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HEJIb U 3AJAYU OCBOEHUA JUCHUII/IMHbI

Leabi0 ocBoeHMs TMCHUIUIMHBI - SBISETCS (POPMUPOBAHME CHUCTEMHBIX 3HAHHUH, KOTOPBIE
HEOOXOMMBI CTYJICHTaM IIPU PACCMOTPEHHHU (PU3HKO-XUMUYECKOH CYIIHOCTA U MEXaHH3MOB
IIPOLIECCOB, MPOUCXOASALIUX B IPUPOJE U KUBOM OPraHU3ME Ha MOJIEKYJIIPHOM U KJIIETOUHOM
ypoBHsX. B pe3ynbraTte OCBOSHHS NAaHHOW AMCIUILIUHBI JOJDKHBI OBITH CPOPMHPOBAHBI
YMEHHUSI BBINIOJIHATH B HEOOXOJMMBIX CIydasX pacueThl I1apaMeTpOB 3TUX IPOLIECCOB, YTO
MO3BOJIUT OoJiee IIyOOKO MOHATH (DYHKIMM OTIENbHBIX CHCTEM OpraHM3Ma, a TaKXkKe €ro
B3aMMOJICHCTBHE C OKPYXKAIOIIEH Cpeaoil.

3agaum ocBOECHMS JMCHUIIUHBI

- OCBETUTHb KJIOYEBBIE BOMNPOCHI MPOTrpamMMbl, CTUMYJIUPOBATh CTYIEHTOB K
MOCJIEYIOLIEH CaMOCTOSTENIbHOM paboTe.

- chopmHupoBaTh YMEHHS M HABBIKM ISl pEIIEHUs NPOOJIIEMHBIX U CUTYallUOHHBIX 3a/1a4;

- chopMmupoBaTh  MPAKTUYECKME  HABBIKM  IIOCTAHOBKM W BBINOJIHEHUS
SKCIIEPUMEHTAIbHONU PaboTHI.

MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

HI/ICHI/IHJ'II/IHa OTHOCUTCA K MAaTEMATUYCCKOMY UM €CTCCTBCHHOHAYYHOMY ILUKIY, 0as3oBast 4yacThb
(b.1.b.12.). Jlna w3ydeHus AMCHUIUIMHBI HEOOXOIWMBI 3HAHHS BOTPOCOB IMPEIIICCTBYIOIIHNX
M3Yy4aeMbIX ITUCHMIUIMH — IIKOJBHOTO Kypca XUMMH. JlaHHAs NUCHUIUIMHA H3ydaercs Ha 1

Kypce.

3 HEPEUEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHMUS 11O JUCIUIIJIMHE
MOAYJa10), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMHUX
OCBOEHMA OIIOII

Kon n HaumenoBanue [lepeueHs mIaHUPYEMBIX PE3yIbTaTOB 00YyUYEHHUS T10
peanu3yeMoil KOMIICTCHIHH JUCIUIUINHE (MOIYII0), COOTHECEHHBIX C MHIUKaTOpaMu
JTOCTHKEHUS] KOMIIETeHIUI
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IIK-2: BlIaJicHUe  0a30BBIMU
3HAHUSIMU B obmacTu
(byHaMEHTAIBHBIX pa3zenoB
Gbu3uKH, XUMUA U OWOJIOTHH, B
o0BeEMeE HEOO0XOUMOM U
OCBOEHUS bm3nYecKux,
XUMUYECKUX M  OHOJIOTHYECKUX
OCHOB 9KOJIOTUH "
MIPUPO/IOTIONIE30BAHUS; METOIaMHU
XUMHYECKOTO aHaJIN3a, 3HAHUSIMH
O COBPEMEHHBIX JTUHAMHYCCKHX

3HaTh: TEOPETUYECKUE OCHOBBI OOIIEH, HEOPTraHMYECKOH,
AQHATUTUYCCKOW XUMHUU; COCTaB, CTPOCHHE M XUMUYECKUE
CBOMCTBAa OCHOBHBIX MNPOCTBIX BCHICCTB H XUMHUUYCCKUX
COCI[I/IHGHI/Iﬁ; IMOHMMAaTb MPHUHOUIIBI CTPOCHUA BCUICCTBA U
MMPOTCKAHUA XHUMHUUYCCKUX IMPOLCCCOB; OCHOBHBLIC OTallbl
MIPOBEICHUS JIAOOPATOPHOTO UCCIICIOBAHUS.

VYMerTh: BI>I6I/IpaTI) MCTOAWKHU MMOCTAHOBKH U MMPOBCACHUA
71a60paTOPHOTO UCCIEAOBAHUS

-onpeacsATb BO3MOXXHOCTE M IIYThb CaMOIIPOW3BOJIBHOI'O
IMPOTCKAHUA XUMHUYCCKHUX IMPOLUECCOB, B OCHOBC KOTOPBLIX
JICKAT pas3IMYHbIC XUMHWYCCKHUEC PCAKIIUU,
OIITUMAJIBHBIC YCJII0BUA MMPOBCACHUA
Brnagerts: - mpuemMaMu UCIOJIb30BaTh HEO0OX0IMMOe
nabopaTopHoe 000pyI0BaHKE U TPHUOOPHI B X0J1€
MIPOBEJICHUS JIAOOPATOPHOTO UCCIICIOBAHUS.

mpoueccax B IOpUpoAe M | -  moaOuparhb
TexHocdepe, 0 COCTOSIHUH | XUMUYECKHX PEAKIUM.
reochep 3emiM, DOKOJOTUHM U

IBOJIIOIIH ouocdepsl,

rJ1I00aJIbHBIX OKOJIOTHYECKHUX

nmpobseMax, MeToJaMu O0TOOpa H

aHaJIu3a T'€OJIOTUYECKUX u

OMOJIOTHUECKNX Mpo0, a TakKe

HaBBIKAMHU I/IJICHTI/I(l)I/IKaHI/II/I n
OTIMCAHUS OMOJIOTUYECKOTO
pazHo0Opa3us, ero OTICHKH
COBPEMEHHBIMHU MeToJaMu
KOJINYECTBEHHON 00paboTKu
nHpopMmaruu

OBIIAA TPYJOEMKOCTD JUCHUIIJIMHBI

4.1. O6beM OTUCHHUILIHHBI B 3a4eTHBIX equHunax (Bcero) 4 3ET
4.2. Tlo Buaam yueoHoi padotsl ( B yacax): 144

KommuectBo yacos
(bopma 0OydeHus - ouHas)
Bun yuebnoit paboThl Beero o B 1.4. o
ceMecTpam
IUIaHy
1
1 2 3

KonrakTHas paboTa 00ydaromuxcs ¢ NpenoaBaTeiieM B 54 54
COOTBETCTBUU C YII
AyIUTOpPHBIE 3aHATHS: 54 54
JIEKIIUHA 18 18
CEeMMHApPbI ¥ MPAKTUYECKHUE 3aHATHS 0 0
nabopaTopHbIe pabOThI, MPAKTUKYMBI 36 36
CamocrostenbHas paboTta 54 54
dopma TeKyIIero KOHTPOJIS 3HAaHUN M KOHTPOJIS Komnoksuym, | Kommoksuywm,
CaMOCTOSTEIILHOW PabOThI: TECTUPOBAHUE, KOHTPOJIbHAS KOHTpOJIbHAs | KOHTPOJIbHAsS
paboTa, KOJUIOKBUYM, pedepaT u Jp. (He MeHee 2 BUIOB) pabora pabora
Kypcogas pabora - -
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Bupl mpoMeXyTouHON aTTecTanuu (9K3aMeH ) 36 36
Bcero gacoB 1o quciuIninie 144 144

*B cnyuae HeobX00uMOCmu UCNONBL30BAHUA 8 YUeOHOM npoyecce YaCMUYHO/UCKIIOYUMENbHO
OUCMAHYUOHHBIX 00PA308AMENbHBIX MEXHOI02UN 8 mabauye yepes cleul YKazvbl8aemcs KOJIU4ecmeo
yacos pabomot ITIC ¢ obyuarowumucs o1 nposedenuss 3aHsmuil 8 OUCMAHYUOHHOM (opmame ¢

NPUMEHERUEM INIEKMPOHHO20 06yV€HZ/lﬂ.

4.3 Coneprxanue TMCUMILIHHBI (MoayJisi.) Pacnpenesienue 4acoB no remaM u BUJIaM

y4eOHoii padoThI:

®dopma 00ydeHus: ouHas

Bunpl yueOHbIX 3aHATUI dopma
AyauTOpHBIE 3aHITHS 3a CamMocTos1 | TEKYIIETO
HATHSA B
Haspanwue paszuenos | Beer [IpaxTnuec | Jlabopato epaxry| TEPHA | KOHTPOI
U TEM 0 KHe pHbBIE °P paborta | 3HaHUH
JISKIIUU BHOU
3aHATHSL, | pabOTHI
dbopme
CEMHUHApPhI
1 2 3 4 5 6 7 8
Pasznen 1. O0mas xumus
1. Lemu wu 3amauun 3 1 - - 1 2
xumud. CTpoeHne aToma
IIepuoauueckuii 3akoH U K
OJJIOKBHYM
HepUOaNYEcKasl cHucTeMa Nel
IO, Mengeneesa B -
CBETE TEOPHUH CTPOCHUS KOHTpOTLHA
s paboraNel
aToMa. Xumuueckas
CBSI3b U CTPOCHUE
MOJIEKYII.
2. OCHOBBI XUMHUYECKOHN 10 2 - 4 2 4 KOmokBryM
TEPMOAUHAMUKH. Ne2,
XuMuyecKkas KHHETHUKa KOHTpOJIbHA
M paBHOBECHC. q pa60TaN92
3. Teopust pacTBOpOB U 14 2 - 6 2 6
pacTBOpUTENEN.
Komnuratususie
CBOWCTBA pacTBOpOB. Komnoxsuym
PacTtBOpEI Ne3,
SIIEKTPOJIUTOB. KOHTPOJIbHA
BonoponHsrii s pabora Ne3
nokasareib. [ uzaponus
COJIEH. Bydepusie
pacTBOpbI
4. OKHCITUTENBHO- 8 2 - 2 2 4
BOCCTaHOBHUTEIIEHBIC
Komnnoksuym
TIPOLIECCHI. Nod
CraHaapTHbIN u -

. o KOHTPOJIbHA
peaNbHBIA DIEKTPOAHBIH 5 paboTaNed
TTOTEHITHAIT. O06mue -
CBOICTBa METAJIOB.

5. Teopust KOMIIIEKCHBIX 12 - - 4 - 8 Konnoksuym
COEIMHEHU. No5
HUTOI'O 47 7 - 16 7 24

Paznen 2. Heopraanueckast Xumust
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1. XuMmus HEMeTayIoB: 12 2 - 6 2 4 KomnoxBuym

anemeHToB VIIA, VIA, No5,

VA IVA (yrnepon) KOHTpOJIbHA

rpynisl [lepuogudeckoit s paboralNed

CHCTEMBbI U ux

COCITMHCHHUSL.

2. Xumus MeTasuios: [ u 12 2 - 6 2 4 KommoxBuym

IIA, IIIA, IVA (onoBo u Nob,

CBHHEII) TPYIIITBI KOHTPOJTbHA

[Neproanyeckoit s paboralNeS

CHCTEMBbI 7 uxX

COEJITHEHUH.

3. Oomas 11 1 - 6 1 4 KomnoxkBuym

XapaKTepUCTHKA U Ne7,

TOKCHKOJIOTHS d- KOHTPOJIbHA

AJIEMEHTOB " uX s pabotalNe6

COEJITHEHUH.

4.BuOreHHbIe 3JIEMEHTHI. 5 1 - - 1 4 Konnoxksuym

Ne7

5.Heopranuueckue 3 1 - - 1 2 Komnnoksuym

MUHEpaJIbHbIE Ne8

yao0peHusi.

UTOT'O 43 7 - 18 7 18

Pasnen 3. AHamuTHYECKAs XUMUS

1. Buns! 1 MeToipt 5 1 - - 1 4 KosutokBuym

XHMUYECKOTO Ne9

AHAJIN3a.

2.Pacuerbl B S 1 - - 1 4 Komnoksuym

KOJIM4ECTBEHHOM Nel0

AHAJIA3E.

3.AHanmu3  00BEKTOB 8 2 - 2 2 4 Komnoksruym

OKPYKaIOIIEeH CPEJIbI. Nell,
KOHTPOJIbHA
st paboTaNe7

HUTOI'O 18 4 - 2 4 12

[MoaroroBka K 3K3aMeHy 36 - - - - -

BCETO 144 18 - 36 54
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5 COJEPKAHME JUCUUIIIAHBI (MOIY.JIST)

Pazpea 1. O0mas xumust

Tema 1. Ilesn u 3agaun xumun. Crpoenne aroma. Ilepuomyeckuii 3aK0H ¥ iepHoAMYecKast
cucrema /I.1. MennesieeBa B cBeTe TeOpHM CTPOEHMsI aToMa. XMMH4YeCKasi CBSI3b U CTPOEHHe
MOJIEKY.JI

Xumusa kak Hayka. llpenmer, 3agaum u metonasl xumuu. Crtpoenue atoma. OCHOBBI
KBaHTOBOM MexaHUKH. KBaHTOBbIE uHCIa M CTPOEHHUE DJIEKTPOHHBIX OOO0JOYEK aToMa.
[IpuHUIMIIBI 3a110JIHEHUS] AaTOMHBIX OpOUTAsIEH.

Uctopusa cozmanus mnepuoauueckoro 3akoHa. CTpyKTypa MNEPHOIUYECKONH CHCTEMBI.
BepTukanbHas, ropu3oHTalIbHAs U JUaroHaibHas NEePUOJUYHOCTb. BTopruyHas nepuoIu4HOCTb.
[TapameTpsl aTOMa 1 IEPUOINYHOCTh UX U3MEHEHMS B cucteme auieMeHToB J[. M. Menneneesa.

[lonsiTe XxuMHueckass CBSI3b M MEXaHU3Mbl ee o00pazoBaHus. MeTolbl ONUCAHUS
XMUMHMUYECKOM CBSI3M: METOJ BAJCHTHBIX CBsI3ed W MOJEKYISpHBIX opOutanei. OCHOBHbIE
XapaKTePUCTUKN XUMHMUYECKOM CBsI3U. Pa3HOBHAHOCTM XUMHYECKOW CBSI3U: KOBaJIEHTHas,
MOHHasl, MeTajindyeckas. MexMoeKyasipHOe B3auMO/IeHCTBHE.

Tema 2. OCHOBBI XMMHYECKOl TEPMOAMHAMUKH. XHMHYECKAsi KHHETHKA U PaBHOBECHE.

OCHOBHBIE TMOHATUA XUMHUYECKOW TepMoauHamMuku. IlepBelil W BTOpPOMl 3aKOH
tepmoauHamMuku. 3akoH ['ecca u ero cneacteus. CBoboaHas sHeprus ['mO0ca kak KpurTepuii
CaMOIIPOU3BOJIBHOTO IMPOTEKAHNS XUMUYECKUX PEAKIUH.

[ToHsiTHE CKOPOCTH XUMHUYECKOW peakiuu. PaKkTophl, BIUSIONIME HA CKOPOCTh PEaKIIMH:
MpUPOJIa PEArupyrollnX BEIIECTB, KOHLEHTpALMs pPEAarcHTOB, TeMIlepaTypa M JABJICHHE.
[loHATHE XMMHUYECKOrO paBHOBeCHs W NpUHUMN ero cMeuieHus. Karamms. ['omoreHHslil u
reTEePOTeHHBIN KaTaJIn3.

Tema 3. Teopusi pacTBopoB u pacrBopuresieil. KosuturaruBHbie cBOMCTBAa pacTBOPOB.
PacTBopbl 2j1eKkTpo/IMTOB. Bomopoanbiii nokaszarenb. 'maposns codeii. bydepubie pactBopbl

OO01ue NoHATUSL O pacTBOpax U pacTtBopuressix. CrnocoObl BeIpaKeHHs] KOHIEHTPALUU
pactBopoB. TepmoauHamuKa 0Opa3oBaHMs PpaCTBOPOB.

KonnuratuBHble CBONCTBa pacTBOPOB: OCMOC U OCMOTHUYECKOE JaBJICHUE, TEMIIepaTypa
KUIIeHUS U 3amep3anus. [lepBblil 1 BTOpoii 3akoH Payis.

Teopust snekrTponuTuueckod auccormanuu  Appenuyca. CunbHple u  ciabble
anektposnuThl. KoHCcTaHTa U cTeneHp auccouuanuu. 3akoH pazOaBieHus OctBanbiaa. Teopwus
CWJIBHBIX AJIEKTPOJIUTOB, MOHATHE aKTUBHOCTH. [Ipon3BeieHne pacTBOPUMOCTH.

I'eteporenHoe paBHOBecMe B pacTBopax. lIpousBeneHue pacTBOPUMOCTH. Y CIIOBHS
oOpa3oBaHus ocaakoB. Bomopoanslil mokaszarens. ['uaponus coned. bydepHsie pacTBOpHI.

Tema 4. OKHCIUTEIbHO-BOCCTAHOBUTENbHbIE mpouneccbl. CTaHXapTHBIA U
peaibHbIN 3JIeKTPOAHBbINH MoTeHuaa. O0uue CBOiCTBa METAJJIOB.

OKHCIIUTENTbHO-BOCCTAHOBUTENbHBIE — mporiecchl. CreneHb  okuciieHus.  CriocoObl
YPaBHUBAHUS OKUCIUTEIHbHO-BOCCTAHOBUTENBHBIX peakuuid. Knaccudukaus OKUCIUTETHHO-
BOCCTAHOBUTEJBbHBIX PEAKLIUM.

CrangapTHbI U peanbHBIA AIIEKTPOJHBIN noTeHuuan. YpasHenue Hepucra-Ilerepca n
HalpaBJieHUE  OKHUCIUTEIbHO-BOCCTAHOBUTENBHOrO  mpouecca.  CpaBHUTENbHas  cuia
OKUCIIUTENeH U  BoccTaHOBUTENEH. OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIE  MPOLIECCHl U
YKU3HEIEATEIHbHOCTD.

DNEeKTPOXUMHUYECKUN P  HAMpsDKeHUS  METauioB.  Dnekrponu3.  OcoOeHHOCTH
MeTaJT4eckoil cBs3u. OOImMe CBOWCTBA METAIOB: KOBKOCTh, TEIUIONPOBOAHOCTh H
ANEKTPOTPOBOAHOCTH. Koppo3us MeTaia, BUIbI KOPPO3UHU, CLIOCOOBI 3aIIUTHI OT KOPPO3HH.

Tema S. Teopusi KOMILUIEKCHBIX COeIMHEHUM.
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OcHoBHBIE ~TOHATHS Teopun Bepuepa. Jluramgpl u  ux  KiIaccUUKAIHSL.
BuyrpropOuTansHbpie 1 BHEITHEOPOUTAIbHBIE KOMIUIEKCH. Kiaccuukamus u HOMEHKIATypa
KOMIUIEKCHBIX cOeIMHEHMM. [IoHATHE KOHCTaHTa HECTOMKOCTH.

Pasnen 2. Heopranuyeckasi xumusi

Tema 1. Xumusa Hemera/ioB: 3jieMeHToB VIIA, VIA, VA IVA (yriepoa, kpemumii)
rpynnsl [lepuoanyeckoii cucTeMbl M UX COeIMHEHUSI.

DNEeKTPOHHBIE CTPYKTYpbl aTOMOB TayioreHoB. [amorensl B mpupojge. Dusnueckue
CBOMCTBA M XHWMHUYECKHE CBOMCTBA rajoreHoB. llosiyueHMe W NPUMEHEHHE TaJOT€HOB.
Coenunenue raJloreHoB ¢ Bo1opoioM. Kucinopoaconepskaiiyue COeIMHEHHS TajJOTeHOB.

DNEeKTPOHHOE CTPOCHUE U MapaMeTpPhl aTOMOB 3JIEMEHTOB TJIABHOW MOJATPYIIBI MIECTON
rpynnel.  [lepuoguyHocTs uX u3MeHeHUs. Kucimoposn, pacnpocTpaHeHHEe B TPUPOAE U
XUMUYecKkue cBoiicTBa. Cepa, paclpoCTpaHEHHUE B IPUPOJEC U XUMUYECKHE CBOMCTBA. OCHOBHBIE
COCIMHEHUS CEPhI: OKCUJIBI M KUCIOTHI. MIX XUMUYECKHEe CBOUCTBA.

DNEeKTPOHHBIE CTPYKTYPHI aTOMOB. A30T: a30T B MPUPOJIE, €r0 MOJTYUYEHUsI U CBOWCTBA.
Ammuak, comu amMoHus. Dukcanus arMochepHOro azoTa, MOJTYYCHHE amMMHaka. | uapasuH,
TUAPOKCIIIAMHH, a3uoBoAopoa. Okcuabl a3ota. A3oTucTas W a30THas Kuciaotel. dDocdop:
dbocdhop B mpupose, nmomydeHue u cBoicta dochopa. Coequnenus dochopa ¢ BOJOPOIOM U
rajoreHaMu. OKCHIBI U KUCTOTHI hocdopa.

DNEeKTPOHHBIE CTPYKTYpPhl aTOMOB YTJIEPOJ: YIIAEpOoa B TPHUPOJIEC €ro MOJTydeHHE U
cBoMcTBa. Ayutotponus yriepona. Jnokcuna yrinepona. YroneHas kucinota. Okeun yraeposaa (I1).
CoenuHenus yriepoja ¢ cepod M a3oToM. KpeMHUil: KpeMHUH B MPUPOJE, €r0 MOJTYyYEHUE
cBoiictBa, CoeAMHEHUS] KPEMHUSI C BOJOPOJOM M rajoreHamu. Jluokcuna kpemuusi. KpemHeBbie
KHUCJIOTBI ¥ X coyd. CTEKIIO, IEMEHT.

Tema 2. Xumus mera/uion: 1A, 1A, IITA, IVA (0/10B0 1 cBHHeN) IPynnbI
Ilepuoguveckoii cucTeMbl U MX COeTMHEHMIA.

[lenoyHble MeTAIIIBI: PACIPOCTPAHEHHE B IPUPOE, OTyIEHHE, CBONCTBA, IPUMEHEHHE.
Harpuii. Kanuii.

[lenoyHO3eMeNbHbIE METAJUIBI: PACIPOCTPAHEHUE B IPUPO/IE, MTOJIyYeHUE, CBOWCTBA,
npuMeHeHne. Maruui, KajabIiui, Oapuid.

DJIEKTPOHHBIE CTPYKTYpbl aTOMOB IIIA rpymnmbl. AJTFOMUHUEI: paclipoOCTpaHEHUE B
MpHUpo/ie, NOJTyYeHHE, CBONCTBA, IPUMEHEHHE.

DJIEKTPOHHBIE CTPYKTYpbl aToMOB [V A rpymnbl. OjI0BO U CBUHEIL: paCHPOCTPAHCHUE B
MpHUpo/ie, MOJTyYeHHEe, CBOMCTBA, MpUMEHEHHE. TOKCHKOJIOTHS CBUHIIA U €T0 COSAMHEHUS.

Tema 3. O0masi XapakTepUCTUKA M TOKCUKOJIOTHs d-371eMEeHTOB M X COeUHEHU .
d-snmementsl. O0mas xapakrepucTrKa. PacipocTpaHeHHOCTD B Ipupoie. PH3HKO-
XUMHYECKUE cBOMCTBA d-2i1eMeHTOB. TokcHKOIOrust d-3JIEMEHTOB U UX COEQUHEHMIA.

Tema 4. buoreHnpie 3JiIeMEeHTDI.

[TonsiTHe OMOTEHHOCTH XMMHUYECKHUX JIIEMEHTOB. buocdepa, KpyroBopoT OHMOTEHHBIX
aneMeHTOB. KoHIleHTpupoBaHue OMOTEHHBIX 2JIEMEHTOB JKUBBIMU cucTeMamu. Knaccudukarus
OMOTEHHBIX DJIEMEHTOB M0 MX (DYHKIIMOHAIBLHOM POJIM: OPraHOT€HbI, YIEMEHTHI SJIEKTPOIUTHOTO
¢doHna, MHUKPOIJIEMEHTHI. [TpumecHbie 3JICMEHTHI (axkkyMymnHpyromuecs T
Heakkymynupyromuecs). OCHOBHbIE HMCTOYHHUKHM TIOCTYIJICHUS TPUMECHBIX JJIEMEHTOB B
OpraHu3M 4YejoBeka. XUMHUYECKHE aCTIeKThl OXPaHbl OKPYKAIOIIEH Cpebl.

KomMrinekcsl KaTHOHOB S-MeTauioB (MOHOGOPHI, KpayH-3(DUPBI, KPUMITAHIBL. XJI0POQUILI.
buonoruveckas ponp HATPUs, Kalus, KaJIblUsg, MarHug. XUMHYECKOE CXOJCTBO H
OMOJIOTMYECKUI aHTAarOHU3M (HaTPUI-KaIuii, MarHUii- KaJabIuii).

Haubonee BakHble OMOTEHHBIE dNeMeHTHI d-0oka: Xpom, Mmenb, MoauodaeH. CucTemsl
MeTa-6e70K (MEeTaIONPOTEHHBI M OSJIKH, aKTUBHUPYEMbIE METAIIJIaMH ).
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Tema 5. Heoprannueckne MUHepaJbHbIe yA100peHUsI.

IIpocmule yoobpenus:

A3OTHBIE: HUTpATHBIE (HAaTpUEBask U KaJlbLIEBasi CEJIUTPHI); aMMOHUNHBIE 1 aMMHAYHBIE
ynoOpenust (cynbdar amMMOHUS, aMMOHHUWHO-HUTpPATHBIE YHOOpPEHHs, aMMHA4yHas CEIHUTPA);
MOYEBHHA.

docdopnsie: cynepdocdart, aBoiHON cynepdocdart, mpernunuTar.

MuxkpoynoOpenus. MukpoaiaemeHThl. bopHble ynoopenus. Meanbie ya1o0OpeHus.

Komnnexcnvie yooopenus:

AmMmodocsl, HUTPOOCEI U HUTPOPOCKH, HUTPOAMMO(POCHI U HHUTPOAMMO(OCKH,
kapb6oaMMoochl, monuducHaTbl aMMOHUS.

Pasnen 3. AnaauTnyeckasi XuMus

Tema 1. Buabl 1 MeTOAbI XMMHUYECKOT0 aHAJIM3A.

KauecTBeHHbIli ¥ konuuecTBeHHbIH aHanu3. Knaccudukanus Buaos aHannza. OOBEKTHI
aHanu3a. OCHOBHBIE CTaAWM TIpoBeACHHS aHanu3a. (OCHOBHBIE CTagUU  TMOCTPOCHUS
AHATMTUYECKON METOJMKHA M OCHOBHBIE METOJBI aHaimu3a. MeTtonbl mpoOooTOopa, pa3ioKeHUs
poOBbI, pa3AeieHnus U KOHIICHTPUPOBAHUSI, OOHAPYKCHUS U OTIPEICIICHHS.

Tema 2. PacueTbl B KOJIMYeCTBEHHOM aHaJIU3e.

Enununer konmmdectBa BemecTBa. CrocoOBI BBIPAKEHUS KOHIIGHTpAIIWNA: MOJISIpHAs
KOHIICHTpAIMSI, MOJISIpHAs KOHIIGHTpAllUs DJKBHUBAJICHTA, MacCOBas KOHIIEHTpaIus (TUTP
pabouero pactBopa, THTP IO OINPEASISIEMOMY BEIIECTBY), OObEMHas KOHIICHTPAIMS, OIS
KOMIIOHEHTa (MaccoBasi, 00beMHasl, MOJISIpHAs ).

3aKkoH KpaTHBIX OTHOmIeHWH JlambToHa. Bhrumcinenue ¢akropa SKBUBAJICHTHOCTH |
SKBHUBAJICHTA.

Pacyersl B TUTpUMETPUYECKOM aHaIM3€: CYIIHOCTh TUTPUMETPUH; CTaHIApTHHIC
PacTBOPBI M CIIOCOOBI UX MPUTOTOBJICHHS; BUJIBI TUTPOBAHMS: TIpsiMOe, 00paTHOE (TI0 OCTaTKYy),
TUTpOoBaHue 3aMectutens. Kpussie TuTpoBanus. ['paBumerpuyeckuii (BecoBOil) aHANN3.

Tema 3. AHaIM3 00bEKTOB OKpY:Kalouei cpeabl.

CriocoObl B3SITHS M MOATOTOBKU MPOOBI (pa3iokeHHsl, OTACICHNUs MEUIaoIUX KOMIIOHEHTOB U
KOHLIEHTPUPOBAHMSI MHUKpONpUMecei) JUisl aHanu3a OOBEKTOB OKPYXKAlOIIeH cpenbl: MOYBBI
JOHHBIX OTJIOKEHUH, BOJbI, BO3AyXa. Vcmoib3oBaHHME XUMHUYECKHX, (PU3NYECKHX U (PUIUKO-
XMUMHUYECKUX METOJIOB ISl aHaIn3a 00BEKTOB OKPYKAIOIIEH Cpebl.

6 TEMbI IPAKTUYECKNUX 1 CEMUHAPCKUX 3AHSATHIA

Jlanublit Bug paboTsl He ipeaycMoTpeH Y11

7 JABOPATOPHBIE PABOTDI, IIPAKTUKYMbI

Pazgen 1. O0mas xummus.
TEMA 1. SHEP'ETHKA XUMHWUYECKHUX ITPOLHECCOB.
OIIPEJIEJIEHHE TEIIJIOBOI'O ITPOIIECCA PEAKIIUY HEUTPAJIN3AIINN.
CDOpMa npoeedeﬂuﬂ - dHAlu3 pe3sylbmamoes aeMOHCI’}’lpCZI/ﬂ/IOHHOZO IKCnepumeHma
Leas padoThI:
HayuuTtbcst BBINOJIHATH KATOPUMETPUUECKUE U3MEPEHUS.
2. OcCBOWTPH HAaBBIKM TEPMOJAUHAMUYECKUX PACUETOB, CBSI3AHHBIX C SHEPTETUKON XUMHUYECKUX
peaKuuu.
Coaepixkanue padoThbI:
1. DkcnepuMEHTANILHO OIMPENEIUTh TEII0OBOH 2(PPEKT peakiny HeHTpaTu3aluu.
2. [IpoBepuTh BBIMOTHEHKE 3aKkoHA ['ecca.
3. OmpenenuTh OTHOCUTENBHYIO U a0CONIOTHYIO TOTPEITHOCTH H3MEPEHUS.

=
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IIpuGopsl M peakTUBBI: KaJOPUMETP, MEpHbIC LMWJIMHIPHL, BOPOHKA, TEPMOMETD,
CEeKYHJIOMEp WJIM MIECOYHbIE Yachl, paCTBOPHI THIpoKkcuaa HaTpus ¢ kKoHueHtpanueid C(NaOH) =
2 monw/n u ceproit kucinotel C(H2S04) = 1 Mmoms/m.

KpaTKue TECOPETUICCKHUE CBECACHUA.

JIroOble XMMHYECKHE peaklUMHd BCErjJa COMNPOBOXKAAIOTCS TEMU WIM  HUHBIMU
SHEPreTUUECKUMHU dPPEKTAMU: BBIJICICHUEM WJIU MOIJIOIIEHUEM TEIJIOThI, CBETA, COBEPLICHUEM
ANIEKTPUYECKON MM MeXaHW4YecKol paboThl. M3yueHuneM »sHEpreTMuyeckux H3MEHEHUM mpu
XUMUYECKUX pEaKkNMsIX 3aHMMAEeTCs HayKa, Has3blBaeMas XHMHMYECKOM TEepMOJMHAMMKOM.
Oco0eHHOCThIO XMMUYECKON TEPMOJIMHAMUKH KaK HAyKH SIBJISIETCSI pACCMOTPEHHE XMMHYECKUX
peakiuii B COCTOSIHUM paBHOBECHS, KOT'/Ia PEaKIMs JIN0O HE Havajach, TMOO yXe 3aKOHYMIACh, U
W3MEHEHUs BO BHEIIHEN CPEle OTCYTCTBYIOT.

XuMuyeckas TepMOIMHaMUKa 0a3upyeTcsl Ha IBYX OCHOBHBIX 3akoHax. Ilepewtit 3akon
mepmMoOuHamuKy N3BECTEH KaK 3aKOH COXpaHEHUs dHEpIruu. MI3MeHeHne BHYTpeHHEN
SHEPTHUH 3aKPBITOW CHCTEMBI ONPEIEISIETCS KOJTUYECTBOM BBIJICTICHHOW TEIJIOTHI U
coBepIeHHOU padotel. AU=Q - A

KonndecTBO TEmIOTHI BBIACIUBIICHCS WM TMOTJOIMIEHHON B pe3yJbTaTe XHUMHUYECKOM
peakuuu Has3bIBACTCA Menioevim Ihhekmom. DK30TepMHUUECKass peakiuss — TemoTa
BBIJICISIETCS, DHAOTEPMUYECKAsT — TIOTJIOMIASTCSI.

Yamie Bcero B OMOJOTHYECKHMX CHCTEMaX XHMHYECKHE TPEBPAIICHUS] TMPOTEKAIOT TPHU
MIOCTOSIHHOM JaBiieHuu ( u300apHbIE MPOIIECChl) B 3TOM Cilydae TEIUIOBOM 3¢ ¢eKT peakuuu
OyZeT paBeH U3MEHEHHUIO BHYTPEHHEW SHEpPruuM CHUCTEMbl IUIIOC paboTa Haja  BHEIIHUM
nasineHueM pAV: Q = AU + pAV

CymMma U + pV nHazpiBaeTcst JHmansnuei M sBisieTcs QyHKIIUEH COCTOSHHUSI CUCTEMbI WU
MEpOM €€ TeTI0COAEPKaHHUS.

JIis XuMU4ecKol peakiuu MpoTeKarolled Mpu MOCTOSIHHOM JaBJICHUU SHTAJIBINS paBHA

TeroBomy hdexTy.

3a cmanoapmuyto nmanvhuto 00pa3oBaHUS MPUHUMAIOT DHTAJBIHIO TOW pEakiuu, B
KoTopoil 1 Monp BemiecTBa 00pa3zyeTcs W3 MPOCTHIX BEIIECTB, KaXJ0€ U3  KOTOPBIX
HaXOJHUTCS B TEPMOIUHAMUYECKOM COCTOSTHUMU.

3akoH I'ecca u cieacTBus U3 HEro.

TennoBoit 3PdexT peaknuu 3aBUCUT TOJHKO OT HAYAJIBHOTO M KOHEYHOTO COCTOSIHHS
CHUCTEMBI HO HE 3aBUCUT HU OT IIyTH IIPOTEKAHUSA PEAKLIUH, HUA OT €€ MEXaHU3MA.
CruencrBus 3akoHa ['ecca.

1) W3MEHEHHE SHTATBIIMNA XUMUIECKOM PEaKI[MK HE 3aBUCHUT OT YKCJIa IPOMEKYTOUHBIX
cTaauu

2) SHTAJIbIHS PEaKIMd pPaBHA CyMME SHTAIBIUA OOpa30BaHUS MPOIYKTOB 3@ BHIUCTOM
CYMMBI DHTaJIbIINI 00pa30BaHUs UCXOAHBIX BEIIECTB.

Tennoma neiimpanuzayuu — 310 TEIIOBOH 3G deKT peakiuu odpazoBanus 1 monp HoO u3
nonos H' u OH-
H* pp) + OH™ (p-p) = H20;  AH2¢8 = -55,9 x/I:x/mMo1b

[Ipn HelTpanu3aly CHJIBHBIX KHCIOT CHIBHBIMM OCHOBaHHMSMH TEIUIOBOH 3¢ ¢eKT 3Toro
rpoliecca MoYTH OJIMHAKOB B pacueTe Ha | MOJIb SKBUBaJIEHTa KUCIOTHI WM LIEIOYH.

DKkcnepuMeHTallbHOEe  ompeneienne AH HeWTpanu3alid OCIOXKHEHO TeM, 4YTO Tpu
CIIMBaHHUH PACTBOPOB UMEET MECTO MPOIECC pa30aBICHHS:
o(pa3daBn) = AHueirp + AHpass. HeliTpanuzanus cna®oit KMCIOTHI WM Ca0OTO OCHOBaHUS
COTPOBOXKIACTCA THUAPOJIU30M OOpasyromielics COau, B pe3ylbTare dYero HW3MEHSeTCs

KoHIleHTpanus woHoB H' u OH™ B pacTBope, CilefoBaTelbHO M TEIUIOBOM 3((eKT mporecca
OyZeT UHBIM.
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Memoouueckue pekomenoauuu u onucanue 1a60pamopHoll yCmanoeKu

C 1enpio IpOBEPKH CIPABEAIMBOCTH 3aKoHa 'ecca, B JaHHOW paboTe MPOBOAUM PEAKITUIO
neirpanmzanuu H2SO4 menousto NaOH B 1Be cramum.

Pesynbrarom peakiuu nepBoit ctaauu (npu HegoctarouyHoM kosmuectBe NaOH)
H>S04 + NaOH = NaHSO4 + H20; AH;

sBiseTcs pacTBop rugpocynbdara Hatpust NaHSO4 B Boze.

Pe3synbraroMm peakuuu 1o BTOpoi cTaauu
NaHSO4 + NaOH = NaxSOs + H2Ox);  AH2

sIBJIsIETCSl 0Opa3oBaHue CynbdaTa HATpUsl.

B kax10#1 cTanuu temieparypa yBeJIMYUBAETCS 110 CPAaBHEHUIO C TEMIIEPaTypOil HCXOAHOTO
BemectBa (pactBopa H2SOs). IlodToMy mNpPOMCXOTUT HM3MEHEHHE ODHTAIBIUM B IPOIECCE
peakuu. Ero Mbl MOXeM onpesenuTh Uil KaKJI0M CTaauu 1o Gpopmyse:

AH =K- AT/n (xIx/moup),

rae K= 0,96 k/»/Moi1b — IOCTOsIHHAS KalopuMeTpa (KOJMYECTBO TEIUIOThI, HEOOXOIUMOE JIJIst
HarpeBaHMs KaJOpPUMETpa ¢ TEPMOMETPOM, Memankoit, pactBopoM H2SO4 Ha 1 K);
n = C-V — KOJIUYECTBO BEIIECTBA;
C — MouiipHasi KOHIIEHTpAIHs BEIeCTBa;
V — 006Bem pacTBopa.

OO111ee KOIMYECTBO TEIUIOTHI, BbIACIUBILEHCS B pe3ysIbTaTe peakiuu, Oy/1eT paBHO CyMMe
W3MEHEHUH SHTANBNUN Kaxkaoh ctagni: AHscen = AH1 + AHo.

Jlisg  ompeneneHusl TOTPENIHOCTH HM3MEpPEeHHs] TeIryioBoro s¢dekra BOCHOIb3yeMCs
dbopmynoii: & = (AHsken — AHuer./ AHycr.) - 100%.

3a AHuer mpuaMaeM Tabnuanoe 3HadeHne AH mist peakiuu, mpoTeKaromiei B 01Hy
CTaJINIO:

H2SO4 + 2NaOH = NaxSO4 + 2H20) + 137,43 xJ]x/ MoJb;

Iopsinok BbINOJIHEHHSI PadOTHI.

Hamute B oqun muumaap 100 mut ogaoMossipHOTro pactBopa HaSOa4.

Hanuts B n1Ba mununapa no 50 M asymousisspHoro pactsopa NaOH.

3anuth B kanopumetp 100 mut ogHOMOIsIpHOTO pactBopa H2SO4.

BxirounThs Memaky.

B teuenue 5 munyT uepes kaxapie 60 CeKyH CHUMaTh IOKa3aHUsS TEPMOMETPA U 3aHOCUTh

3HAUEHUS TEMIIepaTyphl B MEPBYIO CTPOKY Tabmuilsl Nel

Biuts B kanopumerp 50 ma nsymossipuoro pactsopa NaOH u3 nepBoro uunusapa.

B teuenue 5 MuHyT CHUMAaTh IOKa3aHUs TEPMOMETpaA uepe3 Kaxaple 60 CeKyH]1 U 3aHOCHUTD

BO BTOPYIO CTPOKY TaOmuibl Nel.

8. Bunuts B kanmopumerp 50 ma nBymodnsipaoro pactBopa NaOH. B Teuenue 5 MuUHYT CHUMATh
MOKa3aHUs TEPMOMETpa depe3 Kaxkple 60 CEeKyH]T U 3aHOCUTh UX B TPETHIO CTPOKY TAOIUIIBI
Nel.

9. Paccuutath 3HaueHuss AH 11 ka0 cTaiuy peakiuy U 3aHeCTH B Ta0uiry Ne2.

10. BeumuTh oTpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. CoaTh pabouee MecTo TabOpaHTy.

arwbdE

~No

Cxema 1a00paTOpHOH YCTAHOBKH
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L

Puc. 1. Cxema xanopumerpa:
1 — BrIItOUYaTENIb MEUIANIKH; 2 — TEPMOM30JUPYIOIINE CTAKAHBI;

3 — peakIMOHHBIN CTaKaH; 4 — TEPMOMETP; 5 — AIEKTPOIBUTATEIh METIAIIKH;

6 — mTaTuB; 7 — BOPOHKA; 8 — MeNIalika; 9 — OCHOBaHHE IITATHBA.

OcCHOBHOM YacTbhIO TJAOOPATOPHON YCTAHOBKU SIBJISIETCS KAIOPUMETP, MPEACTaBISIONTNI
co00i1 M30JIMPOBAHHBIN OT OKpYXKarollel cpesibl BHyTpeHHU cocyn (3). s usmepenus
TeMIIePaTyphl PEarupyroIINX BEIIeCTB UCIOJIB3YeTCsl PTYTHBIN TepMomeTp (4). [lepememmBanue
pacTBOpa OCYIIECTBISIETCS Memanko (§) ¢ moMomnibio nekTpoaurarens (5). Boponka (7)

CILY’KUT JUIS 3JIMBKH PACTBOPOB.

Tabnuya 1
t, MUH 1 2 3 4 5
t° C, H2S0Oq4
T°C, 1 ctaguu
T°C, 2 ctaguu
Tabauya 2
1 cragus 2 craaus
ToHa‘I = tOKOH = toHa‘I = tOKOH =
At° = At° =
AH; = AH2 =

Conep:xanue oTyera:

Tema u uenb paboThI.
XHWMHUYECKUE YPAaBHEHUS PEAKLU.
TaGmuuer Nel u Ne2.

Pacuetst AH u norpemsoctu 6 %.
BrIBo1bI 1O IIpOIETaHHOM paboTe.

Ok wNPE

KoHTposbHbIE BONIPOCHI:

1. OcHOBHBIE NOHATHUS TEPMOJAMHAMUKH (TEPMOIMHAMUYECKAsl CUCTEMA, ITapaMeTphl CUCTEMBI,
(aza, KOMIIOHEHTHI CHCTEMBI, npoliecc). Kiaccuduxanus TepMoIMHAMUYECKUX CUCTEM.

2. Buyrpennss osHeprusi BeuiecTBa. (DYyHKIMEH KakuX MapaMEeTpOB SBISETCS BHYTPEHHSA
sHeprus BemectBa? [lepBoe Havano TepMoauHaMuku. IIpuMeHeHne mnepBoro Havana

TCPMOJUHAMHUKHU K OMOJIOrHYECKHM CHCTEMAaM.

®opma A
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3. DHranbnus Kak GyHKIus coctosHus. CTaHJapTHBIE YCIOBHS B TeépMoanHaMuKe. Mi3MeHeHne
SHTAJIBIIMU B PA3IUYHBIX XUMHUECKUX M (PU3HKO-XUMUYECKUX MTPOLIECCAX.

4. TemnnoBoii 3pdext xumMuyeckoi peakuuu. OCOOEHHOCTH TEPMOXUMHUECKUX YPABHEHUH U

pacueToB 10 HUM. 3aKoH ['ecca u ciieicTBUS U3 HETO.

Bropoi1 3akoH TepmoanHaMuku. [lonstue saTpOnIMM.

CBoboanas sHeprus ' mb0ca Kak KpuTepuii CaMOTIPOU3BOIBHOTO MPOTEKAHUS PEAKIIHH.

TEMA 2. TEOPUSA PACTBOPOB.
Dopma npoeedens - GbINOTHEHUE UCCTEO0BAMETLCKUX PAOOM YACIUYHO-NOUCKOB0RO0 XAPaAKMEPd

Yacte A. IIpurorosiieHue pacTBOpPOB 32/1aHHON KOHLIEHTPaLlUM.

ean padoTbi:
Hayuurcs roToBUTE pacTBOPHI 3aJaHHON KOHLIEHTPALIMH.
[IpnoOpeTeHre HaBBIKOB pacueTa U rnepepacyera KOHLEHTpaluil pacTBOPOB.

Coaep:xkanue padoThbI:
[IpuroroBiieHns pacTBOPOB Pa3IMYHON KOHIIEHTPALMK U3 CYXOU COJIH.
[IpuroToBnieHus: pacTBOPOB U3 00JIee KOHLIEHTPUPOBAHHOTO PACTBOPA.
[IpuroroBiieHns pacCTBOPOB CMEIIEHUEM JIBYX PACTBOPOB Pa3HbIX KOHIIEHTPALIAM.
[Iepepacuer MaccoBoW JOMM pPACTBOPOB B MOJISIPHYKO KOHIIEHTPALMIO, MOJIIPHYIO
KOHIIEHTPALIMIO SKBUBAJICHTA, B MOJISIIBHOCTb.

IIpubopsl u peakTUBBI: MepHbIE KOOI (KoHMYecKue Ha 250 MiT); MEepHbIE LUIMH]IPHI

Ha 50, 100 m 250 M, CTEKISHHBIE MAJIOYKH, BECHl TEXHOXHMMHUYECKHE, Pa3HOBECHI, HAOOD
apeoOMeTpOB, XJIOPUJ HATPHSL.

o o

N

~pwphE

MeTtoanyeckne peKOMeHIAalMA U ONUCAHKE JJA00pPaTOPHO padboThI

a) [IpuroroBienne pacreopa NaCl 3a1aHHOI KOHIIEHTPAIIMU U3 HABECKHU
CYXOro BelllecTBa
IMopsinok padoThI:
1. [TonyuuTh 3aaHKe OT MPEMOIaBaTENs: IPUTOTOBUTH ompeneiaecHHoe KoymuecTBo (100-500
MJ1) pacTBOpa XJIOpHIa HATPUs C KOHIeHTpamuei 5—15%.

2. PaccuurtaTh HEOOXOAUMYIO /Ui IPUTOTOBIIEHUS 33JaHHOTO 00bEMa pacTBOPa HABECKY CyXOi
COJIM M 00BbEM BOJBI.

w

. OTBeCUTH HABECKY XJIOpHUaa HAaTpUs HAa TCXHOXUMHYCCKUX BECaX U IIEPECHECTU €€ B KOJ'I6y.
4, OTMepI/ITL HCO6XOI[I/IM06 KOJIMYECTBO BOAbI MCPHBIM HUWJIMHAPOM U BBUIUTH BOAY B COCYJ C
CYXOﬁ coJiplo. Pa3memaTths cMech aJIoOUuKoOM A0 IIOJIHOT'O paCTBOPCHUA COJIU.

5 Jlns KOHTpOJIA TPaBWIBHOCTH TIPUTOTOBJICHUS pPAcTBOpPa HW3MEPHTh €ro IUIOTHOCTb
apeoMeTpoM: B HUIHHJIP eMKocThio 50/100 M1 HaKMBarOT MOTY4YEHHBIN pacTBOp (2/3 o6bema)
U OCTOPOKHO OITYCKaloT TyAa apeoMmeTp (B MpUCYTCTBHM mpenoiaBarensi). CpaBHUBAIOT
pealbHyI0 TUIOTHOCTh C HEOOXOAMMOU (Tabiuila) W JeNalT 3aKIOYCHHUE O MPaBUILHOCTH
BBITIOJTHEHUS PaOOTHI.

6. OpopMuUTH TPOTOKOT pabOTHI M BHIPA3UTH COAEPIKAHHME XJIOPHUAA HATPHUSI BO BCEX EAMHMIIAX
koHueHtpauuu (%, MoysipHas JOJs, MaccoBas KOHIIGHTpAlUs, THTP, MOJSPHOCTD,
MOJISUTEHOCTh, HOPMAJIBHOCTB ).

1. PaCTBOp XJI0puia HaTpus OCTaBUTH IS naaneﬁmeﬁ pa6OTBI, HCTIOJIb30BAHHYHO IIOCY1Y BBIMBITh.
0) IIpurorosienue pacteopa NaCl pazdaBieHnem 0o1ee KOHIEHTPHPOBAHHOIO PacTBOpPa

Ilopsinok padoTsI:

1. IloayuuTh OT mpenojaBaTess 3aJaHue — NPUTOTOBUTH onpeaeneHHoe koiauyectso (100-500
MJI) pacTBopa XJOpUJa HaTpus HU3KOM  KoHUeHTpauuu (2—-8%) wu3  Ooisee
KOHLIEHTPUPOBAHHOI'O PacTBOpA.
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Paccuntath 00beM KOHIICHTPUPOBAHHOTO PACTBOPA, HEOOXOUMOTO JIJISl IPUTOTOBIICHUS
3aJJaHHOTO 00beMa M KOJINYECTBO JI00ABOYHON BOJIBI.

. OT™MepuTh HEOOXOMMOE KOJTMYECTBO KOHIIEHTPUPOBAHHOTO PAacTBOPA U 100aBOYHON BOJIBI,

CIIUTh UX B KOJIOY M TILATEJIBHO MEpeMeEIIaTh pacTBOP.
JInst  KOHTPOJIE NPaBUIBHOCTU IIPUTOTOBJICHUS pPACTBOPA HM3MEPUTh €ro IUIOTHOCTh
apeoMETPOM B IIPUCYTCTBUM MPENIOJABATE.

. OopmMuTh MPOTOKOJT PAbOTHI U BRIPA3UTh COJCPIKAHUE XITOPHUIA HATPHSI BO BCEX SAMHHIIAX

KOHICHTpalIHuu.

. PactBop xstopuaa HaTpus OCTaBUTH IS AalIbHEHIIEH pabOThI, CIIOIB30BAHHYIO TTOCYLY

BBIMBITb.

B) [Ipurorosnenue pacteopa NaCl cmemeHHeM JBYX pacTBOPOB 3aIaHHBIX KOHLEHTPAaMii

-

w

agkrwnE

Hwbh e

IHopsinok padoTsi:

. [lonyuuTs OT npenoiaBaTens 3aAaHue.

Paccunrare TpeOyemble 00beMbI 000MX PACTBOPOB, HEOOXOAUMBIX JJISi HIPUTOTOBJICHHUS
3aJJaHHOTO PacTBOpa.

. OTMepI/ITI) paCCUUTAHHBIC KOJIMYECTBA CMCIIMBACMBIX PAaCTBOPOB U CMCUIATE UX B KoJI0€E.
. 21.]'[?1 KOHTPOJIA MPABUJIBHOCTH PACYCTOB U MPUT'OTOBJICHUA paCTBOPA UBMEPUTH €I0 IJIOTHOCTDH

apeoMeTpOM B MPUCYTCTBUU MPEIOIaBATENS.

. OdopmuTh TPOTOKOJ pabOTHI U BEIPA3UTH COJIEP)KAHUE XJIOPHIa HATPHUS BO BCEX €IMHUIIAX

KOHICHTpalHuu.

. BouiuTh pacTBOpHI XJ10pHa HATPUS, MOCYQy BBIMBITH. CliaTh pabouee MECTO JJabOpaHTy.

Conep:xanue oTyera:
Tema u 11e1b paboTHI.
PacueTsl o kak10# 4acTu paboOTHI.
3Ha4eHMs TUIOTHOCTEH: TeopeTndecKoe (M3 TaOIHIIbl) M SKCIIEPUMEHTAITBHOE.
Pacuer norpemnoct & % MpPUrOTOBIEHUS PACTBOPOB.
BriBo1BI IO TIpOIETIaHHOM paboTe.
KoHTpoJibHBIE BOIPOCHI:
Kakwue criocoObl BeIpakeHHs KOHIEHTPALUU PacTBOPOB BaM U3BECTHBI?
Kak nepeiiTit OT 0J1HOTO BH1a KOHIIEHTPAIUH K APYroMy (Ha KOHKPETHOM Ipumepe)?
Kakwue cymiecTByoT criocoObl IPUTOTOBICHHS PACTBOPOB?
Onumure X0 paboThI 10 JII0O0OMY CIIOCO0Y MPUTOTOBJIEHUS PACTBOPOB.

Yactb b. MoHHBIE peakiuu B PAaCTBOPAX, reTepOreHHbIe PABHOBECHS B PACTBOPax

3JIEKTPOJUTOB (PKCIIEPUMEHTATIBHOE ONpeieNICHUE HAMPABICHHSI XUMUYECKIX PEAKIIHA).

A

no

4.

eab paboThI:
O3HakoMIIeHHE ¢ OOLIMMH CBOWCTBAMU MAJIOPACTBOPUMBIX AJIEKTPOJIUTOB.

[TpuoOpeTeHne HaBBIKOB pacyeTa MPOU3BEICHNS PACTBOPUMOCTH M PACTBOPHMOCTH OCAIKOB
CHJIBHBIX 3JIEKTPOJIUTOB.
Coaepixkanue padoThbI:
Omnpenenenne peakiuy cpeibl pU THIPOJIN3E COJIEH.
W3yueHue BIUSHUS TeMIepaTypbl Ha THIPOJIU3.

N3yuenue ycnoBuii 00pa3oBaHus 0CaIKOB MaJIOPACTBOPUMBIX CHUIIBHBIX 3JIEKTPOJIUTOB U MX
PacTBOPHUMOCTH.

Pacuer pH couneit noasepraromuxcst ruIpoJin3y.
IIpudops! M peakTUBBI:

1) mrraTUBHI U1 TPOOUPOK, TPOOHPKH Ha 10 MII, MUTIETKY.

2) 2 H pacTBOPBI: XJIOpH/Ia KaIbLUs, XJOPHIa HATPHS, XJIopuaa Oapusi, oKcanaTta aMMOHHUS,
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COJITHOM KUCIIOTBI, HUTpaTa Oapusi, Xpomara Kajius, yKCyCHOM KHCIOTBI, HUTpaTa cepedpa,
cynbdura HaTpUsL.
DKcrepuMeHTaJIbHAS YacTh:
MeTtoanuyeckue peKOMEHIalMH U ONMCaHKe JIA00paTOPHON padoThI
Omnbit 1. O0pa3oBaHue 0caIKa U YCJI0BHE €r0 pACTBOPEHHA
B npo6upky HaneiiTe 4—5 Kamnenp pacTBoOpa XJIOpHIA KaJdbIUs U IPUOABBTE 10 KAIUIIM
pacTBOp OKcajaTa aMMOHUS 10 0Opa3oBaHus 6exoro ocaaka. M3oeraiite pacTBOPUMOCTH OCaaKa
B 2 H pacTBOpE COJISIHOM KUCI0Thl. Hanmummure MoJieKysipHble U HMOHHbBIE YPAaBHEHUS PeaKIuil.
Boinummure u3 Tabaui KOHCTAHThI TUCCOLMALMU U PACTBOPUMOCTH CJIA0BIX 3JIEKTPOIUTOB.
BoruncnuTe KOHCTaHTY paBHOBECHS peaKly PACTBOPEHUS 0Ca/IKa U OOBACHUTE, TOYEMY 3TO
MIPOUCXOIUT.

OnbiT 2. OnpenesieHue HANPaBJIeHUs] XHMUYECKUX PeaKIuii (pacTBOpeHNe 0CaaKOB)

Haneiite B nmpoOupky 6—8 kamenb pacTBopa XJOpUAA WIM HUTpaTa Oapusl U MpuOaBbTE 1O
KaIjIsiM pacTBOp XpomaTa Kajus 10 oOpa3oBaHus kedaTtoro ocaaka. Ocalok pasjenuTe Ha JIBE
gactu. K omHOM yactu mpubaBbTe 2 H pacTBOP COJITHOW KHCJIOTHI, a K JIpyrol — 2 H pacTBOp
YKCYCHOM KHCJIOTHL. B omHOW M3 mpoOMpOK HAOMIOAaeTCs PacTBOPEHUE OCAIKa. 3arUIInTe
HaOmoeHus, caenaiTe BbIBOA. CoCTaBbTE€ MOJEKYISPHbIE W HOHHBIE YPaBHEHMSI PEAKIIHil.
BbrunicnuTe KOHCTaHTHI PaBHOBECHSI IPOIIECCOB PACTBOPEHHUS Xpomara Oapusi B COJITHOM M
YKCYCHOM KHCJIOTE U OOBSICHUTE HAOII0JaeMOe.

- OnpiT 3. Hanpap/jieHne XMMHYECKOH peakUMHd B CTOPOHY 00pa30BaHUsI MeHee
PACTBOPHMOIO COeIUHEHUS

Hanetite B mpoOupky 2—3 karm pacTBopa HATpaTa cepedpa u npudaBbTe K HEMY 2—3 Karliu
pacTBopa Xpomara Kajius. 3alMIIUTe LBET MOJY4EHHOTOo OcCajKa, IOclie 4ero Jo0aBbTe B
npobupky 2-3 Kamid pacTBopa ximopuaa Hatpus. Kak wm3Mmensiercs 1BeT ocanmka (s
HaONIOACHUS IIBETAa OCaJKa PacTBOP MOXKHO OCTOPOXHO CIHTh)? A Temepp NpuOaBbTE K
COJIEP’)KUMOMY MTPOOUPKH 2—3 KAl pacTBOpa Cyiabdua HATPUS U OMSITh 3AMUIINTE LIBET 0CA/IKA.
CocraBbTe MOJIEKYJIIPHbIE U MOHHBIE YPaBHEHUS BCEX MIPEBPAIICHUI.

Hcnonb3ys 3HaueHUs] KOHCTAHT PACTBOPUMOCTH, BBIYMCIHMTE PACTBOPUMOCTH MOIYYEHHBIX
COCIIMHEHUI M KOHCTaHTBhl paBHOBeCUS UId HaOIromaeMbIx MporeccoB. CrenaidTe BBIBOJI O
HAIPABJICHUU XUMHUYECKUX PEAKIIU.

IMopsinok padoThI:

1. TlomyuuTs OT mpenoAaBaTens 3aJaHue.

2. BeimosHUTh paboTy COTIACHO METOIMYECKIX PEKOMEHJAIIHIA.

3. OdopmuTh TPOTOKOI PAOOTHI.

4. Bpumith 0TpabOTaHHBIE PACTBOPHI, OCYy BEIMBITH. CaTh pabouee MecTo.
Conep:xanue oTyera:

Tema u 1ienp paboThI.

Habmronenusi, ypaBHeHHsI peakluid o KaKJI0i yacTu paboThL..

BriBoibI IO TIpOIEIaHHOM padoTe.

KoHTposabHbIe BONPOCHI
HonHble ypaBHEHUS peakIUi. Y CIOBUS IPOTEKAHUS PEAKLIMM B paCTBOPaXx.
2. T'ereporeHHoe paBHOBECHE: 0CAJJOK — HACBHIIEHHBIA pacTBOp. KOHCTaHTa pacTBOPUMOCTH
(1 mpou3BeEIEHUE PaCTBOPUMOCTH)
YcnoBust 00pa3oBaHus M paCTBOPEHUS OCA/IKOB.
4. BnusHue 0011ero HOHA Ha paCTBOPUMOCTh MajlopacTBOpuMoro BeecTBa. ConeBoit 3¢ dexT.

=

w
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TEMA 3. SOKCHEPUMEHTAJIbHOE UCCJIEAOBAHME BJIMSIHUAS PH CPE/IBI HA
MNPOAYKTBI OKHUCJIIMTEJIBHO-BOCCTAHOBUTEJIbBHbBIX PEAKIINU

Dopma nposedeHust - GbINOTHEHUE UCCTIE008AIMETLCKUX PADOM YACUYHO-NOUCKOBOR0 XaPAKINEDA
Lean padoThI:
1. I/I3y‘-II/ITI) OKHCJINTEIbHO-BOCCTAHOBUTEILHEIE CBOMCTBA MCTAJJIOB, HEMCTAZIOB H HX
COEIMHEHU.
2. OcBoUTH MCTOAUKY COCTaBJICHUSA ypaBHCHI/Iﬁ OKHCIUTCIIBHO-BOCCTAHOBUTCIIBHBIX
IIPOIIECCOB.

3. 3axkpenuTh 3HAHUS O BIUSHUU CPEJIbI HA OKUCIUTEIEHO-BOCCTAHOBUTEIIBHBIE MTPOIIECCHI
Coaep:xkanue padoThblI:
1. OxucnuTenbHbIE 1 BOCCTAHOBUTEIIbHBIE CBOMCTBA IEPOKCHUIA BOJAOPO/IA.
2. OKHCIHTENbHBIC K BOCCTAHOBUTEIILHBIC CBOWCTBA HOHOB P- 1 0-3JIEMEHTOB.
3. OxkucnuTeNbHBIE CBOWCTBA IIEPMaHTaHaTa KaJIMs B Pa3JIMYHBIX Cpe/iax.
IIpuGopsb! ¥ peakTHBDI:

1. TIpoOupku, mWITaTUB AJIs IPOOUPOK, AepKaTesb sl MPOOUPOK, MUTIETKU, BOISHAs OaHs,
ropelka.

2. 2 M pactBopsl HuTpara xpoma (III), rumpokcuaa HaTpus, MomWAa Kaius, NepMaHTaHATa
Kanus, cynbburta Hatpusa, cyiabdara mapranma (II), xmopuma omosa (II), 3% pactBOp
nepekucu Bogopona, 2H pactBop cepHolt kuciaoTel, 2H pacTBOp a30THOM KHUCIOTBHI,
YETBIPEXXJIOPUCTBIN YIIEPOI, PACTBOP MO/, MOPOIIOK JUOKCH/IA CBUHILIA.

KpaTkue TeopeTnyeckue cBeIeHHUS.

Bce xumudeckue peakiuy MOKHO Pa3IeuTh Ha JBE OOJBIIHME TPYIIIBI: MpoTeKaromue 0e3
W3MEHEHUS CTEMEHH OKUCIEHMS M C HM3MEHEHHEM CTENEHH OKHCIEHUS — OKHCIHTEILHO-
BOCCTAHOBHTEJIbHBIE.

K OKHCIHTENTBHO - BOCCTAHOBHTEJBHBIM OTHOCSATCS BCE PCAKIMH 3aMCIICHUS M TC PCaKIHH
COCJTMHEHHUS M PA3JIOKEHUSI B KOTOPBIX yY4aCTBYET XOTs Obl OJTHO IMPOCTOE BEIeCTBO. Bee peakiwun
oOMeHa IPOTEeKaoT 03 N3MEHEHHUS CTETICHN OKHCIICHHSI.

[Tog cTemeHbK) OKHCJEHHsI TOHMMAKOT (aKTHYCCKHH 3aps] aroMa B MOJICKYJIe
00pa3yIIuics B pe3y/IbTaTe MepepacipeIeICHUs SJICKTPOHHON IJIOTHOCTH.

OKHCJIeHHEeM Ha3bIBAIOT IPOILECC IMOTEPH SJIEKTPOHOB, MPHUBOJSALIMN K ITOBBIIICHUIO
CTCIICHH OKHWCJICHHS. BeriecTBa, aTOMbl WM HOHBI KOTOPBIX OTNAIOT DJICKTPOHBI, HA3BIBAIOT
BOCCTAHOBHTEJISIMH. BoccTaHOBHTENb, OT/IaBast AMEKTPOHBI, OKuciseTcs. Zn® -2e — Zn*?

BoccraHoBJieHMe — MpoIecC MPUCOCAMHEHHS 3JCKTPOHOB, MPUBOASMIINN K IMOHMKCHHUIO
CTCIICHH OKHCJICHHs. BelecTBa, aToMbl WIM HOHBI KOTOPBIX IPHCOCAMHSIOT 3JICKTPOHBI,
Ha3BIBAIOTCS OKHCIHTENsIMH. OKUCIUTENb, TIPUCOENHSAS IEeKTPOHBI, BoccTaHaBnuBaercsa. Cu*?
+2e — Cu°

OO01ee 4YUCIIO SIEKTPOHOB, OTAAHHBIX BOCCTAHOBUTENIEM, PABHO YHCIY 3JEKTPOHOB,
MIPUHSATHIX OKUCTUTENEM.

Jlng  mporHo3a  MPOAYKTOB M HAMpaBiICHHUs  MPOTEKAHHS  OKHUCIUTENBHO-
BOCTaHOBHUTEIBHBIX MPOIIECCOB HAJIO 3HATH, YTO THMHYHBIMU OKUCIUTEISAMHU SBIISFOTCS:

1) mpocTsie BellecTBa, aTOMbI KOTOPBIX HMEIOT OOJIBIIYIO SIEKTPOOTPHIATEILHOCTD (DJIEMEHTHI
VIA u VIIA rpynn). 13 Hux Hau6onee cunbHble okuciutenu F, O, Cl.

2) BemectBa, coaepkamide 53J€MEHTHI B MakcHMaibHOW cremend okucieHus: (KMnOg,
K2Cr,20y, HC|O4, H2SO4 u ap.

3) Karuonbl MeTaIOB U BOJOPO/IA

K THIINYHBIM BOCCTAHOBHUTEISAIM OTHOCSTCS:
1) npocteie BemecTBa, aTOMBI KOTOPBIX HMEIOT MAITYIO 3JIEKTPOOTPHIATENHHOCT < 1,5
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(anemenTs! IA u IIA rpynn 1 HEKOTOpbIE IPYTHe METAILIIbI).
2) BemiectBa, coeprkalue 31eMeHThI B HU3MIKX cTeneHsx okucienus: (H2S, NHs u ap)
BemectBa, coaepxariue aToMbl B MPOMEKYTOUHBIX CTENEHSX OKHUCIIECHHUS, CIIOCOOHBI Kak
MOBBIIIATH, TAK U TIOHIKATH CTENEHb OKUCIICHUS, T.€. MOTYT ObITh KaK BOCCTAHOBHUTEIISIMH (TIPH
neiicTBuM 00Jiee CUIILHOTO, YeM OHU, OKUCIIUTEINS), TaK U OKUCIUTEISIMU (TIpU JACUCTBUU OoJiee
aKTUBHOTO, Y€M OHH, BOCCTAHOBUTENS). Takue BeIIECTBA MPOSBISIOT OKHCIUTEIBHO-
BOCCTAaHOBUTEJIbHYIO JBONCTBEHHOCTb.
[Ipu cocraBieHUH peakiil OKUCIUTEIBHO - BOCCTAHOBUTEIBHBIX ITPOLIECCOB UCTIOJIb3YIOT:
1) Mmerox 3EKTPOHHOrO OanaHca
2) MEeTOoJ MOJIypeaKIUil I HOHHO - JICKTPOHHBIH CIIOCo0.
IIpaBuna  HaNUCaHUSI  OKHUCIUTEIbHO-BOCCTAHOBHTEJbHBIX  peakuuid  MeToAOM
MOJIypPeaKIMid:
1 BbIACHAIOT NPUHLMIIMAIBHYIO BO3MOXHOCTh mnporekanuss Ox/Red mnpomecca - Haxoasr
MOTEHIIUATBHBIN OKUCIUTETh U BOCCTAHOBUTEIb.
2. Ompenenstor MPOIyKTHl OKUCIICHUS U BOCCTAHOBJICHUS.
3. Tlumyt monypeakiuyu OKHUCICHHS M BOCCTAHOBJICHHSI, paCCMATPUBasl BCE UMECIOIIHECS MOHBI
u cpeny - H.O, H" wim OH, Ho Hu B koem ciysae we H™ m OH - BMmecre oHH
COCYILIECTBOBATH HE MOTYT.
CBojaT MaTepuaIbHBIN OamaHC MOTypeakiui - 3akoH JIoMOHOCOBa B IEHCTBUN.
CBOJAT AMEKTPOHHBINA OallaHC, TOJCYUTAB, 3apsiabl CI€Ba U CIpaBa W JOOABUB WIIM BBIUTS
AJIEKTPOHBI.
6. Haxomsar oOmmii MHOXHUTEIh i1 O00CUX MOJYpPEakiuid, ¢ y4eTOM TOro, 4YTO, CKOJIBKO
AJIEKTPOHOB OBbLIO OTHATO Y BOCCTAHOBUTEJS, CTOJIKO MPUOABUIIOCH K OKUCIUTEIIIO.
PaccraBisator Ko3QPUIIMEHTH! B ypaBHEHUH U JOMUCHIBAIOT HEIOCTAIONINE TPOIYKTHI.
KMnO4 + Na2S0O3 + H2SO4 = MnSO4 + NazSO4 + K2SO4 + H20
Peakuust mnpoTekaeT B BOJHOM pacTBOpPE, COOTBETCTBEHHO KOMIIOHEHTBI pEaKIuu
JMCCOLUUPYIOT:
K* + MnOy + 2Na* + SO3% + 2H* + SO4% = Mn*" + SO4% + 2Na* + SO4% + 2K* + SO4* + H,0
Jljis cocTaBiieHus MOTypeakluuid BbIOMpaeM HOHBI, KOTOPBIE COJIEPKAaT aTOMBI, U3MEHSIOLIIE
CBOM CTEIIEHU OKHCIICHUSI.

% ‘ 1§18Q4+ + |_i3|a++ Se — MnZ* + é—||_2|Q OKHCIIUTENb/ BOCETAHOBHTCII,
3 2 4

o

-2e — BOCCTAaHOBHUTCIIb/OKUCIUTCIIb

2MnOy4 + 16H*+ 5503% + 5H,0 = 2Mn?* +5S04* + 10H* + 8H.0
Cokpaiiass KOMIIOHEHTBI B IPaBOl M JIEBOW 4YacTH, MOJIY4YaeM COKpAIIEHHOE HOHHOE
ypaBHEHHUE JAHHOM OKHCIUTEIbHO-BOCTAHOBUTEIBHOMU PEAKIINU:
2MnOy4 + 6H™+ 55032 = 2Mn?* +550,4% + 3H.0
[ToacTraBuB K MOHAM HEOOXOAMMBIE MTPOTUBOMOHBI, MOIYYUM MOJIEKYIIIPHOE YpaBHEHHE C
rOTOBBIMHU KO3 puIIeHTaMU.
2KMnOg4 + 5NazS03 + 3H2S04 = 2MnSO4 + 5NaxS04 + KoSO4 + 3H20
Cynbar xamusi He y4acTBYeT B OKHICIUTENIHHO-BOCCTAHOBHTEIHHOM IIPOLIECCE, TMO3TOMY TIpU
COCTABJICHHH TOJTyPEAKLIMIA HE YUUTBIBAICS, OJJTHAKO YUUTHIBAETCS IPU 3AIIUCH MOJIEKYJISIPHOTO YPABHEHUS.
Bumsinue cpeabl HA OKUCJIUTEIbHO — BOCCTAHOBHUTEIbHbIE NPOLIECCHI.
pH cpenpl oka3bIBacT BIMSHKME HA HANPABIEHUE OKUCIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKLIUN
U XapakTep 0Opa3yromuXxcsi MpOIyKTOB. UeM MEHbIEe KHUCIOTHOCTh CPEIbl, TeM, KaK MpaBHIIo,
MeHee TIyooko uaet mporecc. Hampumep, KMnOy4 miposiBIIsieT OKHCITUTENBHBIE CBOICTBA 3a CUET
Mn*" 1 BoccTaHAaBIMBACTCS:
B KHCJION cpele — 10 Mn*? , B HeUTpanbHOi — 10 MnO2
B ILIEJIOYHOM CpeJie IO MaHraHat-uoHa - MnO3™
XpoMmar 1 AMXpoMaT Kajaus BBICTYNAIOT B KAUECTBE OKUCIIUTEIIEN B KUCIION CpELE,
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BOCCTAHABIMBAsACH 10 HoHa Cr*3,
B npupoe Haubosee pacipocTpaHeHbl COSJMHEHUS] MapTaHIla Co CTEIEHBIO OKUCICHUS
+2. B opranusMe 4eroBeKa MapraHel TaKkke HaXOIUTCS B CTEIICHH OKUCICHUS +2, HO, y4acTBYS B
OMOXMMHUYECKHX TPOIeCcax, OH HE MEHSET CBOCH CTENEeHH OKUCIEHHS. DTO CBS3aHO C TEM, YTO B
OpraHU3Me HET CHUJIbHBIX OKHCIIUTENEH.
N3menenne pH cpenbl MOXKET pa3BepHYTh peaklmio. Tak JUCIPONOPLIMOHUPOBAHUSA XJI0pA
B menoyHoit cpene Clo + KOH = KCI + KCIOsz + H20 uzmer B 00paTHOM HampaBiieHHH ITPU
nojakucienuu pacrsopa. HCl + HCIO3 = Cl; + H20
YeM MeHbIIE KHCIOTHOCTh CpPEAbl, TE€M, KaK IpaBHUJIO, MEHEe TIIyOOKO HJIET MpoIece:
TIepMaHraHaT BOCCTAaHABIHMBaeTcs 10 Mn?* B kucioii cpene, 10 MnO: - B HelTpalbHOH 1 710
MnO4? B menoyHoii cpese.
JKCcnepuMeHTAbHAsS YaCTh.
OnwIT 1. Okuciaenne nona Cr’* 10 BpICIIel cTeneHN OKUCICHUS
K 6-8 kamiam pactBopa Cr(NO3)3 npubaBsTe 1o karisim pactBop NaOH 10 pactBopenus
obpasytromerocst ocanka Cr(OH)3 u 3atem 3-4 karmmu 3% pactBopa H202. Cmech nepemeniaiite
U, TpU HEOOXOJAMMOCTH, Harpeire Ha BOJSHOW OaHe WIM TOopeilke B TeueHue 1-2 MuH.
OKpalnBaHHE PAcTBOPa B JKENTHIA IIBET CBUJETENHCTBYeT 00 oOpasoBammu moHa CrOs2*.
PaccraBpTe K02 (PHUIIMEHTHI B ypaBHEHUN PEAKIIUA METOJIOM MOJTYPEAKIIMI U CIeTaiTe BHIBOI.
Cr(NOgz)z + NaOH + H202 = Na2CrO4 + NaNOs+ H20
OnpIT 2. OKUCANTEIbHbIE U BOCCTAHOBUTEJIbHbIE CBOICTBA MEPOKCUIA BOAOPOIA
a) K 3 xamsam pactBopa KI mpubasete 2 karmum 2H pactBopa H2SO4 u 3ateM mo karism
3%-w1i1 pactBop H202 mo mosBienust xentoi oxpacku. Jlims oOHapyxenus I> B pactBope
npubaBbTe K HeMy Heckonbko Kameab CCls wu  BerpsxHuTe mnpooOupky. PaccraBpTe
K03 (GUIMEHTH B YpaBHEHUHU PEAaKIIMM METOJIOM MOJIYPEaKIUil U clienaiTe BIBO/I.
KI + H202 + H2SO4 = 12 + KoSO4 + H20
6) K 5-6 xamsm pactBopa KMnOs npubaBbte 3-4 karum 2H pactBopa HoSOs u 3atem
Heckobko Kamenb 3%-ro pactBopa H20.. HabGmiomaercss oOeciBeunBaHHe pacTBopa U
BblICNICHHE Ta3a. McnbiTailTe BBIACHAIOMMICA Ta3 TICloHEed JyduHKoW. PaccraBbTe
K03 (GUIMEHTH B YpaBHEHUU PEAKIIMU METOJIOM MOJIYPEaKIUil U clienaiTe BBIBO/I.
KMnQOs + H2SO4 + H202 = MnSO4+ O+ K2SO4 + H2O
OnpIT 3. OkucanTeIbHbIE CBOMCTBA EPMAHIAHATA KAJIHS B Pa3JIMYHBIX Cpeaax
B tpu npobupkm Haneiite mo 5-6 kamens pactBopa KMnOs. 3atem B mepBYrO NMPOOHPKY
npubaBbTe 3-4 karum 2 H pactBopa H2SOs4, BO BTOpyIO - HHUYEro, a B TPEeThblO - 3-4 Kamum 2H
pactBopa NaOH. [locrne storo B kakayro nmpoOupky mnpudaBbre 1o KarisiMm pactBop NaxSOs mu
cyxylo conb. HaOmiomaiiTe u3MeHeHHEe OKpackd pacTBOpoB. PaccraBbre KOA(QUIIMEHTH B
YpPaBHEHHSX PEaKIMid METOAOM MOIYypeaKluid U chenaiTe BBIBOABI 00 OKHCIMTEIHHBIX CBOWCTBAX
NepMaHraHaTa Kauus
a) KMnOgs + H2SO4 + Na2SOz = MnSO4 + K2SOs+ NazSOs + H20
6) KMnOs + H20 + Na;SO3 = MnO2 + NaxSOs+ KOH
B) KMnO4 + KOH + Na;SO3 = KoMnOs + NaxSOs+ H20
OmnbiT 4. OkHcIeHNe KaTHOHA d-3JIeMeHTA /10 BbICIIEH CTeleHN OKHCJICHUS
Oxucrnenre uoHa Mn?* muoOKcHIOM CBHHIA. BHecuTe B MpOOMPKY HEMHOTO MOPOLIKA
PbO2, mpubaBeTe 2 Mu 2H pactBopa HNOs u HarpeiiTe Ha BOASHOM OaHe WM TOpeNKe M0
kunenud. [locne atoro mpubaBeTe B mpobupky 1-2 kamu pactBopa MnSOs mepememiaiite u
cHOBa Harpeiite. HaGmronaeTcs mosiBIeHsI MAIMHOBOM OKpacku oOpaszoBasiierocs noHa MnQOy'.
PaccraBbTe KOAPGUITUEHTH B ypaBHEHUH PEAKIIUHA METOJIOM MOTYPEAKIIMA U CIeNaiTe BHIBOJ.
PbO, + HNO3 + MnSO4 = HoMnO4 + Pb(NO3). + H20
OnwIT 5. BoccTaHOBHTE/ILHBIE CBOHCTBA KATHOHA p-dJieMeHTa (Sn?*)
Haneiite B mpobupky 3-4 xammm pactBopa SnCly, mpubaBbTe MO KarjisiM 2H pacTBOp
KMnO4 Habnrogaercst ncuesHoBeHHE MaTUHOBOM OKkpacku. PaccTaBbTe k03D (PUIIMEHTHI B
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YpaBHCHHUU PEaKIMH METOIOM Moyypeakiuid u caenainte BoiBoa. SNCl, + KMnOs + HaSO4 =
SnCls + MnSO4 + H20
OnwIT 6. BoccraHOBUTE/ILHBIE CBOICTBA aHHOHA P-3J1emMenTa (SO3%)
[Tomecture B npobupky 3-4 kamiu pactBopa NaxSOs, npudasbte 2-3 Karm 2H
pactBopa H>SOs4 m 1-2 xarum pacteopa Ip, Berpsixaure npoOupky u HaOmmomaiTe oOecIBEUrBaHIC
pactBopa. PaccraBbTe KOIP(UIMEHTHI B ypaBHEHIUH PEAKIIMH METOJIOM TOTyPEaKIAi U C/IeTIalTe BBIBOJI,
KaxoBa posib cepHOl KUCIIOTBI B JAHHOW peaKkuyun?
Na>S0s3 +12 + H20 = NaSO4 + HI
IHopsinok padoTsi:
[TonyuuTs OT npenoaaBaTens 3a1aHue.
BrinmonHuTs paboTy COTIIACHO METOAMYECKUM PEKOMEHIAITHSIM.
OdopmMuTh MPOTOKOI pabOTHI.
BreimuTtk oTpaboTaHHbIE PACTBOPHI, TOCYAY BEIMBITE. CriaTh pabodee MECTO.
CoaepikaHnue oTyera:
Tema u 11enb paboTHI.
HaGmronenust, ypaBHEHHS pEeaKkIuii 10 KaXKI0W YaCTH PabOTHI..
3. BBIBOJIBI 11O Mpo/IeIaHHON paboTe.

Hwn e

N =

KoHTpoJibHBIE BONIPOCHI.

1. Tumbl OKUCIUTETHHO-BOCCTAHOBUTENLHBIX pEakiii. THIMTUYHBIE OKUCIUTENN W TUIHYHBIC
BOCCTaHOBUTENU. PaKTOPBI, BIUSIOUINE HA TIPOTEKAHNE OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKIui.

2. Meroapl COCTaBJICHUSI OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIMM (METOJ MoJypeakuui
WM METOJ] HIOHHO-3JIEKTPOHHOTO OaJiaHca).

3. Knaccudukanusi OKMCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIIHIA

TEMA 4. KOMIIVIEKCHBIE COEJJUHEHUSA

dopma npogedeHuUs - aHANU3 Pe3YIbIMAMO08 0eMOHCMPAYUOHHO20 IKCHePUMeHma
eab paboThI:
1. U3yuuth siBIEHUS KOMILIEKCOOOpPa30BaHUSI.
N3yunth cBONCTBA Pa3IMYHBIX KOMILJIEKCOB.

3. OcBOWTH HaBBIKH pacyeTa KOHCTAHT HECTOMKOCTH U KOHCTAHT YCTOMYMBOCTH KOMIUIEKCHBIX
COECIUHEHU.

no

Conepxanue padoThbl:

1. Tlomy4yeHue KOMIUIEKCHBIE COCAMHEHHUS cepedpa, MeIu U PTYTH, U3yYHUTh ITOBEICHUE TaHHBIX

KOMILJICKCHBIX COCAMHEHHUH MPH J00aBICHUH N30bITKA PearcHTa.

PaccMoTtpeHue mporeccoB, CBA3aHHBIX C pa3pylIeHUeM KOMIUIEKCHBIX COCTMHEHHH.

3. Paccmotpenue npoiiecca AUCCOMANHI KOMITIEKCHBIX COCIMHEHHH.

IIpudops! M peakTUBbI:

[Tpo6upku, nuneTKy, 1a00paTOPHBINA MITATHUB.

2. 1M pacTtBOpBl HUTpaTa cepedpa, XJIOpHJa HATpUs, THIAPOKCHIA aMMOHUS, Cylb(ara Meau,
Hutpata pryru (II), moamna xamus, cynepuna HaTpus, rexcauuaHo-lll-¢eppara xamus,
xnopuaa xenesa (I11), poranuna ammonus (wnu xanus), 25% pacTBop THAPOKCHIA aMMOHMS,
a30THasl KUCJIOTA (KOHIL.).

ro

=

KpaTtkne Teopernyeckue cBegeHusl.
B Hacrosiee Bpems He CyIIECTBYET KaKoro JH00 OJHO3HAYHOTO OTIPEIeNICHHS 3THX
COEIMHEHUH, KOTOPBIE MOTJIO MOJTHO 0XapaKTEepU30BaTh UX CTPYKTYPY M XMMUYECKHE CBOMCTBA.
HexoTopble n3 HUX:
Komnnexcnbimu  Ha3bIBalOTCSI  OINPEJCICHHBIC  MOJICKYISPHBIE  COCOUHEHHS, TIpH
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COYCTaHNH KOMITIOHCHTOB KOTOPBIX O6pa3YIOTC$I TIOJIOKUTCIIBHO WJIK OTPHULATCIIBHO 3apsiKCHHBIC
HWOHBI, CIIOCOOHBIE K CYIICCTBOBAHUIO, KaK B KPUCTAJIJIC, TaK U B paCTBOPC.
Komnnekcrbimu Ha3bIBAIOTCS MOJICKYJIAPHBIC COCIUHCHHA, HC TTOKA3bIBAIOIIHC B
PacTBOPEC BCEX CBOMCTB XapaKTCPHLBIbIX IJIA UX COGI[I/IHGHI/Iﬁ IIEpBOro nopsgaaKa.

Komnnexcnbimu HazbiBalOTCS COCIMHEHHWS, B y3lIaX  KPHCTAJUIOB KOTOPBIX HAXOJSTCS
KOMILICKCHBIC HOHbI, CIIOCOOHBIE CAMOCTOSITEIILHO CYIIIECTBOBATh B PACTBOPAX.

KomMmnekcHble coelMHEeHUs — 3TO CaMblii OOIIMPHBIN KJ1acC HEOPraHUYECKUX COEIMHEHUH,
HMEIOILINX OTPOMHOE OHOJIOTHUECKOE 3HAYECHHUE: XJI0POGHILIBI B PACTEHHSX, TEMOTJIOONH Yy
YKUBOTHBIX, Pa3JIU4YHbIC HIUTOXPOMBI, BATAMHUHBI.

CornacHo koopAMHAIMOHHAM Teopun Anbdpena Bepuepa, npemnoxxennoit B 1893 roxy:

1 ArtoMmBl MOTyT TpOSIBISTH HE TOJBKO OOBIUHYIO «IJIABHYIO» BaJE€HTHOCTh (YHCIIO
AJIEKTPOHOB, KOTOpPbIE MPUHUMAIOT y4acTHe B 0Opa30BaHME XMMHYECKOW CBSI3M MO OOMEHHOMY
MEXaHU3MYy), HO U «OO0YHYI0», CBSI3aHHYIO C HAJIMUYMEM BaKaHTHBIX aTOMHBIX opOuTasneil min
HC IMOJCJIICHHBIX J3JICKTPOHHBIX IIap. I'naBHAsT BaJleHTHOCTH Y KaTHOHOB MCTAJIJIOB HACBIIIACTCA
TOJIBKO MMPOTUBOUOHAaMH, rmooouHas- MIPOTHUBOMOHAMHU HJIN HeI\/'ITpaJ'H)HI)IMI/I MOJICKYJIaMHU.

2 B KaxJIOM KOMIUIEKCHOM HOHE WMEETCS IICHTPAIbHBIA aTOM, BOKPYr KOTOPOTO
pacmojararoTCa KOOpAUHUPOBAHHBIC UM MOHBI UJIA HeI\/IITpaJ'II)HI)Ie MOJICKYJIBI.

3. UYwmciao WMOHOB WM MOJIEKYJ, KOTOPBIE KOOPIMHHUPOBAHBI BOKPYT IEHTPAIBHOTO aToMa
Ha3bIBACTCS KOOPAMHAMOHHBIM rciioM. K. Y. CBsA3aHO C 3aps/IOM EHTPATLHOTO aToMa.

3apsia +1 +2 +3 +4

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

4. KoopAauHHpOBaHHBIE aTOMbI, MOHBI WJIM MOJIEKYJbl HAXOMAILIUECS BOKPYT IEHTPaIbHOIO
aToMa, Ha3bIBAIOTCS JMraHaaMu winm ajaeHaaMu. COBOKYIMHOCTb IIEHTPaJIbHOTO aromMa u
JUTAHIOB Ha3bIBae€TCs BHYTpeHHeEW cdepoil. Eciu BHyTpeHHsAs cdepa 3apspkeHa, TO UMEETCS
eme W BHeWHss cdepa, KoTopas TMpeAcTaBlieHa MPOTUBOMOHOM. B menom Mosekyna
KOMILJIEKCHOTO COEIMHEHUS AJIEKTPOHEUTpabHa.

Kommiiekebl MOTYT ObITh:

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

6) arnonnsle [Al(OH)s]*, [Fe(CN)s]* unu aruaokoMIuIeKcs.

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

B 3aBucuMocTH OT TOro, 4YeM MPEICTaBICH JIMTaH[ BBIJICJIAIOT:  aKBAKOMILIEKCHI,
aIMI0KOMILIEKCHI, aMMHAKaThl, aMMUHATBI, KAPOOHMIIBI, THIPOKCOKOMILIEKCHI H T. ]I,

MeTo/ BaJIeHTHBIX CBsi3eii B ONMCAHMHM KOMILUIEKCHBIX COeTHHEHHIi.

CoracHo METOY BC KaXXJIbIM JIMTaH/I SIBISETCS JOHOPOM JJICKTPOHOB, a
KOMHHGKCOO6paSOBaTCJ'Ib — AKIOCIITOPOM IJICKTPOHOB. Jlurang pasMeiacT CBOU 3JICKTPOHLI HA
BAaKaHTHBIX aTOMHBIX Op6I/ITaJ'IHX KOMHJ’IGKCOO6p830BaTeH${. HpOCTpaHCTBeHHOG
PACIIOJIOKCHUEC JIMTAH/I0B 3aBUCUT OT TUIIA FI/I6pPI,Z[I/ISaI_[I/II/I LHEHTPAJIbHOI'O aTOMa.

spd? — oxrasap; spd® —kBazpar; sp® — TeTpasap
EctectBenHo, uto npu 3trom Meto BC paccmarpuBaer o0pazoBaHHe TOJIBKO CUTMa —CBSI3€H.

HN3omepusi KOMILUIEKCHBIX COCAMHEHU

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

2) Koopmunanuonnas [CO(NH3)e] [Cr(C204)3] - [Cr (NH3)s] [Co(C204)3]
3) Caszeas [(NH3z)sCo-NO2]Cl> - [(NH3)sCo-ONO]Cl:

4) I'mapatuas [Cr(H20)6]Cls - [Cr(H20)sCI|Cl2-H20

5) IIpocTpaHCTBEHHAS - IIHC- TPAHC- H30MEPUS
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B BOIOHBIX paCTBOPAX KOMIIJICKCHBIC COCANMHCHUS MMOABCPIrarOTCA AUCCOLMallnn
Xel1aTHbI€ KOMILIEKCHI.

Oco6oe MecTo cpet KOMIUIEKCHBIX COSIMHEHH 3aHUMAIOT TaK Ha3bIBaeMbIe
BHYTPUKOMILJIEKCHBIE COeTUHEHHUS. [10 TUITY 3TUX COCIMHEHHI MMOCTPOCHBI MHOTOYUCIICHHBIC
METAJUIIPOTENIBI: TEMOTIIO0HH, XJI0PO(UILT U 1Ip.

XenaTHble WIN KJICIIHEBUIHBIE KOMILJIEKChI IOCTPOEHBI 110 TUITY LIUKIHMYECKUX
COEJIMHEHUI, B KOTOPBIX CYIIECTBYIOT JIBA THIA CBSI3€i: HOHHbIE U KOOpAUHALMOHHBIE. T.¢€.
aurasj o0pasyeT ¢ HOHOM-KOMIUIEKCOO0pa3oBaTeleM KaK HOHHYIO, TaK M KOOPJAWHALUOHHYIO
CBSI3b.

B anamutrueckol npakTUKe IUPOKO MPUMEHSIIOTCSI BELLIECTBA, CIIOCOOHBIE 00pa30BbIBAThH
pasiyHble BHYTPUKOMILUIEKCHBIE coeuHeHHs. Hanbornee mmpokoe npuMeHeHne Noyquin
aAMUHOMOJIMKApOOHOBBIE KUCIIOThI, HA3BaHHBIE KOMITJIEKCOHAMU:

Kommuiekcon I — HuTpunoTpuykcycHas Kuciora

Kommiekcon |l —3TunenmaMuHTETPOYKCYCHAsT KHUCIIOTa
Kommnnekcon III — atunenimaMuHTeTpOAIETaT HATPHS
Kommiekcon [V —1MaMUHIIMKIOTEKCAHTETPOYKCYCHAsI KUCIIOTA.

B ananuTnueckoi npakTuke st 00bEMHBIX ONPEeIeHUN pa3Tu4YHbIX KATHOHOB HauboJee
LIIUPOKO MPUMEHSIOT JUHATPUEBYIO COJIb 3TUJICHAUAMUHTETPAYKCYCHON KUCIOTBI — KOMNIEKCOH
1.

OT0 coenuHEeHHWE (MHOT/IA Ha3bIBaeMoe mpuioHom Bb) 0003HAYAIOT COKpaIIeHHOU
dopmynoit NapH>Y wmmu DOATA. Kommnekcon III comepkut, Hapsmy ¢ KapOOKCHIBHBIMU
IpyIIaMH, elie U TPeTUYHbIe aMUHOTPYIIbl. [103TOMY OH cuuTaeTcst He TOJNBKO OpraHUYeCcKOi
KHUCJIOTOM, Jaloled COJM C pa3iMYHbIMH KaTHOHAMHU, HO TaKXke U KOMILIEKCOOOpa3ylouuM
BEIL[ECTBOM.

Kowmmnekcon Il nomyymn mupokoe mpuMeHEeHHE B XUMUYECKOM aHajIHu3e, MOTOMY YTO OH
00pasyeT BHYTPUKOMILIEKCHBIE COJM ¢ KATHOHAMH I1eI04HO-3eMeNbHbIX MeTamioB (Ca?*. Mg?*,
Ba%*), koTopble OYeHb TPYAHO HEPEBECTH B KOMILIEKCHBIE COEIMHEHHs APYTMMHU CHOCOGAMHU.
TutpoBanne komriuiekcoHoMm III umcnonp3yercs A KOJMYECTBEHHOTO OIPEACTICHHS 3ITHUX
KaTHOHOB.

JKCNepUMEHTAIbHAS YaCTh.

Omnpit 1. [oryyeHne KOMIJIEKCHBIX COeIHHECHUS

a) Hameiite B mpoOupky 2-3 Kkaminu pacTBopa HHUTpata cepebpa, mpubaBbTe
Takoe e KOJMYeCTBO pacTBopa xiopuga Harpus. Ilpunmedite k  oOpazoBaBiiemycs
OCaJIKy pPacTBOp THAPOKCHIA aMMOHHS [0 IOJHOTO  pacTBopeHHs  ocaaka. llouemy
pactBopuJics ocanok? CoxpaHuTe pacTBOp IS OMbITa 2 a.

AgNOs + NaCl = AgCl| + NaNOs

AgCl + NHz -H.0 — [Ag(NH3)2]Cl + H20

6) Hanelite B mnpoOupky 3-4 kamum pactBopa cyinbpata Menu, mpubaBpTe 2-3

KalUIM pacTBOpa TUApoKcHaa ammoHus (25%) - BbIAJaeT CBETIO-TOJyOOH — Ocalok
ocHoBHoM comu Mena (CuOH)2S0s. IlpubaBbre 1o  KkamisiM — M30BITOK — pacTBOpa
ruapokcuaa aMMoHusa. Yrto  HaOmogaere?  Hamummre — ypaBHEHue peaxkuui B

MOJIEKYJISIpHOM 1 HOHHOHU (hopmax. CoxpaHHUTE pacTBOP JUIS CIETYIOIIETO OMBITA.

CuSO4 + NH3 " H2O — (CuOH)2S04 + (NH4)2SO04

(CuOH)2S04+ (NH4)2SO4+ NH3z H20 — [Cu(NHz3)4]SO4 +

H20

B) K pactBopy Hg(NOz)2 no6aBbTe 1o KaruisiM pacTBop uoauaa kanus. OOpaTuTe BHUMaHUE
Ha oOpa3oBanue ocajaka noauaa pryru (II), ormersTe ero nBer u 100aBbTe U30BITOK HOAMUIA
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kamusi. Uto HaOmomaere? HamummTe ypaBHEHUS Peakiiuy B MOJIEKYISIPHOM U MOHHOH opmax.
Hg(NO3)2 + KI — Hgl, + KNO3
Hgl> + KI — Ko[Hgl4]
OnpiT 2. Pazpynienue KOMILIEKCHBIX COeIMHEHU
a) K pactBopy, ocraBimiemycs ot omeita | @, mpubaBbTe Mo  KarusMm
KOHILIEHTPUPOBAHHYIO a30THYIO KHUCIIOTY. OObsicHuTe HaOmo1aemoe SIBJICHUE.
Hanmmure ypaBHeHHE peakuuu.
[Ag(NH3)2]C1+ HNO3 — AgC1{ + NH4NO3
6) K pactBopy ocraBmiemycs oT ombita 16, mpubaBpTe  3-5  Kamenb
CEepOBOJIOPOJHON BOJABI WJIM  pacTBOpa cynbpuaa Harpus. Hanumwure ypaBHeHue
peakiuu U 00bSICHUTE IPUUMHY 00pa30BaHUE OCaIKa.
[Cu(NH3)4]SO4 + NazS -> CuS + NaxSO4 + NH3
OnbIT 3. DeKTpoNTHYECKAS JHCCOUMALUS KOMILIEKCHBIX COeIMHEeHU I
B npoOupky Haneiite o 3-5 kamenb pactBopa rexcarmano-I{-deppara xamus K3[Fe(CN)g], a
BO BTOpyl0 HpoOupky HanedTe 1-2 kamnm pactBopa FeCl3, 3areM B Kaxaylo NpoOHpKY
npubaBbTe 2-3 Kamid pacTBopa poaaHuja Kamusg win poxanuga ammonuss NHiSCN. Uro
Habmogaere? OOBSICHUTE OTCYTCTBHE OKpacku B mepBoi mpobupke. Hamummure wnoHHBIE
YPaBHEHUs pEaKIHil.
Ks[Fe(CN)s] — 3K* + (Fe(CN)g)*
FeCls — Fe** + 3CI
Ks[Fe(CN)s] + KSCN #
FeClz + KSCN ->K;3[Fe(SCN)s] +KC1
IMopsinok padoThI:
[TonyuuTs OT npenoaaBaTens 3aaHue.
BoInosHuTE paboTy COryiacCHO METOINYECKUM PEKOMEHJAIIHSIM.
OdopmMuUTh TPOTOKOI pabOTHI.
Boutnth oTpaboTaHHBIE PacTBOPHI, OCYy BBIMBITE. C1aTh pabouee MeCTo.
Conep:xanue oTyera:
Tema u enb paboTHI.
Habmronenusi, ypaBHeHHs peaklUid M0 KaXKJI0¥M yacTu paboThI.
Pacuersr.
BriBo1bI MO cieimaHHOM padoTe.

HPwbhE

oS-

KoHTpoJibHBIE BOIPOCHI.
1. Knaccudwukanuss 1 HOMEHKJIATypa KOMIUICKCHBIX COEIMHEHHH. XenaTbl U KOMILICKCOHBL
W3omepusi KOMITJICKCHBIX COCIMHEHUI
2. OCHOBHBIE TIOJIO)KEHUSI TEOPUM KOMIUIEKCHBIX coenuHeHuil A. Bepnepa. Cocras
KOMIUICKCHBIX COCJMHEHHI: IIEHTPaJbHBI aToM - KOMIUIEKCOOOpa30oBaTelb, JIMTaH],
BHYTPEHHSIS U BHEIITHSS chepbl KOMILICKCA.
3. 3apsa komruiekcHOro HoHa. KaTnoHHbIe, aHHOHHBIE M HEUTPATbHBIE KOMILIIEKCHI.
4. KoopauHallMOHHOE 4YHCIO KoMmIuiekcooOpazoBatens. CBs3b KOOPAMHAIIMOHHOTO 4YHCTA C
3apsA0M LIEHTPATBLHOTO aToMa.
5. Jluccommanus KOMITJIEKCHBIX coeAnHeHH. KoHCTaHTa HEeCTOMKOCTH KOMIUIEKCHBIX HMOHOB.
3aBUCHMOCTh JTUCCOIMAIMN KOMILJIEKCHOTO HMOHA OT KOHIIEHTpAIMH CBOOOJHBIX MOJEKYI
(MM MOHOB) NUTAH/A.
JlenratHocTh nuranja. Kimaccudukamusi KOMIIEKCHBIX COSTUHEHHH 10 COCTaBY JIMTAHIOB.
7. Tlpupona XUMUYECKOU CBSI3M B KOMIUIEKCHBIX cOeTUHEHUSIX. OCHOBHBIE MOJIOKEHUS TEOPUHI
BaJICHTHBIX CBs3ed. THII CBSA3M MEXKIY KOMIUIEKCOOOpA30BaTENEeM U JIMTaHaMU.
8. MarnuTHble  CBOWCTBAa  KOMIUIGKCHBIX  COEAWHECHMN.  BHemHeopOuUTanbHBIE U
BHYTPHOPOUTANIbHBIE KOMITIEKCHI. OKpacka KOMITJIEKCHBIX COCTUHEHHI.
9. Kakue KOMIUIEKCHI, COTJIACHO TEOPUH BAJICHTHBIX CBSI3CH, SIBISIFOTCS HEYCTOMYMBBIMU U

S
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AKTUBHBIMH, 4 KaKHUC - YCTOP'I‘{I/IBBIMH u HeaKTI/IBHbIMI/I?

Pa3nen 2. Heoprannueckasi xXumust
TEMA 1. XUMUS HEMETAJLUIOB
Dopma nposedeHus - aHAIU3 Pe3)TbMAaNos OeMOHCIPAYUOHHORO SKCNEPUMEHING,
BbINOTHEHUE UCCTICO0BAMETTLCKUX PAOOIM YACHIUYHO-NOUCKOBO20 XAPAKINEPA

Yacrs A. I'ajloreHbl 1 MX COeAMHEHUS.

Hean padoThi:
N3yunTh XMMHYECKHE CBOMCTBA TAJIOT€HOB U MX COCMHEHU.
3HAKOMCTBO C JJAOOPATOPHBIMH CIIOCOOAMHU TIOTYYEHUS TaJIOTEHOB M X COCTUHEHUI.

Coaep:xkanue padoThbl:

[Tonyuenue xaopa U HUCCIEA0BAHNE €70 XUMUYECKUX CBOMCTB.

[Tonyuenue XxJI0poBOIOPOJA U UCCIETOBAHUE €0 XUMUYECKUX CBOWCTB.

HccnenoBanue BOCCTaHOBUTENBHOM aKTUBHOCTH TaJlOT€HU/1-HOHOB.

KadecTBeHHBIE peakIIui HA TaJOT €HUI-UOHBI.

IIpuGopsb! ¥ peakTUBDI:

1. TlpoOupku, cnupTOBKa, JAep)Kareidb s MNPOOUPOK, MUIETKH, JIONATO4YKa, KamlelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWMHUYECKUH CTakaH, Kojiba, Oymara (MOJOCKH),
JaKMycoBasi OyMaxkka, (puiIbTpoBaibHast OyMa)Kka, CTEKJISIHHAS MaJoyKa, JIyYnHKa, CIUYKH.

2. Jluxpomar kamus (CyXoif), CosiHast KUCIoTa (KOHII. ), CepHas KUCIIOTa KOHIICHTPUPOBAaHHAS H
pazbaBieHHas (2H), HOoauA Kainus (pacTBOpP), HOUA Kanus (Cyxoi), XJopu HaTpus (Cyxoil),
XJIOpU HaTpus (pacTBOp), MEpMaHTaHAT Kaiaus (PacTBOP), JAKMYC, METHIIOPAHXK, KyCOUEK
MarHus (WM LWHKA), HUTpAT cepebpa (pacTBop), Opomua kamus (Cyxoi), OpoMua Kaius
(pactBOp), xmopuna xenesa (I1I) (pactrop).

KpaTkue TeopeTnueckue cBegeHuUsl.

l"anorensr: ¢grop, xyop, 6poM, Mo U acTar. IIEKTPOHHAS] KOHPUTYpAIHs HEBO30YKICHHBIX
aTOMOB TaJIOTCHOB — nsznp5' CreneHb OKHCIICHHMS DJIEMEHTOB B COCIMHEHHUIX oT -1 mo +7,
TOJILKO (hTOP UMEET OJIHY cTerneHb okucieHus (-1).

Hau6oree CHIIbHOIN OKHUCIHTEIBHON CIIOCOOHOCTBIO 06IanatorT (rop, x1op 1 6pom. Mox Mosker
MIPOSIBJISITh KaK OKUCIIMTENIbHBIE (HarmpuMep, 1o oTHomIeHuto Kk HoS u SO»), Tak 1 BOCCTAaHOBHUTEITLHBIE
cpoiictBa (pu B3aumoeiicteur ¢ HNO3 u H20y).

Bonee anmekTpooTpuUIIaTENbHBIN rajdoreH BCerja BBITECHSET 3JIEKTPOIMOI0KHUTEIbHBIM U3 €ro
COEIMHEHUH C METAJIJIAMM. 2KBr + Cl, = 2KCI + Br»

Bce ranorensl, kpome (ropa, MoABEPraroOTCs B BOJHBIX PACTBOPAX MPH OOBIYHBIX YCIOBHIX
aucnponopuuonupoBanuio: Brz + H2O «» HBrO + HBr

Haxosxnenne B mpupoje:

Haubonee pacnpocTpaHeHsl caeayroie MUHEPAbI:

N

el NS

CaF; — ¢umroopuT (IIaBUKOBBIH IIIMIAaT); Nas[AlFg] — kpuomur;
3Caz(P0a)2 - Ca(F, Cl)2 — dpropamnarur; NaCl — ramur;
KCI — cuibBuH; KCI - NaCl — CHIIbBUHUT;

KCl - MgCl; - 6H20 — xapHanur.

IKCIEPUMEHTAIbHAA YaCTh:

Omnsrt 1. [oyyenune xjopa

o 3amanuio npenogaBarens B NpOOUPKY BHECUTE HECKOJIBKO KPUCTAIUIMKOB JUXpOMaTa
Kanus (AMOKCHIa MapraHia Uil JTUOKCHIa CBUHIIA) U 100aBbTe 2-3 KaIluld KOHIIEHTPUPOBAHHOU
COJITHOM KHCIOTHI. Ecii peakiys mpoTekaeT HeZJ0CTaTOUHO aKTUBHO, COJIEPIKUMOE IPOOHPKHU
OCTOPO’KHO HarperTe. OTMEThTE IIBET 00pa3yIOIIErocs ra3a 1 UCIbITaiTe ero JeUCTBUE Ha
OyMa)XKy, CMOUYEHHYIO PacTBOPOM HOAWIa Kanus. Hanuimre ypaBHEHHs! COOTBETCTBYIOIIUX
peaKuuii.
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Omnpbit 2. [lostyyeHnne u cBOMCTBA XJIOPOBOIOPOAA
B konly, cHaOKCHHYIO KamlellbHOH BOPOHKOHW W Ta300TBOJAHOW TPYOKOH, MOMECTUTE
HeOOoJIbIIIOE KOJMMYECTBO CyXOro xjopuaa. Uepe3 KamenbHYI0 BOPOHKY K COJIM TpHIEHTE 1O
KalUSIM  KOHLEHTPUPOBAHHYIO CepHYIO KucioTy. Conepxumoe KOJIOBI Clerka HarpeuTe.
Boiaenstomuiicss XJIopoBOAOPOJ MPOIYCTUTE YEpe3 BOJY, HAXOJSAIIYIOCS B CTaKaHE WU Kojoe
(TpyOKYy, 1O KOTOPOH HJIET TOK XJIOPOBOJOPOIA JAEPKUTE HaJl MOBEPXHOCTHIO BOJbI). [IpoBepbTe
JEWCTBUE BBIJIEISIONIETOCS ra3a Ha BIAXHYIO CHHIOKO JIAKMYCOBYIO OyMary, a Takke Ha MOJIOCKY
GWIbTPOBANBHON Oymaru, CMOYEHHOW pPO30BBIM PACTBOPOM I€pMaHraHara Kauus. byzer mm
BBIJCIIATHCS XJIOPOBOJOPOJ INPU B3aUMOJAECWCTBUU XJIOpUJA HATpus C pa30aBIEHHOM cepHOM
KHUCIIOTOM?
B tpu npoOupku HaneiTe no 5-6 xamnenb MoJydeHHOTO pacTBOpa XJIOpoBOJOpoaa. B oy
poOupKy 106aBbTe 1-2 Kamiu JakMyca WIM METUIOPaHKa, BO BTOPYIO — KyCOUYEK MarHus (Uiau
LIMHKA), B TPEThIO — paCTBOP HUTpaTa cepeodpa.
OO0pbscHUTEe HAOIIOaeMble SIBJICHUS U COCTaBbTE COOTBETCTBYIOIIME YPABHEHHUS PEAKIUil.
OmnbIT 3. BoccTaHOBUTEIbHAS AKTHBHOCTD I'AJI0T€HU/I-UOHOB
a) [lomecture B 0JHY NMpoOMPKY HECKOJIBKO KPHUCTANIOB OpoMMIA Kalus, a B JPYTyiO —
noauna kanus. B kaxnayro mpobupky noOaBbTe 1Mo 2-3 Kaluld KOHUEHTPUPOBAHHOM CcepHOM
kucnoTel. OOpaTUTe BHUMaHUE Ha IBET U 3alax NpOoJyKTOB obeux peakuuii. Ha ocHoBanuun
3TOT0 Y TMPEIbIAYIIETO ONBITOB CPAaBHUTE BOCCTAHOBUTENIbHYIO aKTHBHOCTH XJIOPOBOJAOPO[A,
O6pomoBoJioposia U HomoBogopoaa. CocTaBbTe ypaBHEHHS COOTBETCTBYIOIIMX OKHCIHUTEIbHO-
BOCCTaHOBUTEJbHBIX PEAKLIUH.
0) B Tpu mpoOupku BHeCTH 10 2-4 KaIulk TUXpoMara Kajvs, MOJAKUCICHHOTO 2 H. CEpHOM
kucyoThl (1-2 karum). JIo6aBuTh 1Mo 2-3 Kamim B IEPBYIO MPOOMPKY pacTBOpa MOIUAA KaJus, BO
BTOPYIO — CTOJIBKO € Kakoro-imbo Opomuaa M B TPeThblO — XJopuiaa HaTpus. PacTBopsl
repeMeniaTh YUCTOM CTEKJISIHHOM Majoukoil. B KakoM ciiydae BOCCTAHOBJICHHE AUXpoMara HE
npousonuio. Hamucare ypaBHEHHs NMPOTEKAIOMIMX PEaKIUil, YUUTHIBas, YTO AUXPOMAT Kajws,
BOCCTAaHABJIMBAsCh, mepexoauT B cyiabdar xpoma (III). Kak um3meHsusiach mpu 3TOM CTeneHb
OKHCJICHHUS COOTBETCTBYIOIIUX ranoreHoB? Yto mpu 3ToM HabIH0Aan0Ch?
B) I[IponenaTe oOmbIT, aHANOTWYHBIA OMNBITY 0), 3aMEHMB pAcTBOp JAUXpoMaTa Kalus
pactBopom xyopuma okeneza (III). UYro wHabmogaim? B kakoM ciiydae MPOM3OIILIO
BOCCTaHOBJICHHE XJIOpHJA Kelle3a U COOTBETCTBEHHO OKHMCIIeHHE raioreHa. Kak u3amensercs
BOCCTaHOBUTEJIbHAS CIIOCOOHOCTh OTPUIIATEILHBIX HOHOB TaJIOT€HOB?
OnbIT 4. KauecTBeHHbIE peaKIMM HA TAJI0TeHU/I-UOHbI
B Tpu npobupku momectute mo 3-5 kamenb pacTBOPOB COJICH: B MEPBYIO MPOOUPKY —
XJIOpUJa HaTpus, BO BTOPYIO — OpoMH/Ia Kajus, B TPEThI0 — HOAM A Kaius. B kaxayro npoOupky
nobaBbTe 1-2 Kammu pacTBopa HUTpaTa cepedpa A0 BBINAJCHHS XapaKTEPHBIX TBOPOKHUCTHIX
0CaJIKOB TaJoreHu7I0B cepedpa. OTMEThTE I[BET OCAJKOB U COCTABHTE MOJIEKYISPHbIC U HOHHbBIE
yYpaBHEHUS peaKIuil.
IMopsinok padoThbI:

[TomyunTs OT penogaBaTelis 3alaHue.

BbInoaHuTE paboTy COIrNIaCHO METOANYECKUM PEKOMEHIAIUSM.

OdopMHUTh TPOTOKOJT PAOOTHI.

BbutnTh 0TpaboTaHHbIE PacTBOPHI, HOCYy BBIMBITh. CaTh pabouee MecTo.
Conepxanue oTyera:

Tema u nenb paboThI.

Habnronenusi, ypaBHEHHsI peakiMii Mo KaXKA0i yacTu paboThlI.

3. BrIBoBI IO IIpoAeTaHHOM padoTe.

WP

N =

KoHTpoJsbHbIE BONIPOCHI:
1. OO6mias xapakTepucTHKa 3JI€MEHTOB IN1aBHOM noarpynns! VII rpynms.
2. PacmpocTtpaHeHHe raJoreHoB B IPUPOJIE, CIOCOOBI MOTyYEHUSI.
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DuU3MYECKUE CBOMCTBA IraJIOTCHOB.
4. Xumuueckue CBOMCTBA rajioreHoB. HanucaTh ypaBHEHUs peaKIuii B3aUMOICHCTBUS
rajJioreHOB C BOJIOM U pacTBOpaMH LIEI0YEH (XOJIOAHBIMU U TOPSTUUMH).
[IpuMeHeHue rajgoreHos.
6. CoeanHeHUs raJIoTEHOB C BOJOPOJOM, HX XHMHYECKHE CBOMcTBAa. Hamucars ypaBHeHUs
peaKmuii MoJy4eHUs BCEX raloreHOBOIOPOI0B. KakoBBI 0COOCHHOCTH STHX MPOLECCOB?
7. Kucnopojcoaepxaiye CoOeAMHEHNs raloT€HOB.

Yacrts b. Duementsl VIA-rpynnbl nepuoanyeckoi CHCTEMbI 3J1€eMEHTOB M UX

COeJIMHEeHHSI.
ean padoTbi:

N3yunTh XMMUYECKHE CBOMCTBA KUCIOPOIA U €r0 COCAUHEHUN

N3yuenne XUMHUYECKUX CBOMCTB CEPBI U €r0 COCIUHEHUN.

3HaKOMCTBO € JIa0OpaTOPHBIMU CLOCOOAMM MOJTy4EHUSI KUCIOPOIa U COEAMHEHUHN Cepbl
Coaep:xkanue padoThbl:

[Tony4yenue u CBOMCTBA KMCIOPOJA.

OKHCANTENbHO-BOCCTAHOBUTEBbHBIE CBOMCTBA MEPOKCHIa BOAOPOIA.

BoccranoBuTtensHbIe CBOMCTBA CEPBI U CEPOBOIOPOAA.

BoccranoBuTenbHbIE CBOICTBA pacTBOpa AUOKCHIA CEPBI U CyIb(GUTa HATPUSL.

CpaBHuTeNbHAS OIIEHKA PAaCTBOPUMOCTH CyIb(pUTa U CylbdaTa Gapus B KUCIIOTE.

O6napyxenue cyabdar-noHa.

IIpuGopsb! ¥ peakTUBDI:

1.JJaGopaTopHBIii IITATUB, NPOOUPKH, TIHIIETKH, CIUPTOBKA, JAEpKaTelb I TPOOUPOK,
JIONIATOYKa, TyYUHKA, CIIMYKH.

2.1lepmanranar kanus (TB.), pacTBOp nepmanranara kanus, 3% u 30% pactBop H202, nuokcun
Maprasiia, IMXpoMar Kajius (HachIIl. pacTBOP), HOAM]I KaJlus, cepHas KUCIoTa (pa30. pacTBop),
KpaxMaJbHBIM KJIEHCTEp, HUTpAT cepedpa, pacTBOp aMMHaKa, a30THasl KHCJIOTa (KOHIIL.), cepa,
xnopuz 6apus, cyabhum HaTpus (pacTBop).

Teopernyeckue cBeleHUS.

B VIA rpynny nepuoaudeckoid CUCTEMBbI BXOIAT MsATh 3iemeHToB: O, S, Se, Te, Po.
DyekTpoHHas KOH(UTYpalus HeBO30YXKIEHHBIX aTOMOB sleMeHToB VIA rpymmsl: ns’np?.
Haubonee crabunpHasi cTerneHb OKUCICHUS 3JEMEHTOB B UX COCIMHEHUSX (-2) XapaKkTepHa s
kucioposa. Cepa MOXKET HaXOIUThbCs B creneHu okucienus 0, +2, +4, +6, -2. V rtemnypa,
MIOJIOHUS U CeJIeHa, 00JIaJaloINX MEHbBIIEH 3IEKTPOOTPULIATEIbHOCTIO, CTAOMIBHON SIBISETCS
ctenenb okucienus (+4). Kucnopon, cepa u ceneH — THIUYHBIE HEMETaJIbI.

Kucaopoa (0O2) — ra3 6e3 1nBera, 3amaxa 1 BKyca. AJUIOTPOIHAsE MOTU(PHUKAIUS KACIOPO1a
— O3 — o30H. Kucnopon manopactsopum B Boje. Ha Bo3myxe moaaepkuBaeT ropeHHEe MHOTUX
BemecTB. CHIIBHBIN OKUCIUTENb — MPHU BBICOKUX TEMIIEpaTypax pearupyer ¢ OONbLIIMHCTBOM
METaJUIOB U HEMETAJLJIOB.

[IpocTeiimas kauecTBEHHAs! peakiusl — IPKOE 3arOpaHue TICIOLIEH IPEBECHON JIyYHUHKHU B
aTMocgepe KUciopoa.

[IpumMensieTcs Kak peareHT B XMMHUYECKON TEXHOIOTUHU (0OXKHT CyIb(HUAHBIX Py, CUHTE3
OKCHJIOB), METAJTypruu (IIPOU3BOICTBO YYT'YHA, CTAJIM), CBAPKE U pPe3Ke METAJUIOB U T.JI.

IHonyyenne:

OcHoBHOW  (mpombllUIeHHbIH). M3  Bo3ayxa  METOJOM  HHU3KOTEMIIEpaTypHOM
pekTH(UKAIUN (KUAKUNA BO3AYX pa3lesiseTcsl Ha KUCIOPOA U a30T).

Cepa — XUMHUUYECKU aKTUBHOE BEIECTBO. VI3BECTHBI €€ COEIMHEHUS TIOUTH CO BCEMU
3IIEMEHTaMH, KpoMe OJIaropoIHbIX Ta30B, a Takke Au, Pt, [2, At.

T'opur na Bozayxe: S + O2 = SO»
IHonyyenne:
B naGopatopusix ycnosusix: FeS + 2HCI = H2S1 + FeClz

ol

LN

aprwdE
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Bonee umcthiii Ta3 obpa3yercs npu paznoxeHun cyibhuma xampmus: CaS + 2HCI =
H2St + CaCl

JKCcnepUMeHTAIbLHAS YaCTh

Kucaopoa. Ilepoxcua Bogopona

Omnbit 1. [losryyeHue u cBoiicTBa KHCJI0POAA

B cyxyro npoOupky momectuTe MpHOIM3UTENHHO 2 T' MEpMaHTaHaTa Kailus. YKpenmuTe
npoOHMpKy B JIANKE INTAaTHBA W HarpeuTte ee. Beimensioniuiics ra3 HCHBITAWTE C MOMOIIBIO
Taeromel 1ydyuHkd. CocTaBbTe ypaBHEHUE PEAKIUH.

OmnbiT 2. KaTanuTuyeckoe pasiioskeHue NepoKcuaa BOI0pPoaa

a) Hanelite B npobupky 8-10 kamens 3%-Horo pactBopa H202 u BHecute B mpoOupKy
HECKOJIbKO KPHUCTAJIJIOB JAMOKCHJA MapraHila B KauyecTBE Karajau3aTopa. Bwiaensromuiics ras
UCIBITaliTEe ¢ TIOMOIIbIO Tietomel TyduHku. CocTtaBbTe ypaBHeHHE peakiuu. K xakomy tumy
OKHUCJIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKINI OHA OTHOCUTCA?

0) Haueiite B mpoOupKy 6-7 Karenb HACHIIIIEHHOTO pacTBOpa JUXpoMaTa Kajus U CIerka
noporpeite. Jlo6aBpTe 2 kamm 30%-HOrOo pacTtBopa mnepokcuja Bojopoja. [Ipoucxomut
MOYSPHEHUE PACTBOPA 3a CYET 0Opa30BaHUs MPOMEKYTOUHBIX coenuuenuid Tuma Ko[Cr.07
‘H202]. Yepe3 1-2 MUHYTBI MPOUCXOIUT OypHOE Pa3jOKEHUE MPOMEKYTOUHBIX COEAUHEHUH C
BBIJISJICHMEM KHCJIOpojaa. BHecute B TpoOMPKY TICIONIYIO JIYIHHKY. UTO MPOUCXOIUT?
CocraBbTe ypaBHeHUe peakiuu. K kKakoMy THIY OKHCIMTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMMA
OHa OTHOCUTCA?

OnbIT 3. OkKucIAUTEIbHbIE CBOICTBA MEPOKCHAA BOJOPOAA

B mpobupky k 3 kamisMm pacTBOpa MOAWIA Kaius NMPUOaBbTe 2 Karuikd pa30aBIEHHOTO
pacTBOpa CEpHOM KHUCJIOTHI M 3aTeM M0 KarisiM npubabisiite pactBop H202 no mosiBneHus
xentoi okpacku. OOpazoBaHHME HOJa CTAaHOBHUTHCS OOJie€ 3aMETHBIM, €CJIH K pPacTBOPY B
npoOupke N00aBUTh HECKOJBKO Karelb OPraHu4eCKOro PAacTBOPUTENS MM HECKOJIBKO Kamelb
KpaxMaJIbHOTO Kieicrepa. CocTaBbTe YypaBHEHUE PEAKIIUU.

OnbIT 4. BoccTaHOBUTE/IbHBIE CBOMCTBA MEPOKCHIA BOOPOAA

a) B mpobOupky BHecuTe 2-3 KamuM pacTBopa IepMaHTaHaTa Kaiauss W 2-3 Karumd
pa30aBIEHHOIO PACTBOPAa CEPHOM KHUCIOTHI. 3aTeM K IOJIydeHHOMY B IMPOOUPKE pacTBOPY
no0aBbTE HECKOJIBKO Kareslb pacTBOpa MepoKcHIa BOJOPOJa O U3MEHEHUS! OKPAacKU pacTBOpa.
Beigensromuiics ras ucHopITalTe C MOMOIIBIO TIEHOIIEH JyduHKH. CoOCTaBbTE€ ypaBHEHHE
peaxuu.

6) K 4-5 xamusam pactBopa HUTpaTa cepeOpa /100aBbTe MO KarliiM PAacTBOP aMMHaka J0
pacTtBopeHus oOpa3oBasiieiics myT. K nomydeHHOMY pacTBOpy ImpubaBbTe Mo KarisiM 3%-Hbli
pacTBOp MEPOKCUIA BOJOPOAa. 3aMUIINTE HAOIIOICHUS U COCTaBbTE YPABHEHUSI pEaKLIUH.

KoHTpoJibHBbIE BOPOCHI
1. DnekTpoHHOE CTPOCHHE U MapaMeTPhbl aTOMOB AJIEMEHTOB IIABHON MOTPYIIIBI IIECTOM
rpymmnsl. [leprnoanyHOCTh UX U3MEHEHHUS.

Kucnopona: kucnopoa B mpupoje, Bo3ayx. [lonyuenue kucnopona.

CBoiicTBa U IPUMEHEHUE KUCIOPOA.

[Tepokcun Bogopoaa. Onucars crpoenue moJiekyinsl H2O2. [louemy sta Mmonekyna nousipHa?

VYka3zath crnocoObl MOJIydeHUS TEPOKCHIA BOJOPOJA, MPUBECTH  YpPAaBHEHHUS  PEaKIIHid.

Moxno mu nomyunts H20O2 HemocpencTBEHHbIM B3aMMOJEHUCTBHEM BOJOPOAA M KUCIOpoja?

OtBer 000CHOBATb.

6. Hammcate ypaBHEHHE peakIMHM pa3JIoXKEHUs TMepokcuaa Bojopoga. K kakomy Tumy
OKUCITUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIU OHa OTHOCHUTCS?

7. TlpuBecTH mpHMeEphl OKUCIMTENHLHOTO M BOCCTaHOBHTeNbHOrO neiictBus H»O». Ha dyem
ocHoBaHO nipuMmeHeHne H2O2 B meuumHe.

8. Hamucarb ypaBHEHUS peakiyii B3aUMOICHCTBUS TIEPOKCH A BOJIOPOA C TIEpMAHTaHATOM KaJlusl B
KUCJION Cpezie; MOAUAOM KaJlHsl B KUCIION CPeie; XpOMaTOM KaJlusl B IIIEJIOUHOM CpeJie.

arLDd
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9. Osomn.

Cepa u ee coeuHeHUsI

OmnpiT 1. BoccTaHOBUTEIbHBIE CBOMCTBA CePbl

Tsra! B nmpobupky Haneiite 1-2 MJI KOHIEHTPHPOBAHHOTO PACTBOPA a30THOM KUCIOTHI U
BHECUTE B MpOOMpPKY HeOousbLIoN Kycouek cepbl. Copepxkumoe MpoOUpKU Harpeure. A3oTHas
KHCJIOTa MPU 3TOM BOCCTaHaBIMBaeTcs 10 okcuna azota (II), a cepa okucmsiercss o cynabdar-
MOHA, KOTOPBIA MOXHO JIETKO OOHApYXHUTh, JOOABUB K IMOJYYEHHOMY PAcTBOPY HECKOJBKO
Karenb pacTBopa xjiopuaa Oapus. CocraBbTe€ YpaBHEHMsI pEaKUUil OKHUCICHHUS Cepbl U
oOHapyxeHusl CyIb(haT-uoHa.

OnbiT 2. BoccTaHOBUTEIbHBIE CBOWCTBA CEPOBO0POIA.

B mpoOupky BHecuTe mo 2-3 Karuid pacTBOpa: a) MepMaHraHaTa Kaimus, 0) Juxpomara
kamus. B mpobupky nobGaBbre mo 2-3 kamim pa30aBiI€HHOW CEpHOM KHCIOTHI M HECKOJBKO
Karejab pacTBOpa Cylb(puaa HaTpus IO M3MEHEHHUs OKpacku pacTtBopa. CocTaBbT€ ypaBHEHHE
peaxuu.

OmnbiT 3. BoccTaHOBUTEIbHBIE CBOMCTBA PACTBOPA IMOKCH/IA CEPbI U CYJb(HUTA HATPUSA

a) B mpoOupky nHamelite mo 2-3 Kamid pacTBOpa JAMXpomara Kajdusi U pa30aBIICHHOU
cepHoit kucnotel. K cMmecn 106aBbTe HECKOJBKO Kaleidb pacTBOpa CEPHUCTOM KHUCIOTHI WU
HECKOJIbKO KpHUCTAJUIOB cynb(ura HaTtpus. OTMETbTe H3MEHEHHEe IBeTa pacTBopa. Kakwue
CBOMCTBA MPOSIBIIET CEPHUCTAsI KMCIIOTA MU €€ COJIb B 3TOW peakuuu? CocTaBbTe ypaBHEHUE
OKMCITUTETBHO-BOCCTAHOBHTENBHOMN peakimy. (JJaHHOW peakiueil MOXHO OTKpHITh HOH SO32” B
OTCYTCTBHMH JIPYTHX BOCCTAHOBUTEJEH)

0) B mpoOupky ¢ 3-5 kamisiMu pacTBOpa CEPHUCTOMN KHUCIIOTHI 100aBbTE€ HECKOJIBKO Karleilh
3 %-Horo pactBopa nepokcuaa Boaoposaa. OTMeTbTe Kakue M3MEHEHUS MPU STOM MPOUCXOIIT.
KakxnM 06pa3oM MOXHO J0Ka3aTh NpHCYTcTBHE MoHa SO4° B mpoaykTax peaknun? CocTaBbTe
ypaBHEHUE PEaKIIH.

OnbIT 4. CpaBHMTEILHAS OLIEHKA PACTBOPUMOCTH CYJIb(UTA U cyab(paTa Oapus B

kuciaore. OdHapy:xenmne cyjJbpar-uona

B oany npoOupky BHecuTe 2-3 Kamiu pacTBopa cyibdara HaTpus, B APYryro — 2-3 Kariu
pactBopa cynbduta Hatpus. B 06e npobupku no6aBsTe 1-2 Kamam pacTBopa xjopuaa 6apus. B
obenx nu mpoOupkax BbeIMagaer ocanok? [lob6aBpTe B 00e mpoOupku 1o 2-3 Karu
paz0aBlIeHHOW a30THOW (coyisHOM) KHCIOTHIL. OObsicHuTe Habmomaemblie siBiaeHUs. CocTaBbTe
ypaBHEHUsI peakUuuid mosydyeHus: cyiabdara U cynbura Oapus U pacTBOPEHMs MOCIECTHETO B
KHCIIOTE.

KoHTpoJibHBbIE BONPOCHI
1. Cepa: cepa B npupoje, NOJyICHHE CEPHI.
2. CBoiicTBa M IPUMEHEHUE CEPBHI.
CepoBonopona, cynbduabl. Hanuiure ypaBHEHHs peakiiui B3aUMOACUCTBUS CYIb(U
xenes3a (I1) ¢ consHol KUCI0TON U a30THOM KUCIOTOH.
Jlnoxcun cepbl, CEpHUCTAs KUCIIOTA.
Tpuokcuz cepsl, cepHas KMCIIOTa, €€ NOJIy4E€HUE, CBOMCTBA U IPUMEHEHHE.
IlepokcoaBycepHast U THOCEPHAs KUCIIOTHI.
CoennHeHue cephl ¢ raJIOTeHaMU.
Ilopsinok padoTsI:
[TonyunTs OT mpenoaaBaTens 3aJlaHue.
BbInmoaHuTh paboTy COrNIaCHO METOANYECKUM PEKOMEHIAIUSIM.
OdopMHUTH TPOTOKOJT PAOOTHI.
BbutnTh oTpaboTaHHbIE pacTBOPHI, HOCYTy BBIMBITH. ClaTh pabouee MecTo.
Conepxanue oTyera:

w
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1. Tema u nenb paboOTEHI.
2. HabOmoneHus, ypaBHEHUS peakIfil M0 KakJOH 4acTu paboTHI.
3. BrIBoBI 10 mIpoaenaHHoOM paboTe.

Yactp B. DiieMenThl VA-rpynnbl nepuogu4eckoi CucTeMbI 3JIEMEHTOB U HX

COeJMHEeHHsI.
Hean padoThi:

N3yunTh XMMHUYECKHE CBOMCTBA COCIMHEHNH a30Ta.

N3yunth XxumMmuueckue cBoicTBa hocdopa u ero CoOeAMHEHUH.
Coaep:xkanue padoThbl:

[Tosmydyenue azora U coJieid aMMOHUSI, HCCIIEIOBAHUE UX XUMUYECKUX CBOWCTB.

[Monyuenue okcumaa azora (I1).

HccenenoBanue OKUCIUTENBHBIX CBOMCTB @30THOM KUCIIOTHI.

Xumudeckue cBoicTBa hochopHOM KUCIOTHI, oaydeHue ¢ochatos u ruapodocdarTos..

IpudopsI U peakTUBDI:

1. TlpoOupku, cnupTOBKa, JAepKaredb s NPOOUPOK, MUIETKH, JIOTATOYKa, KarelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XHWMHUYECKHMH cTakaH, Koyiba, Oymara (TOJOCKH),
JaKMycoBasi OyMaxkka, (puiabTpoBaibHAsS OyMakKa, CTCKIISTHHAS IMajodvKa, JTy4YWHKa, CITHYKH,
YVHUBEpCcaIbHas MHAUKATOpHAs Oymara, IITaTHB.

2. Jlmxpomart kamus (Cyxoi), consiHasi KUCIoTa (KOHIIL. ), CepHasi KUCIIOTa KOHIICHTPUPOBAHHAS H
pazbasieHHas (2H), HoauA Kanus (pacTBOp), MO Kaius (CyXoil), XJiopua HaTpus (Cyxoil),
XJIOpUJ HaTpus (pacTBOp), MepMaHraHaT Kaiust (pacTBOp), JTAKMYC, METHIIOPAHK, KyCOUEK
MarHus (WM [UHKa), HUTpAT cepedpa (pacTBop), Opomua Kaust (Cyxoi), OpoMuI KaJiust
(pactBOp), xmopuna xenesa (I1I) (pactrop).

Bonnbie pactBopsl docdara Hatpus, ruapodocdara HaTpus, auruapodocdara Harpus, cyabdara
xkenesa (II1), pomanmaa xamms KSCN, xmopuma Gapwusi, CONMSHON KHUCIOTHI, a30THOW KHCIOTHI,
YKCYCHOM KUCIIOTBI, THAPOKCHIa aMMOHHSL.

Teopernyeckue cBeieHUS.

B VA rpynmy Bxomsr azot, ¢ochop, MbIIbIK, cyppbMa ¥ BUCMYT. A3oT u dochop -
TUNWYHBIE HeMmeTauibl. Bucmyr — wMeramn. OOmas »reKTpoHHas — KOH(Uryparus
HEBO30YKJIEHHOTO aToMa — NS?NP®, ¢ TpeMs HecnapeHHBIMHU JIEKTPOHAMHU Ha P-OpOUTAIH. DTO
JOBOJIBHO YCTOMUYMBas 3IEKTpOHHAsA KoHurypanus. [Ipucoennuenue uim ynaieHue 3JIeKTpOHa
C P-OTOMHOM OpOUTAIN SHEPTETUUECKH HE BBITOJIHO, TO3TOMY CTeNeHb OKUCIeHus (-1) wm (+1)
BCTPEYAETCS PEIKO U MOJOOHOIO TUIA COSIUHEHHS HEYCTONYHBHI.

Crenens okucnenus (+3) peanusyercs B COSAMHEHUAX ¢ 0oJiee IEKTPOOTPULIATEIbHBIMU
aneMeHTaMu — propoM, kuciopoaoM u xiopom (NFz, HNO., PCls).

Crenenb okucicHus (-3) IMEIOT 3JIEMEHTHI B BOJOPOIHBIX coequnenusax (NHs, PH3),
autpuaax (LisN, MgsN2), dochumax (CasPy).

Crenenp okwucrennst (+5) Berpedaercst B okcrzax (N20s, P20s, As;Os), kucorax (HNOsz, H3POy,
HzAsOy).

A3O0T (N2) — npocToe BemiecTBO. beclBeTHBIN ra3, KOHACHCUPYETCS B OSCIBETHYIO
KHUIKOCTh. MoJIeKysIa COJICPIKUT KOBAIEHTHYIO G-, Ti-, 7T- ¢Bsi3b (N = N).

A30T — IIaBHas COCTABIISIONIAS YaCTh BO3IyXa. ManopacTBOpPUM B BOJIE (M MEHBILIE YeM KHUCTIOPO).
BxoauT B cocTaB HEOOBIIOTO YHCIa MUHEPAIOB(CEMUTPHI U JIP.), HEKOTOPBIX MIPUPOAHBIX YTIICH.

IHonyyenne:

B npompbInieHHOCTH a30T MOTy4daroT (ppakiimOHHON AUCTUIUISIIMEH KHUIKOTO BO3yXa.
A3OT BBIKHTIAET JI0 KUCIOPOJA.

B naboparopuu MpUMEHSIOT peaKIIuu:

2NH3 + 3Br, — N21 + 6HBr

NH4CIl + NaNO2 — N271 + NaCl + 2H,0

NHsNO3 p-p) — N2T + 2H20

N
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IIpumensieTcs: 11 CHMHTE3a aMMHUAKa, a30THOM KHCIOTHI M APYIHX a30TCOAEPIKAIIMX
MPOJYKTOB, KaK MHEPTHAS Cpeia MPOBEACHHUS XUMUYCCKUX U METALTyPTHYECKUX TPOIECCOB U
XpaHEHUS] OTHEOIMACHBIX BEIIECTB.

P — docdop. — DOnement 3 -ro mepuona u VA rpynnsl [lepuonndeckoil cUCTEMBI.
[opsakoBeiii Homep 15. DmekTpomHas ¢opmyna atoma ...3s23p%, ycroifumpas cTemeHb
OKHCIICHHS 15, peKe BCTpeUaeTcs CTeNeHb OKUCICHUS -3 1 +3.

B mpupome BcTpedaercs TOJIBKO B XUMHUYECKH CBS3aHHOM BHJE. BXOJUT B cocTaB
MHOTOYHCIICHHBIX MHHEPAJIOB, Pyl U TOPHBIX MTOpo (hocdaTsl, almaTUTsI U JIp.).

beaplii P — MSTKMM Kak BOCK (pexxercss HoxkoMm). IlnmaButcs m kunut 6€3
paznoxxenusi. OKHUCIIAETCS HAa BO3AYyXe (3€JIEHOE CBEUEHHWE B TEMHOTE) MpH OOJIBIION Macce
BO3MOKHO CaMOBOCIUIAMEHEHHe. B 0COOBIX YCIOBHSX MEPEBOAUTCS B KPACHBIH M UYEPHBIH
dbocdop.

Xopo1o pacTBOpuM B OeH30I1€, ddupax, cepoyrieponae. He pearupyer ¢ Bogoi, XpaHUTCS
MOJT CJI0EM BOJIbl. Upe3BhIUATHO XUMUYECKU aKTHUBEH.

IMonyyenne Oenoro ¢ocdopa mpoBoasT BoccTaHOBICHHEM (ocdara Kamblus
pacKaJeHHbIM KOKCOM (B MIPOMBIIIJIEHHOCTH)

Caz(PO4)2 + 3SiO; + 5C — 2P1 + 5CO1 + 3CaSiOs

[Iporecc cOCTOUT U3 CIEAYIOMUX CTaIUH:

2Ca3(P04)2 — 6Ca0 + 2P20s5

P2Os + 10C — 4P1 + 10CO

CaO + SiO2 = CaSiO3

IIpumensiercsi: B nmpousBoacTee GpocopHOil KUCTOTHI U KpacHOTO dochopa, Kak pearcHt
B OpPraHMYECKUX CHHTE3aX, PACKUCIIUTENb CIUIABOB, 3aXHUraTelbHOE CpelacTBO. [opsmuit
dbocdop crenyer racuTh eckom (HO He Bo1o#!). Upe3BhIUaliHO STOBUT.

Yepuplii dochop (Pucps) - MMEET CIOUCTYIO CTPYKTYPY, [0 BHEIIHEMY BHIY TOXOXK Ha
rpadurt. Ilpu HarpeBaHum mepexoauT B KpacHbI (ochop. XuMudeckas aKTHBHOCTh 3HAYUTEIIHHO
HIDKE, yeM y Oeroro docdopa. Ycroiuns Ha Bo3ayxe. He simoBut. [lomydaror mpu HarpeBaHHH O€JI0TO
thocdopa.

IIpumensieTcst kak peareHT (Oosee Oe30macHbIi, yeM Oemblii ochop) B HEOPraHUIECKOM CHHTES,
HAITOJTHUTEb JIAMIT HAKATMBAHKSL, KOMIIOHEHT HaMa3K1 KOpoOKa MU M3rOTOBIIEHUH criyek. He sioBuT.

JKCNepUMEHTAJIbHASA YaCTh:

A30T M ero coeqnHeHHUs.

Onpit 1. [Tonyyenne ammuaka

K 4-5 xamnsm pactBopa Xjopuja WiM cylb(aTa aMMOHUS MpuUJieiiTe paBHBI 00BbEM
pa30aBIeHHOTO pacTBOpa THUIpokcuaa Hatpus. PactBop cierka mogorpeiire. K oTBepcruio
MPOOUPKU TMOJHECUTE BIIAXKHYIO JIAKMYCOBYIO (YHHMBEpPCAIbHYIO) OyMaXXKy WJIH TOJOCKY
¢bunbTpoBanbHON OyMaru, cModeHHy0 QeHondTanrenHoM. bymaroil He kacaiiTech CTEHOK
npoOupku. Kak nzmensiercs uset Oymaru u noyemy? (KauecTBenHasi peakiiys Ha HIOH aMMOHHUS).

OmnpbiT 2. BoccTaHOBUTEIbHBIE CBOMCTBA AMMHAKA

Buecure B mpoOupky 2-3 karui pacTBopa nepMaHraHaTta Kanus u 3-5 kamnenb
KOHIIEHTPUPOBAHHOTO pacTBOpa ammuaka. [lonyueHHyro cMmech cierka nogorpeite. Kak
U3MEeHsIeTcsa OKpacka pacTBopa? Hanumivure ypaBHEHHE peakiluu, YUUTHIBAs, YTO aMMHAK
OKHUCIISIETCS IO CBOOOJHOTO a30Ta, a IEpMaHTraHaT Kajus BOCCTAHABIUBAETCS JI0 TMOKCUIA
Maprasiia.

OmnbiT 3. OTHOLICHHE COJICH AMMOHMSA K HATPEBaHHIO.

A) Tlomecture B CyxXyro HpOOHMPKY HEMHOTO KPHUCTALIMYECKOTO XJIOpUZAa aMMOHHUS U
Harpeiite mpooupky. OOpartuTe BHMMaHHe Ha oOpa3oBaHuEe O€JIOro HajeTa Ha XOJOJHBIX
CTEeHKax BepxHell yactu nmpobupku. CocTaBbTe ypaBHEHUE PEAKLIUH.

E) Bo3pMuTe Ha KOHYMKE MIIATEIs] HEMHOTO cym,(baTa AMMOHWU:, IPECABAPUTCIIBHO

®opma A Crpanuna 28 u3 62



MuHucTepcTBO HayKH U BhIcIIero oopasoBanus PO

o o Dopma
YIIbSHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouasi mporpamMma JUCLHITIAHBI

pacTepToro B CTYNKE, U BBICBHIIIBTE COJb B CyXylo mpoOupky. IIpobupky nHarpeiite. Obparute
BHHUMAaHHE Ha 3arax, NOSBHUBIIUICS BO BpeMsi HarpeBaHus. [logHecuTe K OTBEPCTUIO POOUPKH
BIQXHYIO JIAKMYCOBYIO Oymaxky. Uro mpoucxomut? OcraBineecss BEIIECTBO B MPOOUpPKE
pacTBOpUTE B BOJE U ONPEIEIIUTE XapaKTep cpeabl B pacTBope. Hamumure ypaBHeHUs peakuil
pasnoxkeHusi cyiabdara aMMOHHUS M JUCCOLMALMU B PacTBOPE BEILECTBA, 0Opa30BaBIIETOCsS B
pe3ysbTaTe pas3yioKeHUs COJIH.

B) B cyxyro npoOupKy HaChIIbTe HEMHOTO JUXpOMaTa aMMOHUS. 3aKpenuTe MmpoOUpKy B
LITaTUBE BEPTHKAIbHO, U HEMHOro nojorpeire. Kak ToJIbKO HayHETCS pas3ioKeHHE COJIH,
HarpeBaHue npekparure. Yto Habmronaerca? MIMeroT iy 3anax MpoayKThbl PEaKLMU PA3JI0KEHUS
comu? CocTaBbTe ypaBHEHHE peakiuu. B deMm oTinuMe MOBEAECHUS 3TOM CONMM OT CcoJield B
OMbITaxX, MpOJENaHHBIX A0 3Toro. Kakue coiam aMMoOHuUs pasziararoTcsi MOJO0OHO AMXpOMaTy
aMMOHUs?

OnbiT 4. 'uaposu3s coJieii aMMoHus

C nomompto pH-uHAMKaTOpHON OymMaru onpeaeanuTe XapakTep Cpelibl B pacTBOpeE XJIopuia
win cynbara aMmmonus. Hanumure ypaBHeHHe peakiuu Tuapoiu3a coiu. EcTe a1 pa3Huia B
TUAPOJIN3E ITUX COJIEH.

Onpit 5. [Tonyuenue oxkeuaa azora (II)

B mpoOupky ¢ ra3ooTBOJHON TPYyOKOW MOMECTHTE HEMHOTO MEJKHX CTPYXEK MEIH W
npuOaBbTe HECKOJBKO Kareidb pa30aBiIeHHOW a30THOW KuciaoTel (p = 1,2 1/mur). 3akpoiite
poOHUpKy MPOOKOH | cierka ee Harpeite. OOpaTuTe BHUMaHUE HA I[BET BBIICISIONIETOCS Ta3a.
YacTe raza cobepute B MpoOMPKY HAJl BOJOMW, a IPYryl0 4acTh MPOIMYCTUTE B MPOOHPKY ¢ 5-6
KaruIsiMH pacTtBopa cyibdara xemnesa (II).

OmnbIT 6. CBOJiCTBA 230THOM KUCI0THI. B3anMopeiicTBue ¢ MeTaiaMu

[TomecTHTe B MpoOMPKY HEMHOTO LIMHKOBOM MBUIH UM CTPYXKEK MarHus 1 npuoaBbTe
HECKOJIBKO KarleJib 04eHb pa30aBiIeHHON a30THOM KUCIOThL. B30onraiite cmeck. [1o 3anmaxy
ompeenuTe, Kakoil ras Beiaessercs. CoctaBbTe ypaBHEHUE PEaKIIUH.

OnbIT 7. B3anMoaelicTBHae a30THOM KHCJIOTEI ¢ HEMETaLJIaMU

B dapdoposyto yamky HaneldTe HEMHOTO KOHIICHTPUPOBAHHOM a30THOM KHCIIOTHI.
[Tonoxwute B KUCIOTY HEOOJIBIION Kycouek cepbl. [locTaBUB yaliky Ha acOECTOBYIO CETKY,
OCTOpO’XKHO ee HarperTe. Uto HabmomaeTcsa? OxmaauTe peakiMOHHYI0 cMech. Heckoibko
KareJjab CMECH MMOMECTUTE B MTPOOUPKY U 100aBbTe 2-3 KaIlIu pacTBOpa XjJopuaa Oapus.
CocraBbTe ypaBHEHHUSI pEaKIU.

OnpIT 8. OKHCANTEIbHBIE CBOIICTBA A30THOH KHCJIOTHI

K 3-4 xamism cBeXXempHroTOBIECHHOTO pacTBopa cyibdata sxenesa (II), monkucieHHoro
Karuied pa30aBjICHHON CEPHOM KUCIIOTHI, MpubaBbTe S5-6 Kamneinb KOHIIEHTPUPOBAHHOM a30THOM
KkucioTel. CMech HarperTe A0 Hayana KuneHus. Heckonpko Karenp MOJIy4YeHHOTO pacTBOpa
pa3zbaBpTe BOJON M J00aBbTE OJHY KaIUIK0 pacTBOpa pojaHuAa amMMoHus (kamus). YUto
npoucxoaut? [IpeaBapurenbHO yOequTECh B TOM, YTO UCXOJHBIN pacTBOp cynbdara xkenesa (1I),
HE JJaeT WIM MOYTH HE JIaeT OKpaIIMBaHUs C POJAHUIOM AMMOHHSL.

KoHTposbHbIE BONIPOCHI:

OO6mas xapakTepucTuka V MOArPYIIbI TJIABHON TPYIITIHL.
PacnipocTpanenue a3oTa B mpupoje, noaydeHue.
CBoiicTBa U IpUMEHEHHUE a30Ta.
AMMUaK.
Oxcubl a3ora.
A30THCTas KHCJIOTa U €€ COJIH.
A30THas KHUCIIOTa, CBOMCTBA, COJIH.

NogokrwdhE
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Docdop 4 ero coeMHEHHU

OmnbIt 1. 'uaposus coJieit pochopHOI KHUCJIOTHI.

Comu (I)OC(I)OpHOfI KHCJIOTBI, paCTBOPUMBIC B BOAC, THAPOJINU3YHOTCH. FI/I,HPOJ'II/I?, IMMPOTCKACT HCOANHAKOBO Y
Cp€AHUX U KHUCJIBIX coJei. HpI/I TUAPOJIN3E KHUCIIBIX conen IIEJIOYHBIX METAJJIOB OJHOBPEMEHHO C THAPOJIU30M
AHUOHOB ITPOTCKACT UX AUCCOLHALINA:

H,PO4 + H,O—H3PO4 + OH; HPO4* + H:O— HoPO4+ OH

H2POs— HPOZ + H; HPO4> ->PO# + H*

C nomompl0 yHMBEpCAIbHOM HWHAMKATOPHONM OyMaru IpOBEpbTE XapakTep cpeabl B
pactBopax coneir NasPOs, NaoHPO4, NaH2POa. [lomydenHbie OKpacku HHIUKATOPHOH Oymaru
CpaBHMTE C IIBETHOM mikanoi pH- unnukaropHoit 6ymaru. Pe3ynpTaTsl onbiTa 0pOpMUTE B BUJIE
TaOJIULIBI.

PactBop cosmn pH cpenst BeiBon

NazPOg4

Na:HPO4

NaH2PO4

Peakmus oOpa3oBanust pacTBOPUMBIX (Poc(aToB MIUPOKO UCIOJIH3YETCS B aHATUTUYECKON
XUMUHU KaK Kau4eCTBEHHAsI peakius Ha (ocdar-noH.

OmnbiT 2. O6pa3zoBanue gocdara xkeaesa (II1).

K 3-4 xarmutsam pactBopa cyabdara xenesa (I1I) Feo(SO4)3 npunetite 2-3 kammm pogaHuaa
kamusgs KSCN u HEeCKoJIbKO Kamenb pacTBopa, coaepxkaiiero (ocdar-uon NaoHPO4. KpacHas
OKpacKka pacTBOpa HcHYe3aeT B pe3yibTaTe Iepexojia poJaHuAa jKele3a B MajlopacTBOPUMBIN
docdar, nmeromuii c1ad0->KeIThIH 1BET.

OnbIT 3. O0pa3oBanue ruapodocdara dapus

K 2-3 xamsm NaoHPO4 nmpubaBeTe Heckosbpko Karenb xjaopuna 6apust BaCly. O6pasyercs
oenbrii ocamok BaHPOs, pactBopumbiii B comstHot HCl m aszotHoit kucinore HNOsz u
HEpacTBOPUMBI B YKCycHOH. I[IpoBeppTe pactBOpMMOCTh oOcajka B Kuciotax. CocraBbTe
YpaBHEHUS PeaKIuil.

OnbIT 4. O0pa3oBanue gocdara cepedpa.

K 3-4 xamusam pactBopa NaHPO4 mo6aBbTe 1-2 karum pactBopa HUTpara cepedpa AgNO:s.
O6pazyercs xentbiii ocagok AgsPOgs , pacTBOpUMBIN B pa3zbaBiaeHHOM a30THOM kucinore HNO3 u
pactBope ammuaka NH4OH.

KoHTpoJibHBIE BOIPOCHI.
®ocdop. PacripocTpaHeHHOCTH B IPUPOJE, MOTyUEHUE.
duznyeckue cBoiictBa hocdopa, mpuMeHEHHE.
Coenunenus ¢ocdopa ¢ BOJIOPOJIOM U rajJoreHaMu.
Oxcugsl hocdopa.
Kucnotsr docdopa.
MunepanbHbie ynoopeHus, coaepxaine ¢hocdop u a3or.

SoukrwhE

Yacts I'. duementsl IV A-rpynnsl nepuoau4eckoil CHCTEMbI 3JIEMEHTOB U MX
COCAMHEeHHSI.
Leas padoThI:
N3ydyeHne XMUMHUYECKUX CBOMCTB yIiiepoaa, KpEMHHUS, 0J10Ba, CBUHIA U UX COCIUHEHUN
2. O3HaKoMJIEHHE ¢ J1a00pPaTOPHBIMU CIIOCOOAMM MOJTy4YEHUS] KapOOHATOB U KPEMHHUEBOM
KHCIIOTBHI.
Coaepixkanue padoThbI:
[Tomy4yenue u paznoxeHne KapOOHATOB.
2. TlomyyeHue KpeMHHEBOM KHCIOTHI.
IIpudops! M peakTUBbI:

=

=
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1. IIpoOupku, NUMNETKH, IITATUB, Ta300TBOJAHAA TpyOKa, Kojba, CTEKJISAHHAS MaJ0yKa,
CIHMPTOBKA, JAeprKaTeb A IPpoOUpOK,

2. Bopamble pactBOpbl xyopuaa Oapusi, cynabdara numHka, xiopuna skenesa (III), xapOonara
HaTpusi, CWIMKaTa HaTpus, xiopuaa ojoBa (II), mepmanranara kajaus, CEpHOM KHUCIIOTHI,
COJIIHOM KUCIIOTHI (paz0.), a30THOM KUCIIOTHI (pa30.), THAPOKCHU A HATPUS, CYlIb(puia HATpuUs,
MOAMJIA KaJMsl; U3BECTKOBAs BOJAa, KapOOHAT aMMOHUs (TB), KOHLUEHTPUPOBAHHAS COJISIHAsS
KUCJIOTa, METAJUTMYCCKHI IIMHK, okcua cBuHia ().

Teopernyeckue cBeleHHs.

B IVA rpynny BXonsT yriepoj, KpeMHHM, repMaHHil, OJJOBO M CBHUHEL. DJIEKTPOHHAS
KOH(HUTypaIus aTOMOB B CTAIHOHAPHOM COCTOSHMM: NsNp?, mpudeM Ha P-aTOMHOH OpOHTAIM
HaXOJSATCS JIBA HECTIAPEHHBIX AIEKTPOHA.

B cBoux coenuHeHusix snemeHThl [VA rpynmbl MMEOT Kak IpaBWilo, JBE CTEHEHH
okucnenus: (+2+ wunmu (+4). YCTOMYMBOCTH COCAMHEHHI CO CTEMEHbIO OKucieHus (+2)
YBEJIMYUBAETCS OT YIJIepo/ia K CBHUHILY.

[Ipu nepexone oT coenMHEHUN yriepoja K CO€IUHEHUSM CBHHIA BO3PACTAET MOJISIPHOCTD
cBsa3eil, 1 B KpucTannax coneit Tuma Pb(NOs)z, PbCl, u mpyrux yxe npucyTcTBYIOT HOHEI Pb*2,
Onnako modTH BCe BemecTBa, coaepxkamue Sn (IV) u Pb (IV), sBastoTcst KoBaJI€HTHBIMH.

OcHOBHBIE 3aI1achl yriiepoja cCocpeoToueHbI B KapOoHaTax: kaiasiute (CaCO3), nonomure
(MgCOs3 -CaCOs3), maruesute (MgCO3). Pa3HOBHIHOCTH KAJIBIIUTA: MEJ, MPAMOp, U3BECTHSIK.

KpemHuii BXogUT B COCTaB  MHOTOYHMCJIEHHBIX TOPHBIX MOpoJa  (CHJIMKATHI,
QIIFOMOCUJTMKATHI), B OOJBIINX KOJMYECTBAX HAXOAUTCSA B 3eMHON kope B Buie SiO2 (TOpHbII
XpycTallb, Olaj, arar, siiMa, XalleJIoH 1 Jp.).

3anackl 0JI0Ba U CBUHIIA B 3€MHOW KOPE OTpaHUYCHBI. BaskHeuen u mouT eIMHCTBEHHOM
pymoW Uil TIOJYYEeHHs OJIOBA SIBJISIETCS  «OJOBSHHBIM  KkKameHb» SnOp. Haumboiee
pacrpoCTpaHeHHBIM MUHEPAJIOM CBUHIIA siBsieTcs TasieHuT (PbS).

I'epmanuii — paccestHHBIM JJIEMEHT, CBOMX MHHEpPAJOB OH He oO0pasyeT, Bcerna
COIIPOBOKJAET KPEMHUH B €0 COEJMHEHUSAX U KOHLEHTPUPYETCS] B KAMEHHBIX YTJISX.

B cBoOoHOM BHIE BCTpeYaeTcsl B MPUPOJIC TOJIBKO yriepos (anmasbl, rpadut, kapOuH) U
0JIOBO B BHJE CEPEOPUCTO-KENTHIX KPUCTAJUIOB, BKIIIOYAIOLIIUX 30JI0TO, IUIATHUHY, WUPHUIUI,
OCMHUH, Melb. YTIIEPOJ ABISETCA COCTAaBHOM YaCTbhO MCKOIIAEMBbIX yIJIel (aHTpalUThl, KAMEHHbIE
u Oypsie yrim, Topd, HEPTH).

YcroitunBas aJioTponHas popma CylieCTBOBAHUS JIEMEHTa yrilepo — rpagur.

I'padur — cepo-depHBI, C METALIMYECKUM OJIECKOM, XKUPHBIA HaA ONIYIb, MATKUM,
o0najaer 3MeKTPOIPOBOIUMOCTBIO.

Kpucrannuueckass pemeTka COCTOUT U3 CJIOEB IPaBWIBHBIX IIECTHYTOJbHBIX KOJell,
KOHJICHCHPOBAHHBIX [0 BCEM CTOPOHAM (Sp>- rUOpHAM3aIus).

AnMa3z  CcoIepKUT B y3Jax KpPUCTAJUIMYECKOW pELIeTKH aTOMbl  yriiepoja ¢
TeTepadApUYECKUM OKpY)KeHHeM (sp’- rubpuausamus). bBIaropofHblii KaMeHb, HMeEeT
HauOOJIBIIYI0 TBEPJAOCTh CPEAM MPHUPOJIHBIX BELIECTB, HUIM(PYETCS TONBKO COOCTBEHHBIM
MOPOLIKOM. XHUMHUECKasi aKTMBHOCTb HIKe ueM y rpadura. Beime 1200° C mepexomuT B
rpadur.

B npowmsbiniennoctu u3 rpaguta npu 2000° C nosx o4eHb BHICOKUM JJaBJIEHUEM IOJIyYatoT
MEJIKUE KPUCTAJUIBI UCKYCCTBEHHBIX alMa30B. [IpUMEHSIOTCS OHM Ul M3TOTOBJIEHMS PEXYIIHUX
MHCTPYMEHTOB U TOUYHBIX U3MEPUTEIbHBIX TPUOOPOB.

KapOuHn coctouT U3 JuHEHHBIX Makpomojekyn co crpoeHueM —C=C— umn =C=C= (sp-
ruOpuau3anys). XMMUYeCKH MeHee akTuBeH, uyeM rpadur. Ilpu 2300° C nepexomut B rpadur.
Inpokoro NpuMeHEHNsI HE UMEET, OUEHb PEJKO BCTPEYAETCS B IPUPOJIE.

JKCNEPUMEHTAJIbHAS YaCTh:

Onbit 1. IHosryyenne kapooHATOB.

B npo6upku HanuBaroT pactBopsl coneil: a) BaClz; 6) Zn SO4; B) FeClz u npunuBatot k
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HuM pactBop NapCOs. HabmrogaroT ocaxaeHne BEIIeCTB U OTMEUAIOT OKPACKY MOTYyICHHBIX
ocaakoB kapoonara BaCO3 (a), rumpokcokapoonara (ZnOH)2COs (6), ruapokcuna Fe(OH)s (B).
OmnbIT 2. Tepmuyeckoe pasiokeHne KapoOHATOB.

B mTatuB 3aKkpenuTh HAKIOHHO OTBEPCTUEM BHHM3 CYXYI0 HPOOHMPKY C Ta300TBOJHOU
TpyoOKoi, nomeriarot B Hee (NH4)2CO3 u HarpeBarot. ['a300TBOAHYIO TPYOKY OIYyCKAIOT B KOJIOY
¢ uzBectkoBoM Boaon Ca(OH),. HabGnrogaroT moMmyTHEHHE pacTBOpa.

Omnbit 3. [HosryuyeHne KpeMHHEBOH KHCJIOTHI.
(Pabora mox Tsaroit!) B mpoOupky nHammBator 3 mur konueHtpupoBaHaoii HCl u 3 mn
pacTBopa cuiukara HaTpus (pactBopumoro ctekia) NapxSiO3 u mepeMenmBaiT pPacTBOP
CTEKJIIHHOW Manmo4koil. llosydaercs KOJUIOMIOHBIM pPACTBOP — 30JIb KPEMHUEBOW KHCIOTHI.
Conepxumoe MPOOUPKU HArpeBaroOT, MPH 3TOM MPOUCXOIUT KOATYISLHUS TN W BBIACISAETCS
CTYJIEHUCTBIN OCAIOK Iejisi KPEMHUEBOW KUCIIOTHI.
IHopsinok padoTsi:

[TomyuuTs OT npenoaaBaTens 3a1aHue.

BBIMOTHATE paboTy COTIIACHO METOANYECKHM PEKOMEH/IAIUSIM.

OdopmMuTh TPOTOKOI pabOTHI.

BrumiThk 0TpaboTaHHBIE PAacTBOPHI, IOCYTy BRIMBITH. CliaTh pabodee MecTo.
Conep:xanue oryera:

Tema u 11enp paboTHI.

Habmronenusi, ypaBHeHHsI peakluii O KaKJI0M yacTu paboThl.

BriBoibI IO IIpOIeIaHHOM padoTe.

Hwn e

KoHTpoJibHbIE BOIPOCHI:
OO6mras XxapakTepuCcTUKa IIIaBHOM oArpynbl [V rpymimsl.
VYraepoa. PacnpocTpanenue B mpupo/ie.
[Tomyuenue yrieposia ¥ ero alIOTPONHbIE MOAU(PUKALIIH.
XUMHUYECKUE CBOMCTBA YIJIepo/a.
Juokcun yriepona. YrojibHas KUCIOTA.
Oxkcun yraepona (II). Ero xumudeckue cBoicTBa.
CoenuHeHus yriaepoja ¢ Cepoil 1 a30TOM.
Kpemuuii. PactipocTtpanenue B Ipupo/Jie U MoJy4YeHHUE.
. CBoiicTBa KpeMHHUSI.
10. Coenunenust KpeMHHUSI ¢ BOJAOPOIOM U TaJlOT€HAMMU.
11. Oxcun kpemuus (IV), xumudeckne cBONCTBA.
12. KpeMHueBbIE KUCIOTHI M KX COJIH.

©WCoNo~wWNE

TEMA 2. XUMUA METAJIJIOB
Dopma nposedenst - AHWII3PE3)IILINANOE8 OMOHCIPAYUOHHORO IKCHEPUMEHINA
BbINOTHEHUE UCCTICO0BAMETLCKLX PADOM YACHIUYHO-HOUCKOBORO XAPAKINEDA

MerTamiabsl — XUMUYECKHE DJIEMEHTBI, aTOMbl KOTOPBIX OTAAIOT 3JIEKTPOHBI BHEIIHEro (a
WHOTJIa U TPEIBHEIIHET0) AIEKTPOHHOTO CIIOS, MPEBpaIlasch B TMOJIOKUTEIBHO 3apsSKEHHbBIS
MOHBI. MeTamibl — BOCCTAaHOBHUTENH. JTO OOYCIOBICHO HEOOJBIIMM, KaK MPABUIIO, YHCIOM
AIIEKTPOHOB Ha BHEIIHEM CJI0€, OONBIIUMU 10 CPAaBHEHHUIO C HEMETAJUIAMH PaJlycaMU aTOMOB,
BCIIE/ICTBHE YETO BAJICHTHBIE JIEKTPOHBI CIIa00 yIEPKUBAIOTCS SAPOM.

[IpoyHOCTH CBSI3M BaJIEHTHBIX AIIEKTPOHOB C SIAPOM 3aBUCHUT OT JABYX OCHOBHBIX (DaKTOPOB:
BEJIMUYMHBI 3apsJia A/1pa U paguyca aToma.

Paanyc atoma 3HaYMTENBHO YBEIUYUBAETCS C MOSBICHUEM KaXXJ0TO HOBOT'O JJIEKTPOHHOTO
CIIOsl A7l DJIEMEHTOB TEPBBIX TpeX MEPUOJOB, U UMEHHO A3TOT (PakTop B OOJIbIIEH CTENeHH
BJIIMSIET HA IPOYHOCTh CBS3M BAJICHTHBIX DJJIEKTPOHOB C SAPOM JUIS JJIEMEHTOB TIJIaBHBIX
NOArpymM (CBEpPXy BHU3 PaIMyC aTOMOB YBEIMYMBAETCS, MPOYHOCTh CBSI3U AJIEKTPOHA C SIIPOM
ocnabeBaeT, BOCCTAHOBUTEIBHBIE CBOWCTBA YBEIUYUBAIOTCS).
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VY a1eMeHTOB MOOOYHBIX MOATPYII — 3TO AJIEMEHTHI 4-7 MEpHOJIOB — C YBEIWYCHHUEM
MOPSAZKOBOTO HOMEpa dJIEMEHTa pajJnyCc aTOMOB M3MEHSETCS Mayo, a BEIUYMHA 3apsaia sijapa
YBCIMYHUBACTCA 3HAYUTCIIBHO, ITO3TOMY IIPOYHOCTL CBA3U BAJICHTHBIX J3JICKTPOHOB C SAAPOM
YBEJIMYUBACTCS, BOCCTAHOBUTEIIHHBIE CBOMCTBA 0CIa0EBAIOT.

Memannuueckas c6éa3b u Memaniu4eckas KPUCMAaN1u4eckas peuiemKa.

MeTaisl — MPOCTHIE BEMIECTBA. ATOMBI METAJUIOB 00Pa3yIOT METAJUIMYECKYIO CBSI3b.
OCOOCHHOCTH METANTNIECKOH CBSI3H:

CpaBHUTEIIBHO HEOOJIBIIOE KOJUYECTBO D3JEKTPOHOB (3TO S-AJIEKTPOHBI) OJHOBPEMEHHO
CBSI3BIBACT MHOKECTBO aTOMHBIX SI/IEp, CBSA3b JETIOKaTM30BaHa.

BaneHTHpie SJEKTpOHBI CBOOOTHO TIEPEMENIAlOTCS 10 BCEMYy KYCKy MeTauia  (HiH
METAJUTMYECKOMY H3JIENINI0), KOTOPBIA B IIEJIOM AIIEKTPOHEHTpaIeH, TO3TOMY 3TH DJIIEKTPOHBI
4acTO Ha3bIBAIOT CBOOOHBIMHU.

Mertannudeckasi CBS3b He 00J1a1aeT HAIIPaBICHHOCTHIO W HACHIIIIAEMOCTBIO.

B cooTBeTcTBMM ¢ TaKUM CTPOCHHEM METAUIBI  XAPAKTEPHU3YIOTCS  CIETYIOIIHMH
(u3NYECKUMHU CBONCTBaAMHU:
CpoiictBo, mnonoxeHHoe B | Kiaccudukannonunsie rpynmnsl | [Ipumepst
OCHOBY KJ1accu(pHuKaIum
DJIEKTPONPOBOJAHOCTh C BBICOKOH | AJ
AIIEKTPOITPOBOTHOCTHIO
C Hu3Kou | Mn
3NEKTPOIPOBOAHOCTHIO
TemmnepaTypa maBiacHUS JIETKOIIaBKHE Hg, Ga, Cs, In, Bi
TYTOIIJIABKHE W, Mo, V, Cr
ITnoTHOCTB Jlerkxue Li, K, Na, Mg
Tsoxenpie Os, Ir, Pb
TBepaocTh Msrkue In, Na, K, Rb (pexyrcs
HOYKOM)
TBepabie Mo. Cr (mlapamaroT CTEKJII0)

[IpyyKHbI, TPUBOAIINE K PA3IUUNI0 (PU3NUYECKUX CBOWCTB METAJIOB:
aTOMBI METAJUIOB 00pa3yloT pa3Hble TUIIBI KPUCTAUTUYECKUX PEIIETOK
aTOMbl METAJJIOB HMMEIOT pa3HO€ YHCIO BaJCHTHBIX S-2JEKTPOHOB (+1 wim +2),
Y4aCTBYIOIIMX B 00pa30BaHUM METAJUIMYECKOU CBSI3U.
aTOMBI (MOHBI) METAJUIOB UMEIOT Pa3HbIe PaIUyChI
aTOMBI METaJUIOB MOOOYHBIX MOATPYII MOMHUMO METaNIMYECKOW MOTYT 00Opa3oBbIBaTh U

KOBAJIEHTHYIO CBSI3b C IIOMOIIbIO HECTIAPEHHBIX d-3JIEKTPOHOB BaJEHTHBIX opOuTaneil. FimeHHo
takue Metaiuisl W, Mo, Cr, Os — u TyroriaBkue, 1 TsDKeJble , U TBepble. (caMblil TBepAbIi U3
METaJUIOB — XPOM; CaMblil TyroIjIaBKuil — BOJIb(pam.

B coBpeMeHHOH TexHHKEe OOBIYHO MCMOJB3YIOT HE YMCTBIE METAJUIbl, a CIUIABbI, KOTOpbIE
MIO3BOJIAIOT COYETAaTh B OJHOM MAaTepuaje IMOJIE3HbIE CBOMCTBA Cpa3y HECKOJIBKUX METAJLIOB U
npyrux BemiectB. Hampumep, mropamomMunuii — cmias, cogepxamuii Al, Cu, Mg, Ni, Mn. On
coyeraeT B cebe Malylo INIOTHOCTh AJIOMHHHUS U MarHusi, KOppo3noHHYI0 cToikocTh Ni u Al,
TBEPIOCTH Mn.

JUnst XyZnOXKECTBEHHBIX LI€JIE€ HUCIOJIB3YIOT MENIbXUOP — CIUIaB Meau ¢ Hukenem. Ilo
BHEIIHEMY BUJY OH MIOX0X Ha cepedpo, HO 3HAUUTENBHO JCIIEBIIE TOCIEHETO.

[IInpoko HCHONB3YIOTCA pPa3IUYHOTO COPTAa CTAM M YYT'yHbl — CIUIaBBI JKejle3a ¢
YIIEPOJIOM U Jp.

XHuMH4YeCcKHe CBOMCTBA METAJLVIOB
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AKTHBHOCTh METAJUIOB B BOJIHBIX pAacTBOpax OMPEIEISICTCS IMOJO0KEHHEM MeTalljla B
IEKTPOXUMHUYECKOM Dsily HampsDKEHUs MeTauioB. Tem akTuBHee aToMmbl MeTaina Me°, Ttem
HIDKE aKTUBHOCTHL Me". Bee peakuuu ¢ y4acTHEM METAIOB SBJISIOTCS OKHCIMTEIBHO-
BOCCTaHOBUTCIIbHBIMH, HpI/Iqu MCETAJIJIBI BCEraa BI)ICTyHaIOT B KAUCCTBEC BOCCTaHOBHTeHGﬁ, TakK
KakK HpI/IHI/IMaTI) I—)JICKTpOHI)I nu HpOfIBHHTI) OTpI/IHaTeJH)HYIO CTCIICHb OKHCJICHUS OHU HEC MOFYT.

OTHoLIEHHE K BOJIeE.

1) IllenoyHble W IIEIOYHO3EMENIbHBIC METAJIbl B3aMMOJCHCTBYIOT C BOJOW IMPH OOBIYHBIX
ycnoBusax. OOpa3yeTcs MeI0Yb U BBIIEISIETCS BOJOPO/I.

2K + 2H,0 = 2KOH + H1 Ca + 2H.0 = Ca(OH)2 |+H21
2) Maruwii 1 amoMUuHUN (OYMIIEHHBIH OT OKCHIHOM TUICHKH) pEarupyroT ¢ ropsiueit BOIOM.
Mg + 2H,0 = Mg(OH)2| + H2?1 2Al + 6H20 = 2AI(OH)3| + 3H27

3) Metamibl cpeliHell aKTUBHOCTH, PACIIOJNIOKEHHbBIC B sy HanpsbkeHud mexay Mg u Pb (Al,
Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 06p14yHO HE BBITECHSIOT BOJIOPOJ U3 BOJbL. Ha moBepxHoCcTH
3TUX METAJIJIOB 00pa3yIOTCsl OKCUIHBIE MIIEHKH, 001a1aloNIie 3alIUTHBIM JeHCTBUEM.
[ToaToMy OHHM pearupyroT C BOJOM JIMIIb B JKECTKUX YCIOBUSX (pacKajJeHHBIH MeTaill, Mapsl
BOJIbI, T.€. C IIEPErpeTHIM BOASIHBIM MApOM) ¢ 00pa30BaHHEM OKCHIOB U BbIAEICHHEM BOJOPOIA:.
3Fe + 4H; O =Fe304 + 4H21 2Cr + 3H20 = Cr,03 + 3H21 Zn+ HO =2Zn0 + Hy?
4) MayoaKkTHBHBIC METAJUIbI, CTOSIIHE B JICKTPOXMMHUYECKOM pSIy HampsHKCHUE mocie
BOJIOPO/JIa, C BOJOW HE B3aUMOJICHCTBYIOT Jlake MPHU BBICOKOH TemrepaType: Cu + H,O —

2. OTHOIIEHHE K KUCJIO0TAM.
1) Kucnortsl, ob6nagamomue caadbiIMU OKUCIUTENLHBIME CBOMCTBaMu (3a cuetr HY) pearupyror ¢
MeTaJIaMHU, CTOSIIMMH B SJICKTPOXHMUYECKOM DSy HANPsOKCHUE 10 BOJ0pojaa (OOIBIIMHCTBO
kucyoT). [Ipu sToM 00pa3yroTcst Cotb U BOAOPOI:

a) CwibHBIC KHCIOTBI M KHCJOTBI CPEIHEH CHJIbI pearupyroT €O BCEMH MeETallIaMy,
CTOSIIIIUMH JIEBEE BOJIOPO/IA:

Fe + 2HBr = FeBrz + Ha1; Zn+HCI=2ZnCl> + H2t;  2Al+ 6HI = 2Allz3 + 3H21

3Mg + 2H2PO4 = Mg3(POs)21 + 3H21

XKene3o X10poBOAOPOIHOM (COSHOM) KHCIOTON OKHCIISIETCS /10 ABYXBAJICHTHOTO COCTOSIHHUS.
[Tpu 3TOM Ha OBEPXHOCTH 00pa3yeTcsl 3alMTHAsI UICHKA, TOPMO3SIas JajbHenIee OKUCICHHUE.

C CONsHOM KHCJIOTOM pearupyeT W MacCUBHPYETCs CBHHEI. [laccuBaiys CBUHIIA BO3HUKACT
M3-3a TOT0, YTO 0Opa3ykoIuiics B Hadase peakiuu xiopua ceunia (1) TpyaHo pactBopuM B BoJe,
M, OCTaBasICh Ha MOBEPXHOCTH METAIIJIA 3AIMIIACT €r0 OT AOCTYIA HOBBIX MOPIUI KUCIOTHI:

Pb + 2HCI = PbCl; + H,. B pe3ynbraTe peakiins oCTaHaBIHBACTCS.

0) Criabble KUCIOTBI — TOJBKO CO MICTOYHBIMHU M IETIOYHO3EMEIbHBIMUA METAJITIAMHU:

Ca + H,CO3 = CaCOs3| + H2t

B) pa30aBieHHAs CepHas KHUCIOTa OONagaeT ClaObIMH OKHCIHUTEIBHBIMUA CBONCTBAMH,
[O3TOMY JEUCTBYET TOJBKO HAa META/UIbI, CTOSIIME B AJICKTPOXMUMHUYECCKOM Py HANPSHKCHUN
neBee Bogopoa. [Ipu aTtom oOpasyeTcs Cojib U BOJOPO/I.

Mg + H2SO4pass) = MgSO4 + H21; Fe + H2SO4pass) = FESO4 + H2?1

Cu + H2SO4(pass) —
2)  Kucmotel, oOnagaronve  CHIBHBIMH  OKHCIMTEIbHBIMA  CBOWCTBAMH  a30THAs
(KOHIIEHTPUPOBaHHAs U pa3baBieHHas 3a cueT N*°), cepHast (KOHIIEHTpUpOBaHHas 3a cueT S*°),
B3aUMOJICUCTBYIOT KaK ¢ META/UIaMH, CTOSIIIIAMH B SJIEKTPOXHMUYECKOM PSIIy HAMPSHKEHHH 110
BOJIOPO/IA, TaK M C METAUIaMH, CTOSIIAMH IOCI€ BOIOpPOJa, OJHAKO BOJOPOJ IMPH ITOM HE
BhIensieTcs. He meficTByIOT 9T KHCIIOTHI TOJIBKO Ha Au, Pt, Ir, Rh, Ta.

B npoiyktax peakiuu — CoJib, BOJIa U KaKO JINOO MPOJAYKT BOCCTAHOBICHHS KUCIOTHI, HO HE
BOJIOPOJ. Bua mpoaykra BOCCTAHOBJIEHHMS KHCJIOTBI OINPEACISACTCS €€ KOHIIEHTPAIUCH,
aKTHBHOCTBIO METAlIa M TEMIIEPaTypO.

H2SO4(xonmy (OkHCTHTENHL — S*™)
1) IllenovHbIe U IIETOYHO3EMETBHBIC METAIUTH BOCCTAHABIIMBAIOT KMCIIOTY B OCHOBHOM 10 H2S.
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4Ca + 5H2SO4(konn) = 4CaS04 +H2S1 + 4H20
2) Mg u Zn B 3aBUCUMOCTH OT yCJIOBUI1 MOTYT BoccTaHaBIMBaTh H2SO4(konn) HE TONBKO 710 SO2,

HO 1 10 S wim HS: Zn + 2H2SO4(xoun) = ZNSO4 + SO21+ 2H20

4Zn + 5H2SO4onn)= 4ZnS0O4 + H2ST + 4H20; 3Zn + 4H2SO04(xonn)= 3ZnSO4 + S|+ 4H20
3) Meramibl cpeiHeH aKTUBHOCTH.

AJIIOMUHMIA ¥ 7KeJ1e30 TaCCUBUPYIOTCS W3-32 00pa30BaHMUs TUIOTHBIX TNIEHOK OKCHJIOB.
0J10BO OKHCIISIETCS IO YETHIPEXBAIEHTHOTO COCTOSIHUS C 00pa30BaHUEM CYIb(PATOB OJIOBA:

Sn + 4H3S04(xom) = SN(SO4)2 + 25021 + 2H,0
CBuHell HE PACTBOPSAETCS B CEPHOM KHUCIOTE mpu e KoHleHTpauuu Hibke 80%, Tak Kak
oOpa3zyromascs Mpu B3aUMOJICUCTBUH CBHHIIA C CEPHOM KHUCIOTOM cosib PbSO4 HepacTBOpuMa B
BOJIC M COXIAaeT Ha MOBEPXHOCTH MeTajla 3allUTHYIO TUIEHKY. B 0oyiee KOHIIEHTPHPOBAHHOM
CepHOM KHCJIOTE CBHHEI OKHCISETCS [0 JBYXBAJICHTHOTO COCTOSIHHS C OOpa3oBaHUEM
pPacTBOPUMOTO THIPOCYITb(aTa CBUHIIA:

Pb + 8H2SO4(xonn) = 3PB(HSO4)2 + S + 8H20
[Ipu HarpeBaHWM KOHIIEHTPUPOBAHHAS CEPHAsi KUCIIOTA B3aUMOJICHCTBYET C 00pa30BaHUEM COJIH,

BOJIbI U okcuJl cepsl (IV):

AJTFOMUHUEM: 2Al + 6H2SO4(xomn) = Al2(SO4)3 + 35021 + 6H20
Pryrthio0: Hg + 6H2SO4(kouny = HGSO4 + SO21 + 2H20
MelII)IO: CU + 2HZSO4(KOHu) = CUSO4 + SOZT + 2HZO

B kurnismelt KOHIIEHTPUPOBAHHOM CEPHOM KHCITIOTE PacTBOPSIETCS cepedpo:
2Ag + 2H2SO4(konn) = Ag2SO4 + SO21 + 2H20
C H2SO4(xonn HE pearupyiot Au, Ru, Os, Rh, Ir, Pt.

HNO3kony (OKHMeaHTETH N*°)
1) Co memoYHBIMU U MIEIIOYHO3EMETBHBIME METAJIIAMHU 00pa3yeT cojib (HUTpaT) , Boay u N2O:
4Ba + 10HNO3koun) = 4Ba(NO3)2 + N2O1 +5H20
2) C apyrumu MeTajulaMH: Cpe/IHeH aKTHBHOCTH M MaJIOAKTHBHBIMU 00pa3yIOTCs HUTPATHI,
Boma u NO2:
Zn + 4HNO3(omy= ZN(NO3)2 + 2NO21+ 2H20
Cu + 4HNO3(omy= Cu(NO3z)2 + 2NO21+ 2H.0
Ag + 2HNO3(xom) = Ag(NO3)2 + NO21 + H20
3 Ha xonony u mpu o6b1yHOM TeMmiepaType He neiictByeT Ha Fe, Co, Ni, Cr u Al, a Taxxke
Ha HepyKaBEIOLME CTajld BCIEACTBHE MaccuBauuu. Ho mpu HarpeBaHuu oOpa3yloTcs Te Ke
MIPOJIYKTHI, UTO U C APYTUMHU METaJJIaMHU:
Fe + 6HNO3(xom)= Fe(NO3)3 + 3NO21+ 3H20
4) C HNOs3(xonn) HE pearupyior Au, Ru, Os, Rh, Ir, Pt.
5) KoHIleHTpUpOBaHHAsT a30THAs KUCJIOTAa TMPU CMEHIMBAHMK C KOHIICHTPHPOBAHHOW COJISTHOM
KUCIIOTOW B cOOTHOIIEHHU 1:3 1o o0bemy, 00pa3yeT pacTBOp, Ha3bIBAEMBIN «IIAPCKON BOAKON», B
KOTOPOM PACTBOPSIIOTCS 30JI0TO, INIaTHHA U Jipyrue Metauibl HepacTBopuMbie B HNO3z u H2SOs.
HNOs + 4HCI + Au = H[AuCls] + NO?T + 2H20
4HNO3 + 18HCI + 3Pt = 3H2[PtCls] + 4NO1 + 8H20
B «uapckoit Bosike» He pactBopsitoTcst Ru, Os, Rh, Ir.

HNO3(pass) (0kmeanTenn N*°)
1) Co 1IeNOYHBIMH U IIETOYHO3EMETBHBIMU METAILIAMU 00pasyeT cob (HUTpar), Boay u NH3 wm
NH4NOs3:

4Ca + 10HNO3 (pass)= 4Ca(NO3)2 + NHsNO3 + 3H.0
2) C wmeramnaMu CpeiHEHl AaKTUBHOCTH, PACHOJIOKEHHBIMH B JJIEKTPOXHMUYECKOM pSIy
HamnpsDKeHUH 10 BOJOpOJAa, pa30aBieHHas a30THasg KHciIoTa oOpasyeT cojb, BOAY U , B
ocHoBHOM, NO (moryr oOpazoBatbesi u N2O, Nz, NHsz (NH4OH). Yem OGosbiiie pa3zbaBiieHa
KHCJIOTa, TEM HIKE CTETeHb OKUCIICHHUS a30Ta B BBIJCISAIONIEMCS Ta3000pa3HOM POIYKTE.
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JlocraTtouHo pa3zbaBiieHHas KucioTa 00bI9HO BoccTaHaBiuBaeTcs 10 NH4NOs:
Fe + 4HNO3(pass) = Fe(NO3)z + NOT+ 2H0
3Zn + 8HNO3(pass) = 3ZN(NO3)3 + 2NO1+ 4H20
4Zn + 10HNO3(pass) = 4Zn(NO3z)3 + N2OT+ 5H20
5Zn + 12HNO3(pass) = 5Zn(NO3)3 + N2+ 6H20
4Zn + 10HNO3(ou. pass) = 4Zn(NO3)3 + NHsNO3z1+ 3H20
Omnogo okucnsercs 10 Hutpata ojiosa (II). Tutan naccuBupyercs.
3) C MaJIOaKTUBHBIMH METAJJIAMHU, CTOSIIAMH B DJICKTPOXUMHUYECKOM PsIy HANPSDKEHHIA TOCIIe
BOJIOpOJIa, 00pa3yroT coib (HuTpar), Boay u NO:
3Cu + 8HNO3(pass) = 3CU(NO3)3 + 2NO1T+ 4H20
3Ag + 4HNO3(pass) = 3AgNO3 + NO1T+ 2H20
3Hg + 8HNO3(pass) = 3Hg(NO3)3 + 2NO1T+ 4H20
4) C HNOs3(pass) He pearupyioT Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxomsich B psly HampsiKeHHs MOCJE BOAOPOJA, MEIb HE BBITECHSET €r0 W3 KHCIOT.
[TosTomMy consiHass m pa30aBieHHas CepHas KHUCIOTHI Ha MeAb He AeHCTBYIOT. OjHaKo B
MPUCYTCTBUU KHUCJIOpOJA BO3JyXa MEAb PpacTBOpPSETCS B ATHX KHCIOTaX ¢ 0Opa3oBaHUEM
cootBercTByromumx coieii: 2Cu + 4HC1 + Oz = 2CuCl; + 2H,0

B o4eHb KOHLEHTPUPOBAHHOW COJITHOM KHCIOT€ MeOb MOXKET OBbIThb pacTBOpeHa ¢
00pa3oBaHHEM KOMILIEKCHOTO COEAMHEHHUS:

2Cu + 4HCI = 2H[CuCl;] + H2 (muxmopokynpar (1) Bonmopona

3. OTHoleHHEe K OCHOBAHUSAM

Tonbko MeTamibl, oOpazyromue aMm(poTepHbIe OKCHABI M THAPOKCH]IBI, B3aUMOJICUCTBYIOT
co menovamu. [Ipm 3tom BeImensitorcss Ho 1 oOpazyercs conb (B pacTBOpax — KOMIUIGKCHAs, B
paciiaBax — cpenssisi). Uckmouenne coctaBisitoT Fe u Cr, KOTOpble B OTIMYUE OT UX aM(POTEPHBIX
oxcuioB Fe203 u Cro03 u ruapokcunoB Fe(OH)z u Cr(OH)s, co mienouamu He B3aUMOICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pacTtBopax:

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

Be + 2NaOH + 2H20 = Naz[Be(OH)s] + H2  Pb + 2NaOH + 2H,0 = Naz[Pb(OH)4] + H>

B pacnnaBax:

Zn + NaOH ) = Na2Zn0O2 + H» Be + NaOHs) = Na2BeO + H»

Pb + KOH.s) = K2PbO2+ H; 2Al + 2NaOH ) + 2H20 = 2NaAlO; + 3H>

4. OTHOIIEHUE K OKCHIAM.
1) I1pu BBICOKO¥ TemIiepaType 0oJiee aKTUBHBIC METAJUTbI BBITECHSIOT (BOCCTAHABIMBAIOT) MEHEE
aKTHBHBIE W3 WX OKCUAOB. Ha 3TOM OCHOBaH OJWMH W3 CHOCOOOB TMOJIy4EHHS] METalIoB,
Ha3bIBACMBI METAJUIOTEPMHCH. B KauecTBe MeTalioB-BOCCTAHOBUTEINCH OOBIYHO HCIIOJIB3YIOT
ATIOMUHUH (QTFOMOTEPMHUS ), MarHUi (MAarHUATEPMUSI), PEIKO KaJIbIMiA, KaJIHii, HATPHIA U APYTHe
METAaJLIEI.

Zn + CuO =ZnO + Cu 3Fe,04 + 8Al = 4AL,03 + 9Fe
WOs + 2Al = W + Al,O3 4Ba0 + 2Al = BaO + Al,Os + 3Ba
4) Mal"HHfITepMPIID HCMOJIB3YIOT TAKXKE IS BOCCTAHOBJICHUA HEMCTAJIJIOB U3 UX OKCHUIOB:
CO, + 2Mg = 2MgO + C SiO, + 2Mg = 2MgO + Si

5. OTHoOlIEHHE K COJISIM.
1) BoNBLIIMHCTBO aKTUBHBIX METAJJIOB BBITECHSIIOT MEHEE aKTUBHBIE U3 PacTBOPOB UX COJIEN:
Fe + CuSO4 = FeSO4 + Cu; Zn + FeSO4 = ZnS0O4 + Fe
Cu + Hg(NO3)2 = Cu(NOs)2 + Hg Fe + AgNO3z = Fe(NOz3)2 + 2Ag
2) MeTamisl MOTYT BBITECHSTH IPYT JIpYra M U3 PacIuiaBoB couiel (peakims 0e3 JocTymna
BO3/lyXa — BAKYyMHO-T€PMUYECKHI cr1oco0):
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Na+ KClpacun= NaCl + K; 3K+ AlCl3pacnn)=3KCl + Al; Mg + BeF2pacun= MgF2 + Be
Onnako cieayeT HOMHUTB, UTO
a) MpH IUIaBJIEHUY MHOTHE COJIU Pa3JlararoTcs
0) DIEKTPOXMMHUYECKUH DSl HANpSHKCHUS METalIoB, CIYXamuil ISl ONpeJeNeHHs
OTHOCHTEIIFHOW aKTUBHOCTH METAJUIOB, CIIPABEIUIMB TOJILKO JJIsl BOJHBIX pacTBOpoB. Hampumep,
AIIOMUHUI MEHee aKTHUBHBIM, YeM IIEJIOYHO3EMENbHBIE METaUIbl, a B paciuiaBaX HaoOOpOT.
[To3TOMY aTFOMMHUN MOXET BBITECHSTH LIEIOYHO3EMENbHBIE METAJUIBI U3 PACIIJIABOB UX COJICH:

2Al + 3CaClypacnnas) = 2AICI3 + 2Ca
3) U3 TBepAbIX CyXHX, a TAKIKE HEPACTBOPUMBIX COJICH MPU OOBIYHBIX YCIOBHSIX METAIUIBI JPYT
npyra He BeITecHAOT: Fe + AgCl —
4. B pactBopax coiiu, oOnajiarouie OKUCIUTEIbHBIMA CBOWCTBAMH, BCTYNAIOT C METalIaMU B
OKHCITUTEITLHO-BOCCTAHOBUTEILHBIE PEAKIUH:

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

HgCl> + Hg = Hg2Cl» 2CrClz + Zn = 2CrCl; + ZnCl;

6. OTHoOIIEHNEe K HEMETAJLJIaM (CM. XUM. CBOMCTBAa HEMETAJLIIOB)

7. OTHOLIEHHUE APYT K JPYTY.

MeTtamisl Ipyr ¢ ApyroM HE B3aUMOJCHCTBYIOT, HO B PACIJIaBIEHHOM COCTOSIHHH CMEITUBAIOTCS
Ipyr, oOpa3yst pacTBOpbI, MPU OXJIKICHUH KOTOPBHIX TOJYYAarOTCS TBEpJbIC BEIIECTBA,
Ha3bIBAEMBIC CIJIABAMH.

8. [Ipu HarpeBaHUM XUMHUYECKasi aKTHBHOCTh METAJJIOB TIOBHIIIIACTCS.

Koppo3us merajuios:

Koppo3uss — mposiBieHHE BOCCTAaHOBUTENBbHBIX CBONCTB METAJIOB, OOYCIOBJIECHHOE
BIIUSIHUEM OKPY>KAIOIIEH Cpeibl.

| rpynnma mnepuonumyeckoil cuctembl. lllemounble MeTaymuibl KMMEIOT HAUMEHBIIYIO
KOPPO3UOHHYIO CTOMKOCTB; OJIeCTsIIasi MOBEPXHOCTh Cpe3a 3TUX METAJUIOB Ha BO3AyXe OBICTPO
MOKPBIBAETCA TOJICTOM PBIXJIOW IUIEHKOW OKCHOB, MEPOKCHUIOB, a TaKKE€ HX COCAMHEHUU C
YIJIEKUCIIBIM ra30M U BOAOW. [103TOMY 11e109HbIE METaUIbl XPAaHATCS MO/ CII0EM KEPOCUHA.

B no6oyHo# noarpyrne HaxosATCs TOCTATOYHO CTOMKHE K KOPPO3UU METaILJIbl: ME/Ib,
cepedpo, 30510T0. C yBearueHneM MOPAIKOBOTO HOMEpa KOPPO3UOHHASI CTOMKOCTD MO BBIIIAETCS.

Il rpynma. Mertamibl TiaBHOM MOATPYNIBl BeChbMa MallOyCTOMYMBBI, U C YBEIWYCHHEM
MOPSAAKOBOTO HOMEPA YCTOMYHUBOCTh K KOPPO3UU CHUKAETCS.

bonee ycroiumBbl Metamibpl mobouyHo moarpymnmbel: Zn, Cd, Hg. Ha ux moBepxHOCTH B
MPUCYTCTBUU KHCJIOpoJa 0Opa3yloTcsl TOHKHE, JOBOJBHO NIPOYHBIE IIJICHKA OKCHJIOB,
MPEAOXPAHSIONIME UX OT JAJIBHEHILIEro pa3pylIeHHs .

Il rpynma. AJTIOMUHUN JIETKO COEAMHSAETCS C KHUCIOPOJOM, BCIEACTBHE 4Yero obpasyercs
TOHKas, 0O0Najammias BBICOKMMH 3alllMTHBIMA CBOMCTBaMHU OKCHAHas IuieHKa. Ho onHa
paspyliaercs B pacTBOpax KHUCIOT U IIeJoYed. AJIOMHUHHMI TakXKe I[acCUBUPYETCS C
MOBEPXHOCTU KOHIIEHTPUPOBAHHON a30THOM M cepHOW kucinoTamu. [laccuBarusi oOycioBieHa
o0pa3oBaHHEM HA MIOBEPXHOCTU TPYIHO PACTBOPUMBIX COCTUHEHHIA.

IV rpynna. OnoBo M CBHHEIl — CTOMKHE K KOPpPO3UM METalUIbl, Onaroaapsi MpPOYHBIM
OKCHJTHBIM TUICHKaM.

V, VI, VII, VII rpynnsl. Mertannsl nobounsix noarpynn V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt oOnamaroT BBICOKOW CHOCOOHOCTHIO K TAacCHUBAallMM, a CIEAOBAaTeIbHO, OOJBIION
KOPPO3HOHHOM cTolKocTh0. Hanbonee ycroitunbl k koppo3uu Metauibl VIII rpymniel, npuuem,
yeMm OoJibllle MOPSIAKOBBIA HOMEp, TeM OoJibllie UX YCTOMYUBOCTh. 3HaAuuT, Os, Ir, Pt —cambie
CTOMKHE K KOPPO3UU METaJIbI.

XKeneso — wHambonee W3BECTHBIH W PACIPOCTPAHEHHBI METall, MACCHUBUPYETCS
KOHIIEHTPUPOBAHHOM a30THOW U XOJIOJHOM KOHLIEHTPUPOBAHHOW CEPHBIMHU KUCIOTAMH.

Crnoco0bI moJry4eHust MeTaJLI0B:

BosbIMHCTBO METaNIOB B IPUPO/JIE BCTPEUYAETCS B BUJIE COEIMHEHUI, TaK KaK METAJLJIbI
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HaXOJsIINeCs B OKHCICHHOH (popme Oosiee yCTOHYMBEHIE BEUIECTBA, Y€M METAJUIbl — MPOCTHIC
BellecTBa. B caMOpPOAHOM COCTOSIHMM B NPUPOJAE HAXOMAATCS TOJBKO METAIIbl, KOTOpPHIE B
ANEKTPOXUMUYECKOM PsTy HAIPSIKEHUN CTOSIT B camoM KoHIle: Au, Pt, pexe Ag, unorna Cu u
Hg.

Baxwneiimme NOpupoIHBIE COCIUHEHHS METAJUIOB, CTOSIIMX B pSAAY HAmpsOKEHHUS 10
ATFOMHUHHS — 3TO cojm: Tranmorenupl, dame xiopuasl NaCl, MgCly, KCl; kap6onartsr: CaCOs,
MgCOs; cynbdaret NaxSOs, MgSOs; autpatsr NaNOs; docharsr Caz(POa)o/

[IpupoHbIe COETUHEHNS IPYTUX METAJUIOB — 3TO B OCHOBHOM OKCHIBI M cyabduasl: Al2Og,
Cu0, SnOg, Fe;03, Cr.03, ZnS, PbS, MoS,, CuS..

MuHepansl W TOPHBIE TOPOJBI, KOTOPBIE WCIOJB3YIOTCA Ul TOJNyYeHHS METaJIOB
HA3bIBAIOTCA pyAaMH. MeTail H3 pyasl IOMYy4arOT BOCCTAHOBJIEHHWEM — JTO 3ajada
METaJUTYPTHH.

PaznnuaroT cnenyromme croco0b! MOTydeHHsI METAIIOB:

[Tupomerannypruueckuii (0T rped MUPOC — OTOHb)
I'mppomeramnypruyeckuii
DNeKTpOMETaLTypruuecKuil (3JEKTPOIIU3)

CyIIHOCTh MMPOMETAJUTYPTUYECKOTO  CcI0c00a - BOCCTAaHOBJICHWE METAUIOB W3  HX
COCJIMHEHUH TPH BBICOKHMX TeMIlepaTypax. B kauecTBe BOCCTAaHOBUTEINCH MCHONB3YIOT BOJOPOI,
akTuBHbIe MeTasuibl (Mg, Al), yrinepon, okcun yraeponaa (II).

MeToa HCTIONIB3YeT s TS TTOJTYYSHHSI METAJIOB, CTOSIIIIUX B PSIY HANPSHKEHHUS METAIJIOB MOCTe
ATIOMUHUSL.

l'unpoMeTamnyprusi —MCIoJib3yeTcs Ui MOJy4eHHs MaloOaKTUBHBIX MeTaisioB. Hampumep,
METO/I M3BJICUEHUS 30JI0Ta OT IMYCTOM MOPOJIbI (IeCKa) MyTeM pacTBOPEHHUs 30JI0Ta B I[UAHHJIE
HATpUsI WIM Kalusl B MPUCYTCTBUU KHUCIOPOJA, C IMOCIEIYIOIIUM BOCCTAHOBJICHHEM MeETasula
IyTeM BBITECHEHUS €ro 0ojee aKTUBHBIM METAJUIOM U3 COJH. TakuMm CrnocoOoM MOKHO
noxyunth Cu, Cd, Au, Ag, Mo, V u ap.

DJIeKTpOMETAILTYPrus (3JIEKTPOJIN3) — BOCCTaHOBIJIeHHE akTUBHBIX MeTaluioB (Na, K, Ca, Al,
Li, Mg u 1p.) ¢ NOMOIIBIO 3JIEKTPUYECKOTO TOKAa U3 PACIJIaBOB COJICH, OKCHIOB WU
TUAPOKCHUIOB.

Yacrb A. U3yueHue CBOMCTB MIEJIOYHBIX U IIEJ0YHO3EMEJIbHbIX METAJJIOB U UX
CoeIUHEeHU I

eab paboThI:

N3yunTh XMMHUYECKHE CBOMCTBA IIEJOYHBIX METAJUIOB M UX COCTMHEHUH.

N3yunTh XMMHUYECKHE CBOMCTBA IEJIOYHO3EMENIbHBIX METAIIJIOB U MX CBOMCTBA.

3. O3HakoMileHHE C J1a0OpaTOPHBIMU CHOCOOAMM MOJIYYEHHs TUAPOKCUIOB U COJIEH METauIoB
IA u IIA rpynmsl.

Conepxanue padoThbl:

1. HccnenoBaHue XMMHUYECKUX CBOMCTB HaTpHs U €ro COEJUHEHUH (B3auMoJeicTBre ¢ BOJOH,

TOpEHue).

ITonmyuenue ruipoKkcHia MarHus U €ro paCTBOPEHUE B KUCIIOTE U B COJISIX aMMOHHS.

3. Tomyuyenue kapOOHATOB, CyNIb(}ATOB M XPOMATOB IIETOYHO3EMENIBHBIX METAIJIOB U U3yUEHHE
UX XMMHYECKUX CBOMCTB.

IIpudops! M peakTUBbI:

1. 3amuTHBIE OYKM, KpHCTANIM3aTOp, MNUHIET, (WIbTpOBaNbHas Oymara, MeTasIM4yecKas
Joxeuka, ¢paphopoBbIi TUTEIb, CTUPTOBKA, MTUIETKH, TPOOUPKH, TPOBOJIOKA C METEIBKOM.

2. O®enondraneuH, Bojaa, HATpU (MET.), COJIb MarHusi, Kpaxmajia, 2 H PpacTBOp COJISTHOM
KHCIIOTBI, 2 H pacTBOp XJOpUJAa aMMOHHS, PACTBOPbI MOAWJA KajlMs, CEpHOM KHCIOTHI,
THJIPOKCUA HATpUsi, KapOoHATa HATpHs, XJIOpHJIa KaJlblus, XJopuia Oapusi (BO3MOKHBI
T00ble PacTBOPUMBIE COJIM Kalblius U Oapus), cyibdaTa HATpHs, XpoMara Kajus, YKCYCHOM

™

N
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KHCJIOTBI, HUTpATa KaJlus; COJIsTHAsI KUCJI0Ta (KOHIL. ).
JKCNePpUMEHTAIbHAS YaCTh

OmnbiT 1. B3anmoneiicteue HaTpusi ¢ Boaoi. (PaboTtaTh noj TAroil B 3alUTHBIX OuYKax!)
B kpucrammszarop ¢ Boj1o# 100aBISAIOT HECKOJIBKO Karenb (enondranenna. [Inanierom nocrats
KYCOYEK IIEJIOYHOTO METaUla M BBICYIIMTH (HIBTPOBAIBHONW Oymaroil. OTaenuTh Kycodek
HaTpUsl pPa3sMEPOM CO CIHUYEYHYIO TOJIOBKY M IIHMHIIETOM IIEPEHECTH B KPHUCTAIA3ATOP.
HaGnromaror mpoTekaHnne peakiuu M OKpallMBaHue BOJbL. HammcaTth ypaBHEHHE MPOTEKAIOMIeH
peaxkuuu.

OnbiT 2. I'openne nHarpus. (PabGorate moj Taroi!) B Meraminyeckyro JOXKEUKy WIH
(bapdopoBbIi TUTENIb MOMEIIAIOT HEOOIBIION KycOUeK HaTpHsl, MpPeABAPUTEIbHO BBICYIICHHBIN
¢unbTpoBanbHOM Oymaroil. Jlojkeuky WM TWUrelb HarpeBalOT CHU3Y HEOOJIBIINM IUIaMEHEM
CHUPTOBKM, 3aT€M [IOJDKUTAIOT IUIAMEHEM pacCIUIaBIIEHHBIM MeTan cBepxy. Habmromaror
ropeHue Hatpus. [IpoayKTbl OKHCIEHMS] OCTaBISIOT A cienyomero oneita. Hamumcarsb
YpaBHEHHUE PEAKINY TOPEHUsI HaTpUs.

OmnbiT 3. B3aumoneiicTBue KHCJIOPOAHBIX COeIMHEHUIT HATPUA ¢ BOAOM. [lomyueHHbIe B
MPEbIAYIIEM OIBbIT€ MPOIYKTHl OKHUCIEHHS HATpUs PAcTBOPSAIOT B HEOOJIBIIOM KOJHUYECTBE
BoJbl. K mosyueHHOMY pacTBOpY HPHIUTH PacTBOpP HMOJIUAA Kajusl MOJKHCIEHHOTO CEpHOM
KHCJIOTOM M HECKOJIbKO Karelb pacTBopa Kpaxmana. HabmonaroT n3aMeHeHne oKpacku pacTBopa.
HanucaTs ypaBHeHHe poTeKaromen peakiuu.

OmnbiT 4. ITosryyeHHe THAPOKCHAA MAarHUS U €r0 PACTBOPEHHE B KHCJIOTE U B COJISAX
amMMoHusl. BHecTn B 1Be mpoOHMpKy MO 3 KalulM pacTBOpa COJIM MarHusl U B K&Kyl M3 HUX
N00aBUTh MO 4 KaIUIM pacTBOpa €IKOro Hatpa. B onHy U3 npoOHpoK, MOMEIuBas COAEPKUMOe
CTEKJITHHOW MaJIOYKOHM, MPUOABUTH MO KaIlIsiM 2 H. PacTBOP COJITHOW KHCJIOTHI JI0 TOJIHOTO
pacTBOpeHHUsl oOcajka, MOJCUUTHIBAs KOJMYECTBO Kamelb. B 1pyroil mpoOupke TakuMm ke
crocoOOM pacTBOPUTH OCAAOK I'MIPOKCUIA MarHus B 2 H. pacTBOpE XJI0pHJa aMMOHHMs. B kakom
cllyyae JIsl pacTBOpPEHMs ocajgka mnorpedyercs Oosibliee KosindecTBO peakTuBa? Hamumumre
YPaBHEHUS IIPOTEKAIOIUX PEAKLUH.

OmnpiT 5. Kap6oHaThl 11e104H03eMeTbHBIX MeTa/LI0B. [lomyuuTs ocajku kKapOOHATOB
KajblMsg U Oapusi B3aMMOJEHCTBHEM PAacTBOPOB COOTBETCTBYIOILUX COJIEH C pacTBOPOM COJIBI.
HcnblTaTh OTHOILIEHUE MOJIy4YEHHBIX KapOOHATOB K COJISIHOM KHUCIIOTE, 100aBIIss €€ OCTOPOKHO
10 KaIuIsAM. 3allMcaTh ypaBHEHUS IPOTEKAIOIUX PEAKIIUN.

OmnpIT 6. Cyabdarsl meJ09H03eMeJbHbIX MeTaIOB. B 11Be mpoOupku BHECTH 1O 2-3
KalUIM pacTBOPOB coJiel KanbLiuss M Oapus. B kaxayro mpoOupky no06aButh no 3-4 karmim
pactBopa cynbdara HaTpusa. Yto HabmomaeTcss? OTMETUTh pa3IUYHYI0 CKOPOCTh 00Opa30BaHUs
ocaqkoB. McmelTaTh JeiicTBHE COJSHOW KHCIOTHI Ha TOJydyeHHblE Cyibgarbl. 3anucarb
YPaBHEHUS IPOTEKAIOIINX PEaKLUH.

OneiT 7. Xpomartsl 1eJ049HO3eMeIbHbIX MeTALI0B. B 1Be nmpobupku BHectu mo 3-4
KalUIM pacTBOPOB cojiel Kaiplus U Oapusa. B kaxayro nmpobupky no6aButTh 1o 4-5 xameinb
pacTBopa xpomara kanus. HaGmoqaroT BellagieHue 0CakoB, OTMEUYAIOT UX LIBET U UCHBITHIBAIOT
JEVCTBHE HA HUX YKCYCHOM M COJISTHOM KHUCJIOT. 3allACaTh YPABHEHMS MPOTEKAOIIMX PEAKIIUM.

Onbir 8.  OxpammBaHue IUIAaMEHH  PacTBOpaMH  COJIel  IIEJIOYHBIX H
IIEJT0YHO3eMeIbHBIX MeTaJnoB. [IpoBoslouKy ¢ meTenbko Ha KOHLE BHECTH B
KOHLIEHTPUPOBAHHYIO COJISIHYKO KHMCIOTY M 3aTéM IPOKAJINTh B IUIAMEHU CHUPTOBKU. Umcras
IIPOBOJIOKA HE JIOJKHA OKpaIINMBaTh IuiaMs. OUHIIEHHYIO IPOBOJIOKY OIYCTUTh B PACTBOP COJIU
HATpUsI U CHOBA BHECTH B IIaMs CHUPTOBKH. OTMETUTH LBET IUIAMEHU U 3alUCaTh B TETPaAlb.
OnbIT MOBTOPUTH C PAacTBOpaMM cojied kanmusi, Oapust u Kaibius. Ilepen KaKAbIM OIBITOM
IIPOBOJIOYKY IPOMBITh KOHIIEHTPUPOBAHHOM COJITHON KUCIOTON U 3aTEM MPOKAJIUTB.

Ilopsinok padoTsr:
1. Tlomy4uTs OT mpernoaBaTesns 3aJaHue.
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no

BbImoaauTh paboTy COrIacHO METOAUYECKUM PEKOMEH/IAIUSIM.

OdopMHTH TPOTOKOIT PAOOTEI.

4. Bpumth oTpaboTaHHBIE PACTBOPHI, TOCYY BEIMBITE. C1aTh pabouee MecTo.
CoaepixkaHnue oT4yera:

Tema u enb paboThI.

HaGmoenust, ypaBHEHHSI peakuid 10 KaXKJI0W 9acTH paboTHl.

BriBoibI IO IIpOJIENIaHHOM padoTe.

w

=

wmn

KoHTpoJibHbIE BONIPOCHI.

OO61as XxapakTepHUCTUKA IIaBHOW MoArpynmsl [ rpynms! (11eI04HbIe METaILIBI).
PacnipocTpanenue B mpupoe U MOoIy4eHHeE.

Pu3nyecKrue 1 XMMHYECKHE CBOMCTBA IIEIIOYHBIX METAJUIOB.

[IpuMeHeHne, TOKCUKOJIOTHSI.

OO61as xapakTepUCTUKa INIaBHOW moArpynmnsl I rpynmnsl menouyHo3eMenbHbIE METAIUIbI).
PacnipocTpanenue B mpupoe U MOIy4eHHE.

Pu3nyecKrue 1 XMMHYECKHE CBOMCTBA IIEIOYHO3EMENBHBIX METAJUIOB.

[IpuMeHeHne, TOKCUKOJIOTHSI.

cONok~wNE

Yacte b. Juaementsl 111 A-rpynnsl nepuogu4ecKoi CMCTEMbl U MX COEIMHEHHUS.
eab padoThi:
1. 3y4nTh XUMHYECKHE CBOMCTBA AJIIOMUHUS U €r0 COCIMHEHUM.
Conep:xanue padoThbI:
1. Usyyenue aM(poTEepHBIX CBOWCTB AIOMHHHUS: B3aUMOICHCTBUE C KUCIOTAMU U BOJAHBIMU
pacTBOpamu IIEIOYECH.
2. VccnenoBaHue BAUSHUS XJIOPHA-HOHOB HA KOPPO3HIO aTIOMUHUS.

IIpudopsbI M peaKkTUBBI:

HITatuB, npoOupku, Aepkaresb A1 NpoOUpPOK, BoAsHAs OaHs,

2. Hutpara cepebpa, cynbdara menu, cynbdara aqtOMUHHS, XJIOpUAA MEIH; CepHas KHUCIOTa
(xoHL.), BoAa, (QeHosdranenH, 2 H. pacTBOPbI COJIAHON, CEPHOM M a30THOM KHUCIIOT,
TUAPOKCUAA HATpus; KOHLEHTPUPOBAHHBIC KHUCIIOTBI: COJISiHAas, CEpHas M a30THas;
aJltoMuHueBas Qosbra,

JKCNepUMEeHTAJIbHAS YaCTh

OmneIT Ne 1. BzanmoaeiicTBre aJJIOMAHHSA ¢ KHCJIOTaMH.

A) Bzaumooeiicmeue anromunusa c pazoagnennvimu Kuciomamu. B Tpu npoOUpKku BHECTH
no 5-8 xamenb 2 H. pacTBOPOB KHUCIJIOT: COJISHOW, CEpHOM, a30THOM. B kaxayro mpoOupky
OIyCTUTh IO MaJEHbKOMY KYCOUKY aJlOMUHHEBOW (osbru. Bo Bcex 5n ciaydasx npoTeKkaer
peakuus Ha xoznoxy? Harpers mpoOupku Ha BoasHo#l Oane. Uto HaGmromaercs? Hamucatb
ypaBHeHHUs peakuuil. Kakoi ra3 Bbliensercss npu B3aMMOAEHCTBUM AIIOMUHUSA C pa30aBIeHHOM
a30THOM kucnoToi? C pa3baBiIeHHBIMU CEPHOM U COJISTHOM?

b) B3zaumooeiicmeue antomunusa ¢ KOHYUeHmMpuposanuvimu Kucaiomamu. B tpu npoOupku
BHECTU IO 5-8 Kamellb KOHLEHTPUPOBAHHBIX KHCIIOT: COJITHOM, CEpHOM, a30THOM. B kaxkmyro
POOHMPKY OIyCTUTh MO MaJIeHBKOMY KYCOUKY altOMHUHHEBOH ¢oibru. Kak mporekaror peakiuu
Ha xonoxy? C kakoil kucinotoil amoMuHuili He pearupyer? [louemy? Harpers mpoGupku Ha
BoAsHON Oane. Kak Bnusier HarpeBanue? Hamucarh ypaBHEHUS peakiUil, ydUTBIBas, 4YTO IMpH
HarpeBaHMUU a30THAs KUCJIOTa BOCCTAHABIIMBAETCS B OCHOBHOM JI0 AMOKCHJA a30Ta, a cepHasi 10
CEepHUCTOr0 raza Ha XOJOAY M YacTUYHO CBOOOJHOH cepbl NMpH HarpeBaHuH. Bruser mu
N3MEHEHHE KOHIIEHTPALMHU COJISTHOM KUCIIOTHI HAa XapaKTep €€ B3aUMOJICHCTBUS C allOMUHUEM ?

OnbiTr Ne 2. PacTBOopenne ajlOMMHHMSA B BOJHOM pacTBope Inejo4u. BHectu B
pOOHUPKY MOJIOCKY aTFOMUHHUEBOH (Qosbru U 1006aBUTh 3-4 karuu Boabl. Harpets mpobupky Ha

=
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BOAsIHOH Oane. HaGmomaercst mu Beigenenue Bogoponaa? Jlo6aButh B mpoOupKy 5-8 Kamenpb 2H.
pacTtBopa enkoro Harpa. OTMETUTh MHTEHCUBHOE BblJENIEHUE BOJopoaa. OTCYyTCTBUE PEaKLMU
QITIOMUHHUS C BOJOM OOBSACHSETCS HAIMYMEM HA €ro MOBEPXHOCTH IJIOTHOW OKCHJIHOM IJICHKH,
KOTOpast 3aTpyIHSET JOCTYIl BOJOPOJHBIX HOHOB K MOBEpXHOCTH MeTaiuta. JloOGaBieHHas
LIeJI0Yb PACTBOPSIET OKCHJHYIO IUIEHKY C 0Opa3oBaHHMEM TI'MJIPOKCOAJIIOMUHATa U CO3JacT
BO3MOKHOCTh HEMOCPEACTBEHHOIO B3aUMOJEHCTBUS AJIFOMUHUS ¢ BOJOM. Hammcars ypaBHEHHS
peaKuum.
OnbiT Ne 3. BiausiHue XJI0pHA-MOHA Ha KOPPO3MI0 aqlOMHHUsS. B nBe npoOupku
MIOMECTHUTh MO KyCOUYKY aJFOMUHHS U J00aBUThH B OJHY M3 HHUX 5-8 Kamenb cynbdara memu, a B
JIPYTYIO - CTOJBKO K€ pacTtBopa xjiopuna meau. OTMETHTh pPa3IUyHBbIN pe3yinbTaT B 000UX
Cllydasix: B TO BpeMs Kak B IEpBOM MPOOUpPKE aTIOMUHUI OCTaeTcs Mmoutu 0e3 U3MEHEHMs], BO
BTOPOM OH OBICTPO MOKpBIBAETCS HajeToM Meau. Hanucarh ypaBHeHHE peakiuu.
IHopsinok padoTsi:

[TomyuuTs OT npenoaaBaTens 3a1aHue.

BbInosHUTE paboTy cOrylacCHO METOINYECKUM PEKOMEHJAIIHSIM.

OdopmMuUTh TPOTOKOI pabOTHI.

Boutnth 0TpaboTaHHBIE pacTBOPHI, TOCYY BBIMBITE. CaTh pabodee MecTo.
Conep:xanue oryera:

Hown e

=

Tema u 11enb paGoTHI.
HaGnronenust, ypaBHEHHS peakIuii M0 Ka)KJ0W 4acTH PabOTHI.
3. BBIBOJIBI 11O Mpo/IeIaHHON paboTe.

N

KoHTpoJibHbIE BOIPOCHI:
1. OO6mas xapakrepuctrka riaHoi noarpynmnsl 11 rpynmer. Pacnpoctpanenue B mpupoe.
[Tonyuenue.
2. Amomunuii. CBolicTBa u coeuaeHus. [I[pumenenue.

TEMA 3. OBLIASI XAPAKTEPUCTUKA U TOKCHUKOJIOTUS D-2JIEMEHTOB
U UX COEJJMHEHUM
Dopma nposedeHUst - AHWTU3 PE3)ITLINANOE OMOHCHIPAYUOHHORO IKCHEPUMEHMA
BbINOTHEHUE UCCTICO0BAMETLCKUX PADOM YACHIUYHO-NOUCKOBO20 XAPAKINEPA

Yacrb A. DuemenTsl Ib u IIb rpynnsl nepuoauveckoii cucteMbl U X COeIMHEHMSI.
eab paboThI:

N3ydeHnue cBONCTB Meau U cepedpa U UX COSAUHEHUM.

2. VI3yueHue CBOMCTB LIMHKA U €r0 COCIMHEHUI.

Conepxanue padoThbl:

1. HUccnenoBanue B3aMMOACHCTBUS MeIU C KUCIOTaMu. B3auMopelicTBue coelMHEHUI Meau ¢
KHCIIOTaMH UI€JI0YaMHU, KOHLEHTPUPOBAHHBIMU PAcCTBOPAMH aMMHUAKA, KOMIUIEKCHBIMU
COCIMHEHUSIMU.

2. BzaummogeiicTBue HHUTpaTa cepebpa C IIeN0YaMu, KUCIOTaMHU, COJIIMU TaJOT€HBOJOPOIHBIX

KHCIIOT, THOCYNIb()aTOM HATpHS.

H3yuenne cBoMCTB Meau U cepedpa M UX COCIMHECHH.

IIpudops! M peakTUBbI:

XUMUYECKUE CTaKaHbl, MPOOUPKHU, TUIETKH, IITATUB.

2. PactBopel cynb(ara Memu, THUIpPOKCHIA HATpus, HOAWIA Kanus, OpoMuaa Kamiws,
THocynbdara HaTpus, KapOoHaTa HaTpus, rekcanranodeppata (II) kamus, consTHON KUCTOTHI,
CEepHOHM KHCIOThI, aMMHaKa, HUTpaTa cepebpa; 2 H pacTBop XJIOpPOBOJOPOIHON KHUCIOTHI,
KOHIIEHTPUPOBAHHBII BOJHBINA PACTBOP aMMHAaKa.

=

=

JKCNEePUMEHTAJIBHASA YaCTh
Omnbit 1. U3yyeHne CBOMCTB MeIN U €€ COCAMHEHM.
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a) B xuMu4eckoM crakaHe CIMBAIOT MPH MEPEMENINBAHNYN MPUOIU3UTEIBHO 110 10 M

pactBopoB CuSO4 u NaOH.

Ocanoxk nensat Ha 4 npo6upku. [lepByro mpoOUPKyY OCTOPOKHO HArpeBaroT.

Bo BTOpy10 npusinBaroT 2H. pacTBOP XJIOPOBOJAOPOTHON KUCTOTHI,

B TPETHIO — KOHIICHTPUPOBAaHHBIN BOJHBIN pacTBOp amMmMuaka. Yto Habironaere?

06) B mpobupky namusator pactBop CuSOs m mobasmnsitor pactBop wmonmma kamus KI.
Habmronator ocaxxnenne noauaa menu (I) Cul, okpacky KOTOpOro MacKHpyeT BbIIEIHABIIUICS
non Ip. Jlns ycTaHOBJIEHHS OKpAacKM OCaJKa JOOaBIIAIOT HECKOJBKO Kareidb pacTBOpa
trocynbdara HaTpus NaS203. K ocanky Cul mobaBnstor B M30BITKE pacTBOp THOCYIb(dara
Hatpust NapS;03. Haburroarot pacTBopeHue ocajika.

B) B mpobupky namuBaroT pactBop CuSOs u m006aBisItOT pacTBOp KapOOHATa HaTpuUs
Na,COs. HaGmomaror o0Opa3oBaHMe oOcajka, KOTOPBIH COCTOWT U3 OCHOBHBIX COJICH
MEPEMEHHOTO COCTAaBA.

r) B npobupky npunusator pactBop CuSO4 1 1o KarisM 100aBIsOT KOHIEHTPHUPOBAHHBIH

BOJHBIN pacTBop ammuaka NHs. Uto Habmonaere?

n) KadecTBeHHas peakims Ha Cu?*. K pactBopy CuSOs 106aBISIOT HeGOIBIIOE
KoMuecTBO pactBopa rekcarmanodeppara (II) xamms Ko[Fe(CN)e]. Beimenmsiercs ocamox
rekcarmanodeppara (II) menu (II) Cu[Fe(CN)sg] . Hensit ocagok Ha 4 mpoOUPKU U UCTIBITHIBAIOT
neiicteue Ha ocamok HCIl, H>SOs, pactBopa NaOH m BogHOTO pactBopa ammmaka NHsz. Uto
Habmonaere?

OnpIT 2. U3yyeHne cBOMCTB cepedpa U ero coeIMHeH Hii.
a) B mpoOupky BHOCAT 2-3 karum pactBopa AgNO3 1 puOaBIISIIOT B U30BITKE PACTBOP
NaOH. Habmtonator o6pa3oBanue Ag20.
0) B nBe nmpoOupku HanuBaroT 1o 3-4 karmy pactBopa AgNO3 1 100aBIISAIOT 10 HECKOJIBKO
kanenb HCIL. HaGmromaroT Beifenienne 6enoro ocaaka AgCl.
B onny npoOupKy npuianMBarOT BOJHBIN pacTBOp amMuaka NHz, B Apyryto - pacTBop
tuocynbdara Harpus NaxS;03. HabmtogaroT pacTBOpeHHE Ocajka.
B) B nBe npoOupku HanmuBarot pactBop AgNOs. B ogny nobasistot pacteop Kl, B apyryro
— KBr. Kaxxip1it ocaiok nensT Ha 2 TpoOupKH.
Jlo6aBisitoT BoaHBIN pacTBop ammuaka NHsz B 1 mpo6upky ¢ Agl u B Impooupky ¢ AgBr. B
o0eux 11 mpoOUpKax MPOUCXOIUT PACTBOPEHUE OcaaKa?
B ocraBmmecs mnpoOupku mOpuiInuTh pacTBop THOCYiIbdata Hatpus NaxS20s3. Uro
HaOromaere?
KoHTpoJibHBIE BOIPOCHI.
OO61as xapakTepucTuka moboyHou noArpynmsl I rpynms! (moArpymna Mean).
Pacmipoctpanenue B mpupo/ie U MoIydeHue.
du3nyecKue U XUMHUYECKHUEe CBOMCTBA.
[Ipumenenue, Hanbosiee BayKHbIE COCTMHEHUS Me/IU, cepedpa U 30J10Ta.
OxapakTepu3yidTe OTHOLIEHHWE Meau, cepedpa U 30J0Ta K pa30aBIEHHBIM U
KOHIIEHTPUPOBAHHBIM pacTBOpaM KHCIOT, K pacTBopaMm Iienoyeil u coseil. Hamumure
YpaBHEHUSI COOTBETCTBYIONIUX PEAKIINH, YKaXXUTE YCIOBUS UX OCYIIECTBICHUS.
6. Kakue peaknuu TpPOTEKAIOT TMPU PACTBOPEHUHM 30J0Ta B «IAPCKOW BOJAKE», B
KOHIIEHTPUPOBAHHOM COJITHOM KHCIIOTE, HACBHIIIIEHHON XJIOPOM, B CEJICHOBOM KUCIOTE?
7. Uem oObsicHsieTcs 0Opa3oBaHHME 3€lICHOTO HajieTa Ha METHBIX H3JCNUSIX U TOYepHEHHE
cepeOpsHBIX MPEIMETOB MPU JTUTEILHOM MpeObIBaHUHM WX Ha Bo3ayxe? HamumimTe ypaBHEHHS
COOTBETCTBYIOIINX PEAKITHIA.

arcwbdE

[luHK 1 ero coequHEHUs
IIpudops! M peakTUBBI:
ITatuB, npoOUpPKH, TUMETKH, MUKPOLITIATENb, CIUPTOBKA, JIep KaTeNb A1 IPOOUPOK.
[{uHKoBast MbUIb, 2 H PACTBOPBI CEPHOM M COJISIHOM KHCIIOTHI, 2 H pacTBOP THAPOKCHIa HaTpud, 1 H

™

®opma A Crpanuna 42 u3 62



MuHucTepcTBO HayKH U BhIcIIero oopasoBanus PO

o o Dopma
YIIbSHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouasi mporpamMma JUCLHITIAHBI

pacTBOp COJISIHOM KHUCIIOTBI, 2 H PacTBOp aMMHaKa, KOHLIEHTPUPOBAHHAs CEpHAsi KUCJIOTa, PAaCTBOP
COJIM IIMHKa (JIr00ast pacTBOPUMAst), HACHIIEHHBIN PacTBOP Cyab(huaa aMMOHHS, COJIb IMHKA (KP.),
BOJA, JIAKMYC.

JKCIEePpUMEHTAJIbHASA YaCTh
OnbIt 1. PacTBopeHue niMHKAa B KHCJIOTAX M IeJ104aX.

Hamute B mnpoOupky 4-5 kamenb 2 H. pacTBOpa CEpHOH KHUCIOThHI, [100aBUTH |
MUKpOILIIaTeIb HUHKOBOW MBIJIU U clierka noaorpeTs. To ke mpojenaTh ¢ KOHIIEHTPUPOBAHHOM
CEpHOM KMCIIOTOM U IO 3amaxy ONpeAeiuTb BbIJAECICHUE CEPHUCTOro rasa. TakuMm ke oOpazom
MIPOBEPUTH PACTBOPUMOCTH IIMHKA B 2 H. PACTBOPE COJIIHOM KUCJIOTHI U B 2 H. pacTBOpPE €AKOU
menoun. Onwmcars HaOmomaemoe. lloyemy pasOaBnenHas u koHueHTpupoBanHas H2SOs mo-
pazHoMy pearupyiorT ¢ HuHKOM? Kakoil aToM M B KaKOW CTENEHW OKHUCIICHHS SBISICTCS
OKHUCJIUTEJIEM B TOM U B JIpyroM ciy4dae?

OnbIT 2. 'HapoKCcHI IMHKA U €r0 CBOiicTBA.

Hanute B nBe mpoOupku mo 3-4 kamiau pacTBopa CoJiM IMHKA. B kaxnayio mpoOupky
No0aBIATH 2 H. pacTBOpP €IKOM MIEI0YM 1O TOSABIEHUS O€Noro CTYyAEHHUCTOTO OcajKa
TUAPOKCUAA HMHKA. VcnbITaTh OTHOIIEHHE MOJYYEHHOTO THAPOKCHAA K KUCIOTaM U HIejlouaMm.
Kaxkoii BbIBOJ MOKHO CAENaTh O CBOMCTBAX T'MAPOKCHIA MHKA? HamucaTe ypaBHEHHS peakiuil
B MOJIEKYJISIPHOM M HIOHHOU popmax.

OnpiT 3. Cyaspua unHKa.

B mpobupky mnomectuth 3-4 KamiM pacTBOpa COJM IIMHKAa W J100aBUTh 2-3 Kariu
HACBILLIEHHOTO pacTBopa cyibduua amMmmMoHHs. OTMETHUTh LBET 00pa30BaBIIETrOCs OcCajka H
no6aBuTh 1 kamas 1 H. pacTBOpa CONSIHOM KHCIOTHL. UTo mpoucxoaut? Hammcarh ypaBHEHUs
peaKkui.

OnpIT 4. 'uaposu3 coJieid IUHKA.

[TomecTuTh B MPOOUPKY HECKOJIBKO KPUCTANIMKOB COJIM I[MHKA M PAacTBOPUTH MX B 1-2
Karmsgx BoJel. J[o6aBUTH B mpoOMpKy 2-3 KaIjiu pacTBopa JakKMyca M ClieTKa MoJorpeTh. Bo
BTOPYIO MPOOHMPKY HAIUTH 2-3 KaIllid pacTBOpa jJakMyca U 1-2 Karau BOJBI U CPaBHUTH IIBET
COJIEP’)KUMOT0 3TOM NPOOMPKH C OKpacKo MOJIYy4eHHOro pacTtBopa. Ha Kakyio peakuuio
YKa3bIBa€T LBET JIAKMyca B pacTBOpe coju LMHKA? HamumcaTte B MOJEKYJISPHOH W HMOHHOMN
(dbopmMax ypaBHEHHUsI IPOLIECCOB, BHI3BIBAIOIINX U3MEHEHHUE OKPACKH JIAKMYCA.

OnpIT 5. AMMHAYHBII KOMILIEKC HIMHKA.

B npoOupky nmomectuts 1 Kamio pacTBopa COJIM LIMHKA U 100aBUTH 2 KaIljik 2 H. pacTBOpa
ammuaka. OcaZok Kakoro BemiectBa oOpaszoBaicsi? K mosyueHHOMY pacTBOpYy NPUIMBATh IO
KaryisiM M30BITOK pacTBOpa aMMHUaka JI0 pacTBOpeHHs ocajka. HamucaTe ypaBHEHHs peakiiuii,
CUMTasi, YTO KOOPJAMHALMOHHOE YWCIO MOHAa LuHKa 4. Hamwmcare ypaBHEHMs auccouuanvu
KOMIUIEKCHOTO CO€IMHEHHUS U KOMIUIEKCHOTO MOHA.

KoHTpoJibHBIE ONIPOCHI:
1. Xumus snemeHToB noO0uHOM noArpynmsl I rpynnel nepruogudeckoil CUCTeMBI (MMOATPYyIIa
[IMHKA).
PacnipoctpanenHocTs B npupoae. OCHOBHBIE MUHEPAJIBI.
DU3NKO-XUMHUUYECKUE CBOMCTBA MPOCTHIX BellecTB. [loirydeHne npocThIX BEECTB.
XnMHs BOOHBIX PaCTBOPOB.
Oxcupl U TUIPOKCHUIBI.
Comnu. KoMIJIeKCHBIE COEIMHEHHUS.
Ilopsinok padoTsI:
[TomyunTs OT penogaBaTels 3alaHue.
BbInmoaHuTh paboTy COrNIaCHO METOANYECKUM PEKOMEHIAIUSIM.
OdopMUTH TPOTOKOJT PAOOTHI.
BbutnThk 0TpaboTaHHbIE PacTBOPHI, HOCYy BBIMBITh. CliaTh pabodee MecTo.
Conepxanue oTyera:

Sk wh
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Tema u enb paboThI.
HaGmoenusi, ypaBHEHHsI peakuid 10 KaKJI0W 4acTu paboThl.
3. BrIBoBI 10 mIpoaenaHHoOM paboTe.

N

Yacrts b. DiemeHnThl 10004HOI noarpynns! VI rpynnsl nepuoanyeckoi cCMCTEMbI.
«HM3yyeHune CBOMCTB XpOMA U €ro CoeIMHeHUin»

Hean padoThi:
N3yunTh XMMU4ECKHE CBOMCTBA XpPOMa M €0 COCIMHEHHUH.
2. O3HaKOMJICHHE C J1a0OPaTOPHBIMHU CIIOCOOAMH MOJYYEHHUSI OKCHJIOB, THIPOKCHIOB M COJICH

Xpoma.
Coaep:xkanue padoThbl:

1. Tlonyuenue oxcuaa xpoma. IlonydyeHue u ucciegoBaHre XMMHUUYECKUX CBOMCTB IMAPOKCHIA
xpoma (1).
[TonyueHnue ManopacTBOPUMBIX XpOMaTOB OapHsi, CBUHIIA U cepedpa.
3. MHccrenoBanue OKUCIUTENBHBIX CBOMCTB XpOMATOB M TUXPOMATOB.

=

no

IIpuGopsb! ¥ peakTHBDI:

TaTuB, mpoOUpKHU, MUNETKH, JepyKATeNb ISl IPOOUPOK, CIUPTOBKA.

2. buxpomar amMmoHHUs (Kp.), pacTBOpPHI XpoMara M OMXpomara Kajus, XJopHuaa Oapws, HHUTpara
CBUHIIA, HUTpaTa cepeOpa, MOAMJA Kajlus, ; KpaxMmajl, 2 H pacTBOp TMJIPOKCHAA HaTpus, 2 H
pacTBOp COJITHON KUCIIOTHI, 2 H PAaCTBOP CEPHOM KHMCIIOTHI, COJISIHAS KUCIO0TA (KOHIL. ).

=

JKCNepuMeHTaAJIbHAasA 4acThb

OnpIt 1. [TonyyeHune okcuaa xpoma.

B mpoOupky momecTuTh HEOOJBIIOE KOJWYECTBO OMXpoMaTa aMMOHHS M OCTOPOYKHO
HarpeTth. HaOmromaercs OypHOe pasznokeHue coiu. Kakoil 1BeT MMeEET MOJIyYCHHBIM OKCH]]
xpoma (II1)? Hammcate ypaBHEHWE pEaKIMU PA3JIOKEHHUS, YIUTBIBAS, YTO OJHOBPEMEHHO
00pa3yroTcs a30T U BoJa.

OnpIT 2. [Tonyyenue u cBoiicTBa ruapoxcuaa xpoma (III).

[TonyunTs B 1BYX nmpobupkax ruapokcua xpoma (I1I) BzaumonerictBreM pactBopa Xjopuaa
xpoma (III) (3-4 xammu) ¢ 2 H. pactBopoMm menoun (1-2 karmum). HcmeITaTh OTHOIICHHE
TUAPOKCUAA XpOMa K KUCIIOTE M K M30BITKY 1IEJI0YH, Ul Yero 100aBisATh B OJHY MPOOUPKY MO
KarjisiM 2 H. pacTBOP COJISIHOW WIJIM CEPHOM KHUCJIOTHI, B IPYI'yl0 — 2 H. PacTBOp ILEJIOYHU O
pacTBopeHusi ocajaka. HamucaTh ypaBHEHHsI peakIHMii, y4UThIBas, 4TO IpPU B3aUMOJICHCTBUU
THJPOKCHJIA XPOMa C KHCIOTOM U CO IIeN0UbI0 NoIydaeTcs KoMIiekcHblil anuon [Cr(OH)4]*.
OmnbiT 3. XpoMaTbl 1 OMXPOMATHI.

a) nepexod xpomama kanus 6 ouxpomam. K pactBopy xpomarta kanus (3-4 karmin)
npuOaBiATh MO KaljlsiM 2 H. PacTBOpP CEpHOM KUCIOTH. OTMETUTh OKpacKy B3ATOTO H
MOJIyUEHHOTO PAcTBOPOB M yKa3aTh, KAKUMH MOHAMU STH OKpacku oOyciaBnuBaroTcs. Hanmucarsb
YpaBHEHHUE PEAKIUU.

0) nepexoo ouxpomama xanusa é xpomam. K pactBopy Ouxpomara kamus (3-4 karmim)
npuOaBIATh MO KalIsIM pacTBOp MIENOYM J0 H3MEHEHHs] OKpacku. Hammcath ypaBHEHHe
peaKkiuu.

OnbIT 4. [TosrydyeHne MaI0pacTBOPHUMBIX XPOMATOB 0apusi, CBHHIIA U cepedpa.

B Tpu mpoOupku c pacTBopoM Xpomara Kanus (2-3 kamiau) npuOaBUTH Mo 2-3 KarM
pPacTBOpOB: B MEPBYIO — XJIOpHaa Oapusi, BO BTOPYIO — HHUTpaTa CBUHIIA, B TPEThIO — HUTpATa
cepebpa. OTMeTHTH 11BeTa ocalkoB. Hamucath ypaBHEHHs peakinii.

OnbIT 5. OKHCIANTENBHBIE CBOHICTBA XPOMATOB.

a) okucinenue uoouoa kaausa. K noJKUCIEHHOMY cepHOM kucioToi (1 karsi) pacTBOpy

Oouxpomarta kanus (4-5 karnenb) 700aBUTh 3-4 Karum pacTBopa noaua Kamus. OTMETHTh
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M3MEHEHHE OKpacku. J[oka3aTh ¢ OMOIIBIO pacTBOpa Kpaxmala BblJelIeHHe cBOOOIHOTO HoJa,
JUI1 4ero B IpOOMpKY C 5-6 KamissMM Kpaxmaja BHECTH OJHY KaIlIlO0 IIOJIyYEHHOTO B OIIbITE
pactBopa. Hanucare ypaBHEHUS peakLMil.

0) oxkucnenue conanout kucaromsl. K pactsopy 6uxpomara kanus (1-2 xarau) npuOaBUTh

10-12 kamenh KOHIEHTPUPOBAHHOM COJITHOM KUCIOTHI. CMECh HarpeTh A0 IMepexo/a OPaHKeBOH
OKpacku B 3esieHyro. OTMeTUTh BhieeHue ra3a. Kakoit ra3 Beigensercs. Hanucars ypaBHeHue
peakuuu.

~Pwpn e

N

Nookowh

™

i S

Ilopsinok padoTsi:

[Tosyunts OT mpenoaaBaTess 3aJaHue.

BBIMOTHATE paboTy COTIIACHO METOAMYECKHM PEKOMEH/IAIUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

BbumnThk 0TpaboTaHHBIE PacTBOPHI, IOCYTy BRIMBITH. CliaTh pabodee MecTo.
Copep:xaHue oTyeTa:

Tema u 11enb paboTHI.

Habmronenus, ypaBHeHMsI peakluii 0 Ka)kJI0M yacTu paboThl.

BriBoibI IO IIpOIEIaHHOM padoTe.

KoHTpoJibHBIE BONIPOCHI.
XUMHUS 3JIEMEHTOB 000YHOM noArpynmsl VI rpynnel nepruogu4eckoi CUCTEMBI (MMOATpyIna
XpoMma).
Pacnipoctpanennocts B mpupoe. OCHOBHBIE MUHEPAITHI.
DuU3NKO-XMMHYECKHE CBOMCTBA MeTauioB. [loryaenne xpoma, MoauOIeHa U BoJIb(pama.
XHMHS BOJHBIX PACTBOPOB.
OKcHzpl ¥ TUAPOKCHIBI.
Comnun. KoMimiekcHble cOe TUHEHUSL.
[Touemy mpu B3aUMOJCUCTBUHU COJIeH Oapusi C pacTBOpaMH XpomaTa W JUXpoMarta Kaus
BBINIAIAIOT OCAJIKU OJUHAKOBOTro cocraBa? Paccmorpute okuciurensHbie cBoiictBa KoCro0Or7
py paznyHbIX pH pacTBOpoOB.

Yacrs B. [lo6ounasi noarpynmna ceabMoil rpynmnbl NepuoAnIeCKOl CHCTEMBbI.
Maprasnen u ero coefuHeHus’’

eab paboThI:
N3yueHne XMMUYECKUX CBOMCTB COEMHEHUI MapraHua.
O3HakoMJieHHE C JIaOpaTOPHBIMU CHOCOOAMU TOJYYEHHUsT MAallOpPaCTBOPUMBIX —COJeH
Mmapranna (II) u u3ydyenue ux XUMHYECKUX CBOICTB.

Conepxanue padoThbl:
HccnenoBanue okUCIUTENBHBIX CBOMCTB coseld mapranna (II) ¢ anromunmem.
HccnenoBanue OKMCIUTENLHBIX CBOMCTB coenuHenunii maprania (VI11).
[Tonyuenue runpokcuna mapranna (II) u uccnegoBanue ero XuMUYECKUX CBOMCTB.
[Tonmyuenue xpomara Mapraniia, kKapOoHaTa Mapraiia, cyib(uaa Mmapraiia u uccjae10BaHue
XMMHMUYECKUX CBOMCTB 3TUX COEIUHEHUN.
IIpudops! M peakTUBbI:
ratuB, TpPOOMpPKH, MHUMIETKH, CTEKJISHHAs  TMaloyka, MHKpPOIIMNaTeab, CHOUPTOBKA,
poOUpKoIepKaTeb,
PactBop conmu mapranua (I1), amromunueBast Gpomnbra, 2 H pacTBOp TUAPOKCUAA HATPHS, 2 H PaCTBOP
CEpHOM KHUCIOTHI, pacTBOPHI XpoMmaTa Kalus, KapOoHaTa HaTpus, Cylb(uaa aMMOHHs, CylbdaTa
mapranna (II), pactBop mnepmanranara kanus, cyab¢uT Hartpus (kxp.), 10%-HOTO pacTBOp
MIEPOKCH/Ia BOJIOPOAA, STHIIOBBINA CIIUPT.
JKCNepUMEHTAJIbHAS YaCTh

OmnpbiT 1. BoccTanoBiaenne cosiu mapranua (1) anromuanem

Hanute B mpoOupky 5-8 kanens pactBopa coyin Mapranua (II) 1 omycTuTh B HEro Kycouek
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amomuuueBord ¢omeru  (5x30 mm). UYepe3 HeKoTOpoe BpeMsi HAONOJaTh BBIJCICHHE
METaJJINYECKOT0 MapraHlia Ha IOBEPXHOCTH aatoMuHus. Hanucars ypaBHEHUE peakLnu.
OmnbIt 2. 'mapoxceua mapranna (II) u ero cBoiictBa

B nBe npobupku BHecTH 1o 3-4 xarum pactBopa conu mapranma (I11) u mo 2-3 xamm 2 H.
pactBopa miesnoun. KakoB 1BeT noiyduBIerocs ocaaka ruapokcuaa maprauua (II)? Pasmemars
0CaJIOK CTEKJISIHHOM MaJIOYKON U OTMETUTH €ro 0OypeHue BCIIEICTBUE OKUCIIEHUS MapraHia
(I) no Mn (IV). Bo BTOpYyt0 npoOupKy ¢ 0caaKoM I'MIpOKCHIa Mapraiia 100aBuTh 2-3 Kariu 2
H. pacTBopa cepHoi kucioThl. Yto Habmogaere? Kakue cBolcTBa XapaKTepHbI Ul THIPOKCHIA
Mn (II)? Hanucars ypaBHeHMsI peakuuil: a) mosiyueHus: ruapokcuga mapranna (II) u ero
OKHCITICHUHUS KHCIIOPOJOM BO3ayxa B mpucyrcTBuu Bojabl B MnO(OH)2; 0) B3ammomencTBHs
TUAPOKCHU/IA MAPTraHIa C CEpHON KUCIOTOM.

OnpiT 3. [losryyeHne HEKOTOPBIX MAJTOPACTBOPUMBIX coJieil Mmapranua (II)

B Tpex mpoOupkax moiay4yuTh: a) XpoMaT Maprasia; 0) kapboHaT Maprasua; B) CyibQua
MapraHiia B3aUMOJEWCTBHEM XpomaTa Kaius, KapOoHaTra HaTpus U Cylbpuaa aMMOHHUS C
cynbarom mapranma (II). PacrBopsr 6pate no 3-4 xarumu. OTMETUTD IIBETa 0CaaKoB. PacTBop ¢
0CaJIKOM Cyab(duIa Mapraiiia pa3Meniath CTCKISIHHOW Mmaioukoil. OTMETUTh U3MEHEHHUE I[BETa
ocaaka. JIo0aBUTh K KaXJIOMYy OCaaKy 2-4 Kamiu 2 H. pacTBopa KuUCHOThL. Chenath BBIBOJ O
PacTBOPUMOCTH IOJIYYEHHBIX COJIEM MapraHia B KACIOHM cpene. Hamncars ypaBHEHHs peakiuil:
a) MOJy4YeHUs XpoMmara, kapOoHaTa U cynbduaa Maprasua; 6) oKUCIeHHs Cylb(uaa MapraHia
KHCJIOPOJIOM BO37yXa B MPUCYTCTBUU BOJIbL, YUUTHIBAS, YTO MPHU ITOM MOJy4aeTCs] THIPOKCH]L
Mn (IV); B) pacTBopeHus xpomarta, kapoonara u cynbpuaa mapranua (II) B kucnore.

OnbIT 4. OxucanTebHbIE CBOMicTBA coennHennii mapranna (VII).

a) Bauanue pH cpedvt na xapakmep 60CcCmano8/1eHUA nePMaAHZaHama.

B 3aBucumocTtu OT cpenpl — KHCIIOH, HeWTpanpHOW wim 1menouHor — mapranen (VII)
BOCCTAHABJIMBAETCS [0 pa3IMYHBIX CTEMEeHEe okuciaeHuda. B kuciaoit cpeme moH MnOg
mepexo uT B MOH Mn?* | B HeWTpanpHOH, crabomenodsoil m ciabokuciaoii — B MnO2z , B
CUJIBHOILEIIOYHOM MPHU HEAOCTATKE BOCCTAHOBUTEIS — B MOH MnO42'.

B Tpu mpoOupku BHectH mo 3-4 KamiM pacTBOpa IepMaHraHata kaius. B oany
npoOupPKy 100aBUTH 2 KAy 2 H. pacTBOpa CEPHOM KHUCIIOTHI, B APYTyI0 — CTOJBKO € BOJbI, B
TpeThto — 3-4 Kamm 2 H. pacTBopa mienoud. Bo Bce Tpu mpoOupku mpuOaBuTh 1mo 1
MUKPOILIATENI0 KPUCTAUIMYECKOTO cyiabdura HaTpuss wid Kanus. OTMETUTh pa3inyHOe
M3MEHEHHE TePBOHAYAIbHON OKpacKu pacTBOpa IMEpMaHTraHata B KaxaoM ciydae. Yem 3To
BbI3BaHO? Hamucarb ypaBHEHUS peakiuil.

0) OKucneHue nepmanazanmom Kaiusa nepoKcuoa 6000pooa.

B mpobupky BHectu 3-5 Kamemnb pacTBOopa IepMaHraHata Kaius u 2-3 Karum 2 H. pacTBopa
ceproit kucnotel. Jlo6aBute 3-4 kammm 10%-HOro pactBopa mnepokcuaa Bojopona. Kakoil ras
BhIIessieTcs? Kak m3MeHmnach creneHb okucieHus Maprada? Hamvcars ypaBHeHHE peakIyu.

6) OKucnenue nepmanazanmom Kaaus CRUpma 6 KUc10il U uiej104Hoil cpeoe.

B nBe mpoOupku BHeCcTH 10 2-3 Karid pacTBOpa epMaHraHata kanus. B ogny npodupky
N00aBUTh 2 Karuld 2 H. pacTBOpa CEpHOM KHUCIIOTHI, B JIPYTYIO - CTOJBKO € 2 H. pacTBOpa
menoyn. B mpoOupky ¢ MOAKHCIEHHBIM PAaCTBOPOM IE€pPMaHraHaTa Kaius 100aBUTh 3 Karuid
STWJIOBOTO CHMpTa. PacTBOp NOIOrpeTs MajeHbKUM IUIAMEHEM CHUPTOBKH. OTMETHUTH
u3MeHeHne okpacku. Kak uM3MeHusach creneHb OKUCIeHUs Mapranua? B apyryroo npoOGupky k
IIEJIOYHOMY PAacTBOPY MEepMaHTaHaTa Takxke N00aBUThH 3 Karulk ATHIIOBOro crupta. Habmonars
IIOCTETNICHHOE BOCCTAHOBJICHME IE€PMAHraHaTa CHadajga O MaHIaHara, a 3aTeM [0 JAHOKCHIA
Mapradia. OTMETHUTh NOCIEA0BAaTENbHOCTh WM3MEHEHMS OKpackd pacTBOpa. Hanucars
YPaBHEHUS PEAKIUil: BOCCTAHOBJIEHUsI IIEPMAHraHaTa KaJlis CIIUPTOM B KUCJIOW Cpele cHadaia
JI0 MaHraHarta, a 3aTeéM MaHraHaTa — JI0 JIMOKCHJIa MapraHiia, yYUTbIBas, YTO B KaXJOM CiIydae
CIIUPT OKUCIISIETCA B albAETHI.

Ilopsinok padoTsr:
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[TonyuuTs OT npenogasBaTens 3a1aHue.

BbImonaHuTh paboTy COrIacHO METOAUYECKUM PEKOMEH/IAIUSIM.

OdopMHTH TTPOTOKOIT PAOOTEHI.

BbumnTh oTpaboTaHHBIE PAaCTBOPHI, IOCYy BEIMBITE. CaTh pabodee MecTo.
CoaepikaHue oT4yera:

Tema u enb paboThI.

HaGmoenust, ypaBHEHHSI peakiuid 10 KaXKJI0W 9acTH paboTHI.

BriBoibI IO IIpOJIENIaHHOM padoTe.

KoHuTpoJibHbIEe BONPOCHI.
Xumusa aneMeHToB mnoOouHo moarpynnsl VIl rpynmel  mepuoanueckoil  cuCTEMBI
(moarpyrmma Maprasua).
Pacnipoctpanennocts B mpupoae. OCHOBHbIE MUHEPAITHI.
DU3MKO-XMMHUYECKHE CBOMCTBA METAIIOB. [losryuenne MeTamios.
XHMHS BOJHBIX PACTBOPOB.
OKcHIBI ¥ THAPOKCHU/IBI.
Comm. KoMmiaekcHBIE COSTMHEHMS.
Hamumure ypaBHEHUS peakiinii, B KOTOPBIX COCTMHEHUS MapraHIia MPOsIBIISIOT
a) OKHCIUTENbHbIE, ©0) BOCCTAHOBHUTEIBHBIE CBOWCTBA, B) OKHUCJIHUTEIBbHBIE U
BOCCTAaHOBHUTEIIbHBIE OJHOBpeMeHHO. Kakue coenuHeHus Mapradiia MOTYT TPOSIBISITh
OKHCJIMTETbHO-BOCCTAHOBUTEIBHYIO IBOMCTBEHHOCTD?
Paccmotputre  okuciurtensHble  cBoiicTBa  KMnOq B Pa3IMYHBIX cpenax.
Uto mpencraBisoT coboi mpoaykTel BoccTaHoBiIeHUsT KMnOs B KHCTBIX, HEUTpPaIbHBIX U
menouHblX cpenax? Kak m3MmeHsieTcss OKpacka pacTBOPOB B IPOLIECCE BOCCTAHOBIIECHUS
KMnO4?
OxapakTepu3yiiTe B3auMOJEUCTBUE COJITHOM KUCIOTHI C OKCHUAaMH Mapradiia MnO,
MnO32, Mn20Oy. Kak u3 muposro3urta nomyants KMnO4?

Yacrs I'. Duementsl VIIIB rpynnbl nepuoanyeckoi cucreMbl 3J1eMEHTOB U
uXx coeaqnHenus. ’Kene3o, Ko0aJabT, HUKEJIb U UX COeTUHEHHUS.

eab paboThI:
N3ydyeHne XuMHUYECKUX CBOMCTB COEIMHEHUH jKeTie3a, KoOanbTa U HUKEJIs.
O3HakomIieHHe ¢ Ja00paTOPHBIMU CIIOCOOaMU MOTy4YEHHUsI COeIMHEHUH jKeme3a, kobaabTa u
HUKEJIA.

Conepxanue padoThbl:
I[IpoBeeHKe KauecTBEHHBIX peakiuii o onpeenenuio nonos Fe?* u Fed*,
[Tonyuenue runpokcuna sxxenesa (I1) u ncciaenoBanre ero XUMHUYECKUX CBOMCTB.
[Tomyuenue runpoxcuna xxenesa (I1I) u uccnenoBanue ero XuMUYECKUX CBOUCTB.
HccnenoBanue OKMCIUTENBLHBIX CBOMCTB coenunenuii xkemnesa (I11).
[Monyuenne komiuiekcHoro docdara sxenesa (111).
[Tomyuenue runpokcuoB kobansTa (II) u Hukens (I11), U3ydeHne XUMHUYECKUX CBOMCTB
JAHHBIX COEAMHEHUH.
KommnekcHbie coennHeHus KobaabTa U HUKETS, U3y4eHHe XUMHUECKUX CBOMCTB.

IIpudops! 1 peakTHBLI.
[TaTuB, mpoOUpPKHU, MUMETKH, CTEKIITHHAS Mal04Ka, CIUPTOBKA, JAepkKaTelb s MPOOpOK,
Conp Mopa, pactBopbl rekcanuanogpeppara (III) xamusa, xmopuma xeneza (IID),
rexcarmanodeppara (II) kamus, HuTpaTa cepedbpa, HoaUAA Kanus, CyabGuTa HATPUs, CoNei
koOanbra u Hukens; 0,01H. pacTBop podaHuga aMMOHUS (WM Kajus), BoJa, 2 H. pacTBOpP
TUAPOKCHUIA HATPUs, 2 H. pACTBOP COJISTHOM KUCJIOTHI, KOHIEHTPUPOBAHHAS a30THAsI KUCIJIOTA,
2 H. pacTBOpa CepHO# KHCIOThI, 3%-HOTO pacTBOpa MEepoKcHUaa BOJAOpoaa, 2 H. pacTBOpa
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oprodochopHoit KucHoThI, 25% pacTBOp aMMHaKa, pacTBOpP CyJIb(r1a aMMOHHSI,
IKCIepUMEHTAJbHAS YaCTh

Onbit 1. XapakTepuble peakuuu Ha nonbl Fe?* u Fe®*

a) [leiictBue Ha com :xkeJie3a (II) rexkcaumanodeppara (I11I) kanus

Hanute B mpoGupky 5-8 kamenb pactBopa coinu Mopa u n1o6aButh 1 Kario pactBopa
rekcaimanodeppara (I11) xamus (xpachoii kpoBsiHOM comu Ks[Fe(CN)s]). OtmeruTh uBeET
oOpa3zoBagiierocsi ocaaka (TypHOyJIeBa CHHB), yKa3aThb XMMHYECKOE Ha3BaHWE U (POPMYITy
TIOJTy4eHHOTO BeliecTBa. JlaHHas peakius SIBNsETCS XapakTepHoii Ha mon Fe?*. Hammcats
MOJIEKYJISIPHOE M HOHHOE YPaBHEHUS PEAKIIUH.

0) deiicrBue Ha couu kese3a (I1I) rexkcaunmanodeppara (II) kamus

[TomecTtuth B mpoOupky 2-3 kamiu pactBopa xjopuaa kenes3a (III) u noGaBute 1 kamito
pactBopa rekcanuaHodeppara (II) xamms (kenroit kpomsiHou comu Ka[Fe(CN)e]). Yto
HaOmogaercsi? OTMeTUTh LBET oOpa3zoBaBUIerocss ocajaka (OepiauHCKas Jia3ypb), yKazaThb
XMMHMUYECKOEe Ha3BaHuE U (OpMylly MOIY4YEHHOIo BemlecTBa. HamucaTh ypaBHEHHME peakiUH B
MOJIEKYJISIpHOM ¥ HOHHOH (hopMe.

B) [leiicTBue Ha couu xkesie3a (III) ponanuaa aMMoHust (MM KaJIus)

[TomecTtuth B mpoOupKy 5-6 kamnu pactBopa xjopuaa kenesza (III) u noGaBute 1 kamiro
0,01H. pacTBOpa poaaHuga amMMOHHUS (WM Kanus). Takol ke ONBIT MPOJeNaTh C PacTBOPOM
comu Mopa. IlepeHecTu Karuio MOJIy4EHHOTO B TEPBOM MpOOMpKe pacTBOpa B JPYTyrO
npoOupky u nobaButh 8-10 kamenbp Boabl. HamucaTe ypaBHEHHE pEaKIMHM C MOJIYyYEHHEM
Fe(SCN)s, coobmaromero pacTBOpy SPKO-KpacHyl0 OKpacKy. OTMETHTh, YTO OKpacka
xapakTepHa ToJibko st conm ckene3a (III). Uem oObscHseTcss ocmabieHuE OKpacKu TpH
pazbaBiieHnn?

OnpIT 2. 'uapoxeny xesesa (1)

B nmpobupky c¢ 3-4 kamismu pactBopa coiau Mopa NMpuiauBaTh 2 H. pacTBOP IIEJIOYU 0
BBITIAJICHUsT 3€JeHOro ocanaka ruapokcuaa skeneza (II). Tlepememars mosrydeHHBIH OCaIOK
CTEKJISIHHOW mMaloykod M Habmroaate uvepe3 1-2 MuHYTHI MOOypeHHE ocaJka BCIEACTBHE
okucnenus ruapokcuaa xenesa (II) B ruapokcun xeneza (III) Fe(OH)s. [IpoBeputh OMBITHBIM
MyTeM, KaK B3auMOJICUCTBYET CBEKEOCXICHHBIM Tuiapokcun xkeinesza (II) ¢ 2 H. pacTBOpoM
COJITHOM KHCNIOTHI. Kakue cBOWCTBa MpoOsIBIAET B 3TOM peakiuu Tuapokcuya sxeneza (II)?
Hamucare ypaBHeHMsI peakiuid: a) oOpasoBanusi ruapokcun kenesa (II); 6) oxucineHus
MOJIy4€HHOTO OCHOBaHUs B ruapokcus xkenesa (II1) mon aelictBueM Kuciaopojia BO3AyXa U BOJBI.

OnpiT 3. BoccTaHOBUTE/IbHbIE CBOHICTBA coequHeHHH kene3a (1)

a) Boccmanoenenue azomnoii Kuciomsot

B nBe npoOupku Hanmuth o 1 M pactBopa conu Mopa. B oaHy u3 Hux 106aBuTh 1 Kario
KOHLIEHTPUPOBAHHON a30THOM KUCIOTHI, MOJOTPETh PACTBOP JI0 MPEKpalleHUs BbIACICHUS ras3a
U JaTh €My OCTBITh. 3aTeM B 00e mpoOupku po6aButh mo 1 kamne 0,01 H. pacTBOpa pomaHuaa
amMmoHMs. B kakoil mpoOupke HaOmIonaeTcss KpacHOE OKpAaIllMBaHUE pacTBOpa U modyemy?
Hanucate ypaBHeHue peakiuu, CYHTas, UYTO a30THas KHUCIOTa BOCCTAaHABJIMBACTCA
npeumytiectBeHHo 10 NO.

0) Boccmanoenenue nepokcuoa 6000pooa

B nBe npo6upku HanuTh 1o 1 Mi1 pactBopa coau Mopa. B oany npo6upky n106aButh 2-3
KaIlJIM 2 H. pacTBOpPa CEPHOM KUCIOTHI U 2-3 Karun 3%-HOro pacTBopa MNepoKCcHIa BOAOPOAA.
3arem B 00e mpobupku 106aBuTh 1o 1 xame 0,01 H. pacTBopa poganuaa aMMoHus. B kakoi
npobupke HalmoaeTcsi KpacHOe OKpaluBaHue 1 nouemy? IIpoBepuTh ONBITHBIM ITyTEM, KakK
MPOTEKAeT BOCCTAHOBJIICHHE TIEPOKCHIa BOJOPOIa coliblo kene3a (I1) B menouHoi cpene.
OtmeTuTh BBIaICHNUE ocaika ruapokcuaa xenesa (I11). Hanucats ypaBHeHHS peakiuid.

B) Boccmanoenenue numpama cepeopa

ITomectuTsb B 1Be mpobupku no 1 mi pactBopa conu Mopa. B oaHy U3 Hux 106aBuTh 6-7
Kareslb pacTBOpa HUTparta cepeOpa U clierka HarpeBaTh HeOOJIBIIMM IUIAMEHEM TOpEIIKH, He
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JIOBOJIS )KUJIKOCTH /10 KuneHus. Ha kakoii mpouecc ykas3blBaeT NOSIBICHNE HA BHYTPEHHUX
CTCHKaX MPOOUPKH cepedpsiHoTo 3epkaia? OxnaauB mpoOUpKy, 100aBUTh B HEE U B
KOHTPOJIbHYIO TIpooupKy 1o 1 kamie 0,01 H. pacTBopa poganuaa aMMoHus. B kakoii mpoOupke
HaOJI0/1aeTCs OKpaIuBaHUE U TIo4eMy? 3arucaTh ypaBHEHHE PEaKIMi BOCCTAHOBJICHUSI HUTpATa
cepebpa coubro xenesa (II).

OnbiT 4. 'uapoxcun xemnesza (1)

B nBe mpoOupku BHECTH 1O 5-6 Kamenb pactBopa xiopuaa xenesa (I11I) u no6aButs mo 3-4
Karmy 2 H. pacTBopa mienoun. Yro Habmomaercsa? B omny nmpoOupky m00aBUTH pa30aBIeHHON
KHCJIOTBI JI0 PAaCTBOPEHHS OCaJaKa, BO BTOPOIl MPOOMpPKE MPOBEPHUTH PACTBOPUMOCTH OCA/IKa B
uiesioun. HamucaTh ypaBHEHUS peakiuii: a) B3aumoaencTBus xyopuaa xxenesa (III) ¢ pacteopom
uiesioun ¢ oodpasoanueM rujpokcuna xenesa (I1I); 6) pacrBopenus ruapokcuna xenesa (I1I) B
KHCIIOTE.

OnbIT 5. OxucauTe/bHbIE CBOIiCTBA coennHenni xese3a (I1T)

a) OKucnenue uoouoa Kaaus

B npoOupky ¢ 3-4 xamnsimu pactBopa FeCls 1o6aButsh 1-2 kannu pactBopa noauia Kaius.
B kako#i nuBeT u noueMy okpamunaetcs pactop? HanucaTe ypaBHEHHE peakuu.

0) OKkucnenue cynopuma nampus

B npo6upky ¢ 3-4 xamsmu pactBopa FeCls 106aBUTh HECKOJIBKO KPUCTAJIMKOB CYJIb(pHUTA
Hatpus. [Ipu aToM BHauane nosiBisieTcss Oypo-KpacHOE OKpallliBaHUE BCJEICTBHUE 00pa30BaHMs
ManoycrtoiunBoro cynbduta xenesa (III), kotopoe mcyesaer mpu HarpeBaHuU. YOEAUTHCS B
BOCCTAaHOBJICHHM keyie3a 10 creneHn okucienus +II. Kakoil peakTuB ciemyer Uit 3TOro
npuMeHuTh? HamucaTh ypaBHEHUS peaklMy OKHUCIIEHUS Cyab(uTa HATpUs XJIOPUAOM XKeleza
(II1), yautpiBasi, 9TO B peakiuyi MPUHUMAET y4acTHE BOJa.

OnbiT 6. KommiekcHbie coenuHenusi skesae3a (III). IlosydyenHme KOMILIEKCHOIO
docdara keaesa (I1I).

B npo6upky ¢ 3-4 karusimu pactBopa FeClz no6aButs 1 karuto 0,01 H. pacTBOpa poaanuia
aMMOHHUS W 3aTeM 2 Kamu 2 H. pactBopa ¢ocdopHoit opTokucioTel. Uto HabmomaeTcs?
Y4YuThIBas, uTO YCTOWYMBBIM KoMmruiekcHbli uoH [Fe(PO4)2]* GeciBereH, O0OBACHUTH
HabJI0JTaeMoe SBJICHHE U HAMKMCATh YPaBHEHHE COOTBETCTBYIOIIEH PEaKIiH.

OnpiT 7. 'uapokcnasl kodanasTa (II) m nukens (II).

a) Ilonyuenue zuopokcuoa kooanvma (Il) u e2o oxucnenue.

B nBe mpoOupku momecTuTh Mo 2-3 Karuid pacTBOpa COJM KoOaibTa M J00aBISATH IO
KaIJIsiM PacTBOP €KOM LIeNI0OuM; CHayvaja MOSBISETCS CUHUNA 0CaJlOK OCHOBHOM COJIM, KOTOPBIi
3aTeM CTaHOBUTCS PO30BBIM, YTO yKa3bIBaeT Ha oOpazoBaHue ruapokcuaa kobansra (II). Ocamok
B OJHOM MPOOHpKE TIIATEIBHO pa3MellaTh CTEKISTHHON MalOYKOM, a B APYTyro MpudaBuTh 2-3
Karu 3%-HOro pacTBoOpa Mepokcuia Boaopoaa. B kakoit u3 mpobupok HaOIIOAaETCS OKUCICHHE
rupokcuaa kodansta? Hamucath ypaBHeHust peakiuii. CpaBHUTh HOJYYEHHBIE PE3YNIbTaThI C
pesynbratoM onbita 2. Kakoii HoH sBisercs 6oliee sHepruuHbIM BoccTanoButesiem: Co?* u Fe?*?

0) Ilonyuenue czudpokcuoa nukens (Il) u ezo oxucnenue.

B Tpu npoOupku moMecTuTh Mo 2-3 Karik pacTBOpa COJIM HUKENsS U JOOABIATh MO KaIUIsIM
pacTBOp €IKOW IeJIoYH 10 BbimajaeHus ocanok ruapokcuaa uukens (II). Ocamox B mepBoi
MpOoOUpPKE TIIATEIHHO pa3MeliaTh CTEKJISTHHON MallOYKO, BO BTOPYIO IpuOaBuTh 2-3 karu 3%-
HOTO pacTBoOpa Mepokcuaa Bojgoponaa. HaGmronaercs nu usmeHnenue msera ocaaka? [Ipoucxoaut
mu okucinenue ruapokcuna Hukens (II) xucmopomom Bo3ayxa u mepokcuaoMm Bojaopoaa? B
TpeTbl0 MpoOHpKy mpubaButh 1 kammo OpoMHON Boabsl. Uto Habmomaerca? Hamwmcatb
yYpaBHEHUS PEaKIuil.

OmnbiT 8. KoMnuiekcHblie coelnHeHUs KOOAJbTA M HUKeJIS.

a) Ilonyuenue KomniekcHoz2o pooanuda Kodanoma.

[TomecTuTh B MPOOMPKY 2 KAk HACHIIIEHHOTO pacTBopa cou kobanbta (1) u no6aBuTh
5-6 kamenb HACHIIIEHHOTO pacTBOpa pOJaHWIa aMMOHUS; Y4eCTh, YTO MPH 3TOM 00OpazyeTcs
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pactBop xommekcHoit conu (NH4)2[Co(SCN)s]. Kommnexcubie nonst [Co(SCN)4]* okpameHs! B
cuHmii 1BeT, a rujapatupoBanubie HoHBI [Co(H20)s]?* — B po3oBbii. OTMETHTH IBET
MOJIy4EHHOTO pacTBopa. Pa3d6aButh ero BoA0OH 10 M3MEHEHHS OKPACKH, JOOABUTH 2 KaIlJIM CMECH
cupTa ¢ 3QUPOM, pa3MenIaTh PacTBOP CTEKISHHOMN MaJO4YKOW M BHOBH HAONIOIATh M3MEHEHHE
OKpacku. 3aTreM B Ty XK€ HIpOoOMpPKY NpUIUBaTh JUCTWJUIMPOBAHHYIO BOJYy, HaOmonas
MOCTENIEHHOe M3MEHEeHne okpacku. Omnmcars HaOmronaembie sBieHHs. Hamucath ypaBHEHHS
JMCCOIMALMU KOMIUIEKCHOH COJTM KOOabTa U KOMITJIEKCHOTO MOHA.
6) Hebomnpmoe kommyectBo comu Hukens (1) pactBoputs B 5 kamisix Boasl. [1o6aBuTh 5
karnenb 25%-Horo pactBopa ammuaka. Kak usmensiercs nset pactopa? JJo6aBUTh K pacTBOpy 2-
3 kammu pactBopa cynbpuaa aMMoHHs. UYTo BhIMamaeT B ocafok? Hamwcate ypaBHEHHs
peakmmii: a) 00pa3oBaHMsI KOMIUIEKCHOTO aMMHUaKaTa HUKeNs (KOOPAWHAIIMOHHOE YHCIIO HUKEIS
paBHO 6); 0) AMCcCOLMAlUM KOMIUIEKCHOTO COEOAMHEHUSI W KOMIUIEKCHOTO HOHA; B)
B3aMMO/ICHCTBHS MTOJTyYEHHOTO KOMIUIEKCHOTO COSTMHEHUSI HUKEIS C CYIb(HI0OM aMMOHHSL.
Iopsinok padoTsi:

[TonyuuTs OT npenoaaBaTens 3a1aHue.

BEIMOMHATE paboTy COTIIACHO METOANYECKIM PEKOMEH IAITUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

BbumnTh 0TpaboTaHHBIE PacTBOPHI, IOCYTy BRIMBITH. CliaTh pabodee MecTo.
Conep:xanue oTyera:

Tema u 11enb paGoTHI.

Habmonenusi, ypaBHeHHsI peakluid 0 KaXkJI0M yacTu paboThl.

3. BBIBOIBI 11O TIPOIETaHHOM padoTe.

Hwn e

N

KoHTpoJibHBIE BOIPOCHI.
1. Xwumus snementoB no6ouyHou nmoarpymnms! VIII rpynmsl nepuoanyeckoi cucTeMsl (MOArpyrmmna
Kesesa).
Pacnipoctpanennocts B ipupoae. OCHOBHBIE MUHEPAJIHI.
3. Du3nKo-XMMHUYECKHE CBOMCTBA JKeJe3a, KoOanbTa U HuKens. [loyuenne MetaimioB. Xumus
BOJIHBIX PaCTBOPOB.
OKcHIbI M THAPOKCHU/IBI JKeJle3a, KoOaabTa U HUKEJIS.
Counu xeje3a, kobanbTa ¥ HUKeIA. KoMIiekcHbIe coeTMHEHMUS.
Kaxk B3auMoAeHCTBYIOT jKelie30, KOOAIbT M HUKEIh C @30THOM, CEPHOM M COJISTHOM KUCIOTaMH?
Kak 3Tu MeTanisl B3auMOJICHCTBYIOT C BOJIOH, C BOJAHBIMHU PacTBOPaMU CoJieit?

N

o oA

Pazgen 3. AHauTHYECKASA XUMUS
TEMA 1. AHAJIN3 OBBEKTOB OKPYKAIOIIEN CPEJIbI
@OPMQ npogedeﬂuﬂ = 6blNOJIHEHUE MCCJZ€00661m€JZbCKZ/DC pa60m YacmuiHoO-noucKoeoco xapakmepa

Onpenesenne KApOOHATHOM KECTKOCTH BOJbI METOI0M ALMJIUMETPUYECKOT0 TUTPOBAHMIA
Leas padoThI:

1. HayuuTscs onpenensats KapOOHATHYIO KECTKOCTh BOJIbI, TUTP PabOUero pacTeopa.

2. 3akpenuTh HaBBIKK TUTPOBAHUS U PacyeTa KOHIIEHTPAIIUHU OMPEAETIIEMOT0 BEIIEeCTBA

JlabopaTopHoe 000pya10BaHHe, IOCYAa U PeaKTUBbI: IIHMHAPHI Ha 50 1 100 mu,
MTUTIETKU, OFOPETKHU, KOJIOBI JIIsl THTPOBAHUSL.
BononpoBoHast BoJa, METHIIOBBIN OpaHKEBbIN, KOHII. COJISIHAsI KHCIIOTA.

KpaTtkne Teopernyeckue cBegeHusl.
Merol KHCIOTHO-OCHOBHOTO THUTPOBAaHUSI OCHOBaH Ha B3aMMOJICHCTBHHM KHCIOT C
OCHOBaHHMSIMU. MeTO]T TIO3BOJISIET ONPEACIATH B PACTBOPAX HE TOJILKO KOHIIEHTPALUIO KHCIOT U
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OCHOBAHUH, HO TaKX€ KOHLIEHTPALIUIO COJIEN 1OIBEPTAIOILUXCS THIAPOIIH3Y.

JUia ompeneneHus B pacTBOpAaxX KOHILIEHTpPAlMM OCHOBAHMN WJIM COJIEH JAloUIUX IpH
TUAPOJIM3E ULICJIOYHYK) PEAKLMIO, MCHOJIb3YIOT THUTPOBaHHBIE pPACTBOPBI KUCIOT. OTHU
oTIpe/IcIICHUs] Ha3bIBAIOT auuoumempuei (0t nar. acidum — KUCIIoTa).

Touky SKBHMBAJCHTHOCTH MPH HEHTpAIM3alUN OIPEIEISIOT M0 W3MEHEHHI0 OKPaCKH
WHAUKATOpa (METHIIOBOTO OPAHKEBOT'O, METUIIOBOTO KPacHOTO, (heHo(TanenHa).

C noMomipio CTaHAAPTU3UPOBAHHOTO PACTBOPA XJIOPOBOJOPOIHOM KUCIOTHI ONPEAEISIOT
HE TOJIBKO COJIEpIKaHUE IIEJIOYEH, HO U HEKOTOPBIX COJICH. BoJblIoe NMpakTH4ecKoe 3HAYCHUE
HMEET OIpe/ieTIeHHe KapOOHATHOM KECTKOCTH BOJIbI.

JKecTKkoCTh MPUPOIHBIX BOJ] H3y4aeTCs, YTOOBI BEISICHUTH MX TIPUTOTHOCTD IS
CEJIbCKOTO XO3S5IICTBA (B paCTEHUEBOJICTBE, ’)KUBOTHOBOJICTBE), a TAKXKE /JIl TEXHUUYECKUX IIeJIEH.

W3BecTHO, YTO KECTKOCTh OOYyCIOBJI€HAa MNPUCYTCTBUEM B BOJIE€ PAcCTBOPHMBIX COJEH
KaJIBITUSI U MarHUs.

KapOonartHas KuKOCTh BOJIBI 00YCIIOBIIEHA HATMYMEM B HEH THAPOKAPOOHATOB KaIbLIUS U
maraus Ca(HCOs)2 u Mg(HCOs3)2). OHa MOJHOCTBIO YCTPAHSIETCS KUISIYCHUEM, TIPH KOTOPOM
TrUAPOKapOOHATHI pasyararoTcs:

Ca(HCO3), = CaCOs{ +CO,T + H,0

MO3TOMY KapOOHATHYIO KECTKOCTh HAa3bIBAIOT TAKXKE YCTPAHUMOM MM BPEMEHHOM.

HekapbonaTHas )KeCTKOCTh BBI3bIBAE€TCS MPUCYTCTBUEM B BOJIE CY/Ib(ATOB (a TaKkxKe

XJIOPHJIOB) KAJIBIIHS WIK Maraus. KunsdeHneM oHa He YCTPaHSETCS ¥ TIO9TOMY Ha3bIBACTCS

nocrosiHHOM. CyMMa kapOOHATHON U HEKAapOOHATHOM KECTKOCTH JaeT OOIIYI0 )KECTKOCTh BOJIBI.

[To MexyHapOJHBIM CTaHAAPTAM KECTKOCTH BOJIbI IPUHSTO BBIPAXKATh MOJIIPHOU
KOHIICHTpAIMEH SKBUBAJICHTOB Kajbiiusa U Maraus (f= 1/2 ) B monw/1 11 Bogsl. [Ipaktuuecku npu
ATOM YKa3bIBaIOT HOPMAJIbHYIO KOHLIEHTPAIMIO pacTBOpa cojiee yMHOX)eHHYI0 Ha 1000.
Kap6oHaTHYI0 KeCTKOCTh OMpPENesIIOT TATPOBAHUEM OIIPEIEIIEHHOTO 00BheMa BOIbl PACTBOPOM
XJIOPOBOJOPOJHON KHUCIOTHI C METHUJIOBBIM OPAHKEBBIM. XHUMHU3M IPOLIecca BhIpaXkaeTcs
YpaBHEHUSIMHU:

Mg(HCOs)2 + 2HCI = MgCl + 2CO; + 2H,0
Ca(HCOs)2 + 2HCI = CaCl, + 2CO; + 2H20

IJKCNePUMEHTAIbHAS YaCTh:

B xoHnueckyro koJIOy 17151 TATPOBAaHUS OTMEphTe nureTkoi 100 M1 aHAIM3UPYEeMO#l BOIBI.
[IpubaBpre 2-3 KamiM pacTBOpa METHUJIOBOTO OPAaHXKEBOTO M TUTPYHTE pabodyuM pacTBOPOM
XJIOPOBOJOPOTHON KHUCIIOTHI J0 TMEpexoAa KEeITOW OKpackKu WHAMKATOpa B OJEIHO-PO30BYIO.
[ToBTOpUTE THTpOBaHWE 2-3 pa3a M M3 CXOIAIIMXCS OTCYETOB BO3BMHUTE CpefHee. YI00HO
BBITIOJIHATH TUTPOBAHHUE CO «CBUICTEIEM.

UTo0bl BBIUMCIUTH KapOoHaTHYIO kecTkocTh (mo I'OCTy) B mMmons Ha 1 nuTp BOAbI,
HaXOJSAT MOJISIPHYIO KOHIICHTPAIUIO SKBUBAJIEHTA pacTBopa cojieil u ymMHoxkaroT ee Ha 1000:

K = ((VHci + Coxs Het) VH20) - 1000, tae
XK -xapOoHaTHAs KECTKOCTh BOJBI, MI-9KB/IT;

Coxe HCl -MOJISIpHAsI KOHIIEHTPAIUS YKBUBAJICHTA KUCIOTHI, MOJIb-3KB/IT;
VHcl -cpeannii 00beM KUCIOTHI, MOIIEIINI Ha TATPOBAHKE, MIT;
VH20 - 00bEM BOJIBI, B3ATHIH HA aHAIH3.
(Obpasey onsa pacuema: Jonycmum na mumposanue 100 mn 600bl nowinog cpednem 12,25

mn 0,01016 1 pacmseopa kucromul. Toeoa XK = ((12,25 - 0,1016) /100) - 1000 = 12,45)
KoHTpoJsbHbIE BONIPOCHI:

1. AJ_II/I,Z[I/IMeTpI/I‘IeCKOe TUTPOBAHUEC, CYIIHOCTb METOJA.
2. I/IH,I[I/IKaTOpLI KHCJIOTHO-OCHOBHOTI'O TUTPOBAHUA.
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3. Kpussie TurpoBanus. Bei6op nnaukaropa.
4. llopsnok TUTPOBAHHUS

8 TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE@EPATOB

Jlanublil Bu padboThl HE ipeycMoTpeH Y11
9 MNEPEYEHbB BOITPOCOB K 9K3AMEHY

OcHOBHBIE KJIACChl HEOpPTraHMYeckuX coeauHeHui. Oxcuapl U ocHOBaHMA. [IpuHIUIBI
KJIacCU(UKAIlMU, XUMHYECKHE CBOMCTBAa M CHOCOOBI MOJydeHUs. B3auMOCBS3b CTPYKTYpbI
OKCHJIOB OT B&JICHTHOCTH IEMEHTOB M UX PACIIOJIOKEHHE B IEPUOJNYECKON CUCTEME.
OcCHOBHBIE 3aKOHBI U MOHATUS XUMUHU (3aKOH COXpPaHEHUsI MacChl M SHEPTUHU, 3aKOH MTOCTOSHCTBA
COCTaBa M KPATHBIX OTHOILIEHUI, 3aKOH AKBHUBAJIEHTOB). MoJIb — KOJIMYECTBA BEIIECTBA. 3aKOH
ABOrazpo u ero ciaeacTBusl.

Kucnotsl u conu. [Ipunnuns! knaccupukanuu. XUMUYECKHE CBOMCTBA M CHOCOOBI MOIY4YEHUS
COJIEH.

AToMHO-MoJIeKynsipHOe yueHue. Teopusi Pesepdopma, €€ HocTOMHCTBA U HEIOCTAaTKH.
KBantoBas teopus aroma H. bopa, 0OCHOBHBIE MIOJIOKEHHUS, JOCTOMHCTBA U HEIOCTATKH.
[TpuHIMIBI 3aMI0JTHEHUS] aTOMHBIX OpOUTasei.

[Tepuonnueckuii 3ak0H U nepuoandeckas cucrema ieMeHtoB .M. MenneneeBa. Mcropus u
3Tanbl CO3/1AHMUS.

[TapameTpsl aToMa U EPUOIUYHOCTh UX U3MEHEHUS B IIPEAEIAX CUCTEMBI 3JIEMEHTOB.

3aKOH COXpaHEHUsi MacChl WM DHHEPIrUH, €ro 3HAYeHUE B XHMHMUYECKUX pacueTrax. 3aKOoH
ITOCTOSTHCTBA COCTaBa U KPATHBIX OTHOILEHUH.

3akoH ABOTaJpo U €ro CIEACTBHS. 3aKOH SKBUBAJICHTOB.

XuUMHUYECKas CBA3b U CTPOCHHUE MOJIEKYJ. MeTO1 BAIEHTHBIX CBSI3€H, €ro JOCTOMHCTBA U
HEJOCTATKHU.

Meto MonekynsipHbIX opoutaneil. Ero qoctonHcTBa u He0CTaTKU.

KoBanenTHas cBsi3b. MexaHu3Mbl 00pa30BaHusl XUMUYECKOM CBSI3U.

I'uOpunuzanus aroMHbIX opOuTaneid. Tunsl rudpuauzanuu. [IpocTpaHCTBEHHOE PACTIONOKEHHE
THOPUTHBIX aTOMHBIX OPOUTAICH.

HNonHas cBs3b.

Merannnueckas CBA3b.

MexmonexynsipHoe B3aumoaenctsue. [Ipupona Ban-nep-BaanbcoBbix cuil.

[lepBbiii  3akoH TepMmoauHamMuku [lonarue osHranenusg. IlpuHuunel  pacuera  3TOrO
TEPMOJMHAMUYECKOTO MapaMeTpa MPUMEHUTEIbHO K XUMUYECKUM CHCTEMaM.

Bropoit 3akon TtepmoguHamuku. Ilonsthe sSHTponusa. IlpuHnumnel  pacuera  3TOTO
TEPMOJMHAMUYECKOTO MapaMeTpa MPUMEHUTENIbHO K XUMUYECKUM CHCTEMaM.

CBoboaHas sHeprus ' mb0ca, kak KpUTepuil OLIEHKH BO3MOKHOCTH CaMOTIPOU3BOJIBHOTO
MIPOTEKAHUS XUMUYECKUX IIPOLIECCOB.

3aKOH JIEHCTBYIOIIUX MAacC. 3aBUCUMOCTb CKOPOCTH XMMHUYECKOM PEaKIIMHA OT KOHLEHTPALUU U
IIPUPO/IBI PEArMPYIOIINX BEIIECTB.

Oueprus aktuBanuu. [loHsTre akTuBUpoBaHHbIN Komiieke. 3akoH Bant-I'odda. Katanus.
Xumnueckoe paBHoBecue. [Ipumnnun Jle-llatenve. KoHcranTa paBHOBECHS Kak KpUTEpH
OLIEHKH OJHOCTOPOHHETO MPOTEKAHNSI XUMHUYECKOIO Ipolecca.

OOmast Teopust pacTBOPOB U pacTBopuTenei. CriocoObl BeIpaKeHUsI KOHIIEHTPAIIUKA PACTBOPOB.
IlonsiTe pacTBOpUMOCTb. PacTBOpHMOCTH Tra3oB B KHAKOCTAX, 3aKkoH ['eHpu. Bsaumuas
PacTBOPUMOCTb KUAKOCTEH, IOHATUE KOHCTAHTBI paclpeeieHusl.

Huddysus u ocmoc. 3akon Baut-T'odda.
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TemmepaTypsl KUIIEHUS U 3aMEP3aHUs PaCTBOPOB U pacTBOpUTEIIEH. I1epBbIil 1 BTOPOl 3aKOH
Payms.

OcHOBHBIE TNPUHIMUIBI  Ki1accuukamuu pacTBoputesield  (MOJSPHOCTb, HOHH3HPYIOIIAS
CIIOCOOHOCTh, KUCJIOTHOCTD U T.11.).

Teopust 2NEKTPONUTHYECKON TUCCOLUALUH.

Kuciote! 1 ocHOBaHUSI ¢ TOUKHU 3pEHUS TEOPUH IEKTPOJUTUUECKON TUCCOIATU AppeHuyca,
teopuu bpencrena u Jloypu, snekrpoHHol Teopun Jlpronca.

CusibHbIE U ci1a0ble AJIEKTPOIUTHL. JlnHaMUYecKoe paBHOBECUE B PACTBOPAX.

Kaxymasicst u appexTuBHas koHIeHTpanus. [IoHITHE aKTUBHOCTH.

HNonnble peakuuu B pacTBOpax.

[IpounsBeneHne pacTBOPUMOCTH.

HNonHoe npowusBeieHre BOJbI, BOJIOPOAHBIN MOKA3aTENb.

I'maponus coneit.

Bbydepnoe aeiictBue. bydepHbie pacTBOpBI.

Kommekcusie coenunenus. O0mast xapakrepuctuka. [IoHsTHe KOOpAUHAIIMOHHAS CBSI3b.
Teopust KOMIIIEKCHBIX coequHeHnil A. BepHepa.

[IpocTpaHCTBEHHOE CTPOEHUE U U30MEPHSI KOMITJIEKCHBIX COCTMHEHUH.

Metoa BajeHTHEIX CBA3EH B ONUCAHNU KOMILJIEKCHBIX COEIMHEHU.
OKUCIUTENbHO-BOCCTAHOBUTEINIbHBIE Mpolecchl. CTENEeHb OKHUCIEHUS W CTPOCHHE aroMa
JJIEMEHTA.

Knaccudukaiyst OKUCIHTEIBHO-BOCCTAHOBUTEIBHBIX PEAKITHHA.

CriocoObl paccTaHOBKH KO3()(DULIMEHTOB B OKUCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIIMSIX.
MeTop! 37EKTPOHHOTO OajaHca ¥ HOHHO-AJICKTPOHHBIH.

ONEeKTpOAHBIN MOTEHIMAT U PSJ HAIPSHKEHUST METaJIOB.

CrangapTHBIN U peaibHBIN AIEKTPOJHBIN oTeHIMal. Y paBHeHue HepHcTa.

@akTOopsI BIUAIONINE HA POTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIMIA.
XHWMHUYECKHE UCTOUYHHUKH TOKA. ['aIbBAHMYECKHUE SJIEMEHTHI.

[Iponeccel, mpoucxoAsine NpU 3apsAIKe U pa3psIKke CBUHIOBOIO aKKyMYJISITOPA.
DIIEKTPOJIN3. 3aKOHBI DJIEKTPOJIU3A.

O6uue cBoiicTBa MeTaioB. Mertandeckas cBsizb. Koppo3ust MmeTanmioB u cniocoObl 00pbOBI ¢
HEH.

Bonopoa. Mecto B nepuoAnueckoi CUCTeME XUMHUYECKHUX AIEMEHTOB. XUMUYECKHUE CBOKCTBA.
[Tonyuenue.

CoenuHeHus BOJOpOJa: BOJA U IEPOKCU] BOAOPO/IA.

lanorensl. O6mas xapakrepucTuka. XuMuueckue cpoiictsa. [lomyuenue.

CoemHeHsI TalloreHoB: rajIore€HOBOIOPOIbI; KUCIOPOA0COAEPKAINE COSTMHEHNS I'aJIOr€HOB.
[Moarpynna xucnopoaa. OOmiast xapakrepuctuka. Ou3nueckrue u XuMUYecKre CBOKUCTBA.
[Tonmyuenue.

O30H. ®u3nueckue U xumMuueckue cBoiictaa. llomyuenue.

Cepa. ®usnueckue cBoiicrBa. Ajotponus. [lonydenue.

Cepa. Haxoxaenue B mpupoje. Xumudeckue cBoictpa. [Ipumenenue.

Cepoonopoa. [lonyyenne. @uznueckue U xumuieckre cBorictBa. CynbhuIsl.

Oxkcunpl cepbl. Puznueckue U XuMuueckue cpoiicta. [lonyuenue.

Cepnas kucnora. [lonydyenue u cBoiicTBa.

[Moarpynmna azora. O6mas xapaktepuctuka. A30T. Ou3nueckre U XMMUYECKHE CBOMCTBA.
Ammuak. Conu aMMOHMUSL.

HeconeoOpa3yromiie oKCHabl a30Ta.

ABOTHUCTBIN U a30THBIM aHTUAPUIBI. A30TUCTasi KUCIIOTA.

AzotHas kucnora. [lonydenue. CoiictBa. PaznoskeHne HUTPATOB.

®ochop. Annorponus. [Tonydenne. Xumudeckre CBONUCTBA.
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Coenunenus dpochopa: pochun, okcua pocdopa (I1I), okcun dpocdopa (V).

dochopHbIE KUCTOTHI.

[Moarpynma yriaepoaa. OOmiast XapakKTepUCTHKA. AJUTOTPOTIHSL.

XHMMHUYECKUE CBOMCTBA yIiiepoaa. YToIbHasl KHCIOTa U €€ COJIU.

Oxkcunpl yriaepona.

Kpewmuuii. Pacnpoctpanenue B npupoae. Amnotponust. [lonyuenue. CpolicTBa.

CoennHeHNs KpeMHUS: CUJIaH, OKCHJI KDEMHUS, KpDEMHHUEBBIE KUCIIOTHI.

I'epmanuii, 0710BO, CBUHELL.

Antomunuil. [Tonydenue. CBoiicTBa.

CoenuHeHUs aTIOMUHUS: OKCHUJT, TUIPOKCUL, TUIPUL.

Hlenounsie metanbl. O0mas xapaktepuctuka. [Tonyuenue. CBoiicTBa.

CoennHeHus MIeTOYHbBIX METAIJIOB.

[lenouyHo — 3emenbHbIe MeTaluIbl. OOmias Xxapakrepuctuka. [lonydenue. CoiicTBa.
CoenMHeHUs IeI0OYHO — 3€METIbHBIX METAJUIOB.

[Moarpynna menu. Obmas xapakrepuctuka. [Tonyuenue. CoiicTBa.

CoennHeHUs OIHO- U IBYXBAJICHTHON MeH.

Cepebpo u ero coeguHEHUs. 30J0TO U €r0 COCAMHECHHS.

[Toarpynma muaka. O0mas xapakrepuctuka. [luak. [lomydenue, CBOMCTBA, COSTMHEHUS IIMHKA.
Kanmuii.

Pryrs. Coenunenus oqHO- U IBYXBAJIEHTHOU PTYTH.

[Moarpynna xpoma. O61as xapakrepuctuka. [lomyuenue u cBoiicTBa Xpoma.

CoennHeHus IBYX- U TPEXBAJIEHTHOTO XpoMa.

CoeaMHEHUs YeThIPEX- U MIECTUBAIIEHTHOTO XpoMa.

[Toarpynma mapranma. O6mue cBoicTBa 351eMeHTOB. [lonydeHne MeTaioB. XUMHUUYECKHE
CBOWCTBA.

CoennHeHus IBYX- U TPEXBAJICHTHOIO MapraHIa.

CoennHeHus Maprasia, TeXHel sl U peHus ¢ BaJleHTHOCThIO 1V.

Coenunenus ceMuBajeHTHOTO Maprania. Conu Maprasiua.

Bocemas rpymnma mobGounass mnoarpynmna. OOmias xapakrtepuctuka. lloarpymma xenesa.
[Tonyuenue u XuMu4YecKre CBOMCTBA, aJNIOTPOIIHS Kee3a.

CoennHeHus IBYXBAJICHTHOTO JKele3a.

CoennHeHUs TPEXBAJICHTHOTO JKele3a.

[TonsiTHe OMOreHHOCTH XUMHUYECKUX JIEMEHTOB. buocdepa, KpyroBopoT OMOreHHBIX 3JIEMEHTOB.
KoHuenTpupoBanre OMOTeHHBIX JIEMEHTOB )KMUBBIMU CHCTEMaMH.

Knaccudukarus 6MOTeHHBIX 3JIEMEHTOB M0 UX (PYHKIIMOHAIBHON POJIM: OPTraHOTEHBI, JIEMEHTHI
AIIEKTPOJIUTHOTO (POHA, MUKPOIIEMEHTHI.

[IpumecHbIe 31eMeHTHI (aKKyMYIHPYIOHIHecs T HeakKymynupytoiuecs). OCHOBHbIE HCTOYHUKHI
MOCTYIUICHUS IPUMECHBIX 3JIEMEHTOB B OPTaHU3M UYEJIOBEKa.

9. Xumuueckue acleKThl OXpaHbl OKPYKAIOIIEH CPe/ibl.

8 I SER KBRS BBIBR XBBRBIIIIHANINAIBIA

100. Kommuiekcsl KaTHOHOB ~ S-MeTa/ioB  (MOHO(OPBI, KpayH-3(UPBI,  KPUIITaH[pI.
Xnopodu.
101 buosornyeckas posib HaTpUs, Kajusl, KaldblMs, MarHusl.

102 XumMuueckoe cX0ACTBO U OMOJOTHYECKHUI aHTaroHU3M (HaTpUi-Kanuil, MarHuii- Kaublui).

103 HauGomnee BaxxHbIe OMOTEHHBIE 371eMEeHTHI d-0510Ka: Xpom, Meb, MouOaeH. CHCTeMbI MeTaslI-
0enoK (MeTaIoNPOTENHBI U OEIKU, aKTUBUPYEMbIE METalIaMu ).

104, Heoprannueckue MuHepaibHbIe YIOOpEHUSI.

105. A3oTHBIe ynOOpeHHs: HUTpaTHbIE (HATpHeBas W KalblMeBas CEITUTPhI); AMMOHUWHBIC H
aMMUuavHble yaoOpeHus (Cynbpar aMMOHHS, aMMOHUHHO-HUTpATHBIE yAOOpEeHHs, aMMHUAYHAS
CeNIUTpa); MOYCBHHA.
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106. dochopusie ynodpenus: cynepdocdart, n1BoiiHOIM cynepdocdar, mperunuTar.
107. Mukpoyno6penusi. MukpoanemenTsl. bopabie ynoopenus. Meanbie yaoOopeHus.
108. KomruiekcHbie yaoOpeHust: aMMo(ochl, HUTPO(HOCH U HUTPO(POCKH, HUTPOAMMO(OCH U
HUTpOaMMO(OCKH, Kapooammodocsl, mosmdocdaTsl aMMOHUSL.

Bupl 1 METOIBI XUMHUYECKOTO aHAJIH3a.

Pacuersl B XMMHUYECKOM aHAIM3E.

TuTpuMeTprYECKUE METOIbI aHAIN3A.

I'paBumeTpudeckuil aHamus.

AnHanm3 00BEKTOB OKPYXKAIOIICH CPE/IbI.

BREEB

10 CAMOCTOSATEJBHASA PABOTA OBYYAIOILIUXCHA

Conepxanue, TpeOOBaHHUS, YCIOBHS U MOPSJIOK OPTaHU3AI[UN CAMOCTOSTEIIBHON
paboThl 00YyYAIOIIUXCS ¢ YIETOM (POPMBI 00YUEHUS ONPECISIETCS B COOTBETCTBHUH C

00

«ITomoxxeauem

OpraHu3aIuu

CaMOCTOSTEILHOMI

paboTsl

00yJaroImxcsy,

yTBEPKIACHHBIM Y4eHbIM coBeToM Yal'Y (mpotokoin Ne 8/268 ot 26.03.19 1.).
dopma 00yueHus: OUHas.

Haspanue pa3aesioB 1 TeM Bua camocrosiTeJIbHOMH padoThI Oobvem B ®opma
yacax KOHTPOJIsA
Paznen 1. IIpopabGoTrka yuebHOrO Marepuaga C 2 BEIOOpOYHAS
1. Henn " 33J1a4i XUMHUH. HUCIOJIb30BAaHUEM pecypcoB yaeOHO- IIpoBEpKa BO
CrpoeHne aToMa METOJMYECKOro ¥  HMH(OPMAIMOHHOTO BpeMs
TTepHOAMIECKHiT 3aKOH 1 o0ecrieueHus AUCIUTUTHHBI. ayIUTOPHBIX
MepHOaMYecKas — CHCTEMa IlogroroBka K YCTHOMY OIpOCy U 3aHATHI;
1.1 Menziencena B ceTe KOHTPONBHOHU paborte. BKITIOYCHHE
TéOI;HH CTpoGHHs aToMa Iloaroroska K caade dK3aMeHa. BOIIPOCOB Ha
) KOIJIOKBHYME U
XumMuyeckass CBA3b W KOHTPOJBHOI
CTPOEHUE MOJIEKYIL. pa6ore, Ha
JK3aMeHe
2.0cHoBel  xuMuyeckoii | Ilpopaborka yueOHOro Mmatepuanza c 4 BBHIGOPOUHASI
TEPMOIUHAMUKHU. HCII0JIb30BAHNEM pecypcoB y‘ICGHO- TpoBEpKa BO
XyUMHUecKass KHHETHKA i | METOAMYECKOro M MH(MOPMALMOHHOIO
paBHOBECHE o0ecrieueHus TUCITUTUTHHEL. Bpems
IloagroroBka K yCTHOMY OHpoCy U AYAMTOPHBIX
KOHTPOIIbHOM pabore. 3aHSTHH;
IToaroroBka k ciaye SK3aMeHa. R —
BOIIPOCOB  Ha
KOJJIOKBHYME H
KOHTPOJIbHOU
paborte, Ha
dK3aMeHe
3.Teopus pactBopoB U | IIpopaGorka yuebHOro Marepuana cC 6 BBIOOpOYHAS
pacTBOPUTEIIEH. HCIIONB30BAHNEM  PECYpCOB  y4eOHO- MIPOBEPKa BO
KoIuiraTuBHble CBOWCTBA | METOMYECKOro M MH(OPMAIMOHHOTO BpeEMsI
PacTBOPOB. PacTBOpbI 1(316%“6%1{“’1 AUCHUILITAHBL. ayJIUTOPHBIX
TOTOBKAa K THOM T u .
3JIEKTPOJIUTOB. OATOTOBKA | YCTHOMY — OHpocy 3aHSTHIA;
9 KOHTPOJIBHOW padoTe.
Bopopoanslii nmokasarens. BKJIIOUCHHE
.| ITonroroBka k ciave 3K3amMeHa.
I'mpponus coJient. BOIIPOCOB  Ha
Bydepnbie pacTBOpbI KOJUIOKBUYME H
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KOHTPOJIbHOU
paborte, Ha
9K3aMeHe
4, OKHUCIUTEIIBHO- IIpopaboTka y4ebHOrOo MaTepHaia ¢ 4 BBIOOpOYHAST
BOCCTAHOBHUTEIIbHBIE WCIIONE30BAHUEM  PeCYpCOB  y4eOHO- IIPOBEPKA BO
IPOLECCHI. CTaHIIapTHbeI METOJMYECKOro H  HMH()OPMAIMOHHOTO BpeMsl
U peaIbHBIIA AIICKTPOIHBIH %66‘3“6'{%”’[ AUCHHITTHHBI. ayJIMTOPHBIX
OJI'OTOBKA K YCTHOMY OIpPOCY | .
IIOTCHIIHAI. OO0mue A . Y y pocy 3aHATHIA;
N KOHTPOJILHOH padoTe.
CBOIMCTBa METAJIIOB. BKJTIOUCHHE
IToaroroBka k caave 3K3ameHa.
BOIPOCOB  Ha
KOJUIOKBUYME U
KOHTPOJIbHOU
paborte, Ha
JK3aMeHe
5.Teopuss  koMmIulekcHbIX | IIpopaboTka yueOHOro Marepuana c 8 BBIOOpOYHAST
CO@HHH@HI/H\/’L HUCIIOJIb30BAHUEM pecypcoB yq66HO' MPOBEPKA BO
METOIWYECKOTO W HWH(OPMAITMOHHOTO BpeMs
obecrneueHns QUCIUIIINHEL. ayUTOPHBIX
IToaroroBka K yCTHOMY OIIpOCY. ..
3aHATUH,
IToaroroBka k caave 3K3amMeHa.
BKJTIOUEHHE
BOIIPOCOB  Ha
KOJUTOKBUYME,
Ha DK3aMeHe
Pasgen 2. IIpopaboTrka yuebHOro Martepuaga C 4 BbIOOpOYHAs
1. Xumus HEMETAJUIOB: | UCIOIB30BAaHHEM — PeCypcoB  yd4eOHO- npoBepKa  BO
sementoB  VIIA, VIA, | MCTOIMYECKOro 1 MH(pOPMAIMOHHOIO BpeMsI
VA IVA (yraepoy) 1c3[6ecnequI/1;[ JCTTUTUTAHBI. AyIHTOPHBIX
rpymmsl  Ileproandeckoii | - OALOTOBKA K YCTHOMY  OHpocy M 3aHATHI;
KOHTPOJLHOM padore.
CHCTEMBI 51 150:¢ BKITIOUCHHE
IToaroroBka k ciaye SK3aMeHa.
COEJIMHEHMUS. BOIPOCOB  HA
KOJUTOKBUYME U
KOHTPOJIbHOM
pabore, Ha
9K3aMeHe
2. Xumus wmerawoB: | u | llpopabGorka yweOHOro MaTepmama ¢ 4 BBIOOpOUYHAS
IIA, IIIA, IVA (onoBo u | HCIOIB30BaHHEM  PeCypcoB  ydeOHO- mpoBEpKa  BO
[TeproIMUecKOi  CHCTEMBI 1‘2[6““6%1{“’[ AUCIHTUTHHBL. ayJIMTOPHBIX
., OJTOTOBKAa K YCTHOMY ONpOCYy W .
U UX COCTUHEHUM. 1 . Y y pocy 3aHSATHIA;,
KOHTPOJILHOU paboTe.
BKITIOUCHHE
IMoaroroBka k crave sK3aMeHa.
BONPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIbHOU
paborte, Ha
9K3aMeHe
3.00mas xapakrepuctrka | [Ipopaborka ydeOHOro Mmarepuana ¢ 4 BBIOOpOYHAsT
u TOKCHUKOJIOTUSA d- | ucroNb30BaHMEM — PECYpCOB  y4eOHO- MPOBEPKa BO
3JIeMEHTOB " X | MeTomudyeckoro M MH(OPMAIHOHHOIO BpeMsL
COCIMHEHMIA. 1(2[6GCHG'{6HI/I$[ JICITUTUTAHBI. Ay/TUTOPHBIX
OJTOTOBKA K YCTHOMY ONPOCYy H SAEATHIL;

KOHTPOJIbHOU padoTe.
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IToaroroBka k caadue 3K3aMeHa. BKITIOUEHHE
BOITPOCOB Ha
KOJUIOKBUYME U
KOHTPOJIbHOU
paborte, Ha
JK3aMeHe
4.buoreHHrIe JIIEMEHTEIL. IIpopaboTka y4ebHOrO MaTepHaia ¢ 4 BBIOOpOYHAS
HUCITOJIb30BAHUECM pecprOB y‘le6HO- HpOBepKa BO
METOJMYECKOr0 H  HMH()OPMAIMOHHOTO BpeMsI
obecrneueHns TUCIUITINHEIL. AyJHTOPHBIX
IToaroroBka K yCTHOMY OIIpOCY. ..
3aHITUM,
IloaroroBska k cjpade sK3aMeHa.
BKITIOUEHHE
BOITPOCOB Ha
KOJUTOKBHYME,
Ha dK3aMeHe
5.Heopranmnueckue IIpopabGoTrka yuebHOrO Marepuaga C 2 BEIOOpOYHAS
MHHEpPaJIbHBIC HCIIOJIb30BAHUEM peCcypcoB yqe6Ho- IpOBEpKa BO
yno0peHus. METOJMYECKOr0 M MH(POPMALMOHHOTO BpeMst
obecrneueHnst UCIUIIIAHEL. ayUTOPHBIX
IToaroroBka Kk yCTHOMY OIpoCy SAHATHIA;
TloaroroBka k cpade sK3aMeHa.
BKITIOUEHUE
BOIIPOCOB Ha
KOJUTOKBHYME,
Ha dK3aMeHe
Pasgen 3. IIpopaboTrka yueOHOro Martepuaga C 4 BBIOOPOYHAS
1.Bumesr u METOIpI | MCIIONB30BAHUEM  PECYPCOB  yueOHO- IpoBepKa  BO
XUMHUUYECKOr0O aHaJin3a METOOAUYCCKOI'O u I/IH(I)OpMaHI/IOHHOTO BpeMSI
o0ecrieueHust JUCIMIIIHHEIL. Ay/HTOPHBIX
[TonroroBka K yCTHOMY OIIPOCY. ..
3aHATHH;
IToaroroBka k caade K3aMeHa.
BKJIFOUEHHE
BOITPOCOB Ha
KOJIJIOKBUYME,
Ha dK3aMeHe
2.Pacuetsl B | IIpopaborka yueOHOro MaTepuanza c 4 BBIOOpOYHAS
KOJIMYECTBEHHOM HCIIOJIBb30BAHUEM pecypcoB y‘IGGHO - IpOBEpPKa BO
aHaJInu3e. METOAUYCCKOI' O nu I/IHq)OpMaHHOHHOFO BpeMs
1(1[66CH6‘{6HI/I$I JUACIHUIUIMHEI. AyIHTOPHBIX
OJITOTOBKA K YCTHOMY OIPOCY. SAEATHIL
TToaroroBka k caade K3aMeHa.
BKJIFOUEHHE
BOIIPOCOB Ha
KOJIJIOKBUYME,
Ha dK3aMeHe
3. Axanus 00bekToB | Ilpopaborka yueObHOro Marepuama c 4 BBIOOpOUYHAS
OKpYKarollen Cpeibl. MCIIONIb30BAHUEM  PECYPCOB  y4eOHO- MIPOBEPKa BO
METOJMYECKOro ©  HH()OPMAIMOHHOTO BpEMsI
1(3[66CH€'{6HI/I$[ JIUCIMITIIAHEL. ayJUTOPHBIX
o;[rorosxau K YCTHOMY OIpocy U SAHATHI;
KOHTPOJILHOH padorTe.
BKJIFOUEHHE

HO,Z[FOTOBKa K ¢aade€ dK3aMCHa.

BOIIPOCOB ~ Ha
KOJUIOKBUYME U
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KOHTPOJIbHOU
paborte, Ha
JK3aMEHe
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11 YYEBHO-METOJUYECKOE U UTH®OPMAIIMOHHOE OBECIIEYEHUE

JUCHUITIUHBI
a) CIHCOK peKOMeH/1yeMoi JIUTepaTypbl
OcHoBHas :
1. Iunka, H. JI. Odmas xumust B 2 1. Tom 1 : yueOHuK A1 akagemuyeckoro 6akanaspuata / H. JI. I'munka
nox penakiueit B. A. [lonkosa, A. B. badbkosa. — 20-e u3z., nmepepa6b. u gorr. — MockBa : M3gaTenbcTBo

IOpaiit, 2019. — 357 ¢. — (bakanaBp. Axamemuueckuii Kypc). — ISBN 978-5-9916-9353-0. — Texkcr :
snexTponHklii // DBC IOpaiit [caiit]. — URL: https://biblio-online.ru/bcode/434184

2. I'nunxa, H. JI. O6mas xumus B 2 1. Tom 2 : yaeOHUK A71s akazeMmudeckoro OakanaBpuata / H. JI. I'nunka ;
nox penakiueit B. A. ITonkosa, A. B. badbkosa. — 20-e u3z., nmepepa6b. u gorr. — MockBa : M3gaTenbcTBo
IOpaiit, 2019. — 383 c¢. — (bakanmaBp. Axkamemuueckuii Kypc). — ISBN 978-5-9916-9355-4. — Texkcr :
snexTpoHHbiii // DBC IOpaiit [caiit]. — URL: https://biblio-online.ru/bcode/434185

3. Huxonvckui, A. b. Xumusi : y4eOHUK W TPaKTUKyM JUIsl akKajeMuveckoro OakamaBpuata / A. bB.
Huxonsckuii, A. B. CyBopoB. — 2-¢ u3z., nepepab. u mom. — MockBa : U3marensctBo IOpaiit, 2019. —
507 c. — (bakanaBp. Akanemuueckuii kypc). — ISBN 978-5-534-03930-6. — Tekcr : aekrponnsiii // 9bC
FOpaiir [caiit]. — URL: https://biblio-online.ru/bcode/432953

JlomostHuTEABHAS

1. IlpakTukyM 1o 00IIel XUMuHK : yaeOHOe mocodue aas akageMmudeckoro Oakamaspuara / H. JI. ['nunka, B.
A. TlonkoB, A. B. baokoe, O. B. HecrepoBa. — Mocksa : M3nmatensctBo FOpaiit, 2019. — 248 ¢. —
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12 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE HAYYHO-
HCCJEJOBATEJbCKOM PABOTHI

VYueOnas ayauropuss 216 nis mpoBeneHUs J1aOOPATOPHBIX 3aHATUN J1aOOpPAaTOPHOIO
TUTA, TPYNNOBBIX W  HWHAUBUAYAIbHBIX KOHCYJIBTAIMH, TEKYIIETO KOHTPOJIS |
MPOMEXYTOYHOM aTTecTaru (¢ HaOOpOM JIEMOHCTPAIMOHHOTO OOOpYHOBaHUS  JJIA
ofOecrieyeHHss TEeMAaTUYeCKUX WUIIOCTpAallMii B COOTBETCTBMM C paboueil mporpammoit
muciuiiuHbl).  [loMereHne yKOMIUJIEKTOBAHO —CHEIUMATIU3UpOBAHHON MeOenpro Ha 18
MOCAJIOYHBIX MECT W TEeXHUYECKUMHU CPEJCTBAMH: JKpaH HACTEHHBIN, JOCKa ayJuTOpHAs.
Pa6ouee mecto npenonasarens, WI-FI, uarepuer. [Inomans 42,93 kB.M.

VYyeOHast ayiuTOpHs I CaMOCTOATEIbHON paboThl cTyneHToB 230 ¢ moctynom k IBC.
JUIsl  CaMOCTOSITENNbHOW  paboTel  cTyneHToB, Wi-Fi ¢ moctrymom k OUMOC, DBC.
KomnbroTepHbiii  KJlacC YKOMIUIEKTOBAaHHBIM — CHEIMATM3UPOBAHHON MeOenpio Ha 32
MOCAJIOYHBIX MECT U TEXHHYECKHMMH cpeacTBaMu oOydeHuss (16 mepcoHalbHBIX
KOMIIBIOTEPOB) € ocTynoM k cetu «uTeprery», DMOC, DbC. Ilnomanp 93,51 B.M.

UuTanpHbIA 3271 HAyYHOW OmMOMMoTeku (aymuropust 237) ¢ 30HOM I CaMOCTOSITEIIBHOU
padotel, Wi-Fi ¢ gpocrynom k DOHOC, DOBC. Aymutopuss  YKOMIUIEKTOBaHA
crenuranu3upoBaHHOd MeOenpto Ha 80 MOCAJOYHBIX MECT M OCHAllleHAa KOMIIBIOTEPHOU
TEXHUKOU c mocTynoMm K cetu «Uurepuery, YUOC, DBC, s3xkpanoM u npoekropoM. Ilnomanpb
220,39 kB.M.

13 CIIEHUAJIBHBIE YCJIOBUA 1JIS1 OBYYAIOIIUXCA C
OI'PAHUYEHHBIMHA BO3MOKHOCTSAMM 31OPOBbS (OB3) U UHBAJINIOB

B ciyuae Heo0OX0MMOCTH, 0OYYAIOIIUMCS M3 YUCIIa JIUI] C OTPAaHMYCHHBIMU BO3MOKHOCTSIMU
30pPOBBS (IO 3asBJICHUIO OOYYArOIIErocs) MOTYT IpelaraTbCs OJHH U3 CIEAYIOIUX BapHaHTOB
BOCTIPUATHS HHPOPMAIIMHU C YIETOM UX HHUBUAYAIBHBIX IICUXO(PHU3MYECKUX 0COOCHHOCTEH:

— JUId JIMI C HapyLIeHUsAMHU 3pEHUs: B Me4aTHoW (Gopme yBenuueHHbIM mIpudTom; B hopme
3JIEKTPOHHOTO JIOKyMEHTa; B ¢opme ayauodaiiia (mepeBos ydeOHbIX MaTepuaoB B ayauodopmar);
B TMeyaTHOW ¢opme Ha s3bike bpaiing; WHAMBHUIYyalbHBIE KOHCYJNBTAllMM C IPUBICUYECHUEM
TU(IOCYPIOTIEPEBOJUNKA; MHIUBUAYAIbHBIE 331aHUS M KOHCYJIbTAIlUH;

— JUId JIMI ¢ HAapyLIeHUSAMHU ciyXa: B nedaTHoi (opme; B popMe 3JIEKTPOHHOTO JOKYMEHTA,
BUJEOMATepUalibl ¢  CyOTHUTpamMH;  HMHJIUBUIYyalbHble  KOHCYJAbTALlMM C  IPHUBIICYEHUEM
CYpJIOTIEpEBOUMKA; MHIUBUAYaJIbHbIC 33aHUsI U KOHCYJIbTAIUH;

— JUId JIMI ¢ HapyLUIeHUSAMU OMOPHO-ABMIaTeIbHOTO ammapaTa: B medaTHOH ¢opme; B popme
AJIEKTPOHHOTO JOKYMEHTa; B (hopme ayanodaiina; MHIUBUAYaIbHBIE 331aHUS M KOHCYJIBTALlUH.

B cnyyae HEOOXOMMOCTH HCIIOJIb30BaHMS B y4€OHOM MPOLIECCE YACTUYHO/UCKIIOUUTENBHO
JMCTAaHIIMOHHBIX 00pa3oBaTeIbHBIX TEXHOJOTrWH, opranuzanus pabotsl IIIIC ¢ oOywaromumucs c

®opma A Crpanuna 61 u3 62


http://www.edu.ru/
http://lib.ulsu.ru/MegaPro/Web
http://edu.ulsu.ru/

MuHucTepcTBO HayKH U BhIcIIero oopasoBanus PO

o o Dopma
YIIbSHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouasi mporpamMma JUCLHITIAHBI

OB3 u uHBaNUAaMU MpeIyCMaTPUBACTCA B AIEKTPOHHON MH(POPMAIIMOHHO-00pa30BaTENbHON cpee
C YU4ETOM UX WHAMBUYAIBHBIX MICUX0(PU3NIECKUX OCOOCHHOCTEN

4

Pa3zpabotunku: 1 nouent JI.A.lBaHoBa

v

10.06.2020

®opma A Crpanuna 62 u3 62



	УТВЕРЖДЕНО
	РАБОЧАЯ ПРОГРАММА ДИСЦИПЛИНЫ
	(уровень бакалавриата)
	1 ЦЕЛЬ И ЗАДАЧИ ОСВОЕНИЯ ДИСЦИПЛИНЫ
	Задачи освоения дисциплины:
	2 МЕСТО ДИСЦИПЛИНЫ В СТРУКТУРЕ ОПОП:
	3 ПЕРЕЧЕНЬ ПЛАНИРУЕМЫХ РЕЗУЛЬТАТОВ ОБУЧЕНИЯ ПО ДИСЦИПЛИНЕ (МОДУЛЮ), СООТНЕСЕННЫХ С ПЛАНИРУЕМЫМИ РЕЗУЛЬТАТАМИ ОСВОЕНИЯ ОПОП
	5 СОДЕРЖАНИЕ ДИСЦИПЛИНЫ (МОДУЛЯ)
	Тема 2. Основы химической термодинамики. Химическая кинетика и равновесие.
	Тема 3. Теория растворов и растворителей. Коллигативные свойства растворов.
	Тема 4. Окислительно-восстановительные процессы. Стандартный и реальный электродный потенциал. Общие свойства металлов.
	Тема 5. Теория комплексных соединений.
	Раздел 2. Неорганическая химия
	Тема 2. Химия металлов: IА, IIА, IIIА, IVА (олово и свинец) группы Периодической системы и их соединений.
	Тема 3. Общая характеристика и токсикология d-элементов и их соединений.
	Тема 4. Биогенные элементы.
	Тема 5. Неорганические минеральные удобрения.
	Раздел 3. Аналитическая химия
	Тема 2. Расчеты в количественном анализе.
	Тема 3. Анализ объектов окружающей среды.
	6 ТЕМЫ ПРАКТИЧЕСКИХ И СЕМИНАРСКИХ ЗАНЯТИЙ
	7 ЛАБОРАТОРНЫЕ РАБОТЫ, ПРАКТИКУМЫ Раздел 1. Общая химия.
	Цель работы:
	Содержание работы:
	Краткие теоретические сведения.
	Закон Гесса и следствия из него.
	Методические рекомендации и описание лабораторной установки

	Порядок выполнения работы.
	Cодержание отчета:
	Контрольные вопросы:
	ТЕМА 2. ТЕОРИЯ РАСТВОРОВ.
	Часть А. Приготовление растворов заданной концентрации. Цель работы:
	Содержание работы: (1)
	Методические рекомендации и описание лабораторной работы
	Порядок работы:
	Порядок работы: (1)
	Cодержание отчета: (1)
	Контрольные вопросы: (1)
	Цель работы: (1)
	Содержание работы: (2)
	Приборы и реактивы:
	Методические рекомендации и описание лабораторной работы Опыт 1. Образование осадка и условие его растворения
	Опыт 2. Определение направления химических реакций (растворение осадков)
	- Опыт 3. Направление химической реакции в сторону образования менее растворимого соединения
	Порядок работы: (2)
	Cодержание отчета: (2)
	Контрольные вопросы
	ТЕМА 3. ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ ВЛИЯНИЯ РН СРЕДЫ НА ПРОДУКТЫ ОКИСЛИТЕЛЬНО-ВОССТАНОВИТЕЛЬНЫХ РЕАКЦИЙ
	Цель работы: (2)
	Содержание работы: (3)
	Приборы и реактивы: (1)
	Краткие теоретические сведения. (1)
	Правила написания окислительно-восстановительных реакций методом полуреакций:
	Влияние среды на окислительно – восстановительные процессы.
	Экспериментальная часть.
	Опыт 2. Окислительные и восстановительные свойства пероксида водорода
	Опыт 3. Окислительные свойства перманганата калия в различных средах
	Опыт 4. Окисление катиона d-элемента до высшей степени окисления
	Опыт 5. Восстановительные свойства катиона р-элемента (Sn2+)
	Опыт 6. Восстановительные свойства аниона р-элемента (SOз2-)
	Порядок работы: (3)
	Cодержание отчета: (3)
	Контрольные вопросы.
	ТЕМА 4. КОМПЛЕКСНЫЕ СОЕДИНЕНИЯ
	Цель работы: (3)
	Содержание работы: (4)
	Приборы и реактивы: (2)
	Краткие теоретические сведения. (2)
	Комплексы могут быть:
	Метод валентных связей в описании комплексных соединений.
	Изомерия комплексных соединений
	Хелатные комплексы.
	Экспериментальная часть. (1)
	Опыт 2. Разрушение комплексных соединений
	Опыт 3. Электролитическая диссоциация комплексных соединений
	Порядок работы: (4)
	Cодержание отчета: (4)
	Контрольные вопросы. (1)
	Раздел 2. Неорганическая химия ТЕМА 1. ХИМИЯ НЕМЕТАЛЛОВ
	Часть А. Галогены и их соединения. Цель работы:
	Содержание работы: (5)
	Приборы и реактивы: (3)
	Краткие теоретические сведения. (3)
	Нахождение в природе:
	Экспериментальная часть: Опыт 1. Получение хлора
	Опыт 2. Получение и свойства хлороводорода
	Опыт 3. Восстановительная активность галогенид-ионов
	Опыт 4. Качественные реакции на галогенид-ионы
	Порядок работы: (5)
	Cодержание отчета: (5)
	Контрольные вопросы: (2)
	Часть Б. Элементы VIА-группы периодической системы элементов и их соединения.
	Содержание работы: (6)
	Приборы и реактивы: (4)
	Теоретические сведения.
	Получение:
	Получение: (1)
	Экспериментальная часть Кислород. Пероксид водорода
	Опыт 2. Каталитическое разложение пероксида водорода
	Опыт 3. Окислительные свойства пероксида водорода
	Опыт 4. Восстановительные свойства пероксида водорода
	Контрольные вопросы (1)
	Сера и ее соединения
	Опыт 2. Восстановительные свойства сероводорода.
	Опыт 3. Восстановительные свойства раствора диоксида серы и сульфита натрия
	Опыт 4. Сравнительная оценка растворимости сульфита и сульфата бария в кислоте. Обнаружение сульфат-иона
	Контрольные вопросы (2)
	Порядок работы: (6)
	Cодержание отчета: (6)
	Часть В. Элементы VА-группы периодической системы элементов и их соединения.
	Содержание работы: (7)
	Приборы и реактивы: (5)
	Теоретические сведения. (1)
	Получение: (2)
	Экспериментальная часть:
	Опыт 2. Восстановительные свойства аммиака
	Опыт 3. Отношение солей аммония к нагреванию.
	Опыт 4. Гидролиз солей аммония
	Опыт 5. Получение оксида азота (II)
	Опыт 6. Свойства азотной кислоты. Взаимодействие с металлами
	Опыт 7. Взаимодействие азотной кислоты с неметаллами
	Опыт 8. Окислительные свойства азотной кислоты
	Контрольные вопросы: (3)
	Фосфор и его соединения
	Опыт 2. Образование фосфата железа (III).
	Опыт 3. Образование гидрофосфата бария
	Опыт 4. Образование фосфата серебра.
	Контрольные вопросы. (2)
	Часть Г. Элементы IV А-группы периодической системы элементов и их соединения.
	Содержание работы: (8)
	Приборы и реактивы: (6)
	Теоретические сведения. (2)
	Экспериментальная часть: Опыт 1. Получение карбонатов.
	Опыт 3. Получение кремниевой кислоты.
	Порядок работы: (7)
	Cодержание отчета: (7)
	Контрольные вопросы: (4)
	ТЕМА 2. ХИМИЯ МЕТАЛЛОВ
	Металлическая связь и металлическая кристаллическая решетка.

	Химические свойства металлов
	Отношение к воде.
	2. Отношение к кислотам.
	H2SO4(конц) (окислитель – S+6)
	HNO3(конц) (окислитель N+5)
	HNO3(разб) (окислитель N+5)
	3. Отношение к основаниям
	4. Отношение к оксидам.
	5. Отношение к солям.
	7. Отношение друг к другу.
	Коррозия металлов:
	Способы получения металлов:
	Часть А. Изучение свойств щелочных и щелочноземельных металлов и их соединений»
	Содержание работы: (9)
	Приборы и реактивы: (7)
	Экспериментальная часть
	Порядок работы: (8)
	Cодержание отчета: (8)
	Контрольные вопросы. (3)
	Часть Б. Элементы III А-группы периодической системы и их соединения. Цель работы:
	Содержание работы: (10)
	Приборы и реактивы: (8)
	Экспериментальная часть (1)
	Порядок работы: (9)
	Cодержание отчета: (9)
	Контрольные вопросы: (5)
	ТЕМА 3. ОБЩАЯ ХАРАКТЕРИСТИКА И ТОКСИКОЛОГИЯ D-ЭЛЕМЕНТОВ И ИХ СОЕДИНЕНИЙ
	Часть А. Элементы IБ и IIБ группы периодической системы и их соединения. Цель работы:
	Содержание работы: (11)
	Изучение свойств меди и серебра и их соединений. Приборы и реактивы:
	Экспериментальная часть (2)
	Опыт 2. Изучение свойств серебра и его соединений.
	Контрольные вопросы. (4)
	Приборы и реактивы: (9)
	Экспериментальная часть (3)
	Опыт 2. Гидроксид цинка и его свойства.
	Опыт 3. Сульфид цинка.
	Опыт 4. Гидролиз солей цинка.
	Опыт 5. Аммиачный комплекс цинка.
	Контрольные опросы:
	Порядок работы: (10)
	Cодержание отчета: (10)
	Часть Б. Элементы побочной подгруппы VI группы периодической системы.
	Содержание работы: (12)
	Приборы и реактивы: (10)
	Экспериментальная часть Опыт 1. Получение оксида хрома.
	Опыт 2. Получение и свойства гидроксида хрома (III).
	Опыт 3. Хроматы и бихроматы.
	Опыт 4. Получение малорастворимых хроматов бария, свинца и серебра.
	Опыт 5. Окислительные свойства хроматов.
	Порядок работы: (11)
	Cодержание отчета: (11)
	Контрольные вопросы. (5)
	Часть В. Побочная подгруппа седьмой группы периодической системы.
	Содержание работы: (13)
	Приборы и реактивы: (11)
	Экспериментальная часть (4)
	Опыт 2. Гидроксид марганца (II) и его свойства
	Опыт 3. Получение некоторых малорастворимых солей марганца (II)
	Опыт 4. Окислительные свойства соединений марганца (VII).
	а) Влияние рН среды на характер восстановления перманганата.
	б) Окисление перманагантом калия пероксида водорода.
	в) Окисление перманагантом калия спирта в кислой и щелочной среде.

	Порядок работы: (12)
	Cодержание отчета: (12)
	Контрольные вопросы. (6)
	Часть Г. Элементы VIIIБ группы периодической системы элементов и их соединения. Железо, кобальт, никель и их соединения.
	Содержание работы: (14)
	Приборы и реактивы.
	Экспериментальная часть (5)
	б) Действие на соли железа (III) гексацианоферрата (II) калия
	в) Действие на соли железа (III) роданида аммония (или калия)
	Опыт 2. Гидроксид железа (II)
	Опыт 3. Восстановительные свойства соединений железа (II)
	а) Восстановление азотной кислоты
	б) Восстановление пероксида водорода

	Опыт 4. Гидроксид железа (III)
	Опыт 5. Окислительные свойства соединений железа (III)
	а) Окисление иодида калия

	Опыт 6. Комплексные соединения железа (III). Получение комплексного фосфата железа (III).
	Опыт 7. Гидроксиды кобальта (II) и никеля (II).
	а) Получение гидроксида кобальта (II) и его окисление.
	б) Получение гидроксида никеля (II) и его окисление.

	Опыт 8. Комплексные соединения кобальта и никеля.
	а) Получение комплексного роданида кобальта.

	Порядок работы: (13)
	Cодержание отчета: (13)
	Контрольные вопросы. (7)
	Раздел 3. Аналитическая химия (1)
	Определение карбонатной жесткости воды методом ацидиметрического титрований Цель работы:
	Краткие теоретические сведения. (4)
	Экспериментальная часть
	Контрольные вопросы: (6)
	8 ТЕМАТИКА КУРСОВЫХ, КОНТРОЛЬНЫХ РАБОТ, РЕФЕРАТОВ
	9 ПЕРЕЧЕНЬ ВОПРОСОВ К ЭКЗАМЕНУ
	10 САМОСТОЯТЕЛЬНАЯ РАБОТА ОБУЧАЮЩИХСЯ
	12 МАТЕРИАЛЬНО-ТЕХНИЧЕСКОЕ ОБЕСПЕЧЕНИЕ НАУЧНО- ИССЛЕДОВАТЕЛЬСКОЙ РАБОТЫ
	13 СПЕЦИАЛЬНЫЕ УСЛОВИЯ ДЛЯ ОБУЧАЮЩИХСЯ С ОГРАНИЧЕННЫМИ ВОЗМОЖНОСТЯМИ ЗДОРОВЬЯ (ОВЗ) И ИНВАЛИДОВ

