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|. AHHOTAIIMA

1. llesanb u 327294 JUCIUILIMHBI.

L]envro OCBOEHUS JUCHUIUIMHBI SIBIsIETCS (DOPMUPOBAHUE M PAa3BUTHE Y CTYACHTOB
0a30BBIX TEOPETUUECKUX CBEJACHUW W TIOJIYYEHHE TMPAKTUYCCKUX HABBIKOB,
HalpaBJICHHBIX HAa pPa3BUTHE CIIOCOOHOCTH peliaTh CTaHAapTHBIC 3aJlauu
npodeCCUOHAIBHON JIEeATEIIbHOCTH.

3adauamu 0OCBOCHUS TUCUUTLIMHBI (MOJIYJIS) SIBJISIFOTCSL:

-M3yuenne TeopeTnieckux OCHOB HEOPTraHUYECKON XHMUH.

-OBaieHre METOJaMU U CIIOCO0aMU CUHTE3a HEOPTraHUYECKHUX BEIECTB.
-OByaieHre HaBbIKAMH OINHMCAHMS CBOMCTB BEIIECTB HA OCHOBE 3aKOHOMEPHOCTEN,
BBITEKAIOIINX U3 IEPUOIUYECKOr0 3aKOHA U [leprnoinueckoi cucTeMbl XUMUYECKHUX
anemenToB /.M. MeHpeneena.

-OBJlajieHue HOpMaMH TEXHUKHU 0€3011aCHOCTU

B pe3ynbrare ocBOeHUS JUCHUILIMHBI 00YyJarOMIUIics T0JKEH:

- 3HaTh: TEOPETUYECKUE OCHOBHI HEOPraHMYECKOW XUMHH (COCTaB, CTPOCHHE U
XUMHYECKHE CBOMCTBA OCHOBHBIX ITPOCTBHIX BEIIECTB M XUMHYECKUX COCIUHEHUH,
CBSI3b CTPOEHUS BEUIECTBA U MPOTEKAHUS XUMUUYECKUX MPOLIECCOB).

- YMeTh: peanu30oBaTh BO3MOKHOCTU KIJIACCHYECKOM HEOPraHWYECKONM XHMHH
IIPUMEHUTENBHO K U3YYCHUIO HEOPTAHMUYECKUX BEIIECTB, B T.4. IIyTEM IIPOBEIACHUS
XUMHUYECKOTO SKCIIEPUMEHTA U UCCIIETOBAHMEM XUMUYECKUX BELUIECTB U PEAKLIMIA.
- Biajets: MeToiamMu U crmocodamMu CHUHTE3a HEOPraHWYECKHUX BEIIECTB, HABbIKAMU
ONMCAHNs CBOMCTB BEIIECTB HAa OCHOBE 3aKOHOMEPHOCTEM, BBITEKAIOIIUX W3
MIEPUOANYECKOTO 3aK0Ha U [leproanueckoil cucTteMbl XUMHAYECKUX dieMeHToB [[. 1.
MenpeneeBa, HOpMaMU TEXHUKUA O€30MACHOCTH.

2. MecTo tucuumnMHbI B cTpykType OOII

JlucuumuinHa BXOJHUT B 00s3aTeNbHYIO YacTh bioka 1. «JlucrumiuHeny yueOHOTo
JI1aHa.

Hucunminaa «Heopranudeckass XMMHs» COAEPKATENBHO 3aKJIaJbIBAET OCHOBBI
3HAaHWM JJI1 OCBOCHHS JHCIMIUIMH 0a30BOM YacTH «AHAIUTUYECKAs XUMUS,
«Opranuueckas XxuMus», «Duzndeckass XUMHUS», a TaKXKe psaja JUCIHUIIIAH T10
BbIOOpPY. B mporiecce OCBOGHHS JTUCIUIUIMHBI HCIOJIB3YIOTCS — CIEIYIONTHE
o0Opa3zoBaTeIbHbIE TEXHOJIOTHH, CITOCOOBI U METO bl (hOPMUPOBAHUS KOMIIETCHIIHI:
Jekmus, jaboparopHass paboTa. 3HauMTeNbHAsT 4YacTh 3aHATHUA MPOXOJIUT B
XUMHUUYECKUX JTabOpaTOpUsiX.

OcBoeHue TUCIUILTMHBI 0a3UpyeTCsl Ha 3HAHUSX, YMEHHSIX, HABbIKaX, MOTYYEHHBIX B

pPaMKax U3Yy4YCHHUSA HIKOJBbHOTO KypCa XMMHUHU.

3. O0beM mucuIMHbI (MoayJisi): 19 3aueTHbix enuamil, 684 akageMUIeCKIX 4acoB,
B TOM YHCJIe

KOHTAKTHASI ayuTOpHasi padora; yeximu - 88 daca, nmaboparopubie padoTsl - 280
YacoB,

KOHTAKTHASI BHEAY/IMTOPHAsI Pa00Ta: KOHTPOJIb CaMOCTOSITENTbHOM paboTh — 180 yacos;



camocTosiTe/IbHas1 padota: 82 yaca, KOHTpoiIb 54 yaca.

4. Ilnanupyemble pe3yJbTaTbl O0y4YeHHUs] MO JUCHHUIIMHE, COOTHECEHHBIX C
IJIAHNPYEMbIMH Pe3yJIbTATAMHU 0CBOEHHUs 00Pa30BaTe/IbHOI POrpaMMbl

IInannpyemble pe3yIbTaThI

IInanupyemble pe3yJibTaThl 00y4eHHs 110

MHTEPIIPETHPOBaTh U 000011aTh
pe3yNbTaThl SKCIEPUMEHTAIBHBIX U
pacyeTHO-TEOPETUUYECKUX  padoT
XUMHAYECKON HAIIPaBIECHHOCTH

0CBOEHHs 00pa30BaTeJIHLHOM AUCUHITHHE
MPOrpamMMblI
((popMupyembie KOMITCTEHIINH)
OIIK-1 OIIK-1.1. Cucremarusupyer 151
Cnocoben aHAIM3UPOBATh, | AHATIM3UPYET  PE3YyJIbTAaThl XUMHUYECKHUX

AKCIIEPUMEHTOB, HAOIIOJICHUM, U3MEPEHUH,
a TaKXe pPEe3yJbTaThl PACUYETOB CBOWCTB
BEIIIECTB U MAaTEPUAJIOB

npodeccruoHaTbHOM COO0IIEeCTBE

OIIK-2 OIIK-2.1. PaboraeT ¢ XUMHUYECKUMH
CnocobeH MpoBOIUTh XUMUYECKUN | BEIIECTBAMH €  COOJIIOICHUEM  HOPM
AKCIIEPUMEHT C HCIOJIb30BAHUEM | TEXHUKH 0€30MacCHOCTH

COBPEMEHHOTO o0opyI0BaHu,

cooOronas HOPMBI TEXHUKU

0€3011acCHOCTH

OIIK-6 OIIK-6.1. TIIpencraBmsier  pe3ysbTaThI
Cnocoben IPEACTABIAThL | PA0OTEI B BHAE OTYETA IO CTAHAAPTHOM
pesynbTaThl  mpodeccHOHaIbHOI | POPME Ha PyCCKOM SI3BIKE

JesITeJILHOCTU B YCTHOU u

MUCbMEHHOM dbopme B

COOTBETCTBUM C HOPMamMH U

paBUJIaAMH, MPUHSATHIMU B

5. ®opMa NpPoOMeKYTOYHOI ATTeCTAIIMU U CeMeCTp:

sK3aMeH — 1 cemecTp
AK3aMEH — 2 CEMECTP

6. SI3bIKk NpenogaBaHus: PyCCKUIA

Il. Conepkanue TMCHUILINHBI, CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiam) ¢
yKa3aHueM OTBeJeHHOr0 HA HUX KOJMYECTBA aKaJeMHYECKMX 4YacOB M BHJIOB

yY4eOHBbIX 3aHATHI
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1. Beenenue. OCHOBHBIE HOHATUA U 44 ) o5 14 5
3aKOHBI XMMUHU
2. OcHOBHBIE 3aKOHBI TEPMOUHAMHUKHU.
. 42 8 15 9
OO6paTUMOCTh XUMUYECKHUX PEAKIIHUA 10
3. PactBOpHBI. KHCIIOTHO-OCHOBHOE
paBHOBECHE. DIIEKTPOXUMUYECKUE 12
CBOICTBa PaCTBOPOB. DIIEKTPOIIU3. 88 13 53 5
Koppo3us.
4. Kunetuka 1 MeXaHU3M XUMUYECKUX
PEaKIuii. 54 10 25 11 8
5. Ctpoenue aroma. 28 4 12 4 8
6. XumMuyeckast CBA3b. 32 8 12 8 4
7. KommuiekcHbIE COETUHEHUS 36 8 12 8 8
Hroro 1 cemectp: 324 56 154 59 55
8. Ilepnonuuecknii 3akon J1.1.
MengeneeBa. [lepuoanueckas cucrema. 32 2 5 15 10
9. OCHOBBI XIMHUH TBEPJIOTO TEJA. 12 2 - 6 4
10. Bomopox. 16 2 7 3 4
11. OnemenTsl | A rpynmsl (1en04HbIe 8
MeTaJlJIbl). 28 2 9 9
12. Dnementsl |1 A rpynnsl (Oepusuini, 8
MarHui, Kajabluil, CTpOHIUH, Oapuii). 34 4 15 !
13. Dnementsr |11 A rpynmst (Gop, 9
ATFOMUHHH, TAJUTAH, TAJUTAN). 42 2 17 14
14. Dnements! IV A rpynmsl (yriepon, 6
KpEMHU, repMaHuii, 0JIOBO, CBUHEII). 36 4 17 9
15. Onementsl V A rpymnmsl (a30T, 10
dochop, MBILIBSK, CypbMa, BUCMYT). 48 4 17 17
16. Dnementsl VI A rpymmsl (KUCIOpOL, 6
cepa, celieH, TeJUTyp). 40 4 17 13
17. Onements! VII A rpynmsl 10
(TayoreHsr). 46 4 20 12
18. Dnements! VIII A rpymmst 6
(MHEepTHBIE Ta3bl). 16 2 2 6




19.KypcoBas paboTa 1o IUCIUTUTHHE

«Heoprannveckast XuMus» 10 10

n 2 : 81
TOTo £ cenieetp 360 |32 | 126 121

HUTOI'O: 684 88 280 180 136

I11. O6pa3oBare/ibHbIE TEXHOJIOTHHI

VYueOHas mporpamma —

HanMMCHOBAHUEC pa3Ji€IOB U TEM
(6 cmpocom coomeemcemeuu ¢

paszoenom || PIIJ])

Bun 3anarusa

O0pazoBarebHbIE TEXHOJIOTHH

1. Beenenue. OCHOBHBIE
MOHATHUA U 3aKOHBI XUMUU

JICKIIHS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3a1a4d u
YOpaKHEHU I
MPOBEpKa JOMAIIHUX
3aIaHUI

TPaJUIIMOHHBIC
(pponTanbHas NEKIHMA,
peIICHHUE YIPAKHEHHIA),
UH(POPMAIIMOHHBIC

(TIoKa3 mpe3eHTaImii)
TEXHOJIOTHUS
UCCIIEIOBATEIHCKOU
JeSITeTbHOCTH (XUMUYECKUI
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJILHOTO U
0JI0YHO-MOJTYJIBHOTO
oOyueHus
310pOBBECOeperaronme
TEXHOJIOTHH

2. OCHOBHBIE 3aKOHBI

TCPMOAUHAMUKHU. O6paTI/IMOCTB

XUMUYECKHUX PEaKLnn

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3aj1a4d u
YIPa)KHEHUN
MpOBEpKa JOMAIIHUX
3aJaHui

TpaIUIIMOHHbBIE
(bpoHTanbHas NEKIHS,
peleHre yrnpaxxHeHul),
uH(GOpPMaIMOHHBIE

(TIoka3 mpe3eHTaImii)
TEXHOJIOTHS
MCCIIEI0BATEIbCKOM
JEeATSIIEHOCTH (XHMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHS MOAYIHHOTO U
0JIOYHO-MOYJTEHOTO
o0yueHus
310poBbecOeperaronye
TEXHOJIOTHH




3. PactBophl. KucnotHo-
OCHOBHOE paBHOBECHE.

DIIEKTPOXUMHUYECKHE CBONCTBA

pPacTBOPOB. DIEKTPOJIU3.
Koppo3sus.

JeKIUs
nabopaTopHas pabota
B XMMUYECKOH
nabopaTopuu
perieHue 3a1ad u
yYIpaXHECHUI
MIPOBEPKa JOMAIIHUX
3alaHui

TpaJuLUOHHbIE
(pponTanbHas neKkuus,
pellIeHre yrpaxxHeHUl),
uH(GOpPMaIlMOHHbBIE

(Toka3 npe3eHTarmii)
TEXHOJIOTHUS
UCCIIEIOBATENIbCKOM
JESATEIbHOCTH (XUMUYECKHUI
AKCTICPUMEHT)

TEXHOJIOTHSI MOAYIHHOTO U
0JI0YHO-MOJYTBHOTO
o0yJeHus
310poBbecOeperaoIme
TEXHOJIOTHH

4. Kunetnka v MEXaHU3M

XUMHNYCCKUX peaKHI/Iﬁ .

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
nJabopaTopun
pelieHue 3a1a4d u
yYOpaKHEHU I
MpOBEpKa JOMAIIHUX
3a1aHUI

TPaJAULUOHHbIC
(pponTanbHas NEKIHKA,
pelIeHue yrpaxHeHH ),
nH(pOpMaIOHHBIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTHUS
YICCIIEI0BATEIbCKOM
JeSITeTBbHOCTH (XUMUYECKUH
IKCIICPUMEHT)

TEXHOJIOTUSI MOJTYJIBHOTO U
0JI0YHO-MOJYJIBLHOTO
oOyueHus
3I0pOBbeCcOeperaroue
TEXHOJIOTHH

5. CtpoeHnue aToma.

JEKIHS
peuieHue 3a1a4 u
YIPa)KHEHUN
IIPOBEPKA JOMAIIHUX
3aJaHui

TpaIUIIMOHHbBIE
(ppoHTaNBHAS KM,
peleHne yrpaxHeHH),
UH(POPMAaLIMOHHBIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTUSI MOAYJIEHOTO U
6J10YHO-MO/TYTbHOTO
oOyueHus
3/10pOBBhecOeperaronme
TEXHOJIOTHH

6. XUMHWYECKas CBA3b.

JIEKITHS
peleHue 3a1ad u
YIpPaXXHEHHUI
MpOBEpKa TOMAIITHUX
3aJaHui

TpaJULIMOHHbIE
(pponTaNBbHAS KM,
peleHre yrpaKkHeHHH),
UH(pOpMaIOHHbIE

(moka3 mpe3eHTaruii)
TEXHOJIOTUSI MOAYJIBHOTO U
0JI0YHO-MOJYJBHOTO
o0yueHHs
310pOBbecOEperaroIue
TEXHOJIOTHH




7. KoMIUIEKCHBIE COEIUHEHU

JeKIUs
nabopaTopHas pabota
B XMMUYECKOH
nabopaTopuu
perieHue 3a1ad u
yYIpaXHECHUI
MIPOBEPKa JOMAIIHUX
3alaHui

TpaJuLUOHHbIE
(pponTanbHas neKkuus,
pellIeHre yrpaxxHeHUl),
uH(GOpPMaIlMOHHbBIE

(Toka3 npe3eHTarmii)
TEXHOJIOTHUS
UCCIIEIOBATENIbCKOM
JESATEIbHOCTH (XUMUYECKHUI
AKCTICPUMEHT)

TEXHOJIOTHSI MOAYIHHOTO U
0JI0YHO-MOJYTBHOTO
o0yJeHus
310poBbecOeperaoIme
TEXHOJIOTHH

8. [lepnonuueckwuii 3akon J1.1.

Mengeneea. [lepuoguueckas
cucTema.

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
nJabopaTopun
pelieHue 3a1a4d u
YOpaKHEHU I
MpOBEpKa JOMAIIHUX
3a1aHUI

TPaJAULUOHHbIC
(pponTanbHas NEKIHKA,
pelIeHue yrpaxHeHH ),
nH(pOpMaIOHHBIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTHUS
YICCIIEI0BATEIbCKOM
JeSITeTBbHOCTH (XUMUYECKUH
IKCIICPUMEHT)

TEXHOJIOTUSI MOJTYJIBHOTO U
0JI0YHO-MOJYJIBLHOTO
oOyueHus
3I0pOBbeCcOeperaroue
TEXHOJIOTHH

9. OCHOBBI XMUU TBEPAOTO
Tema.

JEKIHS
peuieHue 3a1a4 u
YIPa)KHEHUN
IIPOBEPKA JOMAIIHUX
3aJaHui

TpaIUIIMOHHbBIE
(ppoHTaNBHAS KM,
peleHne yrpaxHeHH),
UH(POPMAaLIMOHHBIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTUSI MOAYJIEHOTO U
6J10YHO-MO/TYTbHOTO
oOyueHus
3/10pOBBhecOeperaronme
TEXHOJIOTHH




10. Bogopoa.

JeKIUs
nabopaTopHas pabota
B XMMUYECKOH
nabopaTopuu
perieHue 3a1ad u
yYIpaXHECHUI
MIPOBEPKa JOMAIIHUX
3alaHui

TpaJuLUOHHbIE
(pponTanbHas neKkuus,
pellIeHre yrpaxxHeHUl),
uH(GOpPMaIlMOHHbBIE

(Toka3 mpe3eHTaruii)
TEXHOJIOTHUS
UCCIIEIOBATENIbCKOM
JESATEIbHOCTH (XUMUYECKHUI
AKCTICPUMEHT)

TEXHOJIOTHSI MOAYIHHOTO U
0JI0YHO-MOJYTBHOTO
o0yJeHus
310poBbecOeperaoIme
TEXHOJIOTHH

11. OnemenTsl | A rpynnsl
(1I€TT0OYHBIE METALIBI).

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
nJabopaTopun
pelieHue 3a1a4d u
YOpaKHEHU I
MpOBEpKa JOMAIIHUX
3a1aHUI

TPaaUIIMOHHBIC
(pponTanbHas NEKIHKA,
peIICHHE YITPaKHEHHIA),
UH(POPMAIIMOHHBIC

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTHUS
UCCIIEIOBATEIIHCKOM
JeSITeTBbHOCTH (XUMUYECKUH
IKCIICPUMEHT)

TEXHOJIOTUSI MOAYJILHOTO U
0JI0YHO-MOJYJIBLHOTO

oOyueHus
3I0pOBbeCcOeperaroue
TEXHOJIOTHH

12. Dnementsl I A rpynmsl JeKIUs

(Oepwmimuii, MarHuH, KaJbIHiA, nabopaTopHas pabora
TpaJUIIMOHHEIE

CTpOHIUH, Oapwii).

B XUMHUYECKOU
nabopaTtopuun
peleHue 3ajad u
YIPaKHEHUN
MPOBEpPKA JOMAITHUX
3alaHuI

(pponTanbHas NeKUM,
pelieHre yrnpaxxHeHui),
uudposbie (MoKa3 Mpe3eHTa-
U

13. Onementsl |1 A rpynmst
(6op, antOMHUHMINA, TATUTHA,
TaJUTH ).

TIEKITHS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3ag1a4d u
YIIPa)KHEHUN
MpOBEpKa JOMAITHUX
3aJaHui

TpaIUIIMOHHbBIE
(bpoHTanbHas NEKIHS,
pelleHne yrpaxxHeHul),
nH(OpPMAaIIMOHHBIE

(moka3 mpe3eHTanui)
TEXHOJIOTHUS
HCCIIEIOBATEILCKON
NEeSTeNbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHS MOIYIHHOTO U
OJI0YHO-MOJYJIHHOTO
oOydeHus
3I0pOBBECOEperarone
TEXHOJIOTHH




14. Onementsl IV A rpynmnsl

(yriiepon, KpeMHHI, repMaHui,

0JIOBO, CBHHEII).

JeKIUs
nabopaTopHas pabota
B XMMUYECKOH
nabopaTopuu
perieHue 3a1ad u
yYIpaXHECHUI
MIPOBEPKa JOMAIIHUX
3alaHui

TpaJuLUOHHbIE
(pponTanbHas neKkuus,
pellIeHre yrpaxxHeHUl),
uH(GOpPMaIlMOHHbBIE

(Toka3 npe3eHTarmii)
TEXHOJIOTHUS
UCCIIEIOBATENIbCKOM
JESATEIbHOCTH (XUMUYECKHUI
AKCTICPUMEHT)

TEXHOJIOTHSI MOAYIHHOTO U
0JI0YHO-MOJYTBHOTO
o0yJeHus
310poBbecOeperaoIme
TEXHOJIOTHH

15. Onementsl V A rpynmsl
(azot, pochop, MBIIBSK,
CypbMa, BUCMYT).

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
JabopaTopun
pelieHue 3a1a4d u
YOpaKHEHU I
MpOBEpKa JOMAIIHUX
3a1aHUI

TPaJAULUOHHbIC
(pponTanbHas NEKIHKA,
pelIeHue yrpaxHeHH ),
nH(pOpMaIOHHBIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTHUS
YICCIIEI0BATEIbCKOM
JeSITeTBbHOCTH (XUMUYECKUH
IKCIICPUMEHT)

TEXHOJIOTUSI MOJTYJIBHOTO U
0JI0YHO-MOJYJIBLHOTO
oOyueHus
3I0pOBbeCcOeperaroue
TEXHOJIOTHH

16. Dnementsl VI A rpynisl
(kucnopon, cepa, CelieH,
TEJIYD).

JEKIUS
nabopaTopHas pabora
B XUMHUYECKOU
nabopaTtopuun
peleHue 3ajay u
YIPaKHEHUN
IpOBEpKa JOMAIIHUX
3aJaHui

TpaIUIIMOHHbBIE
(bpoHTanbHAS NEKIHS,
pelleHne yrpaxxHeHul),
uH(GOpPMaIMOHHBIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTHS
HCCIIEI0BATEIbCKOM
JEeSATSIIbHOCTH (XHMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHS MOIYIHHOTO U
0JIOYHO-MOYJTEHOTO
o0yueHHs
310poBbecOeperaronye
TEXHOJIOTHH




17. Onements! VII A rpynnel
(rajoreHsr).

e JIeKIus
e jabopaTopHas pabota
B XMMUYECKOH

® TpaIUIMOHHBIC
(pponTanbHas neKkuus,
pelIeHne ypaKHeHu ),

¢ uH(pOpMaAMOHHBIE
(Toka3 npe3eHTarmii)

®  TEXHOJOTHS

n1aboparopun MICCIIEZI0BATEIbCKOM
e pelICHHUE 3334 U JEATEIIbHOCTH (XUMUYECKUI
yIpaKHEHUH 9KCIIEPUMEHT)
® IIPOBEpPKa JOMAIIHUX ® TEXHOJIOTHS MOAYJIBHOIO U
3a7jaHuf 0JI0YHO-MOJYTBHOTO
o0yJeHus
e 370poBBECOEpETatoNINe
TEXHOJIOTHH
18. Dnements! VI A rpynms ® TpPaJUIMOHHBIC
(MHEpTHBIE Ta3bl). (pponTanbHas nexys,
pelIeHue yrpaxHeHH ),
® JICKIHS ¢ uH(pOpMaMOHHBIE

e jabopaTopHas pabota
B XMMHUYECKOMN

(TIoka3 mpe3eHTaIuii)
® TCXHOJIOTHUA

n1aboparopun YICCIIEI0BATEIbCKOM
® peleHHue 3a/1a4 U JeSITeTBbHOCTH (XUMUYECKUH
yIIpaKHEHUH IKCTIEPUMEHT)
® IpPOBEpKa JOMAIIHUX ® TEXHOJIOTHS MOAYJIBHOIO U
3ajaHui 0JI0YHO-MOJYJIBLHOTO
oOyueHus
e 370pOBBECOEpEraroIre
TEXHOJIOTHH
19. Kypcosas pabora no ® TEXHOJOTHUS
® HamucaHue 1 o
mucnurunHe «Heopranmueckas HCCIIeIOBATENLCKON
oopmienue
XUMUS» JeSITebHOCTH

KypCOBOI1 pabOThI

IV. Onenounbie MaTepuasbl 51 NPOBeAEHUS TeKYylleil U MPOMEKYTOYHOM

arTrecralmmum

1 cemecTp

PACCYET BAJIUVIOB B 1 CEMECTPE
MO IMCHUIVIMHE «<HEOPTAHUYECKASA XUMUS»

1 Mmopyab
No ::liZ);IJIIcl;TT;)T) Buj pa6orsl / ¢cnocod Kpurepin oucxmsams
1 |OIIK-1.1 JlabopaTopHbie paboThI-/ 7 (1 6amn3zal
OIlK-2.1 nabopaTopHyro paboTy)
2 | OIIK-6.1 Kontponbhas padora Nel S5*
Koutposnbhas padora Ne 2 3)
Koutposnbhas padora Ne 3 3)




Tect

“(5 3amanmii, 1 6a3a 1
NPABUILHO PelieHHoe
3a/laHHe)

3
(Tect cogepxut 20
BOIIPOCOB, 1 NpaBUJIbHBII
oTBeT -0,15 6ana)

3 BrinosiHenne qoManiHen 2
paboTHI,
4 [TocemaemocTts 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
2 MOayJIb
No Pe3yabTar Buna padorsl / cniocod
(uHAUKATOP)
Kpurepun onenuBanuns
1 OIIK-1.1 | JlTaBopaTtopHbie pabOTHI - 6 6 (1 6amn3za l
OMNK-2.1 11a60paTOPHYIO paboTy)
2 OHK-6.1 KontpossHas padora Ne 4 5°
KontponbHas padora Ne 5 5
Kontposnbnas padora Ne 6 5
Kontposnbnas padora Ne 7 5
“(5 3amanmii, 1 6a3a 1
NMPaBUWJIbHO pellieHHOoe
3aJlaHue)
3 BrimonHenne noMariHei paboTsl 2
4 ITocemaeMocTh 1
5 Pabora Ha 3aHsaTHH 1
Hroro: 30
6 IK3aMeH 40 (4 3axaHusi B OnJieTe

no 10 6a.10B)

Hroro 3a 1 cemectp

100 6a110B

Texyuuii KOHTPOJIb YCIIEBAEMOCTH

1 Mmopyanb




Konrpoabnas padora Nel. Tema: «OCHOBHBIE TOHATHS Y 3aKOHBI XUMHUM

Ilpumep

1.06beMHBIC 10U TA30BOM CMECH COCTaBIsA0T: MeTaHa — 30% u Bogopoaa — 70%.

CmMmech HaxoauTes noj nasienueM 1,07-10°T1a. Haiinure napuuraibHbIC JABICHUS

ra3oB.

2.Cmech a3oTa ¢ BoaopoaoM Becut 6,4 T u Haxoautcesa npu 27°C u P = 101,3 kl1a,

3annMast 00veM 20 1. Onpenemmre M(N2) 1 m(H2) B cmecn.

3.11ocne B3pwIBa 0,02 11 cMecu Boaopoa u kuciiopoaa octanock 0,0032 n

KHCIIOpoa. Beipa3uts B mpolieHTax mo 00beMy nepBOHAYATBHBIN COCTaB CMECH.

Kontpoabnas padora Ne2. Tema: «TepMouHaMuka 1 XUMUYECKAs] KUHETHKA

Ilpumep

1.OyHKIMK COCTOSIHUSA, XapaKTEPU3YIOLINE XUMUUECKUE CUCTEMBI.

2.JlaliTe oIpeneneHue CTaHAApTHOMY cocTosiHuto. CTaHIapTHBIE —YCIIOBUSL.

CraHnapTHbIC U3MEPEHHS 1 0003HAYCHUSI.

3. Tepmoxumuueckue ypaBHEHUA. [IOHATUSA 3K30- U 3HIOTEPMUYECKUE PEAKIUU.

3akoH ['ecca. Cnencrtue u3 3akoHa ['ecca. OTBET NOATBEPANTE TPUMEPAMH.

4.ITpu Hekotopoil Temrieparype T sangorepmudeckas peakuust A —B npakTuuecku

uaeT 10 KoHua. OnpenenunTs:

a) 3HaKk AS peakiuu.

0) 3Hak AG peakuun B — A npu temneparype T.

B) BO3MOXXHOCTh ITPOTEKaHUsI peakiuu B — A npu HU3KUX TemrnepaTypax.

5.NHsNO3 (k) <& N2O(T) + 2H20(T)

YKaXuTe 3HaK SHTPOIIHH.

6.CKOpOCTh XMMHMYECKOM peakiuu. 3aKOH AeucTByrommux macc. IIpaBuino Bant-

Todda.

7.OHeprusi akTUBalUK. Y paBHEHUE AppeHunyca.

8. Xumuyeckoe paBHoBecue. CBs3b KOHCTaHTHI paBHOBecusi ¢ AG u AH peakiuu.

[Tpunuun Jle-IllaTense. OTBETHI WILTIOCTPUPYHTE TPUMEPAMH.

9.Yem 0OBsCHSETCS MOBBIINIEHHE CKOPOCTH PEaKLUUW IPU BBEIECHUE B CUCTEMY

KaTanauzaropa?

10.KoncranTa paBHoBecus peakiuu A(t) + B(r) <=> C(r) + JI(r) paBHa equHuUIE.

CKOJIBKO MPOIIEHTOB BEUIECTBAa A MOJBEPraeTcsl MpEeBpAIEHUIO, €CIIM CMEIIAaTh 3

MOJIb BenrecTBa A U 5 MoJib Bemectsa B?

KonTpoabnast padora Ne 3. Tema: «KoHueHTpauusi paCTBOpOB»

Ilpumep

1.Berauciuts 10%, C,,, C, ruapokcuna Hatpus B 9,28H pactope NaOH (p = 1,310
/M),

2.Kakoii o6bem 10%-noro pactBopa NaOH (p = 1,093 r/mu) motpebyeTcst st
MOJIHOTO PACTBOPEHUS 3T aFOMUHUS?

3.Cxonpko sutpoB 96% pactBopa H,SO, (p = 1,84 r/mm) tpebyercs nns
npurotosyienus 201 0,5M pactBopa cepHON KUCIIOTHI?



2 MOaYJIb

Konrpoabnas padora Ne 4. Tema: «loHHBIE paBHOBECHS B pACTBOPAX)»

Ilpumep
1.Hammcatb B MOJIEKYJISIpHO-UOHHOM popMe ypaBHEHHUE peakinil. YKazarTb, B
KaKoM cpejie mpoTekaet peakuus. Uem ornpezenseTcs: HanpaplieHHe 0OMEHHOU
peakuuu?
2.Hamucatp B MOJIEKYJIApPHO-UOHHON (hOopMe peaKkIi HEUTpalln3alliy U yKa3aTh,
KaKHe U3 HUX MPOTEKaloT 00paTuMo, a Kakue HeoOpaTuMo. YKa3aTh TakKe
PEaKIUIO CPEelbl IPU YCIOBUH, €CJIM OCHOBAHUS U KUCIIOTHI B3SITHI B CTPOTO
DKBUBAJICHTHBIX KOJINYECTBAX.
NH4OH + HCN — NH4OH + NCI —
3.YKka3aTe NpUUYMHY, BBI3BIBAIONIYIO CMEIIIEHNE paBHOBecHs. Hanucats ypaBHEHUE
B MOJIEKYJISIPHO-UOHHOU (hopMme.
Fe(OH); + HNO3;— AlCl; + KOH—
CI’Q(SO4)3 + KOH — AlCl; + KOH* —

* - peakTUB B U30BITKE.
Kontpoabnas padora Ne 5. Tema: «I'ereporeHHbie paBHOBECHS

Ilpumep
1.K oHOMY TUTPY HaACBILLIEHHOTO pacTBopa Xjopuaa cepedpa npudasiex 0, 1
MOJIb XJIOpUAa KA (Cax=80%). Berariciuth Cag+ B TAKOM PacTBOPE.

KonTtpoJubHas padora Ne 6. Tema: «OBP»
Bomnpock! aJist moAroTOBKHU:
1.OnexTpoaHbie mpoueccs
2.CtaHIapTHBIN OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIN MTOTEHIIUAT ((°).
CrangapTHBIA BOJOPOHBIN MOTEHITUAI.
3.I'anbBaHUYECKHI1 JIEMEHT.
4.D11eKTPOABIKYIIAS CHJIa FaJIbBAHUYECKOI0 3JeMeHTa (3.1.C.)
5.3aBUCUMOCTbD 3JEKTPOJHOTO MOTEHIIHANIA OT KOHIIEHTPAIIMM MOHA B PACTBOPE.
Ypasuenue HepHcra.
Ilpumep
1.CranpapTHbIe 3IeKTpOAHbIE MoTeHIuans! npu 298° K:
AU +3e = Au  E%,3+/au=1,50 B,
Sn?* +2e=Sn  E%s,*'/sp=-0,14 B,
Sn* +4e=Sn  E%s,*'/sp=+ 0,01 B.
Onpenenure 93.4.C.  30JI0TO-OJIOBIHHOTO TaJIbBAHUYECKOTO JJIEMEHTa IMpHU
crangapTHeIX yeanoBusax (Cay®t = Csp?* = 1 monw/n):
A +1,640; b —1,640; B +1,360; I" — 1,360; /1 +0,680.
2.CocTaBuUTh CXEMBI  JJICKTPOHHO-MOHHOTO  OajaHca. 3amucatb  HMOHHO-
MOJIEKYJIIPHOE U MOJICKYJIIPHOE YpaBHEHHUE peakiuu. PacctaButh K03 PUIIUEHTHI.
VYkazaTh npoliecc OKUCIEHUS U BOCCTAHOBJICHUSI.
1) Cu+ HNO3 &
2) PbO, + HNO3 + H,0, <
3) Fe,O3 + KNO; + KOH<&=



Kounrpoabnas padora Ne 7. Tema: «Hanpainenue OBP»

1. HampaByieHre IPOTEKaHUS OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIHI.
2.0npeeneHre HanpaBaeHUss BO3MOYKHOT'O CaMOTIPOU3BOIBHOTO MTPOTEKAHUS
peaKIuu.

3.CBs3b cTangaptHoli 3.1.¢. (E%) ransBanngeckoro snemMeHTa co CTaHIapTHOM
sHeprueit ['mdoca.

4.Bpruncnenue KoHCTaHThl paBHOBecHst OBP 1o 3HaueHuto craHgapHou 3.7.c.

Ilpumep

1.Vka3ate B Kakom HaIIpaBJICHUU MOJKCT CaMOIIPOM3BOJIBHO IIPOTCKATh JdaHHAsd

peakuus
H,O, + HOCI = HCI + O, + H,0

2.MoxHo mu BocctaHoBUTh 0yioBO (IV) B omoBo (1) ¢ momomipio ciemxyromieit

peakIu
SnCl, + 2KI = SnCl; + I, + 2KCI
OTBeT 000CHOBATH PacCUE€TOM KOHCTAaHTHI PABHOBECHSI.

3.Beranciants KOHCTAHTY pPaBHOBCCHA HpOTCKaIOH_[Cﬁ B MCIHO-CBHHIIOBOM

raJbBaHUYECKOM DJIEMCHTE.
HToroBpiii TECT IO TEMAM:
OcHoBHBIE Ta30BbIe 3aKOHbI. XMMHYecKass KHHETHKA. XUMHYeCKas
TEPMOAMHAMMKA

Ilpumep
1. DkBuBaJieHTHas Macca MeTrauia paBHa 12 r/monb. Yemy paBHa
HKBUBAJICHTHAs Macca €ro okcuaa: a) 24 r/mMoib, 0) HeIb3s ONPEEIUTh, B)

20 r/MOIIb.

2. Cepa oopasyet xmopuasl S;Cl, u  Cl,, sxBuBanentnas macca cepol B SCl;
paBHa 16 r/moiib. BeiOpaTh npaBuiIbHOE 3HAUYCHHE DKBUBAJICHTHON MacChl

cepol B S;Cly: a) 8 r/mob, 0) 16 r/Momb, B) 32 1/MOJIb.

3. Kak cnemyeT u3MEeHHTD yCIOBHS, YTOOBI yBEIMYCHUE MACCHI TAHHOTO rasa He
OpPUBEJIO K BO3PACTAHHMIO €ro oObeMa: a) MOHHU3UTh TeMIeparypy, O)

YBEJIMYUTH JIABIICHUE, B) HEJb3s M0J100paTh YCIOBUIA?

4. Cocya HaIloOJIHEH CMEChIO KHCIOpoJa U a3oTa. [Ipm KakoM COOTHOIIEHUU

napIMaiIbHbIX JaBICHUN Macchl Ta30B OyayT oguHakoBbl: a) P(O2)= p(N2), 0)

P(0O2)= 0,875 p(N2), B) p(O2)=1,14p(N2)?

5. Cmemranu paBubie 00bembl Cl; 1 Hy. Kak uamenutcs o0beM cMmecu mocie

NpPOTEKaHUsl peakluu: a) He M3MEHUTCA, 0) yBEJIMYUTCA B JBa pas3a, B)

YMEHBIIUTCS B JIBa pa3a?



6. ['azoo6pasublii okcun coaepkut 30,4% a3zota. B Monekyny okcuma BXOIUT
OJIMH aToM a3oTa. UeMy paBHa IJIOTHOCTH rasa no kuciuopoxy: a) 0,94, 0)
1,44, B) 1,50?

7. 7. Ilpocreiimas ¢popMynna coenunenus yriaepojaa ¢ Bogopoaom CHs. Kakosa
UCTUHHAS (hopMyIia COequHEHHS, ecii Macca 1 1 ra3a paBHa macce 1 11 azora:
a) CgHe, 6) C2H4, B) C4H8?

8. VYka3arb, Kakue U3 MEePEUUCICHHBIX YTBEPKACHUI MPaBUIIbHBI JJIS1 PEaKIuil,
INPOTEKAIOMX B CTAHJAPTHBIX YCIOBUAX: a) SHAOTEPMUUYECKHUE PEAKIIUU HE
MOTYT MPOTEKaTh CaMOIIPOU3BOJIbHO, 0) IHAOTEPMUUYECKUE PEAKIIUU MOTYT
IPOTEKaTh MPU JOCTATOYHO HMU3KUX TEMIEPATYypax, B) 3HIOTEPMHUUYECKHE
peakuuu MOTYT IPOTEKaTh MPHU JOCTATOYHO BBICOKMX TEMIIepaTypax, €Ciu
WU3MEHEHHUE SHTPOIUU MOJO0KHUTEIBHO.

9. B kakoM w#3 CIEAyIOIUX CIy4yaeB pEakius BO3MOXKHA TPU JIOOBIX
temneparypax: a)AH<0, AS>0, 6) AH<0, AS<0, B) AH>0, AS>0.

10.KakoB 3Hak AG mpormecca TasHus apaa npu 263 K a) AG>0, 6) AG=0, B)
AG<O0.

11.Yem 0OBsicHSAETCS NOBBILIEHHE CKOPOCTU PEAKLUU IIPU BBEICHUH B CUCTEMY
KaTajau3aTopa: a) YMEHBLICHHEM 5HEpPIUMM aKTHBAaIMHM, O) YyBEIUYEHHEM
CpeIHEeN KUHETUYECKOW SHEPTHH, B) BO3PACTAHUEM YHUCJIA CTOJIKHOBEHUH, T)
POCTOM YHCJa AKTUBHBIX MOJIEKYJ?

12.Kakoe BIMSHHME OKAa3bIBAET TIEPEMEIIMBAHUE HA CKOPOCTh MPOTEKAHUS
TeTEPOreHHOM XMMHUYECKOW peakuumu 6 a) BO BCEX ClydasX YBEJIMYUBAET
CKOPOCTb peakliu, 0) B HEKOTOPHIX CIyyasX YBEIMYHUBAET CKOPOCTh
peakuuu, B) He BIUSET Ha CKOPOCTh peakuun?

13.Ecnu 00beM 3aKphITOr0 PEaKIMOHHOTO COCy/a , B KOTOPOM yCTaHOBUJIOCH
paBHoBecue 2S0; ) + O, () S2 SOj3(r, YMEHBIINTH B 2 paza, TO : a) CKOPOCTh
psIMOI M 0OPATHOM peaKIMK OCTAHYTCS OJJMHAKOBBIMHU, 0) CKOPOCTh MPSAMOI
peakuuu cTaHeT B 2 pasza OoJbllle CKOPOCTH OOpaTHOW peaklHH, B)
pPaBHOBECHE HE CMECTUTCS , T) PABHOBECUE CMECTUTCS BIIPABO, /1) PABHOBECHE
CMECTUTCS BJIEBO?

14.CxopoCTh KaKuX peakiuii yBeTUIHUBACTCS C POCTOM TEMIIEPATYPHI: ) TIOOBIX,
0) IPOTEKAIOUIUX C BBIJCICHUEM SHEPTUHU, B) IPOTEKAIOIIUX C MOTJIOLICHHEM
sHepruu?

15.Kakue u3 nepevyrciieHHbIX BO3ACHCTBUN NPUBEAYT K U3MEHEHUIO KOHCTAHThI
paBHOBECHSI XUMUYECKUX PEaKUUi: a) U3BMEHEHHUE J1aBJIeHUs, 0) U3MEHEHUE
TEeMIIepaTypbl, B) 3aMEHa KaTaiu3aTopa, I') HM3MEHEHHWE KOHIIEHTpalun
pearupyronmx BemecTn?

16.B xakoM HampaBJIeHUH CMECTUTCS paBHOBecue B cucteme 4 Fe (k.)+3 O,
(r.)S2 Fey05(k.) mpu yBeTMUEHUY JJABJICHUS: a) B CTOPOHY MPSIMOM PEaKIIH,
0) B CTOpOHY OOpaTHOW peakluu, B) HE CMECTUTCS?



17.1ns mexoropoit peakunn AG<(. Kakue 13 mnepeurciaeHHbIX yTBEPKACHUN
IPAaBWIbHBI: a) KOHCTaHTa PABHOBECUS pEaKUUU OOoJblle €AUHMIBI, O)
KOHCTaHTa PaBHOBECHUS PEAKIIMM MEHBIIIE €MHUILIBI, B) B pPABHOBECHOU CMECH
npeobiajaloT UCXOIHbIE BEILIECTBA, I') B PABHOBECHOM cMecu Mpeo0saiaroT
IPOJIYKThI pEaKIUH?

18.KoncTanTta paBHOBeCUs HEKOTOpol peakiuu npu 293 K pasra 5-1073, a npu
1000 K cocrasnser 2-10°. Kaxos 3max AH? stoii peakuuu: a) AH®>0, 0)
AH<0 .

19. /1151 HeKOTOPO# caMoNpom3BoJbHOI peakimu ASP<0. Kak GyneT Hu3MeHAThCA
KOHCTaHTa PaBHOBECHSI C MOBBIIICHUEM TEMIIEPATYPHI: a) YBEIUMUNUBATHCA, 0)
YMEHBILIATHCS, B) 110 TaHHBIM 3a/1a4 HEJb3s ONPEAEIUTh?

20.1Ipu 20°C xoHCTaHTa CKOPOCTH HEKOTOPOH peakiyu pasHa 10 Mun, a mpu
50°C - 27-10°3 muH1.YeMy paBeH TeMmIepaTypHbIH KO>()(pHUIHEHT
CKOPOCTH peakiuu : a)2, 6)3, B)4?

HpOMe)KyTO‘lHaﬂ arrecranuda

1.Bonpochl 1151 MOATOTOBKH K K3aMeHY N0 JTHCIUILINHE
«Heoprannyeckasi XuMHsD
Yacrs | (I cemectp)

1. TermoBoit 3¢ dexT peakiuu. 3akoH ['ecca. DHTaNBIUS 00pa30BaHUA.

2.11epBbIit 1 BTOPOM 3aKOHBI TEPMOAMHAMUKH. DHTAIBIUA. DHTPONHs. BHYTpeHHs
DHEPIHUs.

3.OHeprus ['nub6ca. YciaoBusi caMONpoOU3BOILHOTO IPOTEKAHUS TIPOIecca.
4.CxopocTh XUMHYECKOW peakuud. (OCHOBHOE KHHETHYECKOE YpaBHEHHE.
KoncranTa ckopocTu.

5.®DaKTOphl, BIMAIOIMIME HA CKOPOCTh XWUMHUYECKOW pEAKLUWU: KOHUEHTpauus
pearupymoImx BelecTB, X MPUPOJIa, TEMIIEpaTypa.

6.Xumnueckoe paBHoBecHe. KoHcTaHTa paBHOBECHs. 3aKOH AEHCTBYIOIIUX MAcc.
[Tpunumn Jle- Ilarense.

7..BrnusHre Ha COCTOSHHME PAaBHOBECHS Pa3IUYHbIX (HDAaKTOPOB: KOHILIEHTPALUU
BEILIECTB, TEMIIEPATYPHI U JIaBJICHUS.

8.KoBaneHnTHas cBs3b. MeTo/ BaJICHTHBIX CBA3€l. HackiaeMocTh, HanpaBiIe€HHOCTD,
MOJISIPHOCTH KOBAJIEHTHOM CBsI3U. [{7IMHa CBSI3M.

9.KoBanentHnass cBs3b. llpoctpancTBeHHas koH(urypamuss Mosekyn. Teopus
rHOpUIM3AIIMH ATOMHBIX OpOHTAIICH.

10.Teopust MOJICKYJISIDHBIX ~ OpOUTAJICH. DHepreTUYecKue JauarpaMmel.
CBsi3bIBaIOIIME U PA3PBIXISAIONINE MOJICKYISIPHBIE OpOUTAIIH.
11.0xuCIUTENHHO-BOCCTAHOBUTEIBHBIC PEAKIIUH.

12.HamnpaBiieHHE OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIUN.

13.CoBpeMeHHbIE TPEACTABICHHS O PacTBOPax



14.PactBopumocTb. 3akoH ['eHpu. 3aK0oH pacrpeaesieHus

15.PactBopuTenu

16.CriocoObI BEIpaXKeHHUS COCTaBa pacTBOpa

17.CBoiicTBa pacTBOPOB HEIJEKTPOJIUTOB (JaBJICHUE Iapa, OCMOTHYECKOE
NABIEHUE, Ly, Lo pacTBOpa). 3akonsl Payns, Bant-I'odda

18.PeanbHbie pacTBOPHI

19.AxtuBHOCTE. KOAdhPpuiimeHThl aKTUBHOCTH

20.PactBopsl 31€KTpoaUTOB. OTKIOHEHHUS] CBOWCTB pa30aBIEHHBIX PAaCTBOPOB OT
3akoHOB Payns u Baut-T'odda

21.Teopus snexkrponutudeckon quccouuanuu C. Appenuyca

22.CoBpeMEHHbIE B3IJISAbl HAa MPOLECCHl AJIEKTPOJUTUYECKON JTHCCOLMALUU.
Pa6oter M3maitnosa H.A.

23.Teopun kucnot u ocHoBanui bpencrena-Jloypwu, JIptouca, [ lupcona
24.I'unparanyst MIOHOB. MeXXMOHHBIE B3aUMOACHCTBUS

25.KonnuecTBEHHOE OINMCAHWE PABHOBECHII BOIHBIX PAacTBOPOB 3JIEKTPOJIUTOB
(3.1.M.)

26.Vonu3zanus cinadbix KUCIOT U OCHOBAaHUHN

27.Monnoe npousBeneHue Bojsl. PH pactBopon

28.I'mapomnus cosneid. CTeneHb ruIposin3a, KOHCTAHTa THIPOJIN3a
29.IlpousBeneHne pacCTBOPUMOCTH

30.Kiaccbl HEOPraHMYECKUX COEAMHEHHN (HOMEHKIIATypa, T€HETHYecKas CBA3b,
MOHHO-MOJICKYJISIPHBIC YPAaBHECHMUS).

31.0CHOBHBIE Ta30BbIE 3AKOHBI.

2.MakeT HK3aMEHAMOHHOT0 OMJIeTAa M0 AUCIHUILINHE
«Heopranuueckasi XuMusD»
Yactb 1 (I cemecTp)

1.bunapnsie coeauHeHUs] (OKCUABI, TaUIbl, HUTPUIbI, KapOUIbI, CyIb(PUIbI,
dbochuast u T.4.). Homenknatypa 6unapusix coequnenuit .(10 6amion)

2. Teopust CUIBHBIX BJEKTPOJUTOB. M30TOHMYECKUU KOIPPUUMEHT, KaKyllascs
CTEIEeHb IUCCOLMAIUU, UX B3aUMOCBS3b U 3HaYeHue. (10 6anioB)

3.0npenenure CKOIBKO MOJIEKYI raza cogepsxkurcs B 1 M3 raza npu 32 °C B kocmoce
npu nasiaennu 133,3-1071° I1a. (10 6amwios)

4 PactBopumocth Ags PO, B Bome paBHa 0,0065 r/n. PaccuuraiiTe 3HaueHue
npousBeaeHus: pactBopuMocTu. (10 Oannos)

2 cemecTp

PACCYET BAJUIOB BO 2 CEMECTPE
MO IMCHUIVIMHE «<HEOPTAHUYECKASA XUMUS»



No PesyabTar Buja padorsl / ciocod
(mHaOMKATOP) Kpurepun ouennBanus
1 OIIK-1.1 JlaGopatopHbie paboThI-8 8
OIIK-2.1 (1 6amn3a 1
OIK-6.1 1a00paToOpHyIO padboTy)
2 Kontponbnas pabora Nel 5
Kontponbhas pabota Ne 2 5
KonTponbnas padota Ne 3 6
“(npu oneHUBAHUHT
KOHTPOJIbHOI padoThl 1
0aJ1 BhIcTaBJsIeTcs 3a 1
NPaBUJIbLHO PellleHHoe
3a/laHHe)
3 Brinonxenue goMalHen 2
paboTHI,
4 [TocemnaeMocTh 1
9) PaboTa Ha 3aHsTHH 2
6 CBoeBpeMeHHas 3auTa 1
71a60paTOpHBIX paboT
HTtoro: 30
No PesyabTar Buj padorsl / criocod
(MHAUKATOP) Kpurepun oueHuBanust
1 |OIK-11 JlabopaTtopHbie paboThi-9 9
OIK-2.1 (1 6amn 3a 1
OIK-6.1 1abopaTopHyo paboTy)
2 KontponbHas padora Ne 4 3
Kontponbshas padbora Ne 5 3
KoutposnbHas pabora Ne 6 3
Kontposnbhas padora Ne 7 3
Koutposnbshas padora Ne 8 3

“(npu oneHUBAHUH
KOHTPOJIbHOI padoThI
1 6a11 BhICTABJIAACTCHA
3a 1 npaBWIbHO
peleHHoe 3a/1aHKe)




3 Brinonnenue goMaiHen 2
paboThI

4 ITocemaemocThb 1

5 PaboTa Ha 3aHgITHH 2

6 CBoeBpeMEHHas 3aluTa 1
71a00paTOPHBIX PabOT
Hroro: 30

7 JK3aMeH 40 (4 3apanusi B OMjiere

no 10 6ays10B)

Hroro 3a 1 cemecTp 100 6as1;10B

Texyuuii KOHTPOJIb YCIIEBAeMOCTH

1 moayJan

KonTpoubnas padora Nel. Tema: «CtpoeHne aToMa 1 XUMUYECKasl CBA3b)
Ilpumep

1.PaccunTaiiTe MakCUMaabHYIO €MKOCTb S-, P-, d-, f- opOuTanei.
2.ConocTaBbTe paInyChl HOHOB U ATOMOB:
a) F, Cl-, Br-.
6) Na*,Mg*, AP,
B) Nd**, Cd®*, Ho®".
3.Hanmmure snexTponnsie kongurypaunu Ca, Fe?*, Ag*, Cu, Ne, Cd, Cd**.
JUyIst 3JIEKTPOHHO- BHELIHETO YPOBHS MOHA Fe?* ykakuTe Bce KBAHTOBBIE YUCIIA.
4.00bsSICHUTE CYIIIECTBOBAHUE PA3IMYHBIX 3HAYCHUI MIEPBBIX MOTCHIIMAJIOB
nouunzanuu atomoB Au u Cs.
5.Kak u3MeHUTCS MONSIPHOCTH CBSI3U B pANIAX:
a) LiCl - BECIZ - BC|3
0) HF - HCI - HBr.
6.ITouemy mosekysna BeCl, nuneiinas, a monekyna H,O — yrinosas?
7.06bsicauTe ctpoenue moiekyn N2O, CO,, Oz ¢ nomombio MBC:
a) HAMMILUTE JIEKTPOHHYIO (hopMyiy (pe3oHaHCHbIE (OPMBI).
0) yKaxxuTe TUI THOPUAN3AIINHN [IEHTPAIIBHOTO aTOMa, TEOMETPHUIO MOJICKYJIBI.
8.Cpasuure mis CH4, NH3, H,O, HF:
a) TEOMETPUUECKOE CTPOCHHUE MOJIEKYIL.
0) TeMriepaTypbl KUTIeHUs (OTBET MOSICHUTE).
9.011eHATE BO3MOXKHOCTH CyIIeCTBOBaHUsS Mosiekyr: He, Lix Bey, Bo.



10.YeM oOBACHUTE GIM30CTH TemIepatyp Kunenus a3ora (-196°C), kucnopona (-
183°C), ¢ropa (-188°C)? IloueMy OHM OTIMYAKOTCS OT TEMIIEPATYPHI KUTICHHS
xnopa (-34°C)?

11.Ucnonb3yst MMO, o0bsicHuTE:

a) B kakoii yactuie O, unu 02> MexbAIepHOE PacCTOIHHE GOJIbIIE?

0) nmoteHiman (l1) kakoit yactuibl 60sbIIe: aTOMa O UM MOJIEKYJISIPHOTO HOHA
022'?

12.Paccmotpure crpoenue yactuil CN, CN™, N2 u o6bsicaure, ucnomnas3yss MMO:
a) moyemy sHeprus auccornuanuu 9actuitel CN™ 6ombime, uem CN u 6mu3ka
sHeprun aucconuary No?

0) mouemy yactuna CN ckiloHHa K IUMEpHU3aIUN?

KonTpoabnas padora Ne 2. Tema: «KOMIUTEKCHBIE COETUHEHUSD)
Bomnpock! aJist moAroTOBKH:
1.Onpenenenne coctaBa KOMIUIEKCHOTO HOHA.
2.HomeHKI1aTypa KOMIUIEKCHBIX COCIMHEHUM.
3.PaBHOBECHE B pacTBOpPaxX KOMILJIEKCHBIX COEIUHEHHUIA.
4. MarHuTHbI€ ¥ ONITUYECKHUE CBOMCTBA KOMIUIEKCHBIX coenunenuit (TKIT).
S.IIpocTpaHCTBEHHAs CTPYKTYpa KOMIUIEKCHBIX COCTUHEHUM.

Ilpumep
1.CKOJIbKO 3JIEKTPOHOB Ha 0. —TIOJAYPOBHE HEBO30YKICHHOTO aTOMa KeJe3a:
A2;b4;,B6;1'7; ]15.
2.CKOIIBKO 3IIEKTPOHOB Ha 0— MOAypoBHE noHa Fed*?

A2;b4;,B6;1'7; ]15.

3.KakoBo BO3/eliCTBHE MOJIEKYJI BOJbI KaK JIMTaHI0B HAa HOH Fe3*?

A cmaboe; b cunsHoe; B He 3Haro; I - ; [ -.

4 KakoBo cocrosuaue Fe* kommekca [Fe(H20)s]**?

A nuszkocrnuHoBoe; b BricokocnimHOBOE; B He 3Haro; I - ; /1 -.

5.CKOIBKO HECIIAPEHHKIX DIEKTPOHOB B HOHE Fe3* B OKTasauueckoM OKpy»KeHHH
moutekya H,O:

AO0;b1;B2;T 3; 5.

6.KaxoBbl MarHuTHEIE CBOMCTBA HOHA B Kommuiekce [Fe(H20)s]**?

A nmapamarauTHbIi; b nuamarauthsiii; B He 3Hato; [ - ; J1 -.

7.KakoBo Bo3aeiicTBre nonoB CN” kak nmranna Ha vion Fed*

A cmaboe; b cunsHoe; B He 3Hato; I - ; /] -

8.KakoBo crimHOBO€ cocTosiaue kommuekca [Fe(CN)g]*?

A HM3KOCTIMHOBOE; b BBICOKOCTTHHOBOE

9.CKOJILKO HECTIAPEHHBIX JIICKTPOHOB B MOHE Fe3* B okTa»puueckoM OKpyKEHUH
noHoB CN™?

AO0;b1;B2;T 3; 14.

10.KakoBbl MarauTHBIE cBolicTBa noHa Fe¥* B kommiekce[Fe(CN)g]*?

A mapamarauTHbiit; b quamarauTHeli; B He 3Hato; I - 5 J] —.



KonTpoabnas padora Ne 3. Tema: «CBolicTBa 3ieMeHTOB | rpynib
Ilpumep
1. Kak u3MeHsI0TCS XMMUYECKHE CBOMCTBA METAJUIOB INIABHOW MoArpynns |
TPYIIIBI AJIEMEHTOB C YBEJIMYEHUEM MOPSAAKOBOr0o HOMepa? B uem 3akirovarorces 3Tu
WU3MEHEHUS U 4YEM OHU OOYCIIOBIICHBI?
2.HamucaTh cxeMbl MpOIECCOB, MPOTEKAIOIIUX TMPHU AJIEKTPOJIM3E pacTBOpa u

paciuiaBa xJjopuza cepedpa ¢ MmIaTHHOBBIM M LIMHKOBBIM 3JIEKTPOIaMHU.
3.Hanucath ypaBHEHUS peakUii THAPOIN3a: a) CyJIbpuIa HATpUsl, 0)
aleraTa Kajausi, B) HUTPUTA JIUTHSL.
4.0npenenuTe aTOMHYIO MaccCy JIMTHS, €CIU MPUPOJIHA cMeCh coliepxut 7,42 %
35|_i n 92,58 % 37Li.
5.3aKOHYNTH YPABHEHUS PEAKIUM:

a) NaH+ H,O—

6)N&202+H20—>
6.CocraBbTe ypaBHEHUS pPEaKIHii, TPOTEKAIOIIUX IO CXEME:
Ag — AgNO3— AgCl — [Ag(NH3)2]Cl — Ag,S

7.0npenenure, ckoilbko rpaMMoB Na,O,; BCTymuiio B peakimuio ¢ BOJOW, €CIU
oOuuit o0beM nosryaerHHoro pactsopa 0,750 11, a 0,010 1 moayyeHHOTO pacTBopa
HeoOxoaumo juta HerTpanusanuu 0,030 11 0,1 5. HCI?

2 MOayJIb

Kontpoabnas padora Ne 4 . Tema: «CBONCTBA 2JIEMEHTOB U UX
coenunenuit |l rpynn [ICXD MenneneeBay
llpumep
1.CpaBHUTE 3JIEKTPOHHOE CTPOCHUE FJIEMEHTOB 1-A TpyIIIIbL.
2.0CyIIecTBUTE CIEAYIONINE TIEPEXOIbI:
Cu— CuCl; — Cu,0 — [Cu(NH3),]OH
3.HanumuTe ypaBHEHHUS peaKUUi CIETYIOINX TPEBPALICHUN:
Ag — AgNO3; — Ag,0 — [Ag(NHs),]JOH — AgClI

NAg — AQLS

4. HarmumuTe ypaBHCHHUE PEAKITHH:

Na,O, + Kl + H,SO, —

5. 25 mn pactBopa CuCl, Beimenuam u3 pactBopa Kl 0,3173 r ioma. Kakosa
moJsipHOCTh pactBopa CuCl,?

KonTpoabnas padora Ne 5. Tema: «CpoiictBa 3nemenToB -1V rpynn
[ICXD Meunneneeay
Ilpumep



1.3aKOHYUTH YpaBHEHHSI pEAKIIUIA:
a) SnCl, + FEQ(SO4)3 —

0) SnCl; + KOH + Pb(NQO3) , —

B)SnCl; + KBrOz + HCI —
2.Ilpu peiicTBuU pa30aBlicHHONW a30THOW KHUCIOTHI Ha PbOs; m Ha  Pb3O4
oOpaszyercs B 06oux cirydasix PbO; . OTHOCSTCS 1 5TH PeaKkluu K OKHCIUTEIHHO-
BOCCTAaHOBUTENBbHBIM ? Kakue BBIBOJBI MOKHO CII€JaTh HA OCHOBAaHWU IIPOJYKTOB
peakuu OTHOCUTENBHO cTpoeHust Ph,Oz 1 PhsO4 ?
3.Uto momyuuTcs npu B3auMoieicTBrH Ghochuaa aTFOMUHAS C a) BOJOW; 0) CEpHOU
KHCJIOTOM ; B) THAPOKCUIOM HaTpus? Hammcath ypaBHEHUs peakUui.
4. Yem paznuuaetcs aeiictBue n30biTka BogHBbIX pacTBopoB NH; u NaOH na
pactBop  AICl;? Hamucare ypaBHEHUST COOTBETCTBYIOIIHMX peakuuid. Yem
OOBSACHUTH CKIIOHHOCTh MOJIEKYJI FaJJOT€HUI0B aTIOMUHUA K TUMEpU3auu?
5.CpaBHUTh Macchl THAPUAA KalblUUsi W  METAUIMYECKOrO  aJIOMHUHMS,
HeoOXxoauMble AJis osydeHus 50 J1 Bogopoja.

Koutpoabnas padora Ne 6. Tema: «CBoiicTBa 351ieMeHTOB V TpyMIIbl
I[ICXD MeHnaeneeBa»

Ilpumep
1.ConocraButh noseacHue AS, Sb u Bl mo oTHOIEHUIO K a30THON KUCIIOTE —
pa30aBIEHHON U KOHIIEHTpUpOBaHHOU. Hanucars ypaBHEHUS peakiHii.
2.3aKOHYUTH YPaBHEHUS PEaKIIUN:
A )ASH3 + KMnQOs+ H,SO, —
b )Mggsb2+ K>Cr,07+ HCl—
B) SbCls+ HCI+ Zn—
3.Kakumu nocienoBaTenbHbBIMU PEAKITUIMUA MOKHO noyuuTh H3PO; u3 6emnoro
docdopa , pactBopa Ba(OH); u cepHoit kucnotsi?
4. Kakum oobemoM 20%-noro pactBopa NH4Cl (p=1,06) MmoxHO 3aMeHHTSH 1 11
14%-noro pactBopa (NH4)2SO4 (p= 1,08)a/151 MOTy4eHUsT PABHBIX KOJUYECTB
ammuaka npu aeiicteun KOH Ha pacTBOpbI 3THX coseit?
5.PactBopumocts AS;O3 B Bozie 1,5%. Onpeaenuts MOJISPHYIO KOHIIEHTPAIIMIO
MBIIIBSIKOBUCTON KUCIOTHI, 00pa3yIoIeics IPU paCTBOPEHUH aHTHIPUA B BOJIE.
6. [lonmyyeHue a30THOM KUCIOTHI B MPOMBIIIEHHOCTH U JJabopaTtopuu. Hanucarsb
yYpaBHEHUS peaKlnii, MOATBEPKIAAIOIINX €€ XUMUYECKUE CBOMCTBA.

Kounrpoabnas padora Ne 7. Tema: «CpoiicTBa snemeHTOB VI rpymnmsi
[ICXD Meunneneeay
Ilpumep
1.Kakoit 06sem Hy S cnenyer npomyctuts yepe3 400 mut 6%-Horo pactBopa
KMnO;, (p = 1,04), moAKKUCIECHHOTO CEPHOM KUCIOTOMN J0 MOJTHOTO
BocctaHoBieHuss KMnQO,4?



2.YT0 mpouCcXOUT MPU MOJKUCIECHUN CEPHON MM COJISTHON KUCIIOTOW pacTBopa,
cozeprkaliero cyabur u cyiabdat Hatpus? Hanucars ypaBHEeHUs peakiuil.

3)K,Cr,0; — K,CrO, —=Cry(SO,); —= Cr(OH), —= Cr,0, —= K,CrO,

3.0mucaTh CyIIHOCTh KOHTAKTHOTO METO/1a TIOTYYEHHUSI CEPHOM KUCIIOTHI.
Hanurcatp ypaBHEHUSI COOTBETCTBYIOIINX XUMUYECKUX PEAKIU.
4.3aKOHYUTH YPABHEHHSI PEAKIIMI U pacCTaBUTh KO3(PPUIMEHTHI:

H,SO3+H,S—
H,SO4(koHI.) + Zn —

H,SO4(xon11.) + C —

5.Kak 1 mouemy MEHSIIOTCSI KUCJIOTHBIE CBOMCTBA B PAY:
HzSOs , H28603 , H2Te03?

Kounrpoabnasi pa6ora Ne 8. Tema: «Cpoiicta anemeHToB VII rpyrimbt
I[ICXD MeHnaeneeBa»

Ilpumep
1.JlaTh CpaBHUTEIBHYIO XapaKTEPUCTUKY CBOMCTBA rajJOr€HOBOJOPOJIOB, YKa3aB
XapaKTep U3MEHEHUSI:

a) TeMIepaTyp KUIEHUS U TIaBJICHUS,

0) TEpMHUUECKON YCTOMUUBOCTH;

B) BOCCTAaHOBUTEILHBIX CBOUCTB. OOBACHUTH HAOJI0/1a€MbI€ 3aKOHOMEPHOCTH.
2.3aKOHYUTH YPaBHEHUS PEaKIIUM:

a) I, + HNO3 K—

6) KoMnQOy + HCl(k)—>

3.0cy1iecTBUTE NMPEBPALLECHHUS:

a) MnOs — Mn?

6) MnOs” — MnO;

B) Mn?* — MnOy4

4.Kak u3MeHsIeTCsl IPOYHOCTD CBSA3M MEXy aroMaMu B psiay mMosiekyi Cly, Bry, 15?
Uewm 310 00BsicHsieTcsi? Kak uM3MeHSIETCS B 9TOM DSy SHTAIBIUS AUCCOLMAIINH
MOJIEKYJ U UX YCTOMYUBOCTH?

5.0cymectBute npespartienne: KCl — Cl, — Br,— HBr — Br;,

IIpoMe:kyTOUYHAsI aTTEeCTALMSA

1.Bonpochl 1151 MOATOTOBKH K K3aMeHY N0 TUCIMILINHE
«HeopraaneCKaH XUMUs»
Yacrs I (11 cemecTp)

1. Obmas xapaktepuctuka p-3aemeHToB VII rpymms



®dtop. Crpoenne mozekynsl ¢ no3uiuu MMO u MBC. IlpocToe BermiecTBo.

[Tonyuenue u npumeHenne. CoeIMHEHHUS CO CTEIIEHBIO OKUCIeHHs dropa -1

Xaop. Ctpoenune moJiekyinl ¢ no3unuid meroga MO u meton BC. Ilpoctoe

BelecTBO. [lonmyueHne u mpuMeHEHNE

[Toarpynma 6poma. IIpocteie BemectBa. Coenunenue. [lonydenue. [Tpumenenue

O6mas xapaktepucTtuka p-3ynemeHToB VI rpymmel. Kucmopon. Ctpocenue

MOJICKYJIbl. DU3NYECKre U XUMHUYCCKUE CBOMCTBA

CoenuHeHuss  mepoKCHAHOro  Tuma.  OKHCIUTEIbHO-BOCCTAHOBHUTEILHBIC

cBoiicTBa. CTpoeHHE MOJIEKYJIbI IEPOKCHIa BOAOPO/Ia

Cepa. IIpocToe BemecTBo. Moaudukanus cepbl. PU3HdYecKue U XUMUYCCKHE

cBoiicTBa. HaxoxaeHnue B mpupoie, Mojy4deHue, IpuMeHEeHHUE

CoenuHEHHS CO CTENEHBIO OKHCIeHHSA cephbl -2. Cynbduabl. CepoBOaOPOI.

duznueckue ©U  xumuueckue  cBoiictBa.  I[lomydenmwe.  IlpumeHeHue.

Cynsdunokapoonars! (1V)

9. Iomucynsduasl (mepcynbduasl). Crpoenme, moixydeHue, OKHUCIUTEILHO-
BOCCTAHOBUTEIIbHBIC CBOWCTBA

10. Coequnennst cepol (1V): Tterparamorenumasl SHals, okcomuraaoreHus!
SOHal,, guoxcun SO,, cepuucras kuciora, cyiabdurel. CBoiictBa. CTpoeHHne
MOJICKYT

11. Coequnenust cepsl (VI1):SFs; SO,; Haly; SOsz; H,SO,4. Crpoenune molexyi.
CsoiictBa. IIpumenenue. IlomydueHnue

12. Oxcokucaotsl cepsl (V). Ctpoenne nonos. CoiictBa. [IpumeneHue

13. OTHOIICHUE CEPHOM KUCIOTHI K METAJJIaM U HEMeTallJlaM

14. O6mas XxapakTepruCcTHKA P-3JIEMEHTOB V T'PYIIILI

15. Azort. IIpocroe BemecTBo. CTpoeHHe MOIEKYIIbI ¢ mo3uiuii merogoB MO u BC.
dusnyeckue corcTBa. Ilonydenue. [Ipumenenue

16. CoenuHeHnst a30Ta €O CTEMEHbIO OKuciaeHus -3. Hurpuasl. dusznueckue
cBoiicTBa. [lomyuyenue. [I[pumenenue

17. AmMuak. CtpoeHnne MosieKyiabl. dusnyeckne cBOMCTBA. ['MAPOKCHT aMMOHMUS.
Commm ammonus. [lonydenue. [Tpumenenue

18. Coenunenus azora (V). AzotHas kucinora. CtpoeHue Mosekyiabl HNO3 u
nona NOj". Coiictsa. [Tonmyuenue. [Ipumenenue

19. Coenunenns xpoma (l11). Ceotictra. [lomyaenue. I'naponus coneit

20. OxucauTeabHBIC CBOMCTBA a30THOM KHUCIOTHI

21. Ddochop. IIpocroe BemnecTBo. Moaudukarus dochopa. ITonyuenune. CBOKUCTBO.
Crpykrypa. [Ipumenenune

22.CoeHEHUST CO CTEIEHbI0 OKuciIeHus: ¢ochopa -3. Dochumgel. Dochun.
[TpousBoaubie nona PH,'

23.Coemunenus pocdopa (V, I). [Tonyuenue. Colicta. [IpuMmeneHue

24.Coemqunenus  ¢ochopa (V). Optodochopuas kuciora. Ilomydenwue.
[Tpumenenne. ITomudochoHoOBEIE KHCIOTHI

25.Tlonrpynma weimbska. Ilpocteie BemectBa. Momudukamuu. CrpykTypa.
CaoiictBa. [lonyuenue. [Tpumenenue

26. Cypbma. Meimbsk. Bucmyt. O630p cBoiictB. [IpumeneHune

27.00mas xapakTepucTuka p-aiaeMenToB |V rpynmnel. Yriaepoa. Haxoxaenue B
npupoje. IIpocroe BeniecTBo. [lonydenue. [Ipumenenune

28.Coequnenns yruepoga (I1). CO, CS, HCN. Crpoenne monekyn. ITomydueHme.

CBoiicTBa

29.CoenuHEHUS C OTPHIIATECIHLHOM CTEIICHBIO OKHCIICHHMS yriaepoaa. KapOumabl.
[Tonyuenue. IIpumenenue

30.Coemunenus yraepoxa (1V). Crpoenme wMosekyil. Tum ruOpuaA3amuu.
Cgoiictia. [lonyuenue. [Ipumenenue

31.Kpemumii. Ilpocroe BemecTtBo. Xwumuueckue cBoiicTBa. [lomyuenue.

© N oo gk w P



[Ipumenenue

32.CoeTMHEHUS CO CTEIIEHBIO OKUCICHUS KpeMHUS +4, C OTPUIIATEIIBHOM CTEIICHBIO

OKHCJICHUS

33.IMoarpymma repmanus. Coequnenus repmanus (1), onosa (1), ceunna (11)

34.Coenunenus repmanus (1V), onosa (1V), ceunna (1V)

35.KpemnueBas kucinora. CHIIMKAThI, X CTPYKTYPhl. DU3HYeCcKre U XUMHUYSCKHE
CBOMCTBA.
[Tonyuenue. [Ipumenenne

36. OTHOIIIEHHE PJIEMEHTOB MOATPYIIIBI TePMaHUs K KUCIIOTaM U IeJIouam

37.006mas xapakrepuctuka p-3iiemeHToB || rpymmel. bop. CsolictBa. ITonyduenne

38. Amromunmii. CotictBa. [Tomyuenue. OKCHUIBI M THAPOKCHIBI aTIOMUHUS

39.06mas  xapaktepuctuka d-3nementoB VI rpymmel. IIpocTele BelecTBa.
CgoiictBa. [lonyuenue. [Ipumenenue

40.00mas xapakrepuctuka O-amementoB VIl rpymmer. IlpocTeie BelecTsa.
Cgoiicta. [lonyuenue. [Ipumenenue

41.0OcHoBHBIC coequHeHns XxpoMa V1. XpomaTsl B AUXpOMaThI

42.OKuCIUTEIIBEHO-BOCCTAHOBHUTEILHEIC CBOMCTBA COSIUMHEHUI XpoMa

43.061mas xapakrepuctuka d-simementos | rpymmnel. Menb. CBoiictBa. [Tonyuenue

44, BzanMoieiicTBrue Meau, cepedpa 1 30JI10Ta ¢ KHCIOTaMH

45. KomIieKCHBIC COSIMHEHUS MeIU, cepedpa, 3010Ta

46.006m1as xapakrtepucTtrka d-3mementos || rpymmsl.

47.1uuk, kaamul, ptyTh. [IpocThie BemecTBa. BzanmoaeicTBre ¢ KucioTaMu

48.CoenuHeHns LMHKA, KaJAMHS M PTYTH (OKCHIBI, THUAPOKCHUIBI, CYJIb(MUIBI,

raJOTCHHUIBI)

49.00mas xapakTepuCTHKa JJIEMEHTOB CeMeHCTBa keleza (Keae30, KOOaIbT,
HUKeJb). B3anmoaeicTBue ¢ Kucioramu

50. KucnoTHo-0ocHOBHBIE cBOMCTBa OKcHaoB U ruapokcuaoB (I1) u (I11) cemeiicTBa

Kelesa

51. Coenunenus xenesa (V1).

2. MakeT HK3aMEHAIMOHHOT0 OMJIeTAa 0 AUCHUILINHE
«Heoprannueckasi XumMmusi»

Yacrs II (II cemectp)

1. O6mas xapakrepuctuka p-snemeHToB VIl rpynmel. Xnop. dusmyeckue wu
XuMH4Yeckue cBoricTra. (10 6amtoB)

2. Otnomrenue d-amemenToB |l rpynmbr (IIMHK, KaaMHHA, PTYTh) K KHCIOTaM H
menoyam. CoeauHeHUsT NHWHKA, KaaMus W PTYTH (OKCUABI, THAPOKCHIIBI,
cynbduapl, ramorenusl).(10 6amion)

3. JlonmcaTh ypaBHEHUE PEAKIIUU U PACCTaBUTH KOA(DPHUITMCHTHI:

K,Cr,0O; + Na,S + H,SO4 — (10 6aJIJIOB)

4. 3aKOHYUTH YPABHCHHUE PEAKITHH:

A|2(804)3 + Na,CO3z + H,0O —» (10 6aJ'IJ'IOB)

HIkana oueHUBAHUS BHINIOJIHECHUS HHAUKATOPOB:



Nuaukatop cunMTaeTcs BBIMOJTHEHHBIM, €CITU JHOO0 BO BpeMs TEKyIeH, Jnbdo
MPOMEKYTOUYHOM aTTeCTallMd CTYJIEeHT Hal0pal Kak MHHUMYM TOpPOTOBOE
KOJIMYECTBO OQJIJIOB 3a T€ BHJbl AKTUBHOCTH, KOTOpPbIE OTBEYAIOT 3a JIAHHBIN
VHJIUKATOP.

1-if cemecTp

Texkyumas arrecranus HpomeskyTotunas
Ne | Uuauxkarop aTrrecranus (IK3aMeH)
[Topor Makcumym [Topor Makcumym
1 OIlK-1.1 20 60 20 40
OIlK-2.1
OIIK-6.1
2-ii ceMecTp
Texkyumas arrecranus HpomexyTounas
Ne | UnaukaTop aTrrecranus (3K3aMeH)
ITopor Maxkcumym [Topor Maxkcumym
1 OIlK-1.1 20 60 20 40
OIlK-2.1
OIIK-6.1

Ikana u KPHUTEPHUH BBICTABJICHHUSA OICHOK 34 TUCHHUILJINHY:

[[lkama ©  KpUTEpUHM  BBICTABICHUS  OLICHOK  «OTJIUYHO»,  «XOPOLIOY,
«YIOBJIETBOPUTEILHO» U «HEYJOBJIETBOPUTEIHHO» OINUCAHBI B JIOKAJbHOMN
HOPMATUBHOM JOKYMEHTAllMM TBEPCKOro TOCYJapCTBEHHOTO YHHBEPCUTETA
(ITonoxxenue o0  pelTUHrOoBOM  cuctemMe o0OydeHuss cryaeHToB  TBIY).
[TonoxutenbHasi OLIEHKA MOXET OBITh BBICTABJICHA TOJBKO B TOM ClIy4ae, €Cliu
BBITIOJTHEHBI BCE MHIUKATOPBI.

V. YueOHO-MeTOAMYECKOE U MH(OPMAIITUOHHOE OOecTiedeHne JUCIUILTUHbI

1) Pekomenayemas aureparypa

a) OcHoBHas1 IMTEpaTYypA:
1. MapteinoBa T. B. Heopranmueckas xumusi: YueOHuk. - MockBa : OOO
"Hayuno-uznarensckuii neHtp MHOPA-M", 2018. - 336 c. D1neKkTpoHHBIN pecypce. —
Pesxxum nocryna: http://znanium.com/go.php?id=940420
2. Adonuna JI. . Heopranmdeckass xumus [ DIEKTPOHHBIN pecypc]: yueOHoe
nmocobue. - HoBocubupck : HoBocuOMpckuit rocyqapCTBEHHBIM TEXHHUYECKUI
yauBepcuteT, 2013. - 104 c. - Kuura naxoaurcs B 6azoBoit Bepcuu IbC IPRbooks. —
Pexxum noctyna: http://www.iprbookshop.ru/47698.html



http://znanium.com/go.php?id=940420
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3. AxwmertoB H.C. O0mas neoprannueckas xumusi / H.C. AxmetoB.— M.: Brici.
mk., 2012.-743 c.

4, TperbsikoB FO.Jl. Heopranumueckass xumus / FO.JI. TperbsikoB. —M.:
N3narenbctBO MockoBckoro yauepcutera,2007.— 670 c.
S. I'muaka H.A. COopHuK 3ama4y W ynpaxHeHUH mno obmiert xumuu / H.A.

I'munka. —M.: UnaTerpan-Ilpecc, 2012. — 240 c.

6. I'muuka H.A. O6mas xumust / H.A. I'munka. — M.: Uurterpan-Ilpecc, 2015. —
727 c.

7. AxmeroB H.C. JlaGopaTtopHble W CEMHUHApCKHE 3aHATUS IO OO0mel u
Heoprannyeckoit xumuu / H.C. Axmetos. — M.: Beicmr. mik., 2013.— 366 c.

8. ApnamaukoBa E.M. COopHuk 3amad mo Heopranuwveckor xumuu / E.W.
ApnamnukoBa.—M.: M3narenscknii neHTp «Akagemus», 2010.— 208 c.

9. Angnpeena ['.U., Huxonsckuit B.M., Illep6akoBa T.A. OcHOBHBIE 3aKOHBI U

MOHATHUS XUMUHU. Y4eOHO-MeToinueckoe nocooue. —TBepb: U3a-Bo TBep. roc. yH-Ta,
2005.— 55 c.

10. PactBops! anekTponuToB. Yacth 2. Y4eOHO-METOAMUECKHE MAaTepUabl IS
ctyneHToB | kypca.— TBepb: U3n-Bo TBep. roc. yu-ta, 2006.— 43 c.
11. PactBopsl anektpomutoB. Yacte 3, 4. Meroauyeckue yKa3zaHHS K

1abopaTOpHBIM paboTaM Mo XUMHUYeCKuM auctimiuinHaM 6ioka E H. — Teeps: U3n-
BO TBep. roc. yH-Ta, 2001.— 37 c.

12, bapanosa H.B. Xumuueckue cBoricTBa 351eMeHTOB 1-4 rpyni. Mertoauueckue
yKa3aHus K BBIIOJHEHHUIO TA0OPATOPHBIX padOT MO KypCy HEOPTaHUYECKOW XUMUH /
H.B. bapanoga [u np.].— TBeps: U3a-Bo TBep. roc yu-ta, 2009.— 31 c.

13. bapanosa H.B. Xumunueckue cBoiCTBa 3J1eMEHTOB 5-8 rpymnn. MeTtoaundeckue
yKa3aHus K BBIIOJHEHHUIO Ta0OPAaTOPHBIX padOT MO KypCy HEOPTraHUYECKOW XUMUH /
H.B. bapanosa [u np.]. — TBeps: U3a-Bo TBep. roc. yu-ta, 2010.— 27 c.

14, bapanosa H.B. HanpaBineHuss OKUCIUTETBHO-BOCCTAHOBUTEIIBHBIX PEAKIIUN.
VYyebHo-MeToanueckre MaTepuasl Juisi cTyieHToB 1 kypca/ H.B. bapanosa [u np.].—
Teeps: M3a-Bo TBep. roc. yu-ta, 2008. — 57 c.

15. bapanoBa H.B. KonudecTBeHHbId aHanmu3. MeToJ TUTPUMETPUUYECKOTO
aHanu3a. Y4eOHO-METOJWYEeCKue Marepuanbl st cryaeHToB 1 kypca / H.B.
bapanosa [u ap.].— Teps: U3a-Bo TBep. roc. yu-ta, 2011. — 32 c.

16. bapanoBa H.B. KowmmiekcHbie coenuHeHus. Y4eOHO-METOAMYECKUE
Marepuansl 115 ctyneHToB 1 kypca / H.B. bapanosa [u ap.].— Tseps: U3n-Bo Taep.
roc. yH-ta, 2012. — 64 c.

17. bapanora H.B. Meroasl OYHMCTKM XUMHUYECKUX BEIECTB. Y4eOHO-
MeTOMYEeCKre MaTepuaisl s ctyaeHToB 1 kypca / H.B. bapanosa [u ap.].— TBeps:
N3n-Bo Teep. roc. yH-Ta, 2014. — 32 c.

18. bapanora H.B. Y4eOHOo-MeTOIMUECKHE yKa3aHUs TIO HAITMCAHUIO KYpCOBOM
pabotel o nucturinHe «Heoprannueckast xumus» aiisa ctyneHToB 1 kypea / H.B.
bapanosa [u ap.].— Teps: U3a-Bo TBep. roc. yu-ta, 2016. — 31 c.

19. bapanoa H.B. Dnektponnsiii oOpa3zoBatenbHblii pecypc. KomruiekcHbie
coenunenus / H.B. bapanosa [u ap.].— Tsepb: M3a-Bo TBep. roc. yn-ta, 2013.



20. bapanosa H.B. Dnektponnblii o0Opa3oBaTenbHBI pecypc. XUMHUYECKHE
cBoricTBa 3emMenToBl-4 rpynn / H.B. bapanosa [u np.].— Tseps: 1U3a-Bo Trep. roc.
yH-Ta, 2013.

21. bapanoa H.B. OnextponHblii 00pa3oBaTeNbHBIA pecypc. XUMHUECKUE
cBoMicTBa AnemMeHToB 5-8 rpynn / H.B. bapanosa [u np.].— Teps: 3a-Bo TBep. roc.
yH-Ta, 2013.

22. bapanosa H.B. DnexktponHsiii 00pazoBarenbHblil pecypc. KonuuecTBeHHBIM
ananu3. Meton TutpuMmerpudeckoro ananusa / H.B. bapanosa [u np.].— Teps: U3n-
BO TBep. roc. yn-ta, 2013.

23. bapanosa H.B. Metoapl OYMCTKHM XUMHYECKHX BEIIECTB // DIEKTPOHHOE
nznanne Ha | CD-R./H.B. bapanosa [u np.].— TBeps: M3a-Bo TBep. roc. yH-Ta, 2015.
Peructpammnonnoe caugerensctBo Ne 40080.

24. Homep rocynmapcTBEHHOM perucrpaldd 00S3aTebHOTO  AK3EMIUIspa
anekTpoHHoro u3ganus — 0321501444 ot 18.06.2015.

0) JonosiHuTe/ILHAS JINTEPATypa:

1. boromonosa W. B. Heopranuueckas xumus: YueOHoe nocodue. - Mockaa ;
Mocksa : M3gatensckuit goM "Ansdpa-M" : OOO "HayuHo-U31aTeNbCKUI LIEHTP
NH®PA-M", 2016. - 336 c. - ISBN 9785982811875. - DnekTpoHHBINA pecypc. —
Pexxum moctyna: http://znanium.com/go.php?id=538925

2. Crenun b.JI. Heoprannueckas xumus / b.JI. Crernun, A.A. 1iBeTkoB. — M..:
Breicm. mik., 1994.— 607 c.

3. JIunun P.A. 3amaun o Heopranndeckoi xumuto / P.A. JIuaua.— M.:
Bricm.k.,1990.— 255 c.

4. Koposun H.B. O6mas xumus / H.B. Koposun. — M.: Beicur.ik.,1998. — 557 c.

5. Ciune B.YW. Heopranunueckas xumus / B.U. Cnutein, S1.1. Mapteinenko.— M.;
N3n-Bo Mock. yH-Ta, 1994.— 623 c.

6. Xayckpodt K. CoBpemennsiit kypce obmeit xumuu / K. Xayckpodt, 3. Koncreo.
— M.: Mup, 2002. =539 c.

7. BacunbeBa 3.1".. JlabopaTopHblii mpakTUKyM 1o oouieit xumuu / 3.1°. Bacunbesa [u
ap.]. —JL.: Xumns, 1990.— 240 c.

8. 7.Koctpomuna H.A., Xumus KoOpIUHAIIMOHHBIX

9.coemunennit / H.A. Kocrpomumna, B.H. Kymox , H.A. Ckopuk.—M.:
Bricm.mk.,1990.—431 c.

10. 8.3aiiueB O.C. UccnenoBatenbckuii mpaktukym mno obmiert xumuu / O.C.
3aitnes.—M.: U3a-Bo Mock. yH-Ta, 1994.— 480 c.

11. 9.3aiines O.C. 3amaun, ynpaxkaenus u orpocs! o xumun / O.C. 3aiies. —M.:
Xumus, 1996.— 430 c.

12. 10 Kykymkun B.FO, Kykymkun HKO.H. Teopus u mnpaktuka CcuHTE3a
koopauHanuoHHbIX coeauHenuit / B.IO. Kykymkun, FO.H. Kykymkun — JL.:
Hayxka,1990. — 259 c.

13. 11.I'ompaodpaiix 3.E., MacnoB E.1. COopHUK 337124 U YIPAKHEHUI 110 XUMUH /
3.E. lN'onpnopaiix, E.M. Macnos. — M.: Beici. mik., 1997.— 383 c.
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2) IIporpamMmmHoe odecrieueHue
a) JIlneH3noHHoOe MporpaMMHOE 0OECTICUeHNE:
e Microsoft Office npodeccronanbhsiii mroc 2013
e Microsoft Windows 10 Enterprise
e HyperChem
6) CBOOOIHO pacnpocTpaHsIeMoe MPOrpaMMHOE OOeCTICUeHHE
e Google Chrome

3) CoBpemeHHbIe podeccHoHATbHBIE 0a3bI JAHHBIX M HHGOPMAIIMOHHbIE
CIIPaBOYHbLIC CUCTEMbI
e DBEC «ZNANIUM.COM» www.znanium.com;
e JOBC «YHuBepcuTeTcKasi ondomoreka oniaiin» https://biblioclub.ru/;
e DBC «Jauw» http://e.lanbook.com

4) TlepeyeHb pecypcoB HWH(POPMAIMOHHO-TEJIEKOMMYHHUKAIMOHHOH CeTH «
HNuTepHe, He00X0AMMBIX /151 OCBOCHHMS UCHUIIIMHBI

1.BupryanbHast oopazoBatensHas cpena TBI'Y (http://moodle.tversu.ru)
2.Hayunas 6ubmorexa TBI'Y (http:/library.tversu.ru

V1. MeToanyeckue MaTepHaJibl VI 00y4aIOIMXCSl 110 OCBOEHHIO TUCIUTLTAHBI

HporpaMMa AUCHHUITIJIMHBbI «Heopranmmcxan XUMMUSD»

1. BBEJIEHME. Xumus kak cucTemMa 3HaHUH O BEIIECTBAX U UX IIPEBPAICHUSX.
[Ipeamer u 3amaun xuMud. Teopus U DKCIIEPUMEHT B XUMUHU. Pa3nuuHble ypOBHU
xumudecko  teopuu. MHpopmanmonHbie  cucteMbl. OCHOBHBIE — 3aJayu
COBPEMEHHON HEOPTaHUYECKOW XUMUM.

2. OcHOBHbBIE 3aKOHBI TEPMOAMHAMHUKH. O0paTUMOCTD XUMHYECKHUX PeaKIuii

3amauM  XUMUYECKOW TepMOAMHAMMKHM. [loHsATHSA: cucTeMa, mapaMeTpbl
COCTOSIHUSI, TEpPMOJMHAMHUYECKOE paBHOBecHe, oOpaTuMble U HeoOpaTUMbIe
mporiecchl. BakHeimue npu3HAKM XUMHUYECKUX TMpeBpamieHuit. HeoOwsruHbie
XUMUYECKHUE MPEBPALLICHMUS.

IIepBb1ii 3aKOH TEPMOAMHAMUKHU. BHYTpEHHsS dHEprus U €€ U3MEHEHUE IpU
XUMUYECKUX U (ha30BbIX MpeBpalieHusx. Temnora u paboTa pa3aMvHOro poja.
Onranbnus. CTaHAAPTHOE COCTOSHME W CTaHAAPTHBIE TEIUIOTHI XUMHYECKHUX
peakuuid. Temyora w sHTanbnus 00pa3oBaHMs. TEePMOXMMHUYECKUE paCUETHI,
OocHOBaHHbIE Ha 3akoHe I'ecca. Temnoemkocts. TemmeparypHas 3aBUCUMOCTH
TEIJIOEMKOCTH W DJHTAJIBIIMM. ODHEPrusi XWMHUYECKOW CBA3U. Mcmonb3oBaHue
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XUMHYECKUX M (Da30BbIX MpEBpallleHul B HEOPraHMYECKUX CHUCTeMax IS
TEeHEPUPOBAHUS, XPaHEHUS U TPAHCIIOPTUPOBKH SHEPTHIA.

Bropoli 3akOH TEPMOAMHAMUKH. OHTPONUA. 3aBUCUMOCTb DHTPONHUHU OT
temnepaTypsl. CraHgapTHas SHTponus. V3MeHeHue »sHTponuu Ipu (a3oBbIX
nepexoAax M XUMHUYECKuX peakiusx. JHeprus ['m06ca u sneprus I'enbmrosbua.
VYpaBHeHHE COCTOSHUA. XHMMHUYECKHH TOTEHUUAJI M aKTUBHOCTh. Kpurepum
CaMOIIPOU3BOJIBHOTO IPOTEKAHUsI IPOLIECCOB B H30JMPOBAHHBIX U OTKPBITHIX
CUCTEMaX.

OOpaTUMOCTh XMMHYECKHX pEaKIuil. YCIOBUS XUMHUYECKOTO MEX(a3zoBOro
paBHOBecusa. KoHCTaHTa XMMHYECKOTO PaBHOBECHS KaK Mepa MTyOHHBI MPOTEKAHMS
npoueccoB. Vcronb3oBaHWe CTaHAAPTHBIX SHTAIBIWN W SHTPONUM JUISl pacdera
KOHCTaHT PaBHOBECUSI XUMUYECKUX peakiuil. DakTophl, BAUSIIOUIME HA BEITUUHHY
KOHCTaHThI PAaBHOBECHSI.

3. PacTBOpHI

[IpencraBienne 00 MCTHHHBIX M KOJUIOMAHBIX pacTtBopax. Ilpouecchbl
pactBopeHusa.  CrocoObl  BBIpAKEHHSA  COCTaBa  PacTBOPOB.  DHEprus
KPUCTAUIMYECKOM PEIIETKH, JHEPrus conbBarauud. OakTophl, BIMSIOIIME HA
pacTBOpUMOCTb. HacelllleHHbIE W  HEHaChIMIEHHBIE pacTBOpbl. OcaxnaeHue
TPYIHOPACTBOPUMBIX cousield. [IponsBenenne pacTBOPUMOCTH.

®da3oBbIe paBHOBECHUS. OCHOBHBIE TOHITHS: KOMIIOHEHT, (ha3a, CTeNeHb CBOOOIBI.
[IpaBuio ¢a3. JluarpamMma cOCTOSTHUS BOJIBI.

KomraTtuBHele CBOICTBA pPacTBOPOB HEIJIEKTPOJIUTOB M 3JIEKTPOJIMUTOB:
JABJICHUE  HACBIIMICHHOIO  I1apa, IIOHW)XEHUE  TEMIIEpaTypbl  3aMep3aHus
(KpHOCKOTIHSI), TIOBBINICHUE TEMIEpaTyphl KUIEHUS (P0YJUTMOCKOMMS), OCMOC U
OCMOTHYECKOE JaBJICHHE B HEOPraHUYECKUX M OHOJOTMYECKUX CHCTEeMaXx.
N3oronnueckuii korhHUIMEHT, CTENEeHb U KOHCTaHTa Auccolmanuiu. MemopanHoe
paBHOBECHE.

WNneanpHple W HEuJcanbHble  pacTBOpbl.  JlmarpaMMbl — COCTOSIHUSA
JBYXKOMITOHEHTHBIX CUCTEM c HEOTPaHUYECHHOU PacTBOPUMOCTBIO.
JIByXKOMIIOHEHTHAsi CUCTeMa C mpocToi 3BTeKTUKOW. Kpuornaparsl. Jluarpamma
COCTOSIHMSI C XMMHMYECKUM COCIUHEHHEM KaK IPENECIbHBIA CIIydall CHCTEM C
OTPULIATEIBHBIMA OTKJIOHEHHUSIMU CBOMCTB OT CBOMCTB HICAIbHBIX PAaCTBOPOB.
Kpucramnmoruaparsi.

KucnorHo-ocHoBHoe paBHOBecue. [IOHATHS «KHCIIOTa» W «OCHOBAHUE.
Knaccuueckass teopus AppeHuyca U ee orpaHuueHusi. OCHOBHBIE TOJIOKECHUS
IIPOTOJIMTUYECKOU Teopun bpencrena — Jloypu, CONpsDKEHHBIE ITapbl KUCIOT U
OCHOBaHHUM. ABTONPOTOJIN3 BOAbI. KOHCTaHTa MPOTOIUTUYECKOTO PABHOBECHS KaK
XapaKTEPUCTUKA CUJIbI KUCJIOT M OCHOBaHMN. B3auMonelicTBre CUIIBHBIX U CIa0bIX
IIPOTOJIUTOB, TUAPOJIN3 KaK YACTHBIN CIIy4yald KUCIOTHO-OCHOBHOI'O PABHOBECHUS.

DIIEKTPOXUMHUYECKHE CBOWCTBA pacTBOPOB. CONpsIKEHHBIE OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE  Mapbl. JIBOWHOW  DJIEKTPUYECKUM  CJIOM, DJIEKTPOJBIL,
rajJbBaHUYeCKas sueiika. IJIEKTPOJHbIA MoTeHIman. CTaHgapTHBINA AJIEKTPOIHbBIN
noTeHras1. OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE PEAKLIMN U UX HampasiieHue. Psn
HanpspkeHud. YpaBHenue Hepucra. Psager Jlatumepa. Ilonsitue o nmarpammax



OKUCITUTEIBHBIX COCTOSIHUM (MarpaMMbl  «BOJIbT-KBUBAJIECHT —  CTEICHb
OKHUCJICHHSI»). DIIEKTPOJIU3. DIEKTPOXUMUYECKUE UCTOYHUKU 3Hepruu. Kopposus
KaK JIEKTPOXHUMHUYECKUH TIpOoIecc.

4. KuHeTHKa 1 MeXaHHM3M XUMHYECKHX peaKIui

CKopocTh XMMUYECKOM PEaKIINH, €€ 3aBUCHUMOCTD OT IIPUPO/IbI U KOHIICHTPAIIUH
peareHToB, Temmeparypbl. I[lopsgok W MOJIEKYJISIpHOCTh peakiuu. KoHcTaHTa
CKOpPOCTH M €€ 3aBUCUMOCTb OT TEMIIEpATyphl. YpaBHEHHE AppeHuyca. JHEprus
aKTUBAIMM. MeXaHu3M M KUHETHKAa PEaklMid B TOMOTEHHBIX M Te€TepPOreHHBIX
cuctemax. llemupie u KonebarenpHbIC peakiUU. ['OMOTEHHBIM M TE€TEPOTCHHBIM
Katayn3. AyToKaTaims.

5. Ctpoenue aToma

PasButHe npeacTaBieHui 0 CTpOCHUM aroMa. BosiHOBas pupoa 3JIEKTPOHa.
BonnoBas ¢ynkuus. Ypasuenue Ulpenunrepa. [loHsaTHe O KBAaHTOBBIX 4HCIaX.
PanuanbHass u opOWTaNbHAs COCTaBISIONIME BOJIHOBOW (yHKIMu: S-yp-, d- m f-
opbuTanu. ATOMHbIE OpOUTANIN, UX SHEPTUU U TPaHUYHbIE TOBEpXHOCTH. [lopsamok
3aIl0JIHEHUA 3JIEKTPOHAaMU aToMHbIX opouTanei. [Ipunuun [laynu. Tepmbl aTOMOB.
[IpaBuna Xynpaa. [loHsTUsA: OpOUTANBHBIA pAalyC U SHEPrys MOHHU3ALUU aTOMa,
CPOACTBO K BJIEKTPOHY U IEKTPOOTPULATENBHOCTb. JHEPTETUUECKAE JUATPAMMBI
MHOTORJIEKTPOHHBIX aTOMOB. PensitTuBucTckue 3p¢heKThl.

6. XuMunueckas CBA3b

[loHATHE O TPUPOAE XUMUUECKOU CBSA3U. XapaKTEPUCTUKN XUMHUYECKOU CBS3H:
SHEPTHUs, JIMHA, TNOPSAOK U MOJAPHOCTb. OCHOBHBIE TMOJIOKEHUS U HEJOCTATKH
Merona BaneHTHOM cBsi3u (BC). a-y -, S5-cBsa3zpiBanue. Tunbl ruOpuanzanuu
ATOMHBIX OpOUTasIeH.

OcCHOBHBIE TIOHATHUSI O METOJE MOJEKYJIsIpHbIX opoutanei (MO). Metong MO
JIKAO.  JIByXUEHTpOBbIE  JBYXDJIEKTPOHHBIE  MOJIEKYJIAPHbIE  OpOUTANIM.
OHEpreTu4ecKkue  AuarpaMMbl  JBYXaTOMHBIX  TOMOSJEPHBIX  MOJIEKYII,
00pa30BaHHBIX dJIEMEHTaMU 1-T0 U 2-T0 IEPUOOB. DHEPTHsl MOHU3AIINH, MATHUTHBIC
Y ONTHYECKHE CBOMCTBA. DHEPreTUYECKUE JUarpaMmbl POCTEUIUXTETEPOSAEPHBIX
mosteky:1 (CO, HF, LiH, H,O u T.1.). TTonstre o tpexuentpobix MO (BeHr, XeF»).
Bonopoanas cBsa3p. CnaOble B3aUMOJICHCTBHUS: BaH-/1€pP-BaaIbCOBBI CHJIBI.

XruMuyeckass CBSI3b B KOMIUIEKCHBIX COEIMHEHUSAX. (OCHOBHBIE TIOHATHSA
KOOPJMHAIIMOHHONW XMMHH: LHEHTPAIbHBIA aTOM M €ro KOOPAMHAIMOHHOE YHCIIO;
JIUTaH/Ibl; BHYTPEHHSSI W BHEUIHSS KoopJauHalMoHHbIEe cdepbl. HomeHnknarypa u
U30MEPHS] KOMIUIEKCHBIX COECTUHEHUH.

Teopun CTpOEHUS KOMIUIEKCHBIX COEOUHEHWN. [[OCTOMHCTBA M HEIOCTATKU
MeToza BajdeHTHBIX cBszeil (MBC).

Teopus kpuctammyeckoro moist (TKIT). Cummerpus d-opOutaneii. 3amenenue
sHeprum J-opOutaneit B chepuueckoM, OKTA3IPUUECKOM U TETPadIPUUECKOM
noJie JIMTaHAOB.DHEPIus pacCUICIUICHUs, DHHEPrusi CHapuBaHUs. OHEprus
crabunmuzauuu  KpucraummyeckuM monem (OCKII). BnusHue Ha BenuyuHy
pacuieruieHusl MpUPOAbl LEHTPAIbHOrO aTtoma (3apsna, paauyca, 3JIEKTPOHHOU



KOH(UTYypaIm), MIPUPO/IBI, yucia u PaCIOJIOKEHUS JIMTAH]IOB.
Cnextpoxumuueckuii psg. Oddexr fAna-Temiepa, TeTparoHabHOE HCKaKEHHUE
OKTa’pPUUECKUX KOMIUJIEKCOB, INIOCKOKBAAPATHBIE KOMILICKCHI.

Merton monekynsipubix opoutaneit (MMO). [locTpoeHue rpynnoBsix opOuTaieit
JUTAHJIOB M HUX B3aUMOJACHCTBHE C OpOUTAISIMU IIEHTPAJIbHOIO aToMa.
DHepreTvyeckas JauarpaMma MOJIEKYJSIPHBIX — OopOuTaniell  OKTa’pHUYecKOro
KOMILIeKca 0e3 M C m-CBsi3bIBaHHEM. J[OHOpHBIE M AaKIUENTOPHBIC JIMTaH[bI.
UcnonszoBanue TKIT u MMO niist 00bsiICHEHHS] ONITUYECKUX U MATHUTHBIX CBOWCTB
KOMILIEKCHBIX COSUHEHUH.

KoHcranta ycromuuBocTM. Tunbl peakuuid KOMIUIEKCHBIX — COEIMHEHUM:
JUTaHAHBIA OOMEH, MEPEHOC MPOTOHA U AJIEKTPOHA; BIMSHUE LIEHTPAILHOTO aToMa
Ha XUMUYECKOE TIOBEJICHHE JIUTaHA0B. XenaTHbIN dPPeKT. DPPEKT TpaHCBIUAHUSA
7. KoMIIeKCHBIE COeAMHEHUA
[Tonsitue xommiekcHoro coenuHenus. Homenknarypa. Ctpoenue. M3omepusi.
Knaccudukamnus. Teopus kpuctasinueckoro moJisi. MeTo | BaIeHTHBIX CBs3EH
8. Ilepuoamueckmii 3axkon .M. MenaeneeBa. Ilepuoamuyeckasi cucrema
3JIEMEHTOB

CoBpemennass  gopmynupoBka  Ilepuognueckoro  3akona.  CrpykTypa
MIEPUOJNYECKON CUCTEMBI U €€ CBSI3b C DJIEKTPOHHOW CTPYKTYPOM aTOMOB, 3aKOH
Mo3mu. Ilepuogu4HOCTh B M3MEHEHUHU DSJIEKTPOHHOW KOH(UIypaluud AaToOMOB.
Ileproae!l u rpynnsl. KopoTko- U ImMHHONEPHOAHBIM BapuaHTsl [leproandeckoit
Tabnuipl. [leprogMYHOCTh B U3MEHEHUH BEJIMYUH PaUyCOB, SHEPTUU MOHU3ALNH,
CPOJACTBA K DJIEKTPOHY, DJIEKTPOOTPULIATEIBLHOCTH aToMOB. [lonoxxeHnue
XUMHYECKOro djeMeHTa B Ilepuomnueckor cucTeMe Kak €ro IVIaBHas
Xapakrepuctuka. [leppoguyHoCTh B M3MEHEHUM CBOMCTB IIPOCTBIX BELIECTB U
OCHOBHBIX XMMHMYECKUX COEJUHEHMH (OKCUIBI, THIPOKCHUIBI, TaJOreHUIbI).
BepTukanbHble, TOPU30OHTAIBHBIE U AUAroHajdbHble aHajmoruu B llepmoanueckou
CUCTEME.

9. OCHOBBI XIMHH TBEPAOI0 TeJa

XuMHYecKas CBSI3b M CTPyKTypa Kpuctamuia. Kiaccudukarmus aedekTos:
nedextsl o [lorTtku u @penkento. Hecrexnomerpuueckue coequaenus. JlegekTol
U CBOWMCTBAa KpHUCTALIOB. KBazsMXMMHUECKOE OIMCAHHWE pPaBHOBECHH Je(EKTOB.
3aBUCUMOCTh JE€(PEKTHOTO COCTaBa KPHUCTAUIOB OT YCIOBHM CUHTe3a. BriusHue
nedeKTOB Ha KHHETHKY TBEPAO(DA3HBIX PEaKITHil.

10. Bonopoax—rnepBbiii 3j1emeHT [leproanyeckoii cucreMsbl

N3otonsl Bomopona. CtpoeHne u cBoiicTBa moHa okconust H3O'. Mon H~ u
OCHOBHbIE TUIBI TUPUI0B 35ieMeHToB |-VIII rpynn. Ctpoenue u cBoiicTBa TBEpAOH,
YKUJIKON U Ta3000pa3Hoi Bojbl. [lomydeHnue, cBOMCTBA U MPUMEHEHHE BOJOPO/IA.
11.2semenTsI | A rpynmnbl: mej04YHble MeTAJLIbI

3aKOHOMEPHOCTH B M3MEHEHUHM JJIEKTPOHHBIX KOH(UTypaluii, BeIUYUH
paguycoB, SHEPrMM HOHM3alMU aTOMOB. Oco0o0€ MOJOXKEHUE JUTUS. DHEprus
KPUCTAIUTMYECKON pemeTky, (U3MYECKMe M XMMHYECKHE CBOMCTBAa MPOCTHIX



BerecTB. OCOOEHHOCTH B3aWMOJEHCTBHUS IIEJIOYHBIX METAJUIOB C BOAOW MO pALY

JUTUN — 1e3uil. 3aKOHOMEPHOCTH B CTPOCHHMHM U CBOMCTBax (TepMUYECKas

YCTOMYHMBOCTh, KHCJIOTHO-OCHOBHBIE CBOMCTBAa) OCHOBHBIX THUIIOB COCIMHEHUMN:
OKCHJIOB, TIEPOKCUJIOB, THAPOKCHIOB, KapOOHATOB, TaJIOT€HHU-I0B. /[naroHaibHOe

CXO0ACTBO JIUTUM — MAarHuu. HOJIY‘ICHI/IG IICIIOYHBIX MCTAJJIOB H3 IIPHPOIHBIX
COCI[HHCHPIﬁ. HpHMeHeHHe mMCJIOYHBIX MCTAJIJIOB U UX COCI[I/IHCHI/If/'I.

JueMenTtsl I b rpynnei: meab, cepedpo, 30,10TO

CormocTaBieHHe 3JIEKTPOHHBIX KOH(GUTYpaIuid, BEIUYUH PaJANYCOB, DYHEPTUU
VMOHH3AINY, XAPAKTEPHBIX CTENECHEHM OKHCIEHUS W KOOPJAWHALIMOHHBIX YHCET
atoMoB 31emMeHTOB |A wm I b rpynn. ®usnyeckue, XMMHUYECKHUE CBOICTBA,
MOJy4YE€HUE U MPUMEHEHHE POCTHIXBelEeCTB. COMOCTaBIEHUE CTPOEHUS U CBOMCTB
OJTHOTHUITHBIX COCIMHEHUMN (OKCHUbI, TUAPOKCUIBI, TAIOTEHUIbI) 3J1IeMeHTOB | A u |
b rpynn co crenensmu okucienus (l). OcobGennoctu coemunenuii Cu (I1).
KommiekcHbie COCIMHEHUS (aMmmmakartsl, UaHU/IbI, raJIOT€HUIBI):
KOOPJIMHAIIMOHHBIE YHCIIA, 3aBUCUMOCTH (POPMBI KOOPJIMHALIMOHHOTO MOJHAJIpa OT
AJIEKTPOHHOM KOH(PUTYpaIH [IEHTPAIBLHOTO aTOMa U MpUpo bl Jinranaa. CtpoeHue
1 CBoiicTBa coeauHeHuil aneMeHTOB Cu, AQ, AU B BBICIIMX CTCHEHSIX OKHCICHUS.
BricokoTeMniepaTypHbIi€ CBEpXITPOBOJHUKN HA OCHOBE CIIOXKHBIX OKCHJIOB MEJIU.

12. Dnementsl ||A rpynnei: Oepusiinii, MAarHuil, KaJabIUA, CTPOHUMA, Oapuii

V3MeHeHHWe SIEKTPOHHBIX KOHQUTYpaIMii, BEIWYHWH PAJAyCOB, SHEPTHH
noHn3anuu atoMoB. Ocoboe nonoxxkenue 6epuius. [lomydeHne mpocThIX BEIIECTB
U3 TIPUPOIHBIX CoeauHEHWH. [mapokcHabl OEpriius W MarHus: CTPOCHHE,
KHCJIOTHO-OCHOBHBIC CBOMCTBA, PEaKIIMHU MPOTOIN3a M KoHaeHcaru HoHoB Be (11) u
Mg (II). KapbonaTsr Oepusutust 1 Marausi. Okcuanerar Oepruins. 3aKOHOMEPHOCTH
B CTPOCHMHM M CBOMCTBaX OCHOBHBIX THIIOB COEIWUHEHHUH IIEJIOYHO3EMENbHbIX
AJIEMEHTOB: OKCHJIOB, THAPOKCHIOB, KapOOHATOB, TajoreHujoB. KoMIUIeKCHBIC

coenuHeHus. JlnaroHaapHOE CXOJCTBO Oepwiuimii — amomunuid. [lpumenenue

OepHILIHSL, MarHUA U 111€JI0YHO3EMETbHBIX 3JIEMEHTOB.
duiemeHnTsl || b rpynnel: nuHK, KAAMUA,PTYTH

ComnocraBieHue 3JIEKTPOHHBIX KOH(UTYpaluil, BEJIUYUH PAJUYCOB, dHEPTUi
WOHU3allMM  aTOMOB  JJIEMEHTOB  MOATPYNNbl  LMHKA W HOATPYIIIBI
IIEJIOYHO3EMEINIbHBIX ~ 3JIEMEHTOB,  XapaKTEpHbIE  CTENEHU  OKHUCIIECHUS,
KOOpJIMHALIMOHHBIE uucina. [lomydyenue, ¢uznueckue M XUMHUYECKHE CBOMCTBa
LMHKA, KaaMmus, pTyTH. CpaBHEHHE CTPOEHUS M CBOWMCTB COEIMHEHUU B CTEICHU
okucienuss (1)  (okcumel, ruapokcuipl, ramoreHuasl). CTpoeHHE |
JUCIPONOPIMOHUPOBaHKe  coeuHennid  HQp?*. KoMIuleKkCHBbIE — CcOeqMHEHUS:
aMMUAaKaThl, TAJIOT€HU/IbI, LIMAHU]BI, TUOLMAHATHL. [[puMeHeHue 1MHKa, Kaamus,
PTYTH U UX COCAUHEHUMN.



13. Daementsl |11 A rpynnbi: 60p, aTlOMUHMN, TAJIJINH, HHAWN, TAJIHI

OnexTpoHHas kKoH(urypanus. Paguyc u sHeprusi MOHM3aIMM aToMma Oopa.
XapakTepHbIe CTEIEHU OKUCIICHUSI U KOOpAMHAIIMOHHBIE yncia. Kpucramnnyeckas
CTPYKTYpa, GU3HUECKHE U XUMUYECKUE CBOKCTBA OOpa.

[Tony4enue, ctpoenue, cBoiicTBa qubopana BoHe: BoccTaHOBUTEIbHBIE CBOWCTBA,
B3anMo/ieiicTBrE ¢ BosIoH, ruapuaom jutust (LiBH,), okcumom yrirepoaa (HsBCO —
kapOoHmn Oopana). ['omomormueckue psael TUApuIOB Oopa: BpHps m BpHipss.
CtpoeHue 1 3aKOHOMEPHOCTH B CBOMCTBaX OOpPaHOB.

[Tomyyenue, ocoOeHHOCTH cTpoeHus U cBoilcTBa ByOs M OGOpHBIX KHCIIOT.
3aBUCHUMOCTh COCTaBa MPOAYKTOB MOJMMEpHU3alMu okcobopaToB oT pH cpensl u
KOoHIeHTparu. COIMOCTaBIEHUE MPOLECCOB JAeruapaTanun oprodochopHoil u
OpTOOOpHOM KHUCHOT. [[MaroHadbHOE CXOJCTBO OOpa M KpPEMHHsS Ha MpUMEpE
TUJPUAOB, TAJIOTEHUJIOB, OKCHUIOB U OKCOKHCIOT. COMOCTaBICHUE CTPOCHUS U
CBOICTB OOpaToB, KapOOHATOB M HUTPATOB METAJUIOB. AHAJIOTUSl B CTPOCHUHU U

CBOMCTBax coeuHeHui: 0eH3oa — O6opazoin, anmasz — 0opa3oH. [lonyuenue 6opa u3

NPUPOAHBIX coeauHeHui. [I[pumenenue 6opa u ero CoeTMHEHU.

3aKOHOMEPHOCTH B M3MEHEHHM JJIEKTPOHHBIX KOH(QUTYpaluii, paanycoB,
SHEPTUM MOHU3AIMU, XAPAKTEPHBIX CTENEHEW OKHUCICHUS aTOMOB aJTIOMHHMUS,
rajuivsl, UHIUS, TaJlIusl.

[lonyuenue, ¢u3myeckue U XUMHUYECKHE CBOMCTBA TMPOCTBHIX BEIIECTB.
3aKOHOMEPHOCTH B CTPOEHUHU U CBOMCTBAX (TepMUUYECKasi YCTOMYMBOCTh, KUCIIOTHO-
OCHOBHBIE W OKHCJIMTEIbHO-BOCCTAHOBUTENIBHBIE) COCIUHEHUN JIIEMEHTOB B
CTENEHW OKMCJICHHMS +3: OKCHJIbI, THAPOKCUIBI, rajio TeH uabpl. KommiekcHbie
COCJIMHEHHUS AOMHUHMS. [Wapua amiOMUHHMS UM QTIOMOTHAPHUIBLI  IIEIOYHBIX
METaJUIOB, MI3MEeHEHnE YCTOMUYUBOCTU COEAUHEHUMN AJIEMEHTOB B HU3KUX CTEIEHSX
OKHCJICHUS B MIOATPYIIIE, a TAaK)Ke ropu3oHTaibHOM psiay: T1-Pb-Bi. ComocraBienue
cTpoeHus U cBoicTB ogHoTunHBIX coenuueruit T1 (1) u Rb (1), Al (111), Sc(l1), Ga
(11 u Zn (11). [TpumeHeHke aTFOMUHNS, TAJUTAS, UHIHS, TAJUTHS U UX COCAMHCHHUH.
14. DnemenTs! |V A rpynnsi: yriepoa, KpeMHHUid, repMaHuii, 0J10BO, CBHHEI

DneKTpOoHHAs] KOH(PUTYpAIHs, pa3Mep aToMa, YHEPTUS HOHHU3AIIUU U CPOJICTBO K
AIIEKTPOHY, DJIEKTPOOTPHUIATETLHOCTh. 3aKOHOMEPHOCTH B M3MEHEHUH TIPOYHOCTH
3-3, O-H, O-T" (I'-ranoren) u 2-0 cszeir. OcobeHHOCTH KaTeHanuu B psay C-Si-
Ge-Sn-Pb. XapakTepHble CTENECHH OKHCICHUS M KOOPIAMHAI[MOHHBIC YHCIIA.
OCoOeHHOCTH yTaepoa.

Tunel CTpyKTYyp U OCOOCHHOCTH XMMHUYECKOW CBSI3M B TBEPHBIX MPOCTHIX
BemecTBax. Anmas, rpadut, kapous, pymiepenst (Ceo, Cr7o ¥ T.71.) — monmmuMopdHbIe
dbopMbl  yriiepona. 3aKOHOMEPHOCTH W3MEHEHHS (PU3NYECKUX U XUMHUYECKHX
CBOMCTB  TPOCTBIX  BEIISCTB:  B3aUMOJICHCTBHE ¢  pa30aBiICHHBIMH U
koHueHTpupoBanHbiMu pactBopamu HCI1, HNO;, H,SO, NaOH, wmeramnamu,
HemetaiaMu. COeTMHEHUS BKITFOUSHHS.

Paznuuue B peakllMOHHON CIIOCOOHOCTH YTJIEBOJOPOIOB M CHUIIAHOB, XJIOPHIIOB
yriepoja (CCly) u xpemuus (SiCly).



CO u COgz: mnomyuenue, comoctaBieHue crpoeHuss (MO JIKAO, MBCOC),
bu3nYecKux (FHEPrUs TUCCOIMAIIUU, TUTIOIBHBIM MOMEHT, TeMrneparypa (Gha3oBbIX
MepPEeXo0/I0B) U XUMHYECKUX (B3auMmozeiictBue ¢ H,O, meTamiamMu, OKUCIUTEIBHO-
BoccTtaHoBuTelIbHBIE cBOMcTBa, CO n CO; Kak muranabl) cBoiicTB. CBoiictBa SiO;.
Comnocrasnenue crpoenns U cBoiictB HCOOH u H,CO3. Tepmuueckast yCTOMUYUBOCTD
kapoonatoB. ConocraBnenue ctpoeHus u cBoictB CO; u HpCOs, kapOboHaToB U
cikatoB. OCHOBHBIE THITHI CTPYKTYP CHIIMKATOB.

CtpoeHue u CBOMCTBA IIMAHOBOI0PO/1a, POJIAHOBOOPOIa M MX MTPOU3BOIHBIX.
dusznyeckue U XUMHUYECKUE CBOMCTBA KPEMHHMsI, T€pMaHMs, OJIOBa, CBUHIIA.
Kpemuwuii u repmaHuii — MOJIYIPOBOTHUKH.

3aKOHOMEPHOCTH B M3MEHEHUHU CTPOCHUSI M XUMHUYECKHUX CBOMCTB OKCHUJIOB U
ruapokcuaoB  Ge-Sn-Pb  (tepmuueckasi yCcTOHYMBOCTB, KHUCIOTHO-OCHOBHBIC U
OKHCJIUTEILHO-BOCCTAHOBUTEIILHBIC CBOMCTBA).

[Mpuponnsie coemunenus C, Si, Ge, Sn, Pb. IlpuHiunel moaydeHus: MPOCTHIX
BellecTB. [IpuMeHeHne NpoCThIX BEIIECTB U OCHOBHBIX XMMHUYECKUX COCAMHEHUM:
OKCHJIOB, OKCO-KHCJIOT M THAPOKCUAOB, THAPUIOB, XaJbKOTE€HUJOB, KapOUIOB U
CUJIMITUO0B, KAPOOHATOB, CUJIMKATOB.

15. Daementsl V A rpynmnsbi: a30t, ¢pocop, MbIIIbAK, CYPbMa, BUCMYT

OO6miasi xapakTepUCTHKA 3JIEMEHTOB: JJICKTPOHHAash KOHQUrypamus, pasmep
aTOMOB, PHEPI'sl HOHU3AIUU U CPOJICTBO K DJIEKTPOHY, JIEKTPOOTPUIIATETHLHOCTD
aTOMOB. 3aKOHOMEPHOCTH B M3MEHEHUHU KOOPIMHAIIMOHHOTO YHCJA, MPOYHOCTH
onuHapHbIX (D-D) u nBOMHBIX (D=03) cCBs3eH, CTAOMIBHOCTH COCIUHEHUUN C
XapaKTepHBIMU CTETIeHAMH okuciieHusi. OcoObie CBOICTBaA a30Ta.

MO wu cBotictBa Nz, N,". Crpoenne Oenoro, KpacHOro u 4epHoro ¢ochopa,
MBIIIBSAKA, CYpbMbl M BHCMYyTa. 3aKOHOMEPHOCTH B W3MEHEHMHM (U3UUYECKUX U
XUMHUYECKMX CBOMCTB TPOCTHIX BEHIECTB. MeETOAbl CBSI3BIBAHUS MOJIEKYJISIPHOTO
a3ora.

OcoOenHoctn ctpoenust (BaneHtHble yrasl H-D-H, nnmuna cBssu O-H,
JUTIONTEHBIT MOMEHT), 3aKOHOMEPHOCTH B M3MEHEHUHN (U3MUECKHX U XUMHYECCKUX
CBOMCTB BOJOpPOAHBIX coenuHeHuid OHiz (Temmeparypa (a3oBbIX NEPEXOAOB,
TepMUYecKasi yCTOMUMBOCTh, KUCIIOTHO-OCHOBHBIE M BOCCTAHOBUTEIILHBIE CBOMCTRA).
[lomyyenue u CBOMCTBAa aMMMaka, AaBTOMOHHU3AIUSA, PEAKIUU 3aMEIICHUS,
aKIEeNTOpHbIE  (MPOTOJUTUYECKOE  B3aUMOJICHCTBHE  CBOJOW),  JIOHOpPHUbBIC
(oOpazoBaHHe aMMHMAKaTOB) M  BOCCTAHOBHUTEIBHBIC CBOMCTBA aMMHaka.
Tepmuueckasi ycTORYHBOCTD cojieii amMoHus — (pocdaTos, XIOpUI0B, CyIb(PaToB,
HUTPATOB, HUTPUTOB. (COMOCTABIIEHWE CTPOCHUS W CBOMCTB TUIPOKCHIAMHUHA
NH,OH wu rugpasuna NpH; (KMCTOTHO-OCHOBHBIX Y OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX).

CrpoeHne W CBOWCTBA a30THCTOBOJOPOAHON KHCIOTHL. CocCTaB, CTPOCHHE U
3aKOHOMEPHOCTH B M3MeHeHUH cBOMCTB okcua0B azoTa: N2O, NO, N2O3z, NO3, N2O,,
N2Os (IUIOTBHBIAMOMEHT, MEXKMOJICKYJISIPHOE B3aUMOCHCTBUE, B3AUMO/ICHCTBHUE C
BOJION, TemIieparypa (pa3oBbIX MEPEX0A0B, TEPMUUECKAsT YCTOMUUBOCTh, KUCJIOTHBIC
cBoiicTBa). [lonyuenue okcumoB azora. Cxema MO, conocrapienue cBorictB NO u
NO*. Aanonnsie (NO2', NO3') u katnonnsie (NO*, NO2") dopmser okcunos azora (111),



(V). HucnponopuuonupoBanue okcumoB azota (I11), (IV) B kucioit u menodnoi
cpenax, MOJSPHBIX U HEMOJPHBIX pacTBopuTesix. CuHTe3 0e3BOJHBIX HUTPATOB
MmeTaiioB. Tepmuueckoe pasnokenue HuTpaToB MetauioB (Na, Ag, Pb).

[Tonyuenue, conocrarieHue crpoeHust U cBorctB azotuctoit (HNO-) u azoTHOM
(HNOs3) kuciioT: ycTOWYHMBOCTh, KUCIOTHBIC M OKHCIUTEILHO-BOCCTAHOBHTEIIBHBIC
CBOMCTBa BOJHBIX pacTBOpoB. OxucnutenvHbie cBodictBa HNO3z. 3aBucuMOCTb
coctaBa npoaykToB B3aumoseiictBust HNO; + Mertamn oT KOHIIEHTpaIMK a30THOM
KUCIIOTBI W mpupoabl Mertayuia. [unoaszorucras kuciota (HON)z: crpoenwme,
KHUCIIOTHBIE M BOCCTAHOBUTEIHHBIC CBOMCTRA.

Ocobennoctu ctpoenusi okcumoB ¢ochopa (I) u (V). 3akoHOMEpHOCTH B
W3MEHCHHH KHCIIOTHO-OCHOBHBIX, OKHCIIMTEIHLHO-BOCCTAHOBUTEIIHHBIX CBOWCTB H
TepMudeckoir ycronumBocTd KUCIOT H3PO,, H3POsz;, H3PO.. BzaumonetictBue
docdopnHoro anruapuaa c Boaod. KongencupoBanusie ¢ocdarsl. Opto-, mupo-,
MeTa-, nonumetadocdarsl. BzaumopeiictBue pactBopumbix coneit HzPOs, H3POs,
HsPO, ¢ AgNO3

Crpoenue u cBoiicta xiopuaoB (PCls, PCls) u okcoxnopuaa (POC1,) dochopa.
Coenunenust pocdopa c a3oTom.

Huarpammer BO-CO coeaunenuii azora u docdopa.

OO1mMe TeHJEHIIMU B U3MEHEHUU CTPOEHUS U CBOMCTB OKCHUJIOB M OKCOKHCIIOT
anemeHToB VA rpynnsl  Ilepuonuyeckoil cucteMbl (KHCIOTHBIX H
OKHMCIIMTEILHO-BOCCTAHOBUTENBHBIX). OCHOBHBIC TPHUPOAHBIC COCITUHCHUSA,
TIPUHIIMIIBI TOTYYSHUS U3 HUX a30Ta, Gocdopa, MBITIbsIKaA, CypbMbI, BUCMYTa. PoItb
coeMHEeHMM a30Ta U pocdopa B SKOJIOTMH U B OMOJIOTUUECKUX MPOIECCax.

16. DaemenTsl VI A rpynnbl: KHCJI0PO/, cepa, cejieH, TeJLTyp

3aKOHOMEPHOCTH B M3MEHEHHHU DJICKTPOHHOW KOH(UTYypalluu, BEJIUYUH
painyCoOB, SHEPTrUsl MIOHU3ALNU U CPOACTBA K IICKTPOHY, XapaKTEPHBIX CTENICHEN
OKHUCJICHUSA, JJECKTPOOTPUIATEIBHOCTH aTOMOB. OTJIMYUTEIBHBIE CBOMCTBA
KHCIIOPOJIa, G U T-CBSI3bIBAaHUE, OCOOCHHOCTH KaTeHaluu (00pa3oBaHUs
roMosiiepHbIX 1enei) B psuax O-S-Se-Te, C1-S-P-Si. O30H. O30HU/BL.

Cxema snepretudeckux ypoBHeid MO, 0COOEHHOCTH CBOMCTB MOJIeKYJbl O2 U
noHoB O;" m O,. M3MeHeHHe cocTaBa MOJICKYJ, BHYTPHU- U MEKMOJICKYJIPHOTO
B3aMMOJCICTBUSL B PSIAy KHUCIOPOA-CEepa-CEICH-TEILTyp. 3aKOHOMEPHOCTH B
U3MEHEHUH (U3MYECKUX CBOWCTB MPOCTHIX BEIIECTB (PHEPTHsSl KPUCTALTUYECKOU
pemieTku, Temmeparypa (a30BbIX MPEBpAIllCHU, TeMIepaTypHas 3aBUCHMOCTb
Bs3KOCTH cepbl). CpaBHEeHHME (DA30BBIX TUArpaMM BOJIBI M CEPhl. XHUMUYECKUE
CBOKCTBA MPOCTBIX BEIIECTB: AHAJIOTHS B MPOLECCAX B3aUMOJICVCTBUS FaJOT€HOB U
XaJIbKOT€HOB C BOJIOW, B3aUMOJICICTBHE XAJIbKOT€HOB C HEMETAJUIAMHU M METAJIIAMHU.
Xanbkorenunpl. Kuciopon, cepa, ceneH, Teutyp B reo- u 6uochepe. Ilonydenue
MPOCTBIX BEHIECTB M3 MOPUPOJHBIX coeauHeHul. I[IpumMeHenwe Kkucnopona,
XaJIbKOTE€HOB U UX COCAUHEHUM.

Bonoponnsie coequnenus. [lapamerpsl monekyn HoO (mmnHa u sHEprus CBs3u,
BAJICHTHBIA YTOJI), 3aKOHOMEPHOCTU HM3MEHEHUSI (DU3NYECKHX CBOMCTB MOJIEKYJ
(IUMONBHBIA MOMEHT, PHEPTHUS TUCCOIMALINM, TeMreparypa (ha3oBbIX MEPEXOI0B).



Asrtomporonmn3 coequHenud HIT m HyD, wux B3aumonelctBue ¢ BOJAOW.
3aKOHOMEPHOCTH B M3MEHEHMHM KHUCIOTHBIX M BOCCTAHOBUTEJBHBIX CBOWCTB
XalIbKOreHOBO10po1oB. Ocoboe monoxkenne HyO B psny coegunenuit HpD.
[Mepoxcuasr H-O-O-H, ruaponepokcunst M-O-O-H. [Monucynsdanst H- (Sy) -H.
Oxkcunapl xanbkoreHoB. CpaBHEHUE CTPOCHUS U CBOMCTB M303JIEKTPOHHBIX
anasoron: $5;0, SO, NO,~. Comnoctapiienre cTpoeHus U cBoMcTB 0kcu10B D0, 1 D0s.
VYcenoBusi okucnenus SO; B SOs. Oxcoxucnorel HpSO3 u HpSOs: koppensums
CTPOCHHS aHWOHOB W XUMHYECKHMX CBOHCTB. TayTtoMepusi OuCYIb(PUT-HOHA.
Crtpoenne, moay4yeHHE, OKHCIUTENbHbIE M BOAyoTHHUMarommue cBoiicTBa HySOs.
Cuctema Hy0 ~ SOs. Tepmuueckasi ycTOMUUBOCTE Cyb(haToB. COMOCTaBIEHUE CUITBI
KHUCJIOT, TEPMUYECKON YCTOMYMBOCTH W OKHUCIWTEIBHOWM AKTUBHOCTH OKCOKHCIIOT

H>20; n Hy004. [Inarpammbl BOJIBT-3KBUBAJIEHT — CTENEHb OKUCICHUS B DPSIy

XaJIbKOTEHOB.

Crtpoenue, moy4yeHue, CBOMCTBAa THOCYb(para HaTpus. ['oMosa1epHbIe LENU B
noju-tnoHatax [OsS -(Sp)- SOs] , tme m = 1-22. M303/1eKTpOHHBIC 3aMEIICHUS B
H,SO,4: aroma kuciopoma Ha cepy (THocynbbar-uoH), mnepokcorpymmy -O-O-
(H2SOg); ruapokcunbhoi rpymmbl -OH  Ha  MOCTHKOBBIM — KHUCIIOPOJI B
nomucyibdatax, [SOs-(SOs3)n]? rae n = 1,2,3; Ha ranoren B okcoranorerugaax 0,1
U Ha IepeKkucHy1o rpymmy -0-O- B nepokcocyinbdarax H-O-O-SO,-OH. Ctpoenue u
CBOMCTBA raJIOTEHUJIOB CEPBI, CEJIEHA, TeJUTYpA.

17. Dnementsl VIIA rpynnsi: ¢grop, xs10p, 6poM, Hox

3aKOHOMEPHOCTH B M3MEHEHHHM OJICKTPOHHOW KOH(PUTypaluu, BEIUYUH
paanycoB, SHEPTUU UOHU3AIMHU, CPOJICTBA K DJIEKTPOHY, JIEKTPOOTPUIIATEIHLHOCTH,
XapaKTEPHBIX CTETICHEH OKUCIICHUS aTOMOB TaJIoreHOB. Pazmuune sneprum 3s-3p, 45-
4pu 5s-SpopoOuTaneit u cBoicTBa rajioreHoB. OcobeHHoctu propa. AHanorus GpTop
- Bojgopoa. Crtpoenue wmotiekyn rajgorenoB (MO JIKAO), mexMomekyspHbIe
B3aUMOJICUCTBUS U (U3UUYECKHE CBOWCTBA TMPOCTHIX BemiecTB. [IpuHIMIIBI
MOJIYYEHUS POCTHIX BEILIECTB U3 MPUPOJHBIX coeTMHEHU . [[puMeHeHune rainoreHos.

B3anmMojelicTBre rajloreHoB C METallaMM M HEMETaJulaMH. 3aKOHOMEPHOCTH
W3MEHEHHUSI TUTIA XUMUYECKOH CBSI3U M CBOMCTB TaJIOreHu10B dnemMeHToB |-VI rpynm
[lepuoanueckoil cucteMbl. ['OMO- U TETEPOIUTUYECKUE IYTH pa3pbiBa CBSI3H B
MOJIEKYJIaX TaJIOTe€HOB (B3aMMO/ICHCTBUE C BOAOPOIOM, YTIICBOIOPOIAAMH).

Crpoenue wmosekyn (MO JIKAO) u ¢usuyeckue cBoicTBa (PHEPTHUS
JTUCCOITMAIIMN, JU-TIOJIbHBIA ~MOMEHT, TeMIleparypa IUJIaBJI€HUs, KUIICHUS)
rajioreHoBo10po10B. CriocoOb! nosrydyeHus. Cucrema HC1 - H,0O. 3akoHoMepHOCTH
B U3MEHEHUHU KHUCJIOTHBIX U BOCCTAHOBUTEJIBHBIX CBOMCTB TaJIOT€HOBOJAOPOIHBIX
KHCJIOT.

B3aumonelicTBre rajoreHoB ¢ BOJIOW: CONbBATAIlUs M KJaTpaTooOpa3oBaHUE,
reTepO-TIUTHIECKOE Pa3I0KEHUE, TEPMOIMHAMUYCCKUE U KUHETUYECKUE (HaKTOPHI,
OMPEEISIONINE COCTaB MPOIYKTOB B3aUMO/ICHCTBUS TAJIOT€HOB C BOJIOM.

Kucnoponnele COEIMHEHHS TajJOr€HOB. 3aKOHOMEPHOCTU B CTPOCHUU U
cBoiicTBax okcuyioB. CrocoObl mostyuyeHusi. MI3MeHeHue CTpOEHHSI U CBOMCTB



(TepMuyeckas yCTOMYHUBOCTb, OKUCIUTEIbHBIE, KHCIOTHO-OCHOBHBIE CBOKCTBA)

KUCJIOPOAHBIX KUCTOT rasioreHoB 1o psgy HI'O — HI'O, — HI'O; — HI'Oy.

ConocraBneHre YCTOMYMBOCTH M OKHUCIMTEIbHBIX CBOMCTB KHCIOPOIHBIX
KHCJIOT TajJoreHoB ¢ nomompo guarpamm  BDO-CO. Ilopsanok B3anMHOIO
BBITECHEHMS TaJION€HOB U3 TaJOr€HOBOJOPOIHBIX, KHCIOPOAOCOAEPKAILINUX KUCIOT
Y UX COJIEH.

Mexranorennsle coequHeHus (MI'C). CtpoeHue Moiiekysl B IpUOJIMKEHUU
MmeToza BajeHTHbIX cBsa3ell (MBC). KaTtnoHHbIe 1 aHMOHHBIE (DOPMBI TOMOATOMHBIX
MI'C. DHeprus cBs3u, crpoeHue (Monenb ['mencn) u TepMuyeckasl yCTOWYHMBOCTh
rerepoaToMHblx MI'C. AHanoruss B xumuyeckux cBoictBax MI'C u mpocThix
BEIIECTB [: B3aMMOJEHCTBUE C BOJOM, OKMCIEHUE METAJUIOB, ABTOMOHH3ALM.
Karuonnsie u annonnsie popmsl rerepoatoMusix MI'C. [Ipumenenue MI'C.

18. DaemenTsl VIII A rpynnbl: HHepTHBIE ra3bl

OnexkTpoHHas KOH(QUTypalus, BEIUYHHBl PAJIUYCOB M SHEPIHMH HOHU3ALMH
aTOMOB MHEPTHBIX T'a30B.

[lomy4yenue, cTpoeHHe, CBOWCTBA HMHEPTHBIX ra30B: TemiiepaTypa (pa3oBbIX
NEPEX0/I0B, PACTBOPUMOCTb B BOJIE, KJIaTpaThl, B3AUMOJICHCTBHE CO (PTOPOM.

Cunre3 coenuHeHuid uHepTHbIX Tra3oB (baptiert). Crpoenue, cBoiicTBa
dbropunoB kceHoHa XeF,;,  XeFs, XeFg (B3aumojeiictBUe ¢ BOJOH,
JTUCTIPONIOPLIMOHUPOBAHUE, OKHUCJIUTENbHO-BOCCTAHOBHUTEIbHBIE CBOIICTBA).
Kucnopoansle coenuHeHus. TpexXUEHTpoOBas, YETHIPEXJIEKTPOHHAs CBSA3b BO
¢dropunax wuHepTHBIX ra3oB. Juarpamma B3-CO coenuHeHMil KCEHOHa.
[IpumeHeHre MHEPTHBIX Ta30B.
Quementsl VI b rpynnsbi

DneMeHTHI TPUAJIBI KeJe3a: Kene30, KoOanbT, Hukelb. CpaBHEHHE PJIEKTPOHHON
KOH(UTYpaILNH, BETUYUH PaInyCOB, JHEPTUA UOHU3AIUH, XapaKTEPHBIX CTENEHEN
OKHCJICHHSI U KOOPAWMHAIMOHHBIX YHCEN 3JIEMEHTOB TpUajbl xene3a. [lomydeHue,
cBorcTBa IpocThiX BewiecTB. deppomarnetusm. Koppos3us xenesa u IyTd ee
npeaoTBpaiieHus. CornocTaBlIeHHe CTPOEHUS U XUMUYECKUX CBOMCTB COEIUHEHUIM
Fe, CO, Ni co crenenpto okuciacaus llu Ill. CpaBHeHHEe CTpOCHHS U CBOMCTB
KOMIUIEKCHBIX (I[MaHUIbl, aMMHKATHI, TaJIOTEHUIbI) COCIMHEHU jKee3a, KoOabTa,
HUKes. TepMoiMHaMUYeCcKasi U KWHETUYeCKasi yCTOMYMBOCTh reKkcariiaHopeppaTon
xene3a. [lomydenue um comoctaBieHue cBoictB coeaunenuit Fe(llhu Fe (V).
KapOoHumbinepexoaHbIx 271€MEHTOB. PoJib jkese3a B OMOJI0rH4eCKUX MPOoIeccax.

DJIeMEHTBI MOJArPYIIbI TUIATHUHBL: PYTEHHUM, POJIUA, AMIaIuA, OCMUI, UPUIUH,
matuHa. ComoCTaBJIEHUE CBOMCTB COCIMHEHUN PYTEHUS, OCMHS, IUIATUHBI B
Pa3TUYHBIX CTETICHSIX OKHCICHHUS. 3aKOHOMEPHOCTU B (PHM3UYECKUX U XUMHUYECKUX
cBoiicTBax mpocThix BemecTB. Ctpoenue u coiictBa RUO4, OsO, KommiekcHbie
COCIMHECHMSI: THUIIbI, HU30MEPHsI, BJIMSHHUE MPUPOJABI JIMTaHJIa W DJICKTPOHHOM
KOH(pUTypallMu IEHTPaJIbHOIO AaToMa Ha CTPOEHHE KOMIUIEKCHOTO HOHA,
TepMOAMHAMUYECKAsT W KHUHETHYECKas YCTOMYMBOCTh, 3I(P(HEKT TpaHCBIUSHUS
(M.M.YepHsieB) 1 HaNpABJICHHBINA CUHTE3 KOMIUIEKCHBIX COCTMHEHUH.



BOHpOCI)I AJA CEMUHAPOB, KOJVIOKBUYMOB, IIPUMEP UTOI'OBLIX TECTOB

Tema 1. OcHOBHBIE TOHATHS ¥ 3aKOHbI XUMHH

1.ATOMHO-MOJIEKYJIIPHOE YUEHUE.

1.1.AToMHas runoresa.

1.2.3akoH coxpanenust Mmacchol. (JlomonocoB M.B., JIaBya3be A., DWHIITENHH A.)
1.3.AtoM. Monekyna. Ar. Mr.

1.4.ITpocToe BENIECTBO U XUMUYECKUMA SJIEMEHT.

1.5.3akon nocrostHcTBa coctana. (IIpycr).

1.6.CoenrHeHus EPEeMEHHOTO COCTABA.

2.1'a30B0€ COCTOSIHUE.

2.1.3aK0H 00BEMHBIX OTHOLIICHUH.

2.2.3akon ABoranpo. [loctostHHas ABoraapo.

2.3.0mnpeneneHne MOJIEKYJIAPHBIX MAacC BEUIECTB, HAXOASAIINUXCS B
razoo6paszHoM cocrosinuu. (Jlaboparopuas padota: «OnpeaeneHue
mossipHOU Macchl COo»).

2.4.Ypasuenue Knaneiipona-MeHeneeBa. Y HuBepcaiabHas ra3oBast
MOCTOSIHHASL.

2.5 ITapunanbHOE 1aBIeHUE Tra3a.

2.6.3aKoH napuuaibHbIX AaBiieHuM [{anbToHa.

3.OKBUBAJICHT U BaJI€HTHOCTb.

3.1.OxBuBanent. MosnsipHasi Macca 3KBHUBaJI€HTa. 3aKOH SKBUBAJIICHTOB.
3.2.0mnpeneneHre SKBUBAJICHTHON MacChl IPOCTOrO BEIIECTBA.

3.3. Banentnocts. Onpeaenenue. PaznuuHbie e IUMHUALBI BaIGHTHOCTU. CBSI3b
MEXKY BaJIEHTHOCTBIO, MOJISIPHOM M MOJIBHOM MacCOW 3KBUBAJIEHTA ITPOCTOrO
BEILIECTBA.

3.4.OKBUBAJICHT U MOJISIPHASA Macca SKBUBAJICHTA CJI0KHOTO BEIIECTBA.
4.BaxxHeWIMe KJIACChl U HOMEHKJIATYypa HEOPraHUYECKUX BEIIECTB.
4.1.Metajuibl 1 HEMETAJLIBI.

4.2.buHapHble coeMHEHUs (OKCHU/IbI, TATHUIbl, HUTPUIbI, KAPOUIBI, TUAPUJIBI).
4.3. 'mapoxcuasl. (OcHOBaHUS).

4.4. Kucnorsl.

4.5. Comu.

Tema 2. BBeeHue B TeOPHI0 XMMUYECKHUX MPOLECCOB

1.OHepreTnka XUMUYECKHUX MPEBPAILICHUN.
1.1.0cHOBHBIE TapaMeTPbI COCTOSIHUSI CUCTEMBI.
1.2. TeroBoit 3G heKT peakium.

1.3.Terota oOpa3oBaHus, TEMJIOTA CTOPAHUSI.

1.4. TepmoxumMuUyeCcKrUe ypaBHEHHUSI.

1.5. TepmoxumMuuecKkue 3aKOHBI.
1.6.CtanmapTHbIE yCIOBUA.

1.7. TepmoxuMuuecKue pacyeThl.



2.OCHOBHBI€ MOHATHUS XUMUYECKOU TEPMOIMHAMUKH.

2.1.1-pl1if 3aKOH XUMHUUYECKON TEPMOIMHAMUKH.

2.2.OHTanbnus.

2.3.BHYTpeHHS SHEPTHUSL.

2.4.CaMonipon3BOJIBHBIE U HECAMONPOU3BOJIBHBIE IIPOLIECCHI.

2.5.2-01f 3aKOH XUMHUYECKON TEPMOTMHAMUKH.

2.6.OHTpOoMHS.

2.7.9ueprus 'n66ca (1300apHO-U30TEPMUUYECKUI TTOTEHITHA).
2.8.CranmapTHbIC TEPMOIUHAMHYCCKIE (DYHKITUN U UX pacdeT Ha OCHOBE
3akoHa ['ecca.

2.9.VcnoBus npUHIMIIMAIIBHONM BO3MOXKHOCTH IIPOLIECCa.

3.XuMun4ecKas KHHETHKA.

3.1.CxopoCTh XUMUYECKHUX PEAKIUH.

3.2.3aBUCHUMOCTb CKOPOCTH OT KOHIIEHTpAaIlUK (KOHCTAaHTa CKOPOCTH).
3.3.0CHOBHOE KHHETHUYECKOE YPaBHEHUE.

3.4 Ilopsinok peakiuii U €€ MOJEKYISIPHOCTb.

3.5.3aBUCUMOCTH CKOPOCTH peaKIuu OT TeMiiepaTypsl (nmpaBuiio Baut-I'odda).
3.6. DHeprus aKkTUBAIUU, YHEPTETUYECKUAE TUATPAMMBI.

3.7.1lepexoiHOE COCTOSIHUE CUCTEMBI.

3.8.3aBUCHUMOCTbh CKOPOCTH PEAKLIMK U SHEPTUN aKTUBALIMHU OT TEMIIEPATYpPHI.
3.9.YpaBHenue Appenuyca.

3.10.MexaHu3M XUMUYECKUX PEAKIUN.

3.11.®Pusnueckre METOIbI CTUMYJIMPOBAHUS XUMAUYECKUX PEAKIIAMN.
3.12.MexaHu3M XUMUYECKUX PEAKLUN.

3.13.®Pusnueckre METOIbI CTUMYJIMPOBAHUS XUMAUYECKUX PEAKLIAMN.

3.14 Karanus, BIUsIHUE KaTAJIM3aTOpa HA SHEPTHUIO AKTUBALIMM ITpoIecca,
TOMOT€HHBIN U IT'€TEPOTrCHHbBIN KaTaIu3.

3.15.0nTanbpnuitHas AuarpaMmMa XUMHYECKOM PEeakIfy ¢ KaTaIn3aTOPOM.
4. XUMHUYECKOE PaBHOBECHE.

4.1.006paTumbie U HEOOPATUMBIE TPOIECCHI.

4.2.3aKoH IEMCTBYIOIIUX MaccC.

4.3.KoHCTaHTa XUMHYECKOTO PABHOBECHS U €€ 3aBUCUMOCTh OT
TeMIepaTyphbl.

4.4 1Tpunnun Jle-Illatense.

Tema 3. PacTBOpbI

1.OcHOBHBIE TTOHATHS O PACTBOPAX.

1.1.0npenenenus: pacTBOp, paCTBOPEHHOE BELIECTBO, PACTBOPUTEIIb,
PacTBOPUMOCTb.

1.2.Coco0b! BeIpakeHHsI KOHLIEHTPALIUU PaCTBOPOB.

1.3. TepmoguHaMuKa pacTBOPEHHUS.

1.4.0OcHoBHBIC TOHATHA: (Pa3a, CUCTEMA, CTETICHh CBOOO/IBI.
1.5.YcnoBue paBHoBecus (a3. [Ipasuno da3z ['nb6ca.

1.6.dDa30oBbIe paBHOBECHUS B OJJHOKOMITOHEHTHBIX cuctemax (H20, S).



1.7.3aBUCUMOCTB paCTBOPUMOCTH TBEPJBIX, KUAKUX H ra3000pa3HbIX
BEILIECTB OT TEMIIEPATYPHI.

2.OCHOBHBIE 3aKOHBI JJISI PACTBOPOB HEAJIEKTPOJIUTOB.

2.1.3akoH Payns, cnenctBus u3 3akoHa Payis.

2.2.3aKOH OCMOTHYECKOTO JTaBJICHHU.

2.3.3akoH ['enpu.

3.PaBHOBECHS B pacTBOpAax AJIEKTPOJIUTOB.

3.1.Iucconmanys B BOJHBIX pacTBOPAX IEKTPOJIUTOB.
3.2.3oToHMYecKuit KOAhOUIMEHT, CTEMEHb AIEKTPOIUTHICCKON
JUCCOLIMAIINU, UX B3aUMOCBSI3b.

3.3.PaBHOBecHs B pacTBOpax CIa0bIX M CHIIBHBIX JIEKTPOJIUTOB, KOHCTaHTA
nucconuanu. CpaBHEHUE CBOMCTB ClIa0bIX M CUIIBHBIX 3JEKTPOJIUTOB.
3.4.I'ereporennsle paBHOBecHs. [Ipon3BeaeHne pacCTBOPUMOCTH.
4.OCHOBHBIE MTOJIOKEHUS TEOPUN KUCIIOTHO-OCHOBHBIX PAaBHOBECHUI.
4.1.Teopus bpencrena-Jloypu, JIbtonca u np.

4.2 TloHATHE CKUCIOTa» U KOCHOBAHUE» B PA3JINUYHBIX TEOPHUSIX.
4.3.OCHOBHBIE OJIOKEHHUSI, CONTPSKEHHBIE MTAaphbl KUCJIOT U OCHOBAHUM.
4.4 .PaBHOBeCHS B Cpelle HEBOJHBIX IPOTOHHBIX PACTBOPUTENIEH.
4.5.I'uapoin3 KaK YaCTHBIN CIy4Yaid MPOTEOJIUTHYECKOTO PABHOBECHS.
[Ipumepsl.

4.6.Pacuet pH u xoOHIIEHTpannii 111 BOJHBIX PACTBOPOB JIEKTPOJIUTOB.

Tema 4. Kuneruka u MeXaHM3M XUMHYECKHX peaKkiuil

=

XUMHUYECKOE PaBHOBECHE.

KoncranTa paBHOBECHS.

3. CKOpOCTh XMMHMUYECKOM peaklMuH, €€ 3aBUCUMOCTh OT HPUPOIBl U
KOHILICHTPAILIMY PEareHTOB, TEMIIEPATYPbI

4. Yem 0OBsICHSIETCS MOBBIIIEHNE CKOPOCTU PEAKIMH IPU BBEICHUU B CUCTEMY

KaTanauzaropa?

N

5. Topsaok peakiuu.
6. MoneKyIsIpHOCTh PEAKITUH.
7.11loHATHS 00 aKTUBUPOBAHHOM KOMIUIEKCE. DHEPIHsl aKTUBALIUU
8. KoHcTaHTa CKOpOCTH U €€ 3aBUCHMOCTh OT TEMIIEPaTyphl.
9.YpaBHenue Appenuyca.
10.MexaHu3M ¥ KHHETHKA PEAaKIMi B TOMOT'€HHBIX U T€TEPOre€HHBIX CHCTEMAX.
11.IlerHbie u KoeOaTEIBHBIC PEAKITUH.
12.I'0OMOreHHBII ¥ reTEpPOreHHbIN KaTaan3. AyToKaTaaus.

Tema 5. Moaesu cTpoeHMs1 aTOMAa M1 XUMHUYECKOU CBA3U

1.Mogenu crpoenust atoMa. COBpeMEHHbIE MPEICTABICHUS.



2.Ypasuenus UIpenunrepa. KBaHnTtoBble uncia, pacyeT MaKCUMaJIbHOM
€MKOCTH YPOBHEW M MOYPOBHEN B aTOME, IIPAaBUJIA 3aMIOJTHEHUS UX
ANEKTPOHAMH.

3.Ilepuoanueckas cuctema xumuueckux 3aemMeHToB (IICXD). AToMHbIe U
MOHHBIE

panuycel; p-, d- u f-cxatue. DHEprus HOHU3AIMH, CPOJICTBO K JIEKTPOHY,
ANEKTPOOTPULIATENBHOCTD. MI3MEHEHNEe ATUX CBOMCTB B IEPUOAAX U
noarpymnmax [1C3.

4 IlpeacraBieHne 0 XUuMHUYECKOU cBsA3U. KomnyecTBEHHbIE XapaKTEPUCTUKHU
MPOYHOCTH CBA3U. MOJIeJIN XUMUYECKOM CBSI3H.

4.1.KoBanentHas cBa3b. Meroy BaneHTHbIX cBsa3el (MBC).

4.2 IlpocTpaHcTBeHHAs! KOH(QUTYpaLUs MOJIEKYJ U HOHOB: THUIIbI
TUOPUAN3AIMYI U T€OMETPHUSI YaCTHI], MOJIENIb OTTATKUBAHUS
AJIEKTPOHHBIX Map BaJeHTHOM 0000ukH (Teopus [ umiecnn).

4.3.Meroa monekynspubix opoutaneit (MMO). Onucanue romo- u
reTEPOATOMHBIX YaCTHII.

4.4 Metamnueckas CBsi3b MeTaibl, HEMETAILIbI, IOJYIPOBOJIHUKA. 30HHAS
MOJIEJIb TBEPAOTO TEIIA.

4.5.MoHHas CBsI3b. DHEPTHS KPUCTAIIIMYECKON PEIIETKH.
4.6.BzaumoaeiicTBue Mexay MojeKyiaMu. Ban-nep-BaanbcoBa
B3anMojercTBrEe. BogopoaHas cBs3b.

4.7.BausiHue npupoabl XUMUUECKOMN CBI3M Ha XUMHUUECKUE U (pu3nueckue
CBONCTBA BEILECTB.

Tema 6. KommiexkcHbie coefHHEHUS

1.Onpenenenre KOMIJIEKCHOTO COCIMHEHHUS.

2.0OCHOBHBIE MOHATHS KOOPAUHAIIMOHHON TEOpUH (LIEHTPAJIbHBIA aTOM,
KOMILUIEKCO00pa30oBaTellb, JIUTAaHd, JEHTATHOCTh JIUTaH/a,
KOOpJIMHAIIMOHHAs (BHYTPEHHsIS) cepa).

3. Kinaccudukanusi KOMIUIEKCOB.

4. IToBeeHHE KOMIUIEKCHBIX COEMHEHUN B paCTBOPAX.

4.1 . KoHCTaHTBI YCTOWYMBOCTH U 00Opa30BaHUsI.

4.2.CtyneHyaTtas KOHCTaHTa yCTOMYHBOCTH.

4.3.00m1as KOHCTaHTa YCTOMYHBOCTH.

4.4 XenaTHblid 3QPEKT.

5.Xumuueckas CBA3b B KOMILJIEKCHBIX COSTUHEHUSIX.

5.1.0nucanue KOMIJIEKCHBIX COEUHEHUN C MO3UIUN TEOPUHU BaJI€HTHBIX
CBsI3EM.

5.2.JloctouncTtBa u HegocTtatku MBC.

5.3.0nucanue KC ¢ no3umuii TeOpuu KpUCTAUTMYECKOTO MOJIS.
5.3.1.0cHoBHbIe nostoxeHus: TKII.

5.3.2.Pacmennenne d-opOurtaneii B OKTadApUIECKOM IIOJIE.
5.3.3.Pacmennenne d-opOuraneii B TETpadJpuyecKoM ToJe.
5.3.4.0Oneprus pacuerieHus. CIeKTpOXUMUYECKUNA P,



5.3.5.0Heprus cnapuBaHus.

5.3.6.Pactipenenenue 3JIeKTPOHOB B CHJIBHOM TOJIE.
5.3.7.Pacnipenenenue 3IeKTPOHOB B ¢J1a00OM TI0JIE.
5.3.8.Hu3k0- 1 BRICOKOCIIMHOBBIC KOMIUICKCHBIE COCIMHEHUA. MarHuTHBIC
CBOMCTBA KOMIIICKCHBIX COCIUHCHUM.
5.3.9.0kpacka KOMIIJIEKCHBIX COCTUHECHUH.
5.3.10.loctounctBa u Hegoctatku TKII.
6.30Mepus KOMIUIEKCHBIX COEUHEHUM.

7. KOMIIEKCHI C OpraHNYECKUMU JINTaHIaAMU.
8.KapOoHMIIbI METAIIIOB.

9.KnarparsL.

10.Peakniny KOMIUIEKCHBIX COCIUHEHHUH.

Tect no Teme «KoMiuiekcHbIE COeTUHEHUS»
1.CKxoJIBbKO 3JIEKTPOHOB Ha 0-IIOAYPOBHE HEBO30YKJIEHHOTO aToMa JKeJie3a:
A2;b4;,B6;I"7; ]15.
2.CKOIIBKO DIEKTPOHOB Ha 0-II0AypOBHE noHa Fe3*?
A2;b4;,B6;I"7; ]15.
3.KakoBo BO3/ieiicTBHE MOJIEKYII BOJbI KaK JIMMAHI0B Ha HoH Fe3*?
A cmaboe; b cunsHoe; B He 3Haro; I - ; [ -.
4 KakoBo cocrosaue Fe¥* kommekca [Fe(H20)s]3?
A HmM3KkocnMHOBOE; b BeicOKOcnIMHOBOE; B He 3Haro; I - ; /1 -.
5.CKOJIbKO HECTIAPEHHBIX JJIEKTPOHOB B HOHE Fe3* B OKTasquueckoM OKpyKEHUH
mostekyn H,O:
AO;b1;B2;1 3;JI5.
6.KaxoBbl MarHUTHBIE CBOMCTBA HOHA B Komiuiekce [Fe(H,0)s]3?
A mapamaruuTHbIi; b ntuamarauTHei; B He 3Hato; I - ; J1 -
7.KaxoBo BoznaeiictBue nonoB CN” kak nuranna Ha vion Fe3*
A cmaboe; b cunsHoe; B He 3Haro; I - ; [ -.
8.KakoBo crimHoBoe coctosuue kommiekca [Fe(CN)g]3?
A HU3KOCTTMHOBOE; b BEICOKOCTIMHOBOE
9.CKOJIbKO HECTapEHHBIX JIEKTPOHOB B MOHE F
noHoB CN™?
AO0;b1;B2;T 3;]/14.
10.KakxoBbI MarauTHBIE cBOMcTBa MoHa Fe3* B kommuekce[Fe(CN)g]3?
A nmapamarauTHbIi; b quamarautHeiid; B He 3Hato; [ - 5 [ —.

e3* B OKTadIpHUECKOM OKPYKEHUH

Tema 7. Dnementsl | rpynnel [ICXI JI.U. MenaeneeBa

1.s-3nemenTsI 1 Tpynmnsl.

1.1.CpaBHUTENBHAS XapAKTEPUCTHKA HIIEMEHTOB.

1.2.I1pocTeie BemiecTna.

1.3.CoearHeHMs MIETOUYHBIX METAIIJIOB.

1.3.1.MeToas! nonyueHus: TUAPOKCUIOB, KAPOOHATOB U UX TEPMUUECKAs



YCTOMYHUBOCTb.

1.3.2.0c00eHHOCTH XUMUU JTUTHS.

1.3.3.MajiopacTBOpUMBIE COCTMHEHHUS.

1.3.4.Ilepokcuapl U UX OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBRA.
2.d-a;memenTsl 1 rpymma.

2.1.CpaBHUTENIbHAS XAPAKTEPUCTUKA IIEMEHTOB.

2.2.CornocTaBeHIE CBOMCTB 3JIEMEHTOB INIABHOW U MOOOYHOM MOATPYIIIIBI.
2.3.IIpocTeie BemecTna.

2.3.1.IlonyyeHre METasIoB.

2.3.2.B3anMOelCTBUE METAIJIOB C KHUCIOTAMH.

2.3.3.Coenunenust Mmenu, cepedpa, 30J10Ta.

2.3.4.I'aoreHuapl: NOJIy4eHUE, CBOKCTBA.

2.3.5.I'ugpokcuasl: moaydYeHue, CBOMCTRA.

2.3.6.KomruiekcHbie coeAMHEHUS MeH, cepedpa, 3om0T1a. [lepeBoa B pacTtBop
METaJUIOB U TAJIOTEHUJIOB 3a CUET KOMILIEKCOOOpa30BaHMUs.

Tema 8. DnemenTsl |l rpynnbr [ICXI JI.U. MenaeneeBa

1.S-371€MEeHTHBI 2 TPYMIIHL.

1.1.CpaBHuTENBHAS XapaKTEPUCTUKA IIIEMEHTOB.

1.2.IIpocTsie BemecTBa.

1.3.MeToasl moJry4yeHuUs.

1.4.1I3MeHeHne xapakTepa CBSI3U B COEIMHEHUAX. Y CTOMYMBOCTh KOMITJIEKCHBIX
coenuHenuni. JInaronaiabHoe cxoactso Li — Mg.

1.5.CoeaunHenus S-3neMeHTbI 2 rpynibl (OKCUABI, THIPOKCUIbI, TEPOKCHUIBI,
COJIM, OMHApPHBIE COCAVHEHUS).

2.d-351eMeHTBI 2 TPYIIIIBL.

2.1.CpaBHUTEIbHAS XapAKTEPUCTUKA IIEMEHTOB.

2.2.1TpocThie BellecTBa, B3aMMOJICUCTBUE C KUCIOTaAMU U IIEJI0YaAMH.
2.3.Coenunenus MMHKA, KaAMUS, pPTYTH (OKCHUJIbI, TUIPOKCHUIbI, CYTb(OUIBI,
rajJoreHU/IbI).

2.4 KoMmnieKCHbIE COEIMHEHUS IIUHKA, KaIMUSI U PTYTH.

Tema 9. dnementsl |11 rpynnst [ICXI JI.A. MenaeneeBa

1.P-anemenTs! 3 rpynmnsl anemenToB [ICXO.

1.1.CpaBHuTENBHAS XapaKTEPUCTUKA DIIEMEHTOB.

1.2.IIpocThie BelecTBa.

1.3.Metozap! nosy4eHusl.

1.4.bopHas KuCI0Ta: MOTy4YEHUE, CBOMCTBA, CTPOEHUE OKCOOOPAT-HOHOB.
1.5.Coequnaenust 6opa ¢ BOJIOPOJOM: CTPOSHHUE, CBOMCTBRA.
1.6.CoeanHeHUs aIFOMUHUSA: UX XapaKTep U CBOMCTBA.

1.7.I'maponus coeNMHEHNIN aTIOMUHUS.

1.8. luaronansHoe cxoactBo Be — Al.



Tema 10. Daements! |V-A rpynnsi IICXD /.. MenaesieeBa

1.ITonoxxenue snementoB B [ICX3. DnexkrpoHHas KoHGUTypalys aToma,
pa3Mephbl, IEKTPOOTPUIIATETBHOCTD.

1.1.JInaronansHoe cxoactBo B u Si.

1.2.YcroitunBoCTh roMouene — D — D —,

1.3.ConocTaBieHue CTPOCHUS U CBOMCTB COETMHEHUMN C BOAOPOJIOM,
KHUCJIOPOJIOM, TaJIOT€HAMM.

2.Yrnepo.

2.1.Anmnotpornusie popmbl, CBOMCTBA.

2.2.0kcun yraepona (1), crpoenne monekynst CO (MBC, MMO), coiictsa.
2.3.KapOoHaT-uOH: CTpoeHUEe, TepMUUECKas yCTOMIUBOCTh. [ uaponus
KapOOHATOB.

3.KpemHuii.

3.1.CtpoeHue u ruJIposin3 CUIUKATOB.

3.2.Cnoco6HocTh nepexoa SiO; B paCTBOPUMBIC COCTUHCHHS.
3.3.dropcoaeprKaiime COeTUHEHUS KPEMHMUS.

4 Iloarpyrra repMaHusl.

4.1.CpaBHHUTENbHAS XapaKTEPUCTUKA FJIEMEHTOB.

4.2.1IpocThle BellecTBa: OTHOIIEHUE K PACTBOPAM KUCJIOT U IIEITOYEH.
4.3. Kucnopoocoaepxaiine COeAMHEHUS: OKCUIbI, TUAPOKCH/IBL, CPABHEHUE
KHCJIOTHO-OCHOBHBIX M OKUCIUTEIHLHO-BOCCTAHOBUTEIHHBIX CBOMCTB B
noarpyme u B psxy I(11) - (1V).

4.4.Cynbhubl ¥ THOCOJIH.

Tema 11. Daementsl V-A rpynnsl IICXD JI.A. MenpaeseeBa

1.CpaBHUTENBHAS XapAKTEPUCTUKA SJIEMEHTOB.

2.A30T: ctpoenue (MO) u cBolicTBa.

3.ITonyuyenue azota B 1a0OPATOPUU U B IPOMBIIILIICHHOCTH.
4.CoenrHeHus azora.

4.1.CoenrHeHHs a30Ta C BOJOPOIOM.

4.2.0xcupipl azora.

4.3.0kcokuciaortsl azota HNO,, HNO3; u ux comnu.

5.@ochop: cTpoeHre MPOCTOro BElIeCTBa, CBONCTBA, MOJyUYCHHE.
6.Coeaunenust ¢pocdopa.

6.1.Coenunenust pocdopa ¢ BOIOPOIOM.

6.2.1"amoreHuabl.

6.3.0xcuapbl.

6.4.OKCOKUCIIOTHI (pochopa B HUZIIMX CTCIICHSAX OKUCIICHUS.
6.5.0prodochopras kucmora.

6.6.3HaKOMCTBO ¢ TOJTU(GOCPOPHBIMU KUCIOTAMHU.
7.CpaBHUTENbHAS XapAaKTEPUCTUKA PJIEMEHTOB TMOTPYIIIHI MBIIIBSIKA, UX
CyIb(OUIBI U THOCOJIH.



Tema 12. daementsl VI-A rpynnsi IICXD /.. MenaesieeBa

1.CpaBHHTENBHAS XapaKTEPUCTUKA FJIEMEHTOB.

2.1IpocTble BeliecTBa.

2.1.®opmMeI CylIecTBOBAaHUS B IPUPOIe. MeTOabl MOYYEHU U OYUCTKH.
2.2.®a3oBas quarpamma cepsbl. [lomumopdubie MOAUBUKALIMK: TOTyYECHUE U
ctpoenue. OO6pa3oBaHUE TOMOSCPHBIX LIETICH.

3.CoenvHEHHUs cephl, CeNeHa, TeJLTypa.

3.1.CoenuHeHus ¢ BOJIOPOJIOM: CTPOCHUE U CBOMCTBA, nojiyueHue. CornocraBieHue
CBOMCTB B IOATPYIIIE.

3.2.Cynbduasl, CeICHUIBI U TEJUTYPUIbI METAIIOB.

3.3.'amoreHuibl cephl: CTPOCHUE, CBOMCTBA, MOJIYYEHHE.

3.4.Coemunenus 3(1V).

3.4.1. Iuokcuapl 907: CTpOEHKE, CBOMCTBA, ITOJTyYCHHUE.

3.4.2.CepHucras kucioTa u ee coii. CpaBHEHUE KUCIOTHBIX U OKUCIUTEIBHO-
BOCCTaHOBUTEJIBHBIX CBOMCTB KuciaoT H,D03 (3 =S, Se, Te).

3.5.Coenunenus D(1V).

3.5.1. Tpuokcuasl. I3MeHeHUE yCTOMYUBOCTH IO NOATPYIIIE.

3.5.2.CepHas kucnoTa u €€ cosid. TepMoguHaMHI€eCKas OLIEHKA YCTOMYHBOCTH
cynbdaroB. CpaBHEHHE CHIIbI KUCIOT U OKUCITUTEIBHONU aKTUBHOCTH B pALy HaSO4
— H28€O4 — HeTeOG.

3.6.Jpyrue KuciaopoicoiepKaime KUCIOThI CEPbl U UX COCAUHEHUS: THOCEPHAs
(H2S203), mepokcomonocepnas (H2SOs), mepokcoaucepnas (H2S,0s), nuTrnoHoBast
(H2S206), monmutronoBbie (H2Sn+206), mucepuuctas (H2S,0s), nutnonucras
(H2S20,).

Tema 13. Daementsi VI-B rpynnel [ICXD JI.U. MenaeneeBa

1.CpaBHHTENbHAS XapaKTEPUCTUKA FJIEMEHTOB.

2.0OcHoBHbIe MUHEpaNbl. CIIOCOOBI TTOJTYYEHHS METAILIOB.

3.CpoiictBa xpoMma. [IpumeHnenue.

4.0OcHoBubie coequuenns xpoma (l11): okcun, runpokcnn, conu. Mx croiicTra.
5.0cHoBHbIe coeauHeHus xpoma (1V): xpoMatsl U AUXpOMATHL.
6.OKUCIIUTENIBHO-BOCCTAHOBUTEIbHBIE CBOMCTBA COCIMHEHUN XpoMa.

7.130 — ¥ TeTepONOIUCOECAUHEHUS.

8.MHorosiIepHble KOMITJIEKCHI.

Tema 14. Daementsl VII-A rpynnel IICXJ JI.U. MenaeneeBa

1.CpaBHHTENbHAS XapaKTEPUCTUKA FJIEMEHTOB.

2.IIpocTble BeliecTBa.

2.1.MeTobl mOMyYeHUS B TA0OPATOPUH U TTPOMBIITUICHHOCTH.

2.2. Xumnyeckas cBsa3b (MMO), xumnueckue cBoiicTBa. I3mMeHeHune
OKHCIIUTENIbHOW aKTUBHOCTH B PSITy TaJOTE€HOB.



2.3.B3auMoieiiCTBME rajlOT€HOB € BOAOW, AUCIPONOPLIHOHUPOBAHUE B BOJAHBIX
pacTBOpax, yCJIOBHUSA CMENICHUSI PABHOBECHS.

3.CoenuHeHns TaJOreHOB.

3.1.I'amoreHoBOIOPO/: OTYyUYECHHUE, 3aKOHOMEPHOCTH B U3BMEHEHUU CTPOCHUS U
CBOICTB B psiy TaJIOT€HOBOIOPOIOB.

3.2.'anorenuapl. ['maponus. U3MeHeHne pacTBOPUMOCTH. KauecTBEHHBIE pEaKIIuU
Ha rajJoreHu ] HOHBI.

3.3.Kucnopogocoaepxaniue coequnenus. Kucnorel. CpaBHEHHE KUCTOTHBIX,
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB, TEPMUYECKON YCTOMUYHBOCTH.

Tema 15. Daementsl VII-B rpynnsi IICXI JI.A. MenaesieeBa

1.CpaBHHTEIbHAS XapaKTEPHUCTHKA PJICMEHTOB.
2.OKHCIUTENBHO-BOCCTAaHOBUTEIIbHBIC CBOMCTBA coeaquHenuit mapranmna (11, 1V,
VI, VII).

2.1.YCcTOWYMBOCTh MOHOB MapraHIia Pa3JIudHbIX CTEIICHEH OKUCIICHHUS.
2.2.3aBUCHUMOCTb OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIX COeIMHEHUH oT pH
CpE/Ibl.

3.KomMmIiekcHbIe COSTMHEHHST MapraHIia.

Tema 16. Daementsi VIII-B rpynnsl IICXI JI.A. MenaeseeBa

1.CpaBHUTENIBbHAA XAPAKTEPUCTUKA IIEMEHTOB.

2. Xummnueckue U Gu3nuecKre CBOMCTBA.

3.Coenunenus Fe, Co, Ni.

3.1.BoccranoButenbHbie cBoicTBa coeauHenuit J(11) B kucnoi u menoyHon
cpenax.

3.2.0xcunpt u rugapokcuast (1) u (1), ux KucI0THO-OCHOBHBIE CBOMCTBA.
3.3.Coenuncnus Fe(VI).

4. Kommiekcuoie coequnenus Fe, Co, Ni.

4.1.XnopuaHbie, aMMHAYHbIC U [IUAHU]THBIC.

4.2 Kap6onwmisl, nx obpazopanue ¢ nmozunuun MBC u TKII.

1. TunnoBbIe 3a1aHus A/ OLEHUBAHUSA PE3VJILTATOB CHOPMUPOBAHHOCTH
romuerenuu OIIK-1.1

Tema 1. OcHOBHBIC IOHATHSA U 3AKOHBI XUMHWH

1. TIpu 17°C HexoTOpoe KOMMUECTBO raza 3anuMaeT oobem 580 mu. Kakoii 06bem
3aliMeT 3To ke KomudecTBo rasza mpu 100°C, ecnm maBieHMe €ro OCTaHETCS
HEU3MEHHbIM?

2.B samxnyrom cocyne npu 120 °C u pgasnenum 600 xIla Haxomurcs CMecCh,
cocrosimas u3 Tpex oobemoB O, u onHoro oorema CHy4 .KakoBo Oyzaer naBnenue B



COCYyJI€, €CJI B30PBATh CMECh U IPUBECTH COAEPKUMOE COCY/Ia K IEPBOHAYAIIbHON
Temieparype?

3.Macca 200 mu1 aneTuseHa npyu HopMaJIbHbIX yciaoBuUsAX paBHa 0,232 r. OnpeaenuTsb
MOJIBHYIO MacCy alleTHIICHA.

4.2 v marnus BeiTecHsieT 0,164 r Bomopoma, 17,7 r cepedbpa u 10,5 r menu us
COCIMHEHHUs O3THX DJeMEHTOB. HalWTu MOJSIpHYIO Maccy SKBHBAJEHTa 3TOTO
METaJIia.

5.JlaBnenue rasa , 3aHuMaromniero oorem 2,5 11, pasuo 121,6 kIla (912 mMm pr. cT.).
Yemy OyneT paBHO AaBJIEHUE, €CIIM, HE U3MEHSS TeMIepaTyphl, CXaThb ra3 Jo
oobema B 1 11?7

Tema 2. BBegeHue B TeOPHI0 XUMHYECKUX MIPOLECCOB

1. Omnpenenute KOIMYECTBO TEIUIOTHI, BbIAEstomeecs npu rameHuun 100 kr
W3BECTH BOJIOM, €CJIM CTaHIAPTHBIE TETIOTHl 00pa30BaHUs pPearupyronux BEIIeCTB
pasnbI (kJ[x/Monb): AH® CaO ) = -635,1;

AHO Ca(OH)z(K) = -986,2; AHOHzo(;K): -285,84

2. Onpenenuthb 3HaK U3MEHEHUS SHTPOIUU TUTSI peaKIuu:
2A5 (1) ¥B2 (1)) =2A2B (xk.).

Bo3MOXXHO 7M1 TIpoTeKaHUE JAaHHOW peaklMu B CTaHJIAPTHBIX ycioBusax? OTBeT
o0ocCHYTeE.

3. Onpeaenute TenmiaoBon 3H(PEKT peakuy CHHTE3a aKPUIIOBOW KHUCIOTHI:
CH=CH ot CO(r) +H20(>K)—> CH,= CH-COOH ().
Ecnu cranpmapTHBIE TEIUIOTHI CropaHus anertuwieHa, okcuma yriepoaa (II) u

aKpUJIIOBOW KHCJIOTHI COOTBETCTBEHHO paBHBI (kJ[k/mMonb): -1299,63; -282,50 u
1370,0.

Tema 3. PacTBopbI

1.Berauciuts 10%, C,,, C, ruapokcuaa Hatpus B 9,28H pactsope NaOH (p =
1,310 r/m).

2.Kakoit oobeM 10%-noro pactBopa NaOH (p = 1,093 r/mn) nmotpebyercs as
MOJIHOTO PACTBOPEHUS 3T aFOMUHUS?

3.Cxonbko utpoB 96% pactBopa HoSO4 (p = 1,84 r/mim) TpebyeTcs st
npurotosisienus 201 0,5M pactBopa cepHON KUCIIOTHI?

4. HanmcaTh B MOJICKYJIIPHO-HOHHOM (hopMe ypaBHEHHUE peakiuii. YKa3aTh, B
KaKo¥ cpejie mpoTekaeT peakims. Uem onpesensieTcs: HampaBieHne 0OMEHHOM
peaxiumn?

5.HamucaTh B MOJIEKYyIIpHO-UOHHOHN (hopMe peaKIMKi HEUTpaTu3aluu 1 yKa3aTh,
KaKue U3 HUX MPOTEKAI0T 00paTUMo, a Kakue HeoOpaTuMo. YKa3aTh TakKe
PEaKUUIO Cpeibl IPU YCIOBHUH, €CJIM OCHOBAHUS U KHCIJIOTHI B3SIThI B CTPOTO

HKBUBAJICHTHBIX KOJUYECTBAX.
NH4OH + HCN — NH,OH + NCI —



6.YKa3zaTh NpUUYMHY, BHI3bIBAIOIIYIO CMEIlleHHE paBHOBecus. Hanucatb ypaBHeHUE
B MOJICKYJIIPHO-HOHHOH (hopme.
Fe(OH); + HNO3;— AlCl; + KOH—
CI’Q(SO4)3 + KOH — AlICl; + KOH* —

* - peakTuB B U30BITKE.
7.K omHOMY JIUTPY HACBIIIEHHOTO pacTBOpa Xjopuaa cepedpa mpudasien 0,1
MOJIb XJIopuaa Kaus (Cax=80%). Borunciuth Cag+ B TAKOM pacTBOpE.
10.CraniapTHbI€ 31€KTPOIHbIE NOTeHIHANbI pu 298 K:
Au®* +3e=Au  E%,3+/a,=1,50 B,
Sn?* +2e = Sn = Sn2+/Sn =-0,14 B,
Sn** +4e = Sn = Sn4+/Sn =+ 0,01 B.
Omnpenenute 3.1.C. 30JI0TO-OJIOBIHHOTO TAJIbBAHUYECKOTO AJIEMEHTA MpHU
crangapTHeIX yeroBusax (Cay®t = Csp®* = 1 mons/n):
A +1,640; b —1,640; B +1,360; I" — 1,360; J1 +0,680.
11.CoctaBuTh CXE€MBI DJEKTPOHHO-HOHHOTO OajaHca. 3amucarh HOHHO-
MOJIEKYJISIPHOE M MOJISKYJIIPHOE ypaBHEHUE peakiuu. PaccTaBuTh KO3 GUIIMEHTHI.
VYKkazaTh Npo1ecc OKUCIEHUS] 1 BOCCTAaHOBJICHMUSI.
1) Cu+ HNO;3; &
2) PbO; + HNO3; + H,0, <
3) Fe;03 + KNO3; + KOH®
12.Yka3aTh B KAKOM HaIPABJIECHUHA MOKET CAMONPOU3BOJILHO TPOTEKATh JaHHAS
peakius
H,0,+HOCI = HCI + O, + H,0
4 . MoxxHo 51 BoccTaHoBUTH 0710BO (1V) B 01080 (1) ¢ momotbio cneayromei
peaKkiuu
SnCl,+ 2KI =SnCl, + |, + 2KCI
OTBeT 000CHOBATH PacCUYE€TOM KOHCTAaHTHI PABHOBECHSI.
5.BBIYKCIIUTE KOHCTAHTY PABHOBECHS MIPOTEKAOIIEN B METHO-CBUHIIOBOM
raJbBaHUYECKOM DJICMEHTE.

Tema 4. KuneTuka u MeXaHM3M XUMHYECKNX peaKkiuii

1.Peakuust mexay BemiectBaMu A U B mpotekaer mo ypaBHenuio 2A +B =C;
KOHLIEHTpalus BelecTBa A paBHa 6 Moib/1, a Bemectsa B-5 monw/n. Koncranra
CKOpOCTH peakuuu paBHa 0,5 .BblUuCIUTE CKOPOCTh XMMHUYECKON pEaKIMu B
HayaJbHbIH MOMEHT U B TOT MOMEHT, KOTJla B pEaKIIMOHHOU cMecHu octaetcs 45%
BelecTna B.

2.BpiuucianTe, BO CKOJIBKO pa3 YBEIMYUTCS CKOPOCTb PEAKIUU NPHU YBEIUUECHHUU
temnepaTypsl Ha 40°C, ecnm TeMnepaTypHbIii K03(QQHUIMEHT PeaKIuy PaBeH 3.

3. KoHCTaHTBI CKOPOCTH pEaKIMi OMBLJICHUS MPOMIIOBOTO 3(upa yKCyCHOU
KUCJIOTHI menoubio mpu 283 u 293 K cooTseTcTBeHHO paBHbI 2,15 1 4,23 1-Monp !
-mun . HaliiuTe SHEPruIo aKTUBALUK STON PEAKIMH.

41lpu cunrteze ammuaka Np+3H; & 2NH;3; paBHOBecwe ycTaHOBWIOCH MpU
CIICAYIOIINX KOHIIEHTpaluax pearupyrommx BemiectB (Moaw/a): C(N2)=2,5;



C(H2)=1,8; C(NH3)=3,6.PaccunTaiiTe KOHCTaHTy pPaBHOBECHSl 3TOM peaKUUU U
UCXOJHbIE KOHIIEHTPAIMH a30Ta U BOJIOPO/A.

5. Onpenenure, Kak USMEHUTCS CKOPOCTh TpsiMoit peakiu 2S0,+ 0,52S0s, ecnu
o011iee JaBJICHNUE B CUCTEME YBEIHMYUTD B 4 pasa.

6. ITpu 353 K peaxius 3akanuuBaetcs 3a 20 ¢. CKOIbKO BPEMEHH TUTHCS PEAKIIHUS
npu 293 K, ecnu TemnepaTypHbId KOG GUITUEHT 3TOM peakiiuu paBeH 2,5.

Tema 5. MoaeJsin cTpoeHHsI AaTOMa U XUMHYECKOU CBSI3H

1. Hanmmmure »nextponHsie kondurypauuu Ca, Fe?*, Ag*, Cu, Ne, Gd, Gd*".
JLJIst SIIEKTPOHOB BHEIIHETO YPOBHS HOHA F€%" ykaskuTe Bce KBAaHTOBEIE

qucia.
2.00bACHUTE CYHIECTBEHHO pa3u4yhe 3HAYEHUs TMEpPBBIX MOTCHIIMAIOB
nouun3amuu atomos Au u Cs.
3.Kak u3menuTcs monsspHocTh cBsi3u B psgax: a) LiCl-BeCl,-BCls;
0) HF-HCI-HBr?
4.TTouemy monekyna BeCl, — nmuneitnas, a H,O yrioas?
5.MoxeT 1 MoJieKyJia ObITh OJIIPHOM MPU HEMOJIAPHBIX CBSA3SX U HETIOISPHON
IIpU NOJSIPHBIX CBsA34X? [IpuBeauTe mpumepsl.
6.00mscauTe cTpoerne Mosekyn N2O, CO,, Oz ¢ moMoIpI0 MEeTO/1a BAJICHTHBIX
CBSA3CHU:
a) HAMMIIKTE AIEKTPOHHYIO HOpMyITy
0) yKaxuTe TUI THOPUAN3AIINHY [IEHTPAIBHOTO aTOMa, TEOMETPHUIO MOJICKYJIbI.

Tema 6. KoMIiekcHbIe cOeTHHEHUA

1.J]ms1 kommiexcHbix noHoB Ni*? (nmamarauraoro [Ni(CN)4)?%,
mapamarauTHbIX [NiCly]% u [Ni(NH3)s]** yxaxkure:

a) DIEKTPOHHYIO KoHpurypanuro Ni?*,

0) Tun rudpuan3alnuy BaJleHTHbIX opOuTtaneit N
B) KOOPAWHAIIMOHHBIN TTOUAIP.

T) SIBJISIFOTCS JIM OHM BHYTPH- WJIM BHEITHEOPOUTATHHBIMH.

1) 3HAUEHUE [Lypg (M.B.).

2.YT0 Takoe sHeprus cnapuBanus 3JeKTpoHOB (P) 1 oT kakux akTopoB
3aBUCUT €€ BeINYNHA?

3.0t kakux (aKTOPOB 3aBHCHUT BEIMYMHA SHEPTUH paciieruieHus (A) d-
opOuTajel B MoJjie JUraHaoB?

4.KakuMm J0KHO OBITh COOTHOIICHUE MEXKTY BETUIMHAMU YHEPTUU
paciierieHust d-opOuTasei B mojie JUranaoB (A) ¥ SHEPTHH CHApHUBAHUS
a5eKTpoHOB (P), 4T00BI KOMITIIEKC OBLT HU3KOCTTMHOBBIM?

5.ITouemy Artetp.<AOKT.?

6.11pencraspre ¢ no3unuen TKII cxemy pacrnipeneneHus: BaJ€HTHBIX
AIIEKTPOHOB LEHTPAILHOIO aTOMa B OKTa3IPUUYECKUX U TETPASAPUUECKUX
KOMILJIEKCaXx:

i,



[Mn(H20)s]** , [MN(CN)e]*, [MNnCl4]* , [Fe(CN)e]* , [Fe(CN)e]*
[Fe(H20)s]?* , [FeCly]?>, [Fe(H20)6]**, [FeCls] , [NiCl4]*, [CoCl4]?.

Tema 7. Dnementsl | rpynnel [ICXI JI.U. MenaeneeBa

1. Hanumnre YpaBHCHUA peaKquI, C IOMOIIBIO KOTOPBIX MOKHO
OCYHICCTBUTD CICAYIOIINC IICPCXOObI:

l) Na — Na,O, — Na,O — NaNO;

2) NaCl — Na — NaOH— NaHCO3; — Na,CO3— NaCH3;COO
3) KCl — K2C03—> X1 — KOH—> K03—>X2

4) Cu — CuSO; — Cul— K[Cul,]

5) Cu —»CuCl,— Cu,0— [Cu(NHg)z]OH

6) Ag— AgNOs— Ag,0 [Ag(NH3),]JOH— AgCl

NAg— Ang

7) Au— Na[Au(CN);] — Au— H[AuCl]
2. Jlonmiunre ypaBHEHUS PEaKIIMi:

1) Na,O, + Kl + H,SO, —

2) Na,O, + FE(OH)Z + H,O —

3) Na,O, + KMnO, + H,SO4 —

4) KO, + H,SO, —

5) KO, + CO;, —

Tema 8. Dnementsl |l rpynner IICXD /I.U. MenaeseeBa

1.ITouemy Mg pactBopsieTcst B Bozie, coaepxkamieii nonsl NH,*?

2.ITouemy BaCOj3 pactBopsietcs B kucioTax, a BaSO, net?

3.Hanummure ypaBHEHUS peakiiui, ¢ TOMOILbI0 KOTOPBIX MOKHO OCYILECTBUTh
CJIEIYIOLIME IEPEXOIbI:

a) BeO — BeCl, — Be(OH); « BeCOs

0) Be(NO3); —» X;1— X; — BeClyp-p)

B) ZN(NO3); — Zn(OH), — Nay[Zn(OH),]

r) Cd — Cdl; —» Cd(OH); — X; — CdCl, — CdCOs

1) HgS — Hg — Hg(NOs), — X; — HgCl,

4 . Hanummure peakiyu, ¢ MOMOIIBI0 KOTOPBIX MOKHO JJOKa3aTh cxoacTBo Mg n
Zn, Bewu Zn.

5.K pactBopy Hutpata Hg (1) mpumwmm cieayronue Berecta: NHs, Klse),
KCN, KBr. Yrto npousoiiaet?

Tema 9. dnementsl |11 rpynnst ICXI JI.A. MenaeneeBa

1.Kaxkoit xapakTep cBs3u 1 MexaHu3Mm oopasoBanus BF3*NH; u [BF,]™?
2.Hamummure ypaBHEHUS PEaKIMil CIEAYIONINX MTPEBPALICHHUH, UCTIONB3YS

MHUHHAMAJILHOE YHCJIO CTaauN:
a) 8203 — BzHe—> 6ypa—> K[BF4]



6)A|203 —NaOH__, X1—Coz—> Xo — A|203 o/B — KAl(SO4)2 12H20

B) A|203 — Al — Xl—Nal OH_, Al(OH)3 —t Xo — X3 —H28—> Aleg
3.Hamummre ypaBaenue ruapoiunsa BCl; u BH;. Uem onu omiruarorces?
4.3amaun Ne 1051, 1055, 1057 u3 yuebnoro nocodust H.JI.I munka.

Tema 10. Daements! 1V-A rpynnsi IICXI /.. MenaesieeBa

1.Kak u3mensiercs reometpus Mosekys B psaay: CFs, COF,, CO,?
2 Kak moxno nonyuuts K;SiFg? PaccmorpuTte o6pasosanue nona SiFg? ¢
no3uriu MBC.
3.Hamummure ypaBHEHUS pEaKIMi, C TOMOIIbIO KOTOPBIX MOYKHO OCYIIECTBUTH
CJEYIOIINE TTPEBPAICHUS:
a)SIOg — SiC|4—H20—> X1— Sj—HNO3_, Xo
6)Sn_HNO3 (pas6)_, Sn(NO3)2 —KOH(u30)_, Xl_ Bi(OH)3_) Sn02
B)SnC|2—> H28ﬂC|6—> SnS, — Naz[Sn(OH)e] — SnO,
F) Pb3O, + HNO; — X; —KI_, X5
NXo _Mn2+ HNOB_’ Xl_HZS_’ X3
4. Jlonuinte ypaBHEHUS PEAKIU:
a)Sn +(NH;).S —
0)PbSO, + KOH —
B)PO; + Cr(NO3), + HNO; —
r)Ge + NaOH + H,0, —
1)PbO + NaOH +Cl,—

Tema 11. Daementsl V-A rpynnsl IICXD JI.A. MenaeieeBa

1.Jlonummte ypaBHEHHS PEAKIUA U COCTABHTE 3JIEKTPOHHO-MOHHBIE
YPaBHEHMS NOJIYPEAKIUHI ISl CIIEAYOIIMX IMPOLECCOB:

a)H3P03 + KMnQO4 —
6)K| + NazAsO4 + H,SO4 —

B)KBiOg + MnSO, + H,SO4 —
2.Hamucath ypaBHEHHS PEAKIIHIA, C TOMOIIBIO KOTOPBIX MOKHO ITOJTYYHTh:

a) u3 Bi — KBIiO;
6) nu3 SbClg — (NH4)3SbS4
B) u3 NaAsO,; — As

F) nu3 BI(NO3)3 - BIC|3
3.Hanumure ypaBHEHUS pEAKUUH CIEIYIOIUX [PEBPALICHUN, YKAXKUTE
YCJIOBHUS UX IIPOBEICHUSA:



~~ NH;

a) NZ\
HNO,

6) NaN3; — NH3z; — NH4Cl — NaNO3; — NO;,
B) P— H3P03 — H3PO4 — Ag3PO4
PH3

r)P \
H,PO, —= Cay(PO,),

I[) SbC|3 — szSg — (NH4)3SbS4 — Sb285

e)Cag(PO4)2 —-P— PC13 — X1 — H3PO4

4. ITpu B3auMOAECHCTBUM MOJIKUCIEHHOTO MTIEPMaHraHaTa Kajausi ¢ paCTBOPOM
HUTPHUTA KaJus MHTCHCUBHAS MaJIMHOBAsI OKpacka pacTBOpa MCUYE3aCT.

a) HAMMIIIATE YpaBHEHUE ITOW PEAKIIUU.

6) paccuntath A G%gg TOM peakyy 1 ee KOHCTAHTY PABHOBECHSI.

B) MCIIOJIb3Yys PE3YJILTAT IPEAbIAyLIero pacyera HaianTe E0vnos mn, 6
yunThiBast, uTo E%o3 /Hno. = 0.94B.

I') paccuuTaiiTe, OyeT Ju 3Ta peakilus TePMOJUHAMUYECKU BEPOSITHA TIPU
PH=4 1 akTUBHOCTH BCEX YACTHII B pacTBOpe, kpome H', paBHoOI eauHuUILE.

Tema 12. Daementsl VI-A rpynnsi IICXI .. MenaesieeBa

1.OcymiecTBuTE XUMUYECKUE TPEBPALICHHUS:

a) BaSO4 — st — N&zSzOg — N&zSzOg — N&zSOg,

6) CaSO4 — S — SOCl, — K28207,

B) FeSz — HzSO4 — HzSzOg — NaszO&

F) CUFGSz — CuSO; * 5H,O — CuS — N3,28406.

)1) N8.2804 10 H,O — N8,28207 — N&zSzOg_

2 Ilpennoxure cnoco6 nosryueHust SOy, UCHOIb3Ys B KAUECTBE €AUHCTBEHHOTO
uctounuka cepbl Na,SO,. Hannmmre ypaBHeHUs Bcex MpeiiokeHHbIX Bamu
pPEaKUHM U yCIOBUS UX MPOBEACHHUS.

2.1.KakoBO reoMeTpUYECKOE CTPOEHUE MOJIEKYJIbI 3TOr0 BEUIECTBA (OTBET
MosICHUTE)?

3.Hanumute ypaBHEHHUS peaKlUil MPUBEACHHBIX HIKE MPEBPAILICHUN; YKa)KUTE
YCJIOBHUS UX ITPOBEICHUS; I BBIAEIECHHOW CTaJUY HANIUILINUTE JJIEKTPOHHO-
MOHHBIC YPABHEHHUS TTOTYPEaKIINM:

Xn— BEIIECTBA, COAEPIKAIIIUE CEPY.

Yn — BellleCTBa, COIepKAIIHNE CEIICH.

Z, — BeUIeCTBa, COJeprKalllie rajoreH.

M — BemiecTBa, coaepKallue cepy u XJop.

NO,

Y, |— ..

0, H,Se0; A 11
1) BaSO, — BaS —> CuS T’ X, )
p p X2 — > ZnSO4 - vee




KOH(p-p) :
2)Br,—— | Z— KBrO, —>| KBr

Cl,(u30) — ..

t

Na,$,0, —=x}—|H,S0,(xonm)

31-3 NaOH

X —>

KHSO, —=|X ——=..
3)sto4< s

so, A H,0
YAt
HCI

KCIO; —= 7 A

Tema 13. Daementsi VI-B rpynnei [ICXD JI.U. MenaeneeBa

1.ITouemy Bojubie pacTBopbl CrCl; MoryT nMeTh pasHyto okpacky? Kakyro?
2.Kakue xoopauHannonusle uncia xapakrepusl st Cr(l1), Cr(l11), Cr(VI1)?
3.Mcnosib3yst BEIMYMHBI COOTBETCTBYIOIIUX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MOTEHIMAJIOB, COMOCTABbTE U OOBSICHUTE OKUCIHUTENIbHYIO CIIOCOOHOCTh XpoMa
(V1) B KuCIIOH ¥ MIETOYHOM Cpe/ax.

4. JlonuimuTe ypaBHEHUS PEAKIUN:

l) KQCI'207 — Kl — HQSO4—>

2) Na,CrO; — NaNO,; — NaOH—

3) K,Cr,0O; — HCl(KOHu,) —

4) Cry(S0O4)3 — H,0 —

5) CuCl — K3Cr,07 — HClpas6) —

6) CI’203 — KMnO; —» KOH—

7) CI’z(SO4)3 — H,SO4 — KMnO4 —

Tema 14. Daementsi VII-A rpynnel IICXI JI.U. MenaeneeBa

1.3akoHuMTE YpaBHEHUS peaklnii, moadepute Ko3hOUIIMIHTHIL:

a) KBr + Cly(t°C) —

6) KBr + H,SO, —

B) KMnO,4 + HCI —

r) HI + FeCl; —

2.Hanuiure ypaBHEHHS peaklMil NPUBEACHHBIX HUKE MIPEBPAIICHUN. Y KaKUTE
YCIJIOBHSI UX IPOBEICHHUS.



H,0,  HCIK)
X2 vee

1) KY —HY —y, n
H

H,S0, SO, NaOH
2)NaCl —>Cl, — CaOCl, — = X| | ——X, —
p-p p-p

KO H,S0,(K)

(p-p)

3) Br,

KBrO, —= KBr

+
K,Cr,0,, t, H P

4) KBr =X,
\ SO,
Br,

H,0

X, ——BrH

Tema 15. Daementsi VII-B rpynnsl IICXD .. MenaesieeBa

1.B yem cxoxactBo u paznmuue cBoiicts Mn(VII) u CI(VII)?

2.ITomyuuTe U3 MPUPOTHOTO COCAMHEHHUS MapraHiia MepMaHraHaT Kalus U
MnSQO, - 7H,0.

3.ComnocTaBbTe U OOBICHUTE KHCIOTHO-OCHOBHBIE cBOMCTBA B psimy Mn(l1) —
Mn(1V) — Mn(VIl). OTBeT moATBEpIUTES YPABHECHUSIMH PEAKITUH.

Tema 16. Daementsi VIII-B rpynnsl IICXI JI.A. MenaeseeBa

1.Hanmummre cxemy aeruapataruu CoCly'6H,0.
2. JlonumunTe ypaBHEHUS PEAKLIMIM:

l) FeSO, + Na,CO3 + H,O —

2) Fez(S04)2 + Na,CO3+ H,O —

3) F92(504)2 + H,O —

4) Fe,03 + KCIO; + KOH —

5) K,FeO, + Kl + H,SO, —

6) K4[F€(CN)G] + K,Cr,O; + H,S0O, —

7) Fe(OH), + O; + H,O —

8) Ni(OH); + Br, + NaOH —

9) Co(OH)3 + H,SO4 —

3.0cymiecTBuTE ClIEeayIONMe MPEeBPalICHHUS:
1) Ks[Fe(CN)s] — K4[Fe(CN)g]

2) K4[Fe(CN)s] — Ks[Fe(CN)g]

3) FeCl,— FeCl;

4) FeCl;— FeCl,



4.Kax 00wscauTh ckiioHHOCTH CO(l11) K KOMIITEKCO0Opa3zoBaHMIO?
S.JlonuiuTe ypaBHEHUS PEAKIIHM:

FeCl, + NaNO; + H,SO, —

Onpenenure, Npyu KakoM 3HaueHUH pH peakius Bo3mosxHa, ecn EO (Fe**/ Fe?")
=0.77B, E° (NOs*/ NO) = 0.957B, a a(Fe**) = a(Fe*") = a(NOy) = 1%.

2. TUnoBbIC 3aMaHUS 11 OLCHUBAHUSA PE3VJIbTATOB C(hOPMHUPOBAHHOCTH
rkomuerenuuu OITK-2.1

Texnuka 6e3onacnocmu npu padome ¢ XuMuueckoil 1adopamopuu

1. Heo6xoauMo TOYHO BBHIMONHITH BCE yKa3aHUs MperoaBaTelis U JabopaHTa.
Ctporo Bocmpenaercsi IpoBOUTh PabOThI, HE TPEAYCMOTPEHHBIE TIJIAHOM.

2. He pa3pemaercs B abopaTopuu HaxOJIUThCS B BepxHedl onexnae. B
nabopaTopuu HE0OXO0AUMO OBITH B Xajare.

3. Ha pabGoyem crosie AOJKHBI HAXOJUTHCA TOJBKO T€ MPEAMETHI, KOTOPbHIC
HY>KHBI B JaHHOE BpeMsI JIJIs1 paOOTHI.

4. CryaeHTaM HE pa3pelaeTcs OCTaBIATh PEaKTUBBI Ha CBOMX pabOYMX MECTaXx.

5. Bce ombITHI ¢ AI0BUTHIMH, HEMIPUATHO MAaXHYIIAMH BEIIECTBAMH, a TAKKE C
KOHIIEHTPUPOBAHHBIMUA KHUCIOTAMH U IIEJI0YaMU TPOU3BOJUTH TOJBKO B
BBITSKHOM IIKady.

6. OmpITBI ¢ JIETKO BOCIUIAMEHSIONIMMUCS  BEHIECTBAMU  HEOOXOJAMMO
MPOU3BOUTH BAAIN OT OTHSI.

7. Tlpu paboTe ¢ METANTMYSCKUM HATPUEM U IPYTUMH IICIIOYHBIMUA METaJNIaMA
cienyer ocrteperaTbCsi BOAbl. OOpe3KkW IMIENOYHBIX METaUIOB ClIaBaTh
7a00OpaHTY U HU B KOEM cliydae He Opocath B OaHKHU JJIs Mycopa.

8. Ilpu HarpeBaHuu pacTBOPOB B IMIPOOMPKU BCET/IA CIEIYET AEPKATh €€ TAKUM
o0pa3oM, 4TOOBI OTBEpCTHE MPOOUPKHU OBUIO HAMPABICHO B CTOPOHY OT
paboTatomiero, U ero coceiet mo pabouemy ctoiy. OCOOEHHO Ba)KHO
COOJTIIOJIaTh ATO B TE€X CIy4asx, KOT/Ia HarpeBaeMou >KUIKOCTBHIO SBISIOTCS
KOHIICHTPUPOBAHHBIC KUCIIOTHI MM PACTBOPHI Iieoueii. Pekomenayercs 3tu
OTIBITHI POU3BOIUTH B BBITSHKHOM IIKaQy.

9. He Hak/JOHATH JIMIIO HAJ HArpeBacMOW >KHUIKOCTHIO WIIM CIUIABIIICMBIMU
BEIIIECTBAMHU BO M30ekKaHUE TOMNa aHus OpbI3T Ha JIUIIO.

10. He cnemyer BApIXaTh Maxy4duie BEMIECTBA, B TOM YHCIIC W BBIACIISIONINECS
ras3bl, OJIN3KO HAKJIOHSACH K COCYAY C ATUMU BeriecTBaMu. ClenyeT JerkKum
JBMKCHUEM PYKHU HAIlPaBUTh CTPYIO BO3yXa OT OTBEPCTHsI COCya K cede u
OCTOPO’KHO BIOXHYTb.



11. bpaTh mieno4s pa3pemaercs TOJBKO IIMATeIeM, IHUMIAMU WA THHIIETOM.
Heobxoaumo TmarensHo youpaTh OCTaTKH eiao4u ¢ paboyero mecta. Te xe
Mepbl He00X0oauMO cobroaaTh Ipu padote ¢ GocHOpHBIM aHTUIPUIOM.

12. Tlpu pa3zbaBiIeHNN KOHLIIEHTPUPOBAHHBIX KUCIIOT, 0COOEHHO CEPHOM, BIUBATh
KHCIIOTY B BOJTy, a HE HA00OPOT.

13. PabGoTy ¢ pTyThIO MPOM3BOAUTH HA CIEIUATBHBIX MOJHOCAX C BBICOKHMMH
OopTamu.

14. Octatky cOeAMHEHUN PEAKUX U [IEHHBIX METAJJIOB CIIMBATh B 0COOBIE OaHKHU
(B3s1TH y JTaOOpaHTa).

15. B pakoBHHY BbBUIMBaTH TOJBKO BOAy. OTXO0ABl CJEAyeT CIUBaTh B
CHEeIUaTbHbIEC CKIISTHKH.

16. Henp3s Huyero mpoOoBaTh Ha BKYC.

17. 3anpeniaercs B 1a00paTOPUU MUTH U YIIOTPEOIATH MULTY.

Memoowsl ouucmku gewiecma

1. Ha yem ocHOBaH METOJ EPEKPUCTAIUIU3AINH?

2. Kakum TpeOoBaHUSIM [JIOJDKEH YAOBJIETBOPSATh PACTBOPUTENb JJs  LeJei
NepeKpUCTAILIA3AINN?

3. Kak nmoxOuparot pactBoputens? Kak onpeaenstor KOJIUYECTBO PacTBOPUTEINS,

HE00X0MMOe I ePEeKpUCTaIIN3alun?

KakoBbI OCHOBHBIE 3TaIlbI (CTAIMN) TIEPEKPUCTAILITU3ZAINH?

Kak rorToBAT ropsuuMii HAaCBILIEHHBIA pPAacTBOpP B JIETKOJIETYYUX, TOPIOYHX

pacTBOpHUTEIAX ?

6. Kax 0cBOO0OXIat0T pacTBOP OT HEPACTBOPUBIIUXCS PUMECEH?

B kakux ciydasx BHOCAT aKTMBHPOBAHHBIA yrOjb B TOPAYNAN HACBIIECHHBIN

pactBop? Kakue Mepbl mpeJoCTOPOKHOCTH IPHU 3TOM Hal0 COOI01aTh?

8. Kaxk oTmensroT oTpaboTaHHBII acOPOCHT — YroJIb OT MAaTOYHOTO pacTBopa’?

9. Kak BbINONHSIOT TOpsiuee PriibTpoBaHue?

10. Kak moaAroToBUTH BOPOHKY broxHepa 1ijist oTcackiBaHusl, 4TOObI B K0s10e byH3eHa
oOpa3zoBasicsi Bakyym?

11. Kak OTMBIBaIOT U OKOHYATEJILHO OTAEISIOT OT MAaTOYHOI'O PAcTBOPA KPUCTAILIIBI?

12. Kak cnenyet OTKIIOUUTH BOJAOCTPYHHBINA HACOC MOCTIE OTCAChIBAHUA?

13. Kak BBICYIIIUBAIOT KPUCTAILIBI ITOCIIE MEPEKPUCTATIIH3AINAN ?

14. Kak OUeHUTh CTENEHb YUCTOThHI NEPEKPUCTATUIM30BAHHOTO MPOAYKTA?

15.lna dYero HEOoOXOAMMO HENPEPHIBHOE MEpEeMEIIMBAaHUE pacTBOpa MpHU
KpUCTaJIU3alAN?

16.Kak npoBecTy BTOPUUHYIO MEPEKPUCTATITU3AINIO BEIleCTBA?

17.NmeeTcs mu 4TO-TO 0011I€€ MEXTY BOSTOHKOM M TIEPETOHKOM?

18.0T Kakux BEIIECTB OYMILAETCS BOJOMPOBOAHAS BOJA NPU (PUIBTPOBAHUU U
neperouke?

19.Kakum myTeMm U3 MOPCKOW BOJABI MOYKHO MOJIYYUTh YUCTYIO BOY?

20.YT0 1eXHUT B OCHOBE METO/1a OYMCTKHU Ta30B?

oA~

™~



21.CymHOCTh TUTPUMETPUYECKOTO aHanmu3a. TpeOoBaHMA, TpPEABABISIEMbIE K
peaKkuMsM B TUTPUMETPUUECKOM aHaiu3e. Touka SKBUBAJICHTHOCTU M KOHEYHAS
TOUYKa TUTpoBaHUs. OCHOBHBIE pacyeTHbIE (DOPMYIIBI.

22.IIpumepbl  TPAKTUYECKOTO TMPUMEHEHHUS KHUCIOTHO-OCHOBHOTO THUTPOBAHMSL.
Onpenenenue KUCIOT U menouen. OnpeneneHne KECTKOCTH BOBI.

Okazanue nepeoit nomouwyu 6 1adopamopuu
1.Ilpu momamanuu Ha KOXY OpBI3T KUCIOTHI MU IIEJIOYHU CIEAYeT HEMEAJICHHO
IPOMBIBaTh CHUJIBHOW CTpyei BOJbBI 000XOKEHHOE MecTO B TeueHue 5-10 MuHyT.
3atrem 00paboTaTh MOBEPXHOCTh 2%-HBIM PacTBOPOM THIpPOKapOOHATa HATPUs
(pu oxore KUCIIOToM) Ui 1%-HbIM pacTBOPOM YKCYCHOW KHUCJIOTHI (TIPU 05KOTe
IEJI0YBIO0).
2.Ecnu kucinoTta win menoys nomnajayT B I1a3a, TO UX HEMEIJICHHO HY>KHO IIPOMBITh
BOJIOM, MOcJie Yero pa30aBJICHHBIM PACTBOPOM MHUTHEBOM COABI (IIpU MOMagaHUU
KHUCJIOTHI) WJIM OOPHOM KUCIIOTOH (MpH MOMAIaHUH IIEJI0UH ).
3.I1pu oxore TOpSTYUMHE TIPeMETaMu (CTEKIIO, METAJUTBI U T. I1.) TOPaXKEHHOE MECTO
CJeAyeT CMOUYUTh 1%-HbIM pacTBOPOM NE€PMaHraHaTa Kajusl.
4 Tlpu oxorax ¢hochopoM HEOOXOIUMO HAIOKHUTH Ha 000K KEHHOE MECTO MOBSI3KY,
CMOYEHHYIO 2%-HbIM PacTBOPOM CyJib(aTa MEIH.
S5.IIpu oTpaBieHun XJjJopoMm, OpOMOM, CEPOBOJAOPOJIOM, OKHCHIO YIjepoja
HEO0OXOAMMO BBIBECTH MOCTPAJIABILETO HA BO3/IYyX, a 3aTE€M OOpaTUThCS K Bpady.
6.1lpu oTpaBiICHUM COCAMHEHHMSIMHU MBIIIbIKA W PTYTH, a TAKXKE ITMAHUCTHIMH
COJIIMU HEMEJIJIEHHO OOpaTUTHCS K Bpady.

JlaGopaTopHbie padoThI
Ceoiicmea Xumuueckux 371eMeHm o8

JlaGopaTopHasi padora Nel. JjemenTsl noarpynnsi | A

Omnpbit 1. Ilepokcna HaTPUA

a) Bzaumooeiicmeue nepokcuoa nampus c 6000i

B mpoOupky BHECTM MHKpOILUIATEIEM HEMHOIO MOpPOIIKa MEepOKCHIa
HaTpus, na00aBuTh 8—10 Kamenb AUCTWUIMPOBAHHOM BOJLI W pa3MeniaTh
CTEKJISIHHOW MajoukoM. J[oka3aTh MPUCYTCTBUE MIEIOYM B MOJIYUYEHHOM PacTBOPE,
n00aBUB B HEro OJIHY KaIullo pactBopa ¢enondranenHa. Hanucate ypaBHeHue
pEeaKIuy B3auMOJEHCTBUS IIEPOKCHIA HATPHUS C BOJIOK.
0) OKucaumenvHole ceolicmea nepoKkcuoa Hampus

Brectu B TUrenp 3 MUKpOILUIATENS MEPOKCUAA HATPUSA, 2 MUKPOILUIATENS
COJZIbI 1 HEMHOTO (Ha KOHYMKE MHUKPOIIMATENs) pacTEPTOro B MOPOLIOK Cyibdara



xpoma. CMech TIIATENBHO MEepeMeNIaTh CTEKISHHOW MajJ0uKOi, TOCTaBUTh TUTEJIb
B TPEYTOJIbHUK U HATPETh €r0 IIJIAMEHEM TFOPEJIKH JI0 CIUIAaBJICHUS cMecu. OXI1auTh
TUTENIb Ha BO31ayXxe, M00aBUTh B Hero 8-10 kamenb JUCTWIIMPOBAHHOM BOJIBI,
nepeMeniaTh CTeKISTHHONW MaJIOUKOM CONep>KMMOE THUTJIS, JaTh CMECH OTCTOSIThCS U
NePesIUTh PacTBOp B MPoOUpKy. OTMETUTD LIBET 0OPa30BABIIETOCS XpoMara HaTpus
Na,Cr O4. Hanmmcath ypaBHEHHE peakilMd B3aUMOJICUCTBHUS MEPOKCHIA HATPUS C
cyabhaTom xpoma B npucyrctBur NapCO3, yuyuThIBasi, YTO MPHU 3TOM BBIIEISETCS
JTUOKCHU] YIIIepoaa.
8) Boccmanoeumenvnsle ceolicmea nepokcuoa Hampus

Buectu B npoOupky 4-5 kanenb pacTBopa rnepMaHraHara kKainusi, 100aBUThH |
MUKPOIIIATENIb TMOPOIIKAa MEPOKCHUJIa HaTpus U Bce mnepememiatb. OTMETUTH
BbIJICJIEHUE Ta3a U MosiBJIeHUE Oyporo ocaaka. Hanvcars ypaBHEHUE peaKIyH.

OmnbiT 2. Kap6oHaT U ruipokap0OHAT HATPUS

a) Peakuyus cpeowl 6 pacmeope Kapoonama u 2uopokapoonama Hampus

BuecTu B Tpu npoOupku o 6—7 Karnenab IMCTUIUTUPOBAHHON BOJIBI. B
KOKIYyI0 U3 HHUX NPUOABUTHh TaKOe€ >K€ KOJMYECTBO HEUTPAIBHOTO pacTBOpa
JakMmyca. B oaHy mpoOupky BHecTH | MHKpoIITaTelh KPUCTALIOB KapOoHaTa
HATpUs, B JPYIYIO - TaKoe K€ KOJMYECTBO TUIpOKapOOHaTa HaTpus. Tpersio
NpoOMpPKY OCTaBUTh JUid cpaBHeHUs. [lepeMemiaTth pacTBOPHI CTEKISTHHOM
MTaJIOYKOM, CPABHUTH OKPACKY JIJAKMYCA B PACTBOPAX COJIEN C €TO OKPACKOM B TPETHEMN
npoOupke. Bce Tpu mnpoOUpPKM COXpaHUTh B KA4ECTBE KOHTPOJIBHBIX IS
cienyroniero onbita. Kakas cpena u mouemy: a) B pacTBope kapOoHaTa HaTpus; 0)
B pacTBope TrujapokapOoHaTa HaTpusi? Hamucarh WOHHBIE W MOJIEKYJSIPHBIC
ypaBHeHus peakiuil. [loueMy OTTEHOK OKpacKH JlakMyca B pacTBOpax ATHUX COJeH
paszmuyeH? OTBET MOTUBUPOBAT.
0) Tepmuueckoe paznoxncenue cuopokapoonama Hampus

[TomecTuTh B TUTENb 3—4 MUKPOIITIATEINS MOPOIIIKA TUAPOKapOOHATa HATPHS,
MOCTaBUTh TUIEJIb B TPEYTOJIBHUK U MTPOKAIUBATH COAEPKUMOE TUIAMEHEM TOPEIIKH
B TeueHue 10—15 mun. OXaguTh TUreNb Ha BO3yX€, BHECTHU B Hero 12—14 kamnenb
JUACTUIIMPOBAHHOW BOJBL, IEPEMEIIATH CTEKIISIHHOW MAJIOYKOM U Pa3C/INTh Ha JIBE
npoOupku. Jlokazare, 4TO B pacTBOpPE HAXOAWUTCS COJIb YTOJIBHOW KHUCIOTHI. Jliist
ATOTO B OJIHY M3 IPOOUPOK J00aBUTH 3—4 Karum 2 H. pacTBOpa XJIOPOBOJOPOIHON
KHUCJIOTHI M HaAOJIOJaTh BbIJEJECHUE My3bIphKOB Ta3a. Kakoit ra3 Beijenserca? B
JIPYTYI0 MPOOUPKY K TMOJTYYEHHOMY PacTBOPY MPUOABUTh TaKOE K€ KOJUYECTBO
HEUTpaJIbHOTO pacTBopa Jlakmyca. CpaBHUTH OKPACKY JIAKMyca B JaHHOM PacTBOPE
C OKpacKOW pacTBOPOB B KOHTPOJIbHBIX MPOOMPKAX, OCTABIIMXCS TMOCIE
npeapiaymiero oneita. [1o okpacke J1akMyca onpeenuTh, Kakasi CoJib HaXOJUTCS B
pacTBope — KkapOoHaT uiau rTuapokapOoHaT. OmnucaTh MPOJCIAHHYIO padoTy.
Hamucate ypaBHeHHE peakiMu pas3ioKeHUs TUIpokapOoOHAaTa HATpUs MpHU
HarpeBaHWM. JTa peakKiys MPUMEHSETCS B MPOMBINIICHHOM CIOCO0E MOTy4YeHUs
KaJIbIIUHUPOBAHHOM COJIBI.

OnpIT 3. OKpaumBaHne INIaM€HHU COJIAMM IICJI0YHBIX MECTAJVIOB



IIpOoBOJIOYKY OITYCTUTH B HACHILLIEHHBIN PACTBOP XJIOPUJA KAJIUS U BHECTHU B
mwiamsi ropenkd. OTmeTuTh 1BET IIaMeHd. OOYCIOBICEHHBIH HHUYTOKHBIMU
NPUMECSIMU COJIEM HATpHs, JKEITHIH I[BET 4aCTO MAacKUpyeT (hHUOJIETOBOE ILIaMs
Kanus. B aToM cityyae cienyer paccMaTpuBaTh IJ1aMsl U€pe3 CTEKIISTHHYIO IIPU3MY C
pacTBOPOM CHHETO WHIUTO, IMOJHOCTBIO MOTJIOMIAIOMIMM KENThIE JTy4dd. OINbIT
MOBTOPUTH C HACBHIINICHHBIMU PAcTBOpaMU Cylib(ara JTUTHS U XJOpUJa HaATpUA.
Ilepen KaXXapIM OIBITOM IIPOBOJIOYKY CIEAYET OYMILATh, NOrpyxas €€ B
KOHIIEHTPUPOBAHHYIO XJIOPOBOJAOPOJHYIO KHUCJIOTY M MNPOKAIMBasg B IUIAMEHU
TOPEJIKH.

JlaGopaTopHnasi padora Ne 2. JjemenTsl noarpynnsi | B

OmnmsiT 1. BoccranoBiienue oxkcuga meau (11) yraém

Ha nucre uncroit Oymaru THiaTelbHO MepeMeniaTh Majouko OKCHII MEIU
(1) (2-3 mmkpormmmarens) ¢ TakuM XK€ O00OBEMOM IIOPOIIKA JPEBECHOTO YIJIS.
[TonyyeHHy0 CMeCh TMEpPEHECTH B IIIMHJIPUYECKYIO MPOOUPKY, 3aKPEHHTh
MOCJICTHIOI0 B IITAaTUBE B TOPU30HTAILHOM TMOJOKEHWHW M HarpeBaThb CMECh
CIWJIbHBIM TUIaMeHeM Topenku 5—10 muH. HaOmromaths mpoliecc BOCCTaHOBIICHUS
okcuga menu () mo merammmyeckoit menu (M3meHeHue okpacku). OOpaTuUTh
BHHUMAaHHE Ha MTPOUCXOIAIIEE TIPU 3TOM Pa30orpeBaHUE CMECH JI0 KPACHOTO KaJCHHUS.
Eciu Ha cTeHkax MpOOUPKHU MOJYYUTCS TPYAHO OTMBIBAEMBIN HAJIET MEIU, HYKHO
HAJIUTh B TIPOOUPKY 2—3 Karuld KOHIICHTPUPOBAHHOM a30THOW KUCIOTHI, KOTOpas
MTOJTHOCTBIO PACTBOPHT

OmnbIT 2. B3aumoaeiictBue Meau ¢ pa30aBJIeHHbIMU U
KOHLUECHTPUPOBAHHBIMHU KUCJIO0TAMU

Onvim nposooumcs 6 evimaxcuom wikagyy! B Tpu npoOUpKU TOMECTUTH 10
KYCOYKY MEIU M MPUOaBUTH MO 5—6 Kamenb 2 H. paCTBOPOB KUCIIOT: B MEPBYIO —
XJIOPOBOJIOPOJHOM, BO BTOPYIO — CEPHOM, B TPEThIO —a30THOM. OKpacwuics
pacTBOp B INpoOOMpKax B CUHE-TONy0Oil I1IBET, XapakTepHbli misi moHa Cu?™?
[Iponenarb aHANOTMYHBIA ONBIT C KOHIEHTPUPOBAHHBIMU  KHCJIOTaMHU -
XJI0pOBOAOPOHON (rutoTHOCTL 1,19 r/em®), ceproit (mmotHOocTh 1,84 r/cM®) M
a30THOM (1oTHOCTE 1,4 T/cM®) Ge3 HarpeBaHus U IIpu HarpeBanuu (ocTopoxkHo!). C
KaKMMHU KUCJIOTaMH B3auMojeicTByeT mean? [Ipu HanncaHuu ypaBHEHUS pEeaKIUu
B3aMMOJICHCTBUS MEJIH C pa30aBICHHON a30THOM KHUCIOTOM CUMTAaTh, YTO a30THAas
kuciiota BoccraHaBiuBaeTcss 10 NO. Ilouemy Menp He B3aMMOJEHCTBYET C
XJIOPOBOJIOPOJHOM KHUCIOTOM U C pa3daBieHHOW cepHOU kuciotou? Hammcathb
YpaBHEHUS peakui B3aUMOJICUCTBUSA MEAU C KOHIICHTPUPOBAHHBIMU KHUCJIOTAMH,
CUMTAsl, YTO KOHLUEHTPUPOBAHHAS a30THAsI KMCJIOTA BOCCTAHABIUBAETCS MEJBIO J10
JMOKCHUIA a30Ta, a CEPHAs — 10 JUOKCHUIA CEPBI.

OmnsiT 3. BzanmopaeiicrBue oxkcuna meau (1) ¢ kuciaoramm



B nBe npobupku BHecTH 2—3 mukpormnaresns okcuaa meau (1) u npubaButh
1o 5—6 xamnenb 2 H. KACJIOT, B OJIHY POOUPKY — XJIOPOBOAOPOIHOM, B APYTYIO —
cepHoil. HaGmonate B 000HX ciyuasx TOSIBICHHE OKpackw pacTBopa. HammcaTh
ypaBHeHus peakuuit B3aumoaeiicteus okcuaa meau (1) ¢ HCl u HoSO, .

Onbit 4. Ionyuenue ruapokcuaa Meau (I1) wm  mcciaenoBanue
€ro CBOWCTB

a) Ilonyuenue zuopokcuoa meou (11) u paznoscenue ezo npu nazpesanuu

Brectn B mpoOupky mo 3—4 karmmm pactBopa cyibdara memu (1) u 2 H.
pactBopa miémoun. OTMETHUTh IBET BbINaBinero ocaaka ruapokcuma meam (I1).
OCTOpOXHO HarpeTh MPOOHMPKY C TMONTYYCHHBIM OCaakoM. Kak m3MeHseTcs IBET
ocajika rpu npespaiienud ruapokcuna meau (1) B okcun? Hamucats ypaBHeHuUs
peakuuii oopazoBanus ruapokcuaa meau (1) u ero paznoxeHus.

0) Omnowenue zuopokcuoa meou (11) k kucnomam u wenouam.

[TonyuuTs B ABYyX npodupkax ruapokcua menu (11). K monyyennsim ocaikam
npuOaBUThH B OJIHY MTPOOUPKY 5—6 Karesb 2 H. pacTBOpPa CEPHOM KUCIIOTHI, B IPYTYIO
— CTOJIBKO k€ 2 H. pacTBopa miénoyu. B kakoMm cityyae mMpouCXOJUT pacTBOPEHUE
ocanka? Kakoil BbIBOJ MOXHO c/ieiaTh U3 3TOTO OMNbITa O CBOMCTBAX TMAPOKCUIA
meam (11)?

Onwit 5. [Moayyenne majgopacTrBopuMbIx coseid meam (11)

a) Ilonyuenue cynvgpuoa meou (11)

Onvim npoeooumca 6 evimsaxcHom wkagy! B npoOupky ¢ pacTBopom
cyabpara wim xnopupa memd (1) (2-3 kammm) mnpuOaBUTH CTOJNBKO Ke
CepOBOJIOPOAHOM BOABI. OTMETUTH IBET BBINABIIETO ocaaka cyiabdpumaa meau (11).
Hamucates B MOJIEKYJISIPHOM U HOHHOM BHJIE YPAaBHEHHE PEAKIINH €r0 00pa30BaHUsI.
0) Ilonyuenue ocnosnozo kapoonama meou (11)

B npo6upky ¢ pactBopom cynbdarta meau (1) (2 -3 karum) mpudaBuTh TaKOE
K€ KOJIMYECTBO pacTtBopa coasl. HaOmrogaTh BhIMaseHHe 3€IEHOTO Ocajaka
ruapokcokapoonara mean (CUOH),COs. [Touemy mpu B3aUMOACHCTBUH COJIeH MEIH
C pacTBOPOM COJIbI HE BBINIAJAET CpeaHM KapOoHaT mMeau? Hamucate ypaBHEHHE
peakiuu B3aumoiercTBus cynbdara menu (1) ¢ comoii mpu ydacTuu BOJIBI.

OnpIt 6. Ioryuenne iioguaa meam (1)

Buectu B npobupky no 3 kamiu pactBopoB cyibdara meau (l1) u longuaa
kaimust. OTMETHUTh 00pa30BaHKE OCaIKa M OKPAIIMBAHHUE COIAEPKUMOTO MPOOUPKH B
KENTHIN 1BeT. JloKa3aTh ¢ MOMOINBIO pacTBOpa Kpaxmalsa, yTo JKENTas OoKpacka
oOycIIOBJI€Ha BblIeJIEHUEM CBOOOIHOTO Hona. JlJist onpeneneHus 1BEeTa BhIIABIIETo
ocanka womuma meau (1) HeoOXoamMo CBOOOAHBIM HOJ, MAcCKUPYIOUIUN CBOEH
OKpacKOW IIBET OCajKa, MepeBecTd B OeclBeTHBINM MOH. [l 3TOTO TpHOaBUTH B



POOUPKY HECKOJIBKO Karellb pacTBopa CyIb(puTa HATPUS A0 UCYC3HOBEHHUS KENTON
okpacku. KakoB mBer Hommma meau (1)? Hammcats ypaBHeHUs peakiuii a)
B3auMozeiicTus cyiabdara menu (I1) ¢ iogumaom kanust; 0) B3auMOoACHCTBHS Ho/1a ¢
CyJIb(MHUTOM HATPHSI B IPUCYTCTBUH BOJIbI. UeM OOBSICHACTCS YCTONYMBOCTD HOAM/IA
meau (1)?

OnbiT 7. KoMmmiiekcHbIe COeIUHEHU Meau

a) Ilonyuenue komnnexcnozo muocynvpama meou (1)

B npobupky c itogunom meau () mpubGaBUTh HECKOJIBKO Kamelb pacTBOpa
tuocynbdara Hatpus. HabGmromaTe monHOEe pacTBOpEHHE OCalKa, MPOUCXOSIIee
BCJIEICTBHE OOpPa30BaHMUA XOPOIIO PACTBOPUMOTO KOMILIEKCHOTO THOCYNb(arta
meau(l). HamicaTs ypaBHEHME MPOTEKAONIEH PEAKIUH, YIUTHIBas, 4TO HOHBI S;03
SIBJISIIOTCSI MOHOZICHTATHBIMH JIMTAaHIaMH, a KOOpaAuHaIKoHHoe yncio Cu* — nona
paBHO 2.

0) ITonyuenue ammunoxomniexca meou (11)

B npob6upky ¢ pactBopom cynbpata meau (1) (2—3 kammu) npubaBisaTh 1Mo
KaIrjisiM 2 H. pacTBOp aMMHakKa JI0 MOJHOIO PacTBOPEHUS OCaJIka OCHOBHOM COJIU
(CuOH),SO,, BBIMABIIEro npu J00ABICHUM MEPBBIX Kallelb pacTBOpa aMMHaKa.
OTMeTuTh OKpacKy MCXOJHOTO pacTBOpa cyiabpaTa Meau U  PpacTBOpa,
MOJTyYMBIIETOCS TIOCIIE PAaCTBOpPEHHs ocaika. HammcaTh ypaBHEHUS peakiuil: a)
B3auMozeiictBust cynbpara Meau (ll1) ¢ pactBopom ammuaka ¢ 00pa3oBaHUEM
ocHoBHOro cyibdara menu (Il), 6) pactBopenust ocHoBHOTO cynbdara meau (I1) B
M30bITKE aMMHUaKa C OJHOBPEMEHHBIM OOpa30BaHHWEM KOMIUIEKCHOM COJM U
KOMILIEKCHOro ocHoBanus Meau (11), yuursiBas, uTo koopauHauonHoe uucio Cu?*
paBHO 4; B) AMCCOIMAINMA TIOMYUYCHHBIX KOMILIEKCHBIX coenuHeHui menu. Kakoe
ocHoBaHue cuibHee: ruapokeua meau (1) wim ruapokcun Terpaammunmenn (11)?
Kakue  woHBI ~ 0OYCIOBIMBAIOT  OKpPAacKy  pacTBOpa, COJIEpIKalIero
AMMHHOKOMIIJIEKCHI MEIH?

Omnbit 8. ITosryuyeHnue okcuaa cepedpa

B mpoOupky ¢ pactBopom HuUTpaTa cepebpa (3—4 kamiu) npubOaBUTH
HECKOJIbKO Kaneib 2 H. pacTBOpa r’MAPOKCHIa HATPUS 0 BBINAJEHUS 0CaIKa OKCUAA
cepeOpa. Kakoe 3akiitoueHne o MpOYHOCTH TUAPOKCHIA cepedpa MOKHO cliesaTh Ha
OCHOBaHUU 3TOro omnbiTa? YeM 310 00bsicHseTcss? Hamucath ypaBHEHUs peakiuii
oOpa3zoBaHus TUIPOKCUIa cepedpa U ero pacraja.

OnbIT 9. OKUCIUTEBHBIE CBOHCTBA OKCHAA cepedpa

a) Bzaumooeiicmeue oxcuoa cepeopa c xnopuoom onosa (11) 6 wgenounoii cpeoe
Buectu B npobupky 2—3 kaminu pactBopa xjopuaa onosa (I1) u qo6aButs mo

KarisiM 2 H. PacTBOp TUAPOKCHIA HATPUS IO PACTBOPEHHUS BBIMABIIETO OCAIKa

ruppokcuga onosa (I1). K momydgennomy menounomy pactopy Nap[Sn(OH)4]



npubaBuTh 1-2 Karu HUTparta cepedpa. Habmogats BeinmaaeHne 4€pHOTO MOPOIIKa
MeTaimaeckoro cepedpa. ObpazoBanue cepedpa MOKET ObITh JIOKa3aHO TEM, YTO
BBINIABIIIMN OCAJ0K HE pacTBOpsieTCs Npu J00aBiIeHUH 5—6 Karmenb 2 H. pacTBOpa
aMMHaKa B OTJM4YMe OT okcuaa cepedpa. IIpoBeputs onbiTHBIM MyTeM. HamucaTh
YpaBHEHHUSI PEaKIIHIA:
a) oOpazoBanus Terparuapokcoctannara (I1) Harpus uz xmopuzaa onosa (I1);
0) B3aMMOJICCTBUS HUTpaATa cepedpa co MET0UbIo;
B) B3amMoOJIeUCTBHsS TeTparuapokcoctannara (ll) Harpus ¢ okcumom cepebpa ¢
oOpa3oBanueM rekcaruapokcoctanHata (IV) Hatpus u snemeHTapHOTO Ccepedpa,
YYUTHIBAS, YTO B PEAKITMHN MPUHAMACT yJaCTUE BOJIA;
r) B3auMoecTBus xsiopuaa osiosa (1) c okcuaom cepedbpa B pUCYTCTBUN METOYH.
0) Ilonyuenue cepedpsanozo 3epkana

B ManeHbKOM CTaKaHYMKE HArpeTh A0 KuneHus 25—50 M1 BOJIbI, TOCIIE YETO
OTCTaBUTH ropesiKy. B mpobupky BHecTH 4—5 Karellb pacTBOpa HUTpaTa cepedpa u
npubaBUTh 2-5 Kameib 2 H. pacTBOpa amMMHaka, BCTPSIXHBasg MPOOUPKY TOCIe
npubaBlieHUsT KaXJI0W KaIuld JI0 PacTBOPEHHUs BBINMABIIEro BHavyaie ocagaka Ag,O
(u36erath u30bITKa NH3). K monmydennomy npo3paunomMy pactBopy npudaButh 10%-
HbIil pacTtBop IM0K03bl CsHg(OH)sCHO B 00BEMe, paBHOM CyMMapHOMY OOBEMY
HUTpaTa cepebpa U aMMHaKa, HaXosaImxcs B rpooupke. [lepememniats pacTBop u
MOCTaBUTh MPOOUPKY B CTAaKaHUMUK C ropsyed Bomou. YUepe3 2-3 MHUH BBIHYTh
MPOOUPKY U3 CTAKAHYHMKA W, BBUTUB PACTBOP, OTIOJIOCHYTH €€ BOJIOHN M3 MPOMBIBAJIKH.
Kakoe BemiecTBo BBIICIWIOCH M3 pPacTBOpa Ha CTeHKax mpoOupku? Hammcath

YpaBHCHHUEC PCAKIHWH, CUHUTasd, YTO IJIIOKO3a ICPCXOAHUT B TJIFOKOHOBYIO KHCIOTY
CsHg(OH)sCOOH.

OmnbiT 10. ManiopacTBOpHMBIe M KOMILICKCHBIE COeIMHEHHs cepedpa

a) Ilonyuenue ammunoxkomniekcos cepeopa (1)

B yeTsipe npoOupKy BHECTH IO 2 KaIlJIM pacTBOpa HUTpaTa cepedpa. B oany
npoOUpPKYy JA00aBUTH 2 KaIUTM XJIOPHJAa Kajius, BO BTOPYIO — OpoMuIa Kayius, B
TPEeThIO — Homuaa Kamus, B 4eTBEPTYI0 — xpomaTa kanmsa KoCrO,. OTmeruts 118eTa
BBITIABIINX 0CAKOB. J00aBUTH BO BCe UeThIpe MpoOupku mo 3 karu 25% pacTtBopa
ammuaka. Ocagkyl KakuX BEMIECTB MPAKTUYECKUA MOJHOCTHIO PACTBOPHINCH B
ammuake? OJMHAKOBO JIM aKTUBHO WAET B3aWMOJCHCTBUE XJIOpHAA, OpoMuIa U
ronuma cepebpa c ammuakom?

Hamucats B MOJEKYISIPHOM ¥ MIOHHOM BHJI€ YPABHEHUS PEAKIIUA:

a) oOpa3oBaHUs MAJIOPACTBOPUMBIX coJiel cepedpa;

0) pacTBOpeHUs XJI0pUIa, OpoMHUIa U XpoMaTta cepedpa B aMmMuake ¢ o0pa3oBaHUEM
KOMILIEKCHBIX COCJIMHCHHA, YYUTBIBAs, YTO KOOPAMHAIIMOHHOE Yncio AQ*— noHa
paBHO 2.

Ha ocHoBaHuM cBOMX HAOMIOACHUN M 3HAYEHUI MPOU3BEACHUM PacCTBOPUMOCTU
raJIOTeHUI0B cepedpa 0ObSICHUTD Pa3IMinue UX PAaCTBOPUMOCTH B aMMHUAKE.

0) Illonyuenue KomnaekKcHo2o ocHosanus cepeopa



K ocanky okcuma cepebpa mpuOaBiATh MO KaruisiM 2 H. pacTBOpP aMMHAKaA.
Habmromate pacTBopeHHEe oOcajka BCIEACTBHE OOpa3oBaHUS PACTBOPUMOIO
KOMITJIEKCHOTO OCHOBaHHMsI cepebpa. HamnrcaTs ypaBHEHHE POTEKAIONIEH peaKiuu.
8)llonyuenue  KomniekcHvlx  cyavhpuma u  muocyivpama  cepedpa

B npoGupky ¢ pactBopoM HHUTparta cepedpa npuOaBiIsITh MO KaIlIsIM pacTBOP
tHocynbgata Hatpus Na,S;O3; U HaOnI0#aTh PacTBOPEHHE BHINABIIETO BHAYAJE
ocaaka TuocylbhaTa cepedpa. AHAIOIMYHO TMPOBECTH ONBIT B3aMMOACHUCTBUS
HUTpaTta cepedpa ¢ cyiabpuroM HaTpus. HamwcaTe ypaBHEHHS peakuuid: a)
B3aMMOJICHCTBHSI HUTpaTa cepedpa C THUOCYIb(paTOM HATpUs C 0Opa3OBaHUEM
THOCYJIb(aTa cepedpa U ¢ Cyab(UTOM HATPUs C BBHIMAJCHHEM B OCAJIOK CyIb(huTa
cepebpa; 6) pacTBOPEHHMS OCAIKOB B M30BITKE OcanuTels, canuTas, uto SO32” —MOoH 1
S,03% —MOH MOHOJIEHTATHBI, @ KOOPAMHAIIMOHHOE YUCII0 AQ*—HoHa paBHO 2.

JlaGopaTopHuasi padora Ne 3. Jiaementsl moarpynmnsi |1 A

OnbiT 1. B3aumoaeiicTBie MAarHus ¢ BOJA0OH

B3sath kycouek (1-2 cM) MarHueBOM JIGHTHI U OYUCTUTH €€ MOBEPXHOCTh
HakJayHOW Oymaroil oT Haiera okcuga. B mpoOupky BHecTH 6-/ Karenb
JUCTUJUIMPOBAHHOM BOABI M OIYCTUTh B HEE OYMILIEHHBI MarHuidl. OTMETHUTH
OTCYTCTBHUE PEaKIMU IPU KOMHATHOM Temnepatype. Harpers nmpoOupky HeGOIbIINM
uiaMeHeM ropenku. Uto madmromaercs? [IprubaBuTh K MOTydeHHOMY PacTBOPY OAHY
ka0 ¢enondranenna. Ha oOpa3oBaHHe KakMX MOHOB B PACTBOPE YKa3bIBAET
nosiBieHue okpacku (Qenondranenna? Onucate HaOmogaemoe. Hanucath
ypaBHEHUE pEaKIIMy B3aUMOJICHCTBHUS MarHus ¢ BOAOHW MPU HArpeBaHUU.

OnoIT 2. B3anMoaeicTBue MAaraus ¢ KHCJIO0TAMH

B nBe npoOupkH ONMyCTUTh MO HEOOJBLIOMY KYCOUKY MarHMeBoi JeHThl. B
OJIHy MpPOOHUPKY N00AaBUTh HECKOJIBKO Kaleidb 2 H. pacTBOpa XJIOPOBOAOPOIHOU
KHCJIOTBI, B APYTYIO — TAKOE K€ KOJUYECTBO 2 H. pacTBOpa a30THOM KUCIOTHI. YUTO
MPOUCXOAUT ¢ MaraueM? Kakoii ra3 BbIJIEsIeTCA:
a) IpH B3aUMOJICCTBUM MarHus ¢ XJIOPOBOJOPOJIHOU KUCIOTOM,
0) ¢ a30THOM KUCIOTOM?

OmnbiT 3. [otyyeHne rHAPOKCHAA MATHHUS M €r0 PACTBOPEHHE B KHUCJOTE
U COJIIX AMMOHMS

BrecTu B 1Be poOUPKH 110 3 KaIId PacTBOpa COJIM MarHus U B KOKIYIO U3
HUX 100aBUTh MO 4 Kamik pacTBOpa €AKOro Hatpa. B omgHy u3 mpoOHpOK,
MIOMEIITNBAs CONEPKUMOE CTEKIISTHHOW TMaJlOuKOW, MpUOaBHTh MO KaruisiM 2 H.
PacTBOpP XJIOPOBOAOPOTHON KHUCIOTHI 0 TIOTHOTO pacTBOpeHus ocaka. [Ipubasss
KHCJIOTY, OTCYMTHIBATH YUCIIO JOOABISIEMBIX Karelb. B qpyroit mpoOupke TakuM ke
crocoOoM (TomMenuBasi CTEKJISTHHOM MaJlouyKoM M cuMTas J00aBisieMble KarliM)



pPacTBOPUTH OCAJIOK TMIPOKCUJA MarHus B 2 H. pacTBOpe XJopujaa ammoHus. B
KaKoM cCiy4ae JUIsl pacTBOPEHHUs OcCajka MOTpeOOBaOCh OoJibliee KOJUYECTBO
peakTuBa’?

Hanucate ypaBHEeHUs peakuil MOTy4YeHus THIPOKCUA MarHUS U €0 paCTBOPEHUS
B KHUCJIOTE U B pacTBOpe COJM aMMOHHUA. [lonb3ysch MpaBUIIOM MPOU3BEICHUS
PacTBOPUMOCTH, OOBSICHUTH PACTBOPEHHE TUAPOKCH 1A MATHUS B XJIOPUJIE AMMOHHS
U B XJIOPOBOJOPOAHOW KHCIOTE. B Kakom peakTHMBE pacTBOpEHHE T'HMAPOKCHUIIA
MarHusi UJET JIETYE: B XJIOPOBOPOIHOM KUCIIOTE WIIK B PACTBOPE XJIOPUIA AMMOHUS?

[Touemy? PactBopuTcs it TuapokcH T Maraus npu gooasieHuu: a) (NH4)2SO04, 6)
KCI?

OmnbiT 4. IlonyyeHne ruApOKCOKApOOHATA MATHHUSA

B npoOupky k 2—3 kamisiM pacTBopa COJIM MarHus 100aBUTh PACTBOP COJIbI
10 oOpa3oBaHus OcajKa ruapokcokapOoHaTa Maruus. OTMETUTD BbIJICJICHUE ra3a.
HcnplTaTh OTHOLIEHME OCaJKa OCHOBHOM COJIM MarHusl K XJIOPOBOAOPOJIHOU
kuciote. Hamucate ypaBHEHUs peakluii MOIy4eHUs THAPOKCOKapOoHaTa Maruus
Y €r0 PACTBOPEHHUS B KUCJIOTE.

OnpbIt 5. [Tosryyenune okcuaa ¥ THAPOKCHAA KAJIbIMS

[TomecTuth B mpoOUpPKy KycOUeK MpaMopa U J0OaBUTh K HEMY HECKOJIbKO
Karnesb BoJbl. Habmonarores mu kakue-nuoo u3Mmenenusa? Baectu B nmpoOupky 1
ka0 (enondranenna. [losBnserca nu kpacHas okpacka? Bropoil Kycouek
MpaMopa TMOMECTUTh B CYXOW THTEIb W TOCTaBUTh MPOKAIMBATH B TOPAUYIO
Mydenbhyto neus (Temneparypa B MydenbHON neun AomkHa 06T 0k0I10 910 °C.)
Yepes 20—25 MUH TUTEIbHBIMU IIUIIAMHU IIEPEHECTH TUTENIb B JKCUKATOP U
OXJIAIUTh €ro 0O KOMHATHOW TemmepaTypsbl. [locie oxinakaeHus BEIHYTh TUTENb U
MOJTYYEHHBIN OKCUJ KaJIbLIUsl CMOYUTH 1-2 xamisiMu TUCTUILTUPOBAHHOM
Boapl. Uto HaOmomaerca? Jlo6aButh B THremb emé 810 kameiab BOJIEL,
pa3Meniatb OOpa30BaBIIMMCS THIPOKCUI Kalblus (TaméHyl0 HM3BECTb) M J1aTh
0CaZIKy OTCTOSIThbCA. 2—3 KaIuld IMOJyYEHHOTO PAacTBOpa NMEPEHECTH MUIETKOW B
npoOupky u no06aButh 1 kammo genondranenna. Uto nadbmomaercs? PactBopum
I TUIOPOKCHUI Kanblusg B Boae?Hamucarh ypaBHEHHS peakUuil pas3lioKEHUs
KapOOHaTa KaibliKs IPY HArPEBaHWU U B3aMMOACHCTBUS OKCUIA KaJIbIHsI C BOJOI.
Kak Ha3bpIBaeTCs pacTBOp rMAPOKCH/IA KaJbLKA B BoJie?

Omnbit 6. [Tosryyenune kapOoHaTa M THAPOKAPOOHATA KAJIbLMSA

Hamoaaute npoOupky Ha 1/2 €€ 00béMa U3BECTKOBOM BOJIOM U MPOITYCTUTH B
He€¢ nuokcup yriepona. OTMETUTHh TOSIBJICHHME Ocajika KapOoHaTa KalbIus.
[IpomomxaTe NMponmyckarb IUOKCUZ yTIEepoAa OO0 PAaCTBOPEHHs OCaIKa, KOTOPOe
MIPOUCXOMNUT BCJCACTBHE OOpa3oBaHUS PACTBOPUMOTO ruapokapoonara. Kax
Ha3bIBA€TCSl BOJA, cojepxkamiasi 3Ty cojib? OTMETUTh HaOJI0JlaeMble SIBJIICHUS U



HamucaTh ypaBHEHHMsI peakiuil oOpa3oBaHus KapOoHaTa KajblUsg MpU
B3aUMOJICHCTBUU JTMOKCHUIA yriepoJa C HU3BECTKOBOM BOAOH M pPacTBOpPEHHUS
KkapOoOHaTa KaJbIMs MOJ IEHCTBUEM TUOKCHIA YIiepojia U BOJAbI ¢ 00pa3oBaHUEM
ruapoKapOoHaTa.

OmnbiT 7. KapOoHaThl IE€104H03EeMeIbHBIX METAJLVIOB

[lonyunts ocaaku  kapOOHATOB  KallbliUs, CTPOHIUS U  Oapus
B3aMMOJICHCTBHEM PacTBOPOB COOTBETCTBYIOIINX coJicit (3 —4 Karuim) ¢ pacTBOPOM
conpl. McnpiTaTh OTHOLIEHWE TMOMYYEHHBIX KapOOHATOB K XJIOPOBOJOPOIHOM
kuciote. Kucnory mo0aBisiTh OCTOPOXHO IO KarusiM. HamucaTth ypaBHEHHS
POTEKAIUX peakuuid. OTMETUTh pACTBOPUMOCTh KapOOHATOB B KHCIIOTE.

OmnbiT 8. Cyabdars! IEI109HO3eMeIbHBIX METAJLIIOB

a) llonyuenue cynvgpamog Kanvyus, CmMpoRyUA u dapus

B Tpu npoOupku BHeCTH 10 2—3 Karulk pacTBOPOB COJIEH: B IEPBYIO — COJU
KaJbllMs, BO BTOPYIO —CTPOHIMS, B TpeThi0—0apus. B kaxayio mpoObupky 100aBUTH
no 3—4 karmm pactBopa cyibbdara Hatpud. Yrto HaGmomaercsi? OTMETHUTH
Pa3IMYHYI0 CKOPOCTh OOPa30BaHUs OCAIKOB CyJb(ara Oapus U cynbdara KaabLHs.
Yem 310 00BsAcHseTcs? McnpiTaTh [IEHCTBUE XJIOPOBOJOPOAHOM KHCIOTHI Ha
MoJIy4eHHbIE cynbdaThl. HanmucaTh ypaBHeHUs1 peakiuii oOpa3oBanus Cyib(aTos
KaJIbLIUS, CTPOHIIMS, Oapys U BhIpAXKEHUE MPOU3BEICHUI PACTBOPUMOCTH CyJb(hara
u kapOoHara Oapusi. OOBICHUTH, MOJB3YSICh MNPABWIOM IMPOU3BEIACHHUS
pacTBOPpUMOCTH, ToyeMy KapOoHaT Oapusi pacTBopsieTcss B pa30aBICHHON
XJIOPOBOJIOPOAHOM KHUCIIOTE,
a ero cynb(dar He pacTBOpsIETCS.
0) CpasnumenvHnasa pacmeopumocms cyjivghama u KapooHama Kaaibyus

[Tonyunuts cynbdar kanbius, 100aBUB K 3—4 KamuisiM pacTBOpa XJIOpHUa
Kanbplusa 5—6 Kamenb pacTBopa cyibdara HaTpus. J[aTh pacTBOpPY OTCTOSITHCS U
MUATMETKON TMEPEHECTH YacTh €ro B YHUCTYH MNPOOUPKY. YOEIUThCS B IMOJHOTE
OCaXKJIeHUs, J0OABUB €IIE OJIHY KaIUIo pacTBOpa cynb(aTa HaTpusi. B mosydyeHHbIi
NpO3payHblii  pPacTBOp BHECTH HECKOJBKO Kameiab pacTBopa coibl. YTo
HaOmonaercs? 3anucaTh JaHHbE omnbITa. [lofb3ysach NpaBUIIOM NPOU3BENCHUS
pacTBOPUMOCTH U Tabnuiei BenuyuH [P, 00bsIcHUTH, TOUEMy pacTBOP, MOCIIE TOTO
Kak 13 Hero Bbinaji ocagok CaSO,, cHOBa o0pa3yeT ocajiok pu 100aBJIEHUHU HOHOB
C032'.

OneIT 9. OkcanarTsl HIET0YHO3eMeIbHBIX METAJLJIOB

[lomyunth  oOcCamku  OKcanaroB  KajblUs, CTPOHLUA U  Oapus
B3aMMOJICHCTBHEM PAaCTBOPOB COOTBETCTBYIOIIUX coJicH (3—4 Karuim) ¢ TaKUM JKe
00bEMOM pacTBOpa OKcanata aMMOHHS. VcmpITaTh NEHCTBUE XJIOPOBOJIOPOAHOM
KHUCIIOTHl Ha OCagKu OKcaynaTtoB. HamucaTe ypaBHEHHS peakuuid 00pa3oBaHUs
OKCalaToB IIEIOYHO3EMENbHBIX METAJUIOB U UX pactBopeHus B HCI.



OnbiT 10. XpomaTsl mé109H03eMeIbHBIX METAJIOB

B Tpu mpoOupku BHECTH pasfenbHO MO 3—4 Kalld pacTBOPOB COJIEH
KaJbIUs, CTPOHLIUSA U Oapus. B kaxxayro 3 HUX 100aBUTH MO 4—5 Kamenb pacTBopa
XpoMaTa Kanus. XpoMaThl KaKhX METAJUIOB BbINAAAIOT B 0calok? OTMETUTH HX
uBer. Mcneitath AEHWCTBHE YKCYCHOM KHCJIOTHI HAa OCAIKH XpoMaToB. BHOBB
HOJIyYUTh OCAZ0K XpoMara 6apus U UCHBITATh JEHCTBUE HA HETO XJIOPOBOJOPOIHON
Kucao0Tel. Yto Habmonaercsa? Hanucars ypaBHEHUS peaklUid OJy4EHUs: XpOMATOB
Oapusi, CTPOHIMS U KaJlbliUg U UX PACTBOpPEHUs B KUCIOTe. OOBACHUTH, TOUYEMY
XpoMaT CTPOHLUSI PAacTBOPSIETCS B YKCYCHOM KHCIIOTE, @ XpoMaT Oapusl MOYTH
HEpPaCTBOPUM B HEW, HO PACTBOPSETCS B XJIOPOBOJOPOIHOM KHCIOTE. Xpomar
KaKoro Merajuia HauboJsee pacTBOpUM?

Omnpbit 11. Ilepokcun 6apust

a) OKucaumenvHble C8OICHEa nepoKcuoa dapus

B dapdoposeiit Turenék BHectu 3—4 MukpoumaTtess nepokcuaa oapus u
HEMHOIro (Ha KOHYMKE MHKpOIIMATeNisl) MOpollKa JUOoKcuaa maprania. Cmech
TIIATEJILHO pa3MeNIaTh CTEKITHHON MaJl04YKOM, IOCTaBUTh TUTEIIb B TPEYTOJIBHUK U
HarpeTsh /10 cruiaBieHus. CIuiaB OXJIauTh | 0 €ro I[BETY yOeaUThCsl B 00pa30BaHUU
MaHTaHata. HamucaTth ypaBHEHHE pEaKIIH.
0) Boccmanosumenvhule ceolicmea nepoxkcuoa dapus

B mpoGupky BHecTu 6—7/ Kamenb pacTBopa HHUTpaTa cepedpa WU HEMHOIO
nopoika mnepokcuaa Oapus. OTMETUTH BBIJICICHHE Ta3a W TOSBICHUE OCaIKa
MeTayeckoro cepedpa. Kakoi ra3 Beiaensgerca? HanucaTs ypaBHEHHE peakiuu.

OmnpiT 12. OKkpamMBaHue VIAMEHH COJIAMHM IIEJI0YHO3eMeJIbHbIX METAJII0B

[TpoBonouky win ¢paphopoByrO MaJOYKy BHECTH B KOHIIEHTPUPOBAHHYIO
XJIOPOBOJOPOJHYIO KHUCIOTY, @ 3aT€M IPOKAJIUTh B INIAMEHH Tropenku. [Ipu stom
MIPOBOJIOKA OUHMILIACTCS OT 3arpA3HeHuil. Yucras npoBoJoKa He JOJKHA OKPAIIMBATh
rtaMst. OUUIIIEHHYIO MTPOBOJIOKY OMYCTUTh B HACBHIIIIEHHBIA PACTBOP XJIopuaa Oapust
Y CHOBA BHECTU B IIaMs Topeiku. OTMETUTh UBET IiamMeHu. OnbIT NOBTOPUTH C
HACBHIIIEHHBIMUA PAacTBOpPaMU XJIOPUAOB CTPOHLMS U Kaiublud. [lepen kaxxabim
OMBITOM ITPOBOJIOYKY ITPOMBITH KOHIIEHTPUPOBAHHOW XJIOPOBOAOPOAHON KUCIIOTOU U
npokanuTh. Onucarh HaOIIOJaeMbIE SIBJICHUSI.

JlaGopaTopHnasi padora Ne 4. Jjnementsl noarpynnsi 11 B

OmnbiT 1. PacTBOpeHne NMHKA B KNCJ0TAX U HIEJI04AaX



Hanute B mpoOupky 4-5 xanens 2 H. pacTBOpa CEpHOI KUCIIOTHI, T0OaBUTH |
MUKpOIINATEb [MHKOBOW MBUIM M Clerka MOAorpeTh. To e mpoxenarb ¢
KOHIIEHTPUPOBAHHOM CEpHON KucioTol (miotHocts 1,84 r/cm®) m mo 3amaxy
OIIPENENIUTh BBIJCIEHHUE CEPHUCTOrO0 Taza. Takum ke o00pa3oM MPOBEPHUTH
PacTBOPUMOCTH IIUHKA B 2 H. paCTBOPE XJIOPOBOAOPOIHOM KHUCIIOTHI M B 2 H. PaCTBOpPE
enko  ménoun. Onucate  Habmomaemoe. IlouemMy — pazbaBneHas U
KoHLeHTpupoBanHas H,SO,4 mo—pasHomy pearupyet ¢ unakom? Kakoii anemeHT u B
KaKOW CTETIeHU OKHUCIICHHUS SIBJIIETCSI OKHCIUTENIEM B TOM U B JPYTOM ciiydae?

OnbIT 2. BoccTaHOBHUTEIBHBIE CBOMCTBA IHTHKA

B dapdopoBblii TUTENEK MOMECTUTH HEMHOT'O ITUHKOBOW MBUIH, TPUOABUTH
4 karum 0,5 H. pacTBOpa HHUTpara Kaims U 4-5 Kareilb KOHUEHTPUPOBAHHOTO
pacTBopa eakoi mienoun. OCTOpOXKHO HarpeBas (Ha acOECTUPOBAHHOM CETKe),
JIOBECTH COJIEP)KMMOE THUTellbKa IMO4YTH A0 KumeHud. HaOmonate BbiaeneHue
aMMUaka 10 3alaxy M [0 NOCHMHEHHWIO B HEM KpPAacHOM JIAKMYCOBOH OyMaKKw,
CMOYEHHOM BoAoW. Kakas coip IMHKA JTOJKHA TOJIYYUTHCS B TAHHBIX YCIIOBHSX?
Hanucate ypaBHEHHE peaklMd B MOJEKYJSIPHOM W HOHHOM Bujae. OOpaTUTh
BHUMaHUE Ha BBICOKYIO BOCCTAaHOBUTEJIBHYIO CIIOCOOHOCTh IIMHKA. Beinucas
COOTBETCTBYIOLIUE OKHUCIUTEIBHO-BOCCTAHOBUTEIBHBIE IOTCHLHUAJBI, PEIIUTh
BOIIPOC O TOM, OY/IE€T JIM IIMHK BOCCTAHABIMBAThH JUXPOMAT Kajusl B KUCIION Cpelie.

OnbiT 3. I'HapoKcHAbI HMHKA U KAIMHUS U UX CBOMCTBA

Hanute B aABE mpoOupku 1o 3—4 Karuii pacTBOpa COJIM LIMHKA, B JIBE IPYTUe
— CTOJIBKO K€ pacTBOpPA COJIM Kaamusi. B kax1yro mpoOHpKy 100aBIATh MO KA 2
H. pacTBOp €AKOM IIEIOYM [0 TOSABIECHUSA O€NbIX CTYACHHUCTBIX OCaJKOB
TMAPOKCUIOB. M CIBITaTh OTHOLICHHWE IMOJMYYEHHBIX THIPOKCUIOB K KHCIIOTaM M
menoyam. Kakoil BBIBOJI MOXHO CJII€JIaTh O CBOMCTBaxX THUAPOKCHAOB LHWHKA U
kaamusi? HamucaTe ypaBHEHUsI peakidii B MOJEKYJSIPHOW W HMOHHOU dopme.
OOBACHUTH pa3Inyie B CBOMCTBAX TUAPOKCHUIOB.

OmnbiT 4. CyJab(uabl IMHKA U KaIMHSA

B nBe npoOupku, B 01HOIM U3 KOTOPBIX COAEpUTCA 3—4 KaIljii pacTBOpa
COJIM 1IMHKA, a B JPYTOil — CTOJIBKO K€ pacTBOpa COJIM KaaMmusi, 100aBUTh MO 2—3
KalUIM  HaChIIIEHHOTO pacTBopa cyiabpuaa ammonus. OTMmeTuTh LBETa
00pa30BaBIINXCS OCAIKOB U JOOABUTH B KAXKIYIO MPOOHPKY MO OJHOU Karuie 1 H.
XJIOPOBOJOPOHON KucaoThl. Kakoil u3 cynbpuaos Oonee pacTBOpUM B KuUCTOTE?
[Tonp3ysick TpPaBUJIOM TPOU3ZBEACHUS PACTBOPUMOCTU, OOBSICHUTH PA3TUUYHYIO
pacTBOPUMOCTh CYJIb(UIOB LIMHKA M KaaMus B kuciorte. HanucaTts ypaBHeHus
peaKiuu.



OnpbIT 5. I'mapoJus cosieil IMHKA U KaJIMUSI

[TomecTuTh B OAHY MPOOUPKY HECKOJBKO KPUCTAJUIMKOB COJIM IIMHKA, B
JPYTYIO — CTOJIBKO 7K€ COJIM KaJMUsl U pacTBOPUTH UX B 1-2 kamiax Bojsl. Jlo6aBUTh
B K&XJIyI0 TPOOUPKY MO 2—3 KaIIu pacTBOpa JJAKMYcCa U CJIeTKa MOJ0rpeTh. B TpeThio
POOUPKY HAJUTH 2-3 KaIljiu pacTBOpa JIakMyca U 1—2 Kariiu BoJIbl U CPAaBHUTD I[BET
COJIEP’)KMUMOT0 ATOW MPOOUPKU C OKPACKOM MOJy4YyeHHBIX pacTBopoB. Ha kakyro
peakUrI0 Cpellbl yKa3blBa€T OKpacka JIakMyca B pacTBopax cosei? Hammcats B
MOJICKYJISIPHOU ¥ HOHHOW (hopMe YpaBHEHHS TIPOIIECCOB, BHI3BIBAIOIITNX H3MECHEHUE
OKpPACKH JaKMyca.

OmnebIT 6. KoMILIeKkcHBIE cOeIHHEHUA IIMHKA M KAAMUSA

ITomecTuTh B mpoOupKy 1 Kamio pacTBopa COJIM IMHKA U JOOABUTH 2 Karliu
2 H. pacTtBopa ammuaka. Ocasok kakoro BemiectBa obpazoBaics? K nomyueHHOMY
OCaJIKy MPUJIMBATH M0 KAIUISIM U30BITOK paCTBOPa aMMHUaKa J0 pPaCTBOPEHUS OCaIKa.
ToT 2Ke OIBIT IPOAEIIATh C PACTBOPOM COJIM KaaMusi. Hanucats ypaBHEHUS peakuuid,
cuMTas, 4YTO XapaKTepHbIM KOOPJAWHAIMOHHBIM YHUCIOM IS OOOMX HMOHOB
KOMILJIeKcooOpa3zoBareneit sipnsiercs 4. Hamwmcarh ypaBHEHUS JUCCOLMAIIMH
IOJIyYEHHBIX KOMIUIEKCHBIX COEOWHEHUM U KOMIUIEKCHBIX HMOHOB, a TaKkKe
BBIPAKECHUSA KOHCTAHT UX HECTOMKOCTH.

OnpIT 7. B3anMoaeiicTBHe CoJied PTYTH €O MIET0YbI0

B oany npoGupky BHectu 3 karum pactBopa Hutpata prytu (I), B npyryro —
3 kammu pactBopa HuTparta prytu (I). K kaxaomy pactBopy npubaBuUTh 10 2 Karuu
2 H. pacTBOpa €AKOM MIETOUH U HAOMIOAATh OCAKJICHHUE B TIEPBOM MPOOMPKE OKCHIA
prytu (I1) HgO. Bo BTOpoii mpoOupke OCagoK NpeicTaBiseT co0oi cMmech
NPOIYKTOB auciponopionupoBanus okcuaa pryta (l): okcunm pryru (1) u
METaJUIMYECKY0 PTyTh. OTMETHTh 1BE€TAa OCAJKOB, HAIKWCaTh YPaBHEHUS
MIPOACIIAHHBIX PEAKLIHM.

Omnbit 8. ITosryyeHne Mas10pacTBOPUMBIX COJICH PTYTH

a) Ilonyuenue xnopuooe pmymu

B oxnoit mpobupke nonyuuts xjaopun prytu (1), B Apyroi — xnopua prytu
(I, neiictBys 0,5 H. pacTBOPOM XJIOpHJA HATPHSI Ha COOTBETCTBYIOIINE HUTPATHI
prytu. Ha ocHoBaHuuM HaOMOAECHHUS CcHenaThb BBIBOJ O CPAaBHUTEIBLHOMN
pactBopumoctu cyiembl HJC1, u kanomerm HQCl,. Hammucars ypaBHEHHS peakITuid.
0) Ilonyuenue itoouooe pmymu

[Monyuuts Hionun prytu (1) u omua prytu (1), neiictys 0,5 H. pacTBOpoM
Honuaa Kajaus Ha COOTBETCTBYIOIIME HUTPATHI PTYTH B IBYX MpoOupkax. PactBop
Honuma Kanus J00aBiIsATh MO OJHOM Karuie J0 BBIMAICHUS OCaakoB. OTMETHUTH



1BeTa 00pa3oBaBIIMXCs 0caaAKoB. HamucaTs ypaBHEHUS peakuuil, yYuThIBas, 4TO HOH
Hg,?" CKIOHEH K IMCIIPOIOPLHMOHUPOBAHUIO ¢ obpazoBanueM HQ?* u cBOOOmHOM
pTYTH.
8) /leiicmeue ceposooopooa nHa coiu pmymu

Onvim  npoeooumcsa 6  evimaxciom  wikagy! IlonelicTBoBaThH
CEpPOBOIOPOHOM BOAOM Ha pacTBOopbl HUTpata pTyTtH (II) u HUTpaTta pryTtH (I) B
IBYX IpoOupkax. OTMETUTH 1IBeTa 00pa3oBaBIIMXcs ocaakoB. Hamucars ypaBHeHus
NpOACNaHHBIX peakiuil, yuutbiBas, yto ans pryta () cymedun cosepiieHHO
HEYCTOWYUB U MPH JICHCTBUU HA €€ COJIb CEPOBOIOPOIHOM BOIBI Cpa3y 00pa3yroTcs
cyabdua prytu (1) u Metannmudyeckas pTyTh.

OnbiT 9. KoMIuiekcHbIe COeAUHEHUS PTYTH

a) Bzaumooeiicmeue numpama pmymu (11) c uzéovimxom iwoouoa kanus

[Tomectuth B ipobupky 1-2 karum aHutpara prytu (l1) u ocaguts Hoaun
pTYyTH, 100aBUB B MPOOUPKY 2 Karuid pactBopa voauaa kanus. [IpudaButh n30bITOK
nonuna xamus (10—12 kanens). Yto mpousonuio ¢ ocaakomM? YTo MOKHO CKa3aTh O
PacTBOPUMOCTH MOJIY4YeHHOTO KomiuiekcHoro coenunenust Hgl, - 2KI1? Hanucats
KOOPJMHAIIMOHHYI0 hopMyIry kKomruiekcHoro coequnenust Hgl, - 2K, yuutsiBas, uro
non Hg?" umeer xoopauHanmonnoe uucio 4. K moay4eHHoMy pacTBopy 100aBUTH 2
Kaluid pacTBopa HuUTpata cepebpa. KakoBa pacTBOPUMOCTH MOJYyYEHHOTO
KoMmIutekcHoro coeauHenus Agq[Hgls]? OteetuTh Ha BONpOCHL, Ha3BaTh 00€
KOMIUIEKCHBIE COJIM M HAIMCATh YPAaBHEHUS PEAKLUN B MOJIEKYJSIPHOM M MOHHOMN
¢dopme. HanucaTe BbIpa)XeHHE KOHCTAaHThl YCTOMYMBOCTH  IOJIYYEHHOTO
KOMILJIEKCHOT'O aHHOHA.
0) Bzaumooeitcmeue numpama pmymu (11) ¢ uzovtmxom pooanuoa xanus

K 2-3 xammsm pactBopa nutpara prytd (II) mpunmutes 4-5 kanens
HACBIIIIEHHOTO pacTBOpa pojaHuaa kKaiaus. HamvcaTs KoopAMHAIMOHHYIO (DOopMyTTy
00pa3yoIIerocss PaCTBOPUMOr0 KOMILICKCHOTO COCTUHCHHS HQ(SCN), -
2KSCN. lo6GaButh 2—3 KaIjiM HACBHIIIEHHOTO pacTBopa xjopuaa kodanbTa. [lpu
ATOM MPOTEKAET peaKIus
K2[Hg(SCN)4] + CoCl, = Co[HQ(SCN)4] + KC1
Hamucate ypaBHenue B wuoHHOM (opme. OOpatuTh BHUMAHUE Ha IIBET
oOpa3zoBasierocs ocaaka. [[puBecTy Ha3BaHUS MOTYICHHBIX B ONTBITE KOMIUIEKCHBIX
COCIMHEHUM.
6) B3zaumooeiicmeue coneii pmymu c pacmeopom amMmuaxka

B oany mpoOupky momecTuTh 2 Kamiu pacTBopa Hutpara prytu (ll), B
JIPYTYIO — CTOJIBKO ke HuTparta pryTtu (1). B kaxayto npodbupky 100aBUTH 110 1-
2 xarmm 2 H. pacTBopa amMmuaka. HaGmrogaTe B mepBoil mpoOMpKe BhINMAICHUE
Oenoro ocanka Hutpara mMepkypammonus [Hg2ONH2]NOs; Bo BTOpOIi mpoOupke
3aMeTeH YEPHBIM 0CaJOK METATMYECKON PTYTH, KOTOpasi oOpasyercs Hapsay ¢
HUTPATOM MEPKYPAMMOHHS IO YPABHEHUIO

2 Hg 2(NO3)2 + 4 NH3 + H,O = [HQQONHQ]NO3 + 2 Hg + 3 NH4NO;



B mpucyrcTBuM ammuaka pacmnan Hgp?* — H?* + Hg tak ycuimBaercs, 4To

MOJIYYUTh aMMHUAYHOE MPOU3BOIHOE PTYTH (1) MpakTHYECKH HEBO3MOKHO.
B ueM oTiMune peakiuu B3aMMOJICHCTBUS ¢ aMMHAKOM COJIEH PTYTH OT CoJiel
[IMHKA ¥ KaaMus?

OmnbiT 10. OkucanTeIbHbIE CBOMCTBA COJICH PTYTH

Hanute B mpobupky 2 xarum pactBopa Hutpata prytu (1) u nodaButs 3
karmm 0,5 H. pacTBopa xJyopuma ojoBa. HaOmromath mociie mepBOd Karuid
nosiBiieHre Oeroro ocanaka kamomen HQ,Cl,. Yepes 3—4 MuH 0caiok TEMHEET.
[louemy? HanncaTts ypaBHEHUS MIPOTEKAIOIIUX PEAKIIAIA.

OmnpiT 11. BoccTaHoBHUTE/ILHBIE CBOiiCTBA coJieid pTyTH (1)

[Tomectuts B dapdopoBslii TUTens 7—8 Kamelb pacTBOpa HUTpaTa
pryta (l), mpubGaBuTh 2 Karuid KOHIICHTPHPOBAHHOW a30THOM KHCIIOTHI
(mnotHocTs 1,4 r/cM®) u kunsatuth 1-2 MuH. OXJIaAUTh KUAKOCTh U MUIETKOM
MEPEHECTU €€ B MpOoOUpPKy. B 1npyryro mpoOUpKy MOMECTUTh paBHBIM 00BEM
pactBopa HuTpara pryta (I) u Kk 06ouM pacTBOpam MpUOaBUTH MO 2 Karuid
HACBIIIEHHOTO PAacTBOpa XJIopuaa HaTpus. B uém pasznuune moBeaeHus: 000ux
pacTBOpoB? UeM 3TO MOKHO 00BsiIcCHUTH? HamucaTh ypaBHEHUS PEaKIIHA.

JlaGopaTopHasi padora Ne 5. JjaemenTsl moarpynnsi 11 A

Omnbit 1. ITonyyenne opToG0PHOIT KHCJIOTHI

B nipoOupky ¢ 5—6 kamisiMu ropsigero HachIIIIEHHOTO pacTBOpa Oypsl
Na,B4O7 - 10 H,O BHectu 2-3 Karu KOHIEHTPUPOBAHHOW CEPHON KHCIIOTHI.
OTMmeTuTh OBICTPOE BBINAACHUE KPHUCTALIOB OOpHOM KuciaoThl. Hammcath
ypaBHEHUE pEeakUUu MOTy4YeHHs] OOpHOM KHCIOTHI M3 TeTpabopara HaTpus U
cepHoil kucioThl. CoJIbI0O KakoW KHUCIOTHI SIBJISIETCSl TeTpabopar HaTpus?
Hanucats popmymy 3TOi KHCIOTHI.

OmnbiT 2. KucjioTHbie CBOMCTBA 0OPHOM KUCJIOTHI

B Ttpéx mpobOupkax ¢ 5-8 KammsiMu JUCTHILTUPOBAHHOM BOJIBI
pPacTBOPUTH MPU HATPEBAHUU 110 HECKOJIBKO KPUCTAJUTMKOB OOPHON KHCIIOTHI.
B oany u3 mpoOupok nmpudaBuTh 3—5 Kamneinb HEHTPAITbHOTO pacTBOpA JIAKMYCa.
OTMeTuTh M3MEHEHHE €ro OKpackw. B mpyryro mpoOHMpKy BHECTH KyCOYEK
maraus. OTMeTUTh BhIeNieHue raza. Kakoro? B TpeTbro mpoOHpKy OmyCTUTH
Ha HECKOJBKO CEKYHJ TIOJIOCKY YHHUBEPCATbHON WHANKATOPHOW OyMaru u



CpPaBHUTH €€ OKpPACKy C OKpacKoul 3TajoHHOM mikanbl. Caenats BbIBOJ 0 pH
MOJIYYEHHOT'O pacTBOpa OOPHON KUCIIOTHI.

Hanucars:

a) ypaBHEHHUE peaKIMK B3aUMOICUCTBHSI OOPHON KUCIOTHI C MAaTHUEM,

0) ypaBHEHHE JUCCOIMAIIMA OOPHOM KUCIIOTHI; B)
3HaueHue pH noxydeHHOro pacTBOpa OOPHOUM KUCIOTHI.

CUIBHBIM UJTU CJIA0BIM JIEKTPOJIUTOM SABJIAETCS OOpHask KUCI0Ta?

OmnpiT 3. OKpamuBanue MIaMeHu 00PHOI KHCI0TOM

Hakanuts B muiameHu ropeiku (appopoByro MaaouKy, OTMETUTH I[BET
mwiameHu. OmyCTUTh MajoyKy B MOPOIIOK OOpPHOM KHCIOTHI U BHOBb BHECTH B
mwiamst (y Kpas BHEIIHero KoHyca). Kakyro okpacky miameHu Aaé€r OopHas
KHCJIOTA?

OmnbiT 4. I'maposaus Terpadopara HaTpUs

B npoOupky ¢ 5-6 karisiMu HEUTPaJIbHOTO pacTBOpa JJakMyca 100aBUTh 3—
4 xamum pactBopa Terpabopara HaTpus. Kak u3MeHmIach okpacka jakMmyca?
Hanucarbh ypaBHEHUs peakluu CTYNEHYAaTOro TMAPOJIM3a TeTpabopara HaTpus,
YUUTBIBAs, YTO B pe3yJbTaTe TMEpPBOH CTYNEHH THAPOIU3a O0pa3yroTCs
opToOOpHasi KUCJIOTa U MeTabopaT HaTpus, BTOPOM CTyNEeHH — OpPTOOOpHas
KHUCJIOTa U €KUM HATP.

Omnbit 5. IToyyeHne Maj10pacTBOPUMBIX 00PATOB

B Tpu mnpoOupku BHectH 10 3-4 Kalid HACBIIIEHHOTO pPacTBOpa
TeTpadoparta HaTpus U 100aBUTH MO HECKOJIBKO Kareib PaCTBOPOB: B MEPBYIO —
HUTpaTa cepedpa, BO BTOPYIO — Cyb(hara Me/Iu, B TPEThIO — CyJib(aTa aTIOMUHHUS.
OTMeTuTh 1[B€TAa BBHIMABIIUX OCAAKOB. HamucaTe ypaBHEHHsI MPOTEKAIOIIUX
peaKkiuii, YYUTHIBas, YTO BO BCEX PEAKIUAX YYACTBYET BOJA M TOJIy4daeTCs
OOpHast KUCJIOTA, BBITIAJAIOIINE OCAIKH MPEACTABISIIOT COO0H B IIEpBO MPOOUpKe
MeTabopar cepebpa, BO BTOpoil — ocHOBHYW coib Meau CUOHBO;
(rumpokcomeTabopaT Meau), B TPEThell MNPOOUPKE — TUIPOKCHU] ATFOMHUHUA.
[Touemy B ABYX MOCIEAHUX CIyYasX HE MONYyUHUIUCH CPEIHHUE COTU — OopaT Meau
u Oopar amomuHuA? OTBET 00BSICHUTD, HAIMCAB YPABHEHHSI COOTBETCTBYIOIITUX
peaKiuu.

OnbIT 6. B3aumoaelicTBre aJJIOMHUHNSA ¢ KHCJIOTAMHU

a) Bzaumooeiicmeue aniomunus c pazdaeneHHbMu KUCa1omamu

B Tpu npoOupku BHecTM O 5-8 Kameiab 2 H. pacTBOPOB KHCIIOT:
XJIOPOBOAOPOTHOM, CEPHOW, a30THOM. B Kaxkmayro mnpoOUPKY OIMyCTHUTH TIO
MaJIeHbKOMY KYCOUYKY aJIlOMUHHEBOH (osibru. Bo Bcex ym ciayyasx mpoTekaer



peakius mpu KOMHATHOU TemrepaTtype? Harpeth mpoOupku Ha BOJSHOUN OaHe.
Urto nabmonaercsa? Hanucath ypaBHeHust peakiuii. Kakoil raz Bbiaensercs npu
B3aUMOJICICTBUM  aTIOMHHUSI C pa30aBieHHOM a30THOM kucioron? C
pa30aBICHHOM CEpHOM U XJIOPOBOIOPOTHOM ?
0) B3zaumooeiicmeue aniomunua ¢ KOHUEHMPUPOBAHHLIMU KUCIOMAMU

Onvim  npogeodumca 6 evimaxcHom wkagyy! Ilponenate OMNBIT,
aHaJIOTUYHBIN peAbIIyIIEMY, 3aMEHHB pa3z0aBlieHHBIE KHUCJIOTBI
KOHILIEHTPUPOBAHHBIMU: XJIOPOBOAOPOAHOM (mmotHocTs 1,19 r/cM®), ceproit
(mmotHOCTh 1,84 T/cM®) M asornoii (mmoraocts 1,40 r/cm®). Kak mporekaror
peakuuu npH KOMHaTHOM Temrepatype? C Kakod KHUCIOTOM alIOMUHUN HE
pearupyet? Ilouemy? Harpers mpoOupku Ha BoasHOW Oane. Kak Bmuser
HarpeBanue? OTMeTuUTh HaOmo/aeMble siBIeHUS. OTBETUTH HA BCE BOMPOCHI.
Hamnucatb ypaBHEHUS peakIuil, y4UThIBasl, YTO a30THASI KUCTIOTA MPU HarpeBaHUU
BOCCTAHABJIMBAETCSI B OCHOBHOM JI0 TMOKCUA
a30Ta, a cepHas IpPU KOMHATHOM TeMmmeparype — OO CEpPHUCTOrO Tasza, Ipu
HarpeBaHUM — J0 CBOOOJHOW cephl. BiuseT 1M H3MEHEHHE KOHIICHTpPAlUU
XJIOPOBOJAOPOAHOM KUCIOTHI HA XapaKTep €€ B3aUMOJICHCTBUS C ATIFOMUHUEM?
¢) Ilaccusayusn anromunus

B mnpobupky ¢ pacTBOpoM XJOPOBOJOPOIHON KHUCIOTHI (5—8 Karmenb)
OITYyCTUTH TOJOCKY amtoMUHUEBON (onbru. HabmonaTe BblJeneHHe BOAOPO/IA.
BblHyTh aOMUHMII W3 NPOOMPKH, OMNOJOCHYTh BOJOM M OMYCTUTH B
KOHIIEHTPHPOBAHHYIO a30THYI KHCIOTy (mmoTHocTh 1,40 r/cm®) Ha 2-3 MuH.
BBIHYTb, ONOJIOCHYTHh BOJIOM U CHOBA OIYCTUTh B MPOOUPKY C XJIOPOBOJIOPOIHOM
kucinotoil. Bwimensercs nm Bomopon? PactBopsercs nu  amomuHui? Yto
IIPOU30IIIO C ATFOMUHHUEM?

OnbiT 7. PacTBOpeHne aJIIOMUHUSA B BOAHOM PACTBOPeE IIEJI0YH

Brectu B poOHpKyY MOJIOCKY alTFOMHHUEBOM (DOJIBIH U I00ABUTH 3—4 Karum
Boabl. Harpers mpoOupky Ha BojsHON Oane. HaOmromaeTcss nu BblIeseHHE
Bogopona? JloGaButTh B mpoOMpPKYy 5—8 Kamemb 2 H. pacTBOpa €IKOro Harpa.
OTMETUTh MHTEHCUBHOE BBIZIEJICHUE BOJIOpoaa. OTCYTCTBUE PEAKIIUN AITFOMUHUS
C BOJIOM OOBSICHACTCS HAJTMYKMEM Ha €ro MOBEPXHOCTH IUIOTHOM OKCHUIHOM IUICHKH,
KOTOpasi 3aTPyIHSET JOCTYN BOJOPOJIHBIX HOHOB K TIOBEPXHOCTH MeETallja.
JobGaBneHHass 1IENOYb PACTBOPSET OKCHUIHYIO IUIGHKY C 00pa3oBaHHEM
TUAPOKCOIIOMUHATA M CO3MaéT  BO3MOXKHOCTh  HEMOCPEICTBEHHOTO
B3aUMOJIECHCTBUS aJIIOMUHMS C BOJIOM.
Peakuus nporekaer no cxeme:
A1,0; + NaOH + H,O — Nag[Al(OH)6]
Al +H;0 — AI(OH); + H»
A1(OH); + NaOH — Nas[A1(OH)s]
[Tomo6path K03 GUIMEHTHI K YPABHEHUSM PEAKIIHIA.

OnpIT 8. Biansinue XJI0puI—HMOHA HA KOPPO3UI0 AJTIOMHHUSA



Non xsopa sBIIsieTcsl CUIBHBIM aKTUBATOPOM Kopposuu. Ero npucyrcreue B
pacTBOpe CIOCOOCTBYET pa3pyLICHUIO 3alIUTHOW IUIEHKH OKCHUJA aJFOMHUHMS,
BCJIC/ICTBHE UETO KOPPO3Us ycuiuBaeTcs. B aBe mpoOupKy MOMECTUTH MO KyCOUKY
MIOMUHUA U T00aBUTH B OJHY U3 HUX 5—8 Kameib pacTBopa cyjibdaTa Menu, a B
JPYTYIO — CTOJIBKO € pacTBOpa xjopuaa Meau. OTMETUTh pa3iInyuHbIf pe3ynbTar B
000MX cTy4asix: B TO BpeMs Kak B TIEpBOM IPOOUPKE alFOMUHHI OCTaeTCs ouTH 6€3
W3MEHEHUS, BO BTOPOM OH OBICTPO MOKphIBaeTcs HanéroM meau. Hamucathb
COOTBETCTBYIOILIEE YPABHEHUE PEAKLIUU.

OnbIT 9. I'mapokcua aalOMHUHNSA, €r0 NMOJy4YeHHe U CBOMCTBA

B nBe mpobupky BHeCTH MO 2—-3 KaIuld pacTBOpa COJU ATFOMUHUS U IO 2—3
KaIlTK 2 H. pacTBOpa €KOTr0 HaTpa 0 00pa30BaHMUs 0CaKa THIPOKCHIA aTFOMUHUS.
B oy npoOupKy K MOTydeHHOMY OCaKy IpUOaBUTh 3—5 Kareb 2 H. pacTBOpa
XJIOPOBOJIOPOTHOM KHUCIIOTBI, B APYTYIO — CTOJIBKO K€ 2 H. pacTBopa €IKOTO
HaTpa.UTo npoucxoaut B o6oux cinydasx? Caenats BbIBOJ O CBOMCTBAX THAPOKCHIA
amomuHus. Hanmcats ypaBHEHUs peakiuii MOTyYeHHs THAPOKCUIA ATFOMUHHUSI U €70
B3aMMOJICHCTBUS C XJIOPOBOJIOPOJHON KUCIOTON U €IKUM HATPOM, YUUTHIBAs, YTO B
ILEI0YHOM cpefie obpasyercst komiuiekcHbli aHnoH [A1(OH)g]*. Ykazats Ha3BaHus
MOJIYYCHHBIX COCTMHEHUN alfoMuHus. Hamucath cxeMy paBHOBECHS JUCCOIHAIINH
TUIpOKCcHa amoMuHus. Kak u3mensercs konuentpanus oo A1 u [Al(OH)e]*
npu no6asiaeHuu Kuciaotel? [Ipu nobasnennn meénoun?

OnbiT 10. I'mapoaus cosieid aJJIOMUHUSA

a) 'mapoausz xnopuoa anromunus

B npoGupky BHecTH 5—6 Karennb HEUTPaTbHOTO PACTBOPA JIAKMYCa U 1-
3 KamiM pacTtBopa XJjopuaa amroMuHHs. OTMETHTh, KaK M3MEHWIACh OKpacka
JaKMyca U OOBSICHUTH MPUYMHY ITOrO M3MeHeHus. HamucaTs B MOJIEKYJISIPHOM U
MOHHOM BHUJIE YPABHEHUE PEAKIIUU TUIPOJIN3a, TPOTEKAIOIIETO MPEUMYIIIECTBEHHO
o nepBoit crynenu. [louemy ruaposu3 3Toil coiv HE poTeKkaeT A0 KoHma? Kak
MOYHO YMEHBIIUTH CTETICHb THAPOJIN3a 3TON COTH?
0) Coemecmubwlii 2uOpoOIU3 XTA0PUOA ATIOMUHUA U CYTbPUOA AMMOHUA

Brectu B mpoOupky 2-3 Kaluii pacTBOpa COJIM aTlOMUHHUS U J00aBUTH
CTOJILKO K€ pacTBopa cyibdpuaa amMmoHus. OTMETUTh BBINAJICHUE OCaJKa
THAPOKCHUIA aIOMUHUSI W BBIICIEHHUE CcepoBojopoaa. Hamucath ypaBHEHHE
pEeaKIMKi COBMECTHOTO TUIPOJIN3a ABYX coliel. [Touemy B JaHHOM cily4dae THAPOJIN3
npoTekaet /10 koHna? [Ipon3oiaer 11 B BOJHOM pacTBOPE aHAJIOTMYHAS PEaKIIys,
eciu Cynb(ul aMMOHUS 3aMEHHUTH CyJIbPuaoM HaTpusi? Bo3MokHO i peakiuen
oOMEHa MEXy IBYMSI COOTBETCTBYIOIIMMH COJISIMU B BOJHOM PACTBOPE MOIYYHTh
KapOOHAT ATFOMUHUS?

JlaGopaTopHasi padora Ne 6. JjemenTsl noarpynmsi 1V A

OnpIT 1. AxcopOoumst yriiém Kpacsilimx BellecTB U3 pacTBopa



B npo6upky 10 monoBuHb €€ 00hEMa HAJIUTh CBETIIO-PO30BBIM PACTBOP
¢dbykcuHa. BHecTu B pacTBOp HEMHOI'O0 aKTUBUPOBAHHOTO yriasi. [ITOTHO 3aKpbITh
npoOUpPKY TalbIleM W SHEPTMYHO BCTpsixuBaTh e€ 2-3 muH. Jlath pacTtBOpy
OTCTOSITHCA U OTMETUTH €r0 00eClBEUrBaHHE.

OmnbIT 2. BoccTaHOBUTE/ILHBIEC CBOMCTBA YIJIA

a) Boccmanoenenue yzném okcuoa meou

Ha nucre Gymaru cMemarh oJuH 00OBEM MOPOIIKA OKCHIAa MEU C JIByMs
oObéMamMu  mopowmka yrid.  [IpuroroBieHHyr0  cMech  NOMECTHTH B
HWIMHIPUYECKYI0 MPOOUPKY, KOTOPYIO YKPENUTh B IITAaTUBE TOPU30HTAJIBHO.
HarpeBaTh cMeCh CHIIBHBIM TUIAMEHEM ropeniku B Teuenue 10—12 mun, Ha0moaas
CWJIbHOE packaiumBaHue cMmecH. OXJaauB MPOOUPKY, BBICHIIATE €€ CONECPKUMOE
Ha JicT O6enoit Oymarn. OTMETUTh LBET NOJY4YEHHOro mpoaykra. OOpaTuTh
BHUMaHuE€ Ha OJecTsmMi  KpacHOBaThIM  Haj€T, o0Opa3oBaBILMMCA  Ha
CTEHKax  MpoOMpKU, U OOBSICHUTH €ro obOpazoBaHue. Hamucate ypaBHeHue
peaKuuu. 0) Boccmanoenenue
Ye/ém CepHOoUl KUc1omal

B mununapuyeckyro npoOoUpKy NOMECTUTh 2 —3 Kalljid KOHIIEHTPUPOBAHHOU
CEpHON KUCIOTH (IIOTHOCTE 1,84 r/cM®) U MaleHbKHil KycOYeK YIsl. YKpEIuTh
IpoOUPKY B IITATUBE U HA MAJIEHbKOM IJIAMEHU TOPEJIKA OCTOPOKHO MOJIOTPETH €€.
HabGmronate BblAeneHue My3blpbkoB raza. [lo 3amaxy omnpenenuts OIWH U3
BBIICTISIIOIIMXCS Ta30B. HamucaTe ypaBHEHHE peaKIM, YYWUTBIBAs, YTO YIJIEPOJ
OKHCIISIETCs 10 TMoKcuaa yriepoaa. Kakoe BeniecTBo BOCCTAHOBUIIOCH?

OnpIT 3. [TosryyeHue TMOKCH/IA YIJIEPOIA U €r0 PaCTBOPEHHUE B BOJIe

[TpuroToBUTH POOUPKY C HEUTPAILHBIM PACTBOPOM Jlakmyca (5—6 Karens).
B MuKpoxoa00UKy MOIOKUTH 3—4 MaJeHbKUX KyCOYKa MpaMopa. Y KpenuB KOJIOOUKY
B INTAaTUBE BEpPTHKAJbHO, BHECTHU B Hee S5 Kamenb Boabl u 10 Kkamenb
KOHIIEHTPUPOBAHHON XJIOPOBOJOPOJHON KHUCIOTHI. BBICTPO 3aKpBITh KOJIOOUKY
npoOKoW ¢ Ta300TBOJAHON TpyOkoil. KoHem TpyOku OMyCTUTh B TPOOUPKY C
HEWUTpaJbHBIM pAacTBOPOM JIaKMyca W Mponyckarb ra3 2-3 muH. OTMETUTh
W3MEHEHHE OKpacku jakmyca. Ommcath mpojaenaHHyr padoty. HamucaTth cxemy
paBHOBECHs, CYLIECTBYIOLUIETO B BOJHOM pacTBOpe AuoKcuaa yriaepoga. Kax
CMECTHUTCSI 3TO paBHOBECHE NpH J00aBIeHUH B pacTBop 1énoun? Kucnotel? YkazaTh
IPUYUHY CMEUIEHUS! PABHOBECHUS B KAXKJIOM CIIydae.

OmnsIT 4. MajsiopacTBopuMbIe KAPOOHATHI HEKOTOPBIX METAJLIIOB

a) Ilonyuenue kapoonamoe wiénouHo3emenbHbiX MEMailo8 u ux pacmeopeHue 6
YKCYCHOU Kuciiome



B 1péx mpobupkax mosyuynTh KapOOHATHI KajbIUs, CTPOHIMS U Oapus
B3aMMO/ICHCTBUEM PACTBOPOB COOTBETCTBYIOIIUX COJIEH ¢ KapOOHATOM HATpus (110
3—4 karum). Jlatb pacTBOpaM OTCTOATHCS U, YJAJIUB MUIETKONW WM KyCOUYKOM
buabTpOBaIBHONM OymMaru 4acThb >KUJKOCTH, TOOABUThH K OCAJIKaM IO OJIHOM Karuie
yKCyCHOM KuCH0Thl. YTo Habmonaercsi? OTMETUTD BBINAIEHUE OCAJKOB, UX IIBET U
pacTBOpPEHHE B YKCYCHOM KHCJIOTE, COIMPOBOXKIAIOIIEECS BbIJACICHUEM Ta3a.
Hanucate ypaBHEeHUS BCEX MPOTEKAIOMINX PEAKIIUM.

0) Oopa3zosanue 2udOpoKcoKapOOHAmMO8 HEKOMOPHIX MEMaios

K pactBopam coseii marawmsi, kobanbra U kKagmus (mo 3—4 xarm) 100aBUTh
CTOJBKO JK€ pacTBopa KapOoHaTta Harpuss. OTMETHTHh BBINAJCHHE OCAJIKOB
THJIPOKCOKapOOHATOB YKa3aHHBIX METAJUIOB, UX LBET U BBIJICICHUE MTy3bIPHKOB ra3a.
HanucaTe B MOJNIEKYJISIPHOM M MOHHOM BHJIE YPaBHEHUS PEAKIMA, IPOTEKAIOIIUX C
y4aCTHEM BOJIbI.

OmnbIT S. I'maposn3 kapOoHaTa M THAPOKAPOOHATA HATPUA

B nBe npoOupku BHecTH 10 3—4 Karuid HEMTpaJIbHOTO pacTBopa Jiakmyca. B
OJIHY U3 POOUPOK 100aBUThH 1-2 KaIliu pacTBOpa KapOoHaTa HaTpus, B APYry0 —
TaKoe e KOJIMYECTBO pacTBOpa ruapokapOoHarta Hatpusi. OTMETUTH pa3indyue B
OKpacke Jlakmyca. Hanucatb B MOJIEKYJIIPHOM U MIOHHOM BHJI€ YPABHEHUSI PEAKIINH
THJIPOJIM3a NIEPBOM M BTOPOIl conu. B kakoMm ciyyae ruposimn3 npoTeKaer ciadbee?
[Touemy?

OnbIT 6. Bansinue kKapOOHAT-HOHA HA THAPOJIA3 HEKOTOPBIX COJICH

K pactBopam coueti xene3a (I11) u onosa (1) (3—4 xarum) 1o6aButh Mo 3—
5 xamenpb pactBopa kapOoHara HaTpusi. OTMETHTD BbIICICHHUE Ta3a U 00pa30BaHUEC
0CaJIKOB THUAPOKCHJIOB JKeJie3a U ojioBa. HammcaTh ypaBHEHUS peaklui THAPOIN3a
yKa3aHHBIX COJIe mpu Jo0aBiIeHWM K HUM KapOoHata HaTtpus. [louemy B
npucyrcteue noHa CO3% TuapOIN3 MPOTEKAeT MPAKTUYECKHU 10 KOHIA?

OmnbiT 7. Tepmudeckoe pa3iioxeHne KapoOHATOB

B oany mpoOupky BHecTH HemHOro (He Oosiee 1/8 mpoOMpKH) Cyxoro
T'HJIPOKCOKapOOHaTa MEeAH, B APYTYI0 — CTOJBKO K€ CyXOro kapOoHaTa KaJlbLus
(mena). TIpoGupky ¢ CONBI0O MEAM YKPENUTh B IITATUBE TOPU30HTAILHO, CJIETKa
HAKJIIOHUB OTBEPCTUEM BHHU3. 3aKpbITh €€ MPOOKON C M30THYTOM ra300TBOAHOM
TpyOKOM, KOHEI] KOTOPOM OIYCTUTh B POOUPKY € U3BECTKOBOU Booi. [Ipobupky ¢
COJIBIO HAarpeBaTh MAJICHBKUM IJIAMEHEM TOpPENIKHA. UTO MPOUCXOAUT C U3BECTKOBOM
Bo0i? Uem 00bsicHUTH 310 sBieHue? KakoB coctaB oOpa3oBaBlierocs ocaaka?
Hanucarb ypaBHEHHs peakUMil pas3lnokKeHHs T'HMAPOKCOKapOOHaTa MeIu Ipu
HAarpeBaHWM M B3aUMOJCHCTBHS BBIACISIONIETOCA Ia3a C WM3BECTKOBOW BOJIOM.
AHaNTOrMYHBIN OMBIT IPOBECTH ¢ KapOoHaToM Kamblus. [IpokanuBanue BecTu 60see



SHEPTUYHO U MPOIOJDKUTENbHO. Habmronate cooTBeTCTBYOMIHE siBIIeHUs. OTMETUTH
pa3ivune B TEPMUYECKOW YCTOMYMBOCTH CcoJiel. Hanmucars ypaBHEHUS peaKnil.

Omnbit 8. ITosryyeHue resist 1 3011 KpEMHUEBOUH KHUCJIOThI

B onny npobupky BHecTH 4-5 Kanenb cCUIMKaTa HaTpus, B Apyryro — 4-5 kaneins
KOHLIEHTPUPOBAHHON  XJIOPOBOJOPOAHOM KHMCIOTHl  (mnotHocTs 1,19  r/emd).
Jlo6aBuTh B TEepBYIO NpOOUPKY 6-7 Kamenab 2 H. pacTBOpa XJOPOBOJOPOJIHOMU
KHCJIOTBI, BO BTOPYH0 — 1-2 Kamjiu HachIIEHHOTO pacTBOpa CHUJIMKATa HATPHSL.
3aKkpbITh MPOOMPKU TaNblEeM M BCTPSAXHYTh uX. Habmomate oOpaszoBaHue reis
KPEMHHUEBOI KHUCIIOTHI B IIEPBOM MPOOUPKE U 30751 BO BTOpOM. [losydeHHbIN 30156
KPEMHHUEBOM KHUCIOTHI HArPETh MAJICHHKUM TIIAMEHEM TOPEIKHU JI0 IEPEX0/1a B TEIb.
Kak HaspiBaeTcs mnponecc mnepexoma 3018 B renb? Kakoe 3HaueHHE uUMeEET
HarpeBanue? Omnucarb HpojJenaHHyl padory. HamucaTe ypaBHEHUE peakiH
TIOJTYYCHUST KpEMHHUEBOM KucioTel H,SiOs .

OmnbIT 9. Cosin KPpeMHUEBOI KHCJIOThI

a) Illonyuenue cunuxama nampus

[ToctaButh TUrenék Ha ¢ap@OpoBbI TPEYroJbHUK, MOJOXKUTH B HETO
IMHLETOM KyCOYEK €JKOr0 HaTpa BEJIMYMHON C ropommHy. Harpere Turens 1o
IIOJIHOTO  pacIuvlaBiieHuss MEnoyn. B  pacriaBieHHy:0O Maccy BHECTH OJIMH
MUKPOILIATENb MPOKAJIEHHOTO CHJIMKArelss U CHOBAa HarpeTb Maccy 10 MOJHOTrO
pacruiaBieHus. UtoObl yOeauTbcs B MOJYYEHUH COJIM KPEMHHEBOM KHUCIIOTHI,
MPOBECTH CIEAYIOMUN OMBIT. TUTENEK OXIaAuTh, MPUOABUTH B HEro 5—8 Kamelnb
JVCTWJIMPOBAHHOM BOJABI M TINATEJIBHO NEPEMEIIATh CTEKJISIHHOM IMAJIOYKOM.
Heckonbko Karenps pacTBOpa NMEepeHECTH MUMETKOW B LIMIUHAPUYECKYIO TPOOUPKY.
B pactBop npuOaBUTH paBHBI 00BEM 2 H. pacTBOpPa XJIOPOBOAOPOIHON KUCIOTHI.
Hanucate ypaBHeHUS peaklnii NOJIyYEHUs CUIIMKATa HATPUS U KPEMHUEBOU KUCIIOTHI
ycaoBHoOU Gopmyiisl HoSiOs.
0) Iloayuenue manopacmeopumsix coneil KPeMHUEE0U KUC10mbl

B 4 mpoOupku BHectn mo 3—5 Kamenb pacTBOPOB COJICH: B TEPBYIO —
XJIOpUJA KaJIbIUsi, BO BTOPYIO — HUTpaTa KoOanbTa, B TPEThbIO — HUTpaTa CBUHIIA, B
4eTBEPTYI0 — cyibdaTa menu. J(00aBUTh B KaxIyr0 NpoOUpKy mo 2-3 Karuu
pacTtBopa  cuiukara Hatpud. OTmeTuTh  1BeTa  ocankoB.  Hamumcate
COOTBETCTBYIOILIUE YPABHEHUS PEAKIIUH.

OnpiT 10. I'mapoaus cuiankaTa HaTpust

B nBe mpobupku BHeCTH 10 5-6 Karenb pacTBOpa CUIIMKATa HaTPHsl, B OJIHY U3
HUX 100aBUTH Karumio ¢peHondranenna. OTMETUTH MOSBICHUE KpacHOH okpacku. Ha
M30BITOK KAaKOTO MOHA ATO YKa3biBaeT? Bo BTOpyro mpoOupKy 100aBUTh 4—5 Karmesnb
pacTBopa Xxiopuaa amMoHus. OTMETUTh HAOIOJaeMbIe SIBICHUS U OOBSICHHUTH
pasnuure B CTENECHU THAPOJIM3a CHIIMKATa HATPUS B YUCTOW BOJIC U B MPUCYTCTBUU



xJopua aMMoHus. Hamcats MOJEKy IsIpHBIE M MOHHBIE YpaBHEHUSI 000MX CITydacB
ruziposin3a. [IpucyTcTBre Kakoro MoHa YBEITUYMIIO CTEIEHb THIPOJIM3a BO BTOPOM
cinydae? Kak yMEHbIIUTh THAPOJIN3 CHIIMKATa HATPUS?

OmnbiT 11. BoccTaHoB/IeHHE OKCHAA 0J10BA YIJIEM

Oxcup onoBa (2-3 MUKpOIINATENs) CMEIIaTh Ha Kycouke Oymaru ¢ JBOMHBIM
KOJIMYECTBOM INOpOoHIKooOpasHoro yrisd. IlomydeHHyro cmech IOMECTUTH B
HUIMHAPUYECKYIO MPOOHUPKY, KOTOPYIO YKPENUTh B IITATUBE T'OPU3OHTAIBHO.
Harpesatb cMech miameHeM ropenku B teuenre 10 muH. 1o oxmnakaeHun mpoOupku
BBICHINIATh COAECPKUMOE Ha Oymary u pacCMOTPETh MOJy4YeHHOE 0j10BO. Hamucatsb
YPaBHEHUE PEAKIUU BOCCTAHOBJICHHS OKCHIA OJIOBA YIIIEM.

OmnbiT 12. Boccranosienue osioBa (11) uz pacresopa

B mpo6upky BHecTn 5-6 kamenb pactBopa xnopuaa onosa (I1). Onyctuts B
HEro MaJIeHbKUN KycoueK ITuHKa. OTMETHTD BBIICIICHUE METAJUIMYECKOTO 0JI0BA Ha
MOBEPXHOCTHU ITMHKA. Hamucars ypaBHEHHE peakilii B IOHHOM BH/IE.

OnbiT 13. B3aumoaeiicTBue 0J10Ba ¢ KUCJIO0TAMHA

a) /leiicmeue na 01060 pazvaesieHHbIX KUCTOM

Onwvim nposooumcs 6 estmaxcHom wikaghy! B Tpu npoOUPKH MOJIOKHUTH 110
MaJICHbKOMY KYCOYKY METAJUTMYECKOro 0JioBa. B kaxkmyio u3 nmpoOUpoK 100aBUTH
pa3nenbHO 1Mo 4—6 Kamelb 2 H. pacTBOPOB KHUCIOT: XJIOPOBOJOPOAHOM, CEPHOM,
a30THOM. OTMETUTHh MEIJICHHOE B3aWMOJICHCTBUE MPU KOMHATHOW TEMIIEpaType.
Harperp mpoOupku Ha BOASHONW OaHEe WM HA MAaJEHBKOM IIJITAMEHU TOPEJIKH
(ocTtopoxkno!). HaGmtonaTe BblaeneHue raza. HanucaTe ypaBHEHHsI POTEKAIOIINUX
peakiui, y4uThIBasi, YTO MPU B3aUMOJECUCTBUU OJI0OBA C pa30aBICHHON a30THOM
KHUCTIOTON BbIACNsAETCS TpenmyinecTBeHHO NO, a 0JI0OBO OKHCISETCS BO BCEX
ciydasx 10 SN?*, o0pasys COOTBETCTByIOIME CONM. Kakoii ra3 BhIIENSETCS
NpU  B3aUMOJCKHCTBHMU 0JIOBa C pPa30aBICHHON CEpPHOM U  XJIOPOBOIOPOJAHOM
KUCJI0TaMu?
0) /leiicmeue na 01060 KOHYEHMPUPOBAHHBIX KUCIOM

Onvim npoeooumcsa 6 evimsaxchom wkag)y! PactBop pazbaBIEeHHBIX
KHCIIOT OCTOPO’KHO CIIUTH C OJIOBA, MMPOMBITH €T0 BOJOW U B KKIYIO MPOOHPKY
no0aBuTh 1O 4-5 Kamenb KOHIICHTPUPOBAHHBIX KHUCIOT: B TEPBYIO —
XJI0pOBOAOPOaHOM (mwoTHOCTE 1,19 r/em®), BO BTOpyIo — cepHOit (utoTHOCTH 1,84
r/cm®), B TpeThio — asorHoM (mnotHocts 1,40 r/cm®). Kak wmayr peakuum mpu
KOMHaTHOU Temnieparype? Harpets npoOupku Ha BOJIIHOM OaHe WK HAa MaJIEHbKOM
IJIaMeHH Topeiaku (ocTopokHOo!). OTMETUTh T€UEHWE pPeaKIuu MPU HarpeBaHUU.
Kakoif ra3 Bwimensiercss B mnepBod mpoOupke? Ilo 3amaxy ompenenuTs ras,
BBIICJISIIOIIMICS BO BTOpoM mnpobOupke. Hamumcarh ypaBHEHHsI NPOTEKAIOIMIMX
peaKkluii, y4uThIBasi, YTO MPU B3aUMOACHCTBUU C KOHIEHTPUPOBAHHOW CEpPHOMU
KHuca0Toi onoBo okucisiercs a0 Sn(IV) ¢ oOpasoBanumem Sn(SO.),, a cepHas
KHClIoTa BoccTaHaBnuBaeTcss 10 SOz Ilpu  B3auMopeiicTBUM  ojoBa €



KOHIIEHTPUPOBAHHOM a30THOM KUCIOTOM 00pa3yeTcst Oemblil 0caoK 3 — OJIOBIHHON
KHCJIOTBI CJIO)KHOTO cocTaBa xSNO; - YH;O, KOTOpoW YCIOBHO MPHUIKCHIBAIOT
dbopmyity MeTaosI0BIHHOM KUcaoThl HoSNO3. A30THAs KMCIIOTa BOCCTaHABIIMBACTCS
ripu 3ToM J10 NOo.

OnbiT 14. I'mapoxcusa oJioa (I11) u ero cBoiicra

B nBe mpobupku BHecTH 10 2-4 Karu pactBopa xjopuaa osiosa (I1). B
KXIYI0 MpOOHpPKY A00aBUTH MO 2-5 Kamenb 2 H. pacTBOpa €IKOro HaTpa A0
oOpaszoBanusi ocaaka. K momydyeHHOMY TUAPOKCHUAY OJI0Ba M00aBUTh: B TMEPBYIO
npoOupKy — 3-5 karmens 2 H. pacTBOpa XJIOPOBOJAOPOTHON KHUCIOTHI, BO BTOPYIO —
CTOJIBKO € 2 H. pacTBOpa €IKOTro HaTpa. PacTBOphl pa3Mmemiath CTEKJISHHOM
MAJIOYKOH MIIM OCTOPOXKHO BCTPSIXMBATH POOUPKHU B 000UX CITy4asix 10 paCTBOPEHHUS
ocagkoB. OTMETUTh HAOMIOJAaeMBbIe SIBJICHHUS M CHENaTh BBIBOJA O CBOWCTBAX
ruapokcuga onosa (I1). Hanmucate ypaBHEHUs peakiuil MONy4YeHUs THUAPOKCHIA
0JIOBA M €r0 B3aMMOJICHCTBUS C KUCIOTON U MIENIOYbI0, YUYUTHIBAs, UTO B IIETIOUHOM
pacTBOpe 00Opasyercs KomruiekcHbI anuol [SN(OH)4]% (terparuapokcocrannar(l)—
aHnoH). Kakuie HOHBI 0J10Ba HAXOISATCS IPEUMYIIIECTBEHHO B pacTBope rpu pH < 7?
[Tpu pH > 77

Onwit 15. 'uaposans xaopuaa ososa (11)

Hamute B mpoOupky 1-4 xarmim BOABl M OMYCTUTh B Hee 2-3 KPUCTAJUIMKA
xjopuaa osioBa (l1). PazMemats comepkumMoe CTEKJISTHHOW MajlOuKOM JI0 MOJTHOTO
pacTBopeHus KpuctauioB. K nmojgyyeHHOMY Npo3pauHOMy pacTBOpY J0OABUTH €IlIe
5-6 kanens Boabl. OTMETUTH 00pa3oBaHUE ocajka rHapokcoxopuaa onosa (I1) —
SNOHCI. [TpubaBreHneM Kakoro peakTHBa MOKHO YMEHBIIIUTD THIPOIIHA3 XJIOPHIA
onmoBa? IlpoBepuTh cBoOe 3akioueHue ombIToM. Urto Habmomaercs? HammcaTh
ypaBHEHUS BCEX MPOTEKAIOMIUX peakiuil. OOBsICHUTH BIMSHUE 100aBICHUS BOJBI U
KHCJIOTBI HAa CTETIEHb THIPOJIN3a 3TON COJIH.

OnpiT 16. BoccTanoBuTe/IbHBIE cBOlicTBA coenmHeHnii oioa (11)

a) Boccmanoenenue nepmanzanama Kaausa Xaopuoom 01064
B nipobupky ¢ pactBopoM nepmanranaTa kanus (3-5 kameins) 106aBuTh 1-2
KaIuii 2 H. pacTBOpa XJIOPOBOJAOPOAHON KUCIOTHI U 3-4 KaIlii pacTBOpa COJIM 0JI0Ba.
Uro nabmonaerca? Hanmucats ypaBHEHHE peakiinu, MPOTEKAIOIIEH ¢ 00pa3oBaHuEM
xsnopunaa mapranua (I1). B kakyto crernenb OKUCISHUs MEPEXOIUT 0JI0BO?

0) Boccmanoenenue ouxpomama xKanus

K pactBopy xmopuna onosa (Il) mo6aButh 1-3 Kamium XJ0pOBOAOPOIHOM
KUCJIOTHI. K MOKHCIICHHOMY pacTBOPY MO KaIuIsIM MPUOABISATh AUXpOMAT Kaus (2-
3 xarm). HaGmronaTe mosiBlieHHE 3€NE€HONW OKPACKW BCIIEACTBHE BOCCTAHOBJICHUS
nona Cr,07% B non Cr¥*. Hanmcars ypaBHeHHE NPOTEKAIOIIEH PEaKIHHY.



8) Boccmanoenenue xnopuoa xnceneza (111)

B nBe mpobupku BHecTH 1o 1-2 xarum pactBopa xjopuna xenesa () u
rexcananodeppara (111) kamms Ks[Fe(CN)e] (peaxtus Ha non Fe?*). B 06e npobupku
n00aBUTH BOJIbI. OTMETUTH OKpPACKy MOJYYEHHBIX pacTBOpoB. OAHY MpOOUPKY
COXPAHUTh JIJIsl CPAaBHEHMUSI, B APYTYIO 100ABUTH 2 -3 KaIlIM pacTBOpa XJIOpUIa 0JI0Ba
(Il) u wabGmogaTh B HeEW MOSIBJICHHE CHHEH OKpacKd BCIIEACTBHE OOpa30BaHMS
Fes[Fe(CN)g],. IloueMy OTCYTCTBYEeT CHHSAS OKpacka B IEpBOHM IpoOHpKe?
Hanucars ypaBHEHUS TPOTEKAOIIEH OKUCIIUTEIIBHO-BOCCTAHOBUTEIILHOW PEAKIIUU U
peakiu oOpa3oBanus rekcanuanodeppata (111) sxenesa (11).

Omnbit 17. Cyas¢un osoBa (I11) u ero coiicrea

Onwvim nposooumcs 6 evtmsaxchom wikaghy! B nse npoOMpKu BHECTH MO 2-
3 kamm pactBopa xjopuna onosa (Il) u mo 5-6 kamenb CBEXENPUTOTOBICHHON
CEepOBOAOPOAHOM BObI. OTMETUTH 00pa30BaHUE OCcaKa CyIb(pHUAa 0JI0BA U €TO IIBET.
JlaTh 0cajKy OTCTOSITHCS M YAAJIUTH TOJOCKOW (PHIIBTPOBAIBHON OyMaru U30bITOK
KUAKOCTU U3 00erx mpooupok. [IpubaBuTh Kk ocaaky B 0JIHOM podupke 3-4 Karm
CBEXETPUTOTOBJIICHHOTO Cy/lb(pHUaa aMMOHHS, K OCaJKy B JpYyroi mHpoOHpKe —
CTOJIbKO ke pacTtBopa aucyibduma aMmmoHus (NH4),S,. O6e mpoOupku 3HEPruvHO
BCTPSIXHYTh HECKOJIBKO Pa3 WM pa3MellaTh PAcTBOPHI CTEKIIHHOW MNaloykoi. B
KAaKOM CJIy4ae MPOUCXOIUT pacTBOpeHue ocaaka? Hamucars ypaBHEHUS peakluu:
a) mosydeHus cyibduma onosa (11);
0) B3auMoeicTBus cyiabduaa onosa (1) ¢ nucynpduaom aMMoHMs B BE CTaIuH,
yauTbeiBas, 4To cynbdua onosa (1) oxucnsercs aucyabhuaoMm aMmMoHHs 10 SNSy,
KOTOPBIN 3aTEM PaCTBOPSIETCS B CyJIb(PUAE aMMOHUS, 00pa3ysd TAOCTAHHAT AMMOHUS
(N H4)28n83.
OTMeTUTh ¥ OOBSICHUTH PA3INIUs B CBOMCTBaX CybdumoB ososa (1) u omosa (1V).

OmnpiT 18. 'mapoxkcua osioBa (1V) u ero cBoiicTBa

B nBe npobupku BHecTH 1o 2-4 Karumm pactBopa xjopuzaa onosa (1V) u mo
2-4 kary 2 H. pacTBOpA €IKOTO HaTpa (110 BhIMajueHus ocaaka). K momyueHHOMY
ocaaKy 100aBUTh B OJJHY MPOOUPKY HECKOJILKO Karelb XJIOPOBOAOPOIHON KUCIIOTHI,
B JIPYIyI0 — HECKOJIBKO Kallellb €IKOro HaTpa (B o0oux cimyyasix A0
pacTBopeHHsl ocaaka). Hammcarh ypaBHEHMsI peakiMil MOJydeHUs TUAPOKCUAA
osoBa (IV) m ero B3aMMOAEHCTBUSI C KHUCJIOTOM M IIEIOYbIO, YYUTHIBAsl, YTO B
IEJTOYHOM cpene oOpasyercs uoH rekcaruapokcocrannara (IV) [Sn(OH)g]%.
Otmetutsb cBoOMCTBa ruapokcuaa oiosa (1V). Kak usmensiercs KOHUEHTpalys HOHOB
Sn** u [Sn(OH)s]*> npu no6asnerun ménoun? Kucnore? CrieayeT OTMETHTB, 9TO B
CUJILHOKHUCIION CpeJie TIPU U30BITKE KUCIOTHI 00pasyercst non [SnClg]>.

OnpiT 19. Cyansdua onosa (1V) u ero cBoiicTBa



a ) IToyuenue cynvghuoa onosa (1V)

Onwvim npoeodumcsa 6 gpimadxchom wikagy! K pactBopy xjopuaa 0JIOBa
(IV) (1-2 karmm) m00aBUTh CBEKEIMPUTOTOBICHHONW CEPOBOJOPOIHON BOJIBI.
OTMETUTH IBET MOJIYYEHHOI'O OCajika M HamlucaTh YpaBHEHHE COOTBETCTBYIOILEH
peaKiuu.
0) Ilonyuenue muocoau onosa

[TonyyeHHOMY B TpEIbIAYIIEM OIBITE OCAAKy JaTh OTCTOSATHCSA U, yJajIUB
MOJIOCKON (PHIIBTPOBANbHOM OyMaru M30BITOK KHUAKOCTH, T00ABUTH K HeMy 5—6
Karenb Cyabpuaa aMMOHHS. 3aKphIB MPOOUPKY MaAIBIIEM, SHEPTUIHO BCTPIXHYTh
e€ 710 MOJHOTO PacTBOPEHUs TUCYIb(UIa 0JI0BA, MPOTEKAIOIIETO ¢ 00pa30BaHUEM
troctanHaTa aMmMoHusS (NH,4).SnS;. PactBopsuics mu ocanok cynsduaa onosa (I1) B
cyabpune ammonua? Hanucars ypaBHEHHE peaklUu.
6) Paspywienue muocmannama aMmMoOHUA 6 KUC0U cpeoe

K pacTtBOpy THOCOIM 010Ba, TOJYYEHHOMY B IPEBIIYIIIEM OMBITE, T0OABUTH
2—-3 Kaluii KOHILIEHTPUPOBAHHOW XJIOPOBOJOPOIHOM KHCHIOThL. Kakoe BeliecTBo
BbIMasio B ocanok? Kakoit ra3 Beimensiercsa? OTMETUTh HaOMIOAaeMbIC SIBJICHUS.
Hamucate ypaBHEHHE peaklMM B3aUMOJCHCTBUS THOCTAaHHATA aMMOHUS C
XJIOPOBOJOPOJIHOM KHUCJIOTOM B MOJIEKYJIIPHOM M HMOHHOM Bujae. B kakoil cpene
YCTOWYUBBI TUOCOJIM — KHUCIOW WM IIeiaoyHoi? Yem oOBACHSETCS pa3iuuue B
CBOMCTBax cynbPpuaoB SNS u SNS,?

OmnbiT 20. BoccranoBiienue nona ceunna (1) uz pacresopa

B npoOupky moMecTuTh Kycouek IIMHKA U MPHOaBUTh 5 -6 Kamenb pacTBopa
HUTpAaTa WK arerara cBuHUa. Habmonarh BblJieJIeHUE CBUHLIA B BUAE OJIECTALIMX
KpuctaioB. Hanucate ypaBHeHue peakiiyy B MOHHOM Gopme. Kakumu meTtannamu
MO>KHO 3aMEHUTH B 3TOM ONBITE LINHK?

OmnebIT 21. B3auMmoaeiicTBre CBUHIA ¢ KHCJI0TAMHA

a) /leiicmeue na ceuney pazdagieHHbIX KUCI0M

Onvim nposooumca 6 evimsaycHom wikagy! B Tpu npoOUpKU MOMECTUTD
10 MaJIEHbKOMY KYCOYKY CBHMHIIA U IPWIUTH MO 5-8 Karelb 2 H. paCTBOPOB KUCJIOT:
B IIEPBYIO — XJIOPOBOJIOPOIHOM, BO BTOPYIO — CEPHOM, B TPETHIO — A30THOU. Harpersb
npoOMpPKU MaJEeHbKUM IIJIaMEHEeM Topeiku. Bo Bcex nu mpoOupkax HpoTeKaeT
peakuus? Ilocie oxyakaeHus pacTBOPOB B KaXAyr0 MPOOUPKY A00aBUTH 1O 2—3
KaIlIu pacTBOpa oauaa kanus. B kakom ciryuae Bbinan 0caiok oauaa ceunna? Ha
OCHOBAHUU OTBITA CJIEJaTh BIBO, B KAKOM M3 B3SITHIX KUCJIOT CBUHEI MPAKTUYECKU
pactBopsiercs. OOBSICHUTH IPUYUHY PA3TUYHOTO OTHOIIICHUS CBUHIIA K YKa3aHHBIM
kucioraMm. OTBETUTh Ha BOIMpOChl. HamucaTh ypaBHEHUE peaklMK, YUYUTHIBAS, YTO
IpU B3aUMOJCHCTBUM CBHHIIA C Pa30aBIIEHHOW a30THOW KHCIOTON BBIIEISIETCA
npeumytectseHHo NO.
0) /leiicmeue na ceuney KOHYUEHMPUPOBAHHBIX KUC/IOM



Onwvim nposooumcs 6 gvimsaxcHom wikagy! OCToOpoXKHO BEUIMUTH PaCTBOP
KHUCIIOT U3 BCEX MPOOUPOK, OMOJOCHYTh CBUHEI] BOJION U MOJEHCTBOBATH HA HETO
KOHILCHTPUPOBAHHBIMU KHCJIOTAMM: XJIOPOBOAOPOAHOM (mmotHOCTh 1,19 1/eMd)
cepHoii (otHOCTh 1,84 r/cM®) 1 azotHol (mmotHOCTH 1,40 r/eM®), moGaBsas ux
pa3aeNbHO B KAXIYI0 MPOOUPKY Mo 3-5 kaneib. OTMETUTh, KaK MPOTEKAIOT PEaKIuu
Ipyu KOMHATHOM Temmeparype. HarpeTs mpoOupku Ha BoAsiHOW OaHe WiM Ha
MaJEeHbKOM IUIaMeHU ropesiku (ocrtopoxHo!). Uro Habmomaercsi? OTMETHUTH
obpazoBanre NO, npu B3aMMOCHCTBUU CBUHIIA C KOHIIEHTPUPOBAHHON a30THOM
kuciotor 1 SO, mpy B3aMMOJEHCTBUU ¢ KOHIIEHTPHUPOBAHHOW CEPHOU KHUCIOTOM.
[Tocne oxmakaeHus pacTBOPOB J00AaBUTh K HUM MO 2-4 Kariu BOABI U 1O 2-3
Karum Woaupa kamaus. CaenmaTh BBIBOJA, B KaKOM M3 KHCIIOT CBHUHEI[ HamOojee
pactBopuM. HamwmcaTh ypaBHEHHSI COOTBETCTBYIOLIMX PEAKIUN, YUUTBHIBAsS, YTO
CBHHEIl BO BceX ciydasx okucisercs no Pb(Il), maBas ¢ koOHIEHTpUpOBaHHOM
ceproii kucinoroii Pb(HSO.),. Kakoe coeauHeHHe CBHHIA IOJIydaeTCs TPH
B3aMMOJICHCTBUM C a30THOM KHUCJIOTON? Bruser nau Ha XapakTtep peakuuu
KOHIIEHTPAIUs XJIOPOBOAOPOIHON KUCIOTHI?

Omnbit 22. I'napoxena ceunua (11) u ero cBoiicrea

B nBe mpoOupku moMecTuTh 1Mo 2-3 Kaljid pacTBopa COJIM CBUHIA U
n00aBUTh B KXY MO HECKOJIBKO Kameib 2 H. pacTBopa €AKOro HaTpa o
BbITIaJICHUs ocajka. MccienoBarh CBOWMCTBA MOMYYEHHOTO THAPOKCHUIA CBUHIIA,
n00aBUB B OJJHY MPOOMPKY HECKOJIBKO Karesb 2 H. pacTBOpa a30THOM KUCIIOTHI, B
JIPYyTYI0 — 2 H. pacTBOpa €IKOro Harpa. Pa3memars pacTBOPBI CTEKISTHHOU
MaJ0YKOW WM OCTOPOYKHO BCTPSXWUBATHh MPOOUPKH IO PACTBOPECHHSI OCAIKOB B
oboux ciaydasx. Ha oCHOBaHMH pe3ynbTaTOB OMBITA CACNATH BHIBOJ O CBOMCTBAaX
THIPOKCUAA CBUHIIA. Hamwcath ypaBHEHUS peakIuid IMONMYYCHHS THIPOKCHIA
CBUHIIA, €TO JIHUCCOIMAIIMM M PACTBOPCHUS B KHUCJIOTEC W IIEJIOYH, YUIUTHIBAS
oOpasoBaHMe B IIEJIOYHOM cpedae  KoMiulekcHoro amuoHa [Ph(OH)g]*
(rexcaruapoxcorumrom6Oar (I1)). [louemy B gaHHOM OmBITE ClEAYyeT MOJIB30BATHCA
a30THOM KHMCJIOTOM, a HE XJIOPOBOIOPOAHOMN MUK CEPHOM?

Onpit 23. [TorydyeHne HEKOTOPBIX MAJIOPACTBOPUMBIX coJieii cBuHIa (1)

Onvim npoeodumcsa 6 evimsycHom wikagy! B derbipe npoObupku
pa3iesbHO BHECTH 2-4 KaIlid 2 H pacTBOPOB CEPHOU M XJIOPOBOJOPOJHOM KUCIOT,
pacTBOpa HoauAa Kajaus U CEPOBOJOPOAHON BOIbI. B Kaxkyro mpoOupKy 100aBUTH
1o 2-3 Karui pacTBopa coiii cBUHIA. OTMETUTh 00pa30BaHNUE OCATKOB M WX IIBET.
Bo Bce mpoOupku mo6aButh 1o 2-3 Karuid BOJBI U HATPETh Ha BOJSHOW OaHe.
OTMeTUTh pacTBOPEHHUE XJIOpHUJA U MOAuAa CBUHIA NpuU HarpeBaHUM. OMyCcTUTH
NPOOUPKH C PAacTBOPOM B CTakaH C XOJIOAHOM BOJOW M TMOCJTE OXJIaXKIEHUS
Ha0J1I0/1aTh CHOBAa 00pa30BaHME OCAIKOB XJIOPUAA U HOAMAa CBUHIIA. PacTBOpsitoTCS
JU TpU HarpeBaHuu cyiabdar u cynbpua cBuHua? HanucaTh ypaBHEHHsS BceX
MPOTEKAOIINX PEAKIUH.



OnwiT 24. I'uaposus coaeii ceuana (11)

Onyctuth B mpoOupku 2-3 KpUCTaUIMKa HUTpaTa CBUHIIA U J0OAaBUTH 4-5
Kamenb BOJBL. Pa3MmemaTh CONEP)KUMOE CTEKIISTHHOW TallOYKOH 10 TIOJHOTO
pacTBOpPEHHST KPUCTAIJIOB M JO0aBUTh HEHUTpPalbHBIM pacTBOp Jakmyca. YTo
Habmomaercs? Kakas cpefa B pactBope HUTparta cBuHIA? Harpersb cierka pacTBop
1, 100aBUB K HEMY TaKoi ke 00bEM pacTBopa KapOOHaTa HaTpUs, CHOBA HarpeTh.
HaGmonate Bemagenue ocaaka coau 2PbCO; - Pb(OH),. B kakoit KuciaoTe MOXKHO
pacTBOPUTH MOTYYEHHYI0 coib? [IpoBepuTh cBOE 3aKkitoueHue onbIToM. OOBICHUTH
Bce HaOdrofaemble siBieHUsA. HamucaTh ypaBHEHHE peakiMy THAPOJIU3a HUTpaTa
CBUHIIA 1O TiepBoi ctyneHu. Kak Biuser gobasnenne kapOoHaTa HATpUsA HA ITOT
nporecc? HanmucaTs ypaBHEHHE peaKIIMi COBMECTHOTO TUPOJIM3a HUTpaTa CBUHIIA
U KapOoHaTa HaTpusl.

OmnbIT 25. Oxnciienne coenunennii ceunna (1) nepoxcuaom Bogopona

K pactBopy comu cunma (I1) (2-3 xamm) mobaButh 2-3 kammu 40 %
pacTBopa €JIKoro Hatpa u 4-6 Karemnb nepokcuaa Bogopojaa. [lomydeHHbIl pacTBOp
Nas[Pb(OH)s] pa3meriats CTEKJISIHHOM MAJIOYKON U HArpeTh Ha BOJISIHOM OaHe Wi Ha
MaJICHbKOM IJIaMeHH ropenku. Halmromate oOpazoBaHuE KOPUYHEBOTO OCAIKa
IMOKcHaa cBUHLA. Hammcate ypaBHEHHs peakuud B3aUMOIEHMCTBUS HUTpaTa
CBUHIIA C HW30BITKOM €IKOr0 HaTpa M OKHcieHHs monydeHHoro Nas[Pb(OH)s]
nepokcusioM Bogopoaa. Moxkno i Ph(ll) oxucnute nuxpomarom kanusi? Kakas
CTETIeHb OKHCIIeHas Oosee xapakTepHa ajst ceuHua: +l1 wm +1V?

OnbIT 24. AM@ppomepnbie CBONCTBA JTMOKCHIA CBUHLIA

a) Bzaumooeiicmeue ouokcuoa c6uUHYa ¢ Xa0po8o00poOHOIl KUCI0MOU

[TomecTuTh B IpOOUPKY 2-3 MUKPOIITIATENS TUOKCHIA CBUHIIA M TOOABUTH K
HEMY HECKOJIbKO  Kameidb KOHIIEHTPUPOBAHHOW XJIOPOBOJIOPOJHONW KHUCIOTHI.
Harperp crerka mpoOupky Ha BojsHON Oane. HaOmiomaTe mosiBieHue xENTOU
OKpacKH, XapaKTepHOW [JIsl TeTpaxyiopujia cBUHIA. OTMETUTh MPOSIBICHUE
OCHOBHBIX CBOWCTB JIMOKcH1a cBUHIIA. HaOmonaTe BeIieIeHUE XJIopa 1Mo 3anaxy u
10 MMOCUHEHUIO MOJKpaxMaibHOU OyMaXKKH, MOJTHECEHHON K OTBEPCTHUIO MMPOOUPKH.
Hamucate ypaBHEeHMs peakuuyd  B3aUMOJCWCTBUSA  JUOKCHJA CBHUHIA C
XJIOPOBOJIOPOJHOMN KHCIIOTOM W Pa30KEHUS TETpaxjaopuia cBUHIA. OTMETUTH €ro
HEMPOYHOCTh.
0) B3aumooeiicmeue ouoxkcuoa c6UHUaA co Wiénoubio

B Turenék moMecTuTh OJMH MHKpOLINATeNlb AWMOKcHIAa cBuHUA U 10-15
kanenb 40% pactBopa eakoro Hatpa. [locTaBUTh TUTENb HAa CETKY M HArpeBaTh
MaJIeHbKUM IJIAaMEHEM TOpEJIKU, MOMEUINBasi CTEKISIHHOM Malo4YKoM, B TeUeHue 2-3
MuH. [locne oxnaxaeHus MepeHecTH COAEPKUMOE TUTIIS B MPpoOUpKY. JlaTh ocanky
0CecThb, U 5-6 Karelb pacTBOpa MUIETKON MEePEHECTH B YUCTYIO nMpooupky. Kakoi



WOH CBHMHIIA HaxoauTcs B pacTtBope? [[00aBUTH K pacTBOPY HECKOJIBKO Karelb
KOHIIEHTPMPOBAHHOM  XJIOPOBOAOPOAHON KUCIOTHL  (mmotHocTs 1,19 r/emd).
OTMeTUTh TMOSABIEHUWE >KEITOM OKpackd, YyKas3blBarolled Ha oOpa3oBaHuE
TeTpaxjopuaa cBuHIa. Onucarh NpoaeaHHyIo paboTy 1 HaOII0JaeMble SIBJICHUS.
HanucaTtp ypaBHEHHS peakui:

a) B3aUMOJICHCTBUSA JMOKCHJA CBHUHIIA C €IKUM HATPOM, MPOTEKAIOIIETO C
obOpazoBaHueM rekcaruapocorutrombara (1V) Hatpus (B peakiiuu y4acTBYeT BOJIa);
0) B3ammojeicTBus TakcaruapokcoruiomOara (1V) HaTpus XJI0pOBOAOPOIHOM
KHCJIOTOM,

B) Pa3JIOKEHUS TETPAXJIOPH/Ia CBUHLIA.

Kaxkwue peakiiuu u3 onbIToB a) ¥ 0) YKa3sIBalOT Ha aM(GOTEPHBIN XapaKTep JUOKCHIA
CBHHIA?

OmnbIT 27. OKHCIONTEIbHBIE CBOMCTBA JHOKCH/IA CBHHIIA

a) Okucnenue cynvgpama xpoma (111)

B mpobupky c¢ muokcuaom cBuHna nob6asuth 10 xanens 40% pactBopa
eaxoro Hatpa. [Ipobupky HarpeTh Ha BOJSHON OaHe WM 3aKpPENUTh B IITATUBE U
OCTOPOKHO HArpeTh Ha ropenke. B ropsumii pactBop BHecTH | Karuiro pactBopa
cyap(dara XpomMa W CHOBa Harperb MpoOupKy. OTMETUTHh TOSIBICHUE >XENTOU
OKpacku pacTBopa, xapaktepHoil aius nona CO4%". HanmcaTs ypaBHEHHE PEaKLUH,
yuuThiBas, 4To cyiabdar u xpomar cBuHua (ll), mMamopactBopumsbie B BoOjE,
pacTBOPUMEBI B KHUX IeJIoYax ¢ 00pa3oBaHueM rekcaruapokcortomoaros (11).

0) OKucnenue iioouoa Kanus

B npoOupky BHECTH OAMH MUKPOILITIATEIh MOPOILKA IUOKCH]Ia CBUHIIA, 3-5
Karesb 2 H. paCTBOpa CEPHOM KHUCIOTHI U 5-6 Kaleib pacTBOpa MOIAWIA Kajus.
Harperp mpoOupky MajeHbKMM IJIaMEHEM TOpENKM WIM Ha BOJSHOM OaHe.
OTMeTUTh U3MEHEHUE 1IBETA pacTBOpA. [lepeHecT CTeKISTHHON NalOYKOW Karliko
ATOrO0 pacTtBopa B MpoOupky ¢ 8-10 kammsimMu pactBopa kKpaxmana. OTMETUTh
MOSIBJICHUE CHHENM OKpacku. Hamucare ypaBHEHME peakUuMU B3auMMOACHCTBUS
JIMOKCHAAa CBUHIIA C HOJUIOM KaJlus B KUCIIOU CpeJie.

8) Oxucnenue cynvpama mapzanua (11)

B nmpobupky moMecTuTh O4Y€Hh HEMHOTO (Ha KOHYMKE MHKPOIITIATES)
JTMOKCUJA CBHUHIIA, 100aBUTH 6-8 Karenb 2 H. pacTBOpa a30THOM KUCIOTHI U OJIHY
karuro pactBopa coiu wmapradma (). Coxepxkumoe NpoOUPKH OCTOPOKHO
NPOKUISITUTE. [Ipu M30bITKE TUOKCHIA CBUHIIA TPOOUPKY MOCTABUTH B IITATUB U
JaTh pacTBOpPY OTCTOATbCA.  OTMETHTh OKpacKy IMOJYYEHHOTO pacTBOpa.
Hamucate  ypaBHEHUE peakIuu, YYUThIBas, 4YTO OOpa30BaJMCh MapraHIlOBas
kuciota u coiib ceuana (I1).

JlaGopaTopHuasi padora Ne /. JjemMeHThI moaArpynnsl VA

Omnbit 1. ITosryyenne ammuaka, ero B3auMoJAeicTBHE C BOAOH
U XJI0POBOA0POIOM



[Tomectuts B dapdopoBblii Turens mo 3-4 Mukpommnarens cynbdara
aMMOHUS U THUAPOKcHIA Kanblysg. CTEKISHHON Nal0YKoM THIATEIbHO NEepeMeNIaTh
CMECh U HEOOJBIIOE €€ KOIMYECTBO MOMECTUTh B IIJIMHIPUYECKYIO MPOOUPKY
(okomo 1/2 o6bEma). OTMeTUTH 3anax aMmuaka. [IpoOupKy yKkpenuTh B IITaTHUBE,
3aKpbIB MPOOKON C OTBOJHOM TPYOKOM, KOHEI KOTOPOM OMYCTUTh B KOHHMYECKYIO
npoOupky, Ha 2/3 oOBEMa 3armoiaHeHHy Bojoil. Ha cimaboM murameHu ropenku
HarpeBaTh CMeCh 3-5 MUHYT, NPOMYyCKasi aMMHUaK B BOJY, IIOCJIE€ YETr0 MPOOUPKY C
MOJyYEHHBIM PACTBOPOM OTCTaBUTh, 3aKpPBITh MPOOKOW ¥ COXPAHUTH JJIst
CIIEYIOIIETO OIbITa, a K OTBEPCTHIO OTBOJHOM TPYOKH IMOJHECTH CTEKISHHYIO
MAJIOYKY, CMOYEHHYIK) KOHUEHTPUPOBAHHOW  XJIOPOBOJAOPOJHOW  KHCJIOTOU
(mmotHocTh 1,19 1/cM®), 3aTeM BIAXKHYIO KpACHYIO JIAKMYCOBYIO OYMaKKYy.
Onucate HaOMIO1a€MbIE ABJICHUS U 00BSICHUTH UX. Hamucars ypaBHEHUs! peakiuu
MOJTyYeHHUsI aMMHUaKa ¥ B3aUMOJICUCTBUS C BOJION U XJIOPOBOJIOPOIOM.

OmnbIT 2. PaBHOBecHe B BOJHOM pPacTBOpe aMMHAKA

B nBe nmpoOupku HaIUTh pacTBOp aMMHaka. B oqHy U3 HUX 700aBUTH KaIlIiO
dbenondranenna. OTMETUTH OKpacKy pacTBopa. Ha mpucyTcTBHE KaKux HOHOB OHA
yka3biBaeTr? JloOaBUTh B pacTBOp 3-4 MHKpOIIMATENs XJOPHUAA aMMOHUS H
pa3Memiate pactBop. Kak u3MeHWsach MHTEHCUBHOCTH OKpacku? Ilouemy? K
pacTBOpy aMMHaKa BO BTOPOM MpoOHpKe 100aBUTh 5-6 Karlellb pacTBopa cyibdara
amoMuHus. OTMETUTh HCUE3HOBCHHUE 3allaxa aMMHaKa. Hanucats:
a) CXeMy paBHOBECHS B BOJHOM PacTBOPE aMMHAKaA; 0)
MOJIEKYJIIDHOE ¥ HWOHHOE YypaBHEHHUSI PEaKIUM B3aUMOJACUCTBUS cCyJlbdaTa
QTIOMUHUSL C BOJIHBIM PacTBOPOM aMMHaka. YKaszaTh, B KaKOM HampaBiICHUU
CMEIIAeTCsl paBHOBECHE B BOJHOM pacTBOpE aMMuaka Npu J0OaBJICHUU K HEMY
XJIOpUJia aMMOHUS, cyb(daTa amroMuHus. Kak mpu 5ToM U3MEHSIETCS KOHIIEHTPaIIUS
KOMITOHEHTOB JJaHHOH paBHOBECHOH crctembl: OH —1oHa, NH; —wnona,
NH;. B kakom HampaBiI€HHM CMECTUTCS pPaBHOBECHE JaHHOM CHCTEMBI TIPH
JT00aBJICHUN XJIOPOBOAOPOIHOM KUCIOTHI? [louemy?

OmnbiT 3. BoccTaHOBUTE/IbHBIE CBOICTBA AMMHUAKA

B Tpu mpoOupku BHECTH pa3nenbHO MO 3-4 Karjiu pacTBOPOB: a) OpOMHOM
BOJbI, O) TEepMaHTaHaTta Kaiws; B) AUXpomara Kaiaus. B Kaxmayio mpoOupky
no0asuth mo 3-5 kanenb 25% pacTBopa ammmuaka. B kaxaom ciydae pacTBOpPbI
cleTKa TOJOTIPeTh J0 HM3MEHEHMs MX OKpacku. HamucaTh COOTBETCTBYROLIME
YpaBHEHUS PEAKIUH, YYHUTHIBAas, YTO B KaXIOM CjlIydyae aMMHAaK B OCHOBHOM
OKHUcIgeTCsl 0 MosiekyssipHoro azota, KMnO4 BoccranaBnuBaetrcs 10 MnQO,, a
K2Cr,07 — no Cr03. Bo Bcex citydasix OTMETUTh U3MEHEHHUE OKPACKH PacTBOPOB.

OnbiT 4. I'naposus coeil aMMOHUS

B Tpu npobupku HanmuTh Mo 5-6 Kameiab HEHTPaJbHOTO pacTBOpa jJakmyca. B
KOKIYI0 U3 TPOOUPOK pas3nenbHO MT00aBUTH MO 2—3 MUKPOIIIATENs KPUCTAJUIOB
XJIOpUJa, HUTpAaTa M anerata amMMoHusA. Kakapli pacTBOp mepememars 4uCTOU
CTEKJISIHHOM Nayioukoil. OTMETUTh U3MEHEHHE OKPACKH JIAKMYCA B KK/IOM CIIyYae.



HamnmcaTe B MONEKYISIPHOM M1 HOHHOM BUJIE COOTBETCTBYIOLIME YPAaBHEHUS PEAKIUI
TUAPOIN3A.

OmnbIT 5. BoccTaHOBUTE/IbHbIC H OKHCIUTEIbHbIE CBOIICTBA HUTPUTOB

B tpu npobupku BHecTH 10 3-4 Karuii: B IEPBYIO — HOUIA KaJIHs, BO BTOPYIO
— TIepMaHTaHaTa Kajus, B TPEThIO — TuXpomara Kaimus. Bo Bce mpoOupku 100aBUTH
no 2-4 xarm 2 H. pacTBOpa CEPHON KHUCIOTHI W 4-5 Kamellb pacTBOpa HUTPHTA
kanusa. OTMETHTh M3MEHEHHE OKPAaCKH PAcTBOPOB B KaXKJoM cirydae. HamumcaTh
ypaBHEHUS TMPOTEKAIONINX PEAKIUH, YIUTHIBAsI, YTO B MEPBON MPOOUPKE HUTPHUT
kanmus BocctaHaBiuBaeTcs 10 NO, Bo BTopoit KMnO, mepexomut B cyibdar
mapranna (1), B tperseit Ko,Cr,0O7 mepexoaut B cymbdatr xpoma (l11). B kakoe
COCIMHECHUE TIEPEXOAUT MPH ITOM HUTPUT Kamsi? YKazaTh, B KAaKOM CIIydae OH
SBJIICTCSI OKUCITMTENIEM, B KAKOM — BOCCTaHOBUTENEM. [lodeMy HUTPUTBI MOTYT
MPOSIBJISITH T€ U IPYTUE CBOMCTBA?

OnbIT 6. OKHCTUTEIbHBIE CBOICTBA 230THOM KHCJIOTHI

Onwvim npoeooumcs 6 evimaxcnom wikagy! Buectu B nmpoOupky 3-4 kamim
KOHLEHTPUPOBAHHOM a30THON KMCIOTHI (IIOTHOCTH 1,4 r/cM®) M MaleHbKUii
KyCOUY€K MEIHOM CTPYKKHU. B 1pyryro npoOupky BHECTH 2 Karlld pacTBOpa a30THOM
KkucaoTel (rmotHocTh 1,12 r/cm®) m 2 karumn Boabl. IlonmydeHHBIH pacTBOp
pa3meniaTh CTEKJISHHOM MaloYKOM, MOCJe Yero BHECTH B HETO TaKKe KyCOuyekK
MeqHOM cTpykku. I[IpoOupky ¢ pa30aBiIeHHOM a30THOM KHUCJIOTOM cJerka
nogorpets. O0e npobupku epxath Ha 6e1oM pore. OTMETUTH pa3IUUUe TCUCHUS
peakuuii B o0oux ciyyasx. Kakoii raz BelIeIUTCSl B IEPBOW MPOOHUPKE, KAKOW — BO
BTOpoii? Hamucarh ypaBHEHHUSI COOTBETCTBYIOIIUX peakuuil. Yem oOBSICHUTH
JIETKOE TOXKEJITCHUE BBIICJIUBIIIETOCS Fa3a BO BTOPOM MpOOMpPKE B HAYaJIe peakiuu?

OmnbiT 7. TepMuyeckoe pa3jioKeHne HUTPATOB

Onvim npoeodumcsa 6 evimsaxchom wikagy! Bce HUTpaThl pU HArpeBaHUU
pasnararoTcs ¢ BbIJICJICHUEM CBOOOIHOTO KHCIIOPO/ia, BCIEICTBUE YETr0 B pacIlyiaBe
SIBJISFOTCSL CUJIBHBIMU OKUCTUTEISIMU. [Ipu 3TOM HHUTpaAThl MICTOYHBIX METAJUIOB
NepPexXoAsT B HUTPUTHI, & HUTPUTHI IEJIOYHO3EMETbHBIX U TSKENBIX METAIJIOB
pasznmaratoTcsi ¢ oOpa3oBaHMEM UWX OKCHUIOB U JHOKCHAAa a3oTa. HuTpaTs
MaJOAKTUBHBIX META/UIOB C TIOJOKHTEIBHBIM JJICKTPOAHBIM IOTCHITHATIOM
pasnararTcs ¢ BBIJICIICHHEM METaIOB U TaKXKe AMOKcHa a30Ta. Bo Bcex cimydasx
MPOTEKAIOT BHYTPUMOJIEKYIISPHBIC OKUCITUTEIFHO—BOCCTAHOBUTEIBHBIC PEAKITHH.

a) Paznoscenue numpama xanus

B umnunapuyeckyro mpoOUpKy MOMECTUTh 3-4 KpUCTaNIMKa HUTpaTa Kayusl.
[TpoOupKy yKpenuTh B MITATHBE BEPTUKAIHHO U HATPEBATH HA TUIAMEHU TOPEJIKH JI0
paciuiaBJIeHHs] COJIM U Haydaja BbIIENEHUs IMy3bIphKOB Ta3a. BHecTu B mpoOupKy
TIEroIY0 JIydyuHKy. Kakoil ra3 Beiienurcs? [IpomomkaTs HarpeBaHue A0 MOJHOTO
IPEKpaIIeHHs BBICICHHS My3bIpbKOB rasa. JlokaszaTh 00pa3oBaHue HUTpATa Kalus
IPU Pa3JIOKEHUH HUTpaTa. [ 3TOro mo OXJIaKAEHUU NPOOUPKU BHECTU B HEE
4-6 xamenp BOABI M, IMOMELIMBAs CTEKJISIHHOW NAJIOYKOM, pacTBOPUTH TBEPIBIN



octatok. [1o 2-3 xamim mojsy4eHHOro pacTBOpa BHECTH B JIBE€ MPOOUPKH, B OJHOU
U3 KOTOPBIX COACPKUTCA 3-4 KaIju pacTBopa WOAuAa Kaylus, MOJAKUCICHHOro 2
KaIUIIMH 2 H. CEpHOM KHCIIOTHI, a B Ipyroil — 3-4 Karim nogKucIeHHOTO pacTBOpa
nepMaHranara kajims. OTMETUTh, KaK U3MEHUJIACh OKPACKa pacTBOPOB B MEPBOM U
BO BTOpoMm ciydasx. [Ipoeputs, B3aumopeiicteyer mu KNO; ¢ Kl. Hanucartp
ypaBHEHUS BCEX MPOTEKAIOIIUX PEAKIIUM.
0) Pasznoowcenue Humpama ceUHUA

B nunuHapuyeckyro nNpoOMpKY NOMECTUTH 1-2 MHUKpOIIIATENS CYyXOW COJH
HUTpata cBUHIA. [IpoOHpKY YKpemuTh B IITATHBE FOPU3OHTAILHO U OCTOPOXKHO
HarpeTb. HaOmronate OKpacKy BhLAEISAOIIMXCA ra3oB. CrenaTh BBIBOJ O COCTaBE
ra3000pa3HbIX MPOAYKTOB Pa3lOkKEeHHs HUTpaTa cBUHIA. Kakoil ra3 Belmenuiics
KpoMe kucioposa? Kakoe BelecTBO ocTalioch B MpoOupke? Yka3aTb €ro LBET U
Hamnucath popMynny. HanucaTts ypaBHEHHE peaklK pa3ioKeHHUs HUTpaTa CBUHIIA.
VYKa3aTb OKACIUTEND U BOCCTAHOBUTEIIb.

OmnbIT 8. OpTodochaTbl HEKOTOPHIX METAILIOB
a) Ilonyuenue cuopogpocpama kanvyus

Buectu B mnpoOupky mno 4-5 Kamenb pacTBOPOB XJIOpUJA KalbLUS H
ruapodocdara Hatpusi NapHPO,. OrmeTuts 1[BET BhINaBIIero ocaaka. Hamucatpb
ypaBHEHUE B MOJICKYJISIPHOW 1 MOHHOU (popMme.
0) Ocarxcoenue pochamos scenesa u aIOMUHUA 6 NPUCYMCMEUU AUEMama
Hampus

B nBe mpoOupku BHecTH 3-4 Kariu pacTBOPOB COJIeH: B MEPBYIO — XJIOpHUAA
xenesa (111), Bo BTopyto — xsopuaa uiu cynibdara asoMuHus. Jlo0aBUTh B KaXK YO
U3 NpoOUpPOK Mo 2-3 Karuid pacTBOPOB arerata HaTpus U ruapodocdara HaTpus
Na;HPO,4 OtMeruTh 1BET BHINABIIMX OCAAKOB. B gaHHOM ciydae B pacTBopax
coseit amromunus u xkenesa (111), OypepupoBaHHbBIX alleTaToM HATPUs, TOTYyYAIOTCS
cpennue pocdarpl ITUX METAJUIOB, HEPACTBOPUMBIE B YKCYCHOM KUCIIOTE:
Me®*" + HPO,% + CH;COO = MePQ,| + CH3COOH

Hamnucats ypaBHeHUs peakiivii B MOJIEKYJISIPHOW U MOHHOU (hopMme.

OmnbIT 9. I'mapoans oprodocdaros HaTtpust

B Ttpu mpobupku BHecTH 1Mo 5-6 Kamenab pacTBOpa HEUTPAIbHOTO JaKMYyca.
OpaHy npoOUPKY OCTaBUTh KaK KOHTPOJIbHYIO, BO BTOPYIO 100aBUTh 3-4 KpucTaia
dbocdara HaTpusi, B TPEThIO — CTOJIbKO ke auruapodocdara natpusa. Coaepxrumoe
BTOPOM W TpeTbheld NPOOMPOK TIIATEIBHO pa3MellaTh YHUCTHIMU CTEKIJISIHHBIMU
najoykKamMu JO TMOJHOTO pacTBOpeHus coseil. OTMETUTh U3MEHEHUE OKpacKu
JaKMyca MO CPaBHEHHUIO C OKPACKOM B KOHTPOJIbHOM mpoOupke. Ha yBennuenue
KOHLIEHTpallMd KaKWX HOHOB YKa3bIBA€T H3MEHEHUE OKPACKH JIaKMyca IMpHu
pactBopennu (ocdara Hatpus u guruapodocdara Harpus? Hamucats ypaBHeHUE
NEePBOM CTYIEHU TUApOIn3a Gocdara HATpUA B MOJIEKYJISIPHON 1 HOHHOU (hopMme.

Omnbit 10. I'mapoxcuast cypbmbl (111) u BuemyTa (111) u ux cBoiictBa
B nBe nmpoOupku BHecTH no 3-4 kamnu pactBopa xinopuna cypemsl (111), B 18e
JIpyrue — CTOJIbKO K€ pacTBopa HHUTpaTa BHcMyTa. Bo Bce derhipe mpoOupku



npuOaBUTh 1O 3-5 Karenb 2 H. pacTBOpa MIEJIOYH JI0 BBINAJACHUS 0CaIKOB. B oy
U3 MPOOUPOK C OCAIKOM THAPOKCHAA CYpbMBbI TOOABHTH HECKOJBKO Karenb 2 H.
pacTBopa XJIOPOBOAOPOIHOW KHCIOTHI, B JIpyryro — mienoun. HaOmronatsb
pacTBOpeHHE OCAaaKOB B 000MX ciydasx. [lponmenaTh aHAJOTHYHBIC OIBITHI C
TUIPOKCHUIIOM BUCMYTa, 3aMEHHB XJIOPOBOJOPOJIHYIO KUCIOTY a30THOM. B 00oux 1
ciydasx pactBopuiics ocanok Bi(OH)s? OtmeTnts Habm01aeMble SIBICHUS BO BCEX
CIy4assiX W cJeNlaTh BBIBOJBI O CBOMCTBaX THAPOKCHIOB CYpbMBI W BHCMYTA.
HammcaTe B MOJNEKYJISIPHOM W HOHHOM BHJIE YPAaBHEHHS PEAKIUN TMOTYYCHHS
yKa3aHHBIX TUAPOKCHIIOB ¥ IX B3aMMO/ICUCTBHS C KUCIOTOH U MIETI0YbI0, YIUTHIBAS,
9TO B W30BITKE WIEIOYHM THAPOKCH] CYPbMBI 00pa3yeT KOMIUICKCHBIH aHHOH
[Sb(OH)e]* — rekcarmapokcoantumonar (l11) annon. B kakoii cpene Hambonee
yCTOMUMB 5TOT aHnoH? B Kakoii cpesie ycroitums katnon Sb**?

Omnbit 11. I'maposns coJieit

B nBe npoOupku pazaenbHo BHECTH 10 3-5 karens 0,5 H. paCTBOPOB XJIOPHUIOB
CYypbMBI M BHCMyTa. K KakIoMy M3 pacTBOPOB N00aBUTH MmO 5-10 Kameib BOIBI.
PasmemaTs pacTBOpBl CTEKISHHOW IMajJouykoi, HaOMI0JaTh WX IMOMYTHEHUE U
JanbHelIee BeINaeHne 0CaIKOB OCHOBHBIX coseld. Hamucars B MOJNEKYIISIpHOM U
WOHHOM BHJIC YpaBHCHHE pEaKIUi TUAPOJIM3Aa XJIOPUAOB CYpbMBI H BHUCMYTAa,
NpOTEKarIIUX ¢ 00pazoBaHueM ocHOBHBIX cosieit Sh(OH).Cl u
Bi(OH).Cl, koropsie, oTmiermiss Boay, nepexoaaT B xyopu okcocypbMbl SDOCI u
xmopua okcoBrucmyta BIOCI. Koropas u3 cosnelt runponuzoBana cuibHee? OTBET
MOTHUBUPOBATb.

OnbiT 12. Cyasduasi cypbmsl (111) n Bucmyra (111) 1 ux cBoiicTa
a) ITonyuenue cynvgpuoa u muoconu cypomot (111)

Onvim npogodumcsa 6 evimaxcHom uikagy! B mpoOupky ¢ pacTBOpoM
xjopuna cypbmbl (1-2 kammm) n06aBUTH 5-8 Kamenb CEpOBOJOPOJAHON BOJBI
OTtmeruth 1BET oOpa3oBaBUIErocsl ocaaka cyiabpuaa cypbMbl. JlaTh ocaiaky
OTCTOSITHCS U, YAAJIUB MUIETKON MM KYCOUKOM (PMIIBTPOBAJILHOM OyMaru u30bITOK
KHUAKOCTH, J00aBUTh K Hemy 4-5 Kamenb cyidbpuaa aMMOHHUS WU HaTpPUS.
[lepemermath comepXKMMO€ MPOOMPKH CTEKISHHOW TAaJIOYKOW W HaOII0JaTh
pacTBOpeHHsI Ocajika, MpOTEKarolee ¢ 00pa3oBaHHEM COJIM THOCYPHMSHHUCTON
kucaoThl (NH4)3ShSs3. K monyuennomy pacTBopy npuOaBUTh 5—6 xanenp 2 H.
pacTBOpa XJIOPOBOJOPOJAHOM KHUCIOTHI, CI€rka HarpeTb CMeChb U OTMETHUTh CHOBA
BbINaZieHue ocaaka cyiabduaa cypbMsl (111). UTo mporcxoauT ¢ THOCONBIO B KUCIOU
cpene? Hamucarh B HMOHHOM M MOJIEKYJSIpHOM (opMe ypaBHEHUS peaKIHi
nonydyeHus: cynbpuga cypsmbl (1), conm THOCYpbMSHUCTOW KHUCIOTBI M €€
pa3pylLICHUs B KUCJION Cpelie.

0) Cyavghuo eucmyma u e2o ceoiicmea

Onwvim nposooumcs 6 evimsychom wkaghy! B nBe mpoOupku BHeCTH 10 1-2
KallJId pacTBOpa COJIM BHUCMyTa M B KaxAyl J00aBUTh 1o 4—5 Kamelnb
CepoBOIOpOAHON BOAbl. OTMETUTH LBET oOcagka. B oaHy wu3 mpoOHpPOK C
MOJy4YEHHBIM CYIb(UIOM BHUCMYyTa A00aBUTh 3-4 Kamiau cyib(uaa aMMOHUS.
Pe3ynpTaT ombiTa CpaBHUTH C PE3YJIBTATOM COOTBETCTBYIOIIETO OMNbITA C



cyiabduaoM cypbMmbl. B apyryio npoOupky ¢ cynbdumom BucMyTa 100aBUTH 2-3
KaIul KOHIICHTPUPOBAHHOM a30THOM KUCIOThl. Habmogarh pacTBopeHue ocajka.
Ecnu ocamok pacTBopsieTcs MEAJICHHO, MPOOMPKY cierka mojorpers. Omucarb
npojaenanHyro pabory. HammcaTe ypaBHEHHSI peaklUMU TONyYeHUs Ccyiabpuaa
BucMyTa. OTMETHUTDH paziiNyure B CBOMCTBAX CyIb(uIa CypbMbI U CyIb(huaa BHCMYTA
[0 OTHOUICHHUIO K M30BITKY CyJib(una aMMoHHA. UeM OOBACHUTH 3TO paznuuue?
Hanucate ypaBHEHHE peakIMM pacTBOpeHUs cyib(duiga BHCMYyTa B a30THOMU
KHUCTIOTE, YIUTBIBAsA, UTO MPU ITOM o0pa3yercs cynbhar

BucmyTa (111), a a30THas KUCI0Ta BOCCTAaHABIMBAETCA /10 OKCH/IA a30Ta.

OnbIT 13. BoccranoBuTe/ibHbIE CBOMCTBA COeTUHEeHU U
cypoMmbl (111) m BucmyTa (111)

B nBe npoOupku moMecTuTh 1o 2-3 Kaljiy epMaHraHaTa Kajius U 2 H. pacTBOpa
XJIOPOBOJOPOJAHON KUCIOTHI. B 0Hy U3 npoOupok 100aBUTH 3-5 Kamnenb pacTBopa
XJIOPUJA CYpbMBI, a B IPYTYIO — CTOJIBKO K€ pacTBOpa HUTpaTa BUcMyTa. OTMETUTH
oOecliBeurBaHUe pacTBopa B MepBod mpoOupke. [lporekaer nu aHanmoruyHas
peakuus BO BTOpOM ciy4dae?

Hanucate ypaBHEHHE pEaKIMM BOCCTAHOBIICHHUS ME€PMAHraHaTa KalHs 10
xnopuna mapranna (1) u okucinenne SHCl; mo H[SbCls]. OrmeTuts pazianunyro
BOCCTAHOBHUTEJIBHYIO CIOCOOHOCTH HOHOB Sh3* u Bi®*,

OnwiT 14. Boccranonisienue com Bucmyra (111)

B npobupky BHecTH OJHY Karuio pactBopa xyopuaa onosa (I1) u 5-6 xanens 2
H. pacTBOpa €IKOT0 HaTpa J0 MOJTHOTO PACTBOPEHUS, BBHIMIABIIETO BHAYAIE OCaIKa
ruapokcuaa ojosa (I1). K momyyenHoMy pacTBopy 100aBUTh OJIHY KaIlIIO pacTBOpa
cou Bucmyta (lll). OTMeTuTh BBINIaJICHHE YEPHOrO OCAAKa METAUIMYECKOTO
BucMmyTa. HamucaTh ypaBHEHUE peakiuu, yIuThiBasi, uTo 0yioBo (1V) B menounou
cpeze obpasyeT KoMIuiekcHbIi anuon [Sn(OH)g),
naromuit comb Nay[Sn(OH)s] — rexcaruapokcocrannar (IV) Hatpus. Ykasarh
OKHUCJIUTENIb U BOCCTAHOBUTEITb.

OmnbIT 15. OkUCINTETbHBIE CBOIiCTBa coenuHeHuii Bucmyra (V)

B koHudeckyro nmpoOupKy BHeCTH 1—2 Kariu pacTBopa cynbdara mapranma (I1),
2-3 KamaM 2 H. pacTBOpa a30THOM KHUCJIOTHI M OAMH MHKpPOIUTATEIh MOPOILIKa
BUCMYyTaTa HaTpus. OTMETUTH MOsIBJIEHNE (DUOJIETOBOM OKPACKH, XapaKTepHOU AJis
nepMaHraHar-voHa. Hamucarh ypaBHeHUE peakIMM, Y4YHUTHIBAsl, YTO BHUCMYTaT
Hatpusi niepexomuT B Hutpar Bucmyrta (lll), a cymedpar mapranma (I1) — B
MapraHilOBYIO KUCIIOTY.

JlabopaTtopnasi pa6ora Ne 8. DsnemenTsl noarpynnsi VI A

Omnbit 1. ITosryyenne Ma1opacTBOPUMBIX CYabHUI0B

B nBe mpoOupku BHeCTH pasfenbHO Mo 3-4 Kamuikm pacTBOPOB Cyib(dara
MapraHiia ¥ HUTpaTa CBUHIIa. B KaXpIil pacTBOp 100aBUTH 1O 2-4 Karuu cynbduaa
ammoHusa. HaOmionaTh BbIMaZieHHE OCAaaKOB Cyjibpuia MapraHua u cyiabhuma



cBuHLa. K momydeHHbIM ocajkam NpuOaBUTh 1O 2-3 KAy 2 H. pacTBOpa a30THOM
kucaothl. Kakoii cynepun pactBopuiics? Bo3MoxkHO 11 ero o0pa3oBaHue B KUCION
cpene? B nBe npyrue nmpoOUpKH ¢ pacTBOpaMH TEX K€ COJEW MapraHiia U CBUHIIA
no0aBuTh Mo 3-4 KamiM CEepoBOJOPOAHOM BOJbL. B KakoM cimydae ocajgka He
HaOmoanocs? Ilouemy? HamucaTe B MOJIEKYJIIDHOM M MOHHOM BHJIE YpaBHEHUS
peakuuil MoylydeHus Cyib(pUAOB MapraHila M CBUHIA. YKa3aTb IBET OCAJKOB.
Hanucare ypaBHeHue  peakuuu pactBopeHuss MnS B kucnore. Ilonb3ysch
3HaueHUsAMU [[Pmns u 11Ppps, a Taxke mpaBuiIoM mpoOW3BENCHHS PACTBOPUMOCTH,
OOBSICHUTH pa3IUYHbIC PE3YJIbTAThI JEHCTBUS

H2S u (NH4),S Ha conp mapranima u oOpa3oBanue ocaaka PbS B o0oux cimydasx.

Onbit 2. Boccranosureabubie cBoiicrea SO3% - nona

B npobupky, coaepxainiyto 5—6 kamnenb pacTBOpa NepMaHraHara kaaus u 3-4
Kallid 2 H. pacTBOpa XJIOPOBOAOPOJHOM KHUCJIOTHI, MNPUOABUTh HECKOIBKO
KPUCTAJUTMKOB Cyibduaa HaTpusa. OTMETUTh 00ECIBEUNBAHUE PACTBOPA B CBSI3U C
nepexogoM nona MnOy B mon Mn?*. B kakoe cOoelMHEHHE IPHU STOM IIEpeIen
cynbduT HaTpusi? YUUThIBas, YTO CyIb(OUT Oapusi paCTBOPUM B a30THOM KUCIIOTE, a
cynb(aT 6apus HepacTBOpUM, yoeautech B nepexone nona SOz% B uon SO, ms
Yero B MOJIYYSHHBIH pacTBOpP A00aBUTH 1-2 Karuiu 2 H. a30THON KUCIIOTHI U CTOJIBKO
e pacTBopa xyopuna Oapusi. Kakoe coelMHeHUE BhIMAIO B 0caiok? OTMETUTH
HaOJIFOTacMbIC SIBJICHUS W HAIMCATh YPABHEHUS BCEX MPOTEKAIOIINX PEaKIIHA.

OmnpiT 3. lernapaTupyromue CBOiCTBA CEPHOI KHCJIO0TbI

Ha nucrouke ¢uabTpoBaHHONW OyMaru C TMOMOILIBIO CTEKJISHHOW TMajJ0YKu
cAenaTh HaANUCh 2 H. PaCTBOPOM CEPHOM KHMCIOTHI. bymary mpocymmuTs, aepxa
BBICOKO HAJl TUIaMeHEM Topenku. OTMETUTh U OOBSICHUTh IOYEpHEHHE Oymaru.
Kakoe cBOMCTBO MPOSIBISET KOHUEHTPUPOBAHHAS CEPHAsl KMCIIOTa B 3TOM ONbITE?

OmnbIT 4. B3anMogeiicTBHE CEPHOI KMCJIOTHI ¢ METAJLIAMH
a) B3zaumooeiicmeue pazoaeieHHoil cepHOil KUCI0MbL C MEMALIAMU

B tpu npobupku BHECTH 1O 5-8 Kameiab 2 H. pacTBOpa CEPHOM KHUCIOTHI U TI0
2—3 KycOuKa METaJIJIOB: B IIEPBYIO — LIMHKA, BO BTOPYIO — KeJie3a, B TPEThIO — ME/IH.
Eciu peakiuss uaer MeUIEHHO, CJIeTKa MOJIOTPeTh NPOOUPKU HEOOJIbIINM
mjaMeHeM ropenku. B kakom ciydae peakuuss He uuaetr? Ilouemy? Hamucatsb
ypaBHEHUsI IpoTeKaroumx peakuuil. Kakoil s3eMeHT B 3THX peakuusax SBIsSeTCs
OKHCIUTENEM?
0) B3zaumooeiicmeue KOHUEHMPUPOBAHHOU CEPHOUL KUCIOMbL C MEObHIO

B Turens nomecturs 1-2 Kycouka MEIHOW CTPYXKKH M IpuiauTh 5-10 xamenb
KOHLICHTPUPOBAHHOM CEPHOM KMCIOTHI (II0THOCTE 1,84 1/cM®). Turens Harpers Ha
acOeCTUPOBAHHOM ceTKe HEOONBIIMM IUIAaMEHEM Topeiku. BiaxHyio CHHIOIO
JAKMYCOBYI0 OyYMaKKy MOJHECTH K BbLIEsAtoIEMycs razy. OTMETUTh U3MEHEHHE
OKpacku J1akMycoBoit 6ymaxku. [1o 3amaxy (ocTopoxHo!) onpeaenuTs, Kako ras
BbiAessieTcs. CoaepKUMoe TUTJIS BBIIAPUTh, OXJIAAUTh U PaCTBOPUTH, TPUOABUB B
turenb 8—10 Kanenb TUCTUIUIMPOBAHHOM BOAbL. [lepeHecTy mumeTrkol HEKOTOpoe
KOJIMYECTBO PACTBOpPAa B YHUCTYIO MpoOupkKy. OTMETHTH OKpacKy pacTtBopa. s



KaKOTO MOHA XapakTepHa 3Ta okpacka? Onucats HabII01aeMbIe siBiieHus. HanucaTth
ypaBHEHUE DPEAKIMU U YyKa3aTh, KAaKOH JJIEMEHT B MOJIEKYJE€ CEpHOM KHUCIIOTHI
SIBJISIETCS] OKMCIIUTEIIEM.
8) Bzaumooeiicmeue KOHUEeHMPUPOBAHH O CEPHOIUL KUCTOMbL C WUHKOM

B Turenb momMecTUTh HEMHOrO IMHKOBOW NbUIM M HamuTh 5-10 kamenb
KOHILICHTPUPOBAHHOM CepHOM KUCIOTH (muoTHOcTh 1,84 r/cm®). Turems Harpers
HEOOJIbIIUM TIaMeHeM ropesnkd. K Beiaenstomemycs razy HaJl TUTJIEM MOJHECTH
(UIBTPOBAIbHYIO OyMary, CMOYEHHYIO PaCTBOPOM aleTaTa WA HATpaTa CBUHLA.
OOBSICHUTH TIOSBJICHUE TEMHOTO IISITHA Ha AToi Oymare. OmucaTh HaOIIOaEMBbIC
aBieHus. Hammcate ypaBHEHMs peakuuil B3aMMOACUCTBHS KOHUEHTPUPOBAHHOU
CEPHOU KUCIIOTHI C IIMHKOM C 00pa30BaHUEM: a) CEPHUCTOrO raza; 0) cepsl;
B) CEpOBOIOPO/IA.

OmnbIT 5. PaziuyHas pacTBOPUMOCTSH CyJabduTa U cyjb(paTa 0apus B KHCJI0TE

B nByx npobupkax moiaydyuTb 0OMEHHOU peakiuei cynbPuT u cyibdar oapusl,
JUTSL 4ero B3sTh MO 3-4 Karuik pacTBOPOB COOTBETCTBYIOMUX cojiei. Habmonath
oOpa3oBaHu€e 0CaJKOB B 00eux npodupkax. CpaBHUTHh pacTBOPUMOCTH CyJIb(UTA U
cynb(dara Gapusi B KUCIIOTE, 100aBUB B 00€ MpoOupku 1o 1-2 kamiu 2 H. a30THON
KUCIIOTHL. UTo HabmrogaeTcsi? MOXKHO U TIPU MOMOIIM 3TOM Peakiuy pa3IuduTh
nonsl SOz u SO,*? Hamucarh ypaBHEHUS peakluii IOdydeHHs cynb(aTra u
cyJibuTa 0apusi U pacCTBOPEHUS MOCIETHETO B KUCIIOTE.

OmnbIT 6. THOCYyJIB(pAT HATPUS U €r0 CBOICTBA
a) Heycmoituueocmov muocynvghama 6 Kucioii cpeoe

Buectu B mpobupky 5-6 kamenb pactBopa Tuocyibbhara Hatpus NaS;0; u
3-4 karum 2 H. cepHOM Kuciaotrbl. OTMeTuTh BhIMageHue cepbl. [lo 3amaxy
ONPENENNTh, KAKOHM I'a3 BbIIEIUICS.
[IpuBectn rpaduueckyto dopmyny Tuocyibdara Hatpus. Hammcars ypaBHeHUHE
peakiuu B3aMMOJICUCTBUSI THOCYJh(haTra HATpUS C CEPHOM KHUCIOTOW. YKazaThb
OKHUCJIUTENIb U BOCCTAHOBUTEIb.
0) Boccmanosumenwhuie ceoiicmea muocyivphama nampus

B nBe npoOupku BHECTH pa3fesbHO MO 5-6 Kaneiab OpOMHON U HOIHON BOJBI.
B o0e npoOupku A00aBUTh MO HECKOJBKO Kamellb THOCYJIb(aTa HaTpus [0
oOecliBeUMBaHUs PAcTBOpOB. Hamucarh ypaBHEHHUs MPOTEKAIOLIUX PpPEaAKIUH,
YUHUTBHIBASI, YTO OpOM OKHCISIET THOCYJIb(aT A0 cyibdara, Mpu 3TOM B peakuuu
ydacTByeT Boja. (Briaenstomasics cepa sBisieTcs MpoyKTOM MOOOYHON peaKIii.)
VMon oxmcnser tmocynbpar mo TerpatoHatra Na,S4Os. B Kakylo cTereHb
OKHCIICHUS MIEPEXOAT MPHU ATOM OpoM U oa? MoXKeT 1 XJIOpHasi BOAa OKUCIUTh
tuocynbdat HaTpusi? OTBET MOTUBHPOBATh.

OmnpIT 7. OKHCIeHNE HOAMAA KATHUA NePOKCOAUCYIb(PaTOM aMMOHUSA



B npobupky ¢ pactBopom Honuaa kanus (3-4 kamim) npuOaBUTh CTOJBKO e
pacTBopa nepokcoaucyiabpara aMMoHus. OTMETUTh U3MEHEHHE OKPACKH PacTBOpa.
Hanucarb ypaBHEHHE pEeaKIUH.

Jlaboparopnasi pa6ora Ne 9. Jnementsl noarpynnsi VI B

Omnbit 1. IToayuyenue okcuaa xpoma (111) pasinoxennem nuxpomara aMMOHUSA

[TomecTuTs Ha acOecTOBYIO ceTKy 1/3 00BEMa MpoOUpKH pacTEPTOTO B MOPOIIOK
JUXpOMaTa aMMOHHS. PacKaJIUTh KeJIe3HYI0 MPOBOJIOKY HA TOPEJIKE U IIOTPY3UTh €€
B auxpomar. HaOmonmate OypHOoe pasznoxkeHue conu. Kakoil nBeTr wumeer
nosyyeHHbld okcua xpoma (l11)? Hamucate ypaBHEHHE peaklUM pas3ioKEHUs,
YUHUTBIBASI, YTO OAHOBPEMEHHO OOPa3yroTCs a30T U BOJA. YKa3aThb OKHCIUTEIb U
BOCCTAHOBUTENb. K KakOMy THIy OKHMCIHTEIbHO-BOCCTAHOBHUTEJIBHBIX PEaKLUN
OTHOCUTCS JJaHHAs peakuus?

Onpit 2. [TosryueHue u cBoiicTBa ruapokcuaa xpoma (111)

[Tonyunth B ABYX NpoOMpKax MaylopacTBOpuMbIH ruapokcua xpoma (1)
B3auMoieiictBueM pactBopa cosid xpoma (111) (3-4 karm) ¢ 2 H. pacTBOPOM ILEI0UH
(1-2 xamm). McnpiTaTh OTHONICHHE THAPOKCHIA XpoMa K KHCIOTE M K HM30BITKY
mEN0YH, JIJIS 4ero 00aBIATh B OJHY HNPOOUPKY IO KAIUIAM 2 H. pacTBOP CEPHOI
KHUCTIOTHI, B IPYTYI0 — 2 H. pacTBOp IIENOYH JO0 pacTBOpeHHs ocajaka. Hammcats
ypaBHEHHsSI peakiui noiydeHus ruapokcuaa xpoma (llI) m B3aumoneicTBus
ruapokcuga xpoma (lll) ¢ xkuciaoroit u co mENOYbIO, YUUTHIBAS,, YTO BO BTOPOM
caydae mnonydaercs — kommuekcHeli anumoH [Cr(OH)e]®. Kak nHaswBaeTcs
COOTBETCTBYIOIIAs coJib KanusA? Ilpm mnoakucieHnn pacTBOpa IPOUCXOINT
MOCTENIEHHOE 3aMEIlIeHNE TIPOKCUIHBIX JTUTaHJ0B B THIPOKCO-KOMIUIEKCE XpOoMa
(1) Ha wMomekynbl BOABI ¢ oOOpa3oBaHHMEM akKBakoMmIuiekca. [lpu 3TOM
KOOpAMHALIMOHHOE YKCII0 KOMILIeKcooOpa3oBaTes He MeHsieTcs. Crenarb BbIBOJL O
KHCJIOTHO-OCHOBHOM xapakrtepe ruapokcuaa xpoma (I11).

Onpit 3. l'uaposus coueii xpoma (111)
a) I'uoponus cynvhama xpoma

Ucnwitats neiicteue cynbdara xpoma (111) Ha makmyce, 1715 yero B mpoOUpKy ¢
3-5 KamwIsiMuU pacTBOpa HEUTpajIbHOrO JIaKMyca MNpPUOABUTh  HECKOJIBKO
KPUCTAJUIMKOB Cyib(ara XpomMa /10 M3MEHEHMS OKpacku Jjakmyca. Hamucate B
MOJIEKYJIIPHOM ¥ HOHHOM (popMe ypaBHEHHE peakinu ruapoian3a. Kakue Beniectra
npu 3toM nonyvatorcs? IlpuBectn Ha3BaHus. Kak MOXHO 0CIaOWUTh THAPOJIN3
nanHoi conu? Kak ycuinTh ero?
0) Coemecmubwtii 2udpoau3 cyavhama Xpoma u Kapoonama Hampus

K 2-3 xamnsm pactBopa cynbdara xpoma (lll) mpubaBnsate mo kamisim
kapOonar Hatpus 10 obpasoBanusi ocanka Cr(OH)s. OTMeTuTh BbIIENEeHUE Ta3a.
[Touemy ne momyuuncs kapoonat xpoma (I11)? Kakoit ra3 Beimensiics? Hammcatb
MOJIEKYJISIPHOE ¥ MOHHOE ypaBHEeHUs peakiuu. Kakas ¢opma ruaponusa cynbdara
XpOMa MMeJla MECTO B IaHHOM peakuuu?



OmnbIT 4. XpomMaTthl 1 JUXPOMATHI
a) Ilepexo0 xpomama Kanusa é ouxpomam

K pactBopy xpomara kanus (3-4 karm) npuOaBIsaTh M0 KaIjisiM 2 H. pacTBOP
CEpPHOU KUCIOTBI. OTMETUTH OKPACKY B3ATOT'0 U MOJYYEHHOTO PACTBOPOB U YKa3aTh,
KaKUMU MOHAMU 3TH OKpacku oOycioBiMBaroTCsA. Hamucarh ypaBHEHUE peakivu.
[Toyemy mostydeHHast CoJib OTHOCUTCS K COJISIM M30TOJIUKUCTIOT?
0) Ilepexo0 ouxpomama Kaaus é xpomam

K pactBopy nuxpomara kanus (3-4 kamiu) npuOaBisATh MO KarisiM pacTBOP
menoyn 0 M3MEHEeHWs okpacku. Hamucate ypaBHeHue peakiuu. Pa3oOpath
CMELIEHUE PaBHOBECHS

2CI’O42' +2H" & Cr2072' + H,0

npu Jo0aBIeHHH KUCIOTHI, meaoun. Kakoit mon (CrO4% umu Cr,0+%) cylecTByeT B
pactBopax nipu pH<7, mpu pH>7?

Omnbit 5. ITosry4yenne xpoMaToB O0apusi, CBHHIIA U cepedpa

B Tpu npoOupku ¢ pacTBOpoM XxpomaTta Kayus (2-3 kariu) npubaBuTh o 2-
3 Karu pacTBOPOB: B MEPBYIO — XJIOpHUAa Oapus, BO BTOPYIO — HUTpaTa CBUHIIA, B
TPEThIO — HUTpaTa cepedpa. OTMETUTH 1BeTa 0caaKoB. Hanucath B MOJIEKYJISIpHOM
Y MOHHOU (hopMe ypaBHEHHUSI PEAKIIHA.

OmnbIT 6. OKHCIHUTEIbHBIE CBOIICTBA XPOMATOB
a) OKucnenue cepoeooopooa

B pactBop muxpomara kanus (4-5 kamelnb), TOAKUCIEHHOTO 2 H. paCTBOPOM
CEepHOM KHCIOTHI (2-3 Kamim), BHOCUTh IO KaIlJIIM CEPOBOJOPOIHYIO BOJY JIO
M3MEHEHHS] OKpacku pactBopa. OTMETUTh MOMYTHEHHE pacTBopa. Hammcate
YpaBHEHHE peaklUHUH. YKa3aTh, KAKOE COCAMHEHHE XpoMa MOJY4YEeHO U MOYEeMY
pactBOp nmomyTHe. [l0 KaKkoi CTerneHu OKUCIeHUsT BoccTanaBiuBaeTcst xpom (V1)?
[To kakuM TaHHBIM MOKHO CYyJHUTh 00 3TOM?
0) OKucnenue iioouoa Kanus

K nmnogkucneHHOMY CepHOM  KHCIOTOM pacTBOpY JOHUXpoMara —Kaus
(4-5 xanenp) 100aBUTH 3-4 KarIu pacTBopa Hoauaa Kanus. OTMETHTh U3MEHEHHUE
okpacku. J[oka3aTh ¢ HOMOLIBIO PACTBOPA KpaxMasa BblJIeJIEHUE CBOOOJHOrO Hoa,
JUTSL 9YeTro B MPOOUPKY € 5-6 KaruisiMu KpaxMmaia BHECTU OJHY KaIlIO MOJYy4YE€HHOTO
B ONbITE pacTBOpa. Hamucare ypaBHEHUE peaKkuu.
8) OKucnenue xi0po6000poOHOIl KUCIOMbl

K pactBopy mmxpomara kamus (2-3 karum) npubasuth 10-12 kamens
KOHILIEHTPUPOBAHHOM XJIIOPOBOAOPOAHOM KMCIOTHI (I10THOCTE 1,19 r/em®). Cmech
HarpeTh JI0 IEPEX0/1a OPAHKEBOM OKPACKH B 3€JIEHYI0. OTMETUTH BBIJIEICHUE Ta3a.
Kak u3MeHunace creneHb okucieHus xpoma? Kakoil ra3 Beyaenuics? HanucaTte
YpaBHEHUE PEAKIIUHU OKUCIEHUS XJIOPOBOJOPOJHON KUCIOTHI AUXPOMATOM KaJusl.



JlabopaTtopuasi pa6ora Ne 10. Duementsl noarpynmnst VII A

Onbit 1. ITosryyeHue rajioreHOB OKMCJIEHHEM raJIOreHU10B
a) I[lonyuenue xnopa

B nBe npoGupku pazaenbHo BHeCTH 110 2-3 kpuctamuka KMnO, u KoCr,07. B
o0e mpoOupku 100aBUTH MO 2-3 KaIulM KOHIICHTPUPOBAHHOM XJIOPOBOJOPOIHOM
KUCIOTH  (maoTHOCTH 1,19 r/cm®). BTopyro mnpoOMpKy clerka HOHOrPETh.
HaGmrogats BbiaeneHue xjaopa. OTMETHTHh OKpacky xjopa. Hamucars ypaBHeHuUE
MPOTEKAIONTUX PEAKIUH, YUUTHIBAs, YTO JAMXPOMAT Kajus MEPEXOIUT B XJIOPHUJT
xpoMma (I11), a nepmanranar kanus — B xsopu Mapranna (l1). Ykazats okuciaurens
Y BOCCTAHOBUTEb.
0) Ilonyuenue opoma u iiooa

B nBe mpoOupku BHECTH: B OJIHY — 2-3 KpUCTAJUIMKA OpOMHJIa Kalusl WIH
HaTpus U 1-2 MUKpomnarenas IWOKCHIA MapraHila, B JPYryl0 — TaKoe e
KOJIMYECTBO CMECH HOJMa Kallis ¢ JIMOKCHJIOM Maprasia. B kaxmayro mpoOupky
n00aBUTh MO 2-3 KamjlM KOHIEHTPUPOBAHHOW CEPHOW KHUCIOTHI (IIOTHOCTH
1,84 r/cm®). OrmeTuts BBIIENEHME W LBET OpoMa M i0oa B Ta3000pa3HOM
coctosiHud. HammcaTh ypaBHEHHE MPOTEKAIOIIMX PEAKITUH, yUUTHIBAS, YTO TUOKCH]T
Maprasia nepexoaut B cyibdar mapranmna (I1).

OmnpIT 2. PacTBOpuMOCTH OpoMa M 10/1a B OPraHUYeCKUX PACTBOPHUTEIAX

B nBe nmpobupku pazaenbHO BHECTH MO 2-3 Kamiu OpOMHOW M HOJAHOU BOJBI.
J06aBUTh B KaXIyl0 MNPOOUPKY MO 5-6 Kameiab Kakoro-Tubo OpraHu4ecKoro
pactBopuTensa. PacTBOpHI NepeMeniath CTEKISIHHON Maloukoi. OTMETUTh OKPAcKy
OTCTOSIBIIMXCSI CJIOEB B mpobupkax. (OpraHuyecKuil pacTBOPUTENH IKCTParupyer
OpoMm u 1oa W3 BOJHOTO pacTBopa.) Kakue rajoreHbl MOXKHO OOHAPYXHUTH TIPH
MTOMOIIH 3TOTO ONbITA?

OnbiT3. OKHCANTEIbHbIE CBOWCTBA IAJIOT€HOB 7|
HUX CPABHUTEJIbHAS AKTUBHOCTD
a) OKucaumesnvHble CEOIICMEA 2A102€HO8

B tpu npobupku BHecTH 1o 3-5 Kamesb XJOpHOH, OpOMHOM M HOIHON BOBI.
Jo6aBUTh K XJOpPHOM BOJI€ HECKOJIBKO Kallelib CEepOBOJAOPOAHON BOJBI 1O
nosiByiecHus: MyTu. K OpoMHOI ¥ HOIHOW BOjJ€ N00aBUTh MOPOIIOK MarHusl Wid
amoMuHus. llepemMemiate pacTBOpPBI CTEKISIHHOM MAJlOYKOM M OTMETUTh MX
obOeciiBeunBanue. HamucaTh ypaBHeHHE Bcex MpoTeKarolmux peakiuid. Kakue
CBOMCTBA BO BCEX CIIy4asX MPOSIBIAIOT TAJIOTEHBI?
0) Cpagnenue OKUCIUMENbHBIX CEOUCHE 2A1026HO8

B ogny npobupky BHecTu 3-5 kamenb pacTBOpa OpoMmuia HATPHs, B IBE IPYTHE
— 1o 3-5 xamenb pacTBopa oauna kanusa. Bo Bce Tpu npoOupku 106aBuTh 1o 2—3
KaIuiid OPraHNdecKoro pacTBopurelis. B mpobupku ¢ pactBopom OpomMuaa u iionuaa
BHECTH 10 3-4 Karum XJIOPHOH BO/IbI, B IIOCIIEAHIO TPOOUPKY C paCTBOPOM Houaa



— CTOJIBKO k€ OpoMHOM Boabl. CofepKuMoe MPOOUPOK MepeMeniaTh CTEKISTHHON
MaJOYKOM M 1O OKpPACKE TMOJY4YEHHOTO CJIOS OPraHUYECKOrO0 PACTBOPUTEIIS
YCTaHOBUTH, KAKOU T'aJIOTE€H BBIJIETSETCS B CBOOOTHOM BHJIE B KAXKI0M U3 MPOOUPOK.
HamucaTte ypaBHEHUs peakiMii B MOJICKYJSIpHOW W HOHHOM (opme. B kaxmom
CJIy4yae yKa3aTb OKUCJIHUTENb U BOCCTAHOBUTEIND. PAacONOKUTh rajloreHsl B psij MO
yOBIBAHUIO MX OKHUCIHUTEIHbHONH aKTUBHOCTHU. OOBSCHUTH TOCIEIOBATEIBHOCTD
PacCIOIOKEHUS. Moryr 1M MOJEKYISIPHbIE  TaJOr€Hbl  TPOSBISATH
BOCCTaHOBUTENbHBIE CBOKCTBA? OTBET 0OOCHOBATB.

8) Oxucnenue cynvghama sycenesa (11)

B nBe mpoOupku pa3aensHo BHECTH 1o 3-5 Kamens OpOMHOM M HOMHOM BOABI.
Jlo6aBuTh B KaxAayr0 mpoOupKy mo 1-2 kpuctayuuka cynbdata sxenesza (1) [comm
Mopa (NH4),SO4-FeS04-6 H;O]. UYro wnabmomaerca? Hamucath ypaBHEHHE
IpoTeKaromel peakuuu. B KakoM cilydae peakumus OKUcieHus Fe’*-noma me
npotekana? HanucaB 3Hau€HUsS CTaHIAPTHBIX 3JIEKTPOJIHBIX TOTEHIIUATIOB CUCTEM
Clo/2Cl, Bra/2Br, 1,/21, Fe**/Fe®*, yka3aTh, B KAKOM CIIydae PeakKIyus OKHCICHHS
FeSO,4 neBo3moskHa. [loarBepkaanock iu 310 onbiToM? byner nu XjopHas Bojaa
okuciaTh FESO,4?

OmnbiT 4. CpaBHeHHE BOCCTAHOBUTEJIbHBIX CBOMCTB raJIOTeHOB
a) Boccmanoenenue ouxpomama Kanus

B tpu npobupku BHECTH 110 2-4 KAk AUXpoMarta Kajaus, MOJKUCICHHOTO 2 H.
pacTBopoM cepHoil kuciotou (1-2 karum). JloGaBUTH B MEpBYIO MPOOUPKY 2-3
KaIid pacTBOpa MWOAMUAA KalKsl, BO BTOPYIO — CTOJIBKO ke KaKoro-imbo Opomuaa, B
TPETHIO — XJIOpHUIAa HATpHsl. PacTBOpBI mepemeniaTh YUCTOM CTEKIISIHHOM NTAaT0YKOM.
B xakoM citydae BOCCTaHOBJIEHHE AUXpomara He nmpousonuio? Hanucate ypaBHeHUs
MPOTEKAONIUX PEAKIUNA, YUYUTBHIBAs, YTO IUXPOMAT KaJlusl, BOCCTaHABIIUBASICh,
nepexoaut B cyabdat xpoma (I11). Kak nsmeHnssiach mpu 3ToM CTeNeHb OKUCIEHUS
COOTBETCTBYIOIIUX TasloreHoB? UTo mpu 3TOM HaOII0AAI0CH?

0) Boccmanoesnenue xnopuoa xncenesa (111)

[IpoaenaTs ONBIT, aHAJIOTMYHBIN ONBITY 4a, 3aMEHUB PACTBOP AUXPOMATA KU
pactBopoM xsopuna xkeinesa (I11). Uro nabmonanu? B kakoMm ciydae mpou30III0
BocctanoBiieHne FeCl; u cootBeTcTBeHHO OKMcieHue ranorena? CoriacyrTes i
pe3ynbTaThl OMBITOB 4a W 40 C OTHOCUTENHHBIMU 3HAYEHUSMH CTAaHJIAPTHBIX
AIEKTPOAHBIX MOTEHIIUAJIOB COOTBETCTBYIOIINX OKHCIIUTEIIbHO-
BOCCTAHOBUTENBHBIX cucTeM? Kak M3MeHseTcs BOCCTAaHOBUTENbHAS CIIOCOOHOCTH
OTPULATEIIBHBIX MOHOB TaJOTreHOB? PacmoyiokuTh UX B P MO BO3paCTAIOLIEH
BOCCTAHOBUTEIHLHON aKTUBHOCTH.

OmnbIT 5. XapakTepHble peaKkiMi HA HOHbI I'AJIOTEHOB

Oopasosanue ocaakoB AgCl, AgBr u Agl sBisieTcst xapakTepHO peakiue Ha
WOHbI rajoreHoB. [lomyunTh yKa3aHHblE BeEIECTBAa peakiue oOMeHa.
HeoOxoaumble pacTBOpBl COOTBETCTBYIOIIMX COJiell OpaTh B KoindyecTBe 4-5
karenb. K moydeHHpIM ocagikaM 100aBUTh 10 2—3 Kamm 2 H. pacTBOpa a30THOU
kucnotel. Habmogaetcs nu ux pactsopenue? HamnucaTs B MONIEKYJISIPHON U HOHHOM
¢dbopMe ypaBHEHUS IPOTEKAIOIINX PEAKLUNA, OTMETUTH I[BETa MOTYYSHHBIX OCAJIKOB
Y PE3yabTaT JEHUCTBUS HA HUX a30THOM KUCJIOTHI.



JlabopaTtopuast pabora Ne 11. Dnementsl noarpynnsi VIl B

OmnpiT 1. M'uapoxcua mapranua (1) u ero coiictBa

B nBe mpoOupku BHecTH 1o 3-4 kariu pactBopa coju Mapranuna (Il) u mo
2-3 xarau 2 H. pacTBopa mienoyr. KakoB 1BET MOJTYyYEeHHOTO Ocajika THJIPOKCUAa
mapranna (I1)? Pasmemars ocagok CTEKISSHHOM MallOYKOM W OTMETUTh €ro
nobypenue BeaeacTBue okuciaeHust mapranmna (l1) qo mapranma (1V). Bo BTropyto
IpoOHPKY C OCaZKOM THIPOKCHJA MapraHia 1o0aBUTh 2-3 Karjiu 2 H. pacTBOpa
cepHoi KucnoTel. Yto Habmonaerca? Kakue cBOMCTBA XapaKTEPHBI 151 THAPOKCHIA
mapranua (11). HanmucaTtes ypaBHeHUS peakiuii: a) MoJTydeHus THAPOKCUIA MapraHiia
(I) m ero OKHUCIECHHS KHCIOPOJOM BO3IyXa B MnO(OH),; 0) B3aMMOJCHCTBHS
TUAPOKCUIA MapraHia ¢ CEpHON KHUCIOTOM.

Onpit 2. [TosryueHHe HEKOTOPBIX MAJIOPACTBOPUMBIX coJieid Mapranua (11)

B Tpéx mpobupkax moiay4yuTh: a) XpomaT mMapraHia; ©0) kapOoHAT MapraHia;
B)Cylb(aT Mapraniia B3aUMOJICMCTBHEM XpoMara Kajius, KapOoHaTa HATpusi U
cynbduna ammonus ¢ cyiabdarom mapranna (Il). PactBopsr Opath o 3-4 kamiu.
OtmeTuTh 1BETa OcajkoB. PacTBop ¢ ocankoMm cyibhuia Mapradiia pasmeniaTh
CTEKJISIHHOM naioukoil. OTMETUTh U3MEHEHHE LIBeTa ocaaka. Jl00aBUTh K KaXI0OMy
ocanKy 2-4 kamiMm 2 H. pacTBopa KHUCIOThl. CrenaTh BBIBOJ O PAacTBOPUMOCTH
MOJIYYEHHBIX COJIel MapraHiia B KUcJol cpene. HamucaTh ypaBHEHUE peakiuu: a)
MOJIy4eHHUsI XpomaTa, kapOoHata U cylbduaa Mapradia; 0) oKucieHus cyabduaa
MapraHiia KHCIOpOJIOM BO3yXa B MPUCYTCTBHH BOJbI, YIUTHIBAs, YTO MPH ITOM
nosiyqaetrcst ruapokcua Mapradma (1\V); B) pactBopeHusi xpomara, kapOoHata u
cynbuna mapranma (1) B kucnore.

OnpiT 3. BocctaHoBuTeIbHBIE cBolicTBa coequuenmii Mn (11)
a) Okucnenue coau mapeanua (11) opomom

Brectu B mpobupky 2 kamiu pactBopa cynbdarta mapranna (1) u 3 kamm 2 H.
pacTBopa enkoro HaTpa. K mogydyeHHOMY OcaJiKy THAPOKCHIA MapraHiia 100aBUTh
5-6 kamenb OpoMHON BOABL. OTMETHTh HM3MEHCHHE IIBETa OCajKa BCIICICTBHE
oOpazoBanus coeauHenust mapranua (1V). Hanucars ypaBHeHue peakuuu.
0) Okucnenue coau mapeanya (11) sucmymamom nampusn

[TomecTuTh B IpoOUPKY OJHY Karuito pacTBopa coi mapranua (1) u 5—6 kanens
2 H. pacTBOpa a30THOU KHUCJIOTHI. [[00aBUTh MUKPOIIIIATEIEM HEMHOTO BUCMYyTaTa
Hatpus NaBiOsz. Kak okpacuiics pactBop? Kak w3aMeHMIach CTEIEHb OKUCIICHUS
Mapranna? HanucaTe ypaBHEHHE peakluM, TMpOTEKaromed ¢ o0pa3oBaHUEM
MaprasieBoi KuciaoTel U HuTpara Bucmyta (111).
8) Oxucnenue conu mapzanya (11) nepoxcooucynvhamom ammonusn

B MHKpOK0I00UKY WM HUIMHAPUYECKYIO TPOOUPKY 10 1/3 e€ 00béma HanUTh
BOJIBI U T00aBUTH 3-4 KPUCTAJUTMKA MMEPOKCOANCYIh(hAaTa aMMOHUS (NH,),S,0, U TIO
2-3 KamaM pacTBOPOB 2 H. a30THOM KHCIOTHI W HHUTpara cepedpa, KOTOphIC
n00aBIIOTCS B KayecTBE Karanmu3artopa. HarpeB >XKUAKOCTh MOYTH 10 KUIICHUS,



no0aBuTh B He€ Kamumo pactBopa cyiabdara mapranna (I1). OrmeruTs okpacky
pacTBOopa M yKa3aTb, KaKk M3MEHWIACh CTENEHb OKUCIEHMsI Mapranua. Hamucatb
YpaBHEHHE peakluu, NpOTEKalled ¢ ydacTUeM BOAbl U 00pa3oBaHUEM
MapraHieBoOi KUCIOThl. B ypaBHEHUM peakliuy a30THAsI KUCJIOTa HE yYacTBYeET.

OmnbIT 4. PaznoxkeHue NepMaHraHATa KaJuA NPU HArPEeBAHUM

[TomectuTes 3-4 KpuUCTa/UIMKa IE€pPMaHraHara Kajiusg B IUIMHAPUYECKYIO
npoOHpKY, YKpEenuTh €€ B IITaTUBE TOPU3OHTAIBHO W HArpeBaTh HEOOJBIIUM
IJIAMEHEM T'OPEJIKH JI0 IMOJTHOTO Pa3IoKEeHHsI IEpMaHraHaTa Ha JUOKCUJ MapraHia,
MaHraHaT KaJusg U Kuciopol. (BwiaeneHue Kuciopoga W MOJHOTY pas3lIoKEHUS
NEpMaHIraHaTa yCTAaHOBUTH C MOMOILBIO TieronIei tyunHku.) [locie oxmaxaeHus
npoOUpPKU K CyXOMY OCTaTKy A00aBuTh 5-6 kamenab BOAbL. OTMETUThH IIBET
ITOJIyYEHHOr0 pactBopa. Kakoe BemecTBo Haxoautcs B pactBope? Kakoe B ocaake?
Hamncate ypaBHEHME peEakIUMU pas3JIoKEHUs IMEpMaHraHaTta Kailus. YKas3aTh
OKHUCJIUTENIb U BOCCTAHOBUTEIb.

OnpiT 5. OxucauTeIbHBIE cBOiicTBa coemquuennii Mn (V)
a) Bauanue pH cpedvl na xapaxkmep éoccmanoenenus nepmanzanama

B 3aBucumocTH OT cpepl — KUCIIOW, HEUTPAIBbHOM MM IIEJTOYHOW — MapraHen
(VIl') BoccTanaBimBaeTcs 10 pa3IMYHOM CTEIICHU OKUCIICHUS. B Kuciol cpene noH
MnO,~ IEPEXOAUT B UOH , B CUJILHOIIECJIOYHOM, TIPU HEJOCTATKE BOCCTAHOBJICHHS — B
WOH Mn0,*”. B Tpu npoOupku BHecTH 110 3-4 Kamim pacTBOpa MepMaHraHaTa KaJus.
B onny npoOupky 100aBUTh 2 Karuid 2 H. pacTBOpPa CEPHOM KHUCIIOTHI, B IPYTYIO —
CTOJIKO € BOJIbI, B TPEThIO — 3- 4 Karym 2 H. pacTBopa mienoyu. Bo Bce Tpu
MPOOUPKU MPUOABUTH MO 1 MUKPOIITIATENI0 KPUCTATUYECKOTO CYJIb(PUTa HATPUS
Wi Kayns. OTMETUTh pa3IMYHOE U3MEHEHUE NEPBOHAYaIbHOM OKPAcKH pacTBopa
IIEpMaHraHara B KaxaoMm ciaydae. Yem 310 BeI3BaHO? Hammcate ypaBHeHue
pEaKIUi.

0) Oxucnenue nepmanzanamom Kaaus cyavpama mapzanya (11)

Buectu B npoOupky 3—4 kamiu pacTBopa rnepMaHraHaTta Kajus U CTOJBKO K€
pactBopa cyibdara mMaprania. OTMETUTh HUCUE3HOBEHHE (DUOJIETOBOM OKPACKU U
oOpa3zoBanue Oyporo ocagka. OmnycTuTb B NPOOUPKY CHHIOIO JIAKMYCOBYIO
oymaxky. Kakas cpena B nmosryueHHOM pactBope? HamucaTh ypaBHEHHE peaKIiu C
y4acTHeM BOJbI U 00pa3oBaHHEM cyib(ara Kajaus, TMOKCHIa MapraHiia U CEpHOU
KHCJIOTHI.

6) OKucnenue nepmaHanamom Kaausa nepoKcuoa 6000pooa

B npo6upky BHecTu 3-5 kamnenb pacTBopa nepMaHTraHata Kainus u 2-3 kammm 2
H. pacTBopa cepHod kucioThl. Jlo6aButh 3-4 karumm 10% pacTtBOpa mepokcuaa
Bojopona. Kakoil ra3 Beigensierca? Kak u3MeHWach CTENEHb OKHUCICHUS
Mmapranua? Hanucars ypaBHEHHE peakLUU.

2) OKucinenue nepManH2anamom Kaius CRUPpma 6 KUC10u U wie04Hoil cpeoe



B nBe npoOupku BHeCTH 1o 2-3 KaIuld pacTBOpa MepMaHraHata kaius. B onny
npoOupKy H00aBUTH 2 Karlld 2 H. paCTBOpPA CEPHOM KUCIIOTHI, B APYTYIO — CTOJIBKO
e 2 H. pacTBopa 1enodd. B mpoOupky ¢ moJIKHCIEHHBIM PAaCTBOPOM MEpMaHTaHaTa
Kaliisg J100aBUTh 3 Karuld 3TUJIOBOTO cnupTa. PacTBOp moIorpeTh MalleHbKUM
mwiaMeHeM ropenkud. OTMETHTh M3MEHeHHe oKpacku. Kak m3aMeHusiach CTeneHb
oKucJeHHus Maprania? B qpyryro npoObupky K 1eJI04YHOMY pacTBOPY MepMaHraHaTa
Takke J00aBUTh 3 Kamid J3TWIOBOro cnuprta. Habmonate mocTeneHHoe
BOCCTAaHOBJICHHE IME€pMaHraHaTa CHayaja JI0 MaHraHara, a 3aTeM J0 IUOKCHIA
Mapranma. OTMETUTh MOCIENOBATENIbHOCTh HW3MEHEHHMS OKpPacKH pacTBOpa.
OtBetuTh Ha Bompockl. Hammcare ypaBHEHUS peakUUi: BOCCTAHOBIICHHUS
NepMaHraHaTa Kajus CIIUPTOM B KUCJIOW Cpele W BOCCTAHOBJICHHS B ILEIOYHON
cpelle cHayaja J0 MaHraHarta, a 3aTeM J0 JUOKCHJA Maprasiia, y4YuThbIBas, 4TO B
KQKJIOM CJIy4ae CIUPT OKUCISAETCS B abACTU/I.

JlabopaTtopHnasi pa6ora Ne 12. Daementsl noarpynnst VI B

OnpiT 1. XapakTepHble peakuun Ha HOHbI Fe?* u Fe3*
a) /leiicmeue na conu sxcenesa (11) zexcayuanogpeppama (111) kanus

[IpuroroBuTh B mpoOUpKe pacTBOp coiau Mopa u 100aBuTh 1 Karuio pacTBoOpa
rekcarmanodeppara (111) xamus (kpacHoii kpossiHoii cou Ks[Fe(CH)g]). OtmeTnTh
1BET 00Opa3oBaBIIerocs ocajika (TypHOyeBa CHHb), yKa3aTh XUMUUECKOE HA3BaHUE
u (opmyTy TIOJIy4eHHOTO BemecTBa. J[aHHas peakmus sSBIIETCS XapaKTepHOU Ha
noH Fe?" . HanucaTs MOJIEKYISPHOE U HOHHOE YPABHEHUE PEAKIHH.

0) /leiicmeue na conu sncenesa (111) zecauyuanogpeppama (11) kanus

[TomecTuTs B mpoOupKy 2-3 Karu pactBopa xyuopuaa xenesa (111) u nodaButh
1 xammio pactBopa rekcanuanodeppara (ll) xamus (GkenTol KpOBSTHOM COJHU
K4[Fe(CN)g]). Uro mabmomaercsi? OTMETHTH I[BET 00OpPa30BaBILEroCs OCaaKa
(OepnuHCKas na3yph), yKa3zaTh XMMHUYECKOE Ha3BaHHE M (OPMYITY MOITYYECHHOTO
BelecTBa. Hammcars ypaBHEeHUE peakIiuu B MOJICKYJISIPHOM ¥ MIOHHOM (hopMme.

6) /leticmeue na conu »cenesa (111) pooanuoa ammonus (unu kanusn)

[Tomectuts B TpoOupKy 5-6 kamenb pactBopa xsopuma sxkeneza (I) u
no6asuth 1 xammo 0,01H. pacTBopa pojgaHuga aMMOHUsS (WU Kanus). Takon ke
OIBIT TMPOJIEeNIaTh ¢ pacTBopoM coim Mopa. [leperectn 1 ka0 MOJyd4eHHOTO B
nepBOM MPOOUPKE pacTBOpa B JIPYTyr0 MpOOUPKY U 100aBUTH 8-10 Kamenb BOIBI.
Hanwucate ypaBHenue peaknuu mosnyueHuss Fe(CN)s, cooOimaromiero pactBopy
SPKO-KpacHy0 OKpacky. OTMETHTh, 4TO OKpacka XapaKTepHa TOJBKO IS COJIH
xene3a (111). Uem oOBsicHsIETCS1 OCTa0IeHUE OKPACKH MTPH pa30aBiICcHUN?

OnbiT 2. B3aumoaeiicTBue Kejie3a ¢ KUCI0TaAMH

Onwvim npoeooumcs 6 epimaxchom wikagy! B Tpu npoOHpKU BHECTH 1O 5
Kaneyib 2 H. pacTBOPOB KHUCJIOT: B MEPBYID — XJOPOBOJOPOJHOM, BO BTOPYIO —
CepHOIl, B TpeTbl0 — a30THOW. B deTBepTyi0 mpoOMpKYy MOMECTUTh 3 KarliH
KOHILIEHTPUPOBAHHOM CepHOH Kucaothl (mmotHocts 1,84 r/cm®). B kaxmyro
OpoOHPKY IMOMECTHTh HEMHOIO JKEJIE3HBIX ONUJIOK WM KyCOYEK IKeJIe3HON



CTPYKKH, TIOCI€ 4Yero MpoOUPKYy C KOHILIEHTPUPOBAHHOW CEPHOW KHUCIOTOM
OCTOPO’XKHO HarpeTb. HabmromaTte mpoucxoisiiue MpoLecchl. 3aTeM B KaXKIYHO
npobupky npudasuts o 1 xaruie 0,01H. pacTBopa pogaHu1a Kajaus WK aMMOHUS,
KOTOpBIE ¢ MOHamu Fe¥" naroT XapakTepHyl0 KpacHyr OKpacKy COEIMHEHHS
Fe(SCN);. Yoeautbes B TOM, 4TO B XJOPOBOIOPOIHON M pa30aBiICHHON CEpHOMU
KHMCIIOTE 00pasyloTcs MOHBI Fe?*, a B a30THOM KUCJIOTE M KOHIIEHTPUPOBAHHOM
CepHOIT KucnoTe — MoHbl Fe**. HabmromaTh 3a HOSBIEHHEM OKPAcKH CIELYeT
BHHUMATEJIbHO, TaK KakK uepe3 Hekoropoe Bpems (1-2 MUH.) B KHUCIOH cpene
Fe(SCN); pazmaraercs. HamucaTh ypaBHEHHS POBEACHHBIX peakiuii. Kakue HOHBI
ABJIAFOTCS OKUCIUTEISIMU B KaXKJOW M3 3TUX peakuuii? YeM 0OBICHATH, YTO MpHU
B3aMMOJICHCTBUM KE€JIe3a C CEPHOM KHCIOTOM pPAa3JIMYHOM KOHIEHTpauuu
00pa3yloTcs COJNM JKee3a Pa3IuYHON CTENEHNU OKUCIEHUs?

Onpit 3. l'uapoxcnn xenesa (11)

B consax scenesa (11) ecnedcmeue wacmuuno2o okucienus Ha 8030yxe 8ce20d
npucymemeyem xceneso (111). Ilosmomy 60 ecex onvimax no uzyuenuro ceolicmas
aceneza (11) credyem 6pamov nHaubonee ycmouuusyio 080UHYI0 KPUCMALIUYECK)IO
conv Mopa (NH4),SO4 -FeSO4-6H,0. [us npuecomosnenus pacmeopa 6 npobupky
nomecmumy 2 MUKpOWNameJisi LOPOUIKA MO CONU U pACMBOPUMD ee 8 4—5 Kanisx
600bl. Yem obvacuaemcs 601buas yCmoudusoCcms 8 KpUCMAauIIUYecKoM COCMOSHUU
coau Mopa no cpasnenuio ¢ cynvpamom sxcenesa (11)? [louemy pacmeop conu Mopa
0osicer bvimb cgedcenpucomosnenuvim? Hanucamos KOOpOUHAyuoHHyo gopmyny
conu Mopa. B ypasnenusx peaxyuii eémecmo @opmyavt coau Mopa ModxicHO
nonvzosamucs opmynou cyavghama odwcenesa (1), max kax osoiuinas conv Mopa
NPAKMU4ecKu HNOIHOCMbIO OUCCOYUUPYEem NpU pPACMBOpeHUU 8 600€ Ha 6Ce
cocmasnsowue ee UOHbL.

B npobupky ¢ 3—4 karuisimu pactBopa coinu Mopa npuinTh 2 H. pacTBOpa
IIEJIOYH JIO BBIMAJIEHUS 3€JIeHOTO ocanka ruapokcuaa xenesa (l1). Ilepememars
MOJYYEHHBIH OCaJIOK CTEKJISIHHOM MaJlouykod W HaOaomath depe3 1-2 MuH
noOypeHue ocajika BCIEACTBUE OKUCIeHUs ruapokcuna xkenesa (1) B ruapoxcun
xene3a (I11) FeOOH. IIpoBepuTh OMBITHBIM MyTEM, KakK B3aMMOJICHCTBYET
CBEKEOCAXKICHHbIA TuaApokcuy keneza (I1l) ¢ 2 H. pacTBOpoM XJIOpOBOJIOPOIHOM
KucinoThl. Kakue CBOWCTBa MPOSBISCT B TOW peakinuu ruapokcun xenesa (11)?
Hanucars ypaBHEeHUs peakUuuil:

a) oOpazoBanus ruapokcua sxenesa (I1);
0) OKHCIICHHS MMOJYyYeHHOTO OCHOBaHus B rujapokcu xenesa (11l) mox netficrBuem
KHCTIOPOJIa BO3AyXa U BOJBI.

OnbiT 4. BoccTaHoOBUTE/IbHBIE CBOICTBA coennHenmii :xese3a (I1)

a) Boccmanoenenue azomnoit kuciomol

Onvim npoeodumca 6 evimaxdcHom wkagy! 1lpuroroBute B JBYX
WIMHIPUYECKUX MPoOUpKax pactBop coiu Mopa. B ogny u3 Hux no6aButh 1
KAILTK0 KOHIEHTPUPOBAHHOM a30THOM KUCIOTH (IIOTHOCTE 1,4 r/cm®), momorpeTs
pacTBOp 10 TMpEKpallleHus BbIIETCHHsS ra3a U J1aTh €My OCThITh. 3aTeM B 00e



npobupku no6aButh no 1 xare 0,01H. pacTBopa pomanuna ammoHus. B kakoit
npoOupKe HaOIroAaeTcsi KpacHOE OKpalllMBaHHWE pacTBopa W moyemy? HamucaTh
ypaBHEHUE pEAKIUU, CUdTasg, 4YTO a30THas KHUCJIOTa BOCCTaHABIMBACTCA
npeumytiectBeHHO 10 NO.
0) Boccmanoenenue nepokcuoa 6000pooa

[IpuroroBuTh B IBYX MpoOUpKax pacTBop coiu Mopa. B oHy u3 HUX 100aBUTH
2-3 xarau 2H. pacTBOpa CepHOM KUCIoThl U 2—3 kamiu 3% pacTBOpa mepokcuaa
BojIopoza. 3aTeM B 06e mpobupku 1o6aButh o 1 kame 0,01H. pacTBopa poganuia
amMMoHusA. B kakoi mpoOupke HaOmI0gaeTcsi KpacHOE OKpallliBaHWE U MOYeMy?
[IpoBEepHUTH ONBITHBIM TyTEM, KaK IPOTEKAET BOCCTAHOBJIEHHE NIEPOKCHIA BOJIOPOJA
couibto kene3a (l1) B menounoit cpene. OTMETUTH BBINAJICHUE OCAJIKa TUIPOKCHIA
xenesa (l1). Hanucate ypaBHEHHS peakiuii.
6) Boccmanoenenue numpama cepeopa

[IpuroroBuTh B 1BYX MpoOUpKax pacTBop coiu Mopa. B oqHy u3 HUX 100aBUTH
6—7 kamnenb pacTBOpa HUTpaATa cepedpa U ciaerka HarpeBaTh HEOOJIBIIUM TUTAMEHEM
TOpeJKW, HE JOBOJAS JKHMJIKOCTh N0 KumeHus. Ha kakoil mpoiiecc yka3bIBaeT
MOSIBJICHUE HAa BHYTPEHHHUX CTEHKAaX MPOOUpPKU cepedpsHoro 3epkana? OxiaauB
poOUpKy, 100aBUTH B HEE U B KOHTPOJIbHYIO poOupKy 1o 1 karuie 0,01H. pactBopa
ponanusia aMmmMoHus. B Kakoil mpoOupke HaOII0JaeTCsl OKpalllMBaHUE U MoYemMy?
3anucaTh ypaBHEHUE PEaKI[MU BOCCTAHOBIIECHUS HUTpaTa cepedpa COJbIo XKeye3a

().

OnwIt 5. I'napoxcuy :xenesa (111)

B nBe mpoOupku BHecTH 1o 5-6 kamenb pactBopa xyopunaa xkenesa (I1) u
n00aBuTh mo 3-4 kamau 2 H. pactBopa menour. Yto Habmomaetrcs? B omgny
npoOUpKy 100aBUThH pa30aBJICHHON KUCIIOTHI A0 PAaCTBOPEHMS OCaJKa, BO BTOPOMH
poOUpPKE MPOBEPUTH PACTBOPUMOCTH OCaJIKa B IIesI0ur. HecMoTpst Ha OTCyTCTBHE
B3aMMOJICHCTBHSI CO IEJI0YbI0 MPH OOBIUHBIX yCIOBHsIX ruapokcun skenesa (1)
ciabo amdorepeH. KuciaoTHbie CBOMCTBa OH MPOSBISET TOJIBKO MPHU CIUIABICHUH CO
niesioyamMu Wik kapOoHaTaMu MISIOYHBIX MeTauioB. [Ipu aToM oOpasyrorcst comu
JKEJE3UCTOM KHUCIIOThI, Ha3biBaeMmble (Gepputamu. Bomoil OHU MOJTHOCTHIO
ruAponusyroTcs. Hamucath ypaBHEHHMSI peaklvii: a) B3aMMOJACHCTBHS XJIOpHUJA
xene3a (IlI) ¢ pactBopom mienmoun ¢ obpaszoBanueM ruapokcuaa xemesa (I1)
Fe(OH)s; 0) pactBopenus ruapokcuaa »xenesa (Il1) B kucinore; B) oOpasoBaHus
(beppUTOB MPU CIUIABICHHUH, JOTHCAB CIEAYIOLINE PEaKIUU:

Fe,O3;+ Na,CO3; —

Fe,O;+KOH —

I') OJIHOTO TUIposn3a pepputa HaATpus, MpoTekaromiero ¢ oopazoranuem FEOOH;
Hanucate popmyny okcuna FesO4 B Buze heppura xemnesa.

OnbIT 6. OKHCIANTEIBHBIE CBOIicTBA coennHeHuii :kee3a (111)
a) OKkucnenue iioouoa Kanus

B mpobupky ¢ 3-4 xamsmu pactBopa FeCls mo6aButh 1-2 xarum pactBopa
Honuna kamusa. B kakoil mBeT M modemy okpammBaeTcs pactBop? Hamucath
ypaBHEHUE PEaKIIH.



0) Oxucnenue cyavpuma nampus

B mpobupky ¢ 3-4 kammsmu pactBopa FeCl; moGaBuTh HECKOIBKO
KPUCTAJUIMKOB cyibpura Hatpus. [Ipu 3ToM BHauane mosiBisieTcss Oypo-KpacHOe
OKpalllMBaHUE BCIICACTBUEC 00pa30BaHUs MaJ0yCTOMYMBOro cynbdura xkemnesa (111),
KOTOpOE€ HCUe3aeT MpU HArpeBaHUH. Y OEAUTHhCS B BOCCTAHOBICHUHU jKelie3a [0
CTeTeHU OKucIeHus +2. Kakoil peakTuB ciemyer Uit 3Toro npuMeHnTh? Hamucats
ypaBHEHHE peEaklUUd OKUCIACHHMS Cyabbuta HaTpus xjaopuaom xkemesa (I1),
YYUTHIBASI, YTO B PEAKIINHU MPUHUMACT YIaCTHE BOJIA.

OmnbIT 7. I'napoJn3s coJsiei Keje3a
a) T'uoponus cyrvhama xncenesa (11)

[TomecTuTs B mpoOMpKYy 5-6 Kamenb HEUTpPaIbHOrO pacTBOpa JakKMyca H
n00aBUTH J1Ba MHKpommarenas coiu Mopa. Pa3memars CTEKISHHOW MajJOYKOM.
VYCTaHOBUTH MO LBETY JIAKMYCa PEAKIHUI0 CpPeabl B IOJYYEHHOM pPacTBOPE.
Hanucate ypaBHeHue peakiuu ruapoiimsa FeSO,.

0) I'uoponus xnopuoa xcenesa (111)

[TomecTuth B BE MPOOUPKH IO 5-6 Kamenb HEHTPaJbHOTO JaKMyca U 10 2
mukpoumnatensa xaopuna xeneza (l11). Onpenenuts no nBeTy pacTBOpa peaKIUIO
cpensl. OnHy U3 NpoOUpok HarpeTh. YTo HabmoaeTcs npu HarpeBanuu? Hanucats
ypaBHeHue peakiuu runponmsa FeCls nmpu komHaTHO#N TemmepaType W mpu
HarpeBaHny. Kak MOYKHO yMEHBIINTh CTENEHb THAPOIM3a 3ToM coymn? Kakas cob,
FeCl, mmu FeCl;, B Oonpmeit crenenm moaBepraercs ruapoiausy? OTBeT
MOTHBHPOBATh.

8) I'uopoaus xnopuoa xncenesa (111) 6 npucymcmeuu coowt

[Tomectuts B mpoOupky 3-4 kamimu pacTBopa xjopunaa xkeneza (ll) wu
prOaBIATH MO KAIJISIM pacTBOp cobl. OTMETHUTH BBIMAICHUE B OCATIOK THIPOKCH A
FeOOH. Kakoii ra3 Beigensiercsi? Hanucath ypaBHEHHE pEaKIIHH.

OnbIT 8. HeiicTBHe cepoBoaopoaa " cyabduaa aMMOHUS
Ha couu kee3a (11) ukemesza (111)

Onwvim npoeooumcs 6 8blmMANCHOM WKay!
a) Ilonyuenue cynvgpuoa scenesa (11)

[TomecTuTs B BE MPOOUPKHU IO 5-6 Kareab CBEKEPUTOTOBIEHHOTO pacTBOpa
cosiu Mopa. B ogHy 13 HUX 100aBUTH 2 Kamljid CEPOBOIOPOIHOM BOJIBI, B APYTYIO —
2 xarim pacTBopa cyibhuia ammonus. B kakoil mpoOupke BbINasl 0ca oK cyiabhuaa
xeneza (11)? IlpoBeputh pacTBOPUMOCTH BBHIMIABIIETO OCajKa B pa30aBlICHHOU
XJIOPOBOJOPOAHOM KucHoTe. OOBACHUTD, ToueMy cyibdu xkenesa (1) e Beimanaer
B OCaJOK NpHU JIEUCTBUM CEPOBOAOPOJHON BOJABI, HO BBINAJAET MPHU JACHUCTBUU
cyabuna ammonua? Hanucatb B MOJEKYIsIpHOM HOHHOM (opMme ypaBHEHHS
peakumii oOpaszoBanus cynbpuma xenmeza (II) um  ero pacTtBopeHHs B
XJIOPOBOJOPOJHOMN KHUCIIOTE.

0) /leiiccmeue cepoeooopooa u cyrvpuoa ammonusn na conu Fe (111)

[TomecTuTs B ABE pobupku 1o 3-4 karum pactBopa conw xenesa (111). B onny
U3 HUX J100aBUTH 2 KallJld CEPOBOJOPOIHOM BOABI, B IPYTYIO0 — 2 Karlsld pacTBOpa
cynbuma ammonus. OAMHAKOB 1M IBET BBIMABIIUX oOcaakoB? OTBETUTH HaA



Bompockl: a) [louemy npu neicTBUU cepoBoIOpoa U Cylnbhuaa aMMOHHUS Ha COJIN
xene3a (l11) e BeimagaeT ocanok cynbduaa xenesa (11)?

0) Kakum cpoiictBoM xkene3a (I11) oObsicHseTcs mosiBeHHe B 00eUX MpOoOHpKax
KOJUTOMTHOTO OCaJKa CephI?

B) YuuThIBas, 4TO UCXOAHBIN pacTBop conu Fe(lll) moakucnen

(m1s  ocnmabneHus TUAPOJKM3a), OOBSICHUTH BBIMAJICHUE TIPU JICUCTBUU CYyJIb(uaa
aMMOHHUsI ocajika cynbdua xxenesza (11). Hanmucats ypaBHeHUST BCceX MPOACIIaHHBIX
peaKuni.

OnbIT 9. KoMnuiekCHbIE COeIMHEHUS HKeJle3a
a) Ilonyuenue komnnexcrnozo gpochama xncenesa (111)

B mpobupky ¢ 3-4 kammamu pactBopa FeCl; mob6aBute 1 karmmo 0,01H.
pacTBOpa poJaHMU]Ia aMMOHUSL M 3aTeM 2 Kamy 2 H. pacTBopa optodochopHOn
KUCIIOTHL. YUTOo HaOmomaercs? YUuTbiBasg, YTO YCTOWMYMBBIA KOMIUIEKCHBIA HOH
[Fe(PO,),]* GecuBeTen, 00BACHUTL HAOMIOAAEMOE SBJICHUE U HAINCATh YPABHEHUE
COOTBETCTBYIOLIEH PEAKLINH.

0) Ilonyuenue komnnexcrnozo pmopuoa xncenesa (111)

B mpobupky c¢ 3-4 kamasimu pactBopa FeCls mgo6aute 1 kammo 0,01H.
pacTBOpa poJlaHMJa aMMOHHUS W 2 KarjM 2 H. pacTBopa (hTOPUCTOBOJOPOIHOM
KMCIOTEL. UTo Habmomaerca? VYuuThiBass, 4YTO KOMIUIEKCHBIH wHoH [FeFg]*
OeclBeTeH, OOBSICHUTH HAOIIOJAEMOE SIBJICHUE M HAIUCaTh YpPaBHEHHS
COOTBETCTBYIOIIMX PEAKIUN.

Onsit 10. M'uapoxcuant kodanabTa (11) u nHukens (11)
a) Ilonyuenue zuopokcuoa kooanvma (11) u ezo okucnenue

B nBe mpoOupku moMecTUTh MO 2-3 KaIlljid pacTBopa COJM KoOainbTa H
00aBJIATH 1O KaIJISIM PAaCTBOP €KOH IIEI0YH; CHavasia MOSIBIISIETCS] CHHUN 0CaJIOK
OCHOBHOHM COJIM, KOTOPBIM 3aTe€M CTAaHOBUTCA PO3OBBIM, YTO YKa3bIBaeT Ha
oOpazoBanue ruapokcuaa kobansta (11). Ocamok B ogHONM MpoOUpPKE TIIATEIHHO
pa3MeniaTh CTEKISTHHOM MaIOUKOi, a B APYTyIo MpubaBuTh 2-3 kariu 3% pacTBopa
nepokcuaa Bojgoposaa. B kakoi u3 npoOupok HabII01aeTCsl OKUCICHNUE THAPOKCHIA
koOanpTa? Hamucate ypaBHeHus peaknuii. CpaBHUTH MOJTYYEHHBIE PE3YNITATHI C
pE3yABTATOM OIbITA MO OKUCIeHuto ruapokcua xkenesa (I1). Kakoit non susiercs
OoJiee PHEPrMYHBIM BoccTaHoBuTeneM: Co%* unn Fe?*?
0) Ilonyuenue cuopokcuoa nuxens (11) u ezo oxucnenue

B tpu npoObupky moMecTuTh no 2-3 Karjiu pacTBOpPa COJU HUKEIS U I00aBIISATh
10 KaIlIsIM PacTBOP €AKOM MIEIOYH 0 BhINaaeHus ocaaka ruapokcuaa Hukess (11).
B nepBoii npobupke 0cajoK TIIATEIbHO pa3MellaTh CTEKISTHHOW Malo4ykoHl, BO
BTOpYIO 100aBuTh 2-3 karau 3% pacTBopa nepokcuaa Bogopoaa. Habmrogaercs nu
u3MeHeHne npera ocanaka? IIpoucxonut nu okuciaenue ruapokcuaa Hukesas (1)
KHCIIOPOJIOM BO3/yXa M MEPOKCHIOM Bojopoaa? B TpeTrbro mpobupky npubaButh 1
Karao OpomHON Boabl. UYto Habmromaercs? OTBeTHTh Ha Bompockl. HammcaTe
ypaBHEeHUsT peakuuil. CpaBHUTh BOCCTAHOBUTEIBHBIE CBOMCTBA THIPOKCUJIOB
xKene3a, KoOalbTa W HUKENS B CTENEHUW OKUCJICHUS +2 MO HAONIOACHUSAM U TpHU



CpaBHCHHMU CTAHAAPTHBIX OKHUCIIHNTCIIbHO-BOCCTAHOBUTCIIBHBIX IMOTCHIIUAJIOB (HpI/I
MePexXoaC 3TUX IJICMCHTOB B CTCIICHb OKHCJICHUA +3)

OmneIT 11. KoMIIIeKCHBIE COeIMHEHUS KOOAJIbLTA U HUKEJIS
a) Axeaxkomnnekc kooanrvma (11) u ezo paspywenue

B nBe npoOupku nomectuth 4-5 Kameib HACBIIIEHHOTO pacTBOpa COJH
kobaneTa (). B mepByro mpoOupky 100aBUTH 2 Karuid KOHIEHTPUPOBAHHOMN
XJIOPOBOJOPOIHON KUCIOTHI (IWIOTHOCTH 1,19 1/cM®), Bo BTOpyI0 poGHpKy BHECTH
HEOOJIBIITION KyCOUYEeK MPEIBAPUTEIHHO MPOKAJICHHOTO Ha acOECTHPOBAHHON CETKE
xynopuga kanpiua. Yto nHaOmomaerca? B Tperhio mpoOupky momecTuts |1
MUKpOIITATeNlb COMM KoOanbTa M 3-4 Kallld 3THJIOBOTO CIUPTA, OTMETUTH IBET
MOJIy4YEeHHOro pacTtBopa. [IpubaBuTh K pacTtBOpy 7-8 Kameib BOJABI 10 HOBOIO
M3MEHEHHUsI OKpacku. Hammcath CTEKIsSsHHOM mnanouykoi, cMoueHHo 0,02 H.
pactBopom COCl,, kakoe—HUOYab clIOBO Ha (GuiabTpoBaHHOHM Oymare. [Tomacymius
OyMmary, MOJHECTH €€ K IJIaMEHU TOPEJKU U CJerka MOJIOrpeTh, MOKa TEKCT HE
ctaHeT BUAMMBIM. OOpaTuTh BHHMaHHE Ha TMOCJenyIonee OoO0ecCIBEUNBAHHE
HAJTUCH TIpU oxXJIaxKaeHuu. OnucaTh HabJt01aeMble SIBJICHUS.
W3meHeHue 11BeTa pacTBOpa BO BCEX CIIydasiX OOBSICHSETCS TEM, YTO HETPOUHBIN
xommuekcHelii uoH [CO(H20)s] #* coobmaer pacTBOpy pO30BYIO OKpackKy, a
sreMeHTapHbIi non Co?* — cuHIoM0.
0) Iloayuenue KOMNIEKCHO20 POOAHUOA U KODATbMA

[TomecTuTh B IpoOUpPKY 2 KaIlJId HACKIIIIEHHOTO pacTBopa coyiv kobaneta (1) u
100aBUTH 5-6 Kamnenb HACHIIIIEHHOTO pacTBOPa POJIaHNa AMMOHUS;, y4ECTh, YTO TIPH
3TOM o0Opasyetcs pactBop komiutekcHor con (NH4)2[Co(SCN),]. KomruiekcHbie
nouel [CO(SCN)4]* okxpamieHsl B cHHMII LBET, a THAPATHPOBAHHBIE MOHBEI
[Co(H20)s] " — B po30BEIil. OTMETUTH IBET HOIYYEHHOTO pacTBOpa. Pa36aButh ero
BOJZIOM /10 M3MEHEHUs OKpPACKH, J00aBUTh 2 KAl CMECH crnupTra ¢ 3pupom,
pa3MeliaTh pPacTBOpP CTEKISHHOW TMAajJOoYKoW W BHOBbH HAOJIOJATh H3MEHEHUE
OKpacku. 3aTeM B Ty € MNpPOOHPKY MNPUIUBATH IUCTUIUIMPOBAHHYIO BOIY,
HaOJI0Masi TIOCTETICHHOE M3MEHEHUEe OKpacku. Omnucarh HaOIIOaeMbIe SIBJICHUS.
Hamucats: a) ypaBHEHHE TUCCOIMAITIN KOMITJIEKCHON COJTH KOOanbTa; 0) ypaBHEHUE
JUCCOIMAITMM KOMIUIEKCHOTO HOHA; B) BBIPAXCHHE KOHCTAHTHI HECTOMKOCTH
KOMITJIEKCHOTO WMOHa. KakoBa pojb BOJIBI M CIIUPTAa B CMCIICHUU DPABHOBECHS
JUCCOTIMAITMN KOMIUIEKCHOTO MOHA.
8) Ilonyuenue aMmunoKOMnIeKco8 Kodaibma

K 3-4 xamnsam pactBopa conu kobanbta (ll) mpubaBnsate mo xamisim 25%
pacTBOp aMMMaka A0 BBINAJAEHUS ocaaka rujapokcuaa kobamsta (l1) m ero
JTaTbHEHIIIETO PaCTBOPEHHUS BCJICACTBUE 00pa30BaHMS KOMILIEKCHOTO COCTUHEHUS,
B KOTOpPOM KOOQJIbT MMEET KoopAuHaImoHHoe uuciio 6. [lomydeHHbBIN pacTBOp
pas3nuTh B JBE MpoOWMpKHA. B OqHOW W3 HUX TIIATEIHHO IMEpeMeniaTh PacTBOP
CTEKJISTHHOM TAJOYKOW 10 W3MEHEHHS OKPAacKh BCJIECICTBHE OKHUCIICHHS
MOJIYYCHHOTO KOMIUIEKCHOTO coeaumHeHus: kobampta (II) B KoMmiekcHoe
coequnenue kodaibTa (111). [Touemy ammunokomiuiekcHbit noH CO(Il) oxucsercs
KHCJIOPOJIOM BO31yXa, Torja kak akBakoMmiuiekc CO(ll) ymaercss okMCIUTh JUIIB



nepokcuoM Boaopoaa. OOBICHUTh U3MEHEHHE OKpPAcKd. 3aTeM NPUIUTh B 00€
npoOupku mo 2-3 kamium pactBopa cyibpuna ammoHusi. OOBSCHUTH, MOYEMY
BbINIaZaeT ocajaok. Hamwcarb ypaBHeHHWe  peakiui: a) oOpa3oBaHUs
aMMHHOKOMILIekca kobambTa (ll); ©) ero OKuCIEHHS KHCIOPOAOM BO31ayXa W
MEPOKCHUJIOM BOJIOpOAa 10 oOpa3oBaHUs aMMHUHOKoMIUIekca koOansTa (l11); B)
JUCCOIMAIIMM  TIOJIyYEHHBIX KOMIUIEKCHBIX COEJUHEHUH; T) AHuCCOLMalUd
KOMILJIEKCHBIX HOHOB UM BBIPOKEHHMSI KOHCTaHT ux HecTtoiikoctn (Kakoi
KOMIUIEKCHBIH HOH TipouHee? (OTBET MOTUBHPOBATh.); M) B3aUMOJICUCTBUSA
amMmmMuHOKOMIUIekca kobOambra (I11) ¢ cympdumom ammoHus; €) CpaBHUTH
KOOPIMHAIIMOHHBIE (POPMYIIBI KOMITJIEKCHBIX COCIUHEHUH KOOabTa MPHU Pa3HBIX
CTeneHsX OKucIeHus . OTINYaeTCs JIM UX MPOCTPAHCTBEHHAS! KOH(UTyparus?
r) Ilonyuenue ammunokomniekca HuKens

Onun wmukpommarens coiu Hukens (II) pacTtBopuTh B 5 Kamisax BOJBL.
JobGaButh 5 kamenb 25% pactBopa ammuaka. Kak u3meHsieTcs 1mBET pacTtBopa?
JloGaBuThH K pacTBOpy 2-3 Kamid pacTBopa cyibduaa aMmmoHus. UTo BbIagaer B
ocanok? Hamucarth ypaBHeHHMs peakiuii: a) 00pa3oBaHUS AMMHUHOKOMIUIEKCA
HUKeN (KOOPJIMHALIMOHHOE YWCIO0 HUKENIS—6); 0) IUCCOIMaIuU KOMIUJIEKCHOTO
COCIMHEHUS W KOMIUIEKCHOTO HWOHA; B) B3aUMOJICUCTBUS  IOJYYEHHOTO
KOMILJIEKCHOT'O COEIMHEHUSI HUKEJNS ¢ CyIbPuaoM aMMOHUSA. OOBSICHUTH MEXaHU3M
B3aUMOJICUCTBUS, MOJB3YSICh KOHCTAHTOM HECTOMKOCTH KOMILUIEKCHOTO HOHAa U
IPOM3BEIEHUEM PACTBOPUMOCTH.

OnpiT 12. PeakTuB HA HOH HUKEJIS — JUMETWITJIHOKCUM (peakuust Uyraesa)

[TomecTuTh B poOUpKy 5-6 Kanenb BOAbL, 2 KAl pacTBOpa COJIM HUKENS U 1
KaIlIl0 aMMHA4YHOI0 PacTBOpa JUMETUITIIMOKCUMA. Peakius naér ¢ oopazoBanueM
HEpPAaCTBOPMMOIr0  KOMIUIEKCHOTO  JHMETWITIIMOKCMMA HHKensd.  bmaromaps
MHTEHCUBHOM U APKOI OKpacke ocaaka (00paTuTh BHUMAaHUE Ha LBET!) 3Ty pEaKIHIO
UCIOJNIB3YIOT JJisi OOHApyXEeHHs OYeHb Majiol KOHLEHTpPallMd HNOHOB HUKENIS B
pacTtBope.

JlaGopaTophas padora Nel3. KomiuiekcHbIe coeTUHEHMSI

Onpbit 1. ITosryyeHne u ucciaeg0BaHNe KOMILJIEKCHOTO COeJMHEHUs — cyiabdara
terpaamvuamenu (II)

PeaxktuBbl: 1 H. pactBop CuSQO,, 1 H. pactBop BaCl,, rpanynupoBanHOe 0J10BO,
25%-HbIi1 pacTBOp aMMHUaKa.

Boinosinenue padorbl. B n1Be nmpobupku momectute no 10 xamens 1 H. pacTBopa
CuSO,. B oany u3 npodbupok go06aebte 2 kamiu pactsopa BaCl,. Otmerste 1Ber
oOpasytomerocst ocajaka. Bo BTOpyro NpoOUpPKY BHECHUTE KyCOYeK OJioBa. UTO
HaOmomaetcs? Kakoro 1mBera Metasi, BBIICTSIOMIUNICS HAa TOBEPXHOCTH 0JIOBA?
Bo3bpmute uyncTyro npoOupKy, MOMECTHTE B Hee 15 kamenb pacTBopa cyibgara
meau(1l) u mo kamtsam goGasisiiite 25%-HbIi pacTBOp aMMuaka. BHavare Beimaiaer
0CaJ0OK OCHOBHOTO cyibdaTta Meau. OtmeTsTe ero 1seT. [Ipogomxas n100aBisATH
aMMHaK, HaOmionalTe pacTBopeHue ocaaka. Kakoro msera pactBop oOpasyercs?
[TomyueHHsIi pacTBOp pasaenuTe Ha ABe npoOupku. B onny npuneiite 4 xarm 1 H.



pactBopa BaCl,, B npyryro momecture Kycodek oyioBa. Beimamaer am ocajgok mpu
nobasneanu BaCl,? Beimensiercss nmu meap Ha rpanyine osoBa? OObsSCHUTE
Ha0JI01aeMbI€ SBJICHHUS.

3anuch JaHHBIX ombITa. Hamumwre ypaBHEHHsS BCeX NPOBEACHHBIX PEaKIUU.
HazoBute oOpa3syroieecs KOMIUIEKCHOE COSAMHEHUE U HAMUILIUTE YPAaBHEHUS €T0
MEPBUYHON U BTOPUYHOMN JUCCOLUALINH.

OmnpbiT 2. KaTHOHHBIE KOMILIEKCHI

a) Komnaexcrnoe ochosanue Hukens

Peaxtusbl: 2 H. pactBop NiSQOy4, 2 H. pactBop NaOH, 25%-Hb1i pacTBOp aMMHuaKa.
Boinosinenue padoTnl. Baecute B nmpobupky 5-6 xameins pactBopa 2 H. NiSO4 u
Takoil xe o0veM pactBopa 2 H. NaOH. OrMmerpTe 1LBET BBINABIIETO OCAJKa.
Otnenute ocalok HEeHTpU(yrupoBaHueM, K ocajky npudaBbTe 5-6 kamenb 25%-
HbII pacTtBopa ammuaka. Yro mnpoucxogur ¢ ocankomM? OTMEThTE ILBET
oOpa3oBaBiierocsi pactsopa. [IpucyrcTBruemM Kakux MOHOB OOYCIIOBJIEHA OKpacka
pactBopa?

3anuch JaHHBIX ONbITa. HanuimmTe B MOJIEKYJISIpHOM U MOHHOM (opMe ypaBHEHHE
npoucxondamux peakuuid. HazoBute mnonmywarommecss coenuHeHus.  Kakoe
OCHOBAaHHE SIBJISIETCS 00JI€€ CHIIBHBIM: MTPOCTOE WM KoMIuiekcHoe? [louemy?

0) Komnnexcnoe ocnosanue kaomus

PeaktuBbl: 2 H. pactBop CASO, mmm CdA(NOs),, 2 H. pactBop NaOH, 25%-Hbrit
pacTBOp aMMHAKa.

Boinosinenue padotbl. Buecute B mpoOupky 5-6 kanenb 2 H.pacTBOpa COJIM Kaaus
U Takoil xe o0wrem pactBopa 2 H. NaOH. OTMerhTe HBET BBIMABIIETO OCAJKA.
Otnenute ocalok IEeHTpUuyrupoBaHueM, K ocaaky npudaBbTe 5-6 kamenb 25%-
HBIN pacTBOpa ammuaka. Yro Habmonaercs?

3anuch JaHHBIX oNbITA. Hanuimre B MOJIEKYJISIPHOM U HOHHOM (hOopMe ypaBHEHHUE
MpOUCXOIAIINX peakiui. HaszoBure mnomydarommecs coeauHeHus. Kakoe
OCHOBAHUE SIBJIsSIETCA 00Jiee CUIIbHBIM: MPOCTOE Ui KoMmIuiekcHoe? [louemy?
OnbIT 3. AHHOHHBIE KOMILIECHI

a) I[lonyuenue mempaiiooosucmymama Kaaius

PeaxTuBsl: 2 H. pactBop Bi(NOs)s, 2 H. pactBop K.

BoinosiHeHue padoThl. B poOupky BHecuTe 5-6 karesb 2 H. pactBopa Bi(NOs)s u
o Karisim fgobasisiite 2 H. pactBop Kl. OTmeTsTe BhITIaZieHHE 0caika U €To IBET.
[Iponomxaiite no6asnsate Kl go mosmHoro pacrBopenus ocagka. OTMETbTE IBET
MOJIy4YEeHHOTO PacTBOpA.

3anuchb JaHHBIX oNbITA. Hanuiyre B MOJIEKYJISIPHOM U HOHHOM (hopMe ypaBHEHHE
npoucxoasmx peakuui. HazoBure nmosydarommecs coeaunenus. [Ipucyrcreuem
KaKUX MOHOB OOYCIIOBJIEH I[BET MOJY4YEHHOro pactBopa? Hamwuiiure ypaBHeHUE
ANEKTPOIUTUUECKON THcconuanuy o0pa30BaBILIErocs: KOMIUIEKCHOTO COEIMHEHUS.
0) Ilonyuenue mempaiio0omepKypama Kaaus

PeakTuBbl: 2 H. pactBop HY(NO3)2, 2 H. pactBop KI, 2 H. pactBop NaOH.
Boinosinenue padorel. B nBe mpoOupku BHecuTe 4-5 Kamenb 2 H. pacTBOpa
HQ(NO3),.OmHy npoOupKy OcTaBbTe B KayeCTBE KOHTPOJIBHOW, a B JIPYTYIO IO
KarsiM go0asisiite 2 H. pactBop Kl. OTMersTe BhINaJeHHE OCaJKa U €ro IIBET.
[Tponomxkaiite nobasnsate Kl mo momHoro pactBopenust ocaaka. OTMeTbTe IBET



MOJTy4YE€HHOTO pacTBOpa. McmbITaiiTe pacTBOPHI B 00€UX MPOOMPKaX HA MPUCYTCTBUE
noHoB HY?*, 106aBMB B Kax1y1o NpooupKy 1o 3 karutk pactsopa NaOH.

3anuch JaHHBIX onbITa. HanuimmTe B MOJIEKYISipHOM M MOHHOM opMe ypaBHEHUE
MPOUCXOIAIINX peakiui. Ha3zoBure nomydaromuecs coenuHenus. [Ipucyrcrsuem
KaKUX MOHOB 00YCJIOBJICH IIBET MOJIy4eHHOro pactBopa? [louemy npu nobasieHun
NaOH ocanoxk BbIaiaeT TOJIBKO B OJTHON U3 MPOOUPOK?

6) 'uopokcokomnuekcol

PeakTuBBI: 2 H. pacTBOPHI cojiell nuHKa, amtomuHusa, xpoma (III), 2 H. pacTBOp
NaOH.

BoinosiHenue pa6oThl. B Tpu npoOupku moMecTuTe 1o 4-5 Kameinb pacTBopa coJiei
nuHKa, amroMuaus, xpoma (I1I) B kaxayro. 3atem 100aBIsSIATE IO KATUISIM B KXKTYTO
npoOupKy pactBop wmenoyd. OTMeTbTe [BETa BBINAJAIONIMX  OCAIKOB.
[Iponomxkaiite 100aBISATh PACTBOP ILIEJIOUYM JI0 MOJHOTO PACTBOPEHMS BBIMABIINX
OCAJIKOB.

3anuch JaHHBIX onbITa. Hanumure B MOJIEKYISIpHOM U HOHHOU (hopMe ypaBHEHUS
peakuuii 00pa3zoBaHusl THAPOKCHUIOB METAJUIOB U UX PACTBOPEHHUS C 00pa30BaHUEM
T'UIPOKCOKOMIUIIEKCOB IMHKA, amtoMuHus, xpoma (11I). PactBopsitest mu rumpokcuabt
ATUX METAJUIOB B KHcioTax? K kakoMy Kiaccy COeIMHEHU OHU OTHOCSTCS?
OnbIT 4. BHYyTPUKOMILIEKCHBIE COCAMHEHUS

PeaktuBsbi: 2 H. pactBop FeCls, 2 H. pactBop NaOH, 2 H. pacTBop miaBeneBoi
kucinotel (HOOC-COOH), 2 H. pactBop JumoHHOUM kucinoTel( HOOC-CH;-
C(OH)(COOH)CH,-COOH), 0,01 H. pacTBOp poJiaHHIa Kadus UM aMMOHHS.
BoinosiHeHue padorsl. B Tpu npoOupku BHecTH 110 4 karutu pactBopa FeCls. Onny
POOMPKY OCTaBbTE B KaU€CTBE KOHTPOJbHOU. B nBe Apyrue BHecuTe no 3 Karim
pactBopa menour. OTMeThTe LBET 00pa3oBaBLIEToCs ocaaka. B oqHy n3 npoOupok
c ocaakom Fe(OH)3 no6aBbTe 12-15 Karnens naBeaeBoi KUCIOTHI, B IPYTYIO — TAKOU
e 00BeM pacTBOpa TUMOHHOM KUCIIOThL. YTo HabmogaeTcs? Bo Bce Tpu mpoOupku
BHecuTe 1-2 xamum pacTBopa poiaHuja. B kakoil u3 mpobupok oOpasyercs SIpKo
okparreHHbiii pactBop Fe(SCN)s? Kakoro oH 1iBeta?

3anuce AaHHbIX onbiTa. [Ipu pactBopenun rtuapokcuga xeneza (I11I) B
OpraHMYeCKUX KHUCIOTaX O0Opa3yloTcsi BHYTPUKOMIUIEKCHBIE COEIWHEHHUS, B
KOTOPBIX K KOMILJIEKCOOOPA30BATEINIO MPUCOSAUHSIIOTCS KapOOKCUIIBHBIE TPYIIIbI
KuCcIoT. Hamwmmre CTpyKTypHBIE (GOPMYIBI IABEICBOKUCIOTO W IUTPATHOTO
KOMILIEKCOB. KakoBa IeHTaTHOCTH JINTAHJIOB B 3THX KOMIUIEKCAxX?

OmnpbIT 5. KoMnuiekcHbIe coelMHEHNS] B peaKkuusX 00MeHa

a) Ilonyuenue coedunenus, cooeprcauiez0 KOMNAEKCHbII KAMUOH U AHUOH
PeaktuBbl: 1 H. pactBop CuSO,, 1 H. pactBop K4[Fe(CN)s], 25%-nb1it pacTBOp
aMMHaKa.

Boinosinenue padorbl. B npobupky nmomectute 5-6 kamenb pactBopa CuSOs u
nobaspTe Takod ke o0bem pactBopa Ki[Fe(CN)s]. OtmerpTe 1BET
oOpa3zoBaBierocst ocagka. OTaenure ocaiok HEHTPUPYTUPOBAHUEM U T0OABbTE K
HeMy 4-5 Kanesb pacTBopa ammuaka. Uto HabmogaeTcs?

3anuch JaHHBIX onbITa. HanummTe B MOJIEKYISpHOM M MOHHOHM opMe ypaBHEHUE
MPOUCXOIAIINX peakuuil. HazoBuTe nosryyarommecs: COEAMHEHNUS.



0) B3aumooeiicmeue mempapooanomepkypama (Il) ammonusa ¢ numpamom
kobanvma (II)

PeaktuBbi: PactBop HQ(NOs);, nHacemennsnii pactBop NHiNCS, pactBop
Co(NO3)..

Boinojinenue padornl. B npooupky momecture 4-5 kanens pacrBopa HQ(NO3), u
no6aBbTe HacelmeHHBIM pactBop NHiNCS 10 momHoro  pacrBopeHus
oOpasylolerocsi BHavajie ocaaka. B npyryio mpoOupky BHecute 4-5 Kareib
pactBopa CO(NO3), u mo0aBbTe Takoi ke 00BEM pacTBOpa KOMILIEKCHOIO
COCJIMHEHUS PTYTH U3 nepBoi npobOupku. [IpodupKy BCTpAXHUTE ISl YCKOPEHUS
oOpa3oBaHus OCaKa.

3anuch JaHHBIX onbITa. Hanummre B MONEKYIApHON U HIOHHON opMe ypaBHEHUS
peakuuii obpazoBanus pomanuga prytu (II), pactBopeHuss pomanuga pryTH B
n30bITKE pOJaHK/Ia aMMOHHUS, 00pa30BaHMs KOMILJIEKCHOTO COCIMHEHHUS KOOAbTa.
HazoBute Bce 00pa3oBaBIInEcs COCTUHEHMUS.

OnbiT 6. KoMIiekcHbIe cOeIMHEHUSI B OKHMCJIUTEIbHO-BOCCTAHOBUTEIBLHBIX
peakiusax

a) Boccmanoenenue zexcayuanogpeppama (I1l) kanusn

Peaxtussi: 0,1 H. pactBop Kl, 2 H. pactBop HCI, xpucrammuaeckuit Ks[Fe(CN)g],
TOJTYOJ.

Boinosnenue padorsl. B npo6upky BHecute 8-10 xamens 0,1 H. pacTBopa Kl, 6-8
Kareiab COJITHOW KUCIOTBI JIJISl CO3/IaHMsI KUCIIOM cpedbl U 4-5 Kamenb TOJyoJa.
OrmeThTe 1BET TONMyoa. Jlo0aBbTe ouH Mukpormaresnb KpucramioB Ks[Fe(CN)g]
U niepeMeniaiire pactBop. OTMEThTE U3MEHEHHE OKPACKHU TOIYOJIa.

3anuch JaHHBIX onbITa. Hamumure ypaBHEHHE MPOUCXOASIICH peakiuu, uMes
BBuay, 4ro Ks[Fe(CN)s] mepexomur B Ka[Fe(CN)s]. CocTaBbTe 3J7€KTPOHHBIM
OasaHc, yKa)XUTE OKHUCIWTEIh W BOCCTAaHOBUTENH, MOAOepuTe KOd(h(PUIIMEHTH B
YpaBHEHUU PEAKITUH.

0) Oxucnenue cekcauyuanogeppama (1) kanusn

Peaktubi: PactBop KMnQ,, 2 H. pactBop H2SO4, pactBop Ks[Fe(CN)g].
Boinosinenue pa6orbl. B npobupky BHecute 3-4 karmu pactBopa KMnO,, 3-4
karmmm  pactBopa HpSOs m mobasbre mo kamasim pactBop Ka[Fe(CN)s] 1o
oOeclBeUnBaHMs pacTBOpA.

3anuch AaHHBIX onbITa. Hamummre ypaBHEHWE TMNPOUCXOAAIICH pPEaKIuy,
YUUTHIBAS , YTO JKEJIE30 U3 CTCTICHU OKUCIICHUS +2 TIEPEXOAUT B CTETICHh OKUCTICHUS
+3, a mon MnOs BoccramaBmmBaeTcs m0 MoHa Mn?* CocraBbTe ypaBHEHHS
MONypeakluid, YKOKUTE  OKUCIUTEh W  BOCCTAHOBUTENb,  IOAOEpHTE
KO3((PUIIMEHTHI B YpaBHEHUU PEAKIUU.

8) Boccmanoenenue cepedpa uz KOMnieKcHo20 cOeOUHEHUA YUHKOM
PeakTuBbl: PactBOop HuTpaTa cepeOpa, pacTBOop Xjopuaa HaTpus, 25%-HbId
pacTBOp aMMHaKa, TPaHyJIMPOBAHHBIN ITUHK.

Boimosinenue padorbl. B mnpoOupky BHecuTe 5-6 Kameiab pacTBOpa HUTparta
cepeOpa u Takoi ke 00beM pacTBopa xsopuaa HaTpust. OTaenute 00pa30BaBIIHIACS
ocanok ueHTpudyrupoBanueMm. J[06aBbTe K OCaAKy pacTBOp amMMHakKa JO €ro



MOJIHOTO pacTBOpeHus. B 00pa3oBaBimiicss pacTBOp OMyCTUTE TpaHyly HMHKA. UTO
Ha0ro1aeTcs?

3anuch JAaHHBIX ombIiTa. Hamuinmure ypaBHEHHS peakluid MOJyYEeHHs OCajKa
xJiopuzia cepedpa, pacTBOpPEHHUs! XJIOpHAa cepedpa B aMMHAaKe, B3aUMOJCUCTBUS
KOMILJIEKCHOT'O COeMHEHUS ¢ TMHKOM. HazoBuTe Bce oOpasyroiuecs coeuHEHUsI.
CocTaBbTe 2JIEKTPOHHBIN OaNlaHC JIsl TOCIIETHETO YPaBHEHU S, YKOXKUTE OKUCIUTEIb
1 BOCCTaHOBUTEIb, 010eprTe KOIPDUIIMECHTHI.

OnpIT 7. [IPOYHOCTH KOMILJIEKCHBIX HOHOB

a) Paspywienue komnnekca npu pazoaenenuu pacmeopa

Peaxktussi: 0,1 H. pactBOop Kl, pactBop AgNO:s.

Boinosinenue padorbl. B npoOupky BHecute 2 kammu pactBopa AGNOs u mo
kamaM aoOasisiiite pactBop Kl, BerpsxuBas npoOupky. OTMEThTE BbINAJIEHUE
ocajika, ero uet. [Ipogomkaiite mpuOaBIsITH paCTBOP MOAMIA KISl 10 TIOJIHOTO
pactBopeHus: ocaaka. K momyueHHomy pacTtBopy J00aBbTe 5-6 Karelb BOJBI.
OtmeThTe HAOJII01aeMbIe SBJICHHUS.

3anuch JaHHBIX ombiTa. Hamumure ypaBHeHuMs peakiuil obOpaszoBanus Agl,
pactBopenust Agl B Kl, nquccornmarum KOMIJIEKCHOTO MOHA, a TaKXKe BBIPAKEHUE
KOHCTaHThl HECTOMKOCTH KOMILIEKCHOro MoHa. HazoBute Bce oOpaszoBaBImecs
coenuHenus. OObsICHUTE, KaK BIMSET pa30aBlieHWE pacTBOpa Ha JMCCOILMAIUIO
KOMILIEKCHOTO HOHA.

0) Paspywienue Komniekca npu 0caxcoeHuu KOMnieKkcooopazosamens
PeaktuBbl: 1 H. pactBop cynbpara meau (II), pactBop (NH4).S, pactBop
(NH4)2C204, 25%-HbIii pacTBOp aMMHaKa.

Boinosinenue paGorbl. B 1Be mpoOupku BHecTH 1o 5-6 Kamenb pacTBOpa
CuSO4.3ateM B 01HY U3 TPOOHPOK 100aBbTe 5-6 Kamenb pactBopa (NH4)2C204, a B
napyryio 5-6 kanenb pactBopa (NHs),S. OTMeThTe 11BeTa 00pa3yIOIIMXCS OCAIKOB.
B nBe npyrue mpobupku BHecuTe mo 4-5 kamenb pactBopa CuSOs u pacTBOp
aMMHMaKa JI0 MOJIHOTO PACTBOPEHUS BBINMAIAIOLIET0 BHAYAJIE 0CAJIKa OCHOBHOM COJIU
Menu. OTMEThTE IIBET MOJIYYEHHOT'O PacTBOpa KOMILIEKCHOM conu. J[aee nobaBbTe
B OJHY NMPOOMPKY C MOITYYEHHBIM PACTBOPOM KOMIUJIEKCHOM COJIU Menu 4-5 Karesnb
pactBopa (NH4).C,04, a B mpyryto takoii xxe o0beM pactBopa (NH,),S. B kakoit u3
npoOHPOK BhIMagaeT ocaaok? B mpoOupky, riae BeINal 0caiok, 100aBbTe e 6-7
Kareiab TOro K€ PeakTHBa, IOMECTUTE MPOOUPKY B BOJIsIHYIO OaHto. CoxpaHuach
JI1 B PaCTBOpE OKpacka KOMILIEKCOB Mein?

3anuch JaHHBIX oNbITa. Hanmummre B MOJIEKyJISIpPHOM U HIOHHOM (DopMe ypaBHEHUS
MPOTEKAIOIIUX PEAKIUNA, YPABHEHHS AUCCOLMAIMA KOMIUIEKCHOW COJU MEIU U €€
KOMIUIEKCHOrO wnoHa. OObscaure, kak Bamser gobOasimenue (NH4),S Ha
JMCCOLMAIINI0 KOMIUIEKCHOTO HOHA. Mchnonp3ys 3HayeHUWe MpPOU3BEACHUN
pacteopumoctu CUC,04 (ITP=2,5 102%) u CuS (I1P=8,5 10*°),06bs1cHUTE, OUEMY
OJIHA U3 COJIEN HE BHINAJAET U3 KOMILJIEKCHOTO COEMHEHUS.

6) CpasnumenvHas yCmou4ugoCcCms pOOAHUOHO20 KOMNIEKCA KOOAIbma 6 6ooe u
6 cnupme

PeakTuBbl: Haceiennsie pactBopsl COCl, 1 NH4NCS, amuitoBslii criupr.
Boinojinenue padotel. B 18e npoOupku BHecute 3-4 karmim pactBopa CoCl; u 8-
10 xanens pactBopa NHsNCS. OtmersTe HaOmomaemble siBieHus. Pasnenure



MOJTyYEHHBIM PacTBOP Ha JABe MpoOupku. B onny u3 Hux nodaspre 10 Kanenb BOAbI,
B JIpYTYI0 — 5 Kameib aMujioBoro crnupra. Kak m3aMeHsieTcsi okpacka pacTBopa B
KaXJ101 pooupke?

3anuch AaHHBIX onbiTa. Hanumure ypaBHEHHE TMOJYyYEHUS KOMIUIEKCHOTO
coeqnHeHus kobanbTa (koopauHaimonHoe yuciao Co(Il) paBHo 4), Ha30BUTE 3TO
coequHeHre. Hanuivre ypaBHEHHUS TUCCOLUMAIIMU KOMILJIEKCHOTO COCIMHEHUS U
KOMILJIEKCHOT'O MOHA. B Kakoii cpese cuibHee AUCCOLMHUPYET KOMIUIEKCHBIA HOH?
[Touemy?

OmnebIT 8. CBojicTBa IBOMHBIX COJIEH

PeakTuBbl: Kpucrammnyeckas conb Mopa ((NH;)2SO4-FeSO4-6H,0), pactBop
(NHy)2S, 2 1. pactBop NaOH, pactsop BaCl,, pacteop K4[Fe(CN)s].
Boinosinenue pa6orsl. B Tpu npoOupku BHECHUTE MO OJJHOMY MUKPOIIIIATEIO COJIU
Mopa u no 6-7 kanenb BOJbL. 3aTeéM B OJIHY NMPOOHMPKY J00aBbTe 5-6 Karelb
pactBopa (NH4)2S, a B apyryro — Takoit xe o0bem pactBopa BaCl,.Omnumunte
HaOmomaemble sBieHUs. Ha mpucyTCTBHME KakuX HOHOB B pacTBope coiu Mopa
YKa3bIBaIOT 1[BeTa 00pa3oBaBIIMXCs ocaakoB? B TpeTbio nmpobupky godaseTe 6-7
Kafejlb pacTBOpa THUIPOKCUAA HATpusl, NpoOupky Harpedte. Hang mpoOupkoit
MOJIEPKUTE CMOYECHHYIO BOJAOW JIaKMycoBYyr0 OyMaxkky. [lo uM3MeHeHuio 1Bsera
OyMaXkKH U TI0 3amaxy omnpeesinuTe, Kakou ra3 Boijensercs. Ha mpucyrcTBue kakux
MOHOB B pacTBope conu Mopa yka3bIBaeT 3ta peakius? B nmpoOupky nomecrure 5
kareab pactBopa Ks[Fe(CN)s] m 2-3 xamum pactBopa (NH.),S. Beimagaer nm
yepHbIit ocaiok FeS? [louemy?

3anuch JaHHBIX onbITa. Hanmummre B HOHHOIN (popMe ypaBHEHUS MPOTEKAIOIINX
peakuuii. Hanummre ypaBHEHHUE 3JIEKTPOIUTHYECKONU TUCCOLMALIMU JTBOWHON COIU
Mopa u xomminekcHoi coan Ka[Fe(CN)s].

OnpiT 9. l'uapaTHas u3oMepus akBakomiuiekcoB xpoma (I1I)

B pactBope CrCl; npu mositiennu temmeparypbl nonsl Cl™ 3ameniarorT MoJieKyIibl
H,O B koopmunanmonHoii cdepe axpa-umona [Cr(H,O)e]**Ilpu sToM oOKpacka
pacTBopa u3MeHseTcs oT cuHe-(puroaeTosoit (nons [Cr(H20)s]*") 1o TeMuO-3en€H0I
(uonsr [Cr(H20)sCl]*") u cBetno-3enenoit (kommuekcsl [Cr(H,0)3Cls]).
Peaxtubl: Kpucrammmueckuii CrCls-6H0.

Boinosinenue padorbl. BHecTn B JaBe MpoOUPKHM MO OJHOMY MHKPOIITIATETIO
kpuctaioB CrCl;:6 H,Ou mo 10 kamenp AUCTHUTMPOBAHHON BOABL. OHY
POOMPKY OCTaBhTE B KAYECTBE KOHTPOJIBHOM, BTOPYIO HATPEUTE HA BOJSHOM OaHe.
Kakoii wu3omMep ycToiWuumB mnpu KOMHATHOM Temmneparype? Kakoil wuzomep
CYILIECTBYET B ropsuemM pactBope? HazoBure Bce Tpu nzomepa.

OmnpIT 10 CHHTE3 KOMILJIEKCHBIX COeIMHEHUH

a) Cunmes mempaiiooomepxkypama (Il) kanus

IIpu6ops! u peakTuBbl: CtakaH eMKOCThiO 100 MJ1, MEpHBIN UINHAP EMKOCTBIO
10 mu1, papdopoBast yarika, IKCUKATOP € CepHOM KucioToil. Boponka broxuepa, 0,5
H. pactBop KI, pactBop Hg(NOs),, kpucrammmaeckuit K.

Boinosinenue padorsl. Paccunraiite HeoOxoaumoe koauuectBo 0,5 H. pacTBOpOB
KI u Hg(NOs), st momywenwst 5 T ocanka Hgl, mo peakiuu oomena. [IpuroroBbre
3Ty conb, naite Hgl, ocecth, oThunbTpyiiTe U mpoMoinTe ocamok. B crakane
emkocthio 100 mi pactBopute 10 ¢ Kl B 10 Ma ropsiueit Boabl, oxjiaaute. B



oxnaxaeHHoM pactBope Kl pactBopute Hgl,. Ilepenecure noayyeHHbI pacTBOp B
dapdopoByl0 daliKy W TIOMECTUTE €€ B DKCHUKATOp JJIA KPUCTaJUIM3AIUU.
[leproguyecku nepeMenBaniTe pacTBOP CTEKISIHHOW MAaJOYKOM Il pa3pylieHUs
oOpasyroleics Ha TOBEPXHOCTH KOPKU. Brimasiiyie KpucTamibl KOMILUIEKCHOU COJTU
oTUILTPYyiiTe Ha BopoHKe broxmepa m BeicymmTe npu 60-70 °C. IMomyueHHbIE
OpaHXXEBO-KpPacCHblE€  KPUCTAIBI  MPEJACTaBISAIOT  COOOM  KPUCTAIOTHApaT
tetpariogomepkypata (II) kamus Kz[Hgls]-2H20.

3anuce JaHHBIX onbiTa. Hanumunre ypaBHEHUS peakUWHd MONTYYEHUS
KOMIUIEKCHOTO COEIUHEHHS], €r0 JAUCCOLMALMN, & TAKKE BBIPAXKECHHUSI KOHCTAHTHI
HECTOMKOCTH.

0) Cunmes KOMNJIEKCHO20 coeOunenus — cyavhama mempaammunmeou (Il)
IIpuGopsl ¥ peakTuBbl: Becbl TEXHO-XMMHYECKHE, BOpPOHKa broxHepa,
dbapdopoBas cTyrnka, BOIOCTPYHHBIN HAcoc, cTakaH eMKOCThi0 100 mii, MepHBIi
mHAP eMKocThio 100 mut, kpuctammuueckuit CuSO,-5H,0,3Tanomn, 2 H. pacTBOp
BaCl,, 25%-Hs1i1 pacTBOp amMMHaKa.

Boinosinenue pa6orel. Paccuuraiite 00beM pacTBOpa aMMuaka, HEOOXOAUMBIN
JUTSL TIOJTYYEHUSI KOMIUIEKCHOTO COeTMHEHNsl. OTMEphTE MEPHBIM ILIWJIMHIPOM BJIBOE
0obIINI 00BEM pacTBOpa aMMHUaKa, BBUIEHTE €T0 B CTAKaH U PACTBOPUTE B HEM 5 T
CuSO4-5H,0. M1306siTOK aMMHaka CIOCOOCTBYET YBETUUYEHHUIO BBIXO/A MPOJIYKTA,
TaK KaK YMEHBIIAET paCTBOPUMOCTb KOMILIEKCHOM coiH. K nosrydeHHOMY pacTBOpyY
no6asbTe 10 M1 3TaHOMA U OCTABBTE PACTBOP JIJISt KpUCcTAIUIM3auu Ha 20-25 MUHYT.
OtdunsTpyiiTe BHINIABIINE KPUCTAIIIBI HA BOpOHKE broxHepa u nmpomoiite 1Ba pasza
CMEChIO paBHbIX 00BEMOB 3TaHOJNa U 25%-HOro pacTtBopa ammuaka. [loixydeHHbie
kpucTamsl Beicymmre npu 50-60 °C B Teuenne 20 MUHYT, OXJIaIUTE U B3BECHTE.
PaccuuTaiiTe BBIXOJ IPOAYKTA.

3anuch JaHHBIX onbIiTa. Hanumure ypaBHEeHUS peakuUd MOTYYEHUs
KOMILJIEKCHOTO COEIMHEHMSI, €ro JUCCOLMAIMHU, a TAaKK€ BBIPAKEHUS KOHCTAHTHI
HECTOMKOCTH.

JlabopaTopnas padora Nel4. OnpenesieHne xKeCTKOCTH BO/IbI

XKecTkocTh BOABI 3aBUCUT OT MPHUCYTCTBUU B HEH CHIJIEH JABYXBaJICHTHBIX
METAJIJIOB, MPEUMYLIECTBEHHO Mariusi M Kajiblusa. MpUIO B JKECTKOM BOJE HE
MBUTUTCS (HE Ia€T MEHBI), TaK KaK 00pa3yloTcs HEpACTBOPUMBIE B BOJIE KaIbIIEBbIE
¥ MarHWeBBIE COJIM JKUPHBIX KUCIOT. JKecTkas Boja HE MPHUroaHa IS MUTAHUS
MapOBBIX KOTJIOB, HE UCIIOJIb3YETCSI B XUMUYECKON TEXHOJIOTHH.

Pa3znuyaroT kecTKOCTh BPEMEHHYIO M TIOCTOSIHHYI0. BpeMeHHasi ®KeCTKOCTh
00yCIOBJIEHA MPUCYTCTBUEM B BOJIC THUIPOKAPOOHATOB U YCTPAHSACTCS KUTISTICHUEM,
P STOM THIPOKApOOHATHI MEPEXOAST B HEPACTBOPUMBIE KapOOHATHI:

Ca(HCO,),— CaCO; L +C0O, + H,0

[locTtosiHHas KECTKOCTh OOYCIIOBJI€HA MPUCYTCTBUEM B HEW Cynb(aTtoB u
XJIOpUJOB Kaiublusi W MarHus. Ee yCTpaHsSioT XHUMHYECKUMU METOJAMH,
OCHOBAHHBIMH Ha BBEJICHUHU B BOJY pEareHToB, oboramaromux ee annonamu COz?



u OH - B pe3ynbTaTe ob6pasytorcs manopactBopumbie CaCO3; u Mg(OH),. Jlns
ATOTO BOAY 00pabaThIBAIOT TaIlICHON M3BECTHIO WIIH COJION:
€aS0, + Na,C0, = CaC0, + Na,50,
MgS0, + 2NaOH = Mg(0OH), | +Na,50,

s ynaneHuss MOHOB KalbIMsl M MarHds MOXXHO TPUMEHSTH (ochatsl
HaTpus, Oypy, OTall U Jp.

Cymma BpeMeHHOU (yCTpaHSIEeMOW) U TOCTOSSHHOM KECTKOCTH COCTaBJISET
OOITYyF0 )KECTKOCTH BOJIBI.

a) OnpenejieHrne BpeMEHHOM KEeCTKOCTH

Bona, coneprkaiasi TuapokapOOHAThl KalbIUs U MarHusi, IMEeT HICJIOUYHYIO
peaKkuuio, OTIpENICIICHHE KapOOHATHOM AKECTKOCTHU IPOU3BOJUTCS
HEIMOCPEJICTBEHHBIM ~ TUTPOBAaHUEM BOJABl  XJIOPOBOJOPOAHOW  KHUCIOTOM B
IIPUCYTCTBUM MHJIUKATOPA — METHIIOBOTO OPAHXKEBOTO.

Metoauka. OTMepuTh MHUIETKON yKa3aHHBIM @penojaaBaTesieM o00beM
ucciaenyemoit Bojbl (50-100 mu1) ¥ mepeHeCTH €€ B KOHUYECKYIO KOOy st
TUTpoBaHus. JloOaBuTh 2-3 KamM HHIUKATOpa METHJIOBOIO OpPaHXKEBOrO, B
IPUTOTOBJICHHYIO 3apaHee Owoperky HamuTh 0,1 H. TUTpOBaHHBIA pacTBOP
XJIOPOBOJOPOJAHON KHUCJIOTBHL. YCTaHOBUTH YPOBEHb HA HYJIEBOE JIE€JIECHUE U 11O
KaIUIIM IPWIABATh XJIOPOBOJOPOAHYIO KUCIIOTY A0 U3MEHEHHS OKPACKH PacTBOpA
OT JKEJITOM 10 OpaHKEeBO-p0o30BOM. Ompenenuth 00bEM H3PACXOJOBAHHON Ha
TUTPOBAHUE XJIOPOBOJOPOJIHON KUCIOTHI M 3alUCcaTh €ro B Tadiuiy. TurpoBaHue
MOBTOPUTH €II€ JBa pa3a, KKl pa3 J0JuBasi B OIOPETKY KUCIOTY 0 HYJIEBOTO
JIeJIEHUs] U OIOJIACKMBAas KOJOOYKY AJis TUTpoBaHMs. PacxoxaeHue B oObeme
KHUCJIOTBI IIPU TUTPOBAaHWU HE NOJDKHO mnpeBbimath 0,05 mul. PesynbraTel ombiTa
3amucaTh B TAOJIUILY:

Ne TutpoBanus | O6bem O6BeM Cpennuit HopmansHoct
MUATIETKU- pactBopa HCI, | 06bem b pactBopa
oo6bem  H,0 | nomeuiero na | pacrsopa, HCI | HCI, €&

(V1), M tutpoBanue, | (V2), M
MJI

BpemeHnHyo )KeCTKOCTh BOJIbI (B MOJIb 9KB/JT) PACCUUTHIBAIOT MO (opMyJie
VA % 2 x 1000
'L{lHZD

#ecTrocTe BpeMennas (kapOonaTHan) =

0) Onpenesienue 001IeH KECTKOCTH

B Hacrosiiiee Bpemsi 5KeCTKOCTh BOJBI ONPEAEIAIOT KOMIUIEKCOMETPUUECKUM
METOJIOM C TpuMeHeHueM peaktuba D/ TA.

Metoauka. 3amnosHuTH OIOpETKY TUTPOBaHHBIM pacTBopoM DJITA (0,02
H.). OTMepUTh NUMNETKOW YKa3aHHBIA MpEnojaBaTelieM O0bEM aHAIM3HPYyEeMOM
BOABI U TIEPEHECTH €€ B KOHMYECKYI0 KOOy mansi TutpoBanus.  JlonuTe
JTUCTUIUTMPOBAHHOM BOIOM 110 00111eT0 00beMa 100 mMut (BOTy OTMEPHUTH MEH3YPKOHA).
Ho6asuts 5 M Oydepnoro pactBopa ( NHz+H,0 +NH4Cl) nns nognepsxkanus pH B



untepBasie 9-10 u 2-3 Kamm MUHAMKATOpPa — 3PUOXPOMa YEPHOTro, MPU KOTOPOM
pacTBOp OKpacuTCs B KpacHbI 1BeT. [lepemernaTs pacTBOp U cpa3y TUTPOBATH U3
oropetku pactBopom DJITA 1o nepexonia KpacHOM OKpacku B CUHIOW. TUTpOBaHUE
MOBTOPUTH 3 pasa, Kak B onbITe (a). Pe3ynbTaThl 3anucaTh B TaOIUILY.

OO111y10 )KECTKOCTh BOJBI (B MMOJIb/9KB/JI) paCCUUTHIBAIOT 1O (hopmyJie
M x v x 1000

FH20
I’i

BpI4uCInTh NOCTOSIHHYIO )KECTKOCTb:
XKectkocth mocTostHHAs = XKecTkocTh 00mas - XKecTkocTs kKapOOHATHAS.

HecTEoCTE obilag =

JlabopaTopHas padora NelS. CkopocTh XMMHUYECKUX PeaKkiuii

IIpu6opsl u peakTuBbl. MeTponoMm. TepmocTaT (Tpu cTakana eMKkocThio 200-250 M) u
KpBIIIIKA K HEMYy ¢ oTBepcTusiMu st npooupok. Tepmomerp Ha 100 C. CrexinsiHHas
najoyka, MUIMETKU KalelbHble, QUIbTpoBajbHasi Oymara, IImaTelb, JyYWHA, HIUMIIBI
TUTENbHBIC, CTYMKa C TECTHUKOM, CYJIb(QUT HATpusi (KPUCTALTUYECKUN),IBYOKUCH
Maprasiia, KapOoHat  Kajblus  (Men),amoMuHUN  (Qorera W MOPOIIOK),
non(kpucrammnueckuit). PactBopel: Momata natpus (0,02 H.),rhocynbdarta Hatpus
(1H.),cepHoii  KUCHOTBHI(2H.),CONSIHON KHUCIOTHI  (KOHIL.),KpaxMaJbHOTO  KJehcTepa,
nepekucu Bogopoa(10%-Hoii).

OnpiT 1. BiusiHue KOHIEHTPAUM XUMMUYECKHUX BelleCTB HA CKOPOCTh XMMHUYECKOU
peakiuu B rOMOIeHHOM cCUCTeMe

a) Bzaumooeticmeue uooama nampus ¢ cyib@dumom Hampus 8 KUCIOU cpeoe.

[Ipu B3auMOJIECTBUU HOJaTa HATPUS C CYJb(PUTOM HATPUS B MPUCYTCTBUM KUCIOTHI B
pacTBOpe 00pa3yrOTCs CEpHUCTAs U MOJHOBATAsl KHCIIOThI, KOTOPBIE PEArupyIOT MEXIY
co00ii:

NalO, + Na,SO, = HI +3H,SO,

C MOMEHTa MOSIBJICHUS B paCTBOPE MOJMCTOrO0 BOAOPOJA, MAPATIIETBHO MPOTEKAIOT JIBa
npolecca:

5HI + HIO, =31, +3H,0

3l, +2H,S0O, +3H,0 =3H,SO, +6HI

[Ipu »TOM MOCHIEIHSIS peaKlusl UACT 3HAaUYUTENIbHO ObICTpelt BTOpoi. [loaToMy mosiBieHHE
B PacTBOpPE CBOOOHOTO 0/1a TPOUCXOIUT TOJIBKO MOCIIE MOJTHOTO OKUCIIEHUSI CEPHUCTON
kucaoThl. C  yBEeIMYEHHMEM KOHLEHTPAllMM HOJaTa HATpUs MNPOMOPLUHUOHAIBEHO
YBEIIMYMBAETCSI KOHIIEHTpalUs MOJHOBATOW KHUCJIOTHI, a CIEI0BAaTEIbHO, U CKOPOCTHU
COOTBETCTBYIOILIETO MPOLECCA, IPOTEKAOIIETO C €T0 YYACTHEM.

Hauanom peakiuu cieayeT cCYuTaTh MOMEHT CIIMBAaHUSI PacTBOPOB, 4 KOHIIOM- MOMEHT
MOSIBJICHUSI B PAcTBOpe CBOOOMHOTO i#ona. BeigeneHune gaxe HE3HAYUTEIBHOTO
KOJIMYeCTBa CBOOOTHOTO HOa JIETKO 0OHAPY>KUBAETCS B MPUCYTCTBUHU KpaxMalia, Tak Kak
B pe3yibTaTe o0Opa3oBaHMs HWHTEHCUBHO OKpPAIIEHHOIO COEJUHEHUs, pacTBOP
npuoOpeTaeT CUHUIM LIBET.

Brinonnenue paboTel. B ABYX CyXHUX KOHUYECKUX MPOOUpPKAX MPUTOTOBUTH OJMHAKOBBIE
OObeMbl pacTBOPOB HOaTa HATpUs PA3IMYHOM KOHIEHTpauuu. [is 3Toro B nepBylo
npobupky BHectn 2 kamd 0,02H. pacTBopa wHojara HaTpus U 6  Kameib,



JUCTUIMPOBAHHOM BOJABI , BO BTOPYIO MPOOUPKY- 4 Kamd vojaTa HaTpus U 4 Kariu
Bozbl. Takum oOpa3om, NpU OJMHAKOBOM OO0IIEM O0bEME pacTBOPOB MOJaTa HaTpus,
coJiepkaHue (KOHIEHTpalusl) NOCIEAHEr0 BO BTOPOM ciIydae OyJeT B /iBa pa3a OOJblIIE,
yeM B nepBoM. Clie10BaTeNbHO, €CJIM YCIOBHO O0O3HAUYMM MOJISIPHYIO KOHIIEHTPAIUIO
nonara B npobupke Nel C Moinb, To B npobupke Ne2 Oynem uMeTh KoHIEHTparuio 2C
MoJIb. PacTBOpHI NepeMenIaTh CTEKISIHHBIMU AJIOUKAMHU, HE BBIHUMAs UX U3 POOUPOK.
[TpuroToBUTH BOCCTAHOBUTENBHYIO CMECh, ISl 4YEro JBa MHUKpolInaTens cyiabpura
HATpUs BHECTH B KOHUYECKYIO TPOOUPKY U paCTBOPUTD B JIECATH KaIlIsIX BOJIbl. B pacTBOp
no0aButh 10 Kamenb CBEXENPHUIOTOBIEHHOIO KpaxMaja W JB€ Kaluld 2H. CEpHOU
KHCIIOThL. CMech pa3MeliaTh CTEKJIIHHON NaJIouKoil. BkimrounTe MmeTpoHoM. BHecTn oqny
KAIUTI0 MPUTOTOBJIEHHON BOCCTAHOBUTENBbHOW cMmecH B NpoOupky Nel. Cuwnras ymapsl
METPOHOMA, U3MEPUTH BPEMsSI OT MOMEHTa J00AaBJIECHUS BOCCTAHOBUTEIBHOU CMECH 0
IIOSIBJICHHS B PACTBOPE CUHEH OKPACKHU.

TakuM xe 00pa3oM BHECTH OJHY KaIlIl0 BOCCTAHOBHUTEIBHOW cMecH B MpoOUpKy Ne2,
cuMTas ynapbl MeTpoHOMa. CONOCTaBUTh Pa3iudyve B KOHLUEHTPALMM MOAAaTa HATpHs C
pasauureM BpPEMEHU TEUEHHs peakiuu (MOsBJIEHUE CUHEN OKpacku) B npoOupkax Nel u
Ne2.

3anuch JaHHBIX OMbITA. JlaHHBIE OMbITA 3alUCaTh B BUJAE TAOJMIIbI, B KOTOPON yKa3aTh
HOMEp MPOOMPKH, KOJTMYECTBO M0/1aTa HATpUs (KOHUEHTPALUs B YCIOBHBIX €IUHUIIAX) U
BpeMsl peakuuu (OTCYEThl METPOHOMA). 3amucaTh COOTBETCTBYIOUIMH BbIBOJA. Kak
M3MEHMJIACh CKOPOCTh PEAKIMU C U3MEHEHHEM KOHLIEHTPALMM 1o1aTa HaTpus?

0) Bzaumooeticmeue muocyivghama Hampus ¢ CEpHOU KUCIOMOL.

Peaknust Tnocysb(hara HaTPUS C CEPHON KUCIOTOM MPOTEKAET M0 YPABHEHUIO:

Na,S,0, + H,SO, = Na,SO, = Na,SO, +S + SO, + H,0

Boinonnenne padotsl. [IpeaBapuTenbHO MpojenaTh Ka4eCTBEHHBIM OMBIT, JJISI YEro B
npoOupky BHectu 5-10 kamenb 1H. pacTBopa THOCyhb(dara HaTpus U 3-5 kamenp 2H.
pacTBopa cepHoi KucinoThl. HaGmoaTe nosiBiieHue ciadboii onajieCieHIIMN U JajdbHenIee
NOMYTHEHHE pacTBOpa OT BbIMAaBIIEeH CBOOOIHOMN CEPBI.

[TpuroToBUTH TpU pacTBOpa TUOCYJb(aTa HATPUS PATUUHON KOHIIEHTpaIuu. J1Jis 3Toro
BHYTPb CyXUX KOHMYECKHMX NpPOOHUPOK BHECTH: B MepByro- 4 kammm 1H. pacTBopa
THOCYJNb(aTa HATpUS U 8 Kareb BOJbI, BO BTOPYIO — 8 Kameiab THOCyab(dara HaTpus u 4
KaIlJIi BOJIbI, B TPETHIO — 12 Kamesb TOro K€ pacTBOpa TUOCYNIb(aTa HaTpHsL.

(ITepByto 1 BTOpYIO IPOOUPKH OCTOPOKHO BCTPSIXHYTh.) Takum 00pa3oM, B OJMHAKOBBIX
o0beMax TMOJyUYEHHBIX PACTBOPOB OyJeT COJEp>KaThCA PA3JIMYHOE YHUCIO MOJel
trocyibdara Hatpus. Eciu yciaoBHO 0003HAUUTh KOHLEHTPAIUIO THOCYIb(daTa HaTpus,
T0 B ipobupke Nel- C monsb, B mpobupke No2- 2C moiib, B Ne3-3C Modb.

Bxntounts metpoHoM. B npobupky Nel 106aBuTh 0JIHY Karuio cepHOU KUCIOThl. CunTas
yAapbl METPOHOMA, U3MEPUTH BPEMS OT MOMEHTA J100aBJIEHUS KUCIOTHI A0 MOSBICHUS B
pacTBope 3aMeTHOM omajecieHuu. Tak ke J00aBUTh MO OJHOW Karjie 2H. CepHOMU
KUCIIOTHI B IpoOupKku No2 u Ne3, cuutaTh yaapbl METPOHOMA JI0 MOSBIICHUS B PaCTBOpE
ONAJIECLICHIINN.

3anuch JaHHBIX OMbITA. JJaHHBIE ONBITA 3aHECTH B TAOJIHILY:
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Haueptuth rpaduk, WILTIOCTPUPYIOMIHMA 3aBUCHUMOCTh CKOPOCTH PEAKIUU OT
KOHLIEHTpalMu OT KOHLIEHTpAIlMU pearupyomumx semects. Ha ocu abcuuce oTI0XKUT
B OIPEACIICHHOM MacIliTabe OTHOCUTENbHbBIE KOHLIEHTPAlMU THOCYb(daTa HaTpus, Ha
OCH OPJIMHAT — COOTBETCTBYIOILIME UM CKOPOCTH (B YCIOBHBIX €IMHUIIAX).

OIIBIT 2. Biuusinue TeMnepaTrypbl Ha CKOPOCTh XMMHMYECKOM peakuuu B
TOMOI'€HHOM cucTeMe.

Brimonaenne padotsl. [IpuroroButs Tpu TepmoctaTa:Nel, Ne2, No3, miist ero B
Tpu cTakaHurka Ha 200-250 M1 HanoHuTh Ha 2/3 Bogoi. CrakaHnuuk Nel ocTaBUTH Ha
CTOJIE TP KOMHATHOW TeMmriiepatype. Temneparypy BOJbl U3MEPUTh TEPMOMETPOM.
Crakanuuk Ne2 u Ne3 mocTaBUTh Ha acOECTHPOBAHHBIE CETKH, IIOMEIIICHHBIC Ha KOJIbIIa
mratuBa. [lox kaxayr ceTky nmoctaBuTh ropenky. Harpers B ctakane Ne3 Boay Ha
100C BbIle TeMriepaTypbl BoAbl 4eM B cTakaHe Ne2. YMEHbIIUTh IUIaMsl TOPEIKU B
000MX clydasX W OTPEryJupoBaTh IUIaMsi TOPEJKH TaK, YTOOBI TeMIlepaTypa BOJbI
ObL1a TOCTOSTHHOM. KaXKIbIii CTaKaHUYMK TTOKPBITH KAPTOHHOMN MJIM TOHKOW JIepeBSHHOMN
KpPBILIKOW C TpeMsl OTBEPCTUSIMU. B OIHO M3 OTBEPCTHMH Ka)XXIOTro TEpMocTara



MOMECTUTh HEOOJBIION TEPMOMETP, KOHEI KOTOPOTO MOTPY3UTh B BOAY, B JIPyroe
OTBEPCTHE - KOHUYECKYIO IPOOUPKY € 2H. paCTBOPOM CEPHOM KUCIIOTHI U OIYIIEHHOU
B HEro MMIIETKOM, B TpeThe OTBepcTHE- Ipodupky ¢ 10 xammsimu 1H. pacTtBOpa
TUOCYJb(aTa HaTPHsL.

Yepes 10-15 muH. BKIIOYMTH MeTpoHOM. He BbIHMMasg mnpoOUpKy C
tuocynb(aToM u3 tepmoctata Nel. Jlo6aBUTh B HEE OJHY KAIUTIO 2H. CEPHOM KUCIIOTHI
U3 NpoOUpKHU, HaxXoZsllelcs B TOM ke Tepmocrare. CuuTas ynapsl METPOHOMa,
U3MEPUTh BPEMsI OT MOMEHTa JOOAaBJICHHSI KHUCJIOTHl 1O TOSBICHHUS 3aMETHOU
omnanecteHnud. [IoBTOPUTH OMBIT ¢ pacTBOPOM THOCYJb(aTa HaTpUs B TePMOCTaTaxX
No2 m Ne3. IIpousBecTn OTCUET BPEMEHU TEUECHMS PEAKIUU [0 METPOHOMY, KAK U B
IIEPBOM CIIy4ae.

3anuch JaHHBIX onbITa. [loaydyeHHbIE JAHHBIE 3aHECTH B CIEAYIOLIYIO TaOJIHILY:

No t ombiTa B rpaaycax | Bpems teueHust | CKOpOCTh B
HaOronenus | Lenbcus peaKiuu (4UCITO | YCIIOBHBIX €IMHUIIAX,
yIapoB cekyHaomepa) | 1/t

Cnenate BBIBOJ O 3aBUCHMOCTH CKOPOCTM XHMHUYECKOM PEaKUUH OT
TEMIIEpPaTypHI.

OnbIT 3. Biansinue KaTtaan3aTopa Ha CKOPOCTh XUMUYECKOM peaKH.

a) Kamanumuueckoe énusanue 600vl Ha peaxkyuro 83aUmMo0eticmeust ATlOMUHUSL C
1OOOM.

Brinmonnenue padbotel. B uauHApUYECKy0 TPOOUPKY BHECTU MUKPOIITIATEIeM
HEOOJIBIITI0E KOJIMYECTBO MOPOIITKA ATFOMUHUS I MEJIKO PacTepThIi ioa. PazMemaTs Bce
CTEKJISTHHOM Manoukoid. OTMETUTh, YTO peaKIlus mo4TH He uaet. [[06aBuTh B mpoOupKy
OJIHY Karuto Boabl. OTMETUTH, KaK BIHSIET JO0OABJIEHHWE BOJbI HA CKOPOCTh TECUCHUS
JTAHHOW pEaKIInH.

3anuch MaHHBIX OmbITa. Bce HaOmoneHus 3amucath B KypHal. Hamucath
YPaBHEHHE PEAKIIMU B3aUMOACHCTBUS ATFOMUHUS C HOAOM.

0) Kamanumuueckoe paznoxcenue nepekucu 6000pood.

Boinonnenne pabotel. B xoHnmueckyro npoOupky BHecTH 3-5 kamenb 10%-ro
pacTBopa mepekucu Bojopoaa. OTMETUTh, YTO B OOBIYHBIX YCIOBHSIX Pa3JIOKEHUS
NEePEKMCU BOJOPO/Ia HE HAOIIOJaeTCsl.

K pacTtBOpy mepekucu Bonopoja J100aBUTh HECKOIBKO KPYIMHUHOK IBYOKHUCH
mapranna. Yro nHabmromaetcs? IlogHecuTe ThEIONIYIO JIYYHMHY K TOpJIy MPOOHPKH.
Kaxkoii ra3 Beigensercsa?



3anuch NaHHBIX ombiTa. Bece Habmomaemoe omucaTh, OTBETUTh HA BOIPOCHI.
HanucaTe ypaBHEHHE peaKUU Pa3IOKEHUS IEPEKUCH BOJOPOIA.

VYKazaTh pa3zaudue B CKOPOCTH PEAKLMH Pa3iOKEHHS NEPEKUCH BOJOPOAA MU
OTCYTCTBUHU JABYOKHCH MapraHiia u rnpu ee nooasnennu. Kakoro 3HaueHue ABYyOKHCH
Maprasiia B 3TOW pEaKIuu.

OmnbiT 4. Biansinue BeJIMYHMHBI NMOBEPXHOCTH PearupyrlIIMX BellecTB HA
CKOPOCTh XUMHUYECKON pPeaKIU B reTePOreHHOM cucreme.

a) [ openue memaniuuecko2o antoMuHUs.

Breimontaerre  paboThl. B3sSTh THUTENBHBIMH IIHWMIIAMH MaJIEHBKHH KyCOYEK
ATIOMUHUEBON (DONBTH W BHECTHU €ro B Iiams Topenkd. OTMETUTh, YTO TOPCHHUS
AIFOMUHUS HE HAOII0JaeTCsl.

B 370 e niaMs BHECTH MEJIKUM MTOPOIIOK altOMUHHUSA. J[JIs1 3TOrO CleayeT B3STh
HE0OJIbIIIOE KOJIMYECTBO ATIOMUHHUEBOIrO MOPOIIKA IIMATEIEM U MOCHINATh HA MJIaMs
TOPEJIKH.

3anuch JaHHBIX ombiTa. OTMETUTH HaOJIIOJaeMO€ SBJICHUE, HaIUcaTh
COOTBETCTBYIOIIIEE YPAaBHEHUE PEAKUMU W CHAENIATh BBIBOJ O BIHMSHUUA BEIWYUHBI
IIOBEPXHOCTH PEATUPYIOIIETO BEUIECTBA HA CKOPOCTh PEAKLIUU.

0) PacmeopeHue kapboHama Kaivyus 6 CONAHOU KUCI0me.

Brimonnenne pabotel. B3sTh Ba, MO0 BO3MOXHOCTH OJIMHAKOBBIX KyCOUKa MeJia,
BENMYMHON ¢ TopommHy. OAMH M3 HUX pacToioub Ha KycOuYeK (PHIbTPOBAJILHOM
OyMaru M CTeKJISIHHOM MajJOuYKOW M3MENbUUTh €ro B MOpouoK. [loaydeHHbIi NOopOoIIoK
MOMECTUTh B KOHUYECKYIO0 MPOoOUpPKy. BTOpoil Kycouek Mena LeJIMKOM ONMYyCTHTh B
Ipyryro mnpooupky. B o00e mnpoOupku OAHOBPEMEHHO J00aBUTH OJMHAKOBOE
kosmuecTBO (10-20 kanenb) ConsTHON KUCTOTHI IIIOTHOCTHIO 1,191/CcM.ky0. HabmonaTh
IIOJTHOE PACTBOPEHUE MEA.

3anuchk naHHBIX ombiTa. Onucare Bce HaOmoAeHus. HamucaTh ypaBHEHUHE
COOTBETCTBYIOMIEH peakiuu. OObSICHUTH, IOYEMY CKOPOCTh PACTBOPEHUS Meja B 3TUX
JIBYX CIIy4asix pa3jiiyHa.

JlaGopaTopHasi padora Ne 15. Biausinue u3MmeHeHMsI KOHIIEHTPAIUU
pearnpyrommx BelecTB HA CMelleHrne XUMHUYeCKOr0 PABHOBECHS

[Tpubops! u peaktuBbl. YeTblpe KOHNYECKHE TPOOUPKHU. CTEKIISTHHBIE MaJOYKH.
Momnas Boma. PacTBopbl xiopuma TpexBaneHTHoro xenesa (0,0025H), pacTBOp
ponanua kanug (0,0025H), MBIIIBIKOBUCTAS KUCIOTA, KpaxMalbHBINA KIIEHCTE.

OmnbiT Nel. Cmemienne papHoBecHsi 00paTHMOM peaKkuMH MEKAY XJIOPHBIM
7KeJIe30M M POJAHUCTBIM KaJIHEeM.

Boinonnenne pabotel. B dyeTbipe KOHMUECKHE MPOOUPKU BHECTH MO 5-7 Karuiu
0,0025H pacTBOpOB XJIOpHJIa TPEXBAJICHTHOTO Kejle3a U poAdaHuJa Kaius. PacTBopsl
pa3Meniath CTEKISTHHOM MajJ0yKOi U MOCTaBUTh B IITaTUB. OIHY MPOOUPKY OTIOKUTH,
JUISL CPABHEHUS Pe3yJbTaTOB OMbITa. B ocTanbHble TPOOUPKHU 100ABUTH CIEAYIOIINE
PEaKTUBBI: B IEPBYIO-1 KaruIl0 HACBIMIEHHOTO PACTBOPA XJIOPUIA TPEXBAJIEHTHOTO
JKeJe3a, BO BTOPYIO- | Kamulio HAChIILIEHHOTO pacTBOpa POJaHUIa Kallvs, B TPEThIO-



HECKOJIbKO KPHUCTAJUIMKOB xJjiopuaa Kanusa. CpaBHUTh HHTEHCUBHOCTb OKPACKHU
MOJTYYEHHBIX PACTBOPOB C MHTEHCUBHOCTBIO OKPACKHU ATaJIOHA.

3anuch JaHHBIX OMbITA. 3amucaTh cBOM HaOmoaeHus. COCTaBUTH ypaBHEHUE
COOTBETCTBYIOIIEE OOpAaTUMOM pEaKIMy U HANUCATh BBIPAKEHUE JJIsi KOHCTAHTHI €€
paBHOBECHS.

1.Kakue BemiecTBa HaxoIATCS B HCCIEAYEMOM pPAacTBOPE MPHU COCTOSHUHU
paBHOBECHUSA?

2.Kakoe BemecTBo NpUIaeT pacTBOPY KPACHYIO OKPacKy?

3.Kak u3mMeHseTCsi MHTEHCUBHOCTh OKPAacKH pacTBOPA, M B KAKOM HaIpPaBJICHUU
CMEIIAETCSl pAaBHOBECHE JaHHON PaBHOBECHOUM CHUCTEMBI MPU TOOABIECHUHU: a) XJIOPHUAA
TPEXBAJICHTHOT'O KeJie3a, 0) poaHua Kaius, B) XJI0opuaa Kaaus?

Kak wu3MmeHsieTcs mpu 3TOM B KaXJIOM OTAEIBHOM Cllydae KOHIICHTpaIluu
KOMIIOHEHTOB PABHOBECHOM CHUCTEMBI: a)poJaHHAa Kejesza, O)xjopuja xKelesa,
B)XJIOpH/IA TPEXBAJICHTHOTO Keje3a, T)poJaHua Kaldus 10 CPaBHEHUIO C UX
KOHIICHTPAIUSIMH P YCTAHOBJICHUH NIEPBOHAYAIILHOTO PABHOBECHUSA?

OnbiT 2. CMmelmieHue paBHOBecHusi O0paTHMOIrO Mpoulecca OKHMCJICHHS
MBIIIbAKOBHUCTON KUCJIOTHI HOAOM.

OOpaiaThCs ¢ COCTMHEHUSAMH MBIIIBIKA CIEAYET 0UeHb OCHOPOHCHO, M.K. OHU
A006umul.  MBIIIBIKOBUCTBIE  TpenapaThl  JIA0OpAHT  BBIIAET  CTYJIEHTY
HEIMOCPEACTBEHHO TMEPE]T MPOBEICHUEM OMbITA.

Beinonnenne padboTel. BHECTH B KOHUYECKYIO IPOOUPKY 5 Karesnb HOAHON BOIbI
U 2 Kaluil CBEKEMPUTOTOBIIEHHOTO pacTBopa Kpaxmaina. K mojiydeHHOMY CHHEMY
pacTBOpy 100aBUTH | Karuio pacTBOpa MBIIIBIKOBUCTOM KUCIOTBI. OTMETUTh
MCUYE3HOBEHUE CUHEUW OKpacKH, MPU 3TOM MPOTEKAET OOpaTUMast peaxius.

I, +H;AsO, + H,0 —» 2HI + H,AsO,

K obGecruiBeueHHOMY pacTBOpy /100aBUThH 5-6 Karelb MBIIIBLIKOBON KHUCIIOTHI.
3anuch JaHHBIX OMbITa. OTMETUTH U OOBSICHUTH HAOJIIOJaEMBbIE SIBJICHUS ,B YACTHOCTH,
HMCUYE3HOBEHUE CHHEH OKpacKu U TIOSBJICHUE €€ BHOBb (OKpacka TMOSBISETCA
MEJIJIEHHO ).

3. OueHuBanue pe3yabTaToB chopmupoBanHocTu komnerennun OIK-6.1

MeToanyeckue peKOMEH/IalUH 110 HATMCAHUIO KYPCOBOH PadoThI

KypcoBas pabora mo mucturimHe «Heopranudeckass XUMUS SBISCTCS
nepBoii O(HUIMANTBHOM, CaMOCTOSTEILHON, TBOPUYECKONH W, B HEMaJOW CTEIICHH,
HAay4YHO-HCCJICIOBATEIbCKOM ~ paboToil  cTyaeHTOB. Ee olleHKa HayyHbIM
pyKoBoauTeNIeM (PUKCUPYETCS B 3a4€THOM KHM)KKE M BIOCJICJICTBUU BBICTABIISACTCS
B aursioMm. boiiee Toro, maTepuanbl KypcoBOM paOOThl MOTYT OBITh MCIIOJIb30BaHbI
CTYJIEHTOM B €ro0 JajbHelIlIel HaydHO! U yueOHOM eATeTbHOCTH: P MOrOTOBKE
HAYYHBIX JOKJIAJIOB JIJIsl BBICTYIUICHHS Ha pa3IMyHbIX KOHGepeHusax. KauecTBeHHO
MOJITOTOBJIEHHAS KypCcoBas pab0Ta MOXKET CTaTh MEPBOHAYAIBHBIM (PYH/IAMEHTOM
BBIITYCKHOM KBaJTU(UKAIMOHHON paOOThI U BIIOCJIECTBUM AK€ MaruCTEPCKOM Uin
KaHJUJIaTCKOW TUCCEPTALINH.



3aiayu HANMCAHUSA KYPCOBOH padoThI:

1.IIpno6GpeTeHne HOBBIX TEOPETUUECKIX 3HAHUN B COOTBETCTBUH C TEMOU pabOThI
Y 3a1aHUEM PYKOBOIUTEIIS;

2. ®opmupoBaHHe y CTYJAECHTOB HABBIKOB U YMEHUM MPOBEJICHUS PA3IMYHOTO POJa
HAy4YHO-UCCIIeI0BATEIbCKUX PaboT;

3. Iloka3zath yMEHHUE CTYACHTOB HAXOIUTh 1 aHAJTM3UPOBATh PA3INYHbIE UCTOUHUKHU
y4eOHOI0 M HAyYHOI'O XapaKTepa;

4, Hay‘lHTb CTYACHTOB IIPUMCHATD IIOJYUCHHBIC HA IICPBOM KYPCC 06y‘I€HI/I51 3HaHUA
O PA3JIMYHBIX 3dKOHOMCPHOCTAX XUMHUYCCKUX IIPOLICCCOB,

5.Iloka3aTh cIOCOOHOCTH CTYIEHTOB K TBOPUYECKOM M HAYYHO-UCCIIEI0BATEIbCKON
pabote, ymeHue (POpMyIUPOBAHUS CAMOCTOSITEILHBIX BBIBOJOB O PEIICHUIO TOU
WIM WHOM TEOPETUYECKOW WM MPAKTHYECKOM NpoOieMbl, BO3MOKHOCTh
apryMEHTUPOBATH CBOE 3aKJIIOYECHUE;

6. BeipaboTka y CTy/IEHTOB HaBBIKOB M YMEHUH MPABMIBHO 0OPMIISATH
IIPOBEJICHHOE UCCIIEI0BAHNUE;

7.CoBeplieHCTBOBaHUE MTPOGECCUOHATIBHON MOJTOTOBKY OyAYyIIUX CHEIHUAIUCTOB.
K ocHOBHBIM TpeﬁoBaHl/lﬂM, NMPpEeABABIACMBIM K KprOBOﬁ paﬁoTe, OTHOCHATCHA:

1. KypcoBas pabora qoipKHA OBITH BBINOJIHEHA CTYJEHTOM CaMOCTOSTEIBHO U
HOCHUTb TBOPYECKUU U HAYYHO-UCCIIEIOBATEIBCKUN XapaKTep;

2. OHa [0JDKHA OCHOBBIBATHCS HA AHAIM3E PA3IMYHOIO MaTepuasa, HauuHasg OT
NEPUOIMYECKON U CIIPABOYHON U 3aKaHYMBas HAYYHOU U yueOHOI IuTepaTypoil;

3. KypcoBas pabota nomkHa ObITh TpaBUILHO O(OpMIIeHa, B COOTBETCTBUHU CO
BCEMH TPEOOBAHUSIMU;

4. V310KeHHbIN MaTepuall A0JHKEeH ObITh XOPOILIO apTyMEHTHPOBAHHBIM;

5.Ctpyktypa pabOThl  JOJDKHA  OTIMYAThCS  CTPOMHOCTHIO,  JIOTUYECKOU
MIPOAYMAHHOCTBIO U MTOJHOCTHED COOTBETCTBOBATH 3aBJICHHON TEMATHUKE.

1.MNEPBBIN DTAII

1.1. Bb160p TeMBbI KypcoBOi padoThI

Temy KypcoBoi paboThl 1o AucHuIumHe «Heopranmueckas XUMuUs» MOKHO
BBIOPATH U3 MPUMEPHOTO MepeyHs TeM . JlomyckaeTcst Hanmucanue KypcoBoi paboThI
U II0 TEME, KOTOpPAasi OTCYTCTBYET B MPUMEPHOM IMEPEYHE TEM, HO TOJIBKO IOCIIE



IIPEABAPUTEIBHON KOHCYJIBTALMU U YTBEPKACHUS €€ HAyYHBIM pyKoBoAuTENEM. B
IPOTUBHOM Cilyyae paboTa MOKET ObITh HE 3aUTEHA.

1.2. Perncrpanust TeMbl KypcoBoii padoThl M BbIOOP HAYYHOI0 PYKOBOIMTEJISI

ITocne Toro kak onpeaeauInuch ¢ HHTEpECYoIel TeMol Oyayiel KypCcoBou
paboThl, HEOOXOJUMO 3apEeTUCTPUPOBATH €€ Ha Kadeape HEOpraHUYeckou u
aHaNMUTUYEeCKOW Xumuu. J[yOiupoBaHue TeM KypCOBBIX pabOT HE JOMYyCKaeTcs, B
CBSI3U C TUM, PEKOMEH/IYETCS, KaK MOXHO paHbIlie BHIOpATh U 3apETrUCTPUPOBATH
TEMY KypPCOBO# pabOTHI.

1.3. KoncyabpTHpOBaHHE ¢ HAYYHBIM PYKOBOJAUTEIEM

[locne Toro kak Bbl BbBIOpaJM TEMy KypCcOBOM pabOThl, HEOOXOAMMO
BCTPETUTHCS C HAYYHBIM PYKOBOJUTEIEM U MPOKOHCYJIBTUPOBATHCA C HUM . Jliis
3TOr0 MOJOUIUTE B YaChl KOHCYJIbTALIMU BAILIET0 HAYYHOI'O PYKOBOAUTEINS (BpeMsl U
JaTy KOHCYJIbTAllUW TpernojaaBareneii kadenpsl MOXKHO y3HaThb y JabopaHTa
Kadeapsl IpU perucTpalyu TeEMbl WM Ha CTeHJE Kadeapbl), yTOUHUTE TEMATUKY
paboThl, corjacydWTe IUIaH KypcOBOM palOThl, a TakKe BBIICHUTE BCE
MHTEPECYIOIINE BaCc BOIPOCHL. B CBA3M € ’TUM PEKOMEHYETCsI 3apaHee IOCMOTPETh
OIIpE/IETICHHYIO JTUTEPATypy M0 TEME Ballleill padOThl, COCTABUTD MPEABAPUTEIbHBIN
IUIaH paboThl, 3aIIUCaTh BCE HEMOHITHBIE M MHTEPECYIOIIUE BAaC BOMPOCHI U T.1.

HayyHblii pyKOBOIWTENh OCYIIECTBISIET KOHTPOJIb 32  IPOLECCOM
BBINIOJIHEHUS pa0OThI, a M0 OKOHYAHUIO €€ MOJATOTOBKM MPOBEPSAET U JAeT Ha Hee
PELEH3HUIO.

2. BTOPOM DTAIl

2.1. CocraBJjieHHe IJIAHA KyPCOBOH padoThl

[Inam paboTel — H5TO MEepBOHAYANIbHAsE OCHOBAa pPabOTHI, OT TPAMOTHOTO
COCTaBJICHHSI KOTOPOH 3aBHUCHUT MPABWJIBHOCTh HAMMCAHUSA W TIOJHOTA PACKPBITHS
BBIOpaHHOH TeMbl. COCTaBJICHHE TUTAHA — 3TO HETPOCTAas 3a/1a4da, TaK KaK MPH 3TOM
y’Ke He0OX0IMMO BJIa/ICHHE MaTEPHAIOM 110 BEIOpAHHOM TeMe KypCcOBOM pabOTHI, U,
KpOME TOro, OH JOJ/DKEH C OJHOW CTOPOHBI TOJIHO PAaCKpPHIBATh COJACpIKAHUE
3asiBJICHHOM TEMBI, a C JAPYrod HAoOOpPOT HE BBIXOJWTH 3a PAMKH MpeaMeTa
uccienoBanus. bonee Toro, TiaH J0MKeH OBITH JIOTMUECKH BBICTPOCHHBIM, T. €.
MOCIIE0BATEIBHO PACKPHIBATH 0003HAUECHHYIO TEMY.

CornacHO YCTOSIBIICHCS TpagullMd 1O HANHCAHWIO HAYYHBIX paboOT IUIaH
JIOJKEH COCTOSITh M3 BBEJICHUSA, IBYX-TPEX TJIaB 1O JABa-TPH maparpada B KaKIou
(He momyckaeTcs TyiaBa 0e3 pa3zesieHus: XOTs Obl Ha J1Ba naparpada), 3aKII04eHus 1



CIIMCKa MCIOJIb30BAaHHBIX UCTOYHUKOB U JUTEPATYpHI. IIpn 3T0M HA10 MOMHHUTH, YTO
Ha3BaHHE IJIaB He J0/UKHO HM B KOeM cJiyyae NMOBTOPSATH Ha3BaHUE TeMbl, 2 Ha3BaHHe
naparpagoB — Ha3BaHue IJ1aB.

CTyZIeHT MOMET COCTaBUThH IJIaH CAMOCTOATEIBHO, HO TOTJAa, KOHEYHO XK€,
TpeOyeTcsl COTjacoBaHME IUIaHAa C HAy4YHbIM pyKoBoauteneMm. Kpome Toro, B
IPOLIECCE HAMKMCAHMS, B CBSI3U C HAX0KICHHEM CTYJIEHTOM HHTEPECHOTO MaTepHara,
a TakkKe IO JApYyrdM TpUYMHAM, IUIaH palboThl MOXET MEHSThCS W
KOppeKTHpoBaThca. M B 3TOM ciydae Takke HEOOXOAMMO TMpeABapUTEIbHOE
COIIacue Hay4YHOTO PYKOBOIMTEIIS.

2.2. [TonOop v aHAJIM3 HCTOYHUKOB H JINTEPATYypPbl

OcHoOBHasi yacTh paboThl JOJDKHA OBITH OCHOBaHA HAa aHAJIU3€ Pa3JIMYHBIX
WCTOYHUKOB HAy4yHOTO (pa3iuuHble MOHOrpauu, CTaTbH, JUCCEPTAIUU U
aBTopedeparbl guccepTaluii) M yd4eOHOTo IUlaHa (HampuMep, y4eOHUKH WIH
y4eOHbIE TOCOOMSI) KaK OTEYECTBEHHBIX, TaK M 3apyOekKHBIX aBTOpOB. [laHHas
auTeparypa aubo 6epercs B Oubnmoreke, b0 u3 MHTEpHET-pecypcoB, Iubo u3
JIPYTUX UCTOYHUKOB.

Kpome Toro, cTyaeHT JOJIKEH MOKa3aTh CIIOCOOHOCTH MOUCKA HEOOXOAMMOM
uH(poOpMaMu sl HalMCaHUSl WCCIEAOBAaHMS, MO3TOMY B JAaHHOM IOCOOWMU HE
NPUBOJUTCS CIHUCOK PEKOMEHAYEMOM JIUTepaTypbl, TaK Kak HEOOXOJIMMBbIe
MaTepuasbl CTYACHTBI JODKHBI HAMTH CaMU M TEM CaMBIM IPOJAEMOHCTPUPOBATH
CBOM HayYHO-HMCCIIE0BATEIbCKUE HABBIKM 10 MOMCKY UH(POPMAIIUH.

JIro00e nuTHpOBaHNE KAK HAYYHOH M Yy4eOHOH JUTepPaTyphl, TAK M NEPHOAMICCKHUX U
CIIPABOYHBIX M3/aHUM, J10JKHO OBITH JOCJOBHBIM JIN0O M3/10:KEHHBIM CBOMMM CJIOBAMM,
MAaKCHMAJIbHO NMOBTOPHIOIIUMH CMbICJ IIEPBOUCTOYHUKA, 2 MOC/IE KAMXKAOI0 HMTHPOBAHUA
00513aTeIbHO CTABHUTCH CChLIKA, B KOTOPOH YKa3bIBalOTCHd BCe [JaHHbIe 00 aBTOpe M

HCTOYHHUKE HUTUPYEMOI'0 MaTE€pHaJia.

3.TPETUH DTAI
3.1. CTpyKTypa KYpCOBO# padoThI

CtpykTypa KypcoBOil paOOThl JOJKHA COOTBETCTBOBATh M30paHHON TeMe,
CHI0COOCTBOBATH €€ MOJTHOMY PACKPBITHIO U PEIICHUIO MOCTaBICHHBIX 11€JIM U 33a4.
B cTpykTypy KypcoBoii pabOThl BXOJAT CIEAYIOIIUE JIEMEHTHI:

TUTYIBHBIN JIUCT.
Coneprxanue.
Bsenenue.

OCHOBHOE coOjep)KaHue, BKJIIOYarollee B ce0s TEOPETUYECKYH 4YacTh,
KOTOpasl JI0JDKHA COJepXkaTh HE MEHee JIByX Iaparpagos.

5. 3axiroucHue.

W



6. Cnucok MCTOYHWKOB U JTUTEPATYPHI.
7. TlpwnoxxeHus.

3.2. TpeGoBaHMA K CTPYKTYPHBIM 3JIEMEHTAM KypPCOBOH padoThl
3.2.1. TUTYJbHBIH JUCT

TUTYIBHBIN JHCT ABISIETCS NEPBOM CTPAHULEH KypCOBOM PadOTHI U CILYKUT
UCTOYHUKOM MH(pOpMaIK, HEOOXOAUMOMN 1711 00pabOTKU U MOMCKA JOKYMEHTA.

3.2.2. Conep:xkanue

Conep:xaHue BKJIIOYAeT BBEACHHE, HAWMECHOBaHHWE BCEX Pa3JIelioB,
TIOJIPa3JIeNIOB, 3aKIIFOYCHHE, CITMCOK MCIOIh30BAHHBIX HCTOYHUKOB U JIUTEPATYPHI,
NPUJIOKCHUS C YKa3aHHEM HOMEPOB CTPAHHMII, HA KOTOPBIX pa3MENIaeTCsl Ha4ajo
Marepuana.

3.2.3. Beegenue

KypcoBasi paboTa HauMHaeTcs C BBEIICHUS, OJHAKO STO HE O3HAYAET, UYTO
HAYMHATh €€ HalHhCaHhe HeoOXoAuMo ¢ JaHHoro paszaena. Kak 310 He
MapagoKCaIbHO 3BYYHT, HO PEKOMEHAYETCSI IPUCTYIAaTh K HAMMCAHUIO BBEICHUS B
MOCJICTHIOK OYepelb WM, 10 KpaWHeW wMepe, Korja OyaeT 3aKoH4YeHa
coJiep KaTelibHasi 4aCcTh KYpCOBOM PabOTHI .

Bo BBeneHNM 00s13aTENBHO TODKHBI COAEPKATHCS YKA3aHUS Ha:
— aKTyaJIbHOCTh TEMbI UCCJICIOBAHUS,
— 00BEKT KypCOBOM pabOTHI;
— IIPEeIMET KypCOBOI pabOTHI;
— IIEJIA U 33/1a41 UCCIIeI0BAHNUS;
— METOJ0JIOTHYECKasi OCHOBA MCCIICIOBAHUS;
— TEOpEeTUYECKasi OCHOBA KypCOBOM paboThI;
— CTPYKTypa paOOoTBhl.

Axmyanvnocms memol ucciedosanus. B JaHHOM  pasjenie YKa3bIBaCTCs
3HAYMMOCTb IPOBEJICHUS NCCIEA0BAHUS HIMEHHO IO IaHHON TEME Ha COBPEMEHHOM
JTane pa3BUTUS XMMHYECKOW MPOMBIIIIEHHOCTH U XMMHYECKOW HAayKH, a TaKKe
0OOCHOBBIBAETCSI TO3UIIMSI aBTOpa MO BBIOOPY MM TEMATHKU KypCOBOH paOOTHI.
Kpome Toro, 3mecp MOXeET OBITh 3aTpOHyTa NpPAKTUYECKas M TEOPETHYECKas
[EHHOCTh HCCJIEI0OBaHUs B BbIOpaHHOM HampaBieHud. OAHaKo HEOOX0AUMO



MOMHHUTh, YTO AaKTyaJbHOCTh HE JIOJDKHA 3aHMMATh CIUIIKOM MHOTO MECTa,
ONTUMAaJILHBINH 00beM cocTaBisieT 1/2 wim 2/3 cTpaHUIIbL.

Leau u 3a0auu uccnedosanus. 1lenn uccieoBanus NpeonpeaeaeHbl IPEAMETOM
KypCOBOM pabOTbI, HEMTOCPEICTBEHHO BBITEKAIOT U3 HETO, a 33/1a4H, B CBOIO OUEPE/Ib,
IpPENOIpENEIIEHbI LIENbI0 nccaeqoBanus. Yaiie Bcero 1eib UCCIeI0BaHus OJHa, a
3aJla4y, €CTECTBEHHO, HECKOJBKO. Llenb KypcoBoil pabOThl — 3TO TOT OPUEHTHP, TO
KOHEYHOE COCTOSIHHE, KOTOPOE aBTOpP CTPEMUTCA B MTOre NOCTUTHYTh. Llemu c
3aJja4yaMH COOTHOCSTCS Kak 00Ilee U YaCTHOE, TO €CTh 331a4u — 3TO OTPEICIICHHBIC
POMEXKYTOUHBIE IMyHKTBI, KOTOPbIE HEOOXOAMMO IOCTHYb, YTOOBI OCYIIECTBUTH
OOIIIYIO 11€JTb.

3.2.4. CopepxareibHAs YaCTh KypcoOBOi padoThl

JlanHbIlil pasnen KypcoBOM paOOThl COCTOMT W3 HECKOJBKUX TJaB |
naparpadoB, B KOTOPBIX COOCTBEHHO U TPOBOAMUTCS CaMO HCCIIEIOBaHUE,
HE00XO0AMMO, UTOOBI OHU OBUIH MOCJIEIOBATEIHLHBIMU U JIOTUYECKH BHICTPOCHHBIMHU.
[ToaTomy criemyeT coOoaTh JIOTMUECKOE MOCTPOSCHUE MaTepuana W IUTaBHbBIC
TIepeXobl MBICIIH U3 OAHOTO maparpada B 1pyroit. [Ipu 3ToM 0UeHb BasKHO, YTOOBI
aBTOp HE TOJBKO TIEPEMUCHIBAT HWMCIOIHMICSI MaTepuai, HO U TIyOOKO
aHAM3UPOBAJI €ro, TIPUBOAS PA3IMYHBIC PA3MBIIUICHUS 0 JTaHHOMY TOBOIy. B
ujeane KypcoBas paboTa JOJKHA COJAEpKaTh HE MPOCTO aHAIU3, a KPUTUUYECKUIN
aHaMW3 PAa3IMYHBIX WCTOYHHWKOB, a aBTOP MOJDKEH H3jlaraTh W CBOE BUICHHE
npoOJIeMaTHKH.

OnTumanbHbIH 00beM co/iepKaTeIbHON YaCTH KypPCOBOi padoThl 10/1KeH COCTABJATH
npumepHo 13-18 crpanunu.

3.2.5. 3akaouenue

B 3akiitoueHnH NpUBOJUTCS KPATKUI PETPOCIEKTUBHBIA 0030p MPOBEAECHHOM
B HCCIEIOBAaHUU PAOOTHI, YKA3bIBAIOTCA Y3JIOBBIE MOMEHTHI HCCIEIOBaHUS,
M3JIAraroTCs TEOPETUUECKNE U PAKTUYECKUE BBIBOABL, K KOTOPBIM MPHUILET CTYJEHT
B PE3YJIbTATE UCCIENOBAHNS, & TAKKE TPEMAJIOKEHHUS 110 YIYUIICHUIO, ONTUMHU3ALUN
COCTOSIHUA H3y4daeMoro Borpoca. OHM JOJKHBI ObITh KPAaTKUMH M UYETKUMH,
JAIOLIMMU TIOJIHOE TPEJICTABIIEHUE O COACP>KaHNUU, 3HAYUMOCTH, 0O0CHOBAHHOCTHU
1 3(pdeKTUBHOCTU MpeajiaraeMbix pa3padoTok. OHO MpeCTaBlIsIeT pe3yibTaT Ha-
YYHOTO TBOPYECTBA CTYJIEHTa, KPAaTKUl HMTOr KypcoBoii pabotel. [lo oObemy
3aKJIFOYEHUE COCTABIISIET 1-2 CTpaHUIIBI .

3.2.6. Cnincok Jureparypbl

B conepaHue MaHHBIA AIIEMEHT JODKEH ObITh oTpakeH kKak CrHucok
UCTOYHUKOB U  JuTepaTypel. OH JODKeH BKIO4YaTh B ceOs He menee 10
MCTOYHHUKOB, MCIIONb3YyEMbIX MPH HANMKMCAHUU paboThl. JIuTepaTypHble UCTOUYHUKU
TPYHIUPYIOTCS B aI(paBUTHOM MOPSIKE WM B MOPSIIKE MCIIONb30BAHUS MaTepHraia



UCTOYHMKAa B KypcoBoil. Eciam aBTOpel paboT SBISIOTCS OIHO(pAMHIbLIAMHU,
yUUTHIBaeTCs anaBuT UX HHULMAIOB. EciM B criucke ecTh paboThl OTHOTO aBTOpa,
TO OHH BBICTPAMBAIOTCS MO an(aBUTy HA3BaHUN KHUT U CTaTEH.

HNcTouHMKM HA MHOCTPAHHBIX SI3bIKAX, Kak U MHTEpHET-CalThl YKa3bIBAKOTCA
MOCJIC TIEPEYHSI OCHOBHOM JINTEPATyphl HA PYCCKOM SI3bIKE B aJI(aBUTHOM MOPSIIKE.

3.2.7. llpunoxenust

B mpuioxeHuu cienyeTr momemarbh BCIIOMOTaTeNbHBIM MaTepHuall, KOTOPbIN
IIpY BKJIIOYEHUH B OCHOBHYIO YacTh 3arpoMOXaaeT TekcT. K BcmomoraTeibHOMY
MaTepHualy OTHOCATCA OoJiblIue TaOJIULbI, TpadUKH, CXEMBbI, PUCYHKHU.

3.3. Hay4ynblii pyKoBOAUTEIb

HayuHb1il pykOBOIWTENB OCYIIECTBISIET PYKOBOJICTBO HA MPOTSKEHUU BCETO
BPEMEHU NOJTOTOBKH 1 HAITMCAHUSI KypCOBOM padOThI, a B KOHIIE AA€T PELICH3UIO Ha
BBIMIOJIHEHHYIO pa0OTy M Ha 3allUTe ONpPEIENsieT, OLIEHUBAET KA4eCTBO M CaMOM
paboThL, ¥ HETIOCPECTBEHHO MPOIIECCa 3allUThI padOThI CTYAEHTOM. B cBsi3U ¢ 3TUM
MOKHO 0Opamiarbcsi K HaAyYHOMY PYKOBOJUTENIO MO MOBOAY BCEX HESCHBIX WIIU
YTOUHSIIOIIMX BONPOCOB. K HUM OTHOCSTCS:

— TIOMOIIIb HAYYHOTO PYKOBOJUTEJIS MPU BHIOOPE TEMATHKU paOOTHI M COCTABJICHHUS
ee IJ1aHa;

— OKa3aHHEe MOMOIIH B MOJ00PE YyUYEOHBIX U HAYYHBIX HCTOYHUKOB;

— PEKOMEHJallMK MO HAlUCaHUI0 KypcOBOW pabOThI, B TOM YHUCIJE pa3pellieHue
CIIOPHBIX BOIIPOCOB;

— pa3bsicCHEHUE TIPaBUII 0(HOPMIICHHS KypCOBOM pabOTHI;

— MpeBapuTeIbHas MPOBEPKA OT/EIHHBIX TJ1aB WK naparpadoB pabOThl U T. 1. U T.
0.

3.4. HanOoJsee yacTo BCcTpevyaeMble OIIMOKH NIPH HANIMCAHUM KYPCOBOH padoThl

— cojiepkaHue pabOThl MOJHOCTHIO MJIM YaCTUYHO HE COOTBETCTBYET 3asBJICHHOM
TEMaTHKE;

— INCPCIIUCBIBAHUC OJHOI'O NJIM HECCKOJBbKHX yT-Ie6HI/II(OB;

— OTCYTCTBYIOT PE30JIOTHBHBLIC BLIBOJbI, K KOTOPBIM IIPHUIICIT aBTOP B PE3YJILTATEC
HCCIICAOBAaHUA,

— HE TI0Ka3aHa paboTa ¢ MEPUOTNIECCKUMH U3TaHUSIMU;



— OTCYTCTBYET aBTOPCKOE MHEHHUE B padoTe.
4YETBEPTBIN DTAI
4.1. OgopmiieHue KypcoBoii paboThI
4.1.1. O0mme TpedGoBaHus

KypcoBass pabora HaOupaercss Ha KOMIBIOTEpPE B TEKCTOBOM PEIAKTOPE
Microsoft Word. PekoMmenmyeTcs cienyronuii BapuanT (OpMaTUPOBAHUS TEKCTA:
mpudt — Times New Roman pasmepom 14 nr., MEXIyCTpOUHBIA HHTEpBAT —
MOJIyTOPHBIH, BEIpABHUBAHKE TEKCTA HA CTPaHUIIE — 10 upuHe. PaboTa nevaraercs
Ha OJHOW CTOpOHE JmcTa Oenoit Oymaru gopmara A4 co CIEAYIOMMUMH TOJISIMU:
neBoe — 25wmm, BepxHee — 20mm, HmwkHee — 20 MM, mpaBoe — 15 mwm.
Pexomennyemblii 00beM KypcoBoi paboThl cocTaBisieT 20-25 cTpaHuI] IEYaTHOTO
TEKCTa.

Ha TuTyJ bHOM JIHCTE MeXKTYy CBeIeHUsIMH 00 aBTOpe padoThl U ero (paMuJine CTaBUTCS
NMOANKMCH ABTOPA, MOATBEP:KAAI0NIAN JTUYHOE HANINCAHNE KYPCOBOW padoThl.

Kaxmas cTpykTypHas dYacTh KypcoBOoM paOoOThl (BBeIeHHE, TJiaBa,
3aKJIFOYEHUE, CTIMCOK MCMOJIb30BAaHHBIX UCTOYHUKOB M JINTEPATyphl) HAUUHAETCS C
HOBOM CTpaHUIIbI.

CrpaHulbl KypcoBOMl paboOThI ClieyeT HyMepoBaTh apaOCKUMH Ludpamu,
coOJI10/1as1 CKBO3HYIO HYMEPALIUIO IO BCEMY TEKCTY paOOThI B IEHTPE HUKHEN YaCTH
aucTa 0e3 TOYKU. TUTYJIbHBIN JIMCT BKIIOYAIOT B OOIYI0 HyMEpaluio CTPAaHHULL, HO
HOMED CTPAHULbI HA TUTYJIBHOM JIUCTE HE MPOCTABISAETCS.

HaumenoBanus CTPYKTYPHBIX DJIEMEHTOB KYpCOBOM paboThI:
«COHEPXXAHUEY, «BBEJIEHHME, «3AKJIFOUEHHMEY, «CITNCOK
NCITOJIbB3OBAHHBIX UCTOYHUKOB U JIMUTEPATYPbI», a Takxke Ha3BaHUA
IJIaB CJIeAyeT Iedyararh MOJYKUPHBIM HIPpU(TOM, BBIpABHUBAHUE IO IIEHTPY O€3
a03aIHOTO OTCTYIAa U TOYKH B KOHIIE MPONMMUCHBIMUA OYKBaMHU, HE MO TYEPKUBASI.

3aroyioBkH maparpadoB, MYHKTOB W TIOJNYHKTOB CJEIyeT Iedyararb C
IPONMUCHOW OYKBBI, HE MOJUYEPKHBast, 0€3 TOUKH B KOHIIE. Eclin 3aroioBoK BKIIIO4aeT
HECKOJIBKO MPEIIIOKEHUH, UX Pa3IeiA0T TOUYKaMu. [IepeHocs! ¢10B B 3arojgoBKax
HE JIOIyCKaIOTCH.

PaccTositnue Mexay 3arojoBKamMu KypcOBOM paOOThI, pa3jeiaMu OCHOBHOM
YacTH U TEKCTOM JIOJKHO ObITh HE MeHee 3 (2 x 1,5 uHTepBana) nHTEpBaJIOB.

BBeneHue 1 3aki04eHnE HE HyMEpYIOTCS.

['maBb1, maparpadpl, TyHKTHl U MOAIMYHKTHl paOOThI HYMEPYIOTCS apaOCKUMU
rdpamMu ¢ TOUKOM .



4.1.2. CCBIIIKH H CHOCKH

CHocku B KypcoBOH paboTe MPUMEHSIIOTCA TOIJa, KOTrJa aBTOp XKejlaeT 0o
YTOYHHUTH KaKO-mnoo0 (akt, 1100 pacumdpoBaTh TO UIU HHOE YTBEPKACHUE, WIN
YTO-TMO0 MPOKOMMEHTUPOBATH U T. M. CHOCKHM MPUBOAATCSA B KOHUE CTPAaHULIBI, a
HyMepanus 1 opOpMIIEHUE OCYIIECTBIISIETCSA TaKXKE KaK U B CIIy4ae UCIOJIb30BAHUS
CCBUIOK.

CcpbLIkH K€ IPUMEHSIOTCS B TOM CIIy4ae, KOTa HCIIOJIb3YKTCS NN HIUTUPYIOTCS
VCTOYHHUKU WIHA JUTEPATYpa, a TAKXKE APYrue (PaKThl, B3SITbIE U3 UCTOYHUKOB U

auTepaTypbl. PekoMeHayeTcss HMCIOoib30BaTh B KypCOBOM pabOTe moacrpoyHbie
CCBLJIKH € OCTPAHMYHOI HyMepanueil apadCKuMu nudpamu .

Jlns obopmiIeHUSI CCBHIJIOK U CHOCOK CJIEIYeT HCIOJb30BaTh (PYHKIUIO B
Microsoft Word 97-2003 «BcTaBka — cChIJTKa — BCTABHTh CHOCKY», B Microsoft Word
2007 «CChUIKM — BCTaBUTh CHOCKY». 3HAK CCBUIKH, €CJIU MPUMEYAHUE OTHOCUTCS K
OTZEJIBHOMY CJIOBY, IOJDKEH CTOSATH HEMOCPEACTBEHHO Y 3TOTO ClI0Ba. Ecin ke oH
OTHOCHUTCS K IPEIOKECHHUIO WM TPYNIE NPEMIOKEHNUN, TO CTABUTCA MOCIE 3HAKA
IpenuHaHus B UX KoHIle. [loicTpoUHbIe CCHUIKM HYMEPYIOTCS apaOCKuMu udpamMu
0e3 CKOOKM Ha KaXKJ0¥ cTpaHuiie, HaunHasa ¢ 1udpsl 1. Ha xaxaon crnemgyromeit
CTpPaHULIE HyMEPALHIO CCbUIOK HAYMHAIOT CHa4aJIa.

B cchuike 00s3aTeNnbHO MNPUBOIATCA CIEAYIOUIME JaHHbIe: (aMuius |
WHULMANIBI aBTOpa(oB), Ha3BaHUE PaOOTHI, MECTO, TOJl W3JaHUsl U cTpaHuiia(bl)
OTKyJa LUTUPYETCS WJIM JPYyrUM 00pa3oM HCIOIb3YeTCs B KypCOBOUM pabote
JAHHBIN HCTOYHUK WJIU JINTEpPATypa.

Eciu uutupoBaHue NpPOU3BOAMTCA HE MO TMEPBOMCTOYHMKY, a MO padbore
JPYroro aBToOpa, 3TOT (PakT HE0OX0MMMO 0003HAYaTh B CChUIKE. B Takux ciydasx
OHa HAYMHAETCS CcO CJOB «Lut. mo:», a jnanee opopmisiercs, Kak ObLIO yKa3aHO
Bblle. [{luTupoBaHne UCTOUYHMKA MOXKET OBITH JIOCIIOBHBIM, B 3TOM CiIy4ae Takas
L[MTaTa 3aKJII0YaeTCs B KaBbIYKH B TEKCTE KypCOBOW pabOThI, a T1000€ UCPABIICHUE
B HeW He mgomyckaercs. Eciam ke Bbl BCe paBHO CAENAIM HE3HAYUTEIHHBIC
U3MEHEHHSI, TO HEOOXOIMMO Cpasy IMOCie HUX yKa3aTh B KPYTJIBIX CKOOKaxX TO, 4TO
BBl M3MEHUII U TIOCTaBUTH TIepBbIe OyKBHI Baliero nMeHu u Gamunuu. Ecim ke
UTHPOBAHUE OCYIIECTBISACTCS HE JOCIOBHO, HO TPU JTOM TJIaBHAs MBICIIb
3aMCTBOBaHa M3 MCTOYHMKA, TOTJA 3aKII0YaTh IIUTATy B KaBBIUKH HE Tpedyercs,
OJTHAKO HEOOXOJAMMO TIOCTABUTH CCHIIKY.

4.1.3. OdopMiieHHs CIMCKA UCIIOJIb30BAHHBIX HCTOYHUKOB U JINTEPATYPbI

CHUCOK MCHOJIh30BAHHBIX MCTOYHUKOB U JIMTEPATYPHI JOJDKEH COCTOSTHh U3
YeThIpeX pPa3/iesioB:

1. [lepuoauueckue u3aHus.



2. Hayunass u ydeOHas nuTeparypa BKIIOYAeT B ceOs pa3iMyHbIe HAay4dHbIE U
yuyeOHblE M3JaHUsl, MOHOrpauu, CTaTbM, JUCCEPTALMH, aBTOpedepaThl
JCCEepPTALUM U T.]I.

3. 3paHns Ha THOCTPAHHOM SI3BIKE.
4. lnTepHeT-pecypchl.

4.1.4. Miunioctpanuu

Nnmoctpanuu (hororpaduu, puCyHKH, CXeMbl, TpauKH) pacroiaraloTcs: B
KypcoBOil pa0oTe HEMmOCPEICTBEHHO Ha CTPaHUIE C TEKCTOM Tocie ab3ama, B
KOTOPOM OHH YITOMHHAIOTCS BIIEPBBIC, WU OTICIHHO HA CICAYIOIICH CTpaHUIIE.
WNnmrocTpanuu, KOTOPBIE PACIOIOKEHBI Ha OTACIBHBIX JIUCTaX, JOJDKHBI
BKJIIOUATHCS B OOIIYI0 HyMEPAIUIO CTPAHHIL.

Wmmroctpanmu ~ o0o3Ha4yaroT  ciaoBoM  «PHCyHOK» W HyMepyroT
MOCIIeI0BAaTEIHHO B Mpezenax naparpada. Homep ummroctpaiuu J0KEH COCTOATD
U3 HOMepa maparpada M TOPSAKOBOTO HOMEpPa WILIIOCTPAILMU, Pa3IeICHHBIX
toukoi. Hampumep: Puc.1.2 (BTOpoi pucyHok mnepBoro mnaparpada). Homep
WUTIOCTPAllMM, €€ Ha3BaHWE W  TOSCHSIONIME  IOAMHCH  ITOMEMIA0T
nocJieIoBaTENbHO MO WITIocTpaleit. Ecinu B kypcoBoii paboTe mpuBeeHa ojHa
WUTIOCTPAIUS, TO €€ HE HyMEPYIOT U CJI0OBO «PHCYHOK» HE MUIIYT.

WNimrocTtpaunu  1OJDKHBI MMETh HAMMEHOBAHHUE, KOTOPOE JAaeTCs IIOCIe
HOMepa pucyHka. [Ipu HEOOXOAMMOCTH HILTIOCTPAIIUU CHAOKAIOT MOSCHSIOIIUMHU
noAnucsIMu (MOAPUCYHOUHBIM TekcT). Homep wiumrocTpanuu, ee Ha3BaHHUE H
MOSICHAIOIIME MTOANKUCH ITOMEIIAI0T MO WLTFOCTPALIUEH.

WNnnroctpanuy TOKHBI OBITH PACIIONIOKEHBI TaK, YTOOBI UX OBLIO yI00HO
paccMmaTpuBaTh 0€3 MOBOpPOTa PabOTHl MM C MOBOPOTOM IO YAaCOBOM CTpEIKE.
KadecTBo mutrocTpariuii T0JKHO 00€CIIeYnBaTh X YETKOE BOCIIPOU3BEICHHE.

4.1.5. Tadannnl

[HudpoBoit maTepuas, Kak IpaBUiIo, H0IKEH 0GOPMIISATHECA B BUJE TAaOJUII.
Kaxxnas Tabnuua 105KHa UMETh 3ar0J0BOK, KOTOPBIN pacnoJiaratoT Hal Tabauuein
U medaTtaloT B Havaie cTpoku. Hammucer «Tabnuma» ¢ ykasaHuem e€ Homepa
NOMEIIIAETCS. B MPAaBOM BEPXHEM YTy HaJl 3aroJIOBKOM TaOJMIIbl. 3arojioBOK U
cinoBo «Tabnuia» HaYMHAIOT ¢ MpoNUcHOW OYKBBI. [loguepkuBaTh 3arojJ0BOK HE
cnenyer. Touka B KOHIIE 3ar0JIOBKa HE CTABUTCS.

3aronoBku rpad JOHKHBI HAYMHATHCS C TPOMUCHBIX OYKB, TI0/13ar0JIOBKH - CO
CTPOYHBIX, €CIM OHH COCTaBJSIIOT OJHO TMPEAJIOKEHHE C 3aroJIOBKOM, U C
IPOMHCHBIX, €CJIM OHHM CcaMoOCTOsITebHbIe. JleneHne 3arojioBka TaOJIUIBI MO
AMaroHalu He JoImyckaercs. Beicota cTpok B Tabiuie O0HKHA OOecreunBaTh
YEeTKOE BOCIPOM3BEICHHE BKIIIOUEHHOW B Hee mHpopmaimu. ['pada «Ne n/m» B
TaOJUIy HE BKIIOYACTCS.



Tabmuupl HYMEpYIOTCS TOCIEIOBATENbHO (32 WCKIIOUEHHEM TaOJIHII,
NPUBEICHHBIX B MPWJIOKCHUH) B Mpeaenax naparpada. B mpaBoM BepxHeM yriry
Ha/I COOTBETCTBYIOIINM 3ar0JI0BKOM TaOIHIIBI TTOMEIIaeTcs Haamuch « Tabmuiay ¢
yka3zaHueM e€¢ Homepa. Homep TabauIpl JOKEH COCTOSITh M3 HOMepa maparpada
U TIOPSIIKOBOTO HOMEpa TaOJUIIBI, pa3/IeJICHHBIX TOYKOH, Hampumep: «Tabmuia
1.2» (BTopas Tabsmma mepBoro maparpada) .Ecam B kypcoBoii pabore ojHa
Tabnuia, € He HyMepyIoT U CJIOBO «Tabmuiiay He MHIIyT.

Tabnuira pa3meriacTcs Mmocie NEpPBOro yIOMHHAHKUS O HEH B TEKCTE TaKUM
00pa3om, 4TOOBI €€ MOXKHO OBLJIO YMUTaTh 0€3 MOBOPOTA PA0OTHI UJIU C TIOBOPOTOM
10 YaCOBOM CTPEJIKE.

Tabnuiy ¢ OOJBIIMM KOJMYECTBOM CTPOK JOMYCKAaeTcs IMEPEHOCUTh Ha
npyroi auct. [Ipu nepenoce yactu TaONMIBI HA APYTroM JIUCT (CTPAaHHUILY) CIOBO
«Tabnuma» 1 HOMEp €€ YyKa3bIBalOTCS OJIMH pa3 ClpaBa HaJ TMEPBOM YaCTHIO
TaOJIUIIBI, HAJl IPYTUMH YacTAMU nUIIyT clioBo «IIpomomkenue». Eciu B pabote
HECKOJIbKO Tabmui, To mocie cnoBa «lIpomomkenne» ykaspIBaeTcs HOMEpP
tabnuupl, HanpuMmep: «lIponomkenne Tadm. 1.2». Ilpu nepeHoce Tabauubl Ha
JIPYTroi JTUCT (CTPaHUILy) 3aroJ0BOK MOMEIIAETCS TOJIBKO HAJl IEPBOM €€ YacThIO.

Tabnuiy ¢ OONBIIMM KOJUYECTBOM Irpad IOMYCKAETCS NEIUTh HA YacTH H
IIOMEIIATh OJHY 4acTh MOJ APYrOM B Mpenesiax OAHOW CTpaHUUbl. Eciu CTpoku
rpadsl TaOIHILBI BEIXOAAT 32 (hopMaT CTPAHUILIbI, TO B IEPBOM CIy4ae B KaKJIOH
4acTH TaOJIUIBI TOBTOPSETCS €€ rOJIOBKA, BO BTOPOM Cllydyae — OOKOBHK.

Ecnu noBTopsronuiics B pa3HbIX CTpokax rpadsl TabIUIIBI TEKCT COCTOUT U3
OJIHOT'O CJIOBA, €T0 MOCJIE IEPBOr0 HAMMMCAHUS JOITYCKAETCS 3aMEHSITh KaBbIYKAMU;
€CJIM U3 ABYX U 00Jiee CJI0B, TO MPH IIEPBOM ITOBTOPEHUH €TI0 3aMEHSETCS CIIOBAMHU
«To xe», a nanmee — kaBbIYKaMu. CTaBUTh KaBBIYKHA BMECTO TTOBTOPSIFOIIUXCS ITUPP
U WUHBIX CUMBOJIOB He Jomnyckaercs. Eciu nudpoBsie win HbIC JaHHBIE B KaKO -
00 CTPOKE TaOJIMIIBI HE MPUBOSITCS, TO B HEH CTaBUTCS ITPOYCPK.

4.2. [IpaBuiia cCKpenieHHs1 KypcoBoii padoThl

KypcoBas pabota gomxHa ObITh aKKypaTHO CKpeEIJIeHa MyTeM HCIOJIb30BAHUS
nepervieTa Wik ¢ NOMOIIBI0 HMCIIOJb30BaHUsl NAlKu — cKopocmuBarens. He
JOMYCKaeTcsl MpPU CKPEIJIEHUU KypcoBOM padOThl HCIOJNb30BaTh TMAaNKy C
WHIUBUYAIbHBIMU (ailiiaMu, B KOTOPBIEC MO OTAEIBHOCTH BKJIAJBIBACTCS KaXKIbII
JIUCT, TaK KaK 3TO 3aTPYJHSET JI€JIaTh UCIIPABJIECHUS B MPOLIECCE €€ IPOBEPKHU.

Hau0oJ1ee yacTo BcTpeyaembie 0IIMOKU NIPH 0GOPMIICEHHH KYPCOBOil padoThI:

— HempaBuiibHOE OdopmileHHE (OTCYTCTBYIOT HOMEpA CTpPAHUIl, CHOCKHU, CIIHCOK
WCTOYHUKOB U JUTEpaTypbl 0GOPMIIEH HE B COOTBETCTBHH C BBINICYKa3aHHBIMU
MpaBWIaMH U T. [1.);

— HeOOJBII0E KOJIMYECTBO UCTOYHUKOB B CIUCKE MCIIOJIb30BAHHBIX UCTOUYHUKOB U
JUTEPATYPHL;



— UCTIOJIb30BaHUE B pabOTE pa3NIuyHbIX IPUPTOB;

— TE€KCT WJIM TIOJHOCTbIO, WIIM YACTUYHO HE BBIPOBHEH T10 IIMPUHE;
— TOYKHU B KOHIIE 3aTr0JIOBKA;

— HETIPaBIJILHO OPOPMIICHBI PUCYHKH;

— HEMPaBUIILHO O(POPMIICHBI TAOIHIIBI.

5. IATBIA DTAI
5.1. IlpoBepka u 3amUTa KypcOBOil padoThI

5.1.1. IIpoBepka KypcoBoOii pad0oTbl HAYYHbIM PYKOBOAUTEIEM

[Tocne Toro kak KypcoBas paOoTa BBIIIOJIHEHA M HaAJEXaluM 00pa3oM
oopmiieHa, peKOMEHYETCs ElIe pa3 €€ BHUMATENIbHO IPOYUTATh U IPOBEPUTH Ha
HAJIMYUE PA3TIUYHBIX OMIMOOK, B TOM YHCIIE U TPAMMaTHUECKUX, U HETOYHOCTEH.
[locne storo pabora ciimBaeTcss M cAaeTcs Ha Kaeapy HEOpraHM4ecKod u
AHAJIMTUYECKOW XMMUH, TJI€ PETUCTPUPYETCs JJabopaHTOM Kadeapsl U mepeaacTcs
Ha TIPOBEPKY HAYYHOMY pyKoBoauTenro. Ecimum paboTa COOTBETCTBYET BceM
NPEIBSIBISIEMBIM M BBIIIE MEPEYUCICHHBIM TPEOOBAHUSAM, TO OHA JOMYCKAETCS K
zamuTe. [Ipy ATOM HaydHBI PYKOBOJIWTENH TOATOTABIMBAET PEICH3UIO Ha
KypCcOBYyI0O paboTy, B KOTOpPOH MOTyT OBITb YyKa3aHbl OIpeaeJICHHbIC
HE3HAYUTENIbHbIE 3aMEyaHUsl WM OCHOBHBIE BOINPOCHI, Ha KOTOpBIE CIIEAYyET
oOpaTUTh BHHUMAaHHME TIpU 3alUTe KypcoBol paboTel. KypcoBasi pabota
BO3Bpallaercs oOpaTHO CTYACHTY JJIsl HOJATOTOBKHU K 3allUTE.

Ecnu paGota HE COOTBETCTBYET MPEIbSABIAEMbIM TPEOOBAHUSM, TO OHA HE
JIOIIYCKAEeTCs 10 3allUThl U MepeaaeTcs CTyIeHTy Ha 10paboTky. Ilpu aToM Ha He
JOMYUIEHHYIO pa0OTy TaKKe HayYHbIM PYKOBOJUTEIEM COCTABISIETCS PELEH3Hs], B
KOTOPOM OTpaxaroTcs T€ HEAOCTATKH, KOTOPbIE HEOOXOANUMO YCTPAHUT.

5.1.2. IIpuMepHBbIe KPUTEPHUHU OLIEHKH KYPCOBOil padoThI
B xypcoBoit paboTe CTyACHT N0KEH MOKa3aTh:

— NpOopEeCCUOHAIBHYI0 JpYAHUPOBAHHOCTh, 3HAHWE OOWEH U CHelUaTbHOU
JUTEPaTYPHI;

— YMEHUE TUIaHUPOBATh U MPOBOJUTH UCCIICOBAHUE;

— CIOCOOHOCTH BHJIETh B3aUMOCBSI3b MPOOJIEM U BOIPOCOB TEOPUHU U MPAKTUKH;

— YMEHHE COTIOCTABIATh U aHAJIM3UPOBATh HAyYHbIE TIOJXO/IbI U UJIEH;

— YMEHUE JIOTUYHO U CTPOIHO U3Jarath MaTepuajl B COOTBETCTBUH C TUIAHOM;



— YMEHHE JIeTIaTh BBIBOJIBI M 0000IIEHNS;
— YMEHHE OOBSICHUTD U 3alTUTUTH TIOJIOKCHHS paOOTHI.

OO61muMu Tpe6OBaHUSIMH K KypCOBOM paboTe U MEPBUUHBIMHU KPUTEPHUIMHU
KAa4eCTBa €€ BBINIOJHEHUS SIBISAIOTCS:

— JIOTHYHOCTDH B U3JIOKCHUU MaTCpHaia IIPpU PACKPBITHHU TCMbI;

— 00OCHOBAaHHOCTh (COIMAJIbHAs W Hay4dHas) aKTyaJbHOCTH TE€MBI U TOYHOCTb
MIOCTAaHOBKHU MIPOOJIEMBI UCCIEAOBAHUS;

— KOHKPCTHOCTb ueneﬁ " 3a1a4 UCCIICAOBAHUA, IPUHOUIINAJIbHAA BO3MOKXHOCTDb UX
AJOCTHIKCHUS U PCIICHUA B XOC pa6OTI)I;

— IIOJIHOTA U3JIOKCHHA BOIIPOCOB IIJIaHa,

— MPUBJICYEHUE TOCTATOUYHO MIUPOKOTO Kpyra y4eOHOU U HAYYHOU JIUTEPATYpPHI U, B
MIEPBYIO OYEPEb, IEPBOMCTOUYHUKOB;

— CaMOCTOATENIBHOCTh M JOKAa3aTEIbHOCTh BBIBOJIOB M MPEIJIONKEHUN, KOTOPHIC
coJiep>KaTcsl B COOTBETCTBYIOIIUX pa3zenax paboThl U 3aKIOUYEHUY;

— I'paMOTHOCTD HaITMCAHHA, IIPABUJIBHOCTS U AKKYPATHOCTb O(i)OpMJIGHI/ISI.

«OTan4Ho» BBICTABJIsIETCs B TOM CIIy4ae, €CJid padoTa BBIIIOJIHEHA 0€3 3aMeYaHuil U
B HEH TPHUCYTCTBYET OOJBIIAsl JTOJII CaMOCTOSITEIBHBIX aBTOPCKUX BBIBOJAOB U
npeiokeHuil. CTyJeHT B MpoLecce 3alllUThl XOPOIIO BIAJEeT COoJep>KaHHEeM
IPOBEJICHHOI'O HCCIIEJOBaHMsI, CMOI OTBETUTh HAa BCE IOCTaBJIEHHbIE BOMPOCHI,
BXOJISILIIME B MPEAMET UCCIENOBaHMs KypCOBOM pabOThI, CMOT B JOJKHOM oOpase
apryMEHTHUPOBATh CBOM BBIBOJIbI, ONUPASICh HAa IPOAHAIU3UPOBAHHBIE UCTOYHUKH U

JUTEpaTypy.

«Xopowo» BbICTaBjsIeTCs1 B TOM CITy4dae, €CJIM TeMa KypCOBOW paCKpbITa MOJHOCTHIO,
HO MMEIOTCS 3aMe4aHMs 10 OQOPMIIEHHIO KYpCOBOW WM CTYIEHT B IIPOLECCE
3aIlMThl HE CMOT OTBETUTH Ha BCE MOCTABJICHHBIE BOMPOCHI, BXOJSAIIUE B MPEIMET
UCCJIEIOBAHUS KypCOBOM paOOTHI.

«Y/I0BJIETBOPUTEILHO» BBICTABJIsIETCS B TOM CIIy4ae, €CJIM TEMa KypCOBOW pacKphbITa
HE TIOJHOCTHIO, UMEIOTCS 3aMeuaHusi 1o OGOPMIICHUIO, CTYIEHT B MPOIECCE
3alUThl HE CMOT OTBETUThH HA BCE MOCTABIECHHBIE BOMPOCHI, BXOSAIIME B MPEIMET
UCCJIEIOBAHUS KypCOBOM paOOThI, IIIOX0 OPUEHTUPOBAJICS B TEME.

«HeynoBeTBopHTEILHO» BbICTaBJdgeTcds B TOM CiIydac, CCIIH pa60Ta HC
COOTBETCTBYET IPEABSABISIEMBbIM TPEOOBAHHSIM.

IIpumepHbIii NepeyeHb TeM ISt KyPCOBBIX PadoT MO IMCHHUILIHHE
«Heopranmueckasi Xumus»
1.JIuTui.
2.VloHHBIE COJIU JIUTHSI.
3.bepuinil.



4.CoenuneHus OepuILIHs.
5.Xumus BoaHbIX pactBopoB oepuiutus (11).
6.Kommiekcusie coequnenust oepumius (11).
"7.loHHBIE COCTMHEHUSI HATPUSI.
8.MloHHbIE COEMHEHUS KAJHS.
9.I'mapubl MIETOYHBIX U HIETO0YHO3EMETBHBIX METAIIOB.
10.AmromuHwMiA.
11.CBolicTBa cOeTMHEHUH TaJlIUS.
12.CoenuHeHre UHIUS.
13.Coenuuenus Taymmus (1) u tamms (11).
14.Maruuii.
15.Kanpmuii.
16.CtpoHnuii.
17.bapuii.
18.Maprasner.
19.MexMoeKyJIIpHbIEe B3aUMOICUCTBUS.
20.IIpupona cBA3U B COEIUHEHUSAX BOAOPOAA.
21.PaagnoakTUBHBIE U CUHTE3UPOBAHHBIE JIEMEHTHI.
22.3o0noto. Coenunenus. [Ipumenenue.
23.buonoruyeckas pojib HECOPraHUYECKUX COCTUHEHHUIA.
24.Ptyte. Coequnenus. [Ipumenenne.
25.Kene3o. Coenunenus. [ Ipumenenue.
26.11naTUHOBBIE METAJLIIHI.
2’7.Hukenb. Coennnenus. [Ipumenenue.
28.Koppo3zust meTamios.
29.1HepTHBIE ra3sbl.
30.Penko3emenbHbIE 3JIEMEHTHI.
31.KommiekcHble coequHeHus cepedpa.
32.Menb. Coennnenusi. CruiaBsbl.
33.KunkocTHasi SKCTpaKLIHSI HEOPTaHUYECKUX BEUIECTB.
34.006mme cBOWiCTBa METAIIJIOB.
35.Heoprannyeckue coeMHEHH B (hapMaIieBTUUECKON XUMUHU.
36.Heoprannueckass XUMUU U OKPYKaIOIIAas Cpena.
37.X¥MUYECKHE DIIEMEHTHI B OPTaHU3ME YEIOBEKA.
38.KoMILIEKCHBIE COEAMHEHUS C OPTaHUYECKUMU JIMTaHJaMM.
39.Cepebpo. Coenunenus cepedpa. [Ipumenenue.
40. X¥MUYECKHUE A/1bl U IPOTUBOSIUSL.
41. IlpumeHeHne METAINIOB B KOCMETOJIOTHH.
42. Metauibl, KOTOpbIE BCET1a ¢ TOOOM.
43.OKHUCIUTEIPHO-BOCCTAHOBUTEIbHBIC PEAKIINU B )KUBBIX OpraHU3MaXx.
44. Uctopus otkpsitus [lepuoanueckoro 3akoHa u [lepuoguyeckoi CUCTEMBI
XUMHUYECKUX IJIEMEHTOB.
45.Pycckue yyeHble U XUMMUS: BKJIaJ B pa3BUTUE HAYKU.
46. MenpeneBui.
477. InepTHBIE ra3bl.



48. Ucropust pa3BUTUS XUMUHU. AJIXUMUSL.

49.Xumus B UCKYCCTBE.

50.Xumusi B OBITY.

51. I'paden - camas TOHKas MaTepusl.

52.9t1a yauBuTENbHAs BOJA.

53. KoMIuiekcHbIE COETUHEHNUS.

54. Muxaun BacunbeBuu JIoMOHOCOB.

55. Amutpuii BanoBuu Menpenees.

56.AmnoTpoIHbIE MOJU(PUKALNN YTIAEPOA.

57. dparoueHHble KAMHHU: COCTaB, CTPOCHUE U CBOMCTBA.
58. PagnoakTruHbie MeTaIbl. PagnoakTHBHOCTb.

59. Xumuueckas CBA3b.

60.Teopun cTpoeHus atoma.

61. OKUCIUTETBHO-BOCCTAHOBUTEIbHBIE PEAKIIUH.

62. I'enuid.

63. PTyTb.

64. OyepeH.

65. IluHk.

66. Teopust KOMIUIEKCHBIX coenHeHni A. BepHepa.

67. IcTopuy OTKPBITUSI XUMUYECKUX DJIEMEHTOB M UX HAa3BaHUHU.
68. 3aHMMATENIBHBIE OIBITHI 10 HEOPTAHUYECKOW XUMHH.
69.PainoaKkTHBHBIC 2JIEMEHTHI.

70. Teopun KUCIOT U OCHOBAHUIA.

VIl. MartepuajibHO-TeXHH4YECKOe o0ecriedeHre TUCIUTLINHbI

B Xxome w3ydeHHs] TUCIUTIIMHBI UCIIONB3YeTCs MpUOOpHas 0a3a s MpOBEISHUS
(bU3UKO-XMMHUYECKOTO aHallh3a, KOTOPBIM PpacIojaraiT Jadboparopuu Kadeapsl
HEOPTaHWYECKOW U QHAIUTHYECKOW  XUMHH  XUMHUKO-TEXHOJOTUYECKOTO
dakynbTeTa.

VIIl. CBenenusi 00 00HOBJIeHNH padoyeii MPOrPaMMbl TUCITUILTAHBI

Ner.. OOHOBJICHHDIH Onucanne BHECEHHBIX PexkBU3HMTHI JOKYMEHTA,
pasaen padouei U3MEHEeHU I YTBEpPAMBIIEr0 H3MEHEHHUS
NMporpamMmbl
JMCIMTLTMHbBI

Paszmen V. VYuebOHo- | lobasnensr HoBele mocobuss B ocHoBHOH | IIpoTokom Nell or 28.04.21r.

MCTOAMYCCKOC U | crimcox nurepaTypsl 3acellaHnsl  Y4eHOTO coBeTa
HH(popMaIonHoe XUMHKO-TEXHOJIOTHIECKOTO
obecrieueHue

(axynbrera

NUCHUIIINHEI




Paznen VI

Pacmmpen mnpuMepHbIi TiepedeHb TeM

KYPCOBBIX pa0oT




