MHHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHU S POCCUMCKOU ®EJEPALINN

denepanbHOE TOCYAapCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHHE
BBICIIETO 00pa30BaHUs
«TONBATTUHCKNNA TOCYTAPCTBEHHBIA YHUBEPCUTET»

51.0.09

(uHOeKc OuCYuniuHbol)

PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

HeOpFaHI/I‘ICCKaﬂ XUMUA U XUMHUA 3JIEMCHTOB

(HaumeHo8aHUe OUCYUNIUHDBL)

110 HAalIpaBJICHUTO MOATOTOBKHU

04.03.01 Xumus

HaIpaBJIEeHHOCTH (TIPOdUIIH)
MenuuHcKast 1 hapMarieBTHISCKask XUMUSI

dopma 00ydeHHS: OUHas
I'on mabopa: 2019

Oo6mas Tpynoemkocts: 16 3E

PacnpenesieHne 4acoB TUCHMILIMHBI M0 ceMeCcTPam

CemecTtp 1 2

@opMa KOHTPOJS | 3K3aMEH IK3aMeH Hroro
Buj zanaruii
Jlexmuu 68 68 126
Jlaboparopnbie 102 102 204
[IpakTrueckue 34 34 68
PykoBonicTBO: KypcoBbie paboTh! (poekTsi) / PI'P
[IpoMexxyTouHas arTecTanus 0,35 0,35 0,70
KonraktHas pabora 204,35 204,35 408,7
CamocrosiTenpHas pabora 48 48 96
Kontposnb 35,65 35,65 71,30
Htoro 288 288 576




Pabouyto mporpamMmmy coctaBui(u):
JIOLIEHT, K.T.H. TpommHa M.A.

(Oondrcnocms, yuenoe 36anue, cmenensb, Pamunus 1.0.)

Penen3upoBanue paboyveit mporpaMMbl AUCITUTUTHHBI:

OtcyTcTBYET

Penenzent

(Oondrcnocms, yuenoe 36anue, cmenensb, Pamunus 1.0.)

Pabouast mporpamma auctuiuinHbl coctaBiieHa Ha ocHoBaHuu PI'OC BO u yyebHOrO miana

HATPaBIICHUS TTOITOTOBKU
04.03.01 Xumus

Cpoxk aeiicTBusi pado4eil nporpaMmbl IMCUUIVIMHBI 10 « 31 » aBrycra_ 2023 r.

YTBEPXIEHO

Ha 3acemanuu neHTpa MEIUIIMHCKON XUMUU

(mpotoxomn 3aceganust Ne 3 ot «19» centsa6ps 2019 1.).



1. Ilean ocBOEHUNA TUCHUILIHHBI

Lesib OCBOCHUS TUCIUILTMHBI — QOpMUpPOBaHKE y 00yJaromuxcs 6a30BbIX 3HAHUH, yMEHUH U
HABBIKOB 10 HEOPTaHWYECKOH XMMHU M XUMHHU DJIEMEHTOB, 3HAKOMCTBO C BHYTPEHHEH JOTHUKOMN
XUMHUYECKOH HAayKH, a TaKkKe MPHOOpETeHHE CIIOCOOHOCTH HCIIOJIb30BaTh IMOJyYCHHbIE 3HAHUS,
YMEHUS ¥ HABBIKU TP H3YYCHUH ITOCTCAYIONMX XUMUYECKHX U CIICIUABbHBIX TUCIUILIMH U B chepe
npodecCHOHATBLHON IeATEIEHOCTH.

2. Mecto nucuumiauHbl B cTpykrype OITIOIT BO

JIMCUMIUIMHBl M TPAaKTUKH, HAa OCBOEHMM KOTOpBIX Oaszupyercs JaHHas AMCLUIUIMHA!
«BBenenue B mpogeccuio», «Briciasi MaTeMaTUKay.

I[I/ICI_[I/IHJII/IHBI U IPaKTUKH, I KOTOPBIX OCBOCHUC ,Z[aHHOI\/'I JUCIUITIINHBI HGO6XO,Z[I/IMO KaK
MMpEAICCTBYIOICC: ((OpFaHI/I‘IeCKaH XUMHA U OCHOBBEI OPraHHYCCKOI'O CHHTC3ay, «Pu3nyeckas u
KOJJIOuAHas1s XUMUs», «AHamuTHYECKasg XUMHUI» U APYIrue XuMHYCCKUC NUCIIUIUINHEI.

3. [lnanupyemble pe3yJibTaThl 00y4eHH s

®opmupyemMbie U
KOHTpPOJINpyeMble
KOMIIeTeHI[UH
(Ko 1 HAMMEHOBAHUE)

HNuauxkaropsl
JOCTHIKEHHUS
KOMIIeTeHIU i
(K01 1 HANMEHOBAHUE)

I[nanupyembie pe3yJabTaThl
00yueHust

OIIK-1 Cnocoben
aHAIIM3UPOBATH U
WHTEPIPETUPOBATH
PE3yNbTaThl XUMHUYECKHIX
AKCIICPUMEHTOB,
HAOIIONEHUH U
U3MEpPEHUI

OIIK-1.1.
CucremaTusupyert u
aHATM3UPYET PE3yIbTaThl
XUMHAYECKUX
HKCIEPUMEHTOB,
HaOII0IeHUH, U3MEPEHUH, a
TaKXKe Pe3yJIbTaThl
pac4yeToB CBOMCTB BELIECTB
U MaTepuasoB

3HaTh: BUJBI JaHHBIX, BHOBI
HaOIIOICHU ¥ U3MEPEHUN, BUIBI
ITKaJT U3MEPEHUI;, BUBI OIIHOOK
M3MEpEHUH U CIIOCOOBI UX
YCTpaHECHUS

YMeTh: HaXOAUTh IMIUPUUYECKUE
(hopMyITBI, OTUCHIBAIOIITNE
SKCIEPUMEHTAIbHbBIC JTaHHbIC,
MIPOBOJIUTH 0A30BBIN
KOPPEJIALIMOHHBINA U PETPECCUOHHBIN
aHaJIU3 SKCIIEPUMEHTAIIbHBIX
TAHHBIX; OMPEIEISITh ONIHOKH
M3MEpEHU; COCTaBIATh JIOTUYECKUE
BEIBO/IBI

BrnaneTs: MeToamMu cocTaBiIeHUS
SMIIUPHUYECKUX (HopMyI;
MaTeMaTHYECKUM arapaToM
00paboTKH pe3yabTaTOB U3MEPEHUI
CITy4aitHBIX BEJIMYWH; OCHOBHBIMHU
METOJIaMH KOPPEJISILIMOHHOTO
PErpecCHOHHOTO aHAIN3a

OIIK-1.2. IIpennaraer
MHTEpPIpETaIII0
PE3yIbTaTOB COOCTBEHHBIX
SKCIIEPUMEHTOB U
PacyeTHO-TEOPETHYECKUX

3HaTh: MeTO/IbI 00pabOTKH,
NPEACTaBICHNS M HHTEPIIPETAINN
pe3yabTaTOB SKCIIEPUMEHTA U
pPacyeTHO-TEOPETHIECKUX PaboT ¢
MCIOJIb30BAHUEM TEOPETUYECKHIX




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

HNuaukaropsl
JOCTHKEHHS
KOMIeTeH it
(KO M1 HANMEHOBAHUE)

IlnannpyemMble pe3yabTaThl
o0y4eHust

paboT ¢ UCITOTH30BAHUEM
TEOPETUYECKIX OCHOB
TPaTUIIOHHBIX U HOBBIX
pasacsioB XUMUU

OCHOB TPAAUIIMOHHBIX 1 HOBBIX
pasacsioB XUMUN

YMeTb: 00pabaThiBaTh,
MHTEPIPETUPOBATL U aHAIIU3UPOBATH
HAYYHO-TEXHHUYECKYIO0 HHPOPMAIIUIO,
[IOJY4YEHHYIO [IPU NIPOBEICHUU
AKCIIEPUMEHTOB M PACYCTHO-
TEOPETUYECKUX PadoT C
WCTIOJIh30BAaHUEM TEOPETHUYECKHIX
OCHOB TPAaAUIIUOHHBIX 1 HOBBIX
pa3enoB XUMHU

Brnaners: HaBpikamMu 00paboOTKH,
WHTEPIIPETAIMH U aHAJIA3a
PE3YIbTATOB IKCIIEPUMEHTA U
pacueTHO-TEOPETUIECKUX PadoT C
HCIOJIb30BAHUEM TEOPETHUECKHUX
OCHOB TPAUITUOHHBIX U HOBBIX
pa3aesioB XUMHH

OIIK-1.3. ®opmynupyer
3aKJIFOUEHUS ¥ BBIBOJIBI IO
pe3ynbTaTaM aHajiu3a
TUTEPATypPHBIX JAHHBIX,
COOCTBEHHBIX
AKCIIEPUMEHTAIBHBIX U
pacueTHO-TEOPETUUECKUX
paboT XUMUYECKOM
HaIpPaBJIEHHOCTH

3HaTh: METOABI aHAJIN3a
CIELMAIbHOM JINTEpATyphl U IPyrou
Hay4YHO-TEXHUUYECKOW HHpOpMaLuu
XMMHUUYECKON HAINpaBICHHOCTH JUIS
(OpMYIMPOBKH 3aKIIOUEHUS U
BBIBOJIOB I10 pE3yJIbTaTaM aHaJIN3a
JIUTEPATyPHBIX JAHHBIX

YMeTh: aHaIM3UpOBAThH
CHELUAIBHYIO JIUTEPATYpy U APYTYIO
HAYYHO-TEXHHUYECKYIO0 HH(OPMAIIHIO
XMMHUYECKON HaIPaBICHHOCTH U
(hOopMyIHUpOBATh 3aKITIOYCHUS U
BBIBOJIbI 110 pPE3yJIbTaTaM aHalIn3a
JUTEPATYPHBIX TAHHBIX

Bnaners: HaBbIKaMu aHaIHM3a
CIELMAIbHOM JINTEPATyphl U IPyrou
Hay4YHO-TEXHUUYECKOW HHPOpMaLuu
XUMUYECKON HAIPABJICHHOCTHU JUIS
(GOpMYIMPOBKH 3aKIIOUEHHS U
BBIBOJIOB I10 PE3yJIbTaTaM aHaJIN3a
JIUTEPATyPHBIX JAHHBIX

OIIK-2 Cnocoben
IIPOBOIUTH C
cO0JII0ICHHEM HOPM
TEXHUKHU 0€30IMaCHOCTH
XUMHYECKUI
AKCIIEPUMEHT, BKITIOYAs

OIIK-2.1. PaGoraet ¢
XHMHYECKUMH BEIIECTBAMHU
¢ co0JII0IeHuEM HOPM
TEXHUKU 0€30ITaCHOCTH

3HaTh: MpaBuiIa MOBEACHUS U
TEXHUKY O€30ITaCHOCTH B
XHUMHYECKOH 1ab0paTopuH,
MOATOTOBKH paboyero Mecra;
XUMHYECKYIO TIOCYAY U
KJIACCU(PUKAINIO PEAKTHBOB




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

HNuaukaropsl
JOCTHKEHHS
KOMIeTeH it
(KO M1 HANMEHOBAHUE)

IlnannpyemMble pe3yabTaThl
o0y4eHust

CUHTE3, aHAIN3, U3yYEHUE
CTPYKTYpPBI U CBOMCTB
BEILIECTB U MAaTE€PHUAJIOB,
HCCIIEA0BAHUE MPOLIECCOB
C UX Y4aCTHEM

YMeTb: coOmoaaTh IpaBuiIa
6e30macHOro odpaleHus ¢
XUMHAYECKHUMH BEIIECTBAMH,
nocy o, mpubopamu u
00opyI0BaHUEM

Bianers: HaBbIKaMU 0€30ITaCHON
paboOTHl C XUMUYECKUMH PEaKTHBAMH
1 QU3MYECKUMH YCTAaHOBKAMH C
COOJIIO/IEHIEM HOPM TEXHUKHU
0€30macHOCTH U TpeOOBaHUN OXPaHBI
TpyZia B 1a00OPAaTOPHBIX YCIOBHSAX

OIIK-2.2. IIpoBoaut
CHHTE3 BEIIECTB U
MaTepuaioB pasHOU
IPUPOJIBI C
HCII0JIb30BaHUEM
UMEIOIINXCSI METOUK

3HaTh: MCTO/bI IMPOBCACHU
JKCIIEPUMEHTAIIBHBIX UCCIEN0BaHUN
110 CUHTE3Y BELIECTB Pa3HOU
IIPUPOJBI

YMeTb: caMOCTOSATENBHO paboTaTh C
METOINYECKUMHU PEKOMEHIALMAMH,
CIIPAaBOYHBIMU MaTepHaAIAMU,
IIPUMEHSTh TEOPETUYECKUE 3HAHUS
JUIS TIPOBEJICHUS] XUMHUYECKOTO
JKCIIEPUMEHTA 10 CHHTE3Y BEILECTB
pa3HOU PUPOJIbI

Brnagers: MeToaMu opraHu3aun
CaMOCTOSITENTbHON pabOThI IO
MOATOTOBKE paboyero Mecra K
XUMHYECKOMY SKCIIEPUMEHTY TIO
CUHTE3Y BEIIECTB Pa3HOU PHUPOJIBI U
MPOBEJICHUS CHHTE3A C
HCIIOJIE30BAHUEM MMEIOIINX CSI
METOIUK

OIIK-2.3. IIpoBoaut
CTaHAAPTHLBIC ONCpaluu
IUTSL OTIPEICIICHUS
XUMHYECKOT0 U (a30BOTO
COCTaBa BEIIECTB U
MaTepHaJIOB Ha X OCHOBE

3HaTh: METO/IbI IPOBEICHUS
CTaHAApTHBIX onepaunﬁ JJISL
OIPEICTICHUS XUMUIECKOTO U
($ha30BOT0 cocTaBa BEIIECTB U
MaTepUaJIOB HA UX OCHOBE

VYMeTh: BBIIOJIHATD CTaHAAPTHBIC
OTIepAINH /IS OTIPEICIICHHS
XHUMHYECKOTo 1 (pa3oBoro cocrara
BEIIIECTB M MAaTepPHAJIOB HA X OCHOBE

Bragers: MeToaMu nmpoBeieHHSI
CTaHAApTHBIX onepaunﬁ JJISL
OIPEICTICHUS XUMUIECKOTO U
($ha30BOTO cocTaBa BEIIECCTB U
MaTepUaJIOB HA UX OCHOBE

OIIK-2.4. IIpoBoaut
HUCCIIEIOBAHUS CBOMCTB
BEILIECTB U MATEPUAJIOB C

3HaTBZ METOAbI HpOBe,ZleHI/I}I
HCCJIEIOBAHUH 10 U3YUYEHHIO
CTPYKTYpPBI U CBOWCTB BEIIECTB U




dopmMupyembie U HNuaukaropsl
KOHTPOJINpyeMble AOCTHKEHU S IlnannpyemMble pe3yabTaThl
KOMIIeTeHIIUH KOMIIETEHIIN A o0y4eHust
(Koa 1 HAMMEHOBaHUE) (KOJl 1 HANMEHOBAHUE)
WCIIOJIb30BAHUEM MaTepHualoB C UCIOIb30BAHUEM
CEPUITHOI0 HAyYHOTO CEepUITHOT0 HAY4YHOT0 000pYIOBaHUS
o0opynoBaHus YMeTh: BBINOJIHATH UCCIEA0BAHUS IO

M3YUYEHUIO CTPYKTYpPHI U CBOMCTB
BEILIECTB U MATEPUAJIOB C
HCIIOJIb30BAHUEM CEPUIMHOTO
Hay4YHOT'O 000PYTOBaHHMS

Bnagers: MeTogamu npoBeneHus
HCCJIEIOBAHUH 10 U3YUYEHHIO
CTPYKTYpPBI U CBOWCTB BEIIECTB U
MaTepHaIOB C UCIIOJIb30BAHHEM
CEepUITHOTO HAYYHOT0 000pYIOBaHUS

OIIK-3 Cnocoben
MIPUMEHATH PACYETHO-
TEOPETUYECKUE METO/IbI
JUISL U3YYEHHS! CBOKCTB
BEIIIECTB U MPOLECCOB C
UX y4acCTUEM C
HCIIOJIb30BaHUEM
COBPEMEHHOM
BBIYMCIIMTEILHON TEXHUKH

OIIK-3.1. Ilpumenser
TEOPETHUYECKHUE U
MTOTYDMITUPUYECKUE
MOJEIH IIPU PELICHUN
3a71a4 XUMHAYECKOU
HaHpaBHGHHOCTI/I

3HaTh: CTPOCHHUE ATOMOB, MOJIEKYI,
TEOPUIO XUMUYECKOM CBSA3H,
OCHOBHBIE ITOJIOKEHUS KBAHTOBOM
MEXaHUKH U €€ MPUII0KEHUS 1151
Kaue€CTBEHHOI'O ONHMCAHUS CTPOEHUS
MOJIEKYJI U UX PEAKLIHOHHOMN
CIIOCOOHOCTH

YMeTh: HaXOAUTh B3aUMOCBS3b
MEXy DJIEKTPOHHBIM CTPOCHUEM
4aCTHULbI U €€ PEaKLIMOHHON
CIIOCOOHOCTBIO

Brnagers: HaBbIKaMH OOBSICHEHHS U
MpeCKa3aHus XxapakTepa
PEaKIMOHHON CIIOCOOHOCTH BEIECTB
C UCIIOJIb30BAHUEM MOJI0KCHUHN
KBaHTOBOM MEXaHUKH

OIIK-3.2. Ucnons3yer
CTaHJapTHOE TPOTPAMMHOE
o0ecrieyeHre pyu perieHun
3a7a4 XUMUYECKOU
HaIpPaBICHHOCTH

3HaTh: CTAaHJAPTHOE MIPOrPaMMHOE
o0ecrniedeHure, UCIOIb3yeMoe s
peLIeHHs 3a/1a4 XUMHYECKON
HANPABIEHHOCTH

YMeTh: UCIIOIb30BaTh CTaHAapTHOC
porpaMMHOe o0OecIieueHue,
HCIOJIb3YCMOC JIA pCHICHUS 3a1a4
XUMHAYECKON HAIPaBICHHOCTH

Brnaners: nmpuemamu pemieHus 3a1ad
XUMHAYECKON HAIPABICHHOCTH C
HCIOJIb30BaHUEM
CTICIUATM3UPOBAHHOTO
MPOrPaMMHOTO OOeCTIeUeHUsI

OIIK-5 Cnocoben
UCIOJIb30BaTh
CYIIECTBYIOIINE
[IPOrPaMMHBIE IPOAYKTHI
1 nH(OpMaIMOHHBIE 0a3bl
AAHHBIX JJI pCUHICHUA
3a/1a4 mpodeccHoHaTbHON

OIIK-5.1. Ucnonb3yeT
coBpeMeHHbie IT-
TEXHOJIOTUH TIPU

cbope, ananmze, 00paboTKe
U TIPE/ICTAaBICHUHT
uHpOopMaIu
XUMHUYECKOTO TTPOUIISI

3HaTh: OCHOBHBIE CIIOCOOBI U METOIBI
HAKOIUICHHS, TIepeiay U 00paboTKU
nH(OpMaIK B COBPEMEHHBIX
U(PPOBBIX © MUKPOIIPOIIECCOPHBIX
CHCTEMax; IMI00aTbHBIE U JIOKAIbHBIC
KOMITBIOTEPHBIE CETU; TEXHOJIOTHIO
paboTHI HA IEPCOHATTLHOM




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

HNuaukaropsl
JOCTHKEHHS
KOMIeTeH it
(KO M1 HANMEHOBAHUE)

IlnannpyemMble pe3yabTaThl
o0y4eHust

JESTeTHPHOCTH C Y4ETOM
OCHOBHBIX TPEOOBaHHIA
nH(pOPMaITMOHHOMN
0e30macHOCTH

KOMITBIOTEpPE B COBPEMEHHBIX
OTIEPALIMOHHBIX Cpe/Iax;
CYILECTBYIOIIME TPOTPAMMHEIE
MPOAYKTHI M MH(pOpMAITMOHHBIE 0a3bI
TaHHBIX JJIS pelIeHNus 3a1a4
pohecCHOHAIBHOM IeATEeTbHOCTH

YMeThb: UCTIOIB30BATh BO3MOKHOCTH
BBIYUCIIUTENILHOW TEXHUKHU U
MIPOTPaMMHOTO 00ECTICUCHHS;
paboTaTh Ha MEPCOHATHHOM
KOMITBIOTEPE; MOJIb30BaATHCSI
ONEPAMOHHON CUCTEMOMN U
OCHOBHBIMH O(UCHBIMH
MPUIIOKECHUSAMU; IPUMECHATD
CYIIECTBYIOIIUE MMPOTPaMMHbBIE
MPOAYKTHI M UH(OpMAITMOHHBIE 0a3bI
JTaHHBIX JIJISl pEIICHUS 3a/1a9
poecCHOHALHOM IeSTEebHOCTH

BrnaneTs: MeToaMu MpakTHYECKOTO
HCIIOJIb30BaHHA COBPCMCHHBIX
KOMITHIOTEPOB JIJIs 00pabOTKH
nH(OpMAaIINY; METOIaMU TIOUCKA U
oOMeHa nH(popMaIKei B riao0aabHbBIX
1 JIOKAJIbHBIX KOMIIBIOTCPHBIX CCTAX;
pUEeMaMH CO3/IaHusl, XPaHCHHS,
BOCIIpOU3BeIeHHs, 00pabOTKU U
nepeaayy TaHHBIX CPEeICTBAMU
BBIYUCIUTEILHON TCXHUKH,
HaBBIKAMHU TIPUMEHCHUS
CTaHJapTHBIX IIPOrPaMMHBIX CPEICTB
B c(hepe mpodeccuoHaIbHON
ACATCIIbHOCTHU

OIIK-5.2. Cobnromaer
HOPMBI HH(POPMALIMOHHOM
0€301acCHOCTH B
npodeccroHanbHOM
JeSTEeITbHOCTH

3HaTh: OCHOBHBIE TPEOOBAHUS
MH(POPMAIIMOHHOI 0€301MacHOCTH B
npodecCHOHATbHON IeITeTbHOCTH

VYMeTh: MMPUMCHATH OCHOBHBIC
TpeboBaHus HHHOPMAITMOHHOM
6€301acHOCTH B PO eCcCUOHATBHOM
JESTeITbHOCTH

Biagers: HOpmamu
nH(pOpMaITMOHHOM 06€301MacCHOCTH B
pohecCHOHABHOM IeSATETbHOCTH

OIIK-6 Cnocoben
MIPENICTABIATH PE3YIbTATHI
CBOEH pabOTHI B YCTHOH U
MUCBEMEHHOU popme B
COOTBETCTBUH C HOPMAaMHU
Y TIPaBHJIAMU, IPUHSTBIMU

OIIK-6.1. IlpencraBnsier
pe3ynbTaThl paboThl B BUJIE
oT4eTa Mo CTaHAAPTHOM
(opme Ha pyCCKOM SI3BbIKE

3HATh: CIICNUAITBHYIO XUMHUYECKYIO
TEPMUHOJIOTHIO, OCHOBHBIE
TpeOOBaHUS K PEACTABICHUIO
PE3yNbTAaTOB padOT XUMHUECKOMN
HATPaBJICHHOCTH B YCTHOU H
MUCHbMEHHOMN (hOpME Ha PYCCKOM




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

HNuaukaropsl
JOCTHKEHHS
KOMIeTeH it
(KO M1 HANMEHOBAHUE)

IlnannpyemMble pe3yabTaThl
o0y4eHust

B NpodeCcCHOHATHFHOM
coo01ecTBe

SI3BIKE B COOTBETCTBUU C HOPMaMH H
IpaBUJIAMU B IPOPECCHOHATIBHOM
COOOIIIECTBE

VYMeTh: NOJIL30BAThHCS CHGHH&HBHOﬁ
XUMHYECKON TEPMHUHOJIOTUEH,
aHAIIM3UPOBATH SI3LIKOBON MaTepua
TEKCTOB Ha PYCCKOM SI3BIKE B
HOPMATUBHOM aCIICKTC, BHOCUTDH
He0OXO0IMMBbIE UCIIPABIICHUS
HOPMATUBHOTO XapakTepa JJis
MIpE/ICTaBICHUS Pe3yIbTaTOB pabOThI
B BUJC OTUCTA 110 CTaHI[apTHOI\/'I
(hopme Ha pYCCKOM SI3BIKE

Bnaners: cnenanbHON XUMHYECKON
TEPMHUHOJIOTUEN, HABBIKAMH
CO3/IaHUsl HAa PYCCKOM SI3bIKE
MUCHbMEHHBIX U YCTHBIX TEKCTOB
HAYYHOTO U O(QHUIHATIBHO-JIEIIOBOTO
CTUJICH peuu ISl TPEeACTaBICHUS
pe3yNbTaTOB pabOTHI B BHJIE OTUETA
10 CTaHAApTHOH (hopMe Ha PYCCKOM
SI3BIKE

OIIK-6.2. IlpencraBnsier
MH(OPMAIINIO XUMUYECKOTO
COJIEpKaHUs C YIETOM
TpeboBaHui
oubnuorpaduueckoi
KYJIbTYpPBI

3HaTh: METOAMKHU PabOTHI C
OMOJIMOTEYHBLIMU KATAIOTAMH U
MpeJIcTaBICHHUs HHpOpMaIHK
XUMHYECKOTO COJIEPKAHUS C YIETOM
TpeboBaHui 6nbIMoTrpaduuecKoi
KYJIbTYpBI

YMeTb: paboTath ¢ OMOIHMOTEUHBIMHU
KaTaJioraMu U MpeaACTaBJIATh
WH(pOPMAITUIO XUMHYECKOTO
COJIEpKaHUs C YIETOM TpeOOBaHMIA
oubnuorpaduueckoit

KYJIbTYPBI

Brnaners: MeTomukamu paboOTHI €
OMOJIMOTEYHBIMU KATAJIOTAMH U
MpeJIcTaBICHUs HHpOpMaIHK
XUMHYECKOTO COJIEPKAHUS C YIETOM
TpeboBaHui 6nbIMoTrpaduIecKo
KYJIbTYpBI

OIIK-6.3. IIpencraBnsier
pe3ynbTaThl paboThl B BUJIE
TE3UCOB JOKJIA/1a Ha
PYCCKOM U aHTJIMMCKOM
SI3bIKE€ B COOTBETCTBUU C
HOpPMaMH U MPaBUIAMH,

3HAaTh: PUEMBI TIPEICTABICHUS
pE3yNbTaTOB pabOTHI B BUJIE TE3UCOB
JOKJIa/a Ha PYCCKOM U aHTJIMHCKOM
A3BIKC B COOTBCTCTBUU C HOpMaMI/I nu
[IpaBUJIAMH, TIPUHATHIMH B
XAMHYECKOM COOOILECTBE




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

HNuaukaropsl
JOCTHKEHHS
KOMIeTeH it
(KO M1 HANMEHOBAHUE)

IlnannpyemMble pe3yabTaThl
o0y4eHust

MPHUHATHIMHA B XUMHUYECKOM
coo01ecTBe

YMeTh: MPEACTaBIATh PE3YIbTATHI
paboThI B BUJIE TE3UCOB JIOKJIAa Ha
PYCCKOM U aHTJIMHACKOM SI3BIKE B
COOTBCTCTBUU C HOpMaMI/I nu
[IpaBUJIAMH, TIPUHATHIMH B
XAMHYECKOM COOOILECTBE

BrnanmeTs: mpuemMaMu mpeicTaBiIeHUs
pE3yNbTaTOB paOdOTHI B BUJIE TE3UCOB
JOKJIa/a Ha PYCCKOM U aHTJIMHCKOM
A3BIKEC B COOTBCTCTBUU C HOpMaMI/I nu
[IpaBUJIAMH, TIPUHATHIMH B
XAMHYECKOM COOOILIECTBE

OIIK-6.4. T'otoBUT
IIPE3EHTALIMIO 110 TEME
paboOTHI ¥ IPEJICTABIISCT €
Ha PYCCKOM U aHIJIUHCKOM
S3BIKaX

3HaTh: GOPMBI CHCTEMATH3AIUN
JTAHHBIX JUJISI COCTaBJICHUS 0030pOB,
OTYETOB M MIPE3CHTAIIHI KaK B
yCTHOM, TaK U B INICBMCHHOM BUC
Ha PYCCKOM M aHTJIMICKOM SI3BIKAaX

YMeTh: cUCTEMATU3UPOBATh TaHHBIE
JUTSI COCTaBIIEHUSI 0030POB, OTYETOB U
MPE3EHTALMI KAK B YCTHOM, TaK U B
MHCbMEHHOM BHUJI€ HA PYCCKOM U
AHTIINHCKOM SI3BIKAaX

Bnaners: MeTonukoun
CHCTEMATHU3alMH JAHHBIX JIJIS
COCTaBJICHHS 0030pPOB, OTYETOB U
MPE3EHTALNM KaK B YCTHOM, TaK U B
MMUCHbMEHHOM BHJIC HA PYCCKOM U
AHTIINHCKOM SI3BIKAaX




4. CTpyKTYypa M coaeprKaHue TUCHUIINHbI

®opMbI TEKYyILET0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, bannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OII€HOYHOT 0
cpeacTBa)
Monyib 1. JIexl [IpenMer u 3a1a4n HEOPraHUYECKOMN 1 2 - -
Du3nKO- XUMHUH U XUMUH SJIEMEHTOB.
XUMHUYECKHE OcHOBHBIE IOHATHS U 3aKOHBI XUMUU
OCHOBBI Jlek 2 XuMuyeckuit 3kBuBanieHT. CiocoObl 1 2 - -
HEOpPraHUYeCcKOi BBIPAXXEHHS KOHIIEHTPAIUU
XUMUH PacTBOPOB
JIao1 BBogHoOe 3aHsaTHE: TEXHUKA 1 6 - - OT4eT 110
0€30MaCHOCTH U TpaBuIIa paboOTHI B mabopaTopHOI
XUMHYECKOHN JabopaTopuu; mocyna u padote Nel.
XUMUYECKHUE PEAaKTUBBL. BBINOIHEHHE Bormpocs! 11
U 3a1uTa JabopaTopHOil paboThI 1. BaIUTHI
OmnpeneneHne YUCTOThI BEIIECTBA mabopaTtopHoit
padotsr Nel
JIa6 2 BrinonHenue u 3amura 1 6 - - OTtuer 1o
nabopaTopHo# paboTel 2. OuncTKa lmabopaTopHOH
MIOBAPEHHOI COJIM METOJIOM pabote No2.
OCaXICHUS MpUMecen Bomnpocs! 11
BaIUTHI
lmabopaTopHOH

paboTer Ne2




®opMbI TEKYyILIEr0
Bun HauMeHnoBanue TeM 3aHATHI Oonem, KOHTpOIA
Mopnyas (pa3nein) . . Cemectp Banasbl | UHTEepakTHB, 4.| (HaMMeHOBaHHMe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Jla6 3 BelnmonHenue u 3amura 1 6 - - OTtyer no
nabopaTtopHoOit paboTHI 3. mabopaTtopHoit
[TocnenoBarenbHbIC MPEBPAIICHUS padote Ne3.
XUMHYECKUX COCIUHCHUN Bomnpocs! s
BaIUTHI
mabopaTtopHoit
paboThl Ne3
J1a64 BrinonHenue u 3amura 1 6 - - OTtyer no
nabopaTopHOi paboThI 4. lmabopaTopHOU
Omnpenenenne MOJISIPHON MacChl pabote Ne4.
SKBHUBAJIEHTA MeTaJlIa Bonpocsr 1ist
BaIUTHI
imabopaTtopHoit
paboTer Ned
Jla6 5 BelnmonHenue u 3ammura 1 6 - - OTtyer no
nabopaTopHOit paboTHI 5. mabopaTtopHoit
OnpeneneHre CTENEHN YUCTOThI padote No5.
KaJblIUTa Bomnpocs! s
3aIUTHI
mabopaTopHOI
paboThI Ne5
[pl Pacuersl mo hopmymnam u 1 2 - - KontposbHas
YpaBHEHUSIM padota Nel
IIp2 ATOMHO-MOJIEKYJISIPHOE YUEHHE 1 2 - - KoHTpoabHas
pabota No2
IIp 3 XUMHUYECKUN SKBUBAJICHT 1 2 - - KonTposbHas
padota Ne3




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
IIp 4 Cnioco0OsI BeIpaXKCHHST KOHIICHTPAITUN 1 2 - - KonTponbshas
pacTBOpOB pabota Ned
Jlek 3 TepMoauHaMrKa XUMUYECKHUX 1 2 - -
npoueccos. BHyTpeHHss dHeprus,
SHTANIBIHA, 3aKO0H I'ecca
Jlex4 TepMoguHaMrKa XUMUYECKHUX 1 2 - -
MPOLIECCOB: SHTPOMHUS, SHEPTUS
['u60ca, HamTpaBICHNE XUMHYECKUX
MPOLIECCOB
JIab 6 BrinonHenue u 3amura 1 6 - - OTtuer 1o
nabopaTopHOi paboThI 6. lmabopaTopHOU
Omnpenenenne SHTAIBIINN PEAKIIUH pabdote Neb.
Bomnpocs! 11
BaIUTHI
lmabopaTopHOH
padoTbr Ne6
IIp 5 TepMoauHaMKUKa XUMUYECKUX 1 2 - - KoHTpoabHas
MIPOIIECCOB padota No5
Jlek 5 Xumuueckasi KuHetuka. ['omo- u 1 2 - -
reTeporeHHbIe peakuu. BiusHue
KOHIIEHTPALlUU U 1aBJICHUS Ha
cKkopocTb peakuuu. [lopsamok
peakuuu
Jlek 6 Xumuueckasi KuHeTHka. Biusinue 1 2 - -
TEMIIEPATYPhl HA CKOPOCTh PEAKITHH.
DHeprus akTUBALIMU
Jlex 7 Karanmmu3. OcoOeHHOCTH KHHETHKU 1 2 - -

TE€TEPOTCHHBIX U IEMHBIX PEaKIINi




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
JIex8 Xumuueckoe paBHoBecue. KoHcranTa 1 2 - -
XHUMHUYECKOTro paBHOBecus. [IpuHimn
Jle arense
Jla6 7 Brimonnenue nabopaTopHoi paboThI 1 6 - - Otuer 1o
7. CKOpOCTbh XUMHYECKHX PEAKIIUMN. lmabopaTopHOU
Xumuueckoe paBHosecue (om. 1,2) pabote Ne7 (om. 1,2)
JIa6 8 BrimotHeHMe 1abopaTopHO paboThHI 1 6 - - OTtyeT mo
7. CKOpOCTb XUMHUUECKHUX PEAKIIMI. mabopaTopHOI
Xumudeckoe paBHoBecHe (ot. 3,4). padote Ne7 (om. 3.,4).
3amuTa mabopatopHoi paboThI 7 Bormnpocs q1s
BaIUTHI
mabopaTopHOI
paboTer Ne7
Ilp 6 Kunernka XuMu4ecKux MpoLeccoB 1 2 - - KoHTpoabHas
paboTa Ne6
IIp 7 XUMHUYECKOE PAaBHOBECHUE 1 2 - KonTposbHas
abota Ne7
JIa6 9 Komnoksuym 1 mo moaysto 1 1 6 20 - Bomnpocsl k
KoJuI0KBUYyMY Nel
Monyib 2. Jlex 9 [Ipoucxosxaenue u kiaccuduranus 1 2 - -

XUMHUYCCKHUX 3JICMCHTOB




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Ctpoenue atoma u  |Jlek 10 CoBpeMEHHOE NMPEICTABIECHUE O 1 2 - -
XUMHUYECKasI CBSI3b CTPOEHHUH aToMa. DJIEKTPOHHOE
cTpoeHue aroMa. OCHOBHBIE
XapaKTEPUCTUKU aTOMOB
Jlek 11 [lepuoanueckuii 3akoH. CTpyKTypa 1 2 - -
[Tepuoardeckoil Ta0IUIIBI
Jlex12 Ileproar4HOCTE U3MEHEHUS CBOMCTB 1 2 - -
371eMeHTOB. PacnipocTpaneHHOCTD
XUMHUYECKHX 3JIEMEHTOB
IIp 8 CtpoeHue aTomMa 1 NepuoIuyeCcKui 1 2 - - KonTposbHas
3aKOH abota Ne§
Jlex13 [Tpupona XMMUYECKOU CBA3H. 1 2 - -
KoBanentnas cBsi3b
Jlex14 I'uGpuau3zanms. Meton BaJIeHTHBIX 1 2 - -
CBA3EH
Jlex15 Teopus B3aMMHOIO OTTAJIKUBAHUS 1 2 - -
JJIEKTPOHHBIX Map
Jlex16 Metoa MONEKyISIPHBIX opOuTaieit 1 2 - -
Jlex17 HNonHas cBa3s. [lonspusyemocts u 1 2 - -
MOJISIPUBYIOIIEE ACHCTBHE HOHOB
Jlex18 Meramueckas CBs3b. 30HHas 1 2 - -
TEOpUsl KPUCTAIIJIOB
Jlex19 MexMOoNeKyIIpHbIe B3aUMOACHCTBUS 1 2 - -
JIex20 CrtpoeHue BeliecTBa B pa3IndHbIX 1 2 - -
arperaTHbIX COCTOSHUSX
IIp 9 Meron BaJICHTHBIX CBS3EH 1 2 - - KoHTpoabHas

abora Ne9




®opMbI TEKYyILIEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
[Ip10 MeToa MOJEKYISIPHBIX OpOUTAICH 1 2 - - KonTposbHas
abora Nel0Q
IIp 11 HroroBast KOHTpoIbHAs paboTa 1o 1 2 20 - KonTposbHas
Moayssim 1,2 abora Nell
JIa610 KonnokBuym 2 nmo moaysnto 2 1 6 20 - Bomnpocsl k
KOJUIOKBUYMY Ne2
Monayib 3. Jlek 21 XUMUYECKUE PaBHOBECHUS B 1 2 - -
PactBopbI 1 pacTBopax: coJbBaTalMsl, IPOLEcC
PIEKTPOXUMHUYECKUE pacTBOpeHus
[IPOLECCHI Jlek 22 KonnuraruBHble cBOKCTBAa pacTBOPOB 1 2 - -
Jlek 23 PactBopsl 2nekrponutoB. MoHHOE 1 2 - -
IIPOU3BEICHNE BOJIbI
Jlex24 [IpousBeneHne pacTBOPUMOCTH. 1 2 - -
I'mpponus coneit. HanpaBnenue
00OMEHHBIX IIPOIIECCOB B pacTBOpax
ANEKTPOIUTOB
Ja6 11 Brimonnenue nabopaTopHoii paboTh 1 6 - - OTtuer 1o
8. IlpuroroBiieHre pacTBOPOB lmabopaTopHOH
3a/1laHHOM KoHIeHTpanuu (or. 1,2) pabote Ne§ (om. 1,2)
Jla6 12 Brimonnenue nabopaTopHoi paboThI 1 6 - - OTtuer 1o

8. IlpuroroBiienre pacTBOPOB
3a/laHHOM KOHIleHTpanuu (o1 3).
3amura mabopaTopHO paboTh 8

lmabopaTopHOU
padote Ne§ (om. 3).
Bomnpocs! 11
BallluThI
lmabopaTopHOH

paboTbr Ne8




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
JIa6 13 BelnmonHenue u 3amura 1 6 - - OTtyer no
nabopaTtopHoii paboThl 9. PacTBOpHI mabopaTopHOI
3JICKTPOJIUTOB padote Ne9.
Bomnpocs! s
BaIUTHI
mabopaTtopHoit
paboTer Ne9
IIp12 CaolicTBa pacTBOpOB 1 2 - - KoHTposibHas
HEDJICKTPOJIUTOB pabota Nel2
Ip 13 CBolicTBa pacTBOPOB AIEKTPOJIUTOB 1 2 - - KoHTpoabHas
padorta Nel3
Jlek 25 OKHUCIHUTENbHO-BOCCTAHOBUTEIBHBIC 1 2 - -
peaKkuuu: METO/IbI 3JEKTPOHHOTO
OajlaHca ¥ IOJIypEaKIui
Jlek 26 ONEeKTPOJHBINA NOTEHLHA. 1 2 - -
Hamnpasnenue okuciauTenbHo-
BOCCTAHOBUTEJIbHBIX PEaKIuil
Jlex 27 [IpencraBieHue naHHBIX O 1 2 - -
MOTEHIIMaIax B BUJE AUarpaMMm
Jlatumepa, dpocra
Jlab 14 BelnmonHenue u 3ammura 1 6 - - OTtyer no
naboparopHoit padotsr 10. mabopaTtopHoOit
OKHUCIUTENTbHO-BOCCTAHOBUTEIIbHBIC padote NelO.
peakuuu Bomnpocs! s
BaIUTHI
mabopaTopHOI

paboter NelO




®opMbI TEKYyILIEr0

. KOHTPOJIS
Bun HauMeHnoBanue TeM 3aHATHI Oonem, p
Mopnyas (pa3nein) . . Cemectp Banasbl | UHTEepakTHB, 4.| (HaMMeHOBaHHMe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
Cpe/cTBa)
[Ip14 OKHUCIUTENbHO-BOCCTAHOBUTEIIbHBIC 1 2 - - KonTposbHas
pEAKLHUH: METOJ NTOITYPEAKIIAN abora Nel4
IIp 15 Huarpammsl Jlatumepa, @pocra 1 2 - - KoHTpoabHas
padora Nel5
Jlek 28 DNEKTPOXUMHYECKHE CUCTEMBI. 1 2 - -
["anbBaHMYECKHE MPOLIECCHI
Jlek 29 DIIEKTPOJIN3 PACIIIABOB U BOJHBIX 1 2 - -
pacTBOpOB
Jlek 30 KonuyecTBeHHbIE 3aKOHBI 1 2 - -
JIEKTPOJIN3a
JIa6 15 Brinosnnenue u 3ammra 1 6 - - OTtyer no
nabopaTopHoit paboTsr 11. lmabopaTopHOU
DIIEKTPOAN3 BOJHBIX PACTBOPOB pabote Nell.
Bomnpocs! 11
BaIUThI
lmabopaTopHOH
paboTter Nell
Jlek 31 Koppo3zus merannos 1 2 - -
Jlek 32 Croco0bI 3aUTH METAJLIOB OT 1 2 - -
KOPpO3UH
IIp 16 DIIEKTPOXUMHUYECKHUE TTPOIIECCHI 1 2 - - KonTponbsHas

pabota Nel6




®opMbI TEKYyILIEr0

. KOHTPOJIS
Bun HauMeHnoBanue TeM 3aHATHI Oonem,
Mopnyas (pa3nein) yaeSHoi pasoTHI (yae6Hoii paboTi) Cemectp .. Banasbl | UHTEepakTHB, 4.| (HaMMeHOBaHHMe
OlI€HOYHOI 0
cpeacTBa)
JIab 16 BelnmonHenue u 3amura 1 6 - - OTtyer no
naboparopHoit padotsr 12. Koppo3us mabopaTtopHoit
METaJIIOB padote Nel2.
Bomnpocs! s
BaIUTHI
mabopaTopHOI
paboTer Nel2
IIp 17 HroroBast KOHTpoIbHAs paboTa 1o 1 2 20 - KonTposbHas
MOJyJTIO 3 pabota Nel7
Jla6 17 KomnoxBuym 3 no moaysio 3 1 6 20 - Bomnpocsl k
KOJUTOKBUYMY Ne3
Jlex 33 CuMMeTpHs MOJIEKY 1 2 - -
Cpl N3ydeHune TeopeTunyecKoro 1 48 - -
MaTepHuaia 1o Kypcey JeKLHi,
MOJIMOTOBKA K 3alllUTE JJAOOPaTOPHBIX
pabot Nel-12, KOHTPOIBHBIM
paboram Nel-17, kommokBuymam Nel -
3
Cp2 [loaroroBka kK UTOrOBOMY 1 35,65 - -
TECTUPOBAHUIO (PK3aMEHY)
ITIA [Ipomexxyrounas arrecrauus 1 0,35 - - TecToBbIe 3aaHUs
(’x3amen) No1-2092
Wrorosslii TecT o |MToroBoe TectupoBaHue 1 2 100 - Bompocs! k
Kypcey uepe3 LIT pk3aMeny Nel-55
(TH)
Hroro:| 288 200




®opMbI TEKYyILIEr0

. KOHTPOJIS
Bun HauMeHnoBanue TeM 3aHATHI Oonem,
Mopnyas (pa3nein) . . Cemectp Banasbl | UHTEepakTHB, 4.| (HaMMeHOBaHHMe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Monyib 1. JIexl KoopauHanmoHHble coeIMHEHNS: 2 2 - -
BBenenue B xumuto HOMEHKJIATypa, Ki1accudukarus
PJIEMEHTOB. S- Jlex2 CrtpoeHue u yCTOWUUBOCTb 2 2 - -
PIIEMEHTBI KOOPJMHAIIMOHHBIX COCIMHEHHA
Jla61 Brinosninenue u 3ammura 2 6 - - OTtyer no
nabopaTopHoi paboTsI 1. lmabopaTopHOU
KoopaunanuoHHble coeiMHEHUs pabote Nel.
Bomnpocs! 11
BaIUThI
lmabopaTopHOH
pabotsr Nel
IIpl KoopauHanmoHHble COeTMHEHUS 2 2 - - KonTponbshas
pabora Nel
Jlex3 IIpocTsie BewmecTBa: CTpyKTypa, 2 2 - -
CBOICTBA, MTOJTy4YECHHUE
Jlex4 JIByX»a1€MEHTHBIE COCTUHEHUS 2 2 - -
XapaKTepUCTUKA TIO TUITY
XUMHUYECKOHN CBSI3H, CPABHEHHE
YCTOMYHUBOCTH, OCHOBHO-KUCJIOTHBIE
CBOMCTBA
JIex5 TpexaneMeHTHbIE COETUHEHUS: 2 2 - -
MPOU3BOHBIE AHUOHHBIX
KOMILJIEKCOB, CMEIIaHHbIE
COEIMHEHMUSI, TBEP/IbIE PACTBOPHI,
9BTEKTHKA
IIp2 JlnarpaMMBbl IJIaBKOCTU CUCTEM 2 2 - - KoHnTtponbHas

pabota No2




®opMbI TEKYyILIEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
[1p3 Mertaibl ¥ CIijIaBbl 2 2 - - KonTponbshas
padota Ne3
JIex6 Hecrexnomerpuyeckue coeIMHEHHUS: 2 2 - -
COEIMHEHUS IEPEMEHHOT0 COCTaBa,
COEIMHEHUS BKIIIOUEHUS
Jlex7 Bonopon 2 2 - -
Jlex8 XuMus 3IeMEHTOB | rpynmsl 2 2 - -
[Tepuoanueckoit CUCTEMBI
Jlex9 XUMHUS IEMEHTOB 2 TPyNIIbI 2 2 - -
ITepuoanueckoil CUCTEMBI
J1a62 BrinonHenue u 3amura 2 6 - - OTtyer no
naboparopHoit pabotsl 2. CBoiicTBa mabopaTtopHoit
S-DJIEMEHTOB U UX COCTUHEHUHN padote No2.
Bomnpocs! s
BaIUTHI
mabopaTopHOI
padboTer Ne2
J1a63 BrinonHenue u 3ammura 2 6 - - Otuer 1o
naboparopHoit padotsl 3. CunTe3 mabopaTropHoit
nepokcuaa 6apus U U3y4eHue ero padote Ne3.
CBOMICTB Bomnpocs! s
BaIUTHI
mabopaTopHOI

paboThI Ne3




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Jla64 BelnmonHenue u 3amura 2 6 - - OTtyer no
naboparopHoit pabotsl 4. JKecTkocTh mabopaTtopHoit
BOJIbI U CITOCOOBI YMSTUYEHUS padote Ne4.
Bomnpocs! s
BaIUTHI
mabopaTopHOI
paboTer Ned
[1p4 s-aneMeHThl [lepuoanueckon 2 2 - - Kontponbnas
CHCTEMBI padota Ned
IIp5 JXKecTkocTh BOJBI M CITOCOOBI 2 2 - - KonTtponbHas
YMSATYCHHS pabota Ne5
JIa65 Komnoksuym 1 mo momysto 1 2 6 20 - Bomnpocsl k
KOJIJTIOKBUYMY Nel
Monyib 2. Jlex10 XuMHus 3IEMEHTOB 13 rpynmsl 2 2 - -
pP-PIEMEHTHI [Teprnonnueckoi cucTeMsl: 60p,
ATFOMUHUMN
Jlex11 Xumus 3JIeMEHTOB 13 rpymnmnbl 2 2 - -
Ileproanyueckoil CUCTEMBI:
MOJITPYTIINA TaJITUS
J1a66 BelnmonHenue u 3amura 2 6 - - OTtyer no
naboparopHoit pabotsl 5. CBoiicTBa mabopaTropHoit
3JIEMEHTOB 13 rpynmsl 1 uX padote No5.
COCIMHEHUN Bormpocs! 11
BaIUTHI
mabopaTopHOI

paboThI Ne5




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
J1a67 BelnmonHenue u 3amura 2 6 - - OTtyer no
nabopatopHoii pabotsl 6. CuHTe3 mabopaTopHOI
TeTpabopaTa HaTpHsl M H3yUYEHUE €To padote Ne6.
CBOMICTB Bomnpocs! s
BaIUTHI
mabopaTopHOI
padboTel Ne6
Jlex12 XuMus 31eMEHTOB 14 rpynmsl 2 2 - -
Ileproanyueckoil CUCTEMBI: YIIIEPOT
Jlex13 XuMus 31eMEHTOB 14 rpynmsl 2 2 - -
[leproanueckoil CUCTEMBI: KPEMHHU,
MOJTPYyTIIa TePMaHHUS
J1a68 Brinosnnenue u 3ammra 2 6 - - OTtyer no
nabopaTopHoit paboTsl 7. CBoiicTBa lmabopaTopHOU
AJIEMEHTOB 14 rpynmsl u ux pabote Ne7.
COCTMHEHNN Bomnpocs! 11
BaIUTHI
imabopaTtopHoit
paboTer Ne7
J1a69 Brinosnnenue u 3ammura 2 6 - - OTtyer no
nabopaTopHoit paboTsl 8. CuHTE3 lmabopaTopHOH
xyopuna onosa (II) u uzyuenue ero pabote Ne§.
CBOJCTB Bomnpocs! 11
BaIUTHI
lmabopaTopHOH
padoTbr Ne8
[Ip6 OnemenTsl 13, 14 rpynn 2 2 - - KonTponbsHas

pabota Ne6




®opMbI TEKYyILIEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Jlex14 XuMus 3J1eMEHTOB 15 rpynmsl 2 2 - -
Ilepuoanueckoil CUCTEMBI: a30T
Jlek15 XuMus 3J1IeMEHTOB 15 rpynmsl 2 2 - -
[Mepuoauueckoii cuctemsl: hocdop
Jlex16 XuMus 3JIeMEHTOB 15 rpynmsl 2 2 - -
[lepronueckoi CUCTEMBI:
MOJTPYIIa MbIIIbSIKA
J1a610 Brinosnnenue u 3ammura 2 6 - - OTtyer no
nabopaTopHoit paboTsl 9. CBoiicTBa lmabopaTopHOH
AJIEMEHTOB 15 rpymnmsl u ux pabdote Ne9.
COCTMHEHNN Bomnpocs! 11
BaIUTHI
lmabopaTopHOH
padoTsr Ne9
JIa611 BrinonHenue u 3amura 2 6 - - OTtuer 1o
nabopaTtopHoit pabotsl 10. Cunre3s lmabopaTopHOH
KUCIBIX coJiei opTodocdopHoit pabote NelO.
KHUCJIOTBI U U3YYEHUE UX CBOWCTB Bomnpocs! 11
BaIUTHI
lmabopaTopHOH
padotsr Nel0
[Ip7 DneMeHTHI 15 rpynmsl 2 2 - - KonTponbshas
pabota Ne7
Jlex17 XuMHus 3JIEMEHTOB 16 rpynmsl 2 2 - -

Ileproauyueckoil CUCTEMBI: KUCIOPO/I,

cepa




®opMbI TEKYyILIEr0

. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Jlex18 XuMus 3JIeMEHTOB 16 rpynmbl 2 2 - -
[lepronueckoi CUCTEMBI:
NOJTpyIIa celeHa
[1p8 DneMeHThI 16 rpynmbl 2 2 - - KonTponbsHas
abota Ne§
Jlex19 XuMus 31eMeHTOB 17 rpynmsl 2 2 - -
[Tepunonnueckoii cucteMsl: GTop,
XJIOp
JIex20 Xumus 351eMeHTOB 17 rpynmbl 2 2 - -
[lepronueckoi CUCTEMBI:
noArpyrmma Gpoma
Jlex21 XuMus 31eMEHTOB 18 rpynmsl 2 2 - -
Ileprnognyueckon CUCTEMBI
Jla612 BelnmonHenue u 3ammura 2 6 - - OTtyer no
naboparopHoit padotsr 11. CBolicTBa mabopaTtopHoit
aiemMeHTOoB 16, 17 rpynmn u ux padote Nell.
COCIMHEHUN Bormpocs! 11
BaIUTHI
mabopaTopHOI
padoter Nell
[1p9 OneMeHThI 17 rpynimsl 2 2 - - Kontponbnas
abota Ne9
IIp10 Hrorosast KOHTpOJIbHAS paboTa 1Mo 1 2 20 - KoHTpoabHas
Moayisim 1, 2 pabota Nel(
JIa613 KomnokBuym 2 no moaysnto 2 2 6 20 - Bomnpocsl k
KOJUIOKBUYMY Ne2
Monayib 3. Jlex22 XUMUS 3JIEMEHTOB 3 TPYIIIbI 2 2 - -

d-niieMeHThI

Ilepronueckoi CUCTEMBI




®opMbI TEKYyILIEr0
. KOHTPOJIS
Moayas (pa3aeJt) BU"H Ha"MeHOBaHIfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
Jlex23 XuMUS 3JIEMEHTOB 4 TpyIIIbI 2 2 - -
[lepronueckoi CUCTEMBI
Jlex24 XHMHUS 3JIEMEHTOB 5 TPYIIIIBI 2 2 - -
[Tepuoanueckoil CUCTEMBI
IIpl1 DnemeHThl 3-5 rpynn 2 2 - - KonTponbHas
pabota Nel 1
JIex25 XUMUS 3JIEMEHTOB 6 TPYIIIbI 2 2 - -
[lepronnueckoit cucTeMsl
[Ip12 DJIEMEHTHI 6 TPy 2 2 - - KonTponbsHas
pabota Nel2
Jlex26 XHMM 3JIEMEHTOB 7 TPYIIIIBI 2 2 - -
ITeproanyecKoil CUCTEMBI
Jla614 BelnmonHenue u 3ammura 2 6 - - OTtyer no
naboparopHoit padotsr 12. CBolicTBa mabopaTtopHoit
3JIEMEHTOB 6, 7 TPYIIT U UX padote Nel2.
COCIMHEHUN Bormpocs! 11
BaIUTHI
mabopaTopHOI
paboTer Nel2
IIp13 DJIeMEHTHI 7 TPyMIIbI 2 2 - - KonTponbsHas
abora Nel3
Jlex27 XUMUS 3JIEMEHTOB 8 TPYIIIbI 2 2 - -
Tlepuoaryueckoi CUCTEMBI




®opMbI TEKYyILIEr0

. KOHTPOJIS
Mopyas (pa3aen) val Ha"MeHOBamfe TEM 3aHITHH Cemectp Oonem, Bbannbl | UHTepakTHB, 4. (HaMMeHOBaHHe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
cpeacTBa)
JIa615 BelnmonHenue u 3amura 2 6 - - OTtyer no
nabopatopHoii pabotsl 13. Cunres mabopaTopHOI
coi Mopa 1 u3y4eHue ee CBOMCTB padote Nel3.
Bomnpocs! s
BaIUTHI
mabopaTopHOI
padoThr Nel3
Jlex28 XUMHUS IEMEHTOB 9 Tpynibl 2 2 - -
Ileproanueckoil CUCTEMBI
Jla616 Brinosnnenue u 3ammura 2 6 - - OTtyer no
nabopaTtopHoit pabotsl 14. Cunres lmabopaTopHOU
rexkcaHutpurokobanbTara (I1) Harpus pabote Nel4.
Y U3yYEHHE €r0 CBOMCTB Bomnpocs! 11
BaIUTHI
lmabopaTopHOH
pabotsr Nel4
JIex29 Xumus 351eMeHToB 10 rpynmnsl 2 2 - -
[Iepronnueckoit cucTeMsl
IIp14 OnemenTsl 8-10 rpynn 2 2 - - KonTtponbHas
pabora Nel4
JIex30 Xumus 351eMeHTOB 11 rpynmnsl 2 2 - -
Ilepronueckoi CUCTEMBI
[Ipl5 OneMeHThI 11 rpynmsl 2 2 - - Kontponbnas
pabora Nel5
Jlex31 XuMus 3J1eMEHTOB 12 rpynmsl 2 2 - -
ITepuoanueckoil CUCTEMBI
IIpl16 DneMeHThI 12 rpynmbl 2 2 - - KonTponbsHas

padota Nel6




®opMbI TEKYyILIEr0

Bun HaumeHoBaHue TeM 3aHATHI Oonbem, KOHTPOIA
Mopnyas (pa3neun) . . Cemectp Banasbl | UHTEepakTHB, 4.| (HaMMeHOBaHHMe
y4eOHoi1 padoThl (yueOHo¥ padoThI) q.
OlI€HOYHOI 0
Cpe/cTBa)

JIex32 XUMHA JTaHTAaHUIOB 2 2 - -
JIex32 XUMHS aKTUHHUIIOB 2 2 - -
IIpl7 Hrorosast KOHTpOJIbHAS paboTa 1Mo 1 2 20 - KoHTposibHas

Moy 3 padota Nel7
JIa613 KomnokBuym 3 o moaysmo 3 2 6 20 - Bomnpocsl k

KOJUIOKBUYMY Ne2

Cpl N3ydenue TeopeTunyeckoro 2 48 - -

MaTepHuaia 1o Kypcey JeKLHi,

MOJIMOTOBKA K 3alllUTE JJAOOPATOPHBIX

pabot Nel-14, KOHTPOJIBHBIM

paboram Nel-17, kommokBuymam Nel -

3
Cp2 [ToaroroBka K UTOrOBOMY 2 35,65 - -

TECTUPOBAHUIO (IK3aMEHY)
[TpomexxyTouHas [IpoMexxyTouHas arrecTanus 2 0,35 - - TecroBble 3a7aHUs
arrecranus (ITA) (9K3aMeH) No1-2092
Hrorosslii TecT 10 | ITorosoe rectupoBanue 2 2 100 - Bomnpocer k
Kypcey uepes LT bk3ameHy Nel-52

Hroro: 288 200

Cxema pacuera uTorosoro 6amia «(Cymma + Tep)/2» - cyMma 0asioB 1Mo BceM yueOHBIM MEPOTIPUITUSIM, TIPEYCMOTPEHHBIM B Kypce + cpeiHee
apru(METHIECKOE TI0 BCEM MTPOMEKYTOYHBIM TeCTaM, IpoBoAUMEIM depe3 OT.




5. O6pa3oBare/ibHbIE TEXHOJIOTHH

[Ipu peanuzanuu AMCUUIIIMHBI HCIOJIB3YETCS TEXHOJOTHS TPAAUIIMOHHOTO OOy4YeHHUS —
opraHu3zaius yu4eOHOro rporecca B By3e, OCHOBaHHas Ha JIEKIIHOHHO-CEMUHAPCKO-3aueTHOH (hopmax
o6ydenusi. K dopmam oOydeHHs] OTHOCSTCS JICKIIUU, TIPAKTUYCCKUE U JIAOOPATOPHBIC 3aHATHS, a
TaKXe caMocCTosITelbHas pabora. Ha JeKuusX HCIONB3YIOTCS HArJISIHBIC M CIOBECHBIE METOJIbI
oOydeHus, Ha J1a0OpaTOPHBIX 3aHATUAX — HAIJIAJHBIE, CJIOBECHbIE M TMPAKTUYECKUE METO/IBI.
OrneHuBaHue 3HAHUN CTYIEHTOB IIPOU3BOIUTCS 10 OAJIIBHO-PEHTUHTOBOM CUCTEME.

6. MeToanueckne YKazaHud M0 OCBOCHUIO NTUCHUIIJIMHBI

Cemectp 1. Kypc «Heopranuyeckas XuMus i XUMHUS dJIEeMEHTOB 1»

Mopnyasb 1. ®u3nK0-XMMHYECKHE OCHOBBI HEOPraHUYeCKOil XMMHUHU

TeMbl JeKIIMOHHBIX 3aHATHH:

[Ipeamer m 3amauum HEOPraHMYECKOM XMMHUHM M XUMHH 3J€MEHTOB. OCHOBHBIE NOHATUS
3aKOHBI XUMHUH.

Xumudeckuit skBuBajaeHT. CriocoObl BRIPAKEHUS KOHIICHTPAIIMHA PACTBOPOB.

TepMoanHaMKKa XMMHUYECKUX IIPOLIECCOB. BHYTpEHH A SHEPIUsl, DHTAIbIINSA, 3aK0H ['ecca.

TepMoanHaMuKa XHUMHUYECKHUX IIPOLIECCOB: SHTpomus, sHepruss [ubOca, HampaBieHUe
XUMHYECKHUX IPOLECCOB.

XuMHn4ueckasi KHHETHKa. [ '0oMo- 1 reTeporeHHble peakiiy. BiausiHre KOHIIEHTPALK U JaBICHUS
Ha CKOpoCTh peakuuu. Ilopsaok peakiuu.

Xumuueckasi KHHETHKA. BiusiHue TeMnepaTypbl Ha CKOPOCTh PEAaKIIMU. JHEPTUsl AKTUBALIMH.

Karanu3. OcoO0eHHOCTH KHHETUKU T€TePOTESHHBIX U LETTHBIX PEAKITHIA.

Xumuueckoe paBHoBecue. Koncranta xumuueckoro pasHoBecus. [Ipunnun Jle [laTense.

TeMbl NPaKTUYECKUX 3aHATHIA:

Pacuetsl o hopmynam U ypaBHEHUSIM.
ATOMHO-MOJIEKYJISIPHOE YUEHHE.

XUMUYECKUN SKBUBAJIEHT.

CniocoObI BbIpa)keHUsI KOHIEHTPALUU PACTBOPOB.
TepMoguHaMuKa XUMHUYECKUX MPOLIECCOB.
KuHeTnka XuMHYeCKHUX IPOLIECCOB.

XUMHUYECKOE PABHOBECHE.

Tembl J1a0OPATOPHBIX 3aAHATHIA:

BBonHOE 3aHsATHE: TeXHUKA 0€30MaCHOCTH M MpaBHJIa padOThHl B XUMHYECKOW JIa0OpaTopuu;
MoCcyJla ¥ XUMUYeCKre peakTuBbl. OnpeielIeHue YUCTOThI BEIECTBA.

OuncTKa MOBAPEHHOM COJIM METOAOM OCAKICHUS IPUMECEH.

[TocnenoBarenbHbIe TPEBPAILICHUS] XUMUUYECKUX COSAUHEHUH.

OnpeneneHre MOJISIPHOM MacChl SKBUBAJICHTa METaJlIa.

OrnpezenieHne CTETIEHN YACTOTHI KalbIUTA.

Omnpenenenne SHTAIBINN PEAKIIH.

CKOpOCTh XMMHUYECKUX PEaKIMi. XUMUYECKOE PABHOBECHE.

KomnokBuym 1 mo monysmro 1.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:
UMETH HpGI[CTaB.HeHI/Ie 06 OCHOBHBIX ITOHATHUAX U 3aKOHaX XUMHHU, K.HaCCI/I(bI/IKaI_II/II/I HCOpF&HH‘-I@CKI/IX
BCIIIECTB; YHEPreTUYCCKUX H3MEHEHUSX B CHCTEMax, B KOTOPBIX IMPOHMCXOAHUT B3aMMOJICHCTBHE
MEXy BEIIECTBAMH; CKOPOCTH XUMUYECKUX PEAKLUA U METOAaX €€ PEryJIMpOBaHMUS.



3HATh:
OCHOBHBIE MTOHATHUS XUMUU (MOJIEKYJIa, aTOM, XUMUYECKHI 3JIeMEHT, MOJIb, MOJISIPHASL Macca);
OCHOBHBIC 3aKOHBI XMMHH (COXPAaHEHHS] MacChl, MOCTOSHCTBA COCTaBa, OOBEMHBIX OTHOILICHHIA,
ABorazpo, ypaBHeHue MeneneeBa-Knaneiipona, 00beIMHEHHBIN Ta30BbIN 3aKOH);
XUMHUYECKHUH SKBUBAJICHT, 3aKOH 3KBUBAJICHTOB;
TepMOJAMHAMHUYECKHE (DYHKIIMH COCTOSIHUSA, CITOco0 13 pacueTa (3akoH ['ecca u ero cieacTaue);
BJIMSTHUE TEeMIIepaTypbl Ha BO3MOKHOCTh MPOTEKaHHUS PEaKIMU B 3aBUCUMOCTU OT YHCIIEHHBIX
3HAYEHUI SHTAIBIINU U SHTPOIHUH PEaKLUu;
BJIIMSIHAE HAa CKOPOCTb XUMUYECKOM peakIiyi KOHIICHTPALUH (3aKOH JSHCTBYIOIIMX Macc);
BJIIMSIHAE Ha CKOPOCTb peakluu TeMiepatypsl (pasuio Bant-I'odda u ypaBuenue Appenuyca);
BJIMSTHUE HAa CKOPOCTh PEAKIIMK KaTallu3aToOpOB;
XUMHUYECKOE PaBHOBECHE U CITOCOOBI ero cMmernieHus (mpunnumn Jle [arense).

yMeTh:
MPOBOAUTH XUMUUECKHM SKCTIEPUMEHT U aHAJINU3 MOJTYYSHHBIX Pe3yJIbTaToB;
MPOBOAUTDH KOJMYECTBEHHBIE PACUETHI [0 YPABHEHUSIM XUMUYECKUX PEaKIUii;
OTIpeAeNATh BO3MOXKHOCTh MPOTEKAHUS pEaKIIUu;
peryinMpoBaTh CKOPOCTh XUMHUUECKON PEaKIIUH.

MeToanyeckue peKOMeHAAUMH 110 U3YYEeHHI0 MOy
[Tpu ocBOeHNM MOTYJIsI HEOOXOUMO:

U3y4UTh Y4YEOHBIM MaTepuag IO COOTBETCTBYIOLUIEMY MOAYJIO JUCUUIUIMHBI, HCHOJIb3Ys

JEKIIMOHHBIN MaTepua U JINTepaTypy MO JaHHON TEMaTHKE;

aKIEHTUPOBAaTh BHUMAHUE HA: OCHOBHBIX MOHATHSIX M 3aKOHAX XUMHHM; KJIACCH(PHUKAIUK BEIIECTB;

O0IIMX XUMUYECKHUX CBOMCTBAaX BEILIECTB OJHOTO Kiacca; (PYHKIHMIX COCTOSIHUSA, 3aKoHe [ ecca, romo-

U FeTepOreHHBIX MpOlleccax, FHEPruM aKTUBAILlUHM, KOHCTAHTaX CKOPOCTH PEAKIMU M XMMHUYECKOTO

paBHOBECHS;

OTBETUTb HAa KOHTPOJIbHBIE BOIPOCHI:

1. Yrto Takoe oTHOCUTENbHAS aTOMHasi Macca? PaccunTaiiTe OTHOCUTEIBHYIO aTOMHYIO MaccCy CEpbl,
ect m(S)=5,3-102 r, am(C)=2,0-102 .

2. PaccumraiiTe aOCOJMIOTHYIO MacCy MOJICKYJIBI CEPHOM KHUCIIOTHI, €CIM €€ OTHOCHUTEIbHAs
MOJIEKYJIsIpHasl Macca paBHa 98.

3. OtHocuTenbHAs IUIOTHOCTBH Ta3a IO BOAOPONY, coaepxkamero 27,27% yrnepona u 72,73%
KHcaopona, paBHa 22. Onpenenutre OTHOCUTENBHYIO MOJEKYJISPHYIO Maccy Tra3a M €ro
XUMUYECKYIO (hopMyiTy.

4. OrtHOcUTENbHBIE TUIOTHOCTU Ta30B 1O BO31yXy paBHbl: a) 0,9; 6) 3,17. Onpenenute maccy 1 1
Ka)JI0ro rasa.

5. Omnpenenute, Kako 3TO0 MeTami, ecid 1,6 T kanblus ¥ 2,615 r© ABYXBaJEHTHOrO MeTaiia
BBITECHSIOT U3 KMCIIOThI OJJMHAKOBBII 00BEM BOAOPOAA IIPU OJTHUX U TEX KE YCIOBUSIX.

6. Xnopun meramia coaepkut 69% xnopa. OTHOcUTENbHAs aTOMHAs Macca MeTajlia paBHa 47,9.
OmnpenenuTte CTENEHb OKUCIEHUS METAJUIA B 3TOM COEJUHEHUU.

7. Tlpu temneparype 100°C u maBnenun 50 atm. ras 3anumaer o6bem 10 M. IIpusenute oObem
9TOrO ra3a K H.y.

8. Uemy paBHa Macca | MOJIb S5KBHBAJICHTOB 0JI0BA B PEAKIUAX €0 BOCCTAHOBNEHH: a) Sn*" +2e =
Sn**; 6) Sn*" +4e = Sn’

9. PaccuutaiiTe MOJSPHYIO MacCy SKBUBAJICHTA JKEJI€3a B COCIUHEHUSAX €r0 C KHUCIOPOIOM,
conepskanux a) 70 u 6) 77,8% xenesa.

10. Omnpenenute SKBUBAJIEHT U MOJSPHYIO MacCy SKBUBAJ€HTa HMOHOB JK€J€3a B IPHUBEIECHHBIX
peakimsx: a) Fe’™ +1e = Fe**; 6) Fe** + 30H = Fe(OH);

11. PaccuuTaiiTe MOJSIpHYIO MacCy 3KBUBaJIeHTa MeTasuia, eciid 0,029 T ero BEITECHSIOT U3 KUCJIOTHI
30 M Bomoposa (H.y.).



12.

13.
14.

15.
16.
17.

18.
19.

20.

21.

IIpn coenunenun 3,2 T xene3a c¢ kuciaopogom Belaenuinoch 40 x/[x temna. Paccuwmraiite
SHTAJBINI0 00pa3oBaHus okcua xenesa (I1).

PaccuuTaiitTe TEMI0TBOPHYIO CIOCOOHOCTH METaHa.

PaccunTaiiTe KOJTMUECTBO TeIa, KOTOPOe BBIIETUTCS pK cropanuu 50 M° cMecn, cocTosiei u3
50% kucnopona, 25% Boaopoa u 25% yriekuciaoro rasa.

CrenaiiTe BBIBOJ O BO3MOKHOCTH CaMONPOU3BOJIBHOIO MPOTEKAHUS PEAKLINUN B CTaHAAPTHBIX
yCIoBuUsX, eciu u3BecTHO, uto AH,Y = - 293 /I, AS,’ = 27 JIx/K.

Bo CKOJIBKO pPa3 M3MEHNUTCS CKOPOCTh PEaKIMU MPH N3MeHeHHH TeMmepatypsl Ha 30°C, ecu y =
3,0?

Kak uzmenurtcs vnp razodasnoit peakunu 2A + 3B = 2C npu yBenuyeHUH JaBjieHus B 2 paza?
[ToueMy vnp peakunu Na + HoO — oTiinuaercs oT vnp peakuuu Ca + HO —?

N3menenne kakux (pakTopoB BBI30BET CMEIICHNE paBHOBECHS 0OpaTuMoii peakuuu N2 + 3Hz <>
2NH3; AH?7 =-92 x/I>X B CTOpOHY IIPSIMON PEAKIUU?

Bberuncnure ucxoaHble KOHIIEHTPALMK BEIIECTB, €CJIM PAaBHOBECHBIE KOHLUEHTPALMU U3BECTHBI:
2NO + Cl; <> 2NOCI, [NO]=1,5 mons/n, [Cl2]=1 mons/m1, [NOCI]=0,5 Mmomns/m.

Onpenenure dHEPIUI0 aKTUBALMU PEAKIMM, €CIM KOHCTaHTa CKOpocTH peakuuu npu 283 K
coctasiger 0,4, a mpu 303 K- 1,8.

Moayas 2. CTpoeHne aTOMa U XUMHYeCKasi CBA3b
TeMbl JeKIIMOHHBIX 3aHATHH:

[TpoucxoxaeHue u KiaccuPuKaus XuMUYECKUX FIEMEHTOB.
CoBpeMeHHOE MPECTaBICHUE O CTPOCHUU aToMa. DJIEKTPOHHOE cTpoeHue aToMa. OCHOBHBIE

XapaKTepUCTUKU aTOMOB.

[epuonnyecknii 3akoH. Ctpykrypa [leproanueckoii TaOaHIIbL.
[leproauyHOCTh M3MEHEHHS] CBOWMCTB 3JIEMEHTOB. PacnpocTpaHEHHOCTh XUMHUUYECKUX

9JICMCHTOB.

[Tpupona xumuueckoit cBa3u. KoBaneHTHas CBS3b.

I'ubpuamsanms. Meron BaleHTHBIX CBSI3EH.

Teopurs B3aMMHOTO OTTAJIKMBAHMS 3JIEKTPOHHBIX ITap.

Metoa MOJIEKyISIPHBIX OpOUTaNIEH.

Nonnas cBs3b. [lonapu3yemMocTsb U NOJIApU3yroniee 1eCTBUE HOHOB.
Meramnuueckasi CBA3b. 30HHAsI TEOPHUST KPUCTAIIIOB.
MeXMOJEKyIIpHbIE B3AUMOACHCTBHUS.

CrtpoeHnue BelecTBa B pa3IMUHbIX arperaTHbIX COCTOSTHUSIX.

Tembl IPaKTHYECKUX 3aHATHA:

CTpoeHue aToMa 1 MepUoIUYECKUi 3aKOH.
Meton BaneHTHBIX CBSI3EH.

MeToa MOJIEKYISIPHBIX OpOUTAIICH.

Hrorosast KoHTpoJbHASA paboTa Mo Moaymsam 1,2.

Tema 1200paTOPHOrO 3aHATHS:
Komnoksuym 1 mo remam monyneit 1, 2.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:

UMETH Hpe,Z[CTaBJIeHI/Ie (0] COBpeMeHHOI\/'I T€OpI/II/I CTpOCHI/II/I aToMa, KBAHTOBbBIX YHCJIAX, HpaBI/I.HaX nu
MPUHIMIIAX 3aroJIHEHUs aTOMHBIX OpOWTalield MHOTOXJIGKTPOHHBIX aTomoB; Ilepmoamdeckoii
cucreme J[.MI. MenpaeneeBa; XMMHUYECKON CBS3HM, €€ BUIAX, XapPaKTEPUCTUKAX, THOPUAMU3AIINH,
METO/I€ BJICHTHBIX CBSI3€H M METOJIE MOJIEKYJISIPHBIX OpOHTaNiel, TuOpuan3anuu, meto e [ ninecnu.

3HATb:



TEOpUU CTPOCHHS aTOMa, COBPEMEHHAsI TEOPUS CTPOCHHS aTOMa;
XUMHUYECKasl CBSI3b: KOBAJICHTHAs, HOHHAS, METAJUIMYECKast, BOJAOPOIHAS;
30HHAs TEOPHs KPUCTAIIIOB,;

METO/] BAJICHTHBIX CBA3€H U METOJl MOJIEKYJIIPHBIX OpOUTaIeil;
rubpuauszanus, meroa ['mmnecnu;

MEXXMOJIEKYJIIpHbIE B3aUMOJICHCTBUS.

YMeTh:

COCTABJISITH JICKTPOHHYIO KOHPUTYPAITUI0O XUMUYECKHUX JICMEHTOB;

OMNPCACIIATL THUIL XUMHUYECKOHN CBSI3U B BCIICCTBC, CTO MPOCTPAHCTBCHHOC CTPOCHUC, MATHUTHBIC
CBOMCTBA;

COCTABJISITh CTPYKTYPHYIO (DOPMYJTy BEIIECTBA.

MeTtoauyeckue peKOMeHAAINH 110 H3YYEeHUIO MOTYJIsI
[Tpu ocBOeHMM MOYIs1 HEOOXOJUMO:
U3y4UTh Yy4YeOHBIM MaTepuag IO COOTBETCTBYIOUIEMY MOJAYJIO JUCHUIUIUHBI, HCIOIb3Ys
JIEKLIMOHHBIN MaTepHall U JIUTEPATYPY IO NaHHOU TEMAaTHUKE;
aKLEHTUPOBAaTh BHUMAaHME HA: CTPOEHUM aToMa M €ro XapaKTepUCTHKAaX; XUMHUYECKOW CBA3H,
IPOCTPAaHCTBEHHOM CTPOEHUU MOJIEKYJ U HOHOB;
OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI:
1. CoctaBbTe 3JEKTPOHHYIO KOH(PUTYPALIHIO JIEMEHTA C aTOMHBIM HOMEPOM 25.
2. Omnpenenute HAOOp KBAHTOBBIX YUCEIN JIJISI BCEX DJIEKTPOHOB JIEMEHTA C aTOMHBIM HOMEpoM 22.
3. Omnpeaenute TUI XUMUUYECKOM CBSI3U B MOJIEKYJIaX YrapHOI'O ra3a, XJIOpUa JIUTHSI U paCCMOTPUTE
00pa30BaHNE XMMHUUYECKON CBSI3U 10 METO/Y BAJICHTHBIX CBSI3€il.
4. Ormpenenure NPOCTPAHCTBEHHOE CTPOCHME TeHTaxJopuaa Opoma, audropuaa oIoBa,
nepopomaT-moHa.
5. Tlo mMeTony MONEKYISPHBIX OpOUTaNel yCTAaHOBUTE MOPSIOK CBSI3U M ONpPEAETUTE MAarHUTHBIC
CBOMCTBa B IMaHUA-UOHE U okcuae azota (II).

Moayab 3. PacTBOpbI M 3JIEKTPOXUMHYECKHE MPOLECCHI

TeMbl JeKIIMOHHBIX 3aHATHH:

XHUMHUYECKUE PABHOBECHUS B PACTBOPAX: COJIbBATALIUSL, IPOLIECC PACTBOPEHUSI.

KomnuratusHble CBOMCTBAa pacTBOPOB.

PactBopsI anekTponutoB. IoHHOE MpOU3BEICHUE BOIbI.

[IpousBenenue pactBopuMOCTH. ['maponu3 coneil. HampaBieHne OOMEHHBIX MPOLIECCOB B
pacTBopax 3JIEKTPOJIUTOB.

OKHUCIUTENbHO-BOCCTAHOBUTENIBHBIE  pPEaKIMM:  METOJbl  3JEKTPOHHOro OajgaHca U
MOTypEaKnid.

OnexTpoHbli noTeHuuan. HanpasieHne OKMCINTENbHO-BOCCTAHOBUTEIBHBIX PEAKLIHIA.

IIpencrapienue qaHHBIX O MOTEHIMANIAX B BUAe auarpamm Jlatumepa, @pocra.

DNEKTPOXUMHUYECKHE CUCTEMBI. |"albBaHUUECKHE ITPOLIECCHI.

DIIEKTPOJIN3 PACIUIABOB M BOJIHBIX PACTBOPOB.

KonunuecTBeHHBIE 3aKOHBI 3JIEKTPOJIN3A.

Koppo3zus metanmnos.

CriocoObI 3aIIUTHl METAIIIOB OT KOPPO3HH.

CuMMeTpHsi MOJIEKYII.

TeMbl NPaKTUYECKUX 3aHATHIA:
CBoiicTBa pacTBOPOB HEAIEKTPOJIUTOB.
CBolicTBa paCTBOPOB AJIEKTPOIUTOB.



OKHCIIMTEIFHO-BOCCTAHOBHUTEIIbHEIC pCaknuuu: METoq HonypeaKuHﬁ.
Huarpammsl Jlatumepa, @pocra.

DNEKTPOXUMHUYECKHE ITPOLIECCHI.

HToroBast KOHTpoIbHAs paboTa 1Mo MOIYIIIO 3.

TeMbl 12a00pPATOPHBIX 3aHATHIA:

[IpurorosieHne pacTBOPOB 3aJaHHON KOHLICHTPALIUH.
PacTBOpBI 37E€KTPOIUTOB.
OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE PEAKIIMH.
DIIEKTPOIN3 BOJHBIX PACTBOPOB.

Koppo3zus metaninos.

KomnokBuym 3 mo moaysmro 3.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:

UMEThb MpEJCTaBIeHHEe 00 HCTUHHBIX PAcTBOPAxX; CBOMCTBAX pPAacTBOPOB; CHOCO0aX BBIPAKECHUS
KOHIIGHTpPAIlUd PAcTBOPOB; 00 OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIUAX; JIJICKTPOTHOM
NOTEHIMANE; JJIEKTPOXUMUYECKUX IMpolleccax: TrajJbBaHMUYECKUX, DIEKTPOJIM3a, KOPPO3UH,
CUMMETPHUHU MOJICKYII.

3HATh:
COCTaBHBIE YAaCTH PACTBOPOB; KOJIMUECTBEHHOE BBIPAXKEHUE COCTaBa PACTBOPOB;
CBOICTBa paCTBOPOB HEAJIEKTPOIUTOB U IJIEKTPOJIUTOB;
HanpaBlieHue OOMEHHBIX MPOIIECCOB B PACTBOPAX AJIEKTPOJIUTOB;
METO/Ibl YPAaBHUBAHUS OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKINI (METO/1 AJIEKTPOHHOTO OanaHca
Y TIOJTYPEaKIINiA );
nuarpaMmmsl Jlatumepa u ®pocra;
raJIbBAHUYECKUE TIPOIECCH U padOTy ralbBAaHMYECKHUX IJIEMEHTOB;
AJIEKTPOJIN3 PACIIIaBOB U BOAHBIX PACTBOPOB AJIEKTPOIUTOB;
3aKOHBI 3JIEKTPOJIH3A;
BU/JIbI KOPPO3UHU U MEXAHU3MBI UX TPOTEKAHUS;
CIOCOOBI 3aIUTHl METAJUIOB OT KOPPO3UU;
CUMMETPUIO MOJIEKYJ
yMeThb:
MPOBOJANTH XUMHUYECKHI SKCTIEPUMEHT U aHATHU3 TIOTYYCHHBIX PE3yJIbTaTOB;
TOTOBUTH PACTBOPHI 33IaHHON KOHIICHTPAIHH
OIPEAEIATh KOHIEHTPALMIO PACTBOPOB;
OTIpEIeIIATh CBOICTBA PACTBOPOB;
paccTaBiATh KOA((OUIUEHTHI B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUAX;
aHaAIM3UpOBaTh AuarpaMmmsl Jlarumepa u @pocra;
COCTaBJISITh TaJIbBAHUYECKHUE MPOIIECCHI, ONPEIECISITh SJIEKTPOABIKYIIYIO CUITY TallbBAHUYECKUX
3JIEMEHTOB;
COCTAaBJISITh IIPOLIECCHI AJIEKTPOJIU3A PACIIIAaBOB U BOJAHBIX PACTBOPOB AJIEKTPOIUTOB;
OTIpeNIeNATh KOJIMYEeCTBA 00Pa3yIOIUXCs Ha 3JIEKTPOIaX BEIIECTB MPH JIEKTPOIIU3E;
COCTaBJISITh MPOLECCHl XMMUYECKOM U 3IEKTPOXUMHUYECKO KOPPO3HH;
moaAOHUpaTh CIOCOOBI 3alTUTHI METAJIJIOB OT KOPPO3HH.

Meroanyeckue peKOMeHAALMH 110 H3YYECHUIO MOAYJIS

[Tpu ocBOeHMM MOYI1s1 HEOOXOJUMO:
U3y4UTh Yy4YeOHBIM MaTepuag IO COOTBETCTBYIOUIEMY MOAYIIO JUCHUIUIUHBI, HCIOIb3Ys
JIEKLIMOHHBIN MaTepHall U JIUTEPATYPY 1O NTaHHOU TEMAaTHUKE;



aKIEHTUPOBATh BHUMAaHKE Ha: COCTABE PACTBOPOB; CIIOCO0AX BHIPAXKEHUS KOHLIEHTPAIIMH PACTBOPOB;
UIEKTPOIUTAX M HEDJIEKTPOJIUTAX; CBOMCTBAX HEIIEKTPOJUTOB M DIJIEKTPOJUTOB; METOJaX
AIIEKTPOHHOTO OajlaHca M Moylypeakiuil; ananuse auarpamm Jlatumepa n @pocra; raabBaHHYECKUX
npolieccax; paboTe ralbBaHUUYECKHX 31eMeHTOB; pacueTe DJ[C; aHOAHBIX U KaTOAHBIX PEAKIMSIX IPU
aneKTponuse; 3akoHax dapanes; TMIAX M MEXaHM3Max PA3UYHBIX BHUJOB KOPPO3UH; crocobax
3alIUThl METAJUIOB OT KOPPO3UHU.

OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI:

1.

whw

— =00

12.

13.

14.

15.

16.

17.
18.
19.
20.

21.

22.

23.

24.

25.

KakoB Ttunm xummuueckol cBs3M B 2nekTposntax? Kakme 3I€KTpOIMTBHI  HAa3bIBAIOT
noTeHIManbHbIMU? UcTHHHBIMU?

Hanumute nucconmanuio a) cynsputa HaTpHst u 0) ruapodocdara Kanus 1o nepBoil 1 BTOpoi
CTYHEHSIM.

BripasuTe KoHCTaHTY quccoranuu opropocdopHoil KUCIOTHI IO IEPBOM CTYIICHH.
Onpenenute creneds qucconuarnuu 0,01 M pacTBopa ykcycHO#H kucaotsl, eciau K= 1,74-107,
Uro moka3pIBaeT M30TOHUYECKUH Kod(p¢uiment? Kakas cBs3b CyIIECTBYET MEXIY CTEIEHBIO
JMCCOLMALIMY JIEKTPOJIUTA U U30TOHNYECKUM K03 (ppunimeHTom?

Omnpenenute Temmnepatypsl kurnenus u 3amep3anus 0,01 m pactBopa cynbdara HaTpusi, €Clu
CTENeHb AUCCOMHaNu cocTaBisdeT 54%.

UYrto Ha3bIBalOT MOHHBIM IIPOU3BEACHUEM BObI? YUeMy OHO paBHO?

Onpenenute pH a) 0,1 M pactsopa KOH 1 6) 0,1 M pactBopa NH4OH (Kj = 1,74-107%).
OnpesienuTe pacTBOPUMOCTh THAPOKCH/IA allOMHUHUS, eciu ero [P = 5,7-1072,

. Paccuwnraiite ocmotnueckoe masnenue 0,002 M pactBopa 6ensona npu temneparype 17°C.
. Hamuiure rugponus cienyromux coieil u onpeaeuTe cpely ux BoJIHbIX pacTBopoB: NaNOs,

ZnCl,, Na;S, CH3COONHas.

VYpaBHANTE XUMUYECKUE PEAKIMM METOJO0M IOJypeakLuid: a) IepMaHraHar Kajius + HUTPUT
HaTpUs + cepHas KHUCIOTa; 0) MepMaHTraHaT Kaius + HUTPUT HATpUsl + TUAPOKCU] Kallus; B)
IepMaHraHat Kajaus + HUTPUT HATpUs + BOJA.

Omnpenenure o nuarpamme Jlatumepa nist mapranma npu pH=0 u pH=14 ycroituussie popmbl u
(GOpMBI, CKIIOHHBIE K JUCIIPOIIOPIIMOHUPOBAHUIO.

[Toctpoiite nuarpammbsl @pocta 11 azora npu pH=0 u pH=14 u npoananuzupyirte ux.
CocTaBbTe CXeMYy JABYX TaJIbBAHHYECKUX AJIEMEHTOB, B OJIHOM U3 KOTOPBIX KOOATBT CITYXKHII OBI
KaTo/0M, a B IpYroM — aHoAoM. Hanumure ypaBHEeHUsI peakiuii, MPOUCXOIAIIMUX Hpu padoTe
ATUX JIEMEHTOB.

["anbBaHMYECKHI AIEMEHT COCTOUT M3 XPOMOBOTO 3JIEKTpoia, norpyxkeHHoro B 0,01 M pactBop
CrSO4, M cTaHOApTHOTO BOAOPOJHOrO 73JIeKTponaa. Hamuimre ypaBHEHUS 3JIEKTPOIHBIX
nponeccoB. Uemy paBHa ero 3.1.c.?

Kakum ypaBHEHHEM KOJMYECTBEHHO OMKMCHIBACTCS SJIEKTPOTHU3?

UTto paccuuThIBaIOT ¢ momolbio ypaBueHus Hepucra?

CocraBbTe CXe€MY JIEKTPOJIU3a BOJHOIO PACTBOPA XJIOPUAA HUKENS HA HMHEPTHBIX DJIEKTPOJAX.
CocTaBbTe CXEMBI JIIEKTPOJIM3a BOJHOTO pacTBopa xmopuna xkenesa (II), ecnm: a) aHox
JKEJIe3HBIN; 0) aHOJ| YTOJbHBIH.

PactBop comepxut monsl Zn>', Ni?*, Fe**, Cu?" B omuuaxoBoii kxonmentpamuu. B kakoii
MOCIIE0BATEIBHOCTH 3TH METAJUIbl OYAYT BBIACNATHCA NMPH AJIEKTPOJIU3E, €CIM HANpsKEHHE
JIOCTATOYHO JUJISl BBIAEIICHUS JTF000T0 MeTaa?

Brruncnure Mmaccy HUKEIs, BEIACIUBIIETOCS Ha KaTOI€ TPHU MPONYCKaHUU ToKa cuiion 20 A depes
pacTBOp HUTpPATa HUKENS B TEYEHUH 22 4acoB.

[Tpu snexTponu3se pactBopa conu onoa (II) macca katona yBenuuunack Ha 4 1. YTo mpoun3omnuio
IIPY 3TOM Ha OJIOBSIHHOM aHoJie?

Paccunraiite 06beM KUCIOPOIa, KOTOPHI MOXKET OBITh TIOJYUEH MPH AJIEKTPOIU3E TOKOM 5 A B
TEeYEHUE 2 4acoB, €CJIM BBIXOJ 110 TOKY cocTaBiisieT 85%.

[Ipu npoxokIeHUH Yepe3 pacTBOP COJM TPEXBAJIECHTHOIO MEeTaJIa TOKa cuiion 1,5 A B TeueHuun
30 muH Ha karoje Beienunoch 0,18 r metanna. Beruncnure MOJIsIpHYIO Maccy MeTajuia U pacxoj
3JIEKTPOIHEPIUH, €CIIA U3BECTHO, YTO HANPSDKEHHE B CETH paBHO 6 B, a BeIxox 1no Toky 72%.



26. Kakoil KOHTaKT sIBJII€TCSI HauboJiee KOppo3nOHHOONACcHbBIM Juis xkene3a: Fe/Cu, Fe/Sn, Fe/Ag?

27. B KOHTAaKTe C KAKMM M3 METAJUIOB ME/Ib SBJIIETCS aHOJIOM: XPOM, 30J10TO, HUKEJIb.

28. HanummTe 31eKTpPOXUMUYECKHE MPOLECChl (AHOIHBIN U KaTOIHBIN), MPOTEKAIOIINE B KOHTAKTE
Al/Cu B pacTBOpe XJIOpHIa HATPHSI.

CeMmectp 2. Kypc «Heopranndeckass XuMusl H XUMHS DJIEMEHTOB 2»

Monayasb 1. BBeneHue B XMMHUIO 3JIEMEHTOB. S-3JIEMEHTbI

Tembl JIEKUMOHHBIX 3aHATHIA:

KoopauHanmoHHbIe COeTMHEHUS: HOMEHKIIATYPa, KIacCHPUKAIIUS.

CTpoeHue U yCTOMYMBOCTh KOOPJIMHAITMOHHBIX COCIMHEHUM.

IIpocTslie BemecTBa: CTPyKTypa, CBOMCTBA, ITOIy4YEHUE.

JIByX31€MEHTHBIE COCIMHEHMS: XapaKTEPUCTHKA MO THUIY XUMUYECKOW CBSA3U, CPABHEHUE
YCTOMYMBOCTH, OCHOBHO-KHCIIOTHBIE CBOKCTBA.

TpexaneMeHTHbIE COEIMHEHMS: IPOU3BOJHBIE AHUOHHBIX KOMIUIEKCOB, CMEIIAHHBIE
COCIMHEHMUSI, TBEP/IbIE PACTBOPHI, SBTEKTHUKA.

HecrexmomeTpuuecknue COECOUHEHHS: COEOUHEHUs IIEPEMEHHOIO COCTaBa, COEIWHEHMS
BKJIFOUCHUSI.

Bonopon.

Xumus aneMeHToB | rpynmnsl I[leproanyueckoit cucTeMsl.

Xumus 351eMeHTOB 2 rpymibl [lepruoanyueckoil CUCTEMBL.

TeMbl NPaKTUYECKUX 3aHATHIA:
Koopaunanmonusie coeIMHEHMUS.
JnarpaMMpbl IJIaBKOCTU CUCTEM.
MeTaminl U CIIaBHI.

s-31eMeHThI [leproinueckoi CUCTEMBI.
JKecTKOoCTh BOJIBI U CLTOCOOBI YMSATYCHHS.

Tembl J1a0OPATOPHBIX 3aAHATHIA:
KoopauHanMoHHbIE COETMHEHHUS.

CBoiiCTBA S-2JIEMEHTOB M UX COCAMHEHUM.

Cuntes nepokcua 6apus U U3ydeHUe ero CBONCTB.
KecTkoCTh BOJIBI U CITOCOOBI yMSATUCHHS.
Komnoksuym 1 mo monysmro 1.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:
MMETh MPEJICTABICHUE O KOMIUIEKCHBIX COCIMHEHUSIX, HOMEHKIIATYPE KOMIUIEKCHBIX COEAUHEHHUI,
YCTOMYMBOCTH KOMIIJIEKCOB; CTPYKTYp€, CBOMCTBAX, METOAAaX MOJYYEHHUS MPOCTHIX BEIIECTB; ABYX-
U TPEXDIIEMEHTHBIX COCIMHEHUSX; TBEPABIX PACTBOPAX, O3BTEKTHUKH, HECTEXHMOMETPUUYECKHUX
COCTMHCHUSIX; OCHOBHBIX (DH3WYECKMX M XHMHUYECKHX CBOMCTBAX S-3JIEMEHTOB, CIOCO0axX HX
MOJIYYEHUS U IPUMEHEHUH; )KECTKOCTH BOJBI U METO/IAX €€ YMATYECHHUS.

3HATh:
HOMEHKJIATyPy KOMIUIEKCHBIX COCITMHEHUN, UX CBOWCTBA;
CTPYKTYPY, CBOHCTBA M CIIOCOOBI MOJYYCHHUS ITPOCTHIX BEIIECCTB;
CBOMCTBA JBYX- U TPEXAIIEMEHTHBIX COEIUHEHHUI;
0COOEHHOCTH HECTEXMOMETPUUYECKHUX COCAMHEHUM;
CBOMCTBA S-3JIEMEHTOB, CITOCOOBI X MOJYYCHHUS U IPUMEHEHUS;
JKECTKOCTb BOJIBI M CTIOCOOBI €€ YCTPaHCHHUSI.



YMeTh:
IIPOBOJIUTHh XUMUYECKHUM KCIIEPUMEHT M aHAJIN3 MOJYUYECHHBIX PE3yJIbTaTOB;
OTIpeNIeNIATh CTPYKTYPY, CBOMCTBA M CITOCOOBI MOJIy4EHHSI TPOCTHIX BELIECTB;
XapaKTEPU30BaTh ABYX- U TPEXDJIEMEHTHBIE COCIMHEHNUS;
orpenenaTh GU3NYecKue 1 XUMHUUYECKHE CBOMCTBA S-3JIEMEHTOB;
COCTaBJIATh YPABHEHUS XUMUUYECKUX PEAKLIMI C yUaCTHEM S-3JIEMEHTOB;
OIIPEIEIATD KECTKOCTh BOJBI,
YCTPaAHATH )KECTKOCTh BOBI.

MeToanyeckue peKOMeHIAMUH 110 U3YUEHUIO MOAYJIs
[Tpu ocBOeHMM MOAYIISI HEOOXOAUMO:

U3YYUTh Yy4eOHBIH MaTepuaJ 1O COOTBETCTBYIOIIEMY MOMAYIIO JIUCHUIUIHHBI, HWCIOJb3Ys

JIEKLIMOHHBIN MaTepHall U JIUTEPATYPY 11O NTaHHOU TEMAaTHUKE;

aKLIEHTUPOBATh BHUMAaHHE HA: HOMEHKJIAType KOMIUJIEKCOB; CTPYKTYpE, CBOWCTBax IMPOCTHIX,

OMHApHBIX U TPEXAIEMEHTHBIX BEIIECTB; XapaKTEPUCTUKAX U CBOMCTBAaX S-3JIEMEHTOB; KECTKOCTHU

BOJIBI M CIIOCO0AX €€ yCTpaHCeHHS;

OTBETUTH HAa KOHTPOJIbHBIE BOIIPOCHI:

1. Ha3BaTh ykazaHHbIE KOMIUIEKCHBIE COCIMHEHUSI, ONMPEAEIUTE COCTaB BHEIIHEH W BHYTPEHHEH
cep, KOMILIEKCOOOpa3oBaTeb, JIUTaH]IbI, KOOPJAUHAIIMOHHOE YUCJIO, 3apsn
KOMIUIEKCO0Opa3oBaTelisi, HAaUIIUTE MEPBUYHYI0O U BTOPUYHYIO AMCCOLMAIMU KOMILIEKCOB U
BBIPA3HTh sl HUX KOHCTaHTY HecTorkocTh: [Rh(N2)2Cl2]CN, Ki[Ir(C204)2Cl2].

2. CocTaBUTh XUMHYECKHE hopmyIsl o (14% (011117 0.4 KOMIUIEKCHBIX COCMHEHHUI:
muarieraroauOpomokympat (1) kamus; ionoauazorcepedpo (I).

3. CoCTaBUTh U Ha3BaTh 4 KOMIUIEKCHBIX COeIMHEHNs U3 YKa3aHHBIX HOHOB U Mojekyn: Fe’*, H,0,
Na', S2.

4. CocTaBUTbh YpaBHECHUS PEAKIIUM:

NaH + H,O — ; K+ HCl — ; Mg+ H,O — ; BeO + Na,O — ; BaS + H,O —

5. Hamucatp mpoliiecchl MOMTY4YeHHsI JIUTUS, HATPUS, Kallusl 3JIEKTPOIU30M pacCIsIaBOB UX COJiel ¢
YTOJIBHBIMU 3JIEKTPOJAMHU.

6. CpaBHUTb XMMHYECKYI0 AaKTUBHOCThH S-DJIEMEHTOB B IpyMMax C YBETUYEHHEM MOPAIKOBOTO
HOMEPA 3JIEMEHTA.

7. Kakue Merauibl Ha3bIBAIOTCS IMIEIOYHBIMH U TodyeMmy? UTo 00Imero B CTPOCHHHM BHEUTHUX

AIIEKTPOHHBIX 000JI0UYEK UMEIOT aTOMBI IIEIOYHBIX METAJIOB?

Hamucatp ypaBHeHUs TUApoIn3a:; a) kKapoOoHata HaTpus; 0) docdara Kamusl.

9. Hanucate ypaBHEeHUs peaklMii, IPU MOMOIIU KOTOPBIX MOXKHO OCYIIECTBUTH MPEBPALICHHUS:

a) K - KOH — K;CO3; — KHCO3 — KNO3
6) NaCl - HCl —- KCl - K — KOH

10. Kakwue BemiecTBa B TEXHUKE HA3BIBAIOT: KAIBIIMHUPOBAHHOM COJOM, KPUCTATUTMYECKOU COJIOH,
MUTHEBOU COAOU, KAyCTUYECKOU COn0n?

11. Yto oOmiee MMEIOT B CTPOCHHMHM BHEIIHUX 3JIEKTPOHHBIX 000JI0OYEeK aTOMbl MeTayioB IIA-
rpynmsi?

12. HanucaTe ypaBHEHUs pe€aKUid MPHU MOMOIIHA KOTOPBIX MOKHO OCYHIECTBUTh MPEBPAILICHUS:

a) Ca — CaO — Ca(OH); — CaCO3 — Ca(HCO3), — CaCO; — CaO
6) Mg — MgCl, — Mg(OH), — MgCl, — MgSO4

13. Iloyemy mpu H3y4EeHUH CBOWCTB 3JeMEHTOB IIA-rpymnmbl BBIAEHSAIOT OepuuIMi, MarHUA U
OCTaJIbHbIE JIEMEHTHI, HA3bIBAEMbIE IIETOUHO-3EMEIbHBIMU?

14. CocraBuTh cxemy 37eKkTponnsa: a) pacrBopa CaCly; 6) pacmaBa MgCla.

o

MopnyJsb 2. p-3j1eMeHTBbI

TeMBI JJeKIMOHHBIX 3aHATHI:
Xumus dieMeHToB 13 rpymmsl [lepruonnueckoi cucteMsl: 00p, ATFOMUHUN.



Xumus sneMeHToB 13 rpynmsl [lepuoandeckoil cuctemMsl: MOArpyIIa rajuius.
Xumug 35eMeHToB 14 rpynmnsl [leproandeckoi CUCTEMBI: YTIEPOI.

Xumus aneMeHToB 14 rpynnsl [lepuoanyeckoil cucTeMbl: KpEMHUH, OATPYIIIA TEPMaHUs.
Xumus 35eMeHToB 15 rpynmsl [lepuoandeckoi CUCTEMBI: a30T.

Xumus snemenToB 15 rpynmsl [lepuoaudeckoii cuctemsr: pocdop.

Xumug 35eMeHToB 15 rpynmsl [lepuoandeckoi CHCTEMBI: TOATPYITIA MbIIIbSKA.
Xumus saneMeHToB 16 rpynisl [lepuoanyeckoil cucTemMsbl: KUCIOPO, Cepa.
Xumusd 35eMeHToB 16 rpynmsl [leppoandeckoi cuCTEMBI: TOATPYIIIA CEJICHA.
Xumus snemenToB 17 rpynmsl [lepuoauuaeckoii cucteMsr: Grop, Xjiop.

Xumus deMeHToB 17 rpynmel [lepruonnueckol cucTeMbl: TOATpyIna Gpoma.
Xumus snemMeHToB 18 rpynimsl [lepuonndyeckoil CUCTEMBI.

Tembl NpaKTHYECKUX 3aHATHIA:

OnemenTsl 13, 14 rpymnm.

OnemeHTsl 15 rpymnmsl.

DneMeHThI 16 rpymnmsl.

OnemeHTsl 17 rpymnmsl.

Hroroas koHTpOaBHAs paboTa mo Moayssm 1, 2.

Tempbl 1a00paTOPHBIX 3AHATHI:

CaoiicTBa 351eMEHTOB 13 rpynmnel U UX COEANHEHUH.

Cunre3 TeTpabopara HaTpUS U U3yYEHUE €ro CBONCTB.

CaoiicTBa 371eMEHTOB 14 rpynnsl U UX COEINHEHUH.

Cunres xnopuaa onosa (II) u u3yuenue ero cBONCTB.

CaoiicTBa 371eMEHTOB 15 rpynnel U UX COEANHEHUM.

CuHTE3 KUCIBIX coeit opToPochOopHOI KUCTOTHI M U3YyICHUE UX CBOMCTB.
CaoiicTBa 351eMeHTOB 16, 17 rpynn U uxX cOeAMHEHUH.

KomnmokBuym 2 o moayio 2.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:
UMCETH HpGI[CTaB.HeHI/Ie O OCHOBHBIX (bI/ISI/I‘IeCKI/IX U XUMHNYCCKUX CBOﬁCTBaX p-BHGMeHTOB, cnoc06ax
WX TIOJTy4YCHUS U IPUMCHEHUH.
3HATh:
OCHOBHBIC (PH3UUYECKHE CBOMCTBA P-IJIECMEHTOB;
XUMHUYECKHE CBOMCTBA P-AJIEMEHTOB;
CIIOCOOBI TIOYYEHUS P-2JIEMEHTOB M UX COSAMHCHHIA,
HpI/IMeHeHI/Ie p-3H€MeHTOB n ux CO€I[I/IHCHHI>'I.
yMeTh:
MIPOBOJIUTHh XUMHUYECKHUM SKCTIEPUMEHT M aHAJIU3 TIOJTYYCHHBIX PE3yJIbTaTOB;
COCTABJISITH JICKTPOHHYIO KOH(PUTYPAITUIO P-3JIEMEHTOB;
onpenensaTh GU3NIECKUE U XUMUIECKHUE CBOWCTBA P-3JIEMEHTOB;
COCTABJISITh YPABHCHUS XUMHUYECKUX PEAKITUHN C y4aCTHEM P-3JIEMEHTOB.

MeToanyeckue peKOMeHIAHHU 110 H3YUYEHUI0 MOTYJIsl
[Ipu ocBOCHHMH MOJTYJISI HEOOXOIUMO:
U3YYUTh Yy4eOHBIH MaTepuaJ 1O COOTBETCTBYIOIIEMY MOMAYIIO JUCIUIUIHHBI, HWCIONb3Ys
JIEKIIMOHHBINA MaTepHall U JTUTEPATYPY MO TaHHOW TEMAaTHKE;
AKIIEHTUPOBAaTh BHUMAaHHME HA: CBOMCTBAX P-3JIEMEHTOB; CIIOCO0aX IMOJIYYCHHUS P-DJIEMEHTOB U HMX
COEMHEHUI; IPUMEHEHNUH P-3JIEMEHTOB U UX COCIMHEHUN;
OTBETUTH Ha KOHTPOJBLHBIE BOTIPOCHI:
1. Yemy paBHa BaJ€HTHOCTH OOpa: a) B HOPMAIHHOM H 0) B BO30Y)KJICHHOM COCTOSITHUU?
2. Kakue coenmnHeHUsI MOKHO MOJIY4UTh, UMesl 00p, MarHuii, COJSHYIO KUCIOTY?



3.

B kakux peakuusix Boiaensercs Bogopoa? a) Al + NaOH —; 6) Al + H2O —; B) Al + HNOj3(pass)
—>; F) Al + H2804(pa36) ad

4. Kakue BemecTBa 00pa3yroTcs B pe3ylibTaTe THApPONu3a: a) cynbduaa amoMuHus; 0) cyiabdara

AITIOMHUHUS?

5. Kakum o6pazom MoxHO monyduTh CO2 B 1a00OpaTOPHBIX YCIOBUSX?

6. Uto Takoe «pactBopuMoe crekino»? ['ae ono npumensercs?

7. lpousoiiaer mu peakuuu Mexay SnCl u FeCls, Pb(NO3)2 u FeCl?

8. [ToueMy nipu pacTBOPEHMH COJIEH OJIOBA B BOJAE PACTBOP MOJIYYAETCSI MYTHBIM?

9.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

UeM 00BSCHSETCS XUMHYECKasi TACCUBHOCTH CBOOOTHOTO a30Ta?

B kakue BemiecTBa MpeBpaIlalOTCsl HEMETAUIbl IPU JIEHCTBUU HA HUX KOHUEHTPHUPOBAHHOMN
a30THOM KucaoThI? Kakue MeTaibl pacTBOPSIOTCS B HEU?

Hammcarp xumuueckue Gopmyibl KucioT — oprodochopHoi, audochopHoi, hochopucton u
dbochopHOBATUCTOM, YIUTHIBAS, UTO TPEThs IBYXOCHOBHAS, a YETBEpTasi OJJHOOCHOBHA. KakoBa
creneHb okucienus pochopa B HUX?

CpaBHHUTH KHUCIOTHO-OCHOBHBIE M OKHUCJIHUTEIbHO-BOCCTAHOBUTEIBHBIE CBOMCTBA OKCHUIOB,
TUAPOKCHUOB, COJIEH MBIIIbAKA, CypbMbl U BUCMyTa. HamucaTh COOTBETCTBYIOIINE YpaBHEHUS
peaKuuii.

[TpuBectn MexaHu3M oOpa30BaHUs HOHA THIPOKCOHUS.

Kakue u3 npuBeleHHbIX COCAMHEHUN SBISIOTCS MPOU3BOJIHBIMU NEPOKCHAA Bojopoaa: MnOa,
BaO,, SnO,, Ca0O,, PbOs.

Hanmcate ypaBHEHHUS CTYNEHYAaTOM IHCCOLMALMU CEPOBONOPONHONW KucCioThl. Kak Oymayt
CMEIIaThCsl PAaBHOBECHS TIPH MTPUOABICHUH: a) CEPHOU KUCIIOTHI; 0) HUTpaTa CBUHIIA; B) IICIOYH?
Yro Oyaer mMpoUCXOIUTh MPH JEHCTBUN KOHLIEHTPUPOBAHHOM CEPHONM KUCIIOTHI HA: a) OpOMH
HaTpus; 0) yriuepon; B) cepy? CocTaBUTh ypaBHEHUS PEaKIIMA, MPOTEKAIOIINUX TPU HATPEBAHUH.
CKOJIBKO MOJIEKYJT U aTOMOB COJIEPKUTCS B 5,6 11 BogOpoia pH H.Y.?

CKOJIBKO TPaMMOB IIMHKA HAJ0 B35Th, YTOOBI MPHU B3aUMOJCHCTBHUU C CEPHOM KHCIOTOM
NoJIy4uTh 5,6 J1 BOJOpoAa npu H.y.?

OOBACHUTD 3aKOHOMEPHOCTh W3MEHEHHUS OKHUCIUTEIbHBIX CBOMCTB TajOre€HOB HAa OCHOBAHHUHU
CTPOEHHUS JIEKTPOHHBIX 000JI0YEK UX aTOMOB.

OOBACHUTB, MOTYT JIK B PACTBOPE COBMECTHO CYIIIECTBOBATH CIICAYIOIINE BEUIECTBA: a) OpOMHAs
BOJIa U CEPOBOJIOPO; 0) XJIOpHAst BOJA U XJIOPOBOAOPO/: B) XJIOPHAsl BOJa U OPOMOBOJIOPO/I; T)
XJIOpHAs BOoja ¥ HOu Kamust; xiopua skenesa (I11) u momun kanus.

Monayasb 3. d-3;1eMeHTbI

Tembl JTeKUMOHHBIX 3AHATHIA:

Xumus 3neMeHToB 3 rpynmnsl [leproanueckoit cucTeMsl.
Xumusd 35eMeHTOB 4 rpynibl [leproanyeckoil CUCTEMBI.
Xumus 351eMeHTOB 5 rpynisl [lepuoaudeckon CUCTEMBI.
Xumusd 31eMEeHTOB 6 rpyniibl [leproanyeckoil CUCTEMBI.
Xumus 351eMeHTOB 7 rpynisl [lepuoaudeckoi CUCTEMBI.
Xumusd 371eMeHTOB 8 rpyniibl [leproanyeckoil CUCTEMBI.
Xumus aneMeHToB 9 rpynmnsl Ileproanueckoit cucTeMsl.
Xumus sneMeHToB 10 rpynmsl [lepuoandeckoi CUCTEMBI.
Xumus snemeHToB 11 rpynnsl [lepuonndeckoil CuCTEMBI.
Xumus 35eMeHToB 12 rpynmsl [lepuoandeckoi CUCTEMBI.
XUMHUS TaHTAaHUIOB.

XUMHUST aKTUHHUIOB.

TeMbl NpakTUYeCKUX 3aHATHIA:
OnemeHTsI 3-5 rpymni.
DJIeMEeHTHI 6 TPYIIIIHI.



OneMeHThl 7 TpyMIbl.

OnemenTsl 8-10 rpymni.

OnemeHTs! 11 rpynmsl.

DJyieMeHTHI 12 rpymnmsl.

HToroBast KOHTpOJIbHAsL paboTa 10 MOAYIIIO 3.

Tembl J1a00PATOPHBIX 3aHATHIA:

CaoiicTBa 3JIEMEHTOB 6, 7 TpyMI U UX COCAUHEHHI.

Cunre3 conu Mopa 1 U3y4eHHe ee CBOMCTB.

Cunre3 rekcanutpuTokobansrara (I1) HaTpus 1 U3ydeHHne ero CBOMCTB.
Komnoksuym 3 o Mmoayio 3.

H3y4nB faHHBIA MOAYJIb, CTYJIEHT JOJIKEH:
UMETH MIPEJICTABICHHE O OCHOBHBIX (DU3MUECKUX U XMMUYECKHUX CBOMCTBaxX d-311€eMEHTOB, criocobax
UX MOJIy4E€HHUs U IPUMEHEHHH; )KECTKOCTH BOJBI U METOJIAX €€ YMATYCHUS.

3HATb:

OCHOBHBIE (pr3ndeckue cBoicTBa d-2JIEMEHTOB;
XAMHYECKHE CBOMCTBA d-2JIEMEHTOB;

CrocoObI MoJTydeHus d-37IeMEHTOB M IX COSAMHEHU;
pUMEHEHHE d-32JIEMEHTOB M MIX COCTUHCHHUIH.

yMeThb:

IPOBOJIUTH XMMHUYECKHH SKCIEPUMEHT U aHAJIM3 MOJIyYEeHHBIX PE3yIbTaTOB;
COCTABJIATH JEKTPOHHYIO KOH(UTYypannio d-3JIeMEHTOB;

onpeaensiTh (U3nIecKue U XUMUIECKUE CBOWCTBA d-2JIEMEHTOB;
COCTABJIATh YPABHEHUSI XUMUYECKHUX PEAKIINH ¢ ydacTueM d-371eMEHTOB.

MeToanyeckue peKOMeHIANMUH 110 U3YUEHUIO MOTYJIS
[Ipu ocBOCHMH MOJTYJISI HEOOXOIUMO:

U3YYUTh Yy4eOHBIH MaTepual TO COOTBETCTBYIOIIEMY MOMAYJIIO JIUCHUIUIMHBI, HCIOJb3Ys
JIEKLIMOHHBIN MaTepHall U JIUTEPATYPY 11O NTaHHOU TEMAaTHUKE;

aKIICHTUPOBATh BHHUMAaHHE HAa: CBOMCTBaX d-37IeMEHTOB; crmocoOax MorydeHHus: d-2JIEeMEHTOB U HX
COCTMHCHUI; TPUMEHEHUHN d-2JIEMEHTOB U UX COSAMHEHU;

OTBETUThH HA KOHTPOJIbHBIE BOMPOCHI:

l.
2.

nhkw

10.

11

13.

Hanwucats snextponHble hopMyisl Menu, cepedpa, 30510Ta.

B uyeM MOXHO pacTBOpPUTH 3JIeMEHTHl mNoArpynmnel menu? HamucaTe cOOTBETCTBYIOIINE
YpaBHEHUs PEaKLIUiA.

CocraBuTh cxemy 3J1eKTpoau3a cynbdara meau (I11) Ha cepeOpsIHBIX AIEKTpoIax.

Ha xakux peakimsx 0OCHOBaHO IPUMEHEHHE cojiel cepedpa B poTorpapuu?

VYkazaTh cpeny NEPEeUYMCIEHHBIX PEaKIMil Te, B KOTOPBIX BBIACNISETCS BOAOPOA: a) LMHK +
TUAPOKCHUJ Kallust; 0) PTYTh + COJISTHAas KUCJIOTA; B) IMHK + cepHast KucioTa (paso.); T) kaamuii +
azoTHas kucnora (paz0.). CocTaBUTh ypaBHEHUS PEAKIIHi.

B yem MOHO pacTBOPUTH TUAPOKCHU] IIMHKA?

Kakoe BemiecTBO MOKHO HMCHOJb30BaTh AJSl CIEAYIOMIMX MPEBpAIICHUN: a) IMUHK — IIMHKAT
Hatpus; 0) Hutpat prytu (II) — okcua prytu (II). CocTaBuTh ypaBHEHHUS peaKLUii.

Kakue coeaunenust o6pa3yroTcsi Mpu pacTBOPEHUU THJIPOKCHUJIOB IIMHKA U KaIMHS B PacTBOpE
ammuaka? CocTaBUTh YpaBHEHMS pEaKLIUM.

Kakwue BemecTBa 00pa3yroTcst Ipu THAPOIHU3E XJIOPHUI0B HJIEMEHTOB MOATPYIIEI TUTAHA?
B03MO3KHO JIM CYIIECTBOBaHME B BOAHBIX pacTBopax uoHos Ti*", Zr*', Hf*

. Kak MmoxHO nepeBectu B pactBopumoe coctosiuue Ti10z u ZrOs?
12.

Honucate ypaBaenus peakuuii: a) TiClz + HCI —; 6) TiO; + BaCO3 —;
B) TiCls + H2O —.
Kakwue npocTble u ciioskHble HOHBI 00pa3yeT Banaauii? [IpuBecTu ux coctas u 3apsi.



14.

15.

16.

17.

18.

19.

20.

21.
22.

23

24.
25.

26.
27.

28.

[IpuBecTn CTpyKTypy aromMa BaHaaus B HEUTPAJIbHOM COCTOSHMU M B CTEIIEHM OKHUCIICHHUS, B
KOTOPOW BaHAIUM SBIISIETCSI romoJioroM (ocdopa.
Kax u3MeHSI0TCS KUCIOTHO-OCHOBHBIE CBOMCTBAa OKCHAOB BaHaaus B cieayromeMm psagy: VO,
V203, VO32, V205?
3aKOHUYUTH YpaBHEHUS OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIHI:

a) KVOs; + H2SO4 + HoS —; 6) KoCr2O7 + H2O + VOSO4 —.
JuxpoMatbl yCTOMYUBBI B KHUCIIOM Cpele, XpoMarsl — B Iea04HOM. [Ipyn U3MeHeHnn peaknuu
Cpenbl MPOMCXOJUT B3aUMHOE INPEBpALICHUE XPOMATOB U JUXpoMaroB. COCTaBUTh B MOHHOU
¢dopme ypaBHEHHS peakiuii B3aUMOJICHCTBUS: AUXpOMaTa Kalus U THAPOKCUAA KaJisl; XpoMaTa
KaJIUsl U CEPHOM KUCIIOTBHI.
CocTaBuTh ypaBHEHUE PEAKLIUU Pa3/IOKEHUS IPU HarpeBaHUU AUXpoMaTra aMMoHMs. K kakomy
TUMY PEAaKIU OTHOCUTCS ITOT Mpolecc?
Kak m3Mmensiercss ycTOMUMBOCTH COCIUHEHMH Xpoma, MONIMOJeHa M BoJb(ppaMa B BBICIIEH
cTeneHn OkuciieHus? lIpuBecTH mpuUMEpBl OKHCINUTEIbHO-BOCCTAHOBUTENBHBIX DPEAKLNN, B
KOTOpBIE BCTYNAIOT 3TU COETUHEHUS.
Kaxoit mpoyKT mosryqaeTcs mpu MOAKUCIECHUN pacTBopa MoJIMO1aTa aMMOHUS?
Hanucats 51eKTpOHHbIE M SIeKTpoHHO-Tpaduueckue popmymnst Mn®, Mn*™, Mn™7,
[IpuBecTH ypaBHEHHS peaklMi, MOKa3bIBAIONIME OTHOIIeHHWE MeTauioB VIIB-rpynmer k
pacTBOpaM CEPHOM M a30THOM KUCIIOT Pa3JIMYHOM KOHIIEHTPALIUH.

. I/ICHOJ'IBSYH Ta6J'II/IHy CTaHOJAPTHBIX OKHUCIIUTCIbHO-BOCCTAHOBUTCIIbHBIX ITOTCHIIUAJIIOB, 1OKA3aTh

BO3MOXHOCTh TpOTEKaHWs peakiuu Mexnay pactBopamu KMnOs u HCL. Omnpenenutsb
OKHUCJIUTEIb, BOCCTAHOBUTENb, CPEAY.

ConocTaBUTh CBOMCTBA OKCHIOB ¥ ruApokcuaoB Mapranma (VII) u xmopa (VII).

Hamucate ypaBHEHUs peakiUid TUCCOIMAIIMU IO TIEPBOM CTYNEHU CIEAYIONIUX COJIeH: a)
(CoOH)2S04; 6) (NH4)2SO4-FeSO4-6H,0; B) K3[Fe(CN)s].

Jlomncath ypaBHEHHE peakiuu u mogpoopars koddduimentsr: FerO3 + KNO3; + KOH —— .
YpaBHEHUSIMU peaKIUid 10Ka3aTh JBOMCTBEHHBIN XapaKTEP OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
cBoiicTB noHOB: Fe?*, Co?", Ni%".

IIpuBecTn ypaBHEHMs peakLul, IOKasplBarolmue OTHOWEeHHEe MertainoB VIIB-rpynmer k
pacTBOpaM CEPHOM M a30THOM KUCIIOT Pa3IMuYHON KOHIIEHTPAIIUH.



7. OneHOYHBIE CPEACTBA

7.1. IIaciopT OLIEHOYHBIX CPEACTB

Kox koHTpOIMpYyemMoii KoOMIIeTeHIMHU HaunmeHnoBanme
Cemectp
(WJ1H ee 4acTH) OLICHOYHOI'0 CPeACTBA
1 OIIK-1, OIIK-2 OtyeTsl 110 J1abopaTopHbIM padoTtam Nel-
12
Bonpocs! i 3amuTel 1a60paToOpHbBIX
pabot Nel-12
OIIK-3, OIIK-5, OIIK-6 Kontposbabie padbotsr Ne 1-17
Bompocs k komnokBuymam Nel-3
TecToBbie 3amanust Ne 1-2092
Bompocsl k 3x3ameny Ne 1-55
2 OIIK-1, OIIK-2 OTtueTsl 110 J1abopaTopHbIM padotam Nel-

14
Bompocs! uist 3a1uThI JIaDOPaTOPHBIX
pabot Nel-14

OIIK-3, OIIK-5, OIIK-6 Kontposbabie padbotsr Ne 1-17
Bomnpocs k konokBuymam Nel-3
TecToBbie 3amanus Ne 1-505
Bonpocsl k 3x3ameny Ne 1-52

7.2. TunoBble 3aJaHUA WJIH MHbIE MATEPHAJIbI, He00X0TUMBbIE IJIA TEKYLIEro KOHTPOJIsI

7.2.1. OT4eT IO JA00PATOPHOI padoTe

Cemectp 1. Kypc «Heoprannyeckass XuMus 1 XMMHUd 3J1eMEHTOB 1»

Jlaboparopnasi padora Nel «OnpeneseHne YUCTOTHI BelIeCTBA
eab: 03HAKOMUTHCS € KIIacCU(PUKALMEH XUMUYECKUX BEUIECTB U METOJaMU OIPEIETICHUS UX

YUCTOTHI.

OnpIT. AHAJIM3 PAaCcTBOPA aMMHAKA (HAIATHIPHOTO CIIUPTA)
NzBneuenne u3z 'OCT 786-41:
«CrupT HaMIATBIPHBIA MEIUIMHCKUN. PacTBOp mpo3padHbiif, OECIBETHBIN, COMEpKAIINMA

ammuak (NH3) He menee 24%. JlomkeH BbIEpKATh UCIIBITAHUE HA OTCYTCTBHE B HEM:

1.

a) CoJIei CepHON KHUCIIOTHI,

0) coelt yronbHOM KHCIIOTHI;

B) COJIEH CEPOBOIOPOTHOM KHUCIIOTHI.

T) CoJeil TSHKENBIX METAILIOB. .. ).

IMopsinok BbINMOJIHEHHSI PadOTHI:
B mmnunap émkoctbto 50 Ml HajeWTe UCHBITYEMBIH PAcCTBOP aMMHaKa M YCTAaHOBUTE €r0
MPO3PAvYHOCTh U OECIIBETHOCTH (Ha Ti1a3).
OnyctuTe B LMIMHAP CyXOH apeoMETp M ONpPENEIUTE IUIOTHOCTH PACTBOPA C TOYHOCTBIO 0
+0,001. Tlo wu3MEpeHHOW IUIOTHOCTH, TONB3YSCh TAOJNMIICH, OMpEACIUTe MPOICHTHYIO
KOHLIEHTPALMI0 aMMHUaKa B PacTBOPE.
[IpoBeauTe UCIbITaHKS pacTBOpPa aMMHUAKa:
— Ha COJIM CEpHOM KHCIOTHL. B KOoHMYecKyro Kon0y HaneiTe 1 mi pacTBopa ammuaka (OTMEpbTe
MUATIETKOW ), pa30aBbTe 5 MJI JUCTHUUIMPOBAHHON BOJBI (OTMEPHTE MIJIMHIPOM) M TOAKUCIUTE
COJITHOM KHMCIJIOTOH 10 KMCIIOW peakiuu (Ha JakMyc). PacTBop HarpelTe 10 KUIIEHUsS U IpUJIEITe




K HeMy | mi (otmephTe numneTkoi) 10%-Horo pactBopa xyopuaa 6apusi. JKuakocTs oxyaanre u
paccMoTpute B mpoxonsmeMm cBere. llpu OTCyTCTBUM Cin€JOB TOMYTHEHHS NIPOIYKT
YIIOBJIETBOPSIET TPEOOBAHUSAM TEXHHUECKUX YCIOBUH.
— Ha CONM YroJIbHOM KHCIOTHL. B KoHWYeckyro konOy HajeiTe 1 M pacTBopa aMMmHaka,
pazb6asbTe | M qucTHILTUPOBaHHOM Boibl. K mommyueHHOMY pactBopy npuseiite 10 mi (otmMepbTe
UMWIMHIPOM) OT(UIBTPOBAHHOW M3BECTKOBOW BOABI. JKHUIKOCTH pacCCMOTPHUTE B MPOXOJSALIEM
ceere. [lpu OTCYTCTBMM CIE€OB TOMYTHEHHUS TMPOJYKT YAOBJIECTBOPSET TpPeOOBAaHUSAM
TEXHUYECKHUX YCIOBHUU.
— Ha COJIM CEPOBOIOPOIHOM KUCIOTHI. B KoHMUECKyt0 KOOy HanelTe 1 M pacTBopa aMMHaKa,
noakuciute 10 mn 10%-Horo pacTBopa YKCYCHOM KHCIOTHI 10 ciIabOKMCIOW peakiuu (Ha
nakmyc). K momydsennomy pactBopy mpubaBeTe 2 kammu 0,01 H. pacTBopa iHona. Xopoiio
nepeMenianTe J>KUAKOCTh M J00aBbTe€ 2 Kallld pacTBopa Kpaxmana. [losBieHwe CHHETo
OKpAILIMBaHUs MOKA3bIBAET, YTO B UCIBITYEMOM IPOLYKTE OTCYTCTBYIOT COJIM CEPOBOJOPOIHOM
KHUCJIOTBI.
— Ha COJM TKENBIX MeTaioB. B kKoHHMueckyio konOy HameWre 1 mu pactBopa ammuaka. K
MOJYYEHHOMY PacTBOPY TMpujenTe 2-3 Kaljd CepOBOJOPOAHOM BoAbl. Eciam mpu 3TOM He
BBIMIAIaeT TEMHBIN (CONIM Kele3a, MEAW W Jp.) Wik Oenblii (COMM IMHKA) OCaloK, TO B
HCIIBITYEMOM PacTBOPE OTCYTCTBYIOT COJIM TSXKENBIX METAJIOB.

4. Pe3ynbTaThl MPOBEACHHBIX YKCIEPUMEHTOB 3aHECHTE B TaONUIIbI 1, 2. [IpuBenTe MOJIEKYIsIpHBIC
Y NOHHBIE YPABHEHUS KaU€CTBEHHBIX PEAKLIUMA.

Tabmuma 1.
Pe3ynbrarel skciepumeHTa
Bremnnii Bug OTtHocuTeNnbHAs Conepxanue
IIOTHOCTB, T/cM’ NH3, % macc.
Tabmuma 2.

KauecTBeHHBIEC PEAKIIUU OTKPBITHS
IIpumecs YpaBHEHHE peakiu
cynbdaT-nOHbBI

KapOOHAT-MOHBI

CyIb(UI-HOHBI

KaTHUOHBI TAXKCIIBIX
MCETAJIJIOB

5. Cnemnaiite BBIBOJ K padoTe.

JlaGoparopHas padora Ne2 «O4uucTKAa NOBAPEHHOM COJIM METOIOM OCAXKICHUA MPpUMeceiD)

Ilenb: 03HAKOMUTBCS C METOJAMU OUYUCTKHM TBEPIBIX BEUIECTB Ha IPUMEpPE OYHUCTKHU
MTOBAPEHHOM COJIH.

ITopsinok BbINOJIHEHHS PadoOTHI:

1. 25 r texHuueckoro xyopuna Hatpusi pactBopute B 100 mMa Boawl. PactBop mpokumstute 1-2
MUHYTHI, TalTE OTCTOATHCS M JEKAHTHUPYWUTE depe3 CKIaa4aThlii GUiabTp, 4TOOBI OUUCTHUTH OT
MEXaHUYECKHUX MPUMECEH.

2. Ilpo3pauHblii (GUIBTPAT TMOAKHCIUTE COJSHOM KHCIOTOM 10 CIa0OKUCION peakiuu (1o
nakmycy), Harpeiite u 106asste 10 ma 0,5 1. BaCly mns ocaxnenus nona SOZ~ . IonyueHHyo
cmech kunsatute 20-30 MUHYT, JaiiTe OTCTOATHCS U OTPUIBTPYHTE Yepe3 IUIOTHBIN QUIbTP.



3. Jlna ocaxnenus woHoB Ca’*, Mg?'t u wusOwbitka monos Ba?t npubassre 1 M 10%-Horo
pactBopa NaOH u 5 mut 10%-n0ro pactBopa Na;CO3. Cmecek npokunsrture 1-2 MUHYTBI, JaiTe
OTCTOSATHCS, TIPOBEPHTE MOIHOTY OcaxeHus noHos Ca’t, Mg?*, Ba®* u orduisrpyiire.

4. ®unpTpar HEUTPAIU3YHTE PACTBOPOM COJISTHOM KUCIIOTHI (TI0 JIAKMYCY) U yIIapbTe J10 MOSIBICHHUS
KpPHUCTAJJIOB.

5. Kpucramisl orpuiabTpyiiTe moa BakyymMoMm. /i 3TOro mpUroToBbTE MPUOOp ISl BAKYYMHOTO
(GUIBTPOBaHM: BBIPEXKbTE U3 (PUIBTPOBATIBLHON OyMaru Kpyr ¢ IMaMeTpoM MEHBIIIE AuaMeTpa
BOPOHKHM BIoXHepa, HO 3aKpBIBAIOLIMI BCE OTBEPCTHS B JHE BOPOHKH, MOJOXKHUTE €ro Ha JHO
BOPOHKHM, CMOYHUTE HECKOJbKHMH KaIUIIMU AMCTHIIIMPOBAHHOW BOJABI M CJETKAa HPUKMHTE
naibLuamMu K paphopoBomMy 1HY BOpOHKH. [11aBHO BKIIIOUMTE BOJAOCTPYHHBIN Hacoc. Y OenuTech,
4T0 (PUIBTP IJIOTHO IpUcOcaics K AHY BOPOHKM M HUTJEe He mpopBaicsa. Ecim mpousoiiger
NPOPBIB (pUIBTPa HAZ OJTHUM U3 OTBEPCTUH B THE BOPOHKH WIJIM OOHAPYKHUTCS TOJICOC BO3IyXa C
KaKoro-imbo kpas (uiabTpa, CleAyeT 3aKpbITh BOJOCTPYHMHBIM HAcoC M 3aMEHUTh KpYyT
¢uIbTpoBaNbHON OymMard HOBBIM. YOEIMBIIMCH, YTO (MIBTPOBAHHE HJET HOPMAaJbHO, HE
BBIKJIIOYAs BOJOCTPYWHOIO HAacoca, CIMBAaWTE B BOPOHKY pacTBOp ¢ Kpuctamwiamu. [lo
OKOHYaHUHU (HIBTPOBAHMUS OTCOENMHUTE K00y ByH3eHa oT Hacoca, CHSIB KaydyK C OTPOCTKa
kos10b! byH3€Ha, mociie 4ero BBIKJIIOUMTE HACOC.

6. OtduabTpoBaHHBIE KPUCTAILIBI IPOMOWUTE OUYEHb MAJIBIM KOJUYECTBOM BOJbI M BBICYLIUTE IPU
70-100°C 10 HOCTOSHHOM MAaCCHI.

7. W3 MaTo4HOro pacTBOpa IPH yIapuBaHUU MOJYUUTE €I HEKOTOPOE KOJIMYECTBO KPUCTAILIIOB.

PaccuuTaiite cTeneHb YUCTOTHI TEXHUUECKOTO XJIOPUIa HATPHSL.

9. Cnpenaiite BbIBOJ K paborTe.

*x

Jladbopartopnass padora Ne3d «llociaenoBaresibHble TMpPeBPAlIECHUS] XHUMHYECKHX
coeIUHEeHUI»

Henab: 3akpenuTh 3HAHUS O TEHETHYECKUX CBA3SAX MEXKIY OCHOBHBIMH KJIACCAMH
HEOPraHMYECKUX BEILECTB.

OmnbIT 1. YcTanoBienne popMyJibl KpucTaaioruapara cyiabpara meau (1)

B cymmnbsrom mkady npu 100°C npokanurte dapdopoBbiii Threns B TeueHud 10 MUHYT,
OXJIQJIUTE €r0 B SKCHKATOPE M B3BEChTE ¢ TOUHOCTHIO 70 0,01 1, Maccy 3anummre (Tabmn. 1). 3atem
BHECHTE B TUTeJIb OKOJIO 4,5 T pacTepToro B MOPOIIOK KpucTayuioruapara cyiabdara meau (1I).

[TocTaBbTE TUTENB C CONBIO B CYMIMIIBHBIN MKad mpu Temmneparype 240-260°C 1o moHOTO
00€3BOXKMBAHUs, YTO OMpEIENseTCs MO0 M3MEHEHUI0 OKpacku conu. Korma coilb IMOJHOCTHIO
no0eseeT, BBIHHTE TUTENb HIUMIIAMU U3 IIKada 1 TOMECTUTE B SKCUKATOP A0 MOJHOTO OXJIAXKACHHUS.
Uepes 10-15 MUHYT OCTBIBILIMNA TUTENb IOCTAHBTE U3 SKCUKATOPA U B3BECHTE.

[TocTaBbTe THUrEIH BTOPUYHO B CYIIWJIBHBIN IKad u Harpeaite emie 10-15 MunyT, mocie
YEro TUTENIb CHOBA OXJIAJIUTE B SKCUKATOPE U B3BECHTE.

HarpeBanue u B3BelmIMBaHUE NOBTOPSNTE A0 TeX IOp, MOKa pa3sHHUIA MEXIY ABYMs
IIOCJIEIHUMHU B3BEIINBAHUSIMH COCTaBUT He Oonee +0,02 T.

Taonuua 1.
Pe3ynbTarhl 3KCrIEpUMEHTa
Macca Tarns r
Macca Turis ¢ KpuCTajuIoTHAPaTOM r
Okpacka KpuCTaJJIOTHApaTa
Macca kpucrauioruyapara r
Macca TUTJIS C COJIBIO ITOCIe
IIPOKAJIMBAHUN
Oxpacka 6e3BOIHOI conn
Macca ynaneHHOM BOAbI r
Macca 0e3BOIHOM COIU r
Yuciao Moyied BOOEI MOJIb
Yucao moiieit 0€3BOIHOM COIU MOJIb




dopmyna KpucTaIoruapara cyibdara
meau (1T) (IT)

Onpit 2. IIpeBpamenue 0e3oaHoro cyiansdara mean (II) B kpucrasnoruapar

[Tomyuennsrit 6e3BoaHbIN cyabdar meau (I1) BEICKIIBTE B CyX0ii cTakaH éMKOCTBIO 200250
M. B npyroi crakan otmepbTe MeH3ypkoi 100 M aucTuIMpoBaHHOM Boabl. BHecuTe nunerkoi B
CTaKaH C COJIbI0 HECKOJIBKO Kameilb TUCTUUIMPOBAHHON BOABL. UTO MPOUCXOIUT C OKPACKOH conn?
KaxkoBa ¢opmyna moiaydaronierocsi KpuCTauIoTHIpaTa — MeTHOTO Kyropoca?

OnpiT 3. Ilpurorosienune pacreopa cyiabpara meau (II)

VYOenuBIINCh B JIETKOW TruapaTanuy O€3BOJHOM COJIM, BBUICHTE BCIO OTMEPEHHYIO BOIY B
CTaKaH C COJIbI0 U OCTOPOKHO pa3MEIIMBANTE CTEKISHHOW MajlOYKOM OO MPaKTHYECKU MOJHOTO
pactBopeHus conu. IlomydeHHBI pacTBOp MOXET coJepXaTb HEOONbIIOe KOJIUYECTBO
HEPaCTBOPUBILMXCS KPYIHBIX KPUCTAJUIOB COJIM WM MEXAHWMYECKUE MPUMECH, €CIU IPUMEHSIICS
TEXHUYEeCKUH Kpucramioruapar cyiaspara meau (II). Ecnm monHoro pactBopeHus coiu He
MPOM30IIIO0, TO MCXOMHBINH pacTBOp mpodunasTpyiTe. s mampHeumeld paboTel TpeOyeTcs JIHIIb
pacTBOp, MOATOMY JIJIs1 OBICTPOTHI (PUIBTPOBAHUS MPUMEHUTE CKIIATIATHIN (PUIBTP.

OnpIT 4. Ocaxxnenune ruapoxcuaa meau (II)

B crakan ¢ oTguiabTpoBaHHBIM pacTBopoM cynbparta menu (II) mpuieiite mo CTEKISTHHON
nanoyke 40 MJI OJTHOMOJISIPHOTO pacTBOpPA €AKOr0 HAaTpa, OTMEPEHHOT0 MEH3YpKOH. OTMETHTE 1BET
BhImaBiiero ocanaka rugpokcuna meau (1) (II). Ilepememaiite comepKuMoe cTakaHa CTEKISTHHOU
MaJIOYKOU U JaTh OTCTOATHCS BBIIABIIEMY OCAJKY.

Omnpbit S. Ioayyenue oxkcuga meau (1I)

Uepes 8—10 muH, kora ocHoBHas Macca ruapokcuaa mean (1) ocsmer, caute 3/4 pactBopa,
a OCTaBIIMIICS B CTakaHE pPACTBOP BMECTE€ C OCAJKOM JOBECTH JO KHUIEHUs, MNEPUOJIUYECKU
MepeMeIlnBas CTEKISIHHONM Maloykod. YTO MPOMCXOAUT C OKPACKOM HMXKHEro cjiosg ocaaka?
[IpogomxkaiiTe KunsueHNe Ha c1ab0OM IJIAMEHH TIPH HEMPEPHIBHOM MEPEMEIINBAHUN COICPKUMOTO
CTakaHa J0 moJiHoTO mpeBpanieHus ruapokcuaa meau (II) B okcun meau (II), koHTpONHPYS ATOT
IIPOLIECC U3MEHEHUEM LIBETA 0CAIKA.

OnbIT 6. OTaenenue okcuaa meau (I) or pacTBopa myremM BakyyMHOro (puJibTPOBaHMS,
U IPOMBIBKA 0CA/IKA METO/I0M JIeKAHTAIIUMN

[Tocne Toro kak Bechb 0CaJI0K MOYEPHEET, CHUIMUTE CTAKAH C OTHS M OCTABBTE JUIsl OTCTAMBAHUS
ocazka, 3areM ocanok okcuaa menu (II) orpunbrpyiire noa Bakyymom. IIpuroroBsre mpudop s
BaKyyMHOT0 (uJIbTpoBaHMs. YOEIUBIINCH, YTO (UIBTPOBAHHE HAET HOPMAJIbHO, HE BBIKIIIOYAs
BOJOCTPYHHOT0 Hacoca, CIeHTe B BOPOHKY I10 MAJIOUKE OTCTOSIBIIUICS pacTBOP U3 CTaKaHa, CTapasiCh
HE B3MY4YHBaTh ocagok okcuaa meau (II).

Korma Beck pactBop OyneT nepeHeceH B BOpPOHKY broxHepa, mpoMoiTe ocaZioK B CTakaHe 2-
3 pa3a MeTo0M JAeKaHTauu. i 3Toro 700aBbTe B CTAKaH C OCAAKOM 5-8 MII TUCTUIIMPOBAHHOMN
BO/IbI, TIEpEMEIIANTE KPYTOBBIM JIBUKEHHEM CTAKaHA WJIM CTEKJISHHOW MaJOYKOW M JalTe OCaaky
oTcTOAThCS. Uepes 2-3 MUH OCTOPOKHO MEPEHECUTE OTCTOSBLIYIOCS IIPOMBIBHYIO BOJY 110 MAJI0YKe
B Ty K€ BOPOHKY BroXHepa, 0CTaBisisl 0CaJJOK B CTaKaHe. JTa ONepanys HOCUT Ha3BaHUE JICKaHTal[1H.
[Ipu TpeTbeit mpoOMBIBKE B3MYTHUTE OCAJIOK U IEPEHECHUTE €ro Ha (PHIIBTP BMECTE C IPOMBIBHOM BOJIOM.
[To okoHuyanuu GUIBTPOBaHUS OTCOENMHUTE KOOy ByH3eHa oT Hacoca, CHSIB KaydyK C OTPOCTKa
KoJIOBb! byH3eHa, 1mociie 4ero BBIKJII0YUTE HACOC.

OnpIT 7. BoicymuBanue okcuaa meau (I1)

OTdunbTpoBaHHBIA OCAOK THIATENFHO MPOCYIIUTE MEXIY JIUCTaMU (PUIBTPOBaIHHOU
OyMaru M mepeHecuTe LInarejaeM B MpeBapuTesIbHO B3BEUICHHBIN (QapdopoBblil Turens. Bisecbte
turens ¢ ocagkoM. [Tocne yero Boicymute okeun Meau (I1) mpu 90-100°C 10 mOCTOSIHHOM MAacCHhI.

OnpIt 8. Ilonyyenue meau (II) BoccTaHoBJIEeHHEM ee OKCH/IA BOJOPOAOM

HeGonpmioe komuvecTtBo ocThiBIIETO oOkcupga Meau (II) momecTutTe TOHKHM CIIOEM B
W30THYTYIO CTEKJITHHYIO TPYOKYy / (BHYTpeHHHH nuamerp 6-8 MM), 3aKpeIJICHHYIO B PE3HMHOBOM
npodke 2 (puc. 1). Konby 3 émkoctsio 100-150 mut 3akpenurte B Janke mraTuBa, HaieiTe B Hee 30-
40 M 2 M pacTtBOpa cepHOU KUCIOTHL. BHecuTe 2-3 Kycoyka ITMHKA U 3aKpONTe KOJIOY MPOOKOH C



OTBOJIHOM TPYOKOii, B KoTopyro ObuT omemieH okcun meau (I1). YUepes 3-4 muH, Koraa BO3ayX U3
npubopa OyJeT BBHITECHEH BOJOPOAOM, Harpeite Tpyoky ¢ okcuaoM Menu (II) cnaberiM mmamenem
ropenku. Kak nzmensiercs nuser ocaaka? Ilouemy?

Pucynox 1. ITpu6op st BOCCTaﬁ-OBneHHﬂ okcuna meau (I1): 1 — uzornyras TpyOka, 2 —
npoOka, 3 — koioa.

CocraBbTe MOCIENOBATEABHBIN Pl (OPMYNT XUMHUECKUX COCAMHEHHH, KOTOpbIe ObLIN
MOJTy4eHBI B paboTe, HauWHas ¢ KpucTayuoruapara cynbdara meau (II), koHUass MeTauIMuecKou
Meap0. Hanummre ypaBHEHUs peaklyii, IPOTEKABIIME IIPU MOJIYYCHUH KaKIOTO ITOCIEAYIOLIEro
BelIecTBa M3 mpeasiayniero. OTMeTbTe TpUEMBbI paOOTHI, ¢ KOTOPBIMH MPHUILIOCH BCTPETHUTHCS
BriepBblie. CaenaiiTe BEIBOJ K paboTe.

JlabopaTopHas padora Ned «Onpenesnenne MOJSIPHOH MacChl IKBUBAJIEHTA METAJLIA»
Leab: onpenenenne MOJISIPHONH Macchl IKBUBAJIEHTa METaslla SKCIIEPUMEHTAIbHBIM MTyTEM.
OmnbiT. OnpeneneHne MOJAPHOH Macchl IKBHBAJIEHTA MeTa/ula 1o 00bEMYy Boaopoaa,

BBITECHEHHOI'0 U3 PACTBOPAa KHCJIOTHI.

Onpenenenue MPOU3BOIUTCS C TIOMOIIBIO Tpubopa (puc.l), COCTOSIIEro U3 U3IMEPUTEITHHON
otopetku (1) Ha 25...50 M, nByxkoieHHOW npoOupku OcTBasibia (2) ¥ ypaBHUTEIbHON CKIISTHKA
i OropeTku (3).

1. B ogno u3 xoneH mpoOupku OcTBanpia (2) MOMECTHTE HABECKY MeTajula, MOIYyYEeHHYIO Y
nabopaHra.

2. B mpyroe xosieno Ha 1/4 gyacTh ero 00béMa HajielTe PacCTBOP COJITHOM KUCIIOTHI.

3. TlnmotHo 3akpoiite mpobupky OcTBanbaa (2) mpoOKoii U 3aKkpenuTe e€ B IITATHUBE.

4. IlpoeppTe TpUOOP HA TEPMETHYHOCTH, JUIS YETO YPaBHUTENBHBIA cocya (3) MOAHUMHUTE Ha
10...15 cm u 3akpenuTe B 3TOM Noji0xkeHnU. Eciin nmpubop repMeTudeH, To ypOBEHb )KUIKOCTH B
HEM ocTaeTcsl MOCTOSAHHBIM. Ecnmu mpubop He repMeTHuYeH, MPOBEpPhTE, IUIOTHO JIM 3aKpbiTa
npobupka OctBanpaa (2) mpoOKoii.

5. VYcranoBute Oropetky (1) u cocyn (3) Takum 0Opa3oM, 4TOOBI JKUJIKOCTh B HUX HAXOJUJIACh Ha
0JIHOM ypoBHEe. OTMEThTE MOJIOKEHUE YPOBHS JKUIKOCTH (MeHUCKa) B Oropetke (1) — V7.

6. OcCTOpOXHO TOBEPHUTE MPOOUPKY (2) TaK, YTOOBI KUCIOTA IEPEIUIIACH B KOJIEHO, T/I€ HAXOIUTCS
MeTaJl.

7. Tlocne moaHOTO pacTBOPEHMS METaJlIa PUBEINTE TOJIOKEHHE )KUIKOCTH B OtopeTke (1) 1 cocye
(3) Kk 0OJTHOMY YPOBHIO.

8. ToyHO OTMETBhTE MOJOKEHHE MEHHCKa XUAKOCcTH B Otoperke (1) — V2. Omnpenenure 00bEM
BBIJICJIUBIIETOCS BOJIOPOJIA.

9. OTMeTbhTe MOKa3aHus TEPMOMETPA U OapoMeTpa.

10. PesynpTarhl 3amMepoB 3aHecHTe B TaOuIy 1.

11. JlaByiieHHe HACHITIICHHOTO BOASHOTO Mapa BBHIMUIINTE U3 TAOIHUIIEI 2 TIPH TEMIIEPATypPE OMBITA.

12. IlpuBeaute 00BEM BBIACTUBIIETOCS BOIOPO/Ia K HOPMAIBHBIM YCIOBHUSIM (ny.— P°=760
MM. pT. cT., T° =273 K):
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13. Paccuutaiite MOJIIpHYIO MacCy 3KBUBaJI€HTAa METaJlIa!
m,, Vi, B mMeVC;)HZ
m,, Vs oo™ Ve

rue V:;’HZ = 11200 my/MoI1b — MOJIIPHBIN 00BEM SKBUBAJIEHTA BOJOPOA (H.Y.).

BropeTku yKkperuisrorcs B IITaTHUBE U 3aMOJIHAIOTCS BOAOM. B MCXOAHOM COCTOSIHMU JKUAKOCTH B
cocyaax | n 3 nomxHa HaXOIUTHCS HA OJHOM YpPOBHE.

Pucynok 1. Cxema npubopa 1j1si onpeneseHuss MOJISIPHOM MacChl SKBUBAJICHTA Metaia: 1 —
u3MepuTenbHas Owoperka, 2 — ABYXKOJEHHas IpoOupka OctBasibia, 3 —
ypaBHUTEIbHAS OIOpeTKa

Taonuma 1

Pe3ynbTarhl 3KCIIEpUMEHTa

Haumenosanue O06o3HaueHne 3HaueHue En. uzmepenus
Hagecka meraiia m r
YpoBeHb B OIOpETKE 110 OIbITa Vi MJT
YpoBeHb B OIOPETKE MOCIIE OMbITa V> MIT
OO0beM BBIICTUBIIETOCS BOJOPO1a Vi, =V2-Vi MII
Temnepatypa onbiTa t 0C
TemnepaTypa onbiTa T=t+273 K
JlaByieHre HACBIIIICHHOTO BOJSIHOTO Tapa h MM PT. CT.
ATMochepHOe TaBJICHHE P MM PT. CT.
JlaBrienue Boopoaa P, =P-h MM PT. CT.

Ta0nuua 2
JlaBiieHre HACBIIIEHHOT'O BOASHOTO Mapa
Temneparypa, [aBrnenue Temneparypa, [aBnenue
°C HACBILLEHHOTO °C HACBIIIEHHOTO
BOJISIHOTO Tapa, MM BOJISTHOTO Tapa, MM
pT. CT. pT. CT.

14 11,99 21 18,63

15 12,79 22 19,80

16 13,63 23 21,03




17 14,52 24 22,33
18 15,47 25 23,71
19 16,47 26 25,16
20 17,52 27 26,68

14. Tlo MonsipHOI Macce SKBHUBAJCHTA METaula METOJOM IMOAOOpa BAJIEHTHOCTEH, OMPEICIIUTE,

KaKo# MeTal OBLI HCITOIL30BaH B OIBITE.

15. PaccuuTaiiTe OTHOCUTENBHYIO OIINOKY 3KCIIEPHUMEHTA!

m3 - ma'}K{‘Vl

A=+t—7~ -100%

meop

16. Cnenaiite BBIBOJ K paboTe.

JlaGoparopHasi padoraNeS «OnpeaesieHue cTeneH YMCTOThI KAJIbIIATA»
He.]'[]): O3HAKOMUTLCA €C KOJIMYCCTBCHHBIMU METOJaMU ONIPCACIICHUA YUCTOThI BCIICCTBA.
OnbiT 1. OnpenesieHne cTenmeHHM YHCTOTHI KajJbMTa (MpaMopa) mnmo o00bemy

NMpopearupoBaBIleil COJISTHOM KHCJIOThI

l.
2.

e

C Tounocteio a0 0,01 r B3BechTe Okoj0 0,5 T MOPOMKOOOPa3HOTO OOpa3la KalbI[UTa U C
MTOMOIIIbIO BOPOHKH TIEPEHECUTE B MEPHYIO KOJIOY Ha 50 ML
BbIHbTE BOPOHKY M3 KOJIOBI M ¢ TIOMOIIBIO MUTIETKH BiieiiTe B 3Ty KonOy 20 mi 1 . HClL. Mexny
KaJIbLIUTOM U COJITHOM KHCIIOTON MPOTEKAeT peaklys C BbIIEJICHUEM YTIEKUCIIOro ras3a:

CaC0O; + 2HCl - CaCl,+ CO, T + H,0.
[locre moMHOrO pPacTBOPEHUs KalbLIUTA, YTO XapaKTEpPHU3yeTCs MPEKpalleHWeM BbIAEICHUS
My3BIPHKOB YIJIEKHUCIIOTO ra3a, B MEPHYIO KOJIOY HallelTe TUCTHIMPOBAHHYIO BOAY B TaKOM
KOJINYEeCTBE, YTOOBl HI)KHUH MEHHUCK KOCHYJICS METKM Ha ropie konoObl. Konly 3axpoiite
MpoOKOW U TIIATEIBHO MepeMeNIaiTe pacTBop.
[Tomy4yenHsbli pacTBOp nepenecute B crakad Ha 100 mi1, U3 KOTOPOTO B TPH KOHUYECKHUE KOJIOBI
Ha 100 M munetkon otoepute mo 10 My 3TOoro pacteopa. B kaxmayro u3 Tpex nmpod q100aBpTe 3-
4 kanu pactBopa GeHondragenHa.
Pa6ounm pactBopom NaOH To4HO#M KOHIIEHTpAIIMU 3a0JTHUTE OIOPETKY 10 HYJIEBOW OTMETKH.
[TogcTaBeTe KOHMYECKYIO KOJOYy C TpoOO NPHUTOTOBICHHOTO pPAacTBOpa IOJ OIOPETKY U
MEIJICHHO MO KaIulAM, NP TOCTOSHHOM IOMEUIMBAaHUU, U3 OIOPETKH HPUIMBAUTE PAacTBOP
NaOH no nosiBneHust Hencuesaroriei B Teuenne 30 ¢ cabo-po30Boil OKPACKH.

3anummre 00beM U3PaCX0A0BAHHOTO PaCTBOPA LIENOYH ¢ TOYHOCTHIO 110 0,1 mit.

AHaJIOTUYHO TTPOBEAUTE TUTPOBAHKE C OCTABIIMMHUCS MPOOAMH U PACCUUTANTE CPEITHUIM 00BEM
IeJI0YH, 3aTPauyeHHbIA HAa TUTPOBAHHUE.

PesynbraThl onbiTa 3aHecuTe B TabauIy 1.

Taonuua 1.
Pe3ynpTaThl TUTPOBAHUS
Macca O06Bem V(NaOH), Cy(NaOH),
KanpuTa m,r | mpobsl Vi, ma MII MOJIB/JI
Cpennee:

IOHO pe3yjibTaTaM THUTPOBAHHUA IMPOU3BCAUTC paCUYCT CTCIICHU YHUCTOTBHI KaJlbIIHTA. I[.H}I 4q€ro

OIIPEAEIIUTE YUCIIO SKBUBAJIEHTOB COJIIHOM KHCaI0Thl B 20 M1 1 H. pacTBOpa, U3pacXxo10BaHHBIX
Ha B3aUMOJECHUCTBUE C KaTbLIUTOM:

ny, (HCD) = Cy(HCL)-V(HCD)

1000



11.Yucno >kBMBaIEHTOB CONSHON KMCIOTBI, OCTABIINXCS B KOJIOE MOCIIE MPEKPAIEHHS PEAKIINH,
HaiiiuTe MO pe3ynbTaTaM THTPOBAHUS, YUUTHIBas 00beM MEpHOM KonoObl Vi, B KOTOpo#l Obuia

MpOBEICHA PEaAKIUs:
C4(NaOH) - Vp(NaOH) - Vi

Vap - 1000

nal(HCl) =

12. Yucno 5kBUBaNEHTOB CONSHON KUCIOTHI, BCTYIIUBLINX B PEAKIIUIO:
ny,(HCl) = ny,(HCL) — ny, (HCI).
13. Io 3ak0Hy 5KBMBaIEHTOB YHCIIO SKBUBAIICHTOB KAPOOHATA KAJIBIIMSA PABHO YUCITY SKBHBAJICHTOB
MpOPEArupoOBaBIICH C HUM COJISTHOM KUCIOTBI:
n3(CaC03) = ny, (HC),
TOrJa Macca kapOoHaTa KajbIHs, coaepKaiiascs B o0pasie KalablUTa, COCTAaBUT
m(CaC03) = ny(CaCO3) - M;y(CaCOy).

14. Crenenp 4MCTOTHI KaJIbITUTA:

Wzm.loo%_

OnbiT 2. OmnpenejieHHe CTeNeHHM YHCTOTHI KajabuuTa (MpaMopa) mo o0bemy
BbIeJIHBIIErocsl yIJIeKHcJI0ro ra3a

Omnpenenenre MPOU3BOIAT C TOMOIIBIO Tipubopa (puc. 1), COCTOSIIEro U3 U3MEPUTEITHHON
oropetku (1) Ha 25...50 mu1, nByxkoneHHOU mpooupku OcTBanbaa (2) U ypaBHUTEIBHOW CKIISTHKH
win 0ropeTkd (3). BIopeTku yKpemisioT B IITaTUBE U 3aMIOTHSIOT HACBIIIIEHHBIM PaCTBOPOM XJIOPHIA
HaTpus. B HCXOTHOM COCTOSTHUM JKUIKOCTH B cocyax 1 ¥ 3 J0KHA HAXOAUTHCSA HA OJJHOM YPOBHE.

Pucynok 1. Cxema mnpubopa nansi ompeneneHuss oObeMa BBIISNMBIIErocs raza: 1 —
HU3MepUTEeNIbHAs OI0peTKa, 2 — IBYXKOJIeHHas mpooupka OcTBanbaa, 3 — ypaBHUTEIIbHAs OIOpeTKa.

1. B omgHo u3 kosieH mpobupku OcTBanbaa (2) MOMECTUTE HABECKY KaJbIIMTA, TOJYYCHHYIO Yy
npernonasatens. B npyroe kosieno Ha 1/3 yacTb ero o0bEma HaseiTe pacTBOp COMTHON KUCIIOTHI.
[TnotHO 3akpoiite mpodbupky OcTBasibia (2) mpoOKOM U 3aKpenuTe e€ B IITaTHBE.

2. IlpoBepbTe mpubOOp Ha repMETHUYHOCTH, JUIS YEro ypaBHHUTENbHBIN cocya (3) mogHMMUTE Ha
10...15 cM u 3akpenuTe B 3TOM TNoyIoxkeHUuU. Eciu mpubop repMeTHdeH, TO YpOBEHb KUAKOCTH
B HEM ocTaercs MocTosiHHBIM. Ecnu mpubop He repMeTHueH, MpoBepbTe, IUIOTHO JH 3aKphITa
npobupka OctBanbaa (2) mpoOKoii.

3. Tlocne storo ycranoBute Oropetky (1) u cocyn (3) Takum 0OpazoM, YTOOBI KUIKOCTh B HUX
HaXoJWIach Ha OHOM ypoBHE. OTMEThTE MOJIOKEHHUE YPOBHS KUAKOCTH (MEHUCKA) B OIOpETKe
(-7

4. OcCTOpOXHO TIOBEpHUTE MPOOUPKY (2) Tak, dYTOOBI KHUCJIOTa HEOOJBIIUMU TOPUHIMHU
nepennBajIach B KOJICHO, TJIC€ HAXOIUTCS KaIbLIUT.



5. Tlocme MOTHOTO MpEKpalleHus PEeaKINK MPUBEIAUTE IMOJIOKEHHE KHUAKOCTH B Oroperke (1) u
cocyne (3) Kk ogHOMY YpOBHIO. TOYHO OTMETHTE MOJI0KEHUE MEHUCKA JKUJIKOCTH B OropeTke (1)
— V.

6. TIlo pa3noctu 3HaueHuii V;u V> onpenennure 00bEM BBIJCIMBIIETOCS YTIAESKUCIIOTO Ta3a.

7. 3anumuTe MOKa3aHUS TEPMOMETpa u OapoMeTpa.
8. Pe3ymbrarhl 3aMepoOB 3aHECHTE B TAOIUITY 2.
Tabmuma 2.
Pe3ynbrathl 3KciepuMeHTa
HaumenoBanue O0o3HaueHue 3HaueHue En.
U3MEPEHUS
Hasecka kanpIura m T
YpoBeHb B OropeTke 10 4] -
OIbITa
YpoBeHb B OIOpeTKe v, .
IOCJIE OTbITa
O6Bvem BBIJICJIUBIIETOCS Veo, =Vo— V4 .
YTJIEKUCIIOro ra3a
TemnepaTypa onbiTa ¢ 0C
TemnepaTypa onbiTa T=t+273 K
ATMochepHOe TaBJICHHE P MM PT. CT.

9. IlpuBenute 00HEM BBIICIUBIIIETOCS YIICKUCIOTO Ta3a K HOPMaJIbHBIM yCIOBUAM (H.y.: P’ =760
MM. pT. CT., T° = 273 K), ucnonb3yst 00beAMHEHHBIN Ta30BbIN 3aKOH:

PVEo, _ PVco,
TO T °
10. ITo ypaBHeHHIO peakiuu B3auMoeiictBus kapoonara kanbuus m(CaCOz) ¢ constHOM KUCIOTOM
(eM. om. 1, m. 2) paccuuTaiite mMaccy kKapOoHaTa KaybLus, HEOOXOAUMYIO JUIS BBIACICHUS
YIJIEKHCIIOTO ra3a oobemMoM Vi, .

11. CreneHs YUCTOTHI KAJILINATA:

m(CaC03)

W = +100% .

12. Cnenaiite BEIBOI K paboTe.

JlaGoparopHasi padoraNe6 «OnpenesieHne JHTAIBINU PeaKIUID)
Heab: ompenencHue TEIIOBOTO 3(PQeKxTa CUCTEMBI, B KOTOPOW MPOUCXOAUT XHUMHYECKAS
peaxuus, ¥ SHTAIbINK PEaKUu B HECTAHJAPTHBIX YCIOBUSX.

OnpiT 1. HeliTpaau3auus CepHOIl KUCJIOTHI THIAPOKCHIOM HATPHUS B OTHY CTAANIO

JUis HeUTpanu3anuu CEpPHOM KHUCIOTHI TMAPOKCHIOM HATpPUs B OAHY CTAJHMI0 CMELIMBAIOT
9KBHUBAJICHTHBIE KOJIMYECTBA KUCIOTHI U IIEJI0YH 0 00pa3oBaHusl Cyab(daTa HaTpuUs:

H2SO4+ 2NaOH = NaxSO4+ 2H20; AH;

1. Ormeppre HNMIMHAPOM 3amaHHBIA TpENoOgaBaTeeM 00bEM PacTBOpPa KUCJIOTHI, BBUICHTE €ro B
TEPMOCTaTHPOBAHHBIN cTakaH. OMycTUTE B CTaKaH TEPMOMETP, 3aMEPHTE U 3aMUIINTE B TAOIHILY
1 remnepatypy pactBopa. TepMOMETp HE BBIHUMAKNTE U3 CTaKaHa O OKOHYAHUS OMBITA.

2. OTMepbTE APYrUM LUIMHIPOM TaKOM e 00bEM PacTBOpA IIEJIOYH U OCTOPOXKHO, HO OBICTPO
BBUICHTE B CTAKaH C pacTBOPOM KHCJIOTHI. OCTOPOXKHO TEepeMelianTe, OTMEThTE HanOOJIbIIee
U3MEHEHHE TeMIIepaTyphl IpU 00pa30BaHUM Cyab(paTa HATPUsL.

3. BbIHBTE TEPMOMETp, BBHIICHTE PacTBOP M3 TEPMOCTATUPOBAHHOIO CTaKaHa, (pHUIBTPOBATLHOMN
OyMaroi TIIATENbHO BBICYLIUTE CTEHKU M JJHO CTaKaHa, IOMECTUTE B HEr0 TEPMOMETP M JaiiTe
OCTBITh JI0 MIPEKHEN TeMIIepaTyphbl.



4. 3anonuure Tabmuiy 1 (BeIMYMHBI TEIIOEMKOCTEH M IUIOTHOCTH PACTBOPOB BBHINMILMTE W3
TabnuIe! 3). BeimoaHUTE pacyueTsl.

Tab6muna 1
Pe3ynbTaThl onbiTa 1
Bemecrtso | V, t D, C, n, 0, AH,
MIT °C r/em’ Jx/r-°C | moas | JI)/n MOJIB kJI>x/Momb
H>SOq4
NaOH
NaxSOq4

OnpIT 2. HeliTpaauzauus CEpHOM KMCJIOTHI THAPOKCUHIOM HATPUS B IB€ CTAMHU

[Ipu HeWTpanu3auuyu CEpHOM KUCIOTHI THAPOKCUIOM HATPUS B JIBE CTaAUU YKBUBAJICHTHBINA
00beM IET0YN BHOCST B JIBa IIpUEMa:

H>SO4+ NaOH = NaHSO4 + HO;
NaHSO4 + NaOH = Na;SO4 + H;O;

AH>
AH>>

OTmepbTe UWIMHAPOM 3aaHHBIA B oOmbiTe | 00BEM pacTBOpa KHCIOTHI, BBUJICHTE B
TEPMOCTATUPOBAHHBIN CTaKaH, U3MEpPbTE TEMIEPATYpy pacTBopa. Temmeparypsl pacTBOPOB
CEPHOU KUCIOTHI B OMbITaX | U 2 TOJKHBI OBITH OJTMHAKOBEI.

W3meppTe OpyruM UWIMHAPOM TIOJOBHHY SKBUBAJIEHTHOIO O0bEMa pAcTBOpa IIEJIOYU H
OCTOpPOXKHO, HO OBICTPO BBUIEHTE B CTAaKaH C pPacTBOPOM KHUCIOTHL. OTMEThTE TEMIIEpaTypy
00pa3zoBaHus pacTBOpa THAPOCYIb(daTa HATPHSI.

OTMepbTe IWIMHIPOM €I TaKoW ke 00beM pacTBOpa MIENOYM U BBUICHTE €ro B CTaKaH.
[TepemermaiiTe mogydeHHBIA PACTBOP Cyib(aTa HATPHUS U 3aMUIINTE €ro TEMIIepaTypy.

BriHbTe TEpMOMETp M BBUICHTE COAEpKHMOE CTakaHa, (UIbTPOBAIBHON OyMmMaroil BBICYIINTE
CTEHKH W JIHO CTakaHa. 3amojHuTe Tadymiy 2. Caenaite pacueThl.

Tabnuma 2.
Pe3ynbTaTh! onbiTa 2
Bemecrtso | V, t D, C, n, 0, AH,
MIT °C r/em’ Jx/r-°C | moas | JI)/n MOJIB kJI>x/Momb
H>SO4
NaOH
NaHSO4
NaxSOq4
Ta6numa 3
TermIoeMKOCTh B IFIOTHOCTh PAaCTBOPOB
PactBop t, °C p, r/cm® C, JIx/r-°C
H2SO4, I M 12 1,061 2,75
14 1,060 2,81
16 1,060 2,87
18 1,059 2,93
20 1,059 2,99
22 1,059 3,04
24 1,058 3,10
26 1,058 3,15
NaOH, 2 M 12 1,079 3,41
14 1,078 3,44




16 1,077 3,47
18 1,076 3,50
20 1,075 3,53
22 1,074 3,56
24 1,073 3,59
26 1,072 3,62
NaHSO4, 1 M 20 1,050 3,73
22 1,046 3,74
24 1,042 3,75
26 1,038 3,76
28 1,034 3,77
30 1,030 3,78
32 1,026 3,79
34 1,022 3,80
Na;S04, | M 24 1,074 3,74
26 1,066 3,76
28 1,058 3,78
30 1,050 3,80
32 1,042 3,82
34 1,034 3,84
36 1,026 3,86
38 1,018 3,88

JlaGoparopHas padora Ne7 «CkopocTh XUMHYECKHUX PeaKkid. XUMHYeCKOe PABHOBECHE)
Hesab: n3ydyeHue BIAMSHUA PA3TUYHBIX (DAKTOPOB Ha CKOPOCTh XHMHYECKUX pPEAKUUN U
COCTOSTHUE XMMUYECKOTO PAaBHOBECHSI B TOMOT'€HHBIX CHCTEMAaX.
OnbiT 1. Bausinue KOHIEHTPALUMU PearupylolMX BelleCcTB HA CKOPOCTb XMMH4YECKHX

peakuuit

PeaKHI/IH H.[aBeHeBOﬁ KHCJIOTEI C HepMaHFaHaTOM KaJius HpOTeKaeT 10 ypaBHeHHIO:
4H>C,04 + 2ZKMnO4 — K>2C704 + 2MnO; + 4H,0 + 6CO;
KuHeTnueckoe ypaBHEHHE PEAKIIUH:

4 2
d=x CH2C204 CKMno4

3a X00M peaKklMH CIEIAT 0 U3MEHEHHUIO OKPACKU pacTBOpa MepMaHraHaTa Kajusl.
1. B marp mpoObupok BHecuTe 1o 10 Kamenb pacTBOPOB MIABEIEBON KHCIOTHI Pa3IAYHON
koHneHTpanuu (0,2; 0,3; 0,4; 0,5; 0,6 M).
2. IlocnemoBarenbHO BO BCE MPOOUPKU ¢ MHTEpBAJIOM 1-2 ceKyH bl 100aBbTe 1Mo 1 Karie pacTBopa

NepMaHraHara Kajivs U BKIIFOUUTC CCKYHIOMCD.

3. He BbIkiIIO4ast cekyHIoOMepa, OTMETbTE BpeMs M3MEHEHUS OKpacKM IepMaHraHaTta Kainus B

KXKI0U TPOOHpPKeE.

4. Pe3ynbrarhl onpiTa 3aHECUTE B TAOIUITY 1.

e

peakIuu.

Omnpenenure YCIOBHYIO CKOPOCTh PEAKLUU KaK BEIWYHMHY, OOpaTHYIO BPEMEHM MPOTEKAHUS

6. IlocrpoiiTe rpaduk 3aBUCMMOCTH CKOPOCTH PEaKLUUU OT KOHIEHTPAIMU LIaBEJICBOW KHCIOTHI,
IPOAHATM3UPYHUTE MOITYYEHHYIO 3aBUCHUMOCTb. 3alIUIINTE HAOIIOJCHUS U CIeNAaiTe BBIBO/.

PesynbTaTe! onbiTa 1

Tabauua 1.

Ne KonuenTpanus Bpewms, CkopocTb peakuu
poOUpPKHU KHCJIOTHI, C, T,C B YCJIOBHBIX €IUHMLIAX, V
MOJIB/TI =100/z, ¢!
1 0,2

0,3




3 0,4
4 0,5
5 0,6

OnbIT 2. BiiusiHne TeMIepaTypbl HA CKOPOCTh XUMUYECKUX PeaKkmuil
s onblTa HEOOXOIMM CTaKaH—TEPMOCTAT, HAMOJHEHHBIH BOJON M 3aKPBITHIH KPBIIIKOH C

OTBEPCTHUSIMU JJIsl IPOOUPOK U TEPMOMETPA.

1.

B Tpu npoGupku, BcTaBlieHHBIE B KPBIIKY TepMocTaTa, HanelTe no 10 kanens 0,5 M pactBopa
IaBeIeBOM KUCIOTHL. B ueTBEPTYIO MpoOupKy Ha 2/3 e€ 00bEMa BiICHTE pacTBOp MepMaHTaHaTa
Kanus (MUIETKY OCTaBbTE B IPOOHPKE).

2. 3anummmuTe Temreparypy. B omHy u3 mpoOupok mno0GaBpTe 1 Karumo TNepMaHTraHaTta Kailus U
BKJIIOUUTE CEKYHJIOMED.
3. MsmepbTe Bpemsi OT MOMEHTa J00aBJi€HMsI MEepMaHTaHaTa Kajius 10 H3MEHEHHUS OKpacKd
pacTBopa.
4. Harpeiite Boay B ctakane Ha 10° BbIie npeapiaymieit Temmneparypbl. CHUIMUATE CTaKaH C TUTMTKH
Y TIOBTOPUTE OTIBIT B IPYTOM MPOOUPKE.
5. TlpoBenute onbITH IPH 4 TeMIlepaTypax, oTaudaroniuxcs Ha 10°.
6. IlomydeHHbBIE TaHHBIC 3aHECUTE B TAOIUILY 2.
7. PaccuuTaiiTe mecTb 3HaYCHUI TeMIiepaTypHoro kosdduimenta (y). Halinure cpennee 3HaueHHE
7.
8. CnemnaiiTe BBIBOJ O 3aBUCUMOCTH CKOPOCTH JAHHON XMMUYECKON pEaKIMU OT TEMIIEPaTyphl.
Tabmanma 2.
Pe3ynbrats! oneita 2
No Temnep Bpe Koncranra TemnepaTypHbIii
npod | arypaombita, | Ms, 7,C | CKOPOCTH k B yCIOBHBIX KOX(PPHUIMEHT Y
UpKH t,°C emnHunax, k= 100/t Y Yep
.
1
2
3
4
9. MHcnonb3ys ypaBHeHHE AppeHHyca W BEIMYMHBI KOHCTAHT CKOPOCTH IMPH Pa3IUYHbBIX

TEMIEpaTypax, OMPEJeNIUTe SHEPTUI0 aKTUBALMU JaHHOW peaknuu. YpaBHeHHE AppeHuyca B
norapupmuueckom Buae: lnk = Ink, — E./RT M0XHO paccMaTpuBaTh KaK JIMTHEHHOE ypaBHEHUE )
=b—ax (y =Ink, b = Ink, a = E/R, x = 1/T). I'padpuuecku Takoe ypaBHEHUE OMHCHIBACTCS
npsMoil B koopauHatax [nk — I/T. TaHreHc yria HakJIOHAa TPSIMOM K OCH aOCIMCC paBeH
BenuuuHe E./R.

10. JIns moctpoenus rpaduka ln k = f(1000/T) 3anionauTe Tabdbauiy 3.

Tabmua 3.
I[aHHBIe JUUIA I‘pa(bI/I‘-IeCKOFO onpe;[eneHH;I 3H€pI‘I/II/I aKTHUBalluu
Ne i/ Ink 1000/T
1
2
3
4

11. IMoctpoiite rpadux B koopaunarax /n k— 1000/T.



12. Onpeznenute TaHTEHC yIila HAKJIOHA MPSIMOM K OCH abcIucC.
13. Bpruncinurte 3HEPrur0 aKTUBAIIUN PEAKIUU:

E.=tga'R, rme R=8,314 Jx/(Mo1p-K)

OnpiT 3. BiunsinMe KaTaaM3aTOpPa HAa CKOPOCTh PeaKUWH PAa3JIOKeHHs NepPOKCHIa
BOJI0pOJA

[Tepokcua BoiopoAa B BOJHBIX PacTBOPax CaMOIPOM3BOJILHO, HO MEUICHHO pasjlaraercs Ha
KHCJIOPOJ ¥ BOJLY:

2H,0, — 0, + 2H,0.

BBenenue kartanmsaTtopa MO3BOJISIET PE3KO YBEIUWYHUTh CKOPOCTh peakuuu. B kauecTBe
Karajan3aTopa MOXeT OBbITh HCIOJB30BaH OWMXpoMar Kaius. B mpuCyTCTBHHM BOJHOTO pPacTBOpa
K>Cr207 roMOreHHbIN Mpoece pas3yioKEeHHs EPOKCHIa BOJAOPOAa MPOTEKAET B IBE CTAIUHU:

I crapgusa: 2H,0, + K,Cr,0, = K,Cr,09 + 2H,0;

IT cragus: K,Cr,09 — K,;Cr,0, + O5.

Hecrabunsnoe npomexxyrounoe coeauaerrne KoCroO9 MTHOBEHHO pacmaiaeTcsl B pe3yibTare
BHYTPUMOJIEKYJISIpHOIT pekoMmOuHanuu. Ilpu 3ToM BbImensieTcss KUCIOPOJI U BBICBOOOXKAAETCs
karanu3atop. [lepBasi cragusi, kak Ooyee MemsieHHas, TUMHUTHpPYeT mporecc. CremoBarenbHO,
CKOPOCTh  DPAa3JIOKEHMsI TMEPOKCHAAa  BOJOPOJA  OINpEeAeNsieTcss CKOPOCThIO  00pazoBaHUs
npomexxyTounoro coearHeHus: KoCroOg 1 3aBUCHT OT MCXOHOM KOHIIEHTPALIMK KaTajau3aTropa.

OrnpezeneHne MPOU3BOIAT C MOMOIIBI0 mpubopa (puc. 1), COCTOSIIETr0 M3 U3MEPUTEITHLHON
oropetku (1) Ha 25...50 mn, nByxkoseHHOU mpobupku OcTBanbiaa (2) U ypaBHUTEIBHON CKIISIHKA
ninu Oropetku (3). BropeTku yKperisitoT B IITaTHBE W 3alOJHSIOT NUCTWIIMPOBAHHOW BOJoW. B
MCXOJIHOM COCTOSIHMM JKUJIKOCTh B cocyAax | u 3 JoyKHA HAXOJUTHCA Ha OHOM YPOBHE.

Pucynox 1. Cxema mnpubopa s ompeneneHuss oObeMa BBIACIMBIIETOCS Taza: | —
u3MepuTenbHas OropeTka, 2 — IByxKoJeHHas nmpooupka OcTBanbia, 3 — ypaBHUTEIbHAs OIOpeTKa.

1. B onno koneno npobupku OctBanbiaa (puc. 1) naneiite 1,5 mn 3%-Horo pactBopa H>O2, B npyroe
—0,5 M1 0,1 M K2Cr207.

2. TInoTtHO 3akpoiiTe MPOOHPKY MPOOKOH U 3aKPETUTE ¢ Ha IITaTHBE.

3. IIpoBepbTe mpubOOp HA TEPMETUYHOCTH. J[JIs1 ATOr0 ypaBHHUTENbHBINA cocyn (3) MOJHUMUTE HA
10...15 cm u 3akpenuTe B 3TOM MOI0KeHUU. Eciiu mpruOop repMeTHudeH, TO ypOBEHb KUKOCTH B
HEM ocTaeTcsl MOCTOSAHHBIM. Ecnmu mpubop He repMmeTHyeH, MpOBEphTE, IUIOTHO JIM 3aKpbITa
npobupka OcTBanpia (2) mpoOKoii.

4. Tlocne mpoBepKH repMETHIHOCTH TprOOopa ycTtaHoBuTe OropeTky (1) u cocy (3) Takum oOpazom,

YTOOBI KHUJAKOCTh B HUX HAXOMJIACh HA OJTHOM YPOBHE.

OTMeThTE MOJI0KEHNUE YPOBHSI )KUJIKOCTH (MeHHCcKa) B Oropetke (1) — V.

6. OCTOpOXKHO TMOBEpHHUTE MPOOUPKY (2) Tak, YTOOBI PACTBOPHI CMEIIATNCh U BKIIIOUUTE
CEKYHJIOMED.

e



7. Yepes KaxkIyl0 MUHYTY 3allMCBIBAUTE YPOBEHb BOJBI B OIOpETKE V7, BCSIKHUIT pa3 COBMEIIAs €ro C
YPOBHEM XKHIKOCTH B YPaBHUTEIBHOM cocynie. M3mepenusa npousBoaute B TeueHuu 10-15 MunyT
(1o oNTy4YeHHs TPEX OJAMHAKOBBIX 3HAYCHUN YPOBHSA BOJIBI B OIOPETKE).

8. TloBTOpHUTE OMBIT IPH APYTUX KOHIEHTpaIusax katainuzaropa (0,2 M; 0,3 M).
9. Pe3ynbraThl OBITA 3aHECUTE B TAONIUILY 4.
Tabmauma 4
Bpem Konnentpanus karammzaropa KoCrO7
o, 0,1 M 02M 0,3M
T, ypoBe o0be ypoBe 00be ypoBe 00be
MUH. Hb BOJIBI B M Hb BOJIBI B M Hb BOJIBI B M
OropeTKe, MJI | KUCJIopoia | OropeTKe, MJI | KUCJIOpoia | OropeTKe, Ml | KHCJIOpoia
, (V- Vo), , (Ve-T5), , (Ve-T0),
MIT MJT MJT
0
1
2
15

10. TToctpoiiTe rpadmku 3aBUCUMOCTH 00BEM BBIACIHMBIIETOCS KACIOpoAa OT BpemeHu. Caemaiire
BBIBOJ| O BJIMSIHUU KOHIeHTpauuu Karanuzatopa KoCroO7 Ha CKOpOCTh pa3iioxkeHus NepoKCcuaa
BOJIOpOJA.

11. IIpoBenuTe aHAJIOTMYHBINA OMBIT, B35B B KauecTBE KaTanu3atopa MnO:z (0uH MUKPOILIIATENS).
Crnemnaiite BbIBOJI 00 aKTUBHOCTH KaTallu3aTopa B JaHHOM IIpOIEcCe.

OnbIT 4. Binsinne n3MeHeHHs] KOHLIEHTPAIUM Pearupylouux BellecTB HA paBHOBecHe

XHMHMYECKOH peaKkunu

Peakmus mexay xmopuaom xkenesa (I11) u pomanugoM aMMOHHS ONTUCHIBACTCSL YPAaBHEHUEM:
FeCl3 + 3NH4CNS « Fe(CNS); + 3NH4Cl

1. Buecutre B mpoOupky Ha 1/3 ee oObeMa AMCTUIUIMPOBAHHOW BOJBI, M00aBbTE MO 2 Karuld
pactBopos xjopuna xenesa (I11) u ponannga ammonus. Pa3aenure mosydeHHbIA pacTBOp Ha TPU
poOUpKH.

2. Opmny mpoOUpKY COXpaHUTE JJIsi CpaBHEHHS Pe3yJbTaTOB OMbITa (3TajloH). B npyryio no6aBbTe
4-5 xanens pactBopa FeCls, B TpeThio — HeckonbKo kpuctauinkoB NH4Cl u BcTpsixaute e€.

3. Kak wu3meHMIaCh MHTEHCHBHOCTh OKPACKM pPacTBOpa M B KaKOM HAalpaBiIeHUH CMECTUIOCH
paBHOBecue naHHol cuctemsl npu nobasinenuu FeCls u NH4Cl? O6bsicHuTE CIBUT paBHOBECHSI.

4. Hanwumure BhIpa)keHHE KOHCTAHTHI PABHOBECHS H3y9aeMOW 00paTUMON PEaKIIUH.

JlaGoparopHasi padora NeS «IIpuroroBjieHue pacTBOPOB 3a1aHHOH KOHIIEHTPALM K

Ienb: HayuuTbCcs rOTOBUTH PAcTBOP C 3aJaHHON KOHIEHTpauueil. OBlageTb METOAUKON
JIEHCUMETPUU U KUCIIOTHO-OCHOBHOT'O TUTPOBAHMSI.

3aganme:
1) TpUTOTOBUTH PacTBOP MAacCOBOM KOHIIGHTpaluu pa30aBiieHHEeM JabopaTOPHOTO pacTBOpa
HEU3BECTHOM KOHLIEHTPaLUU;
2) IpUrOTOBUTH PACTBOP U3 HABECKH COJIH;
3) npurotoButh pactBop HCI (wnmm HoSO4) 3amanHOM KOHIICHTPAIIUU U MPOBEPUTH KOHIICHTPAIIHIO
MOJIy4YEHHOT'O pacTBOpPa METOJIOM KHCIIOTHO-OCHOBHOTO TUTPOBAHMUS.

OnpiTr 1. IlpuroroBiieHHe pacTBOpPa 3aJaHHOH KOHLIEHTPALMH W3 Ja00paTOPHOro
pacTBOpa HEU3BECTHON KOHIEHTPALMU pa30aBjieHHueM BOI0M

[Tonyuure 3amanue y npenojaaBaTelis: U3 6osiee KOHIIECHTPUPOBAHHOTO UCXOIHOTO PacTBOpa
COJIM IPUTOTOBUTH V MJI pacTBOpA COJIM C IPOLIEHTHOM KOHIIEHTpauue W.



1.

Onpenenure KOHIEHTPALMIO HCXOJHOTO pacTBOPA 110 €r0 OTHOCUTEIbHON IIIOTHOCTH. J{J1s1 3TOTO
B HWJIMHIP Ha 50 MJI HaJeHTe UCXOAHBIM PacTBOP. AKKYpaTHO ONMYCTUTE apeOMETP U U3MEPHTE
OTHOCHUTEIIbHYIO TUIOTHOCTH (¢ TOYHOCTHIO 10 £ 0,003).
[TpousBenute pacueTbl OMpeeNieHUs MPOIEHTHON KOHIEHTpPalUd HMCXOIHOTO pacTBopa IO
npuMepy.
[TpumMep: moka3zaHue apeoMeTpa COOTBETCTBYET OTHOCUTEIBHON IIOTHOCTH BOJAHOTO pacTBOpa
nutpara Hatpus 1,072 r/ea’,
B ta6mune npunoxenus I11 nns pactBopa NaNOs; oTHocuTenbHas mioTHOCTs 1,072 r/cm?
OTCYTCTBYET, HO YKa3aHbl BEIMUMHBI: MeHbIIas 1,0674 r/cm® mpu KOHIEHTpaluH pacTBOpa
NaNOs3, pasHoit 10%, u Gonbmas 1,0819 r/cm® npu koHnenTpauuu pactsopa NaNOs, paBHOit
12%. IlpuMeHss MEeTOL MHTEPIIONSILIUY, TPOU3BOJAT JalbHENIINE pacyeThI:
— HaxoIAT Pa3HOCTh BENUYMH OTHOCUTENIbHBIX IUIOTHOCTEH H COOTBETCTBYIOLIUX UM
KOHIIEHTPAIIU{ pacTBOPOB MO TAOJIMYHBIM JaHHBIM
P12 — P1o% = 1,0819 — 1,0674 = 0,0145 r/cm3;

AW =12 —-10 =2 %;
— HaxXxoIAT pa3HOCTh MEXAY BEJIMYMHONM OTHOCUTEIBHOW TIUIOTHOCTH, OINPEICICHHOU
apeoMETPOM, U MEHBIICH TaOIHMYHOI;

P — P10y = 1,072 — 1,0674 = 0,0046 r/cm3;

— COCTaBJISIFOT MPOMOPIIHIO:

0,0145r/cm3 — 2 %

0,0046 r/cm3 — x %

0,0046 - 2
=——=10,63 %:;
0,0145 ! %;

— HAWJIEHHOE YKCIIO MPUOABIISAIOT K MEHBIIEH BETUYMHE KOHIIEHTPAINH, B3ATON
u3 tabmmust: 10 + 0,63 = 10,63 % — 3T0 0TBeYaeT KOHIIEHTPAIIMHA UCXOJHOTO  PacTBOpa.
Ornpenennute OTHOCUTENBHYIO INIOTHOCTh 33JaHHOTO pacTBOpa METOJIOM MHTEPHOJISALNHU, 3aTEM
COJIep’)KaHWE BEIEeCTBA B 3a/JIaHHOM pPAacTBOPE, MAacCy HMCXOIHOTO pPacTBOpa M €ro Oo0BeM.
[IpoBepbTe MPaBUIIBHOCTD pacyeTa y Iperno1aBaTelis.
OTMepbTe MEpHBIM IUIUHAPOM PACCUUTAHHBIN COTJIACHO 3aJaHusl 00BEM UCXOAHOTO PacTBOpa,
npuienTe K HeMY IUCTHJUIMPOBAHHYIO BOJY 10 TpeOyemoro oObeMma, mepeneite B CTakaH U
TIIATEJIBHO MEpEMEIIANTE CTEKISTHHONW MATIOYKOM.
B nununaap va 50 M HasieiiTe MPUrOTOBJIEHHBIA PAacTBOP, OMYCTUTE apeoOMETP U OMPEACIIUTE
OTHOCHUTEJIbHYIO IIJIOTHOCTh PAacTBOPA.
PaccuunTaiiTe ommoOKy SKCIIepUMEHTA.

Omnpit 2. [IpuroroBjieHne pacTBOpa U3 TBEPAOro BelleCTBA U BObI

[Tonyuunte 3amanue y npenojaBaress: U3 KpUCTAIOTHIpaTa IPUTOTOBUTE V MII pacTBopa ¢

IIPOLICHTHOW KOHLIEHTpanuen W.

1.

2.

Onpenenute METOJOM HMHTEPHOJALMHU, UCTIONb3Ys Tabmuuy npunoxenus I11, otHocurensHyo
IIJIOTHOCTB 3aIaHHOTO pacTBOPA.

[To HalimeHHOMY 3HAYEHHIO OTHOCHTEIIbHOW IIJIOTHOCTH pacCUYMTalTe Maccy Oe3BOIHOTO
BEIIIECTBA, COACPXKALIYIOCAd B 33aJaHHOM oObeMe pacTBopa V Mil. 3aTeM OmpeaenuTe maccy
KPUCTAJIJIOTUAPAaTa. BBIIIOIIHEHHBIN pacyeT IPOBEPHTE y NPENOIAaBATENS.

B3BecbTe paccuMTaHHYIO0 MacCy KpUCTaUIOTHAPATa, IOMECTUTE B CTAKaH U IPUJICHTE HEMHOTO
JUCTWIJIMPOBAaHHOW BOJIBI, IEPEMEIINBAs PAacTBOP 10 pPACTBOPEHMs KpUCTALIOB. PactBop
nepenenTe B UINHIP, CHOJIOCHUTE CTaKaH HEOOIBIIUM KOJMYECTBOM BOJIbI, BEUINBAs €€ TaKKe
B LIWJIMH/IP, U OBEAUTE 0OBEM pacTBOPA J0 33AaAHHOTO 3HAYCHHUS.

Ilepeneiite NPUTrOTOBICHHBIM PAacTBOP B CTAKaH M TINATEIBHO IIEPEMEIIANTE CTEKISHHON
HAJOYKOM.

B mwimuap Ha 50 mu1 HaneiTe NpUrOTOBJIEHHBIN PAacTBOpP, OIYCTUTE apEOMETP M ONPENEIUTE
OTHOCHUTEIIBHYIO IUNIOTHOCTB PacTBOPA.

PaccunTaiite ommOKy sKcriepuMeHTa



Onpit 3. IIpurorosiieHne pacTBOPa KUCJIOTHI € 321aHHON HOPMAJIbHOM KOHLICHTPALMHU
U3 J1a00paTOpHOro pacTBopa.
1. IlonyuuTs y npenogaBaTess 3alaHue Ha BHIITOJHEHHUE OTIbITA.
2. Paccunrate 06bem konmeHTpupoBaHHOTO pactBopa HCI (mmm HoSOs), HEoOXOaMMBINA ISt
npurortosieHus pasdasiaennoro pacrsopa HCI (i H2SO4) 3aganHOM KOHIIEHTPALIUH.
3. HeoO6xoauMbIii 00beM KOHIIEHTPUPOBAHHOTO PacTBOpa OTOMPAIOT MUTIETKOW HAa 2 MJI C TIOMOIIBIO
PE3MHOBOI TPyIIM W KAa4EeCTBEHHOTO IMEPEHOCAT B MepHYyI0 kojOy Ha 100 Ma yepe3 BOPOHKY.
BopoHKy omojacKuBalT AUCTHITMPOBAHHOW BOJIOM, 3aT€M PAacTBOpP MOBOAAT 10 MeTku. Konly
3aKpBIBAIOT PE3MHOBOM MPOOKOH M MEePEeMEIINBAIOT OTYYESHHBIA PacTBOP.
3. C nomompto unetrku Ha 10 M1 orOuparoT mpoOs! (ATMKBOTHBIE JIOJIM) B TPU KOHUYECKHE KOJIOBI
Uit TUTpoBaHUsl (mo 10 M MPUTOTOBIEHHOTO PAacTBOpAa B KXy KoJOy). B kaxmyio komly
NOOaBJISAIOT WHIUKATOpP, HECKOJBbKO Kamenb ¢eHoiadTanenHa. AJUKBOTHBIE O TUTPYIOT
pactBopom NaOH wu3 Orwoperku. s sroro Oroperky 3amonustor 0,1 H pacrBopom NaOH
(TUTPAHTOM) IO HYJIEBOM OTMETKH NEpe]] KX IbIM TUTpoBaHUEM. KOHIIEHTpaIuio MpUroTOBIEHHOTO
pacTBOpa KUCIOTHI HAXOJAT, UCTIOIb3Ys 3aKOH SKBHBAJICHTOB.

Jlaboparopnasi padora Ne9 «PacTBOpBI 3J1eKTPOJINTOB)

Henb: n3ydeHne HEKOTOPHIX CBOMCTB BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB.

OmnbIT 1. D1eKTPONPOBOAHOCTH BOJHBIX PACTBOPOB

W3ydeHue 3JIeKTPONPOBOJIHOCTH MPOBOAST € TMOMOINBIO MPUOOpa, COCTOSIIETO0 W3 JIaMIIbl

HAKaJUBaHUS, CTAaKaHA C PACTBOPOM, TPaPUTOBBIX INIEKTPOIOB. OO AIIEKTPOMPOBOTHOCTH CYIST IO

HAJIMYUIO U MHTEHCUBHOCTH CBEUEHUS JIAMITbl HAKAIMBAHHUSL.

1. Crakan émkocthio S0 M1 HartomHUTE Ha 1/2 ero 00bEMa TUCTUILTUPOBAHHOW BOJIOM.

2. Bxmrounte mpubop B cerhb. 3anummTe HaOmogeHus. OOnamaeT IUCTUUTMPOBAHHAs BOJa
IIEKTPONPOBOIHOCTHIO?

3. Otxmounrte npubop. [IpunomHsIB KpBINIKY C 3JEKTPOJAMH, BHECHTE B CTakaH C BOAOH 1-2
HImnaTessi '3MeIbYEHHOTO caxapa U epeMelanre.

4. OmyctuTe 3JIEKTpPOJAbl B pacTBOp. Bxmioumte mpubop. 3anmmmre HaOmoaeHUs. SBisercs
pacTBop caxapa IpOBOJHUKOM?

5. Otximounte mpubop. B ctakan émkocTrio S0 M1 HaseiiTe Ha 1/2 ero oObema 0€3BOTHOM YKCYCHOM
KHCJIOTHI.

6. OnycTHuTe 3IeKTPOABI, BKIIOYUTE MPUOOp. 3anuimTe HaOII0ICHHUS.

7. Otxirounte npubop. OTieiiTe U3 crakana npuMepHo 1/4 oGbeMa yKCyCHOW KHCIIOTHI, J00aBbTe
TUCTHIITUPOBAHHOM BOBI 10 TIPEXKHET0 00bEMa, pa3MenIaifTe pacTBop.

8. Omycture snekTpoabl. Brximounte mpubop. HabmiomailiTe W3MeHEHHE 3JIEKTPONPOBOJAHOCTU
pacTBopa.

9. TloBTOpuTe pa3baBieHHE PAaCTBOpa M OMPEACICHHE IEKTPOIIPOBOAUMOCTH emé pa3. B kakyio
CTOPOHY CMEIIAeTCs PaBHOBECHE AWCCOIMAIMN YKCYCHOW KHCJIOTHI mpu paszbaBinenun? Kax
3aBUCHT CTEINEHb AUCCOIHMAINU YKCYCHOUM KUCIIOTHI OT pa30aBiieHus pacTBopa?

10. Otkmrounte nipubop. B crakane emkocThio 50 MJI MPUTOTOBBTE PACTBOP MOBAPEHHOM COJIH,
pa3zMeniaB B 25 MJI JUCTHJUIMPOBAHHOW BoAbI 1-2 mmatens xJiopujia HaTpusl.

11. Onycrure 3meKTpoasl B pacTBop. Brimtounte npudop. [IpoBoauT 11 pacTBOp MOBApEHHOU COTH
ANEKTPUUYECKUN TOK?

12. Cpenaiite BBIBOJ K ONBITY (0OpaTUTEe BHUMAaHHE HA THUIBI XMMHUYECKON CBS3M B BEIIECTBAX,

AJIEKTPONPOBOAHOCTb BOJHBIX PACTBOPOB KOTOPBIX U3YYaJId B IAHHOM OTIBITE).

OnpiT 2. CMeneHne paBHOBECH S JUCCOUMALMH CJ1A00I0 JIEKTPOJIUTA

Haneiite B 1Be npobupku no 5-7 kanens 0,1 H. pacTBOpa YKCYCHOW KHUCIOTHI.

B xaxnayro nmpobupky mo0aBbTE€ MO OIHON Karule METHUJIOBOrO opamkeBoro. Kak okpacuics

MHIUKATOP IO/ BAUSHUEM HOHOB H'?

3. Opny mpoOHpKY OCTaBbTE B KauyeCTBE KOHTPOJBHOM, B APYrylo npubaBbTe | mimaresns arnerara
Hatpusa CH3COONa.

[\ I
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[Iepememaiite pacTBOp M CPaBHUTE LBET IOJYYEHHOI'O PACTBOpa C LBETOM B KOHTPOJBHOMN
npoOupKe.
Hanumure ypaBHEHME OMCCOLMALMM YKCYCHOM KHCJIOTBI M BBIPAXCHUE KOHCTAHTBHI €€
JUCCOLHALNN.
OOBscHHUTE, KaK CMEIIAeTCsS paBHOBECUE JUCCOIMALUYU CI1a00r0 3JEKTPOIUTA IPU YBEIUYCHUU
KOHIEHTPAallul OIHOIO M3 BHAOB MOHOB JTOro ekTposnra? Kak MeHseTcs IpH 3TOM €ro
CTENEHb JUCCOoLaun’?
OnbiT 3. HanpaBjieHue 00MeHHbIX HOHHBIX MPOIECCOB B pacTBOpax 3JIEKTPOJIUTOB
a) B CTOPOHY 00pa30BaHus ¢J1a00ro0 3JIeKTPOJIUTA
Haneiite B aBe mpoOupku 1o 5-7 xarmemns 2 H. pacTBOpa TUAPOKCHIA HATPHSI.
B kaxnyro mobaBeTe To omHOW Kame QeHondTanenHa. Ilog BiIMsHHEM KakuX HMOHOB
dbenondTanenH OKpacuics B MaJTMHOBBIH 1IBET?
B oany npoOupky no0asisiiTe Mo KarjsiM 2 H. pacTBOpa COJSTHON KUCIIOTBI, BO BTOPYIO — 2 H.
pacTBOpa YKCYCHOW KHCJIOTBI 70 OOECIBEUMBAHMs PacTBOpa (KOJIMYECTBO HM3PACXOJ0BAHHBIX
Kaneiab KUCJIOT OTCUUTATH!).
Yem o0OBsICHACTCS HCUE3HOBEHHE OKpacku? B kakom ciydae oOeclBeuWBaHHE pacTBOpa
HacTynmuiio ObicTpee? IlouemMy paBHOBeCHE HMOHHOTO TIpOIlECCAa CMEIIAETCS B CTOPOHY
00pa30BaHUs BOJBI IPU HAJIMYUM B JICBOW YaCTH PaBEHCTBA MAJIOJUCCOLMMPOBAHHBIX MOJIEKYJI
YKCYCHOM KUCJIOTBI?
0) B CTOPOHY 00pa30BaHNsi MAJIOPACTBOPUMOIO BellecTBa
B oany npo6upky BHecute 10 kamenb pacTBOpa XJI0pHIa Kalblys, B Apyryto 10 kamnens xjaopuaa
CTPOHLUS.
Jlo6aBbTe MO 5-6 Kamenb pacTBOpa CepHON KUCIOTHL. B 00eux nu mpobupkax BbIMal 0CaaoK?
OOBbscHUTE pa3nuyus, NoNb3ysAch BenuuuHamu [1P i cynb(aroB Kanblus U CTPOHLIHUS.
Jlo6aBbTe B MPOOHMPKY C pacTBOPOM COJM KaibIus 3-4 Kamil KOHLEHTPUPOBAHHON CepHOU
kucyoTel. HabGmogalite oOpazoBanue ocagaka U OObSICHUTE MPUYHUHY €T0 BBITIAJICHHUS.
BrrunciiuTe KOHIEHTpanuu 1oHoB SO4*, HeoOXomuMble 1is ocaxaeHus nonos Ca’" u Sr** u3
pacTBopoB pasHoii (1 M) kormentpamun, eciu [1P, = 6,1-107, 1Py, =2,8107.

OmnbIT 4. I'maposus couteit

a) Onpenesenune pH pacTBopoB coJeit
Hanecure karutro pacrBopa NaNO3 Ha 10JIOCKY YHUBEPCAITHbHOM HHIUKATOPHON OyMaru.
CpaBHHTE OKpACKY € 3TAJTOHOM. 3anuiure Benuuuny pH pactsopa.
[IpoBeauTte anamoruuHbie onbITH ¢ pacTBopamMu Na,CO3, NaHCO3;, AI(NO3)s.
Kakas cpena B kaxx10M U3 B3TbIX pacTBopoB? [louemy?

0) Biausinue TeMneparypbl Ha cTelleHb THAPOJIM3a COJIU
Haneiite B mpobupky 15-20 xanenb IUCTHIUIMPOBAHHON BOJIBL.
Brecute B He€ 1-2 mmarens anerata HaTPHs U BCTPSIXHUTE MMPOOUPKY.
Ho6asbre 1-2 kammu penondranenna. Obparute BHUMaHUE HAa OKPACKy UHAUKATOPA.
Harpeiite conepxumoe nMpoOMpPKH B TJIaMEHU CUPTOBKHU. JlaiiTe 00bsCHEeHHE HAOII01aeMOMY
siBieHuI0. Hanuimre ypaBHEHUE peakIuu.
Oxnanute npoOUpKy B X0JIOAHOU Boje. [Iporcxonut mu cHOBa CMEIICHUE paBHOBECHS?
CrenaiiTe BbIBOJ O BIUSIHUM TEMIIEPATYpPhl HA CTENIEHb THAPOJIN3a.

B) Biusinne uzmenenusi pH cpenbl Ha cTeneHb rUAPOJIM3a COJIU
Buecute B npobupky 10 kamnens IUCTHUIMPOBAHHON BOJIBI.
Hob6asbTe 1-2 xpucramia xmopuaa oiosa (II) u Bctpsxaure nmpodupky. OOpasyromuiicst OebIi
0CaJIOK TpecTaBisieT co0oit ocHoBHYIO coib onoBa (II) Sn(OH)CI.
Hanummure nonHoe ypaBHeHHE COOTBETCTBYIOIIEH peakiuu THIPOIHU3a.
Jlo6aBbTe 5-10 Kamenb pacTBOpa COJISTHOM KMCIIOTBHI, YBEIMYHB ATUM KOHICHTPAIMIO MOHOB
Bojoposia. PactBopuiicst nu ocamok? Kak mosmusiio ymenblienue pH pacTtBopa Ha creneHb
TUApOJIN3a coyn?

r) HeoOpaTumblii rupoJiu3 cosiei
B npobupky HaneliTe 6-8 kamnenb pacTBOpa HUTpaTa aTIOMHHUS.



Jlo6aBbTe Takoi xe 00beM pacTBopa KapOOHATa HATPUSI.

OtmeTpTe 00Opa3oBaHME OCaJKa THIAPOKCHIA ATIOMHHHUS W BBIJICICHHE ITy3BIPHKOB OKCHIA
yraepoaa (IV).

Hanummure ypaBHenus peakuuid. Cuenaite BEIBO/L.

JlaGoparopHas padora Nel() «OKHCIMTEIBbHO-BOCCTAHOBUTEIbHBIE PeaKIMID)
HeJ’[LI MNPpOBCACHUC OKHUCIUTCIBHO-BOCCTAHOBUTCIIbHBIX peaKLIHﬁ U COCTaBJICHHUEC UX

YpaBHEHUU.
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OmnbiT 1. Peakuun 1ucnponopuMoHNpoOBaHust
a) Peakuusi AMCIponopuMoOHMpPOBaHUSA CyabQUTA HATPUSA
B onny nmpobupky nomectute 1-2 KpucTayuivka cyiab(pHUTa HaTPHsL.
Bo BTOpyI0 mpobupky nmomecture 1-2 KpucTaIMKa MPOKaJICHHOTO CYIb(HUTa HATPHSI.
B 006e mpoOupku BHECUTE 10 5-6 Karens AUCTUIUIMPOBAHHON BOJIBI.
PacTBopuTe conm, HaxosIIecs B MPOOUpKax.
Jlo6aBbTe B KaXIyt0 MPOOHPKY 10 2-3 Karum pactBopa cyiabgata meau (II).
OTMeThTE OKpPaCKy O0CaJIKOB B 00euX MpoOupKax (YepHBIN 0CaO0K MpeIcTaBsaeT co0oi cymbdua
meau (11)).
OObsicHUTE pa3IMYHbIE OKPACKH OCAIKOB.
Hamummure ypaBHEHHE peakiuu pa3ioXKeHHs Cylb(pUTa HATPHUs, YYUTHIBAs, YTO OJHHUM H3
MPOJYKTOB IIPOKAIMBAHUS SABISETCS CYIb(aT HATPUSI.
CocrtaBbTe HOHHBIC  MOJICKYJISIPHBIE YPAaBHEHHSI peakIuii oOOMeHa.
0) Peakuus nucnponopunoHupoBaHus xjaopujaa ososa (II)
B npobupky Hanelite 6-8 xamnens pactBopa xsopuaa onaosa (II).
JloGaBbTe MO KarisiM pacTBOP LIENIOUX JI0 MOSIBICHUS 0Ca/iKa U JAIbHEUIIEro ero pacTBOPEHUS.
[Ipuneiite x pactBopy 10-12 xanenb JTUCTUIIIIMPOBAHHON BOJBI.
HarpeiiTe pacTBOp 10 MOSIBICHUS YEPHOTO OCAJKa METAJUTMUYECKOTO OJI0BA.
Hanumute ypaBHeHUs peakuuii oOpa3oBanus: ruapokcuaa onosa (II); Terparuapokcoctannara
(IT) matpust; omoBa u rekcaruapokcoctannara (IV) Harpusi.
OnbIT 2. BHyTpHMOJIeKYyIAPHbIE OKUCIUTETbHO-BOCCTAHOBUTEIbHbIE PeaKIUH
B npobupky nmomectute 2-3 kpucramumka ouxpomara ammoHus (NH4)2Cr2O7.
Copnepxumoe MpoOMPKU HarpeiTe HaJ IIaMeHeM CIIUPTOBKHU JI0 TE€X MOp, MOKa He MPOU30iIeT
OypHOE pa3JIoKEHUE COJIH.
Hanummure ypaBHeHHE peaKIiy, YIUTHIBAs, YTO 3€JICHAs OKpacKa MPUHAIICKHUT OKCHIIY XpoMa
(III). Kpome Toro, B peakiiuu 00pa3yroTcs a30T U Tapbl BOBI.
OnbIT 3. Biusinue cpelbl HA IPOTEKAHHE OKHCIUTEILHO-BOCCTAHOBUTEIBHBIX peaKkumii
a) Bausinue pH cpeabl Ha XapakTep BOCCTAHOBJICHUS NEPMAHTAHATA KAJIUSA
B Tpu mpoOupku BHECUTE 1O 2 KAy pacTBOpa MEpMaHTaHaTa Kajusl.
B ogny npobupky no6aBbTe 2-3 Kariu 2 H. pacTBOpa CEPHOM KUCITOTHI
Bo BTOpYI0 mpobupky BHECUTE 2-3 KAILJIH BOJIBI.
B TpeThio mpobupky mpusieiTe 2-3 Kariu pacTBopa IIeT0YH.
Bo Bce Tpu npoOGupku BHECUTE MO 2 MUKPOIIIATENS CyNIb(UTa HATPHS ¥ IepeMelaiiTe pacTBOPbI
JI0 TIOJIHOTO PaCTBOPEHHUSI KPUCTAILIIOB.
HabmronaiiTe 3a ©I3MEHEHUEM OKPACKH PACTBOPOB BO BCEX TPEX CIIydasix.
Hanummre ypaBHEHUS peakldii BOCCTAHOBJIEHMS MEepMaHraHaTa Kajius CyJIb()UTOM HaTpHs B
Pa3HBIX Cpellax, YIUTHIBas, UTO B COSAMHECHUS MapTaHila B Pa3IMYHBIX CTETICHAX €r0 OKHCICHUS
MMEIOT XapaKTepHble OKpacku: MOH MnO, - ¢uoneToBwii, non MnO; - 3enensiii, Mn?* -
OecLBETHEIH, a okcu 1 ruapokcua Mn*' - ManopacTBOpUMBIE BellleCTBa KOPHUHEBOTO LIBETA.
K xakoMy Ty OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIM OTHOCSTCS IPOBEICHHBIE B OIBITE
3a peakuun?
0) Bausinne pH cpeabl Ha cMellleHHe PABHOBeCHSI B OKHCJIMTEIbHO-BOCCTAHOBUTEIbHBIX

peaKIusx

1.

[TomecTute B poOMpKy HEOOJIBIION KPUCTAIUIMK HOa.
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Jlo6aBbTe 8-10 Kamenb pacTBOpa IMIETOYH.
[TepememaiiTe coaepxumMoe MPOOUPKH 0 TOJTHOTO PACTBOPEHHMS Mo,
K obpa3oBaBmiemycsi OecrBeTHOMY pacTtBopy mnpubaBbre 10-14 kamenb pacTBopa CEepHOM
KHCJIOTBI /10 MOSIBIEHUS Oypoi OKpacKu pacTBOpa.
[onp3ysich pacTBOPOM Kpaxmaia, J0KaXXHUTe, YT0 Oypast OKpacka BbI3BaHa 00PAaTHBIM IPOLIECCOM
00pa3zoBaHus CBOOOIHOTO o1a.
Hanumure ypaBHEHMs peaklui, YYUTbIBAs, YTO IIPM PACTBOPEHUHU HOJA B PacTBOPE IIECIOYU
obpasyrotcs conu omoBogopoanoit HJ u itoqnoBatucroit HJO kucnor.

OnbIT 4. OKHCIUTETBHO-BOCCTAHOBUTEIbHAS IBOHCTBEHHOCTD 3JICMEHTOB, BXOASIINX B

COCIMHCHHUA B HpOMe)KyTO‘IHOﬁ CTEeICHU OKHCJ/JICHUSA

bl
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a) BzaumoneiicTBue nmepoxkcuaa BOA0PoAa ¢ MEPMAHTAHATOM KAJTUA
K 1-2 xamisim pacTBopa nmepMaHTaHaTa Kaius 100aBbTe 2-3 Karuii pacTBOpa CEpHOM KUCIOTHI.
Jlo6aBbTe K OTYYEHHOMY pacTBoOpy 2-3 Karum 3%-HOro pacTBopa nepoKcuaa BOAOPOaa.
Kak n3amenunacey okpacka pactsopa? Kakoii ra3 Beigensierca?
Hanummure ypaBHeHune peakuuu. Kakue cBolicTBa nposBIsSET B HEW NEPOKCU] Bojopoaa?

0) BzanmoneiicTBue nepokcuIa BOAOPOAA C HOAUAOM KAJIMS
K 3-4 xannsam pactBopa noaua Kanus npuiieite 3-4 kamim pacTBopa CEpHON KHUCIOTHI.
[TpubaBbTe K MoydeHHOMY pacTBopy 1-2 karm 3%-Horo pacTBopa nepokcuaa BOAOPOa.
Jlna kakoro BemiecTBa XapakTepHa IOsIBUBILIAsCS Okpacka pactBopa? I[lonb3ysch pacTBOpom
Kpaxmaja, TOKaKUTe, 94To Oypasi OKpacka BeI3BaHa 00pa30oBaHUEM CBOOOIHOTO Hoja.
Hanummure ypaBHeHune peakuuu. Kakue cBolicTBa nposBIsSET B HEW EPOKCU] Bogopoaa?

OmnbIT 5. Opranuyeckue BelecTBa B KauecTBe BOCCTAHOBUTeJIeH

a) BoccraHoB/1ieHHe OMXpomMaTa KaJus
B npobupky momectute 5-6 Kamenb pacTBOpa OuxpomMara HaTpHsl.
Baecure B Hee 2-3 Karniy KOHIIEHTPUPOBAHHOW CEPHOMN KHCIIOTHI.
Ho6aBbTe 4-5 kamnens sTunoBoro crimpra CoHsOH.
OTmeThTe M3MEHEHHE I[BETa PAcTBOPA U MOSBICHUE CIEHU(PUUECKOTO «0JIOUHOTO» 3amaxa,
npucyniero ykcycaomy ansaeruay CH3CHO.
Hanumute ypaBHeHHE peaklnu, yUuThiBas, oopazyercs coib xpoma (III).

0) BoccTaHoBJIeHHe TepMAHTaHATA KaJIUS
Buecute B mpoOupky mo 5-6 kameib pacTBOPOB IIABEJIEBOM KHCIOTHI U 2 H. PacTBOpa CEpHOM
KHCIIOTHI.
JloGaBpTe 2-3 KamuM NepMaHTaHaTa Kajius W HaOmonaiTe dYepe3 HEKOTOpoe BpeMs 3a
oOecrBeYrBaHNEM IT€pMaHTaHaTa Kajusl.
CocraBbpTe ypaBHEHUE PEAKLMH, YUUTHIBAsA, YTO [IEPMAHIaHAT-MOH BOCCTAHABIMBAETCA 10 HOHA
mapranmna (II). B peaknuu taxxe Beimensercs okcun yriaepona (IV), 1o KoToporo okucisercs
11aBeJIeBast KUCIIOTA.

JlabopaTopHasi paGora Nell «2y1eKTpoJIN3 BOAHBIX PACTBOPOB»
Iesb: mpakTHUECKOE U3YYEHHUE MTPOLECCA IIEKTPOIIN3a BOJHBIX PACTBOPOB HEKOTOPBIX COJIEH.
OmnbIT 1. D71eKTPOJIN3 PACTBOPA HOAUAA KAJIUS

3aI0JIHUTE IEKTPOIU3EP PaCTBOPOM MOAMIA KA.

2. Omnyctute B pacTBOP YTrOJbHBIE JIEKTPOJIbl, BKIIFOUUTE TOK.

3. BbIkmouHTE TOK, KaK TOJIBKO HA aHOJE BBIAECIUTCS [, BRIHBTE AJIEKTPOABI, OIYCTUTE HMX B
CTaKaH4YUK C BOJOM.

4. JloGaBbTe 2-3 Karumm Kpaxmajia B aHOJHOE MMPOCTPAHCTBO, B KATOJHOE — 2-3 Karuin
deHondranenna.

5. OTMeThTe B 00BSICHUTE U3MEHEHHE I[BETA PACTBOPA.

6. Hanumure ypaBHEHUS KATOAHOTO U aHOJHOTO MTPOLIECCOB, MOIb3YSACh BEJIMUMHAMU AJIEKTPOIHBIX

1.

HOTEHIUAJIOB.
OmnbIT 2. D1eKTPOJIN3 pacTBOpa cy/bdara HaTPUS
3aI0JIHUTE IEKTPOIU3EP PACTBOPOM CyJib(haTa HaTpHUS.
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Jlo6aBbTe B 00a KojieHa TPYOKH 1O 2 KAl pacTBOpa HEUTPAIBHOTO JIAKMYca.
OmnycTuTte B pacTBOP YTOJIbHBIE AJIEKTPObI, BKJIIOUUTE TOK U HAOIIOAalTe  SIBJICHUS,
IIPOUCXOMASAIINE HA DIIEKTPOJAX.
Hanummre ypaBHEHHs COOTBETCTBYIOLINX MPOLIECCOB, OOBSICHUTE HX, MIOJIB3YACh
BEJIMYMHAMU JIEKTPOIHBIX OTEHLIUAJIOB.

OnpIT 3. DJIeKTPOJIHU3 pacTBOpa cyabdara Meau ¢ rpapMTHHIM AHOIOM
HaneiiTe B anekTponusep pacTBop cyibhara MeIu.
OnycTuTe B HETO YrOJIbHBIC MIEKTPOABI, BKIIOYUTE TOK.
3aMeTHB KpacHBIM HaJIET MEU Ha KaTOJE, BHIKJIIOYUTE TOK.
OcraBbTe pacTBOp 1151 OMbITa 4.
HanumuTe ypaBHEHHs KaTOJIHOTO U @aHOJHOTO MPOLIECCOB, OOBSICHUTD UX,  MOJb3YACh
BEJIMYMHAMU JIEKTPOJHBIX TOTCHIUAIOB.

OmnbIT 4. D1eKTPOJIN3 pacTBOpa cy/bdaTa MeaH ¢ pACTBOPUMBIM aHO0M
J1st ombITa MCTIOJIB3YUTE PAcTBOP CyiIb(daTa MeIu 13 OIbITa 3.
IToMeHsliTE HA ITEPEKIIIOYATENE MTOII0CA, IEPEKIIOUYUB KIIEMMBIL: KaTOJ[ CACJIaUTe aHOAOM, a AaHO[
— KaTOJIOM.
[Iponyctute snexkrpuueckuii Tok. Habmogaiire, uto mporcxoaur ¢ anogom. Yto HaOmonaercs
Ha Katozxe?
CoctaBbTe U OOBSCHHTE CXEMY JJIEKTPOJIM3a pacTBOpa cyib(dara Meau ¢ METHBIM aHOJIOM,
IOJIB3YSICh BEJIMYNHAMU JIEKTPOIHBIX TOTEHIIUAIOB.

JlaGoparopnas padora Nel2 «Koppo3usi MeTa/Ll10B»
Heab: O3HAKOMIIEHHE C SJIEKTPOXUMHYECKOW KOppo3ueid; ¢akTopaMu, BIUSIONMMHU Ha

KOPPO3HIO; METOJJAMH 3alIIUTHI OT KOPPO3HH.

B pabote usyuaercs Kopposus xenesa. B pesynsrare kopposuu (Fe — 2e” — Fe'?) B pactBope

IIOABJIAIOTCS NOHBI Fe+2. KauecTtBennas p€aKkiysi Ha YKa3aHHBIC HOHBI:

3Fe™? + 2K;3[Fe(CN)s] — Fes[Fe(CN)s]2| + 6K*
cumee oKpawusanue
Kopposuonnyto cpeny B ombitax 1, 2, 5, 6 TOTOBbTE B TaKOM 00BEME, YTOOBI TOJHOCTHIO

MOTPY3UTH B HEE JKEJIE3HYIO CKPETIKY.
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OmnpbiT 1. Biusinue aAKTHBHOCTH KOHTAKTHPYIOLIET0 META/LJIA HA KOPPO3UI0
Bosbmute Tpu ckpenku ans Oymar. B oiHy BcTaBbTe TOHEHBKHH KyCOUYEK METaNIMYECKOTO
0JI0Ba, BO BTOPYIO — ME/IU, TPEThIO OCTABHTE B KAYECTBE KOHTPOJIA.
Jo6aBbTe B Tpu MPOOUPKH C BOJOM MO OJHOU Karie pacTBOpa COJITHOM KUCIIOTHI, IO 2-3 Karuiu
pactBopa kpacHoi kpoBsiHOM conu K3[Fe(CN)g| 1 omycTuTe B HUX CKPETIKH.
OTMeThTe UHTEHCUBHOCTh OKPACKH BO BCEX TPEX MPOOHpPKax.
CrenaiiTe BBIBOJIbI O CKOPOCTH KOPPO3UH B KAKJIOM CIydae M HAIMUIIUTE KATOJAHbIC U aHOIHbBIC
peaxkuuu.

OmnbIT 2. Biusinue cpebl Ha CKOPOCTh KOPPO3UH
BossmuTe Tpu npobupku. B nepByto HayeiTe pacTBOp XJIOpHIa Maraus, BO BTOPYIO — pacTBOP
COJISHOU KHUCJIOThI, B TPETHIO — JUCTUIUIMPOBAHHYIO BOAY.
OIHOBPEMEHHO OIYCTUTE BO BCE MPOOUPKHU IO OJTHOM CKPEIKE.
Jlo6aBbTe yepes 5-10 MUHYT B KaX1yro IPOOUPKY MO 3 KaIIk pacTBOPa KPaCHON KPOBSIHOM COJIH.
OOBsicHUTe HMHTEHCUBHOCTH OKpacku (BO BCeX JHM MpoOuWpkax?), HAMHWIIUTE YypPaBHEHHS
IIPOTEKAIOIIUX PEAKIUH, CIeIIalTe BBIBO.

OnbIT 3. DIEKTPOKOPPO3US MeTaIa
Haneiite B U-00pa3Hyto TpyOKy pacTBOp XJIOpHIa HATPHSL.
Jlo6aBbTe B KaXKJ10€ KOJICHO 110 2 Karlulid pacTBOpa KPacHOU KpOBSIHOU con 1 peHodranenHa.
[Torpy3ute B pacTBOp IKeJIE3HBIE JIEKTPOABl (CKPENKH) W TMOAKIIOUUTE K JIEKTPOoJaM
MTOCTOSIHHBIN TOK.
OObsicHUTe HAOIIOICHUS U 3aHIINTE AHOHBIA U KATOIHBINM MTPOIIECCHI.

OnbIT 4. AHOJHBIE U KATOJAHbIE OKPbLITHS
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HaneiiTe B n1Be npobupku mo 15-20 kamenb pacTBOpa CEpHOI KHCIOTHI M 100aBbTE MO 2 KaIulu
pacTBOpa KpacHOM KPOBSIHOW COJIH.
Onycture B OAHY NPOOMPKY MOJOCKY OLMHKOBAaHHOTO JKeje3a, B JAPYIyl0 — JIyKEHOrO,
MpeBapUTENHHO ClIEaB Ha UX MOBEPXHOCTH IIYOOKHE LapAMHbI HOMKOM.
OtmetbTe yepe3 5-10 MUHYT NOSIBIICHUE CHHEH OKPAcKH B MECTE IapanuH (B Kakoil mpooupke?).
OOBsicHuTe HAOMIOJAEHUS W 3alUIINTe AaHOJHBIM M KaTOAHBIM TMPOIECCHl JUIS KaKIOH
raJlbBaHOIapshl.

OmnpiT 5. IIpoTekTOpHas 3amuTa
JloGaBbTe B 1Be MPOOMPKH ¢ AUCTUIUTMPOBAHHON BOJIOH 11O OJJHOM Karljie COJITHON KUCIIOTHI U 110
JIBE€ KaIlJIU pacTBOpa KPaCHOM KPOBSTHOM COJIH.
OmnycTute B 0JHY NPOOUPKY CKPETIKY, B JPYTYIO — CKPEIIKY B KOHTAKTE C QJIFOMUHUEM.
OTMeThTe MOSIBIICHUE WHTCHCUBHOM CHHEH OKpacKH (B KaKoil Mpooupke?).
OO0mbscHuTE HAOMIOIEH!. 3aUIINTe KaTOIHBINA U aHOAHBIN npouecchl. Crenaiite BbiBoJ. Kakyto
POJIb BBITIOJIHSAET ATFOMUHMI?

OmnbIT 6. IIpuMeHeHne HHTHONTOPOB
Haneiite B 1Be mpoOupku 1%-HbIi pacTBOP CEpHOM KUCIOTHI U J00aBbTE M0 2-3 KaIulk pacTBopa
KPaCHOM KPOBSIHOH COJIN.
PactBopute B o1HOM nTpoOupke ypoTponwuH (1 mmarens).
Omnycture B 00e npoOupku mo onxHou ckpenke. Kakoit HaOmonaercs s¢p¢ext? Kakyio pons
BBITIOJIHAET YPOTPOIHH?

CemMmectp 2. Kypc «Heoprannyeckass XuMusi 1 XMMHUS DJIEMEHTOB 2»

JlaboparopHas padora Nel «KoopauHaiMOHHbIE COeIMHEHM D>

IeJsb: nonyyeHne KOMIUIEKCHBIX COCIMHEHUHN U U3YUYEHHUE UX CBOMCTB.

OnbIT 1. AHHOHHBIE KOMILJIEKCHI
a) [lonyyeHne ruApOKCOKOMILIIEKCOB
B oany mpoGupky momectute 10 Kamemb pacTBopa XJIOpHIa IIMHKA, BO BTOPYIO TaKOE K€
KOJIMYECTBO pACTBOpa HUTPATA ATIOMUHHUS.
B kaxxmyro u3 mpoOUpOK J00aBISUTE MO KAIJISIM PacTBOP IIEIOYH.
HabmromaliTe BHaUasne BIMAJCHIE OCAIKOB, 4 3aT€M UX PACTBOPEHHE B M30BITKE IIETIOYH.
Hanummure MOHHBIE W MOJEKYJSpHbIE ypaBHEHUS NPOAETAHHBIX peaKUud, Y4YUTHIBas, YTO
06pa3yIoTCsl PaCTBOPUMBIE I'MIPOKCOKOMILIEKCH, coepikamue uonsl [Zn(OH)4]*, [AI(OH)4]".
3Hast, 4TO THIPOKCH/IbI IUHKA U AIFOMUHHUS PAaCTBOPSAIOTCS TAKKE B KUCIOTaX, YKAKHUTE K KAKOMY
TUITY OHH OTHOCSITCA.
0) Ilosryuyenue Tterpaitonosucmyrara (I11) kamaus
B npobupky Haneiite 3-4 xarum pactBopa Hutparta Bucmyrta (I1I).
[TpubaBnsiiTe Mo KaIjisiM pacTBOP MOAWJA Kallus 10 BbIMaJIeHUsI TEMHO-Oyporo ocajka uoauaa
Bucmyta (I11).
PacTBopuTe 3TOT 0caziok B U30BITKE pacTBOpa MOAM 1A KaJIHsl.
OTMeTbhTe LBET MOJYYEHHOT'O PacTBOPA.
Hanummure ypaBHeHHs MpOBEIEHHBIX peakUWid B HOHHOM U  MOJIEKYJISIPHOM BHUJE
(koopauHanmoHHoe unciao noHa Bucmyta (I1I) paBHO ueTsipem).
OmnbIT 2. KaTHOHHBIE KOMILIEKCHI
B oxnoli mpobupke momyunte ocanok ruapokcuaa Hukens (1), no6aBus k 3-4 kamisM pacTBopa
xnopuaa aukens (I1) Takoit ke 00bemM pacTBOpa IIETOYH.
Bo Bropoii mpobupke momyuute ocagok ruapokcuna kagmus (II) myrem noGasnenus x 3-4
KarusiM pactBopa HuTpara kaamus (I1) 3-4 xamens pacTBopa mienoyu.
K ocankam B 06enx npodupkax 1o0aBbTe 1o 5-6 kanenb 25%-Horo pactBopa ammuaka. OTMeTbTe
B HAOJIIOJICHUSX POUCXOJISAIINE SIBICHUS.



4.

Cpasuure okpacky nonos Ni?* u Cd** B pactBopax xnopuna Huxens (II) u uurpara kagamus (11)
C OKpacKoW MOJy4eHHBIX pacTBOpOB. [IpucyTrcTBHEM KakUX HOHOB OOYCJIOBIIEHBI OKpPAaCKH
pacTBopoB?

Hamnuire noHHBIE M MOJIEKYJISIPHBIE YpaBHEHUS peakiuil (KoopauHannonHoe yrciio Hukes (11)
paBHo mecTH, a kagmus (II) - veteipem).

CocTaBbTe€ ypaBHEHHUS JJICKTPOJMTHYECKOW IMCCOLMAIMM KOMIUIEKCHBIX OCHOBaHui. Kakue
OCHOBaHUS SBISIOTCS 00JIee CUIIBbHBIMU: MTPOCTHIEC WM KOMITIEKCHBIE? OOOCHYITE OTBET.

OmnbiT 3. KoMIuIeKCHbIE COeIMHEHHUS B peaKkusix oOMeHa

a) Iloayyenue mu HCCJIeIOBAHME  KOMILUIEKCHOIO  COeJUHEeHusi  cyJjbdara

Terpaammunamenu (I1)

1.

[TomecTute B aBe mpobupku no 10 kanens pactBopa cyibdara menu (II).

2. JloGaBbTe B OAHY MPOOMPKY 2 Kariu xjopuaa 6apus. Ha mpucyTcTBHE Kakoro HOHA YKa3bIBaCT
BBINIABIIUN OCaI0K?

3. Bo BTOpYyIO MpOOHPKY BHECUTE JKEIE3HYIO CKPETKY. 3alUIINTE HAOIIOICHUSI.

4. TlomyunTe KOMIUIEKCHOE COCIMHEHUE MEIH, JJIS Yero rnomecture B mpoodupky 15-16 kamenb
pactBopa cyibbpata meau (II) m mo kammsam pobGammsiite 25%-HbI pacTBOp amMMmHaka.
Habmiomaiite pacTBOpeHHE BBINABIIETO BHavaje ocanka cyiabparta ruapoxkcomenu (1) u
W3MEHEHUE I[BETa pacTBOpa Mpu 00pa30BaHUK KOMIUIEKCHOTO cyibdara Terpaammuamenn (II).

5. Tlomy4eHHBIN pacTBOpP pa3Je/nuTe B ABE MPOOUPKH U MPOBEAUTE TE JKE J[BA OIBITA, KOTOPHIE OBLITU
npoJiesIaHkl ¢ pacTBOpoM cynbdata meau (1I).

6. Brimagaer nu ocafok mpu q00aBIeHUH XJIopuaa 6apus?

7. Bwlmensgercs 11 Meb Ha MOBEPXHOCTH Keye3a?

8. CocraBbTe MOHHBIE U MOJICKYJISIPHBIC YPAaBHEHHUS PEaKIIUU.

0) Bzanmoneiicteue rekcanuanogpeppara (II) kanus c cyasdarom meau

1. B mpobupky BHecute 4-5 kanens pactBopa cyiabdara menu (II).

2. JloGaBbTe 4-5 Karens pacTBopa KoMruiekcHo# conu rekcannanodeppata (I1I) kamus K4[Fe(CN)s].

3. OrmetbTe 1BET 00pa3oBaBIIerocs ocaaka rekcannanodeppara (1) meau.

4. Hanumure HOHHOE U MOJIEKYJISIPHOE YPABHEHUSI PEAKIIHIA.

OnbIT 4. DIEKTPOIUTHYECKAS TUCCOIUANUSA KOMILIEKCHBIX COeUHEHMN I

1. B oany nmpobupky HazneiTe 3-4 kamau pactBopa xyuopuaa xkemnesa (I11).

2. B mpyryro nmpobupky moMmectute 3-4 Kariu pacTBopa KOMIUIEKCHOHN cou rekcanuaHodeppara
(IIT) xamus Ks[Fe(CN)s].

3. B o0e npoGupku n1o6aBbTe 2-3 Karjik pacTBOpa THAPOKCHIA HATPHS. 3alUIINTE HAOIIOJCHUS.

4. Takum xe 00pa30oM HCHBITAWTE PAacCTBOPHI OOOMX BEIIECTB, MOJCHCTBOBAB HA KaXIBIA M3 HUX
pPacTBOPOM poJIaHUAa AMMOHUS. 3aMTUIIIUTE HAOIIOICHUSI.

5. CocrtaBbTe YypaBHEHHS OJJICKTPOJUTHYECKONW auccorumanuu xjopuna xkenesa (III) wm
rekcanuanodeppata (I1I) kamus.

6. Hanummre noHHBIE U MOJIEKYJIApHBIC YpaBHEHUs peakiuid. Caenaiite BHIBO/I.

OmnbIt 5. IIpo4HOCTH KOMILJIEKCHBIX HOHOB. PaspylieHne KOMILJIEKCOB P pa30aBJIeHUH
pacTBopa

1. Buecute B mpobupky 3-4 xamiu pactBopa HuTpaTta kobanbta (II).

2. JloGaBbTe HECKOJBKO Karellb HACHIIICHHOTO pacTBOpa pojaHuaa amMMoHus. HaOmromaiite
U3MEHEHHE OKPACKU pacTBOpa BCIEACTBHE 00pa3oBaHus TeTpapomganokobanstat (11)-noHoB.

3. PasbaBpTe pactBOp, m006aBuB 15-20 kamenb IUCTWIUIMPOBAHHOW Boxbl. HaOmromaiite 3a
BO300HOBJICHHEM PO30BOI OKPACKH.

4. Hanumure WOHHBIE W MOJICKYJISIpDHBIE YPaBHEHHUS PEaKIUid, YpaBHEHHE JJICKTPOJIUTHYECKOU

Jucconannu KOMIIJIEKCHOI'O HMOHa, BBIpa)KeHI/Ie KOHCTAHTHBI HeCTOﬁKOCTH. KaK BIUACT
pa3baBjIcHHE pacTBOpa Ha JTUCCOIMAIINIO0 KOMITJICKca?

JlaGoparopHasi padora Ne2 «CBoOMCTBA $-3JIEMEHTOB M MX COeIMHEHM I
I_[e.m,: 03HAaKOMJICHHE C OCHOBHBIMH XHMHUYECKUMH CBOMCTBaMHU IICJIOYHBIX MCTAJIOB,

6ep1/mm/m, MarHuys, meJI0YHO3€EMEIIbHBIX METAJIJIOB U UX COCI[HHCHPIﬁ.



OmnpiT 1. B3anMoaeiicTBue HATPUS ¢ BOOH

ManeHnbkuii Kycouek HaTpus (pasMepoM € TOPOUIMHY) MUHLETOM OCTOPOXHO H3BJIEUb U3
KEpPOCHHA U OMYCTHTh B KPUCTALIM3ATOP C BOAOH. 3amucaTh HAOJIIOACHUS U ypaBHEHHE PEaKIUU
B3aMMOJICHCTBUS HaTpHs ¢ Bojon. K momyueHHOMY pacTBopy nmpubaButh 1 karumo dheHondTanenHa.
OOBSICHUTH HAOIIOICHUSI.

OnpIT 2. [losyyeHue nepoKcHaa HATPUS

[TuHIIETOM BBIHYTH U3 KEpOCHHA HEOOJIBIION KyCOYEK HATpHs, OCYIIUTh (PUIBTPOBAIHLHOMN
OyMaroi, IOMeCTUTh B TUTeNb U MOAXKeUb ropenky. [locne Toro kak Merasmn pacijiaBuTCs, MOHKEeYb
€ro IJJaMEHEM TOpEJIKH 10 IOJHOIro cropaHus. PacTBopuTh mnosmydeHHbI mnopomok B 10 mu
JUCTHIIIMPOBAaHHOM BoJbl. HamucaTh ypaBHeHUsl peakiuii 00pa3oBaHUS NMEPOKCHUA HATPUS U €TO
B3aMMOJICUCTBUS C BOJOM.

Pazgenuth pacTBOp Ha aBE YacTH W MepeHecTH B mpoOoupku. K o6enM vacTsM npubaBUTh 10O
5 xamenb pacTBOpa cepHOW KuCIOTHL. K OogHOMY M3 pacTBOpPOB NMpUOABUTH HECKOJIBKO Kamelb
pa30aBIEHHOIO pacTBOpa MOJIUIA Kallus, K IPYroMy — HECKOJIBKO Kalellb pacTBOpa NepMaHraHaTa
kamusi. Otmetuth HabmoneHus. Kakue cBOWCTBA MPOSBIAIOT B 00CUX PEAKIUSX MEPOKCHIBI?
HanucaTk cOOTBETCTBYIONINE YPABHEHUS PEAKIIMIA.

OnbiT 3. KayecTBeHHas1 peakuisi HA HOH HATPHA

Ha npenMeTHoe cTEKsI0 MOMECTUTh HECKOJIBKO Kalledb HACBIIIEHHOI'O pacTBOpa XJIOpHAa
HATpHUs, OCTOPOXHO BBIMAPUTH JIOCYXa, 3aTeM TNPUOABUTh HECKOJIBKO Kalelb pacTBOpa
nuakypanunanerata Zn(UO;)3(CH3COO)s. PaccMoTpeTh KpucTauibl B MUKPOCKOI, OTMETUTh UX
nBeT u ¢popmy. Hamucars ypaBHEeHHE peaklnu.

OnpIT 4. KauecTBeHHAs1 peaKkUMsi HA HOH KaJIusl

Ha npeametHom crekiie k 1 kamie cierka oAK1UCIEHHOTO COJITHOM KMCIIOTON pacTBOpa COJIU
Kanus mpuoaBuTh 1-2 karum pactBopa rekcanutputokodansrara (11I) matpus Na3[ Co(NO2)s]. Uepes
HEKOTOpPOE BpeMsi 00paszyeTcs KENThId KPUCTAIUINYECKUN ocagok. OTMETHTh (pOpMy KpHUCTAILIOB,
UCIOJIB3YSl MUKpOCKOIl. Hanucats ypaBHEHUE peaKIiH.

OmnpiT 5. OkpammBaHue IJIAMEHHU COJISIMHU HIEJTOYHBIX META/IIOB

CranbHyI0O TPOBOJIOKY, KOHEI[ KOTOPOW 3arHyT B YIIKO, CMOYUTHb PAacTBOPOM COJITHOM
KHCJIOTBI U MPOKATIUTH €€. Eciiu MosBUIIOCH OKpalllMBaHUE TJIaMEHH, TO MTPOKATUBAHUE MTPOI0KATh
JI0 UCYE3HOBEHHUS OCTOPOHHEN OKpackH. [lociie 3Toro KOCHyThCA packajleHHOW MPOBOJIOKON CyXOi
COJIM HaTpHsI M BHECTH €€ B I1aMs ropesiki. OTMETUTB OKpacKy IiaMeHu. [IoBTOpUTE OMBIT € CONIAMU
KaJus, JIMTUSL U pyouus.

OnbIT 6. ITosryyeHne u cBOMCTBA THAPOKCHAA OepHILIINS

B mpoOupky BHecTH 3-4 kamim pa30aBICHHOTO pacTBOpa COJMW OCpUIUIMS W MO KaruisaM
no6asinsate 0,1 M pacTBop ruipokcua HaTpus 10 00pa30BaHuUs OCAIKa.

Pa3nenuth ocagok Ha JIBe YacTH U MOMECTUTH B MpoOupku. B ogHy mpoOupky npudaBUThH
COJISIHYIO KHCJIOTY, B apyryto — 40% pactBop ruapokcuna Hatpus. Uro Habmomaercs? Ha kakoe
CBOMCTBO THAPOKCHIa OSPUILITNS ATO yKa3biBaeT? HamucaTs ypaBHEHHS PEaKIIUid.

Onpir 7. IlonyyeHue TUAPOKCHAA MATHMS M €ro PacTBOPeHHMEe B KHCJOTe, COJISIX
aMMOHMA

B mpoGupky ¢ pacTBOpOM COJIM MarHusi MPUOABIATH MO KalUISIM pPacTBOpP LIENTOYH J0
oOpazoBanus ocaaka. Ocafok pa3fenuTh Ha TPU YacTU M MOMECTUTHh B Mpodupku. B mepByro
npubaBiATe 1o KarmsM 40% pacTBOp TMAPOKCHAA HATpPHUs, BO BTOPYIO — KOHLIEHTPUPOBAHHYIO
COJIIHYIO KHCJIOTY, B TPEThIO - HACBIIIEHHBIM pacTBOp XJIOpHJa aMMOHHMs. B kakux mpoOGupkax
HaOMOIaoCh pacTBopeHure ocaaka? (O KakuxX CBOWCTBaX 3TO CBUAETENbCTBYeT? Hammcats
COOTBETCTBYIOIIME YPABHEHUS PEAKIIHII.

OnbiT 8. KayecTBeHHas1 peakiusi HA HOH MAarHUS

Ha nmpeameTrHoe crekino kanmHyTh 1-2 Kamimu pactBopa coysm marHus. J[o6aButh 1 kario
pactBopa HCI u 2 kanmm pactBopa runpodocdata Harpust Na2HPO4. [Tocne sToro nmpubasnsts mo
KaIlJIIM pacTBOP T'HAPOKCHIa aMMOHHUS 1O 00pa30BaHUSl XapaKTEPHOI0 KPUCTAJUIMUECKOTO OCajKa
MgNH4PO4-6H20. Tlpu sTOM, e€cnu ocaloK BBINAAET HE cpasy, CIEAYET MOTEPETh CTEKIISHHOU



NAJIOYKOW O CTEKIO0. PaccMOTpeTh B MHUKpPOCKOIE IIOJy4EHHBIE KPUCTAUIBI ABOMHOW CONM H
3apucoBath ux. HanucaTte ypaBHEHHE peakiuu.

OnpIT 9. ITosryyeHne ruAPOKCHAA KAJBIHS U €ro CBolicTBa

[Tonp3ysch mUMIaMH MPOKAIUTH HEOONBIION KycOUeK Mejla Ha MJIaMEeHH FOPENIKH B TeUEHHE
HECKOJIbKUX MHUHYT. Ilocie 3Toro omyctuth 0Opa3oBaBLIMIICS TBEPIBIA MPOIYKT PAa3JIOKEHUS B
MpoOUPKY C TUCTHUTMPOBAHHOW BOJoM. Kak Ha3piBaeTCs 3TOT MPOIECC B MPOMBIIIICHHOCTH?
PactBop ucnbiTath (eHONPTATIEMHOM, a 3aTe€M MPOMYCTHTh Yepe3 Hero okcua yriaepoxaa (IV) us
anmapaTta Kumnma (cHadana HeMHOro, 3areM H30bITOK). UTo Habmiomaerca? Hammcars ypaBHEHUS
peakuuii. Kakue cBoiicTBa NposiBiISIET TMAPOKCUL KaIbLus?

OmnpiT 10. OKpamMBaHue IJIAMEHH COJIAMH LIEeJI0YHO3eMeJIbHbIX METAJLI0B

CranpHyl0 TIPOBOJIOKY, KOHEL] KOTOpPOW 3arHyT B YIIKO, CMOYMTH PacTBOPOM COJISTHOM
KHCJIOTBI U IPOKAJIUTh €€. Ecin MOsSBUIIOCH OKpalllMBaHUE IJIAMEHH, TO MTPOKAIMBAHUE MTPOIOKATh
JI0 UCYE3HOBEHHUSI IOCTOPOHHEN OKpacku. [lociie 3Toro KOCHyThCS pacKajleHHOW MMPOBOJIOKON CyXOu
COJIM KaJIbLIMSI U BHECTH €€ B IUIaMs ropenku. OTMETUTh OKpacKy IuiameHu. [IoBTOpUTH OmbIT C
COJISIMH CTpOHIMA U Oapus. Onucats HAOII0JaeMbIe SBICHHS.

JlabopaTopnasi pabora Ne3 «CuHTe3 nepokcuaa 0apusi M1 H3y4YeHHe ero CBOMCTB»

Heanb: monyyeHnue nepokcuaa 0apus U U3y4eHUE €ro CBOMCTB.

[epoxcun Gapust 6e3BonHbIN BaO, — 6ensbiii mopomok, npu 800°C nepexoaut B BaO. I'mapat
Ba0O,-8H>0 — rexcaroHaibHbIE YEIIYHKHA C KEMUYKHBIM OJIECKOM, Maji0 PAaCTBOPUM B XOJIOJHOU
Boge (0,168% mnpu 20°C). Ilpu 130°C BaO;-8H,O Tepsier 7,5 monekyn Boasl. [lomHoe
00€3BOKMBaHUE MPOUCXOAUT Mpu Temriepatype oT 200°C ¢ 4acTUYHBIM OTHIETUICHUEM KHUCIOPOa.

IHony4enmne:

1. 10 r BaCl2-2H20 pactBopuTte B 25 M Boabl. K noinyuenHomy pactBopy no6asbte 25 M 30%-
Horo pactBopa H>O». [locne nepememmBanus npuneire 20 mur pactBopa ammuaka (p = 0,91
r/cM’) 1 cHOBa TIIATENHHO TIepeMenaiiTe.

2. Tlocne oTcTanBaHMs BBINABIIETO 0CAIKa MEPOKCUAA OapHst MPOMONTE ero 2-3 pasa JeKaHTaluen
XOJIOJTHOW BOJIOM ISl YIQJICHUS XJIOPUJT UOHOB.

3. IIpompbIThIil 0caok cHauana cymure B hapdoposoii yamike mpu 50-70°C, uzpeaka pactupas ero
mmnateneMm. Korga comepkuMoe 4Yallky MPEBPATUTCS B PACCHIIYATYIO Maccy, IOBBICHTE
temneparypy Ao 75-80°C. BeicynieHHsIl IpenapaT pa3oTpPUTE B CTYIKE, B3BECHTE U IOMECTUTE
B CKJISTHKY C IIPUTEPTOU MPOOKOIA.

4. Tlo ypaBHEHHUIO peaKIuU

BaCl, + H,0, + 2NH,OH - BaO, + 2NH,Cl + 2H,0
OIIPEAETIUTE MPAKTUYECKUI BBIXOJ IPOAYKTA.
CaoiicTBa nepokcuaa dapus:
[TpuroroBbTe BOJIHBIA PAaCTBOp MEPOKCHAA OapHsi, IJIi YEro pacTBOPHUTE 2 MHKPOIIIATENs
BEIIIECTBA B 3 MJI JUCTUWIJIMPOBAHHOM BOJBI.

1. Jlns uneHTu(uKanuy CHHTE3UPOBAHHOTO IEPOKCH A Oapusi MPOBEIUTE KAUeCTBEHHBIC PEAKIINH,
MTOATBEPKIAIOIINE €r0 COCTAB:

— 7151 OOHapyXEHHsI HIOHOB Oapus K 5 KaruisiM pacTBopa mnepokcuaa 0apus 1o6aBbTe 2-3 Karum
2 H. H2SO4. Yto nabmogaercsi? CocTaBbTe ypaBHEHNE XUMUYECKON PEaKITUH.

— nnst oOHapy)KeHHe MEePOKCUI-MOHOB K 5 KalisiM pacTBopa mepokcuja O6apusi npuienrte 2-3
karum 2 H. HCI, mepememraiite m poGaBbre 2-3 Kamid pacTtBopa uoauaa kamus. Urto
Habmonaercs? B momydenHsll pacTBop KamHuTe 1-2 kamimm kpaxmana. Kak m3aMeHmsach ero
okpacka? Ha oOpa3oBaHme Kakoro BeIIECTBA O3TO YKa3biBaeT? Hamummre ypaBHEHHS
XUMUYECKUX PEAKLIUN.

2.  OKHCTUTEIHHO-BOCCTAHOBUTEILHBIE CBOMCTBA TMEpOKCcHIA Oapus HU3YYUTE Ha TpUMEpPE
peaKkuuii:

— K 5 xamsaMm pactBopa cyibdara xene3a (II) nodaBpre 2-3 kammm 2 H. HoSO4 u 2-3 xamum
pactBopa nepokcuaa 6apus. B nomydeHHslii pacTBop npuieite 1-2 Karum pacTBOpa THOIIMaHATa
amMmoHus1. Kak m3ameHmnace okpacka pactBopa? Ha oOpazoBaHue Kakux HOHOB 9TO YKa3bIBaeT?



CocraBbTe ypaBHEHUS XUMHUYECKMX peakuuil. Kakue OKHUCIUTENbHO-BOCCTAHOBUTEIBHBIE
CBOMCTBA MPOSIBIISET IEPOKCHT Oapusi?

— K 5 kamusaMm pactBopa KpacHoil kpoBsiHOM comu Ki[Fe(CN)g] moOGaBeTe Takoil xke o0beM
pacTtBopa nepokcuaa 6apusi. Yto Habmonaercsa? 3anummnTe ypaBHEHUE XUMUYECKON PEAKIIUH.
Kakue okucnuTebHO-BOCCTAHOBUTEIBHBIC CBOMCTBA MPOSIBIISIET Tepokcul 6apusi? Ilouemy?
OnbIT NPOBOANTCA B BITs2KHOM Kady! Ha pabodyem MecTe moaroToBbTe HOAKpaXMaIbHYIO
Oymary, JIjsl 4ero Ha MojocKy (UIbTPOBAILHON OymMaru HaHECHTE PACTBOPHI MOIUAA KAl U
KpaxMaja. 3aTeM B BBITSDKHOM mikady K 5 KarusiM pacTBopa nepokcuna 6apust 1o6aBpTe 2-3
KaIlUIM KOHIICHTPUPOBAHHON CEPHON KUCIIOTHI U OBICTPO MOJHECUTE HOIKpaXMalbHYIO OyMary K
BeIZICISTIONIEMY Ta3y. Uto HaOmogaeTcs? CocTaBbTe YpaBHEHUS XUMUUECKUX PEAKIIHM.
Cdhopmynupyiite BBIBOJ K padoTe.

JlaboparopHas padora Ned «KecTkocTh BOABI M CIOCOOBI YMATYEHUSD)
Heanb: KoMMUecTBEHHOE OMpeesieHre 00Iel )KeCTKOCTH BOJAOIIPOBOHON BOJIbI, 3HAKOMCTBO

C METOaMHU €€ yMAT4eHUsI.
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OmnbiT 1. OnpeaesieHne 001IeH KeCTKOCTH BOIbI
3anonHUTe OIOPETKY pacTBOpoM TpuiioHa b.
3anumute ¢ ToyHOCTHIO 70 0,1 MJT HauanbHOE MOJI0KEHUE YPOBHS KHUIKOCTH 110 HIKHEMY Kpato
mMeHUCKA (Huay).
B Tpu xoHnueckue KoJObl 0TOEpUTE MUMETKOM 1m0 20 MJT BOJOIIPOBOIHON BOJIBI.
[Ipuneiite B kaxayo konly mo 5 Mi amMMmuadHo-OydepHoit cmecu, 4-5 Kamenb pacTBopa
3pPUOXpPOMa YEPHOT 0, MEpPEMENIANTE MOTYYCHHBIN PacTBOP.
B ogny u3 ko0n0 13 OHOpETKH MO KaIisiM MPH HEMPEPHIBHOM BPAIIATEIIbHOM MEpEeMEeITNBAaHUT
n00aBIISIiTe pacTBOp TpuiioHa b (mpoBoauTE TUTPOBAHKE) 70 MEPEX0/ia OT OJHOM KaIljIi BUHHO-
KpacHOW OKPAacKHU pacTBOpPa B CHHIOKO.
3anumute ¢ TOYHOCTHIO 10 0,1 MJT KOHEYHOE TIOJIOKEHUE YPOBHS )KUJIKOCTH IO HUYKHEMY Kparo
MeHHUCKA (Fxon).
Paccuuraiite 00beM pacTBopa TpuioHa b, m3pacxomoBanHblii Ha TUTpOBaHUE: V' = hion — Muau.
Pe3ynbpTarel THTPOBAHUS 3aHECUTE B TAOJIHILY.
[Ipouecc TuTpoBaHMsI MOBTOPUTE €IlIe ABa pa3a.
OO011yT0 )K€CTKOCTh BOJIBI OMIPENIEIHUTE M0 PopMyIe:
_ 1,C,1000
V2

rae Vi — cpenauii 00beM TpuiioHa b, momenmmii Ha THTpOBaHUE, MIT;

C; — HOpMaJTbHAs KOHIIEHTpalus Tpuiiona b, Mob/m;

V> — 06beM 1poOBI BOJIBI, MII.
OmnbIT 2. TepMudeckoe yMsirieHue Bobl
B xonmndeckyro kon0y ordbepute oxosio 100 M1 BOJOTIPOBOIHOM BOJIBI.
[Ipoxunsture Boay B TeueHUE 3-5 MUHYT, OXJIQAUTE.
Onpenenurte 0OIIYIO )KECTKOCTh KakK B OMBITE 1.
Pe3ynpTarhl 3anummuTe B TAONIUILY.
PaccuuTaiiTe 0011yIO KECTKOCTb.
OmnbIT 3. XuMHYecKoe yMAr4eHue BOAbl
B xonmndeckyro kondy ordbepute okosio 100 M1 BOJOTIPOBOIHOM BOJIBI.
[TpubasbTe 1-2 mmarenst kapboHaTa HATPHSL.
Xopo1io nepemMeniaiTe pacTBop B TeUeHUE | MUHYTHI.
O06pa3zoBaBmiics 0cajoK OTPUIBTPYHTE.
B dunbTpare onpenenute o0y )KECTKOCTh KaK B OMBITE 1.
Pe3ynpTarhl 3anummuTe B TAOIUILY.
PaccuuTaiiTe 0011yIO KECTKOCTb.
OnbIT 4. Tepmudeckoe yMsirieHue Bobl
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1. B xonmueckyio konly otdepute okono 100 M BOIONPOBOIHONM BOMABI, MPOITYIICHHON uepe3
bunsTp «AkBadopm.

2. Ompenenure OOMIYIO KECTKOCTh KaK B OMBITE 1.
3. PesynpTaThl 3anummuTe B TabaUIy 1.
4. PaccuuraiiTe 00IYIO )KECTKOCTb.
5. Tlo pe3ynbpTaTaM mpOBEACHHBIX OMBITOB CACIANTE BHIBOJ K padoTe.
Tab6muna 1
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BriBon:

Jlaboparopnasi padora NeS5 «CBoiicTBa 3;1eMeHTOB 13 rpynnbl ¥ UX COeHHEHUID)
Leab: o3HAKOMIIEHHE C XUMHUYECKHMMH CBOMCTBAMH COEAMHEHUN OOpa, allOMUHHUS U €ro
COCIMHEHUH, a TAKXKE C UX KAUECTBEHHBIM OTKPBITHEM.

OnplIt 1. IlosryyeHue opTOOOPHOI KUCIOTHI

B mnpoOupky HamWTh HACHIICHHBI pacTBOp Oypbl, HArpeTh H OCTOPOKHO BIHTH
KOHIEHTPHUPOBAHHBII PacTBOP CEpHOM KUCIOTHL. OXIaauTh MPOOUPKY MOJ KPAaHOM, OTMETUTH LIBET
00pa3yIOIIMXCS KPUCTAIIIOB OPTOOOPHOH KHUCIOTHL. COCTaBUTh ypaBHEHHE peakuuu. V3 npoOupku
CJIUTh B PAaKOBHHY OOJIBIIYIO YacTh pacTBopa. K octaBmmmcs Ha nHe kpuctamiam H3BOs no6aButh
TUCTHITMPOBAHHYIO BOJy. VcmbITaTh pPacTBOPUMOCTH OPTOOOPHON KHUCIOTHI TPU KOMHATHOM
TEeMIEpaType U NpU HarpeBaHUU.

OneIT 2. KHC/IOTHBIE CBOHCTBA OPTOOOPHOM KHCJIOTHI

1) B mpoOupke ¢ IUCTHITUPOBAHHOM BOJOW PACTBOPUTH INPH HATPEBAHUHM HECKOJIBKO
KpHUCTaIOB opToOOpHO# Kucnotel H3BO3 u npubasisats mo 3-5 kamenb HEHTPAIbHOTO JIAKMYCA.
OTMeTUTh W3MEHEHWE OKpacKW JakMyca. HammcaTh cTymeH4YaTyr0 AMCCOLMAINIO OPTOOOPHOM
KHCJIOTHI.

2) B npobupky ¢ pacTBOpEHHOH OPTOOOPHOM KHCIIOTOW BHECTH Kycouek MarHus. OTMETUTh
BbIZIeTieHHe Ta3a. COCTaBUTh ypaBHEHUE PEaKIIMU B3aUMOJICHCTBHUS MaTHUS C OPTOOOPHO KUCITOTOM,
YYHUTBIBAS, YTO MOJydaeTcs Meradbopar maraus Mg(BO2)s.

3) Xopoiio mepeMeniaHuyo cMech u3 1 T OopTOOOpPHOM KUCIOTHI U | T Xyopuaa HaTpus
MIOMECTUTH B MPOOUPKY, KOTOPYIO 3aKpenuTh B janke mraTusa. [Ipodupky Harpets. K oTBepcTuio
NPOOUPKH TOAHECTH CTEKISHHYIO TMajlo4yKy, CMOYEHHYIO pacTBOpoM ammuaka. OOBICHUTH
HaOmoneHus1. CoOCTaBUTh ypaBHEHUE PEAKIIMH BBHITECHEHUSI OOPHOW KUCIOTOM JIeTydel KUCIOTHI U3
€€ COJIH.

OnpIT 3. KayecTBeHHbIE peaKMU HA OOPHYI0 KHCJIOTY

1) Heckonbko KpHCTaIIIIOB OOPHOM KUCIOTHI TOMECTUTH B (hapPOopoByIO HalIKy, J00aBUTH 2-
3 KaruiM KOHIIEHTPUPOBAHHOTO PacTBOpa cepHOM KUCaoThl U 10-15 kanens aTriioBoro cnupra. Cmech
TIIATETTFHO TIEpeMeIaTh MajJOYKON M TOKedb ee conuepkumoe. OOpaTuTh BHUMAaHHE HA IIBET




riaMmenu 3¢gupa. CocTaBUTh ypaBHEHHE peakluu o0pa3oBaHus 60pHO3THIIOBOTO 3dupa B(OC2Hs)s
U €ro rOpeHusl.

2) IIpokanutk B IuIaMeHu ropenku GpappopoByro nanouky. OnycTuTh HaKaJCHHYIO TATIOUKY
B MOPOILIOK OOpPHON KUCIOTHI M BHOBH BHEeCTH B Iutams. Kakyio okpacky miamMeHH JaeT OopHas
KHcioTa?

OnpIT 4. I'uaposus 0ypsl

B npolOupky ¢ HEHTpanbHBIM PAcTBOPOM JIaKMyca T00aBHTh HECKOJIBKO Karelbh pacTBopa
O0ypsl Na;B4O7-10H20. Kak nzmennnace okpacka jakmyca? CocTaBUTh B MOJICKYJISIPHOM M HOHHOM
¢dopmax ypaBHeHHUE ruAposm3a Oypsl, IpH KOTOpoM oOpazyeTcst MeTabopHas kucinora HBO:.

OnbIT 5. B3auMoaelicTBie aJIOMUHHSA C BOJOH

[Tonoxxuth B mpoOUPKY KycOUYeK aTroMUHUS W B30onTarh ¢ 3-5 mur Boasl. [Ipoucxonut nu
peakmusn? OO0BsACHUTD. [IpOKUTIATUTE cOAEp)KUMOe TPOOUPKH, T00aBUB 2-3 MJI pacTBOpa IIEIOYH.
Cnuth KUAKOCTh, HECKOJIBKO Pa3 MPOMBITh KyCOUYEK AJTIOMUHUS BOJOW JUIsl yAAJICHUS LIEIOYU U
OCTaBUTH €r0 B Boje. Uepe3 HEKOTOpoe BpeMsi MPOUCXOIUT BblJI€JICHHE My3bIphKOB ra3za. CocTaBUTh
YpaBHEHUE DPEAKIMU B3aUMOJCHUCTBUSA AJIFOMUHHMS C BOJOM. YKa3aTh YCJIOBUS BO3MOXHOCTHU
MPOTEKAHUS 3TON PEAKIUU.

OmnbIT 6. B3anMogeiicTBHe aJJIOMUHHSA € KHCJI0TAMM

1) B nBe mpoOUpKH MOMECTUTH MO KYCOYKY AJFOMUHUSA W TPHOABIATH B OAHY IMPOOUPKY
pa30aBICHHYIO COJISIHYIO KHUCIOTY, B JPYI'yl0 — pa30aBiICHHYIO CEepHYIH KucioTy. CpaBHHTH
AKTUBHOCTb B3aUMOJICHCTBHUS ATIOMUHUS C STUMU KucioTaMu. COCTaBUTh ypaBHEHUS PEAKIIHil.

2) Kycouek amOMUHHUS ONMYCTUTh B MpoOupKy. IIpmiante HEMHOro KOHLEHTPUPOBAHHOTO
pacTBOopa a30THOM KHUCIOTHL. [IpoMCXOOUT M pacTBOpPEHHE ANIOMHHUA B KOHLEHTPUPOBAHHOMH
A30THOM KHUCIIOTE MpU KOMHATHOU TeMiiepatype?

OctopoxHo HarpeTh TpooupKy. Kakoii ra3 Beigensiercs? CocTaBUTh ypaBHEHUE PEAKIIUH.

OmnbiT 7. B3anMoaeiicTBHe aJJIOMUHHSA CO IEJT0YbI0

B npobupky momMecTuTh Kycodek aJlOMUHHUS U OCTOPOKHO MPWJIUTH PAaCTBOP THAPOKCUAA
HaTpus. Uto Habmomaercs? CoCTaBUTh YpaBHEHHE PEAKIUU.

OnpIt 8. IlosryyeHue ¥ CBOMCTBA THAPOKCHIA AJTIOMHUHUS

K pactBopy conu anmtomMuHHs B MPOOUPKE MPHIIUBATH 110 KATUISIM PacTBOP TUIPOKCHIA HATPHS
1o oOpa3oBaHms ocajnka. YTo OoH coOoi mpencraBiser, kKakoB ero 1BeT? CoCTaBUTh ypaBHEHHUE
peaKIy B MOJICKYJISIPHOM U MOHHOH (opMax.

Pazgenuth ocanok Ha aBe mpoOupku. B ogHy npubaBuTh pa3z0oaBiICHHYIO COSIHYIO KHCIIOTY,
B Jpyryto — pactBop Imenoud. Urto Habmomaetrcs? CaenaTh BBIBOJ O XMMHYECKOM XapakTepe
ruapokcuaa amoMuHus. COCTaBUTh YpaBHEHUS PEaKIMi B MOJICKYJISIPHOW U HOHHOM (hopMax.

OnbiT 9. KayecTBeHHBbIE PeaKINH HA HOHBI ATIOMHHUS

1) ITomectuts 1 ka0 CIUPTOBOTO pACcTBOPa aTM3aprHa Ha (PHIIBTPOBATBHYIO OyMary u 1aTh
el BOUTaThCs. 3aTeM OMECTUTH Ha BIAYKHOE MATHO | Kariio UCCIe1yeMOTo pacTBOpa, COAEPKAILEero
WMOH aTioMHHHS W | Karuo pactBopa ammuaka. [Ipu sTom Ha cupeHeBoM (oHe (00YCIOBICHHOM
OKpAacKOl aim3apuHa B IIEIIOYHOH cpejie) 00pa3yeTcst KpaCHOBATO-PO30BOE MSTHO, IPEICTABIISIOIICES
coboit ancopoumonnoe coequnenue Al(OH); ¢ anuzapunoM. OCTOPOKHO BBICYIIUTH Oymary Haj
TUTAMEHEM TOPEJIKH, IPU ATOM OKPACKa «aTH3apHH-ATFOMUHUEBOTO JIaKa CTAHET 00Jiee OTYCTINBOM.

2) CaepHyTh HEOOJBIION KycoueK (GUILTPOBAIbHOW OymMaru B J>KTYTHUK, CMOYHUTH €ro
HECKOJIbKUMH KaIUISIMU  KOHIICHTPUPOBAHHOTO pPAacTBOpa COJIM aMIOMUHUA © 1-2 KamisaMu
paszbaBiieHHOTO pacTBopa HuTpara KoOampra (II). 3axBaTWB KTYTHK IIMIIAMH, BBICYIIUTH €rO,
MIOMECTHB BBICOKO HaJ IITAMEHEM T'OPEIIKU. 3aTeM MOJIOKHUTh B TUTEIh, CKEYb OyMary u 3011y CUIHHO
npokanuTh. [Ipu BeIcOKOH Temmeparype oOpasyercs anmomuHat kobanbta Co(AlO2)2 B BuaE cuHEH
Macchl («reHapoBas cuHb»). COCTaBUTh YpaBHEHHE PEAKIIMU.

JlabopaTopnasi pabora Ne6 «CuHTe3 TeTpabopaTa HaTPUsl U M3y4YeHHE ero CBOMCTB»
Hean: nomydenne Terpadbopara HaTpus (Oyphl) M U3YUCHUE €TO CBOMCTB.



B crakan nanmuBatot 10%-Hblil pacTBOp KapOoHaTa HATPHsL, HEOOJIBIIMMHU MOPLUUSIMHU BHOCST B
Hero 25 r opToOOpHOI KUCIOTHI (KOJIMYECTBO KapOOHaTa HATPHUS paCCUUTHIBAIOT MO YPAaBHEHUIO U
oepyt Ha 50% OombIIIE paCCUNTAHHOTO)

4H;BO3; + Na,C03; + 4H,0 —» Na,B,0, - 10H,0 + CO,.

[TosryueHHBIN pacTBOp MEpPEeMENINBAIOT, QMIBTPYIOT U YHApHUBAIOT JO PAcTBOPA IUIOTHOCTHIO
1,16 r/cm?. TIpu oxmakJAeHWM BHIMANAIOT KpUcTamisl 0ypsl Na,B,0, - 10H,0. Conb OYHIIAIOT
MEePEeKPUCTATUTU3AIUEH.

PaccunThiBatoT BeIX0/] Oyphl B IPOIIEHTAX K TEOPETUYECKOMY.

CaoiicTBa TeTpadopara HATpPUA:

[TpuroroBbTEe BOAHBIN pacTBOp TeTpabopaTa HATPHs, AJS YEro pacTBOPUTE 2 MHUKPOIIIATENs

BEIIIECTBA B 3 MJI TUCTUIJIMPOBAHHOM BOJBI.

1. Jns wuneHTH(UKAIUM CUHTE3MPOBAHHOTO TeTpabopaTa HaATpus NPOBEIUTE KadyeCTBEHHBIC
peaxkuuu, MOATBEPKIAIOIINE €r0 COCTaB:

— Jui1 OOHapyXeHHsS HOHOB HATpHsl Ha MPEIMETHOE CTEKJIO BHECHTE Kalljllo pacTBOpa

TeTpabopaTa HaTpusl U OJIHY KaIUTI0 KOHIIEHTPUPOBAHHOTO pacTBOpa rekcaruapokcoctudara (V)

kamust. Yepes 3-5 MHUHYT pacCMOTPUTE IO MHUKPOCKOIIOM 00pa3oBaHHE OeNbIX KPHCTAJIOB.

CocraBbTe YypaBHEHNE XUMHUYECKOW PEAKIMH.

— 1151 0OHapy)keHue TeTpabopaT-uOHOB HECKOJIBKO KPUCTAIUIOB COJIM TOMECTHTE B (haphopoByIO

Yamiky, 700aBbTe 2-3 KaIrjid KOHIIEHTPUPOBAHHOTO pacTBOpa cepHOi KuciaoTel u 10-15 kamens

3THIOBOrO crupTa. CMech TIATENBHO NEPEMEIIANTE MMajJ0YKON U MOJOKIUTE €€ COAEPKUMOE.

OO6parute BHMMaHUE Ha 1BeT TuiaMeHHu d¢dupa. CocTaBbTe ypaBHEHHE PEakIud 0Opa3OBaHHS

6oprosTIiioBoro 3¢upa B(OC2Hs)3 u ero ropenust.

2. T'mnmponus terpabopara HaTpusi: B MPOOUPKY C HEHTPAIBHBIM PACTBOPOM JaKMyca J00aBbTE
HECKOJIbKO Kamenb pactBopa Oypsl NaxB4O7:10H20. Kak um3menunach oxpacka Jiakmyca?
CocraBpTe B MOJICKYJIAPHONH W MOHHOW (opMax ypaBHEHHE THAPOIH3a Oypbl, IPU KOTOPOM
obpasyercs metabopHas kuciora HBO:.

3. OOMeHHbIE peaKluu:

- K 5 KarusiM pacTBopa TerpabopaTa HaTpus npuieite 3-4 Karuist pacTBoOpa COJSTHON KHCIOTHI.

Urto Habmogaercsa? CocTaBbTe YpaBHEHHUE PEAKITHH.

- B 2 mpoOUpPKH BHECUTE MO 5 Karenb pacTBopa TeTpadopara HaTpus. B ogHy mpobupky 106aBbre

5 xanenb pactBopa xyopuaa Hukens (II), a B nipyryro — 5 kanens pactBopa cyibdaTa Maprasiia

(II). Yro nabmomaercsa? CocraBbTe ypaBHEeHHUs peakiuil. C Kakol 1eJIbIo HCTIOIb3YI0T Oypy A

YMSITYCHUST BOJIBI?

4. Cdopmynupyiite BBIBOA K padoTe.

Jlaboparopnasi padora Ne7 «CBoiicTBa 371eMeHTOB 14 rpynnbl ¥ UX COeHHEHUID)
Iesb: 03HAaKOMIICHUE C XUMUYECKUMH CBOMCTBaMU 3JIEMEHTOB 14 Irpymnimbl U KX COCTUHEHUH.
Omnbit 1. IHosryyenne aMop(pHOro yrijiepoaa u ero CBOMcCTBa

1) B dapdopoBslii THTENTH BCBITIATh OKOJIO 2 T U3MEIIBYEHHOTO caxapa, MOCTaBUTh Ha TTUTKY
U HarpeTb. BHauane caxap miaBuTCs, OOyrJIMBaeTCsi M Macca HPU STOM CHUJIIBHO BCIIEHUBAETCS
BCJIEJICTBHE OOpa30BaHUS JIETYYMX MPOIYKTOB, KOTOpble OOBIYHO 3aropatorcsi. B ocratke
NOJIy4aeTcsl yroib B BUAe oO0beMHOU Macchl. [lomy4yeHHslil yronap npokanuts (10 MuH), 3arem
OXJIaJIUTh.

2) B npobupky nmomecTuTth 2-4 Kariu KOHLEHTPUPOBAHHOTO PACTBOpA CEPHON KUCIOTHI U
HEeOoJIbII0e KOJIMUYECTBO Yriisl. CMech OCTOPOKHO HarpeTh Haj IuiameHeM ropesnku. Korna Haunercs
BBIJICJICHUE IMy3BIPHKOB Tra3a, MOJHECTH K OTBEPCTUIO NPOOUpPKH (UIbTpOBajbHYIO Oymary,
CMOYEHHYIO0 pacTBOpoM Hoja. OTMeTuTs HalOmronaemsle ABiaeHUs. 1o 3amaxy onpeaenuTs OJUH U3
BbIIETAIONIMXCA ra30oB. HanucaTs ypaBHEHHE peakuy, yUUThIBasi, YTO IPOAYKTOM OKHCIEHUS YIJId,
asisiercst COx.

OnbIT 2. AKCOPOIMOHHBIE CBOICTBA YIJIA

B konbe nmnm crakaHe cierka OKpacuTh BOLY (PYKCHHOM MJIM METUJIOBBIM (PHOJIETOBBIM U
pa3aenuTsb ee Ha e yacTu. OJHy OCTaBUTh Ul CPaBHEHUs. B Ipyryto BHECTH MEJIKOM3MEIbYEHHBIH



yroidb U CWIbHO BCTPSAXMBaTh B TeueHUEe 2-3 MUHYT. JlaThb pacTBOpPY OTCTOSITHCS, 3aTEM €ro
oT@uIbTpoBaTh. OTMETUTH U3MEHEHNE KOHIIEHTPAIUU KPaCUTEJIS.

OmnbIT 3. CBoiicTBa coJIell yroJabHON KHCJI0ThI

1) B nBe mpoOupKku BHECTH 110 5-6 Kareab TUCTHUTMPOBAHHON BOJIBI M 110 2-3 KaIlIu pacTBOpa
¢denondranenna. 3aTeM B OAHY BHECTH HECKOJIBKO KPHUCTAJIOB KapOOHaTa HATpus, B IPYTyiO —
ruapokapOoHaTa HaTpus. B o0eux nm mpoOupKax MPOMCXOAWT THIPOJIW3 TPU KOMHATHOM
temneparype? OTMETUTH pa3Inuue B OKpacke MHAUKaTopa. COCTaBUTh ypaBHEHUS TMIAPOIN3A IS
B3SITHIX COJIEH.

2) B3sTh Tpu npobupku. B nepByto BHecTH 4-5 Kamenb pacTBOpa XJI0pUaa KalblKs, B IPYTYIO
— 4-5 xamenb pacTBOpa XJopHuaa Oapus, B TPEThi0 — 4-5 Kamelb pacTBOpa XJIOpHAa CTpoHIus. B
KaX1ylo 100aBUTh TaKOM ke 00beM pacTBopa kapOoHaTa HaTpus. HabmioaaTe BbImageHHe 0CaKoB
COOTBETCTBYIOIIMX KapOOHATOB. J[00aBUTH pacTBOP YKCYCHOW KHCJIOTHI B IPOOUPKU C OCaTKaAMH.
Uro nabmonaercs? Hanucats ypaBHEHHS peaKIUi.

OnpIT 4. IostyyeHue ruaporesisi ¥ rTHAPO30Ji KPEeMHUEBO KUCJI0ThI

B nBe npoOupku BHECTH 10 4-5 Kareab HAChIILIEHHOTO pacTBopa cuiukaTta HaTpus NazSiOs.
B nepByto npobupky 100aBUTh MPUMEPHO TaKOH XK€ 00beM pa30aBICHHOW COJSTHOM KHUCIOTHI H
nepeMeniaTh pacTBOp CTEKISHHOU manoukoi. Yto Habmonaercsa? HamucaTh ypaBHEHUE peaklud U
OO0BSCHUTH PE3YNbTAThI OMBITA.

Bo BTopyro mpoOMpKYy ¢ CHJIMKATOM HATpUs BHECTH B 2 pasza Oonblmuil 00BeM
KOHIICHTPUPOBAHHOW COJITHOM KHCJIOTHL. Bwimamer nmu ocagok ruaporens HoSi03? IlomydeHHBIH
TUAPO30JIsi KPEMHHUEBOM KHCIOTHI HATPETh 0 KHUIMeHus. YTo HaOmomnaercs?

OnpIT 5. I'uaposmM3 coJield KpeMHHEBOH KHCJIOTHI

1) B mpobupky BHectu 3-5 Kamenb pacTBOpa CHIMKaTa HaTpus W | Kamio pacTBopa
dbenondranenna. Yro mabmonaerca? Hamucary ypaBHEHUS THIPOJIM3a B MOHHOW W MOJISKYJISIPHOM
dopmax.

2) B npobupky ¢ pacTBOopoM crmimkaTta HaTpus (3-5 Kamenb) 100aBUTh TaKOW ke 00beM
pactBopa xmopuna ammonus NH4Cl. YkazaTh kakoe BEIIeCTBO BBIMAAET B Ocanok. Hammcarb
ypaBHEHHE TUIPOJIN3a CUIIMKATa aMMOHHMSI B HOHHOM U MOJIEKYJIsIpHOI popmax. OOBSACHUTD, TOYEMY
TUAPOIN3 CUIIMKATa aMMOHHUSI POTEKAET O KOHIIA.

OnbIT 6. HepacTBOpUMBIE COJIM KPEMHHEBOM KHCJIOTHI

Hanute B yeThipe nmpoOupku mo 5-6 Kamelb pacTBOpa CHUJIMKATa HATPUS U T0OABUTH B HUX
TaKoM ke 00beM paCTBOPOB COJICH: KalIbIIUS, JKeJe3a, KoOabTa, HuKems1. HabmoaTe npoucxoasime
siBiieHUs. Hamcath ypaBHeHHs peakiiuii 00pa3oBaHUs HEPACTBOPUMBIX CHIIUKATOB.

OnpIT 7. BoccTaHOB/IeHHE 0JI0BA U3 PACTBOPA €ro coJiei

B npo6upky Baectn 10-12 kanens pactBopa conu o108 (II) 1 onmycTuTs HeOG0NBIION KycoYek
nuHka. Yto HaOmomaercs? Hamucats ypaBHeHHe peakinu. BoccTaHOBUTENEM HIIM OKHUCIUTEIEM
SIBJISIETCS] MOH OJIOBA B 3TOU peakinu?

OnpiT 8. BoccTaHoBHUTe/IbHBIE CBOMiCTBA coJieii os10Ba (II)

B3sth Tpu mpoOHUpKH, BHECTH B MEPBYIO 5-6 Kareab OpOMHOI BO/BI, BO BTOPYIO — 3-4 Kariu
MOJKWCIICHHOTO PacTBOpa IMepMaHraHaTa HaTpus, B TPEThIO 5-6 kamnenb pactBopa conn xenesa (I11)
u 1-2 xammm tuormanara ammonus NH4CNS. JI06aBuTh B KaXAyl0 U3 MPOOMPOK MO HECKOIBKO
Kamenb pactBopa cosm ojioBa (II) mo m3mMeHeHus1 mepBOHAYaIBHOM OKPACKH PacTBOPOB. 3aIucaTh
HAOIIO/ICHUS, COCTABUTh YPABHEHUS PEaKIIHA.

OnpIT 9. Ionyyenue ruapoxcuaa ososa (II) u ucciienoBanue ero cBOMcCTB

B nBe npoGupku BHeCcTH 110 2-3 Karuu pacTBopa coiu oiosa (II). ITo xarmsam B 1Be mpobupku
n00aBIIATH pacTBOp mienoun. Uro Habmomaercs? K momyuennomy runpokcuay ojiosa (II) mo6aButh
B MEPBYIO MPOOHMPKY COJSHOW KHUCIOTBI, BO BTOPYIO — H30OBITOK pacTBOpa MIENOYU. 3amucarh
HaOmoneHusi. Ha kakue CBOMCTBa TMIPOKCHIA OHU yKa3biBalOT? COCTaBUTH COOTBETCTBYIOIIHE
YpaBHEHUs PEaKLIUiA.

Omnpit 10. IToayyenue u cBoiicTBa ruapoxcuaa ceunua (I)



B nBe npo6upku BHecTH 1o 2-3 karuum pactBopa conu ceuHua (1) u mo karmsM 106aBisiTh B
KaXyl0 pacTBOp LIEJIOYM O BbIMaJeHUs ocanka. K mosyueHHOMY ocaaky N00aBUTh B IEPBYIO
npoOUPKY PacTBOP a30THOM KUCIIOTHI, BO BTOPYIO — U30BITOK PacTBOpa IEN0Yd. YTO IPOUCXOTUT C
ocankoM B o0eux mnpobupkax? Kakwme coiictBa rmapokcuna cBunma (II) moxareeprkmarorcs
HaOmroneHussMu? Hanucars ypaBHEHUE peaKIuii.

JlabopaTopHas padora Ne8 «Cunre3 xjopuaa onosa (1) u usyyenue ero cBOMCTB»
Hean: nonydyenue xmopuaa onosa (I1) u u3ydeHue ero cBONCTB.
10,5 r rpaHynIMpOBaHHOIO OJIOBAa PACTBOPSAIOT B PACCUUTAHHOM KOJIMYECTBE COJISTHOU
KUCTOThl. CMECh KUIATAT 10 MOJHOTO PacTBOpPEeHHsI 0j0Ba. PacTBOp OTGMILTPOBBIBAIOT B KOJIOY,
OXJIAKJAEMYIO JIBJOM, TPU ITOM BBIMAJAIOT KpHUCTAUIBL. KpucTamisl OTOUIBTPOBBIBAIOT MOJ
BaKyyMOM U TTOMEIIAIOT B CKJISTHKY C MIPUTEPTOM MPOOKOIA.
CaoiicTBa xsiopuaa oJiona (II):
[IpuroroBbTe BOMHBIN pacTBOp XJyopuaa onosa (II), mist gero pactBopuTe 2 MHKPOIIIIATENS
BELIECTBA B 3 MJI JUCTWJIIIMPOBAHHOU BOJIBI.

1. Jns wupentudukanuu cuHTEe3UpoBaHHOro xjopunaa osoBa (II) mpoBemuTe KadecTBEHHBIC
peaxkuuu, NOATBEPKIAAIOIINE €0 COCTaB:
— nns oOHapykeHus: noHOB ojoBa (II) momyuwte, mpubaBisis k pactBopy cosmm osioBa (II)
U30BITOK pacTBOpa THIPOKCHIA HATpHsi, pacTBop TeTparuapokcocranHara (II) nmarpusa. K
MOJIYdeHHOMY pacTBOpy TmipuOaBbTe HemHoro coiau Bucmyrta (III). OtmerbTe 1BET
00pa30BaBIIETOCS 0CAZKA U COCTABbTE YpaBHEHHE PEAKIIHH.
— I OOHApY)KEHHUs XJIOPHI-WUOHOB K 5 KarumsiM pactBopa xyopuaa onosa (II) mpuneiire 2-3
Karu pactBopa HuTpara cepedpa (I). Uro nabmonaercsa? CocraBbTe ypaBHEHUE PEAKIIHH.

2.  OxuCIUTET HO-BOCCTAHOBHUTEIIbHBIEC CBOMCTBA Xyopuaa ojiosa (II).
- K 5 KarsiM pactBopa xyopuaa ojnosa (II) mpuieiite 5 kanens pactBopa xsopuma xkemnesa (111).
UYro nabmrogaercsi? CocTaBbTe ypaBHEHHE PEAKIIUH.
- K 5 xamsaM pactBopa xsopuaa onosa (II) mpuneiite 5 xanens pacTBopa CEpHOM KHUCIOTHI, 2
Karuii pacTBopa Ouxpomara kanus. Uto Habmrogaetcsi? CocTaBbTe ypaBHEHUE PEAKIIHH.
- K 5 xamiaM pactBopa xsopuaa onosa (II) mpuneiite 5 xanens pacTBopa CEpHOM KHUCIOTHI, 2
Karuid pacTBOpa repMaHranata kanus. UYro Habmomaercs? CocTaBbTe ypaBHEHUE PEAKITUH.
Kakwue cBoiicTBa mposiisieT onosa (II) B OKMCIUTETHFHO-BOCCTAHOBUTENBHBIX PEAKITUIX?

3. Tmaponus xmopuna onosa (II): B mpoOupKy ¢ HEUTpadbHBIM PacTBOPOM JIaKMyca J00aBbTE
HECKOJIbKO Kanelb pacTBopa xyiopuaa onosa (II). Kak n3menunnace okpacka nakmyca? CoctaBbTe
B MOJICKYJISIPHOW U MOHHOM (popMax ypaBHEHHE THIPOJIH3A.

4. Cdopmynupyiite BEIBOA K pabdoTe.

JlabopaTopHas padora Ne9 «CBoiicTBa 3;1eMeHTOB 15 rpynmnbl ¥ UX coeIHMHEeHUI»

esab: 03HAKOMJIEHHE C XUMUYECKUMU CBOMCTBAMHU AJIEMEHTOB 15 TpYIIbI M UX COCAMHEHUN.

Omnprt 1. ITosryyenne aMmmuaxa

[TpuroroButh cmech u3 4 t xmopuaa ammonus NH4Cl u 4 r ramenoit uzectun Ca(OH),.
[lepenectu cmech B IpOOUPKY U 3aKPHITH MPOOKON C M30THYTOM ra300TBOJHON TpyOKoii. I[IpoOupky
CO CMEChIO clilerka noaorpeTh. IlogHecTH K KOHIly ra300TBOJHOM TPYOKH JIAKMYCOBYIO OyMaXKKy,
CMOYEHHYI0 Bojod. Yto Habmomaercs? K KOHIy ra300TBOIHOW TPYOKH IMOJHECTH CTEKIISTHHYIO
MajoyKy, CMOYEHHYIO KOHIICHTPHPOBAHHOW COJISTHOM KucioToi. Urto HaOmromaercs? Hammcartpb
YpaBHEHUs PEaKLIUiA.

OmnpiT 2. CBoOlicTBAa aMMHAaKAa 1 HOHOB AMMOHUS

1) B3sare aBe npobupku. B nepByto Hanute HeMHOTO pactBopa conu meau (1I), Bo Bropyro —
commu Hukens (II). 3atem m06aBiIATH K HUM IO KaIIIM KOHIICHTPUPOBAHHBIM PACTBOP aMMHaKa J0
pacTBOpEHUsS BBINABIIMX BHadajge ocagkoB. OTMeTUTh HaOmrogaeMble siBIeHHS. Hamucarthb
ypaBHEHHUS peaKiuii 00pa3oBaHus MMAPOKCHIOB M UX Mepexo/a B KomrekcHble noHbl [Cu(NH3)4]*"
u [Ni(NH3)4]*".



2) B npoOupky BHecTu 2-3 karmm OpoMHOW Boisl M 1-2 kamimu pactBopa ammuaka. Kax
U3MEHUTCS OKpacka OpoMHO# Boapl? HamucaTh ypaBHEHHE peakluu, YYUTHIBas, UYTO aMMHUaK
OKHCIISieTCs 10 CBOOOHOTO a30Ta.

3) Buectu B mpoOupky 1-2 kamimum pacTBopa IEepMaHraHata Kaiaus W 3-5 Karmenb
KOHIIEHTPUPOBAHHOT'O pacTBOpa aMMuaka. [losydeHHyro cmech ciierka nojxorpers. Kak usmensercs
OoKpacka pactBopa? HamucaTe ypaBHEHHE pEAaKLUWH, YYUThIBas, YTO aMMHAK OKHCIAETCS 10
CBOOOJHOIO a30Ta, a MEpPMaHTraHaT Kajius B INEJIOYHOH Cpele BOCCTAHABIMBAETCS JO OKCHIA
maprasma (IV).

OmnbIT 3. CBolicTBAa 230THCTOH KUCJIOTHI U €€ COJIeH

1) B mpoOupky HaIuTh HEMHOT'O KOHIIEHTPHPOBAHHOTO pacTBopa HUTpuTa HaTpust NaNO; u
OPUINTh Pa30aBICHHYIO CEPHYIO KHCJIOTY, 3aTeM OXJaauTb. OTMETHTh H3MEHEHHE OKPACKH.
Hanucate ypaBHeHUe peakuuu, umesi B Buny, uro HNO; Beinenser N2Os, paznaratomuiics Ha NO u
NO:..

2) B npobupky HamuTh HeMHOro pactBopa muxpomara kamus KoCr,O; m pazbaBieHHOU
cepHoOi KucnoTel. Jlo6aBuTh pacTBOp HuUTpuTa HaTpus. Cnerka Harperb. HaOmionath m3aMeHeHHe
okpacku. COCTaBUTh yPaBHEHHUE PEAKIUU.

3) Hamuth B mpoOUpPKYy HEMHOTO pacTBOpa HUTPUTA HATPHS M CEPHOM KUCIOTHI. [IpuinTh
pacTBop HoAMIa Kanus, HaOmoaas BeleneHne oga. Hanucars ypaBHeHHe peakiuu, UMesl B BUY,
YTO BBLAEJISIOIIMICS ra3 — a30T.

OmnpiT 4. OKHMCIUTEIBHBIE CBOMCTBA 230THOM KU CJIOTHI

1) Ilomectutrp B NPOOHMPKY HEMHOTO MEJIKHX MEIHBIX CTPY)KEeK U TNpHOaBUTH
KOHIICHTPUPOBAHHOU a30THOM KUCIOTHI. OTMETHTHh HabmoaeHns. HamucaTs ypaBHEHHE peaKIli.

2) [ToBTOpuUTH OMBIT 4.1, B35IB BMECTO KOHLIEHTPUPOBAHHOH a30THOM KHCIIOTHI pa30aBICHHYIO.
OtmeTuTh HAbMI0IaEMOE PA3IUNYUE B MPOAYKTAX PEaKUUU MPHU JEHCTBUM KOHUEHTPUPOBAHHON U
pa30aBICHHON a30THOW KUCIOTHI HA MEJIb.

3) B dapdopoByro wamky HaIUMTh HEMHOTO KOHIIEHTPUPOBAHHOTO pPAacTBOpa a30THOMU
KHCJIOTHI, TOJIOKUTh B HEE KYCOUEK CEPbl U OCTOPOXKHO HArpeTh, NOCTAaBUB YaIlIKy Ha acOECTOBYIO
ceTky. Uro Habmonmaercsa? OXJIaguTh PEAKIMOHHYIO CMECh, MEPENIUTh JKUJIKOCTh B MPOOUPKY U
n00aBUTh PAacTBOp XJopuaa Oapus 0 BIMAaAeHHUs ocajka. Hamucare ypaBHEHUs peakiuii, umes B
BH]TY, UTO B OCAJIOK BBITIaJaeT Cyabdar Oapusi.

Omnbrt S. IToayuenne oxcnaa ¢ocedopa (V) u ero cpoiicra

B dbapdoposyro gamiky, moctaBieHHYIO Ha aCO€CTOBYIO CETKY, MOJI0KUTh HEMHOT'O KPACHOTO
dochopa. Hag yamkoit Ha HeOombmIOM paccTosHUM (0KoJ0 0,5 cM) YKpEemuTh CyXyI BOPOHKY.
3axxeub pocdop HaKaICHHOW CTEKISHHOW manoukoi. Kakoe coenmnHeHne oca)xaaeTcsl Ha CTEHKax
BopoHKU? COCTaBUTh YpaBHEHHE peakiuu ropenus docdopa.

CobpaTh Ha 4acoBO€ CTEKJIO MPHU MOMOIIM CTEKISHHOW MajlO4YKU MOJYy4YEHHOE BELIECTBO.
Habmiogate pacruibiBaHMe ero moJ JACHCTBHEM BiIard Bo3ayxa. HamucaTh ypaBHEHHE peaknuu
obpazoBanust metadochopHoit kucinorsl HPOs.

OnbiT 6. Iloayuenme oprodochopHoii Kucjaorsl. KadecTBeHHBIEe peaknuu Ha
oprodochar-uon

B npoOupky, coaepxarryio HeMHOTO okcuaa gocdopa (V), mpuauBarh Mo KarisiM BOaY 10
MOJIOBUHBI €€ o0bhema. [lomydeHHbI pacTBOp KHUIMSATUTh Ha BOASHOW OaHe B TeueHue 10 MUHYT,
N00aBIIsAs IO MEpe BBIKUTIAHUS TUCTHIUIMPOBAaHHYIO Boay. [losyueHHBIN pacTBOp pa3leNuTh Ha JIBe
yactu. OIHY 4acTh UCTIBITaTh PACTBOPOM HUTpaTa cepedpa. OTMETUTH LIBET MOJYUYEHHOTO OCaJIKa.
CocTaBuTh ypaBHEHMsI pEaKLIUU.

K nebGonpmomy o0wvemy pactBopa monuOaata ammonus (NHs):MoOs, moakucieHHOTO
a30THOM KUCIIOTOM, MPUOABUTH BTOPYIO YaCTh MOIY4€HHOTo pacTBopa. CMech HarpeTh Ha BOJSHOU

Oane. Boimasienne ocaka (OTMETUTB €T0 IBET) MOATBEPK/IAET HAMIKE B HCXOIHOM pactBope PO ;-
-MoHa. YpaBHeHHE oOHapykeHus oprodocdar-uoHa Moj AeHCTBUEM MOJIHO/IaTa aMMOHHS UMEET
BUJ
H3;PO4 + 12(NH4)2MoO4 + 21HNO; = (NH4);H4[P(M0207)6] ¥ + 21NH4NO3 + 10H,0.
OnbIT 7. ®ochopHOBATHCTAA KHCJIOTA U €€ COJIH - THI0(OCPHUTHI



B tpu npobupku BHecTH 1o 3-4 karum pactBopa runodocpura Harpus NaH2PO», no6aButh
B TIEPBYIO U3 HUX -2 KaIjIu pacTBopa HUTpaTa cepedpa, BO BTOPYIO — CTOJIBKO K€ pacTBOpa HUTpATa
prytu (II), B TpeTpto — 1-2 xamim pacTBopa CEpHON KMCIIOTBHI M pacTBOpA MEPMaHIraHaTa Kajaus 110
U3MEHEHHUs OKpacku pacTBopa. OTMETUTh HAOIIOJCHHS U COCTaBUTh ypaBHEHUs peakuuii. Cnenarb
BBIBOJT 00 OKUCIIUTEIHHO-BOCCTAHOBUTEIBHBIX CBONCTBAX TUMO(OCHUTOB.

Onpit 8. ITosryyeHue MbIIIbSIKA

B y3kyr0 mpoOupKy mOMecTUTh HEMHOTO cMecu okcuaa Mbimbsika (III) AsO3 ¢ yriem u,
3aKpenuB MPOOMPKY B IITaTUBE CJIETKAa HAKJIOHHO, CUJIBHO HarpeTh ee. COCTaBUTH ypaBHEHUE
PeaKIMy 1 3anKcaTh HaOII0ICHUSL.

OnpIT 9. CBOMCTBA APCEHUTOB U APCEHATOB

1) B mpobupky BHectu 3-4 kamnm pactBopa xyopuga onosa (II) u 6-7 xamenb
KOHIIEHTpupoBaHHOW cosistHOM kucioTel HCl. JloGaButh 3-4 Karmiaum pacTBOpa apceHUTa HATPUS
Na3AsOs3 u cnerka noaorpers npooupky. OTMETHTH IIBET 0Opa30BABIIETOCS OCAJKa M COCTABHUTH
YpaBHEHUS PEAKIMA MEXKY apCEHUTOM HATPHS U COJISTHOM KHUCIOTOM M B3aUMOJCUCTBHUS XJIOPHIA
Mblbsika (I11) ¢ xmopunom onosa (I1). Kakue cBoiicTBa mposIBIsIET apCeHUT HATPUs?

2) B mpobupky ¢ 1-5 xamisamu WoaH0#M BoabI [» 100aBUTH CTOJIBKO K€ pacTBOpa apCeHHUTA
HaTpus. OTMETUTh U3MEHEHHE IIBETa pAacCTBOPA M COCTAaBUTh ypaBHEeHME peakiuu. Kakue cBoiicTBa
MPOSIBIISIET ApCEHUT HATPUS?

3) B mpoGupky ¢ pactBopom noausa kamwus (3-4 xarm) no6aButh 7-8 xanenb pactBopa HCl
W HEeMHOro pactBopa apceHara HaTpusi NazAsOs. Uto nHabGmomaercsi? CocTaBUTh YpaBHEHHE
peakuuu. Kakue cBoiicTBa NpOSIBIISIET apceHAT HATPUsI?

OnpIT 10. ITosxydyenue u cBoiicTBa rugpoxkcuioB cypbmbl (I1T) u Bucmyra (111)

B nBe npo6upku BHecTH 1o 3-4 karu pactBopa coiu cypsMsl (I11), B 1Be apyrue — cTonbko
ke pactBopa conu BucmyTa (III). Bo Bce mpoOupku m006aBUTH pacTBOpP IIEIOYM IO BBITAJICHHS
OCaJIKOB.

B onny u3 mpobupok ¢ ocagkom rugapokcuaa cypbmMbel Sb(OH)3 106aBUTh pacTBOp COJSTHON
KHCJIOTHI, B APYTYIO — TUAPOKCH/IA HATPHSL. 3amucarh HaOIoAeHuUsI.

[IponenaTs Takue ke OmbITHI ¢ ocankoM Tuapokcuna sucmyta (I11). B o6enx mu npodbupkax
pacTtBopsieTcst ocafok? CocTaBUTh ypaBHEHHUS PEAKLIUH.

OnpiT 11. BoccTanoBuTe IbHBbIE cBOicTBA coequHeHnid cypbMbl (I1T) u BuemyTa (111)

1) B nBe mpoOupku moMecTuTh 1o 3-4 Karui pacTBOpa epMaHraHaTa Kajius U 1o 3-4 Karum
pacTBopa COJISTHOM KUCIOTH. B ogHy n3 HUX 100aBuTh 3-5 Kamenb pactBopa conu cypeMmbl (11I), B
JPYTyI0 — CTOJIBKO e pacTBopa conu Bucmyta (III). B o6enx nu npobupkax mpoucXoasiT peakiun?
Bemucare w3 Ta0nMIBl  CTAaHAAPTHBIX  OKUCIHUTEIHHO-BOCCTAHOBUTENIBHBIX  IOTEHIUAIOB
COOTBETCTBYIOIIIE YMCJIOBbIe 3HaueHUs. [loATBepKIAlOT JM 3TH JaHHBIE MPAKTUYECKHE
HaOmoneHus? CocraBuTh ypaBHeHUe peakuuu okucienus cypbMsl (11I) mo H[SbCls].

2) B maneHbkuii TUTENIb BHECTH 1-2 Kamiiu pacTBOpa HUTparta win xsopuaa sucmyra (11I), 3-
5 Kamesb pacTBOpa mejaoun u 4-6 xarmeab OpoMHON BOJbl. TUrens HarpeTh Ha acOECTOBOM CETKE Ha
IUTATKE J10 TTOJTy4YEeHUsI KOPUYHEBOTO ocajika MeTaBucMmyTara Hatpus NaBiOs. CoctaBuTh ypaBHEHHE
peakunu. CoXpaHUTh MMOJYYEHHBIN MPOAYKT AJIS CIETYIOIIErO OMbITA.

JlaGoparopnass padora Nel() «CuHTe3 KHCJABIX cojiedl OpTO(ochOpHOl KHCIOTHI H
H3Y4YeHHe UX CBOMCTB»

Hean: monyuenue rugpooprodocdara Hatpus u guruapooprodocdara HaTpHsS U U3YICHHE UX
CBONCTB.

IHonyuyenue ruapooprodocdara HaATPUA.

B ¢apdoposyro uamky nomemator 100 mi 20%-ro pactBopa oprodochopHOl KHUCIOTHI.
HarpeBatoT Ha mapoBoii 6aHe ¥ TPHOABIISIOT PACCUUTAHHOE KOJWYECTBO HachimeHHOro npu 20°C
pacTBopa kapOoHaTa HaTpHs JI0 CJIAOOIIETOYHON peakuy Ha GpeHon(TaienH:

H3;PO, + Na,CO3 - Na,HPO, + H,0 + CO,.

PactBop mocne mnpubaBneHHs conapl (QUIBTPYIOT, YHApUBAIOT JIO0 KPUCTAUIM3ALUU H

oxjaxnaoT. Kpucramiel (uUIbTpylOT MOJ BakyyMOM U BBICYIIMBAIOT MEXIYy JHCTaMU



GUIBTPOBAIBHON OyMaru ImpU KOMHATHOW TemrepaType. PacCUMTHIBAIOT BBIXOJ B IMPOIEHTaX K

TEOPETUUYECKOMY.

IHonyyenne nuruapooprodocdara HaTpus.

K 35 mn oprodochopnoit xkucmorsl (p = 1,75 r/mi) npubaBisitoT 25 M1 BOABI B 3 M
CEpOBOZOPOAHOM BOBI I OCAXKICHHS MBILIbsIKA. PAaCTBOP OCTABISIIOT CTOSATH JI0 CIEAYIOIIETO JTHS.
[TomyuuBmyrocss cmech (Guibtpytor. K dunbrpaTty MansiMu mOpuMsMH  J00ABISIIOT CYXOTO
KapOOHaTa HaTpuUs JI0 TeX MOp, oKa Mpobda pacTBOpa HE MepecTaHeT MEHATh OKPAcKy METHIIOBOT'O
¢uoneroBoro (npu pH = 2 okpacka metunoBoro ¢uoseroBoro cusss, npu pH = 3 — duonerosas).
YpaBHEHHE peakLMu:

2H;P04 + Na,CO3; - 2NaH,P0, + H,0 + CO,.

[Tocne no6asnenus 1 kammm opTodocopHOI KUCTOTHI U B3ATHSI TPOOBI OKpacka METHUIIOBOTO
OpaHKEBOT0 JIOJDKHA OBITh p030BOM. PacTBOp KMIATAT 15 MUHYT U1 yIaBJI€HHUS YIIIEKUCIIOTO Ta3a,
GunbTpyroT. GUIBTPAT OXJIAXKAAIOT MPH MEPEeMEIINBAHUN U CYIIAT IPU KOMHATHOM TeMIeparype.
PaccunThIBalOT BBIXO/] B MPOLIEHTAX K TEOPETHUECKOMY.

CaoiicTBa ruapooprodocharos u guruapooprodocdaron
[TpuroroBbTE BOAHBIE PACTBOPHI KUCIBIX Coslel OpTO(POCHOPHOI KUCIOTHI, JIsl YETO PACTBOPHUTE
2 MUKpOIINATEN KaKI0r0 BENIECTBA B 3 MJI IUCTUIUTMPOBAHHOM BO/IBI.

1. Tunponus: B Tpu NpoOMpPKH BHECHUTE 10 5-6 Kamellb pacTBOpa HEUTPAIBHOT O Jakmyca. OcTaBbTe
OJIHY TIPOOMPKY KaK KOHTPOJIbHYIO, BO BTOPYIO BHecuTe 3-4 kpucramuia ruapooprodocdara
HATpHs, B TPETHIO — CTOJIBKO ke quruapooprodocdara Harpus. ConepKUMoe BTOPOH U TPEThei
OpOOMPOK THIATEILHO pa3MENIaiiTe YHCTHIMU CTEKISHHBIMH HaJO4YKaMH O IIOJHOTO
pacTtBopeHusi cojeil. OTMeTbTe M3MEHEHHE OKPACKU JIaKMyca 110 CPAaBHEHHIO C OKpackou B
KOHTpOJIbHON TmipoOupke. CocTaBbTe YpaBHEHHUS peakuil rumaposmsa ruapooprodocdara
HaTpus u guruapooprodocdara HATpUs, a TaKKEe YpPaBHEHHE PEAKIUU JUCCOIUAINH
auruapooprodochar-uoHa.

2. OOMEeHHBIE peakIMM: B JBE NMPOOMPKH BHECUTE MO 5 Kamenb pacTBopa ruiapooptodocdara
HaTpus. B oqHy npobupky no6aBeTe 3 Karim pacTBopa xyiopuaa Oapus, a B APYryro — 3 Karuiu
pactBopa HHTpara cepebpa. Uro Habmomaerca? 3anummuTe ypaBHeHUs peakuuii. [IpoBeaure
aHAJIOTHYHBIE OMBITHI C Iuruapooprodpocharom HaTpus. EcTh paznuuus B HaOMIOIEHHSIX?
3anuiuTe ypaBHEHUS PEaKIUid.

JlaGoparopnas padora Nell «CBoiicTBa 3jiemeHTOB 16, 17 rpynn u ux coexuHeHuin»
Ileab: 03HaKOMIIEHUE C XUMUYECKUMU CBOMCTBAMH 3JIEMEHTOB 16, 17 rpynn ¥ uX cOeAMHEHUH.
Omnwit 1. ITonnyyeHue kucjaopoaa

1) B cyxoii npoOupke, 3aKpeIuieHHON B JIalIKe IITAaTHBA, OCTOPOKHO HArpeTh JI0 IUIaBJICHUS
npumepHo 0,5 r xmnopara kamus KClOs3. B pacmmaB go6aButh katanmu3atop MnQO: (HECKOJIBKO
KpUCTAJUIOB). Brienstomuiics ra3 UCbITaTh TiCOMEH JTydnHKONH. COCTaBUTh ypaBHEHUE PEaKIIMU
pa3oKeHus XJIopaTa Kajusl.

2) AHaJIOTMYHBIM O0pa3oM MOJYYUTh Tra3000pa3HbBId KHCIOPOJ M3 IEepMaHTaHaTa Kayus
KMnOs. Beiaensromuiicss ra3 UCHbITaTh TiACIOMIEH JTydnHKOHW. COCTaBUTh YpaBHEHUE PEAKIIUU
pa3lioKeHusl IepMaHraHaTa Kaiusl.

3) K 1-2 r GemunpHOit m3Bectn (cmech CaClo m Ca(OCl),) moGaBuTh KaTaau3arop -
HACBIIICHHBIA pacTBOp HUTparta kobambTa Co(NO3)2. Beimensioniuiicss mpu HarpeBaHHM ra3
HCIIBITaTh TIICIOIIeH TyanHKoi. [IpuBectu ypaBuenue peaknuu paznoxenus Ca(OCl),.

OmnpiT 2. KayecTBeHHAs1 peakuysi Ha MEPOKCH/I BOIOPOAA

PacTBop nonuaa xanus MOAKUCIUTH Pa30aBIeHHBIM PACTBOPOM CEPHOM KHUCIOTHI U 3aTE€M IO
KarisiM T00aBIsITh PacTBOP MEPOKCHIA BOJOPOJA MO TOSBICHUS KENTON okpacku. OOpa3oBaHue
fiosia cTaHOBUTCS 00Jiee 3aMETHBIM, €CJIM BHECTH B TPOOUPKY HECKOJIBKO Karmelb 0eH3ona. [Ipusectu
YpaBHEHUE PEAKLIUHU.

OnpIT 3. CBOMCTBA MEPOKCHIA BOAOPOAA

1) ITo oOmMeHHOI peakiyu Mex 1y HUTparoMm cBuHia (1) u cepoBogopo1HOM BOAOH MOTYIHTH
ocanok cynbduma ceunna (II). Ocamox oThUILTPOBaTH, MPOMBITH Ha (PHIIBTPE BOJOM M 00pabOoTaTh



3%-HBIM pacTBOPOM mepokcuaa Bogopoaa. Kak uamensercs user ocaaka? IlpuBectu ypaBHEHUs
peakuuii moiy4deHus cyib(uua CBUHIIA U €ro OKHClIeHus B cyinbdar cBuHna. Kakue cBoiicTBa
IPOSIBIISIET EPOKCU BoJopoaa’?

2) K noakucieHHOMY pacTBOpYy HepoKcHIa BOAOpoJa 100aBUTH PAcTBOp NEpMaHraHaTa
kanusi. HaGmromate oOeciBeurBaHHME pacTBOpa IepMaHraHaTa. BBIIENAIOMUNCS Ta3 HCHBITATh
Theonen ayduHkoil. [lpuBecTn ypaBHeHue peakuuu. Kakue cBOWMCTBa NPOSIBISET NEPOKCH]
BOoZOpoaa’?

OnbIT 4. IlostyyeHue cepbl

1) B nmpobupke B HeOONbIIOM 00BEME BOJIBI pacTBOpUTH KpucTaimk NaxS>03-5H>0 u
MIPWIATH Pa30aBICHHBIA pacTBOP COJITHOW MJTM cepHOM KucioT. [loMmyTHEeHHE pacTBOpa B IpoOUpKe
IIPOUCXOJUT B PE3YJIbTATE BBIACIEHUS KOJUIOUIHON cepbl. OTMETUTh OKPAcKy MPOAYKTa U COCTaBUTh
YPaBHEHUS MPOTEKAIOIINX PEAKIUH.

2) B npoOupky ¢ cepoBOIOPOIHOM BOJON MPUIIUTH pACTBOP a30THOU KHCIOTHL. Boxa myTHeeT
BCJIE/ICTBHE 00pa3yrollerocs KOUIOMAHOTO pacTBopa cepbl. COCTaBUTh YpaBHEHUE OKHUCIUTEIBHO-
BOCCTAaHOBUTEIbHOM peaKlMK, yYUTHIBAsI, YTO a30THASI KMCJIOTA BOCCTAHABIIMBAETCS IO OKCH/IA a30Ta
(II) NO.

OmnbIT 5. Costn cepoBOAOPOAHON KHCIOTHI

B mpo6upxku ¢ pacrBopamu coneit menu (I1), ceunna (II), cepedpa (I), onosa (I1), cypemsi (111),
Bucmyrta (I1I) mpubaBuTH CEpOBOAOPOIHYIO KHCIOTY. OTMETUTH LIBET CYIb(PHUI0B, BHIIABIINX B BUJIE
ocagkoB. COCTaBUTh YpaBHEHUS PEAKITUH.

OnbIT 6. OKHCANTENBHBIE CBOICTBA CEPHON KHCIOTHI

B nBe npoGupku B3aTh 10 5-10 Kamnenp KOHIIEHTPUPOBAHHOTO pacTBOpa CEPHOM KUCIOTHL. B
OJIHY U3 HUX IIOMECTHUTh TPaHyJly LIMHKA, B IpYryio — Meab. [IpoOupku octopoxno HarpeTs. K rasy,
BBIICTISIONIEMYCSl U3 MPOOUPKU C MEJbI0, MOJHECTH BIAXKHYIO CHHIOIO JIAKMYCOBYIO Oymary, u3
IPOOUPKH ¢ IUHKOM — (DPUIBTPOBATILHYIO OyMaXKKy, IPOMUTAHHYIO pacTBOpoM HuTpara ceuHua (II).
[To 3amaxy ra3oB U U3MEHEHHIO OKPACKH OyMa)kKeK OMpEeNeNIUTh, Kakoi ra3 Beiaenserca. CocTaBUTh
YpaBHEHUS OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIX PEAKIUH.

UcnbitaTe neiictBue pa30aBiIeHHON CEPHOM KMCIOTHI HA MEb W IMHK. B kakoit mpoOupke
peakuus He npoTekaet? [louemy?

[Ipu Beienennu SO2 CHHUM JTaKMYyC KPaCHEET:

SO, + H,0 = H,S0:s.
[Tpu Benenenun HoS Oymara, cModeHHasi pacTBOPOM HUTpaTa CBUHIIA, YCPHEET:
HaS + Pb(NO3)2 = PbS| + 2HNO:.

OnpIT 7. B3aumojaeiicrBue THOCYJIb(aTa HATPHS ¢ CEPHOM KMCJIOTOM

Buectu B mpobupky pactBop THOCyib(ara HaTpus NazS:03 u 100aBUTh K HEMY pacTBOp
cepHor kucioTel. Kakoe BemectBo BbimagaeT B ocanok? Kakoi ra3 Beiaensierca? CocTaBUTH
YpaBHEHHE pEaKIMH B3aUMOJCHCTBUA THOCYJIb(paTa HATPUs C CEPHOM KHCIOTOW, YyKa3aThb
OKHCIIUTENb U BOCCTAHOBUTEIIb:

S0 +2H" — S| + H20 + SO21

OmnbIT 8. OKkHCIeHHE THOCY/Ib(aTa HATPHUS XJI0POM

B mpobupky ¢ pactBopom THOCY/Ib(haTa HATPUs MPUOABIATH MO KaIlJIsIM XJOPHYIO BOJY.
CocTaBUTh YpaBHEHUE PEAKIIMH OKUCIICHHS THOCYIb(haTa HaTPUs XJIOPOM C y4aCTHEM BOJbI, IMES B
BUJY, UTO TIIPU peakuy 00pa3yercsi cepHas KUCIIOTa.

OmnbIT 9. [ToryyeHue Bogopoaa NpH B3aHMOJCHCTBHH MeTAJL/1a ¢ KHCJIOTON 1 ero ropeHmne

B mpoOupky, 3akpbIBaroinyocss MpoOKOi ¢ ra300TBOAHOM TPYOKOH, MOJOKUTH HECKOIBKO
KYCOYKOB LIMHKAa W HaIUTh (mpumepHO Ha 1/3 mpoOupku) 20%-HbI pacTBOp CEpHON KHCIOTHI
HaOnronate BeieneHue ra3a. IIpoBepuTh YMCTOTY BBIAEISAIOIIErOCs BOAOPOAA, AJIs YEr0 HAllOJHUTh
npoOUPKY BOIOPOJIOM, JepKa ee THOM KBepXy. Uepe3 MOJIMUHYTHI MOJHECTH K MTPOOHPKE TOPSAIILYIO
cnuuky. Eciau B mpo6upke coOpaH YUCThI BOJIOPO/I, OH 3ar0paeTcs CIIOKOMHO U FTOPUT roJy00BaThIM
IUIaMEHEM, €U PUMECh BO3AyXa, HAOII01aeTcs Ca0blil B3pHIB.

OnbIT 10. BoccTaHoBUTE IbLHBIE CBOMCTBA ATOMAPHOT0 BOJAOPOAA



B nBe mpoOupku HanuTh pa30aBICHHBIM PacTBOP CEPHOM KUCIOTHI U JOOABUTH: B OJHY —
HECKOJIbKO KaleJslb pacTBOpa epMaHraHaTa Kajus, B Ipyr'yl0 — HECKOJIBKO Kalellb JUXpoMara Kajus.
B 006e mpoOupku MOMeCTUTh 10 KyCO4KYy MHKa (xkene3a). HabmoaaTs 3a M3MEHEHUEM OKPACKH.

YO6eauThes, 9TO BOCCTAaHOBHUTENIEM SIBJISICTCSI BOJOPOJI, a HEe IUHK (kene30). s storo B
TPEThIO MPOOMPKY MOMECTHTh KYCOYEK ILMHKa (Keie3a) B pacTBOpP INEpPMaHraHaTa Kaiusl WIH
Ouxpomara Kajus, He J00aBJIsis CEPHOM KHUCIIOTHI.

[Ipu noGaBneHWM IMHKA B TOJKUCICHHBIH pacTBOp BHadaje oOpazyeTcs aTOMapHBIN
BOJIOPOJI, KOTOPBII U ABIISIETCS BOCCTAHOBUTENIEM:

Zn + HSO4 —
H (wm Ho) + KMnO4 + H>SO4 — H2O + MnSOg4 + ...

3anucarh ypaBHEHHMS COOTBETCTBYIOIIMX PpEAKLMH, COCTaBUTh CXEMBbl OKHCIUTEIIBHO-
BOCCTaHOBUTEJIBHBIX MTPOLIECCOB.

OmnpiT 11. Okucaenne nona xesnesa (II) xamopom

B nBe mpobupku HamuTh pacTBOp cynbdara xenesa (II), B mepByro mpoOUpKy m100aBUTH
JUCTUJUTUPOBAHHOM BOJBI, BO BTOPYIO — XJIOPHOM BOABI. 3aTeM B 00€ MPOOMPKU MPUIIUTH PACTBOP
ammuaka. OTMeTuTh 1BeT 0ocaakoB. OOBACHUTH HAOMIOAAEMbIE SBJIEHUS M COCTaBUTh YpaBHEHUS
peakiuii okuciaeHus cynbdara xxenesa (II) m oOpazoBaHust COOTBETCTBYIOIIMX THAPOKCHIOB JKeJe3a.

OmnpiT 12. OKHCIAUTEIbHBIE CBOCTBA TaJIOT€HOB

B 1pu npoOupku BHECTH 110 3-5 Kaneiab CepOBOAOPOAHOM BOJIBI M 100ABIATH MO KarljIsiM 10
MOSIBJICHUSI MYTH B TIEPBYIO — XJIOPHOW BOJIbI, BO BTOPYIO — OPOMHOM BOJIBI U B TPETHIO - HOAHOU
BOJbI. OTMETUTh CKOPOCTh NPOTEKAHUS peakiuu B Kaxaod mnpoOupke. COCTaBUTh ypaBHEHHUS
peaKIuii OKUCIICHUSI CEPOBOIOPOA 10 CBOOOHOM CEPHI.

OmnbIt 13. [TonyyeHune XJ10pOBOIOPOIA U CONAHON KHCIOTHI

K cyxomy xmopuay HaTpus, TMOMEIIEHHOMY B KOJOY C Ta300TBOJHON TpyOKOH, uepes
KaIlleJbHYI0 BOPOHKY NPWINTh 10 MJ KOHLIEHTPUPOBAHHOI'O pacTBOpa cepHoil kucioThl. Korna
peakuus mpu KOMHATHOM TeMIepaType 3aKOHYUTCS, €€ HE00XO0JUMO MPOJOJIKUTH IPU HATPEBAHUH.

BriensitomuMcst XJI0pOBOJOPOIOM HACHIIAIOT BOAY B OONBINON mpoOupke (TpyOKy, TO
KOTOPOM UJET TOK XJIOPOBOJIOPOAA, AepKATh HaJl TOBEPXHOCTHIO BOJIbI).

[Tonmy4eHHBI pacTBOpP XJOPOBOAOPOAA pa3IUTh MOHEMHOTY B Tpu NpoOupku. B ommHy
n00aBUTh 3-4 KaruM pacTBopa JIakMyca, B IPYryl0 — KyCOUeK LIMHKA U B TPEThIO — PACTBOP HUTpaTa
cepedpa (I). OObsicHUTD HaOIIOAaEMBbIE SIBICHUS M COCTAaBUTh YPaBHEHUS PEaKIIHii.

OnbiT 14. KayecTBeHHbIE peaKIIMU HA TaJI0TeHU/I-UOH

Buectu B Tpu npoOupku mo 3-5 Kamnens pacTBOPOB CIEIYIONIUX COJICH: B MEPBYIO - XJIOpHIa
HaTpHsl, BO BTOPYIO — OpoMuUa HATPHs, B TPEThIO — HOJMA Kallns. B Kaxkmyro mpoOUpKy 100aBUTH
no 1-2 karum pacTBOopa HUTpara cepedpa 0 BBIMAIEHUS XapaKTEPHBIX TBOPOXKHUCTHIX OCAJIKOB.
OTMETUTh UX LIBET U COCTABUTH YPABHEHUS PEaKIIUH.

OTMeTuTh, KaKoil U3 0CaJIKOB HauOoJIiee CBETOUYBCTBUTENICH, TO €CTh OBICTpEe pasiaraercs
Ha cBery: 2AgCal — 2Ag + Calo.

OmnbIT 15. OKkuCIUTEIBHBIE CBOHCTBA TMNOXJI0OPUTA HATPHUS M XJIOPHOBATUCTOI KUCJIOTHI

1) Buectu B 1Be mpoOupku 1o 1 numerke pactBopa runoxsopurta HaTpust NaClO u 106aBuTh
B OIHY U3 HUX 3-4 KaIuli pacTBOpa METUJIOBOTO (PHMOJIETOBOTO, a B IPYTyI0 — 3-4 Kariu pacTBopa
nonuaa kanus. OTMETUTh HaOMIOICHUS U HamKcaTh ypaBHeHue okucienus Kl runoxigopurom:

CIO+TI+HO —-Clh+1>+OH.

2) Braectu B npobupky 3-4 xariy #oaHOW BOABI M 100aBUTH K Hel 10-12 karens XJIOpHOU

Bo/ibl. COCTaBUTh ypPAaBHEHUE PEAKIIMM OKUCIEHUS HO/a XJIOPOM B 1OJJTHOBATYIO KUCIIOTY:
Cl2+ I + HO — HCI + HIOs.

3) B mpobupky BHectu 3-5 kamens conu Mapranna (II) m mo6aButh 2-3 kamim pacTBopa
runoxyuopura Hatpusi. OTMETUTH BbIJENIEHHE ocaaka okcua mapranna (IV) u razoobpaszHoro xjiopa.
CocTaBuTh ypaBHEHHE pEAKLIUU.

JladoparopHasi padora Nel2 «CBoiicTBa 3JieMeHTOB 6, 7 rpynn U UX COeIUHEHU D)



Henb: o3HaKOMIIEHME ¢ XMMHYECKUMU CBoWcTBaMu 3jeMeHTOB VIIB m VIB rpynn u ux
COCTUHEHUN.
OmnsiT 1. B3anMoaeiicTBue Mapraina ¢ KHCJI0TaAMH
HcnpiTaTh NeiicTBUE HAa MapTraHel pa30aBiIeHHbIX U KOHIEHTPUPOBAHHBIX PAaCTBOPOB KUCIIOT:
COJISIHOM, CepHOM, a30THOW. J[Iyis 3TOro B3sATh IIECTh NPOOHPOK, TOMECTUTH B KaXIYIO
METAJJIMYECKU MapraHel, J00aBUTh COOTBETCTBYIOIIME KHCIIOTHI Pa3IMYHON KOHIIEHTPAIUH.
3anucarb HabmoaeHus. Hanucare ypaBHeHus peakiuii. CaenaTh BEIBOJ 00 OTHOIIEHUH MapraHia K
KHCIJIOTaM.
OnpiT 2. KayecTBEeHHbIE peakuu HAa HOHbI Mn2*
1) B nmpobupky ¢ pactBopom cosm mapranma (II) mob6aBuTe pacTtBop cynbhuaa aMMOHHS.
OtmeTuTsb 1BET ocasnka. HanucaTth ypaBHEHHE peakuy.
2) B mpoOupky momMecTuTh HEMHOTO Topoiika okcuaa ceuaia (IV), nobaButs 5-6 kamenb
KOHILICHTPUPOBAaHHOM a30THOM KHUCJIOTHI, HECKOJbKO Kamellb pactBopa coiu wapranua (II).
Cogepxumoe MPOOUPKH HArpeTh 10 KHUMEHHs, 3aTeM OCTyAuTb. OTMETUTh OKpacKy pacTBopa,

xapakTepHyto Juig HoHOB MnO ;. CocTaBUTh ypaBHEHUE PEaKLUH.

Omnpbit 3. [osrydyenne u cBoiictBa rugpokcuaa mapranma (1)

Baectu B mpoOupKy pacTBOp COJM MapraHiia ¥ J00aBUTh PAacTBOP THAPOKCHIA HATPUS.
OtmeruTh 1BeT ocajka. IloaydeHHbIN 0caloK epeHecTH B Be Npobupku. MccnenoBars oTHOLICHHE
ruapokcuaa mapranna (II) x pactBopam constHOM KHCIOTBI M THApPOKCHIA Hatpusa. HamumcaTh
YpaBHEHUs PEaKLIUiA.

OnbIT 4. OKNCIUTEIbHO-BOCCTAHOBUTEIBLHAS IBOMCTBEHHOCTH OKcuaa mapranua (IV)

1) B mpobupky nmoMecTuth 2 MHUKpomaTens okcuaa mapranua (IV), mpuiuTs pacTBOpHI
CepHOM KHCIOTH U cyiab(dara xene3a (II). 3anucate HaOMIOACHUS W ypaBHeHUE peakiuu. Kakue
OKHCIUTENbHO-BOCCTAHOBUTENBHBIE CBOMCTBA IposBisieT Mapranen (IV)?

2) CrinaBuTh B HEOOJBIIIOM TUTJIE HUTPAT Kajlusl ¢ TUAPOKCUIOM Kanusi. B pacriiaB 1o6aBuTh
HECKOJIBKO KpYNUHOK okcua Mapradia (IV). 3anucare HabmoaeHus 1 ypaBHeHue peakiun. Kakue
OKHCITUTEILHO-BOCCTAHOBUTEILHBIE CBOMCTBA TIposiBisieT mapranert (IV).

OmnbiT 5. OkucanrteabHble cBoiictBa Mapranna (VII) m BamsiHme cpeabl Ha CHILY
OKHCJINTEJIA

1) B mpoOupky ¢ pacTBOpoM IepMaHraHara Kajausi mpuOaBuTh pacTBop coiu mapranna (II).
OTMeTUTHh U3MEHEHHE OKPACcKU pacTBOpa U MosABIIEHUE ocajka. Hamucath ypaBHEHHE PEaKIIUH.

2) B npoGupKy BHECTH pacTBOp IEpMaHTaHaTa Kajus, IpuOaBUTh 2 Karuid pa30aBIEHHOTO
pacTBopa CepHOIl KUCIOTHI U PacTBOP MEPOKCHAA BOAOPOJA 10 U3MEHEHUs! okpacku. OnpeneanTb
BBIICIISIOLIMICA ra3 TIIEIoLIeH JIydanHoi. HanucaTe ypaBHEHUE peakLnu.

3) B Tpu mpoOupku BHECTH IO HECKOJIBKO Kalelh pacTBOpa MepMaHraHara Kainus. B nepByto
npoOUpKy M00aBUTH PacTBOp pa3z0aBICHHON CEpHOW KHUCIOTHI, BO BTOPYIO — BOAY, B TPEThIO —
pacTBOp MmIeIoYd. 3aTeM B KaXAYyI MPOOMPKY M00aBUTH pacTBop BoccTaHoBUTENS (NaxSO; mim
NaNO). Hanucare ypaBHeHus peakiuif. Mcronb3yss TaObmuIly CTaHAAPTHBIX OKHUCIHTEIbHO-
BOCCTAHOBUTENBbHBIX IOTEHIIMATIOB, OOOCHOBaTb, B KAaKOH Cpele OKHCIUTENIbHbIE CBOWCTBA
nepMaHraHaTa nposiBIISIOTCS 00JIee CHITBHO.

OnplIT 6. Ilonnyyenue u cBoiicTBa coennuennit xpoma (I11)

Buectu B mpoOupky 5-6 kanens pactBopa conu xpoma (I1I) u nmpunmBate kK HeMy 1O Karisim
pacTBOp ILEJIOYH 10 NosABIeHus ocagka. OTMeTuTs ero 1BeT. CoOCTaBUTh ypaBHEHUE PEAKIIHH.

Copnepxumoe poOUPKHU pa3lenuTh Ha JBe yacTu. K 0JTHON 4acTH NpUIIMTH PacTBOP CEpHOU
KHUCIIOTBI, K JOpyroil — pactBop mieno4yu. CpaBHUTH IIBET MOJy4YEHHBIX pacTBOpoB. CoCTaBUTH
YpaBHEHUs PEaKLIUiA.

B mpoOupky, comepxaniyro pactBop rekcaruapokcoxpomara (III)-nona, mpuauts pactBop
KUCIOTHl 10 oOpasoBanusi ocaaka Cr(OH)s. CocrtaButh ypaBHeHHe peakiuu. Crenats BBIBOZ O
xapakrepe rugpokcuaa xpoma (III).

OmnbIT 7. BoccTanoBUTeIbHBIE CBOMCTBA coeqnHeHuii xpoma (I11)

Buectn B mpobupky 1-2 xammm pactBopa conu xpoma (III) m moGaBuTh miemounm 10
pacTBopeHus: 00pa3ylomerocss BHadaje oOcaJka THIpoKcuAa Xpoma. llodydeHHbId pacTBop,



conepxanuii rekcaruapokcoxpomar (II)-non, pazaute B Tpu npobupku. B onHy u3 HUX 100aBUTH
XJIOPHOM BOJIBI, BO BTOPYIO — OpPOMHOH BOJBI, B TPEThIO — pacTBOp nepokcuna Bogopoaa HrOo.
Harpers npoOupkH, OTMETHUTh HM3MEHEHHE IIBeTa pacTBOpoB. HammcaTh ypaBHEHUS peakuui
okucnenus xpoma (II1) B xpoma (VI) B mpucyTcTBUU MIENOYH:

[Cr(OH)s]*” + 20H - 3¢ <> CrO ] + 4H20.

OmnbIT 8. OxucauTeIbHBbIE CBOIiCTBA coeuHennii xpoma (I1I)

K pactBopy conu xpoma (II1) 106aBUTH CONIHON KUCIOTHI M pa3ACIUTh COAEPKUMOE Ha JIBE
npobupku. OaHy TPOOUPKY OCTaBUTH JIJsi KOHTPOJS, B APYTYIO MOMECTUTH 2-3 KycOuKa IMHKA,
IPWINTh HEMHOTO O€H30J1a U 3aKpbITh €€ MPOOKOH ¢ TpyOKOH, KOHEL KOTOPO OMYCTUTh B BOIY.
UYepe3 HECKOIBKO MUHYT HAOII01aTh M3MEHEHHUE 1IBETA pacTBOpa. YKa3aTh, 3aU4€M HAJIUBAETCS CIIOH
OeH3oJ1a U OTBO/IHASA TPyOKa ormyckaercs B Boay. Hamucars ypaBHEHUE peakiiH.

OnbIT 9. OkHucauTEIbHBIE CBOIiCTBA coefuHenunii xpoma (VI)

1) BHectn B aBe mpoOMpKU 1o 4-5 Kamenab pacTBOpa IUXpoMara Kajvs, MOJKUCIUTH €ro
PacTBOPOM CEpPHOI KUCIIOTHI U JOOABUThH B MEPBYIO MPOOUPKY CEPOBOAOPOIHOM BOJIBI, BO BTOPYIO —
MO KaruisiM pacTBop cynbduta HaTpus. COCTaBUTh ypaBHEHUS PEAKIIHIA.

2) Buectu B mpobupKy 4-5 xamnenpb pacTBOpa IuXpoMaTa Kajus, MOJAKHCIUTb €ro pacCTBOPOM
CEPHOM KHUCIIOTHI M IOMECTUTH TYy/1a ke KpucTaiii conu xkene3a (I11). HaGmomaTe n3aMeHenne okpacku
pactBopa. COCTaBUTh ypaBHEHUE PEAKIIUH.

OmnpiT 10. XpoMaTbl M IMXPOMATHI

1) B nmpoGupky ¢ 3-4 xamissMu pacTBOopa XpomaTa Kayus JOOaBUTH CTOJIBKO K€ pacTBOpa
cepHOM KucnoThl. OTMETUTh W3MEHEHME 1IBeTa pacTBopa. HamucaTh ypaBHEHHE peakliM B HOHHOU
dopme.

2) B mpoOupky ¢ 3-4 karmisiMu pacTBOpa IuUXpoMara Kajus J00aBHTh HECKOJBKO Karelb
pactBopa mienodu. OTMETUTh MU3MEHEHHME OKpacku pacTBopa. HamucaTh ypaBHEHHME PEaKIUHU B
HOHHOU (opMme.

Omnbit 11. ITonyyenne MoIn01eHOBO KHCJI0THI M M3YUEHHE ee CBOICTB

B npoGupky BHecTH 3-4 Karm HachIIEHHOTO pacTtBopa Monubaara ammoHust (NH4)2MoO4
U OCTOPOXKHO T10 KarisiM 100aBJIsITh KOHIIEHTPUPOBAHHBINA PACTBOP CEPHOI KUCIOTHI 1O BHINAJCHUS
6enoro ocanka. McnpITaTh €ro OTHOIIEHHE K PACTBOPY T'MIPOKCH/Ia HATPUS U K KOHIIEHTPUPOBAHHOM
cepHoM kucnore. Hanucars ypaBHEHUS peakLAi.

OmnpiT 12. O0pa3oBanne «MOJUOIEHOBOW CHHID)

B mpoGupky BHectn 3-4 kamiam pactBopa Mosnbaata amMmoHus. JloGaButh 2-3 Kamm
pacTBopa CONSTHOM KUCIIOTHI U TI0 KaruIsiM pacTBOp XJyiopuaa osiosa (1) mo mosiBeHus cuHel okpacku
cmecu oT M020s5 1o MoOs.

OmnbiT 13. IToaryyenue BosibppaMoBoii KUCJIOTHI M U3YUYeHHE ee CBOMCTB

B npo6upky HamuTh 3-4 Kamiu HACHIICHHOTO pacTBopa Bodb(pamara HaTpus Na;WOs u
OCTOPO’KHO J0OABHUTH 3 Karuli KOHIICHTPUPOBAHHOTO PAacTBOpa CEpHOM KUCIOTHI. [IpoOupKy ciierka
HarpeTb. OTMeTuTh 1BeT noiyueHHoro ocaaka WOz -nH>O. HcnbiTaTh €ro OTHOILIEHHUE K PacTBOPY
TUJPOKCHIA HATPUS U K KOHIIEHTPUPOBAHHOM cepHOM kucioTe. COCTaBUTh YPaBHEHHUS PEAKIIHiA.

Omnbit 14. Ilonyyenue «BoJIb(pamMoBoil CHHI

B cyxyto npobupky BHECTH HECKOJIbKO KpHCTaLIoB BosibhpamaTa ammoHus (NH4),WO4 1 2-
3 kpucrama xmopuna onosa (II), m006aBUTH HECKONBKO Karleldh KOHIICHTPUPOBAHHOW COJITHON
KHUCJTIOTBI JI0 TIOSIBJIEHUS WHTEHCHUBHO-CHHEIO OKpAIllMBAHUS «BOJb(PPAMOBOIl CHHU» CIOKHOTO
coctaBa oT WO2 10 WOs.

Jladoparopnasi padora Nel3 «Cunre3 coiu Mopa u u3ydeHue ee CBOICTB)

Hean: nonydyenue coau Mopa.

[MomecTtute B K010y MM NpoOHpKy ¢ KianaHoM byH3zeHa 1 r Menko Hape3aHHOH >Kele3HOM
IIPOBOJIOKM M PACTBOPHUTE IIPU HAarpE€BaHWU B JABYKPAaTHOM IO OTHOILIEHUIO K JKEJIe3y KOJIMYECTBE
20%-ro pacTBOpa cepHOi KHCIOTHL. [Tocie pacTBOpeHHsI BCETo JKene3a pacTBOP IpU HEOOXOAUMOCTH
npoQWIBTPYHTE M CMEIIaiTe ¢ SKBUMOJISIPHBIM KOJIMYECTBOM TOPSYEro HACBILIIEHHOTO pacTBOpa
cyib(ara aMMOHHUSL.



[omyuyennslii pacTBop nepeHecure B ¢apdopoByo HamKy ¥ ynapbTe Ha BOASHON OaHe 110
Hauana kpucrawumsanuu. [locnme oxmaxkaeHus pacTBopa (JIydlle MEAJCHHOIO) BbIACIUBLIMECS
KPUCTAIBl OTQUIBTPYHTE HA CTEKJISHHOM MOPUCTOM (QHIBTPE, NPOMOHTE HMX HEOOJIBIIUM
KOJIMYECTBOM IIPEIBAPUTEIIBHO NMPOKUIITYCHHON OXJIAXKICHHOM BOZBI M BBICYLIUTE HA BO31YyX€E UM B
HKCUKATOpPE HaJl KOHLIEHTPUPOBAHHOW cepHOU KucnoTol. Cyxue KpucTallibl B3BECHTE U PACCUUTANTE
BBIXOJ B IIpoIleHTax. Hanuimnre ypaBHEHUS peaKIHil.

[IpuroroBbTe BOAHBIN pacTBOp coau Mopa, Uil UeEro pacTBOPUTE 2 MUKPOILIIATEINS BELIECTBA B
3 MJI TUCTUJUTMPOBAHHOM BOBI.

Jns uaeHTUUKAIMM CHHTE3MPOBAHHOM coim Mopa MpoBeAUTE KadeCTBEHHBIC pPEaKIuH,

IIOATBEPKTAIOIIUE €€ COCTAB:
— i1t oOHapysxkeHust noHoB xenesa (1) k 5 karisam pactBopa conu Mopa npuiieiiTe 2 Karjiu pacTBopa
rekcanmonodeppara (III) xammst (kpacHoit kpoBsiHON coiu). OTMEThTE IBET 00pa30BaBIIETOCS
0CaJIKa U COCTaBbTE YPABHEHUE PEAKIIUH.
— U1l OOHApPY)KEHHSI HOHOB aMMOHHUS 5 Karellb UCIBITYEMOTO pacTBopa coiau Mopa obGpaboTaiiTe
U30BITKOM MIETIOYH JUISL OCAXKICHHS OKPALICHHBIX THAPOKCHJIOB, MEIIAIOIINX HAOIIOJCHUIO OKPACKU
ocajika, 00pa3yoolerocs B pe3yiabTaTe peakliui KaTHOHAa aMMOHMsI ¢ peakTuBoM Heccnepa. Ocanox
THJIPOKCUIIOB OTJIEJIUTE OT PAacTBOpa IEHTPU(PYrHpoBaHHMEM M K LEHTpHdyrary nobOaBaBbTe 2-3
karu peaktuB Heccnepa. OTMmerpTe 1IBET 00pa3oBaBILErocsi OCajka M COCTABbTE ypaBHEHHE
peakuuu.
— 7151 OOHAPYKEHUS CYIb()aT-HOHOB K 5 KaruisiM pacTBopa coar Mopa npuiieiite 2-3 Kar pacTBopa
xyiopuaa 6apusi. OTMETbTE IIBET 00pa30BaBIIETOCs 0Ca/IKa U COCTaBbTE ypaBHEHHUE PEAKLIUH.
CocraBbTe BBIBOJI K padoTe.

JlabopaTopnas padora Nel4 «Cunre3 cyandara rerpaammuamenu (II) u usydyenue ero
CBOMCTB»

Heas: nonyuenue cynbdata rerpaammuamMent (I1) u uzyuenue ero cBOMCTB.

20 r xpuctamtoruapara cyiabdara meau (II) CuSO4 5SH>O momemaror B cTakaH, ClOJa ke
npumuBaioT 70 mi 10%-ro pactBopa aMMuaka. B muimHAp HanMBaOT MPUOTU3UTENHHO PAaBHBIN
obbem crnupta. [Ipm momomu nenuTEeTLHON BOPOHKM TOJ CJIOW CHUPTAa HAJIUBAIOT BOJY (CiOM
BBICOTOH MPUMEPHO 2 CM), a MO/ IO BOJIBI TAKUM K€ CIOCOOOM — aMMHaYHBIN pacTBOp Cynbdara
menu (II). IToctenenHo 00pa3yrOTCs KPYIHbIE TEMHO-CHHUE KPUCTAILIBI KOMILIEKCHOTO COEIMHEHMSL.
Ecnu Hamute cnupt HemocpeacTBeHHO Ha pactBop conu meau (II), To oOpasyroTcs menkue
Kpuctaysl. PactBopy narot nocrosats. Kpucramisl 3BIEKaOT U3 HWINHAPA, THIATEIBHO OTKAMAIOT
MEXIY JUCTaMU GUIbTPOBANBbHOM Oymaru u BeicymuBaroT npu 30-40°C. Cyxue KprcTaibl B3BEChTE
U PacCYMTAWTE BBIXOJA B IpOLEHTax. KpUCTalbl XpaHAT B IUIOTHO 3aKPBIBAIOIICHCA CKIITHKE.
Hanumure ypaBHeHUE peakuuu.

CgoiicTBa cyiabdara trerpaammunmenu (II)

1. VYcroiumBocTh TBEpAOro Komiuiekca: B ¢GaphopoByl0 dUamiedyky BHECHTE 2 T
CHUHTE3UPOBAHHON conmu M mporpeite ee mpu Temmeparype 150°C B teuenun 30 muuyt. Urto
HaOmomaetcs? IloBeickTe Temmeparypy no 250°C u nmpoaoikuTe HarpeBaHue emie B TedeHuu 30
MUHYT. UTo Habmogaercsa? Hanummre ypaBHEHUS peakiuil.

2.  YCTOWYMBOCTH BOJHBIX PACTBOPOB: TPUTOTOBHTE BOJHBIA pacTBOp cyJibdaTa
terpaaMMuaMeu (1), s yero pacTBoputTe 2 MUKpOLINIATENS BEIIECTBA B 3 MJI JUCTHIIIIMPOBAHHOM
BOjbl. B 1Be mpoOupku BHEcHTE 1O S5 Kamesiab pacTBopa cyibdara terpaamvmuamenu (I1). B ogny
npoOupKy nob0aBeTe 5 Kamenb 5%-ro pacTBOpa TUAPOKCHAA HATpus, a B Apyryto — 5 kanens 0,5 M
pactBopa cyiabhuna Hatpus. Uto Habmomaercs? CocTaBbTe ypaBHEHHS PEAKITUN.

Cdopmynupyiite BBIBOJ K padoTe.

Kpurepun onieHkH 0T4eTOB K J1a00paTOPHLIM padoram:

- «3aUTEHO» - OTYET K JIA0OPAaTOPHOM paboTe BHITIOJIHEH 0€3 3aMeuaHuil 100 B HEr0 BHECCHBI
UCTIPABJICHUS TOCJIE TIPOBEPKHU MPENoJaBaTeIeM;

- «HE 3a4TE€HO» - OTYET K JaOOpaTopHOi paboTe BHIMOIHEH C 3aMEYaHUSIMHU.



7.2.2. KoOMILIEKT BONIPOCOB JUIS 3AIIUTHI JIA00PATOPHLIX Pa0doT

Ne i/m | Bonpochl

Cemectp 1. Kypc «Heoprannuyeckasi Xumusi ¥ XuMHs 3J1eMeHTOB 1»

JIa6o

aTopHas pabora Ne 1. OnpeneneHue 4UCTOTHI BEIIECTBA

OCHOBHBIE OHSATHUS XUMHH: MOJIEKYJIA, aTOM, DJIEMEHT, BEIECTBO (IIPOCTOE, CI0KHOE)

XUMHUYECKUE PEAKTHBBI M MPaBHiia pabOThl C HUMH

Knaccudukanus XuMHUECKUX pEaKTHBOB MO YUCTOTE

MCTOI[BI ONpeaACIICHNA YMCTOTHI BEIICCTBA

1
2
3
4
5

XuMHUecKas rnocyaa

Jlabopartopnast pabora No 2. OuncTka mMoBapeHHOW COJIM METOJOM OCAXICHUS ITPUMECEH

Bi3BenmBanue

[TonroroBka K GpUILTPOBAHHUIO

Tumns! puabTpoB

DWIBTPOBAHHE YEPE3 XUMUUECKYIO BOPOHKY

(DI/IJ'II)TpOBaHI/Ie 1o YMCHBIICHHBIM JTaBJICHUCM

Ouncrtka TBCPAbIX BCUICCTB

NN N[ [WIN—

BricymmBanue TBEpABIX BENIECTB

JIa6o

atopHas pabora Ne 3. TlocrnenoBaTenbHbIe TPEBPALICHUS XMMUYECKUX COSIUHEHHUH

Omnupuyeckas, rpaduyeckas, MOJEKYIspHas (GOpMyJbl BEIIECTBA, XUMHYECKas
peaKIysi, CTEXHOMETPUIECKUIA KOdPPHUIIUEHT

2

Knaccudukanus u HOMEHKJIaTypa HEOPraHUYECKUX COEIUHEHUMN: OKCHUJIbI, KUCIIOTHI,
OCHOBaHMs, COJIU

3

I'enernueckue PAAbI HCOPraHNYCCKUX BCUICCTB

Jlaboparopnast pabota No4. OnpeneneHrue MOJIIPHON MacChl SKBUBAJICHTA METaslIa

1 CrexuomMerpusi. 3aKOHOMEPHOCTH U3MEHEHHUSI M CIOCOOBI ONPEEIICHUs KOJINYeCTBA
BenlecTBa. OcHOBHbIE ompeneneHus: (opMylbHas €IWHHIIA BEIIECTBA, MOJb,
MOCTOSTHHAsT ABOTagpo, MOJSpHAas Macca, MOJIAPHBIA 00beM, MOIspHas Macca
XUMHYECKOT'0 SKBUBAJIEHTA, MOJISIPHBIN 00beM XMMHUYECKOTO SKBHUBAJICHTA.

2 KonuuecTBeHHbIE 3aKOHBI MPOTEKAHUS XUMHUYECKUX PEAKIUN: COXPAHEHUS MAacChl
BEIIECTB, IMOCTOSHCTBA COCTaBa, KPAaTHBIX OTHOUICHHH, OOBEMHBIX OTHOILEHUH,
ABorajipo u cienctBus u3 Hero, MenneneeBa-Kanelipona, 00beIMHEHUN Ta30BBIH,
MapuHaIbHBIX JaBjieHUH JlanbTOHA, 3aKOH SKBUBAJICHTOB.

JlaboparopHas pabota NeS5. OnpeneneHne CTENeHN YUCTOTHI KAJIBIUTA

1 TutpoBanue

2 [IpuemMbl HarpeBaHus U OXJIAKICHUS

3 [Tonyuenue, XxpaHeHHE U OYUCTKA ra30B

Jlabopartopnast pabora No 6. OnpesneneHne YHTATBIIH PEaAKITNN

1 OcCHOBHBIE  MOHATUS U ONPENEICHMs] ~ XUMHYECKOM  TEpMOAMHAMHUKM:
TepPMOJMHAMHUYECKAss cHCTeMa (M30JMpOBaHHAs, OTKpPbBITasA, 3akphiTas), ¢asa,
TOMOTE€HHBIE M TE€TEPOTE€HHBIE CHUCTEMBI, IMAPAMETPbl COCTOSIHUS (IKCTEHCHUBHBIE,
UHTECHCUBHbBIE), (DYHKIUU COCTOSHUSA, XMMHUYECKUH TEpPMOJMHAMMUYECKHUI mpolecc
(caMOIIpOM3BOJIbHBIN,  PABHOBECHBIM, HEpPAaBHOBECHBIN), (a30BBIH  mepexof,
BHYTPEHHss SHEPIHUs, TEIUI0Ta, padora

2 [lepBrlii 3aKOH TEPMOJMHAMHMKHU U €0 MPHIOKEHUE K MTPOLIECCaM B UACAIBHOM Tase:
U30XOPHOMY, U30TEPMHUYECKOMY, H300apHOMY

3 [Tonarue TteruoBoro 3¢dexkra XUMHUUECKON peakuuu: TEIIoBOH 3((eKT peaxiud,
TEPMOXHUMHUYECKOE u TEPMOJNHAMHUYECKOE YpaBHEHH, CTaHJApPTHbIE
TEPMOJMHAMHYECKHE YCIOBUS, CTAHJAPTHAsl SHTAJIBIINS PEAKLIUI

4 CraHpapTHbIE SHTATIBIIMN 00Pa30BaHMs U CTOPAHUs BELIECTB




3akoH I'ecca u ciencTBUA U3 HETO

6 Bropoii 3ak0H TepMOIMHAMUKN. DHTPOUS KaK (P)YHKIUS COCTOSHUS CUCTEMBI

7 Tpernit 3aK0H TEPMOJIUHAMHKHU. AOCONIOTHBIC 3HAYEHUS CTAHJAAPTHBIX SHTPOIUHN
BEIIECTB

8 Kpurepuu HanpaBieHHOCTH CaMOINPOU3BOIBLHOTO MPOIIECCa B 3AKPBITON CUCTEME

JlaGopatopnas pabora Ne 7. CKOpOCTh XUMHUYECKUX peakIiii. XMMHYECKOe paBHOBECHE

1 Kunernka xumuueckux peakiuii. OCHOBHBIE TOHSTHS W ONPEICTICHUS

2 OCHOBHOM MOCTYJIAT XUMUYECKOW KUHETUKH

3 Biistnue Temneparypsl Ha CKOPOCTb XMMUYECKUX PEaKIUI

4 TeopeTnyeckune NpeACTaBICHUS O CKOPOCTAX AIEMEHTAPHBIX PEAKII

5 OCOOCHHOCTH KMHETHKHM TeTepOreHHbIX peakuui. Peakumm Ha rpaHune paszaena
TBEPJO€ TEJIO — I'a3 U TBEPAOE TEJIO0 — )KUIKOCTh

6 OcHoBbl KaTtanu3a. OCHOBHbIE NOHATHUS M onpeaeneHus. MexaHu3mbl MPOTEKaHUs
KaTaJTUTUYECKUX PEaKINil

7 Xumnueckoe paBHoBecue. OOpaTumble U HEOOPAaTUMbIE XUMUYECKHE peakunuu. Buab
U OCOOEHHOCTH XHUMHYECKOro paBHOBecus. KonuuecTBeHHblE XapaKTEPUCTUKHU
XUMHYECKOTI'O PABHOBECHUS

8 Bnusiaue pa3nuuHbIX GakTOpOB HA XUMUYECKOe paBHOBecHe. OCOOEHHOCTH OMUCAHUS
pPaBHOBECHSI B T€TEPOT€HHBIX CUCTEMAX

JlaGopatopnas pabora Ne 8. [IpurotoBieHne pacTBOPOB 33JaHHOM KOHIICHTPALIUU

1 OO6mue cBoiicTBa pacTBOpoB. OCHOBHBIC MOHSTHS W ONIPEICIICHHS

2 CriocoObI BhIpaXKEHUsI KOHIICHTPALUU PACTBOPOB

3 TepMoanHaMuyecKkue XapakTepUCTUKH Mpoliecca 00pa3oBaHus paCTBOPOB

JlaGopaTopnas pabora Ne 9. PacTBOpbI 3JI€KTPOIUTOB

1 KonnmuratuBHbie CBOMCTBA paCTBOPOB

2 Brustaue pa3nuuHbix pakTopoB Ha CBOKWCTBA PACTBOPOB JIEKTPOJIMTOB

3 Jucconmanus cnabbIX JIEKTPOIHUTOB

4 PacTBOpBI CHIIBHBIX 3JIEKTPOJUTOB

5 HoHHBIE paBHOBECHS B BOJHBIX PACTBOPAX IEKTPOIUTOB

6 I'maposnus coneit

7 IIpounsBeneHne pacCTBOPUMOCTH

8 Hanpagienne 0OMEHHBIX MPOLIECCOB B PACTBOPAX AJIEKTPOIUTOB

Jlaboparopnast pabora No 10. OKHCIUTETHHO-BOCCTAHOBUTEIHHBIC PEAKITHH

1 OKHCIUTENbHO-BOCCTAHOBUTEIbHBIE PEAKIIUHI

2 MeTo 57eKTpOHHOTO OanaHca

3 MeTton nonypeakuui

4 Hanpapnenne OKMCINTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIINI

JlaGopaTopnas padora Ne 11. DaekTposau3 BOIHBIX paCTBOPOB

1 DJIEKTPOAHBIE MPOIECCHI: OCHOBHBIE ONPECICHHS

2 3akonbl Dapanes

3 [ToreHnmanel 3JIEKTPOXUMUYECKOW CUCTEMBI. JIBOMHOM AJEKTPUUECKUN CIION.

4 CrangapTHBINA BOJIOPOIHBIN 3JIEKTPOA. Pl CTaHAAPTHBIX JEKTPOIHBIX MOTEHIIMAIOB
MeTauloB. YpasHeHue HepHera

5 XHUMHUYECKUE U KOHLEHTPALMOHHBIE TAIbBAHUYECKNE JIEMEHTBI. DJaeMeHT JlaHuaiis-
Skobu

6 Onektponu3. [loTeHnMan pasyioKeHHs, MOCIEeI0BAaTEILHOCTh IMPOIECCOB HA
AIEKTPOJIAX

JlaGopatopnas pabora Ne 12. Koppo3ust MeTayioB

1 Knaccudukanuss KOppO3MOHHBIX Cpel, paspymieHuid u mporeccoB. [lokazarenu
CKOPOCTH KOPPO3UU

2 XuMHUYecKasi KOppo3usi: BUJIbl U Pa3HOBUIHOCTH




[98)

SHGKTpOXI/IMI/I‘IeCKaﬂ KOppO3us: MPUINHBI 1 MCXaHNM3M BO3ZHHKHOBCHUA

4 3amura OT KOppO3Uu: JIETUPOBAHNE METANIMYECKUX MaTepUaIOB; U3MEHEHHE COCTaBa
U CBOWMCTB KOPPO3WOHHOM CPEJbI; MEKTPOXUMHUYECKas 3allUTa: BUII U MEXaHU3M
JEHCTBUS; 3alIUTHBIC MOKPBITHS: BHJIbI, METOJILI HAHECEHUS M 00JIACTU MPUMEHEHUS

Cemectp 2. Kypc «Heoprannuyeckasi Xumusi ¥ XUMHS 3JIEMEHTOB 2

Jlaboparopnas pabota Ne 1. KoopauHalmoHHbIe COSTUHEHUS

1 KoopaunarmonHnsle coeTMHCHMS: KilacCU(DUKAIMs, HOMEHKIIATYypa.

2 CrtpoeHne, XuMU4eCKre 1 (pu3nYecKre CBOMCTBAa KOOPIMHAIIMOHHBIX COSAMHEHUII.

Jlaboparopnas pabota Ne 2. CBOIHCTBA S-2JIEMEHTOB U UX COSAMHEHUN

1 OO6m1ast XapaKTepUCTHUKA S-DJICMEHTOB

2 CriocoOBbI MOJTYYEHUS S-2JICMEHTOB M UX COSAMHECHHIA

3 XHUMHUYECKHE CBOMCTBA S-2JIEMEHTOB U UX COCIUHEHUN

4 [IpruMeHeHne s-2IEMEHTOB U UX COCTMHEHUN

Jlaboparopnast pabora Ne 3. CunTe3 nepokcuia 6apusi ¥ U3y4yeHHe ero CBONUCTB
1. [ToaroroBka K MPOBEICHUIO XUMHYECKOTO SKCIIEPUMEHTA

2. | IlpaBmiia 6e30nacHOCTH Ipu paboTe B 1a00paTOpHH

Jlaboparopnast pabota No 4. )KecTKOCTh BOJIBI M CIOCOOBI YMATUCHUS

1 JKecTtkocTh BOJbI: 001Iasi, BpeMEHHAsl M IOCTOSTHHAS.

2 Crioco0ObI yCTpaHEeHHsI )KECTKOCTH BOJIBI. PacdeT KoJm4yecTBa yMATUUTEIIS.

Jlaboparopnas pabota Ne 5. CpoiicTBa 351eMeHTOB 13 rpynmbl U UX COSAUMHEHUIH
Jlabopartopnast pabora No 6. CunTe3 TeTpabopaTta HaTpHs M H3yUYCHHUE €T0 CBOMCTB

1 OOm1ast xapakTepucTHKa p-31eMeHToB 13 rpynnsl Ilepruoanueckoil CuCTEMBI

2 CriocoObl momy4eHus p-aiaeMeHToB 13 rpymnmbel [lepuonndeckoit CUCTEMBI UM UX
COCTUHEHUN

3 XuMHuecKkue cBoWcTBa p-aneMeHTOB 13 rpynmel Ilepuoanueckoil cucreMbl U HX
COCTUHEHUN

4 IIpumenenue p-anemenToB 13 rpynnsl [lepnoanyeckoil cUCTEMBI U UX COEAMHEHUN

Jlaboparopnast pabota Ne 7. CBoiicTBa 371eMEHTOB 14 TpyNIbI U UX COCTUHCHHUI
Jlaboparopnas pabota Ne 8. Cunres xsopusa onosa (I1) u u3yuenue ero CBOHCTB

1 OO6mrast xapakTepucTrka p-aieMeHToB 14 rpynmsl [lepuoandeckoil cucTemsl

2 CriocoObl momy4eHus p-ajaeMeHToB 14 rpynmbel [lepuonndeckoil CUCTEMBI UM HX
COCTUHEHUN

3 XUMUYECKUE CBOWCTBA p-3yieMeHTOB 14 rpynnbl [lepuoguyeckoil cUCTEMBl U HUX
COCIMHEHU I

4 [Tpumenenue p-3neMenToB 14 rpynmnsl [leproandeckoi CUCTEMBI M MX COCTMHEHUIN

Jlaboparopuas padota Ne 9. CpoiicTBa 371eMEHTOB 15 rpymnmbl ¥ UX COSAMHEHUH
Jlaboparopnas pabora Ne 10. CuHTe3 KHCIBIX coyieil opTohochOpHON KUCITOTHI U U3yUEHHE
HX CBOWCTB

1 OO6mrast xapakTepucTrKa p-3ieMeHToB 15 rpynmsl [lepuoandeckoil cucTemsl

2 CriocoObl  momy4eHus: p-ajaeMeHToB 15 rpymmbel [lepuonndeckoit cUCTeMbI UM UX
COCTUHEHUN

3 XuUMHYECKHE CBOWCTBAa p-y1eMeHTOB 15 rpynmel Ilepuoanueckoil cucreMbl U HX
COCTUHEHUN

4 IIpumenenue p-anemenToB 15 rpynnsl [lepnoanyeckoil cHCTEMBI U UX COEAMHEHUN

Jlaboparopnas paborta Ne 11. CoiicTa 31emMeHTOB 16, 17 rpymnm u uX COeTUHEHUI

1 OO6mr1ast xapakTepucTrKa p-3JieMeHTOB 16 rpynmsl [lepuoandeckoil cucTeMbl

2 CriocoObl  mony4eHus: p-ajaeMeHToB 16 rpynmbel Ilepuonndeckoil cCUCTEMBI UM HX
COCTUHEHUN

3 XUMHUYECKHE CBOWCTBAa p-y1eMEeHTOB 16 rpynmel Ilepuoauueckoil cucTeMbl U UX
COCTUHEHUN

4 IIpumenenue p-anemenToB 16 rpynnsl [lepnonnyeckoil CUCTEMBI U UX COEAMHEHUN




5 OO6mrast XxapakTepucTrKa p-3ieMeHToB 17 rpynmsl [lepuoandeckoil cucTemsl

6 CriocoObl  momy4eHusi p-siaeMeHToB 17 rpynmbel [lepuonndeckoil CUCTEMBI UM UX
COCTUHEHUN

7 XuMHUecKue CBOWCTBAa p-ayieMeHTOB 17 rpynmnel Ilepuoauueckoil cucreMbl U UX
COETUHEHUN

8 IIpumenenue p-anemenToB 17 rpynnsl [lepnonnyeckoil cCUCTEMBI U UX COEAMHEHUN
Jlaboparopnast pabota No 12. CBoiicTBa 3JIeMEHTOB 6, 7 TPYII U UX COCTMHCHUN

1 OOm1as xapakrepucTrka d-aaemMeHToB 6 rpynmsl [leprpoanyeckoii cucTeMbl

2 Crnioco6bl momyuenust d-anemeHTOB 6 rpynnbl [lepronndeckoit CHCTEMBI U UX
COCTUHEHUN

3 Xumuueckue cBoiictBa d-anmeMeHTOB 6 Tpymmbl lleproguueckoil cUCTEMBI U HUX
COETUHEHUN

4 ITpumenenne d-snemenToB 6 rpynnsl [lepuoanueckoil CUCTEMbI U X COSTMHEHUIN

5 O6mras xapaktepuctrka d-aeMeHToB 7 rpynnsl [lepuoandeckoit CUCTEMBI

6 Crnioco6br momyuenust d-anemeHToB 7 rpynnbl l[lepronndeckoit CHCTEMBI U UX
COCTUHEHUN

7 Xumuueckue cBoiictBa d-anmeMeHTOB 7 Tpymnmbl lleproguueckoil CUCTEMBI U UX
COCTUHEHUN

8 ITpumenenue d-snemenToB 7 rpynnsl [lepuoanueckoil cHCTEMbI U X COSTMHEHUIN
Jlaboparopnas pabota Ne 13. CunTe3 conmu Mopa u u3y4eHue ee CBONCTB

1 O6mas xapakrepuctuka d-anemenToB 8-10 rpymnm [lepuoandeckoii cuctemsl

2 Crnioco6br momyuenusi d-smementoB 8-10 rpynn Ilepmommueckoil cucteMbl W UX
COCTUHEHUN

3 Xumnueckue cBoiictBa d-anementoB 8-10 rpynm Ilepuoanueckoil cuCTeMbl M HUX
COETUHEHUN

4 ITpumenenue d-snementoB 8-10 rpynn [lepuonuueckoil CUCTEMbI U UX COSIMHEHUH
Jlaboparopnast pa6ora Ne 14. Cunre3 cynbdara terpaammubamenu (II) m mszyuenume ero
CBONCTB

1 O6m1as xapakrepucTrka d-snemenToB 11 rpynnsl Ilepuoanueckoil cucTeMsl

2 Cnoco6sr mosydenusi d-snmemenToB 11 rpymmer [lepuomnueckoid CHCTEMBI M HX
COEMHEHHI

3 Xumuueckue cpoiicTBa d-anmemeHToB 11 rpymmer [lepuoamdeckoil cHUCTEMBI M HMX
COEMHEHHI

4 ITpumenenue d-anementoB 11 rpynmsl [lepronnyueckoi cucTeMbl M MX COSUHEHUN

5 O6m1as xapakrepucTrka d-snemenToB 12 rpynnsl Ilepuoanueckoil CHCTEMBI

6 Cnoco6sr mosydenus: d-snemeHToB 12 rpymnmel [lepuomnyueckoid CHCTEMBI M HX
COEMHEHHI

7 Xumuueckue cpoicTBa d-anmemeHToB 12 rpymnmel [lepuoamdeckoil CHUCTEMBI M HMX
COEMHEHHI

8 [Tpumenenue d-snementoB 12 rpynmnsl [leproandeckoil CUCTEMBI i UX COeTMHEHUN

Kpurepun oneHkH 3a10uThI 1a00paTOpHBIX padoT:

3a 3ammuTy JabopaTopHO PabOThl B OpMe YCTHOTO OTBETA HA BOMPOCHI IO TEME JIa0OpaTOPHOM
paboThI CTYIEHTY 33/1a€TCsl 5 BOIIPOCOB.

- «3a4YTEHO» - MPU OTBETE Ha 3-5 BOMPOCOB;

- «HE 3a4TE€HO» - IIpU OTBETE Ha 1-2 Bompoca.

7.2.3. KonTpoabLHas padoTa

Cemectp 1. Kypc «Heoprannyeckasi XuMusi U XUMHS 3J1€MEHTOB 1»



Tunossle npuMepsbl 3a1aHUM

Tema «Pacuersl o popmyiam u ypaBHeHUsiM» (KOHTPOJIbHAs padoTa Nel)

Bapuanrt 1
3ananue 1. HazoBute 1o cucreMaTnyeckoi HOMEHKIaType ciaeayroiue BemiectBa: Oz, Fe2Os,
Ca(OH),, H2SO4.
3ananue 2. [IponsBenure pacdyeTsl 10 yPaBHEHUIO pEaKLUU (H.Y.):

7r 121 X, T y, I
Zng) + HClp-p) = ZnClag-p) + Haw).

3aganue 3. Onpenenure NPOUEHTHOE COJEepKaHUe Kanus B MmaHranare kainusa KoMnOa.
3ananue 4. Onpenenure o6bem 40 r merana CHa npu Temneparype 18°C u naBnenun 1,2 atm.
3aganue 5. HanummTe ypaBHEHUS peaKLHi, XapaKTEPU3YIOIIUE CIEAYIONINE MPEBPAILICHUS:

Ca —2— Ca(OH), Ca —2 CaCl,
Ca —8 5 CaCO0;s Ca —% 5 Ca0

Tema «ATOMHO-MOJIEKYJIAPHOE ydeHHe» (KOHTPOJIbHAsi paGoTa Ne2)

Bapuanrt 1
3anmanue 1. Paccunraiite o6wem 20 kr ammuaka (NH3) mpu H.y.
3ananue 2. PaccunTaiite 06beM, KoTopblii 3aanMaeT 150 r ammuaka (NH3) ipu 330 mm.pr.cT. 1 47°C.
3ananue 3. Paccunraiite 00beM BO3Iyxa, HEOOXOMUMBIN i cxuranus 1 xr 96 %-Horo cnupra
(C2HsOH).
3ananue 4. Onpenenute maccy kapbamuaa NH2CONH», koropas moTpedyercss 4roObl BHECTH B
noyBy 70 Kr a3ora.
3ananue 5. Jlutuit maccoii 3,5 r MOMHOCTHIO MpopearupoBai ¢ BoJoi. OnpeneanTe MacCoByIO
nodio (B %) BellecTBa B KOHEYHOM PacTBOpE, €ClIM HauajabHas Macca Bozbl Obita 120 1.

Tema «XuMHYeCKHIi IKBUBATIEHT» (KOHTPOJILHAst padoTa Ne3)

Bapuanrt 1
3amanue 1. Onpenenure XUMHUECKUN YKBUBATICHT Gocdopa B crenyronmx coequaeHusx: P2Os,
P20s.
3ananue 2. Onpenennure XUMUYECKUE SKBUBAJICHTHI U MOJISIPHBIE MAaCChl 5KBUBAJICHTOB CIIEAYIOIINX
BemecTB: FeoO3, Cu(OH)2, H3PO4, Al2(SO4)s.
3ananue 3. Onpenenure YUCIO MOJIEH U YUCIO FKBUBajIeHTOB B 280 1 cepHOil kucinotsl H2SO4.
3aganue 4. PaccunrtaiiTe MOJISIPHYIO MacCy SKBUBAJICHTa METajlla M OMPEACINTE KaKOH 3TO METall,
€CITU TP B3aUMOJICHCTBUM 1 T ero ¢ pa30aBiIeHHON COJSHON KUCIOTOM BBIACISETCS BOJOPO]
06beMoM 1,364 11, u3MepeHHBIH npy 1aBneHun 744 MM pr. cT. u TemnepaType 20°C.
3apmanue 5. Oxcuna uumHka comgepxut 19,66 % macc. kucnopona. Paccunraiite MOJSIpHYIO Maccy
SKBUBAJICHTA IUHKA B OKCHUJIE.

Tema «Crioco0bI BHIPAKEHHsI KOHIEHTPALMH PACTBOPOB» (KOHTpPoaLHAst padoTa Ned)
Bapuanrt 1
3amanue 1. 605,09 r cynbdara xenesa Fex(SO4)3 pactBopunu B 907,67 T Boab! u nomyunnu 1044 mi
pacTBopa, JIIsl KOTOPOT'O PACCUUTATD:
- MOJISIPHOCTbH, MOJIB/JT;
- HOPMaJIbHOCTh, MOJIB/JT;
- MOJISUTbHOCTD, MOJIBL/KT;
- IPOLICHTHYIO KOHIICHTPAIHIO;
- MOJIbHYIO 7101110 Fea(SO4)s.
3ananue 2. Kakue o6bemMbl 8%-ro (p = 1,055 r/mi) u 70%-ro (p = 1,617 r/mi1) pacTBOpOB CepHOIA
KHUCIIOTHI HEOOXOAMMO B3ATh Jyist ipuroToBieHust 600 mi 33%-ro pactBopa?



3ananue 3. Onpenennure MOJSPHYIO KOHLIEHTPALIUIO COJIM B PACTBOPE, ITOJIyYEHHOM CMELIEHUEM
200 M 0,02 M HCI u 152 mi 0,05 M Ba(OH)z.

3ananue 4. Kakoit 06bem Bozpl HeoOxoaumo npwinth K 1 11 0,4 M pacTBOpa cepHOil KUCIOTHI,
yT00bI osyanth 0,03 M pactBop?

3ananue 5. Onpenennure KOHUEHTpALUIO 25%-ro pacTBoOpa Mociie ynapuBaHus, €ClIM Macca
pacTtBopa yMeHbIuaach Ha 220 T.

Tema «TepMOAMHAMMKA XHMHYECKAX MPOLECCOB» (KOHTPOJILHas padora Nes)
Bapuanr 1
3amanue 1. [Tpu B3aumoperictBum 10 11 azora ¢ 20 1 Bomopoaa (H.y.) Beiaeamioch 29 kJx tera.
PaccuuTaiite sHTaNBNNI0 00pPa30BaHUS AMMHUAKA.
3amanne 2. Onpenenute BO3MOKHOCTh BOCCTaHOBJICHHs Okcuaa TuTaHa Ti102x) alFOMUHUEM TPH
1500°C mo peaktmu: TiOza + Algy —> Tigy + ALO3).
3amanue 3. PaccumTaiiTe KOJMYECTBO TEIUIOBOW SHEPruM, BhLAENsIomeiics npu cropanuu 20 m°
razoBou cmecH, conepkanieit 20 00. % stana CoHs u 80 06. % npomnana C3Hs.
3ananue 4. PaccunrtaiiTe TEIUIOTBOPHYIO ciocoOHOCTH OyTana C4Hio.
3amanwue 5. [Ipu B3auMoaeicTBUU CEPOBOIOPOA M TMOKCH A YIIIepoa B ra30Boi (pase oOpasyrorcs
napsl Bojibl U cepoyriepona CSz. Paccunraiite TemnoBoit a3 ekt peakuuu.

Tema «KuHeTHKA XHMHYECKHX NPOIeccoB» (KOHTPoILHAsi padoTa Ne6)

Bapuanr 1
3amanwue 1. DHeprus aktuBanuu paBHa 10 k/[/mMoib. Bo CKOJIBKO pa3 M3MEHHUTCSI CKOPOCTh PEAKIINH
TIpH MOBBIIEHUH TeMIepatypsl oT 27 10 37°C?
3aganue 2. B romorennoi peakuuu 2A + B — 2C ucxoaHple KOHIEHTPALMU KOMIIOHEHTOB A 1 B
COCTaBJISIIM, COOTBETCTBEHHO: 5 W 3 Monb/n. Paccumratiite, kak M3MEHUTCS (10 CPaBHEHUIO C
Ha4YaJIbHOM ) CKOPOCTh PEaKIH, KOT/1a KOHIIEHTpaIus BemecTBa A coctaBuT 10% OT HCXOIHOM.
3ananue 3. Kak usmenurcs ckopoctsb peakiuu N2 + 3Hz <> 2NH3, ecniu 06beM ra3oBoii cmecH yBe-
JUYUTH B 2 paza?
3amanue 4. Bo CKOJBKO pa3 yBEIMUHTCSA CKOPOCTh PEAaKIUK MPH MOBBIIEHNH Temmeparyps! Ha 30°C,
eciu y=4?
Bamanme 5. Ilpu 50°C HekoTopas peakuus 3akaH4YMBaeTcs 3a 3,5 uaca. 3a CKONBKO BpPEMEHH
3aKoHUMTCA peakius pu 85°C, eciu TeMepaTypHbIii KO3QQUIMEHT peakiuu paBeH 2,57

Tema «XuMu4eckoe paBHOBecHe» (KOHTPOJLHAst padoTa Ne7)

Bapuanrt 1
3ananue 1. Hanummre hopmyiy Ast BEIYMCICHHUSI KOHCTaHTBI paBHOBECHsI peakiuu: Nowry + Hor) <
NHs ).
3ananue 2. B xakom HampaBieHuu OyAeT cMelarbes paBHOBecue oOpartumoii peakiun: CaCO3 <
CaO + CO> npu NOBBIIIEHUU TEMIIEPATYPHI?
3ananue 3. CMech ra3oB HaJ YIJIEM B COCTOSSHUM XUMHUYECKOTO PABHOBECHS IIPU aTMOC(EPHOM JIaB-
nenun u 1100 K umeer cocras % (06.): [CO]=48,96, [H20]=2,07, [H2]=48,96. Paccuurats K, u AG
peakmuu: Cr) + H2O < CO + Ha.
3ananue 4. B rasosoii cucteme 250 + Oz «<» 2SOs3 mpu mapienun 3 at™ u Temmeparype 150°C
paBHOBecHBIN coctaB cMmecu (% 00.): SO2 — 17%, Oz — 27%, SOz — 56%. PaccuntaTh KOHCTaHTY
paBHoBecus U AG nporecca.
3amanue 5. Mcnonp3ys TepMOOMHAMHUYECKHE IaHHBIE, PAcCUUTaTh, IPU KaKOH TeMmIeparype
KOHCTaHTa paBHOBECHUsI peakiuu 00pa30BaHMsI BOJSHOTO ra3a
Crpagur) + H2Ory <> CO(r) +Ho(r) paBHa 1.

Tema «CTpoenne aToMa 1 NepruoAHYECKH 3aKOH» (KOHTPOJIbHasA padoTa Ne§)
Bapuanrt 1



s snementoB 37 u 79 [lepuoaudeckoii TaOIUIIBI
3aganue 1. Onpenenure cocTaB aToMa: KOJIMYECTBO MPOTOHOB, 3JIEKTPOHOB, HEUTPOHOB.
3ananue 2. CocTaBbTe JIEKTPOHHYIO U Ipadudeckyro GopMyiy 3jieMeHTa, ONpeaeInTe CEMEHCTBO
3JIEMEHTA U BAJIEHTHBIE JIEKTPOHBI.
3ananue 3. CoctaBbTe (POPMYITY BBICILIETO OKCUIA U ONIPENEINUTE €T0 XapaKTep.
3amanne 4. Onpenenute HAOOp KBAHTOBBIX YHCEII JUTS TIOCIEIHETO AIEKTPOHA JIEMEHTA.
3ananue 5. Onpenenure MoJ0KEHUE FIEMEHTa B IEPUOIUYECKOM TabJIHIIe M CPABHUTE €T0 PAINYC U
3EKTPOOTPHUIIATENEHOCTD C PAUYCAMU U 3JIEKTPOOTPULIATEIHHOCTIMU COCEIHUX aTOMOB.

Tema «MeToa BaJIeHTHBIX CBsi3eiD» (KOHTPOJIbHAsE padoTa Ne9)
Bapuanr 1
Js BemectB LiF, PHi;, BeCly, monb3ysach B3HAUYEHHUSIMH DJIEKTPOOTPHUIATEIIBHOCTEH
AJIEMEHTOB:
3aganue 1. Onpenenure TUN CBA3U B MOJIEKYJIaX.
3amanue 2. Paccmorpute 00pazoBaHWE XMMHUYECKON CBSI3M B MOJIEKYJIaX MO METOAY BAJICHTHBIX
CBA3EH.
3anmanue 3. J{ns TpeTheit MOJEKYIIBI pACCMOTPUTE THOPUIU3ALINIO IEHTPATHLHOTO aTOMa.
3aganue 4. Onpenenure NpOCTPAHCTBEHHOE CTPOEHNE MOJIEKYI.
3ananue 5. CocTaBbTe CTPYKTYPHBIE (POPMYIIBI BELIECTB.

Tema «MeToa Mos1eKyISIpHBIX OpOUTAaJIei» (KOHTpPoabHasA padora Nel()
Bapuanrt 1
ITocTpoiiTe sHEpreTUuecKre IuarpaMMbl JUIsl YAaCTHUIbl, ONPEACIUTE MOPSAOK CBSI3U U €€
MarHUTHBIE CBOWCTBA:
3anmanue 1. Os.
3ananue 2. O,
3anmanue 3. O2.
Ramanue 4. 027",
3ananue 5. CO.

Tema «MToroBasi KONTPoOJILHAsi padoTa mo Moay.asm 1,2» (kouTpoabHas padora Nell)
Bapuanr 1
3aganue 1. BpryuciauTe SKBHUBAJIEHTHYIO Maccy MeTamia, 3Hasg, 4yTo 0,48 r ero BBITECHSIOT W3
KUCTOTHI 234 Mt Bogopoja (H.y.)
3amanne 2. TermmoBoit a3ddext cropanms xuakoro 6enzona C¢Hg ¢ 0OpazoBanmemM mapoB BOABI U

IMOKcuza yriepoaa cocrasiser -3135,58 k/lx/moins. Paccuutaiite AH Sﬁp_cﬁ H, -

3aganue 3. Ins peakuuu NHizr + HClry <> NH4Cls) paccunraiite m3mMeHeHue cTaHIapTHOU
cB0o6OIHOI sHeprun ['M66ca u ciienaiiTe BBIBOJ O HAMpaBJIeHUH mpoliecca npu Temneparype 100°C.
PaccuuraiiTe TemrepaTypy paBHOM BEpPOSTHOCTH MPSIMOTO M oOpaTHOTO TmporeccoB. Cremaiite
BBIBO/JI O HaIlpaBJIEHUHU MIPOIECCa BBIIIE U HUXKE 3TOM TeMIlepaTypshl.

3aganue 4. Koncranrta paBHoBecus B peakunu A + B < C + ]| npu HEKOTOPOi TemIiepaType paBHa
1,0. PaccumTaiite mpoLEHT IpeBpalleHUs] BElIeCTBA A K MOMEHTY PaBHOBECHS, €CIHM HCXOJHbIC
koHIeHTpanuu A u B coctasmsumu 0,3 u 0,5 MOJIB/TT COOTBETCTBEHHO.

3aganue 5. [ns cnegyromux coenunenuii: MgzNo, CO, Bl onpenenure Tumn XuMU4ecKo# CBA3M, 1O
METOJy BAJICHTHBIX CBSI3€H MOKAXUTE OOpa3oBaHWE XHMHUYECKON CBSI3M B MOJIEKYJax,
TUOPUAN3AIMIO, ONIPEIETUTE MPOCTPAHCTBEHHOE CTPOCHHUE MOJIEKYII.

Tema «CBOICTBA PaCTBOPOB HEXIEKTPOIHTOBR» (KOHTPOILHAsi padoTa Nel2)
Bapuanrt 1



Bananue 1. B xakux oObemax HYKHO cMemats dtuinenrmukons CoHqO2 (p=1,1088 r/cm?®) u Boxy,
4TOOBI MOMYYNTh 2 7 aHTU(PU3A, TeMIepaTypa 3amep3anus kotoporo -5°C. IlnoTHocTs anTUdpHU3a
TIPHHATH paBHOH 1 r/ev’,

3ananue 2. Boruncnure ocMotudeckoe aasienue 4% pactBopa caxapa Ci2H22011 mpu 20°C, ecnu
TIJIOTHOCTH pacTBopa pasHa 1,014 r/em?.

3amanue 3. JlaBieHue mapa Boabl Haj pacTBopoM HeanekTponuTa npu 100°C pasuo 95,76 xlla.
CKkonbKO MOJIeH BOJBI MPUXOAUTCS HA OJJUH MOJIb PACTBOPEHHOTO BEILIECTBA B 3TOM pacTBope?
3anmanwue 4. PactBop, conepxkammii 3,8 r ioga B 100 T xsmopodopma, kunut ripu 61,78°C. Onpenennte
COCTaB MOJICKYJIbI HO/1a, €CJIM TeMITepaTypa KuneHus xjaopodopma pasua 61,20°C.

3aganue 5. PaccunTtailTe KpUOCKONMMYECKYI0 KOHCTAHTY IIMHKA, €CJIM MPUMECH 0JI0BAa B KOJIMYECTBE
1,1% moHMKaeT TeMIepaTypy ero ImiasjieHus Ha 3,66°,

Tema «CBOJCTBA PaCTBOPOB JIEKTPOJINTOB» (KOHTPOJLHAst padora Nel3)

Bapuanrt 1
3ananue 1. Onpenenure cpeay BOJHOTO pacTBopa cyiabdputa kamus K2SOs. O6ocHOBaTH OTBET.
3ananue 2. PaccunTaiiTe Temneparypy KUIEHHs U KpUCTAIIM3aluK 8% BOJHOTO pacTBOpa XJIOpuaa
KaJlus, CTENEeHb UCCOIUAuu KOToporo 85%.
3amanne 3. PaccunTaiiTe MpOIEHTHYIO KOHIICHTPAIMIO HACBIIIIEHHOTO pacTBOpa Cylbduaa Kaamus,
ecmu 1P, =7,9-107.

3ananue 4. Paccunraiite pH 0,5% pactBopa HCN. ITnoTHOCTS pacTBopa cuuTarh paBHOM 1 r/mi.
3aganue 5. OnpeaenuTe OCMOTHYECKOE JABJICHUE pACTBOPA XJIOpHUAA KaJbLHs MPHU 30°C, ecru B 250
MJI pacTBOpEHO 15 r coiu, cTeneHs aucconuanuu KoTopoil coctasisieT 86%. [lnoTHoCTh pacTBOpa
cuuTaTh paBHOM 1,1 r/mi.

Tema «OKHCIMTEIBLHO-BOCCTAHOBUTEJIbHbIE PeaKUUM: MeTOJ  MOJypeaKiuiby
(xonTposLHAs padora Neld)

Bapuanr 1
3aganue 1. YpaBHANTE OKUCIUTEIbHO-BOCCTAHOBUTEIIBHYIO PEAKIMI0O METOJOM MOIypeaKuid
Oananca. OnpeaenuTe TUIT OKUCITUTETbHO-BOCCTAHOBUTEIHLHON PEAKITHH:
HC1O4 + H,SO3 — HCI1 + H2SOs.
3amanue 2. VYpaBHSNTE OKHCINTEIbHO-BOCCTAHOBUTEIBHYIO PEaKLHUI0O METOJOM MOJypeakLuid
Oananca. OnpeaenuTe TUIl OKUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIINH:
KMnO4 + NO + H2SO4 — MnSO4 + NO2 + K2SO4 + H20.
3aganue 3. YpaBHANTE OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO PEAKIMI0 METOJOM MOJIypeaKuid
Oananca. OnpeaenuTe TUIT OKUCITUTETbHO-BOCCTAHOBUTEIHLHON PEAKITHH:
Cr(NO3); + NaBiO3; + HNO3 — H2Cr207+ Bi(NO3)3 + NaNO3 + H»O.
3ananue 4. VYpaBHSITE OKHCINTENbHO-BOCCTAHOBUTEIBHYIO PEAKLHUI0 METOJOM MOJypeakluid
Oananca. OnpeaenuTe TUIl OKUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIINH:
As>S3 + HNO3; — H3As04 + SOz + NO2 + H20.
3aganue 5. Omnpenenute HamnpaBiI€HUE OKUCIUTEIbHO-BOCCTAHOBUTEIBHON pEAKIMH, OMUCAHHOU
CJIEIYIOIMMH MOJTYpPEaAKIUsIMU, U COCTaBbTE YPABHEHHUE:
Zn0,* + 2H,0 + 2e — Zn + 40H; ¢° =-1,22 B
CrO4* + 4H,0 + 3e — Cr(OH); + 50H7; ¢° =-0,13 B.

Tema «OKHCIHTEIbHO-BOCCTAHOBUTEIbHbIE PeaKIUH: MeTOd  NOJypeaKImii»
(xoHTpOaBLHAR padora Nel5)

Bapuanrt 1
Ha ocnoBanum nuarpamm Jlatumepa (pH=14):
0,56 B 0,27 B 0,93 B 0,14B

MnO4 — MnOs* — MnO4 — MnOz ~ Mny0; - —> Mn(OH)2—> Mn
FeO4? '—> FezO3'tzO—> Fe(OH)z—> Fe



—0,06 B 0,87 B
0O,—> H,0,—— OH"

3amanne 1. Onpenenure AMEKTPOaHbIE MOTeHIHATBI cucteM: MnO4/Mn2O3 u FeO4*/Fe.

3ananue 2. Hanumure ypaBHEHUS peakifil, TPOTEKAIOUIUX TPHU MOJAKUCICHUN PACTBOPOB MaHTaHATa
(VI) u deppara (VI) kanus pazbaBieHHOM cepHOM kKucioToi 10 pH=7. OTBeT moATBEpAUTE paCICTOM
cTaHgapTHoH >Hepruu ['ubdoca.

3amanne 3. Kakwme dopmer Mn ycToWumBBI (IO OTHONIGHHWIO K PACTBOPHUTEIIO H
JUCIIPONIOPLIMOHUPOBAHMIO) B BOAHOM pacTBope npu pH=14. OTBeT noaTBEpAUTE pacyeToM.
3amanne 4. Omnpenenute nuana3oH 3HaueHwi pH, mpm koropeix manranat (VI) ycroitumB k
JTUCIIPOTIOPIIUOHUPOBAHHUIO.

3aganue 5. [locTpoiite guarpammy @pocrta a1 mapradna npu pH=14 u npoananusupyiire ee.

Tema «DJIeKTPOXUMHYECKHE MPouecchl» (KOHTpoabHasi padora Nel6)

Bapuanrt 1
3ananue 1. Beruucnure 2/IC raibBaHU4ECKOTO 3JIEMEHTA, HAMUIIIUTE MPOIECChI, TPOUCXOISAIINE HA
anektponaax: Cr/ CrClp, 0,01 M // 0,001 M, CrCl,/ Cr.
3aganue 2. HanummuTe 371€KTpOJHBIC MPOLIECCHl M PACCUUTANTE KOJNWYECTBA, OOpPa3yIOIIMXCS Ha
MHEPTHBIX 3JIEKTPOAaxX BEUIECTB MPHU 3JIEKTposn3e BoaHOro pactBopa MnCly mpu mpomyckanuu
25A-4 aneKTpruyecTBa.
3amanmne 3. PaccuuraiiTe pacxop d3JEKTPOIHEPTHU M BpeMs, HEOOXOAMMOE I MOJy4deHHs 1 T
Maprasia a1eKTpoin3oM paciuiaBa MnSOs, npu cuiie toka 10 A, Beixome mo Toky 75% u
HanpspbkeHuu 12 B.
3amanue 4. Hanumumre  ypaBHEHUS  AJEKTPOAHBIX  NPOLECCOB,  MPOTEKAOIIUX  IIPH
AJIEKTPOXUMHUYECKOM Koppo3uu kKoHTakTa Fe/Cr B menouHoit cpene.
3ananue 5. Kakoif u3 konraktoB — Fe/Cd nnu Fe/Ni — siBnsiercs 6onee koppo3noHHoonacHbeM? OTBeT
MOJTBEPAUTE PACUETOM.

Tema «TOroBasi KOHTPOJILHAs PaboTa Mo Moay.Ii0 3» (KOHTPoILHas padoTa Nel7)
Bapuanrt 1
3ananue 1. Boruncnure ocMotudeckoe aasinenue 4% pactBopa caxapa Ci2H22011 mpu 20°C, ecnu
TIJIOTHOCTH pacTBopa pasHa 1,014 r/em?.
3aganue 2. Onpepenute pH 0,05 H. KoSOs;. Hanummre MOHHBIE M MOJEKYJISPHOE ypaBHEHUS
TUAPOIIU3A.
3ananue 3. Paccunraiite pH 0,5% pactBopa HCN. ITnoTHOCTH pacTBOpa cunuTarh paBHOM 1 r/mi.
3aganue 4. Berunciute noteHuman BogopoaHoro aekrpoaa B 0,005 M pacTBope COMIHON KUCTOTHI.
3ananue S. [Ipu snexrponusze BogHoro pactsopa CuCly Ha anone Boiienuiocs 200 mi raza (H.y.).
BrruncnuTe maccy BellecTBa, BbIIETMBIIETOcss Ha Karojae. Hamumimre ypaBHEHHS JIEKTPOIHBIX
IIPOLIECCOB.

Cemectp 2. Kypc «Heoprannyeckast XuMusi U XUMHS IJT€MEHTOB 2»

Tunossle npuMepsbI 3a1aHUM

Tema «KoopauHauuoHHbIe coeMHeHns» (KOHTPoabHas padora Nel)

Bapmuanr 1
3aganue 1. HazoBuTe yka3aHHbBIE KOMIUIEKCHBIE COCAMHEHHUS, OMPEACIIMTE COCTAB BHEIIHEH WU
BHyTpeHHell cdep, KomrmiekcooOpa3oBaTelb, JHUTaHIbl, KOOPIWHAIMOHHOE YHCIO, 3apsiI
KOMILJIEKCOOOpa30BaTeIsi, HAMUIIUTE NEPBUYHYIO W BTOPHUYHYIO JHCCOLMAIMH KOMILJIEKCOB H
BBIpa3uTe Ui HUX KoHCTaHTy HecToWkocTH: [Rh(N2)2Cl2]CN, K3[Ir(C204)2Cla].
3amanne 2. CocTaBbTe XUMHUYECKHE (HOPMYIBI CICAYIOMNUX KOMIUIEKCHBIX COCIMHECHMIA:
muarieraroauopomokympat (1) kamus; ionoanazorcepedpo (I).



3ananue 3. CocTaBbTe M Ha30BUTE 4 KOMIUIEKCHBIX COCMHEHUS U3 YKa3aHHBIX MOHOB U MOJIEKYII:
Fe**, H,0, Na*, S

3amanue 4. Onpenenute TUN THOPUIM3ANMUA B KOMIUIEKCaX C MOHOJCHTAHTHBIMH JIMTAHAAMU W
LeHTpaabHbIMHE aToMamMH sp- U d'° semMenTOB, a Takske M300pa3UTe UX TEOMETPHUECKYIO CTPYKTYPY:
[Pb(OH)3]", [Cu(CN):]".

3amanne 5. CocTaBbT€ DJHEPreTHYECKYIO IUArpaMMy OOpa3OBaHHS CBS3CH, OINPEICIUTE THII
TUOpUAN3AIIN KOMILIEKCOB 3d-3JIEMEHTOB ¢ OKTa3IpHUECKHUM IOJIEM JIMTAHAOB U YKAKHUTE YHCIIO
HecrapeHHsIX d-anextponos: [V(H20)s0]%", [ScFs]*.

Tema «/luarpaMMbl IIABKOCTH cHcTeM» (KOHTPoJabLHast padoTa Ne2)

Bapmuanr 1
Cmnas Cd-Bi
Bi, macc.% |0 5 10 20 40 60 80 90 95 100
tig, °C 321 310 305 280 215 146 175 215 255 271
ti, °C 321 146 146 146 146 146 146 146 146 271

Macmra6: 1 cm — 20 mace. %, 1 em — 50°C.
3ananue 1. [To taHHBIM TaOIUIBI TOCTPONTE TUArpaMMy COCTOSIHHSI COOTBETCTBYIOIIETO OMHAPHOTO
CILIaBa.
3ananue 2. OxapakTepu3yHTe: THI AUarpaMMbl COCTOSIHUS; CTPYKTYPY TBEPAOTO CIIaBa; (ha30BbIN
COCTaB I10 30HaM JIMarpaMmsl.
3ananue 3. Jlns ciuiaa, conepskamero 40 macce. % BUCMYTa OCTPOUTE KPUBYIO OXJIAXKICHMSL.
3amanne 4. PaccunTaiiTe Maccy KaaMus B )KHIKOW U TBepaou ¢azax, ecnu 1 kr criaBa coctaBa 40
Macc. % BHCMyTa HarpeTh o Temmnepatypsi 200°C.
3amanue 5. Vicrionb3ys MaHHbBIE TAOIHUIBI, TIOCTPONTE JUArpaMMy COCTOSHHUSI OMHAPHOW CHUCTEMBI
Mg-Cu. PaccuuraiiTe cocTaB M Maccy paBHOBecHBIX (a3 mpu Temmepatype 500°C 1 kr cruiasa,
coaepxkartiero 90% Mg.

tan, "C 485 555 570 651 730 797 1083
CocraB,% | sBTekTHuKa | 3BTeKkTHKa | 100 100 spTekTuka | 100 100
Macc. 30 Cu 66 Cu CuMg> Mg 90 Cu CuMg Cu

Tema «MeTaibl M CIVIABB (KOHTPOJILHAsi padoTa Ne3)

Bapmuanr 1
3amanwue 1. Onpenenute coctas cruiaBa Cu-Al, eciiu mpu 00paboTKe 6 T U30BITKOM COISTHOM KHCIIOTHI
BBIACIUIIOCH 3,7 11 ra3a (H.y.).
3amanue 2. CKOJIBKO M KAKOro MeTajyla MOXXHO BEIIEIUTL B yucTtoM Bume u3 200 r memHo-
cepeOpstHOTO CIuTaBa cocTaBa 1:1, eci B cOCTaB 9BTEKTHKHU BXOIUT 28% Meu.
3amanwne 3. Haiinure coctaB 3BTEKTUKHU 0JIOBO-CBHMHIIOBOTO cruiaBa (30% onoBa), eciu B 1 KT 3TOTO
crutaBa conepxkurcsa 400 r cBUHIA, BKPAILIEHHOTO B 3BTEKTHKY.
3amanwue 4. Onpenenure MacCcy MarHus, HEOOXOIUMOTO JIJIsl yAaleHus mpuMecei 6opa B Buse MgBo
U3 5 T YEPHOBOTO AOMUHUS, coaiepKariero 5% o6opa.
3ananue 5. BeiBeaure ¢popMyny HHTEpMETANIMYECKOTO COeIMHEHUs, coaepxkainero 94% Ag u 6%
Li.

Tema «s-351emenThl [leproanueckoii cucTeMbl» (KOHTPOJIbHAs padoTa Ned)

Bapuanr 1
3amanue 1. Hutpua metamna [1-A rpynmst maccoit 0,8973 r 06paboTad BO0M; MPOAYKTHI PEAKIIHH
MOJTHOCTBIO TPOPEArHpoOBAIA C XJIOPOBOJIOPOAOM, IJsi 4ero morpedoBamock 48,5 man 1 M
XJIOPOBOJIOPOHOM KUCIOTHI. Y CTAHOBUTE XUMUYECKUI CUMBOJI METAJLIA.
3ananue 2. [Ipu anextponuse pacmiasa 21,6 T BemecTsa Ha aHoi€ Boiensiercs 1,35 Mok Boopoaa.
PaBHOe KoimMuecTBO BOJOpoAa ToJiydaeTcss mpu obOpabotke Bomoi 10,8 T TOro »ke BemecTsa.
YcTaHOBHTE XUMHUECKYIO (DOpMYITy BEIIECTBA.



3anmanue 3. Cmech okcuaa Hatpus (0,1 Monb) U mepokcuaa HATpUs 00paboTamy ropsiueil cepHon
KHUCTIOTON U cobOpanu 7,84 n (H.y.) raza. Onpenenure MOIbHYIO 1010 (B %) OKCUAA B UCXOTHOU
CMECH.

3aganue 4. JIutuii Maccoit 3,5 T MOJHOCTBIO MTPOPEArUPOBAII ¢ BOJIOM. OnpeneuTe MacCOBYIO 10O
(B %) BemiecTBa B KOHEUHOM PAacTBOpE, €CIIM HadainbHas Macca BoJIbl Obuta 120 T.

3amanne 5. Kammit oOpa3zyeT ¢ KHCIOPOJOM YETHIpE COSAWHEHHUS, B KOTOPBIX MaccoBas IOJIS
HemeTamia paBHa 17,02%, 29,09%, 45,07% wu 55,17%. YcranoBute xummueckue (Hopmysl
COCIMHEHUN U HA30BUTE UX.

Tema «KeCTKOCTH BOABI M CIOCOOHI yMsArYeHus» (KOHTPoJILHas padora Nes)

Bapmuanr 1
3amanwme 1. [IpucyTcTBUE KakuX coseil B Boje oOycnaBnuBaeT ee kecTKOCTh: Fe(NOs3)2, Fe(NO3)s,
FeCO3?
3aganue 2. JKecTkocTh BoAEe mpuaaeT XJjopua Kaiublusa. CocTaBbTe peakUUH YMATYEHHS BOJBI
KapOOHATOM HATPHs, HOHOOOMEHHBIM criocoboM (Na'-katuonupopanue, SO4> -aHMOHHPOBAHHE).
3aganue 3. B 1 1 Boasl cogepxutcsa 36,45 mr noHoB Maraus u 50,2 Mr HOHOB KalibIus. Yemy paBHa
o011as1 >KeCTKOCTH BOJIBI?
3amanue 4. Kakoe KOJIMYECTBO IPAMMOB I'MAPOKCU/A KabllHs HEOOXOMUMO s ymsardenus 1 m°
BOJIbI, €CJTH JKECTKOCTh HYXKHO CHU3UTD C 5 10 2 MMOJIB/T?
3ananue 5. OOpa3zer; Boabl UMeeT kecTKocTh 12,5 mmonb/n. Ckonbko mia 0,1 H. pacTBOopa constHOU
KHUCJIOTHI orieT Ha TuTpoBanue 100 mit 3Toi BobI?

Tema «daementsl 13, 14 rpynm» (KonTpoabHas padora Ne6)

Bapuanr 1
3aganue 1. bop B3amMojaelcTByeT mpu HarpeBaHuM ¢ KOHIEHTpUupoBaHHBIMU HNO3; um HzSOgs,
apCKOW BOAKOM M cMechio KoHLeHTpupoBaHHbIX HNO3; u HF. Hanumure ypaBHeHUs peakuuii u
Ha3BaHMs 00pa3yIONINXCS MPOIYKTOB.
3aganue 2. Jns momyueHust Tpudropuma Oopa cMmech okcuga Oopa ¢ (GTOPUAOM KaibLus
o0pabaTbIBalOT cepHOIl kucnoToi npu HarpeBanuu. Kakue maccel B2Os, CaFz u 96%- noit H2SO4
TpedytoTcs ms nomydenus 44,8 1 BF; (H.y.)?
3ananue 3. AJIOMHHMI MOJIYYalOT 3JEKTPOJIU30M paciuiaBieHHOro kpuointa NazAlFs, B koTopoM
conepxkutcs 68 % okxcuna amomunus u 8§—10 % cmecu gpropunos CaF, + MgF>. KakoBsl ponu
KpHOJUTa U (PTOPUAOB KaibIMsl M MarHus B 3ToM mporuecce? Kak ycTpoeH aneKkTponus3ép s
nosiyueHust amoMuHus? KakuMu cxeMaMu U peaklMsIMH OMUCBIBAETCS TIPOIECC IEKTPOIH3a?
3ananue 4. [loueMy 1MaHOBOIOPOA, LINAHOBOJOPOAHAS KUCIIOTA U €€ COJIM, HECMOTpPSI Ha HU3KHE
CTENEHW OKHUCJICHHS aTOMOB yriiepona (+2) m azora (—3) B HMX COCTaBe, SBISIOTCS CIA0BIMH
BOCCTaHOBUTEISIMU? Hanumunre mpoayKThl peakluil TOpeHUsl IMaHOBOJAOPOIa U B3aUMOJEHCTBUSA
[IMaHU]Ia KaJusl C TUIIOXJIOPUTOM Kajusi B BogHOM pactBope: a) HCN + O, —; 6) KCN + KCIO +
H>O —.
3aganue 5. Kakol TUI KpUCTAINIMYECKON PEIIETKU COOTBETCTBYET CTPYKTYype KpeMHHs? Onuimre
¢u3nueckue U XMMHUYECKHE CBOWCTBA KPEMHHUS B CPAaBHEHHMH CO CBOWCTBAMH yriiepojaa (anaMasa).
Breraucnure maccy KpeMHUs, TIPU B3aUMOJICUCTBUU KOTOPOH € pacTBOpOM Mignoun oopazyercs 50 i
Bogopoza (20 °C, 98,6 kI1a).

Tema «aemenTsl 15 rpynnb (KOHTpoabHas paGora Ne7)

Bapuanr 1
3aganue 1. A30T B NPOMBIIUIEHHOCTH MOJY4YalOT U3 Bo3ayxa. Kak OTHenstoT a3oT OT Apyrux
COCTABJIIIOLINX BO3JyXa: KUCIOpPOJa, YIIIEKUCIOro rasa, aproHa, mapoB Boabl? Kakoil o0bem
BO3/IyXa (H.y.) HEOOXOAMMO TIepepadoTaTh (TCOPETUUCCKU) JIJIS TTOTYISHUST OJTHON TOHHBI JKUJIKOTO
azora?
3amanne 2. Hanummmre ypaBHEHHsS peaknuid (C yKa3aHHEM YCJIOBHUH WX TMPOBEACHHS) IS
ocCyIIecTBIeHHs JaHHbIX npeBpaniennid: No — NHz — (NH4)2SO4 — NH3; — Mg3N2 — NH3; — No.



3ananue 3. Hanmuimte Ha3BaHUS BEIIECTB, ONMPEACITUTE CTENIEHb OKUCICHHSI a30Ta B KAYKIOM U3 HUX:
N2O, N20O3, HNO>, NH4NO>, NH4NOs3, N>HsHSOs, NOCI, (NO)HSO4, Na3z[Co(NO2)s],
[Rh(NH3)5(NO2)]SO4, [Co(NH3)3(NO2)3].

3amanme 4. PactBop 6,2 r 6emnoro ¢ocdopa B 100 r cepoyrnepona 3akunaet mipu 41,45°C, a yucToIit
cepoyriepon kunut mpu 40,30°C. D0ymmmockonuyeckass KOHCTaHTa cepoyriepona paBna 2,29. U3
CKOJILKMX aTOMOB COCTOSIT MOJICKYJIBI paCTBOPEHHOTO B cepoyriepoae 6emoro dhocdopa?

3anmanue 5. [loyemy mpu MONYyYEHUU MBIIIBSKA, CYPhbMBI U BUCMYTa U3 MPUPOJHBIX CYIIb()HIHBIX
MUHEPAJIOB UX CHayaya 00XHUTaloT, 3aTeM 00pasyloluecs: OKCUIbl BoccTaHaBnuBawoT? [louemy He
MPOBOJST BOCCTAaHOBIIEHHWE HemocpencTBeHHO cynbpuaoB? Kakoii 00BEM cepHUCTOrO rasa
oOpasyercss B KadyecTBe MOOOYHOrO MpoAyKTa npu mosydeHuu 100 Kr BHCMyTa W3 BHCMYTOBOTO
Onecka?

Tema «aemMenTs 16 rpynnb (KOHTpoabHas paGora Ne8)

Bapuanrt 1
3ananue 1. Onumute coctaB aTMocgepHoro Bo3nyxa. Kakoit o0bem npu H.y. 3aHuMaet 10 T uucToro
KHCJIOPO/Ia ¥ KaKOW 00BhEM 3aHMMAET ITPH TAKKX K€ YCIOBHSIX BO3yX, coAepskantuii 10 r kucmopona?
Uemy paBHa Macca kuciaopoaa B 10 11 4McTOro BemecTBa U B TAKOM ke 00beMe Bo3yxa’?
3ananue 2. [IpuBeante Gusndeckue XapaKTEPUCTUKH BOJBI U YKAKUTE, KAKUE U3 HUX TPUHSATHI KaK
STalloOHHBIE. Bpruucnure abCONIOTHYIO Maccy OJHOM MOJEKYJbl BOJAbl W YHUCIO MOJIEKY,
Haxopsmuxcs B oguoi karie (0,1 T) Boabl.
3aganue 3. Kak BBIACIAIOT CaMOPOJHYIO CEpy U3 «IIycTon» mopoabl? Kak mosyyaroT cepy u3
MPHUPOJIHOTO ra3a M U3 ra3oB, MOIyYaeMbIX IIpH nepepadboTke cynbhuaHbix pyn? Kak ounmarot cepy
ot mpumeceit? Kakme obvembr H>S m SO mOMWKHBI MPOB3aMMOJICHCTBOBATH [IJISi TOTO, YTOOBI
obpazoBanock 100 kr cepbi?
3ananue 4. Kakue kaTanu3aTtopsl UCIIOJIB3YKOTCSI B KOHTAKTHOM U B HUTPO3HOM METOJaX MOJy4EHUs
cepHoii kucnotel? Kakas macca cepbl cConep>XKUTCSl B OIHOM TOHHE TOBAapHOW CEPHOM KUCIOTHI (0 =
96 %), xakoit 00beM razoodpaznoro okcuza cepsl (VI) 3aTpaunBaeTcst Ha MOAyYEHHE OJHOW TOHHBI
TaKOU KUCJIOTHI?
3amanwne 5. Onpenenure KO3OPUITUEHTHI Tepe]] BEMIECTBAMU B PEAKIIUSAX METOIOM TOJTYPEAKITHA:
S + HNO3(KOHH) — H>SO4+ NO
Se + HNO3(xorny + H20 — H2SeOs3 + NO
Te + HNO3(xomm) — TeO2 + NO + H20
Po + HNO3(KOHLI) — PO(NO3)4 +NO + HzO
Kakue BbIBO/IBI O CBOMCTBAX CEpBI, CEJICHA, TEITypa U MOJIOHUS CIAEAYIOT U3 CPaBHEHUS MPOIYKTOB
HUX B3aUMOJCUCTBHUSA C a30THOU KHUCJIOTOM?

Tema «Jaementnl 17 rpynnb» (KOHTpoabHas padora Ne9)

Bapuanrt 1
3ananue 1. IlpuBenurte nmo 2-3 mpuMepa XMMHMUYECKHUX PEAKIUI, B KOTOPBIX BOJOPOJ SIBJIAETCS
OKHCIHTEJIEM M BoccTaHoBuTesneM. KakoBa (yHKIMS Boaopoda MpU €ro B3aUMOJIECHCTBUU C
oKcHJIaMH MeTauioB? Beruucnute 00beM BoAopoaa (IIpH H.Y.), KOTOPbIH TEOPETHUECKHU TOTpedyeTcs
st monydenust 1 kr Bombdpama u3 WOs. Kakoit 06bem OymeTr 3aHUMAaTh BOJIOPOJ TIPH YCIOBHUSAX
MIPOBEICHUS PEAKIIUU (8OOOC; 101325 TTa)?
3amanne 2. DOTOPOBOJOPOIHYIO KHCIOTY OTIMYACT OT OCTAIBHBIX KHUCIOT €€ CIOCOOHOCTH
B3aUMO/ICCTBOBATH C IMOKCHIOM KPEMHUS U KPEMHUNCOAEpKAIIMMU MUHEPAIaMHu U «pa3beaaThy»
creksio. Hammumure ypaBHeHHS IBYX CTaauii B3auMOJeHCTBUS (HTOPOBOIOPOIHON KUCIOTHI ¢ Si0;.
Kakyto ¢pyHKIMIO BBITIOITHSAET 3Ta KUCIIOTA Ha MIEPBOM M BTOPOM CTaIUU B3aUMOACHCTBUSA?
3amanne 3. [louemy 3010TO, HE B3aWMOJICHCTBYIOIIEE NMPU OOBIYHBIX YCIOBHUSAX C BOJOH U CYXHM
XJIOPOM, B3aHMOJEWUCTBYET C BIAXHBIM XJopoMm? IloTOMy XJjoOp TINATENbHO CyHIAT MEpeEx
HAllOJJHEHMEM UM CTaJbHBIX OalJIOHOB WJIM CTaJbHBIX >KEIE3HOJOPOKHBIX IHCTEPH IMepen
TpaHCIOpPTUPOBKOM? Kakue BemecTBa MOKHO MCIOIb30BaTh B KAUECTBE OCYLIMTENEN Xiiopa?



3ananwue 4. [ToueMy B XUMHUYECKHUX JIAOOPATOPHSIX OOBIYHO MUCIIOJIB3YIOT HE XJIOP, a XJOPHYIO BOAY?
[Touemy xJ0pHast Bojia 00ECIIBEYMBAET OPraHNIECKHUE KPACUTENH U 001aaeT o0e33apakiuBaOIINM
nercTBueM?

3amanue 5. Kakoil o0bem consHoil kucinorel (o = 30 %, p = 1,15 r/mu) Teopernuecku
npoB3aumopeiicteyer ¢ 15,8 r KMnO4 u kakoli o0beM XJiopa, NPUBEIACHHBIH K HOPMalbHBIM
YCIIOBUSIM, BBIJICIUTCS MIPH 3TOM?

Tema «TOroBasi KOHTPOJILHAsS padoTa Mo MoayJasm 1, 2» (KoHTpoabHas padora Nel()

Bapuanrt 1
3aganue 1. CocraBbTe HSHEPreTUUECKYIO IuarpaMMmy oOpa3oBaHUs CBSI3€H, ONpEAeTUTe THII
rUOpUAN3aN KOMILIEKCOB 3d-3JIEMEHTOB € OKTa3IpHUECKUM IOJIEM JIMTAHAOB U YKa)KUTE YHCIIO
necnapenHsix d-snexrponos: [V(H20)s0]%, [ScFe]*.
3aganue 2. Ilpy moMomM KakuxX peakiuid M TpU KaKUX YCIOBHSX HX MPOBEACHUS MOXKHO
OCYIIECTBUTD CICIYIONINE MPEBPALCHUS:
Na — Na;0O2 — Na;O — NaOH — NaCl — NaNO3; — NaHSO4 — Na;SO4 — NaCl — Na?
3ananue 3. [Ipu npokanuBaHuM Oyphl B TPUCYTCTBUU COJICH XpoMa, MapraHiia U IPyruxX MEeTauioB
obpasytorcsi metabopar Hatpus U BoOs. Okcua Oopa, B3aMMOIEHCTBYS C COJIIMH, OOpaszyer
OKpaIlleHHBIE CTEKJIO00pa3Hble MeTabopaThl — «mepiasl Oypb». Hamummre ypaBHeHHs cTaauil u
CyMMapHble YpaBHEHHS peakUuid, MNPOTEKAIOUIMX MpH MPOKAIUBAHUM Oyphl B MPUCYTCTBUU
cynbdaroB mapranua (II) u xpoma (III).
3aganue 4. [louemy CBUHEN, CTOSAIIMNA B pANY HaNpsHDKEHUW 10 BOJOPOJA, HE B3aUMOJIEUCTBYET C
COJISTHOHM, OpOMOBOIOPOJTHOM, HOIOBOJOPOJHOM U pa30aBlieHHON CEpHOM KHCIOTaMH U IOYeMy OH
B3aMMOJICHCTBYET ¢ KOoHIeHTpupoBaHHOH (6onee 80 %) cepHoil kucnoroi? Hanummre ypaBHeHue
PeaKIiy U CTPYKTYpHYIO (hopMyiry 0Opa3yromerocst CoeTMHeHNs CBUHIIA.
3amanue 5. Bce okcuapl a30Ta B3aMMOJICUCTBYIOT C pacKaJIeHHON Menbio, 00paszys okcua meau (1)
u a3or. KakoBa ¢opmyna okcuaa azora, ecnu macca moimydeHHoro okcuga menu (II) cocraBmiia
0,7105 T, a azora BeigemiIocs 200 mi (H.y.)?

Tema «JaemenTnl 3-5 rpynm» (KOHTposILHAst paGoTa Nell)

Bapuanrt 1
3amanue 1. Hammmure smekTpoHHBIE (GOPMYNBI CKaHIWS, UTTPHUS M JaHTaHa. YeM OTIMYAIOTCS
aTOMBI 3THX 3JIEMEHTOB OT aTOMOB 3JIEMEHTOB TJjaBHOW moarpymmbl? Ilouemy oHu sBIsIOTCA
DJIIEMEHTAMHU TOCTOSHHOW BasieHTHOCTH? IlpuBenuTe mnpuMepbl OOBIYHBIX M KOMIUIEKCHBIX
COCIMHEHUN CKaHAMSI, UTTPUS U JIaHTaHa.
3aganue 2. Hamnummrte ypaBHEHMS peakUuil A OCYLIECTBIECHUS CIEAYIOUIEH IENoYKu
npespamennii: Ti — TiO2 — K;TiO3 — H2TiO3 — TiOSO4 — Ti2(SO4)s.
3ananue 3. UeMy paBHbBI 3HAUEHHUS! CTAHJAPTHOTO AJIEKTPOJHOTO MOTEHLMANA CKaHAMS, UTTPUS U
JJAHTaHa, B KAKOW YacTH PsiJia HAaMPsKEHU OHU pacnoioxkeHbl? Kak 3Th MeTasuibl B3auMOJEHCTBYIOT
C KUCIIOTaMHU, IIeJI0YaMH U BOJION?
3amanue 4. Tutan (+4) B mogkucieHHoM pactBope TiCls BoccTaHaBIMBAeTCsS MarHueM J0 THUTaHA
(+3), KOTOpBI TIpH NEUCTBUU MEPOKCHIIOM BOJOPOJA CHOBA MepexonuT B TuTaH (+4). Hamumurte
ypaBHEeHUs peakuuil. Hackoabko 0OOCHOBaHHBIM SBIISETCS YTBEP)KICHHE O TOM, YTO B IEPBOM
peaKIMu BOCCTAHOBUTEJIEM SIBIISIETCS BOAOPO/ B MOMEHT BBIJICICHUS?
3ananue 5. OmnpenenuTe W3MEHEHHE MacChl BEIIECTBAB THUIJIE C METaBaHA/JaTOM aMMOHHS IOCIe
npoxanusanus pu 550°C.

Tema «aeMeHThI 6 rpynnbp (KOHTpoaLHas paGora Nel2)

Bapuanr 1
3aganue 1. Yemy paBHBI JIEKTPOJHBIE NMOTEHLUAIbI XpOMa, MOIMOAEHA U BOJb(pama, Kak OHU
B3aUMOJICCTBYIOT C BOJIOM, KUCIOTaMU U II€I04aMu?



3ananue 2. Ha yem ocHOBaHO Hcnonb3oBaHue xyopuaa xpoma (II) (B pacTBope COISIHON KUCIOTHI) B
KadecTBe moryoTutens kuciopoaa? Kakoit 00beM KHCI0pOaa MOKHO TOTJIOTUTH OJTHUM JUTpOM |
M pacTtBOpa 3TOr0 COENUHEHUA?

3aganue 3. Hanummure ypaBHEHUS U YKaXKUTE YCJIOBUS MPOBEICHUS PEAKIMU JJIs1 OCYIIECTBICHUS
npespauieruii: Mo — MoO2 — K:MoO4 — HoMoO4 — MoO3; — Mo.

3ananue 4. B cocraB Kakux MHHEpAIOB BXOJUT BOJIb(PpaM U KakK €ro moiayqaroT B METALIMYECKOM
cocrosauu? [IpoBeanuTte TepMOAMHAMHUECKUE PACUEThl peakuuii monyueHus Bosibdpama uz WOs ¢
MIOMOILBIO YIJIEpO/a, BOAOpoaa U amtoMuHMs. [loyemy Ha mpakTHKe B Ka4ECTBE BOCCTAHOBUTEIIS
UCIIOJIb3YETCs Bogopoa?

3aganue 5. B cocTaBe Kakux MUHEpAJIOB HaXOAUTCS XPOM B 3eMHOI kKope? Hanwuimre ypaBHEeHUE
BCKpBITHS XpoMuTa sxenesa (II). Kakas macca xpomaTa HaTpHst OTy4aeTcst U3 OJHOW TOHHBI PYIIBL,
conepxkamieit 90 % xpomwura? Kakas panmpHeimas oOpaboTka XpoMara HaTpus MPUBOAUT K
MOJIyYEHUIO Xpoma?

Tema «aemMenThl 7 rpynnbb (KOHTpoabHas paGora Nel3)

Bapuanrt 1
3aganue 1. Ilepeuncnure BOCCTAHOBMUTENHW, MCIIONB3YEMbIE IPU IOJYYEHHHM MapraHua u3
nuposto3uta. [Touemy OOBITYIO YaCTh Maprasiia Moxy4aroT B Buje peppomapranma? Yem spnsercs
(deppomaprasen] — XUMH4eCKUM COEAMHEHUEM, PACTBOPOM WJIM MEXAHHMUECKOW CMEChI0?
3aganne 2.  Hanmmmre — QopMynsl  opTOMapraHIeBaTUCTOM,  MeTaMapraHIEBaTHCTOM,
MapraHIOBUCTOM M MapraHieBol KucioT. [IpuBeaute mpumepsl GopMysT M Ha3BaHUS COJCH ITHX
KHCJIOT.
3amanue 3. It oOHapyXKeHUST MOHOB Mn?* WCIIOJB3YETCS PEaKIMsl UX OKHUCIEHUS TUOKCUIOM
CBHUHIIA B PUCYTCTBUU a30THOM KUCIOTHI. Hamummure ypaBHEHHE peakluu U OOBSICHUTE, IOYEMY U
IIPYU KaKUX YCJIOBUSAX OHA BO3MOJKHA.
3ananue 4. Hanumure ypaBHEHMs U YKa)KUTE YCJIOBMSI NIPOBENEHUS PEAKLMM Ul OCYIIECTBIECHUS
cienyrome nernodyku npespaimiennii: Re — Re;O7 — KReOs4 — RexS7 — HReOs4 — Rex(SO4)s.
3ananue 5. [Ipu noayuyeHUn Maprasua u3 NUpOII031UTa B KAUECTBE BOCCTAHOBUTENEH NCIIOJIB3YIOTCS
YIJIEpOA U KPEMHHU. BerunciuTe, Npy KaKUX YCJIOBUSAX BO3MOKHO CaMOIIPOU3BOJIBHOE MPOTEKaHHUE
COOTBETCTBYIOLIUX PEaKIUH.

Tema «daementsl 8-10 rpynn» (KoHTposbHAs padora Neld)

Bapuanrt 1
3apanue 1. [lns peakuuu noiayyeHus xene3a B JoMeHHOM nporecce: FesOau) + 4COr) — 3Few) +
4COx(r) BeruncutTe sHepruo I'm60ca u KOHCTaHTY paBHOBeCHs Ipu Temnepatypax 25, 500, 1000 u
1500 °C. Kak BiusieT OBBIIIEHHE TEMIIEPATYPhl HAa HAITPABICHUE TPOTEKAHUS ATON peakinuu?
3amanue 2. [loueMy B 0cagok BBIMIQAAE€T OJHO M TO K€ BEHIECTBO (KaKoe?) MpHU CMEIIMBAaHUU
pactBopoB: FeCl; u KOH; FeCl; u KoCOs; FeCls u KoSO3? Hanmmmmre ypaBHEHUS peaKIIHid.
3anmanue 3. Kak momyuator ruapokcua kobansTa (1) u3 xmopuaa kobdansta (II) u HUTpara kobanpTa
(I1)? C momMompl0 KakuxX OKHUCIUTENECH ero mpeBpamaroT B Tuapookcun kodamera (II1) Tak, urto
Co(OH)3 He 3arps3HEH NPOIyKTaMH BOCCTAHOBJIEHUS OKUCaUTeNA? HanuimuTe ypaBHEHNS peaKkIii.
3aganue 4. Hanummnre ypaBHEHUS U YKaOXKUTE YCJIOBUS MPOBEICHUS PEAKIMU JJIs1 OCYIIECTBICHUS
cnenyromux npespamiennii: NiO — Ni — Ni(NO3)2 — NiS — NiO — Ni.
3ananue 5. Kakas macca >xene3Hoii pynbl, conepxaieii 85 % Fe3O4, moTpedyeTcs 11l mosiydyeHus
OJIHOH TOHHBI JKeJe3a, €CJIM €ro BBIX0JI cocTaBisgeT 94 %?

Tema «daementsl 11 rpynnbp (KoHTpoabHas pagora Nels)

Bapuanrt 1
3ananue 1. Kakoe koqm4ecTBO M Kakas Macca MEJIU COIEPKUTCSA B MAJTaXUTOBOH IIKAaTYJIKE Maccon
0,663 Kr npu yCJI0BUH, YTO OHA U3TOTOBJIEHA U3 YUCTOTO MAJIAXUTA, HE COJIEPKALIETO MPUMECEH?
3ananue 2. JlelicTBueM pa30aBiIeHHOM MIEN0YM Ha CUHE-T0y00i pacTBop cyibdara meau (II) B Tpéx
npobupkax Obul momyueH ronyboit ocamok Cu(OH),. PactBop Hajg ocaakoMm MpH 3TOM CTal



GECIIBETHBIM, YTO CBHIETENLCTBYET O TIOIHOM OcaxaeHuH katuonos Cu?’. OnHy NpoOUpKy Harpesiu
1o 40°C — ocanok ctan 4€pHbIM. B npyryro mpoOupky npuOaBUiIN KOHIIEHTPUPOBAHHBIN pacTBOP
MIEI0YHM — PACTBOP HAJl OCAJKOM OKPACHJICS B CHHE-TOJyOOH LIBET, HO MOCIIe J0OaBIEHUS BOJIbI OH
cHoBa oOecuBeTmics. B TpeTpio mpoOupKy BBEIM KOHLIEHTPUPOBAHHBIM pacTBOP aMMHaKa — 0Ca10K
pacTBOPWICS U PaCTBOP OKPACHIICA B MHTCHCHUBHBIM CHHMU LBeT. Hanuinre ypaBHEHUS peakuui,
caenaiite BeIBOJIbI 0 cBoicTBax Cu(OH)s.

3ananue 3. OOBsACHUTE, IOYEMY B paCTBOpPE aMMHUaKa pacTBOPSIETCS XJIOpH cepedpa, B pacTBOpe
THOCYyJb(aTa HATPUS — XJIOPUT K OPOMHU/I, a B pacTBOPE IMaHu1a Kaausi — Bce ranoreHu sl (AgCl,
AgBr, Agl). Kakue npoykTsl 00pa3yroTcs npu pactBopeHnn? Hanummre ypaBHeHUS peakLnid.
3aganue 4. Ilouemy 30J10TO, HE B3aUMOJIECHCTBYIOIIEE C KHUCIOPOAOM, BOJIOM M CYXUM XJIOPOM,
B3aMMOJEHCTBYET C O30HOM, BJIAXKHBIM XJIOPOM M XJOpPHOM Boxoi? Hamummure ypaBHeHus
COOTBETCTBYIOUIUX PEAKIIUH.

3aganue 5. OnummTe 3JIeKTPoau3 pactBopa cyibparta menu (1), BBIurcauTe Maccy Meau, KoTopas
BbIIENsAETCS (HA KaKoM 3JeKkTpoje?) 3a 24 4 mpu cuie Toka 100 A, ecnu Bbixoa 1o Toky paseH 90 %.
UYUT0 N3MEHUTCS B IPOLIECCE AIEKTPOIIN3A, €CIIM UHEPTHBIN CTAJIbHOM aHOJ 3aMEHUTh HA MEIHBII?

Tema «daemenTsl 12 rpynnb (KOHTpoabHas paGora Nel6)

Bapmuanr 1
3amanne 1. Hanmumure ypaBHeHUs peaknuii (C yKazaHWEM YCIOBHH MX MPOBEIACHUS), C TTOMOIIBIO
KOTOPBIX LWHK MOJY4YaroT MHPO- U THAPOMETALTYPTHYeCKMM MeTojnamu u3 cdanepura (ZnS) u
ranmest (ZnCO3): ZnS — ZnO — Zn u ZnCO3 — ZnO — ZnSO4 — Zn.
3amanue 2. MHOro LMHKAa pacXoQyeTcs Ha H3TOTOBJIEHHE TallbBAHWYECKUX 3JIeMeHTOB. Kak
pabotaroT MemHO-IMHKOBBIA (Jlanmdns — SkoOu) m mapranenm — UMHKOBBIA (JIeHKIaHIIE)
rajJbBaHUYECKUE 3JIEMEHTHI?
3aganue 3. Kagmuii U3BJIEKAIOT U3 PyJ U OTXOAOB IIMHKOBOI'O MPOU3BOJICTBA CEPHOM KHUCIOTOU U
BOCCTaHABIMBAIOT M3 Cyib(ara KaaMus IIMHKOM WM MPOBEACHUEM HJIeKTpoiu3a. Hamwmmmre
YpaBHEHHUS COOTBETCTBYIOIIMX peakiuil. Boruncnure Maccy 1IUHKa, HEOOXOAUMYIO ISl TTOJTY4EeHHUS
OJTHOTO KMJIOTpaMMa KaJIMUs 10 IepBoMy criocoOy. Beruncnure Bpems 371eKTpoiu3a Ipu CHile TOKa
500 A, 3a KOTOpOE BBICIACTCS OAUH KAJIOTPAMM KaJIMHUsI TIPU €T0 MOJyYEHUH BTOPBIM CITOCOOOM.
3ananue 4. [IpuBenute npumeps! coennnenuni pryru (I). Kakue u3 HUX TUCIpOnOpHUUOHUPYIOT, IPU
KaKUX YCJIOBHMSIX M C 00pa3oBaHMEM Kakux MNpoaykToB? OTBET WILIIOCTPUPYHTE ypaBHEHUSIM
peaKuuii.
3amanme 5. [louemy npu ocaxkneHun runpookcuaa kodanbra (II) u3 pacTBopoB coseil B M30BITKE
IIEJIOYM OH HE PACTBOpSETCA, a MPH OCAXICHMM B HM30BITKE amMMuaka — pactBopsierca? Kax
Ha3bIBaETCs 0Opa3yromeecs Mpu 3TOM coeiuHeHne?

Tema «MToroBasi KOHNTPOJILHAsi pa6oTa mo Moay o 3» (KoHTpoaLHas paGora Nel7)
Bapuanrt 1
3ananue 1. Kak noiay4aroT u re NpuMeHsIOT cyjieMy U kaiomenbs? PactBopumocTs cysiemsl B 100 T
BOJIbI coctapisier 6,6 T pu 20°C u 58,0 T — npu 100°C. Kakas macca CyMMBbI KPUCTAIIIIU3YETCS U3
2,5 xr HaceimeHHoro npu 100°C pactBopa npu ero oxJyaxzaeHuu a0 20°C?
3aganue 2. Kakue peakuuu Haao nmpoBecTH s nosrydeHust Mmeau u3 CuzS no cxeme: CuaS — CuSOq
— Cu(OH)2 — CuO — Cu? [lo xakoii TeMnepaTypsl Haj10 HarpeBath okcu Meau (1) ams nomydenus
MeAM B OTCYTCTBUM BOCCTAHOBHUTENS M TPU MCIOIH30BAaHHUM BOCCTAHOBUTENIECH: yriepojaa u
Bozopona? OTBET OATBEPAUTE TEPMOANHAMUUECKUMHU PACUETAMH.
3ananwue 3. [Ipu HarpeBaHUW TOPOIIKOOOPA3HOTO MOJIUO/IEHA C CEPOI B MOJTLHOM COOTHOIICHHH 1:2
obpa3yercs cynbdpua monubdaeHa (IV), KoTopslii B3aMOJEHCTBYET ¢ KOHIIEHTPUPOBAHHON a30THOU
KHCJIOTOM ¢ 00pa3oBaHUEM JBYX KUCJIOT. HanmuimuTe ypaBHEHHS peaKIui.
3ananue 4. Katnon mapranua (+2) okucisercst (Ipu HarpeBaHWU B MPUCYTCTBUU KaTalnW3aTropa —
coneit mexu Cu®") GpoMoM B IIETOYHOM cpesie, Mepexo/s NPy 3ToM B MOH . Hanummre ypaBHeHMe
peakiun. Kakoe KoinMyecTBO M Kakasg macca Opoma pacxomyercs Ha oOpa3oBaHHME OJHOTO MOJI
1oHOB MnO4*?



3anmanue 5. O0bICHUTE, TOYEMY IIPH JOOABJICHHUH IIEJIOYH K PACTBOPY XJIOPHIa TeKCAaAMMUHUKEIS
(IT) ocamox ruapookcuna wukens (II) oOpasyercsa, a mpu 100aBICHMHM K PacTBOPY
terpannanonukenara (II) kamust — He oOpazyercs?

Kpurepun oneHkn KOHTPOJIBHBIX pador Ne: 1-10, 12-16 (1 cemectp), Ne 1-9, 11-16 (2 cemecTp)
KoHTposbHast paboTa cOCTOUT U3 5 3aAaHU.

- «3aUTEHO» - BEPHO BBIMOJIHEHHI 3-5 3aaHU;

- «HE 3a4TEHO» - BEPHO BbINTOIHEHBI -2 3a1aHus.

Kpurepun oneHku KOHTpoJabHBIX pador Ne: 11, 17 (1 cemectp), Ne 10, 17 (2 cemecTp)

K xonTtpomasHoii padore Nell (1 cemectp) HomyIIeHbI CTYACHTHI, UMEIOIIHE «3a4TeHO0» 3a 8-10 pabot
Nel-10, k kouTposbHOM padoTe Nel7 (1 cemecTp) DOMYIIEHBI CTYAEHTHI, UMEIOITUE «3a4TCHOY 3a 4-
5 pabotr Nel2-16, k koHTponpHOU paboTe NelO (2 cemecTp) IOMYIICHBI CTYACHTHI, WUMEIOIIUE
«3auTeHo» 3a 7-9 pabot Nel-9, k koHTpoIBHOUN padore Nel7 (2 cemecTp) AOMYIICHBI CTYICHTHI,
UMEIOIINE «3a4TeHO» 3a 4-6 paboT Nel1-16.

KoHTposibHast paboTa cOCTOMT U3 5 3amaHuid. 3a KaXJ10€ BEPHO BHITIOJIHEHHOE 3a/iaHue - 4 Oaiia,
MaKCHUMaIbHOE KOIHYeCTBO OamioB — 20 6amios.

7.2.4. KOMILIEKT BONPOCOB /LISl KOJJIOKBUVMOB

Ne i/m | Bonpockl K KOJUIOKBUYMY

Cemectp 1. Kypc «Heoprannueckast XuMusi U XUMHS 3J1€MEHTOB 1»

KousokBuym 1 no moay/io 1 «Pu3HKo-XuMHYE€CKHE OCHOBbI HEOPraHUYeCKOi XUMH K

1 OCHOBHBIEC TOHATHS XUMHH: MOJIEKYJa, aTOM, 3JE€MEHT, BEIIECTBO (IIPOCTOE, CIOXKHOE),
sMIUpHYecKas, rpapudeckas, MOJIEKyIsIpHas (GopMysbl BEIIECTBA, XUMHUYECKas pEaKius,
CTEeXHOMETpUUecKuil Ko3unmeHt

2 Knaccudukanus M HOMEHKJIAaTypa HEOPraHMYECKHMX COCAMHEHHMM: OKCHJbBI, KHCIIOTHI,
OCHOBaHHS, COJIU
3 Crexuomerpusi. 3aKOHOMEPHOCTH WM3MEHEHHsSI M CIOCOOBI OMpeeIeHUsT KOJIWYECTBa

BerecTBa. OCHOBHBIE ompeseneHus: GopMylibHas €IUHUIA BEIIECTBA, MOJIb, IIOCTOSTHHAS
ABorajgpo, MoJisipHass Macca, MOJISIpHBIM 00beM, MoJiIpHass Macca XUMHUYECKOTO
HKBHUBAJICHTA, MOJISIPHBIN 00beM XMMHYECKOTO DKBUBAJICHTA.

4 KonnuecTBeHHbIEC 3aKOHBI MPOTEKAHUSI XUMUYECKUX PEAKIMil: COXpaHEHUSI MaCChl BEIIIECTB,
MOCTOSTHCTBA COCTABa, KPATHBIX OTHOIIEHHH, 00bEMHBIX OTHOIIEHUH, ABOTaAPO U CIEICTBUS
u3 Hero, MenpeneeBa-Knaneiipona, 0oObeIMHEHW Ta30BBIA, MapIUATBHBIX JTaBICHUN
JlanbTOHA, 3aKOH SKBUBAJICHTOB

5 OcHOBHBIE NOHATHS U ONPEIEICHUS XUMUYECKOW TEPMOJUHAMMKHU: TEPMOAMHAMHYECKAS
cucreMa (M30JMpPOBAaHHAs, OTKPBITas, 3aKpbiTas), (a3a, TOMOTEHHBbIE M TETEPOTreHHBIE
CHCTEMBI, IapaMeTpbl COCTOSIHUSA (IKCTEHCUBHBbIC, UHTEHCUBHBIEC), ()YHKIIUU COCTOSHUA,
XUMHYECKMM  TEPMOAMHAMMUYECKHUH  IpoLecc  (CaMOINpPOM3BOJIbHBIN, PaBHOBECHBIH,
HEpPaBHOBECHBIN), (Pa30BbIi IEpex01, BHYTPEHHSIS SHEPTHs, TEIUIOTa, paboTa

6 IlepBblii 3aKOH TEPMOJAMHAMUKKA M €r0 MPUIIOKEHHWE K MpoIleccaM B HACAJIbHOM Trase:
M30XOPHOMY, U30TEPMHUUYECKOMY, N300apHOMY
7 [Tonsitue TermoBoro »d@dexrTa XUMHUYECKOW peaknuu: TerioBoi 3ddekt peakuuu,

TCPMOXUMHUYCCKOC U TCPMOJNMHAMUYICCKOC YPAaBHCHUS, CTAHAAPTHBIC TCPMOINHAMUYCCKHUC
YCJI0BHUs, CTaHAAPTHAA SHTAJILITUA PEAKIINU

8 CraniapTHbIe SHTAJIBIIMK 00Pa30BaHMS U CTOPAHUS BEIIECTB

9 3akoH I'ecca u ciaencTBUA U3 HETO

10 Bropoii 3aKk0H TepMOIMHAMUKN. DHTPONUS KaK (PYHKIUS COCTOSHUS CUCTEMBI

11 Tpetnii 3aKOH TePMOTMHAMHUKU. AOCOIIOTHBIC 3HAUCHUSI CTAHIAPTHBIX SHTPOIHA BEIIECTB

12 Kpurepuu HanpaBieHHOCTH CaMONPOU3BOIBLHOTO MPOIIECCa B 3AKPBITON CUCTEME

13 Kunernka xumudeckux peaxkiuii. OCHOBHBIE NOHITHSI U ONPEIEIICHUS




14

OCHOBHOM MOCTYJIAT XUMUYECKOW KUHETUKH

15 Biistnue Temneparypsl Ha CKOPOCTb XMMUYECKUX PEAKIUI

16 TeopeTnyeckne NpeACTaBICHUS O CKOPOCTAX AIEMEHTAPHBIX PEAKII

17 Oco0eHHOCTH KMHETUKH TeTePOTeHHBIX peakiuuid. Peakiuu Ha rpaHuile pasjiena TBEpAOe
TEJI0 — I'a3 U TBEPJAOE TENO — )KUJIKOCTh

18 OcHoBbl Kartanmu3a. OCHOBHBIE MOHATUS M OIpeneiaeHHs. MeXaHu3Mbl IPOTEKaHUs
KaTaJIUTUYECKUX PEaKIil

19 Xummnueckoe paBHoBecrue. OOpaTHMble U HEOOpaTUMbIE XMMHYECKHE peakuuu. Buabl u
0COOEHHOCTH XHMUYECKOT0 paBHOBecHs. KonndyecTBeHHbIE XapaKTEPUCTUKH XUMUYECKOTO
paBHOBECHS

20 Brusiaue pasnuyHbix (akTOpoB Ha XuUMHYeckoe paBHOBecue. OCOOCHHOCTH OMUCAHHS
PaBHOBECHSI B TETEPOT€HHBIX CUCTEMAX

KonnokBuyMm 2 o moayam 2 «CTpoeHne aToMa M XHMHYECKas CBA3b)

1 [Tpoucxoxaenne u kaaccuGuKaus XUMUYECKUX PIIEMEHTOB

2 Teopun ctpoenusi atoma. CoBpeMeHHasi TEOpUsi CTPOCHUS aTOMOB. ATOMHBIE OpOMTAIH.
KBanToBsie uncia. [IpuHIMIBEI ¥ TpaBUIIa 3aMIOJTHEHHS aTOMHBIX OpOUTAICH

3 Ilepuonnyecknii 3akoH. CtpykTypa Ileproauueckoil TabIuIIbI

4 [leproauyHOCTh W3MEHEHMSI CBOMCTB 3JIEMEHTOB. PacnpoCTpaHEHHOCTh XHUMHYECKHX
JIEMEHTOB

5 XuMUYecKasi CBSI3U: PHEPrusi, JJIMHA, Yyroji CBsA3W. Buabl xumuueckoil cBsa3u. CBoiicTBa
KOBAJEHTHOM CBSI3U: HANPABIEHHOCTb, HACBILIAEMOCTb, MOJISIPHOCTb. VOHHas CBs3b:
MOJISIPU3YEMOCTh M TOJISIpU3YHollee JAeicTBUe. Merauimueckass CBsI3b: 30HHAs TEOpUs
KpucTayiaoB. BogopoaHas cBsizb

6 Metoa BaJIeHTHBIX CBsi3eil, ruOpuanzanusi. MeToa MOJIEKYISApPHBIX OpOuTasiell: MopsaoK
CBS3U, MArHUTHBIE CBOKCTBA MOJIEKYJI U HOHOB

7 Merop ['nmnecny: npoCTpaHCTBEHHOE CTPOCHUE MOJIEKYJI U HOHOB

8 MeXMOJIEKYIIpHbIE B3AUMOACHCTBUS

9 CTpoeHuE BEeUIeCTBA B Pa3JIMYHbIX arperaTHbIX COCTOSHUAX

KousiokBuym 3 no moay/iio 3 «PacTBopbl U 3JIEKTPOXMMHUYECKHE MTPOLECChI»

1 O6mue croiicTBa pacTBOpoB. OCHOBHBIC TOHATHS M ONPECICHUS

2 Crioco0bI BhIpaXKEHUsI KOHIICHTPALUU PACTBOPOB

3 TepMoanHaMuyeckue XapakTepUCTUKH Mpoliecca 00pa3oBaHus paCTBOPOB

4 KonnuraruBabie cBoWiCTBa pacTBOPOB

5 Brustaue pa3nuunbix pakTopoB Ha CBOKWCTBA PACTBOPOB JIEKTPOIMTOB

6 Jucconmanus cnabbIX JIEKTPOIHUTOB

7 PacTBOpBI CHIIBHBIX 3JIEKTPOJUTOB

8 WonHble paBHOBECHS B BOAHBIX PACTBOpAaX 3JIEKTPOJIUTOB

9 I'upponus coneli: Mo KaTHOHY, IO AHMOHY, NMOJHBIA THaponu3. CTeneHb W KOHCTaHTa
TUAPOIN3a

10 [TpousBeeHne pacTBOPUMOCTH. Y CJIOBHE 00pa30BaHUs 0CaIKa

11 HamnpaBnenne 0OMEHHBIX TPOIIECCOB B PACTBOPAX AJIEKTPOJIUTOB

12 OKHCIUTENIbHO-BOCCTAHOBUTEIbHBIE PEAKIINHI

13 MeTo 3eKTpOHHOTO OaaHca

14 Meron nonypeakuuii

15 HanpasneHrne OKMCIMTENbHO-BOCCTAHOBUTEIBHBIX PEAKIIUI

16 Huarpammsl Jlatumepa u dpocra

17 DJIEKTPOAHBIE MPOIECCHI: OCHOBHBIE ONPECICHUS

18 3akonbl Dapanes

19 [ToreHnumanel 3JIEKTPOXUMUYECKOW CUCTEMBI. JIBOMHOM AIEKTPUUECKUN CIION.

20 CraHgapTHBIA BOJOPOIHBIA BJEKTPOA. Psia cTaHAapTHBIX 3JIEKTPOJIHBIX MOTEHIMAIOB

MeTauloB. YpasHeHue HepHera
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XHUMHUYECKUE U KOHIIEHTPAIMOHHBIC TAIbBAHWYECKHE dJIEMEHTHI. DneMeHT Jlanuams-Axoou

22 Onexkrponus. IloreHnman pa3noxeHus, ocIeJ0BaTEIbHOCTh IPOLECCOB HA AIEKTPOIAX

23 Knaccudukanmst Koppo3nOHHBIX Cpell, pa3pylieHuid u mporeccoB. [lokazaTenn cKOpocTh
KOppO3UH

24 XuMHUYecKasi KOppo3usi: BUJIbl U Pa3HOBUIHOCTH

25 DNEKTPOXUMHUYECKAs] KOPPO3Hsl: IPUYMHBI M MEXaHU3M BO3HUKHOBEHUS

26 3ammTa OT KOPPO3HWH: JISTHPOBAHHE METANIMYECKUX MATEpHAIOB; M3MEHEHHE COCTaBa U

CBOICTB KOppO3HOHHOﬁ CpCAbl; SJICKTPOXUMHUUCCKA 3allluTa: BUAbI U MCXaHHU3M HGﬁCTBHH;
3allIMTHBIC ITOKPBITHUSA: BUABI, METOJAbl HAHCCCHUSA 1 obnactu IPUMCHCHU

Cemectp 2. Kypc «Heoprannuyeckasi Xumusi ¥ XUuMHS 3JIEMEHTOB 2

KossoxkBuym 1 no moayJiio 1 «<BBeieHue B XUMHIO 3JIEMEHTOB. S-3J1€MEHThI»

1 KommuiekcHble coeTuHeHNs: HOMEHKJIIaTypa, KilaccupuKanus

2 CBOMNCTBa KOMIUJIEKCHBIX COEIUHEHUN

3 Teopust KpHUCTAJUIMYECKOTO MOJIsi: HU3KO- U BHICOKOCITHHOBBIE KOMIUIEKCHI.

4 YV CTOMYHMBOCTh KOMILIEKCHBIX COSTMHEHUM, KOHCTaHTa HECTOMKOCTH KOMILIEKCOB

5 OnemenTsl 1, 2 rpynn [lepuoandeckoil cucTeMsl: 0011ast XapakTepUCTHKA, MTOJTyYeHHE

6 XUMHUYECKUE COSAMHEHUS SJIEMEHTOB 1, 2 TPYIIT: THAPUIBI, KApOUIbl, HUTPUIBI, OKCHIBI U
TUAPOKCHJIBI, COJTU

7 [Ipumenenue 35eMeHToB 1, 2 rpynn U uX COeTMHEHUI

8 JXKéctkocTh BOJBI: KapOOHATHAs, HeKapOOHATHAs1, 00IIas

9 MeTo/bl yCTpaHEHUS )KECTKOCTH BOJIbI

KoniokBuyM 2 110 MOAYJIIO 2 «pP-3J1€MEHThI»

10 OnemeHThl 13 rTpynmel [lepuogmveckoil cCHCTEMBI: 00IIas XapaKTEPUCTHKA, CIIOCOOBI
MOJTYYSHUS

11 XYUMUYECKUE COCTUHEHUS MIEMEHTOB 13 rpynmbl: TUAPUIBI, KApOUIBI, HUTPHUIBI, OKCHIBI U
TUAPOKCHUJIBI, COJIH

12 [IpumeHenue 31eMeHTOB 13 rpynnbl U UX COEAMHEHUN

13 OnemenThl 14 tpynmel Ilepuomnyeckoit cucremspl. OOImas xapakTEpUCTHKA DJIEMEHTOB,
MPOCTHIC BEIIECTBA, CIIOCOOBI MOTYUEHUS

14 CoenuHeHus yriepoja

15 Kpemnuii u ero coenuHenus

16 DJIEMEHTHI NOATPYIIIBI TePMaHUs U UX COCTUHEHUS

17 OneMeHThl 15 rTpynmel (mHUKTOTEHBI). OOIIas XapaKTEPHUCTHKA JJIEMEHTOB, IPOCTHIC
BEIIIECTBA, CIOCOOBI MOJTYyYSHHS

18 A30T U €ro COeJUHEHNUs C OTPULIATEIIbHBIMU CTENIEHSIMH OKHCIICHHS

19 CoenuHeHus a30Ta € MOJIOKUTEIbHBIMU CTEIICHSIMU OKUCIICHUS

20 docdop 1 ero coeTMHEHUS

21 DJIEMEHTHI NOJATPYIIIBI MBIIIbSIKA U UX COSUHEHUS

22 OneMeHThl 16 Tpynmbl (XampkoreHbl). OOmmas XapaKTEPHUCTHKA JJIEMEHTOB, CIIOCOOBI
MOJTYYSHUS

23 Kucnopon: amutorponssie Mmoaudukammu. CoeTMHEHUs KUCIOPOaa

24 Cepa u e€ coenuHEeHHS (CEpOBOIOPO/I, OKCHUIBI CEPhI, KUCIIOTHI)

25 DJIEMEHTBI NOJATPYIIIbI CEJIEHA, X COEAUHEHUS

26 OneMeHThl 17 tpynmbl (rajorenbl). OOmas xapaktepucTuka. [IpocTele BemecTBa W HUX
CBONCTBA

27 DTOp U €ro COEAMHECHUS

28 CoenuHenus xjaopa (BOJIOPOJIHBIE COETMHEHUSI, KUCIOPOIHBIE COCIMHEHHS)

29 CoeanHeHus noArpynmnsl 6poma (BOAOPOJHBIE COETUHEHUS, KHCIOPOIHbIE COSTUHEHMS)

30 MesxranoreHnble coeiuHeHusl. [[puMeHeHne rajjoreHoB U X COCTMHEHUI

31 Onementsl 18 rpynmsl [lepuoanueckoit cuctembl. OOmIas XapaKTepHCTHKA, IMPOCTHIC

BemecTBa. CoenHeHust 0JaropoiHbIX ra3oB. [I[puMeHenne




KousnokBuym 3 o reme moayJisi 3 «d-3jieMeHTBI»

1 Onementsl 3 rpynnsl [lepuoandeckoil CUCTEMBI. DJIEMEHTBHl NOAIPYIIBI CKAaHAWS U UX
COEIMHEHUS

2 JlanTanoupl: 00IIas XapaKTEPUCTUKA, CBOMCTBA, IOJyUYCHUE W IPUMEHEHHE

3 AKTHHOHUBI: 00111ast XapaKTePUCTUKA, CBOWCTBA, IMOJTYyYEeHNUE U TPUMEHEHNE

4 Onementsl 4 rpynmel [lepuoanyeckoir cucrembl. OOmIas XapakTepUCTHKa 3JIEMEHTOB.
IIpocThie BellecTBa U UX CBOWMCTBA

5 CoennHenus 21eMeHToB 4 rpynnsl. [IpuMenenue

6 Onementsl 5 rpynnsl [lepuogudeckoii cuctembl. OOmas XapakTepUCTHKA JJIEMEHTOB.
IIpocThie BellecTBa U UX CBOKCTBA

7 CoeMHEeHNs IEMEHTOB S Ipynnbl (OKCHJIbI ¥ THAPOKCHUBI, cosn). [IpuMenenune

8 OneMeHThl 6 rTpynmbl [lepuogmdeckoit cuctembl. OOmas XapakTEpUCTHKA SJIEMEHTOB.
[Tosnydyenne. CBOMCTBA POCTHIX BELIECTB

9 CoenuHeHus XpoMa, OKHCIWUTEIbHO-BOCCTAHOBUTEIIbHBIE CBOWCTBA COCIUHEHUN XpoMa,
MIPUMEHEHUE

10 CoenuHenus MoauoOaeHa U Boab(dpama. ['erepononukuciotsl. [Ipumenenmne

11 Onementsl 7 noarpymnsl [lepuonudeckoit cucremsl. O0mas xapakTepUCTUKA 3JIEMEHTOB.
XUMHUYECKUE CBOMCTBA MPOCTHIX BEHIECTB

12 Coenunenus snementos 7 rpynmnsl (1), coenunenus snementoB 7 rpymnmsl (IV), coenunenus
anemenToB 7 rpynmbl (VI u VII). CpaBHuTEIBHAS XapaKTEPUCTHKA OKUCIIUTEILHBIX CBONCTB
coenunennit mapranua (VII)

13 DneMeHTHI ceMeiicTBa xene3a. O6mas xapakrepuctika. [lomydyenune. Xumuyeckre CBOHCTBa
IIPOCTHIX BEIIECTB

14 CoennHEHUS Kele3a, KoOalbTa, HUKENs (OKCUIBI, THAPOKCUIBI kenesa). [[puMenenue

15 [TnatuHoBBIe MeTayubl. OOmas XapakTepucThka 3yeMeHToB. [lomydenue. Ilpocteie
BEII[ECTBA U X XMMHYECKUE CBOICTBA

16 CoenvHEeHHs TUIATUHOBBIX METAUIOB (OKCUABI W THAPOKCHABI; COJIM KHCIOPOJHBIX
COCMHEHMH, TaJIU]IbI)

17 KoMiuiekcHble CcOeMHEHUS IUIATMHOBBIX MeETaIoB. CpaBHEHHE CBOWCTB 3JEMEHTOB
CEMEICTBA JKeJle3a U IUIATUHOBBIX MeTaJuIoB. [IpumeHnenne

18 OnemenTbl 11 rpynmer Ilepuoguyeckoit cuctembl. OOImas xXapakTEPUCTHKA 3JIEMEHTOB.
IIpocThle BemecTBa 1 UX XUMHYECKHUE CBOMCTBA

19 CoenuHeHus 3IeMEHTOB noArpynmsl Mmeau. [lpumenenue

20 OnemeHThl 12 rpynmbl Ilepuoguyeckoit cuctembl. OOImas XapakTEPUCTHKA 3JIEMEHTOB.
[Tonydyenne. XuMUYECKUE CBOMCTBA NPOCTHIX BEIIECTB

21 CoeavHeHUs 3JIEMEHTOB MOATPYNIBI IIMHKA (KHCIOPOJHBIE COENUWHEHUs, CYIb(UIbI,
rajuibl, IUaHuAb! U 1p.). [lpumenenue

KpuTtepun oneHKH KOJIJIOKBUYMOB:

K xonnokBuyMmy OMyHieHbl CTYAEHTHI, UMEIOLIUE «3a4TEHO» 10 J1a0OpaTOPHBIM paboTaM MOJIYIIA.
KomnokBuym mpoBomuTcs B ycTHOUM (hopme. BuneT Kk KOMIOKBHYMY BKJIIOYAET 2 TEOPETHYECKUX
BOMpOca. 3a TIOJHBIA pPa3BEPHYTHIA OTBET HAa KAXKIbIM TeopeThdeckuit Bompoc — 10 Oamios.
MakcuMaabHOE KOJTHYECTBO 32 KOJUTOKBUYM — 20 GaioB.

7.3. OuneHoYHbIe CpeaCcTBAa JIs NMPOMEXKYTOYHOH ATTECTAUMHM IO WUTOraM OCBOEHHS

JMUCIUILTHHBI

7.3.1. Bonpochl K NpOMeKYyTOYHOM aTTecTaluu

Cemectp 1




Bonpocsl Kk 3k3amMeHy

n/n

1 OcCHOBHBIE TOHATUS XUMHUHU: MOJIEKYJa, aTOM, 3JIEMEHT, BELIECTBO (IIPOCTOE, CIIOXKHOE),
sMIupHuueckas, rpapudeckas, MoOJIeKysipHas (GOpPMYIbl BEIIeCTBAa, XUMUYECKash peaKIlus,
CTEeXHOMETpUUecKuil K03 unmeHt

2 Knaccudukanus M HOMEHKJIAaTypa HEOPraHMYECKHMX COCIMHEHHMM: OKCHJBI, KHCIIOTHI,
OCHOBaHUs, COJIN

3 Crexuomerpusi. 3aKOHOMEPHOCTH W3MEHEHHsSI M CIOCOOBI OMpEeNeiIeHUsT KOJIWYECTBa
BemecTBa. OCHOBHBIC OmpeeieHus: (pOpMyJibHAs €IMHULA BEIIECTBA, MOJb, TOCTOSHHAS
ABorajgpo, MoJisipHass Macca, MOJISIpHBIM 00beM, MoJiIpHash Macca XHUMHUYECKOTO
HKBUBAJICHTA, MOJISIPHBIM 00bEM XMMHUYECKOTO SKBUBAJICHTA.

4 KonnyecTBeHHBIE 3aKOHBI TPOTEKAHUS XUMUYECKUX PEAKIIMI: COXpaHEHUSI MAacChl BELIECTB,
MIOCTOSIHCTBA COCTaBa, KPaTHBIX OTHOILIEHNUH, 00BEMHBIX OTHOILIECHH, ABOTAAPO U CIEICTBUS
u3 Hero, MenpeneeBa-Knaneiipona, oObeIMHEHW Ta30BbIA, MapIUAIbHBIX JTaBJICHUHN
JlanpTOHA, 3aKOH SKBHBAJICHTOB

5 OCHOBHBIE TIOHATUSA U OINPEACIICHUS XMMUYECKOM TEPMOJMHAMUKHU: TEPMOJMHAMHYECKAs
cucreMa (M30JMpPOBAaHHAs, OTKPBITas, 3aKpbiTas), (a3a, TOMOTEHHBbIE M TETEPOTreHHBIE
CUCTEMBI, MapaMeTpbl COCTOSHUS (IKCTEHCHUBHBIC, UHTCHCUBHbBIE), (PYHKIIMH COCTOSIHUS,
XUMHYECKMM  TEPMOAMHAMMUYECKHH  IpoLecc  (CaMOINpPOM3BOJIbHBIN, PaBHOBECHBIH,
HEpPaBHOBECHBIN), (Pa30BbIi IEpexX0, BHYTPEHHSIS SHEPTHs, TEIUIOTa, paboTa

6 [lepBBlii 3aKOH TEPMOAMHAMUKM M €r0 IPHIOKEHUE K IMpOLeccaM B HACAIBHOM Trase:
M30XOPHOMY, U30TEPMHUUYECKOMY, U300apHOMY

7 [Tonsitue TemmoBoro »d@dexra XUMHYECKOW peakuu: TerwioBoi 3(dekt peakuuu,
TEPMOXMMHYECKOE U TEPMOJAMHAMUYECKOE YPaBHEHMsI, CTAaHJAPTHBIE TEPMOJUHAMUYECKHE
YCIJIOBHMSI, CTAH/IAPTHAS SHTAIbIUS PEAKIINH

8 CraHjapTHbIE SHTATIBIIMK 00PAa30BaHMS U CTOPAHUS BEIIECTB

9 3akoH I'ecca u ciencTBUA U3 HETO

10 Bropoii 3ak0H TepMOIMHAMUKN. DHTPONUS KaK (P)YHKIUS COCTOSHUS CUCTEMBI

11 Tpernii 3aKOH TEPMOTMHAMHUKU. AOCOIIOTHBIC 3HAUCHUSI CTAHIAPTHBIX SHTPOIIHA BEIIECTB

12 Kpurepun HarmpaBI€HHOCTH CaMONIPOM3BOJIBHOTO IPOLIECCA B 3aKPBITOM cUCcTEME

13 Kunernka xumudeckux peaxkiuii. OCHOBHBIE NOHTHSI U ONPEEIICHUS

14 OCHOBHOM MOCTYJIAT XUMUYECKON KUHETUKH

15 Biistnue Temneparypsl Ha CKOPOCTb XMMUYECKUX PEaKIUI

16 TeopeTnyeckure NpeACTaBICHUS O CKOPOCTAX AIEMEHTAPHBIX PEAKII

17 Oco0eHHOCTH KMHETUKH TeTePOTeHHBIX peakiuid. Peakiuu Ha rpaHuile pasjiena TBEpAOe
TEJI0 — T'a3 U TBEPJAOE TENO — )KHUJIKOCTh

18 OcHoBbl KaTtanmu3a. OCHOBHBIE MOHATUS M OIpeneiaeHUs. MeXaHu3Mbl NIPOTEKaHUs
KaTaJTUTUYECKUX PEaKIMil

19 Xummnueckoe paBHoBecrue. OOpaTHMble U HEOOpaTUMbIE XMMHYECKHE peakuuu. Buabl u
0COOEHHOCTH XMMUYECKOT0 paBHOBecHs. KonndyecTBeHHbIE XapaKTEPUCTUKH XUMUYECKOTO
paBHOBECHS

20 Brusinue pasnuuHbix (akTOpoB Ha XuUMHYeckoe paBHOBecue. OCOOCHHOCTH OMUCAHHS
PaBHOBECHSI B TETEPOT€HHBIX CUCTEMAX

21 [TpoucxoxaeHne u KiacCupuKanusg XUMUIECKUX 3JIEMEHTOB

22 Teopun ctpoeHusi aroma. CoBpeMeHHasi TEOPHUsSI CTPOCHHUS aTOMOB. ATOMHBIC OpOHTAIIH.
KBanroBsle uncna. [IpHHINIIEI U TpaBUIIa 3aNI0JTHEHUSI aTOMHBIX OpOHTanen

23 [Tepunonnueckwuii 3akoH. Ctpykrypa [leprogmdeckoii Tabauib

24 Ileproav4HOCTE W3MEHEHMsSI CBOMCTB JJIEMEHTOB. PacnpoCTpaHEHHOCTb XHMHMUYECKHUX

3JICMCHTOB
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XuMUYecKasi CBSI3U: PHEPrusi, JJIMHA, yroji CBsA3W. Buabl xumuueckoil cBsa3u. CBoiicTBa
KOBa.HeHTHOI\/'I CBA3U: HaHpaBHeHHOCTB, HaChIa€MOCTB, HOJ'I}IpHOCTB. I/IOHHaH CBs3b:
MOJSIPU3YeMOCTh M TIOJIIpU3YIOIIee JAeicTBHE. MeTrayumueckas CBsI3b: 30HHAsS TEOPHS
KpuctauioB. Bonopoanas cBs3b

26 MeToa BaJeHTHBIX CBs3€H, rHOpumM3anus. MeToa MOJEKYJISPHBIX OpOWTaei: MOPsI0K
CBSI3M, MAarHUTHBIE CBOWCTBA MOJIEKYJI U HIOHOB
27 Meron ['miecniu: mpoCTpaHCTBEHHOE CTPOCHUE MOJIEKYJI U HOHOB
28 MeKMOJIEKYJIIpHBIE B3aUMOACUCTBUS
29 CTpoeHME BEIIECTBA B PA3JIMYHBIX arperaTHbIX COCTOSHUSIX
30 O6mue croiicTBa pacTBOpoB. OCHOBHBIC MMOHATHS M ONPEICICHUS
31 Crioco0bI BhIpaXKEHUsI KOHIICHTPALUU PACTBOPOB
32 TepmorHaMHYeCKUE XapaKTEePUCTUKH TTpoliecca 00pa3oBaHuUs PaCTBOPOB
33 KosuratusHble CBOMCTBA pacTBOPOB
34 Brustaue pa3nuuHbix pakTopoB Ha CBOKWCTBA PACTBOPOB JIEKTPOIMTOB
35 Jucconmanus cnabbIxX JIEKTPOIUTOB
36 PacTBOpBI CHIIBHBIX 3JIEKTPOJUTOB
37 HNoHHble paBHOBECHS B BOJHBIX PACTBOPaX 3JIEKTPOJIUTOB
38 I'maponu3 coneil: Mo KaTHMOHY, MO AHUOHY, MOJHBIM ruAponu3. CTeneHb W KOHCTAHTa
TUAPOIN3a
39 [TpousBeeHne pacTBOPUMOCTH. Y CJIOBHE 00pa30BaHUs 0CaIKa
40 HamnpaBnenne 0OMEHHBIX TPOIIECCOB B PACTBOPAX AJIEKTPOJIUTOB
41 OKHCIUTENIbHO-BOCCTAHOBUTEIbHBIE PEAKIINHI
42 MeTo 3eKTpOHHOTO OaaHca
43 MeTton nonypeakuui
44 HanpapneHnue oKUCIUTETbHO-BOCCTAHOBUTEIIBHBIX PEAKITUN
45 Huarpammsl Jlatumepa u dpocra
46 DJIEKTPOAHBIE MPOIECCHI: OCHOBHBIE ONPECICHUS
47 3akonbl Dapanes
48 [ToreHnmanel 3JIEKTPOXUMUYECKOW CUCTEMBI. JIBOMHOM AJEKTPUUECKUN CIION.
49 CraHgapTHBIA BOJOPOIHBIA BJEKTPOA. Psia CcTaHAApTHBIX 3JIEKTPOJIHBIX MOTEHIMAIOB
MeTauloB. YpaBHeHue HepHera
50 XUMHYECKUE U KOHIICHTPALMOHHBIE T'aJIbBAHMYECKUE IeMEHTHI. DneMeHT Jlanuais-SAkoou
51 Onextponns. [ToTeHman pa3nokeHus, Mocae0BaTeIbHOCTh MPOIIECCOB HA AJIEKTPOIaxX
52 Knaccudukanus KOppo3MOHHBIX cpell, pa3pylleHuil u mporeccoB. Ilokasarenn ckopoctu
KOPPO3UH
53 XUMHUYECKasi KOPPO3Usi: BUIbl U Pa3HOBUIHOCTU
54 DJIEKTPOXUMUYECKasi KOPPO3HS: TPUUMHBI U MEXAHU3M BO3HHUKHOBEHUS
55 3amura OT KOPPO3UU: JIETUPOBAHME METALNTMYECKUX MATEpUAJIOB; MU3MEHEHUE COCTaBa U
CBOMCTB KOPPO3UOHHOM CPENbl; JIEKTPOXUMHUYECKAs 3alIUTa: BUAbl U MEXAHU3M JICUCTBUS;
3aIMTHBIC TTOKPBITUS: BUBI, METOIbl HAHECCHUS U 00JaCTH IPHUMEHCHHUS
Cemectp 2
Ne Bomnpocekl Kk 3x3aMeny
n/n
1 KommuiekcHble coeTuHeHNs: HOMEHKJIIAaTypa, KiaccuuKanus
2 CBOMNCTBa KOMIUJIEKCHBIX COEIUHEHNN
3 Teopurst KpUCTAIIIMYECKOTO MOJISI: HU3KO- U BBICOKOCITMHOBBIE KOMIUIEKCHI.
4 YV CTOMYHMBOCTh KOMILIEKCHBIX COSTMHEHUM, KOHCTaHTa HECTOMKOCTH KOMILIEKCOB
5 OneMeHTHl 1, 2 rpynm [leproandeckoit cucTeMbl: 00Iast XapaKTEPUCTHKA, TIOJTYICHHE




6 XUMHUYECKUE COSAMHEHUS SJIEMEHTOB 1, 2 TPYIIT: THAPUIBI, KApOUIbl, HUTPUIBI, OKCHIBI U
TUAPOKCHJIBI, COJU

7 [Ipumenenue 35eMeHToB 1, 2 rpynn U uX COeTMHEHUI

8 JXKéctkocTh BOBI: KapOOHATHAs, HeKapOOHATHAs1, 00IIas

9 Meto/bl yCTpaHEHUS )KECTKOCTH BOJIbI

10 Onementsl 13 rpynmer Ilepuonuueckoil cucteMsl: oOIIas XapaKTEPHCTHUKA, CIIOCOOBI
MOJTyYeHUs

11 XVUMUYECKUE COCTUHEHUS MIEMEHTOB 13 rpynmbl: THAPUIBI, KApOUIBI, HUTPHUIBI, OKCHIBI U
TUAPOKCHUJIBI, COJIH

12 IIpumenenue 35eMeHTOB 13 rpynmnel U MX COETMHEHUN

13 Onementsl 14 rpynmer [lepuonuyeckoit cuctembl. OOmmias XapakTepUCTHKA AJIEMEHTOB,
POCTHIE BEIIECTBA, CIOCOOBI MOJyUEHUs

14 CoenuHeHus yriepoja

15 Kpemuuii u ero coeiuHeHNs

16 DNEMEHTHI NOAIPYNIIBI T€PMaHMsI U UX COEAUHEHHUS

17 OneMeHThl 15 rpymnmbel. O01mas XxapakTeprucTUKa 3JIEMEHTOB, MPOCTHIC BEIIECTBA, CIIOCOOBI
MOJTYYSHUS

18 A30T U €ro COeJJMHEHHUS C OTPULIATEIIbHBIMU CTENEHSIMH OKHCIICHHS

19 CoenHEeHNs a30Ta € MOJOXKUTEIbHBIMHU CTENIEHSIMU OKHCIICHUS

20 ®Dochop u ero coequHEHNS

21 DJIEMEHTHI NOATPYIIIBI MBIIIBIKA U UX COCAUHEHHUS

22 Onementsl 16 rpynmbl (xambkoreHsl). OOmias xapakTEpUCTHKA 3JIEMEHTOB, CIIOCOOBI
MOJTyYeHUs

23 Kucnopon: amnorponusie Mmogudukanuu. CoeJMHEHUS! KUCIOpOoIa

24 Cepa u e€ coenuHEeHHS (CEpOBOIOPO/I, OKCHUIBI CEPBI, KUCIIOTHI)

25 DJIEeMEHTHI NOATPYMIIBI CEJIEHA, UX COCANHEHUS

26 Onementsl 17 rpynmbl (ranorensl). OO0mas xapaktepucTuka. lIpocTeie BemecTBa W UX
CBOMCTBA

27 DTOp U ero CoeAMHEHUs

28 CoenuHenus xjaopa (BOJIOPOIHBIE COSTUHECHUSI, KHCIIOPOIHBIEC COCTMHCHHS )

29 CoearHEHHS TOATPYNIBI OpoMa (BOAOPOIHBIC COCTUHEHUS, KUCIOPOIHBIC COSTUHEHMS)

30 Mexranorennble coeiuHeHus1. [[puMeHeHne rajJjoreHoB U X COCIMHEHUI

31 OnemeHTbl 8 rpymmbl [lepuogudeckoit cucrtempl. OOmas XapaKTepUCTHUKA, MPOCTHIC
BemecTBa. CoeHeHNs O1aropoaHbIX ra3oB. [lpumenenue

32 OnemenThl 3 rpynnsl [leppoandeckoid cUCTEMBbI. DJIEMEHTBI MOATPYIIbl CKaHIUA U HX
COCIMHEHUS

33 JlanTanomapl: 001IIast XapaKTePUCTHKA, CBOMCTBA, MTOJYUCHUE U IPUMEHEHUE

34 AKTHHOUJBI: 00IIAsi XapaKTePUCTHUKA, CBOMCTBA, NOJYyYCHHUE U IPUMEHEHHUE

35 OnemeHnThl 4 rpynmbl [lepuogmdeckoit cuctembl. OOmas xapakTEpUCTHKA SJIEMEHTOB.
IIpocTsle BelecTBa U UX CBOMCTBA

36 CoenunHenus 351eMeHTOB 4 rpynibl. [[pumenenue

37 Onementsl 5 rpynnbl [lepuogudeckoii cuctembl. OOmas XapakTepUCTHKA JJIEMEHTOB.
IIpocThie BellecTBa U UX CBOWMCTBA

38 CoenuHeHus SJIEMEHTOB S TPYIIIBI (OKCHABI U THAPOKCUIBI, conn). [IpuMenenne

39 Onementsl 6 rpynnel [lepuogudeckoii cuctembl. OOmas XapakTepUCTHKA JJIEMEHTOB.
[Tonyuenune. CBOICTBA MPOCTHIX BELIECTB

40 CoenuMHeHNs XpoMa, OKHCIINTEIbHO-BOCCTAHOBUTENIBHBIE CBOWCTBA COEIMHEHUN XpoMa,
pPUMEHEHUE

41 Coenunenus MmonubaeHa u Bojbdpama. I'erepononukucinotel. [Ipumenenne

42 OnemenThl 7 moarpynmbl [lepuoandeckoit cuctembl. OOmmas XxapaKTepUCTUKA JIEMEHTOB.

XUMUYECKUE CBOKWCTBA MPOCTHIX BEUIECTB




43 Coenunenus snemenToB 7 rpynmsl (1), coequnenus anementoB 7 rpynnsl (IV), coenuHeHMs
aneMeHToB 7 rpynnsl (VI u VII). CpaBHUTENBHAS XapaKTEPUCTUKA OKUCIUTEIBHBIX CBOWCTB
coemuaeHnit mapranmna (VII)

44 DneMeHTHI ceMeiicTBa kene3a. O0mas xapakrepuctuka. [lonydenne. Xumuueckue CBOWCTBA
IPOCTHIX BEIIECTB

45 CoennHeHHs xeme3a, KodabTa, HUKeNs (OKCUIbI, THAPOKCUIBI jkere3a). [lpumenenune

46 [TnatuHoBBIe MeTayuibl. OOmas XapakTepucThka 3ieMeHToB. Ilomydenue. Ilpocteie
BCIICCTBA U UX XUMHUYECCKUEC CBOMCTBaA

47 CoenuHeHUs TUTATHHOBBIX META/UIOB (OKCHABI M THAPOKCUIBI; COJIM KHUCIOPOIHBIX
COCMHEHMH, TaJIU]IbI)

48 KommekcHbie cOeNMHEHUs IUIATHHOBBIX MeTauioB. CpaBHEHHME CBOMCTB 3JEMEHTOB
CEMEICTBA JKeJle3a U IUIATUHOBBIX MeTaJUIoB. [IpumeHnenune

49 Onementsl 11 rpynmer [lepuonnyeckoit cucrembl. OOmmasi XapaKTepUCTHKA JIIEMEHTOB.
[IpocThle BemecTBa 1 NX XMMHUYECKUE CBOMCTBA

50 CoennHeHus 1EMEHTOB noArpynnsl Mmenu. Ilpumenenne

51 OnemeHThl 12 rpynmbl Ileproguyeckoit cuctembl. OOIas XapakTEPUCTHKA 3JIEMEHTOB.
[Tonyyenne. XuMU4YECKUE CBOMCTBA IPOCTHIX BEIIECTB

52 CoenuHeHUs AJEMEHTOB TMOATPYNIB IHUHKA (KUCIOPOJHBIE COCIUHEHHS, CYJIbQUIBI,
rajuibl, IUaHuAb! U 1p.). [lpumenenue

7.3.2. Kputepun u HOPpMbI OLEHKH

®opma
NpOBe/IeHUs!
Cemectp . Kpurepun u HOpMbI OLIEHKH
NMPOMeKYTOYHO
aTTecTaluu
1 3K3aMeH (1o TEeKYLIUN peUTHUHT cocTaBisieT 80-
«OTIUYHOY
HaKOIHUTEIIbHOMY 100 6amioB
pEUTHUHTY) TEKYIIUN PEUTUHT cocTaBigeT 60-
«XOPOLIOY
79 6amnos
(Y IOBIIETBOPHTEIBHOY TEKYIIUN peUTUHT cocTaBisgeT 40-
Y P 59 6amnoB
TEKYIIUN peUTHHT cocTaBiuseT 0-
«HEYJIOBJIETBOPUTEIHLHO»
39 6amioB
2 sK3aMeH (1o TEKYIIUN PEUTUHT cocTaBigeT 80-
«OTIUYHOY
HAKOIHUTEIbHOMY 100 6amioB
pEUTHHTY) TEKYIIUI PEUTUHT cocTaBigeT 60-
«XOpOILIOY
79 6amnos
TEKYIIUN peUTUHT cocTaBisgeT 40-
«yOBJIETBOPUTEIILHO
59 6amnoB
TEKYIIUH peUTUHT cocTaBiseT 0-
«HEYAOBJIETBOPUTEIHHO»
39 6amioB




8. YueOHO-MeTOAUYecKOe U MH(POPMAIIMOHHOE o0ecevYeHre JUCHMIITIMHBI

8.1. O0s13aTesibHAA IUTEpPATYypa

Ne
n/n

ABTOpBI, COCTABUTEJIN

3arnaBue (3arojioBoK)

Tun (yueOHuK, yueOHOE
nocooue, y4eoHO-
MeTOoINYEeCKoe mocoomne,
NMPaKTHKYM, JIP.)

I'ox n3nanus

KoauuecTBO B
HAy4YHOH
ouodanorTexe /
HaumMmeHoBaHue
9BC

H.C. AxmeToB

OO0m1ast 1 HeOpraHMYECcKasi XUMHL: YUeOHUK
/ H. C. AxmetoB. — 11-e u3n., crep. —
Canxkr-IlerepOypr: Jlanp, 2020. — 744 c. —
ISBN 978-5-8114-4698-8.

YuyeOHuk

2020

9BC «Jlaab»

B.B. Kupumios

Heoprannueckas xumus. Teopetuueckue
ocHoBBI: yueOnuk / B. B. Kupmmios. —
Canxkr-IlerepOypr: Jlanp, 2020. — 352 c. —
ISBN 978-5-8114-4376-5.

YuyeOHuk

2020

9BC «Jla"by»

D.A. AnekcanapoBa

Heoprannueckas xumus. Teopernueckue
OCHOBBl M  JIAOOPATOPHBIA  MPAKTHKYM:
yueOHuk / D. A. Anekcanaposa. — 3-e U31.,
crep. — Cankr-IlerepOypr: Jlanp, 2020. —
396 c. — ISBN 978-5-8114-3473-2.

YuyeOHukK

2020

9BC «Jla"by»

H. B. KopoBuH [u 1p.]; nox
pea. H. B. Koposuna, H. B.
Kynemosa.

O6mas xumus. [DIEKTPOHHBIA pecypc:
TeopHust U 3amaud: ydeb. mocobue / H. B.
KoposuH [u ap.]; noxn pen. H. B. KoposuHa,
H. B. Kynemosa. - U3x. 2-e, crep. - CaHKT-
[TerepOypr: Jlawp, 2017. - 492 c.: w1 -
(YueOnuku s By3oB. CneuuanbHas
autepatypa). - ISBN 978-5-8114-1736-0.

VYy4ebHOe mocodue

2017

9BC «JIa"b»

JI. H. biiunos [u ap.]; mox
Hayd. pexa. U. JL.
[Tepdumnoroii, T. B.
COKOJIIOBOIA.

Xumus [DIEeKTpOHHBIN pecypc]: ydel. s
By30B / JI. H. biiunos [u 1p.]; mox Hayd. pex.
N. JI. Tlepdunosoii, T. B. CokomoBoii. -
Cankr-IlerepOypr: Jlanp, 2016. - 272 c.: ni.

Y4yeOHuK

2016

9BC «JIa"b»




Tun (yueOHuK, yueOHOE

KoianuyecTBO B

HAYYHOU
Ne nocooue, yaeOHO-
ABTOpBI, COCTABUTEJIHN 3arnaBue (3aroJjioBoK) I'ox n3nanus ounoaunorexe /
n/n MeTOoINYEeCKoe mocoone,
OpPAKTHKYM, 1p.) HaumMmeHoBaHue
P » AP 3BC
- (YueOnuku mansa By3oB. CnenmanbHas
muteparypa). - ISBN 978-5-8114-2038-4
8.2. lonosiHMTEILHAS JIUTEPATyPa
Tun (yueOHUK, yueOHOE KOH"%CTEO B
HAYYHOI
Ne nocooue, yueOHo-
ABTOpBI, COCTABUTEJIN 3arnaBue (3aroJjioBoK) I'ox n3nanus ounoaunorexe /
n/n MeToauYecKoe nmocoomue,
HaumMmeHoBaHue
NPaKTHKYM, JP.) 3EC
1 JI. JI. bop3oBa OcHOBBI  00mIeH XUMHUHU [ DIIEKTPOHHBIN VYuebHoe nmocobue 2014 OBC «Jlanby»
pecypc]: yueb6. mocobme / JI.JZI. Bop3osa,
H.IO. Yepnukosa, B.B. fkymes. - CaHKT-
[TerepOypr: Jlawp, 2014. - 469 c.: w1 -
(YueObnuku gns  By3oB. CnenuanbHas
auteparypa). - ISBN 978-5-8114-1608-0.
2 H. &. Crace Pemenne 3amadu 1o  oOmmel — XUMHHA 2016 9BC «JIa"b»
[DnexTpoHHBIH pecypce]: yaeb. mocobue / H.
@. Cracs, A. B. KopmiyHos. - U3a. 3-¢, cTep.
- Cankr-IlerepOypr: Jlanp, 2016. - 168 c.: ui. Yuednoe mocodue
- (YueOnukm s By30B. CrnenuaibHas
autepatypa). - ISBN 978-5-8114-2274-6.
3 | KIO. Tapxos O0mass W  HEOpPraHWdYeckass  XHUMHS. YuebHoe nmocodue 2019 OBC «Jlanby»

OKHUCIUTENBHO-BOCCTAaHOBUTEIIbHBIC

peakumd ¥  XMMHYEeCKOE€ PaBHOBECHE.
COopHHMK 3aaHMii W BapHaHTOB: y4eOHOE
nocoobue / K. 0. TapxoB. — CaHKT-




Tun (yueOHuK, yueOHOE

KoianuyecTBO B

HAYYHOU
Ne nocooue, yaeOHO-
ABTOpBI, COCTABUTEJIHN 3arnaBue (3aroJjioBoK) I'ox n3nanus ounoaunorexe /
n/n MeTOoINYEeCKoe mocoone,
OpPAKTHKYM, 1p.) HaumenoBanmue
P > AP g)e
[TerepOypr: Jlanp, 2019. — 80 c. — ISBN
978-5-8114-3302-5.
4 | E.T. T'onuapos [u ap.] Kparkuit Kypc TEOPETUYECKOMN Y4eOHoe mocobue 2017 OBC «Jlanby»
HEOPTraHWYECKON XMMUU: yueOHOe mocooue /
E. T'. T'onuapos, B. IO. Kongpamun, A. M.
Xosus, 0. II. AdunoreHoB. — CaHKT-
[etepOypr: Jlanb, 2017. — 464 c. — ISBN
978-5-8114-2456-6.
5 | H.H. [1aBnos OO0m1ast 1 HeopraHu4YecKast XUMUsL: Y4eOHHK / YueOHuK 2011 OBbC «Jlanb»

H. H. IlaBnoB. — 3-e u3a., ucop., J00. —
Canxkr-IlerepOypr : Jlanp, 2011. — 496 ¢. —
ISBN 978-5-8114-1196-2.




8.3. Ilepeuennr mpogeccHoHAJBHBIX 0a3 JAHHBIX M MHGOPMANMOHHBIX CIPABOYHBIX

CHUCTEM

byTtnepoBckue cooOreHus [ DNeKTpOHHBIN pecypc] : MHOTONpeaMeET. Hayd. kypH. / OO0
«HHOBallMOHHO-U3ATENBCKUM 1OM «byTIEepOBCKOE HacIeaue»». — INEKTPOH. KypHal. —
Kazanb : OOO «MHHOBAaIMOHHO-U3/IaTENIbCKUM 10M «byTiepoBckoe Hacaeaue»», 1999- .
Pexxum noctyna k xxypH.: http://butlerov.com/stat/reports/view.asp?lang=ru

XUMUS B UHTEPECAX YCTOMYMBOTO Pa3BUTHS [ DIIEKTPOHHBIN pecypc]| : MEKAyHap. HAayY.
xkypH. / Cubupckoe otaenenue PAH. — DnekTpoHn. xypHair. — HoBocubupck :
N3patensctBo CO PAH, 1999- . Pexxum nocryna K xKypH.
http://www.sibran.ru/journals/Hviur/

- OBC "Jlanp" (nmpaBa npunamiexatr OO0 «9bC JIAHby), norosop Ne 318 ot 22.04.2020
r. ¢ 07.05.2020 r. mo 06.05.2021 r., norosop Ne 452 ot 02.06.2020 r. ¢ 28.07.20 r. o
27.07.2021 r. (mo axpecy http://www.e.lanbook.com) BkiIro4aeT B ce0s1 MOTHOTEKCTOBBIC
DJIEKTPOHHBIC BEPCUU BCEX KHUT, BBIMIEIINX B H3AATEIBCTBE, & TAKKE KOJIICKIIUU
MOJIHOTEKCTOBBIX (DalIoB IpYruX M3aTeNbCTB. B 6a3e mpencTaBieHbl HE TOJIBKO yueOHbIE
U3JIaHus, HO ¥ Hay4Has JUTepaTypa, a TAak:Ke CIIOBapH.

8.4. [lepeyenb mporpaMMHOro odecrneyeHust

Ne Hanmenosanue IO PexBu3NTHI norOB?pa
n/n (naTa, HOMep, CPOK AeHCTBHSA)
1 | Windows HoroBop Ne 690 ot 19.05.2015r., cpok
JecTBUS - OECCPOUHO
2 | Office Standart Horosop Ne 690 ot 19.05.2015r., cpok

neiictus - 6eccpouno; lorosop Ne 727 ot
20.07.2016r., cpox ACHCTBUSA - OECCPOTHO

8.5. Onucanne MarepHaJbHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM /IS OCYIIeCTBJICHUSI

00pa3oBaTeIbHOI0 MpoIecca 1Mo JUCIUILINHE

n/n

HaumeHoBaHue 000PYI0BAHHBIX Y4EOHBIX
Ka0MHeTOB, 1a0opaTopuii, MACTEPCKUX U
Ap. 00bEKTOB 1JIsl MPOBeAeHUSA
NPaKTHYECKUX U JJa00PaTOPHBIX 3aHATHIA,
NoOMeIeHUuH JJISI CAMOCTOSATEILHOM
padoThl 00y4yaromuxcs (HoMep ayAuTOPHH)

Ilepeyennb 0CHOBHOTO 000pyAOBaHHS

VYyebHast ayauropus uid nposeeHus 3aHATUi | CTOJIbl yYEHUYECKHE TPEXMECTHBIE U
JEKIIMOHHOTO THIA. YueOHasi ayJuTopus IJIs | ABYXMECTHbIE MOHOOJIOKH, CTOJ
IIPOBEJCHUS 3aHATHA CEMHHAPCKOTO THIIA. | IPENOJAaBATENbCKUM, CTYII

VYuyebHast  ayauTopuss UL KypCOBOTO | MpenojaBaTelbCcKuii, kKadeapa, Jocka
IPOEKTHUPOBAHUS  (BBIMOJIHEHUS KYPCOBBIX | MEJIOBas . 9KpaH HaBECHOM, IPOEKTOpP.,
pabot). YuebHas ayauTopus Ui MPOBEACHUS | IPOLECCOP. MBIIIb KOMIL., ITYJIbT.
TPYIIOBBIX u WHIVBUAYaJIbHBIX
KOHCYNIbTAllMi. YueOHas ayauTopus MAjs
IIPOBEJCHUS 3aHATHN TEKYLIETO KOHTPOJIA U
IIPOMEKYTOUHOH aTTECTALUU.

A-125

VYyeOHast ayTUuTOpHsI U1 IPOBEICHUS CroJibl y4eHHUECKUE ABYXMECTHBIE
3aHATHUH JICKIIMOHHOTO THMA. YueOHas (MOHOOJIOKH), CTOJ MPETOAaBaATETHCKHM,
ayIUTOPUS JJI IPOBEIACHUS 3aHATUI CTYJI IIPETIOIaBATEIbCKUM , TOCKA
CEMHMHAPCKOT0 THIA. Y4eOHas ayIUTOPHS IS



http://butlerov.com/stat/reports/view.asp?lang=ru
http://www.sibran.ru/journals/Hviur/
http://e.lanbook.com/

HaumeHoBaHue 000PYyI0BAHHBIX Y4EOHBIX
Ka0MHeTOB, 1a0opaTopuii, MACTEPCKUX U

Ne JP. 00beKTOB J1JIfl IPOBeIeHMSI
. Ilepeyenb 0CHOBHOTO 000pyAOBaHHS
N/ | NPaKTHYeCKHUX U JA00PaTOPHBIX 3aHATHIA,
NoMeleHuH JJISI CAMOCTOSITEILHOM
padoThl 00y4yaromuxcs (HoMep ayAuTOPHH)
KYPCOBOTO MPOEKTHUPOBAHMSI (BBITTOTHEHUS ayIuTopHas (MenoBas), Tabyiuia
KYpPCOBBIX paboT). YueOHast ayTuTOpHs JUIs Menpeneesa .
MIPOBEJICHUS TPYIOBBIX M MHIMBUYaTIbHBIX
KOHCYJIbTAIMi. YueOHast ayuTopus s
MPOBEJICHUS 3aHATUN TEKYIIEro KOHTPOJIS U
IIPOMEKYTOUHOH aTTECTALUU.
A-215
3 | Jlaboparopus "Heopranuueckoit xumun'" Croubl naboparopubie , CTOIBI
VYyeOHast aynuTopus i IPOBEICHUS 71ab0paTOpHBIE OCTPOBHBIE, CTOJ
n1aboparopHbIx pabor. A-216 IPUOOPHBIHA; MOJIKHU JJIs TOCYIbI, MOMKH
HEep’KaBerollue , TyMObI JJIs TOCYAbI U
PEaKTHBOB, BBITSHKHOM 1IKad, CTOI
MUCHbMEHHBIN , BBIPSIMUTEND B-24 |
cymuiIbHbIN mkag snol 58/350 ,
akBaguctriuarop J12-10, Beckr
anektponHsie HL-200 , mpuOops! st
oTpesieNieHUs! SKBUBAJICHTA, TPUOOPHI JIJ1s
ANEKTPOJIN3A , TEPMOCTATHPOBAHHBIN
CTaKaH, 3JICKTPOIUIUTKA , TEPMOMETPbI
CIIMPTOBBIE, TEPMOMETPHI PTYTHBIE,
XUMHYECKas MocyJa, T0CKa MeJoBast
Komnbrotepnsiit kinace. YueOHast aynutopust | CTONbl yYeHUYECKHE, CTOI
JUTSI IPOBEJICHUS 3aHATUHN JIEKIIMOHHOTO TUIA. | TPENO0AaBaTeIbCKUMN, CTY/Ibsl YUeHUUECKUE,
VYyeOHast ayTuTOpHsI U1 IPOBEACHUS nocka ayautopHas (MapkepHasi), I1K ¢
3aHATUN CEMUHAPCKOTO TUTIA. Y4deOHas BBIXOJIOM B ceTb MHTEpHET
ayJIUTOpUs JJIs IPOBEICHHS Ta00paTOPHBIX
pabot. YueOHas ayTuTOpHs I KypCOBOTO
4 | mpoeKTHUpOBaHUs (BHIIOJHEHUS KYPCOBBIX
pabor). YueOHast ayuTopust IJIsl TPOBEICHUS
TPYNIOBBIX U UHIUBUAYATbHBIX
KOHCYJIbTAIIMi Y4ueOHast ayAuTOPHs st
IIPOBEJCHUS 3aHATUN TEKYIIETr0 KOHTPOJISA U
MPOMEXKYTOUYHOM aTTECTALINH.
VYJIK-812
[Momemenne s camocTosATeNbHOW paboThl | CTon yueHu4eckui - 26 mr., ¢ty - 26 mr.,
CTYJEHTOB. koM  Cronbl  y4yeHUYECKHe,  CTYJbS
5 I'-401 yuennueckue, [IK ¢ BbIxogoM B ceTb

HNuTtepHer.
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