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1 OEJIb U 3AJAYH OCBOEHUA JUCIHUITJIMHDbI

Lenabio ocBoeHMs] IMCHMIIMHBI -  sBIeTCS (OPMUPOBAHHME CHUCTEMHBIX 3HAHUM,
KOTOpbIe HEOOXOAMMBI CTYJEHTaM TIpPH PACCMOTPEHUH (PU3MKO-XUMHUYECKOH CYIIHOCTH H
MEXaHHU3MOB MPOILIECCOB, MPOUCXOASIINX B MPUPOJE U KUBOM OpPraHM3ME Ha MOJIEKYJSPHOM U
KJIETOYHOM YypPOBHAX. B pe3ymbraTe OCBOEHHMS [aHHOM JUCHUIUIMHBI JOJDKHBI  OBITH
cOpMUpPOBaHbl yYMEHHUS BBIMIOJHATh B HEOOXOAMMBIX CIy4asX pacdeTbl MapaMeTpoB ATHX
IPOIIECCOB, YTO TMO3BOJUT OoJiee TIYyOOKO MOHATH (PYHKIUMH OTIACIBHBIX CHCTEM OpraHM3Ma, a
TAKXeE €ro B3aUMOJAECHCTBUE C OKPYKAIOIIEH CPEION.

3agaum ocBOEHHUS AU CHUIIUHBIL

- OCBETUTb KIIIOYEBBIE BONPOCHI MPOTrpamMMbl, CTUMYJIUPOBATH CTYIEHTOB K
NOCJIEIYIONIEH CaMOCTOATENbHOM pabdoTe.

- chopMHPOBATh YMEHUS U HaBBIKU I PEIICHUS TPOOJIIEMHBIX U CUTYallMOHHBIX 33/1a4;

- cpopmMupoBaTh  MPAKTHYECKHE  HABBIKM  TIOCTAHOBKM U BBIIOJHEHUS
SKCTIEPUMEHTAIBHON PabOTHI.

2 MECTO JUCHHUIIJIMHBI B CTPYKTYPE OIIOII:

JlMcuuIuiiHa OTHOCHUTCSL K MaTEMAaTUYECKOMY U €CTECTBEHHOHAayYHOMY LIMKIY, Oa3zoBast
gacte (5.1.0.10.). [ng wW3ydeHUs JAUCHUIUIMHBI HEOOXOJMMBI  3HAHUS  BOIMPOCOB
IPEIUIECTBYIOIUX HM3Y4aeMbIX JUCLHUIUIMH — HIKOJBHOTO Kypca XuMuu. [laHHass IUCUUIUIMHA
u3ydaercs Ha | Kypce.

OcBoeHne IUCHMIUIMHBI Oa3upyeTcsi Ha 3HAHUAX, NPHOOPETEHHBIX NpPU H3YyYCHHUH
npeduiecmeyrouwyux nucuuiuivg: I'eonesus, Boicias matematuka, ®usuka, boranuka.

JlanHas ydeOHas JAMCUUIUIMHA OCBAWBACTCS NapaiielbHo C  JUCHUIUIMHAMU:
dusnonorus pacteHuid, THpopmarmonHbie TEXHOIOTHH, J{eHAPOTIOTHS.

JlanHas yueOHas QUCLHUIUIMHA OYAEeT OCHOBOW Ul U3YYEHUS ROCEOyIouux TUCIUILINH:
ITouBoBenenue, Takcanus neca, JlecoBenenue, JlecHast reHeTHKA U CEIEKLM, a TAKXKE IIPU IIPU
IOATOTOBKE U CAAYU T'OCYAAPCTBEHHOI'O dK3aMeEHa
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3 IHEPEYEHD IINTAHUPYEMBIX PE3YJIBTATOB OBYUEHUS 11O JUCHUIIJIMHE
MOAVYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMMU

OCBOEHM s OITOII

Konx u HaumeHnoBaHue
peanr3yemMoil KOMIETEHIINN

[lepeueHp TIaHUPYEMBIX PE3YJIBTATOB OOYUEHHUS 110
JUCHUIIINHE (MOJYJII0), COOTHECEHHBIX C MHAMKATOPAMH
JOCTHKEHUS] KOMITIETEHUIUHI

OIIK-1:  Cnocoben  pemath
TUTIOBBIC 3a7a9u
npodecCuoHATBLHOM

NeSITETHbHOCTH Ha OCHOBE 3HAHMU
OCHOBHBIX 3aKOHOB
MaTeMaTHYECKUX "
€CTECCTBCHHBIX HayK C

NpUMEeHEeHHeM HWHGOPMaIMOHHO-
KOMMYHHKAITUOHHBIX TEXHOJIOTHA

3HaTh: TEOPETUYECKHE OCHOBBHI OOIIEH, HEOPraHWYECKOMH,
AQHAJIUTUYECKOW XMMMHU; COCTaB, CTPOEHUE M XUMHUYECKHE
CBOMCTBAa OCHOBHBIX IPOCTBIX BEIIECTB U XMMHUYECKHUX
COEMHEHUH; MOHUMaTh NPUHLUIBI CTPOCHUS BEILECTBA U
IPOTEKAaHNUs XUMHYECKHX IIPOLECCOB; OCHOBHBIE ATaIlbl
IPOBE/IEHUS J1JAOOPAaTOPHOIO HCCIIEIOBAHHUS.

YMeTb: BEIOUpAaTh METOANKH TOCTAHOBKU U TIPOBEICHUS
71a00paTOPHOTO UCCIIEIOBAHUS

-OIpEENSITh BO3MOXKHOCTb M IyTh CAaMOIPOU3BOJIBHOTO
IPOTEKaHUs XUMHYECKUX IPOLIECCOB, B OCHOBE KOTOPBIX
JeKaT Pa3IMYHbIE XUMUUECKHUE PEAKIIUY;

- noAduparth  ONTHMaJbHbBIE  YCJIOBHUSA
XUMUYECKHUX PEAKLIUN.

Brnaners: - npuemaMu UCnonb30BaTh HEOOXOAMMOE
nabopaTopHoe 000pyIoBaHHE U TIPUOOPHI B X0OJI€
IIPOBE/ICHUS J1JaOOPaTOPHOI 0 HCCIIEIOBAHNUS.

MIPOBEICHUS

4.0bIIAA TPYJOEMKOCTbDb JUCHUIITINHBI

4.1. O0beM TMCUMILTUHBI B 3a4eTHBIX equHuuax (scero) S 3ET
4.2. 1o Bugam y4deOHoi padotsl ( B yacax): 180

KonnuecTBo yacos
(bopma 0OyucHHMS - OUHAs)
Bun yaeOHO# paboThI Beero 110 B 1.4. mo
Hnany ceMecTpam
2
KonTakTHas pabota 00y4aronmxcs ¢ MpernoaBaTesieM B 48 48
coorBercTBUH € YII
AyIUTOpHBIC 3aHATHUS: 48 48
JIEKIIUU 16 16
CEeMMHAPhl U TPAKTUYECKUE 3aHATHS 0 0
nabopaTopHble pabOThI, MPAKTUKYMBI 32 32
CamocrosiTenpHas pabora 96 96
dopma TeKyIero KOHTPOJIsl 3HAHUH U KOHTPOJIS Komnoksuym, | KomtokBuym,
CaMOCTOSATENFHOM paboThI KOHTPOJIbHAs | KOHTPOJbHAs
pabora pabota
Kypcogas pabora - -
Buibl mpoMexyTO4YHO# aTTecTanuu (IK3aMeH) 36 36
Bcero gacoB no qucoumninie 180 180

*B cnyuae HeoOX00UMOCMU UCNONb308AHUSL 8 YUeOHOM npoyecce 4acmudHO/UCKIIOUUMENbHO
OUCMAHYUOHHBIX 00PA308AMENbHLIX MEXHON02U 6 mabauye uepe3 cleul YKA3bleAemcs
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Koauvyecmeo 4acoe pa60H1bl

HIIC ¢ obyuarowumucs 0as

OUCMAHYUOHHOM opmame ¢ NpUMeHeHUeM 21eKMPOHHO20 00YYeHUs]

npogeoeHus 3aHAmuil 8

4.3 Conepxanue TMCUMILIMHBI (MoayJisi.) PacmpenesieHue 4yacoB mo TeMaM W BHJAaM
y4eOHoi1 padoThI:

dopma o0yyeHHs: OUHas

Bunpl yueOHBIX 3aHATHI dopma
AyIUTOpHBIE 3aHATHS 3a CaMocCTOS | TEKYILETO
HATUSA B
Hassanwue pasnenoB | Beer [Ipaktuyec | Jlaboparo Tepacry TCPHAT KOHTPOJIA
U TeM 0 KHe pHBIE P paboTa | 3HaHHMH
JIEeKUU BHOU
3aHATHUS, | pabOTHI
bopme
CEMHHAPBI
1 2 3 4 5 6 7 8
Paszgen 1. O6mas xumMu
1. Ilemu wu 3agaum 7 1 - - 1 6
xumun. CTpoeHHe aToMa
Ilepuonuueckuii 3aKoH 1
Komnoxsuym
MEPUOIUYCCKAsl CHCTEMA Nol
JAN. Menneneera B -
KOHTPOJIbHAS
CBETEC TCOPHU CTPOCHUS
paboraNel
aToMma. Xumuueckas
CBI3b H  CTPOCHHUE
MOJICKYII.
2. OCHOBBI XMMHYECKOM 13 1 - 4 3 8 KoIutokBryM
TEPMOIMHAMUKH. Ne2,
Xumuueckas KHWHETHKA KOHTPOJIbHAS
M PaBHOBECHEC. pa60Ta_N'92
3. Teopust pacTBOpoB U 14 2 - 4 4 8
pacTBopuTeneit.
KomnnuraTupHbie
CBOMCTBa pacTBOpOB. Komnoxsuym
PactBOpHI Ne3,
JNEKTPOJIUTOB. KOHTpOJIbHAS
BomopomHsbrit pabota Ne3
nokaszarteib. [ 'uuposns
coJre. Bydepnsie
pacTBOpbI
4. OKHCIUTEIBHO- 12 2 - 2 2 8
BOCCTAHOBHUTECIILHBIC
Komnoxsuym
TPOIIECCHI. Nod
CrangapTHbIi u -
€aJIbHBIN AJIEKTPOAHBIN KOHTPOIIbHAL
P paboraNed
MOTEHIIHMAI. Oo6mue
CBOICTBAa METAJUIOB.
5. Teopust KOMIUIEKCHBIX 8 - - 2 4 6 KomokBrym
COCTMHEHUH. No5
HUTOI'O 54 6 - 16 14 36
Paznen 2. Heopranmueckas XUMHsI
1. Xumuss HEMETaJUIOB: 16 2 - 6 6 8 KomnokBuym
asnmementoB VIIA, VIA, Ne5,
VA IVA (yrmepon) KOHTPOJIbHAS
rpynmsl [lepruonudaeckoit paboTtaNe4
CUCTEMBI u ux
COCJIMHCHMUSL.
®opma A Crpanuia 4 u3 62
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2. Xumus Metauios: | u 16 2 - 6 4 8 KomnoxBuym
A, A, IVA (onoBo u No6,
CBUHEII) TPYIIIBI KOHTPOJIbHAS
[epnoanueckoii paboraNe5
CUCTEMBI u ux
COeIMHEHUH.
3. O6mas 15 1 - 6 5 8 Komnnoxsuym
XapaKkTepUCTHUKA u No7,
TOKCHUKOJIOTUsI d- KOHTpOJIbHAS
3JIEMEHTOB " nux paboraNe6
COEIMHEHU.
4. BUOTEHHBIE 3JIEMEHTBI 9 1 - - 1 8 KostokBrym
Ne7
5.Heopranmueckue 5 1 - - 1 4 Komnoxsuym
MUHEpaJbHbIE Ne8
ynoOpeHus.
UTOIrO 61 7 - 18 17 36
Paznen 3. AnanuTudeckass XuMHst
1. Buasl u MeToabl 9 1 - - 1 8 Komnoxsuym
XUMHUYECKOTO Ne9
aHaJIn3a.
2.Pacuetsl B 9 1 - - 1 8 Konoksuym
KOJIMYECTBEHHOM NelO
aHaJIn3e.
3.AHanu3  o0bektoB | 11 1 - 2 3 8 KosutokBuym
OKpY KaIOLIEH CPebl. Nell,
KOHTpOJIbHAS
paboraNe7
HUTOI'O 29 3 - 2 3 24
[ToaroToBKa K 9K3aMeHy 36 - - - - -
BCET'O 180 16 - 32 34 96
Dopma A Crpanuna 5 u3 62
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5 COJEPKAHWE JACHUTIIAHBI (MOIY.JIA)

Paznen 1. O01as xuvmst

Tema 1. Hesm u 3apaun xumuun. Ctpoenue aroma. [lepronmyeckuii 3aKoH ¥ nepruoIMIecKast
cucrema /L. MenneneeBa B cBere TeOPHMM CTPOeHHMs] aToMa. XUMHYecKas CBSI3b M CTPOEHHE
MOJIEKY.I

Xumus kak Hayka. [Ipenmer, 3amaum u meronasl xumuu. CtpoeHue atoma. OCHOBBI
KBaHTOBOI MexaHWKH. KBaHTOBBIE 4YHCIIa U CTPOCHUE DJJIEKTPOHHBIX O00O0JIOYEK aToMa.
[TpuHIMIBI 3aMIOTHEHUSI aTOMHBIX OpOUTANICH.

Uctopusa co3manust mepuoanveckoro 3akoHa. CTpykTypa NEPUOAMYECKOW CHUCTEMBI.
BeprukanbHasi, rOpu30HTalIbHAS M JUArOHAJIbHAS IEPUOAUYHOCTh. BTOpUYHAsS NEPUOIUYHOCTD.
[TapameTpsl aTOMa ¥ NEPUOAMYHOCTh X U3MEHEHUS B cucTteme 3iiemeHToB /.M. Menpeneena.

[MonsTHe XuMMHMUecKas CBsI3b M MEXaHU3MBI ee oOpa3oBaHHs. MeToasl OmMUCaHUS
XUMUYECKOW CBSI3M: METOJI BAJICHTHBIX CBA3€H W MOJEKYJSIPHBIX opOuTaneii. OcHOBHBIE
XapaKTEPUCTUKU XUMHUYECKOW CBS3H. Pa3HOBUAHOCTM XHMMHUYECKOW CBS3U: KOBAJICHTHAS,
WOHHAas1, MeTajuInyeckas. MeXMONEKyJISIpHOE B3aUMO/ICHCTBHE.

Tema 2. OcHOBBI XUMHYECKOH TEPMOAMHAMUKH. XMMHYCCKAs] KHHETHKA U PABHOBeECHe.

OCHOBHBIE TIOHATHUA XUMHUYECKOW TepMoauHaMuKH. [lepBelii © BTOpPOMl 3aKOH
TepMonuHaMHKH. 3akoH ['ecca u ero crneactBus. CBoOoaHas »Heprus ['mb6Oca kak KpUTEpHid
CaMOIIPOU3BOJIBHOTO MPOTEKaHUI XUMUYECKUX PEAKIUH.

[IoHATHE CKOPOCTH XUMUYECKOU peakuuu. PaKkTOpsl, BIUAIOIIKAE HA CKOPOCTh PEAKLIMU:
IIPUPOJA pPEarupyroUIMX BEUIECTB, KOHLEHTPALUs pPEarcHTOB, TEMIepaTypa W JaBJICHHE.
[lonaTe XUMHUYECKOrO paBHOBECHUS U MpUHLUI ero cMmeuleHusa. Karamus. ['omoreHHbIl u
reTepOTCHHBIN KaTalu3.

Tema 3. Teopusi pactBopoB u pacrBopureseil. KosumuratuBabie cBoMCTBa PacTBOPOB.
PactBopbl 2j1eKTpoMToB. Bogopoanslii nokasareis. I'maposms coseil. bygepHbie pacTBopbl

OO01ue moHATUS O pacTBOpax U pacTBoputesx. CrnocoObl BhIpaXKEHUS KOHIEHTPALIUU
pactBopoB. TepMonnHamMuKa 0Opa3oBaHUsl PACTBOPOB.

KonnuraruBable CBOMCTBA PaCTBOPOB: OCMOC M OCMOTHYECKOE JAaBJIEHUE, TEMIIepaTypa
KUIICHUS U 3aMep3anus. [IepBsliii 1 BTOpoi 3aKkoH Payiis.

Teopuss smekTponuTHdecko auccoumanmu  Appenuyca. CuinbHble W claObie
anekTponuThl. KoHCTaHTa M cTeneHb Auccouuanuu. 3akoH pasbasnenus OctBanbna. Teopus
CUJIBHBIX 3JIEKTPOJIMTOB, IOHATHE AKTUBHOCTD. [Ipon3BeieHnEe pacCTBOPUMOCTH.

I'ereporennoe paBHOBecue B pactBopax. lIpousBeneHue pacTBOPUMOCTH. Y CIOBUSA
obOpasoBanHus ocankoB. Bomopoauerit mokasarens. [ maponus coneit. bydepHbie pacTBOpHI.

Tema 4. OKHCIUTEIHbHO-BOCCTAHOBUTEIbHbIE mpouecchbl. CTaHIapTHBIA U
peabHbIH 3JIeKTPOAHBIN noTeHuaa. O0mue cBOMCTBa MeTALIOB.

OKHCIUTENbHO-BOCCTAHOBUTENbHBIE — Tpouecchl. CreneHb  okucieHus. CrocoObl
YpaBHHUBAHMS OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX peakuuid. Kmaccuduxamus OKHCIUTENBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIMM.

CraHpapTHBIN 1 peanbHBIA AJIEKTPOAHBIN noTeHuuan. YpasHenue Hepucra-Ilerepca u
HallpaBJI€HUE  OKUCIUTEIbHO-BOCCTAHOBUTENBHOIO  mponecca.  CpaBHHUTENbHas  cuiia
OKUCIHUTENEN M  BOccTaHOBUTENEH. OKHUCIUTENbHO-BOCCTAHOBUTEIBHBIE IMPOLECCHl U
KU3HEACITENBHOCTD.

DJEKTPOXUMHUECKUI  PSIl  HANpsDKEHUS  METauIoB.  JJekTponu3. (OcoOeHHOCTH
MeTaJIMyeckor  cBsizu. OOmume CcBOWCTBa METAJIOB: KOBKOCTb, TEIUIOMPOBOJHOCTh U
AIIEKTPONPOBOIHOCTE. KOoppo3ust MeTasia, BUABI KOPPO3UH, CLIOCOOBI 3aLIUTHI OT KOPPO3HH.

Tema 5. Teopusi KOMILIEKCHBIX COeIUHEHHI.
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OcHoBHBIE TIOHATHA Teopuu Bepuepa. Jlurammel w  ux  Kiaccudukamms.
BuytpuopOuTanbHble 1 BHEUIHEOpPOUTaNbHBIE KOMIUIEKCH. Kiaccudukanus u HOMEHKIATypa
KOMIUIEKCHBIX cOeIMHEHHUH. [IoHATHE KOHCTaHTa HECTOMKOCTH.

Pasznen 2. Heopranuueckasi Xumusi

Tema 1. Xumusi HemeTas10B: eMenToB VIIA, VIA, VA IVA (yraepoa, kpemumii)
rpynnbl [lepuoanyeckoii cucTeMbl M UX COeIMHEHUS.

DJNIEKTPOHHBIE CTPYKTYpbhl aTOMOB TajioreHoB. [amorensl B mpupoge. Pdusmueckue
CBOMCTBA M XUMHYECKHE CBOMCTBAa rajoreHoB. [lomydyeHne W TpPUMEHEHHE TaJIOT€HOB.
CoenuHeHue rajoreHoB ¢ BojiopoaoM. Kuciopoacoaep:xkaiiye coeAMHEHUS TAJIOT€HOB.

DJIEKTPOHHOE CTPOEHHE W MapaMeTpPbl aTOMOB 3JIEMEHTOB IJIABHOW MOATPYMIIBI MIECTOM
rpynnsl.  [lepuoguynocts ux u3MeHeHus. Kucimopon, pacrnpocTpaHeHwe B NOpUPOAE U
XUMHYecKHe cBorcTBa. Cepa, pacCIpoCTpaHEHUE B IPUPOJAE U XUMHUYECKHE CBOMCTBA. OCHOBHBIE
COCIMHEHUS CEPbl: OKCUJIBI M KUCIOTHI. VX XuMHuyeckue cBOMCTBA.

DJIEKTPOHHBIE CTPYKTYpPBl aTOMOB. A30T: a30T B MPUPOJE, €r0 MOJYYEHUs U CBOICTBA.
AMMuak, comu amMmoHus. Dukcanus atMochepHOro a3zoTa, MOTydyeHHE aMMUaka. | uapasuH,
TUAPOKCHIIAMHH, azupoBoaopoa. Okcunbl a3ora. A30THCTas M a30THas KHUCIOTHL. Docdop:
docdop B mpupose, momyueHue u cpoiictea docdopa. Coenunenus docdopa ¢ BOgOpoaIoM U
rajoreHamu. OKcuabl U KUCIOTHI hocdopa.

DJNIEKTPOHHBIE CTPYKTYpPbl aTOMOB YTJEPOJ: YriepoJ B MNPUPOJAE €ro MOIyYeHHE U
cBoicTBa. Ayutorponus yriaepoaa. Jluokcua yrnepona. Yronbnas kuciaora. Okcup yriepoaa (II).
CoenuHenus yriepona ¢ cepoil U azoroM. KpemHuii: kpeMHUil B NPUPOAE, €r0 MOITYYEHHE U
cBoiicTBa, CoeIMHEHHS] KPEMHUS C BOAOPOJOM U rajoreHamu. /[nokcua kpemuusa. KpemHeBbie
KHUCJIOTHI U MX cojii. CTEKJI0, IIEMEHT.

Tema 2. Xumus merauion: |A, IlA, IlIIA, IVA (010B0 M CcBHHeN) Ipynmnbl
Ilepuoauveckoii cucTeMbl M MX COeIMHEHMI.

[IlenoyHble METAJIIBL: PACIIPOCTPAHEHUE B IPUPOJIE, IIOTYyUEHUE, CBONCTBA, IPUMEHEHUE.
Harpuii. Kanuii.

[IlenoyHO3EMENBHBIE METAJUIBI: PACHpPOCTPAHEHUE B IMPHUPOAE, MOIY4YEHHUE, CBOICTBA,
npuMeHeHrue. Marauii, KanbIui, 6apui.

OnekTpoHHble CTpYKTypsl atoMoB |lIIA rpynmel. AntoMuHMIA: pacnpoCTpaHEHUE B
IpUpPOJIE, OJTy4YEeHUE, CBOICTBA, IPUMEHEHUE.

OnekTpoHHbIe CTPYKTyphl atoMoB IVA rpynnsl. OI0BO U CBHHEL: paclpoCTpaHEHHUE B
IpUPOJIE, NOTY4YEHUE, CBOICTBA, MPUMEHEHNE. TOKCUKOJIOIHsI CBUHIIA U €r0 COCTUHEHHUS.

Tema 3. O0uIasi XapaKTePUCTHKA H TOKCHKOJIOTHs (-3JIeMEHTOB W UX COeTHHEHHId.
d-smementel. OOImas xapakTepHCTHKA. PacrmpocTpaHEeHHOCTh B mpupoae. PDusmko-
XUMHUYECKHE cBOMCTBA d-351eMeHTOB. TOKCHKOIOTHSA 0-371EMEHTOB M UX COEIUHEHUIA.

Tema 4. BuoreHHble 3J1eMeHTHI.

[TonsiTie OMOTEHHOCTH XUMHYECKHUX 3JeMEHTOB. buocdepa, KpyroBopor OHOTE€HHBIX
anieMeHTOB. KOHIIEHTprpoBaHUE OMOTEHHBIX 3JIEMEHTOB XUBBIMH cucTeMamu. Knaccudukarus
OMOTeHHBIX AJIEMEHTOB MO MX (PYHKIIMOHAIBHON POJIM: OPraHOTeHbI, AJIEMEHTHI 3JIEKTPOIUTHOTO
dona, MUKPO3JIEMEHTHI. [IpumecHbie AJIEMEHTBI (aKKyMyTUpPYIOLTHECS T
HeakkyMmynupymomuecs). OCHOBHbIE HCTOYHHUKHM TIOCTYIUICHUSI TIPUMECHBIX JJIEMEHTOB B
OpTraHu3M YeJoBeKa. XUMHUYECKUE aCTIeKThl OXPaHbl OKPYKAIOIIEH CPEIbI.

KomMruiekchl KaTHOHOB S-MeTauioB (MOHOMOPHI, KpayH-3(PUPBI, KpUITAHABI. XJI0POhHUILI.
buonorudeckass ponp HATpUs, Kalus, KaJblHs, MarHus. XHMHUYECKOE CXOJICTBO U
OMOJIOTMYECKUH aHTAarOHW3M (HATpUN-KaJIUi, MarHUi- KaJabIlui).

Haubosiee BakHbie OMOTEHHBIC 3JeMEHThI 0-0J0Ka: XpoMm, Meab, MoauOAeH. CHUCTEMBI
MeTauT-0eJI0K (METAJTIONPOTENHBI M OCJTKH, aKTHBUPYEMbIE METaJNIAMH ).
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Tema 5. Heopranuveckue MuHepaJjbHbIe Y100peHMsl.

Ilpocmuie yoobpenus:

A3OTHBIC: HUTpATHBIE (HATPHEBAst M KaJbIIMEBAasi CEIUTPHI); aAMMOHUWHBIC H aMMHAYHbIC
ynobpenusi (cyiabhaT aMMOHHUS, aMMOHHMMHO-HUTpATHBbIC yAOOpEHUS, aMMHayHas CeIUTpPa);
MOYEBHHA.

®ocdopusie: cynepdocdar, aBoiiHoi# cynepdocdar, mpernunuTar.

Mukpoynoopenuns. MukposnemenTsl. bopHbie ynoopenus. Mennbie y1oOpeHus.

Komnnexcnvie yoobpenus:

Ammodochl, HUTpodOChl u HHUTPOGOCKH, HUTPOAMMO(POCH U HUTPOAMMO(DOCKH,
kapOoamMModocsl, monuduchaTsl aMMOHUSL.

Pa3znea 3. AHaanTH4YecKas XUMHUSA

Tema 1. Buanl 1 MeToaAbLI XUMHYECKOI'0 AaHAJIN3A.

KauecTBeHHbIl 1 KonmuuecTBeHHBIN aHanu3. Knaccudukanus BuaoB ananuza. OOBEKTHI
aHanuza. OCHOBHblE CTaguu MpoBeaeHUs aHanu3a. OCHOBHBIE CTaguM  IOCTPOCHUS
AHATUTUYECKOW METOJMKH U OCHOBHBIE METOJIbI aHalM3a. MeToabl MpoOo0TOOpa, pa3IoKeHUs
poObl, pa3iereHus] U KOHIEHTPUPOBAHUSI, OOHAPYKEHUS U OMPE/ICICHHUS.

Tema 2. PacueTsl B KOJIM4YECTBEHHOM aHAJIU3E.

Enununbr konnyectBa BemiecTBa. CrocoObl BBIpaKEHUS KOHIEHTpALUI: MOJSpHAs
KOHIIEHTpAIlMsl, MOJISIpHAs KOHIIGHTpAlMsl OSKBUBAJICHTA, MAaccoBas KOHIEHTpauus (TUTP
pabouero pactBopa, THTP IO OIPEACISIEMOMY BEIIECTBY), OOBEMHAs KOHIICHTPAIMS, OIS
KOMITOHEHTa (MaccoBasi, 00beMHasl, MOJIIpHAs ).

3aKkoH KpaTHBIX OTHomeHWW JlampToHa. Bbrumcienue ¢akropa SKBHUBAJICHTHOCTH H
HKBUBAJICHTA.

Pacyersl B TUTPUMETPHUYECKOM aHaJIM3€: CYIIHOCTh TUTPUMETPUU; CTaHIapTHHIC
pacTBOPHI U CIIOCOOBI UX MPHUTOTOBJICHHS; BUJIbI TUTPOBAHMS: TIPsIMOE, 00paTHOE (TI0 OCTaTKYy),
TUTpoBaHUe 3amectutelnsi. Kpupble TuTpoBanus. I'paBuMeTprudeckuii (BeCOBOI) aHAIH3.

Tema 3. AHa/IU3 00bEKTOB OKpY:Kalouei cpeabl.

CniocoObl B34THS M MOATOTOBKH MPOOBI (Pa3iokKeHHs], OTACIECHUS MENIAIOIIUX KOMIOHEHTOB U
KOHIIEHTPUPOBAHUS MUKPOMPUMECEH) Ui aHanu3a OOBEKTOB OKPYXKAIOIICH Cpelbl: MOYBBI
JIOHHBIX OTJIOKEHUH, BOABI, BO3ayXxa. Vcmonp3oBaHMEe XUMHYECKHX, (PH3UYECKHX U (PU3UKO-
XUMHYECKHX METOJIOB JIJIsl aHaTN3a 00BEKTOB OKPY’KaIOIIEH CPEIbl.

6 TEMbI IPAKTUYECKHNX 1 CEMUHAPCKHUX 3AHATHIA

Jannblii Bug paboThl He ipeaycMoTper YII.

7 JJABOPATOPHBIE PABOTHBI, IPAKTUKYMbI

Pa3zgen 1. O0mas xumMus.
TEMA 1. JHEPTETUKA XUMHNYECKHUX ITPOLECCOB.
OIIPEJIEJIEHUE TEILIOBOI'O ITPOIIECCA PEAKIIMN HEVTPAJIN3AIINN.
Dopma npoeedeHus - aHAU3 Pe3)TbMamoe OeMOHCHPAYUOHHOR0 IKCHEPUMEHINA
e padoThi:
1. HayuuTbcs BBINOIHATH KAJIOPUMETPUUECKHE U3MEPEHUS.
2. OcBOUTH HaBBIKM TEPMOJMHAMHUYECKHUX PACUYETOB, CBSI3AHHBIX C YHEPTETHUKON XUMHYECKHUX
peaKuuii.
Conep:xxanue padoThbI:
1. DKciepuMeHTaNbHO ONPEAETUTh TEITOBOM 3(P(PEeKT peakuun HeUuTpaaTu3alyy.
2. [TpoBepuTh BIMOHEHKE 3aK0HA ['ecca.
3. OnpenenuTb OTHOCUTENIBHYIO U a0COMIOTHYIO MOTPEIIHOCTH U3MEPEHUSI.
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IIpnGopbel M peakTHUBBI: KaJIOPUMETP, MEpPHbIE IWJIMHAPBI, BOPOHKA, TEPMOMETD,
CEKYHJIOMEP WJIM IIECOYHBIE Yachl, paCTBOPBI THIpOKcHIa HaTpus ¢ KoHeHTpanueil C(NaOH) =
2 monw/1 u ceprort KucinoTel C(H2SO4) = 1 Monw/m.

KpaTkue TeopeTnueckue cBeeHuUsI.

JltoOble XMMHYECKHME peaklMH BCerja COMPOBOXKAAIOTCS TEMHU WJIM HUHBIMU
SHCPTCTUUCCKUMU Bq)(beKTaMI/IZ BBIACIICHUCM WJIN MOTJIOIICHUEM TCIJIOTHI, CBETA, COBCPILICHUCM
AJICKTPUUYECKON WM MEXaHWUYEeCKOW paboThl. M3yueHHeM SHEPreTHYECKUX HW3MEHEHUH MpH
XUMHUYCCKUX PCAKIUAX 3aHUMACTCA HAyKa, Ha3bIBaCMas XHUMHYECKOHU TepMOI[I/IHaMI/IKOI\/'I.
Oco0eHHOCThIO XUMUYECKOW TEPMOAMHAMUKHI KaK HAYKH SIBIISIETCSI pACCMOTPEHUE XUMHUYECKUX
peakuuii B COCTOSSHUU PaBHOBECHS, KOT/Ia peaKIysl THOO He Hadaaach, TMOO yKe 3aKOHUHIIACK, U
M3MEHEHHUS BO BHEIIHEH Cpefie OTCYTCTBYIOT.

XuMHUecKasi TepMOJAMHAMUKa 0a3upyeTcsl Ha IBYX OCHOBHBIX 3aKoHax. Ilepevlil 3aKkon
mepmoOuHaMuUKU N3BECTEH KaK 3aKOH COXPAaHEHUS SHEpPruu. MI3MeHeHne BHYTpEHHEN
SHECPTrUun 3aKpI>ITOI>'I CHUCTCMBI OIMPCACIIACTCA KOJIMUCCTBOM BBIHGHGHHOﬁ TCIIJIOTHI N
coBepiieHHon pabotel. AU =Q - A

KonuyecTBO TEMIOTHl BBIJEIMBLICHCS WJIM IMOTJIOIIEHHOW B pe3yjibTaTe€ XHWMHUYECKOU
peaKIMu Ha3bIBACTCS MENna0evim IPghekmom. DK30TepMUUYECKas peakuuss — TemioTa
BBIICIIETCS, SHAOTEPMHUYECKAs — IMOIJIONIAETCS.

Yame Bcero B OHMONOTMYECKHX CHCTEMax XHMHUYECKHE TPEBpAICHUs MPOTEKAIOT IMpHU
MOCTOSTHHOM JaBjieHUW ( M300apHBIC MPOIECChI) B ITOM CiIy4dae TEIIOBOH 3(dekT peakuuu
OyIner paBeH W3MEHEHUIO BHYTPEHHEH SHEpPrMUM CHUCTEMBl IUTIOC padoTa HaJ BHEIIHUM
nasinenueM pAV: Q=AU + pAV

Cymma U + pV HasbIBaeTcs aHmanpnueil u sBisieTcss QyHKIHEH COCTOSHHUS CUCTEMbI WIN
MEpOH €€ TEIIOCOACPKAHUS.

JU1st XMMUYECKOM PEeaKLUU MPOTEKAIOIIECH MPU ITIOCTOSIHHOM JAaBJICHUU JHTAJIBIIUS PaBHA

TerIoBoMy 3 dexTy.

3a cmanoapmuylo Inmanvnulo 00pa30BaHUA NPUHUMAIOT SHTAJBIHMIO TOM peakiuu, B
KoTopoii 1 Momp BemecTBa 00Opa3yeTcss W3 MPOCTHIX BEIIECTB, KAXI0€ W3 KOTOPBIX
Haxo4uTcCd B TCPMOJMHAMUYCCKOM COCTOSHHU.

3axoH I'ecca u ciaeacTBus U3 Hero.

TemmoBoit 3pQexT peakmuu 3aBUCUT TOIHKO OT HAYATBLHOTO M KOHEYHOTO COCTOSHUS
CHCTEMBI HO HE 3aBUCHUT HU OT ITyTH MPOTEKaHUS PEAKIIUU, HU OT €€ MeXaHHu3Ma.
CraencrBus 3akoHa [ 'ecca.

1) u3MeHeHne PHTANBIUM XUMHYECKOW PEaKIMH HE 3aBHUCUT OT YHCIA TPOMEKYTOUHBIX
cTagui

2) SHTAJBIUS PEAKIMHM paBHA CyMME JHTAJIBIHK 00pa30BaHUS MPOJYKTOB 3a BBHIYETOM
CYMMBI DHTaJbIIUH 00pa30BaHUS UCXOJHBIX BEIIECTB.

Tennoma neiimpanuzauuu — 3To TEIUIOBOM 3¢ dekT peakiuu odpazoBanus 1 mosbs HoO u3
nonoB H' u OH™
H* op T OH™ -p) = H,0; AHagg = -55,9 xJIx/MO0Ib

[Ipn HeWTpanu3allud CHJIBHBIX KHCIOT CHUJIBHBIMH OCHOBAHHUSIMHU TEIUIOBOM 3(dekT 3Toro
mpoliecca Mo4YTH OJMHAKOB B pacueTe Ha | MOJIb SKBUBAJICHTA KUCIIOTHI WX MICIIOYH.

OKcnepuMeHTallbHOEe onpenenenne AH HeWTpanuszanuu OCIOXKHEHO TEeM, 4YTO TIpH
CIIMBaHUM PACTBOPOB UMEET MECTO IpoIecC pa30aBiIeHHUS:

o(pa3z6aBn) = AHucip + AHpas. HeliTpanusanus cnaboil KMCHIOTBI MM CJIA0OTO OCHOBaHHS
COMPOBOXKAACTCS THUAPOIHU30M OOpasylolleiicss COJdM, B pe3yldbTaTe 4Yero HU3MEHSeTCs
KoHIeHTparus noHoB H™ m OH™ B pacTBope, cliefoBaTeNbHO M TEIUIOBOH 3((deKkT mpomecca
OyJieT UHBIM.
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Memoouueckue pekomenoayuu u onucanue 1ab6opamopHoll ycCmanoeKu

C menpro MPOBEPKH CIPaBEIIMBOCTH 3aKkoHa ['ecca, B TaHHOW paboTe MPOBOJUM PEAKITUIO
HelTpanu3anuu H,SO4 menousto NaOH B aBe cragum.

PesynpTaTom peakiuu nepBoit ctaauu (Mpu HegocTarouHoM konnuectBe NaOH)
H,SO,4 + NaOH = NaHSO, + H,O; AH;

SBJISIETCSI pacTBOp Tunpocyiabdara Hatpus NaHSO, B Bojte.

Pe3ynbraroM peakuuu 1o BTOPOU CTaguu
NaHSO4 + NaOH = Na;SO4 + HoOp;  AH>

SBJISICTCSI OOpa3oBaHue CysbdaTa HaTPHs.

B xaxxnoi ctaauu temieparypa yBEeIUYMBACTCS 110 CPAaBHEHUIO C TEMIIEPATypON HCXOIHOIO
BemectBa (pactBopa HpSO4). IloaTOMy NpPOMCXOAUT HW3MEHEHHE OHHTAIBIIMU B TIpOIlEcce
peakuuu. ETo MBI MOXEM OIpeeTuTh IS KaXKI0H cTaauu mo hopMmyIe:

AH =K- AT/n (xI>x/mMomb),

rae K= 0,96 xJ[>x/MoJib — MOCTOSIHHASL KaJlopuMeTpa (KOJIMYECTBO TEIUIOTHI, HEOOXOAUMOE st
HarpeBaHus KaJTOpUMETpa C TEPMOMETPOM, Memtankoii, pactrBopom HySO,4 Ha 1 K);
n = C-V — KOJINYECTBO BEILIECTBA;
C — MonsipHasi KOHLEHTpAIUsl BEILECTBA;
V — 00BeM pacTBOpa.

OO11ee KOJIMYECTBO TEIUIOTHI, BHIACIUBIICICS B pe3ylbTaTe peakiuu, 0yJeT paBHO CyMMe
W3MEHEHMH SHTAJIBIINN Kaxkaon craguu: AHuen = AH; + AHo.

Jns  ompeneneHus TMOTPEIIHOCTH HM3MEpeHHsl TerioBoro s¢@dekra BOCHOIb3yeMcs
dopmynoit: 6 = (AHsken— AHyer AHyer.) - 100%.

3a AH,, mpuHumaem TtabnwuHoe 3HadeHne AH nns peakium, mpoTeKarole B OJHY

CTAIHIO:
H,SO4 + 2NaOH = NaySO4 + 2H,0 + 137,43 x/Ix/ Mo,

ITopsinok BbINOJHEHHUs padoOTHI.

Hamute B ogue numuaap 100 mur ogaoMonsipHOTo pactBopa HySOy.

Hanuts B 1a nmmmaApa no S0 mut apymodisipaoro pactsopa NaOH.

3anuth B kKanopumetp 100 ma ogqHOMOsIpHOTO pactBopa HaSO4.

BxirounTh Melanky.

B Teuenne 5 muHyT uepe3 kaxaple 60 CEKyH CHUMATh [TOKa3aHUs TEPMOMETPA U 3aHOCUTH

3HAYCHMsI TEMIIEPATYPHI B IEPBYIO CTPOKY TabIuIbl Nol

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

7. B TedeHuwe 5 MUHYT CHUMATh MOKa3aHUs TEPMOMETpa depe3 Kaxabie 60 CeKyHI U 3aHOCUTH
BO BTOPYIO CTPOKY TaOmuIs! Nel.

8. Buutek B kanopumerp 50 mur nymossipaoro pactsopa NaOH. B Tedyenune 5 MUHYT CHUMATh
NOKa3aHUs TEPMOMETpa uepe3 Kaxapie 60 CeKyH]I U 3aHOCUTh UX B TPETHIO CTPOKY TaOIHUIIBI
Nel.

9. Paccumtars 3HaueHus AH i Kax10i cTaiuy peakuy U 3aHecTd B Ta0nuiry Ne2.

10. Beumuth oTpaboTaHHBIE PaCTBOPHI, IOCYY BBIMBITE. CaaTh pabouee MECTO JIaOOPaHTYy.

agrwNOE

o

Cxema J1a00paTOPHOIl YCTAHOBKH
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Puc. 1. Cxema kasopumerpa:

1 — BxiIrOUaTENH MEMIATKY; 2 — TEPMOU30JIUPYIOLINE CTAKAHBI;

3 — peaKLMOHHBIN CTaKaH; 4 — TEPMOMETP; 5 — ANEKTPOABUraTeNb MEIIATIKH;
6 — mTaTuB; 7 — BOPOHKA; 8 — MeImanka; 9 — OCHOBaHHUE IITaTHRA.

OCHOBHOI1 4acThIO JJAOOPATOPHON YCTAHOBKH SABISETCS KaJOPUMETP, MPEACTABIISIIOIINI
c000¥ N30JUPOBAHHBIA OT OKPYXKAIOIIeH cpeabl BHyTpeHHuM cocy/ (3). s namepenns
TEMIIepaTypbl pearupyromrux BeIECTB UCIOIB3YETCsl pTYTHBIN TepMoMeTp (4). [lepememmBanue
pacTBOpa OCYIIECTBISIETCS MEMAIKOH (8) ¢ moMoIibio dnekTpoapurares (5). Boponka (7)
CIIY’KUT JUTSI 3aJTUBKU PACTBOPOB.

Tabnuya 1
t, MUH 1 2 3 4 5
t° C, H,SOq4
T°C, 1 ctanuu
T°C, 2 ctaguu
Tabauya 2
1 ctagus 2 cTagus
ToHa'-I = toKOH = toHa'-I = toKOH =
At° = At° =
AHl = AHZ =

Conep:xanue oT4era:
Tema u enb paboTHI.
XUMUYECKUE YPAaBHEHUS PEAKIUN.
Taomumpr Nel u Ne2.
Pacuetst AH u morpentaoctu o %.
BrIBOIBI 110 TIPOIETIAaHHOM padoTe.

gk wn Pk

KoHTpoJsbHbIE BONIPOCHI:
1. OcHoBHBIE NMOHATHS TEPMOJMHAMUKH (TEPMOAMHAMUYECKAsI CUCTEMA, IapaMeTphbl CUCTEMBI,
¢daza, KOMIIOHEHTHI CUCTEMBI, mporiecc). Kimaccudukarus TepMOIMHAMHUYECKIX CUCTEM.
2. Buytpennss sHeprus BemecTBa. DyHKIMEH KakuX MapamMeTpoOB SBISETCS BHYTPEHHSSA
sHeprusa BemiecTBa? IlepBoe Hauano TepmoamHamuku. [IpuMeHeHHMe TmepBOro Havajia
TEPMOJIMHAMHKH K OMOJIOTHYECKUM CUCTEMaM.
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3. Onranbnug kak GyHKuus cocrosiHus. CTaHaapTHBIE YCIOBUS B TepMouHamMuke. Vi3menenue
SHTAJIBIINU B PA3ITMUYHBIX XUMHUECKUX U (PU3HUKO-XUMUYECKUX MPOLIECCAX.

4. TemnnoBoit 3¢ ekt xumudeckoil peakiuu. OCOOEHHOCTH TEPMOXHMHUUYECKUX YPaBHCHUH M

pacueToB 1o HUM. 3aKoH ['ecca u crecTBUs U3 HEro.

Bropoii 3akoH TepMoauHaMuku. [loHsTHE SHTpONH.

CBoboxnas saeprus ' mb0ca kak KpUTepuil CaMONIPOU3BOIBHOTO MPOTEKAHUS PEAKIIHH.

TEMA 2. TEOPUS PACTBOPOB.
Dopma npoeedens - GLINOTHEHUE UCCTICO08AMETLCKUX PAOOM YACIUYHO-NOUCKOBORO XAPAKIMEDA

Yacrs A. [IpuroroBiieHre pacTBOPOB 32IaHHOI KOHIIEHTPAI[UH.

Hean padoThi:
Hayuutcs roTOBUTH pacTBOPBI 3aJaHHOM KOHIIEHTPAIHH.
[IpuoOpereHre HABBIKOB pacyeTa U mepepacyeTa KOHIICHTPAIHi paCTBOPOB.

Conep:xxanue padoThbI:
[IpurorosieHus pacTBOPOB pa3IMYHON KOHLUEHTPALMHU U3 CYXOH COJIN.
[TpuroTtoBneHus pacTBOPOB U3 OOJIee KOHLIEHTPUPOBAHHOTO PacTBOpA.
[IpuroroBneHus pacTBOPOB CMEILIEHUEM JIBYX PaCTBOPOB Pa3HbIX KOHIIEHTPALIUH.
[lepepacuer MaccoBOl [0JAM pacTBOPOB B MOJSIPHYHO KOHUEHTPALUIO, MOJIIPHYIO
KOHIICHTPAIMIO 3KBUBAJIEHTA, B MOJISUIBHOCTb.

IIpuGopsl 1 peakTUBbI: MEpHBIC KOJIOBI (KoHUYecKue Ha 250 MIT); MEpHBIE IHJIUH]IPBI

Ha 50, 100 u 250 i, CTEKISHHBIC MAIOYKH, BEChl TEXHOXUMHUYECKHE, Pa3HOBECHI, HAOOp
apeoMEeTpOB, XJIOPUJT HATPHUS.

oo

™=

el AN S

MeToanuyeckne peKOMEHIAIUN U ONUCAHME JIA00PATOPHOH PadoThI

a) [IpuroroBnenne pacreopa NaCl 3ananHoii KOHIEHTPAMN U3 HABECKH
CYXOro BellecTBa
ITopsinok paGoTbI:
1. IMonyunuTs 3amaHue OT IMpPENoAaBaTelis: MPUTOTOBUTH ompenesneHHoe koiaudecTBo (100-500
MJT) pacTBOpa XJIOpUAA HATPHs ¢ KOHIEHTpauueil 5—15%.

2. Paccunrtarh HEOOXOAMMYIO NIJIsi IPUTOTOBJICHHS 33JJaHHOTO 00BbEMa pacTBOpa HABECKY CYyXOH
COJIX ¥ 00BEM BOJIBL.

(O8]

. OTBecuTh HaBECKY XJIOpH/Ia HATPUs HA TEXHOXMMHUYECKUX BECcax U MEPEHECTHU €€ B KOJIOYy.
4. OT™MepuTh HEOOXOUMOE KOJTUYECTBO BOJBI MEPHBIM IIWJIMHIPOM U BBUIMTH BOJY B COCYI C
CyXO# coJpo. PazMemars cMech MaJIOYKOM J10 TTOJTHOTO PACTBOPEHHUSI COJIH.

5. Jlns KOHTpOJST TPaBWIBHOCTH MPUTOTOBJIICHUS pPAcTBOpa H3MEPUTh €ro IUIOTHOCTh
apeoMeTpoM: B MIIMHIP eMKocThio 50/100 M1 HaTMBaKOT MOTyYeHHBIN pacTBOp (2/3 oObema)
U OCTOPOXKHO OITyCKalOT TyAa apeoMmeTp (B MPUCYTCTBHM TperioaaBarens). CpaBHUBAIOT
peabHyIO TIOTHOCTh C HEOOXoauMoW (TabnWIla) W AENaloT 3aKJIIOYCHHE O MPaBHUIBHOCTH
BBITIOJIHEHUS pabOTHI.

6. OdopMHUTH MTPOTOKOJI pabOTHI M BBIPA3UTH COJIEPIKAHHUE XJIOPUAA HATPUs BO BCEX EIMHUIAX
koHIeHTpanuu (%, MoIsApHas [OJiA, MaccoBas KOHIIEHTpAlUs, THTP, MOJSIPHOCTD,
MOJISUTBHOCTh, HOPMaJIbHOCTB ).

7. PacTBOp XJIOpHIa HATPHUS OCTABUTH JJISI JATBHEUIIICH padOThI, HCIOIL30BAHHYIO TIOCY/TY BBIMBITh.
6) [Ipurorosienne pacreopa NaCl pazoaBiaennem GoJiee KOHIEHTPHPOBAHHOIO PacTBOpa

ITopsinok paGoTbI:

1. IMoxyuuTts OT mpernojaBaTess 3aJaHue — MPUTOTOBUTH omnpeaenaeHHoe koiauuectBo (100-500
MJI) pacTBOpa XJiopuJa HaTpusi HU3KOW  KoHueHTpauuun (2-8%) wu3  Ooiee
KOHIICHTPHPOBAHHOTO PacTBOpPA.
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2. PaccunrtaTth 00BEM KOHIEHTPUPOBAHHOIO PpAcTBOpPA, HEOOXOAMMOTO JUIsl MPUTOTOBIIECHUS
3aIaHHOT0 00bEeMa U KOJIMYECTBO TOOABOUYHOM BOJIEL.

3. OTMepuTh HEOOXOAMMOE KOJIMYECTBO KOHIIEHTPUPOBAHHOTO PACcCTBOpa M J0OABOYHOW BOBI,
CJIUTH UX B KOJIOY ¥ TIIATEIBHO TIepeMeIaTh pacTBop.

4. Jlns KOHTpOJS TMPaBUIBHOCTU MPUTOTOBIEHHS pAcTBOpa H3MEPHUTh €ro IUIOTHOCTh
apeoMEeTPOM B MIPUCYTCTBUU IPEMNOIaBATEIIS.

5. Oopmuth npoTOKON pabOTHl M BBIPA3UTh COIEPKAHUE XJIOPHUJIA HATPUS BO BCEX EAMHMIIAX
KOHILIEHTpAIUH.

6. PactBop xyiopuaa HaTpus OCTaBUTh JJIs JaJbHEHINEH paOOThI, MCIOJIB30BAHHYIO TMOCYIY
BBIMBITb.

B) [Ipurorosienue pacropa NaCl cmenieHneM ABYX pacTBOPOB 3aJaHHBIX KOHIEHTPALHii

IMopsinoxk padoThI:

. IlomyuuTts OT mpenoaaBaTess 3aaHue.
Paccuutats TpeOyemble 00beMBI 00OMX pPAacTBOPOB, HEOOXOIUMBIX Ui HPUTOTOBICHHS
3aJaHHOTO PacTBOpA.
. OTMepHTh paccUMTaHHBIC KOJTUYECTBA CMEIINBAEMBIX PACTBOPOB M CMEIIATh UX B KOJIOE.
4. Jlnst KOHTPOJIS IPaBUIBHOCTH PAacueTOB M MPUTOTOBJICHUS PaCTBOPA U3MEPHUTH €T0 MIOTHOCTh
apeoMeTPOM B MPUCYTCTBUU IPENoaBaTerIsl.
5. Odopmuth MpoTOKOT pabOTHI U BBIPA3UTH COMAEPKAHME XJIOPUAA HATPHUSA BO BCEX CAMHUIIAX
KOHIICHTPAIUH.
6. BeutnTh pacTBOpPHI XJIOpHIa HATPHSL, TOCYAY BBIMBITE. C1aTh pabodee MecTo J1abopaHTy.

N —

(98]

Conep:xanue oT4yera:
Tema u 11e1p paboTHI.
Pacuersl o kaxkaoii yactu paboTHI.
3Ha4YeHHS TUIOTHOCTEH: TeOpEeTHYECKOe (M3 TaOJIMIIBI) U DKCIIEPUMEHTATIBLHOE.
Pacuer norpemHocT & % MPUTOTOBJICHHS PACTBOPOB.
BrIBOIBI 110 TIPOIETaHHOM padoTe.
KoHTpoJsbHbIE BONIPOCHI:
Kakwue crocoObl BeIpa)KeHUSI KOHIICHTPAI[UM PaCTBOPOB BaM M3BECTHBI?
Kak nepeliTu OT OHOTO BHJIa KOHLEHTPAIMU K APYyroMy (Ha KOHKPETHOM mpumepe)?
Kakue cymecTBytoT criocoObl MPUTOTOBJIEHUSI PACTBOPOB?
Onummre X0/ padoTHI 10 TI000MY CIIOCO0Y MPUTOTOBICHHS PACTBOPOB.

arwbd e

N S

Yacrs b. UoHHbIE peakuuu B PacTBOPax, rereporeHHbie paBHOBECHSI B PacTBOpPax
3JIEKTPOJIUTOB (SKCIEPUMEHTAILHOE ONPE/ICTICHUE HAIIPABICHHUS XUMHUUYECKUX PEaAKIIUil).
Hean padoThi:
O3HakoMJIeHHE ¢ OOLIUMH CBOWCTBAMHU MaJIOPACTBOPUMBIX 3JIEKTPOJIUTOB.
[TproOpeTeHne HaBBIKOB pacueTa MPOU3BEICHUS PACTBOPUMOCTH M PACTBOPUMOCTH OCAJIKOB
CUJIBHBIX 3JICKTPOJIMTOB.

L

Conep:xxanue padoThbI:
1. OnpeneneHue peakiuu Cpeabl IPH THIPOIIU3E COJICH.
W3ydeHue BAUSHUS TEMIIEpaTypbl Ha THIPOIIH3.

3. U3ydenue ycnoBuii 00pa30BaHUS OCAIKOB MaJOPACTBOPUMBIX CHIIBHBIX 3JEKTPOIUTOB M UX
pPacTBOPUMOCTH.

4. Pacuer pH conelt moaBepraromuxcs TAPOIH3Y.

IIpudops! U peakTUBBI:
1) mraTuBbI 71 IPoOUPOK, TPoOUpKU HA 10 MJI, TUTIETKH.

o

2) 2 H pacTBOPBI: XJIOpUIA KaJIbIH, XJIOpUIa HATPHSL, XJIopuaa 6apus, okcajgaTa aMMOHHUS,
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COJISTHOM KHUCIIOTBI, HUTpaTa 0apus, XpomaTa Kajlusi, yKCYCHOM KHCIIOTBI, HUTpaTa cepelpa,
Cynb(uIa HATPUSL.
OKCIepUMEHTANIbHAS YacTh:
MeTtoauyeckue peKOMeHAAIMH M ONMCaHue JJa0opaTopHOi padoThl
OmnbiT 1. O0pa3oBaHue 0cajKa U yCJI0BHE €ro pacTBOPEeHUs

B nmpobupky HaneiTe 4—5 kamenb pacTBOpa XJIOpUaa KIbIUs U TPUOaBbTE MO KAIJIsIM
pacTBOp OKcajaTa aMMOHHS 10 00pa3oBaHus Oenoro ocaaka. M3oeraiTe pacTBOpUMOCTH
ocaJka B 2 H pacTBOpPE COJITHOW KUCIOTHl. Hanummnre MoneKyIsipHbIE 1 HOHHBIE YPAaBHEHHUS
peakuuii. BeimummuTe U3 TabauIl KOHCTAHTHI JUCCOLUALIMN U PACTBOPUMOCTH CIa0BIX
3JIEKTPOJIUTOB. BEIUMCINTE KOHCTAHTY PABHOBECHS PEAKLIMU PACTBOPEHUS OCajKa U
00BsSICHUTE, TIOYEMY ITO MPOUCXOIUT.

OmnbIT 2. OnpenesieHne HANPABJICHUS] XMMHYECKUX peaKuil (PacTBOPeHHe 0CAKOB)

Haneiite B mpobupky 6—8 kamenb pacTBopa XJOpuJa WIM HUTpaTa Oapus ¥ NpubaBbTE MO
KaIuIsIM pacTBOp Xpomara Kajusl 70 oOpa3oBaHUs XKenToro ocaaka. OcaJok pas3lenuTe Ha JBe
yacti. K omHON YacTty mpubaBbTe 2 H PacTBOP COJISTHOM KHCJIOTHI, @ K IPYroi — 2 H pacTBOP
YKCYCHOM KHCIOTBHl. B omHOM M3 mpoOupok HaOogaeTcss pacTBOPEHHE OCajKa. 3aIruIlnTe
HaOmrozeHus, crenaite BbIBOA. COCTaBbTE€ MOJIEKYJSIPDHBIE UM HOHHBIE YPaBHEHMs DPEaKLUil.
BbrunciuTe KOHCTaHTHI PAaBHOBECHS IPOLIECCOB PACTBOPEHHs] XpoMmaTra Oapusi B COJSHOW H
YKCYCHOM KHCIJIOTE M OOBSICHUTE HAOJII0JaeMOe.

- OneiTr 3. HampaBieHue
XHMHYeCKOii peakiiy B CTOPOHY 00pa30BaHUsI MeHee PACTBOPHUMOIO COeMHEeHHs

Haneiite B mpobupky 2—3 kamim pacTBopa HUTpara cepedpa v mpubaBbTe K HEMY 2—3 Karum
pacTBopa Xpomara Kalus. 3alMIIMTe I[BET MOJIY4YEHHOIO OcCajKa, IOCIe 4Yero J00aBbTe B
npoOupky 2-3 kammm pacTtBopa xjopuaa Harpus. Kak wu3Mmensercs mBer ocaaka (Ui
HaOMIONEHHs IIBETa OCaJKa pPAacTBOP MOXHO OCTOPOXHO CIUTh)? A Temepb HpuOaBbTE K
COJEPKUMOMY NMPOOHPKHU 2—3 Karlid pacTBOpa Cynb(uaa HATPUS U ONATh 3AMUILIUTE [IBET OCAIKA.
CocTtaBbTe MOJIEKYJISIPHBIE M HOHHBIE YPAaBHEHHUS BCEX IIPEBPALLICHUH.

Hcnone3yss 3HaueHUs] KOHCTAHT PACTBOPUMOCTH, BBIUMCIUTE PACTBOPUMOCTH IOTYYEHHBIX
COCMHEHWI W KOHCTaHTHl paBHOBECHs JUIA HaOmronaeMbIx mporieccoB. Crenmaiite BbIBOI O
HApaBJIEHUU XUMUYECKUX PEAKIHH.

IMopsinoxk padoThI:

1. IlonyuyuTs OT HmpenoaaBarTens 3agaHue.

2. BbImomHUTH paboTy COTIaCHO METOJMYECKUX PEKOMEHIAIUH.

3. OpopMUTH TPOTOKOJ PAOOTHI.

4. BpumuTh OTpabOTaHHBIE PACTBOPHI, IOCYAY BBIMBITh. CoaTh pabouee MecTo.
Conep:xanue oT4era:

Tema u 11enb paboTHI.

Hab6nronenust, ypaBHEHHS pEeaKIUi 1O KaX A0l 4aCTH PaOOTHI..

BriBo1BI IO TIpOZIETaHHOM padoTe.

KoHTposabHbIe BONpockl
1. Honnsle ypaBHEHUS peaklMil. Y CI0BUS IPOTEKAHUS PEAKIUI B pacTBOpax.
2. T'ereporeHHOE paBHOBECHE: OCAJOK — HACHIIICHHBIM pacTBop. KoHCTaHTa pacTBOPUMOCTH
(MM IPOM3BEZICHUE PACTBOPHUMOCTH)
VYcnoBus 00pa3oBaHUs U paCTBOPEHUS OCaIKOB.
Bnusiaue o0riero noHa Ha pacTBOPUMOCTH MajopacTBopuMoro BemecTBa. ConeBoil 3 dekr.

P w

®opma A Crpanuna 14 u3 62



MHUHHCTEpCTBO HAYKH M BBICLIEro oOpa3zoBanus PO

o . Dopma
Y IIbSHOBCKUH roCy1apCTBEHHBII YHUBEPCUTET

© - PaGouas nporpamMma JIUCLUIIIIMHbI

TEMA 3. SKCHEPUMEHTAJIBHOE UCCJIENOBAHUE BJIMAHUSI PH CPE/IbI HA
MMPOAYKTBI OKUCIIMTEJIBHO-BOCCTAHOBUTEJIbHbBIX PEAKIIUU

Dopma npoeedens - GLINOTHEHUE UCCTICO08AMETLCKUX PAOOM YACIUYHO-NOUCKOBORO XAPAKIMEDA
esanb padoThi:

1. U3yuyuth OKHMCIHUTEIHHO-BOCCTAHOBUTEIIbHBIE CBOICTBA METAJIOB, HEMETAUIOB M UX
COEMHEHUM.

2. OcBOUTH METOJUKY COCTaBJICHUS YPAaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
IIPOLIECCOB.

3. 3aerHI/ITI> 3HAHUA O BIIMAHUU CPCIAbl HA OKUCIIUTCIILHO-BOCCTAHOBUTCIILHBIC ITPOLCCCHI

Conep:xxanue padoThbI:

1. OkwucnuTenbHbIE U BOCCTAHOBUTEIbHBIE CBOICTBA MEPOKCHIa BOJOPOAA.

2. OKHCIHUTENbHBIC U BOCCTAHOBUTEIBLHBIC CBOWCTBA HOHOB P- M 0-3JIEMEHTOB.

3. OkucnuTeNIbHBIC CBOMCTBA IEpMaHraHaTa Kajlus B Pa3IYHbIX Cpeax.

IIpudops! U peakTUBBI:
1. TIpoGupku, mratuB A MIPoOUPOK, AepiKATENb I MPOOUPOK, TUTICTKH, BOJITHAST OaHs,
ropenka.

2. 2 M pactBopsl HUTpata xpoma (lll), rugpokcuma HaTpus, WoAWAa Kajus, MEpMaHTaHaTa
Kanus, cynb(ura Hatpus, cyiabgpara mapranua (1), xmopuma omosa (Il), 3% pacTtBOp
nepekucu Bojaopoaa, 2H pactBop cepHoil kucioThl, 2H pacTBOop a30THOW KHCIIOTHI,
YETBIPEXXJIOPUCTBIN YIIIEPO, pacTBOP 10/1a, MOPOIIOK AUOKCH/IA CBUHIIA.

Kparkue TeopeTuueckue cBeeHH.

Bce xuMunyeckue peakiiy MOXKHO pa3/IeIUTh Ha 1B OOJIbIINE TPYIIIBI: MpOoTeKamue 6e3
U3MEHEHHS CTENEHH OKHUCICHHS M C HM3MEHEHHEM CTENEHU OKHUCICHHS — OKHUCIMTEIbHO-
BOCCTaHOBUTEIbHBIE.

K okucnuTenbHO - BOCCTAHOBHTENBHBIM OTHOCSITCS BCE PEAKLMM 3aMEICHUs] U T€ PEaKuu
COEIMHEHMS U PA3JIO’KEHUSI B KOTOPBIX Y4acTBYET XOTs Obl OHO MPOCTOE BeIIecTBO. Bee peakin
oOMeHa MpOoTeKaroT 0e3 U3MEHEHHs CTETICHH OKUCIICHMSL.

[lon cremeHbI0 OKHCJIEHMS] TOHUMAIOT (QaKTUUYECKHI 3apsg aToMa B MOJEKYyJe
o0pa3ylomumiicss B pe3ysibTaTe nepepacipeaesieHus JIeKTPOHHOH MI0THOCTH.

Oxkuc/ieHueM Ha3bIBalOT MPOLECC MOTEPH AJIEKTPOHOB, MPUBOIAMIMM K MOBBILICHUIO
CTETIEHU OKHUCIIeHUs. BermiecTBa, aTOMBl MM HMOHBI KOTOPBIX OTIAIOT AJIEKTPOHBI, HA3BIBAIOT
BOCCTAHOBHTEISIMH. BOCCTaHOBUTEIIB, OTHABAs IEKTPOHBI, OKHCIsieTcs. Zn° -2¢ — Zn*2

BoccraHoB/ieHHe — TIPOLIECC MPHCOSAUHEHHS 3JIEKTPOHOB, MPHUBOSAIIUN K MOHWKEHUIO
CTeNeHH OKuciIeHus. BemjecTBa, aTOMbl WM HOHBI KOTOPBIX HPHUCOEAUHSIIOT 3JIEKTPOHBI,
HA3BIBAIOTCS OKHMCIHTEIMH. OKHCIINTENb, PUCOSIMHSIS SIEKTPOHBI, BOCCTaHaBIHBaeTcsa. Cu*
+2e — Cu°

OOmiee 4YMCIIO DJEKTPOHOB, OTJAHHBIX BOCCTAHOBHUTEIEM, PABHO YHCIY 3JIEKTPOHOB,

MPUHSTHIX OKUCIUTEIIEM.

Jis  mporHo3a  MPOAYKTOB WM HAMpaBIICHUS  MPOTEKAHUS  OKUCIHUTEIHHO-

BOCTAaHOBUTENbHBIX MPOLIECCOB HAJIO 3HATh, YTO THNMYHBIMYU OKUCIUTEISIMU SBIISIOTCS:

1) mpocThie BEIIECTBa, aTOMbI KOTOPBIX HMEIOT OOJIBIIYIO 3JIEKTPOOTPHIIATEIBHOCTD (3JIEMEHTBI
VIA u VIIA rpynmn). U3 Hux Haubosnee cunbHble okuciaurenu F, O, Cl.

2) BemiectBa, coaepxkame 3JIEMEHTHI B MakCHUMalbHOW creneHn okucieHus: (KMnQOy,
KQCI’ZO7, HC|O4, H2804 Hu Ip.

3) KarnoHsl MeTaJIJIOB U BOAOPOIA

K THIMYHBIM BOCCTAHOBHUTEISIM OTHOCSITCS:
1) mpocThle BemEeCTBa, aTOMbl KOTOPHIX HMEIOT MAIyIO0 3JIEKTPOOTpHUIATEeIbHOCTh < 1,5
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(omemenTo! |A u lIA rpynn u HEKOTOpBIE IPYTrUe METAJLIHI).
2) BemecTBa, coaeprkaiiiie 3JeMEHThI B HU3IINX cTeneHsx okucienus: (HpS, NH3 u ap)
BemrectBa, copepkaiiue aToMbl B IPOMEXYTOUHBIX CTEMEHSIX OKHCIICHHS, CIIOCOOHBI Kak
MOBBIIIATH, TAK U TIOHWKATh CTENIEHh OKUCIICHHUSI, T.€. MOTYT OBITh KaK BOCCTAHOBUTEISIMH (TIpU
JeHCTBUM 00JIee CUITLHOTO, YeM OHH, OKHCIIUTENS), TAK M OKUCIHUTEIIMH (TIPH IeUCTBUM OoJiee
AKTUBHOTO, Ye€M OHH, BOCCTAHOBUTENs). TakuWe BEIIECTBA MPOSBISIOT OKUCIUTEIHHO-
BOCCTaHOBUTEIIbHYIO IBOMCTBEHHOCTD.
[Tpu cocTaBieHNN peakinii OKUCIUTEIHLHO - BOCCTAHOBUTEIILHBIX MPOIIECCOB UCTIONB3YIOT:
1) Merox 3JIeKTPOHHOrO OagaHca
2) METOJ MOJIypeaKIfii UK HOHHO - JIEKTPOHHBIH CITOCO0.
IIpaBuia  HaNMCAaHUSI  OKHUCJIHUTEJIbHO-BOCCTAHOBHUTEIbHBIX  peakluid  MeToAoM
MOJIypeaKki:
1. BBIICHSAIOT TPUHIMIHATIBLHYIO BO3MOXKHOCTH mporekanusi Ox/Red mpomecca - Haxomsr
MOTEHIUATHHBIA OKUCIUTENb U BOCCTAHOBUTEb.
2. OnpenenstoT MPOIyKThl OKUCICHUS M BOCCTAHOBIICHHUSL.
3. Tlumyt mosypeakiyu OKUCICHHS U BOCCTAHOBIICHHS, paCCMATPUBasi BCE MMEIOIIHUECS NOHBI
u cpeny - H,O, H" wm OH, Ho HM B koeMm ciaydaec He H' m OH - BMmecte oHH
COCYIIIECTBOBATh HE MOTYT.
CBomaT MaTepuaIbHbIN OaaHC TOJIYPEeaKInii - 3akoH JIoMOHOCOBa B IEHCTBHH.
CBOIST AJEKTPOHHBIA OanaHc, MOJCYUTAB, 3aps/Ibl CIEBa U CIpaBa U JOOABUB WU BBIUTH
AJIEKTPOHBI.
6. Haxonmar oOmmii MHOXWUTETh [UIsI O0CMX TMOJYpPEakiui, ¢ y4eTOM TOro, 4TO, CKOJBKO
AJIEKTPOHOB OBIJIO OTHSTO Y BOCCTAHOBUTEIIS, CTOJIEKO TIPUOABUIIOCH K OKHCITHTEIIO.
PaccraBistroT K03 PUITMEHTHI B YpPaBHEHUH U JTOMKCHIBAIOT HEIOCTAIOIINE TPOIYKTHI.
KMnO,4 + Na,SO3 + H,SO,4 = MnSO,4 + Na,SO,4 + Ko,SO4 + H,O
Peaknust mporekaeT B BOJHOM pPAacTBOPE, COOTBETCTBEHHO KOMIIOHEHTBI —PEaKIUU
JTCCOIIMHUPYIOT:
K"+ MnO, + 2Na" + SO5” + 2H" + SO, = Mn*" + SO~ + 2Na" + SO,* + 2K* + SO,* + H,0
Jlnst cocTaBieHHs TIOTypeakuii BRIOUpaeM HOHBI, KOTOPBIE COJEPKAT aTOMbI, U3MEHSIOIINE
CBOM CTEIIEHU OKHUCIICHUSI.
2 | MnO, + 8H™+ 5¢ — Mn?" + H,O oxuciuTens/ BOCCTaHOBUTED
5 | SOs* + H,0 - 2e — SO4% + 2H*  BoCCTAaHOBHUTENB/OKUCIHTEND
2MnO4 + 16H"+ 5S05” + 5H,0 = 2Mn** +5S0,” + 10H" + 8H,0
Coxkpaiiass KOMIOHEHTHI B MPaBOW W JIGBOM YACTH, IMOIYYaeM COKpAIIEHHOE HOHHOE
ypaBHEHHE JAaHHOW OKUCIUTEIFHO-BOCTAHOBUTEIILHOW PEAKIINN:
2MnO4 + 6H"+ 5S05* = 2Mn** +5S0,” + 3H,0
[ToncraBuB K MOHAM HEOOXOAMMBIC TIPOTHBOUOHBI, TIOJTYYUM MOJICKYJISIPHOE YpaBHEHHE C
TOTOBBIMH KO3 HUIIHMEHTAMHU.
2KMnQO, + 5Na,S0O3 + 3H,S0,4 = 2MnSO,4 + 5Na,S0O,4 + K,SO,4 + 3H,0
Cymbar kamiss He y4acTByeT B OKHCIIMTEIBHO-BOCCTAHOBUTEIHLHOM IIPOIIECCE, TOITOMY TPH
COCTABJICHUH TIOTyPEaKIHi HE YIUTHIBAIICS, OTHAKO YIUTBIBACTCS TIPU 3aITUCH MOJICKYJISIPHOTO YPaBHEHUSL.
Bausinue cpebl Ha OKHCIUTEIBHO — BOCCTAHOBHUTEIbHBIE MPOIECCHI.
pH cpenbl oka3pIBacT BIMSHUAEC HA HANPABICHHE OKHUCIUTEIFHO-BOCCTAHOBUTEEHBIX PEAKIHIA
U XapakTep o0pa3yrommXxcsi MPOAYKTOB. UeM MEHbIe KUCIOTHOCTH CpENbl, T€M, KaK IPaBUIIO,
MeHee Tryooko upet nporecc. Hampumep, KMnO,4 mposiBiisieT OKUCIUTENBHBIE CBOMCTBA 3a CUET
Mn*" u BoccranasnuBaeTcs:
B KHCIIOT cpeze — 1o Mn*? | B HeiitpansHoii — 1o MnO,
B LLIEJIOYHOM CpeZie 10 MAaHTaHAT-UOHA - Mnng'
XpoMar W AUXpomaT KaJMs BBICTYNAIOT B KayeCTBE OKHCIUTENIEHM B KHCIOH cpene,

o &
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BOCCTAHABIHMBAsACH 10 HoHa Cr'e,
B mpupone mambonee pacmpocTpaHEHBI COCTUHEHHUS MapraHiia CO CTENEHBIO OKUCIICHUS
+2. B opranusMe yenoBeka MapraHel] TaK)K€ HaXOJUTCS B CTENIEHU OKUCIEHHUS +2, HO, y4acTBYS B
OMOXMMUYECKUX TIPOLIEccaX, OH HE MEHSET CBOEH CTENEHM OKHCICHHs. JTO CBS3aHO C TEM, YTO B
OpraHu3Me HET CHJIbHBIX OKHCIIUTENEH.
N3menenne pH cpenbl MOKET pasBepHYTh peakluio. Tak AUCIPONOPLMOHUPOBAHUS XJI0pa
B menounoii cpeae Cl, + KOH = KCI + KCIO3; + H,O uaer B oOpaTHOM HampaBiIeHHH IPH
noakucienuu pacrsopa. HC1 + HCIO3 = Cl; + H,0
UeMm MeHblIE KUCIOTHOCTh CPEIbl, TEM, KaK MpPaBHJIO, MEHee II1y0OKO HIEeT Mpoliecc:
[IEpMaHIraHaT BOCCTAHABIMBACTCS N0 Mn?* B kucmoit cpene, 1o MnO; - B HElTpanbHOU U 10
MnO42' B IIEJIOYHOM cpejie.
IKCNEePUMEHTAIBLHAS YACTh.
Omnpit 1. Oxncienne nona Cr'’ 10 BbICIIel CTeleHH OKHCIEHHAS
K 6-8 xarmmsam pactBopa Cr(NO3)3 npubassre mo kamissm pactBop NaOH 1o pactBopenus
obpazyromierocst ocaaka Cr(OH)3 u 3arem 3-4 xarum 3% pactBopa HyO,. Cmech nepemennaiite
W, TPU HEOOXOIUMOCTH, HArperTe Ha BOASHOW OaHE WM TOpENKe B TEYeHHE [-2 MHH.
OxkpammBaHHe pPacTBOpa B JKENTHIA I[BET CBHJIECTEIHCTBYET 00 0Opa3oBaHWU HMOHA CrO*.
PaccTtaBpTe KO3 PUIIMEHTHI B ypaBHEHUH peaklUd METOIOM IMOIYPEaKIHil U cAeaiTe BHIBOJ.
CI’(NOg)g + NaOH + H,0, = Na,CrO4 + NaNOs+ H,0
OnpIT 2. OKMCTIUTEIBLHBIE U BOCCTAHOBUTEILHbIE CBOICTBA MIEPOKCHIA BOAOPOIA
a) K 3 xamnsam pactBopa Kl mpubasete 2 xarmm 2H pactBopa HySO4 u 3aTeM mo Karisim
3%-w1it pactBop H202 1m0 mosiBneHus xentod okpacku. Jlns oOHapyxkenust l, B pactBOpe
npubaBpTe K HeMmy Heckosnbko Kamenb CCls u  BeTpsxHuTe npoOupky. PaccraBbre
K03 (UIIMEHTH B ypaBHEHUHU PEAKIIMKU METO/I0OM MOJIYpeaKkuil U cenaiTe BIBO/I.
Kl + H,0;, + H,SO,4 = I, + K;SO4 + HyO
6) K 5-6 xamnsm pactBopa KMnO4 npubaBere 3-4 karum 2H pactBopa HySO4 u 3atem
HeckoJbKo Kamenb 3%-ro pactBopa HyO,. HabGmiomaercs oGecuBeunMBaHHE pacTBopa U
BbIJICJIEHUE ra3a. lchblTaiiTe BBIACISIOMIMICA Ta3 Tieloned JyduHkod. PaccraBbre
KOA((UIIMEHTHI B ypaBHEHUU PEAKIIMHA METOIOM MOTYPEaKIuil U clIeNaliTe BBIBO/I.
KMnO,4 + H,SO,4 + Hy O = MNSO4+ O+ K,SO4 + HoO
OnbIT 3. OKHCIMTETBHBIE CBOMCTBA MIEPMAHTAHATA KA B Pa3JIMYHbIX cpegax
B Ttpu npobupku nHamneire mo 5-6 kamenb pactBopa KMNnO,. 3areM B mepByrO MPOOHPKY
npubassTe 3-4 karmu 2 H pactBopa HoSOs, BO BTOpYIO - HHYEro, a B TPeThblo - 3-4 Kamim 2H
pactBopa NaOH. Ilocne 3Toro B kaxmyro mpooupky npudaBbTe 1o KarusiM pactBop Nap,SOs nmm
cyxyto conb. Habmonmaiite W3MeHEHHE OKpacKd pacTBOpoB. PaccraBbre KOI((HUIMEHTH B
YpaBHEHUSIX PEAKIMA METOJIOM TOYPEaKIUi U CAETAlTe BBHIBOJBI 00 OKHUCIHMTEIBHBIX CBOMCTBAX
NIepMaHTraHaTa Kaius
a) KMnO,4 + HySO4 + Na,SO3 = MnSO,4 + KoSO4+ Nap,SO4 + H,O
6) KMnO4 + H,O + Na;SOz= MnO; + Na,SO4+ KOH
B) KMnQO,4 + KOH + Na,S0O3 = KoMnO4 + Na,SO4+ H,O
OnbiT 4. OxkucjieHne KaTuoHa d-3JIeMeHTA /10 BhICIIEH CTeNeHN OKNCJIeHUsl
Oxucienne nona Mn®* nuokcumoMm cBuHI@. Brecute B MpOoOUPKY HEMHOTO IOPOIIKa
PbO,, npubassTe 2 Ma 2u pactBopa HNO;3; m Harpeiite Ha BomsHON OaHe HIIM TOpEIKE [0
kunenus. [Tocne storo mpubasbre B npobupky 1-2 kammu pactBopa MnSO, mepemernaiite u
cHOBa HarpeiTe. HabmogaeTcst mosiBIeHUsI MAIMHOBOM OKpacku oOpasoBasiierocs nvona MnQOy..
PaccraBbTe KO3 GUITMEHTHI B ypaBHEHUH PEAKIIMA METOJIOM MOYPEAKIINI U CACIAalTe BBIBOJ,.
PbO, + HNO3 + MnSO, = Ho,MnO4 + Pb(N03)2 + H,O
OmnbiT 5. BoccTaHOBHTE/IbHBIE CBOWCTBA KATHOHA P-3J1eMEHTA (Sn2+)
Hanetite B npobupky 3-4 kamau pactBopa SNCl,, nmpubaBpTe 1O KarmisM 2H pacTBOP
KMnO, HaGmonaercs ncye3sHOBEHHE MalIMHOBOIN oOkpacku. PaccraBbre KOA(QUIMEHTH B
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yYpaBHCHHH PEakKIMd METOJOM Moyypeakiuii u caenaiire BeiBoa. SnCl, + KMnO, + H,SO,4 =
SnCls + MnSO4 + H,0O
OnbIT 6. BoccTaHOBHUTEIbHBIE CBOWCTBA AHUOHA P-3JIeMEHTA (8032')
ITomectute B mpobupky 3-4 karum pactBopa NapSOs, nprbassTe 2-3 Karum 2H
pactBopa HySO4 m 1-2 xarmm pactBopa |y, Berpsixaure mpoOupky ¥ HaOmromaiTe oOecIBeUrBaHUE
pactBopa. PaccraBsre K03(h(pUIIMEHTHI B YpaBHEHHN PEAKIIMH METOJIOM TOTyPEaKIUi U CIeNaiTe BHIBO/I,
KakoBa posib cepHOM KUCIIOTHI B IAHHOW PEAKIIH?
Na,SO3 +1, + H,O = Na,SO4 + HI
IMopsinoxk padoThI:
[TomyuuTh OT MpenoaBaTelis 3a/laHue.
BrImomHUTE paboTy COrlacCHO METOIUYECKUM PEKOMEHIAITUSIM.
OdopmMuTh MPOTOKOJ pabOTHI.
Boeutnth 0TpaboTaHHBIE PacTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Conep:xkanue oryera:

1. Tema u uenb paboOTHI.
Hab6nronenust, ypaBHEHHS peaKIui 1O KaX A0l YaCTH PaOOTHI..
3. BrIBoBI O TIpOAETaHHOI paboTe.

N S

o

KoHTpoJibHBIE BOIPOCHI.

1. Tunel OKHCIUTEIBHO-BOCCTAHOBUTENBHBIX peakiui. TUMHYHbIE OKUCIUTENH W THUIHYHBIE
BOCCTAaHOBUTCIIHN. cI)a.KTOpI:I, BJIMAIOIHUEC HA MPOTCKAHUC OKUCIUTCIIbHO-BOCCTAHOBUTCIIbHBIX
peaKuuii.

2. Meronabpl cOCTaBlIEHUSI OKHCIUTEIBHO-BOCCTAHOBUTENBLHBIX pPEaKIUi (METOM TOTypeaKiuii
WJIM METOJT MIOHHO-3JIEKTPOHHOTO OajaHca).

3. Knaccudukamus oKHCIUTEIIEHO-BOCCTAHOBUTEIBHBIX PEAKIIHIA

TEMA 4. KOMIIVIEKCHBIE COE/IMHEHUSA

Dopma nposedeHus - aHA3 pe3)Ibamos OeMOHCIPAYUOHHO20 IKCHEPUMEHINA
Hean paboThI:

1. M3yuyuTh ABIEHHUS KOMIUIEKCOOOpPA30BaHMUA.
N3yunth CBOKCTBA pa3IMYHbIX KOMILIEKCOB.

3. OcBouTh HAaBBIKM pacueTa KOHCTAaHT HECTOMKOCTH U KOHCTAHT YCTOMYMBOCTH KOMILIEKCHBIX
COEIUHEHUI.

N

Coaep:xanue padoThbI:

1. Tlony4yeHne KOMIJIEKCHBIE COEIUHEHHS cepedpa, MeI U PTYTH, U3YYUTh IIOBEJCHUE JAHHBIX

KOMILJIEKCHBIX COCTUHEHUH TpU 100aBICHNN H30bITKA peareHTa.

PaccMmoTpenue mponeccoB, CBSI3aHHbIX C pa3pyIIeHUEM KOMIUIEKCHBIX CO€AMHEHU.

3. Paccmorpenue nporiecca JUCCOIMALMN KOMIUIEKCHBIX COSAMHEHUM.

IIpudopsbI U peakTUBBI:

1. [Tpobupku, NuneTKy, 1a00paTOPHBIHA IITATUB.

2. IM pacTBOpBl HUTpaTa cepebpa, XJIOpHJa HATPUsA, TMIPOKCHAA aMMOHUS,
cynbdara menu, Hutpata pryta (ll), moguna xamus, cynabdpuna Harpus, rexcaruaso-ll1-
deppata xanus, xnopuna xenesza (lll), pomanmaa ammonus (unu kxamusi), 25% pacTBop
TUAPOKCHIa aMMOHHSI, a30THAsI KUCI0Ta (KOHIL. ).

o

Kparkue Teopernyeckue cBeeHH.
B Hactosmiee BpeMsi HE CYIIECTBYET KakKOro JHMOO OJHO3HAYHOTO OIpPEICNEHHS] 3THUX
COEIMHEHUH, KOTOPBIE MOTJIO IOJIHO OXapaKTEPU30BaTh UX CTPYKTYPY U XUMUYECKHE CBOMCTBA.
Hekoropslie u3 Hux:
Komnnexcnvimu  Ha3bpIBalOTCA  ONPEIEICHHBIE  MOJIEKYJISIPHBIE  COCOVHCHMS, IIPH
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COYETaHUU KOMIIOHEHTOB KOTOPBIX 00pa3yroTcs MOJOKUTEIBHO WM OTPULIATENIBHO 3apsKEHHBIE
MOHBI, CIOCOOHBIE K CYIIIECTBOBAHHUIO, KaK B KPHCTAILJIE, TaK U B PacTBOpE.
Komnnexcnbimu Ha3pIBalOTCS MOJIEKYJSIPHBIE COCAMHEHHs, HE II0KA3BIBAIOILINE B
pacTBOpE BCEX CBOWCTB XapaKTEPHBIBIX UL UX COCIMHEHUN IIEPBOIO MOPSAKA.

Komnnexcnvimu Ha3pIBaIoTCA COCIMHCHMA, B Y3J1aX KPHUCTAJVIOB KOTOPBIX HAXOAATCA
KOMITJICKCHBIC HOHBI, CIOCOOHBIE CAMOCTOSITEIIEHO CYHICCTBOBATH B paCTBOpAX.

KomrmuiekcHbie coeIMHEHUST — 3TO CaMbIii OOIITMPHBIN KJIACC HEOPTaHUYECKUX COSAMHEHUH,
UMEIOIIUX OTPOMHOE OMOIOTHYECKOE 3HAYCHHE: XJIOPO(UIIIBI B PACTCHUSAX, TEMOTIIO0HH Y
JKUBOTHBIX, Pa3JINYHBIC IUTOXPOMBI, BATAMHUHBI.

CornacHo koopAMHAIMOHHAH Teopun Anb(pena Bepuepa, npeanoxennoit B 1893 roxy:

1. ATOMBI MOTYT TPOSBIATH HE TOJHKO OOBIYHYIO «IJIABHYIO» BaJICHTHOCTH (YHCIIO
AJIEKTPOHOB, KOTOPHIE MPUHUMAIOT y4acTHe B 00pa30BaHUE XMMHYECKON CBSI3M 110 OOMEHHOMY
MEXaHHU3MY), HO B «TI000YHYI0», CBA3aHHYIO C HAJIMYMEM BAaKAHTHBIX aTOMHBIX OpOMTAJICH HIIH
HC ITOACIICHHBIX 3HeKTpOHHBIX Hap. I'maBHasg BAJICHTHOCTbH y KaTUOHOB MCTAJIJIOB HACHBIIIACTCSA
TOJILKO TPOTUBOMOHAMHU, ITOOOYHAS- TPOTUBOMOHAMH WJIH HEUTPATLHBIMH MOJICKYJIaMH.

2. B kaxaoM KOMIUIGKCHOM HOHE WMEETCS LEeHTPAIbHBIA aToM, BOKPYT KOTOpPOTO
pacrojararoTcst KOOpJUHUPOBAHHBIC UM UOHBI HJTH HEHTPaTbHBIC MOJICKYJIBI.

3. Uwuciao MOHOB MIM MOJIEKYN, KOTOpPbIe KOOPAMHHUPOBAHBI BOKPYT LEHTPAIBHOTO aToMa
Ha3bIBACTCSI KOOPAWHAITMOHHBIM uncioM. K. Y. CBA3aHO ¢ 3aps0oM IEHTPAIHLHOTO aToMa.

3apsaa +1 +2 +3 +4

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

4. KoopauHMpOBaHHBIE aTOMbI, MOHBI WJIM MOJEKYJbl HAXOAALIUECS BOKPYI IIEHTPAIbHOIO
aTOMa, Ha3bIBAIOTCA JMraHAaMu win aneHgamu. COBOKYNHOCTb ILICHTPAJIBHOIO aromMa u
JMTaH/IO0B Ha3bIBaeTCsl BHYTpeHHeH cdepoil. Eciau BHyTpeHHss cdepa 3apspKeHa, TO MUMEETCS
eme M BHEWHss cdepa, KOTopas IpelcTaBleHa IPOTMBOMOHOM. B 1memoMm Monekyna
KOMIIJIEKCHOT'O COE€JUHEHUS JIIEKTPOHEUTPAJIbHA.

Kommiekebl MOTyT ObITh:

a) karnonusie [Cu(NHz)s]*" , [Co(H20)s]**

6) anmnonnsie [Al(OH)g]*, [Fe(CN)g]* wiu arpaokoMIuIekcs.

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

B 3aBucMMoOCTH OT TOro, YeM TPEACTABICH JIMTAH] BBIZIEJISIOT:  aKBAaKOMILICKCHI,
Al IOKOMILUIEKCHI, aMMHAKAThl, aMMHHATBI, KAPOOHHJIBI, THPOKCOKOMILIEKCHI U T.]I.

MeTtoa BajJIeHTHBIX CBSI3€l B OMMUCAHNHN KOMILIEKCHLIX COeIMHEHMUIA.

Cornacno Merony BC kaxkaplil Turanj sBisieTcs JOHOPOM JIEKTPOHOB, a
KOMILJIEKCO0Opa30BaTeb — aKLENTOPOM JIEKTPOHOB. JIurany pazmemiaer CBOM 31€KTPOHBI Ha
BAaKaHTHBIX aTOMHBIX OPOUTAIISAX KOMILIEKcooOpazoBarens. [IpocTpancTBeHHOE
pacroio)KeHUe JTUTaHA0B 3aBUCUT OT THIA TMOPUIN3ALMK LIEHTPAJILHOTO aToMa.

342 2 3
sp“d” — okrasp; Spd” —kBagpat; SP” — TeTpadaAp
EcrecTBenHo, uro npu 3Trom Metoa BC paccmaTpuBaeT oOpa3oBaHKe TOIBKO CUTMa —CBSI3EH.

HN3omepus KOMIIEKCHBIX COeAMHEHH I

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

2) Koopaunanmonnas [Co(NHs3)s] [Cr(C204)3] - [Cr (NH3)e] [Co(C204)3]
3) CaazeBas [(NH3)5CO-N02]C|2 - [(NH3)5CO-ONO]C|2

4) I'mnpathas [Cr(H20)6]Cl3 - [Cr(H,0)sCI]Cl,-H,O

5) IlpocTpaHcTBEHHAs - LIUC- TPAHC- U30MEPUS
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B BoAgHBIX pacTBOpax KOMIUIEKCHBIE COCTMHEHUS MMOJIBEPTatOTCs TUCCOLMAIIAN
XeJaTHbIE KOMILJIEKCEI.

Ocoboe MecTo cperi KOMIUIEKCHBIX COSAMHEHUH 3aHUMAIOT TaK Ha3bIBaEMbIC
BHYTPUKOMIUICKCHBIC COCAUHCHUS. IIo TUITY OTUX COG,Z[I/IHGHI/Iﬁ MOCTPOCHBI MHOT'OYUCIICHHBIC
METaJUIPOTEUABI: TEMOTIIOONH, XJIOPOPHILT U AP.

XenaTHbIE WIH KJICIIHEBUAHBIE KOMIUIEKCHI TOCTPOEHBI MO TUITY [UKINYECKUX
COCTMHEHUH, B KOTOPBIX CYIIECTBYIOT JIBa THIIA CBS3CH: HOHHBIC U KOOpAWHAIIMOHHEIE. T.e.
JUTaH] 00pa3yeT ¢ HOHOM-KOMITJIEKCOO0pa3oBaTeIeM Kak MOHHYIO, TaK ¥ KOOPJAUHALMOHHYIO
CBSI3b.

B ananmuTH4ecKoii MpakTUKe MMPOKO MPUMEHSIOTCS BELIECTBA, CIOCOOHbIE 00pa30BHIBATH
pa3nyHble BHYTPUKOMIUIEKCHBIE coeuHeHns. Hanbomnee mmpokoe npruMeHeH:e Moy
AMUHOIIOIMKapOOHOBBIE KUCIIOTHI, HA3BaHHBIE KOMITIEKCOHAMMU:

Kommekcon | — HUTpunoTpuykcycHas KMciaora

Kommnekcon Il -3TunenanaMMHTETpOYKCYyCHAs KUCIIOTA
Kommekcon Il — atrnieninaMuHTETpOAIIETAT HATPHS
Kommnekcon 1V —quaMUHIIMKION€KCAaHTETPOYKCYCHAs! KUCIIOTA.

B ananuTnueckoil mpakTuke /Uit 0ObEMHBIX OMpPEeIeHU pa3IuYHbIX KaTHOHOB Haubosee
[IMPOKO MPUMEHSIOT JUHATPUEBYIO COJIb ATHIICHIUAMUHTETPAYKCYCHOW KUCTIOTHI — KOMNAEKCOH
1.

Oro coenvHeHWEe (MHOTJA Has3blBaeMoe mpuioHom b) 0003HAYAIOT COKpAICHHON
dopmymnoir NaH,Y wumu DJITA. Kommiexcon Il comepkut, Hapsmy ¢ KapOOKCHIBHBIMHU
Tpynmnamu, ere U TPeTUYHbIE aMUHOTPYMIbl. [I03TOMY OH cuMTaeTCst He TOJIBKO OPTaHUYECKOM
KHUCIIOTOM, NAloleil CoiM C pa3iMyHbIMM KaTHOHAMHU, HO TaKXe M KOMILUIEKCOOOPa3yloluM
BEIIIECTBOM.

Kommiekcon Il momydun mumpokoe mpuMEeHEHHE B XMMUYECKOM aHAIIU3€E, IIOTOMY YTO OH
o6ga3yeT BHYTPUKOMIIICKCHBIE COJIH ¢ KATHOHAMH LIEI0YHO-3eMeNbHbIX Metamios (Ca®’. Mg,
Ba“"), KoTopsle OYeHb TPYAHO TEPEBECTH B KOMILIEKCHBIE COEIMHEHHUs APYTHMH CIOCOGAMH.
TutpoBanue xomiuiekcoHoMm |l ucnonep3yercst And KOJIMYECTBEHHOIO OINPEAEICHUS ATHX
KAaTHOHOB.

JKCNEePUMEHTAIbHASA YACTh.

OnpiT 1. IosyyeHHe KOMILJIEKCHBIX COeIMHEHUS

a) Hanefite B mpobupky 2-3 Kamnu pacTBopa HHUTpaTa cepeOpa, mpuOaBbTe
Takoe K€ KOJMYEeCTBO pacTBopa xjopuna Harpus. [Ipunelite k oOpa3zoBaBuiemMycs
OCaJKy pacTBOp THIPOKCHIAa aMMOHHUS O T[IOJHOTO pacTBOpeHus ocanka. [logemy
pactBopuiics ocanok? CoxpaHUTe pacTBOP MJis OMbITa 2 a.

AgNO;3 + NaCl = AgCl| + NaNO3

AgCl + NH3 -H,0 — [Ag(NHj3),]CI + H,O

0) Haneiite B mpoOupky 3-4 kammm pactBopa cyibdara wmeaw, npudaBbTe 2-3
KalUIM pacTBOpa THApPOKcHAa aMMoHHus (25%) - BbIMAagaeT CBETJIO-TONYyOOH OCamoK
ocuoBHoii comu  Mmema (CuOH),S04. TlpmbaBeTe 1O KamissM HM30BITOK  pacTBOpa
TUAPOKCHAA aMMOHUS. Yro HaOmronaere? Hammmure YpaBHEHHE  peakLUi B
MOJIEKYJIIpHOHM ¥ HOHHOU (hopmax. CoxpaHUTE pacTBOP IS CIACAYIOIIETO OIBITA.

CuSO4 + NH3 H,0 — (CUOH)2304 + (NH4)2804

(CUOH)2804+ (NH4)2804+ NHs3 H,O — [CU(NH3)4]SO4 + H,0O

B) K pactBopy HQ(NO3), no6aBbTe 1Mo KarisiM pactBop uoauaa kanus. OOpatuTe BHUMaHKE
Ha oOpasoBanme ocaaka moauna prytu (ll), orMeTbTe ero 1Ber U A00aBbTE M3OBITOK HMOAMIA
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kanus. Yro nabmogaere? Hanummure ypaBHEHUS peakIi B MOJICKYJISIPHOM U MIOHHOM (hopmMax.

Hg(NO3); + KI — Hgl, + KNO3

Hgl, + KI — K[Hgl4]

OnbIT 2. Pa3pynienne KOMIJIEKCHBIX COeANHEHU I

a) K pactBopy, OCTaBIIEMYCsl ~ OT OIIbITa | a, npubaBbTe MO  KaIlUIsIM
KOHIIEHTPUPOBAHHYIO a30THYIO KHUCIIOTY. OO0mwsicaUTE Ha0ro1aemMoe SIBJICHHE.
Hanumure ypaBHeHUE peakluu.

[Ag(NH3),]Cl + HNO3 — AgC1{ + NH4NO3

6) K  pactBopy ocraBmiemycs  OT OIbITa 16, npubaBpTe  3-5 Karnenb
CEpOBOJIOPOAHONM  BOIBI WM pacTBopa cynbduma Harpus. Hamummre ypaBHeHUe
peakIu U 00BSCHUTE IPUYMHY 00pa30BaHKE OCAJIKA.

[Cu(NH3)4]SO4 + Na,S -> CuS + Na,SO,4 + NH3

OnpIT 3. DIEKTPOIUTHYECKAS TUCCONMANUSA KOMILIEKCHBIX COeIUHEeHU

B npo6upky Haseiite o 3-5 kanenb pacTBopa rekcanuano-11-peppara kanmus K3[Fe(CN)g], a
BO BTOPYIO NpoOupKy Hameute 1-2 kammu pactBopa FeCl3, 3ateM B KaxIylo NpOOHPKY
npubaBpTe 2-3 Kamiu pacTBopa pomaHuia kKaimus win pomanuga ammonust NHiSCN. Yto
HaOmogaeTe? OOBSICHUTE OTCYTCTBHE OKpacKM B TMepBoW mpoOupke. Hamwummre wnoHHBIC
YpaBHEHUs PEaKLIUiA.

Ks[Fe(CN)s] — 3K* + (Fe(CN)e)*

FeCls — Fe** +3CI°

Ks[Fe(CN)e¢] + KSCN #

FeCl; + KSCN ->K3[Fe(SCN)g] +KC1

IMopsinoxk padoThI:

[Toyuuts OT mpenogaBaTelis 3alaHue.

BrImoTHUTE paboTy COTIIACHO METOIMYECKUM PEKOMEHIAITHSIM.

OdopMHUTH TPOTOKOI PAOOTHI.

BeumuTh oTpaboTaHHBIC PACTBOPHI, MOCYAY BBIMBITE. CliaTh pabouee MECTO.
Conep:xanue oT4era:

Tema u 11enb paboTHI.

HabGnronenust, ypaBHEHHS pEaKIIUi 1O K0 4aCTH PaOOTHI.

Pacuersl.

Br1BOIBI 110 CieTaHHOM paboTe.

AN S

el AN S

KoHTposibHbIEe BOIPOCHI.

1. Knaccudukanuss 1 HOMEHKIATypa KOMIUIEKCHBIX COCIWHEHHWI. XenaThl W KOMILJICKCOHBI.
N3omepust KOMITJIEKCHBIX COETUHEHUI

2. OCHOBHBIE TIOJIOKEHHSI TEOPUU KOMIUIEKCHBIX coenuHeHuid A. Bepnepa. CocraB

KOMIUIEKCHBIX COEIUHEHHIl: IEHTpalbHBIH aToM - KOMILIeKcooOpa3oBaTenb, JHUraH],

BHYTPEHHSISI U BHEIIHSSI c(hepbl KOMIUIEKCA.

3aps1 KOMIUIEKCHOro noHa. KaTnoHHble, aHMOHHBIE U HEUTPAJIbHbIE KOMILIEKCHI.

4. KoopamHalMOHHOE YHCIIO KOMIUIeKcooOpazoBarens. CBs3b KOOPIMHALMOHHOTO YHCIA C
3apsAI0M HEHTPAIBHOTO aTOMa.

5. Jluccommanus KOMIUICKCHBIX coeauHeHMM. KoHCTaHTa HECTOHKOCTH KOMILICKCHEIX HMOHOB.
3aBUCHUMOCTh JUCCOLIMALMK KOMIUIEKCHOTO HMOHAa OT KOHIIEHTPAIMM CBOOOIHBIX MOJIEKYI
(MM MIOHOB) JTUTAH/IA.

6. [enrtarnocts nuranaa. Kinaccudukanus KOMIUIEKCHBIX COEIMHEHUH IO COCTaBY JINTAH/I0B.

7. Ilpupona XMMHUYECKON CBSI3M B KOMIUIEKCHBIX COeUHEHUSIX. OCHOBHBIC MOJIOKEHUSI TEOPUU
BaJICHTHBIX CBsi3ei. THUII CBSA3M MeX Ay KOMILUIEKCOOOpa30BaTEIEM U JINTAHIAMHU.

8. MarHuTHble  CBOWCTBA  KOMIUIEKCHBIX COEMHEHHIA. Buemneopburansaeie U
BHYTpUOpPOUTANIbHBIE KOMITJIEKCHI. OKpacka KOMIUIEKCHBIX COSUHEHHH.

9. Kakue KOMIIJIEKCHI, COTJIACHO TEOPUU BAJICHTHBIX CBS3CH, SIBISIFOTCS HEYCTOMYMBHIMH U

w
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AKTUBHBIMHU, a KaKUE€ - YCTOP'I‘IHBI)IMPI u HeaKTI/IBHI)IMI/I?

Pa3nen 2. Heoprannyeckasi Xumust
TEMA 1. XUMHUSA HEMETAJIJIOB
Dopma npoeedens - aHaI3 Pe3)TbMAMOE OeMOHCPAYUOHHOR0 IKCHEPUMEHMA,
BbINOTHEHLE UCCTIE00BAMETLCKUX PAOOM YACHIUHHO-NIOUCKOBO20 XAPAKMEDA

Yactp A. 'astoredsl 1 NX coeINHEHNS.

ean padoThI:
N3yunTs XUMU4ECKHE CBOKCTBA FAJIOTEHOB U UX COCIMHEHUH.
3HaKOMCTBO C JJa0OPAaTOPHBIMU CTIOCOOAMH MOTYUYEHUS FaJIOT€HOB U X COSAUHEHUH.

Conepixanne padoThbI:

[Tonydenue xyopa U UCCIEIOBAHUE €0 XUMUYECKUX CBOMCTB.

[Tomyyenue XJ1I0pOBOAOPOIA M UCCIIEJOBAHUE €0 XMMUYECKUX CBOMCTB.

HccnenoBanue BOCCTAHOBUTEIbHOW aKTUBHOCTH TaJIOT€HHI-HOHOB.

KauecTBeHHBIC peaKkIIuu Ha TAIOTCHU-HOHBI.

IIpudopsbI U peakTUBBI:

1. TIpoOupku, cOUPTOBKA, [EpKaTeNb JUIsi MPOOUPOK, THUIETKH, JIOMATOYKA, KarelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWMHYECKHH cTakaH, Koiba, Oymara (ITOJIOCKH),
JaKMycoBas OyMaxkka, (UIbTpOBaJIbHASA OyMakKa, CTEKIJIIHHAS Maj0vKa, TyYuHKa, CIIUYKH.

2. Jlmxpomat kanus (Cyxoi), CoJisiHast KUcaoTa (KOHII.), CepHasi KUCJIOTa KOHIICHTPUPOBAHHAS U
pazbaBieHHas (2H), HOaUA Kanusl (pacTBOP), HOIUA Kanwus (CyXoi), XJopua HaTpus (Cyxoii),
XJOpu HaTpus (pacTBOp), MEepMaHTaHAT Kaiaus (PacTBOP), JIAKMYC, METHJIOPAHXK, KyCOUeK
MarHus (WM LUHKA), HUTpatr cepedpa (pactBop), Opomuna Kamusi (Cyxoi), OpoMHI Kasus
(pactBop), xsopuma xeine3a (111) (pactop).

Kparkue TeopeTuueckue cBeeHH.

["amorensl: ¢rop, Xs0p, OpoM, WO U acTaT. DIEKTPOHHAS KOH(PHUTypalus HEBO30YKIECHHBIX
aTOMOB TaJIOT€HOB — nsznpS' CreneHb OKUCIEHUS 3JIEMEHTOB B COEIMHEHUSIX OT -1 no +7,
TOJILKO (PTOp MMEET OJHY CTEICHb OKUCIeHus (-1).

HanGoree CHIbHOI OKHCIHTENIBHOM CIIOCOGHOCTBIO 001aaioT (hrop, X10p 1 6pom. Mom mosxker
MIPOSIBIISITh KaK OKMCIIMTENbHBIC (HarpumMep, 1o oTHoteHuto Kk HoS u SO,), Tak 1 BOCCTaHOBUTEITHHBIE
cBoiictsa (mipu B3anmozeiicteuu ¢ HNO3 u H0y).

bonee anekTpooTpuIaTeNbHBIN rajloreH BCETAa BBITECHSET 3JIEKTPOIONIOKUTEIbHBIA U3 €ro

N =

N =

COENMHEHHUH ¢ METAIIJIAMHU. 2KBr + Cl, = 2KCI + Br;
Bce ranorensl, kpome (Topa, MOABEPraroOTCsi B BOAHBIX PACTBOPAX MPU OOBIYHBIX YCIOBHSAX
JUCIPONOPLUOHUPOBAHMIO: Br; + H,O < HBrO + HBr

Haxo:xknenue B mpupoje:
Haubonee pacnpocTpaHeHsl CIeIyIONIIEe MUHEPAIIBI:

CaF, — duroopuT (MIaBUKOBBII IIIMTAT); Nas[AlFs] — kpronur;
3Ca3(P0O,); - Ca(F, Cl); — dropanarur; NaCl - ranur;
KCI — cuibBun; KCI - NaCl - cunsBuHHAT;

KCI - MgCl; - 6H,0 — xapuamurt.

JKCNEePUMEHTAIbHAS YaCTh:

Omnpit 1. Ilonyyenue xsiopa

[To 3amanuto npenoaaBatess B IPOOUPKY BHECHTE HECKOIBKO KPUCTALTMKOB TUXpOMaTa
KaJus (IMOKCHIa MapraHiia Uik JUOKCHa CBUHIA) U 100aBbTe 2-3 KA KOHLIEHTPUPOBAHHOM
COJISTHOM KUCIOTHI. ECITU peakiusi mpoTeKaeT HeIOCTATOYHO aKTUBHO, COACPKUMOE TPOOUPKHU
OCTOPOXXHO HarpeiTe. OTMEThTE IBET 00PA3YIOMIETOCs ra3a U UCTIBITAUTE €To JICHCTBUE HA
OyMaXXKy, CMOYEHHYIO PacTBOPOM oA Kanust. HarmuimmTe ypaBHEHHsSI COOTBETCTBYIOIINX
peaKIuii.
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OnpiT 2. IlosyyeHue ¥ cBOMCTBA XJIOPOBOAOPOAA

B ko5n0y, cHaOXeHHYIO KaleabHOH BOPOHKOM M Ta300TBOAHON TpyOKO#, momecTute
HEOOJIbIIOE KOJUYECTBO CyXOro xjopuaa. Yepe3 KamelbHYI0 BOPOHKY K COJNM MpHIIEHTE IO
KalUISIM ~ KOHIICHTPUPOBAHHYIO CepHYIO0 Kucinoty. Coaepkumoe KOJObI cJlerka Harpeiure.
Briaenstomuiicss XJIOpoBOAOPO ] MPOIMYCTUTE Yepe3 BOAY, HAXOSIIYIOCS B CTakaHE WM Koyioe
(TpyOKy, 10 KOTOPO# MAET TOK XJIOPOBOJOPOA JAEP>KUTE HaJl MOBEPXHOCTHIO BOIbI). [IpoBeprTe
JeiCTBHE BBIJIEISIIONIETOCS ra3a Ha BIAXXHYIO CHHIOIO JJAKMYCOBYIO Oymary, a Takke Ha MOJIOCKY
¢GmIbTpOBANBHOM Oymaru, CMOUYEHHON PO30BBIM PacTBOPOM IepMaHTraHaTa Kaius. byner num
BBIJICIIATHCS XJIOPOBOJIOPOJ, NPH B3aMMOJEHCTBUM XJIOpWJA HATPHsS C pa30aBICHHOW CEpHOMU
KHCIJIOTOM?

B tpu npobupku Hanelite mo 5-6 kamenb MOJY4eHHOTO pacTBOpa XJIOpoBojopoaa. B ogny
npoOupky nobaBeTe 1-2 Karum JaKkMyca WM METUIOPaHXka, BO BTOPYIO — KycO4eK MarHus (Miu
IIMHKA), B TPETHIO — PACTBOP HUTpaTa cepedpa.

OOnbsicHuTe HAOIIO1aeMbIE SIBIICHUS U COCTABbTE COOTBETCTBYIOIME YPABHEHUS PEAKIIUi.

OmnbiT 3. BoccTaHOBHTEIbHAS AKTHBHOCTD FAJ10T¢HU/I-HOHOB

a) [lomecture B OogHY MPOOUPKY HECKOIHKO KPUCTAIIIOB OpOMHAA Kauus, a B IPYTYIO —
nonuaa kanmums. B xaxmyro mpoOupky mo0aBbTe 1Mo 2-3 Karmuid KOHIICHTPUPOBAHHOW CEpHOM
kucnotel. OOpaTuTe BHUMaHHE Ha IIBET M 3amax NPOAYKTOB obeux peakiuil. Ha ocHoBaHUUM
3TOr0 W TPEABIAYIIETO OIBITOB CPaBHUTE BOCCTAHOBUTENIbHYIO aKTUBHOCTH XJIOPOBOJOPOJA,
OpomoBosopoa u HomoBogopoaa. CocTaBbTe ypaBHEHHS COOTBETCTBYIOIIUX OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIUH.

6) B Tpu npoOupku BHECTH 1O 2-4 Karuld AUXpoMaTa Kajusl, HOJKUCIEHHOTO 2 H. CepHOU
KUCJIOTHI (1-2 xarum). Jlo6aBuTh 10 2-3 Karuiy B MEPBYIO MPOOUPKY pacTBOpa MOAMA Kajus, BO
BTOPYIO — CTONBKO € Kakoro-nubo OpoMuja ¥ B TPEThIO — XJopHuaa HaTpus. PacTBopbl
MepeMeIIaTh YUCTOW CTEKJISIHHOM Mmajoukoil. B kakoM ciydae BOCCTaHOBJICHHE IMXpPOMAaTra HE
npousonuio. HanmucaTe ypaBHEHUs MPOTEKAIOMIMX PEAKIMI, YYUTHIBasl, YTO AUXpPOMAT Kajusi,
BOCCTaHABIMBasICh, nepexoauT B cyiabdar xpoma (lll). Kak u3MeHsuiach mpu 3TOM CTeneHb
OKHCIICHHSI COOTBETCTBYIOIIUX raqoreHoB? YTo mpu 3ToM HabI0aanocs?

B) IlpomenaTe OmBIT, aHAJIOTHYHBIA OMBITY 0), 3aMEHHMB pACTBOP JIUXpoMaTa Kajus
pactBopom xjopuma xkenesa (llI). YUro wHaGmromanu? B kakoMm ciydae MpPOH3OIILIO
BOCCTAHOBJICHHE XJIOpHJIAa KeJie3a U COOTBETCTBEHHO OKHcIlieHue rajoreHa. Kak usmensercs
BOCCTaHOBUTEJIbHAS CIIOCOOHOCTh OTPUIIATEIBHBIX HOHOB IaJIoreHOB?

OnbIT 4. KayecTBeHHBbIE peaKIIMU HA TaJI0TeHU/I-MOHbI

B 1pu npoOupku momecture 1o 3-5 Kameiab pacTBOPOB COJICH: B MEPBYIO MPOOHPKY —
XJIOpUJIa HATPHUs, BO BTOPYIO — OpoMUa Kaiusl, B TPEThIO — HOAUAa Kanus. B kaxayro mpooupky
nobaBbTe 1-2 Karim pacTBOopa HUTpara cepedpa 0 BHINAJACHUS XAPAKTEPHBIX TBOPOKHUCTHIX
0CaJIKOB TaJoreHu10B cepedpa. OTMEThTE IIBET OCAIKOB U COCTaBHTE MOJIEKYJISIPHbIE U MOHHbBIE
YpaBHEHUs PEaKLIUiA.

IMopsinoxk padoThI:

[Tony4uTh OT penoaBaTens 3a1aHue.

BrImomHUTE paboTy COrIacCHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmuTh MPOTOKOI pabOTHI.

BbutuTh 0TpaboTaHHBIE PaCcTBOPHI, IIOCYY BBIMBITE. CoaTh paboduee MeCTo.
Conep:xanue oT4era:

1. Tema u uenb paboOTHI.

HabGnronenust, ypaBHEHHS pEaKIUi 10 K0 YaCTH PaOOTHI.

3. BrIBoBI O TIpOAETaHHOI paboTe.

el N

o

KoHTposbHbIE BOIPOCHI:
1. OO6uras xapakTepucTHKa 3JeMEHTOB IN1aBHOW nmoarpynmns! VI rpynmsl.
2. PacrmpocTtpaHeHne rajoreHoB B IPUPO/IE, CIIOCOOBI MOTyUEHUSI.
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w

@u3nyecKue CBOMCTBA TAJIOI€HOB.

4. XuMmHuuecKue CBOMCTBa rajoreHoB. Hamwucare ypaBHEHUsi peakuuid B3aUMOJACUCTBHS

raJIoreHOB C BOJIOM U pacTBOpaMH miesiouei (XOJIOAHBIMU U TOPIYUMHU).

IIpuMeHeHue rajnoreHos.

6. CoenuHeHUs TaJOTEHOB C BOJOPOJIOM, MX XMMHUYECKHE CBOWCTBa. Hamucath ypaBHEHHs
peaKIMii MOJy4YeHHUsI BCEX TaJoreHoBO0po10B. KakoBbl 0COOEHHOCTH 3THX IpOLecCOB?
7. Kucnopoacoaepskamiyue coeIMHEHUs TaIOTeHOB.

Yacre b. Juementsl VIA-rpynnbl nepHMogu4vecKoil CHUCTeMbl JJ1€MEHTOB W HX

coeJUHEeHH.
eas padoThi:

N3yunTh XMMHUYECKHE CBOMCTBA KUCIOPO/Ia U €T0 COCAMHEHUI

N3yueHne XuMHUYECKUX CBOMCTB CEPBI U €r0 COCAUHEHUN.

3HAKOMCTBO C JJaOOPaTOPHBIMU CIIOCOOAMHU TMOJIYYE€HHUS KHCIOPOa U COETUHEHHH cepbl
Coaepsxanue padoThI:

[Tonydyenue u CBOMCTBA KUCIOPOA.

OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE CBOIMCTBA IEPOKCHIA BOAOPOA.

BoccranoBurenbHbIE CBOMCTBA CEPBI U CEPOBOIOPOA.

BoccTanoBuTensHBIE CBOMCTBA pacTBOpPA AUOKCUIA CEPBI U CYIb(UTa HATPUS.

CpaBHHUTENIBHAS OLIEHKA PACTBOPUMOCTH CyIb(puTa 1 cynbdhara 6apusi B KUCIIOTE.

OO6HapyxeHue cynbdar-uoHa.

IIpudopsbI U peakTUBBI:

1.JIaGoparopHblii IITATHUB, NPOOMPKH, NHIIETKH, CIHMPTOBKA, JAEp)KaTeslb Uil MPOOUPOK,
JIOTIATOYKA, TyYMHKA, CIIMYKH.

2. Ilepmanranar kanus (TB.), pacTBop nepmanranara kaiaus, 3% u 30% pactBop H202, nuokcua
Maprasiia, TMXpoMar Kaiusi (HachIIl. pacTBOP), HOAMI KaJIHsl, cCepHas KMCIOoTa (pa30. pacTBop),
KpaxMallbHBIA KJIeHCTEp, HUTPAT cepedpa, pacTBOp aMMHUaKa, a30THasi KUCJIOTa (KOHII.), cepa,
xjopun 6apus, cyabdum HaTpus (pacTBop).

TeopeTuveckue cBeIeHUs.

B VIA rpynny mepuoauueckoil cucTteMbl BXOAAT 1msaTh dnemeHtoB: O, S, Se, Te, Po.
DJNeKTpOHHAsT KOH(HUrypanus HEBO30YXICHHBIX aTOMOB 3JeMeHTOB VIA rpymnis: ns’np”.
HawnGoinee ctabmiibHasi CTETICHh OKUCIIECHUS DJIEMEHTOB B MX COCIMHEHUSX (-2) XapakTepHa s
kucnopona. Cepa MOXKET HaXOIUThCS B crerneHu okucnenus 0, +2, +4, +6, -2. ¥V rtemnypa,
MOJIOHMSI U CeJieHa, 00JIaIaloIIUX MEHbIIEH 3JeKTPOOTPULIATEIbHOCThIO, CTAOUIIFHOM SIBIISIETCS
creneHb okucienus (+4). Kuciopon, cepa u cesieH — THIMYHBIE HEMETAJUIBI.

Kucaopon (0O,) — ra3 6e3 1seta, 3amaxa 1 BKyca. AJJIOTpoIHass MOAA(UKAIIUSA KUCIOPO1a
— O3 — 030H. Kucnopon manopactsopum B Boe. Ha Bozayxe nmoaaepKuBaeT ropeHue MHOTHX
BeniecTB. CUIIBHBIM OKUCIMTENh — IPU BBICOKHX TeMIlepaTypax pearupyeT ¢ OOJbIIMHCTBOM
METAJIJIOB U HEMETAJLJIOB.

[Ipocreiimiast kayeCTBEHHAs peakius — APKOE 3arOpaHue TICIOMICH IPEBECHOMN JIYYMHKHU B
aTMocdepe KUCIopoa.

[IpumensieTcs Kak peareHT B XUMUYECKOM TEXHOJIOTHH (00XKHUT CYIbPUAHBIX PYI, CUHTE3
OKCHJIOB), METAJUIypruu (IIPOU3BOACTBO YyT'yHa, CTAJIM), CBAPKE U PE3KE METAJIOB U T.1.

Moay4yenne:

OcHoBHOM  (mpombiluieHHBIH). M3 BO3ayXa  METOOOM  HU3KOTEMIIEPATypHOU
pekTudUKauy (KUIKUN BO3AYX pa3AeisieTCsl Ha KUCIOPO B a30T).

Cepa — XUMHYECKM AaKTMBHOE BEIIECTBO. I3BECTHBI €€ COEAMHEHMs MOYTU CO BCEMU
3JIEMEHTaMH, KpoMme OJ1aropoAHBIX Ta30B, a Takxke Au, Pt, I, At.

I'oput Ha Bo3ayxe: S + O, = SO;

Moay4yenne:

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

o

W

agrwdE
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Bonee uncteiii Ta3z oOpa3yeTcst IpHu pas3sIoKEHUU Cyab(uIa KaIbIH: CaS + 2HCI =

HZST + CaC|2

JKCNepUMEHTAIbHAS YaCTh

Kucaopona. Ilepoxcua Bogopoaa

Onpit 1. ITosryyeHue 1 CBOMCTBA KUCJIOPOAA

B cyxywo mpobupky momecTute MPUOIU3UTENHHO 2 T MEpMaHTaHaTa Kalus. YKpEmuTe
npoOUpKY B JIallKe INTaTHBAa W HarpeiTe ee. Bpiaensroniuiics ras HCHBITAWTE C TMOMOIIBIO
Taeromen 1yduHku. CocTaBbTe YpaBHEHHE PEAKIINU.

OnpIT 2. KaTagauruyeckoe pa3jiokeHue MepoKcuaa Boaopoaa

a) Haneiite B mpobupky 8-10 kamens 3%-noro pactBopa H,O; u BHecuTe B mpoOHpKY
HECKOJIBKO KPHUCTAJVIOB JMOKCHAA MapraHiia B KauecTBe Karajau3aTopa. Beimensrommiics ras
UCIIBITAliTE ¢ MOMOUIBI0 Tietoel mydnHku. CocTaBbTe ypaBHEHUE peakuuu. K kakomy Tumy
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIINII OHA OTHOCHUTCS?

6) Haneiite B mpobupky 6-7 Kamenb HACHIILIEHHOTO PAacTBOpa JUXpOMaTa Kajus U Clerka
nonorpeiite. Jlo6aBbre 2 kamim 30%-HOro pactBopa mepokcuaa Boaopoaa. Ilpoucxomut
NIOYEpPHEHHE pacTBOpa 3a cyeT 00pa3oBaHMs MPOMEXKYTOUHBIX coeanHeHui Tuma Kp[Cr,Oy
‘Hp037]. Yepes 1-2 MUHYTBI IPOUCXOAUT OYpPHOE Pa3IOKEHUE MPOMEKYTOYHBIX COCTUHEHUN C
BBIJICTICHHEM KHCJIOpoja. BHecure B TPOOMPKY TIHCIONIYIO JYYHHKY. UTO mpomcxomut?
CocraBbTe ypaBHeHHE peakiuu. K kakoMy TUIy OKHCINUTEIbHO-BOCCTAHOBHUTENIBHBIX PEAKIIMN
OHa OTHOCUTCA?

OnpIT 3. OkKUcAUTEIbHbIE CBOMCTBA NMEPOKCHAA BOOPOAA

B npobupky k 3 kamisM pacTBopa MoauAa Kaiuus npubaBbTe 2 KaruiM pa30aBICHHOTO
pacTBopa CEepHOUM KHCJIOTBI M 3aTeM IO KarisiM npubasistiite pactBop HyO, mo mosiBieHus
xKentoil okpacku. OOpa3oBaHHe HOJa CTAaHOBHTHCS OOJiee 3aMETHBIM, €CIH K pacTBOpPY B
npoOupke J00aBUTh HECKOJIBKO Kaleidb OPraHMYeCKOro pacTBOPUTENS HJIM HECKOJBKO Karelb
KpaxMajibHOTOo Kieicrepa. CocTaBbTe ypaBHEHUE PEAKIUU.

OnbIT 4. BoccTaHOBHTEIbHBIE CBOMCTBA MEPOKCH/IA BOAOPOAA

a) B mpoOupky BHecuTe 2-3 Kalsid pacTBOpa IepMaHraHata Kamus M 2-3 Karu
pa30aBIEHHOIO PAacTBOpa CEPHOM KHUCIOTHL. 3aTeM K MOJyYeHHOMY B MPOOUPKE pacTBOPY
n00aBbTE HECKOJILKO Karellb pacTBOpa MEepPOKCHIa BOIOPOAA IO U3MEHEHHUSI OKPACKHU PacTBOpa.
Boeinensronmiicss ra3 UCHBITAWTE C TMOMOIIBIO Tieromed JyduHKU. CocTaBbTE€ ypaBHEHHE
peaKkiuu.

0) K 4-5 xamisam pacTBopa HUTpara cepedpa n00aBbTE MO KaIulsiM pacTBOP aMMHakKa J0
pacTtBopeHust oopaszoBasieiics MyTd. K moxydeHHoMy pacTBopy npubaBbTe Mo Karism 3%-Hbli
pacTBOp MepoKCcUIa BOJOPOIa. 3alUIINTe HaOMIOACHUS U COCTaBbTE YPaBHEHUS PEAKIIHUA.

KoHTposabHbIe BONpockI
1. DnexTpoHHOE CTpOEHHE W TMapaMeTPhl aTOMOB JJIEMEHTOB TJIABHOW MOATPYMIBI IIECTON
rpymisbl. [lepuoguyHocTh NX U3MEHEHUSI.

Kucnopon: kucinopon B npupone, Bo3nyx. [lonyuenne kuciopona.

CBoiicTBa U IpUMEHEHUE KUCIOPOJIA.

ITepokcua Bogopoaa. Onucats ctpoeHue MoJekyibl HyO,. [ToueMy 3Ta Monekyna nosisipHa?

VYkazarh crmocoObl TOJYY4EeHHS TEPOKCHAA BOIOPOJA, NPHUBECTH YPABHEHUS PEAKIIHIA.

Moxkno mu nonyuuth HpO, HEmocpencTBEHHBIM B3aMMOJICHCTBHEM BOAOpOJA M KUCIIopona?

OtBer 000CHOBATB.

6. Hammcath ypaBHeHHME peakUuu pas3lioKeHHs mepokcuaa Boaopona. K kakomy Tumy
OKUCITUTEIbHO-BOCCTAHOBUTENbHBIX PEAKIIMII OHA OTHOCUTCS?

7. TlpuBecTH mpuUMepbl OKUCIUTEIBHOTO M BOccTaHoBUTeNbHOro nerictBus H,O,. Ha dvem
ocHoBaHo npuMmeHenue H,O; B Meauimne.

8. Hammcatp ypaBHEHHS peakiinii B3aMMOICHCTBHS TIEPOKCH/IA BOJIOPOIA C TIEPMaHTaHATOM KaJIis B
KHCJION CpeJie; NOIUIOM Kalus B KUCIION Cpezie; XpOMAaTOM Kallus B LIIEJIOYHOU Cperie.

galrwn
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9. O3o0=H.

Cepa u ee coeqMHEHUA

OmnbiT 1. BoccTaHOBUTEIBHBIE CBOIICTBA CepbI

Tara! B npobupky HanewTe 1-2 MJI KOHIICHTPUPOBAHHOTO PACTBOPA a30THOM KHCIIOTHI U
BHECHTE B IPOOUpPKY HeOOMbIIOH Kycouek cepbl. ComepkuMoe MpoOUpKH Harpeirte. A30THas
KHCJIOTa TPU 3TOM BOcCCTaHaBiMBaeTcs 10 okcuaa azora (1), a cepa okucnsercs g0 cynbdar-
MOHA, KOTOPBIH MOXHO JIETKO OOHApYXHTbh, J00ABUB K MOJYYEHHOMY PacCTBOPY HECKOJIBKO
Karejab pactBopa xsopuna Oapus. CocTaBbTe YpaBHEHHS pEaKIMl OKHCIEHHUS Cepbl U
oOHapy>KeHHs CyIb(haT-noHA.

OnbIT 2. BoccTaHOBHTEIbHBIE CBOMCTBA CEPOBOIOPO/A.

B npobupky BHecuTe mo 2-3 Karumd pacTBopa: a) IMepMaHraHarta Kanmus, ©) Auxpomara
kanus. B mpobupky mo6aBeTe mo 2-3 Karum pa30aBI€HHOW CEPHOW KHCIOTHI M HECKOJIBKO
Karejb pacTBopa Cyinbpuaa HATpUs A0 U3MEHEHUs OKpacku pactBopa. CocTaBbTe ypaBHEHUE
peaxkuuu.

OnbIT 3. BoccTaHOBHTe/IbHBIE CBOWCTBA PACTBOPA THOKCH/IA cephl M CY/Ib(puTa HATPUS

a) B mpobOupky HamelTe mo 2-3 Kaljikd pacTBoOpa AUXpoMara Kaiaus U pa30aBIeHHOMN
cepHoii kucnoTel. K cMmecu 100aBbTe HECKOJIBKO Kalellb pacTBOpa CEPHUCTOM KUCIOTHI WU
HECKOJIbKO KpHUCTaUIOB cynbdura HaTtpus. OTMETbTe H3MEHEHHE I[BeTa pacTBopa. Kakue
CBOWCTBA MPOSBISET CEPHHUCTAs KUCIIOTAa WM €€ coJib B 3TOH peakiun? CocTaBbTe ypaBHEHHE
OKHCITUTEILHO-BOCCTAHOBUTENLHON peakiuu. (J{aHHON peakiueil MOKHO OTKPBITh HOH SOs* B
OTCYTCTBHUH JPYTUX BOCCTAHOBHUTEJEH)

0) B mpobupky ¢ 3-5 KamasMu pacTBOpa CEPHUCTON KUCIOTHI T00aBhTE HECKOJIBKO Kareilb
3 %-Horo pactBopa nepokcuaa Bogopoaa. OTMeTsTe Kakue U3MEHEHUS TPU 3TOM HMPOHCXOIST.
Kakum 00pa3omM MOKHO J0Ka3aTh MPHUCYTCTBHUE MOHA SO B npoaykrax peakuuu? CocraBbTe
YpaBHEHHE PEAKITUH.

OnpiT 4. CpaBHUTEIbHASI OLIEHKA PACTBOPUMOCTH CYJb(UTA U cyJbdaTa 6apus B

kuciaore. O0Hapy:keHHne cyjJb(aT-noHa

B onny npobupky BHecuTe 2-3 Kamiu pacTBopa cyibdara HaTpus, B APYryro — 2-3 Kariu
pactBopa cynbdura HaTpus. B 06e npobupku nodaseTe 1-2 Kamim pactBopa xyiopuaa 6apus. B
obenx mu mpoOWpkKax BbmMagaer ocaaok? JlobaBeTe B 00e mpoOuMpkH 1Mo 2-3 Karum
pa3z0aBiIeHHON a30THOU (coystHON) KucnoThl. OObscHUTE HaOmomaeMblie siBiaeHHs. COCTaBbTe
yYpaBHEHHUS peaklUUi MOoJlydeHus cyinbdara U cyiabpura O0apus U pacTBOPEHHs MOCIEIHErO B
KHCJIOTE.

KoHTpoJibHBIE BONIPOCHI
1. Cepa: cepa B npupojie, NOIYyYEHUE CEPBI.
CBolicTBa U1 IPUMEHEHUE CEPHI.
CepoBonopon, cynbpuasl. Hamummre ypaBHEHHs peakIMM B3aUMOACUCTBHUS Cynbhun
xkene3a (IT) ¢ constHOM KUCI0TON M a30THOM KHUCTIOTOM.
JIMoKkcua cepbl, CEpHUCTAsE KUCIIOTA.
Tpuokcun cepsl, cepHas KHCIIOTa, €€ MOoTyYeHHe, CBOICTBAa U TPUMEHEHHUE.
[lepokcoaBycepHas U THOCEpHAst KUCIIOTHI.
CoennHeHUE cephl C TAJIOTEHAMM.
ITopsinok paGoTbI:
[TomyuuTs OT MpenoaBaTelis 3a/laHue.
BbImoHUTE paboTy COrNIaCHO METOANYECKHM PEKOMEHIALIUSM.
OdopmMuTh MPOTOKOI pabOTHI.
Bbututhk 0TpaboTaHHBIE PacTBOPHL, TOCYY BEIMBITE. CliaTh pabouee MecTo.
Conep:xkanue oryera:

L

No ok
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1. Tewma u uenb pabOTHI.
2. HaOmoneHus, ypaBHEHUS peakIuil Mo KaKaoi 4acTu padoThI.
3. BbIBOfBI 110 IpOIETaHHOM padoTe.

Yacre B. Ouaementbl VA-rpynnbl NepHOAUYECKOH CHCTEMBbI JJ1€MEHTOB M HX

coeJUHEeHHU.
eas padoThi:

N3yunTh XMMHUYECKHE CBOMCTBA COCTMHEHUM a30Ta.

N3yunTh XumMuueckue cBoiicTa hocdopa u ero COeTUHEHUH.
Conep:xanue padoThbI:

[Tonydyenue a3ora u cojieli aMMOHUSI, UCCIEA0BAHUE UX XUMHUYECKUX CBOMCTB.

[Monyuyenue okcuaa azota ().

HccnenoBanre OKMCAUTENBHBIX CBOMCTB a30THOW KUCIIOTHI.

Xumudeckue cBoicTBa hochopHOM KUCIOTHI, moiaydeHue pocharoB u ruapodocharos..

IIpudops! U peakTUBBI:

1. TlpoGupku, CcHUpTOBKA, AepKaTedb IS NPOOMPOK, THUIETKH, JIOMATO4YKa, KareabHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWMHUYECKUH CTakaH, Koiba, Oymara (IOJIOCKH),
JaKMycoBas OyMaxkka, GUIbTpOBalbHAS OyMaXKKka, CTEKJISIHHAs MMajoyKa, JIyYMHKA, CIIUYKH,
YHHUBEpCcaIbHasi HHIUKATOpHAs Oymara, ITaTHB.

2. Jlmxpomat kanus (Cyxoi), COJIsTHasi KUCI0Ta (KOHIL. ), CEpHast KUCI0Ta KOHIICHTPUPOBAaHHAS U
pasbaBienHas (2H), moaua Kanus (pacTBOp), HOIUA Kanus (CyXoi), XJIOpUa HATpus (CyXoii),
XJ0pu HaTpus (pacTBOP), IEPMAHTAHAT KaHs (PAcTBOP), JaKMYC, METHUIIOPAHXK, KyCOUEK
MarHus (MM UHKA), HUTpat cepedpa (pacTBop), Opomu Kaaus (Cyxoi), OpOMUI Kaus
(pactBop), xsopuma xene3a (111) (pactop).

Boanbie pactBopsl ¢ocdara Hatpus, ruapodocdara Hatpus, guruapodocdara HaTpus, cyiabdara
xenesa (1), pogannga kamuss KSCN, xmopuma Gapusi, CONSHOM KHCIOTHI, a30THOH KHCIIOTHI,
YKCYCHOUM KHCJIOTHI, THAPOKCHIa aMMOHHS.

Teopernyeckue cBeieHMsI.

B VA rpynmy BxomsaT a3or, ¢ochop, MBIIBIK, cypbMa U BHUCMYT. A30T u ocdop -
TUMIUYHBIE HeMeTaulbl. Bucmyr — weramn. OOmas dleKTpoHHas  KOH(Urypauus
HEBO3OYKIEHHOTO aTtoMa — NSNP°, ¢ TPeMsi HeCIIapeHHBIMH SICKTPOHAMU Ha P-OpOHTAId. JTO
JIOBOJILHO yCTOMUMBas 3JIEKTpOHHAs KOHurypauus. [lpucoennuenue uiam ynajaeHue JIeKTpOHa
C P-OTOMHO# OpOUTANIN PHEPTETHUUECKU HE BBITOJHO, TOATOMY cTeneHb okucieHus (-1) wiu (+1)
BCTPEUaETCs PEAKO U MOJA0OHOTO THUIIA COEAMHEHUSI HEYCTONYHBHI.

Crenenpb okucneHus (+3) pealnzyercs B COCIUHEHUAX ¢ OoJiee 3JIeKTPOOTpULIATETbHBIMU
aneMeHTaMu — ropoM, kuciopogom u xiaopom (NFz, HNO,, PCl3).

Crenienb okucieHHs (-3) UMEIOT 3JEMEHThI B BOJAOpOAHBIX coenuHeHusx (NHs, PHs),
autpuaax (LisN, MgsN2), bochunax (CazPy).

Creniens okucnenust (+5) Berpedaercst B okcuax (N2Os, PoOs, As;Os), xuciorax (HNOs, HiPO,
HsASOy).

A30T (N;) — mpocrtoe BemiecTBO. becIBeTHBII Ta3, KOHICHCHPYETCS B OECIBETHYIO
KHJIKOCTh. MOJIEKyTa COIEPKHUT KOBAIEHTHYIO G-, Tt-, Tt- CBs13b (N = N).

A30T — I71aBHas1 COCTaBJISIIOIIAS YacTh BO3/TyXa. MajopacTBOpUM B BOJIE (M MEHBIIIE YeM KHUCTIOPO.).
Bxomt B cocTaB HEOOIBIIIOTO YKCIIa MUHEPATIOB(CETTUTPHI | JIP.), HEKOTOPBIX IPUPOIHBIX YITICH.

Moay4yenne:

B npoMBIIIIEHHOCTH a30T MOYy4aloT (HPAKIHMOHHOW AUCTHIUISILIMEH >KUAKOTO BO3/AyXa.
A3OT BBIKMIIAET O KUCIOPO/a.

B naboparopuu mpuMeHSIOT peaKuu:

2NH;3 + 3Br, — N1 + 6HBr

NH4CI + NaNO;, — NoT + NaCl + 2H,0

NH4N03 pp) NZT + 2H20

™=
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IIpumensiercss i1 CHHTE3a aMMHaKa, a30THOM KHCJIOTHI M JPYTHUX a30TCOJEpKalluX
MPOJYKTOB, KaK MHEPTHAsI Cpe/ia MPOBEACHUS XUMUYECKUX M METAJUTYPTHYECKUX MPOIECCOB U
XPaHEHUsl OTHEOMACHBIX BELIECTB.

P — ¢ochop. — DOnement 3 -ro nepuoga u VA rpynnsl Ilepuoanueckoil crucTEMBI.
[TopsinkoBeiii HOMep 15. DOnektponHas ¢opMmyna aroma ...3823[)3, YCTOHYMBAs CTEINEHb
OKHCJIEHHUS 15, pexe BCTpedaeTcsl CTENEHb OKUCIEHMS -3 U +3.

B mpupone Bcerpeuaercss TOJABKO B XMMUYECKH CBS3aHHOM Buje. BxoauT B cocras
MHOTOYHCIICHHBIX MUHEPAJIOB, PY/I ¥ TOPHBIX MOPOJ ((hocharkl, anaTutsl U Ap. ).

Beablii_dochop (Peer) — MATKHI Kak BOCK (pekercs HOxoM). [lmaButcs u kunut 6e3
pasnoxenus. OKHCIsIeTCs Ha BO3/AyXe (3€JeHOe CBEUYCHHE B TEMHOTE) Hpu OOJBIION Macce
BO3MOYKHO CaMOBOCIZIaMEHEHHE. B 0COOBIX YCIOBHSAX TEPEBOAUTCS B KPACHBIM M YEPHBIN
dochop.

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

Ilonyyenne OGenoro ¢ochopa TPOBOAAT BOccTaHOBIEHHWEM ¢ocdara  KaIbIUs
pacKajJeHHBIM KOKCOM (B IMMPOMBIILICHHOCTH )

C&3(PO4)2 + 3Si0, + 5C — 2P1 + 5CO7 + 3CaSiOs

[Ipouecc cocTonT U3 CAEAYIOIUX CTAIUN:

2C&3(PO4)2 — 6Ca0O + 2P,0s

P,Os +10C — 4P1 + 10CO

Ca0 + SiO, = CaSiOs

IIpumensiercsi: B npoussozctee pocopHOit KUCIOTH U KpacHOTO (hocdopa, Kak peareHT
B OpraHMYecKUX CHHTE3aX, PACKUCIMTENIb CIUIAaBOB, 3a)KUraTelbHOE CpencTBo. [ opsimumit
docdop cnemyeT racuth eckoM (HO He BojIo#!). Upe3BbIUalHO STOBUT.

Yepublii_(pochop (Puepn)) - UMEET CIOUCTYIO CTPYKTYPY, IO BHEIIHEMY BHIY IMOXOX Ha
rpadurt. [lpn HarpeBaHuM mepexoAuT B KpacHbI ¢ochop. Xumuueckas aKTUBHOCTh 3HAYUTEIHHO
HIDKE, 4eM y Oeroro docdopa. Ycroituns Ha Bozayxe. He simoBut. [omydarot nmpu HarpeBaHu# O€1oro
docdopa.

IIpumensieTcst kak peareHT (Ooree Ge3omacHbIi, YeM Oerbiid (pocdop) B HEOPraHUIECKOM CHHTES,
HAITOJIHUTEIh JIaMIT HAKTMBAHKST, KOMITOHEHT HaMa3KH KOpOOKa IPY M3rOTOBJICHHH crimyek. He syoBuT.

JKCNepUMEHTAIbHAS YaCTh:

A30T ¥ ero coeJUHEHMUS.

OmnpiT 1. Ilosyyenue ammuaka

K 4-5 xammsim pactBopa Xjopuia WM Cynb(ara aMMOHHUS TpUJICHTE paBHBIA 00BEM
pa30aBJIICHHOTO pacTBOpa THApPOKcHAAa HaTpus. PacTBop crnerka momorpeite. K orBepcTuro
OPOOUPKH TOMHECUTE BIAKHYIO JIAKMYCOBYIO (YHHUBEPCAIBbHYIO) OYMaXKy WM TOJOCKY
bunpTpoBaIbHOW Oymaru, cMmMoueHHYyIO (eHondpranennom. bymaroit He KacaliTeCh CTEHOK
npooupku. Kak n3mensiercs usetr Oymaru u modemy? (KauectBeHHas peakiusi Ha HIOH aMMOHUS).

OmnbiT 2. BoccTaHOBHTE/IbHBIEC CBOCTBA aMMHAKA

Buecure B npoOupky 2-3 Karju pacTBopa IiepMaHraHata Kainus u 3-5 Kamneib
KOHIIEHTPUPOBAHHOTO pacTBOpa amMuaka. [lonydeHHyto cMech cierka nogorpeiite. Kak
U3MEHSETCs OKpacka pacTBopa? Hanuiure ypaBHEHUE peaklluy, yYUTHIBAsI, YTO aMMHAK
OKHCJISIETCS IO CBOOOAHOIO a30Ta, a IEpMaHraHaT KaJlus BOCCTAHABIMBAETCS 0 JUOKCHIA
Maprasiia.

OnpIT 3. OTHOLIEHHE COJIeil AMMOHHUSA K HATPEBAHUIO.

A) TlomectuTe B CyXyl NPOOMPKY HEMHOI'O KPHCTATMYECKOTO XJIOpHUAa aMMOHHS WU
Harpeiite mpoOupky. OOpaTuTe BHMMaHWE Ha OOpa3oBaHWE OEIOro HajleTa Ha XOJOJIHBIX
CTCHKaX BepxHel yacTu npoOupku. CocTaBbTe ypaBHEHUE PEAKIIHH.

b) Bo3pMuTe Ha KOHYMKE IIMATeNs HEMHOro cyib(ara amMMOHHUA, MPEIBAPUTEILHO
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pacTepToro B CTYNKE, M BBICHIIIBTE COJIb B CyXyto npobupky. [Ipobupky Harpeiite. OOpaTute
BHUMaHUE Ha 3amax, MOSBHUBIIUNCS BO BpeMs HarpeBaHus. [lomHecuTe K OTBEPCTHIO MPOOUPKU
BIQXHYIO JIaKMyCOBYIO Oymaxkky. Uto mpoucxomut? OctaBiieecss BEHIECTBO B MPOOUPKE
pacTBOpPUTE B BOJIE U OMPEIEIUTE XapakTep cpeabl B pactBope. Hanuimiure ypaBHEHUs peakiuil
pasnoxkeHusi cyinbdara aMMOHHMS M JUCCOLMAIMU B PacTBOpPE BeIECTBa, 0Opa30BaBILIErocs B
pe3yJabTaTe pa3ioKEHUs CONH.

B) B cyxyro mpoOupky HachllbTe HEMHOTO AUXpOMaTa aMMOHUs. 3aKpenuTe MPOOUPKY B
HITaTUBE BEPTHKAJIbHO, U HEMHOro mnojorpeite. Kak TONbKO HadyHETCS pPa3joKEHHE COJIH,
HarpeBaHue npekparure. Yto HabmogaeTcsa? MmMeror i 3amax mpoayKThl PEaKIuy Pa3ioKEeHUs
conmu? CocTaBbT€ ypaBHEHHE peakiuu. B ueM oTinuMe MoBeneHUs 3TOH COJMU OT cojied B
OMbITax, MpOJENaHHBIX A0 3Toro. Kakue conmu aMMOHHS pasjiaratoTcsi MoJ00HO AUXpoMaTy
aMMOHUsA?

OnbiT 4. T'mapoan3 coseil aMMOHUSA

C nomormisto pH-uHIUKATOPHOM OyMaru ompeneauTe XapakTep Cpeibl B pacTBOPE XJIOpHUIa
win cynb(ara aMmMoHUs. HanumuTe ypaBHEHHE peakiuu ruaponusa coiau. EcTs nu pazHuna B
TUIPOJIN3E ITUX COJICH.

OmnbiT 5. Tloayuenue oxkcuaa azora (1)

B nmpobupky ¢ ra3ooTBOAHON TPYOKOW MOMECTUTE HEMHOTO MEJKHUX CTPYXEK MEIu W
npubaBbTe HECKOJIBKO Kareiab pa30aBiIeHHOM a30THOM kuciotel (p = 1,2 1/mm). 3akpoiite
poOUpKyY MpOOKOH | cierka ee Harperte. OOpaTuTe BHUMAaHKUE Ha I[BET BBIICISAIONMIETOCS rasa.
Yactp raza cobepure B MpOOMPKY HAJ BOJOW, a APYTyIO0 YacTh MPOIYCTUTE B MPOOUPKY ¢ 5-6
KaruisiMH pacTtBopa cyibdara sxenesa (II).

OmnbIT 6. CBolicTBa a30THOI KHMCI0THI. B3anMoneiicTBae ¢ MeTal1aMHu

[Tomectute B poOHpPKY HEMHOTO IMHKOBOM MBUIA WM CTPYXKEK MarHus u npuOaBbTe
HECKOJIBKO Karlellb OueHb pa30aBIeHHOM a30THON KUCIOTHI. B3bonraiite cmeck. 1o 3anmaxy
ornpezaenuTe, kKakoil ras Boiaensercs. CocTaBbTe ypaBHEHUE PEAKIIUH.

OnbIT 7. B3anmopeiicTBHe a30THOM KHCJIOTHI ¢ HEMETALIAMH

B dapdoposyro yamky HanelTre HEMHOTO KOHIICHTPUPOBAHHOMN a30THOM KUCIIOTHI.
[onoxute B KUCIOTY HEOOMBIION Kycouek cepbl. IlocTaBuB yamky Ha acOECTOBYIO CETKY,
OCTOPOKHO ee HarpeiTe. Uto Habmomaercs? OxnaauTe peakimoHHy0 cMech. Heckonbko
Karesib CMeCH IOMECTUTE B MPOOUPKY U J00aBbTe 2-3 KaIjIk pacTBOpa XJIopuaa Oapus.
CocTaBbTe YpaBHEHUSI PEAKIIHIA.

OmnbiT 8. OKHCIUTEIBHBbIE CBOMCTBA A30THOMN KHCJIOTHI

K 3-4 kammsim CBEXENpUTrOTOBJICHHOTO pacTBopa cyibdata sxenesza (II), moakucieHHOTO
Karuield pa30aBIeHHON CepHOW KHCIOTHI, MpuOaBbTe 5-6 Karenb KOHLIEHTPUPOBAHHON a30THOM
kuciaoTel. CMech HarpenTte 10 Havana KuneHus. Heckonbko Kameiab MOJYYEHHOrO pacTBOpa
pazbaBbTe BOMOW U J00aBBTE OJHY KaIlIl0 pacTBOpa poAaHuaa amMmoHus (kamus). YUro
npoucxoaut? IIpenBapurensHO yOeIuTECh B TOM, YTO HCXOAHBIA pacTBOp cyibdara xenesa (II),
HE JaeT WX MOYTH HE JIAeT OKpAIllUBaHUs C POJAHUOM aMMOHHSI.

KoHTpoJibHbIE BOPOCHI:

OO6mras xapakrepucTika V moArpyIisl TIaBHON TPYIIIBL
PacnipocTpanenue a3oTa B IpUpoe, MOJIyuyeHuUe.
CBolicTBa U IPUMEHEHUE a30Ta.
AMMHaK.
Oxkcuabl a3orta.
A30THCTas KHCI0TA U €€ COJIN.
A3O0THas KUCTI0Ta, CBOMCTBA, COJIU.

NogkrwdpE
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Docdop u ero coefUHEHUSs

OmnbIt 1. I'maposus coJieit ¢pochopHOH KHUCIOTHI.

Counnt (hochopHOI KUCIIOTHI, pACTBOPUMBIE B BOJIE, THAPOIN3YIOTCS. [ MApOIN3 NpoTeKaeT HEOJUHAKOBO Y
CpC€AHUX U KHUCJIbIX COJICH. HpI/I TUAPOJIN3C KUCIIBIX coliei HICJIOYHBIX METAJUIOB OAHOBPEMEHHO C TMAPOJIN30M
AHUOHOB MPOTEKACT UX AUCCOLUALINSA:

H,PO4 + H O—H3PO,4 + OH; HPO4* + HyO— HyPO,+ OH

H,POs— HPO,* + H*; HPO,Z -»PO,> + H'

C moMompi0 YHUBEpCATbHOM WHAMKATOPHOW Oymard MpPOBEPHTE XapakTep Cpelasl B
pactBopax comneir NasPO,, Na,HPO,4, NaH,PO,. IlonyueHHble OKpacku MHAMKATOPHOU Oymaru
CpaBHUTE C LIBETHOW mIKanoil pH- nHaukaTopHoit Oymaru. Pe3ynbrarsl onbita ohopMuTe B BUIE
TaOJINLIBIL.

PactBop cosn pH cpenbl BeiBog

NazPO,4

Na;HPO,

NaH,PO,

Peakmus o6pa3oBanus pacTBOPUMBIX (pochaToB MUPOKO UCHOIB3YETCS B aHATTMTUUYECKON
XUMHUH KaK KaueCTBEHHAas peakuus Ha ¢pocdar-uoH.

Onbit 2. O6pa3oBanue docdara keaesa (111).

K 3-4 xannsm pactBopa cynbdara xenesa (11) Fey(SOy4); npuneiire 2-3 kammm popaHuga
kamusgs KSCN u HeckosbKO Kamesnb pacTtBopa, coxaepxkaiiero ¢ocdar-uon Na,HPO,. Kpacnas
OKpacKa pacTBOpa MCHYE3aeT B pe3yibTaTe IMepexojia poAaHuIa >Kele3a B MalopacTBOPHUMBIM
docdar, nmeromuii caabo-KeIThIH IBET.

OmnbiT 3. O0pa3zoBanue rugpogocdara 6apus

K 2-3 kamssm Na;HPO, mpubaBbTe HeckoabKo Kamens xiaopuaa 6apus BaCl,. O6pasyercs
Oenbrit ocanok BaHPO., pactBopumsbiii B comstHoit HCl u aszornoii kucimore HNO3 u
HEpacTBOPUMBIM B yKCycHOW. [IpoBepbTe pacTBOpUMOCTH Ocajka B KucioTax. CocTaBbTe
YpaBHEHUs PEaKLIUiA.

OnbIT 4. O0pa3oBanue gocdara cepedpa.

K 3-4 xamnsam pactBopa NapgHPO, no6asste 1-2 xarum pactBopa Hutpara cepedpa AgNOs.
O6pasyercs xentbiii ocanok AgsPO,, pacTtBopuMeIil B pazdaBiieHHoN a30THOM kuciote HNO;3 u
pactBope ammuaka NH,OH.

KoHTpoJibHBIE BOIPOCHI.
docdop. PacnpocTpaHeHHOCT B IPUPOJIE, TOTYUEHHE.
®dusndeckue cBoiicTBa hochopa, MpUMEHECHHE.
Coenunenus pocdopa ¢ BOJOPOIOM H TAIOTCHAMHU.
Oxkcuapl hocdopa.
Kucnotsr dpochopa.
MuHepanbHbIe YyI0OpeHus, conepxaiiue Gocdop 1 azor.

o wdE

Yacte I'. Daementsl |V A-rpynnbl nepuoanyeckoil CHCTEMbI JIEMEHTOB H HX
coeIMHEeHUsI.
esab padoThi:
1. H3ydeHue XUMHUYECKUX CBOWMCTB YIJIepoaa, KPEMHHUS, OJIOBA, CBUHLIA U UX COCUHEHUN
2. OszHakomyieHHE C JTa0OpaTOPHBIMH CIIOCOOAMH TOTY4YeHUs KapOOHATOB W KPEMHHUEBOM
KHCJIOTHI.
Conep:xxanue padoThbI:
[Tonydenue u paznoxxkeHrue KapoOOHATOB.
2. TlomydeHune KpeMHUEBOW KHCIIOTHI.
IIpudops! U peakTUBBI:

=
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1. TlpoOGupku, NUNETKHA, IITaTHB, Ta300TBOAHAs TpPyOKa, Koi0a, CTEKISHHAS IaJOvKa,
CIIUPTOBKA, JACPKATEIb I MIPOOHUPOK,

2. Bonnbie pactBophl Xyopuaa Oapusi, cyiabbara nuHka, xmopuma xkenesa (I11), kapbonara
HATpUsi, CWIMKata Hatpus, xyuopuaa ojosa (ll), mepmanranara Kaiusi, CEpHOW KHCIIOTHI,
COJITHOM KUCIIOTHI (paz0.), a30THOM KUCIOTHI (pa30.), THAPOKCUIA HATpHUsl, CyIbpuaa HATPHS,
MOJIMJA Kallis, U3BECTKOBas BOJAA, KapOOHAT aMMOHUS (TB), KOHIIGHTPHPOBAHHAS COJISTHAS
KHCJIOTa, META/UTHYECKH ITUHK, okcua ceuHma (11).

Teopernyeckue cBeieHMsI.

B IVA rpynny BXOmsT yriepon, KpeMHHUMW, TeépMaHUl, OJIOBO W CBUHEI. DJICKTPOHHAS
KOH(HUIYPALHs aTOMOB B CTALMOHAPHOM COCTOSIHMHM: NS°NP’, IIpHYeM Ha P-aTOMHOH OpOHTAaNH
HAXOJSATCS JIBa HECIIAPEHHBIX AJIEKTPOHA.

B cBoux coenuHenusx snemeHTsl IVA rpynmbel MMEOT Kak IpaBWiO, ABE CTENEHU
okucnenus: (+2+ wmm (+4). YCTOMYMBOCTh COCIMHEHUH CO CTEMEHbIO OKucieHus (+2)
YBEJIMYUBACTCS OT yIJiepo/ia K CBUHILY.

[Ipu nepexonae oT coeIMHEHUH yriaepoaa K COeIMHEHUSIM CBUHIIA BO3PACTAaeT MOJIIPHOCTD
cBsi3ei, U B KprcTamiax coneit Tama Pb(NO3)z, PbCly i apyrux yxke mprucyTCTBYIOT HOHBI Ph*2,
Onnako moutu Bce Beriectsa, coaepkaiine Sn (1V) u Pb (1V), sBistorcst KOBaJICHTHBIMH.

OcHoOBHBIE 3aMachkl yriaepoaa cocpeaoTodeHsl B kapboHarax: kanbiure (CaCOs3), nomomure
(MgCQOj3; -CaCO0s3), maruesute (MgCO3). Pa3HOBHIHOCTH KalbI[UTa: MEI, MPaMOD, H3BECTHSIK.

Kpemuuii BXOoAMT B COCTaB MHOTOYHCIEHHBIX TOPHBIX TIOPOJ  (CHJIMKATHI,
AIFOMOCHJTUKATHI), B OOJIBINNX KOJHUYECTBAX HAXOIUTCA B 3eMHOM Kope B Buue SiO; (ropHBbIi
XpycCTalb, OMaJ, arar, SiIma, XalleI0H U Ip.).

3amachl 0J10Ba U CBHHIIA B 3€MHOM KOpE OrpaHUYeHbl. BaykHeiel u mouTtu e1MHCTBEHHOMN
pymoil IS TONYYeHHsS OJOBa  SIBIISIETCS  «OJIOBSHHBIM  kameHb» SnO,. Haumbonee
pacrnpocTpaHeHHBIM MUHEPAJIOM CBHHIIA siBjsieTcs ranenut (PbS).

I'epmanuii — paccestHHbIM 5SJIEMEHT, CBOMX MHHEpPAJOB OH He o0pa3yeT, Bcerja
COTPOBOXKAAET KPEMHUH B €r0 COEAMHEHUAX M KOHIIEHTPUPYETCS B KAMEHHBIX YTJISX.

B cBoG0oHOM BHJIE BeTpeyaeTcsi B PUPOJE TOIBKO yriiepoa (ammassl, rpaduT, KapOuH) U
OJIOBO B BHUJE CEepPeOPUCTO-KENTHIX KPUCTAIIOB, BKIIOYAIOIIMX 30JI0TO, IJIATHHY, UPUAMM,
OCMHUI, MeZlb. YTJIEPOJ ABJISAETCSI COCTABHOW YaCThIO MCKOMAEMBbIX YIJIEH (aHTpalUThl, KAMEHHbBIE
u Oypsie yriu, Topd, HEPTH).

YcroliuuBas aoTponHas (opma CyImecTBOBaHUS dJIEMEHTA YTIepoa — rpadur.

I'padur — cepo-uepHBId, C METAUTMYECKUM OJIECKOM, J>KUPHBIH Ha OIIyIb, MSTKUH,
o01aaeT MEeKTPOIPOBOIUMOCTBIO.

Kpucrannuueckast peimieTka COCTOMT M3 CIIOEB MPaBWIbHBIX IIECTUYTOJNBHBIX KOJEIL,
KOH/ICHCHPOBAHHBIX IT0 BCEM CTOPOHAM (SP°- THOPH/IN3ALIHS).

AnMa3  COIEpXHUT B y3JaX KpPUCTAIMYECKOW pelIeTKH aToMbl  yrjiepoaa ¢
TeTepaspUUeCKUM OKpY)XeHHeM (SP’- ruOpuamsanus). bBIaropofiHeli KaMeHb, HMEET
HauOOJBIIYI0 TBEPAOCTh CPEOU MPHUPOAHBIX BELIECTB, MIIUPYETCS TOIBKO COOCTBEHHBIM
nopomkoM. XUMHUYECKasi aKTHBHOCTh Hibke deM y rpadwura. Beme 1200° C nepexomut B
rpadur.

B npomsiierrocty u3 rpaduta mpu 2000° C o 04eHb BHICOKUM JaBICHUEM TTOIYYar0T
MEJIKUE KPHUCTAJUIbl HCKYCCTBEHHBIX anMa3oB. [IpUMEHSIOTCS OHU AJI M3TOTOBJICHHS PEXKYIIMX
WHCTPYMEHTOB U TOYHBIX H3MEPHUTEIHHBIX MPUOOPOB.

KapOun coctout m3 nuHEHHBIX MakpoMosiekyn co ctpoenuem —C=C- unmu =C=C= (sp-
ruOpuau3aiys). XMMUUECKH MeHee akTuBeH, yeM rpadur. I[Ipu 2300° C nepexogur B rpadur.
Iupokoro mpuMeHEHHs HE UIMEET, OU€Hb PEIKO BCTPEUACTCS B IPUPO/IE.

JKCNEePUMEHTAIbHAA YaCTh:

Omnpit 1. [osryyenne kapooHATOB.

B mpo6upku HanuBaioT pactBopsl cojeii: a) BaCly; 6) Zn SO4; B) FeCls u nmpunuBaroT
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HuM pactBop Na,COs;. HabmromaroT ocakieHHe BEIIECTB M OTMEUAIOT OKPACKY IMOJYYEHHBIX
ocaakoB kapoonara BaCOj (a), rumpokcokapoonata (ZnOH),CO3 (6), ruapokcuna Fe(OH)s (B).
OmnbIT 2. TepMuveckoe pasioxeHue KapoOOHATOB.

B mtaTuB 3akpenuTh HAKIOHHO OTBEPCTHEM BHH3 CYXYH TPOOHPKY C Tra300TBOIHOU
TpyOkoii, momemaiot B Hee (NH;),CO3 u HarpeBaiot. 'a300TBOIHYIO0 TPYOKY OIMYCKAIOT B KOJIOY
¢ uzBecTkoBoit Bosorr Ca(OH),. HabmrogaroTr noMmyTHEHHE pacTBOpa.

OnpiT 3. [losnyyeHHe KpeMHHEBOMH KUCJIOTHI.
(Padora mox Tsroi!) B mpoOupky HamuBaror 3 M konueHtpupoBaHHOM HCl m 3 mn
pacTBopa cuiaukata HaTpus (pactBopumoro ctekina) Na,SiO; W mepeMemmBaiOT pacTBOP
CTEKJIITHHOW nayo4koil. Ilosydaercss KO/UIOMIHBIM pPAacTBOP — 307b KPEMHHUEBOM KHCIIOTHI.
Copepxumoe MpoOUPKU HArpeBaroT, MPU ATOM MPOUCXOIUT KOATYISIIMs Telsl U BBIIENAETCS
CTYAEHUCTBIA OCAJ0K Iejisi KpEMHUEBOM KUCIIOTBHI.
IMopsinoxk padoThI:

[TomyuuTh OT MpenoaBaTeis 3alaHue.

BrImomHUTE paboTy COrflacCHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmuTh MPOTOKOI pabOTHI.

Beutnth 0TpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecCTo.
Conep:xkanue oryera:

Tema u 11enb paboTHI.

HabGnronenust, ypaBHEHHS pEaKIIUi 1O K0 4aCTH PaOOTHI.

BriBobI O TIpOI€TIaHHOM paboTe.

N =

KoHTpoJibHbIE BOPOCHI:
OOm1ast xapakTepuCcTHKa II1aBHOM noarpymnisl 1V rpynmsl.
VYraepoa. PacnpocTpanenue B mpupoe.
[Monydenue yrieponaa u ero alIOTPOITHBIE MOAU(PUKAIIUH.
XUMHUYECKUE CBOMCTBA yIJIepoa.
Juokcun yriepona. YronbHast KUCIIOTA.
Oxkcup yrinepona (I1). Ero xumuueckue cBolicTBa.
CoenuHeHus yriepoja ¢ Cepoil 1 a30TOM.
Kpewmnuii. PactipocTpanenue B mpupoJie U MoJydeHue.
CBolicTBa KpeMHUS.
10. CoenriHEHUST KPEMHHUSI C BOJOPOJAOM U TAIOTCHAMM.
11. Okcun kpemuus (1V), xumudeckue cBOHCTBA.
12. KpemHueBbIe KUCIOTHI U UX COJIH.

©COoNOA~ LN E

TEMA 2. XUMUWS METAJIJIOB
Dopma npogedenst - aHa3 pe3)bamos OeMOHCIPAYUOHHOR0 IKCHEPUMEHMA
BbINOTHEHLE UCCTIE00BAMETLCKUX PAOOM YACHIUHHO-NIOUCKOBO20 XAPAKMEDA

MeTtanasl — XUMHYECKHE SJIEMEHTHI, aTOMBI KOTOPBIX OTHAIOT 3JEKTPOHBI BHEIIHETO (a
WHOT/Ia W TIPEJBHENIHET0) AJIEKTPOHHOTO CIIOS, MPEBPAIIasCh B IMOJOKUTEIHHO 3apsHKCHHBIC
HMOHBI. MeTayulbl — BOCCTAHOBUTENH. DTO OOYCIOBIIEHO HEOOJNBIIUM, KaK MPAaBHIIO, YUCIOM
AJIEKTPOHOB HAa BHEUTHEM CJIO€, OOJIBIIMMH MO CPAaBHEHHIO C HEMETAIUIAMH PaJiycaMH aTOMOB,
BCJIC/ICTBHE YETO BAJICHTHBIC AJICKTPOHBI CIIA00 YACPKUBAIOTCS SAPOM.

[Tpo4HOCTB CBS3H BaJICHTHBIX AJIEKTPOHOB C SIIPOM 3aBUCHUT OT ABYX OCHOBHBIX (DaKTOpOB:
BEJIMYMHBI 3aps/ia sSapa ¥ paaryca aroma.

Paamnyc aroma 3HaYMTENBHO YBEIMYMBACTCS C MOSBICHUEM KaXKIOTO HOBOTO 3JIEKTPOHHOTO
CJIOSL JIJISl AJIEMEHTOB IEPBBIX TpPeX MEPHOIOB, © UMEHHO 3TOT (hakTop B OONbINEH CTENeHU
BIMSIET Ha MPOYHOCTh CBSI3M BAJICHTHBIX DJJIEKTPOHOB C SIIPOM JUIS SJIEMEHTOB TJIaBHBIX
NOArpyNN (CBEPXY BHU3 PAIUYC aTOMOB YBEIMYMBACTCS, IPOYHOCTH CBSI3U AJIEKTPOHA C SIPOM
ociiabeBaeT, BOCCTAHOBUTEILHBIE CBOMCTBA YBEITMYUBAIOTCS ).
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Y 3eMEHTOB MOOOYHBIX MOATPYMII — ATO 3JEMEHTHI 4-7 TEpPHONOB — C YBEIMYCHHEM
IOPSIIKOBOTO HOMEpa 3JIEMEHTa pajuyc aTOMOB M3MEHSETCS Majo, a BEJIMYMHA 3apsia sapa
YBEJIMYUBAETCS 3HAUMUTENBHO, MOATOMY HPOYHOCTH CBSI3U BAJIEHTHBIX JJIEKTPOHOB C SIIPOM
YBEIMYHBACTCSI, BOCCTAHOBUTEIIbHbIE CBOMCTBA OCIA0EBAIOT.

Memannuueckasn céa36 U Memaniu4ecKkasn KPUCMAaaIu4ecKas peuienKd.

MeTasuibl — MPOCTHIE BEIIECTBA. ATOMBI METAJIOB 00Pa3yIOT METAJUIMYECKYIO CBA3b.
Oco0eHHOCTH METAIITNYECKOW CBA3H:

CpaBHHMTENBHO HEOOJBIIOE KOJUYECTBO JIIEKTPOHOB (3TO S-3JIEKTPOHBI) OAHOBPEMEHHO
CBSI3bIBAE€T MHOXKECTBO aTOMHBIX SII€P, CBSI3b JEIOKATM30BaHAa.

BaneHntHele 9J€KTpOHBI CBOOOJHO TIEpeMEUIaloTCs IO BCEMYy KYyCKy MeTauia (WiH
METAJITMYECKOMY H3JIEJINI0), KOTOPBIHA B I€JIOM 3JIEKTPOHEUTpaJieH, TO3TOMY 3TH 3JIEKTPOHBI
YacTO HA3bIBAIOT CBOOOIHBIMHU.

Mertannuueckas cBS3b He 00J1aJjaeT HAIIPaBJICHHOCTHIO M HACKHIILIAEMOCTHIO.

B coOTBeTCTBMM ¢ TaKUM CTPOEGHHEM METaUIbl XapaKTePU3YIOTCS  CICIYIONIMMH
(U3UYECKUMHU CBOWCTBAMM:
CaoiictBo, monoxkenHoe B | Knaccudukarmumonnsie rpynmnst | [Ipumepst
OCHOBY KJIacCH(UKAITIN
DIEKTPONPOBOIHOCTh C BBICOKOH | Ag
AJIEKTPOITPOBOTHOCTHIO
C HU3KOM | Mn
AIEKTPOIPOBOTHOCTHIO
Temneparypa 1IaBICHUS JIETKOIUIABKHE Hg, Ga, Cs, In, Bi
TYTOILUIaBKUE W, Mo, V, Cr
IL10THOCTB Jlerkue Li, K, Na, Mg
Tsokenbie Os, Ir, Pb
TBepaoCTh Msrkue In, Na, K, Rb (pexyrcs
HOXKOM)
TBepabie Mo. Cr (apamaroT CTEKJI0)

[puynHbI, MPUBOISAIINE K PA3TMUUIO (PU3UUECKUX CBOWCTB METAJIOB:
aTOMBI METAJIOB 00pa3ylOT pa3Hble TUIbI KPUCTAUNINYECKUX PEIIETOK
aTOMbl METAJUIOB HMMEIOT pa3HOE YHCIO BAJIGHTHBIX S-3JIEKTpoHOB (+1 wmmm +2),
y4acTBYIOUIMX B 00pa30BaHUU METAUINYECKOH CBA3H.
aTOMBbI (MOHBI) METAJUIOB UMEIOT PAa3HBIC PaINyChI
aTOMBbl METAJIJIOB MOOOYHBIX MOATPYNI MOMHMO METAJUIMYECKOH MOTYT O0Opa30BBbIBATH U

KOBQJICHTHYIO CBSI3b C IMOMOIIbIO HECIIAPEHHBIX (-3JICKTPOHOB BaJICHTHBIX opOuTaneil. iMeHHO
takue metauiel W, Mo, Cr, OS — u TyroriaBkue, ¥ TSDKETIbIE , U TBEPbIC. (CaMblii TBEPABIA U3
METaJUIOB — XPOM; CaMBbIH TYroIIaBKUI — BOJIb(pam.

B coBpemeHHON TexHHKE OOBIYHO MCHOJIB3YIOT HE YHCThIE METAJUIbl, a CIUIaBbl, KOTOpHIE
MO3BOJIIOT COYETATh B OJHOM MaTepHalie MOJIe3HbIE CBOMCTBA Cpa3y HECKOJIbKHX METaNIOB U
npyrux BemectB. Hampumep, aropamtomunuii — cras, conepxkamuii Al, Cu, Mg, Ni, Mn. On
coyeraeT B ccOe Mallyio IUIOTHOCTh aIlOMHHHS W MarHus, KOPpo3noHHYIO croiikocts Ni u Al,
TBepaocTh Mn.

Jlis XyHAOXKECTBEHHBIX ILIeJie€ HCIOJB3YIOT MEJbXHOp — CIUIaB Meau ¢ HukeneM. [lo
BHEITHEMY BHUy OH IOX0X Ha cepeOpo, HO 3HAYUTEILHO JICHICBIIC TTOCIEIHETO.

Iupoko HCHONB3YIOTCS pPAa3IMYHOTO COpTa CTajdd M YYTyHbl — CIUIaBbl JKeje3a C
YIIEPOaOM U JIp.

XuMHYeCKHE CBOICTBAa METAJVIOB
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AKTHBHOCTh METAJJIOB B BOJHBIX pacTBOpax OMNpENENIeTcs IOJIOKEHHEM MeTaljla B
3JIEKTPOXUMUYECKOM Psly HAIpsDKEHHs MeTaioB. TeM akTHBHEe aToMbl MeTaiwia Me®, Tem
HIDke akTUBHOCTH Me"'. Bce peaknmu ¢ ydacTHEM METalioB SBISIOTCS OKHCIHTENBHO-
BOCCTAHOBUTCIIbHBIMU, IMPUUCM MCTAJJIbI BCCTAA BBICTYIIAIOT B KA4YCCTBC BOCCTaHOBHTeﬂeﬁ, TakK
KaK MPUHUMATh 3JIEKTPOHBI U MPOSBIIATH OTPUIATEIBHYIO CTEIIEHb OKUCIICHUS OHU HE MOTYT.

OTtHoweHne K Boje.

1) HlemouHple W HICTOYHO3EMEIbHBIE METAJUIBl B3aMMOJICUCTBYIOT C BOJAOW NPH OOBIYHBIX
ycnoBuax. O6pasyercs MeI04b U BBIIENISETCS BOAOPO.

2K + 2H,0 = 2KOH + H31 Ca + 2H,0 = Ca(OH), |+ Ha1
2) Maruwii ¥ aqrOMUHWI (OYMIIEHHBIH OT OKCUIHOW TVICHKH) PEarupyroT ¢ ropsyed BOAOM.
Mg + 2H,0 = Mg(OH),| + Hz?1 2Al + 6H,0 = 2Al(OH)3| + 3H»1

3) Merasmibl cpenHeil akTHBHOCTH, PACIIOJIOKEHHBIC B psiiy Hanpsbkenuid mexny Mg u Pb (Al,
Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 00bI4HO He BBITECHSIOT BOAOPOA M3 BOjbl. Ha moBepXxHOCTH
3THX METAJIOB 00Pa3yIOTCsl OKCUIHBIC IJICHKH, 00JIaaf0IIUe 3alIUTHBIM JICHCTBUEM.
[TosTOMY OHHM pearupyrOT ¢ BOJOW JIMIIL B JKECTKHUX YCIOBUAX (PACKaJCHHBIM METalll, Maphbl
BOJIBI, T.€. C IEPErPETHIM BOISHBIM MTAPOM) C 00pa30BaHUEM OKCHIOB U BBIICJICHUEM BOJIOPO/IA:.
3Fe +4H, O =Fe304 + 4H2T 2Cr + 3H,0 = Cr,03 + 3H2T Zn+ H,O =7Zn0 + HzT
4) MaoakTHBHBIC META/UIbl, CTOSIIHE B 3JICKTPOXMMHYECKOM Py HAIPSOKEHHH IOCIe
BOJIOPO/Ia, C BOJOW HE B3aUMOJICHCTBYIOT Ja)ke MPU BBICOKOH Temmeparype: Cu + H,O —

2. OTHOLIEHHE K KHCJIOTAM.

1) Kucnotsl, o6nafaromye ciabbMi OKHCINTEIBHBIME cBoiicTBamMu (3a cuer H') pearmpyror ¢
METaJIJIaMH, CTOSIIIIUMHU B AJIEKTPOXHUMHUUYECKOM PSTY HAMPsDKEHUU 70 BOAOpoa (OOIBITMHCTBO
kucyoT). [Ipu a3TomM 00pa3yroTest Coib M BOJIOPO/I:

a) CuibHBIC KHCIOTBI M KHCIOTHI CpPEeIHEW CWIBI pearupyroT CO BCEMH METallIaMH,
CTOSAILUMHU JIEBEE BOJIOPOIA:

Fe + 2HBr = FeBr, + Ho1; Zn + HCI = ZnCl; + Ha1; 2Al + 6HI = 2All; + 3H,1

3Mg + 2H2PO4 = Mg3(POs)21 + 3Ha1

Kene3zo XI0poBOIOPOIHON (COSTHOM) KUCIOTOM OKHCISIETCS 0 JBYXBAJICHTHOTO COCTOSTHHSL
[Tpu 5TOM Ha IOBEPXHOCTH 00pa3yeTcs 3alIUTHAS IJICHKA, TOPMO3SIIAst JaTbHEHIIIee OKHUCIICHHE.

C cosstHOM KUCIIOTOM pearupyeTr U nmacCuBUpyeTcs: cBuHel. [laccuBanysi CBUHIIA BO3HUKAET
U3-3a TOTO, YTO 0Opa3yIolLHiics B Hayas1e peakuuu xuopua ceunua (1) Tpyano pactBopum B Boje,
U, OCTaBasiICh Ha IOBEPXHOCTH METalIa 3alllUIIAET €ro OT AOCTYIa HOBBIX MOPUUI KUCIOTHI:

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

0) Crabble KUCAOTHI — TOJIBKO CO IIETOYHBIMU U IIETI0OYHO3EMEIbHBIMU METAJUIAMU:

Ca + Hy,CO3 = CaCOg3] + Hat

B) pa30aBjcHHAs cepHas KHCJIOTa 007agaeT cjJaObIMH OKUCIHTEILHBIMHA CBOMCTBAMU,
MO3TOMY JICUCTBYET TOJIbKO HA METaJUIbI, CTOSIIHE B JIEKTPOXUMHYECKOM PsIy HANPSHKEHUH
neBee Bojgopoaa. [lpu stom obpazyercs cosb ¥ BOAOPO/I.

Mg + HZSO4(pa36) = MgSO, + H21; Fe + HZSO4(pa36) = FeSO, + H21

Cu + HySO4pass) —

2) Kwucnorel, oOiagaromuye  CHJIBHBIMH  OKHCIMTCIBHBIMH ~ CBOMCTBAMHM  a30THAas
(KOHIIEHTPUPOBAaHHAS U pa30aBieHHAs 3a CUET N+5), cepHas (KOHIICHTPUPOBAHHAS 3a CUET S+6),
B3aMMOJICHCTBYIOT KaK ¢ METa/lIaMH, CTOSIIUMHU B SJCKTPOXUMHUYECKOM DPsIIy HANPSHKEHUH 10
BOJIOPOJIa, TaK U C METaJUIaMHU, CTOSIIIMMHU TOCJIE BOJOPOAA, OJHAKO BOJOPOA IMpPHU 3TOM HE
BoIesieTcs. He neficTByroT 311 KuCnoThl Tosibko Ha Au, Pt, Ir, Rh, Ta.

B nmpoaykTax peakiuu — coib, BoJa U KaKoil THO0 MPOJYKT BOCCTAHOBIIEHUSI KUCIIOTHI, HO HE
BOJIOpPOA. BuI mpoaykTa BOCCTAaHOBJICHHSI KHCIOTHI OMNpEIEsieTcs €€ KOHIICHTpAIHeH,
AKTUBHOCTBIO METAJlIa U TEMIEPATYPOil.

H2SO4conn) (OkHeaHTETH — S*°)
1) IllenodHbIe U MICTOYHO3EMEITbHBIC METAILTBI BOCCTAHABIIMBAIOT KUCIOTY B OCHOBHOM 10 H,S.
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4Ca + 5H2804(K0Hu) =4CaS0O,4 +H,S1T + 4H,0
2) Mg u Zn B 3aBHCUMOCTH OT YCIOBHH MOTyT BoccTaHaBIUBaTh HySOyxomy HE TONBKO 10 SO,

HO ¥ 10 S mim H5S: Zn + 2H2804(K0HH) =27nS0O, + SOzT+ 2H,0

47n + 5HZSO4(K0Hu): 47nS0O,4 + stT + 4H,0; 3Zn + 4HZSO4(K0Hu): 3ZnS0O,4 + Sl+ 4H,0
3) Meramibl cpenHeii aKTHBHOCTH.

AJIIOMMHMI ¥ 3Kejie30 TACCUBHPYIOTCS W3-3a OOpa30BaHMs IUIOTHBIX IUICHOK OKCHIIOB.
OJ10BO OKHUCIISIETCS IO Y€THIPEXBAJICHTHOTO COCTOSIHUS C 00pa30BaHUEM CyIb(}HaTOB OJIOBA:

Sn + 4HZSO4(K0HH) =Sn(S0,); + 250,71 +2H,0
CBuHel HE pacTBOpsETCA B CEPHOM KHUCIOTE Npu €€ KOoHUeHTpauuu Hike 80%, Tak Kak
oOpa3yromiascst Mpyu B3aMMOJICHCTBUH CBHHIA C CEpHOM Kucioroit conb PDSO4 HepacTBopuMa B
BOJIC M COXJIACT Ha MOBEPXHOCTH METaJlla 3allMTHYIO TUICHKY. B Oojilee KOHIICHTPHPOBAHHOM
CEpHON KHCIIOT€ CBHHEIl OKHUCISETCS JO JBYXBaJCHTHOTO COCTOSHUS C OOpa3oBaHUEM
pPacTBOPUMOTO THIIPOCYIb(aTa CBUHIIA:

Pb + 8HZSO4(K0HH) = 3Pb(HSO4)2 + S + 8H,0
[Ipy HarpeBaHWU KOHIIEHTPUPOBAHHAS CEpHAs KMCIIOTa B3aUMOJICHCTBYET C 00pa30BaHUEM COJIH,

BOJIbI U okcua cepbl (1V):

AJIOMUHUEM. 2Al + 6H2804(K0HH) = A|2(SO4)3 + 3SOZT + 6H,0
PryTbI10: Hg + 6H2SO4onyy = HYSO4 + SO,1 + 2H,0
Menpio: Cu+ 2H2804(K0HH) = CuSOy4 + SO,1 + 2H,0

B kunsmielt KOHIEHTPUPOBAHHOMN CEPHOM KHCIOTE PacTBOPSIETCS cepedpo:
2Ag + 2H2804(K0HH) = Ag2SO4 + SO,1 + 2H,0
C H»SO4(xony HE pearupytor Au, Ru, Os, Rh, Ir, Pt.

HNO3(conn) (0KHCTHTETH N*°)
1) Co menoYHBIMH U IIET0YHO3EMEIBHBIMU METaJUIaMH 00pa3yeT colib (HUTpar) , Boay u N,O:
4Ba + 10HNO3 oy = 4Ba(NO3), + NoOT + SH,0
2) C papyruMu MeTaJUlaMH: CPEIHEH aKTUBHOCTH M MAaJOAKTUBHBIMH OOpa3yrOTCsi HHTPATBHI,
Boga u NOy:
Zn + 4H NOg(KOHH): Zn(N03)2 + 2NO;21+ 2H,0
Cu+ 4HNO3(K0HH): CU(NO3)2 + 2N02T+ 2H,0
Ag + 2HNO3(KOHH) = Ag(N03)2 + NO21 + H,0
3) Ha xonony u npu o0bryHO# TeMneparype He neiictByer Ha Fe, Co, Ni, Cr u Al, a taxxke
Ha HepJKaBelolllMe CTalnM BeieAcTBHE maccuBanuu. Ho mpu HarpeBaHum oOpasyroTcs Te ke
IPOAYKTHI, YTO U C JPYTUMHU METAJJIaMHU:
Fe + 6HNO3(KOHH): Fe(N03)3 + 3NO;21+ 3H,0
4) C HNOj3koun) He pearupytor Au, Ru, Os, Rh, Ir, Pt.
5) KonrmenrpupoBaHHas a30THas KHCIOTa MPH CMEIIMBAHUK C KOHIICHTPUPOBAHHOM COJISTHOM
KUCJIOTOM B cooTHOmeHUH 1:3 1o o6weMy, oOpasyeT pacTBOpP, Ha3bIBAEMBbIH «I1apCKOM BOJKOIY, B
KOTOPOM PacCTBOPSIFOTCSI 30JI0TO, IJIaTUHA | Apyrue MeTaibl HepactBopumMbie B HNO3z u HpSOy4.
HNO; + 4HCI + Au = H[AuCl4] + NO?1 + 2H,0
4HNO;3 + 18HCI + 3Pt = 3H,[PtClg] + 4NO?T + 8H,0
B «uapckoii Bogke» He pactBopsitorest Ru, Os, Rh, Ir.

HNO3pass) (oxkmeantens N*°)
1) Co mienoyHbIMH U IIENOYHO3EMENBbHBIME MeTaJulaMi 00pa3yeT coib (HUTpart), Boay u NHjz wm
NHsNOs:

4Ca + 10HNO; (pas6)= 4Ca(N03)2 + NH4NO;z + 3H,0
2) C wMerammamMu cpelHEd aKTUBHOCTH, PACIOJO0KEHHBIMH B JJCKTPOXHMHUYECKOM PAIY
HANPsDKEHUH 110 BOAOpOAa, pazOaBleHHas a30THAas KHCIOTa Oo0pa3yeT cojib, BOLYy M , B
ocuoBrHoM, NO (moryr obpaszoBatbcst u N2O, N2, NH3 (NH4OH). Uem Gombiire pa3baicHa
KHCIIOTa, TEeM HIDKE CTETNCHb OKHCICHHS a30Ta B BBIACISIONIEMCS Ta3000pa3sHOM MPOAYKTE.
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Jocrarouno pazb6aBiieHHas KuciaoTa 00braHO BoccTaHaBiauBaeTcs 10 NH4NOs:
Fe + 4HN03(pa36) = Fe(N03)3 + NOT"‘ 2H,0
3Zn + 8H NOg(pa36) = BZn(N03)3 + 2NO1+ 4H,0
47Zn + 10HNO3(pass) = 4Zn(NO3)3 + N.O1+ 5H,0
5Zn + 12HN03(p336) = 5Z|’l(NO3)3 + N2T+ 6H,0
47n + 10HN03(0q_ pas6) — 4Zn(NO3)3 + NH4NO31+ 3H,0
OnoBo okucnsercs 1o HuTpara onosa (I1). Tutan nmaccuBupyercs.
3) C Masl0aKTUBHBIMH METAJIAMH, CTOSIIIIUMHU B 3JIEKTPOXUMUYECKOM PsIIy HAMPSHKCHUN TTOCTIe
BOZIOpO/1a, 00pa3yroT coib (HuTpar), Boay u NO:
3Cu + 8H NOg(pa36) = 3Cu(NO3)3 + 2NO1+ 4H,0
3Ag + 4HNO3(pas5) = 3AgNO3 + NO 1T+ 2H,0
3Hg + 8HNO3(pass) = 3HY(NO3)3 + 2NO 1+ 4H,0
4) C HNOs(pas6) He pearupyior Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxonsdch B psay HampspKeHHUs IOCHIE€ BOAOPOJA, MEAb HE BBITECHSET €ro M3 KHCIOT.
[ToaTomy comstHast W pa30aBiieHHass CEepHas KUCIOThl HAa MeIb He AeUcTByrOT. OmHako B
NPUCYTCTBUHM KHUCIOpOJAa BO3JyXa MeIb pPACTBOPSAETCS B 3THUX KHCIOTaX € OOpa3oBaHHEM
cootBercTByromux coieit: 2Cu + 4HCI + O, = 2CuCl; + 2H,0

B oueHb KOHIICHTPHUPOBAHHOW COJSHOM KHCIOTE€ MEIh MOXXET OBITh pPacTBOpPEHA C
00pa3oBaHNEM KOMILIEKCHOTO COEIMHEHHUS:

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

3. OTHolIeHHE K OCHOBAHUAM

Tonapko MeTayTel, 00pasyromniue aMmpoTepHbIe OKCHJIBI M THIPOKCHIIBI, B3aUMOJICHCTBYIOT
co menovyamu. [Ipu stom BeIgensrores Hp u oOpasyercss comb (B pacTBOpax — KOMIUIEKCHAs, B
pacmiaBax — cpennsisi). Uckmodenue coctaBisitoT Fe u Cr, KoTopble B OTIMYHE OT UX aM()OTEpHBIX
okcunioB Fe;03 u CryO3 u runpokcuno Fe(OH); u Cr(OH)s, co 1ienouaMu He B3aUMOICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pactBopax:

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

Be + 2NaOH + 2H,0 = Nag[Be(OH)4] + H» Pb + 2NaOH + 2H,0 = Nag[Pb(OH)4] + H,

B pacniaBax:

Zn + NaOH(TB): Na,ZnO, + H, Be + NaOH(TB): Na,BeO, + H,

Pb + KOH ) = KoPbO; + Hy 2Al + 2NaOH(y) + 2H,0 = 2NaAlO, + 3H,

4, OTHoOIIeHHE K OKCHAAM.
1) Ilpu BBICOKO# TeMmieparype 0ojiee aKTUBHbBIE METAUIbI BHITECHAIOT (BOCCTAHABIMBAIOT) MEHEE
aKTUBHBIE U3 UX OKcuAoB. Ha 3TOM OCHOBaH OJMH M3 CIOCOOOB IOJIyYEHHs] METAIJIOB,
Ha3bIBaeMBI MeTaymioTepMueil. B kauecTBe MeTasIOB-BOCCTAaHOBHUTENEH OOBIYHO HCHOJB3YIOT
ATIOMUHHUNA (TFOMOTEPMUSI), MarHui (MarHUHUTEPMHUS), PENKO KAIbIUM, KaJuid, HATPUHA U JIPyTUe
METaJUIBL.

Zn + CuO =Zn0O + Cu 3Fe,04 + 8AIl = 4A1,05 + 9Fe
WOs3 + 2Al =W + Al,O3 4Ba0 + 2Al = BaO + Al,O3 + 3Ba
4)  MarsuiTepMHIO UCIIONIB3YIOT TAKKE I BOCCTAHOBIICHUS HEMETAIIOB U3 X OKCHJIOB:
CO, + 2Mg = 2MgO + C Si0, + 2Mg = 2MgO + Si

5. OTHOLIEHHE K COJISIM.
1) BoJBIIMHCTBO aKTUBHBIX METAJUIOB BBITCCHSIOT MEHEE aKTUBHBIC U3 PACTBOPOB UX COJICH:
Fe + CuSO, = FeS0O, + Cu; Zn + FeSO4=2ZnS0O,4 + Fe
Cu + Hg(NO3), = Cu(NOs3), + Hg Fe + AgNO3 = Fe(NO3), + 2Ag
2) Mertamasl MOTYT BBITECHSTH JIPYr Apyra W W3 PacIUIaBOB cojied (peakumsi 0e3 J0CTyma
BO3/1yXa — BAKYYMHO-TEPMUYECKUH CIIOCO0):
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Na+ KC'(paCHH)= NaCl + K; 3K+ A|C|3(pacm.):3KC| + Al; Mg + BEFz(pacm): MgF2 + Be
Opnako ciaenyeT NOMHUTb, YTO
a) MpH IJIaBJICHUH MHOTHE COJIU Pa3JiararoTcst
0) DONCKTPOXMMHYECKHUA ps HANpsHKEHUS METAIOB, CHYXKAllWid s OmpeiesieHus
OTHOCHUTEJIbHOI aKTUBHOCTH METAJJIOB, CIIPABEUIUB TOJIBKO JJIsl BOAHBIX pacTBopoB. Hampumep,
ATIOMUHUI MEHEe aKTUBHBIM, YeM MIeTOYHO3EMENbHBIE METalUlbl, 2 B pacIuiaBax HaoOOpoT.
[ToaToMy antOMUHUI MOXET BBITECHSTH II€JI0YHO3EMENbHbIE METAJIbI U3 PACILIABOB UX COJICH:

2Al + 3CaClypacnnasy = 2AICI; + 2Ca
3) U3 TBepAbIX CyXHX, a TaK)Ke HEPACTBOPUMBIX COJIEH MPHU OOBIUYHBIX YCIOBUAX METaUIbI APYT
npyra He BeiTecHstot: Fe + AgCl —
4. B pactBopax cosim, o0Jaaroniie OKUCIUTEIbHBIMI CBOMCTBAMH, BCTYIAIOT C METaUIaMH B
OKUCITUTEIbHO-BOCCTAHOBUTEIIbHBIC PEAKIINN:

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

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

6. OTHOILIEHHE K HEMeTaJiIaM (CM. XMM. CBOMCTBA HEMETAILJIOB)

7. OTHOLIeHHUeE APYT K APYTY.

Mertasisl Jpyr ¢ IpyroM HE B3aUMOJIEHCTBYIOT, HO B PACIUIaBIEHHOM COCTOSIHUM CMEIIUBAIOTCS
Ipyr, oOpa3ys pacTBOpBI, TpPH OXJKICHUM KOTOPHIX TONY4YalOTCS TBEPIbIC BEIIECTBA,
Ha3bIBaEMbI€ CILIABAMH.

8. IIpu HarpeBaHMM XUMUYECKAsi aKTUBHOCTh METAJIOB TIOBBIIIIACTCS.

Koppo3us merasion:

Koppo3uss — mposiBieHHEe BOCCTAaHOBUTEIBHBIX CBOWCTB METaUIOB, OOYCIOBIEHHOE
BIIMSTHUEM OKPY’KaIOIIEel Cpebl.

| rpynma mnepuomudeckoid cuctembl. lllemouHble MeTalIBl HMMEIOT HAWMEHBIIYIO
KOPPO3MOHHYIO CTOMKOCTB; OJiecTsIIasi MOBEPXHOCTh Cpe3a ITHX METAJUIOB Ha BO3AYyXe OBICTPO
MOKPBIBAETCSI TOJICTOM PBIXJION TIJIEHKOM OKCHUIIOB, MEPOKCUIOB, & TAKXKE WX COCAUHECHHH C
YTJIEKHUCIIBIM Ta30M U BOOU. [103TOMY 11€7104UHbIe METaUIBl XPAHATCS O] CJIOEM KEPOCHHA.

B mobGouHO# moArpymme HaxoASITCs TOCTAaTOYHO CTOMKHE K KOPPO3MH METAJUIbl: MEb,
cepebpo, 3010T0. C yBeNmUYSHHEM MOPSIKOBOTO HOMEpa KOPPO3HOHHAS CTOMKOCTH IMOBBIIIASTCS.

Il rpynma. Metamibl rjaaBHOW MOATPYMIBl BEChbMa MaJlOYCTOMYUBBI, U C YBEIUYECHUEM
MOPSIIKOBOTO HOMEPA YCTOMUMUBOCTh K KOPPO3UU CHUKAETCSI.

Bonee ycroiuuBel Metauisl mobounoi moarpymmsl: Zn, Cd, Hg. Ha ux moBepxHOCTH B
NPUCYTCTBUH KHUCIIOpOAa OOpa3yroTCsl TOHKWE, JOBOJBHO MPOYHBIE TIUICHKH OKCHJOB,
MPeIOXPaHSIONINE UX OT JajJbHEHIIero pa3pyieHus.

Il rpynma. ATIOMUHUN JETKO COEIUHSETCS C KHUCIOPOJOM, BCIEACTBHE 4Yero obOpasyercs
TOHKasi, oOJjajaromas BBHICOKUMH 3allUTHBIMU CBOMCTBaMHM OKcHAHas 1uieHka. Ho ona
paspymaeTcsi B pacTBOpax KHUCJIOT W IIEIoYed. AJIFOMHUHHI TakXe MacCUBUPYETCS C
MOBEPXHOCTH KOHIICHTPUPOBAHHON a30THOW M CcepHOM kucioTamu. IlaccuBarusi oOycioBieHa
o0pa3oBaHNEM HA MTOBEPXHOCTU TPYAHO PACTBOPUMBIX COSTHMHECHUU.

IV rpynna. OnoBo W CBHHEI] — CTOMKHE K KOPPO3MHM METAJLIbI, Onaromaps MPOYHBIM
OKCH/THBIM TUICHKAM.

V, VI, VII, VIII rpynmst. Metamisl nobounsix noarpymn V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt o0OmamaroT BBICOKOM CIIOCOOHOCTHIO K IACCHBallMHd, a CJIEHOBATENbHO, OOIBIION
KOPPO3HMOHHOMU CTOMKOCThIO. Hambomee yctoiunBsl kK kKoppos3uu Metauibl VI rpymnmel, mpudem,
4yeM OOJIbIIe MOPSIKOBBIH HOMEpP, TEM OOJbIle UX YCTOWYUBOCTh. 3HauuT, OS, Ir, Pt —camsbie
CTOMKHE K KOPPO3UU METAILIIBI.

Keneso — wHambonee W3BECTHBIH M  PACHPOCTPAHEHHBIM METalll, MACCHBUPYETCS
KOHIIEHTPUPOBAHHOW a30THOM U XOJIOJHON KOHIIEHTPUPOBAHHOW CEPHBIMH KHUCIOTAMH.

Crnoco0bI moJry4eHusi MeTaJLI0B:

BonbIIMHCTBO METAIOB B MPHUPOJAE BCTPEYAeTCS B BUIE COCIWHEHUM, TaK KaK METaJlIbl
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HaXOJAIIMecs B OKUCICHHON ¢opMme Oosee ycTONYMBBIE BEIIECTBA, YEM METaIbl — IMPOCThIE
BeIlecTBa. B caMOpOIHOM COCTOSHUHM B TPHUPOAE HAXOMATCS TOJBKO METallbl, KOTOPHIE B
3JIEKTPOXUMHYECKOM Psy HAMPsDKEHUHM CTOSAT B caMoM KoHue: Au, Pt, pexxe Ag, nHorna Cu u
Hg.

Baxueiliye npupoaHbIE COEAMHEHUS METAJIOB, CTOSIIUX B PALy HaNpsHKEHUS 10
QIIOMUHUS — 3TO coiu: rajorenupl, danie xjaopuasl NaCl, MgCl,, KCI; kapoonarsr: CaCOs,
MgCOg3; cyasdarst Na;SO4, MgSO,; autpatsl NaNOs; dhochatsr Caz(POy),/

[IpupoaHbIle COSTUHEHUS IPYTUX METAJUIOB — 3TO B OCHOBHOM OKCHJIBI U cyabbuabt: Al,Os,
Cu0, Sn0Oy, Fe,03, Cr03, ZnS, PbS, MoS,, CuS,.

MuHepansl W TOpPHBIE TOPOABI, KOTOPBIC WCIOJNB3YIOTCS [UIsl TIOMYy4YEHHUS METAIlJIOB
Ha3bIBAIOTCA pydamMu. Mertamul ©3 pyAbl IOJydYaloT BOCCTAaHOBIEHHMEM — OTO 3ajaua
METAILTyPTUH.

PasznuyaroT cneayromye cnocoObl MOTyYeHHs] METAIIOB:

[Mupomeranmyprudeckuii (OT rped MUPOC — OTOHB)
I'mapomeTamnyprudaeckui
DIEeKTPOMETAILTYPTrUYeCKUi (3JEKTPOIIU3)

CyIIHOCTh NMHUPOMETAJUTYPrUYecKOro crmocoba - BOCCTAHOBJIEHHE METAIOB U3  UX
COCIMHEHUH IIpU BBICOKMX TeMIlepaTypax. B kauecTBe BOCCTaHOBUTEIEH UCIOIB3YIOT BOLOPO,
aktuBHbIe MeTaiuisl (Mg, Al), yrnepon, okcun yriepoza ().

MeTto/ uCroNb3yeTcs A MOTYYCHHsI METAJUIOB, CTOSIIUX B PSIY HAMPsHKCHHSI METAJUIOB MOCIIE
ATIOMUHUSL.

luapoMeramnyprusi —MCHONB3YeTCs ISl TTOJIYYeHHUST MAJOAKTUBHBIX MeTalioB. Hampumep,
METO/]I W3BJICYEHUS 30J10Ta OT IYCTOW MOPOJbI (IeCKa) MyTeM pacTBOPEHHUs 30J10Ta B I[MAHH]IE
HATpUS WM Kallisg B MPHUCYTCTBUHM KHUCIOPOJA, C IMOCIEAYIOIIUM BOCCTAHOBIIGHHEM MeETaylia
MyTeM BBITECHEHHUS ero Oojiee aKTUBHBIM METAJUIOM M3 COJIM. TakuM CcrocoOoM MOXKHO
noayuyuts Cu, Cd, Au, Ag, Mo, V u np.

DaekTpoMeTaIyprus (3JeKTposin3) — BocctaHoBaeHne akTuBHBIX MeTauioB (Na, K, Ca, Al,
Li, Mg u ap.) ¢ TOMOIIbIO 3JCKTPUYECKOTO TOKAa W3 PACIUIABOB COJICH, OKCHJIOB WJIH
TUAPOKCHU/IOB.

Yactb A. U3ydyeHue CBOMCTB IEJOYHbIX U IIEJ0YHO3eMeJIbHbIX METAJJIOB U UX
COeITUHEHHIT»

esab padoThi:

N3yunTh XuMHUYECKHE CBOMCTBA IIEIOYHBIX METAIUIOB U UX COCIMHEHUN.

W3y4nTh XMMUYECKHE CBOMCTBA IIEI0YHO3EMEIBHBIX METAJIJIOB U UX CBOMCTBA.

3. O3HakomiIeHHE ¢ Ja0OpaTOPHBIMH CIIOCOOAMU MOIYYEHUS TUIPOKCHIOB M COJICH METaJlJIoB
IA u 1A rpynmbL.

Coaepixanue padoThbI:

1. HccrnemoBaHue XMMUYECKUX CBOWCTB HATPUsI U €r0 COCIMHEHHH (B3aMMOJCHCTBHE C BOJIOMH,

TOpPEHHE).

[Tony4yeHne rupoKkcHia MarHus U €ro pacCTBOPEHUE B KUCIOTE U B COJISIX aMMOHHMSL.

3. Tomyuenue kapOooHATOB, Cy/Ib(})ATOB U XPOMATOB IIEIIOUHO3EMEIBHBIX METAJUIOB U U3yUYCHHE
UX XMMHUYECKHX CBOMCTB.

IIpudopsl U peakTHUBBI:

1. 3ammTHBIE OYKM, KPHCTAIM3aTOp, NUHIET, (QWIBTPOBaIbHAs Oymara, MeTalJIMYecKas
J0xeuka, paphopoBbIil TUTEIH, CHUPTOBKA, MUIETKH, TPOOUPKH, TPOBOJIOKA C METEIHKOH.

2. @ecnondranenH, Boja, HaTpui (MET.), COJMb MarHus, Kpaxmaj, 2 H pacTBOpP COJSHOH
KHCJIOTHI, 2 H PacTBOp XJIOpUIa aMMOHHS, PacTBOPHI MOJHJA KalHs, CEpHOW KHUCIOTHI,
THJIPOKCUA HAaTpusi, KapOoHaTa HaTpHs, XJOpHAA KalbLus, Xjopuaa Oapust (BO3MOMKHBI
Jr00bIe pacCTBOPUMBIEC COJIHM Kalblius U Oapus), cynbdara HATpuUsi, XpoMaTa Kalus, YKCyCHOU

Al

o
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KHCJIOTBI, HUTpaTa KaJusi; COJISTHAs KUCIOTa (KOHIL. ).
JKCNEePUMEHTAIbHAS YaCTh

OnbiT 1. B3aumopaeiictBue HaTpus ¢ Boaoi. (Paborars moxa TATO# B 3alIMTHBIX O4YKax!)
B xpucrannmzaTop ¢ Booi 100aBIAIOT HECKOIBKO Karenb ¢penondranenna. [IuHIieTom nocrath
KyCOYEK IIEJIOYHOTO METajsla M BBICYIIUTh (UIBTPOBAIBbHON Oymaroil. OTAETUTH KyCOUYeK
HaTpusi pa3MEpPOM CO CIHYEYHYK) TOJIOBKY M IIMHIETOM II€PEHECTH B KPUCTAIIM3ATOP.
HabmrogaroT mpoTekaHue peakiuy U OKpalluBaHue BOAbl. Hammcare ypaBHEHHE MpOTEKaoLIeH
peakuuu.

OnbiT 2. I'openue Hatpusi. (Pabotare mox Tsaroit!) B merammuueckyio JOXKEUKY HIIH
bapdopoBbIii TUTENH MOMENIAIOT HEOONBIION KyCcOUeK HAaTpusi, MPeIBapUTEbHO BHICYIICHHBIN
¢mibTpoBaNbHOM Oymaroif. JIokedky WJIM THrellb HarpeBaioT CHHM3Y HEOOJBIIMM IIAMEHEM
CIOUPTOBKM, 3aT€M MOJDKUTAIOT IUIAMEHEM pacIUIaBlIeHHBIH MeTaul cBepxy. Habmomator
ropeHue Hatpus. [IpomyKTel OKHCIEHMS OCTaBJSIIOT A cleayromero onbita. Hammcars
YpaBHEHUE PEAKLIUH TOPEHUS HATPHUS.

OnbIT 3. B3anMopeiicTBHe KHCJIOPOAHBIX COeIHHEHHMI HATPHSA ¢ BOAOii. [lonydueHHble B
MPEbIIYIIEM ONBITE MPOIYKTHl OKWCICHHSI HATPUS PACTBOPSIOT B HEOOJBIIOM KOJHMYECTBE
Boabl. K mosyuyeHHOMY pacTBOpY HPHJIUTH PACTBOP HMOAMJA Kajdusl NOJKHCIEHHOTO CEpPHOM
KHCJIOTOM M HECKOJILKO Kallelb pacTBOpa Kpaxmaina. HabmogaloT n3aMeHeHne oKpacku pacTBopa.
Hanncars ypaBHEHHE IPOTEKAOIIEH pEaKIIUU.

OnbIT 4. [losrydyeHHe THAPOKCUIA MATHUS U €r0 PACTBOPEHHE B KHUCJI0TE U B COJISAX
aMMoHusl. BHecTn B 1Be mpoOMpKHU MO 3 Karuld pacTBOpa COJM MAarHus M B KKAYI0 U3 HHUX
n00aBUTh 1O 4 Kariu pacTBOpa €IKOro HaTpa. B oaHy u3 mpoOUpoK, MOMEIINBas COACPKUMOE
CTCKJIIHHOW MaJo04YKod, NpUOaBUTh MO KaIulsiM 2 H. PacTBOP COJSIHOM KHCIOTHI JO IOJHOTO
pacTBOpEHHUSI Ocalika, MOJCUYUTHIBAS KOJIMYECTBO Kameiab. B 1pyroil mpoOupke TakuM xKe
CIOCcO0OM PacTBOPUTH OCATOK I'MJIPOKCUIA MAarHus B 2 H. pacTBOpE XJIOpHIa aMMOHUs. B kakom
cllydae JUisl pacTBOPEHHUs ocajika morpelOyercs Oosbliee KoinyecTBO peakTuBa? Hamummre
YPaBHEHHUS MTPOTEKAIOIINX PEAKLIUM.

OnpiT 5. Kap6oHaThl mie104Ho3eMedbHBIX MeTaWI0B. [lomyunts ocaaku kapOOHATOB
KaJblUg ¥ OapHsi B3aMMOJCHCTBUEM PAcTBOPOB COOTBETCTBYIOIUX COJIEH C PACTBOPOM COJBI.
HcnpiTaTh OTHOIIEHHE MOJIYYEHHBIX KapOOHATOB K COJISTHOM KHUCIOTE, 100aBisis €€ OCTOPOXKHO
0 KaruisM. 3alycaTh ypaBHEHUS MPOTEKAIOLINX PEAKIIHIA.

OnpbiT 6. CyabpaTsl 1IeJ0YHO3eMeJbHbIX MeTalI0B. B 1Be npobupku BHecTH 1o 2-3
KalUIu PacTBOPOB coiiel Kambiust u Oapusi. B kaxayro mpoOupky mo6aButh mo 3-4 Karm
pactBopa cynb(dara Hatpus. Uto HaOmomaercss? OTMETUTh Pa3IMUHYI0 CKOPOCTh 00pa30BaHMs
ocankoB. HMcmplTaTh JeWCTBUE COJSHOM KHUCIOTHI Ha TMOJNydYeHHBIE Cylb(arbl. 3amucarh
YPaBHEHUS MPOTEKAIOIINX PEAKIUH.

OnbiT 7. XpoMaThl 1IeJI0YHO3eMeTbHBIX MeTANI0B. B 1Be mpoOupku BHecTH 1o 3-4
Kaluld PacTBOPOB cojiel Kaimblius W Oapus. B kaxmyro mpoOupky mo6aBuTh 1o 4-5 karenb
pactBopa xpomara kanus. HabmogaroT BellaieHne 0CaaKoB, OTMEYAIOT X LBET U UCIIBITHIBAIOT
JICCTBME HA HUX YKCYCHOM U COJITHOM KHCJIOT. 3allucaTh YpaBHEHUS TPOTEKAIONIUX PEAKIIHiA.

Onbir 8. OkpammBaHue IUIAMEHH  PacTBOpaMH  COJiel  INEJOYHBIX H
IIeJOYHO3eMeJIbHbIX MeTa/I0B. [IpoBOJOUKY C TmeTenpkOoM Ha KOHIIE BHECTH B
KOHILEHTPUPOBAHHYIO COJISHYIO KMCIOTY M 3aT€M IPOKAJIUTh B IJIAMEHM CHUPTOBKU. Ywucras
IIPOBOJIOKA HE JIOJKHA OKpaInBaTh IuiaMsi. OUUMIIEHHYIO IPOBOJIOKY OMYCTUTh B PACTBOP COJIU
HATpUs U CHOBA BHECTHU B IIJIaMsl COUPTOBKU. OTMETUTH LIBET IUIAMEHHU U 3allMCaTh B TETPAlb.
OnpIT MOBTOPUTH C pacTBOpaMu cojieil kamusi, Oapus W Kanmpius. llepen KaXIbIM OINBITOM
IIPOBOJIOYKY IIPOMBITh KOHLIEHTPUPOBAHHOM COJITHON KMCIIOTOM U 3aTEM IIPOKAJIUT.

IMopsinoxk padoThI:
1. Tlonyuuts OT mpenojaBaTelis 3aJaHUE.
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BBIOTHUTE paboTy COTTIAaCHO METOIMYECKUM PEKOMEHIAITHSIM.

OdopMHUTH TPOTOKOI PAOOTHI.

BbutuTh 0TpaboTaHHBIE PaCTBOPHI, IIOCYAY BBIMBITE. CnaTh pabouee MeCTo.
Conep:xanue oT4era:

Tema u 11enb paboTHI.

HabGnronenust, ypaBHEHHS pEaKIIUi 1O KaXI0W 4aCTH PaOOTHI.

BriBoabI O IpoienaHHOM pabore.

H~own

=

L

KoHTpoJibHBIE BOIPOCHI.

OO6mrast XxapakTepucTHUKa TIIaBHON MOATPYIIEI | rpymmbl (IIeT09HbIe METaJIIbI).
Pacnipoctpanenue B pupoje U NOJydeHHUE.

duznyeckue 1 XMMHUYECKHE CBOIMCTBA IIEIOYHBIX METAJIOB.

IIpuMeHeHne, TOKCUKOJIOTHSL.

OO6m1ast XxapakTeprcTHKa rIIaBHON moArpyniibl || rpymmbl menoYHo3eMenbHbIC METaJITbI ).
Pacnipoctpanenue B mpupojie U NOJydeHHUE.

duznyeckue 1 XMMUYECKHE CBOMCTBA 1IET0YHO3EMENbHBIX METAIIJIOB.

IIpuMeHeHne, TOKCUKOJIOTHSL.

NGO~ wWNE

Yactp b. DnemenTsl |11 A-rpynnsl nepuoanveckoi cucTeMbl U UX COeTMHEHHUSI.
Hean paboThi:
1. M3yunth XUMHYECKHE CBOMCTBA AIFOMUHUS U €TO COSTUHEHUH.
Coaepsxanue padoThI:
1. Usyyenue am(pOTEpHBIX CBOWCTB AIIOMHHHS: B3aUMOJEHCTBHE C KHUCIOTAaMU U BOJHBIMHU
pacTBOpaMH ILEIOYEH.
2. HWccnenoBanue BIMSHUS XJIOPHA-HOHOB HA KOPPO3UIO AITFOMHUHHSL.

IIpudopsl U peakTHUBBI:

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

2. Hutpata cepebpa, cynbdara meau, cynbdara aaoMUHHS, XJIOpUIa MEIU; CEpHAs KUCIIOTa
(koHII.), BOoda, (eHOonTamewH, 2 H. PacTBOPHI COJSHON, CEPHOM M A30THOH KHCJIOT,
TUAPOKCUAA HATpPUS; KOHIICHTPHUPOBAHHBIC KHUCIOTBL: COJISHAs, CEpHas M a30THas;
aTrOMUHKEBas (ONbTa,

JKCNEePUMEHTAIbHAS YaCTh

OneIT Ne 1. BzaumonaeiicTBue aJIOMUHHASA ¢ KHCJI0TAMH.

A) B3aumooeiicmeue antomunus ¢ pazdoasieHnvimu Kuciomamu. B Tpu npoOUpPKH BHECTH
mo 5-8 kamenb 2 H. PacTBOPOB KHCIIOT: COJISTHOM, CEpHOHM, a30THOH. B kaxmyio mpoOHpky
OIYCTUTHh MO MAaJIeCHbKOMY KYCOUYKY aTIOMUHHEBOW (onbru. Bo Bcex M ciydasx MpoTeKaeT
peakmus Ha xonony? Harpers mpoOupku Ha BomsHou Oane. YUto nHaOmomaercs? Hamumcath
ypaBHeHHs peakuuid. Kako ra3 BbIIeNAeTCs MPH B3aMMOJCHCTBUM AIIOMUHUS C pa30aBICHHOM
azotHo# kucinoToi? C pa30aBICHHBIMHA CEPHOM U COJISTHOM?

B) Bzaumooeiicmeue antomunus ¢ KOHyeHmpuposanuvimu Kuciomamu. B 1pu npobupku
BHECTH MO 5-8 Kamenb KOHIEHTPUPOBAHHBIX KHUCJIOT: COJSHOM, CEpHOM, a30THOM. B kaxmyro
MPOOUPKY OMYCTUTH IO MAJCHPKOMY KYCOUKY aIFOMUHUEBOU (onbru. Kak mpoTekarT peakiuuu
Ha xononay? C kakoil KucimoToW amoMuHuUN He pearupyer? Ilouemy? Harpers mpoOupku Ha
BoJsiHOM Oane. Kak Bnmsier HarpeBanue? HammcaTe ypaBHEHHS peakiii, YUUTBIBas, 4TO HpPHU
HarpeBaHUU a30THAs KUCIIOTa BOCCTAHABIMBAETCS B OCHOBHOM J0 IMOKCHJA a30Ta, a CEpHas /10
CEepHUCTOTO ra3a Ha XOJOAY M YacTHUYHO CBOOOJHOW cephl Ipu HarpeBaHuu. Bruser mm
M3MEHEHHE KOHIICHTPAIIUH COJISTHON KHUCIIOThI Ha XapaKTep ee B3auMOJICHCTBUS C aTlOMUHHEM?

OnbiT Ne 2. PacTBOpeHHMe ajIIOMHMHHSI B BOJHOM pacTBope IejouH. Buectu B

MPOOUPKY MOJIOCKY aTIOMHHUEBON (Gosbru u 100aBUTh 3-4 Karum Boabl. Harpets mpoOupky Ha

Lo
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BozsiHOM Oane. HaGmromaetcs nu Beifenenune Bogopoaa? Jlo6aButh B mpoOUpKy S5-8 Kamesb 2H.
pactBopa eakoro Hatpa. OTMETUTh MHTEHCHUBHOE BbIENIeHHE BOAOpojaa. OTCYTCTBUE peaKINU
ATIOMUHHS C BOJIOM OOBSCHSETCS HAJTMYMEM Ha €ro MOBEPXHOCTHU IJIOTHOW OKCHJIHOMW IICHKH,
KOTOpasi 3aTPyIHSET JIOCTYH BOAOPOJHBIX HMOHOB K TIOBEPXHOCTH MeTaia. JloOaBiieHHas
IIEJI0Yh PACTBOPSIET OKCHIHYIO IUICHKY € OOpa3oBaHMEM THAPOKCOATIOMHHATA W CO3/aeT
BO3MOHOCTb HEMOCPEICTBEHHOIO B3aUMOJEHCTBUS altOMUHUS ¢ BoAoW. Hanucars ypaBHEeHUs
peaKuuii.
OnbiT Ne 3. BuusiHue XJIOPUA-HOHA HAa KOPPO3MI0 ajqoMuHusA. B 1Be mpobupku
MMOMECTHUTH IO KyCOUKY QJIFOMUHUS U J00aBUTh B OJHY U3 HUX 5-8 Kamenb cynbdara Meau, a B
JIPYTYIO - CTOJIKO e pacTBopa xyopuaa meau. OTMETHTh Pa3IUyHBIA pe3yiabTaT B 000MX
CIy4asx: B TO BpeMs Kak B MEPBOM MPOOHMPKE aTIOMUHHM OCTAC€TCs MOYTH O0€3 M3MEHEHUs, BO
BTOPOI1 OH OBICTPO MOKPBIBACTCS HAIETOM Meau. Hanmucarh ypaBHEHHE peakIuu.
IMopsinoxk padoThI:

[TomyuuTs OT MpernogaBaTes 3aJaHue.

BrImomHUTE paboTy COrflacCHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmMuTh MPOTOKOI pabOTHI.

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

1. Tema u uenb paboOTHI.

Hab6nronenust, ypaBHEHHS pEeaKIUi MO K0 4aCTH PaOOTHI.

3. BrIBoBI O IIpOAETaHHOI paboTe.

N S

o

KoHTpoJibHbIE BOPOCHI:
1. OO6mas xapakTtepuctuka riaBHoil moarpynmnsl |l rpynmsl. Pacnpoctpanenue B mpupone.
[Tonyuenue.
2. Amomunuii. CBolicTBa u coenunenus. [Ipumenenue.

TEMA 3. OBIIIAS XAPAKTEPUCTUKA U TOKCHUKOJIOT'USA D-DJIEMEHTOB
U UX COEJIVUHEHUM
Dopma nposedenust - aHa3 pe3)bmamos OeMOHCIPAYUOHHOR0 IKCHEPUMEHMA
BbINOTHEHLE UCCTIE00BAMETCKUX PAOOM YACHIUHHO-NIOUCKOBO20 XAPAKMEDA

Yactp A. DaemenTsl |b u |1b rpynnbl nepuoauyeckoii cucTeMbl U UX COeIMHEHMUSI.
Hean paboThI:

1. W3ydeHwue CBOMCTB MeAM U cepedpa U UX COCTMHCHHI.

2. M3yueHue CBOMCTB IIMHKA U €T0 COCTUHEHHIA.
Conep:xanue padoThbI:

1. UccnemoBanue B3aMMOIEHCTBUS MEOU C KUCIOTaMHU. B3anMOAeHCTBUE COEOUHEHUN MEIU C
KHCIIOTAaMU 1IeJI0YaMH, KOHILEHTPUPOBAHHBIMUA pPAacTBOPAMHM aMMHMAaKa, KOMILIEKCHBIMU
COCIMHEHUSIMU.

2. BszaumopelicTBue HUTpara cepedpa C IIeI0YaMu, KUCIOTaMH, COJISIMU TalOr€HBOJAOPOTHBIX
KHUCTIOT, THOCYNIb(aToM HATpHsI.

HN3y4deHue cBOICTB MeIH U cepedpa U MX COeIMHEHM.
IIpudopsl U peakTHUBBI:

1. Xumunyeckue crakaHbl, IPOOUPKU, TUMETKH, IITATUB.

2. PactBopel cynbhara Meaw, THUAPOKCHIA HATPHUsS, HOAWAA Kalus, Opommma Kamus,
TrocynbdaTa HaTpus, kKapOoHaTa HaTpwusl, rekcarranodeppara (I1) kamus, coNsTHONW KUCIIOTHI,
CepHOW KHCJIOTHI, aMMHaKa, HUTpara cepebpa; 2 H pacTBop XJIOpOBOIOPOIHOW KHUCIOTHI,
KOHIIEHTPUPOBAHHBI BOJIHBIA pacCTBOP aMMHaKa.

JKCNepUMEHTAIbHAS YaCTh
OnpiT 1. U3yyeHne cBOMCTB MeIM U €€ COeIMHEeHM .
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a) B XxumMu4eckoM cTakaHe CIMBAIOT MPU MEPEMEIIMBAHUHN MPUOIH3UTENHHO 10 10 M

pactBopoB CuSO4 u NaOH.

Ocanok aensar Ha 4 mpooupku. [IepByro mpoOUPKY OCTOPOKHO HATPEBAIOT.

Bo BTOpY!O NpunanBaioT 2H. pacTBOP XJIOPOBOAOPOIHON KUCIIOTHI,

B TPETHIO — KOHIIEHTPUPOBAHHBIA BOJHBIN pacTBOp amMmmuaka. Yto Habmogaete?

06) B mpobupky nHammBaiorT pactBop CuSO, u mobGaBnsiroT pactBop momuaa kamus Kl.
Hab6mromaror ocakaenne noauaa meau (1) Cul, okpacky KOTOPOro MacKHPYET BBIACTHBIIHICS
won lp. Jlns ycTaHOBIIEHHST OKpacKd oOcagka qo0aBISIOT HECKOJBKO Kamelb pacTBopa
tuocynbdara Hatpus Na,S;03. K ocanky Cul noGamnsior B m30BITKE pacTBOp THOCYJb(dara
Hatpus Na,S,;03. Habmonarot pactBopeHue ocajka.

B) B mpoOupky namuBaroT pactBop CuSO, m m00aBisOT pacTBOp KapOoHATa HaTpHs
Na,COs;. Habmomaror oOpa3oBaHuWe oOcajKa, KOTOPBIH COCTOMT €3 OCHOBHBIX COJICH
MEPEMEHHOT0 COCTaBa.

r) B nmpobupky npunusarot pactBop CuSO, 1 1o KaruisiM J00aBIIsiI0T KOHIIEHTPUPOBAHHBII

BOJHBIN pacTBop ammuaka NHs. Uro nabmromgaere?

n) KadectBeHHas peakums Ha CU’'. K pacrBopy CuSO,; 06aBISIOT HEGOIBIIOE
KomyectBO pactBopa rekcarmanodeppara (Il) kamus Kj[Fe(CN)g]. BeimemsieTcss ocamok
rekcanmanodepparta (1) mequ (1) Cu[Fe(CN)g] . densat ocanok Ha 4 MPOOMPKU U MCIIBITHIBAIOT
neiicreue Ha ocagok HCI, H,SO,4, pacrBopa NaOH u Bogmoro pacrBopa ammumaka NHsz. Uro
Habmonaete?

OnpIT 2. U3yyeHne cBOMCTB cepedpa v ero coeIuHeHHii.
a) B nmpoOupky BHOCAT 2-3 karum pactBopa AGNO3; u mpuGaBnsioT B U30BITKE pacTBOP
NaOH. Ha6monarot o6pazoBanue Ag;0.
0) B nBe npoOupku HanmuBarT o 3-4 karau pactBopa AGNO; u 100aBISIOT 110 HECKOIBKO
karnesb HCIl. Habmonarot Beigencuue 6emoro ocagka AgCl.
B onmHy mnpoOupky mnpuivMBarOT BOJHBIM pacTBOp ammuaka NHs, B apyryroo - pacTtBop
tuocynbsgata HaTpus NapS;03. Habmronarot pacTBopeHne ocaika.
B) B aBe mpobupku HammBaroT pactBop AGNOs. B oany nobasistot pactsop Kl, B apyryro
— KBr. Kaxpiif ocaiok Aensart Ha 2 TpOOUpPKH.
JNobaBnsroT BoaHbIN pacTBop ammuaka NHs B 1 mpobupky ¢ Agl u B 1mpobupky ¢ AgBr. B
o0eux 1 mpoOupKax MPOUCXOJUT PACTBOPEHHUE OcaIKa?
B ocraBmmecs mnpoOupkM mnpuiauTh pactBop THocyilbdarta Hartpus NapS;0s3. UYro
HaOmronaere”?
KoHTposbHBbIE BONIPOCHI.
OO01m1ast xapakTepuCTHKa MOO0YHOM moarpymnisl | rpynmsl (moarpymnma Mean).
PacnpocTpanenue B mpupo/ie 1 MoxydeHue.
Pur3nyecKnue 1 XMMUYECKHUE CBOMCTBA.
[Ipumenenue, HanboJiee BayKHBIE COCTMHEHHS ME/IH, cepedpa 1 30J10Ta.
OxapakTepusyiiTe OTHOIIEHWE Menu, cepedpa © 3070Ta K pa30aBIeHHBIM W
KOHIIEHTPUPOBAHHBIM pacTBOpaM KHUCJIOT, K pacTBopam Iieiodeid u coisieid. Hamummre
YpPaBHEHUS COOTBETCTBYIOIIUX PEAKIUM, YKAKHUTE YCIOBUS UX OCYIICCTBIICHUS.
6. Kakume peakuumum mOpoTEeKalOT MNpPH PACTBOPEHUHM 30JI0Ta B «ILAPCKOM BOJKE», B
KOHLEHTPUPOBAHHOM COJISIHON KHUCJIOTE, HACHIIIEHHOMN XJIOPOM, B CEJIEHOBOM KHCIIOTE?
7. UYem oObscHsEeTCS OOpa3OBaHUE 3€JICHOTO HaJleTa Ha MEAHBIX M3ICIHSIX W ITOYECPHEHHE
cepeOpsHBIX MPEAMETOB MPH JITUTEIHHOM NpeObIBaHUN UX Ha Bo3ayxe? Hamummmre ypaBHEHUsS
COOTBETCTBYIOIIMX PEAKIUH.

s R

IIuHK U ero coeAUHEHUS
IIpudopsbI U peakTUBBI:
[ItaTuB, mpoOUPKU, TUMETKH, MUKPOIIIATETh, CIIUPTOBKA, JEPKATEINb I TPOOUPOK.
. lluHKOBas NbLIb, 2 H pACTBOPHI CEPHOM U COJSIHOW KHUCIJIOTHI, 2 H pacTBOpP TMAPOKCUAA HAaTpusl, | H

A
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pacTBOpP COJISTHOW KHCJOTHI, 2 H pacTBOpP aMMHaKa, KOHIICHTPUPOBAHHAS CepHast KMCIOTA, pacTBOP
COJIM IIMHKa (J1100ast pacTBOpHMAsi), HACHIIEHHBIH PacTBOp Cyab(puaa aMMOHHMS, COJIb LIMHKA (KP.),
BOJIa, JIAKMYC.

JKCNepUMEHTAIbHASA YaCTh
OnbiT 1. PacTBOpeHne HUHKA B KMCJIOTAX M LIEJI0YAX.

Hamute B mpobupky 4-5 kamenb 2 H. pacTBOpa CEpHOM KHCIOTHI, 100aBUTH |
MUKpPOLINATENb IUHKOBOW MBUIA U clIerka noaorperb. To ke mpojienaTs ¢ KOHIEHTPUPOBAHHOU
CepHOW KHUCIIOTOM M MO 3amaxy ONpeAeiuTh BBIACICHHE CEPHHUCTOro rasza. Takum ke oOpazom
MPOBEPUTHh PACTBOPUMOCTD IIMHKA B 2 H. PACTBOPE COJSTHOW KUCJIOTHI U B 2 H. pacTBOpPE €IIKOM
menoun. Ommcare Habmogaemoe. [loyemy pazbaBneHHas u KoHIeHTpupoBanHas H,SO, mo-
pasHOMy pearupyloT ¢ UMHKOM? Kakoili aroM W B KakOW CTENEHH OKHCIICHUS SBISETCA
OKHCIIUTEJIEM B TOM U B IPYTOM city4yae?

OnpIT 2. 'MapoKcu HMHKA U ero CBOMCTBA.

Hamute B nBe mpoOupku mo 3-4 Kammm pacTBopa COJNIM IIUHKA. B Kaxayro mpoOHpKy
no0aBIATH 2 H. pacTBOpP €OKOM IIEJOYM J0 TMOSBICHHUS O€oro CTYIEHUCTOro OcajKa
TUAPOKCHIA IMHKA. McnbITaTh OTHOIIEHUE MOJIYYEHHOTO THAPOKCUIA K KHCIOTaM U IIeJiodaM.
Kaxkoii BbIBOJT MOKHO clieJIaTh O CBOMCTBaxX TMApoKcHaa MHKa? HanmucaTe ypaBHEHHS peakiuii
B MOJICKYJISIPHOW M HOHHOHM (opMax.

Omnpit 3. Cyabpua umHKA.

B mnpoGupky nomectuth 3-4 Kamiau pacTBOpa CONM LMHKA M J100aBUTH 2-3 Karuu
HACBIIIEHHOTO pacTBOpa cyibduna ammonHus. OTMETHTH LBET OOpa3oBaBIIErocs ocaaka Hu
no6asuth 1 kams 1 H. pacTBopa consiHOW KUCIOThl. Uto mpoucxoaut? Hammcats ypaBHEHHS
peaxkuuii.

OmnpbiT 4. I'uapoJin3s coJieil HMHKA.

[TomecTuTh B MPOOUPKY HECKOIBKO KPUCTANIMKOB COJU IIMHKA M PAaCTBOPUTH UX B 1-2
Karmsax BoAbl. Jl00aBUTH B MpoOHMpKYy 2-3 Karumm pacTBOpa JlaKMyca M CJerka moaorperb. Bo
BTOPYIO MPOOUPKY HAIUTH 2-3 KalUIM pacTBOpa JlakMyca W 1-2 Karjau BOJBI M CPAaBHUTH IIBET
COJIEPKUMOTO JTOM MPOOMPKH € OKpPACKOW MOJIy4eHHOro pacTtBopa. Ha kakyrwoo peakmuio
YKa3bIBaeT I[BET JIaKMyca B pacTBope coiau IuHKa? Hanucate B MOJEKYJISPHOM M HOHHOU
dbopMax ypaBHEHHUs ITPOLIECCOB, BHI3BIBAIOINX U3MEHEHHE OKPACKH JIAKMYCa.

OneIT 5. AMMHAYHBIA KOMILIEKC IIHHKA.

B npo6upky nmomecTuth 1 Karmio pacTBOpa COMM IIUHKA U T0OABUTH 2 KAy 2 H. pacTBOpa
ammuaka. Ocalok Kakoro BemiecTBa oOpasoBaicsi? K momydeHHOMY pacTBOpY MPUIMBATH IO
KaIIsiM U30BITOK pacTBOpa aMMHaka 0 pacTBOpeHMs ocajka. HamucaTh ypaBHEHMsS peakKIIHid,
cUyMTas, YTO KOOPJAMHALIMOHHOE YUCIO MOHa LMHKa 4. Hamucarh ypaBHEHUs AUCCOLUALIAU
KOMIIJIEKCHOTO COEJUHEHUSI U KOMILIEKCHOTO MOHA.

KoHTpoJibHbIE ONIPOCHI:
1. Xwumus snemeHTOB moOo4HON moArpymmbl I rpynmel nepruoauyeckoi CUCTeMBbI (MTOATpyMIa
IIUHKA).
PacnpoctpanenHocTs B ipupojie. OCHOBHBIE MUHEPAIBI.
DU3UKO-XMMHUYECKHE CBOMCTBA MPOCTHIX BelIEeCTB. [1oyueHre npoCcThIX BELIECTB.
XHMHS BOJAHBIX PACTBOPOB.
OKcuabl ¥ TUAPOKCUIBI.
Conun. KoMmiiekcHbIe cOe JUHEHUS.
ITopsinok paGoTbI:
[TonyuuTs OT npenogaBaTens 3aJaHue.
BbImoaHUT paboTy cOrjIacCHO METOIMYECKUM PEKOMEHIAIUSIM.
OdopMHTb TPOTOKOIT PAOOTHI.
Boutnth oTpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. C1aTh pabouee MecTo.
Conep:xaHue oT4yera:

ok wd
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1. Tewma u uenb pabOTHI.
Habmionenus, ypaBHeHUS peakiuil o Kakaoi 4acTu padoThI.
3. BbIBOfBI 110 IpOIETaHHOM padoTe.

N

Yactp b. DieMenTHI N0004HOI moarpynnbl VI rpynnsl nepuoanyeckoii CucTeMbl.
«H3yyeHne cBOMCTB XpOMa U €ro COeJHHEHUI»

esab padoThi:
N3yunTh XuMHUYECKHE CBOWCTBA XpOMa U €r0 COCIUHEHUHN.
2. O3HakoMIJICHHE C JTaOOPAaTOPHBIMU CIIOCOOAMH TOTYYEHUs OKCHIOB, THAPOKCUIIOB U COJIEH

XpoMa.
Conep:xanue padoThbI:

1. Tlonyuenue okcuaa xpoma. [lonyueHnue u ucciaegoBaHUE XUMHUYECKUX CBOMCTB THJIPOKCHA
xpoma (I1).
[TonmyyeHne MaopacTBOPUMBIX XpOMAaTOB Oapusi, CBUHIIA U cepedpa.
3. HccnenoBaHue OKUCIUTEIbHBIX CBOMCTB XpOMATOB U IUXPOMATOB.

=

N

IIpudops! U peakTUBBI:

HITaruB, npoOUpPKH, MUMETKH, AEpKATENb 1S IPOOUPOK, CIUPTOBKA.

2. buxpomar ammoHus (Kp.), pacTBOpBI XpoMaTa M OMXpomara Kaius, XJjopujaa Oapus, HHUTpara
CBUHIIA, HUTpaTa cepeOpa, MOAUAA Kanus, ; Kpaxmai, 2 H pacTBOp TIMAPOKCHIA HaTpus, 2 H
PacTBOp COJSTHOM KHUCIIOTHI, 2 H paCTBOP CEPHOI KUCIIOTHI, COJIsIHAsA KUCIO0Ta (KOHIL. ).

Lo

JKCNepUMEHTAIbHAS YaCTh

Omnbit 1. Iosryyenne oxkcuaa xpoma.

B mpobupky momecTuTh HEOOJBIIOE KOJWYECTBO OWXpoMaTra aMMOHHUS W OCTOPOKHO
Harpetb. HaOmiomaercst OypHoe pasnoskeHue cosid. Kakoil 1BeT MMeeT MOJy4YeHHBIH OKCH
xpoma (I11)? Hammcare ypaBHEHWE peaKkIMU Pa3JIOKEHUS, YUYUTHIBAs, UYTO OJHOBPEMEHHO
00pa3yroTcs a30T U BOJA.

Onbit 2. [ToayyeHue u cBoiicrBa ruapoxkcuaa xpoma (111).

[Tonmyuuts B AByX npobupkax ruapokcu xpoma (I11) B3aumopelicTBieM pactBopa Xjaopuia
xpoma (II1) (3-4 kamau) ¢ 2 H. pactBopom miemoud (1-2 karum). McmbiTaTh OTHOIICHHE
THJIPOKCUA XpPOMa K KHUCJIOTE U K W30BITKY IIETOYH, ISl Yero J00aBIATh B OJHY MPOOHUPKY MO
KaruisiM 2 H. pacTBOpP COJSIHOW WJIM CEPHOM KHCIJIOTHI, B IPYTYIO — 2 H. pacTBOpP WIECJIOYU 10
pacTBopeHusl ocaaka. Hammcars ypaBHEHMsI pEakLUi, Y4HUTHIBas, YTO IIPU B3aUMOIECHCTBUU
THPOKCHA XPOMa ¢ KICIIOTOM U CO IIENOUBIO [OMyYaeTest KoMIUIeKcHbli annon [Cr(OH)4]%.
OmnbiT 3. XpoMaTsl 1 OMXPOMATHI.

a) nepexod xpomama kanua 6 ouxpomam. K pactBopy xpomara kamusi (3-4 Karum)
npubaBiATh MO KalUsIM 2 H. PacTBOpP CEpHOM KUCIOTHI. OTMETUTh OKpAacKy B3SITOrO U
MOJIyYEHHOTO PacTBOPOB U YKa3aTh, KAKUMU MOHAMH 3TH OKpacku oOyciaBnuBatoTcs. Hamucarpb
ypaBHEHHE PEAKIIHH.

0) nepexoo ouxpomama kanus ¢ xpomam. K pactBopy Ouxpomara kamus (3-4 Karuim)
npubaBIATh MO KaluIiM pPAacTBOp WIETOYM J0 HW3MEHEHHMs OKpacku. Hamucate ypaBHeHHE
peaKIu.

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

B Tpu mpobupku ¢ pactBopoM xpomara kamus (2-3 xamim) npubaBUTh MO 2-3 Karuu
pacTBOpOB: B MEPBYIO — XJIopuaa Oapus, BO BTOPYIO — HUTpaTa CBUHIIA, B TPEThIO — HUTpaTa
cepebpa. OTMETUTH 11BeTa 0caAKOB. HanuncaTh ypaBHEHUS peaKIiHid.

OnbIT 5. OkucIUTEIbHbIE CBOICTBA XPOMATOB.

a) okucinenue uoouoa kanua. K nogkucieHHoMy cepHoi kucnotou (1 karuist) pactBopy

ouxpomara kamus (4-5 kamenp) m00aBuTh 3-4 Kamam pactBopa moauaa Kamus. OTMETHTH
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M3MEHeHHe oKpacku. Jloka3aTh ¢ MOMOIIBIO PacTBOpa Kpaxmalia BblJIeJIeHHe CBOOOJHOTO Hoaa,
JUI 4ero B MpOOUpPKY ¢ 5-6 KamusiMy Kpaxmalja BHECTH OJHY Kallll0 MOJYYEHHOTO B OIBITE
pactBopa. Hanucarb ypaBHEHUS peaKiHii.

0) okucnenue conanoit kucnomsl. K pactBopy Ouxpomara kanus (1-2 xarim) npuOaBuTh

10-12 kanenb KOHIIEHTPUPOBAHHOM COJITHON KUCIOTHL. CMECh HarpeTh J0 Mepexoaa OpaHKEBOH
OKpackH B 3esieHyr0. OTMeTuTh BbleneHue ra3a. Kaxoil ra3 Beigensierca. Hanucars ypaBHeHue
peakuuu.

el AN S

N

Nogkrwd

™=

N S

ITopsinok paGoTbI:

[TomyunTts OT mpenoaaBaTens 3aAaHue.

BrImoaHATE paboTy COrJIaCHO METOANYECKUM PEKOMEHIAIIUSIM.

OdopMHUTH TPOTOKOIT PAOOTHI.

Beimute oTpaboTaHHBIE PACTBOPEI, HOCYAY BBIMBITE. CIaTh pabouee MecTo.
Conep:xaHue oT4era:

Tema u 11e1h paboTHI.
Habmionenus, ypaBHeHUS peakiuil Mo Kakaoi 4acTu padoThI.
BrIBOIBI 110 TIPOIETIaHHOM padoTe.

KoHnTposabHbIe BONpoCHI.
XuUMHS 3JIEMEHTOB MTOOOYHOM oATPpyNIbl VI rpynmbl IEprOUYecKoi cucTeMbl (TTOATpyIIna
Xpoma).
PacnpoctpanenHocTs B ipupojie. OCHOBHBIE MUHEPAIBI.
OU3NKO-XMMHUYECKHE CBOWCTBA MeTaIsIoB. [lonydyenne xpoma, MonubieHa U BoJbppama.
XHUMHS BOJAHBIX PACTBOPOB.
OKcuabl ¥ TUAPOKCUIBIL.
Comnun. KoMmiiekcHble cOe JUHEHUS.
[Touemy mpu B3aMMOAEHCTBHM COJei OapHsl ¢ pacTBOpaMH Xpomara U AMXpoMara KaJus
BBINIAJAI0T OCaJKU OJUHAKOBOTO cocTaBa? PaccMorpure okuciaurenbHble cBoiicTBa KoCrOy
pu pa3muHbIX pH pacTBopoB.

Yacrs B. [lo0oynas noarpynmna ceibMoil rpyninbl NepHOANYECKOH CHCTEMBI.
Maprasen u ero coexuHeHus’”’

Hean paboThi:
N3ydeHne XuMHYECKHUX CBOMCTB COEAMHEHUI MapraHia.
O3HakoMJieHHE C J1a0OpaTOPHBIMH CIIOCOOAMHU TONYYCHUS MAallOPACTBOPUMBIX —COJEH
mapranna (1) u u3ydeHne uX XUMHUYIECKHUX CBOMCTB.

Coaepsxanue padoThI:
HccnenoBanre OKUCIUTEIBHBIX CBOMCTB coJiei mapranma (1) ¢ amoMuaueM.
HccnenoBanue OKUCIUTENBHBIX CBOMCTB coequnennii mapraunia (VII).
[Tomyuenue runpokcuaa mapranna (1) u ncciaenoBanme ero XUMUIECKUX CBOMCTB.
[Toydenue xpoMaTta Maprasiia, kKapooHaTa MapraHia, cyiabQuaa Mapraiiia u UCCIeOBaHIE
XUMHUYECKHX CBOMCTB 3TUX COCIMHEHHM.
IIpudops! U peakTUBDI:
[OratuB, 0pOOUpPKH, MHUMNETKH, CTEKISIHHAs  Majlouka,  MHKpOLINarelb, CHUPTOBKa,
npoOUpKoIepKATEb,
PactBop conu mapranna (1), amomMunuesast Gposbra, 2 H paCTBOP THAPOKCHIA HATPHS, 2 H PaCTBOP
CepHOW KHUCIIOTHI, PAaCTBOPHI XpoMaTa Kaius, KapOoHaTa HaTpus, Cyabpuaa aMMOHHMs, Ccynbdara
mapranna (ll), pactBop mnepmanranata kamus, cyiabGur Hartpus (kp.), 10%-Horo pactBop
MEPOKCUIA BOJIOPO/IA, ITUIIOBBIN CIHPT.
JKCNepUMEHTAIbHAS YaCTh

OmnbiT 1. BoccranoBiaenne coiu mapranna (11) amomunuem

Hamute B mpoOupky 5-8 kamnens pacTtBopa coiu maprania (1) u omycTuTs B HETO Kycodek
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amromuaneBot  pomeru  (5x30 ™M), Yepe3s HekoTropoe BpeMms HaOMIOAAaTh BBIJACICHHE
METAITMYECKOT0 MapraHiia Ha MOBEPXHOCTH aTlOMUHUs. Hamcats ypaBHEHHE pEeaKIIHH.
OmnpiT 2. T'uapoxcua mapranua (1) u ero cBoiicrBa

B nBe npoOupku BHecTH no 3-4 kamnu pactBopa conu Mapranua (I1) u mo 2-3 karm 2 H.
pactBopa mienoyr. KakoB mBET moyduBIerocs ocajaka ruapokcuaa mapranna (11)? Pazmemars
0CaJIOK CTEKJITHHOW MalOYKOW M OTMETHTh €ro MOOypeHHe BCIEACTBHE OKUCICHHS MapraHiia
(11 7o Mn (IV). Bo BTopyio mpoOUpKy ¢ 0CaaKOM MHAPOKCHIa MapraHia 100aBuTh 2-3 Karm 2
H. pacTBOpa cepHOi kuciotel. Uto Habmrogaere? Kakue cBoiicTBa XapaKTepHBI sl THIPOKCH A
Mn (I1)? Hamwmcats ypaBHCHHMs peakiuii: a) moaydeHus ruapokcuaa mapranma (1) u ero
OKHCIICHHHS KUCIOPOJOM Bo3ayxa B mpucyrctBuu Boabl B MNO(OH),; 6) B3aumopeicTBus
TUJPOKCHIA MapraHiia ¢ CEpPHOM KHCIOTOM.

OmnpiT 3. [osyuenne HEKOTOPBIX MAJIOPACTBOPUMBIX coJieit mapranma (11)

B Tpex mpoOupkax moayuuTh: a) XpoMaTr Maprania; 0) kKapOoHAT MapraHia; B) Cyiabhu
MapraHiia B3auMOJICHCTBHEM Xpomara Kajus, KapOoHara HATpus M Cylb(uaa aMMOHHUS C
cynbdarom mapranmna (l1). PacrBopsr 6pats o 3-4 karum. OTMETUTH 1BETa ocaakoB. PacTBop ¢
0CaJKoM Cynb(huaa Mapradia pa3MeniaTh CTEKISSHHON Nanodkoid. OTMETHTh U3MEHEHHE IIBETa
ocanka. J[06aBuUTh K KaXIOMYy OcCanky 2-4 Kamiau 2 H. pacTBopa KuciaoTbl. Caemarh BBIBOJ O
PacTBOPUMOCTH ITOJIY4EHHBIX COJIEH MapraHia B KMCIION cpeze. Hanncars ypaBHEHUS peakiuii:
a) TIOJIy4YeHHs XpoMmaTa, kKapOoHata u cyab(duma Maprania; 0) OKHCJICHHs Cyab(umaa MapraHia
KHCIIOPOJIOM BO3/yXa B MPHUCYTCTBUU BOJIbI, YUUTHIBAS, YTO MPH STOM IOJIY4aeTCs THIPOKCH]I
Mn (IV); B) pacTBopeHus Xpomara, kapOoHata u cyibduaa maprania (I1) B kucmore.

OnbiT 4. OKHCIUTETbHBIE CBOMiCTBa coennHenuii mapranma (VI).

a) Bauanue pH cpedwt na xapakmep 60ccmanosieHus nepmanzanama.

B 3aBucHMMOCTH OT cpeibl — KHCIOW, HeWTpanbHOM wim menounoit — mapraner; (VII)
BOCCTAHABIIMBACTCS 70 PA3JIMYHBIX CTENeHelW okucieHus. B kucmoit cpeae mon MnOy
NepexXoquT B HOH Mn?* , B HEUTpanmpHOU, ciabomenoyHod u crmabokucimoir — B MnO; , B
CHIIBHOIEIOYHO} IPU HEOCTATKE BOCCTAHOBHTENS — B HOH MO~

B tpu mpoOupkm BHecTH mTo 3-4 KamiM pacTBopa TepMaHTaHata Kanus. B ogHy
MpoOUpPKY 100aBUTH 2 Karuid 2 H. pacTBOpa CEPHOM KUCIIOTHI, B IPYT'YIO — CTOJBKO K€ BOJIbI, B
Tperbio — 3-4 Kamu 2 H. pacTBopa Ienoyd. Bo Bce Tpu npoOupku mnpubaButh 1o |1
MUKPOILTATENI0 KPUCTAJUIMYECKOTO Cyiabdura HaTpus wid Kanud. OTMETHTh pa3InyHOe
U3MCHEHHE TIePBOHAYATBLHOM OKpACKU pacTBOpa TNEpMaHTaHaTa B KaXAOM ciydae. UYem 3T0
BbI3BaHO? Hanucarh ypaBHEHUS peakiiuii.

0) OKucnenue nepmManacanmom Kaausa nePoKcuoa 6000pooa.

B mpobupky BHecTn 3-5 kamenb pacTBOpa MepMaHTraHaTa Kajms ¥ 2-3 Karii 2 H. pacTBopa
cepHoil kucnotel. Jlo6aButh 3-4 karum 10%-Horo pactBopa mepokcuaa Bojopona. Kakoil ras
BbIIEnsieTcs? Kak n3MeHnIach CTeneHb OKUCIeHns Mapradia? Hamicats ypaBHEHUE PEAKIIHU.

6) OKucnenue nepmanazanmom Kaaus CRUpma 6 KUcaoi u uie104Hoil cpeoe.

B nBe mpoOupku BHECTH 110 2-3 KaIljii pacTBopa NepMaHTaHata Kanus. B oaHy nmpoOupky
Nn00aBUTh 2 Kaluld 2 H. pacTBOpa CEPHOMl KHUCIOTHI, B APYTYIO - CTOJBKO K€ 2 H. pacTBOpa
nienoun. B mpoOupKy ¢ MOJIKHUCIECHHBIM PacTBOPOM MEpMaHraHaTa Kaius No0aBUTh 3 Karuid
STHJIOBOTO chupTa. PacTBOp MOAOrpeTh MalleHbKUM IUIaMEHEM CIHUPTOBKU. OTMETHUTH
W3MeHeHne okpacku. Kak m3mMeHmmach cTeneHb OKHCICHHS Mapranma? B npyryio mpoOupky k
HIEIOYHOMY PacTBOPY MEepMaHTaHaTa Takke J00aBUTH 3 Karlid 3TUIOBOro cnupra. Habmromars
MOCTENIEHHOE BOCCTAHOBJICHHE IEpMaHraHaTa CHayajla /0 MaHraHara, a 3aTeM JI0 JUOKCHa
maprania. OTMETHTh TIOCIEIOBATEIBHOCT, W3MEHEHHsI OKpacKu pacTBopa. Hammcats
YpaBHEHHUS peakIuil: BOCCTAHOBJICHUS MEpPMaHraHaTa Kajlis CIUPTOM B KUCIJIOHN cpefie cHayasa
0 MaHTaHaTa, a 3aTeM MaHTaHaTa — JI0 JUOKCHIA MapraHila, YIUTHIBas, YTO B KKIOM CIIydae
CIUPT OKUCIISIETCS B lbJACTH.

ITopsinok paGoTbI:
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[ToyuuTh OT MpenoaBaTeis 3alaHue.

BrimoaauTh pa60Ty COTJIACHO MCTOAUYCCKHUM PCKOMCHAAIUSIM.

OdopmuTh MPOTOKOI pabOTHI.

Bbututh 0TpaboTaHHBIE PacTBOPHL, TOCYY BEIMBITE. CliaTh pabouee MecTo.
Conep:xkanue oryera:

Tema u 11e1p paboOTHI.
Habmionenus, ypaBHeHUS peakiuil o Kakaoi 4acTu paboThI.
BrIBOIBI 110 TIPOIETAaHHOM padoTe.

KoHTpoJibHBIE BOIPOCHI.
XuMHUs  3JeMEHTOB T0004HON moxarpymmel VIl rpynmbsl  MEepHOAMYECKOW  CHCTEMBI
(moarpymnmna Maprasiia).
PacnipoctpanenHocTs B mpupoje. OCHOBHBIE MUHEDPAIBL.
DU3UKO-XMMHUYECKHE CBOMCTBA MeTasuIoB. [lomyueHne meTamios.
XHMHS BOAHBIX PaCTBOPOB.
OKcuasl ¥ TUAPOKCHIBI.
Conu. KoMIiekcHble cOeTMHEHUS.
Hanunmure ypaBHeHUS peakluii, B KOTOPBIX COEIMHEHNS MapraHia IpOsBIISIOT
a) OKHUCIUTENbHBIE, ©) BOCCTAaHOBHTEIbHBIE CBOWCTBA, B) OKHUCIUTEIbHBICE U
BOCCTAHOBHTEIIbHBIE OJHOBpEMEHHO. Kakue coelnHEeHHMs MapraHiua MOTYT MpOSIBISTH
OKHCIIUTEIbHO-BOCCTAHOBUTENBHYIO IBOMCTBEHHOCTh?
Paccmotpute OKHCITUTEbHBIC CBOMCTBA KMnO4 B Ppa3IMYHbIX cpenax.
Uro mpencTaBisioT co00i mpoaykThl BoccTaHoBIeHUS KMNOy4 B KUCIBIX, HEUTPAIbHBIX H
nieao4YHbIX cpenax? Kak HM3MeHsieTcs OKpacka pacTBOPOB B IPOIECCE BOCCTAHOBJICHMS
KMnO4?
OxapakTtepu3yiTe B3aMMOJEHUCTBUE COJSAHOW KHUCIOTBHI € OKcuaamu Mapranua MnO,
MnO,, Mn;0y. Kak u3 muposro3uta nomyants KMnO,4?

Yactp I'. Daementsl VIIIB rpynnbl nepuoauyeckoii cucTeMbl 3JIeMEHTOB U
HX coeqnHeHus. 7Kene30, K00AIAbT, HUKEJIb U UX COeIMHEHHUS.

Hean padoThI:
N3yuenne XMMUYECKUX CBOMCTB COCTMHEHUH Kele3a, KoOambTa U HUKEIIA.
O3HakoMJIEHHE ¢ JTa0OpaTOPHBIMU CIIOCOOAMHU TIONYyUYEHUSI COSAMHEHMI Kele3a, KobanbTa u
HUKEJIS.
Coaepsxanue padoThI:
IpoBe/ieHIe Ka4eCTBEHHBIX PEaKIHil [0 OnpeeleH o HoHos Fe?* i Fe*,
[Monydenue ruapokcuna sxenesa (1) u ucciaenqoBanne ero XUMUYECKHX CBOMCTB.
[Monyuyenne ruapokcuaa sxenesa (I11) u vccnemoBanme ero XAMHUYECKUX CBOWCTB.
HccnenoBanue OKUCIUTENBHBIX CBOMCTB coenuHenuii sxenesa (111).
[Mony4yenne komiiekcHoro docdara xenesa (11).
[Monyuenune rumpokcuaoB kobambta (I1) u Hukens (1), u3yueHHMe XUMHUECKUX CBOMCTB
NAHHEIX COCIUHEHUI.
KomMrnekcHbie coemnHeHus: K0OanbTa U HUKEIs, H3y4YeHUE XUMUYECKUX CBOHCTB.

IIpudops! U peakTUBLI.
[taTuB, NpoOUpKU, TUMETKH, CTEKIITHHAS MaJlouKa, CIUPTOBKA, JepKaTelb 1 MPOOpPOK,
Cosnb  Mopa, pactBopsl rekcanuanodeppara (Ill) xamus, xmopuma xeneza (1),
rexkcannanodeppara (I1) kanus, HuTpara cepedbpa, noauaa Kanus, cyabduTta HaTpUs, COICi
koOanbTa u Hukens; 0,01H. pacTBOp pomaHuga aMMOHMS (WM Kanus), BoJa, 2 H. PacTBOP
TUAPOKCUAA HATPHs, 2 H. paCTBOP COJISTHOM KUCIIOTHI, KOHIIEHTPUPOBAHHAS a30THAs KUCJIOTA,
2 H. pacTBOpa CEpHOM KHCIOTHI, 3%-HOTO pacTBOpa MEPOKCHUAA BOAOPOAa, 2 H. pacTBopa
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oprodochopHoit KUca0Thl, 25% pacTBOp aMMHaKa, pacTBOp CyiIbhuaa aMMOHUS,
JKCNEePUMEHTAILHAS YaCTh

Ounbit 1. XapakrepHble peakuuu Ha nonsl Fe”* u Fe*

a) leiictBue Ha cosm kesie3a (I1) rekcanuanogeppara (111) kanus

Hamute B mpoOupky 5-8 kamenb pactBopa comu Mopa u m06aBuTh 1 Kamio pacTtBopa
rekcannanodeppara (I11) xamus (kpacHoit kpomsiHoui comu Ks[Fe(CN)g]). Ormeruth 1BeT
oOpasoBaBierocsi ocaaka (TypHOyJeBa CHHbB), yKa3aTh XHMHUYECKOE Ha3BaHUE U (GOpPMYITy
TONY4eHHOTO BemlecTBa. JlaHHas peakuus sBIseTcs XapakTepHoil Ha won Fe”’. Hamucatsb
MOJIEKYJISIPHOE U HOHHOE YPaBHEHUS PEaKIIUH.

0) JleiictBue Ha coJu :keje3a (111) rexcanmanodeppara (I1) kaaus

[TomecTuTh B mpobupKy 2-3 karau pactBopa xjopuzaa sxeneza (1) u no6aButs 1 karuto
pactBopa rekcauuaHodeppara () kamus (xenroit kpomsiHou comu Ky[Fe(CN)g]). Uro
HaOmogaeTcs? OTMETHTh LBET 0Opa3oBaBIIeTrocs ocanka (OepiwHCKas Ja3ypb), YKa3aTh
XUMHUYECKOe Ha3BaHUE W (HOpMYIy MOITYYSHHOro BemiecTBa. Hammcarh ypaBHEHHE peakIlH B
MOJIEKYJIIPHOM M MOHHOU (hopme.

B) JlelicrBue Ha cojiu keie3a (111) ponanuaa ammoHust (MM KaJIusi)

[TomecTuTh B mpoOUpPKy 5-6 Karau pactBopa xjopuzaa xeneza (l11) u mo6aBute 1 karuto
0,01H. pactBopa ponanuna aMMmoHus (Wi Kanus). Takoil e OmbIT MPOJAENaTh C PacTBOPOM
comu Mopa. IlepeHecTn Kamio TOTYYEHHOTO B TIEPBOM MPOOHMPKE pacTBopa B IPYryko
npobupky u go6aButh 8-10 kamems Boabl. HammcaTh ypaBHEHHME peakUuH C IMOJy4YCHHEM
Fe(SCN)3, cooOmiamomero pactBopy SpPKO-KpacHyr0 OKpacKky. OTMETHTh, YTO OKpacka
xapaktepHa Tonbko ans comu kene3a (lI1). Uem oObscHsercss ocnabieHue OKpacku IpH
pazbaBiieHun?

Onpit 2. l'uapoxcun xeneza (11)

B mpobupky ¢ 3-4 kamismu pactBopa cosii Mopa NmpuiIuBaTh 2 H. PacTBOP IIEIOYH 10
BBITIQZICHUSI 3€JIeHOTo ocanka ruapokcuma skenesza (Il). IlepemernaTe mMOMydeHHBINM 0CaIOK
CTCKJITHHOW mMmalouykod u Habmogath depe3 1-2 MHHYTBI TOOypeHHE oOcajika BCIICICTBUE
okucnenus ruapokcuaa xenesa (1) B ruapoxcun xenesa (1) Fe(OH)s. IIpoBepuTh OMBITHBIM
yTeM, KaK B3aMMOJEHCTBYET CBEXeOoCaKICHHBbIM ruapokcun xkenesza (I1) ¢ 2 H. pacTBOpoM
COJISTHOM KHCIOThI. Kakue cBO#MCTBa MpOSIBISET B 3TOM peakiuu Tuapokcun skemesa (11)?
Hanucares ypaBHeHust peakuuii: a) oOpazoBanust ruzppokcup keneza (Il); 6) oxucneHus
MOJTYYeHHOTO OCHOBaHMs B Tuapokcu xenesa (111) mox neiictBuem kucimoposa Bo3ayxa U BOJBIL.

OnbiT 3. BoccTaHoBUTE/ILHBIE CBOIiCTBA coeTuHeH Uil keme3a (11)

a) Boccmanoenenue azomuoii Kuciomol

B nBe npoOupku Hanuth 1o 1 mi1 pactBopa conu Mopa. B onHy u3 HEX 1006aBUTh | Kario
KOHIEHTPHUPOBAHHON a30THOM KHUCIIOTHI, IOJOTPETh PAacTBOP JI0 MpEKpallleHusl BbIIEICHHS rasa
U J1aTh €My OCTBHITh. 3aTeM B 00e npodupku n06aButh no 1 kamie 0,01 H. pacTBopa pomanuga
aMMoHUsA. B kakol mpoOupke HaOII0JaeTCs KpacHOE OKpallMBaHUE pacTBOpa W TodeMmy?
Hamucate ypaBHEHHME peaklMd, CYHTas, 4YTO Aa30THAas KHUCJIOTa BOCCTAaHABIMBACTCS
npeumymectBeHHO 10 NO.

0) Boccmanosnenue nepokcuoa 6000pooa

B nBe npobupku HanmuTh mo 1 mut pacTBopa cont Mopa. B onny npo6upky n106aButh 2-3
Karid 2 H. pacTBOpa CEpHOM KUCIOTHI U 2-3 Karmiu 3%-HOTo pacTBopa NEPOKCUIa BOJAOPOIA.
3atem B 00e mpoOupku 106aBuTh 1o 1 karte 0,01 H. pacTBOpa pogaHuaa aMmMoHus. B kakoii
poOUpKe HAOII0aeTCsl KpaCHOE OKpalTuBaHue u noueMy? [IpoBepUTh OMBITHBIM ITyTEM, KaK
MIPOTEKAET BOCCTAHOBJICHHE MEPOKCH 1A BOJ0opoaa coiblo xkene3a (I1) B memnounoii cpene.
OtmeTuTh BhINIaZIcHHE Ocanka ruapokcuaa xkemnesa (111). Hamucats ypaBHEeHUS peakiiuid.

B) Boccmanosnenue numpama cepeopa

ITomecTuts B ABe mpobupku no 1 mu pactBopa conu Mopa. B ogny u3 Hux 1o6aButh 6-7
KareJb pacTBOpa HUTpaTa cepedpa U clierka HarpeBaTh HEOOJIbUINM IJIAMEHEM TOpPEJKH, He
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JOBOJIS )KUJIKOCTH 10 KuneHusi. Ha kakoif rmpoliecc yka3bpIBaeT MOsIBICHUE HA BHYTPEHHUX
CTEHKax MpoOUpKH cepedpsiHoro 3epkana? OxiaauB NpoOUpPKY, 100aBUTH B HEE U B
KOHTpPOJIbHYIO pooupky 1o 1 karute 0,01 H. pacTBopa poganuga aMmmMoHus. B kakoit mpoOupke
HaOII0TaeTCs OKpaIlIBaHKe U ToueMy? 3anucarh ypaBHEHUE PEAKIINN BOCCTAHOBIICHUSI HUTpaTa
cepedpa coibio xenesa (11).

Onwit 4. l'ugpoxcun xemneza (111)

B nBe mpoOupku BHecTH 10 5-6 kamnenb pactBopa xjopuzaa xenesza (111) u mod6asuts o 3-4
Kary 2 H. pacTBopa menoud. Yto HaOmomaercsa? B ogHy npoOupky 1006aBUTh pa30aBiIeHHON
KHUCJIOTBI IO PAacTBOPEHMs OCa/ika, BO BTOPOW MpOOHpPKE MPOBEPUTH PACTBOPUMOCTH OCAJKa B
menouyn. Hanucats ypaBHeHHs peakiuii: a) B3aumozeicTBus xmopuaa xenesa (111) ¢ pactsopom
miesioun ¢ oopasoBanueM ruapokcusa xenesza (11); 6) pactBopenust ruapokcuaa xenesza (111) B
KHCIIOTE.

OnbiT 5. OKHCIUTEIbHBbIE CBOHiCTBA coenHeH Uil :keste3a (111)

a) OKkucnenue uoouda Kanus

B mpobupky ¢ 3-4 kamisamu pactBopa FeCl; no6aButh 1-2 karmmm pacTBopa HOAMIA KA.
B kaxoii uBet u noueMy okpammbaercs pactsop? Hanucars ypaBHEHUE peaklMH.

0) Okucnenue cynvpuma nampus

B npo6upky ¢ 3-4 xamsmu pactBopa FeCl; 106aBuTh HECKOIBKO KPUCTAIITUKOB Cyib(uTa
HaTpud. [Ipu sTOM BHavane nosBisercs Oypo-KpacHOE OKpallMBaHUE BCIEACTBHE 00pa30BaHUs
ManioyctoiunBoro cynbsguta xenesa (l1l), koropoe mcuezaer npu HarpeBaHuu. YOeIUTHCS B
BOCCTAHOBJIEHMM ene3a 1o creneHu okucieHus +ll. Kakoil peaktuB criemyer ans 3Toro
npuMeHnTh? HamucaTh ypaBHEHUS pPEeakIMM OKHCIEHUS Cyab(UTa HATPUS XJIOPHIOM >Kele3a
(1), yauTsIBast, YTO B peakiliy MPHHUMAET y4acTHE BOJA.

OnbiT 6. KommiekcHble coeauHenuss axene3a (111). IloayuyeHue KOMIIEKCHOTO
docdara keaesza (111).

B npo6upky c 3-4 kamsimu pactBopa FeCls no6asuts 1 xammio 0,01 H. pacTBOpa ponaHuga
aMMOHHUS W 3aTeM 2 Kamu 2 H. pactBopa ¢ocdopHoit opTokuciorel. Yto Habmomaercs?
VuuThBas, 49TO ycTOiuMBBII KoMmmuiekcHbii noH [Fe(PO,),]* GecuBereH, OGBACHHUTH
Ha0JII0/1aeMo¢e SIBJICHUE U HAIMCaTh YpaBHEHUE COOTBETCTBYIOLICH peaklnu.

Onpit 7. F'uapoxcuan kodaabta (1) uw nukens (11).

a) Ilonyuenue zuopoxcuoa xooanvma (11) u ezo oxkucnenue.

B nBe mpoOupku momecTuth 1o 2-3 Kaluid pacTBOpa CONM KoOanbTa W JOOABIATH IO
KaruisiM pacTBOp €IKOW IIEI0YH; CHavyaia MOSIBISETCS CUHUNA OCaJlOK OCHOBHOM COJIM, KOTOPBI
3aTeM CTaHOBHTCS PO30BBIM, UTO YKa3bIBaeT Ha oOpazoBaHue ruapokcuaa kodamsta (11). Ocamgok
B OJTHOM MPOOHMpPKE TIIATEIbHO pa3MellaTh CTEKISTHHOW MaJOYKOH, a B APYTryr0 mpuOaBUThH 2-3
Karu 3%-HOro pacTBOpa MepoKcuaa Boaopoaa. B kakoit u3 npoOupok HaOI01aeTCs OKUCIICHHE
ruapokcuaa kobansta? HamumcaTts ypaBHeHus peakmnuii. CpaBHUTH TOJYYEHHBIC PE3YJbTATHI C
pe3ynbTarom omnbita 2. Kakoii HOH siBisieTcst OoJiee SHEPTUIHBIM BOCCTAHOBUTEIIEM: Co*" u Fe?*?

0) Ilonyuenue zuopoxcuoa nuxens (11) u ezo oxucnenue.

B tpu mpoOGupku moMecTuTh 1o 2-3 Karuid pacTBOpa COU HUKENS U JOOABIATH MO KaTuIsIM
pacTBOp €IKOM MIENOYM 10 BhIMaAeHHS ocamok ruapokcuaa Hukens (l1). Ocamox B mepBoit
npoOupKe TIIATETIBHO pa3MelaTh CTEKISIHHOM MajJ04YKoi, BO BTOPYIO MpuOaBuTh 2-3 xarum 3%-
HOTO pacTBoOpa IMepokcuaa Bogopoaa. Hadmomaercs mm usmeHenue npeta ocaaka? Ilpoucxoaur
mu okucneHue ruapokcuna wukens (1) xkuciaopomom Bo3myxa u mepokcuaoMm Bogopona? B
TPEThI0O TPOOMPKY mpuOaBuTh 1 Kammo OpomHOW Boawsl. Yrto HaOmomaercs? Hammcarts
YpaBHEHUs PEaKLIUiA.

OnbIT 8. KoMIIeKCcHBIE COeTMHEHNS KOOAJILTAa U HUKEJI.

a) Ilonyuenue KomniekcHozo pooanuda Kooanvma.

[TomecTuTh B IpoOMPKY 2 KaIId HACKHIIIEHHOTO pacTBopa coym kobansTa (1) u nodaBuThH
5-6 karenh HaCBIIICHHOTO pacTBOpa POAAaHHIa aMMOHHS; y4€CTh, YTO IPHU 3TOM oOpa3yercs
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pacteop kommrexkcHoi coimn (NH,)2[Co(SCN),]. Kommutekcrbie notst [CO(SCN)4]* okpateHs! B
CHMHMM ULBET, a TUIPAaTUPOBAHHBIE HNOHBI [CO(H20)6]2+ — B po30BbIii. OTMETUTH LBET
MOJIYYeHHOTO pacTBopa. Pa30aBuTh ero Bo0# 10 M3MEHEHHUS OKPACKH, I00ABUTH 2 KaIlJld CMECH
cnuprta ¢ 3Qupom, pa3MeliaTh pacTBOP CTEKJISTHHON MallOYKOW M BHOBH HAONIOAATh U3MEHEHUE
OKpacku. 3aTteM B Ty € HIpoOMpPKY NIpUIMBaTh AUCTUJUIMPOBAHHYIO BOJY, HaOmonas
MOCTENIEHHOEe M3MeHeHue okpacku. Ommcarh HaOmromaemble siBleHUs. HamucaTh ypaBHEHUs
JUCCOLIMAIIMU KOMIUIEKCHOM COJIM K0oOanbTa U KOMIUIEKCHOTO HOHA.
6) Hebounbmoe xkonnyectBo conu Hukens (1) pactBoputs B 5 kammsix Boabl. [lo6aButh 5
karesnb 25%-Horo pactBopa ammuaka. Kak namensiercs et pactsopa? Jlo6aBUTh K pacTBOpy 2-
3 kamm pactBopa cynbduma ammonms. UTto BeImamaer B ocanok? Hammcate ypaBHEHHS
peakuuii: a) 06pa3oBaHUs KOMILIEKCHOTO aMMHUaKaTa HUKeNs (KOOPIWHAIIMOHHOE YHCIIO HUKES
paBHO 6); ©) OHECCOIMAIIMM KOMIUIEKCHOTO COCOJAMHEHHS U KOMIUIGKCHOTO HOHA; B)
B3aMMOJICHCTBUS MOTYYEHHOIO KOMIUIEKCHOTO COeIMHEHUSI HUKENS ¢ CyIb()HUI0M aMMOHUS.
ITopsinok paGoThI:

[Tonyuuts OT mpenogaBaTelis 3a/laHue.

BbImoaHUT paboTy cOrjiacCHO METOIMYECKUM PEKOMEHIAIUSIM.

OdopMHUTH TPOTOKOIT PAOOTHI.

Bbutnth oTpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITH. C1aTh pabouee MecTo.
Conep:xanue oT4era:

1. Tema u uenb pabOTHI.

Habmionenus, ypaBHeHUS peakiuil o Kakaoi 4acTu padoThI.

3. BbIBOBI 110 IpOIETaHHOM padoTe.

el AN S

N

KoHTpoJibHBIE BOIPOCHI.
1. Xumusa snementoB nodounoit moxarpynmnsl VIII rpynmbl nepuonndeckoit cuctemsl (MOATrpyImna
Kenesa).
PacnpocTpanennocts B npupojae. OCHOBHbIE MUHEPAIBI.
3. Ou3NKO-XMMHYECKHE CBOMCTBA JKele3a, KoOasbra W Hukems. [lomydeHme meramioB. Xumus
BOJHBIX PacCTBOPOB.
Oxkcuapl ¥ THIPOKCHUIBI JKene3a, KoOalbTa U HUKEISL.
Couu xenesa, Ko0anbTa 1 HUKelsa. KOMIIIEeKCHBIC COeTMHEHUS.
Kak B3amMopeicTBYIOT kene30, KoOaabT M HUKEIb C a30THOW, CEPHOM M COJSHON KUCIOTaMu?
Kaxk s3Tu MeTamibl B3auMOIEUCTBYIOT C BOJIOH, C BOJTHBIMU PACTBOPAMU COJICH?

N

SRS o

Paznen 3. AHamuTnueckas XuMHus .
TEMA 1. AHAJIN3 OFBEKTOB OKPYXXAIOIEU CPE/IbI
Dopma npogedeHuUs - GbINOTHEHUE UCCTICO0BAMETLCKUX PAOOM YACIUMHO-NOUCKOBORO XAPAKINEPA

Omnpenenenne KapOOHATHOM KeCTKOCTH BOJAbI METOIOM AllUAMMETPUYECKOT0 THTPOBAHUIA
Lean padoThi:

1. Hayuutbcs ompenensTs KapOOHATHYIO KECTKOCTh BOJBI, TUTP pabodero pacTBopa.

2. 3akpenuTh HaBBIKM TUTPOBAHUS U pacyeTa KOHIEHTPALIUU ONPEAeieMOro BellecTBa

JlaGopaTopHoe o0opyaoBaHMe, Mocyda M peakTuBbl: HWIMHAPH HA 50 u 100 mu,
NUMETKH, OIOPETKH, KOJIOBI 11 TUTPOBAHHUSL.
BononpoBoaHas Boia, METUIIOBBIN OpaH>KEBbIM, KOHII. COJITHAs KHCJIOTA.

Kparkue TeopeTnueckue cBeIeHHs.
MGTOI[ KHCJIIOTHO-OCHOBHOI'O THUTPOBAHUSA OCHOBAH Ha B3aHMOI[eﬁCTBPIPI KHUCJIOT C
OCHOBaHMSAMHU. METO/ TIO3BOJISIET ONPEIEIISATh B PACTBOPAX HE TOJHKO KOHIICHTPALUIO KUCIOT H
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OCHOBaHUM, HO TaKe KOHLIEHTPALIUIO COJIEH MO/IBEPIalOIIUXCs THIPOIH3Y.

Jns ompeneneHus B pacTBOpaX KOHLUEHTPALMM OCHOBAHMM WM COJIEW NAKOLIUX IIPU
TUAPOJIN3E IIEIOYHYI0 PEaKIUI0, HCHOJIb3YIOT TUTPOBAaHHBIE pPACTBOPBHI KHUCIOT. OTH
OTIpeICIICHUs Ha3bIBAIOT ayuoumempueii (0T nat. acidum — Kuciora).

Touky SKBUBAJICHTHOCTH MpHU HEUTpalu3alMy OMNPENENSIIOT MO0 H3MEHEHHUI0 OKpPaCKU
UHAUKATOpa (METUIIOBOTO OPaH)KEBOTO, METHIIOBOTO KPACHOTO, PeHOI(PTaIEHHA).

C noMoIpio CTaHAapTU3UPOBAHHOTO PACTBOpa XJIOPOBOAOPOTHONW KUCIOTHI OMPENESIOT
HE TOJIBKO COJEpKaHUE IIeNoueld, HO U HEKOTOPhIX coliel. bonbpioe mpakTudeckoe 3Ha4YeHUE
UMEET OIpe/ielieHne KapOOHATHOM KECTKOCTU BOBI.

KecTkoCTh MPUPOIAHBIX BOJA H3Yy4aeTcs, YTOOBl BBISICHUTh WX MPUTOAHOCTH ISt
CEJIbCKOTO XO035HCTBA (B paCTEHUEBOJICTBE, ’)KUBOTHOBOJCTBE), a TAKXKE JJI1 TEXHUUECKUX IIeJeH.

N3BecTHO, YTO KECTKOCTh OOYCIIOBJIEHA MPUCYTCTBUEM B BOJE PACTBOPHUMBIX COJICH
KaJIbIUsl U MarHusl.

KapOoHnaTHas »KHIKOCTh BOJBI 00YCIIOBIICEHA HATMYHEM B HEH THUIPOKAPOOHATOB KATBIIHS U
maraust Ca(HCO3), u Mg(HCO3),). OHa MONHOCTRIO YCTPAHSETCSA KHISTYCHHEM, ITPH KOTOPOM
TUAPOKAPOOHATHI pa3NiararoTcs:

Ca(HCO;); = CaCOsd +CO,T + H,0
M03TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAKXKE YCTPAHIUMOMN WM BPEMEHHOM.

HexapOoHaTHasi >K€CTKOCTH BBI3BIBAETCS INMPUCYTCTBHEM B BOJAE Cyiab(}aTroB (a Takxke
XJIOPHUJIOB) KaibIMsl WM MarHus. KurmsiueHueM OoHa HE yCTpaHseTcss M MO3TOMY Ha3bIBaeTCs
noctostHHOM. CyMMa KapOOHAaTHON M HEKapOOHATHOM KECTKOCTH JAeT OOIIYIO )KECTKOCTh BOJIBI.

[To MexnmyHapOAHBIM CTaHIApTaM >KECTKOCTh BOJABI TMPUHSATO BHIPAXaTh MOJISIPHOM
KOHIIEHTpaIneil SKkBUBaIeHTOB Kanbius U Maraus (f = 1/2 ) B mons/1 11 Boxbl. [IpakTryecku mpu
ATOM YyKa3bIBalOT HOPMAJIBbHYIO KOHIIEHTPALIMIO pacTBopa cosiee yMHOkeHHYH0 Ha 1000.
KapOoHaTHYI0 %KECTKOCTh OMPENENIIIOT TUTPOBAHUEM OIPEIeIeHHOI0 00beMa BOAbl PaCTBOPOM
XJIOPOBOJOPOJHONW KHCIOTHI C METHJIOBBIM OpaHXEBBIM. XHMH3M TIpOIEcca BBIPAXKAETCS
YpaBHEHUSMU:

Mg(HCO3), + 2HCI = MgCl, + 2CO; + 2H,0
Ca(HCOs3), + 2HCI = CaCl, + 2CO;, + 2H,0

JKCNEePUMEHTATbHASA YaCTh:

B koHuueckyro koa0y a1 TUTpOBaHUS oTMepbTe numneTkoi 100 M1 aHaTM3UpyeMoil BOIBI.
[IpubaBbTe 2-3 Kamiu pacTBOpa METHUIOBOTO OPAH)XEBOTO M TUTPYHTE pabOUYUM PacTBOPOM
XJIOPOBOJAOPOTHONW KHUCJIOTHI IO MEpPeXoja JKEATOW OKpaCKH MHAMKATOpa B OJIEIHO-PO30BYIO.
[ToBTOopuTe THUTpOBaHHME 2-3 pa3a U W3 CXOMSAIIMXCS OTCYETOB BO3BMHTE CpenHee. Y T00HO
BBITIOJTHATH THTPOBAHHUE CO «CBUICTEIIEM.

UtoObI BRIUMCIUTH KapOoHaTHYIO KecTkocTh (mo 'OCTy) B MMonbs Ha 1 JuTp BOIHI,
HaXOJAT MOJISIPHYIO KOHIIEHTpALMIO SKBUBAJIEHTA pacTBopa cosied u ymHoxkatoT ee Ha 1000:

K = ((Vuci* Coks Her) /Vh20) - 1000, Tae
K -xapOoHaTHas )KECTKOCTh BOJIBI, MT-9KB/J;

Cxs HCI -MOIIIpHAsT KOHIICHTPAITUS SKBUBAJICHTA KHCIOTHI, MOJIb-9KB/II;
Vel -cpeaHuii 00beM KUCIOTHI, IMOIIEIINI Ha TATPOBAHUE, MIT;
VH20 - 00beM BOABI, B3ATHIM HA aHAJIHU3.

(Obpasey ons pacuema: Jonycmum na mumposanue 100 mn 600bl noutnoe cpeonem 12,25

mn 0,01016 1 pacmeopa kucromsl. Toeoa XK = ((12,25 - 0,1016) /100) - 1000 = 12,45)

KoHTpoJibHbIE BOPOCHI:

1. Aumaumerpuyeckoe TUTPOBAHUE, CYIIIHOCTh METOA.
2. VHauKaTopbl KUCIOTHO-OCHOBHOTO TUTPOBAHMSL.
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3. Kpussie TuTpoBanus. Beioop unaukaropa.
4. Ilopsnok TUTPOBAHHUS

8 TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®GEPATOB

JlauHbIil BU paboThl HE IpeaycMoTper YII
9 MNEPEYEHbBb BOIIPOCOB K DK3AMEHY

OCHOBHBIE KJIACChl HEOPraHMYecKux coeauHeHuil. Oxkcuabl M OCHOBaHUA. [IpUHIMIIBI
KJIacCU(UKALUY, XUMHYECKHE CBOWCTBA M CIOCOOBI TONydeHHUs. B3auMOCBSI3b CTPYKTYpPHI
OKCHJIOB OT BAJICHTHOCTH AJIEMEHTOB M UX PACIOJ0KEHUE B IEPUOJUIECKON CUCTEME.
OCHOBHBIE 3aKOHBI U MIOHATHSI XUMHH (3aKOH COXPAHEHHUSI MacChl U SHEPTUH, 3aKOH MOCTOSHCTBA
COCTaBa M KPAaTHBIX OTHOIICHWM, 3aKOH SKBHUBAJIECHTOB). MOJIb — KOJIMYECTBA BEIECTBA. 3aKOH
ABOrajJipo u €ro cieacTBUs.

Kucnorer u comu. IpuHIMNBEI KIaccudukanuu. XUMHUECKHE CBOMCTBA M CITOCOOBI MOTYYCHUS
COJIEH.

AToMHO-MoOJIeKysipHOe  yueHue. Teopus Pesepdopma, €€ nD0CTOMHCTBA W HEJOCTATKH.
KBanrToBas teopust atroma H. bopa, ocHOBHbIE TIOJI0KEHUS], JOCTOMHCTBA U HEJOCTATKHU.
[TpuHIIMTIBI 3aITOTHEHHUST aTOMHBIX OPOUTAICH.

[lepuonnueckuii 3akoH U nepuoandeckas cucrema snemeHtoB .M. Menneneesa. Mcropus u
3TaIlbl CO3/1AHUS.

[TapameTpsl aTomMa U IEPUOJIUYHOCTD UX U3MEHEHUS B MPEEIIaX CUCTEMBbI JIEMEHTOB.

3aKOH COXpaHEHUs MacChbl W DHEPrUM, €ro 3HAYeHUE B XHWMHUYECKMX pacueTax. 3aKoH
MOCTOSIHCTBA COCTAaBa M KPaTHBIX OTHOILLIEHUH.

3akoH ABOTajipo U €ro CJIEACTBUS. 3aKOH SYKBUBAJICHTOB.

XuMUUecKasi CBSI3b M CTPOCHHE MOJIEKYJ. MeToJ BaJEHTHBIX CBA3EH, €ro JOCTOMHCTBA U
HEJIOCTATKHU.

MeTton MoneKyIsIpHBIX opouTaneil. Ero JocTOMHCTBA U HEOCTATKH.

KoBaneHnTHas cBsi3b. MeXxaHU3MBbI 00pa30BaHUsI XUMUYECKOMN CBS3H.

I'uGpuau3zarmst aToMHBIX opOuTanei. Tumel rudpuau3anuu. [IpocTpaHCTBEHHOE PaCIIOIOKEHUE
TUOPHUIHBIX aTOMHBIX OpOHTAJICH.

Hounnas cBs3b.

Meramueckas CBs3b.

MexMmonekyisspHoe B3aumonencrsue. [Ipupona Ban-nep-BaanbcoBbIX CHIL

IlepBbiii  3akoH TepMoauHamuku [lonstue osHTanenusa. [lpuHnunel pacdera  3TOrO
TEPMOJAMHAMUYECKOTO TTapaMeTpa MPUMEHUTEIBbHO K XUMUYECKUM CUCTEMAM.

Bropoii 3akoH TepmomuHamuku. Ilonarue sHTpommsa. IlpuHuunel pacuera 3TOro
TEPMOJIMHAMUYECKOTO TapaMeTpa MPUMEHUTEIbHO K XUMUYECKUM CUCTEMAaM.

CBoOomnast »Heprus [mbOOca, Kak KpUTEpUH OIICHKM BO3MOXKHOCTH CaMOIPOU3BOJIBHOTO
MPOTEKAHUS XUMUYECKUX MTPOLIECCOB.

3aKOH JIEMCTBYIOIMX MacC. 3aBUCUMOCTh CKOPOCTH XUMHUYECKOW PEAKIIMA OT KOHIIEHTPALUHU U
MPUPOJIbI pEAruPYIOLINUX BELIECTB.

DHeprus aktuBaiuu. [loHsITHE aKTUBUPOBAaHHBIN KOoMILIeKC. 3akoH Bant-I'odda. Karamus.
Xumnueckoe paHoBecue. [lpunnun Jle-Illarense. KoHcTaHTa paBHOBeCHS KaK KpUTEpHU
OLIEHKHM OJHOCTOPOHHETO MPOTEKaHUsI XMMHUYECKOT0 IIpoLecca.

OO6mast Teopusi pacTBOpoB u pactBoputeneil. CriocoObl BEIpaKEHUST KOHIICHTPAIIUU PACTBOPOB.
[TonsiTue pacTBOPpUMOCTh. PacTBOpHUMOCTh Ta30B B JKHAKOCTAX, 3aKOH [‘eHpu. Bzaumuas
pacTBOPUMOCTD JKMJIKOCTEH, MMOHATHE KOHCTAHTHI PACTIPECIICHHUS.

Huddysus u ocmoc. 3akon Bant-I'odda.
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TeMneparypbl KANEHUS W 3aMEP3aHUsl paCTBOPOB U pacTBoputesieid. [lepBblidi U BTOpOH 3aKOH
Payns.

OcHOBHBIE TNPUHIUIBL  KJIacCUPHUKAUU  pacTBOpUTeNed  (MOJIAPHOCTh, HOHU3HUPYIOLIAs
CIOCOOHOCTh, KUCIIOTHOCTD U T.J1.).

Teopust 3EKTPOTUTUUECKON AUCCOLUALINH.

Kucnotel 1 ocHOBaHUSI C TOYKU 3PEHUSI TEOPUH SJIEKTPOJIUTUUYECKON AUCCOLMAIMN AppeHuyca,
teopuu bpencrena u Jloypu, snekTpoHHoi Teopun JIprounca.

CunpHbIC U ClTa0bIe AIEKTPONIUTHI. JIMHAMHYECKOE paBHOBECUE B PACTBOPAX.

Kaxymasics u a3ppextuBHas koHueHTpanus. [lonsaTue akTHBHOCTH.

Honnble peakuuu B pacTBOpax.

[Ipou3sBeneHne pacTBOPUMOCTH.

HonHnoe npousBeeHue Boibl, BOJAOPOIHBIN MOKA3ATENb.

I'maponus coneil.

Bydepnoe neiictue. BydepHbie pacTBOpPHI.

KommiekcHsie coenqunenus. O6miast xapaktepuctika. [loHatue koopaArHaLOHHAs CBSI3b.
Teopust KOMIUIEKCHBIX coenHeHui A. BepHepa.

[IpocTpaHCTBEHHOE CTPOCHHUE U U30MEPHSI KOMIUIEKCHBIX COEUHEHUN.

Metoa BajgeHTHEBIX CBA3€H B OIUCAHUHU KOMILJIEKCHBIX COCTUHECHUH.
OKHMCIUTENBHO-BOCCTAHOBUTENbHBIE TIpoliecChl. (CTENeHb OKHUCIEHHS M CTPOCHHE aToMa
AJIEMEHTA.

Knaccudukanus oKuciuTeabHO-BOCCTAHOBUTENBHBIX PEaKIUi.

CrocoObl  pacCTaHOBKH KO3(PQPUIIMEHTOB B OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKITHSIX.
MeTopl 2JIEKTPOHHOTO OalaHca U HOHHO-JICKTPOHHBIH.

DNEKTPOAHBIN MOTEHIIUAT U PSAJT HAIIPSKEHUST METAJJIOB.

CraHJapTHBIN U peabHbIN AIEKTPOAHBIN ToTeHInal. Y paBHeHue HepHcra.

@DakTOpHI BIUAIONINE HA MPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIX PEAKIUH.
XHUMHUYECKUE UCTOYHHUKH TOKA. ['albBAHMUECKHUE SJIEMEHTHI.

[Iporeccel, mpoucxoAsIIye NPy 3apsIKe U pa3psiIKe CBUHLIOBOTO aKKyMYJIATOPA.

DNEeKTPONIN3. 3aKOHBI DJIEKTPOJIU3A.

OO6ume cBoiicTBa MeTaiioB. Metaimnuueckas cBsizb. Koppo3ust MeTanioB u crnocoOsl 00psObI ¢
HEH.

Bonopoa. Mecto B mEpUOAMYECKON CUCTEME XUMUUYECKUX AJIEMEHTOB. XUMUYECKUE CBOKCTBA.
[Tonyuenue.

CoennHeHus BOAOPOJA: BOJA U EPOKCUA BOJOPOA.

["anmorensl. O01Iast XxapakTepucTuka. XuMudeckue cBoicTna. [lomyuenue.

CoenuHeHus rajoreHoB: rajlor€HOBOOPO/Ibl; KMUCIOPOAOCOIEP KAINE COETUHEHHS TaJIOT€HOB.
[Toarpynma kwucnopoma. OOmiass xapaktepucTtuka. DuU3NUeCKMe W XUMHYECKHE CBOWCTBA.
[Tonyuenue.

O30H. ®u3nyecKkre U XUMUYECKHe cBoMcTBa. [lonyuenue.

Cepa. ®usnueckue cBoiicrBa. Amtorponus. [lonydyenue.

Cepa. Haxoxnenue B npupoje. XuMHU4eckue cBorcTpa. [Ipumenenue.

CepoBogopon. [Tonyuenue. @usznueckue u xumudeckue cBorctBa. Cynb(ub.

Oxkcunpl cepol. Puznueckue U XuMuieckue cBoiictra. [lonyyenue.

Cepnas xucnora. [lonydyenue u cBoiicTsa.

[Toarpynma azota. O0mias xapaktepucTuka. A30T. @u3nuecKkre 1 XUMUYECKHE CBOMCTRA.
Ammuak. Conau aMMOHMUSL.

HeconeoOpa3yromuye okcuabl a3oTa.

A30TUCTBIN U a30THBIN aHTUAPUBL. A30TUCTAs KUCIIOTA.

A3zotHas kucinota. [Tonyuyenune. CoiicTBa. PaznoxeHnue HUTpaToOB.

®ochop. Amnorponus. [Tomyuenne. XuMudecke CBOHCTBA.
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67. Coenunenus pocdopa: hochun, okcua docdopa (1), okcun pochopa (V).

68. ®ocdopHbIC KHCIOTHI.

69. IMoarpymnma yriaeponaa. O6mias XxapakTeprucTuka. AJIJIOTPOITHSI.

70. Xumuueckue cBOICTBa yriepoa. YTolbHas KUCIOTa U €€ COJIH.

71. Oxcunpl yriepoaa.

72. Kpemnuii. Pactipoctpanenue B npupoze. Amorponus. [lonyuenne. CBolicTBa.

73. CoenuHeHUs] KPEMHHUSI: CUJIaH, OKCUJT KPEMHHUSI, KPEMHUEBbIE KHCIIOTHI.

74. T'epmanuii, 0J10BO, CBUHELL.

75. Anmtomunnii. [Tonyuenue. CBoiicTBa.

76. CoemuHeHNS aFOMUHUS: OKCHUJI, THAPOKCHU, THIIPHI.

77. enounbie meTayuibl. O0mas xapakrepuctuka. [lomydenue. ColicTa.

78. CoenuHeHUSs IMEJIOYHBIX METAJUIOB.

79. lenouno — 3emenbpHBIE MeTa/UTBL. O0IIast Xxapakrepuctuka. [lomyuenue. CBoiicTBa.

80. CoenvHeHUs MIETOYHO — 3€MENBHBIX METAJIIIOB.

81. [loarpynma menu. O6mias xapaktepuctuka. [lomydenne. CBoiicTBa.

82. CoenvHeHUs OJTHO- U ABYXBAJICHTHON MEJIH.

83. Cepebpo u ero coeqHEHUs. 30J10TO U €T0 COCTUHECHHS.

84. lloarpynmna nunaka. O0mas xapakrepuctuka. Lunk. [lomyuenue, cBOHCTBa, COEAMHEHUS LIMHKA.
Kanmuii.

85. Pryrs. CoenuHeHus 0JTHO- M IBYXBAJICHTHOM PTYTH.

86. [Toarpynma xpoma. O0mias xapaktepuctuka. [loydenue u cBoiicTBa Xpoma.

87. CoequHeHUsT ABYX- M TPEXBAJIEHTHOI'O XpOMa.

88. CoenuHeHus 4eThIpeX- M MECTUBAIEHTHOTO XpOMa.

89. [loarpynmna mapranma. OOmue cBoiicTBa 3neMeHTOB. llodydeHune MeTamuioB. XUMHYECKHE
CBOMCTBA.

90. CoennHeHHs IBYX- U TPEXBAJICHTHOTO MapraHia.

91. Coenmuenus Mapraniia, TEXHEIUS U PEHUS C BaJICHTHOCTHIO |V,

92. CoenHeHHs ceMUBaJICHTHOTO MapraHia. Cou Maprasia.

93. Bocemas rpynma moGounas mnoxarpynma. OOmas xapaktepuctuka. llomrpymma xenesa.
[TonydyeHnue 1 XUMHUYECKHE CBOMCTBA, AJUIOTPOMUS Kee3a.

94. CoennHenus: ABYXBAJCHTHOTO XKeje3a.

95. CoenHEeHHsI TPEXBAIEHTHOT'O JKEe3a.

96. ITorsTHE OMOTEHHOCTH XUMHYECKHUX 3JIEMEHTOB. brocdepa, KpyroBopot OMOTEHHBIX 3JIEMEHTOB.
KoHnenTpupoBanre OMOTEHHBIX 3JIEMEHTOB KUBBIMU CUCTEMAMH.

97. Knaccudukanuss OMOT€HHBIX 3JIEMEHTOB 10 MX (YHKIIMOHATIBHOMN POJIM: OPTaHOTEHBI, DJIEMEHTHI
AIIEKTPOJIUTHOTO (POHA, MUKPOITIEMEHTHI.

98. IIpumecHBIC IIEMEHTHI (AKKYMYIHPYIOIMUECS T HEaKKyMynupytomuecs). OCHOBHbIE UCTOYHUKHU
MOCTYTUICHUSI TPUMECHBIX SJIEMEHTOB B OPTaHHU3M UYEJIOBEKa.

99. XuMuuecKkne acreKThl OXPaHbl OKPYKAIOMIEH CPEIb.

100. Kommiekcel  KaTHOHOB — S-MeTaJUIOB  (MOHOGOpPHI,  KpayH-3(DUpPBI, KPUITAHMIBL.
Xmopodu.

101. buonornueckas posib HaTpusl, Kauus, KAJIbIUs, MarHusl.

102. XWMHYECKOE CXOJICTBO M OHOJIOTMYECKUH aHTaroHW3M (HaTpUil-Kaauii, MarHui-
KaJIbITUH ).

103. Haunbonee Bakuble OMOreHHbIE 37eMeHThI d-0110Ka: XpoM, Meab, MOIHOAeH. CHCTEMBI
MeTaII-0e10K (METAIIONMPOTEHHBI M OCJIKU, AKTHBUPYEMbIC METAIIJIAMH ).

104. Heoprannueckrne MuHepanbHbIE yI0OpEHUS.

105. A3OTHBIE YIOOpeHUs: HUTpaTHbIE (HATpHEBas U KaJbIMeBasl CEIIUTPbI); aMMOHUNHBIC U

aMMHauyHble ynoOpeHus (cyabdaT aMMOHHUS, aMMOHHIHO-HUTPATHBIC yIOOpEHHs, aMMUadHas
CEeJIUTPa); MOUECBHUHA.
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106. ®docdopubie ynodpenus: cynepdocdar, ABOMHOM cynepdocdaT, MpeumnuTar.
107. Muxkpoynobpenusi. MukpossiemeHThl. bopHbie ynoOpenus. Meanbie ynoopeHus.
108. KommiekcHbie ynobpenus: aMMohochl, HUTPO(HOCHI U HUTPOPOCKH, HUTPOAMMODOCHI
U HUTpoaMMO(pOockH, KapOoaMMoQockl, ToardochaTsl aMMOHHUS.
1009. Buaber 1 MeTOABI XMUMHUYECKOTO aHAIN3A.
110. PacueTsl B XUMHYECKOM aHAIIU3E.
111. TuTpumMeTprdecKue METOIbl aHATH3A.
112. I'paBuMeTpHUECKUN aHAIN3.
113. AHanmm3 00BEKTOB OKPYKAIOIICH CPEIBI.
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10 CAMOCTOSTEJIBHAA PABOTA OBYYAIOIIUXCA

Conepxxanue, TpeOOBaHMS, YCIOBUSA U MOPSAJOK OpraHuU3aliyd CaMOCTOSTEIbHON
paboThl OOydJarOMUXCs ¢ ydeToM (OopMbl OOYyUEHHUS OINPENCNIeTCS B COOTBETCTBUU C

«[Tonoxxeruem 00

OpraHusanuuu

CaMOCTOSITCJIBHOM

paboThI

00y4Jaromuxcs,

yTBEepKJIEeHHBIM YueHbIM coBeToM Y'Y (mpoTokon Ne 8/268 ot 26.03.19 1.).
®dopma 00yueHHUsI: OUHas.

Ha3Banue pa3uesioB u Bua camocrositeibHOM padoThI Oo0bem B ®opma
TeM yacax KOHTPOJIst
Paznen 1. [IpopaboTka y4deOHOTO Martepuaga c 6 BBIOOPOYHAS
1. lenn u 3amaun XUMUU. | UCTIONB30BAHUEM PECypCOB y4eOHO- MpOBEpPKa  BO
Ctpoenue aToma METOJUYECKOr0 U UH(OPMAIMOHHOTO BpeMs
[Teproguvecknii 3aK0H U | 0OeCIIEYCHUSI TUCITUTUIUHEI. ayJUTOPHBIX
nepuoanydeckas cucrema | [lonroroBka kK ycTHOMY oOmpocy U 3aHATHUH;
JI.1. MenpeneeBa B CBeTE | KOHTPOJIBHOU paboTe. BKJIFOUCHHE
Teopun crpoeHus aroma. | [loaroroBka k clade sK3ameHa. BOIIPOCOB  Ha
XuMuyeckass  CBSI3b WU KOJUIOKBHYME
CTPOEHHUE MOJIEKYII. u
KOHTPOJIBHOU
pabore, Ha
9K3aMEHe
2.0cHoBel  xummueckoi | [IpopaboTka ydeOHOro marepuayia c 8 BBIOOpOUHAs
TEPMOIMHAMHUKH. UCIIONIb30BAaHUEM PECypcoB ydeOHO- pOBEpKa  BO
XuMuyeckasi KUHETHKa U | METOJUYECKOro U HH(OPMAalHOHHOTO BpeMs
paBHOBECHE. o0OecreueHHst TUCITUTUIAHEI.
ayJUTOPHBIX
[TonrotroBka K YCTHOMY ONpoOCy U :
KOHTPOJILHOM paboTe. SaHATHH,
IMoaroroBka K ciade 3K3aMeHa. BKIIFOYCHHEC
BOIIPOCOB  Ha
KOJUIOKBUYME
u
KOHTPOJIbHOU
pabore, Ha
HK3aMeHe
3.Teopuss pactBopoB U | IIpopaGorka ydeGHOro MaTepuana ¢ 8 BBIOOPOYHAS
PacTBOPUTEIICH. UCIIONIb30BAaHUEM PECypcoB ydeOHO- MpoOBEpKa  BO
Konnuraruable CBONCTBA | METOJUYECKOTO W UH(GOPMAIMOHHOTO BpeMsI
pacTBOpPOB. PacTtBopb! | oOecnieueHust JUCIUILIAHBL ayJUTOPHBIX
3JIEKTPOJIUTOB. [logroToBka K YCTHOMY OIpOCY H 3aHSITUH;
Bopopoansblii mokasarens. | KOHTPOJIbHOI pabore. BKJIIOUEHHUE
I'maponuz coneli. | IloaroToBka k claue 3K3aMeHa. BOIPOCOB  HA
Bydepnsbie pacTBopsl KOJUIOKBHYME
u
KOHTPOJIBHOU
pabore, Ha
9K3aMEHe
4.OKHUCITUTETTBHO- [TpopaGoTka yueOHOro Marepuaia c 8 BBIOOpOYHAS
BOCCTAaHOBHUTEIIbHBIE UCIIOJIb30BAHUEM PECypCoB y4eOHO- MPOBEpPKA  BO
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npouecchl. CTaHAAapTHBIN | METOJUYECKOTO0 W UH(GOPMAIMOHHOTO BpeMs
U peaNbHBIN SJEKTPOIHBIN | 00eCTieYeHHs TUCITUTUIUHEI. ayJUTOPHBIX
MOTEHIIHAI. O6mue | [TonroroBka K YCTHOMY OINpoCy U 3aHSTUH;
CBOMCTBa METAJJIOB. KOHTPOJILHOM paboTe. BKJIFOYEHHE
[TonroroBka k caue sK3aMeHa. BOIIPOCOB  Ha
KOJUUIOKBUYME
u
KOHTPOJIBHOU
pabore, Ha
9K3aMEHe
5.Teopuss kommiekcHbIX | [IpopaboTka ydeOHOro Marepuana c 6 BBIOOpOUHAS
COETUHEHUH. UCIIOJIb30BAaHUEM PpECcypcoB yueOHO- MpoOBEpKa  BO
METOJUYECKOTO0 U WH(OPMAIMOHHOTO BpeMsi
oOecrieueHnst TUCITUTUINHBI. ayJUTOPHBIX
ITogroroBka k yCTHOMY OIpPOCY. 3aHATUH;
[TonroroBka K cjaue sK3aMeHa. BKJIIOUEHHUE
BOIIPOCOB  Ha
KOJUIOKBUYME,
Ha dK3aMeHe
Paznen 2. [TpopaGoTka yueOHOro Marepuaia c 8 BBIOOpOYHAS
1. Xumus HEMETAJJIOB: | UCIIOJIB30BAaHUEM PpECYPCOB  yueOHO- MpOBEpPKa  BO
snementoB VIA, VIA, | MmeToguueckoro u MWH(POPMAIMOHHOTO BpeMs
VA IVA (yraepon) | oGecriedyeHHs JUCIUTUIUHBL ayJIUTOPHBIX
rpynmbl  [lepuonuueckoii | [lonrotoBka k ycTHOMY ompocy u 3aHSTHI;
CHUCTEMBI u UX | KOHTPOJIbHOM padore. BKJIFOUEHHE
COCTMHECHUSI. [ToaroToBka K ciaye 3K3amMeHa. BOIIPOCOB  Ha
KOJUIOKBUYME
u
KOHTPOJIBHOU
pabore, Ha
9K3aMEHe
2. Xumus wmeramioB: | u | [IpopaboTka ydeOHOro marepuayia c 8 BBIOOpOYHAS
1A, 1A, IVA (070BO H | UCIIONIB30BAaHUEM PECYpCOB y4eOHO- MpOBEPKAa  BO
CBUHEI) TPYIIBl | METOJUYECKOTO U MH(POPMALMOHHOTO BpeMs
[epuonnyeckoii cucTembl | 0OecTIeUeHUs AUCIUTUINHBIL. ayJUTOPHBIX
U UX COEIMHEHUH. [logroToBka K YCTHOMY OIpOCY H 3aHATHH;
KOHTPOJILHOM paboTe. BKJTIOYCHHUE
[TonroroBka K caue sK3aMeHa. BOIIPOCOB  Ha
KOJUUIOKBUYME
u
KOHTPOJIBHOU
pabore, Ha
9K3aMEHe
3.06mas xapakrepuctuka | [Ipopaborka ydeGHOro Mmatepuana ¢ 8 BBIOOpOYHAS

u TOKCUKOJIOTHS d-
3JIEMEHTOB u 1704
COCTUHEHUH.

UCIIONIb30BAaHUEM PECypcoB ydeOHO-
METOAMYECKOTO M HH()OPMAIHOHHOTO
06ecnequI/I51 JUCHUIIIINHBI.
[TogroTroBka K YCTHOMY OIpOCYy |
KOHTPOJILHOM paboTe.

ITonroTroBka K cadue dK3aMeHa.

MpOBEpPKa  BO
BpeMs
ayIUTOPHBIX
3aHATHH;
BKJIIOUYEHHE
BOIIPOCOB  HAa
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KOJUIOKBUYME
u
KOHTPOJIbHOU
pa0ore, Ha
JK3aMEHe
4.buorennbie 3neMeHThl. | [IpopaboTka ydyeOHOro Marepuana c 8 BBIOOpOYHAS
UCIIONIb30BAaHUEM PECypcoB ydeOHO- MpOBEpPKa  BO
METOJUYECKOr0 U UH(OPMAIMOHHOTO BpeMs
o0OecreueHHst TUCITUTUIAHEI. ayJTUTOPHBIX
[ToaroToBka K yCTHOMY OIIpOCY. 3aHSTUH;
[ToxaroroBka k caaue sK3aMeHa. BKJIFOYEHHE
BOIIPOCOB  HA
KOJUUIOKBUYME,
Ha DK3aMeHe
5.Heopranuueckue [IpopaboTka ydyeOHOTO Marepwaia ¢ 4 BBIOOpOYHAS
MUHEpaIbHbIE UCIIOJIb30BAaHUEM PpECcypcoB yueOHO- MpoOBEpKa  BO
yoOpeHus. METOJUYECKOTO0 U WH(OPMAIMOHHOTO BpeMsi
oOecrie4eHnst TUCIUTUINHBI. ayJIUTOPHBIX
[ToaroroBka Kk yCTHOMY OIIpOCY 3aHATUN;
[ToaroToBka K ciaye 3K3ameHa. BKJIFOYEHHE
BOIIPOCOB  HA
KOJUIOKBUYME,
Ha HK3aMeHe
Paznen 3. [TpopaGoTka yueOHOro Marepuaia c 8 BBIOOpOYHAS
1.Bugst u METO/IbI | HCIIOB30BAaHUEM PECYPCOB  y4eOHO- MpOBEpPKa  BO
XUMHUYECKOTO aHaIn3a METOJUYECKOr0 U UH(OPMAIMOHHOTO BpeMs
o0OecreueHHst TUCITUTUIAHEI. ayJTUTOPHBIX
[ToaroToBKa K yCTHOMY OIIpPOCY. 3aHSITUH;
[ToaroroBka k caaue sK3aMeHa. BKJIFOYEHHE
BOIIPOCOB  HA
KOJUUIOKBUYME,
Ha HK3aMeHe
2.Pacuertsl B | [IpopaboTka yuebOHOro Marepuana c 8 BBIOOpOUHAs
KOJIMYECTBEHHOM UCIIOJIb30BAaHUEM PpECcypcoB yueOHO- MpoOBEpKa  BO
aHaJIN3e. METOJUYECKOT0 U WH(OPMAIMOHHOTO BpeMsi
oOecrie4eHust TUCITUTUINHBI. ayJIUTOPHBIX
[ToaroroBka Kk yCTHOMY OIIpOCY. 3aHATUN;
[ToaroToBka K ciaye 3K3amMeHa. BKJIFOYEHHUE
BOIIPOCOB  Ha
KOJUIOKBUYME,
Ha HK3aMeHe
3.AHanu3 o0bekToB | [IpopaboTka yueGHOro MaTepuana ¢ 8 BBIOOpOYHAS

OKPYKarOILE Cpeabl.

UCIIONIb30BAaHUEM PECypcoB ydeOHO-
METOJMYECKOTr0 M HH(GOPMAIIMOHHOTO

IIpOBEPKAa  BO
BpeMs

o0ecreueHnst TUCITUTUIAHEI. ayJTUTOPHBIX
[logroToBka K YCTHOMY OIpOCY H 3aHSTUH;
KOHTPOJILHOM paboTe. BKJTIOYCHHUE
[ToaroToBka K ciaye 3K3ameHa. BOIIPOCOB  Ha
KOJUUIOKBUYME
u
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KOHTPOJIbHOU
pabore, Ha
JK3aMEHe

11 YYHEBHO-METOJHYECKOE H HTHOOPMAILIMUOHHOE OBECIIEYEHHUE
JUCITUTITHHBI

a) Cniucox pexoMeHIyeMoil JTATepaTyphl
OcHoBHad :
1. I'nunxa, H. JI O6was xumus B 2 7. Tom 1 : y4eGHHK [/ aKaIeMHYeCKOro bakanaepuara / H. JI.
I'nunka ; nop penakumeii B. A. TTonkosa, A. B. Ba6koea. — 20-e u3j., nepepa6. u gon. — Mockea :
Hsparenscrso IOpaiit, 2019. — 357 c. — (bakanasp. Axkamemuueckuit kypc). — ISBN 978-5-9916-
9353-0. — Texcr : anextponnsiii // 3BC IOpaiir [caiit]. — URL: hitps:/biblio-online.ru/bcode/434184
2. lunwa, H. JI. O6mas xumus B 2 1. Tom 2 : yueGHHK 1 akaaeMHYECKOro Gakanaspuara / H. JI.
Inunka ; nox penakumeii B. A. [Nonkosa, A. B. Ba6kopa. — 20-e u3n., nepepab. u gon. — Mocksa :
Hznarenscreo HOpaiit, 2019. — 383 c. — (bakanasp. Akanemuueckuii kypc). — ISBN 978-5-9916-
9355-4. — Teker : anextponnsiii // I5C Kpaiit [caiit]. — URL: https:/biblio-online.ru/bcode/434185
3. Huxoneckuii, A. B. Xumus : yueGHHUK W MpPaKTHKYM 15 aKaJeMHYECKOro Gakanaspuara / A. B.
Hukonsckuii, A. B. CyBopos. — 2-e usn., nepepa6. i non. — Mocksa : H3narenscrso FOpaiir, 2019. —
507 ¢. — (bakanasp. Akanemuueckuii kypc). — ISBN 978-5-534-03930-6. — Teker : 37I€KTPOHHBI //
OBC IOpaiit [caiiT]. — URL: https://biblic-online.ru/bcode/432953
JlonmosHATEALHASR
1. MpaxTukym no obweii xumun : yueGHoe nocobue ans akageMuueckoro Gakanaspuara / H. JL.
[aunka, B. A. Tonkos, A. B. Ba6kog, O. B. Hecreposa. — Mockea : M3narenscrso IOpaiir,
2019. — 248 c. — (bakanasp. Akazemuyeckuii kypc). — ISBN 978-5-9916-4058-9. — Tekcr :
anextponHslii // OBC IOpaiir [caiit]. — URL: https:/biblio-online.ru/bcode/444652
2. Ckasp, C. H. Obwasi, Heopraunyeckas U GHOHeOpraHHYecKas XuMus : yueGHOe nocobue a1d
akajiemnyeckoro Gakanaspuata / C. H. Cxuap, B. I'. Jlpiok, B. @. llynerun. — 3-e w3z,
nepepab. u pon. — Mocksa : Msparenscteo MOpaiit, 2019. — 263 c¢. — (Bakanasp.
Axanemudeckuii kypc). — ISBN 978-5-534-08661-4. — Texker : anextpounsiii / 9BC FOpaiir
[caiiT]. — URL: https://biblio-online.ru/bcode/426003
3. lpakTukym no obiwei xumun : yueGHoe nocobKe ans akagemHueckoro Gakanaspuara / B. A.
[Tonkoe, A. B. ba6kog, JI. K. Tpodumosa, C. A. ITy3akos ; nox penakuueii B. A. Ilonkosa, A. B.
babkosa. — 4-e w3n. — Mocksa : Msnarenscrso IOpaiit, 2019. — 242 ¢. — (Bakanasp.
Axanemuuecknit kypc). — ISBN 978-5-534-09071-0. — TekeT : anexrponsiii // 3BC HOpaiit
[caiiT]. — URL: https://biblio-online.ru/bcode/427005
4. Ilyzaxos, C. A. OGwas xumus, cOOPHUMK 3alay M yNpakHeHuii : yuebGHoe nocobue ans
akajemuyeckoro Gakanaspuara / C. A. Ilysakoe, B. A. [lonkos, A. A. ®ununnosa. — S-e u3g.,
nepepaG. u gon. — Mockea : Msmarensctso FOpaiit, 2019. — 251 c¢. — (Bakanasp.
Akanemuueckuii kKype). — ISBN 978-5-534-09473-2. — Texer : anextpounsiit // O5C KOpaiir
[caiit]. — URL: https:/biblio-online.ru/bcode/427975
3. 3aiiyes, O. C. Xumusa : yqeOHHK ans akanemuueckoro Gakamaepuara / O. C. 3aiines. —
Mockea : Hsnarenscrso FOpaiir, 2019. — 470 ¢. — (Bakanasp. Akagemuueckuii kype). — ISBN
978-5-9916-8073-8. — Tekcr : snektponubii // 3BC HOpaiir [calit]. — URL: https:/biblio-
online.ruw/beode/432905

Y4ebHo-MeTOAMYECKAN

1. PykoBoncTo Kk n1aGOpaTtopHOMY NMpakTHKYMy M0 JAMCLMIUIHHE «XHMHA» A1 CTYAeHTOB 1 Kypca
HarnpasjieHus noaroToBkk Gakanaspos 35.03.01 «Jlecnoe nenow / Cocrasutenu: Meawnosa JLA., Ilpone
O.10., Auppees A.O. — Yapanosek: Yal'V, 2019. — 46 c. (M3nanue yTBepskaeHO pelieHHeM Y4eHOro
coseta UMBu®K nporokon 10/210 ot 19.06.2019).
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0) mporpaMMHoOe o0ecreyeHune
1. Microsoft Office
2. OC Windows Professional
3. Awnrtumiaruar BY3

B) IIpodeccuonanbHbie 6a3pl JaHHBIX, HH(POPMALIMOHHO-CIIPABOYHbIE CHCTEMBbI

1. D1eKTPOHHO-0UOJINOTEYHbIE CHCTEMBI:

1.1. IPRbooks : snexkTpoHHO-OMOIMOTEUHAsT cMCTEeMa : caldT / rpymnmna kommanuii A I[n
Ap Menua. - Capatos, [2020]. — URL: http://www.iprbookshop.ru. — Pexxum mocryma: st
3apEeruCTpUp. Mojab30BaTeIeH. - TEKCT : JIEKTPOHHBI.

1.2. FOPAUT : snexTpoHHO-OuGmMoTeuHas cuctema : caiit / OOO DnekTpoHHOE
m3marenscrBo FOPAWT. — Mocksa, [2020]. - URL: https://www.biblio-online.ru. — Pexum
JOCTyNa: JUIsl 3apETUCTPUP. MOJIb30BaTENEH. - TEKCT : 3JIIEKTPOHHBIM.

1.3. KoHCynbTaHT CTyaeHTa : JJEKTPOHHO-OMOmmoreuyHass cucrema : caWt / OOO
[Tonmurexpecypc. - Mockaa, [2020]. - URL:
http://www.studentlibrary.ru/catalogue/switch_kit/x2019-128.html. — Pexum gocryma: mis
3apPETUCTPUP. MOJIb30BaTENEH. — TEKCT : IIEKTPOHHBIN.

1.4. Jlanb : snexkTpoHHO-OMOMMoTeuHass cucrema : caiit / OOO OBbC Jlanb. — CaHKT-
[erepOypr, [2020]. — URL: https://e.lanbook.com. — Pexxum pmoctyma: [uis 3aperucTpup.
nosib3oBaTenen. — TeKCT : 3IeKTPOHHBIM.

1.5. Znanium.com : sneKTpOHHO-OMOMMOTEeYHass cuctema : caiit / OOO 3HaHuyMm. -
Mocksa, [2020]. - URL: http://znanium.com. — Pexum gocryma : JUIsl 3aperucTpHp.
MoJIb30BaTeNe. - TEKCT : JIIEKTPOHHBIM.

1.6. Clinical Collection : KoUIeKIMS I MEAMIIMHCKUX YHHBEPCHUTETOB, KIIMHWK,
METUIIUHCKUX OnbIMoTEK /! EBSCOhost : [mopran]. - URL:
http://web.a.ebscohost.com/ehost/search/advanced?vid=1&sid=e3ddfb99-ala7-46dd-abeb-
2185f3e0876a%40sessionmgr4008. — Pexxum moctyma : Ui aBTOpH3. MMosib3oBareneil. — TeKcT :
3JIEKTPOHHBIMN.

2. Koncyabrantllmoc [DnekTpoHHBIN pecypc]: cnpaBouHas mpaBoBasi cuctema. /OO0
«Koncynbrant ITntocy - DnektpoH. naH. - Mocksa : Koncynsrantlntoc, [2020].

3. ba3bl TaHHBIX NEPUOANYECKUX U3TAHUIL:

3.1. baza maHHBIX EPUOIUYECKUX M3AAHUH : 3MeKTpoHHBIE XypHaIBEl / OO0 UBUC. -
Mocksa, [2020]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum noctyna : mis
aBTOpU3. MOJIb30BaTENEH. — TEKCT : AJIEKTPOHHBIMU.

3.2. eLIBRARY.RU: nayuynas snektpoHHas Oubnmoreka : caiir / OOO Hayunas
Dnextponnas bubmmoreka. — Mocksa, [2020]. — URL: http://elibrary.ru. — Pexxum mocrtyma : s
aBTOPU3. NIOJIb30BATENEH. — TEKCT : AIEKTPOHHBIN

3.3. «Grebennikony : anextponnas 6udauoreka / ]| I'pebennukos. — Mocksa, [2020]. —
URL:  https://id2.action-media.ru/Personal/Products. — Pexum pgoctyma : s aBTOpH3.
noib3oBaTenen. — TeKCT : 3JIEeKTPOHHBIM.

4. HanuoHajJbHasi JJeKTPOHHAsi OUOJMOTEeKAa : DJEKTpOHHAas OuOIMOTEeKa
(benepanbHas rocynapcTBeHHas WH(GOPMAIIMOHHAA CUCTEMA : CallT / MUHHUCTEPCTBO KYJIbTYpPbI
P® ; PI'b. — Mocksa, [2020]. — URL: https://H36.pd. — Pexxum moctyma : ayis mosib3oBaTeei

Hay4HOI OubmuoTexu. — TeKCT : 3J1eKTPOHHBIA.
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5. SMART Imagebase Il EBSCOhost : [mopran]. - URL.:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum gocTyma : Ui aBTOPHS.
nojb3oBaresel. — M3o0paxkeHue : 3eKTpOHHBIE.

6. ®enepanbHbie ”HPOPMAIIMOHHO-00Pa30BaTeIbHbIE OPTAJIbI:

6.1. EauHoe OKHO JocTyma K 00pa3oBaTelbHBIM pecypcam : (enepaibHblii mopTan /
yupemutens OIAOY IO HPI'OIl m WUT. — URL: http://window.edu.ru/. — Tekcr
3JIEKTPOHHBIM.

6.2. Poccuiickoe oOpaszoBanue : deaepanbHblii mopran / yapeautrens GIAOY 10O
LIPT'OIT u UT. — URL.: http://www.edu.ru. — TekcT : 37eKTPOHHBIHA.

7. Obpa3oBaTesbHbIe pecypcebl Yal'y:

7.1. Dnexrtponnas Oubnuorexka Ynl'VY : monyns ABUC Mera-IIPO / OO0 «/lara
Okcmpece». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum moctyma : s mojb3oBaresiei
Hay4YHOI OuOmuoTeku. — TeKCT : 3JeKTPOHHBIA.

7.2. O6pazoBarenpHbiit mopran Yal'V. — URL: http://edu.ulsu.ru. — Pexxum goctyma : ajst
3apPETUCTP. MOJIb30BaTENEH. — TEKCT : AIEKTPOHHBIN.

CoruacoBaHo: S
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JJUCHUIIJINHBI

Aynuropun JUisi TIPOBEACHUS JIEKUUH W CEMUHAPCKUX 3aHSATHH, ISl MPOBEACHUS
TEKYIIET0 KOHTPOJSI © TMPOMEKYTOYHOM aTTECTAllMH, TPYIIOBBIX U WHAUBHIYAJTbHBIX
KOHCYJIbTAINH.

AyIUTOpHHM YKOMIUIEKTOBAHBI ~CIIEUAIM3UPOBAaHHOW MeOenblo, y4yeOHOH JOCKOMA.
Aynuropun Asis TPOBEACHUs JEKUUH 00OpYyIOBaHbl MYJIbTUMEAUWHBIM 00OPYIOBAHUEM IS
npeaocTaBlieHus] MH(GOpMaIy OOJIBIION ayTUTOPUH.

[Tomemenust AJis CaMOCTOSITEIPHOW PabOThI OCHAIEHBI KOMITBIOTEPHOW TEXHUKOWU C
BO3MOXXHOCTBIO TOJKIIOYeHHsI K ceTu «HTepHeT» U o0ecredeHrneM JOCTyIa K AJIEKTPOHHON
nH(pOpPMaITMOHHO-00Pa30BATENHHON Cpeie, EKTPOHHO-ONOIMOTEUHOM CUCTEME.

13 CIIEHUAJIBHBIE YCJIOBUS AJ151 OBYYAIOIIUXCSA C OTPAHUYEHHBIMHU
BO3MOKHOCTSAMMU 3/10POBbS

B cmygae ©HeoOxommMmocTH, OOyYalOIIMMCS W3 4YWCIA JIMI C OTPAaHUYCHHBIMU
BO3MOXHOCTSIMH 3JI0pOBbsi (IO 3asBJICHUIO OOYyYaroIIerocsi) MOTYT MpeUIaratbCs OIHHM U3
CIICNYIONINX BApHAHTOB BOCHPUATHA HWHPOpPMAIMM C y4ETOM UX HHIUBHIYalTbHBIX
NCUXO(PHU3UUECKUX 0COOEHHOCTEH:

— JUI JIUI C HApyHICHUSMH 3pEHHs: B IE€YaTHOH (opMme yBeIMYEHHBIM IIpudTOM; B
(dopMe 3IIEKTPOHHOTO JOKYMEHTa; B (opMe ayauodaiina (mepeBoa y4yeOHBIX MaTepHUaloB B
aynnodopmar); B medatHol (opme Ha s3bike bpaiins; MHIUBHIyalbHBIE KOHCYJIBTALUH C
NpUBJICUCHUEM TH(IIOCYPIOTIEPEBOAUNKA; HHIUBUAYATbHBIC 331aHUS M KOHCYJIbTAIIUY;

— JUIA JIMI C HapyUICHUWSIMH CIyXa: B Ie4aTHOH ¢opme; B (opMme 3IEKTPOHHOTO
JOKYMEHTa; BUIEOMATEPHAJIbI C CYOTUTPAaMK; HHANBUIYaTbHBIE KOHCYIBTAIMH C TIPHBICUCHHEM
CYpJIOTIEPEBOIUNKA; MHANBUYAIbHbIC 3aJaHUS U KOHCYJIbTALIUH;

— JUIA JIAI] ¢ HApYIICHWSIMH OIOpPHO-ABHUTATENIFHOTO ammapara: B MEYaTHOW ¢opme; B
dopMe DIEKTPOHHOTO MOKyMeHTa; B (opMme aynuodaiiina; MHAWBUAYaJIbHBIE 3aJaHUS U
KOHCYJIbTaIHH.
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