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1. HEJIX U 3AJAYHN OCBOEHU A AU CHUIIJIMHbI

1.1. Measmu ocBoenusi aucHUIVIMHBI «Heopranmuyeckass XuMHsA»  ABJISIOTCS
03HAKOMIJICHHE CTYICHTOB C TEOPETHUYECKUMH OCHOBAMH HEOPTaHHMYECKON XUMUU, MPUOOpETCHHE
HaBBIKOB 10 METOJaM M CIOCO0aM CHMHTE3a HEOPraHWYECKHX BEIIECTB, OMMCAHUE MX CBOWCTB Ha
OCHOBE 3aKOHOMEPHOCTEH, BBITEKAIOUIUX M3 MEPUOAUYECKOro 3akoHa U [lepuoanueckoil cuctembl
9JIEMEHTOB.

1.2. 3agauyu ocBOEHHS JUCHHUILIHHDI:

- U3y4EHHE OCHOBHBIX MOHATUH U 3aKOHOB XUMHUH;

- U3yY€HUE CTPOCHHS aTOMOB U MOJICKYII;

- W3YYCHHE OCHOBHBIX KBaHTOBO-MEXAHMYECKHX TPEICTaBIeHUH 00 00pa3oBaHUU
XHUMHUYCCKON CBSI3H;

- pacCMOTpPEHHE OCHOBHBIE KJIAaCChl HEOPraHMYECKMX BEIIECTB, HOMEHKJATypa
HEOPraHWYECKUX COEAUHEHUI;

- O3HAKOMJICHUE C OCHOBAMM XMMHUYECKON KUHETUKHU U TEPMOIMHAMUKHU;

- OCYILECTBJICHUE B J1aOOPATOPHBIX YCIOBUSIX TMOJYYEHHUS M HMCCICIOBAHUSA XUMHYECKUX
CBOWCTB HEOPTAaHUYECKUX COCTMHEHUN.

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIIOII BO

2.1. YueOnas aucuumiuHa «Heopranmdeckassi XMMHSD> OTHOCHTCA K 00f13aTeJIbHOMH
yactu qucuuiuiad b1.6.08 u ocBanBaercsi B 1 u 2 cemecTpax.

Heoprannueckas Xumus — NEPBBIA CIEHNUAIBHBIA IPEAMET, H3Y4aeMbl CTyJEHTaMU
XMMHMYECKOT0 OTAEICHMs. Marepuall JaHHOTO Kypca COCTOMT U3 IByX OCHOBHBIX pa3zenos. Pasaen
1 — obOmast xumus, pa3nen 2 — HEOPraHWYecKas XUMHSA (XUMHUSI DJIEMEHTOB M MX COCIWHEHHA).
I'my6okoe ycBOEHHE OCHOB XMMHH CO3AAET TEOPETHUECKYI0 0a3y JUIsl BCE CUCTEMbl XMMHMUYECKUX
3HAHUH.

2.2, lns u3yvyeHUsl JaHHON Yy4eOHOM JAMCHUILIMHBI HEOOXOAUMBI CJelyHlIHue 3HAHMS,
yMeHUs, HABBIKU, ()OpMHUPYeMble NPH U3y4YeHUU XMMHUM B cpeaHeil mikoJe. CienoBarenbHo,
«BXOJIHBIE» 3HaHUSA W YMEHHUS OO0y4aromlerocs CBs3aHbl CO 3HAHHEM TEOPETHYECKHX OCHOB
IIKOJIBHOTO Kypca XUMHUHA.

3HaHUSA: MECTO HEOPraHMYECKOW XHMHMHM B POy JPYTUX €CTECTBEHHBIX TUCLUIUIMH, €€
3HAYCHHUC B XHU3HU COBpCMeHHOFO O6HI€CTBa. OCHOBHI)IG IIOHATHUA W 3aKOHbI XHMMUH, CTpOGHI/IG
aTOMOB M MOJIEKYJ, OCHOBHBIE KBAaHTOBO-MEXaHHUYECKHE TPEJCTaBICHU 00 00pa3oBaHUU
XI/IMI/I‘IGCKOI\/’I CBA3U, OCHOBHBEIC KJIACChI HeOpFaHI/I‘ICCKI/IX BCIICCTB, HOMGHKJ’IaTypa HCOpFaHI/ILICCKI/IX
COEIMHEHUI, OCHOBBI XMMHYECKOM TEPMOJMHAMUKM M €€ MCIOJIb30BaHUE B HEOPTaHMYECKOU
XHUMHU, paCTBOpI)I, KOMIINICKCHBIC COCIMHCHUSL.

YMeHus: IpOrHO3UPOBaTh U OOOCHOBBIBATh CBOMCTBA BEIIECTB; PACKPHIBATh MPUYHMHHO-
CJIICIOCTBCHHBIC CBA3U Me>1<)1y CTpOGHI/IeM nu CBOI\/IICTBaMI/I BCIICCTB, Hpe)ICTaBJ'ISITB peanLHy}o
CYITHOCTh TIPOCTOTO U CIIOKHOTO BEIIECTBA, €T0 Pa3HOOOpa3HbIe MPEBPAIICHHUS; MTOIY4aTh OTBETHI
Ha BOHpOC - HOquy HpOTeKaIOT XUMHNYCCKUEC peaKHI/II/I, I/ICHOJ’II)SYSI Hpe)ICTaBJ'IeHI/Iﬂ (0] CTPYKType
BEILIECTBA, TEPMOJAMHAMUYECKUX AaCHEKTaX, OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX MPOIECCaX;
HpOBO}II/ITB XI/IMI/I‘—IGCKYIO I/I)]eHTI/ICbI/IKaHI/IIO HeOpFaHquCKHX CO€JII/IH€HI/II\/'I; OCyHIeCTBJ'ISITB B
nabopaTOPHBIX YCIOBHSX BBIICICHHE U HCCICIOBAHUE XUMHYECKHX CBOWCTB HEOPTaHUYECKUX
COeIMHEHHH.

HaBbiku: TexHuKH 0€30MaCHOCTH MPHU BBIMOJTHEHUH paboT B J1a00paTopuy HEOPraHUIECKOU
XUMHH, perucTpanuu U o0pabOTKH pe3yIbTaTOB XUMHUYECKHX SKCIIEPUMEHTOB, METOJIOB O0TOOpa
MaTepuana JijIsl TEOPETUUECKUX 3aHATHI U 1a00paTOpHBIX PadoT.



2.3. Tlocaenywiue y4yeOHble AUCUMIUIMHBI W (MJIH) NPAKTHKH, Js1 KOTOPBIX
He00X0MMbI 3HAHUS, YMEHUS, HABbIKU, GOpMHUpPYyeMble TaHHOW Y4eOHO JUCUMIIJIMHOM:
- AaHAJIUTUYECKAs] XUMHUS
- OpraHuveckasi XuMus
- (huzmuecKass XuMHUs
- KOJUTOUAHAS] XUMUS
-XUMHYECKasi TEXHOJIOTUs

- yueOHas (0O3HAKOMUTEIbHAS ) TIPAKTHUKA

3. ITAHUPYEMBIE PE3YJIBTATBI OBYUEHMUS 110 JUCHUITJIMHE
[Tporiecc ocBOCHMS AMCHMILIMHBI HAMPABICH Ha (DOPMHUPOBAHHE DIIEMEHTOB CIIEIYFOIIHX
komnereHiui B cootBercTBUU ¢ ®I'OC BO u OIIOII BO 1o ganHOMYy HanpaBjieHUIO HOATOTOBKHU:
oowenpogpeccuonanvuvix (OIIK):
OIIK-1 CrocoOHOCTh aHAIM3UPOBATh W HHTEPIPETHUPOBATH PE3YJbTAThl XUMHUUYECKHUX
AKCIIEPUMEHTOB, HAOIIOJEHUM U U3MEPEHUI
OIIK-2 CnocoOHOCTh MPOBOAUTH C COONIOJCHUEM HOPM TEXHHUKH O€30MacHOCTH
XUMUYECKUM SKCTIEPUMEHT, BKJIIOYAsi CHHTE3, aHAJIU3, U3YYEHUE CTPYKTYPhI U CBOMCTB BEIIECTB U
MaTepUasoB, UCCIIEIOBAaHUE MPOIIECCOB C UX yYaCTHEM
Tab6anna 1 — JlekoMno3unusi pe3yJbTaToB 00y4eHHs

Kon n [1nanupyemble pe3yabTaTbl OCBOCHUS IUCIUIIINHbI
HalMEHOBAaHUE 3Harts (1) Ymets (2) Brnaners (3)
KOMIIETEHIIUH
OIIK-1 NOIIK-1.1.1. HOIIK-1.2.1. HNOIIK-1.3.1. HaBbIKamMu
Cnocobnocmo OCHOBBI npearaTh CUCTEMAaTH3alUH U
aHanusupoeamsv U | HEOPraHUYECKOM MHTEPIPETALHIO aHanmm3a pe3yibTaToB
uHmepnpemuposams | XUMUU: pe3yIbTaToB XUMHAYECKHX
pesynvmamol COBpPEMEHHBIE COOCTBEHHBIX 9KCHEPUMEHTOB,
XUMUYECKUX NpPEACTaBICHUS O | SKCIIEPUMEHTOB U | HaONIOIEHUH, U3MEpPEHHIA,
IKCHEPUMEHMO08, CTPOCHUU BEIECTBa, | pacyeTHO- a  Takke  pe3yibTaThl
Haob00eHutl U | 3aBUCUMOCTHU TEOPETUYECKHUX paboT C | pacyeToB CBOMCTB
uzmepenutl CTPOEHHUSI M CBOMCTB | HCHOJIB30BAHUEM BEILIECTB U MaTEepHAJIOB;
BEII[ECTB ot | reoperndeckux ocHoB | MOIIK-1.3.2. HaBbikamMu
3IIEKTPOHHOMN TPaIULIMOHHBIX U | OABENICHUS] BHIBOJOB IIO
CTPYKTYPBI aTOMOB U | HOBBIX pa3zfenoB | pe3yiabTaramMm aHanm3a
Xapakrepa XUMUHY; JUTEPATypHBIX  JAHHBIX,
xumMmnueckux csssert; | MOIIK-1.2.2. COOCTBEHHBIX
NOIIK-1.1.2. HCIIOJIb30BAaTh JKCIEPUMEHTAIBHBIX U
TEPMOJIMHAMUYECKHE | KHHETUYECKUI U | pacueTHO-TEOPETHUECKUX
" KWHETHYECKUE | TEPMOJANHAMUYECKUH pabot XUMHYECKON
3aKOHOMEPHOCTH MOJAXOA K OINHCAHHIO | HAIIPABJIECHHOCTH;
[IPOTEKAHUSA XUMHUYECKUX NOIIK-1.3.3. ocHOBamH
O0OMEHHBIX U | IPOLIECCOB €  IIEJIbIO | HEOPTaHUYECKOH XHMMHH,
OKHCITUTEITHHO- ONTUMU3AIMH YCIOBHH | METOJAMH  aHajlHW3a |
BOCCTAHOBUTEJIBHBIX | UX NPaKTUYECKON | HHTEPIpETaLuu
IPOIIECCOB IUISL | peaH3alny, pe3yabTATOB XHUMHUYECKHX
aHanm3a U | aHaJIU3UPOBATh U | KCIIEPHUMEHTOB,
UHTEpIpETanN UHTEPIPETHPOBATH HaOIIOICHU I "
pe3yIbTaToB MOJIyYEeHHBIE U3MEpEHUH, MOIX0AaMHu K
XUMHAYECKHX pe3yJIbTaTHI. OOBSICHEHUIO XUMHUYECKUX
HKCIIEPUMEHTOB, SBIICHUM, MPOUCXOJAIINX
HaOJI0IeHU u B Ipupoze, ObITYy M Ha

VM3MEPEHHUI.

IIPOU3BOJICTBC.




OIIK-2
Cnocobuocms
npoeooums c
coonwoenuem Hopm
MexXHUKU
bezonacnocmu
XUMUYCCKULL
IKCNEepUMeHm,
gKIIOYAsL  CUHME3,
aHau3, usyuerue
CmpyKmypol u
CBOLICME Beulecms u
Mamepuanos,
uccneoosanue
npoyeccog ¢ - uUx
yuacmuem

HOIIK-2.1.1.
paBuIIa TEXHHUKHU
0e30I1acHOCTH B
XHUMHYECKOM
nabopaTopuu,

Oe3omacHble IPUEMBI
U METOoAbl PpaboThl,
cpencTBa
WHJUBUYaTbHOM
3alIUTBl U TIPaBHIA
MOJB30BaHUSI  MMHU.
CpoiicTBa U peaxkuuu
HEOPTaHUYECKUX
BEILIECTB,  CIIOCOOBI
MOTY4EHHS
OCHOBHBIX  KJIACCOB
HEOPTaHUYECKUX
BEIIECTB,
TCHETHYCCKYIO CBSI3b
MEXIY HUMHU.

NOIIK-2.2.1. pabortatb

C XUMHUYCCKUMU
BEILIECTBAMHU c
COOIOICHUEM  HOPM
TEXHUKH

0e301acHOCTH;
NOIIK-2.2.2.

MIPOBOJIUTH CUHTE3
BEILECTB U MAaTE€pUAJIOB
pa3HOU IIPUPOLBI C
HCIIOJIb30BaHUEM
UMEIOIINXCS METOAMK;
NOIIK-2.2.3.
MIPOTHO3UPOBATH
[IPOTEKaHUE
XUMUYECKHUX
IIPOLIECCOB C YYETOM
CBOICTB U
PEaKUMOHHOU
CIIOCOOHOCTH BEIIECTB;
NOIIK-2.2.4

coOupaTh YCTaHOBKH
JUTS] IPOBEICHUS
J1a00paTOPHBIX
HCCIICIOBaHUM,
M0JIb30BATHCS
XUMUYECKUM

000py/I0BaHUEM.

HOIIK-2.3.1.

OCYIIECTBJICHUS
CTaHJAPTHBIX  Omeparui
JULST onpeeeHus
XUMHUYECKOTO U (a30BOTO

HaBBbIKaMU

cocTaBa BEILIECTB u
MaTepHajIoB Ha ux
OCHOBE;

HOIIK-2.3.2. HaBbIKaMu
pabOThI C XUMUYIECKOM
MOCY/IOM, METOIaMHU 1
croco0amMu CHHTE3a
HEOPTraHUYECKUX BEIIECTB,
METO/IaMH TTPOBEICHHS
71a00paTOPHOTO
IKCIICPUMEHTA,
MO3BOJISFOIIMMU U3Y4UTh
CBOMCTBA XUMHUYECKUX
9JIEMEHTOB U MX
BAKHEUIIINX COCOTUHEHUM,
METOJIaMH PACTIO3HABAHUS
MOTY4YEHHBIX COSTUHEHHI
IPY TIPOBEICHUN
XUMHYECKHX
IKCIICPUMEHTOB,
METOAUKAMU
WCCJICIOBAHMUS IPOIIECCOB
C X y4acCTHEM.

4. CTPYKTYPA U COAEP) KAHUE JUCIIUITJIMHBbI

O0beM IUCHUIUIMHBEL CcOCTaBiasgeT 16 3adeTHBIX enuHuI, B TOoM umciie 450 wuacos,
BBIJICJIEHHBIX Ha KOHTAaKTHYIO paloTy oOydarommxcsi ¢ mpernozgasareneM (u3 Hux 180 uacoB —
nexnuu, 270 gacoB — mabopaTopHbie paboThl), 18 4acoB — Ha BBIOJIHEHUE KYPCOBOM paboThl 1 126
4acoOB — Ha CAMOCTOATENIbHYIO paboTy 00yJaroIuXcs.

Tabauua 2 — CTpyKTypa U coiepKaHue TUCUUILTHHBI

o KonrakTtHas CamMoCTOST. dopma TeKyIero
5 pabora paboTa KOHTPOJIS
Pazzgen, TeMa JUCIUTIIHHEI g (B yacax) yCIIEBaEMOCTH,
3 (bopma IpOMEKYTOUHOM
aTTeCcTallun
JI 113 JIP KP CP
Pa3znen 1. O6mas xumusa
Tema 1. OcHOBHBIE HOHATHSA 1 6 8 4 Co0OecenoBanue,
XUMUH. ATOMHO- nabopaTopHas pabora,
MOJICKYJISIPHOE YUCHHE TECTOBBIA KOHTPOJIb,
KOHTpOJIbHast pabora 1

Tema 2. Kimaccuduxarms u 4 8 4 Co0OecenoBanue,




HOMEHKJIaTypa
HEOPraHUYECKUX COCIMHEHUN

nmabopaTopHas padora,
TECTOBBIN KOHTPOJIb,
KOHTpOJIbHas pabora 1

Tema 3. CtpoeHue aroma 6 12 6 CobecenoBanue,
TECTOBBIA KOHTPOJIb,
KOHTpOJIbHast paboTa 2
Tewma 4. [lepuognaeckuit 4 12 4 CobecenoBanue,
3aKOH U IEPUOANYECKAs TECTOBBIN KOHTPOJIb,
crCcTeMa XUMHYECKUX KOHTpOJIbHast paboTta 2
anemenToB JI.M1. Menaeneena
Tema 5. XuMuueckas CBS3b 10 14 8 CobecenoBanue,
TECTOBBIN KOHTPOJIb,
KOHTpOJIbHAast pabora 3
Tema 6. CkopocThb 10 16 6 CobecenoBanue,
XUMHAYECKHX PEaKITUA. nabopaTopHas pabora,
XUMHUYECKOE PABHOBECHE TECTOBBIN KOHTPOJIb,
KOHTpOJIbHasI pabora 4
Tema 7. DHepreTuka u 10 16 6 CobecenoBanue,
HAIPaBJICHHOCTh XUMUYECKUX nabopaTopHas pabora,
IIPOLIECCOB TECTOBBIN KOHTPOJIb,
KOHTpOJIbHasI pabora 4
Tema 8. PactBopsl. Teopust 12 20 8 CobecenoBanue,
ANEKTPOITUTUICCKON nabopaTopHas pabora,
JUCCOLMAIUN TECTOBBII KOHTPOJIb,
KOHTpOJIbHast paboTta 5
Tema 9. OKHCIUTENBHO- 10 20 8 CobecenoBaHnue,
BOCCTAaHOBUTEJIbHBIC PEAKITUU nmabopaTopHas padora,
U DJIEKTPOXUMHUYECKHE TECTOBBIN KOHTPOJIb,
MIPOIIECCHI KOHTpOJIbHAsI paboTa 6
Bcero 3a 1 cemectp 72 126 54 JK3aMeH
Pa3nen 2. Heopranmyeckasi xumusi (XMMHSA 3JIEMEHTOB U UX COeTHHEHHUI)
Tema 10. KomruiekcHbie 2 8 16 6 CobecenoBaHnue,
COEIMHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb,
KOHTpOJIbHasI paboTa 7
Tema 11. Daements! VIIA 8 10 3 CobecenoBaHnue,
rpynisl (TajloreHsl) U X naboparopHas paboTa,
COETMHEHUS TECTOBBIN KOHTPOJIb,
KOHTpOJIbHas paboTa 8
Tema 12. Diaements! VIA 8 10 3 CobecenoBanue,
rpynbl (XaabKOTE€HbI) U UX naboparopHas paboTa,
COCTMHEHUS TECTOBBIN KOHTPOJIb,
KOHTpOJIbHasI paboTa 9
Tema 13. Diementsl VA 8 8 3 CobecenoBanue,
TPYIIBI M UX COSAMHEHUS nmabopaTopHas padora,
TECTOBBIN KOHTPOJIb,
KOHTpOJbHas pabora 10
Tema 14. Dnements! IVA 6 8 3 Co0OecenoBanue,
TPYIIBI U UX COCTUHEHUS naboparopHas pabota,
TE€CTOBBIN KOHTPOJIb,
KOHTpOJIbHAs pabora 11
Tema 15. Dnementsr A 8 8 3 CobecenoBanue,




TpYyIIIbl U UX COCAUHCHUS

nmabopaTopHas padora,
TECTOBBII KOHTPOJIb,
KOHTpOJIbHAsI paboTa 11

Tema 16. Diements! |A u 1A 8 8 3 CobecenoBanue,
TPYIII U UX COCTUHCHUS nabopaTopHas padora,
TECTOBBII KOHTPOJIb.
Tema 17. Dnements! |11B 6 8 3 CobecenoBanue,
TPYIIBI U UX COCTUHEHHUS TECTOBBIN KOHTPOJIb,
KOHTpPOJIbHAs paborta 12
Tema 18. JlanTaHOMIEL. 2 8 3 CobecenoBanue,
AKTHHOUIBI TE€CTOBBIM KOHTPOJIb,
KOHTpoJIbHas paboTa 12
Tema 19. Dnements! VB 6 8 3 CobecenoBanue,
TPYIIBI U UX COCTUHEHHUS TECTOBBIN KOHTPOJIb,
KOHTpPOJIbHAs padboTta 12
Tema 20. Diements VB 6 8 3 CobecenoBanue,
TPYIIBI U UX COCTUHEHUS nabopaTopHas padbora,
TECTOBBI KOHTPOJIb,
KOHTpPOJIbHAs padboTta 12
Tema 21. Dnemenrs! VIB 6 8 3 CobecenoBanue,
TPYIIBI U UX COCTUHEHUS nabopaTopHas padbora,
TECTOBBI KOHTPOJIb,
KOHTpOJIbHAsI paboTta 13
Tema 22. Dnements! VIIB 8 8 3 CobecenoBaHnue,
TPYIIBI U UX COCTUHEHUS naboparopHas pabora,
TECTOBBIN KOHTPOJIb,
KOHTpoJIbHasl pabota 13
Tema 23. Dnements! VIIB 8 8 3 CobecenoBaHnue,
TPYIIIBI M X COSAMHEHUS nmabopaTopHas padora,
TECTOBBIN KOHTPOJIb,
KOHTpoJIbHas pabota 14
Tema 24. Dnementsl |1B 4 8 3 CobecenoBaHnue,
TPYIIIIBI M X COSAMHEHUS nmabopaTopHas padora,
TECTOBBIH KOHTPOJIb
Tema 25. Diemenrts! |1B 4 8 3 CobecenoBanne,
TPYIIBI U UX COCTUHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb
Tema 26. DnemenTts! VIIA 4 4 3 CobOecenoBanue
TPYIIITBI
Bcero 3a 2 cemectp 108 144 | 18 54 JK3aMeH
3ammTa KypcoBoi
padoThI
Hroro 180 270 | 18 | 108 | Dxk3amen 1,2 cemecTp

3ammrTa KypcoBoi
padoThl 2 ceMecTp

Ipumeuanue: JI — nexuus; [13 — mpaktudeckoe 3anstue, cemunap; JIP — nabopartopHas

pabota; KP — kypcoBas pabota; CP — camocrositenbHas padora.




Tabanna 3 — MaTpuna cooTHeCeHHsl pa3/iesioB, TeM Y4eOHOH TUCHHMIIMHBI U (GOpMHUpPYyeMBbIX
KOMIIeTeHI NI

Pasnen, rema Kon-Bo Komnerennnu OO0111e€ KOJIMYECTBO
JUCIUILINHEI gacoB | OIIK-1 ‘ OIlK-2 KOMIICTEHIIN I
Paznen 1
Tema 1. OcHOBHBIE HOHATHS XUMHUH. 18 + 1
ATOMHO-MOJIEKYJISIPHOE YUCHHE
Tema 2. Knmaccudukanus u 16 + + 2
HOMEHKJIaTypa HEOPTaHUYECKHUX
COCIUHCHUI
Tewma 3. CtpoeHue aToma 24 + 1
Tewma 4. [lepnoandeckuii 3aK0H U 20 + 1

MepUoANYECcKasi CUCTEMa XUMUYECKUX
anemenToB .M. MenaeneeBa

Tema 5. Xumuueckas CBs3b 32 + 1
Tema 6. CKOpOCTbh XUMHUYECKUX 32 + + 2
peaknyil. XMMHUYECKOE PABHOBECHE

Tema 7. DHepreTuka u 32 + 1
HaIPaBJIICHHOCTh XUMHUYECKHIX

MIPOIIECCOB

Tema 8. PactBopsl. Teopust 40 + + 2
AJIEKTPOJIMTUYCCKOM TUCCOIMALINN

Tema 9. OxucnuTensHO- 38 + + 2

BOCCTAHOBUTCIIBHBIC PCAKIINU U
QJICKTPOXUMHUYCCKUC ITPOLCCChI

Pa3nen 2

Tema 10. KoMiiekcHble cCOETUHEHUS 30 + + 2
Tema 11. Onements! VIIA rpynmnst 21 + + 2
(rajmoreHsl) U UX COCAMHEHUS

Tema 12. Onements! VIA rpymnisl 21 + + 2
(XaJIbKOTEHBI) U UX COEIMHEHUS

Tema 13. Dnementsl VA rpynnsl 1 Ux 19 + + 2
COCIMHEHUS

Tema 14. Onements! IVA rpynmsl u ux 17 + + 2
COCMHEHUS

Tema 15. Onementsl 1A rpynns! 1 ux 19 + + 2
COCMHEHUS

Tema 16. Onements! |A u lIA rpynn u 19 + + 2
UX COCTUHEHUS

Tema 17. Dnements! |IB rpynnst un ux 17 + 1
COEMHEHUS

Tema 18. Jlantanonasl. AKTHHOUIEI 13 + 1
Tema 19. Dnements! IVB rpynnst 1 ux 17 + 1
COCIMHEHUS

Tema 20. Dnementsl VB rpymnmsl u ux 17 + + 2
COCIMHEHUS

Tema 21. Dnements! VIB rpynmns! 1 ux 17 + + 2
COCIMHEHUS

Tema 22. Onements! VIIB rpymnmsr n ux 19 + + 2
COCIMHEHUS

Tewma 23. Dnements! VIIIB rpynmsr u 19 + + 2




UX COCTUHEHUs

Tema 24. Dnements! |B rpymnmsl u nux 15 + + 2
COEAMHEHUs

Tema 25. Onemenrts! 1B rpynne! u ux 15 + + 2
COEAMHEHUs

Tewma 26. Onements! VIIIA rpynmnsr 11 + 1
Kypcogas pabora 18 + + 2
Hroro 576

Kpartkoe cogep:xxanue yueOHOH THCHUIINHBI

Pazpea 1. O6mas xumus
Tema 1. Ocnognvie nonamus xumuu. AmomHo-moNeKyIAPHOE YUeHUe

[lonsaTne o xumuueckoM dnemente. IIpocTeie U cioxHbIE BemecTsa. PacnpocTpaHeHHOCTH
3JIEMEHTOB B 3€MHON KOpe U KOocMoce. XUMHUECKUe U (pu3nueckue cBoiicTaa Beuiectsa. [lonstue o
YUCTOM BellecTBE U npuMecu. OCHOBHBIE METOAbl MOJY4YeHHs 4YHCThIX Bemects, [IJIK.
Knaccugukanus XuMHUECKUX PeareHToB 110 CTENEHH YUCTOTHI.

[ToHsiTHE O XMMUYECKON peaklnu Kak MpeBpaleH!H BemecTB. OCHOBHBIE TUIIBI XMMHUECKUX
PEaKIMii: peakluu pasIokKeHUs, COeAMHEHMs], 3aMellleH s, 0OMeHa, BHYTPEHHET 0 MPEBPaLLCHNUS.

3aKOH COXpaHEHWs MacChl M DJHepruil. YpaBHeHue OinmTeitHa. Jledekr wmaccel. He
CYIIECTBEHHOCTb JIe()eKTa MaCChl IIPU MPOTEKAHUU XUMHUECKON PeakLnu.

CrexuoMeTpusi - cCUCTEMa COOTHOIICHUH MEXJy KOJIMYECTBAMHU 3JIEMEHTOB, 00pa3yroIuX
COCIUHEHMS, U COOTHOLICHUM MEXAY KOJIMYECTBAMHM BEILECTB, YYacCTBYIOIIUX B XUMHYECKHX
peakuusx.

OCHOBHBIE 3aKOHBI CTEXMOMETPUHU. 3aKOH MOCTOSIHCTBA cocTaBa IIpycra. 3akoHBI KpaTHBIX
otHomeHnH JlambToHA. XUMHUECKUI SKBUBAJICHT, ()aKTOP SKBUBAJIICHTHOCTU. 3aKOH SKBHBAJICHTOB.
MeTtoap! onpeeNeHns SKBUBAJIEHTOB. DKBUBAJIEHTHI PA3JIMUHBIX BEIIECTB.

ATOMHO-MOJIEKYJISIPHOE YYEHHE - OCHOBA COBPEMEHHOM XMMHUH. Pa3BUTHE IpPEICTAaBICHUN O
JUCKPETHOM CTPOCHHMH BELIECTBA.

Xumunyeckasi MeTposorusi. OCHOBHBIE M ITPOU3BOJHBIE €IUHUIIBI, U3MEPEHUS] XUMHUU. MOJb -
€IMHHLIA U3MEPEHMS KOJINYECTBA BELIECTBA.

MounsipHast Macca ¥ MOJIIpHBIA 00beM. DKCIIEpUMEHTAIbHbIE METO/IbI ONPE/IEIIEHUSI AaTOMHBIX
Macc: a) Kak Macchl €ro MoJsipHoro oObema, 0) Ha OCHOBaHMM HCHOJb30BAHUS YPABHEHUS
MenneneeBa-Knanelipona, B) 1o IJIOTHOCTH OAHOIO Ta3a Mo Apyromy. MeToasl ompeneneHus
aTOMHOM MaccChl: a) HEMOCPEICTBEHHAs OIlEHKAa MacChl aToMa B Macc-crekTporpade, 6) mo Metoay
Kannunnapo, B) mo Benu4MHE 3KBHBaJeHTa o npaswily [lrononra-IItu. ITocrosHnas ABoranpo,
yucio ABorajpo. ATOM, MOJIEKyJa, MPOCTOE BEILIECTBO, CJOXKHOE BEIIECTBO, IMIMpPUUYECKas
dopmyna, cTpykTypHas Qopmyna. YpaBHeHMEe xuMmHuyeckod peakuuu. Kosdduuumentsr B
YpaBHEHMSIX XUMUYECKOM peakliiu, MHIEKChl B XUMUYECKOH popmysie.

Pa3mepsl 1 Maccbl aToMOB. OTHOCUTENBHAS aTOMHAsl 1 OTHOCUTEJIbHAS MOJIEKYJISIpHAsl Macca.
CoBpeMeHHass cucremMa aTOMHBIX Macc. KonmuecTBOo BemectBa M KOJIMYECTBO BEIIECTBA
9KBMBAJICHTA.

3akoH oObemHbIX oTHomeHud (I'eif-JIroccak). 3akoH ABoragpo M CIeACTBUS U3 3aKOHA
ABorazpo. 3aKoHbI Ta30BOro cocTosiHusA (3akoH boinsg-Mapuorra, 3akoH I'eii-JIroccaka, ypaBHEHHE
MenneneeBa-Knamnelipona, 3aKkoH mapIuaibHBIX daBiIeHUH J[anpToHa).

OTtHocuTeNbHAS ITIOTHOCTh OAHOIO r'a3a Mo APYyromy rasy.

Tema 2. Knaccugukayun u HomeHK1amMypa Heopzanuieckux coeOuHeHuil

Howmenknarypuslie npasuina MFOITAK Heopranndeckux BemiecTB. Kiaccupukaius mpocThix
BenlecTB. Kiaccudukanus clI0XHBIX BeIIECTB MO cocTaBy. buHapHble coenuHeHHs. OKCHIBI,
nepokcuapl. Haanepokcuapl, nepcynbdusl, TEpHUTPUIBI, MEepKapOUIbl, TaTOT€HUAbI, HUTPUIBL,
KapOuIbI U JIp.

TpexanemenTtHsle coequnenus. ['uapoxcuast. Comu.



Wutepmerammuueckue  coeauHeHus.  Knaccuukamuss — CIOXKHBIX — BEHIECTB IO
(G YHKIIMOHATIBHBIM MTPU3HAKAM.

Oxcunsl coneoOpasyromue U Heconeoopasyromme. KucinorHeie, ocHOBHbIE U aM(OTEpHBIE
okcuapl. HoMeHKiIatypa oKkCuaoB.

OcHoBanust. OqHO- ¥ MHOTOKMCIIOTHBIE OcHOBaHUsl. Lllenoun. HoMeHknaTypa ocHOBaHMIA.

Kucnotsl: 6eckucnopoanble U KUCIOpoaocoaepkamue. MeTa-, mupo-, OpToKUciaoTel. OqHO-
1 MHOTOOCHOBHBIE KHCI0Thl. HOMEHKIaTypa Kucior.

Comnu: cpenHue, KUCIble, OCHOBHBIE. J[BOMHBIE U cMenIaHHble coi. HoMeHknaTypa cosen.

Tema 3. Cmpoenue amoma

DKcrnepuMeHTaIbHOE 00O0CHOBAaHME TPEJCTABICHUH 00 aToMe Kak CIO0XHOW cHuCTEME.
OtkpsiTuE 3i1eKTpoHa. OnpeneneHue 3apsjaa 3JEKTPOHAa U Macchl AIEKTpoHA. PaguoakTUBHOCTS.
OcCHOBHBIE XapaKTEPUCTHKU albda-, O6era- m ramma-iydei. 3akoH Mo3znau. 3apsan sjapa Kak
OCHOBHAs Xapakrepuctuka atoma. OmbIT Mo paccesHuto anbda-gactun (Ieiirep m MapcaeHn).
[Inanerapnas momnenb aroma. Ee 1nocToMHCTBA M HenocTaTKU. VCXOIHBIE TEOpPETUYECKUE U
SKCIIEPUMEHTAJIbHBIE MPEANOChUIKA pa3pelieHus BHYTPEHHHMX IPOTUBOPEUYUI IIaHETapHOU
Mozenu. KoprnyckynsipHO-BOIHOBOM nyanu3M uzinydeHus. @otonbl. YpaBHeHue Ilnanka. KBaHThI.
Teopust crpoenus aroma no bopy. Iloctynatel bopa. O0ocHOBaHME CHEKTpa aToMa BOJOPOJA.
BHyTpeHHs NpOTUBOPEUNBOCTH MOEIIA CTPOCHUS aToMa 110 bory.

KopnyckynsipHo-BoJIHOBasi  ABOMCTBEHHOCTh 4vactul. Bomubl ae  bpoiuis.  [lpuniun
HeonpeaeneHHocTH [ elizeHOepra.

KBantoBomexaHnueckass Mojenb aroma Bojaopona. YpasHenue Ilpeaumnrepa. BonHoBas
¢byskiusa. IIOTHOCTP BEpPOATHOCTH U BEPOSITHOCTH OOHAPYKEHUS DSJEKTPOHA. OJIEKTPOHHAs
opOutanb. PagnanpHas W yrioBas COCTaBISAIONIME BOJHOBOH (yHKuuu. KpuBble paananbHOTO
pacrpeneneHus.

BeposTHOCTP M HaXOXKJEHHE IEKTpOHA. ['paHMYHAs MOBEPXHOCTb. Y3JI0Bas MOBEPXHOCTb.
KBaHTOBBIE uHMCla Kak HapaMmeTpbl, ONpPENEISAIOIIME COCTOSHHE 3JEKTpoHa B arome. [naBHOe
kBaHTOBOe uuciio (N). OpOutambHOe KBaHTOBOE 4uciO (1), MarHUTHOE KBAaHTOBOE 4HUCIO (M),
CIIMHOBOE KBaHTOBOe uMcI0. DHU3NMYECKHI CMBICT KBAaHTOBBIX 4YHCENl. ATOMHas OpOUTab.
OcHoBHOE U BO30YXJEHHOE COCTOSIHHMS. BbIpokneHHoe cocrosiHue. EMKOCTh 3HEpreTHueckoro
MOAYPOBHSI M IHEPreTUYECKOTO YpOBHS. MHOIO3JEKTPOHHBIE aTOMBbl. PaKTOPHI, BIUSAIOIIME HA
SHEPTHUI0 aTOMHON opOuTanu. DPPeKT SKpaHUPOBAHUSA U TPOHUKHOBEHUS. [[pMHIINUIIBI 3aM10IHEHUS
opOuTaneil B aTomMax: MPUHIIMI HaUMEHbIIeH sHeprun, npuHuun [laynu, npasuno ['yana. [Tpasuio
KieukoBckoro. DnekTpoHHbIE POPMYIIBL. DIEKTPOHHO-Tpapuueckue HopMyIibl.

Anpo xak nMHaAMHYecKash CUCTEMA MPOTOHOB M HEHUTPOHOB. YCTOMUYMBBIE U HEYCTOMUYMBBHIE
sanpa. PagmoaktuBHbld pacnian saep. llepuon momypacnana. SlnepHele peakuuu M IpeBpaliCHUsS
XUMUYECKUX AJIEeMEHTOB. VCKycCTBEHHass paguOaKTUBHOCTh. «MeueHble» aToMbl M HX
MIpUMEHEHUE.

Tema 4. llepuoouueckuit 3aKkon u nepuoouuecKkas cucmema xumuieckux nemenmos /1. H.
Memnoeneesa

[TepBbie MOMBITKY KIACCH(PUKAITUN XUMUYECKUX IIIEMEHTOB.

OtkpeiTne nmepuonnueckoro 3akoHa J[.M. MenneneeBpim. IIpuHumn mocTpoeHus
€CTECTBEHHOM cucTemsl a1neMeHToB. Mcnonb3oBanue .M. MeHnneneeBbIM METOAOM UHTEPIOJISILIUN
JUIS WCTpPABICHHUS aTOMHBIX MacC M TNpPEICKa3aHHsl CBOMCTB €lle HE OTKPBITBIX 3JIEMEHTOB.
OKcrepuMEHTANIBHBIE IOATBEPKACHUS TeopeTHUecKuX npeackasanui [1.11. Menneneesa.

Bonpocel, mocTaBiieHHbIE NEPUOAMYECKHM 3aKOHOM U TMEPUOJUYECKOM CHCTEMOM, HX
paspelieHre ¢ MO3MIMK MpeICcTaBleHU O cTpoeHuu atoMoB. CoBpeMeHHas (HOpMyTUpPOBKa
IIEPUOIUYECKOTO 3aKOHA.

[lepuonnueckas cucremMa Kak €CTECTBEHHas cucTeMma »jieMeHTOB. [lepuoanyeckas Tabauia
Kak (opma nepuoanueckoil cucrtemsbl. Ilepuonsl, rpymnmbl, noarpynnbl. CBs3b MOJOKEHUS
9JIEMEHTa B MEPUOAMYECKON CHCTEME C JJIEKTPOHHBIM CTpoeHHeM ero aroma. OcoOeHHOCTH
ANEKTPOHHBIX KOHQUTypaluii aTOMOB 3JIEMEHTOB TJIaBHBIX UM MOOOYHBIX MOArPYMIM. DJIEMEHTHI S-,



p-, d-, f- cemelicTB. CBsi3b CBOWMCTB JJIEMEHTOB C UX IOJIOXXCHUEM B INEPUOTUYECKON CHCTEME.
[lepuonnuecku 1 HE NEPUOANYECKU U3MEHSIOLIMECS CBOMCTBA 3JIEMEHTOB.

W3MmeHeHne BEIWYMH PAJUyCcOB, SHEPrud HOHU3ALUHU, CPOJACTBA K DJIJIEKTPOHY U
3JEKTPOOTPULATEIBHOCTA aTOMOB 3JIEMEHTOB C POCTOM 3apsAnoB ux suep. llepuogmynocts
U3MEHEHHS CBOMCTB 2JIEMEHTOB KakK IIPOSIBJIEHHE IEPUOAUYHOCTH W3MEHEHMsS DIIEKTPOHHBIX
KoH(urypanuit aromoB. KpaTtHocTh (Opsa0K) cBsi3u. DaKTOPhI, BIUSIOLINE Ha TPOYHOCTH CBSA3H.

BHyTpeHHsAs M BTOpuYHas mepuoAnvyHOCcTh. Ilepuoguueckas TaOnaua M 3JIEKTPOHHbBIE
aHaJOru. 3HAYEHUE OTKPBITHS IMEPUOAMYECKOr0 3aKoHa. PackpwiThe B NEpUOAMYECKON cUCTEME
BCEOOIIEH €CTECTBEHHOM B3aUMOCBSI3U MEX]y XUMUYECKUMH 3JIE€MEHTaMU. ['paHUIIbl U 3BOIIOLUS
MIEPUOIUYECKON CUCTEMBI.

Tema 5. Xumuueckan cea3v

PasButue mnpencraBieHUi O CYHOIHOCTH XMMHYECKOM CBs3u. (OCHOBHBIE IapaMeTphl
XUMHUUYECKOH CBSI3U: JUIMHA, SHEPIUsl, HAIIPABJIEHHOCTb. OCHOBHBIE TUIIBI XUMUYECKON CBS3H.

KoBanentnast cBs3b. KBaHTOBOMEXaHWYECKHME METOJbI €€ TPakTOBKU. I[IpuOimkeHHbIN
XapakTep dTUX MeToA0B. MeTo BasieHTHBIX cBsizert (BC). @usnueckas unes Mmerona: oOpa3oBaHue
JBYXLEHTPOBBIX ABYXAJIEKTPOHHBIX CBS3€H, IPUHIIMII MAKCUMAJIBLHOTO nepekpbiBanus AO.

JlBa MexaHM3Ma 00pa30BaHHWsI KOBAICHTHOW CBs3U: 000OIIEHHE HECTApPEHHBIX JJIEKTPOHOB
pPa3HBIX aTOMOB M JOHOPHO-aKUEeNnTOpHbIM MexaHusM. Kitactepusle coenuHenus. CoeauHeHHus c
JIEJIOKATM30BaHHOW XMMMUYECKOH CBS3bt0. MHOromneHTpoBbie CBA3H. CEHJIBUYEBBIE COEIMHEHUS.
[TonsipHbIE CBA3U U NOJIIPHOCTH MOJIEKYJIBI B LIEJIOM.

JlurosnbHBIE MOMEHTHI CBsi3H. OQQEKTHUBHBIN 3apsag aromMa B Moiekyne. CBoiicTBa
KOB&JIGHTHOM CBsI3M. HacklmaemocTb, HanpaBlI€HHOCTb, NOJAPU3YyeMOCTh. KoBaleHTHOCTH
aneMeHToB 1, 2 u 3 nepuonos. X mMakcuManbHasi KOBaJ€HTHOCTh. HarpaBieHHOCTh KOBaJIEHTHOM
CBs3U. Teopusi HaIpaBIICHHBIX BaJeHTHOCTeH. [mOpuam3amuss aTOMHBIX opOuTanei. Tumsl
ruOpuAn3aIKi U TEOMETPUs MOJIEKYJ. Teopusi OTTaIKUBAHUS AIEKTPOHHBIX Map.

[TonApu3yeMOCTh KOBaJIEHTHOM CBSI3U. 3aBUCUMOCTH IOJISIPU3YEMOCTH CBSI3U OT €€ JUIMHBI.
[Tonspusyroniee neicTBUE BOBI.

Meton MmonekynsapHbix opoutaneit (MO). ®dusmueckas wuaes MeToAa: JEIOKaTU3aIHs
ANEKTPOHHOMN TJIOTHOCTU MEXKIY AJIpaMH.

CeszpiBatomve, HecBsizbiBarome M paspeixipiomue  MO.  IIpuHOMne! — 3anojgHeHUs
MOJIEKYJISIPHBIX OpOuTanei. DHepreTMuecKrue auarpaMmbl U DJIEKTPOHHBIE (OPMYJIbI MOJEKYIL.
@opManbHOE YKCIO CBA3CH B MousieKyse. POpMalbHBIA NOPANOK CBs3ed. ['oMOHyKIIeapHBIE
MOJIEKYJbl, 00pa30oBaHHbIE 3JeMeHTaMu | ¥ 2 mepuoaoB. 3aBUCUMOCTb KPaTHOCTH, IPOYHOCTH U
JUIMHBI CBSI3U, a TAK)K€ MAarHUTHBIX CBOMCTB OT XapakTepa 3amoyiHeHus MO B 3TuUX MoOJEKysax.
OObscHeHHEe MapaMarHeTu3Ma Kuciaopona. l'erepoHykieapHble JBYXaTOMHbBIE MOJIEKYIIbI,
oOpa3oBaHHbIC 3JeMeHTaMH BToporo mepuwoaa. Oxcun yrimepoma (I), oxcum asora (1),
(hTOpOBOIOPOI.

CpaBuaenue meto0oB BC u MO.

WNonnas cBs3b. KaTvoHbl 1 aHHOHBI B MOJIEKYJIaX U TBEPAbIX Tenax. CBoWCTBa HOHHON CBS3H.
Ob6nacTh MPUMEHUMOCTH MOHHOU Mozienu. VloHHbIe kpucTanianueckue pemterku. [Ipasuno dasHca.
HNounnslii norenuuman. [lonspusyromee OelCTBHE W TNOJSPU3YEMOCTb. BIiusHUE 3IEKTPOHHOU
KOH(UrypalMy MOHA Ha CHIIY IMOJIIPU3YIOLIETro NeHCTBUA. J|OMONMHUTENBHBIA MOISIPU3AMOHHBIN
s dexr. CTeneHp MOITPHOCTU UITH HOHHOCTHU CBSI3U.

CpolicTBa BEHIECTB C HOHHBIM THUIIOM CBSI3U. BajeHTHOCTb, CTENEHb OKUCIEHUS U
KOOPJIMHAIIMOHHOE YUCJIO ATOMOB COEIMHEHUH C pa3IMYHbIM THUIIOM CBSI3H.

Bonoponnas cBsa3b. MexMonekynspHas M BHYTPUMOJIEKYJspHas BOJOPOAHAsl CBS3b.
BrustHue BoIOpoHOM CBS3M HA CBOMCTBA BellecTBa. PoJIb BOJOPOJAHON CBS3U B OHMOJOTHYECKUX
IpolLeccax.

Mertannnueckast cBsizb. OCOOEHHOCTH JJIEKTPOHHOIO CTPOEHHSI aTOMOB, CIIOCOOHBIX K
00pa30BaHUIO METAITIMYECKONW CBS3U. MEXMONEKYIIpHbIe B3aUMOACHCTBUS. JIUMONb-TUNONb,
JUTOb-UHYLIMPOBAHHBIN AUIONb, JUCIIEPCUOHHOE B3aMO/IEUCTBHE.



Tema 6. Ckopocmb xumuueckux peakyuil. Xumuueckoe pagnosecue

CkopocTh xmMuyeckux peakuuil. Ee kxonnuecTBeHHOe BbIpakeHue. VcTuHHas cpenssst
CKOpOCTb. DaKTOpbl, BIUSIOLUIME HAa CKOPOCTb XMUMHYECKHX pEaKLUUi. 3aBUCUMOCTb CKOPOCTH
peakuuu OT KOHUEHTPAlMU PEearupyrolux BEeUIeCTB. 3aKOH AEUCTBUSA Macc. Ero nmpumeHeHue i
TOMOTEHHBIX M TeTEepPOreHHBIX cucteM. KoHcTaHTa ckopocTH peakiuu. Bimsaue ¢dakropa
IIOBEPXHOCTU HAa CKOPOCTh PEAaKLMU B IE€TEPOr€HHOM cpene. 3aBUCUMOCTb CKOPOCTH pPEaKLUU OT
TEeMIIepaTypbl, TeMnepaTypHblii KodpduuueHT. [loHATHE 00 aKTUBHBIX MOJEKYIaX W SHEPrHU
aKTUBAaLlUU IIpoLeCca.

VoHHBII ¥ paguKalbHBIA MEXaHW3Mbl XMMUYECKUX peakuuid. CBOOOTHBIC paIuKaibl.
IloHsiTHE O LIEHBIX PEAKIUAX.

Karanu3. BnusiHue karaau3aTopoB Ha CKOPOCTh peakuMH. Buiel karanu3a: TOMOTEHHBIH,
IeTePOreHHBI, MUKPOIETEPOTreHHBIM, aBTOKATaJIN3, MOJIOKATEIbHBIA U OTPULIATENIBHBIN KaTallu3,
nonatue 00 wuHrnouropax. OcobeHHOCTH (EPMEHTOB KakK KaTajau3aTopoB. Mcmoib3oBaHue
KaTaJau3aTOPOB B IIPOMBILIUICHHOCTH.

HeoOpatumple ©  oOpaTHMble XUMHUYECKHE pEaKIUH. YCIOBUS OOpaTUMOCTH U
HEOOPaTUMOCTH XMMMUYECKMX MpPOLecCOB. XUMHUUYECKOe paBHOBecue. KOHCTaHTa XUMHMUYECKOTO
paBHoBecus. [lpunnun Jle-Illarense. CwmelieHne XHMHUYECKOTO PABHOBECHUS IPU H3MEHEHHUH
KOHIIEHTpALMi pearupyoumx BeUIecTB, AaBlieHUs U Temreparyp. KartamuzaTtopsl B 0OpaTMMbIX
npoueccax. 3Ha4€HHUE YYEHHS O CKOPOCTU PEaKLMU U XMMHUYECKOM PAaBHOBECHM JUIsl YIIPaBJICHUS
XMMHYECKUMH [TPOLIECCAMHU.

Tema 7. Dnepzemuxa u HaAnPagIEHHOCHb XUMUYECKUX NPOUECCOE

TennoBble >PdexTsl XuUMHUUECKHMX peakuui. TemnoTel 00pa3oBaHUS — XMMHYECKHX
coenuHeHuil. 3akoH ['ecca. MI3MeHeHne BHYTpeHHEH »HEpPruu cUcTeMbl. DHTanbnus. [loHsTre 00
sHTponuu. M306apHo-n30TepMuueckuii moreHnuan (3Heprus ['mooca).

[Ipumenenue TepMOAMHAMHYECKMX  (QYHKUMNH Ui XapaKTEpUCTUKU  PEaKLMOHHON
CIOCOOHOCTH BELIECTB U OLICHKE BO3MOKHOCTHU NMPOTEKAHUS XUMHUUECKUX PEAKLIUH.

Tema 8. Pacmeoput. Teopus 31ekmponumuyecKkoil ouccoyuayuu

CaoiictBa pactBopoB. PactBopumocts. KoHueHTpanus pactBopoB. CrnocoObl BbIpaXeHUs
KOHIIEHTPAllMl PacTBOPOB: MaccoBasi JO0Js PACTBOPEHHOI'O BEIIECTBA, MOJSpPHAs KOHLIEHTPALMA,
MOJIIpHasi KOHLIEHTpALUs SKBUBAJIEHTA, MOJIbHAS J0JISI, MOJISLIBHOCTb.

OCHOBHBIE TIOJIOKEHUSI TEOPUU AIEKTPOJIIUTUUECKON JUCCOUMAUU. MeXaHN3M JUCCOLUAIUU.
CunbHble U cnalOble A7eKTponuThl. ['maparanuss voHoB. CtemneHp auccoruanuu. KoHcTanTa
auccouuanuu. PasnuuHble  TUNBI  IMCCOLMALMK  TUAPOKCHUIOB. 3aBHCHUMOCTh  XapakTepa
JUCCOLMAIMU OT IMOJSIPHOCTH CBA3M B Mosekyne. CTyneHdaras AMCCOLMAIMs MHOIOOCHOBHBIX
rupokcuioB. OCHOBHBIE NPEJCTaBICHUS MPOTOJUTUYECKOW TEOPHUM KHCIOT U OCHOBAHMM.
Peakuumu B pacTtBOpax 31eKTpoiauTOB. HampaBieHHOCTh peakiyii B PAacTBOPAX 3JIEKTPOJIUTOB.
HNonnoe npounsseaenue Boasl. Bogoponsslil nokasarens. MHaukaTopsl. ['naponus coneu.

Tema 9. OkucnumenvHo-60CCMAHOSUMENbHbIE PEAKYUU U IIEKMPOXUMUYECKUE NPOUECCHL

OKHCINTENbHO-BOCCTAHOBUTENbHBIE peakiuu. OKUCIUTENH, BOCCTaHOBUTENH. OCHOBHBIE
3aKOHOMEPHOCTH B U3MEHEHUM OKHCIMTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB MPOCTHIX BEIIECTB U
coenquHeHmnil. Ctenenp okucienus. Knaccupukanys oKUCIUTENTbHO-BOCCTAHOBUTENBHBIX PEAKIIHIA.
Metobl paccTaHOBKH KO3((UIIMEHTOB B YPaBHEHHH OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIU.
Ponb cpeapl B MpoTeKaHUM OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX IMpoIlieccoB. MosipHble Macchl
SKBUBAJIEHTOB B OKHUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX peakUusAX. MexXaHu3M BO3HUKHOBEHUS
ANEKTPOAHOr0 moTeHimana. llomyyeHue >IEKTPUUECKOro TOKa B MPOTEKAHMM XHUMHUYECKHUX
peakuuii. lloHATHe 0 ranbBaHMYECKOM 3yeMeHTe. Bopopoassiii anektpoxa. CraHaapTHBIE
ANEKTPOAHbIE MOTEHIMAIBL. 3aBUCUMOCTb JIEKTPOAHOIO MOTEHLMala MeTajljla OT KOHLEHTpaluu
€ro HMOHOB B pacTBOope. OKHUCINTENbHO-BOCCTAHOBUTENBHBIN MOTEHIMAN. PAn craHgapTHBIX
ANEKTPOAHBIX MMOTEHIMAIOB. HampaBleHHOCTh OKHCIMTENbHO-BOCCTAHOBUTEIBHBIX pEaKIUN B
pactBopax. JJIC M KOHCTaHTa OKHMCIUTEIbHO-BOCCTAHOBUTEIBHBIX peakuui. Jlnarpammel
Jlatumepa.



ONEeKTPOIN3 KaK OKHCIHUTEIbHO-BOCCTAHOBUTENBHBINA MPOLECC. DJIEKTPOIM3 PacIlIaBOB.
ONeKTpOau3 BOJHBIX PpAcTBOPOB KHUCIJIOT, IIEJIOYEH, COJed M ero NpakTUYEeCKOe 3HAYCHHUE.
[loTeHuMan pasnoKeHus, NEpEeHANpPsDKEHUE. OJEKTPOXMMMUYECKas NoJsipu3anus. XUMHUECKHE
MCTOYHUKH TOKA.

Koppo3sust xumudeckas u snekTpoxumudeckas. CrocoObl 3alIUThl METAJUIOB OT KOPPO3UH.

Pasjnen 2. Heoprannyeckasi xumMusi (XMMHUSI 3JIEMEHTOB U UX COeTUHEHMIH)
Tema 10. Komnnekchnole coeOunenus

OCHOBHbBIE TOJIOKEHMSI KOOpAMHAIMOHHOM Teopun Bepnepa. CocTaB KOMIUIEKCHBIX
coeMHEeHUIl. BHemHsAs © BHYTpeHHssI CcQepbl KOMIUIEKCOB. XapaKTepUCTUKA JIMTaHIOB.
KoopaunanuonHoe 4ucio KomIuiekcooOpazoBarens. 3apsia KOMIUIEKCHOro noHa. HomeHkiarypa
KOMIUIEKCHBIX COE€AMHEHUN.

Knaccugukanus KOMIUIEKCHBIX COSAMHEHUI: TUIIMYHBIE KOMIICKCHBIEC COCMHEHUS, XEaThl,
HOJIUSIEPHBIE KOMIUIEKChI, U30- M I'eTepPOIOJMCOEANHEHHs], aKBAKOMIUIEKChI (KPUCTAJUIOIUAPATHI
KaK 4YacTHBIM cily4yaill akBakOMILIEKCOB). AMMMakaThl. ALMIOKOMIUIEKCHI. J[BOMHBIE COIM Kak
YacTHBIN Clly4ald aluJOKOMIUIEKCOB. IlosmranoreHnsl, Moinucyabasl, NEPOKCUIHBIE COCAUHEHMS.
KnactepHble coequHEHMsI, M-KOMIUIEKChI, KOMIUIEKCHI «TOCTb-XO3HUH», COEAMHEHUs BKIIOUYCHMUS,
KJIATPATHI, LIEOJIUTHI.

M3oMepust KOMIUIEKCHBIX COEIMHEHUI: TruapaTHas, KOOpAMHALMOHHAs, I'€OMETpUYecKas,
M30MepUs MOJIOKEHUS (CoieBasi U30MEpUsl), HIOHU3ALMOHHAsS, ONTHYECKas!.

[Ipupona XMMHUECKOH CBSI3U B KOMIUIEKCHBIX CO€MHEHHUSX.

PaccmoTpenue ee ¢ Mo3uIMK METO/a BaIEHTHBIX CBsA3el. BHelHe- 1 BHYTpHOpOUTAIbHbBIE
KOMIUIEKCBhI. MarHuTHbIE CBOKMCTBA KOMIUIEKCHBIX COCTMHEHUH.

Teopust kpuctamwmyeckoro mnois. Pacmierienue d-opOuTaneil B OKTadApHYECKOM U
TETPAdAPUUECKOM TIOJIAX. ODHEPrus paclierieHus. ODHEPrus CTaOWiIN3alud KPUCTAUIMUYECKUM
nojeM. BnusHue sHepruu CcTaOMIM3alUU KPUCTAUIMYECKUM IIOJEM M HSHEPrud ClapUBaHUs
JIEKTpOHA Ha O0pa30BaHHWE HU3KO- U BBICOKOCIIMHOBBIX KOMIUIEKCOB. CIIEKTPOXUMUYECKUH Pl
JIMTaHJOB.

Oddexr HAna-Temnepa. Mcnons3oBanme TKII mi1si oObsCHEHHS CBOMCTB KOMIIJIEKCHBIX
qyacTul] (ONTUYECKHE CBOWCTBA, OTHOCHTEIbHAas CTAaOMJIBHOCTh KOMIUIEKCHBIX COEIMHEHUH
MIEPEXO/IHBIX METAJIJIOB, SHTAJIBIINS FHApPATAllMM, YHEPT U KPUCTAJUIMUECKOM PEIIeTKH).

Meton MonekynsapHbIX opOutaneit. Jlumarpammbl ypoBHelt MO 1 OKTa’JpUYECKHX U
TETPadIPUUECKUX KOMIUIEKCOB. BO3HMKHOBEHUE TOHOPHO-AKIIEITOPHON U JaTUBHOU TT-C3513H.

KommiiekcHble HMOHBI B BOJAHBIX pacTBOpax. YcloBHs 0Opa3oBaHUS U pa3pylICHUs
KOMIUIEKCOB B pacTBopax. TepMoAMHAMHUYECKas YCTOWYMBOCTh M KOHCTAHTA HECTOMKOCTH.
OOpa3oBaHue U pas3pylleHHEe KOMIUIEKCHBIX HOHOB B pacTBOpax. 3aBUCHUMOCTb YCTOWYMBOCTH
KOMIUIEKCHBIX COEMHEHHUI B pacTBOpax OT MPHUPO/Ibl KOMILIEKCO0Opa3oBaTes U JINTaH/10B.

KucnorHo-ocHOBHBIE CBOIICTBa KOMIUIEKCHBIX COEIMHEHU. OxucauTensHo-
BOCCTAHOBUTEJIBHBIE CBOMCTBA KOMILJIEKCOB.

Tema 11. Inemenmut V1A epynnot (canozenot)

Oco0eHHOCTH 3JEKTPOHHOW CTPYKTYphl aToMa. 3aBUCUMOCTb aTOMHOTO pajuyca, dHEpruu
HMOHM3alMM M CPOJCTBAa K 3JIEKTPOHY aTOMOB TrajoreHa OT MX aTOMHOro Homepa. M3meHeHue
MEXBbSJIEPHOTO PACCTOSHUS M DHEPrHMHM CBSI3U B psny OT (ropa K HOAy, ero oObSICHEHHE.
B3aumopeiicTBue rajaoreHoB ¢ BoAOW. BomopoaHble COEIUHEHHS TajJOr€HOB. 3aBHUCHUMOCTH
YCTOMYHMBOCTH OKCOKHUCJIOT M UX COJIEH OT CTPYKTypbl. CpaBHEHHE CUIIBI OKCOKUCIOT. CoeMHEHUS
TaJIOTEHOB C MOJIOXHUTEIBHON CTENEHBIO OKUCIEHHS. MeXrajJouHble COEIMHEHNUs, UX CTPYKTYypa,
ycTounBOCTh. OCOOEHHOCTH CTPYKTYPHI M CBOMCTBA acTaTa.

Tema 12. nemenmut V1A cpynnul (xanskozenot)

PacnpocTpanenune kuciopoja M XaJbKOT€HOB B IPUPOJE, MHHEPAIBl UX COAEpKAIIHUE.
ITonoxxenne B mepuoguueckoi cucreme. CTpyKTypa HX aTOMOB. 3aKOHOMEPHOCTH B M3MEHEHUU
pasMEpOB  aTOMOB, HOHOB, DJHEPIrMM HWOHM3allMM, DHEPTUMM  CPOJCTBA K  DJIEKTPOHY,
3JIEKTPOOTPHIATENLHOCTh. DHepreTudeckue auarpammbl Oz, 02, O2 ,02% . AnnoTponus IpocThIX



BemiectB. [uaponu3. [lomucynbdunbl, ux crTpykTypbl. CTpyKTypa BOJIOPOJHBIX COCTUHEHHM.
OcoObie cBOMCTBa BOABI. XallbKOT€HOBOJAOPOJIHBIE KHUCIOTHI. l3MeHeHue CHIIbI KHUCIOT U
BOCCTAHOBUTEIHPHONW AKTHBHOCTH C YBEIUYCHHUEM TMOPSAKOBOTO HOMEpa XalbKOreHOB. CrocoObl
MOJIyYEHHUSI  XaJbKOI€HOBOAOPOAOB. KuciaopoaHele coequHEHHs XalbKoreHoB. M3MeHeHus
CTPYKTYpPhl OKCHJOB C YBEJIMYCHHEM CTEMEHU OKHUCICHHS. PacTBOPUMOCTH OKCHIOB B BOJE.
Kucnoponoconepskariye KucioThl. M3MeHeHne X OKHCIUTEIbHO-BOCCTAHOBUTENIBHON (DYHKITHH.
Oco0sie cBoiicTBa cepHOi KucnoThl. OneyMm. M3MeHeHne OCHOBHOCTH KHCIIOT OT CEPhI K TEILUTYpY.
[IpaBuia oOpaieHusi ¢ KOHLIEHTPUPOBAHHOW KUCIOTOM. Paznmuynble crnocoObl MoJydeHus 3TOH
KHUCJIOTBI, XUMHU3M MPOIECCOB, JISKALTUX B OCHOBE dTUX PEAKIUH.
Tema 13. Inemenmot VA zpynnot

DNEeKTpOHHAsi CTPYKTypa B3JEMEHTOB. V3MeHeHue CTPYKTYpbl, arperarHoro COCTOSIHUSI M
PEaKIMOHHON CHOCOOHOCTH MPOCTHIX BemlecTB. Kak M3MeHsieTcs CroCOOHOCTh K OKUCIUTENBHO-
BOCCTAHOBUTEIBHBIM pEAKIUsAM C METalaMH M HeMeTaulaMu. VI3MeHeHHe OKHUCIUTENbHO-
BOCCTaHOBUTEIHHON aKTUBHOCTH IIPOCTOT0 BEILIECTBA.

OcoOeHHOCTH  CTPYKTYpPhl ~ BOJOPOJIHBIX  COCOUHEHWH, HX.  KUCJIOTHO-OCHOBHAS,
OKHUCIIUTEIbHO-BOCCTAHOBUTENbHAA  (GyHKIMU. l3MeHeHue STUX mapaMeTpoB B TpYIIeE.
Oco0eHHOCTH B3aWMOJCUCTBHS METAIOB M HEMETAJUIOB C dJeMEHTaMu V TPYIIIbI, CTPYKTypa
o0pa3yeMbIX COEJIMHEHUN, HMX pPEaKIMOHHAs CIHOCOOHOCTh, OKHCIUTEIbHO-BOCCTAHOBUTEIbHAS
AKTUBHOCTH, PACTBOPUMOCTb.

lamorenuapl. OCOOEHHOCTH HX CTPYKTYpBl, CBOMCTB, pPEAKIMOHHON CIIOCOOHOCTH,
PacTBOPUMOCTH, OKHCIUTEIbHO-BOCCTAHOBUTEIILHOU aKTUBHOCTH.

Oco0OeHHOCTH CTPYKTYpBhl U CBOICTB OKCHUIOB, KHCIOPOACOIEPKAIIMX KUCIOT. M3MeHeHue
UX PACTBOPUMOCTH, TEPMUUECKONU YCTOMUYNBOCTH, OKUCITUTEIIHHO-BOCCTAHOBUTEIIbHON aKTUBHOCTH.

Kucnoponcoaepkaiue KUCIOTHI a30Ta, a30THOBATUCTAs, a30THCTasA, a30THAs KUCIOTHI, UX
CTPYKTYpa U yCTOWYMBOCTb. CrOCOOBI MOJYyYEHHS] ITHUX KHUCJIOT U UX COJIEH, UX YCTOMYHMBOCTb,
pacTBOPUMOCTb,  OKHCIIUTEIbHO-BOCCTaHOBUTENbHAasA  (yHkuusa. Kucinoter  docdopa, wux
AJIEKTPOHHOE CTPOCHHE CBOMCTBAa, OCOOCHHOCTH TIIOBEICHUS B BOIHBIX pacTBopax. Comn
optodochopHOl KHUCIOTHI, MX TEPMHUYECKas YCTOWYMBOCTH, MOJIUMEPHOCTh, PACTBOPUMOCTD.
Okcubl ¥ THAPOKCHUJIBI MBIIIBSIKA, CYpPbMBI U BUCMYTa. COJIM, aHTUMOHUJIBI, CTUOMIIBI, BACMYTHUJIBI.
OxkucnurenbHas akTUBHOCTb CO€IMHEHU B BBICIIECH cTeneHU okucieHus. [IpakTuyeckoe 3HaueHune
3JIEMEHTOB MATOM TPYIIBI U UX COCUHEHUI B BBICIICH CTENIEHU OKUCIIEHUS.

Tema 14. Inemenmot IVA epynnut

[Mogrpynna yrnepoma. OOmas XapakTEpUCTHKAa TMOATPYIIBI, CTPOEHUE AJIEKTPOHHBIX
000JI04eK aTOMOB. YTIepoA. AJIOTpONHYECKHe BUAOW3MEHEHHs yriepoaa. Anmas, rpadwur,
KapOWH, UX CTPYKTYphI, CBOMCTBA M MIPAKTUUECKOE MPUMEHEHHE. XUMUYECKHUE CBOICTBA yriiepoa.
BoccranoBurenbHble CBOMCTBA. YTIIEPOA B OPraHUYECKUX COETMHEHUIX. BoIOpoHbIE cCOeIMHEHNs
yriepojia. YroibHas kucioTa u ee conu. Cepoyriepoa. Kapounapl kanbius u kpemausi. CHHUIIbHAS
KHCIIOTa W IUAHWJABI, UX TpUMEHEeHHe B OopbOe C BpEeIUTEISIMH CEIhCKOTO XO3SiCTBa W B
npoMblnieHHocTH. KapOuasl metamios. Kapoonunsl. CoetuHeHUs yriiepoja ¢ a30TOM.

[uanamuja Kanblys, €ro NoJydeHHe U MPUMEHEHHUE B MPOU3BOJICTBE aMMHAaKa U B KaueCTBE
ynoOpenusi. TOINBO U €ro BUIIHIL.

Kpemuuii, pacnpoctpanenwe B mnpupoje. BaxkHeimne MuHepaibl U TOPHBIE MOPOJBI,
coJiepkalire KpeMHu# (Cunukathl). BomopoaHabie coeTuHeHNst KPEMHUS - CUJIaHBI, UX TIOJIYYCHHE
cBoiictBa. KpeMuuiioprannueckue noiaumepsl. Kucnopoansie coennHeHus: kpemHusi. KpemMHueBbiit
anruapua. KpeMHHUeBbIe KUCIOTH U cUauKaThl. CHIIMKaTHAsT TPOMBINUICHHOCTh. [leMeHT, cTexIo.
Cunanbsl u cunokcanbl. Cenukonbl. KpemHMiI B MpHupojae, MPOMBIIUICHHBIE W JTaOOpaTOpHbBIE
CHOCOOBI TMOJYYeHHs] KpEeMHHUS. AJIIOMOCWIIMKATBI, TOJIEBBbIE INIAThI, CIIOAbI, acdecT. AcOecT.
CuUnuImap MeTauioB, KapoopyHI.

OO6mwme cBOICTBAa TepMaHMs, 0JIOBA, CBHHIIA, 3aKOHOMEPHOCTH B U3MEHEHUHU CTPYKTYPHI H
CBOMCTB mpocToro BemiecTBa. OCOOEHHOCTH CTPYKTYpPhl M CBOWMCTBAa BOJOPOIHBIX COCIUHEHUH,
OKCHUJIOB ¥ THUAPOKCUAOB. OIOBSHHAas KHUCJIOTa, €€ COJU. BoccTaHOBUTENbHAsT aKTUBHOCTH
COEIMHEHMS IBYXBAJIEHTHOTO 0JIOBA, OKUCIUTEIbHBIE CBOWCTBA COEIMHEHUI CBUHIIA.



Tema 15. Inemenmut |11A epynnuv

bop, anromMuHwmii, rayumid, nHAUNA, Tautki. OO0IIas XxapakTepucTuka 3JIeMeHTOB. [lomoxkenue
JJIEMEHTOB B MEPUOINYCCKON CUCTeMEe. ATOMHBIC CBOMCTBA: IEKTPOHHBIC KOHPHUTYpAIlUU aTOMOB,
MOTEHIIMAJIbl MOHU3ALUM, CPOJICTBO K JJIEKTPOHY, OTJIMYKME OOpa OT OCTalbHBIX 3JIEMEHTOB
NOATpyMIMbl. XUMHUYECKUE CBOMCTBA AJIEMEHTOB: KOBAJICHTHOCTH 3JEMEHTOB B COCAMHEHUSIX,
31EKTPOOTPULATENBHOCTb, CTEIIEHb OKUCIIEHUS, YCTOWUNBbBIE CTENIEHNU OKHCIICHUSI.

bop. MakcumanbHass KoBajleHTHOCTh. Ctepeoxumusi coeauHeHuid 6opa. CxoactBo Gopa ¢
KpemMHueM. bop kak mpocTtoe BemiecTBo. AJsuioTponusi Oopa. Kpucrammumyeckuit 60op Kak
MOJTYIIPOBOIHUK. MeTo/bl oydeHus: 0opa B CBOOOJIHOM COCTOSSHUU. XMMUYECKHE CBOIcTBa Oopa
KaKk NIpOCTOro BellecTBa. BzaumopeiictBue Oopa € KHCIOPOJOM, a30TOM, CEpOM, XJIOpPOM, C
pacTBOpaMM KHUCIIOT U LIETOYEH.

I'mpapuner 6opa (Gopanbl). bopaHpl Kak 3JIEKTpOHOACPHUIIMTHBIE coenauHeHus. JlubopaH.
Crenenb okucieHus 6opa B fudbopane. ['eomerpuueckas Moieinb MOJIEKYJIbl. TpeXLEHTPOBBIE CBA3U
B nubopane. dusmueckre M XHUMUYECKHE CBoiicTBa aubopaHa. boporuapunHelii aHHOH, €ro
reoMeTpuyeckas Moneiab. bopuabl. Okcua 6opa. Ousnyueckne ¥ XUMUYECKHE CBOWCTBA, METOJIBI
MOJTYyYEHUS.

Oxkcokucnotel 0opa. OprtoOopHas KHCIOTa W €€ XHMHUYECKHE CBOMCTBA. TepMuyecKas
Jeruaparanus oprooopHoi KUCIOThl. MeTabopHas kucinota. Merabopatsl. [TonnOopHbIe KUCTOTHI.
Terpabopnast kucnora. Terpaboparbl. B3aumublll nepexoa OKCOKHMCIOT Oopa B pacTBOpE IpU
pasnnunbix pH. KoMmiekcoobpasyrorias cniocoOHOCTh Oopa.

lanorenuasl Oopa, MX CBOWCTBA. AKIENTOPHBIE CBOMCTBA aromMa Oopa B MOJIEKYJax
TpurajioreHua0B. TerpadTopobopHas KUCIOTa, TeTpagTopodOpaThl.

KapOGopans! (6opoyriepoast). Hutpun 6opa. bopa3zot.

AJIOMUHUI KaK TPOCTOE BEIIECTBO. METOABI €ro MOoJIy4eHHs B CBOOOJHOM COCTOSHUH.
®u3nyYecKue M XUMHYECKHE CBOMCTBA. B3amMoJelcTBHE € KHUCIOPOJIOM, TallOr€HAMH, CEPOU,
pacTBOpamMM KHUCJIOT M Iuenodei. AmtromMuHorepmusi. CruiaBel amoMuHUA. OKCHUI aTFOMHUHMUS.
Xumunyeckue cBorctBa. I'mapoken amomunud. Ero tepmudeckast neruparanusi. AJTIOMUHATHL.

Comu amtoMuHus. [anoreHuapl, HMX CTPOEHHE, TE€OMETpPHYECKass MOJENIb MOJIEKYJIbI.
AKIIENTOpPHBIE CBOMCTBA aTroMa QJIIOMHUHUS B MOJIEKYJIaxX TpUrajioreHugoB. KomriekcHbie
coequHeHus amomuHus. KBacupl. ['uapun anroMuHMs, KOMITIEKCHBIE TUAPUIBI anroMuHus. KapOus
QTFOMUHUSI, HUTPUJ] ATTFOMUHUSL.

lammi, wapmi, tamnui. Ilpenckasanue J[.M. MenneneeBbIM CBOMCTB DKAATFOMHUHUSA
(rammust). OTKpBITHE TAILTHUS.

lannuii, UHOUN W TaMTUR Kak TPOCThIE BellecTBa. MeToAbl WX MONy4YeHHUs B CBOOOIHOM
cocrossanu. HMx ¢usmveckue W XUMHYECKHE CBOMCTBA. B3amMonelcTBHE C KHCIOPOIOM,
rajioreHaMu, cepoil, ¢ pacTBOpaMH KHUCIOT M menoyed. CoeMHeHUsl TaJlus, UHAUS U TaJUIUS B
HU3IIMX CTENCHIX OKuciaeHus. ['uapokena u comu tayus (1), ux cBoOMCTBA.

Oxcunst u ruapokcuanl ramnus (1), wamgus (III) u tanmusa (I1I), ux cBoiicTBa, M3MeHeHUE
KHCJIOTHO-OCHOBHBIX CBOMCTB B pAly aqroMUHUM-TauIni. KomrekcooOpasyromias crocoOHOCTh
rajivs, UHIUs U Tauia. TOKCUYHOCTh COEIMHEHUIN TaJlIUs.

Tema 16. Inemenmot 1A - 11A epynnar

Jlutu#i, kanuil, HaTpui, pyOunui, nesuid, ¢panuumii. Kparkue cBeaeHHs U3 HUCTOpUHU
OTKPBITUST  dJIeMEHTOB. (OOmIas XapakTepucTHKa IIEIOYHBIX MeTauioB. I[lomoxxenue B
MePUONYECKON cucTeMe. ATOMHBIE CBOMCTBA: AIEKTPOHHBIC KOH(PUTYpAIIUU aTOMOB, MTOTSHIIMAIBI
HWOHU3AIHNH, CPOACTBO K AIEKTPOHY. XUMHUUECKHE CBOMCTBA AJIEMEHTOB. DJIEKTPOOTPHUIIATETLHOCTD,
CTENEHb OKHUCIICHUS], OTIUYHE JIUTHUS OT APYTUX LIEIOYHBIX MEeTAIIOB. [IpenmyiiiecTBeHHO MOHHBIN
XapakTep CBSI3U B COCMHEHUSX IETOYHBIX MeTauioB. MoHHbIe panuycel. [lonoxkeHne MeTaaioB B
pALy HANPS>KEHUM.

[Ipocteie BemecTa. [lomydeHnne menoYHbIX METAUIOB B CBOOOTHOM cOoCTOsTHIH. Du3ndeckue
U XMMHUYECKHE CBOMCTBA. B3amMonencTBUE C BO3AYXOM, KHUCIOPOJOM, a30TOM, CEPOM, BOIOM,
pacTBOpaMM KUCTIOT.



Oxcuppl, IEPOKCUIBI, CYTIEPOKCHUIbI, O30HU/IbI IIEJTOUYHBIX METANIOB, UX CBOMCTBA U METOJbI
MOJTyYEHUSI.

['mapokcuabl MIENOYHBIX METAIOB. XUMHUYECKHE CBOMCTBA, MeToAbl mnoiyudeHus. Conu
IIEJIOYHBIX ~ METAJUIOB:  TaJOreHUJAbI, HUTPaThl, CyiabdaThl, CyIbQUAbl, KapOOHATHI,
ruipokapOoHaThl, epxjaoparsl. MIx cBoiictBa. HUTpuapl, ruipuabl mEI0YHBIX METAIIIOB.

bepunnuii, wmarawii, KaubIui, CTpOHIUH, Oapuii, paguil. DOpMbI HAXOKACHUSI U
pacrpocTpaHeHHOCTh B npupoge. OOmas xapakTepucTuka »3ieMeHToB. [lomoxkeHne wux B
MEePUONYECKON cucTeMe. ATOMHBIE CBOICTBA: AJIEKTPOHHBIE KOHPUTypalluu aTOMOB, TOTEHIIHAIIBI
MOHM3AIMU. XUMHUYECKHE CBOMCTBA AJIEMEHTOB: 3JIEKTPOOTPULATENIBHOCTh, CTENEHb OKHCIIEHUS,
OTIN4ME OepUIUINS OT OCTANIBHBIX 3JIEMEHTOB MoArpymnmsl. Kaneiuil, crpoHuuit, 6apuii u paauii Kak
LIEJIOYHO-3EMENIbHbIE MeTa/lIbl. [IperMyIecTBEHHO HOHHBIA XapakTep CBA3M B COEIMHEHUSIX
LIEJI0YHO3EMENbHBIX MeTauioB. loHHbIE paguycsl. KOBa€HTHBIN XapakTep CBS3U B COCIMHEHUSIX
6epmwuna. CriocoOHOCTh K KoMILIeKcooOpa3oBanuto. [losioskeHre METayuioB B psAY HANPSDKEHUH.

bepunmnmuii. KoBanmeHTtHOCTH Oepwiuivs. AKIENTOpHBIE CBOWCTBa aTtoMa Oepuuids B
Monekynax Tumna BeX,. Crepeoxumus coennHernii oepmums. CX0ACTBO OSPUILTUS C ATFOMUHUEM.

Bbepunnuii kak mpocToe BeliecTBo. MeToAbl MOodydeHHus: OepHiIis B CBOOOIHOM COCTOSHUU.
Ero ¢usnyeckue n xuMudeckue CBOMCTBa. B3ammojeiicTBie ¢ KUCIOPOAOM, BOJOW, pacTBOPAMH
KHUCJIOT U IIEJIOYEH.

Oxcun u ruapoxkcun Oepwius. Conu Oepwuiusi, MX CBOWCTBA. XJOpUA OepulIus, €ro
CTpoeHHEe B Ta3000pa3HOM U TBEpAOM cocTOsSHUHU. bepmmnatel. TOKCHYHOCTH COEIUHEHUN
OepuILIHSL.

[lenoyHo3eMenbHbIE METaUIbl: KalblUi, CTpOHIMHA, Oapuii, paamii. KoopauHanuoHHbIE
YKCJla MOHOB KaJbIHsl, CTPOHLIUS U Oapusl.

[Ipocteie BemecTBa. MeTOAbI MONYyYEHUS IIEIOYHO3EMEIbHBIX METANIOB B CBOOOIHOM
cocTtosiHUM. DU3NYECKHME M XHWMHYECKHE CBOWMCTBA. B3ammonencTBHE€ € KHCIOPOAOM, BOJIOM,
pacTBOpaMH KUCJOT.

['upuabl 11€7109YHO3EMENBHBIX METAIIIIOB.

Oxcnapl U IEPOKCUIBI HIETOYHO3EMENBHBIX METAUIOB. MeTonabl noiaydeHus, ['uapokcumasl,
COJIM IIEJIOYHO3EMENbHbIX MeTauloB. Heramenas u rameHas u3BecTb. JKeCTKOCTb BOJBIL:
BpEeMEHHasi, MOCTOsIHHAsA. ETUHUIIBI H3MepeHus KecTKOCTH BoJibl. CIlocoObl yCTpaHEeHHUs )KEeCTKOCTH
Bozbl. [lonsTre 00 noHHOM OOMeHe. [IpakTHueckoe MpUMEHEHHE 1IET0YHO3EMETbHBIX METANIOB U
UX COCIUHEHU.

Tema 17. Inemenmut 111 B epynnu

Ckanauii, uWTTpul, mOTenUd (WK JaHTaH), JoypeHcud (wiam akTtuHui). OOmas
XapaKTepUCTHKA 3JIeMEHTOB. llojokeHue »HJIeMEHTOB B NEPUOAMYECKON cucteme. ATOMHBIE
cBOMcTBa. l3MEHEHME AaTOMHBIX CBOWCTB JJIEMEHTOB B IOATPYNIE M CONOCTaBICHHE HUX C
aTOMHBIMM CBOMCTBaMM 3yieMeHTOB InaBHOH (A) moxarpynmsl Il rpynmel. Xumuueckue cBoiicTBa
aneMeHToB. Crenenp okuciaeHus. OTiMuue CBONCTB CKaHIUSA OT CBOMCTB OCTAJIBHBIX JJIEMEHTOB.
brnuzocth mocneaHNX K CBOMCTBaM pf-21eMEHTOB (JIAHTAHOUIOB).

du3nyecKkue U XUMUYECKUE CBOMCTBA MPOCTHIX BEIIECTB. B3zaumonelcTBrue ¢ KHUCIOPOIOM,
rajloreHaMu, BOJIOM, pacTBOpamMH KUCJIOT.

Oxcupl, TUIPOKCHIBI U COJM 3JEMEHTOB MOArpYNHNbl cCKaHAus. CpaBHEHHE XMMHYECKHX
CBOMCTB 3J1eMEeHTOB TNaBHOM (A) u mobounoi (B) moarpynn Il rpymnmel nepuoanyeckoi CUCTEMBI.

Tema 18. /lanmanouovi. Akmunouowt

JlanTan (WM JIOTENMI), TEpUH, NPa3eoauM, HEOIUM, IPOMETHM, CaMapuid, E€BPOIH,
raJOIMHUNA, TepOuid, AMCIPO3UM, TONBMUM, pOuil, Tymuil, urrepOmii. OOmEAs XapaKTepUCTHUKA
anemMeHTOB. [lonokeHne TaHTaHOUOB B EpHOANYecKOi cucTeme. CyIiecTBYIOIIME BO33PEHUS HA
MOJIOKEHHE JIaHTaHa U JIIOTEeHUs. DIEKTPOHHBIE KOH(pUrypanusi aroMoB. briuzocts sHepruii 4f- u
50-ypoBHeii, ocobast yCTOWYHMBOCTH 3allOJHCHHOTO HAMOJIOBUHY M 3alOJHEHHOTO MOJHOCTHIO f-
ypoBHs. COIOCTAaBIEHNE CTPOECHMsI BHEUIHUX JJIEKTPOHHBIX YPOBHEW M MOTEHIMAJIOB MOHU3ALUU
aTOMOB JIAHTAHOMJIOB, 3JIeMeHTOB 000uHOH (B) u rmaBHoit (A) moarpymms 111 rpynmst.



W3MeHeHne XMMHYECKMX CBOMICTB JIAaHTAHOWJOB C BO3pAacTaHUEM IOPSAKOBOIO HOMEpA.
[IpuunHBI CXOACTBa CBOICTB JaHTaHOUAOB. Yuactue f-opOuTaneil B 0O0pa3oBaHUM XUMHUYECKHX
CBSI3€H, BBICOKME KOOpJMHALIMOHHBIE YMCJIa aTOMOB JIAHTAHOUJOB. JIaHTAaHOMIHOE CXKATHE U €ro
BIMsSHUEC Ha cBoiictBa 5d-amemeHTOB. CTENEHM OKHCICHHS. YCTOWYHMBBIC CTEIICHH OKHCIICHUS.
[lepnoaMYHOCTE W3MEHEHUS BO3MOXKHBIX CTEIIEHEH OKHUCIEHUsS DJJEMEHTOB B CEMEHCTBE
JAHTAHOUJIOB C BO3pacTaHHWEM MOPSAIKOBOTO HOMEpA.

@u3nyecKue U XMMUYECKHE CBOMCTBA JIAHTAHOUIOB KakK IPOCTBIX BellecTB. B3anmonencraue
C KHUCIOpOAOM, TrajoreHamH, BOJOW M pacTBopaMu KHUCIOT. [lonoxeHue MeTamioB B psAy
HaIpsKECHUN.

Coenunenus 1anTaHon10B B coctostHuM okucieHus (111). Oxcuapl 1 rTuAPOKCUIBI, U3MEHEHUE
UX CBOWCTB C BO3PACTaHUEM IOPSIIKOBOIO HOMEPA JIAHTAHOUIOB.

AKTUHUHN (MM JIOYPEHCH), TOPUH, MPOTAKTUHHUMA, ypaH, HENTYHHUH, TIyTOHUN, aMEpHIINH,
Kropuii, 6epkimii, kanudopuuii, sitHIITeHHNH, Pepmuii, MmeHaeneBuil, 102-ii.

OOmas xapakTepucTHKa 3y1eMeHTOB. llojokeHne akTUHOHMIOB B MEPUOJUYECKON CHCTEME.
DrekTpoHHbIe KOH(pUTrypaiuu atomMoB. bimusocts suepruit 5f- u 6d-yposueit. CormocraBieHue
CTPOCHHS BHEIIHUX JJIEKTPOHHBIX YPOBHEH aTOMOB aKTHHOUIOB U JIaHTaHOU0B. CyIllecTBYIONINE
BO33PEHUS Ha MOJO0KEHUE aKTUHOUIOB B IEPUOJUUECKON CHCTEME.

V3MeHeHne XMMHUYECKUX CBONCTB AaKTHHOUJOB C BO3pAacTaHHUEM MOPSIAKOBOIO HOMeEpa.
VYuactue f-opOutaneii B 00pa3oBaHMM XUMHUYECKUX CBSI3€H, BBHICOKHE KOOPIMHAIMOHHBIC YMCIIA
aTOMOB aKTHHOUJOB. ATOMHBIE U MOHHBIE PAINYChl AKTUHOUOB. AKTUHOMAHOE cxaTre. CTeneHu
OKHUCJIEHUS aKTUHOMJOB. BiM30CTh CBOMCTB TOpHSA, MPOTAaKTUHUS M ypaHa B BBICLUICH CTENEHU
OKHCJIEHHUs K cBoMcTBaM d-3memMeHToB 4, 5, 6 rpynn cooTBeTCTBEHHO. CKIOHHOCTh aKTUHOHJIOB K
KOMILIEKCOOOPA30BaHUIO.

VYpaH. ATOMHBbIE CBOICTBa ypaHa, M30TOMHBIA COCTaB. XHMMHUYECKHE CBOWCTBA ypaHa Kak
JJIEMEHTA.

XuMUYecKHe CBOMCTBAa ypaHa Kak mpoctoro BemiectBa. CoenuHenuss ypana (4), ux
OKHCJIUTEIHHO-BOCCTAHOBUTEbHEIE cBOMcTBA. CoenuHenus ypaHa (6). OKcua u TUAPOKCHU]T ypaHa
(6). Conu ypanunna. Ypanatsl, U3Og kak ypanat ypana. @ropus ypasna (6).

CpaBHeHHE XUMUYECKUX CBOICTB aKTUHOUIOB CO CBOMCTBAMU JIAHTAHOMI0B U d-3JIEMEHTOB.

Tema 19. Inemenmot VB epynnut

Turan, nupkonuil, rapuuil, KypuatoBuil. O01as XapakTepucTuka 3yeMeHToB. [lonoxenue B
NEPUOANYECKON cHucTeMe. ATOMHBIE CBOMCTBa. V3MEHEHHME aTOMHBIX CBOWMCTB JJIEMEHTOB B
MOATPYIIE U COMOCTaBICHUE WX C aTOMHBIMU CBOMCTBAMMU 3JIEMEHTOB TJIaBHOM (A) moarpymmsl 4
rpynnsl. XHWMHUYECKHME CBOMCTBA DJJIEMEHTOB: CTENEHHM OKHUCIIEHUS, YCTOMYMBBIE CTEIECHU
OKHCJIEHHUS, O0JIBILIOE CXOJICTBO CBOMCTB IUPKOHUS U TaQHMUSL.

Turan. Ilonydyenue, pusnyeckue U XMMHUYECKHE CBOMCTBA THTaHAa KakK MPOCTOrO BEILIECTBA.
B3aumopeiicTBue ¢ KHUCIOpOAOM, rajoreHamu, pactBopamu kucior. Coenunenus tutana (1) u
(11). Oxcun, ruapoxcus u conu tTutana (1V). Conu tutanmna. TUTaHATHI.

Hupkonuii, rapuuii. [lonyuenue, ¢pusnueckre 1 XUMHUYECKHE CBONCTBA LIMPKOHUS U TaQHUS
KaK TpOCTBIX BeHIECTB. B3aumozeicTBHEe C KUCIOPOAOM, TajOreéHaMH, pPAacTBOPAMU KHCIOT.
Oxcuppl, rugpokcu sl u conu mupkonus (1V) u rapuus (1V).

CpaBHEHHE XUMHUYECKHX CBOWMCTB AJIEMEHTOB riaBHOW (A) u mobounoii (B) moarpymm 4
IPyNIbl HEPUOANYECKON CUCTEMBI.

Tema 20. Inemenmur /B epynnut

Banammii, HuoOuii, Ttantam. OOmas xapakTepucTuka diaeMeHTOB. [lomokeHue B
MEPUOANYECKON cHucTeMe. ATOMHBIE CBOMCTBAa. VI3MEHEHHME aTOMHBIX CBOMICTB 3JIEMEHTOB B
MOATPYIIE U COMOCTaBICHHE WX C AaTOMHBIMU CBOMCTBAMHU AJIEMEHTOB IJ1aBHOU (A) MOATpYMHIBI 5
rpymnmbl. XUMHUECKUE CBOWCTBa 3ieMeHToB. Bananuii. [lomydenue, ¢pusmueckue u XUMHUYECKUE
CBOMCTBa BaHaIus KaK IMPOCTOrO BellecTBa. BzanMopelcTBUEe € KHUCIOPOJIOM, TalOr€HaMu,
pactBopamu kucnot. Coequnenus Banagus (11, 111, 1V). Xapakrep okcu10B 1 THIAPOKCHIOB.



Comu Banamusa. [anmorenwanl u okcorajmoreHuanl BaHamus (1V) u (V). Bananatsl.
[TonuBananaTel. OKUCIUTENBHO-BOCCTAHOBUTENIbHBIE CBOMCTBA COSIMHEHHI BaHAAMS B PA3IUUYHbIX
COCTOSIHUSIX OKHCJIEHMS.

HuoOuii, Tantan. [lomyuenue, puznyeckue U XUMUYECKUE CBOICTBA HHOOMS M TaHTajla Kak
IIPOCTBIX BellecTB. B3aumonelcTBUE C KUCIOPOAOM, TajOr€HaMH, pacTBOpPAaMU KHCIOT.
Coenunenue nnoowms (V) u tantana (V). Huo6arsl u TaHTanarel.

CpaBHEHHE XMMHUYECKHX CBOMCTB 3JIEMEHTOB TJaBHOH (A) u mobounoii (B) moarpymm 5
IPYNIbl HEPUOAUYECKON CUCTEMBI.

Tema 21. Inemenmut V1B epynnu

XpoM, wmonubneH, Boibdpam. OOmas xapaktepuctuka 3neMeHToB. llojmoxxeHue B
MEPUOINYECKON cucTeMe. ATOMHBIE CBOWCTBa. l3MeHeHHE aTOMHBIX CBOWMCTB 3JIEMEHTOB B
MOATPYIIIE U COMOCTaBICHHE WX C aTOMHBIMU CBOMCTBAMHU 3JIEMEHTOB TJIaBHOU (A) moArpymmsl 6
rpynnbsl. XUMHUYECKUE CBOMCTBA 3J1€MEHTOB. CTEpEOXUMUSl COSAMHEHUIN 3JIEMEHTOB B COCTOSHUU
okucaenus (6), crepeoxumus coeauHenuit xpoma (I1I). [TonoxeHne MeTanaoB B psiny HapsDKCHUH.

XpoM. @uznyeckMe M XUMHYECKHE CBOWCTBA XpOMa Kak IMPOCTOTO  BEIIECTBA.
BsaumopeiicTBue ¢ KHCIOPOA0M, raloreHaMH, PaCTBOPaMH KHUCIIOT.

Coemnunenus xpoma (1) u (III). Xapakrep okcumoB u rumpokcunoB xpoma (1) u (I11).
Xpomutsl. Conu u komruiekcHble coenuuenust xpoma (III). Coequnenus xpoma (V). Oxcua xpoma
(VI). Ero cBoiicTBa, TOKCHYHOCTb. XPOMOBBIC KHCIOTBL. XPOMAaThl, OMXPOMAaThl, UX B3aHMMHBIC
nepexonbl. ['anorenunsl u okcoranorenuasl xpoma (V). U3menenne xapakrepa TMIPOKCUIOB H
OKHUCJIUTEIbHO-BOCCTAHOBUTEJIBHBIX CBOWCTB COEIMHEHUI XpOMa C BO3pAaCTaHMEM €ro CTEIEHU
okucnenus. [lepokcun xpoma, ero crpoenue. Ilepokcoxpomarsl.

Monubaen, Bonbppam. Ouznyeckre 1 XUMUIECKHE CBOMCTBA MOJIMOIEHA U BOJIb(ppaMa Kak
MIPOCTHIX BelIecTB. B3anmoeiicTBie ¢ KUCIOPOaA0M, ralOreHaMu, PACTBOPAMHU KHCIIOT.

Coenunenus wmonubaena u BoidbPpama (VI). Xapaktep OKCHIOB H THAPOKCHUIOB.
MonubaeHoBast v BoJib(ppamMoBasi KUCIOTHI, UX COMH. VI30MOMUKUCIOTHI, TE€TEPOIOIUKUCIOTH U HX
comu. Kparkue cBefeHHS O COCIMHEHHMSX MOJHOACHA W BOJb(ppaMa B HHU3MIMX COCTOSHUIX
okucyeHns. OKCHUpl, TaJIOTEHUBI.

CpaBHEeHHE XUMHUYECKHX CBOMCTB AJIEMEHTOB IiaBHOW (A) m mobounoil (B) moarpymm 6
IpyNIbl NEPUOAUYECKON CUCTEMBI.

Tema 22. Inemenmot V1B epynnwi

Mapranen, TexHeuui, penuil. OOmas xapakTepucTuka »syeMeHTOB. IlonoxeHue B
MEePUONUECKON cucTeMe. ATOMHBIE CBOWCTBA. l3MeHEHHE aTOMHBIX CBOWMCTB DJIEMEHTOB B
MOJrPYIIE U COMOCTABICHNUE UX C AaTOMHBIMU CBOWCTBaMM 3JIEMEHTOB IJIaBHOHM (A) moarpymsl 7
rpynnbl. XUMHUYECKUE CBOMCTBA 31€MEHTOB. CTepeoXuMusi COEAMHEHUN 3JIEMEHTOB B COCTOSHHUU
okucnenus (7). [lonoxxeHre MeTauIoB B psAY HANPSDKEHUH.

Mapranen. ®duznueckne W XHUMHUYECKHE CBOMCTBA MapraHila Kak MPOCTOr0 BEIECTBA.
B3aumoneincTBue ¢ KMCIOPOAOM, raJIoT€HaMH, BOJOW, pacTBopaMu KHCIOT. OKCUA, THAPOKCUI U
conu Maprasna (2). Oxeun u ruapokeu mapradua (111). Oxcun mapranua (1V). MapranueBarucras
kuciora. Manrauutel. Manranut mapranna (I1). Coenunenust mapranua (V). MapranmoBucrast
kucnotra, ManraHatel. Oxcup wMapranuna (VII). MapranmoBas Kuciaora, IepMaHTaHATHI.
OKHCINTENBHO-BOCCTAHOBUTEIbHBIE CBOWCTBA MapraHila B Pa3HbIX COCTOSHUSIX OKHCIIEHUS IIpU
paznmnuHbix pH.

Texneunii, peHuid. @U3NUECKUE U XMMUYECKUE CBOMCTBA PEHUS KaK IPOCTOrO BEIIECTBA.
B3anMopeiicTBue ¢ pacTBOpaMu KUCIOT.

Kparkas xapaktepuctuka coenunenuii perust (I1), (IV), (VI). Coenunenus penus (VII):
pPEHUEBBI aHTUAPUJ, pEeHUEeBas Kuciora, neppeHarsl, ¢ropun penus (VII). OxucnurtenbHo-
BOCCTAaHOBUTEJIbHBIE CBOMCTBA COEIMHEHUN PEHUS B PA3IIMYHBIX COCTOSIHUSX OKUCIICHUS.

CpaBHEeHHE XMMHUYECKHX CBOMCTB 3JIEMEHTOB riaBHOW (A) u mobounoil (B) moarpymm 7
IpyNIbl NEPUOAUUECKON CUCTEMBI.



Tema 23. Inemenmut VI11B epynnot

Ilooepynna oceneza. XKeneso, pyreHuid, ocmuii. OOmIas XapaKTepUCTHKA JIIEMEHTOB.
[Tonoxxenue B NEPHOAUYECKON cucTeMe. ATOMHBbIE CBOWCTBA. VI3MEHEHHSI aTOMHBIX CBOWCTB
3JIEMEHTOB B MOATPYIIE U WX COMOCTAaBJIICHHE C aTOMHBIMU CBOICTBaMU 3JIEMEHTOB TJIaBHOM (A)
noArpynmnel 8 Tpynmbl. XUMHUYECKHE CBOWCTBA AJIEMEHTOB: CTENEHb OKHUCICHHS, yCTOWYHBBIC
CTETeHH OKHCIIEHUs, OOJIBIIOE CXOJICTBO CBOMCTB pyTeHHs U ocMus. [lonoxkeHrne MeTamioB B psiy
HaIpsKECHUN.

XKenezo. MakcumanbHas crenenb okucieHus. Crepeoxumus coenunennii xenesa (1), (1),
(V).

Amnotponus sxene3a. MarHutHele cBoicTBa. TBepble pacTBOpPHI M COSAMHEHUS >Kejle3a C
yriaeponoM. Msrkoe xeie3o, craib, 4yryH. [loHsTHEe O nerupoBaHHBIX craisx. dusmueckue u
XMMHUYECKHE CBOMCTBAa Keje3a Kak MPOCTOro BellecTBa. BzauMojeilcTBHe ¢ KHUCIOPOIOM,
rajJoreHaMu M IpyruMH MeTallaMu, BOJIOM, pacTBOpaMH KUCIJIOT U LIEJIOYEH.

Oxcun u ruapokcun sxeiesa (11). Conu u kommuekcubie coenunenus xeinesa (I1). Coms Mopa.
XKenesucrocunepoaucras kucinora u ee conu. Oxcun u rugpokeun xeneza (I1). XKenesucras
kucnota, peppursl. Geppur xenes3a (I1). Conu u kommnekcusie coenunenus xenesa (I11). Ksacisr.
Kenezocuneponucras Kuciaora u ee coiid, ux TokcuyHOCcTh. Coemunenus xene3a (V). Comm
xKene3Hor KucioThl ((pepparbl). OKUCIUTENBHO-BOCCTAHOBUTENBHBIE CBOMCTBA Kelie3a B Pa3HbIX
COCTOSIHMSIX OKHCJIeHUs rpu pa3iandnbix pH. KapOonwunsl xene3a. Hutposui xenesa. @epporieH.

Pyrenwnii u ocmuii. biaM3ocTh MX XUMUYECKHX CBOWCTB K CBOMCTBaM peHus. Ousnueckue u
XMMHUYECKHUE CBOWMCTBA PYTEHUSI U OCMUS, KaK IIPOCTHIX BeLIECTB. B3aumoaeicTBue ¢ KUCIOPOAOM,
rajioreHaMu, pacTtBopaMu KucioT. CrnocoObl pacTBOpeHHS MeETauioB. PyreHuii U ocMmuil Kak
1aTUHOBbIe MeTailibl. Okeuapl U ranorenupl pyrenus (1V) n ocmus (1V). Coenunenust pyrenus
(V1) u ocmus (V). Pyrenatst u ocmatbl. Okcusl pyrenus (V1) u ocmus (VII). OkucnurenbHo-
BOCCTAaHOBHUTEIIbHBIE CBOHCTBA COCIMHEHHWH pYTEHHS M OCMHUS B Pa3IMYHBIX COCTOSHHSIX
OKUCJICHUS.

CpaBHEHHE XMMHUYECKHX CBOWCTB AJIEMEHTOB IIaBHOU (A) m mobounoi (B) moarpynmn VIII
IPYIIIBI NEPUOINIECKOIN CUCTEMBI.

Ilooepynna kobanema. Kobanbt, pomuit, upumuit. OOmas XapakTEPUCTHKA HIEMEHTOB.
[TonoxxeHne B MepHOAMUYECKON cucTeMe. ATOMHBIE CBOICTBa. XMMHUYECKHUE CBOWCTBA HJIEMEHTOB:
CTETIEHU OKHCIIEHUS, YCTOMYMBBIE CTENEHU OKUCIECHMsI, OONbIIOE CXOACTBO POJIUS U HUPUIUSL.
[TonoxkeHne METaNIOB B PSAIY HANPSKEHUH.

KoGanpT. ®usnueckne W XHUMHYECKHE CBOMCTBa KoOambTa Kak IMPOCTOrO BEIIECTBA.
B3aumMoneiicTBre ¢ KMCIOpPOJOM, rajoreHaMmu, pactBopamu kucioT. Coenunenue kobanbta (I) n
(11). XapakTep OKCHIIOB U TUAPOKCHIOB. BaxkHEHIIINE COMM U KOMIUIEKCHBIC COCIMHEHHS KOOanbTa
(1) u (). OxucnuTeapbHO-BOCCTAHOBHUTENIbHBIE CBOWCTBa coemuHenuii kobamsta (1) u (I11).
Kap6onums! kobanbra. Ponuit, upunuii. ®usndeckre 1 XUMUYECKHE CBOWCTBA POJIUS U UPHUIUS KaK
MPOCTHIX BellecTB. B3anmoaelcTBre ¢ KUCIOPOJIOM, rajloTeHaMH, pacTBOpaMH KucioT. CrocoOsbl
pacTBOpeHUsI METAILTOB. Poinil M Mpuanil KaK MJIaTUHOBBIE METALIIBI.

Coemunenus pomust (1) u upunus (111). Oxcuapl, ruapokcuabl U ranoreHuasl. OKCUIBl U
raorenuasl upuaus (1V). @ropun upuausa (V). OxkucauTenbHO-BOCCTAHOBUTEIbHBIE CBOWCTBA
COEMHEHUI pOJUs U UPUAMS B PA3IUYHBIX COCTOSHUSIX OKHCICHHUS.

llooepynna nuxens. Hukenb, namnaauii, ruiatuHa. OOmIas XapakTEepUCTUKA 3JIEMEHTOB.
[lonoxxeHne B MEpUOAMYECKON cucTEME. ATOMHBIE CBOMCTBA. XMMHUYECKHE CBOWCTBA DJIEMEHTOB.
CrenieHn OKHUCIICHHSI, YCTOMUMBBIC CTETICHW OKHCIICHHS, CXOJCTBO CBOWCTB MAJUIAAHS W TUTATHHBL
Crepeoxumusi COeMHEHHH 37eMeHTOB B cocTossHuu okucienus (ll), crepeoxumus coenuHeHUN
wiatussl (1V).

Hukens. ®usnyeckue M XUMHUECKHME CBOWCTBA HHUKENS Kak IPOCTOrO BEIIECTBA.
deppoMarHeTu3M HUKeNS. B3anMoIeiicTBHE € KHUCIOPOJOM, TaJOr€HamH, BOIOW, pacTBOpamu
kuciot. Oxcun u ruapokcun Hukens (l1). Conbp m kommiekcHble coeauHeHus nukens (l1).
I'unpoxkcun wukens (I1). Kommuekcubie ¢ropunst Hukens (1V). KapOonwnbl HUKes.
[IpakTHyeckoe MpUMEHEHUE HUKENS U €r0 COeTMHEHUH.



IMamnagmii, nnaruaa. du3nyeckue WM XUMHUYSCKHE CBOMCTBA Taiiagusl M IJIATHHBI Kak
MIPOCTHIX BelecTB. B3aumojeiicTBie ¢ KUCIOPOIOM, rajoreHaMH, pacTBOpaMu KHUCIOT. CrocoObl
pactBopeHust MeTaJuioB. [layanuii v mIaTMHa Kak MJIaTUHOBBIE METAJLIBI.

I'mapokcuabl namtagus (1) u maatuasr (1) u (1V). Kommiekcasie coequnenns miaTuabl (11)
u (IV). I'ekcaxnopormiatnHoBas KucaoTa u ee conu. ['ekcadropun ruiatuns (V).

OO6muit 0030p MIaTHHOBBIX MeTaiioB. [IpuHiunel apduHaxa MIATUHOBBIX MeTayIoB. Ponb
OTEUYECTBCHHBIX YUCHBIX B PA3BUTHUU XUMHUU TUTATUHOBBIX METAJUIOB.

Tema 24. Inemenmut |B epynnot

Menp, cepebpo, 3omoro. OOmias XapakTepuCcTUKa 3JeMEHTOB. I[loyojkeHue 3IIEMEHTOB B
[IEPUOIMYECKON cHucTeMe. ATOMHBbIE CBOWCTBa. l3MeHEHHE AaTOMHBIX CBOWCTB 3JIEMEHTOB B
MOATPYIIIE U COIIOCTABIEHUE UX C ATOMHBIMU CBOMCTBAMHU 3JIEMEHTOB IIaBHOU (A) nmoarpynmsl |
rpynnsl. XUMUYecKue CcBOicTBa 37eMeHTOB. CTepeoXuMHsl COCIUHEHHM 3JIEMEHTOB B pa3HBIX
COCTOSTHUSIX OKUCJICHHSI.

Menpb. usnueckre U XUMHUYECKHUE CBOMCTBA MEAU KaK MPOCTOro BemiecTBa. Bzanmoaeiictere
C TaJIOT€HaMH, KUCJIOPOJIOM, CEPOM, PACTBOPAMHU KUCIIOT U ITUAHUIOB.

Coemunenus menu (1) u (I). Oxcuael u ruapokcuapl. Coau U KOMILUIEKCHBIE COCITMHCHUS
menu (1) u ().

Cepebpo. dusmueckre U XUMUYECKHE CBOICTBa cepeOpa Kak MPOCTOTO BEIIECTBA.
B3anMopeincTere ¢ raroreHaMmu KACIopoA0M, CEPOM, paCTBOPAMU KUCJIOT U IUAHUIOB.

Coenunenus cepedpa (). Oxcun. HeycroitunBocts rugpokcuaa cepedpa. Hutpart cepedpa.
lanorenuasl cepebpa, HMX CBETOUYBCTBUTEIBHOCTh. KOMIUIEKCHBIE COEAMHEHUs cepedpa.
Coemunenus cepeopa (I1).

3onoro. dusnueckue U XUMHUYECKHE CBOWCTBAa 30J0Ta KaK IIPOCTOIO BELIECTBA.
BsaumopeiicTBue ¢ ranoreHamu, pacTBopaMu KUcioT u nuanugoB. Coequnenus 3omoTa (l). Oxcun
u rusipokcul. I'anorenn sl 30m0ta (1).

Coeaunenus 3omota (II1). Oxcun u ruapokcua 3omota (I1). 3omotas kuciaora. KomruiekcHbie
coequHeHus 3oiota (II1).

CpaBHEHHE XUMHUYECKHX CBOMCTB AJJIEMEHTOB TriaBHOU (A) u mobounoit (B) moarpymm 1
TPYTIIBI TIEPUOHMYECKON CHCTEMBI.

Tema 25. Inemenmut 1B epynnuvt

Huuk, xagmuil, pryTs. OO0mIas XxapakTepucTHKa 371eMeHTOB. [lonoxeHne B NepuoanuecKoin
cucreme. ATOMHBIE CBOHCTBA. V3MEeHEHHE aTOMHBIX CBOICTB DJJEMEHTOB B TOATpYIINe U
COIOCTABJICHWE UX C ATOMHBIMU CBOMCTBaMH 3JIEMEHTOB IJ1aBHOW (A) MOArpymmbsl 2 TCPYMIbL.
XuMudeckue CBOMCTBa 37eMeHTOB. CteneHn OokucieHus. CTepeoXuMusi COeTMHEHUN SJIEMEHTOB.
[Toyto’keHHE METAIITIOB B PSTy HAIIPSDKEHUH.

[uuk, kanMuil. Ou3NYecKHe M XUMHUYECKHE CBOWCTBA IIMHKA WU KaJMHUS KaK MPOCTBIX
BEIIECTB. B3auMopeicTBue € KHCIOPOAOM, TAJIOT€HAMH, CEpPOil, BOJOH, PacTBOPAMH KHCIOT,
menoded 1 ammuaka. OKCHIBI M THUAPOKCUIBI IMHKA U kKaamus. ['mapokcouuukatel. Conmu u
KOMIUICKCHBIC COCTUHEHUS IIMHKA W KaJIMUSI.

Pryrh. ®usndeckue U XUMHUYECKHE CBOWCTBA PTYTHU KaK MPOCTOTO BEIIECTBA. AMablraMbl.
B3aunMozeiicTBre pTyTH ¢ KHCIOPOJOM, TaJlOTeHaMU, CEPOM, paCTBOPAMH KHUCIIOT.

Coemunenus pryta (l), MeToapl WX MONMy4deHHs. XapaKTePUCTHKA WX YCTONYHMBOCTH:
mucnpornopionupoBanue. Okcua prytd (). Comu pryru (). Kanmomens. Coequnenus prytu (I1).
Oxcun prytu (I1). Cynema. Amunusie coenunenus prytu (11). KommiekcHpie coequHeHMs.

CpaBHEeHHE XMMUYECKUX CBOMCTB 3JIEMEHTOB riaBHOW (A) u mobounoi (B) moarpymmsr 2
TPYNIBI NEPUOAUYECKON CUCTEMBI.

Tema 26. Inemenmot V1114 cpynnot

l'enuii, HEOH, aproH, KPUITOH, KCEHOH, pajnoH. [lomokeHWe B TMEPUOAUYECKON CHCTEME.
DOneKTpoHHbIE KOHGUTypaluu. ATOMHBIE CBOMCTBA. MI3MeHEeHHE aTOMHBIX CBOWCTB 3JIEMEHTOB B
MOATPYIIE W COMOCTABIEHUE UX C aTOMHBIMU CBOMCTBaMH 3JIEMEHTOB 10004HOH (B) moarpymmbl
VIl rpynnel. Haxoxnaenue B mnpupone. [lomyuenue. ®usnueckue cBoiicTBa. XUMHYECKHE
cBoiicTtBa. CoequHEHUs KCEHOHA.



5. METOAUYECKUE YKA3AHMUA 11O TPEITOJABAHUIO
N OCBOEHHIO JUCIIAITJIMHbI

5.1. VYkazanums s npemojaaBaresieid M0 OPraHU3alUM M TNPOBEICHUI0 Y4YeOHBIX
3aHATHI M0 AUCUUILIUHE

JIeKIMOHHBIE 3aHATHS MPOBOAATCS CKeHeAeIpbHO B 00beMe 4 yaca (1 cemectp) u 6 yacos (2
cemectp). JlaGopaTopHble 3aHATHUS TPOBOAATCS €XKEHENENIbHO B o0ObeMe 7 W 8 4acos,
COOTBETCTBEHHO. BO Bpems M3ydeHHUs KaxJ0i TeMbl 00ydaroniyecs OTBE4al0T Ha coOecel0BaHu,
U IPOBOAMUTCS TECTOBBIM KOHTPOJb 3HaHUU. [I0 OKOHYaHUM M3y4YeHUs KaKAOU TEMBI CTYIEHTHI
BBITIOJIHSIIOT KOHTPOJIBHBIE PaboThl, Kpome TeM «InemeHThl |A-IIA rpynmy, «Onementsr IB-11B
rpynn», «2nemeHtsl VIIIA rpynnbsl (uHepTHble rasel)». 1lo OkOHUaHMM HPOXOXKAEHUS Kypca
CTYZIEHTBI BBIIIOJIHAIOT KypCOBYIO paboTy.

B mponecce wm3yuenusi kypca «Heopramumueckas XHUMHS» HCIOJB3YIOTCS — CIEAYIOLIHE
00pa3oBaTeIbHbIe TEXHOJIOTUH Ha JISKIHAX

- 0030pHas nekyus He KPAaTKUK KOHCIIEKT, a CUCTEMAaTH3alus 3HAaHUK Ha 0OoJiee BBHICOKOM
ypoBHe. Ilcuxomorusi oOydeHHs TIOKa3bIBaeT, YTO MaTepuall, HU3JIOKEHHBI CHUCTEMHO, JIydlle
3allOMHUHAETCS, JIOMYCKAaeT OOJbIlIee YMCIO aCCOIMATUBHBIX CBsi3eid. B 0030pHOI sekiym ciemyer
PacCMOTPETh TAKXKeE 0CO00 TPYIHbIE BOIPOCH] 3K3aMEHAIIMOHHBIX OMJIETOB.

- OUCKYCCUOHHASL JleKyusi — 3TO B3AMMOJCUCTBUE IPENOAABATENSl M CTYIEHTOB, CBOOOIHBIN
0o0MEH MHEHWsIMH, UAESIMU M B3MVIIaMU MO HccienyeMoMmy Bompocy. Ilo xomy JieKnmu-aucKyccuu
Mpero/IaBaTelb PUBOAUT OTIIENbHBIC NMPUMEPHI B BHIE CUTYALUH WM KPAaTKO COPMYITHPOBAHHBIX
npoOsieM U MpeylaraeT CTyJeHTaM KOPOTKO OOCYIMTh, 3aT€M KpPaTKUl aHaJIu3, BBIBOJBI U JICKIUS
npojoinkaercs. JlaHHBIA BUJ JICKIWU TIO3BOJISIET MPETOJABaTEI0 BHUIETh, HACKOIBKO 3(dexTrBHO
CTYJEHTBI UCIIOJIb3YIOT MOJIYUYEHHBIE 3HAaHUS B X0J1€ JUCKYCCHU.

- JleKyus ¢ 3apanee 3anjiaHupOSaAHHbIMU OWUOKaMu: TIOAOUPAIOTCS HauOojiee THITMYHBIE
OIMOKM, KOTOpbIE yallle BCEro JOIMYyCKaroT oOydaroluecs (HamucaHue CTPYKTYpHbIX (opmyi,
peakiuii OTBEYAIOIIUM XHUMHUYECKHM CBOMCTBaM M TMOJNYYCHHIO COCIUHEHUH, ONpeAeTICHHe
KayeCTBEHHOI'0 M KOJHMYECTBEHHOI0 COCTaBa). B Xone M3moKeHMs JIeKUUH OIIMOKM THIATEIbHO
«MackupyroTcsi». CTyneHTHl MODKHBI OTMETHTh B KOHCIIEKTE 3aMEUYEeHHBbIe OMMOKH. B KoHIe
aekuun pasdop ommbok (10-15 mun). Ha obcyxmaembie BOMPOCHI AAKOTCS MPABUIIBHBIC OTBETHI
JIaHHBIIA BUJI JIEKIIMH MTO3BOJISIET MPENOIABATEII0 BUIETh, HACKOJIBKO BHUMATEIBHO M dPPEKTHBHO
CTY/IEHTBI CIIYIIAIOT NPENoAaBaTes, aHaTU3UPYIOT MTPeICTaBICHHbBIN MaTepuall.

- epynnosas mexxonoeusi. BapuanTtsl IpUMEHEHUsI OOYYeHHUS B COTPYIHIUYECTBE: OJTHO 3a/IaHNE
Ha TPYMIly, C MOCIEAYIOIIMM PAaCCMOTPEHHEM 3a/IaHUM KaXJIOM I'PYMIO; COBMECTHOE BBINOJHEHHE
MIpaKTHUEeCKOM padoThl (B Iapax), B TOM 4McIIe Ja0OpaTOpHBIX PadoT.

Ilpumepnoie sapuanmut nposedeHUs UHMEPAKMUBHBIX 3AHAMUIL
Pazoen 1. Obwas xumusn
Tema 1. Ocnosnvle nouamus xumuu. AmomHo-mo1eKyIapHoe yuenue
Teopemuueckas uacms 1ab0pamoprno20 3auamus (hopmuposanue noHamus « IKSUBALCHNY)
«Chopmynuposamo-nooderumuvcsi—co30ams — nPOSePunb»

]_IGJ'IL 3aHATUA: CTYACHTBI JOJIKHBI YCBOUTB: - TIOHATHUSA SKBUBAJICHTA, (I)aKTopa
OKBHUBAJICHTHOCTH, SKBHUBaJICHTHOM MOJ'ISIpHOfI MacCCbl M J3KBUBAJICHTHOI'O O6’L€Ma; - 3aKOH
OKBHUBAJICHTOB, CTYACHTHI JOJIKHBI Hay4YUTBhCA: - ONpCaACIIATh OKBHBAJICHT, (I)aKTOp

SKBUBAJIEHTHOCTH, SKBUBAJIEHTHBIE MOJIIPHYIO MAacCy B 00BEM MPOCTHIX U CIOKHBIX BEIIECTB;

1. MoTHBAIIMOHHBIH 3TaI

Co3gaHue cuTyalMy, B KOTOPOM BO3HMKAET >KEJIAHWE H3y4aThb HOBBIM MaTepuai. Jrtan
3aKaH4YMUBaeTCs (POPMYITHPOBKOI HECKOIBKUX BOMPOCOB, KOTOPHIE OXBATHIBAIOT KIIFOUEBHIE TIOHSATHUS
TeMbl (PKBHBAJICHT, (PAKTOp DSKBHUBAJICHTHOCTH, MOJIApHAs Macca SKBHUBAJICHTA, KOJUYECTBA
BEILIECTBA SKBUBAJIEHTA) U BBIABISAIOT BO3MOKHOE HEIIOHMMAaHUE MaTepuaia py pelieHn  3a1au

2. Conepxanue 3aHATHS

IlepBblif 3Tan — chopMyaUpoBaTh.



CTyneHTbl CaMOCTOSITEIBHO H3Y4alOT JIEKIMOHHBIE 3allUCH M MaTepuain, JAaHHBIA B
yueOHUKax, GOPMYIHPYIOT CBOU OTBETHI Ha 33/1aHHBIE BOIIPOCHI.

Bropoii 3tan — noxenuTses.

CryneHTsl 00bEIUHSIOTCS B Maphbl U MO OYEpPEaM MPEACTABISAIOT APYT APYTY CBOM pELICHUS,
ompenenss M O0CYXJas CXOACTBA W pPAa3JIMYMsg B OINPEICICHUH HKBUBAICHTA B PEAKIUAX
HeTpanmzauuu 1 OBP, ucrnipaBiisisi U OSICHsIS pelIeHUs IPYyT Apyra.

Tperuii stan — coznath. CTYAEHTBI BMECTE CO3Jal0T HOBOE PEUIEHHE C YYETOM PE3YJIbTaTOB
o0CYyXXIeHHSI, KOTOPOE BKJIIOYAET B ceOsl TyUIIne UeH.

UYeTBepTslii 3TAIl — IPOBEPUTH.

PaGoraer Bcs rpynma. Heckonbko map mpencTaBisIIOT CBOM OTYET Ha 3aJaHHbIE BOMPOCHI.
OmuoOKN M CIOPHBIE BOMPOCH CTAHOBSTCS HAYAJIOM KOJUIEKTUBHOTO OOCYXJeHHs. Bce cTyneHThI
MIPOBEPSIIOT CBOU PELICHUS], BHOCIT UCIPABIICHHUS], TIOSCHEHUS U IONIOJIHEHHUS.

3. KoHTPOJIbHO-KOPPEKTHPOBOYHBIH 3TaN

OcyiecTBUTh aHanu3 COOCTBEHHOTO ombiTa. [IpoBeneHue TECTHUPOBAHUS CTYIEHTOB -
pacrno3HaBaTh U pellaTh 3aJa4i Ha 3aKOH KBUBAJICHTOB

Jlabopamopnasa paboma: Mo3seoeou wmypm «Kax na npakmuke onpedenumsb 5KEUBANEHIN
memannay (Onpedenenue MOIAPHOU MACCHL IKEUBALEHMA MASHUSL)

Lenpb 3aHATHSA: CTYIEHTHI JOJKHBI YCBOUTH: - MPABHJIA TEXHUKU O€30MacHOCTH Ipu pabote ¢
KHCIIOTaMU, METaJlJlaMH; - CIIOCOObI M3MEpEeHUs razoo0pasHoro mnpoaykra. CTyaeHThl JOJKHBI
HAy4YUThCS: - ONPEIENIATh YCIOBHYIO YacTHUIly, (aKTOp 3KBHUBAJECHTHOCTH, KOJUYECTBO BEILECTBA
SKBHUBAJICHTA, MOJIIPHYIO MAacCy SKBHUBAJICHTA, - PACCUUTHIBATh MOJISIPHBIE MAaCChl IKBUBAJICHTOB IO
3aKOHY 3KBUBAJICHTOB.

1. MoTHBaHOHHBII dTAN

Coznanue cuTyaluy, 3aKkperuidiomield HOBbIM Marepuas. PopMyaupoBKa NO3HaBaTENbHOMN
3aJla4yM: MOUCK METOJIOB MPAKTUYECKOTO OMPEIEICHUS MOJIIPHOM MacChl SKBUBAJICHTA METAIIJIOB.

2. Conepikanue 3aHATHS

1. Pa30uBKa CTy/IeHTOB Ha IPyNIbl U Pa3orpeB (Maccaxx MajiblieB, YIIHBIX PAKOBUH, KOHUMKA
HOCa).

2. Onpenenenuie MpoOIeMbl (U3 YEro U Kak MPUTOTOBUTS).

3. lenepanus uzaei.

4. AHanmu3 uaeu.

5. Ilouck pemenus Uil peanu3anni.

6. IIpoBenenue peakuuu B3aMMOICHCTBHS MAarHusi C COJSIHOM KHCIOTOH. OrmpeneneHue
o0BbeMa MoIy4eHHOro Bojopoa. Pacuer MossipHO# Macchl SKBUBAJIEHTa 10 3aKOHY 3KBHUBAJIEHTOB.

3. KOHTPO/IbHO-KOPPEKTHPOBOYHBIH 3TaN

[lonBenenue MTOroB pabOTHl CO CTYAEHTaMU M OIpEAeTeHHE OLIMOKUM B OMpEenessseMoi
BennunHe. [IpoBeneHne TecTUpoBaHus CTYACHTOB.

Tema 2. Knaccugukayua u nomenknamypa Heop2anuieckux coeOuHenuil

Jlexyus ¢ 3apanee 3an1anupoOBaAHHbIMU OUUOKAMU

Lenb 3aHATHA: CTYIEHTHI JOJDKHBI YCBOUTH 3HAHHUSI 00 OCOOCHHOCTSAX CTPOEHUS COeTUHEHUN
OCHOBHBIX KJIACCOB HEOPTraHWYECKOW XUMHH, BIUSHHE CTPYKTYphl Ha CBOWCTBA MPOCTHIX H
CJIO’KHBIX COEIMHEHHH, ClIoco0ax U METO/IaX UX MOJYyYEHUS; CTYICHThI TOJDKHBI YMETh OIEepPaTUBHO
aHAJM3UPOBATh NMPOUICHHBI MaTepHall, BBICTYIIATh B POJIM HKCIEPTOB (OMITOHEHTOB), BBIWICHSTH
HEBEPHYIO WM HETOYHYIO HH(POPMALIHUIO.

1. MoTBaMOHHBII dTAN

Co3naHue cuTyalud, B KOTOPOM BO3HMKAET >KEJIaHWE H3ydaTh HOBBIM MaTepuai. OTarl
3aKaH4YMBAETCA COOOILIEHHEM, YTO B JIEKIMH OyIyT AONYIIEHBbl OUIMOKH B BUJE HEBEPHOU MU
HETOYHOU MH(OPMALIUY U 3a7a4a O0yUaIONTUXCS - HANTH UX.

2. Conep:xaHue 3aHATHS

[lonbupatoTcss Hambonee THUNMYHBIE OMIMOKM, KOTOpbIE 4Yallle BCEro JIOMYCKAaoT




oOyuatomuecs (HamucaHue CTPYKTYPHBIX (DOPMYIT, peakiiuii OTBEUAIONTIM XUMHYECKUM CBOMCTBAM
U TIOJYYEHHUIO COCIMHEHHIA, OIpe/elieHNe KauyeCTBEHHOTO0 U KOJMYECTBEHHOro cocraBa). B xome
W3IIOKEHUS JICKIUW OIMMOKM TIHIATENFHO «MAacCKUPYHOTCs». CTYAEHTHl JOJDKHBI OTMETUTh B
KOHCIIEKTE 3aMeueHHbIe omMOKu. B KoHIIe siekiuu pa3zoop omubok (10-15 mun). Ha o6cyknaembie
BOIIPOCHI JAIOTCS MPABUIBHBIC OTBETHI

3. JlupakTHYecKkue CpeIcTBAa, HUCIOJb3yeMble Ha 3aHATHH. [Ipe3eHTanusi, MPOEKTOp,
KOMITBIOTEP, TOCKA.

Teopemuueckas yacme 1adopamopHo2o sanuamus «lIpoeyika no eanepeey

Ilenb 3aHATHSA: CTYIEHTHI JOJDKHBI OCBOMTH KJIacCU(UKALMI0 M CBOHCTBA OCHOBHBIX U
HEOCHOBHBIX KJIaCCOB HEOPraHWYECKUN COEAMHEHUH, YMETh I10Ka3bIBaTh I'€HETUYECKYIO CBA3b
MEXJy OCHOBHBIMM KJIacCaMH HEOPraHUYECKUX COEJMHEHUH, Kiaccu(puuupoBaTh XHMHYECKUE
peaKuuy 1o pa3IMYHbIM IPU3HAKAM.

JlaHHOEe 3aHATHE PEKOMEHIYETCs IMPOBOIUTH IOCIE PACCMOTPEHMSI OCHOBHBIX 3aKOHOB U
noHATHUM XuMuu. CTyIEeHTbl Ha OCHOBAaHMM U3YYEHHBIX 3aKOHOMEPHOCTEH, JOJKHBI YMETb
OIIPEAEIIATD IIYTh NOJyUYEHUsI COCIUHEHUH ONIPEEIIEHHOTO Kilacca.

1. IToaroroBuTeIbHBIN ITAN

[TonroToBka BOIpOCOB /7151 00CYKICHUS:

1. BrisicHEHHE OCHOBHBIX M HEOCHOBHBIX KJIAaCCOB HEOPIaHWYECKUX COEIMHEHUH (COCTaB,
CTPYKTYpa)

2. BeisicHeHHE peakuuii, XapaKTepU3yIOUINX UX OCHOBHBIE XUMHYECKHE CBOMCTBA.

3. BeisicHeHue crioco0O0B MosTyuyeHHs! ONPEAEICHHbBIX KJIaCCOB HEOPIraHUYECKUX COSIMHEHHH.

4. CpaBHEHUE CBOMCTB OCHOBHBIX U HEOCHOBHBIX KJIACCOB HEOPIaHUYECKUX COEAMHEHUN.

dopmupoBanue rpymnil (2-3 4eaoBeKa); 03HAKOMJIEHUE C IPaBUIAMHU.

2. OpraHu3alMOHHBIH 3TN

PazMenienne BONPOCOB Ha pa3HbIX CTAHLUUSAX B ayAUTOPUM; OOCYXKIECHUE TpyMHIaMu
COJIEp’KaHusl BOIIPOCOB; MEpEMEIEHNE OT OAHOW CTaHUUHU K Apyroi (depe3 5-8 MHH.); pOBEpKa
HaMMCAaHHOTO MpEeNbIIyLe Ipynnoi U BHECEHUE JONOJHEHHH; 0ObeINHEHHE KOMMEHTapueB U
Mpe/cTaBlIeHe yYCTHOro jokigaga Bced rpynme. (Iloka cryneHThl 00CYXIalOT BOMIPOCHI,
IIpenojaBaTeslb MOKET MEPEMEIIATHCA 110 AYAUTOPHUH, Pa3bsCHSSA BOIPOCHI, OLIEHUBAs IIOHUMaHUeE
CTYJEHTAMHU U yCTpaHssl BO3MOKHOE HEJJOTIOHUMAaHHE. )

3. PedriekcuBHBIH ITAIL

OO6cyxeHne pe3yabTaToB IPyHIOBON pabOTHI.

Tema 3. Cmpoenue amoma

Teopemuueckas yacmo 1abopamopnoo sauamus « OoyueHue 8 Maubix 2pynnaxy

Llenb 3aHATUA: CTYEHTHI JTOJKHBI YCBOUTbH: - MOJIEIM CTPOCHUS aTOMa, aTOMHBIE CIIEKTPHI,
BOJIHOBBIE CBOMCTBA DJJIEKTPOHA, KBAaHTOBBIE YHCHA, CTPYKTypa IEPUOAMYECKON CHCTEMBI,
MEPUOJUYHOCTh B M3MEHEHUE CBOMCTB XMMHUYECKHX 3JEMEHTOB U UX coeAuHeHHH. CTyHaeHTbI
JOJDKHBI YMETB: ONPEIENSITh BOJHOBBIE CBOMCTBA AJIEKTPOHA, PACCUUTHIBATH KBAHTOBBIE UUCIIA,
3aMoJHATh 3JEKTPOHAMH aTOMHbIE OpOMTAIH, MOKA3bIBATh CBA3b MEXY MOJOKEHHUEM 3JIEMEHTA B
NEPUOJNYECKON CUCTEME U CTPOECHUEM aToMa.

1. IloaroroBUTEJBHBbIN ITAN

Paz6uBka cTyeHTOB Ha MUHUTPYIITY (3-4 yenoBeka).

Paznenenne BompocoB mist o6cyxaeHus. Pactipenenenue posneii. CoctaB rpyIib:

JloKJIa4MK [IPEICTaBISAET OCHOBHOM JOKJIA I10 CBOEMY BOIIPOCY

1. J/IBolicTBEHHBIE CBOICTBA 3JIEKTPOHA, aTOMHAsi OpOUTAIIb,

2. MHOT03JIEKTPOHHBIE aTOMBI,

3. IIpuHIMITBI 3aIT0THEHHS] aTOMHBIX OpOuTaleH,

4. Ilepuonuyeckuii 3aKOH U MEPUOMUECKAsi CUCTEMA HJIEMEHTOB.

Coaokaaquuk OTBEYAeT Ha BOIMPOCHI MPEACTaBUTEIEH IPYruX IPyMI MO MPeACTaBICHHOMY
JOKJIay, OTCTauBaeT MO3UINIO CBOEH I'PYIIIIHI.




OnmoHeHT KPaTKO MEPECKa3bIBACT MO3ULHUIO JOKJIATYMKA U3 JAPYrod TIPyMHIbl, HAXOAUT €€
ySI3BUMBIE, CIIOPHbIE MECTa WJIM OIIUOKHU, 337]a€T BOIIPOCHI MIPEICTABUTEISIM IPYTHX TPYIIIL.

JKCIepPT OLEHUBAET pabOTy KaXI0TO YUaCTHHKA.

2. Oprann3auMoOHHbIN 3TAN

Hanomunanue npaBui npenojjaBareieM, YCTaHOBICHUE PerjiaMeHTa (B pOJIu XPOHOMETPHUCTA
npernojaBaTelib, IPeJCTaBIeHNuEe U 00CYXICHHE JOKIIA0B).

3. PedriekcuBHBIM 3TN

OO6cyxenue pe3yabTaToB

Tema 5. Xumuueckasn céa3n

Teopemuueckas yuacms nabopamopro2o 3auamusi « Cehopmynuposamob—nooenumspcsi—co30antsp
— NPOBEPUMbY

Lenp 3aHsATHS: CTYIEHTHI JOHKHBI YCBOUTH: - OCHOBHBIE XapaKTEPUCTUKU XUMUYECKOM CBS3H,
TUMBl XUMHUYECKOW CBS3M, MEXAHWU3Mbl OOpa30BaHUS XHWMHYECKOW CBSI3H, CTYACHTHI JIOJKHBI
Hay4HUThCS: OMUCHIBATH CTpOeHUE MOJIeKYJIbl o MeTogam BC u MO u olieHuBaTh MX CBOWCTBA.

1. MoTHBaHOHHBII dTAN

Co3nanue cuTyalud, B KOTOPOM BO3HUKAET >KEJIaHUE H3ydyaTh HOBBIM MaTepuan. Irarl
3aKaH4MBaeTCs (POPMYITHPOBKOI HECKOIBKUX BOMPOCOB, KOTOPHIE OXBATHIBAIOT KIIOYEBBIC TOHITUS
TeMbl (XapaKTePUCTUKH KOBAJICHTHOM CBSI3H, OMPEIEICHUE TMOJSIPHOCTH CBSI3U, MEXAHU3MBI
o0Opa3oBaHMs CBS3HM, PacCMOTpeHHE CTpoeHHs Moiyiekynbl mo wmeroxy BC u MO) u BBIABISIOT
BO3MOHOE HEIIOHMMAaHKE MaTepralia B IIPU PELIEHUE 3a7a4 U YIIPAKHEHUH.

2. Conep:kaHue 3aHATHS

I[1epBerii aTam — chopMyaTUpOBATS.

CTyaeHTbl CaMOCTOSITEIBHO U3Y4arOT JICKUMOHHBIE 3alMCM WU MaTepuali, JdaHHbIM B
yaeOHUKax, GOPMYITHPYIOT CBOM OTBETHI Ha 3a/IaHHBIC BOITPOCHI.

Bropoii atan — nogenuThes.

CryaeHTbl 00BbEIUHSIIOTCS B MaPhl U 10 OYEPEAH MPEJCTABISAIOT IPYT APYTy CBOU PEIICHHUS,
ompenensis U 00CyXKAasi CXOJCTBA U Pa3MuUs B ONMpEACIICHUU CTPOSHUS BelIecTBa U MEXaHH3Ma
00pa3oBaHMs XUMHYECKOU CBSI3U, UCIIPABIISIS U TIOSICHSISL PEIICHUS APYT IPYTY.

Tpernit stan — co3gaTh. CTYIEHTHI BMECTE CO3/AalOT AJNTOPUTM BBIICHEHUS CTPOEHUS
MOJICKYJIBI U OIPEACIICHUS XapaKTEPUCTHK CBSI3M B HUX C YYETOM PE3YJbTaTOB OOCYKIIECHUS,
KOTOpOE BKJIFOYAET B CeOs TyUIlIne UICH.

UYeTBepTslIii 3TAIl — IPOBEPUTH.

PaGortaer Bca rpymmna. Heckonbko map MpeacTaBisIOT CBOM OTUYET MO 3aJaHHBIM BOIMPOCAM.
OmmbKY U CIIOPHBIE BOMPOCHI CTAHOBSITCS HAYaJOM KOJUIEKTUBHOTO OOCYXJeHus. Bce cTyneHTh
MIPOBEPSIIOT CBOU PELICHUS], BHOCST UCIPABIICHHUS], TOSCHEHUS U IONIOJIHEHHUS.

3. KoHTpo/IbHO-KOPPEKTHPOBOYHBIH ITAN

Ocy1ecTBUTh aHaTN3 COOCTBEHHOTO OMbITa. [I[poBeeHre TeCTUPOBAHUS CTYACHTOB.

Tema 6. Ckopocms xumuueckux peaxkuyuii. Xumuueckoe pagHogecue

Teopemuueckas _uyacms _aabopamoprnoco 3auamus__«Cemunap-ucciedosanuey (Cxkopocmb
XUMUYECKUX peaKyull)

Ilenb 3aHATHSA: CTYACHTHI JOJDKHBI YCBOWTH TIOHATHE CKOPOCTH XHUMHYECKOH peakIuy,
(bakTophl, BIHSIONIME HA CKOPOCTh, MEXAaHU3M XUMHUYECKOH pPEaKINH, TUIBI KUHETHYECKUX
peaknui, CTYIeHTBHl JOJDKHBI HAYYHUTHCSA: OINPENCIATh CKOPOCTh XHMHUYECKOH pPEaKIluH,
pPacCUUTHIBATh SHEPTUIO AaKTUBAIIUU

1. MoTuBanMOHHBIN 3TaN

Coznanue cuTyaluu, 3aKperuisonieil HoBbIi Matepuain. GopMylIupoBKa OCHOBHBIX MPOOIEM
ceMuHapa (ompejesieHue YCIIOBUH YBEIMUSHUS W 3aMeIJICHUST CKOPOCTH MPOTECKAHMS XHMHUIECKOTO
mpolecca, BIUsSHUAE YHEPTHH aKTUBAIIMH HA IPOTEKAHUE PEaKIIUH )

2. ConpepxaHue 3aHATHS

PaccmoTpenne 3amad W ynpaxXHeHUH (pa3lMYHOTO ypPOBHS, BKIIOYAsh TEOPETHUKO-




AQHAIMTUYECKUE, JIOTHKY, KOHTPOJBHO-TIPAKTHUECKHE) PEIICHHE KOTOPBIX TPEOYyeT MpUBJICUCHUS
MIPUBJICUYCHUE PA3IMYHBIX (DAKTOPOB LTSI OMPEICICHUS N3MEHEHHS CKOPOCTH XUMHUYECKOM PEaKITHH.
BoBneuenne cnymareneid B JIMCKYyCCHOHHO-HCCIIEOBATEILCKOE PACCMOTPEHHE ITOCTABICHHBIX
pOOJIEM U C BBISICHCHHUEM €€ TIPAaKTUYECKOTO acIeKTa.

3. PedriekcuBHBIM 3TN

OO0cyxaeHue pe3ynbTaToB. [IpoBeeHre TECTUPOBAHUS CTYICHTOB.

Teopemuueckasa uyacmv _aabopamopHnozo 3anamusa «OOyueHue 6 MAblX 2PYRNAXy
(Xumuueckoe pasnogecue)

Henb 3anstus: CTyOeHTbl AODKHBI YCBOWTH: - TOHATHS OOpaTHUMble M HeoOpaTHMbIe
XUMHUYECKHUE PEaKLUH, XMMUYECKOE PAaBHOBECHE, KOHCTAHTa XMMHUYECKOTO PAaBHOBECHS, CMEILIEHUE
XUMHUYECKOTO PaBHOBECHS, JOJDKHBI HAYUUTHCS: ONPEAENATh CTENEeHb OOPaTUMOCTH XUMHYECKHX
peakiuii, pacCCUUTHIBATh KOHIICHTPALIUU C UCIOJIb30BAHMEM KOHCTAHTHI XMMUYECKOTO PaBHOBECHS,
OTIpeICISATh HAIPaBJIEHUE CMEUICHUSI XUMUYECKOTO PAaBHOBECHS

1. IloaroToBUTEJIbHBIN ITAN

Pa30uBka cTyeHTOB Ha MUHHUTPYIIIHI (3-4 uenoBeka).

Pa3nenenue Bonpocos nis oocyxaenus. Pacripenenenue posneit. CocrtaB rpynmnbl:

JlokJIaq4uuK MpeIcTaBIsseT OCHOBHOM JOKIIA] 10 CBOEMY BOIIPOCY

1. xuMuueckoe paBHOBECHE,

2.  KOHCTaHTa XMMHUYECKOI'O PaBHOBECHS,

3. KHHCTHYCCKUH W TEPMOIAMHAMHYCCKHHA TIOMXOJl K PACCMOTPEHHUIO COCTOSIHHS
paBHOBecusl, Jloki1aquuk 000CHOBBIBAET CBOIO MO3UIIHIO.

CoaokIaq4uK OTBEYACT HA BOMPOCHI MPEACTABUTENICH JIPYrUX TPYMI MO MPEICTABICHHOMY
JOKJIay, OTCTauBaeT MO3UIINIO CBOCH TPYIIIHI.

OnmnoHeHT KpPaTKO IMEPECKa3bIBACT MO3UIIUIO JOKJIATYNKA U3 JAPYrod TPYMIbI, HAXOAHUT €€
ySI3BUMBIE, CIIOPHBIE MECTa WJIHM OIIUOKHU, 337]a€T BOIIPOCHI MIPEICTABUTENSIM IPYTHX TPYIIIL.

IKCHEPT OICHUBACT PaOOTy KaKIOTO YIaCTHUKA.

2. Opranu3anMoOHHBbIH 3TaN

Hamomuuanue npaBui npenojaBareseM, YCTAaHOBICHUE PerjiaMeHTa (B PO XPOHOMETPHUCTA
MpernojaBaTellb, IPeJCTaBlIeHNuEe U 00CYXKICHNE JOKIAI0B).

3. PediekcuBHBIM 3TAN

OO6cyxaeHne pe3ylbTaToB

Hccnedosamenvckas nabopamopnas paboma «Bauanue pasiuunvlx ¢axmopos Ha ckopocmb
XUMUYECKOU PeaKyuy 1 CMEeueHue XUMU4ecKko20 pasHo8ecus)

Lenp 3ansTust: CTYAEHTHI JOJDKHBI YCBOMTB: MPaBUjla TEXHUKHU OE€30MaCHOCTU IpU paboTe ¢
XUMHUYECKUMH PEAKTHUBAMHU, C 3JIEKTPOOOOPYAOBaHUEM, IKCIIEPUMEHTAIBHO ONPEENIUTh (GaKTOPHI,
BIIUSIOLIUE HA CKOPOCTh XUMHUYECKOM PEAKIIMU 1 Ha MIOJIO)KEHNE PABHOBECUSI XMMHUYECKOHN PEaKIINH.

1. MoTuBanMOHHBIN dTAN

Cozpmanne  cuTyaluu, 3aKpeIuUIIlOlled  NpoWaeHHbIM  Martepuan.  DPopmyaupoBKa
MO3HABATENIbHON 3aJlauM: TOUCK DSKCIEPUMEHTAIIbHOTO TMOATBEP)KICHUS BIMSHUS Pa3TUUYHBIX
(akTOpPOB HAa CKOPOCTh XMMUUYECKON PEAKLIUU U CMEIICHHUS PAaBHOBECHS.

2. Conepxanue 3aHATHS

Paz06uBka CTy/1IeHTOB Ha MUHUTPYNIHI (3-4 yenoBeka).

Pa3nenenue BorpocoB ajist 00CyKIASHHUS.

[Ipe3eHTanust cooOUIEHUH O MPOMBIIUIEHHOM TPOTEKaHUM XMMHUYECKHX IPOLIECCOB C
Pa3INYHON CKOPOCTHIO.

BeinonHenue sKcrepruMeHTaIbHON YacTH padoTHI.

3. PeduiexcuBHbBIi 3TAN

OO6cyxaeHne pe3ylbTaToB




Tema 8. Pacmeoput. Teopusa r3n1ekmponumuyecKkoil ouccoyuayuu

Jlabopamopnas paboma Mo3zeosoii wmypm «Kak npucomosums mapunad 0ns maca c
VKCYComM? »

llenp 3aHATHSA: CTYIEHTHl JOJDKHBI YCBOUTH: - IpaBHJia TEXHHMKH O€30MaCHOCTH MpHU
MIPUTOTOBIICHUH PACTBOPOB; - CIIOCOOBI BRIPAKEHUSI KOHIICHTPAIIMK PACTBOPOB U IepecdeTa OaHOU
KOHILEHTpauuu B Jpyryto. CTyIeHTbl JOJKHBI HAyYUTHCS: - PACCUUTHIBATH MacChl U OOBEMBI
PacTBOPEHHOTO BELIECTBA U PACTBOPUTEIIS; - padOTaTh C BECAMH U XUMUYECKON NOCY101

1. MoTHBaHOHHBII TN

Coznanue cuTyaluy, 3aKperuidiomield HOBbIM marepuail. PopMylupoBKa IO3HaBaTEIbHOMN
3a/la4yM: MOUCK pelenTa MapuHa/ia U MPUTrOTOBJICHUE PAacTBOpa pa3z0aBICHHON YKCYCHOW KHCIIOTHI
U3 3CCEHIIUHU.

2. Conepxanme 3aHSATHS

1. Pa30uBKa CTYACHTOB Ha TPYIIIBI U Pa30TPeB (MacCa)x MaIbIIEB, YITHBIX PAKOBUH, KOHYHKA
HOCa).

. Onpenenenne mpoOIeMbl (M3 Yero ¥ KaK PUTOTOBUTH ).

. I'enepanus umeu.

. AHaNu3 Useu.

. [louck pemienus 1uist peann3alum.

. Pacder Maccel 1 00beMa paCTBOPEHHOTO BEIIECTBA U PACTBOPUTEISL.

7. IlpuroroBieHrne MapuHaja.

3. KoHTPOJIbHO-KOPPEKTHPOBOYHBII ITAN

[TonBenenue utoros paboTsl co cryneHTamu. [IpoBenenne TecTUpOBaHUS CTYIEHTOB.

AN DN B~ WIN

IIpobremnas nexyus «l uoponrus conetiy

Henp 3aastus: CTyAEHTHI TOHKHBI YCBOUTH: 3HAHUS O TIOHSATHU THAPOIH3, 00 0COOEHHOCTSIX
IIPOTEKAaHUs TIpollecca THAPOIU3a, ONPEACIEHUs Cpelbl B PacTBOpPAX TI'MAPOJIU3YIOIIMXCS
COEIMHEHMH, BBISICHEHUE YCIOBUM YyCUJIEHUS U MOAAaBIECHUS TUpoian3a. CTyAEHTbI JOJIKHBI YMETh
paccunteiBaTh pH B pacTBOpax pas3nyHBIX CONEH

1. MoTBaIMOHHBII dTAIl.

Co3nanne mpoOJIEeMHONW CUTyallMM IMpPH PAacCMOTPEHMM HSKCIEPUMEHTa MO PACTBOPUMOCTH
cojieil pa3nu4yHOro cocraBa. M3BECTHO, YTO pPacTBOPUMOCTb COEIUMHEHWH Ipu pa30aBIeHUU
BO3pACTaeT, HO MPHU PACTBOPEHHUU COJIEH HEKOTOPBIX THIIOB IpU J0OaBIEHUH BOJbI HAOMIIOIaeTCs
BBINA/IEHNE 0CAJIKA.

2. Pa3pa0oTka cnoco0a pemeHusi npodJjeMbl

Konkperuzanusi mporeccoB, NMPOUCXOAAIIMX IPH PACTBOPEHUU BEILECTBA. BhIIBHKEHUE
runore3 Juisi ux pemeHus. lloaseneHne kK HOBBIM IPOTHMBOPEUYMSAM B IPOLECCaX PacTBOPEHHS
BeuiecTBa. (OPMYJIMPOBKA ONPENENICHUs Tpolecca TUAPOIN3a, BBIICHEHHE OCOOEHHOCTEH
IIPOTEKAaHUs TPOLECCa TUIPOJIN3a, ONPENCIIEHUS CPEAbl B PACTBOPAX TUAPOJIM3YIOLIUXCS COJIEH
Pa3HOTro TUIIA, BBISICHEHUE YCIOBUM YCHIIEHUS U TIOJABICHUS TUAPOIIN3A.

3. Peanim3anusi HaliICHHOTO pelIeHUs

B pesynmbrare paccMOTpeHHs Tpolecca THAPOIU3a Yy CTYACHTOB OyaeT chOpMHpPOBaHBI
MIPEJICTABICHNUS] O MPOLECCE T'MAPOJM3a COJIEH PAa3HOrO THIA, BBIABJIECHBI YCIOBMSI YCHWJIEHUS U
MO/IaBJIEHUS TUPOJIN3a. U MOJIy4YeHbl HaBbIKU B pacueTe pH pacTBopa.

4. KOHTPOJIbHO-KOPPEKTHPOBOYHBIH 3Tan

[TonBenenue uroros paboThl co cryneHTamu. [IpoBenenre TecTUpoOBaHUs CTY/IEHTOB.

Teopemuueckasn yacms aabopamoprnoco 3ausmus_« Chopmynuposamv—noodenumovcsi—co30amo
-~ nposepumvy __ (Dnexmponumuyeckas _ ouccoyuayus.  LTuoponus  coneui.  Ilpoussedenue
pPACMEOPUMOCIILL)

Ilenp 3aHATHS: CTYACHTHI JNOJDKHBI YCBOWTH: - CBOMCTBA PAcTBOPOB HEDIEKTPOIUTOB U
JNIEKTPOJINTOB, MEXAaHHW3M JHUCCOIMAIIUN, CTCIIeHh MW KOHCTaHTAa JIMCCOIMAINH, AaKTHUBHAsS
KOHIIEHTpAIMs, BOJOPOJHBIN TOKa3aTelb, TUAPOIHU3 COJICH, CTENeHb W KOHCTAHTa TUAPOIIN3A,




MOHSATUE MPOU3BEIACHUE PACTBOPUMOCTH. CTYAEHTHl JOKHBI HAy4YUThCSA: PACCUUTHIBATH
AKTUBHOCTb MOHOB, ONPEACIISITh KOHIIEHTPAIMi MOHOB MO CTENEHUW M KOHCTAHTE IHUCCOLMAIUU U
TUJPOJIN3a, PACCUUTHIBATH BOJOPOJHBINA ITOKA3aTeNIb B PACTBOPAX JJIEKTPOJIMUTOB, PACCUUTHIBATH
PacTBOPUMOCTH COJIEH MO MPOU3BEACHUIO PACTBOPUMOCTH

1. MoTHBaIMOHHBIN Tan

Co3gaHue cuTyalud, B KOTOPOM BO3HHMKAET >KEJIAHWE H3y4daThb HOBBIM MaTepuai. Irtan
3aKaH4YUBACTCS (DOPMYITHPOBKOIN HECKOJIBKHUX BOTIPOCOB, KOTOPHIC OXBATHIBAIOT KITFOUEBHIC TIOHSATHUS
TeMbl (MEXaHW3M JIHUCCOIMAIIMU, CTCTICHh W KOHCTAHTA JIUCCOIMAIIMHM, aKTHBHAsS KOHIICHTpPAIWS,
BOJIOPOJIHBIM TOKAa3aTelb, THAPOJIM3 COJIEH, CTENEHb M KOHCTAHTa THAPOJM3a, MPOU3BEIACHUE
pPacTBOPUMOCTH) M BBISBIISIOT BO3MOXKHOE HEIIOHMMAaHHUE MaTepuajia IMpU PEHICHUU 3a7ad |
YIPA)KHEHUM.

2. Conepxanme 3aHSATHS

I[1epBolii 3Tan — chopMyaIUpOBATS.

CTyneHThl CaMOCTOSTENBHO M3Y4aloT JICKIMOHHBIE 3allMCM W MaTepuayi, JaHHbIM B
yaeOHUKaxX, GOPMYITHPYIOT CBOM OTBETHI Ha 3a/IaHHBIC BOITPOCHI.

Bropoii atan — nogenuThes.

CryneHTbl 00bEIUHSIIOTCS B MAPhI U 110 OYEPEAH MPEJCTABISAIOT APYT APYTY CBOU PEIICHHS,
orpezensis U 00CyXKAasi CXOJCTBA U Pa3IHuus B ONPEACICHUU CTPOSHHUS BEIIECTBA U MEXaHU3Ma
00pa30BaHMs XUMUYCCKOU CBSI3H, UCIIPABIISS U TIOSICHSISI PEIICHUS APYT APYTY.

Tpernit stan — co3gaTh. CTYIEHTHI BMECTE CO3/Aa0T AJITOPUTM BBIICHEHUS CTPOEHUS
MOJICKYJIBI U OIPEACIICHUS XapaKTEPUCTHK CBSI3M B HUX C YYETOM PE3yJbTaTOB OOCYKIICHUS,
KOTOpOE BKJIFOYAET B CeOsl TyUIlIne UICH.

UYeTBepTslii 3TAIl — IPOBEPUTH.

PaGoraer Bcs rpynma. Heckonbko map mpenocTaBIisilOT CBOM OTYET Ha 3aJaHHbIE BOIIPOCHI.
OmmOKH ¥ CHOPHBIC BOIPOCHI CTAHOBATCS HAYAJIOM KOJUIGKTHBHOTO OOCYXJeHUs. Bce CTyIaeHTHI
MPOBEPSAIOT CBOU PEILICHUS, BHOCST UCIIPABIICHUS, TOSICHEHUS U JJOTIOJIHEHUS.

3. KoHTPO/IbHO-KOPPEKTHPOBOYHBII ITAN

Ocy1ecTBUTh aHAaTN3 COOCTBEHHOTO OMbITa. [I[poBeeHre TeCTUPOBAHUS CTYACHTOB.

Tema 9. OkuciumenbHo-60CCMAHOBUMENIbHBIE PEAKUUU U  IINEKMPOXUMUYECKUE

npoyeccol

HDO6JZ€MHCZ}Z JEKYUA «OKUCTUMENbHO-60CCIMAHOBUMENbHbLE peakyuu u 3aeKmpoxumuiecKue
npoyecculy

Ilens 3amsatus: CTyneHTHl JOKHBI YCBOMTH: IOHSTHS OKHUCIUTENb, BOCCTAaHOBMTEID,
XapPaAKTCPUCTHKY  OKHCIIMTCIbHO-BOCCTAHOBUTCIbHBIX CBOfICTB, OJICKTPOAHBIC  IMOTCHIHAJIBI,
onpeaenenue nporekanus OB mponecca. CTyAaeHTBl JOKHBI YMETh: OLIEHUBATH OKUCIHUTEIBHO-
BOCCTAaHOBUTEJIbHBIE CBOMCTBA COEIMHEHUH B 3aBUCUMOCTH OT Pa3IMYHbIX (PaKTOPOB.

1. MoTuBanMOHHBIN TaN

Coznanue mpoOJIEMHOM  CcUTyaluu JUIsl  ONpEJENIEHHUsS BO3MOXKHOCTH  MPOTEKaHUS
OKHCJINTEIBHO-BOCCTAHOBUTENIBHOTO Tpolecca. MI3BECTHO, UTO HEKOTOPBIE PEAKLIUK HE IPOTEKAIOT
Ha TMpaKkTUKe HECMOTpSs Ha TO, YTO MCXOJHbIE BEHIECTBA O00JAJal0T OKUCIUTENIbHO-
BOCCTAaHOBUTEJIbHBIMU CBOWCTBaMHU. [I0SBIISAIOTCS BOIPOCHI ONPEAEIEHUS ONTUMAIbHBIX YCIOBUI
IIPOBEICHUS JaHHBIX IIPOIECCOB.

2. Pa3zpaboTka cnoco0a pemeHusi npodJieMbl

KOHerTI/ISaHI/ISI q)aKTOpOB BIUAKOININX Ha OKHUCIUTCIBHO-BOCCTAHOBHUTCIILHBIC CBOMCTBA
COCIUHEHUI, M  BBIACHEHHWE  YyCIOBHWH, BIMSIOIIMX HA IPOTEKAHUE  OKUCIHUTEIBHO-
BOCCTAaHOBUTCIIBHBIX IMPOLECCOB. BBIJIBI/I)KGHI/IG TUIIOTE3 IJId UX PCIICHMUA. HO}IB@}IGHI/IG K HOBBIM
IIPOTUBOPEUYUSIM B OIPEAEICHUM HANPABICHUS IPOTEKAHMSI OKHUCINTEIbHO-BOCCTAHOBUTEIBHBIX
peaknusax. PopMynHpoBKa OmNpeneNeHrus MexaHu3Ma (HOPMHUPOBAHHS TMOTEHIIMATIA IEPBOTO M
BTOPOT'O poAa.

3. Peasim3anusi HAliICHHOT'0 peLICHUs

B pesynbrare pacCMOTpPEHMs] OKHCIUTEIBHO-BOCCTAHOBUTEJIBHOIO IpoLEccCa y CTYAEHTOB




Oyner chopMUpOBaHBI  MPEICTABICHUS O BO3MOXHOCTH  TMPOTEKAHUS  OKUCIUTEIHHO-
BOCCTAHOBUTEJBHBIX MPOLIECCAX, ONPEIEICHUS HAITPABICHHOCTH X B OIIPEIEICHHBIX YCIOBUSIX.

4. KOHTPOJIbHO-KOPPEKTHPOBOYHBI 3TaN

[TonBenenue utoroB paboThl co cTyneHTamu. [IpoBenenne TecTUpoBaHUS CTYACHTOB.

Teopemuueckasa _uacmv __nadoopamopnoco  3anamus _«ObOyyenue 8 Manvlx _2pynnaxy
(Oxucrumenvro-6occmanogumenvHvle peaKyui i d1eKmpoXuMu4ecKie npoyeccol)

Ilenb 3aHATHA: CTYIEHTHI JOJDKHBI YCBOMTH: 3aKOHOMEPHOCTH YCTOWYMBOCTH CTEIEHU
OKHCJIEHHsI S-, P- ¥ 0O-3JIEMEHTOB, 3JCKTPOHHO-WOHHBIA METOJ YpPaBHHMBaHHs, 3JCKTPOIHBIC
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIE  MOTEHIMAJbI, TallbBAHUUECKUH  DJIEMEHT, 3JIEKTpPOJIu3,
Koppo3ust. CTyA€HTHI TOJKHBI YMETh: YPAaBHUBATh XMMHUYECKHUE YPAaBHEHHS 3JICKTPOHHO-MOHHBIM
METOOM, OINpeieNisaTh poiib cpeapl B nporekanun OBP, paccuuTbiBaTh MOTEHIMAIBI
OKHCIIUTEIHHO-BOCCTAHOBUTEIBHBIX MAp MPU PA3IHYHBIX YCIOBHSIX.

1. lloaroroBUTENLHLIN dTAN

Paz0OuBka cTyieHTOB Ha MUHUTPYNH (3-4 "yenoBeka).

Paznenenue Bonpocos ais oocyxaenus. Pacnpenenenue posneil. CoctaB rpymniibl:

JlokIaguuK TPEACTaBIsieT OCHOBHOM JIOKJIAJ IO CBOEMY BOIPOCY (3aKOHOMEPHOCTH
YCTOMYMBOCTH CTCIIEHM OKHCJICHHS S-, P- W (d-2JEMEHTOB, 3JIEKTPOHHO-HOHHBIH METO[
YpaBHUBAHUS, DJIEKTPOAHBIE OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIC IMOTCHIUANbI, TalbBaHUYCCKHH
3JIEMEHT, 3JIEKTPOJIN3, KOPPO3Hs.), 000CHOBBIBAET CBOKO IMO3ULHIO.

CopokyIaluiK OTBEYAeT HA BOIMPOCHI MPEICTABUTENICH APYTHX TPYII 1O NPEACTABICHHOMY
JIOKJIa/ly, OTCTauBa€eT MO3ULIUIO CBOEH TPYIIIHI.

OnnoHeHT KpaTKO NEepPEeCcKa3bIBACT MO3ULUIO JOKIAYNKA U3 APYrod TPYNIbI, HAXOIUT €€
yS3BUMBIE, CIIOPHBIE MECTa UJIN OIIMOKH, 3a]1a€T BOIPOCHI MPEJICTABUTEISIM APYTUX IPYIII.

JKCNepPT OIEHUBACT pabOTy KaXKIOTO YUACTHHKA.

2. Opranu3auvoOHHbIN dTAN

HanomuHnanue nmpaBui npenojaBaresieM, yCTaHOBIICHHE perjaMeHTa (B poJid XpOHOMETpHUCTa
IpernojaBaTelib, IPEJCTaBIeHNE U 00CYXIEHNE JOKIIA0B).

3. PedrexcuBHBIN ITAN

OO6cyxnenue pe3ysbTaToB

Tema 10. KomnnexcHole coeOunenus

Teopemuueckas yacme n1adbopamopno2o 3anamus « OoyueHue 8 Maiblx 2pynnaxy

enb 3aHATHSA: CTYAEHTHI JOJKHBI YCBOUTB: - METOJbl ONMUCAHHS CTPOCHUSI KOMILIEKCHBIX
coequnenuit (MBC, TKII, MMO); - nounstie cuna nurasaa. CTyIeHTHl JOJDKHBI HAYUUTHCS: -
OTNpeeNsATh THOPUAHOE COCTOSIHME KOMIUIEKCOOOpa3oBaTesns, CWIy JHUIraHJga; - ONKCHIBATh
CTPOEHHME U J1aBaTh XapaKTEPUCTUKY KOMIUIEKCA IO TPEM METOAAM; - ONPENENSATh YCTONYMBOCTH
KOMILIEKCa.

1. IHoaroToBHUTEILHBIN dTAIl

Pa30uBka cTyeHTOB Ha MUHUTPYNIBI (3-4 uenoBeka).

Paznenenue BonpocoB ais oocyxaenus. Pacnpenenenue posneil. CoctaB rpyIisl:

Jlokaaquuk npeacTaBisieT OCHOBHOW JIOKJIAJ] MO CBOEMY BOMPOCY (CTPOCHHE KOMITJIEKCHBIX
coenuaennii mo MBC, TKIT, MMO), 000CHOBBIBAET CBOIO MO3UIIHIO.

CoaokJaquuK OTBEYAE€T HAa BOIPOCHI MPEACTABUTENECH IPYIUX IPYII MO MPEICTaBICHHOMY
JOKJIay, OTCTauBaeT MO3UINIO CBOEH I'PYIIIHI.

OnnoHeHT KpaTKO MepecKa3blBaeT MO3UIMIO JOKIaJAYUKa U3 JPYrod TPYIIbI, HAXOIUT ee
yS3BUMBIE, CIIOPHBIE MECTa MJTH OIIMOKH, 33JaeT BOTPOCHI MPEACTABUTENSIM JPYTUX IPYIIIL.

JKCNepPT OLEHUBAET pabOTy KaKJOT0 Y4aCTHHUKA.

2. OpraHu3anMoOHHBbIH 3TaN

Hanomunanue npaBui npemnojaBareieM, yCTaHOBJICHUE perjaMeHTa (B poJii XpOHOMETPHUCTA
IperoiaBaTelb, Mpe/ICTaBlIeHNe U 00CYKJIEHHE JOKIIA/I0B).

3. PeduiexcuBHbIi 3TAN

OO6cyxneHue pe3ysIbTaToB




Paszoen 2. Heopeanuueckasn xumus (Xumus 31eMeHN06 U UX COCOUHEHUIL)

Tema 11-12. Inemenmot VIIA zpynnot (canozenwt) u ux coeounenusn. Inemenmot VIA
2pynnbul (Xa1bK02€eHbl) U UX COCOUHEHUA

HUccnedosamenvckas nabopamopnas paboma Snemenmol VII A u VI A epynn

Henp 3anstus: CTyIeHTHI JOIKHBI OCBOUTH 3HAHUS O CBOMCTBAaX coeAuHeHui snemeHToB VI
A u VI A rpym, noHUMAaTh NPUYKUHBI Pa3InyMsl B CBOMCTBAX BEIIECTB 3JIEMEHTOB OJHOM I'PYIIBI U
Pa3HBIX TPYII. 3HATh IPaBUJIa TEXHUKU O€30MaCHOCTH, YMETh UX MPUMEHATH Ha MPAKTHKE. Y METh
paborath ¢ XuUMHYeckoi mocynoil. JIOMKHBI yMETh aHAIM3UPOBATh U OOBSICHATH PE3YJbTaThl
IKCIIEPUMEHTOB. YMETh paboTaTh B KOJUICKTHBE.

1. MoTHBaHOHHBII dTAN

Co3pnanue cutyalMd, B KOTOPOM BO3HUKAET >KEJaHUE H3y4yaTh HOBBIM MaTepuan. Irar
3aKaH4MBaeTcs (OpPMYIUPOBKOW TMO3HaBaTeNlbHON 3amaun. Kak CTpykTypa aroma BIusieT Ha
CBOMCTBAa IpPOCTBIX BewleCTB U coenunHeHuid p-anemeHtoB VII A u VI A rpynn? [lokazars
AKCIIEPUMEHTAIIBHO.

2. Conep:xkanue 3aHATHS

Pemenne cTygeHTamMH aHAaTUTHYECKOM 3alayd 1O M3YyYEHUIO CBOWCTB COEIMHEHUN
JJIEMEHTOB, OCHOBAHHOW HAa 3HAHMM CTPYKTYpbI BellecTBa. lloHMMaHue 3aBUCHMOCTH CBOWCTB
BEUIECTB OT XapakTepa cCBsized U CTPYKTypbl. [IpoOnema pemiaercss C MOMOIIBIO Pa3OUBKU
CTYJICHTOB Ha Tapbl U BBIMOJTHEHUS SKCIIEPUMEHTAIIbHBIX 3ajaHui. Pa300p KOHKPETHBIX TPUMEPOB.
®opmMupoBaHUE HOBBIX 3HAHHIA.

3. KOHTPOJIbHO-KOPPEKTHPOBOYHBIH TaN

[TonBenenue utoros paboTsl co cTyaeHTamu. [IpoBeeHne MUHU OIpoca CTYACHTOB.

Tema 13. Inemenmur VA cpynnol u ux coeounenusn
Teopemuueckas yacmy 1abopamopHo2o 3auamus « Qoyuenue 6 Maivix 2pynnaxy

Llenb 3aHATUA: CTYIEHTHI JOJDKHBI OCBOUTH 3HaHMS 00 3JIEKTPOHHOM CTPOEHUHM aTOMOB
JJIEMEHTOB, M3MEHEHUM AaTOMHBIX CBOWCTB, O CTPYKTypE€ M CBOMCTBAX HPOCTBIX M CIOKHBIX
COEUHEHMI. 3HaTh OCHOBHBIE 3aKOHOMEPHOCTH B U3MEHEHUH CTPYKTYPBI U CBOMCTB P-2JIEMEHTOB,
MMOHUMATh UX MPUUHHY.

1. IHoaroToBHUTEILHBII TANl

Oznakomienue ¢ npasuwiamu. @opmupoBanue rpynn (3-5 dgen.). Pacnpenenenue BorpocoB
TUIS 0OCYKICHUSI:

1. XapakrepucTrKa 3JIEKTPOHHOI'O CTPOEHHS aTOMOB, UX cBoiicTBa. IIpocThie BemecTBa U ux
CBOMCTBA.

2. buHapHbIe COeIMHEHUSI AJIEMEHTOB, HX CBOWCTBA.

3. Kucnoponconepxaiiue coeTuHeHNs, X CTPYKTypa U CBOMCTBA.

Pacnipenenenue poneil (qokiIaI4MK, COAOKIAAUNK, ONIMOHEHT, JJOTUK, SKCIEPT).

2. Opranu3anMoOHHBIH 3TaN

Hanomunanue npaBui npemnojiaBaTeiaeM, yCTaHOBJIEHUE PErjaMeHTa (B poJiM XpOHOMETPHUCTA
— MPenoAaBaTelb), MpeJICTaBlIeHHe U 00CYyXIeHHe OKIIa10B. DOpMUpPOBaHNE HOBBIX 3HAHHA.

3. PediekcuBHBII TaI.

Ob6cyxaenue pe3ynsraTtoB. [loaBeneHre HTOroB.

Bo Bpemst mpencraBieHus JOK/IaI0B MOTYT HCIIOIb30BaThCs MPE3EHTAIMH, TOITOTOBICHHbIE
CTYJCHTAMH.

Unmepaxmusnas _nexyusi «nemenmor VA epynnol u ux coedunenuity («nemenmot VA
2DYNNbL U UX COCOUHEHUIY)

Lenp 3anstus: CTYIACHTHI JOJDKHBI OCBOUTH 3HAHHMS 00 AJIGKTPOHHOM CTPOCHHUU aTOMOB
anmemenToB V A (IV A) rpynmbl, 00 U3MEHEHHH aTOMHBIX CBOWCTB, O CTPYKType M CBOICTBax
MPOCTBIX U CIIOKHBIX COCITMHCHHUN. 3HATh OCHOBHBIC 3aKOHOMEPHOCTH B U3MEHCHHU CTPYKTYPhI U
CBOWCTB P-3JICMEHTOB, TIOHUMATh UX MMPHUUHY.




1. MoTUBanMOHHBIN 3TAN

Coznanue cutyaluu, B KOTOPO BOSHHUKAET JKEIaHHE U3Yy4aTh HOBBIM MaTepual. Ji1eMeHThl V
A (IV A) rpymnmsl UMErOT OOJIBIIOE 3HAYCHUE HE TOJBKO JIJIsl YeIOBEeKa, HO U JUIsl BCEro )HuBoro. C,
N, P B 3HauuTeNbHBIX KOJIMYECTBAX BXOJAT B COCTaB >KMBBIX OPraHM3MOB. MHOTME COeIMHEHUS
9JIEMEHTOB JAHHBIX TPYII HaXOJIAT UIMPOKOE MPUMEHEHHE HE TOJIBKO B IPOMBIIUIEHHOCTH, HO U B
HapoaHoM XxozsiiictBe (C mpumensiercs B metautypruu, N u P BXomar B cocraB ynoOpenuii, Ge
UCIIOJIL3YETCSI ISl IPOM3BOJICTBA MOJTYIIPOBOAHUKOB, SN 1 PD — 1t mpoun3BoacTBa pa3HOOOPa3HBIX
criaBoB, Pb B mpou3BoacTBe akkyMynsaTOpOB U T.1.). [103TOMy O4YeHb BaKHO 3HATH CBOWCTBA ITHX
9JIEMEHTOB W WX COEAMHEHHI, MOHMMATh NPUYMHY pa3jinyusi B UX CTPOEGHUHM M CBoicTBax. Ha
00Cy>KIeHHE BBIHOCSITCS BOIIPOCHI:

1. TloueMy mpoCTBIE BEIIECTBA 3JIEMEHTOB MJAHHBIX MOATPYII HMEIOT CTOJb Pa3HYIO
CTPYKTYpY?

2. CpaBHUTeNbHAs XapaKTEePUCTHKA OKCHIOB U THIPOKCUIOB JAHHBIX MOATPYII (CTPYKTYpa,
KHCIIOTHO-OCHOBHbBIE U OKHCIIUTEIbHO-BOCCTAHOBUTENILHBIE CBOMCTBA).

3. OcobeHHOCTH CTPOSHUS U CBOMCTB BOJOPOJHBIX U APYTHX OWHAPHBIX COCTUHEHUN.

2. Pa3paboTka cnoco0a pemennsi npodJieMbl

B tedenue 10 MunyT OyayT paboTars 6 IpyIi CTYJCHTOB HaJl pelIeHreM poOIeMbl B popme
MO3TOBOTO HITypMa.

3. Peanu3anus HaliJeHHOTO pelIeHUs!

B pesynbrare y cryneHToB OyaeT chopMHpOBaH KOMIUIEKC HOBBIX 3HAHHM 1O CBOMCTBaM
aromoB 31eMeHTOB V A (IV A) rpymmbsl, 0 IpUYUHAX U3MEHEHHUS! CTPYKTYP HPOCTBIX U CIOMKHBIX
BELIECTB, KHUCJIOTHO-OCHOBHBIX M OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOWCTB COCAMHEHMIA
MOJITPYIIIIBL.

4. KOHTPOJIbHO-KOPPEKTUPOBOYHBI 3TAIl

[TonBenenue uToro paboThl co cTyneHTaMu. [IpoBeneHre MUHHOIPOCa CTYICHTOB.

Tema 14-15. Snemenmur \VA cpynnot u ux coeounenusn. Inemenmot |11A epynnet u ux
coeounenus

HUccnedosamenvckas nabopamopnas paboma «Inemenmst IV A u Il A epynny

Henp 3ansatus: CTyASHTHI JOJKHBI OCBOUThH 3HAHUS O CBOWCTBAX COEIMHEHMH 31eMeHToB IV
A — Il A rpynn, nmoHMMarh NPUYUHBI Pa3IUYMsl KHUCIOTHO-OCHOBHBIX U OKHCIUTEJIBHO-
BOCCTAHOBUTEJIbHBIX CBOMCTB coefrHeHui anemeHToB IV A —I1l A rpynn. 3naTh npaBuia TEXHUKU
0€30MacHOCTH, YyMETh HUX NPUMEHATh Ha MpPaKTUKEe. YMeTh padoTaTh ¢ XMMHUYECKOH MOCYynIO0M.
JIOJKHBI YMETh aHAIU3UPOBATH U OOBACHATH PE3YNbTAaThl IKCIIEPUMEHTOB.

1. MoTuBanMOHHBIN dTAN

Cozpanue cuTyanuy, B KOTOPOM BO3HMKAE€T JKEIAHME H3Yy4aTh HOBBIM Marepuaia. JTan
3aKaH4MBaeTcs (QOpPMYyIUPOBKOW TMO3HaBaTeNbHOM 3amaud. Kak cTpykTypa aroma BIMSET Ha
cBoiicTBa coenuHeHui anemeHToB IV A — lII A rpynn? Jlokaszare 3KkcnepuMeHTalIbHO. ONBITHBIM
MyTeM JOK&KWUTE pa3HUIly B CKIOHHOCTM K THUIPOJIM3Y, KHUCIOTHO-OCHOBHBIX CBOMCTBax
coeiMHEHUil Oopa, alOMUHMS, YIJIepo/a, 0JI0Ba U CBUHIIA. DKCIIEPUMEHTAILHO JOKAKUTE Pa3HUILY
B OKHCJIHMTENbHBIX CBOICTBaxX COEIMHEHUN Oopa, alOMUHHUA, YIiepojaa, KpeMHUs, CBUHIA B
BBICILIEH CTETIEHU OKUCIICHHUS.

2. Conepxanue 3aHATHS

Pemenune cTyaeHTaMM aHaIUTHYECKOM 3aJadd IO M3YyYEHUIO CBOMCTB COEIMHEHUN
JJIEMEHTOB, OCHOBAHHOW Ha 3HAHMM CTPYKTYpbl BemiecTBa. lloHMMaHMe 3aBUCHMOCTH CBOWCTB
BEIIECTB OT XapakTepa cBsi3edl M cTpykTypbl. [IpoGiema pemiaercs ¢ HOMOIIBIO pa3OMBKU
CTYJCHTOB Ha Maphl U BBIIOJHEHUS SKCIIEPUMEHTaIbHBIX 3aaHui. Pa300p KOHKPETHBIX IPUMEPOB.
DopMUPOBAHHUE HOBBIX 3HAHUM.

3. KOHTPOJILHO-KOPPEKTHPOBOYHBIH 3TAI

[Tonsenenue uroros paboThl co cTyaeHTaMu. [IpoBeieHre MUHH OMpOCa CTYIEHTOB.




Tema 16. Inemenmot |A u 11A 2pynn u ux coeounenusn

Teopemuueckas uacms 1abopamopno2o 3auamus «llpoeyika no canepeey

Lenp 3ansTusi: CTyIEHTHI TOJDKHBI OCBOMTH 3HAHHSI 00  AJICKTPOHHOM CTPOSCHUU aTOMOB
JJIEMEHTOB, M3MEHEHHH AaTOMHBIX CBOWCTB, O CTPYKType M CBOMCTBaX HPOCTBIX M CIOXKHBIX
COeMHEHMH. 3HaTh OCHOBHBIC 3aKOHOMEPHOCTH B U3MEHEHUU CTPYKTYPHI M CBOMCTB S-3JIEMEHTOB,
MMOHUMATbh UX MPUUYHHY.

JlaHHOE 3aHATHE PEKOMEHIYEeTCS MPOBOJIUThL B KOHIIE HW3YYCHUS CBOWCTB S-3JIEMEHTOB.
[enwto 3anaTHS sABIsIETC 00001IeHre 3HaHmit 1o TeMe «InemMeHThl || A, | A rpynmy. CTyneHTsI Ha
OCHOBAaHWU W3YYCHHBIX 3aKOHOMEPHOCTEH, JOJDKHBI YMETh TMPEICKAa3bIBaTh WM3MCHEHHS B
CTPYKTYpax MPOCTHIX U CIOKHBIX COCAMHEHUHN, UX XapaKTepe U CBOICTBAX.

1. IloaroToBUTEJIbHBbIN ITAN

[ToaroroBka BOIpOCOB /7151 OOCYKACHHUS:

1. OcHOBBIBasICh HA U3MEHEHUHU CTPYKTYPHI aTOMa, CIIeIaiTe BBIBOJ 00 M3MEHEHUH aTOMHBIX
CBOMCTB 3JIEMEHTOB (paguyc aroma, JHEeprusi MOHM3AIMH, SHEPIrUs CpPOJACTBA K DJIEKTPOHY),
CTPYKTYpPHBI MPOCTHIX BEHIECTB, UX PU3NICCKUX U XUMUYCCKUX CBOHCTBAX.

2. CpaBHUTE CTPYKTYPBI OKCUAOB U TUIpokcu 0B 3nemeHToB |l A, | A rpynm. B uem npuunna
pa3IuYHs KHCIIOTHO-OCHOBHBIX CBOMCTB, YCTONYUBOCTH?

3. Kak u3MeHeHUs B 3JEKTPOHHBIX KOH(PHUIypalUsIX aTOMOB CKa3bIBA€TCA Ha CTPYKTypax
BOJOPOJHBIX  COCAWHCHHMH, WX YCTOMYMBOCTH, KHCIOTHO-OCHOBHBIX ¥  OKHCIHUTEIBHO-
BOCCTaHOBUTEJIbHBIX CBOHCTBaX?

4. KakoBa crmocoOHOCTh K KoMILIeKcooOpa3oBanuto dnemenToB Il A, | A rpynm, mouemy?

dopmupoBanue rpymi (2-3 yenoBeka); 03HAKOMJICHHE C MPAaBUJIAMH.

2. OpraHu3aiuoHHBIH Tan

Pa3memnienue BOMPOCOB Ha pa3HBIX CTAaHIUSAX B ayIUTOpUHU; OOCYXKIEHHE TpyHIamu
COJIep’KaHusl BOIIPOCOB; MEpEMEIIEHNE OT OAHOW CTaHUMU K JApyroi (depe3 5-8 MHH.); IpOBEpKa
HAMMCaHHOTO TPEeIbIAYyIIeH TPYNIOoi M BHECEHUE IOMOJIHEHHUH; 00beIMHEHHEe KOMMEHTApUEB U
MpeJICTaBICHHEe YCTHOTO Jokianga Bced rpynme. (Iloka crTymeHTBI 00CYXIAlOT BOMIPOCHI,
MpernojaBaTellb MOKET MepeMeNIaTbes M0 ayAUTOPHH, Pa3bsICHSS BOMPOCH], OIEHNBAs TTOHUMaHUE
CTYJCHTAMH U yCTPaHsIs BO3MOXKHOE HEJJOTIOHUMAaHHE. )

3. PedriekcuBHBIM 3TAN

OO6cyxeHne pe3yabTaToB IPyHIOBON pabOTHI.

Tema 17. nemenmut |11B epynnot u ux coeounenusn

Teopemuueckas uacms nabopamoprozo 3anuamus « Yucmas cmpanuyay

Henps 3anstus: CTyneHTHl TOJDKHBI OCBOMTH 3HAaHUS OO0 ASJEKTPOHHOM CTPOEHUU aTOMOB
anemeHToB |l B rpynmbl, 06 M3MEHEHUH aTOMHBIX CBOWCTB, O CTPYKTYpE U CBOMCTBAaX MPOCTHIX U
CITOKHBIX COCIMHEHHH. 3HATh OCHOBHBIC 3aKOHOMEPHOCTH B M3MCHEHHUHU CTPYKTYPBI U CBOWCTB d-
3JIEMEHTOB, IOHUMATh UX MPUYHHY.

1. IlloaroroBUTEIBLHBIN 3TAN

CTyaeHThI TOTOBSITCS K 3aHATHUIO 110 BOIPOCAM:

1. XapakTepucTrKa 3JIEKTPOHHOTO CTPOEHHUsI aTOMOB, UX CBOMCTBa. [IpocThie BemecTBa U UX
CBONCTBA.

2. buHapHBIe COeTUHEHUS 3JIEMEHTOB, UX CBOMCTBA.

3. Kucnoponconepixaiiue COeAMHEHUSI, UX CTPYKTYypa U CBOMCTBA.

4. KommnekcHeie coenuuenus anemenTos |1 B rpynmer.

O3HakoMJIEHUE C MPABUIIAMH.

2. Opranu3auMoOHHbIN 3TAI

Hanomunanue mpaBui mpenogaBareneM. B xoze 3aHATHS KAl CTYACHT Ha JIUCTE OyMaru
C yKazaHueM cBoed (pamwmimu J0mKeH chOpMYIUPOBATh BOMPOCHI, 3aMEUaHUs W JIOTIOJHEHHS K
BBICKA3bIBAaHUAM OMIMOHEHTOB. dOpMUpOBaHUE HOBBIX 3HAHUM.

3. PeduiexcuBHbIi 3TAN

B koHIE 3aHATHS CTYIEHTHI CHAIOT CBOW JUCTHL. TOT, KTO CAAET MPENnoAaBaTEIl0 YUCTHIA




JICT, CYATAETCS HEMOATOTOBJIEHHBIM K 3aHATHIO U JIOJDKEH CAATh ATY TEMY IIPENOAABATEIIO.
Bo Bpemsi OoTBETOB Ha BONPOCHI MOTYT HCIIOJIb30BaThCS IMPE3CHTALMH, MOJTOTOBJICHHbBIC
CTYJICHTaMH.

Tema 18. Tanmanouovi. Akmurnouosl

HUnmepaxmusnas nexyus «/lanmanoudwvl. Axkmunoudwt (f-onemenmoi)

Lenp 3ansatus: CTyneHTHI JOJDKHBI OCBOUTH 3HAHHS 00  OCOOCHHOCTSIX 3JIEKTPOHHOTO
CTpOeHHsT aTOMOB f-371eMEHTOB, BJIMSHUM Ha CTPYKTYpPY M CBOWCTBA MPOCTBHIX M CIOMXHBIX
COCJMHEHUH, TPYAHOCTAX MOJy4deHHUs: f-3J1eMEHTOB B MHIUBUAYaJbHOM COCTOSIHMM, METOAAX HMX
MOJIy4EHUS.

1. MoTuBanMoOHHBII TAN

Cozpmanue cuTyaludd, B KOTOpOH BO3HMKAaeT JKellaHWE H3y4yaThb HOBBIM MaTepuan. B
HACTOSIIEE BpeMs JAHTAHOWIBl HAXOMST HIMPOKOE MPUMEHEHHE B MPOMBIIUICHHOCTH U TEXHUKE
MIpHU MOJYYSHUH CILJIaBOB CO CIEHUANbHBIMU CBOMcTBamu. Hanbosnee BakKHBIM SIBISIETCSl caMapui,
o0aalomuil YHUKAIBHEIMH MarHUTHBIMH CBOMCTBaMHU (JIETKHE W 00JIee CHIIbHBIC MAarHUTBI, YeM
Ha OcHOBe 3kene3a). [Ipyras BaxkHas o0nacTb MNPUMEHEHHs] JAHTAHOUAOB — TOJy4YCHHE
aKKyYMYJIATOPOB BOJIOPOJa HA OCHOBE MHTEPMETAIUTHIOB. MHOTHE CIIOKHBIC OKCHIBI JIJAHTAHOHIOB
(Il) oGmamar0oT CBOWCTBAMH CBEPXIPOBOAHMKOB. K COXaneHHIO, MOJyYeHHE METaUIOB B
WH/IWBUYAIBHOM COCTOSHUHM TIPEJACTABISIET ONpEACTCHHYI0 TpobieMy u3-3a  OIU30CTH
XUMHUYECKUX CBOMCTB. [Ipemnoxkute crmocoObl pa3felieHds COEIWHEHUN MEeTauioB IEpUeBO
TPYTIIIBL.

2. Pa3paboTka cnoco0a pemennsi npodJieMbl

B teuenune 10 munyr Oyayr paboraTh 2 TpyIIbl CTYAEHTOB HaJ| PELIEHUEM IpoOJieMbl B
(hopMe MO3roBOTO IITypMa.

3. Peasqimzanus HaiijIeHHOTO penieHus

B pesynbrare y cryneHToB OyaeT chopMHpOBaH KOMIUIEKC HOBBIX 3HAHHM 1O CBOMCTBaM
aToMOB f-3JIeMEHTOB, TPYAHOCTSX TMOJNy4YeHUs: f-3JIeMEHTOB B HMHIUBUAYAJILHOM COCTOSIHHH,
METOJIaX WX TIOTYICHHSI.

4. KOHTPOJIbHO-KOPPEKTHPOBOYHBII 3TaN

[ToxBenenne UTOroB paboTHI CO cTyneHTaMu. [IpoBeIeHre MUHUOIIPOCA CTYICHTOB.

Tema 19. Inemenmut \VB epynnot u ux coeounenus (Tema 20 Inemenmot VB zpynnot u ux
coeounenusn)

Teopemuueckas yacmo 1a0opamopHo2o 3auimus « Q0yuenue 6 Maivix 2pynnaxy

Llenp 3aHATHA: CTYIEHTHI JOJDKHBI OCBOMTH 3HaHMUA 00 3JEKTPOHHOM CTPOEHHHM aTOMOB
anemenToB IV B (V B) rpynnsl, 00 M3MEHEHMH aTOMHBIX CBOWCTB, O CTPYKType M CBOMCTBax
IIPOCTBIX U CIIOKHBIX COEIMHEHUM. 3HATh OCHOBHBIE 3aKOHOMEPHOCTH B U3MEHEHUM CTPYKTYpPBI U
CBOMCTB d-3JIEMEHTOB, MIOHUMATh MX MPHYHHY.

1. IHoaroToBHUTEILHBII dTAIl

Oznakomienue ¢ npaswiamu. @opmupoBanue rpynn (3-5 dgen.). Pacnpenenenue BorpocoB
111 OOCYKJICHUS:

1. XapakrepucTrKa 3JIeKTPOHHOI'O CTPOCHUS aTOMOB, UX cBoiicTBa. [IpocThie BemecTBa u ux
CBONCTBA.

2. buHapHbIe COeIMHEHUSI AJIEMEHTOB, X CBOWCTBA.

3. Kucnoponconepxaiue coeTMHeHNs, X CTPYKTypa U CBOMCTBA.

Pacrnipenenenue poseil (qokiIaq4uK, COAOKIAIUNK, ONIMOHEHT, JIOTUK, SKCIEPT).

2. OpraHu3anMoOHHBIH 3TaN

Hanomunanue npaBui npernojaBaresieM, yCTaHOBJICHHUE perjiaMeHTa (B poJiM XpOHOMETPHCTa
— MPenoAaBaTelb), MpeJICTaBlIeHHE U 00CYXJIeHHE oK 10B. DOopMUpPOBaHKE HOBBIX 3HAHUM.

3. PeduiexcuBHbIi 3TAN

Ob6cyxaenue pe3ynsraTtoB. [loaBeneHre HTOros.




Bo BpeMs NPCACTABJICHUS JOKJIIaJOB MOTYT UCIHOJb30BATHCA MPE3CHTAIIMU, ITIOATOTOBJIICHHBIC
CTyACHTaMU.

Temwvr 21-22. Inemenmut VIB epynnot u ux coeounenun. Inemenmot V1B epynnot u ux
coeounenus
HUccneoosamenvckas aabopamopuas paboma « Ceoticmea coedunernuii snemenmos VI B — VII

B epynn.»
Lenb 3ansatusa: CTyAEHTHI J0JKHBI OCBOUThH 3HAHUS O CBOWCTBAX COeIMHEHUH 31eMeHTOoB VI
B — VII B rpynn, noHuMMarh NPUYMHBI DPA3JIMYUS KHUCIOTHO-OCHOBHBIX M OKHCIIUTEIBHO-

BOCCTAHOBUTEIBHBIX CBOUCTB coeauHeHnit MeTauioB VI B — VII B rpynn. 3Hate npaBuiia TEXHUKH
0€30MacHOCTH, YMEThb MX NPUMEHATh Ha MpPaKTHKE. YMETh pabdoTaTh ¢ XMMUYECKOH MOCYHOH.
JIOJI>KHBI yMETh aHAIM3UPOBATh U OOBACHATH PE3YNbTAThl IKCIIEPUMEHTOB.

1. MoTuBanMOHHBIN 3TAN

Cozpanue cuTyanuy, B KOTOPOM BO3HMKAE€T JKEIAHME H3Yy4aTh HOBBIM Marepual. OTal
3aKkaH4YMBaeTcss (HOpMyTMpPOBKOM TO3HABaTENbHOW 3amauyn. Kak cTpykTypa aroma BiIHMsAET Ha
cBoiictBa coequnenuit d- meramioB? Jloka3aTh 3KcleprUMEHTATbHO. OIBITHBIM MYyTEM JTOKAKUTE
pa3HMIly B CKIOHHOCTH K THAPOJIM3Y, YCTOMYMBOCTH M OKHMCIHATEIbHO-BOCCTAHOBUTEIBHBIX
CBOMCTBAX COECOUHEHMM XpoMa M MapraHia B HU3KHUX CTEHEHSAX OKHUCICHMs. DKCIEPHUMEHTAJIBHO
JOKXUTE Pa3HUIY B OKHCIUTEIBHBIX CBOWCTBAaX COCIMHEHHMHW MapraHia M XpoMma B BBICIIEH
CTECIICHU OKUCJICHHUS.

2. Conep:xkanue 3aHATHS

Pemenne cTyaeHTaMM aHAaIUTHUYECKOM 3aJa4d 10 M3YYEHUIO CBOMCTB COCIMHEHUN
JJIEMEHTOB, OCHOBAHHOW Ha 3HAHMM CTPYKTYpbl BellecTBa. lloHMMaHue 3aBUCHMOCTH CBONCTB
BEIIECTB OT Xapakrepa cBsi3eil U cTpykTypbl. [IpoGiema pemiaercs ¢ HOMOIIBIO pa3OMBKU
CTYJCHTOB Ha Maphbl U BBIIOJHEHUS SKCIIEPUMEHTAIbHBIX 3a7aHui. Pa300p KOHKPETHBIX IPUMEPOB.
DopMHUpOBaHNE HOBBIX 3HAHUH.

3. KoHTPO/IbHO-KOPPEKTHPOBOYHBI 3TaN

[TonBenenue UToroB paboThl co cTyeHTaMu. [IpoBeieHre MUHHM OIIpOCa CTYACHTOB.

Tema 23. Inemenmot V111B epynnot u ux coeounenusn
Teopemuueckas wacmo nabopamoprozo zauamus «Inemenmol VI B epynnor (mpuaoda

Jcenesa))

Lenp 3ansatus: CTYAEHTHl JOJDKHBI OCBOUTH 3HaHMS 00 AJIEKTPOHHOM CTPOEHHUH aTOMOB
3JIEMEHTOB TPHUA/Ibl JKee3a, 00 U3MEHEHUU aTOMHBIX CBOMCTB, O CTPYKTYPE M CBOWMCTBAxX MPOCTHIX
U CJIOKHBIX COCIMHEHHUIl. 3HATh OCHOBHBIC 3aKOHOMEPHOCTH B M3MEHEHHHU CTPYKTYpPBI U CBOiicTB d-
AJIEMEHTOB TPHUAbI XKeJle3a, IOHUMATh UX PUYHHY.

1. IHoaroToBHUTEILHBIN dTAIl

3a 7-10 nHe# 10 3aHATUS NOATOTABIMBAIOTCS BOIPOCHI AJIs 00CYKIACHUS:

1. XapakTepucTuka 3JeKTPOHHOTO CTPOEHHUSI aTOMOB TPHa/Ibl XkKele3a, uX cBoicTBa. IlpocTeie
BeIecTBa M UX CBOMCTBA.

2. Okcuabsl W THIPOKCHABI ‘Kele3a, KoOambTa, HHUKens. WX cTpykTypa, YCTOHYMBOCTS,
KHCIIOTHO-OCHOBHBIE U OKHCIIUTEIbHO-BOCCTAHOBUTENbHbBIE CBONCTBA.

3. lanorenupl u Apyrue OMHApHBIE COSIMHEHMS, UX CTPYKTYpa U CBOMCTBA.

4. KommiekcooOpa3syromiasi CHocoOHOCTh Jkeje3a, KoOaibra u Hukens. CrpykTypa
KOMIUIEKCOB, UX YCTOWUYMUBOCTb, OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIE CBOMCTBA.

CTyneHThl TOTOBSITCS IO BOIIpocaM, HO OoJsiee THIATENbHO MO 1 Bompocy (HE OJKHBI
COBMAJIATh).

Oznakomyenue ¢ npasuiamu. ®opmuposanue rpynm (2-3 yei.).

2. OpraHu3anMoOHHBbIH 3TaN

CTyneHThl Ha 3aHSATUU PACCaXUBAIOTCS MapaMU B COOTBETCTBUM C M3y4Ya€MbIMH BOIIPOCAMHU.
o 3HaKy mpenoaaBaTess CTyIEHTBl PaCCKa3bIBAIOT APYT APYTY COAEPIKaHUE BONPOCA, OOCYKIAIOT
CIIOPHBIE MOMEHTBI, MPUXOJAT K OOIIEMY MHEHHIO. 3aTeM OJMH U3 PSJOB CMEIIAETCs Ha OJHO




MecTO, 1-blif CTYAEHT O0BACHSAET 4-OMy COAep)KaHUE MEPBOrO BOIPOCa W HA0OOPOT. 3a MOJHBINA
Kpyr Bce OOMEHHMBAIOTCS MHEHUSAMH II0 BceM BompocaM. llpenojaBarenb KOHTPOIMPYET
00CYXJIeHUE U AAeT pPa3bsCHEHHUS.

3. PediexcuBHbIi dTAN

B 3axmoueHnn Ha oOuiee OOCYXJEHHME BBIHOCATCS CIOpHBbIE BONPOCHl. OKOHYATENIBbHOE
3aKJIIOYEHHE JlaeT IpernojaBareib. Bo BpeMs HTOroBOro OOCYXIEHHMsS MOTYT HCIOJIb30BAaThCS
IIpEe3EHTAlMH, IOATOTOBJIEHHBIE CTYIEHTAMHU.

Hccnedosamenvckas nabopamopnas paboma «dnemenmet VI B epynnvry

Lenb 3aHATHS: CTYICHTHI JOKHBI OCBOUTH 3HAHUS O CBOMCTBaxX coenuHeHuit anementos VI
B rpynnel, mnNOHMMaTe NOPUYMHBI  pPA3IUUMA  KHUCIOTHO-OCHOBHBIX U OKHCIHUTEJIBHO-
BOCCTAHOBUTEIBHBIX CBOMCTB coeauHeHud metaioB VIII B rpynmbel. 3HaTh mpaBuia TEXHUKH
0€30MaCHOCTH, YMETh MX NPUMEHATh Ha MpaKTHKE. YMeTh paboTaTh C XMMHYECKOW MOCYIOH.
JIOKHBI YMETh aHAJIM3UPOBATh U OOBIACHATH PE3YIbTaThl IKCIIEPUMEHTOB.

1. MoTuBanMoOHHBII dTAN

Co3pnanue cuTyallud, B KOTOPOM BO3HUKAET JKEJaHUE H3y4yaThb HOBBIM MaTepuan. Irail
3aKaH4YMBaeTcs (HOPMYTUPOBKOM TO3HaBaTeNbHOW 3amauyn. Kak cTpykTypa aroma BIHMAET Ha
cBoiicTBa coenuHenuit d- metamuioB? Jloka3aTh 3KCIEpUMEHTATbHO. OMBITHBIM ITYTEM TOKaXKHTE
pasHUIly B CKJIOHHOCTH K THUAPOJIN3Y, YCTOMYMBOCTU M OKHCIIHUTEIbHO-BOCCTAHOBUTEIbHBIX
CBOMCTBAaX COCIUHEHUI JKene3a, KoOalbTa, HUKENs, UX TUAPOKCUIOB U KOMIUJIEKCHBIX COSIMHEHHIA.

2. Conep:xkanue 3aHATHS

Pemenne cryneHTaMuM aHaJIUTHYECKOW 3aJayd [0 H3YYEHUIO CBOMCTB COEIMHEHHU
JJIEMEHTOB, OCHOBAHHOW Ha 3HAHMM CTPYKTYpbl BellecTBa. lloHMMaHue 3aBUCHMOCTH CBONCTB
BEIIECTB OT XapakTepa CBsized U CTPYKTyphl. [IpoOrnema pemraercs ¢ MOMOIIBIO pa30MBKU
CTYJCHTOB Ha Maphbl U BBIIOJHEHUS SKCIIEPUMEHTAIbHBIX 3a7aHui. Pa300p KOHKPETHBIX IPUMEPOB.
®opMUpPOBaHNE HOBBIX 3HAHUM.

3. KoHTPO/IbHO-KOPPEKTHPOBOYHBI 3TaN

ITonBenenue UToroB paboThl co cTyneHTaMu. [IpoBeieHre MUHM ONpoca CTYIEHTOB.

Tema 24. Dnemenmot 1B epynnot u ux coeounenusn

Hnmepaxmusnas nexyus « dnemenmsi | B epynnot u ux coedunenusy

Hens 3anstus: CTyneHTh JOJKHBI OCBOUTH 3HAHHA 00 OCOOEHHOCTSAX 3JIEKTPOHHOTO
CTpOEHHS aTOMOB 3JIeMeHTOB | B rpymimel, BIUSHUU Ha CTPYKTYPY U CBOMCTBA MPOCTHIX U CIIOKHBIX
COEMHEHMH, crocobax TMOJy4YeHHs METaJJIOB; MOHMMAaTh MPUYMHBI Pa3INuds XHUMHUYECKOMN
AKTUBHOCTH U CBOICTB METAJIOB TTIaBHOM U MOOOYHOM MOATPYIIIL.

1. MoTBaIMOHHBII dTaN

Coznanue cuTyanuu, B KOTOPOM BO3HUKAET JKEIAaHME HM3ydaTb HOBBIM Marepuail. Menp,
cepedpo M 30JI0TO M3BECTHBI YEJOBEUECTBY C JaBHMX BpeMeH. Kak 1oObIBanu 3TH MeTaylibl B
nporioM? Kakue ceifuac CyiiecTBy0T criocoObl JOOBIYM U TIepepabOTKU TaHHBIX METAJIIOB.

DNeKTpOHHasi CHCTEMa 3THUX JJIEMEHTOB OYEHb IOJIBUXKHA, YTO OIpENesieT BO3MOXKHOCTh
o0pa3oBaHMs HE TOJHKO OJHOBAJICHTHOTO (KaK y MIETOYHBIX METAJUIOB), HO U JIBYX-, TPEX- U JaXKe
0ojee BBICOKMX BaJIEHTHBIX cOCTOSHUU. llpemnoxure pazHooOpa3Hble METOAbl CTAOMIM3ALUU
HEYCTOWYMBBIX BaJICHTHBIX COCTOSIHMN y Menu, cepeOpa u 30J10Ta.

2. PazpaboTka cnoco0a pemenusi npodJieMbl

B teuenue 15 munyt Oynyr paboraTh 4 TpyMNIbI CTYIACHTOB HAaJ pelIEHHEM MpPOoOJIeMbI B
(hopme MO3TOBOTO MITypMA.

3. Peanim3anusi HaliICHHOTO pelIeHUs

B pesynbrare y crynaeHToB OynmeT copMHUpOBaH KOMIUIEKC HOBBIX 3HAHWUW IO CBOWCTBAM
aTOMOB dJeMeHTOB | B rpynmel, UX BIMSHUU Ha CTPYKTYPY M CBOMCTBA MPOCTBIX U CIOKHBIX
COEUHEHMH, crmocobax TMOJy4YeHHUs] METajuIoB, MOHMMAHUE MPUYMHBI Pa3IUuUsS XUMHUYECKOMN
AKTUBHOCTH U CBOICTB METAJUIOB TTIABHOW U MOOOYHOMN MOATPYIIIL.

4. KOHTPOJIbHO-KOPPEKTUPOBOYHBIM 3TAl




[TonBenenue UToroB paboThl co cTyneHTaMu. [IpoBeieHre MUHH OIPOCa CTYACHTOB.

Tema 25. Inemenmot |1B epynnuvt u ux coeounenusn

HUccnedosamenvckas nabopamopnasn paboma «Inemenmsi |1 B epynnot u ux coeounenusny

Henp 3anstusi: CTyAeHTHI JOJKHBI OCBOUTH 3HAHUS O CBOMCTBaX coequHeHuii snemeHToB |l B
rpynnsl. 3HaTh IpaBHJIa TEXHUKU O€30MaCHOCTH, YMETh HMX NPUMEHSATh Ha IMpaKTUKE. YMETh
paboTaTth ¢ XUMHUYECKOW MOCyHoH. J[OJDKHBI yMETh aHaIM3UpPOBATh M OOBACHATH PE3yIbTAThI
JKCIIEPUMEHTOB.

1. MoTuBanMoOHHBII TAN

Co3nanue cuTyaluu, B KOTOPOM BO3HMKAET JKEJAaHUE H3y4yaThb HOBBIM MaTepuan. Irail
3aKaH4YMBaeTCs (OPMYIUPOBKOW TIO3HABATENbHOW 3amaun. Kak CTpykTypa aroma BIHMSET Ha
CBOWCTBA IMPOCTHIX BemecTB W coemuHeHmii  d-meraiutoB Il B rpynmei?  Jlokasath
SKCIIEPUMEHTAJILHO Pa3IMunue B CBOMCTBAX COCAMHEHUN IIMHKA, KQJIMUS U PTYTH.

2. Conepxxanme 3aHATHS

Pemienue cryneHTaMM AHAIMTHUYECKOW 3aJauyd 10 M3YYEHUIO CBOMCTB COCIMHEHUU
3JIEMEHTOB, OCHOBAHHOW Ha 3HAHMM CTPYKTYpbl BellecTtBa. lloHMMaHue 3aBUCHMOCTH CBOWCTB
BEIIECTB OT XapakTepa CBsized W CTPYKTyphl. [Ipobnema pemaercss C IMOMOIIBIO Pa3OMBKU
CTYJICHTOB Ha Maphl U BBHIOIHEHUS SKCIIEPUMEHTAIbHBIX 3aJaHuil. Pa300p KOHKPETHBIX MPUMEPOB.
@opMHUpPOBAaHNE HOBBIX 3HAHUM.

3. KOHTPOJIbHO-KOPPEKTUPOBOYHBINM 3TAIl

[Togsenenue utoroB paboTel co cTynentamu. [IpoBeieHne MUHU OMTpoOca CTYICHTOB.

5.2. Yka3zanus 175 00y4ar0uUXcs 10 OCBOEHUI0 TUCIHUILIUHBI

Tab6uanna 4 — CoaepxaHue caMOCTOSATEIbHON Pad0ThI 00y4a0IUXCS

Kon-
Dopmwi
Bonpocel, BBIHOCUMBIE Ha CAMOCTOSITEIBHOE U3yYEHHE 60
pabomul
yacos

Pazpea 1
Tema 1. Ocnosnvie nonamus xumuu. AmMOMHO-MOEKYAAPHOE 4 Otuer mo
yuenue. IlpocTele W CIIOKHBIE BellecTBa. PacrpocTpaHEHHOCTh nabopaTopHOI
AJIEMEHTOB B 3€MHOI KOpe U KocMoce. XUMUYECKHe U (pU3ndecKue pabore,
cBOlicTBa BemiecTBa. IIoHATHE O YMCTOM BEIIECTBE U IPHUMECH. cobecenoBaHue,
OcHOBHbIE ~MeTOABl MOJy4YeHHs 4uCThIX Bemects, [1/IK. TECTOBBII
Knaccuukanuss XMMHYECKUX pEareHTOB IO CTENEHU YUCTOTHI. KOHTPOJIb
[lonsTHE O XMMMYECKOM peakUuu Kak MpEeBpallleHuU BEIIECTB.
OCHOBHBIE THUIIBI XMMHUYECKMX pEaKLUUN: pEeaKkUuu pPasIoKeHHUs,
COEJIMHEHMS, 3aMeIlleHNUs], 0OMEHa, BHYTPEHHET0 IPEBPAICHHUSL.
Tema 2. Knaccugpuxauus u HOMeHKIamypa HeopZaHU4eCKux 4 Otuer no
COeOUuHeHull. HomenknatypHbie MpaBHJIa NIOITAK nabopaTtopHoit
HeopraHmyeckux BemecTB. Kiaccuukanus NpOCTBHIX BEIIECTB. pa0ore,
Knaccudukammsi ClI0KHBIX BEIIECTB 1O COCTaBy. buHapHbIe cobeceoBanme,
coeauHeHus. atepmerammyeckue coeaunenus. Knaccupukanus TECTOBBIN
CJIOKHBIX BEIIECTB MO (QYHKIIMOHAIBHBIM IIPU3HAKAM. KOHTPOJIb
Tema 3. Cmpoenue amoma. SInpo Kak JUHAMHUYECKas CHUCTEMa 6 CobecenoBanue,
IIPOTOHOB W HEUTPOHOB. YCTOWYMBBIE W HEYCTOWYMBBIE SIpA. TECTOBBII
PagnoaxktuBHblll pacnan suaep. Ilepuon momypacmana. SnepHeie KOHTPOJIb
peaKkuuu U MpeBpalleHns XUMUYECKUX AJIeMeHTOB. McKkyccTBeHHast
pasMoOaKTUBHOCTb. «MeueHbIe» aTOMBI U X IPUMEHEHHUE.
Tema 4. Ilepuoouueckuii 3aKOH U NEPUOOUUECKAA CUCHEMA 4 CobecenoBanue,
xumuueckux  3nemenmoe JI.HU. Menoeneeea. OTKpbITHE TECTOBBII




nepuoauueckoro  3akoHa .M. MenneneeBbiM.  [Ipuniun
MOCTPOCHHUSI €CTECTBEHHOW CHUCTEMBI 3JIeMEHTOB. Mcrnosb3oBaHue
JI.1A. MeHnneneeBbIM METOJOM HWHTEPHOJSALMUH JJISI WCIPaBICHUS
ATOMHBIX MaACC H HpCIICKBBaHI/ISI CBOI>'ICTB ClIC HC OTKpBITBIX
AJIEMEHTOB. DKCIIEPUMEHTAIbHBIC TTOATBEPKICHUS TEOPETUUECKHUX
npenckasanuit - JI.MI.  MenneneeBa.  3HaueHME  OTKPBITHS
MEPUOMYECKOr0 3aKOHA. PackpbiTHE B TEPHOIUYECKONW CHUCTEME
BCEOOIIEH €CTeCTBEHHOW B3aMMOCBSI3M MEXIY XUMHYECKUMU
a7eMeHTaMu. | paHuUIIbI ¥ SBOJIIONHS TIEPUOTUICCKON CUCTEMBI.

KOHTPOJIb

Tema 5. Xumuueckasn C6:3b. Bonoponnas CBSI3b.
MexMoneKkyaspHas ¥ BHYTPUMOJEKYJSpHas BOJOPOAHAS CBS3b.
Binsaue BO#OpONHOM CBs3M Ha CBOWCTBa Bemectsa. Poib
BOJIOPOJIHOM CBSI3U B OMOJIOTHYECKHX Ipolieccax. Merauyeckas
cBsi3b. OCOOEHHOCTH 3JIEKTPOHHOTO CTPOSHHSI aTOMOB, CITIOCOOHBIX
K OOpa3oBaHHIO METAUIMYECKOW CBSI3U. MeXMONEKyIsSIpHbIe
B3aUMOJECUCTBUS.  JHAMONB-IUIIONG,  AUNOJIb-UHIYLIMPOBAHHbBIN
JIUTIOJIb, TUCIIEPCUOHHOE B3aUMOJICHCTBHE.

Co0OecenoBanue,
TECTOBBIN
KOHTPOJIb

Tema 6. Ckopocmv Xxumuueckux peakyuil. Xumuueckoe
pasenosecue. VIOHHBII U paJMKaIbHBIA MEXaHU3Mbl XUMHUYECKHX
peaknuii. CBoOOMHBIC paguKkaibl. [IOHATHE O MEMHBIX PEAKIUSX.
Buast KaTaJlu3a: TOMOT€HHBIH, reTepOreHHBIMH,
MUKPOTETEPOTEeHHBIH, aBTOKATaJu3, MOJIOKUTETHHBIN u
OTpHUIATENbHBIN KaTanu3, NoHsITHe 00 uHruouropax. OcodbeHHOCTH
(bepMeHTOB Kak KaTain3aTopoB. VCnoiap30BaHKWE KaTalIn3aTOPOB B
npoMblieHHocTH.  Kartanmusatopsl B 0OpaTHMBIX MpoIeccax.
3HaYCHUE YUYEHUSI O CKOPOCTH PEAKIIMH U XUMHUYECKOM PaBHOBECUU
JUIsl yIIpaBJIE€HUSI XUMUYECKUMH MPOLIECCAMM.

Ortuet 1o
nabopaTopHOH
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 7. DHnepcemuka u HANPAGIEHHOCHMb XUMUYECKUX
npoyeccoe. llpuMeHeHHEe TEPMOAMHAMUYECKUX (QYHKIMHA A7
XapaKTePUCTUKU PEAKIIMOHHOM CIIOCOOHOCTH BELIECTB M OLIEHKE
BO3MO>KHOCTH MPOTEKaHUS] XUMUYECKUX PEAKLIUH.

CobecenoBanue,
TECTOBBIN
KOHTPOJIb

Tema 8. Pacmeopul. Teopusa snekmpoaumuueckou Ouccouuayuu.
CaoiicTBa pactBopoB. PacTBopuMocTs. KoHIEHTpamus pacTBOpoOB.
CriocoObl BBIpa)XEHHs KOHIIEHTpPAIMM PACTBOPOB: MaccoBas J0JIs
pPacTBOPEHHOIO BEIIECTBA, MOJISPHAs KOHIEHTpaLus, MOJIIpHas
KOHLIEHTpalMs SKBUBAJIEHTa, MOJIbHAS J10J151, MOJISUIBHOCTD.

OrtueT 1o
nabopaTopHOI
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 9. OxucnumenvHO-60CCMAHOGUMEIbHBIE DPEAKUUU U
IIEKMPOXUMUYUECKUE npoueccol. OxuCINTEIHFHO-
BOCCTAaHOBUTEJIbHBIE peakiuu. OKHUCIUTENN, BOCCTAHOBUTEIIH.
OCHOBHBIE  3aKOHOMEPHOCTM B  H3MEHEHHUU OKHUCIUTENIbHO-
BOCCTAaHOBUTEJIbHBIX CBOMCTB MPOCTBIX BEIIECTB M COCIUHEHUU.
CreneHb OKHCJICHUS. Knaccudukanus OKHUCJIUTEIIHLHO-
BOCCTaHOBUTEIBbHBIX peaKkuui. MeTtonbl paccTaHOBKH
K03((HUIIMEHTOB B YPAaBHEHUU OKUCIUTEIHHO-BOCCTAHOBUTEIHHBIX
peakuuii. Pomb  cpeapl B NPOTEKAHUMM  OKHCIHMTEIBHO-
BOCCTAaHOBUTEJIBHBIX MPOLIECCOB. MOJISPHBIE MAacChl SKBUBAJIEHTOB
B OKHCJIUTEIIbHO-BOCCTAHOBUTEIIBHBIX PEAKIUSX.

OrtueT 1o
nabopaTopHOI
pabore,
cobecenoBaHue,
TECTOBBIU
KOHTPOJIb

Pa3zpen 2

Tema 10. Komnaexcuvie coedunenusn. Knaccuduxamus
KOMIUIEKCHBIX COEIMHEHUI: TUIINYHBIE KOMIUIEKCHBIE COETUHEHMS,
XeJ1aThl, HOJIMSIIEPHBIE KOMILJIEKCHI, u30- u

Otuer no
nabopaTopHOI
pabore,




TeTEPOIOIMCOCTUHEHUS, aKBAKOMIUIEKCHI (KPUCTAUIOTHAPATHI KaK
YaCTHBIN ciyyan aKBAKOMIIJIEKCOB). AMMUaKarsl.
AMAOKOMIUIEKCHI.  JIBOWMHBIE COJIM KakK YacTHBIM  ciydai
alUI0KOMIUIEKCOB. [lonuranoreHuibl, MOMUCYIb/IbI, TEPOKCHIHBIC
coenuHeHus. KinacTepHble COeTMHEHHMS, T-KOMIUICKChI, KOMILJIEKCHI
«TOCTh-XO35IMH», COCJIMHEHMS BKJIIOUYEHUS, KJIATpaThbl, IEOJIMTHI.
N3omepus KOMIIJIEKCHBIX COEIMHEHMI: TUApaTHas,
KOOpJAMHAIIMOHHASl, TCOMETPUYECKas, H30MEpUsl  IOJOKEHUS
(coneBast u3oMepusi), HOHU3AIMOHHAS, ONTHYCCKAI.

cobeceoBanme,
TECTOBBIU
KOHTPOJIb

Tema 11. Inemenmot V1A epynnut (canozenst) u ux coeounenus.
®dTop, xyop, 6pom, #oxa, actaT. MeXraJouaHbIe COCTUHEHUS, UX
CTPYKTYypa, yCTOH4YMBOCTb. OCOOEHHOCTH CTPYKTYpbl U CBOWCTBa
acrara.

Oruet 1o
nmabopaTopHOH
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 12. Dnemenmwr VIA cpynnwet (xanvkocenwvt) u ux
coeounenusn. Kucnopon, cepa, ceneH, TeTyp, TIOJOHUM.
[Momucynbdunel, wux cTpykrypbl. CTpyKTypa  BOJOPOJHBIX
coenuHeHnil. OcoOble cBOWCTBa BOABL. KHCIOpOIHBIE COCTMHEHUS
XaJIbKOT€HOB. M3MEHEHHS CTPYKTYphl OKCHUIOB C YBEIWYECHUEM
crenienn okucieHus. OcoOble CBOICTBA CepHON KHUCIOTHL. OneyMm.
[TpaBwiia oOpaieHus ¢ KOHIICHTPUPOBAHHOW KUCIOTOW. Pa3nmunbie
CHOCOOBI MOJIYYEHHUS STOM KUCIOThI, XUMHU3M IMPOLIECCOB, JIEKAIIUX
B OCHOBE ITHX PEaKIUH.

Ortuet 1o
nabopaTopHOH
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 13. Inemenmur VA cpynnvi u ux coedumnenus. A30T,
dochop, MBIIBIK, cyppMa, BHCMYT. M3MeHeHHE OKHCIUTEIHHO-

BOCCTaHOBUTEIHHOU AKTUBHOCTH MPOCTOTO BEII[eCTBA.
Oco00EHHOCTU CTPYKTYPBI BOJIOPOIHBIX COCTMHEHHH, X KUCIOTHO-
OCHOBHaf, OKHUCIIUTETHHO-BOCCTAHOBUTEIbHAS byHKIUY.

lanorennasl. Kucnoponacoaepxanme KHACIOTHI a30Ta, KHUCIOTHI
dbocdopa, HX DIEKTPOHHOE CTPOCHHE, CBOICTBA, OCOOEHHOCTHU
MOBCACHWA B BOJHBIX pacCTBOpax. COJ'II/I, AHTUMOHMIIBI, CTI/I6I/IJ'II>I,
BUCMYTHUJIbI. OKUCIUTENbHAS aKTUBHOCTh COEAMHEHUN B BBICIIEH
CTCIICHU OKHCJICHUA.

Otuyer no
nabopaTopHOI
pabore,
coOeceloBaHme,
TECTOBBIN
KOHTPOJIb

Tema 14. Snemenmut VA zpynnot u ux coeounenusn. lloarpynna
yraepoaa. Kapouapl xanbius u kpeMHus. CHUHWIbHAS KUCIIOTA U
LMaHU]BI, UX TPUMEHEHUE B OOpb0Oe C BpEeIUTENsIMHU CEIbCKOIO
X03iMCTBAa W B  NpOMBIIUIEHHOCTH. KapOuasl  meTamios.
KapOonunsl. CoenuHeHus yriepoga ¢ a3oToM. KpemHwid.
Kpemuuitoprannueckue mnomuMepsl. CHIIaHBI W CHIJIOKCAHBI.
Cunukonsl. CUIUIMIB MeTaioB, KapOopyHa. OOmiue cBoHcTBa
repMaHusi, OJOBa, CBUHIA. BoccTraHOBHUTENbHAs AaKTUBHOCTD
COEUHEHMS JIBYXBAJIEHTHOTO OJIOBA, OKUCIIMTEIbHBIE CBOWCTBA
COCIMHEHUN CBHUHIIA.

OTuet no
nabopaTtopHoOi
pabore,
cobeceloBaHue,
TECTOBBIN
KOHTPOJIb

Tema 15. Snemenmur |lIA zpynner u ux coedunenusn. bop,
QTIOMUHUN, TauMd, MHIAW, Taumid. CTepeoxuMusi COeAMHEHH
6opa. CxoznctBo Oopa c¢ kpemHHeM. Kpucrammmdeckuit 60p Kak
MOJIYIPOBOJIHUK. Meronpl monyuyeHuss Oopa B CBOOOJHOM
coctosinuu. Kapbopans! (6opoyraeponst). Hutpun 6opa. bopaso:n.

Amomuauil. CTepeoxuMHsl €ro COEAMHEHUH. ATIOMHHOTEPMUS.
Crunasel amomuaust. Conu amomMuHust. KoMmIuiekcHble coeiMHEHUS
amoMunus. Keacupl. ['mapua amroMuHHs, KOMIUIEKCHBIE THAPUABI

OTuyet no
nabopaTtopHoit
pabore,
cobeceoBanme,
TECTOBBIN
KOHTPOJIb




amomMunusi. KapOupn amomMuHus, HUTpHA amioMuHus. [ ammuid,
nHaui, tawmid. Ilpenckazanme .M. MennaeneeBsIM CBOMCTB
JKaaTIOMHHHUS (rammms). OTKpbITHE rajuIus.
KomrekcooOpasyromiasi CriocOOHOCTh TaJUTHsI, WHIUS U TaJLIHSL.
TOKCMYHOCTH COSIMHECHUN TaJIINS.

Tema 16. Inemenmovr |A u |lA 2pynn u ux coedunenus.
bepunnuii, wMarHuii, KaablUWW, CTPOHUMN, Oapuid, paauid.
[[lenouHo3emenbHble MeTaUIbl. [ MAPUIABI  IIEIOYHO3EMETBHBIX
MeTauioB. bepuinii. AKIeNTOpHBIE CBOMCTBA aTroMa OepHiUIUs B
Mmonekynax Tuna BeXz. CxomctBo Oepwiuius ¢ allOMUHHEM.
MeTtop! ostydeHus 0epusuiis B cCBOOOJHOM cocTOSTHUU. OKCHIBI U
MEPOKCU/IBI IIETTOYHO3EMENIbHBIX MeTauioB. JKecTKOCTh BOJBI:
BpeMeHHasl, moctosiHHas. CriocoObl yCTpaHeHHsI )KECTKOCTH BOJIbI.
Jlutwii, kanuii, HaTpwii, pyoumui, ue3mit, Qpanuuit. OKCUIHI,
MEePOKCUJIBI, CYMEPOKCHUJIbI, O30HU[BI IIETOYHBIX METAJUIOB, HX
CBOMCTBAa M MeTonbl mnonydeHus. CoJid MIETOYHBIX METAJIOB, UX
cBoiicTBa. HUTpuIbI, rUAPUABI MIETOYHBIX METAJUIOB.

Oruet 1o
nmabopaTopHOH
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 17. Snemenmut |11B zpynnet u ux coeounenusn. Cxanaui,
UTTpUN, ITOTenuil (WIM IaHTaH), JOYpPeHCUW (WM aKTUHUK).
OTnuune CBOKMCTB CKaHAWS OT CBOMCTB OCTAJIBHBIX AIIEMEHTOB.
bnuzocTe mocnenHux K cBoiicTBam 4f-31€MEHTOB (JTaHTAHOHJIOB).
OKcuapl, TUAPOKCUIBI U COJHM 3JEMEHTOB TOATPYIIBI CKAHIUSA.
CpaBHeHHE XUMHYECKHX CBOWCTB DJJIEMEHTOB TJaBHOH (A) u
no6ouyHo# (B) moarpymnm 111 rpynmel neprnoanyeckoil CHCTEMBI.

CobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 18. J/lanmanouowt. Akmunouodst. IlonoxeHne TaHTaHOUIOB
B Iepuoaudeckoil cucreme. IIpuumHBI CXOACTBA CBOMCTB
naHTaHou70B. COEqUHEHMSI JIAHTAHOUJIOB B COCTOSIHUM OKHCIICHUS
(ITI). Oxcuapl W THAPOKCHABI, HM3MEHEHHE WX CBOMCTB ¢
BO3pAacCTaHUEM MOPSAJKOBOTO HOMEPA JTAHTAHOUIOB.
CymecTBytoniye BO33pEHHS Ha IOJOXKEHHE aKTHMHOUAOB B
MIEpUOAMYECKON cucreMe. I3MeHeHne XUMHYECKUX CBOMCTB
aKTUHOMJIOB C BO3pacTaHWEM MoOpsAKoBoro Homepa. CreneHu
OKHCJICHUS aKTUHOMJIOB. CKIJIOHHOCTB aKTUHOMJIOB K
KOMILUIEKCOOOpa3oBannt0. CpaBHEHHWE  XUMHUYECKUX  CBOMCTB
aKTMHOMJIOB CO CBOMCTBAMH JIAHTAHOUAOB U d-371€MEHTOB.

CobecenoBaHnue,
TECTOBBIU
KOHTPOJIb

Tema 19. nemenmor INB cpynnet u ux coedunenusn. Tutan,
upKoHuii, radpuuit, kypuarouii. Coenunenus tutana (1) u (11).
Oxcuna, tugpokcua u comu tutana (IV). Comnum TuTanmia.
Turanarel. Oxcuabl, THAPOKCH B U conu nupkonus (1V) u radhuus
(IV). CpaBHeHHE XMMHUYECKHX CBOMCTB AJIEMEHTOB INIaBHOH (A) u
no6ounoi (B) moarpynn 4 rpynmnsl NEpUOANYECKON CHCTEMBI.

CobecenoBanue,
TECTOBBIN
KOHTPOJIb

Tema 20. Dnemenmot VB zpynnel u ux coedunenus. Banamui,
HUOOMM, TaHTan. XapakTep OKCHUIOB W THJIPOKCHIOB BaHaIusl.
Comu Bananug. ['amorenuasl U okcoranmoreHuab! BaHagus (IV) u
(V). Bananartsl. [TonuBanagaTsl. OxucnuTensHo-
BOCCTAaHOBUTEJIbHBIE CBOMCTBA COEAMHEHMI BaHAJUS B Pa3IMUHbIX
COCTOSIHUSIX OKHCJICHMS.

Coenunenne Huobus (V) u tantana (V). HuoGaTsl U TaHTanatsel.
CpaBHEHME XHUMHUUYECKMX CBOWCTB JJIEMEHTOB TrjaBHOM (A) u
no6ouHoit (B) moarpynm 5 rpymnmsl nepruoInYecKOrd CHCTEMBI.

OTuer no
nabopaTopHOI
pabore,
cobecenoBaHue,
TECTOBBIU
KOHTPOJIb

Tema 21. Dnemenmur VIB zcpynnet u ux coeounenus. Xpow,
MonnOsieH, Bodb(pam. l3MeHeHHWe XapakTepa THUIPOKCHUIOB U

Otuer no
nabopaToOpHOH




OKHUCJIUTEIHHO-BOCCTAHOBUTENBHBIX CBOMCTB COEIMHEHUIN Xpoma ¢
BO3pacTaHMEM €ro creneHu okucieHus. Ilepoxkcun xpoma, ero
CTpOCHHE. [Tepokcoxpomarsl. MonubneH, BOJIb(paM.
N30monuKucioTel, TeTepornoIuKUCIOT U uX coju. Kparkue
CBEJICHHUSI O COEIUHEHUSX MojubOaeHa U Boiib)pamMa B HUBIIUX
COCTOSIHUSIX OKHCJICHUS.

pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 22. Inemenmot V1B epynnot u ux coeounenusn. Mapranen,
TexHenui, pennil. OKUCAUTEIbHO-BOCCTAHOBUTEIBHBIE CBOMCTBA
Maprasiia B pa3HbIX COCTOSIHUSIX OKHCIICHHS NIpU pa3anyHbIx pH.
OKHCINTENBHO-BOCCTAHOBUTEIBHBIE CBOMCTBA COEAMHEHNN PEHUS
B Pa3JIMYHBIX COCTOSIHUAX OKHCIIEHUs. CpaBHEHUE XUMUYECKUX
CBOMCTB 3JIEMEHTOB I1aBHOM (A) 1 nobouHol (B) moarpynn 7
IPYIIIBI NEPUOJUYECKON CUCTEMBI.

OTuyer no
nabopaTopHOi
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 23. Inemenmot VIIIB epynnet u ux coeounenusn. Xeneso,
pyTeHH#, OCMHUH. AJUIOTPONMS »Ke€Jle3a, MAarHUTHbIE CBOWCTBA.
TBepable pacTBOPHI M COEAUHEHHUS XKeje3a C YriepoaoM. Msrkoe
&Kele3o, cTalb, 4yyryH. [lonsTtue o nerupoBanHbiX cransx. Conu u
KoMIUleKCHbie  coenuuHenust xene3a (II) wu  xenesa  (IID).
OxucnutensHo-BoccTaHoBuTenbHble (OB) cBoiicTBa keneza B
Pa3HBIX COCTOSIHUSIX OKMCJeHHs npu paznuunbix pH. KapOonumsi,
HuTpo3un xeneza. Peppouen. Pyrenuit m ocmuid. brnuzocts ux
XUMUYECKUX CBOMCTB K cBoiictBam penusi. OB  cBoiicTBa
COCIMHEHUI PYTEHHUS U OCMHS B PAa3HBIX CTEMEHSX OKHCIICHUS.
KobGanbT, pommii, mpuauii. Baxneilmme conmum U KOMILIEKCHBIC
coequnenuss kobanbra (II) u (III). OB cBoiicTBa coenuHeHui
kobanpra (II) m (III). Pommii, mpuamii. CriocoObl pacTBOpEeHUS
MetannoB. Hwukenb, mammaguii, tuatuHa. OOmuit  00630p
MJATHHOBBIX MeTa/uioB. [lpuHIunel adgduHaka MIATHHOBBIX
MeTauioB. PoJb OTEYECTBEHHBIX YUYEHBIX B Pa3BUTHH XUMHUU
TJIATHHOBBIX METAJUIOB.

Oruet 1o
nabopaTopHOH
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

Tema 24. dnemenmwur |B cpynnet u ux coeounenusn. Menp,
cepebpo, 3070T0. CTEpEeOXUMUsI COSTMHEHUIN IJIEMEHTOB B Pa3HBIX
COCTOSIHUAX OKMceHus. Colli U KOMIUIEKCHBIE COETUHEHUS MEIH
(D) m (II). T'anorenunp! cepedpa, HUX CBETOYYBCTBUTEIBHOCTD.
KommuiekcHbie coemunenust cepebpa. Coemunenus cepedpa (I1).
Coenunenus 3onota (I). Coenqunenus 3omnora (III). KommniekcHsie
coequHenus 3onota (I1).

OTuet no
nabopaTtopHoOi
pabore,
coOeceloBaHme,
TECTOBBIN
KOHTPOJIb

Tema 25. dnemenmur 1B zpynnet u ux coedunenus. 1{unk,
KaaMHi, pTyTh. CTEPEOXUMUS COEAMHEHUHN DJIEMEHTOB.

Conu 1 KOMIUIEKCHBIE COSMHEHHSI IMHKA U KaaMusl.

Coenunenus prytu (1), Meroas! ux noaydenust. CoeTMHEHUS PTYTH
(2). KoMmnekcHbIe cOeTMHEHUS.

OTuyet no
nabopaTtopHoit
pabore,
cobeceoBanme,
TECTOBBIN
KOHTPOJIb

Tema 26. Dnemenmwvt V1A cpynner. DT'enuii, HEOH, apros,
KPUIITOH, KCEHOH, pasioH. OcoOeHHOoCTH reius U HeoHa. HepTHbIe
u Omaropoanble Ta3pl B mpupone. Kmarparel. Ponb xumuum
ONmaropoIHBIX Ta30B B Pa3BUTUU TEPHOJANYECKOTO 3aKOHA.
ITpuMeHeHre HHEPTHBIX U 0JaropoJHBIX ra30B U MX COCAMHEHUH.

CobecenoBanue

Memoouueckue ykazanusa no og)opmaieHuIo 6btnOJIHEHHBIX UHOUGUOYATbHBIX 3A0AHUL

1. 3aganus, BBITIOJHEHHBIE HEOPEXXHO, HEpa3OooOpumBO, 0€3 COOMIOACHUS TpeOOBaHUN IO




oopmieHnI0 BO3BpaIaeTcsl CTYACHTY 0€3 MPOBEPKH C yKazaHHEM MPUYHH BO3BpaTa Ha TUTYJIHHOM
JIUCTE.

2. Crnava BBIMOJHEHHOTO 3a/laHUSl MOXET MPOBOAMUTCS Ha BBIJCICHHOM OJIHOM 3aHATHUU B
pamMKax 4YacoB y4yeOHOW IUCIHIUIMHBI, JUOO MO JIOTOBOPEHHOCTH ¢ ImpenojaBaTeneM. Craua
BBITIOJIHEHHOTO 33/IaHUSl CTYJIEHTOM IpEeIyCMaTpUBaeT OOBSACHEHHS MPOACTAHHOTO 3alaHus U
OTBEThI Ha Bompochl. OO0IIasi OIlEHKa BBICTABJISETCS C YYETOM OLIEHOK 3a paboTy, YMEHHE BECTH
JUCKYCCHIO U OTBETHI Ha BOIIPOCHI.

3. IIpu onieHnBaHuM pabOTHI OYAYT YUUTHIBATHCS CIIEAYIOIINE MYHKThI: 3HAHUE U TIOHUMaHHe
npoOJeMbl; yMEHHE CHCTEMAaTU3UPOBAaTh W aHAJIM3UPOBATh MaTepUall, Y€TKO M OOOCHOBAaHHO
(GbopMyIHUpOBaTh BBIBOJBI; CaMOCTOSITENIBHOCTb, CIOCOOHOCTh K ONPEIEIIEHHUI0 COOCTBEHHOM
MO3UIMHU 0 Tpo0eMe U K MPaKTHYECKON alanTalluyd MaTepraia; akKypaTHOCTh 0(hopMIICHHUS.

MemoouuecKue yKazanus no HARUCAHUIO OMYEma no 1a6opamopHoil pabome

1. Ilens u 3aa4u UCCIEIOBAHMUS.

2. Kparkoe omnmcaHue OSKCIEPHUMEHTA: CIIOCOOBI, METOABI, METOIWKH HWCCICHOBAHUS U
TEOPETUYECKHE MOJIOKEHHUS.

3. 3aKoHBI, TMOJIOKEHUS, (OPMYINbI, ypaBHEHHUs peakiuil. Pe3ynbTaTsl HCCIeIOBaHUS U
pacueTsl (ypaBHEHHs JIOJDKHBI ObITh IPUBEJECHBI B OOIIEM BHJIE U C MO/CTaBICHHBIMU JIaHHBIMU).
PesynbTathl HcceI0BaHUs M paCUETOB JOJDKHBI OBITh CBEACHBI B COOTBETCTBYIOIINE TAOIUIIBL.

4. T'paduueckas oOpabOTKa IKCIICPUMEHTAIBHBIX JaHHBIX (MPU HEOOXOIUMOCTH): TpadUKu U
CXEMBI JOJDKHBI BBIMTOJIHATHCS HA MUJUIMMETPOBOI Oymare. Ha ock opamHaT HaHOCHTCS (YHKIUS,
Ha OCh abCIUCC — apryMEHT ¢ yKa3aHHeM eAMHUL u3MepeHus. Ha ocsax HaHOCHUTCS IIKajia COrJIacHO
BbIOpaHHOMY MacmTady. Enuauibl Macmitaba JODKHBI OBITh BEIOPAHBI B COOTBETCTBUU TOYHOCTHU
orcyera npu sKcrnepuMeHTe. KoopanHaTbl 3KCIEPUMEHTAJIbHOW TOYKM HAHOCATCA TOJBKO Ha
IUIOCKOCTH M OTMEYaroTCsl TOUKOU. [1o IKCreprMeHTaIbHBIM TOYKAaM TPOBOIMTCS YCPETHSIOIIAs
KpuBas. BelnaBiiue TOUKHM He UCTIONIb3YIOTCS, HO MOKa3biBatoTcsa. Ha mucre, rie BoIIOIHEH rpaduk,
JIOJKHBI OBITh YKa3aHbl HAaMEHOBaHUE Tpaduka (1o rpadruKoM), yCIOBHUs, CHOCKH.

5. AHanmu3 3KCIEpUMEHTAJIBHO MOJIYYE€HHBIX 3aBUCUMOCTEH.

6. BrBOOEL

Pabota cuntaercst BHIMOJHEHHOM, €CIIM MPUBEEHBI BCE HEOOXOAMMBIC PACUEThI, TOCTPOCHBI
M3y4aeMble 3aBHCHUMOCTH, TPUBEICHBI BCE CTPYKTYpHbIE (OpPMYIBl H3y4yaeMbIX BEUIECTB U
00pa3zyeMbIX COeTMHEHUN, CACIIaHbl COOTBETCTBYIOIINE BHIBOIBI.

Memoouueckue pekomenoayuu no n0020moeKe K 3aHAMUAM

Tak kak cojep)kaHue JAHHOW AUCIMILTUHBI JOCTaTOYHO OOBEMHOE, YCIIEITHOE OCBOCHHUE
JTUCIUTITUHBI BO3MOKHO TPU CUCTEMAaTUYECKON CEPhE3HOM MOJTOTOBKE K KaXaoMy 3aHaTuio. [Ipu
MOATOTOBKE K 3aHATHUAM HEOOXOJUMO HCIOIB30BaTh HECKOJIBKO YYEOHBIX MOCOOMH, Tak KakK 3TO
MTO3BOJIUT CO3/1aTh 0oJIee MOIHOE MPECTABIEHUE 10 U3Y4aeMOil TeMe.

Pexomenoyemas numepamypa:
1. Heoprannueckas xumusa. Y. II [Onextponusiii pecypc|: yue6nuxk / CrounsiH B.J.,
MaprteiHenko JI.LU. - M.: M3garenscTBO MOCKOBCKOTO TOCYJapCTBEHHOTO yHHUBepcutera, 1994. -
http://www.studentlibrary.ru/book/5-211-02494-X.htm (OBC «KoHCYIbTaHT CTyaCHTa»)

2. AxmeroB H. C. OOmias u Heopranudeckass Xxumust: YueOHuk juig By3oB. / H.C. AxmeToB. —
8-¢  wm3m., cTep. -  C(CIIo.: H3narenscTBO «JIaHb», 2014. — 752 C. -
http://e.lanbook.com/books/element.php?pll _id=50684

3. Vrait SI.A. O6mas u HeopraHuveckas xumus: YueO. mns By3oB / S.A. Vraii. — 5-e u3n.,

crep. — M.: Beic. mk.; 2007. — 527 c.

4. Crumna B.U., Mapreiaenko JI.U. Heopranmueckas xumust. - M.: MI'Y, 1991. - Y. 1. — 480
C.

S5. Heoprannueckas xumus: B 3 1. T.1: ®u3nko-xuMuueckrue OCHOBBI HEOPTaHUYECKON XUMUMU:
Hon. M-Bom oOpazoBanusi PD B kauecTBe yued. s CTYAEHTOB BY30B, OOYyYaroOIIUXCS I10


http://www.studentlibrary.ru/book/5-211-02494-X.htm
http://e.lanbook.com/books/element.php?pl1_id=50684

HanpasieHuto 510500 "Xumua" u cnemmansHoctn 011000 "Xumms" / M.E. Tamm, FO.JL.
Tpetpakos; [Tox pen. FO.JI. TperbsikoBa. — M.: Akanemusi, 2004. - 240 c.
6. Heoprannueckas xumusa. B 3 1. T.2: Xumusa HenepexoaHbix snemeHToB: [Jom. M-Bom
obpazoBanus PD B kadecTBe yuel. UIsl CTYICHTOB BY30B, 0OyJaromuxcs no Hanpasiaeruto 510500
"Xumus" u cnerpansaocTr 011000 "Xumus" / A.A. dposnos u ap.; [Tox pen. FO.J1. Tperpsikosa. -
M.: Axkagemus, 2004. - 368 c.
1. Heopranuueckas xumus: B 3-x 1. T. 3: Xumus nepexoansix snemenToB: Ku.1: [lon. M-Bom
oOpazoBanusi P® B kauectBe yuel. [JIsl CTYACHTOB BY30B, OOYYalOLIUXCS IO HamlpaBICHUIO
"Xumus" u cnenuansHocTh "Xumus" / [A.A. dpo3noB u ap.]; [lox pexn. FO.J1. Tperssikosa. - 2-¢
u3a.; uctp. - M.: Akagemus, 2008.
8. Heoprannueckas xumus: B 3-x T. T. 3: Xumus nepexoansix nemenToB: Ku.2 Jlon. M-Bom
oOpazoBanusi P® B kauecTtBe yuel. IJIsl CTYACHTOB BY30B, OOYYalOLIUXCSl IO HalpaBICHUIO
"Xumus" u cnenuansHocTh "Xumus" / [A.A. dpo3nos u ap.];Ilox pen. FO.Jl. Tpersbsikosa . - 2-¢
u31.; uctp. - M.: Akagemus, 2008. - 400 c.

[Ipy wu3yuyeHun TEM TMEpPBOrO paszzesia HEOoOXOAUMO YICISITh BHUMAHUE HE TOJIBKO
TEOPETUYECKOMY MaTepHaly, HO 1 CAMOCTOSATEIHLHOMY PEIICHUIO PACUETHBIX 33]1a4.

[Ipu u3ydeHU TeM BTOPOTO pas3jeliia PeKOMEHIyeTC sl H3ydUuTh 0030pHbIE JIeKIHH «OCHOBHBIE
3aKOHOMEPHOCTH B HM3MEHEHUHM CBOWCTB P-3JIEMEHTOB U UX COeAuHEeHMi» U «OCHOBHBIC
3aKOHOMEPHOCTH B U3MEHEHUH CBOWCTB (-32JIEMEHTOB U MX COCAMHEHHI», pa3menieHHbie B Moodle.

Memoouueckue pekomenoayuu K peuieHuro 3a0au
3agaua 1. [IpoaykTsl monHoro cropanus 4,48 1 cepoBomopoa (H.y.) B U30BITKE KHUCIOPOaA
nornomensl 57,4 min 20%-HOro pacTBOpa THIpOKCcHIa HaTpus (TWIOTHOCTRIO 1,22 1/Mi).
BrbruncnuTe MaccoBble J0NM BEHIECTB B TOJYYEHHOM pAacTBOpPE M MacCy oOcajka, KOTOPBIH
BBIICTTUTCS TPU 00pabOTKE 3TOT0 pacTBOPa N3OBITKOM THAPOKCHIA KATBITUS.

Pemienue

1) 2H>S + 302 = 2S0; + 2H0

(2 SO2 + NaOH = NaHSOs3

3) NaHSOs + NaOH = Na,SO3 + H20

(4)  NazSOs + Ca(OH), = CaSO3 + 2NaOH

1. Onpenenenue Maccel pactBopa: Mppa=V - p=57,4-1,22=70r
2. OnpeneneHue Macchl paCTBOPEHHOTO BEIIECTBA

M ps.(NaOH) = mppa(NaOH) - ©=70 - 0,2=14r

3. Onpenenenne n30bITKa — HeocTaTKa 1o yp. p. (1), (2), (3)

v (H2S) =28 _ 5 o ;V (H28)=v (SO2) =0,2 moss

22,4

v (NaOH) =1 _ 0,35 wom ;IO yp. p. (2) v(SO2) = v (NaOH); momygaercs 0,2 moas NaHSO3 u
40

ocraercs 0,35 — 0,2 = 0,15 mob NaxSO3z, mosToMy mjeT peakmus (3)

NaHSO3 B n36sitke 0,05 monb u o6pasyercs 0,15 moap NaxSO3

4. Onpenenenre Macchl paCTBOPEHHBIX BEHIECTB

m p(NaHSO3) = 0,05 - 104 =5,21; m ,5(NaxSO3) = 0,15 - 126=189r

5. OnpezenieHue Macchl pacTBOpPa: Mp-pa = Mp-pa(NaOH) + m(SO2) =70+ 0,2 - 64 =828 r

6. OnpeneneHre MacCoBOM JOJIN PACTBOPEHHBIX BEIIECTB

18,9
oNa SO ;) = —~—-100 % = 22 8%

5,2

®(NaHSO ) = —— .100 % = 6,28 %
82,8

7. Onpenenenuie ocaaka mo yp. p. (4)

v(Na2S0O3) = v(CaS03) = 0,15 moib

m(CaS0O3z)=0,15-120=18r



3apgaya 2. Cmemanu no 3 mous BewectB A, B, C. Ilocne ycraHoBneHus paBHoBecust A + B =
2C B cucreme oOHapyuiau S5 Moib BeniectBa C. Paccunraiite KOHCTaHTY paBHOBecHs. Orpeaenure
coctaB cMecd (B MOJIbHBIX %), monydeHHOH cwmemieHueM BemectB A, B, C B MoibHOM
cooTHoteHuu 3:2:1 npu TOu ke TeMrneparype.

Pemenue
1. Onpenenenue paBHOBECHBIX KOHLIEHTpaIuii BemecTB A u B.
Av (C)=[C] —vo(C) =5 -3 =2 monb

A+B=2C
Ilo ypaBHEHMIO pEaKLUHU:
Vipopearupoe. (A) = Vipopear. (B) = 1 Mo1b
Toraa [A] = [B] = Vo- Vipopear = 3 -1 =2 mMoub
2. Pacuer KOHCTaHThl PAaBHOBECHS.
2
[C] = 5— =6,25

2

K =
[Al[B] 2
3. OmnpeneneHrie HOBBIX PAaBHOBECHBIX KOHIIEHTPAIUH.
B pesynbrare peakium pacxoayercs X Moib BemiectBa A u B, oOpasyercs 2x moinb BemiecTBa C.
Torma
[C] = vo(C) + Vospazos(C)=1 + 2x MoB
[B] = VO(B) — Vnpopear,(B) = 2 - X MOJIb.
[A] = vo(A) - Vipopear(A) =3 - X MOIB
4. PacueT KOHCTAaHTBI PABHOBECHS U HOBBIX PAaBHOBECHBIX KOHIICHTPAIIHIA.
P [C] _ 1+ 2x) _ 6.5
[AllB] (B-x)(2-x)
1+4x+4x° = 6,25(6-5x+x2)
1+4x+4x?% = 37,5-31,25x+6,25%>
2,25x%-35,25x+36,5=0
JI= (-35,25)? - (-4)-2,25-36,5 = 914,0625 = 30,232
x=(35,25-30,23)/(2-2,25)= 1,115
[C]=1+1,115-2 = 3,23 moib
[A]=3-1,115= 1,885 mob
[B]=2-1,115=0,885 momnb
5. PacueT MOIBHBIX JOJIEH.
OO0111ee KOJIMYECTBO MOJIb B CMECH paBHO 3 +2 +1 = 6 Moib uiun
3,23 + 1,885 + 0,885 = 6 moab

0 (A) =15 100 o =31,42%
6

o (B)= 25 150 % =14,75%
6

¢ (C)= 2% 100 % =53,83%
6

3apava 3. KobGanbroByto minacTuky maccoit 15,9 r onyctunu B 333,5 r 20%-Horo pactBopa
Hutpara xene3a (l11). [Tocne HeKOTOpOro BhIAEP)KUBAHMS IJIACTUHKU B PacTBOpE €€ BBIHYJH, MPU
3TOM OKa3aJloch, 4TO MaccoBas Jojs HuTparta sxene3a (lll) crama paBHOW MaccoBoii joje conu
kobansTa (I). OnpenenuTe Maccy MIACTUHKH MOCTE TOTO, KaK €€ BBIHYJIM U3 PacTBOpA.

Pemenue
X 2X X
Co + 2Fe(NO3)3 = Co(NOs3), + 2Fe(NO3):



[Tycts B peakuuto BcTynmio X Moib CO, Toraa B pactBope oopazoBainoch X Motk CO(NO3). maccoii
183x r.
Macca ocragiierocsi B pactBope Hutparta xeinesa (111):
m(Fe(NO3)3) =333,5-0,2 - 2x-242 = 66,7 — 484x r. 1o ycinoBuio
183x = 66,7 - 484x
x=0,1.
Macca nIacTUHKH 10CI€ OKOHYAHUS PEaKLUU paBHa:
m(Co) =15,9-0,1-59=10,0
3agaua 4. Kakue conmm u B KakoMm KosmuecTBe oOpasyrorcs, ecnu k 100 r 9,8%-Horo
pactBopa pochopnoit kuciaotsl npunuth 200 r 3,2%-HOro pacTBopa ruAPOKCUIA HATPUS.

Pemenue
Onpenenenne konmuecta Bemectsa NaOH u H3PO4:

v(H3POy) = 22 998 — 1 vomp
98

v(NaOH) = 20 9982 _( 16 pons
40
[ToxOop COOTBETCTBYIOMIETO YPABHEHUS PEAKITHH:
0.1 moap 0.1 moap 0.1 moxap
H3PO4 + NaOH = NaH2PO4 + H,0
1 Mmob 1 Mmo1B 1 Mmo1B
H3PO4 B HemocTatke, ciegoBatenbHo pacueT BeaeM 1o V(H3POs).
Ananu3 ypaBHeHHs: 2 O6aia
D(NaOH) npopearuposaemero = 0,1 MOJIb
V(NaOH) ocrapmerocs = 0,16 — 0,1 = 0,06 mMob
D(NaH2P04) o6pasosapmerocs = 0,1 MOJIb
BriBoa 0 X0/1€ TPOJOKEHHSI pEaKIIUU:
T.x NaOH B u30b1TKE, 2 00pazoBaniack KUCIas COJb, PEAKIHs UICT JANbIIIe:

0.06 moms 0,06 Mo 0,06 moaB
NaOH + NaH>PO4 = NaoHPO4 + H20
1 monb 1 moub 1 monb

Teneps v(NaOH) B HeocTaTKE, M pacyeT BeJIeM IO HEMY.
AHanu3 BTOPOTO ypaBHEHMUS:

U(NaHZPO4) [POpEarnpoBaBIIero 0,06 monb

v(NaH2PO4) ocrasmeroes = 0,1 — 0,06 = 0,04 MoJ1B
U(NaZHPO4) 00pazoBaBIIerocss — 0,06 MOJIb

PacdeTsl Macchl coeit:

B pactBope npucyrcrBytot ase conm: NaH2PO4 u NaaHPOg.
m = Mv

m(NaH2PO4) =120 0,04 =481

m(Na;HPO4) =142 -0,06 =8,52r

Bagmaua 5. [lpu HEKOTOpOW TeMmeparype paBHOBECHBIC KOHIICHTPAIlMM B CHCTEME
N204=2NO; pasubr: C(N204) = 0.02 mosas/n u C(NO2) = 0.03 mosnb/11. Berunciure paBHOBECHBIE
KOHIICHTPAIIUH MOCIIC CMEIICHHSI PABHOBECHS B PE3YJIbTATE YBEINUCHUS TABICHUS B TPH pa3a.

Pemrenne
PvaeT KOHCTAHTEI paBHOBeCI/ISII

_[NO,1° _ 0,08
[N,0,1 0,02
OHpe,Z[CJ'ICHI/IC KOHI_ICHTpaL[I/Iﬁ BCIICCTB HpI/I YBCJII/IHGHI/II/I JAaBJICHUS:

K =0,045



C(NO2) = 0,03 3 =0,09 monb/n

C(N204) =0,02 -3 = 0,06 monb/1

OmnpejienieHre HAIIPABJIEHUS CMEIICHUS PAaBHOBECHS:
XHUMHUYECKOE PABHOBECHE CMEIAETCS B CTOPOHY OOPATHOM PEaKIHH.
Ompe/ie/icHrEe HOBBIX PABHOBECHBIX KOHIICHTPAIIHIA:
[NO2] = 0,090 — x

[N204] = 0,06 + 0,5x

Pacuer HOBBIX PaBHOBECHBIX KOHIIEHTPALIUIA:

(0,09 — x)°

0,06 + 0,5x

0,0027 + 0,0225x = 0,0081 — 0,18x + x>
x2—0,2025x + 0,0054 =0

x =0,032

[NO;] = 0,09 — 0,032 = 0,058 mosb/n

[N204] = 0,06 + 0,5 0,032 = 0,076 mMoib/7

0,045 =

5.3. Buasl u (opMbl NHCbMEHHBIX PadoT, NPeAYCMOTPEHHBIX IPH OCBOCHUM
AUCHUILINHBI, BHINOJIHseMble 00y4al0IUMHUCH CAMOCTOATEIBHO

Tembl KypcoBoil paboTbl 1o auciuruiiHe «Heopranuuyeckas XuWMHS» BbIOMpAIOTCS
CTYJEHTaMHU B TeueHue (eBpanst mecsia U oOCYKIArTCsl ¢ PYKOBOAMTEIEM KYypCOBOH pabOTHI.
Cnaua u 3ammMra KypcoBOM palOThl OCYyIIECTBIsieTCS B HIOHe Mecsne. Jlomyckaercs
CaMOCTOSITENIbHBIM BBIOOP CTYJEHTOM TEMbl KypcoBOl paboThl. [IpumepHble Tembl KypcOBOI
paboTHI:

Ilo cpaauumeﬂbuoﬁ xapakmepucmuke 3JieMenHmoe U ux COCOUHEHUTL

1. CpaBHeHnue cBoiicTB aeMeHToB U coenunenuid VII A u VI A rpynm.

2. CpaBHeHUe CBOMCTB 31eMeHTOB U coenuHenuit V A u IV A rpymm.

3. CpaBHeHue cBOWCTB 1eMeHToB U coenuHenuit |1 A u | A rpynm.

4. CpaBHeHue cBOMCTB 3eMeHTOB U coenuHenuii VII B u VI B rpynm.

o. CpaBHeHue cBOWCTB 1eMeHTOoB 1 coenuHenuid V B u IV B rpynm.

6. CpaBHeHue cBOWCTB aneMeHToB u coeaunenuit |1 B u | B rpymm.

1. CpaBHeHUE CBOWCTB JIEMEHTOB M COEIMHEHUH TNIaBHOU U modouHoi noarpymni 1 rpynmst.
8. CpaBHeHue cBOMCTB 31eMeHToB U coenunenuii 11 A u Il A rpynm.

9. CpaBHeHuE CBOWCTB 2JIEMEHTOB U coelMHEeHNH o0ouHbIX noarpynmn VI rpynmnsr.

10.  CpaBHeHue CBOICTB JIEMEHTOB U COEIMHEHUH TTIaBHOM 1 moOouHOoU noArpyni |l rpynmsl.
11. CpaBHEHHE CBOMCTB 2JIEMEHTOB U COSAMHEHUH TJIaBHOW U 1TOO0YHOM moarpynn | rpymmst.
12. CpaBHEHHE CBOICTB 3JIEMEHTOB U COCUHEHH ITaBHON M moOouyHOU oarpymm |V rpymmsl.
13. CpaBHeHHE CBOICTB JIEMEHTOB M COSTMHEHHH TTIAaBHON M MOOOYHON MOATPYII V TPYIIIEL.
14.  CpaBHEHHE CBOICTB 3JIEMEHTOB U COCMHEHHI IIaBHOHN ¥ M0O04YHOU noarpymm VI rpymmesl.
15.  CpaBHeHHE CBOICTB 3JIEMEHTOB U COETUHEHM r1aBHON U obouHoM noarpynn VII rpynmsr.
16.  CpaBHuTeNbHAsi XapaKTEPUCTUKAa DSIEMEHTOB U COCAMHEHUIH 3JEMEHTOB MEpPBOTO
MIEPEXOAHOTO Psa.

17.  CpaBHuTeNbHasi XapaKTePHUCTUKAa DIEMEHTOB M COCIUHEHUH DIEMEHTOB BTOPOTO
MIEPEXOAHOTO Psa.

18.  CpaBHuTeNbHAs XapaKTepUCTHKA DJIEMEHTOB M COCJUHEHUH JIIEMEHTOB TPETHETO
MIEPEXOAHOTO Psa.

19. CpaBHeHHE  KHUCIIOTHO-OCHOBHBIX M  OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX  CBOMCTB
KHCIIOPOICOICPKAIINX COSTUHEHUH P-DIIEMEHTOB BTOPOTO MEPHO/A.

20. CpaBHeHHE  KHCIOTHO-OCHOBHBIX ¥  OKHCIHUTEIbHO-BOCCTAHOBHUTEIBHBIX  CBOWCTB

KHUCJIOPOACOACPKAIINX COGHI/IHeHI/II\/'I P-3JIEMCHTOB TPCTHETO MEPpHUOAA.
21. CpaBHeHI/Ie KHCJIOTHO-OCHOBHBIX M OKHCJIUTEILHO-BOCCTAHOBUTEILHBIX CBOMCTB OKCHUJOB U



THUAPOKCUIAOB 3JICMCHTOB IICPBOT0 MCPEXOJHOI0 psAaa.

22.  CoBpeMeHHbIE METOABI IOJYyYEHUS NMEePEXOIHBIX MeTauIoB. [lonydyeHne MeTauioB BEICOKOM
CTEIIEHU YUCTOTHI.

23.  CnocoObl MOTyYeHHUs MPOCTHIX BEIIECTB P-3JIEMEHTOB.

24, Bnusiaue 3neKTpoHHON KOH(HUrypanuy atoMa Ha CTPYKTYPY U CBOMCTBA MPOCTHIX BEILECTB
3JIEMEHTOB BTOPOTO NEPHOJA.

25. Bnusiaue 3neKTpoHHON KOH(Urypanuy atoMa Ha CTPYKTYPY U CBOMCTBA MPOCTHIX BEILECTB
3JIEMEHTOB TPETHETO IIEPUOJA.

26.  HM3MeHeHHe KOMILIEKCOOOpa3yroliei ciocOOHOCTH 3JIEMEHTOB MIEPBOT0 MEPEXOTHOTO Psizia.

Ilo cunme3sy nHeopzanuuecKkux coeOUHeHU .

27. Cunres xnopuaa meau (1).

28.  Cunte3 ocHOBHOTO KapOoHara menu (11).

29. Cuntes ruapoxcuaa meau (I1).

30.  Cunte3 Tpuruapata tpuokcanatoxpomara (1) xamms.

31.  Cunres3 guruapara auokcanarokynpara (1) xamus.

32.  CuHTe3 MaHTaHATA KaJwsl.

33. CuHTEe3 TUOKCHUIa CBUHIIA.

34.  Cunre3 okcoxuopuaa cypbmsi (111).

35.  Cunres rekcanutokobansrata (111) Hatpus.

36.  Cunres Terparuapara ¢ocharta IUHKA.

37.  Cunres docdara 6opa.

38.  CuHTe3 mepokcuaa Marausi.

39.  Cumnres TeTparuapata OopaTa HaTpHsL.

40.  CuHTE3 XpOMOKAJIMEBBIX KBACIIOB.

41.  CuHre3 kapOOHATa HUKEJS.

42.  Cunres docdara HaTpHs.

43. CuHTe3 noania HaTpusl.

44, Cunre3 kapOoHaTa JTUTHS.

45.  Cunre3 Tpuokcanarodeppara (l11) kanus.

46. CunTte3 THoMoIMOaTa aMMOHHS.

47.  Cunre3 xaoporpuokcoxpomara (V1) kamus.

48.  Cunre3 pocdara ucmyra (I11).

49. CuHTe3 neHTaruapara THocyb(dara HATPUS.

50. Xumus Banagusi. Cunres cysib(dara BaHaauIa

51.  Huxkensb u ero coenunenus. KommekcHsle coequHeHus Hukens. CHHTE3 opTornepruoiaTa
HUKEIS-HATPUSI.

52. XpoM u ero coeAMHeHUs (MUTMEHTHI Ha OCHOBE K0OanbTa). KoMIiekcHbIe coeTuHEHUS
xpoma. CunTe3 conu Peitauke.

53.  Kobanbrcoaepxkamue nurmeHThl. CHHTE3 TBEPABIX pacTBOPOB PUMaHOBOI 3eneHu u
TenapoBoli CUHU.

54.  CuHTe3 u MIPUMEHEHHE TIEPXIOPATOB.

55. CuHTE3 M IPUMEHEHUE CEJICHU 1A INHKA.

56.  XuMHYecKHue CBOWCTBA OJIOBA M €T0 COCTUHEHUH.

Memoouueckue pekomenoayuu no 6bINOJIHEHUIO KYPCOBOU pAdONbl NO HEOP2AHUYUECKOU XUMUU
nO CPAGHUMEIbHOU XaPAKMePUCmuKe 3/1eMEHm 08
KypcoBas pabota nomkHa ObITh HaneyataHa Ha Oymare gopmata A4 ¢ IpOHyMEpOBaHHBIMU
cTpaHuIiaMu U coporropoBana. O0seM KypcoBoit padbotsl 25 — 40 crpanui. HIpudt Times New
Roman, pasmep mpudra — 14, uarepan — 1,5, nons: neBoe — 2,5, BepxHee U HIDKHEE - 2, TPAaBOE —
1,5, orctyn kpacHo# ctpoku — 1,25. Bce Tabnwimbl U Bce pUCYHKH B KypCOBOW paboTe JOIDKHBI
HMMETh CKBO3HYIO HyMEpal1io U Ha3BaHUs.



B 3aBucumoctH OT Tembl pPabOTHI €€ CTPYKTypa MOMKET H3MEHSTHCS, HO B IEJIOM
HE00X0IMMO MPUAEPKUBATHCS MPEATIOKEHHOMY IUIaHY.

1. Onumure 3JIEKTPOHHOE CTPOCHHME aTOMOB 3yieMeHTOB. [lokaxuTe pasznuuus B
CTpYKType aToMOB. OnpeieIuTe BaJ€HTHbIE BO3MOXHOCTH 3JIEMEHTOB, €CTh JIU PA3IUYHe, 104emMy?
Kak uzmensieTcsi ycToM4MBOCTh Pa3IMYHBIX CTENEHEH OKHCIICHUs B Ipynmax (Iepuojaax), nodemy?
[Ipoananu3upyiite U3BMEHEHUE ATOMHBIX PaJANYyCOB, SHEPrUM MOHMU3ALMU, CPOACTBA K DJIEKTPOHY,
ANEKTPOOTPHUIATEITILHOCTU, OOBSICHUTE IPUIHUHEI.

2. Onumure cTpyKTYpy npocThix BemecTB. Kak oHa n3mensercs, nouemy? O0bsicHUTE
M3MEHEHHUE arperarHoro COCTOSHUS, TEeMIEPATYp IUIABICHUS U KUIMECHUS, SHTAIBIIMN aTOMHU3aLUN
(mpyrue gusnyeckue cpoiicta). KakoBel XUMHUUECKHE CBONCTBA, KAK OHU U3MEHSIOTCS, IoYeMy?

3. [Tokaxxute CTPYKTYpy BOJOPOAHBIX COEIWHEHUU (eciii OHM ecTb). OObSICHUTE
WU3MEHEHUE CTPYKTYPHI, (GU3MUECKUX U XUMUYECKUX CBOICTB (CIIpaBOYHbIC JAHHBIE HEOOXOAUMBI).
4. Kakue okcumasl 00pa3yloT MaHHBIE 3JEMEHTHI, KAKOBa MX CTPYKTypa, XapakrTep

CBA3EH, YCTOMYMBOCTb, KUCIIOTHO-OCHOBHBIE U OKUCIMTEIbHO-BOCCTAHOBUTENbHBIE cBOMCTBa? Kak
1 nouemy oHM u3Mensitorcs? [IpuBenure cripaBOYHbIC JAaHHBIC U YPABHEHUS PEAKIIUM.

5. OnuiuTe TUAPOKCUIBI TaHHBIX 3JIEMEHTOB. KakoBa ux cTpyKkTypa, Xapakrep CBs3€i,
YCTOMYHUBOCTh, KHUCIOTHO-OCHOBHBIE W OKHCIHUTEIHbHO-BOCCTAHOBHUTENBbHBIE cCBoiicTBA? Kak u
nouemy oHu usMmenstorca? [IpuBenure cripaBoYHbIE JaHHBIE U YPAaBHEHUS PEAKIIUI.

6. Kakue ramorenunbl 00pa3yroT JaHHBIE JIEMEHTHI, KAKOBa UX CTPYKTYypa, XapakTep
CBA3€H, YCTOMYMBOCTb, KUCIIOTHO-OCHOBHBIE U OKUCIUTEIBHO-BOCCTAHOBUTEbHBIE cBOMCTBa? Kak
1 nouemy oHM u3Mensitorcs? [IpuBenure cripaBo4HbIC JAaHHBIC U YPABHEHUS PEAKIIUM.

7. prrl/le 6I/IHapHLIC COCIUHCHMU. CprKTypa, CBA3H, KHCIOTHO-OCHOBHBIC U
OKHCJIUTEILHO-BOCCTAHOBUTENIbHEIC cBOMcTBA? Kak n IMo4YeMy OHU U3MEHSIOTCS?
8. CriocoOHOCTh DJIEMEHTOB O6p8.30BBIBaTL KOMIITICKCHBIC COCIMHCHHA, KaAK OHa

n3MeHsiercs, nouemy? Kakue KOMIUIEKCH H3BECTHBI, KAKOBA UX CTPYKTYpPa, CBOWCTBA?

[lpy Hamucanum KypcoBOW paboThl HEOOXOAMMO B IYHKTax 2-8 HE TOJBKO OMNMCATh
MMEIOIINECS COCIMHEHUS, HO U OOBSICHUTH PA3NIUuusl B CTPYKTYypax BEIIECTB, XapakTepe CBs3EH,
KHUCJIOTHO-OCHOBHBIX U OKHUCJIUTEJIBHO-BOCCTAHOBUTEIBHBIX CBOMCTBAX. B 3aKiIFOUEHMM KpPATKO
yKa3aTb OCHOBHBIE IPUYMHBI PA3JINUUs CBOMCTB COeMHEHUM. [I[pUBECTH CIMCOK JIMTEpaTypHI.

Memoouueckue pekomenoayuu no 6bINOJIHEHUIO KYPCOBOIL padomul O HEOP2AHUYECKOT
XUMUU NO CUHME3Y HEOPZAHUYECKUX COCOUHEHUT

Kypc Heoprannyeckoil XMMHM 3aBEpIIAETCS BBITOJIHEHUEM KYpCOBOW padOThI MO CUHTE3Y
OJTHOTO WM HECKOJNBKHX HEOPTaHWYECKUX COCIMHEHUN M UX HACHTU(UKALHUU JOCTYIHBIMHU IS
cryneHta l-ro kypca Merojnamu. [lomydyeHHble BellecTBa MOTYT OBITh HCCIEIOBAaHbI YK€
U3BECTHBIMU CTYJEHTY crocobamu. PaboTa BKIIIOYaeT cocTaBieHME 0030pa JUTEpaTyphl IO
METOJIaM CHHTE3a M CBOWCTBAM IOJY4a€MbIX COCIMHEHUN C HCIOJIB30BAHUEM OPUTHMHAIBHOU
mutepatypel. IIpu cocraBieHnun o0030pa JUTEpaTypbl CTYAEHT JOJDKEH OCBOMTH OCHOBHBIE
MIPUHIIMIIBI IOMCKA HAyYHON MH(pOpMAaIUH.

1. Ilouck aumepamypuvl no meme pabomoi

[lepen mpoBedeHHEM JUTEPATypHOrO TOUCKA HEOOXOJUMO  ONPENENIUTh, KaKyko
nHpOpMaIHI0 HE00X0AUMO HANTH.

B nepByro ouepenp HEOOXOOUMBI Pa3sHOOOpA3HbIE CBEAEHUS O CaMOM CHHTE3HUPYEeMOM
COEMHEHUH, €ro CTPOEHHH, OCHOBHBIX XMMHUYECKUX U (M3NYECKHX CBOWCTBAX, MPUMEHEHHH,
croco0ax ero mojgydeHus U Meroaax uaeHTudukamnuu. [locne Toro, kak OyaeT HaiineHa Hauboee
MOJXOASAIAsT METOJUKA TIOJIyYeHHs] HMCKOMOIO COEAMHEHUS, CJleAyeT NPUCTYNHTh K OTOOpY
nHpopmanuy 00 UCXOAHBIX BEIIECTBAX U UX CBOMCTBAX.

Jns  oOneryeHuss mNOMCKAa WHTepecyrouled HHGOpMAlMM M3JAIOTCS  CIpPAaBOYHBIE U
pedepaTuBHbIE M3JAaHUS, CO3/AIOTCS AJIEKTPOHHbIE 0a3bl JAaHHBIX C TOUCKOBBIMH CHCTEMaMH.
Nudopmanus o0 OpUTrHHANBHBIX CTaThsIX MOMagaeT B pedepaTHBHBIC KYpHAIbl M CXKUMAETCS 10
o0beMa oiHOTO ab3ara ¢ OuoMHorpaduIecKoi CChIIKOM HAa OPUTHHAIBHYIO CTaThio. B HacTosimiee
BpEMSI CYILECTBYIOT JIBa OCHOBHBIX pe(epaTUBHBIX KypHana: «PedepaTuBHBIN KypHAI 10 XUMHUN




(PK Xumus), uznaBaemsnii B Poccun, «Chemical Abstractsy i CA), uznaBaembiii 8 CIIA. Onu
JIOCTYITHBI KaK B OyMaXHOM, TaK W D3JCKTPOHHOM HCIIOJHCHMHM M CHAOXEHBI JUIS TOWCKa
UHTEpecyrome uHpOpMaMK  yKa3aTelnsMU: MPEAMETHBIM, (OPMYIBHBIM, aBTOPCKHM H
naTeHTHbIM. OCTaeTCst TOJIBKO MPAaBUIBHO CPOPMYIIMPOBATH 3aIPOC U HANTH 110 3anpocy pedepaTs
crareil. Eciu B pedepare ectb mHTEpecyromas WHPOPMAIUs, TO UMEET CMBICT O3HAKOMHTHCS C
OpUTHHAJIBLHOUN pabOTOM.

Wudopmanuio o conepkaHiu OPUTHHAIBHBIX CTaTeil U 0030pOB MOKHO HAWTH HE TOJBKO B
pedeparuBHbIX u3gaHUsAX. CyMIECTBYIOT JJIEKTPOHHBIE OMOMMOTEKHM (TMpaBaa, OYEHb YacTO C
OTPaHUYCHHBIM JIOCTYIIOM) TIOJHOPa3MEPHBIX JKypHAIBHBIX CTaTedl C CHUCTEMaMH 3JICKTPOHHOTO
MOKMCKa, KaKk W B pedepaTuBHBIX KypHamax. Cpenu Takux OWMOIMOTEK MOXHO BBIICIHTH
POCCHIICKYI0  3JIGKTpOHHYIO  OumOnmoreky  «eLibrary.ru»  (www.elibrary.ru), Oubmuorexy
KypHaJbHBIX craTeir «Science Directy (www.sciencedirect.com), HacuuThiBaromiyio 6osee 1700
KYpPHAJIOB, U JIp.

JUiss  TepBHYHOTO O3HAKOMIJICHHMSI C MaTepHajoM [0 TeMe paboThl PEKOMEHIyeTCs
MMOCMOTPETh CIPABOYHHUKH U SHIIUKIIONEIUU. B HUX MOXXHO HAWTH CBEICHHUS O XOPOIIO W3BECTHHIX
BeniecTBax. MHpopmaiys 0 HOBBIX WM PEIKUX COCIAMHEHHSX B HUX, KaK MPABHIIO, OTCYTCTBYET.
OdeHb BaXHBI TIPH IEPBUYHOM IIOMCKE JIMTEPATYpPhl MHOTOTOMHBIC JHIIMKIIOTICIHYCCKUE
CIPAaBOYHHMKH, O0OOOIIAIONIMEe JaHHbIE 3a MHOTHE TOJbl. TakuMH CIPAaBOYHHKAMH TIO
HEOPTaHMYECKON XUMUU SBJISIOTCS CIICAYIOIINE:

1. Mellor J. W. A comprehensive treatise on inorganic and theoretical chemistry: In 24
volumes. — London — N.Y. — Toronto: Longmans, Green and Co., 1946—1948 IIponomkenuem

ssisiercs Comprehensive Inorganic Chemistry. — 2nd ed. — Oxford — N.Y. — Toronto —
Sydney — Braunschweig Pergamon Press., 1973.
2. Gmelins Handbuch der anorganischen Chemie — MHOroTOMHOE CIIPaBOYHOE

PYKOBOJICTBO Ha HEMEIIKOM M aHTJIUHCKOM SI3bIKaX.

B o0oux cmpaBouyHukax umeercs OOOOIIEHHBIH TEKCT CO CChUIKAMU HAa OPUTHHAIBHYIO
JTUTEpaTypy, MIPUBEICHHYIO B KOHIIE KaXI0T0 pasena.

2. Cunmes u ucciedosanue

[Tocne o3HaKOMIIEHHSI C JIMTEPATYpOH M BBIOOpa Croco0a BBIMOJHEHHUS KypCOBOU PaOOTHI
MOHO MPUCTYIUTh K BBITOJIHEHHIO €€ SKCIIEPUMEHTAIbHOM YacTH.

3. Ogopmnenue omuema no Kypcosou pabome

CrpykTypa oT4eTa 1o KypcoBoi padoTe.

Beeoenue. B xparkoii hopMe u3naraercs BaKHOCTh HAyYHOU 3aJjadyM, CTETIEHh H3YYEHHOCTH
BONPOCa, a TAaKKe H3BECTHBIE U BO3MOXKHBIE OONACTH MPUMEHEHHsI W3Y4aeMbIX COEIWHEHUH.
Heo6xomumo kpaTko chopMyIupoBaTh 1ellb JaHHOTO UCCIIET0BAHMUS.

O630p numepamypuvl. Bxaoyaer CHUCTEMaTH3WPOBAHHBIE CBEAEHUS 00 H3y4yaeMOM
COCIMHEHUH U €r0 CBOWCTBAaX, UMEIOIIHUECS B MUPOBOH JINTepaType. ITHU CBEIEHUS JOJKHBI ObITh
MMEHHO 0030pOM JIUTEepaTyphl U HE COJEepkKaTh JOCIOBHO MEPEMUCAHHBIX C IEPBOUCTOYHHKA (hpas.
Kak u B Hay4HBIX CTaThsIX, OY€Hb BBHIUTPHIIIHBIM OBIBAET MPEJICTABIICHUE JINTEPATYPHBIX CBEJICHUN
B BUJE TaOIWIl M CXeM. JTO JKOHOMHT MECTO B TeKCTe M Bceraa Oonee HarmsgHo. O0630p
JTUTEpaTypHhl KEIATEITHHO CTPOUTH 10 MPUHIIUITY «OT OOIIEro K 4aCTHOMY», pacCMaTpuBas CHavaa,
Hampumep, OOIIHNA KIIACC COSAMHEHUI, 3aTeM COSTUHEHHS TaHHOTO JIEMEHTA, a 3aTeM KOHKPETHBII
00BEKT KypcoBOW paboThl. JluTepaTypHBI MaTepuan pacupenessitoT MO pasjaeiiaM, BBIACISS HUX
COOTBETCTBYIOIIMMHU TI0J[3ar0JIOBKaMU. 3aBepiias 0030p, HEOOXOAUMO JaTh KpaTKoe pe3loMe,
KPUTUYECKH OIICHUB, HAIIPUMEP, U3BECTHBIC METOIMKH CUHTE3a JAHHOTO COSAMHEHUS 1 000CHOBAB
BBIOOD HCIIOJIB3yEMOT0 aBTOPOM METO/1a.

Oxcnepumenmanvnas uyacme. B 3ToM paszznene o00s3aTenbHO MOAPOOHO OMMCHIBAIOT BCE
MIPOBEJICHHBIE OMBITHI, YCIOBHS WX MPOBEAEHUS (TeMmIepaTypa, JaBICHHUE, NIUTEILHOCTh OIBITA),
YKa3bIBAIOT KBATH(UKAINIO HCIOJB3YEMbIX PEaKTHBOB, MX KOJUYECTBA, a TAK)K€ TOYHYIO MapKy
npubopoB U ycTtaHOBOK. Dopma HM3IOKEHUS SKCIEPUMEHTAIBHOW YacTH OMPENENsIeTcs TeMOi
pabotel. OOBIYHO MPUIEPKUBAIOTCS CICAYIOIIEH TTOCIEI0BATEIHHOCTH:

1) ucxoHbBIC BEIIECTBA U METOIbI UCCIICIOBAHUS;



http://www.elibrary.ru/
http://www.sciencedirect.com/

2) CHHTE3;

3) upeHTU(UKAIKS BEIISCTB (aHAIN3);

4) uccne0BaHNE CBOKCTB;

5) o0Ccy:KIeHE PE3YyIbTATOB.

Bv1600bi. OHM JOKHBI OBITH OCHOBaHBI Ha TPOJICIIAHHOM JKCIEPHUMEHTE M COJEepXKAaTh
OCHOBHBIE pe3yJbTaThl, IOJyUYE€HHbIE B KypcOBOI paboTe. B HUX KpaTko, IO MyHKTaM, YKa3bIBaloT,
KaKHMe BElLIecTBa IOJYYECHbl, KaK YCTAHOBJEH MX COCTaB, KAKUMH METOJaMHU U KaKHue CBOMCTBa
HCCIIEIOBaHBbI.

Jlumepamypa. B cnucke nuteparypbl, KOTOPbII IPUBOAT B KOHIIE PAOOTHI, LIUTHPYEMbIE
HCTOYHUKHU yKa3bIBalOT B OPSAJKE, B KOTOPOM OHM YIIOMUHAIOTCSl B TEKCTE KypCOBOU pabOTBHI.
CHavazna nuimyt GaMWINU 1 HHULMAJIBI BCEX aBTOPOB, 3aTE€M 3HAK //, IOTOM COKpAIEHHO (KaK B
PXK «Xumusi») Ha3BaHUE KypHaia, roJl, TOM, BBIIIYCK WJIK HOMEp, IEPBYIO CTPAHUILY
UCIOJIb3yeMOH CTaThU (BCE pa3lelisAloT TOUKaMK). B ciyyae nuTHpoBaHus KHUTH Hocie haMuIui U
MHULMAJIOB aBTOPOB YIIOMUHAIOT €€ Ha3BaHHUE, MECTO U3JIaHUs, U3/1aTEIbCTBO, IO/ U3/1aHUS U
NIEPBYIO CTPAHHUILY TOTO pa3jieia KHUT'H, KOTOPbIHM HCHoab3yeTcs B 0030pe aureparypsl. Bee
JaHHbIE CIKCKA JINTEPATYPhI IPUBOAATCA Ha S3bIKE OpuruHaia. Eciau aBTopy KypcoBoii paboThl HE
yJaJI0Ch 03HAKOMUTBCS CO CTaThEeH MIIM KHUTOH, a HEOOXOIUMbIE €My JJaHHbIE OH MTOYEPITHYI U3
pedepaTUBHOTO XKypHaJa, TO MOCIE MPOLUTHPOBAHHOTO NCTOYHHUKA YKAa3bIBAETCS HA3BAHUE STOTO
pedepaTUBHOIO )XypHalla 1 HOMep pedepara.

IIpaBuia opopmiienuss KypcoBoii padboTbl

KypcoBas pabGora nomkHa OBITh HamucaHa WM HamedaTaHa Ha Oymare ¢opmara A4 c
IIPOHYMEPOBAaHHBIMU CTPAaHULIAMU U cOpoltopoBaHa. Bce Tabnuiubl U BCe PUCYHKH B KypCOBOM
paloTe JOIKHBI UMETh CKBO3HYIO HYMEPALIMIO U Ha3BaHMUS.

daMuIuu aBTOPOB U Ha3BaHUS CTaTel (KHUT) B TEKCTE MPUBOJATCA B pycCKoi opdorpadumu.
CchlIKM B TEKCTE Ha LUTHPYEMYIO JIMTEPATypy AAOTCA B KBaJAPATHBIX CKOOKAX CTPOTro MO MOPSIKY
ynomuHanus: [1], [2] u T.4. Eciiu ucnons3yroTcst MHOTOKpaTHbBIE CChIJIKM HA OJHY U Ty %ke palboTy,
TO OHH JIal0TCA MO/ OJJHUM U TE€M K€ HoMepoM. B ciydae nuTUpoBaHMs pa3HbIX pa3eioB Kakoro-
7100 MCTOYHUKA (HalpuMep, MOHOTpadUy WK CIIPpaBOYHUKA) B KBAJPAaTHBIX CKOOKax IOCIE €ro
HOMEpAa B CITUCKE JINTEpaTyphbl YKa3bIBAIOT CTPAHMIly, OTKYZA MMOYEPIHYTHI CBEACHMS Ul 0030pa,
Hanpumep: [3, C. 121], [4, C. 78] u T.1.

ITpu odopmieHnn crnucka HUTUPYEMOH JUTEpaTypbl CleqyeT NPHAEP>KUBATHCS IMPaBUI,
npuHATHIX B PXK «Xumusy». Ilpumeps! opopmiieHns TUTepaTypHBIX CCHUIOK.

1. Monoakun A. K., sanosa O.M. // JKHX. —1966. — T. 11. — Ne 10. — C. 2456.

2. lllenokoB P. H, Opnosa U.M., Ceprees A. B. // JAH CCCP. — 1980. — T. 255. — Ne 4. —
C. 895.

3.1lenokos P.H., Opnosa .M., Ceprees A.B., beiipaxos A.I'. // Koopa. xumus. — 1981. — T.
7.—Ne7.—-C. 1062.

4. KommnekcHble coenuHenus ypana / I[lox pen U.M.Yepnsesa. — M.: Hayka. — 1964. — C.
404.

6. OBPA3OBATEJIBHBIE U THO®POPMALIMOHHBIE TEXHOJIOI'MHU

B coorBerctBun ¢ tpebdoBanusivu PI'OC BIIO mno HampapieHHIO MOATOTOBKH peau3alys
KOMIIETEHTHOCTHOTO IMOJX0Ja MpelycMaTpuBaeT MCMOJIb30BaHWE B Y4eOHOM IPOLIECCe aKTUBHBIX U
MHTEPAKTUBHBIX (DOPM MPOBEIECHUSI 3aHATUH (JIETOBBIX M POJIEBBIX UIP, pa300p KOHKPETHBIX CUTYaLUi,
JMCITYTBI, KPYTJIbIE CTOJIBI U TIP.) B COUETAaHUU C BHEAYAUTOPHOH paboToi C 11ebt0 (POPMUPOBAHUS U
pa3BUTHUS TPEOYEMBIX KOMIIETEHIMI 00YJarOLIIXCSl.



6.1. O0pa3oBaTe/ibHbIE TEXHOJIOTUH

Tadauma 5 — OOpa3oBarejibHble TE€XHOJOTHHM, HCHOJb3yeMble NMPH peaTu3aluu y4eOHbIX
3aHATHH

Paznen, Tema dopma y4eOHOr0 3aHATHUS
JCITUTIAHBI Jlexuust [TpakTraeckoe JlaboparopHas pabota
3aHsTHE,
CEeMHHAp
Pa3zgen 1. O0mias xumMmus
Tema 1. OcHOBHBIE O030pHast JTeKIusI He @poHTAIBHBIN OIIPOC
MOHSTHUSI XUMUHU. ATOMHO- PEyCMOTPEHO (cobecenoBanue),
MOJICKYJISIPHOE yUeHHE JlaGoparophas paboTa
(MO3roBOM MITYpM),
TECTOBBIN KOHTPOJIb
Tema 2. Knaccuduxarmus u | Jleknus c 3apanee He CobecenoBanue
HOMEHKJIaTypa 3arutaHupoBaHHbIMU | nipegycMmoTpeHo | (IIporynka mo ranepee),
HEOPraHUYECKHUX omuOKamMu JlaGopartopHnas pabora,
COCTMHEHU N TECTOBBII KOHTPOJIb
Tema 3. Ctpoenue aToma Jlexknus He CobecenoBanue
IPENYCMOTPEHO (OOyueHue B MajIbIx
rpymmnax),
TECTOBBIN KOHTPOJIb
Tema 4. [lepuoauueckuit Jleknus He CobecenoBanue,
3aKOH U NEpUOANYECKast IPEIYCMOTPEHO TECTOBBIA KOHTPOJIb
CUCTeMa XUMHYECKHX
anemenTtoB J[.W.
MenneneeBa
Tema 5. Xumuueckas Jlexuus He CobecenoBanue
CBSI3b MIPEyCMOTPEHO (Cdhopmynuposatp —
MOJEJIUTHCS — CO3aTh —
IIPOBEPUTH),
TECTOBBIA KOHTPOJIb
Tema 6. CkopocThb O0630pHas ek He CobecenoBanue
XUMHUYECKHUX PEAKIIHA. PEIYCMOTPEHO (cemunap -
XUMHYECKOE paBHOBECHE UCCIIEJIOBAHUE),
UCCIIe1I0BaTeIbCKast
nabopaTtopHas padora,
TECTOBBI KOHTPOJIb
Tema 7. DHepreTrka u O0630pHas ek He CobecenoBanue,
HalpaBJIeHHOCTh peaycMOTpeHo | JaboparopHas paboTa,
XUMHYECKHX TPOIIECCOB TECTOBBI KOHTPOJIb
Tema 8. PactBopsl. Teopus [TpobnemHuas He CobecenoBanue
ANEKTPOJIUTUYECKON JEKIHS MIPEAYCMOTPEHO (Cdhopmynuposatp —
JMCCOLIMALINU MOJIEJIUTHCS — CO31aTh —
IIPOBEPUTH),
nabopaTopHas pabora
(MO3roBoif ITYpM),
TECTOBBIA KOHTPOJIb
Tema 9. OxucnureabHO- [IpoGnemHuas He CobecenoBanue
BOCCTaHOBUTEIIbHBIE JEKIUS PEYCMOTPEHO (OGyuenue B MaIbIxX
peaxkiuu u rpynmnax), 1aboparopHast
AIIEKTPOXUMUYECKHE pa0ora,




TIPOIECCHI

\ TECTOBBIN KOHTPOJIb

Pa3nen 2. Heoprannueckasi xumus (XMMHUsi 3JIEMEHTOB U UX COeIMHEHMIH)

Tema 10. KomiuiekcHbIe Jlexknus He Co0OecenoBanue
COCIMHECHUSA IPEAYCMOTPEHO (OGyuenue B MabIx
rpyInax), JabopaTopHas
pabora,
TECTOBBIN KOHTPOJIb
Tema 11. Dnementst VIIA O0630pHast JeKIHs He CobecenoBanue,
rpynibl (TajgoreHbl) U UX IPEeyCMOTPEHO UCCIIeIOBATENbCKAs
COCIMHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb
Tema 12. Dnementst VIA O0630pHast JeKIHs He CobecenoBanue,
IpyNIbl (XaabKOT€HbI) U IPeyCMOTPEHO UCCIIeIOBATENbCKAs
WX COCTMHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb
Tema 13. Dnementst VA WNuTepakTuBHas He CobecenoBanue
TPYIIBI U UX COCTUHEHUS JeKIUs PEeyCMOTPEHO (OOyueHue B MaJbIX
rpynmax), jaboparopHast
pabora,
TECTOBBIN KOHTPOJIb
Tema 14. Dnements! VA Jlexmus He CobecenoBanue,
TPYIIIBI ¥ UX COSAMHEHUS IPEIYCMOTPEHO UCCIIEIOBATEIIbCKAs
nabopaTopHas padora,
TECTOBBIN KOHTPOJIb
Tema 15. Dnementsl HHA Jlexmus He CobecenoBanue,
TPYIIBI U UX COCTUHEHUS IPEeyCMOTPEHO UCCIIeIOBATENbCKAs
nabopaTopHas padora,
TECTOBBIA KOHTPOJIb
Tema 16. DnemenTst |A u O0630pHas ek He CobecenoBanue
A rpynn u ux npenycmotpeno | (IIporynka mo ramepee),
COEIMHEHUS naboparopHas paboTa,
TECTOBBIA KOHTPOJIb
Tema 17. Dnemenrts! |11B Jlexuus He CobecenoBanue (Yucras
IPYMIIBI ¥ UX COSAMHEHUS PEIYCMOTPEHO CTpaHMIIA),
TECTOBBIN KOHTPOJIb
Tema 18. JlantaHOMABI. HNHrepakTuBHAs He CobecenoBanue,
AKTHHOHJIBI JICKIHS IPEYCMOTPEHO TECTOBBI KOHTPOJIb
Tema 19. Dnements! IVB Jlexuus He CobecenoBanue
TPYIIIBI U UX COCANHEHUS MIPEAYCMOTPEHO (OOyueHnue B MaJbIX
rpynmnax),
TECTOBBIN KOHTPOJIb
Tema 20. Dnementsl VB O0630pHast JeKIHs He CobecenoBanue
TPYIIIBI ¥ UX COSAMHEHUS MIPEyCMOTPEHO (OGyuenne B MaIbIx
rpymnmnax), 1abopatopHast
pabora,
TECTOBBIA KOHTPOJIb
Tema 21. Dnements! VIB Jlexnusa He CobecenoBanue,
TPYMIIBI ¥ UX COSAMHEHUS IPEYCMOTPEHO UCCIIeI0oBaTeIbCKas
nabopaTopHas pabora,
TECTOBBIA KOHTPOJIb
Tema 22. Dnements! VIIB O0630pHas JeKIHs He CobecenoBanue,
TPYNIBI U UX COETUHEHUS MIPETyCMOTPEHO HCCJIEIOBATENbCKas




nabopaTopHas padora,
TECTOBBIN KOHTPOJIb

Tema 23. Dnements! VIIIB Jlexuus He Co0OecenoBanue
IPYIIbI ¥ UX COETUHEHUS MIPEYCMOTPEHO (oOyuenue B napax),
HCCIIENOBATENbCKAS

naboparopHas paboTa,
TECTOBBIH KOHTPOJIb

Tema 24. Dnements! |1B WNHrepakTuBHas He CobecenoBanue,
TPYIIIBI M X COSAMHEHUS JIEKLIMS IPETYCMOTPEHO nabopaTopHas padora,
TECTOBBIN KOHTPOJIb
Tema 25. Dnements! |I1B Jlexuus He CobecenoBanue,
TPYIIBI U UX COCTUHEHUS MPETyCMOTPEHO HCCIIEI0BATENIbCKAs

nabopaTopHas padora,
TECTOBBIN KOHTPOJIb

Tema 26. Dnements! VIIIA Jlexus He CobecenoBanue

TPYIIIBI IPEyCMOTPEHO

VueOHbIe 3aHATHS 10 JUCHUILIMHE MOTYT HMPOBOAUTHCS C MPUMEHEHHEM WH()OPMAIIMOHHO-
TENCKOMMYHUKALMOHHBIX ~CETe MpU OMOCPEAOBAHHOM (HA PACCTOSHUU) WHTEPAKTHBHOM
B3aUMOJICHCTBUU OOYyYalOUIMXCS M IpernojaBaresis B pexxumax online w/umu offline B dpopmax:
BUJICOJICKIUH, ICKIUI-PE3CHTALNI, BUICOKOH(DEPEHIINH, COOeCeJOBaHUS B PEXKUME YaT, popyma,
YaTa, BBITOJHECHUS BUPTYaJIbHBIX MPAKTUYECKUX H/UJIH JTA00PAaTOPHBIX padoT u Jp.

6.2. UndopManiuoHHbIe TEXHOJIOTHHI

Hcnonp30BaHne BO3MOXKHOCTEH HMHTEpPHETa B Y4eOHOM mpolecce (MCIOJIb30BaHHE caiita
npenoaaBaTens (pacchUIKa 3aJaHui, MPEIOCTAaBICHUE BHIMOJHEHHBIX pabOT, OTBETHI HA BOIPOCHI,
03HAaKOMJICHHE 00YJaroNuXCs C OLIEHKaMH U T. 11.));

Hcnonp30BaHue AJIEKTPOHHBIX YY4EOHMKOB M Pa3lIMYHBIX CAMTOB (HAIpUMep, AJIEKTPOHHBIX
O61OIMOTEK, KYPHAJIOB U T. J1.) KK HCTOUHUKOB MH(pOpMaIUU;

HurepHeT-pecypcsl WWW.asu.edu.ru (peactaBieHbl y4eOHO-METOMYSCKUEe MaTepHaIbl IS
YCBOCHUS CTYJICHTAMHU KypCa;

DNeKTpOHHBI 00pa3oBaTeNbHBIN pecypc Mo Kypcy «V30paHHble mpoOneMbl XHMHH Ha
AHTJIMICKOM SI3BIKE», IPECTaBACHHBIN Ha taTdopme moodle mo agpecy http://moodle.asu.edu.ru

JIns omepaTHBHOW CBS3M CO CTYJCHTAaMM MPEIOJIaraeTcss BO3MOXKHOCTh HCIIOJIb30BAHUS
AIIEKTPOHHOM TOYTHI MPETIOIaBATEIS

6.3. IlporpamMmHoe obecneueHue, coBpeMeHHbIe MpodeccuoHalbHble 0a3bl JAHHBIX H
HH(OPMALIMOHHBIE CIIPABOYHbIE CHCTEMBI

6.3.1. IlporpammHoe o0ecnieyenmne

HaunmMeHoBaHMe NPOrpaMMHOIO

Ha3nauenune
o0ecreyeHus

Adobe Reader [Tporpamma ajist MPOCMOTpPA IEKTPOHHBIX
JIOKyMEHTOB

[Tnardopma TUCTaHITMOHHOTO OOYUEHHS
(bopma 1 H i BuptyanbHas oOyuaromias cpesia

LMS Moodle

Mozilla FireFox bpayzep

Microsoft Office 2013, [TakeT opUCHBIX TpOTPaMM
Microsoft Office Project 2013, Microsoft

Office Visio 2013

7-zip ApxuBaTop



http://www.aspu.ru/
http://moodle.asu.edu.ru/

HaumeHoBaHMe MPOrpaMMHOI0
ob0ecrneyeHust

Ha3nauenne

Microsoft Windows 7 Professional

OHCpaHI/IOHHaH cucrema

Kaspersky Endpoint Security

CpeacTBO aHTUBUPYCHOM 3allIUTHI

Google Chrome

bpayszep

Notepad++ TeKCTOBBIN PeIaKTOP

OpenOffice [TakeT 0(UCHBIX IPOrpaMM

Opera Bbpaysep

Paint .NET PacTtpoBblii rpadudeckuii penakTop

VirtualBox [TporpaMMHBIi TPOAYKT BUPTYaTH3AIUA
OIEPAIMOHHBIX CHCTEM

VLC Player MenuanpourpbeiBaTeNb

Microsoft Visual Studio Cpena pa3paboTku

VMware (Player)

[TporpaMMHBII IPOYKT BUPTyAIU3ALHH
OTIEPALIMOHHBIX CUCTEM

Far Manager

Daii0BbI MEHEIKED

WinDjView

[Tporpamma asist npocMoTpa (haiiios B popmare
DJV u DjVu

6.3.2. CoBpeMeHHble TpodeccHOHATBHBIE 0a3bl [JaHHBIX W HH(QOPMALMOHHbIE

ClIpaBO4YHbIC CUCTEMBI

DnekTponHas oubaunoreunas cucrema IPRbooks

www.iprbookshop.ru

DnexTpoHHO-0nMbmoreuHas cucrema BOOK.ru

https://book.ru

OnexTpoHHass OubnuoreuHas cucrema wusnarenscrBa NOPAUT, paspen «Jlerennapubie

KHUTHU»

www.biblio-online.ru, https://urait.ru/

DneKTpoHHas OMOIHOTEKa «ACTpaxaHCKHUM TOCYIapCTBEHHBIN YHUBEPCUTET)» COOCTBEHHOM
renepanuu Ha iatrpopme IbC «Inexkrponubiit YntansHseii 3ai1 — bubnuoTex»

https://biblio.asu.edu.ru

OnexTpoHHO-OuOMuoreynas cucrema (ObBC) OOO «llomurexpecype» «KoHCynbTaHT

CTYI[eHTa»
www.studentlibrary.ru

QHGKTpOHHaﬂ 6I/I6HI/IOTC‘-IH3.5{ CHUCTCMAa «yHI/IBepCI/IT CTCKasl 6I/I6JII/IOTeKa OHH&ﬁH))
www.hiblioclub.ru

7. ®OHJ] OLIEHOYHBIX CPEJCTB JJISI IPOBEJEHUS TEKYIIEIO KOHTPOJISI U
MPOMEKYTOYHOW ATTECTALIUU 10O JUCHUTIJIVHE

7.1. MacnopT (poHIA OLIEHOYHBIX CPEICTB.

IIpn mpoBeneHHMH TEKYIIEro KOHTPOJIS M INPOMEXYTOYHOM AaTTeCTallud IO JUCLUILINHE
«Heopeanuueckas xumus» TpoBepsieTcss cHOPMUPOBAHHOCTh y OOYYAIOMIMUXCS KOMIIETEHLUH,
yKa3aHHBIX B pa3jene 3 HacTosIIel MporpaMMBbl. DTaHOCTh (POPMUPOBAHMS JAHHBIX KOMITETEHIIUN
B IIPOIIECCE OCBOEHUS TUCIUIUIMHBI ONpPEENsieTCs MOCIeI0BaTeIbHBIM JTOCTH)KEHHEM PE3yIbTaTOB
OCBOEHHSI COJIEPIKATENIbHO CBA3aHHBIX MEXILy COOOM pa3/iesioB, TEM.


http://www.iprbookshop.ru/
https://book.ru/
http://www.biblio-online.ru/
https://urait.ru/
https://biblio.asu.edu.ru/
http://www.studentlibrary.ru/
http://www.biblioclub.ru/

Tabauna 6 — CooTBercTBHE pa3eoB, TeM AUCHMIIMHBI, Pe3yJbTATOB O0y4YeHUS] MO

AUCIHUIIJIMHE 1 OLICHOYHBIX CPEACTB

KonTponupyemslii paznuei, Tema

Kon xoHTpOoaupyemoit

HaumenoBanue

T'pynil 1 uX COCIUHCHUA

JVCLIATUTHHEI KOMIICTCHIINH OIIEHOYHOTO CPECTBA
Paszgen 1
Tema 1. OcHOBHBIE TOHATHUSA OIIK-1 CobecenoBanue, 1abopaTopHast
XUMHU. ATOMHO-MOJIEKYJIIPHOE paboTa, TeCTOBBII KOHTPOJIb,
Y4YEeHHE KOHTpOJIbHAsI paboTa 1
Tema 2. Knmaccuduxamnus u OIIK-1; OIIK-2 CobecenoBanne, 1abopaTopHast
HOMEHKJIaTypa HEOPTaHUYECKUX paboTa, TeCTOBBII KOHTPOIIb,
COCMHECHUI KOHTpPOJIbHAsI paboTa 1
Tema 3. Ctpoenue atoma OIIK-1 CobecenoBanune, TECTOBBIM
KOHTPOJIb, KOHTPOJIbHAS paboTa 2
Tema 4. [lepuoauueckuii 3aK0H U OIIK-1 CobecenoBanune, TECTOBBIM
MEepUOJNYECKas CUCTEMA KOHTPOJIb, KOHTPOJIbHAS paboTa 2
XUMHU4YECKUX deMeHToB JI. 1.
Menieneena
Tema 5. Xumudeckas CBSI3b OIIK-1 CobecenoBanne, TECTOBEIM
KOHTPOJIb, KOHTPOJIbHAs paboTa 3
Tema 6. CKOpOCTh XUMHUYECKUX OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
peakui. XuMu4eckoe paboTa, TeCTOBBIN KOHTPOJIb,
paBHOBECHE KOHTpOJIbHas paboTa 4
Tema 7. DHepreTuka u OIlK-1 CobecenoBanue, 1abopaTopHas
HalpaBIEHHOCTh XUMUYECKUX paboTa, TeCTOBBII KOHTPOJIb,
MIPOLECCOB KOHTpOJIbHAs paboTa 4
Tema 8. PactBopsl. Teopus OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
AIEKTPOJIUTUYECKON paboTa, TeCTOBBIN KOHTPOJIb,
JUCCOLMALIU KOHTpOJIbHAsA paboTa 5
Tema 9. OxucnureabHo- OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
BOCCTaHOBUTEJIbHBIE PEAKLIUU U paboTa, TeCTOBBII KOHTPOJIb,
AIIEKTPOXUMHUYECKUE MPOLIECCHI KOHTpOJbHas paboTa 6
Paznen 2
Tema 10. KomnuiekcHbie OIIK-1; OIIK-2 CobecenoBanue, nabopaTopHast
COEIMHEHUS paboTa, TeCTOBBIN KOHTPOJIb,
KOHTpOJIbHAs paboTa 7
Tema 11. Onements! VIIA rpynmst OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
(rajloreHsl) U UX COETUHEHUS paboTa, TeCTOBBII KOHTPOJIb,
KOHTpOJIbHas paboTa 8
Tema 12. Dnements! VIA rpynmst OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHast
(XaJbKOTEHBI) U UX COETUHEHUS paboTa, TeCTOBBIN KOHTPOJIb,
KOHTpOJIbHast paboTta 9
Tema 13. Dnementst VA rpyniibt OIIK-1; OIIK- CobecenoBanue, 1abopaTopHas
U UX COEIMHEHUS paboTa, TeCTOBBII KOHTPOIIb,
KOHTpoJsbHast pabota 10
Tema 14. Dnements! IVA rpynmbt OIIK-1; OIIK-2 CobecenoBanue, nabopaTopHast
U UX COETMHEHUS paboTa, TeCTOBBIN KOHTPOJIb,
KOHTpoOJIbHas pabora 11
Tema 15. Onementst 1A rpynms OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
U UX COEIMHEHUS paboTa, TeCTOBBII KOHTPOIIb,
KOHTpoJIbHas pabota 11
Tema 16. Dnements! |1A u l1A OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas

paboTa, TECTOBBII KOHTPOJIb.




Tewma 17. Dnements! HIB rpymmst OIIK-1 CobecenoBaHue, TECTOBBIN
Y UX COCIUHEHHUS KOHTPOJIb, KOHTPOJIbHAs paboTa 12
Tema 18. JlanTaHOU B OIIK-1 CobecenoBanune, TECTOBBIH
AKTHUHOUIBI KOHTPOJIb, KOHTPOJIbHAs paboTa 12
Tema 19. Dnements! VB rpymirb OIIK-1 CobecenoBaHue, TECTOBBIN
Y UX COCIUHEHHUS KOHTPOJIb, KOHTPOJIbHAs paboTa 12
Tema 20. DnemenTsl VB rpymimbl OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
U X COCTUHEHUS paboTa, TeCTOBBIN KOHTPOIIb,
KOHTpPOJIbHAsI paboTta 12
Tema 21. Onements! VIB rpynnst OIIK-1; OIIK-2 CobecenoBanue, madopaTopHast
U UX COCTMHEHUS paboTa, TeCTOBBIN KOHTPOJIb,
KOHTpoOJIbHast pabora 13
Tewma 22. Dnementsl VIIB rpynmsr OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHast
U X COCTUHEHUS paboTa, TeCTOBBIN KOHTPOIIb,
KOHTpOJIbHAsI pabdoTta 13
Tema 23. Dnementst VIIIB OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
TPYIIIBI U UX COCTUHEHUS paboTa, TeCTOBBIN KOHTPOIIb,
KOHTpOJIbHAsI paboTta 14
Tema 24. DnemenTs! |B rpynnst u OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
UX COCIMHEHUS paboTa, TeCTOBBI KOHTPOJIb.
Tema 25. Dnements! |I1B rpynmnel u OIIK-1; OIIK-2 CobecenoBanue, 1abopaTopHas
WX COCIMHEHUs paboTa, TeCTOBBI KOHTPOJIb.
Tema 26. Dnements! VIIA OIlK-1 CobecenoBanue
Jyo) 2800131

7.2. Onucanne mnoka3aTejledl M KpPUTepHeB OIEHUBAHUS KOMIIETEHUMH, ONMMCAHHE

IIKAJ OICHUBAHUA

Tabanna 7 — Iloka3aTe/u OLleHUBAHUS Pe3yJIbTATOB 00yUeHHsl B BH/ie 3HAHUI

[xana Kpurepun onieHnBanus
OLICHUBaHMS
JEeMOHCTPHpPYET TIyOOKOe 3HaHHE TEOPETHYECKOro MaTepuana, YMEHHe
) 000CHOBAaHHO M3JIaraTh CBOU MBICJIH MO 00CYX/1a€MbIM BOIPOCaM, CIIOCOOHOCTb
«OTJIMYHO» | IIOJIHO, IPABWJIBHO M apryMEHTHPOBAHO OTBEYaTb HA BOIPOCHI, IPHUBOAUTH
IPUMEPBI
4 JEMOHCTPUPYET 3HAHHUE TEOPETUYECKOTO MaTepHalla, €ro IOCIEN0BaTEIbHOE
«XOpOIIIO» U3JI0KEHUE, CIIOCOOHOCTh MPHUBOAUTH TPUMEPHI, JIOMYCKAET €IUHUYHBIE
OLIMOKH, MCTIpaBIIsieMble TIOCIIE 3aMeUaHysl IPEroaaBaTelis
3 JI€MOHCTPHPYET HETOJIHOE, (PparMEHTapHOE 3HAHUE TEOPETUUYECKOI0 MaTepHara,
«Y1OBICTBODH TpeOyloliee HaBOASIIMX BOMPOCOB MpenoAaBaTensi, I0NYCKAeT CYIIECTBEHHBIE
TeIbHOY OmMOKM B €ro H3JIOKEHUM, 3aTpyAHSETCS B MpPHUBEICHHUM TPUMEPOB U
(hopMyTUPOBKE BHIBOJIOB
2 JIEMOHCTPHPYET CYLIECTBEHHbIE IPOOEBI B 3HAHUM TEOPETUYECKOT0 MaTepHara,
«HEY/IOBJIETBO | HE CIOCOOEH €ro M3JIO0XKHTh M OTBETUTh Ha HABOJSLIME BOIPOCHI
PUTENIBHO» | MPENOaBATENs], HE MOKET IPUBECTH IPUMEPHI
Ta6auua 8 — Iloka3zaTeu OlleHUBAHUS Pe3YJIbTATOB 00yUeHHsl B BU/ie YMEHHUIl M BJIaIeHU i
[IIxana Kpurepun oniennBanus
OLICHUBAHMSI
5 JEMOHCTPUPYET CIIOCOOHOCTh NPUMEHATh 3HAHHE TEOPETHMUYECKOTo MaTepuasa
«OTANdHOy | [P BBIIONHEHUH 32JAHHH, [OCIE/0BATENbHO M NPABUIBHO  BLINOJHACT
3aJjaHMs, yMeeT 0OOCHOBAHHO M3JaraTb CBOM MBICIM U JAeJaTh HE0OXOAUMBIE




BBIBOJIbI
JEMOHCTPHPYET CHOCOOHOCTh MPHUMEHSATh 3HAHHE TEOPETHYECKOTo Marepuaia
4 IpU BBINOJHEHUM 3a/laHUi, TOCJIEI0BaTeIbHO U MPABHJIBHO BBIMOJIHSET
«XOpoLION 3aJaHus, yMeeT 0OOCHOBAaHHO HM3JaraTb CBOM MBICIH M JelaTh HEOOXOAMMBbIE
BBIBOJIbI, JIONYCKAeT €AMHHYHBIE OLIMOKHU, HCIpAaBIsieMble TOCIE 3aMeuyaHus
npenojaBaTess
3 ACMOHCTPUPYET OTJCIbHbIC, HECHCTEMATH3UPOBAHHBIC HABLIKH, HCIBITLIBACT
«yI0BIETBOpH 3aTpyJHEHUS] U JIOMYCKAaeT OMMOKM IIPU BBINOJHEHUU 3a/laHui, BBIITOJIHSAET
TeILHON 3aJlaHue TIpU TMOJCKAa3Ke IMpernojaBarens, 3aTpyAHseTcs B (GOpPMYIUPOBKE
BBIBOJIOB
2 He croco0eH MPaBUIIbHO BBIMIOJIHUTE 3aJJaHHe
«HEY/I0BJIETBO
PUTEIILHO

7.3. KoHTpoJibHbIe 3aJaHHsi W WHbIE MaTepHaJbl, HeoO0XOAMMBbIE JJIsi OIeHKH
pe3yJabTaToB 00y4eHHs MO0 IUCHUILIUHE

Paznea 1. O6mas xumus
Tema 1. OcHOBHBIE NOHATHS XHMHH. ATOMHO-MOJIEKYJISIPHOE YYeHHe
Bonpocs! 1151 cobecenoBanus
1. O6beM pe3HHOBOIT KaMephl aBTOMOOMIBHOI mHHEI paBeH 0,025 M3, napnenue B Heii 5,0665-10°
[Ta. Onpenenure Maccy Bo3yxa, Haxoasiierocst B kamepe mpu 20 °C.
2. PaccumTaiiTe MoNeKymIApHYI0 Maccy Tasa, ecmu 7-10° xr ero mpu 20°C m 0,253-10° Ila
3aHUMaIOT 00beM 22,1810 M2,
3. Jlanenue Bo3ayXa B aBTOMOOMILHOM ImuHe paBHO 3,0399-10° ITa mpu 15°C. Kak u3meHutcs
JlaBJICHWE B IIMHE MpH HarpeBaHuu ee 10 60°C or TpeHus npu IBHKEHUU aBTOMOOWIA? OO0bBEM
CUUTATh MTOCTOSIHHBIM.
4. PaccunraiiTe CpeIHIOI0 MOJIEKYISPHYIO MacCy U IJIOTHOCTb 110 IUOKCUY YIJIepo/ia CMECH Ta3oB,
conepkarieit mo oobemy 38% docrena COCl2 u 62 % xmnopa Clo.
5. Onpenemure Maccy 1073 M3 rasoBoii cmecn, comepxkameii (1o 06bemy) 50% Bomopona u 50%
JIMOKCUAA yrieposa (H.y.).
6. I'a3 (n.y.) 3aauMaet 06bem 1 M°. [Ipu kakoii TemrepaType 00beM ra3a yTpOUTCS, eClH JaBIeHHE
rasa He MeHseTcs?
7. Tpu xakoM faBIeHHH Macca xjaopa oobemoM 3-107 m3 cocrasur 2,5-107 kr, ecou t=23°C?
8. Kakyro maccy CaCO3 Hazio B35Th, YTOOBI OJTYYUTh MPH €r0 MPOKAIUBAHUU JUOKCU YIIEpo/a,
saauMatomuii 06sem 25-10° M mpu 15°C u rasnenuu 104000 Ia?
9. Boruncnute o6sem 0,100 kxr razosoit cmecu coctaBa 3CO+2CO2 npu 50°C u naBiennu 98600
I1a.
10. U3 5-10°kr xnopata kamus KCIOz 6bu10 momyueno 0,7-10° M kucnopona, u3sMepeHHOro mpu
20°C u paBnennn 111900 ITa. Onpenenute MacCOBYIO JOJO MPUMECEN B XJI0paTe KA.
11. Tpu 0°C B cocyne o6bemom 14-10°% M3 comepsxures 0,8-10 xr Bogopona u 6,30-107 kr asora.
Onpenenurte napuuagIbHOE JaBJI€HHUE a30Ta U 0011ee 1aBIeHUE CMECH.
12. B razomerpe Han Bogoit mpu 20°C u masiaenun 98500 ITa maxomurca 8-10° M3 kucmopona.
Hasnenue BoasHoro mapa npu 20°C paBuo 2335 Ila. Kakoit oO6bem (H.y.) 3aiiMET KHCIOpOJ,
HaxXo/dIIHiics B razomerpe?
13. T'a30Bast cMech cocTouT U3 5- 107 M® a30ta, HaxosIerocs noa aasmerrnemM 95940 Ila, 3-107° m°
kucnopona. Oosem cmecu 8-107° m®. O6miee naBneHue razoBoit cmecu 104200 ITa. Ilox kakum
JTABJICHUEM B3ST KUCIOPO?
14. B ra3oHanoHEeHHBIX JIaMIIaX COJEPKUTCS CMECh Ta30B, UMeloIIas 00beMHBIH cocTaB: 86% Ar u
14% N». PaccuuTaiiTe mapuuagbHOE JAaBJICHHE KaXKJIOTO W3 Ta3oB, €CIU 00Iee JaBJICHHE PaBHO
39990 IIa.



15. Bogopon o6wemom 3+ 1073 m® maxomurest mo masnernem 100500 Ta. Kakoit 06bem aproHa oy
TaKUM € JIaBJICHHEM HaJ0 NpUOaBUTH K BOJOPOAY, YTOOBI MPH HEU3MEHHOM OOIIEM JIaBJICHHUU
IaplUuagbHOE JaBJICHUE aproHa B cMecu cTaiio paBHbIM 83950 I1a?

16. T'azoBas cMech cocrasiiena u3 5-10° M3 merana mox nasieruem 96000 ITa, 2-10” m* Bogopoaa
nox nasienrem 84000 Ia u 3-10° auokcuaa yrnepona mox masnesnem 109000 ITa. O6wem cMecn
8-107m’. Onpenenurte napuuagbHbie AaBJIEHUS T'a30B B CMECH U 00I1lee JaBICHUE CMECH.

17. Yro Ha3pIBatoT MOJSPHON Maccoil 3kBuBajeHTa? YeMy OHa paBHA JJis KUCJIOT U OCHOBaHUIl B
peaKuusIX MOJHOM HeUTpanu3auu?

18. Uro Ha3bIBalOT KOJIMYECTBOM BellecTBa sKBUBaieHTa? Yemy paBHa sta BennuuHa a1 Ca(OH)2
u H3POs (B peakumsx mnoaHoi ueiitpanusanuun), BaClo u Alz (SOs)s, B3ATBIX KOJHYECTBOM
BemecTsa 1 Moib?

19. Kakoe mnpuiarateabHOE€ HPUMEHSIOT JUIS BBIPQXEHHS OTHOILIEHHUS JaHHOM BEITUYMHBI K
KoJn4decTBy BemecTBa? [lpuBenure mpuMepsl.

20. Kakyro BenMuuHy JAIOT AJIs DJIEMEHTAa OTHOILICHUSI:

M(X)/M(Foxe(X)X) 1 Ar(X)/(M(foes(X)X)).

21. CKOJBKO MOJISIPHBIX MAcC COIEPKUTCS B yKazaHHOM Macce cienyromux Bemects: KOH—168 r;
H2S04—245 1; NaOH—1 «kr; H3POs—1,225xr; Mg(OH)>—0,29 xr? Kakyo ¢dusnueckyro
BEJIMYMHY BBIPAKAIOT HalJICHHbBIE Yncia?

22. Haiinure maccet CO, CO2, NaOH, P2O3, B KOTOpBIX cojepxkaTcsi COOTBETCTBeHHO 4, 10, 2,5 1 5
MOJIIPHBIX MaccC BEIECTBA.

23. Yemy paBHo nN(CaSO4) B rumce CaSO4-2H20 maccoii 1,72 Kr u N sl KpUCTAJUIOTUApPATA B
rurce, norydeHHoM u3 0,68 kr 6e3BoHOTO Cynb(hara KaabIus?

24. Kakoe KOJIMYECTBO BEIIECTBA KaXIOTO aTOMApHOTO 3JIEMEHTA TONUIO Ha 00pa3oBaHue 1 MOJb:
HCI1, Clz, H20, H2SO4, H3PO4, PH3, Ca(OH)2, HC104?

25. Ha npumepe H3POs m Fe(OH)3 mokaxwure, kakue YU MOryr OBITh SKBHUBAJICHTAMH IS
MHOTOOCHOBHBIX KHCJIOT U MHOTOKHCIOTHBIX OCHOBaHUH. [lokaxute Takxke, kakas YU sBusercs
skBuBaJIecHTOM HNO3 B KHCIIOTHO-OCHOBHBIX PEAKIMSIX M MIPH B3aMMOJICHCTBHH €€ pa30aBICHHOTO
pacTBopa ¢ MeJbIo.

26. Ilpu pacTBOpeHHMH B KHCIOTe MeTaimia maccoil 11,9 T Beimenmics Bomopon oobeMoM 2,24 1
(a1.y.). Uemy paBnbi faxs(X) u M(faxs(X)X) as1st 3T0oro Metasa.

27. Bbpom wmaccoit 0,4586 r BwiTecHsier w3 pactBopa Kl wmom wmaccoit 0,7280, koTopbIit
B3aMMOJICHCTBYET ¢ MeTaioM Maccoit 0,5935 r. OnpenenuTe MOJISPHYIO MAacCy SKBUBAIEHTA ATOTO
MeTasia.

28. Ha BoccTaHOBJIEHHE OKcHIa MeTaia maccod 1,8 T m3pacxomoBaH BoAopo] oObeMoM 833 M
(n.y.). Haiinure M(faxe(X)X) metasmia.

29. Kakoe xonuuectBo BemecTBa 3kBuBajgeHTa NaxCOsz Hago B3STh 71 TOrO, 4TOOBI U3 pacTBOpa
MePEBECTH B OCATOK BCE MOHBI Ca®* konmmuectBoM BemectBa 0,5 MoJb?

30. Kakue mMeToapl CyIIECTBYIOT ISl OMPENEICHUS MOJSPHBIX U OTHOCHTEIBHBIX aTOMHBIX Macc
3JIEMEHTOB?

31. Yto Ha3bIBAIOT yJENbHOM U aTOMHOH TEIJIOEMKOCTBIO?

32. Tloyemy JJIsi TOYHOTO OINPEACIICHUS OTHOCHTEIBHBIX aTOMHBIX MAacC METAJUIOB MO UX aTOMHOMN
TEIUIOEMKOCTH HEOOXOAMMO TaKXKe M JKCIEPUMEHTATbHOE OIMpeelieHue MOJSPHBIX Macc HX
SKBUBAJIEHTOB?

33. Tlouemy gisi oOmpeneieHHs] OTHOCHTEIBHBIX AaTOMHBIX Macc mo Merony KauHuiapo
JKEJIaTeIbHO HAWTHU MOJISIPHBIC MacChl U MacCOBBIN COCTaB BO3MOKHO OOJIBIIIETO YHCIIa COCTMHEHHMA
JTAHHOTO dJIeMeHTa?

JlaGoparopHas padora «OnpeneeHue IKBUBAJIEHTA MATHUS»

Jl1s ompesienieHns: YKBUBAJICHTa METAJNIOB, CIIOCOOHBIX BBHITECHSTH BOAOPO U3 Pa30aBIEHHBIX
KHCJIOT U H.[@J'IO‘—IGfI, MOYXHO NIPUMCHSATH TaK Ha3bIBaEMBIH METO/] BEITCCHCHUA BOJOpOaAA.

Cobpath pubop, COCTOALIUN U3 IIINHIPA, BAHHOYKH, Ta300TBOIHON TPYOKU U MPOOUPKH.



Hcneitate ipubop Ha repMEeTUYHOCTh. J{JI1 3TOTO0 KOHEIl Ta300TBOAHON TPYOKH OMYCTHTH B
BaHHOYKY C BOJOH, W, HarpeBas NpOOHMPKY TEIUIOM pPYKH, HAOJI0/aTh BbIAEICHHE IMTY3bIPHKOB
BO31yXa. Eciau my3bIpbKoB HET, IpUOOp HE TEPMETHUYEH.

Hunmuuap nos cobupanus Bogopoaa 6pats eMkocTbio 100 mut.

Bssecuts 0,05 — 0,08 r MarHusi ¥, €ciau 3TO MOPOLIOK, 3aBEPHYTh HABECKY B MAMKUPOCHYIO
oymary. B mpobupky 4 Hamuth 3 — 4 ma pas6asiennoii (1:2) HCI, mocie 3TOro BepxHIOKO
BHYTPEHHIOIO YacTh MPOOUPKHU BBITEPETh HACYXO IMOJIOCKOW (PUIBTPOBAIBHON Oymaru. YKpenuThb
poOUpPKy B IMpoOHpKoepKaTene, MpUaaB el HAKIOHHOE MOJOKEHUE, KaK MOKa3aHO Ha PUCYHKE
MyHKTAPOM. [10JI0KUTE KyCOUEK MITH 3aBEPHYTYIO B OyMary HaBeCKy MarHusi Ha CTEHKY MpOOUpPKH,
3aKpBITh MPOOUPKY MPOOKOW € Tra300TBOAHON TpyOkol 3 W mpuuaTh HNpoOHpKe BEepTHKAIbHOE
MOJIOKEHHE, YTOOBI METAJIJT IIEPEMECTHIICS B KUCIIOTY. ToTuac HauMHaeTCs BhIJICIIEHUE BOJAOPOAA, U
BOJIa BBITECHSIETCS U3 IMJIUHAPA B BAHHOUKY.

[lo oxOHUaHMM peakIUH, KOTJa BBIIEICHUE BOAOPOJAA MPEKPATHTCS, ONPENEIUTh 00BeM
BbIenuBIIerocs Bogopoaa (V Mi) Mo AejaeHHsIM IWIMHIPA U BBICOTY cT0JI0a BOJbI B LMJIMHJIPE OT
MMOBEPXHOCTH BO/IbI B BAHHE C MIOMOIIBIO JTUHEWKH ¢ MUJUTUMETPOBBIMHE JesieHusiME (N MM).

OTMmeTuTh MOKa3aHWs KOMHATHOrO OapomeTpa BO Bpemsi ombiTa. [lo Tabnuue HallTu
YOPYTOCTh BOJSHBIX [IAPOB, HACHIIIAIOIIKX POCTPAHCTBO MIPH JAHHOW TeMIepaType.

Pe3ynbTathl onbiTa

1. Macca margus — mr.
2. OO0BeM BbIICTUBIIETOCS BOOPOaa — V MIL
3. Beicora cronba B muimHape — h M.
4. Temmeparypa onbita - t°C
5. bapomerpuueckoe JaBIe€HUE — P MM PT.CT.
6. Ympyrocts BoAsHOro napa npu Temneparype C° - p! M pr. cT.
Buruncienus
Ha ocHOBaHWY JTaHHBIX OIBITAa MOXHO PACCUYUTATH SKBUBAJICHT MArHHS:
Owmg ‘9112
Mg + 2HCI — MgCl2 + H»
Mwmg my.
m,. my.
CornacHo 3aKOHY 3KBUBAJICHTOB: -
9Mg 311
m u VO
OTHollIEeHNe —- MOXHO 3aMEHUTh PAaBHBIM €My OTHOIIICHHUEM ,Tne Vi - 00BEM
2
H, 2—9K6

BBITECHEHHOT'O BOJOPO/A B MIJUIMIIUTPaX HpH H.Y.

Vr-5xe. — 00bEM IpaMM-3KBUBAJIEHTa BOIOPOia BeIMYMHA MOCTOsIHHAA U paBHast 11200 mu, T.K.
2 r Bojgopoma (1 r-monp) mpu H.y. 3aHMMaroT o0beM 22,4 1, a 1 r Bomopoma (1 r-akB.)
coorBeTcTBeHHO 11200 Mut.

mn,. v, mMg-IIZOO
Takum 00pa3om, MmoxydaeM 3aBUCHMOCTD: = ,otkyma 2, = ——— (1); Vo
D,, 11200 v,
p”z'V”z p v pIIZ.VIIZ 'TO
HaxXoguTcsl 1o Qopmyie - ——, otkyma V,= —————— (2); tme Vo — o0beMm
T T T -p
0 0

BBIACIIMBIICTOCA BOAOPOAA ITPHU HOPMAJIBHLIX YCIIOBUAX,
VH2 - 00beM BOAOPOda B MUJIMHAPE IIPpHU MPOBCACHUH OIIbITA,

T — aGcomroTHas Temneparypa = To + t°C,
To =273 °C,

P — AaBlIeHUE BOJIOPO/A B LIMIIMHJIPE,

Po — HOpMalIbHOE JaBieHue = 760 MM pT.CT.



Hasnenne Bogopona (P, ) ompeaenseTcs CIeAyomuM 00pa3oM: NPHMHUMAs BO BHUMAaHME,
4TO aTMOChEpHOE [aBICHUE P YPaBHOBEIUMBACTCS JABJICHHEM BOAOPOJA B LMIMHIPE P,

1 o
YIIpYTroCThbIO pHZO BOOAHOI'O IIapa, HACBIAIOMICTO IMPOCTPAHCTBO Had BOJAOU B HHUIMHAPEC U

h

JIaBJICHUEM BOJTHOTO cTos10a h MM (B TIepeBOie Ha MIJUITUMETPBI PTYTHOTO CTOJI0A ), IMeeM:

13,6

h h
N H,0
p=p, Pl — OTKY/I& p, —p-p’:0— —— 3

3,6 : 13,6
Takum obpaszom, BHauane mo Gpopmyie (3) BHIMUCIUTH JABICHUE BOAOPOAA P, , 3aT€M IO

dhopmyie (2) ooveM Bogopoaa Vo u o hopmyse (1) SKBUBaJICHT MarHusl.
BBIYHCIUTE OTHOCHTENBHYIO OIIMOKY OIBITA B MPOIIEHTAX 10 (GopMyJIe:

meop. onvim.

Yoowubku = —— - 100%

meop.

TecToBBIE 32JaHUA
Bapuant Ne 1
1. ®akTop 3KBUBAJIEHTHOCTH COJIH
1) 1/ocHOBHOCTB 2) 1/9ucno KaTHOHOB * BaJICHTHOCTH KATHOHOB
3) 1/KHCIIOTHOCTH 4)1/9uciao aToMOB dJIEeMEHTa * BaJICHTHOCTh DJICMEHTA

2. ®aKkTOp SKBUBAJICHTHOCTU OCHOBAHUS

1) 1/ocHOBHOCTB

2)1/9uciao KaTHOHOB * BaJICHTHOCTh KATHOHOB

3) 1/xucnoTHOCTh

4)1/4rcno aTOMOB dJIeMEHTa * BaleHTHOCTh AJIEMEHTA

3. ITmoTHOCTE Ta3a 10 TEIUI0 paBHa 11, IJIOTHOCTB I'a3a 10 HCOHY
1)22 2)1,1 3)20 4) 44

4. TIpu croparnu 4*10° xr yriepona uncno monexyn CO, paBHO
1)2*10% 2) 2*10%° 3) 2*10?%2 4)2*10%

5. DKBUBAJIEHT UCXOHBIX BENIECTB B PEAKLIUM
H2C204 + Ca(OH)2 = CaC204 + H20
D1/2, 1/2 N1, 1/2 3)1/2, 1 41,1

6. O6bem (B 1), 3aHUMaeMbii 5,25 1 azora mpu26°C u naBnenun 98,9 klla # # #
7. MaccoBble JOJIU TaJIOTeHA B TaJIOTCHHJIC METa/lla U KHCIOPO/Ja B €ro OKCHJIEC COOTBETCTBEHHO
paBHbI 68,35% u 15,4%. Ha3Banue ranorena # # #

8. bpom wmaccoit 0,4586 r BwITecHseT u3 pactBopa Kl ifon maccoit 0,7280 r, KOTOpBIi

B3anMoJieiicTByeT ¢ MeTayioM Maccoit 0,5935 r. MonsipHas macca SKBUBaJIeHTa MeTaljla B I/MOJIb
HHH

9. Ilunk pearupyer ¢ u30bITKOM Bozbl B mienoyHoit cpeae (NaOH) ¢ oGpasoBanuem 5,6 1 rasa
(H.y.). DKBUBAJICHTHOE KOJMYECTBO BEIIECTBA LIUHKA B MOJIb # # #

Bapuant Ne 2
1. ®akTop PKBUBAIEHTHOCTU KUCIOTHI
1) 1/kuCcIOTHOCTH 3) 1/4mciio aToMOB 3JIeMEHTa * BaJICHTHOCTD dJIEMEHTA



2) 1/ocHOBHOCTH 4) 1/aucno KaTHOHOB * BAJICHTHOCTh KATHOHOB

2. @aKkTOp PKBUBAJICHTHOCTH OKCHA

1)1/9ucno kaTHOHOB * BaJICHTHOCTh KATHOHOB
2)1/ocHOBHOCTD

3) 1/4mciio aTOMOB 3JIeMEHTa * BaJICHTHOCTD dJIEMEHTA
4)1/KucnoTHOCTh

3. Macca (B rpammax) 0,25 MoJib OKCHIa TUTHS
1)5,75 2) 6,2 3)7,5 4)9,25

4: KonunuecTBo BemiecTBa (MoJib), copepskaiieecs B 37,6 r uurpara meau (1)
1)0,3 2) 3,35 3)0,2 4) 5

5. OuH MOJTh BOJIBI TIPH H.y. 3aHUMAET 00bEM
1) 18 mn 2) 118 n 3)22,4n 4) 22,4 mn

6. [InoTHOCTH Ta3a mo BO3ayxXy paBHa 1,17, MonekymnsipHas Macca raza # # #
7. Macca (B rpammax) HaTpus B 35,1 T XJopua HaTpus paBHa # # #
8. Ha netitpamm3anuto 3 r H3AsO4 uzpacxomosanoch 2,366 1 KOH. OCHOBHOCTB KUCIIOTHI # # #

9. U3 48,15 r okcuaa Mmertasia MOXHO NOJNy4uTh 88,65 r ero HuTpara. MonspHas Macca
HKBUBAJICHTA JIByXBAJICHTHOTO METaJIa B I/MOJb # # #

Tema 2. Knaccndpuxanusi 1 HOMEHKJIATYPa HEOPTraHMYECKUX COeJUHEeHN

Bonpocsl 115 codecenoBanus
1. Kakue OuWHapHBIE COEAMHEHUS HA3BIBAIOT OKCHAAMU? YKaKUTE€ BO3MOXKHBIE CIOCOOBI HX
MOJIy4EHUS.
2. Ha yeM ocHoBaHa kjiaccuuKaius OKCHJIOB Ha: a) HecoJeoOpasyrolue u coneodpasyromnue; 0)
KHUCJIOTHBIE, OCHOBHBIE M TIPOSBIISIFOIINE KUCIOTHO-OCHOBHYIO JBOMCTBEHHOCTH? Kakue peakimu
XapaKTepHBI JUIs1 OKCUAOB KaKI0M U3 3TUX Tpynn?
3. [IpuBenuTe MpuMepsl OKCHIIOB, KOTOPBIE IPU B3aMMOJICHCTBHH C BOAOH 00pa3yrOT IB€ KHCIIOTHI.
Kak B3aumonetictByroT ¢ pactBopom Ca(OH)2 okcuabt N2Os, N2O3 u NO2?
4. B yem mposIBIISIETCSl KUCIIOTHAsI TIPUPOJIa T€X OKCHUIOB, KOTOPBIE C BOJIOM HEMOCPEICTBEHHO HE
B3aUMOJICHCTBYIOT?
5. HazoBuTe OCHOBHBIE OKCHJBI, HEMOCPEICTBEHHO B3aWMOJCHCTBYoIME ¢ Bojoi. Hamwmmmre
YpaBHEHUSI COOTBETCTBYIOUIUX PEAKIIHI.
6. Kakue mo xapakrepy OKCHIbI 00pa3ylOT HEMETAIUTBl M METAJUTBI B PA3HBIX CTETICHSIX OKHUCICHUS?
ITokaxxute 310 Ha npuMepe okcuoB xpoma CrO, Cr203, CrOs.
7. Y KaKkoro u3 JIByX OKCHJIOB OCHOBHBIC CBOWCTBa BhIpakeHbI criibHee: FeO wm Fe,O3; SNO wmm
SnO2; ZnO mwm CdO; SnO unu PbO; BeO i CaO; As;03 wim BioO3?
8. B kakux ciydasx JBa OKCHJa MOTYT B3aHMOJCHCTBOBAThH APYT C IPYIOM M KaKUe COCIUHCHHS
IIpU 3TOM 00pazyroTcs?
9. Kakne okcuIpl ¥ Ha KaKOM OCHOBAaHMHM MOTYT OBITh OTHECEHBI TaK)K€ M K KIACCy COJIei?
[IpuBenuTE COOTBETCTBYIOUIUE TPUMEPHI.
10. ®opmynamu KakuxX COJEed MOXKET OBITh (POpPMaNbHO BBIPAXKEH COCTAaB TaKMX MUHEPAJIOB, Kak
LINTMHEHN, TayCMaHuT, MarHeTuT? K Kkakomy Kiaccy clielyeT OTHECTH 3TU COEAMHEHUS?
11. Kak monyunts okcuasl CuO, CO2, SO2, P20s, Fe203, MgO 13 MpoCThIX U CIIOKHBIX BEIIECTB?
12. Tlonmyunte mo aBa OKCHAA W3 Pa3IMYHBIX MUCXOAHBIX BEIIECTB: a) KUCIOT, 0) OCHOBAaHUH, B)
coneit.



13. Kakoil okcua MOXXHO TONYyYUTh M3 KaKIOW KucIoThl cienyromero psaa: HC10s, HoMoOs,
H2Cr07?

14. Kak momyyuTh OKCHJI LMHKA HM3: a) Meramia, 0) muHepanoB ranmes ZnCOsz M IUHKOBOH
oOMaHku ZNnS?

15. Yepe3 kakoil NpOMEXKYTOUHBIH MPOIYKT, JIETKO pa3jararoluiics IpU HarpeBaHUU, MOXKHO
MONYYUTh OKcua Metauia u3 ero conu? Ilokaxkure »T1o Ha mnpumepax: FeCls—Fe0s;
A1(CH3CO0);—A1203; CuSOs—CuO; MnBr,—»MnO. Kak MOXHO JUIi OJHOTO M TOIO K€
3JIEMEHTA U3 OJIHOTO OKCUJIA TIOTYYUTh JIPYTOM.

16. Kakue conmm Ha3bIBalOT rujapokcocomsiMu? Kak HMX MOXHO TOJIy4HUTh, €CIH HCXOJIHBIM
BEIIECTBOM SIBJISCTCS THAPOKCHUI WK COJIb, Harmpumep MN(OH)2 u Fez(SO4)3?

17. Hamummre rpaduueckue (opmynsl: ruapokcodpomuna mapranma (II); rumpoxcoxapOonaTta
MarHusi; THAPOKCOHUTpATA aTIOMUHUS; TpUTHAPOKcoocdarTa KaabIusl.

18. B yeM THIPOKCOCOIM TMPOSBISIOT CXOACTBO: C OCHOBaHUSAMH, ¢ comssMu? [lokaxkute 3TO
YPaBHEHHUSMHU COOTBETCTBYIOIIUX PEAKIIUM.

19. IlpuBenuTe mpUMEPHI AIEMEHTOB, KOTOPBIE BMECTO THA-POKCOCONIEH 00pa3yrT OKCOCOJIH. 3a
cuer dvero 3to mnpoucxoaut? Hammmmre rpaduueckue dopmyisl: xiopumaa okcocypbMmbi(l11);
cynb(dara OKCOTHTaHAa; XJIOPUIa TUOKCOYpaHa.

20. IIpuBeaute mpumep KUCIOT, OCHOBAHUN U COJEH, M3 KOTOPBIX HENb3s MOJIYYUTh THIPO- U
THIIPOKCOCOJIH.

21. Kak MOXHO OCYIIECTBHUTH CIEIYIOIIHE MEPeXo/bl B NPSIMOM H OOpaTHOM HampaBlICHUU:
KHCJIOTa — THAPOCOIb —CPEIHSISI COJIb — THAPOKCOCOIb — THIPOKCHA—> OKCHI?

22. Hamummurte ypaBHEHUS peakUUid, KOTOpPbIE MOCIEAOBATEIbHO MPOTEKAIOT MPHU MOCTETIEHHOM
nobasnenun: a) NaOH k pactBopy ruapocyibdara IHHKA; 0) KUCIOTHl K PAacTBOPY aJrOMHHATa
KaJusl.

23. Kakumu JIByMsi CIOCOOaMH MOYHO TOJIYYHTH: a) Cyab(UI MEIH U3 METAJUTMUECKON Menu; 0)
XJIOPU/J] ATFOMUHHUS U3 METANINYECKOTO aTFOMUHUSA?

24. Hanmumwure ypaBHEHHUS PEaKUUH, MPH MOMOIIM KOTOPBIX MEPEUYHCICHHBIE HIDKE COJH MOTYT

obITh TiepeBezietsl B cpeanue: (CUOH)2SO4, Ca(HCO3)2, [AlI(OH)2]2SO4, Cr2(OH)4SOs4.

JlaGopaTopHas pa6oTra «OCHOBHBIE KJIACCHI HEOPTAHMYECKHX COCAHHEHHII»

Onbim 1. [loMeCTUTD B METAININYECKYIO JIOKEUKY KyCOYEK CEpbl BETUYUHON C FOPOLINHY U
HarpeTh B IJIaMEeHM ropenku. Kak Tonbko cepa 3aropurcs, BHECTU JOXKEUKY B OaHKY, HE KacascCh
cteHOK M JHa. Korma cepa cropur, J0Ke4Ky BBIHYTb, a B OaHKy HaJIUTh HEMHOTIO
JUCTWJUIMPOBAaHHOW BOJbI M B30onTaTh. McmblTath pactBop nakmycoMm. (Hamucats ypaBHeHue
peakuuu. KakoB xapakrep okcuaa?)

Onvim 2. B cyxyio mpoOUpPKY NMOMECTHTh HEMHOTO OCHOBHOTO KapOoHaTta menu. Jlepika
NpoOUPKY B HAKJIOHHOM IIOJIOKEHUH, HarpeTh ee 10 MOJHOro pasnokeHus coiu. (Kakoro msera
BELIECTBO OCTaHeTcsi B mpobupke? Uto BelenseTcs Ha cTeHkax npoOupku? Hamucats ypaBHEeHUe
peakiuu.) [ToyueHHBIH OKCHA MEAU COXPAHUTh IS OTIbITA 8.

Onwvim 3. JlelicTBysi Ha pacTBOp cyibdara Meau W30BITKOM IIETOYH, TMOJYYHTh THIAPOKCH
menu. [lomyueHnslit ocagok Harperb. (OOBSCHUTH NMOYEPHEHHME OCaJKa M HaNHMcaTh ypaBHEHHE
peakmun.) Ocamok COXpaHUTh JIsl CPAaBHEHUS C OCAJIKOM B OMBITE 14.

Onvim 4. B36ontath B MpoOMpKE HEMHOTO OKCHJA KaJbIUS U OKCHJA MarHus ¢ BOAOH H
npouIbTpOBaTh B APYrylo NpoOupkKy. PuibTpaT HCHBITATh JIAKMYCOM WM (eHos(TaTenHOM.
(Kak n3mensiercs et pactsopa? Hanucarbs ypaBHEHHE peakuu.)

Onvim 5. B dapdopoByro dyamieuyky HaJIUTh J0 TOJOBHUHBI TUCTUIUIMPOBAHHYIO BOIY H
npubaBUTh HECKOJIBKO Kareib pacTBopa (eHoadTanernHa. BoIHYTh MUHIIETOM U3 CKISTHKH KYCOYEK
METAIJIMYECKOr0  HaTpus (HATpUil XpaHUTCS TOJ  KEPOCHHOM), TIIATEIbHO  BBITEPETH
¢buIbTpOBaNBHOM OyMaroit 1 6pocHUTh B YaIIKy ¢ BOJOU (OCTOPOKHO HE HAKIOHATHCS HAJl YaIlIKOM).
Habmonate npoucxopsmue siBiaenus. HanucaTs ypaBHeHHE peakuu.



Onvim 6. B nBe mnpoOupku (IOPO3Hb) HAIUTH PACTBOPHI XJIOPHUIA OKHCHOTO Xele3a U
HUTpata BUcMyTa. B 00e mpobupku Hanuth pactBop menouu. (Uto nabmomaercs? KakoB nser
ocagkoB? Hanucarh ypaBHEHHE peaKkIuH.)

Onwvim 7. B ipobupky ¢ 3-4 M cepHoid Kuciothl (1:5) omyctuTs Kycodek nuHka. K KoHiy
ONBbITa PAacCTBOP HArpeTb 10 KUINEHHA. BpeMs OT BpeMeHH, OTBOAS MPOOHPKY B CTOPOHY,
HaOmonate, BbIAENAeTCs Ju Tra3. Kak ToOnbKO MpekpaTuTcs BbIIEJICHHE Tas3a, HarpeBaHue
MPEKPaTHTh U AaTh OCTBITH MpoOupke. [1o oximaxaeHun JOKHBI BBINACTh KPUCTALIBI Cynbdara
nuHka. (Hammucarh ypaBHEHHE peakiivi. )

Onovim 8. K yepHOMY MOPOLIKY OKCHJA MEAM, IOIYYEHHOMY B OIIBITE 2, MPWJINTh HEMHOTO
cepHoid kucioThl (1:5) W Harperb 0 MOJHOTO pacTBopeHus. (B kakol 1BeT oOKpammBaeTcs
pactBop? Hanucarb ypaBHeHHMe peakuuu.) Eciau ocafok MOJTHOCTBIO HE PACTBOPUTCA, JaThb €My
otcTosThCsl. CIIUB KUAKOCTh, COXPAHUTD €€ JIJISl CJIEYIOIIETO OIbITA.

Onvim 9. B npoOHpKy ¢ TOJYYEHHBIM B OIBITE 8 PAacTBOPOM Cyib(ara MeIud BCHINATH
Kelle3Hble ONMWIKKM U B30onTaTh. Kak u3MeHseTcss okpacka pactBopa u omwiok? Hamummre
YpaBHEHHE PEAKIUU.

Onoim 10. B mipoOupKy ¢ pacTBOpOM THUJIp OKcuaa Oapusi BOyCTUTh M3 ammapara Kumma
yriaekucinbli Ta3. Kak Tonpko oOpasyercss ocanok, anmapar Kunma otkmrounts. (Hammcartsb
ypaBHEHUE PEaKIIHH. )

Onovim 11. Hanute B 1Be poOupKu (IOPO3HB) PACTBOPHI XJ10pHa Oapusi U HUTpaTa CBUHIIA.
Bnute B HHX HeMHOro pactBopa cepHoil kuciotTel. (Uto Habmromaerca? Hamucath ypaBHEHue
peakiuu.)

Onotm 12. B yeTbipe NpOOUPKHU MOPO3Hb HAIUTH PACTBOPHI CIEAYIOIIUX COJICH: B TIEPBYIO —
XJIOpU/Ia HATpUsl U HUTpaTa cepedpa, BO BTOPYIO — HUTpaTa Oapus U cyiabdaTa HATPHs, B TPETHIO —
HUTpaTa CBUHIIA U XpoMaTa KaJlus, B YeTBEpTYIO0 — HUTpaTa CBUHIA U Hoauaa kanus. (Kakoii user
oOpa3yromuxcst ocaakoB? Hamucars ypaBHEHUS PEAKIIHIA. )

Onoim 13. B npoOupKy HaJUTh PacTBOp TUAP OKCHJA Kalublusl («M3BECTKOBOW BOABI») U
OCTOPOYKHO MPOITYCKaTh B Hee U3 armapara Kunma yriekucisiid ra3 10 TeX 1nop, NOKa MOJTyYECHHbIH
B HayaJle 0CaJlok He pacTBOpUTHCs. (OOBSICHUTH MpoucXonsdllre siieHus. Hanmucate ypaBHEHUsS
peakIuii.)

Onvim 14. K pactBopy cynabdhaTra Menu NPUWINTh MO KaIJIsIM €AKUM HaTp 10 oOpa3oBaHUs
ocagka. JKunkocte ¢ ocankoM Harperb. (CpaBHUTH LIBET Ocajgka J0 HarpeBaHHsi MU IOCIIe
HarpeBaHus C ILBETOM ocajka B omnblTe 3. OOBSACHUTH NPOUCXOASIINE H3MEHEHHs, HAIHcaTh
YpaBHEHHUsI peaKkuii, UMes B BUJy, YTO IIPU HEJOCTATKE I1eJI04U 00pa3yeTcs OCHOBHAs COJIb.)

Onvim 15. B npobupky HamuTh 2-3 MJ pacTBopa cyib(paTa allOMUHUS M HO KaIluisiM —
pacTBOp €IKOro Hatpa 0 oOpa3oBaHMs Oca/ika, CMECh B300OJITATh U BMECTE C OCAIKOM pa3uTh Ha
7Be MpoOUpKu. B mepByro BIUTH pPacTBOP COJITHOW KHCIIOTBHI, BO BTOPYIO — PAaCTBOp LIEIOYU 0
MOJTHOTO pacTBOpeHus ocanka. (Hamucars ypaBHEeHHs BCeX peakIuii.)

TecroBble 3a1aHus
Bapuant Nel
1. ®opmyna xpucrammoruapara cynbdara HaTpus, Macca KOTOPOTO MHpH 00€3BOKHBAHUH
yMeHbImiIach Ha 47%

1) Na2SO4 * 2H20 2) Na2SO4 * 7H20

3) NaSO4 * 5H.0 4) NaSO4 * 6H20

2. KapOoHaT Kayms pearupyeT B pacTBOpE C BelIecTBaMU Habopa
1) CO2, SO2, H3PO4 2) CO, KOH, HCI

3) BaClz, HNO3, Rb2SO4 4) KHSO4, NaOH, SO3

3. OgHOBpEMEHHO HE MOTYT HAXOHUTCS B paCTBOPE BellecTBa Habopa
1)Na2SO4 u HCI 2) NaOH u H2SO04
3) NaCl u H2SO4 4) NaOH u K2S0O4



4. OTHOBPEMEHHO B paCTBOPE MOTI'YT HaXOAUTCS HOHBI
2—

1) Ni#*, K*, SO, , I 2) Pb?*, S, CH3COO", Ba?*
+ 3- - -
3)NH,,PO, ,Ca* F 4) AI¥*, Fe?*, CO:-, Br
5. YCTaHOBUTH COOTBETCTBHE MEX/y BEIIECTBOM U CBOWCTBAMHU
1: a3oTHas kucaOTA A: B3auMoJeiicTBHE C COMISIMU MEIM ¢ 00pa30BaHUEM OCaIIKa
2: TUAPOKCU] HATPUS b: B3aumozeiicTBue ¢ cosiMu 6apust ¢ 00pa3oBaHUEM OCajKa
3: cosisiHas KUCIIO0Ta B: B3aumojelicTBHE € cepOil IIPU HarpeBaHUU
4: cynpdaT aTrOMUHUA I': B3auMosielicTBHE ¢ IMHKOM ¢ 00pa30BaHUEM BOIOPOA

6. YcTaHOBHUTH COOTBETCTBHUE MCXKAY BCIICCTBOM M Ha3BaAHUCM
l.

Na—o\

Na—O—As_—_0
Na—O/

2:

Na—o\

Na 0 As——0O
H —O -~

3:

Na —O

H —0—— As—
H—o—  C

A: ruznpoapceHar HaTpus
b: nuruapoapcenar HaTpus
B: apcenar Hatpus

7. KonnyecTBO BO3MOKHBIX cojielt oopa3zoBanHbix H3SO4 u AI(OH)s3

14 2)1 3)2 4)3 5)5
8. B pesynbraTe cieayromux mpeBpameHni

t Pt,0 o NaOH t
(NH4)2CFZO7 X1 - X2 : X3 ‘X4—>X5
oOpa3yercs KOHEUHbIN NPOAYKT X5
1) NaNO> 2) NO2 3) Na2O 4) NO
Bapuant Ne 2
1. 'mapun ogHOBaAIGHTHOTO MeTasuta coaepkut 12,5% Bogoposa mo mMacce.
1) cepedpo 2) HaTpuii 3) nutuii 4) 30110TO

2. JInokcu yriaepojia MOXKeT pearupoBath ¢ BEIeCTBaMK Habopa
1) CaO, (NH4)2COs3 pactBop, HNO3 2) Na2CO3 pactBop, Mg, C (koxkc)
3) KOH, H2S04, pactBop BaCl: 4) CuSOs, NH3, NaOH

3. O,Z[HOBpeMCHHO HC MOT'YT HaXOOUTCA B paCTBOPC BCIICCTBA Ha6opa
1) BaCl> u NaNOs 2) BaCl> u NaBr
3) Ba(NOs). u Kl 4) Ba(NO3)2 u H2SO4

4. Kuciyro cosib MOKHO HOJYYHUTh B BOJHOU Cpejie PpU B3auMOJICHCTBUN
1) LiOH u HBr 2) CsOH u P20s



3) Mg(OH), 1 HCOOH 4) AIOH)3 1 N2O3

5. OHOBpEMEHHO B PaCTBOPE MOT'YT HAXOAUTCSI HOHBI

- + - -

1) Ag*, Ca?*, Br, NO- 2) Zn**,NH,, OH", |
3
- _ 2-

3) Ba**, Na*, F, CO:- 4) Cu*, APF*, CI', SO,
6. YCTaHOBUTH COOTBETCTBHE MEX/y BEIIECTBOM U CIIOCOOOM €r0 pacro3HaHHs
1: yrnekucslii ra3 A: BO3ropaHue TJICIOIICH JIYYUHbI
2: aMMHaK b: Bo3ropanue ¢ xapakTepHbIM 3ByKOM
3: kuciopoa B: nomyTHeHue N3BECTKOBOI BOJIbI
4: Bosiopon I': n3MeHeHHe OKpaCKH BIKHOW WHIUKATOPHOM OyMakKKu
7. YCTaHOBUTH COOTBETCTBUE MEXK/y BELIECTBOM U CBOIICTBAMHU
1: a3oTHas kucIoTA A: B3aMMOJEICTBHE € COJIIMU MeAH ¢ 00pa30BaHUEM OCaIKa
2: TUAPOKCU]] HATPHS b: B3aumoneiicTBue ¢ consimu Oapusi ¢ 00pa3oBaHUEM OCaIKa
3: cosisiHas KMCIIOTa B: B3aumogelicTBre ¢ cepoil IpU HarpeBaHUU
4: cynbdat aJroMUHUS I': B3aumoelicTBrE C IMHKOM ¢ 00pa30oBaHHEM BOJOPO/Ia

8. B pe3ynbraTe cneayromux npeBpameHui
Sio,+C ca Hal o Ca,(PO,),

Ca,(PO,), X, X, X, X, X,

o0pasyeTcs KOHEUHBIN TPOIYKT X5
1) Ca(HPOs4)2 2) CaHPO4 3) CaHPO4*2H20 4) CazP20y

KonTpoJsbnas padora 1
(«OcHOBHbIC TOHATHS XUMHH. ATOMHO-MOJIEKYJIsIpHOe y4eHue», «Kiaccnukanusa n

HOMCHKJIATYPa HEOPTaHUYECCKUX COCI[I/IHCHPIﬁ»)

Bapuant Nel
1. OmnpenenuTe SKBUBAJICHTHI JIEMEHTOB B uX okcuaax: Rb,O, MgO, Cr203, SOs.
2. Beruucnurts SKBUBAJIEHT TUTS HUCXOIHBIX BEIIECTB B peaKnusx:

H2C204+Ca(0OH),=CaC,04+2H,0
Cr2(S04)3+12KOH=2K3[Cr(OH)s]+3K2SO4

3. 1r Hekoroporo Mmeramiga coeaunsercs c¢ 8,89 r Opoma um ¢ 1,78 r cepsl. Haiigure
SKBUBAJIEHTHBIE MacCchl OpoMa u Me, 3Has, 4TO SKBUBaJIEeHTHas: Macca cephl 16,0 1/MOIIb.

4. Hanummre ypaBHEHHUs peakLUii, COOTBETCTBYIOIIUX CIEIYIOLIEH cxeme:

SiO2+C Ca HCI 02 Caz(POa4)2
> A » B » C » D >

1200°C t°C

5. Hamummmure rpadudeckue GopMyIbl coenHEHMH 1 naite ux HazBaHus: H2O2, SNO2, H3POa,
H2S,03, (CuOH).CO3, NaH2AsOa.

6. Kaxoii 06beM KHcIOpoaa clexyeT 106aBnuTh K 1 M° Bo3ayxa (21% O3), 9ToOBI cosepkaHne
B HEM KHCJIOPOJa MOBBICHIIOCH 110 25%.

7. B nemouky Kako JJIMHBI pacrojoKaTcsi MOJEKyJbl BoJbl Maccoit 1 r? JluneitHsiit pa3mep
Monexysl Bogsl 1=1,38%10"%m.

8. Ompenenure GopMyny OJHOTO W3 KPHCTALIOTHIPATOB Cyib(ara HATPHUs, €CIM €ro Macca
IIPU TIOJTHOM 00€3BOKMBAaHMM yMEHbIINIach Ha 47%.

9. Hanwummre GopMyIbl cojieid, COOTBETCTBYIOIINX CICAYIOIIUM JABOHHBIM okcugaaM: Pb2Os u
Pb3O4. HazoBute nx.

Caz(POa4)2 E

Bapuant Ne2
1. Omnpenenure SKBUBaICHTHBIE MacChl coenuueHmii: Fe203, KH2PO4, Cr(OH)3, H2SiO:s.



2. Bprancnuth SKBHUBAJICHT TUTST HCXOIHBIX BEILIECTB B peakiusx:
KFe(S04)2+3NaOH=Fe(OH)3+KNaSO4+Na>SO4
KCr(S04)2+NaHC4H406=Cr2(S04)3+KHC4H406+Na2SO4

3. Ormpenenute Maccy cepbl, oOpasyromieiics Mpu B3aUMOJEHCTBUM  CEPOBOAOPOJA
KOJIMYECTBOM BemecTBa 3kBuBanieHTa 0,01 Momb ¢ n30b1TKOM KoHIIeHTprpoBaHHOH HNO3

4. HamummuTte ypaBHEHHUS peakiuii, COOTBETCTBYIOIINX CIEAYIOIIECH CXeMe:

Fex(SOs)3 —» Xy — FeCl, —» X —> Fe30s <+— X3 —» Fex(SO04)3

5. CocraBeTe (Gopmynbl (3MmmHpuYeckue TpadUUECKHUE) BCEX  BO3MOXHBIX  COJEH
00pa30BaHHBIX TUAPOKCUIOM MarHusi U XpOMOBOM KUCIOTOH. JlaiiTe Ha3BaHUSI COJISIM.

6. K 50 mn cmecu B 2-x okcumax yriaepoaa nobaBunmu 100 M Kuciopoja u MOAOXKIiau. B
pe3ynbrate peakiuu oOuinii o0bem rasos ymenbimica Ha 10%. Bece 06beMbl Ta30B U3MEPsUINCh
MIPU OJIMHAKOBBIX ycloBUAX. Onpeaennure 00beMHBIA COCTaB UCXOIHBIN CMECH.

7. Cxonpko JeT moTpedyeTcsi, 4ToObI IepecuuTaTh BCE MOJIEKYJIbl, HaxXOJsIIHecs B BOJE
Maccoit 1r, Eciii kaxnyro ceKyH/1y OTCUMTBHIBATh MO MUJUIMOHY MOJIEKYJ1?

8. Ilpm TepmuyeckoMm pasyoxeHun okcuga wapranna (IV), Bsstoro maccorr 0,435 T,
BBIJICTIWIICS KUCIIOPOA M 00paszoBajcs Apyroi okcua mapranma maccoit 0,382 r. Kakosa dopmyia
3TOro okcuaa?

9. UYro Ha3BIBAIOT SKBUBAJICHTOM BemiecTBa? Ilpu KakoM yCIOBUM 3KBUBAJICHT HICHTHYCH
CaMOM YacTHulle BelecTna’?

Tema 3. CTpoenne aTroma

Bomnpocel 1u1st cobecenoBaHust
1. Yro Ha3bIBAIOT MPUHIMIIOM HEOIIPEAEIEHHOCTH U COOTHOIIEHUEM HEOIIPEIEICHHOCTH?
2. IIpuMeHUMO 11 MOHATHE TPACKTOPHM JBMXKEHHUS K MUKpodacTuiiam? Yem 3To ompenensercs u
KaKoe IOHATHE €0 3aMEHAET?
3. HeonpeieneHHOCTD MOJIOKEHUS JIEKTPOHA paBHa:
a) 1029 v; 6) 1 cm. Kaxkoii Gymer npu 5TOM HEONPe/IeNIeHHOCTh B UMITYIIbCE U CKOPOCTH?
4. HeompesieneHHOCTh B CKOPOCTH dIekTpoHa paBHa 108 cm/c. Haifaure cooTBETCTBYIONIYIO
HEOIPEeIEHHOCTD B MOJIOXKEHUH AJIEKTPOHA.
5. IlorpemHocTs B ONpeIeNIeHUH MOJI0KEHUS 3JIeKTpoHa paBHa: a) 0,5 cm; 0) 0,05 uM. Kakoii Oyner
IpU 3TOM TIOTPEIIHOCTh B OIpeAeNeHur ckopoctu? J[lns BToporo ciydas cpaBHuTE AV,
BBIPQ)KEHHYIO B KM/C, CO CKOPOCTBIO IBUYKEHMS JIEKTPOHA 110 nepBoit opoute bopa.
6. CKOpOCTb JBI)KEHHUS 3JIEKTpOHa MO IepBoill OopoBckoit opbute paBHa 2187 km/c. Ecmm
MOTPELIHOCTh B ONpPE/EICHNH CKOPOCTH paBHa 1 KM/c, TO Kakoil OyJeT mpu 3TOM HOrPEIIHOCTh B
ornpezeneHuu KoopanHatel? CpaBHUTE €€ CO 3HAaUEHHUEM Pajinyca OpOUTHI.
7. CBeT uMeeT JABOMCTBEHHYIO IPUPOAY, OITOMY SHEPrusi (OTOHA MOXKET OBITh BBIPAXKEHA JIBYMsI
ypasrenuamu: E=hv u E=mc?. Haiiaute 0TCIOfa B3aHMOCBSA3b MEXKIY JUIMHOH BONHBI, CKOPOCTBIO
ceeta U Maccol QoroHa. Ilomyuure ypaBHeHnue ne bpoiinsa, 3ameHuB QOTOH JHOOOH
Mukpouactuieil. [loueMy KopnycKyaspHO-BOJIHOBOM yajqu3M CBONCTBEH TOJIBKO MUKpOYaCcTULIAM?
8. Kakoe sKkcrepuMeHTaIbHOE MOATBEPKACHNUE Hallllla TUIO0Te3a € bpoiiis 0 BOJTHOBBIX CBOWCTBAX
MHKpPOYacTUL?
9. OcHoBbIBasich Ha ypaBHeHun bopa mvr=nh/2z u ypaBaenun ne bpoiins A=h/mv, nokaxwure, uTo
CTallMOHapHbIe opOouThl bopa — 3T0 Te OpOUTHL, B JUIMHE OKPYKHOCTH KOTODPBIX YKJIaJbIBAETCS
LIEJI0€ YUCJIO BOJH IEKTpoHAa. CKOJBKO BOJH AJIEKTPOHA YKJIAJABIBAETCA B JUIMHE OKPYXHOCTH
MepBOi U BTOPOI cTanmoHapHoi opouTsl bopa B atome Bogopoaa?
10. Yemy paBHa aebpoiineBckas JTHHA BONHBI SIEKTPOHA, ABUKYIIETOCA CO CKOPOCTBIO: a) 6-10°
Mm/c; 6) 2187 km/c?

4. Yemy paBHa Mmacca (oToHa KpacHoro cBera (A=648 um)? CpaBHHUTE ee C Maccoi
sextpona (9,11-10% 1),
S. Yemy paBeH uMnyibce (GOTOHA I cBeTa ¢ A=485 HM?

13. Dueprus porona pasna 5-10"1° JIx. Haiiaute mmuHy BONHBI 5TOTO M3mydeHns. UeMy paBHBI
JUTMHA BOJIHBI, Macca ¥ UMITYJIbC JUIs (poTOHA ¢ sHepruei 6,7 7B?



14. Bo ckombko pa3 Macca (poToHa, oTedaromero junun Ho cepum Bambmepa (A=6,56-107 m),
MEHBIIIE MacChl JEKTPOHA M BO CKOJBKO Pa3 CKOPOCTh (POTOHA OOJbIIE CKOPOCTU DJIEKTPOHA,
JBUKYIIETOCS B aTOME BOJIOpoaa 1o opoure ¢ pagumycom 0,053 am?

15. Eciu arom renus umeet 3Hepruto 0,04 3B (3HEprusi TEIioBOTO JABMIKEHUS NMPU KOMHATHOMN
TEMIIepaType), TO Kakoi Oy/1eT COOTBETCTBEHHO JeOpoiiieBCKast ATMHA BOJIHBI?

16. dudpaxius >IeKTPOHOB YETKO OOHAPYKUBAETCS, €CIIU AJI1 HUX NeOpoiilyieBCcKas JUIMHA BOJIHBI
COM3MEpHMa C MEKAaTOMHBIM PACCTOSHHEM B KPHUCTAJIE, CIyXaIluM AU(PaKIIMOHHON PELIeTKOH,
T.¢. umeeT nopsanok 0,1 uM. Yemy paBHa JyMHA BOJIHBI J1e Bpoiiis 1iis 27eKTpoHa, IBMKYILETOCS: a)
co ckopocTsio 7,2-10% km/c u 6) co ckopocTsio, B 100 pa3 MeHbIei ckopocTtu ceta? JJaayT I 3TH
ANEKTPOHBI AUPPAKIIMOHHYIO KApTUHY?

Tema 4. Ilepuoguyeckuii 3aK0H U MePpHOIHYECKAs] CHCTEMA XUMHYeCKUX djieMeHToB JI.U.
MenpeneeBa
Bomnpocsl nu1st cobecenoBaHust
1. Uro Ha3biBaloT sHepruedl noHuzauuu? Kakas BeJMYMHA UMEET C HEMl OJMHAKOBOE UYHCIOBOE
3HaueHHe? B Kakux eMMHUIIaX OHU U3MEPSIOTCS?
2. YeMy paBHO YHCJIO BCEX BO3MOXKHBIX MOHH3AIIMOHHBIX MOTEHIIMAIOB JIJIS TAHHOTO aToMa U 4TO
SIBJIICTCS IPUYMHON yBEIMUYEHUS UX 3HaueHUH B pagy: 11<[2<l3...?
3. Kak 3aBuCHT BelMMUYMHA MOHW3AIMOHHOTO IMMOTCHIMANA OT 3HAYCHHS IS JIEKTPOHA TJIABHOTO
KBaHTOBOT'O YKCJIa U YEM 3Ta 3aBUCUMOCTh 00ycioBiieHa?
4. Kak MOXHO IO 3KCIEPUMEHTAIBHO HAWJICHHBIM HOHU3AIMOHHBIM TOTCHIIMATaM yCTaHOBUTH
HaJU4Me B aTOME AJIICKTPOHHBIX CJIIOEB M YHCIIO AJICKTPOHOB, KOTOPBIE OHU cojepkar? [lokaxute
3TO, TIOJIB3YACh 3HAYCHHUSIMH dTUX BennunH i oepriummst: 11=9,3; 1:=18,2; 13=153,7 u 14,==217 3B.
5. Kak qomxHBI OTIMYAThCA APYT OT Apyra MOHHU3AIMOHHBIE MOTEHIMAIbl aTOMOB: a) HATPHUS H
XJiopa, 0) KaJus ¥ KPUIITOHA, B) OepuuLiust u 6apust?
6. UTo Ha3bpIBaIOT CPOJICTBOM aroMa K AJEKTpoHy? /I KakuX 3JI€MEHTOB 3Ta BEJIMYMHA UMEET
HauOOJbIIee TOJIOKUTEIBPHOS 3HAYCHWE W Ui KaKuX OTpHUIlaTelibHOe 3HaueHue? Kakwue
SKCIIEPUMEHTANbHBIE JIaHHBIE YKa3bIBAIOT HA HEBO3MOKHOCTHh CYIIECTBOBAHMSI MHOTO03apSTHBIX
MIPOCTHIX HOHOB?
6. Kako¥i BbIBOJT MOKHO CZENIAaTh O CBOMCTBAX 3JEMEHTA IO 3HAYCHMIO JJIT HEr0 MOHU3AIMOHHOTO
MOTEHIMAJa U CPOJCTBA K AIEKTPOHY?
7. Uto Ha3bIBalOT aOCOMIOTHONW M OTHOCUTENBLHOM 3JEKTPOOTpUIIATENbHOCThIO? Kak mo 3HaueHuio
STOW BEIUYMHBI MOYKHO, CYJIWUTh O HAMPABICHUM CMEUICHUS OJJIEKTPOHHON TUIOTHOCTH TIpH
o0pa3oBaHUM CBs3ei?
8. UTo Ha3BIBAIOT CTEMIEHBIO OKUCIICHHS JJIEMEHTAa W YeMy paBHA MX 00IIas CyMMa B MOJICKYJie U
HoOHE?
9. Uemy paBHa CTENEHb OKHCJICHHS HATPUS, KaIBIHMS M XJOpa, €CIU OHH HAXOJATCS B BHJIE
cBoGoxHbIX HoHOB: Na*, Ca?*, C1°, u XpOMa, €CIIM OH HaXOJIUTCS B COCTABE CIOXKHOTO MOHA Cr,0+*
?
10. Kakast creneHb OKUCIIEHUs JOHKHA OBITH Ooliee XapaKTepHa JUIsl JIEMEHTA MPU BBICOKUX WU
HHU3KHUX 3HadYeHHIX ero D0?
11. Ilpu BBICOKHMX WM HU3KUX 3HAUEHUSX CTENEHb OKHCICHUS dJIEMEHTA MOXET OBITh paBHA 3apsiiy
€ro CBOOOJTHOTO MPOCTOTO HOHA?
12. CBolicTBa CBOOOTHOTO WMIM CBS3aHHOTO aTOMa XapaKTEPU3YIOT MOHSATHS SHEPTUU MOHU3AIIHH,
CPOJICTBA K 3JICKTPOHY H AJIEKTPOOTPHUIATSILHOCTH?

TectroBble 3aganust «CTpoenne aroma. Ilepuoanyecknii 3aKOH M NePHOAMYECKAS CHCTEMA
xumMuueckux 3jemenToB /J[.M. MenaeneeBa» (Tembl 3-4)
Bapuant Ne 1
1. I3035€KTpOHHBIE aTOMBI M HOHBI
1) Fe?*, Co®* 2) Co, Ni?*
3) Fe?*, Fe®* 4) Co%*, Mn



2. DneKTpoHHast eMKOCTb T -nogypoBHs

1) 14 2)6 3) 18 4) 10

3. DHeprust CpoJICTBA K AJIEKTPOHY B IIEpUOJIE

1) He u3mensiercs 2) yMeHbIIaeTcs

3) yBenuuMuBaeTCs 4) ocTaroTCsl MOCTOSTHHON

4. Pa3penieHHbI HA00P KBAHTOBBIX YHCEN JIEKTPOHA
Hn=3,1=0,m=1 2)n=2,1=1,
3In=3,1=2,m=-1 4)n=3,1=2,

m=0
m=3

5. Hanmenpmmii paguyc UMeeT HOH

1) Cs 2) Ba?* 3) Te* 4 I

6. Monenb aroma, co3garnas D.Pe3epdopaom Ha3eiBaeTcs # # #

7. Yucno ypoBHeil y aTroma oripesensiercs # # # KBaHTOBBIM YHCIIOM

8. DHeprus oTphIBa JICKTPOHA OT aTOMa HA3bIBACTCS dHEpruei # # #

9. Eciu a5ekTpoH jesaet Beioop Mexay 4d u 55 aTOMHOM OpOUTANIBIO, TO aTOM COACPIKUT # # #
JJIEKTPOHOB

10. YCcTaHOBUTH COOTBETCTBHE MCIKAY DJICKTPOHHBIMHA KOH(l)I/Il"ypaI_II/ISIMI/I 1 XUMHNYCCKHNMH
qJacTulamMu

1: 1s22s22p%3s23p! A: Na'
2: 1s22s?2pf3s%3p° B:N
3: 1s22522p°® B: S%-
4: 1s22s22p° r: Al

11. Pacnionio:kuTh B IPaBUIILHOM MOCTIEA0BATEIILHOCTH 3aIOJHEHUS YHEPTETUYECKUX TTOTYPOBHEHM
B aTOMax

A:5s b:4d B:3d I':5p J1:65 E:4p
Bapuant Ne 2

1. 30571€KTpOHHBIE aTOMBI ¥ HOHBI

1) Fe?*, Co** 2) Co, Ni?*

3) Fe?*, Fe®* 4) Co%*, Mn

2. HaGop xBanTOBBIX uncen N = 3, | =1, s =+1/2 umeer

1) Si 2) Al 3) Cl 4)S 5P

3. OHAKOBOE KOJIMYECTBO AIIEKTPOHOB Y HOHOB

1) Ba®*, Mg?*, Cd?* 2) Ba?*, I, Te*

3) Hg?*, I, Sn** 4) I, Cd?*, sn**

4. DnexTpoHHAas eMKOCTh { -TI0ypOBHS
1)6 2) 14 3) 10 4) 18

5. DHeprus MOHHU3AINH B TPYIIIE
1) He u3menHsieTcs 2) yBeTUINBACTCS
3) ymeHbIIaeTcst 4) ocTaroTCsl MOCTOSTHHOMN



6. AtomHbIe OpOUTaIH Mar0T cymmy N+ 1=9
1) 6f, 7d, 8p 2) 5f, 7p, 8s
3) 4f, 5d, 6p 4) 4d, 5p, 65

7. Uucno HECTIapeHHBIX 3JIEKTPOHOB B aTOME XpOMa B HEBO30YKIACHHOM COCTOSIHUU # # #

8. Dueprus nonmzanuu aroma Ca (3B): 11 = 6,113; I, = 11,871, I3 =51, 21. TpeThs sHEpTUS
HMOHM3AIMHU PE3KO BO3pacTaeT U3-3a OTphIBa # # # 3JIeKTpOHa

9.Yucno opbutaneit y aroma onpezaensiercs # # # KBaHTOBBIM YHCIIOM

10. YCcTaHOBUTH COOTBETCTBHE MECXKAY SJICKTPOHHBIMHA KOH(bI/IpraHI/IHMI/I Hn XUMHYCCKHNMH
JacTuuamMu

1: 1s22522p%3s23p%4s°3d° A F
2: 1522522p®3s23pP4st3d® B:C
3: 1s22522p°® B: Fe'3
4: 1s22s22p? I:Cr

11. Pacnosio:kuTh B IPaBUIILHOM MOCTIEAOBATEIIBHOCTH 3aMOTHEHUS SHEPTETUUECKHUX MTOAYPOBHEMN

B aTOMax
A:6p b:7s B:6s I:4f J1:5F E:6d XK:5d

KonTpoJsbnas padora 2
(«Ctpoenne atromay, «Ileppoanyecknii 3aK0H U NEPUOAMYECKAS] CHCTEMAa XMMHYECKUX
3jiemeHTOB .. MenaeiieeBa»)

Bapuant Nel

1.  Yto Ha3BIBAIOT NPUHIMIIOM HEOTIPEIEIEHHOCTH H COOTHOIIEHUEM HEOTIPEIEIICHHOCTH.

2. ns cxonpkux AO cymma n+1=8? EcTh 1 Takue opOUTATIH y DJIEMEHTOB MEPUOIHYCCKON
cucteMbl? ATOMBI, KaKHX DJIEMEHTOB HMEIOT HaOOJIbIlIce 3HAUCHHE CyMMBbI N+]?

3. HanummuTe snextponHo-rpadudeckue Gopmyisr: Cr, CI*S, Te? Tb.

4. HanumuTe 351€KTPOHHBIE GOPMYIIBI €1l HEOTKPBIThIX deMeHToB Nel108, Nel13 u ykaxwure,
KaKo€ MECTO OHHU 3aliMYT B MEPHOANYECKON CHCTEME.

5. CkopocTh JOBMXKEHHS JIEKTpOHA MO MepBOM OopoBckoil opbute paBHa 2187 xm/c. Ecnu
MOTPELIHOCTh B ONpPEAEICHUH CKOPOCTH paBHa 1 KM/c, TO Kakoil OyJeT MmpHu 3TOM MOTrpeIHOCTh B
ornpezeneHuu KoopanHatel? CpaBHUTE €€ CO 3HAaUCHHUEM PaJinyca OpOUTHI.

6. [IloscHuTe NpUUYMHY pa3ivyusl B BEIMYMHAX HMOHHBIX PAJUYCOB JJII H303JEKTPOHHBIX
nonos; 1,33(F); 1,36(0%); 0,98(Na*); 0,74(Mg?*); 0,57(AP)

7. OOBscHUTE 0cO00 HU3KYIO YCTOWYMBOCTh COCTUHEHUN P-3IIEMEHTOB 6-TiepHojia B BhICHICH
C.0.

8. Paccumraiite 3HaueHus Z,p. aromoB Na, M@ u mokaxure BiusiHHE Z,p. Ha 3HaueHue Ej
aTOMOB.

Bapuant Ne2

1. TIpumeHHMO JH MOHITHE TPACKTOPHUHU ABMKEHHs K MUKpouyacTuuam? Yem 3To onpenensercs
1 KaKO€ MOHSTHE €ro 3aMeHseT?

2. VYKaxuTe 3HAYCHHE KBAHTOBBIX YMCEJN JJIS BHEUIHHX 3JIEKTPOHOB B aTOMax 3JEMEHTOB C
NopsAAKOBEIM HOMepoMm 11, 14, 20, 23, 33.

3. HammmmTe snextponHO-rpadudeckue Gopmyist: Pd, Zrt?, S2 Fm.,

4. Ha oCHOBaHMHM Y4YEHHUS O CTPOCHHM aToMa OOBSCHUTE, TOYeMy OSHEPreTHYeCKHH S-
MOJYPOBEHb BKIIIOYAaeT OJHY OpOMTallb, P-MOAYpPOBeHb — TpH, O-mogypoBeHb — mAth u f-
MOJTyPOBEHB — CEMb. YKa)KUTE MaX YHCIIO AJIEKTPOHOB HA 3TUX MOYyPOBHSX.



5. UYemy paBHa acOpoineBCKas AJTWHA BOJHBI JJIEKTPOHA, JABHKYIIETOCS CO CKOPOCTHIO: a)
6*10° m/c; 6) 2187 xm/c?

6. IlodyeMy THOPOKCHU[ JIUTHS IO CHJIE OCHOBHBIX CBOWCTB, PAaCTBOPUMOCTH W CIHOCOOHOCTH
OTILEIUISATh BOY IIPU HArPEBAHUU IPOSBIISIET CXOACTBO € THAPOKCHUIOM MarHus U Kajapuus?

7. DHeprus HMOHM3AIMU TIPU TOCIEAOBATEILHOM OTpBIBE DJIEKTpOoHA OT aromoB Mg
cocraBisieT: E1=733, E>=1447 u E3=7718 xJ[)/monb. Uem 00BsICHUTH pe3koe Bo3pacTanue Ez?

8. Kakym cTpyKTypy JOKEH UMETh BOChMOI repuo? [IoBTopsieT 11 OH MOJHOCTBIO CEIbMOI
nepuoj?

Tema 5. Xumnueckas cBsi3b
Bonpocsl 1u1s codecenoBanusi
Memoo eanenmmuvix cxem

1. Moxer nu AjmuHa CBS3M OBITH PaBHOW CyMME paauycoB JBYX aTOMOB, KOTOpbIE €€ 00pa3yroT?
[MTokaxxute 1 0OBSICHUTE Ha TpuMepe Motekyibl Ho, 3uas,ato r/H/=0,053um, a d/H-H/=0,074uMm.
2. Bpramcnure sHepruto o -cBs3u C-C, ecnu craHjgaptHas Teruiota oOpaszoBanusi C-H wu3
ra3zoo0pa3HbIX yriaepoaa u Bogopoja paBHa —2815 k/[x/momns, a sneprus c-csizu C-H paBna -411,3
K J[&/MOIT.
3. Dueprus aucconuanuu HI paBra 298,4 kJx/Moib. MoxkHO 1 paznnoxuts Hl Ha seMenTs ipu
o6nydeHnn ynpTpaduoneToBeiM ceetom A = 2:1071% M? Kakyio sHepruo Hajo 3aTpaTHTh,d4TOOBI
paznoxuts 5-10° r HI?
4. Tlouemy MakcuManbHas KOBaJEHTHOCTh (ochopa MOKET OBbITh paBHOM MATH, a Y a30Ta TaKoe
COCTOSIHUE OTCYTCTBYET?
5. B pamkax teopuu BC 00BSCHUTH, MmoueMy Yy OOJBIIMHCTBA P-DIEMEHTOB C IMEPEeMEHHOMN
BaJICHTHOCTBIO €€ 3HAYCHUS pa3IMYaloTcs Ha 27
6. JIns Kakumx SIeMEHTOB, HMEIOIIMX JNIEKTPOHHbIE KOH(MUTYpALMH BHEIIHEro Cos aToMa 3S°p?,
482p3, 5Szp4, 681p5 XapaKTepHbI IepeMEHHasl YETHAs U IEpEMEHHasl He4€THasl BaJICHTHOCTh?
7. Ha oOCHOBaHMM pa3HOCTH 3JEKTPOOTPULATEILHOCTH AaTOMOB 3JEMEHTOB YKaXHUTE, Kak
U3MEHSETCA CTENEHbh NOHHOCTHU cBA3U B coeqnnenusx HF, HCI, HBr, HJ?
8. PaccuuTaiite 3¢ (eKkTuBHBIE 3apsabl aTOMOB BOJOpOJa M XJIOpa, 00pa3yloluX KOBAJEHTHYIO
TIONSPHYIO CBA3b, €CIH Wdxen. MoJlekynsl HCI pasen 3,4-10°° Kn'm, a amuna casu H-C1 pasHa
1,27-10" m.
9.Kak MOXHO OOBSICHUTH, YTO aMMHAK H TpU(TOpUA a3z0Ta, HMEIOUIHE OJUHAKOBYIO
nUpamMHuIaiIbHy0 GOopMy U coepKallyue aTOMBI 2JIEMEHTOB C PUMEPHO OJMHAKOBBIM PA3IUYUEM B
ANEKTPOOTPHUIATEILHOCTH, CYUIECTBEHHO Pa3IMYalOTCs IO BEJIWYMHE JUIOJIBHBIX MOMEHTOB: |l
(NH3) = 0,49 - 102 Kn-m, p(NF3)=0,07-102° Ki m?
10. Kak cormacoBaTh Malylo MHOISpHOCTE cBsizu B Monekyne CO (p = 3,33:10°3! Km'm) co
3HauuTenbHbIM paznuureM B D0 C u O D0(C)=2,5; 50(0) = 3,5.
11. {nuna cBsizu H-F pasua 0,092 1w, a monsgpHocTh coctaisiet 45%. Hatiqure w/H-F/.
12. Jlns oguHapHOW KOBaJEHTHOW CBSI3W MEXAY NIBYMs aromMamMu A U B nomonHHUTenbHas CBS3b,
oOycnoByieHHass €€ YacTUYHO HOHHBIM XapaktepoM, Mo IlonuHry oneHuBaetrcs GopMyIoil:
100[20/A/-20/B/]? xJI. Bblumciute AomonHuTeNbHYI0 dHepruio cBsazsu H-1 u H-C1 3a cuér
YaCTUYHOIO MOHHOI'O Xapakrepa cBA3ed. Kakoe M3 3TuUX JBYX COEIMHEHMN IPOYHEE U PeakLus
oOpa3zoBaHus OoJiee FIK30TepMUIHA?
13. YcTaHoBUTH NPOCTPAHCTBEHHYIO CTPYKTYPY CJIECTYIOMIMX MOJIEKYII:

a) COS, COCly, CF4, SiFe?;

b) NHs, NO2", PH3, PO

¢) H2S, SCl,, SF4, SO2F»;

d) CI20, ClOs, ClIOy, JOg”".
14. Tlokaxkure BIMSHUE HEMOJENEHHBIX 3MeKTpoHHBIX map /HII/ ma gopmy monexyn BrFs, SFa,
JCly, JFs. Tlpenckaxkute /5KBaTOpHAIbLHOE MK akcHanbHOe/ pacmonoskenne HIT.



Memoo monekynapuvlx opoumaeit
1. Kak Ha ocHoBe Teopunt MO onpeaensitoT KpaTHOCTh CBSI3U MEXy AByMs aromamu? IIpuBenure-
MIPUMEPHI.
2. Kak teopust MO 00BsCHSIET HEBO3MOXXHOCTh 00pa3oBaHus Mosiekyn Hez, Bez, Nea.
3. Kak Teopus MO o6wsicHsier: a)nuamaraetusm Moiekyn Nz, F2; 6) mapamarnerusm B2 u Oz.
4. CocraButh sHeprerrdeckyro auarpammy MO uactun NO¥, NO u NO™ 1 cpaBHUTH UX KPaTHOCTh
" Ecg?
5. CocraButh 3HepreTrucckyto auarpaMmy MO u AO monekynsl LiH. Kakue opOutamu B Hel
SIBIISTIOTCSI CBSI3BIBAIOLIMMH, a KAKHE HECBS3bIBAIOIUMHU ?
6. Y kaxoit mosiekyibsl N2 u CO 60JbI1Ie SHEPTUs AUCCOMAIIH?
7. Kak ¢ mosuiun MO o00bsiciuth aérkyio okucisemocts Cr(ll),ecniu npu obpazoBaHuu
coenunenuii ogun 3nekTpon Cr(Il) momagaer Ha paspeixisiorryio 1d-MO?
8. O0BsCHUTE, IOYEMY OTPBIB OJJHOTO JIEKTPOHA OT MOJIeKY bl CO MPUBOIUT K OCIA0JICHUIO CBSI3U
, a oT MmoJiekysbel NO - k e€ ynpouHeHuro ?

Honnas ceasv
1. Temneparypa miasneaus CaCl=780°C, CdCl,=560°C; paguyc Ca pasen 0,104 um, Cd—0,09
HM. OOBSICHUTD pa3audre TEMIEPATyp IUIABJICHHUS.
2. Ilpu nepexone ot CSF k CsJ temmeparypa miaBieHUs] KpUCTAIIOB yMeHbIaeTcs. OObICHUTD
HaOJII0aeMBbIi X0 U3MEHEHHSI TEMIIEPATYPhI IITaBICHHSL.
3. OOBACHHUTDH HEyCcTOWYUBOCTh rUaApoKcH 0B Meau (1) u cepedpa (1).
4. OOBSCHUTH C TIO3UIUI MPEICTABICHUI O MOJISPU3aLUU HOHOB MEHbIIyI0 ycroiunBocTh AUCI3 B
cpaBHenuu ¢ AuCl.
5. K2COs3 mnaButcs ipu 890°C 6e3 pasznoxkenus, AQ2CO3 paznaraercs yxe mipu 220°C. OObSICHUTH
yKa3aHHOE pa3iuyue.
6. BaCl> B BomHbIX pacTBOpax auccormupyer mosnHocThio, @ HQCly moutn He amcconumpyer.
OOBscHUTE ITO pa3IUYUe B CBOMCTBAX COJICH.
7. UTo HA3BIBAIOT JOTOJIHUTEIBHBIM TOISAPH3AHMOHHBIM P dexToM? OOBICHUTH, KaK €T0 HAINYHE
B coenunenusx Hg?* memaer oxcum HYO MeHee ycroitumBbiM, yeM okcua ZnO, HeCMOTps Ha
00NN paiuyC HOHA PTYTH.
8. Kakoe coeaunenue tepmuuecku 6osee ycroiunBo: a) PDCOs u CaCOs, 6) HgCls u PbCly, B)
FeCls u NiCls, r) Zn(OH)2 u Ca(OH)2, 1) MgCOs u SrCO:s.

MesicmoneKkynapuoe é3aumooeiicmeue.
1. Yem oObsicHsieTCss pa3HOCTh Temmeparyp kumeHus azora (-195,8°C), xucnmopoma (-183°C) u
¢dTopa (-187,9°C)? Ilouemy HaMHOTO OTIMYAETCA OT HUX TeMIleparypa kunenus xjaopa (-34°C)?
2. UeM OOBSICHHUTD Pa3HYIO SHEPTUIO BOJIOPOTHBIX CBS3EH.
3. Kak u mouemMy wu3MeHseMcs arperaTHO€ COCTOSHHME MPOCTBIX BEIIECTB INPU KOMHATHOH
TeMmeparype B psaay ¢prop-iion. Kakoe arperaTHoe cOCTOsIHUE JOJIKEH UMETh acTatr?
4. Uem OOBICHHTH, YTO TEMIlEpaTypa IIJaBICHHUS BOJbI 3HAUMUTEIHHO BBHIIIE TEMIEPATYpPhI
masnenus Groposoaopona (-83°C), XOTs IUTIONBHBIA MOMEHT MoneKysl Boasl (0,61-107%° Ki-m)
MeHbIe, yeM Monekynsl HF (0,636-1072° Kir-wm).

TecroBble 3a1aHusA

Bapuanr Ne 1

1. B psaay Bogopoausix coequHenuit anemenToB VI A rpynmnsr: H20 — H2S — H2Se nonspHocTs
cBsa3u O — H

1) yBenuuuBaercs

2) HE U3MeHseTcs

3) yMeHbIIaeTCs

4) cHayasia yMEHbBIIAETCS, IOTOM YBEITMUNBACTCS

2. Tonbko KOBaJIGHTHAsI CBSI3b UMEET MECTO B COETMHEHUU C (popmyroi
1) Ba(OH)2 2) NHsNOs3

3) H2SO4 4) Li,COs



3. Atom yriepona B BO30YKJAEHHOM COCTOSIHUU 00pazyer

1) yeTbIpe KOBAJIEHTHBIE CBSI3H, 3 CUET YEThIPEX HECIIAPEHHBIX 3JIEKTPOHOB

2) TpH CBsI3H, 3 CUET JIBYX HECIIAPEHHBIX 3JIEKTPOHOB U HEIOIEJIEHHOM 3JIEKTPOHHOM Maphl

3) HM OZIHOM, aTOM yTJiepoJia B HEBO30YkIEHHOM COCTOSSHUM XUMHUYECKUX CBsI3ed He 00pa3yeT
4) nBe cBs3H, 3a CUET ABYX HECIAPEHHBIX 3JIEKTPOHOB

4. BeniecTBO, KOTOPOE HE MOT'YT 00Pa30BBIBATH BOJIOPOIHYIO CBS3b
1) H20 2) HF 3)HNs3 4) Hi

5. sp® rubpuu3anms peann3yercs IOITHOCTHIO
1) SO; 2) CH4 3) SOz 4) CIO

6. YCTaHOBHUTH COOTBETCTBUE MEKIY (DU3MYCCKHUMH CBOMCTBAMU M TUIIAMHU KPUCTAJUTHUECKUX
peIeToK

1: KOBKOCTB

2: HU3Kas TeMIepaTypa KUIEeHUs

3: BbICOKAs TBEPJOCTh

4: r5IeKTprYecKasi IPOBOJUMOCTh PacTBOpa

A: atomHas

b: MmeTamnnueckas

B: nonnas

I': MmonexynspHas

7. YCTaHOBUTH COOTBETCTBUE MEXKy THOpUAN3AIMEH U MOJIEKYJION WM YacTULIeH
1:sp A: BeCl

2: sp? B: CO:-

3: sp? B: NF3

4: spd I': PFs
. SFs
E: XeFs

8. PacmonoxuTe B MpaBUIILHON TIOCIIEIOBATEIEHOCTH 3aTI0JTHEHUST MOJIEKYIISIpHBIE OpOUTaIN
Moutekyisl CO

1: (c“B2s)? 4: (n°B2pz)?

2: (c"432s)? 5: (6“B2px)?

3: (TCCB2py)2

Bapuant Ne 2

1. BemtecTBO ¢ HOHHOM CBSI3bIO0 UMEET HOPMYITY

1) KBr 2) SOz 3) CHa4 4) HCI

2. AToMm yriepo/ia B HeBO30YK/IEHHOM COCTOSIHUM 00pa3yeT

1) HU OJTHOI, aTOM yTJiepo/ia B HEBO30YKIECHHOM COCTOSTHUM XMMHUYECKHUX CBsA3eH He oOpa3yer
2) yeThIpe KOBAJICHTHBIE CBSI3H, TaK KaK BaJCHTHOCTH yriiepoa Bceraa pasHa 1V

3) Tpu CBsI3H, 3a CUET JBYX HECIIAPECHHBIX DJICKTPOHOB M HETIOICTICHHOM JIEKTPOHHOM Maphl

4) nBe CBsA3HU, 3a CUET JBYX HECIIAPEHHBIX JIEKTPOHOB

3. ATOMHas KpUCTAJUTMYECKask penieTka XapakTepHa JiIs

1) amoMuHUSA U KapOuaa KpeMHHUS 2) cepsl U Hoz1a

3) okcula KpeMHHUsI M XJIOpUa Kaaus 4) anmmaza u 6opa

4. sp? THOPHAN3AINS Peann3yeTcs TTONTHOCTHIO
1) SO; 2) SO3 3) CH44) CIO 5) CIOy



5. YCTaHOBUTH COOTBETCTBHE MEX/y BEIIECTBAMH M BUJAMU XUMUYECKOM CBA3H B HUX
1: Bosbhpam A KOBaJIeHTHas NOJIsIpHAs

2: anmas b: koBaneHTHas HeMoJIApHas

3: amMmmuax B: metannmuyeckas

4: moBapeHHast coJlb I': nonnas

6. YCTaHOBUTH COOTBETCTBUE MEXK/y BEIIECTBAMH M TUIIAMHU KPUCTAJUTMUECKUX PEIICTOK
1: yrnekucslii ra3 A: nonunas
2: kapOOpyHIT b: MonekynspHas
3: HUKEIb B: metannmuyeckas
4: aneraT HaTpUS I': atomHas
7. YCTaHOBHUTH COOTBETCTBUE MEXKY THOPUAN3AINCH 1 MOJICKYIION
1: sp® A: OF;
2: sp? b: BF3
3: spd? B: SFe
4: spd I': SF4
. BeCl»
E: XeFs

8. PacnoniosxuTh B IPaBUIIBHOM MMOCIIEIOBATEILHOCTH 3aIIOJTHCHUS MOJICKYJISIPHBIC OpOUTAIH
MoJeKyIsipHO# yacTuisl CN

1: (c“B2s)? 4: (n°B2pz)?

2: (674325)? 5: (6“B2px)!

3: (ﬂ:CB2py)2

Kourpoabnas padora 3 («Xumuueckasi CBs3b»)
Bapuant Nel

1. Yem 0OBSICHUTH HEBO3MOXKHOCTH oOpazoBanus 100% WOHHOW CBSI3M U YeMy MPUMEPHO
paBHa 10151 KOBAJIECHTHOCTH B HanboJiee MOHHBIX OMHAPHBIX COSTUHEHUSX?

2. YCTaHOBHTE TPOCTPAHCTBEHHYIO CTPYKTYPY CICIYIOIIMX MOJIEKYJI W HOHOB, OINPEICITHB
opOHTanyu eHTpanbHOro aroMa u ux tun rudopuausanuu: NF3, NO2', PHgs, PO

3. Kak J0/KHBI MEHSTHCS 3HAYCHHE MOMEHTOB JuIoyiel Mojiekyn B psaay: a) CIF-BrF-IF; 6)
NH3-PH3-AsH3?

4. TlonsapuzyeMocTh KaKoro u3 HOHOB Oombine: F umm Br, S? wim Te?, ClI wim 1"? O6bsicauTe
MIPUUUHY.

5. Tmr mms NaF=997°C, MgF,=1398°C, AlF3=1040°C, SiF4=-90°C, PFs=-94°C, SFe=-56°C.
OO0bsicHUTH HaOMIOAaeMy0 3aBUCUMOCTh. OOBSICHUTD pe3koe pasnuune Tmi. AlFs u SiFs cunTas,
YTO MOJIIPHOCTH CBSI3M paBHOMEpHO yMeHbImaeTcst oT NaF k SFe.

6. UYeM OOBICHUTH 3HAUUTENBHO OoJiee Bhicokue Trul. M TK. BOJBI U IJIaBUKOBOM KHCIOTHI 11O
CPaBHEHHIO C TEMH, KOTOPBIC JTOJKHBI COOTBETCTBOBATh MX MOJISIPHBIM Maccam?

7. CpaBHHTBH KpaTHOCTb, SHEPTHIO CBS3€l M MarHuTHLIE cBoiicTBa yactui;: CO*, CO, CO’; CN,
CN-.

8. DrexTpuueckuii MOMEHT mumons Monekynsl HoS pasen 0,31*102°Kn*m, a H,Se-0,08*10"
29K r*M. OnpefenuTe, Kak OTHOCSTCS JUTHHBI JIUTIONEH 06eHX MONEKYIL.

Bapuant Ne2
1. Tlouemy npu HaJIWYMK OJHOW CBS3M MEX]Y aTOMaMH OHA MOXKET OBITh TOJIBKO G-CBSI3bIO?
[Ipu xakux ycinoBusix o6pasyercs m- u d-CBs3U?
2. Ckoubko cBsizelt y atroma cepbl B MoJiekyie SO2Clz, y yraepoaa B monekyne COCly; kak 3To
COIJIaCyeTCs C TUIIOM THOpUAN3auu?
3. Kaxkas monexyna moxer cymecrBoBars u nouemy? ClIFs, FCls, Brls, IBrs.



4. Kak uzMeHseTcs noJsipusyloliee AeHCTBUE HOHOB S-3JIEMEHTOB BTOpOU rpymibl or Mg k Ba
U TI0YEeMY 3TO IMPHBOJIUT K IOBBIIICHHIO TEPMUYECKONW YCTOMYMBOCTH MX KapOOHATOB B TOM iKe
IIOCJICJOBATEIILHOCTH ?

5. Tk. HF=293K, HCI=188K, HBr=206K, HI=238K. O0bsicCHHTE IIPUYHNHBI U3MECHEHUS TOU
BEJIMYMHBI.

6. Kakoe coenunenue 6oiee tepmuuecku ycroiunBo? PHCOs nmm CaCOs; PhCls nu PbBr.

7. CpaBHUTE YCTOMYMBOCTH MOJIEKYJ U MOJICKYJISIPHBIX HOHOB 027, 02,02,02%: N2, N2

8. Paccuuraiite a3¢dextuBHbIl paanyc nona Na B kpucramie NaF, eciu KoHCTaHTa pemieTKH
ero pasHa 2,31*10"% v, paguyc nona F~ pasen 1,33*1070 m.

IIpakTnyeckoe 3aganue AJs TPyNIOBOIi padoThl 10 TeMe «XMMHYeCKasl CBA3b»

I'pynnosbie npakTHYeCKHe 3aJaHUA

(paborta B mapax)

KiroueBble MOHATHS TEMBI: XapaKTEPUCTUKU KOBAJIEHTHOM CBSI3H, ONIPENEICHHUE MTOJIIPHOCTH
CBSI3M, MEXaHU3Mbl 00pa30BaHUs CBSI3U, PACCMOTPEHUE CTPOECHUSI MOJIeKYJIbl 1o Merony BC nu MO.

ITepBblii aTan — chopMyaHpOBATE.

CTyneHTbl C€aMOCTOSITENIbHO M3Y4yaloT JIEKI[MOHHBIE 3allUCH W Marepuall, JaHHBIM B
yueOHUKax, (OpPMYIUPYIOT CBOM OTBETHI HA 331aHHBIE BOIIPOCHI.

Bropoii 3tan — noxenuTses.

CryneHTbl 00beUHSIOTCA B Mapbl U IO O4YepeId NPEACTABISIOT APYT APYTY CBOM pEIICHus,
ornpezesnss U o0CyXkaasi CXOJCTBA U pa3IMuus B ONPEAEICHUU CTPOEHHUS BELIeCTBAa U MEXaHHM3Ma
00pa30BaHMs XUMUUYECKON CBSI3U, UCIIPABIISAS U MOACHSSA PEIIEHUs IPYT JPYTY.

Tperuit stan — co3garb. CTyAE€HTbl BMECTE CO3AAIOT aJTOPUTM BBIICHEHMSI CTPOEHUS
MOJICKYJIbl U OIpPE/EICHUs] XapaKTEePUCTHK CBSI3M B HUX C YYETOM pe3yJIbTaToB OOCYKAEHU,
KOTOPOE BKJIFOUAET B CEOS JTyUIINe UICH.

YerBepThIl 3Tall — TPOBEPUTH.

Paboraer Bcs rpynna. Heckonbko map mpencTaBisiiOT CBOW OTYET IO 3aJJaHHBIM BOIPOCAM.
OmubKu M CIOPHBIE BOIPOCH CTAHOBSTCS HAYaJIOM KOJUIEKTMBHOTO OOCYXJeHHs. Bce cryneHTbI
IIPOBEPSIIOT CBOM PELICHHUS, BHOCIT UCIIPaBJICHUS, IOSICHEHUS U JOMIOJIHEHUSI.

Tema 6. CkopocTh XUMHYECKUX peaknuii. XUMUUYecKoe paBHOBecHe

Bonpocsl nu1s codecenoBanust
1. Peaknus et o ypaBaenuto 4NHs3 +502=4N0O+6H,0. Kak u3MeHUTCS CKOPOCTh PEaKIiuy, eCin
YBEJINUUTH J1aBJICHUE B 2 pa3a?
2. Peakmusi mexnmy BemectBaMu A u B Beipaxaercs ypaBHeHuem 2A+B=2C. HauanbHas
KOHIIeHTpanus BemectBa A pasHa 0,3 Monb/m, a BemectBa B — 0,5 monw/n. KoHcTanta ckopoctu
peaknuu paHa 0,8 n?/mMonw’-Mun'. PaccumraiiTe HAauaNbHYI0 CKOPOCTH NPAMON DEAKIHH U
CKOPOCTb 110 UCTEYEHNH HEKOTOPOI'O BPEMEHH, KOTJa KOHILIEHTPALUs BENIECTBA A yMEHBILIAETCS HA
0,1 MoJb.
3. Paznoxenne N20 Ha MOBEepXHOCTH 30JI0Ta MpPHU BBICOKUX TEMIIEpaTypax IpOTEKaeT 10
ypasrernio: 2N20=2N,+0, KoncTanTta cKOpocTH JaHHOH peaknuyu paBHa 5-107 1/Mons MuH mpn
1173 K. Hauanpnast konuentpauus N20 3,2 mons/n. Onpeaennte CKOPOCTh PeaKLUH MPH 3a1aHHON
TEMIIepaType B HAYAJILHBI MOMEHT B B TOT MOMEHT, Koraa pa3ioxurcs 25 % N2O.
4. Peaxkius uner no ypaBHeHHI0 2NO+02=2NO.. HauvanbHble KOHIEHTpalMUd pPEarupyroLInx
BemectB Obutn (MoJib/n): C(NO)=0,8; C(0O2) =0,6. Kak H3MEHHUTCS CKOPOCTh PEAKIUH, €CIH
KOHIIGHTPALMIO KUCIIopoja yBenuduTh A0 0,9 Moib/1, a KOHLEHTpAlMio OKcuaa asora jao 1,2
MOJIb/?
5. JlokaxxuTe, 4TO peakuusi B3aUMOJEHCTBUS MYPaBBMHOIO ajlbJernja U MEPOKCHIA BOJIOPOAA C
o0pa3oBaHHEM MYpPaBbHHOW KHCIIOTHI U BOJBI SIBJISIETCS peaklel BTOPOro MopsiaKa, €ciu uepes3 2 4
nocijie Hayaja peakuus 3asepuniack Ha 50 %, a uepe3 2 4 40 MUH KOHIIEHTpauusi MypaBbUHON
kuciotel ctana 0,285 moinb/n. Ucxomgasie kounenTparuu HCOH u H2O2 onunakoBs! u paBubl 0,50
MOJIB/II.



6. PaccumTaiiTe KOHCTaHTYy CKOPOCTH PEAKLMH INEPBOIO MOPSAKA, YYUTHIBAas, 4TO 3a 25 MUH
peaxuus npoxoauT Ha 25 %, T. e. mpopearnpoBajia YeTBepTas 4acTh BEIIECTB.

7. KoHCTaHTa CKOPOCTH peakIud MepBoro mopsiaka pasHa 2,5-10° ¢!, Kakoe kommuecTso
ocTaHeTcsl HempopearupoBaBmuM 4epe3 10 4 mocie Haudana peakuuu? HauanbHas KOHIIEHTpaIus
paBHa | MOJIB/.

8. CKOJIbKO BpEMEHU HEOOXOIUMO IS MPOXOXkACHHUS Ha 60 % peakimuu BTOPOrO MOPSIKa, €CIu
npu ToM ke Temmeparype 3a 20 muH peakuus nporekaer Ha 30%? HavanpHble KOHLIEHTpanuu
HCXOJHBIX BEIIECTB OJIMHAKOBBI U PaBHBI 2 MOJIb/II.

10. KoHcTanTa ckopoctu HekoTopoil peakuuu npu 273 u 298 K paBna coorBerctBeHHo 1,17 u 6,56
n/monb-MuH. Halimute TeMneparypHblil K03(pQHUIIHMEHT CKOPOCTH pEeaKIUu.

11. Bo ckoabKO pa3 yBEIUUYHUTCS CKOPOCTh pacTBopeHHs *kene3a B 5 %-Hoil HC1 npu noseiieHun
TeMriepatypsl Ha 32°, eciii TeMIiepaTypHbIi KO3GGUIIMEHT CKOPOCTH PacTBOPEHUS paBeH 2,87

12. TIpu 393 K peakuus 3akaHuuBaercs 3a 18 MuH. Uepe3 CKOIBKO BpEMEHM 3Ta peakuus
3akoHuMTCH nipu 453 K, ecu TemmnepaTypHbIi KO3(PGUIIMEHT CKOPOCTH PeaKIuu paBeH 37

13. Omnpenenure TemmepaTypHbIdi KOI(P(OUIMEHT CKOPOCTH PEAKIMH, €CJIA MPH IOHMKCHUU
TeMIeparypsl, Ha 45° peakuus 3aMmenauiach B 25 pas.

14. KoHCTaHTBI CKOpPOCTH peakuuu nepsoro nopsaka npu 288 u 325 K cOOTBETCTBEHHO paBHbI
2:102 u 0,38 ¢!, KakoBsl TemmepaTypHbIii K03(GQHIMEHT CKOPOCTH JTOH PEaKIMM M KOHCTAHTa
CKOPOCTH 3TOH peakuuu npu temneparype 303 K?

15. IIpu HEKOTOPOU TeMIlepaType KOHCTaHTa paBHOBecHs Tepmuueckoit auccormanuu N204=2NO;
K=0,26. PaBnoBecnass konuentpauusi NO; paBra 0,28 Moinb/a. Brerumcnnure paBHOBECHYIO H
nepBoHavyanbHyro KoHneHTpauuu N20s. Kakas wmaccoBas gons B % 9STOoro BeliecTBa
IIPOJUCCOLMUPOBAIA K MOMEHTY YCTaHOBJICHUS! paBHOBECUS?

16. Tlpu cunTe3e (ocrena ummeer mecto paBHoBecue peakinuu Clo+CO=COCl2. Onpenenute
HCXOJHbIE KOHLEHTPALMU XJIOpa U OKCHJA YIJIEpOJAad, €CIM PAaBHOBECHBbIE KOHILEHTpPALUU PaBHbI
(moaw/m): C(Cl2) = 2,5; C(CO)=1,8; C(COCl,)=3,2.

17. Xwumunueckoe paBHoBecue peakiun COCI=CO+Cl> ycraHOBMIOCH TpU KOHIEHTPALUIX
pearupyromux BeniectB (Moib/i): C(COCI2)=10; C(CO)=2; C(Cl;)=4. B paBHOBECHYIO CHCTEMY
nobaBuiaM xJop B KoimyectBe 4 Moub/l. OmnpenenuTe HOBbIE DPABHOBECHBIE KOHLEHTpPALUU
pearupyomux BEIECTB I0CIE CMELEHUS PABHOBECHS.

18. PaBHOBECHBIE KOHIIEHTPAIMH BEILIECTB, YYACTBYIOLUX B pEaKLUU
CH3COOH+C,HsOH=CH3COOC;Hs+H20O paBubl (Monw/m): C(kucmotsl) = 0,02; C(cmupra) =
0,32; C(adpupa) = 0,08; C(Boas)=0,08. Kakumu cTajii paBHOBECHBIC KOHIICHTPALIUHU TIOCIIE
CMEIIEHNs PaBHOBECHsI BCieICTBHE yBenuueHus koHueHTpauu C2H50H B 4 paza?

JlabopaTopHasi padora « CKOPOCTh XMMHYECKHX peaKkunii. XHMH4YeCKoe paBHOBECHE»
Pabora 1. UccnenoBanue ckopocTy pa3inokKeHHs THOCYIb(aTa HATPHSI.

Onpit 1. 3aBUCUMOCTD OT KOHIIEHTPALIUY.

B mate mpodupok HanmBatoT u3 6ropetku 0,1 M NazS203 1 Boy B KOJTHUECTBAX, YKa3aHHBIX
B Tabmune. B npyrue nsate mpoOupok HanuBaioT U3 OropeTku mo 5 mMia 1 M cepHOW KHCIOTHI
CnuBaroT MOMapHO MPUTOTOBJIEHHBIE PACTBOPHI THOCY/Ib(aTa HaTPHUs U CEPHON KUCIOTHI (TIepBbII
pacTBOp MNPUIMBAIOT KO BTOPOMY) M OTCUMTBIBAIOT BpeMs A0 Haydaja IOSBIEHUS IOMYTHEHHS
COJIEP’KUMOT0 Ka 1011 mpoOupku. Pe3ynpTaTel 3anuchiBaloT B TabIUIy 1o Gopme:

O0BeM, M Na,S,;03=
0 1a Bpewms no 1
Na,S;03 H>0 H2SO04 = HOSABJIEHHS Vyer, =— , ¢
(a) (0) (B) a+6+e6 mytu t, ¢ g
MOJIB/T
1 4 5 0,01
2 3 5 0,02
3 2 5 0,03
4 1 5 0,04
5 0 5 0,05




B sTOM U cienyromux OneITax U3MEPSETCs HE CKOPOCTh PEAKIMH, a IPOMEXYTOK BPEMEHU
MEXJy HadaJloM pEeakluud U €€ BUAMMBIM pe3yiabTraroM. OJHaKO 3TOT NPOMEKYTOK BpPEMEHH
0o0paTHO MPOMOPLMOHANEH CKOPOCTH pPeaKkiuu V, MO3TOMY BEIUYUHY 1 Hasoem YCIIOBHOM

t
ckopocThio peakiuu (Vycn). CTposiT rpaduk 3aBUCHMOCTH CKOPOCTH PaslIOKEHHUs THOCYIbh(hara
HaTpusi OT KOHUEeHTpanuu. Kakol BBIBOJ MOXKHO CHENATh O MOPSAKE MCCIEAYEMOM peakuuHu Ha
OCHOBAHUU MOJIYYEHHOU 3aBUCUMOCTH?

OnbIT 2. 3aBUCUMOCTD OT TEMIIEPATYPBL.

B tpu npobupku mHamusarot o 5 M 0,1 M tuocynsgata HaTpus, a B Apyrue Tpu —mo S5 mu 1
M cepHoii kucnotel. [loMemarT Bce TpOOUPKU B CTakaH C BOJOW W 4Yepe3 5-7 MUHYT, U3MEPHUB
TEMIIepaTypy BOJbI B CTaKaHE, CIIMBAIOT BMECTE COAEPKUMOE OAHOM mapsl nmpodupok ¢ HaSOs u
Na2S203 1 OTCUMTHIBAIOT BpeMs 10 Hadajga MoMyTHeHUs. [IpunuBaioT B cTakaH HEMHOIO ropsuei
BOJBI TaK, YTOOBI TemIeparypa BOJAbI B CTakaHe yBenuumiack npumepHo Ha 10°C. BHOBb
BBIIEPKMBAIOT PAacTBOPBI MpU 3TOM Temmeparype 5-7 MuHyT. CiauB COAEpKUMOE BTOPOM IMaphbl
npobupok ¢ HoSO4 u NaxS203, onpenenstor Takxke Bpems 10 Haudaja MosiBIeHUS MyTU. OMBIT €
MOCJIEIHEM Tapol MPOOUPOK MPOBOASAT MpU Temmeparype npubnusureabHo Ha 20°C  Bblme
MepBOHAYAIIBHOM.

Pe3ynbTaThl 3anMCHIBAIOT B TAOIUILY IO (opMe:

1 1
t, °C — Bpewms ot Havana orcyera 10 MOMYTHEHUA 1, ¢ Vyer =—, ¢t lgVv
T t

JlenaroT BBIBOA O BIMSHUH TEMIIEPATypPbl HA CKOPOCTh XUMUYECKON PEAKIIUU.

PaGora 2. MccnenoBaHue 3aBHCHMOCTH CKOPOCTH PEAKLUHU Pa3lIoKEHUs THOCYJIbdaTa
HaTpusl.

B tpu npobupku Hanusarot 1o 2 Ma 0,1 M NaxS;03 u go6asnstor o 1 — 2 — 3 mur 0,05 M
CuSO4. Kpome Toro, B niepBbie JBe MpoOUpKH 100aBiIsOT 2 U 1 M BOJbI, 4TOOBI 0OMLIHMI 00BeM
pacTBopa BO BceX MpoOupkax cocTaBisi 5 mil. B apyrue tpu npoOupku HanuBaroT mo 5 mia 1 M
H2SO4. CMemmuBaroT nomnapHo pacTBOPHI THOCYJIb(ara HaTpUsi U CEPHON KUCIOTHI U OMPEEIISIOT
BpeMsl TIOMYTHEHUS paCTBOPOB. Pe3yJIbTaThl OMBITOB 3aIUCHIBAIOT B TAOJIUILY TI0 opMe:

1
[Cu?*], r-uon/n Bpems oT Hauana oTcyera 0 IOMyTHEHHS t, ¢ Vyer, =— , ¢
¢

CrposT rpaduk 3aBHCUMOCTH CKOPOCTH PEAKIIMH OT KOHIIEHTPAIIMH KaTaln3aTopa — HOHOB
Cu?*,

Pabora 3. BnusHue pasnuuHbIX ()aKTOPOB Ha MOJOXKEHHUE pPABHOBECUS XUMHUYECKOU
peaxiuu.

Onpitl. Biusaue xoHieHTpamuu. Jlas ombiTa ymoOHO BOCIOJIB30BATHCS peaKIuei
obpazoBanus ponanua xenesa (I11):

FeCls + 3KCNS < Fe(NSC);3 + 3KCl

Pomanu sxene3a MHTCHCUBHO OKpailieH B KpacHbIi 11BeT, FeClz — B sxentsiii, a KCNS u KCl
— OecuBerHbl. [Ipun wm3menenun konueHtpauun Fe(NCS)s okpacka pacTBopa MEHSETCS, 4YTO
yKa3bIBAeT HA HAMIPABIICHUE CMEIIIEHUSI PABHOBECHS.

K 20 M1 BospI B HEOOJIBIIIOM CTaKaHe MPHUOaBIISIOT 10 1 — 2 Karuik HaCBIIIEHHBIX pacTBOPOB
FeClzs m KCNS (mmn NHsCNS). Ilomydyennslii pactBop pasznmBaioT B 4 mpoOupku. B 1-10
N00aBJISIFOT HECKOJIBKO Kareb KOHIeHTpupoBanHoro pactBopa FeCls, Bo 2-10 HECKONBKO Karesb
koHteHTpupoBanHoro pactBopa KCNS (mmm NHiCNS), B 3-t0 HemHoro kpucramuinueckoro KCI
(wm NH4Cl), a 4-1t0 octaBnstoT i cpaBHeHUs. [10b3ysch 3aKOHOM JICUCTBHS Macc, OOBICHHUTE
W3MEHEHHE OKPACKH B MEPBBIX TPEX MPOOUPKaX.

PesynpTaThl 3anmnceIBalOT B TabIMIy Mo opme:

Z[O6aBJ'I€HHLII7[ | M3MeHeHre HHTEHCUBHOCTH OKpacKu HanpaBneHHe CMCUICHUA |




pacTBop paBHOBeCHs

OnpiT 2. Biusnue temneparypsl. [Ipu B3auMoaeicTBUMU #ona ¢ KpaxMajaoMm 00pa3yercs
CHHEE BEILECTBO CIOKHOTO COCTaBa (COEIMHEHUE BKIIOYECHMS):

Hop + Kkpaxman = HogoKpaxmani

B nBe npoGupku HanmBaioT mo 4 — 5 MJ1 pacTBopa Kpaxmaina u 1o0asisor 3 — 4 karum 0,1 H.
pactBopa l2. HarpeBator ogHy u3 mpoOUpOK, a 3aTeM CHOBa OXJaXIaloT. Bropyro mpoOHpKy
OCTaBJISIOT JUIsl cpaBHEHUsA. YTo mpoucxoaut? DK30- WIM 3HIOTEPMHUYECKON SBIISETCS peaKuus
oOpasoBaHus HomoKkpaxmana?

Tema 7. JHepreTuKa U HANPaBJEHHOCTh XUMHYECKHUX MPOIECCO

Bonpocsl 115 codecenoBanusi
1. Ha xakyro BEIMYMHY OTJIMYAECTCAd M3MEHEHUE SHTAJIbIUM OT U3MEHEHUs BHYTPEHHEHW 3Hepruu
cucrembl? B kakux ciaydasx AH=AU u Qv=Qp?
2. 3aBUCUT JIM U3MEHEHHE YHTAJBIIMU CUCTEMBI OT TeMIIepaTyphl?
3. Kakue cucrembl Ha3bIBalOT KOHJEHCHUpOBaHHbIMHU? I[louemMy suis HUX OOBIYHO OITyCKAarOT
orpaHuyuBarolue yciuoBus V=const u p=const?
4. Kakoii 3aKOH SIBJISIETCS OCHOBHBIM 3aKOHOM TepMoxumun? Jlaite ero ¢opMyIHpOBKY.
5. Ilepeuncnure cneacTBusi, BbITEKarollMe U3 3akoHa lecca. Jlns KakuX OIpelesNeHUuil OHU
HCIOJIb3YIOTCSl B TEPMOXUMHUUYECKUX pacyerax?
6. CornacHo mpunuumny beprtio (1867) xumuueckue peakiuy CaMOMPOU3BOJIBHO MPOTEKAIOT B
CTOPOHY BbIICJICHUS TEIJIOTHI, T.€. B CTOPOHY YMEHBIIEHUSI SHTAJIBIINU. SBIsIETCS JIM 3TO NMPaBUIIO
OOIIMM WM OIpaHUYEHHbIM?
7. Kakoli ¢(yHKIHEH COCTOSHHUS XapakTepU3yeTCs TEHACHIHS CHCTEMBbl K IOCTIDKEHHIO TaK
Ha3bIBAEMOI'0 BEPOSATHOI'O COCTOSHUS, KOTOPOMY COOTBETCTBYET MaKCHUMaJlbHasi O€CHOPs104HOCTh
pacrpeesieHust 4acTui?
8. DHTpomus CBsi3aHa C TEPMOJUHAMHUYECKON BEPOSITHOCTBIO pEANM3AlMM JTaHHOTO COCTOSTHUS
cootHorrenueM S=KINW. Ykaxwure, 4To 03HaYaeT B 3TOM YPaBHCHUU KaXK/1asi U3 BEIUYHH.
9. B W301MpPOBAaHHON CHCTEME BCE CaMOINPOU3BOJIBHBIE IPOLIECCHl MPOTEKAIOT B CTOPOHY
yBenuueHus oecropska. Kak usmeHnsercs npu 3ToM HTponus?
10. Kak u3MeHseTcs SHTPONMsI CUCTEMbI 3a cYeT NpsMOMl M oOpaTHOW peakuuil MpU CHHTE3e
ammuaka?
11. Kak u3MeHseTCs SHTPONUS CUCTEMBI C MOBBIIIEHUEM TEMIIEPATyphl, B PEAKLHAX CHUHTE3a U
pasnoXeHus BenecTn?
12. Kak BiusieT Ha SHTPOIHIO CUCTEMbI 00pa30BaHKe Ia3000pa3HBIX MIPOAYKTOB?
13. Yemy paBHa 3HTPOIHUS UACATBHOTO KpHUCTasia IpU a0COIOTHOM HyJie?
14. Kak u3MeHsieTcss HTPONMs CUCTEMBl IPU MCIApEHUM, KOHJIEHCALUU, YBEITUUYEHUH JaBJICHUS,
(hazoBbIx Iepexomax?
15. IloueMy Ipu IJIaBJIEHUH BEIECTBA TEMIIEPATypa OCTAETCS MOCTOSIHHONM HECMOTPS Ha TO, YTO B
3TO BpeMs TEIIOTA K CUCTEME MOJBOAUTCS?
16. Kakumu OJHOBPEMEHHO JCHCTBYIOIIUMH (DakTOpaMu ONpeiessieTcs HampaBIeHHOCTh
XMMHYECKOTO Tporecca?
17. Kakyto TeHJEHIIUIO CUCTEMbI BBIPAXKAET: a) SHTANBINUNHHBIN (pakTop, 0) SHTpONUitHBIN (akTop?
Kakas QyHKUMS COCTOSIHUSI CHCTEMBI JaeT KOJUYECTBEHHYIO XapaKTEPUCTUKY OJHOBPEMEHHOIO
BIIMSIHUS TOTO U JIpyroro ¢akropa? Kakum ypaBHEHUEM 3TO BhIpakaeTcs?
18. Uro HaswpiBatoT sHeprueid ['mO6ca? Kakum o0pa3om usMeHenue 5toit BenmuuuHbl (AG)
YKa3bIBa€T Ha TEPMOJMHAMUYECKYIO BO3MOXKHOCTb MJIM HEBO3MOXXHOCTb CaMOIPOU3BOJIBHOIO
nporekanus npouecca? Kakoe 3Hauenne AG onpenenser paBHOBECHOE COCTOSTHUE CUCTEMBI?
19. IIpu xakom cootHomeHnn AH u TAS: a) cuctema HaxXoAWTCS B paBHOBECHH, 0) XUMHUECKUN
MIPOLIECC HAMpPaBJIEH B CTOPOHY AK30TEPMHUUECKON MIIM SHAOTEPMUUYECKOM peakiun?
20. Yem o0OBsicHSETCS BO3MOXKHOCTH JHJOTEPMUYECKHUX PpEaKIUil M MOoYeMy OHa BO3pPACTaeT C
yYBEJIMUEHUEM TeMIIepaTyphl?



21. DHTaNbMUWHBIM WJIA DHTPONMUUHBIM (HAaKTOPOM OMpenesieTcss HampaBlIeHHE XUMHYECKHX
peakuuii Ipyu o4YeHb HU3KHUX TemrepaTypax?

22. Ilpn xakux 3HadeHusX 1o 3Haky AH u AS B cucreMe BO3MOMXKHBI TOJIBKO 3K30TEPMHUECKUE
npouecch?

23. TloueMy mpm HHU3KHX TeMIEpaTypaXx M B KOHJCHCHUPOBAHHBIX CHCTEMaxX BO3MOXHOCTh
MPOTEKaHUs pEeakLMil ompeaensercs B OCHOBHOM Toubko 3HakoM AH? Cornacyercs nm 310 C
npuHUMInom beptino?

24. BO3MOXHO JIU CaMOIIPOU3BOJBLHOE MPOTEKAHUE MPSIMON pEaklUU, €CIH MPH MOJOKUTEIHHOM
snayeHuu AS: a) AH>0, 6) |AH[>|TAS|?

25. YeM omnpenensiercs mpeael HalpaBiIeHHOro Mpoliecca B JaHHOU cucteme?

26. CranpgaptHas Tteruota oOpasoBanusi NHs um PHs paBHa coorBerctBeHHO —46,2 u +5,0
k/x/monb. Kakoii crnemyeT caenaTh BBIBOJA M3 ATHX JAHHBIX 00 OTHOCHUTEIBHOM YCTOHYMBOCTH
monekyn NHz u PH3?

27. Ilpu cxuranuu rpadura obpazoBaics okcua yriaepoma (IV) maccorr 8,86 1. Berumcnmre
tertoty oopazoBanus CO2 u3 anemenToB. TemnoBoit a¢ ekt peakunu AH= -79,2 xJx.

28. CrangaptHas TerioTta oopazoBanus MgO (k) u CO2 (1) coorBeTcTBeHHO paBHa —601,8 1 —
393,5 xIxx/monb. Termora pasznoxenus MgCOs va MgO u CO2 AH=+100,7 xJ[>x/Moib. Micnions3ys
9TH JlaHHBIe, HaiiauTe TemnoTy oopasoBanust MgCOs u3 saneMeHToB.

29. BpluncnuTe CTaHAAPTHYIO TEIUIOTY oOpaszoBanus Oenzonma CeHe u3 »rmemeHTOB, eciu
CTaHJapTHas TeIIoTa ero cropanus pasHa -3301,3 k/[x/momnb, a AH(CO2) (r)=—393,5 u AH(H20)
(k) = - 285,8 xI>x/MOIb.

JlabopaTopnasi pabora «OmnpeneieHue Tena10BbIX 3¢ (PeKTOB XMMHUECKHUX NPOLIECCOB

Omnbit 1. OnpejieneHye TEMIOThl PACTBOPEHUSI HUTPATa AaMMOHUS.

OnbIT MPOBOJIUTH B YIPOIIEHHOM KaJlOPHUMETPE, COCTOSIIEM U3 JIBYX XUMUYECKUX CTAKAHOB:
Ha 100 u 300 mu, BcTaBiaeHHBIX OOUH B Apyroil. [IpoMexyTok Mexay cTakaHaMH 3aIlOJIHAETCS
PBIXJIBIM CcJI0€M BaThl. KalopuMeTp HAaKpbIBA€TCS KPBIIIKON M3 TOJCTOTO KapTOHA C OTBEPCTHUSMMU
MOCpearHe 1Ji1 TepMOMeTpa U CcOOKy Juis NMpOoOMpKH M Melalku. B kanopumerp nomeraercs
TepmoMeTp ¢ neHou aenenns 0,1°C.

BbIHYTH cTakaH KaJloOpUMETpa, B3BECUTh HA TEXHOXMMHUYECKUX BECAX, HAJIUTh B HETO OKOJIO
60 MJ1 BO/IBI M CHOBa B3BECUTh. B cyXyro y3kyro mpoOupKy ¢ mpoOKoi Hackinmare Ha 1/3 BBICOTEHI
CYXOro HUTpaTa aMMOHHUS, 3aKpbITh POOKOIl U B3BECUTh MPOOUPKY C BemecTBOM. Ilepen Tem kak
HachIlaTh COJIb, HEOOXOAUMO TIIATENBHO pacTepeTh ee B hap(opoBoii cTymke.

BceraButh B KamopuMmeTp MpoOMpPKY € BELIECTBOM TaK, YTOOBI HIDKHSSI 4acTb NMPOOUPKH,
3aIl0JIHEHHAs COJbIO, ObUIa MOrpyXKeHa B BOLY Kajopumerpa. Uepe3 5 MUHYT, epeMennBasi BOay
CTEKJISITHHOW MEIIAJIKOM, U3MEPUTh TEMIIEPATypy BObI B KaJIOPUMETPE.

BbiHyTh NMpOOHMpKY W BBICHINIATH €€ COAEPKMMOE BO BHYTPEHHMH CTakaH C BOJOH uepes
BOPOHKY, OMYIIEHHYIO B OTBEpCTHUE I TpoOupku. OTBepcTHE 3aKphITh MpoOKoi. Ilepememniats
KHUJKOCTb J0 TOJHOIO PacTBOPEHMSI COJIM M 3aMEPUTh MUHUMAJIbHYIO TemMIepaTypy pactBopa. [lo
OKOHYaHUM OMbITa MPOOUPKY C MPOOKOI M OCTaTKaMH COJIM TIIATEIbHO BBITEPETh CHAPYKU, CHOBA
B3BECHUTb, OIIPEJEIIUTD 10 PA3HOCTHU BEC PACTBOPEHHOM COJIM.

3anucaTb pe3yJbTaThl ONbITA:

Macca cyxoro crakasa, r a
Macca crakana ¢ BOJoOM, T a1
Macca Bogsl, T aj-a=A
Macca npoOupku ¢ IpoOKOH U COJbIO, T 0
Macca npoOupku ¢ mpoOKo, r 01
Macca pacTBOpEeHHOM COJIH, T 0- 6:=m

TemmepaTypa BOIbI t:°



Temnepatypa pactBopa t2°
PazHocTh MeX Ay KOHEUHOM U HayaJabHOM TeMIepaTypoin 12°- 11°=At°

MonsipHasi Macca pacTBOPEHHOTO BEIECTBA M

[IpunuMmas (yCJI0BHO) y€JbHBIN BEC pacTBOpa paBHBIM €AMHUIIE, @ TEIUIOEMKOCTh pacTBOpa
— PaBHOM TEIIOEMKOCTH BOJIbI, BBIYMCIUTH 11O (hOPMYJIe MOJICKYJIIPHYIO TEIJIOTY pacTBopenus Q:
(A4 +m)-At- M

kKkan/ mons
m-1000

AHOpaCTB. KCl = '4,38 KKaJ
3Ha$I, YTO TCIJIOTAa PpacCTBOPCHHA HHUTpaTa aMMOHHA paBHA —6,4 KKaJl, OnpeacinuTb
OTHOCHUTCIIbHYIO OH_H/I6Ky OIIbITA.

OnbIT 2. OnpeieneHye TemIOThl HENTpaIu3alum.

OnbIT IPOBOIUTH B KatopumeTpe (cM. onbIT 1). B cyxoil BHyTpeHHUI cTakaH KalopumeTpa
HaiuTh U3 OropeTku 25 mit 1 H. pacTBOpa eakoro Harpa. B npyroii ctakal (ToXe CyXxoi) HAJIUTh TEM
xKe mpueMoM 25 miu 1 H. pacTBopa COJSIHOW KUCIOTHL. ONpenenuTbh TeMIeparypy KHCIOThl U
mienour ¢ ToyHocThio a0 0,1°C, 3aTtem OBICTpPO uYepe3 BOPOHKY BBUIUTH COJIIHYIO KHUCJIOTY B
pactBop wenouu. IlepeMeninBas pacTBOp CTEKIIHHON NAJI0YKOM, ONPENEIIUTh C TOM K€ TOYHOCTBIO
CaMylo BBICOKYIO TEMIIepaTypy pacTBopa. JJaHHbIE OnbITa 3aKUcaTh B )KYpHAJ [10 CXEMeE:

HCI NaOH Temneparypa
Konnenrpanus | O6wsem, mit | Konnentpamus | O0bem, mi Hauansnas Koneunas

[IpousBecTH ClEAYIOIIUE PACUYETHI:

[To HauanbHON U KOHEYHOU TEMIIEPAType PACTBOPOB U UX CYMMapHOMY O0BEMY BBIYHCIUTH

KOJIMYECTBO TEIIIa, BBIICIIUBIIETOCS TIPH peakIuu o Gopmyie
g =V -d-c-At

rjae:

V — 06beM pacTBopa mocie HeHTpaanu3auy;

d — ymesnbHBII Bec pacTBOpa;

C — TEeIJI0EMKOCTh 3TOro pactBopa; cp(H20) = 4,187 Lx/K- r

At — pa3HOCTb MEXly KOHEUHOW 1 Ha4aJIbHOW TeMIlepaTypoil.

VYV nenpHBIN BEC pacTBOpa MOCie HEUTpaTu3alii CUUTaTh PAaBHBIM €IUHUIIE, TETIIOEMKOCTh —
PaBHOM TEMJIOEMKOCTH BOJIBI.

CocTaBuTh YypaBHEHHE pEaKIMM HEUTpanu3alMM M paccuuTaTh TemaoBoH 3pdexT
HeWTpanu3auuu | r-sKB KUCIOTHI.

OrnpeaenuTh OTHOCUTENBHYIO OITMOKY OIBITA B MPOIIEHTAaX, 3Has, UTO MPH HeUTpamu3amnun 1
I'-3KB CHJILHOM KHCJIOTHI IIeNI04bio BhiAenseTcs 13,64 kkan temua (1 kkan = 4186,8 JIx).

TecToBble 3a1aHus 10 TeMaM «CKOpPOCTh XUMHYECKHX peaKiuil. XuMu4ecKoe paBHOBeCHe»,
«JHepreTnka U HANMPABJIEHHOCTh XHMHYECKHUX NMPOIECCOB» (TEMbI 6-7)

Bapuant Ne 1

1. Bo ckonbKko pa3 yBenHUUTCS CKOPOCTh peakiuu Hary + oy = 2HI ) npu yBennyennn nasieHus
B 3 paza

1) 89 pa3 2) B 8 pa3 3) B 6 pa3 4) B 3 pa3

2. Ilpu temmeparype 90°C peakmust nporekaer | muH. [Ipm kakoil TemmepaType peaxius
3aKOHYMTCS 32 14 21MuH, ecnu TeMnepaTypHbIi K03 (UIIMEHT paBeH 3
1)50°C 2)40°C 3)60°C 4) 150°C 5) 140°C



3. Xummueckoe paBHoBecue peakiuu Sgry + 16HIr) = 8l + 8H2S) — Q cmectures BmpaBo npu
MTOHKEHU U

1) konuenTparuu HyS 2) xonneHTpauuu Hl

3) naBneHus 4) TemMnepatypsl

4. Xumuueckoe paBHoBecue peakiuu Zrr + 2Clor) = ZrClyry + Q cMmemiaercst BpaBo mpu
1) MOBBIIIICHUH TABJICHUS 2) noBblieHun kKoHIeHTpanuu ZrCls
3) AOMOJIHUTENHHOM BBeIeHUU ZI 4) NOBBILLICHUH TEMIIEPATypPbl

5. B romorenno#i cucreme 3Ar + Br = 2Cr) + D) paBHOBECHBIE KOHIICHTPAIIMHM BEIIECTB
(monw/m) cocraBumu: A — 0,03; B — 0,02; C — 0,004. VMcxomHass KOHIIGHTpaIusi BemiecTBa A
(Momb/1T) paBHA

1) 0,036 2) 0,002 3) 0,024 4) 0,026 5) 0,030

6. 13 2 moms CO u 2 monbs Clz2 oOpasoBanocsk npu Hekotopoit Temreparype 0,45 mons COCl..

Koncranra paBaoBecus peaknuu CO + Cl, = COClyr
1) 0,19 2) 0,09 3)0,12 4) 0,21

7. CranmaptHas Temiora oopasoanus MgO (k) u CO2 (r) coorBercTBeHHO paBHa -601,8 u -393,5
k/x/Monb. Temnota pasnoxkenus MgCOz ma MgO u CO2 AH = 100,7 x/x/monb. Temnora
obpazosanus MgCOs3

1) -1096 xJIx/MOJIb. 2) -1006 xJIx/MOJIb.

3) -996 k/Ix/Monb. 4) -876 kJ1x/MOJIb.

8. Teriora, KOTOpas MOTJIOMIACTCS WIIH BBIACISICTCS TPU PA3TIOKEHUU XUMHYECKOTO COCIUHEHUS
KOJINYE€CTBOM | MOJIb Ha IPOCTHIC BEIIECCTBA Ha3bIBaCTCs # # #

9. Ecnu ckopocTh MpsIMOI peakIiy paBHa CKOPOCTU 0OpaTHON peakly, TO HACTyIaeT XUMUYECKOe
HHH

10. 3aBUCUMOCTH CKOPOCTH PEAKIIMH OT TEMITEPATYPhI ONIPEIEISIETCS PABUIIOM # # #

Bapuant Ne 2

1. Bo ckonbko pa3 yBenuuutcs ckopocTh peakiun CaOw) + COxry = CaCOj3) npu yBenIn4eHUu
JaBieHus B 3 pasza

1) B 9 pa3 2) B 8 pa3 3) B 6 pa3 4) B 3 pa3 5) HEe UBMEHUTCS

2. Bo ckombko pa3 yBeNIMYMTCS CKOPOCTh peakiuu npu HarpeBanuu ot 75°C mo 115°C, ecnm
TEeMIIepaTypHbII KO3 PHUIIEHT paBeH 2
1) B 2 pa3 2) B 4 pa3 3) B 8 pa3 4) He U3MEHUTCA 5)B 16 pa3

3. HpI/I TMOBBIIICHUU NABJICHUA XUMHYCCKOC PABHOBCCUC CMEIIACTCS BIIPABO
1) 2NO() + Ozr) = 2NOx(r) 2) Cm + COyr) =2COr)
3) 2NF3r) + 3Hor) = 6HF ) + Na(r) 4) CHyry + 4Sm = CSam) + 2H2S(1)

4. Xumnyeckoe paBHoBecue peakiuu 4FeSym + 11021 = 8SOqr) + 2Fe203m +Q cmectures
BIIPaBO MPHU

1) MOBBIIIICHUH TaBJICHHS 2): moBeIIeHUH KOHIIEHTpauu SO»

3) nomoyiHUTETbHOM BBeieHNH Feo03 4) NOTIOTHUTETFHOM BBeJIeHUHU FeSy

5. B romorennoi cucreme Hxr) + lor) = 2HIr) paBHOBecHBbIE KOHIIEHTpPAIIUU BEIIECTB (MOJIB/JT)
cocraBunu: HI —0,02; 1> — 0,05; Hz — 0,03. McxonHas KoHIIEHTpalus BOJA0poAa (MOJb/T) paBHA



1) 0,04 2) 0,01 3) 0,02 4) 0,03 5) 0,05

6. B romorennoii cucreme 4HClr) + Oxr) = 2H20(r) + 2Cl2 paBHOBECHBIE KOHLIEHTPALIUH BELIECTB
(monb/n) cocraBuwau: HCI — 0,85; O2 — 0,44; Cl, — 0,3. HMcxoaHas KOHIEHTpAIMsI KHCIOPOa
(MonB/T) paBHA

1) 0,59 2) 0,49 3) 0,69 4) 0,79 5) 0,89

7. Ilpu cxxuranuu rpaduta obdpazoBaincs okcua yriepoaa (1V) maccoii 8,86 r. Teriooit addext
peakmuu AH = -79,2 xJ[x. Teruora oopazoBanus CO # # #

1) -393,3 x/]»x/mMomb 2) -358,4 xJI»x/Moi1b

3) -335,5 xJIx/MOb 4) -326,4 xJI:x/MOIb

8. TermoTa, KOTOpask MOTJIOIIACTCS WIIM BBIICISAETCS MPU 00pa30BaHMKM XUMHYECKOTO COCTUHCHHUS
KOJIMYECTBOM BEIIECTBA | MOJIb U3 MPOCTHIX BEUIECTB MPH 33JaHHBIX YCIOBUAX Ha3bIBaeTCs # # #

9. CmemeHNEe XUMHUYIECKOTO PABHOBECHS OTIPEISIISICTCS TPUHIIAIIOM # # #

10. MunuManbpHas U30BITOYHAST SHEPTHS, KOTOPOH JOJDKHBI 00J1a/1aTh MOJICKYIIBI, YTOOBI peaKIus
MEXy HUMH CTaJla BO3MOKHOM Ha3bIBaeTc # # #

KonTpoasnas pabora 4
(«CxopocTb XMMHYECKHX peakuuii. XHMH4YecKoe paBHOBecHe». «JHepPreTuKa u
HaNPaBJIEHHOCTh XMMHYECKHUX NPOLECCOBY)
Bapuant Nel

1. Jluxpomar aMMOHUS NIPH HAaIrPEeBaHUU PA3JIaraeTcs 10 peaKIyu:

(NH4)2Cr207(1)=N21(r) + 4H20(1) +Cr203(T) AH® X p =-503 xIx

CKOJIBKO HEPIUU BBIJETWIOCH NIPH Pa3IoKEHUN HEKOTOPOH MOPLUHU AUXpOMaTa aMMOHHS, €CITU
Macca TBepJoro ocrarka Ha 10r MeHbIlle MacChl UCXOHOIO BELIECTBA.

2. Ownranenusa oOpazoBanusi H2O2(r) u3 mpocTeix BemiectB paBHa — 136,1 kJx/Moib,
SHTAJIBIUS JUCCOIMAIIMU Ta3000pa3HbIX BOJIOPOJA M KUCIOpOJa COOTBETCTBEHHO paBHBI 432, 490
k/x/Moinb. Berunciure snepruto cBa3u O-H B nepokcuae Bogopoaa, NpuHSAB 3Hepruto cBszu O-O
paBHo# — 138,07 x[/Mob.

3. Omnpenenute AH98 1 AU cuctemsbi: 4NH3(r) + 302(T) = 2N2(T) + 6H20(3K)

4. Ilpu temneparype 100°C ckopocTh 0JHONM peakuuu B 2 pa3a Oosbllle CKOPOCTH BTOPOH.
TemmneparypHblii K03((PUIIMEHT CKOpOCTH MEepBOM peakuuu paBeH — 2, BTopoil — 4. IIpu kakoi
TEMIIEpPAaType CKOPOCTH 00EUX peaKIfil BBIpaBHUBAIOTCS?

5. Hcnonp3ys  TepMOAMHAMUYECKHE  XapaKTEPUCTUKH,  BBIYUCIUTH  NPHUOIM3UTEIBHO
TEMIIEpaTypy, HAUMHAs C KOTOPOIl CTaHOBSATCS BO3MOKHOHM peakuusi nomydeHus HCI cormacho
ypasuenwuio: 2Cl2 + 2H,0(1) = 4HCI(1) + O2

Kak Oyner BiausATh noBblieHue t 1 P Ha cMeLeHNe paBHOBECHS?

6. Kak u3meHuTcs naBiIeHHE B CUCTeMe NepBOHayanbHO conepxkamed HBr u Oz ecim k
MOMEHTY HacTymieHus papHoBecusi: 4HBr(r) + O2(r) = 2H20(r) + 2Br2(1)

npopearupoBano 10% HCXOIHOrO KOJMYECTBA KHUCIOPOJA, & PABHOBECHBIE KOHLEHTpPaLUU
[HBr]=0,6 mons/m1; [02]=0,36 mMonb/n?

7. Bo ckoibko pa3 cienyeT yBeIHMUUTh KOHIIEHTpalKIo BemecTBa B, B cucteme:

2A(T) + Ba(T) = 2A2B(T)

YroObl IpH YMEHBIIIEHUU KOHIEHTpAIMK BemecTBa Az B 4 pa3a CKOpOCTb NPSAMOM peakuuu He
M3MEHUIACH?

8. ns Hexoropoii peakunn AG°>0. Kakue U3 npuBeeHHBIX YTBEP)KICHUN MPAaBUIIbHBIL:

a) Kk >1; 6) k<I; B) B paBHOBECHOH CMecCH MPeoOIaJal0T MPOAYKThl PEAKIINH; T) B PABHOBECHOM
cMecH Mpeo0IIaialoT NCXOAHbIE BellecTBa?



Bapuant Ne2

1. TIlpum BoccranoBiennu 80r okcupaa skene3a(3) amroMuHHEeM Bbaenutcs 426,3 k/x Tera.
IIpu cropanuu 5,4 r mMetamauueckoro antoMuHus Belaenurca 167,3 k/x tenna. Ha ocHoBanuu
3TUX JIaHHBIX, UCIOJB3YS 3aKOH ['ecca, BBIUMCINTE SHEpPreTuueckuii aQpdexr mnpu odpazoBanuu 1
MOJIb OKcHa xene3a(3).

2. AH°gs, MgO(x) u CO2(r) coorBercTBeHHO paBHa- 601,8 u -393.5 kJ[x/monb. Terora
paznoxenuss MgCos mva MgO u CO2 AH=100,7 x/{x/monb. Ucnonb3ys 3T JaHHBIC, HAWIUTE
tertoTy oopazoanust MgCO3 13 371eMEHTOB.

3. Ilpu pactBopenuu 1 mMoip nuHKA B pa3daBiIeHHOH cepHoil kuciote mpu 20°C Bblnensercs
143,1 xJIx TernoTel. OqHOBpEMEHHO BbIAEsAETCS | MOJIb BOAOpOAA, IPU YE€M IMPOTUB BHEIIHETO
JaBlieHHs coBepIiaercs padbora. Onpenennre N3MEHEHNE BHYTPEHHEH SHEPTUU.

4. BpluuciauTh TeMiepatypHblii KO3 (UIMEHT CKOPOCTH PeaKlru, €ClIi KOHCTaHTa CKOPOCTH
ee ipu 100°C coctapnster 6¥107, a mpu 150°C -7,2*1072,

5. Jlis Toro 4toObl yBenuuHuTh B 216 u 256 pa3 ckopocTh peaknuu cuHTe3a NH3, Bo CKOJIBKO
pa3 HaJIo MOBBICHTH B TIEPBOM cllydae KOHICHTparuio Ho a Bo Bropom naBienune? Kak m3meHHUTCS
CKOPOCTh peakluu Ipu yBenudeHuu nasienus 810 paz?

6. Cucrema C(rpadur) +CO2(r) =2CO(r) AH° =172,5 xJIx

Haxomutcs B paBHOBecwH. YKaszaTh: a) Kak u3MeHuTca conepkanue CO B cucteme mpu
MOBBINICHUH t W Tipm Hem3MeHHOM JaBicHuH? C yBEIWYCHHEM JaBIICHUS IPH HEWU3MEHHOU
temreparype? 6) MI3MeHUTCs M K p IpH HOBBIIIEHUH OOIIETo JaBieHUs M Heu3MeHHoil t? [lpu
yBenuueHuu t? [lpu BBeeHnM B cucteMy katanuzaropa? OTBeT 000CHOBATh.

7. Xwumnueckoe paBHoBecue peakuuu A(r) + B(r) = C(r) + (1)

Y CTaHOBHTH MPH CIEAYIONUX KOHIEHTpanusx: (A) = 6mons/n, (B) = 2mons/i, (C) = 4moub/1,
(1) = 3mons/n. B paBHOBecHy0 cucrteMy nob6aBmid 4 Moib/n BemecTBa B. Beruncnuts HOBBIE
PaBHOBECHBIC KOHIICHTPAIIUHU BEIICCTB.

8. BmiBectu cootHomeHust mexxay BenuunHamu Kc u Kp ans oOparumoit peakumu:

aA + BB < cC + dD —rasst

Tema 8. PacTBopsl. Teopusi 31eKTPOIUTHYECKOH THCCOUALITH

Bonpocsl 115 codecenoBanus
1. Kakue BemiecTBa Ha3bIBAIOT JJIEKTpoiuTamMu? YeM OTIMYAOTCS WX BOJHBIE PACTBOPHI OT
pPacTBOPOB HEDIEKTPOIUTOB?
2. YTto Ha3BIBAIOT M30TOHMYECKUM KO3 duimentom i? KakoB ero Gpu3Hueckuii CMBICT U METOIbI
IKCIIePUMEHTANBHOTO onpeneneHus? OT kakux (HaKTOpOB 3aBUCST 3HAUCHHS 17
3. Yemy Obut Obl paBeH u3oTOHHYecKHil Kod(pduument mias pacrBopa NaCl konuentparmu 1
MOJIB/JI, €CJH: a) YCIOBHO CUWUTATh COJIb HEIJIEKTPOJUTOM; O) DIIEKTPOCTATUYECKUE CHJIBI
B3aMMOJICHCTBUS MEXJIy HWOHAMHU HE YMEHbIIaIW Obl HMCTHMHHOTO 3HAUEHUS a TMpu ee
SKCIIEPUMEHTAJIbHBIX ONpEACIEHUAX; B) IKCIIEPUMEHTAIbHOE 3HAU€HUE 0L 0Ka3aJloCh paBHBIM 86%7
Kaxoe ocmotuueckoe gasnenue npu 0°C umenu Obl pacTBOPHI B KAKIOM U3 3TUX CIydaeB?
4. Kakumu yCIIOBUSMH OTIPENEIISETCS BOZMOXHOCTH JIEKTPOJIUTUYECKON JUCCOIUAIINH BelecTBa?
Kakas BenmuumHa XapakTepu3yeT HOHU3ZHPYIOUIYI0 CIOCOOHOCTh pactBoputensa? Ilokaxure
MEeXaHHM3M paclajia YaCTHI] paCTBOPEHHOT'O BEILIECTBA HA HOHBI.
5. Byzner v ouHAKOBOM AJIEKTpUYECcKasi MPOBOJIUMOCTh BOJHBIX U CIIUPTOBBIX PACTBOPOB OJHOTO
1 TOTO € BEIlleCTBa MPU OJHOM U TOM ke KoHIeHTpauu? OObsCHUTE.
6. Kakue BeMMUMHBI SBISIOTCS KOJTWYECTBEHHON XapaKTEPUCTUKON MpoIlecca dNEKTPOIUTHIECKON
nuccounanuu? [lare ux omnpeneneHud. Kakyro W3 HUX M TOYEMY HA3bIBAIOT MOCTOSTHHOM
BEJIMYUHON?
7. Ha kakue rpynmbl yCIOBHO NEISAT DJEKTPOJIUTHI MO BEIMYMHE CTENEHM HMX JUCCOLUALUU?
[IpuBenuTe mpuMepsl MPEeACTABUTENEH 3TUX TPYMII.
8. Kak n mouemy BIMsieT Ha CTETIEHb ITUCCOIMAINU CITa00T0 JEKTPOJIUTA BBEICHUE B €O PAaCTBOP
OJIHOMMEHHOTO MOHA U pa3baBieHue pacTBopa’?



9. Tlouemy KOHCTaHTa DJEKTPOJUTUYECKOM JOUCCOIMAMK  sABIsieTcs Oojee  yAoOHOM
XapaKTePUCTUKOM 3JIEKTPOJIUTA IO CPABHEHHIO CO CTETIEHbIO IUCCOIMALINNT

10. Kak cBs3anbl Mexay coboii npousseaenue pactsopumoctu (I1P) u pacTBopuMocTh BemecTsa S
JUIs OUHAPHBIX, TPEXUOHHBIX, YEThIPEX- U MATUHOHHBIX TPYIHOPACTBOPUMBIX JEKTPOIUTOB?

11. Kak BiuseT Ha pacTBOPUMOCTh BEIIECTBA BBEACHHWE B €ro HACBHIIICHHBIA PacTBOP
OJIHOMMEHHOT0 MOHa?

12. B kakux ciydasx TPOUCXOAUT PACTBOPEHHE OCAIKOB € 00pa3oBaHHWEM KOMILUIEKCHBIX
coenuHeHun?

13. Comu CaCO3 u CaC204 umetor Omm3kue 3naueHus [1P, onnako mepBasi U3 HUX pacTBOPSETCS B
YKCYCHOHM KHCIIOTE, a BTOpas HeT. YeM 3TO MOXHO OOBsICHUTH? ByneTr jau pacTBOpSTHCS oKcaiar
KaJIbLUs B COJITHOM KucioTe?

14. BeinazeT 1 0CaI0K MpH CIUBaHUK HachlmeHHbIX pacTBopoB: SICly u CaSOs; CaCly u SrS04?
15. B kakoil mociieoBaTeIbHOCTH JOJKHBI BBINAAaTh OCAJKH, €CIU K pacTBOpaM, COAEp KallluM
woHsl: 1) Ca?*, Ba?", Sr** u 2) C1°, I, Br,, mocTeneHHo nmpuaBmisTh: k nepomy pactBop NazSOa, a
ko BTopomy pactop AgNO3?

16. Kakas u3 aByx cousieid 60sbIe pactBopuMa u Bo ckosbko pa3: CaSOs mnu BaSO4, BaCO3 unu
SrCOs, Pblz wu PbCl»?

17. Tlouemy B ¢unbTpare u3-nog ocanka CaCOsz mosBiseTcs MyTh IpHU J00AaBICHUU PACTBOpa
Na2C204 u 3Toro He nmpoucxoauT npu nobdasieHnu pactBopa NazSO4?

18. Ocranercs Jin Tpo3pauHbiM GuiabTpar u3-moja ocaaka PbCly, eciu k HeMy 100aBUTH pacTBOP
WOINA KaIns?

19. Kaxkoit u3 cynbdpunos, FeS unu MnS, ocaxxnaercs npu 6osee Hu3koM 3HaueHuu pH pactBopa?
20. B maceimeHHOM pactBope Pbly koHrenTpamus noaua noHos pasra 1,310 mons/n. Haiiaure
KOHIIEHTpaIHIo HOHOB Pb?" B 5TOM pacTBope.

21. B maceimensom pactsope PbCly o6wemom 250 mi comepikarcs monbl Pb?* xonmmuectBoM
semecTsa 4-10°% mMons. Uemy paBHa koHueHTpanus HoHoB C1™ B 5TOM pacTBOpe H PacTBOPUMOCTH
PbCI,?

22. Yemy paBHa KOHLIEHTpAIMs Ka)KJ0ro HOoHa B HacklieHHOM pacTBope Ag2COs, eciu nipu TOH ke
temneparype IIP comu paBHo 6,15-10712?

23. B HacsienHoM pactBope Mgs(POs)2 o6bemom 10 11 comepxkutes coib Maccoi 3 r. Berauciure
€e pacTBOPUMOCTh M Hali/IuTE MOJISIPHBIE KOHIIEHTPAIIMH KaXX/I0TO HOHA B TOM PacTBOpE.

24. TIP(AgCl)=1,4-10"* mpu 100°C. Haiimute pactsopumocts AgCI B kunsmeit Bose.

25. Yem ompenensieTcsi CTENCHh CMEUICHHUS PaBHOBECHUS JIMCCOIMAIIMKA BOJBI TIPH PACTBOPEHHUH B
Heil conu, crocoOHOM K rHIponn3y?

26. Beerna iu HEUTPaTBHOCTH PAacTBOpPa COJIHM YKA3bIBAET HAa OTCYTCTBUE ruaponu3a? OObsICHUTE.
27. lns pacTBOpoB Kakux conei pH nmeer takoe ke 3HaueHue, kak Juist Boabl? Ilokaxure 310 Ha
npumepe NaCl u CHs3COONHz.

28. Kakue u3 coseil He MOJBEPraroTCs T'MIPOJIN3Y, U €CIH IMOJBEPralTcs, TO MO KaKOMYy THITY:
K2S0s4, NazSe, BaS, RbNO3, ZnCly, K2S03, KCl03, HCOOK, NaC104, KsrO?

29. JIns xakoit comu pH pactBopa Oyzer umerb Oonbmiee 3HaueHue: NaNOs umm NaNOs,
CH3COOK win CH3COONH3, KC10 umu KCIO3?

30. [laiiTe cpaBHMTENbHYIO XapaKTEPUCTUKY CYJIb()aToB, CyIb(PUTOB M CyIb(UIOB IIEIOUHBIX
METAJUIOB 10 X CIIOCOOHOCTH K THIIPOJIH3Y.

31. Kakue 1Be paBHOBECHbBIE CHCTEMBI B paCTBOpaX KHCIBIX COJEH ONpPEAENSIOT JIsl HUX 3HAauYeHHUe
pH? Uto siBrsieTcst MpUaUHOM 1iestounHoi cpesl aist pactBopoB NaHCO3 u kucioii i pacTBOpPOB
NaHSO3?

32. MoXeT JIi TUAPOIN3 THAPO- WM TUIPOKCOCOIHU MPOTEKaTh 00JIee HHTEHCHBHO, YeM THUIPOIIN3
COOTBETCTBYIOLIEH cpeaHelt conu? OObICHUTE U MPUBEAUTE TIPUMEPHI.

33. Jlis KakuxX CoJIe TUAPOJW3 MPOXOAHUT CTyneHAMHU? YUeMm ompeaensieTcs MX YUCIO0 U Kak
M3MEHSETCS MHTEHCUBHOCTh THAPOJIN3a OT MEPBOM CTYNEHU K MOCIeHeH?



34. ITokaxxure, KaK BIMSET HA CTYIEHYATBIM THAPOIN3 coiel: 1) u3MEHEHHE BETNYMHBI KOHCTaHThI
JMCCOIMALIMH TIPOyKTa TMIPOJIU3a OT MMEPBOM CTYNEHH K MOCIAEeIHEH; 2) NPUCYTCTBUE B PAacTBOPE
nonoB H" wim OH", 006pa3oBaBImxcs 3a CYeT MEPBOi CTYIIEHU THIPOIH3a?

35. Tlouemy ruaponus coyiei MHOTOOCHOBHBIX KHCJIOT WJIM MHOTOKHMCIOTHBIX OCHOBAaHUMN
OLIEHUBAETCSI OOBIYHO TOJIBKO €r0 MEPBON CTYIEHbIO?

36. [louemy manuHoBasi okpacka (eHoyTaserHa B pacTBOpE alerata HaTpHUsl CTAHOBUTCS Ooliee
WHTCHCUBHOMW IPU HarpeBaHUH PacTBOpPA M CHOBA OJICAHEET MPH €r0 OXJIAKICHUH?

37. Yem 00BsACHUTDH, UyTO THAPOJM3 XJopuaa kenesa (III) mpoTekaer mo TpeThelt CTYNEHU TOJBKO
npu A00aBIEHUH PACTBOPA 3TOM COJIH IO KAIJISIM B KHIIAILYIO BOLY?

38. OObsicHUTE NPUYUHY U3MEHEHHUS CTENEHU TUAPOJIM3a COJIEil MPH HarpeBaHWU HX PacTBOPOB,
OCHOBBIBASICh Ha 3aBUCUMOCTH JUCCOLIMALIMU BOBI OT TEMIIEPATYPHI.

39. BBeneHnue Kakux MOHOB B PacCTBOP COJIM YMEHBIIIAET CTENEHb €€ ruiposn3a’? B kakux ciydasx
510 OyxyT nousl H™ wum OH™?

40. IlpuroToBneHHe pPacTBOPOB COJIEH BUCMYyTa M CYpPbMBblI BEIETCS C JOOABICHHEM KHUCIOTHIL
OObscHUTE TPUUYUHY.

41. [Touemy B OTCYTCTBHE U30BITKA MIEIOUM U TIPU HArPEBAaHUH U3 PACTBOPA XPOMHUTOB IIETOUHBIX
MeTaJuioB BhmaaaeT ocanok Cr(OH)s?

42. Uto Ha3bIBalOT KOHCTAHTOM ruiaponu3a Ke. 3aBUCUT JM 3Ta BEJIMYMHA OT: MPUPOABI COJIH,
KOHIICHTPALlMU pacTBOpa, TemmnepaTypbl? UeM omnpenensercs Oonpliee WM MEHbIee 3HaueHne Ke
JUIS Pa3INYHbIX COJEi?

JlaGoparopnas padora «Teopusi 3JIeKTPOJIUTHYECKON TUCCONMANNM U THIPOJIU3»

OmnpiT 1. Jluccounarus cose.

a) B3ate Hemnoro xsopuaa meau (II) u ormeruts 1Bet TBepAoi comu. OIHY yacTb cosln
pacTBOpPUTH B alleTOHE, a Apyryto — B Boje. HabironaTe okpacky pacTBopa B IEPBOM M BO BTOPOM
ciyyasx. Jlate oObscHEHHE.

0) Kpucrammk xnopuna meau (1) pactBoputh B 2—3 karmisax Boabl. OTMETHTH OKpacKy
pactBopa. J[06aBUTh HECKOJIBKO MHJUIMIMTPOB BoJbl. HabmronaTe nM3MeHEeHHe OKpackKH pacTBOPA.
JHatb oObsicHenne. Hamucats ypaBHeHHE peakuuu quccormanuu xiuopuaa menu (I1).

OnbIT 2. CpaBHEHHE XMMUYECKON aKTUBHOCTH CHJIBHBIX U CIIA0BIX AJIEKTPOJIUTOB.

a) B mpobupky Hanute 5 M 0,1 H. pacTBOpa COJNISIHON KUCIIOTHL, B APYTyI0 — CTOJIBKO e
0,1 H. pacTBOpa YKCYCHOM KHUCIOTBI. ONMyCTUTh B KXIYIO MPOOHUPKY MO OJUHAKOBOMY KYCOUKY
uuHka. Kakolt ras Beinensiercss B npoobupkax? HamucaTe ypaBHEHHs MPOUCXOIALIMX peakuuidl. B
KaKoM KHcJoTe Tpolecc uaer Oonee sHepruyHo? JlaTb 0OBsICHEHHE 3TOMY SIBJIEHHUIO, MOJb3YACh
JAHHBIMU O CTENIEHH TMCCOLIMALMU COJISTHOM U yKCycHOM kucnoT B ux 0,1 H. pacTBOpax.

6) Haiute B ABe mpoOMpPKH pacTBOp Xjopuja Kaiplus. B onHy mpobupky 100aBuTh 2 H.
pacTBOp TUAPOKCHIA HATPHS, a B IPYTyI0 — TaKoW ke 00beM 2 H. pacTBOpa aMMHaka (pacTBOpPHI
HEe JOJDKHBI cojepkaTh KapOoHaroB). Uro HaOmromaercst? OOBSCHUTH MPUUUHY Pa3IMYHOTO
JEHCTBHS HA XJIOPUJ KaJIbLUs B3AThIX OCHOBAaHUM.

Omnpit 3. OKpacka HHIUKATOPOB

a) Hanute B Tpu npoOupku mo 3 Mi AMCTUIUIMPOBAHHON BOJBI U MPUOABUTH MO 2 KaIuld
pacTBOpa OJHOTO U3 HWHAMKATOPOB: JIAKMyCa, METHJIOBOTO OpAH)XEBOro M (eHoidTanenHa.
OTMeTuTh B TAOJNHIIE WX IIBET B HEUTpabHOU cpene. B kaxmayro mpoOUpKy MpuOaBUTH PacTBOP
KakoH-HUOYAb KUCIOTHl. HabmiogaTh M3MEHEHUs OKpackM M 3amucaTh UX B COOTBETCTBYIOIIUE
rpadbl TaOIUIIBL.

6) Ilponenats TO jx€ camoe, B3sIB BMECTO KMCIIOThI PACTBOP KaKOW-1H00 MIETOYH.
I_[BCT HUHAWKATOpPAa

Cpena
Jlakmyca OpaHxeBOTO METHIIOBOTO ®denondranenna

Hetitpansnas

Kucnas

Ilenounas




OnbiT 4. XMMHUYECKOE PaBHOBECHE B PACTBOpaX IEKTPOJIUTOB.

a) B Tpu mpoOupku HajdUTh MO HECKOJBKO Kalejb HACHIIIEHHOTO pacTBOpa XJIOpHUAA
kobanbTa (II) CoClz, oTMeTHB mpeaBapUTENbHO OKPAaCcKy pacTBopa. B mepByro mpoOUMpKy BHECTH
HECKOJIbKO Karelb KoHueHTpupoBanHoit HC1, Bo Bropyro — Heckonbko kpuctamuioB CaCly u B
TpeThio — cnupt. HabmonaTh n3MeHeHre OKPacKy PacTBOPa BO BCEX CIydasX.

K pactBopy, HaxopsmeMycst B 1epBoil nmpodupke, 100aBUTh HECKOJIBKO Karelb BOJBI J10
U3MCHEHUSI OKpPAacKM pacTBOpa, 3aTeM CcHoBa J00aBuTh KoHueHTpupoBanuoi HCI. Uro
HabOmonaercs? Hamucare ypaBuHenue peaknuu gucconuanud COCly. OObsACHUTH H3MEHEHHE
OKpPACKH PacTBOPOB BO BCEX CIIyYasx, UCXOMASl M3 TOTO, YTO TUApATUPOBaHHBIA MOH KobanbTa (II)
[Co(H20)6]*" nmeeT po30BYI0 OKpacKy, a Monekyisl CoCl, — cunroro.

6) Hayute B mpoOupKy 5 Mt Bozb! U BE Karuiu ¢eHondraienna. BHectu B mpoOHpKyY OHY
KaIIl0 KOHIIGHTPUPOBAHHOTO pacTBopa ammuaka. Kak u3meHmiach okpacka ¢enomndranenna?
KaxoBa peaxuusi cpeqpl pacTBopa aMMHaKa?

Hanucats ypaBHeHus: peakuuii 0OpaTUMbBIX MPOLECCOB, MPOUCXOAAIIUX MPU PACTBOPEHHUU
aMMHaka B Bojie. Pa3nuTh comepkumoe MpoOUPKH MOTOIaM M K OJHOM 4acTh J00aBUTH IENOTKY
xnopuna ammoHusi NH4Cl. Ilepemernath pacTBOp CTEKJISHHOM MalOYKOMl M CPaBHHUTH OKPACKY
pacTBOpoB B ABYX mpoOupkax. OOBSICHUTH CMEIICHHUE PaBHOBECHS IMPOIEcca AUCCOLMAINU TIPH
no6asiennn NH4C1. Hancats BblpaxeHre KOHCTAHTBI AUCCOIUAIIMH THAPOKCUAA aMMOHHSL.

OmnpIT 5. MoHHBIE peakiK B paCTBOPAX JIEKTPOIUTOB

a) Ilponmenarth KayecTBEHHYIO pPEAKIUI0 HAa XJIOPHUA-UOHBI, B3AB JUIS HCCIEIOBAHUSI
pa30aBIEHHBII PacTBOP COJSTHON KUCIIOTHI H PACTBOPHI XJIOPHIOB PA3IMYHBIX METAILIOB.

KauecTBeHHOU peakiyeil Ha XJOPUA-UOHBI SBISETCS 0O0pazoBaHue OEI0ro TBOPOXKHCTOTO
ocajika xJjopuza cepeodpa.

Kakum cokpanieHHbIM HOHHBIM YPaBHEHUEM MOKHO BBIPa3UTh BCE MPOCIIaHHbIE PeaKIun?

0) HcneiTaTh neiicTBue pactBopa HHUTpara cepeOpa Ha pactBop xsopata Kamust KC103 u
xsnopodopm CHC13. Uto nabmonaercs? Jlate o0ObsiICHEHHE.

Omnbit 6. Onpenenenne pH pacTBopa ¢ MOMOIIBIO YHUBEPCAIbHOW HHAMKATOPHOU OyMaru.

ITonyunTs y npenogasateins pacTBop, pH KOTOpOro HyKHO OIIPENEIUTD.

O3HaKOMUTBCS ¢ UHCTPYKIMEH, KOTOpask MOMEIleHa Ha 00JI0KKEe KHUKKU C YHUBEPCAIbHOU
UH/UKATOpHOU Oymaro.

[Iponenare ONBIT COrIAaCHO MHCTPYKLMH, clelaTh BbIBOJA O BenuuuHe pH uccinempyemoro
pacTBopa. YKa3aTh PEaKLIMIO CPEABI U BBIYMCINTD KOHIIEHTPAL[MIO0 HOHOB BOJIOPOAA.

OmpIT 7. Peakiust cpenbl paCTBOPOB COJIEH TTPHU THIIPOJIU3E.

a) 13 umeronuxcs B 1a00paTOPUM PEaKTUBOB 110100paTh PacTBOPHI CONEH, 0Opa30BaHHbIX
ciaboil KHUCIOTOM W CHUJIbHBIM OCHOBaHMeM. Hamute B oAHY mNpoOUpKYy pacTBOp COJIH,
00pa30BaHHON OJHOOCHOBHOW KHCIOTOM, B JIpyr'yl0 — pacTBOp COJHM, 0Opa3oBaHHOU
MHOTOOCHOBHOM KHCIJIOTOM, M HCCJIEI0BaTh PEAKIIUIO CPEIbl paCTBOPOB, HAHOCS KAaILJII0 PacTBOpa Ha
JAKMYCOBYIO OYMaXkKy CTEKISIHHOHM manoukoil. HammcaTh MojeKyssipHble U MOHHBIE ypaBHEHHUS
peaxkuuii TuapoIn3a B3AThIX coiell. B kakom ciydae ruipoiaun3 OyAeT NpoucXouTh CTYIIEHYaTo?

6) Hanmmcare ypaBHeHue peakiuu ruaponuza cyibdara meau (II) B monekymsapHod u
nonHoi popmax. Kak geiictByer ero pacTBop Ha jakmyc? [IpoBepuTh MpaBUIBLHOCTD 3aKIIOUEHUS
OTIBITOM.

Kakue nonsr 00ycnoBmiIn u3MeHeHHe 1BeTa JakMmyca? B pesynpTaTe Kakoro mporecca 3Tu
VOHBI IOSBUIIUCH?

B) Kakyro peakuuio Ha JaKkMyc JOKEH MOKa3bIBaTh pacTBOp xJjopuaa Hatpus? [IpoBeputsb
IIPaBWJIBHOCTh 3aKJIIOYEHHSI OIIBITOM.

Pe3ynbTarhl HCTIbITAaHUM PACTBOPOB COJIEH HA MHAMKATOP NMPEJCTABUTH B BHJIE TAOJIUIIBL:
3nauenue pH B pactBope: pH7,

pH<7, pH>7

Dopmyna Oxpacka JakMmyca Peaxmust cpeapt




OmngiT 8. MccnenoBanue npoAyKTOB TUAPOIU3A.

Hamute B mpoOupky HemHOro pactBopa xiyopuaa kenesa (III) FeClz m ucneitath ero
JCWCTBHE HA JJAKMYCOBYIO Oymaxky. Hamucath ypaBHeHue peakimu ruaponusa FeClz mo mepsoi
CTYIICHHU.

B pactBop FeCls BBecTu HemHOro nopoinka mMarausi. HaGmonate BblieIeHUE MMY3bIPHKOB
rasa. Kakoii ra3 Beigensercs? Jlatb 0ObsICHEHHE.

Onbit 9. Bnusinue TemnepaTypsl Ha CTETIEHb I'MIPOJIN3a.

Cwmematp B mpobupke 1mo 3 My pacTtBopoB xsopuaa xenesa (I1I) u amerara Hatpus. MoxxHO
7Y OOHAPY)KUTh BHEIIHUE MPU3HAKHM MPOTCKAHHWS XUMHUYECKOW peakiuu? Harperb KUAKocTh 10
kuneHus. Yro Habmonaerca? Hammcarh ypaBHeHUs peaknuii oOpa3oBaHus armerara xenesa (I1) u
€ro TuapoIns3a.

OmngiT 10. Biusinue pa3z6aBieHus pacTBOpa Ha CTEIIEHb THAPOIN3A.

Hamute B mpoOupky 1 mi pactBopa xnopuaa cypsmsl (III) u 1o6aBUTh B HEro mo KaruisiM
TUCTWJUIMPOBAHHYIO BOAY /10 0Opa3oBaHus ocajka. Hamucarh ypaBHEHHs peakiMil THapoJiu3a,
cuMTas, 4yTo 1O pa30aBieHUs TUIPOJINU3 IMPAKTUUYECKH IpoTeKkaeT mo mnepBoil crymenu Ilocne
pas30aBiieHHs YCUIIMBAETCS BTOPast CTYICHb ruapoiu3a u oopazyercss SOOCI (mpoaykT pasiokeHwst
mauruapokcoxiopuaa cypbMel (111) Sb(OH)2Cl). PactBop ¢ mosydeHHBIM 0CaJKOM COXPAaHUTH JUIS
CJIETYIOILIETO OTbITA.

Omnpit 11. O6paTUMOCT TUIPOIU3A.

a) K pactBopy ¢ ocagkom, nomyueHHbIM B onbiTe 9, mpunuts HC1 10 pacTBopenus ocajka,
3aTeM CHOBa J100aBUTH BOAy. JlaTh 0O0bsICHEHHE HAOMI0JaeMbIM sBJIeHUSAM. Kak BiusieT n3MeHEeHHE
KOHIIEHTPAILlMK MOHOB BOJIOPOJa B TAHHOM CJy4yae Ha paBHOBECHUE THIpoiu3a’

0) HammucaTs ypaBHeHUe peaknuu ruaposnsa amnerata Hatpus CH3COONa B MostekyisipHOit
1 nonHoi gopmax. Kakosa nomkna 6wiTh peakius cpeanl? K pacrBopy CH3COONa no6aButs 2—3
Karm QenondranenHa. OTMETHTh WHTEHCUBHOCTh OKpackd. [10JOBMHY MOIYy4eHHOTO pacTBOpa
OTJIUTH B JIPYT'yIO MPOOUPKY W OCTABUTH Ui CPaBHEHHs, a OCTaBIIUICS pPacTBOp HArpeTh M0
kunenud. Kak MeHsieTcss MHTEHCHBHOCTh OKpacku? OXJaauTh pacTBOP M CPAaBHUTh €ro ¢
KOHTPOJBbHBIM 00pa3ioM. J[aTe 00bsicHEeHNE HAOTIOAAEMbIM SIBJICHHSIM.

OmnpiT 12. TTonHBIN TUAPOTU3.

K pactBopy conu amroMuHus B mpoOHpKe MpHINTh pacTBop kapOonara HaTpus NaxCOs.
Harpetp npo6upky, oT@uiIbTpoBaTh 00pa30BaBIIMICS OCAIOK U IPOMBITH €r0 Ha GUIIBTPE Topsiueit
Bogoi ans ynanenus u30biTka NapCOs. JlokazaTh ONBITHBIM MYTEM, YTO TMOJNYYEHHBIH OCaJI0K
SIBJIIETCS HE COJIbIO YTOJIbHOW KHCIOTBHI, a THUAPOKCUAOM antoMuHHUS. COCTaBUTh YpaBHEHHUS
peakiuii oOpa3zoBaHus kKapOOHATA AFOMHHMS U €r0 THIPOJIN3a.

TecroBble 3a1aHusA
Bapuant Ne 1
1. Cmemansr 100 r 20%-noro pacteopa u 50 r 32%-HOro pacTBOpa HEKOTOPOTO BEMIECTBA.

KOHHGHTpaHI/IH MMOJIYYCHHOTI'O pacTBOpPa
1) 24 2) 12 3) 36 4) 48

2. J1ns nonyuenust 9%-HOT0 pacTBOpa CONSIHOW KUCIOTHI Hajo pactBopuTth 67,2 1 HCI B BOIC
Maccon
1) 1,107 xr 2) 0,505 xr 3) 0,987 xr 4) 1,227 xr

3. Ypasuenuro 3Ag* + PO if — AQ3PO4 cooTBETCTBYET B3aUMOI€HiCTBHE
1) AgNO3 ¢ NazPOq4 2) Ag20 ¢ H3POq4
3) AgNO3 ¢ H3PO4 4) AgCl ¢ NasPOq

4. KUCIIOTHOCTB pacTBOPOB COJIEH ¢ OIMHAKOBOM MOJISIPHON KOHIIEHTpAIel yBEIMUUBAETCS B pALY
1) HUTpaT Kaaus, CHINKAT KaJlus
2) OpoMu I KaIbIHs, OpOMU aTFOMUHUS



3) xaopun Kanus, GTopuz Kamus
4) XJI0pUA TUTHSL, XJTOPUA KaIHs

5. Xmopun 6apust maccoit 41,6 T pactBoprin B Bozie. B monmyuennom pactBope coxepxutcs 0,35
MOJIb XJIOpU-MOHOB. CTETICHb TUCCOLMAILINN XJIOpUAa Oapust

1) 87,5% 2) 17,5% 3)57,1% 4) 96%

6. Eciti KOHIIEHTpaIus pacTBOpa THApOKcHaa amMonus paHa 0,1M u K, = 1,76*%107°, To ero
CTETICHb HOHU3AIUH (Oluon) COCTABUT

1) 1,3*10° 2) 1,5%107 3) 1,3*10° 4) 1,5%10°

7. Ecinu koHUenTpanus nonos sogopozaa [H*] u anerar-uonos [CH3COO] B 0,1M pactsope

yKcycHOU kucinoTel paBHa 0,00132 Moub/11, TO €e KOHCTaHTa HOHU3AIUN
1) 1,74*10° 2) 1,76*10* 3) 1,78*10* 4) 1,74*10*

8. KonnenTpanuio HOHOB BoJIopoja B pactBope nipu pH = 4,32 paBHa
1) 4,78*10™* 2) 4,76*10° 3) 4,74*10° 4) 4,74*10°

9. AKTHBHAsI KOHIICHTPALKsI aHUOHOB aox- B 0,01 M pactBopa ruapokcuna kanust KOH, yautsiBas
MOHHYIO CHIJIy pacTBOpa paBHA
1) 9*10°3 2) 8*10° 3) 7*10°3 4) 6*10°3

10. KoncranTa ruaponmsa, crenenb ruaposmsa u pH 0,1M pactopa comu HCOONH4 (Kn(kuc)=
1,8*10*, Kn(ocn) = 1,76*107)

1) 3,16*10°,0,177 u 6,5 2) 4,76*10%, 0,745 u 8,3
3)2,74*10°, 0,587 u 8,54 4) 5,75*101°, 0,345 u 6,62
Bapuant Ne 2

1. K 100 mn 96%-Hoii cepHoit kucnotsl (p = 1,84r/mi) npudasunu 400Mi1 BOJIbI, MOJIYUUIICS
pacTBOp IIIOTHOCTHIO 1,225 r/Mi1. MonspHast KOHIIEHTpaLUs pacTBOpa
1)3,78 M 2)221M 3)2,57TM 4)4,02M

2. 113 400 T 20%-HOTO pacTBOpa MpH OXJIAXKIESHUH BBIIEIHIOCH SO T paCTBOPEHHOTO BEUIECTBA.
MaccoBast 107151 BeIlleCTBa B OCTABIIEMCSl pPaCTBOPE

1) 8,6 % 2)6,3% 3)7,4% 4)9,5%

3. Ypasrenuro Fe** + 30H” — Fe(OH)3 cooTBeTCTBYET B3aMMOIEHCTBIE

1) FeClsz ¢ KOH 2) Fe2(S0a4)s ¢ Ba(OH):

3) FeSO4 ¢ NaOH 4) Fe(OH)s ¢ HCI

4. 11lenoyHOCTH pacTBOPOB COJIEH C OJIMHAKOBOW MOJISIPHOM KOHIICHTPAIIMEH YBETUINBACTCS B PSITY
1) xapOoHaT HATPHsL, MOJH]T HATPHS 2) cynabGUT Kaausl, CyabpHUI HATPHUs

3) HUTPUT HATPUS, HUTPAT HATPUS 4) XJ0puJ1 TUTHUS, XJIOPUJ AMMOHHUS

5. KonnuecTtBo oTpunarenbHbix HoHOB B 120 r 10% pacTBopa aMMOHUS, €CJIU CTETIEHb
aucconuanuu coiu pasHa 90%
1) 0,135 mons 2) 0,15 mons  3) 0,167 moinb 4) 1,67 moinb

6. Eciim konnienTpanus azotuctoit kucinotsl HNO? paBra 0,12M u K, = 6,9%10, To cTemneHs ee
HOHHU3AIINU COCTABUT
1) 7,6%107 2) 8,6*1072 3) 8,6*10° 4) 7,6*10°3



7. Ecnu KOHIIEHTpaIHs pacTBOpa ruapokcuaa ammonus pasua 0,1M u K, = 1,76*10°°, o ero
CTENIEHb MOHUBAIMH (Oluon) COCTABHT
1) 1,3*107 2) 1,510 3) 1,3*10°3 4) 1,510

8. Konuenrpanus nonoB Bogopoza [H'] 6%-noro pactsopa X10poBogopoaHoit kuciaoTsl (p = 1,028
I/MJI) COCTaBJIsICT
1) 1,69 2) 1,76 3) 1,78 4) 1,65

9. AxtuBHOCTH XJ10puA-noHOB B 0,1 M pactBope xiopuaa Hatpust NaCl paBua
10 7,58*10° 2) 7,62*1072 3) 7,68*10? 4) 7,54*10°?

10. Crenienp ruaponuza u pH conu 6pomuna ammonust NHsBa pH 0,011 pactBopa
(Kp =1,76*10%)

1) 2,38*102 u 5,62 2) 4,52 *102% u 8,34

3) 5,68 *10?% u 6,32 4) 3,54*1012 1 4,35

KonTpoJsbnas padora S
(«PacTBOpbl. Teopusi 3JIEKTPOJIUTHYECKON JUCCOMALIMH)
Bapuant Nel

1. PactBop comepxur 0,1moms CaCly u 0,I1moms AICI3 B 21 pactBopa. KakoBa mossipHas
koHreHrpanus vona Cl” B pactBope?

2. pH 1*10° H pacrBopa c1aboro OJHOKHCIOTHOTO OCHOBaHMS paBeH 9. Brrumciure
KOHCTaHTY JIUCCOLMAIIA OCHOBAHHS.

3. VYkazarb, HE TpPOM3BOJS BBIYHCICHHN, B KAKOM M3 pPacTBOPOB JBYX COJICH paBHOM
KoHUeHTpauun pH Oonbmie win mesbiie. OTBeT OOOCHYHTE HCXOIS M3 3aKOHOMEPHOCTHU
W3MEHEHUS KHUCIOTHO-OCHOBHBIX CBOMCTB 3J1eKTposnToB: KoSe u KoTe; NasPOs u NaoHPO4.

4. Haiigure creneHp ruaposin3a cojied M 3HadeHue pH st UX pacTBOPOB KOHIEHTpAIUU
0,1mons/nm: NH4Br, KCIO, HCOONa.

5. TIPAQ.Cr207 , mpu 25°C pasro 2*107 . Bemagaer mu ocanok Ag2Cr.07 npu cMemuBaHHH
paBHbIXx 00beMoB 0,05H pactBopoB AGNO3 1 K2Cr207? Crenenb TUCCOIMALINN ATUX 3JIEKTPOJIUTOB
paBHa 90%.

6. Beruucauts o u (H") B 0,3M pactsope ykcycHoit kucnotsl (K=1,8%107°). Kakue 3HaueHus
NPUMYT STH BEIMYHMHBI Tocie aoOasneHuss kK 1m pactBopa kucinorsl 0,2mome CH3COONa?
Koadhdurment akrusaoctu nonos f(CH3COO") =0,7.

7. Cpasuuth pactBopumocts PbCl u Pbl, Be(OH)2 u Ca(OH)2. OtBer 000CHY#TEe HCXOIS U3
MOJISIPU3ALIMOHHBIX MPE/ICTaBICHUH.

BapuanT Ne2

1. PacrBop coaepxur 0,Imonp — sxBuBanieHToB (NH4)3POs B 200Ma pactBopa. Kakosa
MoutsipHasi KoHtentparus nonoB NHs™ B pactBope?

2. Bserucnure pH 0,001H pacTBOpa cepHOI KUCIIOTHI.

3. VYka3zaTb, HE MpPOU3BOAS BBIUMCIEHHH, B KaKOM M3 pacTBOpOB JIBYX COJiel paBHOH
KoHUeHTpauun pH Oonbmie wuium mesbiie. OTBeT OOOCHYHTE HCXOIsS M3 3aKOHOMEPHOCTHU
W3MEHEHHSI KUCIIOTHO-OCHOBHBIX CBOUCTB 31ekTpoiuToB: NaHCO3 u NaxClO3; NaClO4 u NaClO.

4. KakWe  BETMYMHBI  SIBISIOTCS ~ KOJMYECTBEHHOM  XapaKTepUCTHKOH  Iporecca
ANIEKTPOIUTHYECKOH nuccormanuu? Jlaiite ux onpenenenue. Kakyio U3 HUX U OYeMYy Ha3bIBAIOT
MOCTOSSHHOM BETUYUHOMN?

5. Haiigure ctenens ruaponu3a NalOs u NalO B pactBopax konuentparuu 0,1momns/n. 13
MOJTyYCHHBIX JaHHBIX CHEJaiTe BBIBOJ O CPABHHUTEIBHOHN CHIIE KHCIIOT, 0OPa30BaBIINX JTH COJIH.
Kn(HI03)=1.6*10"1 ; Kn(H10)=2.3*10! .

6. Bemamaer mu BaSO4 npu moGaBieHUN pacTBOpa CEpHOM KHCIOTHI o0bemoM 100mir mpu
koHueHtpauuu 0,2Monb/n. kK pactBopy BaClz Toro e oOwema, ecim MojsipHas KOHICHTpAIHs



SKBUBAJEHTA 3TOr0 pactBopa paBHa 0,2monb/n.? Bynmer nu no0aBiieHHOE KOJIWYECTBO CEpHOU
KHCIIOTHI 9KBUBAJICHTHBIM WU U30BITOUHBIM?

7. Ckombko monb NH4Cl cnemyer mo6asuts k 11 0,1M pactBopa NHsOH(K=1,8*107) musa
TOro, 4ro0bl KoHIeHTpanus nonoB OH" crana uncnenno pasua Kn? Yenosno npumem f(NH4)=1.

Tema 9. OxkHMCIUTETbHO-BOCCTAHOBUTEIbHbIE PEAKIHH U 3JIeKTPOXUMHUYECKHUEe
NpoLecehl
Bomnpocsl 1u1st cobecenoBaHust

1. Iloxaxure YCIOBHOCTb TEPMHUHOB «IIPUHHUMAET» U «OTHAET» 3JIEKTPOHBI IPU OIPEAEICHUU
GyHKIUI OKHCIUTENA U BoccTaHOBUTENA. [loueMy Takasi yCIIOBHOCTh BO3MOYKHA?
2. UTo Ha3bIBAIOT COMNPSKEHHOW OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOM Mapoil M CKOJBKO MX JIOJIKHO
y4acTBOBaTh B OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM peakuuu? YeMmy COOTBETCTBYET KaxK/1ast U3 HUX?
3. UTo Ha3bIBaIOT OKUCIUTEIHbHO-BOCCTAHOBUTENBbHBIMU Kodpduuuentamu? Kakue wmeToab
CYLIECTBYIOT AJisl uX onpenenenusa? [lokaxkure CymHOCTh KaXA0ro U OOBSICHUTE, B KAKUX CITydasx
U TI0OYEMY OJIMH U3 HUX MPEANOUYTUTEIbHEE IPYTOro.
4. Kaxoini meron nHaxoxkaeHus Red-OX k03(hGHUIMEHTOB HYXHO HCHOJIb30BaTh IS PEAKIIUi,
UAYIIUX B Ta30BOM U TBEpOH (a3ax, B paciiaBe coyieid, B HEBOJHBIX M BOJHBIX pacTBOpax?
5. MeHAI0TCST WM OCTAlOTCs MOCTOSHHBIMH 3apsifi U aTOMHBIA COCTaB MOHOB, YYaCTBYIOIIMX B
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHBIX peakuuax? Bo3MoXHO 1M mIpeBpalleHHe NpOCTOr0 HOHA B
OKCOAHHOH MU OOpaTHBIH mporecc?
6. Hamumume kakodl paBHOBECHOW CHCTEMBI B BOIHBIX PACTBOpPAaX OOCCIICUYUBACT BO3MOYKHOCTH
W3MEHEHHUs KHCIOPOJHOIO COCTaBa HOHOB B IIPOLIECCE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peakuuii?
7. Ecnu kucnora, B3aTas B U30BITKE, YUaCTBYET B PEAKIMU KaK OKUCIUTEh WM BOCCTAHOBUTEID,
TO COBMNAJACT JIM JJIsi Hee KOA(P(PUIMEHT B MOJIEKYJISIPHOM YPABHEHUH PEaKIUH C OKUCIUTEIHHO-
BOCCTaHOBUTENbHBIM? PazOepute o5THM ciydam Ha TMpuUMepax B3aWMOJACUCTBUSA: MEIU C
pa30aBIeHHON a30THON KUCIOTOM, COMSTHON KUCIIOTHI C AUXPOMATOM KaJIHsl.
8. OOBsicHUTE NPUYMHY PE3KOr0 pa3INyusl OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOWCTB JBYX
Metaisio 1 rpynmsl [IC, Haxondmmxcs B 5-M nepuoje.
9. Hanumure ypaBHEHMs NOJYypeakUUid M HMOHHO-MOJEKYJISIpHbIE YPAaBHEHUS, KOTOPHIMH MOTYT
OBITh BBIPAXEHBI MPOLECChl OKUCIEHHMS U BOCCTAHOBJIEHUS B BOJHBIX pacTBOpax, UIYLIUX I10
CIIEYIOIIUM CXEMaM:

KC10 + KJ + H2S04—

KBiOs+ HC1 — BiCls+

KC103+ KNO2— KC1 + ...

KCIO + KJ + H,O0— KC1 +
10. TlokaxkuTe BIHMSIHHE CpeIbl HA NMPOTEKAHWE OKUCIUTEIHFHO-BOCCTAHOBUTEIBHBIX PEAaKIUi Ha
IIPUMEPE U3MEHEHUS OKUCIUTEIBHON €EMKOCTH IIEPMaHraHar - HOHa.
11. KakuMu KHCIIOTaMH MOXKHO TIOJIb30BAaThCS ISl CO3JaHMs cpeibl mpu nposeaeHnn Red-Ox
peakimii? [louemy ¢ 3TOH 1ETIbI0 MPUMEHSIOT OOBIYHO pa30aBIEHHYIO CEPHYIO KHCIOTY?
12. CnocoOcTByer nH KHCIas cpefa: a) OKHCICHUI0 KaTHOHOB JIO OKCOAHHOHOB; 0)
OKHUCJIUTEIBHOMY JEHCTBUIO OKCOAHUOHOB?

Jnekmpoonvie nOmMeHyuaIbl U HANPAGIEHUE OKUCTUMETbHO-60CCHIAHOBUMETbHBIX

peakuyuit
1. Kakue OKHMCIUTENbHO-BOCCTAHOBUTEIbHBIE CHCTEMbI HA3bIBAIOT reTepo- U romMoreHHbIMU? YUTo
SBJIAETCS IPUYMHON BO3HMKHOBEHMS CKayKa IOTEHIMala B CHCTEMax IepBOro tuna? Yjpaercs Ju
AKCIIEPUMEHTAIILHO OMPEENIUTh €ro abCOoNIOTHOE 3HaUeHHUE, OTHOCUTENLHOE 3HaUeHUE?
2. YeM JOJDKHBI OTIMYATHCS APYT OT JIPYra JBE OKUCIUTEIbHO-BOCCTAHOBUTEIbHbBIE CUCTEMBI IS
TOT0, YTOOBI UX MOXHO OBLJIO MCIOJIB30BATh IPU COCTABICHUH ralbBaHUYECKOIO AJIeMeHTa?
3. Kakyro wuHpOpMAIIUIO CONEPKUT HIIEKTPOXMMUYECKUNA psAA  CTAaHIAPTHBIX DIEKTPOIHBIX
MOTEHIIMAJIOB O CpaBHUTENbHOU akTUBHOCTH B® u O® meramnos? [loueMy OH JaeT BO3MOKHOCTh
oueHuTh D/1C ragpbBaHUYECKHUX 3JIEMEHTOB, COCTaBJIEHHBIX U3 JIOOBIX Iap METAIOB?



4. ITouemy BOAOPOJHBIN JEKTPOJ B [Tape C MEIHBIM MOJIY3IEMEHTOM SIBIISIETCSI aHOJOM, a B Mape ¢

LIUHKOM - KaToiom?

5. U3 vetsipex meramioB Ag, Cu, AU u Sn BeiOepuTe Te Mapbl, KOTOPbIE JAIOT HAUMEHBIIYIO U

Hanooupuryto 3J[C cocTaBIeHHOr0 U3 HUX I'aJbBAHUYECKOIO 3JIEMEHTA.

6. ITo kako#t popmyne MOKHO HAWTH 3ICKTPOTHBIN MOTEHIIMAN METaJlIa TP JIIOOBIX TeMIlepaType

Y KOHIIEHTPALMU PACTBOPA €ro COJIM, €CIM AJIs HEro U3BECTHO 3HadeHue ¢°? [Ipu kakux ycloBHIX

¢=0°?

7. Kakue m3MeHEHUs KOHLEHTpalUi pacTBOPOB COJEM HA 3JEKTPOJEC-OKUCIUTENIE U 3JIEKTPOe-

BOCCTAHOBUTEJIE IPUBOJAT K YBEJIMUEHUIO U yMeHbleHuto DJ1C?

8. [louemy B KauecTBe okucIMTENs Hcnonbsyercs xpoM \VI\ B cocrase nona Cr,07%, a He B cocTaBe

noHa CrO4>, u mouemy oxucinenne xpoma \I11\ 1o xpoma \VI\ mpoBoautcs B menouHoit cpene?
Inexkmponus. Kopposzusa memannog

1. Kakue 31eKTpOXUMHUYECKHE MTPOLECCHI MPOTEKAIOT HA AJIEKTPOAAX MPH 3JIEKTPOJIU3E PACIIaBOB

anexkTposnntoB? IlpuBenure npumepsl.

2. 13 xakux IpoLEeccoB ciaraeTcs o0uias peakius JEeKTPOXUMHUYECKOT0 pas3IoKeHHs BellecTBa?

3. UeM oTiMyaeTcst 3JIEKTPOIU3 BOJHBIX PACTBOPOB JIEKTPOJIIMTOB OT 3JIEKTPOIU3A UX PACILUIABOB?

Kakue noHbI 1 MOJIEKYJIbl, HAaXOASIIMECS B BOAHBIX PACTBOpPaX COJIeH MOI'YyT BOCCTaHAaBIMBAThCS Ha

KaTo/ie U OKUCIATbCA Ha aHoje? Hanuiure ypaBHEHHs] COOTBETCTBYIOIINUX PEAKIIUM.

4. Yto Ha3bIBAIOT MOTCHIHMANIOM pasznoxeHus? Haiiaurte oty Benuuuny aist xiopunoB mend I\,

UHKA 1 cepedpa. Crenaite BHIBO/I.

5. 3a cuer yero mpu 3nekTponuse cozaaercs BHyTpeHHsIs DJIC u DJC monspuzaumu? Kak ona

HalpaBJieHAa N0 OTHOLIEHUIO K BHEIIHEMY TOKY? Ilpu Kakux yCIOBHSIX 3JIEKTPOJIU3 CTAaHOBUTCS

BO3MOKHBIM?

6. Ilpy KakMx YCIOBUSIX M W3 KAaKUX COJIEH, BO3MOXKHO, IOJYYUTh C IMOMOIIBIO 3JEKTPOIU3A

OJTHOBPEMEHHO LIEJI0Yb U KUCIOTY?

7. Yro Ha3pIBalOT AHOAHBIM PACTBOPEHHMEM MeETasla, M MPU KAKUX YCIOBUSX BO3MOXEH 3TOT

npouecc? CpaBHMTE MeTaulbl KalbLUH, ME€Ob M 30JI0TO B OTHOIIEHHH HMX BO3MOKHOCTH

(YHKIIMOHUPOBATh B KAUECTBE PaCTBOPUMOI'0 aHO/a.

8. Haiite GopmynupoBky 3akoHOB Papases W UX MaTeMaTU4YeCKUE BblpakeHUs. UTO Ha3bIBAIOT

gyuciom Papanes F? YeMmy paBHa 3Ta BeTUYMHA B KYJIOHaX M aMIiep-yacax?

9. Bcerna nm Mmacca BBIJENUBIIETOCS Ha 3JEKTPOJE BEIIECTBA COOTBETCTBYET KOJIMYECTBY

MPOLIE/IIIETO Yepe3 dJEKTPOJIUT dJeKTpuuecTBa? SBisercs JM 3TO HapyIIEHHEM 3aKOHOB

dapazes? UTo Ha3bIBAIOT BHIXOIOM 110 TOKY \BT\?

10. Tok cunoit 4A mporyckaicsi uepes dJISKTpoIu3ep B TeueHue 16 MuH. U 5 ¢. 3a 3T0 Bpems Ha

KaTo/€ BBIACIUICS CBUHEL Maccoi 4,14 T n3 paciuiaBa 0HOTO U3 €ro coequHeHuil. Onpenenure,

OBbLIO JIM 3TO COEIMHEHUE JIBYX- WJIM YETHIPEXBAJICHTHOI'O CBUHIIA.

11. Tpu snexrponuse pactBopoB AGNOs, CuSOs, BiCls, Haxomsimuxcs B IMOCIEI0BATEIBHO

COEIMHEHHBIX 3JIEKTPOJIM3Epax, BBIACINUIOCH 5,41 cepebpa. Halimute maccy BBIIENIMBIIMXCS HpU

9TOM MEIH U BUCMYTA.

12. Byzner nu akTUBHO KOPPEIMPOBATH JKEJIE30 B BOJIE, HE COJIEpIKAIIEH paCTBOPEHHOTO KUCIIOPO/Ia,

WM B MacJie, HaChIILIEHHOTO KUCIOPOAOM?

13. OnuHaKOBO M OTHOIICHWE K KOPPO3UHM TEXHHUYECKOTO M XUMHUYECKH YHCTOTO Merayia? Yem

BBI3BIBAETCSI KOPPO3HsI OOBIYHOM cTamu?

14. CoBnagaer au CpaBHUTENbHAs OLIEHKA CIIOCOOHOCTH K KOPPO3MM >Kejle3a W aJIOMHHHMS 10

3HAUEHUIO UX CTAHAAPTHBIX 3JIEKTPOJHBIX MOTEHIIMAIOB U 110 UX OBEIECHUIO B KOHTAKTE C BOJOW?

15. Kakue cymecTByloT criocoObl 3alUThl METAJUIOB OT Koppo3unu? KpaTko M3/10KHTE CYIIHOCTh

Ka)KJI0TO U3 HUX.

JlaboparopHasi padora «OKHCJIANTETbHO-BOCCTAHOBUTEIbHbIEC PEAKIIHU. JJIEeKTPOJIU3)»
Onwvim 1. B pactBop cynbdaTta MeIu OMyCTUTh Ha 2-5 MUH. JKEJIE3HBIA TBO3/b, IOBEPXHOCTH
KOTOPOTO OYHINeHa HaKaauHol Oymaroii. Uro Habmonaere? Hamummure ypaBHEHHE peaKIIHH.



Onvim 2. K 2-3 M pactBopa Hoauaa Kajmus IPWIMTh paBHBIA 00bEM XJIOPHOWM BoIbl. Uem
OOBSICHUTh M3MEHEHHME OKpacku pacTBopa. Hamumute ypaBHeHue peakiuu. Kakomy BeriecTBy
IIPUHAUIEKUT B pPaCTBOPE XKeJTasi oKpacka?

Onvim 3. K 2-3 M CcepoBOJOPOAHONM BOABI MPHOABUTH MO KAIUIAM OPOMHYIO BOJY.
Habmronate moMmyTHEHHE U 00eclBeUMBaHUE pacTBopa. Hanummre ypaBHEHNE peakiu.

Onvim 4. K 2-3 xamisaM pacTBopa MoIu1a Kajusi IPUIUTh 2 MJI KOHLIEHTPUPOBAHHOW CEPHOM
kucnotel. Uto nHabOmromaere? Jlokasarh Hanmuuue B pacTBOpe cBOOOMHOTO ioma. Hamummre
ypaBHEHUE PEaKIIHH.

Onvim 5. K 2 mu1 pactBopa Cyib(uTa HaTpUsl IPWINTH PaBHBIN 00beM pa30aBICHHON CepHOM
KUCIOTHI U | MI pacTBopa mepmaHranata kanus. Yro nHaOmiomaere? Hanumure ypaBHeHHE
peaxiuu.

Onotm 6. YCTaHOBUTE ONBITHBIM ITYTEM, YTO HUTPUT HATPUS B KUCIION Cpeie IO OTHOLICHUIO
K Ouxpomary Kamus siBisieTrcs BoccraHoButeneM. (PactBop cinenyer moporpers.) Hanummre
ypaBHEHUE PEaKIIIH.

Onoim 7. B npoOupKy ¢ MEAHON CTPYXKKOM MPHINTH (IIOJ TSAroil) 2 MJI KOHLIEHTPUPOBAHHOU
a30THOM KucaoThl. UTo Habmoaaere? Hanuimure ypaBHEHHE peakuu.

Onvim 8. B npoOUpKyY MOJOKHUTH HECKOJBKO KPUCTALUTUKOB IEPMAaHTaHATa KA U OOJIUTH
ux | MJI KOHIICHTPUPOBAHHOM CEPHON KHCIOTHI. Yepe3 HEeKOTOpoe BpeMsi HaOoaaTh 00pa3oBaHue
B poOupke raza. Hanummre ypaBHeHHE peaklny.

Onetm 9. K 1 M pactBopa xpomura Hatpus (Na[Cr(OH)s]) mpuiuth paBHbIN 00bEM IIETOYH
u 3 i OpoMHOH BOABI M KHUIATUTH. Kak m3MeHsieTcs 1BeT pacTBopa. Hamummre ypaBHeHHE
peaxiuu.

Onvim 10. K pactBopy xuopuna mapranna (llI) mpubaBuTh pacTBOp WHIENOYM U 3aTeM
OpomHoii Bonbl. Urto HaOmomaere? Hamumute ypaBHeHue peakuuud (OOMEHa UM OKHCIICHUS-
BOCCTAHOBJICHHUS).

Onwvim 11. DnexTposin3 pacTBOpa HOAUCTOTO KaJlusl.

U-o0pa3Hyio TpyOKY YKPENHTh B JaXMME INTAaTHBA, HAIATh B HeE MPHOIM3UTEIHLHO 0
MIOJIOBUHBI PACTBOpA HOJIUCTOTO KalHsl, K KOTOPOMY MpHUOaBICHO HACKOJIBKO Kamlellb KpaxMallbHOTO
Kieiicrepa u 2 — 3 karum pactBopa ¢enondranenna. BeraButh B 00a KoneHa TPYOKH yroJbHBIE
ANEKTPOABI U BKIIOYUTH MOCTOSIHHBIN AeKTpudeckuil Tok. HaGmroaate okpamvBaHue pactBopa y
katojia u aHosa. CocTaBUTh CXEMY DJIEKTPOJIM3a BOJHOTO pacTBopa KJ.

Onbim 12. I1€KTpONNU3 pacTBOPa CEPHOKUCIIOTO HATPHSL.

B U-o06pa3znyto TpyOKy Jist 3J€KTPOJIN3a HATUTH PaCTBOP CEPHOKHUCIIOTO HATPHUSI, K KOTOPOMY
no0aBJIeH pacTBOp HEUTpanbHOro ((PHOIEeTOBOro) nakMyca. BKIOYHTH TOK M HAOIIOJAThH
M3MEHEeHHe uepe3 1-2 MUH OKpacku pacTtBopa y 3J1eKTpofoB. COCTaBUTH CXEMy 3JIEKTPOJIU3a
BOJIHOT'O PacTBOpPA CEPHOKUCIIOrO HATPHSL.

Onwvim 13. DneKTpoJIU3 pacTBOpPa CEPHOKUCIION METH.

Hamute B U-06pasHyto TpyOKy pacTtBOp cepHOKHcTIoW wmenu. [lonb3ysach yroiabHBIMU
ANEKTPOAaMHU, HPONycKaTb TOK B TedeHHe 4 — 5 muHyT. UTO BBLAENSETCS Ha 3JIeKTpojax?
CocTaBUTh CXEMY NIEKTPOJIN3a PACTBOPA CEPHOKUCIION MENIH.

[Ipu HanucaHuyu BceX ypaBHEHUHN JOKHBI ObITh COCTABIIEHBI CXEMbI IEPEX0/1a AIEKTPOHOB.

TecToBbIe 3aJaHUS

Bapuant Ne 1

1. Peakuus nucnponopuuoHHpOBaHMs

1) HNO2 = HNOs + NO + H.0

2) KaMnOg4 + H.0O = KMnOs + MnO4 + KOH
3) NH4sNO3z = N2O + H,0O

4) KCIO3z = Oz + KCI

2. PeaKI_II/ISI BHYTPUMOJICKYJIAPHOTI'O OKUCIICHUSA-BOCCTAHOBJICHUA
1) AgNOs = Ag + NO; + O, 2) Ag20 = O + Ag



3) K2S03 = K2S04 + K2S 4) NO2 + H,O = HNO3 + HNO>

3. Onpenenure cymMmmy KO3QGUITMESHTOB B YPaBHEHUE PEAKIIHH
CaOCl; + H20 + NaBr —

1)8 2)7 3)9 4) 10

4. YCTaHOBUTH COOTBETCTBHE

1: mpoaykTsl snekTponu3a paciuiaBa CuCl, A: CuuCl

2: mpoayKThI dnekTposu3a pactBopa Cu(NO3)2 B: Cuu O

3: mpoaykThl anekTposn3a pactopa Ca(NOs)2 B: Hou O2
I': Cau O2
:HxuCly

5. B npouecce anexrpoaunsa pacrBopa NaCl, mpu cuie Toka 5A 3a 85 MUH Ha aHOJIE BBIACIACTCS
MIPOJIYKT 00beMOM # # # J1 (OKpYTIUTH 10 1€CATHIX)

6. 1t okucnenus B kucnoit cpeae 0,05 1 0,2 M NaNOz notpedyercs 0,25 u pactBop KMnOgy
o0bemMoM # # # 1 (OKPYTJIUTH 0 COTHIX)

7. Ucxons u3 peakiun SOz + HCIO4 + Ho0 = HCI + H2SO4 , rie 1 11 pactBopa comepkurcs 10 T
HCIO4, nopmansrnocts HCIO4 paBHa # # # MOJIb/J (OKPYTJIUTH IO AECATHIX)

8. 3HaueHuUe MEKTPOAHOIO MOTEHIMAa a Meau, norpyxenHou B 0,0005 1 pactBop Cu(NOz3)2 paBHO
# # # B (OKpYITIUTH 0 THICSYHBIX )

9. Eciu KOHIIEHTpaLKs HOHOB BOJOpo/a B pacTsope 4,8%107 Momb/11, TO HOTeHIMaN BOAOPOIHOTO
ANEKTpoAa paBeH # # # B (OKpyrIMTh 10 THICSIUHBIX)

10. Ecnu B 0,51 pactBopa comepxurcs 0,0699 r FeCl, r, To moTeHIman xene3Horo eKTpoaa
paBeH # # # B (OKpYIJIUTb 71O THICSYHBIX )

Bapuant Ne 2

1. Peakiust BHyTPUMOJIEKYISIPHOTO OKHCIIEHUS-BOCCTAHOBIICHUSI
1) KCIO3 = 02 + KCI

2) NHsNO3 = N2O + H,O

3) HNO2 = HNOs + NO + H20

4) KoMnO4 + H20 = KMnO4 + MnOs + KOH

2. Peaknust TucTiponiopIiMOHUPOBAHUS
1) K2SO3 = K2S0s + K3S 2) NO2 + H20 = HNO3 + HNO>
3) AgNOz = Ag + NO2 + O3 4) Ag:0 =02 + Ag

3. Onpenenure cyMmmy KO3 QGHUITUSHTOB B YpaBHEHUE PEAKIIHH
K2Cr207 + HaSO4 + NaxSO3z —

1) 17 2) 18 3) 19 4) 20

4. YCTaHOBUTH COOTBETCTBUE

1: KMnO4 + Na2SO3 + H2SO4 — A: MnSO4 + K2S04 + NaxSO4 + H2O
2: KMnO4 + Na»S0Os3 + H,O — B: MnO2 + KOH + NaxSOq4

3: KMnO4 + Na S0Os + KOH — B: KoMnOg4 + Na2SO4 + H20O

I': MnSO4 + KOH + Na S04 + H20



5. B nporecce anekrponusa paciaa NaCl, npu cue Toka 2A 3a 45 MUH. Ha KaTOZE BBIIEISICTCS
MPOAYKT Maccou # # # r (OKPYIJIMTh 10 COTHIX)

6. B mporiecce anextponusa pactsopa NaxSOa, nipu cuite Toka 2A 3a 2 4 Ha aHOJIE BBIACISIETCS
MPOIYKT 00beMOM # # # 11 (OKpYTIUTH IO COTHIX )

7. Ecnu nuxpomat-uoH BoccTaHaBiuBaercs 10 xpoma (1), To monspHas koHIieHTpaius
SKBHBaJIeHTa Auxpomata kanus (o =10%; p = 1,07 r/mi) paBHa # # # MoJb/11. (OKPYIJIUTH 10
COTBIX)

8. ns B3ammogpeiictust ¢ 0,25 monb KoCr2O7 tpedyetcs 2 H pactBop HBr oowemom # # # n
(OKpYTJIUTB IO COTHIX )

9. Ecim xoHIIEHTpaIisi HOHOB BOJIOPOJIa B PacTBOpE 3,8*10'3 MOJIB/JI, TO TIOTEHIIHAJI BOJOPOJIHOTO
ANEKTpoAa paBeH # # # B (OKpyrIMTh 10 THICSIUHBIX)

10. Ecniu moTeHnman BOJIOPOTHOTO AIIEKTPOAa paBeH — 236 MB, TO akTHBHOCTh HOHOB BOJIOPO/IA B
pacTBope paBHa # # # MOJIb/11 (3anUcaTh B CTAHAAPTHOM BHJIE)

KonTpoabsnasi pabora 6
(«OKHCIUTETbHO-BOCCTAHOBUTEIbHBIE PEAKIIHH U 3JIEKTPOXUMHUYECKHE MPOLECChD))
Bapuant Nel

1. 3akoHYHTH COCTaBIICHUE YPABHCHHS PEAKIUU M 1M0J00paTh KOI(DPUIMEHTHI MPOCTESHIIIM
cnocobom: SO2+H3ASO4+H20—H3ASO3+. ..

2. Hanwmure ypaBHEHHUS peaKIWi © MOA00paTh KOIP(OUIMEHTHI AJICKTPOHHO-HOHHBIM
metonoM: MnSO4+(NH4)2S208+H20—HMNO4+. . .; H202+CaOCl—

3. CocraBuTh B MOJEKyIspHOH (opme ypaBHeHue peakiuu: [Fe(CN)e]®>+H202—[Fe(CN)s]*+
02

4. Yemy paBHA MOJISIpHAs Macca SKBHBAJICHTA NTEPMAHTaHATA KaIHs KaK OKHCIUTEIIS, €CITH 3TO
BEIIECTBO B MPOIECCE PeaKIMKU BOCCTAaHABIMBAETCS: a) 10 cynabgara mapranua (1) 6) 1o quokcuna
Maprasia B) 1o Manranara kamus KoMnQO4?

5. byner nu paboTaTh TrajgbBaHUYECKHI IIIEMEHT, COCTOSIIEH W3 BOJAOPOIHBIX AIIEKTPOJIOB,
norpyxeHHbIXx B 1 u 0,1 pactBoper KOH mpm 25°C, ecnu kaxymas CTENICHb JHCCOIHAIAH
pactBopoB KOH cootBercTBeHHO paBHbl 77 11 91%?

6. TaapBaHUYECKUIl dJIEMECHT

(-)|2Cr/2Cr3+ | H2SO4 | (Pb) 3Hz/6H+z+)

oOpa3oBaBIIelics MPU KOPPO3UM XpoMa, OMasHHOTO CO CBMHIIOM, JaeT TOK cuiod 6A. Kakas
Macca XpoMa OKUCIIUTCS U CKOJIBKO JIUTPOB BOJOPO/Ia BBIIEIUTCS 3a S5¢ pabOThI ATOr0O AyIeMeHTa?

7. MenHbIl KyIOHOMETpP COEIWHEH IOCIEI0BATEIbHO C AJIEKTPOIU3EPOM, B KOTOPOM HJIET
anektponu3 BoaHoro pactBopa AQNO3z Ha yrompHBIX JJIEKTPOAax (JalTe MOJTHYI0 CXEeMY
nporueccoB, npoucxonsux mnpu snextponuse AGNO3). Ha karoge B KyTOHOMETpE BBIACTUIOCH
192r menu, a B anexTponusepe 450r cepedpa. OnpenenuTe BIXO MO TOKY B yIekTpoausepe. Kakoit
00BEM 3aliMET BBIJCIUBIIUNCS KUCIOPOJ, €CcIu 3TOT o0beM u3MmepuTh mpu 10°C u gaBneHuun
9730311a?

Bapuant Ne2
1. 3akoHYMTH COCTaBIIEHHE ypaBHEHMS PEAKLUUU U MOA00paTh KOAPPHUIMEHTH MPOCTEHIINM
criocooom: H2SO4+KI+KClO3—KCl+lz...
2. Hanumure ypaBHeHHMs peakiuii W 1oA00paTh KOI(P(UIMEHTHl 3JIEKTPOHHO-UOHHBIM
meTonoM: HaSO4+H2S+KMNOs—S+...; HNO3z+FeS;—
3. CoctaButh B MOJeKyJsipHOH popme ypaBHeHue peakiuu: NoHa+lo— N2+,



4. Kakywo maccy amroMUHHUS MOXKHO OKHCIUTh ¢ nomotisio 0,1n 0,251 KoCr,07 mo peakuuu
Al+K2Cr207+H2S0s— Al2(S04)3+Cr2(S04)3+K2S04+H-0.

5. DBJC raJIbBAHMYECKOM ernu (-)Ag/AgNO3 0,005H /a=98% | | Ag/x
1/0=85%/AgNO3(+)=0,085B. Omnpenennure KOHIEHTPALMIO DJIEKTPOJINATA IPU IOJOKUTCIEHOM
NeKTpoae, eciu Kod(h(UIMEHTh aKTUBHOCTH HOHa cepebpa B pactBopax AgNOs mpu
OTPUIIATEILHOM U MOJIOKUTEILHOM 3JIeKTpoJie paBHbl 0,945 u 0,750.

6. Ilpu paboTe raJlbBAHHYECKOTO dIIEMEHTA

(-)|4AI/4AI3+ | H:0, O2 | (Cr) 120H7/6H:0, 302Z+)

o0pa3oBaBIIErocs MPU KOPPO3UU ANIOMHUHHS, KOTOPBI HaXOAUTCA B KOHTAaKTE€ C XpPOMOM, 3a
Imun 20c ero paboTsl Ha XpoMOBOM Karone BoccraHoBuiock 0,034nm kucnopoma. Onpenenure,
HACKOJIbKO YMEHBIIWJIACh MPH 3TOM Macca ajJlOMUHUEBOTO 3JIEKTPOJa U YeMy paBHA CHJIA TOKa,
IIPOTEKILETO 10 BHEUIHEN LIENU TaJIbBAHUYECKOIO AIEMEHTA.

7. Uepes cepeOpsiHBIM KYJIOHOMETpP HMPOIMYyCKaId TOK B TeueHHE 34. AMIIEPMETp MOKa3bIBall
cuiny Toka paBHyro 0,9A. Haittu % morpemHocTy, JaBaeMblil aMIIEPMETPOM, €CIIA 3a 3TO BpeMs B
KYJIOHOMETpE Ha Katoje Boiaenuiaock 12,32r cepedpa.

Paznen 2. Heoprannuyeckasi XumMusi (XHMHUS 3JIEMEHTOB M UX COeTUHEHUIT)
Tema 10. KoMmmiiekcHbIe coeTHHEHUS
Bomnpocsl 1i1st cobecenoBaHust
1. Kakue coequHEHNSI MOYKHO OTHECTH K KOMIUIEKCHBIM?
2. [Tonp3ysich MOJIOKEHUSAMH KOOPIMHAIIMOHHOM Teopun BepHepa naiite onpeneneHus cieayonmm
MOHATUAM: a) KOMIUIeKcooOpa3zoBarenb, ©) JHraHjabl, B) KOOPJAWHAIIMOHHOE  YHCIIO
KOMIUIEKCO0Opa3oBaTeis, I') BHYTPEHHsI U BHEIIHSS cpepa KoMILIeKca.
3. Kak onpenensitoTcst 3apsii KOMIUIEKCHOTO MOHA U CTETICHb OKUCIICHUS! KOMIUIEKcooOpa3zoBarers?
4. Kakag CBSI3b MEXIy CTPOCHHEM AaTOMOB OJJIEMEHTOB U HMX CIOCOOHOCTBIO K
KoMIutekcooOpazoBanuto? IlpuBeanTe mpuMepsl THITMYHBIX KOMILIEKCOOOpa30BaTeIeH.
5. IlpuBeauTe mpuUMeEpbl TUIMUYHBIX JUTAHA0B. Kakue JUranbl Ha3bIBalOTCS MOHOJIEHTATHBIMU U
KaK¥e TOJIICHTaTHBIMU ?
6. Kakoe BiMsHME AOHKHO OKa3blBaTh HAa 3HAYEHHE KOOPJMHALMOHHOTO YHUCIA YBEJIWYEHUE
paauyca W 3apsja: a) KoMmruiekcooOpazoBatens, 0) nuranaoB? Kakum COOTHOIIEHHEM JBYX CHII,
JNEUCTBYIOIIMX MEXAY UEHTPaJIbHbIM aTOMOM M JIMTaHAAaMU M MEXIY CaMHUMM JIMraHAamH,
OTIPEIEISAETCS] KOOPIUHAIIMOHHOE YHUCITO?
7. [IpuBenuTe mpUMepbl KOMIUIEKCHBIX COSAMHEHUN:
1) ¢ KOMIUIEKCHBIM aHHOHOM,
2) ¢ KOMIUIEKCHBIM KaTHOHOM,
3) ABIAIOUIMXCS HEAJIEKTPOIUTAMH.
JlaiiTe M Ha3BaHUE.
8. laitTe omnpeseieHre 1 MPUBEIUTE MPUMEPHI OCHOBHBIX TUIIOB KOMIIEKCHBIX COCTMHEHHIA.
9. YkaxxuTe OCHOBHBIE BUJIbl U30MEPUU KOMILIEKCHBIX coeuHeHuil. [IpuBenure npumepsl.
10. Kak ¢ mo3unuii MeTroja BAJICHTHBIX CBA3CH OOBSCHUTH OOpa3oBaHUE CBS3EH MEXIAY
KOMIUIEKCooOpazoBarenem U Jnurangamu? Kakue opOutanu UEHTpaIbHOTO aToMa MOTYT
OJIHOBPEMEHHO Y4acTBOBaTh B 00pa3zoBaHuM cBs3ei? Uem 310 onpenensercs?
11. Kakyio TreoMeTpUYecKyl0 KOHPUTYpallhi0 HMMEeT KOMIUIEKCHBII HWOH TpU 3HAYCHUH
KOOPJIMHAIIMOHHOTO YHCIa KoMIuiekcooOpasosarens 2, 4, 6? YKakuTe COOTBETCTBYIOIINE THIIBI
rUOpUIN3aIK OpOUTATIEH.
12. Kakmue KOMILJICKCHBIC COCIUHCHMUS Ha3bIBAFOTCS BHEIIIHEOPOUTATLHBIMU u
BHYTpHUOPOUTAIBHBIMU? UeM 00bICHIETCS UX pa3IudHas MPOYHOCTH?
13. Tlo xakuM SKCHEPUMEHTAIBLHBIM JIaHHBIM HAXOJAT YHCIO HECHapeHHBIX JJICKTPOHOB B
komiuiekcax? [IpuBenure npumepsl.
14. Kakure KOMIUIEKChI Ha3bIBAIOT BHICOKOCITMHOBBIMU M HU3KOCIIMHOBBIMU? Y KaXKHUTE MapaMeTphl,
KOTOpPBIE ABISIOTCS JUISI HUX OOIIMMU U Pa3InIHBIMHU.



15. Kak cka3bIBalOTCSl Ha CKJIOHHOCTU KOMIUIEKCHBIX MOHOB K 3JIEKTPOJIMTUUECKOW AUCCOLUALINU U
YYaCTHIO B PEaKIHUsIX 3aMEIICHUs, CBsA3bIBaHME JHUTraHaoB 3a cuer (N — 1)d- wmu nd- opOutaneit
KOMILIEKCOOOpa3oBaress; HaauuMe BakanTHeix (N — 1)d- wu nd- opOurtaneir y
KOMILIEKcooOpazoBares?

16. Jlaiite xpatkoe m3noxeHue npasuia CHDKBUKA M HAa IpUMEpE MOKAKUTE €ro JecTBUE MpH
pacuere KOOpAWHAIMOHHOIO YHCIIa.

17. Kakast Teopus noJiyunsa Ha3BaHUE TEOPUM KpUCTamimdyeckoro nosd? Yem oTiinyaercs oHa OT
metona BC?

18. YUto Takoe sHeprusi pacHICIUICHHs] KPUCTAIUIMYECKUM IOJieM, OT 4Yero oHa 3aBucuT? Kakue
(bakTOpBI ONPENEeIIAI0T NOJI0KEHNE JINTAH/IA B CHEKTPOXUMHUYECKOM psiny?

19. Kak Teopusi KpHCTAUNIMYECKOTO MOJISI OOBSICHSET OOpa30BaHHE BHICOKO- M HU3KOCITMHOBBIX
KoMmIuiekcoB? [Ipy kKakoM COOTHOIIEHUH SHEPTUU MapaMeTpa paclleIVIeHUs U MOBBILIEHNUs SHEPTUU
CHCTEMBI 32 CUeT HapyleHus npasuia ['yHaa /p/ B npenenax Bcero d-moaypoBHst 00pa3yroTcs T U
ApyTHe.

20. Kak TKII o0bsicHSIET 3aKOHOMEPHOCTH U3MEHEHUS YCTOHUYNBOCTH KOMITJICKCHBIX COCTMHEHUH?
21. Ucxons n3 TKII, 00bACHUTH OKPACKy KOMIUIEKCHBIX COEIMHEHHH.

22. Kak ¢ mo3umuii MeToa MoJIeKyIsIpHbIX opouTtaneir (MO) o0bsICHUTH 00pa3oBaHHE XUMHYECKON
CBSI3U MEXIY KOMILJIEKCOOOpa30BaTesieM U JUraHaaMu?

23. VKaxuTe OCHOBHBIE IpaBWia IMOCTPOEHUS HHEpreTHuUeckux auarpamm (Meron MO) mius
OKTa3JApUYECKUX U TETPadJPUUECKUX KOMIUIEKCHBIX COEAMHEHUI.

24. Yto ABNIsAETCS KOJIWYECTBEHHON XapaKTEPUCTUKON YCTOMUNBOCTH KOMIIEKCHBIX HOHOB?

25. KakoBO cOOTHOLIEHHE MeXay oOOIeld KOHCTAaHTOM HECTOMKOCTM M KOHCTaHTaMH,
XapaKTEepU3YIOIIUMHU OT/I€IbHBIE CTaIUN IIPOLECCa TUCCOLMALNN KOMIUIEKCHOIO HOHA?

26. Ilpu kakux YCIOBUSIX PAaBHOBECHE IMCCOLMALIMM KOMIUIEKCHOTO MOHA CMEINAETCsl B CTOPOHY
00pa3oBaHMs KOMIUIEKCHOTO HOHA WJIA IPOAYKTOB €ro nucconuanuu’? [IpuBeanre npuMepsl.

27. llpuBeaurte mpuUMeEpbl Pa3pyLICHHUs] KOMILJIEKCA OCaKICHMEM HOHAa KOMIUIEKCOOOpa3oBaTels.
UeM A0KEH OIpenensTcs: BbIOOp ocanuTens? B kakux yclioBUSX OH JOJDKEH MCIOJIb30BaThCS B
OOJIBIINX KOHLIEHTPALHSIX?

28. OOBsICHUTE MPOLIECC PACTBOPEHMS OCAJIKOB aM(POTEPHBIX I'MIAPOKCHIOB B KMCIOTaX U IIenovax
KaK MPEBpallEeHNE OJTHUX KOMILJIEKCOB B IpyrUe?

29. Kakoe BiaMsHHE OKa3bIBa€T KOMIUIEKCOOOpA30BaTeNlb Ha CBA3M B KOOPAMHHUPOBAHHBIX OKOJIO
Hero mosiekynax H20 u NH3?

30. IlpuBenute mnpuMepbl, TMOKa3bIBAIOIIME BIUSHUE KOOPAMHALIMM HA OKHUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIE CBOMCTBA KOMILIEKCOOOpa30BaTesl.

31. CocraBpTe KOOpAMHAIMOHHBIE Gopmynbl  cienyrommx coequHenuii:  2NH4Cl-PtCly,
K2C204-CuC204, KCI-AuCls, 2Ca(CN)2-Fe(CN)2, (NH4)sFe(SOa)2.

32. Boausiii pactBop mepBoro u3omepa coctaBa Pt(SOs)(OH)2:4NH3 umeer pH = 7, a 0,1 M
pactBop Broporo wuzomepa — pH = 13,3 mpu 25°C. Ilo pe3ynbraraMm OmbITa COCTABHTE
KOPJMHAIMOHHbBIE POPMYIIBI 000MX H30MEPOB.

33. Onpenenute BUJ U30MEPOB (U1 KaXKI0M Mapbl) B CIIEAYIONIMX KOMIIEKCHBIX COSTMHEHUSX

a) [Cr(H20)6]Cls, [Cr(H20)sCI]Cl2-H20, [Cr(H20)4Cl2]-2H20;

6) [Pt(NHs)a][Pt**Cls], [Pt(NH3)sCI][Pt**(NH3)Cls], [Pt(NH3)2Cl2][Pt**Cla];

B) [Co(NHz)e][Cr**(C204)s], [Cr(NH3)4(C204)][C0**(NH3)4(C204)z];

r) [Co(en)2(C204)][Cr**(en)(C204)z], [Cr(en)2(C204)][Co* (en)(C204)z];

1) 1uc-Ka[Pt(Cl)2(NO2)4] u tparc-K2[Pt(Cl)2(NO2)4].

34. KakoBa okpacka coenuHeHuid mapranma (llI) B BomHbIX pacTBOpax, eciu Uil HOHA
[Mn(H20)6]** A = 250,5 xJlx/Moms? Kakoii JyMHe BOTHEI COOTBETCTBYET MAKCHMYM MOTTIOIIEHHS
BUJUMOTO CBETAa ’TUM HOHOM?

35. CocTaBpTe ypaBHEHUSI OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIUI C Y4aCTHEM KOMILUIEKCOB B
BOJHBIX pacTBOpax:

rekcaranodeppar (I1) kanus + xnop =

xJyiopuj rekcaammunakoOanbta (1) + mepokcua Bogopona =



LUHK + TUAPOKCHUJ HATPpUA + BOoJa =

IJIaTUHA + a30THAas KUCJIOTa + XJIOPOBOJOPO. =

MepMaHraHaT KaJus + cepHast kuciioTa + rexkcarmanodeppar (1) xamus=

36. Ilpu kakoil KOHLIEHTpalMK Cylb(uaa HATpUsS HaYHET BBINAAATh OCAAOK Cylb(puaa KaaMmus U3
pactBopa Kz[Cd(CN)s] odowemom 250 w1, kouuenrpamus koroporo 0,1 mons/n? B pactBope
comepxuntes 0,1 Mons muanuaa kamus (o = 80%).IIP (CdS) = 7,9%10°%'.

37. Ompenenure KoHIeHTpanuto noHOB Meau B pactBope [CU(NH3)4]SOs obvemom 1 51 u
KOHIIEHTpanuei komruiekcHou comu 0,1 moinb/n. PactBop comepskut 1 mosb NHa.

38. U3menenwue sneprun ['m60ca 1 mporecca AUCCOUMAIMA aMMHaKaTa MeJIy 110 TIEPBO CTYIICHH
[Cu(NH3)4]>" — [Cu(NH3)3]>" + NHs

paBHO 12,21 k/[x. Onpenenute nepByro KOHCTAHTY HECTOMKOCTH 3TOrO HOHA.

39. CocraBbTe YypaBHEHHMS peEaklui, C TMOMOIIbIO KOTOPHIX MOXHO MOJIYyYUTh TPaAHC —
[Pt(NH3)4(OH)2]SOs wmcxonst u3 [Pt(NH3)4]SOs u H202, a takxe [Pt(C2oHa)2Cl2] ucxoms w3
K2[PtCls] u C2Ha.

40. ChopmynupyiiTe OCHOBHBIE MTOJIOKEHHSI TEOPUU MOJICKYIISIPHBIX OpOUTANEel MPUMEHUTEIHEHO K
OTHMCAHUIO KOMIUJIEKCHBIX COSIMHEHUIA.

41. [IpuBenuTe CXeMbl NIEPEKPHIBAHUS BAJICHTHBIX OpOWTANICH [IEHTPATHLHOTO aToMa M TPYIIIOBBIX
opOuTaneil JUTraHgoB IS OKTadpHUECKOro KOoMIUiekca Oe3  m-CBSA3BbIBaHUS M IOCTPOTE
SHEPreTHYECKYIO AUarpaMMy MOJICKYISIPHBIX OpOHUTAJICH.

42. PacmnpenenuTe BaJEHTHBIE OJJIEKTPOHBI IO OPOUTANSM U  OMpPEIEIUTE JIIEKTPOHHYIO
KOHUrypammo okTadapuuecknx kommekcoB [COFs]* m [CO(NH3)e]®". Diexrponbl Kakux
MOJIEKYJISIPHBIX OpOuTasieil 00ecrneunBaroT XUMUYECKYIO CBSI3b B 3TUX KoMmiuekcax? Kakoit ux atux
KOMIUJIEKCOB Tapa-, a Kakol JIHaMarHUTEH; KaKOM HU3KO- M KAaKON BBICOKOCIIMHOBBIA M YEM 3TO
oOBsicHsIeTCS?

43. CormocTaBbT€ TEOPHUIO MOJICKYJISIPHBIX OpOMTael, BAJIEHTHBIX CBSI3€H M KPUCTAJUIMUECKOTO
TIOJIST IPEMEHUTENBHO K AuaMarauTHoMy Komrutekcy [CO(NHs)s]®* oxTasapuueckoro crpoenus.

44. N300pa3uTe THIIBI T - TIepeKpbiBaHust T d — opOUTAICH IIEHTPAILHOIO aTOMa OKTadAPHUECKOTO
KOMIUIEKCa C MOAXOAAIIUMHE 110 CUMMETPUU TPYIIIOBBIMUA OpPOUTAIISIMU JIUTAHOB.

JlaboparopHasi padora « KoMIuIeKCHbIE COCTUHEHUS»

Omnpit 1. O6pa3oBaHue U IUCCOLMALINS COETUHEHUN C KOMITJIEKCHBIM KaTHOHOM.

a) Hamute B mpoOupky 1-2 mu pactBopa AgNO3 u nobaButhk Hemuoro pactBopa NaCl. K
oOpa3oBaBIIEMYCSl OCaJKy IPWINBATh pPACTBOpP aMMHuaka 0 ero pactBopeHus. CocTaBUTh
YPaBHEHHs DEaKIiMii, YYUTHIBAs, Y4TO KOOpAMHAIMOHHOE umciao Ag" paBHO aBYyM. OObBACHHUTH
MIPOUCXOJISTINE U3MEHEHHUSI.

0) Hanute B mpobupky 1-2 mi pactBopa CuCl, u npubaBnsth mo KamisM pacTBOp aMMHaKa
no oOpaszoBanus ocanka CU(OH)z, 3aTeM npuianth M30BITOK pacTBOpa aMMHUakKa /10 pacTBOPEHUS
ocazxa. CpaBHUTH OKpacky HoHOB CU?* ¢ okpackoif momydeHHOTo pacTBopa. [IpHCyTCTBHE KaKuX
HMOHOB coo0mIaeT okpacky pacTBopy? HammcaTe ypaBHEHHE peakIMHM MOIYYEHHS] KOMIUIEKCHOTO
OCHOBAHMS U €r0 KOOPJAHHALMOHHYIO (hOpMYIy, YYUTHIBAs, UTO KOOpAHHAIMOHHOE umcio Cu?*
paBHO ueThlpeM. Kakoe ocHoBaHue sBnsercss Oonee cuiibHbIM: Tuapokcun memu (II) wm
COOTBETCTBYIOIIEE KOMIUIEKCHOE OcHOBaHue? [louemy?

[TonmyuyeHHBI pacTBOpP COXpPaHUTH IS ONbITA 4.

OmnbiT 2. O6pazoBaHKe U TUCCOLUAINS COSTUHEHUH ¢ KOMIUIEKCHBIM aHHOHOM.

a) K 1-2 mn pactBopa nutpata prytd (II) (cunbHblit sn!) m06aBisTh 1O KaruisiMm
pa36asnenssIil pactBop KI 10 o6pazoBanus ocaaka Hglz. 3atem npuuth u3661TOK pactBopa Kl 1o
pacTBopeHus ocaaka. Hamucarh ypaBHEHHS peakiii 1 KOOPAHMHAIMOHHYIO (POPMYITY ITOITYyIeHHOTO
KOMILTIEKCHOTO COEIMHEHH S, YUUTHIBAS, UTO, KOOPAUHAIMOHHOE uncio HY?" paBHO ueThIpem.

0) B mpobupky ¢ 2-3 mu pactBopa Bi(NOs3)z mobasmsars mo kamasm 0,5 H. pacteop KI g0
BhINa/IeHNUsT ocanka Bils. 3arem moGaBuTh eme Heckosbko Kamenb pactBopa Kl 1o pactBopeHwus
BbINaBIIero ocajaka. KakoB 1Ber mnoaydyeHHoro pactBopa? MoxeT 1M 3Ta OKpacka
00ycioBuBaThesa npucyTcTeueM nonos K*, I, Bi®*? Hanmucats ypaBHenue peakiumii 06pazoBaHus 1



JMCCOIMAIMN KOMIUIEKCHOTO COEJMHEHHUS M €ro KOOPAMHALMOHHYIO (DOpMyINy, yYHTHIBasi, 4YTO
KOOpAMHAIMOHHOE urcio Bi®* paBHO ueTsIpeM.

Ombit 3. Pa3nuune Mexay MPOCTHIMU M KOMILIEKCHBIMU noHamu xenesa (111).

a) K 1—2 wmun pactBopa FeCls mpunuth HemHOro pactBopa KSCN. HamucaTte ypaBHEHHE
peaxmuu. JTa peaKiys XapakTepHa juis noHa Fe®" u npumensercs ns ero oGHapyKeHus.

6) Jlokasath, o6HapyxuBaercs i noH Fe* B pactBope K3[Fe(CN)s], mposenas xapakTepHYo
peakIuio, Kak B OmbITe 3, a.

B) Hamute B omny mpobupky Hemuoro pactBopa FeCls, a B apyryio — K3[Fe(CN)s] u
N00aBUTh B KaXIyI0 W3 HUX OJUHAKOBOE KojmuecTBO pactBopa FeSOs. OOBSICHUTH OTCYTCTBHE
M3MEHEHUH B TIEPBOM MpOOMpPKE M 00pa3oBaHHWE BO BTOPOH OCaJika TaK Ha3bIBaeMOW TYypHOYIJIEBOM
cunu Fes[Fe(CN)e]2. Haucath ypaBHEHHE peaKkiiy B MOJICKYIISIPHOM U HOHHOM (hopMax.

Peakuust oOpa3oBaHusi TypHOYJIEBOW CHHU SIBJISIETCS XapaKTEPHOM sl KOMIUIEKCHOT'O HOHA
[Fe(CN)e]*.

OmbiT 4. [Tpo4HOCTH U pa3pyIICHUE KOMIUIEKCHBIX HOHOB.

a) ITonyunts B mpobupke [AQg(NHz)2]C1, kak 310 ObLIO caenaHo B ombite 1. IToaydeHHBbIH
PacTBOp pas3uTh B UEThIpE NPOOUPKU U UCTIOTIB30BaTh B OMbITax 40, 4B U 4.

0) Hamute B mpoOupky 1-2 mu pactBopa [AQ(NH3)2]Cl, monydennoro B ombite 4a, u
N00aBUTH TyAa Kycouek LMHKA. YTo HaOmronaercs? 3amucarh ypaBHEHHE peakiuu oOpa3oBaHUA
KOMILIEKCHOTO aMMMAKATa IIUHKA, YIUTHIBAS, YTO KOOPIMHAIMOHHOE YUCI0 ZN?* paBHO YeThIpeM.

OOBACHUTD, MONB3YSICh TAOMUIEH KOHCTAHT HECTOWKOCTH KOMILJIEKCHBIX HOHOB, MPUYUHY
BBITECHEHHS [IMHKOM cepedpa U3 ero KOMILIEKCHOTO HOHa.

B) Hanute B nBe mpoOupku oamHakoBoe KommyecTBo pactBopa AGNOs. B ogny u3 HuX
no6asutk pactBop NaOH, B apyryro Kl. 3anucars HaOroneHusI.

DTU peakUuH XapakTepHbl Ul WoHa Ag" W MOryr OBITh HCIOJB30BaHbI JUIA  €r0
obHapyxeHust. COCTaBUTh YPaBHEHUS pPEaKIUil.

PactBop [Ag(NHz3)2]Cl, monyuennsliii B omnbiTe 4a, HAIMTH 0 1 M1 B 1Be npoOupku. B oany
npobupky mpmwiuth pactBop NaOH, a B apyryro — pactBop Kl. Uro npoucxomur? Hamucatb
ypaBHeHue quccoruaniu komruiekcuoro nona [Ag(NHz)2]" u BeipaskeHre KOHCTAHTBI HECTOMKOCTH
ero. /[latb o0ObsicHeHMe HAOMIOZAEMBIM SBICHHSM, IONB3YSICh YpaBHEHHEM JUCCOIHAIINN
KOMIIJIEKCHOTO MOHA U MTPABUIIOM IPOU3BEIEHUS pACTBOPUMOCTH.

r) [MonyunTs B ipodupke ocanok AgCI. 3arem nodasnsates 1 H. pactBop NaxS203 10 nonHOTrO
pactBopenus ocajka. Hamucars ypaBHenue peakuuu oopasosanus Na[Ag(S203)2].

K mnomydueHHOMYy pacTBOpy KOMILIEKCHOTO coeauHeHus 1o0aButh pactBop Kl. CpaBHUTH
pe3ynbTaThl C TMOJY4YeHHBIMU B ombiTe 4B. HammcaTe BbIpakeHUS AJii KOHCTAaHT HECTOMKOCTH
aMMHa4YHOTO M THOCYJIh(ATHOTO KOMIUIEKCOB M PEIINTH IO Pe3ylibTaTaM OMBITOB 4B M 4T, Kakas
KOHCTaHTa UMeeT Oosbliiee 3HaueHue. [[poBepuTh BHIBO MO TAOIMYHBIM JaHHBIM.

n) Hamute B mpoOupky 1-2 mi pactBopa [AQ(NH3)2]C1, monyueHHoro B ombiTe 4a, W
no6asiaTh pazbaneHHyro HNO3 no Beimagenus ocanka AgCl. O0bsCHUTH HaOMI0AaeMbIe SIBICHUS,
HCXOJIS 3 TOTO, YTO KOHCTaHTHI HecTolkocT HoHOB [Ag(NH3)2]" 1 NH4" cooTBeTcTBEHHO paBHBI
6,8:10% 1 6,0-10™.

¢) Hanute B 1Be mpoOMpKH OIUHAaKOBbIe KonmdecTBa pactBopa CuCl.. B oaHy u3 HEHX
nobasuth pactBop NaOH, B apyryro — (NH4)2S. OtMeTuTth 11BeT 00pa3yromuxcs 0CajkoB. DTH
PeaKIuy MOXKHO HCTIONB30BaTh AT OTKphITHS noHa CU?. COCTAaBUTH ypaBHEHHUS PEAKIIHIA.

PactBop [Cu(NHz3)4](OH)2, noxyueHHsbIi B ombiTe 1, pa3ienuTh MOPOBHY B JBE NpoOHpKU. B
oany mpwiuth pactBop NaOH, a B apyryio — pactBop (NHa4)2S. Uro nabmromaercs? Hamucars
ypaBHEHUS MTPOUCXOISIINX PEAKITHIA.

Jlate 00BsicHeHNEe HAOIF0TaeMbIM SIBJICHUSIM, MCXO/ISl U3 TAHHBIX O BEJTMYWHAX MMPOU3BEICHUN
pactBopumoctr CU(OH), 1 CuS n korCTaHTHI HecToiKocTH HoHa [CU(NH3)4]?*.

OmnpiT 5. JIuccoumanusi IBOMHOMN COJIH.

Jlokasate Hanumume moHoB NHs*, Fe** u SO42 B pacTBOpe *kene30aMMOHMHHBIX KBAaCIOB
NH4Fe(SO4)2, mpoaenas aas HUX XapaKTepHbIE PEAKIIMU C MOMOIIBI0 pacTBOpoB mieaouu, KSCN u
BaClas.



Hanucate uOHHBIE YypaBHEHMsI peakuuid. COCTaBUTh YpaBHEHHE SJIEKTPOIMTHUECKOMN
U CCOLIMALIMY HKEJIE30aMMOHHMIHBIX KBAaCIIOB.

B 4yem cocTouT CXOACTBO M OTVIMYUE MEXKAY ABOWHBIMHU COJISIMU U APYTUMHU KOMIUIEKCHBIMU
COETUHEHUIMU?

OmnpIT 6. BrusiHre KOHIIGHTPALUU pacTBOpa Ha KOMILUIEKCOOOpa30BaHHE

K neckompkum karisim pactBopa CoClz B mpobupke NpuInTh KOHIIEHTPUPOBAHHBINA PacTBOP
KSCN. Habmrogate W3MEHEHHE IIBETa pPacTBOpa BCJEACTBHE OOpa30BaHWs KOMILJICKCHOM COJIH
K2[Co(SCN)s]. Pa36aBuTh moJy4eHHBIH pacTBOpP BOmoi. OOBSACHHTH HM3MEHEHHE €ro IBETa.
Hamnucars ypaBHeHUs peakiuil.

Kakoe BnusiHue oka3piBaeT KOHIIEHTpAIUS pacTBOpa Ha KOMILIEKcooOpa3oBaHue?

Omnpit 7. 'unpaTtHas n3oMepusi akBOKOMILIEKCOB

Heckonbko ¢uoneroBbix kpuctamukoB CrClz-6H2O pactBoputs B Bome. HaGmrogath
OKpacky pactBopa. HarpeTrs pacTBop 10 n3MeHEeHuUs1 OKpacku. /latb oObsicCHEHHE.

TecroBble 3a1aHus
Bapuanr Ne 1
1. [TapaMarHUTHBIA HU3KOCTIMHOBBIN BHYTPHOPOHUTATBHBIH

1) [Mn(NO2)]* 2) [CoBre]*

3) [Fe(CO)4]* 4) [VClg]*

2. YCTaHOBHUTH COOTBETCTBUE MEXK/y Ha3BaHHEM U (POPMYIION KOMIUICKCHOHN COMH

1: Ko[PtCl4] A: terpaxnoporuiatiaar (1) xkamus

2: [PtCI3(NHz)3]Br b: 6pomun TpraMmMuHTpUHUTpOXIOpOILIaTuHbI (1V)

3: [CoF3(H20)s] B: tpuakBarpudTOpoKobansT

4: [Co(NHz3)s][Co(NO2)s] I': rekcanutpokodanprat (111) rekcaammunkooaista (1)

J1: aMXJI0poTeTpaaMMHHHHUKES
E: rexcarmmanodeppar(ll) xamus

3. YCTaHOBHTH COOTBETCTBHE MEXTY (HOPMYIION COSAMHEHNUS M KOOPAWHAIIIOHHBIM YHCIIOM
1 [FeFy] *2 A: 6
2: [Pt(N2H4)x]? :
3: [Pd(NH3)x]?*

=W
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4. Ecnu pactBop coaepxut 0,05 mons/im Ko[Ag(CN)s] u 0,05 mons KCN,
Ky = 1*107%L, T0 KOHIIEHTpaIs HOHOB Cepedpa B MONB/T # # #

5. Ecnu 171 KOMIUIEKCHOTO MOHA SHEPrus paciieruienus pasHa 167,2 kJ{»/Moib, TO OH MOTJIOIIAET
CBET C JUIMHOHW BOJIHBI B HM # # #

6. Ecin ipu nevicTBuM pacTBOpa cepHOU KUCIOTH Beck Oapuit u3 pactBopa Ba(CN)2*Cu(CNS)2
ocakJaeTcs B BUjE cyib(hara 6apusi, TO KOOpaAuHanoHHas Gopmyina conu # # #

Bapuant Ne 2

1. ITapaMarHUTHBIN BEICOKOCITMHOBBIM BHYTPHOPOUTAIBHBIN
1) [VClg]* 2) [Fe(CO)a)**

3) [NiCl4)* 4) [Pd(NH3)s]*

2. YCTaHOBHTBH COOTBETCTBHE MEX/1y Ha3BaHHEM U (POPMYJIONH KOMIUIEKCHOH COIH
1: Ks[Fe(CN)g] A: rexcarmanogeppar(l11) kamus
2: [Ni(NHz3)4]Cl2 b: xmopun terpaammunuukes( 1)



3: K2[SiFe] B: rexcadropocunukar (1V) xamus
4: [Ni(CO)4] I': TeTpakapOOHHUIHHUKEIH

J: AMXI10poTEeTPAaaAMMUHHUKEIIS

E: rexcanimanodeppat(ll) xamus

3. YcTaHOBUTE COOTBETCTBUE MCXKOY (bOpMYHOI;'I COCAMHCHNA U KOOPAUMHAIUOHHBIM YU CJIOM
1: [Ni(CO)4]° A4

2: [CO(CN)] *® ;
3: [Fe(CO)x]°

EOwy
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4. Ecriu pactsop conepsxut 0,02 Mons/n CAd(NO3)2 u 1 moas NHs, Ky = 2,75*107, o0
KOHIICHTpAIlUsSI HOHOB KaJIMHsI B MOJIb/JT # # #

5. Eciin MakcuMyM TOTJIONICHUS] BUIUMOTO CBETA JIJIsl KOMILIEKCAa COOTBETCTBYET JTMHE BOJIHBI 400
HM, TO SHEeprus pacuieryieHus B Kx/monb # # #

6. Ecim st ocaxknenus xiopa u3 pactBopa Ha 1 mosb PtCl4*3NH3 (KUYpt = 6) TpeOyercst 1 Modb
HHUTpaTa cepedpa, TO KOOpAUHALMOHHAs GopMya coenuHeHus # # #

KonTpoabsnas pabora 7
(«KomIuiekcHbIe COeTUHEHUS»)

Bapuant Nel
1. HasBate  kommiekcubie — coemuHenus:  Ba[Cu(C204)2], [Co(NHz)2(en)(CI2)]CI,
[PtCI2][AUCla].
2. Hanucats dbopmybL: a) tetpaionounaar(ll) unaus(l); 0) XJIOpUJ
o6pomaterpaammuHakBaxpoma(lll); B) TppaMMHUHXIIOpPOTUHUTPOKOOATIBT.
3. Mosxno 1 ocagute uoHBl Ni?" m3 pactBopa Kz[Ni(CN)s] o6semom 1 1 m C=0,1

Mouw/nutp, copepxkaero 0,2 moms KCN(0=80%), ecitu 106aButh 10*Momb cynbhuaa ammonus?
Ipu kakoii MiN KOHIEHTpaIuK CyIb()HAa AMMOHHS HauHeT Bhmaaath ocanok? (ITP(NiS)=2*10%).

4. Omnpenenute THN THOPUAM3ALUHA B CIEAYIOIIMX KOMIUIEKCAaX, a TaK K€ M300pa3uTe MX
reomeTpuyeckyto popmyiy: [AuCls] ; [PtCls]" .Uemy paBHBI X MAaTHUTHBIC MOMEHTHI?
5. Jns ocaXJeHUs XJIOPHI-MOHOB, COCTaBIAIONIMX BHEUIHIOK CQepy KOMILIEKCHOTO

coeaunenusi, u3 100 mu 0,02 m pactBopa coeaunenusi CrClz*5H>O morpedoramocs 20 mi 0,2 M
pactBopa AQNOs. [lo pesynbprataM 3TOrO ONBITA COCTaBbTE KOOPIUHAIMOHHYIO (HOpMYITY
COCJIMHEHUS ¥ HA30BHUTE €TO0.

6. C nuraEgaMM craboro WM CHJIBHOTO TONS Komruekchl CO* SBISIOTCS CHIBHBIMH
OKHCITUTENAMH, a KoMriekchl CO?* MposBIISIOT BOCCTAHOBUTENbHBIE CBOicTBa? Kak 7T0 00BacHSIET
TKII?

7. CocraBbTe ypaBHEHHE PEAKIIMH, C TIOMOIIBI0 KOTOPBIX MOXHO moayduTh [Pt(C2H4)2Cl2]

ucxons u3 Ko[PtCls] u C2Ha.
Bapuant Ne2

1. HasBatp xommiekcubie coequnenus: Na2[Zn(OH)4], [Ni(H20)6](NO3)2, [Co(ENn)3(NO3)3].

2. Hanucate bhopmys: a) ammvunnerTaruanodeppat(ll) HATpHS; 0)
auruapokcoTerpaxigoporiaruHar (1V) ammonus.

3. K 0,2 m NiSO4 no6asumu pasrbiii 066em 2 M NHa, Beranciuts [Ni]?Y, ecnu canrats uto
B pacTBOpe oOpasyeTcs komrnexcHblit non [Ni(NHz)s]?*.

4. B xommekcax [CO(NO2)s]* m [Ni(CNS)e]* muramael 06majaloT CHIBHBIM TIONEM.

CocTaBbTe SHEPreTHYECKYI cxeMy oOpasoBanus cBsizedd (Metoq BC) B 3TUX KOMIUIEKcaXx |
YKa)KUTE MarHUTHBIE CBOMCTBA KOMITJICKCOB.
5. Onpenenure koopanHanuoHHoe urcio (x): [Fe''Fx]*2); [Fe''Clx] *2.



6. Kakas osnextponHas kongurypanus, d° wm d’, maer Gombiuee 3mauenume Ecxn s
OKTa’IpUYECKUX BHICOKOCITHHOBBIX M HU3KOCIIMHOBBIX KOMILIEKCOB?

7. [Ipenckaxkxute Ha OCHOBE 3aKOHOMEPHOCTH TPAHC-BIUSHUS TPOJIYKTHI CIEAYIOIIEH
peakiun: TpubpomoammuHiutatuHar(l1)-nor+tamMmuak—.

Tema 11. Dnementsl VII A rpynnsl (rajioreHbl) 1 UX cOeIMHEHUS

Bomnpocsl 115 codecenoBanusi
1.  Paccmorpure 3aBUCUMOCTh aTOMHOI'O Pauyca, SHEPrUy HOHU3ALUU U CPOJICTBA K AIEKTPOHY
aTOMOB TaJIOr€HOB OT UX aTOMHOIo HoMepa. Ilouemy ¢ yBennMueHHEeM aTOMHOIO HOMeEpa 3JIeMEHTa
SHEpPrus MOHU3ALMM YMEHbBIIAETCS HEMOHOTOHHO, a CpOJACTBO K DJEKTPOHY BHayaje
YBEJINYUBAETCS, @ 3aT€M YMEHbILAETCS?
2. KakoBbl CTENEHU OKHCICHMs TaJOreHOB, U Kakas CTENEHb OKHMCIEHMs Haunbosee ycToiuuBa
JUI Kakoro rajoreHa? B Buje Kakux COeJMHEHUM OHU HaXOJATCs B IpUpoje?
3. Korza u kem ObUIM BIIEpBbIE OTKPBITHI FaJIOre€HbI?
4. Ha yem OCHOBaH OOIIM{ TPUHIMII TOJYYEHHUS TAJIOTEHOB B TEXHHWKE M B Jaboparopuu?
KakoBa ocobennocTs nomyuenus ¢gropa? [Ipuenute npuMepsl peakiuil MorydyeHus raloreHoB.
5. MHcnonp3ys Tteoputo MO, oOBsCHUTE, IOYEMY OSHEpPIrusl JAUCCOLMALMM MOJEeKyl [
OTHOCHUTEJIBHO HeBeluKa. Kak m3MeHseTcs MeXbsepHOE PACCTOSHUE U SHEPIUs CBSA3U B Psly OT
¢dTopa K oy U 4eM 3TO 0OBsACHSIeTCA?
6.  Kak usmensercs arperaTHoe COCTOSIHME U LIBET I'aJIOT€HOB B 3TOM PsIly I'aJIOTEHOB?
7. Kak u3MeHSeTcsl OKHUCIMTENbHO-BOCCTAHOBUTEIbHAS AKTHUBHOCTh B pALy rajoreHoB? Yem
00BSCHSIETCS 0CO00 BBICOKAsI aKTUBHOCTD (propa?
8.  Kak um3mensiercsi CTpykTypa, JJIMHHA W SHeprus cBs3u B psany or HF x HI, u gem sto
o0bsicHsaeTcs? Kak MeHsieTcs B 3TOM psiAy cujla KMCIOT?
9.  Kak u3meHsieTcss BOCCTAaHOBUTENbHAs aKTUBHOCTH B psiy oT HF x HI u uem sto oObsicHsieTcs?
10. OxapakrepusyiiTe KUCIOTHO-OCHOBHBIE CBOMCTBA XJIOpUAA HATpus U xyopuaa cypbMsl (V),
bropuna kamus u ¢ropuma docdopa (V). I[lpuBenurte ypaBHEHUS peaKUUHd THIPONIW3A U
B3aMMOJICHCTBHS yKa3aHHBIX Hap ranoreHuaoB. Kak usmeHsrorcs coificTBa rajmoreHujioB P, Ag,
Cu, K, Ca, S.
11. KaxoBa pacTBOPUMOCTb B BOJI€ T'aJIOT€HU/IOB PA3JINYHBIX METAJIOB U YeM OHA 00bsCHsAETCS?
12. Kak B3aUMOJICHCTBYIOT TaJOT€HbI C BOJOW, KAaKOBBI 3aKOHOMEPHOCTH JIAaHHOTO
B3aUMOJENCTBUSA?
13. Kakume OKCHABI TaJIOTEHOB HW3BECTHBI, KaK OHU OOpPa3yrOTCs, KaKOBa HMX YCTOWYHBOCTD,
¢bu3nyeckre 1 XMMUYECKHe CBOMCTBRA?
14. Kak 3aBUCHUT YCTOWYMBOCTH OKCOKHCJIOT M WX CoOJIeW OT CTpyKTypbl? CpaBHUTE CHILY
OKCOKHCJIOT, UX OKHCIIUTEIbHYIO aKTUBHOCTD. [[puBennTe ypaBHEHUS peaKkIUii.
15. Oxapakrepusyiite Ipyrue CO€AUHEHMs TaJOre€HOB C MOJOXKHUTEIbHON CTENEHbIO OKHCIEHUS.
Me:xranonHsle COEIUHEHUS, UX CTPYKTYypa U CBOMCTBA.
16. 3HaueHHe TaJOreHOB M UX COCITUHEHUN.
17. Yem ornMyaroTcs peaknMM B3auMOJEHCTBHA (TOpa ¢ BOJOW M IIENOYaMHU OT IOJO0OHBIX
peakuuu ¢ ApyruMu rajgoreHamu. OAMHAKOBBI JIM MPOAYKTHI PEAKIMI B3aMMOIEHCTBHS XJIOpa,
O6pomMa, 10/1a C XOJIOJHBIMHU U TOPSYUMH PACTBOPAMHU LIeN0ouei?
18. Kak cmemniaercsi paBHOBECHE B BOJHBIX PACTBOpPAX raJIOTEHOB MPH JOOABICHUH MHHEPATHHBIX
KHCJIOT U 1IesI0uein?
19. Ompenenurte ycTOWYMBOCTH (PTOPUIHBIX, XJIOPUAHBIX, MOMUIAHBIX KOMIUIEKCOB pa3THYHBIX
METAJIJIOB U HEMETAJIJIOB.

JlabopaTopnasi padora

[pubopsr u mocyna: 1. umusr turenpHbie. 2. Hoxk.. 3. IlltatuB ¢ mpoGupkamu. 4.
I"a3ooTBOHAs TpyOKa ¢ mpoOkoii. 5. Kpucramnuzatop. 6. CniuproBka. 7. Jloxkeuka /i COKUTaHUS
BEIECTB B raszax. 8. CTEKIIIHHAS MAJIOYKA.

PeaktuBbl ¥ Matepuansl:l. Okcun mapranna (IV) MnOz . 2. luxpomat kanus K2Cr207.




3. Iepmanranar xamuss KMnOs. 6. Xnopun watpus NaCl. 11. Huak (rpanyiaupoBaHHBIH). 12.
JlakmycoBast Oymaxkka. 13. @unsTpoBasibHas Oymara. 14. Bara. 15. Jlen. 16. Ilecok. 17. [IpoOupkw.
18. KBr. 19. KI. 20. Marunwuit Mg.

PactBopsl: 1. Consnas kucnora (koHi., pa3z0.) 2. CepnHas kucioTa (KOHIL., pa30.). 3.
I'uapokcua Hatpus (koHIl. pa30.). 4. Hutpat cepedpa AgNOs (0,1H.). 5. BoaHslii pacTBOp J1akmyca.
6. Uanuro. 7. ®uonerosbie uepHuia. 8. AMMuak BogaHbii. 9. CepoBomopoanas Boja. 10. Cynedar
xpoma (1) Cr2(S04)3(0,5H). 11. T'mapokcun kamust KOH (2H). 12. Bpomuas Boma Bra. 13.
Xnopnas Boga Clo. 14. CepoBomopoanas Boga HoS.

ITosydyenue xJjopa.

a) B Tpu mpoOupku HaceilaTh HEOOJBIIOE KOJUYECTBO CIEAYIONIUX BEIIECTB: B
nepBylo - okcua mapranna (IV), Bo BTopyro - Auxpomar Kajus, B TPETbIO - IepMaHTraHaTa
kanus. B kaxayo npooupky npunuth 1m0 1mia HCI (kouir). Cogepkumoe mepBoOii U BTOPOi
npobupok cierka mnogorpets. HalGmomaTe mnpoucxonsdmue mpouneccel. OmnpenenuTsb
BBIACHAOIKUKACA ra3 mo nBety (Ha d¢one Oenoli Oymaru) u 3amaxy (coOiaromaTh
OCTOPOXKHOCTB!).

Hanucate ypaBHeHHS peakKUHMi MOJYy4EHHUS XJOpa, COCTABUTb CXEMbI Mepexoja
3JEKTPOHOB B 3TUX peaknusax. Yem siBistoTcss B nmpoBeaeHHBIX peaknusx MOz, K2Cr207,
KMnQO4?

[Monyuenus Opoma u ojaa. (pabomy nposoOUMs 8 BbIMANCHOM WKAPDY)

a) Cmemath HeMHOTro kpucTtamiioB KBr ¢ Hebonbmum konundecTBoM nopomka MnOz,
BCHIMATh B MPOOMPKY, NPUIUTH HECKOJIBKO Kamedab KoHmeHTpupoBanHOoU H2SOs4 u cimabo
nojporpetb. OTMETUTH I[BET M 3amax (0cmopodicHo!) BBIAEHAAIOMMUXCS MapoB Opoma.
Hamucarps ypaBHEHUE peaKIuH.

6) llponenaty ananoruynslii onbIT ¢ Kl. Kakoe BemecTBo BbiensieTcs B BUAe napoB?
KakoB ux nBer u 3anax? Hanucats ypaBHEeHHE peaKLUu.

8) K pactBopy KBr mpunuBath Mo KamjisiM CBEXEIPUTOTOBICHHYIO XJOPHYIO BOJY.
Hanuuumem xakoro BemiecTBa oOyclioBlieHa okpacka pactBopa? J[o6aBuTh K pacTBOpy Imi
O0eH30/1a. DHEPrUYHO BCTPAXHYTH cojepkumoe npoOupku. OTMETUTH IIBET pacTBOpa H
crnost O6ensona. Chenath BBIBOJ O PAacTBOPUMOCTH O€H30Jla B BOJE U B OpPraHUYECKOM
pactBoputene. Hanucats ypaBHeHHe peakuuu B3aumoaeidctBus KBr ¢ Xsi0pHOH BOJIOH.

CoiicTBa 6poMa (pabomy nposooUms 8 8bIMANCHOM WKAPY)

a) Hanuths B npoOupKy HEeOOJbIIOE KOIUYECTBO OPOMHOM BOJBI, OTMETUTH €€ LBET U
cinerka Harpethb. UYto HabmogaeTe?

6) B pactBOp MHIMTO WIM PyKCHMHA NPUIUTh HEMHOrO OpoMHON BOJBI. OOBICHUTH
NPUYUHY TPOUCXOISIINX U3MEHCHUH.

6) B mpobupky ¢ 5Min OpoMHOM BOJBI BCHINATh HEOONbUIMMH HOPUUSIMH TpHU
MOCTOSIHHOM B30aJIThIBAHUM TOPOIIOK MarHusa. HaGmromate 3a nuBeTtom pactBopa. Ha uto
YKa3bIBalOT MPOUCXOASIINE U3MEHEeHUs B pacTBope? Hanucats ypaBHEHHE peakIuu

2) K nHebOonpmod mopuuud cepoBOJOPOJHON BOABI (OTMETUTH €€ IIBET M 3amax)
NpUINBATh MO KamjiasM OpPOMHYIO BOJAY U TIIATENbHO B30aNTHIBATh PAacTBOpP. 3amucaTh
HaOmroneHnsi. CocTaBUTh ypaBHEHUE PEaAKIIHH.

CBoiicTBa Moaa (onsvim 0 NPOBOOUMb 8 BLIMANCHOM WKAPDY)

a) IloMecTuTh B CyXyI NMPOOUPKY KpUCTALTUK Woaa. JIHO mpoOUpPKH clieTKa HarpeTh
B IUIAMEHHU TOpeJKH. 3aTeM OXJaJuTh Ha Bo3ayxe. Habmronath 3a M3MEeHEHHEM IIBETa U
arperaTHOTO COCTOSHUS BO3TOHSIONMIETOCS HOIa IPU OXJIaKICHUH.

6) [lonoxkuTh B MpOOUPKY HECKOJIBKO KPUCTAJUIUKOB H0Ja, MPUIUTh K HUM 5- 10Mi
BOJIBI M CHUIBHO B300JaTaTh. OTMETUTH IBET XUAKOCTH. XOPOMIO JIM pacTBOpsieTCS OO B
Bojne? K BOJHOMY pacTBOpYy C HE pPacTBOPUBIIMMUCS KpUCTAIIUKaMH Hojaa 100aBUTH
Heckosbko Kamnenb Kl. 3anmucats HabmogeHUS.

6) WUcnbiTaTh pacTBOPUMOCTH HojJa B ATHJIOBOM CHUPTE, IJs 3TOro | KpUCTaIUK
iona onycTUuTh B 1-2MJ1 ciupTa, HAIUTOrO B IpoOUpKy. OTMETUTH LIBET pacTBOpa.

2) K 2-3mMn cepoBomopoaHON BOJBI A00aBIsATh NMpH B30aJITHIBAHUM PaBHBIA 00BEM




BOJHOIO pacTBopa ioga. OTMETUTh NPU3HAKU XMMHYECKOU peaKIuu

B3aMMOJCHUCTBUS MEXIAY HOJIOM M CEepoBOAOpoAHON Boaou. HamucaTs ypaBHEHUS
peakuuu.

0) B dapdopoBoii yamke uian Ha acOECTOBOUW CETKE MepeMelniaTh HEMHOTO MOPOIIKa
aTIOMHUHUS WIH IIMHKOBOW TBHUIM C MEIKO pacTepTsiM Homom. CMOYHTH cMecCh
HECKOJBKUMHU KaniasiMu BoIbl. YTo mpoucxoaut? HamucaTe ypaBHEHHE pEakluu, UMes B
BHU]ly, UTO BOJa UTPaAET pojb KaTanu3aTtopa. Ha ocHOBaHUM NPOBEAECHHBIX ONBITOB CAENATh
BBLIBOJ O CBOMCTBAaxX Mona.

BonoponHsie coefuHEHUS OpoMa U MONa (pabomy npogoounms 6 GblMsACHOM wKapy!)

a) llomectuts B cyxyto mnpobupky 0,57 KBr u npunuts HemHoro 70%-Horo pactBopa
H2SO4, octopoxno momorpets. Uto Habmomaercsa? UYem 3arpsisHEeH OpOMOBOAPOPO,
MOJIYY€HHBIN 3TUM crocobom? Hanmucats ypaBHEHHUS peaKIUi.

0) B mpobupky nomectuts HemMHOTO Kl, no6aButh k Hemy (60%-noii) HsPO4 u cnabo
nonorpetb. Kakoit Beigensercs raz? Hanucate ypaBHEHUE pEAKIIUH.

BoccTanoBUTE/IbHBIE CBOWCTBA TaJOr€HOBOLOPOAOB

B tpu cyxue npobupku mosoxuth mo 1 r usmenbyenubix KCI, KBr u Kl u npunuth B
KaXIYI0 MpOOUPKY MO OJWHAKOBOMY 00BeMy KoHIeHTpupoBaHHOW H2SO4. Habmromats
nosipjieHue OelblX MapoB B IMEPBBII MOMEHT BO Bcex Tpex mnpobupkax. KakoB cocrtas
BRIICHAIOMUXCS BemecTB? CieauTs 3a NalbHEHIIMMH HM3MEHCHHSIMU BCIIECTB B
npobupkax. OO0bBsAcHUTH, mnpoucxoxasmue sApiaeHUs. CpaBHUTH BOCCTAaHOBUTEIbHBIE
ceoiicrea HBr wu HI. Hanucares ypaBHenus peaknuit oxuciaenus HBr u HI
KOHIIEHTPUPOBAHHON CEpHON KHUCIOTOW. PacmonoXuTh raloreHOBOJOPOIbI B MOpSIKe
BO3pACTaHHS UX BOCCTAHOBHUTEIHHOW aKTUBHOCTH.

TecToBBIE 32JaHUA
Bapuant Ne 1
1. JInst morsomieHust Xjaopa MOKHO UCIIOJIb30BaTh:

a) NaOH B) NaCl

0) H2SO4 r) HCI.

2. OOBIYHO 1151 IOSTydeHHs Opoma B J1a00paTOPUU UCTIONIB3YIOT PEAKIIN:

a) KBr(rB.) + H2SO4 (o) — B) KBr(18.) + HBrOs (p-p—
0) KBr(ts,) + MnO2 + H2SO4 (xoun) — r) KBr(ts) +Clo—

3. B cBexenpuroToBiIeHHON XJIOPHOM BOJIE CO/IEpKATCS COETMHEHUS XJI0pa:
a) HCI B) HCIO4

0) HCIO r) HCIOs

4. VI3 TaJIoreHOB MSITHOCHOBHYIO KHUCJIOPOICOACPIKAIIYIO KUCIIOTY 00pasyer # # #
5. Kucnotusie coiictBa B psity HCIO4 - HBrO4 — HslOg # # #

6. YcTaHOBHTE COOTBETCTBUE MEXAY PSAaMU BELIECTB U U3BMEHEHUEM CBOMCTB B HUX
1) HCIO-HCIO2-HBrO3-HCIO3-HBrO4-HCIO4

2) HCIO4-HBrO4-Hs106

3) HCIO-NaClO-NaClO3-NaClO4

4) KClO4-HCIO4-HCIO3-HCIO-HCIO:

A) yMeHbIIEHHE KHCIOTHBIX CBOMCTB

b) yBennueHnne okuCIUTETbHON aKTUBHOCTH

B) yBennueHne KUCIOTHBIX CBOWCTB

I') yBenuuenue ycrounBoCcTH



7.PactBoprMocTh rasioreHn10B cepedpa B psny AgF — AgCl — AgBr — Agl # # # , motomy uro # #
#.

8. HanMenee ycTOMYMBOM U3 TIOJIOKUTEIIBHBIX CTETICHEH OKUCIICHHS JIJIsi OpoMa SIBIIICTCS CTETICHD
OKucIeHus # # #, motomy uto # # #.

9. CnabpiMu am(pOTEepHBIMU CBOMCTBaMH 00JafaeT # # # Kuciora.

10. U3 nepeuncneHHbIX rajgoreHoB paBHoBecue peakiun [2 + H2O—HI™ + HI'O naubonee
CMEIIEHO BJICBO JJIS:

a) k2 B) Cl>
0) Br, r) 2
BapuanT Ne 2

1. dusa cmemennst pasaoBecust peakiuu Clz + HoO—HCI + HCIO BrieBo criegyer 106aBuTh K
XJIOPHOHU BOJE:

a) NaCl. B) H2SO4

6) NaOH r) AgNOs3

2. Haunbonee cuiibHON KHCIIOTOM SIBIISICTCS BOJAHBIA PaCTBOD:
a) ropoBomopoaa B) OpoMOBOIOpOa

0) XJI0pOBOIOPOIA ') HOJI0OBOIOPO/Ia

3. U3 MNEPCUUCIICHHBIX XJIOPHUA0B HEPACTBOPHUMBIMU B BOJC ABJIAIOTCA

a) AgCl r) HgCl
6) BaCl 1) AICI3
B) RbCI e) PbCl:

4. CaMoii CHIIBHOM U3 KUCTIOPOACOIEPKAIINX KUCIOT rajJOTeHOB sIBIIsAeTCS # # #
5. HaumeHnee ycTOHYMBOM JIsl TalOT€HOB SIBJISIETCS CTENIEHb OKUCIEHUS # # #, moToMy uTto # # #.

6. CriocoOHOCTB TaJIOT€HOB K JucMyTanuu B Bojie B psaay Fo — Clo — Bro — I # # # , motomy uto #
##.

7. HauGonee cunbHbiM okuciuteneM B psaay HClOs - HBrO4 — HslOg siBisiercst kucnora # # #.

8. KOHq)I/IpraI_II/IH BAJICHTHBIX JJICKTPOHOB B ATOMC NOJd B IIATHUBAJICHTHOM COCTOAHUU:

a) 5s°5p35d? B) 5525p*5d?

6) 5s%5p° r) 5s'5p®5d3

9. KOH(I)I/IpraI_II/ISI BAJICHTHBIX 3JICKTPOHOB B aTOMC 6p0Ma B OCHOBHOM COCTOSAHHU.
a) 3s23p° B) 4s%4p°

6) 5s%5p° r) 4s'4p®4d®

10. Kucnornsie cBoiicta B psagy HCIOs3 — HBrOs — HIOz # # #



KonTpoubnas paGora 8
(«Qaementsl VII A rpynmnbl (rajioreHbl) 4 MX COeTUHEHHSI»)
Bapuant Nel

1. DkcnepumenTtanbHO ycranosieHo, uto KCIO4 pasnaraercs okoso 400°C, HCIOs u CL,O, npu
HarpeBaHWU B3pbIBalOTCsA, paszbamienHsle pactBopel HCIO, Bnomne crabunbHbl. Ilokaxure
CTPYKTYpY 3TUX coenHeHn. Kak MOXKHO OOBSICHUTH pa3Iuine B UX YCTOHIHBOCTH?

2. OOBACHUTH pa3IMYHBIM XapakTep B3aMMOACHUCTBHS TaJOT€HUIOB IIEIOYHBIX METAJUIOB C
H2SO4 (konw.). Hanmcars ypaBHEHUS peakiuii.

3. 3akoHuUMTE ypaBHEHHs peakiuii. PaccraBbTe KOA(QGHUIMEHTH HOHHO-JIEKTPOHHBIM METO/IOM.

a)H2SOs3 + Cl, + H20 — r)Se + Cl2 + H20 —
0) CaOCl1; + NaBr + H20 — 1) KI + H,SOs —
B) SO2 + NalO3z + H20 — e¢) Sb203 + Br, + KOH —

4. Jlns moiHOTO ocaxaeHus Opoma u3 pactBopa CaBr, oosemom 60 Mt monagobunock 50 mi
0,1 H. pacTtBopa. Onpenenure Maccy OpoMua KajblMsg B PacTBOpE, MOJIIPHYIO U HOP-MaJbHYIO
KOHIICHTPALIMK ATOT0 PacTBOPA.

Bapuant Ne2

1. U3o6pa3ute 3meKTpoHHBIE (POPMYIBI CTPOSHUS MOJEeKyn ¢Topa, GropoBogopoaa, ¢hropuaa
kamust. Kak oOpa3yeTcst CBSI3b B MOJIEKYJIaX STHX BEIIECTB?

2. CocraBbTe YpaBHEHHS XUMHUYECKHX pEaKUWH, MOKA3bIBAIOIIUE B3aUMOJCHCTBHE JHUTUS C
XJIOPOM, TIOPOIIKA jKeje3a C XJIOPOM, B3aWMOJEHCTBHE XJOpa C BOJOH M TOPSYMM PACTBOPOM
IEJIOYH.

3. 3aKOHYHMTE YpaBHCHUS PEaKlUil. YPaBHANTE HMOHHO-IJICKTPOHHBIM METOIOM, )

a)Cr2(SO4)3 + Br, + NaOH — r) ClOs + HC1 —

0) Cl, + h+ HCI — 1) NaBr + NaBrO3z + H,SO4 —

B) KBiO3z + HC1 —

4. Berauciure maccoByio oo (%) KCIOsz, ecnu 6,5 T pactBopa, pearupys ¢ nzbsitkom Kl B
CEepHOKHCIIOM pacTBope, oOpasyert 0,635 r iona.

Tema 12. Dnements VI A rpynnsl (XaJbKOreHbl) M X COeAHHEHUS

Bonpocsl 1151 codecenoBanus
1. PacnpocTpaHeHue KHUCIIOpOJa M XaJIbKOI'€HOB B NPUPOAE, MHHEpallbl WX COAEpIKallue.
OTKpBITHE 3JIEMEHTOB.
2. Tlomoxenue B mnepuoauueckoil cucreme. CTpyKTypa HX aTOMOB. 3aKOHOMEPHOCTH B
W3MEHEHUH pa3MEpOB aTOMOB, MOHOB, SHEPrUU HOHHU3AIMH, DHEPTHUH CPOJACTBA K DIIEKTPOHY,
EKTPOOTPHULATEILHOCTH.
3. CmocoObl TOJXy4YeHUs] TPOCTHIX BEIIECTB. 3aKOHOMEPHOCTH B W3MEHEHHH arperaTHOTO
COCTOSIHMS BELIECTBA, CTPYKTYPBI NPOCTHIX BellecTB. Kak n3MeHsercs sHeprus CBsI3U B MOJIEKYJIax
Y MOHAX U XapaKTep pacipeneeHus JeKTPOHOB B HUX?
4. Kax u3MeHsiercs 3apsiji Ha aToMe KHCIopoJa M MpUpojaa XuMudeckoi cBszu okcuaos Il u 1l
nepuonoB? Kakue mapaMeTpbl OKCHIOB MO3BOJIAIOT Pa3AeiuTh UX Ha KHUCIOTHBIE, OCHOBHBIE U
amdoTrepHbie?
5. Kak wu3menstorcs ¢usnyeckue cBOMCTBa OT KHCIOpOJa K IOJOHHUIO, Y€M OIpeeseTcs
XapakTrep Takoro wusMeHeHus? OrmnpenennuTe HU3MEHEHHE OKHCIUTEIbHO-BOCCTAHOBUTEIBHOM
AKTUBHOCTH IIPH NEPEXOAE OT KUCIOPOAA K IOJIOHHUIO.
6. Kak m3MeHseTcss pacTBOPHMOCTb B BOJIE OKCHIOB, CYJIb(HIOB, CEICHUIOB, TEJUTYPUIOB B
nepuoJiax M rpymnmnax nepuoauueckoit cucremsl? I'maponus. [lonucynbguasl u uX CTpyKTypa.
7. CtpykTypa BOJOpPOIHBIX coeauHeHUH. OcoOble cBOWCTBAa BOJBL. XaJbKOI'€HOBOJOPOIHBIE
KHCIIOTBl. VI3MEHEHHe CHIbl KHUCIOT M BOCCTAHOBUTEIBHOM AaKTMBHOCTH C YBEIMUYEHUEM
MOPSAIKOBOTO HOMepa xanbkoreHoB. Kak m3MeHsitorcs (u3nueckue CBONCTBA 3TUX COEAMHEHUMN?
CriocoObI mostyyeHHst XaJlbKOT€HOBOJOPO/IOB.



8. KucnopogHsie coeqMHEHHs] XaIbKOTEHOB. M3MeHEHUE CTPYKTYPhl OKCHIIOB C YBEIUYECHUEM
CTeNeHH OKHCIeHus. PactBopumocTh OkcugoB B Bojae. Kucnopoacoaepxkaimiyue KHCIOTHI.
W3MmeHeHne WX OKHCIUTEIhHO-BOCCTAaHOBHTENbHOUW (yHKIMU. TwocepHas, HaacepHash KUCIOTHI.
PactBopuMocTs coseir 3Tux KuCIOT B Boje. OcoOble CBoMCTBa cepHOM KHUCIOTBHL. OJeyM.
N3menenrne 0CHOBHOCTH KUCIIOT OT CEPHI K TEJLTYPY.

9. 3HayeHHe XaJIBKOTEHOB U UX COCAMHEHUH, UX POJIb B )KHBOM OpPTraHU3Me.

JlaGoparopHasi pabdora

[Tpubops! u mocyna.

1) TexHoxumu4eckue Bechl ¢ pasHoBecoM. 2) Ammapar Kuma. 3) IlpubGop st mosmydeHust
cepoBoiOpoAa: MpoOMpKa, TpoOKa ¢ Ta300TBOMHOW TpyOkoi. 4) IlltatuB ¢ kombiom. 5)
dapdoposas cTynka ¢ nectukom. 6) @apdoposas vamka. 7) @apPopoBbIil TUTETH ¢ KPBIIIKOH. 8)
Konba émxocteio 100mi. 9) Xumuueckuit crakan éMkocThio 250mi. 10) Creknsnaas Ganka. 11)
Kpucrammuzarop. 12) Boponka. 13) Iltatus ¢ npodupkamu. 14) dapdoposiii TpeyronpHuk. 15)
[umust Turensusie. 19) [penmernoe crekio. 20) Jlyma. 21) AcObectupoBaHHas ceTka.

PeakTuBbBI U MaTepHAIIBI.

1) Cepa uepenkoBasi. 2) Cepnblii 1Ber. 3) XKene3o BoccraHoBieHHoe. 4) Menp (¢osnsbra,
cTpyxka), 5) Amomunuii, 6) Cynsdun >xenesa (II) FeS. 7) Cynppua natpus NapS. 8) Cona
kanpuuHupoBaHHas Na2CO3, 9) JlakmycoBas Oymaxka. 10) @unbrpoBaiibHas Oymara.

PacTtBOpBI.

1) Consnas kucimora HCI (2u. u pa306. 1:1), 2) cepnast kucinora HoSOs (2u. . 1,112 u .
1,84). 3) asornas kucimora HNO3 (mn. 1,412), 4) cymsdun ammonus (NHs)2S (0,5 u.), 5)
nepmanranat kanusi KMnOg (0,1 H.), 6) nuxpomar kamus K2Cr.O7 (0,5 1, 7) conmu Gapus, IMHKa,
AIIOMHUHMS, Mapranua, kaamus, ceunna u meau (0,5 H.).

[ony4yeHne mIIacCTHYECKON Cephl

[IpoOGupky HAMONHUTH 10 TIOJOBUHBI €€ 00beMa KyCOUYKaMH YEPEHKOBOW CEphl, YKPENHUTh B
JepKaTesie 1 OYeHb OCTOPOKHO HarpeBaTh, BCe BpeMsi BCTpsxuBas. Cepa HaYMHAET TUIABUTHCA,
o0Opa3ysl  JKENTYyl, JIETKOMOJABIDKHYIO  KHAKOCTh. [Ipogomkare  MeUIGHHO  HarpeBaTh
pacruiaBiIeHHYI0 cepy, HaOrojas Mocienyollee U3MEeHEHHEe ee IBeTa M BI3KOCTH. OObSICHUTH
HaOmo1aeMble siBJeHMs. JJOBECTH cepy /10 KUIEHUS M BBUIUTh TOHKOM CTpyeil B KpHCTaLIM3aTOp C
xoJIoAHOU Bojoi. Eciu cepa mpu 3TOM 3aropuTcs, 3aKpbITh OTBEPCTHE TPOOUPKU KYCKOM acOecTa
Wi acOeCTUPOBAHHOW CeTKOW. BBIHYTh TONYyYEeHHYIO Maccy U3 BOJbl U YOETuThCS B €€
anacTuaHOCTH. COXpaHWUTh O00pPA30BABINYIOCS TUIACTHYECKYIO CEpy 10 KOHIA 3aHSATHH, YTOOBI
MpocienuTh nepexo amopbHoi Moaudukanuu B Kpuctauinueckyro. Kakas momudukaius cepbl
SBJISIETCST HamOoJjiee yCTOWYMBOW TIpM KOMHaTHOM Ttemmeparype? OOBSICHUTH CBOWMCTBA
MOJTyYEHHOT'0 BEUIECTBA U MPOUCXOASIINE C HUM U3MEHEHUSI.

B3aunMoneiicTBre cepbl ¢ METALIAMU (pabomy npo8oOUms 6 8bIMAXCHOM UKAPDY)

a) Bzaumooeiicmeue cepvi ¢ owcenezom. IlpuroroButh 3,5 T cMmecu, coaepkaiien
OKBHUBAJICHTHBIE KOJNMYECTBA cepbl ® kene3a. Jlnsg ombITa cieqyeT B3SATh  IOPOIIOK
BOCCTAQHOBJICHHOTO KeJie3a W cepbl. PaccuMTaHHBIE KOJMYECTBA jkKeje3a M Cepbl B3BECUTh Ha
TEXHOXMMHUYECKUX Becax, THIATEIhHO MepeMenaTh CTEKIISTHHON MalouKoi. BepmaTh momydeHHy o
CMech B MPOOHMPKY, YKPENUTh €€ BEPTUKAILHO B IITaTHBE. Harperh cierka BCIO CMECh, a 3aTeM
CHJILHO TPETh B OJTHOM MecTe y AHa TpoOupKu. Kak ToIbKO cMeCh pacKalluTCsl, TOPETKY OTCTAaBUTh.

Habmtomate 3a mpoTekaHueMm peakiuu. Kakoe BemecTBo 00pa3oBanock B pe3ylbTaTe
peakuun? OTMETUTH €ro okpacky. HanucaTte ypaBHEHHE peakiuu.

Kakue xuMudeckue cBOWCTBA MPOSBISET cepa MPU B3aUMOACHCTBUU C MeTaJuTaMu?

BoccranoBuTenbHbIE CBOMCTBA cepoBoopoaa (Ha mpumepe NaoS)

[TonmetictBoBaTh pacTBopoM NaxS Ha MOAKHCIEHHBIE pPACTBOPHI IMEpMaHTaHaTa Kalus,
JTUXpoMara Kaius, ¥ Ha OpoMHYI Boay. Kakue BHEIIHWE NMPU3HAKH MPOTEKAHHUS XHUMHUYCCKHUX
peakimii Bbl HaOmomaere? CoCTaBUTh ypaBHEHHME peakLUui. YKa3aTh Nepexoj 3JIEKTPOHOB.
[TonoOpaTh KO3 PHUITHEHTHI.

[TonydeHue U cBOWCTBA CYIb(OUIOB METAIIIOB




a)llonyunts ocanku Ccynb(QHUIOB IIMHKA, MAapraHiia, KaaMmus, CBHHIIA, MEIU, UCIOIb3Ys B
KauecTBe ocaautens cyinbua Harpus. OTMETHUTh LBEeT oOpa3yrommuxcs ocaiakoB. Hamwucath
ypaBHEHHS PEaKIMK B MOJEKYISIpPHOW M MOHHOM (opmax. B3sB HeOobIIME KOTUYECTBA OCAIKOB,
MOACICTBOBAaTh HAa HHUX COJIHOM KHUCIOTOW. OTMETUTh, KakuMe€ OCaIKU pacTBOpuUiuCh. JlaTh
0o0BsICHEHHE HAOIIOJACMBIM SIBIICHUSIM, MOJIb3YSCh 3HAYCHUSMH IMPOU3BEIACHUS PACTBOPHUMOCTH
ATUX CYIbGUIOB.

Tuaponus cynbhuaos

a) Heckonbko KpUCTAIOB Cyib(puaa HATPUS PacTBOPUTH B Boje. McciemoBaTh xapakTep
cpeabl pactBopa. OOBACHUTH TNPOUCXOASIIEE HM3MEHEHHE OKpacku WHAuKartopa. Hamwmcats
YpaBHEHHUS peaKuil THIPOIN3a B MOJICKYIIPHONH U MOHHOM (opmax.

0) K pactBopy coyu aqlOMUHUS TPWIUTH PacTBOp cyinbhuaa Hatpus. Harperb mpoOupky,
oTpunbTpoBaTh 00pa30BABIIMKCA OCAJOK M MPOMBITH €ro ropsueil Bomoil. JlokazaTh
IKCIIEPUMEHTAIILHO, YTO OOpPA30BaBIINIICS OCAIOK SBISETCS THAPOKCUIOM amoMuHusA. Hammcatsb
ypaBHEHHE PEaKIMU B MOJIEKYJISIPHOU U MOHHOM popmax.

CBolicTBa CEpHOU KUCIIOTbI

(Onvim a nposooums 6 8bIMANCHOM WKaAQhy)

a)Bzaumooeticmaue KOHYEHMpPUPOBAHHOU CepHOll Kuciomul ¢ hememaniamu. B dpapdopoBsix
Yalikax Mpu OCTOPOKHOM HArpeBaHHM MPOBECTH PEaKIUU Mexay KoHueHTpupoBaHHOW H2SOs u
HEMEeTaJUlaMH: B OJJHOM — C Cepoid, B APYrod — C yrjiem. Y CTaHOBUTH (TI0 3amaxy), Kakoul ras
BBIIETISICTCS (OcmopodicHo.). Hanucath ypaBHEHHsI peakui.

Kakwue cBoiicTa nposiBnsietr koHI. H2SO4 B 3THX peakumsx?

0)/eticmeue paz6o. H>SOs na memanner. llonHuth y mpemnojaBaTenis 0Opasibl METalIOB
(Menb, IWHK, JXKeNe30, aTOMUHMM W T. 1.). Mcxoas wu3 TMONOXKEHUS 5STHX METAUIOB B
3JEKTPOXUMHUUYECKOM psAly HANpsSHKEHUHM METauloB, ClEJIaTh MPEANOJIOKHUTENIbHBIA BBIBOJ O
BO3MOYXHOCTH TIPOTEKaHMS pEaklUid MEXy STUMHU MeTautlaMu U pazdasnenHoir H2SO4. Jlokaszats
OTIBITHBIM ITyTEM, BCE JIM B3SThIE METAJUIBI B3aUMOACHCTBYIOT € pa30. (2 H.) H2SO4.

OTMETHTh pa3IMYUe B CKOPOCTH NPOTCKAHUS PEaKIUid M JaTh OOBSICHCHHS, HCIIONB3YS
JaHHBIE TAOIUIBI HOPMAIBHBIX IEKTPOAHBIX TOTEHIIUATIOB.

Jloka3aTh ONBITHBIM IIyTE€M, KakOM Tra3 BBIAEIAETCS B pe3yiaprare peakuui. Hanumcats
ypaBHEHHUs peaklMii B MOJIEKYJSIpHON U MOHHOHN (opmax. Kakoil MOH sSBISE€TCS B 3TUX PEaAKIMIX
okuciurenem?

TecToBblE 3aJaHUS

Bapuant Ne 1
1. Kordurypaius BaleHTHBIX 3JIEKTPOHOB B aTOME CeJIeHa B OCHOBHOM COCTOSTHUU:
a) 3s23p* B) 4s%4p*

6) 5s25p* r) 4st4p®4d?

2. 11 ocyuieHus cepoBOI0PO/ia MOKHO MCIIOIb30BaTh

a) P20s B) NaOH

0) CaCl: r) H2SO4

3. Cynbdua aqroMUHUS MOJTyYaeTcs B pe3yJbTaTe peaKIuii:

a) AICI3 (5) + H2S(ras) — B) Al + S(t) —

0) AICIz3 + H2S + H. O — r) AICI3 + (NH34)2S + H. O —
4. Hanbonpminii BaleHTHBIN YIOJl B COSMHEHHH:

a) H0 B) HoTe

0) H2Se r) Ha2S

5. Ilpu B3anMOIEHCTBUH pacTBOpa THOCYIb(haTa HATPHS C XJIOPOM 00pazyeTcs:
a) NaxS0g4 B) Na2S406



0) Na>SO3 r) Na:S

6. B BogHOM pacTBOpe MOABEPratoTCsi THAPOIU3Y COIH

a) Na,SO3 B) NazS203

0) NazS r) Na;S0a4

7. llpocTpancTBeHHAss KOHGUTYpalus cyabhaT-annona # # #

8. bosee BbICOKMI MOTEHIIMAI MOHU3ALMH U3 XaJIbKOTECHOB y # # #

9 Cymma ko3 duienToB B ypaBHeHnu peakuuu Se + NaOH koun) — paBHa # # #

10. Ycra"HoBuTe COOTBETCTBUE BEILIECTBA CO CBOMCTBAMU

1) H2SeOq A) CUJIBHBIN OKHCIIUTEIb
2) K2S20s B) cuibHBIN OKHCIUTEND U CHIIbHAS KUCIIOTA
3) H2TeOs B) BoccTaHOBHTENIEHBIE CBOMCTBA MPOSIBISIFOTCS pUE, YEM OKUCITUTEIbHBIC
4) H.SO3 I') BoccranoBuTENb, ClTabast KHCIOTA
5) Na2SO3 J1) amdoTepHOE COeTUHEHHE
Bapuanrt Ne 2

1. Kondurypaiys BaIeHTHBIX 3JIEKTPOHOB B aTOME CEpbl B OCHOBHOM COCTOSIHUU:
a) 3s23p* B) 4s%4p*

6) 5s25p* r) 4st4p®4d?

2. Jlnst ocyuieHus: CEpHUCTOTO T'a3a MOKHO UCIOJIb30BATh
a) P20s B) NaOH

6) CaCl, r) H2S04

3. KucnoTHble cBONCTBA OKCHUKHUCIIOT CEpPhl YBEIMUNUBAIOTCS B PAAY
a) H2SO4 — H2S0O3 — H2S406 — H2S203
0) H2SO4 — H2S203 — H2S406 — H2SO3
B) H2S406 - H2SO4 — H2S203 — H2SO3
r) H2S206 — H2S203 — H2SO3 — H2SO4

4. VI3 XaJIbKOT€HOB MIECTHOCHOBHYIO KHUCIIOPOACOIEPKAIIYIO KUCIOTY 00pa3yeT # # #, motomy
yTO # # #.

5. HHH MOJIYYCHHA CCPHUCTOIO I'a3da B IPOMBIINIJIICHHOCTHU UCITOJIB3YHOTCA PCAKIIUNA:
a) Cu+ HZSO4 KOHIL. 6) FeSZ + 02 -
B) Na2SO03 (1s)) + H2SO4 (70% pp) — r) H2S + 02—

6. U3 MNEPCUUCIICHHBIX KUCIIOT caMOM CHIILHOU SIBJIACTCS:
a) H2SOs3; 0) H2SeOs; B) H2TeO:s.

7. BeICOKasi OKUCIIATENbHAS aKTHBHOCTH CEJICHOBOM KUCIIOTHI OTPEICIISeTCS:
a) HammureM 3d-3KpaHa, 00yCIOBIMBAIOIIMM HEBBICOKYIO IIPOYHOCTH CBSI3H;
0) KOHIICHTpAIUEH PacTBOPA;

B) BBICOKOM MPOYHOCTHIO CBsI3u Se-0.

8. Jlnst moaBieHus THAPOIU3a K PaCTBOPY Cy/b(UTa HATPHS CIEeyeT J00aBUTH:
a) H2SOq; 0) NaOH; B) Na2SOg.



9. Cynbduapl METAIJIOB MEHEE PACTBOPUMBI T10 CPABHEHHIO C XJIOPHIAMH, TOTOMY uTO # # #.

10. Cymma k03¢ GuIeHToB B paBoii yactu ypaBHeHus peakuuu SOz + H2S — paBha:
a)2; 0) 3; B) 4; r)5S.

PeiiTuHroBasi KOHTpoJILHast padora 9
(«Qaementsl VI A rpynnsl (XaJbKOTeHbl) U HX COeTMHEHU)
Bapuant Nel

1. TlpuBeauTe mpuUMephl peakiuii, B KOTOPHIX ce€pa UTPAET POJib COOTBETCTBEHHO OKUCIUTEINS
n BocctaHoBUTENsA. OOBSICHUTE BO3MOXKHOCTh MX IPOTCKAHUsS, HCHOJB3ysd 3Ha4YeHHs EC°xgg
nosiypeaknuii. KakoBel ycioBus, OJaronpusTCTBYIONIME PEAKIMH JIUCIPOIOPIHOHUPOBAHUS
HEMETaJlJIOB?

2. CpaBHHTE CTpOCHHE KPHUCTAJUIOB KHCJIOPOJA, CEpbl, CeleHa, Telurypa W monoHus. Kak
M3MEHSIOTCS TeMIIepaTyphl TUIABJIICHHUS W KUIIEHUS B 3ToM psany? Uem 310 oObsicHsaerca? Kakue u3
MEPEYHCIICHHBIX MPOCTHIX BEIIECTB OTHOCITCS K JUAICKTPUKAM, a KaKHE - K TTOJIYIIPOBOJHUKAM?

3. 3akoHYMTE ypaBHEHUS PEaKIMil U ypaBHANWTE HOHHO-3JIEKTPOHHBIM METOI0M:

a) SeO2 + H20 + SO, — r) Na2S203 + H2SO4comm) —
0) Al>Ses + HC1pa36) — n) A1Cl3 + H2S + H2 0 —
B) KO2 + CO2 —

4. Kaxkoit 066éM SO (H. y.) moTpelyercs i MoJHOro odeciBeunBanus p-pa KMnO4
00bEMOM 250 MJI, €cli er0 MOJIIpHAst KOHIICHTpanus SKBUBasieHTa coctasisier 0,1 Monb/n?

5. Kakue coepmHeHus cepbl Ha3bIBAIOT nosmcyinbpunamu? Hamummre nx oburyro Gopmyny u
rpaduueckue Gopmynbl monu- wim nepcyinbdunaoB NapxSy, CaSy, FeSy. Kakoit u3 Hux sBisercs
MIPUPOJIHBIM COSAMHEHUEM U KaK €ro UCHOJB3YIOT B IPOMBIIIIIEHHOCTH?

Bapuant Ne2

1. Jaiite cpaBHUTEIbHYIO XapaKTePUCTHKY MpocThiXx BemiecTB. [loyemy Oz razoobpaseH, a
OCTaJIbHBIE - TBEP/IbIC BEIIECTBA?

2. CocraBbTe CTPYKTYpHbIE (DOpPMYNBI U JalTe Ha3BaHWs COCTUHEHUSM CIEIYIOIIUX PSIOB:
H2SO04 - H2S207 - H2S3010; H2S206 - H2S306 - H2S406; H2SO4 - H2SOs -H2S208. Onipenenure ux
YCTOMYHMBOCTH M OKHCIUTEIbHYIO aKTUBHOCTb.

3. Tloctpoiite Tpadmk 3aBHCHMOCTH OT TOPSIKOBOTO HOMEpa aTOMHOTO pajauyca, MepBOM
SHEPTUU MOHU3ALIMU U CPOJICTBA K AJNEKTPOHY JAJIsi aTOMOB P-3JeMeHTOB VI rpymnmsl.

4. 3akoHYHTE ypaBHEHUS PEAKIMI U yPaBHSANUTE HOHHO-3JIEKTPOHHBIM METO/IOM:

a) S0 + H3O" +Cr¥* — r) H2Se + H;O" + Cr07+ —

0) HeTeOs + H30" + CI"+ [ SnCl3]” — n) NaxTe + H2 O —

B) K2Ss + H2SO4(pazs) —

5. Kakas macca KC10s3, conepxkamero 8% mnpumeceit, Heooxoauma s nonydeHus: 50 1 Oz
pu 25°C 1 1,01 + 10° [Ta?

Tema 13. DuieMenTsl V A rpynnbl 4 UX cOeJTHHEHUS
Bomnpocsl 1u1s cobecenoBaHust

1. OmpenenuTs 3NEKTPOHHYIO CTPYKTypy odiemeHToB. Kak ona wensercs? OcobeHHOCTH
ANEKTPOHHON CTPYKTYPBI KaK0T0 JIE€MEHTA.
2. Haxoxzaenue B mpupoae. B Bume kakux coenuHeHud OHHM Bcerpedarorcs? CrocoObl MX
MOJIy4EHUS.
3. Kak u3MeHsieTcs CTpyKTypa, arperaTHO€ COCTOSHHE U PEaKIMOHHAs CHOCOOHOCTh MPOCTBIX
BemiecT”?
4.Kax wu3MeEHsAETCSd OKUCIMTEIbHO-BOCCTAHOBUTEIbHAS AKTUBHOCTH IIPOCTOrO  BelecTBa?
[ToaTBepauTe 3TO ypaBHEHUSAMHU PEAKIUIl U COOTBETCTBYIOIIMMHU pacueTaMu.
5. OcoOEHHOCTH CTPYKTYpPbI BOJOPOJHBIX COEIUHEHUH, UX KHUCIOTHO-OCHOBHAS U OKHCIUTEIHHO-
BOCCTaHOBUTENbHAs (QyHkuuu. Kak m3MeHstoTcst 3T mapameTpbl B rpynne? Uem oObscHseTcs



TaKkoe n3MeHeHne? A30THCTOBOJOPOAHASA KHCIOTa, ee colu. OcoOOEHHOCTH CTPYKTYpHI, CBOMCTBA,
YCTOWYHBOCTb, PACTBOPUMOCTH COJIet aMMOHMUS, pochoHus.

6. OcoOeHHOCTH B3aUMOJICHCTBUS METAVIOB U HEMETAJUIOB C AJIEMEHTAaMHU 5 IpyNIbl, CTPYKTypa
o0pa3yeMbIX COEIMHEHUN, HX pPEaKIHMOHHAs CIOCOOHOCTh, OKHCIUTEIbHO-BOCCTAHOBUTENIbHAS
AKTUBHOCTb.

7. Tanorenuapl. OCOOEHHOCTM WX CTPYKTYPbI, CBOWCTB, PEAKIIMOHHOH CIIOCOOHOCTH,
pPacTBOPUMOCTH, OKUCIIUTEIBHO-BOCCTAHOBUTEIIHON aKTUBHOCTH.

8.0co0eHHOCTH CTPYKTYPBI M CBOWCTB OKCHUOB, KHCIOPOACOAEPKAIIUX KUCIOT, UX OKUCIUTEIbHO-
BoccTaHOBUTENbHAsT (GyHKuusA. OcHOBaHMsA, oOpazyemble 3iemeHTamu V rpymmbl. VM3MeHeHue
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHON (DYHKIHMU 3TUX 3JIEMEHTOB B BBICUIEM BaJICHTHOM COCTOSTHUHU
KHCIIOTOOOpa3oBaTelIs.

9. Oco0OeHHOCTU CTPYKTYphl U CBOMCTBA COJIeH KHCIOPOJCOJEPKAIIMX KUCIOT, U3MEHEHHE HX
pacTBOPUMOCTH, TEPMUYECKON YCTONYUBOCTH, OKMCIUTEIHO-BOCCTAHOBUTEIBHON aKTUBHOCTH.

10. Ponb a5meMeHTOB V TpYIIBI M X COSAMHEHUN B IPUPOJIE.

JlabGoparopHuasi padora

[TpuGopsl 1 mocyna.

1) ratuB ¢ nankou. 2) I'openka. 3) ®apdoposas yamka. 4) L{uauHApHl WM ITHPOKHUE
poOupku ¢ mpodkamu (2 mr.). 5) CrekinsHHbIe TIACTUHKU (2 1mT.). 6) CTeKISIHHBIE TATOYKH (2
mt.). 7) llnarens.

PeakTuBLI M MaTepUAIEL.

1) Hutpatr ammonuss NH4NO3. 2) Cynsdar ammonus (NH4)2SOs. 3) Xmopua amMMmoHus
NH4C1. 4) Hurpar xamus KNO3. 5) JlakmycoBas Oymaxka. 6) ®@unbTpoBayiibHas Oymara. 7)
Jlyunnka.

PacTtBOpBI

1) Cepnas kucnora HoSO4 (1. 1,84 u 1:5). 2) I'uppokeun narpuss NaOH (2 H.) 3) AMMuak
BoAHBIN (25%-Hb1il 1 2 H.). 4) I'mapoxcua kampuus Ca(OH)2 (wackim.). 5) Xnopua amMMOHHUSA
NH4C1 (naceim. u 2 H.). 6) @eHondranenH (CIUPTOBOM).

A30T 1 ero CoeIMHEHUS

ITonyyenue a30Ta ¥ €ro CBOMCTBA

[Tonoxkuts B mpoOMpPKY 2 T U3MEIbUYEHHOTO HUTPUTA HATpUd M NOPUIUTh 4—5 M
HACBHIIIEHHOTO pacTBOpa XJOpHAAa aMMOHHUS. 3akpbITh NPOOUPKY NPOOKOH C Tra300TBOJHOU
TpyOKOH, 3aKpENUTh B IITATUBE U OCTOPOKHO HarpeBaTh. Uepe3 1—2 MUH ocliie Hayana peakiuu
(mouemy?) coOpaTh BBIIENAIOLIMICS Ta3 B IMIMHAP (IIHMPOKYI0 Mpobupky) Hanx Bomoi. Ilocie
HaIOJIHEHUS! LMJMHApPA Ta30M 3aKpbhITh €ro CTEKJISHHOM IUTACTUHKONM W BBIHYTH U3 BaHHBI
Hanucate ypaBHeHHE peakIMM pa3lioKeHUs HUTpuTa aMMOHHUSA. OOBICHUTH, MOYEMY BMECTO
NH4NO2 moxHo nonb3oBatbes cmeckio coneit NH4NO2 u NH4C1.

Oxapaktepu3oBath (pu3nyeckre CBONCTBa a3zoTa. B munmmuap (mpoOupKy) ¢ a30TOM BHECTH
TOPSAIIYIO JTYYHUHKY (UTO MPOUCXOIUT?) WIIM BIUTHh U3BECTKOBOM BOJBI U B300ATaTh. I3MeHseTCs nt
U3BECTKOBast BoJa?

Peaknus Ha MOH aMMOHUSA

B npoOupky HanuTh HEMHOTO pacTBopa coiu ammonusi, Hanpumep NH4C1, npubasuts 1—2
mia pactBopa NaOH u Harpers. IlogHecTn K OTBEpCTHIO NMPOOUPKH, HE KacasiCh €€ CTEHOK,
CMOYEHHBIE BOJOW KPACHYIO U CHHIOIO JJAKMYCOBble OyMaxkku. L[BeT kakoW M3 HHUX M3MEHWICS?
Hanucatp ypaBHeHus peakuuid. Tak Kak U3 BCeX ra3oB TOJIBKO aMMHaK C BOAON 00Opa3yeT IIeNnoub,
TO MOCHHEHHE JIAKMYCOBOM OYMaKKH B Tapax yKa3bIBacT, 4YTO B pacTBope mpucyrcTByeT noH NHs'.
B Tom ciywae, korma KOJMYECTBO BBIIETSIOUIETOCS aMMMaKa JOBOJBHO OOJBIIOE, €r0 MOXKHO
OOHapY>KUTh I10 3araxy.

TepMmuyeckoe paznoxeHue cosneid aMmMonust (Onvimul nPOBOOUMb & BbIMANCHOM WKAGDY)

a)llonoxuth Heckonbko kKpuctaiwioB (NH4)2SO4 Ha KpBIIKY THIIIS M HarpeTh Ha cetke. [1pu
357 °C (NH4)2SO4 pasznmaraetcs, OTIHICIUISSI aMMHaK M IJIaBsICh; pacilIaBIieHHAs Macca COCTOUT W3




cMmecu TuIpocyibdara u cyiabdpara aMMoHus. OOHApYXUTh BBIICISIOIIMICSI aMMHUAK, MPOJEIaB
COOTBETCTBYIOLIMH onbIT. Hanucare ypaBHeHUE pa3iokKeHus Cynb(ara aMMOHHUS.

0) Ha xpbIuky turias nomectuTh Heckoibko KpuctamioB NHsNO3s u octopoxHO Harpers Ha
CeTKe IPU OIYLICHHOM CTEKJE BBITSKHOrO mkada. Ocraercs JIM Ha KPBILIKE TUIJS Kakoe-Iu0o
BELIECTBO IIOCIE Ppa3JIOKEHUs Bcex KpucramioB? Hamucarh ypaBHEHHE peaklMM U I0Ka3aTh
nepexo 3MeKTpoHOB. OOBACHUTD Pa3INYHOE OTHOIIEHUE COJICH aMMOHHUS K HarpeBaHUIO.

Bo3sroska xjgopuja aMMOHUSA

ITomectB Ha nHO npodOupku odeHb HemHoro NH4Cl, HarpeBath ero, aep:xa HpoOHPKY
HakiIoHHO. Habmromate, 4To 0oOpa3yercss Ha XOJOAHBIX YacTsAX MPoOUpKkH. OnpeaenuTb ONbITHBIM
IIyTE€M, OTJIMYAETCS JU BO30OIHAHHOE BEIIECTBO II0 COCTaBy OT McxogHoro. Hammcars ypaBHEHUS
peaKuuid.

KucaopoaHble COSIMHEHNS a30Ta

[TpuGopsl 1 mocyna.

1) Texnoxumuueckue Bechl ¢ pazHoBecoM. 2) Illtatus ¢ koabpiioM U yankoi. 3) ['openka. 4)
dapdoposast crynka ¢ nmectukom. 5) @apdoposas gamka. 6) Boponka. 7) Humuaapst (3 mrT.). 8)
[Ipobupka c mpobkoil. 9) Crexnsnnble twiactuHku (3 mr.). 10) M3ormyras tpyOka. 11)
CrekinsHHbIe nanoyku (2 mr.). 12) HltaTtus ¢ npoOupkamu.

PeakTuBbI U MaTepHAIIbI.

1) Hurpar varpus NaNOs. 2) Xnopun natpus NaCl. 3) Hurpat ceunnia Pb(NO3),. 4) Hurpar
cepeopa AgNO3. 5) Jlem wiu cuer. 6) CreknsHHas Bara. 7) JlakmycoBas Oymaxka. 8)
@unbTpoBanbHas Oymara. 9) Jlyunnka. 10) Kycouek mepcrsiHol TKaHH.

PacTtBOpBI.

1) Azornas xkucinora HNO3 (1. 1,4, 1:1 u 2 1.) 2) Cepnas xucinora HoSO4 (1. 1,84 u 2 H.).
3) Consnas kucnora HC1 (mn. 1,19, 1:1 u 2 u1.). 4) I'mapokeun vatpus NaOH (2 H.). 5) Ammuak
BoAHbIN (25%-nb1it). 6) Monun kamus Kl (0,1 n.). 7) Ilepmanranar kanmus KMnOg4 (0,1 H.). 8)
Hutpur natpus NaN02 (1 u.). 9) Jlakmyc (wu ¢pykeun). 10) KpaxmansHslii kieicTep.

[Tonyuenue u cBoricrBa okcuaa azora (1)

[Tonoxkuth B mpoOMPKY HEMHOTO HUTpAaTa aMMOHHUS M OCTOPOKHO (mouemy?) Harperb. K
OTBEPCTHUIO IPOOUPKH MOTHECTH TIICIOUIYIO JIYIUHKY

Uro nabmonaerca? KakoB cocraB Bbliensomerocss raza? OTMETUTh €ro IBET M 3arax.
Hamncars ypaBHeHUe peaknuuu.

CBoiicTBa a30THOM KUCHOTBL (Pabomy npoeooums 6 blmaAicHOM wKagy)

a) Pasznoocenue npu nacpesanuu. Hamuts 1—2 M HNOs, momydeHHON B HpeasiayieM
OIbITE, B NPOOUPKY M YKPENHUTh IOCIEAHIOI BEPTUKAJIbHO B IuTaThBe. He cuiabHO Harpersb
KHCIOTY. BHecTHm B mpoOMpKYy TICHIOIIYIO JIYYHHKY, Jepka ee mmnuamu. Yrto Habmromaercs?
Hanwucats ypaBHeHue peaxiuu pasznoxxeHusst HNOgz.

6 ) [eticmsue pazbasnenHoli azomuou Kuciomsl Ha memannvl. 110JOXKUATH B TPOOUPKY
HEMHOTI'0 KeJIe3HBIX ONMWJIOK WM CTPY)KEK M IpubaBUTh ymepeHHO pa3basneHHod HNO3. Kaxoii
BbIensieTcs ra3? HammcaTh ypaBHEHHE PEaKIIHH.

B oaHy npoOupKy MojIoKUTh KyCOUYeK LIMHKA, BO BTOPYIO - KyCOYEK OJIOBAa U MPHUIUTH B 00€
npobupku cribHO pazbasieHHyro HNO3. B TeueHne HECKONBKHX MUHYT KHJIKOCTH B30AJTHIBATH,
3aTeM CIUTh PAacTBOP C HENpPOpPEarvpoBaBIIEr0 METaUla M JI0Ka3aTh HAJMYME B PacTBOpE MOHA
NH4*. Hanucath ypaBHEHHS pEAKIIHIA.

PaznoxeHue HUTPATOB NPU HArPEBAHUU

[Ipokanute B mpobupke, 3akperuieHHON B mTaTtuBe, okoso 1 1T NaNO3. Hab6monarts
BblJleNieHue ra3a. Jlokas3aTh, Kakoil BbLIEIsEeTCSs Ta3 U KaKoe BELIECTBO OCTAETCS B INPOOHUPKE,
IIPOJIENIaB OIBITHI Mocie ee oxyaxaeHusa. Hamucars ypaBHeHMs peakuuii. BCIIOMHUTB, Kak NpH
npokanuBanuu paziaraercs KNO3.

docdop u ero coeTMHEHUS
ITpuGopsl 1 nocyna.
1) TexHOXMMHYECKHE BECHl C pa3HOBECOM. 2) YHHUBepcajbHas WHAMKAaTOpHas Oymara. 3)
Bonsnas Oans. 4) IllratuB ¢ xombnom u nankoif; 5) [openka. 6) dapcdopoBas crymka. 7)




®apdoposas yamka. 8) @apdoposas kpeiika ot T, 9) Crakan emkoctbio 100 mi. 10) Humist
turenbHbie. 11) Boponku (6onbimas u Manas). 12) lltatus ¢ nmpooupkamu. 13) Hox. 14) ITunner.
15) AcGecroBast cetka. 16) CTeksHHAs MaloyKa.

PeakTuBbI U MaTepUAaIbI.

1) ®@octhop (kpacusriif). 2) Huruapooprodocdar narpus NaH2PO4. 3) T'mmpooprodocdar
Hatpusi Na;HPOgs. 4) JlakmycoBas Oymaxkka. 5) @unbTpoBasibHasi Oymara. 6) Bara.

PacTBOpBI.

1) Azornas kucimora HNO3 (konir., mi. 1,412 u 2 u.). 2) Cepnas kucinora H2SO4 (1:1). 3)
Consirast kucnora HC1 (konn., . 1,19 u 4 H). 4) Oprodocdhopras kucmora HsPOs (I H.). 5)
®dochat Hatpus NazPOs (11.).11). 6). Juruapodocdar narpus NaH2P04 (1 H.), 7) I'uapodocdar
natpusi Na2HPOq (1 1.). 8) Hutpar cepedpa AgNO3 (0,1 H.).

[onyuenue okcuaa dhocdopa (v) (hochopHoro anruapua)

(Pabomy nposooums 8 8bImMsANCHOM WKaqhy)

B dapdopoByro wamiky, mocTtaBieHHYHO Ha acOECTOBYKO CeTKy, moioxutb 0,4—0,5 r
kpacHoro ¢ocdopa. Hax gamkoii Ha HeO0IbIIOM paccTossHUA (0K0JI0 0,5 CM) OT CETKH YKPEIHUTh
CYyXyl0 BOpOHKY. 3axeub ¢ochop HakaleHHOW CTeKIssHHOM mamoukoi. Kakoe coeanHeHue
ocakaeTcs Ha cTeHKax BopoHku? Hammcats ypaBHenme peakumu. Korma Bech ocdop cropur,
BJIO’KUTH BOPOHKY B KOJIBIIO IITATUBA U OCTABUTH JI0 CIEIYIOIIETO OMbITA.

Peakiu Ha MOHBI PocHOPHBIX KUCIOT

a) K pactBopy runpodocdara natpus npunuth pactBop AGNOs. Uto mpexacrapnser coboit
BhINaBmIni ocazok? Kakos ero nser? McnbiTaTh OTHOIIEHHUE OCAKA K PACTBOPY a30THOM KHUCIIOTHI.
HanucaTs cooTBeTCTBYIONINE YPAaBHEHUSI PEAKIIUH.

Coinn oprodochopHON KUCITOTEI

a) Docpamer mampus u ux eudpoaus. Ilo BenMUMHE KOHCTAHTHI JWCCOLMALIUU
optoocHOpHON KHCIOTHI TPEINOJIOKUTh, MOABEPTAOTCS JIM TUAPOIH3Y (ochaThl METOYHBIX
MeTaioB. Ha kakol cTyneHu JOHKEeH MPaKTHUeCKH OCTAaHOBUTHCS TUIpoin3 docdara HaTpus?

[TpoBepuTh CBOM MPEIONOKEHHS, UCIIBITAB PACTBOPHI THAPO-, Auruapodocdara u docdara
HATpUsl KpacHOW M CUHEHW JTakMycoBOW OyMmakkamu. HamucaTh ypaBHEHHME peakIMHM THIPOJIH3a
¢dbocdara HaTpus MO mepBOM CcTymneHW. HakorieHne KakuxX HOHOB MPEMATCTBYET JalIbHEUIIeMy
ruaponusy 3toit comu? Ompenenuth pH pacTBOpOB C MOMOIIBI0 YHHUBEPCATbHOW WHAMKATOPHON
Oymaru.

Cypbma

[IpuGops! 1 nocyna.

1) ®apdopoBas yamika, crakad. 2) dapdopoBast Kpblika oT THUISL. 3) MepHbIl HUIMHID
emMKocTbio 25 mit. 4) ltatus ¢ npoOupkamu. 5) Y3kas npobupka, 6) LI{uniel TurensHele.

PeakTuBBI U MaTepUabl.

1) Xnopuz cypemst (I1I) SbC13. 2) Jlakmycoas Oymaxka. 3) bensun wiu adup.

PacTtBOpBI.

1) Azornas xkucnora HNO3 (kontr., . 1,412 u 2 u.). 2) Consanas kucinora HC1 (xoHir., 1.
1.18; 1:1; 1:3; 2 n.). 3) Cepnas kucnora HoSO4 (ko1 mi. 1,84). 4) I'unpokcun Hatpus NaOH (2
n.). 5) Ammuak Boansiid (2 H.). 7) Momnna kamus Kl (0,1 1.). 10) Hurpar cepedpa AgNO3 (0,1 1.):
11) Xnopun cypemsr (I1I) SbC13 (0.5 1.),

ITonyuenne u cBoiicTBa ruapokcuna cypsMsl (111)

a) lomyuuth ocanok runpokcuna cypsmsl (III). M36erats u3obbITKa menoun. OTMETUTDH I[BET
U BUJ ocaaka. Hamucate ypaBHEeHUE peakiiH.

0) Pa3nenuTh noyydyeHHbIN ocalok Ha JBe yacTh. VcibITaTh ero otHouieHue k pactsopy HC1
u x pactBopy NaOH.

Ha ocHOBaHMM OIBITOB CJieNIaTh BBIBOJI O XUMHUYECKUX CBOMCTBaxX ruapokcuna cypbMsl (I1I).
Hanucats ypaBHeHMsI peakuuii B MOJIEKYJIIPHOM U MOHHOM (opmax.

I'uaponus coneit cyppmbl (111)




Hemuoro xnopuaa cypeMsl (11I) pacTBopuTh B HECKOJIBKUX KaIuLsIX BoAbl. PacTBOp ucnbiTaTh
JaKkMycoBoi Oymakkoi. OOBSICHUTh M3MEHEHHUE 1IBeTa Jiakmyca. [IpubaBUTh JUCTUIIMPOBAHHON
BOJIbI 10 TosBNICHHS ocagka. OOBSICHUTH, TOUYEMy IpU pa30aBICHUHN PaCTBOPA MOSBISETCS OCAJIOK.

Hammcarp ypaBHeHUE peakiuu ruapoiausa xjuopuaa cypbMbl (I1I), yauTeiBas, 4To BBINTABIIHMA
ocaJiok npezacrasisieT codoi xinopua antumonmia SDOCI. Kak on oOpasyercs?

J106aBUThH K MOJYy4YEHHOMY OCaJKy HECKOJIbKO Karellb KOHIEHTpupoBaHHOTo pactBopa HCI.
Habmronate npoucxossmue n3mMenenus. /latb o0bsicHeHNe HaOII0JaeMbIM SIBJICHUSIM.

[Ipu nanpHeiieM paz0aBieHUH pacTBOpa BOAOW HaOIIOAAaTh CHOBA BhINajeHue ocalika. [laTh
00BsICHEHHE.

TecToBbIC 321aHUA
Bapuanr Ne 1
1. DHeprus cBsi3u O-H BbllIe B MOJIEKyIIE:

a) NH3 B) AsH3

0) PH3 r) SbH3

2. OKUCIUTENBHEIE CBOMCTBA TUAPA3UH IIPOSIBIISET B PEAKIIUK:

a) Zn+N2oHs+HClp-p)= B) CuCl2+N2Hs+NaOH as6)=
0) I2+N2H4+H20= r) SNCl2+N2H4+ HClpp)=

3. IIpu nony4yeHur a30THOW KUCIIOThI, MAKCUMAJIbHOE HCII0JIb30BAHKE ABYOKHUCH a30Ta
JOCTUTacTCA B pCaKIMU:

a) NO2+H20+02=

6) N02+H20(ropﬂq):

B) NOZ"‘HZO(xonon):

4. BoccranoBurenbsHbie cBOiCTBa B psany HaPO2-H3POs-H3PO4

a) YBEIMYUBAIOTCS

0) cHauaia yBeJIMYUBAIOTCS, 3aTEM YMEHBIIAIOTCS

B) CHauaja yMEHbBIIAIOTCS, 3aTeM YBEIUYUBAIOTCS

') YMEHbILAIOTCA

5. Cpena pacTBopa rUApa3suHTHApATA SABIAETCS # # #

6. [IpocTpancTBeHHas: KOH(UTYypanust MOJeKyibl pochuna # # #

7. B pany: HF — H20 — NH3 nmonsipHOCTH cBsi3u # # #

8. Uctunnas ¢opmyna okcuna pochopa(lll) # # #, motomy uro # # #.

9. IIpocToe BemecTBO a30T CYHIECTBYET B BUE JIByXaTOMHOM MOJIEKYJIbI, TAK KaK aTOMbI a30Ta
CIIOCOOHBI 00Pa30BBIBATH MEXKIAY COOOH OYEeHb POUHBIE # # #

10. TepMI/IquKOC PAa3JI0KCHUC HUTPATOB IMIPOTCKACT ITO-PA3HOMY B 3aBUCUMOCTHU OT CBOICTB
KaTHOHA COJIH. Y CTAHOBUTE COOTBETCTBHEC:

1) HUTpaTHI METAJIIIOB CpeAHEN aKTUBHOCTH A) HUTPUTHI METAJUIOB U KUCIOPOJ

2) HUTPAThl HEAKTUBHBIX METAJJIOB b) oxcuapl meramios, okcua azota (1V) u kucnopon

3) HUTPATHI MIEIOYHBIX METAIIIOB B) metanmsl, okcun azota (1V) u kucnopon
Bapuant Ne 2

1. AMMHaKk Moay4aroT B pe3yJibTaTe PEaKIuu:
a) Ha+Nzt kay— B) (NH34)2Cr.07—



0) MgzsN2+HO— r) (NH4)2HPO41—

2. Oxucnurenbhbie cBolicTBa B psay HNO3z-H3PO4-H3AsO4-Sho,0Os-NaBiOs

a) cHayaJa yBEJINYNBAIOTCS, 3aTEM YMCHBIIAIOTCS B) YMCHBIIIAIOTCS
0) cHayayia YMEHBIIIAIOTCS, 3aTEM YBEIMUNBAIOTCS I') YBEIINYHBAIOTCS

3. BastenTHsiit yrou B psaay NHs - PHz - AsH3 - SbH3 # # #, motomy uto # # #.

4. Monekyna hochopucToit KUCIOTH UMeeT # # # aTomMa BOAOPO/Ia, CIIOCOOHBIX K KUCIOTHO-
OCHOBHOMY B3aUMO/ICHCTBHIO.

5. boiiee CUIBHBEIM BOCCTAHOBHUTEIIEM SIBIISICTCS:

a) NH.OH 0) N2Ha B) H202
6. Camoii CHJIbHOM U3 NMEPEUYHUCIICHHBIX KUCIIOT SBIISIETCS:

a) HNO3 6) HNO- B) HN3

7. MetadochopHast KUCIIOTa MOIy4aeTCsl B pe3yabTaTe peaKkiuu:

a) P20s+H,0— 6) H3POusp—

B) PC|5+H20(ropﬂq)—> r) NasPO4+H,0—

8. Kucnorusie cBoiicta B psaxy H3PO2 - H3POsz - H3PO4 — HsP207
a) YMEHBIIIAIOTCS B) IPAKTUYECKU HE U3MEHSIOTCS
0) yBEIMYMBAIOTCS I') U3MEHSIOTCS HEMOHOTOHHO,

IOTOMY UTO # # # .

9. braronapst HAJMYKIO 3aMIOJTHEHHOTO 4f-TIOAYPOBHS U SIPKO BBIpaXXEHHOTO 3 dexTa
MIPOHUKHOBEHUS 6S-niaphl, coeAnHeHus: BUCMYyTa(V) SBISIOTCS CUIbHBIMU # # #.

10. Ycra"HoBuTEe COOTBETCTBHUE:

1) dochopucras kucnora A) H3PO4
2) dochopHOBaTHCTas KHCIOTA b) H3POs3
3) a30THas KMCIOTa B) H2N202
4) a30THCTast KUCIIOTa I') HNs

5) a30THOBaTHCTas KUCIOTA (a30TUCTOBOJOPOIHAS) 1) HNOs
6) a3uI0BOIOPOHAS KHCIIOTA E) HNO2
7) oprodochopHas Kuciora X) H3PO;

Konrtpoabnas padora 10
(«QuieMeHTHI V A rpynnbl 4 HX COeTHHEHUS»)
Bapuant Nel

1) Omummre crpykrypy NH2OH u N2, ocHOBHbBIE CBOWCTBa, CIIOCOOHOCTH K acCOIMAIMH
MOJIEKYJl, CAaMOMOHM3alMu, K B3aumoneictBuro ¢ H>O wu kucimoramMu, K MNPOSABICHUIO
OKHCJIUTEIbHBIX U BOCCTAHOBUTENBHBIX CBOMCTB. [IpuBeuTe ypaBHEHN peaKuil.

2) IlpuBeaute npumepbl rajioreHu0B M okcuraioreHunoB P(V). OnummTe uX CTpoeHHE.
KakoBbI X KMCIOTHO-OCHOBHBIE CBOMCTBA (IIPUBEIUTE YPAaBHEHHSI PEaKIIHii)?

3) Ilo yMeHblIEHHIO TEPMUUECKON yCTOHYMBOCTH Oe3BOJIHBIE HUTpaAThI(V) pacronaraiorcs B
CHEAYIOUMNA DAL HUTPATHI IIEJIOYHBIX METAJIOB (575-675°C), HUTPAThl IIETOYHO-3EMENbHBIX
Metamnos(575-560°C), murparsr Co (II), Ni (II), Cu (11); Zn (11) (270-350°C), Be (125°C), Cr (111)
(50°C), HNO3 (na cBety mpu 0ObIUHBIX YCIIOBHIX). Kak MOXXHO 0OBSCHUTD MaZieHUe YCTOWYMBOCTH
B YKa3aHHOM psy?



Bapuant Ne2

1) IlocTpoiiTe »SHEPreTHYECKyH auarpaMMy OpOUTalell ¢ TNPUBEIUTE DJICKTPOHHBIC
KOH(UTYpaIliii OCHOBHOTO COCTOSIHHSI MOJEKYyibl Ny ¥ MOJEKYIsipHbIX HOHOB Np™ m Ny. KakoBbl
M3MEHCHUS 3HAYCHHI MEXbsaaepHbIx paccrosuuit (0,118; 0,1097; 0,125) u snepruu muccouunanuu (842,7;
945,3; 744,8 xJIx/mMomb) B psimy No* - N2 - N2™?

2) OnummuTte CTPYKTYpbl OKCHUJIOB P-3JI€MEHTOB V rpymmbl B TMSITHUBAJICHTHOM COCTOSIHHH,
CBSI3U, YCTOMYMBOCTH, OKUCIIUTEIIbHO-BOCCTAHOBUTEIBLHBIC CBOMCTBA M KUCIOTHYIO (DYHKITHIO.

3) IlpuBenure npumepbl peakiui, WUTIOCTPUPYIOLINE OKHUCIUTEIbHBIE, BOCCTAHOBUTEIIbHbBIC
CBOMCTBA, a TaK)Ke MPUMEPHI AUCTIPONOpIMOoHUpoBaHus HoHa NO2™ (IMMOKaKUTE CTPYKTYPY aHHUOHA,
CBSI3H, YCTOMYHMBOCTB).

Tema 14. Duementsl |V A rpynnsl 1 X coelMHEHUs

Bomnpocsl 1i1st cobecenoBaHust
1.  Paccmorpure 53neKTpoHHBIE KOH(pUTypauuu artomMoB p- 3neMeHToB IVA rpymmer. Kax
U3MEHSIOTCSl aTOMHBIE PaJuyChl, SHEPIUs HMOHU3ALMUHU, CPOJCTBO K AJIEKTPOHY C YBEIMYCHHEM
MOPSAIKOBOTO HOMEpa 3jeMeHTa?
2.  KakoBbl creneHu okuciaeHus sineMeHTOB |IVA rpymnnbei? Kak u3MeHseTcss ycTOWYMBOCTh
COEIMHEHUH C pa3IMYHON CTENEHbIO OKUCIIEHNUS C YBEIMUYEHUEM IIOPSAIKOBOrO HOMEpPA JIeMeHTa?
3. PacmpocTtpaneHue 351eMeHTOB B npupoie. CrocoObl NOIYYEeHUs IPOCTHIX BEIIECTB.
4.  [laiiTe XxapakTepHCTUKy MpOCTbIM BeuiecTBam 3yieMeHToB IVA rpynnbel.  [lokaxure
CTPYKTYPBI Pa3in4HbIX Moaupukauuil. O0bsicHUTE paziauuue (PU3NYECKUX CBOMCTB, MMEIOLIMXCS
MOTU(UKAINHI TPOCTHIX BEIIECTB p- 37eMeHToB |V rpynmsl.
5.  Ilokaxurte BIMSHUE CTPYKTYpPHI IPOCTHIX BELIECTB HA XMMUYECKYI aKTUBHOCTb. [IpuBenure
YPAaBHEHUs pEaKIUil.
6. Jlaiite xapakrepucTuKy OMHapHbIM coeAMHEHUsM. Kak wH3MeHseTcs XapakTep CBA3M U
CTPYKTypa COEAMHEHMH C YBEIMYEHUEM IMOPSAKOBOIO HOMEpa 3jJeMeHTa B nepuopax? Onumumre
KHUCJIOTHO-OCHOBHBIE CBOMCTBA JaHHBIX COEJMHEHUH (OTHOLIEHHE K THIPOJIN3Y, B3aUMOJICHCTBHE C
BELIECTBAMH KUCJIOTHOTO U OCHOBHOT'O XapakTepa).
7. PaccMoTpHTe CTPYKTYpY JUTaJIOT€HUI0B U TeTparajoreHu10B aneMeHToB IVA rpynmel. Kak
M3MEHSIIOTCS U3NYECKHE U XMMUUECKHUE CBOICTBA JaHHBIX COCUHEHUM?
8.  Bognoponnsie coenuHenus sneMeHTOB IVA rpymnmel. X cTpyKTypa, U3MEHEHHE XapakTepa
CBSI3€H, TEPMOYCTOMUMBOCTb, OKUCIMTEIHbHO-BOCCTAHOBUTEIbHAS AKTHUBHOCTb, XapaKTEPHUCTUKA
(bU3NYECKUX U XMMUYECKUX CBOMCTB.
9.  PaccMmotpuTe CTPYKTYpY CYIb(QHIOB IEMEHTOB MOATPYIIEI yriepoaa. X crpoenue, cBs3my,
¢bu3nyeckre 1 XUMHUYECKHE CBOICTBA.
10. CoemuHenuss  yriuepona, KpEeMHHUs, Te€pMaHUs C  a30TOM. [lceBmoraioreHel W
NICEB/IOTANIOT€HUABl (HUTPUIBI, IMAHUIBI, THOLMAHATBI: CTPYKTYpa, CBSA3M, YCTOMYUBOCTH,
KHCJIOTHO-OCHOBHASI (DYHKITUS U T. I.).
11.  Oco0OeHHOCTH CTPYKTYpPHI U CBOMCTB OKCHAOB 3JIEMEHTOB MOArpymmsl yriepoaa B I-x u V-
XBAJIEHTHOM COCTOSIHUU. VX yCTOMYMBOCTB, OKHCIMTEIHbHO-BOCCTAHOBUTENIbHBIE CBOICTBA,
KHUCJIOTHO-OCHOBHAs (DYHKIIUS.
12.  Kucnopoacoaepkamme KUCIOTHI p-aneMeHToB |V rpynmer. X cTpykTypa, yCTOWYMBOCTS,
OKHCJINTEIbHO-BOCCTAHOBUTENIBHBIE CBONWCTBA, KUCIIOTHO-OCHOBHBIE CBONCTBA.
13. OcoOeHHOCTH CTPYKTYpbl M CBOWMCTBA COJICH KHCIOPOACOJEpKAIIUX KHUCIIOT, U3MEHEHHE
PacTBOPUMOCTH, TEPMOYCTOMUNBOCTH, OKUCIUTEIbHO-BOCCTAHOBUTEIHHON aKTUBHOCTH.
14. Ponb snementoB IVA rpynns! B npupoje. MIx npumeHeHue.

JlabopaTopnasi padora

[IpubGops! u mocyna.

1) Texnoxumuueckue Becsl ¢ pazHoBecoM. 2) Ammnapat Kunma (2 mt.). 3) MepHbIi nuausIp
it Ta3oB eMKocThio 100 mut. 4) Topenka. 5) ®apdopoBas crynka ¢ nectukoM. 6) Lwmnanp. 7)
HItatus ¢ npodupkamu. 8) CreknsHHas nanouka. 9) TpyOka ¢ orTssHyTHIM KOHIIOM. 10) BopoHka.




PeakTHBBI M MaTepuabl.

1) peBecHsblii yronb akTuBupoBaHHBIN. 2) KapOonat kampuums CaCO3. 3) Mpamop (wim
men). 4) Kapbonar maraus MgCO3. 5) I'mapokapoonar Hatpus NaHCO3, 6) KapOGonar HaTpus
Na2CO3. 7) Crnupt stunossiii C2HsOH. 8) JlakmycoBas Oymaxkka. 9) Bara. 10) Jlyunnku. 11)
QunbTpoBanbHast Oymara, 12) Crakansl (miu 6aHKH) eMKOCTBIO 250 MiT (4 mmiT.).

PactBOpBI.

1) Cepnas xucnora HoSOgs (koHir., paz06. 1:3). 2) Comnstras kucnora HC1 (1:1, 1:4: 2 1.).
3) 'mapoxcua natpus NaOH (2 u.). 4) Ammuak Boguasiii NH3 (2 M). 5) Kap6onat kamus K2COs (2
H.). 6) ['mnpokap6onar wHarpuss NaHCO3 (1 u.). 7) Kap6onar marpuss Na2CO3 (2 u.), 8) Hurpar
ceunna Pb(NO3)2 (0.5 u.,, 0,01 u.). 9) Moauna xamus Kl (0,01 u.). 10) Hurpat cepedbpa AgNO3 (0,1
H.). 11) I'mapoxkeun kanbuus Ca(OH)2 (naceim.). 12) HeittpansHblit pacTBop Jiakmyca. 13) PactBop
¢bykcuna, puonerorix yepHui. 14) Cynbdun Hatpus NazS (2 H.).

Yraepon u ero coeIMHEHUs

AncopOuroHHas cnocoOHOCTh IPEBECHOTO YIIIs

a) Bony B xonbe niM crakaHe cjerka OKpacHTh (PHOJIETOBBIMU YEPHUIAMHU WM (YKCHHOM.
Buectu B Hee MeENKO W3MENbYCHHBIH JPEBECHBI yroilb U CUIBHO B30ONTaTh. 3aTeM
or¢dunpTpoBath. Kak n3menwmcs et pactsopa? Jlate 00bsicHeHHUSI.

6) B npobupky ¢ Heckonbkumu Karisimu 0,01 H. pacTBopa HUTpaTa wiH arerara ceunma (I1)
BHectu 1—2 xammm 0,01 H. pactBopa moauna kanua. Urto Habmromaercs? HamumcaTh noHHOE
ypaBHEHUE PEaKIIHH.

B npyryro npoOGupky BIUTh 1—2 MII TOTO K€ pacTBOpa COJIM CBHHIIA, T00aBUTH B HETO MEJIKO
M3MENBbYCHHOTO AKTHBUPOBAHHOTO APEBECHOTO YIUA. 3aKpbITh MPOOUPKY MPOOKON U CHUIIBHO
B30onTarhk. OrunberpoBaTh pactBop. B ¢unerpar BHectTn 1—2 kamm 0,01 H. pacTBOpa momuaa
Kanus. Breimamaer nm ocamok B 3ToM ciydae? OObSAcHUTH HaOmogaemble sBiICHHUS. Yem
00yCIIOBIMBAETCS BHICOKAS aACOPOIIMOHHAs CTOCOOHOCTH APEBECHOTO YTJIs?

BoccTranoButenbHbIe CBOMCTBA YIS

Cobpats ipubop 1o pucynky. Hebombimoe komumdectBo okcuaa menu (II) Ha ysmcre Oymaru
nepeMeliaTb ¢ TaKUM JK€ KOJIMYECTBOM MEJIKO H3MEIBYEHHOro JApeBecHoro yrias. (Cmecs
NepechInaTh B CyXylo IPOOUPKY, YKPEIUIEHHYIO TOPU30HTAJILHO B ILITATHBE.

3aKkphITh NPOOUPKY MPOOKOH C U30THYTON ra300TBOJHON TPYOKOHM, KOHEL KOTOPOH OIYCTUTh
B COCYJl C U3BECTKOBOM BOJOW. [IpoOMpKy CHIIBHO HarpeBaTh 0 MpEKpallleHusl BbIIAECIEHUS rasa.
HaGmtomate 3a mnpoucxoasuMu u3MeHeHHsMH. JlaTb mOpoOupke OCTBITh, PAacCMOTpPETh €€
COJZIEp’)KUMO€E, OTMETUTH €ro 1BeT. HamucaTe ypaBHEHUE peakilnu.

[Tonydenue u cBoiicTBa okcuaa yraepoaa (1)

(Bce pabomul ¢ okcuoom yenepooda (1) nposooumu 6 ebimsaxcrom wxagy)

a) CobOpare npubop mno pucyHky. B konOy Bropma momectuts 5 r maBeneBOil KHUCIOTHI
(MO>XKHO MYPaBBHHOM), a B ICTUTEIHHYIO BOPOHKY HAMUTH 12—15 mut koHnenTpupoBanHoi H2SO4.
HeGonpmyMy nopiusiMu NpUIMBaTh K I1aBEJIEBOM KUCIOTe KOHUEHTpupoBaHHyto H2SOs4 n cmech
HarpeBaTh. BbDKIIaB HEKOTOpoe Bpems, MOCie Hayala peakluu, coOpaTh BBIIEISAIOUIMICS Ta3 B
LWIAHAP HAJl BOJIOK.

3aKpbITh IUJIUHJIP TOJ BOJOM CTEKISHHOW IUIACTUHKOM, BBIHYTH M3 KPUCTAIIM3aTOpa M
COXPAHMTH IS CIEAYIOIIETO OIBITA.

6) OTKpBIB HWIMHJIP, OJKEUb COOpaHHBIN B ONBITE @) ra3. BiuBathk B HWIMHIpP BOAY, MOKa
BeCh raz He Oyner BbITecHeH. OOpaTuTh BHMMaHUE Ha IBeT IulaMeHH. COCTaBUTh YpaBHEHHUS
peakuuii u ero ropenus. [louemy mpu nomyyeHun uuctoro okcupaa yriaepoaa (II) pasnoxenuem
LIABEJIEBOM €T0 CIeAYEeT NPONYCKaTh YEPE3 pacTBOP IIEI0Un?

6) B xonOy Hamuth 10— 15 mu konunentpupoBanHoi H2SOs, B BOpoHKy — 4—6 M
MYypaBbHUHOM KHCJIOTHI (MOXKHO BOCHOJB30BaThcs NMpHOOpoM U3 ombiTa O a). B Tyrommaskyto
CTEKJISIHHYIO TPYOKY MOJIOKHTh HeMHOro okcupga menu (II), B mpoOupKy HaluTh M3BECTKOBOM
BOJBI.

OCTOPOKHO HarpeTh CEPHYIO KUCIOTY U MO KaIuIIM J00aBiATh K HE MypaBbUHYIO KHUCIIOTY.
Yepes 2—3 muH, Koraa npubdop Oyaer 3anoiHeH okcuaoM yriepoza (1), omycTuts ra3o00TBOIHYIO




TpyOKy B MpOOMpPKY C M3BECTKOBOM BOaOH, HarpeBarth okcunx menu (II) m Bpems oT BpemeHH Yy
OTBEpCTUSl MPOOUPKU TMOJPKUraTh HeNpopearupoBaBiIuid ra3. HaOmronaTe 3a mpoHCXOAsIuMu
apieHusMu. Hamucate ypaBHeHus peakumil. Kakyro posib Beimonssier okcup yriepoga (II) B
OKHUCJIUTEIHHO-BOCCTAHOBUTENBHBIX Ipolieccax?

Ilonyuenne u cBoiicTBa okcuaa yraepoga (IV)

a) B anmapar Kumnma mojgoxuTth Kycouku mpamopa u Hanuth pactBop HC1 (1:4). Habmonats
BbIJIETICHHUE ra3a. MOXHO JIM MCIIOJIb30BaTh [Tl 3ToM 1eiu pacTBop HoSO4?

0) Bwimenstommiicss w3 anmapara Kunma ra3 nponycTdTh B HPOOHMPKY C  BOJOM,
MOAKPAIICHHOW HEHUTpallbHbIM pPacTBOpoM Jiakmyca. Uto Habmomaercs? Hamwcars ypaBHeHUs
peakuuii, npoucxoasumx npu noiaydenu CO2 u pacTBopeHuu €ro B Boje. [lomydeHHbI pacTBOp
CO2 B BOAE, NOJKpAIIECHHBIM JAaKMycoOM, HpPOKMISITUTH. M3meHsercs nu 1Ber? Bslpasuth
ypaBHEHHUSMHU paBHOBECHE, CYIIECTBYIOIEE B BOJHOM pacTBope okcuna yriepoga (IV). Kax
CMeCTUTH 3T0 paBHOBecue? Kakum ciocobom moxHO codbupars CO2?

O6pazoBaHue coeil yroabHOW KHCIOThI

a) B mpoOupKy ¢ M3BECTKOBOM BOOW MpOMycKaTh B TeueHue 2—3 MuH ObIcTphIid TOK COo.
Kakue npoucxoxst uzmenenus? Hammcate ypaBHenusi peakuuii. Ha3Bath oOpasyromiuecs: couu.
Hanucats ux ctpykrypHbie popmysnbl. Caenats BbIBOJ 00 X pacTBOPUMOCTH B BoJe. [lomyueHHbII
PacTBOp OCTaBUTH AJIS CIEYIOIIETO OMbITA.

0) PacTBOp, MOyYeHHBI B ONBITE @), pa3iaUTh B JABE MpoOupku. OQHY U3 HUX HArPETh, B
Ipyryio 100aBUTh N3BECTKOBOM BoJbl. HanmucaTh ypaBHEHUS IPOUCXOISAIINX PEAKIIHIA.

8) Ilpobupky, HanonHeHHY!0 CO2 U 3aKpBITYIO0 MPOOKOH, OMPOKUHYTH B KPUCTAJLIU3ATOP C
pasbaBiennbiM pactBopoM NaOH, mocie uero OTkpbITh HpoOKy. OOBSICHUTH MPOUCXOJSIICE
sBiieHue. Hanucars ypaBHEHUE peaklUU.

(Ilocne nposedenus 0aHHO20 onvima MuameIbHO 8bLMbIINb PYKU.)

I'uaponus cosield yroibHOM KUCIOTHI

Ucneitate peiictBue pactBopoB NaxCOsz, NaHCO3, KoCO3 Ha He#lTpanbHBI pacTBOp
nakmyca. Hanmcars ypaBHEHUsI peakiuil THIPOIN3a B MOJEKYIISIpHOW M MOHHOHM (opmax. Kakas
cosib B 6onbieil crenenu noasepraercs ruaponausy: Na2COs nian NHCO3? [late oObsicHeHuE.

CaoiicTBa coseil yroinbHON KUCIOThI

a) Ucneitats oTHOmeHue k Boje U Kk pactBopam HCI m CH3COOH cnenyromux cosneid:
Na2COs3, MgCO3, CaCOs. Hanucarb ypaBHEHHs! peakiMil B MOJIEKYJISIPHOM M MOHHOH (opmax.
OOBbacHUTH HAOMIOTaeMbIe SIBIICHUSL.

6) Ucneitate otHOomeHue k HarpeBanuio NaHCOsz, Na2COs, CaCO3. [lns 3Toro HebobII0e
KOJIMYECTBO COJIeH MNpOKaJUTh B MPOOMPKAaX C Ta300TBOAHBIMM TpyOKaMu (ONMYyLIEHHBIMH B
U3BECTKOBYIO Boay). Habmronate 3a npoucxoasmumu npoueccamu. Hanucats ypaBHEHUS peakiMid.

On0BO, CBUHEL U UX COCINHEHUS

[IpuGops! 1 nocyna.

1) Texnoxumuueckue Bechl ¢ pazHoBecoM. 2) IlltatuB ¢ mpobupkamu. 3) XKenesznas
npoBosioka. 4) YacoBoe ctekino. 5) AcbecroBas cerka. 6) JKeneznas manmouka. 7) dapdopoBas
Yalka.

PeakTuBEI 1 MaTepUaIEL.

1) Xnopun onosa (II) SnC12-H20. 2) @unsrpoBansHas 6ymara.

PactBOpBHI.

1) Cepnas xucnora H2SOs (koni., mn. 1,84, 30%-nas u 2 H.). 2) Consnas kucinora HC1
(voHIL., o1.; 1,19 u 2 u.). 3) I'mapokcua vHatpust NaOH (40%-nb1it u 2 1.). 4) 5) Xnopua onosa (II)
SnC12 (0,5 u.). 6) Hutpat Bucmyta (I1I) Bi(NO3)3(0,5 u.). 7) Hurpar ceunma (1) Pb(NO3)2 (0,5 1.).
8) Nomun xamus Kl (0.1 u.). 9) Xpomar kamus KoCrO4(0,5 H.). 10) CepoBogopoanast Boga. 11)
Xnopun Hatpust NaCl (0,5 u.). 12) Cynedar varpust Na2SOs (0.5 H.).

ITonmyuenue u cBoiicTBa ruapokcuaa oxosa (1)

W3 umerommxcss B J1aOOpaTOpUM PEAKTUBOB MOMy4YHTh ruapokcun onosa (II). M3beratsb
n30biTka menoun. I[loyemy? OTmeTuTh LBET U XapakTtep ocaiaka. McnobitaTe aeiicTBue Ha




ruapokcus onosa (II) kucnorsl m menoun. Hamucats ypaBHEHHS peakuuil B MOJIEKYJISPHOW U
HOHHOM Popmax. J[aTh 0OBsICHEHHE.

I'uponus xsmopuna onosa (11)

Heckonbko kpuctamminkoB SNCly « H2O pacTBOpuTh B BO3MOXHO MajOM KOJIHYECTBE BOJIBI,
npubaBissa ee 1no KawsM. OnpeaenuTh ¢ TOMOIIBIO JAKMYCOBOM OyMakKH, IOIBEPTaeTcs JIM COJb
ruaponu3y. [TomydeHHbIN KOHIICHTPUPOBAHHBIN pacTBOp pa3daBuTh Boaou. Uto nmpoucxoaut? Kak
BIMsIET paz0aBiieHWE Ha CTENeHb Tuaposm3a conu? Hamumcarh ypaBHEHHE peakIUH THIPOJIN3A.
Jloka3aTh OIBITHBIM IYTEM, YTO peaKklus THAPOIN3a sBiseTcs o0patuMoil. OOBSICHUTh MEXaHU3M
IIPOUCXOSIINX IIPOLIECCOB.

BoccraHoBHTenbHBIE CBOiCTBA SN*2

[Tomyunts pactBOp TuApoKcocTanHarta HaTpuss (II) m goGaBuTh K HeMy HeOOJIbIIOE
KOJIMYECTBO PACTBOPUMOM coiu BucMyTa. Uto HaOmromaercss? CoOCTaBUTh YpaBHEHHUS PEaKIIHM,
uMess B BHUJy, 4YTO C Hayajga oOpasyerca ocaaok ruapokcuna Bucmyta (II), a 3arem
MeKopa3apoOIeHHbIN BUCMYT. Kakue cBolicTBa nposBiser ruapokcoctanar (I11)?

ITonyuenue u cBorictBa ruapokcuaa ceunna (1)

W3 umeronieiicst B nabopatopuu pactBopumoii conu cBunia (II) moayyuTs ero ruapOKCHL.
OtmeTuth 1LBET M XapakTep ocaaka. Hamucars ypaBHeHue peakuuu. Pa3nenuTh ocagok Ha JBe
npobupku. B oany u3 Hux npubasuth pactBop HNO3 B apyryro uz0biTok menoun. Hammcatsb
YpaBHEHUsI peakUMid B MOJEKYyJsipHOW U HOHHOW ¢(opmax. Kakumu cBoiictBamu o0sagaer
ruapokcua ceuaIa (II).

O6mnapysxenue noHoB Pb** B pacTBope

C nomomipl0 peakuuid oOMeHa MOMYYHTh XJOpHUA, Ccynb(ar, oA, Cyab(Ua U XpomaT
ceunma (II). OTMeTuTs 1BET U XapakTep ocaakoB. Hamucarh ypaBHEHHE peakiuii B MOJEKYJISIPHON
1 oHHOM Qopmax. Habmonenus 3anucarb.

TecToBBIC 3a1aHUA
Bapuant Ne 1
1. MoHookcu yriepoaa NposiBIsieT BOCCTAHOBUTEIbHBIE CBOMCTBA B PEAKIIUSX:

a) CuO +CO — B) PdCl; + H,O + CO —

0) [Ag(NHz3)2]OH + CO — r) H[CuCl;] + CO —

2. Tepmuuecku HanboIe€ yCTONYMBA COJIb:

a) BaCO3 B) Cuz2(OH)2CO3

6) MgCOs r) Na2COs3

3. lnsg mepeBojia TMOKCUAa KPEMHHUS B PACTBOPHUMOE COCTOSTHUE UCTIONB3YIOT PEaKInu:
a) Si02 + KoCO3(rs) — B) SiO2 + HFpp) —

6) SiO2 + HClp-p) — r) SiO2 + K2CO3p-p) —

4. Cymma ko3 duimeHToB B JieBoit yactu ypaBHeHus peakiuu Si + HNO3koun) + HF — paBHa:
a) 11 0)9 B) 13 r) 15

5. CO gBisteTcs OKCHUIIOM:

a) 6e3pa3IMYHbIM B) OCHOBHBIM

0) amdoTepHbIM T') KHCIIOTHBIM

6. 13 Tpex momudukanmii GeO: ( rekcaroHanbHasi, TeTparoHajabHast, aMOp(HAst CTCKIIOBUIHAS )
HaUMEHbIIEH XUMAYECKON aKTUBHOCTERIO oOafaer # # #

7. N3-3a HEyCTOMYHMBOCTH BBICIIETO BAJICHTHOTO COCTOSIHUSI HE CYIIECTBYET TETpabpoMuaa u
TeTpanoauaa # # #



8. Cymma ko3¢ ¢unmeHToB B ypapHeHnn peakiuu SiO + NaOH — paBHa # # #

9. YcTaHoBUTE COOTBETCTBUE MEXKIY PsIIaMU BELIECTB U N3MEHEHUEM CBOICTB B HUX

1) CO-SiO-GeO-SnO-PbO A) yBelM4YeHHEe BOCCTAHOBUTEIILHON aKTHBHOCTH
2) H2GeO3-Sn(OH)2-Pb(OH): b) ycuiienue OCHOBHBIX CBOMCTB

3) H2CO3-H2Si03- H2GeO3-SnO2nH20 B) ymeHbIieHre B 11€710M KUCJIOTHBIX CBOMCTB

4) CH4-SiHs-GeHs-SnHy ') ymeHbIIeHHE BOCCTAHOBUTEIBHOM aKTUBHOCTH

10. 'ubpuau3zaiys aTOMHBIX OpOUTaNielt yriepoaa B rpadute # # #.

Bapuant Ne 2
1. JInst mosydeHus yriieKUCaoro ra3a B 1ad00paTopiu 0OBIYHO UCIIOIB3YIOT PEaKIIHHU:
a) CaCOs + HCI — B)C+02—
6) CaCO3 — r) H2C204 (t, H2SO4(xonn)) &0—
2. Jlna ocymenuss CO2 MOKHO MCIOJIB30BATh:
a) CaO B) H2SO4(konn)
6) NaOH r) P20s
3. I3 nepevnciieHHbIX OKCH/IOB B OOJIBINCH CTEIEHH OCHOBHBIMHU CBOMCTBAMHU 00J1a/1aeT:
a) PbO; B) GeO>
0) SnO> r) SiO2

4. BecnencTBre BHICOKOM MOJIAPHOCTHU CBsA3H D-F TeTpadTopuabl 070Ba U CBUHIIA B OTJIIMYUE OT
OCTaJIbHBIX TETPAraJIOTCHUIOB UMEIOT CTPYKTYpY # # #

5. IIpu npomryckanuu CO2 uepe3 pactBop NaOH 1o cnaborienouHoii peakuu o0pa3yeTcs Colb
a) Na2COsg; 6) NaHCO:s.

6. 30anektponna Mosiekyine CO monekyia:
a) Oy; 0) No; B) Fa.

7. Ilpu cunbHOM ipokanuBanuu cmecu SiO2 u Mg 00pasyroTcst:
a) Si; 0) SiO; B) MgO; r) Mg2Si.

8. Kucnornsie cBoiictea B psay H2CO3-H2SiO3- H2GeO3-SnO2nH20
a) YMEHbBIIIAIOTCS B) U3MEHSIOTCSI HEMOHOTOHHO,

0) yBeIMYMBAIOTCS

MOTOMY 4TO # # #.

9. B psiny TeTparagoreHu 0B yriepoaa u KpeMHUS TeMIIepaTyphbl IUIaBJIeHUs U KuneHus # # #,
IIOTOMY UTO # # # .

10. B psimy CH4 - SiHs - GeHs - SnH4 ymenbinarotes

a) TepMUYECKasi yCTOWIHBOCTb ') BOCCTAaHOBUTEIIbHBIE CBOWCTBA
0) sHeprus CBs3U 1) OCHOBHBIE CBOICTBa

B) JJTMHA CBSI3U.



Tema 15. Dnementsl |11 A rpynnsl 1 ux coeTMHEeHHA

Bomnpocel ni1st cobecenoBaHust
1. KakoBbl 53J€KTpOHHbIE KOH(HUrypauuun aroMoB 3ieMeHToB |lI-A rpynmsl u BasieHTHBIE
COCTOSIHUSI U3 HUX BbITekaronue? Kak M3MEHSAIOTCS 3HaYeHHs] aTOMHBIX PaguyCOB, IMOTEHIIHAIOB
MOHM3AMM, SHEPruu CpOJACTBA K DJIEKTPOHY, 3jeKTpooTpuuarenpHoctu? Kakue rubpuaHbie
COCTOSIHUS BJIGHTHBIX OpOUTasIeii XapaKTepHBbI ISl 3JIEMEHTOB JAHHOTO psiia?
2. Kak u3meHnsiercs xapakrep CBsizeil B COeIMHEHHSIX 00pa, aTFOMUHUS, TAIUTUS, WHANUS U TaJuTus?
3. CpaBHHTE pacnpOCTPaHEHHOCTh U (POPMBI HAXOKACHUS JAHHBIX 3JIEMEHTOB B IIPUPOJIE.
4. Kaxue mpocThle BEmIECTBA MOTYT OBITh B3STHl B KAUE€CTBE BOCCTAHOBHUTEJCH Ui MOTYYECHUS
Oopa, aniOMUHUS, ramwaus, uHIUS, Taumsg? KakoBbl yciaoBHsI MPOTEKaHWsI JAHHBIX peakuuii?
Lenecoobpa3Ho 1M MOTyUYESHUE ATIOMUHHS U3 OKCHJIa XUMHUYECKUM CIIOCOO0M?
5. Kakumu crocobamu mosryqaroT 60p 0co00it YMcToThl? MOXKHO JIM TaKUM ke 00pa3oM IMoaydaTh
AJTIOMHUHUN, TaJJINHM, MHIWH, TaIui?
6. CpaBHHTE XMMHYECKHE CBOMCTBA MPOCTHIX BEIIECTB, OTMETHTE CXOJICTBO U Pa3IHUHs.
7. Kak u3mensiercst moisipusyroliee JeiicTBUe HOHOB B PsIly OT O0pa K TaJUIUIO U CIIOCOOHOCTD MX
K ruapaTaiuu B BogHoM pactBope? [Touemy 6op B pacTBopax He oOpa3yeT KaTHOHOB?
8. T'mapuner 6opa. OnpenenuTe cTeneHb OKUCICHUs Oopa B TUOOpaHe, TEOMETPUYECKYI0 MOJICITh
Mouekynbl. Kak 00bsacHsaeTcs oOpazoBaHie MOCTHKOBBIX cBs3eil B-H-B B nu6opane no metony MO
B TpexueHTpoBoM mpubmmxennn? CpaBHHTE (QHU3MUECKHE W XMMHUYECKHE CBOMCTBA THUAPHUIOB
paccMaTpuBaeMbIX Ay1eMeHTOB. KoMIIieKCHbIE THAPUIBL.
9. aiiTe cpaBHUTEIBHYIO XapaKTEPUCTHKY OKCUIOB O0pa, alFOMUHUS, TAJUTHS, HHIMS, TaJuis. B
4eM 0COOEHHOCTHU CTPOEHUS OKCHJIA AIFOMUHHUS?
10. Oxcokucnotsl 6opa. Kak GopHast kucimora nonusupyer B Boge? KakoBa cuiia 3T0il KUCIOTHI?
Uro oOpasyercs mpu HarpeBaHuu opToOopHON KuciotTel? [lposBrnser nu OopHas KuCIOTa H
OCHOBHBIE CBOMCTBA, IPUBEIUTE JOKa3aTelbCcTBAa ATOMY. I[lonuOOpHBIE KHUCIOTBI U HX COJIH.
[Touemy pacTBOp Oypbl MMeeT wienouHyr0 peakiuio. [lepboparsl. ['mapokcua amromunus. Kax
MOKHO OOBSICHUTH €ro aM(poTepHocTh? KakoB xapakTep M3MEHEHHs KUCIOTHO-OCHOBHBIX CBOMCTB
OT THAPOKCHU/IA aTFOMUHUS K Trapokcuay tamtus (111)?
11. Tanorenuasl. AKIENTOPHBIE CBOWCTBAa aTOMOB OoOpa, aglOMHHHST B  MOJIEKYJIax
TpuragoreHu10B. OxapaxkTepusyite cBocTBa TeTpadTopoOOpHON KUCIOTH U TeTpadhTopoOOpaTOB.
Kak n3meHstoTcst CTpyKTypa U CBOMCTBA rajgoreHuaA0B 3aemMeHToB |l1-A rpynnsl B 3aBUCHMOCTH OT
IPUPOJIBI LIEHTPATIBLHOTO aTOMa U CTPYKTYPhI aTOMa rajoreHa?

JlabopaTopnasi padora

[IpuGops! 1 nocyna.

1) Boponka. 2) CrexnsHHas mnamouka. 3) CTekJsHHas TMajaoyka C TIUIATUHOBOW WIH
HUXpoMoBO# MpoBosiokoi. 4) Crakan eMmkocThio 100 M. 5) Turenbusle munusl. 6) taTtus c
poOUpKaMHU.

PeakTuBLI 1 MaTepUaIEL.

1) Maruuii (JieHTa, MOPOIIOK). 2) ANOMHHHHA (TUTACTUHKH, CTPY)KKa WM OIMUIKH). 3)
Terpabopar natpust NazB4O7 « 10H20 (6ypa). 4) bopnas kucnora HsBOs. 5) Cynsdar anromunust
A12(S04)3* 18H20. 6) Cynbsdar kamust K2SO4. 7) Xnopua vatpus NaCl. 8) JlakmycoBast Oymaxka.
9) ®unbrpoBanibHasg Oymara. 10) Haxnaunas Oymara. 11) Bara. 12) Opranundeckuil Kpacutenb
(Hampumep, METHIIOBBIA (DHOTETOBBI).

PacTtBOpBI.

1) Azortnas kucnora HNO3 (xonir., . 1,41 u 2 m.). 2) Cepnas kucnora H2SO4 (koHiI., miI.
1,84 u 2 u.). 3) Consnas kucinora HC1 (kontr., . 1,18 u 2 H.). 4) I'unpoxcun Hatpust NaOH (30%-
Helif 1 2 H.). 5) Ammuak NH3 Bogusiit (25%-ub1it). 6) Terpabopat Hatpus NaxB4O7 (Hace.). 7)
Xnopun kobanbsta (1) CoClz (konr.). 8) Cynsdar amromunaus Al2(S04)3 (0,5 1.). 9) Auerar HaTpus
CH3COONa (0,5 u.). 10) Xnopua ammonust NH4C1 (nHacemr.). 11) Cynedun natpus NazS (2 H.).
12) Cynbdar xpoma (II1) Cr2(SO4)3 (koHIr.).

bop, anromuHM U UX COETUHEHUS




[MonydeHnne opToOOPHOM KUCIIOTHI U €€ CBOHCTBA

a) B mpoOupKy ¢ HACHIIIIECHHBIM PacTBOPOM TeTpabopara HaTpus (Oypbl) OCTOPOKHO MPUIIUTH
KoHIeHTpupoBanHo H2SO4. Oxmaguth mpoOUpKy cO cMecblo mMoj KpaHoM. OTMETUTh LBET
oOpazyromuxcsi kpucramioB. Hamucate ypaBHenue peakiuu. OObacHUTH, nouemy H2SO4
BBITECHSIET OPTOOOPHYIO KUCIO0TY. MOKHO J1n B3Th 11 3T0H peakunun HC1?

6) VcnibiTaTh pacTBOPUMOCTh OPTOOOPHOM KHUCIOTHI B BOJE Ha XOJOJY M IPHU HarpeBaHUH.
BriBox 3anucars.

8) HeboubI10e KOJIMYECTBO OPTOOOPHOM KUCIOTHI PACTBOPUTH B BOJE U HCHBITATh PACTBOP
JmaKMycoBoi Oymaroii. PacTBop coxpaHuTh st onbita ja). [lo M3MEHEHHIO OKpPACKU JIAKMYCOBOU
Oymaru caenaTh BBIBOJ O CHJIE OPTOOOPHOM KUCIOTHI. BBIBOJ MOATBEpIUTH 3HAUEHUEM CTEHEHU
JUCCOLUALIUH.

0) B pactBOp OpTOOOPHOW KHCIOTHI OIYCTUTh KYCOYEK JICHTHI (WJIM IOPOIIKA) MAarHus.
Kakoii ra3 Beensiercsi? HamucaTh ypaBHEHHE peakIMM, YYUTBHIBAs, YTO IOJy4aeTcs Meradbopar
MarHusl.

e) Hakanuth B MjaMEHM TOpEIKM YHIKO IUIATUHOBOM WJIM HUXPOMOBOW IIPOBOJIOKH,
KOCHYThCSL UM pacteproi B nopomok H3BOsz u BMecTe, ¢ mpuIMnmyuMyU 4acTULAMU MOCIEIHEN
BHOBb BHECTH €r0 B IJIaMs TOPEJKU y Kpas €ro BHELIHEro koHyca. Habnrogarh u3MeHeHue 1BeTa
IaMeHu ropenku. OTMETUTD U 3anucaTh B TETPA/lb MOIYYatOIMNACS LBET INIAMEHH.

[Mosnydenue 3¢pupa opToOOPHOH KUCIOTHI (KaYeCTBECHHAS PEaKIvs Ha COSAMHECHUS 00pa)

B Turenp BHecHTE Ha KOHUYHKE IIMATEIS] KPUCTAUIBI Oypbl, cMounTe ux KoHil. HaSOs (T,
1,84) m wmaneiite 2-3 MJ 3TUIOBOro (METHJIOBOTO) crupTa. Pa3memiaiiTe cmech CTEKISTHHOU
MAJI0YKOM U MOA0XKIUTE 00pazoBaBuIniics 3gup. OTMETbTE OKpPACKy IIIAMEHH.

CoiicTBa coseil OOpHBIX KHCIOT

a) VcnbiTath pacTBOp TeTpabopara Hatpus (Oypbl) JakmycoBoii Oymaroii. KakoBa peaxius
cpensl B pactBope? HammcaTh ypaBHEHHE peakuy THAPOIn3a TeTpadopara HaTpusl.

6) 3axBaTUTh B YIIKO IUIATUHOBOW WJIM HUXPOMOBOH MPOBOJOKH HEMHOTO KPHCTAIJIOB
TerpabopaTta HaTpusi M BBecTM B miams ropenku. HabOmionate o0pa3oBaHue NpoO3payvyHOro
CTEKJIOBHJIHOTO Tepna. Hamucath ypaBHEHHME peakiMM, MPOMCXOIAIIeN ¢ TeTpabopaToM HaTpHs
IIPU HarpEeBaHUU.

¢) Ilony4yeHHblil mepa Terpabopara HaTpUsl OMYCTUTh B MPOOMPKY C KOHIIEHTPUPOBAHHBIM
pacTBOpOM COJM KOOalbTa M CHOBAa MNpPOKaduTh. OTMETUTH LBET MoOJlydeHHoro nepiua. Kakos
XUMHUYECKHH cocTas nepia? Kakoe coequHEHNE IPUAAET EMY XapaKTEPHYIO OKPacKy?

2) IloBroputs omeiT ©6). OnycTuTe NOMY4YEHHBIM Tepa Terpabopata HaTpus B
KOHIIEHTpUpOBaHHBIN pacTBOp conu xpoma (III) u cHoBa npokanuTs. OTMETUTH IBET MOIYYEHHOTO
nepia. Kakoe coenmnuenne npuaaeT nepiay OTMEYEHHYIO B OTIBITE OKPacKy?

IIpumeuanue. Ilociae onbiTa MIATUHOBYIO (MJIM HUXPOMOBYIO) IPOBOJIOKY OYUCTHUTB, JUISI YETO
pa3apoOuTh Hepi, TPOMBITH MPOBOJIOUKY PACTBOPOM COJISHOM KHUCIOTHI U MPOKAJIUTh B IUIAMEHU
TOPEJIKH.

B3anmozeicTBre altOMUHUSA CO IET0YAMU

CoOpatp mpubop s moiydeHus Boaopoaa. B mpoOupky mnpubopa HacklaTh HEMHOIO
CTpykeKk amoMuHusi U npuwinTh 30%-HbIM pacTBOp TUApOKcHaa HaTpus. Jloka3aTb ONBITHBIM
IyTeM, YTO BBIJAEINSAIONIHNICA ra3 Bogopod. (Ileped nodocucanuem eaza nposecmu nposepky Ha na
yucmomy.) Hanucatrb ypaBHEHHE PEaKIMH, YUUTHIBAsA, YTO B PEaKIUMU MPUHUMAET y4acTHe BOJA.
KakoB MexaHusM pacTBOpeHMs aliOMMHUA B 1ienoyax? Jlate Ha3BaHue oOpa3syrouemycs
TUIPOKCOKOMILIIEKCY.

B3anmonencTre altOMUHUSA C BOJIOU

[Tonoxxkuth B MpOOMPKY HEMHOIO OINUJIOK ANMIOMHHHMS U B300ATaTh ¢ 3—5 M BOJBL
[Tpoucxonut nu peakuus? /late oObsicHenue. [IpoKUNATUTG ONUIIKH, 100aBUB B MPOOUPKY 2—3 M
pa30aBIeHHOr0 PacTBOpPA LIEIOYH. 3aTEM CIHUTh JKUIKOCTh, HECKOJIBKO pa3 MPOMBITh OIMJIKH BOJIOM
JUI yOAJIEHUs ILEJOYM U OCTaBUTh UX IOCTOSTh C BOAOH. Uepe3 HekoTopoe BpeMs HaOI0JaTh
BbIIEJICHUE IY3bIPbKOB Ta3a. Jloka3aTh ONBITHBIM IyTeM, Kakoi ra3 Belnensercs. Hamucath
YPaBHEHUE PEaKINK aJTIOMUHUSA ¢ BOJOU. [Ipn kakoM yclI0BUM BO3MOKHA ATa peakius’?




B3anmonencTBrE AMFIOMUHUS ¢ KUCAOTaMU

(Onvimol 6) u 8) NPOBOOUMb 8 BLIMANCHOM WKADY)

a) O3HaKOMUTBHCS C IOJIOKEHUEM AJIIOMHHMS B JJIEKTPOXMMHUYECKUM Py HaNpsyKEHUN
METAJUIOB U € BEJIMYMHOW HOPMAJIBHOTO 3JEKTPOJHOIO MOTEHIMana amoMuHusa. Caenarb BbIBOJ O
BO3MOYXHOCTH B3aMIMOJICHCTBHS afOMUHUS ¢ pa3dasieHHbME pacTBopamu HC1 u H2SO4. Kakue
MPOIYKTHI TOJKHBI [TOJIyYaThCsl B PE3YNIbTATE PEAKIUU?

[IpoBepuTh MPaBUIBHOCTH CAETAHHOTO BBIBOJA Ha OMBITAaX, JJIS 4Yero B JIBE MPOOHPKU
MOJIOKUTh HEMHOT'O CTPYXEK allOMUHUS U MPUJINTh B OAHY MpoOupky 2H pactBop HC1, B apyryro
— 2 H. pactBop H2SOs CpaBuuth akTuBHOCTH B3aumojeiictBus amoMunus ¢ HC1 u H2SO4 Ha
xonozae. Ilomorperp mpoOupku ¢ pazdaBieHHbIMH KucioTamu. Uto HaOmomaercs? Kakoi ras
BBIJICJIACTCS B O0OMX CilydasX Ha XOJIoJe M NpH HarpeBanuu? HamwmcaTh ypaBHEHHs peakinuii B
MOJIEKYJISIPHOI 1 HOHHOU (hopMax. YKa3aTh OKHCIUTENb U BOCCTAHOBUTENb B 3TUX PEAKIUX.

6) B poOupKy OIMyCTUTh HEMHOTO CTPY)KEK aTFOMHHUA U PWUTh KOoHI. H2SO4. OcTopoxkHO
HarpeTh npoOupky. HabmomaTh moMyTHeHHE pacTBopa M OOBSCHUTH ero. HamucaTh ypaBHEeHUE
peaxkuuu.

8) Kycouek amomuHus (IIpelBapUTEbHO OYMILIEHHBIM HaXaayHOW Oymaroi) omycTuTh B
npobupky. [Ipwmute HemHoro koHI. HNOg3. [IponcxomuT oM pacTBOpPCHHE AIIOMHUHHS B KOHII.
HNO3 nHa xonoxy? Uepe3 HECKOJIBKO MHUHYT BBUIMTH KHCIOTY W3 MPOOUPKH U OCTOPOKHO, HE
BCTpsixuBass Merauia (modemy?), TMPOMBITH €ro 2—3 pa3a BOAOW. 3areM MPUIUTh
koHneHtpupoBanHoit HCI1. HaGmromath, mpoucxomut i B3aumojaeicteue amomuHus ¢ HCI.
CpaBHuTh C ombITOM a. [laTb OOBSICHEHHE, YTO MPOUCXOIUT C TOBEPXHOCTHIO ATIOMHHHUS TPH
nevicteun Ha Hee xosoaHou KoHI. HNOg3. 3arem cnute HC1, mpombiTh MeTal1 BOJAOK U NMPUIHTH
cHoBa koHil. HNO3. OctopoxHo Harpets npobupky. Kakoii ra3 Beigensercs? Hamrcats ypaBHeHHE
peakuuu anoMuHus ¢ KoHeHTpupoBanHoit HNO3 npu HarpeBanumu.

[osiydyeHune TuIpoKcH/ia aIFOMUHHUSL U UCCIIEIOBAHUE €r0 CBOMCTB

a) K pactBopy conu anroMuHHUS B MPOOHpPKE MPUINBATh MO KAaIUIIM pPacTBOp THIPOKCHA
HaTpusi 10 oOpa3oBaHus ocanaka. KakoB 1Ber m xapakrep ocaaka? Uto oH coOoil mpencTaBiser?
Hanucatp ypaBHeHHE peakiiuu B MOJIEKYISIPHON U HOHHOH (opmax.

0) Pa3nenuth ocaok Ha JBe MPOOUPKHU W MCCIEN0BaTh ero oTHomeHnue k pactsopy HCI1 u
pactBopy NaOH. Cnenath BBIBOA O XMMHUYECKOM XapaKTepe TMApPOKCHAA amroMuHus. Hammcartb
YpaBHEHHUsI peakluii B MOJIEKYJIIPHOM M MOHHOM (popMmax, UMes B BUAY, YTO aJlOMUHAT oOpa3yercs
B ¢opMe ruIpokcokoMIuiekca. Kak cMeraercss paBHOBeCHE JUCCOLMALMU THAPOKCHA ATFOMUHUS
npu 100aBneHUH U30bITKA 1m1enoun? M30bITka KUCIOTHI?

I'uaponus coselt alfOMUHHUS

a) WcneiTaTh pacTBOp cyiab(dara aJlOMUHUS JaKMycoBOMl Oymaroil. OOBSICHUTH U3MEHEHHE
LBETa JIAKMyCa W CHENaTh BBIBOJ O CHJIE THIPOKCHJA aTIOMUHHUS Kak OCHOBaHMs. Hamwmcatpb
YpaBHEHUsI peakluil CTyNEeHYaToro ruApoinia cyiab(dara aJlOMUHUS B MOJEKYJISIPHOM M MOHHOM
dbopmax. OOBSICHUTD, TOUEMY TUAPOIIN3 TAHHOM CONM HE UJIET 0 KOHIIA.

6) K pactBopy cynbdarta alroMuHUsS TMPUOABUTH pacTBop cyibduma Hatpusi. Habmromatsb
BbIMIaJieHne ocanka. [lomydeHHBI OcaloK OT(HUILTPOBATH, MPOMBITH Ha (QUIBTPE BOAOH H
pasznenuth Ha nBe yacTu. K omHoi wactu mpunuth pasdasnenHoit HCI, x apyroit — pactBop
NaOH. UYro npoucxoaut? Kakoil BBIBOA O COCTaBe MOJYYEHHOTO OCajJKa MOXKHO celaTh Ha
OCHOBaHUM 3TUX onbITOB? HamucaTe ypaBHEHHsI peakuui, MPOUCXOIALIMX MEXIY pacTBOpaMu
cynbdaTta aTlOMUHUSA U Cyab(uIa HATpUs B BOJIHOM cpelle B MOJICKYJSIPHOH M MOHHOU (hopmax.
OOpazoBaHue KakUX BEIIECTB B JIaHHBIX PeaKIMsIX 00yCIOBIMBAET TE€UEHUE TUAPOJIN3a 1O KOHIA?
[Touemy? Ha ocHOBaHMU ONBITa CHENATh BBIBOJ, MOXHO JIM TMONYYHTHh CyiIbGUA U KapOOHAT
AIIOMHUHMS B pe3yJibTaTe OOMEHHBIX peaKIUii B BOAHBIX PACTBOpax.

6) K pactBopy cynbdara amroMUHHUS TPUINTH PaAcTBOp arerara HaTpus. MOXKHO I
O0OHapyXHUTh BHEIIHUE MPU3HAKU MPOTEKaAHUSI XUMUYECKON peaKIuu?

[Mpokunstuts pactBop. Uto npoucxomut? OOBIACHUTH, KaKyl0 POJb B MPOTCKAHUH PEAKIIUN
CBITpAJI0 KUIAYEHHE pacTBopa. HamucaTh ypaBHEHMsI peakuuil MeXAy pacTBOpaMu cyibgara




ATIOMHUHUS ¥ alleTaTa HaTpus, B MOJEKYISIpHOW U MOHHOU (hopmax. Kakoe BemecTBO BBINAACT B
ocaok?

2) Ilonyuutb pacTBOp TMAPOKCOATIOMHUHATA HATpUs. 3aTEM HNPUIUTh KOHLEHTPUPOBAHHBIN
pactBop NH4C1 u narperp. Uto nabmomaerca? KakoB Bua m coctraB ocanka? Omnpenenuts (110
3araxy), Kakoi ras Bbiaensercs. Hanucars ypaBHEHUS peakIUii.

TecroBble 3a1aHusA

Bapuant Ne 1
1. Camblil pacipOCTpaHEHHBIN METasll, BXOJAIIMNA B COCTaB 36MHOI KOPBI - 3TO
a) Al B) La
0) Fe r) Be

2. CepHas ¥ a30THAasE KHCIIOTHI 10 Pa3HOMY B3aUMOJICHCTBYIOT C aJTFOMUHUEM B 3aBUCUMOCTH OT
YCJIOBUIA:

a) H2SO4(onn) 1 HNO3(konn) Ha X0J10/1€ HE IEHCTBYIOT HA QITFOMUHHIMA

0) H2SOu4(xoun) Ha xomosie BeLemsieT H2S

B) HNO3(xonn) Ha X010z1€ BBIIETSIET H2

) H2SO4(pass) IpH 0001 TeMIepaType He pearupyer ¢ alllOMHUHHEM

3. B oxHoit npobupke Haxoaurcst pactBop MgCly, B apyroit-AlClz. PacTBopbl 3THX coJieii MOKHO
Pa3IYUTh C TIOMOIIBIO OJHOTO PEAKTHBA:

a) HCI B) CaS04

6) AgNOs r) KOH

4. [TpoxykTamu ruaponnsa TpudTopuaa 6opa sSBISIOTCS:
a) H[BF4] B) H2

0) HF r) B(OH)s

5. K 25 rpammam 8% pactBopa AICl3 mpubaBwium 25 rpamm 8% pactBopa NaOH.
OO0pazoBaBmIHiicss 0cag 0K OTHUIBTPOBAIH U MPOKAIMINA. Macca M COCTaB 0caika

a) 0,51 r Al203 B) 0,58 r AI(OH)3

0) 0,79 r Na[AI(OH)4] r) 0,82 r NaAlO;

6. Xumus tamnusi(l) HamoMuHaeT xumuto # # #
7. CTpyKkTypHOH enuHMIIeH O0pa Kak IpOCTOro BellecTBa sBiusercs # # #

8. MI3MeHeHue CTpyKTypbl OT HMOHHOH, Yepe3 MOJUMEPHYIO K MOJIEKYJISIPHOM TPUTaloreHHU 10B
MetaisioB |HIA rpynnel oT pTOpHIOB K HOIUIAM CBSI3aHO C YMEHbILIEHUEM # # #

9. Pe3koe Bo3pacTaHMe METAIMYECKHMX CBOMCTB NpHU Iepexoje OT Oopa K aIlOMUHHUIO
oObsicHsieTCs # # #

10. B razoBoii daze 60p HaxoauTcs B BUAE Mojiekyn Bo. Mcxoast u3 sHepreTH4eckon TuarpaMMel
MoJieKkyIbl 6opa B MMO, kpaTHOCTH CBs3U B B2 paBHa # # #, 10 MarHUTHBIM CBOWMCTBaM MOJIEKYJia
B: aBnsiercs # # #.

Bapuant Ne 2
1. bop B oTiiMuKE OT ATIFOMUHUS
a) XUMHUYECKH UHEPTEH
0) 00pa3zyeT TOJIbKO aHMOHHBIE KOMILJIEKCHI
B) IIPU HATPEBaHUU PEarupyeT ¢ a30TOM



I') IpM KOMHATHOM TeMIIEpaType pearupyer ¢ cepou

2. B psany BF3-BCl3-BBr3-Bls yBenuunarorcst:
a) TeMIepaTyphl MIABJICHUS U KUTICHUS B) JIJTUHA CBSI3U
0) TepMHUYECKasi yCTOMYUBOCTh T') SHEPTUs CBS3U

3. OcHognble cBoiicTBa B psiay ruapokcuoB Al(OH)s-Ga(OH)s-In(OH)z-TI(OH)3
a) K TUAPOKCUY TaJUTHsI YMEHBIIIAIOTCS, 3aTEM YBEIIMYUBAIOTCS

0) yMEHBIIAIOTCS

B) YBEIUYHBAIOTCS

') HE U3MEHSAIOTCS

4. B otnuume OT rHIpuI0B OOpa THAPUIBI OCTaIbHBIX 371eMeHTOB |IIA rpynmbsl UMEIOT CTPYKTYpy
HHH

5. IlpuuuHOIi TMaroHaJIbHOTO CXO/CTBA OOpa U KpeMHUs siBsieTcs # # #.

6. [Ipu yBenMYeHUN KOHIICHTPAIIUK PACTBOPOB OOPHOW KUCIIOTHI KUCIOTHBIC CBOMCTBA # # #, 3TO
CBSI3aHO C 00pa30BaHUEM B pacTBoOpax # # #.

7. N3 Bcex anemenToB Il A rpymnmnbl TonbKO Tayuiuii cioco0eH 00pa3oBbIBaTh YCTOMYUBBIE B
OOBIUHBIX YCIOBHIX COCTMHEHUS B OJJHOBAIECHTHOM COCTOSIHUU, IIOTOMY UYTO

a) ero BaJICHTHBIE 3JICKTPOHBI c1abee CBS3aHbI C SPOM

6) 6S%-31eKTPOHBI — MHEPTHAS T1apa, HaXOAATCA 0 SKpaHoM 4f-moaypoBHs

B) €r0 BJIEHTHBIE AIEKTPOHBI CUJIBHEE CBA3AHbI C SIIPOM, BCIIEICTBUE IPKO BHIPAKEHHOTO
3¢ dexTa MPOHUKHOBEHUS

8. bop maccoit 10 r o6paboTanu KOHIEHTPUPOBAHHOM a30THOM KUCIOTOM. Bhiman Genblii ocamok
Maccoil # # #.

9. Bop cniocoGeH k peakiusM KOMITJIEKCO00pa30BaHus, MPOSBIISS pU dToM # # # cBOMCTBA.
10. T'uOpuauzanmst aTOMHBIX opouTtaneir 6opa B qubopane # # #.

KonTtpoabsnas padora 11
(«uiemenTsI |V A rpynnbl M MX coelMHeHUs». «aeMeHTHI |1 A rpynnsl u ux coeAnHEeHHD»)
Bapuant Nel

1. B okcocoenunenusx Oopa (III) cpemHee MexbsiaepHOoe paccTosiHue OBo B TPEyroJibHBIX
crpykrypax (BO3) paBuo 0,136 M, a B Terpadmpudeckux (BOs) - 0,148 um. Kak 00bscHUTH
pasnmuurie dso B cTpykTypHbIX enununax (BO3) u (BO4)? Onummte ctpoenue mMosekyiisl H3BO3 u
KpUCTAJIIOB OOpHOW KHCIOTHL. B ueM ocoOenHoctn moHm3anuu HsBOsz B BoaHBIX pacTBOpax?
KaxoBa nx cuna?

2. Onummte crpoerne terparanoreHunoB C. Kak namensitores B psny CFs - CCls -CBrs - Cly
doHal, Easas, S°298 , AG°298 , TemmepaTypbl IUIaBICHHS W KUIIEHHS, TEPMUUECKas YCTOHYUBOCTb.
KakoBa xuMuueckasi akTUBHOCTb JAHHBIX COCTMHEHUN? Y paBHEHUS PEAKIIUH.

3. 3akoHYMTE ypaBHEHUS peaKluii:

a). IOz + C+ Cl; — r). TIC1 + KC1 —
0). In(OH)3 + NaOH — n). B+ NaOH + 0; —
B). T1.CO3 + H20 + CO2 — e). BRs+ H20 —

4. ]Jlaiite XapaKTepUCTUKY IpOCTHIM BemiectBaM »sieMeHToB IVA rpynmbl.  [Tokaxute
M3MEHEHUs (U3UUECKUX U XUMUYECKUX CBOMCTB, TeMIepaTyphl miaBiaeHus U KUMeHUs!, AHaow.



5. Cpasaure AG°98 peaxiuii B3aumopeiicteust T1;0 u T1203 ¢ Bomoit B pacuere Ha 1 Momb
H20(x.), Kak U3MEHSIOTCSI KUCIIOTHO-OCHOBHBIE CBOMCTBA OKCUAOB U TUIPOKCHUIOB C MOBBILIICHHEM
CTEIIEHU OKUCIICHUS?

Bapuant Ne2

1. Yem oOmsicHseTcst Oosbioe pazHooOpa3ue okcobopatoB? M3 KakuX CTPYKTYPHBIX €IMHHIL
noctpoeHbl HoHbI cocTaBa BO2 kpuctamuior NaBOz u Ca(BO2)2 , ecinu dgo- 0,137 um? CocraBbTe
CTPYKTYpHYIO (opMyny Tpumerabopar uoHa (kpucrauia NaBOz) um momumerabopar-uoHa
(xkpucramn Ca(BO3)y).

2. Tlpusenute dnekTpoHHble KoH(urypanuu Moaekyiasl CN u nonos CN™ u CN*. Tlouemy noun
CN™ umeer Oonblliee MEXbSACPHOE paccTosHHe 1Mo cpaBHeHHIO ¢ Mosiekynoi CN. CpaBaure
3HAUEHUS DHEPIMU JUCCOLMAIMU U 00bICHHUTE XapakTep ux u3MeHenus B paay CN - CN — CN™.
[Touemy monekymna CN mMmeeT BBICOKOE 3HAYCHHE CpPOJCTBA K 3eKTpoHy (3,7 3B) u sHeprum
nonuzanuu (14,2 »B).

3. JlomummTe ypaBHEHUS PEaKIIHA:

a). NazB4O7 + H2SO4k) + C2HsOH r). ALOs + N2Os —
0). Blz + H2SO4x,) + H20 1). NaglAlFg] + NaOH —
B). Al + HNOz(p) e). Ga + Na.COgzx) + H20 —

4. Oxapakrepusyiite coennHeHus 31eMeHTOB IVA rpynmbl co CTENEeHbIO OKHUCIEHUs +2.
KakoBbl ~ KHCIOTHO-OCHOBHBIE M  OKHCJIMTEIbHO-BOCCTAHOBUTEJIBHBIE  CBOWMCTBA  JIAHHBIX
coennHenuil. [loaTBepanTe ypaBHEHUAMU PEaKIU.

5. O0wsicaute peskoe pasmuuue t mi. GaRs (1000°C) u GaCls (78°C), InFz (1172 °C) u InCl3
(586°C). Onumute CTPYKTYphl COSUHEHUN U XapaKTep CBI3CH.

Tema 16. Duiements! | A u |1 A rpynn u ux coenHeHus

Bomnpocel 1u1st cobecenoBaHust
1. Tlouemy mieno4HbIE METAUIBI MATKUE, JIETKO JIETY4YHE; KaK U3MEHSAETCS MPOYHOCTh Y METAJJIOB
IT rpynnel. CpaBHUTE TeMIepaTypsl IUIABJIEHUS W KHIIEHUS IIEJIOYHBIX M IIEJIOYHO3EMEJBHBIX
METAJIJIOB, B YEM MPUYNHA Pa3IHyus.
2. Kakue cocenHue 3J€MEHTHl B psAAax ILIENOYHBIX U IIETOYHO3EMENbHBIX METAJUIOB JIOJIKHBI
MPOSABIIATH HaWOOJBIIYI0 OJM30CTh B CBOMCTBaX, moueMy? I'1e oHM pacmpoCTpaHEHbl B MPUPOJE,
KaK MX MOJIy4UTh?
3. Kak w3MeHstoTCS paaMychl, SHEPTHM HWOHW3ALWH, JJIEKTPOJHBIE IMOTCHIUANBI, THITBI
KPUCTAJININYECKUX peweTok y anemeHToB [ u Il rpynmner?
4. Kak U3MEHSIOTCS pajuyChl, SHEPrUM HOHU3ALMHU, 3JIEKTPOJHBIE MOTEHIHUANbI, XUMHUYECKas
akTHBHOCTH 35eMeHToB | u I rpymmel mo otHomrenuio kK Oz; F2; Clz; N2; S; H20, kucioram u
menoyam? Onpenenure AH%gs; AS; AG 00pa3zoBaHus IEPOKCHIOB.
5. UYro mpoMCXOIUT MpU CropaHuM NpocThiX BemecTB MeTayuioB | u Il rpynmer? Yem obecnieuena
Pa3HOCTh B UX TTOBEACHUU?
6. Kak oTnenuts paamii OT 3IEMEHTOB, COMYTCTBYIOIIUX €My B YPaHOBOM pyze?
7. Kak wusMmensiercss pacTBOopuUMOCTh cosieid snemeHToB I u I rpymmbl, ¢ 4yem cCBSi3aHO HX
noseieHne? CBSOKUTE 3TO C DHEPIUEH KPUCTAIMYECKOW CTPYKTYpbl M DHEPrHEM Tuaparanuu
HEPACTBOPHUMBIX COJIEH JIEMEHTOB | rpyIIIbL.
8. KakoBbl cBOMCTBa rHIPOKCUAOB 251eMeHTOB 11 1 [ rpymmbl, cpaBHUTE CTENEHHU UX TMCCOIUAIINY,
PacTBOPUMOCTD B MOJISIPHBIX W HEMOJSPHBIX pacTBopuTensx. Kakoit Boanblil pactBop: LiCl; KCl;
BaCl,; BeCl, umeer 6onee Boicokue 3HaueHus pH?
9. KakoBbl TemmepaTypsl pacraga kKapOoHaToB, HHUTpaToB uieMeHTOB | u Il rpymmer? Kax
U3MEHSIETCA YCTOMYMBOCTh COEMHEHU B rpynnax?
10. Kak u3MEHSIOTCSI KHUCIOTHO-OCHOBHBIE CBOWMCTBA rayioreHHmoB 3neMeHToB | u I rpymmsr ¢
BO3pacTaHUEM MOPSAIKOBOTO HOMEpA dJIEMEHTOB?
11. CpaBHUTE pacTBOPUMOCTH KapOOHATOB U IMAPOKAPOOHATOB 3THUX AJIEMEHTOB. JKeCcTKOCTh BOJIbI
Y CIIOCOOBI €€ yCTpaHEHUsI.



12. TTouemy Temmepatypa paznoxenust LiBrOs (200°C), NaBrO4 (230°C), KBrO4 (275°C), RbBrO4
(290°C) nosbrmaercs?

13. KakoBa cnocoOHOCT K KoMmIuiekcooOpa3oBaHuto y siemeHtoB I u Il rpymmei? Kakosa
YCTOMYMBOCTh KOMIUIEKCHBIX HMOHOB? BHYTpHKOMIUIEKCHBIC MOHBI. [ MIpaTHpoOBaHHBIE HOHBI, MX
YCTOMYUBOCTb.

JlabopaTopnasi pabora

[Tpubops! 1 nocyna.

1) WratuB ¢ mankoi u koibioM. 2) [openka. 3) dapdoposas crynka. 4) Dapdopopas
gamka. 5) ®apdoposeriii Turenb. 6) dapdhopoBeiii TpeyronbHUK. 7) DapdopoBas KphIlIKa OT
oonpmioro Turis. 8) TyromnaBkas mpoOupka ¢ razoorBogHoi TpyoOkoi. 9) IMTumerka. 10) Komnba
mockoaoHHas eMkocTthio 100 mut. 11) Crakanbl emkocThio 100—200 mur (2 mrt.). 12) ITamouka
CTCKJISTHHASI C IJIATHHOBOM NpoBoiokoit. 13) [Nanouka crexnsianas. 14) [tatus ¢ npodupkamu. 15)
HIumie! TUTENBHBIE.

PeakTuBLI M MaTepUaIEL.

1) Maruuit (nenta u nopomok). 2) Kampiuit (Kycouku). 3) Oxcun maraus MgO. 4)
Kap6onar kanpmmss CaCO3 (mopomok). 5) Kap6onar marauss MgCOsz (mopomok). 6) Hurpar
crponims Sr(NOz)2. 7) Hurpar Gapus. 8) JlakmycoBast Oymakka. 9) @uibTpoBasibHas Oymara. 10)
JlyunHkw.

PacTtBOpBI.

1) Consnas kucinora HCI (2n). 2) Cepnast kucinora HoSO4 (50%-nas 1 2 H.). 3) ['mapokcua
Hatpuss NaOH (2 H., He coxepamnuii kapOoHaTa). 4) AMMUAK BOIHBIA (2 H., HE COJAEpI)KAIIUI
kapOonata). 5) I'mapokcun kanbuuss Ca(OH); (maceim.). 6) Xmopun maraus MJClz (1 H.). 7)
Cynbdar maraus MgSOs (1 1.). K) Xnopua ammonust NH4C1 (2 H.). 9) Kapbonat natpust NaCOs
(2 m.). 10) Xnopua kameiust CaClz (1 w1.). 11) Xmopun crpormus SrC1 (1 ). 12) Xnopun 6apust
BaCl2 (1 u.). 13) Cynsdar natpus NaxS04(2 u.). 14) Cynbdar kanpuusa CaSOs (Haceim.). 15)
Xnopua 6epuumast BeCl1 (0,5 1.). 16) OeHondranenH (CIUPTOBOI).

bepunnuit 1 Marauy, menoYHO3eMeIbHbIe METAIIIBI U UX COSTMHEHUS

BoccTaHoBHTEIbHBIC CBOMCTBA METAUNIMISCKOTO MATHUS

a) Bzaumooeiicmsue macnus c¢ 6oo0ou. Kycodek JNEHTbl MarHus, OYMIIEHHBIH HaKTa4HON
OyMmaroi, omyCTUTh B MPOOHUPKY C AUCTHILUIMPOBAHHOUN BOJ0M. MOXKHO JIM1 OOHAPYKUTHh BHEIIHUE
MPU3HAKUA TPOTEKAaHUS XUMHUYECKON peaklnu Ha XoJoay? 3akpenuTh MpoOUMpKY B IITATUBE U
HarpeTb HeOoJbIIUMM IUIaMeHeM ropenku. Uto Habmomaercs? Ilocne ocTbiBaHUS TPOOHPKH
UCIBITATh TIOMyYEHHBIA PACTBOP UHIUKATOPOM.

Hamucath ypaBHEHHE PEaKIIUU M OTMETHTh, ITPH KAKUX YCIOBUSX OHA MPOTEKACT.

0) Bszaumooeticmseue maenusi ¢ xuciromamu. O3HAKOMHUTBCS IO TaOMUIE C BEITUYUHOMN
HOPMAJBHOTO JJICKTPOJHOTO TIOTEHI[MAJIa MarHus W CJAelaTh BBIBOJ O BO3MOXXHOCTH €r0
B3auMojieiicTBusl ¢ pazbaBieHHbiMH pactBopamu HC1 u HzSOs. IlpoBeputh caenaHHbie
MIPEIITOJIOKCHHSI ONIBITHRIM ITyTeM. HamucaTh ypaBHEHHS peaKIiui.

[lonydeHre U CBOWCTBA OKCUIA U THAPOKCH/Ia MATHHUS

a) Ilonyuenue u ceoticmea oxcuoa maenusi. Cxxedb KyCOUEK JICHTHI MarHus HaJ acOecTOBOM
CETKOM M coOpaTh MPOAYKTHI ropeHus. KakoB 1BET MONYYeHHOTO cCOoequHEeHUs? BHECTH mopomiok
OKCHJIa MarHus B TPOOHMPKY ¢ AUCTHJUTMPOBAHHOW BOJIOHM, THIATEILHO pa3MeEIIaTh CTCKISHHOU
Majgo4Kkol © 100aBUTh K pacTBOPY HECKONbKO Kamenb pacTtBopa (enondranenna. UYro
Habmoaercs? Hanucats ypaBHEHUS peaKIIHii.

0) Ionyuenue cuopokcuda maenus. Hamute B JBe MpOOMPKH MOHEMHOTY pacTBOpa KakKoii-
HUOY/Ib COJTM MarHus. 3aTeM OJIHY NMPOOUPKY JIOOABUTH PacTBOP THAPOKCHIA HATPHS, B IPYTyI0 —
pacTBop ammuaka. OTMETHTH IIBET M XapakTep oOpasyromuxcs ocaakoB. OOpaTuTh BHUMAaHHUE Ha
KOJMYECTBO OcalkoB. Hamucarh ypaBHEHUS peakuuil B MOJEKYJISpHON M MOHHON (opmax. JlaTh
OoOBsICHEHHE, TIOYEMY KOIMYECTBO OCaJKa HEOJWHAKOBO B o0eux mpodupkax. OTMETHTB,
KOHIIEHTPAIHs KaKOTO MOHA YBEJIIMYUBAETCS B pacTBope. Kak HaKOIUIEHHE 3TOTO MOHA BIIMSET Ha
KoHIeHTpanuto nona OH™ B pacTBope ammuaka?




ITpobupKy ¢ 0caIKOM COXPaHUTh IS CIEAYIOIIETO OMbITA.

8) Ceoticmea cudpoxcuoa maznus. B mpoOupKy ocaikoM IMAPOKCHIa MarHusl, MOJIy4eHHbIM B
omeiTe 0), MPUIUTH PacTBOP XJIopuAa aMMoHus. Yto Habmogaercsa? Hanucats ypaBHEHHE peakIuu
B MOJICKYJISIPHOM M MOHHON (QopmMax U OOBSICHUTH MPUUMHY PACTBOPEHHs ocaaka. MOKHO Iu
pPacTBOPUTH OCAZO0K TMAPOKCUAA MarHus 100aBJIEHUEM pacTBOpPa XJIOpUIA HATPUs?

[TonyunTs 0camok TUAPOKCHIA MarHus. Pa3nenuts ero Ha 1Be IPOOUPKH.

HcnbiTare oTHOmenue ocanka k pactBopy HC1 u kx u3bwitky pactBopa NaOH. Caenatpb
BBIBOJI O XUMUYECKOM XapaKTepe ruApoKcua Maraus. Hamucats ypaBHEHUE peaklUU.

B3anmoneicTBrE KabIMS C BOJOH.

B mpobupky Ha /3 ee oObeMa HamMTh AUCTHILIMPOBAHHYIO BOAY M OMYCTHTH MaleHBKHIA
Kycouek Kanblus. Kakoil ra3 Beinensercs? Ilouemy npoucxoaut nomyTHeHue pactsopa? Buectu B
pactBop 1—2 xammu pactBopa denondtanenHa. Uro HaOmomaercsa? Hamwcats ypaBHeHHE
peakuu. byaet au aHanornyHas peakuus IpoTeKaTh CO CTPOHIUEM U 6apueM?

[osnydyeHre TUIPOKCHUJIOB MIETOYHO3EMEIbHBIX. MeTaioB

a) K onunakoBomy komudectBy pactBopoB CaCly, SrCl2 u BaClz, B34ThIX B OTAEIBHBIX
npobupkax, NpuwinTh pazbamieHHblii pactBop NaOH, He coxepkamuii mpumecu kapOoHara.
OOpaTuTh BHHMMaHHE Ha KOJHMYECTBO BBINABIIETO OCagka B Kaxiaol npodbupke. Hamucath
yYpaBHEHUS peaKIuil.

IlonyyeHue u CBOMCTBA COJIEH IIETO0YHO3EMEIbHBIX METAIIIIOB

a) Illonyuenue u ceoticmea KapOOHAMO8 WeNOUHO3EeMENbHbIX Memannog. lloayduTs B
OTIENBHBIX MPOOHPKAX KapOOHATHI KIS, CTPOHIHUA U OapHs U3 PacTBOPOB COOTBETCTBYIOIINX
coneil. KakoB Bun u nBer ocaakoB? Harperb comepskumoe mpobupox. OOpaTUTh BHUMaHUE Ha
W3MEHEHHME BHJa ocaakoB. [IpuauTh BO Bce mnpoOupku paszbasienusiii pactBop HCIl Yto
npoucxoaut? HamucaTs ypaBHEHUS peaklnii B MOJIEKYJISIPHOM 1 HOHHOHN opMax.

0) Tepmuueckas Ouccoyuayus kapoowama kanvyus. Ilomyunts CaCOs. Ocamgok
OoT(pUIBTPOBaTh, MPOMBITH M pa3feNuTh Ha JBe Hopuuu. OQHY HOPIUIO pacTepeTb C BOJIOH B
KalUIy U UCIBITAaTh €€ PEaKLUIO Ha JIAKMYC.

JIpyryro MOPLHUIO MOCIe BBICYIIUBAHMS MOJI0XKUTE B (papdopoBblil TUrens u B Teuenue 5—10
MUH CWUJIBHO MpOKAIMBAaTh B IUIaMEHHM ropeiku. Ilocne, oxmakaeHHs TUTJIS €ro CoAepKUMOe
cMelaTh ¢ BOJOW M MCIBITaTh JJakMycoBoi Oymaroi. Urto HaOmonaerca? HammcaTh ypaBHeHHE
peaxiuu.

8) [llonyuenue cynvhamos wenounozemenbHovlx Memannog. IlonyduTb B  OTAETBHBIX
npobupkax cyiab(haTel Kalblius, CTPOHLMS W Oapusi M3 PaCTBOPOB COOTBETCTBYIOLIUX COJIEH.
OTMeTUTh LBET MONY4YEeHHbIX OcaakoB. Hammcare ypaBHeHus peakuuil. McnblTaTh OTHOLIEHHE
ocanikoB K pazbaBneHHbIM pacTBopaM HC1 1 HNOs. [JaTh 00bsacHeHEe HAOII01a€MbIM SIBICHUSM.

OxpalnyBaHue MIAMEHH COJISIMU KaJbIUsl, CTPOHIIUA U O6apus

OYHUCTUTH TUIATHHOBYIO MPOBOJIOKY, omyckas ee B HCl u mpokanuBas B miiamMeHH Tra3oBOM
TOpenKu. 3aTeM ONMYCTHTh €€ B PAacTBOP COJIM KaJbIUS U BBECTH B OECIIBETHOE IUIaMsi TOPEIIKH.
HaGnronaTe okpammBaHue TiaMeHH.

[Iponenarh aHAJOTHYHBIA OMBIT C COMSAMU CTPOHLUS M Oapusi. 3amucaTh LIBET, B KOTOPBIN
OKpAILIMBAIOT TIaMsI COJIM IIETOYHO3EMENTbHBIX METAJIOB.

[IlenouyHble METAIIIIBI U UX COEIMHEHUS

[Ipubops! u mocyna.

1) tatus ¢ koabuoM. 2) I'openka. 3) Mepusiii muinHAp emkocThio 100 M. 4) CTexnsHHBINR
nunuHAp eMkocThio 150 M. 5) Tepmomerp Ha 100 °C. 6) ®@apdopoBas CTymnKa ¢ MECTUKOM. 7)
dapdoposeie yamku Hebonpmue (4 mr.). 8) Dapdpoposiii Turens. 9) @apopoBbiit TPEYroOIHHUK.
10) Hox. 11) ITunmer. 12) Xene3nas noxedka ¢ nepeBsHHon pyukoil. 13) Ctakan eMKocThio S0—
100,mn. 14) Boponka c¢ otpe3aHHbIM KoOHIOM. 15) CrekisHHas Tano4yka C IUJIATHHOBOMH
npoBoJioukoil. 16) CtexnsiHHas manouka. 17) AcbecroBas cetka. 18) CrexnsiHHas TpyOka (y3Kasi).
19) llItaTHB ¢ mpoOUpKaMH.

PeakTuBEI 1 MaTepUAaIEL.




1) Jlutuit, 2) Harpuit. 3) Kanuii. 4) Xnopua varpus NaCl. 5) Xnopun kanus KC1. 7) Hutpat
Hatpuss NaNOz. 6) Hurtpar xamus KNO3. 7) Kap6onar kamus KoCOs. 8) KapGonar ammonHus
(NHa4)2C0O3. 9) Cynbdun natpus NaoS. 10) INamenas uzsects Ca(OH)2. 11) JlakmycoBast Oymaxka.
12) ®unbpTpoBansHas Oymara. 13) Jlyaunku.

PacTtBOpBI.

1) Ammuak NH3 Bonubiit (25%-nbr1it). 2) ConsHas kucinota HC1 (2 u.). 3) Cepnas kucnora
H2SO04 (2.1.). 4) Xnopun vatpust NaCl (2 u.). 5) Xuopua kanust KC1 (2 1.). 6) Xmopua mutus LiC1
(2 1.). 7) Nomun xamus Kl (0,5 u.). 8) Jlakmyc. 9) @enondranenn (cnimprosoit). 10) KpaxmanbHbrii
KJIeCcTep.

LIpu pabome co wenroynvimu memaniamu cooarooams ocmopoxcuocms! He opamov wenounvie
Memainnvl pykamu!

BsaumoneicTBUe IUTUS U HATPUS C KUCIOPOAOM Bo3ayxa (Pabomy nposooums 3a cmekiom
BLIMANCHO20 WKAha)

a) B yKperuieHHyI0 Ha JIepeBSIHHON pydKe MaJICHBbKYIO KEJIE3HYIO JIOKKY MOJIOKUTh KyCOUeK
METAJUIMYECKOTO JIUTUS W BHECTH JIOKKY B TUIaMsl Ta30BOi ropenku. HaOmronats muraBieHue
MeTajjia, a 3aTeM uYepe3 HEeKOTOopoe Bpems ero cropanue. OTMeTuTh IBET IuiaMeHu. Hamwmcath
ypaBHEHHE pPEaKUWH, OTMETHTHh Ha3BaHHE M I[BET NPOAYKTa peakuuu. PacTBOPHUTH MOIydeHHOE
COeIMHEHHNE B HEOOBIIIOM KOJIMYECTBE BOJIBI U UCIBITATh PACTBOP UHAUKaTOpoM. CenaTh BHIBOJ O
XUMHAYECKOM XapaKTepe MOJyYeHHOTO coenHeHns. HamrcaTs ypaBHEHHE peaKIny.

6) BbIHYTh MUHIIETOM U3 0AHKHU C KEPOCMHOM KYCOK METAJTMYECKOT0 HATpPHUs, OJOKUTh HA
GUIBTPOBANBHYIO OyMary M OTpe3aTh OT HEr0 HOXKOM KYCOUEK BEJIMYHHOHN C TOPOIIMHY. XOpPOIIO
OCYIIUTH MOBEPXHOCTH (UIBTPOBAIBHON OyMaroil Kycodek HaTpus M MOMECTUTh B ¢ap(opoBbIit
turenb. IloMecTuTh THUTENh B TPEYrOJNbHHMKE Ha KOJIBLE IITATUBA W OCTOPOXKHO HarpeBarthb
HEOOJIBIINM IJIAMEHEM TOPEJIKH JI0 BOCIUIAMEHEHHUS HATPHUsl, ITOCIIE Yero OTCTaBUTh ropelnky. Kakoe
COEIMHEHUE TOIYYMIOCh B pe3ynbraTe peakiun? OTMETHTh ero 1BeT. Hammcars ero CTpyKTypHYIO
dbopmyy.

Jlokaszate 00pazoBaHKE MEPOKCHA-UOHA, JUIS Yero J00ABUTh B THIENb IO HECKOJBKY Kallelb
pactBopa Kl u 2H. pactBopa H2SOs4 omny-ABe Kamimu KpaxmalbHOro kieidcrepa. HaOmromatsh
n3MeHeHne okpacku. O 4eM oHO cBuzeTenbcTByeT? HammcaTs ypaBHEHUS IPOUCXOISAIINX PEaKITUi.

B3aumMosielicTBHE IIET0YHBIX METAJIIOB C BOIOH (Pabomy npogooums 3a CmeKiom
BLIMSANCHO20 WKaAGha)

B3ste Tpu dapdoposie yaiiku ¢ Bogoi. OTpe3aTs 0 MaJeHbKOMY KYCOUKY JIUTHUS, HATPUS U
KaJus U, 00CYIIMB UX (PUIBTPOBAIbHON Oymaroil, OpocUTh Kax/ablil B OTJAEJIbHYIO YAIIKy C BOAOH.
HabmroaTe 3a X00M peakiiK 4epe3 CTEKIIO BBITSHKHOTO mikada. 3ammra CTeKIOM HeoOXxoauma
BBHJy pPa3OpBI3TUBAHMS PAcTBOPa, MPOUCXOJAIMIETO B KOHIE peakuud. OTMETHTb, KaKoH U3
METaJJIOB Hambojee aKTUBHO B3auMMoOJeHCTByeT ¢ Boaoil. Kakoii raz Beimensiercsa? McmbiTaTh
WHIWKATOPOM TMOJTyYeHHBIE PacTBOPHL. HammcaTh ypaBHEHUS peaKIIHid.

I'uaposns cosei Mea0YHbIX METaJIoB

B deTbipe mpoOUpPKH MOJIOKUTH MOPO3HB 1O HecKobKy KpuctamnkoB KNOs, NazS, KC1 u
K2CO3. Ilpunute no 2—3 M IUCTUIIUPOBAHHOU BOJIBI.

Kakne comm momKHBI ToBeprathes ruapoin3y? JlokasaTte 3TO OMBITHRIM IyTeMm. Hamucatb
ypaBHEHUs PeaKIfil THAPOIIN3a B MOJICKYJISIPHON HOHHOM popmax.

OxpalBaHye TIAMEHH COJISIMH [ISJIOYHBIX METAIIIOB

Ouniennyto myreMm npombiBanus B HC1 v mpokanuBaHUS MIATHHOBYIO WM HUXPOMOBYIO
MIPOBOJIOKY BHECTH B PACTBOP KaKOM COJIM KaJHs, a 3aTeM B HECBETAIIEECsS IIaMs Ta30BOI TOPEIKH.
HabmoaTe okpanimBanue TiaMeHu. 3anucath [BET IUTaMeHU. To ke mpoAeNaTh C COJISMU JIUTUS U
HaATpHSL.

[TpoBonoky mocne kaxaoi conu npoMbeiBaTh HC1 1 mpokanuBarte 10 TOJTHOTO HCUE3HOBEHUS
OKpAaIIWBaHUs TUIAMECHH.




TecToBBIC 3a1aHUA

Bapuanr Ne 1
1. B psay menouyHbIX METAIJIOB HaN0OJIee OTPHUIIATEIHFHOE 3HAYCHHE ICKTPOHOTO TOTCHIINATA
nMeeT

a) HaTpui T) 1e3uit

0) Kanuit 1) JIATANA

B) pyouauit

2. Dnextpoiu3 BoaHoro pactBopa NaCl — 31o crocob o HOBpEeMEHHOI0 TOTYYCHHUS
a) NaOH, Cly, H B) NaH, Cl;, O

0) Na, Oy, Cl> r) Na, Clz, H2

3. Illlenouynsie Metamwibl (a) M IIEIOYHO-3€MENIbHBIE METaUIbl (0) MMEIOT KPUCTAJUIMUYECKUE
PEIICeTKH:

1 a) OLIK, 6) Be u Mg -T'I1Y, Ca u Sr —T'lIK, Ba-OLIK

2 a)I'TlY, 6) I'IK

3 a) Li-OIIK, ocransubie-I'IIK, 6) I'LIK

4 a) I'IK, 6) T'TIY

4. I'mapokcuapl MICIOYHBIX METANIOB KPOME OJIHOTO IIIaBATCs 0e3 pasyioxkeHus. Pazmaraercs Ha
OKCH/JI M BOAY IIPY HArpEBAHUU TUIPOKCHU]T

a) LiIOH r) RbOH
6) NaOH n) CsOH
B) KOH

5. Beicokoii komIuiekcooOpa3yroliei crnocooHocThI0 cpenu MetaioB | A rpynmbr o6nagaet
HHt#

6. I3 1m1e09HBIX METAIIOB B OOBIYHBIX YCIOBUAX C a30TOM pearupyer # # #

7. Cymma ko3 durmentoB B ypaBaenun peakiuun Mg(OH)2 + NH4Cl — paBHa
HH##

8. Temnepatypa paznoxenus B psiny LiBrOs - NaBrOs - KBrOs - RbBrOs4 # # #, motomy uto # #
#.

9. Cymma ko3¢ punmenton B npasoii yactu ypaBaeHus peakiun Kl + KoCr,07 + H.SO4 — paBaa
HH#t#

10. IIpocteim HarpeBanuem BeCly4H>0 Henb3s nonyunuts 6e3BoaHbINH BeClo BenencTBre cuibHO
MpoTeKaroIero # # #

Bapuant Ne 2
1. Fr, 3aBeprraromuii |1A rpynny, u Ra, 3aBepmaromuit |1A rpynmy, aBiastoTcs
a) paJ0aKTUBHBIMHU JIEMEHTaAMH
0) OYCHb MATKUMHU
B) CaMbIMH{ PAaCIPOCTPAHEHHBIMHU B TIPUPOJIE CPEAH BCEX S-2IIEMEHTOB
T') HaJIe)KHBIMH U30JIATOPaMH

2. enounsie Metamisl, a Takxke Ca, Sr, Ba npu HarpeBanuu B armocepe ammuaka oopas3yror
a) aMUJIbl ¥ BOJIOPOJL B) ruapuabl u anruapua HNO>
0) THIPHUIBI U a30T ') aMUbI ¥ a30T



3. B pany cynsdatoB BeSO4-MgS04-CaS04-SrSO4-BaSO4 pacTBOpHUMOCTS yMEHBIIAETCS. DTO
CBSI3aHO

a) ¢ oOpa3oBaHueM 0oJiee MPOYHON KPUCTAJUTMUECKOHN PEIIeTKI

0) ¢ yMEHBIIICHUEM HOHHOCTH CBSI3H

B) C YBEIMYCHUEM UOHHOCTHU CBSI3U

') C YMCHBIICHHEM TPOYHOCTH KPUCTAIUTMYECKON PEIICTKA

) C YBEIIMYCHUEM CTPYKTYPHOTO COOTBETCTBHUS pa3Mepa KaTHOHA M aHUOHA

4. Cpenu ruapokcuioB 3neMeHToB ||A rpynmsl ampoTepHbIMU CBOWCTBAMH obnanaet # # #
5. Cymma ko3¢ duitneHToB B ypaBuenuu peakuun Rb,02 + CO2 — paBHa # # #

6. Ha neliTpanuzamuio pacTBOpa, MOJYYSHHOTO MMOCciae 00pabOTKH 5 T amanbraMmbl HATPHs BOJIOM,
M3PACXO0J0BAHO 25 MJI 2 H COJISTHOM KUCIOTHI. MaccoBast 107151 HaTpusl B amasibrame paBHa # # #.

7. YCTaHOBHTE COOTBETCTBUE MEXIY YACTULIEH U €€ IPOCTPAHCTBEHHOM CTPYKTYPOU

1) TeTparuapokcodbepuLIaT-nHOH A) okTas’ap

2) KaTHOH reKcaakBaMarHus b) nuneiinas

3) Monekyna quuoauaa Oepusuus B) terpasrnp

4) KaTHOH TeTpaakBaOePUILTUS I') He3aBepIIEHHBII OKTA3P

8. Cymma ko3¢ ¢unmentoB B ypapaenunu peakiuu LiH + HCl — pasna # # #
9. Peakuus cpenbl B pactBOope opTodocdara pyoumus # # #.

10. C xo010/1HO¥ BOAON MarHuii B3aMMOAEUCTBYET IJIOXO0, B rOpsiYei BOJE peaKklus IPOTEKAET
0oJiee aKTUBHO BCJIEACTBUE # # #.

Tema 17. DuiemenTsl |11 B rpynnbl 1 ux coexmHeHust

Bonpocsl 115 codecenoBanus
1. KakoBbl 0cOOEHHOCTH 3JEKTPOHHOM CTpYKTYphI SC, Y, La, Ac. Kakue BajleHTHbIE COCTOSIHUS OHU
MPOSIBIISIIOT. B WeM mpuumHa pa3iuYHBIX CTereHedl okuciaeHus. OObICHUTE IOJIOKEHUE W ITHX
3JIEMEHTOB B EPUOANYECKON CHCTEME.
2. Kak u3MeHSIoTCsS pajuychl, TOTEHIIMAIBl HOHU3ALNHU, KPUCTAIUTMYECKHE CTPYKTYPHI BEIIECTB C
pocToM 3apsna sapa. Kakoe BnusHMe Ha cBoWcTBO P30 M aKTHHOMJOB OKa3bIBACT JIAHTAHOMIHOE
ckatre». CpaBHUTE 3TH MapaMETPBI CO CBOMCTBAMH 00pa M aIFOMUHUSI.
3. KakoBa pacnpoCTpaHEHHOCTb 3THX 3JEMEHTOB B MpHpPOJE, CrnocoObl moiydyeHus P3D wu
aKTHHOUI0B. [louemy eBponmii BcTpeyaeTcsi B MUHEpaIax KaIbIus?
4. Onpenenute U3MeHeHUe (GU3NYECKUX CBOMCTB MPOCTHIX BemecTB P30 ¢ Bo3pacTaHueM 3apsijia
sapa. YeM oOBSICHUTH 1IBET HOHOB P30.
5. KakoBa peaknumoHHasi CHOCOOHOCTh 3THUX 3JEMEHTOB, KaKM€ HOHBI OOpa3ylOTCS B BOJIHBIX
pacTBopax, B KpUCTAIIMYECKUX CTPYKTypax.
6. OcoOEHHOCTH CTPYKTYpPbI U CBOMCTB TaJIOT€HUI0B, OKCHJIOB, HUTPHUJIOB, KapOUI0OB, THIPUIOB,
okcucoieil. Kak X MOKHO MOTy4HUTh B BUJIE TUAPATOB. MOXKHO JIM MOIYYUTh O€3BOJAHBIE CONH.
7. KommnekcHble coenuHeHus. X cTpykTypa, yCTOWYUBOCTD.
8. Cpapanre, xakoit mom AlI¥*, Sc¥, Y3*, La®" o6mamaer B Gombmiell cTemeHM KHCIOTHBIMH
cBoiictBamu? [louemy? Hanuiure ypaBHEHNE peakuy.

Tema 18. Jlantanouabl. AKTHHOHIBI
Bomnpocsl 1u1s cobecenoBaHust
1. KakoBbI 0COOCHHOCTH AJIEKTPOHHON CTPYKTYpPHI TAHTAHOWJIOB U aKTUHOMIOB. Kakue BaneHTHBIE
COCTOSIHUSI OHHM TIPOSBISAIOT. B WeM mNpuymHA pasIudHBIX CTerneHeld okuciaeHus. OObsICHUTE
MOJIOKEHUE U ITUX DJIEMEHTOB B MEPHOUYECKON CHCTEME.



2. Kak u3MeHstoTCsl painychl, MOTEHIHUAIbI HOHU3ALUU, KPUCTAIUIMYECKUE CTPYKTYPhI BELIECTB C
pocTtoM 3apsna siapa. Kakoe BiusiHuE Ha CBOHCTBO P35 M aKTHHOMIOB OKa3bIBAET «IAHTAHOUIHOE
c)KaTUey.

3. IlpocThie BelecTBa JIAHTAHOWUJIOB M aKTUHOHWIOB. VM3MeHeHHE (PU3MUECKMX W XUMHYECKHUX
CBOMCTB.

4. Kucnopoacoaepkamue COSAMHEHUS JaHTAHOWJIOB W aKTHHOWJIOB. V3MeHeHWE KHCIIOTHO-
OCHOBHEIX 1 OKHCJIUTEILHO-BOCCTAHOBUTEIIHLHEIX CBOMCTB.

5. KoopauHanuoHHble 4yuciia Yy MOHOB P30 W aKTHHOWIOB, THUIBI KOMIUIEKCHBIX COEAUHEHUH,
00pa30BaHHBIX 3TUMH IIEMEHTAMH, UX YCTOHIHBOCTb.

6. B yem mnpuumHa pa3nMYHON CIIOCOOHOCTH K KOMIUIEKCOOOpa3oBaHHMIO y HOHOB P30 wu
AKTUHOUJIOB.

7. CnocoOsl BeIZieaeHUs1 HOHOB P33 u3 ux cmeceit. Kak oTaenuTh ak THHOUABI IPYT OT Apyra?

8. CoenuHeHus TaHTAaHOUIOB U aKTUHOMIOB OOJIbIIIE TOXO0XH APYT Ha Apyra. [louemy?

9. Kak n3mensiercs pH pacTBopoB coJieii B 3aBUCUMOCTH OT pa3Mepa HOHA JaHTaHOHJIOB.

10. 3akoHYHTE YpaBHEHUE PEAKIIHU:

a) T'mapoxkeun esponus (1)+ H —

0) Terpaxsopun ypana +HoOx+H —

B) UO2%"+ H,0—

r) Fuppokeun esporust (111)+ H —

11. TTokaxkuTe, 9TO OKCUJIBI ¥ TUIPOOKCH B! JaHTaHou10B (111) o posIBIICHHI0 OCHOBHBIX CBOHCTB
YCTYMAIOT JIMIIIb IIEJIOYHBIM U IIET0YHO3EMEIbHBIM METAJIIaM.

TecToBble 3a1aHu 110 TeMe «aeMeHTsl |11 B rpynnsl. JlanTanonabl. AKTHHOMIBI
Bapuant Ne 1
1. U3 nepeunciaeHHbIX JJAHTAHOU OB MOTYT IPOSIBIISITh B COEIMHEHUSAX CTEIIEHb OKUCIIEHUS 14

a) Ce, Pr, Tb, Dy B) Nd, Sm, Th, Tm

0) La, Ce, Gd, Yb r) Pm, Er, Yb, Eu

2. OCHOBHBIE CBOICTBA, TEpMHUUECKAs YCTONYNBOCTh, pacTBOpUMOCTh B psiay: La(OH)s - LUu(OH)s
a) He U3MEHSIOTCS B) YBEIHMUUBAIOTCS

0) U3MEHSAIOTCSI HEMOHOTOHHO ') YMEHbILAIOTCA

3. IIpu TepmMuyuecKkoM pasiiokeHUH rekcarupara Hutpara jganrada(lll) moxHo nomyuuts
a) La(NO2)3 + O2 + H20 B) La;0O3 + NO2 + O, + H,0
0) La+ NOz + Oz + H20 r) La+ NO + H20

4. Macca (B rpammax) propouepata(lV) kamus Ko[CeFg], o6pa3yrorierocs mpu criiaBieHuu 6,48
r propuna uepusa(lV) ¢ 5,8 r propuna kanus, ecinu BbIXOJ MPOIYKTa cocTaBiseT 62% ot
TEOPETHYECKOT0, PaBHA

a) 6,18 B) 5,84 6) 7,92 r) 7,25

5. I3 meTanios MOATPYIIIIBI CKaHAWA HE PEarupycT C BO,Z[OI71 B OOBIYHBIX YCIOBUAX
a) La B) SC 0) Ac Y

6. Cymma ko3 punmenton B ypaBaenun peakiun EUO + HNO3onny) — paBHa # # #

7. Haubomb1eit komriekcoodpasytorieit crmocodHocThio u3 d-amemenTos |1 B rpymmbr 001agaer
HH#t#

8. CoeqnHeHNs JTaHTAHOUIOB CO CTEIIEHBIO OKUCIEHUS +2 001aaroT cBoiicTBamMu # # #

9. Jlantanounsl (1) oGpasyror Gosiee yCTOHUYMBBIE KOMIUIEKCHI C JIMTaHIaMH



a) MOHOJICHTAHTHBIMH B) OMCHTAaHTHBIMHU
0) MOTMACHTAHTHBIMH

10. JIlanTaHOMABI MPOSBIISIIOT CXOJCTBO B XUMUYECKHX CBOMCTBaxX. [IpuunHa 3TOro 3akmtouaercs #
# #.

Bapuant Ne 2
1. U3 MNEPCUUCICHHBIX JTAHTAHOU OB MOI'YT MIPOABJIATE B COCAMHCHUAX CTCIICHD OKHMCIICHHUA +2
a) La, Eu, No, Er B) Nd, Gd, Dy, Th
6) Pr, Pm, Sm, Lu r) Sm, Eu, Tm, Yb

2. Peaxkius nmporekaet mo cxeme: UCIz + H20 = U(OH).Cl, + Hz + HCI

Macca (B rpammax) xsopuaa ypana(lll), Bcrynusiiero B peakiuto, eciau odpazosanocs 0,2 11 0,2H
pactBopa HCI, paBua

a) 137,75 B) 119,4

0) 156,2 r) 123,84

3. WI3BecTHO, UTO CBSA3b JIAHTAHOMI-BO/A B akBakaTHoHax [LN(H20)s]®* ynpounsercs npu
nepexoze ot La x Lu. CreneHs npoToan3a akBakaTHOHOB B IAHHOM Py
a) yMEHbIIIaeTcs B) HE U3MCHSETCS

0) U3MeHsIeTCss HEMOHOTOHHO I') YBEJIUYUBAETCS

4. Cymma k03¢ duitneHToB B mpaBoii yactu ypaBHeHUs peakiuu SC + HNO3(ou, pass.) — paBHa # #
#

5. 'mapokcuIpl aKTUHOMIOB B BBICOKUX CTETICHAX OKHcIeHus (+5; +6; +7) 06naaaoT cBoCTBaMU
a) aM(pOTEepHBIMU B) OCHOBHBIMH 0) KHUCJIIOTHBIMHU

6. bonee BbIpakeHHBIMU aM(OTEPHBIMU CBOMCTBAMU M3 JIAHTAHOUJIOB oOnajaet # # #.

7. d-DnemenTs! |11 B rpynmbl mposIBISIOT B COSIMHEHUAX BAICHTHOCTh PABHYIO TPEM, IOTOMY YTO
HHH

8. 13 mpeanoxennsix coseir SCCls, YCls, LaCls B HanbosbIeli cTenmeHu rHapoIu3yeTcs B
pactBope # # #.

9. BoccranoBuTenbHbIC CBOMCTBA MPon3BoaAHBIX SM (I1) BeipaxkeHs! # # #, yeM y npou3BoIHbIX EU
(1), moromy uro # # #.

10. B coenquHeHnsax ypaHa ¥ IpyruX aKTHHOMIOB B BBICOKMX CTEMEHSIX OKUCIIEHUS UMEIOTCS
akTHHUIBHBIE TpyrmupoBka D0," 1 D02?", BRICOKas yCTOWUMBOCTE KOTOPHIX OOBACHIETCS TEM,
YTO MEXJy aTOMaMH JIEMEHTA U KUCIIOPO/1a OCYIIECTBISAETCS # # # CBSI3b 3a CUET # # #.

Tema 19. Dnements! |V B rpynnsl u ux coenunenus
Bomnpocsl 1u1s cobecenoBanust
1. UYem MOXHO OOBSICHUTH OIU30CTh PATUyCOB IUPKOHMS M TadHUS M OTIHYME OT TUTaHa. Kak
M3MEHSIOTCS MMOTEHIMAIbl HOHU3aIMK B psiay Ti-Zr-Hf? Kakossr crenenu oxucnenus Ti, Zr, Hf B
COEIMHEHMX ITHX deMeHToB. Kakue cocTostHus Hanbomnee yCTOWYUBHI?
2. KakoBa ctpykrypa mpoctsix BemiectB Ti, Zr, Hf? Kak n3mensieTcs Temreparypa riaBieHUs U
KHUIICHUS B 9TOM pny? A Tak jke DHTaJIbIUS aTOMH3AIUN U SHEPTHUs CBSI3U B UX KPUCTAIUTHUECKON

CTPYKTYpE.



3. KakoBbl MeXaHMUYECKHE CBOWCTBA TUTaHA, IUPKOHUA U Taduus? X yCTOMYMBOCTh HA BO3IIyXE
Y BO3MOKHOCTH HUCIIOJIb30BAHUS B TEXHHKE.

4. OxapakTepu3oBaThb YCTOWYMBOCTh OKCHIOB 3JIEMEHTOB 4-il Ipynmbl TJIaBHOM W MOOOYHOM
MOATPYIIBI, 00BACHUTH MPUYUHY 3aKOHOMEPHOTO M3MEHEHHUS CBOWCTB OKCHUOB TUTaHA, IMPKOHUS
u rapHUsL.

5. OxapakTepu3oBaTh KHCIOTHO-OCHOBHBIC CBOMCTBA OKCHAOB W ruapokcumos Ti, Zr, Hf (IV)
npu B3aumoeicTeuu ¢ K2S>07 n K2CO:s.

6. Bosmosxno ju oopasoBanue coeauneruii Tuma Ti(SO4)2, TI(NO3)s, Zr(NO3)s, HF(NO3)a.

7. Tlowemy Ti, Zr, Hf npu oObluHON Temmeparype HE B3aHMMOJCHCTBYIOT C BOJOW U
pa30aBiIeHHBIMU KHUCJIOTaMH, a B NPUCYTCTBUM HOHOB F B3auMMOAEHMCTBYIOT C laxe TaKUMH
ciabpiMu Kucniotamu, kKak yrcycHas. [Touemy HF u HF+HNO3 nerue pactBopsroT 3T1 MeTamib1?

8. Kakue coenuHeHust TuTaHa, MUPKOHKS U radHUS okpaiieHbl? [Touemy?

9. Kak W3MEHSIOTCS KHCIOTHO-OCHOBHBIE M OKHCIUTEIBHO-BOCCTAHOBUTEILHBIC CBOWCTBA
OKCHJIOB TUTaHa, upkoHus u rapuus? Kakos tum cBszu?

10. OnmmuTe CTPYKTYPHI OKCHJIOB, TaJIOTCHHIOB, KOMILIEKCHBIX COSTMHEHUI THX METaJIOB.

TecToBBIE 32JaHUA

Bapuanr Ne 1
1) YcroitunBOCTh BBICIICH CTETIEHH OKUCIICHUS B PSIy TUTAH-IUPKOHUI- rapHUN
a) yBEeJIMYUBaCTCS B) U3MEHSAETCS] HEMOHOTOHHO
0) yMeHbIIIaeTCst I') HE U3MEHSETCS, [IOTOMY UTO # # #.

2) TemmepaTypsl IUIaBICHHS, KHTICHUS U SHTAJIBINS aTOMU3ALUHU B PSAAY TUTAH-IIUPKOHUH -
radHun

a) yBEITMYNBAIOTCS B) H3MEHSAIOTCS HEMOHOTOHHO

0) yMEHBIIAIOTCS T') HEe U3MEHSIOTCA, TOTOMY 4TO # # #.

3) TemnepaTypsbl IIIABICHUS U BO3TOHKH B psady: TiFs-ZrFs-HfF,
a) yBEITMYNBAIOTCS B) H3MEHSIOTCS HEMOHOTOHHO
0) yMEHBIIAIOTCS T') HE U3MEHSIOTCA, TOTOMY 4TO # # #.

4) Macca uupkoHus (B rpaMMmax), ojiydeHHast Ipu TEpMUYECKOM BoccTaHoBIIeHHH 0,36 MOJb
rekcaTOpoLIMpKOHAaTa KaJIisg METAINIMYECKUM HaTpUEM, paBHa

a) 43,5 B) 31,9 0) 28,73 r) 27,4

5) CkIIOHHOCTb K TuApoan3y coequnenuit tTurana B psay Ti(I)-Ti(HH)-Ti(1V)
a) yBEIIMIMBACTCS B) U3MEHSETCS HEMOHOTOHHO

0) yMeHbIIIaeTCs T') HEe U3MEHSETCS, IOTOMY uTO # # #.

6) Cymma k03¢ ¢uimeHToB B npaBoii yactu ypaBHeHus peakiuu 1102 + HF onn) — paBHa # # #
7) lotennuan nonnsanuu B psay 11— Zr — Hf # # #, notomy uto # # #.

8) Bosbiiue BageHTHBIE BO3SMOXXHOCTH UMEET TUTAH IO CPAaBHEHHIO C OCTAIBHBIMHU 3JIEMEHTaMH,
II0TOMY 4YTO

a) ero BaJICHTHbIE OPOUTAIN YHEPIeTUUECKH HEPAaBHOLIEHHBI;

0) aTOMHBII pagnyc HeOONIbIIOM, €ro BaJeHTHBIE 3JIEKTPOHBI POYHO YAEPKUBAIOTCS SIAPOM;

B) €r0 BaJICHTHbIE OPOUTANIM SHEPTETUYECKH PaBHOLICHHBI;

I') €ro BaJICHTHBIE 3JIEKTPOHBI JIETKO YYaCTBYIOT B 00pa30BaHUU CBA3EH.

9) Cymma ko3¢ ¢urrentoB B ypapuenuu peakiuu 110 + HaSO4 (wowny) — paBHa # # #



10) Cpennue conu tutana (1V) cioxHO MOTYYUTh B BOJHBIX PacTBOPAx BCIEACTBUE AKTUBHO
MpoTeKarolero # # #.

BapuanT Ne 2
1) YcroitunBoCTh HU3ILIEH CTENICHU OKUCICHHS B Py TUTaH-IIUPKOHUI- TadHUI
a) YBEIIMYUBACTCS B) HE U3MEHSETCS
0) U3MEHSEeTCS HEMOHOTOHHO I') YMEHBILIAETCs, TOTOMY UTO # # #.

2) Temneparypsl iaBnenus 1 kunenus B psay: T1Cla- TiBra-Tily
a) YMCHBIIIAIOTCS B) HE U3MEHSIOTCS
0) UBMEHSIOTCSI HOMOHOTOHHO ') YBEITUYUBAIOTCS, IOTOMY uTO # # #.

3) KomriekcooOpasyroiias criocoOHoCTh coeaunenuit tutana B psaay: Ti(1)-Ti(HH)-Ti(IV)
a) YMCHBIIIAeTCS B) YBEIMYHMBACTCS
0) U3MEHSeTCS HEMOHOTOHHO ') HE U3MEHAETCS, IOTOMY UTO # # #.

4) Cymma k03 dunreHToB B JeBoit yactu ypaBaenus peakuun KoCrO7 + TiBrs + HBr— pasna #
##

5) TuraH, nupkoHuit ¥ radHUN pearupyroT ¢ KOHLIEHTPUPOBAHHOMN cepHOl KucioTou. [IpoaykT
peaKUurH OTINYAETCS OT OCTAJIBHBIX Y
a) TUTaHA B) radHUs 0) HUPKOHUS

6) Onements! 1VB rpymnmel ycToiHuuBbI K AEHCTBUI0 KOHLIEHTPUPOBAHHBIX CEPHON M a30THOM
KHCJIOT, HO JIETKO PAcTBOPSIFOTCS B CJIA0bIX IJIABUKOBOI, 11aBEJIEBOM, YKCYCHOU (B IPUCYTCTBUU
F’), moTomy uto

a) CO3/Ial0TCs YCIOBUSA 711 00pa30BaHMS MPOYHBIX AIlUOKOMILICKCOB;

0) OKPBITHI CHAPYKH MPOYHON OKCUIAHOM MIIEHKOM;

B) UIMEIOT MPOYHbIE KPUCTATNINYECKUE PEIIETKH;

I') HaCCUBUPYIOTCS B KUCIOTaX OKHCIUTEISX.

7) a-TutaHoBas KUCIOTa XUMUUYECKH # # # aKTUBHA IO CPAaBHEHUIO C J-TUTAHOBOM KHCIOTOH,
MOTOMY 4TO # # #.

8) B psaay TiO-Ti203-TiO2 ymeHbIIa0TCS
a) OKHUCIINTENbHAsl aKTHBHOCTb B) BOCCTAaHOBHUTEJIbHAS aKTUBHOCTD
0) OCHOBHBIE CBOMCTBA I') KUCJIOTHBIE CBOWCTBA

9) BoccranoBurenbHble cBoiicTBa coenuHenuil upkonus (111) Beipaxkensl # # # o cpaBHEHUIO €
tutaHoM (l11), motomy uto # # #.

10) Ti B TeTparanorenugax (kpome F) Haxonautcs B rubpuauzanuu # # #.

Tema 20. DuieMenTs! V B rpynnsl 1 ux coeiMHeHUs

Bomnpocsl 1u1s cobecenoBaHust
1. KakoBa pacmpocTpaHeHHOCTh BaHaJusi, HIOOMsS W TaHTana B mpupoje, nmodemy Nb u Ta gamie
BCETr0 BCTPEUAIOTCS B OJIHUX M TeX ke MUHepanax? Kak MmoinyduTs 3TH METalIbl.
2. Kak M3MEHSIOTCS 3HA4YCHHs SHTAJIBIUI IUIaBJICHUS M BO3TOHKH, TEMIEPATyphl IJIaBICHHUS U
KUTICHUS, IUIOTHOCTH B psiny MetaiioB V — Nb — Ta. TTouemy?
3. MOXHO 11 OJTyYUTh 3TH METAJJIbl METAJUIOTEPMHUUECKHU U3 X coequHenuit. Kakux? [Touemy He
BCer/1a MOXKHO MTPUMEHHUTh yriieTepMudeckuil Mmeto 1 uist monyuenus V — Nb — Ta.



4. Kakue ruapuasl o0pasyror noHbl V — Nb — Ta 1 kakoBa CTpYKTypa 3TUX KOMIUICKCHBIX HOHOB,
OKpallIeHbl OHU UM HET. YeM 3T0 MOXKHO OOBSCHUTH?

5. Ompenenure KUCIOTHO-OCHOBHOW XapakTep okcuaoB u ruapokcuaoB V. — Nb — Ta (Il).
[IpencraBbTe ypaBHEHHs peakiivii, OKA3bIBAIOIIMX OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA
HX COCIUHEHMI.

6. Kakue coemunenust usBectbl st V(I11), uemy pano ux xoopaumHanuonHoe uuciio. [Tokaxure
crpoenue noHoB [VFs]*, [V(OH)e]*, [V(NH3)s]** 1 monexyn V203, VFs, VBTrs.

7. O0bsicauTe cTpykTypy coieit mius BaHaaus (1), mx cBoiicTBa, okpacky. Kak wu3meHsercs
ycroitunBocth komiuiekcoB: Nas[VCls] — K3[VCle] — Rba[VCls] — Cs3[VCle].

8. Kak moxnO0 monyunth coenuneaust Banaaus (1V) u3z coenunennii V(V) u V(I11).

9. KakoBsl kucioTHOo-ocHOBHBIE cBoiicTBa VO2. Ero B3aumopeiicteue ¢ H2SO4, NaOH. ITokaxure
rugpon3 V(NO3)a.

10. KakoBBI OKCHJIBI, TAJIOTCHHIBI, OKCOTAJIOTCHU/IbI, KOMIUIEKCHI, CYIb(UIbI, HUTPUIBI, KapOUIbI
V — Nb — Ta (V). KakoBbI X KHCIOTHO-OCHOBHBIC CBOMCTBA. [IpHuBENTE MPUMEPBHL.

11. KakoBo crpoeHue nenrtaramorennnioB V — Nb — Ta, ux arperaTHoe COCTOSHHE B OOBIYHBIX
YCIOBUSIX, UX XUMUYECKasi aKTUBHOCTb, YCTOMUNBOCTh, KUCIIOTHO-OCHOBHOM XapakTep.

12. KakoBa akTUBHOCTH 3THX 3JICMEHTOB 10 OTHOIIICHHIO K BOJIE, KUCIIOTaM, IICIIOYaM.

13. Kak nosy4nTh NEHTAOKCUbI ITUX 3J€MEHTOB. KakoBa X CTpyKTypa, CBOMCTBA.

14. Kak u3MeHsI0TCSI KHCIIOTHO-OCHOBHBIE CBOMCTBA B PAY:

VO - V203 - VO — V205

V(OH)2 — V(OH)3 — VO(OH)2 — HVOs3

VF2 - VF3 - VF4 — VFs.

15. OOBsicHUTe U3MEHEHHE CBOWCTB B Py BaHAJATOB — HHOOATOB — TaHTanaToB. KakoBa mx

CTPYKTYpa.
16.0numuTe CTpyKTYpy KOMILIEKCHBIX coequnenuii V — Nb — Ta.

JlabopaTopHnas padora

[Tpubops! 1 mocyna.

1) Crexnsinnas manouka. 2) Crakan emkoctsio 100 M. 3) llltatuB ¢ mpobupkamu.

PeakTuBbBI 1 MaTepHAIIBL.

1) Oxkcun Banagus (V) 2) Iusk rpanynupoBaHHbld 3) JlakmycoBas Oymakka. 4)
@unbTpoBanbHast 6ymara. 5) benson. 6) @uoneToBblil TaKMyc.

PacTtBOpBI.

1) Azotnas kucnora HNO3 (koni., . 1,41 u 2 n.). 2) Cepnas kucnora H2SO4 (koHiI., M.
1,84 u 2 H.). 3) Consnas kucinora HC1 (kont., . 1,18 u 2 H.). 4) I'unpoxcun Hatpust NaOH (30%-
Helii U 2 H.). 5) Ilepmanranat kamuss KMnOs (5%). 6) Momua kamus Kl (5%). 7). Ilepokcun
Bozaopoja (3%).

Banaauit

Ionyuenue coequnenuii V(11), V(11), V(IV).

K naceimmenHomy pactBopy BaHamata (V) Hartpus (WIM €ro B3BeCH B BOJ€) MpPUOaBbTE
KOHLEHTPUPOBAHHYIO  COJITHYI0  KHCJIOTY UM  HECKOJbKO TpaHyd IIMHKA, Ha0moganTe
nocje1oBaTelbHOE M3MEHEHHE OKPAacKM pacTBOpa OT OecLBETHON uepe3 roiay0yro, 3eleHyI0 K
¢uoneroBoii. YacTb pacTBOPOB pazIUYHBIX OKPACOK OTAEIUTE B MPOOMPKH M OCTaBbTE JI0
CIeNYIOLMX OmNbITOB. Hanmuimiure ypaBHEHHs MPOTEKAIOMIMX MPOLECCOB, UMES B BUAY 4YTO HOH
VO3" mocnenoBaTenbHO  BOCcCTaHaBiImBaeTcs B kommuiekcl  [VO(OH2)s]?*,  [V(OH2)e]*,
[V(OH2)s]?*. KakoMy KOMIIIEKCY COOTBETCTBYET (hHOIETOBAs OKpacka?

[Honyuenue u croiictea VO(OH),.

K pactBopy [VO(OH2)s]?", momyuensomy B ombite Nel, mpuneiiTe 1o KamisM pa36aBieHHbIH
pactBop menoun 10 obpazoaHusi ocaaka VO(OH).. UcmeiTaiiTe neficTBue Ha OCaToK H30BITKA
IETI0YH U KUCIHOTH. OObsICHUTE HAabII0JaeMoe.

ITonyuenne u ncciieI0BaHne KMCJIOTHOOCHOBHBIX CBOMCTB ruapokcuaa sagaaus (11).




Ucxons u3 ¢QuoneroBoro pactBopa, moidydyeHHOro B ombiTe Nel, Mo OOMEHHOW peakiuu
nosryunte ruapokcu] Banaaus (II) u ycraHoBUTe €ro KUCiIOTHO-OCHOBHBIE CBOWMCTBA. YUTHUTE, YTO
YaCTUYHOE PACTBOPEHUE OCaJKa B U30BITKE IIEIIOYN CBA3aHO ¢ aM()OTEPHOCTHIO THIPOKCH 1A ITUHKA
(noHBI ZN?* 06pa3oBaNKCh MPH OKUCICHAN METAJUTNYECKOTO ITMHKA B ormbITe Nel).

Boccranosurenbuble CBOWCTBA coequuenuii Banaaus (II).

K pactBopy coenunenus Banagus (II) mpubaBbTe 1Mo KarisiM pacTBOp MEepMaHraHaTa Kayus.
OOmbsicauTe HabMIOAEMOE.

Honydenue npousBoaHbix BaHaaus (I11).

K mnoakucineHHOMy cepHOW KHCIOTOM HachILIEHHOMY pacTBopy BaHazara (V) Harpus
npuiieiTe pactBop uoauna kamus. OObACHUTE MPOUCXOSAIINE W3MEHEeHMs. Boiaenupiieiics mon
W3BJICKUTE OCH30JIOM (MU CBSHKUTE THOCYIIb(ATOM HATPHsI) M YCTAHOBUTE OKPACKY aKBAKOMILIEKCA
Banaaus (III).

IHonyuenue npounssoanbix V (IV) us coequnennii V (V).

B cyxyro npobupky BHecuTe okcui BaHaaus (V) u npwiieite 1 - 2 M1 KOHIICHTPUPOBAHHOMN
COJITHOM KHCIOTHL. DKCIEPUMEHTAIIBHO JOKWKUTE BBIJCIICHHE XJjopa. Hamwuimure ypaBHEHHE
MIPOUCXOJISIICH peakiuu, UMesl B BUy oOpa3zoBaHue xjopuaa Banaamia (IV).

Kucnorno-ocHoBuble cBo#cTBa V20s.

B nBe mpobupku ¢ AMCTUIUIMPOBAHHON BOJOH MpuOaBbTE MO HECKOIBKO Kalelb pacTBopa
¢duoneroBoro nakMyca. B OHY W3 HHX BHECHUTE HECKOJIbKO KpymuHOK V20s. OOBsICHHTE
Ha0JIroJaeMoe.

B nBe mpoOupku BHECUTE 1O HECKOJBKO KpynuHOK ¥Y20s. B mepByto — npubasbre 1 - 2 M
pa30aBIeHHOr0 PacTBOpA IMIEI0YH, BO BTOPYIO - KOHIEHTPUPOBAHHOMN CEpHOM KUCIIOTHI U HarpeiTe.
OOmbsicauTe HabMIOaEMOE.

Honyuenne nepokcokomiuiekcoB Banaaus (V) (kauecmeennas peaxyus na oxcosanaoam (V)-
UOH).

B nBe mpoGupku ¢ V20s npubaBbTe COOTBETCTBEHHO BOAY M KOHIICHTPUPOBAHHBIM PAaCTBOP
iesour. 3aTeM 10 KalisiM HpuOaBisiTe B Kaxayr NpoOupky 3%-HbIH pacTBOp IMEPOKCHIA
Bogopoaa. OO0bICHUTE U3MEHEHHE OKPACKH, Mpernoaras oopa3oBaHUe B MEPBOIl MPOOHpPKE HOHOB
[VO2(02)2]*’ (xenToro meera), Bo Bropoii mpodupke noHos [V(02)4]> (cuHe-¢puoneToBoro msera).

TecToBBIE 32aHUA
Bapuant Ne 1
1) Haubonee ycroitunBa y BaHaAMsI CTEIIEHb OKUCIICHUS
a) +3 B) +5 0) +4 r)+2

2) IIpoyHOCTh KPUCTAIIIMUECKUX PELIETOK, TEMIEPATyphl MIABIECHUS M KUIIEHUS B PSAAY MPOCTHIX
Bemects: V-Nb-Ta

a) yBEJIMYNBAIOTCS B) U3MEHAIOTCS HEMOHOTOHHO

0) yMEHbIIAIOTCS ') HE U3MEHSIOTCSI, TOTOMY UTO # # #.

3) BoccranoButesbHbie cBoiicTBa coenuuenuii Banaaus B paay: V(I1)-V(1)-V(IV)-V (V)
a) YBEJINYMBAIOTCS B) U3MEHSIFOTCS HEMOHOTOHHO
0) yMEHbIIAIOTCS ') HE U3MEHSIOTCS

4) Ilpu pacTBOpEHUH BaHaIUs B «IIapCKOM BOJIKe» oOpa3yercs
a) VCly B) VCls
0) H[VCle] r) VCl3

5) Xumuueckast akTHBHOCTE 205 B psaay: V205-Nb20Os-Taz20s
a) YBEITUYNBACTCSI B) YMEHbIIIACTCS
0) U3MeHseTCS HEeMOHOTOHHO T') HE U3MEHAETCS, IOTOMY UTO # # #.



6) B pactBops! okcotpuxiopuaoB V, Nb u Ta npuinimm cosisiHy0 KUCIOTY ¥ BHECITH KYCOYEK
LMHKa. BoccTaHoBIIeHHE HEBO3MOXKHO B ciiydae # # #.

7) OKCOHMOOATHI K OKCOTAHTAJIAThl UMEIOT CTPYKTYPY # # #.

8) M3 a1eMeHTOB OATrPYIITBI BaHA/IUSI UMEET OOJIBIINE BAJICHTHBIE BO3MOKHOCTH

# # #, noTOMy 4TO

a) aTOMHBIN PaJMyC BEIHK, BAJICHTHBIC JJIEKTPOHBI CJIA00 YACPKUBAKOTCS SAPOM;

0) MMeeTCs SHEPreTHUECKOE pa3inire BaJCHTHBIX OpOUTaseH;

B) aTOMHBIH pagnyc HeOOJIBIIIOHN, BaJICHTHBIC AJICKTPOHBI IIPOYHEE YICPKUBAKOTCS SIPOM;
r) pasauna B suepruu (N-1)d- u ns-opOuTaneii HeBeIMKa.

9) 13 nenTarainoreHua0B BaHaIUsl CYILIECTBYET TOJIBKO (DTOPHI, TOTOMY UTO # # #.

10) OnemenTsl VB rpyniel, pearupys ¢ KUCI0poJoM, 00pa3yroT OKCHJIbI COCTaBa
HHH

BapuanT Ne 2
1) HauGonee ycroifunBa y HIOOHS U TaHTaJla CTENICHb OKUCIICHUS
a) +5 B) +2 0) +4 r)+3

2) B Goubliieii CTETIEHH TIOABEPTracTCs THAPOIIA3Y
a) VCls B) VCl4
0) VCls r) VCl,, motomy uto # # #.

3) OuH U3 OKCOXJIOPHIOB UMEET OTIMYHYIO OT JIPYTHX CTPYKTYpPY
a) VOClI3 0) TaOCls B) NbOCl3

4) g HnoOus 1 TaHTajla XapaKTePHbI COEAMHEHNUS KJIAaCTEPHOTO TUIIA B # # # CTeNeHsIX
OKHCJICHUH.

5) Cymma ko3¢ ¢unmenton B ypaBHeHUH peakunu V205 + HNOj3onny— paBHa # # #.
6) V205 nonyyarot U3 BaHagaTa aMMOHHS C MAacCOBOM JtoJieit 25 %. BbIxo mpoaykTa peakiun
cocrasisieT 70 %. Macca BaHagaTa aMMOHUs, HeoOxoaumast 1iis onydeHus 9,1 r okcuaa BaHaaus

paBHa # # #. O0beM aMMHaKa (H.y.), BBLACTUBIINNCS IPH 3TOM, paBeH # # #.

7) COCI[I/IHCHI/IH BaHaAWs MPOABJIAIOT OKUCIIUTCIIbHO-BOCCTAHOBUTCIIBHBIC CBOICTBA B peaKknusax

a) NHsVO3 — r) NHsVO3 + KlI+ H2SO4 —
0) VCI, + HCI(pa36) — 1) VCls + NaOH pass) —
B) V205 + HCl (ko) — ¢) V205 + Na2CO3(xom) —

8) YcTraHOBUTE COOTBETCTBHE MEX/1Y BEIIECTBOM U CTPYKTYPHBIM THUIIOM €r0 KpUCTAIITHYECKON

peleTKu
1) VO A) oMMepHast U3 OKTadIpOB
2) V203 b) pemerka noBapeHHOM cosn
3) VO2 B) pemrerka pyruna

4) V205 I') peieTka kopyHaa

9) QHCKTpOHHaH KOH(I)I/IrypaI_II/IH aToMa TaHTajia B OCHOBHOM COCTOAHHUHN
a) 5d%6s? B) 65%6p°
6) 5d*6s? r) 5d%6s'6p!



10) IlentadTopuasl HHOOHS M TaHTaJIa UMEIOT CTPYKTYpY # # #, COCTOSIIYIO U3
#H#H#.

KonTtpoabHnas padora 12
(«Qaementsl 111 B, 1V B, V B rpynn u ux coeuHeHus1»)
Bapuant Nel

1. [aiiTe cpaBHUTEIbHYIO XapaKTEPUCTUKY JIAHTAHUIAM U aKTUHH]IAM, KaKhe dJIEMEHTHI OoJiee
PEaKIIMOHHOCTIOCOOHBI, KaKhe OKCHIBl M THUIAPOKCHIBI Ooinee ycroitumBbl. Kak m3MmeHsercs ux
KHCIIOTHO-OCHOBHOM XapakTep.

2. Kak u3MeHsieTcs ycTOMYMBOCTh coenuHeHuit T1 - Zr - Hf B cBsi3u ¢ M3MEHEHHEM CTEleHH
OKHCJICHUS 3TUX AeMeHTOB? [louemy?

3. Kakwue nporieccel BO3MOKHBI IPU PaCTBOPEHUU:

HfCls + FeClz— TaCls + Kl—

V205 + NaOH— Nb20s + H,SOs—

4. Kaxkue komriekcol 0opaszyror V, Nb, Ta. Kak nusmensiercst ux ycTOHYHBOCTH?

5. Kakas macca Banagata aMMOHHSI C MaccOBOM moiiel mpumecen 25% mnorpedyercs st
nonyuenus 9,1 r okcuna Banaaus (V)? Kakoit 00bemM ammuaka (H.y.) pu 3TOM BblaeauTcs? Beixon
MpoayKTa peakuuu cocrasisier 70%.

Bapuant Ne 2

1. Kakas comp ScCls, YCl3, LaCls, VClI3, TiClz umeer 6onbiie pH B BogHOM pactBOpe?
[Touemy? Hanummre ypaBHEHUs THAPOIIN3A.

2. Yrto mpou3oiIeT Ipyu B3aUMOICHCTBUH

Ta+ HF + HNOz— Ti +HCl—

ZrO; + K2CO3z— ZrO(NOs)2 + Zn + HC1—

3. HUcxons u3 xapaktepHoro koopaunaimonsoro gucia Ti (l1l), o0bsicaute crpoenue TiFs3,
Ti203, TiBr3, Tilz, TiClz. [Touemy npu 06sr4HbIX yemoBusx TiCl3 — kpucrammndyeckoe BeIecTso, B
To Bpems kak TiCls — sxuakocts?

4. OmpenenuTe CTPYKTYPY, YCTOWIMBOCTH, CBOCTBa rajorenuno V, Nb, Ta.

5. BoruucinteAG®98 peaknum pasznoxkenns NHsVOz(x) ¢ obpazoBanmem V.0s m 1a3000-
pasubix NHsz u H20, eci AH®298= 195,02 x/{x/Monb V20s, AS®98 = 423,86 [Ix/rpan monb V20s.
Kakoii ¢aktop - SHTaNbNUIHBIA WM SHTPONUNHBIA - ONpEeneNseT HamnpaBieHHE MPOTEKAHUS
nporecca u nouemy? Kakue ycrnoBust HEOOXOAMMBI 7Sl IPOTeKaHus mpoiecca?

Tema 21. Dnements VI B rpynnel u ux coequnenust

Bonpocsl 115 codecenoBanust
1. Omnpenenute 3aKOHOMEPHOCTH W3MEHEHMSI ATOMHBIX, MOHHBIX pPaJMyCOB, MOTEHIMAIOB
WOHM3AINH, SHTAIBIIAA aTOMHU3aIlMU, TeMIepaTypsl rmiasieaus u kunenus Cr — Mo — W. Kak
WU3MEHSETCA YCTOMYUBOCTh COECIMHEHUM, B KOTOPBIX 3TH 3JIEMEHTHI HAXOAATCS B PA3HBIX CTEMEHSIX
okuciieHusi. KakoBbI MPUYMHBI ’TUX U3MEHEHHU.
2. Kakoli U3 JaHHBIX 2JIEMEHTOB OOJbIIE PACIPOCTPAHEH B MPUPOJE, KaKUE MHUHEpalbl Oolee
yIoOHBI T moydenus u3 Hux Cr — Mo — W. KakoBbI crlocOOBI TIOTyYeHHS ITHX METAIIIOB, KAKOM
U3 HUX OoJiee TepMOJAMHAMUYECKHU BHIrojieH. Kakoe mpuMeHeHne HaXOAAT ST METAIIbl, a TAKKe
dbeppoxpom, peppomonudaeH, peppoBosbPpam.
3. Oxapaxkrepusyiite nmonoxenue Cr — Mo — W B 5IeKTpOXUMHYECKOM PSITy HAMPSHKEHUSI METAIIIOB
U TPEIJIOKUTE peareHThl, KOTOPhIE MOXXHO HCIOJB30BaTh ISl PACTBOPEHUS JAHHBIX METAJIJIOB,
OTMETHTE YCJIOBUS MPOTEKAHUS PEAKIIUM.
4. KakoBa ctpykrypa kapoonmioB Cr — Mo — W u kakue npakTHYecKue 3HAYCHHUS] OHU HMEIOT.
5. CpoiicTBa okcuoB U rujapokcuoB Cr — Mo — W(II).



6. CpaBHHTE CTpOCHHUE OKTadApuueckux komiuiekcoB Cr — Mo — W(II), cpaBHHTE UX yCTOMYUBOCTH
cBoiictBa. Ilouemy mnsi CTPYKTYphl HEKOTOPBIX KOMIUJIEKCOB XapaKTepHO TeTparoHalbHOE
HCKaKeHHe?

7. OOBICHHTE BBICOKYIO BOCCTaHOBHTEIbHYIO akTHBHOCTH [Cr(H20)e
akTuBHOCTBIO [MO(H20)6]%" 1 [W(H20)6]%*.

8. CpaBHuTe cTpyKTYpYy AuramoreanaoB Cr— Mo — W. B yem ux paznuune?

9. Kakast koopauHanus, TeTpa’ipuyecKas Wi OKTajapuyeckas, Hanoosnee OmaronpusrHa i Cr —
Mo — W (Il1) B ux coequHeHUsX?

10. CocraBbTe ypaBHCHHS pEaKIMil MOJy4deHHs pa3inuuHbix KomiuiekcoB Cr — Mo — W(III).
Onpenennre X CTPOEHUE, MAarHUTHBIE CBOMCTBA, YCTOMUNBOCTh U CBOMCTBA.

11. CpaBuute crioco0sl nmonyuerust okcugaoB Cr — Mo — W (1) Tlouemy [uist mosrydeHust OKCHIa
xpoma (1) ucnonp3yroT AMXpoMaT aMMOHUS, a He Ipyrue Tuxpomarsl win xpomatsl? KakoBa poib
SHTAIBIUAHOTO ¥ DHTPONMHHHOTO (DAKTOPOB MPOTEKAHHS MPOIECCOB TEPMHUUECKOTO Pa3TIOKEHUS
OuxXpoMaTa aMMOHHUS U SIBJSIETCS JTU OH 00OpaTHUMBIM.

12. OxapakTepu3yiTe KUCIOTHO-OCHOBHBIC CBOMCTBA OKCHIOB U ruapokcuaoB Cr— Mo — W (111).
13. OObsicHUTE XapaKTep W3MEHEHHUs TeMIIepaTypbl IUIABJICHHS, TEPMUUYECKON YCTONYMBOCTH H
OKHCJIUTEIILHOM akKTUBHOCTH B psimy okcuzoB Cr— Mo — W (I11).

14. Kak uzmensercs cuna kuciot B psay H2CrOs — H2MoOs — H2WO,.

15. CpaBHHUTE YCTOWYMBOCTH BBICIICH CTEMEHW OKHUCICHUS M OKHUCIUTEIbHYI0 AaKTUBHOCTH
coequuennii Cr — Mo — W.

16. Kak m3MeHsIeTCsI U 4eM OOBSCHSCTCS M OINPENeseTCs] YCTOHYMBOCTh OKCOAHHMOHOB B DSy
CrO4> — M0o04> — WO4*.

17. Tlouemy mociie 00pabOTKH METAJUIOB OMXPOMAaTOM Kallusl yBEIHMYUBACTCS WX KOPPO3MOHHAs
CTOMKOCTB?

18. O0BsicauTe TOT (AKT, YTO B JIAOOPATOPHOU MPAKTUKE, B KAUYECTBE CHIIBHBIX OKHCIUTEIICH Yalle
UCIOJIB3YIOT AUXPOMATHI, 2 HE XPOMaThI?

19. KakoBblI ycl10BHS CYILIECTBOBAaHUS XPOMATOB U IUXPOMATOB B pacTBope?

20. YUro Ha3bIBalOT «XpOMOBOH cMechio»? Ha ueM oCHOBaHO ee NEHCTBUE W ISl YETO 3Ty CMECh
HCIIONB3YIOT B 1a0OPAaTOPHOM MTPaKTUKE?

21. Kak M3MEHSIOTCS KHCIOTHO-OCHOBHBIE CBOWCTBAa OJHOTHITHBIX COEAMHEHUN C TOBBIIICHUEM
CTENIEHU OKUCJICHUS XpoMa B psiaax:

CrO - Cr203 - CrOs

Cr(OH)2 — Cr(OH)s — H2CrO4

CrF2 — CrF3 — CrFe

BrisiBUTE XapakTep M3MEHEHHS 3TUX CBOWCTB W IS AQHAJIOTHYHBIX COCAMHCHHWHA MOJHOJCHA |
Bosib(pama. [IpuBennTe npuMepsl ypaBHEHUH peakIuii.

22. Kak moxuO0 pactBoputb M0O3; WO3; CrOsz. Uem 00BSICHUTH POUCXOJIATIICE.

23. Uto oOpasyercsi mpu TUAPOIHU3E TUOKCOXJIOPUPUAOB Xpoma, MoIubaeHa, Bonbppama. Kakue
aII0KOMIUIEKCHl 00pa3yloT 3T METAJUIbI, KAKOBA UX CTPYKTYpa.

]°* u cpaBHuTe ee c

JlabGoparopHas pabdora

ITpuGopsl 1 nocyna.

1) llltaTuB ¢ konbuoM U nankoi. 2) ['openka. 3) MepHble MIMHAPH eMKOCThio 10 M1, 25 M
u 100 mun. 4) dapdopoBas crtynka c mnectukoMm. 5) DapdopoBas wyamka. Boponka. 6)
Kpucranmuzarop. 7) [Munerka. 8) Crakanbl emkocThio 100 M (2 mt.). 9) lltatuB ¢ npobupkamu.
10) dapdopossii TpeyronbHuk. 11) AcbectoBas cetka. 12) IIpobka ¢ TpyOkoii 1uist mpoOupku. 13)
CrexnsHHas najgoyka.

PeakTuBBI U MaTepUabl.

1) Hunuk (rpanysn.). 2) Oxcun xpoma (III) Cr203 3) Huxpomat ammonwust (NH4)2Cr.07. 4)
Hutpar xamus KNO3. 5) Kap6onat kamu K.COz. 6) Huxpomar xamust KoCr207. 7) XpomoBbie
kBacibl KCr(SO4)2*12H20. 8) bensun. 9) Ortunoseii cnupt CoHsOH. 10) dusnbrpoBanbHas
oymara. 11) Jlen. 12) JlakmycoBast 6ymara. 13) CreknsinHas BaTa (MM acOecT).




PacTBOpBI.
1) Cepnas kucnora H2SOs (xonm. u 2 H.). 2) Consnas kuciora HC1 (konm. u 2 H.). 3)

I'uapokcun Hatpust NaOH (2 H.). 4) Ilepokcun Bomopona H2O2 (3%-ubiit). 5) Cynbdun Hatpus
NaxS. 6) Xnopun 6apus BaClz (1 1.). 7) Monun xamus K1 (0,1 #1.). 8) Xpomar kaymst K2CrOg4 (2 1.).
9) Huxpomar kamust KoCr207 (wacemr. u 1 H.). 10) Hutpur natpus NaNOs (1 #.). 11) Cynbdur
natpust NapSO3 (1 u.). 12) Hurpar cepedbpa AgNO3 (0,1.1.). 13) Cynsdat xpoma Cr2(SO4)3 (0.5
H.). 14) Xnopun xpoma (III) CrClI3 (3enensiit, 0,5 H.), 15) Bpomuas Boma. 16) HeiirpanbHbrlit
pacTBOp JIaKMyca.

Xpom

O0pa3oBanue akBakomiuiekcoB xpoma (11)

B kon0y momecTHTe HECKOJIbKO TpaHysl IMHKA, MpHIeHTe 2-3 MJI MOJIKUCIEHHOTO COJISTHOM
KHCJIOTOM pazbaBieHHOro pacrBopa xjopuaa xpoma (III) m ToHkuit cmoit amerona. OObsSCHHUTE
M3MEHEHHE IIBeTa pacTBopa. PacTtBop ObICTpo mepeneiite B MpoOUpPKY, 3aKpoiite mpoOKoil u
COXpaHHUTE.

IHonyuenue u cBorictBa okcuaa xpoma (111)

a) Haceimatpb B mpodupky HemHoro u3menbueHHoro (NH4)2Cr.07 u 3akpenuTh ee HaKJIOHHO B
mratuBe. OTBepcTHE NPOOMPKH HANPAaBUTh B CTOPOHY OT cedst U OT npyrux pabortaroumx. [loxn
IpOOUPKY TMOJIOKUTH JUCT Oymaru. HarpeTe BepXHUIl cloi coiu A0 Hayana peakluu U 3aTeM
HarpeBaHue mnpekparutb. OOBSICHUTH Ipoucxojsuiee siBieHue. Hamucarh ypaBHEHUE pPEaKIUHU.
VYKa3aTh OKUCIUTENb U BOCCTAHOBHUTENb B TOM IPOLIECCE.

6) Ha momydennsrii mopomok okcuaa xpoma (III) momeiictBoBaTh BOAOW W pa30aBIICHHOM
H2SO4 nmn HNOsz. PactBopsiercss mu oxcua xpoma (III) B Boge u B paz0aBiIeHHBIX pacTBOpax
KHCIIOT?

[lonydenue u cBoiicTBa rujpokcuaa xpoma (I11)

a) B nipobupky ¢ pactBopom coiu xpoma (III) npubaBisaTh no KamisiM pacTBOp THIPOKCHIA
HaTpusi 70 oOpa3oBaHus ocajgka rujapokcuaa xpoma (III). Ormeruts 1nBer ocanka. Hammcarts
YpaBHEHHE PEAKIUU.

0) PaznenuTh ocazok Ha J1Be MpoOUpku. B oaHy U3 HUX 100aBUTH pa30aBICHHYIO KUCIIOTY, B
Opyryto — u30bITOK mienouu. Hamucath ypaBHeHus peakuuil. Kaxumu cBoiicTBamu o0namaer
ruspokcus xpoma (II1)? OTMeTuTh OKpacKy MoJyuyeHHbIX PACTBOPOB.

Ilonyuenue runpatHeix n3oMepoB xpoma (11I). Baugare npupoabl INraHaI0B Ha OKPACKY
KOMILJIEKCOB

®uonetoBblil pacTBOp rekcaakBaxyopuaa xpoma (III) marpeiite, 10 M3MEHEHHS OKpacKH.
OTMeETBTE OCTENIEHHOE BOCCTAHOBIIEHUE 1IBETA PACTBOPA MPU €TI0 OXJIAKICHHUH.

I'uaponwus coset xpoma

a) K pactBopy coimu xpoma (III) noGaBuTh HeWTpanbHbIM pacTBOp jdakmyca. OOBSICHUTH
M3MEHEHUe 1[BeTa JlakMmyca. HamucaTh ypaBHEHHE peakiuu.

0) K pactBopy comu xpoma (III) noGaButh pactBop cyiabduna HaTpus 10 0Opa3oBaHUS
ocajka. [lonydeHHbllt ocasok OTGUIBTPOBATH U XOPOLIO MPOMBITH Ha GuibTpe Bojoi. K oxnoit
MIOJIOBUHE Ocajika B mpoOupke no06aButh pazbaBienHyro HCI, k apyroit - pactBop menoun. Ha
OCHOBaHUU MPOJIETaHHBIX pPEeaKUUil clenarh BbIBOJ, KaKOB cOcTaB ocaaka. HamucaTe ypaBHEHHs
peaKuu.

8) PactBop rumpokcoxpomata (III), momydenssiii B omnbite 2, mpoKUNSITUTH. OOBSICHUTH
oOpazoBanmne ocanka ruapokcuga xpoma (III). Hammcate ypaBHeHue peaknuu. YKaszaTh, 4TO
cuibHee THuaposmzyercs — pactBopuMmas coib xpoma (III) mmm rugpoxcoxpomar (III). Kakoe
3HAUEHUE UMEJIO0 HarpeBaHue?

OxucieHre U BOCCTAaHOBJIEHHE coeanuennii xpoma (11I)

a) K pactBopy comu Cr (III) go6asnare pactBop NaOH no pactBopeHus mepBoHa4daabHO
nosiBuBLIerocsi ocanka. [lomydeHHBI pacTBOp pa3lenuTh Ha JBe NpoOMpku. B oaHy u3 HHX
no6asuth 2—3 mi pactBopa NaOH u 2—3 mu1 GpomMHO# BOJIBL, B IpYTYIO TPOOHUPKY 100aBUTH 2—
3 mut pactBopa NaOH u 2— 3 mut 3%-noro pactBopa H20». [Ipocnenuts 3a ”3MEHEHHUEM OKPACKHU B
obenx npoOupkax. 3anucaTh COOTBETCTBYIOIINE YPaBHEHUS PeaKLIUH.




0) PactBop xmopuna xpoma (III) moakucnute HC1 u paznenuts Ha nBe npoOupku. (MoxxHO
OpaTh U IPYTYIO COJIb XpOMa, HO pe3yabTaT ombiTa OyaeT meHee HarysgneH.) OQHY OCTaBUTH IS
KOHTPOJIS, B APYI'YIO0 IMMOMECTUTh 2—3 KyCOYKa IIMHKA, MPUIUTh HEMHOTO OCH3MHA W 3aKpPbITh €€
MpoOKOW ¢ ra300TBOJAHON TPYOKOMW, KOHEIl KOTOPOW ONMYCTHTh B BOAY. Uepe3 HECKOJBKO MHUHYT
HaOmIOAaTh W3MEHEHHWE I[BeTa pacTBopa. HammcaTh ypaBHEHHE peakIuHu. YKaszaTb, 3a4eM
HaJIMBaeTCsd TOHKHUM cioi OeH3MHa M OTBOJHAs TpyOKa omyckaeTcs B Boay. Kakyio poib urpaer
xsopu xpoma (III) B aToii peakuuun?

Ha ocHOBaHWM TMpOBENEHHBIX OMNBITOB CJAENaTh BBIBOJ, KaKyl0 pOJIb MOTYT HUIpaTh
coequHenus Cr (III) B OKMCIAMTENBbHO-BOCCTAHOBUTEIBHBIX PEAKLUSAX M KaKOBa IPU TOM pOJIb
cpenni?

IlosiyueHre XpOMOBOIO aHTUJPUJIA U €TO CBOMCTBA

a) Hanutp B crakaH (wm npoOupKy) 3—>5 mi1 HaceiieHHOTo pactBopa KoCroO7 u npuimBath
nmoHeMHOTY 5—~8 M koHueHTpupoBanHoi H2804, oxnaxxaas ctakaH X0i0aHON Bogoi. OTMETUTH
IBET BBIMAJAIOMINX KPUCTANIOB XpoMoBoro anrugpuna. Ilocme oxnaxzaeHus pacTBopa
OT(UIBTPOBAThH TONYUYEHHBIE KPUCTAJUIBI Ha BOPOHKE CO CTEKISIHHBIM (HIBTPOM WM acOecTe
(crexnsnHOM Bare). Hamucath ypaBHenue peakiuu. OObBSICHUTH, modyeMmy Oepercs OOJbIION
n3061ToK H2SO4.

6) YacTb MOMy4E€HHBIX KPUCTAJUIOB MIOMECTUTH B (apPOpOoBYIO, YAIIKY U OOJIUTH OCTOPOKHO
U3 TUTMETKH HECKOJBKUMHU KarisiMu crniupta. Yto Habmiomaere? HammcaTh ypaBHEHHE peakIuy,
yuuThIBasi, 4To oOpazyercs okcuna xpoma (III) u ykcycHbIil anbaerun (ompenensercs HO 3amaxy).
Kakue cBolicTBa mposiBIIsSeT B 3TOM peakluy XpOMOBBII aHTUApU?

8) Heckonbko NOMy4EHHBIX B OMbBITE @) KPUCTANIOB XPOMOBOI'O aHTHIPUIA PACTBOPUTH B 2—
3 mn Boasl u jgob6aButh pactBop Kl. Habmiomate wu3menenwe unBera pactBopa. Jlokaszath
MPUCYTCTBUE HMOJa B pacTtBope. Hammcare ypaBHeHue peakiuu. Crenatb BBIBOA O CBOMCTBax
XPOMOBOT'O aHTHJIPU/IA.

YcnoBus CylecTBOBaHMUS B paCTBOPE XPOMATOB U INXPOMATOB

K 3—4 wmn pactBopa xpomarta kamus npuiauth pactBopH2804.Habmronate n3menenue
okpacku. OObSICHUTH poucxodiee siBjeHne. Hamucars ypaBHeHHE peakuy.

K mnonydeHHOMy pacTBOpy HpWINTh pacTBOp wienoud. HabmronaTe M3MEHEHHEe IBeTa
pactBopa. OOBICHUTH 3TO M3MeHeHue. Hammcare ypaBHeHue peakiuu. HainuneM Kakux MOHOB
0o0yCIIOBJIEHBI Tepexoibl OKpacku pacTBopa? Kakoe paBHOBecHE YCTaHABIMBAE€TCS B BOJHBIX
pacTBopax XpoMaToB U AuXpoMaroB? Kak BiIuseT cpefa Ha CABUT ATOIO PaBHOBECHS?

[Tonyyenue cosield XpOMOBBIX KHCIOT

Hanute B ogny npobupky pactBop K2CrOs, a B npyryto K2Cr207 u npunuts B 06e mpoOupku
pactBop AgNO3. OrmetuTts 1BeT. B 0060ux cnyuasx oOpazyercs ocanok Ag2CrOs. OOBSICHUTH 3TO
sBJICHHE, IPUHUMasi BO BHUMaHUE MPOU3BEJICHHE PAaCTBOPUMOCTH XpoMaTa U JAUXpomara cepedpa.
Hamnmcars ypaBHeHUs peakiuil.

[Iponenarh aHATOTHYHBIE OMBITHI C XJIOPUAOM Oapusi (M HUTpaToM cBHHLA). OTMETUTH LIBET
ocankoB. HanmcaTte ypaBHEHUS peakuil.

OxucauTenpHble CBONCTBA coeanHeHuit xpoma (VI)

K 2—3 wmut pactBopa K2Cr207 npubaButs HemHOTO pa3d. HoSOs u 2—3 mut pactBopa NaNOz.
Cwmech cmabo Harperb. HaGmionaTh u3MeHeHHe oOkpacku. Hamucare ypaBHEHHs peakuuil B
MOJIEKYJISIPHOIN ¥ HOHHOU (hopMax.

TecToBble 3a1aHUS

Bapuant Ne 1
1) DnekTpoHHast KOHGUTYpAIUsI aToMa XpoMa B OCHOBHOM COCTOSTHUU
a) 3d°4s? B) 3d*4st4p?
6) 3d*4s? r) 4s%4p*

2) XpoM IpHUCYTCTBYET B PacTBOpPE, MOJYUEHHOM IPU PACTBOPEHUHU XpoMa B pa30aBIeHHON
CEpHO KUCIJIOTE NPU OTCYTCTBUHU BO3/yXa, B BUJI€ HOHA



a) [Cr(H20)6]*" B) CrO4%

0) [Cr(H20)6]2+ T) Cr,07*

3) U3 pactBopa CrCls ocaxxmaercs Cr(OH)s nmpu qoGaBiieHu#n pacTBOpOB
a) Na.COs B) (NH4)2S

0) NHs r) Nax;SO4

4) B meno4HoM cpeie MOTYT CYIIECTBOBATH HOHBI

a) [Cr(OH)g]* B) CrO4>

6) [Cr(H20)6]** r) Cr,07%

5) Cymma ko3 durinenToB B paBoit yactu ypaBHeHus peakuuu KoCr,O7 + CoHsOH + HoSO4 —
paBHa

a) 17 B) 18

0) 14 r) 15

6) Uon [CroClo]* mapamarauten, a noust [Mo2Clo]* u [WClg]* muamarnutas:. Kpome Toro,
paccTosiHie MEX/y aTOMaMHi MOJIHO/IeHa U BOJIb()pamMa B MOHAX MEHbIIIE, YeM B METaJlIaX.
Crenosatenbno, nonbl [Mo2Clg]® u [W,Clo]* asnsrotcs # # #

7) B pesynbpTaTe B3auMoAeMCTBUS MOJIMOIEHA C XJIOPOM TIPH HAarpeBaHUM o0paszyercs # # #

8) DIeMeHThI MOATPYIITEI XpoMa 00pa3yroT KapOOHMITBI cocTaBa # # #

9) YcranoBute COOTBETCTBHUE:

1) [Cr(H20)6]?* B) rosny6oii

2) [Cr(H20)6]** A) dhuoseroBbIit
3) [Cr(OH)e])* I') 3enenslit

4) CrOs* b) sxentsrit

5) Cr,07% J1) opaHKeBBIN

10) Haubousee ycToitunBa 11 XpoMa CTENIEHb OKUCIIEHUS # # #, moToMy uTO # # #.

Bapuant Ne 2
1) Ipu cimasnenun Cr03 ¢ KOH u KNO3 o6pasyertcs
a) KoCrOgy B) K2Cr20O7
0) KCrO> r) Cr(NO3)3
2) DnexTpoHHast KOHGUTYpaIMs aToMa BoJIb()paMa B OCHOBHOM COCTOSTHUHU
a) 5d*6s? B) 65%6p*
6) 5d°6s? r) 5d*6st6p!

3) [pu mpoTTyCKaHUK CEPOBOIOPO/IA B IEIOYHOM pacTBOP BOIb(pamaTa aMMOHHUS 00pazyeTcs
a) WS, B) W5015
0) WS3 r) (NH4)2WS4

4) I1pu BBeneHuu B pactBopbl coseit xpoma (I11) cynbdun- n kapOoHAT-HOHOB BbIMA/Ia€T OCAIOK #
#H.

5) Coenunenus xpoma (1) nposiBisitor cBoiicTBa # # #, motomy uTo ¢ Touku 3peHus TKII # # #.

6) COCI[I/IHCHI/IH Xpoma NpOsABIIAIOT OKUCIUTCIIBHO-BOCCTAHOBUTCIILHLIC CBOICTBA B pCaKknusAax



a) CrZ(SO3) + H,O — F) K2Cr207 + HCI(KOHH) -
0) K2Cr207 + KNO2 + HoSO4 — 1) CrCls + Br, + KOH —
B) K2Cr204 + BaClz —

7) Ilpu npokaiMBaHUM XpOMa B KHCIIOpOie 00pa3yeTcst OKCUJ

a) CrO; 6) Cr20s3; B) CrOs

8) ®duoeToBKIH IIBET pacTBOpa 00yCIaBIMBACT HOH

a) [Cr(H20)e]** B) [Cr(H20)4Cl]"*

6) [Cr(H20)e]** r) [Cr(OH)e]*

9) Cr(OH)3 pactBopsieTcs B

a) H.O 6) HCI B) NaOH(KOHu.) F)NHS p-p

10) OxucnurenbHbie cBoiicTBa coeaunennii B psay: Cr(VI)-Mo(VI)-W(VI)
a) YMEHBIIIAIOTCS B) U3MEHSIOTCS HEMOHOTOHHO
0) yBEeIMUUBAIOTCS T') HE U3MEHSIOTCS

Tema 22. Dsements! VII B rpynnel u ux coeuHeHust

Bomnpocsl 1i1st cobecenoBaHust
1. Ha ocHoBaHMU 3JIEKTPOHHOrO cTpoeHuss atoMoB Mn — Tc — Re ompenenure BO3MOXKHbBIE
BaJICHTHBIE COCTOSIHUS 3JEMEHTOB B 0Opa3yeMbIX MMM COCIMHEHMSX; ONPEAEIUTE 3aBHUCUMOCTh
3HAYEHU aTOMHBIX PaJWyCOB, SHEPrUH HMOHU3ALHM, SHEPTU CPOJCTBA K BJEKTPOHY aTOMOB OT
MOPSAAKOBOTO HOMEpa 3JIeMeHTa, 00BbSCHUTE OJIM30CTh ATOMHBIX PAJUYCOB TEXHELMS U PEHUS.
2. OObAcHUTE XapakTep HW3MEHEHHs ODHTAJIBIIMU ATOMHU3AlUH, TEMIIEPAaTyphl IUIABICHUS U
kunenus MetawioB Mn — Tc — Re.
3. Kak pacnpocrpanenst Mn — Tc — Re B mpupose, B KakuxX MNPUPOTHBIX COEAMHEHUSIX
BcTpevaroTces? KakoBbl cocOObI MOTYUYEHHUS JaHHBIX METAJIJIOB, IJIe OHU HAaXOAAT IpUMEHEHue?
4. CpaBHUTE AJIEKTPOHHOE CTPOSHHE aTOMOB AJIEMEHTOB TOATPYIIBI MapraHiia u rajoreHoB. Ha
OCHOBE 3TOro OOBSICHUTE pa3ziMyue B MX XHMHYECKUX cBoiicTBax. Kakas creneHb OKHCIIEHUS
YKa3bIBa€T Ha CXOZCTBO 3TUX AJIEMEHTOB M MPUHAIIE)KHOCTh UX K OJTHOU Tpyme?
5. Kak usmensercs xummuueckasi akTUBHOCTb B psity Mn — Tc — Re. KakoBo ux nosenenue npu
B3aMMOJICHCTBHH C pacIpOCTpPaHEHHBIMH B JabopaTopun peaktuBamMu. COOTHECHTE ClIelaHHBIC
BaMH BBIBOJIBI O XHWMHYECKOM aKTHBHOCTH JAaHHBIX METaNIOB C IIOJIOKEHHEM UX B
AIIEKTPOXUMHUYECKOM PsITy HANpPsHKEHUH.
6. OxapakTepu3yiTe KUCIOTHO-OCHOBHBIC CBOMCTBA OKCHIOB M ruapokcuaoB Mn — Tc — Re (11).
Kakne KOMITJIEKCHl — KaTHOHHBIE aKBAKOMIUIEKCHI WJIM AHWOHHBIE THIPOKOMILIEKCH — Ooiee
XapakTepHbl B BOgHOM pacTBope Mn — Tc — Re (l1).
7.  Onummte CTPYKTYpHI U cpaBHuUTEe yeToHIMBOCTh F- — ClI"— CN™ — komrmutekcos Mn (I1).
8. OxapakTepusyiiTe KHUCIOTHO-OCHOBHBIE U OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIE IUOKCHIIOB U
terparanoreHnioB Mn — Tc — Re. CpaBHuTe ycTOHYMBOCTh OAHOATOMHBIX coeAuHeHuit Mn — T¢ —
Re(IV).
9. Onummure CTPYKTYpy M CpPaBHHTE YCTOHYMBOCTH OJTHOATOMHBIX KoMIuiekcoB Mn — Tc — Re
(IV). IIpuBeanTe MpUMephI KOMIUIEKCHBIX COeAMHEHUH, 00pazyembix Mn — Tc — Re (1V).
10. Cpasuure Temmeparypy miasieHus 103 u ReOs, a taxke TcO3 u TcFs; ReOz u ReFe. Jlaiite
OOBSICHEHUSL.
11. [laiiTe XapakTe€pUCTUKY KHCIOTHO-OCHOBHBIX CBOMCTB JIBYX- U TPEXIJIEMEHTHBIX COEINHEHUI
3(VI1). CpaBHUTE yCTOWYMBOCTH ITHX coeauHeHuil. OObsicHuTe, mouemy st mapranna (VII)
HEeXapaKTepHO 0Opa3oBaHWe OWHAPHBIX COCTUHEHWH W B KAKMX COCIMHEHHSX MapraHIila CTETeHb
OKHCIIeHus +6 HecKolbKko cTabunusupyercs. Kakue aHnoHHbIE KOMIUIEKCH oOpa3ytor Mn — Tc —
Re(V1).



12. OxapakTepusyiiTe OKHCIUTENIbHO-BOCCTAHOBUTEbHBIE CBOiicTBAa MoHa MNO4% u ompenenure
yCIIOBUS IPOTEKAHUS PEaKIIUiA: OKUCICHUS U BOCCTAHOBJICHHUS.

13. KakuM THUIIOM OKHCIIMTEIbHO-BOCCTAHOBHUTENBHBIX IPOIECCOB COMPOBOXKIACTCS THIIPOIIN3
coenunenuiit I(VI). Kak 6yner nmporekats ruaposn3 ReFs u ReOF4.

14. Kakoe crpoenue umeroT okcuabl Mn — Tc — Re (VII)? O moBbllieHHH WA TOHWKCHUU
YCTOMYMBOCTH OMHOTUIHBIX coeauueHuit B psay Mn — Tc — Re(VII) cBumerenbcTByeT xapakrep
M3MEHEHHS SHTAIBIHNK U dHeprun [ m60ca oOpazoBaHMsI 3TUX COCTUHEHUH, a TAKXKE UX TEMIIEPATyp
IUJTaBJICHUS.

15. KakoBbl KHCIOTHO-OCHOBHBIE cBOMCTBa OmHapHbIX coeauneHuit I(VII)? Kakue anmonHble
KOMILIEKCHI cooTBeTcTBYIOT Mn — Tc — Re (VII)?

16. OObsacuute mzmeHenue ycronunBocTH B psgy KMnOs — KTcOs — KReOs (Mcnomb3yiite
3HAYEHHUS TEMIEpaTyp IUIaBJICHHUs M pa3iokKeHHs] JaHHBIX coeAuHeHuit). Kakoe coennHeHue
xapakrepuzyercs 6oinpiiel ycrounBoctsio KMnOs u HMNnOs. TToyemy?

17. Kak wm3mensercs mpouHocTh cBsizu O — O B psagy MnOs — TcOs — ReOs m yem 3T0
oObsicHsercss? Kak wu3MeHsieTcs B 3TOM psily OKHCIWTENbHAas aKTUBHOCTH HMOHOB? JlaiiTe
oOBsicHeHHs. B kakoil cpelne KHUCIION WM IIETOYHOM OKHCIUTENbHbIE cBoiicTBa mona MnOs B
HanOOJIbIICH CTeTIeHU?

18. Kak u3mensiercs 107151 n-cBsi3biBanus B D04" ¢ yBeIMUEHHEM CTEIICHH OKUCICHUS MapraHia?
19. Kak u3MeHsieTcs KHCIOTHO-OCHOBHBIE CBOWCTBA OJHOTHITHBIX COCIUHEHHUH C TMOBBIIICHUEM
CTETeHH OKUCJICHHsSI MapraHiia B psiay:

a) MnO — Mn203 — MnO2 — MnO3z — Mn,Oy,

6) Mn(OH)2 — Mn(OH)3 — Mn(OH)4 — HoMnO4 — HMnO4, Ananoriuusblie pacCyIeHus TPOBEIUTE
IUISL COSIMHEHUH TeXHEIHS U PEHUSI.

20. Oobcyaute xapakTep usmeHenus B psry Mn2O7 — CrOsz — V205 — TiOo:

a) TeMIeparypsl IUIaBJICHHs, O) PACTBOPUMOCTH B BOJE, B) KHCIOTHO-OCHOBHBIE CBOWMCTBA, T)
OKHUCJIUTEIbHASI aKTUBHOCTS. J{aliTe 00bsICHEHHS HallICHHBIM 3aKOHOMEPHOCTSIM.

JlabopaTopnasi padora

[IpuGops! 1 nocyna.

1) lltatuB c nankoi. 2) ['openka. 3.) llltatu ¢ mpodbupkamu.

PeakTHBEI M MaTepuabl.

1) Okcun ceunna (IV) PbO2 (unu cypx Pb30a). 2) Oxcun mapranima (IV) MnO: (3epHeHbI#H).
3) I'mapoxcun xamus KOH. 4) Ilepmanranar kamust KMnOg. 5) Cynbdar mapranna MnSO4 « 7H20.
7) JJakmycoBas Oymara. 8)JIyunHka.

PactBOpBI.

1) Azornas xucnora HNO3z (mn. 1,4). 2) Cepnas kucnora HpSOs4 (mun. 1,84 u 2 m.). 3)
VYkeycnas kucinora CH3COOH (2 n.). 4) Hlasenesas kuciora H2C204 (1 4.). 5) 'mapokeun HaTpus
NaOH (40%-mbiit 1 2 1..). 6) Cynedar xeneza (II) FeSO4 (0,5 H.). 7) bpomun kanus KBr (0,5 u.).
8) Ilepmanranat kamust KMnOs (0,1 1.). 9) Cynsdar mapranna (II) MnSO4 (0.5 1.). 10) Cynedur
natpust NaxS03 (I' 1.). 11) Xnopnas Bona. 12) bpomnas Bofa.

Mapranen 1 ero CoeJuHEeHUS

[Monydenue runpokcusia maprania (II) u ero cBoiicTBa

a) Tonyunts ruapokcun mapranna (II) uz comu Mn (II). Ormeruts ero nser. Hamucats
ypaBHEHHE PEaKLUu.

6) YacTb XHUJKOCTH C OCAJKOM OTJIUTH B APYTyI0 MPOOUPKY U OCTaBUTh CTOSITh HAa BO3IYXE.
OOBsCHUTH U3MEHEHHUE 1[BeTa ocaka. Hamucars ypaBHEHUE peakiii.

¢) UcnipITaTh OTHOIIEHHE MOJIyUEHHOTO B Hayaje ONbITa 0Cajgka K pa30aBiIeHHON KUCIOTE U
n30BITKY pacTBOopa Imenouyn. Yro mpoucxonut? Kakol BBIBOA MOXHO cenaTb O CBOWCTBax
ruapokcuaa mapranna (II)? Hanucats ypaBHeHHe peakuuu.

2) K Hebonpimomy koiuuecTBy ocaaka ruapokcuaa Mn (II) mpunute GpomHOi Boasl. Uto
oOpaszyerca? Kakue cBoiictBa mposiBiaser ruapokcua Mn (II) B atoii peaknuu? Hamwmcats
ypaBHEHHE PEaKLUu.




CsaoiictBa cosneit maprania (II)

a) K pactBopy comu Mn (II) mpubGaButh pactBop cynbduaa ammoHus. UTo BbIIAAacT B
ocagok? KakoB ero user? Yto npoucxoauT ¢ OCaJIKOM IpU CTOSHUU Ha Bo3ayxe? OOBIACHUTH €ro
n3MeHeHnue. Hanucarp ypaBHEHUS PEaKIIHiA.

6) Hacpinath B ipoOupKy HemHoro okcuaa ceuniia (IV) wiu cypuka PbsOs, npubaButs 2—3
M koHI. HNOs n 1—2 kamum pactBopa cynbdara mapranma. Cmech HarpeTh 10 kureHus. [locie
OTCTaMBaHUsl OTMETUTH LIBET pacTBOpa. HamucaTe ypaBHEeHUE peakiu. DTa peaklus UCIOJIb3YEeTCs
B QHAIMTUYECKON XUMUH JIJIs1 KAUECTBEHHOTO OIpe/IeTICHHS COeAMHEHUI MapraHia.

Kakwue cBoiicTBa B onbiTax @) v 6) nposiBisitot coau Mn (11)?

BsaumoneiictBue okcuna maprasua (IV) ¢ cepHoit KucioTou

K nebonbmomy konuyectBy 3epHeHOro MnO; npuiuth HeMHOTo KOoHIL. H2SOs. OctopoxHo
HarpeBaTh MPOOUPKY CO CMECHIO 10 MHTEHCHUBHOTO BbleleHHs ra3a. Jloka3aTh, Kakoi BbIIEIsETCS
ra3. Hanmcares ypaBHenue peakiuu. Kakue cBOHCTBa B 3TOi peakiuu mposiBisger MnO2?

CBoiicTBa IEpMAHTaHATA KaJIHs

a) Paznoowcenue nepmaneanama kaaus npu Hazpesanuu. Harperb B mpoOupke HEOOJBIIOE
KOJMYECTBO KPUCTAIJIOB NepMaHraHara kanus. Jlokasatb, kakod Bwigensierca ras. Ilpomomkarth
HarpeBaHue J10 TNpeKpauleHus ero BbaeneHus. llocne oxnaxaeHus pacTBOPUTH COAECPKUMOE
MpOOUPKH B HEOONBIIOM KOJUYecTBE BOAbl. Kakoil 1[BET MMEIOT MOJIYyYeHHBIH PacTBOP U OCAIOK?
Hamnmcars ypaBHeHne peakuuu.

6) Oxuciumenvhvie ceolicmea nepmaneanama xaaus. B Tpu nmpoOupku HaMUTH Mo 1—2 M
pacTBopa nmepMaHraHara kaiuus u HemMHoro pa36. H2SOs. B mepByro mpoOupky n1006aBUTH pacTBOp
NaS03, Bo BTOpyto — pactBop FeSOs, B TpeTbiO - PacTBOp IIaBENEBOM KHUCIOTHI (TPEThIO
npobupky Harpetsb). Uro Habmronaercst? Hanucars ypaBHEHHS peakuidi B MOJICKYJISIPHOW U MOHHOU
dhopmax.

K 1—2 wmu pactBopa KMnOs moGaBuTh BOAy M 3aTeM pacTBOp cynbdurta darpus. Uro
npoucxoaut? HamucaTts ypaBHEHHE peakiluu B MOJIEKYJISIPHON U MOHHOM opmax.

Hanuts B npoOupky HemHoro pactBopa KMnOs, 1006aBUTh K HEMY KOHLIEHTPHUPOBAHHBIN
pacTBOp ILEI0YH, 3aTeM pacTBOp Cyib(ura HaTpus U B30onATaTh. OTMETHTDH, KAaK U3MEHHJICS LIBET
pactBopa. 3aTem HaOI0AaTh 0OpazoBaHue ocaaka. Hamucars ypaBHeHUs peakuii B MOJIEKYJIIPHOU
U MOHHOH (opmax.

K pactBopy cynwsdpara mapranua (II) B mpoOupke n0o6aBisTh 1O KamjsiM, pacTBOp
nepMaHrasata kaiaus. Yro mpoucxoaut? McnplTaTh peakiMio pacTBOpa JAKMYCOBOH OyMa)KOM.
Hamnncars ypaBHeHUe peakuuu.

OObsicHUTH sIBIIEHMs, HaOiogaeMble B ombITax. Kak BIusSeT peakuus Cpeasl Ha
BOCCTAHOBJICHA [T€pMaHraHaTa Kanus?

8) Bausnue xucnomumocmu cpedwvl Ha ckopocms oxkucieHus. Hanuts B 1Be mpoOupku mo 2—3
M pactBopa KBr m mo0aButh MmopoBHY B TepByro mpobupky pa3d. H2SOs, BO BTOpyHO -
paz6asnenHoit CH3COOH. [lo6aButh B kaxayto npoOupky no 10—15 xanens pactBopa KMnOa.
OTMETUTh OJHOBPEMEHHO JIM HAOJIOJAeTCs MCYE3HOBEHHE OKpacku B obOeux mnpodupkax. Kak
BJIMSIET KUCIOTHOCTh CPe/Ibl Ha CKOPOCTh OKUCIICHUS IepMaHraHatoM kanus? Hamucats ypaBHEeHUs
peaxkuuii ¥ MOJIEKyJIIpHON U HOHHOM popmax.

OxwucnutensHbie cBoicTBa okcuia mMapranua (V) (msea)

Ha dacoBoe cTEKJIO MOJIOKUTE HECKOJIbKO KPHUCTAJUIOB IMEpPMaHraHaTa Kallis, OCTOPOXKHO
N00aBbT€ HECKOJIBKO Kamellb KOHHM, CEpHOM KHCIIOTHI M TepeMelIaiiTe CTEKISIHHOM MaJo4YKOM.
He6onpmoe xomuuyecTBO cMecu mnepeHecuTe B (Gap(opoByr0 4Yallky Ha KycOdeK BaThl, ClIETKa
cMoueHHOM criuproMm. Habmonaiite 3aropanue cnupra. Hu B koem cityyae Helb3si IOBTOPSTH OIBIT
C yXe HCIOJb30BAaHHOW Ji1 IMEpeHoca CMECHU IepMaHraHaTa Kalusg W KHUCIOTHl CTEKJISTHHOMN
MMAJIOYKOM.

TecroBble 3a1aHusA
Bapuanr Ne 1
1) YBenuuenue temnepatypsl miasieHus B psaay Mn207-Tc207-Re207 (+6; +120; +301) csizaHo



a) ¢ yBEJIIMYEHHUEM IOJIIPHOCTHU CBsA3H I-O

0) ¢ IepexoI0M OT MOJICKYJIApHOH CTPpYKTYphl Yy MN20O7 k monmumepHoii cTpykType y Re207
B) C YMEHBUIEHHMEM HOHHOCTH CBsi3U D-O

T') C YCHJICHHEM MEXMOJIEKYIIIPHOTO B3aUMOICHCTBUS 110 MEpPE pOCTa pa3Mepa MOJICKYII.

2) YcroitunBocth KoMNO4 B pacTBOpe MOHMKAETCS MPU JOOABICHUH
a) NH4Cl B) CO2
0) KOH r) HCI

3) [Ipu B3auMoOIeCTBIHU MapraHiia ¢ pa30aBICHHON CEpHON KUCIOTOW 00pa3yroTCs
a) MnSO4 B) Ho

0) Mn2(S04)3 r) Mn(SO4):2

4) Cymma kodpdunrentoB B ypaBuenuu peaxiun KoMnOs + HCl ko) —
paBHa # # #.

5) B psaagy HMnO4 - HTcO4 - HReO4 ymensmatoTcs cBoiicTBa

a) KUCJIOTHbBIE B) BOCCTAHOBHUTEIIbHbBIE

0) OKHCIHUTEIbHbIC I') yCTOWYHBOCTb

6) MHoOr1e coeTMHEHUS TEXHEIUS U PEHUSI B HU3KUX CTETICHSIX OKUCIICHUSI UMEIOT CTPYKTYpPY # #
#

7) B pstmy Mn(OH)2 - Mn(OH)3 - Mn(OH)4 - HMnO4 kucnoTHble cBoiicTBa # # #, moTomy 4To # #
#.

8) Ilpu B3auMoecTBIM Maprasua ¢ XJopoM 00pasyeTcs
a) MnCl; 6) MnCls B) MnCla.

9) Ecmu pacTBOp an/Io6pen 3CJICHYIO OKPACKY, TO BOCCTAHOBJICHUC MApPTAHIICBOKHUCJIIOTO KaJIUA
IMPOBOANIIOCH B CPEAC

a) B KHCIOM 0) B HEHTpaNbHOM B) B LIEJIOYHOM

10) Ilpu npokanuBanum nuokcuaa mapranua (~ 1000° C) Ha Bozmyxe oOpasyercs

a) MnO 6) Mn203 B) Mn304 r) Mn207
Bapuant Ne 2

1) 3HeKTpOHHa${ KOH(bI/IrypaI_[I/IH aTOMa Mapradiia B OCHOBHOM COCTOSAHUHA

a) ....3d%s? B) ...3d°4s?

6) ....3d%4s%4p? r) ....4s%4p°

2) X¥MMHYECKOE B3aMMOJIENCTBIE OTCYTCTBYET B CMECH

a) KaMnO4 + CO2 + H,0 — B) KMnO4 + H2C204 + H20 —

6) KMnO4 + C2HsOH + KOH — r) KMnO4 + CO2 + H,0 —

3) B otinume ot Mn™* nipu neiictBuu HzS Ha pactBopsl HTCO4 1 HReO4 Brimagatot ocagku TC2S7
1 Re2S7. DTo dKCIepuMEHTANBHO JOKa3bIBaeT, uto 1¢'+ u Re’" apmsrorcs cmabeivu # # #

4) BoccraHoBIIeHHE TTIEpMaHTaHAT-MOHA B 3aBUCHMOCTH OT PEAKIIUU CPEIbl MPOTEKAET IM0-
pazHOMY. Y CTaHOBUTE COOTBETCTBHE:

1) mo Mn?* A) B meno4Hoii cpesie

2) no MnO> b) B kucnoii cpene



3) o MnO4* B) B HeliTpanbHOI cpene
5) U3 snemenToB VIIB rpynmnsl He BCTpedyaeTcs B IpUPOAE # # #

6) YcTaHOBUTE COOTBETCTBUE MEXKIY KOMIUIEKCHON YacTULIEH U €€ reOMeTpUen

1) nnamarauTHas MojeKkyia GTopuAa-TPUOKCH 1A PEHUS A) xBagpar
2) TMaMarHUTHBIN TIEpPMaHTaHAT UOH b) uckaxxennsiii TeTpa’ap
3) nuamarautHbIi rekcanuanopenar (11)-mon B) nckaxeHHBIN OKTadIP
4) mapamMarHuTHBIN audTopoTeTpaxiopomanranar (1V)-uon I') TeTparnp
5) mapamarauTHbIi TeTpaxiopomanranar (11)-uox J1) okTasrap

7) HeycToitunBel Ha BO3IyX€e THAPAThl OKCHIOB MapraHiia
a) Mn(OH)> 6) Mn(OH)3 B) Mn(OH)a.

8) Dnements! VII B rpymnmbr 06pa3yrot kapOOHHITBI cocTaBa # # #.

9) Ilox neiicTBrEeM a30THOM KMCIIOTHI MAHTAHATHI JUCTIPOIIOPIUOHUPYIOT 110 ypaBHeHUI0 K2MnOy
+ HNO3 — KMnOs + MnO2 + KNO3 + H20. O6sem pactBopa HNO3 (p=1185 xr/m°) ¢ ©=30%
HeoOxomuMmbrid s onmydeHust 9,48 r KMnOg4 pasen # # #. Macca 00pa3oBaBIIerocsi JUOKCH/IA
MapraHiia paBHa # # #.

10) ITpu pacTBOpEeHHH PEHHUS B @30THOM KUCIOTE WM B KOHIICHTPUPOBAHHOM MEPEKKUCH BOJOPOIA
obpasyercs # # #.

Konrtpoabnas padora 13
(«Inementsl VI B u VII B rpynn u ux coequHeHus)

Bapuant Nel
1. YeM MOXXHO pacTBOPUTH XpPOM, PEHHH, NpU Kakux YycioBuax? Ha uem ocHOBaHO uX
paznuuue?
2. Kakue BemecTBa 00pa3yroTcs Ipu B3aUMOJCHCTBUU:
a) Na[Cr(OH)4] + H20 + H2SOs — B) WO3+ Kl + H,SO4—
0) ReO2 + Br2 + H20 — r) WO3 + KF (us6) —

3. Ompenenutsh cTpykTypy KommiaexcoB [Mn(H20)s]**; [Mn(Cr)s]*; [WFs]?. Kaxkoii u3 >tux
KOMILJIEKCOB OoJiee yCTOHIMB?

4, Moryr JM MMeTh OTpPHIATEIbHYIO cTeneHb okucieHus Cr u Mn B CBOMX COCIMHEHHSX;
OIPEACTHUTh UX CTPYKTYPY, YCTOHUUBOCTb.

Bapuant Ne 2
1. Moxuo mu monyunth Metauiel U3 NapWO0s KoMn0Os; KoCrO4. TepmonmHaMudecku
000CHOBATb.
2. 3aKOHYMUTE YpaBHEHHE PEAKIIMIA:
a) K2Cr.07 + SnCl; + HCIl — 6) MnO2+ H2SO4 —
B) MnO> + PBO; + H2SO4 — r) KIO3 + MnSO4 + HSO4 —
3. Onpenenute CTPYKTYpY, KOOpAHMHAIMOHHBIE uucia B coeauHeHusx: Nax[MnSg);
Naz[MnOs]; Nax[WO4]; Nas[VoOsCls]; Na[WFs]. Kakoe coennnenue 6oee yCTOWIHBO?
4, Cpasuure t mnaBnenwus, kurnenus Mo, Cr, Mn, Re. O0bscHUTE TPUIHHBI TAKOTO U3MEHEHHSI.

Tema 23. Duements! VIII B rpynnbl 1 ux coeiMHeHUs1
Bomnpocsl 1u1s cobecenoBaHust
1. [Ipoananu3upyiite U OOBSICHUTE XapakTep HM3MEHEHHUS AaTOMHBIX U HOHHBIX paIHYCOB,

SHEPTUU MOHU3AINN B 3aBHCHMOCTH OT IMOPSKOBOTO HOMepa 3ieMeHTa B psgax Fe — Ru— Os; Co —
Rh —Ir; Ni — Pd — Pt.



2. KakoBa 00111ast 3aKOHOMEPHOCTh U3MEHEHHS TUITUYHBIX CTETIEHEH OKUCICHUS B MOATpyIIax

nementoB? Kakue crenenu okuciacHus Hanboiee xapakrepusl st Fe — Ru — Os; Co — Rh —Ir; Ni —
Pd — Pt.

3. OObscHUTE U3MEHEHMs DHTAJBIIUU aTOMH3AI[MH, TEeMIepaTyphl IUIABICHUS U KUIICHUSA B
psanax Fe — Ru— Os; Co— Rh—1Ir; Ni — Pd — Pt.

4. Kax m3MeHsieTcs 3HAaUYEHHE 3JIEKTPOAHOTO MOTeHIMana %'/ mpu mepexoae OT Kele3a K
OCMHUIO, OT KOOaJIbTa K UPUIUIO M OT HUKEJS K IUIaTHHE.

5. CpaBaute pacnpoctpaneHHOcTh MetauioB VI rpynmer B mepuoge, cmocoObl ux
MOJTyYEeHHUST; KaKOe IPUMEHEHHE OHU HaXOJIAT.

6. Kakue peareHTbl MOXKHO HCIOJIB30BaTh JAJIS PACTBOPEHUS METAUIOB MOATPYMN 3KeJe3a,
KoOasbTa, HUKeNs. [Ipy KaKuX yCIOBUSX MPOTEKAIOT 3TH PEAKIIHH.

7. OO0mamarT U MEeTAJIbl CEMENCTBA JKelle3a OJMHAKOBOH KOPPO3WOHHON YCTOWYHMBOCTHIO HA
BO3JIyXe€.

8. [Ipu xakux ycnoBusix moiydaerca kapOonun xene3a? Kak teopus CumkBuKa onpenesseT
ero ¢popmyny. JlaiiTe XapaKTepUCTUKY KOMILIEKCY.

9. B oanHakoBOM 1M CcTENEHU BbIpaKEHbl OCHOBHBIE CBOWCTBA OKCHAA U THAPOKCHIA Keies3a
(11, 11). Yem 310 00BACHSIETCSI, KK BIUSCT HA CTEIICHb THPOJI3a COJIe?

10. OxapakTepu3yiTe OKHCIUTEILHO-BOCCTAHOBUTEIbHBIEC CBOCTBA coequuenuit xeresa (11).
11. Kak m3menstorcst 3Hauenus tn,; ramoreHuzoB xene3a (I1) u yem oOBscCHsAETCS MX pe3KOe
OTJINYHE.

12. CpaBHUTE CTPYKTYPY U YCTOHYMBOCTh Pa3IMUHBIX KOMILIEKCOB xene3a (I1).

13. Onuimre CTpOCHHE, CPABHUTE YCTOWYHMBOCTH, tnx OKCHIOB W ranoreHuaoB xeinesa (I11).
OxapakTepu3yiTe X KUCIOTHO-OCHOBHBIE CBOICTBA.

14, KakoBbI KHCIIOTHO-OCHOBHBIE CBOMCTBa ruapokcuaa xenesa (111). B kakoi ¢popme nonsl Fe

() cymiecTBYIOT B KHCIOM W CHJIBHOILEGIOYHOM pacTtBope. Kakoil cocraB MMeeT THIPOKCHT
xenesa (11).

15.  IlpuBenute 37IEKTPOHHYIO KOH(UTYPALMIO U CPAaBHUTE YCTOHYMBOCTH KOMILIEKCOB JKele3a
(1). K kakomy THITy coerHeHu# oTHOCsATCs rekcaranodepparst (111) d-anemeHToB M KakoBa ux
pPacTBOPUMOCTb.

16. Kak BiusieT Ha OKHCIMTEILHO-BOCCTAHOBUTEbHBIE CBOMCTBAa KomiuiekcoB xereza (11, 111)
MPHUPOJIa JTUTAH/IOB.

17. B kakux COEIMHEHUSIX JKele30, PYTEHUH W OCMUH HMEIOT CTeNeHb OKHUCIIEeHUs +67
Onummre CTPYKTYpY JTHX aHHOHOB. OXapakTepusylTe WX OKUCIUTEIbHO-BOCCTAHOBHTEIHHYIO
aKTUBHOCTb U CPAaBHUTE OKUCIIUTENIbHbIE CBOMCTBA OKCO(EpPPaTOB U OKCOMAHT'AHATOB.

18. OnuiuTe 3MeKTPOHHYI0 KoHuUryparuo Mosekyibl 904. KakoBa poib m-CBSI3bIBaHUS B UX
CTa0WIN3aLuH.

19. Ha ocHOBaHWMM 3HAYCHHI TEMIIEpaTyp IUIABICHHUS W KHUIIEHUS, a TaKKe 00pa30BaHUs OKCHJIOB
pyrenust, ocmus (VII1), cnenaiite BEIBOJ O CPaBHUTENIBHONW YCTOWYMBOCTH CTEIIEHU OKUCIEHUS +8 y
pyreHuss u ocmusa. Kakoil W3 JaHHBIX OKCHIOB MpOSBISIET 0OJee CHIIbHBIE OKHCIUTEIBHBIC
cBoiicTBa?

20. OxapakTepu3yiuTe KHCIOTHO-OCHOBHBIE CBOMCTBA TETPAOKCHIOB PYTEHUS U OCMHSL.

21. IlpuBeaure nmpumepsl coeannenuit kodansta (0), poaus (0) u upunus (0). KakoBo ux crpoenue
U CBOMCTBA?

22. OnuiuTe CTpOeHUE OKCHJIA, THUAPOKCcHIa U ranoreHn1oB kobanbta (11). [Touemy Temmnepatyps
MIaBiaeHusT TudTOpHUaa U IUXJIOpUAa KoOambTa pe3ko paznuuaercsa? OxapakTepusyhnTe KUCIOTHO-
OCHOBHBIE CBOICTBA MIEPEUHCIICHHBIX COSINHEHHH.

23. Kakue xoopAMHalMOHHBIE YKcia HanOoliee XapakTepHsl i kobanbTa /ll/. Oxapakrepusyiite
MarHuTHBIE CBOMCTBA M CPaBHUTE YCTOMYMBOCTH aKBa-, aMMUHO-, (pTopo- 1 xsopokoMiuiekcoB CO
(m.

24. OObsicHUTE HM3MeHeHHe oKpacku kpuctramioruapatoB Co (II) mpu HarpeBaHuum WM 10X
JeCTBUEM BOJOOTHUMAIOIINX CPEICTB.

25. KakoBa TepmoguHamMudeckast BeposiTHOCTh okucienuss Co(OH)2 no Co(OH)3 kuciopomxom?



26. OObsicaute ocobyto ckiaoHHocTh CO (III) k 00pa3oBaHHIO KOMIUIEKCHBIX COCIUHEHHI.
CpaBHHTE YCTOWYMBOCTH aMMHHOKOMIUIEKCa W sTuieHauamMuHokomiuiekca Co (Il). B uem
OCHOBHAs IPUYHMHA PA3TUYUS YCTOWYMBOCTH STUX KOMILJICKCOB?

27. Cnenyoomye JIUTaHIbl: THAPOKCOTPYyMNa, aMUHOTPYIMMa, IMAHOTPYIIMa, pacloJIoKUTEe B
MOPSIKE YBEIMYEHUS CTA0MIIN3allUH CTEIICHN OKHCIICHUs KobanbTa +3.

28. CpaBHUTE YCTOMYMBOCTH aKBO- U aMMHUHOKoMIUIiekcoB koOambta (II) u (I11). Kakoit u3 Hux
MPOSIBIISIET B HAUOOJIBINEH CTENIEHN OKHCIUTEIbHbBIE CBOMCTBA, KAKOW — BOCCTAHOBHUTEIIbHBIE?

29. Kakue KOMIUIEKCHbIE COCIUHEHHS XapakTepHbl AN POAUS U HUPUIUS B TPEXBAJICHTHOM
COCTOSIHUH?

30. Onumure CTPYKTYpYy OKcuua, ruapokcuaa u ramoreHunoB upuaus (1V). Kak nmocnennue
B3aUMOJCHCTBYIOT C BOJOU?

31. B xakux COeAMHEHUSX IMPOSBISACTCS CTEIEHb OKUCICHHS +6 y upuaus u poaus. OObsCHUTE
HU3KHE TEMIIepaTypbl IUIABJICHUS W KHIIGHUS OTUX COCIAWHCHUH, OXapaKTepU3YyHTe WX
OKHUCJIUTEIHHO-BOCCTAHOBUTEIIbHBIE CBONCTBA.

32. OnumuTe CTPOCHWE OKCUAOB M TaJIOTEHUIOB METAJUIOB MOATPYIIIEI HUKENIS B JABYXBaJCHTHOM
COCTOSTHUH.

33. CpaBHHTE CTPYKTYpY, MArHMTHBIC CBOMCTBa M YyCTOWYMBOCTH KomiuiekcoB Hukens (I,
nawtagus (1) u maatunsr (11).

34. Kak wusmensiercs crnocobHocth okuciarcs B psay Ni(OH)>—Co(OH)z-Fe(OH)2. Byner nu
Ni(OH). okucnsarcs Ha Bo3ayxe?

35. B ueM 3axiroyaeTcsi HPUHLUI TPaHC—BIMSIHMS, ycTaHOBIeHHbIN 1. M. YepHseBbiM?

36. KakoBa s1eKTpoHHas KOHPUrypanus HoHoB D** 1 kakoe KOOpAMHALMOHHOE YUCIIO XapaKTEPHO
st naswnagust (1V) u mnatusst (1V)?

JlabopaTopHas padora

[TpuGopsl 1 mocyna.

1) MratuB ¢ konbrioM U Jankoi. 2) [openka. 3) ®apdopoBeiid TUTETh C KPBIIKOH. 4)
Boponka. 5) Crakan emkocthio 200 M. 6) IlltatuB ¢ mpobupkamu. 7) Illupokas mpobupka. 8)
®apdopoBslil TpeyroapHuK. 9) ToncTas cTeKIsHHAs NaloyvKa.

PeakTuBbBI U MaTepHAIIBI.

1) XKene3o (omuiku, MPOBOJOKA UM TBO3/b, IIacTUHKH). 2) Okcup xerneza (II1) Pe2Os. 3)
I'unpoxcun kanus KOH. 4) Cynbsdar xkenesa (II) FeSOas. 5) Xnopun xenesa (III) FeCls. 6) Hutpar
kobanbTa Co(NO2), * 6H20. 7) dunbrpoBanbHas Oymara. 8) JlakmycoBas Oymara. 9) Jlyunnka.

PacTtBOpBI.

1) Azornas kucinora HNOs (meivsimmast, . 1,4 u 2 u.). 2) Cepnas kucnora H2SO4 (ot 1,84;
1:5 u 2 u.). 3) Consnas xucnora HC1 (mn. 1,19; 1:1; 2 H.; 5%-Hb1i); 4) YKCycHas KucCIOTa
CH3COOH (2 n.). 5) I'mnpokeun natpust NaOH (40%-nb1ii u 2 H.). 6) AMMHak BoaHbli (2 H.). 7)
Cynbdun natpus NazS. 8) Xmopun ammonust NH4C1 (2 1.) 9) Cynbedar xenesa (1) FeSO4 (0.5 H.,
ceexxenpurotoBieHubiii). 10) Xmopun xenesa (1) FeClsz (0.5 m.). 11) Xnopun 6apust BaClz (1 1.).
12) Hurput xamus KNO2 (2 u.). 13) T'ekcanmanodeppar (II) xamust (xenras KpoBsiHasi COJb)
K4[Fe(CN)e] (0,5 u.). 14) I'ekcanmanodeppat (I1I) xamus (kpacuas kpossiHast cojib) Kz[Pe(CN)g]
(0,5 u.). 15) Uoaun xanus Kl (0,1 u.). 16) [lepmanranat kamus KMnOg4 (0.1 1.). 17) Ponanua kanus
KSCN (0,5 n.). 18) Juxpomar xamus K2Cr207 (0,5 H.), 10) Xnopux ko6ansta (IT) CoCl2 (0,5 H.).
20) Cynwdat, memu (1) CuSOs. 21) Kapoonar natpus NaxCOsz (2 H.). 22) Cynbdar nukens (II)
NiSO4 (0,5 1.). 23) Anerar csunia (CH3COO)2Pb (0,5 1.). 24) Bpomuas Boaa.

Kene3o, koOabT, HUKEb U UX COSTUHEHUS

B3aunMoneiicTBue xenes3a ¢ Kucioramu (Pabomy npogooums 6 blmsicHoMm wKkady)

K HeOonpImoMy KOTUYECTBY JKEJE3HBIX OMMIOK B OTIENBHBIX MPOOUpPKaX J00aBUTH
pa3baBneHHble M KoHIEeHTpupoBaHHbIe pacTBopsl HC1, H2SO4, HNO3. Te mpoOupku, B KOTOPBIX
peaxius Ha X0JoJie He UeT, HarpeTh. Habmonate npoucxosmiue siBineHus. OObsICHUTD, TOYEMY B
HEKOTOPBIX OIBITaX PEaKIHs HEST JINIIb PU HarpeBaHwu. HamucaTs ypaBHEHUS peaKIlHid.

[TaccuBupoBaHUE U OKCUIMPOBAHUE Xkele3a (Pabomy npogooums 6 GblMa*CHOM WKAPY)




B mmpokyto npobupky Hamuth Abivsiyio HNO3 1 BHECTH XOpOIIO OYMIIEHHYIO KEJIE3HYIO
MPOBOJIOKY (Wi rBO37b). Uepe3 1—2 MHH OCTOPOXXKHO, HE KacasiCh CTEHOK MPOOUPKH, BBHIHYTh
KEJe30 U3 KHUCIOTHI, IPOMBITh €r0 B CTaKaHE C BOJOW M BHECTH HAa HECKOJBKO CEKYH] B PacTBOP
MEIHOro Kynopoca. Beiensercs 11 Ha HeM Melb?

3areM CUJIbHO yapUTh TOJICTOM CTEKJIIHHON MajJlOUYKOM IO MPOBOJIOKE (MM TBO3/I0) U, CHOBA
MOTPY3UTh METAJIII B PACTBOP MEIHOTOo Kyrnopoca. Uro Habmonaere?

OOmBsacHuUTD, moueMy nocie o0padotku koHu. HNO3 Ha xenese He Boiaensercs menb. Kakoe
3HaYEHHUE UMEET yJiap MajJouKoi 1o xenesy?

Ionyuenue ruspokcusa sxenesa (1I) u ero cBoiicrsa

a) TlpurotoButh pactBop cyibdarta xeneza (II) 3 omminok sxenesa, B3ATHIX B M30BITKE, U
paz6aBnennoro pactBopa H2804 3—4 M1 momydeHHOro pacTBOpa OTIUTH B MPOOUPKY U IPUIHTH K
Hemy pactBop NaOH. HaGmomare oOpa3zoBaHue ocaaka ruapokcuaa xenesa (M) Oemoro mera.
Hanucate ypaBHenue peakiuu. OOBSCHUTH, IMOYEMY Ha BO3JyXE OCATOK MEHSET IBeT (Kak?).
Hanucate ypaBHeHUs peakiuid.

6) Ucnwitath otHomenne Fe(OH)2 x pazdasnennomy pactBopy HCI1 m u30BITKY pacTBOpa
enkoii menouu. Hanucars ypaBHeHue peakiuu. Kakumu cBoiicTBamMu 00s1aaeT THIPOKCHL JKese3a

(1)?

T'unponus coneit sxenesa (11)

PactBop comm xkenesa (II) ucnbiTarh TakMycoBoil Oymaxkkoil. Uro HaOmomaere? Hamwmcath
yYpaBHEHUE PEAKLIUU THAPOIIN3A.

[Honyuenue coneit sxenesza (11)

Ionyuenue cynvgpuoa occeneza (II). K pactBopy cynbdata >xenesa (II) mpuiute pactBop
cyabuaa Hatpus. Yto nmpoucxoaut? Hanucats ypaBHeHue peakuuu. llpunuth K comepkumomy
npo6upku pazbasienubiit pactBop HC1. Uto nabmronaete?

Peakuns Ha non Fe?

K pactBopy cynbdara xenesza (II) mpunute pactBop rekcarmanodeppara (III) xkamus —
KpacHOU KpoBsiHOH con. Yto Habmogaete? [lomydeHHOE BEMIECTBO HOCUT Ha3BaHKE TYPHOYICBOH
cuHu. Hamucath ypaBHeHUE peakiuu.

Ilonyuenue u cBoiicTBa ruapokcuaa xxenesa (1)

a) Tonyunts rugpokcun xenesza (II). OTmerutrs ero BuA u 1BeT. McnbITaTh OTHOIIEHUE
Fe(OH)s k pa30aBneHHBIM pacTBOpaM KUCIIOT. HamucaTs ypaBHEHUs peaklui.

CeexeocaxxaeHHbli Fe(OH)s pacTBopsieTcs 4aCTHUHO B FOpsIYMX KOHII. pacTBOpPax IIEIOYEH.
Hamnmcars ypaBHeHUe peaknuuu.

6) CHoBa nonyuuth ocanok Fe(OH)s, oTguabTpoBaTh €ero u NpoMbITh Ha (UIBTPE BOJOM.
3atem nepeHectd B (HapdopoBeIid TUTENh W NMPOKaIUTh. YTo mpoucxoaut? HamucaTe ypaBHEHHE
peaknuu. Kakumu cBoiictBamu o6magaet ruapokcu xenesa (I11)?

Il'unponus coneit sxenesa (11I)

a) PactBopuTh B BoJie HEOOIbIIOE KOMUUecTBO Xopuaa xenesa (II1). Onpenenuts peakuuio
pacTBopa JJakMycoBoi OyMaxkkoil. Hamucats ypaBHeHHE peakIiy TUIpOoJIu3a.

6) B nBe mpoOupku HamuTh mo 2—3 M pactBopa xjiopuaa xenesa (III). B onny u3 Hux
n00aBUThH HecKosbKo Karenb KoHI. HC1. OTmeTuTs u3MeHeHue 1Bera pactBopa. PactBop, xnopunia
xene3a (III) Bo BTopoii mpoOupke paz0aBUTh BOJOW U HampeTh A0 KumneHus. Kak u3MeHmics 1set
pactBopa? OOBACHUTH PE3YyIbTAThI 3TUX OIBITOB.

8) K pactBopy xmopuna xene3a (III) mpunuts pactBop comsl. Uto mpoucxoaut? Hamumcath
ypaBHeHUE peakuu. Kak MOXXHO 10Ka3aTh, YTO MOJYYEHHBIH 0CAJJOK HE SIBISIETCS COJIbIO YTOJIbHON
KHCIOTHI? Yka3arb, kakue conu — Fe (1) umm Fe (III) — cunbHee moaBepraroTcs THUAPOIUIY, U
OOBSCHUTH MOYEMY.

Peaknys Ha non Fe®*

a) K pactBopy xmopuna sxeneza (III) mpunute pactBop rekcammanodeppara (II) kamms —
KenTol KpoBsiHOM cosu. UYUrto mpoucxonut? IlomydeHHOe BeliecTBO Ha3bIBAOT OepIUHCKON
na3ypbto. HamucaTth ypaBHeHHe peakiiuu.




6) K pactBopy xmopuzaa sxene3a (III) mpunute pactBop pomanmaa kanus. OTMETHUTH IIBET
MOJIy4eHHOT0 pacTBopa poaanuna xxenesa (I1I). Hanucars ypaBHeHue peakiiui.

Oxucnenue coeanuennii xxenesa (1)

Hamute B Tpu npobupku mo 2—3 mu pactBopa cyibdata sxeneza (II), B kaxayro w3 HUX
npwmTh pa3zd. pactBop HSOs 3arem mobGaButh B mepByr mpoOupky HemHoro konil. HNOsz u
HarpeTh J0 KUIICHHsI, BO BTOPYIO — OpOMHYIO BOY U B TpeThio — pactBop KMNOs mmu KoCr207.
Uro nabmromaere? HammcaTth ypaBHeHHs peakiuii. Kakoe CBOHCTBO B 3THX PEAKIMAX MPOSBISET
FeSO4? Jloka3aTh, 4TO B pe3y/IbTaTe BCeX TPeX OmbIToB HoH Fe?* okucmmics B non Fe”.

Boccranosnenue coequnenuii skenesa (111)

a) K pactBopy FeClz mpumute pactBop Kl. OOBsICHATP M3MEHEHHE IIBETa pPacTBOpA.
Hanucate ypaBHeHUE peakiuu

[onyyenue dheppaToB U UX CBOWCTBA

(Onvim a) nposooums 6 8bIMsACHOM WKAPY)

a) TlomecTuTh B MpOOUPKY HEOOJBIIOE KOJMYECTBO U3MEIBYEHHOTO THAPOKCHIA Kaus (He
cojiepkamniero kapooHara), 100aBUTh K HeMy 3—35 kanenb pactBopa FeClz u 2—3 kamu 6poma u
Harpets. OTMeTUTH 1BET oOpa3oBaBiierocs (eppara kamus. Hamucarh ypaBHeHue peakuuu. K
MOJTyYEHHOM CMECH MPHIIUTH BOAY U Pa3/ICIHUTh, pACTBOP Ha JIBE MPOOUPKH.

6) K pactBopy ¢eppata kanus npudaButs pactBop BaClz Uro mpoucxoaut? OTMETHTH IIBET
oOpa3oBagiierocs BemecTBa. Hanmcats ypaBHEHUE peaKIlvH.

8) K pactBopy depparta kamusi 1o6aButh 2 H. pactBop H2SO4. Urto mpoucxomur? Kakoit
BBIJICJIICTCS Ta3 U KaKOE COCNMHEHHE JKele3a HaxomuTcs B pacTBope. OOBACHUTH HaOIIOaeMble
sBieHus. Hanucath ypaBHeHUE PeaKIUH.

Honyuenue ruspokcusia kobanwTa (II) U ero cBoiicTBa

a) K pactBopy CoCl, npunuts pactBop NaOH. OTMeTuTs 1BeT 00pa3oBaBIIciicsi OCHOBHOMN
conu kobanbTa. PactBOop ¢ ocankom Harpeth. Kak m3amenwicst uBetr u cocraB ocaaka? Hamucats
ypaBHEHHUs peakiuif. YTo mpoucxoaut ¢ ocaakoM rujpokcuaa kobanprta (II) mpu crossHMM Ha
Bo3ayxe? Hanucarh ypaBHEHUE pEeaKIH.

6) UcnbiTath, pacTBopsieTcs Ju ruapokcu kodansta (1) B pa3baBneHHBIX pacTBOpax KUCIOT
1 B M30BITKE KOHIIEHTPUPOBAHHOTO pacTBopa mienoud. Hanmucats ypaBHeHus peakuuil. Kaxumu
cBoiicTBamMu 00NagaeT ruapokcua kodansrta (I11)?

[Monyuyenue okcuma kob6anbra (III) M ero cmoiictBa (Pabomy nposooumsv 8 BbIMANCHOM
wKagy)

a) Heckonbko kpucramioB HuTpaTa kobanbta (II) Harpers 0CTOPOKHO Ha KPBIMIKE OT THUIJIS
JI0 TIpeKpalieHus: BbaeneHus ra3oB (kakux?). Uto ocrtaerca Ha kpelmke? HamucaTe ypaBHeHHE
peaxuu.

0) Hebonplioe KOIU4eCTBO MOdydeHHOro okcuia kobanpra (III) momoxxuth B mpoOUpKy,
no06aBuTh HeMHOTO KOHIeHTpupoBaHHOM HC1 u Harpers. Kakoit Beimensiercst raz? OTMETUTH €ro
IBET U 3amax (0CmopoicHo!).

Hanucats ypaBHenue peaxuuu. Kakue cBoiicTBa mposiBisier okcul kobanbra (III) B 310
peakuuun?

[onyuyenue ruapokcuaa kobansra (II1) u ero croiictBa (Pabomy npoooumv 8 GblMANCHOM
wKagy)

a) K 1-2 mi pactBopa xmopuna kobansta (II) mobaButh 4-5 My GpOMHOW BOJBI, a 3aTeM
pacTBop ruapokcuaa Hatpus. Yto monyuaercs? Hamucats ypaBHEHUE peaKIIHH.

6) C TMOIY4eHHOro OcCaJKa IO BO3MOXHOCTH IIOJIHO CIUTh HJAKOCTb, 3aT€M K OCaJKy
npwinTh KoHL. HC1 n narpers. Kakol Beinensercs ra3z? Hammcare ypaBHeHue peakuuu. Kakue
CBOMCTBa TPOSABISIET B 3TOW peakmmu ruapokcun kobdampra (II1)? K momyuennomy pacTBOpy
MPUINTH HEMHOTO BOABI. OOBSCHUTH H3MEHEHHE [IBETA PaCcTBOPA.

Honyuenune ruapokcusa Hukens (II) u ero cBoiicTBa

[Monyuuts ruapokcua Hukens (II). OrmeruTs ero xapakrtep u 1BeT. Hamucate ypaBHEHUE
peakuuu. McnbiTaTh OTHOLIEHHE OcCaZka K pa30aBIIEHHBIM KHCIOTaM M K H30BITKY IIEJIOYH.
Hanucats ypaBHenue peakiuu. Kakumu cBoiictBamu obnagaet ruapokcun Hukens (I11)?




Honyuenue ruapokcuaa Hukens (III) u ero cBoiictBa (Pabomy npogooumsv 6 6bims’CHOM
wkagy)

a) K 1—2 mu pactBopa NiClo nmpumuts 4—5 muit 6poMHOi#t Bojibl, a 3ateM pactBop NaOH. Uro
nonydaercsi? Hanucarb ypaBHeHHE PEeaKIIUH.

6) C MOXYy4eHHOTO 0Ca/iKa M0 BO3MOKHOCTH TIOJTHO CITUTH KHJIKOCTh, 3aTEM JT00aBUTH K HEMY
koHueHtpupoBanHoir HC1 u narpers. Kakoil Bwimensiercs raz? OTMETUTh €ro IBET, 3amax
(ocmopooxcno!). Hanucate ypaBHeHue peakuuu. Kakue cBOICTBa B 3TON peakiMHU MPOSBISET
ruapokcua Hukes (I11).

TecToBBIC 3aJaHUA

Bapuant Ne 1
1) DieMeHT ¢ MOPSIAKOBBIM HOMEPOM 78 MOXKET 00pa3oBaTh HECKOJIBKO XJIOpHA0B. X
XumMuaeckue Gopmyiel # # #

2) Ipu B3aumoneiicteuu Fe** ¢ I u S% 06pasyroTcs coeuHeHuS:

a) Fe** B) Fe®*

6) Feb* r) Fe?*

3) [PtCl4)* [PtBra?* [Ptls]*
lgp 16,0 20,5 ~30

VYBenuyenue YCTOﬁqHBOCTH KOMIUIEKCHBIX HOHOB MOKHO OOBSICHUTD.

a) yCHJIEHHEM T-IaTHBHOrO B3ammojeiicteus Pt-Hal mo mepe yBenndenus pasMepoB cBOOGOIHBIX
d-opOuTaseii rajoreHos,

0) yBeaMYeHHEM KOBAJICHTHOCTH cBsa3u Pt-Hal mo wmepe pocra mosspusyeMocTH aroMoB
rajoreHoB,

B) ocCiaableHWeM T7-JaTMBHOrO B3ammojeicteus Pt-Hal mo wmepe yBenuuenust pasmepos
cBOOOIHBIX 0-OpOHTAJICH I'aJIOTCHOB,

I) YMCHBIIEHHEM KOBaJIeHTHOCTH cBs3u Pt-Hal mo mepe pocra mossipu3yeMoOCTH aToMOB
raJiOTeHOB.

4) Cymma koddunrentos B ypaBuenuu peaxiuu Fe203 + KCIO3 + KOH —pasha # # #.
5) DreMeHTHl TOATPYIIBI HUKEIs 00pa3yroT KapOOHUIIBI cocTaBa # # #

6) C yBenuueHHeM CTeleHu okucieHus xenesa B paay Fe(OH)2-Fe(OH)s-HoFeOs kucnotHbie
CBOMCTBA # # #, IOTOMY UTO # # #.

7) B psiny Fe-Co-Ni sHTanbus aTOMHU3aI|uK, TEMIIEpaTyphl IUIaBJICHUS U KutieHus # # #, moromy
uro # # #.

8) B moarpynnax >xenes3a, koOanbTa U HUKEJS C YBEJIIMYEHHEM IMOPSAKOBOIO HOMEpa SHTAJIbINS
aTOMH3AIMH, TEMIIEPATyphl TUIABJICHUS U KUMEeHUs # # #

9) TlpoctpancTBeHHass cTpykTypa OosbmmHcTBa KomiuiekcoB Fe(ll) m Fe(lll) ¢ nuranmamwu
cJ1ab0T0 U CUIIBHOTO NOJIsi- # # #

10) Pacnonoxute B mopsake yBEIMYEHHUs CTaOWIM3al[MM CTENEHU OKUCIeHHs KobanbTa +3
CJIEYIOINE JINTAH/bI:
1) nuanorpynna 2) aMuHoOrpyIma 3)ruapoxcorpymnmna



Bapuant Ne 2
1) B pany Fe?*-Co?*-Ni?* ycToiYMBOCTD K OKHCIICHHIO
a) yBEIMYNBAETCS B) U3MEHSAETCS HEMOHOTOHHO
0) yMeHbIIaeTcs ') HE U3MEHACTCS

2) Cymma k03 dunmentoB B ypaBuenuu peaxipu NiSOs + NaOH + H,02 —

paBHa
a) 11 B) 14
0) 7 r)9

3) Kowmmiekcost koGanbra(lll) B 3aBUCHMOCTH OT CHJIBI TIOJSL JIMTAHAOB MOTYT OBITh
napaMarHUTHBIMH ¥ auamMarHuTHeIMUA. Kommuiekcwl ponust (111) u upumus (111) nmezaBucumo ot
CHWJIBI TIOJISI JINTAHJOB- # # #

4) DneMeHTHI OATPYIIIBI XKejne3a 00pa3yroT KapOOHUIIBI cocTaBa # # #

5) Pyrenuii B3auMMOJEHCTBYET CO CMECBHIO THIPOKCHJA Kalius U XJiopaTa Kanus. B peaxuuro
BCTynwio 3,24 r pyreHus, B KOTOpOM MaccoBas JnoJis npumeceil 7 %. Macca pyrenara kanus,
o0pa3oBaBIIerocs MPU 3TOM paBHa # # #.

6) B BoceMoOil rpymnmne npu nepexojae OT 3JIEMEHTOB MOATPYIIIBI JKejle3a K MOArPYIIE HUKEIs
BAJICHTHBIE BO3MOXHOCTH aTOMOB # # #, IOTOMY UTO # # #.

7) Ilpu B3aumoaeiicTBUM KoOanbTa ¢ pa30aBIEHHON a30THOM KHCIOTON 00pa3yloTCs:
a) Co(NOz3)s3 B) H>
6) Co(NO3)2 r) NO

8) Coenunenus xenesa (1) mposBisIOT BoccTaHOBUTENbHBIE cBOMCTBA. [IpeioxkuTe crnocoob
CTa0MIIN3alIH TAHHOTO BaJICHTHOTO COCTOSTHHS:

a) oOpazoBaHue HEPACTBOPUMOTO TUIPOKCUIA;

0) oOpa3oBaHuE KOMILJIEKCOB C JIMTAHJIaMU CJIa00T0 MOJIs;

B) 00pa3oBaHKHe KOMIUJIEKCOB C JIUTaHIaMH CUIBHOTO TOJIS;

9) Pacnonoxxure okCuabl koOanbTa B NMOpAAKE YBCINYCHUA YCTOI\/’I"II/IBOCTI/IZ

a) Co304 6) CoO B) C020:s.
10) Haunbosnee CuIbHBIM OKUCIUTENIEM SIBJISIETCS:

a) nepMaHraHaT-uoH B) (eppar-noH

0) Ouxpomar-uoH r) pyrenar(V1)-uon

KourpoJabHas padora 14
(«aemenTtsl VIII B rpynnbl 1 HX coeTMHEHUS»)
Bapuant Nel

1. Tlpunsato nBosikuM oOpa3om moapasnensatb d-snemeHtsl Yl rpynmer Ha: 1) cemelicTBa
’KeJe3a U IIaTuHOBBIX; 2) Tpuansl Fe - Ru -Os,Co-Rh-Ir, Ni -Pd - Pt. Kakue ¢akrops! kiaayrcs B
OCHOBY TOro M Jpyroro neneHusi? OTBeT oOOCHYITe, MpUBEIS apryMEHTHI 32 U NMPOTUB TOTO U
APYTOTO JNETCHHUS.

2. Ilpusenute mpumepsl coeauHenuil kob6anbra (0), ponus (0) u upuaus (0). KakoBo, ux
CTPOEHHE U CBOWCTBA.

3. Kakymo reomerpuueckyto koHdurypaumo umetor nossl [Ni (CN)4]% u [Ni (NH3)s]?>" Yem
OTIPEIEIISICTCS pa3Inuie B UX CTPOCHUN?

4. a)RuOs+ HBr—H; [RuBre] +; 0) K4 [Fe (CN)e] +I2 —



B) K20sO4 + Oz + H:O —
5. Cwmecs Cu u Fe, conepxxanue Fe B kotopoit 60%, oOpadoTanu pacrBopom pazd. HoSO4, pu
3TOM BhIIeTUI0CH 112 Mit. raza. OnpenennTe Maccy UCXOIHONU CMECH.

Bapuant Ne 2

1. Ha ocHOBe CTpYKTypbl aTOMOB M 3Ha4€HUN (U3UKO-XMMHUYECKHX KOHCTAHT MPOCTHIX U
CIIOKHBIX BEIIECTB YKAXKUTE CXOJHBIE W pa3U4YHbIC CBOWCTBa 3neMeHToB Fe - Ru- Os. Oteer
MOATBEPAUTE YPABHEHUSMU COOTBETCTBYIOIIUX PEAKLIUM.

2. Cpasuute BoccTaHoButenbHbie cBoiictBa Fe (OH), — Co (OH)2 - Ni (OH),. Hanumure
YpaBHEHUS PEaKIUid OKUCIICHUS TaHHBIX COeMHEHUN. OTBET apryMEeHTUPYHUTE.

3. CpaBHHTe YCTOHYMBOCTH TrajoreHuanbix komiuiekcoB Pt (II) w Pd (II). Haiite
MCYEPIBIBAIOIINIA OTBET HA OCHOBAHUU 3HAYCHUM Kyecr. TAHHBIX KOMILIEKCOB.

4. a) IrFetH0— 6) K20sO4 + O2 + H.0 —

B) KoRUO4 + H2SO4 —

5. B o0pasne MarHUTOrOpPCKOM JKene3HOW pyabl coaepxkanock 60% sxeneza B Buae FesOs

(maruetut). Kakomy copepxanuio (B %) MarneTuTa 3TO COOTBETCTBYET?

Tema 24. «JaemenTsl | B rpynnbl u ux coenmHeHns»

Bonpocs! 1151 codeceioBaHus
1. KakoBa 3aBHCHMOCTb aTOMHOTO M HOHHOTO paJWyCOB, JHEPIrHM HWOHHU3ALUU 3SJIEMEHTOB
MOJIPYIIBI MEAH OT MOPSAKOBOTO HOMepa? Kakue cTeneHn OKUCIIEHUS TPOSIBIISIIOT MeIb, cepedpo
u 3050T0? KakoBa yCTOMYMBOCTH COCTMHEHM, 00pa3yeMbIX TaHHBIMH METalIaMU B Pa3IHMYHBIX
creneHsx okuciaeHus? CpaBHUTE aTOMHBIE CBOICTBA DJIEMEHTOB TJIaBHOIN M TOOOYHOMN MOATPYIIL.
2. CpaBHHUTE pacCHpPOCTPAHCHHOCTh O-3yieMeHTOB B mpupoje. ONHIIMTE BO3MOXHBIC CIIOCOOBI
IOJIy4eHUs: Meau, cepedpa 1 30510Ta. ['1e HaXoa9T OHU CBOE IPUMEHEHUE 7
3. OObscHUTE OOJBLIOE Pa3IMYMEe B SHEPTUSAX JUCCOLMALMH JBYXaTOMHBIX MoJekyn O- u S-
anemenToB | rpynmel. [Toyemy TemriepaTypbl TUIaBJICHUS, TEIUIOTHI IUIABJICHUS U BO3TOHKHU d- U S-
3JIEMEHTOB | TpyIIIBI pe3KO pa3nuyHbI ?
4. CpaBHUTE 3HAYEHUS CTAHIAPTHBIX DJIEKTPOIHBIX MOTEHIIMAJIOB METAIIOB IMOATPYIIEI MEIU U
IIEJIOYHBIX METAJJIOB, a TAK)KE UX XUMHUUYECKYIO aKTUBHOCTh. [loueMy oHa pe3ko pasnuuna? Kakue
peareHTbl MO’KHO MCIIOJIB30BATh /ISl PACTBOPEHUS METH, cepedpa u 3010Ta?
5. Tlo 3HauenusiMm AG COOTBETCTBYIONIMX COSAMHEHUH CPaBHUTE XUMHMUYECKYIO aKTUBHOCTh MEJIH,
cepedOpa 1 30J10Ta IO OTHOIICHHIO K XJIOPY U KUCIOPO.Y.
6. OnuumuTe CTPYKTYpy OKTa’3JpUYECKMX KOMILJIEKCOB ABYXBaJ€HTHOH Mmeau. YeM OOBSICHUTH
HAJIMYHE B MX CTPYKTYpE TETPAaroHAIBHOTO MCKakeHHs? Kakas B3aMMOCBSI3b CYIIECTBYET MEXIY
3JIEKTPOHHON KOH(UTypannel KOMIUIEKCa U €r0 MPOCTPAaHCTBEHHON CTPYKTYpOit?
7. Onummwmre koopauHanmonHoe okpyxenue Cu (I) B kpucrammax CuSOs, CuSOs-5H20,
CuCl2:2H20. IToyemy 3TH COEeTUHEHHS HMEIOT Pa3HyI0 OKpacKy?
8. OxapaxTepu3yiTe KHCIOTHO-OCHOBHBIE CBOWCTBA OKCHIA U TUAPOKCH/IA IByXBAJICHTHON MEJIH.
9. CpaBHuTe mnpou3BeneHHsS pacTBOpUMOCTH rajorenunoB OHal manueix d- snemenToB. Kaxk
OOBSICHUTH Pa3IM4IMsl B PACTBOPUMOCTH TAIOTEHUIOB?
10. OObsicHUTE pa3IUuue YCTOMYMBOCTH KOMIUIEKCHBIX HOHOB OClz, DBrz, Dl2  manHOTO
KOMILIEKCOOOpa3oBaTes.
11. OxapakTepu3yiiTe yCTOHYMBOCTh M KHUCIOTHO-OCHOBHBIE CBOWMCTBA OKCHAOB M THIPOKCHIOB
D0H u 320. CpaBaure ycroitunBocTh okcuioB Cu,0, CuO u Ag20. .
12. Cnenaiite BbIBOJ O Tepmuueckor ycronumBoct DHal m 5.0 wa ocHoBanum AG" 3THX
COEIMHEHU.
13. OnumuTte CTPYKTYpy M CPaBHUTE YCTOMYMBOCTP aMMHHO- W [IHAHOKOMIUIEKCOB
OJTHOBAJIEHTHOTO cepedpa.
14. OxapakTepu3yiiTe OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE CBOMCTBA COEAMHEHUI JBYX- |
OJTHOBAJICHTHOW ME/H, OJTHOBAJIEHTHOTO cepedpa.



15. O6wsicauTe TOT (hakt, yro koMmiuiekcbl Au (I1l) quamMarHUTHBI U MMEIOT TUIOCKO-KBaJpaTHOE
crpoenne. CpaBHHUTE CTPYKTYPY Xxstopokomiriekcos 30i0ta (1) u maarunsr (111).
16. KakoBbI KHCIIOTHO-OCHOBHBIC CBOMCTBA OMHAPHBIX coenuHeHwuit 30s10ta (111)?

JlabopaTopnasi pabora

[TpuGops! 1 mocyna.

1) Bonstnast 6ans. 2) Ilecounas 6ans. 3) Kpyrimomonnas kosoa.

PeakTuBBI M MaTepUabl.

1) Mennbsie crpyxku. 2) Mennas npososoka. .3) Ilunk (rpanyn.). 4) XKeneso
BoccranoBieHHoe. 5) Okcun meau (II) CuO. 6) Xumopua meau (II) CuCly 7) JlakmycoBast Oymaskka.
8) ®unbTpoBanbHas Oymara.

PactBOpBI.

1) Azornas kucinora HNO3z (koni., mi. 1,4 u 2 H.). 2) Cepnas kuciora H2SO4 (koHIr., 1L
1,84 u 2 u.). 3) Consnas kucnora HC1 (xonu., . 1,10 u 2 n.). 4) T'uapoxcua narpust NaOH (40%-
ueid 1 2 H.). 5) Xmopua meau (II) CuClz (0,5 1.). 6) Cynbdar meau (II) CuSOs (0,5 1.). 7) Uoaun
kamus Kl (0,1 m.). 8) I'moko3za (10%-wsrit). 9) Hutpat pryru (II) Hg(NO3)2 (2 u.). 10) Kap6onar
Hatpuss Na;CO3(2n.). 11) Kpaxmaneusni kneiicrep. 12) Hurpar cepedbpa AgNO3z (0,1 u.). 13)
Xiopun ososa (II) SnClz (0,5 u.). 14) Bpomua natpust NaBr (0,5 u.). 15) Xmopun narpus NaCl (2
H.). 16) Tuocynsdat Harpus NaS203 (11.).

Menpb, cepeOpo 1 UX COCTUHCHUS

IHonyyenue meaun

Boccmanosnenue uonos meou uz pacmeopos ee coieti bonee akmugHvim memaiiom. Hanuto B
npobupky pactBop cosm Meau (II), omycTUTh B HETO HECKONBKO KYCOYKOB METallia, CIIOCOOHOTO
BOCCTaHABIIMBaTh MOHBI Menu. HaOmiogaTh 3a M3MEHEHHUEM OKpACKU PAacTBOpa M IMOBEPXHOCTHU
Metaia. OOBSACHUTH NPOUCXOMSIINE SBJICHUS, MCIONb3yd JaHHbIE TaOJIMIbl HOPMaJbHBIX
ANEKTPOAHBIX MTOTeHIIMAIO0B. HanmucaTth ypaBHeHHE peaKkIuu.

CaoiicTBa Meu

a) Bzaumooeticmeue meou c xkucnomamu. K HeOONbIIOMY KOJWYECTBY MEIHBIX CTPYXKEK
MPWINThH B OTJENbHBIX MIPOOUpPKaX pa3daBlieHHbIE U KOHLEHTpUpoBaHHbIE pacTBopbl kucioT HCI,
H>SO4 1 HNO:s.

Habmonate npoucxoasiue spieHus. Te mpoOWpKH, B KOTOPBIX peaklMs HE Hayalach,
Harpetb (ocmopoxcno!). Co BceMu Jin KUCIOTaMu B3auMoJieiicTByeT Meb? OOpaTuTh BHUMAaHUE Ha
OKpacKy pacTBopa. [IpucyTcTBHE Kakoro moHa OOYCJIOBJIMBAET 3Ty OKpacky? Omnpeaenutb Mo
XapakTepHOMY 3amaxy M OKpacKe BBIICIIOIIMECS B pe3yiapTaTe peakuuu raspl. Hammcats
ypaBHEHUS pPeaKIHi, 00bSICHUTH T10100p KodduimentoB. Craenarh BHIBOJ O BOCCTAHOBHUTEIIBHBIX
CBOMCTBaxX MEIH.

6) Bzaumooeiicmeue meou ¢ uonamu MmeHee akmueuvix Memannog. llonb3ysiach
MEKTPOXUMHUYECKUM PSAJOM HANpPsKEHUN METaIOB, ONPENENINTh, HOHBI KaKMX METAUIOB B
pacTBOpax UX CoJiel CITOCOOHBI OKUCIISITh METb.

B pactBop Hutpara prytu (II) omycTuTh KOHEL MEOHOW IPOBOJOKH, IPENBAPUTEIHLHO
3aUUIIEHHON HaxaauHoi Oymaroi. Kakue HaOmomaroTCs NpPU3HAKU TMPOTEKAHMUST XUMHUYECKON
peakuun? Hanvcath ypaBHEHUE PEAKIINH.

ITonyuenue u cBoiicTBa ruapokcuaa Meau (II)

a) Ilonyuuts ocanok ruapokcuna meau (II). OTmeruts nBeT U xapaktep ocajaka. Hamucath
YpaBHEHHE PEaKIUH.

0) JlokazaTh SKclIepUMeHTalbHO, uTo ruapokcus Mmeau (lI) mpossuser amdorepHbie
cBoiicTBa. Hanucarh ypaBHeHMsI peakiuii B MOJIEKYJIIPHOM U MOHHOH (opmax.

¢) Ilonyunts ocafok ruapokcujaa meau. JKMIKOCTh € OcagkoM B30OJTaTh M HArperb A0
kunienns. [louemy m3menmiics ner ocaaka? Hanucate ypaBHeHue peakiuu. Kakoi BBIBOJ MOXXHO
cenaTh O TEPMUYECKON cToikocTu ruapokcuaa meau (I11)?

l'unponus coneit menu (I1)




HcnbiTare nakmycoBoir Oymaxkod pactBop conmu meam (II). KakoBa peakums cpensi?
Hanucats ypaBHeHHEe peakiuu TUIPOIH3a.

Ilonyuenne ruapokcuga v okcuaa meau (1)

W3 umeromuxcs B 1a00OpaTOpUU PEAKTHBOB MONY4YUTh ocaaok ruapokcuaa memu (II). K
o0pa3oBaBIIeMycs OCaJKy A00aBUTh M30OBITOK pPacTBOpa IIEIIOYM M PACTBOP TIIOKO3bL. CMech
XOpoIIo TepeMeniath 1 HarpeTb. O0paszyeTcs cHavana ocanok ruapokcuaa meau (1), koTopslii npu
Oosiee cCHIIbHOM HarpeBanuu nepexoauT B okeua Meau (). OTmeruts okpacky ruapokcuaa menu (1)
u okcuaa meau (I). Hanmucats ypaBHeHus peakiuii. KakoBa poib Titoko3sl B 3T0# peakuuu? Kakue
BBIBOJIbI MOXKHO CJI€JIaTh O TEPMUUYECKON CTOMKOCTH Tuapokcuaa meau (1)?

[onyuenue cepedbpa

Boccmanoenenue uonos cepebpa uz pacmeopog ezo coneii 6on1ee aKMUSBHLIMU MEMALIAMU.
[Tono6path (M3 UMeroIKXCs B 1a00PaTOPUN) METAIIBI PA3IMYHON aKTUBHOCTH, KOTOPHIMU MOXHO
BOCCTAHOBUTH MOHBI cepedpa M3; paCTBOPOB CTO COJICH, HAJUTh B MPOOUPKH PacTBOP coJiu cepedpa
U OMYCTUTH MeTauIbl. CpaBHUTH CKOPOCTH MPOUCXOAAIINX peakuuil. J[aTe 00bsACHEHUS, UCTIONIb3YS
JaHHbIE TaOJIUIBI HOPMAJIbHBIX IEKTPOAHBIX TOTEHIIMANIOB. HanucaTs ypaBHEHUS peakLUi.

[onydenue okcuaa cepedpa

W3 Hutpara cepebpa B3auMOJEHCTBHEM CO LIEJIOYbIO (IMIPOKCHIOM HATPHS) MOJYYUTh
0CaJI0K OKcHJia cepedpa, OTMETUTH IIBET U XapakTep ocaaka. Hamucats ypaBHEHUE peaKIIUU.

Kako#t BbIBOJA MOXKHO caenarh O MPOYHOCTH THUIAPOKCHAA cepedpa? DKCIepUMEHTaIbHO
JI0Ka3aTh OCHOBHOM XapakTep MOJy4eHHOro coenuHeHus. Kakyio kucinory cineayeT OpaTh A
JI0Ka3aTeIbCTBA OCHOBHOTO XapakTepa okcuaa cepedpa? Ilogemy?

lanorenubl cepedbpa

[Tonyuuts ramorenuabl cepeOpa. OOpaTUTh BHUMAaHHE HAa XapakTep M LBET MOJYyYEHHBIX
coenquHeHmnii. Hamucate ypaBHeHust peakuuii. Mcnbeitate oTHomenue ocaakoB k HNOgz. Ilouemy
rajoreHu s cepedpa He pactBopsirorest B HNO3?

KowmmuiekcHbie coetuHeHns cepedpa

a) llony4uuts ocazok okcuaa cepedpa, CIUTh C HEro KUIAKOCTh U 100aBUTh pacTBOp aMMHaKa
710 TIOJTHOTO pacTBOpeHus ocaaka. OObICHUTH NPUUUHY pacTBOpeHUs ocajka. Hamucate ypaBHeHHE
peakuuu. JlaTh Ha3BaHUE NOJYYEHHOMY COEIMHEHMIO.

0) TlomyuuTh oOcaZoK XJjopHuzaa cepedpa, CIUTh C HEro >KUIKOCTh U J100aBUTh PacTBOP
aMMHaKa /10 TIOJTHOTO pacTBOpeHMs ocajaka. HamucaTe ypaBHeHHe peakiuu oOpa30BaHMs XJIOpHUJIA
nuamuHocepeOpa.

¢) Ilonyunth ocaaku rajoreHusioB cepedpa. McnpiTaTh OTHOLIEHHE TajlOreHUI0B cepedpa K
pactBOpy THOCY/Ib(aTa HaTpusi. OOBSCHUTH MPUUYMHY PACTBOPEHMs OcakoB. HamucaTh ypaBHEHUs
MPOUCXOSIINX PEaKUUil, YUUTHIBAs, YTO MOITYYAIOIINNICI KOMIUIEKCHBIN HOH SIBJISETCS aHHOHOM.
JlaTh Ha3BaHMs MTOTYYEHHBIM COETUHEHUSIM.

Tema 25. Dnements! || B rpynnbl 1 ux coemHeHUs1

Bonpocsl 115 codecenoBanus
1. Ha ocHOBe 3]IEKTPOHHOIO CTPOEHHs O3JIEMEHTOB MOATPYIIbBI IMHKA, JAWTe OOBACHEHHE
XapakTepy H3MEHEHHsS aTOMHBIX M HMOHHBIX pPaguycoB M TPEX MEpPBbIX HSHEPruil MOHU3AILNU.
VYKaKuTe XapakTEpHbIE ISl HUX CTEIIEHN OKUCIJICHUS.
2. CpaBHHTE DSHTANBIIMH OOpa30BaHMS Ta3000pa3HBIX IMHKA, KaAMHUsS, PTYTH U OOBIACHHUTE
XapakTep U3MEHEHHS B Py METAIJIOB TEMIIEpaTyp IMJIaBICHUS U KUIICHUS.
3. Kak u3MeHseTCs XMMHYECKas aKTUBHOCTh B POy OT LMHKA K PTYTH OTHOCHTEILHO BOHBIX
pacTBOpoB KHCIOT M menouyerd? Kak BIMAET aKTUBHOCTh MeETala Ha COCTaB IPOIYKTOB
BOCCTAHOBJIEHHSI KUCJIOT?
4. Kak n3MeHseTCS aKTUBHOCTD JaHHBIX METAJUIOB 110 OTHOLIEHHIO K KHCIOPOAY, cepe?
5. Uro npeacTaBisioT co00i aManbraMbl METAILIOB?
6. Ilo 3mauenusm AG°® okcuaoB uuHKa, Kagmus M pryrd (II) cpaBHHTE HX TEpPMHYECKYIO
yCTOMYMBOCTh. KakoB xapakTep N3MEHEHHsI KUCIOTHO-OCHOBHBIX CBOMCTB JAHHBIX OKCHJIOB?



7. KakoBbl CIIOCOOBI OJNYYEHUS OKCUIOB IUHKA, Kaamus u prytH (11)?

8. CpaBHuTe ycTOMYMBOCTL HUTPATOB LMHKA, Kaamus u prytH (II). Urto oOpasyercs B pe3ysbTaTe
TEPMUYECKOTO Pa3JI0KEHUSI 3TUX HUTPATOB?

9. Onummre cTPyKTypy ¥ NPOCTPAHCTBEHHYH KOH(UIYpalUIO PasiMYHBIX KOMILIEKCOB IIMHKA,
kagmust 1 prytu (II). Kak uamensiercss yCcTOHUMBOCTE XJIOPO- U MOJIOKOMIUIEKCOB B Psy LUHK -
kaamui -pryth (11)?

10. Kakue cBoiicTBa TUAPOKCHIOB IIMHKA M KaJIMHMS HO3BOJIAIOT CIEIATh BBIBOJ 00 OTHOCHTEIBHOIM
BEJIMYUHE CTENEHU THAPOJIN3a UX COICH?

11. Cpasuure ycToiiuMBOCT aMMHHO- M LIHaHOKOMILIEKCOB Kaamus (11).

12. Kakue opbuTanm aToMOB y4acTBYIOT B 00pa30BaHUM XUMHUecKoii cBsi3u B Hg2?*, Cd2?™? Kaxoi
U3 JaHHBIX MOHOB Oonee ycToitumB u mouemy? Kak mucnpomopuuonupyer mon Hgp?*? Kaxue

CBOMCTBA - OKHCJIMTEJIbHBIE HJIH BOCCTAHOBUTEIIHHEIC - IIPOABJIAIOT COCAUHCHUA H922+?

13. Kak otHocsTCs K HarpeBanuto okcuabl prytu (I1) u (1)?

14. Kakue coenuHeHHs pTyTM HAa3bIBAlOT CYJIEMOM, KaJIOMENbIO, KUHOBapbl0? KakoBbl
OKHCJINTEIbHO-BOCCTAHOBUTENIBHBIE BO3MOKHOCTH KaJIOMEIH?

JlaGoparopHuasi padora

[puGopsl 1 mocyna

1) WratuB ¢ kombioM u nankoil. 2) ['openka. 3) PapdopoBas cTymnka ¢ MECTUKOM. 4)
dapdopossriit Turens. 5) @apdoposas yamka. 6) Boponka. 7) lltarus ¢ mpodupkamu. §) Hox. 9)
CrexnsgnnHas, nanouka. 10) [Tumerka.

PeakTuBLI 1 MaTepuanbl

1) Hunak (rpanyn., crpyxku). 2) LunkoBas meuib. 3) XKenezo (mopomiok). 7) Menb
(mractunka). 10) Cynbdun sxenesa (II) FeS. 12) Hurpar pryru (II) Hg(NO3z)2. 4) Hutpat prytu (I)
Hg2(NO3)2.. 16) ®unbtpoBanbhas 6ymara. 17) JlakmycoBast Oymakka. 18) JlydanHka.

PacTtBOpBI

1) Azotnas xkucinora HNO3(2 1., 1:1 u mn. 1,4). 2) Cepnas kucnota H2SO4 (2 u. u mn. 1,84).
3) Consas xkucinora HCI (2 w., 1:1 u mn 1,19). 4) Vkcycuas xucinora CH3COOH (2 H.).5)
I'mapoxcun Hatpust NaOH (2 1.). 6) Xnopua ammonunst NH4C1 (naceit.). 7) Cynsdun Hatpust NazS
(0,5 u.). 8) Hurpar kamus KNO3z (0,5 1.). 9) Cynsdat xaamus CdSO4 (0.5 1.). 10) Cynbdar nunka
ZnSO04 (0,5 1.) .11) Xnopun nuaka ZnCl2 (0,5 u.). 12) Hurpat ko6ansta (II) Co(NO3)2 (0,5 H.). 13)
Kap6onar natpus Na2COgz (2 H.). 14) Anerar Harpus CH3COONa (2 u.). 15) Cynbdat meau (1)
CuSOs4 (2 n). 16) Noaun xamus Kl (0,1 1.). 1.). 17) Hutpar pryru (II) HG(NO3)2 (2 1.). 18) Hutpar
prytu (I) Hg2(NO3)2 (2 1.). 19) HeiiTpasbHblii pacTBOp JIakMyca.

[uHK, KaAMUN, PTYTh U UX COCIUHECHUS

B3anMoseiicTBre 1MHKA ¢ KUCHOTaMu (Pabomy npoooumuv 6 8bImANCHOM WKADY)

B miectp mpoOHpOK MOMECTUTH MO KYCOUKY TpaHyJIHMPOBAHHOTO LIMHKA U MOJACHCTBOBATH B
OTIENBHOCTH Pa30. u koHIl. pactBopamu kucioT HC1, HoSO4 u HNO3. HabmonaTs ipoucxosime
sBieHus. Harpets Te mpoOupku, B KOTOPBIX Ha XOJ0JIe HEe Havanack peakuwus. [locie pacTBopeHus
uuHka B pa36. HNOgs, noka3aTs npucyTcTBHE HOHOB aMMOHHMSI B MOJYy4eHHOM pacTBope. Hamucatp
ypaBHeHus peakiuii. CoctaBuTh cxemy. [Togo0pats KodhUITUEHTHI.

B3anmozeiicTBHE IIMHKA C IIeI0YaMi

[TomecTuTh B MPOOUPKY HEMHOTO ITMHKOBBIX CTPYXKEK M TPUIUTh KOHIEHTPUPOBAHHBIN
pactBop mienoun. Harpers. HaOmronmaTe BblieneHue rasa. Jloka3aTh ONBITHBIM ITyTE€M, YTO
BBIIETISIOIUICS Ta3 BoAopold. OOBICHHUTH MEXaHW3M TNPOUCXOASIIMX peaknuii. Hammcats
YPaBHEHUs pPEaKIIHil.

[TonydeHue U cBOWCTBA THIPOKCH/IA ITUHKA

W3 nmeromuxcs B 1a00paTopuy PeakTUBOB MONYYUTh THAPOKCHI, IWHKA. OTMETHTP I[BET U
xapaktep ocaaka. Jloka3zaThb ONBITHBIM IyT€M, YTO THAPOKCHJ LHMHKA o0nanaeT amQoTepHBIMU
cBoiicTBamMu. Hammcath ypaBHEHHUS peakifii B MOJIEKYISIPHOW 1 HOHHOM (hopmax.

[onyyenue cynphuaa HMHKA




[Monmyunuts ocamok cynbhuaa nuHKa. OOBACHUTH HaONIIONaeMbie siBICHUA. HammcaTth
YPaBHEHMsI PEAKLIUH.

I'maponwus cosieli MHKA

a) VcnplTaTh pacTBOPOM HEUTPaALHOIO JIAKMYyCa PpEaKLHUI0 Cpellbl pacTBOPOB Cyibdara
[UHKA U XJIOpHUa IIMHKa. HanucaTs ypaBHEHUs peakifii THIpoIn3a.

0) B ropsiunii pacTBOp XJIOpUAA IIMHKA OIYCTUTh KYCOUYEK IIMHKA, IPEABAPUTEIHHO OYHCTUB
€ro TIOBEPXHOCTh HaXKIa4HOU Oymaroii. HaOnronate Beienenue Bomopoaa. OObSICHUTh MEXaHU3M
IIPOUCXOAIIMX NpoLeccoB. Hanucars ypaBHeHUs peakLuii B MOJIEKYJIIPHONH U MIOHHOH popmax.

[losyueHne KagMus BOCCTAaHOBJIEHUEM €r0 HOHOB U3 pacTBopa

[Tonp3ysicb aHHBIMM TaOJMILBI HOPMAJIBHBIX AJIEKTPOAHBIX IOTEHIHAJIOB, 10100paTh
METaJuIbl, CHOCOOHBIE BOCCTAaHABIMBATH MOHBI KaJMHs U3 PAcCTBOPOB ero coseid. Ilponenath
COOTBETCTBYIOLIMM OIBIT, UCHOJB3YsI OJUH M3 MMEIOUIMXCS B Jlaboparopuu MetamuioB. HamucaTsb
ypaBHEHHE PEaKLUH.

ITonyyeHue U cBONCTBA I'MJIPOKCUAA KA IMHUSI

W3 umeromuxcs B 1a00paToOpuu peaKTUBOB MOMYYUTh THIPOKCUA KaaMHsI, OTMETHTD I[BET U
xapakTtep ocaaka. HamucaTh ypaBHeHHe peakuuu. McnblTaTh OTHOLIEHHME THAPOKCHIA KaJMUS K
pa30aBIECHHON COJISTHOM KHCTIOTe M M30BITKY 1menoun. Kakue cBOWCTBa MPOSBISET 3TOT THAPOKCUA?
OTMeTuTh pa3inuyue B CBOWCTBAX I'MIPOKCUI0OB IIMHKA U KaJMUS.

[lony4yeHue M cBOCTBA Cynb(uIa KaJAMUS

[Tonyuuts cynppua kaamus. OTMETHTh LBET M Xapakrep ocaaka. Hamucate ypaBHeHME
peakuu. CIIUTh € OcCajKa KUAKOCTh U 100aBUTh K Hemy pa30. pactBop HCI. HaGmromaercst nm
pactBopenue ocajka? [lonabp3ysch BeIMUMHAMU NPOU3BEAECHUS PACTBOPUMOCTH, OOBSICHUTB, [TOUEMY
cynbdua nMHKa U cyabdua kaamus pa3nuano otHocates k HC1.

I'uaponus coneit kaamMus

a) VcnopiTaTh pacTBOPOM HEHTPAIBHOTO JIAKMyCa PEaKIMIO Cpeabl pacTBopa cyibdara
kagmus. OOBsicCHUTH HabmojaeMoe sBieHue. HamucaTh ypaBHEHHME peakUuu THIpOJN3a B
MOJIEKYJISIPHON ¥ HOHHOM (hopMax.

6) K pactBopy cynbpata KaaMusi OpWINTh pacTBop KapOoHara Harpus. Habmionats
oOpa3oBaHue ocaaka. IIpogykrom KakoW CTylneHM TUApPOJIM3a SBISETCS 00pa3oBaBIIEeCs
BemecTBo? Hamucarh MosieKyJsipHblE M WOHHBIE YpaBHEHMs peakluil Tuaponu3a KapOoHara
KaJIMHSI TIO CTYTICHSIM.

Ionyyenue okcuna prytH (1) u ero cBoiicTBa

K pacrBopy nutpara pryru (ll) mobaButh pactBop ruapokcuaa HaTpusa. OTMETUTH LBET
ocanka. VcoplTaTh €ro OTHOIIEHHE K pa30aBlIEHHBIM pacTBOpaM KHCIOT W Iuenodeld. Hamucatsb
YPaBHEHUs pEaKIIHil.

Cuaponus coneit pryru (11)

a) B HeOONbIIOM KOJMYECTBE BOJABI PACTBOPUTH HECKOJBKO KPUCTAIJIOB cyibdara wiu
Hutpata pryru (II). Habmiogate oOpa3oBaHue ocajka OCHOBHOM coiM. McmbITaTh peakiuio
pactBopa akmycoM. HamucaTte ypaBHEHHE peakiuu.

0) Ilpoxenatb Takoi e OIBIT, MOJKUCIUB MPEeABAPUTEILHO Boay pa30. pactBopom HNO:s.
CpaBHHTH MONTydeHHBIE pe3yabTaThl. OOBSICHUTH HAOII01aeMOe SIBIICHHE.

Honyvenue okcuna prytu (I)

K pactBopy Hg (NO3)2 mpumute pactBop mienoun. Yro mpoucxomut? OTMETUTH IIBET
oOpa3oBagiierocst ocaaka. Hamucars ypaBHeHUE peakiuu U CTpykTypHyto popmyny Hg20.

TecToBble 3aganns no TeMe «jaeMeHThl B - 1B rpynn u ux coenunenus»

Bapuanr Ne 1
1) B mpobupkax Haxomstcs 0,1M BoaHble pacTBOPHI CIEAYIOMIMX coyield HaTtpus: 1) omuna; 2)
opomuna; 3) xmopuna; 4) dpropuma. B xaxmayro npodbupky mobasmsitor B u30eiTke 0,1M pactBop
HuTparta cepedpa. [Ipu onMHAKOBBIX 00BEMaxX peareHTOB KOJMYECTBO BEIIECTBA B OCaaKe OyIeT
HauMEHBIINM B rpoOupke No

a)3 B) 2 6) 1 r) 4



2) PacTBOpsIOTCS B pacTBOpE aMMHUaKa BCE BEIIECTBA IPYIIIbI

a) AgCl, AgBr, Agl B) AgCl, Agl

6) AgBr, Agl r) AgCl, AgBr

3) Xumudeckas CBSI3b UMeeT 0oJiee KOBAJICHTHBIN XapaKTep B

a) Agl B) AgCl

0) AgBr r) AgF, motomy uto # # #.

4) YcroitunBocts mpanuaabix Komimiekcos: [CU(CN)2]; [AQ(CN)2]; [Au(CN)2] B psay
a) YMEHBIIIAeTCs B) YBEITUYHBACTCS

0) HE U3MeHseTCs I') U3BMEHSETCS HEMOHOTOHHO, IOTOMY uTO # # #.

5) B psany Cu-Ag-Au Temneparypa IUIaBJICHHs U KATICHUS
a) YMCHBIIIACTCS, 3aTEM YBEIIUYUBACTCS  B) YBEIMIHBACTCS
0) yBeIMUUBACTCS, 3aTEM YMEHBIIIACTCS  T) YMEHBILIACTCS, IIOTOMY UTO # # #.

6) Hanbornee sspko mposIBISIFOTCS KUCIOTHBIE CBOMCTBA Y

a) Au(OH)s B) Cu(OH)2

0) Cu20 r) Ag20, notomy uto # # #.

7) TlpuBeeHbl 3HAUCHHS CTaHAAPTHOM 3Hepruu ['ub6ca peakuuii:

[Hgls]?* + S* = HgS + 4l; AGogg = -127 xIx/Monb
[Hgls]? + H2S + 2H20 = HgS + 2H30" + 4I; AGozeg = -13 xJ{x/MoJ1b
[Hgls]? + 20H = HgO + 41" + H20; AG29s = +26 k/Ix/Moi1b

HawuGosee nerko pa3pyuinth B BOAHOM pacTBope Tetpaitogomepkypar(ll)-uon ¢ momoripto
a) Na>S B) NaOH
0) H2S r) NazS, NaOH

8) YCTOMYMBOCTD OJHOTHITHBIX coenHeHu# B psiaax ZnO-CdO-HgO; ZnS-CdS-HgS
a) yMEHbIIIaeTcs B) YBEJIMUHMBAETCS
0) yBeIMYMBAETCsI, 3aT€M YMEHbBIIIAETCS ') HE U3MEHSETCA, TIOTOMY 4TO # # #.

9) DJIEKTPOHOAOHOPHAS CTIOCOGHOCTH MOHOB B pAdy: Zn?* —Cd?* —Hg?*
a) yBeJIM4UBAETCS B) yBEIMUMBAETCS, 3aTEM YMEHbIIAETCS
0) yMeHbILIaeTCs T') HE U3MEHSETCS, IOTOMY uTO # # #.

10) IIpu BHecenun B BoaHbIi pacTBop ammuaka Zn(OH)2 pH pactBopa # # #, motomy 4To
#H#H#

Bapuant Ne 2
1) U3 snementoB | B rpymnmer Hanbomnee xapakTepHa CTETeHb OKUCIeHus +1 s
a) cepebpa B) 30J10Ta
0) meau r) Meau u cepebpa, moToMy uto # # #.

2) Kycouek cepebpsinoii MOHeTHl Maccoil 0,3 pacTBOpWIM B a30THOM KHUCIOT€ W OCAAUIU U3
mojiydeHHOTro pactBopa cepebpo B Buae AQCl. Macca ocagka okaszanmace pasuoit 0,199 r.
MaccoBas o11s cepedpa B MOHETE paBHA

a) 49.9 B) 53,7

0) 27 r) 36,5

3) YcroitunBocTh ranorenokoMiuiekcoB B psaay: [CuClz]; [CuBr]'; [Culs]



a) yBEJIMUYUBAETCS B) HE U3MEHSIETCA
0) yMeHbIIaeTcs I') U3MEHSIETC HEMOHOTOHHO, IOTOMY UTO # # #.

4) 30710TO pearupyer ¢ KaxabIM U3 IePEeUUCICHHBIX BEIIECTB IPYIIIbI
a) H2SO4 (x); H2SeOq4 (k) B) HNO3; HCI
6) HNOs; HCI + Cl» r) HCI + Cl2; H2SeOs (k)

5) PactBopumocTs B Boze B psaay HQCl-HgBr-Hgl
a) YMEHBIIAeTCs B) YBEIUYHBACTCS

0) yBEJIMYMBAETCSI, 3aTEM YMEHbILIAETCS I') HE U3MEHSETCS, IOTOMY UTO # # #.

6) B pesymprare peakuuu cyibdara IMUHKA C KOHIECHTPHUPOBAHHBIM PACTBOPOM aMMHaKa
oOpasyercs # # #

7) YcraHoBUTE COOTBETCTBUE MEXIY KOMIUIEKCHOM YaCTUIIEH U €€ TeoMeTpuei

1) nuimanoaprentat (1)-uon A) kBaapar

2) xatuon nuammuaMenu (1) b) He3aBepiLeHHBIN TeTpasap
3) terpaxsnopoaypar (I11)-uon B) nuneiinas

4) nuxnopokynpat (I)-uon I') rerpasap

8) Jlns MHKa ¥ PTYTU XapaKTepHO KOOPAMHALIMOHHOE YMCIo 4, a uid KaaMus — 4 u 6, noromy
qTO # # #.

9) Cymma ko3¢ duiuentoB B ypasHenun peakuuu Cu + HNOjs() + HCl ) — paBHa:
a) 20 B) 25 0) 14 r) 18

10) IIpocTpancTBeHHas CTpyKTypa KomiiekcoB Mean (1) — MCKakeHHBINH OKTadap WM IJIOCKUIN
KBaJpaT. DTO CBsI3aHO C MposiBJIeHUuEeM 3 dekra # # #.

Tema 26. dnements VIII A rpynnsi

Bonpocsl 115 codecenoBanus
1. OxapaxTepu3syiiTe MoN0KeHNE MHEPTHBIX Ta30B B IEPHOANYECKON CHCTEME.
2. KakoBa snexTpoHHas KOH(HUTypamus aTOMOB ITHX 3JeMEHTOB. Kak HM3MEHSIOTCS aTOMHbBIE
paanycChl, SHEPIUs MOHU3ALNH, YIEKTPOOTPULATEIBLHOCTD B oArpynne. CpaBHUTE 3TH MOKa3aTENIN
C 3JIEMEHTaMH [T0OOYHON MOATPYIIIIHI.
3. Haxoxnenue B npupoje. [lonydenne 61aropoiHbIX ra3os.
4. OObsACHUTE CTPYKTYpY MPOCTHIX BEUIECTB NMHEPTHBIX ra30B. KakoBbl pu3nueckre CBONCTBRA.
5. PeakuunonHas crnocoOHOCTh OmaropoAHbiXx Tra3oB. CoOeAMHEHUS KCEHOHa, UX CTPYKTypa M
CBOIICTBa.

IlepeyeHb BONPOCOB U 3aaHMIi, BBIHOCUMBIX HA 3K3aMeH
| cemecTp

1. Uro Ha3piBalOT KO3(PPUIIMEHTOM SKpaHUPOBAHUS, MOJIHBIM U 3()(EKTUBHBIM 3apsoM
sapa? B KakoM COOTHOIIEHWH OHU HaXOJATCS APYT K ApYyry?
2. BonnoBas ¢yHkuus, ee ¢puzndyeckuid cMpici. PaguanbHast U yriaoBasi COCTaBIISIOLINE BOJTHOBOM
¢byukuu. Hapucyiite rpadux paauanbHOro pacnpefeneHuss 53JIeKTPOHHOM TIJIOTHOCTH p-
opburaneii 2, 3 u 4 ypoBHEil.
3. UYro 03HaUaET TEPMHUH «IIPOHHUKHOBEHHUE» H MTOUYEMY 3TO BKHO ISl TOHUMAHUS OTHOCHUTEIBHBIX
SHEPTHii s-, P-, d- U f-37EKTPOHOB C OTHMM U TEM XK€ TJIaBHBIM KBaHTOBBIM YHCIIOM.
4. TIpuMEHUMO JIM TIOHSATHE TPACKTOPUH IBWKCHUS K MHUKpodacTHIiaM? Yem 3To ompenensercs u
KaKoe MOHATHE €0 3aMEHseT?



5. B kakux cnyyasx reoMeTpuueckas KOHQUTypalust MOJEKYyJd, OmpenensemMas THIIOM
TUOpUIN3AINH, PEATU3YETCs: a) TIOJIHOCTHI0; 0) He mosHOCThI0? [IpuMepsI.

6. Kakoe BimsHME OKa3bIBaeT HEMNOJENCHHAs JJIEKTPOHHAs Tapa Ha YIJIBl MEXAY CBSI3IMU?
[TokaxxuTe BAMSHUE PA3HOCTU 3JIEKTPOOTPHULATENBHOCTH HA BEJIMYMHY BaJEHTHOIO Yrja Ha
npumepe monekyn H.O, OF.

7. Kak M3MEHSIOTCS MarHUTHbIE CBOMCTBA M KPAaTHOCTb CBSA3M MOJIEKYJ 3JIEMEHTOB 2 Iepuoja
[ICM?

8. BaCl: B BomHBIX pacTBOpax auccouuupyer nonHoctelo, a HgCly moutn He aucconumpyer.
OOBsicHHUTE 3TO pa3IUyKe B CBOWCTBAX COJIEH.

9. Yem 0OBSACHUTH, YTO IIEPMaAHIaHAT clIOcOOEH B pacTBopax ¢ pH=5-6 okucaaTe noauasl (HO HE
OpOMUIBI U XJIOPHIBI), a B pacTBopax ¢ pH=3 —5 noauasl u 6poMusl (HO HE XJIOPUBI) U TOJIBKO B
pactBopax ¢ pH=1-3 xnopub1?

10. [TouemMy nUTHI, MeTAT XMMHYECKM MEHEEC AKTHBHBIA, YeM HATpUHd M KalIWuid, B paxy
HaMpsHKEHUH CTOUT BIIEPEH ITHX JABYX METAJUIOB?

11. Vcionb3ysl 3Ha4eHUsI CTAHAAPTHBIX OKHCIUTEIHHO-BOCCTAHOBUTEILHBIX NMOTEHIMAJIOB, JaiTe
oTBeT Ha Bompoc: HuTpart xenesza (1) umu xenesa (l11) o6pasyercs npu B3auMoelcTBUY Kemnes3a ¢
a30THOM KHCI0TOM. Hanmmmure ypaBHEHHE peakiyi.

12.Yro siBisiercst 6onee cunbHbIM okucauteneM u nmoyemy HCIO mwimum NaClO, NaClO wiu NalO,
NaClO unu NaClOg.

13.Tlouemy B KauecTBe okmciuTens mcrmombzyercs xpom (V1) B coctaBe moma Cr.07%, a me B
coctaBe nona CrOs*, u noyemy oxucnenue xpoma (I11) 1o xpoma (V1) mpoBoautcs B Imen04HOIH
cpene?

14.TlokaxxuTe Ha TpHUMEPax M OOBACHUTE KAaK HM3MEHSETCS OKHCIMTEIHHO-BOCCTAHOBUTEIIHLHBIC
CBOWCTBA COEIMHEHMH, 3JIEMEHTA B 3aBUCUMOCTH OT pa3IM4YHbIX (DaKTOPOB.

15. CpaBHUTE OKHCJIHTENLHO-BOCCTAHOBUTENbHEIE cBoiicTBa 1 ycrtoitumBocth [Fe(CN)g]* u
[Fe(CN)g]*.

16.Kak msmenserca DCKII B paxy xommiaekcop Co®*y — Co?*y — Co?*y — Co®*y (umaexcamu
0003HaYEeHBbI BHICOKO- M HU3KOCIIMHOBBIE KOMIUIEKChI)? Kakue U3 3Toro MOXHO cAenIaTh BBIBOJBI O
MIPOYHOCTH M OKUCIIUTEIILHO-BOCCTAHOBUTEBHBIX CBOMCTBAX YKAa3aHHBIX KOMILJIEKCOB?

17. Tpu u30MepHBIX KOMIUIEKCA OKpallleHbl B KPacHbIH, 3eleHbli 1 xKenThld 1BeTa. Kakoil u3 stux
KOMIUIEKCOB TMOIJIOIIAET M3JyuYeHUE C HauOobIlel SHEpruei, eciau Kaxabli U3 HUX JAeT TOJIbKO
OJTHY TI0JIOCY MOTJIOIIEHUS B BUAMMON 00nacTH crekTpa. Kakoil koMIuieke noryiomaer u3iydeHue ¢
caMoO¥l HU3KOM SHEPTHEt?

18. Ucnionb3ys siBJIEHHE TPAHCBIMSHHS JIMTAHIOB B KOMIUICKCHBIX coequHeHusx rmiatuabl (11),
COCTaBbTE€ YpaBHEHHsI pEaKIMi, ¢ TIOMONIBI0 KOTOPBIX MOXXHO IIOJNYYUTHh  TpaHC-
K[Pt(NH3)(CN)Cl2], mwmc-[Pt(H20)2Cl2], tpanc-[Pt(H20)(NO2)Cl2], ecnu HMCXOTHBIM BEIIECTBOM
apigercs Terpoxaopuao(ll)miarunar xanus.

19. ConoctaButh ycroitunBocth Co?* u Co* B BHie THAPOKCHIOB U B BUJIE BOAHBIX PACTBOPOB HX
cynbdaTos.

20. Jlna kakoro u3 noHos Cr?* wmau Cr¥ BRIMTPEHINI B SHEPTUU MPU 0OPA30BAHUM OKTAdIPUIECKUX
KOMIIJIEKCOB C OJTHUM U TEM K€ JIUTaHJ0M C1aboro mojst Oynet 6ompIe?

21.Kak nOpoOMCXOOUT pACHICIUICHHE JHEPreTUYeCKUX YpOBHEW opOuTaneil mnon JaeictBuemM
ANEKTPOCTATUYECKOTO TOJSl JIMTaHJAOB B clydae KOMIUIeKCHBIX coemuHenuit Ko[NiCls] wu
K3[Cr(CN)e]? Uto Takoe 3Heprus paciieIuieHus, OT Yero OHa 3aBUCUT?

22.C xakuM ramoreHua-moHoM C0°" obpasyerT oTHOCHTENBHO ycToitumBoe coeamneHme? Kax
00bscHuTh HeycrorunBocTh CoCls, mperepneBatoero pasnoxenue o peakiuu: 2CoClz = 2CoCl;
+ CIp?

23. ITouemy kommiekcsl Co (1) B ocHOBHOM OKTa3jpuyeckne U HU3KOCIIMHOBBIE, a KoMILIeKchl CO
(I1) BBICOKOCTIMHOBBIC, KaK 3TO CBS3aHO C HW3MCHEHHEM OKHCIIHUTEIbHO-BOCCTAHOBUTEIbHBIX
CBOWCTB MOHOB KoOanbTa? IlpuBeauTe npuMephbl COOTBETCTBYIOIINX KOMIUIEKCHBIX COSIMHEHHH, NX
ANEeKTpOHHBIE KOHuUrypauuu no merony BC u MO.

24. B pactope kakoii comu pH 6ombrie? [Cr(H20)6]Cls unu [Cr(H20)4Cl2]Cl



25.00bsAcHUTE, IOYEMYy YCTOWYMBOCTh AKBAKOMIUIEKCOB BaHAAMA OOJblIe yCTOWYHMBOCTH
aKBAaKOMILJIEKCOB Xpoma?

26. [Touemy aMMHaKaThl MIETOYHBIX U MIEJIOYHO3EMEIBHBIX METAJUIOB pazjaratoTcs Bogoil? Kakoi
LIEJIOYHOHN MeTall1 00pa3yeT aMMHaKaT B pacTBOpax KOHLEeHTpupoBaHHoro NHs?

27.PacueTHble 3371291 IO MPOWUICHHBIM TEMaM Kypca

Il cemecTp
1. Jaiite o0myl0 XapaKTEpUCTHKY IMEPEXOIHBIX 3JIEMEHTOB | mepexomHoro psaa, OMpenesuTe
o011I1e 32aKOHOMEPHOCTH B U3MEHEHUH CBOMCTB MPOCTHIX BEIIECTB U UX COCTMHEHUH.
2. 3aKOHOMEpPHOCTH  KOMIUIEKCOOOpa30BaHUS,  KHUCIOTHO-OCHOBHOI'O  B3aMMOJECWUCTBUSA,
OKHUCJIUTEIbHO-BOCCTAHOBUTENIBHBIX ~ IIpOLECCOB Ha mpuMmepe anemeHTtoB |lI-b  rpynmsr.
Onpenenure B3aUMOCBS3b  CTPYKTYPbl M CBOMCTB  MPOCTBIX U CIOXHBIX  BEIECTB.
TepMonMHaMUYECKH OIPENEIUTE BO3MOKHOCTH Y4YacTHSl IPOCTBIX M CJIOXKHBIX BEIIECTB B
rpoleccax B3auMOJIECHCTBUS U CIIOCO0aX MOTy4EHHUS.
3. 3aKOHOMEpPHOCTH KOMILIEKCO00pa3oBaHus, KHCJIOTHO-OCHOBHOTO B3alMOJIEHCTBYS,
OKHUCJIUTEIHHO-BOCCTAHOBUTENIBHBIX MPOLIECCOB HA MpuMepe 3neMeHToB |-b rpynmsl. Onpenenure
B3aMMOCBSI3b CTPYKTYPbl M CBOMCTB TPOCTBIX M CIIOKHBIX BEIIECTB. |epMOAWHAMHYECKU
OTIpEeACTUTE BO3MOKHOCTH YYaCTHs MPOCTHIX U CIOKHBIX BEUIECTB B IPOIECCaX B3aUMOJCHCTBUS U
croco0ax MoJy4YeHUsI.
4.  3aKOHOMEPHOCTH  KOMIUIEKCOOOpa30BaHUS,  KHUCIOTHO-OCHOBHOIO  B3aWMOJIECUCTBUSA,
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHBIX IIPOIIECCOB Ha MpuMepe 3iaemMeHToB V-b rpymnmsl. Onpenenure
B3aMMOCBS3b CTPYKTYpbl M CBOWCTB TMPOCTHIX M CIOXKHBIX BEIIECTB. TepMOAMHAMUYECKU
OTIpEeAEIUTE BO3MOKHOCTH Y4acCTHUs MPOCTHIX U CIOXKHBIX BELIECTB B MPOLIECCAX B3aUMOJCHCTBUS U
croco6ax Mmoay4eHusl.
5. JlaiiTe CpaBHHUTEIBHYK) XapaKTEPUCTUKY DJIEMEHTOB HHUKENSA, Naulaaus, IUIATUHBL, HX
PEaKIMOHHYIO CIOCOOHOCTh, CBOMCTBA COCTUHEHUH.
6.  3aKOHOMEPHOCTH  KOMILUIEKCOOOpa30BaHUs,  KHUCIOTHO-OCHOBHOTO  B3aMMOJICHCTBUS,
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIX ~ NPOLIECCOB Ha mpumepe »snemMeHToB VI-b  rpynmsl
Onpenenutre B3aUMOCBS3b  CTPYKTYPbl M CBOMCTB  MPOCTBIX U CIOXHBIX  BEIECTB.
TepmoauHaMu4ecku OMNpeeNuTe BO3MOXHOCTH YYacTUSl IPOCTBIX M CIOXKHBIX BELIECTB B
rpoleccax B3auMOJEHCTBUS U CI1oco0ax MOJIy4eHuUs.
7.  3aKOHOMEPHOCTH  KOMIUIEKCOOOpa30BaHMs,  KHCIOTHO-OCHOBHOTO  B3aMMOJeEHcCTBUS,
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX IpolieccoB Ha mnpumepe dnemeHtoB VII-b  rpynmsr.
Omnpenenute B3aUMOCBS3b CTPYKTYpbl M CBOMCTB MPOCTBIX U CIOXHBIX  BEIIECTB.
TepMonrHaMUYeCKH OIpPENEIUTE BO3MOKHOCTH Y4YacTHSl TPOCTBIX M CJOXKHBIX BEIIECTB B
nporeccax B3aMMOAECHCTBHS U CIOCO0aX MOIY4YEHUsI.
8.  3aKOHOMEpPHOCTH  KOMIUIEKCOOOpa3OBaHMS,  KHUCIOTHO-OCHOBHOTO  B3aWMOJCHCTBUA,
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX MpolieccoB Ha npumepe Fe, Ru, Os. Onpenenure B3aMMOCBS3b
CTPYKTYpbl U CBOICTB TMpOCTBIX U CIIOXKHBIX BEUIECTB. TepMOAMHAMMYECKU OIpEAETUTe
BO3MOKHOCTH YYacCTHsI MPOCTBIX U CJIOXKHBIX BEIIECTB B MpoIleccax B3aUMOACHUCTBUS U crocobax
MOJIyYEHUS.
9. 3aKOHOMEPHOCTH  KOMILIEKCOOOpa30BaHus, KHCIOTHO-OCHOBHOI'O  B3aMMOJEHCTBUS,
OKHCJIUTEIIbHO-BOCCTAHOBUTENBHBIX MpoIleccoB Ha mpumepe Ti, Zr, Hf. Onpenenurte B3anMocBs3b
CTPYKTYpbl W CBOMCTB TMpPOCTBIX M CJOXHBIX BEIIECTB. TepMOJMHAMUYECKH OIPENIEINUTE
BO3MOXXHOCTH y4YacCTHsI IPOCTBIX M CJIOXHBIX BEIIECTB B MpOIleccax B3aMMOJEHCTBHUS U crocobax
MOJTyYEeHHUS.
10. 3akoHOMEpHOCTH KOMILIEKCO0Opa30BaHus, KHCIIOTHO-OCHOBHOTO B3alMOJICHCTBYS,
OKHCIIUTEIIHO-BOCCTAaHOBHUTENBHBIX NporieccoB Ha npumepe V, Nb, Ta. Onpenenure B3auMocBs3b
CTPYKTYpbl U CBOMICTB TMpOCTBIX U CIIOXKHBIX BEUIECTB. TepMOAMHAMMYECKU OIpEAETUTe
BO3MOKHOCTH YYacTHsI MIPOCTBIX U CJIOXKHBIX BEIIECTB B MpoIleccax B3aUMOECHCTBUS U criocobax
MOJIyYEHUS.



11. JlaiiTe cpaBHUTEIBbHYIO XapaKTEPUCTUKY BOJOPOAOCOJEPKAIMM COEAUHEHUAM V-A TpyImbl.
bunapuble coeaMHEHHS, HUX CTPYKTypa, PacTBOPUMOCTb, OKHUCIUTEIbHO-BOCCTAHOBHUTEIbHBIC
CBOMCTBA.

12. JlaliTe cpaBHHUTEIbHYIO XapakTepucTuky sjemeHToB VA u Vb rpymmn. Kak wu3mensercs
KHCJIOTHO-OCHOBHOW XapakTep UX I'MJIPOKCHUJIOB?

13. CpaBHHTE CBOWCTBa IMPOCTHIX BEIIECTB DJICMEHTOB PEHUsI M BOJb(Ppama, oXapaKTepHU3yHWTe
CBOMCTBA UX COCIMHEHUM, YCTOMUYNBOCTbh KOMIUIEKCOB.

14. CpaBHUTE CBOMCTBA MPOCTHIX BEILIECTB AJIEMEHTOB XJIOPA U CEPbI, OXapaKTEPU3yUTE CBOMCTBA
HUX COEMHEHUH, YCTOWYUBOCTh OKCUCOEIUHEHHUI.

15. Jlaiite oOLIyl0 CpaBHUTEIbHYIO XapaKTEPUCTUKY MepexoaHbiM snementaM |l mepexomHoro
psna, ompeaenuTe OO0IIME 3aKOHOMEPHOCTH W3MEHEHMS CBOWCTB MPOCTHIX BEIIECTB U HX
COCTUHEHUH.

16. CpaBHUTE CBOICTBA INpPOCTHIX BEUIECTB BaHAJIWs, TUTAHA, OXAapaKTEPU3YHTE CBOMCTBA HX
COEIMHEHUI, YCTONYMBOCTH KOMILIEKCOB.

17. KowmmiekcooOpa3yromiasi CIOCOOHOCTh Keje3a, MEId, ILHMHKA, CTPYKTypa KOMIUIEKCOB,
YCTONYHMBOCTD, TaJIOTCHHU/IBI U OKCUCOETUHEHUS.

18. OxucieHrne 1 BOCCTAaHOBJIEHUE. DJIEKTPOXUMHUECKHUE IIPOLECCHl. 3aBUCUMOCTb OKUCIUTEIbHO-
BOCCTaHOBUTEJIbHBIX MPOLIECCOB OT PA3IUYHBIX (PAKTOPOB Yy 351eMeHTOB |-b rpynmsl.

19. OcobGeHHOCTH AJIEKTPOHHOTO cTpoeHus: O-amemeHToBV| Tpymmbl U B3aUMOCBSI3b €ro CO
CBOMCTBAMM TMPOCTHIX M CIOXKHBIX BemecTB. [IporHo3upoBaHue HX KOMILIEKCOOOpa3yromieit
CIIOCOOHOCTH ¢ OPTaHUYECKUMHU M HEOPTaHUYECKUMH pearcHTaMu.

20. Oxcocoenunenust (ocdopa, a3ora, cepbl, U3SMEHEHHUE CHJIbI KHUCIOT M OKHUCIUTEIbHO-
BOCCTAaHOBUTEJIbHON aKTUBHOCTH C YBEJIMYEHHUEM ITOPSIKOBOIO HOMEpaA 3JIEMEHTOB.

21. 3akoHOMEpHOCTHU KOMILIEKCO0Opa3oBaHus, KHCIIOTHO-OCHOBHOTO B3aMMOJICHCTBYS,
OKHUCJIUTEIbHO-BOCCTAHOBUTEINIbHBIX MPOIIECCOB Ha npumepe 3nemeHToB |1-b rpynmnel. Onpenenure
B3aMMOCBSI3b CTPYKTYpbl U CBOHCTB MPOCTBIX U CJOXKHBIX BEIIECTB. TepMOJMHAMUYECKU
OTIpEeAEIUTE BO3MOKHOCTH Y4aCTHUs MPOCTHIX U CIOXKHBIX BELIECTB B MPOLIECCAX B3aUMOJCHCTBUS U
crioco0ax MoJy4YeHusl.

22.  3aKOHOMEpPHOCTH  KOMILUIEKCOOOpa30BaHUs,  KHUCIOTHO-OCHOBHOTO  B3aUMOJICUCTBUS,
OKHCITUTENIbHO-BOCCTaHOBHUTENBHBIX mporeccoB Ha npumepe Ni, Pd, Pt. Ompenenute B3anMOCBsI3b
CTPYKTYpbl U CBOICTB TMpOCTBIX U CIIOXKHBIX BEUIECTB. TepMOAMHAMMYECKU OIpEAETUTe
BO3MOKHOCTH YYaCTHsI IPOCTBIX U CJIOKHBIX BEIECTB B IpoIleccax B3aUMOJCHCTBUSA U criocolax
MOJIy4EHUS.

23. JlaiiTe OOIIYI0 CpaBHHUTEIbHYIO XapaKTEpUCTHKY repexoaHbM 3iemeHTam |ll mepexomHoro
psina, ompenenuTe OO0IIMEe 3aKOHOMEPHOCTH HW3MEHEHHs CBOMCTB MpPOCTBIX BEIIECTB M HX
COCIMHEHUM.

24, Kommiekcoo6pa3yromiasi cmocoOHOCTh Oopa, amOMHHUS, TaJUIAs, WHIUS W TaJuIus,
W3MEHEHHE YCTOMUYNBOCTH KOMILIEKCHBIX COeTMHEHUH.
25. 3aKOHOMEPHOCTH KOMIUIEKCOOOPAa30BaHUs, KHCIOTHO-OCHOBHOTO B3aWMOICHCTBUS,

OKHCIIUTEIIHO-BOCCTAHOBHUTENBHBIX TporeccoB Ha npumepe Co, Rh, Ir. Onpenenure B3anMocBs3b
CTPYKTYpbl U CBOMCTB TMPOCTBIX U CIJOXHBIX BEIIECTB. TepMOJMHAMHYECKH OMPEIEIIUTE
BO3MOKHOCTH YYacCTHsSI MPOCTBIX U CIOXKHBIX BEIIECTB B MpoIleccax B3aUMOECHCTBUS U criocobax
MOJTyYEHHUS.

26. [laiiTe CpaBHHUTENBHYIO XapaKTEpUCTHKY JaHTAaHOMAAM M aKkTHHouaaM. Kak wusMeHsercs
KHCIIOTHO-OCHOBHOM XapakTep OMHApHBIX COEAUMHEHUH.

27. OKcocoeIMHEHUsI BaHAIMs, XpOMa, XKejle3a, U3MEHEHHE CHUJIbI TMAPOKCUAOB, OKHUCIMTEIBHO-
BOCCTAaHOBUTEJIHbHON aKTUBHOCTH C YBEJIMYEHHUEM IMOPSIKOBOIO HOMEpa 3JI€MEHTOB.

28. CpaBuute criocoOHOCTh 351eMeHTOB |l1-b rpymmbl k 06pa3oBaHNI0 KOMIJIEKCHBIX COETUHEHUH.
29. I'anorenuns! |1 — A rpynnel. Ux cTpoenue, reomeTpudeckast MOJENb MOJIEKYJI, PACTBOPHUMOCTb.
30. OxapakTepu3yiTe XUMHUECKYI0O aKTUBHOCTh OKCHIOB M TMIPOKCHIOB S-37eMeHTOB || Tpymmsl,
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHASI aKTUBHOCTD, CIIOCOOHOCTh K KOMILIEKCOOOPa30BAHUIO.



31. Kpemuuit u xmop. CpaBHHUTE CBOWMCTBA MPOCTHIX BELIECTB, UX PEAKIMOHHYIO CHOCOOHOCTH,
CBOMCTBA COCAMHEHUN B Pa3JIUYHBIX CTEIIECHAX OKUCIIEHHS, NX YCTOMYUBOCTb.

32. OcoOeHHOCTH CTPYKTYpbl W CBOHCTB OKCHAOB »3iemeHToB |V-Bb rpymmel B AByX- u
YETBIPEXBAJIEHTHOM COCTOSHUSX. MIX yCTOMYHUBOCTH, OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE CBOMCTBA,
KHCIIOTHO-OCHOBHAS ()yHKITHSI.

33. A30T u cepa, CpaBHUTEIbHAS XapaKTEPUCTHUKA CBOWCTB MPOCTHIX BEIIECTB, UX COCIUHEHUN B
Pa3IMYHbIX CTEIEHIX OKUCIIEHHUS, YCTOMUYUBOCTh KOMIUIEKCOB.

34, A3or u Opom. CpaBHHUTE CBOHCTBAa MPOCTBHIX BEIIECTB, UX PEAKIMOHHYIO CIIOCOOHOCTH,
CBOWCTBA COCMHEHUI B PA3JIMYHBIX CTEIICHAX OKUCIIEHHUS, UX YCTOMYUBOCTD.

35. Cypbma u uHamii. CpaBHHTE CBONCTBAa MPOCTHIX BEIIECTB, UX PEAKIIMOHHYIO CIIOCOOHOCTB,
CBOMCTBA COEIMHEHUN B PA3JINYHBIX CTENEHSAX OKUCIEHUS, X YCTOMUNBOCTh, KOMILJIEKCHI.

36. ®ochop u omoBo. CpaBHUTE CBOMCTBA MPOCTHIX BEIIECTB, MX PEAKIIMOHHYIO CIIOCOOHOCTB,
CBOMCTBA COEIMHEHUN B PAa3JINYHBIX CTENIEHAX OKUCIEHUS, UX YCTOWYMBOCTD, KOMILIEKCHI.

37. bunapnele coenuHeHHs dJIeMeHTOB |V rpymnmel. X cTpykTypa, H3MEHEHHE XapakTepa CBs3eH,
TEPMHUYECKas YCTOWYMBOCTb, OKHCIUTEIIbHO-BOCCTAHOBUTENbHAS AKTUBHOCTb, XapaKTEpHUCTUKA
CBOMCTB, OMHAPHBIX COCTUHEHHIA.

38. YcToitunBoCTh (hTOPUAHBIX, XJIOPUAHBIX, HOAUTHBIX KOMIUIEKCOB HUKEJIS, IUIATUHBI, MapTaHIIa.
39. Oco0GeHHOCTH CTPYKTYpPHI U CBOMCTB OKCHAOB 3JeMEeHTOB |V-A rpymnmbl, uX yCTOWYHBOCTb,
OKHCIIUTEIIbHO-BOCCTAHOBUTEIIbHBIE CBOMCTBA, KUCIIOTHO-OCHOBHAS (DYHKITHSI.

40. I'anorenunsl 0opa. MIx cTpoenue, reoMmeTpruueckas MOA€Ib MOJIEKYII, PACTBOPUMOCTb.

41. bepumuii u 60p, CpaBHUTENbHAS XapaKTEPUCTUKA CBOMCTB MPOCTHIX BELIECTB, UX COCAUHEHUM
B Pa3JIMYHBIX CTENEHAX OKUCIEHUS, YCTOMYMBOCTh KOMIUIEKCOB.

42. OxapakTepu3ydWTe CBOWCTBAa KoOOambTa W POAMS, WX COCIUHEHUH, ONPENCIUTe WX
KOMIUIEKCOOOPa3yIOUIyI0 CIOCOOHOCTD, CTPYKTYPY U YCTOWYMBOCTH KOMIIJIEKCOB.

43. OxapakTepu3yWTe CBOWCTBAa CEpbl W TEPMaHHS, KHUCIOTHO-OCHOBHBIC, OKHCIMTEIHHO-
BOCCTAHOBUTEJIBHBIE CBOMCTBA OKCUCOEIUHEHUIA.

44. OxapakTepu3yiTe CBONCTBA METAUIMYECKOTO0 XPOMa, €ro COSAMHEHUHN B Pa3JIMUHBIX CTETEHSIX
OKHCJICHHS, CIIOCOOHOCTh K KOMIUIEKCOOOPa30BaHHUIO.

45. Azot u prop. CpaBHUTE CBOMCTBA MPOCTHIX BEUIECTB, UX PEAKITMOHHYIO CTIOCOOHOCTH, CBOMCTBA
COEUHEHUI B PA3JIMYHBIX CTENEHSIX OKUCIIEHHUS, UX YCTONYUBOCTb.

46. Kpemnuit u pochop. CpaBHUTE CBOMCTBA MPOCTHIX BEIIECTB, MX PEAKIIMOHHYIO CIIOCOOHOCTb,
CBOMCTBA COEIMHEHNI B PA3JINYHBIX CTENIEHAX OKHUCIIEHUS, X YCTOMYNBOCTD.

47. Temnyp u #ona. CpaBHUTE CBOWCTBA MPOCTBHIX BEIIECTB, WX PEAKIMOHHYIO CIOCOOHOCTD,
CBOMCTBA COEIMHEHNN B PA3JINYHBIX CTENEHSAX OKUCIICHUS, UX YCTOWUUBOCTbD.

48. Cepa u mblmbsik. CpaBHUTE CBOWCTBA MPOCTHIX BEIIECTB, UX PEAKIIMOHHYIO CIIOCOOHOCTb,
CBOMCTBA COEIMHEHUN B PA3JINYHBIX CTENEHSAX OKUCIICHUS, UX YCTOWUUBOCTb.

49. Kamuii u menp. CpaBHHTE CBOMCTBA MPOCTBIX BEIIECTB, MX PEAKIMOHHYIO CIIOCOOHOCTb,
CBOMCTBA COEIMHEHNN B PA3JINYHBIX CTENEHSAX OKUCIIEHMS, UX YCTOWYMBOCTD, KOMILIEKCHI.

50. Antomunuii, cBuHen. JlaiiTe CpaBHUTENbHYIO XapaKTEPUCTHKY IHPOCTBIX BEIIECTB 3THUX
JJIEMEHTOB, UX COEIUHEHHM, KOMIUIEKCOB.

51. Tanmmmit u cenen. CpaBHUTE CBOWCTBAa MPOCTHIX BEIIECTB, UX PEAKIMOHHYIO CHOCOOHOCTH,
CBOMCTBA COEIMHEHNUH B PA3JINYHBIX CTENEHSAX OKUCIEHUS, UX YCTOWUUBOCTbD.

52. bop u xpemHuii. CpaBHUTE CBOWCTBAa MPOCTBHIX BELIECTB, WX PEAKIIMOHHYIO CIOCOOHOCTD,
CBOMCTBA COEIMHEHNUN B PA3JINYHBIX CTENEHSAX OKUCIEHUS, UX YCTOWUUBOCTbD.

53. Bucmyt u cBunen. CpaBHHTE CBOMCTBA MPOCTHIX BEIIECTB, X PEAKIIMOHHYIO CIIOCOOHOCTB,
CBOMCTBA COEIMHEHNN B PA3JINYHBIX CTENIEHAX OKHCIEHUS, X YCTOMUNBOCTD, KOMIIJIEKCHI.

54. Kene3o u xobanbT. CpaBHUTE CBOWCTBA MPOCTHIX BEILIECTB, X PEAKIHMOHHYIO CIOCOOHOCTD,
CBOMCTBA COEIMHEHNUN B PA3JINYHBIX CTENEHAX OKUCIEHUS, UX YCTOWUYMBOCTD, KOMIIIEKCHI.

55. bpom u Marnuii. CpaBHHTE CBOMCTBA MPOCTHIX BEIIECTB, MX PEAKIIMOHHYIO CIIOCOOHOCTB,
CBOMCTBA COEIMHEHUN B PA3JINYHBIX CTENEHSAX OKUCIEHUS, UX YCTOWUYMBOCTD, KOMIIEKCHI.



Ta6anna 9 — IlpuMepsl OLIEHOYHBIX CPEACTB ¢ KJINYaMH IPABHJIbHBIX 0TBETOB

Bpems
BBINOJIHEHUS
(B MUHYTaX)

No Tun DopmyJIHUpPOBKa [IpaBunbHBIN
m/m | 3amaHus 3a/laHust OTBET

OIIK-1 Cnocoonocms ananuzuposams u UHMEPRPEMUPOBAMb PE3YIbMAmMmbl XUMUYECKUX
IKCHEPUMEHM 08, HADIIO0CHU U U3MeEPEHU

1. 3amanne | Dopmyna 1 10
3aKpBITOTO | KPUCTAJUIOTHApATa
THIIA cyab(harta HaTpus,
Macca KOTOpOro mpH
00€3BOKUBAHUH
YMEHBIIIUIIACH Ha
47%
1) NaxSO4 * 7H.0
2) NaxS04 * 2H,0
3) Na2SO4 * 5H20
4) Na S04 * 6H,0

2. VY CTaHOBUTH 2-3

COOTBETCTBUE
1) KMnOs + Na,SOs
+ H,S04 —

2) KMnO4 + Na
2S03 + H20 —

3) KMnO4 + NaxSO3
+ KOH —

W N
|
W Qe

a) MnSO4 + K2S04
+ NaxS0s4 + H20

6) MnO; + KOH +
NaxSO4

B) KaMnOg4 +
Na,SO4 + H0

r) MnSO4 + KOH +
Na>SO4 + H,0

3. N3 200 mn 2 5-7
030HHPOBAHHOTO
BO3/yXa MocJe
pas3ioKeHus
COJIep>KaIlerocs B
HEM 030Ha
obpa3zoBasiocs 216
M raza. O6bemMHast
JIOJIsl 030HA B
UCXOJHOHN cMmecH (B
%):

1) 32

2) 16

3) 8

4) 24

4, B romorennoi 1 7-9
CHUCTCMC
Haoa) + ba) = 2HIq
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OTBET

Bpewms
BBITIOJTHEHHUSI
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pPaBHOBECHBIE
KOHIICHTPAIUH
BEIIECTB (MOJIB/T)
coctraBmwin: HI —
0,02; 1, - 0,05; H2 —
0,03. Ucxonuas
KOHIIEHTpAIUs
BoZI0poaa (MOJIB/IT)
paBHa:

1) 0,04

2) 0,01

3) 0,02

4) 0,03

5) 0,05

B npornecce
AIEKTPOIHU3a
pacrutaBa NaCl, npu
cuie Toka 2A 3a 45
MUH. Ha KaTo/ie
BBIJICTISIETCS
IPOJYKT Maccoi # #
# r (OKpYTJIHUTH J10
COTBIX).

1) 1,92

2) 0,64

3) 1,28

4) 2,56

5-8

3agaHue
OTKPBITOTO
THIIA

Hanummre
YpaBHEHUS PEAKIUH,
IIpY ITIOMOLIHU
KOTOPBIX
[IEPEUYUCIICHHbIC
HUKE COJIM MOTYT
OBITH TIEpPEBEICHBI B
cpeaHue:
(CuOH)2S0s4,
Ca(HCO:s)2,
[AI(OH)2]2S04,
Cr2(OH)4S0O4.

(CuOH)2S04 + H2SO4
2H,0

Ca(HCOs3)2 + Ca(OH):
2H,0

[AI(OH)2]2S04 + 2H2S04 = Alx(SOa)3
+ 4H,0

Cr2(OH)4S04 + 2H2S04 = Cry(S04)3 +
4H,0

= 2CuS0O4 +

= 2CaCOs; +

5-8

Ha Helitpanuzanuro
3 r H3AsO4
U3pPacx0J0BAIOCH
2,366 r KOH.
OcHOBHOCTB
KHCJIOTBI paBHA. ..

Pemenue:

[To 3akOHY PKBUBAJICHTOB

m(H3AsO,) _ m(KOH)

M,(H3AsO,)  M,(KOH)

M(H3AsO4) = 142 r/momnb

M(KOH) = 56 r/momb

f2(KOH) = 1; M,(KOH) = 56 r/mo71b

8-10
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M,(H3As0,)
_ m(H;As0,) X M,(KOH) _ 3 x 56

m(KOH) "~ 2,366

r

=71
MOJIb

0 _ M(H3AsO,) _ 142
CHOBHOCTb = M, (H,A50,) =
=2
OtBeT: 2

Kakue conu u B
KaKOM KOJIMYECTBE
00pasyroTcsi, eciu K
100 r 9,8%-nH0T0
pactBopa
dbochopHoi
KHUCJIOTHI IPUJIATH
200 r 3,2%-no0r0
pactBopa

TUAPOKCH A HATPUA.

Pemenue.
OrnpeneneHre KOJIMYECTBA BEIIECTBA
NaOH u H3POa:

v(H3POs) = 120 298 — o | yoms
98

v(NaOH) = 200 -0.082 _ ()16 moms
40

[TonOop COOTBETCTBYIOIIETO

yYpaBHEHUS PEaKINH:

0.1 moan 0.1 moan 0.1 moan

H3PO4 + NaOH = NaH2PO4 + H20

1 Momb 1 MmoaB 1 Mmoan

H3PO4 B HemOCTATKE, ClIEAOBATENLHO

pacuer Benem 1o V(HzPOa).

Amnanu3 ypaBHeHus: 2 6amia

U(NaOH) npopearnposaemero = 0,1 MOJIb

V(NaOH) ocrapmerocs = 0,16 — 0,1 = 0,06

MOJIb

D(NaH2P04) 06pa3oBaBIIerocs — 0,1 monp

BriBoa 0 X0/1€ TPOJOIIKEHHSI pEaKIIUU:

T.x NaOH B u30bITKE, 2 00pazoBaiach

KHCIIasi COJIb, pEaKus UAET JallblIle:

0.06 mons 0,06 Mot 0,06 MoJIB

NaOH + NaH2PO4 = NaHPO4 + H20

1 Momb 1 monn 1 Mo1B

Teneps v(NaOH) B Henoctatke, u

pacder BeJieM I10 HeMY.

AHanu3 BTOPOTO YpaBHECHHUS:

U(NaH2P04) pOpEearupoBAaBIIEro — 0,06 monb

U(NaH2P04) ocTaBmierocs — 0,1 - 0106 =

0,04 moip

U(NaZHPO4) 06pa3oBaBIIerocs — 0,06 mob

PacueTtsl Macchl coiei:

B pacTtBOpe mpuCyTCTBYIOT JBE CONH:

NaH2PO4 u NaoHPO,.

m = Mv

m(NaH2PO4) =120 0,04 =4,8 1

m(Na;HPO4) =142 -0,06 = 8,52 r

10-12

Kak nsmenurcs
KOHIIEHTpaLHs

Pemenne:
Haiinem crenens aucconuaiuu B pacTBope

10-12




Bpewms

Ne Tun ®opMynupoBKa [IpaBuibHBIN
BBITIIOJIHCHU A
H/ II 3aaHus 3aaHus OTBECT
(B MUHYyTaxX)
nonoB H" 8 0,1 M c11a00M KUCIIOTHI:
pacTBOpEC K 49- 10-10
CUHWILHOUN = |75 =7-107°
C 0,1
KHCITOTBI, ecu B 1 1 [ocne no6asmenus B pactBop HCN cupHOTO
pacTBOpa 00aBHUTH anekTponuta ¢ oqHouMeHHBIM noHoM NaCN
0,1 momp NaCN, paBHOBECHE B CHCTEME HAapyLIAeTCs U
Ka)KyH_IaHCﬂ CTEIICHb CMEIIACTCA B CTOPOHY 06pa3OBaHI/IH
JMCCOLMALIHH HeauccouuupoBanHbix Moekyn HCN, 1.k. _
R YBEJIMYMBACTCS KOHIIEHTpanus npoaykra CN.
Kotoporo 85 %? HCN < H* + CN-
Koncranra NaCN — Na* + CN-
JOUucconualmin HCN K= [H+]'[CN_] = 49. 10—10
.1n-10 [HCN] !
pasiia 4,910, [CNJusuen = [CNTron + [CN e
[H*] = [CN]nen = X Montw/nt
Paccunrtaem konnentparo NaCN u nuanum-
HMOHA U3 COJIH:
n-a 01-085
c¢(NaCN) = = 1
= 0,085 mousb/n
[CNnacn = 0,085 momb/n
[CNJo6uwas = [CNJHen + [CN]nacn = (x+0,085)
MOJIB/T
[MoacraBisieM NONMyYCHHbIC 3HAYCHUS B
KOHCTaHTY JIUCCOIHAIIHN:
[H*]-[CN7] _x- (x + 0,085)
[HCN] 0,1
=49.10710
Tak kak x << 0,085, BenuunHoit X B (x + 0,085)
MOJKHO TIPeHEeOpeyb, TOT1a YpaBHEHHE
YIPOIIaeTCs:
0,085x =4,9-101
1p—-11
=220 — 57610710
0,085
a2 =5,76-101°
M 707578
@  576-1010 0 pas
OtBeT: o ymenpumiiachk B 121527,8 pas.

10. I'anbpBaHHMYECKUH Pewrenue: 8-10
JJIEMEHT COCTOUT U3 Paccuntaem 110 YpaBHECHUIO HepHCTa
MeTLTHYeCKOro NOTSHIMAAbl IIMHKOBOIO U CBHHIIOBOTO
[IMHKA, JJIEKTPOIOB.

norpy»enHoro B 0,1
M pactBOp HHUTpaTa
WHKA, U
METAJIINYECKOT O
CBHHIIA,
MOIPY>KEHHOTO B
0,02 M pactBop
HUTpATa CBUHLA.
Beraucnoure 3J1C
AJIEMEHTA, HAIUCATh
ypaBHEHUS
3JIEKTPOIHBIX
IIPOLECCOB,

B CHpaBO‘-IHI/IKe HaX0InuM 3HAYCHUA
CTaH}IapTHI)IX SHCKTpOJIHI)IX IIOTCHIHMAJIOB:
E%(Zn?*/Zn) = -0,76 B;

E°(Pb?*/Pb) = -0,13 B

0.059
Eznz /7 = =076 + ——1g0,1
=—0,79B A(-)
0.059
Eppe+ jp, = —0,13 +———10,02

=—0,18 B K(+)
Haxonum 2J1C snemenTa:
3JC =Ex—Ea=-0,18-(-0,79)=0,61 B
Ha cBuHmOBOM  3mekTpone  (kaTonm)
BOCCTAHABIIUBACTCS CBUHEIL;
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COCTaBUTb CXEMY
3JICMEHTA.

Pb? + 26 = P’
Ha LIUTHKOBOM 3JIEKTpOAE
okucisiercst nuHK: Zn® — 2e = Zn?*
CxeMa raJbBaHHYECKOTO IEMEHTA:
A() Zn | Zn(NO3), (0,1 M) || Pb(NO3)
(0,02 M) | Pb (+)K

(anom)

OIIK-2 Cnocoonocms npoeodumsv ¢ CcOOII00EHUEM HOPM MEXHUKU 0e30nacHocmu
XUMUYECKUI IKCHEPUMEHM, GKII0YAA CUHME3, AHAIU3, U3YYeHUe CHMPYKMYpPbl U CEOICHME
UA106, UCCTIE008AHUE NPOUECCOB C UX YUACUEM

eeuiecme u mame,

11.

12.

3amanue
3aKPBITOTO
THIIA

[Ipu nonananumn
KHCJIOTBHI Ha KOXKY
HEe00XO0aUMO:

1) CMBITh BELIECTBO
CUJIBHOU CTpYEN
BOJIbI, & 3aTEM
MPOMBITH 2 %-HbIM
pacTBOpoM
rugpokapOoHara
HATPUSI.

2) IIpoMBITh KOXKY 2
%-HBIM PacTBOPOM
rugpokapOoHara
HaTpus, a 3aTeM
BOJIOM.

3) IIpombITh KOXKY 2
%-HBIM PacTBOPOM
OopHOI Hin
YKCYCHOW KHCIIOTHI,
a 3aTeM BOJIOM.

4) CMBITH
MOMABILYIO KUCIIOTY
Ha KOXY CTpyEH
BOJIBI

1

1-2

Tepmuueckoe
pazioxxeHue
HUTPATOB IPOTEKAET
M0-pa3HOMY B
3aBUCHUMOCTH OT
CBOMCTB KaTMOHA
COJIA. Y CTaHOBUTE
COOTBETCTBHUE:

1) HuTpaThI
HIETTOYHBIX
METAJIJIOB

2) HUTpPATHI
METAJIOB CPEIHEN
AKTUBHOCTH

3) HUTpATHI
HEAaKTHBHBIX

WN
|
™ O\ o

1-2
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13.

14,

15.

MCTAIJIOB

a) HUTPUTHI
METaJIJIOB U
KHCIIOpOJL

0) OKCHIBI
METAaJIOB, OKCH]T
azora (IV) u
KHCIIOpOJL

B) METaJUIbI, OKCH/T
aszora (IV) u
KHCIIOPOJT

sz TUOpUIH3AIIHS
peanu3yercs
MTOJIHOCTBIO

1) SO3

2) SO»

3) CH4

4) CIO

5) CIOy

7-10

OObBIUHO 1T
nosyueHusi opoma B
naboparopuu
HCIIOJIb3YIOT
pEaAKLIHHU:

1) KBr(t8.) + H2SO4
(ko) —™>

2) KBr(t8.) + MnO>
+ H2SO4 (konm.) —

3) KBr(ts,) + HBrO3
(P-p)—

4) KBr(tg) +Clo—

|

N3 nepeunciaeHHbIx
BELIECTB JUIS
ounctku CO2 oT
npumecu CO MOXHO
HCIIOJIb30BATh:!

1) H[CuCl_]

2) H2S04

3) NaOH

4) Na2COs3

16.

3aganue
OTKPBITOTO
THIIA

W3 npeyioskeHHBIX
peaktusos (HCI,
NaOH, H3POa,
V205, KMnOQg, Zn,
Na>COs, HNO3)
BBIOEpUTE
HEOOXOIMMBIC JIJIs
TIOJTyYCHUS

Tak xak V20s mmoxo pactBopsieTcs B
BOJC, HCIIOJIb3yeM  IIeJoYb  JUIS
mepeBoja €ro B PacTBOPUMOE
COCTOSTHUE!

V205 + 2NaOH = 2NaVOs3 + H20
Peakiuust BocCTaHOBJIEHUSA:
2NaVvOs + 8HCIl + Zn =
2NaCl + ZnCl + 4H,0

2VOCl+

8-10




Bpewms

Ne Tun ®opMynupoBKa [IpaBuibHBIN
n/m | 3amaHus 3a/laHus OTBET BLITOIHCHIHA
(B MUHYyTaxX)
TUAPOKCUIA [Tonmyyenue rugpokcuaa:
BaHaIMIa U VOCI2+ 2NaOH = VO(OH).| + 2NaCl
nokazarenbcTBa ero | OCHOBHBIE CBOWCTBA!
KkucnoTHO-0cHOBHBIX | VO(OH)2| + 2HCI = VOCI; + 2H,0
CBOWCTB. KucnoTnsbie cBolicTBa:
4VO(OH)2| + 2NaOH = NayViOq +
5H,0
17. Onpenemuts SC Pewenue: 8-10
rajgbBaHUIECKOTO Egot/ag = 0,80 B
dJIEMEHTA 0 0.059 N
Ag | AgNOs (0,001 Eagiag = Engt/ag + —7191A97]
M)|| AgNOz (0,1 M)| | E; = 0,80 + 0,0591g0,001
Ag = 0,80 + 0,0599(-3)
B kakom =062B A(-)
wanpanennn Gyayr | E2 = 080 +0,059190,1
NepeMeaThes = 0,80 + 0,0599(-1)
DJICKTPOHBI BO =074B K(+)
. 3IC=E, —E,=0,74—0,62=0,12B
BHCIIIHCH LTI TpH JleBb1it 3IEKTPOJ c MEHBIIEH
pabore s10r0 KOHLIGHTpauued — aHoA, OT HEro
anemMenTa? ANIEKTPOHBI MO0 BHEWmIHeH 1erm OynmyT
MepeMeniaThCs K MPaBOMY DIIEKTPOIY C
0O0JIbIIIEH KOHIIEHTpAMEH — KaTOy.
18. JocTymHbpIMU B | Pemenue: 7-9
naboparopuu Peakuuro cpeapl B pacTBOpax
criocobamu OTIPEIEITAIH C TIOMOIIBIO
OTpeieNIuTe YHHUBEPCATbHONH UHAUKATOPHON
peakiuioo cpeasl B | Oymard.
pacTBOpax coneii | PactBop NaH2PO4 umeer
NaH2PO4 u NasPOs. | cmabokuciyro, a pactBop NazPOs —
[Tpoananuszupyiite CHJIBHOIIETIOYHYIO PEAKIIUIO CPEIbI.
MOJTyYEHHBIC 3amumieM ypaBHEHHE THAPOIIH3a
pE3yJIBTaTHI, NazPOu:

OOBSICHUTE UX.

NasPO4 + H20O = NaoHPO4 + NaOH
PO + H,0 = HPO4* + OH"
THJIPOJIA3 110 aHUOHY, Cpejia MIeI0YHast
PaccunTaeM KOHCTaHTY THAPOIIU3A;
Ki,0 10714 =77

K = KH20 = =
r 1,3:-10~12

KK—TbI K3 K—ThbI

1073

Huccommarus GochopHOM KUCTOTHI
MPOTEKAET MO CTYIMEHSM:

H3POs— H2PO4s +HY  Ki1=7,5-10%
(Hanbosee aKTUBHO 1O 1 CTyTEeHN)
H,POs <> HPOs# + H"  K2=6,3-108
(HaMHOTO MEHBIIIE TIO 2 CTYTIECHH)
HPO4* < PO +HY Kz=1,3-10"
(mpakTHUECKH He MpoTeKaeT mo 3
CTYIIEHH)

Jlist pacuera KOHCTaHTHI TUAPOIN3A
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19.

HEOO0XOAMMO UCITI0Ib30BaTh K3, T.K.
FIMEHHO OHa CBsi3bIBaeT HOHbI HPO4> 1
PO.*.
PaccuntanHas KOHCTaHTa THAPOIU3A
BEJIMKA, Cpefia CUITHHOIIEIIOTHAS.
3anuinem ypaBHEHHE THAPOIIN3a
NaH2POas:
NaH2PO4+ H2O = H3PO4 + NaOH
H2PO4 + H2O = H3PO4 + OH"
B nannowm ciydae Hapsiny C
THJIPOJIM30M IUTHapodochaT-noHa
UJET ero aucconuanus (cM. 2-yio
CTYIIEHb Auccoruanuu GochopHoi
kucnothl). [loaTomy Hago paccuuTarh
K: u cpaBauTS €e ¢ K2 gucconmannmn
KHCIOTHI. J[71s1 pacueTa KOHCTaHTHI
TUAPOIN3a UCIIOoNb3yeM K1 KHCIIOTBI
Ku,0 1071

Kqorr  Kigerm  7,5:1073
1,33-10712 (K: ouenn maina)
H2PO4 <> HPO# + HY  K2=6,3-10®
K:(NaH2POs) =1,33-10"? < K, =
6,3-10% => numccommarms npoTexaeT
B OOJIbIIICH CTENEHH, YEM THAPOIIN3,
peaKIus Cpeibl CIIabOKUCasl.

Ku,o0 _
K, = =

CmMmemanu 1mo 3 MoJis
Bemecte A, B, C.
ITocne
YCTaHOBJICHHS
paBHOBecust A + B =
2C B CHCTEME
OOHApPYXXWJIK 5 MOJIb
BEIIIECTBA C.
Paccuuraiite
KOHCTaHTY
paBHOBECHSI.
Onpenenure cocras
cMecd (B MOJBHBIX
%), MOJTy4EeHHOM
CMeNIeHUEM
Bemecte A, B, C B
MOJIBHOM
cooTHomeHun 3:2:1
npu TON xKe
TeMIieparype.

Pemenne.

1. Onpenenenne paBHOBECHBIX
KOHLIEHTpaluii Bemiects A u B.

Av (C)=[C] —vo(C) =5 -3 =2 momnb

A+B=2C
[To ypaBHEHMIO peakUnu:
Vnpopearupos. (A) = Vnpopear. (B) =1 momb
Torz[a [A] = [B] = VO0- Vnpopear — 3-1=2
MOJIb
2. Pacyer KOHCTaHTBI paBHOBECHSI.

2

2

[AllB] 2°
3. OnpeneneHne HOBBIX PABHOBECHBIX
KOHIEHTPAIHA.
B pe3ynbTrare peakuuu pacxogyercs X
Mouib BemlecTBa A u B, oOpa3zyercs 2x
moib BemectBa C. Torma
[C] = VO(C) + V06pa3OB(C): 1 +2x mMob
[B] = vo(B) — Vipopear.(B) = 2 - X MOJIB.
[A] = vo(A) - Vipopear(A) = 3 - X MOJIb
4. PacueT KOHCTaHTBI PaBHOBECUS U
HOBBIX PAaBHOBECHBIX KOHIIEHTPAITHH.

15
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20.

K- [C] B 1+ 2x) _6.%5

[AIlB] (3-x)(2-x)
1+4x+4x? = 6,25(6-5x+x?)
1+4x+4x? = 37,5-31,25x+6,25x?
2,25x2-35,25x+36,5=0
JI= (-35,25)? - (-4)-2,25-36,5 =
914,0625 = 30,23
x=(35,25-30,23)/(2-2,25)= 1,115
[C] =1+1,115-2 = 3,23 moub
[A]=3-1,115= 1,885 moiub
[B]=2-1,115=0,885 monb
5. PacueT MOJILHBIX JOJIEN.
OO0111ee KOJIMYECTBO MOJIb B CMECH
paBHO 3 +2 +1 = 6 MOJIb WJIH
3,23 + 1,885 + 0,885 = 6 moab

0 (A) =18 100 o =31,42%
6

o (B)= 25 100 % =14,75%
6

0 (C)= 22 100 % =53,83%
6

Onpenenure
AKTHBHBIE
KOHIEHTPALUK
nonos Fe3*, NOs,
Ca2" B pacTBOpE,
conepxariem 0,02
Mojib Fe(NO3)z u
0,03 moss Ca(NO3z)2
B 1000 r H20.

Pemrenne:

PaccunTaeM KOHIIEHTpAIINH JJIEKTPOIUTOB B

pactBope:

p(H20) = 1 r/mir; => V(H20) = 11.

C =§ ;  C(Fe(NOs3)3) = 0,02/1 = 0,02 monb/n
C(Ca(NO3)2) = 0,03/1 = 0,03 Monb/1

0,02 M 002M  3002M
Fe(N03)3 = Fe* + 3NOs,
1 moub 1 mouib 3 Momb

0,03 M 0,03 M 2:0,03 M

Ca(NO3); = Ca** + 2NOgz

1 monb 1 monp 2 MOJIb
C(NO3)osm, = 3-0,02 +2:0,03=0,12 M
Paccuntaem HOHHYIO CHITy pacTBOpa:

I A S
= > Cred+ " Zpgs+ T Cea2+ " Zi2+ + Cnoj

' Zﬁog) =

=~(002-3%+0.03-22 +0,12-12) = 0,21

Paccunraem KOB(l)(I)I/IHI/ICHT AKTUBHOCTH HMOHOB.

-0,5- 72 \/I_i
lgf = ————
1+
34y _ —053%V021 _ . 4.
Igf(Fe™) = ————=-14
f=10"1*=0,04
a(Fe®) =c-£=0,02-0,04 = 8-10* mosn/n
24y _ ~052202T _ .
Igf(Ca“™) = Tam 0,63;

f=10"%63=0,24

12




N Bpewms
Ne Tun ®opMynupoBKa [IpaBuibHBIN p
BBITIOJHEHMS
/I | 3agaHus 3aaHus OTBET
(B MUHYyTaxX)
a(Ca?") =cf=10,03-0,24 = 7,2-107° moms/n
_y _ —051%2/02T _ .
1gf(NO3) = — = =-0.07;
f=10"%97 = 0,85
a(NOs) = ¢-f=0,12-0,85 = 0,102 moms/1
Omeem: a(Fe*) = 8-10™ mMonb/n
a(Ca?") =17,2-10" mons/n
a(NO3) = 0,102 mois/n
7.4. Meroaguueckue MaTepuaibl, ONpedeJAOIIMe NPoUeAYPbl  OlEeHUBAHUS
pPe3yJbTaTOB 00yUeHHs M0 TUCHHUILINHE
Taoauna 10 — TexHosiornyeckasi KapTa peMTHHIOBBIX 0AJIJI0B 10 AUCHUIJINHE
(1 cemecTp)
KonuuecTBo MakcumanbHoe Cpox
Ne KoHnTtponmpyemslie .
MEPOTIPUITHIA KOJINYECTBO MPEACTABIICH
n/m MEPOTIPUSITHS
/ GaIbI OaioB ust
OcHOBHOH 0JI0K
1. | BelmojgHeHHE TECTOBBIX 3aIaHMI o
A 712 14
paCIMCaHHIO
2. | Otuer no maboparopHoi padboTte 6/1 6 o
paCIMCaHHIO
3. | PeliTuHroBBIC KOHTPOJIBHBIC PAOOTHI 6/3 18 o
pacCIMCaHHIO
Bcero 38
Baok 6onycoB
4. | Tlocemenue 3aHsATHI (32 cEMeCTp) - 2
5. | CBoeBpeMeHHOE BBITIOTHEHUE BCEX 4
3aJlaHui (3a ceMecTp)
6. | AKTHUBHOCTb Ha 3aHSITHUH (32 CEMECTD) - 6
Bcero 12
JlomoaHuTENLHBIH 010K
7. \ JK3aMeH
Bcero 50
HUTOI'O 100
(2 cemecTp)
KomnuectBo MakcumaiibHOE Cpok
No KonTponupyemsbie .
MEPOTPHUATHIHA KOJIMYECTBO MpeICTaBJIeH
n/m MEpPOTPUATHS
/ OabI OannoB Hs
OcHoBHOI 0JI0K
8. | BrimoiHeHHE TECTOBBIX 3aJaHUI o
a 14/1 14
pacCIMCaHHIO
9. Ortuer 1o 1a0opaTopHOi paboTe 110
PaTOPHOM P 12/0,5 8
paCIICaHHIO
10. | PeliTUHTOBBIC KOHTPOJIbHEIC PA0OTHI 110
P P 8125 20
pacIyCcaHuio




KomnnuectBo MakcumaiibHOE Cpok
No KonTponupyembie N
Wi MepOTpUATHS MEPOTPHUATHIA KOJIMYECTBO MIpEeACTABIICH
/ 6anbl 0amioB usi
Bcero 40
Baok 6onycoB
11. | Tlocemienue 3aHsTHII (32 CEMECTD) - 2
12. | CBoeBpeMEHHOE BBINIOJHEHUE BCEX i 3
3a/IaHui (32 CeMecTp)
13. | AKTUBHOCTb Ha 3aHATHH (32 CEMECTD) - 5
Bcero 10
JlonmoiHUTEIBLHBINH 010K
14. ‘ JK3aMeH |
Bcero 50
UTOIroO 100
Tabauua 11 — Cucrema mrpadoB (17151 0THOT0 3aHATHS)
IToka3zareinb bamn
Omno3nanue Ha 3aHITHE -0,5
Hapymienne yue6HON TUCIUILTNHBI -1
HerotoBHOCTH K 3aHSATHIO -1
ITponyck 3aHsTUS 6€3 YBaXKUTEJIbHON NPUYMHbI -2

Tadauua 12 — Illkajsa nepeBoga peiiTUHIOBHIX 0AJJIOB B HTOTOBYI) OLIEHKY 32 CeMeCTp Mo

AUCHUIIINHE
Cymma 0asuioB Orenka 110 5-0ayuIbHOM HIKaje
90-100 5 (OTIUYHO)
85-89
;8:33 4 (xopomo) 3auTeHo
65-69 3
6064 YIOBJIETBOPUTEIHHO)
Huxe 60 2 (Hey1OBJIETBOPUTEIBHO) He 3auteno

HpI/I peaimm3anun  JUCHUILIMHBI B 3aBUCHUMOCTH

CPENCTBA, UCXO/AS U3 KOHKPETHON CUTYAllNH.

OT YPOBHA MOATOTOBJICHHOCTHU
o6yqafoumxc;1 MOT'yT OBITh HCIIOJIb30BaHbl HHBIC (I)OpMLI, METOAbl KOHTPOJIA W OLCHOYHBIC

8. YA EBHO-METOANYECKOE U UTHOOPMAIIMOHHOE OBECIIEYHEHHME

JTUCIHATITAHBI

8.1. OcHoBHas JMTepaTypa

1. AxwmeroB H. C. O6mas u Heopranuueckas xumus: YueOHuK s By3oB. / H.C.

AxwmetroB. — 8-e m3m., crep. — CII6.: W3marenncTBO
http://e.lanbook.com/books/element.php?pll_id=50684

«JIanpy, 2014.

- 752 c.

2. Heopranmueckas xumusa. Y. II [Dnextponssiii pecypc]: yuebnuk / Crunsin B.U.,
Maprteiaenko JI.LU. - M.: U3naTtenscTBO MOCKOBCKOTO roCyJapCTBEHHOTO YHHBepcutera, 1994. -
http://www.studentlibrary.ru/book/5-211-02494-X.htm (35C «KoHcynbTaHT cTyIeHTa»)

3. OOmas u HeopraHW4YecKas XUMHUS [ DJICKTPOHHBIA pecypc]: yueOHoe mocodue : B 2 4. /
Usn-so HITY, 2015.
http://www.studentlibrary.ru/book/ISBN9785778226081.html (9BC «KoHCyIbTaHT CTYACHTa)

Anapue AWM., KazakoBa A.A. - HoBocubupck



http://e.lanbook.com/books/element.php?pl1_id=50684
http://www.studentlibrary.ru/book/5-211-02494-X.htm
http://www.studentlibrary.ru/book/ISBN9785778226081.html

4. O6mas u Heopranuveckas xumusa. Yacte II. Xumus >1eMEHTOB [DIEKTPOHHBIN
pecypc]: yuebHoe mocobme / AmapHeB A.W. - Hoocubupck: Hzg-so HITY, 2015. -
http://www.studentlibrary.ru/book/ISBN9785778227385.html (9BC «KoHCynbTaHT CTyIeHTa»)

5. OO6mas xumus [Dnextponssii pecypc] / CyBopo A.B., Hukonsckuit JI. b. - CIIG.:
XUMU3IAT, 2017. - http://www.studentlibrary.ru/book/ISBN9785938083035.html  (OBC
«KOHCYJIBTaHT CTyIEHTA»)

6. IIpaktukym mo obmieit xumun [DNeKTpoHHBIN pecypc]: yued. mocodue / [lox pen. C.D.
HyHaeBa. - 4-e¢ u3n., mepepabd. u jgon. - M. : M3marenbcTBO MOCKOBCKOTO TOCYAapCTBEHHOTO
YHUBEPCUTETA, 2005. - (Knaccuueckui YHUBEPCUTETCKUM Y4eOHUK). -
http://www.studentlibrary.ru/book/ISBN5211049357.html (35C «KoHCcynbTaHT CTYAEHTa»)

7. Cmounus B.U., Mapteiaenko JI.LU. Heopranuveckas xumus. - M.: MI'Y, 1991. - Y. 1. —

480 c.
8. Vraii SI.A. OOmas u Heopranuveckas Xumus: Y4eo. 1is By3oB / S.A. Yraid. — 5-e uzn.,
crep. — M.: Beic. mk.; 2007. — 527 c.

8.2. lonotHUTE/ILHASI JIUTEPATypa

1. ApnamnukoBa E.M. COopHUK 3a/1a4 110 HEOpraHMYECKOH XUMHUU: yyed. mocodue ais
crya. Beicil. y4eO. 3aBemenuit/ E.M. AppamnumkoBa, [''H. Mazo, M.E Tamm; mox pen.
10.J1.TpetbsikoBa. — M.: HUznarensckmii ieHTp «Akamemusi», 2008. — 208c. ISBN 978-5-7695-
3879-7 (30 3K3.)

2. KommniekcHble coequHeHus [DNeKTpoHHBIH pecypc]: YueOHoe mocobue mo Kypey
"O6mas u Heopranmueckas xumus" / A. A. I'ypos, II. B. Cautukos, XX. H. Meanbix. - M. :
M3narenscTBO MITY HM. H. 2. baymana, 2014." -
http://www.studentlibrary.ru/book/ISBN9785703839966.html (9B5C «KoHCynbTaHT CTyIeHTa»)

3. Heopranunueckas xumus: B 3 1. T.1: ®u3zuko-xuMudeckne 0CHOBbl HEOPraHUYECKON
xumud : Jlon. M-BoMm oOpa3oBanusi PD B kauecTBe y4el. sl CTYJICHTOB BY30B, O0YJAFOIIUXCS 110
HanpasieHuto 510500 "Xumua" u cnemmansHoctn 011000 "Xumwms" / M.E. Tamm, FO.JL
Tpetesikos; [lox pea. FO. /1. TperbsikoBa. - M. : Akanemus, 2004. - 240 c.

4. Heoprannueckas xumus. B 3 1. T.2: Xumusa Henepexoansix 3nemeHToB : Jlon. M-
BOM oOpa3oBanus P® B kauecTBe yued. A1 CTYACHTOB BY30B, 0OYYarOIIMXCS MO HalpaBICHHUIO
510500 "Xumus" u cneuuansroctd 011000 "Xumus" / A.A. Iposnos u np.; Ilox pen. HO.M.
Tpetpsikosa. - M. : Akagemust, 2004. - 368 c.

S. Heopranunueckas xumus: B 3-x T. T. 3: Xumus nepexogssix anemMeHToB: Ku.1: Jlom.
M-BoMm oOpazoBanust P® B kauecTBe y4ebd. AJi CTY/IEHTOB BY30B, O0OYYAIOIIMXCSI IO HANPaBIECHUIO
"Xumus" u cneunanbHoctu "Xumus" / [A.A. dpoznos u ap.];Ilox pen. FO.Jl. Tperbsikosa . - 2-¢
u3 . ; ucnp. - M. : Akanemus, 2008. - 352 c.

6. Heoprannueckas xumus: B 3-x T. T. 3: XumMus nepexogssix anemMeHToB: Ku.2: Jlom.
M-BoMm oOpazoBanust P® B kauecTBe y4ed. AJi CTYJIEHTOB BY30B, O0YyUAIOIIMXCS IO HANPaBIECHUIO
"Xumus" u cnenuansHocTd "Xumus" / [A.A. Ipo3nos u ap.];Ilox pen. FO.J1. TpetwsikoBa . - 2-¢
n3a. ; uenp. - M. : Akanemus, 2008. - 400 c.

7. Heoprannueckas xumusi. Borpocsl, 3a1aun 1 3agaHust K JJabOpaTOpHBIM paboTam
[Tekct]: yueObnoe mocobue / cocrt.: A.I'. I'muaumna, JI.A. KpuBenmera, T.B. besyrmosa. —
Actpaxanb: U3natenbckuil 1oM «AcTtpaxaHckuil yauBepcurer», 2008. — 165 c.

8. COopHuK 3a/1a4 U yNpaXHEHUH Mo 00Iel U HeoOpraHMYecKoil XUMuu: nocodue ass
By30B / H.H. ITaBnos, B.. ®ponos, C.B. ®ponos u ap.; nox pen. H.H. Ilasnoa. — M.: Jlpoda,
2005. — 239 c.

9. Xabaposa O.B. Kommiekcuble coenunenus. Jlaboparopusie pabotsl. Bonmpocs! ams
camonoiroToBkH [Tekct]: yaebHOoe MmeToaudeckoe mocobue/ coct. O.B. Xabaposa, E.b. Cemenona.
— Actpaxanb: M3narensckuil 1oM «AcTpaxaHckuil yHuBepcuter», 2009. — 95 c.



http://www.studentlibrary.ru/book/ISBN9785778227385.html
http://www.studentlibrary.ru/book/ISBN9785938083035.html
http://www.studentlibrary.ru/book/ISBN5211049357.html
http://www.studentlibrary.ru/book/ISBN9785703839966.html

8.3. UnTepHeT-pecypchl, HEOOX0AMMBbIE 1JIs1 0CBOCHMS TN CHUTITTHHBI
DJIeKTPOHHAsI OMOJIMOTEKA «ACTPAXAHCKHUI rOCyIapCTBEHHbII YHUBEPCUTET» COOCTBEHHOI
resepanuu Ha miaargopme IbC «nekTponnsiii YuranbHbii 3271 — budauoTex».
https://biblio.asu.edu.ru
iieKTpoHHO-OnOnoreynasi cucrema (OBC) 00O «Ilosamrtexpecype» «KoHcyabTaHT
cTryaeHTa». MHoronpoguibHblii 00pa3zoBaTenbHblil pecypc «KOHCYIbTaHT CTyIEHTa» SIBIISETCS
AJIEKTPOHHON OHMOIMOTEYHON CHCTEMOM, MPEJOCTaBIAIONIEH aocTynm uepe3 cerb WHTepHEeT K
y4eOHOI nuTepaType U JONOJIHUTENbHBIM MaTepuaaM, IPUOOPETEHHbIM Ha OCHOBAHUM IPAMBIX
JIOTOBOPOB ¢ TMpaBooOmajgatenssMu. Katamor B Hacrosiee BpeMs colepkuT okono 15000
HaVMEHOBAHMII.
www.studentlibrary.ru.

9. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUIIJIMHBI

MatepuanbHO-TEXHUYECKOE oObOecrieyeHrue Y4eOHON AMCUUIUIMHBI BKJIIOYaeT B cels
JNEKUHUOHHYIO ayauTtoputo (ctonbl — 14 mr., ctynbs — 31 wT., gocka — 1 wrt., mpoektop — 1 mir.,
9KpaH mpoekTopa — | mT., miasMeHHas naHenb — 1 mT., KoMeoTep — lmT.), abopatoputo Mo
MIPOBEJICHUIO 1a00paTOPHOrO MPAKTUKyMa M CEMHHAPCKUX 3aHATHH (j1aboparopHble crosbl — 13
HIT., CTYJbs — 25 1IT., A0cKa — 1 mT., mpoekTop — | WT., 3KpaH npoekropa — | IIT., KOMIBIOTEP —
lmT., mTaTuB — 3 WT., BRITSDKHOM IKad — 2 mWT., CymwibHbIN mKad — 1 mwr., cnektpodorometp — 1
IIT., IUIMTKA JJeKTpudeckas — | mr.). JlabopaTopHblii TpPakTUKyM OOECIEYeH XMMHUYECKHMU
peakTuBaMu, JaOOpaTOpPHOM TMOCYIOW H y4yeOHO-HAydyHBIM OOOpyJOBaHUEM: IIKadbl s
XUMAYECKHX PpEaKTHBOB M XHUMHUYECKOW TIOCYIbl, Ha0Op XHMHUYECKHMX pPEaKTUBOB, HaOOp
XUMHYECKON TOCYIbI.

Paboyas mporpamma TUCHMILIMHBI MPH HEOOXOJMMOCTH MOXXET OBITh aJalTHpOBaHA IS
oOyueHusi (B TOM YHUCJIE€ C IPUMEHEHHUEM JUCTAHIIMOHHBIX 0O0pa30BaTENIbHBIX TEXHOJOTUHN) JIHIL C
OTPaHUYEHHBIMU BO3MOXKHOCTSIMM  370pOBbsi, HMHBaIuAoOB. s »Toro Tpelyercs 3asBieHUE
o0y4aromuxcsi, SIBJSIONIMXCS TUIAMHU C OTPAaHUYEHHBIMH BO3MOKHOCTSIMH 3/IOPOBBS, HHBAJIHIaMU,
WIM WX 3aKOHHBIX MpEACTaBUTENCH M PEKOMEHJAlUU IICHXO0JIOr0-MeIUKO-TIeAarornyeckoiu
Komuccuu. /i MHBaIMIOB cojiepkaHue pabodel mporpaMMbl JUCHUIUIMHBI MOXKET ONpPEeAesAThCS
TaK)X€ B COOTBETCTBUH C MHIUBUAYAIbHON IPOrpaMMoil peaObuanTaliyi nHBaIuAa (Ipy HAIUYUK).


https://biblio.asu.edu.ru/
http://www.studentlibrary.ru/

