3HakoMJIeHHE ¢ JTa0OpaTOPHBIMU CIIOCOOAMHU TIONYUYEHUSI COSAMHEHMI Kele3a, KobanbTa u
HUKEJIA.
Coaep:xanue padoThI:
[IpoBeneHne KaueCTBEHHBIX PEAKIUI 110 OMPEACICHUIO HOHOB Fe?" u Fe?'.
[Tonyuenne runpoxcuna xenesa (II) u uccaenoBanme ero XMuMU4YECKUX CBOMCTB.
[Tomyuenue runpokcuna xenesa (I1I) u nccnegoBanne ero XUMUYECKUX CBOMCTB.
HccnenoBanre OKMCIUTEILHBIX CBOMCTB coequHennit sxene3a (I11).
[Tomyuenue komrekcHoro (ocdara xenesa (I11).
[Monyuenue ruapoxcunoB kobambra (II) m wHukens (II), M3ydeHHe XWUMHYECKHUX CBOWCTB
NAHHEIX COEIUHEHUI.
7. KowmruiekcHbIe COeTMHEHUS KOOATbTa U HUKEIIS, U3YYCHUE XUMHUECKUX CBOUCTB.

N —

SR e

IIpudops! U peakTHBLI.
[taTuB, npoOUpKH, TUMETKH, CTEKIITHHAS MaJlouKa, CIUPTOBKA, JepKaTellb 1 MPOOpPOK,
Conp Mopa, pactBopel rekcanuanodeppara (III) xamus, xmopuma sxemesa (IID),
rexcannanodeppara (Il) kanus, HuTpara cepedpa, noauaa Kanus, cyabpura HaATpUs, COICi
koOanbTa u Hukens; 0,01H. pacTBOp pomaHuga aMMOHMS (WM Kaius), BoJa, 2 H. PacTBOP
TUAPOKCUAA HATPHs, 2 H. paCTBOP COJISTHOM KUCIIOTHI, KOHIEHTPUPOBAHHAS a30THAs KUCJIOTA,
2 H. pacTBOpa CEpHOM KHCIOTHI, 3%-HOr0 pacTBOpa MEPOKCUAA BOLOpOAa, 2 H. pacTBopa
oprodochopHoit KucaoThl, 25% pacTBOp aMMHaKa, pacTBOp Cyjbhuaa aMMOHUS,
JKCNEePUMEHTAIbHAA YaCTh

N —

Omnpit 1. XapakrepHble peakuuu Ha nousl Fe?" u Fe3*

a) JleiicrBue Ha couu kene3a (II) rekcanuanodgeppara (III) kaaus

Hamute B npoOupky 5-8 kamens pactBopa conu Mopa u 106aBuTh 1 Kamio pacTtBopa
rexcannanodeppara (III) kamms (kpacHoit kposiHOM comu Kj3[Fe(CN)g]). Ormerutsh 1Ber
oOpa3oBaBiierocsi ocaaka (TypHOyJeBa CHHB), yKa3aTh XHMHUECKOE Ha3BaHHE U (HopMyiy
TMOJTy4eHHOTo BellecTBa. JlaHHas peakiys sBiIseTcs XapakTepHoil Ha wmoH Fe?'. HammcaTs
MOJICKYJISIPHOE U HOHHOE YPABHEHUS PEaKIuH.

0) deiictBue Ha coJn xkesie3a (III) rekcanuanogeppara (II) kaaus

[TomecTuth B pobupky 2-3 xarmum pactBopa xinopupaa sxenesa (III) u nobasute 1 kamro
pactBopa rekcanunanodeppara (II) kamms (kenroit kpoBsHOUW comu K4[Fe(CN)s]). Uto
HaOmomaercst? OtMmeTuTh LBEeT oOpa3oBaBuIerocs ocagka (OepauHCKas Jla3ypb), yKas3arb
XUMHUYECKOe Ha3BaHuE U (HOpMyIly MOJIY4YeHHOro BemiecTBa. Hammcarh ypaBHEHHE peaklUH B
MOJICKYJISIPHOM U HOHHOH (opMme.

B) JlelictBue Ha coJm xejie3a (I11) ponanuaa aMmMoHus (MM KaJIHs)

[Tomectuth B mpoOupKy 5-6 kammu pactBopa xmopunaa xeneza (II1) u nodasuts 1 karmmio
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0,01H. pactBOopa ponanuna aMMmoHus (Wi Kaius). Takoil e OmbIT MpOJAENaTh C PacTBOPOM
comu Mopa. IlepeHecTn Kamio TOTYYEHHOTO B TIEPBOM MPOOHMPKE pacTBopa B IPYTyIO
npobupky u no6aButh 8-10 kamens Boabl. HammcaTe ypaBHEHHE peakUUU C IOJyYeHHEM
Fe(SCN)3;, cooOmaromero pacTBopy SpKO-KpacHyK OKpacky. OTMETHTh, YTO OKpacka
xapaktepHa Toibko aus comu okene3a (II). YUem oObsicHseTcss ocnabiieHUE OKpacKH IpH
pazb6aBieHun?

Omnpit 2. 'uapoxcun xesnesa (I1)

B npobupky ¢ 3-4 kamismu pactBopa cosi Mopa NmpuiInBaTh 2 H. PacTBOP IIEIOYH 10
BBINIAZICHUSI 3€JIeHOro ocaika ruapokcuaa skenesza (II). IlepememmaTh mMmonMy4YeHHBIM OCaIOK
CTEKJITHHOW TaJOYKOW HW HaOmogaTh 4epe3 1-2 MHHYTHI MOOypeHHE oOcajika BCIIEICTBUE
okucienus ruapokcuaa xenesa (II) B rumpokcun xeneza (II1) Fe(OH)s. [IpoBepuTh OMBITHBIM
MyTeM, KaK B3aMMOJICHCTBYET CBEXEOCAXKIEHHBIN rumpokcup xkene3a (II) ¢ 2 H. pacTBOpoM
coisiHOM kucnoThl. Kakme cBolicTBa NposBISET B 3TOM peakuuu ruapokcup xenesa (I1)?
Hamucate ypaBHeHMsi peakiuii: a) oOpazoBaHusi ruapokcuna kenesza (II); ©) oxucimenus
MOJTy4€HHOTO OCHOBaHMS B ruapokcu xkenesa (I11) mox geiicTBreM Kuciopoaa BO3yXa M BOJIBL.

OnpiT 3. BoccTaHoOBHTE/IbHBIE CBOIiCTBA coeluHeHn i xkeje3a (11)

a) Boccmanosnenue azomnoit kuciomot

B nBe mpoGupku HamuTk 110 1 Mt pactBopa conu Mopa. B ogHy u3 Hux 106aButh 1 Karumo
KOHILICHTPUPOBAaHHOM a30THOW KHMCIIOTHI, MOAOTPETh PACTBOP 0 MPEKpallleHUs BbIIEICHUS ra3a
W JaTh €My OCTHITh. 3aTeM B 0o0e mpoOupku no6aButh 1o 1 kamie 0,01 H. pacTBopa pomaHuma
amMmMoHHs. B kakoil mpoOupke HaOMIOAaeTcs KpacHOE OKpAalIMBAaHUE pacTBOpa M IMoYemy?
Hanucarp ypaBHeHue peakuuu, CcuMTas, 4YTO Aa30THasg KHUCJIOTAa BOCCTAHABIMBAETCS
npeumMyiiecTseHHO 10 NO.

0) Boccmanoenenue nepoxcuoa 600opooa

B nBe npo6upku HanmuTh 1o 1 mMi1 pactBopa coiau Mopa. B onny npo6upky 106aBuTh 2-3
KaIUIA 2 H. pacTBOPa CEpHOM KUCIOTHI U 2-3 Karm 3%-HOro pacTBopa NEPOKCUIa BOJLOPOIA.
3arem B 00e poOupku 106aBuTh 1o 1 kame 0,01 H. pacTBopa poxganuaa aMmMoHus. B kakoi
npoOupKe HabII0AaeTcsl KpacHOE OKpalIuBaHue U nouemy? [IpoBepuTh ONBITHBIM MTyTEM, KaK
IPOTEKaeT BOCCTAHOBJICHUE MIEPOKCHIA BOAOPOAA coiblo xxene3a (I1) B menouHol cpeze.
OTMeTuTh BBINIaJIeHNUE ocajaka ruapokcua xenesa (I11I). Hanmucars ypaBHeHUs peakiiuii.

B) Boccmanoenenue numpama cepeopa

[TomecTuTs B 1B mpodupku mo 1 mut pactBopa coinu Mopa. B oaHy 3 HuX 100aBUTH 6-7
KareJb pacTBOpa HUTpaTa cepedpa U clierka HarpeBaTh HEOOIBIITNM IIAMEHEM TOPEJIKH, He
JIOBOJIS )KUJIKOCTH 10 KuneHusi. Ha kakoif mpoiiecc yka3bpIBaeT MOsIBJICHHE Ha BHYTPEHHUX
CTEHKax MpoOupKH cepedpsiHoro 3epkana? OxiaauB NpoOUpKy, 100aBUTh B HEE U B
KOHTPOJIbHYIO pooupky 1o 1 karute 0,01 H. pacTBopa poganuga ammoHus. B kakoit mpoOupke
HaOII0TaeTCs OKpaIlIMBaHKe U ToueMy? 3anucarh ypaBHEHUE PEAKIINH BOCCTAHOBIICHUSI HUTpaTa
cepebpa coibro xenesa (1I).

OmnbiT 4. I'uapoxcun xesesa (1)

B nBe nmpoOupku BHecTH 1o 5-6 kamnenb pactBopa xiopuaa xenesa (I11) u modbaButs o 3-4
Kary 2 H. pacTBopa menoud. Yto Habmomaercsa? B ogHy mpoOupky n006aBUTh pa30aBiIeHHON
KHUCJIOTHI IO PacTBOPEHMs Ocajika, BO BTOPOH MpOOHpPKE MPOBEPUTH PACTBOPUMOCTH OCAJKa B
menouyn. Hanucats ypaBHeHHs peakiuii: a) B3aumozeicTBus xiaopuaa xenesa (I11) ¢ pactBopom
miesioun ¢ oopazoBanueM ruapokcua xenesa (I1); 6) pactBopenus ruapokcuaa xkenesa (I11) B
KHCJIOTE.

OnpIT 5. OkucaNTEIbHBIE CBOMCTBA coenHeHun i xene3a (I11)

a) OKucieHue uoouoa Kaaius

B mpobupky c 3-4 kamsamu pactBopa FeCls no6aButh 1-2 kammm pacTBopa HOIUIa KA.
B kakoii uBet u noueMy okpammBaercs pactsop? Hanucars ypaBHEHUE peakLMH.

0) OKkucnenue cynbpuma nampus
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B nipo6upky c¢ 3-4 xamnsimu pactBopa FeCls 106aBUTh HECKOIBKO KPUCTAITUKOB CyJb(uTa
HaTpud. [Ipu sTOM BHavane nosBiseTcss Oypo-KpacHOE OKpallMBaHUE BCIEACTBHE 00pa3OBaHUs
MasloycToiunBoro cynbguta xenesa (III), koropoe mcuezaer npu HarpeBaHuu. Y OEIUTHCS B
BOCCTAHOBJIEHUWH kejie3a A0 creneHu okucieHus +II. Kakoil peaktuB ciemyeTr mjisi 3TOro
npuMeHnTh? HamucaTh ypaBHEHUS peakIMM OKHCIEHUS Cylb(UTa HATPUS XJIOPHIOM >Kele3a
(III), yauTsiBasi, 4TO B peaKIMy MPUHUMAET y4acTHe BOJA.

OnbiT 6. KommiekcHble coeauHenust axene3a (III). IlosyyeHue KOMIIEKCHOTO
docdara xenesa (III).

B npobupky ¢ 3-4 karsimu pactBopa FeCls no6asuts 1 kammto 0,01 H. pacTBopa pogaHuia
aMMOHHUS W 3aTeM 2 Kamm 2 H. pactBopa (ocdopHoit opTokuciorel. Uto Habmomaercs?
VuuTHIBasg, UTO YyCTOHUMBBEIM KommnekcHblii uoH [Fe(POs)2]* GecusereH, O0OBACHHTS
HabJI0/1aeMoe SIBJIEHUE U HAIMCaTh YPaBHEHUE COOTBETCTBYIOLICH peakluu.

OmnpiT 7. I'uapoxcuabl kodaabsTa (II) n nukens (II).

a) Ilonyuenue zuopokcuoa xkooanema (Il) u ezo oxkucnenue.

B nBe mpoOupku momecTuth 1o 2-3 Kaluid pacTBOpa CONM KoOanbTa W JO0OABIATH I10
KaruisiM pacTBOp €IKOW IIEI0YH; CHavyaia MOSIBISETCS CUHUNA OCaJlOK OCHOBHOM COJIM, KOTOPBIM
3aTeéM CTaHOBHTCS PO30BBIM, UTO YKa3bIBaeT Ha oOpazoBaHue rujapokcua kobamsta (II). Ocamgok
B OJTHOM MPOOHMpPKE TIIATEIbHO pa3MellaTh CTEKISTHHOW MaJOYKOH, a B IPYTryr0 MpHOaBUTH 2-3
karu 3%-HOro pacTBOpa MepoKcuaa Bogopoaa. B kakoif U3 mpoOUpOK HAOIIOAAETCsl OKUCIICHUE
ruapokcuaa kobansta? HamucaTts ypaBHeHHs peakmnuii. CpaBHUTH TOJYYCHHBIC PE3YyJIBTATHI C
pesynbraToM onbiTa 2. Kakoii non sipisiercs 6onee sHeprudHbiM BocctanoButesnem: Co®™ u Fe?*?

0) Ilonyuenue cuopokcuoa nuxens (Il) u ezo oxucnenue.

B Tpu mpoOGupku moMecTuTh 1o 2-3 Karuid pacTBOpa COIU HUKENS U JOOABIATH MO KaTuIsiM
pacTBOp €IKOW MIENOYM 0 BhIMaaeHHs ocanok ruppokcuaa wukens (II). Ocamox B mepBoit
npoOupKe TIATETBHO pa3MelaTh CTEKISTHHOM MajJ04YKoi, BO BTOPYIO pubaBuTh 2-3 Karmm 3%-
HOTO pacTBOpa Mepokcuaa Bojgopoaa. Hadmomaercs mu nsmeHnenue npeta ocaaka? [Ipoucxonur
mu okucnenue ruapokcuna Hukens (II) kucnopomom Bo3ayxa u mepokcuaoMm Bojopona? B
TPEThI0O TPOOMPKY mpuOaBuTh 1 Kammo OpomHOW Boawsl. Yrto HaOmomaercs? Hamwucartpb
YPaBHEHUs PEaKLIUiA.

OnbIT 8. KoMIIekcHBIE COeTMHEHNS KOOAJILTAa U HUKEJI.

a) Ilonyuenue xkomniekcnoz2o pooanuoda Kodarvma.

[TomecTuTh B IpoOMPKY 2 KarId HACBHIIIEHHOTO pacTBopa coym kobansTa (II) u qodaBuThH
5-6 xamenb HACHIIIEHHOTO PAacTBOpa pOJAaHWIA aMMOHHUS, Y4YeCTh, YTO MPU ITOM OOpazyeTcs
pactBop kKommtekcHo# comu (NH4)2[Co(SCN)4]. Kommnekcubie nousl [Co(SCN)4]* okpalieHs! B
cunmii 1nBer, a ruxapatupoBannbie HoHBl [Co(H20)s]*" — B po3oBeii. OTMETHTH IBET
MOJIy4EHHOTO pacTBopa. Pa30aBuTh ero Bo0# 10 M3MEHEHHUS OKPACKH, I00ABUTH 2 KaIlJld CMECH
cruprta ¢ 3Qupom, pa3MeliaTh pacTBOP CTEKJISTHHON MallOYKOW M BHOBH HAONIOAATh U3MEHEHUE
OKpacku. 3aTeM B Ty K€ NIpOOMpPKY MpWIMBaTh AUCTUIUIMPOBAHHYIO BOJy, HalOmonas
MOCTETIEHHOEe M3MeHeHue okpacku. Ommcarh HaOmromaemble siBIeHUs. HamucaTh ypaBHEHUs
JUCCOLMAIIMU KOMIUIEKCHOM COJIM K0OanbTa U KOMIUIEKCHOTO HOHA.

6) Hebounpmoe xkonmuectBo conu Hukens (1) pactBoputs B 5 kamsix Boabl. [lo6aButh 5
Karesb 25%-Horo pactBopa ammuaka. Kak n3mensiercs nset pactsopa? Jlo6aBUTh K pacTBopy 2-
3 karum pactBopa cynbduma ammonms. YUTo BeImamaer B ocafok? Hamucare ypaBHEHHS
peakuuii: a) 00pazoBaHus KOMILUIEKCHOTO aMMHUaKaTa HUKeNs (KOOPIWHAIMOHHOE YHCIIO HUKES
paBHo 6); ©) OHECCOIMAIIMM KOMIUIEKCHOTO COCOJAMHEHHS U KOMIUIGKCHOTO HOHA; B)
B3aMMOJICHCTBUS MOTYYEHHOIO KOMIUIEKCHOTO COeIMHEHUSI HUKENS C Cyb()HUI0M aMMOHUSI.

ITopsinok paGoTbI:

1. TlomyuuTs OT mpenoaaBaTens 3aJaHue.
2. BbImoaHUTH pabOTy COTTACHO METOJUYECKIM PEKOMEHIAIIHSIM.
3. OdopmMuTh TPOTOKOI pabOTHI.
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4. Bpumith oTpaboTaHHBIC PACTBOPEI, MOCYTy BBIMBITH. ClaTh pabouee MecTo.
Conep:xkanue oTuyera:

Tema u 11e71h paboOTHI.

Habmionenus, ypaBHEHUS peakiuil Mo Kakaoi 4acTu paboThI.

3. BbIBOABI 110 MpOJICTaHHON paboTe.

N —

KoHTpoJsbHbIe BONIPOCHI.

1. Xumus snemeHToB mobouHoi moarpynmel VIII rpynmel mepuomuydeckoi cUcTeMbl (TMOATpyIIa
Kenesa).

2. PacnpocTtpaHeHHOCTb B ITpupoae. OCHOBHbIE MUHEPAIIBI.

3. Ou3MKO-XMMHUYECKHE CBOMCTBa >kene3a, KoOambra W Hukens. [lomydyenwe meramioB. Xumus
BOJHBIX PacCTBOPOB.

4. OKcubl ¥ THAPOKCHUJIBI JKeJle3a, KoOaabTa U HUKEJIS.

Couu xenesa, Ko0anbTa U HuKelsa. KOMIIIEKCHbBIC COeTMHEHUS.

6. Kak B3anMOJEHCTBYIOT XKeje30, KOOAIhT M HHUKEIh C a30THOW, CEPHOM M COJISTHOM KHCJIOTaMu?
Kaxk »3Tu MeTamibl B3auMOIEUCTBYIOT C BOJIOH, C BOJHBIMU PACTBOPAMU COJICH?

e

Pa3nen 3. AHamuTHYeCKAsT XMMHS
TEMA 1. AHAJIU3 OB BEKTOB OKPYKAIOIIEN CPE/bI
Omnpenenenne KapOOHATHOM KeCTKOCTH BOJAbI METOI0M AllUAMMETPUYECKOT0 TUTPOBAHUIA
ean padoThi:
1. Hayuutbcs onpenensith KapOOHATHYIO KECTKOCTh BOJIBI, TUTP pabovero pacTBopa.
2. 3akpenuTh HAaBBIKM TUTPOBAHUS U pacdeTa KOHIICHTPAIIMH ONPEACIIIEMOTO BEIIeCTBa

JlaGopaTopHoe o0opyaoBaHMe, MOCyda W peakTuBbl: HWIMHAPHI HA 50 u 100 mu,
NUMETKH, OIOPETKH, KOJIOBI 11 TUTPOBAHHUSL.
BononpoBoaHas Boga, METUIIOBBIN OpaH>KEBbIM, KOHII. COJITHAs KHCJIOTA.

KpaTkue TeopeTnueckue cBeeHHUs.

MeTo KHCIOTHO-OCHOBHOTO THTPOBAHHSI OCHOBAaH Ha B3aUMOJCHCTBUM KHUCIOT C
OCHOBaHUSAMU. MeTo/1 MO3BOJISET ONPEENITh B paCTBOPAX HE TOJIBKO KOHIIEHTPAIMIO KUCIOT U
OCHOBaHUM, HO TaKe KOHIIEHTPAIIMIO COJICH MOABEPTaIOIIUXCS THIPOITH3Y.

Jns ompeneneHus B pacTBOpaxX KOHUEHTPAIIMM OCHOBAHMM WM COJIEM MAIOIUX MpHU
TUAPONIN3E IICIOYHYI0 PEAKIUI0, HCHOIB3YIOT TUTPOBAHHBIE PACTBOPBI KHUCIOT. OTH
OTIpeIeTICHUS HA3bIBAIOT ayuoumempuei (Ot nar. acidum — Kuciora).

Touky SKBHUBAJICHTHOCTH TpU HEUTpPAIM3AIHMH ONPEACNSIOT 10 H3MEHEHUIO OKPACKH
WHIUKaTOpa (METHJIOBOTO OPAaH)KEBOT'0, METHIIOBOTO KpacHOTO, (heHOITaIeHHa).

C moMoOIbI0 CTaHAAPTU3UPOBAHHOTO PACTBOPA XJIOPOBOJOPOIHON KHCIOTHI OMPEACISIOT
HE TOJIKO COJICp’KaHME IIEJI0YEH, HO U HEKOTOPBIX COJIeH. boiblioe MpakTUYeCKOe 3HAYCHHE
UMEET OMpe/IeIeHHe KapOOHATHOM KECTKOCTH BOJBI.

KecTkocTh NPUPOAHBIX BOJA H3Yy4yaeTcs, 4YTOOBl BBISICHUTH WX MPUTOAHOCTH ISt
CEJIbCKOTO X035HCTBA (B paCTCHUEBOICTBE, )KUBOTHOBOJCTBE), & TAKIKE JJII TEXHHUECKUX IIeIIeH.

W3BecTHO, 4YTO >KECTKOCTh OOYCIIOBJIEHAa MPUCYTCTBUEM B BOJE PaCTBOPUMBIX cCoOJeH
KaJIbIUsl 1 MarHusl.

Kap6onaTHas »KHIKOCTh BOJIBI 00YCIIOBIIEHA HAIMYKEM B HEl THIPOKapOOHATOB KabIIHS U
maraust Ca(HCO3)2 u Mg(HCO3)2). OHa NOTHOCTBIO yCTpaHSIETCS KUMISTYCHUEM, TIPU KOTOPOM
TUAPOKapOOHATHI pa3yiaratoTcs:

Ca(HCO3); = CaCOsd +CO,T + H,0
M03TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAK)KE YCTPAHUMOMN MJIM BPEMEHHOM.

HekapOonaTHasi K€CTKOCTh BBI3BIBACTCS TMPUCYTCTBHEM B BOJE CylIh(haToB (a Takxke

XJIOPUJIOB) Kajiblsl WM MarHus. KumsueHuem oHa He ycTpaHsieTCsl M MO3TOMY Ha3bIBaeTCs
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nocrossHHOM. CymMMa KapOOHATHOW M HEKaApOOHATHON KECTKOCTH AA€T OOIIYIO )KECTKOCTh BOIBI.

[Io MexnyHapoAHBIM CTaHJapTaM >KECTKOCTb BOJABI IPHUHATO BbIpaXKaTb MOJIIPHOM
KOHIIEHTpaIlMel SKBUBANCHTOB Kablius U Maraus (f = 1/2 ) B monb/1 1 Bonsl. [Ipaktudecku npu
ATOM YKa3bIBaIOT HOPMAJIbHYIO KOHIIEHTPAIMIO pacTBOpa cojiee yMHOKeHHYI0 Ha 1000.
KapOoHaTHy0 KeCTKOCTh OMPENENSIIOT TUTPOBAHUEM OIPEACICHHOT0 00beMa BOJBI PACTBOPOM
XJIOPOBOJIOPOJHONW KHCIOTHI C METHJIOBBIM OpaHXeBbIM. XHMH3M TIpolecca BbIpaXkaeTcs
YpaBHEHUSIMH:

Mg(HCO3); + 2HCl = MgCL> + 2CO; + 2H,0
Ca(HCO3)2 + 2HCI = CaCl, + 2CO; + 2H>0

JKCNEePUMEHTATbHASA YaCTh:

B xoHuueckyro Kon0y Al TUTPOBaHUS oTMepbTe numneTkoi 100 M aHaIM3upyeMoil BOJIBI.
[IpuGaBbTe 2-3 Kamiu pacTBOpa METHUIOBOTO OPAH)XEBOTO M TUTPYHTE pabOUYUM PacTBOPOM
XJIOPOBOJIOPOJHON KHUCJIOTHI IO MEPEexXo/a KEATOW OKpaCKH MHAMKATOpa B OJIEIHO-PO30BYIO.
[ToBTopuTe THTpOBaHHME 2-3 pa3a U M3 CXOMSAIIMXCS OTCYETOB BO3BMHTE CpenHee. Y T00HO
BBITIOJTHATH TUTPOBAHUE CO «CBUACTEIICM).

UtoObI BBIUMCIUTH KapOOHaTHYIO >kecTkocTh (Mo ['OCTy) B MMonbs Ha 1 nuTp BOIBI,
HaXOJAT MOJISIPHYIO KOHLIEHTPALMIO SKBUBAJIEHTA pacTBopa cosied u ymHoxkatoT ee Ha 1000:

K = ((Vaa - Cssuct) /Vuzo) - 1000 , rae
K -xkapOoHaTHas )KECTKOCTh BOJIBI, MT-3KB/J;

Coke HCI -MOJISIpHAsE KOHIIEHTPAIUs SKBUBAJICHTa KUCIOTbI, MOJIb-3KB/II;
VHc1 -cpenHuii 00beM KUCIOTHI, MOIIEIINI Ha TATPOBAHUE, MIT;
VH20 - 00beM BOABI, B3ATHIM HA aHAIH3.

(Obpaszey ons pacuema: Jonycmum na mumposanue 100 mn 600vt noutnoé cpeonem 12,25

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

KoHTpoJibHbIE BOIPOCHI:
ALMIUMETPUYECKOE TUTPOBAHUE, CYIITHOCTh METO/IA.
WNHanKkaTopbl KUCIOTHO-OCHOBHOTO TUTPOBAHUS.
Kpussie TurpoBanus. Beibop unankaropa.
[Topsimox TUTpOBaHUSA

el e

8 TEMATHUKA KYPCOBBIX, KOHTPOJIbBHBIX PABOT, PE®@EPATOB

Jlannbiit Bug paboThl HE peaycMoTpeH Y11

9 HNEPEYEHb BOIIPOCOB K OK3AMEHY
OCHOBHBIE KJIACChl HEOPraHMYeCKUX coeAuHeHuil. Oxkcuabl M OCHOBaHUA. [IpuUHIIMIIBI
KJIacCU(UKALUK, XUMHYECKHE CBOMCTBA U CIMOCOOBI TONMydYeHUs. B3auMOCBSI3b CTPYKTYpPBI
OKCHJIOB OT BJICHTHOCTH AJIEMEHTOB U UX PACIOJ0KEHUE B IEPUOJUIECKON CUCTEME.
OCHOBHBIE 3aKOHBI U MIOHATUSI XUMHH (3aKOH COXPAHEHUSI MacChl U SHEPTUU, 3aKOH MOCTOSHCTBA
COCTaBa M KPAaTHBIX OTHOIICHUM, 3aKOH SKBHUBAJICHTOB). MOJIb — KOJIMYECTBA BEIECTBA. 3aKOH
ABOrajJipo u €ro cieacTBUs.
Kucnorer u comu. [puHIMNBEI KIaccupuKanuu. XUMHUECKHE CBOMCTBA M CITOCOOBI MOTYUYEHUS
coJiei.
AToMHO-MoOJeKyJIsipHOoe  yueHue. Teopus Pesepdopma, e€ O0CTOMHCTBA W HEJOCTATKH.
KBanrToBas Teopust atroma H. bopa, ocHOBHBIE TIOJI0KEHUS], JOCTOMHCTBA U HEJOCTATKHU.
[TpuHIIMTIBI 3aITOTHEHHUST aTOMHBIX OPOUTAICH.
[Iepronnueckuii 3ak0H U nepuoandeckas cucrema snemeHtoB .M. Menneneesa. Mcropus u
3TaIlbl CO31AHUS.
[Tapamerpsl aTomMa U IEPUOJIUYHOCTDH UX U3MEHEHUS B MPEAEIIaxX CUCTEMBI JIEMEHTOB.
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3aKOH COXpaHEHUs MacChl U DJHEPIHM, €ro 3HAu€HUWE B XMMMUECKHUX pacueTax. 3aKOoH
IIOCTOSIHCTBA COCTAaBa U KPAaTHBIX OTHOIIECHUIA.
3aKoH ABOTaJipo U €ro CAEACTBUs. 3aKOH SKBUBAJIECHTOB.

. XuMHYecKasi CBsI3b M CTPOCHHE MOJIEKYJ. MeToa BaJeHTHBIX CBA3EH, €ro JIOCTOMHCTBA U

HEJ0CTaTKH.
Metoa MoeKyIsIpHBIX opOuTanei. Ero mocTonHCTBa M HETOCTATKH.

KoBanenTHas cBs3b. MexaHH3Mbl 00pa30BaHUsI XUMUYECKON CBSI3U.

['ubpuauzanust atToMHBIX opOuTtaneid. Tunel rubpunu3anuu. [IpocTpaHCTBEHHOE PACIIONOKEHNE
rHOPHUIHBIX ATOMHBIX OpOuTAaseii.

HNonHas cBsI3b.

Meramueckas CBs3b.

MexmornekyisipHoe Bzaumopaeictaue. [Ipupona Ban-nep-BaanbcoBbix cuil.

IlepBbiii  3akoH TepMoauHamMuku Ilonstue oSHrambnus. IIpuHnUneEl  pacdera  3TOro
TEPMOJIMHAMUYECKOT0 TapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMAM.

Bropon 3akon tepMoauHamuku. [loHarue oSHrpomnmsa. IIpuHnunel  pacdera  3TOro
TEPMOJIMHAMUYECKOT0 TapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMAM.

CBobGonnass sHeprusi ['mb0ca, Kak KpUTEpHHl OIEHKH BO3MOKHOCTH CaMOIPOH3BOJIBHOTO
MPOTEKAHUSI XUMUYECKHUX ITPOLIECCOB.

3aKOH JEHCTBYIOIUX Macc. 3aBUCUMOCTh CKOPOCTH XMMHYECKON PEAKIMM OT KOHLIEHTpalHUH U
MIPUPOJbI pEAruPYIOIINX BEIIECTB.

Oueprus aktuBauuu. [loHaTne akTHBUpPOBaHHBIN KoMILIeke. 3akoH Bant-I'odda. Karanus.
Xumuueckoe paHoBecue. [lpunuun Jle-Illatense. KoHcTanTa paBHOBECHSI Kak KpUTEpHUH
OLICHKH OJJHOCTOPOHHETO MPOTEKaHUsI XUMUYECKOTO MTPOLIECCa.

OO6mmas Teopus pacTBOpoB U pactBoputeseii. CriocoObl BRIpaXXCHHUS KOHIIGHTPAIIUHA PAaCTBOPOB.
Ilonarue pacTBOpUMOCTB. PacTBOpMMOCTBH ra3oB B JKMAKOCTSX, 3akoH ['enpu. B3anmuas
PacTBOPUMOCTb KMJIKOCTEW, MOHATHE KOHCTAHTHI PACIIPECIICHHUS.

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

TeMneparypbl KANEHUS W 3aMEP3aHUsl pacTBOPOB U pacTBoputesieid. [lepBblili U BTOpOH 3aKOH
Payns.

OcHOBHBIE TNPUHIUIOBL KiIaccU(PUKAMM  pacTBOpHUTeNed  (MOJSIPHOCTh, HMOHU3UPYIOLIAs
CIOCOOHOCTh, KUCIIOTHOCTD U T.J.).

Teopust 3EKTPOTUTUUECKON JUCCOLUALINH.

Kucnorsl 1 0CHOBaHHUS C TOUKH 3PEHUSI TEOPUH NIEKTPOJIUTUYECKON AMCCOLUAIMN AppeHuyca,
teopuu bpencrena u Jloypu, s3nekTpoHHOM Teopun JIprounca.

CunbHble U cradble AIeKTPOIUTHI. JIMHaMU4ecKoe paBHOBECHE B PaCTBOpax.

Kaxymasics u s3ppextuBHas koHueHTpanus. [lonsTne akTHBHOCTH.

Honnble peakuuu B pacTBOpax.

[Ipou3sBeneHne pacTBOPHUMOCTH.

HonHoe npousBeieHne BOibl, BOAOPOIHBIN TOKA3aTENb.

I'maponus coneil.

Bydepnoe neiictue. BydepHbie pacTBOpPHI.

KommekcHbie coequnenus. O0miast xapaktepuctuka. [loHaTue koopAMHAIIMOHHAS CBSI3b.
Teopust KOMIUIEKCHBIX coeiHeHul A. BepHepa.

[IpocTpaHCTBEHHOE CTPOCHHE U U30MEPHUSI KOMIUIEKCHBIX COEIMHEHUM.

Meton BajieHTHBIX CBA3€U B OIIMCAHUH KOMILJIEKCHBIX COCTUHECHUH.
OKHMCIHUTENBHO-BOCCTAHOBUTENbHBIE TIpoliecChl. (CTENeHb OKHUCIEHHS M CTPOCHHE aToMa
DJIEMEHTA.

Knaccudukanus oKuciuTeabHO-BOCCTAHOBUTENBHBIX PEaKIUH.

CrocoObl  pacCTaHOBKH KO3(P(PUIIMEHTOB B OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKITHSIX.
MeTopl 2JIEKTPOHHOTO OaaHca U HOHHO-JICKTPOHHBIH.
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85.
86.
87.
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DNEKTPOAHBIN MOTEHIIUAT U PSAJT HAIIPSKEHUST METAJJIOB.

CraHJapTHBIN U peabHbIN AIEKTPOAHBIN ToTeHInal. Y paBHeHue HepHcra.

@DakTOpHhI BIUAIONINE HA MPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIX PEAKIUH.
XUMHUYECKUE UCTOYHHUKH TOKA. ['albBAHMUECKHUE SJIEMEHTHI.

[Ipoueccel, mpoucxoasaime Ipy 3apsaKke U pa3psaIKe CBUHLIOBOTO aKKyMYyJIsTOpa.

DNEeKTPOoNIN3. 3aKOHBI DJIEKTPOJIN3A.

OO6mme cBoiicTBa MeTaiioB. Metamnuueckas cBsizb. Koppo3ust MeTanioB u crnocodsl 00peObI ¢
HEH.

Bopopoa. MecTto B mEpHOANMYECKON CUCTEME XUMUUYECKUX JJIEMEHTOB. XUMUYECKUE CBOKCTBA.
[Tonyuenue.

CoennHeHus BOAOPOJA: BOJA U MIEPOKCU BOJOPOA.

["amorensl. O01Iast XapakTepucTuka. XuMUdeckue cBoicTna. [lomyuenue.

CoenuHeHus raloreHoB: rajlor€HOBOJOPO/Ibl; KMCIOPOAOCOIEPKAINE COETUHEHHS TaJIOT€HOB.
[Toarpynmna kwucinopoma. OOmias xapakTtepucTuka. DuU3NUecKMe W XUMHYECKHE CBOWCTBA.
[Tonyuenue.

O30H. ®u3nyecKkre U XuMUYeckre cBorcTBa. [lonyuenue.

Cepa. ®usnueckue cBoiicrBa. Amtorponus. [lonydenue.

Cepa. Haxoxnenue B npupojae. XuMuieckue cBorctna. [Ipumenenue.

CepoBonopon. [lonyuenue. @usznueckue u xumudeckue cBorctBa. Cynb(ub.

Oxkcunpl cepol. Puznueckue U XuMuueckue cBoiictra. [lomyyenue.

Cepnas xucnora. [lonydenue u cBoiicTsa.

. [loarpynma a3zora. O0mas xapakTepucTuka. A30T. u3nvecKue 1 XUMHIECKUE CBOMCTBRA.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

Ammuak. Conau aMMOHMUSL.

HeconeoOpasyromue okcuabl a3oTa.

A30TUCTBIN U a30THBIN aHTUAPUBL. A30TUCTAasI KUCIIOTA.

A3zotHas kucnota. [Tonyuenne. CoiicTBa. PaznoxeHne HUTPaToOB.

®ochop. Amnorponus. [Tonydenne. XuMudecke CBOHCTBA.

Coenunenus pocdopa: bochun, okcun hochopa (III), okeun hocdopa (V).
®dochopHbIE KUCTOTHI.

[Toarpynmna yriepoaa. O0mias XapakTepUCTHKA. AJUTOTPOITHS.

XHUMHUUYECKUE CBOMCTBA yIiIepoaa. YTOIbHas KUCIIOTa U €€ COMH.

Okcuppl yraepoaa.

Kpemuuii. Pacnpoctpanenue B npupoze. Amiorponus. [lonydenue. CBolicTBa.

. CoennHeHNs KPEMHHUS: CHJIaH, OKCUJL KPEMHHUS, KDEMHUEBBIE KUCIIOTHI.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

I'epmanuii, 0710BO, CBUHELL.

Amomunuii. [Tonyuenune. CoiicTBa.

CoenvHeHNs aTIOMUHUSA: OKCUJL, THIPOKCHUT, TUIPUL.

[lemounsie meTamuibl. O0mas xapakrtepuctuka. [Tomyuenue. CBolicTBa.
CoenyHeHUs HIEIOUYHBIX METAJIJIOB.

[[lemouno — 3emenbHbIe MeTaITBL. OOmIas xapakTepuctuka. [lomydyenue. CBoiicTaa.
CoennHeHus LIEI0YHO — 36MEIbHBIX METAJIIOB.

[Toarpynmna meau. O6mas xapakrepuctuka. [lomydenne. CBoiicTBa.

CoenvHEeHNs OHO- U IBYXBaJICHTHON MEH.

Cepebpo u ero coeHEHUs. 30J10TO U €r0 COCTUHECHHS.

[onrpynmna nunka. O6mas xapakrepuctuka. Llunk. [Tomyuyenue, cBoiicTBa, coelMHEHHS [IMHKA.
Kanmuii.

PryTb. CoenuHenyst oqHO- U 1ByXBaJIEHTHOU PTYTH.

[Toarpynma xpoma. O0mias xapaktepuctuka. [loydeHue u cBoiicTBa Xpoma.
CoenuHeHHs JBYX- U TPEXBAJIEHTHOI'O XPOMA.

CoenuHeHns YeThIpeX- U IECTUBATIEHTHOIO XpOMa.
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89. Iloarpynma wmapranma. OOmwe cBoiicTBa 31MeMeHTOB. llomyueHue MeTainoB. XUMHYECKHE
CBOMCTBA.

90. CoennHeHus ABYX- U TPEXBAJIEHTHOI'O Maprasiia.

91. CoequHenus Mapraiiia, TEXHEIMsI U PEHUSI C BaJIEHTHOCTHIO [V.

92. CoennHeHusl cCEMUBAJIIEHTHOr0 Mapranua. Conu Maprasua.

93. Bocbmass rtpynma mobGouHas mnoarpymma. OOmas Xxapakrtepuctuka. I[loarpynma xenesa.
[Tony4yeHnue 1 XUMHUYECKHE CBOMCTBA, AJUIOTPOMUS KeJe3a.

94. CoequHeHnsl ABYXBAJCHTHOIO JKeJe3a.

95. CoenuHeHus TPEXBAJICHTHOTO JKeJe3a.

96. [loHsiTHE OMOTEHHOCTH XMMHUYECKUX 3JIEMEHTOB. brocdepa, KpyroBopor OMOreHHBIX DJIEMEHTOB.
KoHuenTpupoBanre OMOTEHHBIX 3JIEMEHTOB KUBBIMUA CHCTEMAMH.

97. Knaccudukanusi OMOTeHHBIX 3JIEMEHTOB 10 MX (YHKIIMOHAJIBLHON POJIM: OPraHOTEHBI, JJIEMEHTHI
AIIEKTPOJIUTHOTO (POHA, MUKPOITIEMEHTHI.

98. [IpumecHbIe AIEeMEHTHI (aKKYMYJIUPYIOIIHECS T HeaKKyMyupyromuecs). OCHOBHbIE UCTOYHHKHU
MOCTYIUICHUS IPUMECHBIX 3JIEMEHTOB B OPTaHU3M YEJIOBEKA.

99. XuMunueckue acreKThl OXpaHbl OKPYKAIOIIEH CPEIbI.

100. Kommiekcel  KaTMOHOB — s-METaJUIOB  (MOHOGOpPHI,  KpayH-3(pUpBI, KPUITAHMBL.
Xmopodu.

101. buonornueckas posib HaTpus, Kanus, KAJIbLUs, MarHusl.

102. XHWMHYECKOE CXOJCTBO M OHOJIOTMYECKUH aHTaroHW3M (HaTpU-Kaauii, MarHui-
KaJIbITUH).

103. Haubonee Baxkable OMOTEHHBIE 2JIEMEHTHI d-0J10Ka: XpoM, Meab, MoauoaeH. CrucTeMbl
MeTaII-0e10K (METAIIONMPOTEHHBI M OCJIKU, AKTUBUPYEMbIC METAIIJIAMH ).

104. Heoprannueckue MuHepaibHbIE yI0OpECHHS.

105. A3OTHBIE YIOOpEeHHUS: HUTPATHBIE (HATPUEBAS U KaJbIIUEBAsl CEIIUTPHI); AMMOHHUIHBIE U

aMMHUauyHble yanoOpeHus (Cylnb(aT aMMOHHUS, aMMOHHIHO-HUTpPATHBIC yIOOpEHHs, aMMUadHas
CEeJUTPa); MOUYECBHUHA.

106. docdopubie ynodbpenus: cynepdocdar, ABoiHOM cynepdocdaT, MpeunuTar.

107. MuxkpoynoOpenusi. MukpossemeHTsl. bopubie ynoOpenus. MeaHbie yao0opeHus.

108. KommiekcHbie ymoopenus: aMMohochl, HUTPOGHOCH B HUTPOPOCKH, HUTPOAMMODOCHI
U HUTpoaMMO(pOockH, KapOoaMMoQockl, Toar(ochaTsl aAMMOHHUS.

109. Bunasl u MeTOIBI XUMHYECKOI'O aHAJIN3A.

110. PacueTsl B XMUMUYECKOM aHaAIU3E.

I11. TUTpUMETpUYECKHUE METO/IbI AHAIN3A.

112. I'paBuMeTpUYECKUN aHAINS.

113. AHanmm3 00BEKTOB OKPYIKAIOIICH CPEIBI.

10 CAMOCTOATEJBHASA PABOTA OBYYAIOHIUXCHA
Coneprxanue, TpeOOBaHUS, YCIOBHS U MOPSIOK OPraHU3AIMHA CaMOCTOSITEIHbHOU
paboTel OOydJaroumMxcsi ¢ yuyeToM (opMbl OOyUEHHS ONpEIESAeTCs B COOTBETCTBHU C
«[lomoxxernem 00  OpraHM3alUMl  CaMOCTOSTEIBHON  pabOTBl  OOYYaIOLIUXCS,
yTBEpKIEHHBIM Y 4eHbIM coBeToM Y'Y (mpoTokon Ne 8/268 ot 26.03.19 1.).
®opma 00yueHus: O4Hasl.

Ha3Banue pa3iesioB U TeM Bua camocTosiTeIbHOI padoThl Oo0nbeMm B dDopma
yacax KOHTPOJIsI
Pasgen 1. [IpopaboTka yueOHOro MaTtepuana cC 4 BKJIIOUEHHE
1. I_ICJ'H/I W 3a0a4Yd XUMHUHU. | HCTIOJBE30BaHUEM pecypcoB y‘Ie6H0- BOIIPOCOB Ha
CTpoeHHe aToMa METOJNYECKOTO ¥ WH()OPMAIIMOHHOTO KOIIOKBUYME 1
Tleproauyeckuii 3aKkoH o0ecrie4eHus] TUCIUTUINHBL. KOHTPOJIbHOU
IloaroToBKa K yCTHOMY ONpOCY W pabore, Ha
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HEPHOANYECKasi CHUCTEeMa | KOHTPOJIbHOM paborte. 9K3aMeHe
J.11. Menneneesa B cete | [loArorToBka k crade sx3ameHa.
TEOPUU CTPOCHUS aTOMa.
XumMuyeckass CBA3b W
CTPOEHUE MOJIEKYIL.
2.0OCHOBEI xumuyeckoit | [IpopaGotka yuyeOHOro Martepuana cC 4 BIJTIOUCHHUE
TEPMOANHAMUKHU. HUCIIOJIB30BaAHUEM pecy(Pi)COB y‘Ie6H0- BOIPOCOB Ha
METOAUYECKOTO U WH()OPMAIMOHHOTO
XuMu4yecKass KUHETHKA | KOJUIOKBHYME H
paBHOBeCHe o0ecTeYeHUs TUCIIUTUTAHEL.
[MomrotoBka K YCTHOMY ONpoOCy U KOHTPOJIBHOM
KOHTPOJIbHO# padoTe. pabore, Ha
IMoaroToBka K crave 3K3aMeHa. SK3AMCHE
3.Teopuss pactBopoB u | [IpopaGorka y4eOHOro Marepuana ¢ 4 BKJIFOUEHHE
PacTBOPUTEINIEH. HMCIIOIB30BAHAEM  PECYpCoB  yd4eOHO- BOIIPOCOB ~ Ha
KoJumiraTiBHble CBOHCTBA | METOAMYECKOTO M HH(OPMAIMOHHOTO KOJUIOKBHYME U
PacTBOPOB. PacTBOpEI 1?[6““6%}’“’[ AUCILHILTHHBI. KOHTPOJIBHO
OJITOTOBKA K YCTHOMY ONpOCy U
DJIEKTPOJIUTOB. A . y y pocy pabore, Ha
B o KOHTPOJIbHO# padoTe.
OJOPOJHBIN TTOKA3aTENb. 9K3aMeHe
Traporu3 coneil IMoaroToBka K cave 3K3aMeHa.
un .
bydepHbie pacTBOpHI
4. OKUCIIUTENBHO- IIpopaboTka y4eOHOro MaTepuayia c 4 BKJIFOUCHUE
BOCCTAaHOBUTEIbHEIC HCIIONB30BAHAEM ~ PECYpCOB  y4eOHO- BOIIPOCOB  HA
nporeccel. CranmapTHbpii | METOMMMECKOTO 1 MH}OPMAIHOHHOTO KOJUIOKBHYME H
W peabHBbIi dekTpoHbiii | ©OCCTICCHIA THCIHILINHBL. KOHTPOJIBHOI
HOTeHIHal O61wwe [MomroToBka K YCTHOMY ONpOCy U paGore Ha
. ' KOHTPOJIBHOM paboTe. ’
CBOMCTBAa METAJUIOB. 9K3aMeHe
IToaroToBKa K ciaue 9K3aMeHa.
5. Teopuss komruiekcHbIX | [IpopaGotka y4eOHOro Marepuana ¢ 6 BKJIIOUEHHE
COGHHHCHHﬁ. HUCIIOJIB30BaAHUEM peCypcoB y‘Ie6H0- BOIIPOCOB Ha
METOJNYECKOTO W WH()OPMAIIMOHHOTO KOJUIOKBHYME H
1(3{66CH€‘-ICHI/I$I JUCTIUTUTAHBL. KOHTPOJTBHOI
OJITOTOBKA K YCTHOMY OIIPOCY.
- Y y onpocy pabore, Ha
TlonroToBka k caave sK3amMeHa.
9K3aMeHe
Pasznen 2. [IpopaboTka y4eOHOro MaTepuayia c 4 BKJIFOUCHUE
1. Xumus HEMETAJJIOB: | HCIONBb30BAaHAEM  PECYpCoB  y4eOHO- BOIIPOCOB Ha
anementoB VIIA, VIA, | MCTOIMIECKOTO M MH(OPMAITHOHHOTO KOJJIOKBUYME U
VA IVA (yriepos) o0eCTeYeHUs TUCIIUTUTAHBIL. KOHTPOBHOI
rpynnel  [lepuogunueckoit Toaroroska ~x ycTHOMy —ompocy u pabore Ha
KOHTPOJIBHOM pabore. ’
CHUCTEMBI u 170 9K3aMeHe
IMoaroToBka K cave 3K3aMeHa.
COEJINHCHMUS.
2 Xumug wmerawioB: 1 u | [Ipopabotka ydyeOHOro Marepuana cC 4 BKJIIOUEHHE
ITIA, MIA, IVA (0n0BO M | HCIONB30BAHAEM  PECYpCOB  y4eOHO- BOIIPOCOB  Ha
CBUHeEL) IpyIIbl | METOAHYECKOro M HHPOPMAITHOHHOTO KOJUIOKBAYME U
[epuoanuYECcKOl CHCTEMBI 1?[6““6%1*“" AACTHATUTAHBI. KOHTPOJIBHO#
1 UX COCAUHCHUN. OATOTOBKA ~ K~ yCTHOMY  ompocy M pabore, Ha
KOHTPOJIBHOM padoTe.
JK3aMeHe
IToaroToBKa K cllaue 9K3aMeHa.
3.00mas XapakTepUCTHKA IIpopaboTka yueOHOro MaTepuaia ¢ 4 BKJIIOUCHUEC
" TOKCHUKOJIOT U d- | HCIONB30BaHMEM  PECypCOB  y4eOHO- BOIIPOCOB Ha
3JIEMEHTOR " ux | METoMYeCKoro ¥ MHGOPMALMOHHOIO KOJUIOKBAYME U
COCTHHEHHIL. obecrieyeHus TUCIIUTUIAHBI. KOHTPOITBHOIH
[MomroToBka K YCTHOMY ONpOCY W
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KOHTPOJIBHOM padoTe. pabore, Ha
IToaroroBka k ciaye sK3aMeHa. 3K3aMEHE
4 .byoreHHBIE YJIEMEHTEI. IIpopaboTka y4eOHOro MaTepuaia ¢ 4 BKJIIOUEHHE
HUCIIOJIB30BaAaHUEM PECypCcoB yqe6H0— BOIIPOCOB Ha
METOJNYECKOTO W WH()OPMAIIMOHHOTO KOIUIOKBAYME
o0ecrevyeHuns: JUCIUTUTHHEIL. KOHTPOJTBHOI
IToaroroBka K yCTHOMY OMIpPOCY. paGore Ha
IToaroroBka k ciade sK3aMeHa. ’
JK3aMeHe
5.Heopranunueckue [MpopaboTka yueOHOro MaTtepuama ¢ 4 BKJTFOUCHHE
MUHEpaIbHBIE HCIOIB30BAHACM ~ PECYpPCOB  y4eOHO- BOIIPOCOB  Ha
y10OpEHNS. METOJIUYECKOTO ¥  HMHGOPMAIMOHHOTO KOJUIOKBHYME U
o0ecrevyeHuns: JUCIUTUTHHEIL. KOHTPOJTBHOI
IToaroroBka K yCTHOMY OIpOCY paGore Ha
IToaroroBka k ciaye sK3aMeHa. ’
JK3aMEHe
Pasnen 3. IIpopaboTka yueOHOro MaTepuaia ¢ 6 BKJIFOUEHHE
1.Bunpt u METO/Ibl | UCHONB30BAHHEM — PECYpCOB  y4eOHO- BOIIPOCOB Ha
XUMHYECKOTO aHaIu3a METO/IMYECKOTO M MH(OPMAIHOHHOTO KOJUIOKBHYME H
o0ecrevyeHuns: AUCIUTUTHHEIL. KOHTPOJTBHOI
IToaroroBka K yCTHOMY OIpPOCY. paGore Ha
IToaroroBka k ciaye sK3aMeHa. ’
JK3aMeEHe
2.PacyeTsl B | [IpopabGotka yuyeOHOro MaTepuansa C 6 BKJIFOUEHHE
KOJINYESCTBECHHOM HMCIONB30BAaHHEM  PECYpCOB  y4eOHO- BOIIPOCOB  Ha
aHaH3e. METOJUYECKOTO0 ¥  HMHGOPMAIIHOHHOTO KOJUIOKBHYME U
o0ecrevyeHuns: AUCIUTUTHHEIL. KOHTPOBHOI
IToaroroBka K yCTHOMY OIpPOCY. paGore Ha
IToaroroBka k ciaye sK3aMeHa. ’
JK3aMeHe
3. AHanus 00bekTOB | [IpopaboTka yueOHOro marepuajia ¢ 6 BKJIFOUEHHE
OKPYXaroIIeH CpedbL. HCIIONb30BAHAEM ~ PECYpCOB  y4eOHO- BOIIPOCOB Ha
METOJIUYECKOTO0 ¥  MHGOPMAIIMOHHOTO KOJUIOKBHYME U
o0ecrevyeHuns: AUCIUTUTHHEL. KOHTPOBHOI
IlogroroBka K yCTHOMY OmNpOCy H paGore Ha
KOHTPOJILHOM padore. 3K3aMe;{e
IToaroroBka K ciaye SK3aMeHa.
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11 VAIEBHO-METOJUYECKOE  HH®OPMAILITMOHHOE OBECIIEYEHHE
JUCLHHUITIIHHBI
a) CniHcok peroMen/IyeMoil AHTepaTypsl
OcHosHas :
1. Munka, H. JI O6uwas xumua 8 2 7, Tom | @ yueGHuk ans akanemuueckoro OGakanaspuara / H. JL
[aunka ; non penakumedt B. A. Tlonkoea, A. B. baGkoa. — 20-e u3n., mepepaG. u non. — Mocksa :
Hzparenscteo HOpaiir, 2019, ISBN 978-5-9916-
9353-0. — Teker : anexrpouustii // DBC IOpaiit [caiit]. — URL: https://biblio-online.ru/bcode/434 184
2. Nunxa, H. JI. Obwas xumusa 8 2 7. Tom 2 : yuebuuk ana akanemuueckoro Gakanaspuara / H. JI.
Inunka ; noa penakumeii B. A. lMonkosa, A. B. babkosa. — 20-e w3a., nepepab. u mon. — Mocksa :
Hznarenscteo FOpaiit, 2019. — 383 ¢. — (bakanasp. Axanemuyeckuii kypc). — ISBN 978-5-9916-
9355-4, — Texker : anexrponnbiil // DBC IOpaiir [caiit]. — URL: https:/biblio-online.ru/bcode/434185
3. Huxonwcxu, A. b. Xumus : yueOHMK M NpakTHKYM Jns akajgeMmuueckoro OGakanaepuata / A. B.
Huxoneckuii, A. B. Cyropos. — 2-e 13, nepepa®. u non. — Mocksa : Hanareascrso FOpaiir, 2019. —
507 ¢. — (Bakanasp. Akanemuueckuii Kype). — ISBN 978-5-534-03930-6. — Texer : anekTpoHHbIA //
DBC WOpaiir [caiiT]. — URL: https://biblio-online.ru/bcode/432953
JlonoanuTreabHas
1. INpakTikym no obueil xumuu : yyeGHoe nocobue ana akagemudeckoro Gakanaspuara / H. JI. I'nunka,
B. A. lNonkos, A. B. Babkos, O. B. Hecteposa. — Mocksa : Hanarenscrso FOpaiir, 2019. — 248 ¢. —
(Bakanasp. Axanemuuecknii kypc). — ISBN 978-5-9916-4058-9. — Tekcr : anexrpounsiii // 3BC
IOpaiit [caiit]. — URL: https://biblic-online.ru/bcode/444652
2. Crasp, C. M. OG6wasa, HeopraHddeckas W OHoHeopraHudeckas Xumua : yuyeGHoe nocoGue ans
akazemuueckoro Gakanaspuara / C. M. Cknap, B. I, [ipiok, B. ®. lllynerud. — 3-e u3p., nepepa6. u non.
— Mockea : Hanatenscrso HOpaiit, 2019, — 263 ¢. — (Bakanasp. Akanemu4eckuii kypc). — ISBN 978-
5-534-08661-4. — Teker : oanextponnbiii // ObC lOpaiir [caidit]. — URL: https:/biblio-
online.ru/bcode/426003
3. INpakTikym no oBuiei xumun : yueGHoe nocobue ana akanemuyeckoro Gakanaspuara / B. A, [Monkos,
A. B. Babkos, JI. U. Tpopmumosa, C. A. TTy3axos ; noa penaxumeii B. A. ITonkosa, A. B. babkosa. — 4-¢
n31. — Mocksa : M3narensctso IOpaiit, 2019. — 242 ¢, — (bakanaep. Akagemudeckui kype). — ISBN
978-5-534-09071-0. — Teker : saekTponHblii // DBC IOpaiit [calit]. — URL: https://biblio-
online.ru/bcode/427005
4. Mysaxes, C. A OGwas xumua, cOOpHuK 3aqau u ynpawHenuii @ yueGHoe nocobue mna
akagemuteckoro Gakanaspuara / C. A, [lyzakos, B. A. [lonkos, A. A. @uaunnosa, — 5-e u3a., nepepab.
 gon. — Mockea : Hapareascteo FOpaiir, 2019, — 251 c. — (bakanasp. Axkagemuueckni Kypc). —
ISBN 978-5-534-09473-2. — Teket : anexrpouusiii // 3BC Opaiit [caiit]. — URL: https://biblio-
online.ru/bcode/427975
5. 3auyes, Q. C. Xumusa : yqebunk ans akagemudeckoro Gakanaspuata / O. C. 3aiiues. — Mocksa :
Haparenveto 1Opaiit, 2019. — 470 ¢, — (bakanaep. Axagemuueckuii kypc). — ISBN 978-5-9916-
8073-8. — Texker : anexrponnsiii // IBC FOpaiir [caiiT]. — URL: hitps://biblio-online.rw/bcode/432905
VuebHo-MeToanuecKas
1. Heanosa JI. A.PykosoacTso K 1abopaTopHOMY NPaKTHKYMY M0 AHCLMILTHHE « XHMHM» 1A CTYAEHTOB
| kypca Hanpasaenus nogroroeky Hakanaspoe 06.03.01 «buonorna» / JI. A. Heanosa, O. 1O, Lpons, A.
O. Augpeep; VaI'V, UMDu®K, Bkon. ¢ak. - Yaesnosck : Yal'V, 2019. - 3arn. ¢ 3kpaHa;
Heony6nuKkoBanHiii pecype. - DnexTpon. Tekcroesle aan. (1 daiin : 870 KB). - TekcT : 21eKTPOHHBII.
http:/lib.ulsu.ruw/MegaPro/Download/MObject/5589
2. HpanosaJl. A. XHMHA: METONHYECKHE YKA3AHHA [UIA CaMOCTOATENbHOH pabortel Oakanaspos
HanpasneHus noarotoeku 06.03.01 buonorus / J1. A. Usanosa; Yal'V, Dkon. dak. - Yasanoeck : ¥Yal'V,
2019. - 3arn. ¢ akpana; HeonyOnukosauHelii pecype. - DnekTpoH. Tekctopbie fdaH. (1 daiin : 660 KB). -
Teker : anexrponnsii. hitp:/lib.ulsu.rw/MegaPro/Download/MObject/6482
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MuHHCTEpCTBO HAYKU M BBICIIEro oOpa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILIIHHBI

0) mporpaMMHoe ofecneyeHue
1. Microsoft Office
2. OC Windows Professional
3. Antumnaruar BY3

B) [Ipodeccunonanibubie 0a3b1 JAHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMbI

4. TPRbooks [DnekTpoHHBIH pecypc]: 37eKTPOHHO-OMOIMOTEUHast cUcTeMa / TpyIma
komnanuii A [Iu Op Menma . - DnektpoH. gaH. - CapatoB , [2019]. - Pexum pocryna:
http://www.iprbookshop.ru.

5. FOPAUT [DnekTpoHHBIH pecypc]: >IeKTpoHHO-6mbImoTeunas cucrema / OO0
DnekTponHoe n3aarensetBo FOPAUT. - Diextpon. maH. — MockBa , [2019]. - Pesxum noctymna:
https://www.biblio-online.ru.

6. KoHcyabTaHT cTyaeHTa [DJEKTPOHHBIA pecypc]: 3JIeKTpOHHO-OMONIHOTEeYHAS
cuctemMa / OOO Ilomurexpecypc. - DnekTpoH. maH. — MockBa, [2019]. - Pexum mocryma:
http://www.studentlibrary.ru/pages/catalogue.html.

7. Koncyabtantlliroc [DIEeKTpOHHBIM pecypc]: chpaBoyHas IpaBoBas CHCTEMA.
/Komnanus «Kouncynbrant [lmocy - Dnektpon. nas. - Mocksa : Koncynsrantllntoc, [2019].

8. ba3a JaHHBIX NMEePUOAUYECKUX H3AAHUMN [DJIEKTPOHHBIA pecypc| : DJIEKTPOHHBIE
JKYpHAJIIBI / OO0 UBHUC. - DnextpoH. naH. - MockBa, [2019]. - Pexum pnocryma:
https://dlib.eastview.com/browse/udb/12.

9. HanmoHa/IbHasi JIEKTPOHHAs1 OMOJIMOTEeKA [DJIEKTPOHHBIA pecypc]|: IeKTpOHHas
OoubmoTeka. - IeKTpoH. 1aH. — Mocksa, [2019]. - Pexxum noctyma: https://H36.pd.

10. DnekTtponHas Oubauoreka auccepranuii PI'B  [DnexktponHblii  pecypcl]:
anextpoHHas oubmmoreka / ®I'BY PI'b. - DnextpoH. nan. — Mocksa, [2019]. - Pexxum noctymna:
https://dvs.rsl.ru.

11. ®epepanbubie HHPOPMALMOHHO-00pa3oBaTeIbHbIE MOPTAJIbI:

Wndpopmanmonnas cucrema ExanHoe OKHO jgocTtyna kK o0Opa3oBaTelbHBIM pecypcaMm. Pexum
nocrtyma: http://window.edu.ru
®enepanbHblii moptan Poccuiickoe obpazoBanue. Pexxum nocryna: http:/www.edu.ru

12. Obopa3oBaresbHbie pecypebl Yal'y:

OnextponHas 6ubnmoreka Ynl'Y. Pexxum nocryna : http://lib.ulsu.ru/MegaPro/Web
O6pa3zoBarenpHblil moptan Yal'yY. Pexxum noctyna : http://edu.ulsu.ru
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MuHHCTEpCTBO HAYKU M BBICIIEro oOpa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILIIHHBI

12 MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE HAYYHO-
NCCIEJOBATEJBCKOU PABOTbI

VYuebnas ayautopus 216 nis mpoBeneHHs] JaOOPATOPHBIX 3aHATHH J1aOOPaTOPHOTO
TUMA, TPYINOBBIX W WHAUBUAYAIbHBIX  KOHCYJIbTAllMi, TEKYIIETO KOHTPOJS W
MIPOMEKYTOYHOM arrecTanu  (C  HAOOpOM JIEMOHCTPAIIMOHHOTO OOOPYIOBAaHUS IS
oOecrieyeHUss TEMAaTHYECKMX WIUIIOCTpAllMii B COOTBETCTBUM C pabodeil mporpamMmoii
nucuuinHbl).  [loMerneHne yKOMIUJIEKTOBAaHO —CHEIUMaJIU3UpOBAaHHONW MeOenpio Ha 18
MOCAJOYHBIX MECT M TEXHHUUYECKMMH CPEICTBAMH: SKpaH HACTCHHBIH, JOCKa ayIHTOpHAs.
Pa6ouee mecto npenonasarens, WI-FI, uarepner. [lnomanp 42,93 kB.M.

VYuebHas ayAuTOpHUS Il CAMOCTOATENBbHOM paboTsl cTyaeHToB 230 ¢ noctynom k OBC.
JUIST  CaMOCTOSITeNIbHOM  paboTel  cryaeHToB, Wi-Fi ¢ moctymom x DHOC, 3BC.
KomnbroTepHblii  Kiacc yKOMIUIEKTOBAHHBIM — CIEIMATU3UPOBAHHONM MeOenbio Ha 32
MOCAJOYHBIX MECT M TEXHHUYECKHMMH cpelacTBamMu o0yueHuss (16 mepcoHalbHBIX
KOMIIBIOTEPOB) ¢ focTynoM k cetu «Mutepuer», SUOC, OBC. ITnomane 93,51 kB.M.

UuTanpHbIN 371 HaydyHOU OnMOmmoTeku (aymautopus 237) ¢ 30HOW I CaMOCTOSATEIbLHON
pabore, Wi-Fi ¢ gmocrynom k OUOC, OBC. Aymutopus YKOMIUIEKTOBaHA
CrieNUaau3upoBaHHON MebOenpto Ha 80 TOCAaIOYHBIX MECT M OCHAIICHa KOMITBIOTEPHON
TEXHUKOU ¢ gocTynoM k cetn «Murepner», QUOC, OBC, sakpanom u npoekropoM. [lnomans
220,39 kB.M.

13 CHEIIMAJIBHBIE YCJIOBUSA AJIA OBYYAIOIIUXCA C OI'PAHUYEHHBIMUA
BO3MOKHOCTSAMMH 310POBbS

B cnywae HeoOxoaumocTu, o0OydYalOIIMMCA M3 YWCIA JHI C OTPaHUYEHHBIMU
BO3MOXHOCTSIMH 3JI0pOBbsl (IO 3asBJICHUIO OOYyYaroIIerocsi) MOTYT MpeUIaratbCs OIHHU U3
CIEIYIOIMIMX BapUAHTOB BOCHPHUATHS UHGOPMAMU C YYETOM UX HMHIWBUIYabHBIX
NCUXO(PHU3UUECKUX 0COOEHHOCTEH:

— IS JUI] ¢ HapYIISHUSIMH 3pEHUs: B MEYaTHOM (opMe YBETUYECHHBIM MIpudTOM; B
dbopmMe 3IEKTPOHHOTO JOKYMeHTa; B ¢dopMme ayauodaiina (mepeBoJ ydeOHbIX MaTepuajoB B
aynuodopMmat); B medyaTtHoW ¢opme Ha s3bike bpailns; MHIUBUAyalbHBIE KOHCYJBTAIUU C
npUBIIeYEHHEM TU(DIOCYPIOTIEPEBOAUNKA; NHIUBUIYaIbHbIE 3aJaHUS U KOHCYJIbTALIUU;

— JUIsL JIIl C HapyIIEHUSIMU CiIyxa: B MedaTHou ¢Gopme; B GopMe 3IEKTPOHHOTO
JOKYMEHTa; BUJIeOMaTepHalibl C CyOTUTpaMH; MHAWBUIyalIbHbIE KOHCYJIBTALUU C IPUBIICYCHHEM
CYpAOIEepPEeBOIUNKA; MHAUBHUIYAIbHEIC 3a/1aHUS U KOHCYJIbTAIIHH;

— JUIsl JII] ¢ HApYIIEHUSIMU OMOPHO-ABUTATEIBHOTO ammapara: B IedaTHOW ¢opme; B
dbopMe SIEKTPOHHOTO MOKyMeHTa; B (opme ayauodaiina; WHAMBUAYaJTbHBIE 3aqaHUS |
KOHCYJIbTaITHH.

B ciry4ae HEO0OXOIUMOCTH HCIIOJIh30BaAHUS B y4eOHOM mporiecce
YaCTHUYHO/MCKITIOUUTEIHHO JIUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJIOTHUM, OpraHu3anus
pabotsl IIIIC ¢ obywaromumucs ¢ OB3 u uHBaNmMmaMu IpeaycMaTpUBaeTCS B AJIEKTPOHHOM
uH(OPMAIIMOHHO-00Pa30BaTEIFHON Cpelie ¢ YYETOM WX HHIWBUIYAITbHBIX MCUXO(DH3UIECKIX
0coOeHHOCTEM

A,

Pazpabotunku: 4/ norent JI.A.MBanosa
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