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1. HEJIX 1 3AJAYN OCBOEHUA JUCIIUITJIMHBbI

1.1. easmu ocBoeHuss aucHUILVIMHBI «Heopranuueckas XuMHs»  SABISIOTCS
O03HAKOMJICHHE CTYJEHTOB C TEOPETUYECKMMU OCHOBAaMHM HEOPraHUYECKONM  XUMUHU.
[IpnobOpeTeHre HaBBIKOB IO METOaM M CIIOCO0aM CHHTE3a HEOPTraHWYECKUX BEIIECTB, ONTUCAHUE
WX CBOMCTB Ha OCHOBE 3aKOHOMEPHOCTEH, BBITEKAIOIIMX U3 MEPUOAUYECKOTO 3aKOHA U
[leproanueckoil CUCTEMBI 3JIEMEHTOB.

1.2. 3agaum ocBOeHMs AUCHUILUIMHBI: OCYILIECTBIEHUE B JIAOOPATOPHBIX YCIIOBUSAX
HOJIy4YEeHHUsl U UCCIIEJOBAHUS XUMUUECKUX CBOMCTB HEOPraHUUYECKUX COECAMHEHUM.

2. MECTO JUCHUMIIJIMHBI B CTPYKTYPE OIIOII BO

2.1. YueOnas aucuuniuna «Heopranmyeckass XumMus» OTHOCUTCS K 0a30Boil yacTu
aucuunina b1.6.08. Heopranunueckass XvumMus — NepBbld CIEHHAIBHBIN MPEIMET, W3y4aeMblil
CTyJIEHTaMH XUMHYECKOI0 OTJeJeHus. MaTepuan TaHHOro Kypca COCTOMT U3 JIByX OCHOBHBIX
pasnenoB. Paznmen 1 — oOmias xumus, pa3aen 2 — HeopraHudeckass XUMusl (XUMHS DJICMEHTOB H
UX COeAMHEHHUM). [ 1y0oKoe yCBOEHHE OCHOB XMMHH CO3JAaET TEOPETHUYECKYI0 0a3y Juisl BCel
CHCTEMBI XMMHUYECKUX 3HAHUH.

2.2, Jlna wu3ydYeHMs JAaHHOW Y4yeOHOW JUCHUILUIMHBI He0o0XOAMMBI cJelylouue
3HAHMS, YMEHHsl, HABbIKHM, (opMHpyeMble NPH H3YYeHHM XHMHH B CpelHel IIKoJie.
CnenoBarenbHO, «BXOJHBIE» 3HAaHUSA U YMEHUS OOYyYalOUIErocsi CBSI3aHbl CO 3HAHUEM
TEOPETUYECKUX OCHOB LIKOJIBHOI'O Kypca XUMHUHU.

3HaHMS: MECTO HEOPraHMYECKON XUMHUH B Psiy JIPYIMX €CTECTBEHHBIX AMCLMILINH, €€
3HA4YEeHUE B )KU3HU COBPEMEHHOro obmiecTBa. OCHOBHbIE MOHATUSA U 3aKOHBl XMMHUHU, CTPOEHHE
aTOMOB U MOJIEKYJl, OCHOBHbIE KBaHTOBO-MEXaHHYECKHE IpeJcTaBleHuss 00 oOpa3zoBaHUU
XUMHYECKOM  CBSI3M, OCHOBHBIE KJacChl HEOPraHMYECKUX  BELIECTB, HOMEHKJIATypa
HEOPraHMYECKUX COEIMHEHMH, OCHOBBI XMMHUYECKOH TEpMOJMHAMUKU U €€ HUCIIOJIb30BaHUE B
HEOpPraHMYECKON XMMUH, paCTBOPHI, KOMIUIEKCHbIE COETUHEHUSI.

YMeHus: NporHo3upoBaTh U 0OOCHOBBIBATH CBOWCTBA BEILIECTB; PACKPHIBATH MPUUYUHHO-
CIIEICTBEHHBIE CBSI3U MEXIy CTPOCHHMEM M CBOMCTBaAMM BEIIECTB; IPEICTABISTH pPEATbHYIO
CYIIHOCTh TPOCTOTO M CJOXHOIO BELIECTBa, €ro pa3HOoOOpa3Hble NPEBpAlLCHUS; MOIy4aTh
OTBETHl HAa BONPOC - MOYEMY IMPOTEKAIOT XUMHUYECKHE PEaKIUH, UCIOJIb3Yys MPEJICTaBICHUS O
CTPYKTyp€ BEILECTBA, TEPMOJMHAMUYECKMX AaCIEKTaX, OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX
npoueccax; IMpPOBOJAUTh XHUMHUYECKYIO HWACHTU(UKAIMIO HEOPraHWYECKUX COEIWHEHUM;
OCYILECTBIIAATh B Ja0OPATOPHBIX YCIOBUSX BBIJICJIEHUE U HCCIEOBAHNE XUMHUYECKUX CBOWCTB
HEOPraHUYECKUX COEAMHEHUH.

HaBbiku: TexHuKH O€30MacHOCTM TpH  BHINOJIHEHUH paboT B  J1abopaTtopuu
HEOPraHMYECKON XMMMH, PETUCTPAlMU U 00pabOTKU Pe3yabTaTOB XUMUUYECKUX IKCIIEPUMEHTOB,
METO/I0B 0TOOpa MaTepHaa JUlsi TEOPETUYECKHUX 3aHATHH U 1Ta00paTOPHBIX PadoT.

2.3. IlepedyeHb MOCICAYIOIUX Y4eOHBIX AUCHHMILIMH, A8 KOTOPbIX HEO00XOAMMBI

3HAHHUS, YMEHHS U HABBIKHU, (pOpMUpYyeMble JAHHOH yueOHOH AN CUMIIJIMHOM:

- aHAJIUTUYECKAsk XUMMUS

- OpraHu4YeCKast XUMHA

- (huznueckast XUMHS

- KOJUIONJHas1 XUMUA

-XUMUYECKasi TEXHOJIOTUs

- (1)H3PI‘—I€CKI/I€ n @HSHKO-XHMH‘IGCKI/IG METOABI UCCIICAOBAHUS B XUMUU

3. KOMIIETEHIUH OBYYAIOLIETI'OCS, ®OPMUPYEMBIE B PE3YJIBTATE
OCBOEHMUSA JUCTIAITJIMHBI



[Tporecc n3yueHuss TUCIUTIIMHBI HAMIpaBieH Ha (GOPMUPOBAHHUE DJIEMEHTOB CIICTYIOITNX
komrereHmit B coorBerctBUU ¢ DPI'OC BO um OIIOII BO no panHOMy HampaBiIeHHUIO
MTOJATOTOBKH:

oowenpogpeccuonanvuvix (OIIK):

OIIK-1 CrnocoOHOCTh aHaJIM3UPOBATh W HMHTEPIPETHPOBATH PE3yJIbTAaThl XHUMHYECKUX
IKCIIEPUMEHTOB, HAOIIOJECHUN U U3MEPEHU

OIIK-2 CrnocoOGHOCTh MPOBOAUTH C COOJIOJIEHUEM HOPM TEXHUKH O€30MacHOCTH
XUMHUYECKHI IKCIIEPUMEHT, BKIIIOUasi CHHTE3, aHATIN3, U3YUCHHE CTPYKTYPhI M CBOICTB BEIIECTB
Y MaTepHaJIOB, UCCIIEAOBAHHUE TPOIIECCOB C MX YIaCTHEM

Tabauua 1. lekoMno3uuus pe3yabTaToB 00y4eHust

Kon [Inanupyemble pe3ynbTaTbl OCBOCHUS IUCHUTIIHHbI
KOMIIETCHIINU 3nartsb (1) YmMmerts (2) Bnagets (3)

OIIK-1 NOIIK-1.1.1 NOIIK-1.2.1 NOIIK-1.3.1
Cucrematuzupyer  u | [Ipeanaraer dopmynupyer
aHaATU3UpPyeT UHTEPIPETAIHIO 3aKITIOYCHUS ¥ BBIBOJIBI TIO
pe3yNabTaThl pe3yIbTaTOB pe3ynbTaTaM aHaau3a
XUMHYECKHUX CcOOCTBEHHBIX JTUTEPaTypPHBIX JAHHBIX,
9KCIIEPUMEHTOB, HKCIIEPUMEHTOB U | COOCTBEHHBIX
HaOII0IeHU, pacueTHo- HKCIIEPUMEHTAJIbHBIX U
U3MEpEHUH, a TaKXKe | TCOPETUYECKUX paboT C | pacYeTHO-TEOPETHYECKUX
pe3yabTaThl  PACYETOB | MCIIOJIB30BAaHHEM paboT XMMUYIECKOIH
CBOWCTB BEIIECTB W | TCOPETUYECKUX OCHOB | HAIIPaBJICHHOCTH.
MaTepUasos; TpaJUuLIMOHHBIX u | UOIIK-1.3.2
HOIIK-1.1.2 HOBBIX pazzaenoB | OcHOBaMHU
OcHoBBI XUMHH; HEOPraHMYECKON XUMUH,
HEOPraHUYECKOU HNOIIK-1.2.2 METOJAMHU aHaJIN3a U
XUMHUHU: coBpeMeHHble | Mcnonb3oBathb MHTEpHpeTalun
NPECTaBICHUS O KUHETHYECKUH U pe3yIbTaTOB XUMHUECKUX
CTPOCHHUU BEILECTBA, TEPMOTMHAMHYECKHHA HKCIIEPUMEHTOB,
3aBHCUMOCTH CTPOEHHS | IMOJXO0]] K OMUCAHUIO HaOIOICHUH 1
Y CBOMCTB BEUIECTB OT | XUMHUYECKHX M3MEPEHUH, MOIXOAaMH K
AIEKTPOHHOU MPOLECCOB C LEJIbIO OOBSICHEHUIO XUMUYECKUX
CTPYKTYpbI aTOMOB U ONTUMU3ALMH YCIOBUN | SBICHUH, MPOUCXOASIINX
XapaKkTepa XUMUYECKUX | UX IPAKTHUECKON B IIpUpOJE, OBITY U Ha
CcBsi3eH, peanu3anum, MIPOM3BOJICTBE.
NOIIK-1.1.3 aQHAJIM3UPOBATh U
TEPMOJIMHAMHYECKUE U | HHTEPIIPETUPOBATH
KAHETHYECKHE MIOJTy9YCHHBIC
3aKOHOMEPHOCTH pe3yIbTaThI

MPOTEKAHUS OOMEHHBIX
Y OKUCIUTENBHO-
BOCCTAaHOBUTEJIbHBIX
IIPOLIECCOB JUIS
aHaau3a u

WHTEPIPETALNHI




pe3yIbTaTOB
XUMHNYCCKUX
IKCIIEPUMEHTOB,
HaOIIOJCHUN U

M3MEpEHU

OIIK-2 NOIIK-2.1.1 HOIIK-2.2.1 NOIIK-2.3.1
PaGoraet c | [IpoBoaut cunTe3 [IpoBoauT  craHAapTHBIE
XUMHUYECKIUMH BEIIECTB U MAaTEPHAJIIOB | ONEpallun TUTST
BEIICCTBAMHU C | pa3HOU IPHUPOJIBI C onpeeeHus
COOJIIOICHMEM  HOPM | MCIOJIb30BAHHEM XUMHYECKOTO U (ha30BOrO
TEXHHUKHU UMEIOIINXCS METOJIMK; | COCTaBa  BEIIECTB "
0€30MacHOCTH; NOIIK-2.2.2 MaTEepUajIoB Ha ux
NOIIK-2.1.2 [Iporuo3upoBath OCHOBE;
[TpaBuna TexHUKH MIPOTEKaHUE NOIIK-2.3.2
0e30macHOCTH B XUMHYECKHUX Hasbikamu paGoThi ¢

XHUMHYSCKOM
nabopaTopuu,
Oe3omnacHble IPUEMBI U
METO/IbI PabOTHI,
CpencTBa
WHIUBUYaTbHON
3alUTHI U TIPaBUIIA
MIOJIL30BaHUS HMH.
CBoliCTBA U peaKIuu
HEOPTaHUIECKUX
BEILIECTB, CIIOCOOBI
TIOJTY9EHHSI OCHOBHBIX
KJIaCCOB
HEOPTaHUYECKUX
BEIIECTB, FTEHETUYECKYIO
CBSI3b MEX]Ty HUMH.

MIPOLIECCOB C YYETOM
CBOMCTB U
PEaKUMOHHOU
CIIOCOOHOCTH BEIIECTB,
NOIIK-2.2.3

coOupaTh yCTaHOBKH
JUTSL TIPOBEICHUS
J1a00paTOPHBIX
HCCIICIOBaHUM,
MIOJIb30BAThCS
XUMHUYECKHM
00opyI0BaHuEM

XUMHUYECKOU NIOCYOH,
METOJIaMHU M CTI0CO0aMHU
CUHTE3a HEOPTAaHUYECKUX
BEIIIECTB, METOJIaMU
MIPOBEICHUS
71a00paTOPHOTO
AKCIIEPUMEHTA,
MO3BOJISIOLIMMHU U3YUUTh
CBOMCTBA XUMHYECKHX
2JIEMEHTOB M MX
BaKHEHIIINX COCAUHCHUM,
METO/IaMH1 PACTIO3HABAHUS
MOJIYYE€HHBIX COCTMHEHUIN
IIPU IPOBEICHUHN
XUMHUYECKUX
JKCIIEPUMEHTOB,
METOIUKaMH
HCCIIEIOBAHUS ITPOLIECCOB
C UX y4aCTHEM
HOIIK-2.3.3

[IpoBomuT HccnenoBaHus.

4. CTPYKTYPA U COAEP) KAHUE JUCIIUAIIJIMHBbI

OO0bveM IUCHUIUTMHBI (MOAYJIs) cocTaBisieT 18 3adeTHBIX(bIE) enUHUI(BI), B TOM YHUCIIE
490 gacoB(a), BbIICTICHHBIX Ha KOHTAKTHYIO pa0bOTy oO0y4aromuxcs ¢ mpenojaBareieM (M3 HUX
210 gacos(a) — mexmmu, 280 dacom(a) — mabopaTtopHble paboThl), W 158 wacoB(a) — Ha
CaMOCTOSITENIbHYIO paboTy 00yJarouXxcsl.

Ta6auna 2. CTpyKTypa H coiep:KaHHe JUCIHUIITHHbI



DopMBbI TEKYIIETO KOHTPOJIA

No §4 Konrakrras | CaMoCTOAT. YCIIEBAEMOCTH (110 HEOeNsAM

2 3 pabota pabota cemecmpa)
1/ [HauMeHOBaHHUE TEMBI S (B uacax) Do .
I 5 pMa IPOMEKYTOUHOM
g8 = aTTecTaluu
g o (no cemecmpam)
2 &0 |m| JP | KP | CP
O =
Pazpen 1. O0mas xumus.

1 | OcuoBHble nousatus | 11,2 6 8 6 CobecenoBanue,
XUMHH. ATOMHO- naboparopHas paboTa,
MOJIEKYJISIPHOE TECTOBBIN KOHTPOJIb.
Y4EHHE PeliTuHIrOBast KOHTPOJIbHAA

pabora 1

2 | Kmaccuduxamnms u 1| 2, 6 8 6 CobecenoBanue,
HOMEHKJIAaTypa 3 nabopaTopHas padora,
HEOPTaHUYECKUX TECTOBBIN KOHTPOITb.
COeTMHEHU I PeliTuHroBas KOHTpOJIbHAS

pabora 1
3 | Ctpoenue aToma 1| 4, 8 12 6 CobecenoBanue, TECTOBBIM
5 KOHTPOJIb.
PeliTuHrOoBasi KOHTpOJIBHAS
pabota 2

4 | [lepuoanueckuit 1| 5, 6 10 6 CobecenoBaHue, TECTOBBIM
3aKOH H 6 KOHTPOJIb.
MepUoaNIecKas PeliTuHroBas KOHTpOJIbHAS
cucreMa pabora 2
XUMHYECKHUX
anemenTtoB J[.W.

Menneneesa
5 | Xumnueckas cBs3b 7, | 16 20 10 CobecenoBanne, TECTOBEIH
8 KOHTPOJIb.
PeittuHroBast KOHTpOJIbHAs
pabora 3

6 | CkopocTb 119 |10 14 6 Co0ecenoBaHnue,
XUMHUYECKUX 10 nabopaTopHas padora,
peaKuui. TECTOBBIN KOHTPOJIb.
XUMUYECKOE PeittuHroBast KOHTpOJIbHAsS
paBHOBECHE pabota 4

7 | DHepreTHka u 1|11, 10 14 6 CobecenoBanue,
HaIPaBJIEHHOCTH 12 nabopatopHas paboTa,
XUMHYECKHX TECTOBBIH KOHTPOJIb.
MPOLIECCOB PeittuHroBass KOHTpOJIbHAsS

pabora 4

8 | PactBopsl. Teopust | 1| 13, | 16 20 10 CobecenoBanue,
ANEKTPOIIUTUYECKON 14 naboparopHas paboTa,
JUCCOITUAITTT TECTOBBIN KOHTPOITb.

PeittuHroBas KOHTpOJIbHAsS
pabota 5

9 | OKUCIUTENBHO- 1|15,| 16 20 8 CobecenoBanue,

BOCCTAHOBUTENbHbBIE 16 nabopatopHas paboTa,




peaKIuu u TECTOBBII KOHTPOJIb.
3JIEKTPOXUMHUYECKU PeittuHroBas KOHTpoOJIbHAs
€ TIPOIIEeCChI pabora 6
10 | KommaekcHsle 1117, | 14 18 8 CobecenoBanue,
COCTMHCHHS 18 nabopaTopHas padora,
TECTOBBIM KOHTPOJIb.
PeittunroBas KOHTpoOJIbHAs
pabora 7
Hroro mepssiii 108 144 72 Ixk3amen 1 cemecTp
ceMecTp
\ Pasznea 2. Heopranuueckasi xumusi (XUMHSI 3JIEMEHTOB U UX COEIUHEHMI).

11 | Daements! VIIA 21 1 8 10 4 CobecenoBanue,
TPYIIIBI (TAJTOTEHBI) nabopaTopHas padbora,

U UX COCIUHEHMS TECTOBBIN KOHTPOITb.
PeittunroBas KOHTpoOJIbHAs
pabora 8

12 | Onementsr VIA 20 2 6 8 4 CobecenoBanue,
TPYIITIBI nabopaTopHas padora,
(XambKOTEHBI) U UX TECTOBBII KOHTPOJIb.
COCIMHECHUS PeittuHroBas KOHTpOJIbHAsS

pabora 9

13 | Dnements VA 2| 3 8 10 4 CobOecenoBanue,
TPYIIBL U UX nabopaTopHas padora,
COCIMHEHHS TECTOBBIN KOHTPOITb.

PeliTuHrOBast KOHTpOJIBHAS
pabora 10

14 | Dnements! IVA 2| 4 6 8 4 CobecenoBanue,
TPYMIBL U UX nabopaTopHas padora,
COCIMHEHHS TECTOBBIN KOHTPOITb.

PeittuHroBast KOHTpOJIbHAS
pabora 11

15 | Daementsr A 21 5 8 8 4 CobecenoBanue,
TPYIIIBI U UX nabopaTopHas padora,
COCIMHEHHS TECTOBBIN KOHTPOIIb.

PeittuHroBas KOHTpOJIbHAsS
pabora 11

16 | Onementur IAu llA | 2| 6 6 8 4 CobecenoBanue,
Ipynn U UxX nabopatopHas paboTa,
COEMHEHHS TECTOBBIA KOHTPOJIb.

17 | Onementol |11B 2|1 7 6 8 4 CobecemoBaHue, TSCTOBBIN
TPYIIBI U UX KOHTPOJTb.
COCIMHEHHS PeliTuHroBas KOHTpOIbHAS

pabora 12

18 | JJanTaHOUIEI. 2| 8 6 8 4 CobecenoBanne, TECTOBEIH

AKTHUHOUIBI KOHTPOJIb.
PeittuHroBast KOHTpOJIbHAs
pabora 12

19 | OnemenTtr VB 2|1 9 6 8 4 CobecemoBaHue, TSCTOBBIN
TPYIIBI U UX KOHTPOJIb.
COCIMHEHHS PeliTuHrOoBast KOHTPOIbHAS

pabora 12

20 | Dnements VB 2110 | 6 8 4 CobecenoBanue,




TPYIIIBI K KX nabopaTopHas padora,
COCTUHEHUS TECTOBBIN KOHTPOITb.
PeittunroBas KOHTpoOJIbHAs
pabora 12

21 | Dnements! VIB 2111 | 6 8 4 CobecenoBanue,
TPYIIBL U UX naboparopHas paboTa,
COETMHEHUS TECTOBBIN KOHTPOJIb.

PeittuHroBass KOHTpoOJIbHAs
pabora 13

22 | Dnements! VIIB 2112 | 6 8 4 CobecenoBanue,
TPYIIIBI K KX nabopaTopHas padora,
COCTUHEHUS TECTOBBIN KOHTPOITb.

PeittunroBas KOHTpoOJIbHAs
pabora 13

23 | Dnements! VIIB 2113, | 8 14 8 CobecenoBanue,
IPYIIBI U UX 14 naboparopHas paboTa,
COETMHEHUS TECTOBBIN KOHTPOIIb.

PeittuHroBass KOHTpOJIbHAsS
pabora 14

24 | Dnementsl IB 2115 | 6 8 4 CobecenoBanue,
TPYMIBL U UX nabopaTopHas padora,
COCITMHCHUS TECTOBBIN KOHTPOJTb.

25 | Daements! 11B 2116 | 6 8 4 CobecenoBanue,
TPYIIIBI U UX nabopaTopHas padora,
COEJTMHEHUS TECTOBBIN KOHTPOJIb.

26 | DnemenTtsr VIIIA 2| 17 | 4 4 4 CobecenoBanue
TpyHIbI
Hroro BTOpOIii 102 136 18 68 JK3aMeH 2 cemecTp
ceMecTp 3ammTa KypcoBoi padoThl

2 cemecTp
Hroro 210 280 18 140 Jk3ameH 1, 2 cemecTp
3ammTa KypcoBoii padoTsI
2 cemecTp

VYcnoBHbIE 0003HAUEHUS:

JI — 3aHSTHSA IEKLIMOHHOTO THUIIA;

[13 — mpakTUUecKkue 3aHATHS,

JIP — nabopaTtopHble paboThI;

KP — xypcoBas pabora;

CP — camocrosTenbHas paboTa 1o OT/AEIbHBIM TeMaM

Ta6auna 3. MaTpuna cooTBeTCTBHA TeM
y4eOHO# JMCHUILVIMHBI M (OPMHPYEMbIX B HUX KOMIIETCHIM I

Tewmsl, Kom-Bo Kommerennnu
pazzaenbl 4acoB OIIK-1 OIlK-2 X
TIUCITAILTNHEI o0111ee KOJINYECTBO
KOMITIETEHITHI

Paznen 1
Tema 1 20 + 1
OcHo6Hble NOHAMUS XUMUU.
AmomHo-monexynapHoe




yuenue

Tewma 2
Knaccugurayus u
HOMEHKIamypa
Heop2aHuyecKux
COeOUHEeHUl

20

Tema 3
Cmpoenue amoma

26

Tema 4

Ilepuoouueckuii 3akon u
nepuoouyeckas cucmema
XUMUYECKUX INEeMEHMO8

J.U. Menoeneesa

22

Tema 5
Xumuueckas cés3v

46

Tema 6

CKOpOCWZb XUMUYecKux
peaxyuil. Xumuueckoe
paesHoesecue

30

Tema 7

Onepeemuxa u
HAanpaeienHoCmy
XUMUYECKUX NPOYeccos

30

Tema 8

Pacmeopul. Teopus
NeKMPOAUMUYECKOLL
ouccoyuayuu

46

Tema 9
OxucnumenvHo-
60CCIMAHOBUMENbHbBLE
peaxyuu u
INeKMPoXUMUIecKue
npoyeccnl

44

Tema 10
Komnnexchvle coeounenus

40

Pasznen 2

Tema 11

Inemenmuot VIIA epynnoi
(eanoeemnvt) u ux
coeouHenus

22

Tema 12

Onemenmuot VIA epynnoi
(xanvkozenwl) u ux
COeOUHeHUs.

18

Tema 13
Onemenmol VA epynnot u ux
coeOuHeHus

22

Tema 14
Onemenmut IVA epynnoi u
UX COeOUHeHUs.

18

Tema 15
Onemenmut I1IA epynnot u

20




UX CoeOuHeHus

Tema 16 18 + + 2
Onemenmot |A u llA epynn u
UX coeouHeHus

Tema 17 18 + 1
Onemenmut |11B epynno u
UX CoeOUHeHUs.

Tema 18 18 + 1
Jlaumanouowi. Akmunouowl
Tema 19 18 + 1

Onemenmuot IVB epynnot u
UX COeOUHeHs.

Tema 20 18 + + 2
Onemenmul VB epynnot u ux

COeOUHEeHUs

Tema 21 18 + + 2

Onemenmul VIB epynnor u
UX coeOUHeHUs.

Tema 22 20 + + 2
Onemenmut VIIB epynnwvt u
Ux coeouHenus

Tema 23 30 + + 2
Inemenmut VIIB epynnut u
UxX coeOuHeHUs.

Tema 24 18 + + 2
Onemenmut |B epynnot u ux

coeouHenus

Tema 25 18 + + 2
Onemenmut |1B epynnor u ux

coeOuHeHus

Tema 26 12 + 1
Onemenmot V1A epynnot

Kypcogas pabora 18 + + 2
Hroro 648 27 18 45

Kparkoe cogepxanue ydeOHOM QM CIIUIIUHBI.

Tema 1.OcHOBHbIE NOHATHSA XMMHH. ATOMHO-MOJIEKYJISIDHOE YUeHHe

Ilonatne o0  xumuuyeckoM  asemeHte. [IpocTele M CIIOXKHBIE — BEILECTBA.
PacnipocTpaHeHHOCTh 3J€MEHTOB B 3€MHOM Kope M KocMoce. XUMHYECKHe U (U3HUecKue
cBoiicTBa BemecTBa. llonarne o uncrom BemecTBe U npuMecu. OCHOBHBIE METOABI MOJIYYEHUS
yncThIX BemecTs, [IJIK. Knaccupukanns xumMuueckux peareHToB 1o CTENEHH YUCTOTHI.

[lonsTiE O XMMHUYECKOW peakIMM Kak TIpeBpamieHuu BemecTB. OCHOBHBIE THUIIBI
XUMHUUYECKHX PEaKIUil: peakuu pas3jiokKeHUs], COeAUHEHHUS, 3aMelleHusl, 0OMeHa, BHYTPEHHETO
[IPEBPALLCHMUS.

3aKOH COXpaHEHHsI MAacChl M JHEpruid. YpaBHenwe OWHmTerHa. Jledekt maccel. He
CYIIECTBEHHOCTh Jle()eKTa MacChl IPU MPOTEKAHUU XUMHUYECKOH PeaKInu.

Crexmomerpuss - CHCTEMa COOTHOLIEHHMH MEXIYy KOJIMYECTBAMH  DJIEMEHTOB,
00pa3yIoIMX COEIMHEHHS, U COOTHOIIEHUH MEeXIy KOJIMYeCTBAMHU BELIECTB, YYACTBYIOIUX B
XUMHYECKHUX PEAKLUSX.




OCHOBHBIE 3aKOHBI CTEXMOMETPUHU. 3aKOH IOCTOAHCTBAa cocTaBa Ilpycra. 3axkoHbI
KpaTHBIX OTHOIICHHWH JlampToHa. XUMHUYECKUNA SKBUBAJICHT, ()aKTOp AKBUBAJICHTHOCTH. 3aKOH
HKBUBAJIEHTOB. METO/1bl OIIPEIEIIEHNS SKBUBAJIEHTOB. DKBHUBAJIECHTHI PA3JINYHBIX BEILIECTB.

ATOMHO-MOJIEKYJISIPHOE  Y4E€HHME - OCHOBa COBPEMEHHOW XuMHUHU. Pa3Butue
IIPEJICTaBICHUN O IMCKPETHOM CTPOEHUU BEILIECTBA.

Xumuueckass MeTposiorus. OCHOBHBIE U INPOU3BOJHBIE €IMHUIIbI, W3MEPEHHSI XUMHH.
Mouib - enuHUIA U3MEPEHUS KOJIMYECTBA BEIIECTBA.

MounsipHas Macca U MOJSIpHBIA 00BbeM. DKCIEpUMEHTaJIbHbIE METObI OMpEeesICHUs
aTOMHBIX Macc: a) KaK MacChl €ro MOJSIPHOTO oObeMa, 0) Ha OCHOBAaHUHM HCIIOJIb30BAHUS
ypaBHeHus MenpaeneeBa-Knanelipona, B) Mo MJIOTHOCTH OJHOTO raza mo Apyromy. Metoabl
ONpe/e/ieHusT aTOMHOM MaccChl: a) HENOCPEICTBEHHAass OLEHKa Macchl aromMa B Macc-
cnekrporpade, 6) mo meroxy Kannuiapo, B) o BeIM4YUHE SKBUBAJIEHTA MO MpaBuily J(romoHra-
ITtu. IlocrosinHas ABoraapo, yucio ABorajapo. AToM, MOJIEKYJIa, IPOCTOE BELIECTBO, CI0KHOE
BEIIECTBO, SMIIUpHUecKas (hopMylia, CTpyKTypHast GopMmyna. YpaBHEHUE XUMHUUECKON peaKIUu.
KoadduumeHTs! B ypaBHEHHSIX XUMUYECKOHN peakny, HHICKCHl B XUMUYECKOH (hopmyIe.

Pasmepsl n mMaccel atoMoB. OTHOCUTENbHAsE aTOMHAsi U OTHOCHUTENIbHAST MOJIEKYJISIpHAs
macca. CoBpeMeHHasi cucTeMa aTOMHbIX Macc. KonnuecTBo BeliecTBa U KOJIMYECTBO BEILLECTBA
SKBUBAJICHTA.

3akoH o0bemHbIX oTHOmeHHH (I'eii-JIroccak). 3akoH ABOTajgpo M CIEACTBUS U3 3aKOHA
ABorazipo. 3akoHBI Ta30BOro cocrosiHus (3akoH boitng-Mapuorra, 3akon [eii-Jlroccaka,
ypaBHeHue MeneneeBa-Kiamnelipona, 3akoH napiaibHbIX AaBieHUN J[anbToHa).

OTHOCHUTENbHAS TUIOTHOCTH OJJTHOTO T'a3a Mo JIpyromy rasy.

Tema 2. Knaccudukanus 1 HOMEHKJIATYPA HEOPraHWYeCKUX COeIMHEeHM i

Homenxnarypusie mnpasuna HWIOIIAK Heopranmdeckux BemiecTB. Kiaccudukanus
npocTeiX BemiecTB. Kiaccuukaiusi CIIOKHBIX BEIIECTB 1O COCTaBy. BUHApHBIE COeIMHEHMUS.
Oxkcunpl, nepokcuabl. Hagnepokcuapl, nepcynbhuasl, TEPHUTPUIBI, TEPKAPOUIBI, TaTOTEHUIBI,
HUTPUJIBL, KapOUJIbI U Ap.

TpexanementHble coequnenus. ['uapokcupl. Comnu.

Wutepmerammueckue  coeauHeHus.  Kiaccudukamms — CIOXKHBIX — BEIIECTB  I10
(GYHKIIMOHATBHBIM MTPU3HAKAM.

Oxkcuapl  coneoOpazyromime ©u  HecojieoOpasyromue. KucinoTHble, OCHOBHBIE |
amdoTepHble okcH1bl. HOMEHKIaTypa OKCHI0B.

OcHoBanus. OpHO- W MHOrOKuciaoTHble ocHoBaHuda. Ilemoun. Homenkiarypa
OCHOBaHUM.

Kucnotsr: 6eckuciopoanble M Kuciopojocoaepxkamue. Meta-, Tupo-, OpTOKUCIOTHI.
OnHO- 1 MHOTOOCHOBHBIE KMCIIOTHI. HOMEHKIIaTypa KUCIOT.

Conu: cpenHue, Kucible, OCHOBHBIE. J[BOliHbIe M cMmemiaHHble coiu. HomeHkiaTypa
COJIEH.

Tema 3. CTpoeHue aToMa

DKclepUMeHTaIbHOe 00O0CHOBaHHME MpEACTaBICHUN 00 aToMe Kak CIIOKHOM cHcTeMe.
OtkpsiTHe 371ekTpoHa. Onpenenenre 3apsa/ia MEeKTPOHa U Macchl 3JIEKTPOHA. PaTnoakTUBHOCTS.
OCHOBHBIE XapaKTepUCTUKHU anb(da-, Oera- M ramma-iyded. 3akoH Mosnu. 3apsa gapa Kak
OCHOBHasi xapakTepucTuka atoma. OmnsIT 1Mo paccesHuto anbda-uactun (['eiirep u MapcuaeHn).
[InanerapHast mozenp aroma. Ee nocToMHCTBa M HENOCTAaTKH. VIcXOnHBIE TeOpeTHYECKHE U
AKCIIEPUMEHTAJIbHbIE TMPEANOChUIKH pa3pellieHus] BHYTPEHHHMX MPOTHUBOPEUMH TIaHETapHOMN
Mozenu. KopnyckymnsipHO-BOMHOBOW Jyanu3M usnydeHus. @DoTtoHbl. YpaBHeHue Ilnanka.
Ksantbl. Teopust crpoenus aroma no bopy. Iloctynatel bopa. OGocHOBaHME crekTpa atoma
BOI0pOoJa. BHYTpEHHsIs1 NpOTUBOPEUNBOCTh MOJENIN CTPOEHUS aToMa 1o bory.

KopnyckynsipHo-BoJIHOBasi JIBOMCTBEHHOCTh 4Yactull. Bomubel e bpoitns. [lpuniun
HeonpeneneHHocTH [ 'ei3endepra.

KBantoBomMexaHnnueckass Moziesib atoma Bojopoaa. YpasHenue lllpenunrepa. BonHoBas
¢ynkuus. IIIOTHOCTE BEPOSATHOCTH M BEPOATHOCTh OOHAPYXKEHMS SJIEKTPOHA. DJIEKTPOHHAas




opbutanb. PanuaneHas U yrimoBas cocTaBisifolre BolHOBOH (yHkimu. Kpusble paguanbHOTO
pacnpeneieHusl.

BeposTHOCTP M HaxoKAeHUE OIIEKTPOHA. I'paHMYHas IOBEPXHOCTb.  Y3J0Bas
NOBEpXHOCTb. KBaHTOBBIE YHMClIa KaK IapaMeTpbl, ONPEICIAIOIINAE COCTOSHHE JJIEKTPOHA B
atome. ['maBHoe kBaHTOBOE umcno (N). OpOurtanbHoe KBaHTOBOe uucio (1), MarHutHOE
KBaHTOBOE 4MCJIO (M), CIMHOBOE KBAHTOBOE 4MCIO0. PU3NYECKUH CMBICI KBAHTOBBIX YHCEIL.
AtomHasi opOutanb. OCHOBHOE W BO30YXICHHOE COCTOSHHUSA. BBIPOXKICHHOE COCTOSHUE.
EMKOCTB 3HEpPreTH4eCcKOoro NoAypOBHs U SHEPI€TUYECKOr0 YPOBHA. MHOI03JI€KTPOHHBIE ATOMBI.
@akToOpbl, BIHUAIOIIME HAa DJHEPTUI0 aTOMHOM opOutamu. DPQexkr ->KpaHupoBaHHUS U
npoHUKHOBeHMs. [lpuHIunbl 3amonHeHus opOWTanel B aromax: NPUHIMI HauMEHbIIEH
sHepruu, npunuun [laynu, npasuno I'ynaa. IlpaBuno KieukoBckoro. DnekTpoHHbIE (HOPMYIIHI.
DneKTpoHHO-Tpadudeckue GopMyIIbL.

SAnpo Kkak [aMHAMH4YECKas CHCTEMa IIPOTOHOB M HEUTPOHOB. YCTOMYMBBIE U
HeycToiuuBble sapa. Paguoaktususiil pacnan sanaep. [lepuon nomypacnana. SlnepHslie peakuuu u
IIPEBPALLCHUS] XUMUYECKUX JIEMEHTOB. VICKyCCTBEHHAsT paAMOAKTUBHOCTD. «MeEUeHbIe» aTOMBbI
Y UX IPUMECHEHHE.

Tema 4. IlepyoanyvecKuii 3aKOH M NepHOANYecKas cMCTeMa XUMUYecKux djaementoB JI.H.
MemnnejeeBa

[lepBbIe MOMBITKY KJIACCH(PHUKAIIMNA XUMUIECKUX FIIEMEHTOB.

OtkpeiTue mnepuonnmdeckoro 3akoHa JI.M. MenneneessiM. [IpuHnun mnoctpoeHus
€CTECTBEHHOW cuctembl 3ieMeHToB. Mcnosb3zoBanue J[.M. MeHuaeneeBbiM  METOAOM
MHTEPIIOJISILIMA JJIs1 UCIIPABJICHUs aTOMHBIX MAacC M IIPEICKa3aHUs CBOMCTB €LIe HE OTKPBITBHIX
AJIEMEHTOB. OKCIEPUMEHTAJIbHBIE MOATBEPXKICHUS TeopeTndyeckux npenackasanuii J.U.
Menneneena.

Bormpocsl, noctaBieHHbIE NEPUOAMYECKUM 3aKOHOM M IEPUOAUYECKOM CHCTEMOH, HX
paspelieHrue ¢ MO3MLUH IpencTaBleHU o cTpoeHuu atomoB. CoBpeMeHHas (OpMyJIHMpoOBKa
IIEPUOIUYECKOr0 3aKOHA.

Ilepuoguueckass cucTteMa Kak €CTECTBEHHas cHUcTeMa »JJeMeHTOB. llepuonnueckas
tabinua kak ¢opMa mnepuoanyeckoil cucrtemsl. Ilepuonpl, rpynmbl, noarpynmnsl. CBs3b
MOJIOXKEHUSI DJIEMEHTa B IEPUOJUYECKOM CUCTEME C DIJIEKTPOHHBIM CTPOEHUEM €ro aroMa.
Oco0OeHHOCTH D3JIEKTPOHHBIX KOH(PUIypalluii aTOMOB JJIEMEHTOB TIJIABHBIX U TMOOOYHBIX
HOATPYIIL. DJIEMEHTHI S-, P-, d-, f- cemeiicTB. CBSI3b CBOMCTB DJIEMEHTOB C MX MOJIOKCHUEM B
IepuoNYecKor cucrteme. llepuoauyeckn M HE MEPUOAMYECKH HW3MEHSIOIIHMECS CBOMCTBA
JJIEMEHTOB.

N3meHeHne BeNWYMH pPaagMyCoOB, DHEPIrUH HMOHU3ALUH, CPOACTBA K DIEKTPOHY H
JJIEKTPOOTPULIATEIIBHOCTA aTOMOB JJIEMEHTOB C POCTOM 3apsafoB ux suep. IlepmoandHocTs
WU3MEHEHUSI CBOMCTB AJIEMEHTOB KAaK IPOSIBJICHUE IEPUOJMYHOCTH HM3MEHEHHUs JJIEKTPOHHBIX
KoHpurypauuii atomoB. KpatHocTh (mOpsaok) cBs3u. PakTopsl, BIMSIOIMIME Ha MPOYHOCTh
CBSI3U.

BHyTpeHHss M BTOpHYHas NepuoauYHOCTh. Ilepuonnyeckas Tabiuua U 3JIEKTPOHHBIE
aHAJIOTU. 3HAYEHUE OTKPBITUS NEPUOANYECKOT0 3aKOHa. PacKkpbiTHe B MEPUOJUUECKON CHCTEME
BCEOOIEH €CTeCTBEHHOH B3aUMOCBS3M MEXIYy XHUMHUYECKHMMM »JJIeMEHTaMu. ['paHunsl u
ABOJIFOLUS [TEPUOTUUECKON CUCTEMBI.

Tema 5. Xumuueckas CBf3b

PasButne mnpencraBiieHH O CYIIHOCTH XHMHUYECKOW CBA3U. OCHOBHBIE NapaMeTpbl
XUMHUYECKOH CBS3M: UIMHA, SJHEPIHsl, HAIIPaBIEHHOCTb. OCHOBHBIE THUIIBI XMMHUECKOH CBSI3H.

KoBanentnast cBsizb. KBaHTOBOMEXaHHUECKHE METONbI €€ TPaKTOBKHU. [IpuOnmxeHHBbIH
XapakTep 53TUX MeTofoB. Metox BaneHTHBIX cBszell (BC). ®dusmuueckas wuges wmeroxaa:
oOpa3oBaHHe JABYXIEHTPOBBIX  JBYXAJIEKTPOHHBIX  CBSI3€H, MPUHIMI  MaKCHMaJIbHOIO
nepexpbiBanus AO.

JlBa MexaHu3Ma o0Opa3oBaHMsI KOBAJEHTHOM CBsI3u: OO0OOIIEHHE HeCHapeHHBIX
JIEKTPOHOB pPa3HBIX aTOMOB M JOHOPHO-aKLUENTOPHBIA MexaHU3M. KiacTepHble cOoelMHEHUS.




CoeauHeHHs C  JEJIOKAJIM30BAaHHOW  XMMHUYECKOW  CBSA3bI0. MHOIOLIEHTPOBBIE — CBSI3U.
CennrueBsle coenuHeHus. [[0aspHbIE CBSI3U U MOISIPHOCTh MOJIEKYJIBI B LIETIOM.

JlurosnbHBIE MOMEHTHI CBS3H. D(QEKTHBHBIN 3apsn aroma B ModJekyie. CBoiicTBa
KOBAJICHTHOM cCBsA3u. HacklmaeMocTh, HanpaBlIEHHOCTb, MOJIAPU3YyeMOCTb. KOBaJeHTHOCTH
anemMeHToB 1, 2 m 3 mnepuomoB. Mx MmakcuManbHas KOBaJ€HTHOCTh. HampasieHHOCTH
KOBJIEHTHOM cBsi3u. Teopus HampaBieHHbIX BaleHTHocTed. [mOpuausanus aToMHbIX
opburaneil. Turnel rHOPUIN3AIMHE U TEOMETPHUS MOJEKYI. Teopus OTTaIKUBAHHS 3JIEKTPOHHBIX
nap.

[Tongpu3zyemMocTh KOBAJEHTHOW CBSI3U. 3aBUCUMOCTBH IOJISIPU3YEMOCTU CBSI3M OT €€
nusbl. [lonspusyroniee AeiCTBUE BOIBI.

Metox monexyssipHeix opOutaneit (MO). ®dusmueckass ujaess METOJA: JEIOKAIN3ALUS
3JIEKTPOHHOMU IIJIOTHOCTU MEXKY SIPaMH.

Cas3piBatonivie, HecBsizbiBatomve U paspbixisiomine MO. IlpuHnunel 3anosiHeHus
MOJIEKYJISIPHBIX OpOuTaneld. DHepreTuYeckue AuarpaMMbl U JIEKTPOHHBIE (DOPMYJIIBI MOJIEKYII.
dopManbHOE YUCIIO CBA3€M B MoJekyine. DOopManbHBIM IOPSIAOK CBA3CH. ['OMOHyKieapHbIe
MOJIEKYJIbl, 00pa30BaHHbIC 3JIeMEHTaMM 1 1 2 neprnooB. 3aBUCUMOCTb KPaTHOCTH, IPOYHOCTU U
JUIMHBI CBSI3U, a TAaK’K€ MarHUTHBIX CBOMCTB OT XapakTepa 3anoiHeHus MO B 3TUX MOJEKyJax.
OObsicHeHME MapaMarHeTusMa Kuciaopoaa. [erepoHykieapHble JBYXaTOMHBIE MOJICKYJIbI,
oOpa3oBaHHbIe 3jJeMeHTamu Broporo mnepuoaa. Okcua yriepoma (Il),okcun aszora (1),
($bTOpPOBOIOPOI.

Cpasuenue metooB BC u MO.

HNonnas cBsa3b. KaTMOHBI U aHMOHBI B MOJIEKYJIaX U TBEpAbIX Tenax. CBONWCTBa MOHHOU
cBsa3u. OOnacTp MNPUMEHUMOCTH HOHHOM Mojenu. VoHHbIE KPUCTAJUIMUECKHUE PELIETKH.
[IpaBuno ®dasuca. Monnsiii notenuuan. [lonspusyromiee qeiicTBue U noasipu3yeMocTb. BiausiHue
AJIEKTPOHHOM KOH(Urypalyi HMOHAa Ha CHJIY MOJISPU3YIOUIETO ACHCTBUA. JlOMOTHUTEIHHBIN
HOJSIpU3alMOHHBINA 3P dexT. CTeneHb NOJIPHOCTU MIIM MOHHOCTH CBS3H.

CpolicTBa BEIIECTB C HMOHHBIM THUIIOM CBSI3U. BaleHTHOCTb, CTENEHb OKHUCIECHUS H
KOOPJMHAIIMOHHOE YHMCJIO aTOMOB COCIMHEHUH C pa3JIU4YHbIM TUIIOM CBSI3H.

Bonoponnas cBsA3b. MexMonekynspHas W BHYTPUMOJIEKYJSIpHAs BOJOPOAHAs CBS3b.
BausiHue BoopoiHOM CBSA3M Ha CBOMCTBA BellecTBa. Poib BOJOPOAHOI CBSI3U B OMOIOTHYECKUX
IIpolLeccax.

Mertamnmnueckass cBsi3b. OCOOEHHOCTH 3JEKTPOHHOTO CTPOEHHUS aTOMOB, CIIOCOOHBIX K
00pa30BaHUI0 METANIMYECKOW CBSI3U. MeXMOJEeKyNIsIpHble B3auMOAEUCTBUA. J[unonb-aunoss,
JUIOJIb-UHAYLIMPOBAaHHBIN JUIOJb, JUCTIEPCHOHHOE B3aUMOAECHCTBHE.

Tema 6. CKOPOCTH XMMHMYECKHMX peakuii. XUMHYeCKoe pABHOBecHe

CkopocTe xMMHUECKUX peakuuil. Ee konmdecTBeHHOE BbIpakeHUe. VIcTMHHAs cpenHss
ckopocTh. DakTOphI, BAMUSIIONIME Ha CKOPOCTh XMMMUYECKHUX pPEaKIMi. 3aBUCUMOCTb CKOPOCTH
peakuuy OT KOHIIEHTpAlMM Pearupyroliux BEUIECTB. 3aKOH JEHCTBUSA Macc. Ero mpumeHeHue
JUIsl TOMOTE€HHBIX M reTeporeHHbIx cucreM. KoHcTaHTa ckopocTu peakuuu. BiusHue ¢akropa
MIOBEPXHOCTU Ha CKOPOCTh PEAKLIMU B T€TEPOTEHHON cpefie. 3aBUCUMOCTh CKOPOCTH PEAKIIMU OT
TEMIEpaTypbl, TeMIepaTypHbiil ko3gdumuent. [lonarue o0 aKTUBHBIX MOJIEKYJIax M SHEPTruu
aKTHBALUU IIPOLECCA.

WonHbINl M paguKalbHBII MEXaHU3Mbl XUMHYECKHX peakuuid. CBOOOIHBIE paJuKabl.
[ToHsiTHE O LIETTHBIX PEAKIUAX.

Karanms. BinsHre karanu3atopoB Ha CKOPOCTh peakluu. Buipl kaTains3a: rOMOTe€HHBIH,
TETEPOreHHBI, MHUKPOIETEPOTrE€HHBIM, aBTOKATaln3, IOJIOKUTEIbHBI UM  OTPULIATEIbHBIN
Katanus, TmoHATHe 00 wuHruouropax. OcobeHHOCTH (EPMEHTOB KaK KaTaJM3aTOPOB.
Hcnonp30BaHnE KaTaIU3aTOPOB B IPOMBIIIJIEHHOCTH.

HeoOpatumble u oOpaThMble XHUMHUYECKHE peaKIHMH. YCIOBHS O0OpaTUMOCTH H
HEOOpaTUMOCTH XMMHUYECKHUX IPOLEcCCOB. XUMUYECKoe paBHOBecue. KoHCTaHTa XMMHUYECKOTO
paBHoBecus. [lpunuun Jle-lllarense. Cmemenne XMMHUYECKOTO paBHOBECUS NPU WM3MEHEHUU
KOHIIGHTPALUil pearupyromux BeIIecTB, JaBleHUs U TeMiepatyp. Karanuzaropsl B 00paTUMBIX




npoiieccax. 3Ha4eHHE YUEHUsI O CKOPOCTU PEaKIMM U XUMUYECKOM PAaBHOBECHUHM ISl YIIPaBJICHUS
XUMUYECKUMH MPOLECCAMHU.
Tema [. JHepreTHKA M HANPABJIEHHOCTH XUMHYECKHMX MPOLIECCOB

TemnoBeie >PdekThl XUMHUECKUX peakuuid. TermnoTel 00pa3oBaHUS XUMHYECKHX
coeaunenuii. 3akoHn ['ecca. i3MeHeHHne BHYTpEeHHEH HEPruu cucteMbl. DHTanbnus. [lonstue 06
suTponuu. M306apHo-n3oTepmMudeckuii noreHnuain (3Heprus ['m66ca).

[IpumeHeHne TepMOIUHAMHYECKHX (YHKIMHA U1 XapaKTEPUCTUKH PEaKIMOHHOU
CIIOCOOHOCTH BEIIECTB U OLIEHKE BO3MOXHOCTH MPOTEKAHUS XUMUYECKUX PEaKIUH.

Tema 8. PactBopsl. Teopusi 31eKTPOINTHYECKOMH AUCCONMANNHT

CgoiictBa pactBopoB. PactBopumocTh. KoHnenTpamus pactBopoB. CriocoObl BEIpaKESHHS
KOHIICHTpALlX pacTBOPOB: MaccOBas J10J1s1 PACTBOPEHHOI'O BELIECTBA, MOJISIPHAs KOHLICHTPALIKs,
MOJISIpHAsI KOHIEHTPALMS SKBUBAJIICHTA, MOJIbHAS J0JIs, MOJISLIBHOCTb.

OCHOBHbBIE TIOJIOKEHMSI TEOpUU  DJIEKTPOJIUTHUYECKON Juccouuanuu. MexaHu3m
muccounanuu. CuiabHble U cradble AIeKTposuThl. ['uapartanus noHoB. CTeneHb AUCCOIMALINU.
KoHncranta puccouuanuu. Pa3znuuHble TUIBI JUCCOLMALIMM THAPOKCHAOB. 3aBHUCHUMOCTh
XapakTepa IHWCCOLUMAlMU OT IMOJSIPHOCTU CBA3M B MoJiekyine. CTyneHdaras Juccoluanus
MHOT'OOCHOBHBIX T'UAPOKCUAOB. OCHOBHBIE MIPEICTABICHUS IPOTOJIUTUYECKON TEOPUHU KUCIOT U
OCHOBaHMH. Peakuuu B pacTBOpax >J€KTpoNMTOB. HampaBieHHOCTh peakuuid B pacTBOpPAX
NEeKTpoauTOB. [MOHHOe mnpousBeaeHue BoAbl. Bopgopoanslii nokasarenb. HHIUMKATOPBI
I'uaponus conei.

Tema 9. OKMCIUTEIbHO-BOCCTAHOBUTEIbHbIE PEAKIMH M 3JeKTPOXHMHUYECKHE NTPOLECCHI

OKHCIIUTENbHO-BOCCTAHOBUTENIbHBIE ~ PEAKLUH. Okucnurenu, BOCCTAHOBUTEJIH.
OcCHOBHBIE 3aKOHOMEPHOCTM B H3MEHEHMHU OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIX CBOWCTB
MNPOCTHIX BellecTB M coeauHeHud. CreneHb okucieHusa. Kinaccudukanus OKUCIUTETBHO-
BOCCTAHOBUTEJIBHBIX  peakimuii. MeToIbl pacCTaHOBKM KOI((HUIMEHTOB B ypaBHCHUU
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIX peakuuid. Poiib cpenbl B MNPOTEKAHUU OKUCIUTENIBHO-
BOCCTAHOBUTEJIBHBIX IPOLECCOB. MOJIIpHBIE MacChl OKBUBAJIEHTOB B  OKHUCIMTEIBHO-
BOCCTAHOBUTEJIBHBIX peakuusX. MexaHu3M BO3HUKHOBEHMS D3JIEKTPOAHOIO MOTEHIHAIA.
[TosyueHue »SIEKTPUYECKOTO TOKAa B MPOTEKAHUMH XUMHuUecKux peakuuil. Ilonarue o
rajibBaHUYECKOM 3yemMeHTe. Bogopoanslii snektpoa. CTaHAApTHBIE 3JIEKTPOAHBIE MOTEHUINATIBI.
3aBUCUMOCTh JIEKTPOAHOIO IMOTEHIMAla MeTajljla OT KOHIIEHTpallMM €ro MOHOB B PACTBODE.
OKHMCIHUTENbHO-BOCCTAHOBUTENBHBIN MOTEHIMAN. Pl CTaHAAPTHBIX 3JIEKTPOAHBIX TOTEHIIMAIOB.
HampaBrneHHOCTh OKHCIUTETbHO-BOCCTAHOBUTEIBHBIX peakiuil B pactBopax. IJIC u koHCTaHTa
OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakiuil. J(uarpammel Jlatumepa.

DNEeKTPOIN3 KaK OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN IMpoliecC. DIEKTPOIU3 PaCIIaBOB.
ONEKTPOIN3 BOJHBIX PAaCTBOPOB KHUCIJIOT, LIEJIOYEH, COJEM M €ro IpakTUYECKOe 3HAYEHHE.
[ToreHunan pas3noxkeHus, NMepeHanpsHKeHue. INEKTPOXUMHUYECKas MOoNsipu3anns. XUMHUYECKUe
HMCTOYHHMKHU TOKA.

Koppo3us xumuyeckas u snekrpoxumuyeckas. CrnocoObl 3allUThl METAIOB  OT
KOpPpO3UH.

Tema 10. KomniekcHbIe COeIUHEHUS

OCHOBHBIE TOJIOKEHUA KOOpAWHALMOHHOW Teopun Bepnepa. CocTaB KOMIUIEKCHBIX
coenquHeHU. BHemHss W BHYTpEHHssI cdepbl KOMIUIEKCOB. XapaKTepUCTUKA JIMTaH/OB.
KoopannaioHHoe 4nciio KoMIuiekcooOpasoBaTens. 3apsl KOMIJIEKCHOro HoHa. HomeHknaTypa
KOMIUIEKCHBIX COEIMHEHUH.

Knaccudukanus KOMIUIEKCHBIX COEIMHEHUN: TUIWYHBIE KOMIUIEKCHBIC COCIMHEHUS,
XenaTsl, TOJIMSNEPHBIE KOMIUIEKCHI, H30- M TI'eTEPOIOJIMCOECINHEHHS, aKBAKOMIUIEKCHI
(KpHCTaJIIOTUPATHI KaK YaCTHBIA Cllydail aKBaKOMIUJIEKCOB). AMMHUAKaThl. AIUIOKOMIIIEKCHI.
JIBOliHBIE COJMM KaK YAaCTHBIM clydail aiuaoKOMIUIEKCOB. [lonmuralioreHunibl, MOJUCYIIbIbI,
NEepPOKCUIHbIE coeauHeHus. KracTepHble COeAMHEHUs, T-KOMIUIEKCHI, KOMIUIEKCHl «TOCThb-
XO035IUH», COCMHEHMS] BKIIOUEHHUSI, KJIATPaThl, EOIUTHI.




N3omepust KOMIUIEKCHBIX COSUHEHUN: THApPATHAs, KOOPAUHAIIMOHHAsS, T€OMETpHUUECKas,
U30MepHUsI MOJI0KEHUsI (CoNieBasi M30MepHUs), HOHU3ALMOHHAs, ONTHYECKAs.

IIpupoia XUMUYECKOH CBSA3U B KOMILJIEKCHBIX COCIUHEHHUSX.

PaccmoTtpenue ee ¢ mo3uIMKM METO/1a BaJICHTHBIX CBA3eil. BHelHe- u
BHYTPUOPOUTAIILHBIC KOMITJIEKChI. MarHUTHBIC CBOMCTBA KOMIUIEKCHBIX COCTMHEHUH.

Teopust kpuctayundeckoro moss. Pacmieruienne d-opOuTaneii B OKTadAPUYECKOM M
TETPASPUUECKOM TIOJSX. DHEPrHsl PACHICTUICHUS. DHEPTUs CTaOWIHM3AIMH KPUCTAJUITMYECKUM
nosieM. BiusiHue sHepruu crabWiIM3alMd KPUCTAUIMYECKUM IOJIEM U DHEPruH CIapuBaHUs
AJIEKTPOHA Ha 00pa30BaHUE HU3KO- M BHICOKOCITMHOBBIX KOMIUIEKCOB. CIIEKTPOXUMHUYECKHMA PSIJT
JIUTaHJIOB.

Oddexr Ana-Temnepa. McnonszoBanue TKII mnst oObsICHEHUS CBOWCTB KOMITJIEKCHBIX
yacTull (ONTUYECKUE CBOWCTBA, OTHOCHUTENbHAS CTAOMJIBHOCTh KOMIUIEKCHBIX COEAMHEHUN
MEePEXOIHBIX METAJUIOB, SHTAIBIUS TUAPATALIMHU,. FHEPTUS KPUCTAJUTMUYECKOU PEIIETKH).

Meron mosnekyaspHbeIX opOutaneit. Jlmarpammbl ypoBHerd MO i1 OKTadpHYECKUX M
TETPA3IPUYECKUX KOMIUIEKCOB. BO3HUKHOBEHUE JOHOPHO-aKLIENTOPHOM U JaTUBHOM Tt-C353U.

KomruiekcHple MOHBI B BOAHBIX PACTBOpax. YCIOBUS OOpa3OBaHUA U pa3pyLICHUS
KOMIUIEKCOB B pacTBopax. TepMoaMHAMHUYECKas YCTOWYMBOCTh M KOHCTAHTA HECTOMKOCTH.
OOpasoBanue U paspylieHHe KOMILJIEKCHBIX MOHOB B pacTBOpax. 3aBUCHUMOCTh YCTOMUHMBOCTH
KOMILIEKCHBIX COCIMHEHUI B pacTBOpaxX OT MPHUPOAbI KOMILIEKCOOOPA30BaTEIsl U JINTAHIOB.

KucnorHo-ocHOBHBIE ~ CBOWCTBa  KOMIUIEKCHBIX  coenuHeHUH.  OKHCIUTENIbHO-
BOCCTAaHOBHUTEJIBHBIC CBOMCTBA KOMILJIEKCOB.

Tema 11. Daementsl VIIA rpynnbl (rajoreHbl)

OCcoOEHHOCTH DBJIEKTPOHHOM CTPYKTYpbl aroMa. 3aBUCHMOCTh aTOMHOTO pajuyca,
SHEPruu WOHM3AIMH M CPOJICTBA K DJIEKTPOHY aTOMOB TrajioréHa OT MX aTOMHOIO HOMepa.
N3meHeHne MEXbICPHOTO PACCTOSHHUS M SHEPTMHM CBSI3UM B psAy OT (ropa K Homy, ero
oOwsicHeHue. B3aumopeiicTBue TajmoreHoB C BOJOW. BoaopoaHble coelWHEHUs TaJOreHOB.
3aBUCUMOCTh YCTOMYMBOCTH OKCOKHCJIOT M HUX COJIed OT CTPYKTypbl. CpaBHEHHE CHIIBI
OKCOKHUCIIOT. COeIMHEHUS TAJIOTEHOB C TOJIOKUTEIBHON CTENEHBI0 OKUCIEHU. MexXranouaHbie
COCIMHEHMS, X CTPYKTYpa, yCTONIMBOCTh. OCOOCHHOCTH CTPYKTYPHI U CBOWMCTBA acTara.

Tema 12. DaemenTsl VIA rpynnbl (XajJbKOreHbI)

PacnipocTpanenue kucimopoaa U XaldbKOT€HOB B MPUPOJE, MUHEPAIBl UX COJEpIKallue.
[Tonoxenue B nepuoandeckoit cucreme. CTpyKTypa UX aTOMOB. 3aKOHOMEPHOCTH B U3MEHEHUU
pasMEpOB  aTOMOB, HOHOB, DHEPIMM HWOHM3AllMH, DHEPIUM CPOACTBA K  DICKTPOHY,
3IEKTPOOTPULIATENBHOCTL. DHepreTuueckue amarpammbl Oz, Oz°, 02,02 . Annorponus
npocThix BemecTB. ['maponus. I[lomucynbduapl, ux cTpykTypbl. CTpyKTypa BOJOPOIHBIX
coenuHeHuil. OcoOble CBOICTBa BOABI. XaTbKOT€HOBOAOPOIHBIE KUCIOTHL. VI3MeHEeHHe CHIIbI
KHCJIOT ¥ BOCCTAaHOBUTEJILHOW aKTUBHOCTH C YBEJIMUEHHUEM IMOPSIIKOBOTO HOMEpPA XaJIbKOTCHOB.
CnocoObl  MONMY4YeHHS] XaTbKOT€HOBOJIOPOAOB. KuUCIOpOgHBIE COENWHEHUS XalbKOTCHOB.
N3meHenus: CTpyKTypbl OKCHUIOB C YBEIMUYECHUEM CTEIIEHU OKUCIIEHUs. PacTBOpUMOCTH OKCHIOB
B Boje. Kucnoponoconepxamue Kuciotel. MI3MeHEeHHE MX OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOU
dbyakuun. Ocodbie cBoMCTBa CepHON KUCIOTHI. Oneym. MI3MeHeHne OCHOBHOCTH KUCJIOT OT CEpPhI
Kk Ttemtypy. [IpaBuma oOpamieHuss ¢ KOHIEHTPUPOBAHHOM KHUCIOTOH. PasznmuuHble criocoObl
MOJTYYSHUS ITOM KUCIIOTHI, XUMHU3M TPOIECCOB, JISKAITUX B OCHOBE 3TUX PEAKITUH.

Tema 13. DaemenThl VA rpynnsl

DNeKTpOHHAs CTPYKTYypa JIEMEHTOB. MI3MeHeHne CTPYKTYpBhI, arperaTHOTO COCTOSIHUS U
PEaKIIMOHHON CITIOCOOHOCTH MPOCTHIX BelecTB. Kak M3MeHseTcs: CioCOOHOCTh K OKUCITUTEIHHO-
BOCCTAHOBUTEIBHBIM PEAKIUSAM C METaUlaMH W HeMeTauiaMu. V3MeHeHuWe OKUCIUTEIhHO-
BOCCTAHOBUTEIbHON aKTUBHOCTHU MPOCTOIO BEILIECTBA.

OCOOEHHOCTH  CTPYKTYPHI  BOJOPOAHBIX COCIMHEHHWH, WX. KHCJIOTHO-OCHOBHAS,
OKHUCJIUTEIbHO-BOCCTAHOBUTENbHAS (YHKIMH. VI3MeHeHue »OTHX MapaMeTpoB B TpYIIIIe.
Oco0eHHOCTH B3aMMOJICHCTBHS METAJUIOB M HEMETAJUIOB C JJIEMEHTaMHu V TPYIIbI, CTPYKTypa




00pa3yeMbIX COEIMHEHHH, WX PEaKUUOHHAs CIOCOOHOCTh, OKUCIMTEIbHO-BOCCTAHOBUTEIbHAS
aKTUBHOCTb, PACTBOPUMOCTb.

[anorennapl. OCOOEHHOCTM WX CTPYKTYpBI, CBOWMCTB, PEAKIHMOHHON CIIOCOOHOCTH,
PacTBOPUMOCTH, OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM AaKTUBHOCTH.

OCOOEHHOCTH CTPYKTYpbl U CBOWMCTB OKCHJOB, KHUCIOPOJCOJAEPKAIIMX KHUCIOT.
W3meHeHne  uUX ~ pacTBOPUMOCTH,  TEPMHYECKOM  yCTOMYMBOCTH, OKHCIIUTEIBHO-
BOCCTAaHOBUTEJIbHON aKTUBHOCTH.

Kucnopoacoaepxaniye KUCIOTHI a30Ta, a30THOBATUCTAs!, a30TUCTAasl, a30THAsI KUCIJIOTHI,
UX CTPYKTypa M ycTOiumBOCTh. CHOCOOBI TOJYYEHHUS 3TUX KHUCIOT WU HMX COJNEH, HX
YCTOHYHMBOCTh, PACTBOPUMOCTb, OKHUCIUTEIbHO-BOCCTaHOBHUTENbHAS  (yHKuua. Kucnots
docdopa, uX IMEKTPOHHOE CTPOCHHUE CBOMCTBA, OCOOCHHOCTH MOBEACHHS B BOJIHBIX PAacTBOpPAX.
Comu  oprodochopHOl  KUCIOTHI, UX TEpPMHUECKas YCTOWYUBOCTb, IOJIUMEPHOCTb,
pacTBopuMOCTb. OKCUABI M TUAPOKCUABI MBILIbSKA, CypbMbl U BUCMYTa. COJM, aHTUMOHMUJIBL,
CcTHOMIBI, BUCMYTWIBL. OKUCIHUTEIbHAs AaKTUBHOCTh COEAMHEHMH B BBICHICH CTENeHU
okucineHus. IIpakTuyeckoe 3HayeHUE JIEMEHTOB IIATOM IPYNIBl U UX COCAVHEHUN B BBICIICH
CTEIIEHU OKUCIICHUS.

Tema 14. DaemenTtsl | VA rpynnsl

[Toarpynna yriepona. OOmias XapakTepUCTHKa MOATPYMIBI, CTPOSHUE 3IEKTPOHHBIX
000J104eK aTOMOB. YTriiepod. AJUIOTPONIMYECKHE BHUIOM3MEHEHUs yriepoja. Anmas, rpadur,
KapOWH, MX CTPYKTYpbI, CBOICTBAa M MPAKTHUECKOE NpPUMEHEHHE. XUMHUYECKHE CBOMNCTBA
yriaepona. BoccraHoBHUTENnBHBIE CBOMCTBA. YINIEpOA B OPraHUYECKUX  COCIMHECHMSX.
Bopoponusie coenvHenus yriaepoaa. YrojbHas kuciora u ee comu. Cepoyriepoa. Kapoumbr
KaJblMsA U KpeMHusl. CHHUIIbHAS KHCJIOTA M IMAHU/IBI, X IPUMEHEHHE B O0pbOE ¢ BpeIuTeIsIMU
CEJIbCKOTO XO035HCTBAa M B mMpombiinuieHHOCTH. Kapouablr meramnoB. Kapoouunsl. CoenuneHus
yriepojia ¢ a30TOM.

[{unanamuya Kanplus, €ro IMOJYyYEHUE U NPUMEHEHUE B IPOU3BOACTBE aMMMaKa U B
KauecTBe yA00peHust. TOIIMBO U €ro BUJIBI.

KpemHuuii, pacnpoctpaneHue B mnpupoje. BakHeliline MuHepanbl U TOpHbIE HOPOAbL,
coJepkaliie KpeMHUH (cwiukarbl). BogoponHble CcOeAMHEHMsSI KPEMHHUS - CHJIaHbl, MX
NojlyueHue u cBoicTBa. KpemHuiloprannueckue mnosnMepsl. KHCIOpoIHBIE COEIUHEHMS
kpemHus. KpemHueBbiii anrugpua. KpemHueBble KucCIOTBI W cuiaukarbl. CuiukatHas
IPOMBINIIEHHOCTD. LlemenT, crekno. Cunanbl U cuiokcanbl. CenukoHbl. KpemHuii B npupoJe,
IIPOMBIIIIEHHBIE U JIa0OpAaTOPHBIE CIIOCOOBI MOJyUYEHUsI KPEMHHUSI. AJIFOMOCUIIMKATHI, MOJEBbIE
HINAThI, CIOBI, acoecT. AcoectT. CHIIMIUABI METAIIIIOB, KapOOPYHI.

OO6mue cBoiicTBa repMaHus, 0J0Ba, CBUHIIA, 3aKOHOMEPHOCTH B U3MEHEHUU CTPYKTYpPHI
U CBOMCTB npocToro BemiecTBa. OCOOEHHOCTH CTPYKTYpPHI M CBOMCTBA BOJIOPOIHBIX COEIUHEHHH,
OKCHJOB U TuapokcunoB. OJOBSHHAs KHCIOTa, €€ Coju. BoccraHOBUTENbHAas aKTUBHOCTh
COEIMHEHUS IBYXBAJIEHTHOI'O 0JI0BA, OKUCIIUTEIbHBIE CBOWCTBA COCIMHEHUI CBUHIIA.

Tema 15. Daementsl |HIA rpynnsi

bop, amomuHuii, ramumi, uHAMH, Taumid. OOmAs XapaKTEepUCTHKA SJIEMEHTOB.
[Tono>xeHrne »HJIEMEHTOB B MEPUOJUYECKON cucTeMe. ATOMHBIE CBOWCTBA: AJIEKTPOHHbBIE
KOH(pUrypalMy aToMOB, MOTEHIMaIbl MOHHU3AIMU, CPOACTBO K DJIEKTPOHY, OTIMYME OOopa OT
OCTaJIbHBIX 3JEMEHTOB TMOATrPYyNINbl. XHWMHUYECKHE CBOWCTBA D3JIEMEHTOB: KOBAJEHTHOCTHU
DJIIEMEHTOB B COEIMHEHHUAX, 3JIEKTPOOTPULATENBHOCTh, CTENEHb OKUCIIEHHS, YCTOMYMBBHIE
CTETIEHH OKUCJICHHUS.

Bop. MakcumanbHas koBaneHTHOCTh. CTepeoxumus coeJuHeHni 6opa. CxoacTBo Oopa ¢
kpemHueM. bop kak mpoctoe BemiecTBO. AimoTpornus Oopa. Kpucrammmueckwit 0op Kax
HOJYIPOBOJHUK. MeTo/pl MoTydyeHus: 6opa B CBOOOJHOM COCTOSHMHM. XMMHUYECKHE CBOWCTBA
Oopa kak mpocToro BemiecTa. BzaumosnelictBue 6opa ¢ KHCIOpOA0OM, a30TOM, CEPOH, XJIOPOM, C
pacTBOpamMu KUCJIOT U LIEJIOUEH.

Iuppuner 6opa (6opanbl). bopansl Kak 3neKTpoHOAEhUIIUTHBIE coeauHeHus. J{uGopaH.
Crenenp okucineHus 6opa B aubopane. I'eomeTpuueckas MoJenb MOJEKYIbl. TpexiueHTpoBbIe




cBsi3U B qubopaHe. du3nyeckue U XMMHYECKHE CBOWCTBa AuOopaHa. boporuapuaHelii aHUOH,
ero reoMmerpuyeckas Mojenb. bopuabsl. Okcua O6opa. dusnueckne W XMMHYECKHE CBOMCTBA,
METO/IbI ITOJIY4EHUS.

Oxkcokucnotel 6opa. OpToOopHas KUCIOTa U €€ XMMHUYECKHe CBOilcTBa. Tepmuueckas
JeruapaTanus OopToOopHO KucioTel. MertabopHas kucnota. Merabopatsl. [lonmubopHbie
kucnotel. TerpabopHas kucnora. TerpaGoparel. BzauMHublil mepexon okcokuciaor Oopa B
pactBope npu paznuuHbix pH. KommiekcooOpa3yromias cnocoOHOCTh 60opa.

[anorenuanl 60pa, ux CBOMCTBa. AKIIENTOPHBIE CBOWCTBA aTomMa Oopa B MOJEKYJax
TpuraioreHu10B. TerpadTopoOopHas Kuciaora, TerpadTopoOOpaThI.

Kap6opans! (6opoyrinepoasl). Hutpun 6opa. bopa3zour.

AJIOMUHUI KakK IPOCTOE BEIIECTBO. METO/AbI €ro NoJyyeHus: B CBOOOJHOM COCTOSTHUU.
®dusnueckue U XMMHUYECKHE CBOMCTBA. B3aumonelcTBHE C KHUCIOPOJOM, raJlor€HaMu, CEpou,
pacTBOpamMH KHCIOT U wienodei. AmomuHorepmus. CrnaBel anmtoMuHHUs. OKCHJI alIOMUHUS.
Xumnueckue cBoicTBa. ['mapokenn antomunud. Ero repmudeckas aeruaparanus. AJTFOMUHATHL.

Conu amoMuHus. ['amoreHuzabl, MX CTPOEHUE, T€OMETPUYECKAass MOJEIb MOJIEKYIIbI.
AKUIENTOpHbIE CBOICTBA aTOMa aJOMHHHUS B MOJIEKYyJaX TPUTraJOreHua0B. KoMIuiekcHble
coenuHeHUsT amomMuHusa. Kpacupl. ['mapupa amoMuHUS, KOMIUIEKCHBIE THIAPHUIBI AJIOMUHUSL.
KapOun antoMuHus, HUTPU]T TFOMHHHUSL.

lamumit, wagui, tamnui. [lpenckazanue /.M. MenneneeBbM CBOMCTB 3KaallOMUHUSA
(rammust). OTKpBITHE TAIIHS.

[Mannuii, UHIUHI KU TAJUIMHA KaK NpOCThIE BelecTBa. MeTobl UX MOIYy4YeHHs B CBOOOJHOM
cocrossHuU. Mx ¢dusnueckue W XUMHYECKHE CBOMCTBA. BzaumopeiicTBue ¢ KHCIOPOAOM,
rajJloreHaMu, Cepoi, ¢ pacTBOpaMu KUCJIOT U 1ienouyeil. CoequHeHUsl Taluus, UHIUS U TaJUIUS B
HU3IIUX CTEHCHAX okuciaeHus. ['mapokcua u comu tayums (1), ux cBoiicTaa.

Oxcuppl u ruapoxkcuasl ramus (1), naaus (11I) u Tanmus (11I), ux cBolicTBa, U3MeHEHUE
KHCIIOTHO-OCHOBHBIX CBOMCTB B Psily alltoMUHUI-Taui. KomiiekcooOpasyromas cnocoOHOCTh
raJiIusl, UHIUS U TaJUIUsL. TOKCUYHOCTDh CO€AMHEHNHN TaJlIHSL.

Tema 16. Ddaementsl |A - |1A rpynnbl

Jlutuii, kanuii, HaTpuil, pyouauii, nesuit, ¢ppanuuid. Kparkue cBeneHus U3 HUCTOPUU
OTKpPBITHS dNeMeHTOB. OOIas XapaKTepUCTHKA IIETOYHBIX MeTauioB. [lomokeHue B
NepUOANYECKON cucTeMe. ATOMHBIE CBOWCTBA: 3JIEKTPOHHBIE KOH(Urypaluu aTOMOB,
NOTEHUMANbl HMOHU3AIMH, CPOJACTBO K DIJIEKTPOHY. XUMHUYECKHE  CBOMCTBAa 3JEMEHTOB.
ONEeKTPOOTPULIATEIbHOCTb, CTENEHb OKHUCIEHHS, OTIMYME JIUTHS OT JPYrHX IIETOYHBIX
MeTauioB. [IpenMylecTBeHHO MOHHBIN XapaKTep CBA3M B COECIMHEHMSX IIEJTOYHBIX METAJIOB.
Nounbie paguycel. [Tomoxenne MeTamuioB B Py HaPSKEHHI.

ITpocteie BemecTBa. [lomydeHue IIETOYHBIX METAIJIOB B CBOOOJHOM COCTOSHUM.
du3nyeckue U XMMHUYECKUE CBOWCTBA. B3ammoneicTBHe C BO3IyXOM, KHCIOPOAOM, a30TOM,
CEepoH, BOJOW, PACTBOPAMH KHCJIOT.

Oxcuapl, TEPOKCUBI, CYNEPOKCH]IbI, O30HHbI LIEIOYHBIX METaNIOB, UX CBOWCTBA U
METO/IbI MOITYYEHUSI.

['uapokcuIbl MIENOYHBIX METANIIOB. XUMUYECKHE CBOMCTBA, METObI ToydeHus. Conu
HIENIOYHBIX ~ METaJJIOB: TaJOT€HU[IbI, HUTPAThl, CyabdaThl, cynbpuabl, KapOOHATHI,
rupokapOoHatsl, nepxjopatsl. Mx coiictBa. HuTpuabl, ruipusl MET0YHBIX METAIIIOB.

Bepummii, marnuii, kaneiuil, crpoHUMH, Oapuil, paauii. DopMbl HAXOXKAECHUS WU
pacrnpocTpaHeHHOCT, B mpupoje. OOmias xapakTepucTuka sieMeHToB. [lonmokeHune ux B
MEePUOANYECKON cucTeMe. ATOMHBIE CBOWCTBA: OJEKTPOHHBIE KOH(HUTypaliu aTOMOB,
MOTEHUMANBl HMOHM3alMU. XHUMHUYECKHE CBOMCTBA DSJIEMEHTOB: JJIEKTPOOTPHULATEIBHOCTD,
CTETICHb OKHCIICHHS, OTIWYHE OepUIUTHS OT OCTAJIbHBIX JJIEMEHTOB MOATPYMIbL. Kambiui,
CTPOHIIMK, Oapwii U paauii Kak IIETOYHO-3eMENIbHBIE MeTaulbl. [IpenMyIecTBeHHO HMOHHBIN
XapakTep CBSI3M B COEAMHEHUSX IIEJTOYHO3EMENIbHBIX MeTaIoB. VIOHHBIE paJuyCHhl.
KoBanmenTHpIli ~ XapakTep CBS3W B coeawHeHHsx  Oepwums.  CHocoOHOCTh K
KOMIUIEKCO0Opa3zoBanuto. [lookeHne METauioB B sy HAPSKEHU.




Bepummii. KoBanentHocTH Oepuiius.. AKIENTOpHBIE CBOMCTBA aToMa OEpUILTUS B
mosiekynax tuma BeXs. Crepeoxumus coenuHeHnit Oepwnusa. CxoncTtBo Oepuiumms ¢
AIIOMUHHUEM.

bepwinuii kak mpoctoe BemiecTBO. MeToapl MOJy4YeHHs] OepuiUius B CBOOOJHOM
cocrosiHuu. Ero dusndueckne n xumMuueckrue cBorMCTBa. B3anmoeiicTBie ¢ KUCIOPOI0M, BOJIOM,
pPacTBOpPAMH KUCJIOT U LIEIO0YEH.

Oxcun u ruapokeuy 6epmwumsa. Conn Oepuilinsl, UX CBOWCTBA. XJIOPHI OSpHILIHS, €ro
CTpOEHHE B ra3oo0pa3HOM U TBepAOM cocTossHuH. bepumnatel. TOKCHMYHOCTH COelMHEHUN
OepuILTHsL.

[[lemouHO3eMeNbHBIC METAJUIBI: KAJIBIIMHN, CTPOHITUH, Oapuii, paauii. KoopauHaimoHHbIe
YHCIia HOHOB KaJbIIHsI, CTPOHIUS U Oapusl.

[Tpocteie BemecTBa. MeToAbl MOMYYEHUS IIETOYHO3EMENIBHBIX METAIOB B CBOOOJHOM
cocTositHuM. DU3NUEeCKHe U XMMHYECKHE CBOMCTBA. B3auMoOAEHCTBUE C KHCIOPOAOM, BOJOW,
pacTBOpaMH KHCJIOT.

['uapuab! MIEI0YHO3EMENIbHBIX METAILIIOB.

Okcuabl M NEPOKCHIBI  IIEJTOYHO3EMENIBHBIX ~METAUIOB. MeToasl  Mony4yeHwus,
['upokcuipl, conu 1IeI0YHO3EMENbHbBIX MeTaioB. Heramenas u ramenas nu3Bectb. JKecTKOCTh
BOJIbI: BPEMEHHAsI, MMOCTOSIHHAS. ENWHUIBI U3MepeHus KecTKOCTH BoAbl. CriocoObl ycTpaHEeHHUs
JkecTkocTh  Boabl.  [lonarme 00  wonHom  oOmene. IlpakTuyeckoe  mpuMeHEHUE
HIEJI0OYHO3EMEIIBHBIX METAJUIOB U UX COCIUHEHUIA.

Tema 17. daementsl |11 B rpynnbi

Ckanauii, WTTpUM, mOTEeNUd (WM JaHTaH), JoypeHcuil (wnu aktuHuit). OOmas
XapaKTepUCTHKA 3J1eMEHTOB. [lojokeHne 31€MEHTOB B NEPUOAMYECKON cucTeMe. ATOMHbIE
CBOMCTBA. V3MeHEHHE aTOMHBIX CBOMCTB 3JIEMEHTOB B MOJArPYNIE U COMNOCTABICHHE HUX C
ATOMHBIMH CBOWCTBaMU 3JIEMEHTOB IM1aBHOH (A) noarpynmnsl III rpynnsl. Xumudeckue cBoiCTBa
31emMeHTOB. Crenenb okucieHus. OTInurMe CBOMCTB CKaHIUSl OT CBOMCTB OCTAJIBHBIX 3JIEMEHTOB.
bnuzocth mocneaHuX K cBocTBaM pf-31€MEHTOB (JIAHTAHOUIOB).

®dusznueckue M XMMHYECKHE CBOICTBAa IMPOCTHIX BeUIECTB. B3aumopeiictBue ¢
KHCJIOPOJIOM, TAJIOT€HaMHU, BOJIOM, paCTBOPAMU KUCIIOT.

OKcuabl, THAPOKCHUIBI U COJH AJIEMEHTOB MOATPYMNIbI CKaHIUsA. CpaBHEHUE XUMUYECKUX
CBOMCTB 371eMeHTOB riaBHOW (A) u mobounoit (B) moarpynm III rpynmel mepuoanueckoit
CHUCTEMBI.

Tema 18. JlanTaHONALI. AKTHHOUIDI.

JlanTtan (unu JIOTENM), LepHil, TMpa3eoquM, HEOAUM, MPOMETHM, camapuii, eBpOIui,
raJIoNIMHUN, TepOuid, AUCIIPO3U, TOIBMUM, 3pOuid, Tynuid, uTTepobuil. OOmas xapaKTepucTHKa
a51eMeHTOB. [lo0keHne TaHTaHOUI0B B NEpHoAnUYecKoil crucreMe. CyliecTBYIOIUE BO33PEHUS
Ha TOJIOKEHUE JIaHTaHa U JIOTEeIHs. DJNEeKTPOHHbIE KOHGUTypauus atToMoB. binzocts sHepruit
4f- wu Sd-ypoBHe#t, ocobast yCTOWYHMBOCTH 3allOJHEHHOTO HAMOJIOBHHY M 3alOJHEHHOTO
noHOCThI0  f-ypoBHs. ComoCTaBi€HHE CTPOSHUS BHEIIHUX JJICKTPOHHBIX YpPOBHEH U
MOTEHIIMAJIOB MOHM3AIlMM aTOMOB JIAHTAHOUJOB, 2JeMEHTOB MoOouHOM (B) u rmaBHOU (A)
noarpynmns! I rpynmer.

W3mMeHeHne XMMHUYECKUX CBOWCTB JIAHTAHOWJOB C BO3PAaCTaHUEM MOPSAJIKOBOIO HOMeEpa.
[TprunHBI CX0JICTBA CBOMCTB JAaHTAHOUAOB. Yuactue f-opOutasieii B 00pa3oBaHUM XUMHYECKHX
CBsI3€l, BBICOKHE KOOPJIMHAIIMOHHBIE YUCIIAa aTOMOB JIAHTAHOUIOB. JIaHTaHOMIHOE C)KaThe U ero
BIMsIHUE Ha cBoiicTBa 50-ameMeHTOB. CTENEHH OKHMCACHHS. Y CTOWYHMBBIE CTEIIEHH OKHCIICHHS.
[lepnoMUHOCT, W3MEHEHUS BO3MOXKHBIX CTETIEHEM OKHUCIEHHsS DJJIEMEHTOB B CEMEICTBE
JAHTAHOUJIOB C BO3pacTaHWEM MOPSAIKOBOTO HOMEDA.

®u3znueckue W XMMHYECKHE CBOMCTBAa JIAHTAHOMJOB KakK TIPOCTBIX BELIECTB.
B3aumoneiicTBue ¢ KHCIOPOJIOM, TajlOT€HAMH, BOJOM M pacTBopamMu KucIOT. [lonoxeHue
METAJIOB B PSAY HAMPSKEHUM.

Coenunenus naHTaHouaoB B coctosiHuu okucieHus (III). Oxcuapl W TUIPOKCHIBI,
M3MEHEHUE UX CBOMCTB C BO3PACTAHUEM MOPSIKOBOIO HOMEpPA JIAHTAHOUOB.




AKTUHMA (MM JIOypeHCUl), TOpUH, NIpPOTAaKTUHUM, ypaH, HENTYHUH, IUIyTOHMH,
aMepuIni, KIopuid, OepKiInii, KanudopHU, SUHINTEHHUH, depmuii, MmeHaeneBuid, 102-i.

OOmass xapakTepucTuka 3JeMEHTOB. [lonoxkeHue aKkTUHOMIOB B IEPUOAMYECKOMN
cucreMe. OJIEKTPOHHbIE KOH(Hrypamun aromoB. bmuszocts suHepruii 5f- u  6d-ypoBHeii.
ConoctaBneHuEe CTPOEHHS BHEUIHMX JJIGKTPOHHBIX YpPOBHEH aTOMOB aKTHHOUIOB U
naHTaHouA0B. CylIeCTBYIOIIME BO33PEHHUS Ha IIOJOKEHHE AKTMHOMUJIOB B IEPUOJNYECKOU
CUCTEME.

V3MeHeHne XMMUYECKUX CBOMCTB aKTHMHOWJOB C BO3pacTaHUEM IOPSIKOBOTO HOMeEpA.
VYyactue f-opOutaneil B 00pa3oBaHUM XMMHUYECKHX CBsI3€i, BBICOKHME KOOPAMHALMOHHBIC YHCIIA
aTOMOB AaKTMHOWJOB. ATOMHBIE M HOHHBIE PAAUYyChl AKTUHOUIOB. AKTHHOUJIHOE CXKaTHE.
CrerneHu OKUCIIEHUS aKTMHOWJOB. BiIM30CTh CBOMCTB TOpUs, MIPOTAKTUHUSA U YpaHa B BbICIIEH
CTENEeHH OKHCIeHUsl K cBoiicTBaMm d-aieMeHTOB 4, 5, 6 rpymn cooTBeTcTBEHHO. CKIOHHOCTH
AKTUHOUJIOB K KOMILIEKCOOOPa30BaHUIO.

VYpaH. AToMHBIE CBOMCTBA ypaHa, U30TOMHBINA COCTaB. XMMHUYECKUE CBOMCTBA ypaHa Kak
AJIEMEHTA.

XuMHYecKue CBOICTBa ypaHa Kak mpoctoro BemiectBa. CoenuHeHusi ypana (4), ux
OKHUCJIUTEIbHO-BOCCTAHOBUTENbHBIE CBOMcTBa. CoenuHenus ypana (6). Okcua M TMIPOKCHU]
ypana (6). Conu ypanuna. Ypanatsl, U3Og kak ypanat ypana. @ropus ypana (6).

CpaBHEHHE XMMHYECKMX CBONCTB aKTHHOWIOB CO CBOWCTBAMH JIAaHTAHOMAOB U d-
3JIEMEHTOB.

Tema 19. daementsl |VB rpynnsi

Tutan, uupkoHuii, raduuil, kypuatoBuil. OOmas XapaKTEPUCTHKA HJIEMEHTOB.
[TonoxxeHue B mepuoguvecKor cucreme. ATOMHBIE CBOMCTBAa. VI3MEHEHHME aTOMHBIX CBOMCTB
3JIEMEHTOB B MOATPYIIE U COMOCTABIEHUE UX C AaTOMHBIMU CBOMCTBAMHM 3JIEMEHTOB TJIaBHOM (A)
noArpynns! 4 rpymmbl. XUMUYECKUE CBOMCTBA 3JEMEHTOB: CTENEHU OKHCIEHUS, YCTOMUYMBBIE
CTETIeHH OKUCJICHHUSI, OOJBIIIOE CXOACTBO CBOMCTB LIMPKOHUS U TapHUSI.

Turan. Ilomydenue, Qusmueckue W XUMHUYECKHE CBOWCTBA THUTaHa KakK IPOCTOTO
BellecTBAa. B3anMoneicTBue ¢ KUCIOPOAOM, TaJIoOT€HAMM, pacTBOpamMu KHUCIOT. CoeauHeHUs
tutana (1) u (11). Oxcun, ruapoxcun u conu turana (1V). Conu tutanuna. TuranaTsl.

[Mupkonwuii, radpuuii. [lonydenue, pusnueckue W XMMHUYECKHE CBOMCTBA LIUPKOHUS H
rapHus Kak IpPOCTBIX BellecTB. B3amMmonelicTBHe € KHCIOPOAOM, TajJoreHamMH, pacTBOpaMu
kucnoT. OKCUIBI, TUIPOKCUIBI U COTTU IIUPKOHUS (4) u rapHus(4).

CpaBHeHHE XMMUYECKUX CBOMCTB 3JIEMEHTOB I1aBHOU (A) u nmobounoii (B) noarpynn 4
IpyNIbl NEPUOANYECKON CUCTEMBI.

Tema 20. daementsl VB rpynnbl

Bananuii, HuoOmii, TanTan. OOmas xapakTepucTHka 3ieMeHToB. [lomoxkeHue B
MEepUOINYECKON cucTeMe. ATOMHBIE CBOMCTBA. M3MeHEHHME aTOMHBIX CBOWMCTB AJIEMEHTOB B
HOJTPYIIE U COMOCTABICHHE UX C ATOMHBIMHM CBOWCTBAMM JIEMEHTOB IMIaBHOU (A) HMOATPYIIIBI
5 rpynnsl. XuMHUYECKHE CBoOiicTBa »3iemMeHTOB. Bawnaamii. Ilonmyuenue, ¢usnyeckue u
XUMHYECKHE CBOWMCTBAa BaHAJWA KaK IPOCTOrO BEIIECTBA. B3auMoIeHCTBHE € KHUCIOPOAOM,
rajioreHamu, pactBopamu kucioT. CoenunHenus BaHagus (2, 3, 4). Xapakrep OKCHUAOB U
TUIPOKCHUJIOB.

Conmu Banaaus. lamoreHujpl M okcorasoreHuanpl BaHanus (4) u (5). Banapatsl
[TonuBanagatel. OKHUCINTENBHO-BOCCTAHOBUTENBHBIE CBOMCTBA COEIMHEHHMN BaHAAMUs B
Pa3IMYHBIX COCTOSTHUSIX OKUCIICHHUS.

HuoOwuii, tantan. Ilonyuenue, ¢puzndeckne 1 XUMHUYECKHE CBOWCTBA HMOOMS M TaHTaja
KaK TPOCTBIX BellecTB. B3anmojeiicTBue ¢ KHUCIOPOAOM, TajoreHamMH, pacTBOpaMHU KHCIOT.
Coenunenne HuoOus (5) u rantana (5). HuoGaTsl 1 TaHTanaTHI.

CpaBHeHHE XUMUYECKUX CBOMCTB 371€MEHTOB IiIaBHOU (A) u mobounoit (B) moarpynm 5
IPYNIbl NEPUOANYECKON CUCTEMBI.

Tema 21. daementsl VIB rpynnsi




Xpom, MonmbneH, Boib(pam. OOmas XapakTepucTUKa 3JieMeHTOB. llonokeHue B
MEPUOJUYECKON cucTemMe. ATOMHBIE CBOWCTBA. M3MEHEHHWE aTOMHBIX CBOMCTB 3JIEMEHTOB B
HOJArPYNIIE U COIOCTABIEHUE UX C AaTOMHBIMU CBOWCTBAaMU 3JIEMEHTOB IJIaBHOM (A) MOArpymIibI
6 rpynnbl. XUMUYECKHE CBOMCTBA 31€MEHTOB. (CTEpeoXUMHUsl COCOUHEHUN 3SJIEMEHTOB B
cocrosiHuM okucienus (6), crepeoxumust coenunennii xpoma (I1I). [lonoxenue meramios B psny
HanpsHKEHUH.

XpoM. Duznueckue M XHMHUYECKHE CBOMCTBA XpOMa KakK IIPOCTOrO BEIIECTBA.
B3aumozeiicTBue ¢ KUCIOPOAOM, FalOr€HaMu, PACTBOPAMHU KUCIIOT.

Coenunenns xpoma (Il) u (III). Xapakrep okcumoB u ruapokcumoB xpoma (1) u (11).
Xpomutel. Comin u komiuiekcHble coenuHeHus xpoma (III). Coegumnenus xpoma (VI). Oxcupg
xpoma (VI). Ero cBoiicTBa, TOKCHYHOCTb. XPOMOBBIE KHCIOTHI. XpOMaTbl, OUXPOMATHI, UX
B3aMMHbIe Tepexonbl. ['anorenunpl U okcoranorenunsl xpoma (V). M3menenue xapaktepa
TUAPOKCUAOB M OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX CBOWCTB  COEAMHEHMH XpoMa C
BO3pacTaHUEM €ro creneHu okucienus. [lepokcun xpoma, ero ctpoenue. I[lepokcoxpomarsl.

Monu6aen, Bonsppam. Puzndeckre 1 XUMHUECKUE CBOMCTBAa MOIMOAEHA U Bosb(pama
KaK IIPOCTHIX BellecTB. B3anmoaelcTBre ¢ KUCIOPOIOM, T'aJIOT€HAMH, PACTBOPAMH KHCIIOT.

Coenunenus MmonubaeHa u Boibgppama (VI). Xapakrep OKCHIOB M TMJIPOKCHJIOB.
MonubneHnoBast 1 BOiIb(ppaMoBasi KUCIOThI, UX CONHU. V30MONUKUCIOTHI, TeTEPONOIUKUCIOTHI U
ux comu. Kparkue cBelieHUSI 0O COENMHEHHUSIX MOJHOJeHa W BOJMb()pamMa B HHU3IIUX COCTOSTHHIX
okucneHus. OKCUabl, rajJoOreHu/Ibl.

CpaBHeHUE XMMUYECKUX CBOMCTB 3JIEMEHTOB IJ1aBHOU (A) u nmobounoii (B) noarpymnm 6
TPYIIIBI IEPUOJNYECKON CUCTEMBI.

Tema 22. Duaementsl VIIB rpynnbl

Mapranen, TtexHenmii, penmii. OOmas xapakrepucTuka sJ1eMeHTOB. [lonoxeHue B
MEePUOINYECKON cucTeMe. ATOMHBIE CBOWMCTBA. M3MeHEHHME aTOMHBIX CBOWMCTB JJIEMEHTOB B
MOJATPYIIE U CONOCTABICHUE UX C AaTOMHBIMU CBOWMCTBAMH 3JIEMEHTOB TJIaBHOH (A) MOATPYIIIBI
7 rpynnel. XHUMHUYECKHE CBOMCTBA 3yeMEHTOB. CTEpeoXMMMsl COEIUHEHHMH 3JEMEHTOB B
cocrosiHuu okucneHus (7). [lonosxkeHrne MeTaIoB B psAAy HAIPSHKEHUH.

Mapranen. @u3nyeckue U XMMHUYECKHME CBOMCTBA MAapraHiia Kak MPOCTOrO BEIIECTBA.
B3aumopneicTBue ¢ KUCIOPOAOM, TajJoreHaMH, BOJOW, PaCTBOPaMH KUCIIOT. OKCHU, THIPOKCH]T U
comu wMapranna (2). Oxkcug wu rugpokcua  wmapranna (3). Oxkcua  wmapranua  (4).
MapranneBatucras kucinora. Manranutsl. Manranut mapranua (2). Coenunenust mapraana(6).
MapranmnoBucrasi Kuciora, ManraHatel. Oxcup Mapradmna (7). MaprasmoBas KucIoTa,
nepmaHratatbl. OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE CBOMCTBA MapraHiia B pa3HbIX COCTOSHUAX
OKHCJIEHUS IIPU pa3iauuHbiX pH.

Texneunit, peHuid. GU3NYECKUE U XUMUYECKUE CBOKWCTBA PEHUS KaK MPOCTOI0 BELIECTBA.
B3anmopeicTere ¢ pacTBOpaMH KUCIIOT.

Kpatkass xapaktepuctuka coenunenuir penust (3), (4), (6). Coenunenus penus (7):
PEHUEBBI aHTHAPUJA, PEHHEBas KUCIOTa, neppeHatsl, ¢ropun penus (7). OxuciautenpHo-
BOCCTAaHOBUTEJIbHBIE CBOMCTBA COCIMHEHUN PEHUS B PA3JINYHBIX COCTOSHUAX OKHCIICHUS.

CpaBHeHHE XMMUYECKHX CBOMCTB 3J1EMEHTOB IaBHOM (A) u nmodounoil (B) noarpynm 7
TPYIIbI NEPUOANYECKON CUCTEMBI.

Tema 23. daementsl VIIIB rpynnsl.

Ilooepynna ocenesza. Kenezo, pyrenuit, ocmuil. OOmas XapakTepUCTHKa 3JIEMEHTOB.
[Tonoxxenne B mepuoanvecKor cucteme. ATOMHBIE CBOMCTBa. VMI3MEHEHUs aTOMHBIX CBOMCTB
3JIEMEHTOB B MOATPYIIIE U UX COMOCTABIECHHE C AaTOMHBIMU CBOMCTBAMHM 3JIEMEHTOB TJIaBHOH (A)
HNOATPYINIBI § TPYINIbl. XMMHUYECKHE CBOMCTBA 3JEMEHTOB: CTEIEHb OKHCJIEHHS, YCTOWYUBBHIE
CTETIEHU OKHUCIIEHUs, OOJIBIIIOE CXOJCTBO CBOMCTB pyTeHus M ocMus. [lomokeHre MeTaiioB B
Py HANPSKEHUM.

XKenezo. MakcumanbHasi cTerneHb OkucieHus. CTepeoxuMusi COeqUHEHu# xenesza (2),

(3), (6).




Amnotponus >xene3a. MarHuTHbIe CBOMCTBA. TBEpAbIE paCTBOPHI U COEIMHEHUS JKEJe3a C
yriepoaoM. Msrkoe eine3o, cTaib, 4yryH. [loHsiTue o jnerupoBaHHbIX cTanax. Ousznyueckue u
XUMHYECKHE CBOMCTBA ejie3a KakK IIPOCTOro BellecTBa. B3aumoaeilcTBHE C KUCIOPOAOM,
raJIoreHaMu U IPYTUMH METaJUlaMU, BOJIOM, pacCTBOpAMU KUCIIOT U IIEIOYEH.

Oxkcua u ruapokcun xenesza (2). Conu U KOMIUIEKCHbIE coequHeHus kene3a(2). Conb
Mopa. XKene3zucrocuneponucrtas kuciota u ee coimd. Oxcua W rujgpokcun xenesza (3).
XKenesucras xkucnora, pepputsl. Depput xenesa (2). Coau 1 KOMIUIEKCHBIE COSAUHEHHS JKele3a
(3). KBacupl. XKenesocunepoaucrasi KUCJIOTa U €€ COJU, UX TOKCHYHOCTb. CoeMHEeHUs JKene3a
(6). Couu sxene3noit kuciotsl (epparbl). OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIC CBOMCTBA JKejle3a
B Pa3HBIX COCTOSHUAX OKHUCIEHHS npu paznuunbix pH. KapOonusl sxene3a. Hutposun xenesa.
®deppolieH.

Pyrenuii u ocMuii. BiIM30CTh MX XMMUUYECKUX CBOMCTB K CBOMCTBaM peHuUs. Pu3nyeckue
U XMMHMYECKHE CBOMCTBA PYTEHUS M OCMHsA, KaK IPOCTBIX BEIECTB. B3ammonencresue ¢
KHCIIOPOJIOM, TaJloreHaMH, pacTBOpaMu KUCIOT. CriocoObl pacTBOpeHUs MeTauioB. PyTenuil u
OCMHUH Kak IUIaTUHOBbIE MeTauibl. OKcuabl W TajmoreHuabl pyrenus (4) u ocmus (4).
Coenunenus pyrenus (6) u ocmus (6). Pyrenatst u ocmatsl. Okeugbl pyrenus (8) u ocmus (8).
OKHCIUTEbHO-BOCCTAHOBUTEJILHBIE CBOMCTBA COCAUHEHUW PYTEHUS MU OCMHS B Pa3IUYHBIX
COCTOSTHUSIX OKHCJICHHUS.

CpaBHEHHE XMMHUYECKUX CBOWCTB AJIEMEHTOB TJaBHOH (A) m mobounoit (B) moxarpymm
VI rpynisl nepuoaudecKoi CUCTEMBIL.

Ilooepynna kobanbma. Kobanbt, ponuii, upuauii. OO0mas XxapakTepucTUKa 3JIEMEHTOB.
[TonoxkxeHne B MEPHOAMYECKONM cucTeMe. ATOMHBIE CBOWCTBA. XHMHUYECKHE CBONCTBA
AJIEMEHTOB: CTENIEHU OKHUCIICHUS, YCTOMUYMBBIEC CTEIIEHU OKUCIIEHUS, OO0JIBLIOE CXOJCTBO POAMS U
upuaus. [lonoxkeHue MeTamioB B psily HANPSKCHHH.

KobGanbT. ®@usnyeckne W XMMHUYCCKUE CBOMCTBa KOOAbTa KakK IMPOCTOTO BEIISCTBA.
BzaumopeiicTBie ¢ KUCIOPOAOM, rajloreHaMu, pacTBopaMu kuciot. CoeauHenue kobanbTta (2) u
(3). Xapaktep OKCHJIOB M THAPOKCHUIOB. BakHeiime coiu M KOMIUIEKCHBIE COCAMHEHUS
kobOanbTa (2) u (3). OKHCTUTENBHO-BOCCTAHOBUTENbHBIE CBOMCTBA COeTUHEHUH KoOanbTa (2) 1
(3). Kapbouwmnbsl kobanbra. Pomuit, upunnii. Ouznyeckue W XUMHUYECKUE CBOWCTBA POIUS H
UpUAMS KaK MPOCTBIX BelEcTB. B3aumoneicTBue C KUCIOPOAOM, TajJOreéHamH, pacTBOpaMu
kucyoT. CriocoObl pacTBOpeHUs MeTauioB. Poauit u upuanii Kak mjaTUHOBBIC METAJUTHI.

Coenunenus poaus (3) u upuaus (3). Oxcuabl, THAPOKCUIBI U TamoreHUuAbl. OKCUABI U
rasioreHu el upuaus (4). @ropua upuaus (6). OKUCIUTENIBHO-BOCCTAHOBUTENIBHbBIE CBOMCTBA
COEIMHEHUH pOIUs U UPUIUS B PA3JIMYHBIX COCTOSIHUSX OKHCIICHHUS.

llooepynna nuxens. Hukens, namnagui, miuatuHa. OOmiasi XapaKTepUCTHKA 3JIEMEHTOB.
[lonoxeHnne B NEPUOIUYECKON cHCTeME. ATOMHBIE CBOWCTBAa. XHMMHYECKHE CBOICTBA
aneMeHTOoB. CTENneHW OKHUCIIEHUS, YCTOWYHMBBIE CTENEHU OKHUCIEHHUS, CXOACTBO CBOMCTB
namaaus U miaTHHbl. CTepeoXuMusl COSAMHEHUN SJIEMEHTOB B COCTOSHUU OKHCIeHus (2),
CTEPEOXUMUS COSAMHEHUN TUTaTHHBI (4).

Hukenb. ®dusnyeckue M XHUMHYECKHE CBOMCTBA HHKEJIS KakK IPOCTOrO0 BELIECTBA.
®eppomMarHeTusM HUKENSA. B3anmoneincTBue ¢ KHCIOPOAOM, TalOr€HaMH, BOJOW, pacTBOpAMH
kucnoT. Oxcun u ruapokcua Hukeds (2). Conb W KOMIUIEKCHBIE COETUHEHHS HUKens (2).
I'mppokcun Hukens (3). Kommnekcuole ¢Topuabl Hukens (4). KapOonunsl Hukens.
[IpakTHueckoe MPUMEHEHNUE HUKEISI U €T0 COEUHEHUH.

[Tanmnaguii, muatnHa. OU3MYECKHE M XMMUYECKUE CBOWCTBA MAJJIAAUsA M TUIATUHBI KaK
MpOCThIX BelecTB. B3aumonelcTBUe € KUCIOPOAOM, TajJOor€HaMH, pacTBOPaMU KHUCIOT.
Cnioco6s1 pacTBOpeHHs MeTaiuToB. [lannanuii u miaTHHA Kak MIIATHHOBBIE METAILIBI.

I'unpokcunsl namnaaus (2) u wiatussl (2) u (4). KoMmmnekcHble cOeTUHEHUS TUTATUHBI
(2) u (4). 'ekcaxyoporiaTuHOBask KUCIOTa U ee conu. ['ekcadropu miatusl (6).

OO6muii 0030p MIATHHOBBIX MeTaioB. [IpuHnumnel addrHaka MIATHHOBBIX METAJIOB.
Poib 0TeuecTBEHHBIX YUEHBIX B PA3BUTHH XUMHH IUIATUHOBBIX METAJIJIOB.

Tema 24. duemenThl |B rpynnbi




Mens, cepedbpo, 30moto. OOmIas XxapakTepucTUKa 3JIeMeHTOB. [lookeHne 3JIeMEHTOB B
MEPUOJUYECKON cucTemMe. ATOMHBIE CBOWCTBA. M3MEHEHHWE aTOMHBIX CBOMCTB 3JIEMEHTOB B
MOATPYIINE U COMOCTABICHUE UX C aTOMHBIMHU CBOMCTBAMU 3JIEMEHTOB IJ1aBHOM (A) noarpynmsi |
rpynnbl. XUMHYECKHE CBOMCTBA 31eMEeHTOB. CTepEeOXUMUSl COCTUHEHHM AJIEMEHTOB B Pa3HbIX
COCTOSIHUSIX OKHCJICHHUSI.

Menb. ®uszmueckne Hu XHUMHYECKHE CBOMCTBA MEOM KaK [POCTOTO BELIECTBA.
B3anmopencTere ¢ raioreHaMu, KUCI0pOAOM, CEPOH, paCTBOPAMU KUCIIOT U LIUAHUIOB.

Coenunenus meau (1) u (2). Okcuapl U ruapokcuabl. Coau U KOMIUIEKCHBIC COSAMHEHUS
memu (1) u (2).

Cepebpo. Pusnueckue W XMMHYECKHE CBOICTBa cepebpa KakK MPOCTOrO BELIECTBA.
B3aumoneiicTBue ¢ rajioreHaMu KUCIOPOJOM, CEPO, paCTBOpaMH KUCIOT U IIMAHHUJIOB.

Coenunenus cepebpa (1). Oxcun. HeycroiumBocTh THApoOKcHaa cepeOpa. Hurpar
cepebpa. lamorenuasl cepeOpa, HX CBETOYYBCTBUTEIBLHOCTh. KOMIIJIEKCHBIC COCIMHEHUS
cepebpa. Coequnenus cepedpa (2).

3om0T0. duU3NUecKHe U XUMHUYECKHE CBOMCTBAa 30J10Ta KaK IIPOCTOTO BEIIECTBA.
BsaumopeiictBue ¢ ramoreHamu, pacTBOpamMH KUCIOT U uuaHuaoB.Coenunenus 3oiorta (1).
Oxkcua u ruapokcu. [anorenuast 3omo0ta (1).

Coenunenus 3o0i0ta (III). Oxcun u rugpokcun 3omota (I11). 3omoras kucnora. KoMruiekcHbie
coenuHeHus 3osota (I11).

CpaBHeHHE XUMUYECKUX CBOMCTB AJIEMEHTOB I1aBHOU (A) u mobounoii (B) moarpynm 1
TPYIIIBI IEPUOTAYECKON CUCTEMBI.

Tema 25. daemenTsl |I1B rpynmnei

[uak, xagmwii, pryTh. OOmas XapakTepucTuka dJeMeHToB. llomokeHue B
NEePUOANYECKON cUcTeMe. ATOMHBIE CBOMCTBa. VI3MeHEHHE aTOMHBIX CBOMCTB 3JIEMEHTOB B
MNOJArPYIMIE U CONOCTABIEHUE UX C ATOMHBIMU CBOWCTBAMHU 3JIEMEHTOB IJIaBHOM (A) MOArpyMIbI
2 rpynmnbl. XUMUYeCcKHe CBOMCTBa AeMeHTOB. Crenenu okucieHus. CTepeoxumusi CoeIMHeHUN
anemMeHTOB. [lofokeHre METAIIJIOB B PsIIy HANPSIKEHUH.

[Muuk, kagmuii. Ou3nyeckre U XMMHUYECKHE CBOMCTBA IMHKA M KaaMHUSA KaK MPOCTHIX
BEILIECTB. B3auMoaelcTBUE C KUCIOPOJIOM, TaJIOTEHAMH, CEpOM, BOJOW, pacTBOpaMU KHUCIOT,
nienoued U ammuaka. OKCUABI ¥ TUAPOKCUIBI UHKA W Kaamus. ['uapokcouunkatel. Conu u
KOMIUJIEKCHBIE COSTMHEHUS ITUHKA U KaJIMHSI.

Pryts. ®usuueckne W XHMHYECKHE CBONCTBA PTYTH KakK MPOCTOTO BELIECTBA.
Awmanbramel. BzanmosielicTBie pTyTH ¢ KUCIOPOIOM, TAIOT€HAMH, CEPOH, paCTBOpaMHU KHUCIIOT.

Coenunenus pryta (1), MEeTOABI MX MONY4YEHHs. XapaKTEPUCTHKA HX YCTOWYUBOCTHU:
nuctiponiopimonupoBanue. Okcua pryta (1). Comu prytu (1). Kamomens. CoenuHeHUst pTyTH
(2). Oxcun prytu (2). Cynema. AmMuanble coequHeHus pTyTu (2). KoMmnekcHble coefnHEeHus.

CpaBHeHHE XUMHUYECKUX CBOMCTB AJIEMEHTOB T1aBHOM (A) 1 mobouHoii (B) noarpynmst 2
TPYIIIBI NEPHUOJUYECKON CUCTEMBI.

Tema 26. dnementsl VIIIA rpynnsl

I'enuii, HEOH, aproH, KPUNTOH, KCEHOH, pafoH. [lojokeHne B MepUOaUYECKON CUCTEME.
DNeKTpOHHbIE KOH(PHUTYypau. ATOMHBIE CBOMCTBA. MI3MeHEHE aTOMHBIX CBOMCTB 3JIEMEHTOB B
MOJATPYNIE U COMOCTaBICHHE WX C ATOMHBIMH CBOWCTBaMHU JJIeMEHTOB moOo4yHOU (B)
noarpynnsl VI rpynnel. Haxoxnenne B mnpupoxe. Ilomyuenme. ®Pusnueckue CBONCTBA.
Xumnueckue cBoiictBa. CoequHEHNs KCEHOHA.

5. IEPEYEHDb YYEBHO-METOANYECKOI'O OBECIIEYEHUSA IJIS1
CAMOCTOSATEJbHON PABOTHI OBYUAIOIINXCHA

5.1. Yka3aHusi 10 OpraHu3anuy 4 NPOBeJIeHUI0 JeKIMOHHBIX H JIa00PaTOPHBIX
3aHATHI C IepeYyHeM y4eOHO-MeTOANYeCKOro obdecnedeHus.



JIeKIIMOHHBIE 3aHATUS TPOBOAATCS EKEHeNelNbHO B oObeme 6 wacoB. JlaGopaTopHble
3aHATHUS TIPOBOJATCS €XKEHENETbHO B 00beMe 8 yacoB. Bo BpeMs HM3ydeHHs KaXIOW TEMBbI
oOyuyaroluecss OTBEYalOT Ha coOeceJOBaHUM, U IPOBOJUTCS TECTOBBIM KOHTpOJb 3HaHUi. [lo
OKOHYAaHUU HW3Y4YCHHUs KaXKIOW TEMbl CTYIEHTBHl BBIIOJHIIOT PEUTHHIOBBIE KOHTPOJIbHBIC
pabotsl, kpome TeM «nemeHThl |A-IIA rpynny, «9nementsl IB-11B rpynn», «9nements: VIIA
rpynnsl (MHepTHbIE ra3bl)». Ilo OKOHYAaHUMM TNPOXOXKAEHUS Kypca CTYIEHTHl BBINOIHSIOT

KYPCOBYIO pa0oTy.
IMepeyennb yueOHO-MeTOTHYECKOTO 00ecIedeHUsl VISl 00YIAKIIMXCS 0 TUCHHUIIIHHE:

1. Heopranmueckas xumusi. Y. II [Dnexrponnsiii pecypc]: yuebnuk / CouumbiH B.J.,
Mapteinenko JI.W. - M.: U3gaTenscTBoO MOCKOBCKOIO rOCy1apCTBEHHOTO YHUBEpcUTeTa, 1994, -
http://www.studentlibrary.ru/book/5-211-02494-X.htm (35C «KoHCynbTaHT CTyICHTa)

2. OO6miast u HeopraHuyeckass XuMus [DJIEKTPOHHBIN pecypc]: yuebHoe mocooue : B 2 4. /
AnapueB AWM., KazakoBa A.A. - Hosocubupck : Wzg-so HITY, 2015 -
http://www.studentlibrary.ru/book/ISBN9785778226081.html (OBC «KoHCYIbTaHT CTYACHTA»)
3. O6mras u Heopranmyeckas xumust. Yacte II. Xumus sneMeHToB [DneKTpOHHBIN pecypc:
yuebHOoe mocobue / AmapueB A.M. - Hosocubupck: W3g-so HITY, 2015. -
http://www.studentlibrary.ru/book/ISBN9785778227385.html (O5C «KoHCynbTaHT CTyaeHTa»)
4. O6mas xumus [Dnekrponssiii pecypc] / CyBopo A.B., Hukonwsckuii JI. B. - CII6.:

XUMUM3IOAT, 2017. - http://www.studentlibrary.ru/book/ISBN9785938083035.html (3BC
«KoHCynbTaHT CTYACHTa»)

5. [TpakTukym mo oOmieit xuMuu [INeKTpoHHBIA pecypce]: yuebd. mocodue / Ilox pen. C.D.
Hynaesa. - 4-¢ u3z., nepepad. u gom. - M. : M3natenbctBO MOCKOBCKOTO rocyqapCTBEHHOTO
YHHUBEpPCUTETA, 2005. - (Knaccuueckuit YHUBEPCUTETCKUI Y4EOHHUK). -
http://www.studentlibrary.ru/book/ISBN5211049357.html (OBC «KoHcynbTaHT CTyAeHTa)

6. AxmetoB H. C. Obmiast u Heopranmueckast xumust: Y 4eOHuk ais By30B. / H.C. Axmeros. — 8-
e usn., crep. — CII6.: U3marenscTBo «Jlanby, 2014. — 752 c. -
http://e.lanbook.com/books/element.php?pll id=50684

7. Vrait SI.A. O6mas u Heoprauuyeckas Xumusi: Yueo. ans By3os / S.A. Yrail. — 5-e u3n., crep.
— M.: Bercm. mik.; 2007. — 527 c.: win. ISBN 978-5-06-003751-7. (10 7k3.)

5.2. Yka3zanus 1Ji1 00y4arommxcs o 0CBOCHHUIO M CUUILIUHBI.

Ta6auna 4. Coaep:kanue caMOCTOATENbHOI padoThl 00y4AOIINXCS

Homep Kon-60 Dopmvl
pa3()eﬂa TeMbl/GOﬂpOCbl, 6blHOCUMbLE HA camocmosimellbHoe U3yyerue
uacos pabomul
(memol)
Pazpen 1
1 IIpocthie u cnoxHble BeliecTBa. PacmpocTpaHeHHOCTb 6 Oruer no
3JIEMEHTOB B 3€MHOM KOpe M KocMmoce. XUMHUYECKUE U 1m1abopaTopHOi
¢usnueckue cpoiicTBa BemecTBa. [loHATHE O 4YHMCTOM pabore,
BelecTBE U mNpuMecu. OCHOBHBIE METOMBI IMOTYYECHHS cobecenoBanme,
gyucteix Bemiect, [I/JIK. Knaccuduxanms xummueckux TeCTOBHIH
peareHToB 10 CTENEHH YKCTOTHL. [TOHATHE 0 XUMUYECKOU KOHTpOIE
peakiMyu Kak TNpeBpaiieHud BerecTB. OCHOBHBIE THIIBI
XUMAYECKHX peaKImi: peaknuu pasIoKeHMs,
COCJMHEHUS,  3aMelIeHus, OoOMeHa, BHYTPEHHEro
MIpEBpaIICHHS.
2 Homenxknarypubsie npasuna HMIOITAK Heopranuueckux 6 Oruer no
BEIIECTB. Knaccudukarms MPOCTHIX BEILIECTB. 1m1abopaTopHOi



http://www.studentlibrary.ru/book/5-211-02494-X.htm
http://www.studentlibrary.ru/book/ISBN9785778226081.html
http://www.studentlibrary.ru/book/ISBN9785778227385.html
http://www.studentlibrary.ru/book/ISBN9785938083035.html
http://www.studentlibrary.ru/book/ISBN5211049357.html
http://e.lanbook.com/books/element.php?pl1_id=50684

Knaccudukanmsi  CIOKHBIX ~ BEIIECTB IO  COCTaBy.
bunapueie COCIUHECHMUSI. Nutepmeramueckue
coenuHeHus. Kiaccudukamus CIOXHBIX BEIIECTB 10
(YHKIIMOHATLHBIM MTPU3HAKAM.

pabore,
cobecenoBanue,
TECTOBBII
KOHTPOJIb

Snpo kak AWMHAMHMYECKas CHUCTeéMa MPOTOHOB U
HEUTPOHOB. YCTOMYMBBIE M HEYCTOWYHBBIE  sJIpa.
PagnoaktuBubeiii pacnian saep. Ilepwon mosypacnana.
SnepHble peaklUMd U OPEBPAIICHUS XUMHUYECKUX
9JIEMEHTOB. UckyccTBeHHas PaaOaKTUBHOCTbD.
«MeueHble» aTOMbI M X IPUMEHEHUE.

CobecenoBanue,
TSCTOBBINA
KOHTPOJIb

OtkpseiTHe nepuoandeckoro 3akona [[.M. MenneneeBbim.
[TpuHIMN IIOCTPOEHHUS €CTECTBEHHOM CUCTEMBI
aneMeHTOB. Mcmonp3zoBanme .M. MengeneeBbM
METOJOM HWHTEPHOJIALMKU JUIsl HCIPABICHUS ATOMHBIX
MacC U TpeACKa3aHUsl CBOMCTB €IIE€ HE OTKPBITHIX
3JIEMCHTOB. DKCIepUMEHTAIbHBIC MOATBEPKICHUS
Teopernueckux  npeackazanuid .M. Menaeneena.
3HayeHue OTKPBITHS MIEPUOINYECKOTO 3aKOHa.
PackpeiTHe B IMEepUOAMYECKOM CHCTEME BCEOOIIeH
€CTECTBEHHOM  B3aMMOCBSI3U  MEXIY XUMHUYECKUMH
3JeMeHTaMu. ['paHuIbl W HSBOJIIOUMS MNEPUOAUYECKON
CHCTEMBI.

CobecenoBanue,
TSCTOBBINA
KOHTPOJIb

Bonopoanas CBS3b.
BHYTPHUMOJICKYJISIpHAs

MexmonexymnspHast U
BOJIOPOJIHAs  CBA3b. BiusHue
BOJIOPOJHOM CBS3M Ha CBOWMCTBa BemiecTBa. Poib
BOJIOPOAHOM CBSI3W B OHMOJOTMYECKUX IMpoOIleccax.
Merammueckas cBs3b. (OCOOCHHOCTH  3JIEKTPOHHOTO
CTPOEHHMSI  aTOMOB, CIIOCOOHBIX K  0Opa3oBaHMIO
METaINYECKON CBSI3H. MexmoneKkynspHbie
B3aNMOICHCTBHS. JIMTOI6- 10D, JTUTIOJIb-
WHIYIUPOBAHHBIN JIATIONb, JTUCIIEPCUOHHOE
B3aHMOJICHCTBHE.

10

CobecenoBanue,
TSCTOBBINA
KOHTPOJIb

NoHHBIM ¥ paauKaabHbId MEXaHU3Mbl XUMHUYECKUX
peakuuii. CBoOomHble panukanbl. [loHsATHE O IEMHBIX
peakuusax. Buapl kaTanu3a: TOMOT€HHBIM, T€TEPOTeHHBIN,
MUKPOTETEPOTeHHBIN, aBTOKATAIU3, TMOJOXKUTEIbHBIN |
OTpUIATENbHBIM KaTanu3, MOHATHE 00 WHTUOUTOpaXx.
Ocobennoctu (hepMeHTOB KaK KaTaJn3aTopoB.
Hcnonbs3oBaHWe KaTaau3aToOpoB B IPOMBIIUICHHOCTH.
KaranmuzaTtoper B 00parumbIx Tporeccax. 3HAYCHHE
YUEHHSI O CKOPOCTH PEAaKIUU U XUMUYECKOM PaBHOBECUH
JUTS YITpaBJICHUSI XUMUYECKUMHU TPOIIECCaMH.

Oruer no
nmabopaTopHOIA
paborte,
cobeceoBaHueE,
TECTOBBIN
KOHTPOJIb

[IpumeHeHnne  TepMoIMHAMMYECKMX  (QYHKIMHA  Juis
XapaKTePUCTUKU PEaKLIMOHHOW CIIOCOOHOCTH BEUIECTB U
OLIEHKE BO3MOYXKHOCTHU IPOTEKAHUSI XUMUYECKUX pEaKLUN.

CobecenoBanue,
TECTOBBINA
KOHTPOJIb

CaoiictBa pactBopoB. PactBopumocts. KoHnenTpanys
pactBopoB. CriocoObl ~ BBIpa)K€HUSI  KOHIIEHTPALUU
pacTBOPOB: MaccoBasl J10JI1 PACTBOPEHHOI'O BEIIECTBa,
MOJIIpHAasi KOHILIEHTpALMs, MOJSpHAas KOHLEHTpalus
SKBHUBAJICHTA, MOJIbHAaA A0JIs, MOJAJIBHOCTb.

10

Ortuer 1o
nmabopaTopHOH
paborte,
cobeceq0BaHME,
TECTOBEIA
KOHTPOIIb.

OKHCIUTETEHO-BOCCTAHOBUTEILHEIE pPCaKinu.

Otyer o




Oxucnureny, BOCCTAaHOBHUTEIIH. OcHOBHBIE 711ab0paTOPHOH
3aKOHOMEPHOCTHU B W3MEHEHUH OKHUCIIUTEIBHO- pabore,
BOCCTAHOBUTEJIBHBIX CBOMCTB MPOCTBIX BEIIECTB U cobecenoBanue,
coequHeHnii. CremeHb okucienus. Krnaccuduxamms TECTOBBIH
OKHUCJIUTEIHbHO-BOCCTAHOBUTEIIBHBIX peakiuid. MeTomabl KOHTPOJIb
paccTaHOBKH KOX((HUIIUECHTOB B ypaBHEHUU
OKHUCIIUTEIbHO-BOCCTAHOBUTENBHBIX  peakiui.  Pousb

Cpelibl B MPOTEKAHUU OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX

npoueccoB.  MonsipHble  MacChl  SKBHUBAJIEHTOB B
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMIX.

10 Knaccudukanms KOMIJIEKCHBIX COSAMHEHHUI: TUITHYHBIC Oryer no
KOMIUICKCHBIC  COCAUHCHMS, XeCJIaThl, IOJHAICPHBIC 711abOpaTOPHOH
KOMIUIEKCHI, u30- u T€TEPONOIMCOCTUHEHMS, pabore,
AKBAKOMILJIEKCHl  (KPUCTAJUIOTHIPAThl KAaK  YacTHBIN cobecenopare,
CITyJai AKBaKOMILIICKCOB). AMMHAKATHI. TECTOBLI
AUMIOKOMIUICKCHI. JIBOMHBIC COJMM KaK YacTHBIN CIydail KOHTPOJIb
auuIOKOMIUIEKCOB.  [lonmuranoreHuspl, MOJUCYJIbJBI,

NepoKCcuaHbIe coequnenus. Kiiacrepubie coequnenus, m-
KOMILIEKChI, KOMIIIEKCHl «TOCTb-XO35HH», COCIUHCHUS
BKJIIOUCHUS, KJIaTpaThl, LICOJIUTHI. Nzomepus
KOMILIEKCHBIX COCIMHEHMIA: rujipaTHas,
KOOPJIMHAIIMOHHAS, reOMETpUYECKas, HU30Mepus
MoJIOKeHUsT  (coyieBass  W30MEpHs), HOHHU3AIMOHHAS,
OTNITHYECKasl.

Paznen 2

11 ®dTop, xmop, Opom, Hom, acrar. MeKrajaouIHbIE Oruer o
COCOUHCHUAA, ux CTPYKTYpa, YCTOMYUBOCTb. 1m1abopaTopHOii
Oco6eHHOCTH CTPYKTYpBI U CBOMCTBA acTara. pabore,

cobeceoBaHue,
TECTOBBIN
KOHTPOJIb

12 Kucnopon, cepa, CeJieH, TEJLyp, MOJIOHUH. Oryer no
[onucynbduael, ux cTpykTypbl. CTpyKTypa BOJOPOIHBIX nmabopaTopHoii
coequHeHnii. OcoOble cBoiicTBa Bonbl. Kucmopomnbie pabore,
COCIMHEHMS  XAJIBKOT€HOB. M3MEHEHuss CTPYKTYyphl cobecenopatie,
OKCHJIOB C YBEJIIMUCHUEM CTeleHU okucieHus. Ocolble TeCTOBHIH
cBoiictBa cepHOM  kucnoTel. Oneym. 3meHeHue KOHTPOTI
OCHOBHOCTH KHCJOT OT cepbl K Temnypy. IlpaBuna
oOparieHus c KOHILIEHTPUPOBaHHOU KHCJIOTOM.

Pa3znuunble ciocoObl MOMy4eHHs] 3TOW KUCIOThI, XUMHU3M
MIPOIIECCOB, JIEKAIINX B OCHOBE ITUX PEAKIIMII.

13 A3zot, ¢dochop, MbIIBIK, CypbMa, BUCMYT. M3MeHeHMe Oruer no
OKHUCIIUTEILHO-BOCCTAHOBUTEIILHOM AKTUBHOCTH 11abopaTOPHOi
MIPOCTOrO BEIIIECTBA. OcobGeHHOCTH CTPYKTYpPBI pabore,
BOJIOPOJIHBIX ~ COCIMHEHUH, WX KHUCIOTHO-OCHOBHAS, cobecesioBaHHe,
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHAS byHKINY. TeCTORKLH

KOHTPOJIb

Oco0eHHOCTH B3aMMOJEHCTBUS METAJUIOB U HEMETAIJIOB
c onemeHTamu V Tpymmbl, CTPYKTypa 0OpazyeMbix
COEJIMHECHHH, uX peakImoHHas CITOCOOHOCTD,
OKHUCIIMTEILHO-BOCCTAHOBUTEIIHLHAS aKTHUBHOCTbD,
pactBopumocThb. ['anmorenmanl. Kucmoponacoaepxaniue
KHCIIOTHI a30Ta, KHUCIOTHl ¢ocdopa, MX DIEKTPOHHOE




CTpPOCHHUE, CBOWCTBA, OCOOCHHOCTH TOBEJICHUS B BOJIHBIX
pactBopax. Con, aHTUMOHUIIbI, CTHOWIIBI, BUCMYTHIIBI.
OxucinuTelbHasgd aKTHBHOCTh COCIWHECHHWM B BBICIICH
CTEIIEHN OKMCJICHUS.

14

[Moarpynna yrnepoma. KapOunbl kanblus M KpeMHUS.
CuHubHAsE KHUCIOTAa W LMAHWUJIBL, MX IPUMEHEHUE B
O6oprbe C BpeaUTENSIMU CEJIbCKOTO XO35HCTBA U B
npomsiiuieHHOCTH. KapOuablr metamuioB. KapOGoHuisbl.
CoenuHenus  yriaepojga ¢ a3oroM.  KpemHwui.
Kpemuuiioprannueckue IOJIMMEPHI. Cuitanbl 31
cwiokcanbl.  Cumukonsl.  CwMOMabl  METaJUIOB,
kapOopyHa. OOmmue cBOWCTBa repMaHus, 0JI0Ba, CBUHIIA.
BoccranoBurenbHas aKTUBHOCTH COEIMHEHUS
JBYXBAJEHTHOI'O  OJIOBA, OKHUCIUTEJIbHBIE CBOMCTBA
COEJIMHEHMI CBUHIIA.

OrtueT 1o
nmabopaTopHOHA
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb
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bop, antomunuii, raymumii, uaanid, tTamui. Ctepeoxumus
coequHeHnii O6opa. CxoactBo 0Oopa C KpeMHHUEM.
Kpucrannuueckuit 60p kak NOIyOpOBOAHUK. MeTombl
nosiyueHusi 6opa B cBoOoaHOM coctosiHuu. Kapbopansl
(6opoyrnepoant). Hutpun 6opa. bopaszour.

AJTIOMUHUH. Crepeoxumusi ero COCIMHECHU.
Amomunotepmus. CritaBsl amoMuHus. CoJd alTFOMUHUSL.
lamorenuapl, WX CTpOEHHE, TeOMETpUYecKas MOIeIb
MOJICKYJIBI. AKIENITOPHBIE CBOWCTBA aToMa allOMUHUS B
MOJIeKYJax TpuraioreHuoB. KoMinekcHble coeluHeHus
amromunus. KBacupl. ['mapun amoMuHUS, KOMIUIEKCHBIE
rUApUAbl  amoMuHusA.  KapOupa —adroMuHUS, HUTPUI
amomunus. ['annumid, uaaui, tamui. [Ipeackasanne [1.1.
MenzeneeBslM ~ CBOMCTB  JKAQIIOMHHHS  (Tauius).
OTkphITHE TaJuTusL. Kommiekcoobpa3yromias
CIOCOOHOCTh TalUTHs, MHIUS U Tauida. TOKCUYHOCTH
COEAMHEHHI TaJUIHS.

OrueT 1o
nabopaTopHoOi
pabore,
cobeceoBaHue,
TECTOBEII
KOHTPOJIb
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bepunnuii, Marauii, KanabIuii, CTPOHIMKI, Oapuil, paaui.
[I{erouHO-3eMeENBHBIE METaJUIBL. I'mppuaer
LIEJI0YHO3EMEBHBIX METaJlIOB. bepunnuii.
KoBanentHoctn OGepusuing. AKUENTOpHbIE CBOMCTBA
aroma Oepwuiug B Mouiekynax tumna BeXz. CxonctBo
Oepuitus ¢ alfOMMHAEM. MeTobl oydyeHus: Oepuus
B CBOOOJHOM cocTossHMM. OKCUABl U THEePOKCHU[BI
LIEJIOYHO3EMEIBHBIX ~ METaIOB.  /KECTKOCTh  BOJBIL:
BpeMeHHas, noctosHHas.  CrnocoObl  ycTpaHEHHus
KECTKOCTH BOJBI.

JIutuii, xanuil, HaTpuil, pyOuaui, ue3ui, GpaHIHii.
Oxkcunpl, MIEPOKCHUIBL, CYNEPOKCH/IBI, 030HU/IBI
LIEJIOYHBIX ~ METAIOB, WX CBOWCTBA M  METOJIBI
nosiydeHus. ConM IIENOYHBIX METaJUIOB, UX CBOMCTBA.
Hutpuael, ruipuIbl MEITOYHBIX METAJIIOB.

Oruer o
nmabopaTopHO
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb
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Ckannuii, UTTpHUM, JIOTEUUH (WK JIaHTaH), JIOYpEHCHM
(mmm akTuHUM). OTIM4YKE CBOWCTB CKaHJUS OT CBOMCTB
OCTAJIBHBIX  DJIEMEHTOB. bBIM30CTh  IOCIENHHX K
cBoiictBaM  4f-amemeHTOB  (MaHTaHOMZIOB).  OKCHIBI,
TUAPOKCHJIBI M COJHM DJEMEHTOB TMOJATPYIIIBI CKaHIU.

CobecenoBanue,
TECTOBBIN
KOHTPOJIb




CpaBHEHHE XUMHUYECKHUX CBOMCTB 3JIEMEHTOB TJIaBHOM
(A) wm mnobouynoit (B) moarpynn III  rpynmsl
MIEPUOJNYECKON CUCTEMBI.
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IlonoxxeHne naHTAaHOMIOB B IEPUOJUYECKOM CHUCTEME.
ComoctaBieHue CTPOEHHsS  BHEIIHMX  AJIEKTPOHHBIX
YPOBHEHl M  NOTEHUMAJIOB  HMOHMU3ALlUM  aTOMOB
JIAHTAHOHUOB, deMeHTOB mobouHo (B) u riaBHo#t (A)
noarpynns! [II rpynmel. IIpuuuHBl cXOnIcTBa CBOWCTB
naHTaHoua0B. CoeauHEeHus1 JJAHTAaHOUJOB B COCTOSIHUU
okucnenus (II1). Okcuabl U TUAPOKCUIBI, U3MEHEHUE UX
CBOMCTB C BO3pacTaHUEM IMOPSAKOBOIO  HOMEpa
JIAHTAHOUJIOB.

CymiecTByronue BO33peHHs Ha MOJ0KEHUE AKTUHOU/IOB B
MEPUOJNYECKON  cucteme. V3MeHeHHe XUMHUYECKUX
CBOMCTB AKTHMHOMJIOB C BO3pAaCTaHUEM IOPSIKOBOTO
HoMmepa. CTeneHu OKHUCIEHUS AaKTUHOUIOB. bimsocts
CBOMCTB TOpHsI, MPOTAKTUHMS U ypaHa B BBICIIECH CTEIEHU
OKHCIIeHHS K cBoiicTtBaM d-anementoB 4, 5, 6 rpymm
COOTBETCTBEHHO. CKJIOHHOCTB AKTUHOUJIOB K
KOMIUIEKCOOOpa3oBaHnto.  CpaBHEHHE  XUMHYECKHX
CBOMCTB aKTHHOMJIOB CO CBOWMCTBAaMHU JIAHTAaHOUIOB U d-
AJIEMEHTOB.

CobecenoBanue,
TECTOBBIN
KOHTPOJIb
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Turan, mupkonuid, raduuit, xkypuyaroBuil. CoenuvHeHuUs
tutada (II) u (Il). Okcupn, ruapoxcua M conu TUTaHA
(IV). Conu turanmna. Turanatsl. OKCHIBI, THAPOKCHIBI
u comun uupkonus (IV) um raduusa(lV). CpaBrenue
XUMUYECKUX CBOMCTB DJJIGMEHTOB TIJIaBHOW (A) H
nobouyHoit (B) moarpynnm 4 rpynmbl TEpHOAHMYECKON
CHUCTEMBI.

CobecenoBanue,
TSCTOBBINA
KOHTPOJIb
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Banaguii, HuoOuii, TtaHTtan. XapakTep OKCHAOB U
runpokcuoB BaHagusa. Comu BaHanusa. ['amoreHuns! u
okcoranorenuasl BaHagus (IV) u (V). Bananats
[TonmBananats!. OKHCAUTENBHO-BOCCTAHOBUTEIIbHBIE
CBOMCTBA COETMHEHUI BaHAAMS B PA3JIMYHBIX COCTOSHUSIX
OKHCJICHUS.

Coenunenne Huodbust (V) u tanrana (V). Huobarsl u
TaHTanarbl. CpaBHEHNE XUMUYECKUX CBOMCTB 2JIEMEHTOB
rnaBHoM (A) u mob6ounoit (B) moarpynm 5 rpynmsl
NIEPUOJNYECKON CUCTEMBI.

OrtueT 1o
nmabopaTopHOH
pabore,
cobeceoBaHue,
TECTOBEII
KOHTPOJIb

21

XpoMm, MmomuOzaeH, Boib(ppam. HM3meHeHue xapakTepa
TUIPOKCUIOB ¥ OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX
CBOMCTB COEIMHEHUH XpomMa C BO3paCTaHHUEM €ro
CTeNeHH okucieHus. [lepokcu Xxpoma, €ro CTpoeHHE.
[lepokcoxpomarsl. MonubaeH, BOJIb(paM.
N3010/IMKUCIIOTHI, TETEPONOIUKUCIOTEI M HMX COJIH.
Kpatkue cBeneHuss o coequHEHUsIX MonuOAeHA U
BoJib)paMa B HHUBLIMX  COCTOSHHUSX  OKHUCICHHS.
CpaBHEHME XMMHYECKHMX CBOMCTB 3JEMEHTOB TIJIaBHOMU
(A) 1 mob6ouHoit (B) moarpynn 6 rpymimbl NepUOANIECKOM
CHCTEMBI.

Oruer 1o
nmabopaTopHOH
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

22

Maprasen, TEXHELUH, peHuI. OxucnurenpHo-
BOCCTAHOBUTEJIBHBIE CBOMCTBA MapraHiia B pa3HbIX

Ortuer no
nabopaTopHOi




COCTOSIHUSIX ~ OKUCJEeHMsT  npu  pasnuuHbix  pH.
OKUCIUTENEHO-BOCCTAHOBUTEIHHBIC CBOIICTBa
COETMHEHUI pEeHUs B PA3IMYHBIX COCTOSHUSIX OKUCIICHUSI.
CpaBHEHME XMUMHYECKHUX CBOMCTB 3JIEMEHTOB TJIaBHOU
(A) u mo6ounoii (B) moarpymm 7 rpynmnsl mepuoIuIECKOM
CUCTEMBI.

pabore,
cobecenoBanue,
TECTOBBII
KOHTPOJIb
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Keneso, pyrenuit, ocMuil. AuloTponus — Kelyesa,
MarHuTHbIE CBOWMCTBA. TBEp/bIC PACTBOPHI U COCAMHEHUS
xKenesa ¢ yriepoaoM. Msrkoe jxeies3o, CTaldb, YyTyH.
[Tonsitue o nerupoBanHbIX cTasIX. COJIM U KOMIUIEKCHBIE
coenunenus xkenesa(ll) u xeneza (III). OxucnurenbHO-
BoccTaHoBuTenbHbIE (OB) cBolicTBa Xkene3a B pa3HBIX
COCTOSIHUSIX OKUCJeHUs pu paznuyHbix pH. Kapbonusl,
HUATpo3un keneza. PeppoueH. PyreHnii u  ocmuil.
bin3ocTh X XMMHMUYECKMX CBOMCTB K CBOMCTBAM PEHUSI.
OB cBolicTBa COEIUHEHUI PYTEHHS U OCMHUS B Pa3HBIX
crenensx okucineHus. KobaneT, ponauil, uUpHUAUN.
Baxneiime conm u KOMIUIEKCHbIE COEAMHEHUs KOOaIbTa
(IT) u (III). OB cBoiictBa coeaunenuit kobanpTa (II) u
(ITI). Pomwmii, mpuamii. CriocoObl pacTBOPEHUS METAJIOB.
Hukens, namnanuit, matuaa. O0muid 0030p IIATHHOBBIX
MetaioB.  [lpuHnumel  apduHaka  TUIATHHOBBIX
MeTauioB. PoJIb OTEUECTBEHHBIX YYEHBIX B Pa3BUTHHU
XUMHUU TUIATUHOBBIX MeTauioB. CpaBHEHHE XUMHYECKUX
CBOHCTB 3jJeMEHTOB TIaBHOW (A) u mobouHoir (B)
noarpynn VIII rpynnsl nepuoandeckor CHCTEMBI.

OrtueT 1o
nmabopaToOpHOA
pabore,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

24

Menb, cepebpo, 30m0T0. CTepeoxXxuMHs COEAUHEHUN
JJIEMEHTOB B PAa3HBIX COCTOSIHMSIX OKucieHusd. Conu u
komruiekcHbie coenuuenus meau (I) m (II).I'amorenumbr
cepedpa, HX CBETOUYBCTBUTEJIBHOCTh. KoMIUIEKCHbBIE
coenquHeHuss cepedpa. Coenunenuss cepebpa (II).
Coenunennsa 3onota (I). Coenunenus 3omorta (III).
Kommnekcusie coequnenus 3omota (I11).

CpaBHEHHE XHUMHYECKHX CBOWCTB DSJEMEHTOB TJIaBHOM
(A) 1 mo6ounoii (B) moarpynn 1 rpynmsl nepuoanyeckon
CHCTEMBI.

Oruer mo
nmabopaTOpHO
paborte,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

25

Iluak, KagMui, COCJIMHEHU
3JIEMEHTOB.

Conu 1 KOMIUIEKCHBIE COEIMHEHMSI INHKA U KaIMHUsl.
Coenunenus pryta (1), Merombl HX HOJy4YEHUS.
Coenunenus prytu (2). KomriuiekcHble cOeIMHEHUS.
CpaBHEHHE XHUMHYECKHUX CBOWCTB DSJEMEHTOB TJIaBHOM
(A) m mobounoit (B) moarpynmel 2  Tpymnmbl

MEPUOINYECKON CUCTEMBI.

pTyTh. CTepeoxumus

Oruer o
nmabopaTopHOIA
paborte,
cobecenoBaHue,
TECTOBBIN
KOHTPOJIb

26

I'enuii, HEOH, aproH, KpUITOH, KCEHOH, pAaJOH.
OcoGenHoctu renust ¥ HeoHa. VIHepTHBIE U OJaropoaHbIe
ra3sl B npupoje. Knarparel. Poiap xumun 01aropofHbIx
ra3oB B pa3BUTHU IIEPHOJNYCCKOTIO 3aKOHA. HpI/IMeHeHI/Ie
WHEPTHBIX U OJAaropoJIHBIX ra30B U UX COEAMHEHUH.

CobecenoBaHue

5.3.

Buasl u ¢opMbl NHCbMEHHBIX PadoT, NPeIYCMOTPEHHBIX NPH OCBOCHHH
AUCHUILINHBI, BBINOJIHsIeMble 00y4YalIUMHUCH CAMOCTOATEBHO.




Tembl kypcoBoit pabGorbl mo aucuuiuinHe «Heopranmdeckas XuMUS» BBIOMPAOTCS
CTYACHTaMH B Te4eHHUE (eBpaisi Mecsna U 00CYKIAIOTCS ¢ PYKOBOIAHUTEIEM KypCOBOW PabOTHI.
Cpaua u 3ammTa KypcoBOM paboThl ocyuiecTBisiercs B Mae Mecsue. Jlomyckaercs
CaMOCTOSITENIbHBIA BBIOOP CTYIEHTOM TEMbI KypCOBOHM paboThl. [IpumepHBIE TEMBI KypCOBOU
paboTHI:

Ilo cpaenumeﬂbnoﬁ XapakmepucmuKke 3JieMeHmoe u ux COeOUuUHeHUTl

1. CpaBHeHnue cBoiicTB a1eMeHToB U coennneHuil VII A u VI A rpynm.

2. CpaBHeHHE CBOMCTB 2J1IeMeHTOB U coeauHeHuit V A u IV A rpymm.

3. CpaBHeHue cBONCTB 3y1eMeHTOB U coenuHeHudt |1 A u | A rpynm.

4, CpaBHenue cBoMCTB 25ieMeHToB U coenuHeHuit VII B u VI B rpynm.

S. CpaBHeHHUE CBOHCTB 2y1eMeHTOB U coenuHenuit V B u |V B rpynmn.

6. CpaBHeHME CBOMCTB 351IeMeHTOB U coeauHeHui |1 B u | B rpymm.

7. CpaBHEHHE CBOWCTB 3JIEMEHTOB W COCIUHEHMH TJIaBHOW M moOounoil moarpymm |1
IPYIIIBI.

8. CpaBHeHue cBoicTB ayieMeHToB U coenuuHenudt |1 A u Il A rpynm.

9. CpaBHeHHE CBOMCTB AJIEMEHTOB U coelnHeHui no6ounsix noarpymni VI rpynmnsr.

10. CpaBHeHHE CBOWCTB DJIEMEHTOB U COEIMHEHUI riaBHOM M moOounoil noarpynn |l
IPYIIIBIL.

11. CpaBHeHHE CBOMCTB 3JE€MEHTOB M COEAMHEHMHM IIaBHOW M mobouyHoW mnoarpynn |
IPYIIIBIL.

12. CpaBHEHHE CBOMCTB 3JIEMEHTOB M COEIMHEHUM TIJIaBHOM M mobouHod mnoarpynn |V
IPYIIIBIL.

13. CpaBHeHHE CBOWCTB 3JIEMEHTOB U COEJUHEHHMM IJIaBHOM M 1M0OO04YHOM noxarpynm V
IPYIIIBIL.

14. CpaBHeHHE CBOMCTB 3JIEMEHTOB U COEIMHEHUMN IJIaBHOM W 1obouyHoi noarpynn VI
IPYIIIBIL.

15.  CpaBHeHuE CBOICTB 3JE€MEHTOB W COE€IUHEHWH rinaBHOW M moOouHoil moarpynn VI
IPYTIIBIL.

16.  CpaBHuTenpHas XapaKTEPUCTHKA JJIEMEHTOB M COCIUHEHUH DSJEMEHTOB MEPBOTO
HEePeXOoAHOTO psaa.

17. CpaBHuTENbHAs XapaKTEPUCTUKA DJEMEHTOB U COEJUHEHHUIl 3JEMEHTOB BTOPOTO
HEePeXOoAHOTO psaa.

18.  CpaBHuTenpHas XapakTEPUCTUKA JJIEMEHTOB W COCOUHEHHUH JIIEMEHTOB TPETHETO
HEePeXOoAHOTO psaa.

19.  CpaBHeHHE KHCIOTHO-OCHOBHBIX UM  OKHCJIHTEIBHO-BOCCTAHOBHTEIBHBIX CBOWCTB
KHCJIOPO/ICO/IEPKAIUX COETUHEHNH P-3JIEMEHTOB BTOPOTO MEPHO/a.

20. CpaBHEHHE KHCIOTHO-OCHOBHBIX W  OKHCJIHTEIbHO-BOCCTAHOBHTEIBHBIX CBOWCTB
KHCJIOPOACOIEPKAIUX COETUHEHNUIN P-3JIEMEHTOB TPETHET0 MepHoIa.

21.  CpaBHEHHE KHCIOTHO-OCHOBHBIX W  OKHCJIHTEIbHO-BOCCTAHOBHTEIBHBIX CBOWCTB
OKCHJIOB U TUJJPOKCHJIOB 3JIEMEHTOB MIEPBOTO MEPEXOTHOTO PsIa.

22.  CoBpeMeHHBIE METO/ABI TMONYYCHHS TIEPEXOMHBIX MeTauioB. llodydeHne MeTamuioB
BBICOKOW CTETIEHU YUCTOTHI.

23.  CrocoObl morydeHwusI TPOCTHIX BEIIECTB P-3JIEMEHTOB.

24.  BausHME SJIEKTPOHHOM KOH(HIypalMHM aToMa Ha CTPYKTYpY M CBOWCTBA MPOCTBIX
BEIIIECTB JIEMEHTOB BTOPOTO MEPUO/IA.

25.  BrausHMe 5JE€KTpOHHON KOH(HUIypalMM aToMa Ha CTPYKTYpY M CBOHCTBA NPOCTBIX
BEIIIECTB JIEMEHTOB TPETHETO MEPHO/A.

26.  l3MeHeHHME KOMIUIEKCOOOpPA3yIOIed CIIOCOOHOCTH 3JIEMEHTOB MEPBOTO MEPEXOIHOTr0

pana.



Ilo cunme3y HeopzanuuecKux cOeOUHeHU .

27.  Cunres xmopuaa meau (1).

28.  Cunrte3 ocHoBHOTO Kapoonara meau (11).

29. Cunres ruapokcuaa meau (I1).

30. Cunre3 Tpuruapara tpuokcanatoxpomata (111) xamus.
31. Cunre3 aurnapata auokcanarokymnpata (1) kamus.
32. CunTe3 MaHraHaTa Kajusl.

33. CuHTre3 IMOKCHUIa CBUHIIA.

34.  Cunres okcoxyopuna cypsmsi (111).

35. Cunre3 rekcanutokobanbrara (111) Hatpus.
36.  Cunres Terparyapara ¢ocdara nuHKa.

37. Cunres docdara 6opa.

38.  CuHTe3 mepoKcHa Maraus.

39. Cunre3 TeTparuapara Oopara HaTpus.

40. CuHTE3 XpOMOKaJINEBBIX KBAaCIIOB.

4]. Cunte3 kapOoHaTa HUKEIS.

42. Cunres docdara Harpusi.

43, CuHTe3 nouIa HaTpHs.

44, Cunre3 kapOoHaTa JTUTHSL.

45, Cunre3 Tpuokcanarodeppara (111) xamms.
46. Cunre3 THoMoIMOaaTa AMMOHHSL.

47, Cunre3 xmopoTrpuokcoxpomara (V1) kamusi.
48.  Cunre3 pocdara ucmyta (I11).

49. CuHre3 neHTaruapara THocyibdara HaTpUS.

Memoouueckue pekomenoayuu no 6bINOJIHEHUIO KYPCOBOIL padompl HO HeOP2AHUYECKOll
XUMUU NO CPAGHUMENbHOU XAPAKMEPUCHUKE ITIEMEHIN 08.

1. Onuiuure 3IeKTPOHHOE CTPOCHHE aTOMOB 3JeMeHTOB. llokaxkurte paznuuus B
CTpyKType aroMmoB. OmpenenuTe BaJ€HTHbIE BO3MOXHOCTU 3JIEMEHTOB, €CTh JHM pa3jiHyue,
nouemy? Kak wu3MeHseTCs yCTOMUMBOCTh pA3JIMYHBIX CTENEHEH OKHCIECHUS B TpYIIax
(mepuogax), mouemy? [lpoananusupyite U3MEHEHHWE aTOMHBIX PAJNyCOB, YHEPTUH MOHU3AINH,
CPOACTBA K 3JEKTPOHY, IJEKTPOOTPUIIATEILHOCTH, OOBSICHUTE IPUUHHEI.

2. Onuimure CTPYKTYpy MNpOCThIX BemiecTB. Kak oHa wu3MeHsieTcsi, mnodyemy?
OOBbsicHUTE U3MEHEHHE arperaTHOT0 COCTOSHUSA, TEMIIEPATYp MIABICHUS U KUTICHUS, YHTAIBITUU
atomuzanuu (apyrue ¢usnueckue cBoicTBa). KakoBbl XHMMHYECKHE CBOWMCTBA, Kak OHHU
U3MEHSIOTCS, ToYemMy?

3. [Tokaxxute CTPYKTYpPY BOJOPOIHBIX COCIUHEHMH (ecau OoHU ecTh). OOBIACHHUTE
U3MEHEHHE CTPYKTYphl, (HU3UYECKMX ¢ XHUMHUYECKUX CBOWCTB (CIIpaBOYHBIC JaHHBIE
HEOOXONMBI).

4. Kakue oxcuapl 00pa3yrOT JaHHBIE 3JIEMEHTHI, KAKOBa MX CTPYKTYpa, XapakTep

CBs3€H, YCTOMYMBOCTb, KHUCIOTHO-OCHOBHBIE U OKHUCIUTEIbHO-BOCCTAHOBHUTEIbHBIE CBOWCTBA?
Kak u nouemy onu uzMensitorcea? IlpuBennure cripaBo4HbIE TaHHBIE U YPABHEHUS PEAKIIMIA.

S, OnummMre rUAPOKCUABl JaHHBIX 3JIeMEHTOB. KakoBa uX CTpyKTypa, XapakTep
CBSA3€H, YCTOWUYMBOCTb, KHUCIOTHO-OCHOBHBIE U OKHUCIMTEIBbHO-BOCCTAHOBUTEIBHBIE CBOWCTBA?
Kax u nouemy onn naMenstorcs? [IpuBenure cipaBOYHbIE JAHHBIE U YPABHEHUS PEAKLIAMN.

6. Kakue rajoreHuzsl oOpa3yroT JaHHBIE 3JEMEHTBI, KakoBa HX CTPYKTYpa,
XapakTep CBs3€H, YCTOMYMBOCTb, KHCIOTHO-OCHOBHBIE WM OKHCIMTEIBHO-BOCCTAHOBUTEIBHBIC
cBoiictBa? Kak u nouemy oHu u3MeHstorcsi? llpuBenuTe crpaBOUYHBIE JAHHBIE U ypaBHEHUS
peaKkui.

7. Hpyrue Ounapuble coenuHeHHus. CTpyKTypa, CBsSI3M, KHCIOTHO-OCHOBHBIE W
OKHCIIUTENBHO-BOCCTAHOBUTENBHBIE CBOMCTBA? Kak M mouyeMy OHU U3MEHSIOTCS?



8. CrocoOHOCTh 3JIEMEHTOB OOpa30BHIBAThH KOMILUIEKCHBIE COCIMHEHUS, KaK OHa
n3MeHsercs, moueMmy? Kakne KOMIIIEKChl M3BECTHBI, KAKOBA UX CTPYKTYpa, CBOWCTBA?

[Ipu Hammcanumu KypcoBOil pa®OTHI HEOOXOAMMO B MYyHKTax 2-8 HE TOJIBKO ONKCATh
UMEIOLINECS] COSIMHEHHS], HO U OOBSCHUTH Pa3IMyusl B CTPYKTYpax BEILIECTB, XapaKTepe CBs3eH,
KHCJIOTHO-OCHOBHBIX M OKHCIIMTEIBHO-BOCCTAHOBUTEIBHBIX CBOMCTBax. B 3akirodueHuH KpaTKo
yKa3aTh OCHOBHBIE MPUYHMHBI Pa3INyKsl CBOUCTB coequHeHH. [IpuBecT cnucok aureparypsbl.

Memoouueckue pekomenoayuu no 6bINOJIHEHUIO KYPCOBOU pabomut no
HeOP2aHUYeCcKoll XumMuu o CUHmMe3y HeOP2aAHUYECKUX COCOUHEHU

Kypc Heoprannueckoit XMuMHUU 3aBEpIIAE€TCs BHIIOJTHEHHUEM KYPCOBOM pabOThI IO CUHTE3Y
OJTHOTO MJIM HECKOJBKUX HEOPTaHWYECKUX COCAMHEHUI U MX MIECHTU()UKALUU JOCTYIHBIMU IS
cTyneHTa 1-ro kypca meromamu. [lodydeHHbIe BemiecTBa MOTYT OBITh HCCIIEOBAHBI YK€
U3BECTHBIMH CTYJEHTY crmocoOamu. Pabora BKIIOUaeT cocTaBieHHE 0030pa JIUTEPATyphl IO
METOJIaM CHHTE3a M CBOICTBaM MOJy4YaeMbIX COCIUHEHHUI C HCIOIb30BAaHHUEM OPUTHMHAIBHOU
muteparypsl. Ilpu coctaBieHun 0030pa JMTEpaTyphl CTYACHT JOJDKEH OCBOUTH OCHOBHBIC
MPUHIIMIIBI TOMCKA HAYYHOU MH(OpMALIUK.

1. louck numepamypul no meme pabomul

[lepen mnpoBeaeHHEM JUTEPATYPHOrO TMOMCKAa HEOOXOIUMO OMNPENENUTh, KaKYIO
uH(pOpMaLKI0 He0OOXOIUMO HANTH.

B nepByro ouepens HeoOX0AMMBI pazHOOOpa3HbIE CBEAEHUS O CAMOM CHHTE3UPYEMOM
COCIMHEHUH, €r0 CTPOCHHH, OCHOBHBIX XHMHUYECKUX M (PU3MUYECKHX CBOWCTBAX, MPUMEHEHUH,
crocobax ero monyueHus U Meronax wuaeHtudukauuu. [locme Toro, kak Oyner HaiineHa
Haubosee MOoAXOAAIas METOAUKA MOJyUYEeHUSI UCKOMOIO COEIMHEHUs, CIENYeT NPUCTYNHUTh K
oT0opy uH(pOpMAaIHK 00 UCXOTHBIX BEIIECTBAX U UX CBOMCTBAX.

Jnst obnerdeHus: IMOWCKa WHTEpECyroled WHGOpMAMd W3MAI0TCS CIpPAaBOYHBIE U
pedepaTuBHbIE H3IaHM, CO3JAIOTCS AJIEKTPOHHBIE 0a3bl JAHHBIX C MOUCKOBBIMH CHCTEMAaMHU.
WNudopmanus 06 OpUrHHAIBHBIX CTaThIX MOMAAAET B peepaTHBHBIC )KYPHAIBI M CKUMAETCS 10
o0bema onHoro a6zama c OubaMorpaduueckoil CChUIKOM Ha OpPUTHHAIBHYIO CTaThio. B
HACTOSIIEE BpEMsl CYHIECTBYIOT JIBa OCHOBHBIX pedepaTHBHBIX >XypHana: «PedeparuBHbIN
xypHan mo xumuu» (PX Xumwus), usmaBaembiii B Poccumn, «Chemical Abstractsy i CA),
uznaBaeMblii B CHIA. OHM 1OCTYNHBI Kak B OyMaXHOM, TaK U 3JIEKTPOHHOM HCIIOJTHEHUH U
cHaOXeHbl Ui TOMCKa UHTepecylomeld HHQOpMauu  yKa3aTelasiMH:  IPEIMETHBIM,
(GOopMyNIbHBIM, aBTOPCKUM U NAaTEHTHBIM. OcTaeTcst TOJIBKO MPaBUIIbHO CHOPMYIUPOBATH 3alpOC
U Haiitu no 3ampocy pedepatsl ctareil. Ecnu B pedepate ecTh nHTEpecyrolas HHPopManus, To
MMEET CMBICII 03HAKOMUTBCS C OPUTHHAIBHOM paboTOM.

Nupopmanuio o coepkaHuu OpUTHHATIBHBIX CTaTel 1 0030pOB MOKHO HAlTH HE TOJIBKO
B pedepaTuBHBIX M3AaHUAX. CyIIECTBYIOT 3JI€KTPOHHbIE OMOMMOTEKH (TIpaBla, OYEHb YacTo C
OTPaHUYEHHBIM JIOCTYIIOM) IOJHOPA3MEPHBIX KYPHAIBHBIX CTATEH C CUCTEMAMM 3JIEKTPOHHOTO
MOUCKa, KaKk W B pedeparuBHbIX >XypHamax. Cpenau Takux OWMOIMOTEK MOXXHO BBIICTUTH
POCCHICKYI0  AJIEKTpOHHYI0 —Oubimuoteky «elibrary.ru»  (www.elibrary.ru), Oubnuoreky
KypHaIIBHBIX cTtaTel «Science Directy (www.sciencedirect.com), HacuuThiBatolyto 6onee 1700
KYPHAJIOB, U Jp.

JUis TepBHYHOTO O3HAKOMJIEHUS C MaTepHalloM IO TeMe paboThl PEKOMEHIYyeTcs
IIOCMOTPETh CIPAaBOYHMKH M HHUUKJIONEAMH. B HUX MOXHO HaAWTH CBEAEHHS O XOPOULIO
M3BECTHBIX BemlecTBax. MHpopMaIus o HOBBIX MM PEIKUX COEAMHEHUSX B HHUX, KaK MPaBUIIO,
orcyrctByeT. (OdeHb BaKHbBl 1PU [EPBUYHOM IIOMCKE JIMTEPAaTypbl MHOTIOTOMHBIE
SHIMKJIONENYECKUE CIPAaBOUYHUKH, 00oOIIaloye JaHHble 3a MHOTWe rojapl. Takumu
CIIPAaBOYHMKAMU 10 HEOPraHUUYECKON XUMUU SBJISIOTCS CIIEAYIOIIHUE!

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
[Mpomomkenunem sisercst Comprehensive Inorganic Chemistry. — 2nd ed. — Oxford — N.Y.
— Toronto — Sydney — Braunschweig Pergamon Press., 1973.
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2. Gmelins Handbuch der anorganischen Chemie — wMHOroTOMHOE CIpaBOYHOE
PYKOBOJICTBO Ha HEMELIKOM U aHTJIMHCKOM SI3bIKaX.

B o6oux crnpaBoyHMKax mmeercss 0OOOLICHHBIM TEKCT CO CCHUIKAMU Ha OPUTHHAIBHYIO
JUTEpaTypy, IPUBEICHHYIO B KOHIIE Ka)KJI0T0 pa3/ea.

2. Cunmes u ucciedoganue

[Tocne o3HaKOMIIEHUS € TUTEPATypPOM U BBIOOpA CIIOC00A BBHIMIOJIHEHUSI KYPCOBOIl pabOThI
MO>KHO MPUCTYIUTH K BBITIOTHEHHUIO €€ SKCIIEPUMEHTAIILHOM YaCTH.

3. Odhopmnenue omuema no Kypcogot pabome

CrpykTypa oT4era 1o KypcoBoii padboTe.

Beeoenue. B xparkoii (opme wu3iaraercs BaXXHOCTh HAy4YHOW 3a7a4d, CTETCHBb
U3Y4EHHOCTH BOIPOCA, a TAK)KE€ M3BECTHBIE M BO3MOXKHBIE 00JACTH NMPUMEHEHUS H3Yy4aeMbIX
coenuHeHuil. Heo6xonumo kpatko chopMyIupoBaTh 1IeIb JaHHOTO UCCIIECIOBAHHUS.

O630p aumepamypel. BKIIOYaeT CHCTEMaTU3MPOBAHHBIE CBEICHUS 00 H3ydyaeMOM
COCITMHEHUH M €ro CBOWCTBaxX, UMEIOIIMECS B MHUPOBOW JUTEpaType. ITU CBEACHUS JIOJIKHBI
ObITh WMEHHO O0030pOM JUTEpaTypbl W HE COAEpXKaTh JOCIOBHO IEPENHCAHHBIX C
nepBoucTouHuKa (ppas. Kak v B HAyUHBIX CTAThsAX, OUYEHb BHIUTPBIIIHBIM OBIBACT MIPE/ICTABICHHE
JUTEPATYpPHBIX CBEIACHUM B BUJE TAOIMUI] M CXEM. DTO IKOHOMUT MECTO B TEKCTE U Bcerja dosee
HarnsgHo. O030p UTEepaTyphl JKeNnaTeabHO CTPOUTH MO MPUHIUIY «OT OOILIEr0 K 4acTHOMY,
paccMaTtpuBasi CHayaja, HalmpuMep, OOIIMI KJIacC COCAMHEHHWH, 3aTeM COCIUHEHHS JTaHHOTO
JJIEeMEHTa, a 3aTeéM KOHKPETHBIM OOBEKT KypcoBOil palotel. JluteparypHblii MaTepuain
pacopenensoT MO pasjesiaM, BbIAENsAs HUX COOTBETCTBYIOIIMMH I10/3aroJIOBKaMH. 3aBepluas
0030p, HEOOXOJMMO [aTh KpaTKOE pe3loMe, KPUTHUYECKU OLIEHUB, HaIpUMeEp, H3BECTHHIE
METOJMKH CUHTE3a JAHHOTO COEAMHEHMSI U 000CHOBAB BHIOOP MCIIOIB3YEMOI0 aBTOPOM METO/IA.

Okcnepumenmanvras yacms. B 3TOM paznene o0s3aTenbHO MOAPOOHO OMUCHIBAIOT BCE
NPOBEJCHHBIC OIBITHL, YCJIOBHS WX TPOBENEHHs (TeMmIeparypa, AaBlieHHE, JIMTEIbHOCThH
OTbITAa), YKa3bIBAlOT KBaJIH(UKALHUIO MCIONb3yeMbIX PEAaKTUBOB, HUX KOJMYECTBA, a TaKXKe
TOYHYI0O MapKy HOpuOOpoB W ycTaHOBOK. (DopmMa H3JI0KEHHUS HKCIEPHUMEHTAILHOW YacTh
ompezensercs TeMoi padoTsl. OOBIYHO MPUICPKUBAIOTCS CIEAYIOIIEH MOCIEA0BATEILHOCTH:

1) ucxomHbIE BEIIECTBA U METOIBI HUCCIICIOBAHUS,

2) cuHTE3;

3) uaeHTUHUKALIKS BEIIECTB (aHATIH3);

4) viccrei0BaHUE CBOMCTB,;

5) oOcyxaeHIe pe3ybTaToB.

Bwv1600bi. OHM JOTKHBI OBITH OCHOBAHBI Ha MPOJEIAHHOM DKCIIEPHUMEHTE U COJEpPKaTh
OCHOBHBIE pe3yNbTaThl, TMOTy4YeHHBbIE B KypcoBoil paboTe. B HUX KpaTko, MO MyHKTaM,
YKa3bIBAIOT, KAKWE BEIIECTBA MOJTyYeHBI, KaK YCTAHOBJIEH UX COCTaB, KAKUMH METOJIAaMH U KaKHe
CBOIICTBaA HCCIIEIOBAHBI.

Jlumepamypa. B criicke nutepaTypbl, KOTOPBIM MPUBOJIAT B KOHIIE PAOOTHI, IIUTHPYEMBIE
MCTOYHUKH yKa3bIBAIOT B MOPSAKE, B KOTOPOM OHU YIIOMUHAIOTCS B TEKCTE KYpCOBOI pabOTHI.
CHavana nunryT pamMming U MTHULHAIIBI BCEX aBTOPOB, 3aT€M 3HaK //, TOTOM COKpAIIEHHO (KaK B
PX «Xumus») Ha3BaHUE XypHaia, TOJ, TOM, BBIITYCK HIIM HOMEP, IEPBYIO CTPAHUILY
UCTIOJIB3YEMOH CTaThU (BCE pa3JelsioT TOYKaMH). B ciydae MUTHpOBaHUS KHUTH TIOCTIE
dbamMunuii 1 THUIMAIOB aBTOPOB YIIOMUHAIOT €€ Ha3BaHUE, MECTO U3AaHUS, U3IaTeNIbCTBO, TOJT
U3JIaHUS ¥ TIEPBYIO CTPAHUILy TOTO pa3/iesia KHUTH, KOTOPBIN HCIIONb3yeTcsl B 0030pe
auTeparypsl. Bce maHHBIE CITMCKa TUTepaTyphl MPUBOISATCS HA sI3bIKe OpurnHana. Ecim aBTopy
KypCOBO# pabOThI HE yIa710Ch 03HAKOMHUTHCS CO CTaThel WIIM KHUTOM, 2 HEOOXOANMBIE eMY
JTAHHBIE OH MOYEPITHYI U3 peepaTHBHOTO KypHAJIa, TO MOCIE MPOIUTHPOBAHHOTO UCTOYHHKA
YKa3bIBaeTCs Ha3BaHUE 3TOTO pedepaTHBHOTrO KypHaIa U HoMmep pedepara.

IIpaBuna odopmiiennst KypcoBoii padoThl.

KypcoBas pabGora nomkHa ObITh HallMcaHa WM HaledataHa Ha Oymare ¢opmara A4 c
MIPOHYMEPOBAHHBIMU CTPAHUIIAMH U cOpoIIopoBaHa. Bee TabMuUIBl U BCe PUCYHKH B KYpPCOBOI
paboTe JOKHBI IMETh CKBO3HYIO HyMEPAaIMIO U Ha3BaHUSI.




damMunuu aBTOPOB M Ha3BaHHWS cTaTed (KHUT) B TEKCT€ NPHUBOASTCS B PYCCKOM
optdorpadun. CchUIKM B TEKCTE Ha IUTHPYEMYIO JINTEPATypy JNAIOTCA B KBAAPATHBIX CKOOKax
CTporo no nopsAaky ynomunanus: [1], [2] u T.1. Eciau ucnonb3yroTcss MHOTOKpATHBIE CCHIJIKM Ha
OJIHY U Ty k€ padoTy, TO OHHU JAIOTCS MOJ OJTHUM M TeM ke HoMepoM. B ciydae nutupoBaHus
pasHBIX pPAa3/IENOB KAKOro-TMOO WCTOYHHMKA (HAIpUMep, MOHOTpaduu WM CIPABOYHHKA) B
KBaJIpaTHBIX CKOOKax IOCJie ero HOMepa B CIUCKE JIUTEPaTyphbl yKa3bIBalOT CTPAHUILY, OTKYZa
MOYEPITHYTHI CBEJCHHUS 171 0030pa, Hanpumep: [3, C. 121], [4, C. 78] u T.1..

[Ipu odopmieHnn cnucka UUTUPYEMOU JTUTEPATyphl CIEAyeT MPUIEPKUBATHCS MPABUIL,
npuHATHIX B PK «Xumust». [Ipumeps! oopMiieHns TUTepaTypHBIX CCHUIOK.

1. MonoakuH A. K., IBanosa O.M. //2)KHX. 1966. - T. 11. - Ne 10. - C. 2456.

2.llemoxoB P. H, Opnosa .M., Ceprees A. B.//IAH CCCP. - 1980. -T. 255. -Ne 4. -C.
895.

3.llenokoB P.H., Opnosa .M., Ceprees A.B., belipaxoB A.I'. // Koopxa. xummst. — 1981.
—T.7.-Ne7.-C. 1062.

4. KommuiekcHbie coenuuenust ypana / [log pen U.M.UepuseBa. — M.: Hayka, 1964. —
C. 404.

Memoouueckue pekomenoayuu K peuenuo 3a0ay
3agaua 1. Ilpogykrel momHoro cropanus 4,48 1 cepoBojopona (H.y.) B H30BITKE
Kkuciopoja mnoriomieHsl 57,4 ma 20%-Horo pactBopa THMAPOKCHIA HATpus (IUIOTHOCTHIO 1,22
r/mit). BerancnuTe MaccoBble JOJIU BEUIECTB B MOJIYYE€HHOM PacTBOPE M Maccy OCajiKa, KOTOPBIN
BBIJICTTUTCS IPU 00PabOTKE 3TOTO paCcTBOPA U3OBITKOM THIPOKCH 1A KaJIBITHS.

Pemenne.

(1) 2H3S + 30, = 2S0; + 2H.0

(2) SOz + NaOH = NaHSOs

(3) NaHSOs + NaOH = Na,SO3 + H>O

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

1. Onpenenennie Macchl pacTBoOpa: Mppa=V - p=57,4-122=70r
2. OmpeneneHre MacChl PacTBOPEHHOTO BEIIECTBA

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

3. Onpenenenue u30bITKa — HepOcTaTKa 1Mo yp. p. (1), (2), (3)

v (H2S) = % 0.2 wom Vv (H2S) =V (SO2) = 0,2 mop

v (NaOH) =1 0,35 mom ; 10 yp. p. (2) v(SO2) =v (NaOH); momyuaercst 0,2 mone NaHSO3 u
40

ocraercs 0,35 — 0,2 = 0,15 monbp NaxSOs3, mosTomy unet peakuus (3)

NaHSOs3 B u36siTke 0,05 Mob 1 06pasyercs 0,15 moas NaSOs

4. OnpezeneHre MacChl pAaCTBOPEHHBIX BEIIECTB

M 5. (NaHSO3) = 0,05 - 104 =5,21; M ps(Na2SO3)=0,15-126=189r

5. OnpeneneHue Macchl pacTBopa: Mp-pa = Mp-pa(NaOH) + m(SO2) =70+ 0,2 - 64 =828 ¢
6. OmpesienieHrie MacCOBOM JTOJIM PACTBOPEHHBIX BEIIECTB

18,9
o(Na ,S0 ,) = g 100 %=228%

5,2

o(NaHSO ,) = ——-100 % = 6,28 %
82,8

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

v(Na2SO3) = v(CaS03) = 0,15 moinb
m(CaS03)=0,15-120=18r



3agauya 2.Cmewanu no 3 mous BemwectB A, B, C. [locne yctanoBneHus paBHoBecus A +
B = 2C B cucreme o6Hapyxunu 5 monb BemectBa C. PaccumTaiiTe KOHCTAaHTY paBHOBECHSI.
Ormpenenure coctaB cMecd (B MOJIBbHBIX %), MOMydeHHOW cMmemlieHueM Bemects A, B, C B
MOJILHOM COOTHOIIEHUH 3:2:1 mipu TOH ke TeMIeparype.

Pemenue.
1. Onpenenenrie paBHOBECHBIX KOHIIEHTpaluil BeuiecTB A u B.
Av (C)=[C] —vo(C) =5 -3 =2 moub

A+B=2C
Ilo ypaBHEHMIO peaKLUNU:
Vnpopearupos. (A) = Vnpopear. (B) =1 moub
Torz[a [A] = [B] = V0~ Vmpopear — 3-1=2 moub
2. Pacuer KOHCTaHThI paBHOBECHSI.
K = [C] = 5—2 =6,25
[Al[B] 2
3. OmnpeziesieHre HOBBIX PABHOBECHBIX KOHIIEHTPAIIHH.
B pesynbrare peakiuu pacxoayercs X Moiib BeniectBa A u B, oOpa3yercs 2x mons Bemiectsa C.
Torma
[C] = vo(C) + Vospazos(C)= 1 + 2x MoB
[B] = vo(B) — Vipopear.(B) = 2 - X MOJIB.
[A] = vo(A) - Vipopear(A) = 3 - X MOJTB
4. PacyeT KOHCTaHTHI PaBHOBECHS U HOBBIX PABHOBECHBIX KOHIIEHTPAIIHH.

[C]? L+ 2x)°
[AIlB] (83-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 = 30,232
x=(35,25-30,23)/(2-2,25)= 1,115
[C] =1+1,115-2 = 3,23 mob
[A]=3-1,115=1,885 moib
[B]=2-1,115=0,885 momnp
5. PacyeT MOJIBHBIX OJEN.

O0111ee KOJIMYECTBO MOJIb B cMeCH paBHO 3 +2 +1 = 6 Moib uiun
3,23 + 1,885 + 0,885 = 6 moib

K =

=6,25

0 (A)= 2% 100 0 =31,42%
6

o B)= 2% 100 % =14,75%
6

0 (C)= 22 100 % =5383%
6

3apgauya 3. KobGanbToByto miuactuHKy maccoil 15,9 r omyctumu B 333,5 1 20%-HOro
pactBopa HuTpara xenesa (ll1). Tlocie HekoTOpOro BhIAEpKMBaHUS IJIACTUHKU B PacTBOpE €€
BBIHYJIH, IPH 3TOM OKa3aJI0Ch, YTO MaccoBas 10 HUuTpata xenes3a (111) crana paBHoit maccoBoit
nosie comu kobampta (I). OmpemenurTe Maccy IUTACTHHKM TIOCTE TOTO, KaK €€ BBIHYIH W3
pacTtBopa.

Pemenmne.
X 2X X



Co + 2Fe(NO3)3 = Co(NO3)2 + 2Fe(NO3):2
[Tycts B peakmuio BeTymuiao X Mois CO, Torma B pactBope obpaszoBanoch X mMoinb CO(NO3).
maccoit 183xr.
Macca ocraierocst B pactBope nurpara xeinesa (111):
m(Fe(NO3)3) = 333,5-0,2 - 2x-242 = 66,7 — 484x r. I1o ycioButo
183x = 66,7 - 484x
x=0,1.
Macca mjacTUHKY MOcjie OKOHYAaHUS PeaKkIMH paBHa:
m(Co) =15,9-0,1-59 =10,0
3agaua 4. Kakue conu u B KakoMm koimdectBe oOpazyrotcs, ecinu Kk 100 r 9,8%-Horo
pactBopa ¢ochoproit kucinoter mpwutTh 200 1 3,2%-HOTro pacTBOpa THAPOKCUAA HATPHSL.
Pewmenue .
Omnpenenenne konmuecta Bemecrsa NaOH u H3PO4:

D(H3PO4) - 100 - 0,098
98

200 -0,032

= 0.1 moin

v(NaOH) = =0.16 Mob

[ToGop COOTBETCTBYIOMIETO YPABHEHUS PEAKIIHH:

0.1 mosb 0.1 monb 0.1 monb

H3PO4 + NaOH = NaH>PO4 + H20

1 mosb 1 moJib 1 moJib

H3POa4 B HemocTatke, cienoBareabHo pacueT BeaeM 1mo V(H3POs).
AHanu3 ypaBHeHHS: 2 Oania

U(NaOH) [pOpEarupoBaBLIEro — 0,1 monb

V(NaOH) ocramerocs = 0,16 — 0,1 = 0,06 Mo15

U(NaHZPO4) o6pasosapuerocs = 0,1 MOJIb

BriBoz1 0 X0/1€ TPOJOHKEHUS PEAKIIUU:

T.x NaOH B u30biTKe, 2 00pa3zoBanach KMcas COJib, PEaKIus HIACT JallbIIe:

0.06 mons 0,06 MmonB 0,06 moJp
NaOH + NaH2PO4 = NaHPO4 + H20
1 monb 1 monb 1 mounb

Teneps v(NaOH) B HemocTaTke, 1 pacdyeT BeeM 10 HEMY.
AHanu3 BTOPOTO ypaBHEHUS:

U(NaHZPO4) [POpPEarnpoBaBIIero 0,06 moip

v(NaH2PO4) ocrasmerocs = 0,1 — 0,06 = 0,04 moib

U(NaZH PO4) o0pasoBaBLIerocs — 0,06 MOJIb

PacueTsl Macchl cosei:

B pactBope npucyrcrBytot ase conu: NaH2PO4 u NaaHPOa.
m = Mv

m(NaH2PO4) =120 0,04 =48

m(Na2HPO4) = 142 -0,06 = 8,52 ¢

3amaua 5. Ilpm HekOoTOpoW TemImepaType paBHOBECHBIE KOHILEHTPALUH B CHCTEME
N204=2NO; paBnsl: C(N204) = 0.02 mons/m 1 C(NO2) = 0.03 mMoib/n. Berancnure paBHOBECHBIE
KOHIIEHTPALIMH MTOCJIe CMEIICHHsI PABHOBECHSI B PE3yJIbTAaTe YBEIUUCHHS JaBJICHUS B TP pasa.

Pemienne.
PvaeT KOHCTAHTBI paBHOBeCI/ISIZ

_[NO,I* _0,03°
[N,0,] 0,0
Ornpesenienre KOHIICHTPAIMA BEMIECTB MPU YBEITUICHUH JTABICHHUS:

K =0,045




C(NO2) = 0,03 - 3 =0,09 monb/n
C(N204) = 0,02 -3 =0,06 monb/n

Omnpenenenne HaPaBJIEHUS CMEILEHUST PABHOBECHS:
XHUMHYECKOE PaBHOBECHE CMEIIAETCS B CTOPOHY OOPAaTHOM peakItu.
OmnpeneneHne HOBbIX PAaBHOBECHBIX KOHIIEHTPALUIL:

[NO-] = 0,090 — x

[N2O4] = 0,06 + 0,5x

Pacuer HOBBIX PABHOBECHBIX KOHLIEHTPALIUIA:
(0,09 — x)*

0,06 + 0,5x

0,0027 + 0,0225x = 0,0081 — 0,18x + x°
x?—0,2025x + 0,0054 =0

x =0,032

[NO-] = 0,09 — 0,032 = 0,058 momb/1

[N2O4] = 0,06 + 0,5 0,032 = 0,076 mois/n

0,045 =

6. OBPA3OBATEJIBHBIE U THPOPMAIIMOHHBIE TEXHOJIOT A

B cootrBerctBun ¢ tpeboBanusmu GI'OC BIIO no HampaBieHUIO MOATOTOBKU pealn3alus
KOMIIETEHTHOCTHOT'O TIOJIX0/[a MPEAyCMaTPUBAET UCIIONH30BAaHUE B YUEOHOM IPOIIECCe aKTUBHBIX U

MHTEPAKTUBHBIX (POPM TPOBEACHUS 3aHSATHUH.

([JenmoBbIX M poNEBBIX UTpP, pa3dop KOHKPETHBIX

CHTYaIUi, TICUXOJIOTUYECKHE U MHBIE TPEHUHTH, JUCIYTHI, 1e0aThl, MOPT(HOIHO, KPYIJIble CTOIBI U
Ip.) B COUETAHUHM C BHEAYAUTOPHOH paboToil ¢ 1enbio (GOpMUPOBAHUS M Pa3BUTUS TPeOyeMbIX

KOMITETCHITUI 00yJarOIIIXCS.

6.1. O6pa3oBaTe/ibHbIE TEXHOJIOTUH

Ha3zBanue o6pa3oBatenbHOI Tewmsl Kpatkoe onncanue
TEXHOJIOTUU JUCLIATIIIMHBL IIPUMEHSAEMON TEXHOIOTHH
IIpoexT OcHoBHbIE 1. MoTuBauMOHHBII dTAII.

JIaGoparopHas paboTa

«Kak Ha npakTuke ATOMHO-
ONPEIEIUTh SIKBUBAJICHT MOJIEKYJIAPHOE
MeTajuia y4ECHHUE

IIOHATHUA XUMHUU.

Co3naHue cuTyaluy, 3aKpervisioneld HOBBIM
Marepuan. DopMynHpoBKa MO3HABATEIbHON
3ajaud: TOHCK METOJOB IPAKTHUECKOTO
OTpe/ieTICHUsT MOJISIPHOM MacChl SKBHUBAJICHTA
METAJIJIOB.
2. Conep:xkanue 3aHATHS.

1. Pa3OuBKa CTYI€HTOB Ha TPYIIIBI U Pa30TrpeB
(Maccaxk mayibIleB, YIIHBIX PAaKOBHUH, KOHUMKA
HOCA).
2. Ompenenenne npooOeMbl (M3 YEero U Kak
IIPUTOTOBHUTH).
3. I'enepanus uaeu.
4. Ananuz uzen.
5. Ilouck pemeHus AJisi peaiu3alnm.
6. IlpoBeaeHue peakiuu B3aUMOJIEUCTBUS
MarHusi C COJIIHOM KucinoTtoil. OmpexneneHue
o0bemMa mTOIMy4yeHHOro Bojopona. Pacuer
MOJISIPHOW MacChl HSKBHBAJEHTA IO 3aKOHY
HKBHUBAJICHTOB.

3. JlupakTuyeckue cpeacTna.




O6opynoBaHMEe U XUMHUYECKHE PEaKTUBBI,
HOYTOYK, MHTEPHET, TECTOBBIC 3aJaHUSI.

4. KOHTPOJIbHO-KOPPEKTUPOBOYHBIN TAIl.
[TonBenenue UTOroB paboThI CO CTYCHTAMH H
orpeziesieHue OUIMOKH B OIpenesieMon
BCIINYHHC. HpOBGI[eHI/Ie TCCTUPOBAHUA
CTYJICHTOB.

Jlekius
C 3apaHee
3aIIaHUPOBAHHBIMU
omunOKaMu

Krnaccudukanus

1 HOMEHKJIaTypa

HEOPTaHUYECKUX
COCTUHEHUN

1. MoTuBauMOHHBII ITAII.

Co3nanue CUTYallUH, B KOTOpOH
BO3HMKAeT  JKEJIAaHWE  U3y4aTb  HOBBIU
MaTepuai. JTal 3aKaH4YUBAETCS COOOIICHUEM,
9TO B JIEKIHH OYAYyT JOMYIIEHBI OIMIMOKU B
BU/JIC HEBEPHOIl HJIM HETOYHOU MH(OpMALIUU U
3a/ja4a 00yJarOIUXCs - HANUTH UX.

2. Conepxkanue 3aHATHS.

[MoxbuparoTcst  Hambojee  TUMUYHBIC
OIIMOKK, KOTOpBIE 4Yalle BCEro AOMYCKAIOT
oOydaromuecss  (HamUCaHWE  CTPYKTYPHBIX
dbopMy, peakiuil, OTBEYAIOINX XUMUIECKIM
CBOMCTBAM M  IIOJIYYEHHUIO  COCIUHEHUH,
ornpezeneHue KauyeCTBEHHOT'O u
KOJMYECTBEHHOTO  cocTaBa). B xonme
U3NIOKEHUSI JIeKIUU OLIMOKU  TIIATEIbHO
«MAaCKHPYIOTCS. CryneHTsI JTOJKHBI
OTMETUTH B KOHCIIEKTE 3aMEUEHHBIC OIIMOKH.
B xonue nekmum pazdop ommbok (10-15
muH). Ha oOcyxgaembie BOMpPOCHI JAIOTCS
MIPABWIBHBIE OTBETHI

3. JlnpakTuyeckune cpeacTBa,
UCIIONIb3yeMble Ha 3aHaTuH. llpe3eHTarus,
MPOEKTOP, KOMITBIOTEp, JOCKa, HAarlsaHbIe
mocoous.

CdhopmynupoBaTb-
HOJICTTUTHCSI-CO3/IaTh —
IPOBEPHUTH
CeMuHaApCKOE 3aHATHE

XuUMu4yeckas
CBSA3b

1. MoTuBanmoHHBII YTAIl.

Cosnmanue CUTYaIIWH, B KOTOpOM
BO3HHMKAeT  JKeJTaHMe  H3y4aThb  HOBBIH
MaTrepual. Oran 3aKaHYUBACTCSA
(GOpMyIUPOBKOM  HECKOJBKHUX  BOIMPOCOB,
KOTOpPBIC OXBATHIBAIOT KITFOUYEBBIC ITOHSATHUS
TEeMBbI (XapaKTePUCTUKU KOBAJICHTHOU CBSI3H,
oTpesieNieHUe TIOJSIPHOCTH CBSI3U, MEXAHU3MBI
0o0pa3oBaHUs CBS3U, PACCMOTPEHUE CTPOCHUS
Moniekynsl mo  merony BC um MO) u

BBISABIISIIOT BO3MOYKHOE HEIIOHUMAaHHE
Marepuarsa B IpU pEIIeHWe 3a1ad |
YIPaKHEHUH.

2. Coneprxkanue 3aHATHS.
[lepBbl1it 3Tan — chopMyaupoBaTh.
CTyaeHTbl  CaMOCTOSITENIBHO — U3YYaroT
JEKLIMOHHBIE 3allUCU M MaTepuall, JaHHBIA B
yueOHUKax, (OpMYIUPYIOT CBOM OTBETHl Ha
3aJIaHHbIE BOIIPOCHI.
Bropoii 3Tan — noxenuTees.




CryneHTsl 0OBEAMHAIOTCS B Mapbl U IO
odepenu MPEICTaBISAIOT IpYyr JAPYyry CBOHU
peleHus, onpenensis U o0CyXkas CX0JCTBA U
pasnnyus B ONPEIEICHUN CTPOCHHUS BEIIECTBA
U MexaHu3Ma o0pa3oBaHUS XHMHYECKOM
CBSA3M, MCIPABJIAS U MNOSCHSSI PEUIEHUs ApPYT
Apyry.

Tperuii stan — co3pate. CTyneHTHI
BMECTE  CO3JAIOT  AITOPUTM  BBIACHEHUS
CTPOCHMsSI  MOJIEKYJIBbl U OIpEIeIeHUs
XapaKTEPUCTHK CBSI3M B HUX C Y4YETOM
pe3yabTaTOB 00CYXKIEHHS, KOTOPOE BKIIIOYAET
B ce0s1 JTyUIIIie UJICH.

UYeTBepTsiid 3TAIl — IPOBEPUTD.

PabGoraer Bcs rpynma. Heckombpko map
IIPEAOCTABIIAIOT CBOM OTYET II0 3aJaHHBIM
BornpocaM. OmMOKM M CIOPHbIE BONPOCHI
CTaHOBATCSA HayaJjioM KOJUIEKTUBHOTO
o0cyxaeHus. Bce cTy1eHTBI IPOBEPSIIOT CBOU
pEILIEHNUs, BHOCAT UCIPABIICHUS, ITIOSCHEHUS U
JIOTIOJIHEHUS.

3. InpakTHyecKue cpeacTna.

Kaprouknu ¢ ynpaxxHeHUsMH U 3aJadaMu,
TECTOBbIE 3aJaHUS

4. KOHTpOJILHO-KOPPEKTHPOBOYHbIN

ITaIl.
OcymiecTBUTh ~ aHAU3  COOCTBEHHOTO
OIIBITA. [TpoBenenue TECTUPOBAHUS
CTYACHTOB.
HNuTepakTrBHAS JIEKINS Onaementsl V A 1. MoTuBanMOHHBIN JTAaIl.
u IV A rpynn Cozpmanue  cuTyauuu, B  KOTOpOH

BO3HUKACT  JKEJlaHWE  M3y4aTh  HOBBIH
marepuan. OnemeHtsl VA u IV A rpynn
UMEIOT OOJbIIIOE 3HAYCHHE HE TOJBKO JUIS
yeJioBeKa, HO U 1i1d Bcero kusoro. C, N, P B
3HAYUTENIbHBIX KOJIMYECTBaX BXOJAT B COCTaB
KUBBIX OpPraHW3MOB. MHOTHE COEIUHEHHUS
3JIEMEHTOB JJAHHBIX T'PYIMIl HAXOIAT IIUPOKOE
NPUMEHEHHE HE TOJBKO B MPOMBIIIICHHOCTH,
HO ¥ B HapoJHOM xo3siiicTBe (C mpumeHsiercs
B Merauryprud, N u P BXxomdT B cocraB
yI100peHui, Ge UCTOJb3yeTCs Uit
MPOM3BOJICTBA MOJIYIPOBOJAHUKOB, SN u Pb —
JUIs TIPOM3BOJICTBA Pa3HOOOPA3HBIX CIUIABOB,
Pb B mpou3BOJICTBE aKKyMYJSATOPOB M T.].).
[TosTOMy OuYeHb Ba)XKHO 3HATh CBOICTBA 3TUX
DIIEMEHTOB W WX COCJUHECHWH, IOHUMATh
OPUYMHY pPa3indusi B HMX CTPOCHHU H
cBoiictBax. Ha oOcyxneHue BbIHOCATCS
BOIIPOCHI:

1. IToyemy TpoCTBIE BEIIECTBA SJICMEHTOB
JAHHBIX MOATPYNH HMMEIOT CTOJb Pa3HYIO




CTPYKTYpY?

2.  CpaBHUTeNbHAas  XapaKTEPHUCTUKA
OKCUJIOB U THJAPOKCHIOB JAHHBIX IMOATPYIII
(cTpykTypa, KHCJIOTHO-OCHOBHBIE u
OKHUCJIMTEIbHO-BOCCTAHOBUTEIbHbBIE
CBOMCTBA).

3. OcoOEHHOCTH CTPOCHHsSI U CBOMCTB
BOJIOPOTHBIX u JIPYTHX OMHAPHBIX
COCIHEHUH.

2. PazpaboTka cnoco0a penieHust
npooJeMbl.

B rteuenue 10 munyr Oynyt paborath 6
IPYII CTYACHTOB HaJ| pelIeHueM MpodsieMbl B
(dbopMe MO3TOBOTO IITypMa.

3. Peasiu3anusi HAliIECHHOTO pPelIeHMs].

B pesymbrare y CTyA€HTOB OyaeT
c(hOpMUPOBaH KOMIUIEKC HOBBIX 3HAHUU IO
cBoiictBaM atomoB 3jieMeHToB V A u IV A
Ipymm, O TPHYMHAX HW3MEHEHUS CTPYKTYp
MPOCTBIX M CJOXKHBIX BEIIECTB, KHUCIOTHO-
OCHOBHBIX u OKHUCJIUTEIHHO-
BOCCTAHOBUTENBHBIX CBOMCTB COEIMHEHUN
000X MOArpyMI.

4. KOHTPOJIbHO-KOPPEKTUPOBOYHbIH
JTall.

[lonBenenue  uTOroB  paboOThl  CO
cryneHTamu.  [IpoBeieHHE  TECTUPOBAHUS
CTYJICHTOB.

5. JAupakTudyeckue cpeacTrna,
UCTIONIb3yeMble Ha 3aHATUHU. [Ipe3eHTtanus,
MPOEKTOpP, KOMITBIOTEp, JIOCKA, HAarJIsIHbIC
ocoOMsl, TECTOBBIC 3aJaHUSI.

«[Iporynka mo ranepee»
CeMHuHaApCKOE 3aHATHE

Onementsl, 11
ATTATA
TPy

JlanHoe 3aHATHE PEKOMEHyeTCst
MPOBOANTh B KOHIIC W3YYCHHUS CBOWCTB S-
siaeMeHTOB.  llempro  3aHATHUSA  SABIISIETCS
00001eHre 3HaHMi Mo TeMaM «DieMeHTHI |1
A, Il A, | A rpynm». CTyaeHTBI HA OCHOBaHUU
M3YYEHHBIX  3aKOHOMEpPHOCTEH,  JOJIKHBI
yMETh MPEJICKa3bIBATh A3MEHEHUSI B
CTPYKTypax MPOCTBIX 5 CIIOKHBIX
COEIMHEHUH, UX XapaKTepe U CBOUCTBAX.

1. IHoaroToBHUTEILHBIN TANl

[ToaroroBka BOpoCoOB Jisi 00CYKACHUS:

1. OCHOBBIBAsICH Ha  H3MEHEHUHU
CTPYKTYpPhl ~aToMa, CJellaiiTe BBIBOJ 00
W3MEHEHHH AaTOMHBIX CBOMCTB DJJIEMEHTOB
(pamuyc atomMa, YHEPTUs WOHU3AINH, SHEPTH
CPOJCTBA K DJEKTPOHY), CTPYKTYPHI MPOCTHIX
BEIIECTB, WX (HU3UYECKHUX W XUMHYCCKHX
CBOMCTBax.

2. CpaBHUTE CTPYKTYpbl OKCHIOB U
rugpokcunoB anemento I A, I A | A




rpynn. B deM npuunHa pasnuuus KUCIOTHO-
OCHOBHBIX CBOMCTB, YCTOWYMBOCTH?

3. Kak wu3MeHeHHS B D3JIEKTPOHHBIX
KOH(pHUrypamusax aToOMOB CKa3bIBaeTCcs Ha
CTPYKTypax BOJOPOIHBIX COCIUHEHWH, WX
YCTOMYHUBOCTH, KHMCJIOTHO-OCHOBHBIX 51
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX
cBolicTBax?

4. B yeM npu4MHa U3MEHEHUS CTPYKTYp

rajorenunoB anemeHtoB Il A rpynmsi?
Cpasnurte ¢ ranorenugamu |l A, | A rpymn.
o. KaxoBa CIIOCOOHOCTh K

KoMILTeKcooOpa3oBanuto anemerToB Il A, 1l
A, | A rpynn, nouemy?

dopmupoBanue rpynmn (2-3 dyenoBeka);
03HAKOMJICHHE C MTPaBUIIAMHU.

2. Opranu3auMoOHHbIN 3TAN

Pa3zmemnienue  BONMpoOCOB  HA  pa3HBIX
CTaHIMSAX B  QyJUTOPHH;  OOCYXKIEHHUE
rpynmnamMu COJIepKaHUA BOIIPOCOB;
IIEpEMENICHUE OT OJHOW CTAaHLIMH K JpYyrou
(uepe3 5-8 MuH.); MpoBepKa HAMHCAHHOTO
IIpeAbIIYyIIEn IpyIIION u BHECCHUE
JOTIOTHEeHUI; 00BbeAMHEHNEe KOMMEHTApUEB U
MPEACTABICHUE  YCTHOTO  JIOKJajga  BceH
rpynme. (IToxka  cTymeHTsl  00CYXIOAIOT
BOIIPOCHI, MIPEno/1aBaTelib MOXKET
nepeMeniaTbCsl MO0 ayAUTOPHH, Pa3bACHSA
BONIPOCHI, OIICHHWBAsl MMOHUMAHUE CTYACHTAMHU
U yCTpaHsisl BO3MOXKHOE HEJOTIOHUMAaHHE. )

3. PediexcuBHBI TAIL.

OOcyxneHrue pe3yabTaTOB TPYIOBOM
paboTHI.

4. IlnakTuyecKne cCpeacTna

Jlocka, TaOIUIIBI.

Kypcosas pabota
(y4eOHBIH MPOEKT)

Pazpabotka
METOUKH
CHHTE3a
HEOPTaHUIECKOTO
BEIIECTBA

1. MoTuBanMoOHHBII YTAIl.
Coznanue cuTyanuud, B KOTOpOH Yy
CTYACHTOB  BO3HMKAaeT  IOTPEOHOCTb B
W3y4eHHUH  METOJOB  CHHTE3a  JaHHOTO
BellecTBa (MCCIENOBAaHUM B3aMMOJEHCTBUS
HOHOB  O-METa)sIoOB ¢  OpPraHMYECKUMHU
peareHTamu). Oran 3aKaHYMBaeTCs
(bhopMyITUPOBKOI TTO3HABATEILHOM 3a/1a4H.
2. Conep:kanue 3aHATHSA.
Pa30uBKa CTyA€HTOB Ha MUHUTPYMIIHI (2-
3 yenoeka). DopMUpoOBaHUE HOBOTO 3HAHMUA,
CBSI3aHHOTO €  pEUICHWEM  CTyIEHTaMH
MO3HABATENBHOM  33auyl 1O  M3YYCHHUIO
CTPYKTYPBI U CBOWCTB TAaHHOTO COCTUHEHUS H
METO/IOB €r0 CHHTE3a(CTPYKTYphl M CBOWCTB
OpPraHMYecKoro peareHTa ©  HOHOB d-
pJIeMEHTa). AHalIM3 COOpAaHHOrO MarepHaa.




Bri6op onTuManbHOW METOAWKH CHHTE3a
(ycnoBuit MIPOBEICHUS JKCIIEPUMEHTA).
[IpuMeHeHre HOBOTO 3HAHUS MO MPOBEICHUIO
CaMOCTOSITEJIbHOTO AKCIEPUMEHTAIBHOTO
MOJIyYeHHUs  BelleCTBA U €ro  aHaiuu3a
(ucciieroBaHUE CUCTEMBI).
3. KOHTPOJIbHO-KOPPEKTHPOBOYHbIH
ITAal.
3amura yueOHoro npoekra. OleHuBaeTCs
00BbeM  BBIIIOJHEHHOW paboThI, KadyecTBO
MIPEIOCTaBIEHHOTO MaTepuasa, yMEHUEe YeTKO
BBIp@XXaTh CBOM MBICIIH, OTCTaWBaTh CBOIO
TOUYKY 3pEHUS], OTBEYATh Ha BOIPOCHI U T. 1.
[ToxBeneHne UTOTOB U aHAIKU3 PaOOTHI CO

CTYJICHTaAMH.

4. JAunakruyeckue Cpe/cTBa.
KommnbroTep, mpoekTop, HabOp XUMHYECKUX
PCaKTHUBOB, XUMHNYCCKaA nocyna nu
000pyI0BaHUE.

VueOHble 3aHATHS M0 AUCIUIUIMHE MOTYT MPOBOAUTHLCS C MPUMEHEHHUEM HH()OPMAIMOHHO-
TEIICKOMMYHHKAIIMOHHBIX ~ CeT€l MpPU  OIMOCPEIOBaHHOM (Ha PACCTOSIHUH) WHTEPAKTHBHOM
B3aUMOJICHCTBUU OOYYAIONIMXCS W IMperojaBarens B pexumax on-line w/unu off-line B dpopmax:
BUJICOJICKIINH, JICKITUI-TIPE3eHTAINH, BUACOKOH(EPECHIINH, cOOeCEIOBaHUS B PeKUME Yat, popyma,
YaTa, BBIIOJHEHHS BUPTYaIbHBIX MPAKTUUECKUX /WK JJAOOPATOPHBIX PabOT U JIp.

6.2. UndopManimoHHbIE TEXHOJIOTHH

WurepHer-pecypcsl WWWw.asu.edu.ru (mpezcTaBieHsl  y4eOHO-METOJMYSCKUE MaTepUalibl
JUIsL yCBOGHHUS CTyJIEHTaMU Kypca);

JUig onepaTMBHOW CBSI3M CO CTYIAEHTAMM IIPEIIOJIAracTcs BO3MOKHOCTb HCIIOJIb30BAHUS
AIIEKTPOHHOM MOYTHI IIpenoaBaTes.

Vcnonb3oBaHue 3MEKTPOHHBIX YYEOHUKOB M Pa3IMUHBIX CAWTOB (HAIpUMED, HJIEKTPOHHBIE
OuOIMOTEKH, KYpHAIIBI U T.J.) KAK HCTOYHUKOB UH(POpMAIUY;

Hcnonb3oBaHue CpeAcTB IMpeACTaBICHHUs y4eOHON MH(pOpManuu (3JIEKTPOHHBIX y4eOHBIX
nocoOuit M TNPAKTUKyMOB, MPUMEHEHHE HOBBIX TEXHOJOTWH JUII TPOBENEHUS OYHBIX
(TpaAMIIMOHHBIX) JEKIUH U CEMUHAPOB C UCIOJb30BaHUEM MPE3EHTALUHN U T.11.);

Vcnonb3oBaHue MHTETPUPOBAHHBIX O0pa30BaTENIbHBIX CpeA, I/ie TJIaBHOW COCTaBIIAIOLICH
ABIIIOTCS HE TOJBKO NPUMEHSEMbIE TEXHOJIOTUHM, HO U COJIep)KaTelbHas 4acTh, T.C.
UH(POPMALIMOHHBIE pecypchl (IOCTYNl K MUPOBBIM MH(OPMAIIMOHHBIM pecypcaM, Ha 0a3ze KOTOpPbIX
CTpOUTCS Y4eOHBIH npoiiecc);

Hcnonb3oBaHue BUPTyallbHOW oOydaromeil cpepl (CucTeMbl yrpaBieHus ooydenuem LMS
Moodle).

6.3. IlepeueHb NpOorpaMMHOro odecrneyeHuss 1 UHGPOPMANMOHHBIX CIIPABOYHBIX CHCTEM

'JIMMBHSMOHHO@ npozpammmuoe obecneuenue

HaumenoBanue MporpaMmMHOIO

Haznauenue
obecrieueHus



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

Adobe Reader

[IporpamMma i MPOCMOTPA JIEKTPOHHBIX TOKYMEHTOB

[Tnatdopma qUCTaHITMOHHOTO
obyuenus LMS Moodle

Bupryanbsnas oGyuaromias cpeaa

Mozilla FireFox

bpaysep

Microsoft Office 2013,
Microsoft Office Project 2013,
Microsoft Office Visio 2013

[Taket ouCcHBIX TporpamMm

7-zip

ApxuBarop

Microsoft Windows 7 Professional

OHepaHI/IOHHaﬂ cHucTeMa

Kaspersky Endpoint Security

CpencTBo aHTUBUPYCHOM 3aIATHI

Google Chrome

bpaysep

Far Manager

DaioBbI MEHEIHKED

Notepad++ TekcToBbIN pegaKTop
OpenOffice | ITakeT 0(UCHBIX IPOrpamMm
Opera | Bpaysep
Paint .NET PacTpoBelit rpadudeckuii peaakTop
VLC Player MenuanpourpbiBaTeIlb
WinDjView | [Iporpamma ais npocmoTpa daitios B popmate DIV u

DjVu

-Cospemennvle npogheccuonanvmuvie 0a3vl OAHHBIX, UHPOPMAUUOHHbBIE CHRPABOUHDbIE
cucmemol

OnextpoHHbli kKaTanor HayuHoit Oubnuorexku AI'Y na 6aze MARK SQL HITIO «Mupopwm-
cuctem». https:/library.asu.edu.ru

OnexTpoHHbIi Katanor «Hayunsie sxypHanet AT'Y»: http://journal.asu.edu.ru/

VYHuBepcaibHas ~ CIPaBOYHO-MH(OPMAIMOHHAS  TOJHOTEKCTOBas  0aza

nepuoandeckux usmpanuit OO0 «MBUCy. http://dlib.eastview.com/
Hwms nonvzosamens: AstrGU
Haponv: AstrGU

KoprniopatuBHBIii TPOEKT ACCOIUAIIMN PETHOHAIBHBIX OHOIMOTEYHBIX KOHCOPIIUYMOB
(APBUKOH) «MexperuonanbpHas aHanutuuyeckas pocmnuch ctarei»y (MAPC) - cBognas 6a3a
JIaHHBIX, COJAEp Kallasi MOJHYI aHAIUTHYECKYyr0 pocnuch 1800 Ha3BaHMl KYypHAJIOB MO Pa3HBIM
oTpacissM 3HAHMNA. YUYAaCTHUKM TPOEKTa TMPEAOCTABISIOT JPYr JPYry OJIIEKTPOHHBIE KOIHUU
OTCKaHMPOBAHHBIX CTaTe W3 KHHUT, COOPHUKOB, XYPHAJIOB, CoOJepKamuxcs B (QoHIax HxX
oubmmorek. http://mars.arbicon.ru

JTAHHBIX

DNEKTpOHHBIE  BEPCHM  TEPUOJUYECKMX  W3JaHWi, pa3MEIIeHHble Ha  caiiTte
UH(OPMAIIMOHHBIX pecypcoB WWW.polpred.com

EnuHoe okHO nocTyna k oOpasoBarenbHbIM pecypcam http://window.edu.ru

MunuctepctTBO  Hayku M Bblcmiero  oOpaszoBanusi  Poccuiickoit  @enepauuu

https://minobrnauki.gov.ru/



https://library.asu.edu.ru/
http://journal.asu.edu.ru/
http://dlib.eastview.com/имя
http://mars.arbicon.ru/
http://www.polpred.com/
http://window.edu.ru/
https://minobrnauki.gov.ru/

7. ®OHJI OHEHOYHbBIX CPEJACTB JJIAA TEKYIIET'O KOHTPOJISA 1
MMPOMEXYTOYHOM ATTECTAIIUA

7.1. IlacnopT ¢oHIa OLIEHOYHBIX CPECTB

[Ipy mpoBeaeHHH TEKYIIETO KOHTPOJS W MPOMEXKYTOUHOH arTecTaluu MO JUCHUIUIMHE
(Mmonymio) «Heopeanuueckas xumusy» TpOBEpseTcs CPOPMHPOBAHHOCTH y  OOYYaOLIMXCS
KOMIIETEHIIMM, YKa3aHHBIX B paszjese 3 HacTosIed MporpaMMbl. OTalHOCTh (OPMUPOBAHUA
JIAHHBIX KOMIIETCHIIMM B MPOIIECCE OCBOCHUS IAUCIUIUIMHBI OMPENESeTCs MOCIeI0BaTEIbHBIM
JOCTHKEHUEM PE3YJIbTATOB OCBOCHUS COJIEPKATEIILHO CBSI3aHHBIX MEXy COO0M pa3iesioB, TeM.

Tabauua S.
CooTBeTcTBHE Pa3/1eJi0OB, TEM AUCHUIIMHBI (MOAYJIA),
pe3yJbTaToB 00yYeHHs M0 TUCUMUIJIMHE (MOAYJII0) M OLIEHOYHBIX CPEICTB

No KoHuTtponupyemsble pa3aeinsl Ko konrposmpyemoit HaumenoBanue
i/ MUACIIUTLIINHBI KOMHeTeHuHIﬁ OLIEHOYHOT'0 CPEACTBA
(KoMTIETEHITHT)
Paznen 1
1 OCHOBHBIE TOHSITHSA XUMHUH. OIIK-1 CobecenoBaHnue,
ATOMHO-MOJIEKYJIIPHOE YUEHUE naboparopHas paboTa,
TECTOBBIN KOHTPOIIb.
Pelitunrosas
KOHTpOJIbHasI paboTta 1
2 | Knaccudukanus u HOMEHKIIaTypa OIIK-1; OIIK-2; CobecenoBanue,
HEOPraHUYECKUX COCTUHEHHIMA naboparopHas paboTa,
TECTOBBII KOHTPOJIb.
Peittunronas
KOHTpOJIbHas pabora 1
3 | Ctpoenue atroma OIIK-1 CobecenoBanue,
TECTOBBIN KOHTPOJIb.
PeritunroBas
KOHTpOJIbHAs paboTa 2
4 | Tlepuonuyeckuit 3aKOH U OIlK-1 CobecenoBanue,
nepuonyIecKas cuctemMa TECTOBBIN KOHTPOJIb.
XAMUYECKUX 3yemeHToB J[. 1. PelitunroBas
Meneneena KOHTpPOJIbHAsI paboTta 2
5 | Xumuueckas cBSI3b OIIK-1 CobecenoBanue,
TECTOBBIN KOHTPOJIb.
Pefitunrosas
KOHTpOJIbHAsI paboTa 3
6 | CkopoCTh XUMUYECKHX PEAKITUH. OIIK-1; OIIK-2 CobecenoBanue,
XHUMHUYECKOE PaBHOBECHE naboparopHas paboTa,
TECTOBBIN KOHTPOJIb.
Pelitunrosas
KOHTpOJIbHAs paboTa 4
7 DHepreTukKa U HalpaBJIEHHOCTh OIIK-1 CobecenoBanue,
XUMHUYECKUX TTPOIIECCOB nabopaTopHas padora,
TECTOBBIN KOHTPOJIb.
Petitunrosas
KOHTpOJIbHAs paboTa 4
8 | PactBopsl. Teopus OIIK-1; OIIK-2; CobecenoBanue,




AIIEKTPOJUTHUECKON JUCCOIHAITIT

nabopaTopHas padora,
TECTOBBIN KOHTPOIIb.
Peiitunrosas
KOHTpOJIbHAst paboTa 5

OKHUCIINTENBHO-
BOCCTAHOBUTEJIbHBIC PEAKIIUU U
AIIEKTPOXUMHUUYECKHE TPOIECCHI

OIIK-1; OIIK-2;

CobecenoBanue,
naboparopHas paboTa,
TECTOBBIN KOHTPOJIb.
PeiitunroBas
KOHTpOJIbHAs paboTa 6

10

KommiiekcHurie coeTMHEHUS

OIIK-1; OIIK-2;

CobOecenoBanue,
nabopaTopHas padora,
TECTOBBIN KOHTPOJIb.
Peiitunrosas
KOHTpOJIbHast pabota 7

Pa3nen 2

11

Onements! VIIA rpymnmbl
(TaJIoreHbl) ¥ UX COCAMHEHUS

OIIK-1; OIIK-2;

CobecenoBanue,
nabopaTopHas padora,
TECTOBBIN KOHTPOJIb.
Peiitunrosas
KOHTpOJIbHAst paboTa 8

12

OnemenTts! VIA rpynmnsl
(XaJbKOTEHBI) U UX COETUHEHUS

OIIK-1; OIIK-2;

CobecenoBanue,
naboparopHas pabora,
TECTOBBIN KOHTPOJIb.
PeiituaTOBas
KOHTpOJIbHAs paboTa 9

13

OnemeHnTtsl VA rpynisl U ux
COEIMHEHUS

OIIK-1; OIIK-2;

CobecetoBaHue,
nabopaTopHas padora,
TECTOBBII KOHTPOJIb.
Peiitunrosas
KOHTpOJbHas pabora 10

14

Onements! VA rpynmsl U ux
COEIUHEHUS

OIIK-1; OIIK-2;

CobecennoBaHue,
nabopaTopHas pabora,
TECTOBBIN KOHTPOJIb.
Peirtunrosas
KOHTpOJIbHast padota 11

15

OnemenTs! A rpynmnsl u ux
COCIMHEHUS

OIIK-1; OIIK-2

CobecenoBanue,
nabopaTopHas padora,
TECTOBBIN KOHTPOIIb.
Peittunarosas
KOHTpOJIbHas pabora 11

16

Onemenrts! |A u |IA rpynn u ux
COEIMHEHUS

OIIK-1; OIIK-2;

CobecennoBaHue,
nabopaTopHas pabora,
TECTOBBIN KOHTPOJIb.

17

Onements! |IB rpynmnst 1 ux
COCIMHEHUS

OIIK-1

Co0OecenoBanue,
TE€CTOBBIM KOHTPOJIb.
Pelitunrosas
KOHTpOJbHas pabora 12

18

JlanTanonasl. AKTUHOUIEI

OIIK-1

Co0OecenoBanue,
TE€CTOBBIM KOHTPOJIb.
Pelitunrosas
KOHTpOJbHas pabora 12

19

OnemenTsl |VB rpynmsl u ux

OIIK-1

Co0OecenoBanue,




COETUHEHUS TECTOBBIN KOHTPOJIb.
Peittunrosas
KOHTpPOJIbHAs padoTta 12
20 | Dnements VB rpynmsr u ux OIIK-1; OIIK-2; CobecenoBanue,
COCIMHCHHS nabopaTopHas padora,
TECTOBBIN KOHTPOJIb.
Peiitunrosas
KOHTpOJbHast padbora 12
21 | Daementsl VIB rpynmer u ux OIIK-1; OIIK-2; CobecenoBaHue,
COCMHEHUS nabopaTopHas pabora,
TECTOBBIN KOHTPOJIb.
Peittunrosas
KOHTpPOJIbHAs paboTa 13
22 | Dnements! VIIB rpynmsl 1 ux OIIK-1; OIIK-2; CobecenoBanue,
COCIMHCHHS nabopaTopHas padora,
TECTOBBIN KOHTPOJIb.
Peiitunrosas
KOHTpoJIbHas paboTa 13
23 | Dnementsl VIIIB rpynmsl u ux OIIK-1; OIIK-2; CobecenoBaHnue,
COEIUHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb.
Peittunrosas
KOHTpPOJIbHAs pabora 14
24 | DnemenTsl |1B rpymmel n ux OIIK-1; OIIK-2; CobecenoBanue,
COETMHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb.
25 | Dnementsl |IB rpynmer u ux OIIK-1; OIIK-2; CobecenoBanue,
COEIUHEHUS naboparopHas paboTa,
TECTOBBIN KOHTPOJIb.
26 | Onements! VIIIA rpynmnsl OIIK-1 CobecenoBanue

7.2. Onucanue mokasarejeil M KpPUTepPHEB OLECHMBAHUS KOMIICTCHUMH, ONMHCAHHME
IIKAJI OLleHUBAHUA

Tadoauua 6
Iloka3aTeu oneHMBaHUsI Pe3yJbTATOB 00yUeHHsI B BU/Ie 3HAHUIA

[Hlkana Kpurepun onieHuBaHus
OILICHHUBAaHUA
JIEMOHCTPUPYET TIJIyOOKOE 3HAHUE TEOPETHUECKOro MaTepuaya, yMEHHe
5 000CHOBAHHO M3JIaraTh CBOU MBICIIH O 00CYX/1aeMbIM BOIpOCaM, ClIOCOOHOCTh
«OTIUYHO» | MOJIHO, MPAaBWIbHO W apryMEHTHPOBAHO OTBEYATh Ha BOMPOCHI, HMPUBOJIUTH
IIPUMEPBHI
4 JIEMOHCTPUPYET 3HaHME TEOPETHUECKOro MaTepHaja, ero IMocjeloBaTeIbHoe
«XOpOMON U3JIO)KEHUE, CIIOCOOHOCTh NPUBOJAUTH IPUMEPHI, JOMYCKAaeT €IUHUYHbIE
OLIMOKH, UCTIpaBJIIEMbIE TIOCIIE 3aMEYaHUsl MPENoaaBaTes
3 JIEMOHCTPUPYET HENOIHOE, parMeHTapHOE 3HAHNE TEOPETHYECKOT0 MaTepHaa,
«y1OBACTBODH Tpebyroliee HaBOJAIIMX BOMPOCOB MPEINoJaBaTeNs, JOMYCKAET CYIIECTBEHHbIE
TOIBHOY OMIMOKK B €ro U3JOXKEHUU, 3aTPyAHSETCS B MPUBEACHUM TNPUMEPOB H
(bopMynHpOBKe BBIBOJIOB
2 JIEMOHCTPHUPYET CYIIECTBEHHBIEC TPOOEITBI B 3HAHUH TEOPETUYECKOTO MaTepHara,
«HEYJIOBJIETBO | HE CHOCOOEH €ro W3JOXKUTh W OTBETUTh HA HABOASIIME BOIPOCHI
PHUTEIHHO» | MPETOIaBaTellsl, HE MOXET MPUBECTH MPUMEPHI




Tadauuna 7
IToka3aTeu olleHUBaHUS Pe3yJbTATOB 00y4eHUS B BHU/Ie YMEHUI U BJIAJeHUI

[IIxana Kputepuu onenuBanust
OIICHUBAHUS
JEMOHCTPHUPYET CIOCOOHOCTh MPUMEHSATh 3HAHME TEOPETHUECKOro Marepuana
5 IpU  BBINOJHEHUU 3aJlaHUM, IIOCJIEIOBATEIbHO M TPABHIIBHO BBITIOJHSET
«OTJIMYHO» | 3aJ]aHMsl, YMEeT O0OOCHOBAaHHO H3JIaraThb CBOM MBICIH M JieJaThb HEOOXOJMMBbIE
BBIBO/IBI
JEMOHCTPHUPYET CIOCOOHOCTh MPUMEHSATh 3HAHHE TEOPETHUECKOro Marepuana
4 IpU  BBINOJHEHUU 3aJlaHUM, I[IOCJIEIOBATEIbHO M MPABUJIBHO BBIIOJIHIET
«XOpOIIO» 3aJjaHusl, yMeeT OOOCHOBAaHHO M3JIaraThb CBOM MBICIH M JieJaThb HEOOXOJIMMBbIE
BBIBOJIbI, JIONYCKA€T €JAMHUYHbIC OUIMOKU, HCHPABIISIEMbIE IOCIE 3aMEuyaHus
npernojaBaTesns
JEMOHCTPHUPYET OTICNbHBIE, HECUCTEeMATH3UPOBAHHBIC HABBIKH, HECIIOCOOEH
3 NPUMEHUTh 3HAaHUE TEOPETUYECKOro MaTepuaja IPH BHINOJHEHUU 3a/laHuM,
«YIOBIICTBOPH | UCIIBITHIBACT 3aTPyIHEHUS W JOMYCKACT OIMMOKM TPU BBIMOJHCHUU 3a/JaHUM,
TEIHHO» BBIMIOJHSET 3a/laHue TMpU TOJCKa3Ke MpenojaBaTess, 3aTpydHSIeTCs B
(hOopMyITHUPOBKE BBHIBOJIOB
2 He croco0eH MPaBUIBHO BBIIOIHUTE 3aJJaHHe
«HEYIOBJIIETBO
PHUTEIHEHO

7.3. KoHTpoJibHBbIE 33/1aHUSl WM HMHbIe MATepHaJibl, HEOOXOAUMbIe IS OUEeHKH
3HAHUI, YMEHHH, HABBIKOB U (MJIM) ONbITA AeITEJIbHOCTH

Paznen 1 «O0mas xuMus»
Tema «OcHOBHBIE MOHATHS XUMUH. ATOMHO-MOJIEKYJISIPHOE YUeHUEe»

1. Bomnpocsl 1151 cobecenoBanmsi

1. O6BeM pe3HHOBOI KaMephl aBTOMOOMILHOH mmHBI paeH 0,025 M°, naBieHue B Hel
5,0665-10° Ia. Onpenenute Maccy BO3yXa, Haxosuerocs B kamepe rpu 20 °C.

2. PaccunTaiite MoneKkyIapHYyIo Maccy Tasa, ecmu 710 kr ero mpu 20°C u 0,253-10° I1a
3aHEMaIoT 00beM 22,1810 MP.

3. Jlanenue Bo3ayxa B aBTOMOOMIBHON mmHe paBHO 3,0399-10° ITa mpum 15°C. Kak
U3MEHHUTCS JaBJIeHWe B IIMHE Npu HarpeBaHuu ee 10 60°C OT TpeHus MNpHU JIBUKEHUU
aBToMoOmIIA? OOBEM CUYUTATH TOCTOSIHHBIM.

4. PaccuMTaiiTe CpeIHIOI0 MOJICKYJSPHYIO Maccy M INIOTHOCTh MO JHOKCUAY YIiepoja
CMecH Ta30B, cojepxkarieit mo oobemy 38% docrena COC12 u 62 % xnopa Cl».

5. Onpenemute mMaccy 10 m® rasoBoit cmecH, comepxanieii (o 06bemy) 50% Bogopoza
u 50% nuokcuaa yraepona (H.y.).

6. T'a3 (1.y.) 3aauMaeT o6bem 1 M3, [Ipu Kakoii TemmepaType 00beM ra3a yTPOUTCs, ecliu
JTaBJICHHE ra3a He MeHseTcs?

7. Tlpu kakoM naBneHHH Macca xjopa oobemom 3-107° M3 cocraBut 2,5-1073 kr, ecn
t=23°C?

8. Kakyro maccy CaCOs3 Hafo B35Th, YTOOBI MOJYYUTh MIPU €0 MPOKATUBAHUU TUOKCH]]
yriepona, saauMaronmii 06sem 25-10° v mpu 15°C u gapnennu 104000 I1a?

9. Beraucaute 06bem 0,100 kr razoBoit cmecu coctaBa 3CO+2CO:2 npu 50°C u naBneHun
98600 ITa.

10. M3 5-10°kr xnopata kamus KClOz 6smio momyueno 0,7-10° w3 kuciopona,
n3mepeHHoro npu 20°C u pgaBnenum 111900 Ila. Onpenennure mMaccoByrO JOJIIO IpUMECEH B
XJIopaTe KaJusl.

11. TIpn 0°C B cocyzne oosemom 14-102 m° conepsxutes 0,810 kr Bogopona u 6,30-10°
KT a3oTta. OnpenenuTe napuualbHOE JaBJICHHE a30Ta U 00Iee TaBIEHUE CMECH.




12. B razomerpe Haa Bogoil mpu 20°C u gaBneHuu 98500 Ila naxomutcs 8:10° m®
kucioposa. [laBnenne BomsHoro napa mpu 20°C paBro 2335 Ila. Kakoit o6bem (H.y.) 3aiimMer
KHCJIOPO/I, HAXOSIIUICS B ra3omeTpe?

13. I'azoBas cMech cocTouT u3 5-107 M* a3ota, Haxomgmerocsa nof gasnenueM 95940 Ila,
3-10° m® kucnopozna. O6sem cmecu 8-107 m>. Ob1mee gaBnenue rasosoii cvecu 104200 Ia. ITox
KaKUM JIaBJICHUEM B3ST KUCIOPO.?

14. B ra30HANOHEHHBIX JIAMITaX COJEPIKUTCS CMECh ra30B, UMEIOIIasi 0ObEMHBIN COCTaB:
86% Ar u 14% N». PaccuuraiiTe mapruanbHOE JaBJIeHHE KaKJIOro W3 Ta30B, €CIM oOIiee
nasienue pasHo 39990 Ila.

15. Bomopon o6bemMom 3-107° M3 maxomures mox masiaenreM 100500 ITa. Kakoit 06bem
aproHa o/ TaKUM e JIaBIICHUEM HAJI0 MPUOABUTH K BOJOPOAY, YTOOBI IMPYU HEM3ZMEHHOM 00IIEeM
JIaBJICHUY MTapLIHUAJIbHOE JIaBJICHUE aproHa B CMeCH cTajio paBHbIM 83950 [1a?

16. TazoBast cmech cocrasiena u3 5-10° m° merana nox masinenuem 96000 Ila, 2-107° m
Bojloposa noa nasieHueM 84000 Ila u 3-107° nuokcuaa yriepona noja aasiaenuem 109000 Ila.
O6bem cmecu §-107°m°. Onpenenure napuralibHbIE JIaBJIICHUS Ta30B B CMECH U O0IIee JaBiIeHUE
CMECH.

17. Yro nHa3bpIBalOT MOJIIPHON Maccod 3KBHBaJieHTa? Uemy OHa paBHA ISl KHUCIOT U
OCHOBAaHMH B peaKIUAX MOJTHON HEHTpaau3anuu?

18. Uto Ha3BIBAIOT KOJMYECTBOM BEIIECTBA dKBHBaJIeHTa? UeMy paBHA 3Ta BEITWIMHA JIJIS
Ca(OH)2 u H3POs (B peaknusx monHod HeWrpanusaiuu), BaClo u Alz (SOs)z, B3sITBIX
KOJIMYECTBOM BelecTBa | Momb?

19. Kakoe npunarareibHOe MPUMEHSIOT AJIsl BBIPAKEHUS OTHOIICHUS JaHHON BETUYHHBI
K KoJn4ecTBy BemectBa? [IpuBenure npuMepsl.

20. Kakyro BenmMuuHy JaiOT AJIs DJIEMEHTa OTHOIICHUS:

M(X)/M(Foe(X)X) 1 Ar(X)/(M(fos(X)X)).

21. CKOJbKO MOJSPHBIX MAacc COJEPXKUTCS B yKa3aHHOH Macce CIeIYIOIIMX BELIECTB:
KOH—168 1; H2SOs—245 1; NaOH—1 kr; H3POs—1,225kr; Mg(OH),—0,29 xr? Kakyio
bu3nYECKyI0 BEIMYMHY BBIPAXKAIOT HalieHHbIe yucia?

22. Haiimure maccer CO, CO2, NaOH, P2O3, B KOTOpBIX COJIEPIKATCS COOTBETCTBEHHO 4,
10, 2,5 u 5 MOJSIPHBIX Macc BEUIECTBA.

23. Yemy paBHo n(CaSOs) B rtmmce CaS042HO wmaccoit 1,72 xr m N mus
KPUCTAIJIOTHApATA B TUIICE, MOIy4eHHOM 13 0,68 KT 6€3B0IHOTO cynbdara Kambius?

24. Kakoe KOJMYECTBO BEIIECTBA KAKIOTO AaTOMapHOrO JJEMEHTa TONUIO0 Ha
obpazosanue 1 mosn: HCI1, Clz, H20, H2SO4, H3PO4, PHs, Ca(OH)2, HC104?

25. Ha mpumepe H3POs u Fe(OH)s mokaxwure, kakue YU MOryT OBITh SKBUBAICHTAMH
JUISI. MHOTOOCHOBHBIX KHCIIOT M MHOTOKHCIOTHBIX OcHOBaHMM. [Tokaxurte Takxke, kakas YU
sBrisieTcst SkBUBAIEHTOM HNO3 B KHCIIOTHO-OCHOBHBIX PEAKIUSAX M TPH B3aUMOJICHCTBUU e
pa30aBIEHHOTO PacTBOPA C MEMBIO.

26. [Ipu pacTBOpeHHHU B KHUCIOTEe MeTayuia Maccoi 11,9 r Beienuiicst BOIOpoa 00beMoM
2,24 1 (1.y.). Yemy pasusl f5xB(X) 1 M(faxs(X)X) mis aToro merania.

27. Bpom maccoit 0,4586 T BeITecHsieT u3 pactBopa Kl mon maccoit 0,7280, KOTOpBIi
B3aMMOJIeicTBYeT ¢ MeTaiioM Maccoir 0,5935 r. Ompenenute MOISIPHYIO MacCy SKBHBAJICHTA
ATOrO METalIa.

28. Ha BoccTaHOBIEHHE OKCHIa MeTasuia Maccoil 1,8 T u3pacxomoBaH BOJOPOI 00bEMOM
833 mu (u.y.). Haitnure M(faxB(X)X) meramna.

29. Kakoe xonuuectBo BemiectBa dkBuBanieHTa NaCO3z Hafo B3STH ISl TOTO, YTOOBI U3
pacTBOpa MEPEBECTH B 0cajloK Bce HoHBI Ca®" kommuecTBOM BemecTsa 0,5 MOJTB?

30. Kakue MeTOApl CYIIECTBYIOT ISl OIpPENENCHHS MOJSPHBIX W OTHOCHTEIHHBIX
ATOMHBIX MaccC 3JIEMEHTOB?

31. Yro Ha3bIBAIOT y/IEIbHOM U aTOMHOM TEIJI0EMKOCTBIO?
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32. TloueMy Jyisi TOYHOTO OMPEIETICHUSI OTHOCUTEIBHBIX aTOMHBIX MAacC METAJUIOB MO MX
ATOMHOM TEIJIOEMKOCTH HEOOXOAMMO TAaKKe M IKCICPUMEHTAILHOE OMNMpEeNelieHne MOJSPHBIX
Macc UX SKBUBaJECHTOB?

33. ITouemy ju1si ompe/ieieHus: OTHOCUTEIBHBIX aTOMHBIX Macc 1o Metoay KauuuImapo
JKEJIaTeThbHO HAWTH MOJSPHBIE MAacChl W MAaCCOBBIH COCTaB BO3MOXKHO OOJIBINIETO 4HCIA
COCIMHEHUN TaHHOTIO dJIEMEHTa?

2. JlaGopaTopHas padora «OmnpeaeeHne JKBUBAJEHTAa MarHUsD)
Jlyist onipe/ieNieHrst SKBUBAJICHTa METAJUIOB, CIIOCOOHBIX BBITECHSITH BOJIOPOJ U3 pa30aBICHHBIX
KHCJIOT U IIeJI04Yeil, MOKHO IPUMEHSATh TaK Ha3bIBAEMbIH METO/] BBITECHEHUS BOIOPOAA.

CoOpatp mpubOp, COCTOSAIMMKA W3 UWIMHAPA, BAaHHOYKH, Ta300TBOJHOM TpPYyOKH H
POOUPKH.

HcnpiTath mpubOp Ha TepMETHYHOCTh. JJIi 3TOro KOHEN Ta300TBOJHON TPYOKH
OIYCTUTh B BaHHOUYKY C BOJOH, W, HarpeBas MpOOHpPKY TEIJIOM PYKH, HaOIIOJaTh BbIACICHUE
My3BIPHKOB BO3yXa. ECiu my3bIpbKOB HET, MPUOOP HE TEPMETUYCH.

Hunmuuap nos cobupanus Bogopoaa 6pats eMkocThio 100 mut.

Bssecuts 0,05 — 0,08 r MarHus W, €ciau 3TO IOPOLIOK, 3aBEPHYTh HABECKY B
nanupocHyto Oymary. B mpoOupky 4 Hamuth 3 — 4 mu pasdasiensoit (1:2) HCI, nmocie storo
BEPXHIOI BHYTPEHHIOIO YacTh MPOOUPKHU BBITEPETh HACYXO MOJIOCKOHN (PUILTPOBATIBHOM OyMaru.
Ykpenuth mpoOUpKy B MPOOUpPKOAEpIKATENe, IPHUIAB €l HAKIIOHHOE TIOJIOKEHUE, KaK TOKa3aHo
HA PUCYHKE MYHKTUPOM. [I0JOXKUTH KycOueK MU 3aBEpPHYTYIO B Oymary HaBeCKy MarHus Ha
CTCHKY NPOOWPKH, 3aKPBITh MPOOHPKY MPOOKOH ¢ ra300TBOAHOW TPyOKOH 3 W mpuIaTh
NpoOMpKEe BEPTUKAIBHOE TMOJOXKEHHE, UYTOOBI METal MEepeMEecCTHIICA B KHUCIOTy. ToTuac
HAYMHAETCS BBIJCIICHUE BOJIOPO/IA, M BOJIa BHITECHSETCS U3 IIMJIMHIPA B BAHHOUKY.

[To okoHYaHHMM peaklMu, KOTJa BbIIEJICHHE BOJOPO/Ia MIPEKPATUTCS, OIPEAECTUTh 00BEM
BBIJICJIUBIIETOCS BojIopoa (V MiT) Mo AENeHUsIM HUIUHIPA U BBICOTY CT0JIOA BOJBI B IIUJIUHIPE
OT MOBEPXHOCTH BOJIbI B BAHHE C TIOMOIIIBIO JIMHEHKH ¢ MUJTUMETPOBBIMU JiesieHusIMU (h Mm).

OTmeTHuTh TOKa3aHWs KOMHATHOTO OapomeTpa BO Bpems ombita. [lo Tabnwie HaiTh
YIPYTOCTh BOJSHBIX MApOB, HACHIIAIONIUX MPOCTPAHCTBO MPH JaHHOU TeMIepaType.

Pe3ynbTaThl onbiTa

1. Macca maraus —mr.
2. OObeM BBIIEIHBIIETOCS BOJOpoa — V ML
3. Bsicora ctos6a B iunuHape — h M.
4. Temnepatypa onbita - t°C
5. Bapomerpuueckoe naBieHHE — p MM PT.CT.
6. YmpyrocTs BoASHOTO mapa mpu TemmepaType C° - pl Mum pr. cT.
Boruucienus
Ha ocHOBaHUM TaHHBIX OMBITAa MOXHO PAaCCUYUTATh SKBUBAICHT MarHus:
3Mg 9H,
Mg + 2HCI — MgCl; + H»
MMQ my,
m m
COrNIacHO 3aKOHA SKBHBAJIEHTOB, — — = —
Mg 31—12
m, V

OrtHomeHne —— MOXKHO 3aMEHUTh PaBHBIM €EMY OTHOLICHHUEM , T Vioke, -
C]

00BEM BBITECHEHHOTO BOJOPO/Ia B MIJITHJIUTPaX MpH H.y.

Vroke, — 00bEM TPaMM-3KBUBAJIEHTa BOJOPOJa BEJIMYMHA MMOCTOSTHHAs U paBHas 11200
M, T.K. 2 T Bojgopoza (1 r-moinp) npu H.y. 3aHuMaioT o0bvem 22,4 11, a 1 T Bogopona (1 r-sks.)
coorBeTcTBEHHO 11200 mu1.



m, 14 m, -11200

Mg 0 M .
Takum 0Opa3om, mojaydaeM 3aBUCUMOCTh. — = ,otkyna 9, = ——— (1);
9,, 11200 : v,
sz'VH2 P,V pHZ'VHZ'To
Vo naxomurcs mo Gopmyie - ——, orkyna v, = —————— (2); rae Vo — 00bem
r T, T-p,

BBIACIIMBUICTOCA BOAOPOAa ITPU HOPMAJIbHBIX YCIOBHUSX,

V, - 00beM BOJOPOJa B LWINHAPE IIPHU IPOBEJCHUU OIIBITA,
2

T — abcomoTHas Temneparypa = To + t°C,

To =273 °C,

p — aBJCHUE BOJOPO/A B IMIIHH/IPE,

Po — HOpMalibHOE JaBieHue = 760 MM pT.CT.

Hasnenne Bomopopa (p, ) ONpENENsAeTCs CICAYIOWMM 00pa3oM: IpUHMMAas BO

BHUMAaHHE, YTO aTMOC(HEPHOE JaBJICHUE P YPABHOBEIINBACTCS JAaBICHUEM BOJOPOa B IMIMHIPE
p, , YOPYrOCTBIO p, , BOJSHOTO Mapa, HaChIIAOIIETO MPOCTPAHCTBO HAJ BOJOW B LHJIMHAPE

h
U JaBJICHUEM BOISHOrO cTosiba h MM (B mepeBoje Ha MUJLIMMETPBI PTYTHOTO CTONI0A — ),
13,6

HUMCCM.

h h
H,0 H,0
t P OTKYHa p, =p-p,.s - e 3)

Taxkum oOpa3om, BHauasie 1o ¢opmyne (3) BBIYMCIUTH JaBIE€HUE BOAOPOAA p, , 3aTEM
2

P =Py

2

o popmyse (2) o6veM Bogopoaa Vo u o opmye (1) 5KkBUBaIEHT MarHusl.
BBIMHCITUTE OTHOCHTEIHHYIO OIIMOKY OIBITA B MPOIEHTAX 110 (opMyJIe:

meop. onvim.

Y%owubrxuy = —— - 100%
meop.
3. TecroBbI€e 3aHaHUA
Bapuant Ne 1
1. ®akTop 2KBUBATIEHTHOCTH COJH
1) 1/ocHOBHOCTB 2) 1/4ncao KaTHOHOB * BaJIGHTHOCTh KAaTHOHOB
3) 1/kucnoTHocTh 4)1/4mncno aToMOB 3JeMeHTa * BalleHTHOCTD AJIEMEHTA

2. ®akTop PKBUBAIIEHTHOCTH OCHOBAHUS

1) 1/ocHOBHOCTB

2)1/ancno kKaTHOHOB * BAJTEHTHOCTh KATHOHOB

3) 1/kucnoTHOCTD

4)1/49mncno aToMOB 3JeMeHTa * BalleHTHOCTD AJIEMEHTA

3. IT110THOCTE ra3a I10 TEIUIo paBHa 1 1, IJIOTHOCTD I'a3a 110 HECOHY
1)2,2 2)1,1 3)20 4) 44

4. TTpu croparnu 4*107 kr yrinepona uncio momnexyn CO2 paBHO
1)2*10% 2) 2*10%° 3) 2*10?? 4)2*10%

5. DKBHMBAJIEHT UCXOIHBIX BENIECTB B PEAKLIUH
H2C204 + Ca(OH)2 = CaC204 + H20
1112, 1/2 N1, 1/2 3)1/2,1 41,1

6. O6beM (B 1), 3aHUMaemblit 5,25 T azora npu26°C u gaBnenuun 98,9 klla # # #
7. MaccoBble JI0JTM TajJoreHa B TAJIOTEHUIC METa/Ia M KHCIIOPO/Ia B €r0 OKCHJIe COOTBETCTBEHHO
paBHbI 68,35% u 15,4%. Ha3Banue ranorena # # #



8. bpom maccoii 0,4586 T BeEITecHseT u3 pactBopa Kl iox maccoir 0,7280 r, KOTOpPBIH
B3auMoJeiicTByeT ¢ MeTasioM Maccoi 0,5935 r. MousipHas macca 3KBHBaJI€HTa MeTajljla B
r/Monb # # #

9. luuk pearupyetr ¢ U30bITKOM BOJBI B mienounor cpeae (NaOH) ¢ o6pa3oBanuem 5,6 1 rasza
(H.y.). DKBHUBAJICHTHOE KOJMYECTBO BEIIECTBA IIUHKA B MOJIb # # #

Bapuant Ne 2

1. ®akTop PKBUBAJIEHTHOCTU KUCIOTHI

1) 1/xucnoTHOCTH 3) 1/gucno aToMOB 3JieMeHTa * BAJICHTHOCTh JJIEMEHTA
2) 1/ocHOBHOCTH 4) 1/9nciao KaTHOHOB * BaJICHTHOCTh KATHOHOB

2. ®akTOp HKBUBAICHTHOCTH OKCHJIA

1)1/aucno kKaTHOHOB * BAJICHTHOCTh KATHOHOB
2)1/o0cHOBHOCTH

3) 1/gucio aTOMOB 3JIeMeHTa * BAJICHTHOCTD JICMEHTA
4)1/KUCI0THOCTD

3. Macca (B rpammax) 0,25 MOJIb OKCH/IA JTUTHS
1)5,75 2) 6,2 3)7,5 4)9,25

4: KonmuecTBo BemiecTa (Mouib), cogepskaineecs B 37,6 r uutpara meau (1)
1) 0,3 2) 3,35 3)0,2 4) 5

5. OauH MOJIb BOJBI IIPU H.Y. 3aHUMAET 00bEeM
1) 18 mn 2) 118 n 3)224n 4) 22,4 mn

6. [InoTHOCTB ra3a o Bo3ayxy paBHa 1,17, MmonexynsapHas Macca raza # # #
7. Macca (B rpammax) HaTpus B 35,1 r xyopuaa HaTpus paBHa # # #
8. Ha metitpammzanuro 3 r H3AsO4 u3pacxomoBanock 2,366 r KOH. OCHOBHOCTh KUCIIOTHI # # #

9. U3 48,15 r okcuaa meTtayyia MOXHO TONy4uTh 88,65 r ero HHUTpara. MossipHas macca
HKBHMBAJICHTA JIByXBaJICHTHOTO METajlsia B I/MOJb # # #

Tema «Knaccupukanus 1 HOMEHKJIATYPA HEOPraHUYECKUX COeIUHECHUI»

1. Bomnpocsl 1151 codeceoBanmst

1. Kakue OuHapHble COEIMHEHHUSI HA3bIBAIOT OKCHAAMU? YKaXUTE BO3MOXKHBIE CIIOCOOBI
UX TMOJyYEHHUS.

2. Ha dyem ocHOBaHa KiaccH(UKaIlMs OKCHJIOB Ha: a) HecoJeoOpasyomue u
coneoOpa3ywomue; ©0) KHUCIOTHBIE, OCHOBHBIE ¥ MPOSBISAIONINE KHUCIOTHO-OCHOBHYIO
JIBOMCTBEHHOCTh? Kakne peakuny XxapakTepHBbI JIUIs1 OKCUIOB KaXIA0W U3 3TUX Ipymnn?

3. [IpuBeauTe mpuUMeEpPHI OKCHIOB, KOTOPBIE MPH B3aUMOACHCTBUH C BOJOW 00pasyIoT JIBE
kuciothl. Kak B3aumozeiictByrot ¢ pactBopoMm Ca(OH)2 okcuabt N2Os, N2Oz 1 NO,?

4. B uemM TMposABIAETCS KHUCIOTHAas TMPHPOJA TEX OKCHUAOB, KOTOphIE C BOJIOU
HETOCPEICTBEHHO HE B3aUMOJIEUCTBYIOT?

5. HazoBute OCHOBHBIE OKCHIBI, HEMOCPEJACTBEHHO B3aMMOJICHCTBYIONINE C BOIOM.
HanummTe ypaBHEHHS! COOTBETCTBYIOIIUX PEAKIIUH.



6. Kakue mo xapakrepy OKCHIBI 00pa3ylOT HEMETAJUTbI M METAJUIbl B Pa3HBIX CTETICHSX
okucnenus? [lokaxure 310 Ha mpumMepe okcuaoB xpoma CrO, Cr203, CrOs.

7. Y Kakoro u3 JABYX OKCHJOB OCHOBHBIC CBOMCTBA BhIpaykeHbI cuiibHee: FeO wmm Fe Os;
SnO umm SnO2; ZnO umu CdO; SnO unu PbO; BeO nnu CaO; As203 i BioO3?

8. B kakmx ciydasx JBa OKCHJAa MOTYT B3aUMOJICHCTBOBATH JAPYr C JAPYrOM U KaKue
COCTMHEHUS TIPH 3TOM 00pasyroTcsi?

9. Kakue okcuIpl U Ha KaKOM OCHOBAaHHWH MOTYT OBITh OTHECEHBI TaKke M K Kiaccy
coneit? [IpuBeauTe COOTBETCTBYIOLINE PUMEPBHI.

10. ®opmymnamMu Kakhx coJieH MOXKeT ObITh (OpPMaIbHO BBIPAKEH COCTAB TaKUX
MUHEPAJIOB, KaK IIMUHENH, raycMaHuT, MarHetut? K KakoMy Kiaccy cieiyeT OTHECTH 3TU
coeqruHeHnsa?

11. Kak monyuuts okcuapl CuO, CO2, SO, P20s, Fe;03, MgO u3 mpocThIX U CIOKHBIX
BELIECTB?

12. TlomyuyuTe 1O JBa OKCHJA M3 Pa3IMYHBIX HMCXOIHBIX BEIIECTB: a) KHUCIOT, 0)
OCHOBaHUH, B) COJIEH.

13. Kakoit okcHJ MOXXHO TMOJYYUTh M3 KakIO0H KHCIOTHI cienyromiero psaa: HC10g,
H2MoOs, HoCro07?

14, Kak momyuuTh OKCHUJ LIMHKA U3: a) Merauia, 0) muHepanoB raiames ZnCOs u
IUHKOBOM 0OMaHku ZnS?

15. Yepes kakoil mpoOMEKyTOUHBIA MPOAYKT, JIETKO pa3jiararouluiicss Mpu HarpeBaHUH,
MO>HO TOJIYYHTh OKCHJ MeTamia u3 ero conu? Ilokaxure 3to Ha npumepax: FeClz—Fe20s;
A1(CH3COO)3—A1203; CuSOs—CuO; MnBr,—MnO. Kak M0XHO UIi OJHOTO W TOTO K€
DJIEMEHTA M3 OJTHOTO OKCHJA MTOJTYIHUTh IPYTOH.

16. Kakue conu Ha3pIBarOT rujipokcocoissMu? Kak UX MOXHO MOJYyYUTh, €CIIM UCXOAHBIM
BEILIECTBOM SIBJISICTCS THPOKCH] WK couib, Harpumep MN(OH), u Fez(SO4)3?

17. Hanumure rpaduyeckue Gopmynsl: ruapokcodpomunaa wmapranma - (ID);
THIPOKCOKapOOHATA MArHUS, THAPOKCOHUTPATA ATFOMUHUS; TpUTHAPOKcodochaTa KaabITus.

18. B ueM rupoKcoCoNId MPOSBIAIOT CXOJCTBO: C OCHOBAHUAMH, ¢ coisimu? [lokaxuTe
9TO yPaBHEHUSMH COOTBETCTBYIOIIUX PEAKIIUM.

19. TlpuBenuTe mpUMEpHl SIEMEHTOB, KOTOPHIE BMECTO THUI-POKCOCONEH 00pa3yroT
OKcoconu. 3a cyer uero 3to npoucxoaur? Hamummre rpaduyeckue GopMyibl: XJopuaa
okcocypbMbI(11); cynbdara okcoTuTaHa; XI0puaa JMOKCOYpaHa.

20. [IpuBeaure mpuMep KHCIOT, OCHOBAHWHA M COJICH, M3 KOTOPBIX HEIb3sI MOIYyYUTh
TUAPO- U TUIPOKCOCOIH.

21. Kak MOXXHO OCYIIECTBUTH CJICIYIOIIHE TEepPEeXOoasl B TPSIMOM H OOpPaTHOM
HANpPAaBIEHUU: KHUCIOTa — THUJPOCONb —CPEIHsSs COJb — THJIPOKCOCOJIb — THIPOKCHIA—>
okcua’?

22. Hamummurte ypaBHEHHUS peaklWi, KOTOpbIE MOCIEA0BATENbHO MPOTEKAIOT MPHU
nocrenieHHOM noOaenenuu: a) NaOH k pactBopy rumpocynbdara IUHKA, 0) KHCIOTBI K
pacTBOpy aTrOMUHATa KaJHs.

23. Kakumu aByMs crioco0aMu MOXHO TTOJIYYUTh: a) CYJIb(UIT MEAN U3 METAJUTHUECKOM
Mean; 0) XJIOpHUA aTIOMUHUS U3 METATMYECKOTO AIIFOMUHHUS?

24. HanumuTe ypaBHEHUS PEAKIIHMA, TIPU TIOMOIINA KOTOPHIX MEPEUNCIICHHBIC HUXKE COJIN

moryT ObITh niepeBesieHbl B cpeaaue: (CUOH)2SO4, Ca(HCO3)2, [AI(OH)2]2SO4, Cr2(OH)4SO0s4.

2. JlaGoparopHasi padora «OCHOBHbIE KJIACChl HEOPraHNYECKUX COeINHEeHUIN»

Onvim 1. TloMecTuTh B METANIMYECKYIO JIOKEUKY KYCOYEK CEepbl BEIMYUHON C
TOpPOIIMHY W HAarp€Tb B IINIAMCHH TOPCIIKH. Kak Toapko Cepa 3aropurcs, BHCCTH JIOXKCYKY B
0aHKy, HE Kacasch CTEHOK W AHa. Korma cepa cropur, JIO)KEUKY BBIHYTh, a B OaHKY HaIUTh
HEMHOTO JTUCTHUJUIMPOBAHHON BOABI W B30onTaTh. McmeiTath pactBop nakmycoMm. (Hamucats
ypaBHeHue peakiun. Kakos xapakTep okcuaa?)



Onoim 2. B cyxyro npoOHpKy IOMECTUTh HEMHOTO OCHOBHOTO KapOoHara meau. [lepxka
NpOOMPKY B HAKJIOHHOM IOJIOKEHUH, HAarpeTh €€ 10 OJHOro pasnoxenus conu. (Kakoro nsera
BEIIECTBO OCTaHeTCss B npodOupke? UYro Beimensercss Ha creHKax npodbupku? Hanmcars
ypaBHeHue peakiuu.) [lomyueHHbINH OKCUA MET COXPAaHUTH JJIS OIbITa 8.

Onoim 3. ]JleficTByss Ha pacTBOp cynbdara MeAu H30BITKOM IIENOYH, IOJIYYUTh
ruapokcua menu. Ilomyuennsiii ocanok HarpeTh. (OOBSCHUTH MMOYEPHEHHE OCa/Ka M HAlHCaTh
ypaBHeHUE peakiuu.) Ocagok COXpaHUTh AJisE CPABHEHHSI C OCAIKOM B ombITe 14.

Onoim 4. B36oaTath B MpoOMpKe HEMHOTO OKCHJIa KaJbIUs U OKCHJIa MarHus C BOJOU U
npodMIBTPOBATh B APYryt0 MpoOHpKy. OUIBTPAT UCHBITATh JIAKMYCOM HIH (eHON(TaTIenHOM.
(Kak u3mensercs uset pactBopa? HanucaTth ypaBHeHHE peakiuu.)

Onvim 5. B dapdopoByro yameyky HAIUTH 10 MOJOBUHBI AUCTHIIMPOBAHHYIO BOAY U
npubOaBUTh HECKOJIBKO Kamenb pacTtBopa (eHondranenHa. BblHYTH NMHUHLIETOM W3 CKISIHKU
KyCOUYEK METaJUIMYECKOro HaTpus (HATpUH XpaHUTCA I0J KEPOCMHOM), TIIATEIbHO BBITEPETH
¢bunbTpoBaIbHON Oymaroil u OpOCHUTH B YalIKy C BOJOH (OCTOPOXKHO HE HAKJIOHATHCA Hal
yamkoit). Habmronate nmpoucxopsmume sieneHus. Hamucats ypaBHEHUE pEaKIIUH.

Onotm 6. B e npobupku (MOpo3Hb) HAUTH PACTBOPHI XJIOpUIA OKHCHOTO XKeje3a U
HUTpaTa BucMyTa. B 00e mpoOupku HanuTh pactBop menoun. (Uro mabmomgaercsa? Kakos nBer
ocankoB? HamucaTh ypaBHeHHE peakIuu.)

Onvim 7. B ipobupky ¢ 3-4 mu cepHoil kuciotsl (1:5) omyctuth Kycodek muHka. K
KOHILy OIIbITa PacTBOp HArpeTh N0 KUIEeHUA. Bpems oT BpeMeHH, OTBOsS MPOOUPKY B CTOPOHY,
HaOM01aTh, BbLAENSETCS 1M ra3. Kak TOJIBKO TNpekpaTUTCs BBIJEICHHWE ra3a, HarpeBaHue
MPEKPATUTh U J1aTh OCTHITH MpoOupke. [1o oxmakaeHnn TOJKHBI BBINACTh KPUCTAJUIBI Cyab(aTa
nuHka. (Hanucate ypaBHEHUE peakuuu.)

Onvim 8. K depHOMY MOpPOIIKY OKCHAA MEIH, MOJYy4EeHHOMY B ONbITE€ 2, HPUINUTh
HEMHOTo cepHOil kucioTel (1:5) u HarpeTb 10 moaHOTrO pacTtBopeHus. (B kakoil 1mBer
okpamuBaercss pactBop? Hammcars ypaBHeHue peakuuu.) Eciam ocalok NOTHOCTBIO HeE
pacTBOpUTCS, 1aTh €My OTCTOSThCS. CIIMB JKUAKOCTh, COXPAHUTD €€ JJISl CJIEYIOILErO OIbITa.

Onoim 9. B poOUpKy C MOITYYEHHBIM B ONBITE 8 PacTBOPOM Cyib(haTa Melu BCHINATh
JKeNe3Hble ONMMIKM M B30onTaTh. Kak m3MeHsiercs okpacka pacTBopa W ommiok? Hamwmmmre
yYpaBHEHHE PEAKIINU.

Onwvim 10. B poOGupKy ¢ pacTBOpOM THAP OKCcHia Oapusi BIYCTUTh U3 arnaparta Kumnmna
yriekucablii ra3. Kak tombko oOpasyercst ocanok, ammapar Kumna ortkimrounts. (Hammcats
YpaBHEHHE PEAKINH.)

Onvim 11. Hanute B ABe npoOUpKH (IOPO3HB) PAacTBOPHI XJopHjaa Oapusi U HUTpaTa
CBUHIA. BnuTh B HUX HEMHOro pacTBopa cepHoil kucinoThl. (Uto Habmonaercs? Hamwmcatb
ypaBHEHHE PEaKLUu.)

Onvim 12. B yerbipe npoOMPKH TOPO3Hb HAJIUTH PACTBOPHI CIEAYIOIIUX COJICH: B
NEPBYIO — XJIOPHJIa HATPUS U HUTpaTa cepeOpa, BO BTOPYIO — HUTpaTa 6apus U cynb(ara HaTpus,
B TPETHIO — HUTpaTa CBMHIIA U XpoMaTa KaJlus, B YETBEPTYIO — HUTpaTa CBUHIA U Hoauaa Kalus.
(Kaxoii niBet oOpasyromnuxcs ocaakos? HanucaTs ypaBHEHHs peakivii. )

Onvim 13. B npoOupKy HAIUTH PACTBOP THAP OKCUIA KaJbIUs («M3BECTKOBOU BOIBD»)
U OCTOpPOXKHO IpPONYyCKaTh B Hee U3 anmapara Kumma yriekucislii ra3 g0 Tex mHop, Moka
MOJIyUEHHBI B Haudajge ocaZoK He pacTBOpUThCA. (OOBACHUTH MPOUCXOJSAIINE SIBJICHUS.
HanucaTs ypaBHEeHMsI peakLnii. )

Onvim 14. K pactBopy cynbdata Mead NPWINTh 10 KaIUIAM €IKWH HaTp J0
oOpa3zoBanus ocajka. Kuakocts ¢ ocagkom Harperb. (CpaBHHUTH IIBET OCajKa J0 HarpeBaHUs U
1ocjie HarpeBaHHsl ¢ LBETOM ocaaka B omnbiTe 3. OOBSICHUTH MPOUCXOASIINE H3MEHEHUS,
HamnMcaTh ypaBHEHMs peaklHif, MUMes B BHJYy, YTO IpH HEJOCTaTKe IIeNo4u obpasyercs
OCHOBHas COJIb.)

Onvim 15. B npobupky HaiuTh 2-3 MJI pacTBOpa cyib(dara aqlOMUHUS U MO KaIUIAM —
pacTBOp €IKOro Hatpa /10 00pa3oBaHUs OCajKa, CMECh B300JITaTh U BMECTE C OCAJIKOM Pa3JIUTh



Ha JiBe MpoOUpKHU. B mepByro BIUTH PacTBOP COJITHOM KUCIIOTHI, BO BTOPYIO — PAaCTBOP ILEIOYH
710 TIOJIHOTO pacTBOpeHus ocaaka. (HamucaTs ypaBHEHHs BceX peakiiyid.)

3. TecToBbIC 3aJaHUA
Bapuant Nel
1. ®opmyna kpucramtoruapara cyinb(dara HaTpus, Macca KOTOPOTO NpU 00E€3BOKHBAHHH
yMeHbImiIach Ha 47%

1) Na2SO4 * 2H20 2) Na;SO4 * 7H.0
3) Na2SO4 * 5H20 4) Na2SO4 * 6H20
2. KapOoHaT kanusi pearupyer B pacTBOpE ¢ BelIeCTBaMH Habopa
1) CO2, SO2, H3PO4 2) CO, KOH, HCI
3) BaClz, HNO3, Rb2SO4 4) KHSO4, NaOH, SO3
3. OgHOBpEMEHHO HE MOTYT HAXOJUTCS B paCTBOpE BelIecTBa Habopa
1)Na>SO4 u HCI 2) NaOH u H2S04
3) NaCl u H2SO4 4) NaOH u K2S0O4
4. OnHOBpEMEHHO B PaCTBOPE MOT'YT HAXOAUTCS MOHBI
1) Ni**, K*, SO?", I 2) Pb?*, S%, CH3COO", Ba?*
3)NH:, PO, Ca®" F 4) AP, Fe**, CO2, Br
5. YCTaHOBUTH COOTBETCTBUE MEKY BELIECTBOM U CBOICTBAMHU
1: a3oTHas KuCIOTa A B3aUMOJICHCTBUE C COJISIMU MEJIH C 00pa30BaHUEM OCaJIKa
2: TUAPOKCHU HATPHS b: B3aumopeiicTBue ¢ conamu 6apus ¢ oOpa3oBaHHEM OCaliKa
3: cossiHas KUCIO0Ta B: B3aumojeincTBHe ¢ cepoil pHU HarpeBaHUU
4: cynbdat aToMUHUS I': B3aumMoIelicTBHE C LIMHKOM C 00pa30BaHUEM BOAOPOIa
6. YcTaHOBUTBH COOTBETCTBHE MEX/y BEIIECTBOM U Ha3BaHHEM
1:
Na—— o\
Na——o0O As_—_0
Na—o0 -~
2:
Na——0o
Na o) As—o0
H—o 7
3:
Na —O
H —o0—— As 0]
H—0o

A: ruzipoapceHar HaTpus
b: nurunpoapcenat Hatpus
B: apcenar HaTpus

7. KonnvecTBo BO3MOXKHBIX coseit oopasoBaHHbx H3SO4 u AI(OH)3
1) 4 2)1 3)2 4)3 55

8. B pe3ynbTaTte crieayonmx npeBpaieHui



(NH,),Cr,0, X X, =X X, ‘X5
o0Opa3yeTcs KOHEUHbIN IPOAYKT X5

1) NaNO; 2) NO2 3) Na.0 4) NO
Bapuant Ne 2

1. M'mapun onHOBaNEHTHOTO MeTaia coaepkut 12,5% Bogopoaa mo macce.
1) cepebpo 2) HaTpuid 3) nuTuit 4) 30510TO

2. JIluokcun yriiepoja MOXKET pearupoBarhb ¢ BellecTBaMu Habopa

1) CaO, (NH4)2CO3 pactBop, HNO3 2) Na2CO3z pactBop, Mg, C (kokc)

3) KOH, H2S04, pacteop BaCl: 4) CuSOg4, NH3z, NaOH

3. O1HOBpEMEHHO HE MOT'YT HaxOJUTCs B pacTBOpE BellecTBa Habopa

1) BaCl> u NaNO3 2) BaCl,u NaBr

3) Ba(NOs3)2 u K 4) Ba(NO3)2 u H2SO4

4. Kucnyro cosib MOKHO HOJY4YUTh B BOJHOU Cpezie PU B3aUMOJIeHCTBUU

1) LiOH u HBr 2) CsOH u P20s

3) Mg(OH)2 n HCOOH 4) AIOH)3 n N2Os

5. OIHOBPEMEHHO B pacTBOPE MOT'YT HaXOJIUTCSI HOHbI

1) Ag*, Ca?*, Br, NO, 2) Zn** NH;, OH", I

3) Ba**, Na*, F, CO? 4) Cu*, AP*, ClI,, SO?"

6. YCTaHOBUTH COOTBETCTBHE MEX/Y BEIIECTBOM U CIIOCOOOM €T0 PacIiO3HAHHS

1: yrnekucnblii ra3 A: BO3ropaHue TJICIOLICH JTyYUHbI

2: aMMHaK b: Bozropanue ¢ xapakTepHbIM 3ByKOM

3: kucIopon B: momyTHeHue U3BECTKOBOI BOBI

4: Boopoa I': u3MeHeHne OKpacKy BIIAXXHOW MHANKATOPHOU OyMaxKu
7. YCTaHOBUTbH COOTBETCTBUE MEXKIY BEIIECTBOM U CBOMCTBAMHU

1: a30THas KUCIOTA A: B3auMo/JieiicTBHE C COJIIMU MeU ¢ 00pa30BaHUEM OCAJIKa
2: TUAPOKCHU HATPUS b: B3aumopeiicTBue ¢ conamu 6apus ¢ oOpa3oBaHHEM OcajiKa
3: consiHas KUCIOTa B: B3auMmoseiicTBre ¢ cepoit Mpu HarpeBaHUU

4: cynbdat amoMuHUs I': B3aumosiericTBHE ¢ IMHKOM C 00pa30oBaHUEM BOJOpPOIa

8. B pe3ynbraTte cieayronmx npeBpameHni

Si02+C Ca HCl c)2 Ca3(PO4)2
Ca,(PO,), X, X, X, =X, X,
o0pa3yeTcs KOHeUHbIH MPOIYKT X5
1) Ca(HPOa)2 2) CaHPO4 3) CaHPO4*2H20 4) CazP207
4, PeiiTuHroBasi KOHTpo/bHas padora 1 («OCHOBHbIC NOHATHA XUMHUH.
ATOMHO-MOJIeKYJIsIpHOE YueHue», « Kiiaccupukanns 1 HOMEHKJIATYPa HEOPraHMYeCKHUX
CoeTMHeH ii»)
Bapuant Nel

1. Ompenenute SKBUBAJICHTHI 3JIEMEHTOB B MX okcuaax: Rb,0O, MgO, Cr203, SO:s.



2. Bbraucauthb SKBHUBAJICHT TUTST UCXOHBIX BEIIIECTB B peaKuusx:
H2C204+Ca(0OH),=CaC,04+2H,0
Cr2(S04)3+12KOH=2K3[Cr(OH)s]+3K2SO04

3. 1r Hekotoporo Mmeramia coeaussercs ¢ 8,89 r Opoma u ¢ 1,78 r ceprl. Haiigure
HKBHUBAJICHTHBIC MacChl Opoma u Me, 3Hasi, 4TO SKBUBAJICHTHAst Macca cepbl 16,0 r/MoIb.

4. Hamumwure ypaBHEHUS pPeakilfii, COOTBETCTBYIOIIMX CIIEAYIOIEH cXeMe:

SiO+C Ca HCI 02 Caz(POa4)2
Ca3(P04)2 —r A » B » C » D >
1200°C t°C

5. Hamummre rpaduueckue Gopmynsl coenuHeHnd U gaite mx HasBauus: H202, SnO,
H3POa, H2S203, (CuOH)2CO3, NaH2ASO4.

6. Kaxoii o0beM kucimopona ciemayer A00aBUTh K 1 M
coiep>KaHuE B HEM KHCJIOpOAa MOBBICUIIOCH A0 25%.

7. B uemnoyky Kakoil JJIMHBI PACHOJIOKATCS MOJEKYJbl BOJAbI Maccodl 1 r? JlunenHbIit
pasMep MoJteKyisl Bosl 1=1,38*10710.

8. Omnpenenure GopMyiTy OJHOTO U3 KPUCTALUIOTHAPATOB Cylb(ara HATPHsI, €CIIU €ro Macca
IpY OJIHOM 00€3BOKMBAaHUN yMeHbIIMIack Ha 47%.

9. Hamwmmmre GpopMyibl COJICH, COOTBETCTBYIOIIMX CJICAYIOIMM IBOWHBIM okcuaam: PbyO3
u Pb304. HazoBuTe ux.

3 Bosayxa (21% O2), 4TOOBI

Bapuant Ne2
1. Ompenenute sKkBUBaICHTHBIE Macchl coequHennii: Fe,03, KH2PO4, Cr(OH)s, H2SiOs.
2. Brorauciautb SKBUBAJIEHT JUTS HUCXOIHBIX BELLECTB B peaKnusx:

KFe(S04)2+3NaOH=Fe(OH)3+KNaSO4+Na>SO4
KCr(SO4)2+NaHC4H406=Cr2(SO4)3+KHCsH406+Na2S04

3. Ormpenenute Maccy cepbl, O0pa3yromleicss Npu B3aUMOJEHCTBUU CEPOBOAOPOIA
KOJIMYECTBOM BemecTBa 3kBuBajeHTa 0,01Momb ¢ n30b1TkOM KoHIleHTpupoBanHOH HNO3

4. Hamumwurte ypaBHEHUs peakifil, COOTBETCTBYIOIIMX CIEIYIOIIEH CXeMe:

Fex(SOs)3 —» Xy — FeCl, —» Xo —» Fe30s <+— Xz —» Fex(S04)3

5. CocraBpTe GopMynsl (AMIUpHYECKHE Tpaduueckne) BCEX BO3MOXKHBIX COJEH
00pa30BaHHBIX TUAPOKCUIOM MArHusi U XpOMOBOU KUCIOTOM. [laiiTe Ha3BaHUs COMSIM.

6. K 50 mu cmecu B 2-x okcmuax yriiepona jgooaswmm 100 M1 Kuciopoaa u mojoxriu. B
pe3yibTare peakluuu oomuil 00beM ra3os ymenbumics Ha 10%. Bee o0beMbl ra3oB u3mepsiuch
IIPU OAMHAKOBBIX yclIoBUAX. OmnpenennTe 00bEMHBIN COCTaB UCXOIHBII CMECH.

7. Ckonpko JieT morpedyercs, yToObl MepecunuTaTh BCE MOJIEKYINbI, HAXOAAILIMECs B BOJE
Maccolt Ir, Eciu kaxayro cekyHay OTCUMTHIBATh IO MUJUIMOHY MOJIEKY?

8. Ilpum TtepmmuueckoM pasznoxkeHuH okcuaa wmapranua (lV), B3storo maccoit 0,435 1,
BBIJICJIUIICS KMCJIOPOJT M 00pa3oBalicst Apyroi okcua Maprania maccoit 0,382 r. Kakosa dpopmyna
3TOrO OKCcuaa?

9. UYro Ha3wIBalOT SKBHBaJCHTOM BemiecTBa? [Ipu KakoM yCIIOBHM SKBHUBAJICHT WACHTHUYEH
caMoM 4yacTulle BeniecTa?

Tema «CTpoenne aToMay»
1. Bompocs! 1Js1 codece10BaHUSs
1. YTo Ha3BIBAIOT IIPHHIIMIIOM HEONPEIETEHHOCTH H COOTHONIEHHEM HEOTPEIeIeHHOCTH?

2. TIpuUMeHNMO 1M TOHATHE TPAeKTOPUM NBWKEHHS K MuKpouactmmam? YeM 5To
OTIpeJIeNeTCs U KaKOe MOHATHE €ro 3aMeHseT?

3. Heompe1eneHHOCTh MOJIOKEHHS JIEeKTPOHA PABHA:

a) 1029 m; 6) 1 cm. Kakoii Gymer npy 5TOM HEONpe/eIeHHOCTh B UMITYIIbCE U CKOPOCTH?

4. HeompeneneHHOCTh B CKOPOCTH dJeKTpoHa paBHa 108 cm/c. Haiinure
COOTBETCTBYIOIIYIO HEOTIPEIETEHHOCTE B TOJIOKEHNH IEKTPOHA.



5. IlorpemHOCTh B OMpEEICHUH MOJOXKEeHHs deKTpoHa pasHa: a) 0,5 cm; 6) 0,05 HM.
Kaxoit Oyner mpu 3TOM MOTPEIIHOCTh B ONPEACIICHHH CKopocTr? [[71s1 BToporo ciydasi CpaBHUTE
AV, BBIpOKEHHYIO B KM/C, CO CKOPOCTBIO ABMKCHHUS JIEKTPOHA I10 TIepBOit opbute bopa.

6. CKOpOCTb IBIKCHHUS 3JIEKTPOHA 110 IepBoi OopoBckoi opoute paBHa 2187 km/c. Eciu
MOTPEIIHOCTD B OTIPEICIICHUU CKOPOCTH paBHA | KM/C, TO Kakoil OyJeT mpH 3TOM MOTPEIIHOCTD B
ornpezeneHuu KoopauHatel? CpaBHUTE €€ CO 3HAYCHUEM paanyca OpOUTHL.

7. CBer HWMeeT IBOWCTBEHHYIO IPHPOIY, IMOITOMY JHeprus (GOTOHa MOXKET OBITh
BBIp@KEHA JABYyMs ypaBHeHUsiMH: E=hv u £ =mc?. Haiimure 0TCIO1a B3aHMOCBSI3b MEXY JJTUHON
BOJIHBI, CKOPOCTBIO cBeTa U Maccoi (orona. [lomyuute ypaBHenue ne bpoiins, 3amenuB Gpoton
mo0oit  mMukpouactuie. Ilouemy KOpHycCKyJISIpHO-BOJTHOBOM Jyajlu3M CBOMCTBEH TOJBKO
MUKpouacTuiam?

8. Kakoe skcriepuMeHTanbHOE MOATBEPkKACHHUE HAlllIa TUIIOTe3a Jie bpoiiis o BOIHOBBIX
CBOICTBaX MUKpPOYACTHL]?

9. OcHoBBIBasiCh Ha ypaBHeHMH bopa mvr=nh/2z u ypaBHenuu ne bpoitns A=h/mv,
MOKaXUTE, YTO CTAIlOHapHBIE OpOUTHI bopa — 3T0 Te OpOUTHI, B AJTMHE OKPYKHOCTH KOTOPBIX
YKJIaJIbIBAETCS LIEJI0€ YUCIIO BOJH AeKTpoHa. CKOIBKO BOJIH 3JIEKTPOHA YKIIAIBIBAETCS B JUIMHE
OKpPY’KHOCTH TIEpPBOM M BTOPOH CTallMOHapHOM opoutsl bopa B arome Bosopoaa?

10. Yemy paBHa neOpoiiieBckas JIMHA BOJIHBI JIEKTPOHA, TBUKYIIETOCS CO CKOPOCTBIO:
a) 6-:10° m/c; 6) 2187 km/c?

4. Yemy paBHa Macca (oToHa kpacHoro ceera (A=648 um)? CpaBHHTE €€ C Maccoi
anextpoHa (9,11-10%8 ).

5. UYemy paBeH ummynbc GoToHa ist cBeTa ¢ A=485 HM?

13. Dueprus porona pasua 5-10° . Haiinure nuny BoMHBI 5TOr0 M3TydeHus. Yemy
paBHBI JUIMHA BOJIHBI, Macca M UMITYJbC Uit poTOHA ¢ 3Heprueit 6,7 2B?

14. Bo ckonbko pa3 macca ¢oroHa, orBevarouiero jguHuu Ha cepum banbmepa
(A=6,56-107 M), MeHblIe Macchl JJIEKTPOHA U BO CKOILKO pa3 CKOPOCTb (hOTOHA GOIbIIE
CKOPOCTH 3JIEKTPOHA, JIBIKYILETOCs B aTOME BOAOpoJIa 1o opouTte ¢ paguycom 0,053 am?

15. Ecnu atom renmusi umeer sHepruto 0,04 »B (9Heprus TEIUIOBOTO JBMXKEHUS MpU
KOMHATHOW TeMIIepaType), TO KaKoil OyJeT COOTBETCTBEHHO A€OpOiiIeBCKas IJTIHA BOJHBI?

16. dudpakuus >7I€KTPOHOB YETKO OOHApYyKUBAaeTCs, €CIU s HHUX JAeOpoiieBckas
JUIMHA BOJIHBI COM3MEpHUMa C MEXAaTOMHBIM pAcCTOSHUEM B KpHUCTaJUle, CIyXallluM
TU(PPaKIMOHHON penieTkol, T.e. umeeT nopsaok 0,1 M. UeMy paBHa anuHa BOJIHBI e bpoitis
JUISL DNIEKTPOHA, JBMKYIIETOCS: a) co ckopocThio 7,2-10° kM/c 1 6) co ckopocThio, B 100 pa3
MeHblIel ckopocTu cBeTa? JlaayT I 3TU 3JEKTPOHBI TU(PAKIMOHHYIO KapTUHY?

Tema «Ileprnoanyeckuii 3aK0H U NMEPUOAUYECKAS CHCTeMa XUMUYecKHuX djiemenTos /I.H.
MemnpeieeBa»

1. Bomnpocsl ajs codeceq0BaHUA

1. Yto HazpiBatoT sHepruedl noHusauuu? Kakas BenMuMHa MMEET C HEH OAMHAKOBOE
YHCIIOBOE 3HaueHue? B Kakux eMHUIIaX OHU U3MEPSIIOTCS?

2. Yemy paBHO 4YMCIO BCEX BO3MOYKHBIX MOHW3ALMOHHBIX MOTEHIHUAIOB JUIsl JAHHOIO
aToMa M 4TO SIBJISICTCS IPUYUHON YBEIWYCHUS UX 3Ha4eHUH B psay: 11<I2<l3...?

3. Kak 3aBHCHT BenMYMHA MOHM3ALMOHHOIO MOTEHIMAla OT 3HAYEHUs Ul DJIEKTPOHA
[JIaBHOTO KBAHTOBOT'O YMCJIA U YEM 3Ta 3aBUCUMOCTb 00YyClIOBJIeHA?

4. Kak MOXHO IO DKCIEPUMEHTAJIbHO HAWIEHHBIM HOHU3ALMOHHBIM IOTEHIHAIaM
YCTAaHOBUTh HAJMYME B AaTOME OHJIEKTPOHHBIX CJOEB M YHUCIIO 3JIEKTPOHOB, KOTOpBIE OHU
cogepxatr? Ilokaxxute 3TO, MOJB3YSCh 3HAYCHUSMHU STUX BeMWYMH s Oepwums: 11=9,3;
12=18,2; 13=153,7 u 1,==217 3B.

5. Kak #omkHBI OTaMyYaTeCs APYr OT JApyra MOHHU3AllMOHHBIE MOTEHLIMAIBl aTOMOB: a)
HaTpUs U XJIopa, 0) KaJaus U KpUIITOHA, B) Oepriius u Oapus?



6. UTo Ha3BIBAIOT CPOACTBOM aToOMa K 3JeKTpoHy? Il KaKuX 3JIEMEHTOB 3Ta BEJIHMYMHA
uMeeT HauOouiblIee MOJIOKUTENBbHOE 3HaUeHNE U IJIs KaKuX oTpuuaTenbHoe 3HadeHue? Kakue
HKCIIEPUMEHTAIbHBIEC JJAHHBIE YKa3bIBAIOT Ha HEBO3MOXXHOCTH CYIIECTBOBAHUS MHOTO03apsTHBIX
IPOCTBIX HOHOB?

6. Kakoil BBIBOJ MOXKHO cIelaTh O CBOMCTBAaX 3JEMEHTA IO 3HAYCHHIO JUIS HETO
MOHU3aLMOHHOI0 NOTEHIIMAJa U CPOJICTBA K JIEKTPOHY?

7. Uto Ha3bIBalOT aOCOJIOTHOM M OTHOCHTEIBHOH 3JIEKTPOOTpHIaTebHOCThI0? Kak 1mo
3HAYEHUIO 3TOW BEJIMYMHBI MOKHO, CYIUTh O HAIPaBJIEHUU CMELICHHS 3JIEKTPOHHOHN INIOTHOCTH
npu 00pa30BaHUM CBS3EH?

8. UTo Ha3bIBaIOT CTENEHBbIO OKHUCIECHUS JIEMEHTa U YeMy paBHa UX oOllas cymMMa B
MOJIEKYJIE U HOHE?

9. Uemy paBHa CcTeNEHb OKHCICHMS HATPHsl, KAJIbLUSA U XJIOpPa, €CIM OHU HAXOAATCS B
Buzie cBobGoaHBIX MoHOB: Nat, Ca?*, C1°, u XxpoMa, eclli OH HaXOMUTCS B COCTABE CIIOKHOTO HOHA
Cr,07%?

10. Kakast crenenb OKHCICHHS JOJDKHA OBITH Ooyiee XapakTepHa Ui dJIEMEHTa IpU
BBICOKMX WJIM HU3KHX 3HaueHusAX ero 507

11. IIpu BBICOKMX WJIM HU3KHX 3HAYCHUSAX CTETICHb OKUCIICHHUS 3JEMEHTa MOXKET OBITh
paBHa 3apsily ero CBOOOHOI0 IPOCTOr0 HOHA?

12. CpoiicTBa CBOOOAHOIO WJIM CBSA3aHHOI'O aToMa XapaKTEpU3YIOT MOHATUS SHEPTUU
MOHU3ALUH, CPOJCTBA K DJICKTPOHY U JIEKTPOOTPULIATEILHOCTU ?

2. TecroBble 3aganus «CtpoeHue atoma. [lepuoguyeckuii 3aKoH U MEePHOTUUECKAST
cucreMa XuMH4ecknx 3jieMenToB /I.A. MeHaeieeBa»
Bapuant Ne 1
1. 3037€KTpOHHBIC ATOMBI U HOHBI

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

3) Fe?*, Fe®* 4) Co%*, Mn

2. DneKTpoHHast eMKOCTh T -1oaypoBHst

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

3. DHeprust CpoACTBa K AIIEKTPOHY B TIEPHOIE

1) He u3MeHsieTcs 2) yMeHbIIIaeTCs

3) yBeIu4HMBaeTCs 4) ocTaroTCsi MOCTOSIHHON

4. Pa3pemnieHHbIil HAOOP KBAHTOBBIX YUCEII AJIEKTPOHA
Dn=3,1=0,m=1 2)n=2,1=1,m=0
3)n=3,1=2,m=-1 AHn=3,1=2,m=3

5. Haumensbmnii paanyc uMeeT HOH
1) Cs 2) Ba?* 3) Te* 4) I

6. Monens aroma, co3gantas O.Pesepopaom Ha3biBaeTcs # # #
7. Yucno ypoBHeH y aToMa onpeziensiercs # # # KBaHTOBBIM YHCIIOM
8. DHeprust OTphIBa ANIEKTPOHA OT aTOMa Ha3bIBACTCS dHEpruen # # #

9. Ecin a1ekTpoH nenaet BIOop Mexay 4d 1 5S aTOMHON OpOHMTANBIO, TO aTOM CONEPKHUT # # #
AIIEKTPOHOB



10. YcTaHOBHUTH COOTBETCTBUE MEXK/Y FIEKTPOHHBIMU KOH(PUTYPALUAMU U XUMUYECKHUMU
YaCTULAMHU

1: 1s?2s%2p°®3s23p! A: Na*
2: 1522522p®3s23p°® B: N
3: 1s22s22p° B: S?-
4: 1s%2s%2p° I: Al

11. PacnonoxuTh B IpaBUIIbHOM MOCIIEI0BATEIBHOCTH 3aII0JHEHNS SHEPTeTHUECKUX
IIOAYPOBHEHN B aTOMax

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

1. 130351eKTPOHHBIE aTOMBI U HOHBI

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

3) Fe?*, Fe®* 4) Co**, Mn

2. Habop kBaHTOBBIX uncen N =3, | =1, s ==+1/2 umeer

1) Si 2) Al 3) Cl 4)S 5P
3. OarHaKOBOE KOJIMUYECTBO 3JIEKTPOHOB Y HOHOB

1) Ba%**, Mg?*, Cd* 2) Ba*", I, Te*

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

4. DneKTpoHHAs eMKOCTh { -TIOypOBHS

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

5. DHeprus UOHU3ALMH B TPYIIINE

1) He u3meHseTcs 2) yBeJIUYUBACTCS

3) ymeHbIaeTcs 4) ocTaroTcs MOCTOSTHHOM

6. AtomHbie opOuTanu garoT cymmy N+ 1=9
1) 6f, 7d, 8p 2) 5f, 7p, 8s
3) 4f, 5d, 6p 4) 4d, 5p, 6s

7. Yucao HecmapeHHBIX AJIEKTPOHOB B aTOME XpoMa B HEBO30YK/IEHHOM COCTOSIHUU # # #

8. DHeprus nonmsanuu aroma Ca (3B): 11 = 6,113; I, = 11,871, I3 =51, 21. TpeThs dHEpTHS
MOHM3AINH PE3KO BO3pacTaeT U3-3a OTphIBa # # # aneKTpoHa

9.Yucno opbutaneil y aroma omnpenensercs # # # KBAHTOBBIM YUCIIOM

10. YcTaHOBUTH COOTBETCTBHUE MCKAY 3JICKTPOHHBIMU KOH(i)I/IpraI_II/IHMI/I H XUMHYCCKHMMH
qaCcTHullaMH

1: 15225°2p%3s23p®4s°3d° A F
2: 1522522p®3s%3pP4st3d® B:C
3: 1522522p°® B: Fe*3
4: 1522s22p? I:Cr

11. PacnionoxuTth B IpaBUIIbLHOM MOCIIEI0BATEILHOCTH 3alI0JIHEHHSI SHEPreTHYECKUX
HOIyPOBHEH B aTOMax
A:6p b:7s B:6s [:4f J:5F E:6d X:5d



3. PeiiTuHroBasi KoHTpobHas padora 2 («Crpoenue atoma», «Ilepuoguueckuii
3aKO0H U NepuoanYecKasi cucreMa XuMudeckux 3jaeMeHToB .. MenaeneeBa»)

Bapuant Nel

1.  Yrto Ha3bIBAIOT NPUHIIMIIOM HEOIPEICJIEHHOCTH U COOTHOIIEHUEM HEOIIPEIeIIEHHOCTH.

2. Jlna cxompkux AO cymma n+l=8? Ecthb 1u Takue oOpOUTAIM Yy DIEMEHTOB
HNEpUOIMYECKON cucTeMbl? ATOMBI, KaKMX 3JIEMEHTOB MUMEIOT HaumOolbllee 3HaAUYCHHE CYMMBbI
n+1?

3. Hammmmure snextponno-rpaduueckue dopmynsr: Cr, CI*°, Te?, Th.

4. Hanumute >7eKTpoHHBIE (OPMYJBI €IIe HEOTKPHITHIX 37emMeHToB Nel08, Nell3 wu
YKa)XKUTE, KAKOE MECTO OHM 3aliMYT B MIEPUOJUUECKON CUCTEME.

5. CkopocTh IBMKEHUS DIEKTPOHA IO MepBoi OOpoBCKoii opbuTe paBHa 2187 km/c. Ecnu
HOTPEIIHOCTD B ONPEIENIEHUU CKOPOCTH paBHA 1 KM/c, TO Kakoil OyJeT mpH 3TOM MOIPEIIHOCTh B
orpeneneHnu KoopauHaTel? CpaBHHUTE €€ CO 3HAYCHUEM pajinyca OpOUTHI.

6. [IloscHuTe mpUuUMHY pa3IinyMsl B BEIMYMHAX MOHHBIX PaJUyCOB JJIS M303JIEKTPOHHBIX
nonos; 1,33(F); 1,36(0%); 0,98(Na*); 0,74(Mg?*); 0,57(AI*")

7. OOpscHUTE 0CO00 HU3KYI0 YCTOMUMBOCTb COEIMHEHHH p-3JIEMEHTOB O-mepuoja B
Boiciieit C.O.

8. Paccumraiite 3HaueHust Z,p. atomoB Na, Mg u nokaxure BIusiHUE Z,p. Ha 3HAUeHUE E;
aTOMOB.

Bapuant Ne2

1. IlpumeHuMO 1M TIOHATHE TPAEKTOPUHM MABIDKCHHS K MHKpouyactunam? Yem 5310
OIIpeieNIeTCsl U KaKoe MOHATHE ero 3aMeHseT?

2. YKaXuTe 3HAaYCHUE KBAHTOBBIX YMCEIl JUIS BHEIITHUX DJICKTPOHOB B aTOMaX 3JIEMEHTOB C
nopsiAKoBeIM HOMepoMm 11, 14, 20, 23, 33.

3. Hanummre snexrponno-rpadudeckue Gopmyms:: Pd, Zr?, S2, Fm.

4. Ha ocHOBaHMU YY€HHUS O CTPOCHHU aTOMa OOBACHUTE, MOYEMY 3HEPreTHYecKuil S-
HOJYPOBEHb BKIIOYACT OJHY OpOUTai b, P-MOAYypOBEHb — TpH, O-mogypoBeHb — stk u f-
HOJIYpPOBEHb — CEMb. Y Ka)KUTE MaX YUCIIO 3JIEKTPOHOB Ha 3TUX MOJYPOBHSX.

5. Uemy paBHa aeOpoiineBcKas JUIMHA BOJIHBI AJIEKTPOHA, JBUKYILIETOCS CO CKOPOCTBIO: a)
6*10° m/c; 6) 2187 km/c?

6. IloyeMy TrHIPOKCH/ JIMTHS MO CHJIE OCHOBHBIX CBOWCTB, PACTBOPUMOCTH M CITIOCOOHOCTH
OTUICTIISATH BOAY NPH HarpeBaHUM MPOSIBIISIET CXOJICTBO C TUAPOKCHIOM MarHus ¥ KajabIus?

7. DOHeprus HOHHU3ALMU IPU TOCJIEIOBAaTEIIbHOM OTPBIBE JJIEKTpOHA OT aToMoB M(g
cocrasiisieT: E1=733, E2=1447 u Es=7718 x/l>/Momnb. UeM 00bsICHUTH pe3koe Bo3pacTtanue E3?

8. Kakywo cTpykTypy IOKEH HUMETh BOChMOW mepuon? IIoBTOpsieT M OH IMOIHOCTBIO
cenbpMon nepuoa?

Tema «XumMu4yeckas cBA3b»

1. Bomnpocsl ajs codece10BaHUA

Memoo eanenmmuuix cxem.

1. MoxeT nu jayinHa CBSI3U OBITH PAaBHONM CyMMeE PaJIMyCcOB JBYX aTOMOB, KOTOpbIE €€
obpasytor? Tlokakute U 00BACHUTE Ha puMepe Mostekynsl Ho, 3uast,uto /H/=0,053um, a d/H-
H/=0,074umMm.

2. Boruucnure suepruto o -csizu C-C, ecnu crannaptHas temiora oopazoBanus C-H u3
ra3zoo0pa3HbIX yriepoja u Bojopoaa paBHa —2815 x/[x/monb, a sHeprus o-cBsizu C-H paBHa -
411,3 xJIx/MoIIb.

3. Dueprus muccommanuu HI paBHa 298,4 x/[x/mMoibs. Moxuo ym paznoxute HI Ha
3NIeMEHTHI TIpU 00NydeHnH yibTpaduoneToBsiM cBetoM A = 2-10720 M? Kaxyio snepruio Hamo
3aTPaTHTh,4TOOBI pa3nokuTh 5-107° T HI?

4. ITouemy MakcuMalbHast KOBaJEHTHOCTh (ochopa MOXKET OBITH paBHOU MATH, a y a30Ta
TaKO€ COCTOSIHUE OTCYTCTBYET?



5. B pamkax teopun BC 00bSICHUTH, To4YeMy Yy OOJBIIMHCTBA P-3JIIEMEHTOB C
MIEPEMEHHOMN BAJICHTHOCTBIO €€ 3HAYEHUS pa3anyaroTcs Ha 27

6. s KakuxX SJEMEHTOB, MMEIOUIMX 3JIEKTPOHHBIE KOH(MUTYpaly BHEIIHETO CIIOs
atoma 3s%p?, 4s?p®, 5s?p*, 6slp® xapakrepHbl mepeMeHHas uéTHas M MepeMeHHAs HEYETHAs
BaJICHTHOCTb?

7. Ha ocHOBaHMU pa3HOCTHU 3JEKTPOOTPULIATEIBHOCTH aTOMOB JIEMEHTOB YKaXHTE, KaK
W3MEHSETCS CTENEHb HOHHOCTH cBsA3U B coeaqndennsx HF, HCI, HBr, HJ?

8. Paccuuraiite 3¢ ¢dexkTuBHBIE 3apsibl aTOMOB BOJOPOAA U XJIOpa, OOPa3yOIIMX
KOBAJIEHTHYIO MOJAPHYIO CBA3b, ECIHU Wxken. MOJIeKynbl HCI pasen 3,4-10°° Ki-m, a qnmna cBssu
H-C1 paBna 1,27-107% m.

9.Kak MOXHO OOBSACHUTH, YTO aMMHAK U TPUPTOPU] a30Ta, UMEIOLIUE OJUHAKOBYIO
nupamMuiaibHylo GopMy M COAEp)KallMe aTOMbl 3JIEMEHTOB C IPUMEPHO OAMHAKOBBIM
pa3InYreM B 3JIEKTPOOTPHUIATEIBHOCTH, CYIIECTBEHHO PA3JIMYAlOTCs MO BEITMYMHE JUTMOIBHBIX
momenToB: [ (NH3) = 0,49 - 102° Ki-m, p(NF3)=0,07-10"%° Kit m?

10. Kax cornacoBaTh Malyio MOISpHOCTh cBsi3u B Monekyae CO (u = 3,33-103! Kin'm) co
3HaunTeNabHbIM pazuaueM B D0 C u O D0(C)=2,5; D0(0) = 3,5.

11. dyuna cBs3u H-F pasua 0,092 1w, a monsspHocTh coctasisiet 45%. Hatigure w/H-F/.

12. 151 onuHapHO# KOBAJIEHTHOM CBA3M MEXAY ByMs atToMamMu A u B nononHutenbHas
CBSI3b, OOyCNOBIIEHHass €€ YacTHYHO HMOHHBIM XapakTepoM, 1o IlomuHry oneHuBaercs
dopmymoit: 100[20/A/-20/B/]? xJIx. BerunciuTe HONONHUTENBHYIO dHepriio cBs3u H-1 u H-
C1 3a cuér yacTUYHOrO0 MOHHOI'O XapakTepa cBsi3ei. Kakoe U3 3Tux ByX COeIMHEHUH NPOYHEE U
peakuus oOpa3oBaHus Oojiee IK30TepMUYHA?

13. YcTaHOBUTH MPOCTPAHCTBEHHYIO CTPYKTYPY CIEAYIONIMX MOJIEKYIL:

a) COS, COCly, CF4, SiFe?;

b) NHs, NO2", PHs, PO

c) H2S, SCly, SF4, SO2F>;

d) CI.0, ClOs, ClO4, JOg”.

14. Ilokaxkute BIMAHUE HENOJCNEHHBIX HMeKTpoHHbIX map /HII/ Ha dopmy Mosexkyn
BrFs, SF4, JCl47, JFs. [Ipenckaxkute /3KBaTOprabHOE WK akcHaibHOE/ pacnoioxenue HIT.

Memoo monexynapuslx opoumaeil.

1. Kak Ha ocHoBe Teopun MO omnpenenstoT KpaTHOCTb CBSI3M MEXKIY JIBYMs aTOMamu?
[TpuBeauTe- NpuMeEpBHI.

2. Kak teopust MO 00BsiICHSIET HEBO3MOXKHOCTh 00pa3oBaHus MoJiekyn Hez, Bez, Nes.

3. Kak Teopuss MO o0bsicHsieT: a)nuamarHeTu3m Moiekyia Nz, F2; 6) mapamaruerusm Bz u
Oo.

4. Cocrasuth sHepretuueckyto quarpammy MO gactuiy NO*, NO u NO™ u cpaBHUTH HX
KpaTHOCTh U Ecg?

5. CocraButh 3Heprerudeckyto auarpammy MO u AO monekynsl LiH. Kakue opouranu
B HE SIBJISIOTCSI CBS3BIBAIOIINMU, a KAKHE HECBSI3BIBAIOIIMU ?

6. Y xakoit monekynsl N2 u CO Gobliie sHeprus Auccoruanumn?

7. Kak ¢ nosutun MO 00bsicauTb J€rkyto okucisiemocts Cr(ll),eciu nmpu od6pa3oBaHuu
coenunaeHni oxuH »ektpoH Cr(ll) nonagaer Ha paspeixistonryto nd-MO?

8. OObsicHUTE, MOYEMY OTpPBIB OJHOIO 3JEKTpoHa OT Mosekyiasl CO npuBOIUT K
ocalieHuto cBs3u , a oT Mostekynbl NO - k e€ ynpouHeHuto ?

Honnas cease.

1. Temneparypa mnasnenus CaCl,=780°C, CdCl>=560°C; paguyc Ca pasen 0,104 HM,
Cd—0,09 uM. OOBACHHUTH pa3IUUne TEMIIEPATYP MIABICHUSL.

2. Ilpu nmepexone or CsF k CsJ temmeparypa IUIaBJI€HUS KPUCTAJUIOB YMEHBIAETCS.
OOBscHUTH HAOTIOAAEMBIN X0 U3MEHEHHS TEMITEPATYPhI TUTABIICHHS.

3. O0bscHUTH HeycTOWYMBOCTH TUApOKcHI0oB Menu (1) u cepedpa (1).

4. OOBACHUTH C TIO3MUIHMA TPEACTABICHUNA O TMOJSPU3ANUA HOHOB MEHBITYIO
ycroitunBocth AUCI3 B cpaBaenuu ¢ AuCl.



5. K2CO3 mnaButcs pu 890°C 6e3 pasznoxkenus, AQ2CO3 pazmaraercs yxe mpu 220°C.
OOBSICHUTH yKa3aHHOE pa3Inyue.

6. BaCl, B BomubIx pactBOpax auccouuupyer mnonHocteto, a HQCl> mouru He
muccounupyeT. OOBSICHUTE 3TO pa3inydue B CBOMCTBAaX CoJeH.

7. YTO Ha3bIBAIOT JOMOJHHUTEIBHBIM MOJIPU3AIUOHHBIM 3 dhekrom? OOBICHUTD, KaK €ro
HAJIMYWE B COECOUHEHUIX Hg2+ nenaer okcun HYO menee ycroiumBbiM, yeM okcupa ZnO,
HECMOTPS Ha OOJIBIINI panyC HOHA PTYTH.

8. Kakoe coeamnenue Tepmuuecku Oonee ycroitunBo: a) PbCO3 u CaCOs, 6) HgCls u
PbCls, B) FeCls u NiCls, r) Zn(OH)2 u Ca(OH)2, 1) MgCOz u SrCOsa.

Meosicmonekynapnoe e3aumodeiicmaeue.

1. Yem oOBsicHsICTCS pa3HOCTh TeMmiieparyp kumeHus azora (-195,8°C), kucnopona (-
183°C) u dropa (-187,9°C)? [louemy HAMHOTO OTIIMYACTCS OT HUX TEMIIEpaTypa KUIICHUS XJIopa
(-34°C)?

2. YeM OOBSICHUTH PAa3HYIO SHEPTHIO BOJIOPOIHBIX CBS3EH.

3. Kak u mouemy M3MEHsIEMCsI arperaTHOe COCTOSTHUE TIPOCTHIX BEMIECTB MPU KOMHATHOM
Temmeparype B psaay ¢rop-iioa. Kakoe arperatHoe cocTosiHiE JOJKEH UMETh acTar?

4. Yem 0OBSCHUTH, UTO TEMIIEpATypa IUIABJICHHS BOJIbI 3HAYUTEIHHO BBIIIEC TEMIIEPATYPHI
nnasnenus QropoBogopona (-83°C), XOTS AMMOIBHBIA MOMEHT MoJeKymbl Boasl (0,61-1072°
Ki1-M) MenbIne, yem mostekynsl HF (0,636-102° Kir-wm).

2. TecroBble 3a1aHUSA
Bapuant Ne 1
1. B psany Bogopoansix coequaennit anementoB VI A rpymmer: H20 — H2S — H2Se nonsipaocTs
cBsa3u O —H
1) yBenuuuBaercs
2) HEe U3MEHsCTCS
3) ymeHbIIaeTcst
4) cHayasia yMEHbIAETCsl, IOTOM YBEJIUYNBACTCS
2. TonbKO KOBaJICHTHAs CBSI3b UIMEET MECTO B COCTMHEHNH C (hopMymon
1) Ba(OH). 2) NHsNOs
3) H2SO4 4) Li.CO3

3. AToMm yriepoza B BO30YKIEHHOM COCTOSTHUU 00pa3yer

1) yeTbIpe KOBAJIEHTHBIE CBSI3H, 33 CUET YETHIPEX HECIIapEHHBIX IEKTPOHOB

2) Tpu CBsI3H, 32 CUET JIBYX HECIIAPEHHBIX JIEKTPOHOB M HEMOIEIIEHHON dJICKTPOHHOM Maphl

3) HM OJTHOM, aTOM yTJiepoJa B HEBO30YKICHHOM COCTOSTHUM XMMHUYECKUX CBsi3el He 00pa3yeT
4) nBe cBs3U, 3a CUET ABYX HECHAPEHHBIX 3JIEKTPOHOB

4. BeniecTBO, KOTOPOE HE MOTYT 00pPa30BBIBATH BOJIOPOIHYIO CBSI3b
1) H20 2) HF 3)HN;3 4) HI

5. Sp3 FI/I6pI/II[I/I3aI_[I/I5I pCaIn3yeTCA NMMOJIHOCTBIO
1) SO, 2) CH4 3) SOs 4) CIO

6. YCTaHOBUTBH COOTBETCTBUE MKy (PM3HUCSCKUMH CBOMCTBAMH M THIIAMH KPHCTAJUTMYSCKUX
pEIIeToK

1: KOBKOCTb

2: HU3Kas TeMreparypa KUIeHHs

3: BBICOKAsI TBEPJIOCTh

4: snekTpuyeckasi IpoBOJIMMOCTh PacTBOpa

A: atomHas

b: metannuyeckas



B: nonnas
I': MmonexynsipHas
7. YCTaHOBUTH COOTBETCTBHE MEXy THOPHIU3AIMCH U MOJICKYJION MIIH YacTUIICH
1:sp A: BeCl;
2: sp? B: CO?2"
3: spd B: NF3
4: spd I: PFs
. SFs
E: XeFs

8. PacnonoxuTh B IPaBIWILHOM MMOCIIEIOBATEILHOCTH 3aIIOJIHEHUSI MOJICKYJISIPHBIE OpOUTAIIN
Mozekyssl CO

1: (c“B2s)? 4: (n®B2pz)?

2: (6"A325)? 5: (6“B2px)?

3: (TECBZpy)2

Bapuant Ne 2

1. BemiecTBO ¢ MOHHOM CBSI3bIO0 UMEET POPMYITy

1) KBr 2) SOs3 3) CHa4 4) HCI

2. AtoMm yriepojia B HeBO30YKJIEHHOM COCTOSIHUM 00pa3yer

1) HM OZ1HOIA, aTOM yTJIepoJia B HEBO30YkK/IEHHOM COCTOSIHUM XMMHUECKUX CBsi3el He 00Opa3yeT
2) 4eTbIpe KOBAJIEHTHbIE CBSI3U, TaK KaK BAJICHTHOCTH yIiiepoja Bcerja pasHa 1V

3) TpH cBsA3H, 32 CUET JIByX HECIIAPEHHBIX 3JIEKTPOHOB U HEMOJIEIECHHOHN 3JIE€KTPOHHON Maphl

4) nBe cBs3U, 32 CUET JABYX HECHAPEHHBIX 3JIEKTPOHOB

3. ATOMHas KpUCTaJUIMYECKas peleTka XapakTepHa s

1) anromMuHMs U KapOu1a KPEMHUS 2) cepsl U oaa

3) okcula KpeMHHSI M XJIOpUIa Kaus 4) anmmaza u 6opa

4. sz I‘I/I6pI/II[I/I3aI_[I/I5{ pCaIn3yeTCA NMMOJIHOCTBIO

1) SO2 2) SO3 3) CH44) CIO 5) CIOy
5. YcTaHOBUTH COOTBETCTBHE MEXTy BEIIECTBAMH U BUAAMU XUMHUYECKOH CBS3H B HUX
1: Bonbpam A KOBaJIeHTHas MOJIApHAs
2: anma3s b: xoBanenTHas HenospHas
3: amMmmHak B: merannuueckas
4: moBapeHHas COJIb I': monnas
6. YCTaHOBUTH COOTBETCTBUE MEXK/Y BEUIECTBAMH M TUIIAMHU KPUCTAJUTMUECKUX PEIIETOK
1: yrnekucnslii ra3 A: MoHHad
2: kapOOpyH[ b: MmonexynspHast
3: HUKeNb B: metammyeckas
4: amerat HaTpUs I': atomMHas
7. YCTaHOBUTBH COOTBETCTBHE MEXy THOpUIU3AIEN U MOJIEKYIION
1: sp® A: OF;
2: sp? b: BF3
3: spd? B: SFes
4: spd I': SF4
J: BeCl

E: XeFs



8. PacnonoxuTh B IPaBUILHOM MOCIIE0BATEIBHOCTH 3aMIOJHEHUS MOJICKYIISIPHBIC OpOUTAITH
MoJeKyIsipHO# gacTuibl CN”

1: (c“B2s)? 4: (n°B2pz)?

2: (c"432s)? 5: (6“B2px)?

3: (n®B2py)?

3. PeiiTHHrOBasi KOHTPOJbHAasI padoTa 3 («XuMHYeCKAasi CBA3b»)

Bapuant Nel

1. Yem 00BACHUTH HEBO3MOXKHOCTH 0OpazoBanusi 100% HOHHOI CBSI3U U YEMYy HPUMEPHO
paBHa J10JI1 KOBAJICHTHOCTH B Har00Jiee MOHHBIX OMHAPHBIX COCTUHEHHMSIX ?

2. YCTaHOBUTE MPOCTPAHCTBEHHYIO CTPYKTYPY CIEAYIOUIMX MOJIEKYJ] U HUOHOB, OMPE/CIINB
opOuTanyu IeHTpanbHOro atoma U ux tun ruopuausanuu: NFz, NO2', PHjs, PO

3. Kak 10/KHBI MCHATBCS 3HAY€HHE MOMEHTOB JTUIIOJIeH MoJeKky B psaay: a) CIF-BrF-IF; 6)
NH3-PH3-AsH3?

4. TlomapuzyeMOCTh Kakoro w3 HMOHOB Oousbine: F umm Br, S% wm Te*, CI" wm I?
OO0bsicHUTE TPUYHUHY.

5. Tmr ans NaF=997°C, MgF,=1398°C, AlF3=1040°C, SiF4=-90°C, PFs=-94°C, SFe¢=-
56°C. OObsicHUTD HAOIOMAEMYI0 3aBUCHMOCTh. OOBsicHUTH pe3koe pasimmune Trur. AlFz u SiF4
CUMTasA, YTO MOJSIPHOCTH CBSI3U paBHOMEpHO yMmeHbinaeTcst oT NaF k SFe.

6. UeM OOBSCHUTH 3HAUUTENBHO Oosiee BbicOkHe Trur. M TK. BOABI M IJIABUKOBOM KHCIIOTHI
[0 CPAaBHEHUIO C TEMHU, KOTOPBIE JOKHBI COOTBETCTBOBATH MX MOJIAPHBIM Maccam?

7. CpaBHHTH KPaTHOCTh, SHEPTUIO CBA3€H M MarHuTHLIE cBoicTBa yactul: CO*, CO, CO;
CN, CN".

8. DnekTpuuecKuii MOMEHT MU0 MojeKyisl HzS pasen 0,31*102°Kir*m, a H.Se-0,08*10"
2K r*m. OmnpejienuTe, Kak OTHOCATCS JUTHHBI JIUTIONEH 00enX MONEKYIL.

Bapuant Ne2

1. Tloyemy mpW HaJIUYUU OJHOHM CBS3H MEXIYy arOMaMd OHA MOXKET OBITh TOJBKO G-
cBs3b10? Ilpu Kakux ycnoBusix o0pazyercs m- U 0-CBSI3U?

2. Ckonbko cBsi3eii y aroma cepsl B Mosiekynie SO2Cl2, y yrnepoaa B monekyne COClz; kak
3TO COTJIACYETCs C TUIIOM THOpUIN3auu?

3. Kakas monekysa moxert cyimectBoBath u mouemy? ClF3, FClz, Brlz, IBrs.

4. Kak u3MeHsieTcs noJyisipu3yrollee JeHCTBUE HOHOB S-3JIEMEHTOB BTOpoW rpynmnsl oT Mg k
Ba 1 moueMy 3TO MPUBOIUT K MOBBIIICHUIO TEPMHUUECKON YCTOMUMBOCTH UX KapOOHATOB B TOU
K€ TIOCIIeIOBATEIHHOCTH?

5. Tx. HF=293K, HCI=188K, HBr=206K, HI=238K. OO0bscHHTEe MPUYHUHBI H3MEHCHUS
ATOU BEJIUYUHBI.

6. Kakoe coemunenue Gosee Tepmuuecku ycroiunBo? PbCOz wmm CaCOs; PbCls wim
PbBra.

7. CpaBHHUTE YCTOWYHBOCTh MOJIEKYN U MOJIEKYJISIPHBIX HOHOB 0,%, 02,02,02": No, No.

8. Paccumraiite >¢dexrtuBnbii pamuyc wmoHa Na B kpucrayme NaF, ecnmm koHcraHTa
pentetky ero pasna 2,31*107% M, panuyc nona F~ pasen 1,33*1070 m.

4. TIpakTH4eckoe 3ajaHue AJs IPYNNOBOi padoThl 10 TeMe «XMMHYeCKasl CBA3b)»

I'pynnoBbie npakTHyecKue 3aaHHUs:

(pabota B mapax)

KiroueBple TOHATHS TEMBL: XapAKTEPUCTHUKH KOBAJEHTHOM CBS3HM, OIPEICICHUE
HOJISIPHOCTU CBSA3M, MEXAaHU3MbI O0pa3OBaHMs CBSI3M, PACCMOTPEHHUE CTPOCHUS MOJIEKYJBI I10
merony BC u MO.

I1epBblif 3Tan — chopMyaUpoBaTh.

CryaeHTbl CaMOCTOSTEIBHO HW3Y4arOT JIEKIMOHHBIE 3allMCM M MaTepual, JaHHBIA B
yueOHHKaX, (OPMYTUPYIOT CBOM OTBETHI HA 33JJaHHBIE BOIIPOCHI.



Bropoii aTamn — noaenuTses.

CryneHTsl OOBEIMHSIOTCS B Mapbl U MO O4YEpead MPEACTABISAIOT IPYr IPYry CBOU
peLIeHHs, ONpeaessis U 00CyKaast CXOACTBA M PAa3JInUMs B ONPEICIICHUH CTPOCHHUS BEIIECTBA U
MeXaHu3Ma 00pa30BaHUs XUMUYECKOH CBSI3H, UCIPABIISS U MOSACHSS PELIEHUs IpYT APYTY.

Tperuit stan — co3nark. CTyAEHTHI BMECTE CO3JAOT AJITOPUTM BBIICHEHUS CTPOEHUS
MOJIEKYJIbl M ONpEACICHHs] XapaKTepPUCTHK CBSI3M B HUX C YYETOM PE3YyJbTaTOB OOCYXKICHMS,
KOTOPOE BKJIIOYAET B ce0s JTydIINe UACH.

UeTBepThlii 3TAll — IPOBEPUTb.

Paboraer Bcs rpynma. Heckonmbko map MNPEACTaBISAIOT CBOM OTYET MO 3aJaHHBIM
BonpocaM. OumMOKHM U CIIOPHBIE BONPOCH! CTAHOBATCS HA4YaJOM KOJUJICKTUBHOI'O OOCYXXICHHS.
Bce cTyneHTsl IpoBEpsIOT CBOM PELICHUS, BHOCST UCIIPABICHUS], TOSICHEHUS U JOIIOJIHEHUS.

Tema «CKropocTh XUMHYECKUX peakinuii. XMMUYecKoe PABHOBECHE)

1. Bompocsl ajs codeceq0BaHUA

1. Peakmust waer mo ypaBHeHHt0 4NH3 +50,=4NO+6H20. Kak u3MeHUTCS CKOPOCTH
peakuuu, eclid yBEJIUYUTh JaBjieHue B 2 paza?

2. Peaknus mexay BemectBamu A u B Beipakaercs ypasHennem 2A+B=2C. HauanpHas
KOHIIeHTpanus: BemecTBa A paBHa 0,3 monb/nm, a BemectBa B — 0,5 monw/n. Koncranra
ckopocTH peakimu paBHa 0,8 n%/Monb?-MuH'. PaccuuTaiiTe HayaibHYK CKOPOCTH IIPSMOIL
pEeakUuu M CKOPOCTh IO UCTEUEHUU HEKOTOPOI0 BPEMEHH, KOTJa KOHLEHTpalus BemectBa A
ymenbaercs Ha 0,1 Mouib.

3. Paznoxxenne N2O Ha MOBEepXHOCTH 30J10Ta MPU BBICOKHUX TeMIIEpaTypax MPOTEKaeT Mo
ypasuenuio: 2N20=2N2+0; KoHcTauta CKOpPOCTH JaHHOMN peakiuu paBHa 510 i/Monb MuH
npu 1173 K. Hawanenas konnenTpanus N2O 3,2 moinb/n. Onpenennure CKOPOCTh PEAKITUU TpU
3aJJaHHOM TemIepaTrype B HayaJlbHbli MOMEHT U B TOT MOMEHT, Korja pasznoxurcs 25 % N20.

4. Peakmms wumer mno ypaBHeHHIO 2NO+02=2NO,. HauanpHble KOHIICHTpPAIIUU
pearupytomux BemiectB Obutn (Monb/): C(NO)=0,8; C(0O2) =0,6. Kak U3MEHHUTCS CKOPOCTh
PEaKIu, ecIi KOHIICHTPALNIO KUCIopoaa yBenuuuTh 10 0,9 MOJb/II, a KOHIIEHTPAIIUIO OKCHAA
aszora 110 1,2 momus/n?

5. Jlokaxure, 4TO peakuHs B3aMMOJEHUCTBUS MYpPABBHUHOIO aJIbJETHIa W IEPOKCH]IA
BOJIOpOJIa C 00pa30BaHMEM MYpPaBbHMHOM KUCJIOTHI M BOJBI SBJISIETCS peaklueil BTOPOro mopsiika,
eciau dYepe3 2 9 TOCle Haudajga peakuust 3aBepmmiack Ha 50 %, a uyepes 2 u 40 MuH
KOHIIEHTpaIusi MypaBbUHOU KHcIOTHI cTtana 0,285 mons/n. Ucxonusie konnenTparuu HCOH u
H202 onunakoBs! u paBubl 0,50 MOJIB/1.

6. PaccunTaiite KOHCTaHTYy CKOPOCTH pEaKLU{ IEPBOrO MOPAAKA, YUYUTBIBAs, UTO 3a 25
MUH peaklus MpoxoauT Ha 25 %, T. e. mpopearupoBaia YeTBepTas 4acTb BEIECTB.

7. KoHCTaHTa CKOPOCTH peakiLiiy epBoro nopsaka pasHa 2,5-10 ¢, Kakoe konmuuecTBo
ocTaHeTcsi HempopearuposaBmiuM uepe3 10 u mocine Hauvana peaknuu? HauvanbHas
KOHIIEHTpaLus paBHa 1 MOb/1I.

8. CKOJBbKO BpEMEHH HEOOXOAMMO M HpoxoxaeHus Ha 60 % peakuuu BTOPOIO
NOpsIZIKA, €CIIA NIPU TOMU ke TemrepaTrype 3a 20 MuH peakuus nporekaer Ha 30%? HauvanbHble
KOHIICHTPAIIMU UCXOIHBIX BEIIECTB OAMHAKOBBI U PABHBI 2 MOJIB/JI.

10. KoncranTta ckopocty HekoTopoi peakuuu npu 273 u 298 K paBHa cOOTBETCTBEHHO
1,17 u 6,56 n/monp-MuH. Halinute TemmepaTypHbIit KOAGOUITMEHT CKOPOCTH PEaAKITUH.

11. Bo ckoJbKO pa3 yBENTHUYUTCS CKOPOCTb pacTBOpeHus sxene3a B 5 %-noit HC1 npu
MOBBILICHUH TeMIepaTypsl Ha 32°, eciiu TeMIepaTypHblii KO3 (GUIINEHT CKOPOCTH PacTBOPEHUS
paseH 2,87

12. IIpum 393 K peaknus 3akaHuuBaercs 3a 18 muH. Uepes CKOIbKO BPEMEHH 3Ta peakiys
3akoH4MTCs pH 453 K, ecnu TemnepatypHblid K03 PUIIMEHT CKOPOCTH peakluy paBeH 37

13. Ompenenure TeMmmneparypHbld KOd(POUIIMEHT CKOPOCTH pPEaKIUH, €eCIu TpH
MOHM)KEHUU TEMIIEpaTyphl, Ha 45° peakuust 3aMeIuIach B 25 pas.



14. KoHCTaHTBI CKOPOCTH peAKLUU NepBoro nopsaaka npu 288 u 325 K cooTBETCTBEHHO
paBubl 2-102 u 0,38 ¢, KakoBsl TemrepaTypHbIii KO3(p(OHUIMEHT CKOPOCTH 3TOH PEaKIud M
KOHCTaHTa CKOPOCTH 3TOM peakiuu npu temneparype 303 K?

15. IIpu HekoTOpOW TemIlepaType KOHCTaHTa PaBHOBECHS TEPMHUYECKON THUCCOLMAIUU
N204=2NO; K=0,26. PaBHoBecHass kouuenrpauus NO: paBna 0,28 wmonb/n. Beruucnute
paBHOBECHYIO U mepBoHauyanbHylo koHueHTpamuu N204. Kakas maccoBas nmons B % 3TOro
BEIIIECTBA MPOUCCOIIMUPOBATA K MOMEHTY YCTAaHOBJICHUS PABHOBECHS?

16. Ilpu cunte3e ¢ocrena wmmeer Mecto paBHoBecue peaknun Cl+CO=COCl..
Omnpenenute WUCXOAHBIE KOHIIEHTPAIMM XJIOpA M OKCHJIA YIJEpoJa, €CIH PaBHOBECHBIE
KoHueHnTpanuu pasasl (Moss/1): C(Cl2) = 2,5; C(CO)=1,8; C(COClI2)=3,2.

17. Xwumwuueckoe paBHoBecue peakiuun COCI=CO+Cl; ycranoBuiaoch mpu
KOHIIEHTpanusax pearupyronmx BemectB (mone/n): C(COCI2)=10; C(CO)=2; C(Cl;)=4. B
PaBHOBECHYIO CHCTeMy Jo00aBwiM XJop B KomudectBe 4 Moinb/i. Omnpenenute HOBBIC
PaBHOBECHBIE KOHIIEHTPAIMH PEarupyoiuX BEIIEeCTB MOCIE CMEIIEHUS! PAaBHOBECHSI.

18. PaBHOBECHBIE KOHIICHTPAIIUH BEIIECTB, YIACTBYIOIIUX B PEAKIIUU

CH3COOH+C2HsOH=CH3COOC;Hs+H>0 paBubsr (monb/m): C(kucimorer) = 0,02;
C(crmupra) = 0,32; C(3dupa) = 0,08; C(Bomp1)=0,08. Kakumu cramm paBHOBECHBIC
KOHIIEHTPAIUU TI0CJIe CMEIEHUSI paBHOBECHSI BCIIEACTBUE yBenuueHus KoHnenrpamuun C,H50H
B 4 paza?

2. JlaGoparopHas padora «CKOpPOCTh XUMHYECKUX Peakiuii. Xumuyeckoe
paBHOBecHe»
Pab6ora 1. MccemoBanue CKOPOCTH PA3JIOKECHHS THOCYIIb(aTa HATPHSL.

OnbIT 1. 3aBUCUMOCTD OT KOHIICHTPALIUH.

B mare nmpobupok HamuBaroT u3 Oroperkn 0,1 M NaxS:03 u Boay B KOIMYECTBaXx,
yYKa3aHHBIX B Tabnuie. B npyrue nsath nmpoOUpok HamuBaroT u3 OropeTku 1mo 5 mui 1 M cepHoit
KUCJIOThL. CJIMBAIOT TOMAPHO MPHUTOTOBJICHHBIE PACTBOPHI THOCYNIb(paTa HATPUS M CEPHOU
KUCTIOTHI (TIepBBIIl PAacTBOpP MPUIMBAIOT KO BTOPOMY) M OTCUHTHIBAIOT BpeMs JI0 Hadaja
MOSIBJICHUSI TIOMYTHEHHUS COJIEP)KUMOT0 KaKJ10M MpoOUpKu. Pe3ynpTaThl 3aMUCHIBAIOT B TAOJIUILY
no ¢opme:

O0BeM, M Na,S,03=
01a Bpewms no !
NazS,03 H20 H2S04 =— HOSIBIICHMUSI Vyer ==, ¢
(a) (©) (8) a+b6+s6 MyTH t, ¢ t
MOJIb/JI
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 CICAYIOIINX OIIbITaX H3MCPACTCA HE CKOPOCTH pPCaKIUMU, a IIPOMCIKYTOK
BPEMCHH MCXKAY HAYaJIOM PCAKIUU U €€ BUAUMBIM PE3YJIIbTATOM. OI[HaKO 9TOT IPOMECIKYTOK

1
BPEMEHM OOpaTHO MPOIOPLUUOHAIEH CKOPOCTH peakiuu V, MO3TOMY BEIMYHMHY — Ha30BEM
t

ycIIOBHOM cKOpocThio peakiuu (Vycp). CTposT rpaduk 3aBUCHMOCTH CKOPOCTH Pa3IOKEHUs
THOCYNb(aTa HaTpUs OT KOHIeHTpanuu. Kakoil BBIBOJI MOXKHO CZeNaTh O MOPsIKE UCCIeayeMOon
peaky Ha OCHOBAaHWH MTOJIy4YEHHOUM 3aBUCUMOCTH?

OnpIT 2. 3aBUCUMOCTD OT TEMIEPATYPHI.

B tpu npobupku Hanusatot no 5 mi 0,1 M Tuocynedara Hatpus, a B Jpyrue Tpu — 1o 5
mi 1 M cepnoii kucnotsl. [Tomernaror Bce mpoOUpKH B CTakaH ¢ BOJOW M yepe3 5-7 MHHYT,
M3MEpPHUB TEMIEPATYPY BOJBI B CTaKaHE, CIIMBAIOT BMECTE COJEPKUMOE OJTHOM mapbl MPOOUPOK C
H2SOs u NazS203 1 OTCUMTHIBAIOT BpeMs [0 Hauyana MnoMmyTHeHus. IlpunuBaroT B cTakaH
HEMHOTO ropsyeil BoJbl Tak, 4YTOObI TeMIepaTypa BOJAbl B CTaKaHE yBEIMUYWIACh MPUMEPHO Ha




10°C. BHOBB BBIIEPKHBAIOT PACTBOPHI MpHU ATOM Temreparype 5-7 MuHyT. CIIUB COJlEpKUMOE
BTOpO# mapel mpooupok ¢ HoSOs u NaxS203, onpenensitoT Takke BpeMs 10 Hadajia MOsBICHUS
MyTd. ONBIT ¢ MOCIEAHEH Mapol MPOOHPOK MPOBOIAT MPH TeMIlepaTrype MpHOIM3UTENBHO Ha
20°C BplIIIE IEPBOHAYATBHOM.

Pe3ynbTarhl 3anUChIBalOT B Tabnuily no ¢popMme:

1 1
t, °C — Bpewms ot Hayana orcyeTa 0 OMyTHeHusA t, ¢ Vyer. =—, ¢t lgVv
T t

JlenaroT BBIBOJ O BIMSHUU TEMIIEpATypbl HA CKOPOCTh XMMUYECKON PEAKIUU.

PaGora 2. MccnenoBanue 3aBUCUMOCTH CKOPOCTU PEAKIMH Pa3IoKeHUsi THOCYIb(haTa
HaTpHs.

B tpu npobupku Hanusarot 1o 2 mia 0,1 M NaxS;03 u gobasnsror o 1 — 2 — 3 mur 0,05
M CuSOs. Kpome Toro, B mepBbie JBe MPOOUPKH JO0ABISIOT 2 U 1 MIJI BOABI, YTOOBI OOIIHIA
00BbEM pacTBOpa BO BCeX MPOOMpPKaX COCTABIsUT 5 Mil. B apyrue Tpu npoOHpKH HATUBAIOT 1O 5
v 1 M H2SOs. CmemmBaroT momapHO pacTBOPHI THOCYJb(haTa HATPUS M CEPHOW KUCIOTHI U
OIPENENISIOT BPEMsi TIOMYTHEHHsI PACTBOPOB. Pe3yiabTaThl ONBITOB 3alKMCHIBAIOT B TAOJUILy 110

dbopwme:

1
[Cu?*], r-uon/n BpeMst oT Hauana oTcyera JI0 MOMyTHEeHuUs 1, ¢ Vyer, =—, ¢t

CrpossT Tpaduk 3aBUCUMOCTH CKOPOCTH pEaKIMM OT KOHLEHTpalMM Karajiu3aropa —
nonos Cu?*.

Pabora 3. BuusHue pa3inyHbIX (GaKTOPOB Ha IOJIO)KEHHUE DPABHOBECHS XHMHYECKOIl
PEaKIH.

OnbiTl. Biusnue koHnentpauuu. /[lng ombitTa ygoOHO BOCHOJIB30BAaThCA peaKLUEH
obpaszoBanus poganua sxenesa (I11):

FeCls + 3KCNS <> Fe(NSC)s + 3KCl

Ponmanuy xene3a MHTEHCHBHO OKpailieH B kpacHbid 1BeT, FeClz — B xentoiii, a KCNS u
KCI — 6ecusetnsl. [Ipu m3menenun konunentpamuu Fe(NCS)3 okpacka pacTBopa MEHSETCs, 4TO
yKa3bIBaeT HA HAIPABJICHNE CMEIICHUS PaBHOBECHSI.

K 20 mn Boasl B HEOOJNBIIOM CTakaHe NpUOABISIOT Mo 1 — 2 Kamiau HaCHIIIEHHBIX
pactBopoB FeClz u KCNS (um NH4CNS). TTonydyennsiit pactBop pasznuBaroT B 4 nmpobupku. B
1-10 100AaBISIOT HECKOJIBKO Kallellb KOHIIEHTpHpoBaHHOTO pactBopa FeCls, Bo 2-10 HECKOIbKO
Kanenb  KoHneHTpupoBanHoro pactBopa KCNS (mm  NH4CNS), B 3-10 HemHOro
kpuctaunaeckoro KCI (mmm NHsCl), a 4-10 ocraBnsioT ajist cpaBHeHus. [107b3ysaCh 3aKOHOM
JeMCTBUS Macc, 0ObSICHUTE N3MEHEHHE OKPACKHU B TIEPBBIX TPEX MPOOUPKAX.

Pe3ynpTaThl 3anMChIBalOT B Ta0IMILY 11O popMme:

Jlo6aBneHHbII Hampasnenue cmemenus
W3MeHeHrne NTHTEHCHBHOCTH OKPAaCcKH
pacTBop paBHOBeCUs

OmnbiT 2. Biusnue temneparypsl. [lpu B3aumoneiictBun iHoja ¢ kpaxmajaoM oOpaszyercs
CHHEE BEIIECTBO CJIOKHOTO COCTaBa (COeIMHEHNE BKIIOUCHHUS):

Hox + Kkpaxmai = HoJoKpaxmall

B nBe npobupku HanuBaroT mo 4 — 5 MiI pacTBopa Kpaxmaia U J00aBisioT 3 — 4 Karu
0,1 H. pactBopa l2. HarpeBaroT oaHy H3 HpoOHMpOK, a 3aTeM CHOBa OXJAXJalT. BTopyto
MPOOUPKY OCTABJISIFOT JUTsl CpaBHEHUS. UTO MporcxXoauT? DK30- UIIH YHIOTEPMHUIECKON SBISETCS
peakuus oOpa3oBaHus Hopokpaxmana?

Tema «3HepreTmca H HAIIPABJICHHOCTb XUMHUYECCKUX ITPOLECCOB)



1. Bompocsl s codeceq0BaHUA

1. Ha xakyro BeIMYHMHY OTIMYAETCS MU3MEHCHHME DHTAIBIIMKM OT M3MEHEHHUs BHYTPECHHEU
sHepruu cucreMbl? B kakux cnyudasx AH=AU u Qv=0Qp?

2. 3aBUCHT JIM U3MEHEHHE YHTAJIBIIMU CUCTEMBI OT TEMIIEpaTyphl?

3. Kakme cucrempl Ha3bIBalOT KOHJEHCUpOBaHHBIMU? Iloyemy i HUX OOBIYHO
OIlyCKalOT OrpaHUYMBaroIue yciaosus V=const u p=const?

4. Kakoii 3aK0H SIBJISIETCS. OCHOBHBIM 3aKOHOM TepMoxumun? Jlalte ero GopMyIHpOBKY.

5. Ilepeuncinure cneacTBUs, BbITEKarONIMEe M3 3akoHa ['ecca. Jlyig Kakux ompeneraeHui
OHM HCIIOJIB3YIOTCSl B TEPMOXUMHUYECKUX pacyeTax?

6. CormacHo mnpuHiuny beptmo (1867) xuMuueckwe peakIMud CaMOIPOU3BOJIBLHO
IIPOTEKAIOT B CTOPOHY BBIJIECIECHUSI TEIUIOTHI, T.€. B CTOPOHY YMEHBILIEHUS SHTAIBINU. SIBIseTCS
JIM 3TO IPABUJIO OOIUM UM OTPAHUYEHHBIM?

7. Kakoii pyHKIIMEH COCTOSIHUS XapaKTepHU3yeTCsl TCHICHIUS CUCTEMBI K JIOCTHXKEHUIO
TaK Ha3bIBAEMOIO BEPOATHOIO COCTOSIHMS, KOTOPOMY COOTBETCTBYET MAaKCHUMAaJIbHAs
0ecTopsII0YHOCTh paclpeleIeHHs] YaCTHLL?

8. OHTponus CBfi3aHa C TEPMOJUHAMHUYECKOW BEPOSTHOCTBIO peaIU3aluy JaHHOIO
coctosiuus cooTHomeHneM S=KINW. YkaxuTe, 4To O3HAa4aeT B 3TOM YPAaBHCHHUU KaxIas W3
BEJIMYHUH.

9. B n301MpoBaHHOM CHUCTEME BCE CaMONPOU3BOJIbHBIE NPOLIECCHI TPOTEKAIOT B CTOPOHY
yBenuueHus Oecnopsika. Kak uamMensercs npu 3ToM sHTponus?

10. Kak u3MmeHsieTcsl SHTPONUS CUCTEMBI 3a CUET NPSAMOM M OOpaTHOM peakuuil mpu
CUHTE3€ aMMHaKa?

11. Kak m3MeHsercs 3HTpPONMSI CUCTEMBI C TOBBIIIEHHEM TEMIIEPAaTyphbl, B PEAKIUIX
CHUHTE3a U Pa3JIOKEHUS BEIIEeCTB?

12. Kak BiausieT Ha HTPONHUIO CUCTEMbI 00pa30BaHHUE ra3000pa3HbIX MPOIAYKTOB?

13. Yemy paBHa 3HTPOIUS HJI€AJILHOTO KpUCTaJIa IPH aOCOIIOTHOM HyJe?

14. Kak u3MeHsieTCcsl SHTPONMsI CUCTEMbI IIPU HMCIAPEHUM, KOHJIEHCALUH, YBEIMYEHUU
naBiieHus, (ha3oBbIX nepexoax’?

15. Ilouemy npu TJIaBJICHUH BEILIECTBA TEMIIEpATypa OCTAETCs MMOCTOSIHHON HECMOTps Ha
TO, YTO B ATO BPEMs TEMJIOTA K CUCTEME ITOABOIUTCS ?

16. KakrmMu 0THOBpEMEHHO JIEHCTBYIOIIUMHU (PaKTOpaMu ONpPEAEseTCsl HallPaBIEHHOCTb
XUMHYECKOr0 Ipouecca?

17. Kakyto TeHACHIIMIO CUCTEMbI BBIPAXKAET: a) SHTAIBINUNHBINA (hakTOp, 0) SHTPONUIHBII
dakTop? Kakas ¢yHKuMsS COCTOSIHMS CHUCTEMbI J1aeT KOJUYECTBEHHYIO XapaKTepPHUCTUKY
OJIHOBPEMEHHOTO BIMSIHUSI TOTO U Jipyroro ¢akropa? Kakum ypaBHEeHHEM 3TO BbIpaykaeTcs?

18. Yto HazwiBatoT sHeprueii ['n60ca? Kakium oOpa3om u3MeHeHHe 3Toil BenunurHbl (AG)
YKa3bIBa€T Ha TEPMOJMHAMHYECKYI0 BO3MOXKHOCTb WMJIM HEBO3MOXHOCTh CaMOMNPOM3BOJIBHOIO
nporekanus npouecca? Kakoe 3HaueHue AG onpenensieT paBHOBECHOE COCTOSIHUE CUCTEMBI?

19. Ilpn xakom cootHomenun AH u TAS: a) cucrema HaxoauTcs B paBHOBecHH, 0)
XUMHYECKMM TIPOLIECC HAMNpaBlI€H B CTOPOHY DJK30TEPMUYECKOM WM 3HIOTEPMHUYECKOU
peakiuu?

20. Yem o0OBsCHSIETCS BO3MOXKHOCTb 3HJOTEPMHYECKHUX pPEAKUUH M I0YeMy OHa
BO3pacTaeT C yBEIMUYEHUEM TeMIepaTyphl?

21. DHTanpOUMHBIM WM SHTPONUHHBIM  (HAKTOPOM OIpeaeseTcss HarpaBlieHHe
XUMHUYECKHUX PEAKINH MPH 0YeHb HU3KUX TeMIlepaTypax?

22. llpn kakux 3HaueHuAX 1o 3Haky AH um AS B cucreMe BO3MOXHBI TOJBKO
HK30TEPMHUUECKHE TPOLECCHI?

23. IToueMy npu HU3KUX TEMIEPATYpax U B KOHACHCUPOBAHHBIX CUCTEMAaX BO3MOYKHOCTb
MIPOTEKAHUsl PEAKLIUN OMNpeneseTcss B OCHOBHOM TosbKo 3HakoM AH? Cormacyercs mm 31O ¢
npuHLMnom beprino?

24. BO3MOXHO I CaMONpPOHM3BOJILHOE TMPOTEKAaHWE TNPSIMOW pEaKIUH, eclId Mpu
noJoxuTenbHoM 3HaueHnn AS: a) AH>0, 6) |AH|>|TAS|?



25. Yem ompenensieTcs Npeaesl HapaBiIeHHOTo IpoLecca B IaHHOM cucreMe?

26. CrangaptHas teruiota obpazoBanusi NHs m PH3z paBHa coorBercTBeHHO —46,2 1
+5,0 x/bx/monb. Kakoil cnemyeT caenaTh BBIBOA U3 3TUX JaHHBIX 00 OTHOCHTEIHHOU
ycroiunBoctr Mosiekys NHs u PH3?

27. Ilpu cxuranun rpaduta obpazoBaics okcup yriepoma (IV) maccoit 8,86 T.
Breruncnure teruiory oopazoBanust CO2 u3 anemenToB. TertoBoit addexr peakunmu AH= -79,2

kJK.

28. CrangaptHas Terora oopazoBanus MgO (k) u CO2 (T) COOTBETCTBEHHO paBHa —
601,8 u —393,5 k/lx/mMonb. Teruora pasmoxkenuss MgCOs ma MgO u CO., AH=+100,7
kJ>x/Monb. Micnionb3ys 9Ty naHHble, HaiauTe Terioty oopazoBanus MgCO3 u3 37eMeHTOB.

29. Beluucnure cTaHAapTHYIO TEIUIOTy oOpa3oBanus Oenzona CeHs U3 31eMeHTOB, eciu
CTaHJapTHas TeruioTa ero cropanus paBHa -3301,3 k/[x/mons, a AH(CO2) (r)= —393,5 u
AH(H20) (x) = - 285,8 kJ{»/M0J1b.

2. JlabopatopHas padora «OnpenaesieHne TeNJ0BbIX 3PPeKTOB XUMHYECKUX
NpoLEecCOB

OmneiT 1. OnpenelicHre TENI0TEL PACTBOPEHUS HUTpATa aMMOHUS.

OnpIT MPOBOAWTH B YIPOIIEHHOM KaJOPUMETPE, COCTOSIEM HU3 JBYX XUMHYECKHX
crakaHoB: Ha 100 u 300 My, BCTaBIE€HHBIX OJMH B Apyroil. [IpoMexyToxk Mexay cTakaHamu
3aIOJTHACTCS PHIXJIBIM CJIOEM BaThl. KaopuMeTp HaKphIBACTCS KPBIIIKOW M3 TOJICTOIO KapTOHA ¢
OTBEPCTHSIMU MOCPEAUHE NI TEPMOMETPA U COOKY UIsi MPOOUPKU U Memaiku. B kamopumerp
roMelaercs TepmMomMetp ¢ ruenou nenenus 0,1°C.

BriHyTh cTakaH KajnopuMeTrpa, B3BECUTh Ha TEXHOXMMHYECKHX BECaX, HAJIUTh B HETO
okosi0 60 MJI BOJIbI U CHOBA B3BECUTh. B CyXyro y3Kyro MpoOUpKYy ¢ MpoOKoi Hackimath Ha 1/3
BBICOTBI CYXOTO HHTpaTa aMMOHWS, 3aKPBITh MPOOKOW M B3BECHUTH MPOOUPKY C BEHICCTBOM.
[lepen Tem Kak HachINaTh COJIb, HEOOXOAUMO TIIATENILHO pacTepeTh ee B papdopoBoii cTymnke.

BcraButh B KasiopuMeTp MpoOHUPKY C BEIIECTBOM TaK, YTOOBI HUKHSS 4aCTh MPOOUPKH,
3allOJIHEHHAs COJIbI0, Oblja MOTpyKEeHa B BOAY Kalopumerpa. Uepe3 5 MHHYT, mepeMelnBast
BOJIy CTEKJISTHHOM MEIIaTKON, U3MEPUTH TEMIIEpaTypy BOJBI B KAJIOPUMETPE.

BreiHyTh IpOOUPKY U BBICHINATH €€ COJAEPKMMOE BO BHYTPEHHUI CTakaH ¢ BOJOU depes
BOPOHKY, OITYIIIEHHYIO B OTBEPCTHE ISl Mpooupku. OTBEepcTHE 3aKphITh MpooKoit. [lepemeriatsh
JKUJKOCTb JI0 MOJIHOTO PACTBOPEHHUS COJM U 3aMEPUTh MUHUMAIBHYIO TEMIIEpATypy pPacTBOpA.
[To okoHUYaHUU OIBITA MPOOUPKY C MPOOKON M OCTATKAMHU COJIM TIIATEIHHO BBHITEPETH CHAPYKH,
CHOBA B3BECUTh, ONPEJEIUTh 10 PA3HOCTU BEC PACTBOPEHHOW COJIH.

3anucarh pe3yabTaThl ONbITA:

Macca cyxoro crakaHa, r a
Macca crakana ¢ BOJOH, T a1
Macca BogHI, T a;-a=A
Macca npoOupku ¢ IpoOKoii U CoJbio, T 0
Macca npoOupku ¢ IpoOKoi, r 01
Macca pacTBOpEHHOMU COJH, T 0- 61=m
TemmepaTypa BOJIBI t1°
Temneparypa pactBopa t2°
Pa3zHocTh MeX 1y KOHEYHON W HadaJbHOW TeMIEpaTypon t2°- 11°=At°

Mornsipaasi Macca pacTBOPEHHOT'O BEII[ECTBA M



IIpunumast (ycioBHO) yHAEIbHBIM BEC pAacTBOpa PaBHBIM €IMHUIE, a TEIJIOEMKOCTh
pacTBopa — PaBHOM TEIUIOEMKOCTH BOJBI, BBIYHCIHTH 1O (OpPMYJSIe MOJICKYISIPHYIO TEIUIOTY
pactBopenus Q:

(A+m)-At-M
0 = KKan/ monv

m-1000
AH®pacrs. KC1 = -4,38 xkan
3Hasg, 4TO TEIIOTa PACTBOPEHMS HHMTpAaTa aMMOHHMS paBHa —0,4 KKaJ, OIPENEIUThH
OTHOCHTEJILHYIO OMIUOKY OIIBITA.

OmnpiT 2. OnpeseneHre TeNI0Thl HEUTPAINU3aIUH.

OnelT nmpoBoauTh B Kamopumerpe (cMm. ombIT 1). B cyxoil BHyTpeHHUIl cTakaH
KaJIOpUMETpa HaJIUTh U3 OropeTku 25 Mi 1 H. pacTBopa enkoro HaTpa. B npyroit crakan (Toxe
CyXOi) HaJIUTh TeM k€ npuemoM 25 mi | H. pacTBopa COJSHOM KHUCHIOTHL. OnpenenuThb
TEeMIEPaTypy KUCIOTHI U 11eJ04u ¢ TouHOCTho A0 0,1°C, 3aTeM ObICTPO uepe3 BOPOHKY BBUIUTH
COJIIHYI0 KHUCJIOTYy B pacTBop Ienouyu. [lepememnBas pacTBOp CTEKISIHHOW MaJOYKOM,
OTpEAENUTh C TOH XK€ TOYHOCTHIO CaMyI0 BBICOKYIO TeMIlepaTypy pacTBopa. JlaHHbIEe OmbITa
3amnMcarh B KYpHAI 10 CXEME:

HCI NaOH Temmneparypa
Konnenrpanus | O6wvem, v | Konnenrpamus | O0bem, M Hauvanenas | Koneunas

HpOI/ISBeCTI/I CJICAYIOMINC paCUYCThI:

[lo HavyambHOW W KOHEYHOM TEMIIEpaType pacTBOPOB U HX CYMMapHOMY OO0BEMY

BBIYUCIIUTH KOJIMYECTBO TEIUIA, BBIJEIUBIIETOCS IPU peakuu mno Gopmyine
qg=V-d-c-At

rjae:

V — 00beM pacTBOpa 1ociie HeUTpaau3aluy;

d — ynenbHBIH Bec pacTBOpa,

C — TEIUIOEMKOCTh 3TOro pacTtBopa; cp(H20) = 4,187 JLx/K- 1

At — pa3HOCTb MEXly KOHEUHON U HA4aJIbHOU TEMIIepaTypoOil.

VYaeneHbli BEC pacTBOpa IMOCIAE HEUTpaIU3alMy CUATATh PAaBHBIM  EIUHHIIE,
TEIIOEMKOCTb — PABHOW TETNIOEMKOCTH BOJBI.

CocTaBUTh ypaBHEHHE pEAKIMM HEUTpanu3aluu M paccyUTaTh TEIUIOBOW A ¢eKT
HEUTpanu3anuu | r-skB KUCIIOTHI.

Onpenenutb OTHOCUTEIbHYIO OIIMOKY OMNbITA B MPOLEHTaX, 3Has, 4YTO IpHU

HelTpanu3anuu | r-3KB CHJIBHON KUCJIOTHI MIel04blo Bbaensercs 13,64 kkan teruia (1 kkam =
4186,8 J1x).

3. TecroBble 3a1aHus Mo TeMaM «CKOPOCTh XMMHYECKHX peakiuii. XumMuuyeckoe
PaBHOBecHe», «JHEPreTHKAa U HANPaBJEHHOCTh XHMUYECKHX MPOIeCCOB)
Bapuant Ne 1
1. Bo ckonbpko pa3 yBenuuuTcs cKopocTh peakuuu Hory + oy = 2HIr) mpu yBenuuenuun
JlaBJIeHUs B 3 pasa
1) B 9 pa3 2) B 8 pa3 3) B 6 pa3 4) B 3 pa3

2. Ilpu Temneparype 90°C peakius nporekaer | muH. Ilpum kakoil temmepaType peaxius
3aKOHYHTCS 3a 149 21MuH, ecau TeMnepaTypHbIid K03 GUIeHT paBeH 3
1)50°C 2)40°C 3)60°C 4) 150°C 5) 140°C



3. Xumnueckoe paBHoBecue peakiuu Sgry + 16HIr) = 8lxr) + 8H2Sr) — Q cmectutcst Bpaso
IIpU MOHM>KEHU U

1) xonnenTparuu HyS 2) xonneHTpauuu Hl

3) naBieHus 4) Temneparypbl

4. Xumuueckoe paBHoBecue peakuuu Zr(r) + 2Clyr) = ZrClyr) + Q cmeriaercs Bpaso npu
1) MOBBIIIEHUH TABJICHUS 2) noBbimeHHH KoHICHTpauu ZrCly
3) AOMOHUTENBHOM BBECHUU ZI 4) NOBBILLICHUHU TEMIIEPATyPbl

5. B romorennoii cucteme 3Ar) + Br = 2Cr) + D) paBHOBecHBIE KOHIIEHTpPAIMH BEILECTB
(Monb/m) cocraBumm: A — 0,03; B — 0,02; C — 0,004. UcxomHasi KOHIICHTpAIUs BemecTBa A
(MoJB/TT) paBHA

1) 0,036 2) 0,002 3) 0,024 4) 0,026 5) 0,030

6. 13 2 mosie CO u 2 moiw Cl2 oOpa3oBanock npu HekoTopoit temnepatype 0,45 mons COCly.

Koncranra paBaoBecus peakiuu CO + Clp = COClyr)
1) 0,19 2) 0,09 3)0,12 4) 0,21

7. CranmaptHas teruiota obpazoBanus MgO (k) u CO2 (r) cooTBeTcTBeHHO paBHa -601,8 U -
393,5 x/x/monb. Temmora pasnoxxkenus MgCOz ma MgO u CO2 AH = 100,7 x/{x/mMomb.
Temutora oopazoBanust MgCOs

1) -1096 kJIx/MOJIb. 2) -1006 xJIx/MOJIb.

3) -996 k/1x/MOb. 4) -876 xJIx/MOJIb.

8. Temmora, KOTOpas MOTJIOMIACTCS WIIA BBIICIISICTCS TPU PA3JIOKCHUNA XUMHUYECKOTO COCAMHCHHUSI
KOJINYECTBOM | MOJIb Ha MPOCTHIE BEIIECTBA HA3bIBAeTCs # # #

9. Ecim ckopocTh MpsIMOM pEakIMM paBHA CKOPOCTH OOPAaTHOW peakIMH, TO HACTyMaeT
XUMHUYECKOE # # #

10. 3aBUCUMOCTH CKOPOCTH PEAKIIMU OT TEMIIEPATYPhI ONIPEISISICTCS IPaBUIIOM # # #

Bapuant Ne 2

1. Bo ckomnbko pa3 yBenuuurces ckopocth peakiun CaOr) + COxry = CaCOs3(t) npu yBeTn4eHUU
JaBJieHus B 3 pasza

1) B 9 pa3 2) B 8 pa3 3) B 6 pa3 4) B 3 pa3 5) HE U3MEHUTCS

2. Bo ckosbkO pa3 yBeNMYMTCS CKOPOCTh peakiuu mnpu HarpeBaHuu ot 75°C nmo 115°C, ecnu
TeMIEepaTypHbIi K03 PuLreHT paBeH 2
1) B 2 pa3 2) B4 pa3 3) B 8 pa3 4) He UBMEHUTCS 5) B 16 pa3

3. HpI/I MOBBIIICHUHN OABJICHUSA XUMHUYCCKOC PABHOBECHUE CMECIIACTCS BIIPABO
1) 2NO() + O2r) = 2NOx(r) 2) Cm + COyr) =2COr)
3) 2NF3(r) + 3H2(r) =6H F(r) + Nz(r) 4) CH4(r) + 4S(T) = CSz(r) + 2H28(r)

4. Xumuueckoe paBHoBecue peakiuu 4FeSym + 1101 = 8SOxr) + 2Fe203m) +Q cmectutces
BIIPABO NP

1) moBBINIEHUH JaBICHUS 2): noBeIlieHUHU KoHIIeHTpanuu SO2

3) nomosHUTEIBEHOM BBeneHUH Feo03 4) MOTIOTHUTETFHOM BBeJIeHUU FeSy

5. B romorennoit cucreme Hary + lory = 2HI ) paBHOBeCHBIC KOHIICHTPAITUU BEIIECTB (MOJIB/J)
cocraunu: HI —0,02; I — 0,05; Hz — 0,03. McxoaHas kKoHIEHTpalks BoAopoaa (MOJIb/T) paBHA



1) 0,04 2) 0,01 3) 0,02 4) 0,03 5) 0,05

6. B romorennoii cucreme 4HClr) + Oxr) = 2H2Or) + 2Cl; paBHOBeCHBIC KOHIICHTpAIIUU
BemtectB (Mosb/im) cocraBunu: HCIl — 0,85; O, — 0,44; Cl2 — 0,3. McxoaHas KOHIEHTpAIIHs
KHCTIopo/ia (MOJIb/JT) paBHA

1) 0,59 2) 0,49 3) 0,69 4) 0,79 5) 0,89

7. Ilpu cxxuranuu rpadura odbpazosaics okcun yriepona (1V) maccoit 8,86 1. Teruooit apdext
peakuuu AH = -79,2 xJ[x. Teruora obpazoBanus CO: # # #

1) -393,3 k/Ix/mMouib 2) -358,4 xJIx/Mob

3) -335,5 xJIx/Moib 4) -326,4 x]JIx/M0Ib

8. Temnora, KoTOpas IOTJIOMIACTCS WJIM BBIACISICTCS TNpU OOpa30BaHUU XHMHYECKOTO
COCIMHEHUS! KOJUYECTBOM BEIIECTBAa | MOJb M3 MPOCTHIX BEIHIECTB IMPHU 3aJIaHHBIX YCIOBUSX
HaspIBaeTCsI # # #

9. CmernieHre XUMHYECKOTO PABHOBECHSI OTIPECIISICTCS IPUHITUIIOM # # #

10. MunumanbHas U30BITOYHAS HHEPrHs, KOTOPOH IOJHKHBI 00JIagaTh MOJIEKYJbI, YTOOBI
peaKkIus MeXay HUMHU CTajia BO3MOXKHOUM Ha3bIBaeTcs # # #

4. PeiiTuHroBasi KOHTpoJbHasg padora 4 («CKoOpocTh XMMHYECKHX peaKuMid.
XuMuuyeckoe paBHOBecHe». «JHEPreTHKA U HANPABJIEHHOCTh XMMHYECKHX MPOLECCOB)

Bapuant Nel

1. Jluxpomar aMMOHMsI IIPY HATPEBAHUU pa3jIaraeTcs Mo Peakiuu:

(NHa4)2Cr207(t)=N21(r) + 4H20(1) +Cr203(T) AH® x p =-503 xJIx

CKOJIBKO 3HEPruM BBLACIHIOCH MPHU PA3I0KEHUHM HEKOTOPOH MOPLMU JUXpOMaTa aMMOHHS,
€cJIM Macca TBeporo ocrarka Ha 10r MeHbllle Macchbl HCXOAHOIO BELIECTBA.

2. Ownrtanenus oOpazoBanus HzO2(r) u3 mpocTeix BemecTB paBHa — 136,1 k/[x/mons,
SHTAJBINSA AUCCOLMAIMH Ta3000pa3HbIX BOAOPO/AA M KHCIOPOAAa COOTBETCTBEHHO paBHBI 432,
490 x/Dx/mMonb. Beruucnurte sHepruto ceszu O-H B mepokcuie Boaopoja, MPUHSAB SHEPIHIO
cBs3u O-O pasnoit — 138,07 kJI>k/MOb.

3. Omnpenenure AH208 1 AU cuctemsr: 4NH3s(r) + 302(r) = 2N2(r) + 6H20(x)

4. Ilpu temnepatype 100°C ckopocTh 0HOH peakuuu B 2 pa3a 00JbIIe CKOPOCTH BTOPOM.
TemneparypHblit K03()UILIMEHT CKOPOCTH MEepBON peakuuu paBeH — 2, BTopoit — 4. Ilpu kakoii
TEMIIEPAType CKOPOCTH 00EUX PeaKIfil BBIpaBHUBAIOTCS?

5. Hcnons3ys TepMOAMHAMUYECKHE XapaKTEPUCTUKH, BBIYUCIUTH HPUOIU3ZUTEIBHO
TEMIEPATypy, HAUYUHAS C KOTOPOW CTaHOBSTCS BO3MOXHOU peakuus noayueHuss HCI cormacHo
ypasuenuio: 2Cl2 + 2H>0(1) = 4HCI(1) + O2

Kak Oyner BausTh NoBbIIIeHHE t ¥ P HA CMEIIEHNE paBHOBECHS?

6. Kak m3MmeHuTCs naBieHHe B CUCTeMe NepBOHavanbHO cojepxamieit HBr u Oz ecnu k
MOMEHTY HacTymerus paBHoBecus: 4HBr(r) + O2(r) = 2H20(r) + 2Br2(r)

npopearupoBaio 10% HMCXOIHOTO KOIMYECTBA KHUCIOPOAA, a PABHOBECHBIE KOHLEHTPALUU
[HBr]=0,6 moms/it; [02]=0,36 Monb/n?

7. Bo ckonbKo pa3 ciaeayeT yBeIMYUTh KOHIIGHTPALMIO BemecTBa B2 B cucreme:

2A:(T) + Ba(r) = 2A2B(T)

YroObl MpH YMEHBIIEHUN KOHIIEHTpPAIMK BeulecTBa Az B 4 paza CKOPOCTb MPSIMOI peakiuu
HE U3MEHUJIACH?

8. us Hexoropoit peakuuu AG°>0. Kakue u3 npuBeeHHBIX YTBEPKACHUH NPaBUIIbHBIL:

a) k >1; 0) k<l; B) B paBHOBECHOW cMecu NpeodsaalOT MPOAYKTHl pEaKlIUU; T') B
PaBHOBECHOM cMecH NMpeo0I1agaioT UCXOIHbIE BellecTBa?

Bapuant Ne2



1. Ilpu BoccranoBieHuu 80r okcuja xenesza(3) amomuHueM Boiaenutcs 426,3 kJx Tema.
IIpu cropanuu 5,4 r MeTamIM4ecKoro amoMuHusA Boiaenutes 167,3 kJx terna. Ha ocHoBaHuu
3THX JIaHHBIX, UCTIONB3Ys 3aKOH [ ecca, BeruncianTe sHepreTuaeckuit apdexr npu odpasosanun 1
MOJTb OKcHaa xene3a(3).

2. AH°g, MgO(k) u CO2(r) coorBercTBeHHO paBHa- 601,8 u -393,5 kJl>/monb. Ternora
pasznoxxeranss MgCoz nva MgO u CO2 AH=100,7 x/[x/moinb. Vcnonb3ys 3TH JaHHBIC, HAHAWTE
terioTy oopaszoBanusi MgCOs U3 371eMEeHTOB.

3. Ilpm pactBopenmm | wmoib I1MHKA B pasz0aBiieHHOW cepHOM kuciote mnpu 20°C
Boiensercss 143,1 k/x Terorel. OAHOBpEMEHHO BbiAeNAeTCs 1 MOJIb BOJIOPOJA, MPU YEM
IPOTUB BHELIHETrO JAaBlieHUs coBepuiaercs pabdora. Omnpenenure HW3MEHEHHWE BHYTpPEHHEH
DHEPTHH.

4. BpluuciauTh TeMIepaTypHbIM KOA(P(GUIUEHT CKOPOCTH peakluu, €ecid KOHCTaHTa
ckopoctu ee pu 100°C cocrasnser 6¥107, a mpu 150°C -7,2*1072,

5. Jlna toro 4ytoObl yBenuuuTh B 216 m 256 pa3 ckopocth peakuum cuHTe3a NHsz, BO
CKOJIBKO pa3 HaJ0 MOBBICUTH B NMEPBOM ciiydae KOHIEeHTpauuio Hz a Bo BTopom naBienue? Kak
M3MEHHUTCS CKOPOCTh pPeakluy Mpu yBelndeHuu nasienus 810 paz?

6. Cucrema C(rpadur) +CO2(r) =2CO(r) AH° =172,5 xJIx

Haxonutcst B paBHOBecuH. YKa3aTh: a) Kak uM3MeHUTcs cojepkanue CO B cucteme npu
NoBBIIICHNW { W TIpu HEeM3MEeHHOM naBiieHUU? C yBETWYCHHEM MABJICHUS MPU HEU3MCHHOUN
temneparype? 6) MI3MeHUTCs 1 K p IpU MOBBIIIEHUH OOIIETO AaBiieHus U Heu3MeHHoH 1? [Tpu
yBenuueHuu t? [lpu BBeneHnn B cucreMy karainuzaropa? OTBeT 000CHOBATh.

7.  Xumnueckoe paBHoBecHe peakiuu A(r) + B(r) = C(r) + (1)

YCTaHOBHUTh TIpH CEAYIOMMX KOHIEeHTpanusax: (A) = 6mons/n, (B) = 2momnw/n, (C) =
4monsw/n, (1) = 3monb/n. B paBHOBecHy0 cuctemy no0aBuiau 4 Mouib/1 BellecTBa B. Beruucnuth
HOBBIC PABHOBECHBIC KOHIICHTPAIIMU BEIICCTB.

8. BniBectu cooTHomeHus mexxay BennunHamu Ke u Kp nns oGpatumoit peakuuu:

aA + 8B < ¢cC + dD —rasst

Tema «PacTtBopbl. Teopus 31eKTPOJIUTHYECKON TUCCOHALUID)

1. Bomnpocs! 15 cobeceoBaHus

1. Kakue BemiecTBa Ha3bIBAIOT JIEKTPOIUTaAMHU? YeM OTINYaloTCs UX BOAHBIE PACTBOPHI
OT pacTBOPOB HEDJIEKTPOIUTOB?

2. Yto Ha3pIBAIOT M30TOHMYECKUM Kod(duitnenToM i? KakoB ero Gpu3nyeckuii CMbICI U
METO/IbI SKCIIEPUMEHTAILHOTO onpeneneHus? OT Kakux (HakTOpOB 3aBUCST 3HAUCHHS 1?7

3. UYemy Obl1 Obl paBeH wu3oTOHHUeCKuil Kod(hduiment mis pactBopa NaCl
KOHIEHTpauu | MoOdb/I, ecinu: a) YCIOBHO CUYUTaTh COJb  HEINIEKTPOIUTOM; O)
ANIEKTPOCTATUUECKUE CHJIBI B3aUMOJCUCTBUS MEXIY HMOHAMU HE YMEHBIIAIH OBl MCTUHHOTO
3HAUEHUS a MPU €€ IKCIIEPUMEHTAIBHBIX ONpEACNECHUSIX; B) IKCIEPUMEHTAILHOE 3HAYCHHUE O
okazanoch paBHbIM 86%? Kakoe ocmoruueckoe nasienue npu 0°C mmenu Obl pacTBOpHI B
KaXJIOM U3 3TUX Clly4aeB?

4. KakuMu yCTIOBUSIMHU OTPEEISAETCS BO3MOXKHOCTD JIEKTPOJIUTHUYECKON TUCCOIUAIITN
BemecTBa? Kakas BennumHa XapakTepu3yeT HOHH3UPYIOUIYI0 CIOCOOHOCTh pPacTBOPUTENS?
[Toxaxkute MEeXaHW3M pacliajia YaCTHI] paCTBOPEHHOTO BEIIECTBA HA HOHBHI.

5. byzmer 1M OIWHAKOBON SIEKTpHUYECKas MPOBOAUMOCTH BOJHBIX U CIIHPTOBBIX
PacTBOPOB OJHOTO M TOTO YK€ BEIECTBA MPU OJTHOW W TOM ke KOHIeHTpaluu? O0bsiCHUTE.

6. Kakue BenMUMHBI SBISIFOTCS KOJMMYECTBEHHOW XapaKTEpUCTUKON Tmporecca
ANEKTPOIUTHYECKON nucconnanuu? Jlaiite ux onpenenenus. Kakylo W3 HUX W MOYEMY
Ha3bIBAIOT OCTOSSHHOW BETMYMHON?

7. Ha xakue Tpymmbl YCIOBHO JAENAT OJICKTPOJUTHI TIO BEJIMYMHE CTEMEHU HUX
nuccormanuu? [puBeauTe npuMepsl NpeICTaBUTENIeH STUX TPYIIIL.



8. Kak u moyeMy BIUsIeT Ha CTENIEHb IUCCOLUAIINHU CJIA00T0 SJIEKTPOJINTA BBEJICHHE B €r0
pacTBOp OJHOMMEHHOTO MOHA U pa30aBiieHue pacTBopa?

9. IloueMy KOHCTaHTa 3JIEKTPOJIMTUYECKON IUCCOIMALMU SBISETCS Oosee yIoOHOM
XapaKTEPUCTUKOM 3JIEKTPOJIUTA IO CPABHEHHIO CO CTETICHBIO IUCCOLMALIAN?

10. Kak cBs3anbl Mexay coboil nmpousseneHue pacrsopumoctu (I1IP) m pactBopumocTtsb
BellecTBa S i OMHAPHBIX, TPEXUOHHBIX, YEThIPEX- U MATUUOHHBIX TPYTHOPACTBOPUMBIX
AJIEKTPOIUTOB?

11. Kak BnusieT Ha pacTBOPUMOCTH BEIIECTBA BBEJACHHUE B €0 HACHIIICHHBIN pacTBOP
OJTHOMMEHHOI'0 noHa?

12. B kakux ciiy4asx MPOUCXOJUT PACTBOPEHHE OCAAKOB ¢ 00pa30BaHUEM KOMILIEKCHBIX
COCIMHEHUI?

13. Comu CaCO3z u CaC04 umeror Onmskue 3HaveHus [IP, omHako mepBas W3 HHX
pacTBOpsieTCsl B YKCYCHOM KHCIIOTE, a BTOpas HeT. UeM 3TO MOXHO 00BscHUTH? bynmer nmu
pPacTBOPATHCS OKcallaT KalbLUs B COJITHON KUCIOTE?

14. Beinazer 1 0caJ 0K IpU CAMBaHUK HachIIeHHBIX pacTBopoB: SrCly u CaSOs; CaCly
u SrS04?

15. B kakoil mocnenoBaTeNIbHOCTU JOJDKHBI BBINMANATh OCAAKH, €CIM K PacTBOpam,
comepxaummM uoHsl: 1) Ca?*, Ba?*, Sr?* u 2) CI°, I', Br,, nocreneHHo npuOaBisTh: K HEPBOMY
pactBop Na>SOs, a ko BTopomy pactop AgNO3?

16. Kakas u3 AByx coseil Oonblie pacTBopuMa U Bo cKoyibko pa3: CaSOs unu BaSOg,
BaCOs3 unu SrCOgs, Pblz wiu PbCl,?

17. Tlouemy B ¢uubtpare u3-nox ocaaka CaCOsz mosiBisieTcs MyTh NPU J0OABICHHUH
pactBopa Na2C204 1 aTOro He MporcxoauT npu godasneHnn pactBopa NazSO4?

18. Ocranetcst Jin npo3padHbiM GuiabTpar u3-moxa ocaaka PbCly, ecniu k Hemy 100aBUTH
pacTBOp HoUIA Kanus?

19. Kaxkoii u3 cynbdunos, FeS unmu MnS, ocaxxgaercs npu 6onee HU3KOM 3HaueHuu pH
pactBopa?

20. B naceimennoM pactBope Pbly koHIEHTpaus Hoaua HOHOB paBHA 1,3-10'3 MOJIB/IL.
HaiimuTe KoHIIeHTpanuio HoHoB Pb?* B aTOM pacTBope.

21. B maceimenHom pactBope PbCl. o6wemom 250 mi comepskatcs HoHbl Ph?*
KonudecTBoM BemmectBa 4107 monb. Uemy paBHa KoHIeHTpamus HoHoB C1° B 9TOM pacTBOpe H
pactBoprmMocTh PbCl2?

22. Yemy paBHa KOHIICHTpaNus KaXI0ro noHa B HackimeHHOM pactBope AQ2COs, ecim
Tpu Toif ske Temmeparype I1P conu pasHo 6,15-107127

23. B nHackimenHoM pactBope Mgs(POs)2 o6bemoMm 10 11 comepkuTcst coiib Maccoit 3 T.
Bbruucnurte ee pacTBOPUMOCTh M HAWIUTE MOJISAPHBbIE KOHIIEHTPALMU Ka)XJOro HOHA B 3TOM
pacTBope.

24. TIP(AgCI)=1,4-10"* mpu 100°C. Haitnute pactBopumocts AgCl B kunsmeii Bose.

25. Yem ompenenseTcss CTENEHb CMEIICHUS DPABHOBECHS HCCOIMALMU BOIBI TIPU
pacTBOPEHHUH B HEl coin, CIOCOOHOM K rMIponn3y?

26. Bcerma nm HEHWTpaldbHOCTH pacTBOpa COJIM yKa3bIBaeT HAa OTCYTCTBHE THIPOIH3a?
OOmbsicHuTe.

27. Jlns pacTBOpoB Kakux cojeid pH mmeer Takoe ke 3Ha4eHWE, KaK Ui BOJBI?
[Mokaxwure 310 Ha Mpumepe NaCl u CH3COONHa.

28. Kakue u3 cosieil He OIBEPTalOTCs THAPOIIU3Y, U €CITU MOIBEPTAOTCS, TO MO0 KaKOMY
tuny: K2SO4, NaxSe, BaS, RobNO3, ZnCl,, K2SO3, KCIO3, HCOOK, NaC104, KsrO?

29. Jlnst xaxoii comu pH pactBopa 6yner nmets Oonbinee 3HadeHne: NaNOs i NaNOo,
CH3COOK um CH3COONH4, KC10 nmu KCIO3?

30. [aiiTe CpaBHHUTEIBHYIO XapaKTEPUCTUKY CYIb()aTOB, CyIb(OUTOB U CYIbPHUI0B
IIEJI0YHBIX METAJUIOB 110 UX CIIOCOOHOCTH K T'MJIPOJIU3Y.



31. Kakue nBe paBHOBECHBIE CUCTEMBI B PACTBOPAX KHUCIBIX COJIEH ONPENEISIOT sl HUX
sHauenne pH? Urto sBasercs nmpuuuHOM mienouHoi cpeanl mis pactBopoB NaHCOs u kucnoit
st pactBopoB NaHSO3?

32. Moxer JIu TUAPOIN3 FHAPO- WIM THAPOKCOCOIU MPOTEKaTh O0lee MHTEHCUBHO, YeM
THJIPOJIM3 COOTBETCTBYIOMIEH cpeaneit conmn? OOBSICHUTE U IPUBEIUTE TPUMEPBI.

33. JIns Kakux CoJiel TWAPOIU3 MPOXOAUT cTyneHsmMu? UeM omnpenensercss ux 4uciao v
KaK MU3MEHSETCS HHTEHCUBHOCTh TUAPOIIN3a OT MEPBON CTYIICHU K MOCIETHEH?

34. TTokaxxuTe, Kak BIMSACT HA CTYNEHYATBIA THAPOJIU3 CONCH: 1) N3BMEHEHHE BEJIMYMHBI
KOHCTAHTBl JIUCCOIMAIIMM TPOJIYKTa THIPOJIM3a OT IEPBOM CTYNEHH K TMOCICIHeH; 2)
npucyrcteue B pactBope uonoB H' wim OH', 00pa3soBaBIIMXCSA 3a CYET MEPBOM CTYICHH
ruaponza’?

35. IloueMy ruapoau3 cojeii MHOTOOCHOBHBIX KUCJIOT MJIM MHOTOKHCIIOTHBIX OCHOBaHHM
OLICHUBAETCS OOBIYHO TOJIBKO €T0 NEPBOM CTYNEHbIO?

36. Ilouemy wManuHOBas oOkpacka (eHoiadTagerHa B pacTBOpE alerara HaTpus
CTaHOBHUTCA OoJjiee MHTEHCHBHOM NpU HArpeBaHUM pacTBOpa W CHOBAa OJIEAHEET NpU €ro
OXJIaXKJIEHUU?

37. Yem 00BSCHUTB, uTO ruaponu3 xjaopuaa xenesa (11I) mporekaer no Tpervelt cTyneHu
TOJILKO ITPH JJOOABJIEHUH PACTBOPA 3TOW COJIM 10 KAIJISIM B KUITSALIYIO BOY?

38. OObsicHUTE NPUYMHY HW3MEHEHUs CTENEHM THUIPOJM3a COJIEH MpU HarpeBaHUU MX
pPacTBOPOB, OCHOBBIBASICH HAa 3aBUCUMOCTH JIUCCOLMAIIMN BOJIbI OT TEMIIEPATYPHI.

39. BBezieH1e KaKiX MOHOB B PAaCTBOP COJIM YMEHBIIAET CTENEHb ee ruponnsa’? B kakux
ciyyasx 370 OyayT uonsl H" wian OH™?

40. ITpuroroBieHHE pPacTBOPOB COJICH BUCMyTa M CYpPbMBI BEACTCS C J00ABICHUEM
KUCIOTBl. OOBSICHUTE IPUUUHY.

41. IloueMy B OTCYTCTBHE M30BITKA IEJIOYM U TPU HArpeBaHUHM M3 PACTBOPA XPOMHUTOB
IISJIOYHBIX METALIOB BbINagaeT ocanok Cr(OH)s?

42. Uto Ha3BIBAIOT KOHCTAHTOM rujapoimn3a Ke. 3aBUCHT JH 3Ta BEIUYMHA OT: MPUPOJIBI
COJIM, KOHIEHTpallUu pacTBopa, TemmnepaTypbl? Yem ompenensercss OoJiblliee WIM MEHbIIEe
3HaueHue Ke /uid pa3inuyuHbIX cojeit?

2. JlabopaTopHas pa6ora «Teopus 3JIeKTPOIUTHYECKOH AUCCONMAMU U
THIAPOJIH3»

OmpiT 1. lucconmarus cosieu.

a) B3ate HemHoro xsopuaa meau (II) u ormeruts 1BeT TBepAoi comu. OHY YacTh CONU
pacTBOpUTH B aLETOHE, a ApYrywo — B Boje. HaOmronaTe okpacky pacTBopa B IEPBOM U BO
BTOpOM cityuasix. J[aTb 0ObsCHEHHE.

6) Kpucramiuk xnopuaa menu (II) pactBoputs B 2—3 kamisix Boabl. OTMETUTH OKpPacKy
pactBopa. J[00aBUTh HECKOJIBKO MWUIMIMTPOB Boabl. HalmionaTh H3MEHEHHE OKpacKH
pactBopa. [late o0bsicHenue. Hanucath ypaBHeHHe peakiuu auccounanuu xjaopuaa meau (II).

OmnbIT 2. CpaBHEHHE XMMUYECKON aKTUBHOCTU CHJIBHBIX U CIIAOBIX AJIEKTPOJIUTOB.

a) B npoOupky Hamuts 5 M1 0,1 H. pacTBOpa COISTHOM KHCIOTHI, B IPYT'yI0O — CTOJIBKO K€
0,1 H. pacTBOpa yKCYCHOU KHCIOTHL. ONMyCTUTh B KOXIYI0 MPOOUPKY M0 OJMHAKOBOMY KYCOUKY
nuHka. Kakoii ra3 Beiensiercs B npodupkax? HamucaTe ypaBHEHUS NMPOUCXOAAIUX peakuuid. B
KaKo# KHCIIOTe mpoliecc uaet 0ojee sHepru4yHo? JlaTh 00BsICHEHNE STOMY SIBIICHHIO, TOIb3YsCh
JAHHBIMU O CTENEHU JMCCOLMAIINU COJIIHOM U yKCycHOM kucnotT B ux 0,1 H. pacTBOpax.

6) Hanute B 1BE mpoOMpKH pacTBOp XJIopuaa Kanblus. B onHy npobupky 106aBuTh 2 H.
pacTBOp THAPOKCUIA HATpWs, a B JIPYryl0 — Takod ke o0beM 2 H. pacTBOpa amMMHuaka
(pacTBOpBI HE JOJDKHBI coaep)kaTh kapOoHaToB). Uto HaOmomaerca? OOBSICHUTH MPUUYHHY
Pa3IMYHOTO IEUCTBUS Ha XJIOPHU/ KaJIbIUS B3SITHIX OCHOBAHUH.

Omnpit 3. OKpacka HHANKATOPOB

a) Hanute B Tpu mpoOUpkH 1o 3 MJI IUCTUIUIMPOBAHHOM BO/BI U MPUOABUTH MO 2 Karuiu
pacTBopa OJHOTO0 M3 HHAMKATOPOB: JIAKMYCA, METHJIOBOTO OpaHKeBOro M QeHondranenHa.



OtmeTuTh B TabIMIE UX I[BET B HEUTpaIbHOU cpere. B kaxmyro mpobupky npudaBUTh pacTBOP
KaKoH-HUOYAb KUCIOThl. HabmoaaTh W3MEHEHHsI OKpackKh | 3alucaTh UX B COOTBETCTBYIOIINE
rpadsl TaOIHIIBL.

0) IIponenare TO ke camoe, B3sIB BMECTO KHCIIOTBI PACTBOP KAKOW-ITHOO MIETOYH.

LiBeT unanKaTopa
Cpena
Jlakmyca OpaHXeBOTO METHIIOBOTO OenongrarenHa
Helitpanbnas
Kucnas
[llenounas

OnbiT 4. X¥MHUYECKOE PAaBHOBECHE B PACTBOPAX AJIEKTPOJIUTOB.

a) B Tpu mpoOHpKM HaIUTh MO HECKOJBKO Kareidb HACHIIIEHHOT'O PacTBOpa XJIOpHUAA
kobasbTa (II) CoCly, oTMeTHB TIpeaBapUTEIHLHO OKPACKy pacTBopa. B mepByro mpoOupKy BHECTH
HECKOJIbKO Karelb KoHleHTpupoBannoii HC1, Bo Bropyto — Heckonbko kpuctamioB CaCl, u B
TpeTbto — crnupT. HabGnroaate n3aMeHeHne oKpack pacTBOpa BO BCEX CIIydasX.

K pactBopy, HaxoasmemMycsi B epBoi NpoOUpKe, 100aBUTh HECKOJIBKO Kallellb BOABI J10
U3MCHEHHsI OKpacKM pacTBOpa, 3aTreM CHoBa 100aBuTh KoHieHTpupoBanHoit HCI. Yro
HaOmromnaercs? Hamucare ypaBHenue peakuuu aucconmaiud CoCly. OOBsACHHTHD HW3MEHEHHE
OKpPAcKH pacTBOPOB BO BCEX CIydasix, UCXOJI U3 TOTO, YTO TUAPATUPOBaHHBIN HOH kobanbTa (I1)
[Co(H20)6]?" umeeT po3oByI0 0Kpacky, a Monekynsl COCl, — cunroro.

0) Hamute B mpoOupky 5 Mi Boabl U ABe Karuu ¢eHondTanenHa. Buectu B mpobupky
OJIHY KaIUIl0 KOHIEHTPUPOBAHHOIO pacTBopa aMMuaka. Kak H3MeHMIach OKpacka
denondranenna? KakoBa peakius cpebpl pacTBopa aMMuaka?

Hammcarp ypaBHeHusT peakiuii OOpaTUMBIX IPOIECCOB, MPOUCXOIANINX  IPHU
pacTBOpEeHHH amMMHakKa B Boje. PaznuTh colepkuMoe MpOOHPKH MOIMOJaM M K OJHOW YacTu
no6asuth menotky xjopuna ammonns NH4Cl. Tlepemernate pacTBOp CTEKISTHHOM MalO4YKOU H
CPaBHHUTb OKPACKY PacTBOPOB B IBYX mpobOupkax. OObSICHUTH CMEIIEHNE PaBHOBECHS MTpoliecca
mucconuanuu npu gobaBimennn NH4Cl. Hamwmcats BbeIpakKeHHE KOHCTAHTHI JIHCCOIUAINH
TUAPOKCUAA aMMOHHUSI.

OmbIT 5. NoHHBIE peakIuu B paCTBOPAX 3JIEKTPOIUTOB

a) IlpomenaTh KadeCTBEHHYIO PEAKIMI0O HAa XJIOPHUI-UOHBI, B3SIB AJIs HCCIIEIOBaHUS
pa30aBiIeHHBIN pacTBOP COJIIHOM KUCIOTHI U paCTBOPHI XJIOPHUI0B PA3IUYHBIX METAJUIOB.

KauecTBeHHOM peakiiyeil Ha XJIOpUI-HOHBI SBIISETCS 00pa3oBaHKUe OEI0T0 TBOPOKUCTOTO
ocaJika xjiopuja cepeodpa.

Kakum cokpalieHHbIM HOHHBIM ypaBHEHHEM MOXKHO BBIPa3UTh BCE MPOJEIIaHHBIC
peakiuu?

0) HcnbiTaTh neiicTBUe pacTBOpa HUTpaTa cepedpa Ha pacTBop xjopata kaiaus KC103 u
xnopodopm CHC13. Uto nabmronaerca? [late oObsicHEHHE.

OneiT 6. Omnpenenenne pH pacTBopa ¢ MOMONIBIO YHHMBEPCATBHOM HWHAMKATOPHOM
Oymaru.

[TomyuuTs y mpenogaBaTens pacTBop, pH KOTOpOro Hy>KHO OMPEIEIHTD.

O3HaKOMUTBCA C MHCTPYKIHMEH, KOTOopas IOMENIeHAa Ha OO0JIOKKE KHUXKKU C
YHUBEPCAJIbHON MHIUKATOPHOM Oymaroii.

[IponenaTe OMBIT COTIaCHO MHCTPYKILIMHU, ClieiaTh BbIBOJ O BenuuuHe pH nccienyemoro
pacTBOpa. YKa3aTh peaklMio Cpeibl U BRIUUCIUTH KOHLIEHTPAIMIO HOHOB BOJIOPO/IA.

Omnbit 7. Peakuus cpebl pacCTBOPOB COJIEN MPU TUAPOJIU3E.

a) M3 wumerommxcs B 1a00OpaTOpud pPEaKTHBOB MOAOOpaTh PacTBOPBI  COIEH,
00pa30BaHHBIX CJIa0OW KUCIOTON M CUJIBHBIM OCHOBaHMeM. Hanmute B oAHY mpoOHpKY pacTBOp
COJIM, 00pa30BaHHON OJHOOCHOBHOHM KHCJIOTOH, B APYTyl0 — PacTBOP COJIM, 0Opa3oBaHHOM
MHOTOOCHOBHOM KHCJIOTOH, M HCCJIEI0BaTh PEAKIIMIO CPEbl PACTBOPOB, HAHOCS KAaIUII0 pacTBOpa
Ha JIAKMYCOBYIO OyMa)KKy CTEKJSIHHOW manoukoil. HamwmcaTh MoONIEKYISIpHBIE U HOHHBIE



YpaBHEHHsI peaklIMid TUAPOIN3a B3ATHIX coiieil. B kakom ciaydae ruaponus OyaeT MpOUCXOIUTh
CTyneH4yaTo?

6) Hammcats ypaBHeHue peakiuu ruaponmsa cyinbdara meau (II) B MonexkynasipHO u
noHHo ¢opmax. Kak geiictByer ero pactBop Ha sakmyc? IIpoBeputh mNpaBHIIBHOCTH
3aKJIFOYEHHUS OIBITOM.

Kakue monsl 00ycinoBuiIN M3MEHEHUE 1IBeTa Jiakmyca? B pesynpTaTe Kakoro mpouecca
9TH UOHBI OSIBUIINACH?

B) Kakyio peakuuio Ha JakMycC [JOJDKEH IIOKa3bIBaTh PACTBOP XJIOpUAA HATpusi?
[TpoBepuTh NPaBUIBLHOCTD 3aKJIFOUEHUS OIIBITOM.

Pe3ynbrarhl uCnbITaHU PACTBOPOB COJIEH HA MHJIMKATOP MPEICTAaBUThH B BUJIE TaOJIUIIbL:
3unauenne pH B pactBope: pH7,

pH<7, pH>7

dopmyna Oxkpacka Jakmyca Peaxuus cpenbt

OmneiT 8. MccaenoBanre NpoayKTOB THIPOIU3A.

Hanute B mpoOupky HemHoro pactBopa xjopuna sxene3a (III) FeClz u ucnpitath ero
JICICTBHE Ha JIAKMYCOBYI0 Oymaxkky. Hamumcare ypaBHenue peakium ruaponusa FeCls mo
IIEPBOU CTYIIEHHU.

B pactBop FeCl3s BBecTn HemMHOTO nopoiiika Marausi. HaGmroaate BbiieNieHHE My3bIPbKOB
ra3a. Kaxoii ra3 Beinensierca? [late oObsicHEHHE.

OnpiT 9. Briusinue TemnepaTypsl Ha CTETIEHb THAPOIU3A.

Cwmemats B npobupke mo 3 mia pactBopoB xjopuaa xeneza (III) u amnerara narpus.
MoxHO 71 OOHAapYXHUTh BHEIIHUE MPU3HAKU NPOTEKaHUs XuMudeckod peakuuu? Harpetb
KUIKOCTh A0 kumeHus. Urto wnaOmromaercs? HammcaTh ypaBHEHMsI peakiuii oOpa3oBaHUsA
arterata enesa (I1I) u ero rugpomnusa.

Onpit 10. Bausinue paz6aBieHus pacTBopa Ha CTENEHb TUAPOIIN3A.

Hanute B mpobupky 1 mi pactBopa xsnopuna cypsMsl (I11) u 706aBUTH B HEro Mo Karuisim
TUCTUUTUPOBAHHYIO BOIY 0 0Opa3oBaHus ocaaka. Hamucath ypaBHEHHs peakifii THAPOIH3a,
cuMTas, 4yTo 10 pa3daBlieHUs TUAPOJIN3 MPAKTHUUYECKU MPOTEKaeT mo mnepBoil crymeHu [locme
pa30aBiieHMs] yCWIIMBAeTCs BTOpas CTymeHb ruapoinusa u obpasyercs SbOCI (nmpomykr
paznoxenus auruapokcoxiopuaa cypbMel (111) Sb(OH)2Cl). PactBop ¢ monydeHHBIM 0CAIKOM
COXPaHMTD ISl CIEAYIOIIETO OIBITA.

OmnbiT 11. O6paTMOCTh THAPOIU3A.

a) K pactBopy ¢ ocankom, nonydeHHsiM B ombiTe 9, mpwmte HC1 n0 pactBopenus
ocajika, 3aTeM CHOBa J00aBUTh Bony. JlaTh 00bsicHEeHHe HaOMI0naeMbIM siBiIeHUsIM. Kak Biusier
M3MEHEHHE KOHIIEHTpAIlM MOHOB BOJOPO/1a B JAHHOM Cllydae Ha paBHOBECUE TUApoIn3a?

6) Hanmcares ypaBHeHue peakuuu rugposmsa anerara Harpus CH3COONa B
MOJICKYJIIpHON M uWoHHOUM ¢dopmax. KakoBa momkHa ObITh peakius cpensi? K pactBopy
CH3COONa no6GaButh 2—3 kamau ¢eHonadragenHa. OTMETUTh WHTEHCUBHOCTh OKPACKH.
[Tosl0oBUHY MONYYEHHOTO pacTBOpa OTJIUTH B JAPYTyI0 IPOOUPKY U OCTaBUTH Ui CpPAaBHEHUS, a
OCTaBIIMICS pacTBOp HArpeTh 10 KureHus. Kak MeHseTcss HHTeHCUBHOCTh OKpacku? OXJaanuTh
pacTBOp M CpaBHUTb €ro C KOHTPOJbHBIM 00pa3noM. Jlath oObscHEHHE HaOII01aeMbIM
SIBJICHUSIM.

OmnpiT 12. [ToHBIH TUIPOITU3.

K pacTtBOpy conu amomMuHus B IpoOUpKe NPMINTh pacTBop kKapOoonata Hatpus NaxCOs.
Harpers mpoOupky, oT@uibTpoBaTh 0Opa30BaBIIMICS OCAJOK W IMPOMBITH €ro Ha (GuiIbTpe
ropstueit Bogoit s ynanenus uzositka NaxCOs. /loka3aTb ONBITHBIM MyTEM, YTO MOJIYYEHHBIH
OCaJIOK SIBJIIETCS HE COJIbIO YrOJbHOW KHCJIOTHI, a THAPOKCHAOM amtoMuHus. CocTaBUTh
ypaBHEHMS peakiuii 00pa3oBaHus KapOOHATa AIFOMUHUS U €r0 TUAPOIIH3a.

3. TecroBble 3aJaHUA
Bapuant Ne 1



1. Cmemansr 100 r 20%-Ho0ro pactBopa 1 50 T 32%-HOro pacTBopa HEKOTOPOTO BELIECTBA.
KonnenTpanus noayuyeHHOro pacTBopa
1) 24 2) 12 3) 36 4) 48

2. [l monyuenus: 9%-HOro pacTBOpa COJISIHOW KUCIOTHI Hajo pactBoputh 67,2 1 HCI B BonIE
Maccou

1) 1,107 xr 2) 0,505 xr 3) 0,987 xr 4) 1,227 xr

3. Vpasuenuio 3Ag" + PO~ — AgsPOs coOTBETCTBYET B3aUMO/IEHCTBHE
1) AgNOs ¢ NasPOq 2) Ag20 ¢ H3PO4
3) AgNO3 ¢ H3PO4 4) AgCl ¢ NazPOq

4. KucinoTHOCTh PacTBOPOB COJICH C OJIMHAKOBOM MOJIIPHOM KOHIIEHTPAIMEH YBEINYUBACTCS B
pany

1) HUTpaT Kaaus, CUITUKAT Kaaus

2) Opomu KaJbIusi, OpOMU aTFOMUHUS

3) xuopua Kanus, GTOpu Kaaus

4) xnopuz TUTUSA, XJIOPUJ KaJlus

5. Xnopun 6apust maccoii 41,6 T pactBopuiin B Bojie. B momyuennom pactope conepxkutcs 0,35

MOJIb XJIOpUI-HOHOB. CTEeTEHb AUCCOLMAIMH XJI0puaa Oapus
1) 87,5% 2) 17,5% 3) 57,1% 4) 96%

6. Eciti KOHLIEHTpalys pacTBOpa IHApOKcHaa aMmMorus pasHa 0,1M u K, = 1,76*10, To ero
CTEINEeHb MOHU3AIMH (Olion) COCTABUT
1) 1,3*10% 2) 1,5%107 3) 1,3*10°3 4) 1,5%103

7. Ecnu xouuenTpauus noHos ogoposa [H'] u anerar-uonos [CHzCOO] B 0,1M pactBope
ykcycHo# kucioTel paBHa 0,00132 Mob/11, TO €e KOHCTaHTa MOHU3ALIUU
1) 1,74*10° 2) 1,76*10* 3) 1,78*10* 4) 1,74*10*

8. Konnenrparuio noHOB Boiopoa B pactBope nipu pH = 4,32 paBHa
1) 4,78*10* 2) 4,76*10° 3) 4,74*10° 4) 4,74*10°

9. AKTHBHAs KOHIIEHTpPALUs aHHOHOB aon- B 0,01 M pactBopa runpokcuia kamust KOH,

YUYUTBIBasi HOHHYIO CUIIy pacTBOpA paBHA
1) 9107 2) 8*1073 3) 7*10°3 4) 6*10°3

10. KoncranTa runponusa, creneds ruapoausa u pH 0,1M pacteopa conu HCOONH4
(Kn(xuc)= 1,810, Ky(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*10%°, 0,345 u 6,62
Bapuant Ne 2

1. K 100 ma 96%-Hoii ceproii kucnotsl (p = 1,84r/mi) npudasuau 400Mi1 BObI, MOITYyUUIICS
pacTBOp MIOTHOCTHIO 1,225 1/Mi1. MonsipHast KOHIIEHTpAIUsl pacTBOpa
1)3,78 M 2)221M 3)2,57TM 4)4,02M

2. 113 400 r 20%-HOrOo pacTBOpa MpH OXJAKIECHUU BbLIEINUIOCH S0 I' paCTBOPEHHOTO BEIIECTBA.
MaccoBast 107151 BEIIECTBA B OCTaBILIEMCS] paCTBOPE
1) 8,6 % 2)6,3% 3)7,4% 4) 9,5 %



3. Ypasnenuto Fe** + 30H™ — Fe(OH)3 cooTBeTcTBYyeT B3auMoeiicTBIE
1) FeClz ¢ KOH 2) Fe2(S04)3 ¢ Ba(OH):
3) FeSO4 ¢ NaOH 4) Fe(OH)3z ¢ HCI

4. lllenoyHOCTH pacTBOPOB COJIEH C OJJMHAKOBOU MOJISIPHOW KOHIICHTpALlMEH YBEIMYUBACTCS B
pany

1) xkapOoHAT HATPUSI, MOV HATPUS 2) cynb(hUT Kamus, CyIb(Qua HaTpUs

3) HUTPUT HATPUS, HUTPAT HATPHUS 4) XJIOPHJI JIUTHUS, XJIOPUT AMMOHHS

5. KonmnuectBo otpunarenbubix noHOB B 120 r 10% pacTBOpa aMMOHMSI, €CJIM CTEIIEHb
JUCCOoLMaIiu coiu paBHa 90%
1) 0,135 momas 2) 0,15 mons  3) 0,167 moub 4) 1,67 Mob

6. Eciti koHneHTpanus asotuctoi kuciotsl HNO2 paBHa 0,12M n K = 6,9*10™, To cTenens ee
MOHM3ALUH COCTABUT

1) 7,6%10° 2) 8,6%1072 3) 8,6%10° 4) 7,6%10°

7. Ecnu xoHIIEHTpamus pacTBopa ruipokcuaa ammonus pasta 0,1M u K, = 1,76*107°, To ero
CTETIeHb MOHU3AIHH ((Olion) COCTABUT

1) 1,3*10° 2) 1,5%1072 3) 1,3*10° 4) 1,5%10°

8. Konuenrpanus noHoB Bogopoja [H] 6%-Horo pactBopa XJ0pOBOAOPOAHON KUCIOTHI (p =
1,028 r/mi1) cocTaBisier
1) 1,69 2) 1,76 3)1,78 4) 1,65

9. AktuBHOCTb XJ0pua-uoHoB B 0,1 M pactBope xsopuzaa Hatpus NaCl paBua
10 7,58*10 2) 7,62*107 3) 7,68*107 4) 7,54*10?

10. Crenens runpomnusa u pH comu 6pomua ammonust NHsBu pH 0,011 pactBopa
(Kx=1,76*10°)

1) 2,38*102 u 5,62 2) 4,52 *10?% u 8,34

3) 5,68 *102 u 6,32 4) 3,54*1012 u 4,35

4. PeiiTunroBasi KouTpoJbHas padora S («PacrBopsl. Teopus
3JIEKTPOJIUTHYCCKON TUCCOLMALIMU)

Bapuant Nel

1. PactBop coaepxkut 0,1moip CaClz u 0,I1moms AICI3 B 251 pactBopa. KakoBa MossipHas
koHuenTpanus nona Cl™ B pactBope?

2. pH 1*10° H pacrBopa cnaboro OJHOKHCIOTHOTO OCHOBaHHs paBeH 9. Bwrumcimte
KOHCTaHTY JINCCOLMAIIMM OCHOBAHUSI.

3. VYka3zarb, He NPOW3BOAS BBIYUCICHHH, B KaKOM H3 PAaCTBOPOB JBYX COJEWd paBHOU
KoHIeHTpauun pH Oonbme unu MeHbmie. OTBET OOOCHYHTE MCXOIS M3 3aKOHOMEPHOCTH
W3MEHEHUS KHCIIOTHO-OCHOBHBIX CBOMCTB 2tekTposuToB: KoSe n KoTe; NasPO4 u NapHPOa.

4. Haiigute cTeneHb ruapoiusa cojei u 3HaueHue pH 1y UX pacTBOPOB KOHILEHTpAIMU
0, 1mous/n: NH4Br, KCIO, HCOONa.

5. TIPAQ.Cr,07 , mpu 25°C pasHo 2*107 . Bemamaer mu ocagok Ag2Cr.O7 npu
cmemmBanuu paBHBIX 00beMoB 0,05H pactBopoB AgGNO3z u KoCr0O7? Crenenb auccommanuu
ATHUX DJEKTPOIUTOB paBHa 90%.

6. Bemumcmuts o u (H') B 0,3M pactBope ykcycHoit xucrmotsl (K=1,8*%107). Kakue
3HaYeHHUs NPUMYT OTH BEIMYUHBI Tocie Jgo0aBieHuss K 1y pactBopa Kuciotsl 0,2Mo0Ib
CH3COONa? Koaddunuent akrusaoctu noros f(CH3COO") =0,7.



7. Cpasuutb pactBopumoctb PbCl u Pbl, Be(OH)2 u Ca(OH)2. OtBet 000cHylTE UCX0as
U3 MOJIAPU3ALMOHHBIX MTPEICTABICHHI.

Bapuant Ne2

1. PacrtBop comepxkut 0,Imonp — skxBuBanentoB (NH4)3POs B 200Ma pactBopa. Kakosa
MoJisipHasi Kontenrparus noHos NH4" B pactBope?

2. Brwruucaute pH 0,001H pacTBOpa CEpHON KUCIIOTHI.

3. VYkazaTh, HE NPOM3BOJS BHIYMCICHUH, B KaKOM M3 PAcTBOPOB JIBYX cCOJIEH paBHOU
KoHIeHTpauuu pH Oonbuie wian mensine. OTBeT 00OCHYHTE HCXOAS U3 3aKOHOMEPHOCTH
U3MEHCHHS KHCJIOTHO-0CHOBHBIX cBoMcTB aekrponutoB: NaHCOs u NaxClOs; NaClOs u
NaClO.

4. Kakue  BEJIUYMHBI  SBISIIOTCA  KOJMYECTBEHHOM  XapakTEpUCTHUKOW  mpolecca
AJIEKTPOJIUTUYECKON nuccoumanuu? Jlaiite ux onpeaeneHue. Kakyio U3 HUX U TOYEMY
HAa3bIBAIOT OCTOSIHHOW BETUYMHON?

5. Haitnure crenenps ruaponms3a NalOs u NalO B pactBopax konnentpanuu 0,1monb/mn. U3
MOJTYYEHHBIX JaHHBIX CIENAiiTe BHIBOJ O CPABHUTEIILHOW CHIIE KUCIIOT, 00pPa30BaBIIMX 3TU COJIH.
Kn(H103)=1.6*10" ; Kn(H10)=2.3*10"1!

6. Brmanmaer mu BaSO4 npu nobGaBieHnn pactBopa cepHOW KUCIOTH 00beMoM 100mit pu
kouueHrpanuu 0,2Monb/71. k pactBopy BaClz Toro ke o0bema, eciii MOJIIpHAS KOHIICHTPAIIHSI
HKBUBAJIEHTa 3TOr0 pactBopa paBHa 0,2mMonb/n.? Byaer nm mo6aBieHHOE KOJIMYECTBO CEPHOM
KHUCIIOTHI 9KBUBAJICHTHBIM WU U30BITOUYHBIM?

7. Cxombko Moib NH4Cl cienyer no6asuts x 11 0,1M pacteopa NHsOH(K=1,8*10) nns
TOro, 4TOOBl KOHIeHTpanusi uoHOoB OH™ crama uucnenHo paBHa Kn? VYcmoBHO mnpumem
f(NH4)=1.

Tema «OKHCINTENTbHO-BOCCTAHOBUTEIbHbIC PEAKIIUA U 3JIEKTPOXUMHYECKHE MPOLeCcCh»

1. Bomnpocs! 1 cobeceoBaHUA

1. TlokaxkuTe YCIOBHOCTb TEPMHHOB <«IIPHHUMAET» U «OTAAET» OJJIEKTPOHBI NpU
orpeneneHud QYHKIUI OKUCINTEINS M BOcCTaHOBHTENs. [louemMy Takast ycIOBHOCTh BO3MOKHA?

2. UTo Ha3BIBAIOT CONPSIKEHHOM OKUCIUTENHbHO-BOCCTAHOBUTENIBLHONW Mapoil M CKOJBKO
UX JIOJDKHO Yy4acTBOBATh B OKHCIIUTEIbHO-BOCCTAHOBUTENBHON peakuuu? Yemy COOTBETCTBYET
KaXkaast U3 HUX?

3. Uro Ha3BIBAIOT OKUCIMTEIHLHO-BOCCTAHOBHTEIBHBIMUA KO3 duimenTamu? Kakue
METO/bI CYHIECTBYIOT NIl UX onpeaeneHusa? [lokaxuTe CYIIHOCTb KaKIOro U OOBSCHHUTE, B
KaKHUX CIIy4asiX ¥ [OYeMY OJIMH U3 HUX MPEANOUYTUTEIbHEE IPYTOro.

4. Kakoit meron HaxoxaeHuss Red-OX kodp(HUIMEHTOB HYKHO HCIOJB30BaTh IS
peakiui, UIymuX B ra3oBOM W TBepAou (a3ax, B pacriaBe CoJiel, B HEBOJHBIX M BOJHBIX
pacTtBopax?

5. MeHs0TCd WM OCTAIOTCS TOCTOSIHHBIMU 3apsii M aTOMHBIM COCTaB HOHOB,
Y4acTBYIOUIMX B OKHCIMTEIBbHO-BOCCTAHOBUTEIBHBIX peakiMsx? Bo3MOXHO M mpeBpalleHue
MIPOCTOT0 MOHA B OKCOAHUOH HJIM 0OpaTHBIN mporiecc?

6. Hamuume kakoil paBHOBEeCHON cHCTEMBI B BOJHBIX pacTBOpax oOecredrBaeT
BO3MOXXHOCTh M3MEHEHHSI KHCIOPOAHOIO COCTaBa HMOHOB B TPOIECCE OKUCIUTEIbHO-
BOCCTAaHOBUTEJIbHBIX pEaKIUil?

7. Ecmu xucinora, B3dTas B U30BITKE, y4aCcTBYeT B pEaKUUU KaK OKUCIMTENb WIN
BOCCTaHOBHUTEJIb, TO COBIAAAET JIU JJIsl Hee KOA(PPUIMEHT B MOJIEKYJISIPHOM YPaBHEHUU PEaKIMH
C OKHUCJIMTEIbHO-BOCCTAaHOBUTEIbHBIM? Pa3bepute 3TH cilydyan Ha mpuMepax B3aUMOJEHCTBUS:
Menu ¢ pa30aBICHHON a30THON KUCIIOTOMH, COJITHOM KUCIIOTHI C AUXPOMATOM KaJIHsl.

8. OOBsICHUTE TIPUUMHY PE3KOTO PA3IUYHS OKHCIUTEIHHO-BOCCTAHOBUTEILHBIX CBOWMCTB
nByx metaiios 1 rpynmnsl [IC, Haxondmmxcs B 5-M nepuofe.



9. Hanumure ypaBHEHHs MOTYpPEaKIMA M MOHHO-MOJICKYJISIPHbIE YPAaBHEHHSI, KOTOPBIMH
MOTYT OBITh BBIPAXKEHBI IPOLIECCHI OKUCIEHHSI U BOCCTAHOBIICHHSI B BOJHBIX PACTBOPAX, UIYIIUX
0 CJIEAYIOUIMM CXEMaM:

KC10 + KJ + H2SO4—

KBiOs+ HC1 — BiCls+

KC103+ KNO2,— KCI + ...

KCIO + KJ + H,0— KC1 +

10. Ilokaxure BIMSHHE Cpelbl Ha MPOTEKaHHE OKUCIUTEIBbHO-BOCCTAHOBUTEIbHBIX
peakuuii Ha MpUMepe N3MEHEHHS OKUCIUTEIbHOW €MKOCTH IEPMaHTaHaT - HOHA.

11. KakuMu KHCIOTaMHM MOKHO IOJIb30BAaThCs AJIS CO3JIaHMs Cpellbl NPHU MPOBEICHUU
Red-Ox peakimii? Ilouemy ¢ 93TOW MLENbI0 TPUMEHSIOT OOBIYHO pPa30aBICHHYIO CEPHYIO
KUCIOTY?

12. CnocobcTByeT i KHclasi cpefa: a) OKUCICHHIO KaTHOHOB JO OKCOAHHWOHOB; 0)
OKHCIIUTEIbHOMY JAEHCTBUIO OKCOAHHMOHOB?

Dnekmpoonvie nomenyuanvl U HANPAasieHUe OKUCTUMENbHO-60CCMAHOBUMEIbHBIX
peakuyui

1. Kakuwe OKHCIHTEIbHO-BOCCTAHOBHUTEIBHBIE CHCTEMBI HAa3bIBAIOT TEeTEPO- U
roMoreHHbIMH? YTO SBISETCS NPUUYMHON BO3HMKHOBEHMs CKauyka HOTEHIMaja B cHCTeMax
nepBoro Ttumna? Ymaercs JM AKCIEPUMEHTAIBHO OIPENeNIUTh ero abCONIOTHOE 3HAueHHE,
OTHOCUTEJIbHOE 3HaYeHue?

2. YeM JOJDKHBI OTIMYATBCS JPYT OT Jpyra JBE OKHCIUTEIbHO-BOCCTAHOBHTEIBHEIC
CUCTEMBI Il TOrO, YTOOBI UX MOKHO OBLIO MCIIOJIB30BaTh MPU COCTABJICHUU TalbBAHUYECKOIO
areMeHTa’?

3. Kakyto uHpOpMaLuIo COAepKUT IIEKTPOXUMUYECKUHN Pl CTAHAAPTHBIX AIEKTPOIHBIX
NOTEHLIMAJIOB O CpaBHUTENIbHON akTUBHOCTH B® n O® wmeramuoB? Ilouemy oH paer
BO3MOXHOCTh oOLEeHUTh OJIC raabBaHMYECKMX 3JEMEHTOB, COCTaBJIEHHBIX W3 JIIOOBIX Hap
METaJIJIOB?

4. TTouemy BOJOPOIHBII 3JIEKTPOA B IApe ¢ MEAHBIM IOJIY3JIEMEHTOM SIBJISIETCS aHOJIOM,
a B Iape ¢ IMHKOM - KaToJ1oM?

5. U3 uersipex merammoB Ag, Cu, AU u Sn BbIOepuTe T€ Mapbl, KOTOpbIE HAIOT
HauMeHbIIyIo U HanOoubiryto DJ[C coCcTaBIEHHOTO U3 HUX TraJIbBAHUYECKOTO 3JIEMEHTA.

6. Ilo kakoi (opmyse MOXXHO HAWTH 3JIEKTPOAHBIM MOTEHIMAT MeTajula MpU JHOOBIX
TEMIIepaType W KOHIIEHTPAIMH PAcTBOPA €ro COJM, €CIM I Hero M3BecTHO 3HaueHue ¢°? [pu
KaKHUX YCIOBHSIX (p=¢°?

7. Kakue n3MeHeHHMs KOHLIEHTpAIMil pacTBOPOB COJIEH Ha 3JIEKTPOJie-OKHCIHUTENE U
AIIEKTPO/I€-BOCCTAHOBUTEIIE IPUBOJIAT K YBEIMUEHHIO U YMeHbIIeHHt0 DJ1C?

8. [ToueMy B KauecTBe OKMcIHTeNs ucnonb3yercs xpom \VI\ B cocrase nona Cr,07%, a He
B cocrae moHa CrOs%, um modemy okmcienme xpoma \II\ 1o xpoma \VI\ mpoBomutcs B
LIEJIOYHOM cpene?

Inexmponu3s. Koppozus memannos.

1. Kakue 37eKTpOXUMHUECKHE MPOIECChl MPOTEKAOT Ha 3JIEKTPOJaX MpPHU 3JIEKTPOIU3E
pacraBoB AeKkTpouToB? [IpuBenuTe mpuMepsl.

2. I3 Kakux MpoOLECCOB cllaraercsi oouias peakuus 3JIeKTPOXUMHUYECKOTO Pa3sIoKeHUs
BemecTna’?

3. Uem oTamMuaeTcs 3JIEKTPOJIM3 BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB OT JIEKTPOIM3a UX
pacriaBoB? Kakue WOHBI W MOJICKYINBI, HaXOISIIMECS B BOJHBIX pacTBOpax coOJIeH MOTryT
BOCCTaHABIMBATbCS HA Karoje M OKUCIAThCS Ha aHoae? Hanwummre ypaBHeHUs
COOTBETCTBYIOIIUX PEAKIIUH.

4. Yto Ha3bIBalOT MOTEHIMAJIOM pasnokeHus? Haiiaure 3Ty BEIMUMHY Ui XJIOPHJIOB
menn \I\, nuaka u cepebpa. Caenaiite BIBOJL.



5. 3a cuet yero npu 3nekTponuse cosnaercs BHyTpeHHsAs OC n DAC nonspuzanuu?
Kak oHa HampaBiieHa MO OTHOLIEHUIO K BHEIIHEMY TOKY? [Ipu Kakux YCIOBHSIX 3JIEKTPOJIN3
CTaHOBUTCS BO3MOXHBIM?

6. Ilpu kakux YCIOBHUAX M U3 KaKHX COJ€i, BO3MOXKHO, MOJYYUTh C IOMOIIBIO
AJIEKTPOJIN3a OJJHOBPEMEHHO I11E€JI0Yb U KUCIOTY?

7. UTo Ha3bIBAIOT aHOAHBIM PACTBOPEHHUEM MeETalljia, U MPHU KAKUX YCIOBUSIX BO3MOXKEH
3TOT nponecc? CpaBHUTE METaIbl KaJlbLUH, MEIb U 30J0TO B OTHOUIEHMHM UX BO3MOYKHOCTHU
(GYHKIIMOHUPOBATH B KAUECTBE PACTBOPUMOTO aHOJIA.

8. Haiite gopmynupoBky 3akoHoB Dapajnes M MX MaTeMaTU4YeCKHe BBIpaKeHHsS. UTO
Ha3bIBaloT unciaoM Papanes F? Uemy paBHa 3Ta BelMuMHA B KyJIOHaX U amrep-dacax?

9. Beceraa nu Macca BBIICTHMBILETOCS HA AJIEKTPOE BEIIECTBA COOTBETCTBYET KOJTUYECTBY
MPOULIENIIEr0 4Yepe3 AJIEKTPOJIIUT IeKTpuyecTBa? SIBIsSeTcss JIM 3TO HapylUIeHHEM 3aKOHOB
®apanes? Uto Ha3bIBAIOT BHIXOIO0M 1O TOKY \BT\?

10. Tok cunoii 4A mporyckaics dyepe3 dJIeKTpoJin3ep B TeueHue 16 muH. U 5 ¢. 3a 310
BpEMs Ha KaToJl€ BBIAEIUIICS CBUHEL Maccod 4,14 r u3 pacmiaBa OJHOTO U3 €ro COEAMHEHUU.
Omnpenenure, ObUIO JIM 3TO COETMHEHUE JIBYX- WJIM YETHIPEXBAJICHTHOI'O CBUHIIA.

11. Tlpu onekrtponmse pactBopoB AgNOs, CuSOs, BiCls, nHaxomsmmxcs B
MOCIIEI0BATEIbHO COCTUHEHHBIX 3JIEKTPOIM3epax, BhACTUIOCH 5,41 cepebpa. Haiinure maccy
BBIIETIUBIIMXCS IIPU 3TOM MEIU U BUCMYTA.

12. Byner nu akTUBHO KOPPETUPOBATH KeNe30 B BOJE, HE COjepiKalleil paCTBOPEHHOTO
KHCJIOpPO/1a, WJIM B Maciie, HAaChIIIIEHHOT'O KUCIOPOJ0OM?

13. OauHaKoBO 1M OTHOILIEHHE K KOPPO3UMM TEXHHYECKOIO M XMUMHMYECKH YHCTOTO
MeTaia? Yem BbI3bIBAETCS KOPPO3UsS OOBIYHON cTasn?

14. CoBmagaer M CpaBHUTENbHAas OIIEHKAa CIOCOOHOCTH K KOPpO3WUHU Keie3a U
QIIOMUHUS 10 3HAYEHUIO UX CTaHJAPTHBIX 3JIEKTPOAHBIX MOTEHIUAIOB U M0 WX MOBEACHUIO B
KOHTaKTe C BOJOM?

15. Kakue cymecTBYIOT CrOocOOBI 3aIUThl METALIOB OT Koppo3uu? KpaTko H3II0KHTe
CYIITHOCTb KaXKIOTO U3 HUX.

2. JlaGopatopHas pa6oTa «OKHCIUTEIBLHO-BOCCTAHOBUTEIbHbIE PEAKIIUH.
DJ1eKTPOJIMN3»

Oneim 1. B pactBop cynbdara MeaM ONYCTUTh Ha 2-5 MHUH. >KeJe3HBbIH TI'BO3]b,
MOBEPXHOCTh KOTOPOTO OuMIleHa HaxaauyHoi Oymaroil. Yrto Habmiomaere? Hanwmmmre
yYpaBHEHHE PEAKIINU.

Onoim 2. K 2-3 M pacTBopa Hoauaa Kaiusl NPWINTh PaBHBI 00bEM XJIOPHOM BOBI.
YeM OOBSICHUTHP H3MEHEHHME OKpacku pacTBopa. Hamummre ypaBHeHHMe peakuuu. Kakxomy
BEILIECTBY IPUHAJICKUT B PACTBOPE KeNTast OKpacka?

Onvim 3. K 2-3 mi cepoBOAOpOAHON BOABI MpHOaBUTHh MO KaruisiM OpPOMHYIO BOJY.
Habmonate nomyTHeHME U oOeclBeUMBaHUE pacTBopa. Hanuiure ypaBHEHHE peakiuy.

Onvim 4. K 2-3 xamiaM pacTtBopa Hoauja Kajlus NPWINTh 2 MJI KOHLUEHTPUPOBAHHON
cepHoll kuciotel. Uto HabOmiojmaere? JlokazaTh HajauuMe B pacTBope CBOOOAHOrO MHoja.
Hanummre ypaBHeHUe peakiuu.

Onorm 5. K 2 mn pactBopa cynbduta HaTpus NpUINTh paBHBIH 00beM pa30aBiIeHHON
cepHOM KHCIOTHI M 1 M pacTBopa mepmaHraHara kamus. Yrto HaGmomaere? Hamumute
ypaBHEHUE PEAKIIH.

Onbvim 6. YCTaHOBHUTE ONBITHBIM ITYT€M, YTO HHUTPUT HATpUsl B KHUCIOH cpene Io
OTHOLICHHUIO K OMXpoMaTy Kanusi siBisieTcsi BoccTaHoBUTeNneM. (PacTBop ciemyeT moaorpers.)
Hanumure ypaBHeHHE peakLuu.

Onerm 7. B 1npoOupky ¢ MeIHOM CTPYXKOM mnpwiuTh (moA TArod) 2 Mi
KOHIIEHTPUPOBAHHOMN a30THON KUCIOTHI. UTo Habmoaaere? HanumuTte ypaBHEHUE peaKIMu.



Onoim 8. B mpoOUpKy MOJNOXKHUTh HECKOIHKO KPHUCTANIMKOB TEPMaHTaHaTa Kalus U
00UTh WX 1 MJI KOHIICHTPUPOBAHHOW CEPHOW KHUCIOTHL. Uepe3 HEKOTOpoe BpeMs HaOIroJaTh
oOpa3oBanue B mpobupke raza. Hanummure ypaBHEHHE PEaKIHH.

Onvim 9. K 1 mn pactBopa xpomwurta Hatpust (Na[Cr(OH)s]) mpunuth paBHBIH 00BeM
menoyn U 3 Mi OpOMHOI BOABI M KHUNATUTH. Kak m3MeHsieTcs 1BeT pacTtBopa. Hamummre
ypaBHEHUE PEAKIIH.

Onvim 10. K pactBopy xisopuna mapranua (I1) mpubGaButh pacTtBop mienouu M 3arem
OpomHoii Boabl. Uto Habmiomaere? Hamumwure ypaBHeHue peakiuu (oOMeHa U OKHCIICHUS-
BOCCTAHOBJICHUS).

Onwvim 11. D5eKTpoiv3 pacTBOpPa HOAUCTOTO KaJusl.

U-o0pa3Hyto TpyOKy YKpEmuTh B aKMME IITAaTHBA, HAIUTh B HEE MPHUOIMU3UTEIHHO J0
MOJIOBUHBI pacTBOpa MOJUCTOrO Kaliusd, K KOTOpPOMY MpHOaBIEHO HACKOJIBKO Karleib
KpaxMaJIbHOTO Kjeicrepa u 2 — 3 karum pactBopa (eHondTanenna. BeraButs B 00a KojeHa
TpYOKH yTOJIbHBIE 3JEKTPOJAbl U BKIIOUUTH MOCTOSHHBIA 3nekTpuyeckuil Tok. Habmromats
OKpalllMBaHUE pacTBopa y KaToja M aHojaa. CocTaBUTh CXEMY 3JIEKTPOJIM3a BOAHOIO pacTBOpa
KJ.

Onwtm 12. I1eKTpOanu3 pacTBOPa CEPHOKUCIOIO HATPHUSL.

B U-o0pasnyro TpyOKy A SJEKTpOJiM3a HAUTh PACTBOP CEPHOKHUCIOrO HATPHUs, K
KOTOpOMY J00aBlieH pacTBOp HeUTpaibHOro ((uoseToBoro) nakmyca. BKIIOYHTE TOK H
HAOMIOIaTh MU3MEHEHHe 4epe3 1-2 MHH OKpackd pacTBOpa y AJeKTpoaoB. COCTaBUTH CXEMY
AJIEKTPOJIN3a BOAHOI'O PACTBOPA CEPHOKHUCIIOrO HATPHUSL.

Onpim 13. DneKTponnu3 pacTBOpa CEPHOKUCION MEIN.

Hanmute B U-o0pasnyto TpyOKy pacTBOp cepHOKucioil meau. [lonp3ysick yroibHbIMH
JMEKTPOAAMH, MPOIyCcKaTh TOK B TeueHue 4 — 5 MuHyT. UTO BBIIENAETCA Ha DIEKTpojax?
CocTaBuTh CXE€MY IEKTPOJIM3a PACTBOPA CEPHOKUCION MEH.

[Ipn HamucaHuu BceX YpaBHEHHWM JIOMDKHBI OBITh COCTaBIEHBI CXEMBI IEpexoja
AJIEKTPOHOB.

3. TecroBhIe 3a1aHus
Bapuant Ne 1
1. Peakuus 1ucnpornopuuoOHHPOBaHUS
1) HNO2 = HNO3 + NO + H20
2) KoMnO4 + H20 = KMnO4 + MnO4 + KOH
3) NH4sNO3 = N20O + H20
4) KCIO3z = 02 + KCI

2. PeaKHI/IH BHYTPUMOJICKYJIIPHOI'O OKUCJICHUA-BOCCTAHOBJICHU A
1) AgNO3 = Ag + NO2 + O2 2) Ag20 =02 + Ag
3) K2S03 = K2SO04 + KoS 4) NO2 + H20 = HNO3 + HNO

3. Onpenenure cyMmmy Ko3(hHUIIHEHTOB B ypaBHEHHE PEAKIIUH
CaOCl; + H20 + NaBr —

1) 8 2)7 3)9 4) 10

4. Y CTaHOBHUTH COOTBETCTBUE

1: mpoaykThI 3nekTposm3a paciiasa CuCl A: CuwuClz

2: mpoxykTsl anekTpoiu3a pactBopa Cu(NOz)2 b: Cuu O2

3: mpoaykThl anekTposn3a pactsopa Ca(NO3z)2 B: Hau O3
I CauO

H: Hzu Clz



5. B mportiecce anekrponausa pactBopa NaCl, nmpu cuse Toka SA 3a 85 MuH Ha aHOIE BBIICIACTCS
MPOIYKT 00beMoM # # # 11 (OKPYTJIMTH 10 JECATHIX)

6. st okucienus B kucioi cpene 0,05 1 0,2 M NaNO2 motpebyercs 0,25 H pactBop KMnO4
o0beMoM # # # 11 (OKPYIVIUTh JIO COTHIX)

7. Ucxons u3 peakunu SO + HCIO4 + H20 = HCI + H2SO4 , riie 1 11 pactBopa coaepxkutces 10 r
HCIO4, nopmanbeaocts HCIO4 paBHa # # # MoJb/11 (OKPYTIIUTH 0 JAECSATHIX )

8. 3HaueHue IEKTPOIHOIO MOTEHIMANA Meau, morpyxennoi B 0,0005 u pactBop Cu(NO3)2
paBHO # # # B (OKpYIJIUTB 10 THICAYHBIX)

9. Eciti KOHLIEHTpAIUs HOHOB BOJOpoJa B pacTBope 4,8%107 Momb/n, To moTeHIman
BOJIOPOJIHOTO 3JIEKTPOIa paBeH # # # B (OKPYIJIMTH 10 THICSYHBIX )

10. Ecau B 0,511 pactBopa comepskutcst 0,0699 r FeCl, r, To moTeHIma )ene3Horo 3JIeKTpoaa
paBeH # # # B (OKpyIiUTh 10 THICSIYHBIX)

Bapuant Ne 2

1. Peakuus BHyTPUMOJIEKYJIIPHOTO OKUCIICHUS-BOCCTAHOBJICHHUS
1) KCIO3 = Oz + KCI

2) NH4NO3 = N20 + H20

3) HNO2 = HNOs + NO + H20

4) Ko2MnO4 + H20 = KMnO4 + MnO4 + KOH

2. Peakuys 1UCIPONOPLMOHUPOBAHMS
1) K2SO3 = K2SO04 + K>S 2) NO2 + H20O = HNO3 + HNO2
3) AgNO3z = Ag + NO2 + O3 4) Ag20 = 02 + Ag

3. Onpenenure cymmy Ko UIMEHTOB B ypaBHEHHE PEAKIIUH
K2Cr207 + H2SO4 + Na2SO3 —

1) 17 2) 18 3) 19 4) 20

4. YCTaHOBI/ITB COOTBECTCTBHC

1: KMnO4 + NaxSO3 + H,SO4 — A: MnSO4 + K2S04 + NaSO4 + H20
2: KMnQO4 + NaS0O3 + H.O — B: MnO; + KOH + NaxSOq4

3: KMnOg + Na SOs + KOH — B: KoMnOg4 + Na;SO4 + H2O

I': MnSO4 + KOH + Na2SO4 + H20

5. B nporecce anexrponu3a paciiaBa NaCl, npu cuie Toka 2A 3a 45 MuH. Ha Katoje
BBIJIETISICTCS POIYKT Maccol # # # T (OKpYTJIUTH /10 COTHIX)

6. B mpouecce anekrpomnusa pactBopa NaSO4, pu cuite Toka 2A 3a 2 4 Ha aHO/E BBIJIENSETCS
MPOAYKT 00beMoM # # # 11 (OKPYTJIUTH IO COTHIX )

7. Ecnu nuxpomat-uoH BoccTaHaBnuBaercs A0 xpoma (111), To MonsipHast KOHIIEHTpaLus
skBUBajeHTa auxpomarta kanus (o =10%; p = 1,07 r/mn) paBHa # # # MoIb/11. (OKPYTJIUTH 110
COTBIX)

8. st B3aumonerictust ¢ 0,25 monb K2Cr2O7 tpedyercs 2 H pactBop HBr o0bemom # # # 1
(OKpYTJIUTB IO COTHIX)



9. Ecu KOHIIEHTpalys HOHOB BOJI0po/a B pacTBope 3,8*10 Mosb/11, To moTeHIman
BOJIOPOJIHOTO 3JIEKTPOIa paBeH # # # B (OKPYIJIUTH 10 THICSYHBIX )

10. Ecnu moTeHImMan BoIOpOIHOTO JIEKTpoa paBeH — 236 MB, To akTHBHOCTh HOHOB BOJIOpOAa
B pacTBOpe paBHa # # # MOJIb/1 (3amKcaTh B CTAaHIAPTHOM BUJIC)

4. PellTUHroBasi KOHTPOJbHAasA padoTa 6 («KOKUCIUTETHLHO-BOCCTAHOBUTEIbHBIE
peaKkuyu U 3JIeKTPOXUMHYECKHUE MPOILEeCChI»)

Bapuant Nel

1. 3akoHYMTH COCTaBIIEHUE YPaBHEHUS peaklUU U Moao0paTh K03 GUIIMEHTHI MPOCTEHIINM
cnocodom: SO2+H3ASO4+H20—H3ASO3+...

2. Hanumurte ypaBHeHHsI peakuuid M mogo0partbh KOd(P(GUIUEHTHl 3JIEKTPOHHO-UOHHBIM
meTogoM: MnSO4+(NH4)2S208+H20—HMNO4+. . .; H202+CaOCl—

3. CocraBuThb B  MOJeEKyIsApHOH  Qopme  ypaBHenue  peaxmum:  |[Fe(CN)s]*
+H,0,—[Fe(CN)s]*+ O

4. Yemy paBHaA MOJISIpHas Macca SKBUBAJCHTA NIEpMaHraHaTa Kalusi Kak OKUCIHUTENs, €CIu
9TO BEMIECTBO B MPOIECCE PEAKIMU BOCCTaHABJIMBACTCS: a) 10 cyibdara mapranna (l1) 6) mo
JMOKCHJIa MapraHiia B) 10 MaHnranara kaiaus KoMnOg4?

5. byner nu paboraTh raibBaHUYECKHUM JIEMEHT, COCTOALIEH U3 BOJOPOJHBIX 3JIEKTPOJIOB,
norpyxeHublx B 1 u 0,11 pactBopsr KOH mpu 25°C, ecnu kaxymasi CTeNeHb IWCCOLMALNN
pactBopoB KOH cootBercTBeHHO paBHbI 77 1 91%7?

6. TlanpbBaHUYECKHIl SJIEMEHT

(-)2|Cr/2Cr3+ | H2SO4 | (Pb) 3H2/6H* (1)

00pa3oBaBIICiCS MPU KOPPO3UH XPOMa, OMAssHHOTO CO CBUHIIOM, Jae€T TOK cuion 6A. Kakas
Macca XpoMa OKHMCIHMTCA M CKOJBKO JIMTPOB BOJOPOJA BBIAEIMTCA 3a 55¢ paboOThl 3TOro
areMeHTa’?

7. MenHbli KyJIOHOMETp COEIMHEH IOCIEI0BATEIbHO C JIEKTPOIU3EPOM, B KOTOPOM UJAET
anekTponn3 BogHoro pactBopa AGNOs Ha yrompHBIX 3JEKTpoJax (HalWTEe TONHYIO CXEMY
npoiieccoB, npoucxoamux npu snekrpoiause AgGNO3z). Ha katone B KyloHOMETpe BBIIEIUIIOCH
192r meau, a B snekrposmsepe 450r cepebpa. OnpenenuTe BHIXOJ MO TOKY B JIEKTPOIU3EpPE.
Kakoii 00beM 3aliMeT BbIIEIMBIIUICS KHCIOPOA, €ClIU 3TOT o0beM u3Meputh npu 10°C wu
nasiennu 9730311a?

Bapuant Ne2

1. 3akoHYMTbH COCTaBJIEHUE YpaBHEHUS peaklUy U Nogo0paTh K03 GUIIMEHTHI TPOCTEHIIINM
criocobom: H2SO04+KI+KClO3—KCl+l>...

2. Hanmmmure ypaBHeHHS peakuuid W 1Moao0path Kod((OUIMEHTHI 3JIEKTPOHHO-UOHHBIM
MeTogoM: HaSO4+H2S+KMNOs—S+...; HNOs+FeS,—

3. CocraButh B MONeKysipHOI popme ypaBHenue peakiun: NoHa+lo—No+I.

4. Kakyro Maccy altOMUHUS MOXKHO OKHCIHUTD ¢ iomontsio 0,111 0,258 K2Cr207 no peaxiuu
Al+K2Cr207+H2S0s— Al2(S04)3+Cr2(S04)3+K2S04+H20.

5. DJC rajibBaHUYECKOM HEeTH (-)Ag/AgNOs 0,005H /a=98%| |Ag/x
1/0=85%/AgNO3(+)=0,085B. Omnpeaennure KOHICHTPAIMIO 3JICKTPOIHUTA MPH IMOJIOKUTSIEHOM
ANIEKTpOAE, eciu Kod(pUIMEHThl aKTUBHOCTH HOHa cepedpa B pactBopax AQGNOs3 mpu
OTPHULATEIEHOM M MOJIOXKUTEIBHOM 3J1eKTpoie paBHbI 0,945 u 0,750.

6. [IIpu paGote raabBaHUYECKOTO 3JIEMEHTA

) é{All4A|3+ | H20, O2 | (Cr) 120H/6H20, 302 (-:)
00pa30BaBIIETOCs MPU KOPPO3HH ATIOMUHUS, KOTOPBIM HaXOIUTCS B KOHTAKTE C XPOMOM, 3a
Imun 20c ero paboThel Ha XPOMOBOM Katoje BoccTtaHoBuiiochk 0,034 kucinopona. Onpenenure,
HACKOJIbKO YMEHBIIWIACh MIPH ATOM Macca aJllOMUHHEBOIO JIEKTPOJia U YEMY PaBHA CUJA TOKa,
IIPOTEKIIETO MO BHEUIHEW LIENU rajlbBaHUYECKOIO MJIEMEHTA.



7. Uepes cepeOpsHBIN KyJIOHOMETP MPOMYCKAIX TOK B T€UEHHE 34. AMIIEPMETp IMOKa3bIBaJ
cuiny Toka paBHyro 0,9A. Haittn % norpentHocTy, 1aBaeMblil aMIIEpMETPOM, €CIIH 33 3TO BPEMS
B KyJIOHOMETpE Ha KaToje Bbiaenuiocsk 12,32r cepedpa.

Tema «KoMmieKcHbBIE COeTHHEHU

1. Bomnpocsl ajs codeceq0BaHUA

1. Kakue coeluHEHHsI MOKHO OTHECTH K KOMIUIEKCHBIM?

2. Ilonp3ysch MONOKEHUSMH KOOPJMHAMOHHOW Teopun Bepuepa maiite ompenencHHs
CJICAYIOUIMM MOHATHUAM: a) KOMILIEKCOOOpa3oBareb, 0) JIMraH/bl, B) KOOPAUHALMOHHOE YHUCIIO
KOMIUIEKCO0Opa3oBaTeis, T') BHYTPEHHsIS U BHENIHSISI cpepa KOMILIEKca.

3. Kak onpepenstoTcst 3apsj  KOMIUIEKCHOTO HOHAa M CTENEHb  OKHUCIICHUS
KOMIUTIEKCOOOpa3zoBaTes?

4. Kakasg cBsI3b MEXJy CTPOCHHEM aTOMOB D3JEMEHTOB U HX CHOCOOHOCTBIO K
KoMIuieKcooOpazoBanuto? IlpuBeanre mpumMepsl THITMYHBIX KOMIUIEKCOOOpa30BaTeIeH.

5. IlpuBenure mnpuMepsl TUIUYHBIX JuraHjgoB. Kakue nuranjapl Ha3bIBarOTC
MOHOJICHTaTHBIMH U KaKU€ MOJINAEHTaTHBIMU?

6. Kakoe BiMsHME JOJDKHO OKa3bplBaTh HAa 3HAYCHHE KOOPIMHALMOHHOTO 4YHCIa
VBEJIMUEHUE paguyca HW 3apsjua: a) KOoMIUIeKcooOpaszoBatens, 0) JmranmoB? Kakum
COOTHOILIEHUEM JIBYX CHJI, ACHCTBYIOIIUX MEXAY LEHTPAIbHBIM aTOMOM M JIMTAHJAMH M MEXIY
CaMHUMH JIMTaH/1aMU, OIIPEEseTCsl KOOPIMHALMOHHOE YnCiI0?

7. IlpuBeauTe npuMepbl KOMIUIEKCHBIX COCTUHEHUI:

1) ¢ KOMIUIEKCHBIM aHHOHOM,

2) ¢ KOMIUIEKCHBIM KaTHOHOM,

3) ABIAIOUIMXCS HEAIEKTPOJIUTAMH.

JlaiiTe UM Ha3BaHHE.

8. JlaliTe ompeneneHue U NPUBEIUTE IPUMEPHl OCHOBHBIX THIIOB KOMIUIEKCHBIX
COEIMHEHUI.

9. VkaxuTe OCHOBHBIE BHUJIbl H30MEPUM KOMIUIEKCHBIX coeauHeHuid. IlpuBenute
IIPUMEPBHL.

10. Kak ¢ mo3umuii Metofa BaJIEHTHBIX CBs3€il OOBSCHUTH 0Opa3oBaHME CBSI3EH MEXIY
KOMILIeKcooOpa3oBareneM M Jjura"jgamu? Kakue opOuTanu LEHTPaJIbHOTO aToMa MOTYT
OJIHOBPEMEHHO Yy4acTBOBATh B 00pa3oBaHuu cBsizel? YeM 310 onpexaensercs?

11. Kakyio reoMeTpruecKyto KOH(QUrypanuo UMeeT KOMIUIEKCHBIM HMOH MpU 3HauYeHHUH
KOOPJMHAIIMOHHOTO YHCIia KOMIUIEKCooOpaszoBates 2, 4, 6?7 YKakuTe COOTBETCTBYIOIINE THITHI
ruOpHIU3aK OpOUTaIeH.

12. Kakwe KOMIUIEKCHBIE COEJIMHEHHUS HAa3bIBAIOTCS BHEUIHEOPOUTAIHHBIMH H
BHYTPUOPOUTAIBHBIMU? UeM 00BSICHAETCS UX pa3iuyHasi MPOYHOCTH?

13. ITo kKakuM SKCTIEpUMEHTAIBHBIM JJAHHBIM HAXOAT YHCIIO HECTIAPEHHBIX AJIEKTPOHOB B
komIuiekcax? IIpuBennre npuMepsl.

14. Kakue KOMIUIEKCHl Ha3bIBalOT BBICOKOCIIMHOBBIMU W HM3KOCIHHHOBBIMHU? YKaKUTE
napaMeTphbl, KOTOpPbIE SBISIOTCS U1 HUX OOIUMH U PA3TUYHBIMU.

15. Kak cka3blBaloTCd Ha CKJIOHHOCTH KOMIUIEKCHBIX HMOHOB K 3JIEKTPOJIUTHYECKOMN
JICCOLMAIINY Y YYaCTHIO B PEAKIUAX 3aMEIeHHUs, CBI3bIBAaHKUE JIMTaHI0B 3a cueT (N — 1)d- win
nd- opbOuTaneil kKomIiekcooOpas3oBaress, Hamuuue BakaHTHBIX (N — 1)d- u nd- opOuraneit y
KOMILUTIEKCOOOpa3zoBaTens?

16. [aiite kparkoe wu3noxeHwe mnpaBwia CHDKBUKA W HAa MPUMEpPE TOKAKHUTE €ro
JEICTBUE NPU pacyeTe KOOPAUHAILIMOHHOTO YUCIIA.

17. Kakas Teopusi mody4yusia Ha3BaHUE TEOpUU KpucTammyeckoro moiusa? Yem
oTau4aercs oHa oT Mmerona BC?

18. Uto Takoe 3HEprus pacUICIUIEHUs] KPUCTAIUIMYECKUM I10JIEM, OT YE€ro OHA 3aBUCHUT?
Kakue pakTopsl onpeaenstoT NoJI0KEeHNE JIUTaHAa B CIIEKTPOXUMHUYECKOM psTy?



19. Kak Teopuss KpUCTAIMYECKOTO TIOJII OOBSACHAET 0OOpa3oBaHHE BBICOKO- U
HU3KOCIUHOBBIX KOMIUIEKCOB? [Ipy KakoM COOTHOILIEHWH SHEPTUU MapaMeTpa pacIIerIeHUs U
MOBBIIICHUS] SHEPIMHM CHUCTEMBI 3a CUeT HapylleHus mpaBwia ['yHaa /p/ B mpenenax Bcero d-
MOJYpOBHS 00pa3yloTCsl T€ U APYyTHE.

20. Kak TKII oOBsiCHSET 3aKOHOMEPHOCTH W3MEHEHHS YCTOHYMBOCTU KOMIUIEKCHBIX
COEeIMHEHUN?

21. Ucxons u3 TKII, 00BACHUTD OKPACKy KOMIUIEKCHBIX COEINHEHHIA.

22. Kak ¢ mo3unuii MeTosa MoOJICKYJIApHbIX opoutaneit (MO) o0bsicHUTH 00pa3oBaHHE
XUMHUYECKON CBS3HM MEXIYy KOMILIEKCOOOpa3oBaTesieM U JIMTaH1aMu?

23. VYKaxuTe OCHOBHBIC IpaBWJja MOCTPOSHUS dHEPreTHYecKux nuarpamm (meton MO)
JUTSL OKTadAPUIECKUX U TETPAdIPUICCKIX KOMIUICKCHBIX COSAMHCHU.

24. Yto sBnseTCAd KOJMYECTBEHHOW XapaKTEPUCTUKOW YCTOMYMBOCTH KOMILJIEKCHBIX
MOHOB?

25. KakoBO COOTHOIIEHHE MEXIy OO0IIeld KOHCTAHTONW HECTOMKOCTH U KOHCTaHTaMH,
XapaKTePU3YIOIMIMMH OTACTbHBIC CTAJUU MTPOIECca TUCCOMUAIIMHA KOMIUIEKCHOTO HOHA?

26. ITpu xakux ycIOBHSIX paBHOBECHE JUCCOIMAIIMM KOMILIEKCHOTO MOHA CMEIIaeTcs B
CTOpPOHY 0O0Opa30BaHMs KOMIUIEKCHOTO WOHA WM TPOAYKTOB ero aucconuanuu? IlpuBenure
PUMEPBL.

27. llpuBemute  mpUMEpHl  pa3pylIeHUs  KOMIUIGKCAa  OCaXKJECHHEM  HMOHA
KOMIUIeKcooOpa3zoBatens. YeM JOHKEeH ompenenarcs Beioop ocanutens? B kakux ycloBUAX OH
JIOJKEH MCIIOJIh30BaThCS B OOJIBIIMX KOHLICHTPAIUIX ?

28. O0BsiCHUTE MPOLIECC PACTBOPEHHS 0CaIKOB aM(DOTEPHBIX TUAPOKCUIOB B KUCIOTaX U
niesiouax Kak MpeBpalieHre OJHUX KOMIUICKCOB B Apyrue?

29. Kakoe BnMsiHHE OKa3bIBa€T KOMILJIEKCOOOPa30BaTesh HA CBA3M B KOOPIMHUPOBAHHBIX
okoJ1o Hero Mosiekyinax HoO u NH3?

30. IIpuBeaute mpuMepbl, MOKA3HIBAIONINE BIUSHUE KOOPAUHAIIMHM HA OKUCIUTEIHHO-
BOCCTaHOBUTEIIbHBIE CBOWCTBA KOMILIEKCOOOpa30BaTEIIsl.

31. CocraBbre KOOpauHanuoHHBIE (Gopmynbl cienyromux coeauHennit: 2NH4Cl-PtCla,
K2C204-CuC204, KCI-AuCls, 2Ca(CN)2-Fe(CN)2, (NH4)4Fe(SO4)..

32. Boanslii pactBop niepBoro uzomepa cocrasa Pt(SO4)(OH)2-4NH3 umeer pH =7, a 0,1
M pactBop BTOporo mzomepa — pH = 13,3 npu 25°C. [lo pe3ynbraram oOmbITa COCTaBbTE
KOpJMHALMOHHBIE (POPMYIIBI 000MX H30MEPOB.

33. Omnpenenure BUI H30MEPOB (U1 KaXJOH Mapbl) B CIEAYIOUIMX KOMIUJIEKCHBIX
COETMHEHUSIX

a) [Cr(H20)6]Cl3, [Cr(H20)sCI]Cl2-H20, [Cr(H20)4Cl2]-2H20;

6) [Pt(NHs)a][Pt**Cle], [Pt(NH3)sCI][Pt**(NH3)Cls], [Pt(NH3)4Cl2][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)2], [Cr(en)2(C204)][Co** (en)(C204)2];

1) 1uc-Ka[Pt(Cl)2(NO2)4] u tparc-K2[Pt(Cl)2(NO2)4].

34. KakoBa okpacka coequHeHuii mapranna (I11) B BomubIx pacTBOpax, ecnu sl HOHA
[Mn(H20)e]** A = 250,5 xJlx/moms? Kakoif iHMHe BONHBI COOTBETCTBYET MAKCHMYyM
MOTJIONICHHS BUAUMOTO CBETa STUM HOHOM?

35. CocraBpTe ypaBHEHHUS OKHCIIHTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIUH C y4acTHEM
KOMIUIEKCOB B BOJIHBIX PacTBOpax:

rekcaranodeppar (I1) kanus + xop =

xJiopuJ rekcaammuHkoOanbta (1) + mepokcua Bogopoa =

[WHK + THAPOKCHUJ HAaTpHUA + Bola =

IJIATHHA + a30THAsi KUCJIOTA + XJIOPOBOAOPO =

MepMaHraHaT Kajius + cepHast kucioTa + rexcanuanodeppar (1) xkamus=

36. Ilpu kakoil KOHIEHTpaluu Cyab(uaa HATPUS HAYHET BHIMAAATHh OCANOK CyIbpuaa
kagmus u3 pactBopa Kz[CdA(CN)s] o6semom 250 mut, kourenTpanus koroporo 0,1 mons/n? B
pactBope coaepxkutcs 0,1 moab nuanuaa kanus (o = 80%).I1P (CdS) = 7,9*10%.



37. Onpenenure KOHIEHTpaIuo noHoB Meau B pactBope [CU(NH3)4]SO4 oobemom 1 11 1
KOHIIEHTpanuen koMmruiekcHou comu 0,1 momnw/n. PactBop comepxut 1 moas NHs.

38. Nsmenenue sHeprum [mObca [uisi mpoliecca TUCCOIMAIMM aMMHAKaTta MEIu I10
MepBOM CTYIICHU

[Cu(NH3)4]** — [Cu(NH3)3]*" + NH3

paBHo 12,21 xJIx. OnpeaenuTe nNepByr0 KOHCTAHTY HECTOMKOCTH 3TOr0 MOHA.

39. CocTaBbTe YpaBHEHMsI peakLUii, C MOMOIIBIO KOTOPBIX MOXHO IOJIy4YUTh TPAHC —
[Pt(NH3)2(OH)2]SOs ucxoms u3 [Pt(NH3)4]SOs u H202, a Taxke [Pt(C2H4)2Cl2] mexonst wus
K2[PtCla] u CoHa.

40. CdopmymupyiiTe OCHOBHBIC TIOJIOKCHHUS TEOPHUH MOJICKYJIAPHBIX OpOUTaei
MPUMEHHUTEIHHO K OMTMCAHUIO KOMITJIEKCHBIX COCTUHEHHM.

41. [IpuBeaure cxembl MEPEKPHIBAHUSA BAJICHTHBIX OpOUTaNIell LEHTPaJbHOTO aToMa U
TPYNIOBBIX OpOWTANIel JIMTAaHAOB Il OKTAdPUUYECKOTO KOMIUIEKCa 0€3  T-CBS3bIBAaHUS H
MOCTPONTE HHEPTETUUECKYIO AUArPAMMY MOJIEKYIISIPHBIX OpOHTaeil.

42. PacnipenenuTe BaJCHTHBIC JIEKTPOHBI IO OPOUTANSIM M ONPENEIUTE SJICKTPOHHYIO
KOH(Urypamuio okTasapudeckux komitekcoB [COFs]®* m [Co(NHs)s]®*. DmekTpoHsl Kakmx
MOJIEKYJIIPHBIX OpOUTaNe 00eCIeYnBalOT XMMUYECKYIO CBS3b B 3TUX KoMiuiekcax? Kakoin mx
STUX KOMILJIEKCOB Mapa-, a KaKoW JUaMarHuTeH; KaKoW HU3KO- U KaKOW BBICOKOCIIMHOBBIM M 4eM
3TO 00BsCHSETCS?

43. ComnocTaBbTe TEOpUI0 MOJEKYISPHBIX oOpOuTaneil, BaJECHTHBIX CBSi3ed U
KPUCTA/UIMYECKOTO MOJA TIPHMEHMTENbHO K auamarHuTHoMy kommuiekcy [CO(NHs)s]®*
OKTadJIpU4ECKOTr0 CTPOSHUSI.

44. W300pasute TUOBI T - MepekpbiBaHus m O — opOuTanell MEeHTPaJIbHOTO aroMa
OKTa’/IpUYECKOr0 KOMIUIEKCAa C MOAXOIAUIMMH [0 CHMMETPHUH TPYHIOBBIMU OpPOUTAIISMU
JIMTaH/IOB.

2. Jladoparopnasi padora « KoMIuiekcHbIe COeTUHEHU S

OmnbiT 1. O6pazoBaHue U TUCCOLUALNS COETUHEHUN ¢ KOMIUIEKCHBIM KaTHOHOM.

a) Hanute B mpoOupky 1-2 mu pactBopa AGNO3 u 106aButh HemHoro pactsopa NaCl. K
o0Opa3oBaBlIeMyCsl OCaJKy MNPWINBaTh PAacTBOpP aMMHaka 10 ero pactBopeHus. COCTaBUTh
YpaBHEHHS PEaKIMi, YUUTBIBAs, YTO KOOPAMHAIMOHHOE uncio AgQ™ paBHO JBYM. OOBICHUTH
POUCXOAIINE U3MEHEHUS.

0) Hamute B mpoOupky 1-2 mi pactBopa CuClz m mpubaBnsTe Mo KaruisiM pacTBOp
amMmMaka o obpazoBaHus ocagka CU(OH)z, 3areM nmpuianTh HM30BITOK pacTBOpa aMMHaka J0
pacTBopenns ocagka. CpaBHHTH OKpackKy HOHOB CU?* ¢ OKpackoil MOTy4eHHOTO PacTBOPA.
[TpucyTcTBHE KakMX HOHOB COOOIIAeT OKpacKy pacTtBopy? Hamucarh ypaBHEHHME peakLUu
MOJTyYeHUsI KOMIUIEKCHOTO OCHOBAaHHUSI W €ro KOOPAWHAIIMOHHYIO (hOpMyIly, YYHTBIBAs, YTO
KoopauHANHOHHOe uncio Cu?* paBHO yeThipeM. Kakoe OocHOBaHHe SIBISETCA 60Jlee CHIBHBIM:
ruapokcua Meau (1) unm coorBercTBYIOIIEE KOMILIEKCHOE ocHOBaHue? [Touemy?

ITonmy4yeHHbI pacTBOp COXPAaHUTh IS ONbITA 4.

Omnpit 2. O6pa3oBaHKe U IUCCOLMALINS COETUHEHUHN C KOMIIJIEKCHBIM aHHOHOM.

a) K 1-2 mn pactBopa Hutpara prytd (II) (cunpHbI si1!) 100aBiIATH MO Kamjism
pazbasiensbiii pactBop KI 1o o6pasoBanus ocagka Hglz. 3atem npunuts n36sTok pactBopa Kl
70 pacTBOpeHHUs ocajaka. HamucaTh ypaBHEHHs peakuuil W KOOPJMHALMOHHYIO (OpMyITy
TIOJy4EeHHOTO KOMIUIEKCHOTO COEIMHEHHsS, YYUTHIBasg, 4TO, KOOpAMHAIMOHHOe umciao Hg?
PaBHO YETHIPEM.

0) B mpo6upky ¢ 2-3 mu pactsopa Bi(NO3)3 mo6asmsats no kamisim 0,5 H. pacteop KI 10
BhINaieHus ocanaka Bils. 3arem 106aBuTh emie Heckosbko Kanenb pactBopa Kl go pactBopenus
BBIMTABIIETO Ocajka. KakoB TIBET moxydeHHOro pactBopa? MoskeT 1M 93Ta OKpacka
obycioBnuBaThca mpucyTcTBueM wuoHoB K', I, Bi**? Hammcats ypaBHenme peakiuii
00pa30BaHUs M ITUCCOIMANNN KOMILIEKCHOTO COSAMHEHUS U er0 KOOPAMHAIIMOHHYIO (hopMyiTy,
YUUTHIBAS, YTO KOOPAHHAIMOHHOE uncio Bi*" pasHo ueTsipem.



Ompit 3. Pa3nuune Mexay MPOCTHIMU M KOMITIEKCHBIMU HoHamu xenesa (111).

a) K 1—2 mu pactBopa FeCl3z npunuts HemHoro pactBopa KSCN. Hanucats ypaBHeHHE
peaxiuu. JTa peakiys XapakTepHa s noHa Fe** u nmpumenseTcs 11 ero oOHapyKeHHUs.

6) Jlokasarh, oOHapyxmBaercss ou uoH Fe®* B pacrBope Ksz[Fe(CN)s], mpomenas
XapaKTEPHYIO PEaKIMIo, KaK B OMbITE 3, a.

B) Hamute B ogHy mpobupky HemHoro pactBopa FeCls, a B apyryio — K3[Fe(CN)e] u
N00aBUTh B KOKAYIO M3 HUX OJMHAKOBOE KOIM4ecTBO pacTBopa FeSO4. OOBACHUTH OTCYTCTBHE
U3MEHEHUH B TNepBOM mpobupke U oOpa3oBaHHE BO BTOPOM Ocajka TaK Ha3bIBAEMOI
typuOyneBoii cunu Fes[Fe(CN)e]2. Hanmcath ypaBHeHHE peakimy B MOJICKYJISIPHOW W MOHHOM
dbopmax.

Peakiust oOpa3oBanusi TypHOYJIEBOW CHHH SIBISIETCS XapaKTEpHOW JUIsI KOMIUIEKCHOTO
nona [Fe(CN)e]*.

Omnbit 4. [IpoyHOCTH U pa3pylIEHUE KOMILIEKCHBIX HOHOB.

a) Ilomyunts B mpobupke [AQ(NHz)2]C1, kak 3T0 OBLIO caemaHo B oOmbITe 1.
[TosryueHHBIN pacTBOp pas3yiuTh B YEThIPE IPOOUPKH U UCIIOIB30BaTh B OMbITax 40, 4B 1 411.

6) Hamute B mpobupky 1-2 mu pactBopa [Ag(NH3)2]Cl, monydennoro B ombite 4a, u
n00aBHUTh Tyna Kycodek IuHKa. Uto HabmromaeTcs? 3anucars ypaBHEHHE PEaKIIMA 00pa30BaHMUS
KOMIUIEKCHOTO aMMHaKaTa IMHKA, YYHTHIBAs, UYTO KOOPAMHALMOHHOE umcio Zn®" paBHO
YeThIpeM.

OOBACHUTh, TONB3YSICh TAOMUIEH KOHCTAaHT HECTOMKOCTH KOMILUIEKCHBIX HOHOB,
NPUYHHY BBITECHEHUS IMHKOM cepedpa M3 ero KOMIUIEKCHOTO HOHA.

B) Hanute B nBe mpobupku oaunakoBoe komudectBo pactBopa AGNOs. B onHy u3 HuX
nobasutk pactBop NaOH, B apyryro Kl. 3anucars HaOmro1eHNS.

DTU peakluW XapakTepHbl it MoHa AQ" M MOryT OBITh HMCIHOJB30BaHbBl JUIS €r0
oOHapykeHust. COCTaBUTh YPaBHEHUS PEAKIIHA.

PactBop [AQ(NHS3)2]Cl, monyuennsiii B omnbiTe 4a, HaIUTh M0 1 M B aBe npobupku. B
oHy npobupky npunuth pactBop NaOH, a B npyryto — pactBop Kl. Yro mpoucxoautr?
Hanucars ypaBHenue aucconuanuu komiiekcoro nona [Ag(NHs)2]* u Beipaxkenne KOHCTaHTBI
HecTolKocTH ero. Jlatb o0ObscHeHHWE HaOIIOJAEMbIM SIBICHMSIM, IOJIb3YSACh YpaBHEHUEM
JMCCOIMALIMU KOMIUIEKCHOTO HOHA U MPaBUJIOM ITPOU3BEICHNUS PACTBOPUMOCTH.

r) [Monyuuts B mpodupke ocamok AgCIl. 3arem noGaensate 1 H. pactBop NaS203 mo
MIOJTHOTO PAacTBOpeHHs ocajaka. Hamucars ypaBHeHue peakuuu oopasosanus Nax[Ag(S203)2].

K nmonydennomy pacTBOopy KOMILIEKCHOTO coeAnHeHus 100aButh pactBop Kl. CpaBHUTH
pe3yibTaThl C MOJyYEeHHBIMH B ombiTe 4B. Hamucarh BbIpakeHUs JUIsl KOHCTaHT HECTOMKOCTU
aMMHA4YHOTO U THOCYJIh(ATHOTO KOMIUIEKCOB M PEIINTH MO PE3yIbTaTaM OIBITOB 4B U 4T, Kakas
KOHCTaHTa UMeeT OoJbllee 3HauyeHue. [IpoBepuTh BBIBOJ 110 TaOJINYHBIM JaHHBIM.

n) Hamute B mpobupky 1-2 mia pactBopa [AQ(NH3)2]C1, momydeHHOro B ombiTe 4a, U
nobaBnsaTh pazbaBieHHyro HNO3z mo Beimagenust ocaaka AgCl. O0bsacHUTH HabIOgaeMbie
SBIICHHS, HCXOIS W3 TOrO, YTO KOHCTAaHTHI HectoiikocTd uoHOB [Ag(NHs)2]" m NH4'
COOTBETCTBEHHO PaBHBHI 6,8° 108 1 6,0-107%0.

¢) Hanute B 1Be mpoOupku oanHakoBbie KonmuectBa pactBopa CuCly. B omHy u3 Hux
n06aButh pactBop NaOH, B apyryio — (NHa4)2S. OtMeTuTh 1IBET 00pa3yronMxcst 0CaaKkoB. ITH
peaKIMy MOYKHO HCTIONB30BaTh s OTKphITHs HoHa CU?*. COCTaBUTh ypaBHEHHMS PEAKIIHA.

PactBop [Cu(NH3)s](OH)2, monyueHHblii B ombiTe 1, pa3jequTh MOPOBHY B JBE
npobupku. B omny npwimte pactBop NaOH, a B apyryito — pactBop (NH4)2S. Yto
HaOmronaercs? Hanmucars ypaBHEHUSI IPOUCXOISAIINX PEAKIIMHA.

Jlate 0OBsicHeHWE HaAOIIOMaeMBbIM SIBIICHHSM, HWCXOAS W3 JaHHBIX O BEIHMYMHAX
npou3sBenenuii pacreopumocti Cu(OH), n CuS u koHcTaHTH HecToiikoctn HoHa [Cu(NHs)4]?".

OmnpiT 5. JIuccoumanusi IBOMHOMN COJIH.

Jlokazats Hamuune noHoB NHa4*, Fe®* u SO42 B pacTBOpe ele30aMMOHMIHBIX KBACIIOB
NH4Fe(SO4)2, mpomenaB ais HUX XapaKTEPHBIC PEAKIUH C IOMOIIBI0 PACTBOPOB IIEIOYH,
KSCN u BaCl..



Hanucate noHHBIE ypaBHeHUs peakuuid. COCTaBUTh YpaBHEHHE DIIEKTPOJIUTHYECKON
JUCCOLMALIY KEIE30aMMOHUIHBIX KBACI[OB.

B ueM coCTOMT CXOJACTBO M OTJIMYME MEXKIY JBOMHBIMU COJSIMM U JPYTUMU
KOMILIEKCHBIMHU COEMHEHUSIMU?

OmnpIT 6. BrusiHre KOHIIEHTPALUU pacTBOpa Ha KOMIUIEKCOOOpa30BaHHE

K neckonbkum kamisim pactBopa CoCly B mpoOupke NpHINTh KOHIEHTPUPOBAHHBIM
pactBop KSCN. Habmiogate w#3MEHEHHE IIBETa pPAacTBOpa BCIEACTBUE OOpa30BaHUS
komruiekcHoU coimu Ko[CO(SCN)4]. PaszbaButh momydeHHBIH pacTBOp BOAOH. OOBSACHHTH
M3MEHEHME ero 1Bera. Hanucate ypaBHEHUST peaKkUid.

Kakoe BnusiHue oka3piBaeT KOHIIEHTpAIUs pacTBOpa Ha KOMILIEKcooOpa3oBaHue?

Omnbit 7. 'unpaTtHas n3oMepusi akBOKOMILJIEKCOB

Heckonbko ¢uoneroBbix kpuctammkoB CrCls-6H,O pactBoputh B Boae. HaOmrogath
OKpacky pactBopa. Harpers pacTBop 10 u3MeHeHus: okpacku. J[atb oObsicHeHueE.

3. TecroBble 3ajaHUsl
Bapuant Ne 1
1. ITapamaruuTHBIN HU3KOCIIMHOBBIN BHYTPUOPOUTAIbHBIN
1) [Mn(NO2)s]* 2) [CoBre]*
3) [Fe(CO)a)** 4) [VClg]*

2. YCTaHOBUTH COOTBETCTBUE MEKy Ha3BaHHEM U (POPMYIION KOMILIEKCHOM COJH
1: K[PtCly4]

2: [PtCI3(NHz)3]Br

3: [CoF3(H20)3]

4: [Co(NH3)s][Co(NO2)e]

A: terpaxnoporuiatusart (1) kamus

b: Opomu TpraMMuHTpUHHTpOXIIOpOIIaTUHEI (1V)

B: TpuakBaTpudTOpoKoOansT

I': rexkcanutpokobansrat (1) rekcaammuukobansra (111
J: muxnoporeTpaaMMHUHHUKES

E: rekcaunanogeppat(ll) xanus

3. YCTaHOBHTH COOTBETCTBUE MEXKITY (DOPMYIIOI COCTMHEHUS 1 KOOPAMHAITMOHHBIM YHCIIOM
1 [FeFx]"*? A:6
2: [Pt(N2H4)x]* :
3: [Pd(NH3)x]?

W
w X b B~

4. Ecnu pactBop coaepxut 0,05 mosn/im Ko[Ag(CN)s] u 0,05 mons KCN,
Ky = 1*102!, T0 KOHIIEHTpaIUs HOHOB Cepedpa B MOJIL/T # # #

5. Ecnu 151 KOMIUIEKCHOTO MOHA 3HEPTus pacileruieHus pasHa 167,2 kJ[>/Moib, TO OH
MOTJIONIAET CBET C JUIMHOW BOJIHEBI B HM # # #

6. Eciiu mpu neicTBum pacTBOpa cepHOM KUCIOTHI Bech Oapuii n3 pactBopa Ba(CN)2*Cu(CNS)2
ocak/aeTcs B BUAE cyib(dara 6apusi, TO KOOpAUHAIMOHHAs popmyina comm # # #

Bapuant Ne 2

1. ITapamMarHUTHBINA BEICOKOCITUHOBBIM BHYTPHOPOUTAIBHBIN
1) [VClg]* 2) [Fe(CO)4)*

3) [NiCls]* 4) [Pd(NH3)s]?*

2. YCTaHOBUTH COOTBETCTBHE MCKAY Ha3BAHUECM U q)OpMYHOﬁ KOMILJICKCHOM COJIN



1: K3[Fe(CN)g] A: rexcarmanodeppar(l1) xamus
2: [Ni(NHz3)4]Cl2 b: xmopun terpaamvunaukess(11)
3: K2[SiFe] B: rexcadropocuukar (1V) kamus
4: [Ni(CO)4] I': TeTpakapOOHUIHHUKEIH

JI: mMXJI0pOTETPaaMMHUHHUKEIIS

E: rexcanimanodeppat(ll) xamus
3. YcTaHOBHTH COOTBETCTBHE MY (HOPMYIIOi COSAMHEHHS M KOOPIUHAIMOHHBIM YHCIIOM
1: [Ni(CO)«]° A4
2: [CO(CN)x]*® b: 6
3: [Fe(CO)«]° B:5

I:7

J:3

4. Ecnu pactsop coaepsxut 0,02 mons/1 Cd(NOs)2 u 1 mons NHs, Ky = 2,75*107, 0
KOHIICHTpAIMs HOHOB KaMHUs B MOJIb/J # # #

5. Ecnmii MakcuMyM TIOTJIOIIEHHS] BUIUMOTO CBETa JIJIsl KOMILIEKCa COOTBETCTBYET JIJTHHE BOJIHBI
400 =M, TO SHEPTUS pacleIuieHus B kJ[x/Moib # # #

6. Ecim it ocaxienust xjiopa u3 pactBopa Ha 1 monb PtCls*3NH3 (KUpt = 6) Tpedyercs 1 moib
HHUTpaTa cepedpa, TO KOOpAUHAIMOHHAs (OPMYJIa COSTUHEHUS # # #

4. PeiliTHHrOBasi KOHTPOJIbHasK padoTa 7 («KoMmiekcHbIe coeTHHEHUS)

Bapuant Nel

1. HasBate  komiutekcuble coemmuenus:  Ba[Cu(C204)2], [Co(NHz3)2(en)(CI2)]CI,
[PtCI2][AuCla].

2. Hanucate  ¢opmyner:  a)  terpadiomomnaar(lll)  wunmmua(l); 06)  xmopun
OopomarerpaammuHakBaxpoma(lll); B) TppuaMMHUHXIOpOAMHUTPOKOOATIBT.

3. Moxso mu ocamguth nousl Ni?* u3 pactBopa Kz[Ni(CN)s] o6vemom 1 1 u C=0,1

Monb/mutp, comepxkamero 0,2 moms KCN(0=80%), ecim mo6asuth 10*Moms cymsduma
amMonus? Ilpu Kkakoil MiN KOHIEHTpAIMK CYJIb(pHIa aMMOHHS HAYHET BBIMAAaTh OCAIOK?
(ITP(NiS)=2*1028).

4. Ompenenure TUN THOPUIM3AINY B CIECAYIOIINX KOMILIEKCAX, a TaK K€ M300pa3uTe ux
reomerpuueckyto ¢popmyiny: [AuCls] ; [PtCls]” .Uemy paBHBI KX MAarHUTHBIC MOMEHTBI?
5. JInst ocakAeHUsl XJOPHUA-WOHOB, COCTABIIIOMIMX BHEUIHIOW c(hepy KOMIUIEKCHOTO

coeaunenus, u3 100 vt 0,02 m pactBopa coeaunenust CrCl3*5H,0 motpedosanocs 20 mit 0,2 M
pactBopa AgNOs. [lo pesynbrataM 3TOrO OIBITa COCTaBbTE KOOPAMHAIMOHHYIO (OpMYITy
COCJIMHEHUS ¥ HA30BHUTE €T0.

6. C nuranzamu cnaboro WM CHIIBHOTO MOJs KoMruiekchl COS' SBISIOTCS CHITBHBIME
OKMCITUTENSIMH, a Komruiekchl CO?' MposBISIOT BOCCTAHOBHTENbHBIE cBoMcTBa? Kak 9TO
oobsacuser TKII?

7. CocraBbTe ypaBHEHHE pEaKIWH, C TOMONIBI0 KOTOPBIX MOXHO TIOJTYYHUTHh
[Pt(C2H4)2Cl2] ucxons u3z Ko[PtCla] u CoHa.

Bapuant Ne2

1. HasBarh ~ KOMIUIEKCHBIE  COCIMHEHUS: Naz[Zn(OH)4], [Ni(H20)5](NO3)2,
[Co(En)3(NO3)3].

2. Hanucats (bopMybL: a) ammuHnexnTanuasodeppat(ll) HaTpusl; 0)
TuruspokcoteTpaxyoporiatuHat (1V) aMmMmoHus.

3. K 0,2 M NiSO4 nobaBwiu paBubiii 00beM 2 M NH3, Beruncianth [Ni]?*, ecnu cuurath

4TO B pacTBOpe 0bpasyercs kommekcHbrit non [Ni(NH3)s] .



4. B xommuekcax [CO(NO2)s]* u [Ni(CNS)e]* murammsl 061aqaroT CHIBHBIM MOIEM.
CocTaBbpTe SHEPreTHUECKYI0 cxeMy oOpaszoBaHus cBszeil (Meron BC) B 3TUX KOMIUIEKCax W
YKa)XUTE MarHUTHBIE CBOMCTBA KOMIUIICKCOB.

5. Onpexenure KoopanHauuoHHoe uncio (x): [Fe''Fx] *2); [Fe''Clx] *-2.

6. Kaxas snexrponnas kondurypauus, d® umm d’, maer Gombinee 3nauenue Ecxm s
OKTa’IpUYECKUX BHICOKOCIIMHOBBIX M HU3KOCITMHOBBIX KOMILIEKCOB?

7. [penckaxxute HA OCHOBE 3aKOHOMEPHOCTH TPAHC-BIUSIHUS MPOMYKTHI CICAYIOLICH

peakuuu: TpudpomoammuHiuiatuHar(l1)-noH+amMmmuak—.

Paznen 2 « Heopranuveckasi XuMus (XMMHS 3JIEMEHTOB U UX COeIUHECHU )
Tema «aementsl VIl A rpynnbl (rajioreHbl) H HX COeTUHEHH S

1. Bomnpocsl ajs codeceq0BaHUA

1. PaccMmoTpuTe 3aBUCUMOCTh aTOMHOIO Pajguyca, SHEPIUU MOHM3ALUU U CPOJICTBA K
AJIEKTPOHY AaTOMOB TaJIOTEHOB OT MX aToOMHOro Homepa. [loueMy ¢ yBenmdeHMEM aTOMHOIO
HOMEpa 3JIEMEHTa SHEPIrvsi MOHU3ALUM YMEHBIIAETCs] HEMOHOTOHHO, @ CPOACTBO K 3JIEKTPOHY
BHayaJle yBEJIMUMBAETCS, @ 3aTEM YMEHbLIaeTcs?

2. KakoBbI CTeTeHHM OKHCICHHsS TaJOT€HOB, M KaKas CTENEHb OKHCJICHUs HamOolee
ycTOMUMBA JUIsl KaXKA0ro rajoresa? B Bujie kKakux cCOeIMHEHUI OHM HAaXOAATCs B pupojae?

3. Korna u kem ObuH BIIepBbIE OTKPBITHI TAJIOTCHBI?

4. Ha uem ocHOBaH OOIIMH MNPUHLUMI TIIOJIYYEHUs TaJIOTEHOB B TEXHUKE U B
naboparopun? KakoBa ocobeHHOCTh mnonydeHus ¢ropa? IlpuBenure npumepsl peakuuit
HOJIy4YEHHUs T'aJIOT€HOB.

5. MUcnons3ys teopuro MO, 00BSICHHUTE, MOYEMY SHEPrUsl AUCCOLUAIMHA MOJEKYN 12
OTHOCUTEJIbHO HeBelMKa. Kak M3MEHsIeTCss MEeXbsIEpHOE PACCTOSTHUE U SHEPIUs CBA3M B ALY
oT ¢Topa K KOy U 4eM 3TO 00BsACHSIETCA?

6. Kak n3meHnseTcs arperaTHoe COCTOSIHUE U I[BET raJION€HOB B 3TOM psily rajoreHoB?

7. Kak u3mensiercsi OKUCIUTENTbHO-BOCCTAHOBUTENIbHAS! aKTUBHOCTH B PS/Iy TaJOT€HOB?
YeMm 00bscHsAETCSI 0CO00 BBICOKAst aKTUBHOCTh (Topa?

8. Kak m3mensercst CTpyKTypa, JIMHHA U SHeprus cBs3u B psaxy ot HF x HI, u wem sto
o0BbsicHgeTcs? Kak MeHsieTcsl B 3TOM psy cuiia KUCIOT?

9. Kak m3MeHseTcs BOCCTaHOBUTENbHAsE aKTUBHOCTH B psiny oT HF x HI um wem sto
o0BsicHseTCS?

10. OxapakTepu3yliTe KHCIOTHO-OCHOBHBIE CBOWMCTBa XJIOpHJAa HATpUS M XJOpHIA
cypsmbl (V), ¢ropuna kamus u ¢rtopuna ¢ocdopa (V). IlpuBeaure ypaBHEHUs peakUuit
TUAPOIN3a W B3aWMOJCHCTBHS YKa3aHHBIX Nap TaJoreHuA0B. Kak W3MEHSI0TCs CBOMCTBA
ranorenuoB P, Ag, Cu, K, Ca, S.

11. KakoBa pacTBOPUMOCTh B BOJI€ TaJIOT€HUIOB PAa3IMYHBIX METALUIOB M Ye€M OHa
o0BsicHseTCS?

12. Kak B3aMMOJCHCTBYIOT TaJOT€HBI C BOJOW, KAaKOBBI 3aKOHOMEPHOCTH IaHHOTO
B3auMo/ieiicTBuA?

13. Kakne OKCHIBI TallOTEHOB W3BECTHBI, KaK OHU OOpa3yroTCs, KaKoBa WX
YCTOMYUBOCTD, (PU3MUECKUE U XUMUYECKHE CBOMCTBA?

14. Kak 3aBUCHUT YCTOMYHUBOCTH OKCOKHCIIOT M UX COJIEH OT CTpYKTYphl? CpaBHHUTE CHITY
OKCOKHCJIOT, UX OKUCIUTEIbHYIO aKTUBHOCTh. [IpuBeIuTe ypaBHEHUS PEAKIIUM.

15. OxapakTepu3yiTe Opyrue COEAMHEHHUs TaJOT€HOB C TMOJIOKUTEIBHON CTETNCHBIO
OKHCIeHHsI. MeXrajaouHble COeTUHEHUs, X CTPYKTypa U CBOMCTBA.

16. 3HayeHNe TaJIOTEHOB U UX COSOUHEHNMN.

17. Yem orauuaroTcsi peakuuu B3auMoJeicTBUA (Topa ¢ BOMOM M IEIOYaMH OT
NOJOOHBIX pEeaKmuu C JApyruMu  ramoreHamu. OIWHAKOBBI JIM  TMPOIYKTHI  PEAKITHMA
B3aMMO/IEICTBUA XJI0pa, OpoMa, oa ¢ XOJIOIHBIMU M FOPSIYMMH PACTBOPAMHU IIEJI0UeH?

18. Kak cwmemaercsi paBHOBECHE B BOJHBIX pPacTBOpPAaxX TAJIOTEHOB TIPU TOOABICHUH



MUHEpaIbHBIX KUCIIOT U 1IeJI0uen?
19. Onpenenure yCTOMYMBOCTH (DTOPUIHBIX, XJIOPUIHBIX, HOAHMIHBIX KOMIIJIEKCOB
Pa3IMYHBIX METAJVIOB U HEMETAJIOB.

2. JlaGopatopHas padora

[IpuGopsl u mocyxaa: 1. [unmer turensubie. 2. Hox.. 3. IllTatuB ¢ npobupkamu. 4.
['a3ooTBONHAss TpyOka ¢ mpoOkoi. 5. Kpucrammmzatop. 6. CruptoBka. 7. Jlokeuka mist
C)KMraHus BenlecTB B razax. 8. CTeKIsHHas MMajouka.

PeaktuBpl u matepuansi:l. Okcung mapranma (IV) MnOz . 2. Juxpomar kamus
K2oCr,07. 3. Ilepmanranar kamus KMnOs. 6. Xmopun wsarpus NaCl. 11. Iuak
(rpamynupoBanHbIi). 12. JlakmycoBas Oymaxkka. 13. @unbTpoBanbHas Oymara. 14. Bara. 15.
Jlen. 16. ITecok. 17. [Tpobupku. 18. KBr. 19. KI. 20. Marauii Mg.

PactBopsi: 1. ConsHas kucnora (kKoHIl., pa30.) 2. CepHas kuciora (KoHII., pa30.). 3.
I'mapokcun Hatpus (koHI. pas6.). 4. Hurpar cepebpa AgNOsz (0,1n.). 5. Boamslii pactBop
nakMyca. 6. Manuro. 7. @uoneroBble uepHuia. 8. AMmuak BogHbld. 9. CepoBonopoaHas BoAa.
10. Cynbdar xpoma (II1) Cr2(SO04)3(0,5u). 11. I'mapokcun kamus KOH (2u). 12. Bpomuas
Boja Bra. 13. Xnopuas Boga Clo. 14. CepoBomopoanas Boga HoS.

[Monyuenue xyopa.

a) B Tpu npoOupku HacwlmaTh HEOOJbIIOE KOJIUYECTBO CIEAYIOUIUX BEUIECTB: B
nepByro - okcun wmapranma (IV), Bo BTopyw - aguxpomar Kalus, B TpPEThIO -
nepManranata kanus. B xaxayto npobupky npuiauthk o 1mi HCI (konm). Conepxumoe
MepBOi U BTOPOM MpoOUPOK cierka noaorpetrs. HabnmoaaTe NpoucxXoasiiue npoiecchl.
OnpenenuTh BBACHAIONIMKACT Ta3 mo mBeTy (Ha ¢oHe Oenoit Oymarm) u 3amaxy
(cobmrogaTh OCTOPOKHOCTB!).

Hamucate ypaBHEHHs peakuWil MOJYy4YEHHS XJI0pa, COCTABUTH CXEMBI MEepexoja
AJIEKTPOHOB B 3TUX peaknusax. Yem sBisoTcs B mpoBeaeHHbIX peakuusax MOz, K2Cr207,
KMnQO4?

[Tonyuenus Opoma u Uoja. (pabomy nPo8oOUMs 8 BbIMANCHOM WKADY)

a) CMemaTth HeMHOTO KpucTayuioB KBr ¢ HeOOJbIIMM KOJHUYECTBOM MMOPOIIKA
MnOg2, BchinaTh B NpOOUPKY, NPUINUTH HECKOJIBKO Kamellb KOHIEeHTpupoBaHHOW H2SO4 n
cnabo noxorpetsb. OTMETUTDH LBET U 3aMax (0cmopodcro!) BBIAEISIONINXCS TapoB Opoma.
Hanucatps ypaBHEeHUE peakuH.

6) Ilponenatrs anmamoruynbiii onbIT ¢ Kl. Kakoe BemiecTBO BBIAEISIETCS B BUJE
napoB? KakoB ux user u 3anax? HanucaTe ypaBHeHHE peakLHH.

8) K pactBopy KBr npunuBars 1mo kaniasM CBEXEIMPHUTOTOBICHHYIO XJIOPHYIO BOAY.
Hanuuunem kakoro BemjecTBa oOycioBieHa okpacka pactBopa? /[06aBUTH K pacTBOpY
IMn  OeH3ona. DHEPrUYHO BCTPSIXHYTH COJEp)kuUMoe NpoOupku. OTMETUTH IBET
pactBopa u ciosi OeH3ona. ChenaTh BBIBOJ O PacTBOPUMOCTH OeH301a B BOJE M B
opraHudyeckoMm pacTtBoputeine. HamucaTh ypaBHeHUe peakuuu B3ammojnaeicTBus KBr c
XJIOPHOW BOJOM.

CroiicTBa 6poMa (pabomy nposooUms 8 bIMANCHOM WKAPY)

a) Hanutes B npoOupKy HeOObIIOE KOJIMYECTBO OPOMHOI BOJBI, OTMETUTH €€ IIBET
u cierka HarpeTb. Uto Habmonaere?

6) B pacTBOp mHAUTO MM PyKCHMHA NPUIUTH HEMHOTO OpOMHOHN BOJbI. OOBSICHUTD
MPUYUHY TPOUCXOISIINX H3MEHCHUH.

6) B mpobupky c¢ 5Smi OpoMHOH BOJIBI BCHINATh HEOONbIIMMH MOPIUSIMHU MpHU
MMOCTOSIHHOM B30alThIBaHUU MOpoImok Maruus. Habmoaates 3a iBetoM pactBopa. Ha 4rto
YKa3bIBAIOT MPOUCXOASIIIIME U3MEHEeHUs B pacTBope? Hanncats ypaBHEHHE peakIuu

2) K Hebonpmol mopiuu CepoBOJOPOJHON BOAB (OTMETHTHh €€ IBET W 3amax)
NpUIMBATh MO KamjisM OpOMHYIO BOJAY M TLIAaTeIbHO B30alTHIBATH pacTBOp. 3amucarh
HabOmoaeHuss. CocTaBUTh YypaBHEHHUE PEaKILHU.

CBoiicTBa Mo (onvim 0 NPOBOOUMb 8 GLIMANCHOM WKAPDY)




a) TlomecTuTrh B CyXyl NpoOHMpPKY KpHUCTAIMK Hozxa. JIlHO mpoOupkm cierka
HarpeTh B MJIAMEHU TFOpesKHU. 3aTeM OXJaJAuTh Ha Bo3nyxe. HabmionaTe 3a u3MeHEHUEM
L[BETA U arperaTHOI0 COCTOSHHUS BO3TOHSIOIIEr0Cs Ho/ia MPHU OXJIAXKICHUH.

6) Ilonoxuth B MpoOUPKY HECKOJIbKO KPHUCTAIIMKOB HOJMa, NPUIUTH K HUM 5-
10Mn Boabl B cUIIbHO B300JITaTh. OTMETUTH IBET XUAKOCTH. XOPOIIO JU PACTBOPSAETCS
ion B Boxme? K BoagHOMY pacTBOpY € HE pacTBOPUBIIMMUCS KpUCTAJJIUKaMU ioja
no6aBuTh Heckoubko kamenb Kl. 3anucars HabnrogeHus.

8) VcnpiTaTh pacTBOPUMOCTH HOJa B 3TUIOBOM CIHPTE, IJ 3TOT0 | KPHUCTAIIUK
ifona omycTuTh B 1-2MJ1 ciupTra, HAIUTOTO B TPOoOUPKY. OTMETUTH IBET pacTBOpA.

2) K 2-3M11 cepoBo1opoIHON BOABI A00aBIATH NMPH B30aNTHIBAHUU PaBHBIA 00beM
BOJIHOTI'O pacTBopa iioga. OTMETUTh NPU3HAKU XUMUYECKOHN peaKkuu

B3aMMOJICUCTBUS MEXIY MOJIOM M CEpOBOJOPOJAHON Bonoil. Hamucare ypaBHEeHUSA
peakiuu.

0) B dapdopoBoil uamke uiIM Ha acOECTOBOW CETKE MepeMemaTh HEMHOTO
NOpOIIKA aJIOMUHUS UM UHKOBOM NBIIM C MEJIKO pacTepThiM HoxoM. CMOYUTH CMECH
HECKOJIBKUMHU KariasMu Bojabl. UTo mpoucxonut? Hamucats ypaBHEHHE peaKUHu, UMes
B BUJY, UTO BOJa MUI'PAeT poJib KaTainuzaropa. Ha ocHOBaHMM NHPOBEAEHHBIX OIBITOB
clesiaTh BBIBOJI O CBOWCTBAx ioja.

BonoponHbie coeqMHEHUS OpOMa U MOIa (pabomy npogoouns 6 GblMsACHOM wKapy!)

a) Tlomectutp B cyxyio npobupky 0,5 KBr u npunute "HemHoro 70%-HOTO
pactBopa H»>SO4, octopoxkno mnomorperb. Urto wHabmomaercs? UYUem 3arps3HeH
OpPOMOBOIPOPO, MOTYUCHHBIH 3TUM criocoboM? Hanucatrs ypaBHEHUS peakiuid.

6) B npobupky momectuth HemHoro Kl, no6aBute k Hemy (60%-noii) H3POs u
cnabo monorpets. Kakoii Beiensercs raz? HanucaTe ypaBHEHUE peaKI[UH.

BoccraHoBUTEIbHBIE CBOWCTBA rajl0r€HOBOIOPOIOB

B tpu cyxue npobupku monoxuth mo 1 r umsmenpuenHsix KCIl, KBr u Kl u
OPUIIATH B KaXIYI0 MPOOHPKY MO OJUHAKOBOMY 00BbeMy KoHIeHTpupoBaHHOW H2SOa.
Habnionate mosiBieHue OenbIX MapoB B MEPBbI MOMEHT BO BCE€X TpeX MpoOUpKax.
KakoB coctaB Beiaenstoniuxcs BemecTB? CleauTh 3a JaJIbHEUIIUMU H3MEHEHUSIMU
BemecTB B npobupkax. OObscHUT,  mpoucxoasmue  sBieHusi. CpaBHUTH
BoccTaHOoBUTeNbHbIe cBolicTBa HBr m HI. Hanucare ypaBHeHHS peaknuil OKHCIECHUS
HBr u HI xoHueHTpupoBaHHON cepHON KMCIOTON. PacmosoXuTh rajioreHoBOJIOPO/bI B
NOpsiAKE BO3pAacTaHUs UX BOCCTAHOBUTEIbHON aKTUBHOCTH.

3. TecroBble 3a1aHUsA
Bapuant Ne 1
1. /Ins mornomeHus xjaopa MOKHO UCIIOJIB30BaTh:

a) NaOH B) NaCl

6) H2SO4 r) HCI.

2. OOBIYHO JyTs1 TOSTydeHust Opoma B JIa0OPATOPUHU UCTIONIB3YIOT PEAKITUH:

a) KBr(ts) + H2S04 (koHL) — B) KBr(rs.) + HBrOs P
6) KBr(ts.) + MnO2 + H2S04 (xorm,) — r) KBr(rs) +Clo—

3. B cBeXenpUTrOTOBIICHHOM XJIOPHOM BOJIE COMEPIKATCS COCAUHEHHS XJIOPa:
a) HCI B) HCIO4
6) HCIO r) HCIO3

4. V3 raJioreHOB MATHOCHOBHYIO KHCIIOPOJICOEPIKAIILYIO KHCIIOTY 00pa3yet # # #

5. Kucnorusie cBorictBa B psiimy HCIOs - HBrOs — HslOg # # #



6. YCcTaHOBUTE COOTBETCTBUE MEXAY PsJlaMU BELIECTB U U3MEHEHHUEM CBOMCTB B HUX
1) HCIO-HCIO2-HBrOs-HCIO3-HBrO4-HCIO4

2) HCI1O4-HBrO4-Hs106

3) HCIO-NaClO-NaClO3-NaClO4

4) KCIO4-HCIO4-HCIO3-HCIO-HCIO?

A) yMeHbIIIEHUE KUCIIOTHBIX CBOHCTB

b) yBenuueHune OKUCIUTEIbHON aKTUBHOCTH

B) yBenm4eHune KUCIOTHBIX CBOMCTB

I') yBenuyeHue ycToH4MBOCTU

7.PactBOpuMOCTb rajoreHu10B cepedpa B psaay AgF — AgCl — AgBr — Agl # # # , motomy 4to
##H

8. HauMeHee yCTOMYMBOM U3 TIOJIOKUTEIBHBIX CTETICHEH OKUCIICHHS 111 OpoMa SIBJIICTCS
CTEINEeHb OKUCIIeHUs # # #, moTomy uTo # # #.

9. CnabpiMu aM(pOTEpHBIMU CBOMCTBAMH 00JIaIaeT # # # Kuciora.

10. U3 nepeuncieHHbIx ranoreHoB pasHoBecue peakun [ 2 + H2O—HI" + HI'O nauGonee
CMEIIIEHO BJIEBO IS

a)F B) Cl>

0) Br, r) I2

BapuanT Ne 2
1. s cmemenus paBHoBecus peakiuu Clo + H O—HCI + HCIO BneBo cnexyer 106aBuTh kK
XJIOPHOM BOJIE:

a) NacCl. B) H2SO4

6) NaOH r) AgNOs

2. HanGonee cuIbHOM KMCIOTON SBIISIETCS BOJHBIN pacTBOP:
a) ¢TopoBOAOpOIA B) OpoMOBOAOpOIA

0) xJI0poBOIOPOAA T') HOJI0BOJIOpOA

3.3 NMEPCUUCIICHHBIX XJIOPUAOB HEPACTBOPUMBIMHA B BOJC ABJIAKOTCA

a) AgCl r) HgCl>
0) BaCl: 1) AICI3
B) RbCI e) PbCl

4. CaMo¥i CHIIBHOM U3 KUCTOPOACOIEPKAIINUX KUCIOT TaJOT€HOB sBIsETCS # # #

5. Haumenee yCcTONYMBOM ISl TaJIOT€HOB SIBJISIETCS CTEIIEHb OKUCIIEHUS # # #, MOTOMY 4uTO # #
#.

6. CriocoOHOCTh TaJIOTeHOB K qucMyTanuu B Boje B psay Fo — Clo — Bro — |2 # # # , moTomy urto
HH#H

7. Haubonee cunbabM okuciuTesieM B paay HCIO4 - HBrO4 — HslOg siBisiercst kucnota # # #.
8. KOHCI)HpraHI/Iﬂ BAJICHTHBIX 3JICKTPOHOB B aTOME HO/Jia B IIATUBAJICHTHOM COCTOSAHHU:

a) 5s25p®5d? B) 55%5p*5d*
6) 5525p° r) 5s!5p35ds



9. Kon¢urypamus BaJIeHTHBIX 3JIEKTPOHOB B aTOMe OpoMa B OCHOBHOM COCTOSIHUU:
a) 3s23p° B) 45°4p°
6) 5s25p° r) 4st4p®4d®

10. Kucnorusie cBoiicta B psaay HCIOz — HBrOs — HIO3 # # #

4. PeilTMHroBasi KOHTpPOJbHasA padora 8 («Juementsl VII A rpynnsi (rajorensr) u
HMX COeTUHEHHUN)
Bapuant Nel

1. DkcnepumenTanbHo ycraHoBieHo, uto KCIO4 pasnaraercs okomno 400°C, HCIO4 u CLO,
IIpY HarpeBaHUM B3pbIBaIOTCs, pazbasieHHbie pactBopbl HCIO, Bnonne crabunbhbl. [lokaxute
CTPYKTYpY 3TUX coequHeHuH. Kak MOXHO OOBSACHUTD pa3indyue B UX yCTOWYMBOCTH?

2. OOBSCHUTH Pa3NUYHBIA XapaKTep B3aUMOJCHCTBUS TaJIOTEHHUJIOB IEIOYHBIX METAJUIOB C
H2SO4 (koH1.). HanucaTs ypaBHEHHS peaKIuii.

3. 3akoHUMTEe ypaBHEHHs peakiuii. PaccraBpTe KOA(QQHUIMEHTH MOHHO-3JIEKTPOHHBIM Me-
TOJIOM.

a)H2S0O3 + CL, + H.0 — r)Se+Clz; + H.O —
6) CaOCl2 + NaBr + H.O — 1) KI + HSOs —
B) SO; + NalOs + H.0 — ¢) Sho03 + Br, + KOH —

4. Jlns momHOTO OocaxkaeHus Opoma u3 pactBopa CaBr2 oovemom 60 mMa monago6unocs 50
mi 0,1 H. pactBopa. Ompenenure maccy OpoMuaa Kallblds B PacTBOpPE, MOJSIPHYIO M HOp-
MaJIbHYIO KOHIIEHTPAIlMU 3TOT0 PacTBOPA.

Bapuant Ne2

1. U3ob6pa3ute snekTpoHHbIE (OPMYIBI CTpOeHUS Mosekyn (ropa, propoBomopona, ¢ro-
puna kanmusa. Kak oOpasyercs cBA3b B MOJIEKYJIaX 3TUX BEUIECTB?

2. CocraBbTe YpaBHEHHS XUMHYECKHX pPEAKIIMH, MOKa3bIBAIOIINE B3aUMOJCHUCTBUE JIUTHUS C
XJIOPOM, TIOPOIIKA JKeJe3a C XJIOPOM, B3aMMOJCHCTBHE XJIOpa C BOJIOW M TOPSYUM PACTBOPOM
HIEJIOYH.

3. 3aKoHUYMTE ypaBHCHUS PEaKIUil. Y paBHSIITE HOHHO-3JICKTPOHHBIM METOJIOM, &)

a)Cr2(SOs)3 + Br, + NaOH — r) ClIOs + HC1 —

6) Clo+ h+ HCl1 — 1) NaBr + NaBrOs + H,SO4 —

B) KBiO3z + HC1 —

4. Beruucnure maccoByro noitto (%) KCIOs, ecnu 6,5 r pactBopa, pearupys ¢ uzositkom Kl
B CEpHOKHCIIOM pacTBope, oopasyet 0,635 r ilozna.

Tema «uemenTs VI A rpynnsl (XaabKOTreHbl) M MX COeIMHEHUS»

1. Bomnpocsl ajs codeceq0BaHUA

1. PacmpocTpaHeHue KHUCIOpOJa U XaJlbKOT€HOB B NPUPOJAE, MHUHEpalIbl UX
conepskanire. OTKpBITHE AIEMEHTOB.

2. Tlonoxenue B nepuoanyeckoit cucreme. CTpyKTypa UX aTOMOB. 3aKOHOMEPHOCTH B
M3MEHEHUU pa3MEepoB aTOMOB, MOHOB, SHEPTrUU MOHM3AIMM, SHEPTrUU CPOACTBA K DIIEKTPOHY,
IIEKTPOOTPHULIATEIBHOCTH.

3. CmocoObl TOJYYeHHS] TIPOCTHIX BEIIECTB. 3aKOHOMEPHOCTH B HM3MEHEHUH
arperaTHOr0 COCTOSIHMS BEILECTBA, CTPYKTYphl HMPOCTHIX BemlecTB. Kak M3MeHseTcs sHeprus
CBSI3M B MOJIEKYJIaX U MOHAX M XapaKTep paclpeeieHusl dJeKTPOHOB B HUX?

4. Kak uzmensiercs 3apsiji Ha aTOMe KUCIIOpOoJia U MPUPOIa XUMUYECKON CBSA3U OKCHJIOB
Il u Il mepuogos? Kakue mapameTpbl OKCHIOB IO3BOJSIIOT Pa3fAeNuTh HUX Ha KHUCIOTHBIE,
OCHOBHBIE U aM(OTepHbIE?

5. Kak wu3menstorcs ¢Qusmueckue CBOWCTBa OT KHCIOpOJa K IIOJOHHIO, YeM
ONpEAENsAeTCs XapakTep Takoro usMeHeHua? OmnpeaenuTe MW3MEHEHUE OKUCIUTEIbHO-
BOCCTAHOBUTEJIBHON aKTUBHOCTHU IIPH MEPEXO0/I€ OT KUCIOPOAA K MOJIOHUIO.



6. Kak wusMeHsercs pacTBOPUMOCTh B BOJI€ OKCHJIOB, CYJIb(QHUIOB, CEICHUIOB,
TEJUTYPHUIOB B MEPUOIAX U TPYIIAX rnepuoandeckon cuctemur? I'naponus. [lomucynbduas u ux
CTPYKTYypa.

7. CrtpykTypa BOJIOPOJTHBIX COCJIMHEHMUIA. OcoOble CBOMCTBA BO/IbI.
XaJIbKOT€HOBOJOPOJIHbIE  KHCIOTHL. MI3MEHeHHe CHJIbl KHCJIOT M  BOCCTaHOBHUTEIIBHOMN
AKTUBHOCTH C YBEITMYEHHUEM IOPSIKOBOTO HOMEpa XadbKOreHoB. Kak maMenstorcs ¢puznueckue
CBOICTBA 3TUX coeqUHEHNI? CrocOoOBI OTYYEeHHUS XaTbKOT€HOBOIOPOIOB.

8. Kucnopoansie coenvHEHUsI XaJbKOI€HOB. VI3MeHEHHE CTPYKTYpbhl OKCHUIOB C
YBEIMYCHUEM CTEICHU OKHUCIeHMs. PactBopuMocTs OkcuaoB B Boxe. Kucimopozaconepxkamue
KUCIOTHI. VI3MeHeHne uX OKUCIUTEIbHO-BOCCTAaHOBUTENbHON (yHKIMHU. THOCepHas, HajcepHas
KUACIOTHL. PacTBOPUMOCTH coneil 3Tux KHciIoT B Bojae. OcoOble CBOWCTBA CEPHOM KHCIOTHI
Oneym. I3MeHeHne OCHOBHOCTH KUCJIOT OT CEPBI K TEJLIYPY.

9. 3HaveHHE XaJILKOTEHOB U UX COCIUHEHUH, NX POJIb B )KHBOM OpPTaHU3ME.

2. JlaGopatopHas padora

[Tpubops! u nocyxa.

1) Texnoxumuueckue Bechl ¢ pasHoBecoM. 2) Anmnapar Kuna. 3) Ilpubop g nonydenus
cepoBoOpoAa: MpoOupKa, MpoOka ¢ ra3zooTBOAHON TpyOkoil. 4) LltatuB ¢ KOJIBIOM. 5)
®dapdoposas crynka ¢ nectukom. 6) @apdoposas gamika. 7) @aphopoBeIid THTENb C KPHIIIKOU.
8) Konba émkoctpio 100mm. 9) Xumuueckuii ctakan émkoctbio 250mi. 10) CreknsHHas O6aHka.
11) Kpucrammumzarop. 12) Boponka. 13) IratuB c npoOupkamu. 14) Papdoposblit
tpeyroiabHuK. 15) IHunuer turensueie. 19) Ilpeametnoe crexno. 20) Jlyma. 21)
AcOecTtupoBaHHas CeTKa.

PeakTuBbI 1 MaTepHalbl.

1) Cepa uepenkoBas. 2) Cepubrii 1Ber. 3) XKene3o BoccranoBienHoe. 4) Menpb (doinbra,
cTpyxka), 5) Amomunuii, 6) Cynsdun xenesa (II) FeS. 7) Cynbpun natpus NapS. 8) Cona
kanbiraupoBanHas Na,CO3, 9) JlakmycoBast Oymaxka. 10) @unbTpoBasibHast Oymara.

PacTtBopbI.

1) Consinas xucinora HCl (2u. u pa36. 1:1), 2) cepras kucinora HoSOs (20, tor. 1,112 u .
1,84). 3) azornas kuciora HNO3 (1. 1,412), 4) cynedun ammonus (NH4)2S (0,5 H.), 5)
nepmanranat kamust KMnOg (0,1 H.), 6) muxpomat kanmust K2Cr207 (0,5 1, 7) conu Gapus, IIMHKa,
AMIOMHUHUS, MapraHia, kaamusi, ceunua u menu (0,5 H.).

[MonydyeHne mIacTHIecKon cephl

[TpoOupKy HaMOIHUTE /10 MOJIOBUHBI €€ 00beMa KyCOUKaMH YepEHKOBOM Cepbl, YKPETUTh B
JiepKarere ¥ O9eHb OCTOPOXKHO HarpeBaTh, BCe BpeMsl BCTpsxuBas. Cepa HauWHAET TUIABUTHCS,
o0pa3ysi JKeNTyl0, JIETKOMOABIKHYIO JKMIKOCTb. [IpojoimkaTh MEUIEHHO HarpeBaTh
pacIiaBIeHHYIO cepy, HaOro/ast mocieayromee n3MEeHeHHe ee 1[BeTa M BA3KOCTH. OOBICHUTH
HaOmroaemMble siBJIeHUs. JloBecTH cepy 10 KMIEHUS U BBUIMTh TOHKOM CTpyell B KpUCTaJIM3aTop
¢ xojogHoW Bojoil. Ecnm cepa mpu 3TOM 3aropuTcsi, 3aKpbIThb OTBEPCTHE MPOOUPKU KYCKOM
acOecTa uiIM acOeCTUPOBAHHOM CeTKOI. BRIHYTh MoyueHHYI0 Maccy U3 BOJbI U yOETUTHCS B €€
anacTuyHOCTH. COXpaHUTh 00pa30BaBIIYIOCS TUIACTHYECKYIO Cepy 10 KOHIA 3aHSITHH, YTOOBI
OpocieanTh mnepexos amopdHoil mMoaudukanuum B Kpuctaumdeckyro. Kakas Monudukanus
cepbl sBiIseTCs HaubOosee ycToMuMBOW Ipu KOMHATHOW TemmepaType? OOBSICHUTH CBOMCTBA
MOJIy4EHHOTO BELIECTBA M MPOUCXOASIINE C HUM U3MEHEHHUS.

B3anMozeicTBre cepbl ¢ METaLIaAMH (Pabomy npo8oounv 8 8bIMANCHOM UKADY)

a) Bzaumooeticmeue cepvr ¢ owcenesom. IlpurotoButh 3,5 T cMecHu, cojaepKaiieit
DKBUBAJICHTHBIE KOJIHMYECTBA cepbl W oKkemeza. [l ombita ciieyeT B3STh  TOPOIIOK
BOCCTaHOBJICHHOTO JKe€je3a M cepbl. PaccunTaHHbIe KOJMYECTBA Kelle3a U Cephl B3BECHTh Ha
TEXHOXMMHYECKMX BecaX, TIIATETbHO TIepeMemarh CTeKISTHHOW manodkoi. Bcremare
MOJYYeHHYIO CMeCh B MPOOMPKY, YKPENUTh €e BEPTUKAJIbHO B IITaTHBE. Harperh cierka BCro
CMecCh, a 3aTeM CHJIBHO TPETh B OJTHOM MecCTe y JHa MpoOupku. Kak TOIBKO cMech pacKaliuTcs,
TOPEJIKY OTCTaBUTD.




Habmiogate 3a mporekanuem peakuuu. Kakoe BemecTBo o0pa3oBajioch B pe3ylbTaTe
peakuunu? OTMETUTH €ro OKpacky. Hamucats ypaBHEHHE peakIIUH.

Kakue xumuueckue cBONCTBA IPOSBISET cepa PU B3aUMOAECHCTBUU ¢ METAJIAMU?

BoccranoBuTeNbHBIE CBOMCTBA cepoBoiopoa (Ha mpumepe NaoS)

[ToneiictBoBath pacTBopoM NazS Ha MOIKMCIEHHBIE PAcTBOPHI IMEpMaHTaHaTa Kajus,
quxXpomara Kanus, 1 Ha OpomHyI0 Boay. Kakue BHEIIHME MPU3HAKH MPOTEKAHUS XUMHUYECKHX
peakuuii Bl HaOmromaete? CoCTaBUTHh YpaBHEHHE peakUui. YKa3aTb MEPEXo] AJIEKTPOHOB.
[TonoGpath K03hHUITHECHTHI.

[TomryueHue ¥ cBOKCTBA CYIb(OUIOB METAIIOB

a)llonydnuth ocaiku cynb(QHUI0B IMHKA, MapraHiia, KaJMHs, CBHUHIIA, MEIH, UCIOJb3Ys B
KadecTBe ocaautens cyinbhun Harpus. OTMETUTH IBET oOpasyroumxcs ocaakoB. Hammcath
YpaBHEHUS peaklMid B MOJIEKYJSIpHOM W HOHHOW Qopmax. B3sB HeOousblue KOJIMUECTBA
0CaJIKOB, II0JIEHCTBOBAaTh HA HUX COJISIHOM KUCIO0TOH. OTMETUTH, KAKHE OCAZKU PaCTBOPHIIKCH.
Hatb oObsicHeHHe HaOJIIOJaeMbIM  SIBICHUSM, MOJB3YSACh 3HAYEHUSIMU IPOU3BEACHUS
pPacTBOPUMOCTH 3TUX CYIb(PHUIOB.

['unponus cyabbuaos

@) HeckonbKO KpHCTAIIOB CylIb(uIa HATPUS PaCTBOPUTH B Boje. MccienoBars Xapakrep
cpensl pactBopa. OOBSICHUTH MPOUCXOAsIIEe HM3MEHEHHE OKpacku HHAWKartopa. Hamucath
YpaBHEHHSI PEaKIUK THAPOSIN3a B MOJICKYJIAPHON M HOHHOH (hopmax.

6) K pactBopy conu aqroMUHUSI IPUIUTH PacTBOp cyiabduaa Hatpus. Harpers npobupky,
oT(UIBTPOBATh OOpPA30BABIIMKCS OCAJOK M TPOMBITH €ro ropsiueid Bomoil. Jlokaszars
SKCIIEPUMEHTANIbHO, 4YTO OOpa30BaBIIUICS OCAJOK SBISETCS THAPOKCHUAOM allFOMUHUA.
HanucaTh ypaBHeHHE peakliuy B MOJIEKYJIIPHON U HOHHOM (popMax.

CBoiiCcTBa CEPHOW KUCIIOTBI

(Onvim a nposodums 6 8bIM’CHOM WKAPY)

a)B3aumooeiicmseue KOHYEHMPUPOBAHHOU CepHOU  Kuciomsl ¢ Hememaniamu. B
daphopoBBIX  YamKaX TpPU  OCTOPOKHOM  HArPEeBAaHMM TIPOBECTH  PEAKIHH  MEXIY
KoHIeHTpupoBanHoil H2SOs4 m Hemeramnamu: B OJHOM — C CEpoid, B APYrol — C yIJIeM.
VYcranoBuTh (110 3amaxy), Kakoi ra3 BeIIETSIETCS (ocmopodicHo.). HanmcaTs ypaBHEHUST PEaKIIUid.

Kakwue cBoiicTBa nposiBiseT koHil. H2SO4 B aTuX peakiusx?

0)/eticmsue paz6. H2SOs na memannvl. TlonmHATE y TIpemniofaBaTeliss 0Opa3ilbl METaNIOB
(Menb, LUHK, JK€Ne30, aTlOMUHMA W T. 1.). Mcxoad M3 MONOXKEHUS 3TUX METauloB B
AIIEKTPOXUMHUYECKOM pALY HANpPSHKEHUM METayuloB, CAENaTh MPEIINOJIOKUTEIbHBIA BBIBOJI O
BO3MOXXHOCTH TPOTEKaHUS pEaKIWid MeXAy AITUMH MeTauilaMu U pazdaBieHHol H2SOa.
Jloka3aTh OIBITHBIM ITyTEM, BCE JIU B3STHIC METaJLIBI B3aUMOJICHCTBYIOT ¢ pa30. (2 H.) H2SOa.

OTMETHTh pa3Nuyre B CKOPOCTHU MPOTEKAHUS pEaKluid W AaTh OOBSICHEHHUS, UCIOIb3YS
JTaHHBIE TAOJIUIBl HOPMAIbHBIX 3JIEKTPOJHBIX MTOTEHIINAIOB.

Jloka3aTh ONBITHBIM MYyTE€M, KAaKOW Tra3 BbIAENsAETCA B pe3yibTaTe peakuuid. Hammcartsb
YpaBHEHUS pEaKIfil B MOJICKYJIIpHON 1 MOHHOM opmax. Kakoit mOH sSBIsSIETCS B 3TUX PEAKIUAX
OKHCTUTENEM?

3. TecroBble 3aJaHNA
Bapuant Ne 1
1. Kondurypanus BaleHTHBIX 3JIEKTPOHOB B aTOME CelieHa B OCHOBHOM COCTOSIHUU:

a) 3s23p* B) 4s%4p*

6) 5s%5p* r) 4st4p®4d?

2. I[J'IH OCYHICHUA CCPOBOAOPOAA MOKHO UCITIOJIB30BATH
a) P2Os B) NaOH

0) CaCl; r) H2SO4

3. Cynbdua antoMUHUS MOJIYYaeTCs B PE3Y/IbTaTe PEaKIIHii:



a) A|C|3 (TB) + H28(ra3) - B) Al + S(t) -

6) AICIz + H2S + H O — r) AlICI3 + (NH4)2S + H. O —
4. HanGonpImuii BaJICHTHBIA YTOJI B COCIUHECHHH:

a) H0 B) HoTe

6) H2Se r) H2S

5. IIpu B3aUMOENCTBUU pacTBOpa THOCYIb(aTa HATPHS C XJIOPOM 00pasyeTcs:
a) Na>SO4 B) Na2S406

6) Na>SO3 r) NazS

6. B BOIHOM pacTBOpE MOABEPralOTCs THAPOIU3Y COJIN
a) NaSOs3 B) Na2S203

6) Na>S r) Nax;SO4

7. IIpoctpancTBeHHas KOH(pUTypanus cyibhar-aHuoHa # # #
8. bonee BbICOKMI NOTEHLIMAJI MIOHU3ALIUU U3 XaJIbKOTCHOB Yy # # #
9 Cymma ko durmeHToB B ypaBHeHuu peakiuu Se + NaOHonny — paBHa # # #

10. YcTaHOBUTE COOTBETCTBUE BELIECTBA CO CBOWCTBAMHU
1) H2SeOq

2) K2S20s

3) H2TeOs

4) H2SO3

5) Naz2SO3

A) cuJIbHBII OKUCIINTEIb

b) cuiibHBII OKMCIUTENb U CUJIbHAS KUCIIOTa

B) BoccTaHOBUTEIBHBIE CBOMCTBA MPOSBIISIOTCA SIpU€E, YEM OKUCIUTENbHbIE
I') BoccranoBuUTENb, Ci1abask KUCIOTa

1) amdoTepHoe coeTMHEHNE

Bapuaunt Ne 2
1. Kordurypaiiust BaIeHTHBIX 3JIEKTPOHOB B aTOME CEPHI B OCHOBHOM COCTOSTHHU:
a) 3s23p* B) 4s%4p*
6) 5s%5p* r) 4s'4p4d?
2. JIyist OCyIIEHUs] CEPHUCTOTO Ta3a MOKHO MCIIOJIb30BaTh
a) P2Os B) NaOH
6) CaCl» r) H2SO4

3. KucioTHbIE CBOIICTBA OKCUKHUCIIOT CCPBI YBCIIMYUBAKOTCA B pAAY
a) H2SO4 — H2SO3 — H2S406 — H2S203
0) H2SO4 — H2S203 — H2S406 — H2SO3
B) H2S406 - H2S04 — H2S5203 — H2S03
r) H2S206 — H2S203 — H2SO3 — H2SO4

4. V3 XaabKOTE€HOB IIECTHOCHOBHYIO KUCIOPOCOAEPKAIIYIO0 KUCTIOTY 00pasyerT # # #, moTomy
uyTo # # #.

5. ]I moNydeHts CEPHUCTOTO Ta3a B IPOMBIILIEHHOCTH MCIIONB3YIOTCS PEAKITHH:
a) Cu+ HZSO4 KOHIL. ™ 6) F652 + 02 —



B) Na2SO3 (1)) + H2SO4 (70% p-p) — r) HoS + O—

6. U3 nepeunciaeHHbIX KUCIOT CaMOM CUIIbHOM SIBJISIETCS:

a) H2SO0s3; 0) H2SeOsg; B) H2TeO:s.

7. BbIcOKasi OKUCIIUTENIbHASI aKTHBHOCTD CEJICHOBOM KUCIIOTHI OIPEICISICTCS:
a) HanmmuueM 3d-3KpaHa, 00yCIIOBIMBAIOLIMM HEBBICOKYIO IIPOYHOCTD CBSI3H;
0) KOHIICHTpAILIMEH pacTBOPA;

B) BBICOKOH MPOYHOCTHIO CBsi3U Se-0.

8. Jlnst mogaBieHus TUAPOIIN3A K PACTBOPY CyNb(uTa HATpUS CIeayeT 100aBUTh:
a) H2SO0q; 6) NaOH; B) NaxSOa.

9. Cynb(huapl METAIIIOB MEHEE PACTBOPHUMBI 110 CPABHEHUIO C XJIOPUAAMH, IIOTOMY UTO # # #.

10. Cymma ko3 uiineHToB B mpaBoii yactu ypaBHeHus peakuun SOz + HoS — pasha:

a)2; 0) 3; B) 4; r) 5.
4. PeiiTunroBasi KoHTpo/bHas padora 9 («uementsl VI A rpynnsl
(XaJIbKOTreHbl) M MX COeAMHEHUN)
Bapuant Nel

1. IlpuBeaute mnpuMepbl peakiuii, B KOTOPHIX cepa UIPaeT poOJb COOTBETCTBEHHO
OKHUCIIUTENS U BocCcTaHOBUTENSL. OOBSICHUTE BO3MOYKHOCTD UX MPOTEKAHUS, UCIOJb3Ys 3HAUCHUS
E°208 MOJIypEaKLIUid. KaxoBbl YCIIOBHS], OIIaronpusATCTBYIOLIUE peakuuun
JUCIIPONOPLUOHUPOBAHMSI HEMETAILIIOB?

2. CpaBHHTE CTpPOEHHE KPUCTAJIOB KHUCIOPOAA, Cepbl, CelieHa, Teiulypa M mojoHusa. Kak
WU3MEHSIOTCS] TEMIIEPaTypPhl TUIABJICHUS M KUTIEHUS B 3TOM psiny? Uem 3To oObsicHsieTca? Kakue

U3 TICPEYUCIICHHBIX TMPOCTHIX BEUICCTB OTHOCATCS K JHUAJICGKTPHKAM, a Kakue - K
HOJIYTIPOBOJHUKaM ?

3. 3akoHYHTE YpaBHEHHUS pEaKIMi M ypaBHINUTE HOHHO-3JICKTPOHHBIM METOIOM:

a) SeO2 + H0 + SO2 — r) Na2S203 + H2SO4xomn) —

6) Al>Ses + HC1(pa36) — 1) A1Cl3 + H.S + H.0 —

B) KO2 + CO2 —

4. Kakoit 006éM SO2 (H. y.) moTpedyeTcs At HoJHOro odeciBeunBanus p-pa KMnO4
00bEéMOM 250 M1, €clTi ero MOJISIpHAsi KOHIIEHTpAaIHs dKBUBayieHTa coctasisieT 0,1 monb/n?

5. Kakue coequHeHus cepbl Ha3bIBalOT nojucynbuaamu? Hamummure ux obmyto Gpopmyny
u Tpaduueckue GopmyIibl monu- wim nepeyiabpunoB NazSz, CaS,, FeSz. Kakoii u3 Hux susercs
MPUPOIHBIM COEAMHEHUEM U KaK €ro UCHOIB3YIOT B IPOMBIIIIIEHHOCTH?

Bapuant Ne2

1. JlaiiTe cpaBHUTEIbHYIO XapaKTEepUCTHKY MpocThIX BemecTB. [louemy Oz razoobpaseH, a
OCTaJIbHBIE - TBEPIBIE BEIIECTBA?

2. CoctaBbTe CTPYKTypHBbIE (POPMYIIBI U JIaliTe Ha3BaHUS COCTUHEHUSAM CIIEAYIOIIUX PSI0B!
H2SO4 - H2S207 - H2S3010; H2S206 - H2S306 - H2S406; H2SO4 - HoSOs -H2S208. Onipenenute
UX YCTOMYMBOCTb U OKUCIIUTENbHYIO aKTUBHOCTD.

3. TocrpoiiTe rpadmKk 3aBUCUMOCTH OT MOPSAKOBOTO HOMEpa aTOMHOTO paanyca, IepBOU
OHEPIrUH HOHU3ALMU U CPOJACTBA K IEKTPOHY JJI aTOMOB P-2JI€EMEHTOB VI rpymmsl.

4. 3akoHYMTE ypaBHEHUS PEaKIHil U ypaBHANWTE HOHHO-3JIEKTPOHHBIM METOI0M:

a) $208” + H30" + Cr¥* — r) HzSe + HiO* + Cr,07% —

0) HeTeOs + H30" + CI+ [ SnCls]” — n) Na;Te + H2 O —

B) K2S4 + H2SO4(pazs) —



5. Kakas macca KC10s, conepxkarmiero 8% mpumeceid, Heooxoanma ams noxydenus 50 1 Oz
mpu 25°C u 1,01 » 10° TTa?

Tema «uiemenTsl V A rpynnsl 4 HX cOeIUHEHUS»

1. Bomnpocsl aJjsi codeceq0BaHUA

1. OnpenenuTh AMEKTPOHHYIO CTPYKTYpY d7eMeHTOB. Kak oHa MmeHsercsa? OcoOeHHOCTH
3JIEKTPOHHON CTPYKTYPBI Ka’KI0I0 3JIEMEHTA.

2. Haxoxxnenue B mpupojie. B Bune kakux coequHeHn oHu BeTpeyaroTcsi? CrnocoObl ux
HOJIy4YEHHUS.

3. Kak u3MeHsieTcs CTPYKTypa, arperaTHo€ COCTOSIHUE U PEAKLUOHHAs CIOCOOHOCTh
IPOCTHIX BEIIECTB?

4.Kak m3MeHseTCsl OKUCIUTENbHO-BOCCTAHOBUTENIbHAS aKTUBHOCTH IIPOCTOT0 BEILIECTBA?
[TonTBepauTE 3TO YpaBHEHUSMH PEAKIIMNA U COOTBETCTBYIOIIMMH pacyeTaMH.

5. OcobeHHOCTH CTPYKTYphl BOJOPOAHBIX COEAMHEHHH, WX KHUCIOTHO-OCHOBHAs U
OKHCIIUTEIbHO-BOCCTAaHOBUTENbHAS GyHKIMHU. Kak U3MeHsI0TCsA 3TU napameTpsl B rpymnmne? Yem
00BsICHSETCS Takoe u3MeHeHue? A30THCTOBOAOPOJAHAs KHUCiIOTa, €€ coiu. OcoOeHHOCTH
CTPYKTYpBbI, CBOMCTBA, YCTOHYUBOCTb, PACTBOPUMOCTD COJIeH aMMOHUsA, POChHOHHUS.

6. OCOOEHHOCTH B3aMMOJIEUCTBUS METAUIOB U HEMETAJJIOB C 3JIEMEHTaMH S5 TPYIIIbL,
CTPYKTypa 00pa3yeMbIX COCIUHEHHUH, HUX pPEAaKIHOHHAs CIIOCOOHOCTb, OKUCIIMTEIbHO-
BOCCTAHOBUTEJIbHASL aKTUBHOCT.

7. T'anorenuapl. OcoOEHHOCTH MX CTPYKTYphl, CBOMCTB, PEAaKLMOHHOW CHOCOOHOCTH,
PacTBOPUMOCTH, OKUCIIUTEIHHO-BOCCTAHOBUTEIBHON aKTUBHOCTH.

8.0cO0EHHOCTH CTPYKTYpPhl M CBOWCTB OKCHJAOB, KHCIOPOACOAEP)KAIIMX KHCIOT, UX
OKHCITUTEIFHO-BOCCTAaHOBUTENbHAs (yHKIUsA. OCHOBaHMs, 0Opa3yeMble 31eMeHTaMu V TPYIIIbL.
M3MeHeHHe OKHCIUTEIbHO-BOCCTAHOBUTEIBHON (YHKIUMM STHUX JJIEMEHTOB B  BbICILEM
BaJIEHTHOM COCTOSIHMM KHCJIOTOOOpa30oBaTels.

9. OcoOeHHOCTH CTPYKTYpbl U CBOICTBa cojlell KHCIOpPOJCOJEPIKALIMX KHCIIOT,
U3MEHEHHE UX  pacTBOPUMOCTH, TEPMHUYECKOH  yCTONYMBOCTH, OKHUCJIUTEIbHO-
BOCCTAaHOBUTEJIBHON aKTUBHOCTH.

10. Ponb anieMeHTOB V Ipyniibl ¥ X COETUHEHUI B IPUPOJE.

2. JlabopatopHas padora

[TpuGops! 1 mocyna.

1) lratus c nankoit. 2) I'openka. 3) @apdoposast vamka. 4) LlumuHApEl WM MIMPOKUE
npobupku ¢ mpodkamu (2 mwrt.). 5) CreknsHHbIe MIAaCTUHKH (2 mT.). 6) CTeKIsSHHBIC MaToYKu (2
mit.). 7) llnarens.

PeakTuBbI 1 MaTepHabl.

1) Hutpar ammonus NHsNO3. 2) Cynbdar ammonust (NH4)2SOs. 3) Xnopun ammoHwus
NH4C1. 4) Hutpat xanmus KNO3. 5) JlakmycoBas Oymaxka. 6) ®@uinbTpoBaibHas Oymara. 7)
JlyunHka.

PacTtBophI

1) Cepnas xucnora H2SO4 (1. 1,84 u 1:5). 2) I'mnpokeng natpust NaOH (2 1.) 3) AMMuak
BOAHBIN (25%-ub1if U 2 H.). 4) ['uapokeun kaneuus Ca(OH), (wackim.). 5) Xmopun aMmMoHUs
NH4C1 (naceim. u 2 H.). 6) @enondTanens (CIUPTOBON).

A30T ¥ €ero coelMHEHus

ITonyyeHue a30Ta U €ro CBOMCTBA

[Tonoxuth B mpoOMPKY 2 T U3MENbYEHHOTO HUTPUTA HATPHUS U OPWIHTh 4—5 MI
HACBILIIEHHOT'O PacTBOpa XJIOpUZa aMMOHHMS. 3aKpbITh MPOOHPKY MPOOKOW C Ta300TBOJHOMN
TpyOKOH, 3aKpenuTh B IITATHBE M OCTOPOXXHO HarpeBaTh. Yepe3 |—2 MUH mocie Hauana
peakuu (mouemy?) coOpaTh BBIACISIONINICS ra3 B WIMHAP (MIUPOKYIO MPOOUPKY) HAT BOJOM.
[Tocie HanoOIHEHUs IMJIMH/IPA Fa30M 3aKPBITh €r0 CTEKISTHHOM MJIACTUHKOM U BBIHYTH U3 BaHHBI.




Hanucare ypaBHeHHME peakIMU pa3ioXeHUS HUTPUTa aMMOHHA. OOBACHUTH, ITOYEMY BMECTO
NH4NO2 moxHo nonb3oBatbes cmechio coneit NHaNO2 u NH4C1.

OxapakTepu3oBath (hu3nvYecKue CBOWCTBA a30Ta. B mummHAp (MpoOHpKy) ¢ a30TOM BHECTH
TOPSIIYIO TYYUHKY (YTO MPOUCXOAUT?) WIIM BIUTH U3BECTKOBOM BOJBI U B30oTaTh. M3MeHseTcs
JIM U3BECTKOBAas Boja?

Peakiys Ha MOH aMMOHUS

B mpobupky Hanmute HEMHOro pactBopa coiu ammonusi, Hanpumep NH4Cl, npubGaButh
1—2 mn pactBopa NaOH u narpets. [logHectu k oTBepcTHIO MPOOUPKH, HE KacasCh €€ CTEHOK,
CMOUYEHHBIE BOJIOM KpacHYIO U CHHIOIO JIJAKMYCOBBIE OymMakku. L[BeT kakoi U3 HUX W3MEHMJICS?
Hanucars ypaBHeHus peaknuii. Tak Kak HM3 BceX ra3oB TOJbKO aMMHaK C BOJIOH oOpasyer
LIeJI0OYb, TO TIOCHHEHHUE JIAKMYCOBOM OyMaXKu B Iapax YKas3blBaeT, 4TO B pacTBOpe
npucyrctByer won NHi". B Tom ciydae, korga KOJNMYECTBO BBIIEISIOMIETOCS aMMHUaKa
JIOBOJILHO OOJIBIIIOE, €T0 MOKHO OOHAPYKHTH 110 3araxy.

TepMuyeckoe pazioxeHue cosner aMMonust (Onvimuvl NPOBOOUMb 8 8bIMANCHOM WKADY)

a)ITonoxuth Heckonbko KpucTauioB (NH4)2SO4 Ha KpbILNIKY THIJIS ¥ HarpeTh Ha CETKE.
ITpu 357 °C (NHa4)2SO4 pasnmaraercst, OTIIEIUISSI aMMHaK W ILIaBSCh, PacIUIaBICHHAs Macca
COCTOMT W3 CMecH ruapocynbdara u cyiabdara ammonus. OOHAPYXHUTH BBIICISIOIIUNACS
aMMHaK, MpoJeNiaB COOTBETCTBYIOIIMK oOmbIT. HamucaTe ypaBHEHHE pasnokeHus cyibgara
aAMMOHHUSIL.

6) Ha xpbllKy TUrIs noMecTuTh Heckolbko KpuctauioB NH4NO3 1 ocTOpokHO HarpeTh
Ha CETKE MPH OIYIICHHOM CTEKJIE BBITSHKHOTO ImKada. OcTaeTcs M Ha KPBIIIKE THIIS KaKoe-
aub0 BEIIECTBO TOCJTE pa3lokKeHHs BceX KpucTauinoB? Hamucarh ypaBHEHUE peakuuu U
1oKa3aTh Mepexof] d3JeKTpOoHOB. OOBSICHUTH pa3IMYHOE OTHOIICHHWE COJEeH aMMOHHUS K
HarpeBaHuIo.

Bo3sroska xJy1o0pyj1a aMMOHUS

[TomectuB Ha nHO mpobupku oueHb HemMHOro NH4Cl, HarpeBath ero, aep:ka mpoOUpKyY
HaKIoHHO. Habmiomate, 4To o0Opa3yercs Ha XOJIOOHBIX dYacTsAX mnpodupku. OnpenenuTts
OTIBITHBIM ITyTEM, OTJIMYAETCS JIM BO30THAHHOE BEIIECTBO IO COCTaBY OT MCXoaHOro. Hamucath
YPaBHEHUS PEaKIIUM.

KuciopoaHbie cOefMHEHUS a30Ta

[TpuOops! 1 nocyxa.

1) Texnoxumuueckue Bechl ¢ pazHoBecoM. 2) lltatus ¢ koibuom u nankoi. 3) I'openka.
4) ®apdoposas crynka ¢ nectukom. 5) @apdoposas vamka. 6) Boponka. 7) Hunuaapst (3 mrt.).
8) Ilpobupka c¢ mpoOkoit. 9) CreknsHuble miacTuHku (3 mT.). 10) M3ornyras TpyOka. 11)
Crexngnnble najgoyku (2 mr.). 12) llltatu ¢ npodupkamu.

PeakTHBBI 1 MaTepUabl.

1) Hurpar narpus NaNOs. 2) Xnopun narpust NaCl. 3) Hurpar ceunma Pb(NO3),. 4)
Hutpar cepebpa AgNOs3. 5) Jlen unu cuer. 6) CreknsHnaas Bata. 7) JlakmycoBas Oymaxkka. 8)
OunbsrpoBansHas 6ymara. 9) Jlyaunka. 10) Kycouek mepctsiHoii TkaHH.

PacTtBopbI.

1) Azornas kucnora HNOsz (. 1,4, 1:1 u 2 H.) 2) Cepnas kucnora H2SO4 (tor. 1,84 u 2
H.). 3) Consnas kucnora HCI (mn. 1,19, 1:1 u 2 u.). 4) I'mapokcun Hatpust NaOH (2 H.). 5)
Ammuak BoaHbIN (25%-Hb1i). 6) Monua kamust Kl (0,1 1.). 7) [lepmanranat kamus KMnOgs (0,1
H.). 8) Hutpur natpus NaNO02 (1 u.). 9) Jlakmyc (wnu pykcun). 10) KpaxmansHslii kieicTep.

[MonyueHwue 1 cBolcTBa OKcHa a3zora (1)

[TonoxuTh B MpOOMPKY HEMHOTO HUTpaTa aMMOHMS U OCTOPOXKHO (modyemy?) Harperb. K
OTBEPCTHIO TPOOUPKH MTOTHECTH TICIOIIYIO JIYIUHKY

Yro nabmogaercsa? KakoB coctaB Bbiiensonierocst raza? OTMETHTb €ro LBET U 3arax.
Hanucate ypaBHEeHHE peakiny.

CBolicTBa a30THOU KUCHOTHI (Pabomy npogooums 6 8blmaicHOM wKapy)

a) Paznooicenue npu nacpesanuu. Hamute 1—2 v HNOg3, momydeHHOH B mpensiyniem
OMbITE, B MPOOUPKY M YKPENUTh MOCIEJHIOI BEPTUKAJIbHO B IUTaTHBe. He CHibHO Harperh




KUACIOTY. BHecTn B mpoOMpKY TJCIOIIYIO JIYYHMHKY, Jepka ee Imunuamu. Yro Habmomaercs?
Hamucate ypaBHenue peakuun pasinoxerus HNO:s.

6 ) [elicmeue pazbaeieHHOU A30MHOU KUCIOMbI HA Memalivl. [10I0XKUTE B TPOOHPKY
HEMHOTO JKEJIE3HBIX OMWIOK WM CTPYXEK U mpubaBuTh yMepeHHo pazbasiennorr HNO3. Kakoii
BbIeNseTCs ra3? HanucaTs ypaBHEHME peakuy.

B oany nmpoGupky MoNoXUTh KycOYeK IMHKA, BO BTOPYIO - KYCOUEK OJIOBa M MPUJIIUTH B
o0e mpobupku cwibHO pazdaBieHHyro HNOs. B TeueHue HECKOIBKUX MHUHYT KHIKOCTH
B30aJITHIBAaTh, 3aTEM CJIHTh PAcCTBOP C HEMPOpPEarupoBaBIIEr0 MeTajla U J0Ka3aTh HajJU4ue B
pactBope nona NH4". Hamicars ypaBHEHHsI peaKiuii.

PasnojkeHrne HUTPATOB NMPU HATPEBAHUU

[Tpokanute B mpoOupke, 3akpervieHHoW B mratuBe, okono 1 r NaNO3. HaGmonats
BblIeTieHHe ra3a. Jloka3zaTh, Kakod BBIJENSETCA I'a3 U KaKOe BEIIECTBO OCTaeTCsl B MPOOHUpKE,
IIPOJIEIaB OIBITHI IIOCIIE ee oXJaxAcHusA. Hanucate ypaBHeHUs peakuuid. BcnoMHUTB, Kak npu
npokanuBaHuu paznaraercs KNO3.

dochop 1 ero coeTMHEHUS

[Tpubops! u nocyxa.

1) TexHOXMMHYECKHE BECHI C Pa3HOBECOM. 2) YHUBEpcalbHas WHAWKATOpHas Oymara. 3)
Bopsnas Gans. 4) lllratuB ¢ xombiom u nankoi; 5) I'openka. 6) ®dapdopoBas crymnka. 7)
®apdoposas yamka. 8) PapdopoBas kpeimka ot THrIL. 9) Crakan emkocthio 100 mi. 10)
[unuer TurensHbie. 11) Boponku (6onbimas u manas). 12) [lratu ¢ mpodupkamu. 13) Hox.
14) Tlunuer. 15) AcbectoBas cetka. 16) CTekisiHHAsI ag0yKa.

PeakTuBbI 1 MaTepHabl.

1) @®ochop (xkpacHsiit). 2) duruapooprodocdar marpus NaH2PO4. 3) I'mapooprodocdar
Hatpus NapHPOa. 4) JlakmycoBas 6ymaxka. 5) @uibTpoBanbHas Oymara. 6) Bara.

PacTtBOpBI.

1) Azornast kucmora HNO3 (kowir., . 1,412 u 2 1.). 2) Cepnas kucinora H2SO4 (1:1). 3)
Comsaast kucinora HC1 (xonr., . 1,19 u 4 uH). 4) Oprodochopnas kucinora HaPO4 (I H.). 5)
®ochar narpus NasPOs (1n.).11). 6). Hurunpodocdhar narpus NaHP0s (1 w.), 7)
I'unpodocdar marpus Na,HPO4 (1 H.). 8) Hurpar cepedpa AgNO3 (0,1 H.).

[Tonyuenue okcuna dhocdopa (v) (bochopHoro aHruapUaa)

(Pabomy nposooumu 6 8bImMANCHOM WKADy)

B dapdopoByro wamiky, mocraBneHHYI Ha acOecTOBYIO ceTKy, monoxuth 0,4—0,5 r
KkpacHoro (ochopa. Han gamkoit Ha HeOOIBIIIOM paccTostHUU (0K0J10 0,5 CM) OT CETKU YKPENUTh
CYXYI0 BOpOHKY. 3axeub (ochop HakajleHHOW CTeKIsSHHOM mnanoukoi. Kakoe coenuHeHue
ocakaaercs Ha cTeHKax BopoHku? Hammcars ypaBHenue peakuuu. Korna Bech hocdop cropur,
BJIO’KUTH BOPOHKY B KOJIBI[O IITATHBA U OCTABUTH JO CIEIYIOIIETO OMbITA.

Peakiu Ha noHE! hochOPHBIX KUCIOT

a) K pactBopy runpodocdara narpus npunuts pactBop AgNOs. Uto mpeacrasiser coboit
BhImaBmuid ocanok? KakoB ero 1ser? McmbeITaTh OTHOIIEHHE OCajika K PacTBOPY a30THOMU
KHCTOTHI. HamucaTh COOTBETCTBYIONTNE YPaBHEHHS pEaKIIUM.

Conu oprodhocopHON KUCTAOTHI

a) Docghamvr mampus u ux eudponrus. Ilo BeTWYMHE KOHCTAHTHI JUCCOILUAIIUU
opToQocOpHON KUCIOTHI MPEANONIOKUTh, OJBEPraloTCs U TUAPoIn3y Gocdarsl METOUYHBIX
MeTansoB. Ha kakoii cTyneHu JOKeH MPaKTHUeCKH OCTAaHOBUTKLCS THIpoin3 docdara HaTpusi?

[TpoBepuTh CBOM TIPEAIIOJIOKEHUS, WCIBITAB PAcTBOPHI TUApO-, auruiapodocdara u
docdara HaTpust KpacHOM M cHHEW JaKMycoBO# Oymakkamu. HamumcaTh ypaBHEHHE peakinu
runponmn3a (ocdara HaTpUs MO TMEpBOM crymeHW. HakomieHne KakuxX HOHOB MPEMSTCTBYET
JanpHeimemMy ruaponau3y 3Toil conu? Onpenenuts pH pacTBOpOB ¢ MOMOIIBIO YHHUBEPCATEHON
WHAUKATOPHOU OyMmaru.

CypbpMma
ITpubGopEk! U Iocya.




1) ®apdoposas yamka, crakan. 2) @apdopoBast KpbILKa OT TUTIIA. 3) MepHBIH HUIMHID
eMKocThio 25 Mi1. 4) llltatuB ¢ mpobupkamu. 5) V3kas nmpodupka, 6) LLumnisr TurenpHbIC.

PeakTuBbI M MaTepUaIbL.

1) Xmopua cypsmsl (II1) SbC13. 2) JlakmycoBast 6ymaxka. 3) bensun wiu adup.

PacTBOpBI.

1) Azornas kucinora HNO3 (koni., 1. 1,412 u 2 1.). 2) Consanas kucinora HC1 (koHir., .
1.18; 1:1; 1:3; 2 u.). 3) Cepnas kucinora HoSO4 (kon1r., . 1,84). 4) T'uapokcun Hatpus NaOH
(2 n.). 5) Ammuak Boansii (2 H.). 7) Mogua xamus K1 (0,1 1.). 10) Hutpat cepedpa AgNO3 (0,1
H.); 11) Xnopuz cypsmsr (I1I) SbC13 (0.5 1.),

[Monyuenwue u cBo¥icTBa ruapokcuaa cypbMsi (111)

a) Homyuuts ocanok ruapokcuaa cypbmbl (III). M36erats u3bbiTka menoun. OTMETHTH
1BET ¥ BUJ ocajika. HamucaTh ypaBHeHHE peakiuu.

6) PaznenuTh MOJIydeHHBIA OCaJOK Ha JABE 4acTH. McnbITath €ero OTHOIIEHUE K PacTBOPY
HC1 u k pactBopy NaOH.

Ha ocHOBaHWM OTBITOB CHIEIAaTh BBIBOJ O XUMHUYECKHX CBOHCTBaX THUAPOKCHAA CYPHbMBI
(III). Harucath ypaBHEHHsI peaKIuii B MOJICKYJIIPHON M HOHHOU (hopMmax.

I'maponus coseii cypbMsbl (111)

Hemuoro xmopuga cypbpmbsl (III) pacTBopuTh B HECKONBKHMX Karlisix BoJbl. PacTBop
UCIIBITATh JIAKMYCOBOW Oymaxkkoil. OOBSICHUTH W3MEHEHHE I[BeTa Jiakmyca. [IpubaBuTh
TUCTHITMPOBAHHOM BOJABI 10 ToOsiBIeHUA ocagka. OOBSCHUTH, MoueMy MpH pa3daBieHUU
pacTBOpa MOSABIISAETCS 0CATOK.

Hanucare ypaBHeHue peakuuu rugponuza xiopuna cypbMbl (III), yuutsiBasg, uTo
BBIMABIIHI 0CAI0K MpeacTaBisieT coboit ximopua antumonmia SbOCI. Kak on oopasyercs?

Jlo0aBUTh K MOJNIYYEHHOMY OCAJKy HECKOJBKO Kallejlb KOHIIEHTPUPOBAHHOTO pacTBoOpa
HC1. Habmonats mpoucxoasiyie u3MeHeHus. [laTh 00bsICHEHNE HAaOII0JacMbIM SIBJICHHSIM.

[Tpu nanbHelimem pa30aBieHHHM pacTBOpa BOAOW HaAOMIOJaTh CHOBA BBIMAJIEHUE OCAIKA.
JlaTh 0OBsSICHCHHE.

3. TecroBble 3a1aHUsA
Bapuant Ne 1
1. DOHeprus cBs3u I-H Bbllle B MOJEKyJI€:

a) NHs B) AsH3

6) PH3 r) SbH3

2. OKUCIUTENBHEBIE CBOMCTBA TUAPA3UH MIPOSIBIISET B PEAKLIUH:

a) Zn+NaoH4+HClp-p)= B) CUCl2+N2Hs+NaOH pase)=
0) I2+N2Hs+H20= r) SNCl2+N2H4+ HClp-p)=

3. Ilpu nonyueHnn a30THOM KUCIOTHI, MAKCUMAIIbHOE UCTIOJIb30BaHUE IBYOKHCH a30Ta
AOCTUT'ACTCA B PCAKIIUU:

a) NO2+H20+02=

6) N02+H20(ropsm):

B) NOZ+HZO(XOHOL[):

4. BoccranoBurenbHbIie cBOMCTBA B psany HaPO2-H3POs-H3PO4
a) YBEIHMUHBAIOTCS

0) cHauasa yBeIMUYMBAIOTCS, 3aT€M YMEHBIIAIOTCS

B) CHauaja YMEHbBIIIAIOTCS, 3aT€M yBEIIMYMBAIOTCS

') YMEHbBIIAIOTCS

5. Cpena pacTBopa rHApa3suHTHApATA SBIsEeTCS # # #



6. IIpocTpancTBeHHAs KOHPUTYpaLs MOJIEKYIbl hochuna # # #
7. B psany: HF — H20 — NH3 nmonsipaoCcTh cBsizu # # #
8. Uctunnas popmymna okcuna dochopa(lll) # # #, moromy uro # # #.

9. IlpocToe BenecTBO a30T CYIIECTBYET B BUAE JIBYXaTOMHON MOJIEKYJIbI, TAaK KaK aTOMBI a30Ta
CIocoOHBI 00pPa30BBIBATH MEXKY COOOM OYCHBb IPOUHBIC # # #

10. Tepmuueckoe pas3iioKeHHe HUTPATOB MIPOTEKAET MO-Pa3HOMY B 3aBUCUMOCTHU OT CBOMCTB
KaTHOHA COJIA. Y CTAaHOBUTE COOTBETCTBHUE:!

1) HUTpATHI METAIIOB CPEHEN aKTUBHOCTHU

2) HUTPAThl HEAKTUBHBIX METAJJIOB

3) HUTpATHI LIEJIOYHBIX METAIJIOB

A) HUTPUTHI METAIIJIOB M KUCJIOPO]T

b) oxcunpl metanoB, okcup azota (1V) u kucmopos

B) mertannsl, okcun azota (1V) u kucinopos

Bapuant Ne 2
1. AMMHaK MOJy4aroT B pe3ysibTaTe PeaKiuu:
a) Ha+Na(t kay— B) (NH4)2Cr.07—
6) MgsN2+H.0— r) (NH4)2HPO4p—

2. OkucnurensHbie cBoiicTBa B psnxy HNO3-HzPO4-HzAsO4-Sho0s-NaBiO3
a) CHavaja yBEJIMYMBAIOTCS, 3aTEM YMEHBIIIAIOTCSI B) YMEHBIIAKOTCS
0) cHayaj a yMEHBINAOTCS, 3aTEM YBEJINIHBAOTCS I') YBEJIMYHBAIOTCS

3. BanentHsiit yroia B psaay NHz - PHs - AsHs - SbH3 # # #, motomy uro # # #.

4. Monekyna (ochopuctoit KUCIOTHI UMeeT # # # aTomMa BOJ0po/ia, CIOCOOHBIX K KHCIOTHO-
OCHOBHOMY B3aWMO/ICHCTBHIO.

5. bojnee cuIbHBIM BOCCTAHOBUTEJIEM SABJISETCH:

a) NH,OH 0) N2H4 B) H202
6. CaMoii cUITbHOM U3 MEPEUNCICHHBIX KUCIIOT SBISETCS:

a) HNOs 6) HNO- B) HN3

7. MetadocdopHast KHCIIOTa TOyYaeTCs B pe3yJbTaTe PEaKIINH:

a) P20s5+H0— 6) H3POuspy—

B) PCI5+HZO(rop;{q)_) F) N33P04+H20—>

8. Kucnorusie cBoiicta B psaxy H3PO; - H3POs - H3PO4 — HsP207
a) YMEHBIIAIOTCS B) IPAKTHYECKU HE U3MEHSIOTCS
0) yBETTUUMBAIOTCS T') U3MEHSIOTCS HEMOHOTOHHO,

IIOTOMY 4TO # # # .

9. bnaronaps HaNMMYHIO 3aTIOTHEHHOTO 4f-TIOYPOBHS U SIPKO BBIPaKEHHOTO P PeKTa
MIPOHUKHOBEHUS 6S-11aphl, coequHeHus BUcMyTa(V) ABISIOTCS CUIbHBIMU # # #.

10. YcTanoBuTE COOTBETCTBHE:!
1) pochopucras kuciaora A) H3POq4



2) dpochopHOBaTUCTASI KHCTIOTA b) H3PO3

3) a30THas KUCJIOTa B) H2N202
4) a3oTHCTas KUCIOTa I') HNs

5) a3oTHOBATHCTasA KUCIIOTA (A30TUCTOBOIOPOTHAS ) 1) HNO3
6) a3uJ0BOJIOPOTHASI KUCIIOTA E) HNO:
7) oprodochopHas Kuciora K) H3PO2

4. PeiiTuHroBasi KOHTpPOJibLHas padora 10 («aemenTsl V A rpynnsl 4 UX
COCTUHEHUS)
BapuanT Nel

1) Onumure crpyktypy NH2OH u N2, OCHOBHBIE CBOWCTBA, CIIOCOOHOCTh K aCCOIMAIIUU
MOJIEKYJI, CaMOMOHHM3auuu, K B3auMmojaeictBuro ¢ H20 wu kucimoramu, K MpOSIBICHUIO
OKHUCJIUTEIbHBIX U BOCCTAHOBUTENIbHBIX CBOMCTB. [IpuBequTe ypaBHEHUs peaKuil.

2) IlpuBenuTe mpuMepbl rajoreHu 0B U okcuraigoreHuaoB P(V). Onummure ux cTpoeHue.
KakoBbI MX KHCIIOTHO-OCHOBHBIE CBOMCTBA (MPUBEAUTE YPaBHEHUS PEaKIIHii)?

3) [To yMEHBIICHUIO TEPMUIECKON YCTONIMBOCTH Oe3BOAHBIC HUTPAThI(V) pacmojiararoTcs B
CIeNYIOMME PSI: HUTPATHI MENOYHBIX MeTamioB (575-675°C), HUTpaTH MeNnOYHO-3eMeTbHBIX
metamios(575-560°C), murpater Co (II), Ni (II), Cu (11); Zn (1l) (270-350°C), Be (125°C), Cr
(III) (50°C), HNO3 (nHa cBery mnpu OObIMHBIX ycloBuUsX). Kak MOXXHO OOBSICHUTH MajeHHE
YCTOMUYMBOCTHU B YKa3aHHOM psy?

Bapuant Ne2

1) IloctpoiiTe »HEpPreTHYECKyK AMarpaMMmy OpOHTalnell W MPUBEAUTE AIEKTPOHHBIC
KOH(UTYpAIlMH OCHOBHOTO COCTOSHHUSI MOJIEKYJBbI N2 ¥ MOJIEKYISpHBIX HMOHOB No™ u Ny. KakoBbl
W3MEHEHUS 3HaYeHUH MexbsaepHbIX paccTosHui (0,118; 0,1097; 0,125) u sneprun auccouunanyu (842,7,
945,3; 744,8 xJ[x/mMois) B pamy N2* - N2 - N2™?

2) Onumure CTPYKTYphl OKCUIOB P-3JE€MEHTOB V IpPyMIbl B MSTUBAJICHTHOM COCTOSHUU,
CBSI3H, YCTOMYMBOCTh, OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE CBOMCTBA M KUCJIOTHYIO (DYHKIIHIO.

3) IlpuBenuTe npuMepsl PeaKIil, HILUTIOCTPUPYIOLINE OKUCIUTEIbHbIE, BOCCTAHOBUTEIbHBIE
CBOICTBa, a TaKXke MNpUMEpbl auchpornopuuoHupoBanuss noHa NO2 (MOKaXUTE CTPYKTYPY
AQHUOHA, CBSI3U, YCTOMUNBOCTH).

Tema «nemenTs! |V A rpynnbl 1 MX coeIMHEHUS»

1. Bomnpocsl ajs codeceq0BaHUA

1. PaccMmoTpuTe 37eKTpOHHBIE KOH(UTYpallui aToMOB p- 31eMeHToB |V A rpymnmel. Kak
M3MEHSIOTCSI aTOMHBIE PaJUyChl, SHEPTUsS MOHU3ALMH, CPOJICTBO K 3JIEKTPOHY C YBEIMUYEHUEM
MOPSIIKOBOTO HOMEPA dJIEMEHTa?

2. KakoBel cremenn okuciaeHus dneMeHToB VA rpymmei? Kak  u3MeHsercs
YCTOMYMBOCTb COEIMHEHUI C Pa3jIM4YHOI CTENEHBIO OKUCIIEHMS C YBEIMYEHUEM IOPSIIKOBOIO
HOMepa dJieMeHTa?

3. Pacnpoctpanenue 3nemMeHToB B mpupoje. CriocoObl MoTydyeHHsl MPOCTHIX BEIIECTB.

4. JlaliTe XapakTepUCTUKY MPOCTHIM BemiecTBaM 3yeMeHToB |VA rpymnmbl. [lokaxure
CTPYKTYpPbl ~ pa3nuuHbIX Mojudukaiuii. OObsIcHUTE pazauuue (U3NYECKHX CBOWCTB,
UMEIOIIUXCS MOIU(PHUKAIMNA TPOCTHIX BEIIECTB p- 31eMeHTOB |V rpymisl.

5. TlokaxuTe BIMSHHME CTPYKTYpbl MPOCTHIX BELIECTB Ha XUMHUYECKYIO aKTHBHOCTb.
IIpuBenuTe ypaBHEHMs peaKkUil.

6. JaiiTe XapakTepHCTUKY OMHAPHBIM coennHEeHMsIM. Kak M3MeHsIeTcsl XapaKkTep CBS3H
U CTPYKTYpa COEOUHEHUN C YBEIMYEHUEM IIOPSIKOBOIO HOMEpA JJIEMEHTa B IEpUOAAX?
OnummMre KHUCIOTHO-OCHOBHBIE CBOWCTBA JAHHBIX COEIMHEHUH (OTHOLIEHHE K TUAPOIIU3Y,
B3aMMOJIEICTBHE C BELIECTBAMH KMCIOTHOI'O U OCHOBHOT'O XapaKTepa).

7. PaccmoTpute CTpyKTypy AMTaJOr€HHIOB M TETparajoreHuoB 3jeMeHToB |VA
rpymnmsl. Kak u3MeHstoTes pusnueckue 1 XMMUYeCKHUe CBOMCTBA JJAHHBIX COSAMHEHUI?



8. Bopmoponnbsie coeaunenus snemeHToB |VA rpynmel. VX cTpykTypa, H3MEHEHUE
XapakTepa CBsi3eH, TEpPMOYCTOWYMBOCTb, OKHCINTEIBHO-BOCCTAHOBUTENIbHAs aAKTUBHOCTD,
XapaKTEPUCTHKA (PU3MUECKUX U XUMHUECKUX CBOWCTB.

9. Paccmorpute CTpyKTYpy Cyab(QHUIOB 3JIEMEHTOB MOArpymmsl yriaepoaa. Mx
CTpOEHUE, CBSA3H, (PU3NUECKHUE U XUMHUECKHE CBOMCTBA.

10. Coenunenus yriepoaa, KpeMHHs, TIepMaHus ¢ a3oToM. llceBnorasoreHsl Hu
IICEB/IOTANIOTEHUIbI (HUTPUIBI, IMAHUABI, THOLMAHATHI: CTPYKTYpa, CBSI3U, YCTOHYHMBOCTb,
KHCJIOTHO-OCHOBHAS (DYHKITUS U T. 1I.).

11. OcobeHHOCTH CTPYKTYpBl U CBOWCTB OKCHJOB 3JIEMEHTOB MOArpyMIbI yrieposa B |-
X u |V-XxBaleHTHOM coCTOSSHMM. VX yCTOMYMBOCTB, OKHCIHUTEIBHO-BOCCTAHOBUTEIIbHbIE
CBOWCTBA, KUCJIOTHO-OCHOBHAS ()YHKIIHSL.

12. Kucnopoaconepkamme KUCIOTBHI p-3aeMeHToB IV rpymmel. WX crpykrypa,
YCTOHYMBOCTb, OKUCIINTEIbHO-BOCCTAHOBUTEIIbHBIE CBOMCTBA, KUCIIOTHO-OCHOBHBIE CBOMCTBA.

13. OcobeHHOCTH CTPYKTYpbl M CBOWCTBA COJIEM KHCIOPOJCOAEPKALIMX KHUCIOT,
U3MEHEHHUE  PACTBOPUMOCTH,  TEPMOYCTOMYMBOCTHU,  OKUCIMTEIHbHO-BOCCTAHOBUTEIBHON
AKTUBHOCTH.

14. Ponb anementoB IVA rpynnel B ipupoae. x npumeHeHue.

2. JlabopatopHas padora

[Tpubopsl u nocyza.

1) Texnoxumuueckue Becbl ¢ pazHoBecoM. 2) Ammapar Kumnma (2 wmr.). 3) MepHblit
muIMHIp Ui ra3oB emKocThio 100 mi. 4) Iopenka. 5) ®@apdopoBas cTynka ¢ mecTUKOM. 6)
Hunmuanp. 7) lratus ¢ npodbupkamu. 8) CrekisiHHas nanodka. 9) TpyOka ¢ OTTSAHYTBHIM KOHIIOM.
10) BopoHka.

PeakTuBbI 1 MaTepuaibl.

1) dpeBecHsblil yrons aktuBupoBaHHbIA. 2) KapOonar xanbuus CaCO3. 3) Mpamop (mwiu
men). 4) Kap6onar maraus MgCO3. 5) I'mapokapbonar nHatpus NaHCO3, 6) KapO6onar Harpus
Na>CO3. 7) Coupt >trnoBsiii CoHsOH. 8) JlakmycoBas 6ymaxka. 9) Bata. 10) Jlyunnku. 11)
OwipTpoBanibHas Oymara, 12) Crakansl (wim 6aHKH) eMKOCTBIO 250 Mt (4 mT.).

PacTtBOpBI.

1) Cepnas kucinora HoSO4 (vownir., pa36. 1:3). 2) Consaast kucnora HC1 (1:1, 1:4: 2
H.). 3) I'mapokcua Hatpuss NaOH (2 u.). 4) AmMuak Boaubiii NH3 (2 M). 5) Kap6onat kanus
K2CO3 (2 H.). 6) 'unpoxap6onat nHatpust NaHCO3 (1 1.). 7) Kap6onart narpust Na2CO3 (2 H.), 8)
Hurpar cBuniia Pb(NO3)2 (0.5 H.,, 0,01 1.). 9) Moaun kamust KI (0,01 1.). 10) Hurpar cepedpa
AgNOs (0,1 n.). 11) T'mapoxcua xanbiuss Ca(OH): (waceim.). 12) HelTpanpHblil pacTBOp
nakmyca. 13) PactBop dykcuna, puonerossix yuepHui. 14) Cynsdpua natpust NazS (2 H.).

Yraepon u ero coeIMHEHUs

AncopOIoHHast cIOCOOHOCTh APEBECHOTO YIS

a) Bony B kon0e miu cTakaHe ciierka oKpacuTh (HOJIETOBBIMU YEPHUIAMU WIH PYKCHHOM.
Bhectn B Hee MeNKO H3MENbYEHHBIH JApPEBECHBIM yroib M CUWIBHO B300JTaTh. 3arem
otduiabTpoBath. Kak nsmenuics nset pacrsopa? Jlatb 00bsICHEHHUS.

6) B ipobupky ¢ Heckonbkumu kamismu 0,01 H. pacTBOpa HUTpaTa WM aleraTa CBHHIIA
(IT) Buectn 1—2 kamm 0,01 H. pacTBopa noauaa kanus. Uro nabnrogaerca? Hanucars noHHOE
yYpaBHEHHE PEAKIINU.

B npyryio npoOGupky BiIuTh 1—2 MJ TOro e pacTBOpa COJIM CBUHIIA, J00aBUTh B HETO
MEJIKO HM3MENbYeHHOT0 aKTUBUPOBAHHOTO JPEBECHOIO YIUIA. 3aKpbITh NMPOOHPKY MPOOKOH U
cuIIbHO B300ATaTh. OTUnbTpoBaTh pactBop. B ¢punbrpat BHectn 1—2 xaru 0,01 H. pacTBOpa
uoauaa kanus. Beimanaer au ocaziok B 3ToM citydae? OObsICHUTH HaOogaeMble siBieHus. Uem
00ycIoBIMBaeTCs BHICOKAs aJICOPOIIMOHHAsA CITOCOOHOCTh APEBECHOTO YIJsi?

BoccranoButenbHbIe CBOMCTBA YIS




Cobpats ipubop no pucynky. Hebonpmoe konudectBo okcuaa meau (1) Ha nmucre Oymaru
nepeMeniaTb C TaKUM >K€ KOJMYECTBOM MEJIKO H3MEIbUeHHOro ApeBecHoro yris. Cmech
HepechINaTh B CyXyl0 IPOOUPKY, YKPEIUIEHHYIO TOPU30HTAILHO B IITATHBE.

3aKpeITh MPOOUPKY MPOOKON € HM30THYTOM Ta300TBOAHOW TPYOKOH, KOHEN KOTOpOM
OIYCTUTh B COCYJ C H3BECTKOBOW BoOJoW. [IpoOHMpKY CHIBHO HarpeBarh 10 HpEKparieHHs
BbleNieHUsT ra3za. HaOmromath 3a mpoucxoasiuMu u3MeHeHHsiMU. JlaThb MpoOHpKe OCTHITH,
paccMOTpPETH €€ COAEPKUMOE, OTMETUTD €ro 1BeT. HanucaTh ypaBHEHHE peakLuu.

[Tonyuenue u cBoiicTBa okcua yriaeposa (11)

(Bce pabomwi ¢ oxcudom yenepooa (1) npoeooums 6 evimsidcrom wxag)y)

a) Cobparp npubop mo pucyHky. B konOy Bropma momecTtuTs 5 T maBeaeBON KHCIOTHI
(MOXHO MYpaBbUHOI), a B JAEIUTEIbHYI0 BOPOHKY HaIUTh 12—15 M KOHLEHTpUpPOBaAHHOM
H2SO4. HebGonpmiMu nopuusiMi OpUIMBaTh K IIABEJIEBOM KHCIOTE KOHIIEHTPHUPOBAHHYIO
H>SO4 m cmech HarpeBaTh. BbDKIaB HEKOTOpOE BpeMsi, IMOCIE Hadala peakluu, coOparhb
BBIICTISIIOLIUIICS ra3 B UWJIMHAP HAJl BOJOH.

3aKphITh LHWJIMHIP MO BOJOW CTEKJISIHHOW IJIACTUHKOW, BBIHYTh U3 KPUCTAUIM3aTOpa U
COXPaHUTD ISl CICAYIOIIETO OMBITA.

6) OTKpBIB LUIUHIP, MOKEUb COOpaHHBIA B OMBITE a) ra3. BiuBaTh B UUIUHADP BOIY,
MoKa Bech ra3 He Oyner BbeITecHeH. OOpaTUTh BHMMaHue Ha IBeT IulaMeHu. COCTaBUTh
ypaBHEHHUs peakuuil u ero ropenus. [louemy npu momydeHun uyuctoro okcupaa yriaepoxaa (II)
pa3I0KEHUEM IABEIEBOM €ro CIeayeT MPOIyCKaTh Yepe3 PacTBOP LIEIOUH?

6) B xon0y namute 10— 15 mn xonuentpupoBanHoit H2SO4, B BOpoHKY — 4—6 Mi
MYypaBbUHON KHCJIOTHI (MOXHO BOCHOJIB30BaThCs MPUOOpPOM U3 ombiTa 0 a). B TyromiaBkyro
CTEKJIIHHYIO TPYOKY MOJIOKHUTh HeMHOro okcuna menu (II), B mpoOUpKy HAJIUTh W3BECTKOBOM
BOJIBI.

OCTOpO’XXHO HarpeTh CEpHYI0 KHCIOTY W IO KalusiM J00aBIsATh K HEH MypaBbHHYIO
kucnoty. Yepes 2—3 MmuH, koraa npubop Oynet 3amoiHeH okcuaoMm yriepoaa (II), omycTutsb
ra3o0TBOJIHYIO TPYOKYy B MPOOHMPKY C U3BECTKOBOM BOAOMW, HarpeBath okcua menu (II) u Bpems
OT BpPEMEHU y OTBEpPCTHS MPOOHPKH MOPKUraTh HeEmpopearupoBaBiinii ras. HaOmromate 3a
npoucxofsamumMu sBiaeHussMu. Hanucars ypaBHeHust peakuuil. Kakyio posb BBIIOJHSAET OKCHJ
yraepoja (II) B okucnuTeabHO-BOCCTAHOBUTEINBHBIX MpoLeccax?

[TosryueHue u cBolicTBa okcuaa yraepoaa (IV)

a) B anmapar Kunma nojoxuth Kycodku mpamopa U HanuTh pactBop HC1 (1:4).
Habmronate Beimenenue raza. Mo)HO JIM UCTIONB30BaTh [T 3TOH 1eu pactBop H2SO4?

0) Broimenstoummiics w3 ammapara Kwumma ra3 mpomycTuTh B NPOOHMPKY € BOJOH,
MOJAKPAIIEHHOW HEUTpaJIbHBIM pacTBOpoM Jjakmyca. Uto Habmomaercsa? Hamucarh ypaBHEHUSs
peakumii, npoucxoasmux npu noiaydyeHun CO2 u pactBopeHuu ero B Boje. llomyueHHbIH
pactBop CO2 B BOJe, MOJKpAIIEHHBIM JAKMyCOM, HPOKMUISTUTH. M3MeHsercs au 1Ber?
BbIpa3uTh ypaBHEHHMSIMH pPaBHOBECHE, CYIIECTBYIOIIEE B BOJHOM pPacTBOPE OKCHJA YIJIepojaa
(IV). Kak cmectutb 310 paBHoBecue? Kakum crmocobom MoxHO codupars CO2?

O06pa3oBaHue coieil YroabHOM KHCIOThI

a) B mpoOupKy ¢ H3BECTKOBOM BOJOW MPOMYyCKaTh B TedeHUEe 2—3 MUH ObICTpHIN TOK COp.
Kakue mpoucxonst usmenenusa? Hanucate ypaBHeHUs peakiuii. Ha3BaTe oOpasyromiiecs couu.
Hamucate ux crpykrypHble ¢opmyinbl. Crenarb BbIBOA 00 HMX pPAacTBOPUMOCTH B BOJIE.
[Tomy4yeHHBIN pacTBOP OCTaBUTH AJIsA CAEAYIOIIETO OIbITA.

0) PacTBOp, NMOYy4eHHBIN B OMBITE a), pa3iauTh B ABe NMpoOupku. OJHY U3 HUX HArpeTh, B
JIPYTYI0 T00aBUTH U3BECTKOBOM BOMBI. HamucaTh ypaBHEHHS MPOUCXOASAIIUX PEAKIUH.

8) IIpoOupky, HanonHeHHY0 CO2 U 3aKpBITYIO MPOOKOH, OMPOKUHYTh B KPUCTAJUIU3ATOP C
pas6aBnenHbM pactBopoM NaOH, mociie yero oTKpbITh MpoOKy. OOBSCHUTH NMPOUCXOASIIEE
apieHue. Hamucate ypaBHEHUE peaklnu.

(Ilocne nposedenuss 0AHHO20 ONBIMA MUWYAMENLHO 8IMbIMb PYKU.)

I'maponns cosielt yroJibHOW KUCIOTHI




Ucnerrate neiictBue pactBopoB NaxCOsz, NaHCO3, K2CO3 Ha HelTpanbHBI pacTBOp
nakmyca. HamucaTe ypaBHEHHS peakIuii THAPOJM3a B MOJEKYJSIPHOW W HOHHOW (opmax.
Kakas conp B Oonbiieit cremenu mnoxasepraercs ruaponusy: NaxCOz mmm NHCO3? Jlate
0o0BsiICHEHHE.

CBoiicTBa Co€H YIrOIbHOW KHCIOTHI

a) Vcneitate oTHOmeHue kK Bojae M kK pactBopam HC1 u CH3COOH cnenyromux coJie:
Na2COs, MgCO3, CaCOs. HanucaTth ypaBHEHHs peakMii B MOJEKYISIPHOW M MOHHOH (popmax.
OOBSICHUTH HAOIIOIaEMBIE SIBJICHUS.

0) Wcneitate otHOmenue k HarpeBanuto NaHCOsz, NaxCOs, CaCO3. [lnsa storo
HEOOJIbIIOE KOJIMYECTBO COJEH MpPOKaJUTh B MNPOOUMPKaX C Ta300TBOJHBIMH TpyOKamMu
(omyIeHHBIMHA B U3BECTKOBYIO BOAY). HaOmonate 3a mpoucxoasimumMu nporeccamu. Hamucarsb
YpaBHEHHUS pEaKIuil.

O110BO, CBHHEL U X COECIMHEHHUS

[TpuGops! 1 nocyna.

1) Texnoxumuueckue Bechl ¢ pazHoBecoM. 2) lllraruB ¢ npobupkamu. 3) XKenesnas
npoBoJioka. 4) YacoBoe crekno. 5) AcOectoBas cetka. 6) JXKenesnas nanouka. 7) dapdoposas
yalika.

PeakTuBbl M MaTepuabl.

1) Xmopun onosa (II) SNC12-H20. 2) ®unsrpoBanbsHas Oymara.

PacTtBopbI.

1) Cepnas xucnora H2SO4 (xonm., mi. 1,84, 30%-nas u 2 H.). 2) Consnas kucinora HC1
(xoHni., m.: 1,19 u 2 u.). 3) l'uapokcun varpuss NaOH (40%-us1ii u 2 u.). 4) 5) Xnopua onosa
(1) SnC12 (0,5 u.). 6) Hutpar Bucmyra (III) Bi(NO3)3(0,5 u.). 7) Hutpat cBunna (II) Pb(NO3),
(0,5 u.). 8) Momun xamust KI (0.1 u.). 9) Xpomar kamus KoCrO4(0,5 H.). 10) CepoBoaopoaHast
Boja. 11) Xmopua narpust NaCl (0,5 u.). 12) Cynasdar natpus NaSO4 (0.5 H.).

[Tonyuenue u cBolicTBa rujipokcuaa onosa (1I)

W3 umeromuxcs B 1a00paTOpuu pPeakTUBOB MOIY4YUTh ruapokcun ososa (II). M3berats
nu30biTKa menoun. [louemy? OTMeTHTh LIBET M XapakTep ocajaka. McmeltaTh JeiicTBue Ha
ruapokcua onosa (II) xkucnorel u menoun. Hanucars ypaBHeHMsI peakuMii B MOJEKYISIPHON U
HOHHOM (opmax. JlaTb 0OBsiICHEHHE.

I'unponus xaopuaa onosa (11)

Heckonbko kpuctamiukoB SNClz ¢ H2O pacTBOpUTh B BO3MOXKHO MajoOM KOIHYECTBE
BOJIbI, TpUOaBIIss ee 1o KarisiM. OnpeneauTs ¢ MOMOIIBIO JaKMYCOBOIM OyMakKu, MOJBEPraeTcst
aM coib Tuaposn3y. IlodydeHHBIM KOHLIEHTPUPOBAHHBINM pacTBOp pa3daBUTh BOAOH. YUTO
npoucxoaut? Kak Bnuser pasbaBieHne Ha cTemneHb rujaponusa conu? Hamucats ypaBHeHue
peakuuu ruzipoiusa. Jlokasarb ONBITHBIM ITyTEM, YTO peaKIys THAPOJIN3a SBISETCS 00paTUMO.
OOBSICHUTD MEXaHU3M MPOUCXOASIIUX MTPOLIECCOB.

BoccraHoBuUTeNnbHBIE CBOHCTBA SN*2

[Tonyunts pactBOp ruapokcocranHara HaTpus (II) m goGaBuTh k HeMy HeOoJbIIOE
KOJINYECTBO pacTBOPUMOi cosn Bucmyta. Uro Habmonaerca? CoCTaBUTh ypaBHEHMs pPEaKIMid,
uMes B BHAY, UYTO C Haudajma oOpasyercs ocamok ruapokcuna Bucmyta (II), a 3arem
MeJNKopa3ipobaeHHbIi BucMyT. Kakue cBoiicTBa mposiBisieT rugpokcocranar (11)?

[Monyuenue u cBolicrBa ruapokcuaa ceunna (11)

N3 nmeromeiics B 1abopatopun pactBopuMoii conu cBuHIA (II) mOIyduTh €ro ruapoKCcua.
OtmeTHuTh LIBET U Xapaktep ocaaka. HamucaTth ypaBHeHHe peakuuu. Paznenuts ocajok Ha JBe
npobupku. B ogny u3 Hux npubasuth pactBop HNO3 B apyryro uzobitok menoun. Hamucats
YpaBHEHUs pEaKlMid B MOJICKYJISIpHOW W HWOHHOM (dopmax. Kakumu cBoiicTBamu 00J1amaer
ruapokcua ceunma (II).

O6mnapysxenne noHoB Pb*" B pacTBope

C nomoImpio peakuuii oOMeHa MOIYYUTh XJOPHM, CyabdaT, HOIuA, CyIbPHUI U Xpomar
ceuHua (II). OrmeruTs 1BET M xapakTep ocaakoB. HamucaTh ypaBHeHHE peakiuil B
MOJIEKYJISIpHOM 1 MOHHOHU popmax. Habmonenus 3anucars.




3. TecroBble 3a1aHusd
Bapuant Ne 1
1. MoHoOKcH I yriiepo/ia MposiBIIsSieT BOCCTAHOBUTEIbHBIC CBOMCTBA B PEAKITUAX:

a) CuO+CO — B) PdCl; + H,0 + CO —

0) [Ag(NH3)2]OH + CO — r) H[CuCl;] + CO —

2. Tepmuyecku HauboJIee YCTOMUMBA COJIb:

a) BaCO3 B) Cuz2(OH).CO3

6) MgCOs r) Na,CO3

3. Jlns mepeBojia TMOKCUAA KPEMHHUS B PACTBOPUMOE COCTOSIHIE UCIIONB3YIOT PEaKuu:
a) SiO2 + KoCO3(ps) — B) SiO2 + HF ) —

6) SiO2 + HClpp) — r) SiO2 + K2CO3p-p) —

4. Cymma k03¢ GHIMeHToB B JIeBoit yactu ypaBHeHus peakuud Si + HNO3ou) + HF —
paBHa:

a)ll 0)9 B) 13 r) 15

5. CO gBnseTcst OKCUIOM:

a) 6e3pa3IMYHBIM B) OCHOBHBIM

0) amdoTepHbIM I') KHCJIOTHBIM

6. U3 tpex momudukanmii GeO, ( rekcaroHalibHasi, TeTparoHajibHast, aMopgHas CTEKJIOBU IHAS
) HAMMEHBIIIEH XMMUYECKOH aKTHBHOCTBIO 00nanaer # # #

7. Y13-3a HEyCTOMYMBOCTH BBICLIETO BAJIEHTHOTO COCTOSIHUSI HE CYLIECTBYET TETpabpomMuaa u
TeTpanonuaa # # #

8. Cymma koddduireHToB B ypaBHeHuu peakiuu SiO + NaOH — pasna # # #

9. YcTaHOBUTE COOTBETCTBUE MEXKAY PsAIaMU BELIECTB U N3MEHEHUEM CBOMCTB B HUX
1) CO-SiO-GeO-SnO-PbO

2) H.GeO3-Sn(OH)2-Pb(OH):

3) H2CO3-H»Si03- H2GeO3-SnO2nH20

4) CHs-SiH4-GeHs-SnHy

A) yBenM4eHHEe BOCCTAHOBUTEIBHON aKTUBHOCTHU

b) ycunenne ocHOBHBIX CBOICTB

B) ymenblieHHE B 11€JI0M KUCJIOTHBIX CBOWCTB

I') ymeHbIIeHHE BOCCTAHOBUTEIBHOM aKTHBHOCTH

10. I'uOpuau3anust aTOMHBIX opOuTaneil yriaepoaa B rpagurte # # #.

Bapuant Ne 2
1. JIyist TOJTydeHHs YIIIEKUCIIOTo ra3a B J1abopaTopuu OOBIYHO MCITOIB3YIOT PEaKIIUK:
a) CaCOs + HCI — B)C+ 02—
0) CaCO3 — r) H2C204 (t, H2SOu(xomm)) ©ii—>

2. Jlna ocymenust CO2 MOKHO HCIIOJIB30BATh:
a) CaO B) H2SO4(komn)
6) NaOH r) P2Os



3. VI3 mepeuyncieHHbIX OKCUIOB B OOJIBIIIEH CTENIEHH OCHOBHBIMU CBOMCTBaMHU 00JIa/1aeT:
a) PbO> B) GeO
0) SnO- r) SiO2

4. BereacTBue BBICOKOM MOJISIPHOCTH CBSI3M D-F TeTpadTopuabl ooBa U CBUHIIA B OTIMYHE OT
OCTaJIbHBIX TETPAraJIor€HUJI0B UMEIOT CTPYKTYpY # # #

5. IIpu nponryckannu CO2 yepes pactBop NaOH 1o crnabomenounoit peakiiuu oopasyercs
COJIb

a) Na,COg; 6) NaHCOs.

6. N3osnexkrponHa mosiekyiie CO Mosekya:
a) Oy; 0) N2; B) Fa.

7. Ilpu cunbHOM nipokanuBanuu cmecu SiO2 u Mg oOpa3syroTcs:
a) Si; 0) SiO; B) MgO; r) Mg.Si.

8. Kucnotusie coiictBa B psixy HoCO3z-H2SiO3- H2GeOs-SnO2nH20
a) YMEHbIIIAIOTCS B) U3MEHSIOTCSI HEMOHOTOHHO,

0) yBEJIMYUBAIOTCS

IIOTOMY 4TO # # #.

9. B psiny TeTparagoreHu10B yriepojaa u KpeMHUS TEMIIEpaTyphl IUIABJICHUS U KUleHUs # # #,
MOTOMY 4TO # # # .

10. B psiny CH4 - SiHs - GeHs - SnHs ymenbimarotest

a) TepMUYecKas yCTOMYNBOCTh I') BOCCTAHOBUTEIILHBIE CBOWCTBA
0) SHEprus CBs3U J1) OCHOBHBIE CBOMCTBA

B) JIJIMHA CBSI3U.

Tema «aemenTs! |11 A rpynnbl u UX coeTMHEHUS»

1. Bomnpocsl ajs codeceq0BaHUA

1. KakoBbl 3/€KTpOHHBIE KOHUrypauuu atoMoB »siemeHToB IlI-A  rpynmsl u
BAJICHTHBIE COCTOSIHUS W3 HUX BhITeKaromme? Kak M3MEHSIOTCS 3Ha4eHUs aTOMHBIX PaJIyCOB,
NOTEHIMAJIOB MOHU3AIlMK, SHEPTUU CPOJCTBA K AJIEKTPOHY, dJeKTpooTpuuatensHoctu? Kakue
rHOpHIHBIE COCTOSHUS BaJICHTHBIX OpOWTANIell XapaKTEePHBI IS DIIEMEHTOB TaHHOTO psga?

2. Kak n3meHnsieTcst xapakrep cBs3ell B COEAMHEHUSAX O0pa, aIFOMUHUS, TAJIHSL, UHAUS U
Tanus’?

3. CpaBHUTE paclpoOCTPaHEHHOCTb M (HOPMBI HAXOXKJIEHHUS [aHHBIX D3JIEMEHTOB B
pUpOJIE.

4. Kakue mpocTble BellecTBa MOT'YT OBITh B3AThl B KaueCTBE BOCCTAHOBUTENCH IUis
nojydeHus 0opa, aIOMUHUS, TaJuIds, WHANA, Taumusa? KakoBbl ycloBUSI MPOTEKaHUS JaHHBIX
peakuuii? LlenecooOpa3Ho I MOTyYEeHUE aTIOMHHUS U3 OKCHA XUMHUYECKUM cIocoOom?

5. Kakumu cnocobamu noay4aroT 60p 0co0oit uncToThl? MOXKHO JTU TaKuM ke 00pa3oM
MOJIy4aTh AIFOMUHUMN, TAJUTUN, UHAWM, TaJuIHii?

6. CpaBHHTE XUMHUYECKHE CBOWCTBA IMPOCTHIX BEUIECTB, OTMETHTE CXOJICTBO U Pa3IHUUSI.

7. Kak u3meHsieTcst mousisipusyroliee JeicTBUe HOHOB B psiay OT Oopa K TaJUIMIO H
CIIOCOOHOCTh MX K rujpaTaiuu B BoJgHOM pacTBope? Ilouemy Gop B pacTtBopax He oOpasyer
KaTHOHOB?

8. T'umpunert Oopa. Omnpenenure CTENEeHb OKUCIEeHHS ©Oopa B aumbopaHe,
reOMEeTPUUECKYI0 MOJIeNIb MosieKyIbl. Kak oObsicHseTcss oOpa3oBaHne MOCTUKOBBIX cBsizeill B-H-



B B nubopane mo meroxy MO B TpexueHTpoBoM mnpubmmkeHnn? CpaBHUTE (U3NYECKUE U
XUMHYECKHE CBOMCTBA T'MPUJIOB pacCMaTPUBAEMBbIX 31eMEHTOB. KoMIliekcHbIe THAPUIBL.

9. JMaiiTe CpaBHUTEIbHYIO XapaKTEPUCTUKY OKCHUIOB OOpa, aTIOMHMHUS, TAJUTUS, UHIM,
Tajus. B ueM 0coOeHHOCTH CTpOEHHS OKCU/IA ATFOMUHUS?

10. Oxcokucnotsl 6opa. Kak 60opnas kucinora uonmsupyer B Boje? KakoBa cuia 3Toi
kucioTel? YTo oOpa3yeTcs mpu HarpeBaHuu opToOOpHOM KuciaoThl? [lposiBiser i OopHas
KHCJIOTa ¥ OCHOBHBIE CBOICTBA, MPUBEIUTE 10KA3aTeIbCTBA 3TOMY. [10MMOOpHbIE KUCIOTHI M X
conu. [Touemy pactBop Oypbl UMeeT mienouHyko peakiuto. [lepbopatel. ['uapokcun anoMUHUA.
Kak mM0xHO 00BsICHUTH ero amgorepHocTh? KakoB xapakTrep M3MEHEHHUS! KHCIOTHO-OCHOBHBIX
CBOWCTB OT THAPOKCH/IA aTFOMHUHHKS K Trapokcumy tamius (111)?

11. TamoreHuapl. AKICNITOPHBIE CBOHCTBA aTOMOB OoOpa, aJlOMUHUS B MOJIEKYJax
TPUTaJIOTeHHUIOB. OxapakTepusyidTe  cBoiicTBa  TeTpadTOpOOOPHOW  KHUCIOTBHI  H
terpadropodbopaToB. Kak M3MEHSIOTCS CTPYKTypa M CBOWCTBA TajlloreHUIoB 31eMeHToB |1I-A
TPYHOIbI B 3aBUCUMOCTH OT MPUPOJIBI IEHTPATIBLHOIO aTOMa U CTPYKTYpbI aToMa rajoresa?

2. JlabGoparopHasi pa6ora

[Tpubops! 1 nocyxa.

1) Boponka. 2) CrexisHHas mnanouyka. 3) CTekisHHas MNajio4yka C TUIATUHOBOW WIIH
HUXpOMOBOM 1poBoiokoil. 4) Ctakan emkocThio 100 mut. 5) TurenpHble munusl. 6) taTus
poOHUpKaMH.

PeakTuBbI 1 MaTepuaibl.

1) Marnuii (eHta, MOpomok). 2) ATOMUHUN (IJTACTUHKH, CTPYKKa WM OMHIKH). 3)
Terpabopar nHatpusi NaB4O7 * 10H.O (Gypa). 4) bopuas kumcmora HzBOs. 5) Cynwdar
amomuans Al2(S04)3* 18H20. 6) Cyabdar kamus KoSOs. 7) Xmopun natpus NaCl. 8)
JlakmycoBas Oymaxkka. 9) duibrpoBanbHas Oymara. 10) Haxnaunas Oymara. 11) Bara. 12)
Opranuyeckuii kpacurenb (HapUMep, METUIIOBBIN (DHOJIETOBBIN).

PacTBOpBI.

1) Azotnas kuciora HNO3 (konir., mi. 1,41 u 2 n.). 2) Cepnas xkucnora H2SO4 (xoH1r., mi.
1,84 u 2 u.). 3) Consnas kucnora HC1 (xonu., . 1,18 u 2 u.). 4) I'mapokcun Harpus NaOH
(30%- merii u 2 H.). 5) Ammuak NH3 Bomubiii (25%-Hbiit). 6) Terpabopar Hatpus NaBsO7
(racwimt.). 7) Xaopun kobansrta (1) CoClz (kowuir.). 8) Cynbdar amomunust Al2(S04)s (0,5 1.). 9)
Anerat narpus CH3COONa (0,5 u.). 10) Xnopun ammonus NH4Cl1 (maceimr.). 11) Cynbsdua
nHatpus NazS (2 1.). 12) Cynbdar xpoma (I11) Cr2(SOs)3 (koHir.).

bop, anroMuHMN U UX COETUHEHUS

[TosryueHue opToOOPHOM KUCIIOTHI U €€ CBONCTBA

a) B mpoOupKy C HachllEHHBIM pPAacTBOPOM TeTpabopara HaTpusi (Oypbl) OCTOPOKHO
NpUIATH KOHIEHTpHpoBaHHOH H2SO4. OXtaanuTh MpoOHPKY CO CMeChIO 1Mo KpaHoM. OTMETHTH
1BeT oOpa3zyromuxcs kpuctauioB. Hanucars ypaBHenue peakiuu. O6bsicHUTH, mouemy H2SO4
BBITECHSAET OpTOOOPHYIO KUCIOTY. MOKHO Ju B3sITh Ju1st aToi peakiuu HC1?

0) VcnblTaTh pacCTBOPUMOCTb OPTOOOPHON KHCIIOTHI B BOJIE Ha XOJIOY U MPH HArpEeBaHUH.
BriBoj1 3ammcarts.

6) Hebonp11oe Kom4ecTBO OPTOOOPHON KMCIOTHI PACTBOPUTH B BOJIE U UCIIBITATh PAaCTBOP
JTaKMycoBol Oymaroi. PactBop coxpanuTts st onbita 11). [1o M3MEHEHHIO OKpPacKH JIAKMYCOBOM
Oymaru czenarb BBIBOJI O CHJIE OPTOOOPHOM KUCIOTHL. BBIBOJ NOATBEpAUTH 3HAYCHUEM CTETIEHU
JTUCCOLIMAIINY.

0) B pacTtBop OpTOOOPHOI KHCIOTHI OMYCTUTh KYCOYEK JIEHTHI (WJIM TMOpPOIIKA) MarHHs.
Kakoii ra3 Beizensiercs? HanucaTh ypaBHeHHE peaklMM, YIUTHIBas, YTO MOJydaeTcsi Meradopar
MarHusl.

e) HakanuTe B IIaMEHM TOPENKH YIIKO IJIATUHOBOM MJIM HUXPOMOBOH MPOBOJIOKH,
KOCHYTbCS UM pactepToil B mopomiok HsBOs 1 BMecTe, ¢ MpUIMNIIMMH YaCTHIIAMU TOCIEIHEN
BHOBb BHECTH €T0 B IIJIaMs TOPEJIKU y Kpas ero BHeUIHero konyca. Habmoate n3MeHeHue nsera
1aMeHH ropenkd. OTMETHTD U 3alMcaTh B TETPaab MOJyYarOIIUIACs 1BET MIAMEHH.




[Monydenue 3¢pupa opToOOPHON KUCIOTHI (KaUECTBEHHAs pEaKIis Ha COeAMHEHUs 0opa)

B Turens BHeCHTe HA KOHYHMKE IIMATEIsT KPUCTAILIBI Oyphl, cMounTe ux KoHil. H2SO4 (T11.
1,84) u wnaneiite 2-3 M1 3TUIOBOTO (METHJIOBOTrO) cnuprta. Pa3mernaiite cMech CTEKISIHHOM
NAJOYKOM U MOI0KTUTe 00pazoBaBiuiics 3gup. OTMETbTE OKPACKY IUIAMEHHU.

CBoiicTBa coseil OOPHBIX KUCIOT

a) WcmwiTath pactBOop TeTpabopara Hatpus (Oypbl) JakmycoBoit Oymaroit. KakoBa
penkuus cpeasl B pactBope? HamucaTs ypaBHEHHE peakliuy THIpOIM3a TeTpabopara HaTpusl.

6) 3axBaTUTh B YIIKO IUIATHHOBOM WMJIM HUXPOMOBON MPOBOJIOKM HEMHOTO KPHUCTAIJIOB
TeTpabopaTta HaTpus W BBECTH B Iulamsi ropenku. Habmomate oOpas3oBaHHE MPO3pavyHOro
CTEKJIOBUJIHOTO Tepiia. HamucaTh ypaBHEHHE peakIiK, TPOUCXOIIEeH ¢ TeTpabopaToM HaTpus
MIpU HArpEeBaHUH.

8) [lomyuenHslif nepn TerpabopaTa HATPUsI OMMYCTUTH B IPOOUPKY C KOHIIEHTPUPOBAHHBIM
pacTBOpoM coii KoOanbTa M CHOBA MPOKaIUTh. OTMETUTH IBET IMOJIydeHHOro mnepia. Kakos
XUMHUUYecKHii coctas nepna? Kakoe coenmuHeHue npuaaeT eMy XapakTepHYIO OKpacKy?

2) Iloropute ombiT 0). OmNycTUTh TNONYYEHHBIA TMepa Terpabopara HaTpus B
KOHIICHTpUpOBaHHBIM pacTtBop coimu xpoma (III) m cHoBa mnpokamuTb. OTMETHTH IIBET
noJjtyueHHoro nepia. Kakoe coequHeHue npuaaet nepiay OTMEUYEHHYIO B OIIBITE OKPACKY?

Ilpumeuanue. Tlocne onpITa TIATHHOBYIO (MM HUXPOMOBYIO) MPOBOJIOKY OYHUCTUTH, IS
4Yero pasApoOUTH IEpPJI, MPOMBITH MPOBOJIOYKY PACTBOPOM COJISTHOM KHCIOTHI M NMPOKAJIHUTH B
IJTAMEHU TOPEIIKH.

BzaumozeicTBre atOMUHUA CO IET0YaMU

Cobpate mpubop 1 modydeHus Bojaopoaa. B mpobupky mpubopa Hacklmatb HEMHOTO
CTpYXeK amoMuHus U npuiuTh 30%-HbI pacTBOp TUIpPOKCHIA HaTpus. Jloka3aTh OMBITHBIM
MyTeM, YTO BBIACISIONUIUICS Ta3 BOAOPOA. (Ileped noodaicucanuem 2aza nposecmu nposepky Ha
Ha yucmomy.) HanucaTe ypaBHEHHE peaklU{, YUUTHIBas, YTO B PEAKIMM IPUHUMAET ydyacTUe
Boja. KakoB mMexaHusM pacTBOpeHHs altoMHHHUS B mienodax? /laTh Ha3BaHUE 0O0pa3yromeMycs
TUIPOKCOKOMILIEKCY.

B3auMozeiicTBrE antoMUHUS C BOJOHN

[TonoxuTh B MPOOHPKY HEMHOTO ONMJIOK AIIOMUHUS M B300dTaTh ¢ 3—5 MII BOJBI.
[Tpoucxoaut nmu peakuus? atb o0bsicHerue. [IpoKUNSTHTH ONMUIKHU, J00aBUB B MpoOUpKy 2—3
MJT pa30aBJIE€HHOrO pacTBOpA IIENOUU. 3aT€M CIUTh )KHUJIKOCTh, HECKOJIBKO Pa3 MPOMBITh OMUIKU
BOJOW Il yJNaJ€HUs LIEJIOYU M OCTaBUTh UX IOCTOSATh C BOAOW. Yepe3 HEKOTOpoe Bpems
Ha0JII0/1aTh BbIJIEJIEHHE IMY3bIPHKOB ra3a. Jloka3aTb ONBITHBIM MYTEM, KaKOH Tra3 BBIJENSETCS.
Hanucare ypaBHEHHE peaklMU allOMUHUS C BoAoM. IIpum KakoMm ycloBMM BO3MOKHa 3Ta
peakius?

B3auMozeiicTBrE altOMUHHUS C KUCIOTaMHU

(Onvimot 6) u 8) NPoBOOUMb 8 BLIMSHCHOM WKAPDY)

@) O3HAKOMHUTHCS C TOJOKEHHEM ATIOMUHHS B 3JEKTPOXUMHUSCKHM PsAy HampsOKEHHN
METAJIJIOB ¥ C BETMYMHON HOPMaJIbHOTO 3JIEKTPOJHOTO MOTEHIMaNa amoMutus. CienaTh BbIBOJ
0 BO3MOXKHOCTH B3aMMOJAEHCTBUS almOMHHHS ¢ pa3daBieHHbMH pacTBopamu HCI u H2SOa.
Kakue npoykThl JOKHBI IOTY4YaThCsl B pE3YNbTaTe PEaKIuu?

[TpoBepUTh MPAaBUIBHOCTH CAETAHHOTO BBIBOAA HA OMBITaX, JUIsl Y€TO B JBE MPOOUPKH
MOJIOKUTh HEMHOTO CTPYXKEK aJlOMHHHUS M TPWINTh B OJHY npoobupky 2H pactBop HCI, B
npyryto — 2 H. pactBop H2SO4 CpaBHUTH akTHBHOCTH B3aumojeiicTBus amomunus ¢ HC1 u
H2SO4 Ha xomoxpe. [Tomorpers mpoOupku ¢ pa3OaBiIeHHBIMH KHciIoTamu. YTo HaOmromaercs?
Kakoli ra3 BeigensieTcs B 000uX cioydyasx Ha XOJoJe W NMpHu HarpeBanun? HamucaTh ypaBHEHHs
peakiuii B MOJIEKYJSIPHOW M MOHHOW (popMax. YKa3aThb OKHUCIUTEIh U BOCCTAHOBUTEIH B ITHX
peakuusX.

6) B mpoOMpKYy ONMyCTHTh HEMHOTO CTPYXEK ATOMUHUS W NPWIHTH KOHI. H2SOs.
OcTtoposkHo Harpeth mpobupky. HaGmroaate moMmyTHEHHE pacTBOpa U OOBSICHUTH ero. HamucaThb
ypaBHEHUE PEAKIIH.




6) Kycouek amomMuHus (IpeaBapuTEIbHO OUYMIICHHBIH HaXXJauHOW Oymaroii) omycTuth B
npobupky. [Ipunuts HemHoro koHi. HNOs. IIpoucxomut au pacTBOpEeHHE aFOMHUHUS B KOHII.
HNO3 nHa xomony? Uepe3 HECKOJIBKO MHUHYT BBUIMTH KHUCJIOTY U3 MPOOMPKH M OCTOPOXKHO, HE
BCTpsAXUBasg MeTaia (modemy?), TpPOMBITH e€ro 2—3 pa3za BOJOH. 3areM NPHINTH
koHuentpupoBanHot HC1. Habmonars, npoucxomut iu B3aumojeicteue amomunus ¢ HCI.
CpaBHUTH ¢ onbITOM a. J[aTh OOBSICHEHHE, YTO MPOUCXOIUT C MOBEPXHOCTHIO ATIOMUHUS MPHU
neiicrBuu Ha Hee xonoaHoi KoHL. HNOs. 3atem ciiute HC1, mpoMbITh METaJIT BOJOW U MPHIIUTH
caoBa koHII. HNOs. Ocropoxno Harperb mnpobupky. Kakoi ra3 wimensiercsa? Hamucartb
YpaBHEHHUE PEAKINU aATIOMUHUS ¢ KOHLIeHTpupoBaHHOW HNO3 npu HarpeBanuu.

[TonyyeHue TuIpOKCH/1a ATFOMUHUS U UCCIEA0BAHUE €r0 CBOMCTB

a) K pactBopy cosiv aqroMUHUS B IPOOMPKE MPUIMBATH MO KaIUIIM PacTBOP FUAPOKCUIA
HaTpus 10 oOpa3zoBaHus ocanka. KakoB nser u xapaktep ocaaka? UYto oH coOoi mpeacTapiseT?
Hanwucare ypaBHeHHE peakiy B MOJIEKYJISIPHOM U MOHHOU (opMax.

6) Pa3znenuTh ocaioK Ha JABE MPOOUPKH U HCCIEA0BaTh ero oTHoleHue K pactsopy HC1 u
k pacrBopy NaOH. Cpaenate BBIBOJ O XUMHUYECKOM XapakTepe TUAPOKCUIA ATIOMUHUA.
Hanucarp ypaBHeHHS peakiuii B MOJIEKYISIpHOH U HOHHOM (opmax, uUMess B BHIY, UTO
amoMuHaT oOpasyercss B QopMme THUApPOKCOKOMIUIeKca. Kak cmemaercs paBHOBecHe
JUCCOLIMAIIMU TUIPOKCUIA aTIOMUHUS TP 10OaBICHUH U30bITKA 11ea04n? M30bITKa KUCTOTHI?

I'vaponns cosiel antOMUHUS

a) UcnpiTath pacTBOp cyib(dara alroMUHUS JTJaKMYyCOBOM Oymaroit. OObsICHUTh H3MEHEHHE
[[BETa JIaKMyca U CJeNaTh BBIBOJA O CWJIE TMIPOKCHJA aJIOMMHMS Kak ocHoBaHus. Hamwmcartb
YpaBHEHHUS pEaKLUi CTYMeHYaTOro TUAposn3a cyab(haTa allOMUHIS B MOJIEKYJISIPHON U MOHHOMN
dopmax. OOBSICHUTD, TOUYEMY THAPOIIN3 JAHHOW COJIM HE HJIET JIO KOHIIA.

6) K pactBopy cynbdara amoMuHus NpuOaBUTH pacTBOp cynbduaa Hatpus. Habmonatsh
BhIMaZicHne ocanka. IlomydeHHbI ocalok OT(HUIBTPOBATH, MPOMBITH Ha (WIBTPE BOAOH U
pa3nenuTh Ha JBe yacTu. K omgHoi wactu npunuth pazbasnenHoir HCI1, k apyroit — pactBop
NaOH. Yrto npoucxonut? Kakoil BbIBOJ O COCTaBe IMOJYYEHHOI'O OCaJKa MOXKHO ClejaTh Ha
OCHOBaHHUM 3TUX OMNbITOB? Hamucarh ypaBHEHUs peakiuil, IPOUCXOASIINX MEXIAY pacTBOpamMu
cynbdara aJTIOMUHHSA U Cylb(uaa HaTpUs B BOJHON cpelie B MOJICKYIISIPHOW M HOHHOH (hopmax.
OOpa3oBaHrEe KaKMX BEIIECTB B JAaHHBIX peaklusX OOyCIOBIMBAET TEUYEHUE TUAPOSIU3a J0
koHna? Ilouemy? Ha ocHOBaHMM ombITa CAENaTh BBIBOJ, MOYKHO JIM HOJYYUTh CyIb(uI U
KapOOHAT aJIFOMUHUS B pe3yJIbTaTe OOMEHHBIX peakiuil B BOAHBIX PacTBOPAX.

6) K pactBopy cynbdara amoMHHHUS TPWINTH PACTBOp arerara HaTpus. MOXHO JiH
O0OHapy>KUTh BHELIHHE NPU3HAKU MPOTEKAHNS XUMUYECKOM peakiun?

[Tpokunstute pactBop. UYrto mnpoucxomut? OOBICHUTH, KaKyl0 pPOJb B INPOTEKaHUH
peaKuuu ChITpaJIO KUIISTYEHUE pacTBopa. HammcaTe ypaBHEHMs peakIMil MEXIy pacTBOpaMu
cynb(arta aJlOMUHUA U alleTaTa HaTpus, B MOJEKYJISIpHOM U noHHOU ¢opmax. Kakoe BemiectBo
BBINA/aeT B 0CATO0K?

2) llonyuuts pacTBOp rUAPOKCOATIOMUHATA HATPHSL. 3aTe€M MPHINTh KOHLEHTPUPOBAHHBIN
pactBop NH4C1 u nHarpets. Uto Habmonaetcs? KakoB Bua u coctaB ocaaka? Onpenenuts (1o
3araxy), Kakoi ra3 Beijensercsa. Hanucarb ypaBHeHUs peakuil.

3. TecroBble 3a1aHUsA
Bapuant Ne 1
1. Camplii pactipOCTpaHEHHBIN METaJUI, BXOJSIINN B COCTAB 36MHOM KOPBHI - 3TO
a) Al B) La
0) Fe r) Be

2. CepHas ¥ a30THasI KHCJIOTHI 110 pa3HOMY B3aUMOJICHCTBYIOT C ATIOMUHUEM B 3aBUCUMOCTH
OT YCJIOBHH:

a) H2SO4(orny 1 HNO3(xonn) Ha X0J10/T1€ HE ISHCTBYIOT HA QTFOMUHHHA

0) H2SO4(xouy) Ha x0mo/€ BELAETSET H2S



B) HNO3(xonny Ha X0mose Beiensier Ho
) H2SO4(pass) TpH 110001 TeMIepaType He pearupyeT ¢ aTllOMUHHEM

3. B oxmnoit mpobupke Haxomaurcs pactBop MQClz, B apyroi-AlCls. PactBopsl sTuX coieit
MO>KHO Pa3JIUYHUTh C TOMOIIIBIO OJTHOTO PEAKTUBA!

a) HCI B) CaSO4

0) AgNOs r) KOH

4. IpoxykTamu ruaposm3a TpudTopuaa Gopa SIBISIFOTCS:
a) H[BF4] B) H>

0) HF r) B(OH)3

5. K 25 rpammam 8% pactBopa AICl3 npubaBuaun 25 rpamm 8% pactBopa NaOH.
O0pa3oBaBIIHiics 0ca0K OTHUIBTPOBAIHM U MPOKATMIA. Macca i COCTaB 0cajika

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 tayus(l) HaroMuHaeT xumuto # # #
7. CTpyKTypHOU eauHHUIIeH OOpa KaK IPOCTOro BELIECTBA SBISeTCS # # #

8. VI3MeHeHue CTpYKTypBl OT HOHHOM, Yepe3 MOIMMEPHYIO K MOJIEKYIISIPHOM TPUTaIOTeHH/I0B
metauioB |IA rpymmer oT GTOPUIOB K HOAUIAM CBA3aHO C yMEHBIICHUEM # # #

9. Pe3koe Bo3pacTaHWe METALUTMYECKUX CBOWCTB MPHU TEpexone OT Oopa K aTrOMHUHUIO
oObBsicHseTCH # # #

10. B razoBoii ¢aze Oop HaxomauTcs B BHAe Moiyiekyn Bz, Mcxoas w3 sHepreTuyeckoi
auarpaMmbl MosieKysbl 6opa B MMO, kpaTHocTh CBsi3u B B2 paBHa # # #, M0 MarHUTHBIM
cBOIiCTBaM MoJieKyna B2 saBusiercs # # #.

Bapuant Ne 2
1. Bop B oTiiMuMe OT aTtOMUHUS
a) XMMUYECKH UHEPTEH
0) 00pa3yeT TOIbKO aHUOHHBIE KOMILJIEKCHI
B) NIPY HarpeBaHUM PearupyeT ¢ a30TOM
T') IPM KOMHATHOM TeMIlepaType pearupyer ¢ cepoi

2. B psany BF3-BCls-BBrs-Bls yBenuuuatotcs:
a) TeMIIepaTyphl TUIABIICHUS U KUTICHUS B) IJIMHA CBSI3U
0) TepMUYECKast yCTOMYMBOCTh T') SHEPTHs CBS3U

3. Ocuoguble cBoiicTBa B psiay ruapokcnaoB Al(OH)s-Ga(OH)s-In(OH)z-TI(OH)3
a) K THJIPOKCHUY TJUTUSI YMCHBIIAIOTCS, 3aTEM YBEINIMBAIOTCS

0) YMEHBIIIAIOTCS

B) YBEJIIMYMBAIOTCS

') HE U3MEHSIOTCS

4. B ornuume oT ruapunioB Oopa TruApuabl ocTaibHbIX 3MeMeHToB |IIA rpynmel umeror
CTPYKTYpY # # #

5. IlpuunHO AMAaroHAIBHOTO CXOACTBA O0pa M KpeMHHUS sBIsieTcs # # #.



6. [Ipu yBenmMueHnH KOHIICHTPAIIMHA PACTBOPOB OOPHOMN KHCIIOTHI KUCIIOTHBIE CBOMCTBA # # #,
3TO CBSI3aHO C 00pa30BaHUEM B pacTBOpax # # #.

7. 113 Bcex anemenToB Il A rpynmsl Tosbko Tayumii cnioco6eH 00pa3oBhIBaTh yCTOWYHBHIC B
OOBIYHBIX YCIOBUAX COCIMHEHUS B OJTHOBAJIEHTHOM COCTOSIHUH, IOTOMY YTO

a) €ro BaJICHTHBIE AIEKTPOHBI ci1abee CBA3AHBI C SAPOM

6) 6S2-3J1eKTPOHBI — MHEPTHAS T1Apa, HAXOAATCA Mo kpaHoM 4f-moxyposns

B) €0 BaJICHTHBIE AIEKTPOHBI CHIIBHEE CBA3AHBI C SIPOM, BCIIEJICTBUE SIPKO BBIPAKEHHOTO

s dexTa MPOHNKHOBEHUS

8. bop maccoit 10 T oO6paGoTany KOHIIEHTPHUPOBAHHOW A30THOM KHUCIOTOW. Bpimanm Oenbrit
0CaJI0K Maccol # # #.

9. bop crocoOeH K peakusM KOMIIEKCOOOpa30BaHusl, IPOSIBIISS TIPHU 9TOM # # # CBOICTBA.
10. T'ubpuau3anust aTOMHBIX opOuTanei 6opa B qudbopane # # #.

4. PeilTuHroBasi KOHTpoJbHasA padora 11 («Aaements! IV A rpynnsi u ux
coequHeHHD. «aeMeHTHI |11 A rpynnbl u ux coenHeHUs»)

Bapuant Nel

1. B okcocoemunenusix 6opa (III) cpearee MexbsiiepHoe paccTosiHue Oso B TPEyroiabHBIX
crpykrypax (BOs) paBuo 0,136 um, a B terpadapuueckux (BOas) - 0,148 um. Kak 0ObSCHUTH
paznuune dso B cTpykTypHbIX eaunuiax (BOs) u (BOs)? Onummrte crpoenne mosekyisl HsBO3
U KpucTaioB 00pHOM kuciaoTel. B uem ocodbennoctu nonusanuu H3BO3 B BogHbIx pacTBOpax?
KaxoBa ux cuna?

2. Onummute crpoenue terparanoreHnoB C. Kak mmenstores B psagy CFs - CCls -CBry -
Cls doHal, Eams S°298 , AG°298 , TemmepaTypbl IUIABJICHHS W KHIICHHS, TEPMHYCCKas
ycToiunBOCTh. KakoBa XxuMuyeckass akTHBHOCTh JAaHHBIX COCIMHEHHUN? Y PaBHEHUS PEaKIni.

3. 3aKkoHYHTE ypaBHEHUS PEaKIIHii:

a). IO+ C+ Cl; — r). TIC1 + KC1 —
0). In(OH)3 + NaOH — n). B+ NaOH + O; —
B). T12CO3 + H20 + CO2 — ¢). B+ H0 —

4. JlaiiTe XapaKTepUCTUKY MpOCThIM BemecTBaM ayeMeHToB VA rpynmel. Ilokaxkure
U3MEHEeHHS (U3NIECKUX U XMMUYECKUX CBOMCTB, TEMIIEPATypHI IUTaBleHHUsT U KUeHHUS, AHuow.

5. CpaBuute AG°295 peaxnuii B3aumoneiictsus T120 u T1203 ¢ Bojoii B pacuere Ha 1 Moub
H20(k.), Kak W3MEHSIOTCS KHCIOTHO-OCHOBHBIE CBOWCTBAa OKCHJIOB W THAPOKCHIOB C
MOBBIIIEHUEM CTETIEHU OKUCIIECHUs?

Bapuant Ne2.

1. Yewm obObscHseTCs 60bIIOe pa3HOOOpa3re 0kco0opaToB? M3 KakMX CTPYKTYPHBIX €IUHHIL
noctpoeHbl MOHBI coctaBa BO2 kpucramioB NaBO; u Ca(BO2)2 , ecnu do- 0,137 uwm?
CocrtaBbTe CTPYKTYpHYIO (hopMyny Tpumeradbopat nona (kpucramia NaBO2) u nmonumerabopat-
nona (kpucramt Ca(BO3)y).

2. Tlpusemute sextpornbie KoH(uUryparnuu Monekyisl CN u nonos CN™ u CN*. Tlouemy
noH CN™ uMeeT Oosblliee MEXbIEPHOE PACCTOSTHHE 11O cpaBHeHUIO ¢ MoJiekyioii CN. CpaBHuTe
3HAYEHHs SHEPIHH JUCCOIMAINHU U 00bsICHUTE XapakTep ux u3Menenust B psiry CN™ - CN — CN™.
[Touemy monekyna CN mMeeT BbICOKOE 3HAUEHHE CPOJCTBA K AMeKTpoHy (3,7 3B) u sHeprum
nonmsanmu (14,2 »B).

3. Jomummre ypaBHEHUS PEaKIIHiA:

a). NazB4O7 + H2SO4k) + C2HsOH r). ALOs + N2Os —

0). Bk + H2SO4) + H.0 1). Nag[AlFs] + NaOH —

B). Al + HNOgz(p,) e). Ga + Na2COs,) + H.0 —



4. OxapakTepusyiTe cOeAMHEHHs 31eMeHTOB IVA Trpymnmbl co CTENEHbIO OKHUCIEHHS +2.
KakoBbl KHCIOTHO-OCHOBHBIE U  OKHMCIHMTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA JJAHHBIX
coenrHeHun. [loarBepauTe ypaBHEHUSIMU PEAKLUN.

5. O0wsacuute peskoe paznuune t mi. GaFs (1000°C) u GaCls (78°C), InF3 (1172 °C) u InClI3
(586°C). Onuiute CTPYKTYphl COSAMHEHUN U XapaKTep CBSI3EH.

Tema «aementsl | A u |l A rpynn u ux coeuHeHusD

1. Bomnpocs! ajs codeceq0BaHUA

1. Iouemy mIENOYHBIE METAJIBI MATKUE, JIETKO JIETY4YHe; KaK U3MEHSETCS MPOYHOCTh Y
metaiioB Il rpynmel. CpaBHuTe TemmepaTypbl IUJIaBICHHUS W KUIEHUS IIEJIOYHBIX U
HIEJIOYHO3EMEIBHBIX METAJUIOB, B YEM ITPUYMHA PA3JINYUL.

2. Kakue cocenHue 3J€MEHTHl B psAlax INEJIOYHBIX M HIETIOYHO3EMENIbHBIX METaJIOB
JOJIKHBI MTPOSIBIIATH HAMOOJIBIIYI0 OJM30CTh B CBOMCTBaxX, mouemy? ['1e OHM pacnpocTpaHeHbl B
IPUPOJIE, KAK UX MOTYYUTH?

3. Kak u3MeHstoTcs pajanychl, JHEPrUl HMOHU3ALWHU, dJIEKTPOIHBIC MOTCHIIUAJbI, THIIbI
KPUCTAJIIMYECKUX peteTok y 3nemeHToB | u Il rpynmnei?

4. Kak wu3MEHAIOTCA paauyChl, SHEPTUUM HWOHM3AIMH, OJJIEKTPOJHBIC TOTCHIIHAIIBI,
XUMHYECKass akTUBHOCTH 37ieMeHToB | u Il rpymmel o otHomenuio k. Oz; F2; Cl2; N2; S; H20,
KUCI0TaM | miesnoyam? Onpeaenure AHozgg; AS; AG 00pa3oBaHUs TEPOKCHUIOB.

5. UTo mpoucxoauT MpH cropaHuu NpocTbix BemecTB MetamwioB I u II rpynmer? Yem
oOecrnieueHa pa3HOCTh B UX MMOBEIACHUU?

6. Kak otnenuTs paguit OT 3JIeMEHTOB, COIMYTCTBYIOIINUX €My B YpPaHOBOH pyze?

7. Kak u3MeHsieTcsi pacTBOPUMOCTh cosiedd aneMeHToB | u Il rpymmsbl, ¢ 4em cBsi3aHO UX
noseseHre? CBSDKUTE 3TO € BHEPrHMed KPUCTAJUIMUECKOM CTPYKTYPbI M SHEprued rujparainuu
HEpPacCTBOPUMBIX COJIEH 3JIEMEHTOB | rpynibl.

8. KakoBsl cBoiicTBa ruapokcunoB 3meMeHToB Il u I rpymnmbl, cpaBHHTE CTETIEHHW WX
JUCCOLMAlMU, PACTBOPUMOCTh B MOJSPHBIX M HENOJIPHBIX pacTBopuTessax. Kakoil BoaHbIN
pactBop: LiCl; KCI1; BaCly; BeCl, umeet Gosee Boicokue 3HaueHust pH?

9. KakoBsl Temnepatypsl pacnaaa kapOoHaTtoB, HUTpaToB dneMeHToB [ u Il rpymnmer? Kak
WU3MEHSETCSl YCTOWYMBOCTh COSAMHEHUN B Tpynmax?

10.  Kak M3MEeHsI0TCS KUCIOTHO-OCHOBHBIE CBOMCTBA rajnoreHuaoB sneMeHToB [ u I
IPYHIIBI C BO3pACTaHUEM MOPSAKOBOTO HOMEPA JIEMEHTOB?
11.  CpaBHuTE pacTBOPUMOCTH KapOOHATOB M THUJAPOKApOOHATOB ATHUX 3IJIEMEHTOB.

KecTkocTh BOJIBI U CLIOCOOBI €€ YCTpaHEHUSI.

12.  Tlouemy Temmepatypa paznoxenus LiBrOs (200°C), NaBrOs (230°C), KBrOs
(275°C), RbBrO4 (290°C) mosbimraercs?

13. KakoBa crnocoOGHOCTh K KOMILUIEKCOOOpa3oBaHuio y siemeHToB | u Il rpymmei?
KakoBa ycToM4MBOCTh KOMIUIEKCHBIX MOHOB? BHyTpuKOMIUIEKCHBIE MOHBI. [HapaTupoBaHHbBIE
VOHBI, UX YCTOMYNBOCTD.

2. JlaGopatopHas padora

[TpuOops! 1 nocyxa.

1) lratuB ¢ nmankoit u konbioM. 2) 'openka. 3) Dapdoposas crynka. 4) dapdoposas
yamika. 5) ®@apdoposbiii THrens. 6) dapdoposiii TpeyronbHuk. 7) dapdopoBasi KphllIka OT
6onbmoro tTurid. 8) Tyromnaskas npobupka ¢ ra3ooTBogHON TpyOkoi. 9) [Tunerka. 10) Konba
wiockogoHHas eMkocTbio 100 mut. 11) Crakansl emkoctbio 100—200 mi (2 mt.). 12) [Tanouka
CTEKJISTHHAS ¢ MIATHHOBOM npoBojokoi. 13) ITamouka crexnsanaas. 14) ltatuB ¢ mpoOupkamu.
15) llunus! TUrenbHbIE.

PeakTuBbl U MaTepuaibl.

1) Marnuit (nerra u nopouok). 2) Kampumii (Kycouku). 3) Oxcun marnus MgO. 4)
Kap6onat xanpiust CaCO3 (nmopomrok). 5) Kap6onar maraus MgCO3 (moporok). 6) Hutpar




crponnms Sr(NO3).. 7) Hurpat Gapwus. 8) JlakmycoBas Oymaxka. 9) @unbrpoBanbHas Oymara.
10) JIyunakw.

PacTBOpBI.

1) Consnas kucinora HCI (2u). 2) Cepras kuciora HaSOs (50%-nas 1 2 H.). 3) ['uapokcua
Hatpus NaOH (2 H., He conepxkammii kapOonara). 4) AMMuak BOAHBIN (2 H., HE coAep KAl
kapOonata). 5) I'mapokcua kameius Ca(OH)2 (waceim.). 6) Xmopun maraus MgClz (1 H.). 7)
Cynbdar maraus MgSOs (1 u.). K) Xmopun ammormst NH4C1 (2 u.). 9) KapGonar narpus
NaCOz (2 m.). 10) Xnopun kampmus CaClz (1 u.). 11) Xnopug crponmms SrC1 (1 m.). 12)
Xnopun 6apus BaClz (1 1.). 13) Cynsdar nHatpus NaxS04(2 u.). 14) Cynsdat kanbuus CaSOq
(maceimt.). 15) Xmopun 6epunust BeCl (0,5 H.). 16) ®enondranens (CnupToBOi).

bepummii 1 Marauu, meI0YHO3eMEIbHBIE METAIIIBI M UX COCTMHEHUS

BoccranoBurenbHble CBOMCTBA METAIITUYECKOTO MarHus

a) Bzaumooeiicmeue macnus ¢ 6ooou. Kycodek Je€HTh Martusi, OUMILEHHBIA HAKJAYHOU
OyMaroi, onmyCTHTh B MPOOUPKY ¢ TUCTHILIMPOBAHHOM BOJONW. MOXKHO 1T OOHAPYKUTh BHELTHUE
IPU3HAKU IPOTEKAaHUS XUMHUYECKON peaklMM Ha XoJyiony? 3akpenuTb MPOOUpPKY B ILTATUBE U
HarpeThb HeOOJIbIIMM IIaMeHeM ropenku. UYro Habmromaerca? Ilocne ocThiBaHUS MPOOUPKU
UCTIBITATh TOJTYYCHHBIH PACTBOP HHIUKATOPOM.

Hanucath ypaBHeHHE peakiui U OTMETUTD, IPU KaKUX YCIOBHSIX OHA MPOTEKAET.

6) Bzaumooeiicmeue maenus ¢ kuciomamu. O3HAKOMUTHCS TO TAOJUIE C BEIUYMHOU
HOPMAJIBHOTO DJIEKTPOJHOrO TOTEHIMAalla MAarHusi U CcJieNaTh BBIBOJ O BO3MOXKHOCTH €ro
B3auMoJieiicTBus ¢ paszbaBienHbiMu pactBopamu HC1 u H2SOs. IlpoBeputs cruenanHbie
MPEIIOJIOKEHUS ONBITHBIM ITyTeM. Hanucath ypaBHeHUs peakiuil.

[Tony4yeHue 1 CBOMCTBA OKCH/IA M THIPOKCHU/Ia MarHUs

a) Ilonyuenue u ceotlicmea oxcuoa maeuus. Cxedb KyCOYEK JIEHThl MarHus HaJ
acOecToBOM CeTKOW W coOpaTh MPOAYKTHI ropeHus. KakoB I[BET MOJYYEHHOTO COCAMHEHUS?
BHectu mopomok okcuga MarHus B MHPOOUPKY C JUCTHIUIMPOBAHHOW BOJIOH, TIIATEIHHO
pasMemaTh CTEKJISIHHOW Malo4KOW W J00aBUTh K pPACTBOPY HECKOJIBKO Kareidb pacTBOpa
dbenondranenna. Yro nabmonaercsa? Hamucats ypaBHEHUS PEaKIIHiA.

0) Ilonyuenue cuopoxcuoa maenus. Hanute B 1Be NpoOUpPKU MOHEMHOTY pacTBOpa KakKoii-
HUOYIb CONM MarHus. 3aTeM OJHYy MPOOUPKY JO0OABUTH PACTBOP THAPOKCUAA HATPUS, B APYTYIO
— pactBop ammmaka. OTMETHTh LBET M XapakTep oOpasyoomuxcs ocaiakoB. OOpaTHThH
BHHUMaHUE Ha KOJIMYECTBO OCaJKOB. Hammcarh ypaBHEHHUSs peakifii B MOJICKYISIPHOM U MOHHOMN
dopmax. J[aTh 0OBSICHEHHE, MOYEMY KOJMYECTBO OCaJKa HEOJUHAKOBO B 00€WX MpOOUpKaXx.
OTMeTHTh, KOHIIEHTpAIMsl KaKkoro MOHA YBEIMYMBaeTCs B pacTBope. Kak HakoIuieHHe 3TOro
MOHa BJIMSET Ha KOHIeHTpanuio nona OH™ B pacTBope ammuaka?

[TpoGupKy ¢ 0OCaAKOM COXPaHUTH IS CIEAYIOLIETO OTbITA.

8) Ceolicmea eudpoxcuoa macHus. B TpoOUpPKY OCaAKOM THAPOKCHAA MarHusl,
MOJTyYEHHBIM B OMBITE 0), IPUIUTH PacTBOP XJjopuaa aMmMmoHus. Uto Habmomaercsa? Hamucath
yYpaBHEHHE PEaKIMH B MOJEKYISIPHOW W MOHHOW (opMax M OOBSICHUTH NMPUYHUHY PACTBOPEHUS
ocagka. MOXHO U PacTBOPUTH OCAJIOK THAPOKCHAA MarHus A00aBICHHEM pacTBOpa XJIOpHIA
HaTpus?

[TomyuuTs OCaqOK TUAPOKCHUIA MarHus. Pa3nenuts ero Ha 1Be MpOOHPKH.

Hcneitath oTHOMEHHE ocaaka K pactBopy HC1 u k u3bwiTky pactBopa NaOH. Cnenatsb
BBIBOJI O XUMUYECKOM XapaKTepe TUAPOKCUaa MarHus. Hamucats ypaBHEHUE peaKkInu.

B3anmoeicTBrE Kaablys C BOAOM.

B npobupky Ha /3 ee 06beMa HaMUTH TUCTUILUTMPOBAHHYIO BOAY M ONYCTHTh MAaleHbKHi
Kycouek kanbuus. Kakoi ra3 Beigenserca? I[loueMy npoMCXOIUT TOMYTHEHHE pacTBopa?
Buectu B pactBop 1—2 kamumm pactBopa denondranenna. Uro wHabmomaetcs? Hamwmcatb
ypaBHEHHE peaknuu. byaer i aHamorndHas peakius mpoTeKaTh cO CTPOHIMEM U Oapruem?

[TonydyeHue THAPOKCHU/IOB HIETOYHO3EMENbHbBIX. MeTallIoB

a) K ogurakoBomy konmdectBy pactBopoB CaCly, SrC12 u BaCly, B3ThIX B OTACIBHBIX
npoOupkax, mMpuiInTh pasdasineHHblii pactBop NaOH, He comepkamuii mpumecu kapOoHara.




OOparuTh BHMUMaHHE Ha KOJMYECTBO BBIMABIIET0 OCagKa B KaxaoW mnpodupke. Hammcath
YpaBHEHUS PEaKIUM.

IlonydeHue ¥ CBOMCTBA COJIEH HIEIOYHO3EMEIbHBIX METAILIOB

a) Ilonyuenue u ceoticmea rKapbOOHamo8 wjenouHozemenvuvix memannog. IlomyduTts B
OTHENbHBIX TpoOMpKax KapOOHAaThl  KalmbIMsl, CTPOHIMSA © Oapus U3  PacTBOPOB
cooTBeTcTByIOImUX coneil. KakoB Bum u uBer ocaakoB? Harperh comepxkumoe HpoOOHPOK.
OOpatuTh BHUMaHHE HAa U3MEHEHHE BUAA OCAaaKOB. [IpminTh BO Bce MpoOMpKU pa30aBiICHHBIN
pactBop HCI Yto mpoucxomut? Hamwcath ypaBHCHHS peakiiii B MOJCKYJISPHOW M HOHHOU
dbopmax.

0) Tepmuueckasn ouccoyuayus rapoonama karoyus. Ilomyants CaCOs. Ocamok
0T(UIBTPOBATH, MPOMBITH U PA3JEIUTh Ha J1Be mopuuu. OAHY MOPIHMIO pacTepeTb C BOIOH B
KaIIUIy U UCTBITAaTh €€ PEaKIUIO Ha JIAKMYC.

Jpyryio nopuuio mocje BHICYIIMBAHUS MOJIOKUTH B (papdopoBbIi TUTENh U B TEUYCHHUE 5S—
10 MMH CHJIBHO MPOKAJIMBATh B IJIaMeHH ropeniku. [locie, oXmakaeHus TUTIIS ero CONEPKUMOe
CMelIaTh C BOJOM U UCIBITaTh JJAKMycOBOM Oymaroit. Uto nabmogaercs? Hanucars ypaBHeHUE
peaxIuu.

8) Ilonyuenue cynvghamos wenounozemenbHulx Mmemannog. IlomyduTs B OTAETHHBIX
npobupkax cynb(arbl Kamblus, CTPOHIUS U Oapusi U3 PaCTBOPOB COOTBETCTBYIOIIMUX COJICH.
OtMmeTuTh LBET MOJIYYEHHBIX OcaakoB. Hanucarh ypaBHeHus peakuuil. VcnbiTarh OTHOLIEHHE
ocagkoB Kk paszbaBneHHsiM pactBopamM HC1 u HNOsz. Jlate o0ObsicHeHue HaOII01aeMBIM
SBJICHUSIM.

OxkpanvBaHue MJIaMEHH COJIIMU KaJlbIUsl, CTPOHLIUS U Oapus

OYHuCTUTH TUIATHHOBYIO TIPOBOJIOKY, omyckasi ee B HCl u mpokaiuBasi B IulaMeHH ra30BoOM
TOpeNiKu. 3aTeM OMYCTHTh €€ B PacTBOP COJH KaJIbLIUA U BBECTH B OCCIIBETHOE IJIaMsi TOPEIKU.
HabGmronate okpammBanue miaMeHu.

[TponenaTe aHATIOTUYHBINA OMBIT C COJSIMU CTPOHLIUS U Oapus. 3amucarh I[BET, B KOTOPHIi
OKpAILLIMBAIOT IJIaMsI COJIA LIEJI0YHO3EMEIbHBIX METAJIOB.

[lenoyHble METAIJIBI U UX COETUHEHUS

[Ipubops! u nocyna.

1) LlratuB c¢ xombiom. 2) lopenka. 3) Mepubiii tmnuHap emkoctbio 100 mi. 4)
CrexnsHubIN muiUHIp eMKocThio 150 M. 5) Tepmometp Ha 100 °C. 6) ®@apdopoBasi cTymnka ¢
nectukoM. 7) ®apdopoBbie uamku HeOodbmue (4 wmr.). 8) dapdopoBsiit THUTrEns. 9)
®apdoposeriit TpeyroapHuk. 10) Hosk. 11) IMunner. 12) Xenesnas nokeuka ¢ JepeBIHHOU
pyukoi. 13) Crakan emkoctbto 50— 100,mM1. 14) Boponka c OTpe3aHHBIM KOHIIOM. 15)
CrexisiHHAs Majioyka ¢ TUIATHHOBOW mpoBosioukoi. 16) CreknsHHas manouka. 17) AcOecToBas
cerka. 18) CreknsHHas TpyOka (y3kas). 19) ltatus ¢ npoOupkamu.

PeakTuBBI 1 MaTepHaibl.

1) Jlutuit, 2) Harpuii. 3) Kanuii. 4) Xnopun natpus NaCl. 5) Xmopun xamus KC1. 7)
Hutpar matpus NaNOz. 6) Hutpar xamus KNO3. 7) Kapoonar xamus K2COs. 8) KapOonat
ammonusi (NHs)2CO3. 9) Cynbdun natpust NapS. 10) Tamenas wussects Ca(OH)2. 11)
JlakmycoBas 6ymaxka. 12) @unprpoBanbHas Oymara. 13) Jlyunnku.

PacTtBOpHI.

1) Ammuak NH3 Bogublii (25%-nb1it). 2) Consnas kucnota HC1 (2 H.). 3) Cepnas kucinora
H2S04 (2.1.). 4) Xnopua Hatpus NaCl (2 u.). 5) Xnopun kanus KC1 (2 1.). 6) Xnopun nutus
LiICl (2 u.). 7) Uomun xamus Kl (0,5 u.). 8) Jlakmyc. 9) denondranenn (crmprosoii). 10)
KpaxmanpHblii KieicTep.

Ilpu pabome co wenounvimMu memanramu cobarwoams ocmopodxcHocms! He opamb
wenouHvle memannsl pykamu!

B3anMozeiicTBre TUTHS M HATPUSI C KUCIOPOJIOM Bo3niyxa (Pabomy nposooums 3a
CMEKIOM 8bIMANCHO20 UWiKapa)

@) B yKperuileHHyI0 Ha JEpEeBSHHOW pydYKe MAaJCHBKYIO JKEIE3HYIO JIOXKKY ITOJOXKUTH
KyCOYEK METaJNIMYECKOro JIMTHUS M BHECTH JIOXKKY B IJIamsl razoBoi ropenku. Habmionatsb




IUIABJIEHUE METAJUIA, a 3aTEM Uepe3 HEKOTOPOEe BpeMs ero cropanue. OTMETUTH LBET IUIAMEHHU.
Hanucars ypaBHeHHE peakiuy, OTMETUTh Ha3BaHHME M I[BET MPOJYKTa peakluu. PacTBOpHUTH
MOJIyYEHHOE COCTUHEHHE B HEOOJBIIOM KOJIMYECTBE BOJBI U UCHBITATH PACTBOP MHIAMKATOPOM.
Crnenatb BBIBOJ O XMMHYECKOM XapakTepe MOJydyeHHOro coenuHeHus. Hamucath ypaBHeHue
peaxkuu.

6) BbIHYTh MUHIETOM U3 OaHKU C KEPOCMHOM KYCOK METaJUIMYECKOTO HATPHS, MOJIOKHUTh
Ha (QUIBTPOBAIBbHYIO OyMmary M oTpe3aTb OT HEro HOXKOM KyCOUEK BEIMYMHON C TOPOIIUHY.
XOopomio OCYHINTh MOBEPXHOCTH (DUIBTPOBAIBHON OyMaroil Kycodyek HaTpus M MOMECTUTh B
dapdopossiit Turens. [loMecTUTh TUTENh B TPEYroJbHUKE HA KOJIBLE IITATHBA M OCTOPOXKHO
HarpeBaTh HEOOJBIIUM IJIAMEHEM TOPEJIKU 0 BOCIJIAMEHEHMsI HATpHs, MOCJEe Yero OTCTaBUTh
ropenky. Kakoe coenuHeHHe NONYy4uIoCh B pe3ynbTare peakuuu? OTMETUTh €ro IBET.
Hanucatsb ero cTpykTypHyto ¢hopMyiy.

Jlokazate oOpa3oBaHHE NEPOKCHA-MOHA, JJISI 4ero J00aBUTh B THUTEIb IO HECKOIBKY
karnenb pactBopa Kl u 2H. pactBopa H>SOs omHy-mBe Kamim KpaxMallbHOTO KJIEHCTepa.
HabGmonate u3menenue okxpacku. O yem oOHO cBujeTenbcTByer? Hammcars ypaBHeHus
MPOUCXOSAIINX PEAKIIUA.

B3aumojielicTBUE 1IET0YHBIX METAJUIOB € BOJI0H (Pabomy nposodums 3a cmekiom
BLIMANCHO20 WKAGDaA)

B3ate tpu dapdopoBeie wamku ¢ Bomoil. OTpe3arh MO MaJIEHBKOMY KYCOUKY JIMTHS,
HATpUS U Kalus U, oOCymUB WX (UIBTPOBAIBHON Oymaroil, OpOoCUTh KaXKIbIH B OTAEIHHYIO
Yamky ¢ Bojaod. HaOmromare 3a X0JIOM pEakIuu 4epe3 CTCKJIO BBITSHKHOrO mikada. 3amura
CTEKJIOM HEOOXOAMMa BBUAY pazOpbI3TMBAHUS PACTBOPA, MPOUCXOJSIIETO B KOHIIE PEaKIIUU.
OTMeTUuTh, KaKoW W3 METaUIOB HamOoJiee aKTUBHO B3aMMOJIEUCTBYeT ¢ Bojou. Kakoil ra3
BbIIeNsieTCs? VcnbITaTh HHAUKATOPOM MOTYYeHHBIE pacTBOPHL. HamucaTs ypaBHEHHS peakiui.

I'uaponns cosiel NIeIOYHBIX METAIOB

B udetbipe npoOupKH MOTOKUTH MOPO3HB M0 HecKonbKy KpuctamuinkoB KNOs, NaxS, KC1
u K2CO3. [Ipunute o 2—3 MJ1 AUCTUIIMPOBAHHOM BOJIBL.

Kakue comu AOMKHBI moaBepratbesl ruaponusy? JlokazaTb 3TO OIBITHBIM ITYTEM.
Hanwmcare ypaBHeHUs peakiiuii ruIpoIn3a B MOJIEKYJISIPHOM HOHHOM (hopMax.

OKpalMBaHue MmIaMeHH COJISIMU IISJIOYHBIX METaJIOB

OuniieHnyro nyrem npomMbiBanus B HC1 u mpokanuBaHus MIaTHHOBYIO WM HUXPOMOBYIO
IIPOBOJIOKY BHECTH B PacTBOpP KAakOW COJIM KaJlus, a 3aTEM B HECBETAIIEECs IUIaMs Ta30BOH
ropenku. HaOnronarh okpammBaHMe MIaMeHH. 3amucarh LIBET MiamMeHu. To ke mpojenarb ¢
COJISIMM JIUTUSI U HATPUSL.

[TpoBonoky mocne kaxaoil comu mnpombeiBath HC1 u mpokanuBarte 10 MOJHOTO
MCYE3HOBEHMSI OKPAILIMBAHUS TUIAMEHH.

3. TecroBble 3aJaHNA
Bapuant Ne 1
1. B psay menoyHsIx METAIIOB HanboJee OTPUILIATEeIbHOE 3HAYCHHE SIEKTPOTHOTO
MOTEeHIHAaNa UMEET

a) HaTpHii T) 1e3Uid

0) kanmuit 1) TUTHH

B) pyouuit

2. Dnextponu3 BogHoro pactBopa NaCl — 3to cnoco6 oHOBpeMEHHOTO MOTyYEeHUS
a) NaOH, Cl, H B) NaH, Cl, O

6) Na, Oz, Cl2 r) Na, Clz, H>

3. lllemounbie MeTasbl (2) U MIETOYHO-3€METbHBIE METauIbl (0) MMEIOT KPUCTAILTHYECKHE
PEIIeTKH:

1 a) OLIK, 6) Be u Mg -T'T1V, Ca u Sr -T'TIK, Ba-OLIK



2 a)TTIY, 6) TLK
3 a) Li-OIIK, ocransubie-I'TIK, 6) I'LIK
4 a) TTIK, 6) [TIY

4. T'uapoKcuabl METOYHBIX METAJUIOB KPOME OJHOTO IUIaBsATCS 0e3 pasioxeHus. Pa3maraercs
Ha OKCHUJ U BOJy IIpU HarpeBaHUU TUAPOKCH]

a) LiOH r) RbOH
6) NaOH 1) CsOH
5) KOH

5. BbICOKO# KOMIUIEKCOOOpa3yroIei crnocoOHOCThIO cpen MeTaiuioB | A rpymmel o6mamaet
HH#

6. U3 1m1e09HBIX METAIIJIOB B OOBIYHBIX YCIOBHUSAX C a30TOM pearupyer # # #

7. Cymma ko3 duruerron B ypasuenuu peakun Mg(OH)2 + NH4Cl — pasna
HH#t#

8. Temmniepatypa paznoxenus B psiay LiBrOs - NaBrOs - KBrO4 - RbBrOg4 # # #, motomy uro #
##.

9. Cymma ko3 duirieHToB B mpaBoit yactu ypaBHeHus peakiuu Kl + KCr.07 + H.SO4 —
paBHa # # #

10. ITpocteim HarpeBanuem BeCly4H,0 nenb3st nonyunts 6e3Boanbiii BeClo Benencteue
CUJIBHO TIpoTeKarolero # # #

Bapuant Ne 2
1. Fr, 3aBepmaromuii A rpynny, u Ra, 3asepmatomuii 1A rpynny, sBiastorcs
a) paIuOaKTUBHBIMU 3JIEMEHTaMH
0) oueHb MATKUMU
B) CaMbIMHU PacHpOCTPaHEHHBIMHU B MIPUPOJIE CPEAU BCEX S-IIEMEHTOB
T') HaJIe)KHBIMH U30JIITOpaMU

2. lllenounsie MeTayIb, a Takke Ca, Sr, Ba npu HarpeBanuu B atMocdepe aMMuaka 00pas3yroT
a) aMUJIbI U BOJIOPOJ B) runapusl u anruapua HNO2
0) TUaPUIBI U a30T T') aMHJIbl ¥ Q30T

3. B psany cynbedaroB BeSOs-MgS04-CaSO4-SrSO4-BaSO4 pacTBOpUMOCTS YMEHBIIACTCS. ITO
CBSI3aHO

a) ¢ oOpazoBaHueM 0oJiee MPOUYHON KPUCTATUIMUECKOU PEIISTKH

0) ¢ yMEHbIIIEHNEM HOHHOCTH CBSI3H

B) C YBEJIIMYEHHEM HOHHOCTH CBSI3H

') C yMEHBIIIECHUEM MMPOYHOCTH KPHUCTAUTHYECKOMN PEIIETKH

1) C YBEIMYCHUEM CTPYKTYPHOTO COOTBETCTBHUS pa3Mepa KaTHOHA U aHHOHA

4. Cpenu rugpokcuioB 31emMeHToB |IA rpynmnsl ampoTepHbIMH CBOMCTBaMU o0nanaeT # # #
5. Cymma ko3¢ ¢unmeHToB B ypaBaeHnn peakiuu Rb202 + CO2 — paBna # # #

6. Ha HeliTpanu3amuio pacTBopa, MOJYYEHHOTO Tocie 0O0paboTKM 5 T amanbrambl HATpHUS
BOJIOM, M3PACXOJOBAHO 25 MJI 2 H COJITHOM KHUCJIOTBL. MaccoBas J0Ji1 HaTpusi B aMaliblame
paBHa # # #.



7. YCTaHOBUTE COOTBETCTBUE MEXAY YACTUIIEH U €€ TPOCTPAHCTBEHHON CTPYKTYpPOd

1) TeTparupokcoOepuIIaT-uoH A) okTasap

2) KaTUOH reKcaakBaMarHHsI b) nuneiinas

3) MoneKyna Auuoauaa OepuiuIns B) terpasp

4) KaTHOH TeTpaaKBaOCPUILIUS I') He3aBepIICHHBIN OKTAdP

8. Cymma kod¢uimentos B ypasuenun peakuuu LiH + HCl — paBna # # #
9. Peakmus cpenpl B pactBope oprodocdara pyounus # # #.

10. C xosoaHO0# BOJ0OM Marouii B3auMoOJIEMCTBYET IIJI0XO0, B TOPsIYEil BOJE peaKkius MPOTEKaeT
0oJjiee aKTUBHO BCIIEACTBUE # # #.

Tema «Jaements! |11 B rpynnsl u ux coequHeHns»

1. Bomnpocsl ajs codeceq0BaHUA

1. KakoBel 0COOEHHOCTH 3JIEKTPOHHOHN CTpYyKTypbl SC, Y, La, Ac. Kakue BaieHTHBIC
COCTOSTHUSI OHU TPOSBISIOT. B WeM mpuYMHa pa3n4yHBIX crereHed okucieHus. OObsICHHUTE
MOJIO’KEHUE U 3TUX JIEMEHTOB B IEPUOANUECKON crCTEME.

2. Kak u3MEHSIOTCS pajnyChl, TOTCHIIMATBl MOHU3AINH, KPUCTALINICCKHE CTPYKTYPHI
BEIIECTB C pOCTOM 3apsana sipa. Kakoe BnusHue Ha cBOiicTBO P30 M aKTHHOMIIOB OKa3bIBaeT
«JTaHTaHOUJHOE CkaTtue». CpaBHHUTE ITH IMapaMeTPhl CO CBOMCTBAMU OOpa U aTFOMUHUS.

3. KakoBa pacnpocTpaHeHHOCTb 3THUX 3JIEMEHTOB B IIPUPO/IE, ClIOCcOObI momy4yeHus P30 u
akTuHOMIOB. [louemy eBpormii BecTpedaeTcsl B MUHEpAIax KaabIlus?

4. Onpenenute u3MeHeHHe PU3NIECKUX CBOMCTB MPOCTHIX BemiecTB P33 ¢ Bo3pacTanuem
3apsiaa anpa. Yem oObsacHUTH 1IBET HOHOB P30.

5. KakoBa peaknMoHHas CHOCOOHOCTh ATHX JJIEMEHTOB, Kakhe€ HOHBI O0pa3yloTcs B
BOJIHBIX PAaCTBOpaX, B KPUCTALIMYCCKUX CTPYKTypax.

6. OCOOEHHOCTH CTPYKTYpPBhl U CBOWCTB TaJIOT€HHUIOB, OKCHJIOB, HUTPUIOB, KapOUIOB,
TUAPUIOB, okcucoyield. Kak MX MOXHO TOJIYYUTh B BHUJAC THUAPATOB. MOXHO JIM TOJYYUTH
0E3BO/IHBIE COJIH.

7. KomrmuiekcHele coequnenus. VX cTpykTypa, yCTOMYMBOCTb.

8. Cpapuure, xakoii mom AIF*, Sc, Y¥, La%* o6mamaer B Gombmeil cremenu
KHCJIOTHBIME cBoiicTBaMu? [louemy? Hanummre ypaBHEHHE peaKiiuu.

Tema «JlanHTaHOMABLI. AKTHHOMALD

1. Bomnpocsl ajs codeceq0BaHUA

1. KakoBbl 0COOEHHOCTH 3JIEKTPOHHON CTPYKTYpHI JTJAHTAaHOMAOB U akTHHOWIOB. Kakue
BAJICHTHBIE COCTOSIHUSI OHU MPOSBJISIIOT. B WeM mpuyMHa pa3IMYHbIX CTENEHEW OKHUCIICHHS.
OOBbsicCHUTE TIOJIOKEHUE U ITUX DJIEMEHTOB B MEPUOANUECKON CHCTEME.

2. Kak u3MeHSIOTCA paJuychl, MOTCHIIHMAIBI MOHU3ALNUU, KPUCTAIUTMYECKUE CTPYKTYPHI
BEILECTB C POCTOM 3apsana siapa. Kakoe BinusHHE Ha cBOMCTBO P30 M akTMHOMIOB OKa3bIBaeT
«IAHTAHOUJIHOE CIKaTHE.

3. IlpocTeie BemiecTBa JAHTAHOWAOB U AaKTUHOUJOB. V3MeHeHHWe QU3NYECKUX U
XUMHUYECKHX CBOMCTB.

4. Kucnoponcoaepaume COEIUHEHUS JaHTAaHOMIOB M AaKTUHOMAOB. 3meHeHue
KHCJIOTHO-OCHOBHBIX M OKMCIIUTSIFHO-BOCCTAHOBUTEIBHEIX CBOMCTB.

5. KoopaunanmonHbsle uucina y HMOHOB P30 M aKkTUHOMIOB, THUIBI KOMIUIEKCHBIX
COCTMHEHUH, 00pa30BaHHBIX STUMHU DJIEMEHTAMH, X YCTOMUHUBOCTb.



6. B uem npuunHa pa3nuyHON CIIOCOOHOCTH K KOMILJIEKCOOOpa30BaHUIO Y HOHOB P30 n
AKTUHOMJIOB.

7. Crioco0Ob! BbieneHust HoHoB P3D 3 ux cmeceil. Kak oTAenuTh akKTHHOWIBI APYT OT
apyra?

8. CoerHEeHUS IAaHTAHOHUIOB M aKTUHOUIOB OOJIbIIIE TOXO0XKH JIpYT Ha apyra. [louemy?

9. Kak usmensiercst pH pacTBopoB cojieii B 3aBUCUMOCTH OT pa3Mepa MOHA JIAHTAaHOUIOB.

10. 3akoHYNTE ypaBHEHUE PEAKIINU:

a) T'mapoxkeun esponus (1)+ H —

0) Terpaxsopun ypana +HoOx+H*—

B) UO2%"+ H,0—

r) luapokeun esporust (111)+ H —

11. TlokaxuTte, 4TO OKCHABI W THUIPOOKCcHABl JaHTaHounoB (lll) mo mposiBiaeHUIO
OCHOBHBIX CBOMCTB YCTYIAIOT JIUIIb MIETOYHBIM U IIETOYHO3EMEIbHBIM METaJIaM.

2. TecroBble 3a1aHus N0 TeMe «ieMeHTsI |11 B rpynnsl. Jlantanonas!.
AKTHHOUILI»
Bapuant Ne 1
1. 13 nepeunciieHHbIX JAHTAHOUJOB MOTYT MPOSIBJIATh B COSAMHEHUSIX CTENCHb OKUCIIEHUS +4

a) Ce, Pr, Th, Dy B) Nd, Sm, Th, Tm

0) La, Ce, Gd, Yb r) Pm, Er, Yb, Eu

2. OCHOBHBIE CBOWCTBa, TEPMUYECKAsI YCTOHYMBOCTh, PACTBOPUMOCTD B psiny: La(OH)s -
Lu(OH)3

a) HE U3MEHAI0TCSA B) YBEJIIMUMBAIOTCS

0) U3MEHSIIOTCSI HEMOHOTOHHO ') YMEHbILAIOTCA

3. [Ipu TepmMudeckoM pasiioxkeHuu rexkcaruapara nurpata jantana(lll) MoxHo momyuuTs
a) La(NO2)3 + O2 + H.0O B) La;0O3 + NO2 + O, + H,0
0) La+ NO2 + Oz + H20 r) La+ NO + H20

4. Macca (B rpammax) droporepara(lV) xamus K2[CeFs], oOpa3yrorerocs mpu CruiaBjieHuN
6,48 r dropuna uepusa(1V) c 5,8 r propuna kanus, eciau BHIXOA MPOAYKTa cocTaBisieT 62% ot
TEOPETUYECKOT0, paBHA

a) 6,18 B) 5,84

0) 7,92 r) 7,25

5. I3 MeTansnoB NOATpyIIibl CKaHIMs HE pearupyeT ¢ BOJ0H B OOBIUHBIX YCIOBHSIX
a) La B) SC
0) Ac rY

6. Cymma ko3 durmentoB B ypaBaeHun peakuu EUO + HNOjonn) — paBHa # # #

7. Haubomnbineit komiiekcoodpasytoieit criocooHocTho u3 d-3nementoB |11 B rpymmsr
oOnanaer # # #

8. CoeMHEHUS TAHTAHOUIOB CO CTETIEHBIO OKUCIEHUS +2 00s1aaaioT cBoiicTBamMHu # # #
9. Jlantanounsl (I11) o6pasyror Oonee ycToiunBbIe KOMIUIEKCHI C JIMTaHIaMH

a) MOHOJIEHTaHTHBIMU B) OUJIEHTAaHTHBIMU
0) MOIUACHTAaHTHBIMHU



10. JlanTanou1bI MPOSIBIISAIOT CXOACTBO B XUMHUECKUX cBOWcTBax. [Ipuunna 3Toro
3aKirroyaercs # # #.

Bapuant Ne 2
1. Uz NEPCUUCIICHHBIX JIAHTAHON OB MOT'YT IPOABJIATL B COCAMHCHUAX CTCIICHD OKHUCJIICHUA +2
a) La, Eu, No, Er B) Nd, Gd, Dy, Th
6) Pr, Pm, Sm, Lu r) Sm, Eu, Tm, Yb

2. Peakus npotekaet o cxeme: UClz3 + H2O = U(OH)2Cl2 + H2 + HCI

Macca (B rpammax) xsopuaa ypana(lll), Bcrynusiiero B peakiuto, eciau oopa3zoBanoch 0,2 11
0,2n pactBopa HCI, pana

a) 137,75 B) 119,4

0) 156,2 r) 123,84

3. MI3BecTHO, 4TO CBA3b TaHTAHOMI-BOA B akBakaTHoHax [LN(H20)s]®* ynpounsercs npu
nepexoze ot La k Lu. CreneHp npoToin3a akBakaTHOHOB B TAHHOM PSITY

a) YMEHbIIIAETCS B) HE U3MEHSETCS

0) U3MeHseTCS HEMOHOTOHHO I') yBEJIIMYUBACTCS

4. CymMma koaduiimeHToB B rpaBoii yactu ypaBHeHUs peakuu SC + HNO3(oy. pass.) — paBHa #
#H#

5. 'mapokcuibl akTHHOUAOB B BRICOKMX CTETICHSIX OKHcIeHus (+5; +6; +7) o0nanaroT
CBOMCTBaMH

a) ampoTepHBIMU B) OCHOBHBIMH

0) KUCIIOTHBIMU

6. bonee BbIpaxkeHHBIMU aM(bOTEPHBIMU CBOMCTBAMH M3 JIAHTAHOUJIOB OOajaet # # #.

7. d-Dnementst |1 B rpymmbl mposIBISIOT B COEIMHEHUAX BAICHTHOCTh PABHYIO TPEM, IOTOMY
uyTo # # #.

8. U3 nmpemnoxennsix coneit SCClz, YCI3, LaClz B HaubosnbIiei cTerneHu ruipoan3yeTcs B
pacTBope # # #.

9. BoccranoButenbHbIe cBOiicTBa pon3BoAHbIX SM (1) BeipaxkeHsl # # #, 4eM y IpOU3BOJHBIX
Eu (1), motomy uto # # #.

10. B coequHeHusIx ypaHa 1 IpyruxX akTHHOMIOB B BBICOKUX CTETIEHSX OKHCIEHUS UMEIOTCS
aKTHHWIbHBIE TpyrmupoBku D02" u D0,2*, BEICOKas yCTOHYMBOCTE KOTOPHIX 0OBACHAETCS
TEM, YTO MEXJy aTOMaMHU dJIEMEHTa U KUCIIOpOia OCYIIECTBIsIeTCs # # # CBs3b 3a cuet # # #.

Tema «uemenTs! |V B rpynnsl u ux coeaunenus
1. Bomnpocsl ajsi codeceq0BaHUA

1. Yem MOXHO OOBSICHUTH OJM30CTH PaJUyCOB LIHMPKOHUA MU TapHHUS U OTIMYHUE OT
tuTaHa. Kak WM3MEHSIOTCS TOTeHIMAdbl HOHM3aiuu B psgy Ti-Zr-Hf? Kakoesl crenenu
okucinenus Ti, Zr, Hf B coequnennsx stux snementoB. Kakue cocTosHus Hanboiee yCTOHYUBEI?

2. KakoBa ctpykTypa mpocteix BemiectB 11, Zr, Hf? Kak usmeHsercs Temmeparypa
IUTaBJICHUS U KUIEHUS B 3TOM psy? A Tak ’Ke SHTaJbIIMA aTOMU3ALMHU U SHEPrHs CBA3HM B UX
KPHUCTAJUIMYECKON CTPYKTYPE.



3. KakoBbl MexaHMYeCcKHE CBOMCTBA THTaHA, IUPKOHUS U TaduusA? VX ycTOWYMBOCTH Ha
BO3/IyX€ M BO3MOXXHOCTH UCIOJIb30BaHUS B TEXHUKE.

4. OxapakTepu3oBaTh YCTOMUYMBOCTh OKCHJOB DJIEMEHTOB 4-W TpYIIbl TJIaBHOW U
noO0YHON MOATPYIIbl, OOBACHUTH MPUYMHY 3aKOHOMEPHOTO HM3MEHEHMsI CBOWCTB OKCHJIOB
TUTaHA, IUPKOHUS U TapHUSI.

5. OxapakTepu30BaTh KHCIOTHO-OCHOBHBIE CBOMCTBA OKCUIOB U TUApOoKcuaoB Ti, Zr, Hf
(IV) npu B3aumoneiicteuu ¢ K2S207 u KoCOa.

6. Bosmoxxuo s ob6paszoBanme coeauHenuii tuma Ti(SO0s)2, Ti(NO3z)s, Zr(NOz)s,
Hf(NO3)a.

7. Tlouemy Ti, Zr, Hf npu oObuHOM Temmeparype HE B3aMMOAEHCTBYIOT C BOJOW H
pa30aBICHHBIMH KHCIIOTaMU, a B MPUCYTCTBUU HOHOB F  B3aMMOJEHCTBYIOT C JaXe TaKUMH
c1abbIMU KHCIIOTaMU, Kak ykcycHas. [Touemy HF u HF+HNO3 nerue pacTBopsrOT 3TH MeTaILIbI?

8. Kakue coennHeHus TuTaHa, MUPKOHUS U radHUS okparieHbl? [louemy?

9. Kak u3MEHSIOTCS  KHUCIOTHO-OCHOBHBIE U  OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIC
CBOICTBA OKCHUJIOB TUTaHA, MUPKOHUS ¥ radHus? KakoB THN cBsI3n?

10. OnummTe CTPYKTYphl OKCHJIOB, TaJIOTEHUJIOB, KOMIUIEKCHBIX COEAMHEHUH H3TUX
METAaJUIOB.

2. TecroBble 3a1aHUSA
BapuanTt Ne 1
1) YcroitumBOCTh BBICIIEH CTETIEHH OKUCIICHHS B PSIy TUTAH-IUPKOHUI- TadHUI
a) yBEJIMYHUBAETCS B) U3MEHSAETCS] HEMOHOTOHHO
0) yMeHbILIaeTCst I') HE U3MEHSETCS, IOTOMY UTO # # #.

2) TemniepaTypsl TUIABICHUS, KATICHUS ¥ SHTAJIBINS aTOMU3ALUH B PSAY TUTAH-IIUPKOHUH-
radHUIA

a) YBEJIMYUBAIOTCS B) U3MEHSIOTCSI HEMOHOTOHHO

0) yMEHbIIAIOTCS T') HEe U3MEHSIOTCA, TOTOMY 4TO # # #.

3) TemnepaTypsl IIaBJICHUS U BO3TOHKH B psiay: TiFs-ZrFs-HfF4
a) YBEJIMYUBAIOTCS B) U3MEHSIOTCSI HEMOHOTOHHO
0) yMEHbIIAIOTCS T') HE U3MEHSIOTCA, TOTOMY 4uTO # # #.

4) Macca nupkoHus (B rpaMMax), MoJlydeHHast py TEpMUYeCKOM BoccTaHoBieHuu 0,36 Mok
rexcaTOpOIMpPKOHATa KAl METANINYECKUM HaTPUEM, paBHA

a) 43,5 B) 31,9

0) 28,73 r) 274

5) CkJIOHHOCTb K rHaponu3y coenuHenuit tutana B psay Ti(I)-Ti(H)-Ti(1V)
a) yBEINYHUBACTCS B) U3MEHSIETCSI HEMOHOTOHHO

0) yMeHbIIaeTCst ') HE U3MEHSETCS, IOTOMY UTO # # #.

6) Cymma ko3¢ GuimreHToB B npaBoi yactu ypaBHenus peakimu 1102 + HF wonry — paBHa # # #
7) IoTennuan nonnsauu B psaay Ti— Zr — Hf # # #, noromy uto # # #.

8) BonpIne BaieHTHBIE BO3MOKHOCTH UMEET THUTAH MO CPAaBHEHUIO C OCTAIbHBIMU
AJIEMEHTaMH, IOTOMY UYTO

a) ero BaJICHTHbIE OPOUTAIN SHEPTeTUUECKH HEPABHOLICHHBI;

0) aTOMHBIH pagnyc HEOONBIION, €r0 BaJIEHTHBIE 3JIEKTPOHBI IPOYHO YACPKUBAIOTCS SIAPOM;
B) €0 BaJICHTHbIE OpPOUTANIN IHEPTeTUUECKH PABHOLIEHHHBI,

I') €ro BaJICHTHBIE JIEKTPOHBI JIETKO YYacCTBYIOT B 00pa30BaHUHU CBSI3EH.



9) Cymma kod¢pdurtuertoB B ypaBueHun peakuuu 110 + HaSO4 (comy) — paBHa # # #

10) Cpennue conu tutana (IV) c0xHO MOJIYYHTh B BOAHBIX PACTBOPAX BCIICICTBUE AKTHBHO
IIPOTEKAIOILETO # # #.

Bapuant Ne 2
1) YcroitunBOCTh HU3IIEH CTETICHU OKUCIICHUS B PSAY TUTAH-IIUPKOHUIN- TapHUN
a) YBEJIMYMBACTCS B) HE U3MEHSIETCS
0) u3MeHsieTc HEeMOHOTOHHO ') yMEHbILIAETCs, IOTOMY 4TO # # #.

2) Temnepatypsl miaBienus u kumnenus B paay: TiCls- TiBra-Tils
a) YMEHbIIIAIOTCS B) HE U3MEHSIOTCS
0) U3MEHSIOTCS HEMOHOTOHHO I') YBEJIIUYUBAIOTCS, IOTOMY UTO # # #.

3) Komriekcoobpasyroras ciocobHocts coenunenuit tutana B paay: Ti(1D)-Ti(HD)-Ti(1V)
a) YMEHbIIIAETCS B) YBEJIIMUUBACTCS
0) U3MEHACTC HEMOHOTOHHO T') HE U3MEHAETCS, IOTOMY 4TO # # #.

4) Cymma k03 duieHToB B jeBoit yactu ypaBaenus peakuuu KoCr,O7 + TiBrs + HBr—
paBHa # # #

5) TuTan, TUPKOHMA U TadHUI pearupyroT ¢ KOHIEHTPUPOBAHHOMN cepHOI KHCIOTOH. [IpoayKT
PEaKLMU OTIMYAETCS OT OCTAIBHBIX Y

a) TUTaHa B) rapHUs

0) IUPKOHMS

6) Dnements! 1VB rpynnel ycToW4YMBBI K AEHCTBUIO KOHLIEHTPUPOBAHHBIX CEPHOM M a30THOM
KHCJIOT, HO JIETKO PACTBOPSIIOTCS B CJIA0BIX MJIaBUKOBOM, IIIaBEJIEBOM, YKCYCHOH (B
npucyrcTBuM F7), moromy uto

a) CO3/IAl0TCS YCIIOBUS JIJIsi 00pa30BaHUs IPOYHBIX allMIOKOMIIJIEKCOB;

0) HOKPBITHI CHApPY>KU MPOYHON OKCHUHOM MIICHKOM;

B) UMEIOT MPOYHbIE KPUCTAININYECKHE PEIIETKH;

I') aCCUBUPYIOTCS B KUCJIOTAaX OKUCIUTENSX.

7) a-TuraHoBast KUCIOTa XUMUYECKH # # # aKTHMBHA IO CPAaBHEHUIO C B-TUTAHOBOW KHUCIOTOMH,
NOTOMY UTO # # #.

8) B psimy TiO-Ti203-TiO2 ymeHbIatotTcs
a) OKHCIIUTENIbHAs aKTHBHOCTh B) BOCCTAaHOBHTENbHAS aKTUBHOCTh
0) OCHOBHBIE CBOWCTBA I') KUCJIOTHBIE CBOWCTBA

9) BoccranoButenbHble cBolicTBa coenuHeHuil nupkonus (1) Beipaxens! # # # Mo cpaBHEHUIO
¢ tutanoM (ll1), motomy uro # # #.

10) Ti B TeTparanorenuaax (kpome F) HaxoaurTcs B ruOpuan3anuu # # #.

Tema «JyiemenThl V B rpynnbl 1 ux coe1nHeHHsD
1. Bomnpocsl ajsi codeceq0BaHUsA
1. KakoBa pacnpocTpaHeHHOCTh BaHa/Ws, HUIOOWS W TaHTana B mpupoje, nmouemy Nb u
Ta gare Bcero BCTpEUarOTCs B OJTHUX U TeX ke MuHepanax? Kak mosyduTs 3TH MEeTaJlIbI.



2. Kak W3MEHSIOTCS 3HAYECHHS OHTANBIHNA IUIABICHUS W BO3TOHKH, TEMIIEPATypPhl
IUTaBJICHUS U KUIIEHUS, ITIOTHOCTH B psay MetaioB V — Nb — Ta. ITouemy?

3. MOXHO 1T TIOJTYYUTh 3TH METAJUIBl METAJUIOTEPMHUYECKH U3 UX CoequHEeHM. Kakmx?
[Toyemy He Bceraa MOXHO MTPUMEHHUTH yrileTepMudeckuil meto 1 uist mosyuenus V — Nb — Ta.

4. Kaxue ruapuabl o0pasyrot nonsl V — Nb — Ta u kakoBa cTpyKTypa 3THX KOMIUIEKCHBIX
MOHOB, OKpPAIIIEHbl OHU WM HET. YeM 3T0 MOXKHO OOBSCHUTH?

5. Onpeaenute KUCIOTHO-OCHOBHO#M Xapaktep okcuaoB U ruapokcuaoB V — Nb — Ta (11).
[IpencraBpTe ypaBHEHHS peaklUUd, [OKA3bIBAIOIIUX  OKUCIUTEIbHO-BOCCTAHOBUTEILHBIC
CBOICTBA UX COEOUHECHMUIA.

6. Kakue coenunenus usBectHbl mist V(II), ueMy paHoO MX KOOpIHHAIIMOHHOE YHCIIO.
[oxkaxwute crpoerne nonos [VFs]*, [V(OH)s]*, [V(NH3)e]*" u monexyn V203, VFs, VBIs.

7. OOwsicaute cTpykTypy coned mnsa Banamaus (l1l), ux cBoiictBa, okpacky. Kak
usmensiercst ycroiunBocth komruiekcoB: Nas[VCls] — K3[VClg] — Rba[VCls] — Cs3[VCle].

8. Kak moxHO monyunth coeaunenust Banaaus (1V) u3z coenunennii V(V) u V(I11).

9. KakoBsl kuciorHo-ocHoBHEIE cBoiicTBa VO2. Ero B3aumoneiictsue ¢ HoSO4, NaOH.
[Mokaxkute ruaponu3 V(NO3)a.

10. KakoBBI OKCHIIBI, TaJIOTEHUIBI, OKCOTAJIOTEHU/IBI, KOMIUIEKCHI, CYyIb(OHUIbI, HUTPUIBI,
kapouzasl V — Nb — Ta (V). KakoBbl MX KHCIIOTHO-OCHOBHBIE CBOMCTBA. IIpHBeaUTE IPUMEPHI.

11. KakoBo crpoenue nenraranoreHugoB V. — Nb — Ta, ux arperatHoe COCTOSIHUE B
OOBIYHBIX YCIOBUAX, HX XHUMHUYECKas AaKTUBHOCTb, YCTOWYUBOCTb, KHCIOTHO-OCHOBHOM
Xapaxrep.

12. KakoBa aKkTUBHOCTb 3THX 3JIEMEHTOB 10 OTHOIICHHUIO K BOJIE, KUCIIOTaM, IIeI0YaM.

13. Kak mosy4uth MeHTAOKCUIBI ATUX JIeMEeHTOB. KakoBa X CTpyKTypa, CBOMCTBA.

14. Kak u3MeHSI0TCSI KUCIIOTHO-OCHOBHBIE CBOMCTBA B PAY:

VO - V203 - VO, — V205

V(OH)2 — V(OH)3 — VO(OH)2 — HVO3

VF; — VF3 — VF4 — VFs.

15. O0BsicHuTE U3MEHEHHE CBOMCTB B Psily BaHA1aTOB — HUOOATOB — TaHTanaToB. KakoBa

UX CTPYKTYpa.
16.0numuTe CTpyKTypy KOMIUIEKCHBIX coeanHenuii V — Nb — Ta.

2. JlaGopatopHas padora

[TpuOops! 1 nocyxa.

1) Creknsnnas nanouka. 2) Crakan emkoctbio 100 mu. 3) [lltaTuB ¢ mpobupkamu.

PeakTHBBI U MaTepUAIEL.

1) Oxkcun Banagus (V) 2) Lunk rpanynupoBanHbli 3) JlakmycoBas Oymaxka. 4)
OunbsTpoBasibHas Oymara. 5) benson. 6) @uoeToBkI JIaKMYyC.

PacTtBopbI.

1) Azotnas kuciora HNO3 (kontr., . 1,41 u 2 m.). 2) Cepnas xkucinora HoSOg4 (koHII., 1t
1,84 u 2 u.). 3) Consnas kucnora HC1 (xoni., . 1,18 u 2 u.). 4) I'mapokcun vatpus NaOH
(30%- weiit u 2 H.). 5) Ilepmanranar kanmus KMnOs (5%). 6) Uogun xamus Kl (5%). 7).
[Tepokcun Bomopoxaa (3%).

Bananuii

[Monyuenue coenmuenuit V(11), V(I11), V(IV).

K naceimennomy pactBopy BaHajgata (V) HaTpus (WM €ro B3BECH B BOJE) MPUOaBbTE
KOHIICHTPUPOBAHHYIO COJSIHYIO KHCIOTY M HECKOJBbKO TpaHyl IUHKA, HabOmomaiTe
MOCJIeIOBAaTEIbHOE M3MEHEHNE OKPACKH PacTBOpa OT OECIIBETHOH depe3 roiy0yro, 3eleHyI K
¢uoneroBoil. YacTb pacTBOPOB Pa3IUUHBIX OKPACOK OTIENUTE B MPOOMPKH M OCTaBbTE J0
CJIEAYIONIMX OIBITOB. Hamummure ypaBHEHHS MPOTEKAIOMIAX IPOIIECCOB, UMEsl B BUAY YTO HOH
VO3" mocnenoBaTenbHO BOCCTaHaBiMBaeTcss B kommaekchl [VO(OH2)s]%*, [V(OH2)e]*,
[V(OH2)6]?*. KakoMy KOMIIIEKCY COOTBETCTBYET (hHOTETOBAs OKpacKa?

[Tonyuenue u cBorictea VO(OH),.




K pactopy [VO(OH2)s]**, monyuennomy B ombiTe Nel, npuieiiTe Mo Karmism
pasz0aBieHHBIN pacTBOp mienoun 10 obpazoanust ocagka VO(OH).. UcneiTaliTe neiictBue Ha
0CaJIOK U30BITKA MIEIOYH U KUCTOTHI. OOBsICHUTE HAOII01aeMOe.

[TorydyeHue 1 ucciieIoBaHNE KUCIOTHOOCHOBHBIX CBOMCTB rupokcua Banaaus (11).

Hcxons w3 QuOIETOBOTO pacTBOpa, MOITYYCHHOTO B ombiTe Nel, mo oOMEHHOW peakIuu
nosyunte ruapokcua BaHaaus (II) 1 ycraHOBHTE €ro KHCIOTHO-OCHOBHBIE CBOWMCTBA. YUTHTE,
YTO YaCTUYHOE PACTBOPCHHE OCAJIKa B M30BITKE MIEIIOYH CBS3aHO C aM(OTEPHOCTHIO THIPOKCH A
nMHKa (MOHBI ZN%* 06pa3oBannCch NpU OKHCICHHH METAILTHYECKOTro IIMHKA B onbiTe Nel).

Boccranosurenbuble cBoicTBa coenunennii Banamus (II).

K pactBopy coemunenus Banamus (II) mpubaBbTe MO KarmuisiM pacTBOp TNEpMaHraHaTta
kamusi. OOBsICHUTE HAaOII01aeMoe.

[Monyuenwne npousBoaHbix Banaaus (I11).

K noakucieHHOMY CEpHOM KHMCIOTOM HaChIIEHHOMY pacTBOpy BaHazara (V) HaTpus
npuiieiTe pacTBop moauaa Kaiaus. OObICHUTE TPOUCXOSIINE U3MEHEHHS. BrimenuBieiics nosu
U3BJICKUTE OEH30I0M (WM CBSKUTE THOCYIb()AaTOM HATpUs) U YCTAHOBHTE OKPACKY
akBakomiuiekca Banaaus (I1I).

[osnyuenue nponssoanbix V (IV) ns coennnenuii V (V).

B cyxyio mnpobupky BHecuTe okcun BaHaaus (V) wu  mpuiedte 1 - 2 Ma
KOHIICHTPUPOBAHHON COJITHOM KHCIIOTBI. DJKCIIEPUMEHTAIBLHO JIOKAXHUTE BBIJCIICHHUE XJIOpA.

Hamunmre YpaBHCHHC HpOI/ICXOI[SIH_[Cﬁ pcaKkuuun, UMes1 B BULY 06pa30BaHHe XJIOpUJda BaHaaujia
(IV).

KucnotHo-ocHoBHbIE cBOicTBA V20s.

B nBe npoOupku ¢ AMCTUIUIMPOBAHHON BOJIOW MpHOaBbTE 110 HECKOJIBKO Kallelb pacTBopa
¢duoneroBoro snakmyca. B oaHy M3 HHX BHECHTE HECKOJbKO KpymuHOK V20s. OObsicHHUTE
Ha0JII0/1aeMoe.

B nBe npoOupku BHecUTE MO0 HECKOIBKO KpynuHOK ¥Y20s. B mepByto — npubasbre 1 - 2 M
pa30aBIEHHOTO pacTBOpa IMIEJIOYH, BO BTOPYIO - KOHLEHTPUPOBAHHON CEPHOW KHCIOTHI H
Harpeiite. OOBSCHUTE HAOIIOaEMOE.

[Tonydyenue nepokcokoMIuiekcoB Banaus (V) (kauecmeenHnas peakyus Ha OKCOBAHAOAM
(V)-uon).

B nBe mpoOupku ¢ V205 npubaBbTe€ COOTBETCTBEHHO BOJY W KOHILIEHTPUPOBAHHBIN
pacTBOp IIEeNOYd. 3aTeM MO KaruiaM MpUOaBisiiiTe B KaxAyto Hpooupky 3%-HBI pacTBOp
nepokcuga Bojaopoaa. OObsICHUTE MU3MEHEHHE OKpacKu, Ipejrnosiaras o0pa3oBaHHE B NEPBOM
npo6upke noroB [VO2(02)2]** (;xentoro msera), Bo BTopoii mpobupke noros [V(02)4]> (cune-
(GuoeToBOro 1BETA).

3. TecTtoBble 3a1aHust
Bapuant Ne 1
1) HauGounee ycToitunBa y BaHa/Iusl CTETIEHb OKUCIICHUS
a)+3 B) +5
0) +4 r)+2

2) IIpoYHOCTh KPUCTATMYECKUX PEUIETOK, TEMIIEPATYPHI TUIABJICHUS ¥ KUIIEHUS B PSLY
npocthix BemiecTB: V-Nb-Ta

a) YBEITMYNBAIOTCS B) H3MEHSIOTCSI HEMOHOTOHHO

0) yMEHBIIAIOTCS ') HE U3MEHSAIOTCA, IOTOMY 4TO # # #.

3) BoccranoButenbHbie cBOMCTBa coenquHennii Banaaus B psaay: V(I1)-V(1)-V(IV)-V(V)
a) YBEJIUYHUBAIOTCS B) M3MEHSIOTCS HEMOHOTOHHO

0) yMEHBIIAIOTCS T') HE U3MEHSIOTCA

4) I1pu pacTBOpeHUHU BaHAIUs B «I[apCKOM BO/IKe» 00pazyercs



a) VCls B) VCls

6) H[\VCle¢] r) VCls

5) Xumunueckas aktuBHOCTH 9205 B psaay: V20s5-Nb2Os-Tax0s

a) YBEJIMYMBACTCS B) YMEHbBIIIAETCS

0) u3MeHsieTc HEeMOHOTOHHO I') HE U3MEHSETCS, IOTOMY uTO # # #.

6) B pactBopbl okcoTpuxiopuaoB V, Nb u Ta npuinig consHyro KUCIOTY U BHECTH KyCOUEK
nrHKa. BoccraHoBiieHre HEBO3MOXKHO B ciiyuae # # #.

7) OKCOHMOOATHI U OKCOTAHTAIATHI UMEIOT CTPYKTYpY # # #.

8) V3 a311eMeHTOB MOATPYIIIBI BAHA NS UMEET OOJIBIINE BaJICHTHBIC BO3MOKHOCTH

# # #, moTOMy 4TO

a) aTOMHBIN PauyC BETUK, BAJICHTHBIE SJIEKTPOHBI ¢1a00 YIEPKUBAIOTCS SIPOM;

0) UMeeTCs SHEPTeTUYECKOE pa3Inune BAJICHTHBIX OpOUTaneil;

B) aTOMHBII painyC HEOOJIBINOW, BAJICHTHBIC 3JICKTPOHBI IIPOYHEE YACPKUBAIOTCS SIIPOM;
r) pasuuna B suepruu (N-1)d- u ns-opOuTaneii HeBeIMKa.

9) 13 nenTaraioreHu10B BaHaAUS CYIIECTBYET TOJIBKO (PTOPUI, TOTOMY UuTO # # #.

10) DnemenTsl VB rpynimsl, pearupys ¢ KUCIOPOAOM, 00pa3yroT OKCHUJIBI COCTaBa
#H##.

Bapuant Ne 2
1) Haubosnee ycroitunBa y HUOOMS ¥ TaHTaJla CTETICHb OKUCIICHHSI
a)+5 B) +2
0) +4 r)+3
2) B Ooutbliieii CTENEHU MOABEPTaeTCsl THAPOITH3Y
a) VCls B) VCly
6) VCls r) VCly, motomy uro # # #.

3) OMH U3 OKCOXJIOPHIOB UMEET OTIIMYHYIO OT JIPYTHX CTPYKTYPY
a) VOCl3 0) TaOCls B) NbOCl3

4) [1ng HnoOuUs 1 TaHTaJla XapaKTEPHbI COEAMHEHNS KJIIACTEPHOT'O THUIA B # # # cTENEeHsIX
OKHCJICHHUS.

5) CymmMma ko3¢ punmentoB B ypaBHeHHH peakuuu V20s + HNO3womy— paBHa # # #.
6) V205 nony4aroT U3 BaHaaaTa aMMOHHS C MacCOBOM Jtosieit 25 %. BbIxo mpoaykTa peakiun
coctasisieT 70 %. Macca BaHaaTa aMMOHUsI, HeOOXoauMast i nmoiaydeHus 9,1 r okcuaa

BaHaus paBHa # # #. OO0beM amMmmuaka (H.y.), BBIICIUBIIHICS TIPH STOM, paBeH # # #.

7) COC,Z[I/IHCHI/ISI BaHaaUA MPOABIAIOT OKUCIIUTCIbHO-BOCCTAHOBUTCIIBHBIC CBOICTBA B peaKknugax

a) NHsVO3 — r) NHsVO3 + Kl+ H2SO4 —
6) VC|2 + HCI(pa36) — II) VC|4 + NaOH(pa36) —
B) V205 + HCl (ko) — ¢) V205 + Na2CO3(xomm) —

8) YcraHOBUTE COOTBETCTBUE MEXK/Y BEIIECTBOM M CTPYKTYPHBIM THIIOM €TI0
KPUCTAJUIMYECKOU PELIETKU



1) VO A) mosmMepHasi U3 OKTa’IpoB

2) V203 B) pemretka moBapeHHOM COH

3) VO, B) pemrerka pyruna

4) V205 I') perreTka KopyHaa

9) DieKTpOHHAs KOH(PHUTYpALUs aTOMa TaHTAJIa B OCHOBHOM COCTOSIHUH
a) 5d%6s? B) 65%6p°

6) 5d*6s! r) 50%6s'6p!

10) ITenTadTopuapl HHOOUS M TaHTaJIa UMEIOT CTPYKTYpY # # #, COCTOSIIYIO U3
###.

4. PeilTuHroBasi KOHTpPOJbHasA padora 12 («Jaements! |11 B, IV B, V B rpynn u
HMX COeTUHEHUN)

Bapuant Nel

1. [aiite cpaBHHUTEIbHYIO XapaKTEPUCTHKY JIaHTAaHUJAM M aKTUHUJAM, KaKHe 3JEMEHTHI
0oJsee peaklIMOHHOCIIOCOOHBI, KaKHe OKCHU/IbI U THAPOKCH b Oosee ycToiunBel. Kak usmensercs
UX KHCIIOTHO-OCHOBHOM Xapakrep.

2. Kak u3MeHseTcs: yCTOMYMBOCTh coeuHenuit T1 - Zr - Hf B ¢Bs3u ¢ M3MEHEHHEM CTEIICHU
OKHUCJIEHUS 3TUX 3eMeHToB? [louemy?

3. Kakwue mporeccbl BO3MOKHBI IPU PACTBOPCHUU:

HfCls + FeClz— TaCls + Kl—

V205 + NaOH— Nb20s + H,SOs—

4. Kaxkue komiuiekcol 00paszyor V, Nb, Ta. Kak nuamensercs ux ycToiuuBoCcTh?

5. Kaxkasg macca BaHagaTa aMMOHHS C MAaccOBOH Joiei mpumecerd 25% morpedyercst s
nonyuenust 9,1 r okcuaa Banaaus (V)? Kakoit o0beM ammuaka (H.y.) IPH 3TOM BBLACTUTCS?
Boixon npoaykra peakiuu coctasiser 70%.

Bapuant Ne 2

1. Kaxkas coms ScCls, YCl13, LaCls, VClIs, TiCl3s umeer 6onbiie pH B BogHOM pactBOpe?
[Touemy? HanumunTe ypaBHEHUs THAPOIM3A.

2. Yro mpou30iIeT MpH B3aUMOICHCTBHH

Ta+ HF + HNO3— Ti +HCl—

Zr0Oz + KoCO3— ZrO(NO3)2 + Zn + HC1—

3. Hcxonas u3 xapakrepHoro koopauraimonsoro uucia Ti (1), oowsscaute crpoenue TiFs,
Ti20s, TiBrs, Tils, TiClz. Tlouemy npu oObr4HBIX ycnoBusx TICls — kpucramimueckoe

BEIIECTBO, B TO BpeMs kak Ti1Cls — sxumkocts?

4. Ompenenute CTPYKTYpY, YCTOWIUBOCTB, CBOMCTBA rajorenunoB V, Nb, Ta.

5. BroruncnuteAG®298 peakuuu paznoxenus NHsVOs(k) ¢ obpazoBanuem V20s u razoo6-
pasabix NHz m H20, ecmu AH08= 195,02 kJ[x/Momb V20s, AS®98 = 423,86 Jx/rpaa Mob
V20s. Kakoit ¢aktop - SHTaJbNUIHBIA WM SHTPONUMHBIN - ONpenenseT HarpaBlieHHe
poTeKaHus npouecca u noueMy? Kakue ycinoBust HE0OX0AMMBI 17151 IPOTeKaHUs mporecca?

Tema «uemenTs! VI B rpynnsl n ux coeaunenus

1. Bomnpocsl ajsi codeceq0BaHUsA

1. Onpenenute 3aKOHOMEPHOCTH U3MEHEHUS! aTOMHBIX, HOHHBIX PaUyCOB, TOTEHIIAJIOB
MOHUW3AINH, SHTABINA aTOMU3AIlMH, TeMIepaTypsl TaBieHus u kuneans Cr — Mo — W. Kak
U3MEHSETCS YCTOMYMBOCTh COEAMHEHUH, B KOTOPBIX 3TH JJIEMEHTHl HAaXOJATCS B Pa3HBIX
CTeTIeHsIX OKUCIIeH!sI. KakoBBI MPUYMHBI STUX N3MEHEHUH.

2. Kakoii u3 aHHBIX 3JEMEHTOB OOJIbIlIE PACIIPOCTPAHEH B MPUPOAE, KAKHE MUHEpPAIbI
Oonee ymoOHBI s monydeHus w3 HuX Cr — Mo — W. KakoBbl crocoObI MOJIYYEHUS ITHX



METaJUIOB, KaKoil U3 HUX OoJiee TePMOANHAMHYECKU BbITo/IeH. Kakoe npuMeHeHne HaxoIsiT 3TH
METaJlTbl, a TaKxke GpeppoxpoM, heppomonndieH, heppoBoabdpam.

3. Oxapakrepusyiite nonoxenue Cr — Mo — W B a51eKTpOXMMHUYECKOM Py HaNpsHKSHUS
METAJIJIOB U MPEAJIOKUTE PeareHThl, KOTOPbIE MOXKHO HCIIOJIb30BATh ISl PACTBOPEHHUS JTAHHBIX
METaJUIOB, OTMETHTE YCIOBHSI MPOTEKAHMS PEAKIIHA.

4. KakoBa ctpykrypa kapoonusioB Cr — Mo — W u kakue nmpakTUYecKHe 3HAYCHUs OHU
UMEIOT.

5. CpoiicTBa okcua0B U ruapokcuaos Cr — Mo — W(II).

6. CpaBHHTE CTpoeHHE OKTadapuueckux komruiekcoB Cr — Mo — W(II), cpaBHuTe mMx
YCTOMYMBOCTh cBoiicTBa. [loyemy i CTPYKTYpbl HEKOTOPBIX KOMILUIEKCOB XapaKTepHO
TETPAaroHaJIbHOE NCKAKEHUE?

7. OOBSICHUTE BBHICOKYIO BOCCTaHOBHTEIbHYIO akKTUBHOCTD [ Cr(H20)e
akTuBHOCTBIO [MO(H20)6]%" 1 [W(H20)s]%*.

8. CpaBHuTe cTpyKTYpy AuramoreannoB Cr— Mo — W. B yem ux paznuune?

9. Kakast koopanHanus, TeTpadapuyeckas Wik OKTadgpudeckas, HanOosee OiaronpusrHa
it Cr— Mo — W (1) B ux coeauHeHusx?

10. CocraBpTe ypaBHEHHUS pEaKIMi MOJYYCHHUs pa3IuyHbIX KomiuiekcoB Cr — Mo —
W(III). Onpenenute ux CTPOCHHE, MATHUTHBIC CBOWCTBA, YCTOMYMBOCTD U CBOMCTBA.

11. CpaBuurte criocoOsl oiyuenust okcunoB Cr — Mo — W (111). TTouemy anst mosy4yenus
okcuaa xpoma (l1l) ucrnonp3yoT nUXpomMaT aMMOHUS, a HE JAPYTrUe AUXPOMATHI WU XPOMATHI?
KakoBa posib SHTAIBIUHHOTO U SHTPONUHHOTO (PAKTOPOB MPOTEKAHUS POIIECCOB TEPMUIECKOTO
pa3ioxeHus: OuxpoMaTa aMMOHUS U SIBISIETCS JIM OH OOPaTUMBIM.

12. OxapakTepusyiiTe KHCIOTHO-OCHOBHBIE CBOMCTBA OKCHIOB U TUApokcuoB Cr — Mo —
W (111).

13. OObsicHUTE XapakTep W3MEHEHUs TeMIepaTypbl IUIABJIEHUSA, TEPMUUYECKOU
YCTOWYHUBOCTH U OKHUCIIUTEIbHOM aKTHBHOCTH B psiay okcuaoB Cr — Mo — W (I11).

14. Kak m3mensercs cuina kuciotT B psay H2CrOs — HoMoO4 — HaWOa.

15. CpaBHUTE YCTOWYMBOCTH BBICIIEH CTEIIEHU OKHUCICHUS M OKUCIUTEIbHYIO
aKTUBHOCTH coeauaenuii Cr — Mo — W.

16. Kak u3meHseTcss ¥ 4eM OOBSICHIETCS U OINpeelisieTCs] yCTOMYMBOCTh OKCOAHHOHOB B
pagy CrO4% — MoOs? — WO

17. Ilouemy mocie oOpaOOTKM MeTaUIOB OMXPOMATOM Kajlusl YBEIUYMBACTCS HX
KOPPO3HOHHAsI CTOUKOCTD?

18. OObscHUTE TOT (haKT, YTO B JIAOOPATOPHOM NPAKTUKE, B KayeCTBE CHIIbHBIX
OKHCJIMTEJICH Yalle UCIOb3YIOT AUXPOMAThI, a HE XpOMaThl?

19. KakoBbI yCclOBHsI CyIIECTBOBAaHUS XpOMAaTOB M JUXPOMATOB B pacTBope?

20. Yro Ha3bIBAIOT «XpOMOBOI cMechbio»? Ha ueM ocHOBaHO ee AeicTBHE U /7S YEero 3Ty
CMeCh UCMOJIb3YIOT B JJAOOPATOPHON MpaKTUKE?

21. Kak Wu3MEHSIOTCS KHCIOTHO-OCHOBHBIE CBOMCTBA OJHOTUIIHBIX COEAMHEHUH C
MOBBIIIEHUEM CTETIEHU OKUCIICHUS XpOMa B psAax:

CrO - Cr203 — CrO3

Cr(OH)z2 — Cr(OH)3 — H2CrO4

CrF2 — CrF3 — CrFe

BbisiBUTE XapakTep HW3MEHEHHMs A3THX CBOMCTB M [UId aHAJOTMYHBIX COEJUHEHUH
MonnOeHa u Boib(dpama. [IpuBeaure npumepsl ypaBHEHUH peaKkiuil.

22. Kak moxHo pactBoputs M0Osz; WOs3; CrOs. Uem 00BSCHUTH IPOUCXOJISIIIEE.

23. Yto obpazyeTrcs mpu TUAPOIU3E THOKCOXJIOPUPUIOB XpoMa, MO0 IeHa, BOJibhpama.
Kakue anuiokoMIuiekcbl 00pa3yroT 3T METaJlIbl, KAKOBA UX CTPYKTYpa.

1?* u cpaBHuTE ee ¢

2. JlaGopatopHas padora
[Tpubops! 1 nocyxa.




1) ITaTuB ¢ xkonbioM u yankoil. 2) ['openka. 3) MepHble HHMIUHIPBI eMKOCTBIO 10 M, 25
Ma u 100 mi. 4) dapdopoBast crynka ¢ mectukom. 5) Dapdoposas vamka. Boponka. 6)
Kpucrannuzarop. 7) Ilunerka. 8) Crakansl emkoctbto 100 mn (2 mr.). 9) IlrtatuB ¢
npobupkamu. 10) ®apdoporsiii Tpeyroapauk. 11) AcbectoBas cerka. 12) IIpobka ¢ TpyOKoi
Jutst mpoOupku. 13) CrexiissHHas nanoyka.

PeakTuBbI 1 MaTepHab.

1) Husk (rpanysn.). 2) Oxcun xpoma (IIT) Cr203 3) JJuxpomat ammonust (NHa)2Cr207. 4)
Hutpar kammst KNO3. 5) Kap6onar xanu KoCOs. 6) Huxpomat kanmst KoCroO7. 7) XpomoBbie
kBacipl KCr(S04)2*12H20. 8) bensun. 9) Dtunoseiii cniupt C2HsOH. 10) dusbrpoBaibHas
oymara. 11) Jlen. 12) JlakmycoBast 6ymara. 13) CrexnsiHHas Bara (niam acoecr).

PacTBOpBI.

1) Cepnas xucinora HoSO4 (konm. u 2 H.). 2) ComstHas kuciaora HC1 (koHm. u 2 H.). 3)
I'uapoxcun varpus NaOH (2 u.). 4) Tlepokcun Bogopoaa HoO2 (3%-nbrit). 5) Cysbdun HaTpus
NazS. 6) Xmopuxa 6apus BaCl (1 u.). 7) Moaun kamus Kl (0,1 1.). 8) Xpomar kamust KoCrOs (2
H.). 9) Huxpomar kamus KoCroO7 (Hacemn. u 1 H.). 10) Hurput matpus NaNOz (1 u.). 11)
Cynspur Hatpus NaSO3z (1 H.). 12) Hutpar cepedbpa AgNO3 (0,1.1.). 13) Cynbdar xpoma
Cr2(S0a4)3 (0.5 u.). 14) Xnopun xpoma (IIT) CrCl3 (3enensrii, 0,5 H.), 15) Bpomuas Boma. 16)
HeliTpanbHblil pacTBOp J1aKMyca.

Xpom

O6pazoBanue akBakomiiekcos xpoma (11)

B xon0y nmomecTtute HECKOIBKO TpaHyl [IUHKA, IpUiIeTe 2-3 MJI OJKUCIEHHOTO COJISIHON
KUCIIOTON pa30aBieHHoro pactsopa xyopuaa xpoma (III) u Tonkuii cnoil anerona. O6bsicHUTE
U3MEHEeHHEe IIBeTa pacTBopa. PacTBop ObIcTpo mepenelTe B MpOOHPKY, 3aKpoiTe MpoOKOH u
COXPaHHUTE.

[osnyuenue u ceoricrea okcuaa xpoma (111)

a) Haceimate B mpoOupky Hemuoro wusmenbueHHOro (NHs)2:CroO7 u 3akpenuth ce
HAKJIOHHO B mTatuBe. OTBEpcTHE NMPOOMPKU HANPABUTH B CTOPOHY OT ce0S M OT JAPYIHX
pabotarouux. [Tox npobupky noaoxkuTh JUCT Oymaru. Harpets BepxHMii coi cosin 10 Havaia
peakuuMu M 3aTeM HarpeBaHue npekpaTuTb. OOBSCHUTH NHpoucxopsiiee sipiaeHue. Hammcarsb
YPaBHEHHE PEAKIMH. YKa3aTb OKUCIUTEIb U BOCCTAHOBUTEIb B ’TOM IIPOLIECCE.

6) Ha monyuyennsiii mopomok okcuna xpoma (II1) moaeiictBoBath BO/I0O# 1 pa30aBIeHHON
H2SO4 nnn HNOgs. PactBopsiercst nmu okenpy xpoma (III) B Bojie u B pa3zbaBiieHHBIX pacTBOpax
KHUCIO0T?

ITonydyenue u cBoiicTBa rupokcuaa xpoma (111)

a) B mpobupky c pactBopom comu xpoma (III) mpubaBnsTe mo kamisiM pacTBOp
THJIpOKCUIA HaTpus 10 oOpa3oBaHMs ocaznka ruapokcuga xpoma (III). Otmeruts nBer ocanka.
HamnucaTp ypaBHEeHHE peakuuu.

0) PaznenuTh ocaslok Ha JBe NpoOupKkU. B o1Hy U3 HUX 106aBUTH pa30aBIEHHYIO KUCIIOTY,
B JIpyryto — u30BITOK 1enouu. Hanucats ypaBHeHus peakuuil. Kakumu cBoiictBamu oOnanaer
runpokcu xpoma (III)? OTMeTHTh OKpacKy MOJy4eHHBIX PACTBOPOB.

IMonyuenne ruapatHeix n3oMepos xpoma (11I). Bausgaue npupoasl JUraHa0B HAa OKPACKY
KOMILIEKCOB

®uoneToBbIl pacTBOp rekcaakBaxjopuaa xpoma (III) marpeiite, 10 U3MEHEHUsT OKPacKH.
OTMeTBhTE NOCTENEHHOE BOCCTAHOBIIEHUE 1IBETA PACTBOPA IPU €TI0 OXJIAKIACHHUH.

I'maponus coselt XxpoMa

a) K pactBopy coimu xpoma (III) 1o6aBuTe HelTpanbHbI pacTBOp Jakmyca. OOBICHUTDH
M3MEHEeHHe 1BeTa JJakMmyca. HanmucaTh ypaBHeHHE peakiuu.

6) K pactBopy comu xpoma (III) moGaButh pactBOop Cynbduaa HaTpus A0 0Opa30BaHUA
ocanka. [lonydeHHbIl ocalok OTGUIBTPOBATh U XOPOLIO MPOMBITH Ha puiibTpe Bojoi. K ogHol
MIOJIOBHMHE OCaJika B MpoOupke 1006aBuTh pazdasnennyto HC1, k apyroii - pactBop menoun. Ha
OCHOBaHUU IMPOJIEIIAHHBIX peakluil c/ieNlaTh BbIBOJ, KAKOB COCTaB ocajka. Hanmucarh ypaBHeHUs
peaKuui.




8) PactBop ruapokcoxpomara (III), monmydeHHbIi B ombITe 2, MPOKUTSATUTH. OOBSICHUTH
obpaszoBanmne ocaaka rumapokcuaa xpoma (III). Hamucare ypaBHeHme peaknuu. YKaszaTh, 4TO
CuJIbHEE TUaponusyercs — pactBopumas conb xpoma (III) mnm runpoxcoxpomar (III). Kakoe
3HaYeHHUe UMEJI0 HarpeBaHnue?

OkucneHne 1 BOCCTaHOBJIEHHE coequuennii xpoma (11I)

a) K pactBopy commm Cr (III) mo6asmsate pactBop NaOH no pactBopeHus mepBoHaYaibHO
NOSBUBIIETOCS Ocajka. IloaydeHHBId pacTBOp pa3lenuTh Ha JBe MpoOupku. B omHy M3 HHX
n06aButh 2—3 Mi pactBopa NaOH u 2—3 My 6pomMHO# BOJIBI, B IpYryI0 MPOOUPKY T00aBUTH
2—3 mn pactBopa NaOH u 2— 3 mu 3%-Horo pactBopa H20:. IlpocienuTs 3a u3MeHEeHUEM
OKpackH B 00enx mpoOupKax. 3anucaTb COOTBETCTBYIOIINE YPAaBHEHUS PEAKIUH.

0) PactBop xmnopuma xpoma (III) mogkuciute HC1 wu pasmenuth Ha JBE MNPOOUPKH.
(MoxHO OpaTh W JOpYryr COJIb XpOMa, HO pe3ysbTar ombiTa OyAer MeHee HarsjueH.) OnHy
OCTaBUTb JUJIsl KOHTPOJISA, B APYT'YIO MOMECTUTh 2—3 KyCOYKa I[MHKA, IPHIUTh HEMHOTO OCH3MHA
W 3aKpBITh €€ NMPOOKOW C Ta300TBOJHON TPYOKOW, KOHEIl KOTOPOH OmyCTHTh B Boay. Uepes
HECKOJIbKO MMHYT HaOJ0JaTh M3MEHEHHE IBeTa pacTBopa. HammcaTe ypaBHEHHE peakLMH.
VYka3arh, 3a4eM HaJMBAeTCsl TOHKHUIl CIOM O€H3MHA W OTBOJHAS TPyOKa OIYyCKAaeTcs B BOAY.
Kakyto pons urpaer xnopun xpoma (II1) B aToit peakunun?

Ha ocHoBaHWM MpOBENEHHBIX OIBITOB CAENaTh BBIBOJA, KaKyl0 pPOJb MOTYT HIpaTh
coequHenus Cr (III) B okucaMTENIbHO-BOCCTAHOBUTEIBHBIX PEAKIMAX U KAKOBA IIPU 3TOM pOJIb
cpenbi?

[TosryueHHe XpOMOBOTO aHTUAPUIA U €r0 CBOMCTBA

a) Hamute B crakan (wim mpoOupky) 3—5 mi HaceimenHoro pactBopa KoCr2O7 u
IPWIKMBATh MOHEMHOry 5—8 M KoHueHTpupoBaHHOM H2804, oxnaxnas crakaH XOJIOJHOU
BOI0M. OTMETUTDH LIBET BHINAJAIONINX KPUCTAIUIOB XpoMoOBOro anruapuaa. [locne oxiaxaeHus
pacTtBopa OTGUIBTPOBATH MOJIYYCHHBIE KPUCTAIUIBI HA BOPOHKE CO CTEKJISIHHBIM (DMIIBTPOM WITH
acbecre (crexnsHHON Bare). Hammcare ypaBHeHue peakuuu. OOBACHUTH, mModyeMy Oepercs
6opmoi n3061Tok H2SO4.

6) YacTp MONYYEHHBIX KpPHUCTANIOB MOMECTUTH B (apdopoByro, damKky H OOIHUTH
OCTOPOXKHO W3 NMIETKHM HECKOJBbKUMM KamisiMu cnupra. Yro Habmomaere? Hamucath
yYpaBHEHHME pPEaKllMu, Y4YMThIBas, 4uTro oOpasyercss okcug xpoma (III) m ykcycHslil ambaerun
(ompenensiercs HO 3anaxy). Kakue cBolicTBa mposIBIsSET B 3TOM peakliiy XpOMOBBIN aHTUAPU]?

6) HeckoabKO MOJy4EHHBIX B OMNBITE ) KPUCTAIUIOB XPOMOBOT'O aHTUPUAA PACTBOPHUTH B
2—3 wmu Boabl W noGaButh pactBop Kl. HabGmromate m3menenwe mBera pactBopa. JlokaszaTh
NpUCYTCTBUE MoJa B pacTBope. Hamucars ypaBHeHue peakuuu. Crenath BBIBOJI O CBOWCTBax
XPOMOBOT'O aHTHJIPHU/IA.

YciioBUS cylIeCTBOBaHUS B paCTBOPE XPOMATOB U INXPOMATOB

K 3—4 mn pactBopa xpomarta Kanus npuianTh pactBopH2804.Habmonate m3meHenue
okpacku. OOBSICHUTH MpoucxoAsiiee spjaeHre. Hamucars ypaBHeHHE peakLny.

K nonyueHHOMy pacTBOpy NpWIHTh pacTBOp Iuenoud. HabmionaTe HM3MEHEHHE IIBeTa
pactBopa. O0BsACHUTH 3TO U3MeHeHue. Hanucare ypaBHeHHe peakuuu. Hanuunem kakux MOHOB
00yCIIOBJIEHBI NEpexo/bl OKpacku pactBopa? Kakoe paBHOBecue yCTaHaBIMBAeTCS B BOJHBIX
pacTBOopax XpomaroB U AuxpomaroB? Kak BiuseT cpesa Ha CIBUT 3TOTO paBHOBeCHs?

ITony4yenue cosieli XpOMOBBIX KHUCIOT

Hanute B omny mpobupky pactBop KoCrOs, a B apyryto KoCr:07 u mpunuth B 00e
npobupku pactBop AGNOs. Otmeruts 1BeT. B 000ux ciydasx obpasyercs ocanok Ag2CrOas.
OOBSACHUTH ATO SIBIEHHE, IPUHUMAs BO BHUMaHHE MPOU3BEIACHHUE PACTBOPUMOCTH XpoMaTa U
nuxpomara cepebpa. Hanmucarb ypaBHeHUs peakiuii.

[Iponenare aHAJIOTMYHBIE OMBITHI C XJOpPUAOM Oapus (M HUTpaToM CBHHLA). OTMETHTH
1BET 0caaKoB. HanmucaTe ypaBHEHUS peaknii.

OxucnuTeNnbHbIe CBOMCTBA coeqnHeHui xpoma (VI)

K 2—3 wmu pactBopa K2Cr07 npubaBute HemHOTO pazd. H2SOs4 m 2—3 M pactBopa
NaNO2. Cmech cnabo Harpets. HaOmonaTs n3menenue okpacku. Hanmucars ypaBHeHUs peakuui




B MOJICKYJISIPHOW M HOHHOHM (popMax.

3. TecTtoBble 3a1aHust
Bapuant Ne 1
1) DnexTpoHHas KOHPUTYpALKS aTOMA XpOMa B OCHOBHOM COCTOSIHUHU
a) 3d°4s! B) 3d*4st4p?
6) 3d*4s? r) 4s%4p*

2) XpoM mpHUCYTCTBYET B PACTBOPE, MOTYYSCHHOM MPH PACTBOPEHUH XpoMa B pa30aBIeHHOM
CEpHOM KHCIIOTE ITPU OTCYTCTBUM BO3/yXa, B BU/I€ HOHA

a) [Cr(H20)6]*" B) CrO4*

0) [CF(H20)6]2+ T) Cr,0-%

3) U3 pactBopa CrClz ocaxxnaercs Cr(OH)s mpu q06aBieHiHE pacTBOPOB
a) Na,COs B) (NH4)2S

6) NH3 r) Na:SO4

4) B 1m1e1049HOM cpesie MOTYT CYIIECTBOBATh HOHBI

a) [Cr(OH)e]* B) CrO4>

6) [Cr(H20)6]** r) Cr07%

5) Cymma ko3 durrientoB B mpaBoit yactu ypaBHeHus peakuuu KoCro07 + CoHsOH + HaSO4
— paBHA

a) 17 B) 18

0) 14 r) 15

6) Uown [Cr2Clg]* mapamaruuren, a monst [Mo2Clg]® u [W2Clg]* mamarautusr. Kpome Toro,
paccTosiHie MEX/y aTOMaMHi MOJIHO/ICHA U BOJIb()pamMa B MOHAX MEHBIIIE, YeM B METaJlIax.
CrenosatensHo, noHbI [M02Clg]® u [WoClo]® sBnsrorcs # # #

7) B pesynbpTaTe B3auMoA€UCTBUS MOJIMO/IEHA C XJIOPOM TIPH HarpeBaHuM oopasyercs # # #

8) DneMeHThI MOATPYIIIBI XpoMa 00pa3yroT KapOOHWIIBI cocTaBa # # #

9) YcranoBuTe COOTBETCTBUE:!

1) [Cr(H20))** B) roxy6oii

2) [Cr(H20)e]** A) duoeroBbrii
3) [Cr(OH)e]* I') 3enensbIii

4) CrOs* B) sxenThrit

5) Cr.07* J1) opaHKeBBbIi

10) Hanbounee ycToitunBa a1 XpoMa CTENeHb OKUCIIEHUS # # #, moToMy uTO # # #.

Bapuant Ne 2
1) IMpu crnaBnennn Cro03 ¢ KOH u KNO3 o6pasyercst
a) KoCrOgy B) K2Cr207
6) KCrO» r) Cr(NOz3)3

2) DnekTpoHHAast KOHPUTYpaIs aToMa BoJib(ppamMa B OCHOBHOM COCTOSTHUH
a) 5d*6s? B) 65%6p*
6) 5d°6s! r) 5d*6st6p!



3) Ipu mponmyCcKaHKK CEPOBOIOPO/IA B IICIOYHOMN pacTBOP BOJIb(ppamMaTra aMMOHHUS 00pa3yeTcst
a) WS, B) W5015
0) WS3 r) (NH4)2WS4

4) I1pu BBenenuu B pactBopbl coseit xpoma (1) cynbhua- u kapboHaT-MOHOB BBINIAAAET
OoCaloK # # #.

5) Coeaunenus xpoma (11) mposiBisitor cBoiicTBa # # #, motomy uto ¢ Touku 3penus TKII # # #.
6) CoeqrHEHUsT XpOMa MPOSIBIISIOT OKUCIATEIIEHO-BOCCTAHOBUTEIBHBIC CBOMCTBA B PEAKITUAIX
a) Cry(S03) + H.O — r) K2Cr207 + HCl ko) —

6) KoCr07 + KNO2 + HSO4 — n) CrClz + Br, + KOH —

B) K2Cr204 + BaCl; —

7) Ilpn npokanuBaHUK XpOMa B KHCIOPOJIe 00pa3yeTcsi OKCU

a) Cro; 0) Cr20s3; B) CrO3

8) ®uoeTOBBIN IIBET pacTBOpPa 00YCIIaBIUBACT HOH

a) [Cr(H20)6]** B) [Cr(H20)4Cl2]"

6) [Cr(H20)6]** r) [Cr(OH)6]*

9) Cr(OH)3 pacTBopsieTcs B

a) H.0 0) HCI B) NaOH xom,) r)NHs p-p

10) OkucnurenbHble cBoicTBa coenunenuit B psy: Cr(VI1)-Mo(VI)-W(VI)
a) YMEHBIIIAOTCS B) M3MCHSIOTCS HEMOHOTOHHO
0) yBEITMUMBAIOTCS T') HE U3MEHSIOTCS

Tema «aements! VII B rpynnbl u ux coequHeHus»

1. Bomnpocsl ajs codeceq0BaHUA

1. Ha ocHoBaHUHM »3JIEKTpOHHOrO cTpoeHus aromoB Mn — Tc — Re ompenenute
BO3MOYKHBIE BAJICHTHBIE COCTOSIHUS DJIEMEHTOB B 00pa3yeMbIX MMM COCIWHEHHSX; OTPEIEITUTE
3aBHCUMOCTh 3HAYEHHUH aTOMHBIX paJuycoB, SHEPruil HOHHU3ALMHM, SHEPruil CpojacTBa K
AIIEKTPOHY aTOMOB OT TOPSIKOBOTO HOMEpA 3JIEMEHTa, OOBSICHUTE OJIM30CTh ATOMHBIX PAJINYCOB
TEXHELHs U PEHUsl.

2. OObsAcHUTE XapaKTep U3MEHEHUS YHTAIBIINHA aTOMU3ALNHU, TEMIIEPATYPHI TIABICHUS
U kuneHus meramio Mn — Tc — Re.

3. Kak pacnpocrpanenst Mn — T¢ — Re B npupojie, B KaKuX MPUPOIHBIX COCTUHEHUSX
BcTpeyaroTcs? KakoBbl ciocoObI MOTY4YEHUS TaHHBIX METAJUIOB, I1€ OHU HaXOJAT MpUMEHEHue?

4. CpaBHUTE DSJEKTPOHHOE CTPOCHHE AaTOMOB ODIIEMEHTOB NOATPYIIBI MapraHina u
rajoreHoB. Ha ocHOBe 3TOro oOBsICHUTE pa3une B UX XMMHUYECKHX cBoicTBax. Kakas crenenp
OKHCIICHHSI YKa3bIBA€T HA CXOACTBO ITUX AJIEMEHTOB M MPHUHAICKHOCTh UX K OJTHOU Tpyrme?

5. Kak um3mensiercs xumuyeckas akTMBHOCTh B pigxy Mn — Tc — Re. KakoBo ux
MOBEJICHHE TPH B3aWMOJCHCTBUM C paCIpPOCTPaHEHHBIMH B Ja0OpaTOPHH pPEaKTHBAMH.
CooTHecuTe cJenaHHbIE BaMH BBIBOJBl O XUMHUYECKOW AaKTMBHOCTH MJAHHBIX METAaJUIOB C
MIOJIOKEHHUEM HX B DJICKTPOXUMHUECKOM PSITy HATPSHKSHH.

6. OxapakTepu3yiTe KHCIOTHO-OCHOBHBIE CBOMCTBA OKCHAOB U THAPOKCHI0B Mn — TC
— Re (Il). Kakue xoMIuIeKCsl — KAaTHOHHBIE aKBAKOMILTIEKCHI WJIH aHHOHHBIE THAPOKOMILIEKCHI —
Ooutee xapakTepHbl B BOJHOM pactBope Mn — Tc — Re (11).

7. Omnuumte CTPYKTYphl M cpaBHUTE ycToiunBocTh F- — ClI" — CN™ — komruiekcoB Mn

().



8. OxapakTepusyiiTe KHCIOTHO-OCHOBHBIE U  OKHCIHTEIbHO-BOCCTAHOBUTEIHHBIC
TUOKCUIIOB W TeTparajgoreHuioB Mn — Tc — Re. CpaBHuTE YCTOMYMBOCTH OJHOATOMHBIX
coeaunenuit Mn — Tc — Re(1V).

9. OnuuuTe CTPYKTYpy U CpaBHUTE YCTOWYMBOCTH OJIHOATOMHBIX KoMmIuiekcoB Mn —
Tc — Re (IV). IlpuBenuTe nmpuMepbl KOMIUIEKCHBIX COCIUHEHUIA, oOpasyembix Mn — Tc — Re
(V).

10. CpaBuure temmeparypy ruiaBineHust 103 u ReOgs, a takke TCOs u TcFs; ReOs u
ReFe. /laiite 0OBICHEHUS.

11. [daiite XapakTepUCTUKY KHCIOTHO-OCHOBHBIX CBOMCTB JBYX- M TpPEX3JIEMEHTHBIX
coemuaeHuit D(VI1). CpaBHUTE YCTOMYMBOCTH 3THUX coeauHEHHH. OOBACHHTE, MOYeMy IS
mapranna (V1) nexapakrepHo oOpa3zoBaHre OMHAPHBIX COCIMHEHUM W B KaKHUX COEIWHEHHUSX
MapraHija CTereHb OKHCIIeHUs +6 HEeCKOJbKO cTabummsupyercs. Kakue aHHOHHBIE KOMILIEKCHI
obpaszyrotr Mn — Tc — Re(VI).

12. OxapakTepu3yiTe OKHCIHTEIbHO-BOCCTAHOBHTENbHBIE CBOWcTBa HOoHAa MnOs> u
OTIPENIeJIUTE YCIIOBHS MMPOTEKAHMS PEAKIIHiA: OKHUCICHHUS U BOCCTAHOBJICHUSI.

13. KakuM THUIIOM OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX IPOLIECCOB COMPOBOXKIACTCS
runpomn3 coenquHennit (V). Kak 6yner nporekars runponns ReFs 1 ReOF4.

14. Kakoe crpoenne umeror okcuapl Mn — Tc — Re (VII)? O mnoBblmieHUH WIH
NOHW)KEHUH YCTOMYMBOCTH OJHOTUIHBIX coenuHeHuin B psgy Mn — Tc — Re(VI)
CBUJICTENLCTBYET XapakTep H3MEHEHHUS HHTANbNUU W SHepruu [ub6ca oOpasoBaHMsI ITHUX
COCIMHEHUH, a TAKKe UX TEMIIEPaTyp IUIaBJICHUSI.

15. KakoBbI KHCIOTHO-OCHOBHBIC CBoOMcTBa OmHapHbIX coenuHeHuit D(VII)? Kakwue
AQHMOHHBIC KOMILIEKCHI cOOTBeTCcTBYIOT MNn — TC — Re (VII)?

16. OObsacuutre wusmMeHenue ycrouuBoctd B piaxy KMnOs — KTcOs — KReOs
(Mcnonb3yiiTe 3HaU€HUs TEMIIEpaTyp IUIABJICHUS M PA3JIOKEHUs JaHHBIX coeauHeHuit). Kakoe
coeMHEHNE XapakTepusyetcs Oounbleil ycroitunBoctbio KMNOs u HMnO4. TTouemy?

17. Kak u3mensiercst mpodHocTsb cBsizu D — O B psagy MnOs — TcO4” — ReO4™ 1 yem 310
oObsicusiercsi? Kak wu3MeHsieTcs B 3TOM psAly OKUCIHMTEIbHAas aKTUBHOCTh HOHOB? JlaiiTe
00BsicHeHUs. B Kakoil cpeje KUCIOW MM IMIETOYHOW OKHCIUTENbHBIC cBoiicTBa noHa MnO4 B
HauOobIIel cTeneHn?

18. Kak wusmensiercst goinsi m-cBsi3biBanust B D04 ¢ yBETUUCHHUEM CTEIICHU OKHCIICHHS
Maprasua?

19. Kak w3MeHsAeTCS KHCIOTHO-OCHOBHBIE CBOICTBAa OJHOTHITHBIX COEAMHEHHUH C
MOBBIIIEHUEM CTETIEHN OKUCIICHUsI MapraHia B psjay:

a) MnO — Mn203 — MnO2 — MnO3z — Mn,0Oy,
6) Mn(OH). — Mn(OH)z — Mn(OH)s — HoMnOs — HMNnO4. AHanmorudnbie pacCysKaeHHsI
MPOBEINTE JUTSI COSTMHEHNN TEXHENNS i PEHHUS.

20. Ob6cynute xapakrep usaMenerus B psaay Mn2O7 — CrOs — V20s — TiOz:

a) TeMmreparypsl IIaBiIeHus, 0) paCTBOPUMOCTU B BOJIE, B) KHCJIOTHO-OCHOBHBIE CBOWCTBA, T)
OKHCITUTENIbHAsl aKTUBHOCTh. [laiiTe 00bsCHEHNs Hall/IGHHBIM 3aKOHOMEPHOCTSIM.

2. JlaGopatopHas padora

[TpuOops! 1 nocyxa.

1) HtaTus c nankoii. 2) ['openka. 3.) llltatuB ¢ mpoOupkamu.

PeakTHBBI 1 MaTepUaIbL.

1) Oxcun ceunna (IV) PbO2 (wmu cypx Pb3Os). 2) Oxcun mapranma (IV) MnO:
(3epuensiit). 3) I'mapokenn kamust KOH. 4) [lepmanranat kamust KMnOgs. 5) Cynbsdat mapranua
MnSO;4 ¢ 7TH20. 7) JlakmycoBas 6ymara. 8)JIlyunHka.

PacTtBopbI.

1) Azotnas kucnora HNOs (mun. 1,4). 2) Cepnas xucnora H2SOs (rn. 1,84 u 2 m.). 3)
Vkcycnas kucnora CH3COOH (2 u.). 4) HlaBenesas kuciora H2C204 (1 5.). 5) ['uppoxcun
Hatpus NaOH (40%-mbiii u 2 11..). 6) Cynbdar xenesa (II) FeSO4 (0,5 1.). 7) bpomuna xanus KBr




(0,5 u.). 8) Ilepmanranar kamust KMnOs (0,1 1.). 9) Cynsdat mapranua (II) MnSO4 (0.5 1.). 10)
Cynwsdur Hatpust NaxS03 (I' 1.). 11) Xnopnas Boga. 12) Bpomuas Boja.
Maprasen 1 ero CoeIMHEeHUS

[Tonyuenue ruapokcua mapranua (I1) u ero cBoicTBa

a) Honyuuts runpoxcua mapranua (II) uz comu Mn (II). Ormeruts ero user. Hamucatb
ypaBHEHUE PEAKIIH.

0) YacTb >KMIKOCTH C OCAaJKOM OTJIUTH B JAPYIyH0 HPOOUPKY U OCTaBUTh CTOSITh Ha
Bo3ayxe. OOBSICHUTH H3MEHEHHE 1IBeTa ocajka. Hamucarh ypaBHEeHHE peaKkIuu.

6) icnipITaTh OTHOIIIEHUE MOJIYYCHHOTO B HaYajie OMbITA OCaJKa K pa30aBICHHON KHCIIOTE
1 U30BITKY pacTBopa menoun. Yto mpoucxoaut? Kakoil BBIBOJ MOXHO cliejaTh O CBOHMCTBax
ruapokcuaa Mapranua (II)? Hanucats ypaBHeHHe peakuuu.

2) K nebonpmomy koaudecTBy ocaaka rugpokcuaa Mn (II) mpunuts 6pomHO# Boabl. UTO
obpasyercsa? Kakue cpoiictBa mposiBisger ruapokcun Mn (II) B stoit peaknuu? Hamucats
ypaBHEHUE PEAKIHH.

CsoiicTBa coneil mapranua (1)

a) K pactBopy comu Mn (II) mpubaButh pactBop cyinbduaa amMmmoHus. UTo BhIIagacT B
ocanok? KakoB ero user? UTo MPOUCXOIUT C OCAIKOM NpHU CTOSHUHU Ha Bo3ayxe? OOBICHUTH
ero u3MeHenue. Hamucats ypaBHEHUS peakilHii.

6) Haceinath B ipoOupky HemHoro okcuzia cBuHia (IV) wim cypuka PbzOs4, npudaButh
2—3 mu konin. HNO3z u 1—2 kamuu pactBopa cyibdata Mapradma. CMech HarpeTh 10 KUMEHUsI.
[Tocne orcranBaHMsl OTMETUTH LBET pacTBopa. Hamucarbh ypaBHEHHE peakiuu. JTa peaxius
UCIIONB3YETCSI B AHAIMTUYECKOM XHUMHUU JUIsi KA4€CTBEHHOTO OINpEACNiCHUs COEIUHEHUN
Maprasia.

Kakue cBolicTBa B ombITax @) v 6) mposBisttor coiau Mn (11)?

BsaumonelictBue okcujia maprasia (IV) ¢ cepHoit kucnoroi

K wnebGonbmomy xkomudectBy 3epHeHoro MnO; mnpuwiuTe HEMHOro koHil. H2SOas.
OcTOpoXHO HarpeBaTh NMPOOHPKY CO CMECHIO O MHTEHCHBHOI'O BBIJENIEHUs rasza. Jlokazatb,
Kakoi BeIIensiercss ra3. Hamucath ypaBHeHue peakuuu. Kakue cBoiicTBa B 3TOH peakiuu
nposieisier MnO2?

CBoiicTBa IepMaHraHaTa Kauus

a) Paznoowcenue nepmaneanama kanusa npu nacpesanuu. Harpetb B mpoOupke HEOObIIOE
KOJINYECTBO KPUCTAJUIOB MepMaHraHara kanus. /lokasars, kakoil Beyiesnsercs ras. Ilponomxars
HarpeBaHue 0 MpekpaiieHus ero BelaeneHud. [locie oxnaxaeHus pacTBOPUTH COAEPKUMOE
npoOUpKH B HEOOJBIIOM KoJHM4YecTBE BOJbl. Kakol IBET MMEIOT MONTYy4EeHHBIH pacTBOp M
ocaok? Hamucarh ypaBHEHUE PEAKIUH.

0) OxuciumenvHule ceolicmea nepmaneanama Kkaius. B Tpu npoOUpku HaauTh Mo 1—2 M
pacTBopa nepMaHraHara Kajus 1 HeMHoro pa30. H2SOas. B nepByro npoGupky 100aBUTh pacTBOp
Na2S03, Bo BTOpyto — pactBop FeSOs, B TpeTbio - pacTBOp MIABEJIEBOM KUCIOTHI (TPETHIO
npoOupky Harpeth). Uto HaOmomaercs? Hammcath ypaBHEHUs peakluuii B MOJEKYJSIPHOW U
MOHHOM (hopMmax.

K 1—2 mn pactBopa KMnOs no6aBuTh Boay M 3aTeM pacTBOp cynbburta yatpus. Uto
npoucxoaut? Hanucats ypaBHEHUE peakiMy B MOJIEKYJISIpHOH U MIOHHOH popmax.

Hanuts B npobupky HemHoro pacrsopa KMnQOs4, 106aBUTh K HEMY KOHLIEHTPUPOBAHHBIN
pacTBOp IIETOYM, 3aT€M pacTBOp cyibdura HaTpus U B30onATaTh. OTMETUTH, KAK M3MEHUICA
I[BET pacTBopa. 3aTeM HaOmoaath oOpa3oBaHMe ocajka. HamucaTe ypaBHEHMS peakuuil B
MOJIEKYJISIPHOM U HOHHOM (opMax.

K pactBopy cynbdara mapranma (II) B mpoOupke 100aBisiTh MO KarjsiM, pacTBOP
nepMaHrasara kanus. Yto nmpoucxoaut? McnbITaTh peakinio pacTBOpa JaKMYCOBOM OyMa)kKOH.
Hanucate ypaBHEeHHE peakiny.

OObsicHUTD siBIEHMA, HaOmMonaemble B onbiTaXx. Kak BiIMsSeT peakuusi cpeabl Ha
BOCCTAHOBJIEHA [T€pMaHraHaTa Kanus?




8) Bausanue xuciomunocmu cpedvl Ha ckopocmuv okucienus. Haautp B 1Be mpoOUPKHU IO
2—3 w1 pactBopa KBr u mo6aButh mopoBHy B nepByio npoodupky pazd. H.SO4, BO BTOpYyIO -
pa3basinennoit CH3COOH. Jlo6aButh B Kaxayto mpobupky mo 10—15 kamens pacTBopa
KMnOs4. OTMeTuTh OJHOBPEMEHHO 1M HaOJIOJIaeTCsl HCYE3HOBEHHE OKpacku B 00eux
npobupkax. Kak BIMSET KUCIOTHOCTh Cpebl HA CKOPOCTh OKUCJIEHMsI IIEPMAHIaHATOM Kajus?
Hamnucatp ypaBHEHUs peakivii ¥ MOJIEKYJISIPHON U MOHHOM (popmax.

OxucnurenbHble cBoMicTBa okcuaa mapranua (V1) (msea)

Ha vacoBoe cTexsio MojioXUTe HECKOJIbKO KPHUCTAIOB MEpPMaHraHaTa Kalus, OCTOPOKHO
N00aBbTE HECKOJBKO Kallelb KOHH, CEpPHOW KUCIIOTHI U NEepeMelIaiiTe CTEKISHHOW MallOuKOM.
Hebonpioe komuuectBo cMmecu mnepeHecute B ¢appopoByr0 HalllKy Ha KyCOYeK BaThl, clierka
cMOYeHHOU cnupToM. Habmionaiite 3aropanue cnupra. Hu B Koem ciydae Henb3si MMOBTOPATH
OTIBIT C YK€ UCIIOJIb30BAaHHOM AJIS IEPEHOCa CMECH MTepMaHraHaTa Kalus U KHUCIOThI CTEKISTHHON
MTaJIOYKOM.

3. TecroBble 3ajaHUsl
Bapuant Ne 1

1) YBenuuenue Temmepatypsl iaieHus B psaay Mn207-Tc207-Re207 (+6; +120; +301)
CBSI3aHO
a) ¢ YBEJIIMYEHUEM MOJISIPHOCTH CBA3H I-O
0) ¢ mepexoIoM OT MOJIEKYISIpHOU CTPYKTYphl Yy MN207 k momumepHoii ctpykrype y Re207
B) C YMEHBIIEHUEM HOHHOCTH CBsi3u D-O
T') C YCWJIEHHEM MEXMOJICKYJISIPHOTO B3aUMOJICHCTBUS 110 MEPE POCTa pazMepa MOJICKYJI.

2) YcroitunBocts K2MnQO4 B pacTBOpe MOHMKAETCS TPU JOOABICHUH

a) NH4Cl B) CO2

0) KOH r) HCI

3) IIpu B3auMoOENCTBUYM MapraHila ¢ pa30aBIeHHON CEPHOM KMCIOTON 06pa3yroTcs
a) MnSO4 B) H>

6) Mn2(SO4)3 r) Mn(SO4):

4) Cymma koad¢unuentoB B ypasHenun peakinu KaMnOg + HCl womr) —
paBHa # # #.

5) B psgy HMnO4 - HTcO4 - HReO4 ymensbmatoTcst cBoiicTBa
a) KUCJIOTHBIE B) BOCCTaHOBUTEIbHBIE
0) OKUCIUTETbHBIE ') yCTOHYMBOCTh

6) MHorHe coeIMHEHNS TEXHEIUs U PSHUS B HU3KUX CTETCHIX OKUCICHUS UMEIOT CTPYKTYPY #
##

7) B psxy Mn(OH)2 - Mn(OH)3 - Mn(OH)4 - HMnOg4 kucioTHbIe cBOiCTBA # # #, MOTOMY YTO
###

8) Ilpu B3auMozecTBIM MapraHiia ¢ XJaopoM odpasyercs
a) MnCl; 6) MnCl3 B) MnCla.

9) Ecimu pacTBOp an06peJ1 3CJICHYIO OKpPACKY, TO BOCCTAHOBJICHUC MapraHIICBOKUCIIOTO KaJluAd
IMPOBOANIIOCE B CPEIC

a) B KUCIIOM 0) B HEUTpaIbHOI B) B IIETIOYHOM

10) ITpu npokanuBanuu quokcuaa Mapratia (~ 1000° C) na Bozayxe oOpa3syercs



a) MnO 6) Mn20O3 B) Mn30O4 r) Mn,O7

Bapuant Ne 2
1) DnekTpoHHas KOH(UIypalus arToMa Mapraiiia B OCHOBHOM COCTOSIHUU
a) ....3d%s! B) ...3d%4s?
0) ....3d%4s%4p® r) ....45%4p°

2) X¥UMHYECKOE B3aUMOJICHCTBUE OTCYTCTBYET B CMECH
a) KoaMnQOg4 + CO2 + H20 — B) KMnO4 + H2,C204 + H O —
6) KMnO4 + C2Hs0OH + KOH — r) KMnO4 + CO2 + H20 —

3) B orimune ot Mn’* nipu neiicteun H2S Ha pactBopsl HTCOs 1 HReO4 BhIMaaoT ocaaku
Tc2S7 1 Re2Sy. DT0 9KCIepuMEHTaNBHO 0Ka3kBaeT, uto T¢' u Re’" apmsroTcs cnabeivu # # #

4) BoccTaHoBJIeHHE TIEpMAaHTaHAT-UOHA B 3aBUCUMOCTH OT PEAKIIUU CPEAbl TPOTEKAET MO-
pa3HOMY. Y CTaHOBUTE COOTBETCTBHE:

1) no Mn?* A) B 1IeN0YHOI cpenie
2) 1o MnO> b) B kucnotii cpene
3) 1o MnO4* B) B HeliTpanbHOI cpene

5) U3 anemenToB VIIB rpynmsl He BcTpedaeTcs B IpUpoAE # # #

6) YcTaHOBUTE COOTBETCTBUE MEXKTY KOMILJIEKCHOM YaCTHUIIEH U €€ TeOMEeTpHueit

1) amamarHuTHas MoJeKyaa GTOpUAa-TPUOKCHU A PEHUs A) xBajgpar
2) IMaMarHUTHBIN IEpMaHraHaT noH b) uckaxxeHHslit TeTpa’ap
3) nuamarautHbIi rekcanuanopenar (H1)-mon B) nckaxeHHBIN OKTadIp
4) mapaMarHuTHbIN aupToporerpaxiaopomanranar (1V)-uox I') Terpasap
5) mapamarauTHbIi TeTpaxiaopomanradar (I1)-uon J1) okTasip

7) HeyctoituuBel Ha BO3/lyXe THAPaThl OKCUI0B MapraHia
a) Mn(OH)2 0) Mn(OH)3 B) Mn(OH)s.

8) DnemenTtsl VI B rpynmsl 06pa3yroT kapOOHUIBI cocTaBa # # #.

9) Ilon nelicTBUEM a30THOM KHUCJIOTHl MaHraHaThl AMCIPONOPLMOHUPYIOT IO YpPaBHEHUIO
K2MnO4 + HNO3 — KMnOs + MnO2 + KNOs + H20. O6sem pactopa HNOs (p=1185 kr/m®)
¢ ®=30% ueobxomumbIii 11 omydeHus 9,48 r KMnOgy pasen # # #. Macca oOpa3oBaBmierocs
JMOKCHJIa MapraHila paBHa # # #.

10) [Ipu pacTBOpeHHH pEeHHS B A30THOM KHUCIOT€ WM B KOHIICHTPUPOBAHHOM MEPEKHCH
BOJIOpO/Ia 0Opasyercs # # #.

4. PeiiTuHroBasi KOHTpoJbHas padora 13 («aementst VI B u VII B rpynn u nx
COeIMHEHHUD)

Bapuant Nel
1.  UYeM MOXHO pacTBOPHUTH XPOM, PEHHMii, Mpu Kakux ycnoBusax? Ha uem ocHOBaHO MX
pazinune?
2. Kakue BemecTsa 06pa3yloTcs Ipy B3aUMOJIEHCTBHIM:
a) Na[Cr(OH)4] + H20 + H2SO4 — B) WO3+ Kl + H2SOs—
6) ReO2 + Br, + H2O — r) WO3 + KF (36) —

3. OmnpenenuTs CTPyKTypy KommiekcoB [Mn(H20)s]?*; [MNn(Cr)e]*; [WFs]?". Kakoit n3 tHx
KOMILJIEKCOB 00JIee yCTOMUNB?



4. MoryT 511 UMeTh OTPUIIATEIbHYIO cTeneHb okuciaeHust Cr u Mn B CBOMX COEIMHEHUSIX;
OINIPEACIIUTD UX CTPYKTYPY, YCTOMYUBOCTb.

Bapuant Ne 2
1. Moxno nu monyuuth Mmetaiel u3 Na W04, KoMn0s; KoCrOs. TepmoamHamMuvecku
000CHOBATb.
2. 3aKOHUMUTE YPAaBHEHUE PEAKIIUIA:
a) K2Cr207 + SnCl; + HCIl — 0) MnO2+ H2SO4 —
B) MnO> + PBO; + H2SO4 — r) KIO3 + MnSO4 + H2SO4 —
3. Ompenenure CTPYKTYpy, KOOpAMHAIIMOHHBIE uyuciaa B coequHeHusx: Nax[MnSa];
Naz[MnO4]; Naz[WO4]; Nas[VoOs3Cls]; Na[WFs]. Kakoe coenunenue 6onee ycTOHIHBO?
4, CpaBuute t mnaBnenus, kunenus Mo, Cr, Mn, Re. OObsicHUTE TpPUYUHBI TAKOTO
M3MEHEHUSI.

Tema «uementsl VIII B rpynnbl n nx coenmuenuns»

1. Bomnpocsl ajsi codeceq0BaHUA

1. Tlpoananm3upyite U 0OBICHUTE XapaKTep U3MCHEHHS aTOMHBIX M HOHHBIX PaJNyCOB,
SHEPruu MOHU3AIMU B 3aBUCMMOCTH OT MOPSAKOBOIO HOMepa djeMeHTa B psagax Fe — Ru — Os;
Co—Rh—1Ir; Ni—Pd —Pt.

2. KakoBa o00mas 3aKkOHOMEPHOCTh H3MEHEHMSI TUIUYHBIX CTETNEeHEeW OKUCICHHS B
noarpynmnax jJemMeHToB? Kakue crerneHu okuciaeHuss Hanboliee XapakrepHsl s Fe — Ru — Os;
Co—Rh—1r; Ni—Pd - Pt.

3. OObBsICHUTE W3MCHEHHUS DSHTAJBIIMM AaTOMH3AIMH, TEMIEPATyphl IUIABICHUS U
kurenus B psgax Fe — Ru— Os; Co— Rh —Ir; Ni — Pd — Pt.

4. Kak W3MeHseTCs 3HAuYeHHE OSJIEKTPOJHOro moTeHnmana /D mpu mepexome OT
JKese3a K OCMUIO, OT KOOallbTa K UPHUIUIO U OT HUKEJS K TUIaTHHE.

5. Cpasuute pacnpoctpaneHHocTh MeTaimioB VI rpynmel B mepuone, crnocodsl ux
MOJTyYeHUs; KaKoe TPUMEHEHNUE OHU HaXOJIST.

6. Kakume peareHTHI MOXXHO HCIIOJIB30BATh IS PACTBOPCHUS METAIIOB IOATPYIIT
kKenesa, Kobdanbra, HUKes. [Ipr kakuxX yCIOBUSAX MPOTEKAIOT 3TH PEaKIUH.

7. OOmajgatoT 71U MeETallbl  ceMeiicTBa  Kejle3a OJMHAKOBOM  KOPPO3MOHHOM
YCTOMUYMBOCTBIO Ha BO3JyXE.

8. Ilpm kakux ycinoBuWsX ToiydaeTcss kapOonmn xene3a? Kak teopus CumkBuka
ompezenser ero popmyny. Jlaiite XxapakTepUCTHUKY KOMILJIEKCY.

9. B 01MHAKOBOW JIM CTEICHU BHIPAXCHBI OCHOBHBIC CBOWCTBA OKCHIA W THIPOKCH]IA
xenesa (11, 111). Uem 310 00bsACHsAETCS, KaK BIUSET HAa CTENEHb THPOJIH3a COei?

10. Oxapakrepu3yiTe OKUCIUTENFHO-BOCCTAHOBUTEIILHBIE CBOWCTBA COCTMHEHHI Kele3a
(.

11. Kak u3mensitorcst 3HadeHust tn; ramorennnoB xene3a (ll) m uem oObscHsETCS UX
pe3Koe OTINYHE.

12. CpaBHHUTE CTPYKTYPY M YCTOWYMBOCTh PA3IMYHBIX KOMILIEKCOB xene3a (11).

13. Onummre cTpoeHue, CpaBHUTE YCTOMUMBOCTH, lnn OKCHJIOB M TaJOr€HUIOB Keje3a
(I1). OxapaxTepu3yiiTe UX KUCIOTHO-OCHOBHBIC CBOWCTBA.

14. KakoBbl KHUCIOTHO-OCHOBHBIE CBOWcTBa ruapokcuaa sxenesa (I1). B kakoit dopme
uonsl Fe (Ill) cymecTByroT B KHCIOM W CHIBHOIIEIOYHOM pacTBope. Kakoill coctaB umeer
runpokeu xenesa (11).

15. [IpuBenuTe FNEKTPOHHYIO KOHPUIYpaLlMI0O U CPAaBHUTE YCTOMYMBOCTH KOMILJIEKCOB
xenesa (I11). K xkakomy Tumy coenunennit oTHocsites rekcarmadodepparst (111) d-anementos u
KaKoOBa X PaCTBOPHMOCTb.

16. Kak Bnusier Ha OKMCIMTEIbHO-BOCCTAHOBHUTEIbHbIE CBONMCTBA KOMILUIEKCOB JKeJle3a
(11, 111) mpupoxaa IuraHmoB.



17. B xakux COEAMHEHHUAX XKEJe30, PyTEHUH U OCMUM MUMEIOT CTENEHb OKUCIEHUS 167
Onummure CTPyKTYypy 3TUX aHMOHOB. OXapaKTepu3yiTe UX OKHCIUTEIbHO-BOCCTAHOBUTEIbHYIO
AKTUBHOCTb M CPABHUTE OKUCIIUTEIIbHBIE CBOWCTBA OKCO(eppaToB M OKCOMAHTaHATOB.

18. Onumure 25eKTpoHHYK KoHpurypanuro Mojekynsl 04 KakoBa ponp 7-
CBSI3bIBAHUSA B UX CTaOMIIN3AIINH.

19. Ha ocHOBaHMU 3HAYEHHI TeMIEpaTyp IUIaBICHUS M KUIEHHs, a Takke 00pa3oBaHUs
okcunoB pyrenud, ocmus (VIII), cnenaiite BbIBOJ O CpaBHUTEIbHOW YCTOWYMBOCTH CTEIIEHU
okucieHus +8 y pyreHus u ocmus. Kakoil W3 HaHHBIX OKCHUIOB MPOSBISET 0ojiee CUIIbHbBIC
OKHUCJIUTEJIbHBIE CBOMCTBA?

20. OxapakTepu3yiTe KUCIOTHO-OCHOBHBIE CBOMCTBA TETPAOKCHUIOB PYTEHUSI U OCMUS.

21. IlpuBenure npumepsl coequHennit kodansta (0), poaus (0) u upuaus (0). KakoBo ux
CTpOEHHUE U CBOMCTBA?

22. OnuummTe CTPOEHUE OKCHIa, ruiapokcuaa u rajmoreHunos kobdamera (l1). Ilouemy
TeMIEepaTypbl IUIaBleHUs JudTopuia M AUXJIOpPUAAa KoOanbTa pe3Ko pasznuvaercs?
OxapaxkTepu3yiTe KUCIOTHO-OCHOBHBIE CBOMCTBA NEPEUNCICHHBIX COSAMHEHUMN.

23. Kakue KOOpAMHAIMOHHBIE YHCIIa Hambojce XapakTepHbl s Kobambra /ll/.
OxapakTepu3yiiTe MarHUTHBIE CBOWCTBA M CPAaBHUTE YCTOMYMBOCTH aKBa-, aMMHHO-, (PTOpO- 1
xsopokomiuiekcos Co (I1).

24. OObsicHuTe n3MeHeHue okpacku kpucramuioruaparo Co () npu HarpeBanuu minu
MoJ1 AeCTBHEM BOJOOTHUMAIOIIUX CPEICTB.

25. KakoBa TtepmoauHamuueckasi BepostHocTh okucienusi Co(OH)2 mo Co(OH)s
KUCJIOpO0oM?

26. OObscuure ocoOyto cxioHHocth CO (III) k o00pa3oBaHMIO KOMIUIEKCHBIX
coenquHeHuil. CpaBHUTE YCTOWYMBOCTh aMMHHOKOMIUIEKCA M ATHIECHAMAMMHHOKOMIUIekca CO
(11). B uem ocHOBHAas IPUYKMHA Pa3JINYUsl YCTOMYMBOCTH ITUX KOMILIEKCOB?

27. Cnenyrolye JIUraHabl: THAPOKCOTPYIINa, aMUHOTPYIINA, IUAHOTPYIIA, PACIIOIOKUTE
B [IOPSAJIKE YBEJIMYEHUsI CTAOMIM3AIMM CTEIIEHU OKHCIIeHUs KoOanbTa +3.

28. CpaBHUTE YCTOWYUBOCTH akBO- U ammuHOKoMILiekcoB kobanbTa (1) u (111). Kakoii u3
HUX TPOSABISIET B  HAWOOJbIIEH  CTENEHM  OKHUCIUTEIbHBIE  CBOWMCTBA, KakoM  —
BOCCTaHOBUTEJILHBIE?

29. Kakue KOMIUIEKCHBIE COEIMHEHHUS XapaKTepHbl /s pOAMS U HPUIUS B
TPEXBAJICHTHOM COCTOSTHUM?

30. OnmmmuTe CTPYKTYypy OKcunaa, Tuiapokcuaa u ranoreHuaoB upuaus (V). Kak
NOCJIEAHNE B3aUMOJEHCTBYIOT C BOJIOM?

31. B kakux COeAMHEHUSX MPOSIBISIETCA CTENEHb OKHCIeHUs +6 y UpUAMS U pOIus.
OOBsicHUTE HU3KHE TEMIEpaTyphl MJIABJIECHUS U KUIIEHHUS 3TUX COEAMHEHHH, OXapaKTepu3ynTe
UX OKHUCIHUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA.

32. Onumure CTpPOEHHE OKCHIOB M TaJOr€HHIOB METAJJIOB IOATPYIIBI HUKEIS B
JIBYXBAJICHTHOM COCTOSTHUH.

33. CpaBHUTE CTPYKTYpY, MarHUTHbIE CBOMCTBAa M YCTOMYMBOCTb KOMIUIEKCOB HHUKEIS
(), mammamus (1) u mwratuss (11).

34. Kak u3mensiercst ciocoonocts okuciarcs B paay Ni(OH)>—Co(OH).-Fe(OH)2. Byaer
au Ni(OH)2 okucnstes Ha Bo3ayxe?

35. B ueM 3axirodaeTcsi IpUHLUI TPaHC—BIMSHMS, ycTaHOBIeHHbIN .M. YepHsaeBpiM?

36. KakoBa »nekTpoHHas KOHGUTYpalus HoHOB D*' U kakoe KOOpPIWHAIMOHHOE YHCIIO
xapakrtepro i nawiaaus (1V) u mnatuss (1V)?

2. JlaGopatopHas padora
[Tpubopsl 1 nocyxa.
1) IlItatuB ¢ xonbioM M jJankoi. 2) I'openka. 3) @aphopoBblil TUTENb ¢ KPBIKOH. 4)
Boponka. 5) Crakan emkocteio 200 mi. 6) lltatus ¢ npobupkamu. 7) lllupokas mpodupka. 8)
®apdopoBblii TpeyronpHukK. 9) ToncTas cTekIsHHAs MajgovKa.




PeakTuBbI M MaTepUaIbL.

1) XKene3o (omuiIky, IPOBOIOKA WIIH I'BO3/1b, IuTacTHHKH). 2) Okcup xenesa (I111) Pe2Os. 3)
I'uapoxcun xamus KOH. 4) Cynbdar xenesa (II) FeSOs4. 5) Xnopun xeneza (III) FeCls. 6)
Hutpar xob6anera Co(NO2)2 * 6H20. 7) ®unstpoBansHas Oymara. 8) JlakmycoBast Oymara. 9)
JlyunHka.

PacTBOpBI.

1) Azornas xkucnora HNO3 (aemvsimasi, mon. 1,4 u 2 u.). 2) Cepnas xkucinora H2SOg (.
1,84; 1:5 u 2 n.). 3) Consnas kucnora HC1 (. 1,19; 1:1; 2 H.; 5%-HbIi); 4) YKCyCHast KUCIIOTa
CH3COOH (2 n.). 5) I'mnpokcua narpus NaOH (40%-ub1it 1 2 H.). 6) AMMuak BoAHbIN (2 H.). 7)
Cynsoun varpus NapS. 8) Xmopua ammonus NHsC1 (2 1.) 9) Cynsdar xenesza (II) FeSO4 (0.5
H., cBexxenpuroTosieHHsit). 10) Xmopua sxenesa (111) FeCl3 (0.5 m.). 11) Xnopuna 6apust BaCl»
(1 1.). 12) Hurput kamust KNO2 (2 H.). 13) I'ekcanmanodeppar (II) xamus (okenrtass KpoBsiHas
coib) Ka[Fe(CN)s] (0,5 H.). 14) I'ekcammanodeppar (III) kanus (kpacHas KpOBSIHAas COJIb)
K3[Pe(CN)e] (0,5 u.). 15) Moaux xanus Kl (0,1 1.). 16) Ilepmanranar xamus KMnOs (0.1 1.). 17)
Pomarnn kamus KSCN (0,5 u.). 18) HJuxpomar kamust KoCr207 (0,5 H.), 10) Xnopua kobanbra
(IT) CoCl12 (0,5 u.). 20) Cynsdar, meau (I1) CuSOs. 21) Kapbonat natpus NaxCOs3 (2 H.). 22)
Cynboat mukens (1) NiSO4 (0,5 m.). 23) Anerar cBuniia (CH3COO)2Pb (0,5 1.). 24) Bpomuas
BOJIA.

XKeneso, kKOOATBT, HUKEIh U UX COSAMHEHUS

BzaumoneiicTBue xkenesa ¢ kuciotamu (Pabomy nposooums 6 8bImsaniCHOM wKapy)

K HeOonbmoMy KOJMYECTBY MKENE3HBIX ONMWUJIOK B OTACIBHBIX IMPOOHMpKax 100aBUTH
pa3baBieHHble U KoHIeHTpupoBaHHbIe pacTBopsl HC1, H2SO4, HNO3. Te npobupku, B KOTOPBIX
peakiusi Ha XOJoJAe He HIeT, Harperb. HaOmionmath mnpoucxoxsmme siBieHUs. OOBSICHUTH,
MoYeMy B HEKOTOPBIX OMNBITaX peaklus HAET JIMIIb MPH HarpeBaHuu. Hamucath ypaBHeHUs
peaKuHnii.

[TaccuBUpOBaHUE U OKCUIMPOBAHUE Xkele3a (Pabomy npogooums 6 GblmsaiCHOM wKapy)

B mmpokyio npobupky Hamuth apiMamylo HNOsz u BHECTH XOpOIIO OYHIICHHYIO
JKEJIE3HYI0 MpPOBOJOKY (wiu TBO3Ab). Yepes 1—2 MHH OCTOPOXKHO, HE KacasCh CTEHOK
NpOOMPKH, BBIHYTH JK€JI€30 M3 KHCJIOTBHI, NMPOMBITH €r0 B CTaKkaHe C BOJOH W BHECTH Ha
HECKOJIBKO CEKYH/]I B paCTBOP MEAHOT0 Kyrnopoca. Brijensercs a1 Ha HeM Meib?

3aTeM CHJIBHO YAapUTh TOJICTOM CTEKJISHHOW MaJIOYKOW MO MPOBOJIOKE (MM I'BO3AI0) U,
CHOBa MOTPY3UTh METAJUI B PACTBOP MEJHOI0 Kynopoca. Yto HaOnronaete?

OO0BscHUTH, MoueMy mocie o0padoTku koHI. HNOs Ha kene3e He BBIACISIETCS MEIb.
Kakoe 3HaueHune umeer yaap najgoukoil mo xenesy?

[Tonyuenue ruapokcuna sxenesa (1) u ero coiictBa

a) IlpuroToBuTh pacTBop cyibdara xenes3a (1) U3 onmiok xesnesa, B3SATHIX B U30bITKE, U
pasbaBneHHoro pactBopa H2804 3—4 My moOMy4eHHOro pacTBOpa OTJIHTH B TPOOUPKY H
npuauthk Kk HeMy pactBop NaOH. Habmtomate oOpasoBanue ocaaka ruapokcuna xenesa (M)
Oenoro nBera. Hamucars ypaBHeHue peakiuu. OObsICHUTH, IOYEMY Ha BO3/IyX€ OCaJ0K MEHSET
nBet (kak?). Hanmucate ypaBHEeHuUs peakiuii.

6) Ucnerrats otHomenne Fe(OH), k pazbaBinenHomy pactBopy HC1 u u30bITKY pacTBOpa
enkoi menoun. Hamucare ypaBHeHue peakuuu. Kakumu cBoiicTBamMM 007aJaeT THAPOKCHT
xenesa (I11)?

'uaponus coneif xenesza (11)

PactBop conu xenesa (II) ucneirats nakmycoBoi Oymaxkoi. Uto Habmogaere? Hanmucats
ypaBHEHHE PEeaKLIUU TUAPOIU3A.

[Tonryuenue coneif sxenesa (1I)

THonyuenue cynvguoa sacenesa (Il). K pactBopy cynbdata xeneza (I) mpuiute pactBop
cynbpuna Hatpus. Yto npoucxoaut? Hamucate ypaBHeHue peakuuu. [IpuiuTe k coaepxumomy
npobupku pazdasnenHsiii pactsop HC1. Uro nHabmogaere?

Peakiust Ha oH Fe?*




K pactBopy cynbdata xene3a (II) mpuiute pactBop rexcanmanodeppara (III) xamus —
KpacHOM KpoBsiHOM conu. UYto wHaGmomaete? IlomydeHHOE BEMIECTBO HOCHT Ha3BaHUE
TypHOYNeBoii cunu. HanmcaTh ypaBHEHHE peaKInu.

[Tonyuenue u cBoicTBa rujipokcua sxenesa (I11)

a) Ionyunte ruapokcun xeneza (III). Ormeruts ero Bug u uBer. McnpiTarh OTHOLIEHHUE
Fe(OH)s k pa3baBieHHBIM pacTBOpaM KUcaoT. Hamucarhy ypaBHEHUS peakiiyii.

Cexeocaxxnennblii Fe(OH)s pactBopsiercss 4acTMUHO B TOpsAYMX KOHII. PacTBOpPax
nienoueit. Hanucats ypaBHEHUE peakinu.

0) CuHoBa nonyuuth ocafok Fe(OH)s, oTdmibTpoBaTh €ro U MpoMbITh Ha QUIBTPE BOIOM.
3atem nepeHecTH B ¢haphopoBbIid TUTEIb U MPOKaIUTh. UTo npoucxonut? Hamucats ypaBHEHUE
peakuun. Kakumu cBoiictBamu o0nagaet rugpokcu xxenesa (I11)?

['unponus coneit sxenesa (111)

a) PactBoputh B Bome HeOombinoe KonmuecTBO xjopuma kene3a (III). Ompenenutsb
peaKIuIo pacTBOpa JaKMycoBOM Oymakkoii. Hanmucarh ypaBHeHHE peakIuy TuIpoin3a.

0) B nBe mpoOupku HamuTh 10 2—3 Mi pactBopa xmopuna xenesa (III). B ogay u3 Hux
n00aBUTh HecKoJbko Kameiab KoHi. HCI1. OTMeTuTh W3MEHEHHE IBeTa pacTBopa. PacTmop,
xnopuaa >kenesa (III) Bo Bropoii mpoOupke paz0aBUTh BOJON M HampeTh A0 Kunenws. Kak
U3MEeHUIICS 1BeT pacTBopa? OOBACHUTH Pe3yNbTaThl 3TUX OMBITOB.

8) K pactBopy xnopuna >xenesa (I1I) mpunute pactBop conbl. Uto mpoucxoaut? Hamucats
ypaBHeHHE peakuuu. Kak MOXHO J0Ka3aTh, YTO MOJYYEHHBIH OCAJOK HE SBISETCS COJIBIO
YroabHOM Kuciotel? Ykazarh, kakue conu — Fe (II) wim Fe (III) — cunbHee moaBeprarotcs
TUAPOIN3Y, U OOBICHUTH TIOYEMY.

Peakius Ha von Fe*

a) K pactBopy xnopuna xenes3a (III) nmpunuts pactBop rekcamnuanodeppara (II) kamms —
xKentoil kpoBsiHOH cond. Yto mpoucxonut? IlomyuyeHHOE BeleCTBO Ha3bIBalOT OEPIMHCKON
na3ypeto. Hanmucath ypaBHeHHE peakiuu.

6) K pactBopy xmopuna xene3a (I1I) npuiuts pactBop poaanuaa xaiausi. OTMETUTh I[BET
MOJTy4eHHOT0 pacTBopa poaanuna xenesa (I1I). Hanucars ypaBHeHue peakium.

Oxkucaenune coennuenni xenesa (11)

Hanute B Tpu npoOupku mo 2—3 mi pactBopa cynbdara xenesa (II), B kaxayro U3 HUX
npwIuTh pa3d. pactBop H2SO4 3aTem 100aBUTH B mepByr0 mpoOupky HemHOro koHil. HNO3 u
HarpeTh 0 KWUIIEHUS, BO BTOPYID — OpOMHYIO BOAY M B TpeThio — pactBop KMnOs wiu
K2Cr207. Uto nabmonaere? HanucaTte ypaBHeHHs peakiuii. Kakoe CBOMCTBO B 3TUX PeaKIUsIX
nposBnser FeSO4? JlokasaTsk, UTo B pe3yabTaTe BCEX TPEX ONBITOB MOH Fe?' okmcimics B MOH
Fed*.

Boccranosnenue coeaunenuit sxenesa (111)

a) K pactBopy FeCls mpumuts pactBop Kl. OObscHAT M3MeHEHHE IBETa pacTBOpA.
Hanucath ypaBHeHHE peakiiu

[TonyueHue dheppaToB U UX CBOWCTBA

(Onvim a) npo6ooums 6 bIMANCHOM WKAPY)

a) IlomecTuTh B MpOOUPKY HEOOJBIIOE KOJUYECTBO M3MEIBYEHHOI'O THIPOKCHUIA KalHs
(He conepxarero kapOoHara), 100aBUTh K HeMy 3—5 kamenb pactBopa FeCls m 2—3 xarum
Opoma u Harpetb. OTMETUTH IIBET oOpaszoBaBlierocsi ¢epparta kanusa. Hamucats ypaBHeHue
peakuuu. K monyueHHoOl cMecH NPWINTh BOLY M pa3AeianTh, PACTBOP Ha JABE MPOOUPKHU.

0) K pactBopy deppara xamus npubdaButh pactBop BaClz Uto mpoucxoaut? OTMETHTH
1BeT oOpa3oBaBIIerocs BemiecTsa. Hamucars ypaBHeHHE peakiuy.

8) K pactBopy deppara xamus qo6asuth 2 H. pactBop H2SOs. Uro mpowncxomut? Kakoit
BBIJICJIICTCS Ta3 U KaKOe COeTUHEHHUE Kele3a HaXoIuTcs B pacTBope. OObSICHUTH HaOII01aeMble
apneHus. Hanucatp ypaBHEHHE peaKIIUH.

[Monyvyenue ruapokcuya kobansra (II) u ero cpoiicTa

a) K pactBopy CoCl, mpwmrte pactBop NaOH. Otrmerutr nBeT o0Opa3oBaBIIeHCS
OCHOBHOM coii KobasbTa. PacTBOp ¢ ocagkom HarpeTs. Kak M3MEHMIICS IIBET M COCTaB OcajKa?




Hamucate ypaBHeHus peakuuid. UTo MpOUCXOAMT C ocaakoM ruapokcuaa kobampra (II) mpum
CTOsSIHMM Ha Bo3ayxe? Hamucarh ypaBHEHUE pEaKIUU.

0) Vcnpitath, pacTtBOpsieTcst M Truapokcua kobanspra (II) B pa3zbaBieHHBIX pacTBOpax
KHUCIIOT U B M30BITKE KOHLEHTPUPOBAHHOIO pacTBoOpa Ieioyd. Hamucats ypaBHEHUS peakUuid.
Kakumu colictBamu o0ianaeT ruapokcus kodansta (11)?

[Monyyenue oxcuna kobanpTa (III) m ero cmoiictBa (Pabomy npoooumv 8 GblMs’CHOM
wragy)

a) Heckonbko kpuctamioB HuTpaTta kobanbTa (II) Harpers OCTOPOXKHO Ha KPBIIIKE OT
TUIJIA 10 TIpEeKpallleHus BblieneHus ra3oB (kakux?). Uto ocrtaercst Ha Kpbluke? Hammcarts
ypaBHEHUE PEAKIIH.

0) HebompIioe KOIU4eCTBO MoydeHHOro okcuaa kobanbra (1) momoxute B mpodupKy,
n06aBuTh HeMHOTO KoHIleHTpupoBanHoit HC1 u Harpets. Kakoii Beigensiercs ra3? OTMETUTD ero
LBET U 3amnax (0cmopoiicHo!).

Hamucate ypaBHeHnue peakinuu. Kakue cBoiicTBa mposiBiseT okcuj kodanbta (1) B aTOM
peakuuu?

[Monydyenue ruapokcuaa kobamera (III) m ero cBovictBa (Pabomy nposooumsv &
BLIMANCHOM WKAPY)

a) K 1-2 M pactBopa xmopuna kobansra (II) nob6aButh 4-5 M1 OpOMHOM BOJIBI, a 3aTeM
pacTBop Tuapokcua Hatpus. Yo nonyuyaercs? Hanucars ypaBHEHUE peaklMHU.

6) C MOIy4eHHOTO OCaJKa MO BO3MOXXHOCTH IOJIHO CIHTH KUJKOCTH, 3aTEM K OCAAKY
npuiuth KoHU. HC1 u Harpets. Kakoii Beinensiercs ra3? Hanucars ypaBHeHue peakuuu. Kakue
CBOICTBa MpoOsBIsET B 3ToW peakuuu ruapokcun kodanpra (II)? K momyduennomy pactBopy
NPUIATH HEMHOTO BOABI. OOBSICHUTH U3MEHEHHE [[BETA PaCTBOPA.

[Monyuenue ruapokcusa aukens (I1I) u ero cBoiicTBa

[Tonyunts rugpokcun Hukens (II). Otmeruts ero xapaxrtep u user. Hanucats ypaBHEHHE
peakiuu. VcnbpITath OTHOIIEHHE OCaAKa K pa30aBICHHBIM KHCIOTaM U K HM30BITKY LICNIOYU.
Hanucats ypaBHenue peakuuu. Kakumu cBoiictBamu obnagaer rugpoxkcus Hukens (11)?

[Tonyuenue runpokcuna Hukens (III) u ero cBoiicTBa (Pabomy nposooums 6 blMAMCHOM
wikagy)

a) K 1—2 mu pactBopa NiCl2 npunutse 4—35 M OpomHO# Bojbl, a 3ateM pactBop NaOH.
Uro nonmyuaetcs? Hanucate ypaBHEHUE peaklUU.

0) C MOIy4eHHOr0 OcaJika 10 BO3MOXHOCTH IOJIHO CIUTh >KUIKOCTh, 3aT€M J100aBUTh K
Hemy KoHIleHTpupoBanHoM HC1 u narpers. Kakoit Boigensercs raz? OTMETUTD €ro LBET, 3amax
(ocmopooicno!). Hanucatrb ypaBHeHHMe peakuuu. Kakue cBoiicTBa B 3TON peaklUu MPOSBISET
ruapokcuna Hukens (I11).

3. TecTtoBble 3a1aHust
Bapuant Ne 1
1) DreMeHT ¢ OPSIAKOBBIM HOMEPOM 78 MOKET 00pa30BaTh HECKOIBKO XJIOpHUI0B. Ux
XUMHu4eckue Gopmyisl # # #

2) [pu B3aumoneiicTeun Fe** ¢ I u S* o6pasyioTcs coenuHeHus:

a) Fe¥* B) Fe8*

6) Fe®* r) Fe?*

3) [PtCl4]* [PtBrq]* [Ptls]*
lgp 16,0 20,5 ~30

VYBenuyeHne yCTOWYMBOCTH KOMIUIEKCHBIX HOHOB MOYKHO OOBSICHUTB!

a) yCWJIECHHEM T7-JIaTHBHOTO B3ammojenctBus Pt-Hal mo wmepe yBenwuenus pa3mepos
cBOOOAHBIX d-opOHTaseii raJoreHos,

0) yBenuueHHEeM KOBaJIEHTHOCTH cBs3u Pt-Hal mo mepe pocrta momspu3yemMocTd aTtoMoB
raJIOTE€HOB,



B) ocinabjieHHMeM T-IaTUBHOrO B3ammoneictBus Pt-Hal mo mepe yBenuueHus pasmepos
cBOOOIHBIX (-0pOHUTasICH raJOreHoOB,

I) yMeHbIIIEHHEM KOBaJieHTHOCTH cBsi3u Pt-Hal mo mepe pocra mosspuzyeMoctd aToMOB
raJIoreHoB.

4) Cymma kodpdunrenToB B ypaBauenuu peaxiuu Fe203 + KClIO3 + KOH —pasna # # #.
5) DneMeHTHI OArPYIITBI HUKEJsE 00pa3yroT KapOOHUIIBI cocTaBa # # #

6) C yBenuueHueM crencHu okucienus xenesa B paay Fe(OH)2-Fe(OH)sz-HaoFeOs kuciaoTHbIe
CBOMCTBa # # #, moTomy uto # # #.

7) B psiny Fe-Co-Ni sHTanbnus aToMu3aiiy, TeMIepaTyphl IJIaBJICHUS U KUNIeHus # # #,
MOTOMY 4TO # # #.

8) B moarpymmax »ene3a, KobalbTa M HHUKENsS C YBEIMYEHMEM IIOPSKOBOTO HOMeEpa
SHTAJIBIINS ATOMU3ALUN, TEMIIEPATYPHI IUIABJICHUS U KUNleHus # # #

9) IMpocrpancTBeHHast cTpykTypa OosbinuHcTBa KomiuiekcoB Fe(ll) u Fe(lll) ¢ nuranmamu
c1ab0r0 U CUIILHOTO TOJIs- # # #

10) Pacnionoxxute B MOpSJIKE YBEIMYEHHUs CTAOMIM3AIMKM CTEIIEHU OKUCIEeHHsS KoOaibTa +3
CJIEIYIOIINE JTUTAH/IbI:

1) nuanorpynmna 2) amuHOTrpymnmna 3)runpokcorpymmna
Bapuant Ne 2

1) B psagy Fe?*-Co?*-Ni?* ycToi4HBOCTb K OKHMCIIEHHIO

a) yBeIMYMBAETCS B) U3MEHSETCSI HEMOHOTOHHO

0) yMeHbII1aeTcs ') HE U3MEHSETCA

2) Cymma ko3¢dpunrentoB B ypaBaenun peakiuu NiSOs + NaOH + H20, —

paBHa
a) 11 B) 14
06) 7 r) 9

3) Kommuekcol kobanbta(lll) B 3aBUCHMOCTM OT CHUIBI TIONS JIMTAHAOB MOTYT OBITh
napaMarHUTHeIMU U quamarHuTHeIMU. Komruiekesl ponus (1) u upunus (111) nHesaBucumo ot
CUJIBI IIOJIS JINTAHJOB- # # #

4) DneMeHTHl NOATPYIIIBI XKesle3a 00pa3ytoT KapOOHMIIbI cocTaBa # # #

5) Pyrenuii B3auMOAEHCTBYET CO CMECHIO TMJIPOKCHAA Kalusd M XJopaTa kaius. B peakuuio
BCeTynuio 3,24 r pyTeHusi, B KOTOPOM MaccoBasi o npumeceit 7 %. Macca pyreHaTa kanus,
00pa30BaBLIEroCs PU 3TOM paBHa # # #.

6) B BochMOIi TpymIe Mpu Mepexoie OT IEMEHTOB MOATPYIIIHI JKene3a K MOATPYIe HUKEIs
BaJICHTHBIE BO3MOKHOCTH aTOMOB # # #, moTomy uto # # #.

7) Ilpu B3aumomelicTBIM KOOATbTA ¢ pa30aBICHHON a30THOM KUCIOTON 00pa3yroTCs:
a) Co(NO3)3 B) H
6) Co(NO3)2 r) NO



8) Coenunenus xene3a (11) mposiBisiFoT BoccTaHOBUTENBHBIE CBOMCTBA. [IpeanoxkuTe criocoOb
CcTa0MIM3alKHy JAHHOTO BaJIEHTHOI'O COCTOSHHS:

a) o0pazoBaHNE HEPACTBOPUMOTO TUIPOKCUIA;

0) 0Opa3oBaHNE KOMILJIEKCOB C JIMTAHIaMH CJ1a00T0 TOJIS;

B) 00pa30BaHHE KOMIUJICKCOB C JIUTaHJaMH CHIBLHOTO IOJIS,

9) Pacrionoxute OKCHABI KOOATBTA B OPSAKE YBEINUCHUSI YCTOHYMBOCTH:

a) C0o304 6) CoO B) C020:s.
10) Hau6Gosnee CuiIbHBIM OKHCIIUTENIEM SIBIISICTCS

a) IepMaHraHaT-uoH B) (eppar-uoH

0) OuxpomMar-uoH r) pyrenat(VI1)-uon

4. PeiiTuHroBasi KOHTpPOJibHas padora 14 («aementsl VIII B rpynnsl n ux
COCTUHECHUS)

Bapuant Nel

1. Tlpunsato nBosikuM oOpasom mnozpazaensats d-amements! Y1 rpymnmnsl Ha: 1) cemeiicTBa
KeJes3a u IaTHHOBbIX; 2) Tpuaasl Fe - Ru -Os,Co-Rh-Ir, Ni -Pd - Pt. Kakue dakTops! kiamayTcs
B OCHOBY TOT'0 U Jpyroro jenenus? OTBeT 000CHYiiTe, IpUBEsS apryMEHTHI 3a U IPOTUB TOTO U
JIPYTOro AeleHusl.

2. TlpuBemute mpumepsl coeauHenuit kobansTa (0), pomus (0) u upumus (0). KakoBo, ux
CTpOEHHE U CBOICTBA.

3. Kaxyo reomerpuueckyro koHdurypamuio umetor nonsl [Ni (CN)4]* u [Ni (NH3)s]?* Uem
OTIpeIeIIIeTCs pa3inyie B UX CTPOCHUU?

4. a)RuO4+ HBr—H; [RuBre] +; 0) K4 [Fe (CN)¢] +I2 —

B) KoOsO4 + Oz + H,O —

5. Cwmech Cu u Fe, conepxanue Fe B koropoit 60%, oopaboranmu pactBopom pa3d. H2SOs,
IIpH 3TOM BblAenWIOCh 112 mut. raza. Onpeaenure Maccy UCXOHOM CMECH.

Bapuant Ne 2.

1. Ha ocHoBe CTpYKTypbl aTOMOB M 3HAY€HUH (DU3HKO-XUMUYECKUX KOHCTAHT MPOCTHIX H
CJIOXHBIX BEMICCTB YKAKHUTE CXOJHBIC M Pa3JIMYHBbIC CBOMCTBa AeMeHTOB Fe - Ru- Os. Otser
MOJTBEPAUTE YPABHEHUSMHU COOTBETCTBYIOIUX PEAKIIUH.

2. Cpasuwute BoccTaHoBUTeIbHBIE cBoMicTBa Fe (OH)2 — Co (OH)2 - Ni (OH)2. Hanumure
ypaBHEHHUS PeaKIuil OKHCIEHUS TaHHbIX coequHeHni. OTBET apryMeHTUPYHTE.

3. CpaBHuTe yCTOHYMBOCTH rajmoreHuaHbix komiwiekcoB Pt (II) m Pd (Il). [aiire
MCYEPIBIBAIOIINN OTBET Ha OCHOBAaHUU 3HAYCHUH Kyecr, TAHHBIX KOMILIEKCOB.

4. a) lrFetH20— 0) K20sO4 + O2 + H.0 —

B) K2RUuO4 + H2SO4 —

5. B o0Opasiie MarHUTOropcKou »xene3Hou pynbl comepxkanoch 60% >xeneza B Buge FezOs

(marnetut). Kakomy copepxanuio (B %) MarHeTuTa 3TO COOTBETCTBYET?

Tema «uemenTsl | B rpynnsl n ux coenmuenuns»

1. Bomnpocs! 11 cobece10BaHUSA

1. KakoBa 3aBHCHMMOCTP AaTOMHOTO M MOHHOTO pAaJWyCOB, SHEPIrUU HOHHU3ALUU
AJIEMEHTOB MOATPYIIIEI MEAU OT MOPSAKOBOro HoMmepa? Kakue cTeneHn OKUCIIEHUS MPOSBISIOT
Mens, cepedbpo u 30i0T0? KakoBa yCTOWYMBOCTH COCIWHEHUN, OOpa3yeMbIX JTaHHBIMU
METaJlJIaMl B Pa3jIM4YHBIX CTENEHSX OKHUciIeHus? CpaBHUTE aTOMHBIE CBOWCTBA 3JIEMEHTOB
[JIaBHOM ¥ MOOOYHON MOJTPYIIIL.

2. CpaBHHUTE pPacmpOCTpaHEHHOCTh O-deMeHTOB B mpupoje. ONMUIIUTE BO3MOXKHBIC
CrocoObl OTyYeHUsl Me/in, cepedpa u 30510Ta. [ 1e HaXOAAT OHU CBOE MPUMEHEHHE ?



3. OObsicHUTE OOJBIIOE PA3]INYME B SHEPTUAX JUCCOLUALNY IByXaTOMHBIX MOJIEKY:T d-
u S- aneMeHToB | rpynmel. [loyemy TeMmnepaTypsl TUIABJICHUS, TEIUIOTHI IUIABJICHUS U BO3TOHKH
d- u S- ameMeHToB | rpyIIbl Pe3KO pa3uyHbI ?

4. CpaBHUTEC 3HAUCHHs] CTAaHAAPTHBIX OJCKTPOJHBIX IOTEHIIMAJIOB  METAJUIOB
MOATPYIIBI MEAW ¥ IIEIOYHBIX METAJIOB, & TAKXKE MX XUMHYECKYI0 aKTHBHOCTh. [louemy oHa
pe3ko paznuuHa? Kakuwe peareHThl MOKHO HCIOJIB30BaTh IS pacTBOPCHHS Meau, cepedpa u
3050T1a?

5. Ilo 3madenmsM AG COOTBETCTBYIOIIMX COEIMHEHHH CPaBHUTE XHMHYECKYIO
AKTUBHOCTH MEJIH, cepedpa U 30JI0Ta IO OTHOMIECHHUIO K XJIOPY U KHCIIOPOY.

6. Onumure CTPYKTYpPY OKTadJAPUYECKUX KOMIUIEKCOB JIBYXBaJICHTHOW Menu. Yem
OOBSCHUTh HANMYHE B WX CTPYKType TETparoHajibHOro HCKaxeHUs? Kakas B3amMOCBS3b
CYIIECTBYET MEXIy OJCKTPOHHOH KOH(UTypamued KOMILIEKCA M €ro MPOCTPAaHCTBEHHOU
CTPYKTYpOil?

7. Onumure koopauHamuoHHoe oOkpykenue Cu (II) B  kpucrammax CuSOs,
CuSO4-5H20, CuCl2-2H20. TToueMy 3T cOeTUHCHHS UMEIOT Pa3HyIO OKpacKy?

8. OxapakTepusyiiTe KHCIOTHO-OCHOBHBIC CBOWCTBA OKCHIAa H  THAPOKCHIA
JIBYXBAJICHTHON MEJIH.

9. CpaBHHUTe MPOMU3BEICHUS PACTBOPUMOCTH rajorenunoB DHal nanueix d- smemMeHTOB.
Kak 0OBSICHUT pa3iuyusi B paCTBOPUMOCTH TJIOTCHHIOB?

10. OObsicHHTE pa3Tuune YCTOHUUBOCTH KOMIUTEKCHBIX noHOB DCl2, DBr2, Dlo manHoro
KOMIUIEKCOOOpa30BaTeIs.

11. OxapakTepu3yiTe yCTOMYUBOCTh W KHCJIOTHO-OCHOBHBIC CBOWCTBA OKCHIIOB W
runpokcuoB JOH u 920. Cpasaure ycroitunBocTts okcuaoB Cu20, CuO u Ag20. ﬂ

12. Cpenaiite BoIBOI O Tepmuueckoi ycroiumBoctu DHal u 9,0 na ocHoBannu AG”
ATUX COCAUHEHHI.

13. Onumure CTPYKTYpy W CpPaBHHUTE YCTOWYMBOCTh AMMHHO- W IIHaHOKOMILIECKCOB
OJIHOBAJIGHTHOT'O cepedpa.

14. OxapakTepu3yiTe OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIC CBOMCTBA COCAMHECHUN JIBYX-
¥ OJTHOBAJICHTHOM MEJIM, OJTHOBAJICHTHOTO cepeodpa.

15. O6bscuure TOT dakt, uro kommiekchl Au (Ill) mHamMarHUTHBI ¥ UMEIOT ILIOCKO-
KBajpaTHOe cTpoenue. CpaBHHUTE CTPYKTYpY Xsopokomiuiekcos 3ooTa (1) u mmatuns: (111).

16. KakoBbI KHCIIOTHO-OCHOBHBIE CBOMCTBA OMHAPHBIX coeauneruii 3omo0ta (111)?

2. JlaGopatopHas padora

[IpubGops! u nocyna.

1) Boasinas Gans. 2) Ilecounast 6ans. 3) Kpyrnononnas xonba.

PeakTuBBI 1 MaTepHaibl.

1) Menansie crtpyxku. 2) Meanas mnpoBonoka. .3) Lunk (rpanyn.). 4) Xeneszo
BocctanoBneHHoe. 5) Okcua memu (II) CuO. 6) Xmopua memu (II) CuCly 7) JlakmycoBas
Oymaxkka. 8) dunbTpoBaibHas Oymara.

PacTtBOpBI.

1) Azotnas xucnora HNOs3 (konir., . 1,4 u 2 u.). 2) Cepnas kucnota HoSO4 (koHir., mi.
1,84 u 2 n.). 3) Consnas kucnora HC1 (xonu., . 1,10 u 2 n.). 4) I'mapokcun varpus NaOH
(40%-nprit u 2 H.). 5) Xmopua meau (II) CuClz (0,5 u.). 6) Cynsdat meau (II) CuSOas (0,5 H.). 7)
Nomun xamust Kl (0,1 m.). 8) I'mroko3a (10%-usrit). 9) Hutpat prytu (II) HG(NO3). (2 u.). 10)
Kap6onar natpus NaxCO3(2n.). 11) Kpaxmansnerii kneficrep. 12) Hutpat cepedpa AgNOs (0,1
H.). 13) Xnopun onosa (I) SnCl> (0,5 u.). 14) Bpomunx marpus NaBr (0,5 u.). 15) Xmopua
Hatpus NaCl (2 u.). 16) Tuocynsdat matpust Na2S203 (11.).

Mens, cepeOpo 1 UX COCTUHECHHS

IlonyueHnune Mmeau
Boccmanosnenue uonoe meou usz pacmeopos ee conei Ooiee aKMUBHbIM MEMALIOM.
Hanute B mpobupky pactBop comu menu (II), omycTUTh B HEro HECKOJBKO KYCOUKOB METaa,




CIOCOOHOTO BOCCTaHABJIMBAaTh MOHBI Meau. HaOmromaTe 3a M3MEHEHHEM OKpackd pacTBOpa U
noBepxHocTH MeTaiia. OOBSICHUTH MPOUCXONSALINE SIBICHUS, HCIOJB3YS JAHHBIE TaOIHIIbI
HOpPMAaJIbHBIX 3JIEKTPOAHBIX IOTEHIMATIOB. HanucaTs ypaBHEHHE peakuu.

CaoiicTBa Meaun

a) Bzaumooevicmsue meou ¢ kucromamu. K HeOOIBIIOMY KOJIMYECTBY MEIHBIX CTPYKEK
OPWINTh B OTAENBHBIX MPOOUpKax pa3z0aBieHHbIE W KOHIICHTPUPOBAHHBIE PACTBOPHI KUCIOT
HC1, H2SO4 u HNOs.

Habmonate mpoucxopsmue spiaeHus. Te nmpoOUpKH, B KOTOPBIX pPEakius HE HaA4ajach,
Harpetb (ocmopodcro!). Co BCeMH JIM KUCIOTaMU B3auMojieiicTByeT Meab? OOpaTUTh BHUMaHHE
Ha OKpackKy pacTtBopa. [IpucyrcTBre kakoro noHa o0yciaoBIuBaeT 3Ty okpacky? OnpenenuTs mno
XapaKTepHOMY 3alaxy M OKpacKe BBLICISIONIMECS B pe3yinbTaTe peakuuu rasel. Hammcarts
YpaBHEHUs  peaknuii, OOBICHUTHL 1oa00op  KodddunuentoB. CnenaTh  BBIBOA O
BOCCTAHOBUTEJIbHBIX CBOMCTBAX MEIH.

0) B3zaumooeiicmeue Mmeou ¢ UOHAMU MeHee AKMUGHblX Memannos. Iloab3ysch
IIEKTPOXUMHUYECKUM PSJIOM HANPSHKEHUM METaNIOB, ONPENEIUTh, MOHBl KaKMX METAJIJIOB B
pacTBopax UX COJIei CIIOCOOHBI OKUCIATH MEIb.

B pactBop Hutpara prytu (II) omycTuTh KOHEI MEJHOW IPOBOJIOKU, MPEABAPUTEIBHO
3aYUIICHHON HaXKaauHoil Oymaroil. Kakue HaOmI0Aar0TCs MPU3HAKU MPOTEKAHUS XMUMHUYECKOMN
peakuun? Hanucarb ypaBHEHUE PEAKIIUH.

[Tonyuenue u cBoicTBa rujipokcuaa meau (1)

a) lMonyuuts ocanok ruapokcuaa meau (II). OrmeTuTs 1BeT U xapakrep ocanaka. Hamucartpb
ypaBHEHUE PEAKIIH.

0) Jloka3aTh SKcrepuMeHTalnbHO, uTo THapokcua Mmeau (Il) mposBiser amdorepHbie
cBoiicTBa. HanucaTh ypaBHEHUS peakluii B MOJICKYJIIPHON U HOHHOM opMax.

6) [lonyuuts ocamok ruapokcuna meau. KuakocTb ¢ 0cagkoM B300ATaTh U HArpPeTh 110
kunenus. [louemy usmenwmncs uBer ocaaka? Hammcars ypaBHeHue peakiuu. Kakoil BeIBOJ
MOHO CJIelaTh O TEPMUYECKON CTOMKOCTH ruapokcuaa meau (1I)?

l'unponus coneit menu (11)

Ucneitate nakmycoBoil Oymakkoir pactBop conmu menu (II). KakoBa peakuus cpenbi?
Hanucath ypaBHeHHE peakIiuu THAPOIH3A.

INonyuenne ruapokcua v okcuaa meau (1)

W3 umeronuxcs B 1a00paTOPUU PEaKTUBOB MOIY4YHTh ocanok ruiapokcuna menu (II). K
00pa3oBaBIIeMyCsl 0CaaKy A00aBUTHh M30BITOK PacTBOpA IIEIOYH M PacTBOp TIOKO3bl. CMech
XOpouIo nepemeniath U HarpeTb. OOpasyercs cHadana ocalok ruapokcuna menu (I), koropsrii
npu Oojiee CUILHOM HarpeBaHuu nepexoauT B okcua Meau (l). OTMETHuTh OKpacKy THAPOKCHIA
meau (I) u okcuma meau (I). Hamucats ypaBHeHus peakiuii. KakoBa ponib TIIOKO3BI B 3TOM
peakuun? Kakue BBIBO/IBI MOXKHO CEJIaTh O TEPMUUECKOI cTOMKOCTH ruapokcuaa Meau (1)?

[Tonydyenue cepebpa

Boccmanosnenue uonos cepebpa uz pacmeopos e2o coneti bonree akmusHbIMU MEeMarIaMu.
[Tonobpate (M3 uMeromUXcsi B Ja00OpaTOpuy) METAlIbl PA3TUYHON AaKTUBHOCTH, KOTOPBIMHU
MOKHO BOCCTaHOBHMTH HMOHBI cepedpa U3; pacTBOPOB CTO COJIEH, HAJIUTh B MPOOUPKH PacTBOP
comu cepebpa U ONyCTUTh MeTauibl. CpaBHUTH CKOPOCTH MPOHUCXOAAIIUX peakiuil. JlaTh
00BSICHEHUS, UCIIOJIb3YS JIaHHbIE TaOJUI[bl HOPMAJIBHBIX 3JIEKTPOJIHBIX MOTeHIManoB. Hanmucars
YpaBHEHHUS PEaKIU.

[Tonryuenue okcujia cepedpa

N3 Hutpara cepebpa B3aUMOACHCTBUEM CO ILIENOYBIO (THAPOKCHIOM HATPHs) MOJIYYUTh
0CaJIOK OKcHIa cepedpa, OTMETUTH I[BET U XapakTep ocajaka. Hamucath ypaBHEHHE pEeaKIIUHU.

Kakoil BbIBOJ MOXHO cZenaTh O MPOYHOCTH THAPOKcHIa cepedpa? DKcrepuMeHTaIbHO
JI0Ka3aTh OCHOBHOM XapakTep MOJY4eHHOro coefanHeHus. Kakyro KuCIOTy cieayer Oparb ams
JI0Ka3aTeIbCcTBa OCHOBHOTO XapakTepa okcuja cepedpa? Ilouemy?

["anorenunl cepedpa




[Tonyuuts ramoreHunsl cepedpa. OOpaTUTh BHUMaHHE HA XapaKTep M LBET MOJYyYEHHBIX
coennHeHui. Hammucarp ypaBHeHus peakiuid. Mcneitate oTHOmeHue ocankoB k HNOsz. [Touemy
rajoreHu sl cepedpa He pactBopsitorcest B HNO3?

KomnuiekcHble coetuHeHus cepedpa

a) Tlonyunth ocanok okcuaa cepeOpa, CIUTb C HETO KUAKOCTb U JOOABUTH PACTBOP
aMMHuaka [0 TOJHOro pacTBopeHus ocaaka. OOBACHUTH MPUYMHY DPACTBOPEHHS OCAJIKA.
Hanucars ypaBHeHue peakuuu. /[aTh Ha3BaHUE MTOJTYYEHHOMY COECIMHEHUIO.

6) TlonyuuTh ocamok xjopuaa cepedpa, CIUTh C HEro XHUAKOCTh U J00aBUTH PACTBOP
aMMMaKa JI0 TOJHOTO pacTBOpeHHs ocaaka. Hamucath ypaBHeHHE peakuuu oOpa3oBaHUs
XJIOpUJia AMaMUHOCcepedpa.

6) Ilony4unTts Ocajku rajJoreHu 0B cepedpa. McnpITaTh OTHOLIEHHE TaJIOTEHUI0B cepedpa
K pacTBopy Tuocyibpata HaTpusa. OOBSICHUTH MPUYMHY PacTBOpEHHUs ocaakoB. HamucaTh
YPaBHEHHUS MPOUCXOIALIMX pEaKUUH, Y4YUTHIBAs, 4YTO IOJYYAIOUIUICS KOMIUIEKCHBIH HWOH
ABJISIETCS] aHUOHOM. JlaTh Ha3BaHUS MOJIYYEHHBIM COCIUHEHUSM.

Tema «JaemenTtsl || B rpynnbl 4 ux coeiuHeHUsD»

1. Bomnpocs! 11 cobeceoBaHUA

1. Ha ocHOBe OIEKTPOHHOrO CTPOEHMS 3JIEMEHTOB MOATPYNIbI LMHKA, JaiTe
OOBSICHEHHE XapaKTepy M3MEHEHUS aTOMHBIX W HOHHBIX pPAJUYyCOB U TPEX NEPBBIX SHEPTUil
VMOHM3ALMH. YKOKUTE XapaKTEPHBIE UIsl HUX CTEIIEHU OKUCIICHUS.

2. CpaBHUTE OSHTalIbIUM OOpPA30BaHUS Ta3000pa3HBIX IMHKA, KaAMHUs, PTYTH M
00BSCHUTE XapaKTep U3MEHEHUS B PsIly METAJUIOB TEMIIEPATyp IUIABJIECHUS U KUIICHUS.

3. Kak u3MeHsieTCs XMMHUYECKasi aKTHBHOCTh B PALY OT LMHKA K PTYTH OTHOCHTEIBHO
BOJIHBIX PacTBOPOB KHUCJIOT U Iienoueii? Kak BauseT akTHBHOCTh METaJlla Ha COCTaB MPOJIYKTOB
BOCCTAHOBJICHUSI KUCJIOT?

4. Kak u3MeHS€TCS aKTHBHOCTB JIAHHBIX METAILIOB 110 OTHOLIEHHUIO K KMCJIOPOAY, cepe?

5. UYto npeacTaBisioT co60i aMaabraMbl METAIIOB?

6. Ilo snauenusm AG® okcunoB 1uHKa, Kagmus 1 pTyTd (1) cpaBHHTE UX TEPMUYECKYIO
ycTorunBocTh. KakoB xapakTep U3MEHEHHS KUCIIOTHO-OCHOBHBIX CBOMCTB JIAaHHBIX OKCHJI0B?

7. KakoBbI criocoObI MOMYYEHHUs OKCH/I0B IIMHKa, KagMus 1 pryTH (11)?

8. CpasHuTe ycTOHYMBOCTH HMTPaTOB IMHKA, Kaamus u prytu (II). Uto obpasyercs B
pe3ysbTaTe TEPMUYECKOTO Pa3I0KEHUS ITUX HUTPATOB?

9. OnwmmTe CTPYKTYpPY M MPOCTPAHCTBEHHYHO KOH(PUIYPALMIO Pa3IMYHbIX KOMILIEKCOB
nuHKa, kaamus 1 pryTtH (11). Kak uzmensercs ycTOWYMBOCTb XJIOPO- U MOJIOKOMIUIEKCOB B PSAY
IIUHK - Kagmuid -pTyTh (11)?

10.Kakue cBoiicTBa T'MAPOKCHIOB LMHKA M KaJIMHS IO3BOISIOT CJENaTh BHIBOJ 00
OTHOCHUTEJIPHOM BEJIMYMHE CTENEHH TUAPOIIN3a UX CONen?

11.Cpasnurte ycTOWYMBOCTE aMMUHO- K [THaHOKOMILIEKCOB Kaamus (1I).

12.Kaxue opOuTanu aToMOB y4acTBYIOT B 0Opa3OBaHMM XHMHYecKol cBssu B HQo?",
Cd»**? Kakoii u3 TaHHBIX HOHOB Oojiee ycToiumB M modemy? Kak JucHpONOpIHOHHPYET HOH
Hg,?*? Kakue CBOHCTBA - OKHCIHTEIbHbIE MM BOCCTAHOBHTEBHbIE - MPOSBIAIOT COETMHEHUS
Hgo?*?

13. Kak otHOCsTCA K HarpeBanuio okcuasl prytu (1) u (1)?

14. Kakue coemviHeHHsI PTyTH Ha3bIBAIOT CYJIEMOM, KalOMENbI0, KHHOBAphi0? KakoBbI
OKHUCJIUTEIHbHO-BOCCTAHOBUTENbHBIE BO3MOXKHOCTH KaJIOMEIH?

2. JlabopatopHas padora
[IpuGops! 1 mocyna




1) lIratuB ¢ konbuoMm u yankoil. 2) I'openka. 3) ®PapdopoBas crynka ¢ nmecTukom. 4)
®dapdoposerit Turens. 5) Gapdoposas vamka. 6) Boponka. 7) lltatus ¢ mpodupkamu. 8) Hox.
9) Crexnsnnas, nanouka. 10) [Munerka.

PeakTuBbI 1 MaTepUaIIbI

1) Hunk (rpanyn., ctpyxku). 2) LlunxoBas neuie. 3) XKeneso (mopomok). 7) Menb
(mmactunka). 10) Cynedun xenesa (II) FeS. 12) Hutpat pryru (II) HQ(NO3)2. 4) Hutpat pryru
(I) Hg2(NO3)2.. 16) ®unbtpoBasibHas Oymara. 17) JlakmycoBas 6ymaxka. 18) Jlyunnka.

PactBOpHI

1) Azotnas kucinota HNO3(2 u., 1:1 u mn. 1,4). 2) Cepnas xucnora H2SOs (2 u. u m.
1,84). 3) Consnas kuciora HCI (2 1., 1:1 u . 1,19). 4) Ykcycnas kuciaora CH3COOH (2 H.).5)
I'mapoxcun vatpuss NaOH (2 u.). 6) Xnopun ammonus NH4C1 (maceim.). 7) Cynehun Hatpus
NazS (0,5 u.). 8) Hurpar kamus KNOs3 (0,5 u.). 9) Cynedar kaamus CdSOs (0.5 u.). 10)
Cynbdar nuaka ZnSO4 (0,5 H.) .11) Xnopun nuaka ZnClz (0,5 #1.). 12) Hurpar xobansra (1)
Co(NO3)2 (0,5 u.). 13) Kapoonar natpus NaxCOsz (2 u.). 14) Auerar natpus CH3COONa (2 u.).
15) Cynesdar menu (1) CuSO4 (2 1). 16) Moaun kamus Kl (0,1 u.). H.). 17) Hutpat pryru (II)
HQ(NO3)2 (2 u.). 18) Hutpat pryru (I) Hg2(NO3)2 (2 1.). 19) HeliTpansHblii pacTBOp JT1aKMYyca.

[nHK, KaAMUNA, PTYTh U UX COEAUHEHHUS

BzaumoneiicTBue nuHKa ¢ kuciaoraMu (Pabomy npogooums 6 ulmajcHom wkagy)

B mrects mpoOUpOK TOMECTUTH MO KYCOUYKY TPaHyJIUPOBAHHOTO IIMHKA U TIOJICHCTBOBATH B
oTaenbHOCTH pa3z0d. um koHi. pactBopamu kuciaor HCI1, H2SOs m HNOs. HaGmronmats
MPOUCXOAIINE sIBJICHUs. HarpeTs Te mpoOHpKH, B KOTOPBIX Ha XOJIOAC HE HAYAIACh PEaKIIUs.
[Tocne pactBopenuss uuHka B pa3d. HNOs, gokazaTh NOpUCYTCTBHE HOHOB aMMOHHUS B
nojsiyueHHoM pactBope. Hammcares ypaBHenuss peakuuil. CoctaButh cxemy. IlomoOpath
KO3 PHUITUEHTBI.

BzaumozencTBre IMHKA ¢ IEI04YaMU

[TomecTuTh B MPOOMPKY HEMHOTO LUHKOBBIX CTPY)KEK M MPWJIUTh KOHIICHTPUPOBAHHBIM
pactBop menoun. Harpers. HaOmionmate BeimeneHuwe rasa. Jloka3aTh ONBITHBIM IYyTEM, YTO
BbIICTISIONIMICS Ta3 Bojgopold. OOBSCHUTH MEXaHM3M MPOUCXOIANIMX peakuuid. Hamumcath
YPaBHEHUS PEaKIIUM.

[TomyueHue ¥ cBOWCTBA THIPOKCH/IA IIMHKA

W3 umeronuxcs B 1aDOpaTOPHH PEAKTHBOB MOJYIUTh THAPOKCHI, IIMHKA. OTMETHTH I[BET
U Xapaktep ocaaka. JlokazaTh OMBITHBIM IyTEM, YTO TUAPOKCU] IIMHKA 007a1aeT aM()OTEpHBIMH
cBoiicTBamu. Hammcarh ypaBHEHUsI peakilfili B MOJIEKYISIPHOW ¥ MOHHOM (hopMax.

[Tonyuenue cynabbuaa NUHKA

[Momyunts ocamox cynbpuna mnuHka. OOBICHUTH HaOmOIaeMble sBieHHs. Hammcathb
YpaBHEHHUS PEaKIUH.

I'maposns conelt nuHKa

a) VcnpiTaTh pacTBOPOM HEUTPABHOTO JIAKMYCa PEAKIHIO CPeIbl PacCTBOPOB CyibdaTa
[IUHKA U XJIOpUIa IMHKA. Hamucath ypaBHEHUS peakIuii TuApoIIn3a.

6) B ropsumii pacTBOp XIJOpuJa IMHKA OMYCTUTh KYCOYEK IIMHKA, MpPeIBapUTEIHLHO
OYHCTHUB €ro MOBEPXHOCTh HaXKIauHOU Oymaroi. HaGmronate Beinenenue Bonopoaa. OO0bsICHUTH
MEXaHHM3M TMPOUCXOMAAIIUX TMpolieccoB. HamucaTe ypaBHEHHUS peakIUil B MOJEKYISpPHOH U
MOHHOH (opMmax.

[TomyueHure KaaMusl BOCCTAHOBJICHUEM €ro MOHOB U3 PacTBOpa

[Tonmb3ysick JMaHHBIMHA TaOJIMIBI HOPMAJIBHBIX JJICKTPOJHBIX TOTSHIIMAIOB, TOI00paTh
METaJIJIbl, CIIOCOOHBIE BOCCTAHABIUBATH MOHBI KaaMHUS U3 pPacTBOpoB ero coneil. [Ipomenats
COOTBETCTBYIOIIUI OTIBIT, UCTIOIB3YS OJIUH U3 UMEIONIUXCS B JIA0OpaTOPUHU MeTaiuioB. Hamucarhb
ypaBHEHUE PEAKIIUH.

[TosrydeHre ¥ CBOWCTBA THJIPOKCHJIA KaIMUS

W3 umeromnuxcst B 1ab0paTopun peakTUBOB MOMYYUTh TUAPOKCU KaaMUs, OTMETUTD IIBET
U XapakTep ocajaka. Hamwcare ypaBHeHHE peakiuu. McpITaTh OTHOIICHNE THAPOKCHIA KaIMUS




K pa30aBIIEHHOW COJITHOW KHCIIOTe M HM30BITKY Iuenoud. Kakue cBOWCTBa MPOSBISET 3TOT
ruapokcua? OTMETUTh pa3Iuine B CBOMCTBAX TMIPOKCHIOB IIUHKA U KaJMHUS.

[TomryueHue ¥ cBOKCTBA CYIb(hUIa KQJMHUS

[Tonyuuts cynabbun kaamua. OTMETUTh IBET W XapakTep ocaaka. HamucaTh ypaBHeHHe
peakuuu. CIUTh € Ocalika KUAKOCTh U 100aBUTh K Hemy pa30. pactBop HC1. HabGnromaercs nu
pactBopeHue ocaaka? Ilomp3ysich BelMUMHAMU NPOU3BENICHUS PACTBOPUMOCTH, OOBSICHUTD,
noyemy cynb(u IMHKA U cyabhua Kaamus paznuyHo otHocsTes kK HCI.

['uaponus conelt kaiMust

a) VlctipiTaTh pacTBOPOM HEHTPAIBHOTO JIAKMYyCa PEAaKIMI0 Cpedbl pacTBopa cyibdara
kagmusi. OObACHUTH HabmomaeMoe siBieHue. HamucaTe ypaBHEHHE peakIUMu TUIpOIH3a B
MOJICKYJISIPHOM U HOHHOHM (opMax.

0) K pactBopy cynbdara KagMus TPWIHTh pacTBOp KapObonara HaTpus. HaOmronmarts
oOpazoBanue ocaaka. I[IpogykToM KakoW CTyNeHH THApOJIHM3a SBISeTCs oOpa3oBaBiIeecs
BenlecTBo? Hammcarh MosieKyssipHbIE M MOHHBIE YPaBHEHMsI peakluil ruiposinza kKapOoHara
KaJIMUS IO CTYIIECHSIM.

[Tonyuenue okcuna prytu (1) u ero cBoiicTBa

K pactBopy Hutpara prytu (ll) nobaButs pactBop rujgpoxcuna Hatpus. OTMETUTH 1IBET
ocanka. McnpiTaTh €ro oTHOILIEHUE K pa30aBIeHHBIM PacTBOpaM KHUCIOT U Inenoueil. Hamucath
YPaBHEHUS PEAKIIUM.

Cuaponus coneit prytu (11)

@) B HeOOIBIIOM KOJIMYECTBE BOJIBI PACTBOPUTH HECKOJBKO KPHUCTAILIOB Cyib(ara WiIn
nutpara prytu (II). Habmogate oOpa3oBaHue ocagka OCHOBHOM conu. McHbITath peakiuio
pacTtBopa JlakmycoM. Hanucate ypaBHEHUE peakLiUu.

6) IIponenarb Takoi ke OMbIT, HOJKUCIUB MpeIBapUTENsHO BoLy pa3d. pactBopoM HNO:s.
CpaBHUTH MOJTy4EHHBIE Pe3yNbTaThl. OOBSICHUTH HAOJI01aeMOe SIBIICHUE.

[Tonyuenue okcuna prytH (1)

K pactBopy Hg (NO3)2 mpunute pactBop mienoun. Yto mpoucxoaut? OTMETUTH IBET
oOpa3zoBasiierocs ocajka. Hamucats ypaBHEeHUE peakllui U CTPYKTYpHYIO Gopmyny Hg20.

3. TecrtoBble 3aganus no TeMe «iaemMeHnThl |B - |I1B rpynn u ux coeaunenus»
Bapuant Ne 1
1) B npobupkax naxoxastcs 0,1M BogHbIe pacTBOPHI CIAEAYIONINX coyel HaTpust: 1) Hoauna; 2)
opomuna; 3) xamopuna; 4) propuna. B kaxayro npodbupky modasistor B u3osiTke 0,1M pactBop
HuTpara cepedpa. [Ipm oauHAKOBBIX 00BEMax pEareHTOB KOJMYECTBO BEIECTBA B OCAJKe
OyJeT HauMeHbIINM B npoOupke Ne

a)3 B) 2

0) 1 r)4

2) PacTBOpAIOTCS B pacTBOPE aMMHaKa BCE BEILIECTBA IPYIIIbI

a) AgCl, AgBr, Agl B) AgCl, Agl

6) AgBr, Agl r) AgCl, AgBr

3) Xumuueckast CBsI3b UMEET 0oJiee KOBAJICHTHBIN XapakTep B

a) Agl B) AgCl

6) AgBr r) AgF, motomy uro # # #.

4) VcroitunBocth nuanuaabix komiuiekcos: [CU(CN)2]; [Ag(CN)2]; [Au(CN)2] B psaay
a) YMEHbIIAeTCs B) YBEJIUYHBAETCS

0) He u3MeHseTcs T') U3MEHSIETCS HEMOHOTOHHO, IIOTOMY UTO # # #.

5) B psny Cu-Ag-Au Temniepatypa TUTaBJICHUS U KUTICHHUS
a) YMEHBIIIAeTCs, 3aTEM YBEITUYUBACTCA  B) yBEIUUHBACTCS



0) yBeIMUMBAETCA, 3aTEM YMEHBIIACTCSl  T') YMEHbBIIACTCS, IIOTOMY UTO # # #.

6) Haubouiee sipko mpOsIBISIIOTCS KUCIOTHBIE CBOMCTBA y

a) Au(OH)3 B) Cu(OH):

6) Cu20 r) Ag20, nmotomy uro # # #.

7) llpuBeneHsl 3HAUCHUS CTAaHAAPTHOU HEeprun [ mOOca peakimii:

[Hgls]? + S% = HgS + 41 AGagg = -127 xJIx/M0b
[Hgls]? + H2S + 2H20 = HgS + 2H30" + 4l AGagg = -13 xJIx/Moib
[Hgls]?> + 20H = HgO + 41 + H,0; AG2gg = +26 kJ[x/MoJb
Hauboutee nierko pa3pyuiTh B BOAHOM pacTtBope Terpaiiogomepkypat(ll)-uoH ¢ momoripo
a) NaxS B) NaOH

0) HoS r) NazS, NaOH

8) YCcTOHYMBOCTh OTHOTUITHBIX coenuHeHni B psagax Zn0O-CdO-HgO; ZnS-CdS-HgS
a) YMCHBIIIACTCS B) YBEJIIMYHUBACTCS

0) yBETMUMBACTCS, 3aTEM YMEHbIIIACTCSA ') HE U3MEHAETCS, IOTOMY UTO # # #.

9) DNEKTPOHOIOHOPHAS CIOCOOHOCTH HOHOB B psAy: Zn?" —Cd?* —Hg?*
a) YBEJIMYMBAETCS B) YBEJIMYUBAETCS, 3aTEM YMEHBIIAETCS
0) yMeHbILIaeTCst I') HE U3MEHSETCS, IOTOMY uTO # # #.

10) Ilpu BHecenuu B BoaHbII pacTBop ammuaka Zn(OH)2 pH pactBopa # # #, motomy 4to
##4#.

Bapunant Ne 2
1) U3 snemenToB | B rpynnel Hanbosee xapakTepHa CTENIEHb OKUCIeHus +1 s
a) cepedpa B) 30J10Ta
0) menu r') MU U cepedpa, moToMy uTo # # #.

2) Kycouek cepebpsiHOit MOHETHI Maccoit 0,3 pacTBOPWIIM B a30THOM KHUCJIOTE M OCAJAWIN M3
noJTydeHHOTo pactBopa cepebpo B Buae AQCl. Macca ocaaka okaszamace paBuoit 0,199 r.
MaccoBas noinst cepedpa B MOHETE paBHa

a) 49,9 B) 53,7

0) 27 r) 36,5

3) VcroiturBocTh raoreHokomiuiekcoB B psay: [CuClz]; [CuBrz]; [Culs]

a) yBEINYHUBACTCS B) HE U3MEHSETCS

0) ymMeHbIIaeTCst T') U3MEHSIETCS HEMOHOTOHHO, IOTOMY UTO # # #.

4) 30510TO pearupyer ¢ KaKIbIM U3 IEPEUUCICHHBIX BEIIECTB IPYIIITHI
a) H2S04 (x); H2Se0s (k) B) HNO3; HCI
6) HNOg3; HCI + Cl2 r) HCI + Cl2; H2SeOq (x)

5) PactBopumocTs B Boje B psay HgCl-HgBra-Hglo
a) yMEHbIIAeTCsI B) YBEITMUUBACTCS

0) yBeIMYUBaETCs, 3aTEM YMEHbBIIIAETCS T') HE U3MEHSETCS, IOTOMY uTO # # #.

6) B pesymbrare peakiuu cyiabdara IIMHKAa ¢ KOHIEHTPUPOBAHHBIM PACTBOPOM aMMHUaKa
obpasyercs # # #

7) YcTaHOBUTE COOTBETCTBUE MEXKAY KOMILJIEKCHOW YaCTULIEH U €€ TeoMeTpueit



1) nuinanoaprenrat (1)-uon A) xBajapar

2) katroH auammuaMen (1) b) He3zaBepiieHHBIN TETpadIp
3) terpaxiiopoaypat (I11)-uon B) nuneiinas
4) nuxnopokynpar (1)-uon I') Terpasap

8) Jlyia IMHKA ¥ PTYTH XapaKTePHO KOOPIAMHAIIMOHHOE YKCIIO0 4, a 7151 KaaMusl — 4 U 6, TOTOMY
qTO # # #.

9) Cymma ko3¢ duiuentoB B ypasHeHun peakuun Cu + HNO3 ) + HCl () — paBna:
a) 20 B) 25
0) 14 r) 18

10) IIpocrpancTBeHHass cTpykTypa KomiuiekcoB Mmenu (lI) — uckakeHHBIH OKTa’ap WM
IJIOCKUH KBaApaT. ITO CBA3AHO ¢ MposiBiacHUuEM dhdekra # # #.

Tema «uementsl VI A rpynnsn»

1. Bomnpocsl aJjsi codece10BaHUA

1. OxapakTepu3ylTe MMOJI0KEHUE HHEPTHBIX Ta30B B IEPUOINIECKON CUCTEME.

2. KakoBa 31ekTpoHHas KOH(Urypauus aTOMOB 3THX 3JeMeHTOB. Kak u3MeHstoTCs
aTOMHBIE PAJNYChI, SHEPTUS HOHU3ALNH, JIEKTPOOTPULATENIFHOCT B oArpymnmne. CpaBHUTE 5TH
[OKa3aTesu ¢ 3JIEMEHTaMH T0O0YHON NOArPYIIIBL.

3. Haxoxnenue B npupoze. [loxyduenne 6:1aropogHbIX ra3os.

4. OOBbsICHUTE CTPYKTYPY IPOCTBIX BEIIECTB MHEPTHBIX Ia3oB. KakoBbl ¢usnyeckue
CBOMCTBA.

5. Peakumonnas cnocoOHOCTh OsaropoaHblx ra3oB. CoeluMHEHHsS KCEHOHA, UuX
CTPYKTYypa U CBOMCTBA.

IlepeyeHb BONPOCOB K 3IK3aMEHY
| cemectp.

1. Yro Ha3biBalOT KO3()(HUIMEHTOM SKPAaHUPOBAHUS, OTHBIM U 3PHEKTUBHBIM 3apsSA0M
snpa? B kakoM COOTHOIIIEHUH OHU HAXOMASITCS IPYT K IPYyTy?

2. BosnoBast QyHkuus, ee Gpu3nuecKuil cMmbici. PaauanbHas U yrioBas COCTaBIISIOIINE
BoiHOBOM  (yHKkumu. Hapucyiite rpadux paguanbHOTO pacmpenesieHus 3JIEKTPOHHOMN
IUIOTHOCTHU p-opOuTaneit 2, 3 u 4 ypoBHeil.

3. Uro o3HayaeT TEPMUH «IIPOHUKHOBEHHWE» M IOYEMYy 3TO BaXKHO JUISI TTOHUMAHHS
OTHOCHUTEJIBHBIX JHEpruit s-, p-, d- u f-3MeKTPOHOB C OJHUM U TEM K€ TJIABHBIM KBaHTOBBIM
YHCIIOM.

4. TlpuMeHUMO 1M TOHATHE TPAEKTOPUU JBHXEHHMA K MuKpodacturam? Yem 3T0
OTpeIeNAeTCs U KaKoe MOHSATUE €ro 3aMeHsIeT?

5. B kakux cimyyasx reomerpuueckas KOHGUrypaius MOJEKYIN, ompejaeiseMas THUIOM
rUOpUAN3AIIH, pealI3yeTCs: a) MOJHOCThIO; 0) He MOoMHOCThI0? [IprMepsl.

6. Kakoe BiusHHE OKa3bIBae€T HEMOJICJIEHHAs JJIEKTPOHHAS Mapa Ha YIJbl MEXAY
cBsi3aMu? [lokakuTe BIMSHUE PA3HOCTH SJIEKTPOOTPUIATEIHHOCTH HA BEIMYMHY BaJICHTHOTO
yria Ha npuMmepe monexyn H20, OF-.

7. Kak u3MeHSFOTCS MarHWTHBIE CBOWMCTBAa M KPATHOCTH CBSI3M MOJICKYN JJIEMEHTOB 2
nepuona [ICM?

8. BaCly B BoambIx pacTBOpax auccouuupyer monHocthio, a HgCly moutn He
auccorupyet. OOBSACHUTE ITO pa3iINune B CBOMCTBAX COJIEH.



9. UYem 0OBSCHHTH, YTO TEpMaHraHaT crocoOeH B pacTtBopax ¢ pH=5-6 okucasaTh
noauabl (HO HE OpOMUIBI M XJIOPUIIBI), a B pacTBopax ¢ pH=3 —5 wonuasr u OpomMuasl (HO HE
XJIOPUJIBI) U TOJBKO B pacTBopax ¢ pH=1-3 xnopuas1?

10. Tlouemy JMTHI, METAJIJI XUMHUYECKH MEHEE aKTUBHBIM, YeM HATPHH M KaJdui, B paxy
HaNpsOKEHUH CTOUT BIEPEAH ITHX JIBYX METaJIOB?

11. Ucnonb3ys 3HAYCHUS CTaHIapPTHBIX OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX
NOTEHIIMAJIOB, JaiiTe oTBeT Ha Bompoc: HuTpaT xene3a (I) mwmu xenesa (111) obpasyercs mpu
B3aMMOJICHCTBHH Keje3a ¢ a30THOM KHcIoTol. Hanuimmre ypaBHeHHEe peakIlii.

12. Yro sBasiercs 6onee cuiibHbiM okucauteaem u nodemy HCIO wiun NaClO, NaClO wnu
NalO, NaClO unu NaClOs.

13. Tlouemy B KauecTBe okucautens ucroibzyercs xpom (V1) B cocrase nona Cr.07%, a
He B cocTtaBe moHa CrOs%, u mouyemy okucienue xpoma (I11) mo xpoma (VI) mposogutcs B
HIEJIOYHOM cpeze?

14. Tloxaxute Ha mnpuMepax U OOBACHUTE KaK U3MEHSETCS  OKHUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIE CBOWCTBA COCIMHEHHMIA, DJIEMEHTA B 3aBUCHUMOCTH OT Pa3IMYHBIX (PAKTOPOB.

15. CpaBHHTE OKHCIUTEIHHO-BOCCTAHOBHTEIBHBIC CBOWCTBA M ycToiunBocTh [FEe(CN)s]*
u [Fe(CN)e]*.

16. Kak wm3mensercs DCKII B pamy kommmekcoB Coty — Co?*y — Co?'y — Co'y
(uHgEeKcaMu OOO3HAYEHBI BBICOKO- W HU3KOCHMHOBBIE KOMILIEKCH)? Kakue u3 3TOro MOXHO
clenaTh BBIBOJBI O MPOYHOCTU U OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIX CBOMCTBaX yKa3aHHBIX
KOMILIEKCOB?

17. Tpu m30MepHBIX KOMIUJIEKCA OKpAaIIeHBl B KPACHBIH, 3€JIeHbII U KenThIi 1BeTa. Kakoi
U3 ITUX KOMIUIEKCOB IOTJIOMIAET M3JIydeHHE C HauOOJIbIICH SHEpruei, eciau KaKAbIH M3 HUX
JaeT TOJBKO OJHY IIOJIOCY IMOTJIOLIEHUS B BHUAUMON oOsactu cnektpa. Kakoil komrekc
NOTJIOUIAET U3JIyUYE€HUE C CaMOil HU3KOM 3Hepruei?

18. Hcmnonb3ys sBlIeHUE TPAHCBIUSHUS JTUTAH0B B KOMIUIEKCHBIX COSMHEHUSAX TUIATUHBI
(I), cocraBbTe ypaBHEHHs pEaKLUil, C TOMOIIBIO KOTOPHIX MOXXHO TMOJYYUTh TPAHC-
K[Pt(NH3)(CN)CI2], muc-[Pt(H20)2Cl2], tpanc-[Pt(H20)(NO2)Cl:], eciiu HCXOIHBIM BEIECTBOM
apinsgercs Terpoxaopuao(ll)miatunar kanus.

19. Comocrtauth yctoitunBocth Co?* u Co®" B BHAe TMIPOKCHIOB M B BHJIE BOIHBIX
pPacTBOPOB X CYyJb(}aTOB.

20. Jlns xakoro u3 woHoB Cr®* mmm Cr¥" pemrpeim B SHeprum mpu o6pazoBaHUH
OKTa’/IpUueCKUX KOMIUIEKCOB C OJJHUM M TE€M e JIUTaH oM ciaaboro nojus 0yaer 6ombiie?

21. Kak nporcxoJuT pacileruieHue YHepreTHUeCKuX YpoBHEH opOuTaeit mo aeicreuemM
AIIEKTPOCTATUYECKOTO TOJIsl JIMTAHIOB B ciydae KomiuiekcHbIX coeauneHnin Ko[NiCls] u
K3[Cr(CN)e]? Uto Takoe sHeprus pacuISIICHUs, OT Ye€ro OHa 3aBUCHT?

22. C xaxkuM ranoreHna-noHoM C0>" 06pa3yeT OTHOCHTENBHO YCTOHYMBOE COEMHEHHE?
Kaxk 00wsicauth HeycroitunBocts CoCls, mperepnesaromiero pasnoxenue mo peakipn: 2CoCls =
2CoClz + Cl,?

23. Tlouemy xommiekcel Co (Ill) B ocHOBHOM OKTa’jpuyeckue W HHU3KOCIHUHOBBIE, a
komiuiekcel CO (1) BBICOKOCIIMHOBBIC, KaK 3TO CBSI3aHO C HW3MCHEHHUEM OKHCIIUTEIBHO-
BOCCTAHOBUTEJIHBIX CBOMCTB HMOHOB KoOanmbTa? IlpuBenuTe mnpuUMEpbl COOTBETCTBYIOLIMX
KOMILIEKCHBIX CO€IMHEHUM, UX 3JIEKTPOHHBIE KOHurypaiuu rno merony BC u MO.

24. B pactBope kakoii conmu pH 6omnbiie? [Cr(H20)6]Cls nnu [Cr(H20)4Cl2]Cl

25. OOBsCHUTE, MOYEeMy YCTOWYHBOCTh AKBAKOMILIEKCOB BaHAIUsI OOJIbIIIE YCTOHYNBOCTH
aKBaKOMILJIEKCOB Xpoma?

26. Ilouemy amMMMakaThl INEIOYHBIX M IIEIOYHO3EMENBHBIX METAJIOB pPa3iararoTcs
Bos10#? Kakoii menounoi metamt oopa3yeT aMMHakar B pacTBopax KOHIeHTpupoBaHHoro NHs?

27. PacueTHbIe 33J1a4H 10 MPOMICHHBIM TeMaM Kypca

Il cemecTp.



1. [aiite oOmy0 XapakTepUCTHKY TIEpPEXOJHBIX JJIEMEHTOB | mepexonHoro psna,
omnpenenure oOIIKME 3aKOHOMEPHOCTH B M3MEHEHHM CBOMCTB MPOCTBIX BEIIECTB M HX
COCIMHECHU.

2. 3aKOHOMEpPHOCTH KOMIUIEKCOOOpa30BaHMs, KHCIOTHO-OCHOBHOI'O B3aHMMOAEHCTBUS,
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX IIPOLECCOB Ha Impumepe 3iemeHtoB |lI-b rpynmsl.
Onpenenure B3aUMOCBSI3b  CTPYKTYpPBl M CBOMCTB IIPOCTBIX M CIIOXKHBIX — BEILECTB.
TepMOAMHAMUYECKH OINPEAEIUTE BO3MOXKHOCTH Y4YacTUS IPOCTBIX M CIIOKHBIX BELIECTB B
npoleccax B3auMOIECHCTBHS U CIIOCO0aX MOTy4EHUs.

3. 3aKOHOMEpPHOCTH KOMIUIEKCOOOpa30BaHUs, KHCIOTHO-OCHOBHOTO B3aMMOJACHCTBUS,
OKHMCIIUTEIbHO-BOCCTAHOBUTENBHBIX ~IIPOLIECCOB HA IpHUMEpe »HJIeMEeHTOB |-b rpymmsl.
Onpenenure B3aUMOCBSI3b  CTPYKTYpPbl M CBOICTB IPOCTBIX M CIIOXHBIX  BEILECTB.
TepMOAMHAMUYECKH ONPEACIUTE BO3MOXKHOCTH Y4YacTUSl IPOCTBIX M CIIOKHBIX BELIECTB B
nporeccax B3auMOJACHCTBHS U CIIOCO0aX MOITY4YEHUSI.

4. 3aKOHOMEPHOCTH KOMIUIEKCOOOpa30BaHMsl, KHUCIOTHO-OCHOBHOI'O B3aUMOJEHCTBUS,
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX IMPOLIECCOB Ha IpUMEpe 3IeMEHTOB V-b  Ipynmsl
Onpenenure B3aUMOCBSI3b  CTPYKTYpPBl M CBOMCTB IIPOCTBIX M CIIOXKHBIX — BEILECTB.
TepMoAMHAMUYECKN OINpPEAEIUTE BO3MOXKHOCTH Y4YaCTUS IPOCTBIX M CIOKHBIX BELIECTB B
npoleccax B3auMOIEHCTBHS U CIIOCO0ax MOITy4EHHUs.

5. JlaiiTe CpaBHUTEIBbHYIO XapaKTEPUCTUKY JIEMEHTOB HUKEJIS, MAJUIans, IUIATHHBI, UX
PEAKIIMOHHYIO CIIOCOOHOCTh, CBOMCTBA COEIUHEHUI.

6. 3aKOHOMEPHOCTH KOMILIEKCOOOpa30BaHUs, KHCIOTHO-OCHOBHOTO B3aMMOJICHCTBHS,
OKHMCIIUTEIbHO-BOCCTAHOBUTENBHBIX IPOLIECCOB Ha IpuMmepe »3ieMeHToB VI-b rpymnmsl.
Onpenenure B3aUMOCBSI3b  CTPYKTYpbl M CBOICTB IPOCTBIX M CIIOXHBIX  BEILECTB.
TepMoaMHAMHUYECKH ONPEAEIUTE BO3MOKHOCTH Y4YacTUsl IPOCTBIX W CIIOXKHBIX BEILECTB B
npoueccax B3auMOJCHCTBHS U CIIOCO0aX MOJIy4EHUS.

7. 3aKOHOMEPHOCTH KOMILUIEKCOOOpa30BaHUs, KHUCIOTHO-OCHOBHOI'O B3aMMOJEHCTBHUS,
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX IpoLieccoB Ha mnpumepe 3iemeHTtoB VII-b rpynmsr.
Onpenenure B3aUMOCBSI3b  CTPYKTYpPbl M CBOMCTB IIPOCTBIX M CIIOXKHBIX — BEILECTB.
TepMoAMHAMUYECKN OINpPEAEIUTE BO3MOXKHOCTH Y4YaCTUS IPOCTBIX M CIOKHBIX BELIECTB B
npolieccax B3aMMOJICHCTBHS U CIIOCO0aX MOTy4EHUs.

8. 3aKOHOMEpPHOCTH KOMIUIEKCOOOpa30BaHMsI, KHCIOTHO-OCHOBHOTO B3aWMOJCHCTBUA,
OKHCITUTEIbHO-BOCCTAHOBUTENBHBIX MpoleccoB Ha mnpumepe Fe, Ru, Os. Omnpenenute
B3alMOCBSA3b CTPYKTYPbl M CBOMCTB MpPOCTHIX M CJOXHBIX BEIIECTB. TepMOIMHAMUYECKU
ONpEACINTE BO3MOXHOCTM ydacTUsl TPOCTBIX M  CIOXKHBIX BEUIECTB B  IpoIEccax
B3aMMOJEHCTBUS U CIIOCOOaX MOTyYEHUS.

9. 3aKOHOMEPHOCTH KOMILIEKCOOOpa30BaHus, KHCIOTHO-OCHOBHOTO B3aMMOJIEHCTBHUS,
OKHCITUTEIIbHO-BOCCTAHOBUTEJIBHBIX ~MpoOllecCOB Ha mpumepe 11, Zr, Hf. Onpenenure
B3aMMOCBSA3b CTPYKTYPbl M CBOMCTB IpPOCTBIX M CJOXHBIX BEIIECTB. TepMOIMHAMUYECKU
ONpeAeNnuTe BO3MOXHOCTM y4acTUsi TPOCTBIX M  CJIOXHBIX BEHIECTB B  Ipoleccax
B3aUMO/JICHCTBUSA U CTIOCOOAX MOITYyUEHHUS.

10. 3aKOHOMEpPHOCTH KOMILIEKCOOOPa30BaHMsI, KHCIOTHO-OCHOBHOTO B3aMMOJICHCTBHSI,
OKHCITUTEIbHO-BOCCTAHOBUTENBHBIX TpolieccoB Ha mpumepe V, Nb, Ta. Omnpenenure
B3aMMOCBSA3b CTPYKTYPbl M CBOMCTB MPOCTBIX M CJIOKHBIX BEIIECTB. TepMOAMHAMHUYECKU
ONpEACINTE BO3MOXHOCTM y4acTUsl TMPOCTBIX M CIOXKHBIX BEUIECTB B  IpoOIEccax
B3aMMOJIEHCTBUS U CIIOCOOaX MOTyYeHUSI.

11. Jlaiite cpaBHHUTENBHYIO XapaKTEPUCTUKY BOJOPOJOCOJEPKAIIUM COeAMHEHUusIM V-A
rpynnsl.  buHapHble  coeluHEHUs, UX  CTPYKTypa, pacTBOPUMOCTb, OKHUCIUTEIbHO-
BOCCTaHOBUTEJIbHBIE CBOWCTBA.

12. JlaiiTe cpaBHUTENbHYIO XapakTepucTUKy 31emMeHToB VA u Vb rpynn. Kak uzmensiercs
KHCJIOTHO-OCHOBHOM XapakTep UX THIPOKCHIOB?

13. CpaBHuTe CBOWCTBAa TMPOCTHIX BEIIECTB JJIEMEHTOB pEHHs U BoJb(ppama,
0XapaKTEpU3yHTE CBOWCTBA UX COEANHEHNN, yCTOMUNBOCTh KOMILIEKCOB.



14. CpaBHUTE CBOMCTBA MPOCTHIX BEIIECTB 3JEMEHTOB XJIOpPA U CEPbI, OXapaKTEepU3yHTe
CBOICTBA UX COEAUHEHHM, YCTOMUYNBOCTh OKCUCOECTMHEHUM.

15. J[alite oOmyr0 CpaBHHUTEIBHYIO XapaKTEPUCTHKY MEPEeXOJHbIM diementam ||
MEPEXOIHOTO PAJa, ONPEIeIUTe 00IMe 3aKOHOMEPHOCTH U3MEHEHHS CBOICTB MPOCTHIX BEIIECTB
Y UX COCIUHECHHI.

16. CpaBHUTE CBOMCTBA MPOCTHIX BEIIECCTB BaHA/Ms, TUTAHA, OXAPAKTEPU3YUTE CBOMCTBA
UX COCIUHEHHI, YCTOMUYNBOCTh KOMILIEKCOB.

17. Kommnekcoobpasyromas criocoOHOCTb kKeje3a, MeH, IMHKA, CTPYKTypa KOMILJIEKCOB,
YCTOMUYMUBOCTD, TAJIOTEHUbI U OKCUCOEIUHEHUSI.

18. OkwucneHue M BOCCTaHOBJICHHE. OJIEKTPOXUMHUYECKHE TMPOLECChl. 3aBUCUMOCTh
OKHUCJIUTEITbHO-BOCCTAHOBUTENBHBIX IPOIECCOB OT Pa3IUYHBIX (PAKTOPOB y 3ieMeHTOB |-b
TPYHIIBL

19. OcoOGeHHOCTH 3JEKTPOHHOTO cTpoeHus 0-351eMeHTOBVY | rpyIIbl 1 B3aUMOCBSI3b €ro CO
CBOMCTBaMM MPOCTBIX U CIOXKHBIX BemlecTB. [IporHo3upoBaHne HX KOMIUIEKCOOOpa3yroulei
CIIOCOOHOCTH C OPraHMYECKUMHU U HEOPTraHUYECKUMHU peareHTamH.

20. Oxcocoenunenus (ocdopa, azora, cepbl, USMEHEHHE CUJIbI KUCIOT U OKHCIUTEIBHO-
BOCCTAHOBUTEIHLHON aKTUBHOCTHU C YBEJIIMUEHUEM TMOPSIKOBOIO HOMEpPA 3JIEMEHTOB.

21. 3akOHOMEpPHOCTH KOMILIEKCOOOpa30BaHUs, KHCIOTHO-OCHOBHOTO B3aUMO/ICHCTBUS,
OKHCITUTEIbHO-BOCCTAHOBUTENILHBIX ~TIPOLIECCOB Ha Tmpumepe snnemeHToB |I-b  rpynmsr.
Onpenenute B3aUMOCBSI3b CTPYKTYpPBl M CBOHCTB HPOCTBIX U CIOXHBIX  BEIIECTB.
TepMoIMHAMHYECKH ONPEIEIUTe BO3MOXHOCTH YYacTHsl MPOCTBIX W CIIOXKHBIX BEIIECTB B
mpoleccax B3auMOJCHCTBHS U CIIOCO0aX MOyYeHUSI.

22. 3aKOHOMEPHOCTH KOMIUIEKCOOOpa30BaHUs, KHCIOTHO-OCHOBHOTO B3aUMOJICHCTBUS,
OKHCJTUTEIILHO-BOCCTAHOBUTEIbHBIX mporieccoB Ha mpumepe Ni, Pd, Pt. Omnpeaenure
B3aUMOCBSI3b CTPYKTYPbl M CBOMCTB NPOCTBIX M CJIOXKHBIX BEIIECTB. TepMOJIMHAMHYECKH
ONpeAeNIUTE BO3MOXHOCTH y4acTHUsi TMPOCTBIX M CIOXKHBIX BEIIECTB B  IMpoIeccax
B3aUMOJICUCTBUS U CIIOCO0AX MOTyUEHHUS.

23. JMaiite o0OIIyI0 CpaBHUTEIBHYIO XapaKTePUCTHKY MepexoaHsiM siementam |l
MEePEXOIHOTO Psijia, OnpeneauTe o0Ire 3aKOHOMEPHOCTH U3MEHEHHS] CBOMCTB MTPOCTHIX BEIIECTB
Y UX COEIUHEHHU.

24. KomruiekcooOpa3syromiasi criocoOHOCTh 00pa, alfOMUHUS, TaUTAs, WHIUS U TaJUIHS,
M3MEHEHUE YCTOMYMBOCTH KOMILJIEKCHBIX COCTUHEHUN.

25. 3aKOHOMEPHOCTH KOMIUIEKCOOOpa30BaHUs, KUCIOTHO-OCHOBHOTO B3aUMO/ICHCTBUS,
OKHCJTUTEIILHO-BOCCTAHOBUTEIBHBIX TIporieccoB Ha mnpumepe Co, Rh, Ir. Omnpenenute
B3aUMOCBSI3b CTPYKTYPhl M CBOMCTB TPOCTBIX M CJIOXKHBIX BEIIECTB. TepMOJIMHAMHYECKH
ONpEeNeTUTE BO3MOXKXHOCTH y4aCTHUs TMPOCTBIX M CJIOXKHBIX BEIIECTB B  Ipolieccax
B3aUMOJICUCTBUS U CIIOCO0AX MOTyUEHHUS.

26. JlaliTe CcpaBHUTENBHYIO XapaKTepUCTUKY JaHTaHoWIaM U akTuHoujam. Kak
M3MEHSIETCSl KUCIIOTHO-OCHOBHOM XapaKTep OMHAPHBIX COCTMHEHHIA.

27. OKCOCOEIMHEHMs] BaHaausA, XpOMa, Kele3a, H3MEHEHHE CHJIbl THIPOKCHIOB,
OKHCITUTEIbHO-BOCCTAHOBUTENILHON  aKTHBHOCTH C  yBEJIIMYEHHWEM TOPSIKOBOIO HOMEpa
AJIEMEHTOB.

28. CpaBHure cnocobHocTh 31eMeHTOB IlI-b rpynmbl k 00pa30BaHMI0 KOMITJIEKCHBIX
COEMHECHUM.

29. T'anorenunst Il — A rpynmel. VX cTtpoenue, reomerpuyeckass MOJAENIb MOJEKYI,
PacTBOPUMOCTb.

30. OxapakTepu3yiTe XUMHYECKYI0 aKTUBHOCTh OKCHJIOB M THIPOKCHIOB S-3y1eMeHTOB ||
TPYIIIBL, OKHUCIIUTEIbHO-BOCCTAHOBUTEIbHAS aKTUBHOCTb, CIIOCOOHOCTH K
KOMILJIEKCOOOPa30BaHUIO.

31. Kpemuuit u xmnop. CpaBHUTE CBOMCTBAa MNPOCTHIX BEUIECTB, HMX PEAKIHUOHHYIO
CIOCOOHOCTH, CBOMCTBA COCTMHCHUH B PA3JIMYHBIX CTETICHSIX OKUCICHUS, UX YCTONYMBOCTD.



32. OcoOeHHOCTH CTPYKTYphl M CBOMCTB OKCHIOB 3jeMeHToB |V-b rpymnmbl B AByX- u
YETBIPEXBAJEHTHOM COCTOSIHUAX. MX  yCTOMYMBOCTb, OKHCIHMTEIbHO-BOCCTAHOBUTEIBHBIC
CBOWCTBA, KUCJIOTHO-OCHOBHAS ()YHKIIHS.

33. A30T M cepa, CpaBHUTEIbHAs XapaKTEPUCTUKAa CBOMCTB MPOCTBIX BEIIECTB, HX
COEIMHEHUH B pa3JIMYHbIX CTENEHSIX OKUCIEHUS], yCTOMUYUBOCTh KOMIUIEKCOB.

34. Azot u 6poM. CpaBHUTE CBOMCTBA MTPOCTHIX BEIIECTB, HX PEAKITMOHHYIO CITOCOOHOCTH,
CBOICTBA COCIMHEHUH B PA3JIMYHBIX CTEIICHSAX OKUCIICHUS, UX YCTOMYHUBOCTD.

35. Cyppma u wunaui. CpaBHUTE CBOWMCTBAa IPOCTHIX BEIIECTB, HX PEAKIMOHHYIO
CIIOCOOHOCTb, CBOMCTBA COEAMHEHUN B PA3JIMYHBIX CTENEHSAX OKUCJIEHUS, UX YCTONYHMBOCTD,
KOMILJIEKCBI.

36. ®ochop u omoBo. CpaBHHTE CBOICTBAa MPOCTHIX BEIIECTB, HMX PEAKIIMOHHYIO
CIIOCOOHOCTh, CBOMCTBA COCAMHEHUI B PA3JIMYHBIX CTEMEHSX OKUCICHUS, UX YCTONYHMBOCTH,
KOMILJIEKCBI.

37. bunapusie coequHeHus 31eMeHToB |V rpynnbl. MIX cTpykTypa, HU3MEHEHHEe XapakTepa
CBA3€HM, TepMHMuUecKas YCTOWYMBOCTb, OKHUCIIUTEIbHO-BOCCTAHOBUTENIbHASI  AKTHUBHOCTb,
XapaKTepUCTHKA CBOMCTB, OMHAPHBIX COCTUHEHHIA.

38. YcroitunBoCTh (PTOPUIHBIX, XJIOPUIHBIX, HOAUTHBIX KOMIUIEKCOB HUKEINS, TUIATHHBI,
Mapraiia.

39. OcoOEHHOCTH CTPYKTYpPBl M CBOWCTB OKCHJOB 3JeMeHTOB |V-A rpymmbl, ux
YCTONYMBOCTh, OKHCIIUTEIBHO-BOCCTAHOBUTENIbHBIE CBOMCTBA, KUCIIOTHO-OCHOBHAS (DYHKITHSI.

40. I'anorenuas! 6opa. Ux crpoenune, reomeTpruueckasi MOAEIb MOJIEKYJ, PACTBOPUMOCTb.

41. bepumnuii u Gop, cpaBHUTENIbHAs XapaKTEPUCTUKA CBOMCTB MPOCTBIX BELIECTB, UX
COEIMHEHUH B pa3JIMYHbIX CTENEHSIX OKUCIIEHUS, YCTOMUYNBOCTh KOMILJIEKCOB.

42. OxapakTepusyiiTe CBOIcTBa K0OambTa W POIUS, UX COCAUHEHHH, OMpPENeNIuTe HX
KOMIUIEKCOOOPa3YIOIIYI0 CIIOCOOHOCTh, CTPYKTYPY H YCTOHYHMBOCTH KOMIIIICKCOB.

43. OxapakTepu3yiTe CBOMCTBA CEpbl U repMaHUs, KUCIOTHO-OCHOBHBIE, OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE CBOMCTBA OKCUCOEAUHEHUIA.

44. OxapakTepu3yiiTe CBOMCTBA METAIUIMYECKOTO XpOMa, €r0 COCAUHEHUN B Pa3IMYHBIX
CTENEHSIX OKUCIIEHUS, CHOCOOHOCTh K KOMIUIEKCOOOpPa30BaHUIO.

45. Azot u ¢pTop. CpaBHUTE CBOWCTBA MPOCTHIX BELIECTB, UX PEAKLIMOHHYIO CIIOCOOHOCTD,
CBOICTBA COCITMHEHUH B PA3JIMYHBIX CTECTICHSAX OKUCIICHHS, UX YCTOMYHUBOCTD.

46. Kpemuuit u ¢ocdop. CpaBHHTE CBOHCTBA MPOCTHIX BEIIECTB, MX PEAKLUOHHYIO
CIIOCOOHOCTh, CBOMCTBA COETUHEHHH B PA3JIMUHBIX CTEMEHSIX OKUCIIEHUS, UX YCTOMYHUBOCTD.

47. Tennmyp u Hon. CpaBHUTE CBOICTBA MPOCTHIX BEIECTB, UX PEAKIIHOHHYIO CIIOCOOHOCTD,
CBOICTBA COCIMHEHUH B PA3JIMYHBIX CTETICHSAX OKUCIICHHS, UX YCTOMYHUBOCTD.

48. Cepa u Mbiubsik. CpaBHHTE CBOMCTBAa IPOCTBIX BELIECTB, HMX PEAKIMOHHYIO
CIIOCOOHOCTh, CBOMCTBA COEITUHEHHH B PA3JIMUHBIX CTEMEHSIX OKUCIIEHUS, UX YCTONUYHUBOCTD.

49. Kamumii u Menp. CpaBHMTE CBOICTBAa MPOCTBIX BELIECTB, MX PEAKLMOHHYIO
CIIOCOOHOCTh, CBOMCTBA COEAMHEHMH B DPA3JIMYHBIX CTENEHAX OKUCICHHS, UX YCTOMYMBOCTb,
KOMILJIEKCBI.

50. Anromunuii, cBuHell. JlaliTe cpaBHUTENIbHYIO XapaKTEPUCTUKY MPOCTHIX BELIECTB ATUX
AJIEMEHTOB, UX COEUHEHHUM, KOMIUIEKCOB.

51. Tammuit u ceneH. CpaBHUTE CBOMCTBAa NPOCTBIX BEIIECTB, HX PEAKIUOHHYIO
CHOCOOHOCTh, CBOMCTBA COEAMHEHUH B Pa3IMYHBIX CTETICHIX OKUCICHHS, UX YCTOWYHBOCTD.

52. bop u kpemHuil. CpaBHHTE CBOMCTBAa IPOCTBIX BEIIECTB, WX PEAKIHOHHYIO
CIOCOOHOCTh, CBOMCTBA COEAMHEHUH B Pa3IMYHBIX CTETIEHAX OKUCICHHS, UX YCTOWYUBOCTD.

53. Bucmyr u cBuHen. CpaBHUTE CBOWCTBA NPOCTBIX BEHIECTB, WX PEAKIHOHHYIO
CHOCOOHOCTh, CBOMCTBA COCNMHEHHMH B pa3IMYHBIX CTENEHSAX OKHCICHMS, MX YCTOHYMBOCTb,
KOMILIEKCBI.

54. XKenezo m kobanpT. CpaBHHMTE CBOICTBa MPOCTHIX BEILIECTB, HMX PEAKIIMOHHYIO
CIIOCOOHOCTh, CBOMCTBA COEAMHEHHUH B DPA3JIMYHBIX CTENEHSAX OKUCIEHMS, WX YCTOWYHBOCTb,
KOMILIEKCBI.



55. bpoM u marHuii. CpaBHUTE CBOWCTBAa IPOCTBIX BELIECTB, HMX PEAKLHUOHHYIO
CHOCOOHOCTh, CBOMCTBA COEIMHEHMH B pa3jIM4HBIX CTENEHSAX OKHCICHMS, MX YCTOHYMBOCTb,

KOMIIJICKCBI.

7.4. MeToauuecKkue MaTepHualJbl, ONMPEACTAIOIINE ITPOHECAYPHI OCHUBAHUS 3HaHPIi71,

YMeHUii, HABbIKOB U (MJIM) ONbITA JeATeJIbHOCTH

1 cemectp: Paznen 1 «O0mas xumus»
KonnuecTBO TUIAKTUYECKUX €IUHUAILL — 22

Ne KounTtposmpyemsie MaxkcumaibHoe Cpok
n/n MepOoNnpuUsiTHs KOJINY€eCTBO NpeAoCTABICHUS
0a/10B
OcHoBHOI1 0J10K
1. | Tect «OCHOBHBIE MOHATUS XUMHUH. 5 10 PaCIUCAHUIO
ATOMHO-MOJIEKYJISIPHOE YUYCHHE)
2. | Oruer no saboparopHoii paboTe 0,5 110 PACIIMCAHHIO
3. | Tect «Knaccudukanus 1 HOMEHKIaTypa 5 10 PACIUCAHUIO
HEOPraHWYECKUX COCAUHEHUI »
4 | Otuer no nabopaTopHoil paboTe 0,5 110 PACIIHCAHUIO
5 | KonrponbHas padora Nel 6 110 PaCIIMCAHUIO
6. | Tect «Ctpoenue aroma. [lepuoanaeckuit 5 10 PACIIMCAHUIO
3aKOH M [IEpUOIMYEcKas cucreMa
XUMHUYECKUX dyiemeHToB J[.1.
MenneneeBa»
7. | KontposbHas pabota Ne2 6 110 paCIMCaHHIO
8. | Tect «XumMuyeckas CBs3b» 5 10 PACIIUCAHUIO
9. | KonTponpHas pabora Ne3 6 110 paCMCaHHIO
10. | Tect «CKOpPOCTh XUMHUYECKUX PEAKLIUH. 5 10 PACIUCAHUIO
XUMHUECKOE PaBHOBECHE. DHEPreTHKa U
HaNpaBJIEHHOCTh XUMHUYECKUX
IIPOLIECCOBY
11. | Oruer no nabopaTopHOi padoTe 0,5 10 pacHUCaHHIO
«CKOpOCTh XUMHUECKUX PEAKLU.
XUMHUYECKOE PABHOBECHE
12. | Otuer no nabopaTopHoit paboTe 0,5 10 paCIUCaHHIO
«DHepreTuka 1 HalpaBJIEHHOCTb
XMMHUYECKHX MPOLIECCOBY
13. | KonrponsHas pabora Ned 6 110 paCUCaHHIO
14. | Tect «PactBOpsl. Teopus 5 10 PaCIUCAHUIO
AIIEKTPOIUTUIECKOMN TUCCOIHAIIAI)
15. | Otuer no nabopaTopHoi paboTe 0,5 110 PaCIIMCaHHIO
16. | KonrponpHas padora NoS5 6 110 PaCIMCaHHIO
17. | Tect «OKuCIUTENBHO- 5 10 PACIUCaHUIO
BOCCTAHOBUTEIIbHBIC PEAKIINU H
JIEKTPOXUMUYECKHE POILIECCHI»
18. | Otuet no nabopaTopHO# paboTe 0,5 110 paCIIMCaHHIO
19. | KonrponsHas pabora Ne6 6 110 PaCIMCaHHIO
20. | Tect «KoMmeKCHbIE COSMHEHUS» 5 110 PACIIUCAHUIO
21. | Order mo naboparopHO paboTe 0,5 110 PaCIMCAHHIO
22. | KontponbHas pabora Ne7 6 110 paCIIMCaHHIO




23. [ Sx3amen | 10 | 1o pacnucanuio

Baok 6onycoB u mrpagos

24. | AKTUBHOCTb Ha 3aHATHUU (32 CEMECTD) 4,5 10 PACIIHUCAHUIO
25. | HenoaroroBnenHoe goMaiHee 3a/1aHue -1
26. | [Ipomyck 3aHsaTHs 06€3 YBOXKUTEILHON -2
IPUYHHBI
Bcero 100

2 cemectp: Pa3znen 2 «Heopranuveckasi XumMus (XUMHS 3J1eMEHTOB M UX COeIMHEHUI )
KonnuectBOo numakTuueckux equuui — 31

Ne KonTpoaupyembie MakcumasnbHoe Cpox
n/n MeponpuUsITHs KOJINYeCTBO npeaocTaBIeHUS
0a/1J10B
OcHoBHOoI1 0J10K

1. | Tecr «2nementsl VIIA rpymisl 3 10 PACIIMUCAHUIO
(raJIOT€HBI) M UX COCTMHEHUS)

2. | Otuer no naboparopHoii pabote 1 110 PACMIHCAHUIO

3. | KonrponbHas paborta Ne8 5 110 paCMCaHUIO
Tect «Onements! VIA rpymmbl 3 10 PACIIMCAHUIO
(XaJIbKOT€HbI) U UX COEIMHEHUS»

4. | Oryer o nabopatopHoii paboTte 1 110 paCMCaHHIO

5. | Kontponbnas paborta Ne9 5 110 PaCIIMCAHUIO

6. | Tect «Dnementsl VA rpymimsl U UX 3 10 PACIIMCAHUIO
COEIMHEHUS»

7. | Order no naboparopHoii paboTe 1 110 paCIMCaHHIO

8. | KontponbHas pabota Nel0O 5 10 PaCIIMCAHUIO

9. | Tect «Onements! VA rpynmsl 1 ux 3 10 PACIIMCAHUIO
COEIMHEHUSI»

10. | Otuert no nabopaTopHO# paboTe 1 110 PaCIIMCaHHIO

11. | Tect «OnemenTs! A rpynmns! 1 ux 3 10 pacHUCaHHIO
COEIMHEHUS»

12. | Otuer no nmabopaTopHo#t paboTe 1 110 paCMCaHHIO

13. | KonrponbHas padora Nel 1l 5 110 PaCIMCaHHIO

14. | Tect «Onements! |A u lIA rpynn u ux 3 10 pacHUCaHHIO
COEIMHEHUS»

15. | Oruer no nabopaTopHoii padoTte 1 110 paCMCAHHIO

16. | Tecr «Onementsl |11B rpymnmsl u ux 3 10 pacCIMCaHHI0
coennHeHus. JlaHTaHOUIBI. AKTHHOHTBDY

17. | Tect «2OnemenTts! IVB rpynmns! u ux 3 10 pacUCaHHIO
COEIMHEHUS»

18. | Tecr «Onementsl VB rpymisr u ux 3 10 pacHUCaHHIO
COEIMHEHUS»

19. | Otuer mo mabopaTopHoit paboTe 1 10 pacHUCaHHIO
«QnemenTsl VB rpymnisl u ux
COCTMHEHUS

20 | KonrtponbHas pabora Nel2 5 110 paCIMCaHHIO

21. | Tect «Dnmementsl VIB rpymnmst u ux 3 10 pacHUCaHHIO
COEIMHEHUS»

22. | Order no nabopaTropHO paboTe 1 10 PACITMCAHHIO

23 | Tect «Onements! VIIB rpynms! n ux 3 10 PACITMCAHHIO




COCIMHEHUS
24 | Otuet o nabopaTopHO# paboTe 1 110 paCIMCaHHIO
25 | KonrponbHas pabora Nel3 5 10 PACIIHUCAHUIO
26 | Tect «Onements! VIIIB rpynms! u ux 3 10 PACIUCAHUIO
COCIMHEHUS
27 | Otuer no nabopaTopHO# paboTe 1 110 PACIIMCAHMIO
28 | KonrponbHas pabora Nel4 5 10 PACIIUCAHUIO
29 | Tect «2Onementsl IB — Il B rpymmb! u ux 3 10 PACIIHUCAHUIO
COCIMHEHUS»
30 | Otyer no nabopaTopHoii padoTe 1 10 PACIIHUCAHUIO
«QneMeHTsl |1B rpynmsl u ux
COCIMHCHUS
31 | Otuer no nabopaTopHOii paboTe 1 10 PACIUCAHUIO
«OnemenTsl |l B rpynimbl 1 ux
COCIMHEHUS»
32 | Dk3ameH 10 110 PACIIHCAHUIO
baok 6onycoB u mrpagos
33. | AKTUBHOCTb Ha 3aHATHUH (32 CEMECTP) 4 110 PACIIHCAHUIO
34. | HenoarorosnenHoe qoMaliHee 3a/1aHue -1
35. | [Ipomyck 3ausTHs 0€3 yBaXKUTEIHHOMN -2
TIPUYHHBI
Bcero 100

8. VUEBHO-METOJUYECKOE U HTHO®OPMALIMOHHOE OBECIIEYEHUE
JUCLUIINHbBI

a) OcHoBHas JIUTEpaTypa:

1. Heopranunueckas xumusd. Y. II [Dnexktponnslit pecypc]: yuebnuk / Crunpia B.A.,
Mapteiaenko JI.U. - M.: U3narenbcTBO MOCKOBCKOTO TOCY/IapCTBEHHOTO YHUBEpcuTeTa, 1994. -
http://www.studentlibrary.ru/book/5-211-02494-X.htm (3BC «KoHCyabTaHT CTYACHTa)

2. OO61as 1 HeopraHuyeckas XUMHsl [ DJIEKTPOHHBIN pecypc]: yueOHoe nocobue : B 2
y. / AmnapueB A.M., KazakoBa A.A. - Hosocubupck : Wszg-so HITY, 2015. -
http://www.studentlibrary.ru/book/ISBN9785778226081.html (OBC «KoHCYIbTaHT CTYACHTAY)

3. OO6mast u Heopranndeckas xumus. Yactb II. Xumus snemMeHTOB [DneKTpOHHBIN
pecypc]: yuebHoe mocobue / AmapueB A.M. - Hosocubupck: W3m-so HI'TY, 2015. -
http://www.studentlibrary.ru/book/ISBN9785778227385.html (95C «KoHCY/bTaHT CTyIEHTa)

4. Ob6mas xumusa [Dnexkrponssiii pecypc] / Cysopos A.B., Hukonsckuit JI. b. -
CII6.: XUMWU3OAT, 2017. - http://www.studentlibrary.ru/book/ISBN9785938083035.html
(OBC «KoHCYIbTaHT CTYIEHTa»)

5. [TpakTukym 1o obmiel XuMun [ INeKTpoHHBIN pecypc]: yued. mocodue / [Tox pen.
C.®. NynaeBa. - 4-e wusnm., mepepad. m gom. - M. : HMzgarenbctBo MOCKOBCKOTO
rocyaapcTBeHHoro yausepcurera, 2005. - (Knaccuueckuil yHUBEPCHUTETCKMH Y4eOHHK). -
http://www.studentlibrary.ru/book/ISBN5211049357.html (3bC «KoHCcynbTaHT CTYAEHTa)

6. AxmeroB H. C. OGmmas u Heopranndeckas xumus: YueoHuk juist By3os. / H.C.
AxwmeToB. — 8-¢ m311., crep. — CII6.: M3narenscTBo «Jlawby, 2014. — 752 C. -
http://e.lanbook.com/books/element.php?pll_id=50684

7. Vraii SI.A. OOmmias u Heopranuueckas XuMusi: Yueb. s By3os / S.A. Yrait. — 5-e

u3M., crep. — M.: Beicmr. mik.; 2007. — 527 c.: . ISBN 978-5-06-003751-7. (10 2x3.)
8. Crunua B.U., Mapteinenko JI.M. Heoprannueckas xumus. - M.: MI'Y, 1991. - Y.
1. —480 c. (47 7K3.).



http://www.studentlibrary.ru/book/5-211-02494-X.htm
http://www.studentlibrary.ru/book/ISBN9785778226081.html
http://www.studentlibrary.ru/book/ISBN9785778227385.html
http://www.studentlibrary.ru/book/ISBN9785938083035.html
http://www.studentlibrary.ru/book/ISBN5211049357.html
http://e.lanbook.com/books/element.php?pl1_id=50684

0) /lomoJiHUTe IbHAA IUTEpaTypa:

1. KomriekcHbie coemuHeHusI [ DNEeKTPpOHHBIN pecypc]: YueOHoe mocodue mo Kypey
"O6mast u Heopranmueckas xumus" / A. A. I'ypos, II. B. Ciutukos, XK. H. Mengusix. - M. :
HU3narenncTBO MI'TY HUM. H. . baymana, 2014." -
http://www.studentlibrary.ru/book/ISBN9785703839966.htm| (95C «KoHcynbTaHT cTyaeHTa)

2. Heopranumueckas xumusi: B 3 1. T.1: OU3MKO-XUMHYECKUE OCHOBBI
Heopranuyeckoi xumuu : Jlon. M-Bom oOpa3zoBanus P® B kauectBe y4eO. sl CTYJCHTOB BY30B,
obyuaronuxcst mo HampasieHuto 510500 "Xumusa" u cnermanpHoctr 011000 "Xumus" / MLE.
Tamm, FO.J1. Tperbsxos; Iloxg pen. YO.[l. TperpskoBa. - M. : Axanemus, 2004. - 240 c. -
(Beiciree npodeccuonaabHoe obpazoBanue). - ISBN 5-7695-1446-9 (1. 1): 313-60 : 313-60. (25
9K3.)

3. Heoprannueckas xumust. B 3 1. T.2: Xumus HenepexoHbIX 351eMeHToB : Jlon. M-
BOM oOpazoBanust PO B kauecTBe y4yeO. /Ui CTY/IE€HTOB BY30B, OOYHYAIOLIMXCS 110 HAIPaBJICHUIO
510500 "Xumusa" u crnenmanbHoctd 011000 "Xumusa" / A.A. JIpo3noB u ap.; ITox pen. FHO./.
TperbsikoBa. - M. : Axagemusi, 2004. - 368 c. - (Bricmiee npodeccuonansHoe 00pa3oBaHue). -
ISBN 5-7695-1436-1 (t. 2): 352-24, 208-56 : 352-24, 208-56. (26 3k3.)

4. Heopranunueckas xumus: B 3-x T. T. 3: Xumus nepexonsbix 3iaemMeHToB: KH.1 !
Homn. M-Bom oOpa3zoBanus P®D B kadectBe yued. IJsi CTYACHTOB BY30B, OOYYalOLIUXCS IO
Hanpasienuto "Xumusa" u cnenumansHoctH "Xumusa" / [A.A. dposno u ap.];[lox pen. FO.J1.
TperbsikoBa . - 2-¢ u3m. ; ucnp. - M. : Axkagemus, 2008. - 352 c. - (Bpicmiee npodeccnoHanbHOE
obpaszoBanmue). - ISBN 978-5-7695-5622-7: 691-90 : 691-90. (10 »k3.)

5. Heoprannueckas xumus: B 3-x T. T. 3: Xumus nepexoaHbx 3jaeMeHToB: KH.2 :
Homn. M-Bom oOpa3oBanusi PO B kauectBe yued. Ui CTYACHTOB BY30B, OOYYAIOIIUXCS IO
HanpasneHuto "Xumusa" u cnenuansHoctu "Xumus" / [A.A. dposnos u ap.];[lox pen. FO.J.
TperbsikoBa . - 2-¢ u3 . ; ucnp. - M. : Akanemus, 2008. - 400 c. - (Beicuiee mpodeccrnoHanbHOe
obpazoanue). - ISBN 978-5-7695-5624-1: 710-60 : 710-60. (10 3k3.)

6. Xabaposa O.B. KommnekcHbie coenunaenus. Jlaboparopusie pabotel. Bompocs
st camornoarotoBku [Teker]: yueOHoe mertoamueckoe mocobue/ coct. O.B. Xabaposa, E.b.
CemenoBa. — Actpaxanb: M3narensckuii oM «Actpaxanckuid yHuepcurer», 2009. — 95 c. (25
9K3.)

7. Heopranunueckas xumusi. Boripocsl, 3a1aun u 3aaHus K 1a00paTOPHBIM paboTam
[Tekcrt]: yuebHoe mocodbue / coct.: A.I'. I'muuuna, JI.A. Kpusennesa, T.B. besyrmosa. —
Actpaxans: U3narenbckuii 1oM «AcTpaxaHCcKkuil yHuBepcuret», 2008. — 165, [3] c. (28 7k3.)

8. COopHHK 3aJa4 U YHOpaXHEeHUH 1Mo oOlield M HeopraHMYecKoW XHUMHUM: mocolOue
st By3oB / H.H. TlaBnos, B.1. ®ponos, C.B. ®ponos u ap.; nox pea. H.H. [laBnosa. — M.:
Hpoda, 2005. — 239, [1] c. ISBN 5-7107-9818-5 (20 »k3.)

9. Apnamnukosa E.W., . COopHUK 33124 10 HEOPraHUYECKON XuMuu: yued. mocodue
Juid cTyA. Bbicul. yueO. 3aBenenuit/ E.M. Appammnukosa, ['H. Mazo, M.E Tamm; nmoxn pexn.
0. 4. TpetpsikoBa. — M.: M3natenbekuii ieHTp «Akamemus», 2008. — 208c. ISBN 978-5-7695-
3879-7 (30 2k3.)

B) Ilepeyenr pecypcoB  HMHGPOPMAIHOHHO-TEIEKOMMYHUKAIIMOHHONW  CeTH
«HTEepHET», HEOOXOAMMBII 1JIS1 OCBOCHUSI TUCHUILIMHBI (MOAYJIS):

OnekTpoHHass ~ OubnuoTreka  «ACTpaxaHCKUN  TOCYJAapCTBEHHBIH  YHUBEPCHUTET)
coOcTBeHHOM reHepanuu Ha miargopme ObC « DnexkTponHblid YnTanbHbli 3an - bubmmoTexy.
https://biblio.asu.edu.ru
Yuemnas 3anuce obpazosamenvroco nopmana AI'Y

OnekTpoHHO-0ubnuoreynas cucrema (ObC) OOO «Ilonmurexpecype» «KoHcynbraHT
cTyzAeHTa». MHoronpoduiabHbIi 00pa3zoBarenbHblil pecype "KoHCynbTaHT cTyneHTa" sBiIsSeTcs
AIIEKTPOHHOM OMOIMOTEUHOM CcHCTEMOMN, MpeaocTaBistonle noctyn uyepe3 cetb MHTepHeT K
yueOHOI TUTepaType U TOTMOTHUTEILHBIM MaTepHraiaM, MPUOOPETECHHBIM Ha OCHOBAHHUH MPSMBIX
JIOTOBOPOB € mpaBooOmanatensmu. Karamor B HacTosmiee Bpemsi colepKuT okoio 15000
HanMmeHoBanui. Www.studentlibrary.ru. Pecucmpayus ¢ komnvromepos AI'Y



http://www.studentlibrary.ru/book/ISBN9785703839966.html
https://biblio.asu.edu.ru/
http://www.studentlibrary.ru/

DnekTpoHHas OubIMOTeuHas cucTeMa m3aarensctBa FOPAUT, pasmen «JlereHmapHbie
KHHUTH». WWW.Diblio-online.ru, https://urait.ru/

DnexktponHas oubnuoreunas cucrema IPRbooks. www.iprbookshop.ru

DnekrponHo-6ubaroTeunas cucrema elibrary. http://elibrary.ru

DnexTpoHHO-0nbMoreuHas cucrema BOOK.ru

Www.asu.edu.ru

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

MartepuanbHo-TeXHUYeCKOe obecriedeHne y4uyeOHOW IUCHUIUIMHBI BKIIOYaeT B ce0s
nexuuoHHyto ayauroputo (101 ayn.: ctonsl — 14 mr., ctynes — 31 wr., qocka — 1 mWIT., IpoeKTOp
— 1 mr., »3KkpaH mpoekTopa — | mIT., MIa3MeHHas MaHedb — | IT., KOMIObIOTEp — lmiT.),
71ab0paTOPUIO TIO TIPOBEACHUIO JTA00PATOPHOTO MPAKTHKYMa M CeMUHApPCKUX 3anstuii (114 ayn.:
nabopaTopHble cTONbl — 13 mT., cTynbs — 25 mT., Kocka — 1 mT., mpoekTop — 1 mT., 3KpaH
npoexTopa — 1 mr., KoMnpoTep — 1 IIT., IITaTUB — 3 IUT., BRITSDKHOM 1MIKag — 2 IIT., CYIIMIbHBIA
mkad — 1 mT., ciektpodgoromeTp — 1 MmIT., TUIMTKA AMeKTpudeckas — 1 mr.). JlaGopatopHsIii
PAaKTUKYM 00ECIeYeH XMMHUYECKIMH PEaKkTHBAMH, J1a00PaTOPHOM MOCYJ01 U yueOHO-HAyYHBIM
o0opynoBanueM: MmKadbl UIsI XMUMHUYECKUX PEAKTHMBOB M XHMHYECKOH MOCyAbl, HaOop
XUMHYECKHX PEaKTUBOB, HAOOp XUMUYECKOU MOCY/IbI.

[Ipu HeoOxogumocTu pabouyas mnporpamma AUCHMIUIMHBL (MOAYJSI) MOXET OBbITh
ajanTUpoBaHa i o0ecredeHus 0Opa30BaTENBHOrO Ipolecca HWHBAIMAOB U JHUI C
OrpaHUYEHHBIMU BO3MOXKHOCTSIMM 3/10pOBbS, B TOM 4YHCIIE€ A OOy4EHHsS C IPUMEHEHUEM
JUCTAaHIIMOHHBIX 00pa30BaTENIbHBIX TEXHOIOIUU. [t 3TOr0 Tpebyercs 3asBieHue CTyACHTa (€ro
3aKOHHOTO IIPEJICTABUTENS) U 3aKJIIOUYEHUE ICUXOJIOr0-MEAMKO-TIEarornyeckoil KOMHCCUU
(IIMIIK).


http://www.biblio-online.ru/
https://urait.ru/
http://www.iprbookshop.ru/
Электронно-библиотечная
http://elibrary.ru/
http://www.asu.edu.ru/

